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HYDROXAMIC ACIDS FROM ALIPHATIC DICARBOXYLIC ACIDS 

CHARLES D .  HURD AND DONALD G. BOTTERON’ 

Received September 6, 1945 

Most of the story about hydroxamic acids has been developed from work with 
derivatives of the monocarboxylic acids, although the first hydroxamic acid dis- 
covered was that of a dicarboxylic acid. Lossen (1) obtained oxalohydroxamic 
acid in 1869 by the interaction of ethyl oxalate and hydroxylamine. Other 
workers (2) have extended its chemistry, including rearrangement of its benzoyl 
derivative to hydrazine (3). 

The terminology of the hydroxamic acids is patterned after that of amides 
because the former are but hydroxyamides with acid properties. Hence, just as 
CH2(CONHJ2 is named malonamide (not malonodiamide) so also CH2(CON- 
HOH), is named mslonohydroxamic acid (not -dihydroxamic acid). The name 
malonobenzoylhydroxamic acid, CHZ(CONHOCOC~H~)~ , follows precedent of 
substituted amides, e.g. malonomethylamide for CHz(CONHCH& . Half 
hydroxamic acids are named as derivatives of half amides. An illustration is 
N-hydroxysuccinamic acid , HONHCOCH2CH2COOH, derived from succinamic 
acid. 

Hydroxamic acids related to higher aliphatic dicarboxylic acids were known 
prior to this study but their rearrangement had not been reported. Malono- 
hydroxamic acid was synthesized both from ethyl malonate (2) and from carbon 
suboxide (4). Suberohydroxamic acid was made (7) by interaction of suberalde- 
hyde and sodium nitrohydroxamate. Both succinohydroxamic acid and N- 
hydroxysuccinamic acid (I) were prepared, the former (5) from ethyl succinate 
and the latter ( 6 )  from either succinic: anhydride or succinyl chloride. Acetic 
anhydride causes cyclization of I. 

co 
CH:! NH 

CH:! 0 

CHz--CO / \  
NOH I I 

CH2 C ONHOH \ 
I I /  \ /  
CHzCQOH 

CHz--C 0 co 
I I1 111 

Structure I11 seems more plausible for the ring structure than I1 because I11 
conforms to the pattern of the diacylated hydroxylamines or “dihydroxamic 
acids”, RCONHOCOR. The product actually isolated by Errera was an acetate 
of I11 for which he proposed structure IV . Another reasonable structure is V. 
The same substance was formed also by reaction of acetic anhydride on succino- 
hydroxamic acid. 

1 Present address: Syracuse University, Syracuse, N.  Y. 
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OCOCH3 

C 

CH2 h’ 

co I 
/ \  / \  

CH2 X-COCH3 
I I 
\ /  

CH2 0 

co 

I 
\ /  

AH2 0 

co 
IV V 

Two years after the completion (1942) of the present work announcement was 
made (8) of the syntheses of adipohydroxamic acid and sebacohydroxamic acid 
by using the established general method involving reaction of the corresponding 
esters with hydroxylamine i n  the presence of sodium methoxide. Rearrange- 
ment to tetramethylene isocyanate and octamethylene isocyanate, respectively, 
was accomplished by suspending the hydroxamic acids in xylene and treating 
with phosgene or thionyl chloride. 

The present work deals with the hydroxamic acids of malonic, succinic, adipic, 
and sebacic acids. Crystalline sodium salts, usually containing solvent of crys- 
tallization, of all these compounds were prepared by interaction of the appro- 
priate ethyl ester with hydroxylamine and an alcoholic solution of sodium ethox- 
ide. The malonic and succinic salts were extremely deliquescent. 

Cupric salts were prepared by interaction of the sodium salts with aqueous 
cupric acetate solutions. Cupric malonohydroxamate remained in colloidal 
suspension but the succinohydroxamate and adipohydroxamate separated read- 
ily. Treatment of the last two cupric salts with hydrogen sul6de represented one 
method of conversion to the free hydroxamic acids. Succinohydroxamic acid 
was a waxy solid, which is in contrast to the oil reported by Hantzsch and Ur- 
bahn (5 ) .  An insoluble ammonium salt was obtained by adding ammonium 
hydroxide to an alcoholic solution of the acid. It is characteristic of hydroxamic 
acids (9) to form insoluble acid ammonium salts. 

Sebacohydroxamic acid was sufficiently insoluble in water that precipitation of 
it in good yields occurred when a solution of the sodium salt was acidified. TO 
obtain adipohydroxamic acid from aqueous solution the latter was evaporated to 
dryness and the residue extracted with alcohol. To prepare malonohydroxamic 
acid from the sodium salt an alcohol solution was used. Even with this pre- 
caution it was found necessary to concentrate the solution at room temperature 
to avoid decomposition. Lashrymatory vapors, including formaldehyde, were 
formed if a boiling temperature was used. This is understandable if rearrange- 
ment to methylene isocyanate occurred: 

CH2(CONHOH)Z --+ CHZ(NC0)Z + 2H20 
because it should hydrolyze readily to formaldehyde. 

Simple benzoylation occurred when suspensions or solutions of the sodium 
salts of malono-, adipo-, or sebaco-hydroxamic acids were treated with benzoyl 
chloride. The derivatives formed were malonobenzoylhydroxamic acid, CH2- 
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/ 
CH2(CONNaCOC6H5)2 - C ~ Z  

'\ 

(CONHOCOCeHJ2 , adipobenzoylhydroxamic acid, and sebacobenzoylhydrox- 
amic acid. To make the first of these three derivatives it was necessary to use 
anhydrous conditions. If an aqueous solution of sodium malonohydroxamate 
was taken, dibenzohydroxamic acid was formed instead, a process evidently in- 
volving preliminary hydrolysis to hydroxylamine (10) and benzoylation of the 
latter. 

Sodium succinohydroxamate underwent cyclization into benzoylsuccinyl- 
hydroxylamine (VI or VII) when treated with benzoyl chloride. The hydrox- 
ylamine which was detached in this process reacted with benzoyl chloride to 
form dibenzohydroxamic acid. No carbanilide was 

+ PhCONNaOCOPh 

CHz CHz 
/ \  / \  

I II I I 
\ /  \ /  

CHa CO 

CO N-COCijHij 

CHz C-OCOCsHij 

CO N 

0 0 
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able to putrescine this suggests that rearrangement occurred a t  both ends of the 
molecule. To visualize this,, one may consider detachment of sodium benzoate 
to  form the hypothetical intermediate (VIII) which rearranges to tetramethylene 
isocyanate (IX), partial hytlrolysis of which should give rise to 4-aminobutyl 
isocyanate (X). This should polymerize to a urea containing the recurring 
unit (XI). 

I 
I 
I 

CON IVC 0 "2 NH 

( C H P ) ~  (CH2)4 

CON 
VI11 IX X XI 

I 
I 

(CH2 )4 
I 
I 

( CHz 1 4  

NCO 

I 
I 

NHCO- NCO 

Such a urea, however, would contain 24.56y0 nitrogen, in contrast to the 15.08 
actually found. It is fruitless to speculate now concerning the composition of 
this polymer but work is going forward towards its characterization. It is of 
interest to note that Cupery (8) obtained an impure sample of IX  by interaction 
of phosgene with adipohydroxamic acid, suspended in xylene. An important 
difference in our conditions was the presence of water which would react with IX. 

Similar observations were found for the rearrangement of sodium sebaco- 
benaoylhydroxamate. The insoluble precipitate, formed by boiling the aqueous 
solution, possessed a nitrogen content of 12.4% as contrasted to  16.5% for a 
polymer containing the -NH(CH&NHCO- nucleus. The product was in- 
homogeneous, since hot alcohol was capable of extracting part of it. The ma- 
terial broke down on drastic hydrolysis into l,€Loctanediamine and a small 
amount of benzoic acid. Work on the characterization of the polymer is being 
continued. 

EXPERIMENTAL PART 

Preparation of the sodium hyclroxamates. The general method of preparation was to 
mix one mole of ester, two or more moles of hydroxylamine, and two moles of sodium ethox- 
ide with absolute alcohol as solvent. The hydroxylamine solution was prepared by adding 
the calculated quantity of sodium ethoxide in absolute alcohol to an alcoholic solution (or 
suspension) of hydroxylammonium chloride. Phenolphthalein indicator was used for the 
end point. Sodium chloride was atered off and the solution of hydroxylamine was poured 
directly into the ester. Precipitstion of the desired sodium salt began soon after the so- 
dium ethoxide solution was added but the mixture was usually left several hours to ensure 
complete reaction. Ethanol was favored as solvent over methanol because of the greater 
solubility of the salt in methanol. If 95% alcohol was used with the malonate or succinate 
only gummy or sirupy products resulted. These two salts were extremely deliquescent. 
Details of some representative runs are presented in Table I. , Except for the adipic deriva- 
tive, analysis revealed solvent of crystallization in all these salts. 

Preparation of the hydroxamic acids. To prepare malonohydroxamic acid 17 g. of the 
sodium salt was added to an equivalent amount of hydrogen chloride in ethanol (50 ml. of 
2.8 N ) .  After two hours, during which the mixture was shaken occasionally, it was filtered 
to remove sodium chloride, and evaporated a t  20 mm. pressure and 25'. The crude residue 
melted a t  144-147'. Pure malonohydroxamic acid (4) is known to  melt a t  155". Cupric 
succinohydroxamate precipitated when aqueous solutions of cupric acetate and sodium 
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0.501.0 

succinohydroxamate were mixed. This was separated, washed with water and methanol, 
suspended in methanol, and the latter was saturated with hydrogen sulfide. On filtration 
and evaporation a syrupy residue was left, which changed to a low-melting waxy solid on 
desiccation over sulfuric acid. When 0.2 g. of this succinohydroxamic acid was treated with 
2ml. of conc'd ammonium hydroxide an ammonium salt separated which melted a t  1&181°. 

Adipohydroxamic acid was prepared in like manner from the cupric salt, but i t  was more 
convenient to prepare it by acidification of an aqueous solution of the sodium salt with 
two equivalents of glacial acetic acid or with the calculated quantity of dil. hydrochloric 
acid. The mixture was evaporated to dryness a t  100' and the residue extracted with hot 
alcohol. Several crystallizations from alcohol were required to bring the m.p. to 165- 
165.5'; yield, 75435%. Analytical values obtained on this compound were satisfactory for 
adipohydroxamic acid monohydrate. That both nitrogens in this material were of hy- 
droxamic acid character was demonstrated by the fact that it reacted only very slowly with 

SODIUM H Y D X O W T E  HYDBOXYL- SODIUM 
AMlNE ETHOXIDE --- 

sodium Anal. for Na 
abs. -I abs. Method 

h: alc alc. g. of % > a ,  
e d.' g. P mi.' drying Found 4 2 2 

loo0 25 1.1 500 78 wacuo19.6,20.1 25.820.5 
.461.0 850 23 1.0 450 99 vacuo19.0 24.0 19.3 
.431.2 1050 20 0.87450 123 air 
.461.8 1000a 21 .92450" 91 wacuo20.4 20.9 
.230.55 500 11 .48250 49.5 wacuo15.5 16.6 14.3 15.6 

S J G  --- s i  H _-------- 

TABLE I 
SYNTHESIS OF SODIUM HYDROXAMATES 

Name 

Malonate. . . . . . . . . . 
Succinate. . . . . . . . . . 
Adipate . . .  . .  . . . . .  . 
Adipate ... .. . . . . .. 
Sebacate.. . . . . .. . . 

g. 

- 
80 
79. 
88 
93 
59 

a Methanol solvent. This was concentrated to 400 ml. before collecting sodium salt. 
Anhydrous salt. 

c Salt + lCzHaOH of crystallization. 
d Salt + lHzO of crystallization. 

a 2% potassium permanganate solution. If one of them had been a hydroxylammonium 
salt (as -C02NHsOH) i t  would have reacted quickly (11). 

Anal. Calc'd for C ~ H I ~ N ~ O ~ . H ~ O :  N, 14.43. Found (Dumas) : N, 14.04, 14.03. 
Sebacohydroxamic acid monohydrate was prepared similarly in 7.9 g. yield (crude) 

from 10 g .  of the sodium salt in 90 ml. of water treated with 4 g. of glacial acetic acid. Two 
recrystallizations from 95% alcohol yielded 4.4 g. (52%) of the hydrate, m.p. 134136". 
The m.p. of the anhydrous acid (8) is listed as 164". 

Anal. (by T. S. Ma) Calc'd for CIOH%ON~O~"ZO: N,  11.19. Found, (Dumas, micro): 
N, 10.94. 

Benzoyl derivatives. Benzoyl derivatives of malono- and succino-hydroxamic acids were 
prepared by adding 2.5 molar parts of benzoyl chloride to a suspension of the sodium salt 
in an %fold quantity of ether. After the initial exothermic reaction subsided, the mixture 
was refluxed (4 hrs., malonic; 0.5 hr., succinic). The solid which separated was collected 
on a filter, washed with water to remove sodium chloride, dried, and crystallized from 
alcohol. Details of representative runs are listed in Table 11. 

Benzoylsuccinylhydroxylamine was also prepared in 98% yield by refluxing for two hours 
a mixture of succinohydroxamic acid (4.2 g.), pyridine (5.9 g,), benzoyl chloride (6.7 g,), 
and benzene (120 ml.). The pyridine hydrochloride was separated, the solvent removed, 
and the residue was crystallized from ethanol; m.p. 134-135". 



212 C. D. HURD AND D. G. BOTTERON 

B. 

47 
8 
4.2 
13.7 

The adipic and sebacic derivatives were prepared by shaking benzoyl chloride with 
aqueous solutions of the sodium salts for about fifteen minutes. The insoluble benzoyl 
derivative was filtered off and cry&llized from alcohol. See Table I1 for data on specific 

Sodium salts of the malonic, adipic, and suberic benzoyl derivatives were prepared by 
suspending about 1-2 g. of the acid in question in 25-50 ml of absolute alcohol and adding 2 
molar parts of sodium ethoxide in 5 3 0  ml. of absolute alcohol. This caused the benzoyl 
derivative to dissolve, but 75-98% separations of the sodium salts appeared after a day a t  
0". 

Analyses of benzoyl derivatives. Malonobenzoylhydroxamic acid. Calc'd for C I ~ H I ~ N ~ O ~ :  
N, 8.18; mol. wt., 342; neutr. equiv. 171. Found: N, 7.80 by Dr. T. S. Ma; mol. wt. (cryo- 
scopic in dioxane), 336; neutr. equiv., 169.6, by titration to phenolphthalein end point. The 
cryoscopic constant of dioxane was found to be 4.62 using dibenzohydroxamic acid as solute. 
Sodium salt. Calc'd for CIVHIZN:!N~ZOS: Na, 11.9. Found: Na, 11.4. 

BenzoylsuccinylhydroxyZamine. Calc'd for C llHsNO4: N, 6.40; mol. wt., 219. Found: 
N, 6.39,6.27; mol. wt. (dioxane, sol.vent), 226. 

Adipobenzoylhydroxamic acid. Calc'd for CZOHZONZOS: N, 7.29; neutr. equiv., 192. 
Found: N, 7.04, 7.44; neutr. equiv., 192.2 (ave. of five determinations). Sodium salt. 
Calc'd for CzoHlsNzNazOs: Na, 10.75. I ound: Na, 10.41. 

TABLE I1 

runs. 

13ENZOYL DERIVATIVES 

% m.p., 'C 

66 177-179 
88 135-136 
70 187 
66 162-163 

Name I g. g. - 
58 
16 
5.7 
16.8 

M, malonohydroxamate A, adipohydroxamate 
SUC., succinohydroxamate Seb., sebacohydroxamate 

Sebacobenzoylhydroxamic acid. Calc'd for CZ&~NZO(: N, 6.36; neutr. equiv. 220. Found : 
N, 6.20; neutr. equiv., 226. Sodium salt. Calc'd for C Z ~ H ~ & ~ N ~ Z O ~ :  Na, 9.49. Found: 
Na, 9.29. 

Rearrangement of benzoyl derivatives. Sodium malonobenzoylhydroxamate. The salt 
was made by dissolving 0.05 mole of the acid (17.1 g.) with 0.10 mole of sodium hydroxide 
solution in 202 ml. of water. This clear solution was heated to boiling till the precipitate 
of sym-diphenylures which appeared had coagulated. When cool it was filtered off. The 
yield was 1.28 g. or 24%; m.p. 23'7-238". 

When an excess of alkali was taken (0.01 mole of the acid, 0.04 mole sodium hydroxide in 
73 ml. of water) and the solution. kept for ten hours a t  room temperature there was hy- 
drolysis of the benzoyl groups and not rearrangement. Acidification with acetic acid (0.05 
mole) caused the separation of 1.3 g. (0.01 mole) of benzoic acid. One gram of sodium ace- 
tate was added to the filtrate, the solution was then concentrated a t  100" and, when cool, 
3 ml. of strong ammonium hydroxide was added. The ammonium hydrogen malonohy- 
droxamate which separated was crystallized from a mixture of ethyl acetate and ethanol; 
m.p. and mixed m.p. 142-143". The value reported by Lossen (lb) was 141". Our salt de- 
pressed the m.p. of the ammonium salt of dibenzohydroxamic acid from 146-147" to 128- 
135". 

Sodium adipobenzoylhydroxamate. The sodium salt from 18.1 g. of adipobenzoylhy- 
droxamic acid was dissolved in 190 ml. of water. Boiling the solution rapidly caused pre- 
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cipitation of 4.63 g. (dry weight) of white eolid. Concentration of the filtrate gave rise to  
13.6 g. of impure sodium benzoate. 

It was in- 
soluble in alcohol, acetone, dioxane, camphor, 5% hydrochloric acid, and 5% sodium hy- 
droxide solution. It was partially soluble in boiling acetic acid, and was moderately sol- 
uble in phenol. Kjeldahl analysis revealed 15.08% nitrogen. 

Two grams of the substance and 25 ml. of conc'd hydrochloric acid was heated in a sealed 
tube at 150" for nineteen hours. Much gae escaped when the cooled tube was opened and 
0.05 g. of benzoic acid (m.p. 121-122') was suspended in the solution. Evaporation of the 
filtrate yielded 2.32 g. of crude putrescine hydrochloride. This was dissolved in water, 
made alkaline, and benzoyl chloride was added. Recrystallization of the precipitate from 
a 3:1 mixture of ethyl acetate and ethanol yielded 2.94 g. of benzoylputrescine, m.p. 176- 
177", the N-content of which is 0.279 g. Based on the E-analysis, the 2.00 g. of substance 
taken contained 0.300 g. of nitrogen. Hence, 93y0 of the nitrogen present in the sample 
appeared as putrescine. 

Sodium sebacobenzoylhydroxamate. The sodium salt from 5.0 g. of sebacobenzoylhy- 
droxamic acid, dissolved in 45 ml. of water, produced 2.90 g. (dry) of precipitate on bojling 
the solution. Its melting range was 165-220'. No ash was left on ignition. This material 
was a light, white powder, insoluble in dilute acids or alkalies. It was partially soluble in 
conc'd hydrochloric acid or hot alcohol, and it dissolved in phenol. Analysis (by T. S. 
Ma) by the Dumas method showed 12.449; N. 

Hydrolysis of 2.12 g. of the product by 25 ml. of conc'd hydrochloric acid heated to  150' 
for twenty-one hours gave rise to 0.24 g. of benzoic acid and 2.10 g. of what was presumably 
impure 1,8-octanediammonium chloride. Sodium hydroxide solution liberated an oil 
which was acetylated by acetic anhydride to  an acetyl derivative melting at 127-128' after 
crystallization from water. Naegeli and Landorff (12) mention the m.p. of this acetyl 
derivative as 121-122'. They precipitated their compound from alcohol by addition of 
ether. We also obtained a benzoyl derivative, using benzoyl chloride and aqueous sodium 
hydroxide, and purified it by crystallization from ethanol. This substance melted if dipped 
in a bath a t  155' but it solidified an instani; later to  remelt a t  171". Muller and Kindlmann 
(13) report 173" as the m.p. of the benzoyl lderivative of 1,8-octanediamine. 

The white solid was high-melting (above 310") but melted on platinum foil. 

SIJMMARY 

Consideration is given to the preprtration and properties of hydroxamic acids 
related to malonic, succinic, adipic, and sebacic acids. Benzoylation of succino- 
hydroxamic acid yields the cyclic compound benzoylsuccinylhydroxylamine, 
whereas benzoylation of the other three hydroxamic acids gives rise to open- 
chain benzoyl derivatives of the general structure: CaH6COONH-CO-(CH2),- 
--CO-NHOCOCaHs. The study included rearrangement of the sodium salts 
of these derivatives by boiling their :tqueous solutions. The malonic derivative 
gave rise to sym-diphenylurea. The adipic and sebacic derivatives changed into 
substances with the properties of high polymeric amides capable of hydrolysis 
into putrescine and 1 ,8-octanediamine, respectively. 

EVANSTON, ILL. 
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In the search for antimalarial drugs, the group at  the National Institute of 
Health has investigated as well as ethanolamines, the amino alcohols of type I11 
with the propanolamine side chain. At the suggestion of Dr. Lyndon F. Small, 
we undertook the preparation of the propanolamines in which the naphthalene 
nucleus was substituted with a methoxyl group or a halogen atom just as we did 
in the case of the ethanolamines (1). 

~~ COCHs c(jCHa ~sAJ(OH)CHaCH2NRz 

HCHO --f 
R2NH.HCl 

I 4. Y 
I 

Y 
I I1 111 

The most direct approach to compounds of the type I11 is, of course, through 
the Mannich ketones 11. This is the method used a t  the National Institute of 
Health, and the one we used for the preparation of several propanolamines. Our 
preparations in this connection and some observations on the Mannich reaction 
are reported in this paper. In certain cases, sometimes for interesting reasons, 
the preparation by way of the Mannich ketones proved impossible, and a number 
of propanolamines were prepared by other methods discussed in the following 
article (2). 

In the course of our work we prepared Mannich ketones I1 from 4-methoxy- 
and 4-chloro-1-acetonaphthone and several dialkylamines (Table I). In  these 
preparations nitromethane possessed advantages over several more conventional 
(3) solvents and is recommended for trial in other cases. 

In attempting to prepare an amino ketone from 4-methoxy-1-isobutyro- 
naphthone IV in order t o  arrive eventually a t  a branched chain amino alcohol V, 

1 This work was done under a contract,, recommended by the Committee on Medical Re- 
search, between the Office of Scientific Research and Development and the University of 
California, Los Angeles. The survey number, designated SN, identifies a drug in the rec- 
ords of the Survey of Antimalarial Drugs. The antimalarial activity of those compounds 
to  which such numbers have been assigned will be tabulated in a forthcoming monograph. 

215 



216 

% C  

65.79 
63.43 
66.83 
69.87 
71.10 
60.28 
62.31 
65.70 

-- 

WINSTEIN, JACOBS, SEYMOUR, LINDEN 

C 0 CH( CHa)2 
I I 

CH( 0H)C (CHa)zCH2NRz 

% H  

6.96 
7.62 
7.59 
8.59 
8.89 
5.74 
6.49 
7.75 

OCHs 
IV 

co I 
I 
OCHa 

v 
we came across an interesting structural limitation of the Mannich reaction. 
The isobutyronaphthone was recovered unchanged even when conditions were 
very vigorous. Similarly, isobutyrophenone survived the conditions of the 

TABLE I 
AMINO KETONES YCIoHsCOCH&H~NRz.HC~ FROM SUBSTITUTED LACETONAPETHONEB 

ANALYSIS 

y I R  YIELD, % 

44 
63 

69 
74 
64 
70 
60 

X.P., "C 

172.7-173.7 
105.3-106.3" 
152.3-152. 
137.5-139.0 
126 .O-126.5 
155-156.5 
128-129 
131-132 

Calc'd I Found 

% C  

65.41 
63.61 
67.17 
69.91 
71.00 
60.41 
62.58 
65.96 

% H  

6.86 
7.71 
7.52 
8.54 
8.94 
5.75 
6.49 
7.64 

a Monohydrate. 
b Anhydrous. 

Mannich reaction. Methyl aryl ketones undergo the Mannich reaction smoothly 
as demonstrated by this and considerable earlier work (3). A substance such as 
4-methoxypropiophenone with one more carbon atom in the side chain under- 
goes the Mannich reaction smoothly, although there is evidence that the reaction 
is a little slower than for 4-methoxyacetophenone (4). However, there is ap- 
parently a much more marked effect of the second methyl group when one goes to 
the branched chain aryl ketones. 

The branched chain isobutyraldehyde is known to  undergo the Mannich reac- 
tion smoothly (2, 5 )  and we thought it worth while to try diisopropyl ketone in 
this reaction. As expected, this carbonyl compound seemed to fall in a position 
intermediate between isobutyraldehyde and the branched chain aryl ketones. 
Judging by the equivalent weight and nitrogen analysis, the product contained 
an 8% yield of the Mannich ketone VI and a 12% yield of the di-dialkylamino- 
methane VI1 from the formaldehyde and dibutylamine. The mixed product 
yielded formaldehyde dinitrophenylhydrazone from an acidic medium. 

(CHs)iCHCOC(CH*)zCHzN(C4He)2 (CJIe)2NCHzN(CJ&)t 
VI VI1 
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8991 
10200 
8744 

A satisfactory explanation of the behavior of the branched chain aryl ketones 
in attempts to carry out the Mannich reaction must await further evidence on 
the mechanism of the reaction.' This evidence we hope to produce when time 
permits. However, it is interesting to  notice the behavior of isobutyrophenone 
in other reactions involving the alpha hydrogen atom. For example, this ketone 
is halogenated satisfactorily, the rate of acid-catalyzed halogenation being slower 
than the one for acetophenone by a factor of approximately fifty in the case of 
iodination in aqueous perchloric acid solution (6 )  and approximately ten in the 
case of bromination in an acetic acid solution of hydrochloric acid (7). On the 
other hand, isobutyrophenone appears not to condense with ethyl phthalate with 
sodium ethoxide as a catalyst (8). Most interesting in connection with our work 
is the observation that isobutyrophenone reacts with formaldehyde by a complex 
process which must, however, involve condensation with the formaldehyde (9). 

The amino alcohols (Table 11) which we prepared as possible antimalarials 
were derived by reduction of the Mannich ketones 11. Catalytic hydrogenation 

TABLE I1 
AMINO ALCOHOLS YCloHs CHOHCH2CH2NR2.HC~ 

4-OCHs n-CdHo 
4-OCHa n-C6H11 
4-C1 CzHs" 

69.54 9.02 
70.65 9.39 
58.96 7.28 

M.P., *c 

69.61 9.27 
70.31 9.49 
59.06 7.51 

-. 
125.8-127.8 
117.7-118.7 
112-114 

YIELD, % 

I ANALYSIS 

1 Calc'd 1 Found 

52 
53 
8 

a Monohydrate. 

of the 4-methoxyamino ketone hydrochlorides using Adams' catalyst gave rise to 
fair yields of the products together with some of the hydrogenolysis product, 
4-methoxy-1-propionaphthone VI11 I When Raney nickel or palladium cata- 
lysts were used only hydrogenolysis occurred. When the free amino ketone was 
subjected to hydrogenation, only hydrogenolysis occurred in line with the greater 
tendency toward this cleavage displayed by free p-amino ketones over the corres- 
ponding salts (10). It is of some interest in connection with the mechanism of 
the hydrogenolysis that the free Mmnich base IX from isobutyraldehyde and 
dipropylamine, which we describe in another article (2), is hydrogenated with 
Adams' catalyst in quantitative yield to the neopentyl alcohol X. 

COCHZCH3 
I 

(n-C s H7)2 NC Hz C (CHa)t CHO (n-Cs H, ) aNC H2 C (C Hs)i CH2 OH CO 
I 

OCHa 
VIII Ix x 
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Catalytic hydrogenation of the 4-chlorodibutylamino ketone hydrochloride 
with Adams' catalyst gave a large proportion of cleavage of the nuclear halogen 
and was therefore unsuccessful. Although the nuclear halogen-substituted 
amino alcohols were best prepared by another method reported elsewhere (2), we 
did prepare one of them in poor yield by aluminum isopropoxide reduction of the 
Mannich ketone. We found as Fry (11) did in similar cases that somewhat better 
yields were obtained with the hydriodide. The aluminum isopropoxide reduction 
did not succeed with the 4-methoxydibutylamino ketone I1 (Y = OCH3; R = 
n-CaH9). Neither did the use of sodium amalgam in acid solution or isobutyl- 
magnesium bromide give anything but uncharacterized oils. 

Reduction of a 4-methoxyamino ketone I1 (Y = OCH3 ; R = n-C4H9 ) with 
activated aluminum gave rise to two diastereomeric glycols XI (SN-9860). This 
behavior is common with arylamino ketones (4, 12). 

CHsOCioHeC( OH)CH2 CHzN( C4He)z 

CHa 0 Cia Ha C ( OH) CHz CHzN( C4H9 ) 2  

XI 

1 

EXPERIMENTAL 

All melting points are corrected. Analyses were by Jack W. Ralls and Bruce Day. 
Mannich reactions with i-acetonaphthones. The best procedure used nitromethane as a 

solvent and is illustrated in detail for the preparation of 4-methoxy-l-(@-diethylamino- 
propio) naphthone. 

In a 250-ml., three-necked flask equipped with a thermometer, a Hershberg stirrer (IS) 
and a reflux condenser attached through a gravity type water separator, were placed 20.0 
g. (0.10 mole) of 1-aceto-4-methoxynaphthone (l), 11.0 g. (0.10 mole) of diethylammonium 
chloride, 4.5 g. (0.15 mole) of paraformaldehyde, 0.23 ml. of conc'd hydrochloric acid, 35 
ml. of nitromethane, 5 ml. of absolute alcohol, and 10 ml. of toluene. The mixture was 
stirred and refluxed for one-half hour during which the inside temperature rose from 92" 
t o  93" and 2.1 ml. of water was collected in the separator. The mixture was poured into a 
flask, allowed to  cool, and diluted t o  about 300 ml. with anhydrous ether. The solution was 
stored overnight in  the refrigerator. The crystallized product was filtered, washed on the 
filter several times with water and dried over phosphorus pentoxide. Further dilution of 
the mother liquors with ether brought the total yield of material to  21.4 g. (63%). One 
recrystallization from a mixture of acetone and absolute alcohol yielded 19.1 g. (56%) of 
material, m.p. 105.3-106.3", which proved to  be a monohydrate. Storage in vacuo over phos- 
phorus pentoxide for a week converted the hydrate to a white hygroscopic powder, m.p. 
152.3-152.8", which had the composition of the anhydrous amino ketone hydrochloride. 

A procedure similar to  the above was also used with the dibutyl and the diamyl analogs 
from 4-methoxy-l-acetonaphthone. The crude yields were 69 and 74% respectively, the 
yields of pure material, 62 and 60%. 

The Mannich reaction involving 4-methoxy-l-acetonaphthone and diethylammonium 
chloride was also carried out in nitrobenzene-benzene as a solvent, as suggested t o  us by 
Dr. E. M. Fry (11,14). The proportions of materials were the same as those above except 
that  the solvent contained 2 ml. of absolute alcohol, 24 ml. of nitrobenzene, and 24 ml. of 
benzene. After the proper reflux period, the reaction mixture was worked up in a manner 
which differed in some details from the procedure outlined above. The yields varied 
markedly with the length of the reflux period, a one-hour period giving a crude yield of 55%, 
a two-hour period 47% and a three-hour period 29%. These results parallel those of Fry 
(14) in similar cases. 
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For the Mannich reaction with 4-methoxy-1-acetonaphthone and dimethylammonium 
chloride, isoamyl alcohol was used for the solvent. The materials employed consisted of 
0.05 ml. conc'd hydrochloric acid, 2.78 g. (0.034 mole) of dimethylammonium chloride, 1.02 
g. (0.034 mole) of paraformaldehyde, 6.8 g. (0.034 mole) of 4-methoxy-l-acetonaphthone, 
and 16 ml. of absolute isoamyl alcohol. A 5.5-hour reflux period was allowed. The reaction 
mixture was cooled in the refrigerator and the product filtered and washed with cold iso- 
amyl alcohol. Dilution of the mother liquors with cold ether gave enough additional prod- 
uct to  bring the total crude yield t o  4401,. Purification was effected by conversion t o  free 
base, reprecipitation of the hydrochloride from anhydrous ether by the addition of ethereal 
hydrogen chloride, and recrystallization of the hydrochloride from alcohol-ether. A 
similar procedure was used for the Mannich reaction with 4-chloro-1-acetonaphthone and 
dimethylammonium chloride. A two-hour reflux period was allowed and the product was 
purified by crystallization from ethanol. The yield was 64%. 

The Mannich ketones from 4-chloro-1 -acetonaphthone and diethyl- and di-n-butyl- 
ammonium chloride were prepared in  nitromethane as described above. The di-n-butyl- 
amino ketone was purified by washing with water and recrystallizing from ethyl acetate, 
yield 60%. With the diethyl analog it wail necessary t o  convert t o  the free base and steam 
distill at water-pump pressure to  remove diethylamine. The base was then reconverted 
t o  the hydrochloride. Further purification was unnecessary; yield 70% 

1 -Isobutyro-4-methosynaphthone. This material was prepared similarly to  4-methoxy- 
1-acetonaphthone (1) from isobutyryl chloride, a-methoxynaphthalene and aluminum 
chloride in carbon disulfide. There was obtained after two recrystallizations from ligroin, 
b.p. 60-70', a 72% yield of pale yellow prisms, m.p. 96-98' (m.p. after three more crystallira- 
tions 97.0-97.5'). 

Anal. Calc'd for C I ~ H I ~ O ~ :  C, 78.92; H, 7.06. 
Found: C, 78.95; H, 6.90. 

A sample of this material was oxidized with potassium ferricyanide (15) at 65' for 95 
hours. The product was recrystallized from alcohol to  yield 40% of the theoretical amount 
of 4-methoxy-1-naphthoic acid, m.p. 237-239' (uncorr.). No depression was observed on 
admixture with material prepared in this laboratory (16) by carbonation of the Grignard 
reagent from 4-methoxy-1-bromonaphthalene. 

Attempted Mannich reactions with 1 -isobutyro-4-methoxynaphthone and isobutyrophenone. 
Di-n-butylammonium chloride was used in these attempts. The reaction was tried in  
nitromethane in a manner similar to  that  used with 1-aceto-4-methoxynaphthone. With 
the l-isobutyro-4-methoxynaphthone, after a one-hour reflux period, the cooled solution 
was diluted with anhydrous ether and stored in  the ice chest. Only di-n-butylammonium 
chloride was obtained. This was filtered and from the filtrate, after suitable purification, 
there was isolated 76% of unreacted ketone. 

Other attempts gave a 92% recovery 0f naphthone efter a 12-hour reaction period in 
nitromethane, an 88% recovery after a 2.5.hour reflux period in 1-nitropropane, and a 91% 
recovery after a 3.5-hour reflux period in  ifioamyl alcohol. 

With isobutyrophenone (17) after a 1.25-hour reflux period, there were obtained an 84% 
recovery of dibutylammonium chloride and a 78% recovery of isobutyrophenone, m.p. 
and mixed m.p. of 2,4-dinitrophenylhydraxone 163-164' (7). Hold-up and still bottoms i n  
the distillation of isobutyrophenone added an estimated 13% to  the recovery. 

The Mannich reaction with diisopropyl ketone. Di-n-butylammonium chloride was used 
in  this reaction and the procedure "as similar to that  of Mannich (5). The diisopropyl 
ketone was kindly mpplied by Dr. J. D. Roberts of this laboratory. After a 3.25-hour 
refluxing period, the cooled reaction mixtiire was poured into water and the organic layer 
separated. The solvent 
was evaporated after drying and the residue was distilled i n  vacuo. Several cuts were taken 
but no pure material was obtained and the largest fraction was redistilled. The two main 
fractions still possessed a wide boiling range and they were combined and redistilled. At 
3 mm. the main fraction, 5.2 g. (200jo), had the following properties: b.p. 112-114" (3 mm.), 
n t  1.4437. 

The aqueous layer was made :Ilkdine and extracted with ether. 
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Anal. Calc'd for C I ~ H ~ ~ N O :  C, 75.23; H, 13.02; N, 5.48. 
Calc'd for C1,HssNz: C, 75.48; H, 14.16; N, 10.36. 
Found: C, 75.24; H, 13.71; N, 8.59. 

The equivalent weight of this fraction was obtained by titration with acid t o  the methyl 

Equiv. Wt. Calc'd for C I ~ H ~ ~ X O :  255. 
red end-point. 

Calc'd for C ~ T H ~ ~ N ~ :  135. 
Found: 166, 168, 169. 

When the 2,4-dinitrophenylhydrazone of this fraction was prepared in  alcohol containing 
hydrochloric acid, the only product obtained was formaldehyde 2,4-dinitrophenylhydra- 
zone, m.p. and mixed m.p. 164.8-165.3". This fraction gave a silver mirror when warmed 
with ammoniacal silver nitrate. 

The ready production of formaldehyde in  acid solution from compounds of the type VI1 
is well known (18). As a control, we treated the Mannich base from isobutyraldehyde and 
diamylamine (2) in  acid solution with dinitrophenylhydrazine. No hydrazone was pre- 
cipitated. 

Hydrogenation of amino ketones over Adams' catalyst. The reactions were carried out at 
atmospheric pressure and were interrupted at about 100% absorption. In the case of the 
4-methoxydibutylamino ketone hydrochloride, the reaction mixture was filtered and the 
solution was concentrated under reduced pressure. The resulting syrup was triturated 
with dry ether and the solid collected on a filter, washed with ether, and dried. The com- 
bined filtrate and washings on evaporation gave a green oil which, on crystallization from 
methanol, yielded 22y0 of 4-methoxy-l-propionaphthone, m.p. 56-57" [literature: 57", 
58" (19)], m.p. of oxime 172-174" [literature: 172' (19c)I. 

Anal. Calc'd for ClaHlsPJ02: C, 73.34; H, 6.59. 
Found: C, 73.33; H, 6.60. 

The crude solid from above was washed on the funnel with water. From the water 
washings there was obtained 20% of di-n-butylammonium chloride identified through the 
phenylthiourea derivative. The crude amino alcohol hydrochloride (52%), m.p. 124-126', 
on the funnel was recrystallized from ethyl acetate-alcohol-ether, t o  yield 46% of pure 
product, m.p. 126-128'. 

From the reduction of the 4-methoxydiamylamino ketone hydrochloride,, there was 
obtained the amino alcohol hydrochloride, m.p. 114.6-115.6' in  a yield of 69% of crude and 
53% of pure material. 

When the 4-methoxydibutyl- and diamyl-amino ketones, as the free bases, were hydro- 
genated over Adams' catalyst, the only products isolated were dialkylamine and 4-methoxy- 
I-propionaphthone. 

When the 4-chloro-di-n-butylamino ketone was hydrogenated and the catalyst removed 
by filtration, gravimetric determination of chloride on an aliquot portion indicated 71% 
hydrogenolysis of the ring chlorine. No pure product could be isolated. 

The hydrogenation of 14.0 g. (0.0756 mole) of a, a-dimethyl-j3-di-n-propylaminopropion- 
aldehyde, prepared as described elsewhere (2) was carried out in  ethyl alcohol. After 
removal of solvent, the residue was distilled a t  20 mm. through a 4-inch Vigreux column. 
The following cuts were taken: (a) 0.4 g., b.p. 1 1 4 - 1 1 8 O ,  nz 1.4434; (b) 5.7 g., b.p. 118.0- 
119.5", 91: 1.4449; (c) 6.8 g., b.p. 119.5-119.5", n: 1.4449; (d) still bottoms and hold-up, 
wt. 0.6 g. Fractions (b) and (c) make a combined yield of 88%. 

Anal. Calc'd for C I I H ~ ~ N O :  C, 70.53; H, 13.45. 
Found: C, 70.60; H, 13.56. 

Hydrogenation of amino ketones over Raney nickel. These experiments were performed 
with 4-methoxy-l-(~-dibutylaminopropio)naphthone. The hydrogenations were carried 
out in  a Parr hydrogenator at 3 to  4 atmospheres. When the hydrochloride of the amino 
ketone was used, there was obtained 97% of di-n-butylammonium chloride and 97% of 
4-methoxy-1-propionaphthone. When the hydrogenation was performed on the free base, 
there was obtained 78% of di-n-butylammonium chloride and 97% of 4-methoxy-1-propio- 
naphthone 
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Hydrogenation of amino ketone over palladium-charcoal. Hydrogenation of the 4-meth- 
oxy-di-n-butylamino ketone hydrochloride a t  atmospheric pressure with 10% palladium- 
charcoal catalyst was incomplete even after 6.5 days. There were isolated 66% of unreacted 
starting material, 13% of di-n-butylamrnonium chloride, and 17% of 4-methoxy-1-pro- 
pionaphthone. 

Reduction with aluminum amalgam. The 4-methoxy-di-n-butylamino ketone was re- 
duced in  the usual way (12) in moist ether. After 27 hours the ether layer was separated 
and the solids extracted with ether for 15 hours. The combined ether solutions were dried, 
concentrated, and cooled. There was obtiiined 14% of a white crystalline product A, m.p. 
171.1-172.5'. Evaporation of the ether left an oil which yielded 84% of a hydrochlorideB, 
m.p. 231.4-232.4'. 

Anal. A Calc'd for C*&aN&: C, 77 15; H, 9.42. 

B Calc'd for C ~ ~ H & ~ Z N Z O ~ :  C, 69.72; H, 8.78. 
Found: C, 76.99; H, 9.37. 

Found: C, 69.66; H, 8.81. 
The molecular weight of A by the micro-Rast method (20) was 695,575,648, theoretical 

for Ct4Hs4N~04 being 685. 
Addition of ethereal hydrogen chloride to  a benzene solution of A yielded the dihydro- 

chloride, m.p., after crystallization from alcohol-ether, 231.9-232.4", mixed m.p. with B 
227.5-228.0'. 

Reductions with sodium amalgam. These were carried out with the 4-methoxydiethyl- 
and di-n-butylamino ketone hydrochlorides according t o  the method of Cromwell (21). 
The mixtures were worked up in  the usual way but only oils were obtained. 

Reduction with isobutylmagnesium bromide. The 4-methoxy-di-n-butylamino ketone as 
an ether solution was added to  the isobutyl Grignard reagent. About 34% of what ap- 
peared to  be isobutane was collected in  a dry ice trap. From a concentrated sulfuric acid 
trap there was obtained a small amount of hydrocarbon. 

The Grignard reaction mixture was treated in the usual way t o  yield a basic product. 
However, neither this basic material nor its hydrochloride could be crystallized. 

Reductions with aluminum isopropoxide. The reduction of the 4-chlorodiethylamino 
ketone hydriodide is typical. It was carried out under nitrogen in an all-glass apparatus 
(1). After an hour 95% of the theoretical amount of acetone was obtained. The mixture 
was poured on an excess of iced sodium hydroxide solution and steam distilled a t  reduced 
pressure until there was no longer a detectable odor of diethylamine. The residual oil 
was converted t o  the hydrochloride, m.p. 109-111' after recrystallization from acetone- 
ether and 112-114' after further recrystallization from ethyl acetate; yield 5%. 

Another reduction was carried out with the diethylamino ketone hydriodide at 250 mm. 
pressure. After eight hours, 72% of the theoretical amount of acetone was obtained. The 
mixture was worked up as before and the yield of amino alcohol, m.p. 110-111', was 8%. 

Several other similar experiments were carried out. Four reductions of the diethylamino 
ketone hydrochloride were run a t  atmospheric pressure. The yield in  each case was 0% 
except one in  which a 2% yield of amino alcohol was obtained. When the reduction was 
repeated but a t  250 mm. pressure, the yield of crude amino alcohol was 5%. Where the 
reduction was run with the free base, no amino alcohol was obtained. 

When the 4-methoxydiethylamino ketone hydrochloride was reduced, 56% of the theo- 
retical amount of acetone was obtained in 13 hours. The reaction mixture was treated in  
the usual way but the basic fraction, isolated as a black oily hydrochloride, gave no crystal- 
line material. A neutral, amorphous apparently polymeric material, which accounted for 
about 87% of the starting amino ketone, wits also isolated. 

SUMMARY 

A number of Mannich bases have been prepared from 4-methoxy- and 4- 
chloro-1-acetonaphthone. These Mrtnnich bases have been reduced t o  a-(2- 
dialkylaminoethyl)-4-chloro- and -4-methoxy-1-naphthalenemethanols. 
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An interesting structural limitation of the Mannich reaction is the failure of the 
branched chain ketones 4-methoxy-1-isobutyronaphthone and isobutyrophenone 
to give a Mannich base even under vigorous conditions. Diisopropyl ketone 
seems to represent a borderline case. 

Los ANGELES, CALIF. 
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In the synthesis of j3dialkylaminoethyl-l-naphthalenemethanols, I, 
CH(OH)CX,CH2NR2 

1 

Y 
I 

the failure of the method involving preparation and reduction of the Mannich 
ketones (1) in those cases where Y = C1, X = H or Y = CHsO, X = CHa led to 
the investigation of other methods. 

The synthesis of compounds representative of this second case (Y = CH30, 
X = CHs) was accomplished successfully by treatment of a,a-dimethyl-p- 
dialkylaminopropionaldehyde with 4-methoxy-1-naphthylmagnesium bromide: 

MgBr CH( 0H)C (CH3)2 CHzNRz 
I 1 

OCHI OCH3 

The CY ,a-dimethyl-p-dialkylaminopropionaldehydes were readily prepared accord- 
ing to  the method of Mannich, Lesser, and Silten (2). The preparation of several 
of these compounds has been recorded in the literature: methylamino (3), 
dimet,hylamino (2), diethylamino (2), piperidino (2), and morpholino (4). We 
have extended the series to include those amino aldehydes containing the di-n- 
propyl, di-n-butyl, and di-n-amyl groupings. The properties of these compounds 
are summarized in Table I. 

The Grignard reagent prepared from 1-bromo-4-methoxynaphthalene (5)  re- 

1 This work was done under a contract,, recommended by the Committee on Medical Re- 
search, between the Office of Scientific Research and Development and the University of 
California, Los Angeles. The survey number, designated SN, identifies a drug in the rec- 
ords of the Survey of Antimalarial  drug^. The antimalarial activity of those compounds 
to  which such numbers have been assigned will be tabulated in B forthcoming monograph. 
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B.P., "c .20 

103-107/20 mm. 1.4363 
120-125/15 mm. 1.4415 
138-146/10 mm. 1.4440 

TABLE I 
PROPERTIES OF a, ~-DIMETHYL-~DIALKYLAMINOPROPIONALDEHYDES 

ANALYSIS 

Calc'd Found 

% C  % H  % C  1 % H  

71.30 12.51 71.23 12.38 
73.18 12.76 73.10 12.72 
74.62 12.94 74.71 13.12 

-_______-- 

YIELD, 70 

R 

C2Hb 

CaHI 
C4Ho 
CsHii 

70 
57 
49 

YIELD, % 

72" 

51a 
52a 
45' 

31.P. OF 
HYDBOCHLOBIDE, "c 

(a) 1O7.5-109.Ob 
(6) 170.0-170.4 

182.0-182.5 
166.0-167.0 

PROPERTIES OF (Y-~~-DIALKYLAMINO-~~T~.-BUTYL~-~-METHOXY-~-NAPHTHALENEMETHANOLS 

ANALYSIS 

Calc'd Found 

% C  1 % H  % C  % H  ~ - - ~  
68.26 8.59 68.11 8.71 

69.54 9.02 69.02 8.98 
70.64 9.39 70.68 9.13 
78.14 10.34 77.83 10.55 

SN 

8768 

8364 
7993 
8989 

a This figure represents the yield of crude product. 
Two dimorphic forms were obtained in this case. Mixed melting point was 169-171". 
This figure represents the yield of distilled product. The hydrochloride could not be 

obtained solid. 

acted smoothly with these aldehydes and four amino alcohols were prepared? 
Table I1 lists the properties of these compounds. 

The method of Fourneau (7, 8) mas used to prepare the compounds where 
Y = CH30 or C1, X = H. This method is represented by the following equations: 

CHz=CHCHO + HC1 ClCHzCHzCHO 
CH(0H)CHzCHzCl 

I 
MgX 

1 

I I 
Y Y 

CH(0H)CHtCHzNRz 
1 

I 
Y 

2 Evidently the only other study of the reaction of a Grignard reagent with &amino 
aldehydes is that  of Matti and Barman (6) who treated a,a-dimethyl-&dimethyl- and 
-diethyl-aminopropionaldehydes with ethyl, butyl, and phenyl Grignard reagents. 
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SN 

8744 

8991 
8738 

The synthesis of P-chloropropionaldehyde from acrolein and hydrogen chloride 
has been described several times (7, 8, 9). This compound is relatively unstable 
and readily polymerizes to a trimer (:LO) or decomposes into acrolein and hydro- 
gen chloride. It has usually been prepared by saturation of acrolein with hydro- 
gen chloride cold, followed by distillation of the monomer, sometimes at  reduced 
pressure. The distillate was then used directly in the Grignard reaction. The 
rapid polymerization of the monomer to trimer was troublesome, since the latter 
did not react smoothly with Grignard reagents. This trimerization was pre- 
vented by distillation of the monomer at reduced pressure into ether or toluene 
immersed in a dry ice-alcohol bath. This solution was not allowed to warm up 
until ready for use in the next step. 

TABLE I11 

NAPHTHALENEMETHANOL HYDROCHLORIDES, I 
PROPERTIES OF cw-(2-DIALKYLAMINOETHYL)-4-CHLORO OR METHOXY-1- 

Y R YIELD, Y.P.,"C Calc'd 

% C  % H  

C1 CZHPl b 33 112.0-113.0 58.96 7.28 

CHsO C4Hpb 7 121.3-122.8 69.54 9.02 

_ _ _ ~ _ _ _ _ _ - -  -- 

C1 CIHB 30 147.5-149.0 65.61 8.13 

% C  

58.67 
65.63 
69.65 

Found 

% H  

7.36 
8.14 
9.22 

-- 

5 This compound was isolated as a monohydrate. A crystalline anhydrous form could 

b These compounds were shown to  be identical, by analysis and mixed m.p., with those 
not be obtained. 

prepared by reduction of the corresponding Mannich ketones (1). 
This figure represents the yield of pure material. 

The Grignard reagents used in this synthesis were 4-methoxy-1-naphthyl- 
magnesium bromide and 4-chloro-1-naphthylmagnesium iodide. The l-chloro- 
4-iodonaphthalene required for the latter was conveniently prepared through the 
chlorination of a-acetamidonaphthalene based on the method of Reverdin and 
Crepieux (1 l), with subsequent replacement of the amino group with iodine. 

Theintermediate chlorohydrinswere not isolated ina pure state but were treated 
directly with the desired dialkylamine. The amino alcohols so produced were 
isolated and purified as hydrochlorides. Table I11 lists the properties of these 
compounds. 

EXPERIMENTAL 

All melting points are corrected. Analyses were performed by Mr. Jack Ralls and Mr. 
Bruce Day. 

a,cw-Dimethyl-~-(di-n-alkylamino)propionaldehydes. These compounds were prepared 
according to the method of Mannich, Lesser, and Silten (2) for a, a-dimethyl-fl-diethyl- 
aminopropionaldehyde. 

An attempt was made to prepare the 2,4-dinitrophenylhydrazone of the di-n-amyl com- 
pound by treating 1 ml. of the aldehyde in 50 ml. of 95% ethyl alcohol with 0.7 g. of 2,4- 
dinitrophenylhydrazine, heating to boiling, adding 3 ml. of concentrated hydrochloric 
acid, and refluxing for six minutes. On cooling, no crystalline material was obtained. No 
attempt was made to obtain the free base by neutralizing the reaction mixture. 
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a-(2-Dialkylamino-tert.-butyl)-4-rnethoxy-l -naphthaEenemethanols. These compounds were 
all prepared in a completely analogous manner. As an example, the preparation of the 
hydrochloride of the diethylamino derivative is given. 

In  a well dried one-1. three-necked flask, kept under slight nitrogen pressure, fitted with 
a Hershberg stirrer (12), a reflux condenser, and a dropping-funnel were placed 6.0 g. (0.25 
g. atom) of magnesium turnings and 50 ml. of anhydrous ether. Then 47.4 g. (0.20 mole) 
of 1-bromo-4-methoxynaphthalene (5), dissolved in 150 ml. of anhydrous ether and 50 ml. 
of anhydrous thiophene-free benzene was added dropwise, over the course of 2 hour, with 
stirring and refluxing. A small &mount of methylmagnesium iodide was added to  start  
the reaction. Refluxing was continued for 3.25 hours longer. 

The solution of the Grignard reagent was filtered, under nitrogen, into a one-1. three- 
necked flask equipped with a Hershberg stirrer, a reflux condenser, and a dropping-funnel. 
A solution of 23.6 g. (0.15 mole) of a, a-dimethyl-B-diethylaminopropionaldehyde (2) in 80 
nil. of anhydrous ether was added dropwise over the course of thirty minutes to the Grig- 
nard reagent. A yellow precipitate soon appeared in the flask. The mixture was refluxed 
and stirred 7.5 hours longer. 

The complex was decomposed with ice and saturated ammonium chloride solution. 
The layers were separated and the aqueous layer was extracted with two 100-ml. portions 
of ether which were combined with the organic layer, washed twice with saturated am- 
monium chloride solution, and dried over anhydrous potassium carbonate. 

The dry ether solution was treated with an excess of ethereal hydrogen chloride, the 
ether decanted and the gummy residue taken up in the minimum amount of alcohol. Addi- 
tion of dry ether caused the product to crystallize. The yield was 37.8 g. (72%) of crude 
material m.p. 162-164". Four recrystallizations from alcohol-ether yielded 18.6 g., m.p. 
169.0-169.5". A small sample for rtnalysis was crystallized three more times from alcohol- 
ether. Tiny, colorless, granular crystals were obtained, m.p. 170.0-170.4". A dimorphic 
modification crystallizing in the form of rosettes of tiny needles, m.p. 107.5-109" was also 
obtained on one occasion. 

The isolation and purification of the di-n-propyl- and the di-n-butyl-amino compounds 
was almost identical with the above. The hydrochloride of the di-n-amyl compound, 
however, could not be crystallized. The dark red oil resulting from the Grignard reaction 
was subjected to molecular distillation a t  4 X 10-6 mm. pressure and 140-145". There was 
obtained 21.7 g. (45%) of an orange-red oil. All attempts to crystallize the hydrochloride 
of the distilled base failed. 

1-Chloro-4-iodonaphthalene. Preparation of 1-amino-4-chloronaphthalene. In a 3-l., 
three-necked flask fitted with a mechanical stirrer and a condenser attached to a gas trap 
were placed 243 g. (1.7 moles) of a-naphthylamine (technical), 730 ml. of glacial acetic acid 
and 174 ml. (188 g., 1.85 moles) of acetic anhydride (technical). The dark purple solution 
was refluxed for two hours, the reaction mixture cooled in an ice-bath until the temperature 
reached 35", and 150 ml. of concentrated hydrochloric acid added. This prevented the 
a-acetamidonaphthalene from setting to  a semi-solid mass. When the temperature reached 
21", 500 ml. more of conc'd hydrochloric acid was added. 

With an ice-bath the temperature was kept a t  20-24" while a solution of 78.2 g. (0.735 
mole) of sodium chlorate in 150 my. of water was added with stirring over a period of one 
hour. The mixture was stirred one hour longer in the ice-bath, then two hours a t  room 
temperature and left overnight. 

The mixture was refluxed for two hours to hydrolyze the amide, the condenser set for 
distillation and 1100 ml. distilled nrhile 750 ml. of water was added. The reaction mixture 
was cooled, basified with saturated sodium hydroxide, and allowed to  cool overnight after 
removal of the stirrer. 

The product, which had settled as a black oil and solidified, was transferred to a 500-ml. 
Claisen flask and distilled with superheated steam (the temperature of the issuing vapors 
being 130-135") until the organic phase almost stopped distilling (about six hours). The 
product, which had distilled as a light purple oil and solidified in the receiver was air dried. 
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The yield of crude 1-amino-4-chloronaphthalene was 155 g. (51%). This was crystallized 
once from hexane (Skellysolve B, b.p. 60-70") and yielded 106 g. (3579, map. 95-97'. This 
material was pure enough for the next step. 

Diazotization of the amino group and replacement with iodine. In a 2-l., three-necked 
flask fitted with a mechanical stirrer, dropping-funnel, and thermometer, were placed 
65.5 g. (0.369 mole) of 1-amino-4-chloronaphthalene and a solution of 31 ml. of concentrated 
sulfuric acid in loo0 ml. of water. The mixture was cooled to 0' and a solution of 27.4 g. 
(0.385 mole) of sodium nitrite (97%) in 80 ml. of water was added over a two-hour period, the 
temperature being kept beIow 5'. The mixture was allowed to stand in the ice-bath for a 
half hour, filtered quickly through glass wool and added cautiously to a solution of 90 g. 
(0.54 mole) of potassium iodide in 100 ml. of water in a 4-1. beaker fitted with a mechanical 
stirrer. The reaction mixture foamed very badly. 

After about one hour, most of the reaction was over. The reaction mixture was stirred 
one hour longer, then heated until the black product melted and settled to the bottom. 
On cooling, the black oil solidified and was removed and air dried. This material was ex- 
tracted three times with 500-ml. portions of boiling methanol and a black tarry residue was 
discarded. The methanol solution was decolorized with Nuchar until light yellow, and the 
product was crystallized by concentration. The yield of light yellow 1-chloro-4-iodonaph- 
thalene was 72g. (68% based on 1-amino-4-chloronaphthalene) ,m.p. 52.5-53.8'. Beattie and 
Whitmore (13) report m.p. 54.5'. 

Several other syntheses of 1-chloro-4-iodonaphthalene were investigated but the above 
is in our opinion the best. Although the method of Beattie and Whitmore (13) gave a higher 
over-all yield (39% from sodium naphthionate), it was tedious, and the intermediate mer- 
cury compound produced an unpleasant skin rash. The nitration of a-chloronaphthalene 
to yield l-chloro-4-nitronaphthalene, which could be readily reduced t o  1-amino-4-chloro- 
naphthalene, was attempted by the method of Ferrero and Caflisch (14). The desired 
compound could only be obtained in very low yield. The method reported by Pajak (15) 
of treating a-naphthylhydroxylamine with concentrated hydrochloric acid to yield 
1-amino-4-chloronaphthalene could not be repeated. We have prepared 1-chloro-4-iodonaph- 
thalene in 31% over-all yield (based on l-aceto-4-chloronaphthalene), by preparing 
1-amino-4-chloro-naphthalene by a Beckmann rearrangement of methyl 4-chloro-l- 
naphthyl ketoxime (16). 

a-(2-Diethylami7aoethyl)J-chloro-i-naphthalenemethanol hydrochloride. Preparation of 
&chZoropropionaEdehyde. In a 50-ml. flask in an ice-salt bath a t  -10' was placed 14.5 ml. 
(12.1 g., 0.216 mole) of redistilled acrolein. Dry hydrogen chloride gas was passed over the 
acrolein with occasional swirling. When 7.6 g. (96% theory) had been taken up, the con- 
tents of the flask were transferred to a 50-ml. modified Claisen flask with the aid of a little 
ether, and a few crystals of hydroquinone and p-toluenesulfonic acid were added. 

The mixture was distilled under nitrogen a t  20 mm. in an oil-bath a t  75" until the distil- 
late was one phase (no more water distilling:,. The distillate was about 4 ml. The receiver 
was then changed to a tared 125 ml. distilling flask containing 75 ml. of absolute ether, 
which had been weighed and immersed in a dry ice-alcohol bath; the distillation was then 
continued until the distillate practically stopped coming over. The increase in weight of 
the receiver waB 8.3 g. (0.090 mole, 43'% yield assuming the weight increase to be pure 
8-chloropropionaldehyde). The solution was left immersed in the dry ice-alcohol bath 
while the Grignard reagent was being prepared. 

Reaction of 8-chloropropionaldehyde wish Q-chloro-i-naphthylmagnesium iodide. In  a 
500-ml. three-necked flask fitted with a reflux condenser, a dropping-funnel and a me- 
chanical stirrer were placed 28.9 g. (0.10 mole) of l-chloro-4-iodonaphthalene, 150 ml. of 
absolute ether, and 2.3 g. (0.095 mole) of magnesium turnings. The reaction started imme- 
diately and the mixture was refluxed until d l  the magnesium had reacted. 

The ethereal aldehyde solution was warmed to about 10" and added to the Grignard solu- 
tion dropwise a t  a rate to  maintain refluxing; after one hour of further refluxing the solution 
was cooled in ice and hydrolyzed with 40 ml. of 3 N sulfuric acid. The ether solution was 
separated, washed, and dried. 
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Condensation of the chlorohydrin with diethylamine. The solvent was removed from the 
above solution a t  reduced pressure, the light-colored oil taken up in 100 ml. of acetone and 
22 ml. (15.5 g., 0.21 mole) of diethylamine and 7.5 g. (0.05 mole) of sodium iodide added. 
The solution was refluxed seventeen hours. 

The reaction mixture was transferred to a 500-ml. Claisen flask with 200 ml. of 3 N sodium 
hydroxide solution and distilled at 140 mm. pressure, under nitrogen, until there was no 
odor of diethylamine in the distillate. The residual dark oil was taken up in ether, washed, 
and dried. 

The addition of excess ethereal hydrogen chloride to  the ether solution precipitated a 
brown taffy. This material wau treated with 50 ml. of boiling ethyl acetate and absolute 
ethanol was added until all was in solution. On cooling, the solution deposited 5.5 g. of 
nearly colorless product, m.p. 111,2-114°. Concentration of the mother liquor produced 5.5 
g., m.p. 103-108", which was recrystallized from ethyl acetate-ethanol to yield 4.2 g., m.p. 
112-113". The total yield was 9.7 g. (33%, based on P-chloropropionaldehyde). 

~~-(2-Dib~tylaTainoethy1)-4-chloro-l-naphthalenemethanol hydrochloride was prepared 
in a completely analogous manner. 

cu-(~-Dibutylaminoethyl)-~-methoxy-l-naphthalenemethanol hydrochloride. By a proce- 
dure similar to  that  used for the above 4-chloro compounds, 4-methoxy-1-naphthylmagne- 
sium bromide was treated with 6-chloropropionaldehyde (in toluene) and the crude chloro- 
hydrin was treated with di-n-butylamine. The crude product was subjected to  molecular 
distillation a t  5 X 10-6 mm. pressure and after a forerun of or-methoxynaphthslene (excess 
Grignard used) there was obtained a fraction of crude base from which was obtained 4.4 g. 
(7%) of the product desired. 

SUMMARY 

Four a-(2-dialkylamino-tc'~~.-butyl)-4-methoxy-l-naphthalenemethanoIs were 
prepared by the reaction of 4-methoxy-1-naphthylmagnesium bromide and a ,a- 
dimethyl-@-dialkylaminopropionaldehydes. The aldehydes were prepared by 
the Mannich reaction. 

The reaction of p-chloropropionaldehyde with 4-methoxy- or 4-chloro-l- 
naphthylmagnesium bromide gave chlorohydrins which were readily converted 
into a-(2-dialkylaminoethyl)-4-chloro- or -methoxy-1-naphthalenemethanols. 

Los ANGELES, CALIF. 
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Since certain a-dialkylaminomethyl-2 or 4-chloro-1-naphthalenemethanols 
(1, 2,3 ,4)  possessed considerable antimalarial activity, it was desirable to study 
the effect of further varying the position of the halogen. This paper reports the 
5-, 6-, and 7-chloro derivatives which were prepared from the corresponding 
1-naphthoic acids by the following reactions: 

c1 SOCIZ, c1 [ @ Tg+ c1 AUi-PrOh 

COOH co c1 COCHzCl 

--TEE+ 

I I1 I11 

2HN(CdlJz 
0 

CHOHCH,N(C;KJz / /' \  
CHOHCHzCl CH-CH2 I@ NaOH, c1 la HN(CJ%& c1 

V VI 
Lzl 

IV 

All of the chloronaphthoic acids needed as starting materials have been re- 
ported previously, but the substance, map. 188-189", prepared by the condensa- 
tion of methyl furoate and chlorobenzene in the presence of aluminum chloride 
(5, 6, 7), and believed to be 6-chloro-1-naphthoic acid is an eutectic mixture of 
the 6- and 7-chloro acids. It is not surprising that the reaction produces such a 
mixture and the only structure proof heretofore attempted, decarboxylation to 
2-chloronaphthalene, merely shows that the halogen occupies a &position. 

We repeated the synthesis of the acid mixture according to the directions of 
Price and Huber (7), converted it to acid chloride, 11, and prepared the chloro 
ketone, 111. A chloro ketone, m.p. !)4-95", was usually obtained in 25-50% 
yield but in one case an isomeric ketone, m.p. 98.5-99.5", was isolated. A mixed 
melting point determination indicated that these compounds were different. 

1 This work was done under a contract, recommended by the Committee onMedical 
Research, between the Office of Scientific Research and Development and the University of 
California, LOB Angeles. The survey number, designated SN, identifies a drug in the rec- 
ords of the Survey of Antimalarial Drugs. The antimalarial activity of those compounds 
to  which such numbers have been assigned will be tabulated in a forthcoming monograph. 
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Hypochlorite oxidation of the first of these ketones (m.p. 94-95') gave pure 6- 
chloro-l-naphthoic acid, m.p. 215.8-216.2", and similar treatment of the second 

TABLE I 

SUMMARY OF PROPERTIES OF DERIVATIVES OF THE TYPE !$ OF 6- AND 7-CHLORO- 

~-NAPHTHOIC Acrm 

X 

6-C1 

6-C1 

6-C1 

6-C1 

6-C1 

6-C1 

6-C1 

6-C1 

6-C1 

7-C1 

7-C1 

7-C1 

coMPolJm 

R 

-COOCHI 

-CONHa 

-CONHCeHs 

-COCHa 

-C=NOHCHs 

--NHCOCHs 

-NHe 

-CHO 

-CH-NOH 

-COOCH3 

-CONHz 

-CONHCsHs 

Boiling point. 
b Literature melting point. 
c Crude, m.p. 45-46'. 

M.P. 

'C - 
66.0-66.5 
lB5-170/2 mm. (7)" 

215-216 

196-197 

140/1 mm." 

130.5-131.5 

210-211 

62-64 
63-64 (IO) 

83-84 
120-160/2 mm. u v  

126-127 

53-54 
54 (8)b 

231.5-233.5 
237 (8)b 

184.5-185.5 
185 (8 )b  

ANALYSIS 

Cdc'd 

% C  

65.32 

64.24 

72.47 

65.61 

65.61 

69.30 

64.24 

%H 

4.11 

4.02 

4.29 

4.59 

4.59 

3.70 

3.92 

Found 

% C  

65.62 

64.62 

72.02 

65.23 

65.19 

69.11 

64.63 

% H  

4.28 

4.17 

4.27 

4.50 

4.71 

3.86 

4.16 

gave slightly impure 7-chloro-l-naphthoic acid, m.p. 233.5-236.5'. Goldstein 
and Fisher (8) found the m.p. 243" for this compound and we have prepared a 
sample m.p. 239.7-243.1' by the separation method described below. Table I 
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summarizes the derivatives which we have prepared of these 6- and 7-chloro 
acids. The melting point-composition diagram for mixtures of the two acids is 
given in Fig. 1. 

A superior method of separating the acid mixture was sought. Recrystalliza- 
tion of this mixture from a variety of solvents effected no separation and partial 
precipitation from carbonate solution did not help much. It proved to be most 
convenient to recover the 7-chloro isomer by crystallization of the mixture of acid 
chlorides and to convert the residual acid chlorides to methyl esters from which 
methyl 6-chloro-1-naphthoate was readily crystallized. This procedure gave 
3530% of 6-isomer and 10-18% of 7-isomer based on the amount of acid mixture 
used? 

Distillation at reduced pressure of the acid chloride mixture mentioned above 
gave a lowboiling forerun which on hydrolysis yielded 5 4 %  of o-chlorobenzoic 
acid. This substance probably arose from o-chlorotoluene, since it failed to 

% 7-ch/0F0-/L/7@4f%W/k UC&' 

FIG. 1. MELTING POINT-CQMPOSITION DIAGRAM FOR MIXTURES OF 6- AND 7-CHLORO-1- 
NAPHTHOIC Acrns 

appear when carefully purified chlorobenzene was used as the starting material 
in the synthesis. 

During this work a need arose for 6-chloro-1-naphthaldehyde and an attempt 
was made to prepare it by the Rosenmund reduction of the acid chloride from the 
188-189" acid mixture. It was possible to obtain pure 6-chloro aldehyde by 
careful recrystallization of the oximes of the mixed aldehydes but it was more 
practical to prepare pure 6-chloro-1-n:tphthoic acid by hydrolysis of the methyl 
ester described above and to make the acid chloride from this for the reduction. 

The structure of 6-chloro-1-naphthoic acid was established by conversion of its 
acid chloride to methyl ketone using dimethylcadmium, Bechmann rearrange- 
ment of the oxime of this ketone and hydrolysis of the resulting substituted aceta- 

2 Although we have obtained approximat,ely this recovery of 6- and 7-isomers on several 
runs, the proportions of each may depend rather critically on the method of conducting the 
reaction. Hurd and co-workers (9) a t  Northwestern University have repeated this syn- 
thesis and separation, obtaining 23-27% of 6- and 25% of 7-chloro acid. 
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TABLE I1 
R 

SUMMARY O F  PROPERTIES OF COMPOUNDS OF TYPE USED IN SYNTHESIS OF THE 

.. . 
DESIRBD DI-)2-BUTYLAMINOMETHYL-X-CHLORO-1-NAPHTHALENEMETE~OLS 

X 

5-C1 

6-C1 

7-C1 

5-C1 

6-C1 

7-C1 

5-C1 

6-C1 

7-C1 

5-C1 

6-Cl 

7-C1 

5-CP 

6-Cld 

COMPOUND 

R 

-COOH 

-COCl 

-COCHtCl 

-CHOHCHeCl 

-CHOHCHsN (CaHg) 2 '  HC1 

-CHOHCHaN ( CPHS)~* HCI 

M.P.  

"C 

245 
245 (11)" 

215.8-216.2 

240-241 
243 (8)" 

146-148 
160-165/2 m n b  

69-70 
140-150/1 mm.b 

106-107 
106 (€4)' 
140-150/1 mm.b 

147-148 

95-96 

98.5-99.5 

153-154 

74-75 

77 .0-77.5 

157-159 

174-176 

ANALYSIS 

Calc'd 

63.93 

58.69 

60.28 

60.28 

60.28 

59.77 

59.77 

64.86 

61.15 

3.41 

2.69 

3.37 

3.37 

3.37 

4.18 

4.18 

7.89 

6.74 

Found 

% C  

63.78 

59.63 

60.55 

60.18 

60.03 

59.88 

59.86 

64.66 

60.70 

%H 

3.61 

3.32 

3.60 

3.56 

3.56 

4.43 

4.26 

i.94 

6.75 - 
0 Literature melting point. 

Boiling point. 
SN 8739. 

d SN 8069. 

mide to the known 6-chloro-1-naphthylamine (10). A preliminary attempt to  
accomplish the proof by a Hofmann degradation of 6-chloro-1-naphthoic amide 
was not promising. 
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For 5-chloro-1-naphthoic acid we chose the method of Eckstrand (11)) involv- 
ing chlorination of 1-naphthoic acid in glacial acetic acid. This gives a mixture 
of 5-chloro, 8-chloro, and 5,s-dichloro acids from which the 5-isomer can be sepa- 
rated readily as the ester. The S-chloro compounds fail to esterify by the Fischer 
procedure. Dichlorination can be largely prevented by chlorinating a t  room 
temperature for a limited time, but when the 5-isomer alone is desired, it is 
simpler to overchlorinate slightly a t  higher temperatures, which converts most of 
the 8-compound to 5,8- without removing much of the 5-derivative (1 1). 

The 5-, 6-, and 7-chloro-1-naphthoic acids, I, were converted to acid chlorides, 
11, with thionyl chloride in 90-98% yields. Treatment of the acid chlorides 
with diazomethane followed by hydrogen chloride produced x-chloro-1-naphthyl 
chloromethyl ketones, 111, in 6586% yields. Reduction of these a-chloro 
ketones with aluminum isopropoxide gave 94-99% of the chlorohydrins, IV, 
which were used to prepare the corresponding x-chloro-1-naphthyl ethylene ox- 
ides, V, in 90-99% yields. The oxides were opened with di-n-butyl amine to 
give 70-76% of the desired a-di-n-butylaminomethyl-(x-chloro)-l-naphthalene- 
methanols, VI. 

In some cases the halohydrins were treated with two moles of di-n-butyl amine 
and the final products obtained directly. Usually this procedure gave slightly 
lower yields than the method involving isolation of the oxides. a-Diethylami- 
nomethyl-6-chloro-1-naphthalenemethanol was also prepared by this method. 

Table I1 summarizes the compounds prepared. 

EXPERIMENTAL 

All melting points are corrected. Analyses were done by Jack W. Ralls or Bruce Day. 
I-Naphthoic acid. The method of Gilman (12) was used to  prepare 1-naphthoic acid. 

Use of solid rather than gaseous carbon dioxide in the decomposition of l-naphthylmagne- 
sium bromide raised the yields to #-9O%. 

6-Chloro-I-naphthoic acid. Fifty grams (0.29 mole) of 1-naphthoic acid, 0.5 gram of 
iodine, and 500 ml. of glacial acetic acid were placed in a one-liter, three-necked flask 
equipped with a thermometer and an inlet tube extending to the bottom of the flask. Chlor- 
ine was passed in slowly at room temperature. Heat was evolved during the reaction and 
the temperature rose to  50-60". When i t  bad returned to room temperature the reaction 
was complete. Excess chlorine and acetic acid were removed at 30 mm., the residue was 
dissolved in 500 ml. of ether and this solution washed several times with 200 ml. of water 
t o  remove the remaining acetic acid. After drying over magnesium sulfate the solution 
was evaporated. The chlorinated naphthoic acids remaining were dissolved in 500 ml. of 
methanol saturated with hydrogen chloride and the solution refluxed twenty-four hours. 
The methanol was removed at reduced pressure leaving methyl 5-chloro-l-naphthoate, 
8-chloro- and 5,8-dichloro-l-naphthoic acids. The acids were dissolved in saturated 
sodium bicarbonate solution, and the ester taken up in 500 ml. ether. The layers were sepa- 
rated and the ethereal solution evaporated. The ester thus obtained was hydrolyzed by 
refluxing overnight with aqueous alcoholic Bodium hydroxide (loyo excess). The resulting 
solution was poured slowly onto a vigorously stirred mixture of ice and 25% excess of con- 
centrated hydrochloric acid. The precipitated 5-chloro-I-naphthoic acid was collected, 
washed with water, pressed as dry as possible, and air dried. This acid was crystallized 
from ligroin (Skellysolve S, b.p. 150-200") to give 27 g. (0.13 mole, 48%) of a tan solid, m.p. 
237-242", sufficiently pure for further work. Two recrystallizations raised the melting 
point to  %So, which is that  reported by Echtrand (11). 

It was possible but less satisfactory to purify by distillation of the crude methyl B-chloro- 
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1-naphthoate b.p. 130" at  2 mm. The distillate solidified on standing and this solid was 
recrystallized from ethanol to give the pure ester, m.p. 42". Hydrolysis of the crude dis- 
tillate gave acid sufficiently pure for further use. Decomposition losses during distillation 
were prohibitively large except on small runs. 

6- and 7-ChZoro-I -naphth&c acids. The method of Price and Huber (7) was used with some 
modification. 

In a 3-liter, 3-neck flask fitted with a mercury-sealed stirrer, a reflux condenser, and an 
aluminum chloride addition tube were placed 150 g. (1.18 moles) of methyl furoate and 900 
ml. of dry Eastman practical grade chlorobenzene. The solution was cooled to 5" and 325 
g. (2.44 moles) of aluminum chloride was added with stirring. The reaction mixture was 
stirred for thirty minutes a t  5", for one hour a t  room temperature, and a t  95-105" for twenty- 
nine hours. The solution was cooled and poured into an excess of ice and hydrochloric acid. 
The resulting emulsion was stirred one hour, and the chlorobenzene was removed by steam- 
distillation. After decanting the water, the tarry product was dissolved in 1.5 liters of 
boiling glacial acetic acid, the solution filtered while hot, and diluted to 4.5 liters with 
water. The resulting solid was collected and dried. This material contained up to 15% 
methyl 6- and 7-chloro-1-naphthoate; the ester was separated by extraction with three 500- 
ml. portions of boiling petroleum ether (b.p. 60-70", Skellysolve B). The solvent was 
evaporated, the esters hydrolyzed and added to the material remaining after these ex- 
tractions. The acids were dissolved in bicarbonate, the solution boiled with decolorizing 
carbon, and filtered. Acidification with 6 N hydrochloric acid precipitated the acid mix- 
ture. This gave 135-145 g. (5540%) of crude mixed acids, m.p. 160-180°, containing 
roughly 60% 6-chloro-1-naphthoic acid, 30% 7-chloro-1-naphthoic acid, 5 4 %  o-chloroben- 
zoic acid, and some inorganic salts. 

Two liters of practical chlorobenzene was fractionated through a three-foot column 
packed with 4" glass helices at  a reflux ratio of 5:l to 8:l. Nine hundred milliliters of a 
middle cut boiling 130.0-130.6" (uncorr.) was used in one condensation with methyl furoate. 
No o-chlorobenzoic acid could be detected among the products of the reaction. In addi- 
tion to the chlorobenzene and a small forerun the fractionation yielded about 100 ml. of 
material boiling a t  157-160". 

Separation of 6- and 7-chZoro-l..naphl~oic acids. In a 1-liter glass-jointed flask 100 g. of 
the crude acids and 400-500 ml. of thionyl chloride were refluxed eight to twelve hours. 
The excess thionyl chloride was removed first at atmospheric pressure then under an  as- 
pirator vacuum. Distillation of the residue at 1 mm. from a 250-ml. Claisen flask gave 
30-40 g. of material boiling under 140" and 60-70 g. boiling a t  140-150". The high-boiling 
fraction was dissolved in 1 liter of hexane (b.p. 60-70", Skellysolve B) and allowed to crys- 
tallize overnight a t  0". One-third to one-half of the solute was precipitated by this pro- 
cedure. The precipitate was richer in the 7-chloro isomer and melted a t  60-90". Recrys- 
tallization once from Skellysolve B (14-15 ml. per g. of acid chlorides) raised the melting 
point to 80-100" and another recrystallization to 1W104". The mother liquors were com- 
bined and the solvent evaporated, then 200 ml. methanol was added and the solution boiled 
ten to fifteen minutes. A crystalline methyl ester deposited on standing, m.p. 50-60". 
Recrystallization from methanol gave pure methyl 6-chloro-l-naphthoate, m.p. 66.0-66.5". 
This procedure gave 3540% of the 6-isomer and 10-18% of the 7-isomer. All residues were 
hydrolyzed and the products added to the original crude acid mixture for recycling. 

Three and seventy-eight hundredths grams of the low-boiling fraction from the acid 
chloride distillation was boiled with 200 ml. water. The solution was filtered while hot. 
Upon cooling the filtrate depositNed 1.16 g. of o-chlorobenzoic acid, m.p. 137-139", mixed 
melting point with authentic sample 13&140", anilide 116-117" [reported m.p. 114", 117.5- 
118" (13) 1; equivalent weight: 156.7, 157.8; calculated for CTH&lOZ: 156.57. The fraction 
insoluble in hot water was presumed to be chloronaphthoic acids and was returned for 
recycling. 

Preparation of 6-, 6- ,  and 7-chloro-I-naphthoyl chlorides. The acids were refluxed in 
glass-jointed equipment for several hours with four to five times their weight of thionyl 
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chloride [Eastman White Label or purified by Fieser's method (14)j for four to  twelve hours. 
The excess thionyl chloride was removed first at atmospheric pressure then under an as- 
pirator vacuum. Distillation at 1 to 2 nun. of the residues gave the acid chloride in 95- 
99% yield. The distillation was not required for satisfactory results; after removal of most 
of the thionyl chloride as above, ten ml. of benzene was added to a preparation of 6 g. of 
6-ehloro-1-naphthoyl chloride and removed first at atmospheric pressure, then under an  
aspirator vacuum to give a crude acid chloride sufficiently pure for the next step. (Table 
11 lists the physical properties.) 

Preparation of 6-, 6-, and 7-chloro-I-naphthyl chloromethyl ketones. To a cold solution 
of about 12.6 g. (0.30 mole) of diazomethane in 450 mi. of dry ether (15) was added a solu- 
tion of 22.5 g. (0.10 mole) of the acid chloride prepared as above. Nitrogen was evolved 
vigorously for 15-30 minutes. After standing overnight, the diazo ketone was decorn- 
posed, either by adding an ether solution of hydrogen chloride, or by passing in dry hydro- 
gen chloride until the evolution of nitrogen ceased. The ether was evaporated, leaving 22 
to  22.5 g. (0.092-0.098 mole, 92-98%) of chloro-1-naphthyl chloromethyl ketone as a crude 
yellow solid. Recrystallization from hexane (b.p. 60-70', Skellysolve B) gave the pure 
materials in 86'% yield of the 5-chloro isomer, 65% yield (from undistilled 6-chloro-1-naph- 
thoyl chloride) of the 6-chloro isomer, and 75% of the 7-chloro isomer. These compounds 
are described in Table 11. 

During preliminary work this reaction was performed repeatedly using distilled mixed 
6- and 7-chloro-1-naphthoyl chlorides prepared from the 188-189' acid mixture and gave a 
crude, semi-solid, yellow-to-red product in W98% yield. From this material pure 6-chloro- 
1-naphthoyl chloromethyl ketone could be obtained in 3 0 4 %  yield by repeated recrystal- 
lizations from methanol. During a decolorization with 2 g. of Nuchar XXX and recrystal- 
lization from 200 ml. of methanol of 29.5 g.  of this mixture, crystals other than the needles 
of the 6-chloro isomer were noted and separated. This gave 13.2 g. of nearly pure material, 
m.p. 97-99". This substance gave a melting point depression with the 6-chloro-chloro 
ketone and with methyl-6-chloro-1-naphthoate. 

Anal.  Calc'd for ClaHsC120: C, 60.28; H, 3.37. 
Found: C, 60.03; H, 3.60. 

One and two-tenths grams (0.005 mole) (of this material was oxidized with sodium hypo- 
chlorite using the directions of Newman arid Holmes (16) to  give 0.93 g. (0.0045 mole, 90%) 
of an acid, m.p. 231-233.5'; neutral equivalent: calc'd for CllH,C102.H20, 224.6; obs. 220. 
Recrystallization from benzene raised the melting point to 233.4-236.6' [reported for 7- 
chloro-1-naphthoic acid: 243" (8) 1, mixed melting point with 5-chloro-1-naphthoic acid (241- 
244O), 203-212'. Treatment of 0.2727 g. of this acid with thionyl chloride gave, after re- 
crystallization from hexane (b.p. 6C-70°, Skellysolve B), 29% of an  acid chloride, m.p. 
102-104' [reported for 7-chloro-1-naphthoyl chloride, 106" (8) 1. By reaction of 0.0322 g. 
of this acid chloride with aniline, 0.0409 g (100%) of a crude anilide was obtained. After 
recrystallization from ethanol this anilide melted at 178-180" (7-chloroanilide m.p. 185"). 
Ammonia converted 0.0450 g. of the acid chloride to  0.0303 g. (74%) of the corresponding 
amide; after recrystallization from ethanol, m.p. 227-229" (7-chloroamide, m.p. 237"), 
Later larger amounts of the acid were obtained and purified by recrystallization of the 
methyl ester from methanol and these derivatives were prepared in a purer state. These 
compounds are listed in Table I. 

From a solution of 42 g. of mixed chloro ketones in 300 ml. of methanol 3.0 g. of a com- 
pound, m.p. 136.0-142.5", crystallized. An additional crystallization raised the melting 
point to  145.7-146.2". Tests for sulfur arid nitrogen after sodium fusion were negat>ive. 
The material was recovered unchanged after an aluminum isopropoxide reduction of 
eighteen minutes duration. 

Anal.  
Preparation of cu-chloromethyl-6-, 6- ,  a.nd 7-chloro-1 -naphthalenemethanols. The pure 

chloro ketones were reduced to the corresponding chlorohydrins by reduction with alumi- 
num isopropoxide in isopropanol by a technique previously described (2), in 9499% yields. 
These compounds are listed in Table 11. 

Found: C, 58.73; H, 5.31. 
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Preparation of 6-, 6-, and 7-chloro-I-naphthyl ethylene oxides. The procedure detailed 
previously was used to prepare the ethylene oxides in 9499% yields in the caae of the 6- 
and 7-isomers and the propertiee of these compounds have been reported (3). The 5- 
chloro-1-naphthyl ethylene oxide was used without determining the yield. 

Preparation of a-di-n-butyEaminomethyl-6-, 6-, and 7-chloro-I-naphthalenemethamls. 
A. By treatment of the appropriate oxides with molecular equivalents of di-n-butyl amine 
a t  100-120' for eight to twelve hours the corresponding amino ethanols were obtained. 
The free bases were dissolved in ether and precipitated as the hydrochloride by adding 
ethereal hydrogen chloride. These salts were recrystallized from acetone by adding 
enough ether to cause precipitation. After purification the 5-isomer was obtained in 70% 
yield, based on chlorohydrin; the 6-isomer in 74% yield and the 7-isomer in 76% yield based 
on oxide. This method is described in detail in another paper (3). 

B. The amino alcohol was prepared in the case of the 6-chloro isomer not only by treat- 
ment of oxide with amine, but also by allowing 98.0 g. (0.760 mole) of di-n-butyl amine to 
react with 45.8 g. (0.192 mole) of chlorohydrin for twenty hours in 200 ml. of refluxing xylene. 
A precipitate of hydrochloride salt appeared and the flask was swirled occasionally to break 
up the crust which formed. The contents of the flask were transferred to a 2-1. round- 
bottom flask, 75 ml. of 6 N sodium hydroxide and 200 ml. of water were added, and steam 
distillation was carried on until all the dibutylamine had been distilled. It was safe to  
atop when ca. 3 1. of distillate had been obtained. The residual mixture in the flask was 
cooled and extracted with two 300-ml. and one 100-ml. portions of ether. After being 
washed with water the combined ether solutions were dried over anhydrous potassium 
carbonate overnight. This solution of the free base in ether was treated as described above. 
The yield after recrystallization was 51-52.5 g. (70-72y0). The compounds thus obtained 
are listed in Table I1 except when they have been given earlier (3). 

u-DiethylaminomethyZ-6-chloro-~-naphthalenemethanol. This compound was prepared 
from the chlorohydrin by heating in dilute dioxane with diethyl amine in a bomb tube at 
125" for twenty-four hours. The yield was only 33%) but modification of the methods given 
above should lead to great improvement. The compound was also obtained in low yield 
by the amino ketone method described earlier (1). 

Preparation of 6-chloro-I-naphthaldehyde. Hydrolysis of 45.5 g. (0.206 mole) of pure 
methyl 6-chloro-1-naphthoate gave 43.0 g. of 6-chloro-1-naphthoic acid. This acid was 
converted to the acid chloride with thionyl chloride, and the acid chloride distilled a t  re- 
duced pressure. A Rosenmund reduction following the directions of Hershberg and Cason 
(17) gave 25.0 g. (0.131 mole, 63.6% on the basis of ester used) of 6-chloro-l-naphthaldehyde, 
m.p. 83-84". Reduction of acid chloride mixture from the 188-189' acid mixture gave crude 
mixed aldehydes which were distilled b.p. 120-160'/2 mm., m.p. 45-46'. Treatment of 25 
g. of this mixture with sodium bisulfite gave the addition product from which 18 g. of alde- 
hydes melting 69-72' could be recovered. Mixed oximes were prepared from this latter 
material. Recrystallization three times from carbon tetrachloride gave pure 6-chloro-1- 
naphthaldehyde oxime, m.p. 126-127', in good yield. Decomposition of 5.0 g. (0.024 mole) 
of pure oxime with pyruvic acid, acetic acid, and hydrochloric acid gave 3.6 g. (0,019 mole, 
78%) of pure 6-chloro-l-naphthaldehyde, m.p. 82.5-83.5". Oxidation of 5.0 g. (0.024 mole) 
of the oxime with basic permanganate gave 0.3 g. (0.0015 mole, 6.3%) of 6-chloro-1-naph- 
thoic acid, m.p. 212-214'. 

The Rosenmund method has also been used to prepare 4-chloro-l-naphthaldehyde, m.p. 
81.5-82.0". The yield from 4-chloro-1-naphthoic acid (18) was 75%. 

Anal. Calc'd for C1lH,OCl: C, 69.30; H, 3.70. 
Found: C, 68.78; H, 3.69. 

Preparation of 6-chloro-I-acetonaphthone. Pure 6-chloro-1-naphthoic aoid was refluxed 
with thionyl chloride for four hours. The excess thionyl chloride was removed, and the 
product poured on a watch glass to solidify and to allow residual thionyl chloride to evap- 
orate. Nine and four-tenths grams (0.039 mole) of this acid chloride was suspended in 50 
nil. of dry ether and added to a solution of 0.030 mole of dimethylcadmium in 150 ml. of 
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ether, prepared according to the directions of Gilman and Nelson (19). The reaction mix- 
ture was refluxed an hour and then treated :is described by Gilman and Nelson. The prod- 
uct, a light-yellow oil, was converted directly to an oxime. 

Preparation of 6-chloro-I-acetonaphthone oxime. The ketone was dissolved in  80 ml. of 
alcohol and 11 ml. of water and 4.4 g. (0.063 mole) of hydroxylamine hydrochloride and 8 g. 
(0.20 mole) of sodium hydroxide were added. The mixture was allowed to stand overnight, 
then refluxed fifteen minutes. After cooling, the suspension was poured into 25 ml. of 
conc'd hydrochloric acid and 400 ml. of w:tter was added. The yield was 7.02 g. (0.0321 
mole, 82.3% from crude acid chloride) m.13. 120-140'. By extracting this crude product 
with 200 ml. of boiling Skellysolve B and chilling the extracts, a product melting a t  125- 
128" was obtained. Three recrystallizations from Skellysolve B gave 1.5 g. of pure oxime, 
m.p. 130.5-131.5'. Recrystallization of the material insoluble in Skellysolve B from meth- 
anol or ethyl acetate gave two grams of a solid melting a t  180-182". 

Anal. Found: C, 59.33; H, 3.75. 
This substance would not dissolve in aqueous base nor give a precipitate with alcoholic 

silver nitrate. 
Beckmann rearrangement of 6-chloro-I-acetonaphthone oxime. In 30 ml. of dry ether was 

placed 1.0066 g. of oxime and 1.00 g. of phosphorus pentachloride. The solution was re- 
fluxed one hour, then poured on ice and stirred. By warming the ether and ice mixture on 
a steam-bath the ether was evaporated arid the product precipitated. This substituted 
acetamide had the m.p. 185-200", wt. 1.102 g. (contaminated with phosphorous acid). 
Half of this crude material was recrystallized three times from ethyl acetate to  give pure 
N-acetyl-6-chloro-l-naphthylamine, m.p. 210-211°. 

Preparation of 6-chloro-1-naphthylamine. Five hundred milligrams (0.0023 mole) of 
crude N-acetyl-6-chloro-1-naphthylamine was refluxed with 30 ml. of 6 N hydrochloric acid 
for four hours. The solution was neutralized with sodium hydroxide and extracted with 
three 100-ml. portions of ether. After drying over anhydrous potassium carbonate, the 
ether solution was concentrated to twenty ml. Addition of ethereal hydrogen chloride 
precipitated 0.1934 g. (O.OOO9 mole, 39%) of 6-chloro-1-naphthylamine hydrochloride. This 
hydrochloride was recrystallized from an alcohol-ether mixture. Fifty milligrams of the 
purified hydrochloride was shaken with dilute base and ether. Evaporation of the ether 
left 0.0386 g. (95%) of 6-chloro-l-naphthylrtmine, m.p. 62-64". 

The above compounds are listed in Table I. 

SUMMARY 

cr-Di-n-butylaminomethylchloronaphthalenemethanols with chlorine in posi- 
tion 5, 6, and 7 have been prepared from the corresponding chloro-1-naphthoic 
acids. The substance, m.p. 188-189" obtained by the reaction of chlorobenzene, 
methyl furoate, and aluminum chloride and believed to  be 6-chloro-1-naphthoic 
acid has been shown to be the eutectic mixture of the 6- and 7-chloro compounds. 
A satisfactory method of separation has been devised. 

Los ANGELES, CALIF. 
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According to Sachs (l), 1-naphthylarnine is formed in good yield by heating 
naphthalene and phenol with sodium amide at temperatures above the melting 
point of the latter; the phenol is reduced to benzene in the process. Germuth 
(2), in a short note without experimental detail, claims that pure l-naphthyl- 
amine may be prepared by heating naphthalene and sodium amide in the ab- 
sence of phenol. The well known reaction of Chichibabin, in which a-amino 
derivatives of pyridine, quinoline, and isoquinoline are obtained by the action of 
sodium amide upon the heterocyclic base in heated xylene or other inert solvent, 
has been reviewed elsewhere (3, 4). An important modification, suggested by 
Ostromislenski (5) and later adopted by Leffler (4) consists in the use of dimethyl- 
aniline instead of a hydrocarbon, in which both the sodium amide and the 
sodium salt of the reaction product are generally insoluble. It was thought that 
difficulties could be partly avoided by the use of the fused eutectic of sodium 
amide and potassium amide, which contains 33 mole per cent of the latter and 
melts at about 92" (6). It was also believed that primary amines might prove to 
be better media for these reactions than a tertiary amine, such as dmethylaniline, 
whose effectiveness is thought by Leffler (4) to be partly due to its ability to dis- 
solve appreciable amounts of sodium amide at high temperatures. 

Attempts were first made to find an easily reducible organic or inorganic com- 
pound that would take the place of the phenol in the reaction of Sachs (l), or of 
the potassium nitrate in the equation below (7). 

CgHTN + 2KXH2 + KNOI 4 C9HeN.NHK + KNOz + KOH + NH, (I) 
(in liquid ammonia at 20') 

It was found that the yield of 2-aminoquinoline obtained in the reaction between 
quinoline and the fused amide eutectic in boiling xylene was poor and could not 
be sensibly improved by the addition of any one of the following substances: 
sodium nitrate, potassium nitrate, sodium azide, phenol, nitrobenzene (caution: 
nitrobenzene and sodium amide explode if heated to too high a temperature), 
benzalaniliine, or acetamide. Mercury did not improve the yield of l-aminoiso- 
quinoline under similar conditions. 

I-Aminoisoquinoline was obtained in 69% yield by refluxing a xylene solution 
of isoquinoline with the fused amide eutectic; Chichibabin and Oparina (8) report 
a 38% yield with the use of sodium amide alone. Fairly good yields of a-alkyl- 
aminopyridines and a-alkylaminoquinolines were obtained by heating pyridine 
or quinoline with the fused amide eutwtic in a primary alkylamine; no amino- 
pyridine or aminoquinoline mas isolated. The following compounds have been 

1 Deceased, %far, 29,1946. Proof not corrected by authors. 
239 
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prepared in this manner: 2-methylaminopyridine, 2-methylaminoquinoline, 
2-n-butylaminopyridine, 2-n-butylaminoquinoline (in an impure state) , 2-cyclo- 
hexylaminopyridine, 2-cyclohexylaminoquinoline, and 2-n-heptylaminopyridine. 
Potassium nitrate was generally unnecessary, though it appeared to be helpful in 
some cases. A typical reaction, representing the formation of 2-cyclohexyl- 
aminoquinoline, is shown in i;he following equation. 

CsH,N + MNHz + CsHiiKH2 + C&&N.N(M)CP,H~I + Hz + NH3 (11) 
When hydrolyzed, 

C9H6N-N(M)C6Hn 4- HzO + CgH6N.~HC6Hi1 
MNH2 represents the amide eutectic. 

Attempts to prepare alkylmino pyridines and quinolines by heating a solution 
of a primary amine and pyridine or quinoline in xylene with the eutectic mixture 
of amides failed in one case, but succeeded in another, where a moderate yield of 
2-n-heptylaminopyridine was isolated. It is interesting to find that isoquinoline 
and the fused amide eutectic reacted in boiling cyclohexylamine to give l-amino- 
isoquinoline in 57% yield, apparently without the formation of l-cyclohexyl- 
aminoisoquinoline. Under similar conditions, acridine was converted to a tar. 
In the comparatively small scale experiments described in this article, pyridine 
and quinoline reacted with the fused amide eutectic in secondary amines only to 
give 2-aminopyridine (possibly with some 2,6-diaminopyridine) and 2-amino- 
quinoline. Attempts to make 2-anilinoquinoline by heating quinoline and ani- 
line with the amide eutectic were unsuccessful. Chichibabin and Seide (9) were 
able to prepare 2-anilinopyridine in poor yield by heating sodium anilide with 
pyridine. 

NaOH 

TEIE REACTION MECHANISM 

Bradley and Robinson (10) warmed a mixture of nitrobenzene, piperidine, 
and sodium amide, thereby obtaining a 27% yield of 4-N-piperidinonitroben~ene~ 
in accordance with the equation, 

C6HSN02 + CsHloNH + NaNHz + C6HION. CeH4N02 + NH3 + (NaH) (111) 
An electronic interpretation is given, based on the assumption that sodium-N- 
piperidide, CsHloNNa, is forrned as an intermediate. The highly active anion of 
this compound attacks the nitrobenzene molecule in the para position, at a point 
that can become positively charged because of the (- ) electromeric effect of the 
nitro group. Bergstrom, Granara, and Erickson (11) have similarly prepared 
p-nitrotriphenylamine by the action of sodium diphenylamide on nitrobenzene. 

According to the mechanism of Bradley and Robinson, the formation of sodium 
cyclohexylaminoquinoline should follow the equations, 

NaNHz + C6H11NH2 + C6HllNHNa + NH3 (IV, a> 
C6HllNHNa + CgH7N --.f C9H8N.NNaC6H11 4- Hz (IV, b) 

However, when cyclohexylamine was refluxed with the amide eutectic, very little 
ammonia was formed, indicating lack of appreciable reaction, an equilibrium 
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with very little sodium cyclohexylamide present, or, less probably, the formation 
of a salt, CsHI1NHNa.NH3, with ammonia of crystallization. The equilibrium 
of (IV, a) should be gradually displaced toward the right if ammonia is lost 
during the refluxing. 

In view of these facts, it is worth while to suggest an alternate mechanism, in 
which the amide ion first attacks the carbimide group (-CH=N-) of quinoline 
to form (A), equation (V); this is of course equivalent to an addition compound 
of quinoline with potassium amide. The amino group is then exchanged for 
-NHR in a reaction that is doubtless favored by an excess of the primary 
alkylamine; reasons why this is a logical step are discussed in a previous article 
(12). 

CH=N + "2- CH(NH+N- (A) (VI 
CH(NH2)N- + RNHz + CH(NHR)N- + NHs 

The formation of a 2-alkyl-quinoline or -pyridine then will be expressed by the 
following over-all equation, 

CH(NHR)-N- -- M+ + C(NMR)=N + Hz (VI) 
C(NMR)=N + HzO --+ C(NHR)=N + MOH 

where M=Na or K 
The mechanism whereby this is accomplished is not yet clear in all of its aspects; 
a tentative suggestion for a related liquid ammonia reaction has been made in a 
previous paper (13). 

EXPERIMENTAL PART 

Sodium amide-potassium amide eutectic was prepared by bubbling ammonia gas through 
a mixture of 77 g. (3.4 atoms) of sodium and 64.5 g. (1.6 atoms) of potassium a t  350", in  ac- 
cordance with directions given in Organic Syntheses (14). The mixture was cooled toward 
the end to  about 'BO", and ammonia gas passed through for about half an hour to  diminish 
the amount of hydride; thereafter, the inlet cube was raised above the level of the melt and 
the latter allowed to cool to room temperature in a slow stream of ammonia. Pouring of 
the molten amide on a metallic pan, as suggested in previous directions (14), will result in  
a bad fire. When cool, the nickel crucible containing the amides was inverted on a metal 
plate and tapped to  dislodge the solid, which was broken up and stored in a wide-mouth 
bottle filled with ammonia gas (the ground stopper must fit tightly and be greased near the 
top). After each removal of amide, the bottle was again filled with ammonia and stoppered. 
The average "molecular weight" of this mixture, or, more precisely, the weight containing 
16 g. of amide ion, is calculated to be 45. 

All reagents were of high purity and were dried before use either by desiccation or, if a 
liquid, by fractional distillation. The melting points are uncorrected. 

I-Aminoisoquinoline. Fifteen grams of the amide eutectic was well ground in a mortar 
under 200 cc. of xylene, and then transferred, along with the xylene, to  500-cc. three- 
necked round-bottomed flask. The mixture was heated a t  100' on a boiling water-bath and 
mechanically stirred while 10 g. of isoquinoline was slowly added from a dropping-funnel. 
After heating and stirring for an additional two hours, the flask was cooled and the xylene 
decanted as well as possible. The excess of amide was destroyea by passing over it a cur- 
rent of moist air, obtained by passing air through two wash bottles of water maintained a t  
a temperature of 60-70'. 
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The hydrolyzed residue was crystallized from hot water; a dark colored oil separating a t  
this stage was largely 1-aminoisoquinoline, which could be dissolved by adding more hot 
water. I n  four experiments, the yield of 1-aminoisoquinoline varied between 63.5 and 
69.7%, while in one run a 760/, yield of hydrogen was obtained. With 6 g. of the eutectic 
and 10 g. of isoquinoline in 200 cc. of xylene a t  looo, the following yields of l-aminoisoquino- 
line were recorded; with 10 minutes heating, 23%; with 2 hrs. heating, 41%. When 26 g. 
of isoquinoline and 15 g. of the eutectic were heated for 2 hrs. in 200 cc. of xylene at loo", 
the yield of 1-aminoisoquinoline dropped to 37%, showing that i t  is better t o  operate in  the 
more dilute solutions. 

Twenty grams of the amide eutectic and 100 cc. of dry cyclohexylamine were heated with 
5.5 g. of isoquinoline and 5 g. of potassium nitrate for 1.5 hours at 135". After careful 
hydrolysis the upper amine layer was separated and steam distilled to  remove the amine; 
3.5 g. or 57976 of 1-aminoisoquinoline, m.p. 122-123', separated from the steam non-volatile 
liquid on cooling. 

d-Aminopyridine. Ten grams of the amide eutectic, 3 cc. (2.95 9.) of pyridine, and 50 
cc. of diethylamine were heated in a small autoclave for two hours a t  120". After cooling, 
water (30 cc.) was slowly added to  the contents of the bomb, and the aqueous layer extracted 
several times with benzene. Distillation of these extracts, first at atmospheric pressure 
to  remove benzene and diethylamine, and then in vacuo gave 1.6 g. of 2-aminopyridine 
(46y0), m.p. 50-52', b.p. 91-93" a t  8 mm. One-half gram of a substance, probably 2,6- 
diaminopyridine, was obtained at 144' and 6 mm. When crystallized from benzene the 
melting point became 121-122"; according to Chichibabin and Seide (9), the melting point 
of 2,6-diaminopyridine is 122". 

Pyridine (16 g.), the amide eutectic (10 g.), and xylene (30 cc.) were heated for seven 
hours at 140-150' (oil-bath temperature). After cooling, 20 cc. of saturated sodium car- 
bonate solution was cautiously added to hydrolyze the excess of amide. The xylene layer 
was separated and combined later with two benzene extracts of the aqueous solution, and 
then distilled as described in the paragraph above to  give 7.2 g. (38%) of 2-aminopyridine; 
better yields have been reported with the use of sodium amide alone (9). Xo increase in 
yield was obtained in dibutylamine as a solvent, though the reaction time appeared t o  be 
decreased. 

8-Aminoquinoline. The yield of 2-aminoquinoline obtained by heating quinoline with 
an excess of the amide eutectic i n  xylene a t  100" for six hours was inferior t o  that reported 
by Chichibabin and Zatzepina (15), who used sodium amide alone. The replacement of the 
xylene by diethylamine or by dibutylamine offered no advantages. 

Alkylamino Pyridines and Alkylamino Quinolines 

Procedure A .  8-Cyclohexylantinoquinoline. Twenty grams (0.45 mole) of the sodium 
amide-potassium amide eutectic was well ground under benzene and transferred to a 500- 
cc. reaction flask with standard taper ground glass joints (A of Fig. 1). The benzene was 
decanted as well as possible and replaced by 100 cc. of cyclohexylamine which had been 
dried over sodium ribbon and fractionated. Five grams (0.05 mole) of dry and powdered 
potassium nitrate was added to the mixture. The levelling bulb, H, was lowered to the 
level of the mercury seal, I, and the reactants heated at 100-llOo (oil-bath temperature) 
for thirty minutes, or until no more air was expelled into the nitrometer, F. Air in the latter 
was then displaced by raising H and opening the stopcock, G. With the latter closed, H 
was again lowered to the level of the mercury surface in I, and 5.5 g. of quinoline (0.043 
mole) added dropwise from the burette, B, over a period of about half an hour, with stirring. 
(The stirrer passed through a packed gland.) B fairly vigorous reaction took place with 
the evolution of hydrogen; a total of 740 cc. (0.0330 mole) of gas, calculated to  standard 
conditions, was obtained, a yield of 77%. The mixture was stirred and heated for about 15 
minutes after the gas evolution had ceased. The flask, A, was now disconnected from the 
nitrometer, cooled, and the contents hydrolyzed by the slow addition of water, a total of 
about 500 cc. being used in order t o  dissolve the bulk of the cyclohexylamine. The floccu- 
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lent gray solid that separated was filtered and crystallized from 200 cc. of 50% ethanol to  
give 5.7 g. (59%) of white needles melting a t  125-126". 

Anal. Calc'd for ClsHleN*: C, 79.62; H, 8.02. 
Found: C, 79.36; H, 8.27. 

A repetition of this experiment with the omission of the potassium nitrate, and one hour 
heating gave 5.4 g. (56%) of 2-cyclohexylaminoquinoline melting a t  124-125', but the yield 

G 

E 
0 C 2 

D 

FIG. 1 

occasionally dropped practically to zero. More consistent results were obtained when 
potassium nitrate waa used. 

2-Cyclohexylaminoquinoline was also prepared by heating 2-chloroquinoline (4.1 g.) 
with cyclohexylamine (15 cc.) for six hours a t  200' in a sealed tube, with the addition of 
one gram of copper powder. The cooled reaction product was poured into water and the 
resulting precipitate crystallized from 50% ethanol as above. The yield was 3.3 g., or 58%. 
The melting point and the mixed melting points with material prepared by the action of the 
eutectic on quinoline in cyclohexylamine were 125-126'. 

2-Cyclohexylaminopyridine. In accordance with the procedure outlined above, 20 g. of 
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the eutectic, 5 g. of potassium nitrate, 5.9 g. of pyridine, and 100 cc. of cyclohexylamine 
reacted at 100-120" for one hour. There was obtained 4.5 g., or 34%, of cyclohexylamino- 
pyridine melting at 123-124' and 1,230 cc. of gas, calculated to standard conditions (74%). 
The isolation followed the scheme given above for cyclohexylaminoquinoline ; the precipi- 
tate was crystallized several times from dilute alcohol. 

Anal. Calc'd for CllHlsNz: C, 74.96; H, 9.15; N, 15.90. 
Found: C, 74.92; H, 9.35; N, 16.12. 

2-Bromopyridine (2.7 9.) was heated with cyclohexylamine (4.5 9.) at 180' for five hours 
in a sealed glass tube. Water was added to  the reaction mixture and the resulting precipi- 
tate filtered and washed with small quantities of the same solvent t o  remove cyclohexyl- 
ammonium bromide. The yield of 2-cyclohexylaminopyridine melting at 123-124' was 1.2 
g., or 40%. The melting points of three mixtures of this with the material prepared by the 
first method were the same. 

2-n-Butylaminoquinoline. Procedure (A) was followed, with the use of 100 cc. of n- 
butylamine, 20 g. of the eutectic, 5 g. of potassium nitrate, and 5.5 g. of quinoline. There 
was collected 1120 cc. of gas under standard conditions in place of a theoretical 950 cc. 
The supernatant oily layer left after the hydrolysis with a small volume of water was dried 
over potassium hydroxide and distilled, first to remove butylamine, and then at 145-170" 
and 4 mm. to obtain crude 2-n-butylaminoquinoline. The yield was about 40% of the 
theoretical. A picrate, crystallized several times from methyl isobutyl ketone, melted a t  
201 5-202.5". 

Anal. 

A much better method of prepitration is the following : Four grams of 2-chloroquinoline, 
25 cc. of n-butylamine, and 0.2 g. of copper powder were heated in a sealed glass tube at 
170" for five hours. Isolation of the product in accordance with the above directions, gave 
3.8 g. of a yellowish liquid boiling at 168-170" a t  4 mm., a 78% yield. The picrate recrystal- 
lized from methyl isobutyl ketone, melted at 199-200', and at 200-201' when mixed with 
the picrate whose analysis is given above. It is possible that some isomerization of the 
free base occurred during distillation. 

I n  accordance with procedure (A), 5.9 g. of pyridine and 130 
cc. of n-butylamine were heated for one and one-half hours with 5 g. of potassium nitrate 
and 20 g. of the amide eutectic. The initial temperature was l l O o ,  finally rising t o  about 
125" at the end of the reaction. .4 small amount (50 cc.) of water was added to the cooled 
mixture to hydrolyze the excess of amide. The butylamine layer was separated, dried 
over potassium hydroxide, and distilled to yield unchanged amine, and then 2-n-butyl- 
aminopyridine a t  125" and 14 mm. The yield of material melting at 42" was 7.2 g. or 64%. 
The picrate melted a t  135.5", in fair agreement with the value of Slotta and Franke (16), 
138', who give 45" as the melting point of the free base. 

I n  a repetition of this experiment with omission of the potassium nitrate, 1,600 cc. of gas 
(under standard conditions) was collected, as compared with a theoretical of 1,680 cc. 
The yield of butylaminopyridine was 60y0. If sodium amide alone was used, the reaction 
time was trebled, but the amount of gas collected was very close to  the theoretical. The 
yield of butylaminopyridine in this case was 570j0. The yield dropped to  50% when equiva- 
lent molar quantities of the amide eutectic and pyridine were used. 

h mixture of 23 g. of n-heptylamine, 5.5 g. of 
the sodium amide potassium amide eutectic, 3.95 g. of pyridine, and 50 cc. of xylene was 
heated under reflux (at about 140') for three hours, with mechanical stirring. The excess 
of amide was cautiously decomposed with water and the water layer extracted once with 
benzene. The combined benzene and xylene solutions were extracted with 180 cc. of dilute 
acetic acid to remove pyridine and then with 12y0 hydrochloric acid to remove heptylamino- 
pyridine, which was subsequently precipitated by the addition of excess sodium carbonate. 
The oil was extracted with ether, the latter evaporated, and the residue crystallized from 
low-boiling ligroin. The yield of white needles was 2.0 g. or 21%; the melting point was 
45.5-46.0'. 

Calc'd for C1gH1DNa07: C, 53.15; H, 4.46; N, 16.31. 
Found: C, 53.43; H, 4.84; N,  16.13. 

2-n-Butylaminopyridine. 

Procedure B. I-n-Heptylaminopyridine. 
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Anal. 

An attempt to prepare 2-cyclohexylaminc~quinoline by this method was unsuccessful. 
Procedure C. 8-Methylaminoquinoline. Twenty-eight grams of the amide eutectic 

(0.62 mole), 25.7 g. (0.199 mole) of quinoline, and 22.7 g. (0.224 mole) of potassium nitrate 
were placed in an autoclave (17) into which 97 g. of anhydrous methylamine was distilled. 
The reactants were heated for four hours a t  100-135", allowed to cool during about two hours 
to 70°, and finally cooled to room temperatures by immersion in water. The methylamine 
was distilled into a small supply tank, held at OD, through a connecting lead tube, and the 
solid remaining hydrolyzed by adding benzene, followed by a small amount of water. The 
thick liquid left after evaporating the benzene was extracted repeatedly with boiling ligroin 
(b.p. 55-85'). When each extract had reached a temperature of about 30°, a sticky oil had 
deposited; the supernatant liquid was decttnted, cooled further to O", and stirred, where- 
upon white crystals separated. The melting point varied between 68" and 81", since there 
are two crystalline modifications of 2-methylaminoquinoline melting at 71" and a t  81-82' 
(18). The complete separation of the crystals from the sticky impurity was very tedious. 
The yield was 8.1 g. or 267,. 

Calc'd for CloHlohi2: C, 75.92; H, 6.37; N, 17.71. 
Found: C, 75.96; 75.97; H, 6.36, 6.30; N, 17.70, 17.80. 

Calcd for C,QHzoNz: C, 74.96; H, 10.48; W, 14.57. 
Found: C, 75.36; H, 10.37; E, 14.2!3. 

Anal. (m.p. 79-82'). 

I n  a repetition of this experiment on a smaller scale, the methylaminoquinoline was dis- 
tilled at 6 mm. and 158", but did not solidify when cool; i t  was converted to a picrate of 
about the right melting point (230-233'; correct, 234-236'). 

A second (full scale) repetition with a longer period of heating (5.5 hours a t  105" with 
approximately 5 hours consumed in heating and in cooling the autoclave) gave a benzene 
extract from which brownish crystals separated on concentration. When recrystallized 
from benzene (the hot solution was filtered), there was obtained 3.36 g. of crude material 
melting at 12C-125", and a t  127-128" after several recrystallizations from the same solvent. 

Anal. Calc'd for C ~ O H I Z N ~ :  C, 74.96; H, 7.55; N, 17.49. 
Found: C, 74.93,74.95; H, 7.44,7.53; N, 17.49,17.61. 

A mixed melting point determination showed that this could not be 2-aminoquinoline; 
i t  may be a monomeric or polymeric dihydromethylaminoquinoline, or perhaps 3-methyl- 
2-methylaminoindole, even though a pine splinter reaction was negative. 

R-Methylaminopyridine. 2-h!Iethylaminopyridine, b.p. 100-102' at 18 mm. or 85-88' 
at 4 im. was prepared in 2.9 g. (73%) yield by heating pyridine (2.95 g.), methylamine 
(about 20 g.), potassium amide (14 g.), and potassium nitrate (2.5 g.) for one and one-half 
hours at 90" in a small glass lined tube ail1,oclave. The methylamine was evaporated and 
the solid hydrolyzed with a mixture of benzene and a little ice-water; the benzene layer was 
distilled in the usual manner. The picrate melted at 188-192', and at 193-194" after several 
crystallizations from methyl isobutyl ketone. Chichibabin (19) reports that  the picrate 
melts at 190", and the free base boils a t  90" Itt 9 mm. Almost identical results were obtained 
with the use of the amide eutectic. 

SUMMARY 

1. The eutectic of sodium amide and potassium amide, which melts at about 
92" (6 ) ,  is occasionally a better reagent than sodium amide in organic syntheses 
since reactions may be carried out with the fused material at moderate tempera- 
tures, thereby avoiding surface effects. The yield of l-aminoisoquinoline has 
been improved to about 70%, but no advantage was found in the use of the 
eutectic to prepare aminopyridine or aminoquinoline. 

2. 2-Alkylaminopyridines and 2-alkylaminoquinolines are obtained in fairly 
good yields by heating the eutectic mixture of sodium amide and potassium amide 
with pyridine or quinoline dissolved in a primary aliphatic amine. The follow- 
ing compounds have been prepared in this manner: 2-methylaminopyridine, 
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2-n-butylaminopyridine, 2-n-heptylaminopyridine, 2-cyclohexylaminopyridine, 
2-methylaminoquinoline, 2-butylamirzoquinoline (in a crude state), and 2-cyclo- 
hexylaminoquinoline. 1-Aminoisoquinoline appears to be the only product 
formed when isoquinoline and the amide eutectic are heated in cyclohexylamine. 
The theoretical aspects of the reaction are discussed. 

3. 2-Aminopyridine (and possibly also 2,6-diaminopyridine) are formedwhen 
pyridine is heated with the amide eutectic in either diethylamine or in dibutyl- 
amine; dialkylaminopyridines have not been isolated. 

STANFORD UNIVERSITY, CALIF. 
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7-ACETOXY-O-ACETYL-l,2,3,4-TETRAHYDROPHENANTHRENE 
AND DIALKYLAMINO CARBINOLS DERIVED FROM IT1 
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In another communication (1) the synthesis of a series of non-nuclear sub- 
stituted 9-(2dialkylamino-l-hydroxyethyl)-l, 2,3,4-tetrahydrophenanthrenes is 
reported. Since certain of these substances possessed marked antimalarial 
activity against avian malaria, it became of importance to prepare a variety of 
similar nuclear substituted tetrahydrophenanthrene derivatives in order t o  
examine the effect of such substituents on antimalarial action. The present 
communication presents a portion of a cooperative attack on this phase of the 
problem and describes the synthesis and proof of structure of representative 
dialkylamino carbinols derived from tetrahydrophenanthne carrying a 
hydroxyl group in the 7-position. Other substituted amino carbinols will be 
described elsewhere. 

Acetylation of 7-hydroxytetrahydrophenanthrene (2) yielded 7-acetoxy- 
tetrahydrophenanthrene (I). When this was subjected to the Friedel-Crafts 
reaction with acetyl chloride according to the general procedure of Bachmann and 
Cronyn (3), 7-acetoxy-9-acetyltetrahydrophenanthrene (11) along with a small 
amount of 7-hydroxy-9-acetyltetrahydrophenanthrene (111) resulted. The 
position of the new acetyl group was demonstrated by the following reactions. 
On hydrolysis with hydrochloric acid, I1 yielded 7-hydroxy-9-acetyltetrahydro- 
phenanthrene (111) which on reduction by the Clemmensen method gave 7- 
hydroxy-9-ethyltetrahydrophenanthrene (IV). On the other hand, when 9- 
acetyltetrahydrophenanthrene (V) in which the position of the acetyl group 
has been proved by Bachmann and Struve (4), was similarly reduced, 9-ethyl- 
tetrahydrophenanthrene (VI) resulted. The latter on sulfonation and fusion 
of the resulting sulfonic acid with potassium hydroxide yielded 7-hydroxy-9- 
ethyltetrahydrophenantbene, identical with the substance, IV, obtained by 
steps 1-IV as shown by mixed melting point determinations. Since the position 
of the ethyl group in VI, and hence in IV, has been established by Bachmann and 
Sti-uve (4), and since the position of the acetoxy group in I, or the hydroxyl 
group in IV, has been established by Griffng and Elderfield (2), it follows from 
the identity of VI with IV that the acetyl group in I1 must occupy the 9-position. 
In this connection, it is interesting that no 8-acetyl derivative was found in the 
products of the Friedel-Crafts reaction, since in the corresponding reaction with 
7-methoxytetrahydrophenanthrene, considerable amounts of the 8-acetyl deriva- 
tive are formed (2). 

1 The work described in this paper was done under a contract, recommended by the 
Conunittee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Columbia University. 
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Bromination of I1 proceeded smoothly in ether to yield 7-acetoxy-9-(w-bromo- 
acety1)tetrahydrophenanthrene (VII) , which on condensation with an appro- 
priate secondary amine gave the amino ketones (VIII). The amino ketones 
were then reduced with aluminum isopropoxide to the corresponding amino 
carbinols. However, either during the reduction or on subsequent working up, 
the acetoxy group was cleaved so that the final products were 7-hydroxy-9- 
(2dialkylamino-l-hydroxyethyl)tetrahydrophenanthrenes (IX). Evidence for 
this cleavage of the acetoxy group is presented in the experimental part of this 
communication. The method of spthesis of the amino carbinols was that 
successfully used for the preparation of other substances of this general type 
(1,2, 5), with some modifications to fit the particular circumstances encountered. 
Amino carbinols of the type represented by IX wherein R is n-amyl (SN-8756): 
n-hexyl, and n-nonyl (SN-8758) have been prepared. 

EXPERIMENTAL 

7-Acetoxy-i ,9,S,~-tetrahydrophenanthreize (I). To 15 g. of 7-hydroxytetrahydrophen- 
anthrene was added 250 cc. of acetic anhydride and 26 g. of fused sodium acetate, and the 
mixture was refluxed for ten hours. After cooling, it was poured into water. The oil which 
separated solidified on stirring and partial neutralization with sodium bicarbonate. The 
solid was filtered off, dried and distilled, the fraction boiling at 165-170" at 0.4 mm. being 
collected. After recrystallization from alcohol, the acetate formed needles which melted at 
82-83". The yield was practically quantitative. 

Anal. Calc'd for C16H16O~: C, 80.0; H, 6.7. 
Found: C, 79.9; H, 6.8. 

7-Acetoxy-9-acetyl-i , 2 ,  S, 4-tetrahydrophenanthrene (11). The general method of Bach- 
mann and Cronyn (3) was used. To a suspension of 28.2 g. of anhydrous aluminum chloride 
in 340 cc. of carbon disulfide was added 15.5 cc. (0.206 mole) of pure acetyl chloride, and the 
mixture was stirred for fifteen minutes. To the mixture was added 220 cc. of sym-tetra- 
chloroethane. The mixture was stirred for another fifteen minutes and then warmed t o  
45-50' for a few minutes until all the aluminum chloride was dissolved. The solution was 
then cooled to 5" and a solution of 25 g. of 7-acetoxytetrahydrophenanthrene (0.103 mole) in 
the minimum amount of carbon disulfide !vas added. The complex separated almost imme- 
diately and stirring was continued for an  hour, after which the flask was tightly stoppered 
and placed in the refrigerator for twenty-[our hours. The crystalline yellow complex was 
then filtered off, washed with carbon disulfide and air dried. The weight of the crude com- 
plex was 40 g. I t  was added with stirring to excess 570 hydrochloric acid and ice, and after 
breaking up the lumps, the crude acetylacetoxytetrahydrophenanthrene was collected, 
washed with water, and dried. The yield at  this point was 26.4 g. On crystallization from 
alcohol, pure 7-acetoxy-9-acetyl-1 ,2,3,4-lJetrahydrophenanthrene was obtained as plates 
which melted a t  130-131'. The yield was 70%. 

Anal. Calc'd for ClsHlsOs: C, 76.6; H, 6.4. 
Found: C, 76.7; H, 6.5. 

From the mother liquors of the acetylacetoxy derivative, about 5y0 of 7-hydroxy-9- 

A n d .  Calc'd for CiHI8O2: C, 80.0; H, 6.7. 
Found: C, 80.1; H, 7.0. 

acetyl-l,2,3,4-tetrahydrophenanthrene was obtained as needles melting at  221.5-222.5'. 

The Survey Number, designated SN, identifies a drug in the records of the Survey of 
Antimalarial Drugs. The antimalarial activities of those compounds to  which Survey 
Numbers have been assigned will be tabulated in a forthcoming monograph. 
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The above 7-hydroxy-9-acetyltetrahydrophenanthrene was also readily obtained from 
the corresponding acetoxy compound by refluxing the latter (3.5 g.) in 50 cc. of hydrochloric 
acid (sp. gr. 1.19) and 50 cc. of alcohol for three hours. On refrigerating, the phenol sepa- 
rated as needles identical with those obtained above. 

7-Hydroxy-9-ethyl-1 ,S,S,.&tetrahydrophenanthrene (IV). 7-Hydroxy-9-acetyltetrahy- 
drophenanthrene (5 g.) was reduced in the usual Clemmensen procedure using amalgamated 
zinc (25 g.), acetic acid (45 cc.), toluene (25 cc.), and HCI (45 cc.). The mixture was re- 
fluxed for twenty-four hours, during which period three additions of HC1 (11 cc. per addi- 
tion) were added. After cooling, the toluene layer was separated,the water layer extracted 
with ether, and the combined toluene-ether solution dried. The solvent was evaporated 
under reduced pressure and the residue recrystallized from carbon tetrachloride. The 
yield was 2 g., and the compound melted a t  165-166'. 

Anal. Calc'd for C1dX180: C, 84.9; H, 8.0. 
Found: C, 84.7; H, 8.2. 

9-Acetyl-l,2,3,4-tetrahydrophenanthrene (V) was reduced by the Clemmensen pro- 
cedure to  give 9-ethyl-l,2,3,4-tetrahydrophenanthrene (3), which was sulfonated in the 
usual manner for the sulfonation of naphthalene in the j3-position, to  give sodium 9-ethyl- 
tetrahydrophenanthrene-7-sulfonate. The product obtained was fused with potassium 
hydroxide a t  310-320' and the material recrystallized from carbon tetrachloride. Themelt- 
ing point was 165-166". 

Mixed melting points with varying percentage compositions of the 7-hydroxy-9-ethyl- 
1,2,3,4-tetrahydrophenanthrenes prepared by the two methods were found to  be identical. 

7-Acetoxy-9-(o-bromoacetyl)-l,8,~,~-tetrahydrophenanthrene (VII). To a suspension of 
7 g. of 7-acetoxy-9-acetyltetrahydrophenanthrene in 125 cc. of anhydrous ether was added 
dropwise, with constant stirring, 1 37 cc. of bromine. The first few drops of bromine were 
added very slowly. After the color had disappeared, the remainder of the bromine was 
added more rapidly. Bromination proceeded smoothly a t  room temperature. When the 
reaction was complete, the mixture was chilled and the solid bromo ketone was filtered off 
and washed with small portions of cold, dry ether. The crude substance was used for sub- 
sequent reactions. The yield was 7 to  8 g. On recrystallization from alcohol the com- 
pound formed needles which melted a t  154-155'. 

Anal. Calc'd for C1J31,Br03: C ,  59.8; H, 4.7. 
Found: C, 60.0; H, 5.0. 

7-Hydroxy-9- (8-di-n-amylamino-I -hydroxyethyl) -1,8,5, $-tetrahydrophenanthrene hydro- 
chloride (IX, R = n-C6H11) (SN-87,56). I n  a 200-cc. 3-necked flask equipped with a stirrer, 
gas inlet tube and soda-lime tube, was placed a solution of 7 g. of the above bromo ketone in  
50 cc. of dry benzene. To this wafi added 6.1 g. (2 equivalents) of di-n-amylamine and the 
mixture was stirred for three hours a t  room temperature under nitrogen. After standing 
overnight, the separated amine hydrobromide was filtered off and thoroughly washed with 
dry ether. The solvent was removed from the filtrate a t  reduced pressure under nitrogen, 
and the residue was taken up in dry ether, whereupon more diamylamine hydrobromide 
separated on refrigerating. This was filtered off and washed with dry ether. If a total of 
75% or more of the calculated amine hydrobromide separated the reaction was considered 
complete. The ether solution wati washed twice with water and then with dilute hydro- 
chloric acid, on which the amino ketone hydrochloride separated in crystalline form. The 
yield was 5 to  6 g. 

The amino ketone hydrochloride was placed in a 250 cc. flask and 60 cc. of 3 N aluminum 
isopropoxide solution and 80 cc. of dry isopropyl alcohol was added. The flask was then 
connected to  an8-inch Vigreux column and the mixture was fractionated from a steam-bath 
under nitrogen until the distillate no longer gave a positive test for acetone with2,4-dinitro- 
phenylhydrazine. Isopropyl alcohol was added intermittently so that the flask was always 
about half full. When the reduction was complete (1 to 3 hours), heating was continued 
for another thirty minutes and the contents of the flask were evaporated to  dryness under 
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reduced pressure. The dark red residue was cooled and shaken with 75 cc. of ether and 50 
cc. of 10% sodium hydroxide solution. After decanting the liquid, the residue was again 
shaken with ether and sodium hydroxide solution. The combined ether layers were sepa- 
rated, and the aqueous layer extracted twice with ether. The combinedether extracts were 
washed with water and dried over magnesium sulfate. Dry hydrogen chloride was slowly 
passed over the surface of the cooled solution, and crystals of the amino alcohol hydrochlo- 
ride slowly formed. After chilling for a few hours, the crystalline material was filtered off and 
the ether filtrate again cautiously treated with hydrogen chloride, yielding a second crop. 
ether filtrate again cautiously treated with hydrogen chloride, yielding a second crop. 
The combined hydrochloride was recrystallized from a mixture of acetone and ethyl acetate. 
It formed micro needles which melted at 173.5-174.5' with decomposition. 

Anal. Calc'd for C2J310ClNOP: C, 71.9; H, 9.3; C18.2. 
Calc'd for C2JLC1NO8: C, 70.6; H, 8.9; C1,7.4. 
Found: C, 72.0; H, 9.4; C1, 7.9. 

Confirmation of the loss of the acetyl group either during the reduction or in working up 
the product was provided by saponification experiments. 

A solution of 0.3058 g. of the amino carbinol hydrochloride in 20 cc. of 1.4 N alcoholic 
sodium hydroxide was refluxed for 3.5 hours. The solution was made acid to phenol- 
phthalein with sulfuric acid and distilled to  dryness, the distillate being collected quanti- 
tatively and titrated for free acid against 0.1042 N sodium hydroxide solution. Calc'd 
for the phenol: 6.7 cc. For the acetyl phenol: 12.06 cc. Found: 6.61 cc. 

In another experiment 0.2995 g. of the hydrochloride was saponified with sodium hy- 
droxide, the solution was made acid to litmus with sulfuric acid and 0.8 g. of silver sulfate 
was added to  precipitate the chloride ion. The solution was then distilled to  dryness and 
the distillate titrated for free acid as before. Calc'd for the phenol: 0.00 cc. For the 
acetyl phenol: 7.35 cc. Found: 0.51 cc. 

A blank determination with 0.2910 g. of 7-acetoxy-9-acetyltetrahydrophenanthrene using 
the silver sulfate method gave the following figures: Calc'd for the acetyl phenol: 9.40 cc. 
Found: 8.01 cc. 

Although the above tests are semi-quantitative, we feel that  taken in conjunction with 
other data, the presence of the free phenolic hydroxyl group has been demonstrated. The 
amino carbinol gave a negative Davidson test (6) for esters, whereas 7-acetoxytetrahydro- 
phenanthrene gave a positive test. 

7-Hydrosy-O-(Z-di-n-hexylamino-l-hydroxyethyl)-l,Z,9,~-tetrahydrophenanthrene hydro- 
chloride (IX, R = n - C a l s ) .  This was prepared exactly as was the di-n-amyl derivative 
with the following exceptions. The amino ketone hydrochloride crystallized from ethyl 
acetate as micro needles and melted at 169.5-170.5" with decomposition. 

Anal. 

7-Hydroxy-Q- (2-di-n-nonylamino-1 -hydroxyethyE) -1 , 2, 9,4-tetrahydrophenanthrene 

Calc'd for C&&lNO: C, 72.8; H, 9.6. 
Found: C, 72.5; H, 9.6. 

hydro- 
chloride (IX, R = n-CeH19) (SN-8758). This was prepared as was the di-n-amyl derivative 
except that  the amino ketone hydrochloride was reduced as an oil. The amino carbinol 
hydrochloride crystallized from ethyl acetate and melted at 130-131" with decomposition. 

Anal. Calc'd for C3aHb&lNO~: C, 75.0; H, 10.4. 
Found: C, 75.1; H, 10.6. 

The microanalyses here reported were carried out by the Misses Frances Marx 
and Lois May. 

SUMMARY 

1. Acetylation of 7-acetoxy-l , 2 , 3 , 4 ,  -tetrahydrophenanthne by the Friedel- 
Crafts method yields 7-acetoxy-9-acetyltetrahydrophenanthrene. 
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2. Representative 

NEW YORK 27, N. Y. 

7-hydroxy-9- (2dialkylamino-1 -hydrox ye t hy1)te trahydro- 
phenanthrenes have been prepared. 
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The observation that certain dialkylamino carbinols derived from phenan- 
threne possess high antimalarial activity (1) suggested the possibility that similar 
derivatives of retene (1-methyl-7-isopropylphenanthrene): I, might also possess 
the same property. The use of retene presents obvious advantages over phenan- 
threne for a variety of reasons. RetJene is potentially available in practically 
unlimited amounts at a low cost, and, perhaps more important, in its reaction to 
yield acetylretene, the primary compound leading to dialkylamino carbinols, it 
yields but one isomer. Phenanthrene, on the other hand, yields at least two 
acetyl derivatives under the same conditions, and the isolation of one or more of 
these as a pure compound involves a t  best a long and tedious procedure. Ac- 
cordingly, a series of retene-3-amino carbinols derived from 3-acetylretene has 
been prepared. 

I 
COCH3 

I1 

I 

COCHzBr 
I11 

C 0 CHz NRz 
IV 

V 

3-Acetylretene (11) was prepared by a modification of the procedure of Camp- 
bell and Todd (2) and 3-(w-bromoacetyl)retene (111) was prepared according to 
Adelson and Bogert (3). Reaction of bromoacetylretene with an appropriate 
secondary amine led to retene-3dialkylamino ketones (IV) which were in turn 

The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Columbia University. 
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C 

74.0 
74.7 
75.4 
76.6 
76.6 
77.2 
77.2 
78.0 
78.4 

reduced to retene-3dialkylaniino carbinols (V) by the use of aluminum isopro- 
poxide (4). Most of the latter were obtained m crystalline salts only with great 
difficulty, and in most cases it wm necessary to distill the free bases in a molecular 
still in order to secure adequate purification. The properties of the hydrochlo- 
rides of the amino carbinols thus prepared are shown in Table I. 

Screening tests against avhn malaria on several retene-3dialkylamino carbi- 
nols have been carried out, and the details will be reported elsewhere. It will be 
sufficient at this point to state that none of the substances showed significant 
antimalarial activity. Whether this is due to the presence of the two alkyl 
groups in positions 1 and 7 or whether it is due to the introduction of the dialkyla- 
mino carbinol group in position 3 in contrast to position 9 in the active phenan- 
threne derivatives is not apparent at present. 

TABLE I 
HYDROCHLORIDES OF 3-(2-DIALKYL~INO-~-HYDROXYETHYL)RETENE DERIVATIVES 

H C 

7 .9  74.4 
8.4 74.9 
8 . 8  75.3 
9 .4  76.5 
9 .4  76.5 
9 . 6  77.3 
9 . 6  77.6 

10.2 77.7 
10.4 78.4 

SN2 

6601 
5998 

5481 
6905 
6600 
6906 
7165 

M.P. ' C .  

-- 
253-258 
129-129.5 

204.5-205.5 
146-147 

171.5-172.5 
126-127 
149-150 
79-80 
E6-87 

ANAL. 

Calc'd I Found 

H 

8 . 1  
8 .5  
8 .8  
9 . 3  
9 .4  
9 .6  
9 .6  

10.5 
10.6 

I I I 

EXPERIMENTAL 

All boiling and melting points are corrected for stem exposure. 
3-Acetylretene. This was prepared by a modification of the procedure described by 

Campbell and Todd (2). Since the present method includes what a t  first sight appear t o  
be minor variations, but also since i t  gives almost double the yield reported by Campbell 
and Todd, it is given in detail. [n order to  secure satisfactory yields, it  is vital that  pure 
retene be used. 

Enough crude retene (m.p. 80-85") t o  fill a 2-liter Claisen flask two-thirds full was 
melted and poured into such a flask. The retene was then distilled at 1 mm. pressure, the 
fraction boiling at 175-189" being collected. The solidified retene i n  the receiver was 
melted and poured into 5.5 1. of alcohol contained in a 12-1. flask, and warmed until all the 
retene was in solution. After cooling, the retene was filtered off and dried in vacuo over 
calcium chloride for forty-eight hours. As so obtained, retene melts at 98" with pre- 
liminary softening at 96". It is vital that all traces of alcohol and moisture be removed 
from the retene for subsequent success in  the Friedel-Crafts reaction. 

A 3-liter three-necked flask was equipped with a mercury sealed mechanical stirrer, a 
trap for hydrogen chloride, an internal thermometer, and a 500-ml. Erlenmeyer flask at- 

2 The Survey Number, designated SN, identifies a drug in the records of the Survey of 
Antimalarial Drugs. The antinlalarial activities of those compounds to  which Survey 
Numbers have been assigned will be tabulated i n  a forthcoming monograph. 
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tached by a short length of Gooch tubing. T o  a solution of 250 g. (1.067 moles) of purified 
retene in  1200 ml. of dry nitrobenzene contained in the flask was added 150 ml. (2.134 moles) 
of acetyl chloride (distilled from dimethylaniline). The flask was then immersed in  an 
ice-salt freezing-bath and the contents chilled t o  -5". Anhydrous aluminum chloride 
(290 g.) was then added very gradually with stirring and cooling from the Erlenmeyer flask 
a t  such a rate that  the internal temperature did not exceed -5". The addition of the 
aluminum chloride required from 1.5 to  3 hours, depending on the efficiency of the cooling- 
bath. When all of the aluminum chloride had been added, the mixture was stirred for an 
additional 5 hours at -5" and then allowed t o  stand in  the refrigerator at 5" for 40 hours. 
If the temperature is properly controlled, the reaction mixture is reddish-orange in  color 
throughout the addition of the aluminum chloride and finally becomes bright orange. 
Otherwise, the color varies from dark brown to pitch black and the yield suffers accord- 
ingly. 

The mixture was then poured very slowly into a vigorously stirred mixture of 3200 g. 
of cracked ice and 500 ml. of hydrochloric acid (sp. gr. 1.19) at a temperature below 0". 
The hydrolysis must take place below 0"; otherwise, undesirable side reactions occur with 
sudden evolution of hydrogen chloride. Ice should always be present during the hydrolysis. 
Stirring was continued for another hour. After decanting most of the aqueous layer, the 
oily nitrobenzene layer, which varied in  color in  different experiments from orange t o  dark 
brown, W&B steam distilled until the nitrobenzene waa completely removed. With a n  effi- 
cient system, this distillation requires 5-6 hours. 

After cooling, the solidified crude acetylretene waa filtered off, air dried, and treated 
with decolorizing carbon in 1.5-2.5 1. of boiling ether. The filtered solution was concen- 
trated t o  about 700 ml. and on cooling deposited 200 g. of 3-acetylretene which meltedat 
98-99". On concentration of the mother liquors, a second crop of 30-40 g. melting a t  96-98' 
was obtained. The yield of first crop material was 68% and the total yield was78-82%. 
Campbell and Todd (2) report 3-acetylretene melting at 99.5-100". 

8-(8-Dialliylamino-l-hydrozyethyl)retene derivatives (V) .  The synthesis of 3-(2-di- 
n-hexyl-1-hydroxyethy1)retene may be taken as typical of the method used for the synthe- 
sis of the amino carbinols. A solution of 14 g. of 3-(~-bromoacetyl)retene (111) (3), and 14.6 
g. of di-n-hexylamine in 400 ml. of anhydrous ether was shaken mechanically overnight. 
After chilling i n  a n  ice-bath, 10 g. of di-n-liexylamine hydrobromide was filtered off. The 
ether filtrate was washed three times with water and dried over anhydrous magnesium 
sulfate. On removal of the ether at the water-pump, the amino ketone remained as a 
thick syrup. This was reduced directly with 165 ml. of N-aluminum isopropoxide solution 
in dry isopropanol, the acetone formed during the reduction being driven off through a 
short Vigreux column. From time to  time additional isopropanol was added t o  the reaction 
flask so that the volume of the mixture wits substantially constant. Reduction was com- 
plete in  1.5 hours (negative test for acetone with 2,4-dinitrophenylhydrazine in the distil- 
late). The isopropanol was removed from the reaction mixture a t  the water-pump, and 
the dark residue was tvorked up with 250 ml. of ether until all soluble material had dis- 
solved. The ether solution was washed with two 65-ml. portions of 10% sodium hydroxide 
solution, then with three 200-ml. portions of water, and finally dried over anhydrous sodium 
sulfate. To  the ether solution of the amino carbinol, a dilute ethereal solution of hydrogen 
chloride was carefully added until no further immediate precipitation occurred. After 
refrigerating overnight, 1.1 g. of di-n-hexylamine hydrochloride was filtered off. More 
ethereal hydrogen chloride was added to  the filtrate until a distinct turbidity appeared. 
After refrigerating overnight, 8.8 g. of the amino carbinol hydrochloride had crystallized. 
This was recrystallized from dry ethyl acetate, yielding 6.8 g.  or 34% of the carbinol hydro- 
chloride. The melting points and analyses of this and the other carbinols prepared are 
shown in Table I. 

In the cases of some of the carbinols, i t  was necessary t o  subject the free bases to  distilla- 
tion in a molecular still at about 0.01 mm. pressure before salts could be obtained. I n  one 
or two cases, preliminary purification over the picrates aided in  securing crystalline salts. 
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As a general rule, the amino ketones were not purified but were reduced directly. How- 
ever, i t  was possible to  secure analytically pure samples of two of them. 

5-(w-Di-n-buty1aminoacetyl)retane picrate was obtained by fusing 0.5 g. of the crude oily 
ketone with 0.5 g. of picric acid on the steam-bath. On taking the melt up in  hot alcohol 
and cooling, the picrate crystallized. After recrystallization from alcohol, it melted at 
152452.5'. 

Anal. 

Despite the fact that  the amino ketone could be satisfactorily purified in  this manner, 
i t  was not possible t o  obtain a well-defined salt of the carbinol after reduction. 

3-(w-Diethylaminoacetg1)retene hydrobromide. Dry hydrogen bromide gas was very 
carefully passed over the surface of a dry ether solution of the amino ketone. At first 
a light granular precipitate settled out. This soon changed t o  an oil. The oily amino 
ketone hydrobromide readily cryrgtallized from ethyl acetate and melted at 163-164" after 
recrystallization from the same solvent. 

Calc'd for C ~ ~ H U I N ~ O ~ :  C, 64.3; H, 6.3. 
Found : C, 64.6; H, 6.2. 

Anal. Calc'd for C2bHa0BrNOb: C, 67.3; H, 7.1. 
Found : C, 67.0; H, 7.0. 

The microanalyses here reported were done by the Misses Frances Marx and 
Lois May. 

SUMMARY 

Nine 3-(2dialkylamino-l-hydroxyethyl)retene derivatives have been prepared 

Details of an improved procedure for preparing 3-acetylretene are given. 

NEW YORK 27, N. Y. 

for examination as antimalarial drugs. 
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A number of branched aliphatic acids isolated from the metabolic waxes and 
lipids of mycobacteria not only cause the formation of lesions similar to those 
produced by the bacteria, but also inhibit the growth of the organisms (1). The 
cyclopentenyl fatty acids from chaulmoogra oil, which can be interpreted as 
unsaturated branched fatty acids, as well as some synthetic cyclic or aliphatic 
analogs (2), have shown a similar behavior. It appeared interesting to study the 
effect of long-chain acids containing heterocyclic basic rings on acid-fast organ- 
isms, and this investigation was undertaken in order to explore methods for the 
synthesis of such compounds. 

Some time after work on this problem had begun, Brody and Bogert published 
two articles (3) in which they described syntheses of 10-(a-pyridy1)-decanoic, 
and 11 -(a-piperidyl)-, 11-(a-pyridy1)- and 1 l-(2-thiazolyl)-undecanoic acid and 
announced that these compounds would be tested as leprocidal agents. We 
were especially interested in polycyclic fatty acids, derived, for example, from 
quinoline, acridine, or benzothiazole, because so many drugs containing these 
ring systems have proved to be of therapeutic value. After consulting Pro- 
fessor Bogert, i t  was decided that we continue our study, since the poly- 
nuclear systems would provide us with an opportunity to introduce in the 
molecules of the fatty acid derivatives quinonoid groups which might interfere 
with bacterial oxido-reductions. A similar idea has been proposed by Fieser (4), 
who prepared a number of homocyclic quinonyl fatty acids, and by Buu-Hoi 
and Cagniant (5 )  who synthesized dihydrochaulmoogryl naphthoquinones as 
potent(ia1 antitubercular agents. The significance of quinonoid structures in 
heterocyclic chemotherapeutics has also been pointed out by Schonhofer ( 6 )  
in his biochemical studies of antimalarials in the quinoline series. 

The condensation of long-chain carboxy aldehydes with active methyl groups 
a! or 7 to cyclic nitrogen atoms, and saturation of the olefinic acids formed in 
such reactions, appeared a reasonable approach to some of the desired hetero- 
cyclic acids. We studied the reaction of aliphatic aldehydes with quinaldine as 
an exploratory measure, and found it proceeded well in a number of cases in 
ethanol solution in the presence of a trace of zinc chloride. The alkenylquinoline 
thus formed waa readily saturated. However, when the same reaction was 
tried with various aldehydic esters, no satisfactory results were observed, perhaps 
because of the instability of the aliphatic components over the necessary periods 
of heating. 

It was therefore considered advisable to try out the condensation of quinaldyl- 
lithium (I) with esters of w-bromo acids (11) which are readily accessible by the 

1 duPont Fellow, 1945; Merck Fellow, 1944. 
* lllerck Fellow, 1943; at present Ensign, U. S. N. R. 
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I 

Br(CH2),C OOR 

I1 
Hunsdiecker reaction (7). Although 12-(2-quinolyl)dodecanoic acid w m  formed 
in the reaction with ethyl ll-bromoundecanoate (11, n = lo), the low yield 
(7.5%) did not recommend this procedure for general use. Likewise, 4-methyl- 
5,8dimethoxyquinaldyllithium (111) and ethyl 5-bromovalerate (11, n = 4) gave 

CHI 0 

I11 
only an unsatisfactory yield of 6-(4-methyl-5 ,8-dimethoxy-2-quinolyl)-ceproic 
acid. 

The metalation of 2 ,Cdimethyld ,8-dimethoxyquinoline with phenyllithium 
could lead, conceivably, to a lithium derivative of either the quinaldyl (111) or 
lepidyl type. While no definite proof of its structure has been obtained, formula 
I11 is supported by analogous reactions involving one enolizable methyl group in 
2,4-dimethylquinoline. Koenigs and Mengel (8) have shown that the 2-methyl 
group of this compound reacts with formaldehyde, since oxidation of the con- 
densation product, and decarboxylation of the resulting methylquinolinecarboxy- 
lic acid, yielded lepidine. 

When esters of monochlorides of dicarboxylic acids (IV) were substituted for 
ROOC (CH&COCl 

IV  
those of w-halogeno acids (TI), the over-all yields of heterocyclic aliphatic 
acids were improved considerably in several cases. The synthesis proceeded in 
two stages, since the keto acids first formed had to be reduced to the fatty acid 
derivatives. Thus, 10-keto-1.1-(4-methyl-5,8-dimethoxy-2-quinolyl)undecanoic 
acid (V), obtained from I11 and ethyl sebacyl chloride (IV, n = 8), was reduced 
to ll-(4-methyl-5,8-dimethoxy-2-quinolyl)undecanoic acid ; the two methoxyl 
groups of this compound were hydrolyzed with hydrobromic acid, and the 
pdihydroxy compound oxidized to the colorless quinonoid acid VI with ferric 
chloride (9). 

0 

VI 
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The chief difficulty in this synthesis was to find a satisfactory method for the 
reduction of the keto acid V. Although keto and keto acid derivatives of 
pyridine and similar azine systems sensitive to  zinc and hydrochloric acid have 
been reduced in a few c a s  by the Clemmensen method, or catalytically (10) 
without attacking the nucleus, we looked for a catalytic method which might be 
simpler to execute, and more generally applicable in these series. Hydro- 
genations reported in the literature seemed to imply that the complete reduction 
of keto groups without reduction of the pyridine ring would be difficult. For 
example, Strong and McElvain (11) hydrogenated 3-acetylpyridine in an acid 
medium in the presence of Adam’ catalyst and obtained 3-ethylpiperidine. 
Similar results were observed by Prelog (12), who hydrogenated ethyl nicotinyl 
acetate hydrochloride in ethanol solution with the same catalyst and isolated 
ethyl 0-(3-piperidyl)propionate in a yield of 33.59& from this reaction. 

Rosenmund and Karg (13) used palladized barium sulfate in hydrogenating 
aromatic alcohols, ketones, and nitrogenous ketones to hydrocarbons or amines, 
respectively, in glacial acetic acid, or propionic acid solution containing a small 
amount of an activator acid. We have applied their method to the reduction of 
quinoline keto acids and found the keto groups could be reduced consistently in 
excellent yields to methylene without affecting the nucleus. Moreover, neither 
uncondensed pyridine rings, regardless of their position relative to the carbonyl 
group, nor the benzothiazole ring, are attacked by this method. 

In explaining the mechanism of their reduction method, Rosenmund and Karg 
suggested that the ketones are first reduced to the corresponding alcohols, and 
these tend to esterify under the influence of the activator acid. The esters, 
actually formed or potentially present, are then reduced to the hydrocarbon stage. 
Perchloric acid proved better than other “esterification catalysts,” which is in 
agreement with its superior ability to bring about esterification of cellulose (14). 

This mechanism seems supported by observations in one of our experiments. 
Encouraged by the smooth reduction of several quinoline keto acids, we decided 
to test the method with some pyridyl ketones. In the absence of perchloric acid, 
2-acetonyl-6-methylpyridine absorbed only one mole of hydrogen ; when a small 
amount of the activator acid was then added, hydrogenation was resumed im- 
mediately, and absorption was complete as soon as 2-n-propyl-6-methylpyridine 
had formed. 

As an example of a pyridyl keto ester containing a carbonyl group conjugated 
with the ring, ethyl nicotinyl acetate could be reduced to ethyl @-(3-pyridyl)pro- 
pionate without further hydrogenation to the piperidyl derivative (cf. 12). 
From the ester, the hitherto unknown pyridine-3-propionic acid and its amide 
(VII) were prepared. 

C:H~ c O N H ~  

\N4 
VI1 

It was considered of interest to  compare quinolyl fatty acids with isosteric 
benzothiazole derivatives, and 11-(2-benzothiazoly1)undecanoic acid (VIII) was 
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synthesized for this purpose. Lithium 2-methylbenzothiazole (15) reacted 
normally with ethyl sebacyl chloride, and the resulting keto acid was reduced 
readily to VIII. This indicates the value of the Rosenmund and Karg method 
even in a series containing cyclic sulfur stabilized by the resonance energy of the 
aromatic ring. [I” >(CH2 >I o C 0 OH 

\, ‘N 
VI11 

Since the role of aliphatic acid chains in mycobacteriostatic compounds may 
be purely physical, and may perhaps parallel the surface-tension-depressing 
properties of compounds containing these groups (16), we prepared the acids 
IX and X for comparison with aliphatic-type  derivative^.^ 

COOH 

IX X 
The syntheses of these compounds started from the corresponding 2 4 -  or 

mnitrostyry1)quinolines which were reduced to the aminostyryl derivatives 
with stannous chloride, or with hydrogen activated by Raney nickel or Adam’ 
catalyst. The unsaturated amines yielded 4’ - or 3’ - amino-2-phenethylquino- 
line, respectively, by hydrogenation over palladized charcoal; the saturated 
amines could also be obtained by direct catalytic hydrogenation of the nitro- 
styrylquinolines with the same catalyst. They were then subjected to a Sand- 
meyer nitrile synthesis, and the nitriles hydrolyzed to the acids IX and X. 

Two fatty acid derivatives of acridine, 5-(9-acridyl)valeric acid (XIa), and 
9-(9-acridyl)pelargonic acid (XIb) were prepared by a variation of the Bernthsen 
synthesis of 9-alkylacridines (17). Diphenylamine was heated with ethyl 
adipyl chloride, and ethyl sebacyl chloride, respectively, and the acids XI isolated 
from the hydrolysate of their esters. 

0f-p - 
(CH2)nCOOEt (CH~),C OOH 

XI a: n = 4 
b: n = 8  

8 It may be noted that  a similar relation exists between the angostura alkaloids, galipine, 
galipoline, and cusparine which contain the phenethylquinoline skeleton, and 2-n-amyl- 
quinoline isolated from the same source by Spath and Pikl [Monatsh., 66,352 (1930) 1. 
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In the course of this work we also attempted to prepare quinoline quinone fatty 
acids having the aliphatic chains attached to the homocyclic ring. It seemed 
that 5,8dihydroxyquinoline-6-(or 7-)carboxylic acid could serve as a starting 
material towards such compounds, and we tried to apply the Homeyer and 
Wallingford synthesis (18) of 5,8-dihydroxy-6-naphthoic acid to diethyl quino- 
h a t e .  'However, we were unable to  condense this ester with diethyl succinate. 

Preliminary in vitro tuberculostatic tests of a few of the aci& reported in this 
article have been carried out by Professor. Frederick Bernheim of Duke University 
Medical School. His observations will be published elsewhere. 

The authors wish to thank E. I. duPont de Nemours and Co., and Merck and 
Co. for Fellowships in the Graduate School of the University of Virginia which 
were of aid in this study. 

EXPERIMENTAL 

All melting points are corrected. 
2-(3-Ethyl-l -heptenyl)quinoline. A solution of 25.0 g. (0.14 mole) of quinaldine hydro- 

chloride and 58 g. (0.42 mole) of freshly distilled 2-ethylhexaldehyde i n  500 cc. of absolute 
ethanol was heated under reflux in  the presence of about 0.1 g. of anhydrous zinc chloride 
for eight hours and then allowed to  stand for three days at 25" in  order t o  permit a favorable 
shift of equilibrium. Fifteen grams of 2-(3-ethyl-l-heptenyl)quinoline hydrochloride was 
filtered off. By repeating this procedure twice with the mother liquor, adding each time a 
trace of zinc chloride, another 20 g. of the condensation product was obtained. Recrystal- 
lization of the hydrochloride from methanol-ether furnished 35 g. (87%) of colorless needles, 
m.p. 242-244'. 

Anal. Calc'd for CI~HBN.HCI:  N, 4.83. Found: N, 4.99. 
2-(l-0ctenyl)quinoline. This compound was prepared from quinaldine hydrochloride 

and heptaldehyde under analogous conditions, but the heating was not repeated since the 
first crop of the condensation product amounted t o  62% of the calculated yield. The color- 
less hydrochloride crystallized from ethanol-ether, m.p. 248-252". 

Anal. Calc'd for C I ~ H ~ ~ N . H C I :  N, 5.08. Found: N, 5.27. 
2-(3-EthyZheptyZ)quinoline. 2-(3-Ethyl-l-heptenyl)quinoline hydrochloride, dissolved 

in  60 times its weight of methanol, absorbed one mole of hydrogen with Adams' catalyst 
under atmospheric pressure in  two hours. The colorless hydrochloride was obtained in  the 
customary manner and recrystallized from methanol-ether. It melted a t  247.5-249'. 

Anal. Calc'd for CIJ&~N.HCI: N, 4.80. Found: N, 4.70. 
ld-(~-QuinolyE)dodecanoic acid. Seven grams of quinaldine (0.049 mole) wm added over 

a period of five minutes t o  a stirred solution of phenyllithium prepared from 7.9 g. of bromo- 
benzene and 0.8 g. of lithium in 15 cc. of dry ether under an atmosphere of nitrogen. Agita- 
tion was continued for two hours, and the quinaldyllithium (19) turned dark red. A solu- 
tion of 14.7 g. (0.049 mole) of ethyl ll-bromoundecanoate in 30 cc. of ether was added, and 
the mixture boiled spontaneously. After refluxing for ten hours, and standing overnight, 
i t  was decomposed with ice-hydrochloric acid, and the unreacted ethyl ll-bromo- 
undecanoate extracted into ether. The acid solution was made alkaline with sodium car- 
bonate, and extracted with five portions of ether, the extract dried over sodium sulfate, 
and the solvent evaporated. The oily residue, consisting of the desired ester and some 
unchanged quinaldine, was refluxed for five hours with 50 cc. of an 8% ethanolic potassium 
hydroxide solution. The alcohol was removed under reduced pressure, the residue taken 
up in water, and the basic mixture extracted with ether t o  remove quinaldine. The aqueous 
solution was acidified t o  pH 6.5 with acetic acid, and 12-(2-quinolyl)dodecanoic acid ex- 
tracted with three portions of ether. The oil from this extract crystallized from ether- 
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petroleum ether and weighed 1.2 g. (7.5%). After several recrystallizations, the colorless 
material melted at 84-84.5'. 

Anal. Calc'd for C21Hd02:  C, 77.02; H, 8.93. 
Found: C, 76.70, 76.37; H, 9.17, 8.91. 

The hydrochloride, prepared in  dry ether, and recrystallized from ethanol-ether, ap- 

Anal. Calc'd for C2J12gN02.HCl: N, 3.85. Found: N, 4.37. 
4-Methy1-6,8-dimethoxyquinaldine. The condensation of 2,5-dimethoxyaniline with 

acetylacetone (8) yielded a brown solid which was distilled and recrystallized for purifica- 
tion. It boiled a t  195-200" (6 mm.), and crystallized from ethanol or ethyl acetate M color- 
less needles, m.p. 95-96". This melting point remained unchanged despite repeated dis- 
tillations and crystallizations which were carried out in view of the reported melting point 
107" (8).  

peared as a colorless solid, m.p. 134-135". 

Anal. Calc'd for CllH16N02: N, 6.45. Found: N, 6.16. 
The hydrochloride crystallized as yellow platelets and melted at 235235.5" as reported (8). 
Anal. Calc'd for CI~€II ,NO~.HC~:  C1, 13.97; N, 5.52. 

Found: C1, 13.95; N, 5.77. 
Methyl 6-(.&methyl-6,8-dimethoxy-8-quinolyl)caproate. Using the same conditione M i n  

the synthesis of 12-(2-quinolyL)dodecanoic acid, the lithium derivative of 12.3 g. (0.057 
mole) of 4-methyl-5,8-dimethoxyquinaldine was condensed with 12.0 g. (0.057 mole) of 
ethyl 5-bromovalerate which was prepared from silver ethyl adipate (7). The reaction 
mixture was worked up as described before, and the crude solid mixture of unreacted 
4-methyl-5,8-dimethoxyquinaltline and ethyl 6-(4-methyl-5,8-dimethoxy-2-quinolyl)- 
caproate saponified. Unchanged starting material was removed by extraction of the 
alkaline solution of the hydrolysate, and 6-(4-methyl-5,8-dimethoxy-2-quinolyl)caproic 
acid extracted from the solution at pH 6.5. The red oily acid from the ether extract weighed 
0.25 g., and did not lend itself readily to  purification. It was therefore esterified with 0.2 g. 
of diuzomethane in ether solution, and the crude brown methyl ester purified by sublimation 
at 75" and 0.1 mm. pressure. The pale yellow sublimate melted at 79-80'. 

Anal. Calc'd for CtgH2rN0,: N, 4.23. Found: N, 4.54. 
6-Keto-7-(4-methyl-b, 8-dimethoxy-2-quinoly2)heptanoic acid. To a stirred solution of the 

lithium derivative of 10.62 g. (0 049 mole) of 4-methyl-5,8-dimethoxyquinaldine in 50 cc. of 
ether was added a solution of 9 g. (0.049 mole) of ethyl adipyl chloride in  75 cc. of ether in  
several small portions under a n  atmosphere of nitrogen. After the initial spontaneous re- 
action the mixture was refluxed for three hours, allowed to  stand overnight, poured onto 
200 g. of ice containing 5 cc. of hydrochloric acid, and some oily ethyl hydrogen adipate ex- 
tracted into ether. The aqueous solution was made alkaline with sodium carbonate and 
extracted with ether. The crude keto ester from the extract was hydrolyzed with 100 cc. 
of a lOyo ethanolic potassium hydroxide solution, the solvent was removed, and the residue 
treated with water. Some unreacted starting material was removed by ether extraction, 
and the solution neutralized to  pH 6.5. The reaction product was extracted into ether, the 
dried extract concentrated, and the brown crystalline residue, weighing 4.9 g. (32%), was 
recrystallized from about 50 cc. of ethyl acetate. The pale tan  feathery needles melted 
at 136-137". 

Anal. Calc'd for CIgH23NOr: S,  4.06. Found: N, 3.71. 
The methyl ester, prepared with diazomethane in  ether solution, was purified by sub- 

Anal. Calc'd for C20HzsN05 N,  3.90. Found: N, 3.55. 
Methyl 7-(4-methyl-5,8-dimethoxy-.8-quinolyl)hepfanoate. A solution of 4 g. of the keto 

acid in  100 cc. of glacial acetic acid containing one drop of perchloric acid waa hydrogenated 
in  the presence of 0.5 g. of palladized barium sulfate (20) under atmospheric pressure. Ab- 
sorption of two moles of hydrogen was complete after one hour; the catalyst was filtered, 
the solution poured onto 25 g. of ice, and neutralized with saturated sodium carbonate 
solution. The heptanoic acid derivative was extracted into several portions of ether; a n  

limation at 75" (0.1 mm.). The reddish semi-solid material was analyzed. 
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additional amount of the water-soluble reduction product waa obtained by evaporating the 
neutral solution to  dryness, and extracting the residual salt mixture in a Soxhlet apparatus. 
The brown residue from the ether extracts was not purified but was esterified with diazo- 
methane. The yellowish methyl ester sublimed at 50" and 0.1 mm., and melted at 65-66'. 

Anal. Calc'd for C20H27N04: N, 4.05. Found: N, 3.83. 
lO-Keto-ll-(~-methyl-5, 8-dimethoxy-8-quinoly1)undecanoic acid (V) . Following the direc- 

tions given above for the preparation of the homologous ketoheptanoic acid derivative, 4- 
methyl-5,8-dimethoxyquinaldyllithium from 21 g. (0.1 mole) of the base was combined 
with 28.6 g. (0.1 mole) of ethyl sebacyl chloride, and the mixture worked up as described 
before. The brown solid crude undecanoic acid derivative was recrystallized from ethanol, 
and then several times from ethyl acetate. The faintly tan  colored needles melted at 
134-135"; the yield was 11 g. (27%). 

Anal. Calc'd for C23HalN05: N,  3.49. Found: K, 3.20. 
The waxy methyl ester, prepared with diazomethane, was sublimed a t  50" (1 mm.), and 

Anal. Calc'd for C?4HasN05: N, 3.37. Found: K,  3.13. 
11 -(.$-Methyl-5,8-dimethoxy-8-quinolyl)undecanoic acid. Five grams of the keto acid, 

dissolved in  100 cc. of acetic acid containing one drop of perchloric acid, absorbed two moles 
of hydrogen in  the presence of 1 g. of palladized barium sulfate a t  atmospheric pressure in  
four hours. The reaction mixture was worked up as described i n  the analogous case above. 
The brown crude reduction product obtained in  quantitative yield was recrystallized four 
times from hot water. ll-(4-Methyl-5,8-dirnethoxy-2-quinolyl)undecanoic acid appeared 
as colorless platelets, m.p. 126-127'. 

the yellow material melted at 59-60". 

Anal. Calc'd for C Z ~ H ~ ~ N O ~ :  N, 3.62. Found: PIT, 3.34. 
ll-(~-Methyl-5,8-dihydroxy-8-quinolyl)undecanoie acid. A suspension of 5.0 g. of the 

dimethoxy acid in 25 cc. of 48% hydrobromic acid was boiled under an atmosphere of nitro- 
gen for nine hours, the mixture was evaporated t o  dryness under diminished pressure, and 
the residue dissolved in  about 10 cc. of water containing a little sodium bisulfite. The solu- 
tion was buffered with ammonium acetate to  pH 6.0, the precipitated colorless dihydroxy 
acid filtered, and a small amount of the same material recovered from the filtrate by con- 
tinuous extraction with ether. Four recrystallizations from hot water furnished 4.2 g. 
(97%) of' colorless crystals, m.p. 233-234" (clecomp.). 

Anal. Calc'd for C21H2aNO4: N, 3.89. Found: IT, 3.53. 
11-(.$-Methyl-5,8-quinonyl-8-quinolyl)undtcanoic acid (VI). To a solution of 1.0 g. of 

ll-(4-methyld,8-dihydroxy-2-quinolyl)undecanoic acid in  11 cc. of 1 N hydrochloric acid 
was added 6 cc. of a 20% ferric chloride solution. The yellow mixture turned red, and after 
one-half hour was neutralized with ammonium hydroxide t o  pH 6.5. Exhaustive extraction 
with ether, and distillation of the solvent, gave brown crystals which were recrystallized 
four times from water. The colorless quinonoid acid melted at 128-128.5'; the yield was 
0.6 g. (60'30). 

Anal. Calc'd for CptH27NOn: C, 70.56; E, 7.61. 
Found: C ,  70.30; H, 7.71. 

10-Keto-ll-(2-benzothiazolyZ)undecanoic acid. The yellow ethereal solution of lithium 
2-methylbenzothiazole, prepared from 29.8 g. (0.2 mole) of 2-methylbenzothiazole and 
phenyllithium in the customary manner (15'1, was treated with a solution of 50 g. (0.2 mole) 
of ethyl sebacyl chloride in  50 cc. of dry ether with vigorous stirring under nitrogen. After 
the spontaneous reaction had subsided, the mixture was stirred and reflused for five hours, 
allowed to  stand overnight, and worked up as in the case of the quinoline analogs. After 
saponification of the ester and removal of the alcohol, the alkaline residue was dissolved in  
25 cc. of water and extracted with ether to  remove unchanged 2-methylbenzothiazole. The 
aqueous solution was buffered t o  pH 6.5, and the yellow precipitate extracted into ether. In  
order to  avoid any loss of the water-soluble reaction product, the aqueous solution was 
evaporated t o  dryness under reduced pressure, and the residue exhaustively extracted with 
ether. Concentration of the combined ether extracts yielded a reddish oil which was dis- 
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solved in  10 cc. of hot water and cleared with Darco. On cooling, 1.9 g. of glistening color- 
less plates precipitated out which melted, after three more crystallizations, at 128.5-129.5'. 

Anal. Calc'd for CreH23NO3S: N, 4.20. Found: N, 3.97. 
Il-(8-Benzothiazoll)undecanoic acid (VIII). Absorption of two moles of hydrogen by 

the keto acid with palladized barium sulfate in  an acetic acid-perchloric acid medium as 
described above was complete after five hours. The reduction product was isolated in  the 
usual manner at pH 6.5, and recovered in quantitative yield by continuous extraction with 
ether. Four recrystallizations from a little 50% ethanol, and washing with benzene, ren- 
dered colorless rods, m.p. 119.6-120°. 

Anal. Calc'd for ClsH2&OzS: N, 4.39. Found: N, 4.20. 
%(m-Nitr0styryl)quinoline. (a) Quinaldine was condensed with m-nitrobenzaldehyde 

by the method of Wartanian (21). The yield of 2-(m-nitrostyryl)quinoline of m.p. 153-154' 
was 83%. 

(b) In  an application of the method of Koelsch (22), 13.3 g. of m-nitrobenzaldehyde and 
one drop of piperidine were added t o  a solution of 25 g. of quinaldine methiodide in  300 cc, 
of absolute ethanol. The mixture was allowed to  stand overnight; 9 g. of the crude crystd-  
line product was filtered, and another 18 g. was obtained on concentration of the mother 
liquors. Four recrystallizations from water yielded 25 g. (70%) of yellow plates of 2-(m- 
nitrostyry1)quinoline methiodide, m.p. 253-254" (decomp.). 

Anal. Calc'd for CIJ I ISIN~O~:  K, 6.70. Found: N, 6.66. 
Decomposition of this methiodide by distillation at 3 mm. pressure, and recrystallization 

of the distillate from ethanol, yielded 76% of the calculated amount of 2-(m-nitrostyryl) 
quinoline which was characterized by melting and mixture melting points. The over-all 
yield in  this two-step reaction was thus 53%. 

Anal. Calc'd for C17H12N202: N, 10.14. Found: N, 9.95. 
2-(m-Amin0slyryl)quinoline. Reduction of 2-(m-nitrostyryl)quinoline with stannous 

chloride and hydrochloric acid :21, 23) gave 89% of the amino compound, m.p. 167-168'. 
Because the previous investigators had observed lower melting points (158-159", 160-161') 
the amine was analyzed. 

Anal. Calc'd for C1,HdTt: :Y, 11.38. Found: N, 11.33. 
The reduction of the nitro derivative may be carried out more advantageously by hydro- 

genation over a Raney nickel or Adams catalyst in  ethanol suspension or solution under 
atmospheric pressure over periods of one to  six hours. The yields varied from 96-99%. 

The acetyl derivative, prepared from the hydrochloride of the amine with acetic anhydride 
and sodium acetate in  aqueous solution, crystallized as colorless needles from ethanol, 
m.p. 152-154". 

Anal. Calc'd for CtsH1aX;aC): N, 9.72. Found: N, 9.54. 
The dipicrate was prepared in  ethanol solution, and recrystallized from the same solvent 

Anal. Calc'd for C1&4Ki2*21C6H3N307: N, 15.91. Found: N, 15.76. 
J'-Amino-2-phenethylquinoZine. A solution of 1 g. (0.0041 mole) of 2-(m-aminostyryl)- 

quinoline in  a, mixture of 30 cc. of 0.12% hydrochloric acid and 30 cc. of acetic acid absorbed 
0.0041 mole of hydrogen with palladized charcoal (24) at atmospheric pressure i n  five hours. 
The catalyst was filtered and the solution neutralized with sodium carbonate. The satu- 
rated amine was thus obtained in quantitative yield as yellow rods, m.p. 165-166". The 
melting point was not changed tly repeated recrystallizations from water. 

as yellow needles melting at 225-227O. 

.4naZ. Calc'd for Cl?H16N2: N, 11.28. Found: N, 11.27. 
The dipzcrate crystallized from ethanol a8 yellow needles, m.p. 226-228'. 
Anal. Calc'd for C ~ ~ H I ~ N Z - ~ G H ~ N ~ O ~ :  N, 15.86. Found: N, 15.57. 
The acetyl derivative appeared as colorless needles which were recrystallized from 

Anal. Calc'd for C1vHlsN20: N, 9.65. Found: N, 9.64. 
It is noteworthy that  neither mixtures of 2-(m-aminostyryl)quinoline and 3'-amino-2- 

phenethylquinoline, nor those of their respective dipicrates, exhibited definite depressions 

ethanol, and melted a t  222-225'. 
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of their melting points. However, the widely different melting points of the two acetyl 
derivatives served t o  distinguish the two compounds. 

St-Cyano-2-phenethyZquinoZine. The diazo solution obtained by treating a solution of 7 g. 
of 3'-amino-2-phenethylquinoline i n  390 cc. of ice-cold 5.9% hydrochloric acid with 64 cc. of 
3.44% sodium nitrite solution was neutralized t o  litmus with sodium carbonate, and added 
slowly to  a stirred ice-cold mixture of a solution of 5.6 g. of cuprous cyanide and 3 g. of 
sodium cyanide in  240 cc. of water and 80 cc. of benzene (25). After one-half hour, the 
solution was warmed t o  50" and kept at this temperature for fifteen minutes. It was cooled, 
the layers were separated, and the water solution was extracted with ether. The combined 
benzene-ether extracts were concentrated. The residual oil was dissolved in  dilute acid, 
and reprecipitated with sodium carbonate solution. The resulting brown platelets melted, 
after recrystallization from ethanol, at 198-199"; the yield was 46%. 

Anal. Calc'd for ClJTlaN2: N, 10.84. Found: N, 10.89. 
S-[~-(B-&uinoZyl)ethyl]benzoic acid (X). A solution of 5 g. of the nitrile just described 

in  85 cc. of 4.5 N sulfuric acid was refluxed for one-half hour, cooled, and neutralized t o  p H  
6.5 with sodium carbonate. The oily carboxylic acid was extracted into ether, the residue 
from the ether extract dissolved in  alkali, and the benzoic acid derivative reprecipitated 
with acid. The now amorphous material weighed 5 g. and crystallized from ethanol. Re- 
peated recrystallizations from water furnished tan-colored plates, m.p. 214-216' (decomp.) . 

Anal. Calc'd for CI&II6NO2: N, 5.05. Found: N, 5.20. 
4'-Amino-%phenethylquinoZine. A solution of 4 g. of 2-(p-nitrostyryl)quinoline (26) in 

150 cc. of ethanol waa hydrogenated in  the presence of palladized charcoal under atmos- 
pheric pressure. The nitro compound absorbed four moles of hydrogen in  four and one-half 
hours. !rhe catalyst was filtered, the solvent distilled, the residue taken up in dilute alkali, 
and a pinkish precipitate filtered. After reprecipitation with alkali from its acid solution, 
the saturated amine weighed 3.1 g. (88%). It was purified further by sublimation a t  75" 
(1 mm.), and melted at 107-108". 

Anal. Calc'd for Cl,HleNz: N, 11.28, Found: N, 10.99. 
Bergstrom, Norton, and Seibert (27), who recently prepared this amine by reduction of 

4'-nitro-2-phenethylquinoline with stannous chloride, reported the melting point 107-109". 
4-  [I-(~-&uinoZyZ)ethyZ]benzoic acid (IX) . Twenty-five grams of 4'-amino-2-phenethyl- 

quinoline was diazotized and converted t o  the nitrile as described above for the meta isomer. 
The crude oily nitrile was hydrolyzed with 150 cc. of 4.5 N sulfuric acid, and 12 g. of the 
brown amorphous carboxylic acid precipitated when the solution waa neutralized. After 
repeated crystallization from ethanol, 1.5 g. of tannish platelets, m.p. 185-187", was 
obtained. 

Anal. Calc'd for C18HISNO2: N, 5.05. Found: X, 4.83. 
Ethyl nicotinyl acetate. The hydrochloride of this keto ester was dissolved in water, the 

solution made slightly alkaline and extracted with ether. The ether extract was frac- 
tionated. After distilling off a considerable amount of lower-boiling materials, the yellow 
keto ester boiled at 148-150" (2 mm.). Clemo and Holmes (28) reported b.p. 125-135" 
(1 mm.1 

The picrate crystallized from ethanol as yellow needles, m.p. 133-134". 
Anal. Calc'd for CioHiiNOa.CsHaNa0,: N, 13.27. Found: N,  13.21. 
Ethyl 8-(3-pyridyl)propionate. A solution of 8.0 g. (0.042 mole) of ethyl nicotinyl acetate 

in  75 cc. of glacial acetic acid containing two drops of perchloric acid absorbed 2.1 1. (0.084 
mole) of hydrogen under the influence of 0.5 g. of palladized barium sulfate under atmospheric 
pressure in  two hours. The mixture was worked up in  the usual way, and the reduced ester 
extracted into ether. After removing the solvent, the ester was distilled; i t  boiled at 138- 
140" (3 mm.), and showed &! 1.5138. The yield was 6.8 g. (92%). 

The yellow picrate crystallized from ethanol as long needles and melted at 103-104". 
Anal. Calc'd for CioHiaNOz*CsHaNaOr: N, 13.72. Found: N, 13.61. 
@-(S-Pyridyl)propionamide (VII). Two grams of ethyl p-(3-pyridyl)propionate was 

shaken with 5 cc. of 20% ammonium hydroxide overnight, the solution was evaporated t o  
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dryness, and the yellow solid residue recrystallized from a little dioxane. The colorless 
rods melted at  136.5-137'. 

Anal .  Calc'd for C8HI0NaO: C, 63.98; H, 6.71; N, 18.66. 
Found: C, 64.04; H, 6.41; N, 18.59. 

&(3-PyridgZ)propionic acid. The ethyl ester was saponified with a 10% ethanolic solu- 
tion of potassium hydroxide, and the hydrolysate worked up in the customary manner. 
We did not succeed in purifying the free acid, but the picrate crystallized readily from 
ethanol. The orange needles melted a t  112-113'. 

Anal .  Calc'd for C&IoNO~~C~HaNs07: N, 14.73. Found: N, 14.45. 
2-n-Propyl-6-methylpyridine. One gram of 2-acetonyI-6-methylpyridine,4 dissolved in 

30 cc. of glacial acetic acid, wag reduced by the method of Rosenmund and Karg (13); two 
moles of hydrogen was absorbed in nine hours. The catalyst was filtered, the solution 
made alkaline with sodium hydroxide, and the oily reaction product extracted with ether. 
The yellow oily residue from this extract weighed 0.9 g. I ts  picrate crystallized from 
ethanol as long yellow needles, m.p. 134-134.5'. 

Anal .  Calc'd for CpH1sN.CJIaNs07: N, 15.38. Found: N, 15.09. 
6-(9-Acridyl)valeric acid (XI a). A mixture of equimolecular amounts of ethyl adipyl 

chloride and diphenylamine wa:3 heated with a small amount of anhydrous zinc chloride a t  
temperatures ranging between 180" and 220" for thirty hours. The dark brown liquid mix- 
ture wm saponified by boiling with 8% ethanolic sodium hydroxide solution for three hours 
the solid sodium salt dissolved in water, and unreacted diphenylamine removed by ether 
extraction. The alkaline solution was acidified, again extracted to  remove adipic acid, 
and then carefully neutralized l,o phenolphthalein. A brownish solid precipitated; it was 
filtered and recrystallized from boiling pyridine. The yield was 12%. The compound 
dissolved to  give a yellow solution in alkali, and showed a green fluorescence in acids. It 
melted at  265-269" (decomp.) after some sintering. 

Anal .  Calc'd for ClsHLTN02: N, 5.01. Found: N, 4.88. 
The  hydrochEoride crystallized from ethanol-ether solution aa colorless needles, m.p. 

Anal .  Calc'd for ClgH1rNOI"CI: N, 4.44. Found: N, 4.60. 
When ethyl hydrogen adipate was substituted for ethyl adipyl chloride (cf. ref. 17 and 

similar directions), the yield dropped to  5%. 
$-(Q-Acridyl)peZargonic acid (XI b). Equimolecular quantities of ethyl sebacyl chloride 

and diphenylamine were condensed as described above for the lower homolog. The reaction 
product crystallized as faintly violet needles from pyridine, m.p. 207-208" (decornp.) ; the 
yield was 31010. 

179-180'. 

Anal .  Calc'd for C22H26NOt: N, 4.18. Found: N, 4.29. 
The hydrochloride crystallized from ethanol-ether as glistening colorless needles, m.p. 

Anal .  Calc'd for CZ2H26NOI.HCl: N, 3.77. Found: N, 3.73. 
The acid exhibits a yellow-green fluorescence in dilute acid solution while alkaline soh-  

178 .5-179.5". 

tions display a purple color. 

SUMMARY 

1. Aliphatic aldehydes were condensed with quinaldine under mild conditions, 
and the olefinic reaction products saturated catalytically. 

2. Quinaldyllithium, and 4-methyl-5,8-dimethoxyquinaldyllithium reacted 
with esters of w-halogeno acids to yield small amounts of the corresponding 
quinolyl fatty acids. 

3. Substituting esters of monochlorides of dicarboxylic acids for those of 
w-halogeno acids, keto acids were obtained which were hydrogenated to fatty 
acid derivatives by the method of Rosenmund and Karg (13). 

4 The preparation of this ketone will be reported in a later communication. 
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4. Lithium 2-methylbenzothiazole, subjected to similar reactions as quinaldine, 
yielded a 2-benzothiazolyl fatty acid. 

5. Ethyl nicotinyl acetate waa reduced to ethyl p-(3-pyridy1)propionate by 
the method of Rosenmund and Xarg, and other pyridyl ketones could be reduced 
likewise without hydrogenating the pyridine ring. 

6.  Two w-(g-acridyl) fatty acids, and two quinoline derivatives with an 
aliphatic-aromatic acid chain were prepared. 

7. A 5 ,&quinonoid quinolyl fatty acid was synthesized. 

CHARLOTTESVILLE, VA. 

REFERENCES 
(1) cf. BURGER, J. Chem. Education, 22, 586 (1945). 
(2) Ibid, references 15, 17, and 18. 
(3) BRODY AND BOGERT, J. Am. Chem. Soc., 66, 1075, 1080 (1943). 
(4) FIESER, GATES, AND KILMER, J. Am.  Chem. Soc., 62,2966 (1940). 
(5) Bun-Hol AND CAQNIANT, Compt. rend., 216, 120 (1943). 
(6) SCHONHOFER, 2. physiol. Chem., 274, 1 (1942). 
(7) HIJNSDIECKER AND HUNSDIECKER, Ber., 76, 291 (1942). 
(8) KOENIGS AND MENGEL, Ber., 37, 1322 (1904) ; cf. KASLOW AND STAYNER, J. Am. Chem. 

(9) FIESER AND MARTIN, J. Am. Chem. Soc., 67, 1840 (1935). 
SOC., 67, 1716 (1945). 

(10) cf. MARTIN, Organic Reactions I, 155, references 61,133, and 299, John Wiley and Som, 

(11) STRONG AND MCELVAIN, J .  Am. Chem. SOC., 66, 816 (1933). 
(12) PRELOG, HEIMBACH, AND SEIWERTH, Ber., 72, 1319 (1939). 

New York, 1942; ROSENMUND AND KARST, Arch. Pharm., 279,154 (1941). 

(13) ROSENMUND AND KARG, Ber., 76, 1850 (1942). 
(14) KRUGER AND ROMAN, Ber., 69, 1830 (1936). 

(16) STANLEY, COLEMAN, GREER, SACKS, AND ADAMS, J. Pharmacal., 46, 121 (1932). 
(15) COURTOT AND TCHELITCHEFF, Compt. rend., 217,231 (1943). 

(17) BERNTHSEN AND BENDER, Ber., 16, 767 (1883). 
(18) HOMEYER AND WALLINGFORD, J. Am.  Chem. Soc., 64,798 (1942). 
(19) ZIEGLER AND ZEISER, A m . ,  486, 174 (1931). 
(20) SCRMIDT, Ber., 62, 400 (1919). 

(22) KOELSCH, J. Am.  Chem. Soc., 66,2126 (1944). 
(23) GILMAN AND KARMAS, J. Am.  Chem. SOC., 67,342 (1945). 
(24) HARTUIUG, as quoted by ALEXANDER AND COPE, J. Am. Chem. SOC., 66, 886, footnote 7 

(25) CLARKE AND READ, Organic Syntheses, Coll. Vol. I, 514 (1941). 
(26) BULACH, Ber., 22, 285 (1889). 
(27) BERGSTROM, NORTON, AND SEIBERT, J. Org. Chem., 10, 452 (1945). 
(28) CmMo AND HOLMES, J. Chem. SOC., 1739 (1934). 

(21) W24RT.4NIAN, &r., a, 3644 (1890). 

(1944). 
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c c sHs C gH6 C=C CHs 
A - 

I I1 

The most striking difference between the methylated and phenylated series 
is the occurrence of reduction of the carbonyl bridge in the former. An endo- 
carbinol is obtained in certain instances. Hitherto no reduction products of 
carbonyl bridge compounds, in which either the carbonyl group or the double 
bond of the ring is reduced (5), have been prepared by the action of reducing 
agents. 

The ketone, 111, is smoothly reduced to the carbinol, IV, by sodium or sodium 
ethoxide in dry ethanol. Piperidine is without action. The carbinol can be 
distilled in vacuo unchanged; it forms an acetate, V, when treated with acetyl 
chloride, and a chloride, VI, with thionyl chloride; it evolves one equivalent of 
methane from methylmagnesium iodide. 

268 
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CHs 

-+ Acetate, V 
C BHS 

-+ 
c 6 H 6 \  

C H3 CHI 
I11 IV 

With ethanolic potassium hydroxide, however, the ketone, 111, appears to 
undergo a dissociation, for the principal product is 2 , 5-dimethyl-3,4-diphenyl- 
3-cyclopentenone, VI1 (6). It was identical with a specimen prepared as de- 
scribed in the literature, and it gave the same tetrabromide, VIII, and 2,4-  
dinitrophenylhydrazone. 

Br Br 
I I  

C~HKC-CHCH~ C6H6C-cCHs 
\ \ 

C 6HsC-CHCHa C aHij C -C C Ha 
I I  

IV + / \OH 

IX VI1 
C ~ H S C H = C H ~  

Br Br 
VI11 

When the carbinol, IV, was heated a t  atmospheric pressure, it distilled in two 
fractions; the first was styrene (identified by physical properties and conversion 

XI1 X I  
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to the dibromide), while the second was this same cyclopentenone, VII. The 
mechanism is assumed to be a dissociation of the carbinol into styrene and the 
cyclopentadienol, IX, which rearranges into the stable cyclopentenone, VII. 
A similar case was recently described (7)  in which an endocarbinol dissociated 
into styrene and an enol, which was stable enough to be isolated. 

This series of reactions was confirmed by use of the indene derivative, X. 
With sodium ethoxide this gives a carbinol, XI, but with alcoholic potassium 
hydroxide, the same cyclopentenone, VII. 

To make sure that reduction had proceeded as indicated, the indene, X, was 
catalytically reduced to XII, using palladium charcoal; the two reduction prod- 
ucts were different and isomeric. The carbinol has one active hydrogen, as 
expected, while the ketone, XI, gives a 2,4-dinitrophenylhydrazone, as does X. 

The bridged anhydride, XIII, gives no evidence of reduction, the formation of 
a tricarboxylic acid, XIV, ttiking place quantitatively when it is treated with 
alkaline reagents. 

CH3 

XI11 

/\ 
CH3 COOH 

XIV 

With the bridged ketone, XV, however, all types of reaction already described 
occur, With ethanolic sodium ethoxide, reduction to the carbinol, XVI, takes 
place; this diol readily formed a diacetate, XXVI. With methanolic sodium 
methoxide, reaction is very slow; there is but a slight change after a short time. 
Longer refluxing results in mixtures from which can be isolated a monocarbinol, 
XVII, and a little bimolecular product, I. The latter presumably results from 
dimerization of the dienone formed by dissociation of the starting material. The 
monocarbinol is assigned the structure, XVII, because i t  can be heated to 250" 
without change; no carbonyl bridge compound is known that would withstand 
such treatment (5 ) .  

The use of methanolic potassium hydroxide gave mixtures. From these were 
isolated the acid, XVIII, its methyl ester, XXV, and the monocarbinol, XVII. 
The acid, XVIII, could not be esterified by means of thionyl chloride, followed 
by methanol, but readily formed the methyl ester, XXV, with diazomethane. 

The bimolecular product, I, obtained from a, P-dimethylanhydroacetonebenzil 
can be distilled in vacuo; the relatively low boiling point and red color indicate 
that it is distilling as the dissociated monomer, 11. It is not surprising, there- 
fore, to  find that with alcoholic alkali it likewise gives the cyclopentenone, VII, 
though in a low yield. 
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The lower homolog, XIX, of the cyclic ketone was refluxed for 15 hours with 
ethanolic potassium hydroxide; the intensely red solution was diluted and after 
appropriate manipulation and vacuum distillation, a hydrocarbon, CI~HU, was 
obtained. This hydrocarbon is represented as 3,  4-diphenylcy~lopentadiene~ 
XX, because it easily adds methyl acetylenedicarboxylate to form an ester, XXI, 
and because of the production of a blue fluorescence with concentrated sulfuric 
acid; this latter behavior W:~S noted with the isomeric 2,4-diphenylcyclopenta- 
diene (8). 

CH 

XIX XX XXI 

When the results described in this and in the preceding papers are compared 
certain conclusions can be drawn as to the course of reaction that may be ex- 
pected between carbonyl bridge compounds and alkaline reagents. If there are 
phenyl groups at  the ends of the bridge (XXII, R = C6H5), the latter is cleaved 
a t  one end, so that the product is a carboxylic acid. If there are methyl groups 
at  the ends of the bridge, reduction to a carbinol takes place. If there are methyl 
groups or hydrogen at  one or both ends of the bridge, and a side chain containing 
an unsaturated linkage of such a nature that upon enolization a double bond 
can be formed between the ring and the side chain (XXIII, R, R' = CH3, H), 
all possible types of reaction can be expected. The keto group in the side 
chain may be reduced to give a carbinol. 

R R R 

XXII XXIII 

EXPERIMENTAL 

I. The bimolecular product, I, (4,  lo), distilled very smoothly a t  200-204O/3 mm.; the vapor 
and condensate were orange-yellow. The latter crystallized when triturated with ethanol, 
and had the same melting point as the starting material when recrystallized from acetic 
acid. The yield was 66%; there was some residue which was not investigated. 

11. The 4,Y-dimethylb,6-diphenyl~-oxo-/t ,  Y-methano-ba14, Y17a-tetrahydroindene, X, was 
obtained in a practically quantitative yield by four hours' refluxing of 13 g. of t.he bimolecu- 
lar product, I, 7.5 cc. of cyclopentadiene, and 35 cc. of benzene, evaporating the mixture 
to  dryness and recrystallizing i t  from methanol or propanol-1; m.p. 139". The 2,4-dinitro- 
phenylhydrazone, prepared in the usual manner, formed orange rods, m.p. 204". 

111. Action of alkaline reagents. The general procedure was the same as that described 
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in the earlier paper (3). The rate of cleavage of the bridge by alkaline reagents can be de- 
termined by titrating samples taken a t  intervals. The details of the reduction reaction 
will be given here. 

A.  1 ,~-Dimethyl-8,~,6-triphenyl-7-hydrozy-l,~-me~hano-l,2,8,~-tetrahydrobenzene, IV. A 
suspension of 65 g. of the ketone, 111, in 1 1. of absolute ethanol was refluxed during the 
addition of 25 g. of sodium, cut in large pieces. After the metal had disappeared, the solu- 
tion was refluxed for four hours and then filtered from 4.1 g. of resinous material. Water 
(2 l , ) ,  was added, and the product (62.5 g.) slowly crystallized. It was finely ground and 
extracted with 700 cc. of hot ligroin (b.p. 90-120"), filtered from 2 g. of red resinous material, 
and treated with Norit. After standing, 50 g. of the carbinol, IV, separated from the red 
solution in prisms, m.p. 140-141". The yield of recrystallized product was 83%. When 
acetic acid was used as a solvent for purification, the product retained a molecule as solvent 
of crystallization, and melted a t  about 108-110", dependent on the rate of heating; a single 
recrystallization of this from ligroin (bg .  90-120") raised the melting point t o  140-141". 
Methanol was likewise retained, the crystals melting a t  90-92". 

The same carbinol resulted from the use of sodium ethoxide on the ketone, 111, but 
piperidine was found t o  have no action. Data  for all analyses are collected in  Table I. 
The most suitable solvent for many of these compounds is a petroleum fraction. Traces 
of solvent are held tenaciously so that  correct analytical results are difficult t o  obtain; 
most samples had to  be "dried" in vacuo a t  about 100'. 

The acetate, V, was obtained by refluxing for one hour a solution of 2 g. of the carbinol 
in 15 cc. of acetyl chloride, removing the excw.s halide, and recrystallizing from ligroin 
(b.p. 90-120"); i t  melted at 110'. 

The chloride, VI, was obtained practically quantitatively by refluxing the carbinol with 
thionyl chloride, removing the excess in vacuo, and recrystallizing from ligroin (b.p. 90- 
120"); i t  melted at 108'. 

R. 4, 7-Dimethyl-6,6-diphenyl-8-hydroxy-4, 7-methano-8a,a1 7, 7a-tetrahydroindene1 XI, was 
prepared in a similar manner by reduction of the corresponding endocarbonyl compound, X ;  
i t  melied at 126'. 

IJpon reduction with hydrogen in the presence of a palladium charcoal catalyst, the cor- 
responding hydrindene, XII ,  m.p. 106", resulted. It gave a yellow 2,4-dinitrophenyl- 
hydrazone, m.p. 264'. 

C. Anhydride of 1,Q-dimethyl-6,6-diphenyl-l,8,8,4-tetrahydrobenzene-l , 2,d-tricarboxylic 
acid, XIV. The preparation of this substance required 9.5 hours' refluxing of XI11 with 
0.5 N alcoholic potassium hydroxide. The anhydride was isolated in a yield of 95%; i t  
melted a t  207-210". 

Decomposition of the carbinol, IV. The carbinol (15 9.) was heated in a n  all-glass ap- 
paratus using a metal-bath; a fraction slowly distilled when the bath temperature was 310- 
320". This was found to  be styrene, b.p. 144-146"; its dibromide, m.p. 71", was identical 
with an authentic sample. The yield of styrene was 4 g. (9401,). The temperature was 
then raised to  340' to  ensure complete removal of styrene, the flask and contents were al- 
lowed t o  cool t o  about loo", and the residue was distilled in vacuo. The distillate (b.p. 
210-215°/15 mm.; 8.7 g., 81%) proved to  be the known (6) 2,5-dimethyl-3,4-diphenyl-3- 
cyclopentenone, VII, m.p. 12C-121"; a mixed melting point with an authentic sample was 
not depressed. The tetrabromides, m.p. BO',  were also identical. The 2,4-dinitrophenyl- 
hydrazone formed bright red plates, m.p. 208-211". 

This same ketone, VII, was obtained in a yield of 11% by the action of 1001, alcoholic 
potassium hydroxide on the bimolecular product, I. 

D. Benzoylated series. The ketone, XV, did not go into solution as fast as the other 
bridged compounds when heated with alcoholic alkaline reagents; consequently, side re- 
actions gave rise to  intractable materials, rendering isolation of homogeneous products 
tedious and purification difficult. 

After 15 g. of the ketone, XV, had been refluxed with 9 g. of potassium hydroxide in 120 
cc. of ethanol for 18 hours, the deep red solution was diluted with water and worked up by 
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suitable manipulation. An ethereal extract was distilled in vacuo, and the 5-g. fraction, 
b.p. 200-280"/2 mm., was collected; this proved to be Japp's ketone, VII. Acidification of 
the aqueous layer gave the acid, YVIII, m.p. 248-252". There was also about 10% of a red 
polymeric material, which began t,o form as soon as the ketone was added to the hot alkaline 
solution; this behavior was never observed when methanol was used. When these same 
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TABLE I 
PRODUCTS FROM CARBONYL BRIDQE COMPOUNDS 

-~~ 

NO. 

IV 

V 
VI  

VI1  

X 

XI1  

X I  
XI11 

XVI 
XVII 

XVIII  
xx 
XXI  
XXIV 

xxv 
XXVI 

SUBSTANCE 

Car b i n o 1 
Carbinol C2H402 

Acetate 
Chloride 

Japp's Ketone 
DNPH of VI1 

Addition Product 
DNPH of X 

Hydrindene 
DNPH of XI1 

Carbinol 
Acid 

Diol 
Carbinol 

Acid 
Cy clopentadiene 

Methyl ester 
Monoacetate 

Ester 

Diacetate 

Y.P., "C. 

140-141 
108-110 

110 
108 

121 
211 

139 
204 

106 
264 

126 
207-210 

173 
173 

248-252 
161 

115 
65-67 

172 

158 

ANALYSES 

Calc'd, % I Found, % E lI P I P I C A L 
POPMULA 

IC 

I 

H 

7.1 

6.9 
- 

6.9 
- 

6.7 
- 

7.3 
- 

7.3 
5.3 

7.1 
6.6 

6.3 
6.4 

5.6 
6.4 

6.7 

6.7 - 

- 
H 

7.2 

7.0 
- 

6.8 
- 

6.7 - 
7.4 - 
7.5 
5.4 

7.3 
6.9 

6.3 
6.4 

5.4 
7.1 

6.8 

6.7 

a % Chlorine; b mol. wt. in boiling benzene; mol. wt.  

reagents were allowed to  stand at room temperature for three days, the only recognizable 
products were vinyl phenyl ketone and Japp's ketone, VII. 

It could 
not be esterified by treating first with thionyl chloride, and then with methanol, but gave 
the methyl ester, XXV, m.p. 172", with diazomethane in ether. 

Methanolic potassium hydroxide, after seven days, gave a 48% yield of the acid, XVIII, 
and the monocarbinol, XVII, in 18% yield; the latter formed an acetate, XXIV, m.p. 65", 

This acid, XVIII, was very stable, being distillable i n  vacuo; b.p. 270°/3 mm. 
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with acetyl chloride. After only three days a mixture resulted, from which separation of 
pure compounds required more than a month; from this mixture were isolated the methyl 
ester, XXV, m.p. 173", the carbinol, XVII, and vinyl phenyl ketone (identified as diphenyl- 
pyrazoline, m.p. 152"). 

Methanolic sodium methoxide reacted with the ketone, XV, very slowly; the only recog- 
nizable products were ~1 little of the monocarbinol, XVII, and a small amount of the bimolec- 
ular product, I. 

In one day, however, ethanolic sodium ethoxide gave the diol, XVI, m.p. 173", in a 70% 
yield, as the only recognizable material. The diol can be distilled without change, b.p. 
260-270°,/3 mm., if traces of acid are scrupulously excluded. The diol gave a diacetate, 
m.p. 159", with acetyl chloride, followed by recrystallization from ligroin, b.p. 70-90". 

The ester, XXV, behaved abnormally when a molecular-weight determination was car- 
ried out. It gave a value of 490 in  boiling carbon tetrachloride, but 386 in  benzene. 

When treated quantitatively with methylmagnesium iodide (11) , the monocarbinol, 
XVII, evolved 1.7 moles of gas and added 0.3 mole of reagent, totaling 2 moles of reagent 
consumed, One mole of the gas evolved was obviously from the carbinol hydrogen. It 
is known (12, 13) that  the Grignard reagent can bring about enolization of many ketones; 
this is not always quantitative, but the total reagent used approximates one equivalent for 
the carbonyl group. A portion added before there was time for the enolization to  become 
complete. Thus, in  the instance just cited 0.3 mole had reacted by addition, whereas 0.7 
had been decomposed by the enolic form. It  may be pointed out that  the parent ketone, 
XV, was almost completely enolic, showing 0.8 active hydrogen and 1.2 addition (4). 

IV. 3, &Diphenylcyclopentadiene, XX. A solution of 14 g. of 3,4-diphenylcyclopente- 
none (9) in 100 cc. of absolute ethanol containing 8.4 g. of potassium hydroxide was refluxed 
for 15 hours. The initially deep red solution darkened appreciably. At the end of this 
time, 500 cc. of water was added, and the mixture was boiled, cooled, and extracted with 
ether. The extract was treated with Norit, dried, the solvent removed, and the residue was 
distilled, up to  250"/3 mm. being collected. The distillate was crystallized from butanol, 
from which 3.6g. (28%) of the hydrocarbon, XX, m.p. 161°, separated. It dissolved in  
concentrated sulfuric acid with formation of a brown color and very strong, deep blue fluo- 
rescence. 

Methyl 6,d-diphenyl-I, ~-methano-l,4-dihytlrobenzene-~,3-dicarboxylate, XXI.  A mixture 
of 0.5 cc. of methyl acetylenedicarboxylate and 0.3 g. of 3,4-diphenylcyclopentadiene was 
heated a t  170-180" for one-half hour; methanol was added to the cooled melt, and the ester, 
m.p. 115", was recrystallized from this solvent. 

V. Hydrogenation.' Attempts to  hydrogenate the ketone, 111, were unsuccessful. In  
one instance glacial acetic acid was selected as the solvent, and 95% alcohol in  another. 
The catalysts were palladium on barium sulfate, and palladium hydroxide on calcium 
carbonate. There was no take-up of hydrogen a t  room temperature or a t  60". To be sure 
the catalysts were active and apparatus was functioning, a little carotene was introduced at 
the end of each run-it was promptly reduced. 

SUMMARY 

The action of alkaline reagents on certain carbonyl bridge compounds, having 
methyl groups a t  the bridgehead, is described. While they resemble the corre- 
sponding phenylated compounds in certain respects, some of them differ in two 
ways. 

In  one, the carbonyl bridge is reduced so that a compound containing a car- 
binol bridge is formed, while in the other, dissociation occurs, so that secondary 
products result. 

1 We are indebted to  Dr. E. M. Shantz, of Distillation Products, Inc., for these hydro- 
genation results. 
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Neither the carbonyl group nor the double bond was reduced by hydrogen in 

A diphenylcyclopentenone is reduced by alcoholic potassium hydroxide to a 
the presence of palladium catalysts. 

diphenylcyclopentadiene. 

ROCHESTER 4, N. Y. 
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At the time this work vas  started, 4-chloro-8-quinolinesulfonic acid was ur- 
gently needed as a synthetic intermediate for the preparation of a 4-dialkyl- 
aminoalkylamino-8-quinolinethiol, for test as an antimalarial. Two possible 
routes to the former (previously unreported) compound were the sulfonation of 
4-chloroquinoline, and the chlorination of 8-quinolinesulfonic acid. Since there 
appeared to be no assurance that the sulfonic group would enter the 8-position of 
4-chloroquinoline, we chose the second method, and planned to convert 8-quin- 
olinesulfonic acid into the 4-chloro derivative via the N-oxide (1). 

The preparation of 8-quinolinesulfonic acid, at first expected to be a routine 
matter, was soon found to be a minor research project in itself, due to the con- 
fusing and contradictory state of the literature on quinolinesulfonic acids, most 
of which was published in the years 1881-1889. Some of the reasons for this 
confusion will now be described. 

When quinoline is heated with concentrated or fuming sulfuric acid, sulfona- 
tion occurs in the benzene ring in the 5- (“ana”), 6- (‘(par”’), 7- (“meta”), or 8- 
(“ortho”) positions, depending on the conditions. The early literature was 
confused by a failure to distinguish between the 5- and 7-isomers, both of which 
were called “meta”. The prefixes ‘‘CY’’ and “b” were also used to refer to the 8- 
and so-called “mets” isomers, respectively, while in current quinoline nomen- 
clature they indicate the 2- and 3- positions. Since the isomeric sulfonic acids 
obtained melt unsharply above 30O0, they cannot be identified, or their purity 
established, by means of melting points. It is therefore particularly essential 
that the method of preparation be exactly specified, and that a convenient means 
of characterizing the product be offered. But it was found that in fact each 
reference was lacking in one or several of the essential details: time, temperature, 
quantities of reactants, method of isolating product, yield, and identity and 
homogeneity of the product. 

Lubavin (2), who first sulfonated quinoline, in 1870, said nothing about the 
possibility of isomerism. Bedall and Otto Fischer (3) attempted to identify 
Lubavin’s product by fusion with sodium hydroxide to a hydroxyquinoline. The 
results were uncertain because not all the hydroxyquinolines mere then known, 
because 7-hydroxyquinoline does not melt sharply, and because alkali fusion 
might cause rearrangement. They therefore tried conversion of the sulfonic 
acid to a nitrile by heating with potassium cyanide. A crystalline quinolineni- 
trile (now known to be the 5-isomer:i was isolated, and for identification was 
hydrolyzed to a quinolinecarboxylic ztcid, for comparison with the Skraup re- 

1 The work described in this article was done under a contract recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development and 
the University of Rochester. 
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action product from m-aminobenzoic acid. Unfortunately, this Skraup reaction 
could theoretically yield either the 5- or 7-quinolinecarboxylic acid (although it 
is now known to yield mainly the 5-). Actually Lubavin’s product probably 
consisted mainly of 8-quinolinesulfonic acid. In  a later paper (4), Fischer re- 
ported that presumably pure 8-sulfonic acid, due to a rearrangement, yielded 
mainly the crystalline so-called “meta” (actually 5-) nitrile, and only a small 
amount of the 8-nitrile (as an oil). 

Such rearrangements appear to have caused a mistaken belief that certain 
sulfonation products were a mixture of the 8- and so-called “meta” isomers, and 
that these isomers could not be separated by fractional crystallization from water. 
(Actually, the 8-isomer is so much less soluble than the 5- and 7- that it is prob- 
ably easily separated from them by simple recrystallization.) Therefore a frac- 
tionation of the calcium salts (5)  was used. Since these salts in turn have no 
useful melting points, identification was based on crystallographic examinations. 
Although it is probable that pure isomers were obtained in some cases, manipu- 
lative details are inadequately described, and the procedure is not attractive as 
a preparative method. 

La Coste and Valeur (6 )  stated that the calcium salt fractionation was imprac- 
tical, and reported a separation of the 8- and so-called “meta-” isomers 
based on solubility of the :%mercury salt in cold water. The value of this 
method was questioned by Claus (7); and we now find that the 8-mercury salt 
is in fact quite insoluble in water. 

Further confusion was introduced by LeIlman (8),  who postulated that two 
ana” quinolinesulfonic acids exist, due to some vague new form of isomerism. 
This brief description should suffice to indicate the difficulties which may con- 

front anyone who attempts to extract a preparative method from the literature 
on quinolinesulfonic acids. Therefore we believe it will be useful a t  this time to 
submit an exact description of a method which has been found convenient for the 
8-sulfonic acid. 

The weight of evidence from the literature and our own observations indicates 
that 8-quinolinesulfonic acid is that insoluble isomer which is obtained by heat- 
ing with about four parts by weight of 20-30y0 fuming sulfuric acid a t  about 
100” for about 40 hours (or probably up to 170” for shorter periods), and pouring 
the cooled reaction mixture into about four volumes of water and that it is 8- 
quinolinesulfonic acid which with phosphorus pentachloride yields a sulfon- 
chloride of map. 124-126’. 

The identity of our product, was established by conversion of a sample, in 58% 
yield, to this sulfonchloride. To establish the homogeneity of the product, 
it was desirable to find a sharp-melting derivative, which could be simply pre- 
pared in nearly quantitative yield, and from which the free sulfonic acid could 
readily be regenerated. [A more elegant method of establishing homogeneity 
might be use of the counter-current distribution technique of Craig (g).] 

The p-toluidine and n-butylamine derivatives were first prepared, but did not 
have sharp, reproducible melting points. Diazomethane failed to  give the 
methyl ester of this sulfonic acid, probably due to the acid’s dipolar character. 

L I  
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This ester had been prepared by another method by Claus and Steinitz (10); 
the yield was not stated, but was presumably too low to be useful in this case. 

A derivative meeting the above requirements was finally found in the pre- 
viously unreported dipolar picrate-sodium salt. This compound is in itself of 
some interest in that both the basic and acidic groups of the quinolinesulfonic 
acid appear to be simultaneously involved in external salt formation, a type of 
compound which is apparently unusual. The compound is not obtained unless 
the solution is held within a certain pH range during preparation, by use of suit- 
able praportions of sodium carbonate and acetic acid. 

The results obtained indicate that the crude sulfonic acid prepared in the man- 
ner described is sufficiently pure for ordinary purposes, but a product of presum- 
ably higher purity can be obtained by regeneration from the recrystallized pic- 
rate-sodium salt. 

All attempts to convert 8-quinolinesulfonic acid or its sulfonchloride to the N- 
oxide by use of monoperphthalic or peracetic acids were unsuccessful. In an 
attempt to activate the halogen atom of 4-hydroxy-8-chloroquinoline by con- 
version to the N-oxide, as an alternate means of preparing the intermediate 4- 
chlor0-8-quinolinethio1, the N-oxide likewise could not be prepared. Since in 
the meantime Riegel and co-workers (1 l), working independently, had succeeded 
in sulfonating 4-chloroquinoline in the 8-position, no further attempts were made 
to  chlorinate the 8-sulfonic acid. 

EXPERIMENTAL 

8-QuinoEinesuZfonic acid. To 123 ml. of fuming sulfuric acid (30% SOJ in an ice-cooled 
flask was added dropwise 59 ml. of dry, colorless quinoline (b.p. 105-107"/8 mm.) at such a, 
rate that the temperature did not exceed 90". The resulting dark solution was heated a t  
90" for 40 hours with exclusion of moisture, and, after cooling, was poured cautiously into 
500 ml. of water. The colorless prisms which crystallized out on cooling were filtered, 
washed with water, and dried; yield 67 g. (54%) of the practically pure 8-sulfonic acid. 
[The filtrate may presumably be used for the preparation of the more soluble 5- and 7-SUI- 
fonic acids (12). The 6-sulfonic acid is prepared (13) with concentrated instead of fuming 
sulfuric acid. ] 

8-Quinolinesulfonchloride. The method of Edinger (14) was followed, but i t  was found 
better to  extract the sulfonchloride with chloroform, and to  recrystallize i t  from benzene- 
petroleum ether. A sample of the sulfonic acid prepared as above described gave a 58% 
yield of sulfonchloride, m.p. 124-126'. 

Sodzum 8-quinolinesulfonate picrate. To 6.7 g. of the sulfonic acid prepared as above 
described was added in  the order named 96 ml. of water, 8.2 g. of picric acid (10% HzO), 
3.4 g. of anhydrous sodium carbonate, and 3.7 ml. of acetic acid, and the mixture heated 
until a clear solution resulted. On cooling, the picrate-sodium salt separated as golden 
leaflets in  almost quantitative yield, m.p. 225-226", with decomposition. A sample re- 
crystallized from water, for analysis, showed the maximum m.p. 226-227', with decom- 
position. 

Anal.* Calc'd for C16H9NlNa010S (460.3) : Na, 5.00; N, 12.17. 
Found: Na, 5.03; h-, 12.23. 

Regeneration of the sulfonic acid. A 14.8-g. portion of the picrate-sodium salt was dis- 
solved in 70 ml. of hot water, and 35 ml. of 6 N sulfuric acid was added. The hot solution 

* Analysis by Dr. Carl Tiedcke. 
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(containing suspended solid) was then extracted with 600 ml. of benzene (preheated to  
about 60') in four portions, each portion being decanted off. The colorless aqueous phase 
was fkally heated to boiling and allowed to cool. The sulfonic acid was collected, washed 
with water, and dried; colorless prisms, weight 6.0 g. (recovery 88%). 

SUMMARY 

A synthetic method suitalde for the laboratory preparation of 8-quinoline- 
sulfonic acid has been exactly described, and the product characterized by con- 
version to the sulfonchloride and a new picrate-sodium salt derivative of unusual 
type. 

ROCHESTER, S. Y. 
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In view of the antimalarial activity of 1,ll-undecane diamidine (1, 2) and the 
amoebicidal activity of long-chain aliphatic diamines (3), it was suggested3 that 
a series of the latter type be prepared for assay as antimalarial drugs. 

The symmetrical decamethylene diamines were prepared by treating the ap- 
propriate secondary amine with decamethylene dibromide. 

Br(CH2)loBr + 2R2NH -+ R;N(CH~)IONR~ 

The products characterized are summarized in Table I. 

prepared through decamethylene chlorohydrin (4). 
The unsymmetrical decamethylene diamines, summarized in Table 11, were 

1 HBr ~ R ' N H  

HBr 

Distillation of 10-N-piperidyldecyl chloride was accompanied by partial de- 
hydrohalogenation and some 10-N-piperidyl-l-decene was isolated from the 
distillate. The amino alcohol was prepared from morpholine as well as piperi- 
dine but was not further transformed to the corresponding diamines. 

The preparation of undecamethylene diamines was based on undecenyl alcohol, 
available by sodium and alcohol reduction of ethyl undecylenate (5 ) .  The 
acetate of the alcohol was converted to 11-bromoundecyl acetate by addition of 
hydrogen bromide (6) using benzoyl peroxide catalysis. The bromo ester was 
isolated and characterized, apparently for the first time. 

( C € ~ ) ~ N ( C H ~ ) ~ I ( ) H  + ( C H ~ ) ~ ~ ( C H ~ ) I I O C O C H ~  

* The work reported in this paper was carried out under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the University of Illinois. 

2 Present address: Department of Chemistry, University of Kotre Dame, Notre Dame, 
Indiana. 

8 This suggestion was made by the malaria research group a t  the National Institute of 
Health. 

281 



282 PRICE, GUTHRIE, HERBRANDSON, AND PEEL 

Since treatment of the bromo ester with piperidine led not only to replacement of 
the bromine but partial aminolysis, it was found convenient to treat the mixed 
amino alcohol-amino ester with hydrochloric or hydrobromic acid to prepare the 
chloro- or bromo-amine which was then condensed with the desired secondary 

TABLE I 
SYMMETR:[CAL DECAMETHYLENE DIAMINES 

R2N 

0 (CHzCHz) zN 

CzHs 
\ 
/ 

N 

n-CdHg 

- 
B.P. OF AMINE 'c. 

(m.p. 49)b 

205-207 (7mm.) 

2OC-205 (8 mm.) 

193-203 (3 mm.) 

205-215 (3 mm.) 

173-183 (2 IIUII.) 

242-243 (2 mi.) 

288-292 (2 mi.) 

SALT 

li HBr 

l i  HBr 

di  P.S.* 

di HBr 

[.P.OC. 

226 

275 

188 

149 

Calc'd 

ANAL. 

Found 

N.E. 237 

N.E. 235 

C, 47.20 
H, 4.76 
N, 11.56 

C, 58.36 
H, 8.21 
N, 4.25 

N.E. 240 

N.E. 235 

c, 47.44 
H, 5.07 
N, 11.18 

c, 58.50 
H, 8.37 
N, 4.28 

SNa 

5001 

5000 

6931 

8055 

6932 

8054 

89Op-Sa 

8882 

0 The Survey Number, designated SN, refers to the number assigned a drug by the 
Survey of Antimalarial Drugs. The activities of these compounds will be tabulated in a 
forthcoming monograph. 

b Anderson and Pollard, [ J .  Am. Chem. Soc., 61,3440 (1939)l report 51.5'. 
e Adkins [ J .  Am. Chem. Soc., 66, 2419 (1934)l reports 181-183' (2 mm.). 
J P.S. = picrylsulfonate. 

amine. When this secondary amine was low-boiling it was desirable to use the 
bromo amine since the chloro amine was too unreactive to condense readily a t  
the boiling point of the secondary amine. The properties of the diamines pre- 
pared are summarized in Table 111. 
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160-161 

173-174 

167-170 

166-167 

188-190 

TABLE I1 
10-N-PIPERIDYLDECYL AMINES 

C, 42.17 C, 42.52 
H, 5.25 H ,  5.36 
N, 12.69 N, 12.69 

C, 43.51 C, 43.84 
H, 5.53 H, 5.67 

C, 44.77 C, 44.83 
H, 5.80 H, 5.59 
N,  11.93 N,  11.53 

C, 45.95 C, 46.23 
H, 6.05 H, 6.23 
N, 11.59 N,  11.32 

C, 41.51 C, 41.45 
H,  4.94 H, 4.84 
N,  12.50 N, 12.90 

145-148 (2 mm.) 1.4681 

168-170 (2 mm.) 

176-178 (1 mm.) 

198-200 (2 mm.) 

180-182 (2 mm.) 

1.4657 

1.4659 

1.4661 

1.4799 

This product has been reported (4) to  boil a t  235-240" (6 mm.) and to  form a dihydro- 
chloride melting a t  133". 

T-4BLE 111 
I~-N-PIPERIDYLUNDECYL AMINES 

RZN B.P. OF MNE, "c. 

190 (3 mm.) 

210 (3.5 mm.) 
200 (2.5 mm.) 

215 (2.5 mm.) 

195 (3.5 mm.) 

-- 
1.4703 

1.4678 
1.4682 

1.4678 

1.4791 

P.P.  OF 
DIPICRYL- 
JILF:NATE, 

C. 

176-178 

168-171 

165-167 

186-188 

ANAL. 

Calc'd 

C, 44.15 
H, 5.67 
N, 12.12 

c, 45.37 
H,  5.92 
N, 11.76 

C, 46.52 
H, 6.16 
N, 11.42 

C, 42.19 
H, 5.09 
N, 12.30 

Found 

C, 44.46 
H ,  5.94 
N, 11.95 

C, 45.46 
H, 5.85 
N, 11.22 

C, 46.47 
H,  6.00 
N, 11.55 

C, 42.66 
H, 5.58 
N, 12.05 

8874 

8875 

8876 

9518 

a The Survey Number, designated SN, refers to the number assigned a drug by the 
Survey of Antimalarial Drugs. The activities of these compounds will be tabulated in a 
forthcoming monograph. 
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EXPERIMENTAL4 

Symmetrical decamethylene diamines (D. B. G.). Decamethylene glycol was converted 
to  the dibromide by treatment with hydrobromic-sulfuric acid in 67% yield, b.p. 127-130" 
(4 mm.); m.p. 27' [lit. (7), b.p. 162' (9 mm.); m.p. 27.4'1. The dibromide was converted to  
the diamine by heating at 90-100' with the desired secondary amine for twenty-four hours. 
The properties of products, obtained in 55-80% yield, are summarized in Table I. 

Unsymmetrical decamethylene diamines (H. F. H.) . Decamethylene glycol was converted 
to  the chlorohydrin essentially according to the directions of Bennett and Mosses (4). 
The product, obtained in 55% yield, boiled at 126128" (2 mm.); m.p. 12-13'; ng 1.4578. 
A forerun, b.p. 104-110" (2 mm.), map. 10-12", was evidently decamethylene dichloride. A 
mixture with the chlorohydrin melted from 1" to 7". 

Treatment of the chlorohydrin with piperidine a t  140-160" for twelve hours yielded the 
piperidyl alcohol in 91% yield, b.p. 159-164" (3 mm.). It crystallized from 30-60" petroleum 
ether as flat, white platelets, m.p. fi0-61'.6 The hydrochloride crystallized from chloroform- 
ethyl acetate as fine, white needles, m.p. 170-171". 

IO-N-Morpholino-f -decanol was obtained in a similar fashion in 82% yield, b.p. 163-170" 
(2 mm.). On recrystallization from 30-60" petroleum ether i t  melted at 40-40.5". Its hydro- 
bromide, prepared in hot, dilute hydrobromic acid, recrystallized from chloroform as white 
needles, m.p. 164-165". 

Anal .  Calc'd for ClrHsoBrNOz C, 51.85; H, 9.32; N, 4.32. 

IO-N-Piperidyl-f -decy1 chloride hydrochloride was prepared in 82% yield by treatment 
of the alcohol with thionyl chloride in benzene. After recrystallization from ethyl acetate 
it melted at 135-136" [lit. (3), 127-128'1. The amino chloride distilled under vacuum only 
with considerable dehydrohalogenation. From the forerun, b.p. 109-116" (2 mm.), 10-N- 
piperidyl-f -decene was isolated and identified as its hydrochloride, which crystallized from 
ethyl acetate as white plates, m.p. 166.5-167'. 

Found: C, 52.33; H, 9.60; N, 4.32. 

Anal .  Calc'd for CISH&lN: C, 69.33; H, 11.64; N, 5.39. 
Found: C, 69.96; H, 11.88; N, 5.12. 

Conversion of the piperidyl alcohol to the diamines was accomplished most conveniently 
by refluxing in 427, hydrobromic acid to form the bromo amine hydrobromide. This was 
not isolated but treated in solution with an excess of the desired secondary amine and 
boiled overnight. The properties of the diamines, obtained in 32-63% yield, are listed in 
Table 11. 

Undecamethylene diamines (E. W. P.). Undecenyl acetate was obtained in W92% 
yield by the pyridine-catalyzed reaction of the alcohol with acetic anhydride, b.p. 142-152" 
(18 mm.); n: 1.4390. Addition of hydrogen bromide was accomplished in ice-cold benzene 
solution using benzoyl peroxide as catalyst. The bromo ester was obtained in 82% yield, 
b.p. 183-197' (16 mm.); n: 1.4648. The position of the bromine atom on the terminal car- 
bon mas established by hydrolysis to 1,Il-undecamethylene glycol, m.p. 61-61.5' [lit. (6), 
61-62°]. 

Treatment of the bromo ester with piperidine by boiling for ten hours gave a liquid 
mixture, boiling a t  172-186" (3 mm.), in about 80% yield. On standing, some crystals sepa- 
rated, which were identified as 11-Ii-piperidyl-l-undecanol, m.p. 63-65'. 

Anal .  Calc'd for C M H ~ ~ Y O :  C, 75.23; H, 13.02; N, 5.48. 
Found: C, 75.48; H, 1320; N, 5.65. 

Its hydrochloride, crystallized from absolute ethanol, melted a t  156-158". 
Anal .  Calc'd for C1&&1~0:  C, 65.83; H, 11.74. 

Found: C, 65.75; H, 11.84. 
i i-K-Piperid&l -undecyE chloride was prepared from the alcohol by boiling with con- 

4 Microanalyses by Miss Theta ,Spoor and Miss Lillian Hruda. 
6 10-X-Piperidyldecanol is repori,ed (3) to melt a t  55-56' and to boil at 210-211" (25 mm.). 
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centrated hydrochloric acid for lifty-four hours. The chloride, obtained in 56% yield, 
boiled a t  164-168" (2.5 rnm.); n t  1.4739; m.p. -7" to -5". The corresponding bromide, 
prepared similarly, was not isolated but was used directly in reactions with secondary 
amines. The properties of the diamines, obtained in about 70-80% yield, are summarized 
in Table 111. 

The dipicrylsulfonates were prepared by treating the diamines, in aqueous solution as 
the hydrochlorides, with an aqueous solution of sodium picrylsulfonate. The salts could 
be purified by recrystallization from ethanol. 

SUMMARY 

The preparation and properties of a number of decamethylene and undeca- 
methylene di-tertiary amines has been reported. 

URBANA, ILL. 
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Very few preparations of C-alkylmorpholines have been reported, although the 
literature on N-alkyl and arylmorpholines is large. Morpholine itself was first 
prepared in 1889 by Knorr (1) by dehydration of diethanolamine with 70% 
sulfuric acid. MBdard (2) studied this dehydration more thoroughly, and ob- 
tained morpholine in 90-95% yield by heating diethanolamine with 95% sulfuric 
acid for 7-8 hours a t  175-180". Krasuskii (3) applied this dehydration method 
to di-isopropanolamine but obtained only 22% yield of 2,6-dimethylmorpholine 
by heating di-isopropanolamine with 70% sulfuric acid in a sealed tube at  160- 
170' for 8 hours. Payman and Piggott's (4) method involved the condensation 
of alkylene or arylalkylene halohydrins with aromatic sulfonamides to form N- 
di-(8-hydroxyalky1)arylsulfonamides which when treated with sulfuric acid 
yielded a morpholine and an arylsulfonic acid. The preparation of 2 ,&dimethyl- 
morpholine from 1-chloro-2propanol and p-toluenesulfonamide is recorded by 
these workers. 3,5-Diphenylmorpholine-2,6-dicarboxylic acid was also pre- 
pared, by treating p-chloro-6-phenyl*-hydroxypropionic acid (obtained from 
phenylglycidic acid and hydrochloric acid) with a sulfonamide and subsequently 
heating with sulfuric acid. hdams and Cairns (5) prepared the N-arylsulfona- 
mide of 2,2,6 , 6- or 2,2,5,5-tetramethylmorpholine as a by-product of the de- 
hydration of 1-(p-bromobensenesulfonamide)-2-methyl-2-propanol with phos- 
phorus pentoxide. 
In the present work, the Preparation of 2-methylmorpholine, 3,3-dimethyI- 

morpholine, 3-ethylmorpholine7 2-methyl-5-ethylmorpholine, and 2-ethylmor- 
pholine are reported. The first four compounds were prepared by dehydration 
of the corresponding alkanolamines, which were made by addition of the appro- 
priate amino alcohol to an olefin oxide. In the preparation of 2-methylmor- 
pholine, the dialkanolamine, N-/3-hydroxyethyl-l-amino-2-propanol, was pre- 
prepared by the addition of 2-aminoethanol to propylene oxide. In the prepara- 
tion of 3,3-dimethylmorpholine, the dialkanolamine, N-p-hydroxyethyl-2- 
amino-2-methy1-1-propano1, was prepared by the addition of 2-amino-2-methyl- 
1-propanol to ethylene oxide. The dialkanolamine used in the preparation of 
3-ethylmorpholine7 N-8-hydroxyethyl-2-amino-1-butanol, was prepared by the 
addition of 2-amino-1-butanol to  ethylene oxide. The dialkanolamine used in 

1 The experimental work reported in this paper was done on a volunteer basis in connec- 
tion with a contract between Columbia University and the Committee on Medical Research 
of the Office of Scientific Research and Development as a part of their Antimalarial Re- 
search program. 

2 Present address : Standard Oil Development Company, Esso Laboratories, Elizabeth, 
New Jersey. 

* Present address: The Proctor & Gamble Company, Ivorydale 17, Ohio. 
4 Now serving with the United States Navy. 
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the preparation of 2-methyl-5-ethylmorpholine, N-/3-hydroxy-n-propyl-2-amino- 
1-butanol, was prepared by the addition of 2-amino-1-butanol to propylene 
oxide. 2-Ethylmorpholine was prepared by the following series of reactions: 
(CH,CH0)3 + HCI + ClCHzCHzOH + 

CH3CHCl-O-CHzCH2Cl + H2 0 
CH~CHC~-O-CHZCH~C~ + Br2 3 

CH2BrCHBr-O-CH2CH2C1 + HCl 
CH2BrCHBr-O-CH2CH2C1 + C2H6MgBr --f 

CH~B~CH(C~HS)-~-CH~CHZC~ + MgBrz 

CH~B~CH(CZHS)-O-CH~CHZC~ + 3CsHE"z + 

CH2-CHz 
/ \ 
\ 

I 
/NC6Hs 

C6H6NHsC1 + C6H6NH3Br + 0 

CH- CH2 

C2HS 

NCaHs + "02 -+ 
0 /cH2-cH2 \ 

/ 
CH-CHz 

C2HS 

\ 
I 

CHz- CHn 

NCJ&-NO-p + HzO / \ 
/ \ 

0 

CH-CHz 

NH + p-NO-CsKOH 
0 /CH2-cH2 \ 

/ 
CH-CH2 

\ 
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EXPERIMENTAL 

Reagents. The 2-aminoethanol, 2-amino-2-methyl-l-propano1, and 2-amino-1-butanol 
were supplied generously by The Commercial Solvents Corporation. The ethylene oxide 
was purified by passing i t  through two 4-foot towers filled with crushed sodium hydroxide. 
The other reagents were from common sources and were used without further purification. 

Preparation of N-8-hydroxyt:thyl-1 -amino-2-propanol. 2-Aminoethanol (1143 g. 18.7 
moles) and 765 g. of water (to make a 60% solution) were chilled by ice. To the vigorously- 
stirred solution, 139 g. (2.4 moles) of propylene oxide was added dropwise. Water and 2- 
aminoethanol were removed by fractionation; the recovered 2-aminoethanol was used in 
subsequent runs. The dialkanolamine distilled a t  160-175"/35 mm. and was refractionated 
through a three-bulb Snyder column to give a yield of 268 g., or 94% of a product boiling 
163-166'/35 mm.; d,26 1.042; nbJ 1,4670; 

Anal? Calc'd for CsHl3NO2: N, 11.76; Mol. Wt., 119.1. 
Found: N, 11.75; Mol. Wt. (by titration), 120.1. 

Preparation of I-methylmorpholine. I n  a 3-liter 3-necked flask fitted with mercury- 
sealed stirrer, dropping-funnel, and condenser set for distillation was placed 1700 g. of 95% 
sulfuric acid. To the water-cooled, vigorously-stirred acid, 620 g. (5.2 moles) of N-8- 
hydroxyethyl-1-amino-2-propanol was added through the dropping-funnel. When all was 
added, the mixture was heated a t  155-165" for ten hours, allowing the water formed to dis- 
till. After cooling, a solution of 1530 g. of sodium hydroxide in 2.5 1. of water was added 
carefully to  the acid mixture, and the resulting alkaline solution was extracted with ether 
in a large continuous extractor for 48 hours. The ether extract was fractionated through a 
three-bulb Snyder column to obtain 297 g. or 57% yield of 2-methylmorpholine boiling 
133-136". The products from several runs were refractionated through an eight-bulb 
Snyder column to obtain a product boiling at 135136'; di6 0.939; nbJ 1.4454. 

Anal. Calc'd for C5HnNO: C ,  59.40; H, 10.97; N, 13.85; Mol. Wt., 101.1. 
Found: C, 59.11; H, 10 99; N, 13.42; Mol. Wt. (by titration), 101.8. 

The phenylthiourea derivativc: and the p-toluenesulfonamide derivative were prepared 
by standard procedures (6). 'The phenylthiourea derivative melted a t  135.5-136.5" 
(uncorr.). 

Anal. Calc'd for CUHIBN~OS: N, 11.91; Found: N, 11.1. 
The p-toluenesulfonamide derivative melted at 88-89' (uncorr.). 
Anal. Calc'd for C I ~ H I ~ N O ~ E :  N, 5.49; Found: N, 4.99. 
Preparation of N-8-hydroxyethyl-3-amino-8-methyl-1-propanol. A 60% aqueous solution 

of 1910 g. (24.8 moles) of 2-amino-2-methyl-I-propanol was placed in a 5-1. 3-necked flask 
fitted with a stirrer and wide inlet tube. To the well-cooled, vigorously-stirred solution, 
gaseous ethylene oxide, purified as previously described, was passed in until the gain in  
weight of the flask corresponded to  an absorption of 136 g. (3.10 moles) of the oxide. The 
mixture was then fractionated through a three-bulb Snyder column; the recovered amino 
alcohol was used in subsequent preparations. The yield of N-~-hydroxyethyl-2-amino-2- 
methyl-I-propanol boiling a t  143--147"/10 mm. was 396 g., or 96%. This product melted a t  
60-61" (uncorr.). 

Anal. 

Preparation of 3,9-dimethylmorpholine. 

Calc'd for CeHlsNOz: C:, 54.10; H, 11.35; K,  10.52; Mol. w t . ,  133.2. 
Found: C, 54.63; H, 11.32; W, 10.14; Mol. Wt. (by titration), 133.9. 

The conditions of Mt5dard (2) were used. Four 
hundred grams (3.00 moles) of N-~-hydroxyethyl-2-amino-2-methyl-l-propanol was slowly 
added to 540 g. of 95% sulfuric acid in a water-cooled flask fitted with mercury-sealed stirrer 
and condenser set for distillation. The vigorously-stirred mixture was heated for 9.5 
hours a t  178-180", then cooled, ms,de alkaline with sodium hydroxide solution arid extracted 
with ether in  a large continuous iextractor. The ether extract was fractionated through a 
three-bulb Snyder column and 266 g., a 77% yield, of 3,3-dimethylmorpholine boiling at 

6 All microanalyses were performed by Miss Lois E. May of Columbia University, New 
York, New York. 
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143-146" was collected. The combined yields of several runs were twice fractionated 
through a six-bulb Snyder column to give a product boiling a t  143-144"; di :  0.9355; n: 1.4472. 

Anal .  Calc'd for CeHlaNO: C, 62.57; H, 11.38; N,  12.16; Mol. Wt., 115.2. 
Found: C, 62.76; H, 11.64; N, 11.92; Mol. Wt. (by titration), 115.9. 

Preparation of N-~-hydroxyethyl-2-amino-l-butanol. This compound was prepared by 
the samiB procedure as for N-~-hydroxyethyl-2-amino-2-methyl-l-propanol, using 2125 g. 
(24.0 moles) of 2-amino-1-butanol and 132 g. (3.00 moles) of ethylene oxide. The yield of 
product boiling a t  138-140"/12 mm. was 363 g. or 91%; d,2: 1.0153; n: 1.4677. 

Anal .  Calc'd for CeHI6NO2: C, 54.10; H, 11.35; N, 10.52; Mol. Wt., 133.2. 
Found: C, 54.90; H, 11.43; N, 10.03; Mol. Wt. (by titration), 133.2. 

Prepcsration of 5-ethylmorpholine. This compound was prepared by the same procedure 
used for 3,3-dimethylmorpholine, using 400 g. (3.00 moles) of N-p-hydroxyethyl-2-amino-l- 
butanol and 540 g. of 95% sulfuric acid. The yield of 3-ethylmorpholine boiling at 156.5- 
157.5' was 2-48 g., or 72%. On redistillation of the combined fractions from several runs 
through a six-bulb Snyder column, the fraction 156.5-157.5' was collected as pure product, 
d l o  0.9556; n: 1.4519. 

Anal .  Calc'd for CBHl3NO: C, 62.57; H, 11.38; N, 12.16. Mol. Wt., 115.2. 
Found: C, 62.76; H, 11.64; N, 11.92; Mol. Wt. (by titration), 116.0. 

Preparation of N-~-hydroxy-n-propyl-2-arnino-l-butanol. This compound was prepared 
by the same procedure used for N-~-hydroxyethyl-l-amino-2-propanol, using 1780 g. (20.0 
moles) of 2-amino-1-butanol and 110 g. (2.50 moles) of propylene oxide. The yield of dial- 
kanolandne boiling a t  147.0-152.5"/16 mm. n a s  335 g., or 91%; &: 1.0153; n: 1.4677. 

Anal .  Calc'd for C7H1&02: C, 57.10; H, 11.65; N, 9.51; Mol. Wt., 147.3. 
Found: C, 57.35; H,  12.15; N, 9.14; Mol. Wt. (by titration), 147.8. 

Preparation of 2-methyl-6-ethylmorpholine. This compound was prepared by the same 
procedure used for 2-methylmorpholine, using 147 g. (1.0 mole) of N-p-hydroxy-n-propyl-2- 
amino-1-butanol and 330 g. of 95% sulfuric acid. The time of heating was 12 hours. The 
yield of 2-methyl-5-ethylmorpholine boiling a t  163-164" was 110 g., or 86%; this product was 
refractionated through a six-bulb Snyder column to give a product boiling a t  164.5-165.0'; 
d i t  0.9222; n: 1.4471. 

Anal .  Calc'd for CrHlsNO: C, 65.07; H, 11.70; N, 10.84. 
Found: C, 64.53; H, 12.35; N,  10.65. 

Preparation of 1-chloro-1-(p-chloroethoxy )ethane. This preparation was a modification 
of the ones previously applied to  the same substance by Grignard and Purdy (7), who ob- 
tained i t  in 65y0 yields, and by Summerbell and Umhoefer (S), who obtained a crude yield 
of 794r0. The yield obtained by the folloning procedure in five runs averaged 68% of a 
product distilling at 46-48"/10-11 mm. through a five-bulb Snyder column. 

Dry hydrogen chloride was passed as rapidly as absorption would take place for three 
hours into a vigorously-stirred mixture of 350 g. (4.36 moles) of ethylene chlorohydrin and 
200 g. (1.52 moles) of paraldehyde cooled i,o -10". The resulting upper layer was dried 
overnight over calcium chloride and fractionated. 

The procedure used was that  of 
Summerbell and Umhoefer (8) except that the bromine was added at room temperature 
instead of a t  0" because of the slowness of the reaction a t  the lower temperature. The yields 
from six preparations, each involving 2.68 to 3.11 moles of 1-chloro-1-(8-ch1oroethoxy)ethane 
averaged 82% of a product distilling a t  110-113"/13 mm. through a six-bulb Snyder column. 
This substance was a powerful lachrymator ,md great care had to  be exercised in handling i t .  

Preparation of l-bromo-2-(p-chloroethoxy)butane. The procedure used was a modification 
of one described by Summerbell and Umhoefer (8). They failed to  heat their reaction mix- 
ture of ethylmagnesium bromide and 1,2-dibromo-l-(P-chloroethoxy)ethane and obtained a 
yield of 25y0. In  the present work the mixtures were refluxed a t  45-50" for one hour and 
allowed to  stand 12 hours or longer before hydrolysis. The yields of seven preparations 
involving 1.61 to  2.60 moles of 1,2-dibromo-1-(p-chloroethoxy)ethane and approximately 
equivalent quantities of ethylmagnesium bromide averaged 81% of a product distilling a t  
91-93"/11 mni. 

Preparation of 1,2-dibromo-l-(p-chloroethoxy)ethane. 
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Preparation of d-ethyl-4-phenylmorpholine. Although the preparation of 2-ethyl-4- 
phenylmorpholine had not been described previously, Cretcher, Koch, and Pittenger (9) 
have described various 4-arylmorpholines, and their method was adapted t o  this work. 

l-Bromo-2-(~-chloroethoxy)butane (440 g. or 2.05 moles) and 548 g. (6.15 moles) of aniline 
were placed in a 3-1. flask fitted with a large Hopkins condenser and heated in  a n  oil-bath. 
When the temperature reached 120-130" a vigorous reaction made removal of the oil-bath 
necessary. After three to  four minutes the reaction subsided, the oil-bath was replaced 
and heating continued a t  160" for four hours, at the end of which the contents of the flask 
were almost completely solid. After cooling, 240 g. (6.0 moles) of sodium hydroxide in  500 
ml. of water was added, the o.rganic layer removed and the water layer extracted with 
benzene. Distillation of the benzene removed the water, and the residue was vacuum- 
fractionated through a three-bulb Snyder column. The recovered aniline was used in sub- 
sequent runs. The yield of product boiling at 139-140'/9 mm. was 83%. 

Anal .  Calc'd for CI~HI.INO: C, 75.35; H, 8.96; N, 7.33. 
Found: C, 77.24; H, 9.23; N, 7.42. 

The average yield of six similar preparations involving 1.25 to  2.11 moles of dibromoether 
was 78%. One preparation with 1.02 moles of dihaloether which was heated for 2 hours 
gave a 60% yield, and one with 2.00 moles which was heated for 9 hours gave a 56% yield. 

TABLE I 
TEE NITROSATION OF 2-ETIiYL-4-PEIENYLMORPEOLINE 

MOLES OF &ETHYL- 
4 -PHENYLMORPHOLINE 

0.61 
1.00 
1.12 
1.50 
1.50 
1.50 
1.53 
1.41 

bC0LES OF 
HYDROCHLORIC ACID 

4.61 
13.0 
10.0 
15.0 
15.0 
10.0 
10.0 
14.0 

~ ~~ 

MOLE m n o  OF ACID ro  
PHENYLHOBPHOLINE 

7.6 
13.0 
8.9 

10.0 
10.0 
10.0 
9.8 

10.0 

YIELD OF 
~-ETEYLMOXPHOLINE, % 

23 
57 
36 
45 
54 
47 
33" 
61 

Ratio of NaN02/phenylmorpholine was 1.5; in all other runs i t  was 1.05. 

Preparation of 2-ethylmorpholine. (a) Nitrosation. The conditions given by Bennett 
and Bell (IO) were adapted. In  a typical run, 286 g. (1.50 moles) of 2-ethyl-4-phenylmor- 
pholine was dissolved in  1250 ml. of concentrated hydrochloric acid (15 moles), diluted with 
1250 ml. of water, and chilled to  -6". A solution of sodium nitrite containing 109 g. (1.58 
moles) in  150 ml. of water was ridded dropwise to  the well-stirred hydrochloride solution 
over a period of 2.5 hours, and stirring continued for another hour. The resulting solution 
was treated with 605 g. (16 moles) of sodium hydroxide in 700 ml. of water, cooled, extracted 
with ether, the ether removed by distillation, and the residue hydrolyzed. 

Although the nitroso compound was not isolated as a pure substance, the following data  
on the nitrosations are of interest because the subsequent hydrolysis conditions were kept 
constant and the difference in yield of the 2-ethylmorpholine must be attributed to  a differ- 
ence in the nitrosation procedure. It will be noted that  when the mole ratio of hydrochloric 
acid to  phenylmorpholine was below 10.0, the yield of 2-ethylmorpholine suffered. Excess 
sodium nitrite was also found to  decrease the yield of 2-ethylmorpholine. 

The conditions for hydrolyzing the nitroso 
compound were those used by Mr. Munch and Miss Thannhauser of this laboratory in the 
preparation of some diamines (11). The nitroso compound was treated with a 27% solution 
of sodium bisulfite in  the ratio of one mole of nitroso compound to  six moles of bisulfite. 
The mixture was heated to  35-40' for one hour and then a t  75" for one hour, with stirring 

(b) Hydrolysis of the nitroso derivative. 
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throughout, After cooling, the mixture was treated with 8 moles of concentrated hydro- 
chloric acid per mole of phenylmorpholine nitrosated, and the volume reduced by distilla- 
tion to about 1500 ml. The resulting solution was treated with 9 moles of sodium hydroxide 
per mole of phenylmorpholine nitrosated, during which addition much ammonia was given 
off. Extraction of the amine was performed with ether in a large continuous extractor, the 
ether solution was dried over potassium carbonate and the ether removed by distillation. 
The residue was fractionated through a three-bulb Snyder column, and the crude 2-ethyl- 
morpholine distilled a t  155-157", or 38-40"/8 mm. The combined yields of several prepa- 
rations were refractionated twice through a six-bulb Snyder column and the portion dis- 
tilling a t  154" was taken as pure product. Physical constants on this fraction were as 
follows: di :  0.9419; n f  1.4519. 

Anal. Calc'd for CsHlaNO: C, 62.56; II, 11.38; N, 12.17; Mol. Wt., 115.2. 
Found: C, 62.44; H, 11.73; N, 11.50; Mol. Wt. (by titration), 115.5. 

The phenylthiourea derivative and p-toluenesulfonamide derivative were prepared by 
standard procedures (6 ) .  The phenylthiourea derivative melted a t  126.4-127.2" (uncorr.) 
and the p-toluenesulfonamide derivative melted a t  116.0-116.7" (uncorr.) . 

SUMMARY 

The preparation in quantity and in high yield of the following new compounds 
is reported : 2-methylmorpholine, 3 ,3-dimethylmorpholine, 3-ethylmorpholine, 
and 2-methyl-5-ethylmorpholine. These substances were made by dehydration 
of the dialkanolamines, N-j3-hydroxyethyl-l-amino-2-propanol, N-j3-hydroxy- 
ethy1-2-amino-2-methy1-1-propano1, N-j3-hydroxyethyl-2-amino-l-butanol, and 
N-j3-hydroxy-n-propyl-2-amino-l-butanol, which also are new substances and 
which were prepared by the addition of commercially available amino alcohols 
to olefin oxides. 

The preparation of 2-ethylmorpholine, a new compound, in large quantity by 
a five-step synthesis starting with commercially available materials is described. 
This synthesis involved the preparation of 2-ethyl-4-phenylmorpholine, also a 
new compound, its nitrosation, and the hydrolysis of the nitroso derivative. 
Conditions affecting the yields of 2-ethylmorpholine from this hydrolysis are 
discussed. 

NEW BRUNSWICK, N. J. 
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NOTE OK SOME AZOMETHIPU'ES FROM 
p-DIALKYLAMINOBEN ZALDEHYDES 

R. STUART TIPSON AND MARY A. CLAPP 

l?ecei,ved February 81, 1946 

During the course of other work, it recently became necessary to prepare some 
asomethines of p-dialkylaminobensaldehydes. Werner (1) states that, on treat- 
ment with p-dimethylaminobi3nsaldehyde1 "no reaction occurs with . , . hetero- 
cyclic amino compounds,11 presumably in the presence of mineral acid at room 
temperature. We find that, an heating, this aldehyde reacts with 2-amino- 
pyridine and with 6-methoxy-8-aminoquinoline to give the corresponding Schiff 
bases. 

As mentioned in the experimental section, our observations do not agree with 
Werner's in several particulars. 

EXPERIMENTAL 

p-Dimethylaminobenzylidene p'-carboxyanil. A solution of 10 g. of p-dimethylamino' 
f benzaldehyde in 50 cc. of absolute ethanol was filtered into a filtered solution of 9.2 g. o 

p-aminobenzoic acid in 100 cc. of warm absolute ethanol. After 10 minutes a t  room tem- 
perature, separation of golden-yellow crystals commenced spontaneously. After standing 
overnight a t  room temperature, the crystals were filtered off, mashed with two 25-cc. por- 
tions of absolute ethanol, and dried; wt. 14.3 g. (79.5%); m.p. 264-265" [Wayne and Cohen 
(2) gave m.p. 261-262'; Werner (l) ,  m.p. 245'1. Werner (1) stated that i t  crystallizes as 
dark red rosettes and that "in ethyl alcohol . , . the reaction proceeds very slowly." 

Anal. 

p-Diethylaminobenzylidene p'-carboxyanil. A solution of 10 g. of p-diethylaminobenzal- 
dehyde in absolute ethanol was added to a solution of 7.8 g. of p-aminobenzoic acid in ab- 
solute ethanol as in the previous experiment. Crystallization of the product commenced 
after 30 minutes a t  room temperai,ure; after standing overnight a t  room temperature, the 
product was filtered off and dried; wt. 11.2 g. (67%); m.p. 241-242'. It was recrystallized 
from chloroform (65 volumes), giving yellow crystals; m.p. 242-243". 

Calc'd for CI8H2,,N2O2: C, 72.93; H, 6.8; N, 9.46. 
Found: C, 72.74; H, 6.6; N, 9.31. 

Calc'd for CIGHlbNZOg: C, 71.60; H, 6.0; N, 10.45. 
Found: C, 71.91; H, 6.1; N, 10.32. 

Anal. 

p-Dimeth ylaminobenzylidene p'-sulfoanil. Sulfanilic acid (11.6 g.) u'as suspended in 
200 cc. of absolute ethanol, a solution of 10 g. of p-dimethylaminobenzaldehyde in 50 cc. 
of absolute ethanol was added, and the mixture boiled under reflux during four hours. 

After standing overnight at room temperature, the insoluble, orange-colored material 
was filtered off and dried; wt. 17.$! 6.; m.p. above 360". This was recrystallized from 150 
volumes of water, giving 12 g. of orange-colored crystals; m.p. above 360" [Werner (1) re- 
ports m.p. 300"l. It was dried at 134" a t  20 nim. for analysis. 

Anal. Calc'd for ClsH36N20aS: N, 9.21; S, 10.54. 
Found: N, 9.22; S, 10.34. 

p-Diethylaminobenzylidene p'-mljoanil. A solution of 10 g. of p-diethylaminobenzal- 
dehyde in absolute ethanol was added to  a suspension of sulfanilic acid (9.8 9.) in absolute 
ethanol and the mixture treated air in the previous experiment. After standing overnight 
at room temperature, the insoluble, red material was filtered off and dried; wt. 17 g.; m.p. 
252-253" (decomp.). This was recrystallized from 150 volumes of water, giving 11.2 g. of 
red crystals; m.p. 252" (decomp.). It was dried at 134" and 20 mm. for analysis. 
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Anal. Calc'd for C17H&?20&3: C, 61.40; H ,  6.1; N, 8.43; S, 9.65. 
Found: C, 61.10; H, 6.1; N, 8.83; S, 9.64. 

p-Dimethylaminobenzylidene p'-dimethylamimanil. A mixture of 9.2 g. of p-dimethyl- 
aminoaniline with 10 g. of p-dimethylaminobenzaldehyde was heated under reflux in a 
boiling water-bath during 15 minutes. It rapidly set to  a solid, golden-yellow mass. It 
was stirred with absolute ethanol and filtered, giving 12.2 g. of yellow crystals; m.p. 231- 
232'. [Bender (3) and Moehlau (4) give m.p. 229-230O.l 

Calc'd for C1,HllNI: C, 76.35; H, 7.9; N, 15.73. 
Found: C, 76.43; H, 8.0; N, 16.15. 

Anal. 

The mother liquor was evaporated to  dryness, dissolved in 65 cc. of boiling chloroform, 
cooled, and the solution diluted with 105 cc. of heptane, giving a second crop; wt. 4.4 g. 
(total yield, 93%). 

p-Diethylaminobenzylidene p'-diethylaminoanil. A mixture of 9.3 g. of p-diethylamino- 
aniline with 10 g. of p-diethylaminobenzaldehyde was heated in  an open flask in a bath a t  
110' during 30 minutes. The brown, crystalline product was dissolved in 54 cc. of boiling 
95% ethyl alcohol under reflux, and the solution cooled, yielding 14.2 g. (78%) of yellowish- 
brown crystals having map. 118-120". It was recrystallized twice from 3 volumes of 95% 
ethyl alcohol, giving orange-colored crystals; m.p. 120-122'. [Doja and Mokeet (5) gave 
m.p. 147-149O.I 

Anal. Calc'd for C21H2*N1: C, 77.96; H ,  9.0; N, 13.00. 
Found: C, 77.93; H, 8.8; N, 13.08. 

p-Dimethylaminobenzylidene p'-amidosulfoanil. A mixture of 10 g. of p-dimethyl- 
aminobenzaldehyde with 11.5 g. of sulfanilamide was heated under reflux (Stark and Dean 
trap) a t  130-135' (bath temp. 150-154') during 45 minutes. The yellow, semi-crystalline 
reaction mixture waa then cooled to  room temperature and extracted with a boiling mixture 
of 160 CG. of absolute ethanol plus 30 cc. of acetone under reflux. The yellow, insoluble solid 
was filtered off and dried; w t .  10.6 g.; m.p. 208-210". [According to  Gray et al. (6), their 
alcohol-acetone insoluble material "consisted of the anil in  a pure state, m.p. 229'."] I n  a 
repetition of the preparation, the initial product had m.p. 210-212'. 

Anal. Calc'd for Cl5H1~NsOaS: I\j, 13.86; S, 10.57. 
Found: N, 13.97; S, 10.60. 

On recrystallizing the anil from 80 volumes of acetone plus 40 volumes of pentane [as 
suggested by Kolloff and Hunter (7) ] the melting point remained unchanged (208-210"). 
On the other hand, recrystallization of the crude anil (9.3 g.; m.p. 210-212") from 
400 volumes of absolute ethanol gave 3.1 g. of yellow crystals; m.p. 228'. Werner (1) gives 
m.p. 212-214'; Kolloff and Hunter (7), m.p. 226-227'; Gray et al. (6), m.p. 228O.I 

Anal. Calc'd for ClSH11N802S: C, 59.36; H, 5.65; N, 13.86; S, 10.57. 
Found: C, 59.71; H, 5.61; N, 14.20; S, 10.54. 

p-Diethylaminobenzylidene p'-amidosulf<sanil. h mixture of 10 g. of p-diethylaminoben- 
zaldehyde with 9.7 g. of sulfanilamide was treated as in the previous experiment, the semi- 
crystalline reaction mixture dissolved in 70 volumes of boiling chloroform, filtered hot and 
the filtrate cooled, giving 0.8 g. of yellow crystals, m.p. 164-166", which had an analysis agree- 
ing with that calculated for sulfanilamide. The mother liquor was diluted with 70 volumes 
of pentane, giving 6.6 g. of yellow crystals; m.p. 154-156". On recrystallization from 70 
volumes of chloroform plus 70 volumes of pentane, i t  had m.p. 156". 

And.  Calc'd for C17H21N302S: iY, 12.69; S, 9.68. 
Found: iY, 12.67; S, 9.45. 

8-(p-Dimethylaminobenzylidene) aminopyridine. A mixture of 25 g. of p-dimethyl- 
aminobenzaldehyde with 15.8 g. of 2-aminopyridine mas heated under reflux (Stark and 
Dean trap), the bath temperature being gradually raised from 182" to  240" during 1 hour; 2 
cc. of water collected in the trap. The mixture was then cooled to  room temperature, 
treated with 125 cc. of absolute ethanol, and filtered, giving 10.5 g. of pale brown crystals; 
m.p. 118-120". This was recrystallized from 5 volumes of absolute ethanol, yielding 6.8 g. 
of pale brown crystals; m.p. 122-124". 
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Anal. 

6-Methoxy-8-aminoquinoline. A suspension of 10 g. of recrystallized 6-methoxy-8- 
nitroquinoline (m.p. 162-163') plus 0.2 g. of Adams' platinum catalyst in 100 cc. of 
absolute methanol was reduced with hydrogen a t  room temperature in the Burgess-Parr 
apparatus. The initial pressure was approximately 40 lb. per sq. inch; as hydrogenation 
proceeded the nitro derivative dissolved. After absorption was complete (45 minutes), 
the catalyst was filtered off, washed with methanol, and the filtrate plus washings evapo- 
rated to  dryness (yield, quan th t ive ) .  The product was purified by distillation under 
high vacuum; i t  boiled a t  115-121" at 0.05 mm. (bath temp. 130-135') and had m.p. 50- 
51' (colorless crystals). Schulemann et al. (8) gave b.p. 137-138' at 1 mm., m.p. 41'; 
hlagidson et al. (9), b.p. 160-161' at 4 mm., m.p. 51'; Crum and Robinson (lo), b.p 162" 
at 0.2 mm., m.p. 41'; Misani and Bogert (Il), b.p. 165" at 6 mm., m.p. 50". 

6-Methoxy-8-(p-dimethylaminnbenzylidene)aminoquinoline. A mixture of 10 g. of 
distilled, crystalline 6-methoxy-8-aminoquinoline (m.p. 50-51') with 8.6 g. of p-dimethyl- 
aminobenzaldehyde plus 10 drops of piperidine in  25 cc. of toluene was boiled gently under 
reflux (Stark and Dean trap full of toluene) for 10 hours. A total of 0.8 cc. of water (80% 
of theoretical) was collected in the trap (bath temperature 141-149'; reaction temperature 
119-122°). The brown reaction solution was chilled and scratched, with spontaneous 
crystallization into an  almost eolid mass. The crop of yellow crystals was filtered off, 
washed on the filter n;ith two 10-cc. portions of ether, and dried in the vacuum desiccator 
over Pz06; wt. 11 g. (63%) ; m.p. 184-189". It was recrystallized from 5 volumes of chloro- 
form diluted with 10 volumes of hexane, giving yellow crystals, m.p. 189-191'. These 
crystals were recrystallized from 15 volumes of toluene, giving 5.8 g. of yellow crystals; 
m.p. 192-194'. 

Calc'd for C I ~ H I ~ N ~ :  C, 74.62; H, 6.7; N, 18.67. 
Found: C, 74.71; H, 6.6; N, 19.08. 

Anal. Calc'd for CIBH19N30: C, 74.71; H, 6.3; N, 13.77. 
Found C, 74.52; H, 6.3; N, 13.49. 

The residue from the combined mother liquors of the crude, crystalline product (from 
three such preparations) was reheated with piperidine plus toluene, as described above, 
yielding a further 9.5 g. of crude, crystalline product. 

6-Methoxy-8-(p-dimethylaminobenzyl)amino~uinoline. A suspension of 5 g. of recrystal- 
lized 6-methoxy-8-(p-dimethylaminobenzylidene)aminoquinoline Im.p. 192-194') plus 
0.2 g. of Adams' platinum catalyet in 150 cc. of absolute methanol was reduced with hydro- 
gen as described for 6-methoxy-8-aminoquinoline. After absorption was complete (25 
minutes), the reaction mixture was diluted with 50 cc. of chloroform (with the dissolution 
of the yellow solid present), the catalyst wm filtered off, washed with chloroform and 
methanol, and the filtrate plus washings evaporated to  dryness. The brown-green, semi- 
crystalline residue was suspended in 5 volumes of cold absolute methanol and kept over- 
night at room temperature. The insoluble, brown-green crystals were filtered off and 
dried in the vacuum desiccator; wt. 2.1 g. (42%); m.p. 127-129'). This solid was dis- 
solved in boiling absolute ethanol (15 volumes) and filtered hot through B fluted filter with 
spontaneous crystallization. The yellow-tan crystals were filtered off and dried; wt. 1.3 
g.; m.p. 123-125'. The yellow-tan crystals were recrystallized from 150 volumes of hexane 
giving yellow crystals melting at 125-126'. On mixture of a sample with pure starting 
material, i t  gave a partial melt a; 125-128' and a complete melt a t  142-144'. 

Anal. Calc'd for C1gH21N30: C, 74.22; H, 6.9; N, 13.68. 
Found: 12, 74.24; H, 6.7; N, 13.74. 

SUMMARY 

A number of new aaomethines of p-dialkylaminobenzaldehydes are described, 
and several previously reported in the literature have been reinvestigated. 

PITTSBURGH 13, PA. 



AZOMETHINES FROM P-DIALKYLAMINOBENZALDEWDES 295 

REFERENCES 
(1) WERNER, Sci. Proc. Roy. Dublin SOC., 23, 214 (1944). 
(2) WAYNE AND COHEN, J. Chem. Soc., 127,450 (1925). 
(3) BENDER, Ber., a8, 109 (1895). 
(4) MOEHLAU, Ber., 31, 2250 (1898); MOEHLAU AND FRITZSCHE, Ber., 26, 1034 (1893). 
(5) DOJA AND MOICEET, J .  Indian Chem. SOC., 13,542 (1936). 
(6) GRA.Y, BUTTLE, AND STEPHENSON, Biochem. J.,31,724 (1937). 
(7) KOLLOFF AND HUNTER, J .  Am. Chem. SOC.,  62, 158 (1940). 
(8) SCHULEMANN et al., U. S. Patent 1,703,365. 
(9) MAGIDSON, STRUKOV, BOBISHEV, AND TORF, J. A p p l .  Chem. (u. s. s. R.), 9,304 (1936). 
(10) Cam AND ROBINSON, J. Chem. SOC., 561 (1943). 
(11) MISANI AND BOGERT, J .  Org. Chem., 10, 347 (1945). 



[CONTRIBUTION FROM THE DIVISION OF PHYSIOLOGY, NATIONAL INSTITUTE OF HEALTH] 

ATTEMPTS TO FIND NEW ANTIMALARIALS. VII.'. AMINO ALCO- 
HOLS OF THE TYFE -CHOHCH(CHs)NR2 DERIVED FROM 

TETRAHYDROPHENANTHRENE 
EVERETrE L. MAY AND ERICH MOSETTIG 

Received February 14, 19& 

Previous communications of this series dealt with ethanolamines of the type 
-CHOHCH2NR2 (1, 2) and propanolamines of the type -CHOHCH2CH2NR2 
(3), the side chains being attached to position 9 of phenanthrene, tetrahydro- 
phenanthrene, and 3-methoxyphenanthrene (4). In analyzing the structural 
formula of quinine one notes the presence of a carbinolamine chain (I) containing 
two asymmetric carbon atoms, similar to that in the ephedrines. With this 
point in view we undertook the synthesis of compounds represented by formula 
11. 

I II 
9-Propionyltetrahydrophe1ianthrene,~ the starting material for the synthesis of 

type I1 was prepared by the Friedel-Crafts reaction. Its structure was proved 
by converting it to the tetrahydro-9-phenanthroic acid. We obtained the latter 
by oxidation of 9-acetyltetrahydrophenanthrene with sodium hypochlorite. This 
ketone WSLS prepared and elucidated in its structure by Bachmann and Struve 
(6). As a by-product in the preparation of 9-propionyltetrahydrophenanthrene 
we isolated the 7-propionyltetrahydrophenanthrene in a yield of about 15Oj,, 
and proved its structure by dehydrogenation to 2-propionylphenanthrene (7). 
The synthesis of the propanolamines I1 was accomplished by brominating 9- 
propionyltetrahydrophenanthrene, exchanging the bromine with the amino 
group, and reducing the resulting amino ketones to the amino alcohols, either 
cat alvtjcally or with aluminum isopropoxide. 

The tolerated doses (chicks) of the amino alcohols of this series do not show a 
consistent variation from those of the lower homologs-CHOHCH2NR2 (Dr. 

1 The work described in this paper was done under a transfer of funds, recommended by 
the Committee on Medical Research, from the Office of Scientific Research and Develop- 
ment to the National Institute of' Health. 

Studies in the Phenanthrene Series XXX. 
3 The preparation of 9- and 7-propionyltetrahydrophenanthrene and the structural proof 

of these compounds were accomplished in the time from November 1942 to  February 1943. 
The publiGation of the data pertriining t o  the 9-isomer was anticipated by Bachmann and 
Cronyn ( 5 ) .  
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Nathan €3. Eddy) (8). There is an indication that the therapeutic value is 
decreased by the methyl group on the carbon adjacent to the secondary alcoholic 
group (Dr. G. Robert Coatney and Dr. W. Clark Cooper) (9). None of these 
drugs showed any activity towards sporoxoite-induced gallinaceum malaria 
except the diethylamino derivative (SN 2664),4 which does not prevent, but 
consistentjly delays infection when given at the tolerated dose (9). 

Acknowledgment. We are indebted to Mr. Edward A. Garlock, Jr. for carrying 
out the microanalyses. 

E X P E R I ~ N T A L ~  

of aluminum chloride, 300 cc. of nitrobenzene, and 35.5 g. of propionyl chloride was added 
slowly at -5" t o  0", 68 g. of 1,2,3,4-tetrahydrophenanthrene. The reaction mixture was 
allowed t o  stand for twenty-four hours at 6", and poured into an ice-hydrochloric acid mix- 
ture. After distilling the nitrobenzene with steam, the dark oil remaining was shaken 
into ether, the ether solution dried, and solvent evaporated. The residue, on distillation, 
yielded 68 g. of straw-colored liquid boiling at 212-217" (5 mm.). From this distillate a 
few crystals separated after standing for several days. To  further the separation 325 cc. 
of ligroin was added, the solution was cooled slowly, and finally allowetl to  stand in  the 
ice-box for twenty-four hours. The crystallirie material, consisting of the pure 7-isomer, 
weighed 6.3 g. and melted at 95-96". 

7-Propiimyl-l,d,J,4-tetrahydrophenanthrene crystallized from 9570 ethanol as hexagonal 
plates melting a t  96-96.5". 

Anal. Calc'd for C17H160: C, 85.69; H, 7.61; M.W., 238. 
Found: C, 85.69; H, 7.80; M.W., 238. 

The sem,icarbazone, prepared in  alcohol, crystallized from dioxane in well-formed prisms 

Anal. Calc'd for ClsHttNaO: N, 14.22. Found: N, 13.98. 
The picrate crystallized from 70% ethanol in  rectangular plates of m.p. 121.5-122.5'. 
Dehydrogenation (6). A mixture of 0.5 g. of the material of m.p. 96-96.5' and 0.17 g. of 

sulfur was heated a t  210-220' for three hours. A small amount of copper-bronze was added 
and heating continued for ten minutes. The mixture was extracted with benzene and the 
residue from this extract evaporatively distilled at 160-175" (0.5 mm.). The yield of solid 
melting ai; 98-103" was 0.4 g. After a recrystallization from ethanol-acetone the m.p. 
was 103-104' alone or when mixed with an authentic sample of 2-propionylphenanthrene. 
Further, the picrate melted at 105-106.5" and gave no depression in a mixture m.p. with 
authentic 2-propionylphenanthrene picrate. 

g-PropionyE-l,,$, 3,4-tetrahydrophenanthrene (5). The ligroin filtrate of the 7-isomer 
(see above) was evaporated to  dryness leaving an oil consisting mainly of 9-propionyl- 
1,2,3,4-tel;rahydrophenanthrene but still containing about 6% of the '?-isomer. (This 
estimate n-as based on a separation of the semicarbazones.) This oily ketone was, however, 
sufficiently pure for the subsequent reactions. For complete separation from the 7-isomer 
i t  was purified through the picrate which Crystallized from 95% ethanol in yellow needles 
of m.p. 127.5-128'. 

Propionylation of 1,8,3,4-tetrahydrophenanthrene. To a well-stirred mixture of 93 g. 

and melted a t  222.5-223.5'. 

Anal. Calc'd for C & & Z I N ~ O ~ :  C, 59.10; H, 4.53. 
Found: C, 58.90; H, 4.63. 

4 SN signifies the identification numbers assigned to  the drugs by the Malaria Survey 
Office of the National Research Council. The SN for the drugs which have been sub- 
mitted t o  testing, are given in  the Experimental. 

6 All melting points are uncorrected. 
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The semicarbazone, prepared from ketone which had been purified through the picrate, 
crystallized from 70% ethanol as white prisms of m.p. 161-163'. It was a great deal more 
soluble than that  of the 7-isomer. 

Anal. Calc'd for C18H2JJ30e?HIO: C, 71.03; H, 7.29. 
Found: C, 71.44; I€, 7.38. 

The sample was dried at 97' for five hours in vacuo, m.p. 165-168". 
Anal. Calc'd for ClsH211\T80: C, 73.19; H, 7.17. 

Found: C, 73.06; B, 7.30. 
Ozidation. 9-Propiony1-lJ2,3,4-tetrahydrophenanthrene was oxidized t o  the acid (5)  

by refluxing i t  for 1.5 hours with 3% potassium hypochlorite solution. It crystallized from 
80% ethanol or glacial acetic acid in white blades of m.p. 213-215". 9-Acetyl-1,2,3,4- 
tetrahydrophenanthrene (6) was also oxidized t o  the acid with hypochlorite. It likewise 
melted at 213-215"; mixed m.p. 213-215'. Bachmann and Cronyn (5) reported 215-216'. 

The methyl ester, prepared by boiling the acid with methanolic hydrogen chloride 
crystallized from 80% methan.01 in  white prisms of m.p. 71.5-72'. Bachmann and Cronyn 
(5) reported 70.5-71'. 

Amino kelones and amino alcohols. To a stirred solution of 20 g. of the oily 9-propionyl- 
tetrahydrophenanthrene in  100 cc. of dry ether (cooled in  ice-water) was added during 
forty-minute period, 4.5 cc. of bromine. After stirring a n  additional thirty-five minutes 
without external cooling, the clear solution was shaken successively with water, 2% sodium 
carbonate solution, and water, dried over sodium sulfate, concentrated t o  75 cc., and stored 
in  the cold-room. This bromo ketone could not be obtained crystalline even when crystal- 
line 9-propionyl-lJ2,3,4-tetrakiydrophenanthrene (m.p. 43-45') (5) waa used i n  the bromina- 
tion. 

9-(R-Dimethylamino-l-hydrot.ypropyl)-l ,b,S,&tetrahydrqphenanthrene hydrochloride (SN 
6814). A 38-cc. portion of the ether solution of the bromo ketone equivalent t o  11.4 g. of 
the latter was treated with 5.6 g. (3.5 moles) of dry gaseous dimethylamine during a ten- 
minute period (ice cooling). 'The reaction mixture was allowed t o  stand in  ice-water for 
one-half hour, at room temperature for five hours, and finally i n  the ice-box for five hours. 
The dimethylamine hydrobromide (4.4 g.) was collected, and the filtrate extracted twice 
with dilute hydrochloric acid. The acid extracts were combined, made ammoniacal, and 
the liberated base was shaken into ether. The ether solution, after drying and evapora- 
tion, yielded 10.5 g. of oily amino ketone. This, in  50 cc. of absolute ethanol, absorbed 
0.9 mole of hydrogen in 25 to  35 hours (platinum oxide, 0.3 g,), The clear solution was 
filtered from catalyst and concentrated until the amino alcohol base began to  separate. 
After cooling in ice, 5.2 g. (m.p. 158.5-159.5') was collected. On evaporating the filtrate 
to  dryness, dissolving the residue in  acetone and adding 3.5 cc. of 20% alcoholic hydrogen 
chloride, an additional 0.7 g. of amino alcohol (as hydrochloride) was obtained. The base 
crystallized from absolute ethanol in white prismatic rods of m.p. 159.5-160'. 

AnaE. 

The hydrochloride crystallized from absolute ethanol-ether a~ clusters of white plates 

Anal. 

There was no indication of the presence of a diastereoisomer. 
9-(8-Diethylamino-l -oxopropgl) -1,R,3,4-tetrahydrophenanthrene picrate. A portion of 

the ether solution of bromo ketone equivalent t o  9 g. of the latter waa concentrated t o  15 CC. 
and 8 cc. of diethylamine was added. After allowing this mixture t o  stand for twenty-four 
hours at room temperature and for fifteen hours in  the ice-box, 3.4 g. of diethylamine hydro- 
bromide was collected. The filtrate was shaken with three portion8 of dilute hydrochloric 
acid. The combined acid extrai:ts were then made alkaline, the liberated base was shaken 
into ether, and the ether washed four times with water. After drying the ether over sodium 
sulfate, 100 cc. of warm 7% alcoholic picric acid solution was added. After two hours at 

Calc'd for ClsH2sNO: C, 80.52; H, 8.89. 
Found: C, 80.21; H, 9.28. 

of m.p. 221-222". 
Calc'd for C19HzsC1NO: C, 71.33; H, 8.19. 
Found: C, 71.45; H,  8.24. 
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room temperature 7.2 g. (47%) of pure amino ketone picrate of m.p. 163-164" was obtained. 
A recrystallization from 95% ethanol did not change the melting point; yellow plates. 

Anal. 

The hydrochloride could not be obtained crystalline. Attempts to  improve the yield 
by varying conditions, such as elevating the temperature, and using different solvents, 
were without success. 

9- (I-Diethylamino-i -hydroxypropyl)-1 ,a, 3,4-tetrahydrophenanthrene hydrochloride (SN 
2664). A mixture of 3.8 g. of the amino ketone obtained from the picrate above, 0.35 g. 
of platinum oxide, and 60 cc. of methanol absorbed 0.9 mole of hydrogen in forty hours. 
After filtration of catalyst and evaporation of solvent in vacuo, the amino alcohol base was 
dissolved in  acetone and acidified with dry gaseous hydrogen chloride. The hydrochloride 
separated in  a yield of 2.9 g., map. 218-219". From absolute ethanol-acetone-ether i t  
crystallized as white blades of m.p. 219-220O (decomp.). 

Calc'd for C1,H30N408: C, 60.22; H, 5.62. 
Found: C, 60.14; H, 6.02. 

Anal. Calc'd for C21H3OClNO: C, 72.49; €I, 8.69. 
Found: C, 72.30; H, 8.95. 

There was no indication of the presence of a second isomer. 
9-(I-Dipropylamino-i-hydroxypropyZ)-i ,I, 8,4-tetrahydrophenanthrene hydrochloride (SN 

6820). A mixture of 25 cc. of an ether solution of bromo ketone equivalent t o  12.5 g. of the 
latter and 10 g. of dipropylamine was kept at room temperature for 48 hours and in  the ice- 
box for 24 hours. Dipropylamine hydrobromide was collected (4.9 g.) and the filtrate freed 
of excess dipropylamine by partial neutralization with 20% alcoholic hydrogen chloride and 
filtration of the resulting dipropylamine hydrochloride. The filtrate was then made 
slightly acidic with dry gaseous hydrogen chloride, whereupon 8.6 g. of the dipropylamino 
ketone salt crystallized out. This was reduced with 50 cc. of 3 A' aluminum isopropoxide 
solution as described previously (1). The time required was 2.5 hours. After distillation 
(in vacuo) of most of the isopropanol, the residue was partitioned between an excess of 10% 
sodium hydroxide solution and ether. The ether layer was washed twice with water, dried, 
and treated with a slight excess of 20y0 alcoholic hydrogen chloride. The hydrochloride 
of the amino alcohol crystallized in  a yield of 3.0 g., m.p. 190-193". A second fraction of 
less pure material weighed 1.6 g. and melted a t  160-180". Two recrystallizations from 
absolute ethanol-ether gave the constant melting point 195.5-197'; white oblong plates. 

Anal. Calc'd for C2rHdXNO: C, 73.46; IT, 9.12. 
Found: C, 73.17; H, 9.19. 

The filtrate contained a large amount of oily hydrochloride which may be the diastereo- 
isomeric form of the above compound. 

When the amino ketone base was used in i,his reduction the yields were somewhat lower 
and the material was more difficult to  purify. 

9-(I-hl'orphoZino-i-hydroxypropyl)-i,I,8,4.tetrahydrophenan~hrene hydrochloride (SN 
6904) ! 9-(cr-Bromopropionyl)-l, 2,3,4-tetrahydrophenanthrene was condensed with mor- 
pholine by the same procedure as that  described for the condensation with 1,2,3,4-tetra- 
hydroisoquinoline by Wright and Elderfield (10). After separation of the crude amino 
ketone hydrochloride and reduction of the aniino ketone hydrochloride a 35y0 yield of amino 
alcohol liydrochloride was obtained. The product separated from methanol-ether as 
clusters of colorless needles which melted at 234-235" dec. (corr.) 

It could not be crystallized. 

Anal. Calc'd for C21H2sClN02: C, 69.7; H, 7.8. 
Found: C, 69.2; H, 8.0. 

SUMMARY 

A series of amino alcohols derived from tetrahydrophenanthrene, and carrying 
the side chain -CHOHCH(CH3)NR2 in position 9 has been prepared. 

The evaluation of these compounds aa antimalarials is discussed. 
BETHESDA 14, MD. 
6 This compound was prepared by Dr. S. Morris Kupchan, Columbia University. 
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During the course of our investigations on the action of alkali on phenyl 
glycosides (1) an opportunity arose to have several of these compounds subjected 
to  the screening tests for antimalarial activity. Although none of the O-gluco- 
sides was found to  possess any appreciable activity, an S-glucoside, namely, 
phenyl p-D-glucothioside (SN 5,859): mas of relatively low toxicity in chicks 
(Dr. Nathan B. Eddy, 2) and had a slight effectiveness toward Plasmodium galli- 
naceum (Dr. G. Robert Coatney and Dr. W. Clark Cooper, 3). In order to 
explore this series, thirteen new glucothiosides were prepared for similar tests. 
Because the phenyl glucothiosides are hydrolyzable to thiophenols which in 
turn are readily oxidizable to diphenyl disulfides, and such transformations might 
occur in the chick, any antimalarial activity attributed to the phenyl gluco- 
thiosides might also be shown by the diphenyl disulfides. Some new data on 
these related disulfides, and descriptions of new phenyl thiocyanates which were 
prepared as intermediates in the syntheses of thiophenols containing substituted 
amino groups, are presented in the Experimental Part. 

None of the fourteen phenyl P-D-glucothiosides, twelve diphenyl disulfides, si_.; 
phenyl thiocyanates, or seven related sulfur compounds which we have submitted 
for testing seems to possess sufficient antimalarial activity, either as a therapeutic 
or prophylactic agent, to  warrant further investigation of these classes of 
compounds. 

EXPERIMENTAL PART 

THIOCYANATES 

p-Thiocyanodimethylanaline (SN 6,782), of m.p. 72-73', was prepared from dimethyl- 
aniline, ammonium thiocyanate, and bromine in glacial acetic acid by the general method 
of Kaufmann and Oehring (4), as described by Brewster and Schroeder (5). Diethylaniline 
was thiocyanated similarly, and the product was isolated by pouring the reaction mixture 
into water, neutralizing with sodium bicarbonate, and extracting with 40-60" petroleum 
ether. The extract was washed with water, dried with Drierite, and concentrated to  a 
pale yellow oil. The yield appeared to be practically quantitative. Fichter and Schon- 
mann (6) have described the same product, prepared by an electrochemical method, as a 
yellow oil boiling at 138' a t  1 mm.; its picrate melted at  134". Bythe additionof ethyl 
alcoholic hydrochloric acid t o  a solution of the free base in anhydrous ether, p-thiocya- 
nodiethylaniline hydrochloride (SN 9,148) was obtained; it was recrystallized from a mix- 
ture of absolute alcohol and anhydrous ether as plate-like prisms which melted ca. 172" to 
a yellow liquid. The hydrochloride is readily soluble inwater, with hydrolysis t o  oily drops. 

~~~ ~~~~~~~ 

For the seventh paper of this series see May and Nosettig, J. Org. Chem., 11,296 (1946). 
The Survey Number, designated SS, identifies a drug in the records of the Survey 

of Antimalarial Drugs. The antimalarial activities of those compounds to  which Survey 
numbers have been assigned will be tabulated in a forthcoming monograph. 
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Anal .  Calc'd for CllHllNPS"Cl: C, 54.42; H, 6.23; N, 11.54. 
Found: C, 54.55; H, 6.18; N, 11.46. 

p-Thiocyanodi-n-propylanilfne hydrochloride (SN 9,522) waa prepared in  the same 
manner. I t  separated from alcohol-ether as prismatic crystals, m.p. ca. 174" to  a brownish 
yellow liquid. 

Anal .  Calc'd for Cl3H18NZL3"Cl: C, 57.65; H, 7.07; N, 10.35. 
Found: C, 57.70; H, 6.97; K, 10.27. 

p-Thiocyanodi-n-propylanilzne was obtained in crystalline form by stirring the hydro- 
chloride into water, and cooling the liberated oily base. It was recrystallized from alcohol 
by the cautious addition of water. The small flakes melted at  32-33'. 

Anal .  Calc'd for C13H18NZS: C, 66.62; H, 7.74; N, 11.96. 
Found: C, 66.71; H, 7.66; N, 11.95. 

Although Cherkasova, Sklyarenko, and Mel'nikov (7) were unable to  prepare a 
thiocyanate derivative of dibutylaniline by their electrochemical method, the substance 
may be obtained readily by the method used above. 

p-Thiocyanodi-n-butylanilint; hydrochloride (SN 9,149) crystallized from alcohol-ether 
as acicular prisms which meltcd ca. 143" to  a yellow liquid. The crystals are somewhat 
hygroscopic, become yellow-brown on continued exposure to  the light, and hydrolyze in 
water to oily drops. 

Anal .  Calc'd for C ~ ~ H ~ Z N & ~ * H C I :  C, 60.28; H, 7.76; N, 9.38. 
Found: C, 60.45; H, 7.65; N, 9.22. 

p-Thiocyano-N-methyl-N-benzylaniline (SN 10,897) was prepared as above except that 
the product was extracted with ether instead of petroleum ether. It crystallized from 
alcohol in colorless plates which were often diamond-shaped, and melted a t  68-69". Kauf- 
mann and Ritter (8) reported it as long, white needles from alcohol, melting at 63". p- 
Thiocyano-N-ethyl-N-benzylaniline (SN 10,454) separated from alcohol aa elongated, fibrous 
prisms, m.p. 52-53'; Kaufmano and Ritter (8) reported white needles, m.p. 54". The 
yields were 7540%. 

I-Amino-9,4-dithiocyanonaphthalene (SN 7,477), m.p. ca. 200' (decornp.), was the only 
product isolated from the thiocyanation of a-naphthylamine, in agreement with the experi- 
ences of Kaufmann and Oehring (4). The assignment of the thiocyano groups to  the 2 and 
4 positions by those authors, and by Likhosherstov and Petrov (9), who prepared the same 
compound with the aid of dichlorourea and ammonium thiocyanate, appears to  be based 
upon analogy only. 

THIOPHENOLS 

The thiophenol, p-thiocresol, and 2-amino-4-chlorothiophenol hydrochloride were pur- 
chased from Eastman Kodak Clo. The Q-bromo-, 4-chloro-, 9,6-dichloro-, and 3-chloro-4- 
methyl-thiophenols were prepared readily by reduction of the corresponding sulfonyl chlor- 
ide with excess zinc dust and warm 1 : l  aqueous hydrochloric acid, followed by extraction 
of the product with ether (10); the sulfonyl chlorides were obtained conveniently from the 
dry sodium sulfonates according to the directions of Baxter and Chattaway (11). The 
4-methoxy-, 4-ethoxy-, and Q-acetyl-thiophenols and the I-thionaphthol were prepared by the 
method of Leuckart (12), which consists in adding the appropriate diazotized amino com- 
pound to  an excess of aqueous potassium ethyl xanthate a t  SO", and decomposing the result- 
ing oily xanthate with hot alkali. 

The Q-dimethylamino-, Q-diethylamino-, 4-dipropylamino-, and Q-methylbenzylamino- 
thiophenols were prepared by reduction of the corresponding thiocyano compounds with 
metal and acid combinations (13). For the first two, tin and hydrochloric acid were used; 
the resulting mixture was made just neutral with sodium hydroxide, and the liberated 
thiophenol was separated by distillation with steam (14). The other two thiocyano com- 
pounds were reduced with zinc and hydrochloric acid as illustrated in  the following example. 
To 20 g. of p-thiocyano-N-methyl-N-benzylaniline and 200 ml. of 1 :1 aqueous hydrochloric 
acid was added 5 g. of zinc dust, and the mixture warmed to dissolve the zinc. Considerable 
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yellow material, presumably the disulfide, appeared. Two additional 5-g. portions of zinc 
dust were added and dissolved before the reduction was judged to  be complete. The 
mixture was cooled, and the colorless solution was decanted from the grayish cake of the 
zinc and thiophenol compound on the bottom of the flask. This solid was then dissolved 
by shaking with a mixture of 300 ml. of 30% aqueous sodium hydroxide and 100 ml. of ether. 
The yellowish ether layer was separated, and the zinc was precipitated by bubbling hydro- 
gen sulfide through the aqueous alkaline solution; the zinc sulfide was removed by centri- 
fuging. The clear, colorless, supernatant liquid was decanted and made barely acid with 
hydrochloric acid. The liberated pale yellow oil was extracted with ether, the ethereal 
solution washed with water, dried with Drierite, and concentrated. The yield was 10.8 g. 

Although several of the above group of thiophenols have not been described previously, 
no effort was made to purify or characterize any of them further in view of their generally 
unpleasant odor and ease of oxidation. 

DISULFIDES 

Most of the disulfides were prepared readily by oxidizing an  alkaline solution of the 
thiophenol with air, or more rapidly with a slight excess of iodine. The bis44-N-methyl- 
N-benzylaminophenyl) disulfide (SN 10,544), however, was obtained directly from the 
thiocyano compound in 45% yield by the action of alcoholic potassium hydroxide according 
t o  Haufmann and Ritter (8) ; the product (m.p. 85-86') crystallized from chloroform-ethyl 
alcohol as mustard-yellow, chunky prisms rather than in needles as described by those 
authors. Bis-(p-dimethylaminophenyl) disulfide (SN 5,986) wga prepared in 30% yield by 
the interaction of dimethylaniline and sulfur chloride in petroleum ether according to  
Merz and Weith (15). Bis-(p-bromophenyl) disulfide (SN 7,533) was isolated as an  inter- 
mediate product in the reduction of p-bromobenzenesulfonyl chloride by tin and hydro- 
chloric acid. Bis-(B,6-dichlorophenyl) disulfide (SN 10,902) was found to  melt at 81-82" 
in agreement with Stewart (16), and not at 129' as reported by de Crauw (17). The bis- 
(3-chloro-4-methylphenyl) disulfide (SN 10,903) appears t o  be a new substance. Prepared 
from the thiophenol by oxidation, and recrystallized thrice from methyl alcohol, i t  formed 
very pale yellow flakes, m.p. 77-78". 

Anal. Calc'd for C1,H&lzSz: C, 53.33; H, 3.84; S, 20.34. 
Found: C, 53.39; H, 4.02; S, 20.23. 

GLUCOTHIOSIDES 

Acetobromoglucose and the desired thiophenol were condensed by alcoholic potassium 
hydroxide in the presence of an  excess of the thiophenol, according to  the directions of 
Purves (18). The yields averaged about 50%, the values depending upon the purity of the 
thiophenol. Deacetylation of the tetraacetate thus formed was effected catalytically 
with sodium or barium methoxide. These glucothiosides and their tetraacetyl derivatives 
are believed to  have 8-configurations and pyranoid rings because of their method of syn- 
thesis from acetobromo-a-D-glucose, and because of their negative rotations; the alkaline 
degradation of the phenyl- and p-dimethylaminophenyl-p-D-glucothiosides t o  levoglucosan 
(lb) appears to be strictly analogous to that of the phenyl p-D-glucosides (la). Because of 
the low solubility of some of the glucothiosides in water, all specific rotations were deter- 
mined in pyridine solution. Brief descriptions and analytical data follow. 

4-Methylphenyl tetraacetlll-8-D-glucothioside, needles from absolute alcohol; m.p. 118'; 
[a]: -21.0" in chloroform (c, 2). 

Anal. Calc'd for CPIHP(IOOS: C, 55.50; H, 5.77. 

4-Methylphenyl 8-D-glucothioside monohydrate (SN 9,159), plates from water; when 
heated rapidly the compound softens about 95", and when heated slowly the m.p. 149' 
refers t o  the anhydrous form; [a]:, for the hydrate, -57.0' in pyridine (e, 1.6). 

Found: C, 55.46; H, 5.76. 
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Anal .  Calc'd for CI~H~~O~LCI.H~O: C, 51.30; H, 6.62; HzO, 5.92. 
Found: C, 51.46; H ,  6.55; H20, 6.02. 
Calc'd for ClaHls05S: C, 54.53; H, 6.34. 
Found (on sample dried at 70" in vacuo) : C, 54.48; H, 6.35. 

4-Methoxyphenyl tetraacetyl-p-D-glucothioside, prismatic needles from ethyl alcohol; 
m.p. 101-102"; [a]: -28.1' in chloroform (c,  1.6). 

Anal .  Calc'd for ColHzeOlofi: C, 53.61; H,  5.57. 
Found: C, 53.64; H, 5.50. 

4-MethosyphenyZ P-D-glucothzoside monohydrate (SN 10,223), clusters of plates from ethyl 

Anal .  Calc'd for C1sH180aS HzO: C, 48.74; H, 6.29; H20,5.63. 
Found: C, 48.70; H, 6.20; H20,  5.59. 

4-Ethoxyphenyl tetraacetyl-8-n-glucothzoside, acicular prisms from absolute alcohol; 
m.p. 109-111"; [a]: -33.1'in c.iloroform (c,  2). 

Anal .  Calc'd for C22H28010L3: C, 54.53; H, 5.82. 
Found: C, 54.35; H, 5.94. 

&Ethoxyphenyl p-D-gtucothioside monohydrate (SN 10,073), needles from acetone-petro- 
The m.p. was 110" when heated rapidly, and 137" when heated slowly; [cy]: 

alcohol; m.p. 77" when heated rapidly; [a]: -51.3" in pyridine (c,  1.5). 

leum ether. 
-50.2' in pyridine (c,  1.5). 

Anal .  Calc'd for ClaHzoO~S.Hz0: C, 50.28; H, 6.63; Hz0,5.39. 
Found: C, 50.38; H, 6.64; H20, 5.36. 

,$-Acetylphenyl tetraacetyl-p-wglucothioside, prismatic needles from absolute alcohol ; 
m.p. 132-133"; [a]: -25.6' in chloroform (c,  2). 

Anal .  Calc'd for CZ2HZ8OI0S C, 54.76; H, 5.43. 

&Acetylphenyl 8-D-gEucothioside (SN 10,074), fine, short needles from alcohol; m.p. 

Anal .  Calc'd for C14H180aS: C, 53.49; H, 5.77. 
Found: C, 53.39; H, 6.83. 

1 -Naphthyl tetraacetyl-P-n-glucothioside, needles from absolute alcohol; m.p. 147-148"; 

Anal .  Calc'd for C24H2809S: C, 58.76; H, 5.34. 
Found: C, 58.90; H, 5.40. 

I-Naphthyl p-n-glucothzoside (i3N 10,222), needles from absolute alcohol; m.p. 197", sinter- 

Anal .  

,$-Bromophenyl tetraacetyl-p-D-glucothioside, elongated prisms from absolute alcohol; 

Anal .  Calc'd for CzoHpaBr08: C, 46.25; H,  4.46. 
Found: C, 46.17; H, 4 48. 

4-BromophenyZ ,B-D-glucothioszde (SS 9,158), acicular prisms from absolute alcohol; 
m.p. 174-176"; [CY]: -59 7" in pyridine (e ,  2). 

Anal .  Calc'd for C1ZH1&3rOCS: C, 41.03; H, 4.30. 
Found: C, 41.14; H, 4.34. 

4-Chlorophenyl tetraacetyl-0-D glucothioside, slender prisms from ethyl alcohol ; m.p. 

Anal .  Calc'd for C2oH&lO9lS: C, 50.58; H, 4.88. 
Found: C, 50.56; H, 5 03. 

4-Chlorophenyl p-D-glucothioside (SN 9,157), small prisms from alcohol; m.p. 172-175"; 

Anal .  

2,6-DichEorophenyZ tetraacetyl-i5-D-glucothioside, acicular prisms from absolute alcohol; 

Found: C, 54.70; H, 5.44. 

199", sintering a few degrees lower; [a]:  -88.3" in pyridine (c,  1.5). 

[a]: -39.7' in chloroform (c,  2). 

ing from 192"; [a]: -76.2" in pyridine (c,  2). 
Calc'd for ClsHlsOsS: C, 59.61; H, 5.63. 
Found: C, 59.X; H, 5.76. 

m.p. 128"; [a]: -24.6" in chloroform (c,  2). 

113"; [cy]: -25.0" in chloroform (c,  2). 

[CY]: -64.7' in pyridine ( e ,  1.5). 
Calc'd for CIZH15ClObE : C, 46.98; H, 4.93. 
Found: C, 46.84; H, 5 01. 

m.p. 124'; [a]:  -30.2' in chloroform (c,  1.5). 
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Anal .  Calc'd for C20Hz2ClzO&3: C, 47.16; H,  4.35. 
Found: C, 47.17; H, 4.36. 

I, 6-Dichlorophenyl 8-D-glucothioside hemihydrate (SN 10,542), needles from ethyl alcohol. 
The m.p. was 172'when heated not too rapidly; put in the bath at 120', the compound melted 
only partially; [a]:  -96.5" in pyridine (c,  2). 

Anal .  Calc'd for C12HlrC120.&.$ HzO: C ,  41.15; H, 4.32; H20, 2.57. 
Found: C, 41.29; H, 4.29; H20,  2.59. 

3-Chloro-4-methylphenyl tetraacetyE-8-D-glucothioside, elongated prisms from absolute 
alcohol; m.p. 116"; [CY]; - 29.6" in chloroform (c,  1.7). 

Anal .  Calc'd for C21H26C10&3: C, 51.58; H, 5.15. 
Found: C, 51.71; H, 5.17. 

3-Chloro-4-methylphenyl 6-D-glucothioside hemihydrate (SN 10,899), needles from ethyl 

Anal .  
acetate; m.p. 115"; [CY]: -59.8"in pyridine (.c, 1.5). 

Calc'd for Cl~H1~CIOsS-+ H20: C, 47.34; H, 5.50; H20, 2.73. 
Found: C, 47.51; H, 5.57; H20 ,  2.78. 
Calc'd for C13H1iC105S: C, 48.67; H, 5.34. 
Found (on sample dried a t  80' in vacuo) : C ,  48.67; H, 5.31. 

2-Amino-4-chlorophenyl tetraacetyl-8-D-gliLcothioside, prismatic needles from absolute 
alcohol; m.p. 169-170"; [a]:  -24.3' in chloroform (c ,  3). 

Anal .  Calc'd for C20H?4C1N0gS: C, 49.03; H, 4.94; K, 2.86. 
Found: C ,  49.09; H, 4.92; N, 2.90. 

2-Amino-4-chlorophenyl 8-D-glucothioside (SX 10,904), small needles from alcohol; m.p. 

Anal .  Calc'd for C I ~ H ~ ~ C I N O ~ S :  C, 44.75; H, 5.01; N, 4.35. 
Found: C, 44.68; H, 5.03; IT, 4.42. 

2-Acelamino-4-chlorophenyl tetraacetyl-B-D-glucothioside, by acetylation of either of the 
Needles from 

17C-172; [a]: -72.2" in pyridine (c, 1.2). 

2-amino compounds just described, with acetic anhydride and pyridine. 
absolute alcohol; m.p. 162-163"; [a]: -18.7' in chloroform (e ,  4). 

Anal .  Calc'd for C ~ ~ H Z ~ C ~ S O ~ O S :  C, 49.67; H, 4.93; N, 2.63. 
Found: C, 49.62; H, 4.87; S,  2.81. 

4-Dim~ethylaminophenyl tetraacetyl-8-n-glucothioside, long, slender prisms from alcohol; 

Anal .  

4-Dimethylaminophenyl 8-D-glucothioside monohydrate (SN 6,773), small plates from 
alcohol; m.p. 116" when heated rapidly, and as high as 140" when heated slowly; [a]: 
-52.0' in pyridine (c,  1.2). 

m.p. 150-151"; [CY]: -47.0' in chloroform (c,  1.2). 
Calc'd for C ~ ~ H Z B N O ~ S :  C, 54.64; H, 6.05; N, 2.90. 
Found: C, 54.48; H, 5.88; K, 2.89. 

Anal .  Calc'd for C11H~1?;OIS.H20: C, 50.43; H ,  6.95; N ,  4.20; H20,5.40. 
Found: C, 50.47; H, 7.10; X, 4.16, 4.27; €120 ,  5.44. 

4-Dielhylaminophenyl tetraacetyl-8-n-glucothioside, many-sided prisms from absolute 

Anal .  

4-Diethylaminophenyl 8-D-glucothioside monohydrate (Sh- 7,479), small prisms from alco- 

Anal .  

alcohol; m.p. 141-142"; [CY]: -43.7" in chloroform (c ,  2). 
Calc'd for C24H33NO&3: C, 56.34; H, 6.50; S, 2.74. 
Found: C, 56.23; H, 6.51; N, 2.70. 

hol; n1.p. 162-163" when heated sloa-ly; [ C Y ] : ;  -51.5' in pyridine (c ,  1.5). 
Calc'd for C16H25N05S.H20: C, 53.16; H,  7.53; N,  3.88; HzO, 4.99. 
Found: C, 53.31; H, 7.43; K, 3.91; HsO, 4.83. 
Calc'd for C16H25N05S: C, 55.95; H, 7.34; ?;, 4.08. 
Found (on sample dried at  80" in vacuo) : C, 55.87; H, 7.22; N, 4.14. 

Q-Di-n-propylaminophenyl ietraacetyl-8-n-glucothioside, small needles from alcohol; 

Anal .  

4-Di-n-propylaminophenyl 8-D-glucothioside monohydrate (SN 11,578), plates from water; 
m.p. 58" when heated rapidly, higher when heated more slowly; [CY]: -47.9' in pyridine 
(c,  1.5), 

m.p. 121-122"; [a]'," -43.7" in chloroform (c ,  2). 
Calc'd for C26H3~~0gS: C, 57.87; H,  6.91; S,  2.60. 
Found: C, 58.04; H, 6.84; K, 2.66. 
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Anal. Calc'd for C18H~~N05S-H20:  C, 55.50; H, 8.02; K, 3.60; HzO, 4.63. 
Found: C, 55.56; H, 7.95; N, 3.65; H20, 4.60. 
Calc'd for ClsH2gNO5S: C, 58.19; H,  7.87. 
Found (on sample dried at 65" i n  vacuo) : C, 58.43; H,  7.80. 

4-(N-Methyl-N-benzylumino)phenyl tetraacetyl-@-D-glucothioside, needles from alcohol; 

Anal. Calc'd for C2sH8JV0&: C, 60.09; H, 5.94; N, 2.50. 
Found: C, 60.08; H,  6.10; N, 2.49. 

4-(N-Methyl-N-benzylamino)phenyl B-D-glucothioside (SN 10,905), aggregates of priams 

Anal. 

The authors wish to thank Dr. G. Robert Coatney, Dr. W. Clark Cooper, Dr. 
Nathan B. Eddy, Dr. Erich Mosettig, and Dr. Lyndon F. Small, of the Division 
of Physiology, for their cooperation in this project, and Dr. Arthur T. Ness, of 
this Laboratory, for carrying out the microchemical analyses. 

m.p. 120-121"; [a]: -43.3"in chloroform (c, 2). 

from alcohol; m.p. 133-134"; [CY]: -66.3' in pyridine (c, 1.2). 
Calc'd for C20H&05S: C, 61.35; H, 6.44; N, 3.58. 
Found: C, 61.40; H, 6.37; N, 3.41. 

SUMMARY 

Fourteen new aromatic P-D-glucothiosides and their tetraacetates, three new 
phenyl thiocyanates, and one new diphenyl disulfide have been described. 
Thirty-nine members of these and closely related types of sulfur compounds have 
been submitted to screening tests for antimalarial activity. While many of 
these substances have an appreciable effect upon Plasmodium gallinaceurn, none 
is of sufficiently high activity to warrant further study, either m a therapeutic or 
prophylactic agent. 
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The synthesis of this and the following series of phenanthrylamino alcohols 
was carried out as part of a program outlined at  the National Institute of Health, 
Bethesda, Md. Studies by May and Mosettig (1) have shown that the anti- 
malarial activity of various phenanthrylamino alcohols is enhanced by the intro- 
duction of a chlorine atom into the phenanthrene nucleus. 

9-Bromo-3- (or 4%) acetylphenanthrene, prepared first by Mosettig and van de 
Kamp (2), appeared to  be a convenient starting material for the synthesis of 
halogenated amino alcohols different from those to be described by May and 
Mosettig. In the course of our investigations we succeeded in differentiating 
between positions 3 and 6 as the locakion of the acetyl group and assign to this 
compound the structure of 9-bromo-3-acetylphenanthrene (I) on the basis of the 
reactions indicated in the scheme below: 

3(6)-COCH3 3(6)-C(NOE[)CH3 + I,,, 3(6)--NHz TBr 3(6)-Br + 
I I1 111 IV 

+ I,_,, rBr 
3-COzCHs +- 13-Cl 3(6)-CN -+ 1 1 9--C' 2 steps 9-COzCH3 3 steps 9-41 

VI VI1 V 

The amine (111) obtained by Beckmann rearrangement of oxime (11) was 
diazotized and converted to  dibromophenanthrene (IV) and the latter trans- 
formed, via the dicyano derivative (V), to the diester (VI). The structure of the 
latter is established by its formation from 3,9-dichlorophenanthrene. This 
compound was prepared by reactions completely analogous to those used to 
prepare the dibromophenanthrene (IV) (3). It corresponded to  the 3,9-di- 
chlorophenanthrene prepared by Sandquist (4). Further conclusive proof was 
later obtained by total synthesis of 3,9-dicyanophenanthrene (3). 

In this communication we describe the synthesis of a complete series of amino 
alcohols of type VIII. In the preparation of these amino alcohols we employed 
essentially the procedures of Mosettig and van de Kamp (5)  and the Malaria 
Research Group at  the National Institute of Health. Since elimination of the 

1 Present address: New York Quinine and Chemical Works, Brooklyn, New York. 
2 Present address: Pepsodent Division, Lever Bros. Co., Chicago 38, Ill. 
3 Present address: Velsicol Corporation, Chicago 11, Ill. 
4 Present address: 600 S. Michigan Ave., Chicago 5 ,  111. 
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nuclear bromine can be expected in the catalytic reduction of the amino ketones 
to amino alcohols, the aluminum isopropoxide reduction method of Meerwein- 
Ponndorf-Verley as modified by Lund (6) was used in this step: 

fYH3 -’ --COCHtBr -+ -COCHZNRZ -+ a 
Br 
I 

VI11 
TABLE I6 

ANTIMALARIAL AcTiviw OF AMINO ALCOHOLS 

SN 

9464 
8953 
9821 
8954 
9467 
9468 
9469 
8952 
8951 
8950 

The amino alcohols of this group, when compared with the analogous bromine- 
free derivatives, the phenanthryl-3-amino alcohols (7)) are more toxic (8). In 
regard to effectiveness against Plasmodium gallinaceum, they are superior to  the 
bromine-free analogs (9). The corresponding amino ketones6 are devoid of thera- 

5 In Table I are listed the compounds which were submitted for biological investigation. 
In  the first column are given the identification numbers assigned t o  the drugs by the Malaria 
Survey Office of the National Research Council. The third column shows the approximate 
“Quinine equivalents” expressing the effectiveness of the drugs towards Plasmodium gal- 
linaceum, compared with that of quinine. A dash indicates that  the equivalent is less than 
A. All compounds listed in  the table were administered as hydrochlorides. 

6The Survey Kumbers (SN) of these drugs may be found in Table 11. 
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peutic effect. None of the drugs showed any activity towards sporozoite- 
induced gallinaceum malaria (9). 

EXPE:RIMENTAL7 

9-Bromophenanthrene. This was prepared according to  the directions of May and 
Mosettig (IO). I n  the recrystallization, isopropanol was employed. The phenanthrene 
used was purified by partial oxidation with chromic acid followed by vacuum distillation 
and crystallization from alcohol (11, 12). Material so treated had the melting point 97- 
99". 

3-Acety2-9-bromophenanthrene (8) .  To a mixture of 350 g. of 9-bromophenanthrene and 
2620 co. of carbon disulfide cooled to  5" in  a 5-liter three-necked flask equipped with a liquid- 
sealed stirrer and vented through a c a l h m  chloride tube, was added 128 cc. of acetyl 
chloride. Five hundred twenty-six grams of anhydrous aluminum chloride was added 
gradually with stirring and cooling, maintaining the temperature at 5". The temperature 
was then allowed t o  rise slowly to  room temperature (never above 30") over a period of 
2-3 hours. The reaction mixture, a t  fiIst dark green, slowly turned to  light brown. 
Stirring was continued another 2-4 hours (total reaction time about 6 hours) after which the 
evolution of hydrogen chloride had practically ceased. 

The precipitate was filtered and washed several times with carbon disulfide. The sepa- 
rated addition product was combined with that from a second preparation (also using 350 
g. of 9-bromophenanthrene) . 

The decomposition of the addition product from the acetylation of 700 g. of 9-bromo- 
phenanthrene (in two runs) was carried out in a 20-liter Pyrex crock equipped with a stirrer. 
In  i t  was placed 3000 cc. of chloroform, 4610 cc. of conc'd hydrochloric acid, and 2000 g. of 
ice. The addition complex was added in small portions with vigorous stirring, more ice 
being added as needed to  keep the reaction under control. After decomposition was com- 
plete, 1 he chloroform layer was syphoned off and the aqueous layer extracted twice with 
chloroform. The combined chloroformic solutions were washed once with dilute hydro- 
chloric acid and twice with water, clarified by boiling with carbon, filtered, and evaporated 
to  dryness. 

The residual brownish crystalline mass was crystallized from acetone (1450 cc. for each 
100 g.  of crude material) using charcoal. In  this way 305 g. of colorless needles, 1n.p. 150- 
151" was obtained. On concentration, the mother liquors yielded 101 g. of less pure mate- 
rial, m.p. 141-149", and a third crop of 90 g . ,  m.p. 128-148". Recrystallization of the second 
and third crop material yielded a further 140 g.  of pure 3-acetyl-g-bromophenanthrene, 
m.p. 150-151" [reported (2) m.p. 150-151°]. 

3-Acetyl-9-cyanophenanthrene. An intimate mixture of 3 g. of the acetyl compound with 
1 g. (1.1 mole) of cuprous cyanide was placed in an oven a t  110". The temperature was 
allowed to rise to  200-205" over a period of one-half hour with occasional mixing. This 
temperature was maintained for 1.25 hours and then raised to 250' over a period of one-half 
hour. .4fter being held a t  250" for 40 minutes, the black mass was cooled, pulverized, and 
extracted with chloroform. The extract wa3 evaporated to  dryness and the residue crystal- 
lized twice from acetone. Light yellow, halogen-free crystals were obtained, m.p. 220- 
221': 

Anal.  Calc'd for C I ~ H I ~ N O :  Tu', 5.71. Found: N, 5.71. 
3-Acetyl-9-bromophenanthrene oxime ( 2 ) .  To a solution of 100 g. of 3-acetyl-9-bromo- 

phenanthrene in hot dioxane was added a solution of 55 g. of hydroxylamine hydrochloride 
in  220 cc. of 10% aqueous sodium hydroxide. Three hundred and seventy-five cubic centi- 
meters of hot 25y0 alcohol was added and the resulting clear solution heated on the steam- 
bath for four hours. Hot water was then added to  incipient turbidity and the solution 

7 All analyses except ionizable halogens reported in this paper and in subsequent papers 
of this series were done by Dr. T. S. Ma. 
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allowed to  cool t o  room temperature overnight while the oxime crystallized as colorless 
needles. The yield was 101 g. (96%), m.p. 212-213.5O.8 

Anal. Calc'd for CleHllBrNO: N, 4.46. Found: N, 4.25. 
3-Amino-9-bromophenanthrene. 'The procedure of Bachmann and Boatner (13) was 

followed for the rearrangement of the oxime and subsequent hydrolysis. The hydrochloride 
of the 3-amino-9-bromophenanthrene was not very soluble in water, however, and the 
method of isolation was modified accordingly. 

To  a suspension of 90 g. of 3-acetyl-9-bromophenanthrene oxime in 1450 cc. of dry benzene 
was added 90 g. of phosphorus pentachloride. The mixture was then refluxed for 20 minutes, 
after which evolution of hydrogen chloride had ceased and a clear solution remained. 

The solution was cooled, hydrolyzed by shaking with 1000 cc. of water, and the pre- 
cipitated product filtered off and washed with water. The benzene layer of the filtrate 
was washed with water, evaporated to  dryness, and the residue added to  the precipitate of 
crude acetylamino-9-bromophenanthrene. 

The crude acetylamino compound was hydrolyzed by refluxing with 3600 cc. of alcohol 
and 126 cc. of concentrated hydrochloric acid (mechanical stirring was employed to  avoid 
lumping). After refluxing for 24 hours, the suspension was cooled and the amine hydro- 
chloride filtered off. The filtrate was concentrated and a second crop of amine hydro- 
chloride obtained, which was added to  the first. 

The crude amine hydrochloride was suspended in 1000 cc. of water and lo00 cc. of ether. 
Sufficient 25% aqueous sodium hydroxide was added to  make the aqueous layer alkaline 
to  phenol red, and the suspension shaken mechanically for 30 minutes, addingsodium 
hydroxide solution as necessary to  maintain a slight excess. 

The remaining insoluble material was filtered off and discarded. The ether layer of the 
filtrate was separated and the aqueous layer extracted again with ether. The combined 
ethereal solutions were washed with water, dried over sodium sulfate, and acidified with 
alcoholic hydrogen chloride. The precipitated amine hydrochloride was filtered, washed 
with ether, and dried. 

The 3-amino-9-bromophenanthrene obtained from the hydrochloride was crystallized 
from benzene-hexane as buff-coloied needles; yield 61.5 g. (71%); m.p. 112.5-113°. 

Anal. Calc'd for ClaHloBrh': IT, 5.15. Found: Pi, 5.37. 
3-Acetylamino-9-bromophenanthrene. The 3-amino-9-bromophenanthrene was acetyl- 

ated with acetyl chloride in  benzene in the presence of pyridine. On recrystallization from 
alcohol, the acetyl derivative was obtained as colorless prisms, m.p. 220.5-221.5'. 

Anal. Calc'd for CloH12BrKO: Tu', 4.46. Found: ?rT, 4.37. 
9,Q-Dibromophenanthrene. The 3-amino-9-bromophenanthrene was diazotized by a 

modification of the method of Misslin (14) and the diazonium salt converted t o  dibromo- 
phenanthrene by Schwechten's modification of the Sandmeyer reaction (15). To a solution 
of 5 g. of 3-amino-9-bromophenanthrene in 50 cc. of concentrated sulfuric acid cooled to  
10' was added a solution of 3.5 g. of sodium nitrite in 35 cc. of concentrated sulfuric acid. 
The temperature was maintained at 8-10' while 250 cc. of glacial acetic acid was added 
slowly with stirring. The solution was maintained at 10" for one-half hour after all the 
acetic acid had been added and then diluted to  ca. 600 cc. with ice and water, still holding 
the temperature a t  10". Five grz.ms of urea B-as added and stirring continued for an addi- 
tional half hour. A solution of 27.5 g. of mercuric bromide and 27.5 g. of potassium bromide 
in 100 cc. of water was added and stirring continued for another half hour. The suspension 
was held a t  ca. 5" in the refrigerator overnight, the precipitate filtered off, washed with 
cold water, and dried in a vacuum desiccator. 

* Mosettig and van de Kamp (2) report for this oxime m.p. 142.5-143' (uncorr.) n-hile we 
find the oxime to  melt a t  212-213.5'. Dr. Mosettig informs us (private communication) that 
their oxime was prepared in metlianolic solution. In  repeating this preparation he is able 
t o  obtain either oxime dependinh; on whether methanol or dioxane is used as solvent. He 
suggests that  cis-trans isomerism accounts for this discrepancy. The semicarbazone was 
prepared and found to  have the melting point recorded. 
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The dried double salt was intimately mixed with twice its weight of potassium bromide 
and decomposed in a beaker heated over a low flame. The residue was extracted with hot 
water and taken up in warm benzene and the benzene solution filtered. The solvent was 
evaporated and the residue distilled in vc~cuo, b.p. 220-230" a t  6-7 mm. The distillate was 
crystallized from benzene-alcohol, yielding 3.5 g. (57%) of colorless needles, m.p. 144-145". 
Sandyuist reported 143-143.5" (4). 

3,9-Dzcyanophenanthrene. An intimate mixture of 1 g. of 3,Q-dibromophenanthrene with 
1 g of cuprous cyanide was heated for 3 hours a t  295-300" in a sealed tube. The reaction 
product was cooled, pulverized, and shaken with a mixture of ammonium hydroxide and 
chloroform. The chloroformic solution was treated with charcoal, filtered, and evaporated 
t o  dryness. The residue was recrystallized three times from toluene to  yield 0.54 g. (79%) 
of colorless needles, m.p. 285-286". 

Anal. 

Phenanthrene-$, 9-dicarboxylic aczd. A suspension of 0.2 g. of 3,9-dicyanophenanthrene 
in  20 cc. of a 25% methanolic potassium hydroxide solution was refluxed for 10 hours, during 
which ammonia was evolved and a clear solution was obtained. The solution was diluted 
with water, acidified, and the precipitate filtered off and washed with water. The crude 
3,9-dicarboxylic acid was converted to  the dipotassium salt which was crystallized from 
methanol-acetone, then reconverted t o  the free acid. After drying in a vacuum desiccator, 
the purified acid remained as a light yellow powder, m.p. above 330". 

Calc'd for CleH8N2: C, 84.3; W, 3.51; N, 12.2. 
Found: C, 84.35; H, 3.21; N, 12.39. 

Ancl.  Calc'd for CI6Hl0O4: Beut. Equiv., 133. Found: Neut. Equiv., 136.7. 
Phenanthrene-3,9-dicarboxylic acid dimethyl ester. A suspension of 0.1 g. of the dicar- 

boxylic acid in 10 cc. of methanol containing 0.18 g. of concentrated sulfuric acid was 
refluxed for 8 hours, when a clear solution was obtained. On cooling, the ester separated 
in the form of colorless needles. Two rimystallizations from methanol yielded 0.05 g. 
of colorless needles, m.p. 126.6-127.5'. 

Anal. Calc'd for ClsHlaO4: C, 73.5; H 4.76. 

3-Bromoacetyl-9-bromophenanthrene. 
Found: C, 73.47; H, 4.56. 

To a well-stirred suspension of 60 g. of 3-acetyl-9- 
bromophenanthrene in 225 cc. of anhydrous ether at 30" was added a few drops of bromine 
in chloroform. After the bromine was consumed, the temperature was gradually lowered 
t o  12" while adding bromine in chloroform. The bromination was completed a t  12", a 
total of 33 g. of bromine in 150 cc. of chloroform being added. The stirring was continued 
for 15 minutes after all the bromine had been added, and the reaction mixture was chilled 
for one hour. The sludge was filtered off, rind washed with cold ether. The mother liquor 
and washings were combined, washed with water to  remove hydrogen bromide, dried over 
sodium sulfate, and concentrated to about 75 cc. An equal volume of petroleum ether 
(35-60") was added, the mixture chilled, and a second crop of crude product obtained. This 
was combined with the original precipitate and the whole recrystallized from dioxane- 
methanol. The crystals obtained melted at 131-133'. Further crystallization yielded 
colorless needles, m.p. 133-134". The total yield from the bromination of 276 g. of 3-acetyl- 
9-bromophenanthrene was 282 g. (80.8%). 

Anal. Calc'd for ClaHloBrO: Br, 42.29. Found: Br, 42.29. 
3-(??-Dialkylamino-l -oxoethyl)-9-bromophc!nanthrene hydrochlorides. A mixture of 53 g. 

(0.14 mole) of 3-~-bromoacetyl-9-bromophenanthrene, 0.28 mole of dialkylamine,g and 
150 cc. of benzene was shaken for 30 minutes, 200 cc. of dry ether was added, the mixture 
shaken again for 10 minutes, and chilled for two hours. Filtration yielded about 0.135 mole 
of dialkylammonium bromide (96%). The filtrate was acidified with alcoholic hydrogen 
chloride and chilled, whereby the crude amino ketone hydrochloride precipitated. Re- 
crystallization from the appropriate solvent (see Table 11) yielded the pure compound in 
the form of colorless needles. 

9 We are indebted to  Dr. R.  C. Elderfield., Columbia University, for the amines used in  
the work reported here, and in the subsequent papers of this series. 
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9-(l-Dialliylamino-l-hydrozyethyl)-g-bromophenanthrene hydrochloride. -4 mixture of 
0.0366 mole of 3-(2-dialkylamino-l~~oxoethyl)-9-bromophenanthrene hydrochloride, 22.5 g. 

TABLE I1 
~-(~-~IALKYLAMINO-~-OXO-E'I'HYL)-~-BROMOPHENANTHRENE HYDROCHLORIDES" 

____ 
226-229 

220-221 

223-225 
195-198 

185-187 
153-157 
142-144 

- 

SN 

- 
13307 

906 1 

10403 
9471 

10125 
14448 

9060 
9477 
9476 
- 

CH1 

CzHs 

C3H7 
C4H9 

C5Hll 
C&3 
C 7H15 

C8H17 
CeH1e 
CioHzi 

Methanol-dioxane 

Methanol-dioxane 

Methanol-ether 
Methanol-acetone 

Isopropanol 
Isopropanol 
Acetone-methanol 

ether 
Acetone 
Acetone 
Acetone 

ether 

ether 

ether 

70 

FORMULA 

8.72 8.7513.4613.42 

C18H17BrClN0 

CzoHz1BrClNO 

CzzH2sBrClN0 
CzaHzeBrCl S O  

CzsHIaBrCIXO 
CZ8H37BrClS0 
CaoHalBrClNO 

C32HlbBrC1N0 
Cs4Ha~BrC1N0 
C3eHs3BrC1N0 

63 
45 
35 

65 

I 
7.24 7.2712.85 3.01 
6.856.93'2.692.57 
6.49 6.5512.j6'2.76 

6.21 6.31 2.452.46 

a All compounds colorless needles. 

TABLE I11 
3-(2-DIALKYLAMINO-1-HYDROXI.-ETHYL)-g-BROYOPHENAPI'THRENE HYDROCHLORIDES~ 

60 
65 15.635.58 

ALKYL 
GROUP 

5.896.tK12.32~2.29 
2.22 2.25 

SOLVENT 

85 
68 
84 
80 
85 
86 
65 

Absolute alcohol 
Methanol-dioxane- 

Met hanol-acet one - 

Alcohol-ether 
Isopropanol 
Isopropanol 
Acetone 
Acetone 
Acetone 
Ethyl - acetate or 

isopropanol-ether 

ether 

ether 
7.7017.59i3 . O h  .87 
7.21 7.1612.8412.83 
6.81 6.842.6912.93 
6.476.452.55'2.60 
6.21 6.132.4512.56 
5.875.902.31,2.29 
5.625.5212.21 2.27 1 I t  

M.P.,  "C. 

227-230 
195-195.5 

21c-211 

198-198.5 
198-199 
156-157.5 
131.5-133 

127.5-128.5 
131-132.5 

126.5-128 

0 All compounds colorless needles. 

FORMULA 

C18Hl~BrClS0 
C20H23BrClN0 

CzzHz7BrClN0 

Cz4H31BrC1S0 
CzsHssBrClSO 
C28H89BrClS0 
C3oH43BrClNO 
C3~H47BrClN0 
C3rH61BrC1S0 
C16HssBrClN0 

-/-I-+-!- 

(0.11 mole) of aluminum isopropoxide, and 450 cc. of isopropanol was distilled slowly 
through a 10-ball Snyder column. Acetone was detected in the distillate only for the first 
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2 hours, but the distillation of the isopropmol was continued for 3.25 hours. The remaining 
isopropanol was then removed by distillrttion in  vacuo from a water-bath at 50-55”. The 
residue was diluted with ether, a solution of 45 g.  of citric acid in about 100 cc. of water was 
added, and the solution made alkaline to  phenol red with 25% sodium hydroxide solution. 
The ether was separated, the aqueous portion extracted with ether and discarded. The 
combined ether extracts were washed with water, dried over sodium sulfate, acidified with 
alcoholic hydrogen chloride, and chilled to  complete precipitation. The yield of crude 
carbinol was almost quantitative. Purification was effected by crystallization from the 
appropriate solvent (see Table 111). 

ACKNOWLEDGMENTS 

The authors of this paper and the following papers comprising this research 
project are deeply grateful to ILliss Syma Busiel and Mr. Alfred Busiel for having 
made this work possible. 

The authors wish to express their gratitude to Dr. L. F. Small, Dr. Erich 
Mosettig, Dr. E. M. Fry, and Dr. E:. L. May, all of the National Institute of 
Health, for helpful suggestions throughout the course of the work reported here 
and in the subsequent papers of this rieries. 

SIJMMARY 

1. A homologous series of 3-(2-dialkylamino-l-oxoethyl)-9-bromophenan- 

2. Each of these amino ketones has been reduced to  the corresponding amino 

3. The evaluation as antimalarials of the amino alcohols and amino ketones 

threnes has been synthesized. 

carbinol. 

described herein is discussed. 
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In the extension of the series of 9-bromophenanthryl amino alcohols of type I 
(l), we decided to synthesize the corresponding compounds of type I1 and 111. 

CH3 
I 

CHOHCHzNRz CHOHCHNR2 CHOHCHZ CH?NRZ 
/ 

Br Br Br 
I I1 I11 

The synthesis of the propanolamines of type I1 offered no difEculties and 
proceeded according to  the scheme: 

C Hs 
AlC13 I R?WH+ 

ArH + CH3CH2COC1 ---+ ArCOCHzCH3 ArCOCHBr - 
C H3 CH3 
I A1 (C3H7O)s I 

ArCOCHNRz - ArCHOHCHNRz 

where Ar = 9-bromophenanthryl. As was expected, the exchange of bromine 
in the a-bromopropionyl-9-bromophenanthrene with aliphatic amine proved to be 
considerably more sluggish than in the case of the corresponding a-bromoacetyl 
compound (1). It was necessary to reflux the reaction mixture with excess 
amine for some time to  complete the conversion. The removal of the excess 
aliphatic amine from the amino ketone was effected by fractional precipitation of 
the hydrochlorides from et her. 

The structure of the propionyl-9-bromophenanthrene was proved by oxidation 
of the propionyl group to yield the same carboxylic acid as 3-acetyl-9-bromophen- 
anthrene, the structural proof of which is reported in other papers of this series 

1 Present address: New York Quinine and Chemical Works, Brooklyn, New York. 
2 Present address: Pepsodent Division, Lever Bros. Co., Chicago 38, Ill. 
8 Present address: 600 S. Michigan Ave., Chicago 5, 111. 
4 Present address: Velsicol Corporation, Chicago 11, 111. 
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(1, 2). Oxidation of the 3-propionyl-9-bromophenanthrene with sodium hypo- 
chlorite was unsuccessful but proceeded with 3-CY-bromopropionyl-9-bromophen- 
anthrene .5 The 9-bromo-3-phenanthroic acid obtained was identified by con- 
version to the methyl ester, which was shown by direct comparison to be identical 
with that prepared by Mosettig and van de Kamp (3). 

As in the foregoing communication, reduction of the amino ketones was 
effected with aluminum isopropoxide to prevent loss of bromine. In this series, 
two diastereoisomeric amino alcohols can be expected. We isolated both forms 
of the 3-(2-dimethylamino-l-hydroxypropyl)-9-bromophenanthrene in crystalline 
form. 

T e  intended to prepare the amino sllcohols of type I11 by reduction of the cor- 
responding amino ketones. The latter were prepared by the Mannich reaction 
(4) from 9-bromo-3-acetylphenanthrene (1). Preliminary trials were unsuc- 
cessful. Using isoamyl alcohol as solvent, as suggested by van de Kamp and 
Mosettig (5 ) ,  gave no results. The desired compounds, however, were obtained 
in satisfactory yields when benzene was employed, according to the modification 
of Fry (6). Unfortunately, we were not able to find the conditions under which 
these ketones could be reduced. In hydrogenation, using noble catalysts, the 
nuclear bromine atom is attacked and the amino group is split off to some extent. 
This result could not be obviated by reduction in the presence of hydrogen bro- 
mide, the addition of which appeared to poison the catalyst. In the aluminum 
isopropoxide reduction, splitting and other decomposition processes were found to 
take place, aliphatic amine being removed. 

The toxicity of the propanolamines is somewhat lower than that of the cor- 
responding ethanolamines (7). Their effectiveness towards Plasmodium gallin- 
aceum, throughout the series [from--X(CzH& to -N(CIoHz1)21, is decidedly 
loner (8). Only the dibutylamino alcohol (SK 10226), the diamylamino alcohol 
(SS 10893), and the dihexylamino alcohol (SN 10892) show weak activity (Qi, 
$, &). ,111 amino ketones are ther:tpeutically inactive. None of the drugs 
showed any activity towards sporozoit e-induced gallinaceum malaria (8) .6 

However, only one form of the other members of the series was found. 

EXPEIIIMENTAL 

3-Propionyl-9-bromophenanthrene. To a mixture of 450 g. of 9-bromophenanthrene and 
3800 cc. of carbon disulfide cooled to  5" in a 5-liter three-necked flask equipped with a liquid- 
sealed stirrer and vented through a calcium chloride tube, was added 208 cc. of propionyl 
chloride. Six hundred seventy-five grams of anhydrous aluminum chloride was then added 
slowly with stirring and cooling, maintaining the temperature at 5'. ilfter all the alumi- 
num chloride had been added, the temperature was allowed to  rise slowly to  room tempera- 
ture (never above 30") over a period of 2-3 hours. The reaction mixture, at first dark green, 
slowly turned light brown. Stirring was continued another 3 4  hours (total reaction time 
about 6 hours) after which the evolution of hydrogen chloride had practically ceased. The 
precipitate was filtered and washed several times with carbon disulfide. 

The decomposition of the addition product from the propionylation of 900 g. of 9-bromo- 

5 Subsequently it was found that the hypochlorite oxidation of acylphenanthrenes pros- 

8 The Survey Xumbers (SN) of all the drugs which have been submitted to  biological 
ceeds smoothly in the presence of pyridine 112). 

tests are given in the Experimental Part (Tables I, 11, and 111). 



316 SCHULTZ, GOLDBERG, ORDAS, AND CARSCH 

- 
Methanol-dioxane- 

Methanol-acetone- 

Methanol-acetone- 

Methanol-acetone- 

ether 

ether 

ether 

ether 
Acetone 
Methanol-acetone- 

ether 
Acetone 
Acetone 
Acetone 
Acetone 

phenanthrene (in two runs) was carried out in  a 20-liter Pyrex crock equipped with a stirrer. 
In  i t  was placed 3000 cc. of chloroform, 150 cc. of conc'd hydrochloric acid, and 2000 g. of 
ice. The addition complex was added in  small portions with vigorous stirring, more ice 
being added as needed t o  keep the reaction under control. After decomposition was com- 
plete, the chloroform layer was removed and the aqueous layer extracted twice with chloro- 
form. The combined chloroformic solutions were washed once with dilute hydrochloric 
acid and twice with water, clarified by boiling with carbon, filtered, and evaporated to  dry- 
ness. The residual brownish crystalline mass was crystallized twice from acetone to  yield 
550 g. (50%) of colorless needles, m.p. 116-117'. 

Anal. Calc'd for ClrH1*BrO: C, 65.15; H, 4.15. 
Found: C, 65.58; H, 4.54. 

Oxime of 3-propionyl-9-bromophenanthrene. The oxime was prepared by reaction with 
Color- hydroxylamine hydrochloride in  dilute alcohol in the presence of sodium acetate. 

less needles were obtained by recrystallization from alcohol, m.p. 166.5167". 

227-227.5 

209-210.5 

209-212 

214.5-216. E 

155-156 
164-165.5 

149.5-151. E 
134.0-137. C 
125 .O-126.C 
116-118.5 

TABLE I 
~-(~-~IALKYLAMI~O-~-OXOPROPYL)-~-BROMOPHENANTHRENE HYDROCHLORIDES" 

94 

67 

67 

68 

59 
53 

30 
82 
61 

SN 

- 

1044! 

10441 

1044: 

9.049.163.563.47 --'-IT 8.448.423.333.15 

7.937.993.122.96 

7.407.502.942.78 
I 

7.05 7.1412.78 2.92 
6.656.7112.632.64 

6.306.33(2.502.67 
6.03 5.88 2.37,2.38 
5.75 5.83 2.27 2.46 

ALKYL 
GROUP SOLVENT M.P. ,  " C .  FORMULA 

All compounds colorless needles. 

Anal. Calc'd for C17H1aBrNO: N, 4.27. Found: Tu', 4.09. 
8-a-Bromopropionyl-9-bromophenanthrene. To a well-stirred suspension of 40 g. of 

3-propionyl-9-bromophenanthrene in 600 cc. of absolute ether a t  30" was added a few drops 
of a solution of bromine in chloroform. When decolorization had taken place, the mixture 
was cooled t o  12' and 20.4 g. of bromine dissolved in 60 cc. of chloroform added as rap- 
idly as it was taken up. Stirring was continued for 15 minutes after all the bromine had 
been added. The mixture was chilled to  0" for one hour and the precipitated bromo 
ketone filtered and washed with cold ether. The crude 3-a-bromopropionyl-9- 
bromophenanthrene was obtained as pale pink needles; yield 45 g. (goyo), m.p. 16G-168°. 

A mixture of 20 g 
Anal. Calc'd for C17H12Br20: Br, 40.8. Found: Br, 40.54. 
J-(Z-DiaEkylamino-l -oxopropy1)-9-bromophenanthrene hydrochlorides. 
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Methanol 

Methanol acetone- 

Methanol acetone- 

Methanol acetone- 

Methanol acetone- 

ether 

ether 

ether 

ether 
Acetone 
Acetone 
Acetone-ether 
Acetone 
Acetone 

(0.051 mole) of 3-~~-bromopropionyl-9-bromophenanthrene, 0.153 mole of dialkylamine, and 
120 cc. of benzene was refluxed for 3.5 hours. After cooling t o  room temperature, the reac- 
tion mixture was filtered to  remove precipitated dialkylammonium bromide. The filtrate 
was washed with dilute sodium carbonate solution, then with water. The benzene was 
removed by steam distillation i n  vacuo, the temperature being held below 45”. The residue 
was taken up in  ether, and the ethereal solution dried over sodium sulfate and filtered. The 
solution a t  this point had a volume of about 500 cc. Alcoholic hydrogen chloride (10 N )  
was added slowly from a burette until the ,oH, indicated by a drop of solution on “Hydrion 
A” test paper, changed from about 9 to  abciut 6. This change is quite sharp and appears to  
correspond to  neutralization of the dialkplamine. The mixture was allowed to  stand a t  
room temperature for one-half hour with frequent shaking, then chilled for three hours. 
The precipitated dialkyalmine hydrochloride was filtered off, leaving fairly pure amino 
ketone in solution. 

-- 
261-262.5 
249-250 
204-205.5 

228-229 

186.5-188.( 

189-190. 

136.5-137.! 
147.0-148 .( 
143.5-144 .( 
144 .0-145 . (  

1136.0-136.1 

TABLE I1 
~ - ( ~ - ~ I A L K Y L A M I N O - ~ - H Y D R O X Y P R O P Y L ~ ~ - ~ - B R O M O P H E N ~ N T H R E N E  HYDROCHLORIDES“ 

ss 

___ 

10438 

10439 

10226 

10893 

10832 
10894 
10440 
10441 
10442 

SOLVENT M.P., “c. FORMULA 

----- 
3.5 8.99 8.97 3.55 3.74 
3.58.99 8.943.55 3.46 
69 8.408.21 3.323.63 

71 7.927.883.11 2.74 

65 7.437.592.932.70 

83 7.00 7.03 2.762.66 

74 6.646.642.622.63 
71 6.306.332.492.55 
77 6.01 6.022.37 2.39 
72 5.745.792.272.35 
76 5.495.W/2.11i2.16 

All compounds colorless needles. 

The solution was acified strongly (Hydrion test paper showed pH about 1) and the 
amino ketone hydrochloride allowed to  separate a t  room temperature for about two hours, 
then chilled overnight. The crude product was filtered off and purified by crystallization 
from the appropriate solvent (see Table I). 

3-(2-Dialkylamino-1 -hydroxypropyl)-9-bromophenanthrene hydrochlorides. The 3-(2-di- 
alkylamino-I-oxopropyl) -9-bromophenanthrene hydrochloride was reduced with aluminum 
isopropoxide using the technique described for 3-(2-dialkylamino-l-hydroxyethyl)-9-bromo- 
phenani hrene (1). The yield of crude carbinol was almost quantitative. Purification was 
readily effected by recrystallization from the appropriate solvent (see Table 11). 

$-($-Dialkylamino-l -oxopropyl)-9-bromophenanthrene hydrochloride. In  a 2-necked, 
300-cc. flask fitted with a stirrer and reflux condenser were placed 29.7 g. (0.1 mole) of 3- 
acetyl-9-bromophenanthrene, 0.122 mole of dialkylamine hydrochloride, 3.28 g. of 
paraformaldehyde, 0.17 cc. of concentrated hydrochloric acid, and 120 cc. of benzene. The 
mixture was brought t o  boiling in  15 minutes with vigorous stirring. After refluxing for 
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72 
62 
56 
51 
45 
54 
47 

45 
34 
35 

10 minutes considerable foaming occurred. After 30 minutes the foam disappeared and a 
clear yellow solution was formed. After boiling for a n  additional 45 minutes the reaction 
mixture was chilled for one hour and some dialkylamine hydrochloride filtered off. Dry 
ether W ~ E J  added to  the filtrate to  a volume of about 550 cc. and the mixture chilled over- 
night. The crude amino ketone hydrochloride was filtered off, washed with ether, and 
crystallized from the appropriate solvent (see Table 111). 

9-Bromophenanthrene-3-carboqjlic acid. A mixture of 0.5 g. of 3-a-bromopropionyl-9. 
bromophenanthrene, 10 cc. of 5.5 N sodium hypochlorite, and 2 cc. of chloroform was re- 
fluxed gently for three and one-half hours. About 10 cc. of chloroform was then added, and 
the mixture extracted several times with water. The aqueous solution was filtered hot 
(the sodium salt tends t o  crystallize on cooling), acidified, and extracted with ether. On 
evaporation of the ether extract, a residue of 70 mg. remained. Crystallization from glacial 
acetic acid gave 50 mg. of the carboxylic acid as colorless needles, m.p. 279-280'. The 
melting point was not depressed by admixture of a sample of the acid described by Mosettig 
and van de Kamp (3) .7  

TABLE 111 
3-(3-DIALKYLAMINO-1-OXOPROPYL~-9-BROMOPHENANTHRENE HYDROCHLORIDES~ 

_-__-- 
9.04 8.88 3.56 3.42b 
8.44 8.35 3.33 2.83 
7.937.923.122.67 
7.407.622.942.80 
7.05 7.042.78 2.75 
6.79 6.72 2.63 2.64 
6.306.63 2.49 2.28 

6.036.282.382.17 
5.755.902.272.46 
5.50 5.65 2.17 2.14 

SN 

947: 
947: 

9471 
947! 

ALKYL 
GROUP 

SOLVENT 

Ethanol 
Ethanol 
Methanol-ether 
Methanol-ether 
Methanol-ether 
Ethanol-ether 
Methanol-acetone- 

Benzene-hexane 
Benzene-hexane 
Benzene-ether 

ether 

Y.P..  "C .  

197-199 
158.5-159.5 
172-175 dec. 
156-158 
148-150 
112-115 
101-101.5 

111.5-113.5 
110-111.5 
110-112.5 

FORMULA 

ClpHloBrCINO 
Cz1Hz3BrClN0 
C23H27BrC1N0 
CzsH31BrC1N0 
CZ7HasBrC1NO 
CzoHaoBrCINO 
CaiHiaBrClNO 

C33H47BrC1N0 
C36H61BrC1N0 
Ca7Hs6BrClN0 

a All compounds colorless needles. 
b See ref. (6). 

9-Bromophenanthrene-3-carboxylic acid methyl ester. The carboxylic acid obtained was 
esterified with methanol. The methyl ester had the melting point 154-155.5' and the melt- 
ing point was not depressed by admixture of a sample of the ester prepared by Mosettig and 
van de Kamp 

SUMiK4RY 

A homologous series of 3-(2-dialkylamino-l-oxopropyl)-9-bromophenant~enes 

Each of these amino ketones has been reduced to the corresponding amino 

A homologous series of 3- (3-dialkylamino-l-oxopropyl) -9-bromophenanthrenes 

has been prepared. 

carbinol. 

has been synthesized. 
7 Sample furnished by Dr. Mosettig. 
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The evaluation as antimalarials of the amino alcohols and amino ketones 
described herein is discussed. 
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It appeared to  be of interest, from a biological point of view to prepare halo- 
genated phenanthryl amino alcohols of the types described by us previously 
(1, 2), but having a chlorine atom in place of the bromine atom. The following 
amino alcohols and amino ketones were prepared: 

side chain Side chain: 
I1 CHOHCHZNRZ 

I11 COCH(CH3)NRz 

IV CHOHCH(C&)NRz 

V GO CHz CHzNRz 

- Cl 

The requisite starting materials, 9-chloro-3-acetyl- and 9-chloro-3-propionyl- 
phenanthrene were obtained in satisfactory yields in the Friedel-Crafts reaction 
on 9-chlorophenanthrene. The structural proof for these two key substances 
was accomplished in the following manner. The acetyl derivative was oxidized 
to  the known 3-acetyl-9,lO quinone (3). The acetyl- and propionyl-g-chloro- 
phenanthrene were oxidized with sodium hypochlorite t o  the same 9-chlorophen- 
anthroic acid. The acetyl-9-chlorophenanthrene was converted via the oxime 
to  the amino-9-chlorophenanthrene, and the latter by diazotization to  the 
corresponding dichlorophenanthrene which melted at  125-125.5". In  this 
dichlorophenanthrene one chlorine atom occupies position 9, the other one must 
occupy position 3 or 6. Nyl6n (4) prepared in 1920 by the Pschorr method 3 , l O -  
dichlorophenanthrene which melts at 117-117.5". On this basis Sandquist (5 )  
could assign to  the dichlorophenanthrene of m.p. 125-125.5", obtained by sulfona- 
tion of 9-chlorophenanthrene and the subsequent conversion of the sulfonic 
group to  a chlorine (6), the structure of 3,9-dichlorophenanthrene. Thus, the 
melting point per se of our dichlorophenanthrene, and the general analogy of 
substitution in the sulfonation process and the Friedel-Crafts reaction is a very 
strong indication that this compound is 3,9-dichlorophenanthrene and con- 
sequently the acyl compounds are 3-acetyl-9-chlorophenanthrene and 3-pro- 
pionyl-9-chlorophenanthrene. Moreover, x e  have established (1, 2) the consti- 

Present address: ,I'ew York Quinine and Chemical Works, Brooklyn, Kew Pork 
Present address: Pepsodent Division, Lever Brothers Co., Chicago 38, Ill. 

3 Present address: Velsicol Corporation, Chicago 11, 111. 
Present address: 600 S. Michigan Ave., Chicago 5, Ill. 
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tution of the 3-acyl-9-bromophenanthrenes by conversion to  the diphenanthroic 
acid, which mas also obtained from the above 3,9-dichlorophenanthrene via the 
corresponding dicyano compound. Since the structural proof of all these acyl- 
halo phenanthrenes hinges on this one melting point and since dimorphism in the 
phenanthrene series occurs frequently, it appeared advisable to prepare 3,9- 
dicyanophenanthrene by an unambiguous synthesis. Recently May and Moset- 
tig (7) synthesized by the Pschorr method 3-chloro-9-phenanthroyl chloride. 
We converted this derivative to 3 ,g-dicyanophenanthrene and to  3,9-dicarboxy- 
phenanthrene dimethyl ester. The last two proved, by melting point and mixed 
melting point, to  be identical with the dicyanophenanthrene and with the dicar- 

TABLE 1. 
ANTIMALARIAL ACTIVITY O F  AMINO ALCOHOLS 

SN 

10228 
10229 
10163 
10123 
13454 
10230 
10225 
10124 
10227 

7266 

9 x 1  

3-CHOHCHz- 
C14HS 

9-c1 

3-CHOHCH (CHI)- 
ciiH8 

Q 

In  the table are listed the compound13 which were submitted for biological investiga- 
tion. In  the first column are given the identification numbers assigned to  the drugs by the 
Malaria Survey Office of the National Research Council. The third column shows the 
approximate “quinine equivalents” expressing the effectiveness of the drugs towards 
Plasmodium gallinaceum, compared with that of quinine. A dash indicates that the 
equivalent is less than &. All compoundis listed in the table were administered as hydro- 
chlorides. 

boxyphenanthrene dimethyl ester obtained from our acylated 9-halo-phenan- 
threnes. The flow sheet depicts the structural proof of the 3-halo-9- 
ac ylphenanthrenes. 

The compounds of types I-V were synthesized as described in the two preyious 
communications (1, 2). Also in this series we did not succeed in preparing the 
amino alcohol corresponding to V. 

There is no significant difference either in toxicity or in effectiveness towards 
Plasmodium gallinaceum between the amino alcohols listed above and their 
bromo analogs (1, 2) [Dr. Nathan B. Eddy (8); Dr. G. Robert Coatney and Dr. 
S. Clark Cooper (9)], Sone of the drugs showed any activity towards sporozo- 
ite-induced gallinaceum malaria (9). 
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FBr 
IX-COCHs 1 X-COCH2C& 

'\ \ I (  // 
1::: 0 C H3 

/ 
/ 

Pschorr Synthesis \ 
/ I I( 

3 steps 

i 

I I 

I L 

] r i H 2  9-CONHz I"' X-NH2 

9-Br 9-c1 
I 
lx-Cl ]:I:N ] X-B r 

3-CN 

19-CN 3 steps 

EXPERIMENTAL 

9-Chlorophenanthrene. In a 5-liter, 3-necked flask fitted with a stirrer was placed 1000 
g.  of purified phenanthrene (1) and 3000 cc. of carbon disulfide. After cooling the solution 
to  2-5", a stream of chlorine was introduced while stirring. The chlorine was passed in  
for five hours a t  the rate of 88 g. per hour. A t  the end of the reaction, the carbon disulfide 
was removed by distillation. The residue, mainly phenanthrene dichloride, was then dis- 
tilled in portions of 200-300 g. After a small amount of solvent and volatile matter was 
distilled in oucuo, the bulk of the product passed over a t  360-370" at atmospheric pressure 
with the liberation of large quantities of hydrogen chloride. Distillation of the dichloride 
in vacuo was not advantageous. This crude 9-chlorophenanthrene was a light yellow oil 
which solidified on standing. The combined yield from two runs of 1000 g. of phenanthrene 
each was 2036 g. (85%), m.p. 43.5-46.5'. 
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The crude material was crystallized from isopropanol to yield 910 g., m.p. 51-51.5" and 
a second crop of 610 g., m.p. 48.5-50.0". The yield a t  this point was 68%. Sandquist and 
Hagelin reported the melting point 52.5-53" (6). 

In  a 5-liter, 3-necked flask fitted with a stirrer was 
placed 400 g. of 9-chlorophenanthrene and 3200 cc. of carbon disulfide. The mixture was 
cooled to  5" and 140 cc. of acetyl chloride added. Six hundred grams of anhydrous alumi- 
num chloride was then added in small portions over a period of about one hour. When all 
the aluminum chloride had been added, the mixture was allonred to warm up to  room tem- 
perature (never above 30") with continued stirring. The reaction mixture, a t  first dark 
green gradually became light brown. After stirring for a total of six hours, evolution of 
hydrogen chloride had practically ceased and the precipitated addition complex was filtered 
off and washed several times with carbon disulfide. 

The combined addition complex from two such runs (total of 800 g. of O-chlorophenan- 
threne) was decomposed with 1600 cc. of dilute hydrochloric acid, 6000 cc. of chloroform, 
and about 4000 g. of ice. After washing the chloroformic solution with water, i t  was dried 
over sodium sulfate and evaporated to  dryness. The crude residue (955 9 . )  was crystal- 

3-Acetyl-9-chlorophenanthrene. 

lized from isopropanol (using carbon) to  yield 620 g. (65%) of colorless needles, m.p. 154- 
155". 

Anal. Calc'd for ClsHllClO: C, 75.5; H, 4.69. 
Found: C, 74.97; H, 4.53. 

3-Acetyl-9-chlorophenanthrene oxime. The oxime of 3-acetyl-9-chlorophenanthrene was 
prepared from the ketone and hydroxylamine hydrochloride in  dioxane-alcohol-water solu- 
tion in the presence of a n  equivalent amount of sodium hydroxide. The oxime, when 
recrystallized from methanol, was obtained as colorless needles, m.p. 187-188". 

Anal. Calc'd for CleHzlClNO: K, 5.1!1. Found: N,  5.16. 
3-Acetyl-9-chlorophenanthrene semicarba.zone. The semicarbazone was prepared in  the 

usual way. After crystallization from eth,yl alcohol, in which it is very sparingly soluble, 
it  was obtained as light yellow needles, m.p. 251-252'. 

Anal. Calc'd for C17H&lNO: N, 13.4. Found: N, 13.0. 
3-Amino-9-chlorophenanthrene. The procedure was exactly the same as used for the 

preparation of 3-amino-9-bromophenanthrene (1) nrhich follows, for most part, the method 
of Bachmann and Boatner (10). The yield from 101 g. of oxime was 66 g. (71%) of buff- 
colored needles, m.p. 112.5-113'. 

Anal. Calc'd for C1IHIOClK: N, 5.15. Found: S', 5.37. 
3-8cety~amino-9-ch~orophenanthrene. The 3-amino-9-chlorophenanthrene was acetylated 

with acetyl chloride in benzene in the presence of pyridine. On recrystallization from 
alcohol, the acetyl derivative was obtained as colorless prisms, m.p. 220.5-221.5'. 

3,9-Dichlorophenanthrene. The 3-amino-9-chlorophenanthrene was diazotized by a 
modification of the method of Misslin (11) and the diazonium salt converted to  dichloro- 
phenanthrene by Schwechten's modification of the Sandmeyer reaction (12). To a solu- 
tion of 5 g. of 3-amino-9-chlorophenanthrene in 50 cc. of concentrated sulfuric at 10" was 
added a solution of 3.5 g. of sodium nitrite in 35 cc. of concentrated sulfuric acid. The 
temperature was maintained at 8-10' while 250 cc. of glacial acetic acid was added slowly 
with stirring. The solution was maintained at 10" for one-half hour after all the acetic 
acid had been added and then diluted to  ca. 600 cc. with ice and w7ater, still maintaining the 
temperature a t  IO". Five grams of urea was then added and stirring continued for another 
half hour. A solution of 27.5 g. of mercuric $chloride and 27.5 g. of potassium chloride in 100 
cc. of water was added and gentle stirring continued for a n  additional half hour. The sus- 
pension was held at ea. 5" in the refrigerator overnight, the precipitate filtered off, washed 
with cold water, and dried in a vacuum desiccator. 

The dried double salt was intimately mixed with twice its weight of potassium chloride 
and decomposed in a beaker heated over a low flame. The residue was extracted with hot 
water and taken up in warm benzene and the benzene solution filtered. The solvent was 



324 SCHULTZ, GOLDBERG, ORDAS, .4ND CARSCH 

evaporated and the residue distilled in vacuo, b.p. 220-230" at 6-7 mm. The distillate was 
crystallized from dioxane-methanol, yielding 1.8 g. (33%) of colorless needles, m.p. 125- 
125.5". 

3,9-Dicyanophenanthrene. (A) From diehlorophenanthrene obtained from 3-acetyl-$- 
chlorophenanthrene. An intimate mixture of 1 g. of 3,9-dichlorophenanthrene with 1 g. 
of cuprous cyanide was heated for 3 hours at 295-300" in a sealed tube. The reaction prod- 
uct was cooled, pulverized, and shaken with a mixture of ammonium hydroxide solution 
and chloroform. The chloroform solution was treated with charcoal, filtered, and evap- 
orated t o  dryness. The residue was recrystallized three times from toluene to  yield 0.5 
g. (54%) of colorless needles, m.p. 285-286". The melting point was not depressed by mix- 
ture with the dicyanophenanthrene obtained from 3-acetyl-9-bromophenanthrene (1). 

(B) By total synthesis. 3-Chloro-9-phenanthramide. To 75 cc. of concentrated am- 
monium hydroxide was added with vigorous stirring a solution of 3.0 g. of 3-chloro-9- 
phenanthroyl chloride (7) in 35 cc. of dry dioxane. After stirring for an additional 15 
minutes, the suspension was diluted to  400 cc. with water and the precipitated amide filtered 
off, washed, and dried. The crude amide was recrystallized from dioxane-water to  yield 
2.36 g. (83.5'jZO) of colorless needles, m.p. 253.5-254". 

Anal. Calc'd for ClsHloClNO: N, 5.52. Found: N ,  5.39. 
3-Chloro-9-cyanophenanthrene. A mixture of 1.5 g. of 3-chloro-9-phenanthramide, 35 

cc. of phosphorus oxychloride, and 1.0 g. of phosphorus pentoxide was refluxed for one-half 
hour, poured on ice, and the product filtered off, washed with water, and dried. The 
product weighed 1.38 g. (99%) and melted a t  177.9". Recrystallization from alcohol- 
benzene yielded colorless crystals, m.p. 178.5-179'. 

Anal. Calc'd for CI~HBCIN: N ,  5.87. Found: N, 6.16. 
9,9-Dicyanophenanthrene. An intimate mixture of 0.18 g. of 3-chloro-9-cyanophenan- 

threne with 0.075 g. (10% excess) of cuprous cyanide was heated at 270-285" for 3 hours. 
The fused mass was sublimed at 1.5 mm. pressure and the sublimate crystallized from tolu- 
ene. The dicyanophenanthrene separated as fine needles and the yield was 0.065 g. (38%), 
m.p. 284-285". The melting point was not depressed by admixture of the dicyanophenan- 
threne obtained from 3-acetyl-9-chlorophenanthrene, nor by that obtained from 3-acetyl-9- 
bromophenanthrene(1). 

Phenanthrene-3,9-dicarboxylic acid dimethyl ester. (A) From 3-acetyl-9-chlorophenan- 
threne. Phenanthrene-3,9-dicarboxylic acid. A suspension of 0.2 g. of 3 ,g-dicyanophenan- 
threne (derived from 3-acetyl-9-chlorophenanthrene) in 20 cc. of a 25% potassium hydrox- 
ide solution in  methanol was refluxed for 10 hours during which ammonia was evolved and 
a clear solution was obtained. The solution was then diluted with water, acidified, and 
the precipitate filtered off and washed with water. The crude 3,9-dicarboxylic acid was 
converted to  the dipotassium salt, which was crystallized from methanol-acetone, then 
reconverted to the free acid by precipitation from methanolic solution by dilute hydro- 
chloric acid. After drying in a vacuum desiccator, the purified acid remained as R light 
yellow poRrder, m.p. above 330". 

Phenanthrene-d,9-dicarboxylic acid dimethyl ester. A suspension of 0.1 g. of the dicar- 
boxylic acid in 10 cc. of methanol containing 0.18 g. of concentrated sulfuric acid was re- 
fluxed for eight hours during which a clear solution was obtained. On cooling, the ester 
separated in the form of colorless needles. Two recrystallizations from methanol yielded 
0.05 g. of colorless needles, m.p. 126.5-127.5'. The melting point was not depressed by 
admixture of the diester'obtained from 3-acetyl-9-bromophenanthrene (1). 

(B) By total synthesis. A sample of 3,9-dicyanophenanthrene prepared by total syn- 
thesis was hydrolyzed to  the dicarboxylic acid and then esterified to  the dimethyl ester 
by the procedure indicated above. The dimethyl ester had the melting point 126.5-127.5" 
which was not depressed by admixture of the diester obtained from the 3-acetyl-9-chloro- 
phenanthrene (u.s.) nor by that  obtained from 3-acetyl-9-bromophenanthrene (1). 

3-or-Bromoacetyl-9-chlorophenanthrene. A suspension of 60 g . of acetyl-9-chlorophenan- 
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M.P. "C 

____- 
232-233 

212-213.5 
236-238 
192-193.5 

176.5-178 

147-148 
153.5-154.5 

122-123 
108-111 
106-108 

threne in 600 cc. of absolute ether was brominated with 39 g. of bromine in 150 cc. of chloro- 
form. The reaction was similar to  the bromination of acetyl-9-bromophenanthrene (1) 
but was carried out at 3" after initiating the reaction a t  33". Recrystallization of the 
product from two runs (120 g. of starting material) from benzene-hexane gave 105 g. (67%) 
of greenish yellow needles, m.p. 135-135.5'. A second crop of less pure material (m.p. 
128.5-130') amounted to  28.3 g. Including the second crop material, the total yield was 
84 5%). 

i lna l .  
$-(8'-Dialkylamino-l -oxoethyl)-9-chlorophenanthrene hydrochloride. 

Calc'd for ClsHloBrC10: Br, CX, 34.6. Found: Br, C1, 34.6. 
The procedure here 

was essentially the same as that used for I he corresponding 9-bromophenanthrene(l) series. 
A mixture of 15.7 g .  (0.047 mole) of 3-bromoacetyl-9-chlorophenanthrene and 0.094 mole of 
dialkylamine in 50 cc. of benzene was shaken for 20 minutes. During this time the reaction 
mixture became quite warm and rather thick. An additional 25 cc. of benzene was added 
and the shaking continued for a total of 50 minutes. One hundred cubic centimeters of 
absolute ether was then added and the mixture was chilled to  0' for one hour. Filtration 

FORMULA 

CisH17Clzr\'O 

C2oHzIClzNO 
CzzHziClzNO 
CzcHpsClzNO 

C2aHaiClzNO 

CzsHa7ClzNO 
CaoH4iClzNO 
CszHasClaNO 
CscH,,ClzPU'O 
CssHsaClziYO 

TABLE I1 
3-(2-DIALKYLAMINO-1-OXO-ETHYL)-~~-CHLOROPHENINTHRENE HYDROCRLORIDES~ 

0.61 

9.79 
9.09 
8.48 

7.94 

7.48 
7.05 
6.68 
6.35 
6.04 

ALKYL 
GROUP 

10.724.193.82 

9.83 3.87 3.76 
9.103.593.52 
8.653.35 3.22 

7.99 3.14 3.02 

7.692.962.89 
6.862.792.44 
6.70 2.64 2.72 
6.452.51 2.46 
6.31 2.39 2.30 

SOLVENT 

Met hanol-isopro- 

Ethanol -acetone 
Methanol -acetone 
Methanol -acetone - 

ether 
Met hanol-acetone- 

ether 
Acetone 
Acetone 
Acetone 
Acet one-ether 
Acetone 

panol 

- 

YIELD 
% 

89 

85 
80 
65 

49 

56 
42 
76 
45 
64 
_. 

c., % 

a All compounds colorless needles. 

yielded 0.045-0.047 mole of dialkylamine hydrobromide. The filtrate was acidified with 
alcoholic hydrogen chloride and chilled. Light yellow to colorless needles of the dialkyl 
amino ketone hydrochloride were obtained and washed with dry ether. Crystallization 
from the appropriate solvent (see Table 11) gave practically colorless needles. 

A mixture of 
0.028 mole of purified 3-(2-dialkylamino-l-oxoethyl) -9-chlorophenanthrene hydrochloride, 
17.4 g. (0.085 mole) of aluminum isopropoxide, and 300 cc. of isopropanol was distilled 
through a Snyder column by the same method used for the analogous compounds in the 9- 
bromophenanthrene series (1). The remaining isopropanol was removed by distillation 
under diminished pressure and the residual complex decomposed with citric acid, sodium 
hydroxide, and water. After drying the 
ethereal solution with anhydrous sodium sulfate, the amino alcohol hydrochloride was 
precipitated by alcoholic hydrogen chloride and purified by recrystallization (Table 111). 

To a well-stirred suspension of 170 g. of 9-chloro- 

S-(%Dialkylamino-l -hydroxyethy1)-9-~hlorophenanthrene hydrochloride. 

The amino alcohol was extracted with ether. 

3-Propionyl-9-chlorophenanthrene. 
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Zalc'd 

9.75 
9.05 

8.45 
7.91 

7.45 

7.03 
6.66 
6.33 
6.03 

phenanthrene in 1600 cc. of carbon disulfide cooled to  5", was added 67 g. of propionyl chlor- 
ide and then 255 g. of anhydrous aluminum chloride in small portions over a period of one 
hour. The mixture was allowed t o  warm up to room temperature and stirring was con- 
tinued until the evolution of hydrogen chloride was practically at an end. The precipitate 
was filtered off, washed with carbon disulfide and decomposed with 100 cc. of conc'd hydro- 
chloric acid, 300 cc. of chloroform, and about 250 g. of ice. The chloroformic solution 
was washed with water, dried over sodium sulfate, and evaporated to  dryness. The residue 
was dissolved in about 1700 cc. of isopropanol, treated with carbon, filtered with the aid 
of a few grams of Filter-eel, and allowed to  crystallize. Recrystallization from isopropanol 
yielded 88 g. (41%) of yellow crystals, m.p. 111.5-112.5°. 

Anal. Calc'd for C17Hl;rClO: C, 76.0; H, 4.88. 
Found: C, 76.47; H, 4.90. 

3-Propionyl-9-chlorophenanthrene oxime. 3-Propionyl-9-chlorophenanthrene was 
treated with hydroxylamine hydrochloride in the usual manner. The product P;hen re- 
crystallized from methanol yielded colorless needles, m.p. 160.5-161.5'. 

Found -- 
9.74 
9.13 

8.50 
7.92 

7.47 

7.14 
6.71 
6.39 
6.17 

TABLE I11 
3-(2-DIALKYLAMINO-l-HYDROXYETHYL)-9-CHLOROPEENANTHRENE HYDROCHLORIDESO 

lalc'd 

3.84 
3.57 

3.33 
3.12 

SOLVENT Y.P. "c. 
Found -- 
3.91 
3.31 

3.20 
2.89 

Methanol-acetone 
Methanol-acetone- 

Isopropanol 
Methanol -acetone - 

ether 
Methanol-acetone- 

ether 
Isopropanol 
Acetone 
Isopropanol 
Acetone 

ether 

2.78 
2.63 
2.50 
2.38 

194.5-196 
198.5-199 

198-199 
197-198 

131-131 .l 

132-133 
132.5-134 
126.5-128 
121-122 

2.93 
2.40 
2.51 
2.39 

I 

FORMULA 'IELD 1 %  

I 

~1 All compounds colorless needles. 

Anal. Calc'd for C1,H1&lNO: N ,  4.93. Found: N, 4.84. 
3-a-Bromopropionyl-9-chlorophenanthrene. A suspension of io g. of 3-propionyl-9- 

chlorophenanthrene in 500 cc. of absolute ether was brominated with 35.7 g. of bromine in  
150 cc. of chloroform. The procedure was exactly the same as for the bromination of 
3-acetyl-9-chlorophenanthrene. The yield of a-bromo ketone (not quite pure) after crys- 
tallization from dioxane-petroleum ether (35-60') was 35 g. (45%), m.p. 163.5-164". 

Anal. Calc'd for C17H12BrC10: C, 55.6; H, 3.71. 
Found: C, 57.4; H, 3.60. 

3-(8-Diamylamino-l-ozopropyl)-9-chlorophenanthrene hydrochloride. This substance 
was prepared by the same method used for the preparation of 3-(2-dialkylamino-l-oxo- 
propyl)-9-bromophenanthrene hydrochlorides (2). A solution of 18.9 g. of 3-or-bromo- 
propionyl-9-chlorophenanthrene and 25.6 g. of diamylamine in 125 cc. of benzene was re- 
fluxed for six hours. The diamylamine hydrobromide which was formed was filtered off 
and after neutralization with alcoholic hydrogen chloride the remaining secondary amine 
was separated as hydrochloride. The filtrate was acidified with alcoholic hydrogen chlo- 
ride and the solution cooled until precipitation was complete. The product, amounting to  
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18.5 g., was filtered off, washed with ether, and dried, m.p. 157-160". After recrystalliza- 
tion from methanol-acetone-ether, colorless needles were obtained, m.p. 160-161". 

Anal. Calc'd for C2,HasC12NO: N, 3.14. Found: N,  2.84. 
8-(B-Diamylamino-l-hydroxypropyl)-9-chlorophenanthrene hydrochloride. This sub- 

stance was prepared from the ketone by reduction with aluminum isopropoxide in  isopro- 
panol. From 9 g. of 3-(2-diamylamino-E.-oxopropyl)-9-chlorophenanthrene hydrochloride 
and 12 g. of aluminum isopropoxide, 8 g. of the carbinol was obtained, m.p. 186-188". Re- 
crystallized from methanol-acetone-ether, m.p. 184-185". 

Anal. Calc'd for C27H37CI2NO: C1, 7.71; N, 3.13. 
Found: C1, 7.72; N, 2.88. 

S-(8-Dihexylamino-l-oxopropyl)-9-chlorophenanthrene hydrochloride. This ketone was 
prepared by the same method as that used for the analogous bromo derivatives (2). From 
5.6 g. of starting material, 6.6 g. (66%) of the amino ketone hydrochloride was obtained, 
m.p. 123.5-126" with decomposition. 

Anal. Calc'd for C28H3&1&0: C1, 7.69. Found: C1, 7.72. 
Conversion of 9-chlorophenanthrene to O-cyanophenanthrene. This reaction was effected 

using essentially the procedure described by Mosettig andvan de Kamp (13). A mixture 
of 4.25 g. of 9-chlorophenanthrene and 1.96 g. of cuprous cyanide was heated at 275-285 
for three hours. The cooled black mass &-as pulverized, extracted with chloroform, and 
after evaporation of the solvent the residue was recrystallized three times from ethyl ~ 1 ~ 0 -  
hol. The cyanophenanthrene showed no depression in melting point when mixed with 
material prepared from 9-bromophenanthrene. 

One gram of 3-acetyl-g- 
chlorophenanthrene was oxidized with chromic acid by the method of Mosettig and van de 
Kamp (3). The product, 3-acetylphenant hrene-g,lo-quinone was shown by mixed melting 
point to be identical with the quinone n;.ade by oxidizing 3-acetyl-9-bromophenanthrene 
(13). 

Oxidation of 3-acetyl-9-chlorophenanthrene with sodium hypochlorite. One and one-half 
grams of the ketone was dissolved in 15 cc. of pyridine. To  this was added 5.0 C C .  of 5.5 
N sodium hypochlorite and 3.0 cc. of water. The mixture which separated into layers was 
refluxed for 30 minutes, then poured into 150 cc. of 5% hydrochloric acid. The solid which 
separated was filtered off, washed with a little dilute hydrochloric acid and water, and 
heated to  boiling with 300 cc. of 2% sodium hydroxide solution. The alkaline mixture was 
treated with carbon, and the filtrate after acidification with 6 N hydrochloric acid gave a 
white gelatinous precipitate. The dried 9-chlorophenanthrene-3-carboxylic acid on re- 
crystallization from glacial acetic acid yielded colorless needles which melted a t  276.5- 
277.5". 

Oxidation of 3-acetyl-9-chlorophenanthrsne with chromic acid. 

Anal. Calc'd for C15H&lO2: Xeut. equiv., 256.5. Found: 249. 
Oxidation of 3-propionyl-9-chlorophenanthrene with sodium hypochlorite. This oxidation 

was done in the same manner as that described above for the acetyl derivative. The 9- 
chlorophenanthrene-3-carboxylic acid melted at 277-277.5'. A mixed melting point, with 
the acid obtained from 3-acetyl-9-chlorophenanthrene showed no depression. 

9-Chlorophenanthrene-8-carboxylic acid methyl ester. The 9-chlorophenanthrene-3- 
carboxylic acid was esterified with methanol in the presence of sulfuric acid. The ester 
was recrystallized from methanol, yielding colorless needles which melted a t  165.5-156". 
A mixture of the esters derived from 3-acetyl-9-chlorophenanthrene and from 3-propionyl- 
9-chlorophenanthrene also melted a t  155.5-156'. 

Calc'd for ClGHllClO2: C, il.0; H, 4.07. 
Found: C, 71.18; H,  3.94. 

Anal. 

SUMMARY 

1. A. homologous series of 3-(2..dialkylamino-l-oxoethyl)-9-chlorophenan- 
threnes has been synthesized. 
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2. 3-(2-Diamylamino-l-oxopropyl)-9-chlorophenanthrene has been synthe- 

3. Each of the above amino ketones has been reduced to the corresponding 

4. 3-(3-Dihexylamino-l-oxopropyl)-9-chlorophenanthrene has been synthe- 

5. The structure of the compounds described in this paper has been elucidated. 
6. The evaluation of the amino alcohols described herein as antimalarials is 

sized. 

amino carbinol. 

sized. 

discussed. 

CHICAGO, ILL. 
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ATTEMPTS TO FIND NEW ANTIMALARIALS. XII. DERIVATIVES 
OF PHENANTHRENE, IV. 1 (OR 8)-ACETYL-9-HALOPHENANTHRENE 

J. SCHULTZ', M. A. GOLDBERGZ, E. P. ORDASB, AND G. CARSCH4 

Received August lY, I@& 

The acetylation of 9-bromo- and 9-chloro-phenanthrenes with acetyl chloride 
in the presence of aluminum chloride yields principally 3-acetyl derivatives (1, 
2,3,) .  We have succeeded, however, in isolating from these reaction mixtures 
smaller amounts of another isomer which we have identified as 1 (or 8)-acetyl-9- 
halophenanthrene : 

COCH3 C&CO R &d> Or bcb 
(R = C1 or Br) 

The structure of these 1 (or 8)-ketones was elucidated in the following manner: 
COzH 

LI:OCHr -+ISR X-C 0 zH X-C 0 2 C H3 +-CS 
Oxidation with hypochlorite yielded the carboxylic acids which were esterified 

with methanol. The esters were then dehalogenated with hydrogen in the pres- 
ence of palladium charcoal and the dehalogenated products saponified to the 
known 1-phenanthroic acid. 

For 1 (or 8)-acetyl-9-bromophenanthrene, further proof of structure was 
obtained by the following reactions: 

]E: 4 

J X-COCH3 + 
w I 

The ketone (I) was converted to 

9-Br 9-H 9=0 1 X-C2Hs 1 1-C2Hs !1-C2H6 
I1 I11 IV 

9-bromo-] (or 8)-ethylphenanthrene (11) 
by Clemmensen reduction. Debromiiiation of (11) by hydrogen in the presence 
of palladium yielded the known I-ethylphenanthrene (111) which was further 
identified by formation of its known picrate and by chromic acid oxidation to the 
previously described quinone (IV) (4). Ketone (I) vas also oxidized by chronic 
acid to the bromine-free acetyl quinone (V). 

From 1 (or 8)-acetyI-9-bromophenanthrene was prepared by methods de- 
1 Present address: Kew York Quinine and Chemical Works, Brooklyn, New York. 
2 Present address: Pepsodent Division, Lever Bros. Co., Chicago 35, Ill.  
3 Present address: Velsicol Corporation, Chicago 11, I l l .  
4 Present address: 600 S. Michigan Ave., Chicago 5, 111. 

320 
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scribed previously (2, 3) 1 (or 8)-(2-diamylamino-l-oxoethyl)-9-bromophenan- 
threne and the corresponding amino alcohol. The latter, SN 13456, showed a 
relatively low toxicity (5) and a high effectiveness towards Plasmodium gallin- 
m u m  (Q 1). The compound is inactive towards sporozoite-induced gallinmum 
malaria (6). 

EXPERIMENT.4L 

1 (or 8)-Acetyl-Q-bromophenanthrene. The mother liquors from the recrystallization of 
the crude 3-acetyl-9-bromophenanthrene (2) (three successive crops of 3-acetyl derivative 
had been removed) were concentrated to a thin syrup. After standing for several weeks a 
further quantity of crystalline material separated and was filtered off and washed with 
methanol. This material was dissolved in chloroform and allowed to crystallize very 
slowly. A small quantity of a new ketone, 1 (or 8) -acetyl-9-bromophenanthrene separated 
in the form of large colorless cubes. On repeated crystallization from chloroform the 
melting point became constant a t  185.6'. This ketone is extremely insoluble in methanol 
and in ethanol, somewhat more soluble in benzene and toluene, and fairly soluble in hot 
dioxane and chloroform. 

Anal. Calc'd for ClsHIIBrO: C, 64.2; H, 3.68. 
Found: C, 63.8; H,  3.72. 

1 (or 8 )  -Acetyl-9-bromophenanthrene oxime. The oxime was prepared in dioxane-alcohol- 

Anal. Calc'd for Cl&Il2BrNO: N, 4.46. Found: N, 4.43. 
1 (or 8)-AcetyZ-Q-brmophenanthrene semicarbazone. The semicarbazone was prepared 

by treatment with semicarbazide hydrochloride in pyridine. Fine, colorless needles were 
obtained by recrystallization from alcohol; m.p. 220-221'. 

water and recrystallized from methanol; colorless needles, m.p. 183-181". 

Anal. Calc'd for C1,H1rBrNaO: N, 11.8. Found: N, 12.1. 
1 -AcetyZ-Q, 10-phenanthrenequinone. The 1 (or S)-acetyl-9-bromophenanthrene was 

oxidized in the usual way with chromic acid (7). Recrystallization from glacial acetic 
acid yielded deep orange needles which did not melt but decomposed over a wide tempera- 
ture range. A qualitative test (sodium fusion) showed no halogen. 

Anal. Calc'd for C I ~ H ~ O O ~ . H ~ O :  C, 71.6; H,  4.48. 
Found: C, 71.54; H, 4.52. 

Q-Bromophenanthrene-(l or 8)-carboxylic acid. To a solution of 2 g. of 1 (or 8)-acetyl-9- 
bromophenanthrene in 20 cc. of pyridine was added 7.5 cc. of 5.5 N sodium hypochlorite solu- 
tion and 3 cc. of water. The mixture was refluxed for 30 minutes, poured into alarge 
volume of water, and acidified with hydrochloric acid. The precipitate was filtered and 
washed with water, extracted with 300 cc. of 1% sodium hydroxide solution by heating to 
boiling. The solution of crude acid, which contained some insoluble material in suspen- 
sion, was treated with carbon, filtered, and the acid precipitated with hydrochloric acid. 
The precipitated acid weighed 1.1 g. (55%). After crystallization from glacial acetic acid, 
i t  melted at  291-292'. 

Anal. Calc'd for C I ~ H & O :  C, 59.8; H,  3.01. 
Found: C, 59.51; H,  3.34. 

9-Bromophenanthrene-1 (or 8)-carboxylic acid methyl ester. The 9-bromophenanthrene-1 
(or 8)-carboxylic acid was esterified in the usual way with methanol in the presence of 
sulfuric acid. The ester was isolated by allowing the reaction mixture to cool and filtering 
off the crystallized product. The yield was almost quantitative. By recrystallization 
from methanol, colorless needles were obtained, m.p. 135.5-136'. 

Catc'd for ClsHllBrOz: C ,  61.00; H, 3.50. 
Found: C, 61.02; H,  3.85. 

AnaE. 

Debromination of 9-bromophenanthrene-1 (or 8)-carboxylic acid methyl ester. To a solu- 
tion of 0.1 g. of 9-bromophenanthrene-1 (or 8)-carboxylic acid methyl ester in 20 CC. of 
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methanol was added 50 mg. of 1% palladium on activated charcoal. A stream of hydrogen 
was passed through the suspension for 20 minutes a t  50". The catalyst was filtered off and 
the solution poured into a large volume of water. The ester was extracted with ether and 
the extract evaporated to dryness. The enter which remained was obtained as an  oil and 
was saponified with methanolic potassium hydroxide. The saponification was complete 
in 15 minutes and the product was isolated by diluting the reaction mixture with water and 
acidifying with hydrochloric acid. After csrystallization from glacial acetic acid, the acid 
was obtained as colorless crystals, m.p. 225.5-229.5". 

Calc'd for C16H1002: Neut. equiv., 222. Found: 225. 
This acid when mixed with an authentic sample of 1-phenanthroic acid6 showed no de- 

presssion in melting point. 
1 (or 8)-Ethyl-9-bromophenanthrene. A mixture of 1.0 g. of 1 (or 8)-acetyl-9-bromophe- 

nanthrene, 5 g. of amalgamated zinc, 10 cc. of glacial acetic acid, 10 cc. of concentrated hydro- 
chloric acid, and 4 cc. of toluene was refluxed for 24 hours during which an additional 6 cc. 
of concentrated hydrochloric acid was added in small portions. The toluene layer was 
separated, evaporated to dryness, and the residue recrystallized from acetone-methanol. 
Colorless crystals, m.p. 72.5-73.5' were obtained. 

Anal. Calc'd for CISH13Br: Br, 28.1. Found: Br, 27.8. 
1-Ethylphenanthrene. To a solution of 0.5 g. of 1 (or 8)-ethyl-9-bromophenanthrene in 

5 cc. of pyridine and 15 cc. of methanol waa added 0.1 g. of palladium charcoal. A stream 
of hydrogen was passed through the solution a t  the boiling point for 30 minutes. The 
catalyst was then filtered off and the solution poured into water and acidified with hydro- 
chloric acid. The debrominated product was extracted with ether and the ethereal solu- 
tion evaporated to dryness. The residual ethylphenanthrene was crystallized from alcohol 
in the form of colorless needles, m.p. 61.5-63"; picrate, light orange, m.p. 109-110" [lit. (4), 
62.5"; picrate, 105-109"]. 

1-Ethylphenanthrene-9,lO-quinone. To a solution of 0.1 g. of 1 -ethylphenanthrene in 2 
cc. of glacial acetic acid was added a solution of 0.1 g. of chromic anhydride in 0.2 cc. of 
water and 0.5 cc.  of glacial acetic acid. The solution was warmed to 70-80" for ten min- 
utes and the quinone precipitated by the addition of water. Recrystallization from acetic 
acid yielded orange-red needles, m.p. 153-154" [lit. (4), 155"l. 

1 (or 8)-AcetyLQ-~hlorophenanthrene. The mother liquors from the acetylation of 9- 
chlorophenanthrene (3) contained principally a mixture of the 3-acetyl- with 1 (or 8)- 
acetyl-9-chlorophenanthrene. By fractional crystallization from isopropanol and then 
chloroform, a small quantity of crystalline material was isolated, m.p. 159-160". 

Anal. 

1 (or 8)-Acetyl-9-chlorophenanthrene oxime. The oxime was prepared by the method 
employed for 1 (or 8)-acetyl-9-bromophenanthrene oxime. After recrystallization from 
methanol it melted at 171-173'. 

Calc'd for CleHllClO: C, 75.5; H, 4.36. 
Found: C, 75.6; H, 4.57. 

Anal. Calc'd for Cdl&lNO: N, 5.20. Found: Pi, 5.58. 
9-Chiorophenanthrene-1 (or  8)-carboxylic acid. This acid was prepared by oxidation of 

the 1 (or 8)-acetyl-9-chlorophenanthrene with hypochlorite in exactly the same way as 
was used for the corresponding bromo derivative. After recrystallization from glacial 
acetic acid i t  was obtained in the form of colorless needles, m.p. 293-294'. 

Calc'd for C1BpC102: Neut. equiv. 256 5. Found: 258. 
9-Chtorophenanthrene-1 (or b)-carboxylic acid methyl ester. The methyl ester was pre- 

pared in the usual way with methanol in the presence of sulfuric acid. Recrystallization 
from methanol gave colorless crystals, m.Fa. 129.5-130'. 

-4naZ. 

Dechlorination of 9-chlorophenanthrene-1 (or 8)-carboxylic acid methyl ester. The ester 

Calc'd for CdLlClOz: C, 70.9; I€, 4.09. 
Found: C, 70.8; H, 4.11. 

6 The authentic 1-phenanthroic acid was furnished by Dr. Erich Mosettig. 
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was dehalogenated with hydrogen in the presence of palladium charcoal using thesame 
procedure employed for the corresponding bromo compound. The dehalogenated product 
was isolated as l-phenanthroic acid which did not depress the melting point of l-phenan- 
throic acid obtained from the corresponding bromo compound. 

1 (or 8)-(a-Brmwcetyl)-9-bromophenanthrene. To a suspension of 30 g. of 1 (or 8)- 
acetyl-9-bromophenanthrene in 400 cc. of absolute ether a t  35' was added a few drops of 
bromine in chloroform. After decolorization was complete the temperature m-as lowered to  
5-8" and 16 g. of bromine in 75 cc. of chloroform added slowly with stirring. After all the 
bromine had been absorbed, 200 cc. of hexane was added and the mixture chilled. The 
precipitate was filtered off and washed with hexane, then with petroleum ether. After one 
recrystallization from benzene-hexane the yield was 32.4 g., m.p. 117-128". Recrystal- 
lization from dioxane-methanol gave colorless needles, m.p. 126-127'. 

Anal. Calc'd for ClJIleBrlO: Br, 42.3. Found: Br, 42.1. 
1 (or 8)-(8-Diamylamino-l -ozoethyl)-9-bromophenanthrene hydrochloride. To a solution 

of 16 g. (0.1 m.) of diamylamine in 70 cc. of benzene was added 19.7 g. (0.05 m.) of 1 (or 8)- 
a-bromoacetyl-9-bromophenanthrene. The mixture was shaken mechanically for one hour, 
125 cc. of dry ether was added and the whole chilled overnight. The diamylamine hydro- 
chloride which separated was filtered off and the filtrate evaporated to dryness. The resi- 
due was shaken with a mixture of dilute sodium carbonate solution and ether, the ethereal 
extract separated, washed with water, and dried over sodium sulfate. The remaining di- 
amylamine was precipitated by adding alcoholic hydrogen chloride until pH 6 was indicated 
by a drop of the solution on "Hydrion A" paper, The precipitated amine hydrochloride 
was filtered off and the filtrate made strongly acid with alcoholic hydrogen chloride. 

The amino ketone hydrocliloride separated as long colorless needles, m.p. 154-156'. 
The yield was 16.0 g. (64%). After recrystallization from methanol-acetoneether, the 
melting point became constant a t  156-157.5'. 

Anal. Calc'd for C&aJBrCIKO: N, 2.85; C1,7.23. 
Found: N, 2.71; C1, 7.15, 

1 (or S)-()-Diamylamino-1-hydrozyethyl)-9-bromophenanthrene hydrochloride, (SN- 
13456). To a solution of 14.9 g. (0.073 m.) of aluminum isopropoxide in 450 cc. of isopro- 
panol was added 12 g. (0.0245 m.) of 1 (or 8)-(2-diamylamino-l-oxoethyl)-9-bromophenan- 
threne. Isopropanol containing acetone was slowly distilled from the solution through a 
10-ball Snyder column. After 3.5 hours of distillation, the remaining isopropanol was 
evaporated in vacuo. The residue was diluted with ether, an aqueous solution of citric 
acid added andmade a lb l ine  to Phenol Red with sodium hydroxide solution. The ethereal 
phase was separated, dried over sodium sulfate, and acidified with alcoholic hydrogen 
chloride. After standing overnight, the separated crude amino carbinol hydrochloride 
was filtered and washed with ether. The yield was 7.3 g. (61%), m.p. 178-180". After 
recrystallization from methanol-acetone-ether, the pure amino carbinol hydrochloride was 
obtained as colorless needles, m.p. 178.5-179'. 

Anal. Calc'd for CtsH46BrClNO: C1, 7.20. Found: C1, 7.19. 

SUMMARY 

1. 1 (or 8)-Acetyl-9-bromophenanthrene and 1 (or 8)-acetyl-9-chlorophenan- 

2. The structure of these ketones has been elucidated. 
3. 1 (or 8)-(2-Diamylamino-l-oxoethyl)-9-bromophenanthrene has been pre- 

4. The evaluation of this amino alcohol as an antimalarial is discussed. 

CHICAGO, ILL. 

threne have been prepared. 

pared and reduced to the corresponding carbinol. 
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Earlier work (2, 3, 4) from these laboratories has s h o m  that the alkali metal 
amides react with aryl halides in liquid ammonia to give aromatic amines. It 
has recently been found ( 5 )  that solutions of the alkali amides in liquid ammonia 
react mith 4-bromo- and 4-iodo-dibenzofuran to  give 3-aminodibenzofuran, al- 
though the expected (not rearranged) products are obtained from 2-bromo- and 
2-iodo-dibenzofuran. m-Anisidine is formed from o-chloro- or o-iodo-anisole, 
and 3-aininodiphenyl ether may be prepared from 2-iododiphenyl ether. Urner 
and Bergstrom (4) found that 2-naphthylamine is the chief product of the ac- 
tion of potassium amide on both the cy- and the p-naphthyl halides, with the 
exception of a-fluoronaphthalene. Meharg and Allen, Jr. (6) many years ago 
hydrolyzed 0- and p-chlorotoluenes with aqueous sodium hydroxide at  tempera- 
tures above 300", and in each case found m-cresol in addition to the expected 
isomer. 

In continuation of this work, it was found that the 0-, m-, and p-tolyl halides, 
with the exception of the fluoride, react readily with a liquid ammonia solution 
of potassium amide to give mixtures which contain some of the amine corre- 
sponding to  the halide used. p-Chlorophenetole and potassium amide react to 
give a p-phenetidine which probably contains an isomer. 9-Phenanthrylamine 
is formed from 9-bromophenanthrene and potassium amide. 2-Chloroquino- 
line is converted rapidly to a tar, by reaction with a strong base such as potas- 
sium amide, but it is not,appreciably attacked by the ammonia-insoluble cal- 
cium amide a t  - 33". 2-Bromopyridine, 3-bromopyridine, 6-chloroquinoline, 
4-bromoisoquinoline, and p -chloronitrobenzene react vigorously with potas- 
sium amide without the formation of definite products. Because of its very low 
solubility in liquid ammonia, sodium p-bromobenzenesulfonate is not appre- 
ciably attacked by the alkali amides at  room temperatures. 

Secondary amine fractions of low basicity were obtained in working up the 
products of the action of potassium amide on 0- and m-chlorotoluene, o-iodo- 
toluene, p-bromotoluene, and p-chlorophenetole, but they were unquestionably 
mixtures. It is evident that potassium amide "catalyzes" the reaction of a 
tolyl halide with the potassium salt of a toluidine to form ditolylamines (or 
isomers), in the same manner that the alkali amides catalyze the reaction be- 
tween an alkali anilide and the phenyl halides to  give diphenylamine, triphenyl- 
amine, and p-aminobiphenyl (3). h attempt to prepare pure di- or tri-p- 
tolylamines by adding potassium amide to a solution of potassium p-toluide and 
p-bromotoluene in liquid ammonia resulted in forming a mixture, from which 
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was separated a solid, melting a t  145", and isomeric with the tri-p-tolylamine 
of Wieland (7) (m.p. 117'). The reaction between potassium amide and 1.5-2 
molar proportions of a tolyl halide gives somewhat more than the quantity of 
potassium halide calculated from the equation, 

indicating a further reaction of the type, 
C7HTX + 2KNH2 --+ C;H7NHK + KX + NH3 

KV'H C7HvSHK + C7H7X * ', (C7H7)zNK + KX + NHs 
A tolylquinaldine of unknoan orientation is obtained in 11% yield by the 

action of potassium amide on quinaldylpotassium and p-chlorotoluene in liquid 
ammonia. 

In view of the rearrangements observed by Meharg and Allen, by Gilman, 
and by workers in these laboratories, itj is suggested that similar rearrangements 
may occur in the Ullmah-Goldberg (8) syntheses of di- and tri-arylamines by 
heating an aryl halide other than a phenyl halide with primary or secondary aryl- 
amines in the presence of potassium carbonate or other alkali and metallic 
copper. 

The preparation of a primary arylamine is generally best carried out by add- 
ing the phenyl halide-alone, or dissolved in ether or ligroin-to a well stirred 
solution of the alkali amide in liquid ammonia. The reverse addition of the 
amide to the halide may decrease tar formation, but it often increases the amount 
of the secondary amine fraction, and complicates the separation of the products. 
Operation at -78" appears to increase the yield of toluidine from p-chloro- 
toluene. but the speed of the reaction is noticeably slower. 

The solubility of sodium amide in liquid ammonia at -33" is of the order of 
one grsm per liter, while potassium amide is very readily soluble. Further- 
more, the conductance of a solution of sodium amide is much less than that of a 
solution of potassium amide of the same concentration (9), indicating the pos- 
sible presence of complex ions in the former (10). Accordingly, an otherwise 
too vigorous reaction may be somewhat moderated and controlled by the use of 
sodium amide. 

By means of competition reactions (3), the relative ease of removal of halo- 
gen from the m-tolyl halides has been found to be the following: m-C7H7CI, 
1.0; m-C7H7Br, 13.4; m-C7H7I, 5.2. If the reactivity of CsHsCl = 1.0, these 
figures become, respectively, 0.6, 8.2, and 3.4. The methyl group accordingly 
slightly decreases the rate of removal of the halogen from a tolyl halide, but i t  
should be pointed out that the results are of qualitative significance only because 
the mechanism of replacement of the halogen may not be identical in the three 
cases. The order of decreasing reactivity, Br > I > C1, is the same as observed 
with the phenyl halides (3). 

EXPERIMENTAL 

Method 1 .  Potassium amide solution, made in vessel 1 of Fig. 1 of a previous article 
(2), was slowly forced over with stirring into a solution of the aryl halide in vessel 2. A 
small amount of ammonia was condensed in vessel 1, and the residual potassium amide 
washed over into the other vessel. Halides of low solubility in liquid ammonia a t  -33' 
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were generally dissolved in  a mixture of ether and liquid ammonia. A t  the end of a period 
of time that  varied from about half an hour to  four or five hours, C.P. ammonium nitrate 
equivalent to  the alkali metal used in forming the amide was added t o  destroy reactive 
potassium salts. Since no nitrogen or hydrogen was formed in the first few experiments 
with the tolyl halides, subsequent gas collection was omitted. The residue left after evapo- 
rating the ammonia was treated with water to  dissolve inorganic salts, and then extracted 
several times with benzene to  remove amines. The extracts were distilled from a small 
flask with a sealed-on fractionating column, first a t  atmospheric pressure to  remove solvent, 
unchanged aryl halide, and primary aromatic amine, and then in vacuo to  obtain the sec- 
ondary amine fraction. No attempts were made to separate tertiary amines from the resid- 
ual tar. The primary amines were often extracted from the benzene solution with dilute 
hydrochloric acid. The aqueous solution of the benzene-insoluble material was occa- 
sionally analyzed for halide ion. 

Method 9. Two three-necked round-bottomed flasks were so arranged that potassium 
amide, prepared in one of them, could be transferred by ammonia pressure to the other, 
which contaihed the aryl halide (11, 12). 

Method 3. A 1000-cc. three-necked round-bottomed flask was fitted with a mechanical 
stirrer and with a separatory funnel containing the aryl halide or its solution in ether or in 
ligroin. A liquid ammonia solution of potassium amide was prepared in the flask (vhich 
was about half filled with solvent) by adding ferric oxide (0.05 g.)  to a solution of metallic 
potassium. The aryl halide was slowly introduced with good stirring, and the reaction 
was stopped at the desired time by adding ammonium chloride or ammonium nitrate 
equivalent to  the potassium. The working up of the reaction products is described under 
method 1. 

ARYL HALIDE MOLES 

TABLE I 
THE ACTION O F  POTAsSIlJM .4MIDE ON ARYL HALIDES 

ARNH~ 
MOLES -- 
0.018 

.023 

.0580 

.028 

.012 

.029 

.011 

.020 

.026 
,033 
,053 
.052 
.043 
.048 
.0475 
.0262 
.OS8 

.024 

% 

22 
39 
39 
18 
22 
29 
7 .  

26 
33 
24 
44 
52 
29 
32 
41 
23 
88 

22 

(1) 0.26 

(3) .313 
(4) ,205 

(6) .215 
(7) .307 
(8) .151 
(9) .128 

(2) .10 

(5) .10 

(10) 0.26 
(11) .25 
(12) .25 
(13) .319 
(14) .306 
(15) .243 
(16) .201 
(17) .020 
(18) NaNHz 

0.33 

o - C ~ H ~ C I ,  0.080 
o-CrH7C1, ,080 
o - C ~ H ~ C ~ ,  .150 
O-CrHtI, .151 
m-C7H7C1, .OS0 
m-C7H7C1, .SO0 
m-CrH7C1, ,150 
V Z - C ~ H ~ C I ,  .158 
p-CiH7C1, .OS0 
p-C?H?Cl, .16 
p-C?H?Cl, .12 
p-C?H,Cl, .10 
p - C ? H ~ c l ,  ,151) 

p-CsHsOC1, .115 
p-CsHgOC1, .150 

p-C7H7Brl .151 

9-ClaHgBr, .010 

p-C7HrC1, .11 

ETHOD 

1 
S 
3 
2 
3 
3 
2 
2 
1 
2 
3 
3 
3 
3 
3 
2 
3 

3 

LEACTION TIME 
HRS. 

5 
5 
1 . 5  
1 
5 
1 
4.5 
1 
0.5 
5 
5 
6 (-78’ 
1 .5  
1.5 
0.5 
2.2 
5 

2 

AR~NH 
MOLES 

0.022 

.010 

.014 

.013 

.011 

.018 

.os1 

.018 

- 

NOTES 
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Notes to Table I 
(a) The yield of primary amine was calculated on the basis of the proper limiting factor 

in the equation, ArX + 2KNHz -+ ArSHK + KX + N H I .  In  experiments designated by 
note (h). a small amount of aryl halide was recovered; the yields are here calculated on the 
basis of the halide actually consumed. The higher-boiling fractions have been designated 
as "ArJH" for comparative purposes only, without implication as to complete identity 
with this formula. 

In  this and the following, all melting points are 
uncorrected. .411 organic halides were white label preparations of the Eastman Kodak Co., 
refractionated before use. 

Thc f-action boiling at about 195-205' (760 mm.) was heated with acetic anhydride and 
glacial acetic acid to  form an acetyl derivative which melted a t  108-109" after crystalliza- 
tions from dilute alcohol, and at the same temperature when mixed with authentic aceto- 
o-toluide (run no. l ) .  The m.p. of the acetyl derivative from run 4 is 108.7-109.8"; several 
Crystallizations were required to attain this purity, suggesting that  the original material 
(n: 1.56136) was a mixture. 

In run 3, a somewhat viscous liquid fraction boiling at 198-210' (46 mm.) (n: 1.6097) 
ITas readily converted to a solid hydrochloride by passing dry hydrochloric acid gas through 
its solution in absolute ether (yield, 0.42 g. from 1.1 g. of liquid. The melting point was 
about 14r3-165°, indicating a mixture). It is partly decomposed by heating near its melt- 
ing poinl , and it is easily hydrolyzed by water. 

(c) Products from the m-tolyl  halides. The tolylamine fractions boiled (760 mm.) at 
190-207' (no. 6,  table I ) ;  195-215" (no. 7) ;  and a t  190-210' (no. 8). The tolylamine from run 
8 had n f  1.5689, as compared with n: 1.5686 for m-toluidine and n: 1.5688 for o-toluidine. 
The acsetyl derivatives of the above fractions were uncrystallizable oils, and were accord- 
ingly mixtures. The benzoyl derivative of the tolylamine fraction from run 8 melted at 
136.5139" after many crystallizations; Benz-o-toluidine melts a t  146", benz-m-toluide at 
125". and benz-p-toluide a t  158" (13,14,15) .  The toluidine from run 5,  when refractionated, 
boiled at 203-204" and gave an acetyl derivative melting a t  64-65', in agreement with the 
literature (16). 

The oily ditolylamine fraction from run no. 7 boiled a t  195-205" (24 mm.) and that  from 
run 8 a t  184-210" (26 mm.). Concentrated aqueous hydrochloric acid slomTly converts this 
material to  a pasty hydrochloride, which is readily hydrolyzed to  the original oil. The 
m.p. of the hydrochloride, washed with hot benzene and dried, was 201-229", indicating a 
mixture. 

In  many of the reported runs, as well as in several 
that  are not listed, the tolylamine fraction boiling about 195-205" a t  760 mm. was converted 
to  an acetyl derivative, m.p. 152-153" alone or when mixed with authentic aceto-p-toluide. 
However, the benzoyl derivative of the tolylamine fraction in run 14 could not be obtained 
in a purcl condition (m.p. 110-128' after several crystallizations). The tolylamine from 
run 13 had nf 1.5663, indicating contamination with a n  isomer, since p-toluidine has n:.' 
1.5532. 

The oily ditolylamine fraction in expt. 13 boiled a t  198-215" at 24 mm.; n',"'6 1.6210. An 
easily hydrolyzed hydrochloride was precipitated from dried ethereal solution by dry 
hydrochloric acid gas. The fraction from run 14 boiledat 198-212"at 24.5 mm.; 1.6197. 

In  an unreported run, a fraction boiling at 253- 
259" (760 mm.) gave an acetyl derivative, m.p. 136", in agreement with the literature (17). 
The acetyl derivatives from runs 15 and 16 could not be purified to  this melting 
point, though a benzoyl derivative melting at  170-171" was readily obtained [benz-p- 
phenetidide melts at 173" (IS)]. A hydrochloride, prepared by the action of concentrated 
hydrochloric acid on the base, melted at  233-231", in agreement with the literature (19). 
The lower-boiling fraction of these runs appears therefore t o  be chiefly p-phenetidine. 

(15) Products from the o-tolyl halides. 

S o  solid benzoyl derivative could be made. 
(d) Products from the p-tolyl halides. 

(e) Products from p-chlorophenetole. 
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Viscous liquid secondary amine fractions of low basicity were obtained a t  250-290' 
(27 mm.; run 16) and a t  250-260' (24 mm.; run 15).  These are undoubtedly mixtures, since 
di-p-phenetylamine is probably a solid. 

(f) The flask containing the potassium amide was cooled approximately to  -%' by a 
bath of solid carbon dioxide in  alcohol. A duplicate of this experiment with a shorter time 
of reaction (2 hrs.) gave a 32% yield of toluidine. 

(g) The benzene solution of the reaction product was evaporated to  give crude 9-amino- 
phenanthrene, m.p. 127-129'. The m.p. after several crystallizations from absolute alco- 
hol was 136-137.5' [literature, 135-136" (20)l. The oxalate, prepared in alcohol and crys- 
tallized from the same solvent, melted a t  215' in agreement with the value of Schmidt and 
Strobe1 (21). 

(h) The tolyl halide not consumed in the reaction was recovered; yields m-ere calculated 
on the basis of the tolyl halide actually used. 

(i) The p-toluidine was obtained as a solid a t  room temperatures. 
Catalytic tolylation of p-toluidine. In  accordance with method 2, the potassium amide, 

prepared from 4.05 g. of potassium, was siphoned over into500 cc. of a solution of potassium 
p-toluidine [made by adding 11.5 g. of p-toluidine to the potassium amide from 4.11 g. of 
potassium (1000-cc. flask)] and 18.0 g. of p-bromotoluene, with good stirring. The reaction 
was stopped a t  the end of 1.5 hours by adding 10 g. of ammonium chloride. -4fter evapo- 
ration of the ammonia, water was introduced to  dissolve inorganic salts, and the oil re- 
maining extracted several time6 with benzene. All material (benzene, p-bromotoluene, 
p-toluidine) boiling under 215" at 760 mm. was discarded. A weakly basic secondary amine 
fraction distilled a t  198-215' (24 mm.) (4.6 g.; n; 1.6213); it  was, as expected, somewhat 
larger than would have been obtained by the action of the potassium amide upon p-bromo- 
toluene alone (cf. run 14). .A 
fraction boiling a t  245-275" (24 mm.) partly solidified in the receiver (4.6 8.) ; when crys- 
tallized several times from alcohol, i t  melted a t  144-154" (the yield of purified material was 
small). 

No definite compounds were isolated from this material. 

9na l .  

This is accordingly tritolylamine or an isomer; tri-p-tolylamine melts a t  117". according 
t o  Wieland (7). Material approximating this m.p. (m.p. 110-111") was obtained from the 
filtrate of the analyzed precipitate, but was thought to  be a solid solution. 

Quinaldine (0.09 mole) was added to  the potassium amide from 0.10 
atom of potassium dissolved in 200 cc. of liquid ammonia (method 2) ; after the formation of 
the red quinaldylpotassium, 0.09 mole OF p-chlorotoluene was introduced, followed by 0.025 
mole of potassium amide in 70 cc. of liquid ammonia contained in the second flask. After 
two hours, a n  excess of ammonium chloride was added, the solvent evaporated and the 
residue extracted with benzene. The benzene was extracted with dil. hydrochloric acid 
and excess alkali added to precipitate the organic bases, which were in turn extracted with 
benzene. Distillation of this extract gave a fraction boiling at 250-263' (52 mm.), which 
formed 4.4 g. (11%) of a picrate, m.p. 167-167.5", after several crystallizations from methyl 
isobutyl ketone (picrate of a tolylquinaldine) . 

Calc'd for CHHUN: C, 87.76; H, 7.37; N, 4.88. 
Found: C, 87.77; H, 6.89; 3, 5.00. 

I-Tolylquinaldine. 

Anal. 

Competition reactions. The method has been described in a previous article (3) .  

Calc'd for ClaHlsNaO,: C, 59.74; H, 3.92; N, 12.12. 
Found: C, 59.96; H, 3.74; N,  12.30. 

Po- 
tassium amide, prepared in about 50 cc. of liquid ammonia from oxide-free potassium (22) 
and an iron wire catalyst, was siphoned over into a stirred solution of a mixture of two aryl 
halides in 50 cc. of ether and 50 cc. of liquid ammonia. Calculations are essentially as 
already given (3), and the reactivities have been corrected for the change in concentration 
of one halide with respect to the other during the reaction. 

m-Chlorotoluene and m-bromotoluene. Potassium amide, 0.0229 mole; m-chlorotoluene, 
0.0421 mole; m-bromotoluene, 0.0418 mole. VC't. of silver halide, 0.2315 g. from one-tenth 
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aliquot. Moles silver halide from 0.1 aliquot, 0.001256. Calculated average mol. wt. of 
the silver halide, 184.3. Mole per cent, AgBr, 92.1; mole per cent ,4gC1,7.9. Ratio, Br/Cl, 
11.6; corrected ratio, 13.4. 

m-Chlorotoluene and m-aodotoluene. Potassium amide, 0.0218 mole; m-chlorotoluene, 
0.0450 mole; m-iodotoluene, 0.0451 mole. Wt. silver halide (0.1 aliquot), 0.2595 g. Moles 
of silver halide, 0.001178 in  0.1 aliquot. Average mol. m t .  of the silver halide, 220.0. Mole 
per cent AgI, 83.8; mole per cent AgCl, 16.2!. Ratio I/Cl, 5.2; corrected ratio, 6.5.  

M-Bromotoluene and m-iodotoluene. Potassium amide, 0.151 mole; m-bromotoluene, 
0.0311 mole; m-iodotoluene, 0.0311 mole. WL. of silver halide inO.1 aliquot, 0.1670 g. Moles 
of silver halide, 0.00827. Average mol. at. silver halide, 202.0. Mole per cent AgBr, 
69.8; mole per cent AgI, 30.2. 

Chlorobenzene and m-bromotoluene. Potassium amide, 0.0254 mole; chlorobenzene, 0.0500 
mole; m-bromotoluene, 0.0503 mole. Wt. of silver halide in 0.1 aliquot, 0.2551 g. Moles 
of halide, 0.001398. Ave. mol. wt. of silver halide, 182.5. Mole per cent AgBr, 88.0; mole 
per cent AgCl, 12.0. Ratio, Br/C1,7.3, or 8.2, when corrected. 

The same qualitative order of reactivity was found for the o- and p-tolyl halides, that  is 
to  say, the bromides were in all cases the most reactive, and the chlorides the least. 

Yie lds  of polassaum halide in the reactaon between potassium amzde and a n  excess of a 
tolyl halide. Potassium amide, prepared from potassium metal in weighed capsules (22) 
was added to  an excess (generally 1.5-2 moles per atom of potassium) of a tolyl halide dis- 
solved in liquid ammonia, in  accordance with method 1. After evaporation of the 
ammonia, the residue was taken up in water and extracted with benzene to  remove amines. 
The aqueous solution was then analyzed for halide ion in the usual manner, taking a tenth 
aliquot of a 1000 cc. solution. The figures below, each referring to a separate determina- 
tion, represent the per cent of the halide ion, as determined by analysis and calculated in 
accordance with the equation, CTH~T; + KYHz + C;H,XHz + KX. 

Ratio, Br/I, 2.3; corrected ratio, 2.4. 

p-C:HiCl: 57.0, 56.7, 53.9, 56.6. 
o-CiHjC1: 56.6, 55.9, 57.0. 
tn-C;HiCl: 57.0, 53.1, 58.1. 
p-C;HiBr: 61.4, 54.0, 54.0. 
o-C;H,Br: 58.0, 54.5. 
tn-CiHrBr: 49.4, 53.1, 52.6. 
p-C7HiI: 61.1, 58.4. 
o - C j H j I :  57.0, 55.5. 
R L - C ~ H ~ I :  60.2, 61.2. 

SUMMARY 

1. The tolyl halides react with a solution of potassium amide in liquid am- 
monia to give in every case a mixture of toluidines, which contains some of the 
expected (not rearranged) isomer. p-Phenetidine, mixed possibly with an 
isomer, is prepared by the action of potassium amide on p-chlorophenetole, and 
9-aminophenanthrene is similarly obtained from 9-bromophenanthrene. 

2. Liquid secondary amine fractions of low basicity were isolated from the 
products of the reaction of potassium amide with the tolyl halides, or with p- 
chlorophenetole. In  all cases, these mere mixtures of unknom composition. 

3. The formation of these secondary amines is doubtless due to an activation 
of the halogen in the tolyl halides or in p-chlorophenetole by the potassium 
amide, in the manner previously described for the phenyl halides (3). This 
activation has been demonstrated in the reaction between p-bromotoluene and 
potassium p-toluidine, and in the reaction betreen p-chlorotoluene and quin- 
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aldylpotassium; in the former case, an isomer of tritolylamine, m.p. 145", was 
obtained ; in the latter case, a tolylquinaldine of unknown orientation. 

STANFORD UNIVERSITY, CALIP. 
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The usual method of synthesis of 4-aminoquinazolines (111) involves the con- 
version of 4-quinazolone (I) to 4-choloroquinazoline (11) and the treatment of 
I1 with the desired amine (1). Preliminary work with heterocyclic compounds 
closely related to quinazoline made i t  a,ppear necessary to circumvent the chloro 
intermediate corresponding to 11. Accordingly, model experiments have been 
carried out in the quinaxoline series in an attempt to  bring about the conversion 
of I to I11 by some other route. This paper describes the methylation of 4- 

0 C1 

I I1 

I I I I 
0 CH3 NHR 

IV I11 

quinazolone (I) to  4-methoxyquinazoline (IV) and the reactions of these two 
compounds with ammonia and certain amines. 

The utilization of the methyl ether (IV) was suggested by the researches of 
Magidson and Grigorowsky (2), who proposed that the phenyl ether (VI) is an 
intermediate in the preparation of Atabrine (VII) by the treatment of 6,9-di- 
chloro-2-methoxyacridme (V) with 4-amino-1-diethylaminopentane in phenol. In 
support of this hypothesis, these workers prepared 6-chloro-2-methoxy-9-phen- 
oxyacridine (VI) and treated it with the diamine. In this reaction, the yields of 

1 The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the University of Illinois. 

2 A recent paper by Tomisek and Christensen (14) appeared after preparation of this 
manuscript, submission of which was delayed by the absence of the senior author on a n  
overseas mission. 

3 Present address : Converse Memorial Laboratory, Harvard University, Cambridge, 
Mass. 
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VI I 
Atabrine were as good as those which had been obtained from the chloro com- 
pound (V) and the diamine. In the quinoline series, 4-alkoxyquinolines have 
been found to react with ammonium salts, either alone or in the presence of am- 
monia or alkyl amines, to give 4-aminoquinoline (3). In  the quinazoline series, 
an example of an analogous replacement is found in the conversion of 2-ethoxy- 
4-quinasolone (VIII) to 2-amino-4-quinazolone (IX) by means of ethanolic am- 
monia a t  100" (4). 

0 

VI11 I X  

4-Quinazolone can be obtained readily by heating anthranilic acid with for- 
mamide, according to the method of Niementowsky (5 ) .  Alkylation of 4-quin- 
azolone with methyl and ethyl iodide and methyl sulfate has been discussed by 
Bogert and Sei1 (6). They concluded that alkylation with methyl iodide and 
ethanolic alkali gave only the 3-methyl-4-quinasolone and that methyl sulfate 
behaved similarly. When ethyl iodide was used, the probability of obtaining 
the O-ethyl compound appeared greater. The action of methyl iodide on the 
silver salt gave both the O-methyl and N-methyl derivatives. In this case, also, 
with the ethyl iodide the 0-ethyl derivative was more likely to be formed. 
Methylation of 2- and 4-pyridones and -quinolones with diazomethane has been 
found, in general, to give the O-methyl product (7). Diazomethane, therefore, 
seemed to be the most promising methylating agent for 4-quinazolone. 

All of the possible methylation products of 4-quinazolone have been reported 
in the literature. 4-Methoxyquinazoline (IV), m.p. 35.4", has been prepared by 
Bogert and May (8) by the treatment of 4-chloroquinasoline (11) with sodium 
methoxide. 3-Methyl-4-quinazolone (XI), m.p. 71", was prepared by Knape (9) 
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both by the action of methyl iodide on the sodium salt of 4-quinazolone and by 
the ring closure of X. 2-Methyl-4-quinazolone melts a t  238-239" (10). 1- 
Methyl-4-quinazolone (XIII) , m.p. 123-124", was obtained by &ape but, unfor- 
tunately, in amount insufficient for analysis. 

C1 0 CH3 

1 NaOCH3 I 

I1 IV 
M.p. 35" 

X XI 
M.p. 71" 

CONH2 0 

-+ heat 04 I1 
NCHO \ \N/ 
I 
CH3 

I 
CH3 

XI1 XI11 
M.P. 123-124" 

4-Quinazolone was treated with diazomethane. 4-Methoxyquinazoline was 
isolated by vacuum distillation in 20% yield and the only other product obtained 
was a crystalline solid, m.p. 103.5-105.5", which was shown by analysis to  be 
isomeric with 4-methoxyquinazoline. The melting point of this compound is not 
in agreement with that of any of the three most probable products, but its struc- 
ture was not investigated further. The crude 4-methoxyquinazoline reacted 
with methanolic ammonia in a bomb to give 4-aminoquinazoline (XIV) which 
has recently been prepared by Dewar (11) from 4-chloroquinazoline and am- 
monia. 

h'H2 c1 
I I 

oca  
I 

IV XIV I1 
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The difficulty of obtaining the intermediate 4-methoxyquinaxoiine from 4- 
quinazolone (I) led to  an investigation of the direct amination of I .  Such amina- 
tion could be effected in a t  least 20% yield by the use of methanolic ammonia a t  
200". 

When 4-quinazolone was heated a t  140" with n-butylamine, the product was 
3-butyl-4-quinazolone (XV) rather than 4-butylaminoquinazoline. A small 
amount of o-amino-K-butylbenzamide (XVI) was also isolated. Compound XV 
has been prepared by Bogert and May (8) from the sodium salt of 4-quinazolone 
and butyl iodide, while XVI has been prepared by Clark and Wagner (12) by the 
action of butylamine on isatoic anhydride (XYII). 

0 

XHf 

XVI 
M.p. 84" 

H 
XVII 

Similarly, y-diethj aninopropylamine reactel, with 4-quinazolone to give 3- 
(~-diethylaminopropyl)-4-quinaxolone (XVIII) which was isolated as the picrate. 
The same compound was obtained from the reaction of y-diethylaminopropyl 
chloride with the sodium salt of 4-quinazolone. 

0 0 



NOVEL REtlCTIONS O F  4-QUINAZOLOSE 345 

A satisfactory mechanism for the reaction of n-butylamine with 4-quinazolone 
should account for the formation of both o-amino-N-butylbenzamide and 3- 
butyl-4-quinazolone. Such a mechanism requires that ring-opening occur. 
The f ollon-ing series of intermediates would appear to constitute a logical explan- 
ation of the course of the reaction. The formamidine XIX would be expected 

H 

-0 SHR COXHR I 

- 
N=CH--KH- 

-Hf ----+ 

\ \x// 
HC/ 

l /  

0 

0 

CONHR 

to be the first stable intermediate. Ring closure of XIX by internal addition, 
followed by the elimination of ammonia, would provide 3-butyl-4-quinazolone. 
Although no water was present during the reaction to hydrolyze the amidme 
(XIX), $hat which had failed to undergo cyclization would be expected to  be 
converted readily to o-amino-N-butylbenzamide when the crude reaction product 
mas later treated with water. 

EXPERIMENTAL4 

4-Quinazolone was prepared from anthranilic acid and formamide by the method of 
Niementowski (5). 

Reaction of 4-quinazolone with diazomethane. 4-Methoxyquinazoline. A solution of 
diazomethrne (4.2 g., 0.10 mole) in 150 cc. of ether was prepared by the directions of Arndt 

4 All melting points are corrected. Microanalyses by Miss Theta Spoor and Miss Lillian 
Hruda. 
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(13) by adding 15 g. of nitrosomethylurea to  50 cc. of 40y0 potassium hydroxide and 150 cc. 
of diethyl ether a t  5" with mechanical stirring. When the solid had dissolved, the ether 
layer was separated and dried over 10 g. of potassium hydroxide pellets. I t  was then 
filtered and added without distillation to  a suspension of 5.0 g. (0.034mole) of 4-quinazolone 
in 10 cc. of methanol. Nitrogen was evolved immediately and the suspension was stirred 
mechanically at room temperature. The quinazolone dissolved completely in about four 
hours. The solution was filtered, 50 cc. of distilled water was added, and the mixture was 
shaken until the excess diazomethane was decomposed. The ether layer was separated 
and dried over 10 g. of magnesium sulfate and the ether removed. The residue was dis- 
tilled under reduced pressure over a n  oil-bath at 200". The fraction boiling at 141-164" 
at 18 mm. (1.1 g.) was collected. It melted a t  15-20" and was impure 4-methoxyquinazoline 
which had been reported previously by Bogert and May (8) to  melt at 35.4'. The crude 
product was used in  the next reaction without further purification. 

The residue from the vacuum distillation (1.9 9.) solidified on cooling and melted a t  103.5- 
105.5' after recrystallization from petroleum ether (b.p. 90-110'). I ts  composition was 
shown by analysis to  be that  of a n  isomer of 4-methoxyquinazoline. 3-Methyl-4-quinazo- 
lone has been reported by Knape (9) to melt at 71" when recrystallized from petroleum 
ether. 1-Methyl-4-quinazolone was also prepared by Knape (9) and was reported to melt 
a t  123-124", although insufficient material was available for an analysis. The structure of 
the compound melting a t  103-105" is therefore uncertain. It was soluble in acid and in- 
soluble in alkali. 

Anal. Calc'd for CgHeN20: C, 67.47; H, 5.03; N, 17.49. 
Found: C, 67.64; H, 5.21; ZT, 17.40. 

Reaction of 4-methoxypinazoline with ammonia. 4-Aminoquinazoline. The impure 
4-methoxyquinazoline (1.1 9.) obtained above was heated in a bomb with 10 cc. of liquid 
ammonia and 10 cc. of methanol at 140" for sixteen hours. The yellowish crystals which 
had precipitated were collected (0.3 g.)  and recrystallized from an ethanol-water mixture; 
m.p.-268.5-269.5". 
260". 

The melting point reported by Dewar (11) for 4-aminoquinaxoline was 

Since Dewar failed to  report any derivative of 4-aminoquinazoline the picrate was pre- 
pared in ethanol, in  which it was extremely insoluble, and was recrystallized from diIute 
aqueous acetic acid. It melted with decomposition at 288-290". 

Anal. Calc'd for CsH~Na.C&13N30~: C, 44.92; H, 2.69; S ,  22.46. 
Found: C, 44.90; H, 2.72; N ,  21.86. 

Reaction of 4-quinazolone with ammonia. &Aminoquinazoline. 4-Quinazolone (1.0 g.) 
was heated in a bomb with 10 cc. of liquid ammonia and 10 cc. of methanol at 200" for twenty- 
four hours. The solvent was removed, a few cubic centimeters of 15 N ammonia was added, 
and the solution filtered. 4-Aminoquinazoline (0.2 g., 20% yield) was obtained, as shown 
by the melting point and mixed melting point with the sample obtained above, and also by 
the melting point of the picrate. 

Reaction of 4-quinazolone with butylamine. 8-Butyl-4-quinazolone and o-amino-N-but yl- 
benzamide. 4-Quinazolone (5.0 g., 0.034 mole) was heated in a bomb at 150" for twenty- 
four hours with 13 cc. (9.5 g., 0.13 mole) of freshly distilled n-butylamine. After the re- 
moval by distillation of excess butylamine the product was shaken with 20 cc. of 10% aque- 
ous sodium hydroxide and 50 cc. of ether. The alkali layer was extracted with an additional 
25-cc. portion of ether. The ether extracts were combined and dried over magnesium 
sulfate. The ether was distilled and the last of the volatile solvent removed under reduced 
pressure. The oil remaining uws boiled for 10 minutes with 14 cc. of 85% sulfuric acid in 
order to  remove impurities susceptible to  hydrolysis. The solution was diluted and made 
basic t o  litmus with sodium hydroxide solution. The crude insoluble compound which 
separated was collected on a filter, washed with water, and dried. The yield was 2.5 g. 
(36% of the theoretical), m.p. 64-70'. It was purified by reprecipitation from warm dilute 
hydrochloric acid containing activated charcoal and recrystallization from a n  ethanol- 
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water mixture. The purified solid melted a t  71-72", the melting point reported by Bogert 
and May (8) for 3-butyl-4-quinazolone. 

Since no derivative is reported in  the literature the picrate was prepared and recrystal- 
lized from ethanol. It sintered at 151" and melted at 154-155" to a light yellow liquid. 

Anal. Calc'd for Cl8H17N608: C, 50.11; H, 3.97. 
Found: C, 50.05; H, 3.86. 

In  a second experiment, 4-quinazolone (5.0 g., 0.034 mole) was heated at 150" with 13 cc. 
(9.5 g.,  0.13 mole) of n-butylamine. After addition of ether, extraction with alkali and 
removal of ether and butylamine, two grams of oil remained which solidified on cooling 
(m.p. 30-40'). On repeated recrystallization from petroleum ether (b.p. 90-110") a very 
small amount of waxy solid, m.p. 83-85' remained. This melting point is in agreement with 
that  reported by Clark and Wagner (83-34") (12) for o-amino-N-butylbenzamide. The 
identity of the solid was further confirmed by analysis. 

Calc'd for CIIHdZO: C, 68.73; H, 8.93; N, 14.58. 
Found: C, 68.55; H, 8.38; N, 14.72. 

Anal. 

The presence of 3-butyl-4-quinazolone in  the mixture was shown by evaporation to  
dryness of the filtrates obtained in  the preparation of the analytical sample. The solid 
(0.3 g.) obtained was refluxed ten minutes with 5 cc. of 85y0 sulfuric acid. The solution 
was diluted and made alkaline with aqueous sodium hydroxide. The insoluble white solid 
(0.1-0.2 g.) which remained was washed with water and recrystallized from water-ethanol 
solution. It was shown by melting point and mixed melting point to  be identical with the 
3-butyl-4-quinazolone obtained above. 

Reaction of 4-quinazolone with 7-diethylaminopropylamine. 3-(pDiethylaminopropy1)- 
4quinazoZone. Five grams (0.034 mole) of 4-hydroxyquinazoline was heated in a bomb for 
twenty-four hours a t  150" with 13 cc. (10 g. ,  0.072 mole) of 7-diethylaminopropylamine. 
When the bomb was cooled and opened, a gas with an ammoniacal odor escaped. The solu- 
tion was evaporated on a steam-cone under reduced pressure. The oil remaining was 
added t o  20 cc. of benzene and the solution was extracted with 10 cc. of aqueous 20% so- 
dium hydroxide. The water solution was separated and extracted with 10 cc. of benzene. 
The combined benzene extracts were dried over magnesium sulfate and filtered. 

Carbon disulfide (10 cc.) was added to  the solution in order to  remove the excess 7-di- 
ethylaminopropylamine. The dithiocarbamate of the latter separated as an oil. Acetone 
(30 cc. ) was added to  cause it to  solidify. The solid &-as removed and rinsed with benzene. 
The filtrate was evaporated, dissolved in  50 c:c. of ethanol, and the solution added to  16 g. 
(0.070 mole) of picric acid dissolved in 500 cc of hot ethanol. The solution was allowed to  
cool slowly and was decanted from a small amount of dark oil which first separated. The 
crystalline picrate which then precipitated was collected and washed with cold dilute 
ethanol. Eighteen grams (74'%), m.p. 146-153", was obtained. The 3-(7-diethylamino- 
propyl )  -4 quznazolone dipzcrate was purified for analysis by recrystallization from ethanol 
and methyl cellosolve. It then melted a t  la!-161" to  a pale liquid. 

Anal. 

When the above reaction was carried out a t  200" for twenty-four hours the product was 
quite dark and the picrate was induced t o  crystallize only with considerable difficulty. 

3-(7-Dzethylaminopropyl) -4-guinazolone was also prepared by refluxing a suspension of 
3.0 g. (0.020 mole) of 4-quinazolone, 9.0 g. (0 060 mole) of 7-diethylaminopropyl chloride, 
and 1.2 g. (0.020 mole) of potassium hydroxide for fourteen hours. The residual oil was 
added t o  a hot solution of 9.2 g. (0.040 mole) of picric acid in 200 cc. of ethanol. The picrate 
separated almost immediately as  an oil but solidified on cooling to  a light yellow solid. It 
was collected and washed thoroughly with 95% ethanol and melted et 152-155' (1.8 g.). 
On furthey recrystallization, the melting point was raised to  158-160" and a mixed melting 
point wvj th the compound prepared above showed no depression. 

Calc'd for C1sHd-sO.2CeHsNsO7: 13, 45.19; H,  3.79; N, 17.57. 
Found: C, 45.38; H, 4.18; N, 17 67. 
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SUMMARY 

1. 4-Quinazolone has been found to react with diazomethane to give 4-meth- 
oxyquinazoline and a considerable amount of an unidentified monomethylation 
product. 

2. 4-Methoxyquinazoline and 4-quinazolone were converted to  4-aminoquin- 
azoline by treatment with methanolic ammonia under pressure. 

3. Treatment of 4-quinazolone with n-butylamine or y-diethylaminopropyla- 
mine yielded the 3-alkyl-4-quinazolone. A possible course for this reactioh has 
been proposed. 

URBANA, ILL. 
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In a previous communication (1) attempts to convert 4-quinazolone (I) to 4- 
(ydiethylaminopropy1amino)quinazoline (11) without proceeding through 4- 
chloroquinazoline were described and it was shown that, while 4-quinazolone 
reacted with ammonia in a bomb to  give 4-aminoquinazoline, it reacted with 
ydiethylaminopropylamine to give 3-(~-diethylaminopropyl)-4-quinazolone. 
Although 4-methoxyquinazoline was converted to 4-aminoquinazoline by treat- 
ment with ammonia and might give the desired product with r-diethylamino- 
propylamine, the difficulties in its preparation by 0-methylation of 4-quinazolone 
made this route look unpromising. 

In this paper a method of converting 4-quinazolone to 4-(ydiethylaminopro- 
pylamino) quinazoline by using 4-mercaptoquinazoline (111) and 4-methylmer- 
captoquinazoline (IV) as intermediates is described. 

I I1 

! t 
I 

SH S CH3 
I I 

I11 IV 
A synthesis of 4-mercaptoquinazoline (111) has been reported in a British pa- 

tent by Kendall (2), who prepared it by the reaction of 4-chloroquinazoline with 
sodium hydrosulfide. He found that it reacted with dimethyl sulfate in the 
presence of alkali to give 4-methylmercaptoquinazoline (IV). This reaction is 
not surprising in view of the S-alkylation of thioamides by alkyl halides (3). 

Since t-he purpose of this research was to avoid the use of 4-chloroquinazoline 
1 The work described in this paper was done under a contract, recommended by the 

Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the University of Illinois. 

2 Present address : Converse Memorial Laboratory, Harvard University, Cambridge, 
Mass. 
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?-Diet hylaminopropylamine 
n-Butylamine 
Aniline 

Morpholine 
Diethylamine 

as an intermediate, it was necessary to find a different method of converting I to 
111. Although there seems to be no report in the chemical literature of the reac- 
tion of phosphorus pentasulfide with 2- or 4-quinazolones, quinolones, pyrim- 
idones, or pyridones, it is well known that amides are readily converted to 
thioamides by treatment with this reagent (3). Investigation disclosed that 4- 
quinazolone (I) was converted to 4-mercaptoquinazoline (111) in 59% yield by 
treatment with phosphorus pentasulfide in refluxing xylene. 

Since it is easy to replace a 2- or 4-methylmercapto group on the pyrimidine 
ring by the action of ammonia and amines (4), 4-methylmercaptoquinazoline 
(IV) was prepared from 4-mercaptoquinazoline (111) and dimethyl sulfate. On 
treatment with y-diethylaminopropylamine it was converted smoothly to the 
desired product (11). The over-all yield from I was 27%. 

It is well known that thioamides react with amines to give amidines (3). It 
was hoped therefore that 4-mercaptoquinazoline might react directly with y- 
diethylaminopropylamine to give 11. This has actually proved to be a superior 
for converting I to 11, giving an over-all yield of 47%. 

TABLE I 
REACTION OF 4-MERCAPTOQUINAZOLINE KITH A M I N E S  

90-110 20 min. 80 
Reflux 2 hours TO 
130-160 4+ hours 14 
Reflux 3 hours 23 
105-110 34 hours 27 
Reflux 72 hours ~ 0 

I 

"E I YIELD OF THE 4-AMINO- 
QDINAZOLINE, % TEMP. "c. 1 TIME 

8 Analyses by Misses Theta Spoor and Lillian Hruda. AI1 melting points corrected. 
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and, after several hours, the oil solidified. The solid was collected and washed with water. 
The yellowish solid obtained (1.5 g., 85%) melted at 50-57" and was used without further 
purification in the reaction described below. The melting point previously reported was 
68' (2). 

d-(y-Diethyl- 
aminopropy1amino)quinatoline. The crude methylmercapto compound obtained above 
(1.5 g., 0.0085 mole) was heated with 1.4 cc. (1.1 g., 0.0085 mole) of y-diethylaminopropyl- 
amine a t  90-110". Methylmercaptan Wafs evolved and the heating was continued until its 
evolution ceased. Ethanol (2 cc.), benzene (4 cc.), and carbon disulfide (2 cc.) were added 
in order to precipitate unreacted y-diethylaminopropylamine as the dithiocarbamate. The 
solution was seeded with a small amount of authentic dithiocarbamate, cooled, and filtered. 
The filtrate was added to  4.0 g. (0.18 mole) of picric acid in 75 cc. of 957, ethanol. The di- 
picrate of 4-(y-diethylaminopropylamino)quinazoline precipitated as an oil which later 
solidified to  a yellow solid, m.p. 195499". The melting point previously reported was 199- 
200" (5). The yield was 3.4 g. (56%). The identity of the picrate was further established 
by a mixed melting point with an authentic sample of 4-(y-diethylaminopropylaminojqui- 
nazoline dipicrate, and by adding the picrate obtained above to 40 cc. of 6 N hydrochloric 
acid and extracting the picric acid with benzene. The acid solution was then made strongly 
alkaline with potassium hydroxide (50% solution a t  first, then solid) and the amine was 
extracted with four 20-cc. portions of benzene. The benzene extracts were combined and 
dried over magnesium sulfate. The benzene was evaporated on a steam-bath. The residue 
solidified on standing in  a desiccator under reduced pressure overnight. On recrystalliza- 
tion from petroleum ether it melted at 5&63'. The melting point reported in the literature 
(5), m-as 69-70". 

Reaction of 4-mercaptoquinazoline with y-diethylaminopropylamine. .&(y-Diethylamino- 
propy1amino)quinazoline. 4-Mercaptoquinazoline (1.6 g., 0.010 mole) was heated with 3.2 
cc. (2.6 g., 0.02 mole) of 7-diethylaminopropylamine a t  90-110" for twenty minutes. The 
mercaptoquinazoline quickly dissolved with the evolution of hydrogen sulfide. To the 
solution was added 4.6 g. (0.020 mole) of picric acid in 75 cc. of ethanol. The picrate sepa- 
rated as a n  oil but solidified when the solution was heated to  boiling. It was purified by 
recrystallization from 50 cc. of ethanol and 75 cc. of methyl cellosolve. The yield was 5.7 
g. (8O%J, m.p. 197-200". The melting poinr, recorded in the literature is 199-200' (5). There 
was no depression iqmelting point when the compound was mixed with a n  authentic sample 
of 4-(~-diethylaminopropylamino)quinazoline dipicrate. 

Reaction of 4-mercaptoquinazoline with n-butylamine. 4-Butylaminoquinazoline. 4- 
Mercaptoquinazoline (1.6 g., 0.010 mole) was heated with 5 cc. of refluxing n-butylamine for 
two hours. The butylamine was then removed under reduced pressure. The solid residue 
\?-as added to  10 cc. of warm 10% sodium hydroxide solution. Although it melted to  a n  oil 
in the warm solution, it solidified again on cooling. It was purified by solution in 10 cc. of 
warm dilute hydrochloric acid and decolorization with activated charcoal, followed by 
recrystallization from a n  ethanol-water mixture. The yield was 1.4 g. (70%) of product 
melting a t  114-117". The compound was purified for analysis by recrystallization from 
petroleum ether (b.p. 90-110°), which was a far more satisfactory solvent than ethanol- 
water. 

Reaction of ~-methylmercaptoquinazoline with y-diethylaminopropylamine. 

It recrystallized as long white needles melting at 116-117'. 
Anal. 

The picrate, m.p. 189.5-190.5' was prepared in, and recrystallized from ethanol. 
Anal.  

Reaction of 4-mercaptoquinazoline with aniline. 4-Anilinoquinazoline. 4-Mercapto- 
quinazoline (1.6 g., 0.010 mole) was heated with 5 cc. of aniline for four and one-half hours 
at 130-160". The solid had completely dissolved at the end of that  time. Brownish needles 
separated on cooling. Excess aniline was removed, and 10 cc. of 10% sodium hydroxide 
was added. The solid was collected and washed. Only 0.5 g. of solid melting a t  187-206' 
was obtained. On decolorization with activated charcoal and zinc dust and recrystalliza- 

Calc'd for C ~ Z H ~ S N ~ :  C, 71.60; H, 7.51; N, 20.87. 
Found: C, 71.87; H, 7.48; N, 20.87. 

Calc'd for C12Hd3.CJISX30,: C ,  50.23; H,  4.22. 
Found: C, 50.09; H, 4.14. 



352 XELSOS J. LEOWdRD AND DAVID Y. CURTIN 

tion from an ethanol-water mixture 0.3 g. (14%) of product melting at 210-216" was ob- 
tained. After further recrystallization from the same solvent i t  melted a t  216-217'. The 
melting point has been reported to  be 221-222' (6). The filtrate from the first recrystalliza- 
tion above was made acid with glacial acetic acid. The solid which precipitated was re- 
covered starting material and amounted to  1.2 g. 

The identity of the 4-anilinoquinazoline above was further established by conversion 
to  the picrate, which melted at 230-231" on recrystallization from ethanol. The melting 
point reported in  the literature is 233" (6). 

When a n  experiment was carried out which differed from that  above only in that  the 
aniline solution of 4-mercaptoquinazoline was refluxed for three hours, 0.9 g. of alkali- 
insoluble solid was obtained which on recrystallization from petroleum ether-benzene- 
ethanol solution melted a t  217-220" (0.5 g., 23%). Only 0.8 g. of starting material was 
recovered. 

Rcaction of 4-mercaptoguinazoline with morpholine. 4-Mercaptoquinazoline (1.6 g., 
0.010 mole) 'sas heated at 105-110* with 8 cc. of morpholine for three and one-half hours. 
The morpholine was evaporated under reduced pressure and the residue was warmed with 
10 cc. of 10% sodium hydroxide. It melted but solidified again on cooling, and was col- 
lected and washed mith water. The white solid obtained (0.6 g., 27%) melted at 90-93". 
It was recrystallized from petroleum ether (b.p. 90-110') from which it precipitated i n  
chunky snow-white crystals, m.p. 93.5-94.5'. 4-Mercaptoquinazoline (0.4 g.) was recov- 
ered from the first filtrate above by acidification with acetic acid. 

Anal. 

The picrate was prepared in ethanol in which it was sparingly soluble. 

Anal. Calc'd for C I ~ H ~ ~ N ~ O , C & H ~ X ~ O ~ :  C, 48.65; H, 3.63. 
Found: C, 48.83; H, 3.82. 

Attempted reaction of 4-mercaptoquinazoline with diethylamine. 4-Mercaptoquinazoline 
(1.6 g . ,  0.010 mole) was refluxed with 10 cc. of diethylamine for seventy-two hours. A 
large amount of solid was still undissolved a t  the end of that  time. The diethylamine was 
removed and 10 cc. of 10% sodium hydroxide was added. The solution which resulted was 
filtered. There was no significent amount of insoluble material. The filtrate was acidified 
with acetic acid; the solid which precipitated was recovered 4-mercaptoquinazoline (1.2 g.). 

Calc'd for C12H13N80: C ) ,  66.97; H, 6.09; N, 19.53. 
Found: C, 66.78; H, 6.05; N, 19.48. 

It was purified 
by recrystallization from an ethanol-methyl cellosolve mixture and melted at 204-205'. 

SUMMARY 

4-Quinazolone reacted with phosphorus pentasulfide to  form 4-mercaptoquin- 
azoline, which, in turn, reacted with 7-diethylaminopropylamine, n-butylamine, 
aniline, or morpholine to give the corresponding 4-aminoquinazoline. The reac- 
tion proceeded most satisfactorily for the two aliphatic primary amines and 
failed with diethylamine under the conditions employed. 

4-Methylmercaptoquinazoline reacted in a similar fashion with y-diethylamino- 
propyl amine. 

URBANA, ILL. 

REFEREKCES 
(1) LEONARD AND CURTIN, J. Org. Chem., 11, 341 (1946). 
(2) KENDALL, British Pat. Xo. 425,609 (1933) Chem. Zent., 1935, 11491. 
(3) SIDGWICK, "Organic Chemistry of Nitrogen," Revised Edition, p. 151, Oxford Univer- 

(4) JOHKSON AND HAHN, Chem. Revs., 13,232 (1933). 
(5) MAGIDSON AND GOLOVCHINSKAYA, J .  Gen. Chem. (U.S.S.R.), 8,  1797 (1938). 
(6) LAKGE AND SHEIBLEY, J .  Am. Chem. SOC.,  53, 3875 (1931). 

sity Press, (1942). 



[CONTRIBUTION FROM THE DIVISIOX OF PHYfIOLOGY, KATIONAL INSTITUTE OF HEALTH] 
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Earlier investigations (1) in this Laboratory have shown that a large number of 
phenanthryl-9 and tetrahydrophenanthryl-9 amino alcohols possess strong anti- 
malarial activity. More recent communications (2) deal with compounds of this 
type in which slight modifications of the side chain have been made without pro- 
ducing a marked change in activity. In order to study the effect of a more radi- 
cal variation of the carbinolamine chain, representatives of types I and I1 have 
been synthesized. 

Recent researches by Hass and co-workers (3), Sprang and Degering (4), and 
Gakenheimer and Hartung (5)  have served to improve hitherto unsatisfactory 
procedures for the preparation of alkamines of the type NHzCHlCHOHR (R = 
alkyl). By condensing these alkamines with an aromatic aldehyde and hydro- 
genating the resulting aldimines, ont: should arrive a t  amino alcohols of the gen- 
eral formula ArCH2NHCH2CHOHR. The two requisite 9-aldehydes for I and 
I1 can be easily obtained in large amounts and offered, therefore, convenient 

I 
C H ~ N H C H ~ C H O H C ~ H Z ~ + I  C~~H~~-~-CHOHCH~N(C~H~~+~)Z 

I IV 

CH2NHCH2 CHOHCnHzn+1 
II V 

1 The work described in this paper was done under a transfer of funds, recommended by 
the Committee on Medical Research, from the Office of Scientific Research and Develop- 
ment to the National Institute of Health. 

353 



:354 

0 
L5 
2 

u" 

2 

? h 

k 

c n 

5 
i3 
0 m u, 

Y H 

B 

i 
m 
R 

d 



ATTEMPTS TO FIND ANTIMALARIALS. XI11 355 



356 EVERETTE L. MAY 

starting points. For biological comparison, analogous anthracylamino alcohols2 
also seemed of interest, the starting material in this instance being anthracene-9- 
aldehyde. 

A structural comparison of these new types (I and 11) with I11 and IV (1) re- 
veals that in I and I1 the parent compound of the amino alcohol is the aliphatic 
chain CnHOn+l, and phenanthrene is a part of the amino group, while in I11 and 
IV this condition is reversed. On the other hand, the hydroxyl and amino 
groups occupy adjacent carbon atoms in each instance. 

From phenanthrene-9-aldehyde, 1 ,2  , 3,4-tetrahydrophenanthrene-g-alde- 
hyde, and anthracene-9-aldehyde, a total of ten alkanolamines were prepared. 
No difficulties were encountered in condensing the aldehydes with the aliphatic 
alkamines to aldimines. Hydrogenation of the latter likewise proceeded 
smoothly. 

The compounds thus obtained proved to  be greatly inferior, therapeutically, 
to  those of types I11 and IV. On the assumption that their low activity might 
be accounted for in part by the secondary character of the amino group, the three 
representatives of I1 were methylated with formaldehyde and formic acid and 
were thereby converted into V. The structure of V was proved by synthesizing 
the lowest homolog from 9-chloromethyl-l , 2,3,4-tetrahydrophenanthrene, pro- 
pylene oxide, and methylamine. This synthesis is a t  the same time a confirma- 
tion of the structures of I and 11, which were assigned to these compounds on the 
basis of reactions involved in their preparation. 

The amino alcohols3 listed in Table I were ineffective against Plasmodium 
gallinaceum in chicks, except SN 5848 which showed a weak activity. 

Acknowledgment. The microanalyses were carried out by Mr. Edward A. 
Garlock, Jr. The l-amino-2-butanol and l-amino-2-pentanol were kindly sup- 
plied by Commercial Solvents Corporation. 

EXPERIMENTAL* 

The isopropanolamine used was a n  Eastman Kodak product. 
l-Amino-2-butanol and l-amino-2-pentanol (b.p. 183-185’; CY: 1.4500; dgg 0.9219)6 were 

l-Amino-2-octanol was prepared by hydrogenating l-nitro-2-octanol (4) according to  

Phenanthrene-9-aldehyde was prepared according to  Mosettig and van de Kamp (6). 
Anthracene-9-aldehyde was obtained by the “methylformanilide” method according to  

supplied by Commercial Solvents Corporation. 

the procedure of Gakenheimer and Hartung (5). 

Fieser and Hartwell (7) .  It melted a t  104-104.5” (8). 

The preparation of anthracyl-9-amino alcohols analogous to I11 was undertaken simul- 
taneously with the synthesis of the phenanthrene alkamines. Considerable difficulty was 
encountered but the work is being continued. 

3 The identification numbers assigned to the drugs by the Malaria Survey Office of the 
National Research Council are given in the second column of Table I. The drugs Fere ad- 
ministered as hydrochlorides. 

4 All melting points are uncorrected. 
6 The physical constants of the amino pentanol were supplied by Dr. Jerome Martin, 

Director of Research of Commercial Solvents Corporation. 
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1,2,S,Q-Tetrahydrophenanthrene-9-aldehyde. Bachmann and Cronyn (9) obtained this 
aldehyde by the method of Sonn and Muller, but it was found advantageous to  prepare i t  by 
the action of hexamethylenetetramine (10) on Q-chloromethyl-1,2,3,4-tetrahydrophenan- 
threne (9). A mixture of 10 g. of the latter, 6 g. of hexamethylenetetramine and 45 cc. of 
%yo ethanol was warmed on the steam-bath t o  homogeneity. After addition of 2 cc. of 
water and 15 cc. of 95% ethanol, the clear reaction mixture was refluxed for eighteen hours. 
The aldehyde separated in a yield of 5.3 g. (about 60%), m.p. 124-127", upon cooling in  the 
ice-box. Bachmann and Struve report the melting point 128.5129' for the pure aldehyde. 
Amino alcohols. A mixture of 10 g. of the aromatic aldehyde, one molecular equivalent 

of the appropriate aliphatic amino alcohol and 50 cc. of absolute ethanol was boiled under 
reflux for one hour (two to  three hours when anthracene-9-aldehyde was employed). The 
solution was hydrogenated (0.1 to  0.2 g. platinum oxide) and 0.9 t o  1.05 molecular equiva- 
lents of hydrogen was absorbed in  four to  twenty-four hours. After filtration from catalyst 
and evaporation of solvent in vacuo, the residue was dissolved in  acetone and the solution 
made slightly acidic with alcoholic HC1. The hydrochloride of the secondary amino alcohol 
separated crystalline, and was purified by recrystallization. The yields (based on the 
aldehydes) varied from 40% t o  80%. 

iMethyZation (11)  of compounds 6 ,  6, 7 of Table I. One mole of the base of 5, 6, or 7, 1.2 
moles of formaldehyde as a 4oy0 aqueous solution, and 2.5 moles of formic acid (Wy0 solu- 
tion) were heated together on the steam-bath for one to  two hours. The reaction mixture 
was partitioned between ether and a n  excess of dilute sodium hydroxide solution. The 
ether layer was dried over sodium sulfate and made slightly acidic with 20% alcoholic HCl. 
The oil which separated was dissolved by addition of acetone, whereupon the hydrochloride 
gradually crystallized. The average yield was 75%. 

Synthesis  of 9- [(2-hydrozypropylmethyla"no)methyl]-1 ,B, 3,4-tetrahydrophenanthrene OT 

compound 8 of Table I. To 1.0 g. of propylene oxide cooled in ice, was added0.5 g. of methyl- 
amine in 5 cc. of absolute ethanol. After tvrenty-four hours at room temperature, 1.0 g. of 
Q-chloromethyl-l,2,3,4-tetrahydrophenanthrene was added and the mixture refluxed for 
forty-eight hours. It was then made alkaline with dilute sodium carbonate solution and 
extracsted with ether. The light oil (0.9 g.) obtained after evaporatively distilling (150' 
a t  0.2 mm.) the residue from the dried ethey extracts, was dissolved in ether and acidified 
with 1 cv. of 15% alcoholic HC1. The resulting oil was just dissolved with acetone and the 
solution seeded. After twenty-four hours, a hydrochloride had crystallized (prisms) in a 
yield of 0.15 g., m.p. 161-165'. A mixture with compound 8 of Table I (prepared from 5) 
melted a t  161-164.5'. The picrate, prepared from either sample, as well as a mixture of the 
two, melted a t  87-89'. 

SUMMARY 

Amino alcohols in which the side chain -CH2NHCH2CHOHC,H2,+1 is 
attached to position 9 of phenanthrene, tetrahydrophenanthrene, and anthracene 
are described. The K-methyl derivatives of three of these have been prepared 
and their structure proved by alternative synthesis. 

The antimalarial activity of these compounds is discussed. 

BETHESDA 14, MD. 
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In  our search for compounds which might prove useful in the prophylaxis of 
malaria, we considered the feasibility of preparing Atabrine analogs in the 
tetrahydroacridine series in the hope that such compounds, while retaining 
plasmodicidal activity, would be less toxic than Atabrine. A survey of the 
literature revealed that experiments along these lines had been twice attempted 
in recent years with indefinite results. Magidson (1) described experiments 
in which substituted 9-chlorotetrahydroacridines were condensed with certain 
dialkylaminoalkylamines in phenol solution at temperatures ranging from 180- 
210". With the exception of two meconic acid salts (of dubious composition) 
isolated in the experiments, no definite products were obtained or characterized. 
The meconate8 were not only found to be devoid of antimalarial activity but also 
more toxic than the unhydrogenated acridine analogs. Basu and Das-Gupta (2), 
employing somewhat more carefully controlled conditions, condensed both 
9-chlorotetrahydroacridine and 7-methoxy-9-chlorotetrahydroacridine with 
dialkylaminoalkylamines in sealed tubes at 150-160". In  the first case failing to 
isolate a hydrochloride of the product, the authors prepared the methylenedioxy- 
napthoic acid salt. In the second instance (methoxy analog) they succeeded 
in preparing the expected dihydrochloride. In neither case, however, were the 
yields reported nor mention made of the activity of the compounds toward 
malaria infections. In view of the paucity of information concerning the 
chemistry of these substances as well as the lack of clear-cut, related pharmaco- 
logical data, a re-examination of this series of compounds was undertaken. 

von Braun ( 3 )  early recognized the fact that the chlorine atom in 9-chloro- 
tetrahydroacridine is less reactive than that in 9-chloroacridine. Whereas 
the halogen atom in the latter compound reacts readily with primary and second- 
ary amines in phenol solution at temperatures below 100" (e .g . ,  Atabrine synthe- 
sis), the replacement of the chlorine atom in 9-chlorotetrahydroacridine (3)  by 
primary and secondary amines requires temperatures of the order of 160" or 
above, preferably carried out in sealed tubes. In this respect then, it is probably 
more logical to compare 9-chlorotetrahydroacridine with 4-chloroquinoline or 
the alkyl-substituted 4-chloroquinolines. With both of these quinoline deriva- 
tives, condensation with primary and secondary amines is feasible only at 
elevated temperatures. Holcomb and Hainilton (4) recently described the 
condensation of 4-chloro-6-methoxyquinaldine with certain amines at tempera- 

1 This work was done under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific. Research and Development and thc National 
Institute of Health. 
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tures ranging from 140" to 225", the yields varying from 2640%. Similarly, 
Gilman and Spatz (5) condensed several 2-chlorophenyl-4-chloro-6-methoxy- 
quinolines with secondary amines at temperatures of 170" to 205" in yields of 
6670%. 

In our hands, 9-chlorotetrahydroacridine condensed smoothly with various 
amines (see Table I )  in the presence of a trace of copper-bronze powder by heating 
in sealed tubes at 180" for 2C-24 hours, the yields varying between 60-88'7& 
However, with 4-diethylamino-l-methylbutylamine, it was necessary to  heat 
the reactants to 220" (72 hours) in order to obtain the desired product (60%). 
With the exception of the morpholine-substituted tetrahydroacridine, which was 
obtained in crystalline form, all of the reaction products were viscous, amber 
syrups. In a fen- cases it was possible to  prepare crystalline dihydrochlorides; 
in others the products were converted to crystalline phosphates (solvated). 
Both of these salts were suitable for the pharmacological tests. For analytical 
specimens, the perchlorates and picrates proved superior. The corresponding 
ar-substituted chloro- and methoxy-t etrahydroacridines have also been prepared 
and these will be reported shortly. 

We wish to thank Dr. R. C.  Elderfield (Columbia Univ.) as 
well as Dr. Nathan Drake (Univ. of Maryland) for generously supplying us with 
the amines used in this investigation. Grateful acknowledgment is due to Mr. 
E. A. Garlock, Jr., for the analytical data. 

Melting points are uncorrected. The following experimental details are typ- 
ical of the techniques employed in preparing the compounds described below. 

iicknotuledyment, 

EXPERIMENTAL 

9-Chloro-1 ,2,3,4-tetrahydi-oacridine. 1,2,3,4-Tetrahydroacridone was prepared ac- 
cording t o  Tiedtke (6), using a water-collector. From 100 g. of cyclohexanone and 100 g. 
of anthranilic acid, 66 g. of tetrahydroacridone was obtained (45.5%); water, 18 ml. 
To 40 ml. of phosphorus oxychloride was added portionwise, with good swirling, 25 g. 

of tetrahydroacridone. If the acridone was allowed to  clump together it blackened rapidly. 
Before addition was completed, crystallization usually took place. The solid was warmed 
into solution and refluxed for 15 min., cooled with stirring, and the crystalline mush scraped 
onto 0.5 liter of ice. After an hour a t  room temperature to  decompose phosphoruscom- 
pounds, the crystalline hydrochloride wati filtered and dissolved in 800 ml. of warm water, 
and stirred at 80" with Norit for 30 min. From the cold filtrate the base precipitated crys- 
talline with ammonia; yield 25.8 g .  (96yc); from 70 ml. of acetone, 18.5 g. (69yc), m.p. 66- 
68". 

Anal. Calc'd for CI~HI~CIN:  C, 71.7; M, 5.56. 
Found: C, 71.4; H, 5.32. 

9-Bromo-l,8,9,4-tetrahydroacridine. Ten grams of tetrahydroacridone in 45 g .  of phos- 
phorus tribromide was heated at bath temp. 125" for 20 min. The hard red cake was brought, 
onto ice, and the suspension of pink powder bubbled out with COZ (explosion danger other- 
wise). The powder was suspended in dil. ammonia and extracted into ether; the residue 
from the ether was recrystallized from methanol or acetone; 4.5 g. (347,), m.p. 76-77". 
-4nalytical sample, sublimed in a high vacuum, m.p. 78-80'. 

Anal. 

9-(5-Diethglaminopropylamino)-1,2,3,4-tetrahydroacridine. Eight grams of 9-chloro- 
1,2,3,4-tetrahydroacridine, 9.6 g. (2 moles) of 3-diethylaminopropylamine, and a few milli- 

Calc'd for CleHlzBrN: C, 59.56, €I, 4.61. 
Found: C, 59.70; H, 4.65. 
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grams of copper-bronze powder were heated together in a sealed tube a t  180" for 24 hours. 
The light amber, jelly-like reaction product was transferred to  a separatory funnel with 
water and the insoluble basic material taken up in ether. The ethereal solution was washed 
with water several times to  remove diethylaminopropylamine hydrochloride. Any un- 
reacted diethylaminopropylamine was removed by fractional extraction with dilute acid 
in the following manner: The calculated amount of 2 N acetic acid (based on 100% con- 
version) was diluted to  200 ml. with water and this solution divided into 8-10 equal portions. 
The  ethereal solution was then extracted with each portion of dilute acetic acid. The first 
two extracts, containing small amounts of diethylaminopropylamine , were discarded; the 
remainder were combined, cooled, basified with 10 N sodium hydroxide and extracted with 
ether. After drying over sodium sulfate and concentrating i n  vucuo, there remained 9 
g. (75%) of a clear, amber syrup. The dihydrochloride was prepared in a cooled acetone 
solution with anhydrous hydrogen chloride and was recrystallized from a mixture of abso- 
lute ethanol-ether. 

With those compounds not forming dihydrochlorides, the phosphates were generally 
prepared by treating the cooled, syrupy bases with alcoholic phosphoric acid (25%) to  
Congo acidity and recrystallizing the resulting salts from methanol-ether. The perchlo- 
rates prepared with alcoholic perchloric acid (25%) were recrystallized either from absolute 
alcohol-ether, or from acetone-ether, while the picrates, prepared with alcoholic picric 
acid (5%), were recrystallized from acetone-ether. 

SUMMARY 

The synthesis of a series of 9-dialkylaminoalkylaminotetrahydroacridines is 
described. None of the members of this group showed antimalarial activity to- 
wards P. gallinaceum (chick infection). 

BETHESDA 14, MD. 
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The influence of optically inactive electrolytes upon the rotatory power of 
optically active organic compounds has long attracted attention. As long ago as 
1880 Landolt (1) studied the effect of various acids upon the rotation of solutions 
of asparagine and aspartic acid and observed that acetic acid caused a large 
change in their rotation, and that sulfuric acid in equivalent amount exerted a 
still greater effect. In the following year, Becker (2) studied the effect of increas- 
ing molecular ratios of hydrochloric acid and sodium hydroxide on the same 
compounds. He observed that asparagine in the presence of one equivalent of 
base exhibited the specific rotation -8.64" while in the presence of an equivalent 
of hydrochloric acid the specific rotation changed to +26.42". These results 
were regarded merely as solvent effects and no attempt was made to relate the 
changes to the effects of alkali and acid upon the substrate. At a later date, 
Marshall (3) reinvestigated the rotation of aspartic acid with similar results but 
advanced no further explanation of the observed effects. 

More recent investigators (4, 5,  6) have distinguished between the effects pro- 
duced by the addition of electrolytes which might be expected to react with the 
substrates, as in the case of acids or bases and an amino acid, and neutral salts 
which would not enter into any apparent chemical reaction with the substrate. 
An attempt to determine the dissoci:ttion constants of a number of amino acids 
was made by Wood (7) from measurements of their optical rotatory power in the 
presence of various concentrations of hydrochloric acid and sodium hydroxide. 
The specific rotations of leucine, aspartic acid, and glutamic acid in the presence 
of varying amounts of hydrochloric acid were plotted as a function of the number 
of equivalents of acid added. Similar curves were drawn for the influence of base, 
but the two segments were not plotted as a single curve. Leucine exhibited the 
minimum rotation as the free amino acid, the rotation becoming more positive 
m either acid or base was added. hrpartic acid and glutamic acid had qualita- 
tively almost identical curves, both showing the minimum value of the rotation 
in the presence of one equivalent of base and becoming more positive upon the 
addition of either acid or more base. 

It remained for Lutz and Jirgensom (8) to demonstrate that all of the naturally 
occurring amino acids exhibited similar behavior. In every case the qualitative 
form of the curve representing change of rotation upon addition of acid or base 
was the same. The most highly ionized form of the natural amino acids always 

Abstacted from a thesis submitted by Henry M. Grotta t o  the University College of 
Arts and Sciences at New York University in partial fulfillment of the requirements for the 
degree of Bachelor of Arts with Honors in Chemistry. 

2 Present address, E .  Bilhuber, Inc., Orange, N. J. 
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exhibited the least positive or most negative rotation. Addition of either alkali 
or acid to this form caused the rotation to become more positive, or less negative. 
The enantiomorphs of several amino acids were studied, and showed curves of 
identical shape, but the changes in rotation evoked by acid or alkali were in the 
opposite sense, and the most highly ionized form showed the most positive rota- 
tion. Since a number of the natural amino acids had previously been related to 
the optically active lactic acid to which the E-configuration has been assigned 

5 0 5 
HCI MOLES NaOH 

per MOLE ARGININE 
FIG. 1. 0 Specific rotation of I(+)-arginine in molar aqueous sodium chloride solution 

in the presence of varying amounts of hydrochloric acid and sodium hydroxide. 8 Specific 
rotation of I(+)-arginine in aqueous solution in the presence of varying amounts of hydro- 
chloric acid without addition of sodium chloride. 

(9, 10, 11, 12), the conclusion seemed justified that all the natural amino acids 
were members of the I-configurational series. 

In connection with another study in progress in our laboratory it was desirable 
to compare the effect of alkali and acid upon the rotation of certain Z(+)-arginine 
derivatives with that produced upon I( +)-arginine itself. The curve recorded 
by Lutz and Jirgensons did not appear to be adequate for our purposes since it 
was carried out in relatively dilute solutions (0.05 M), at which concentration free 
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arginine and its sodium salt would exhibit actual rotations of the order of 0.25" 
in a two-decimeter tube. Since an error of f0.02"is not unlikely in making these 
readings, the specific rotations in this part of the curve (+ 12" to + 13") are sub- 
ject to a ten per cent error (&lo). The points covering the range from arginine 
monohydrochloride to free arginine t o  the sodium salt vary between +12.2" and 
+13.7". On the basis of these readings, Lutz and Jirgensom indicate that free 
arginine exhibits the least positive rotation, although on the basis of their obser- 
vations with other amino acids, arginine monohydrochloride, the most highly 
ionized form, should exhibit lowest positive rotation. 

For this reason the effect of acid and base upon the rotatory power of Z(+)- 
arginine was reinvestigated. Concentrations of arginine (1 M) were chosen, so 
that at the minimum point on the curve the observed rotation was at least 1.75", 

IO 
I 0 I 

HCI MOLES NaOH 
per MOLE ARGININE 

FIG. 2. Specific rotation of I(+)-arginine in molar aqueous sodium chloride solution oon- 
taining varying proportions of the monohydrochloride, free arginine and the sodium salt. 

corresponding to a specific rotation of 10". The results shown in Figure 1 indi- 
cate that the rotation of arginine monohydrochloride actually represents a point 
of minimum rotation. However, the curve is more complex than that of other 
poly-functional amino acids. On going from arginine monohydrochloride to free 
arginine there is a slight increase in rotation, while thereafter addition of alkali 
causes a continuous decrease in the positive rotation of the compound. In  
Figure 2, these changes are illustrated in greater detail by data showing the effect 
of stepwise conversion of arginine monohydrochloride to free arginine and the 
sodium salt. The magnitude of the changes is well outside the limits of experi- 
mental error. 

For purposes of simplicity in purifying and handling the amino acid, Z(+)- 
arginine monohydrochloride was employed. Under these conditions , the points 
for free arginine and all more alkaline solutions were determined in a molar so- 
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dium chloride solution. For this reason the entire curve was determined in molar 
sodium chloride solution. In Figure 1 the rotation of arginine monohydrochlo- 
ride and the more acid points in aqueous solution or hydrochloric acid solution of 
appropriate concentration are recorded for purposes of comparison. It appears 
unlikely that the presence of sodium chloride would have any effect other than 
to displace some of the points without qualitatively altering the form of the 
curve, since its effect upon the rotation is not very marked at any point. 

EXPIIRIMENTAL 

Arginine was isolated from a gelatin hydrolysate (13) and carefully purified ~ E I  the mono- 

Anal. Calc'd for CBH1,ClN402: N ,  26.6. Found: N, 26.5, 26.4 (Kjeldahl). 
[CY]: +25.2" for arginine monohydrochloride dissolved in 3.5 normal hydrochloric acid 

Solutions for the determination of rotations in the presence of varying amounts of hydro- 
chloric acid or sodium hydroxide were prepared by weighing the desired amount of arginine 
monohydrochloride into a calibrated 2 ml. volumetric flask. Thirty-one individual samples 
were weighed within the limits of 0.4211 and 0.4218 grams, providing finally a molar solution 
of arginine. Each sample was treated with the calculated quantity of standard hydro- 
chloric acid or sodium hydroxide solution and diluted to  volume with distilled water. Suffi- 
cient standard sodium chloride solution was added t o  all solutions, prior t o  dilution t o  
make the resulting solvent a molar sodium chloride solution. When the arginine mono- 
hydrochloride was treated with one equivalent of sodium hydroxide or more, addition of 
sodium chloride was unnecessary. For comparison purposes the rotation of arginine mono- 
hydrochloride and several points in the more acidic range were determined without addi- 
tion of sodium chloride as indicated in Figure 1. 

All rotations were taken in the same one-decimeter semi-micro tube in a Schmidt and 
Haensch half-shadow polarimeter using a sodium vapor lamp as the source of mono- 
chromatic light. Rotations were all determined during a period when the room tempera- 
ture wm within the limits 23-28'. The actual rotation for each point represents the average 
of ten successive readings none of which deviated more than i ~ 0 . 0 2 "  from the average. 
Since at the concentration of arginine chosen (one molar), the smallest actual reading of 
rotation waa +1.75", the maximum error in reading the polarimeter is about &l%. Conse- 
quently the specific rotations are in error t o  the same degree in the lower portions of the 
curve. With larger values of the rotation the error decreases t o  about &0.5%. 

hydrochloride by the methods of Cox (14) and Hunter (15). 

(c = 21; 1 = 1 dm.). 

SUMMARY 

Reinvestigation of the effect of acid and alkali on the rotation of Z(+)-arginine 
has shown that this amino acid exhibits the characteristics ascribed to the other 
amino acids of the I-configurational series. The minimum positive value of the 
specific rotation is associated with the most highly ionized form of the amino 
acid, namely the monohydrochloride. The strongly alkaline solutions of the 
sodium salt exhibit a second minimum point in the curve. The changes in rota- 
tion are recorded graphically. 

NEW YORK, N. Y. 
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The asymmetric influence of an optically active grouping upon the configura- 
tion of a second optically active grouping entering a molecule has long been 
recognized. However, the effect of external conditions in modifying this influ- 
ence has not received much attention. In most instances where a second asym- 
metric group has been introduced into an optically active compound, the con- 
ditions favoring the synthesis have not been amenable to wide variation. At 
other times, it has not been feasible to work with an optically active form so that 
the resulting product was a mixture of racemates. An interesting modification 
of the latter type was the synthesis developed by Manske and Johnson for ephed- 
rine (1,2) and certain of its analogs, wherein both asymmetric groups were intro- 
duced during a single catalytic hydrogenation. 

A number of years ago an amino acid derivative, octopine (I), was isolated 
from various marine organisms (3,4). On the basis of subsequent investigations 
by Akasi (5,6) and Wilson and his co-workers (4,7) octopine (I) was assigned the 
structure of an arginine-a-propionic acid derivative. Its synthesis from I (  +)- 
arginine and a-bromopropionic acid was described by Akasi (6) and Ackermann 
and Mohr (8) and again by Irvin and Wilson (7) who used the esters of arginine 
and a-bromopropionic acid. Soon thereafter Knoop and Martius (9) described 
he synthesis of an octopine by the catalytic hydrogenation of a mixture of 
I (  +)-arginine and pyruvic acid in aqueous solution. 

NH NH NH 
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C H ~ N H ~ S H .  
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I + :  

I I 
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CH2 cH3 (Hd c- 

CHNH, CO 
+ I - + I  I 

I I I 
CH-YH-CH 

COOH COOH COOH COOH COOH 
(1) 

During the synthesis of octopine by the method of Knoop and Martius it 
seemed likely that a second product, diastereoisomeric with octopine should be 
formed, although the authors had reported the isolation of only a single product. 

1 Abstracted from a thesis presented by E. Augustus Swart to  the faculty of New York 
University in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

2 Present address, E.  Bilhuber, Inc., Orange, N. J. 
3 Present address, Squibb Institute for Medical Research, Kew Brunswick, N. J. 
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Akasi (10) had already reported the synthesis of both octopine and its diastereoi- 
somer, iso-octopine, by interaction of I (  +)-arginine and a-bromopropionic acid, 
both as the racemate and as the optically active forms. The separation of the 
diastereoisomers was simple since octopine formed a very insoluble picrate while 
iso-octopine picrate was rather soluble in water. 

The procedure of Knoop and Martius was of particular interest to  us, since it 
offered an opportunity to  investigate i,he influence of an external factor such as 
the pH of the medium upon the proportions of octopine and iso-octopine formed 
by hydrogenation of a mixture of l(r)-arginine and pyruvic acid. However, 
certain difficulties were immediately encountered. No octopine picrate could 
be isolated from the reaction mixture. On the other hand, a product forming a 
very soluble picrate was present. This product was eventually isolated by means 
of its sparingly soluble salt with flavianic acid. 

In  the face of this difficulty, it became desirable to  repeat the synthesis of 
octopine and iso-octopine by Akasi's procedure. In  order to  avoid the tedious 
precipitation of these products with phosphotungstic acid to  free them from inor- 
ganic ions, Akasi's procedure was modified to the extent of substituting barium 
hydromde for sodium hydroxide to  maintain an alkaline environment during the 
interaction of I (  +)-arginine and dl-a-bromopropionic acid. Both octopine and 
iso-octopine were isolated from the reaction mixture, the former by means of 
its insoluble picrate, and the latter by means of its sparingly soluble flavianate. 
The octopine so obtained was in every way identical with the product obtained 
from natural sources, a sample of which was made available to us through the 
kindness of Dr. D. W. Wilson. On the other hand, the properties of the iso-octo- 
pine isolated from the reaction mixture failed to  correspond with the description 
given in the literature (10) for this product. It was, however, identical with the 
material synthesized by the Knoop and Martius procedure. 

In  view of these developments, it became imperative to  determine whether the 
compound isolated by us was iso-octopine and to verify the properties ascribed 
to  it in the literature. Efforts to study the effect of pH upon the proportions of 
octopine end iso-octopine formed in the Knoop and Martius synthesis were 
therefore temporarily abandoned. 

Akasi (10) has described iso-octopine as a colorless product crystallizing from 
aqueous alcohol with two molecules of water of crystallization and melting at  
158-159'. The picrate 
was described as fine yellow needles, melting at  198", and showing moderate 
water-solubility. Our iso-octopine contained no water of crystallization, melted 
with decomposition at 258-259", and gave a rather soluble picrate melting with 
decomposition between 190" and 195' depending on the rate of heating. The 
specific rotation of our product in water mas +25'. As claimed by Akasi, both 
octopine and iso-octopine give a positive Sakaguchi test, the color being purple 
rather than orange-red as in the case of arginine. Both products fail to  liberate 
nitrogen in the van Slyke amino-nitrogen determination. It is interesting to  
note that octopine, m.p. 270-271' with decomposition, does not depress the melt- 
ing point of iso-octopine. The melting point of the mixture is generally the same 

Its specific rotation in water was reported as $25.77". 
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or just slightly higher than that of iso-octopine. The melting points of both com- 
pounds may vary considerably depending on the rate of heating, due to the 
accompanying decomposition. Therefore, comparisons should always be made 
by simultaneous observation of the melting points in the same bath. Similar 
behavior was observed with derivatives of both compounds, so that melting point 
comparisons should be interpreted with caution. 

It had been shown that octopine, on oxidation with barium permanganate by 
the technique applied to arginine by Kutscher (11)) gave as products carbon 
dioxide, acetaldehyde, and y-guanidinobutyric acid. Our iso-octopine prepared 
either by the modified Akasi method or by the Knoop and Martius method when 
oxidized in this manner was broken up into carbon dioxide, acetaldehyde, and 
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per M O L E  OCTOPINE 
FIG. 1. THE EFFECT OF HYDROCHLORIC ACID AND SODIUM HYDROXIDE ow TRE SPECIFIC 

ROTATION OF NATURAL OCTOPIKE (WILSON) 

y-guanidinobutyric acid. The latter product mas identical with a sample pre- 
pared by the oxidation of arginine. 

Apparently the material isolated by Knoop and Martius for which they give 
the melting point as 261' and described by them as octopine was actually iso- 
octopine. Their error in identification can be attributed to &mi's incorrect 
description of the characteristic properties of iso-octopine. 

h i  had further attempted to  characterize octopine and iso-octopine by the 
effect of alkali and acid upon their rotations in aqueous solutions following the 
technique of Lutz and Jirgensons (12). The curves for the changes in rotation 
exhibited by these compounds upon addition of acid and alkali are rather incon- 
gruous as represented by Akasi. Reinvestigation of these effects gave entirely 
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different results in our hands. The curves for both compounds (Figures 2 and 3) 
are qualitatively very similar but show pronounced quantitative differences, 
Both compounds show two points of maximum rotation and two points of mini- 
mum rotation, the changes in rotation being markedly greater for iso-octopine 
than for octopine. A similar curve for natural octopine (Figure 1) agreed in 
every respect with the curve for synthetic octopine. The curves for changes in 
rotation of iso-octopine prepared by the Knoop method or the modified Akasi 
method were identical. 

Both Akasi and later Karrer and his co-workers (13) have speculated on the 
configuration of the propionic acid portion of octopine. The latter authors have 
retracted their conclusions, while those of the former are open to criticism on the 

20 
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5 0 5 

HCI MOLES NaOH 
per MOLE OCTOPINE 

FIG. 2. THE EFFECT OF HYDROCHLORIC ACID AND SODIVM HYDROXIDE ON THE SPECIFIC 
ROTATION OF SYNTHETIC OCTOPINE (METHOD B) 

grounds of failure t o  take into consideration the probable occurrence of Walden 
inversions. Akasi found that octopine was formed by interaction of I(+)- 
arginine and I( - )-a-bromopropionic acid, while iso-octopine resulted from I( +)- 
arginine and a(+)-a-bromopropionic acid. From this he concluded that octo- 
pine had I1 configuration while iso-octopine possessed the Id configuration 
although Fischer (14) had demonstrated that the a-bromopropionic acids undergo 
a Walden inversion upon reacting with ammonia, and Abderhalden and Haase 
(15) had shown the same t o  be true during imino-dicarboxylic acid formation 
with glycine. 

Although it is tempting to speculate on the basis of Akasi’s synthetic work and 
the new rotation curves as to  the configuration of the octopines, the question must 
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remain unsettled for the present. Both compounds contain asymmetric carbon 
atoms comparable to those of arginine and alanine. The configuration of the 
arginine moiety is established by the synthesis of both compounds from l (+)-  
arginine without involvement of the asymmetric carbon atom. Only the con- 
figuration of the alanine carbon atom remains in question. It appears likely from 
a consideration of the rotation curves and the van’t Hoff principle of optical 
super-position that octopine has the Id configuration while iso-octopine has the 
11 configuration, although unequivocal proof is lacking. The natural occurrence 
of certain amino acids in the d-configurational form, although not common, is not 

FIG. 3. THE T 5  SPBCIPIC 

unusual, hence the d configuration of the alanine moiety of octopine cannot be 
ruled out on the basis of the natural occurrence of this compound. 

Of interest waa the isomer designated as P-octopine by Akasi in view of its re- 
puted synthesis from I (  +)-arginine and p-bromopropionic acid. Such a com- 
pound would exhibit all the functional groups of the octopines but contain only 
one asymmetric carbon atom, thus making its rotation curve particularly inter- 
esting. From Akasi’s description of this compound, it possesses many of the 
characteristics of octopine, and even the curve representing changes in rotation 
effected by acids and bases as observed by Akasi bears great similarity to  our 
curve for octopine. We were unable to synthesize this compound. Mixtures of 
arginine and P-bromopropionic acid showed no inclination to  react under the 
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conditions used for synthesis of the octopines, as evidenced by unchanged van 
Slyke amino-nitrogen content of the reaction mixtures. One is tempted to won- 
der whether Akasi's P-bromopropionic acid may not have been contaminated 
with the alpha isomer. 

In order to  obtain a compound carrying all of the functional groups of the octo- 
pines but having only a single asymmetric carbon atom, E(+)-arginine was con- 
denseld with chloroacetic acid under the conditions employed in the octopine 
synthesis. 

NH NH 
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CH2NHCKH2 
I1 

CHzNHCnTHz 
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CHz 
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CH:! CHs 

CHKH2 + ClCHz -+ CH-NH-CHZ 
I I 

I i I I 
COOH COOH 

I1 
COOH COOH 

The product, for which the name desmethyloctopine (11) is suggested, is a color- 
less, crystalline solid melting at  281-282" with decomposition and bearing great 
similarity to  the octopines. Like the octopines, it gives a purple color in the 
Sakaguchi test and fails to  liberate nitrogen in the van Slyke amino-nitrogen 
determination. The effect of the addition of acid or base to  its aqueous solutions 
upon its rotation (Figure 4) is, however, qualitatively quite different from that 
observed with the octopines. In  this respect it is also interesting to note that the 
rotation curve differs quite markedly from that of I(+)-arginine (16). The effect 
of addition of the acetic acid residue and the new functional group it carries places 
the rotation curve rather midway between that of arginine and the octopines. 

The authors wish to acknowledge gratefully the gift of a generous sample of 
natural octopine by Dr. D. W. Wilson of the University of Pennsylvania. 

EXPERIMENTAL 

l(+)-Arginine monohydrochloride was isolated from a gelatin hydrolysate as the insoluble 
flavianate (17). The flavinate was decomposed by continuous extraction of its suspension 
in warm dilute hydrochloric acid with n-butyl alcohol. Arginine remained in the aqueous 
acid solution from which i t  was isolated as the monohydrochloride by precipitation with 
pyridine after decolorization, concentration, and dilution with ethanol. Hunter's (18) 
method of purification was followed. 

Anal .  Calo'd for CsHI5ClKaO2: N, 26.6. Found: N, 26.7, 26.5 (Micro Kjeldahl). 
[CY]: $25.2" for arginine monohydrochloride in 3.5 normal hydrochloric acid ( c  = 21; 

1 = 1 dm.). 
Z(+)-ATginine carbonate was isolated by the method of Kossel and Gross (19) after de- 

composition of arginine flavianate according t o  Felix and Dirr (20). 
Flavianic acid was prepared from Naphthol Yellow S (17). 
Pyruvic acid was redistilled under reduced pressure frequently, and stored in the ice- 

chest. 
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Zso-oclopine ( A )  [Knoop and Martius Method (9) 1. A solution of 4.2 g. of l(+)-arginine 
monohydrochloride and 1.36 ml. of pyruvic acid in 25 ml. of water was neutralized to  litmus 
by addition of saturated barium hydroxide solution, after which a second equivalent of 
pyruvic acid (1.36 ml.) was added. The solution was hydrogenated with palladium oxide 
catalyst (21) a t  a hydrogen pressure slightly over atmospheric. After about thirty hours, 
hydrogen absorption was negligible and van Slyke determinations indicated that 85-90y0 
of the arginine amino nitrogen had disappeared. After acidification with a slight excess 
of sulfuric acid and removal of the barium sulfate, unreacted arginine was removed by the 
addition of a slight excess of flavianic acid. After concentrating the filtrate from the argi- 
nine flavianate to  about 75 ml., iso-octopine flavianate was isolated upon addition of excess 
flavianic acid and chilling. After recrystallization from water, iso-octopine flavisnate 
meltedlat 206-207" with decomposition. 

30 

20 

5 0 5 
HCI MOLES NaOH 

per MOLE DESMETHYLOCTOPINE 
FIG. 4. THE EFFECT OF HYDROCHLORIC ACID AND SODIUM HYDROXIDE ON THE SPECIFIC 

ROTATION OF DESMETHYLOCTOPINE 

The flavianate was decomposed by suspension in a small amount of hot water and grind- 
ing with hot saturated aqueous barium hydroxide solution and filtering. After repeating 
this treatment with the insoluble material, barium ion was quantitatively removed from 
the combined filtrates by careful addition of sulfuric acid. The resulting solution of iso- 
octopine was decolorized with charcoal, concentrated to  a syrup under reduced pressure and 
treated with 40-50 ml. of ethanol. The iso-octopine separated as a colorless solid which 
crystallized from 70y0 ethanol as clusters of fine, glistening needles, m.p. 258-259' with 
decomposition. (Satural octopine, simultaneously in the same bath, melted at 270-271", 
with decomposition.) 

A n a l .  
[aID 
The same product resulted when I(+)-arginine carbonate, as directed by Knoop and Mar- 

tius, was used in place of the monohydrochloride. 
Ozidat ion of iso-octopine.  An aqueous solution of 1 g. of iso-octopine w m  treated with a 

solution of a slight excess of barium permanganate. The reaction mixture wm aerated for 

Calc'd for CBHI~NIO~:  N, 22.75. Found: N, 22.5, 22.5 (Micro Kjeldahl). 
+25" in 2.5% aqueous solution in a semi-micro 1 dm. tube. 24.5 
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two hours a t  40°, the exhaust air passing through sodium bisulfite solution. Barium ion 
was removed quantitatively by careful addition of sulfuric acid after filtering off the pre- 
cipitated manganese dioxide. The resulting solution was evaporated to  a small volume 
under reduced pressure, treated with 15 ml. of concentrated hydrochloric acid, and the 
volume again reduced to about 2-3 ml. On chilling, y-guanidinobutyric acid hydrochloride 
crystallized. After recrystallization from a small volume of dilute hydrochloric acid, the 
material melted a t  184-185", and showed no depression when mixed with y-guanidino- 
butyric acid hydrochloride obtained by oxidation of arginine (11). 

The sodium bisulfite solution wm distilled after addition of excess sodium carbonate. 
From the distillate, acetaldehyde was isolated as the dimedon derivative, m.p. 141-142", 
showing no depression when mixed with an authentic sample. 

Octopine and iso-octopine ( B )  [Akasi Method (10) 1. Two modifications of the procedure 
m*ere introduced, the volume of the solution was reduced to  about 25% of that specified by 
Akasi, and barium hydroxide replaced sodium hydroxide to  maintain a n  alkaline reaction 
in the solution. 

A sallution of 11.4 g. of I(+)-arginine monohydrochloride and 7.6 g. of dl-a-bromopro- 
pionic acid in 200 cc. of water was made alkaline by the addition of 31.5 g. of crystalline 
barium hydroxide. After keeping at  37" for 72 hours the amino-nitrogen content of the 
solution indicated that  80% of the arginine had reacted. Barium ion and unreacted argi- 
nine were removed as described above, while excess flavianic acid was removed by extrac- 
tion with butyl alcohol. 

The arginine-free filtrate was treated with a hot saturated aqueous solution of picric 
acid equivalent to  the octopines present. On concentrating the solution under reduced 
pressure the red picrate of octopine crystallized. After two recrystallizations from water 
it melted a t  222-222.5' Kith decomposition. Octopine was liberated from the picrate by 
treating its hot aqueous solution with a n  excess of 6 N sulfuric acid and extracting the picric 
acid with ether. After quantitative removal of the sulfate ion with barium hydroxide, the 
solution n a s  evaporated to  a thin syrup. Addition of ethanol precipitated the octopine as 
a colorless solid, which after two recrystallizations from 70y0 ethanol melted at 262-263' 
with decomposition. (Simultaneously in the same bath natural octopine melted a t  262-263' 
with decomposition.) 

Anal, 
[a 1:: +20° in 2.5% aqueous solution in a semi-micro 1 dm. tube. 
The filtrate from the precipitation of crude octopine picrate was acidified with sulfuric 

acid, and extracted with ether to  remove picric acid. After quantitative removal of sulfate 
ion from the solution, iso-octopine was isolated as the flavianate as described above. The 
product obtained by decomposition of the flavianate crystallized from 70% ethanol as 
clusters of fine, glistening needles, m.p. 258-259" with decomposition. (Simultaneously 
in  the same bath iso-octopine (A) melted at  258-259" with decomposition.) 

The air-dried product failed t o  lose weight on drying a t  elevated temperatures or in  
vacuum, and no other evidence of water of crystallization could be obtained. 

Anal. Calc'd for CgHlsN404: Tu', 22.75. Found: N, 22.6 (Micro Kjeldahl). 
[a]: +25" in 2.5% aqueous solution in  a semi-micro 1 dm. tube. 

p-Octopine.  An attempt was made to  condense Z(+)-arginine with p-bromopropionic 
acid following closely the conditions described by Akasi (10) in one experiment, and our 
own in a second. In  both cases van Slyke amino-nitrogen determinations failed t o  indicate 
the disappearance of arginine and this reactant could be recovered quantitatively as the 
flavianat e. 

Desmethyloctopine (ZZ). A solution of 4 2 g. of Z(+)-arginine monohydrochloride and 
3.8 g. of monochloroacetic acid in water was treated with 30 ml. of 0.1 2cf sodium carbonate 
solution and diluted t o  330 ml., after which it was boiled under reflux for four hours, when 
90% of the amino nitrogen (van Slyke) had disappeared. As the reaction proceeded, the 
color given in the Sakaguchi test changed from the orange characteristic of arginine t o  a 
purple similar to  that given by octopine. After acidification of the reaction mixture t o  

Calc'd for CgH&',O4: N, 22.75. Found: N, 22.9 (Micro Kjeldahl). 
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Approx. 0.1 M solution 
Moles HC1:mole substance 

0.5:1 
1:l 
2 : l  
3:l 
5:l 

1 O : l  
Moles Na0H:mole sub- 

0.5:l 
1:l 
2 : l  
3:l 
5:l 

stance 

Congo Red with hydrochloric acid and removal of unreacted arginine as the flavianate, the 
solution was evaporated t o  a thin syrup under reduced pressure. Addition of ethanol 
precipitated the product, which was redissolved in 70% ethanol acidified with hydrochloric 
acid, and reprecipitated by addition of pyridine. After two recrystallizations from 70% 
ethanol, the product melted at  281-282" with decomposition. It gave a purple color in the 
Sakaguchi test and was only moderately soluble in cold water. 

Anal. Calc'd for C ~ H I ~ N ~ O ~ :  N, 24.14. Found: N, 23.9,23.9 (Micro Kjeldahl). 
[CY]: $24" in 2.5% aqueous solution in a semi-micro 1 dm. tube. 
Rotation curves. All solutions for determination of specific rotations were freshly pre- 

pared by weighing amounts of each compound sufficient to  prepare a tenth molar solution 
into calibrated 2 ml. volumetric flasks, adding the calculated amount of standard hydro- 

TABLE I 
CHANGE OF ROTATION ON ADDITION OF ACID OR ALKALI TO NATURAL AKD SYNTHETIC 

OCTOPINE. ISO-OCTOPINE AND DESYETHYLOCTOPINE 

-~ 
a [.ID OL OL OL ] a L a l D  

_ - - - - - - - _ _ / -  - 
2.4 $0.47 +20 +0.49 $20 $0.63 +25 +0.62 $25 2.51-kO.61 $24 

2.4 $0.41 +17 
2.5 $0.43 4-17 $0.42 +17 $0.48 4-19 $0.48 $192.6 $0.56 4-22 
2.4 +0.45 +19 $0.47 $19 f0.46 f18 f0.45 $182.5 4-0.49 4-20 
2.5 f0.47 4-19 $0.47 +19 f0.53 4-21 $0.50 t-202.5 4-0.52 f 2 1  
2.5 $0.48 $19 4-0.48 +19 $0.52 +21 +0.52 4-21 2.5 $0.52 4-21 
2.5 +0.49 +2@ +0.48 $19 $0.53 +21 

2.5 $0.41 $16 
2.4 $0.33 +14 $0.37 +15 $0.28 +I1 $0.26 $102.5 $0.59 f24 
2.4 $0.32 $13 4-0.36 +14 $0.22 $9 f0.23 $92.5 $0.63 f25  
2.4 $0.32 +13 $0.34 +14 $0.23 +9 +0.23 4-92.6 $0.65 $25 
2.4 $0.34 4-14 $0.38 4-15 $0.27 f l l  $0.24 $102.5 $0.66 +26 

OCTOPINE I ISO-OCTOPINE 1 I 

c 
t 
P 

[&, 
chloric acid or sodium hydroxide solution and diluting to  the mark. Rotations were deter- 
mined in a 1 dm. semi-micro tube in a Schmidt and Haensch half-shadow polarimeter, using 
a sodium vapor lamp as a source of monochromatic light. Each rotation was the average 
of ten consecutive readings and the average deviation was f0.02". Since the observed 
rotations were all less than unity, specific rotations are not significant beyond the nearest 
whole degree as reported in the table. The pertinent data are recorded in Table I. 

= grams of solute per 100 ml. of solution 
= temperature in  degrees centigrade 
= observed rotation in degrees 
= specific rotation, in degrees, at the given temperature 

SUMMARY 

1. The catalytic hydrogenation of a mixture of ,!(+)-arginine and pyruvic acid 
in aqueous solution proceeds asymmetrically with the formation of iso-octopine, 
a diastereoisomer of octopine. 
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2. The characteristic properties of iso-octopine have been described and its 
structure has been established by its oxidative degradation to y-guanidinobutyric 
acid and acetaldehyde and by its synthesis together with octopine from l (+)-  
arginine and db-a-bromopropionic acid. 

3. The synthesis of desmethyloctopine from I (  +)-arginine and monochloro- 
acetic acid has been described. 
4. The effect of acid and alkali upon the specific rotation of natural and syn- 

thetic octopine, iso-octopine, and desmethyloctopine has been determined. 
5. It is suggested that the a-propionic acid residue has the d configuration in 

octopine and the 1 configuration in iso-octopine. 
NEW YORK, N. Y. 
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Drugs of the sulfonamide type have recently been extensively investigated as 
antimalarials. As part of this general program the compounds in Table I were 
prepared .3 

As intermediates, several unreported aniline derivatives were required and 
their preparation is also described. 

These compounds were prepared by coupling an appropriate sulfonyl chloride 
with the required aniline derivative and hydrolyzing or reducing the product to 
the final compound. The method of coupling and hydrolysis employed was 
essentially that of Long and Burger (l), but it was found that variations in the 
experimental details were of great importance in obtaining satisfactory yields of 
the products. 

The coupling with 
2,6-dibromo-4-aminoacetanilide was employed, since it was thought that the 
blockiiig of one amino group would be necessary to prevent formation of two 
products. When the removal of the blocking group gave difficulty, the alternate 
method with 2 , 6-dibromo-p-phenylenediamine was used, which gave satisfactory 
yields. 

The preparation of 4-dimethylamino-3 , 5-dibromonitrobenzene presented 
some difficulty. Bromination of p-nitro-N , N-dimethylaniline, as described 
below, led to a monomethyl derivative, a result similar to that reported by Fries 
(2) in the bromination of dimethylaniline. Only starting material was recovered 
when an attempt was made to Kethylate 4-nitro-2,6-dibromoaniline with 
dimethyl sulfate as described by Evans and Williams (3) for the methylation of 
p-nitroaniline. The formaldehyde-formic acid method described by Clarke et al 
(4) for the methylation of 2 ,4  , 6-trisubstituted anilines gave similar results. 
The preparation was finally accomplished by the reaction of dimethylamine with 
4-iodo-3,5-dibromonitrobenzene. 

An attempt was made to prepare 4-cyano-3' , 5'-dibron1obenzenesulfonanilide 
from I1 following the procedure used by Miller et a1 (5) to  prepare p-cyanoben- 

1 This work was done under a contract, recommended by the Committee on Medical Re- 
search, between the Office of Scientific Research and Development and the California In- 
statute of Technology. 

2 Present address : Department of Chemistry, Yale University, New Haven, Connecticut. 
a At the time this work was started compound I1 and the acetyl derivative of I were de- 

scribed in the patent literature ( 6 ) ,  but they were not available for testing. Since the com- 
pletion of this work compounds I1 and VI11 have been briefly described by Kaplan and 
Leubner (IO), while compound 1'1 has been prepared by a different method by Coo!< et al 
(20). 

378 

Two methods are described for the preparation of 111. 
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eenesulfonamide from sulfanilamide. The method failed because of the in- 
solubility of both I1 and its diazonium salt. The required compound was then 
obtained by the reaction of p-cyanobenzenesulfonyl chloride wit,h 3,5- 
dibrom oaniline. 

EXPERIMENTAL4* 

N4-.4cetyl-X1-(5,6-dinitrophenyl)sulfanilamide (6). Twenty-eight grams of 3,5-dinitro- 
aniline (7) was dissolved in 200 ml. of reagent, pyridine, and 55 g. of acetylsulfanilyl chlorides 
was added in small portions while the solution was cooled and shaken. After standing at 
room teinperature for one hour the solution was heated on a steam-bath for fifteen hours. 
It was then poured into a mixture of hydrochloric acid and ice, and the precipitated solid 
filtered rind washed with dilute acid and water. For purification it was dissolved in 200 ml. 
of hot 2 N sodium carbonate solution, filtered, and precipitated with 2 N hydrochloric acid. 
After filtration, washing, and drying, the product weighed 55 g. (93%) and melted with 
decomposition a t  280-281". 

iV1-(J,5-Dinitrophenyl)sulfanilamide (I), (SN 5865) .7  The acetyl group was removed 
by refluxing a solution of 55 g. of the amide in a mixture of 750 ml. of ethanol and 220 ml. of 

I 
I1 
I11 
I V  
V 
VI 
VI1 
VI11 

R RI 1 Ra 

--NO, 
-Br 
-Br 
-Br 
-Br 
-CS 
-CN 
-Br 

-H 
-H 
-NH2 
--SHCHs 
--N (CHa)z 
-H 
-H 
-H 

R: 

-NOz 
-Br 
-Br 
-Br 
-Br 
-H 
-Ch- 
-Br 

concentrated hydrochloric acid. After two hours the solution was poured into five volumes 
of water and made basic with ammonia. The amine after filtration, washing, and drying 
weighed 45 g. (90%). It melted at 214-215' after crystallization from ethanol. 

Anal. Calc'd for C I ~ H ~ O N ~ O ~ S :  C, 42.6; H,  3.0; N,  16.6. 
Found: C, 42.7; H, 3.1; K, 16.5. 

3,6-Dibromoaniline. 3,5-Dibromonitrobenzene (8) was reduced catalytically with 
Raney nickel at 50" and 50 lbs. pressure.8 The catalyst was removed by filtration and the 
solution evaporated to  dryness. The residue, after purification through the hydrochloride, 

4 All melting points reported have been corrected for exposed stem. 
6 The microanalyses reported have been carried out by Dr.  Gertrude Oppenheimer and 

6 We wish to  thank Merck and Company for a generous gift of this compound. 
7 The Survey number, designated SN, identifies a drug in the records of the Survey of 

The antimalarial activities of the compounds to  which Survey num- 

8 This method of reducing halogenated nitrobenzenes was suggested by Dr. N. L. Drake 

Mr. Alan Swinhart . 

Antimalarial Drugs. 
bers have been assigned will be tabulated in a forthcoming monograph. 

of the University of Maryland in a private communication. 
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was obtained in a n  86% yield and had the m.p. 47.5-50.5' in agreement with the literature 
(9). 

N4-Acetyl-hT1-(8, 6-dibromopheny1)sulfanilamide (6). This compound was prepared 
from 3,5-dibromoaniline and acetylsulfanilyl chloride in the manner described above. 
After purification, the product was obtained in 93% yield and melted at 242-244'. 

N1-(8,6-Dibromophenyl)sulfanilamide (II) (6, l o ) ,  (SN 187). The acetyl compound was 
hydrolyzed as described above. The crystalline precipitate of the product was obtained in 
79Tc yield and melted a t  149.5-152'. A sample recrystallized from ethanol melted a t  154- 
155'. 

Anal. 

2,6-Dibromo-4-aminoacetanilide. 2,6-Dibromo-4-nitroaniline prepared in 96% yield 
from p-nitroaniline under the conditions employed by Hartman and Dickey (11) for the 
bromination of p-nitrophenol was acetylated by the method of Smith and Orton (12, 13) 
and the nitro group reduced catalytically (64% yield) as described above for 3,5-dibro- 
monitrobenzene. The product was crystallized from ethanol to  give colorless crystals 
melting at 246.5-248.5'. 

Calc'd for C12HloBr2N202S: C, 35.5; H, 2.5; N, 6.9. 
Found: C, 35.3; H, 2.4; N, 6.9. 

Anal. 

N4-Acetyl-N1-(8,6-dzbromo-4-ucetaminophenyl)sulfanilamide. The reaction was carried 
out in the usual fashion, with two and one-half hoursJ warming on a steam-bath. A yield 
of 81% of crude material was obtained. A sample crystallized from aqueous ethanol melted 
a t  236-238". 

The hydrolysis was carried 
out as described above. After one and one-half hours of refluxing, a compound melting 
a t  210-213" was obtained in 76%) yield. 

Calc'd for CaHsBrzNzO: C, 31.2; H, 2.6; N, 9.1. 
Found: C, 31.5; H, 2.8; N, 8.9. 

Nl-(S, 6-Dibromophenyl-~-acetuminophenyl)sulfanilamide. 

Anal. 

N~-Acetyl-N~-(8,6-dibromo-~-uminophenyl)sulfanilamide. Twenty grams of 2,6-dibromo- 
p-phenylenediamine (14) and 18.5 g. of acetylsulfanilyl chloride were coupled using one 
hour of heating. 

Calc'd for ClrHlaBrzNsOaS: C, 36.3; H, 2.8. 
Found: C, 36.5; H, 3 1. 

A sample crystallized from aqueous ethanol melted at 232-233.5". 
Anal. Calc'd for C14H13BrzNaOaS: N, 9.1. Found: N, 9.5. 
N1-(3,5-Dibromo-$-amznophenyl)sulfanilamide (111) (SN 8864). The hydrolysis of 

N~-(3,5-dibromo-4-acetaminophenyl)sulfanilamide required eight hours of additional 
refluxing. A product melting at 176-177" was obtained in 60% yield. 

Anal. Calc'd for C I Z H I I B ~ ~ X ~ O Z S :  C, 34.2; H, 2.6; N, 9.8. 
Found: C, 34.5; H, 2.7; h', 10.3. 

The crude ~~-acetyl-K~-(3,5-dibromo-4-aminophenyl)sulfanilamide was hydrolyzed by 
one hour of refluxing. Recrystallization from aqueous ethanol gave a yield of 85% of a 
compound identical with that reported above. 

p-Nitro-N, N-dimethylanilzne. A solution of 44.8 g. of p-nitrochlorobenzene, 40 ml. of 
dimethylamine, and 200 ml. of ethanol was heated for four hours a t  160' in bomb tubes. 
On cooling, the product crystallized out and was collected by filtration. After recrystal- 
lization from ethanol 41.6 g. (885%) of p-nitro-N, N-dimethylaniline was obtained melting a t  
163-166" in agreement with the literature (15). 

N-MethyZ-2,6-dibromo-4-nztrouniline. The bromination of p-nitro-N,K-dimethylani- 
line was carried out as was the bromination of p-nitroaniline. On recrystallization of the 
crude product from ethanol, 30'70 of yellow crystals was obtained, m.p. 111-113" in agree- 
ment with the literature (16). 

The nitro compound was reduced as usual, 
in 54Yc yield. An analytical sample of the amine crystallized from benzene melted a t  103- 
104". 

K1-Methyl-d,6-dibron~o-p-phenylenediumine. 

Anal. Calc'd for CrHsBrzKz: C, 30.0; H, 2.9; K,  10.0. 
Found: C, 29.9; H, 2.9; S, 10.0. 
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N4-Beetyl-N1-(3,5-dibromo-4-methylaminophenyl)sulfanilamide. The reaction between 
the amine and acetylsulfanilyl chloride required one hour of heating. The crude product 
was obtained in 92% yield. A sample recry8tallized from aqueous ethanol melted a t  220- 
221.5'. 

Anal. Calc'd for C I ~ H I S B ~ Z N S O ~ S :  C, 37.8; H,  3.2; N, 8.8. 
Found: C, 38.4; H,  3.2; N, 8.3. 

N~-(3,5-Dibromo-4-methylaminophenyl)suljmilamide ( I V ) ,  (SN 3865). The hydrolysis 
and isolation were carried out in  the usual manner. There was obtained a n  80% yield of a 
product vhich melted at 147-148.5" after recx-ystallization from a chloroform-ligroin mix- 
ture. 

Anal. Calc'd for C I ~ H ~ , B ~ ~ N ~ O B :  C, 35.9; H,  3.0; N, 9.7. 
Found: C, 36.3; H, 3.3; N ,  9.8. 

3,5-Dibromo-4-iodonitrobenzene. This compound was prepared from 2,6-dibromo4- 
nitroaniline in the manner employed by Niemann and Redemann (17) to  obtain 3,4,5- 
triiodonitrobenzene. After recrystallization from a n  ethanol-Cellosolve (2: 1) mixture 75% 
of product melting at 150.5-152.5'' was obtained. The previously reported melting point 
135.5" (18) seems to  be in error. 

Anal. Calc'd for CJ32Br2IN02: C, 17.7; H, 0.5. 
Found: C, 18.0; H, 0.9. 7.460 mg. compound gives 11.21 mg. AgX. Calculated 
11.19 mg. AgX. 

3,5-Dibromo-d-dimethylaminonitrobenzene. A mixture of 40.7 g. of 3,5-dibromo-4- 
iodonitrobenzene, 80 ml. of butanol, and 15 ml. of dimethylamine was heat,ed in a sealed 
tube at 1:20-130" for seven hours. A homogeneous solution was obtained. On cooling, the 
product crystallized out and was filtered and washed with methanol. Recrystallization 
from ethanol yielded 25.3 g. of golden plates melting at 102-103.5". A second crop was ob- 
tained from the mother liquors. The total yield was 27.5 g. (85y0). 

Anal. 

3,6-Dibromo-Q-dimethyIaminoaniline. The catalytic reduction of 4-dimethylamino- 
3,5-dibromonitrobenzene in the usual manner gave a quantitative yield. The free amine 
appeared t,o be unstable and was therefore immediately coupled with acetylsulfanilyl chlor- 
ide. 

S~-Acctyl-~1-(~,5-dibromo-~-dimethylamin~phenyl)sul~anilamide. The crude amine 
from the reduction of 15 g. of the nitro compound was dissolved in 25 ml. of pyridine and 
coupled with acetylsulfanilyl chloride in the usual manner. The product weighed 21.7 
g. (959; from the nitro compound), m.p. 248.t250.5". An analytical sample from aqueous 
ethanol rnelted at 252-253'. 

Calc'd for CsHsBrJV2OZ: C, 29.7; H, 2.5; N, 8.7. 
Found: C, 29.8; H, 2.5; K, 8.5. 

Anal. Calc'd for C I ~ H ~ , B ~ ~ N ~ O S S :  C, 39.1 ; H, 3.5; K, 8.6. 
Found: C, 39.5; H, 3.7; N, 8.6. 

h~~-(3,6-Dibromo-~-dimethylaminophenyE)suljanilamide ( V ) ,  (SN 3866). The acetyl 
compound was hydrolyzed as usual, yielding 79% of colorless platelet,s, m.p. 194.5-196', 
after crystallization from aqueous ethanol. 

Anal. Calc'd for C U H I ~ B ~ Z N ~ O Z S :  C, 37.4; H, 3.4; K,  9.4. 
Found: C, 37.3; H, 3.3; K, 9.4. 

p-Nitrobenzenesuljonyl-m-cyanoanilide. The reaction of m-cyanoaniline (19) with p -  
nitrobenrienesulfonylchloride was carried out in the same fashion as the couplings pre- 
viously described. Two hours' heating were required. After crystallization from acetic 
acid 77% of colorless prisms, m.p. 198.5-199.5' was obtained. 

Anal. 

h71-(9-L"yanophenyl)sulfanilamide ( V I )  (BO), (SN 6947). To a suspension of 45 g. of iron 
powder in 150 ml. of 96y0 ethanol containing 1.5 ml. of dilute hydrochloric acid was added 
14 g. of p-nitrobenzenesulfonyl-m-cyanoanilide, and the mixture was stirred and heated on 
the steam-bath for six hours. At the end of t,his period the suspension was filtered hot, and 

Calc'd for ClsHeN304S: C, 51.5; H, 3.0; N, 13.9. 
Found: C, 51.5; H, 3.1; K,  13.3. 
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the residue was washed with hot ethanol. The solution thus obtained was poured into 
about five volumes of water whereupon a colorless crystalline precipitate slowly appeared. 
It was filtered, washed, and dried to  give 11.4 g. (90%) of product, m.p. 188-191'. -4fter 
several recrystallizations from 30% ethanol the product melted at 191-192". 

Anal. Calc'd for ClaHllNsO&3: C,  57.1; H, 4.1; N,  15.4. 
Found: C, 57.3; H,  4.2; N, 15.6. 

5-Nitroisophthalic acid. When 120 g. of isophthalic acid was heated with 600 ml. of fum- 
ing nitric acid, density 1.59-1.60, the solid uTent into solution in about eight hours. Evapo- 
ration of the solution and recrystallization of the product from water gave yields of 70-75% 
of 5-nitroisophthalic acid: m.p. 254-258'. 

3,5-Dicyanonitrobenzene. The preparation of the dicyano compound was carried out in  
ten-gram batches as larger runs tended to decrease the yield. An intimate mixture of 10 
g. of 5-nitroisophthalamide (21) and 13 g. of phosphorus pentoxide was heated a t  240-250" 
for eight hours. The residue was treated with water until it  softened and was then filtered 
and dried. The 
filtrate on standing deposited yellow crystals which were filtered and dried. The solid 
residue from the first extraction was extracted twice more with the same portion of acetic 
acid, the yields thus obtained being combined. There was obtained 3.9 g. (46Y0) of yellow 
prisms, m.p. 203.5-205.5'. 

3'5-Dicyanoaniline. To 3.5 g. of 3,5-dicyanonitrobenzene dissolved in 40 ml. of hot 
acetic acid was added 13 g. of Btannous chloride dihydrate. Dry hydrogen chloride mas 
passed into the hot suspension until a clear orange solution was obtained (about ten min- 
utes). The solution was allowed to cool and then poured into 250 ml. of ether. Water was 
added and the mixture was shaken until two clear phases were obtained; then, with constant 
shaking, 4oY0 sodium hydroxide solution was gradually added until the aqueous phase was 
strongly basic. The ethereal phase was washed and dried. Evaporation of the ether 
and crystallization of the residue from 30% ethanol gave 1.2 g. (417') of colorless needles, 
m.p. 192-193". 

This material was extracted with a 50-ml. portion of boiling acetic acid. 

Anal. Calc'd for CsHbNs: C,  67.1; H,  3.5; X, 29.4. 
Found: C, 67.3; H ,  3.5; N ,  29.2. 

p-Nitrobenzenesulfonyl-3,5-dic yanoanilide. The coupling of 3,5-dicyanoaniline with 
p-nitrobenzenesulfonyl chloride was effected in the manner employed for the monocyano 
compound. A yield of 91% of product melting above 300" was obtained. An analytical 
sample was prepared by crystallization from ethanol. 

Anal. Calc'd for ClaH~K40~S:  C, 51.2; H,  2.5; N, 17.1. 
Found: C, 51.4; H, 2.9; N, 17.5. 

il"-(S,5-Dicyanophenyl)sulfanilamide (VZZ), (SX 6346). The nitro compound was 
reduced using iron powder and hydrochloric acid as described above for the monocyano 
compound. After crystallization 
from aqueous ethanol i t  was recovered as light greenish-yellow prisms, m.p. 227.5-228.5'. 

Anal. 

4-Cyano-3',5'-dibromobenzenesulfonanilide. 

A yield of 76% of product, m.p. 222-224", was obtained. 

Calc'd for C ~ ~ H ~ ~ N ~ O Z S :  C, 56.4; H, 3.4; N, 18.8. 
Found: C, 56.3; H, 3.8; N, 18.8. 

To  a solution of 24.0 g. of 3,5-dibromoanil- 
ine in 48 ml. of dry pyridine was added 19.6 g. of p-cyanobenzenesulfonyl chloride (22, 23) 
in small portions. After standing a t  room temperature for 45 minutes the mixture was 
heated on a steam-bath for three hours. The product was then isolated in the usual fashion. 
The crude material was crystallized from 500 ml. of boiling ethanol by adding hot water 
(500 ml.) until crystallization began. After cooling, the product was filtered, washed, and 
dried, yielding 36.9 g.  (93%) of colorless plates and flat prisms melting a t  196.5-197.5'. 

Anal. Calc'd for C13H8Er2r\'50ZS: C, 37.5; H, 1.9; N, 6.7. 
Found: C, 37.3; H,  2.C; S ,  6.7. 

Under the conditions described by Meyer and Wesche (24) and Storrs and Fittig (25) 
no reaction could be made to cccur even when the reactants were refluxed together for 
seventy-tuo hours. 
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~-;2niinomethyl-J’,6’-dibromobenzenesulfonanilide (VZZZ), (SN 8818), (10).  A suspen- 
sion of 37.5 g. of 4-cyano-3’,5‘-dibromobenzenesulfonanilide in 920 ml. of absolute ethanol 
containing 0.112 mole of hydrochloric acid was catalytically reduced by shaking with 3.0 
g. of platinum oxide under one atmosphere of hydrogen (5). The theoretical quantity of 
hydrogen was adsorbed in five hours. After the catalyst was filtered, the solvent was re- 
moved under reduced pressure. The residue was extracted with 1200 ml. of boiling water, 
and, on cooling, large, colorless, flat prisms were deposited weighing 30.4 g., m.p. 271-272” 
with decomposition and effervescence. A second crop of 2.7 g. was obtained from the 
mother liquors making a total yield of 78%. An analytical sample from m-ater melted a t  
273-274 O .  

Bnar‘. 

The free base was obtained by neutralization of a hot solution of the hydrochloride with 
saturated potassium bicarbonate solution. Recrystallization from absolute ethanol 
resulted in colorless prisms melting at 214.5-215.5O. 

Calc’d for C13H12Br2N202S: C, 37.2; H, 2.9; N, 6.7. 
Found: C, 37.0; H, 3.1; N, 6.6. 

Calc’d for ClsHlaBrzClNZOzS.HzO: C, 32.9; H, 3.2; N, 5.9. 
Found: C, 32.8; H, 3.4; Tu’, 5.9. 

Anal. 

B”RY 

The preparation of several new derivatives of aniline and of nitrobenzene is 
described and the synthesis of a group of substituted sulfonanilides is reported. 

PASADENA, CALIF. 
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At the suggestion of Dr. Lyondon F. Small of the National Institute of Health, 
an attempt was made to synthesize potential antimalarial substances in the 
a-dialkylaminomethyl-4-hydroxy- 1 -naphthalenemethanol series (I). 

OH 

H-&--CH2NR2 I 

OH 
I 

The most apparent route to compounds of this type, involving condensation 
of 1-chloroaceto-4-hydroxynaphthalene (1) and a secondary amine, proved not 
to be feasible. Reaction of 1-chloroaceto4-hydroxynaphthalene with dibutyla- 
mine, for example, produced only amorphous red tars. The failure of a similar 
amino ketone synthesis has been reported by Tutin, Caton, and Hann (2) who 
isolated only red tarry material from the reaction of p-hydroxyphenacyl chloride 
with ammonia. 

Proceeding on the hypothesis that the free phenolic group of l-chloroaceto-4- 
hydroxynaphthalene interferes with the anticipated amine condensation, an 
attempt was made to protect the hydroxyl group by benzylation (3), complete 
the synthesis, and, as the final step, to remove the protecting group by catalytic 
hydrogen01 ysis. 

COCH3 COCH, COCHzBr 
I I I 

I I 

OH 0 CH2 CsH5 oCHzCd& 
II I11 Iv 

1 The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the University of Southern California. The Survey Number, designated SN, 
identifies a drug in the records of the Survey of Antimalarial Drugs. The antimalarial 
activity of those compounds to  which such a number has been assigned will be tabulated in a 
forthcoming monograph. 
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OH OH 

CHCH2Br 
I I 

I 
CHCHzNRz 

I 

I 

0 CH2 CsHs 
V VI;  R = n-Propyl 

VII; R = n-Butyl 

1-Acetro-4-hydroxynaphthalene (11) , prepared by the method of Akram and 
Desai (4), was benzylated in 60% yield by means of benzyldimethylphenylam- 
monium chloride in boiling 20% sodium carbonate solution. The resulting 
benzyloxyketone (111) was then brominated in boiling anhydrous ether to give 
IV in 75% yield, along with a small quantity of a dibromo ketone. Reduction of 
IV to the bromohydrin V was effected in 70% yield by means of aluminum iso- 
propoxide. Amino alcohols VI and VI1 were obtained by treatment of the bro- 
mohydrin with the appropriate secondary amine in a sealed tube a t  100-130". 
Unfortunately, attempted catalytic hydrogenolysis of VI yielded a dihydrona- 
phthalene derivative instead of the desired c~-dipropylaminomethyl-4-hydroxy-l- 
naphthalenemethanol. 

 EXPERIMENTAL^ 
i-AcetoJ-benzyloxynaphthalene (III). In a five-liter three-neck flask equipped with a 

mercury-sealed stirrer, reflux condenser, and dropping-funnel, was placed a solution of 319 
g. (2.10 moles) of 1-aceto-4-hydroxynaphthalene (3) dissolved in 2700 cc. of 20% sodium 
carbonate solution. During the course of three hours, 573 g. (2.31 moles) of benzyl- 
dimethylphenylammonium chloride dissolved in 1000 cc. of water was added dropwise to  the 
stirred refluxing solution. The mixture was allowed to cool and 1000 cc. of benzene was 
added. The benzene solution was washed with 5% sodium hydroxide, then with 6 N hydro- 
chloric acid, and finally with water. The crude product, which separated from the solution 
after most of the solvent had been removed by distillation, was filtered off, washed with a 
little cold benzene, and leached with 800 cc. of 95% ethanol under reflux for four hours. 
The leaching flask and its contents were cooled to  room temperature and the l-aceto-4- 
benzyloxynaphthalene was filtered off and dried; yield 325 g. (64.3%); m.p. 116-117'. 

4-Benzyloxy-I-bromoacetonaphthuZene ( IV) .  Eighty-five grams (0.308 mole) of 1 -aceto-4- 
benzyloxynaphthalene was placed in a five-liter three-necked flask equipped with a mer- 
cury-sealed stirrer, a dropping-funnel, and a reflux condenser and dissolved in 4000 cc. of 
anhydrous ether under gentle reflux. One hundred cc. of a saturated solution of anhydrous 
hydrogen chloride in ether was added. The ether solution was maintained at reflux tem- 
perature while 51.6 g. (0.324 mole) of dry bromine dissolved in 400 cc. of dry carbon tetra- 
chloride was added dropwise in the course of two hours. The reaction mixture was then 
concentrated to a volume of 200 cc. by distillation of the solvents. The crude bromo ketone 
which icrystallized when the solution was cooled to room temperature was filtered off and 
recrystallized from 200 cc. of carbon tetrachloride; yield, 82 g.  (75%) of 4-benzyloxy-l- 
bromoacet onaphthalene ; m .p. 105-107 '. 

2.411 melting points are corrected. 
versity of California a t  Los Angeles. 

Analyses by Bruce Day and Richard N e d ,  The Uni- 
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Anal. Calc'd for CloHlaBrO2: C, 64.24; H, 4.26. 
Found: C, 64.68; H, 4.40. 

If undiluted bromine was used or if the solution of bromine in carbon tetrachloride was 
added too rapidly, the formation of dibromo ketone increased to such an extent that it 
became possible to separate manually rectangular plates of this compound from the needle- 
like crystals of the monobromo ketone in the crude reaction product. The preparation of 
the dibromo ketone is described below. 

4-Benzyloxy-l -dibromoacetonaphthalene. To a solution of 2.43 g. of 1-aceto-4-benzyl- 
oxynaphthalene dissolved in 150 cc. of anhydrous ether was added 5 cc .  of a saturated solu- 
tion of anhydrous hydrogen chloride in ether. Bromine (0.9 cc.) was added to  the ether 
solution during two hours. The color faded rapidly after each drop of bromine had been 
added'untilO.45 cc. had been consumed but disappeared slowly during the addition of the 
remaining 0.45 cc. The ether solution was washed consecutively with water, sodium thio- 
sulfate solution, and 5% sodium bicarbonate solution. After a fins1 washing with water i t  
was dried with anhydrous sodium sulfate and concentrated to svolume of 100 cc. The first 
crop of crystals (2.34 g.) had the m.p. 130.8-131"; a second crop (0.52 g.) had the m.p. 129.8- 
130.8'; total yield, 75%. One recrystallization from 95% ethanol raised the m.p. of the first 
fraction to  131.6-132". 

Anal. Calc'd for CloHlrBr~O~: C, 52.56; H, 3.25. 
Found: C, 53.14; H, 3.30. 

4-Benzyloxy-a-~romomethyl-l -naphthalsnemethanol (V). To 28.13 g. of 4-benzyloxy-1- 
bromoacetonaphthalene contained in a one-liter conical flask was added 400 cc. of hot 3 N 
aluminum isopropoxide in isopropyl alcohol. The reaction mixture was heated to reflux 
for twenty minutes and 150 cc. of isopropyl alcohol was distilled through a take-off con- 
denser. The reaction flask was then cooled for three minutes under the water tap and its 
contents were then poured into a mixture of 200 cc. of 12 N hydrochloric acid and 400 g. of 
ice. After thirty minutes, the supernatant liquid was decanted from the solid residue and 
extracted twice with ether. The combined ether extract was used to dissolve the solid 
residue. The ether solution was washed with 5% sodium bicarbonate and with water. 
The dried solution was concentrated to a volume of 100 cc. and 50 cc. of carbon tetrachloride 
was added. After the volume of the solution had been reduced to 50 cc. by distillation, 25 
cc. of petroleum ether (30-60') was added in small amounts with intermittent heating. 
The 4-benzyloxy-a-bromomethyl-1-naphthalenemethanol which crystallized from the 
solution weighed 20.14 g. (71%); m.p. 84-85'. 

Anal. Cslc'd for ClpHl,BrOn: Br, 22.4. Found: Br, 22.4. 
/t-Benzylo .y-a-dipropylaminomethyl-l -naphthalenemethanol (SN-l1,&3; V I ) .  A solution 

of 15.58 g. of 4-benzyloxy-a-bromomethyl-1-naphthalenemethanol in 30 cc. of dipropyl- 
amine was heated in a sealed tube a t  100" for twelve hours. The dipropylamine hydro- 
chloride which was filtered off from the reaction mixture weighed 8.01 g. (100%). The 
filtrate was steam distilled in the presence of 25% sodium hydroxide solution for two hours 
in order to remove unreacted dipropylamine, and the gummy yellow residue was then dis- 
solved in ether. The addition of a few cc. of petroleum ether to the dry ethereal solution 
caused the separation of a small amount of tan solid which was filtered off and discarded. 
The only hydrochloride, which was formed when sutficient anhydrous hydrogen chloride in 
anhydrous ether was added to the filtrate, was dissolved in the minimum amount of abso- 
lute ethanol a t  the boiling point of the solution and anhydrous ether was slowly added to  the 
point of incipient crystallization. After standing overnight a t  0", the solution deposited 
8.34 g. (47.5%) of 4-benayloxy-a-dipropylaminomethyl-l-naphthalenemethanol hydro- 
chloride; m.p. 130-132". 

Anal. Calc'd for CpsHa2ClNO~: C, 72.50; H, 7.79. 
Found: C, 72.31; H, 7.93. 

~-Benzyloxya-dibutylaminomethyl-l-naphthalenemethanol (SN-10,~Ol;  VZZ). Upon be- 
ing heated to 130' for fourteen hours, a mixture of 7.82 g. of 4-benzyloxy-a-bromomethyl-l- 
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naphthalenemethanol and 14.2 g. of dibutylamine yielded 4.45 g. (60%) of 4-benzyloxy-a- 
dibutylaminomethyl-l-naphthalenemethanol isolated as the hydrochloride ; m.p. 140-142'. 

Anal. Calc'd for CnrH&lNOz: C, 73.36; H, 8.21. 
Found: C, 73.74; H, 8.42. 

(t-Be~~zyZoxy-~-dibutyZuminomethyl-1-dihydronaphthaZenemethanoZ. 4-Benzyloxy-u-dibu- 
tylaminomethyl-1 -naphthalenemethanol hydrochloride (17.68 9.) was hydrogenated at 40 
lbs./in.* with 0.5 g. of platinum oxide as catalyst. The crystalline material obtained after 
the removal of solvent i n  vacuo was leached with distilled water at room temperature over- 
night and recrystallized from absolute ethanol. There was obtained 8.49 g. of a substance 
which melted at 140-142". A mixture of this material with VI1 melted at 119-126'. The 
reduction product did not give a positive test for a phenolic group with 10% aqueous ferric 
chloride although the aqueous extract of the crude reduction product produced a brilliant 
violet color with this reagent. 

Anal. Calc'd for CZ~H&lKO~: C, 73.03, H, 8.63. 
Found: C, 73.18; H, 8.57. 

SUMMARY 

Synthesis of the potential antimalarials a-dipropylaminomethyl-4-benzyloxy- 
1-naphthalenemethanol and ~~-dibutylaminomethyl-4-benzyloxy-l-naphhalene- 
methanol, from l-acet0-4-hydroxynaphthalene, has been described. 

LOS ANGELES 7, CALIF: 
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The activity of the minimal effective dose of quinine and of Atabrine against 
P. Zophurae infection in Pekin ducklings has been shown by Seeler (1) t o  be in- 
hibited by the administration of pyridoxine in quantities three thousand times 
the basic nutritive requirements of the host. It appeared, therefore, that pyri- 
doxine might be an essential metabolite for the malaria organisms, and it seemed 
a reasonable expectation that similar compounds might interfere with this metab- 
olism. 

In order to investigate this possibility, several compounds of type 11, which 
contain structural features of pyridoxine as well as the dialkylaminoalkyl side 
chain found in active antimalarials, were synthesized from picolinol I by means 
of Mannich reactions. 

CHzNRz 

/\\/OH SOaH OH 
/\ A/ 

CH3 
L, 4 "\ I ----$ C( - L( 

CHS CH8 CH3 
I I1 

Sulfonation of 2-picoline and the subsequent alkaline fusion to  yield I were 
carried out according to the methods of Wulff (2), except that sulfonation with 
fuming sulfuric acid was found to be expedient. The crude 2-picolin-3-01 (I) 
was recrystallized from ethyl acetate in order to  remove inorganic salts. 

The usual procedure for the Mannich reaction with phenols (3) was found to  be 
applicable t o  picolinol I. Participation of the methyl group of I in a Mannich 
reaction requires relatively rigorous conditions (4) and no interference from that 
source was observed. 

The aminopyridols which were prepared in the aforedescribed manner are 
shown in Table 1. 

EXPERIMENTAL 

/t-Diethylaminomethyl-d-methyl-S-pyridol (ZZ, R = ethyl) .  To a solution of 16.35 g. (0.15 
mole) of 2-picoline-3-01 and 11 g. (0.15 mole) of diethylamine in 50 cc. of water was added 

1 The work described in this paper was done under a contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development and 
the University of Southern California. The Survey h'umber, designated SN, identifies a 
drug in the records of the Survey of Antimalarial Drugs. The antimalarial activity of those 
compounds to  which such a number has been assigned will be tabulated in a forthcoming 
monograph. 
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ss R M.P., "C. (CORR.) 

- 
13,484 --CHzN (CzHs)z B.p. 100-100.5/3 

--CHxN (c2H.5)~ (HCI) 210-211.5 
mm. 

CH2CHz 
13,636 --CH&( 'CHZ (2 HCl) 250-252 dec. 

14,069 - -CH~N(CH~CH&H~CH~)Z B.p. 134-136/3 
CH~CH/ 

I -. ____ 

ANALYSES~ 

Calc'd Found 

% C  % H  % C  % H  

68.05 9.3467.34 9.29 

49.03 7.5549.03 7.56 

51.56 7.2251.68 7.12 

71.95 10.47 71.68 10.52 

---- 
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The preparation of potential antimalarial substances of type V was under- 
taken, at the suggestion of the malaria unit at the National Institute of Health, 
as part of a program of synthesis of amino alcohols containing the naphthalene 
nucleus. 

1-Naphthonitrile served as a convenient starting material for the proposed 
synthesis. By reaction with ethylmagnesium bromide this nitrile (I) gave 1- 
propionylnaphthalene (11) in 8590% yields. Bromination of l-propionylnaph- 
thalene in anhydrous ether solution at 10" afforded a solid bromo ketone (7945% 
yields of pure material) which yielded 1-naphthoic acid upon oxidation with 
sodium hypochlorite. Since the identical bromo ketone was obtained from the 
reaction of naphthalene with a-bromopropionyl bromide, its structure was estab- 
lished as 111. 
1-(a-Bromopropiony1)naphthalene (111) in ether solution reacted slowly at  

room temperature with piperidine, dimethylamine, diethylamine, di-n-propyla- 
mine, and di-n-butylamine to yield amino ketones of type IV. In two instances 
(NR2 = piperidino and dimethylamino) the amino ketones were isolated as crys- 
talline hydrochlorides. Usually, however, the crude, relatively unstable, liquid 
amino ketone was reduced directly with aluminum isopropoxide in a nitrogen 
atmosphere. The amino alcohols (V) obtained in this manner were isolated as 
crystalline hydrochlorides in over-all yields of 2568% from bromo ketone 111. 
a-(1-Piperidinoethy1)-1-naphthalenemethanol (V, NR2 = piperidino) Ii-as also 
isolated as the crystalline free base. 

CY- (1 -DIALKY LAMINOETHY L) - 1 -NAPHTHALENE- 

CH3 
I 

COCHBr 
I 

CN COCH2CHI 
I I 

I I1 I11 

1 The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and DePauw University. The Survey Number, designated SN, identifies a drug in  
the records of the Survey of Antimalarial Drugs. The antimalarial activity of those com- 
pounds to  which such a number has been assigned will be tabulated in a forthcom- 
ing monograph. 

2 Present address, the University of Southern California, Los Angeles, California. 
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IV v 
EXPERIMENTAL 

To the Grignard reagent prepared from 16.2 g. of mag- 
nesium, 80 g. of ethyl bromide, and 200 cc. of ether was added with constant swirling 86.4 g. 
of 1-naphthonitrile in 200 cc. of ether. The clear brown solution was refluxed gently for 
eighteen hours (precipitation of solid yellow complex) and was then hydrolyzed with ice 
and hydrochloric acid. The ethereal layer was separately refluxed with 100 CC. of 10% 
hydrochloric acid, while the original aqueous layer was heated on the steam-bath for one- 
half hour. The combined hydrolysis mixtures were separated and the aqueous layer ex- 
tracted with ether. Upon evaporation, the combined ether extracts yielded a dark oil 
which was distilled in vacuum; yield, 90 g. (89%) of colorless 1-propionylnaphthalene; b.p. 
144-146' at 1 mm. Hartung, Munch, and Crossley (1) reported a 68% yield of l-propionyl- 
naphthalene from the reaction of ethylmagnesium bromide and 1-naphthonitrile. This 
ketone has also been obtained, along with the 2-isomer, from the reaction of propionyl 
chloride with naphthalene (2). 

1-Propionylnaphthalene yielded a picrate, m.p. 78-79'. Rousset (2) reported the m.p. 
77-78" for this picrate. 

1-(a-Bromopropiony1)naphthalene ( I I I ) .  (a) From 1 -pr~pionylnaphthalene.~ To a 
stirred solution of 92 g.  of 1-propionylnaphthalene in 500 cc. of anhydrous ether was added 
dropwise 80 g .  of bromine. The bromination was begun a t  room temperature, but was car- 
ried out at 10" for the major portion of the addition. The bromo ketone which had crystal- 
lized during the bromination was brought back into solution by the addition of benzene and 
the reactionmixture was then washed with 10% sodium bisulfite and with water. The dried 
organic layer was evaporated to  a volume of about 300 CC., 200 cc. of hot petroleum ether 
(b.p. 60-75') was added, and the solution was allowed to  cool. Pure bromo ketone crystal- 
lized (88 g.); m.p. 88-89'. By working up the mother liquor, an additional quantity (21 g.) 
of the same purity was obtained; total yield, 109 g. (83%). 

( b )  Prom naphthalene and a-bromopropiovkyl bromade. To a mechanically-stirred mixture 
of a-bromopropionyl bromide (24.6 g., freshly-distilled), naphthalene (14.6 g . ) ,  and carbon 
disulfide (150 cc.) which was cooled in an ice-salt bath, was added anhydrous aluminum 
chloride (18.3 g., finely powdered) over a period of twenty minutes. The reaction mixture 
was then allowed t o  stand a t  0" for four hours and at room temperature for twenty-four 
hours, and was fmally hydrolyzed with ice and hydrochloric acid. Two hundred CC. of 
ether was added to  the hydrolyzed mixture, the layers were separated and the organic 
layer was washed with water and dried. Upon concentrating and cooling the ethereal 
solution, crude 1-(a-bromopropiony1)naphthalene crystallized, and was purified by crystal- 
lization from ether; yield, 8-10 g. (27-33%) melting a t  88-89' alone and also when mixed 
with a sample of bromo ketone prepared from 1-propionylnaphthalene. 

1-Propionylnaphthalene ( II )a .  

Anal. 

A mixture of 2 g.  of 1-(a-bromopropionyljnaphthalene, 12 cc. of 5y0 sodium hypochlorite 
solution and 0.4 g. of potassium hydroxide was refluxed for three hours, and was then dis- 
tilled as long as water-insoluble material came over. When the residual solution was 
treated with charcoal, filtered, and acidified with hydrochloric acid, there was precipitated 

Calc'd for CllHllBrO: C, 59.33, 13, 4.21. 
Found: C, 59.00; H, 4.16. 

~~~ ~ 

3 Prepared by Emma Ruth Hornor. 
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1.0 g. of I-naphthoicacid, m.p. 157-159". One recrystallization of this material from ethanol 
yielded colorless needles, m.p. 160-161", which were identified as 1-naphthoic acid by mixed 
m.p. determination. 

Synthesis of a-(1 -piperidinoethyl)-1 -naphthalenemethanol. (a) 1 -(a-Piperidinopro- 
pi0nyZ)naphthalene (ZV, NR2 = piperidino). When a solution of 10 g. of 1-(a-bromopro- 
piony1)naphthalene in  100 cc. of anhydrous ether was added to  a solution of 6.5 g. (2 moles) 
of piperidine in 25 cc. of anhydrous ether, the mixture soon became cloudy due to  precip- 
itation of piperidine hydrobromide. The solution was allowed t o  stand in the dark in  a 
stoppered flask at room temperature for four days before being filtered from piperidine hy- 
drobromide (5.1 g. or 80%). The ethereal solution was then washed with 50 cc. of 10% 
sodium hydroxide, then with water, and n-as finally extracted with two 100-cc. portions of 
10% hydrochloric acid. The combined acid extracts were neutralized with sodium hydrox- 
ide and the precipitated keto amine was extracted with ether. T o  the driedethereal extract 
wa8 added dropwise a solution of anhydrous hydrogen chloride in anhydrous ether until no 
further precipitation resulted. The precipitated 1 -(a-piperidinopropiony1)naphthalene 
hydrochloride weighed 7.7 g. (67y0 yield); m.p. 213-215'. One recrystallization of this ma- 
terial from anhydrous ethanol-ether yielded 5.5 g. of colorless needles, m.p. 218-219". 

(b)  a-(1 -Piperidinoethyl)-1 -naphthalenemethanol ( V ,  NR2 = piperidino). The amino 
ketone regenerated from 5.5 g. of the aforementioned hydrochloride by means of sodium 
hydroxide was reduced in  a n  atmosphere of nitrogen by refluxing with 3.7 g. of aluminum 
isopropoxide (vacuum-distilled) and 20 cc. of anhydrous isopropyl alcohol, slowly distilling 
off the acetone and part of the isopropyl alcohol, adding fresh alcohol, and repeating the 
process until no more acetone could be detected in the distillate with 2,4-dinitrophenyl- 
hydrazine test solution (about three hours). T o  the cooled reduction mixture, from which 
the bulk of the isopropyl alcohol had been distilled, was added 6 cc. of 10 N sodium hydrox- 
ide solution to  decompose the complex, followed by ether t o  dissolve the free amino alcohol. 
The layers were separated and the aqueous layer was extracted a second time with ether. 
The combined ethereal extracts were extracted twice with 15-cc. portions of 10% hydro- 
chloric acid and the acid extracts were decolorized with charcoal. Upon evaporation of the 
acidic solution t o  a small volume there was obtained 3.84 g. (70% yield) of a-(1-piperidino- 
ethyl) -I-naphthalenemethanol hydrochloride, m.p. 226-231". One crystallization of this 
material from anhydrous ethanol-ether yielded colorless needles, m.p. 244-245". 

Anal. Calc'd for ClsH2aNO.HCl: C, 70.68; H, 7.91. 
Found: C, 70.24; H, 7.91. 

When an aqueous solution of the aforementioned hydrochloride was neutralized with 
sodium hydroxide, the free amino alcohol was precipitated as a colorless solid. a-(1 -Piperi- 
dinoethyl) -1 -naphthalenemethanol crystallizes from ethanol-water in colorless needles, 
m.p. 108-109". 

Anal. 

1 -(a-Dimethylaminopropiony1)naphthalene ( IV ,  R = methyl). When a solution of 10 g. 
of 1-(a-bromopropiony1)naphthalene in 100 cc. of anhydrous ether was added t o  a solution 
of 6.8 g. (4 moles) of anhydrous dimethylamine in 15 cc. of anhydrous ether, crystallization 
of dimethylamine hydrobromide began almost immediately, but no heat of reaction was 
evolved. The mixture was allowed to  stand in the dark in a nitrogen atmosphere at room 
temperature for twenty hours, and the dimethylamine hydrobromide was filtered off: yield, 
3.88 g., or 81%. The amino ketone solution was worked up in  the manner previously de- 
scribed for the preparation of l-(a-piperidinopropiony1)naphthalene hydrochloride : yield, 
3.2 g. (32%) of crude hydrochloride, m.p. 200-210". Three recrystallizations from an- 
hydrous ethanol-ether raised the m.p. of 1 -(a-dimethylaminopropiony1)naphthalene hydro- 
chloride to  215-216". 

Calc'd for C l s H d O :  C, 80.25; H, 8.60. 
Found: C, 80.03; H, 8.30. 

Anal. Cale'd for C16H17NO.HCl: C, 68.30; H, 6.88. 
Found: C, 68.35; H, 6.92. 

a-(i-Dimethylaminoethyl)-1-naphthalenemethanol (V ,  R = methyl; SN-7788). A solution 
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of 52.6 g. of 1-(a-bromopropiony1)naphthalene in  500 cc. of anhydrous ether was added to  a 
solution of 36 g. (4 moles) of anhydrous dimethylamine in 50 cc. of anhydrous ether, the 
mixture was allowed to  stand in the dark in  an atmosphere of nitrogen at room temperature 
for twenty hours, and the dimethylamine hydrobromide was filtered off (20.4 g. or 81%). 
The yellow filtrate was washed with 100 cc. of 5% sodium hydroxide and twice with 50-cc. 
portions of water, and was dried briefly over calcium chloride. Evaporation of the ether 
under reduced pressure (finally employing a vacuum of 15 mm.) yielded a yellow oil which 
was reduced in a n  atmosphere of nitrogen according t o  the method of Meerwein and Ponn- 
dorf. Two hundred cc. of isopropyl alcohol and 40.8 g. of vacuum-distilled aluminum 
isopropoxide were employed, and the distillate contained no acetone after heating the 
reaction mixture for a period of nine hours. 

The dark, semi-solid complex (volume about 120 cc.) which remained when the bulk of 
the isopropyl alcohol was distilled from the reduction mixture was decomposed by adding, 
with cooling, 60 cc. of 10 N sodium hydroxide. The aqueous solution was diluted with water 
and extracted several times with ether. To the dried (calcium chloride) ethereal extract 
was added dropwise, at room temperature, a solution of anhydrous hydrogen chloride in  
anhydrous ether, swirling vigorously throughout the addition. When the addition of a 
drop of the hydrogen chloride solution no longer caused any precipitation, the crude, choco- 
late-brown, crystalline a-(I -dimethylaminoethyl)-1 -naphthalenemethanol hydrochloride was 
filtered off and air-dried; yield, 36 g. (6875). One crystallization from anhydrous methanol- 
ether yielded 24.7 g. (47%) of cream colored needles, m.p. 204-207" dec., and a second crys- 
tallization raised the m.p. to  207-210' dec. and removed all color. 

Anal. Calc'd for ClsH~pNO.HCl: C1, 13.34. Found: C1, 13.33 
a-(1-Diethylaminoethyl)-1 -naphthalenemethanol (V, R = ethyl; SN-7729). The reaction 

between 1-(a-bromopropiony1)naphthalene (72 g.) and diethylamine (SO 9.) in ether (760 
CC.) took place to  the extent of 81% (on the basis of the quantity of diethylamine hydro- 
bromide precipitated; 34 g.) when carried out under the conditions previously described 
for the reaction with dimethylamine. Tho brown-red ethereal solution of the keto amine 
was worked up as previously described, and the Meerwein-Ponndorf reduction was carried 
out in B nitrogen atmosphere for six and one-half hours, employing 56.4 g. of aluminum 
isopropoxide. 

Precipitation of the crude amino alcohol hydrochloride with anhydrous hydrogen chlo- 
ride i n  ether was carried out as before. At first the hydrochloride was precipitated as  a 
finely-divided solid, but as precipitation neared completion the hydrochloride became 
gummy. Addition of hydrogen chloride was stopped at this point, and the solid hydro- 
chloride (52 g. or 64.5%) was filtered off. Addition of hydrogen chloride t o  the filtrate 
yielded only a dark, oily product which could not be crystallized. 

Two crystallizations of the CY- (1 -diethylaminoethyl) -1 -naphthalenemethanol hydrochloride 
from anhydrous ethanol-ether yielded 30 g. (37%) of practically colorless crystals melting 
at 182-185" dec. One more crystallization raised the m.p. to 185-187" dec. 

Anal. Calc'd for C17H2arU'0.HCl: C, 69.48; H, 8.23. 
Found: C, 69.08, H, 7.70. 

The Q,Q'-methylenebis-(d-hydroxy-2-naphthoic acid) salt of a-(I-diethylaminoethyl)-I- 
naphthalenemethanol was precipitated in quantitative yield as a grey solid when a solution 
of 1.953 g. (1.95 moles) of 4,4'-methylenebis-(3-hydroxy-2-naphthoic acid) in 104 cc. of 0.1 
N sodium hydroxide a as added dropwise, with constant swirling, t o  a solution of 2.672 g. 
(1 mole) of a-(I-diethylaminoethy1)-1-naphthalenemethanol (prepared from the aforemen- 
tioned hydrochloride by neutralizing a n  aqueous solution with sodium hydroxide) dissolved 
in 104 cc. of 0.1 N hydrochloric acid. The salt may be recrystallized from anhydrous ether- 
petroleum ether or from dioxane; yellow needles, m.p. 126" dec. 

Anal. Calc'd for C67&NZ08: N, 3.10. Found: N, 2.50. 
a-( l  -Di-n-propyZaniinoethlJ1)-1 -naphthalenemethanol (V, R = n-propyl; SA--8660) was 

prepared from 65 g. of 1- (or-bromopropiony1)naphthalene and 99 g. of di-n-propylamine in 
the manner previously described for the dimethylamino analog. The reaction between the 
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bromo ketone and the di-n-propylamine took place to  the extent of 85.5% within thirty 
days (38.5 g. of di-n-propylamine hydrobromide was filtered off). Ether and unreacted 
di-n-propylamine were then distilled in vacuum and the crude, oily, red-brown keto amine 
WaE reduced in  a nitrogen atmosphere over a period of five hours, employing 50.4 g. of alum- 
inum isopropoxide. 

To  the mixture of acetone and isopropyl alcohol distilled from the reduction was added 
49 g. of 2,4-dinitrophenylhydraziue and 50 cc. of 36% hydrochloric acid. The mixture was 
heated t o  boiling, 200 cc. of hot water was added t o  the clear solution, and the solution was 
allowed to  cool. There was obtained 48.3 g. of acetone 2,4-dinitrophenylhydrazone, m.p. 
123-125', indicating that the reduction had gone at least 82% t o  completion. 

When anhydrous ethereal hydrogen chloride was added to  the ether solution of the crude 
amino alcahol, a-(1 -di-n-propylaminoethyl) -1 -naphthalenemethanol hydrochloride was precip- 
itated as a n  orange-brown gum. This material was dissolved in 200 cc. of water, and the 
solution was decolorized by first shaking several times with ether and finally treating with 
charcoal. Aqueous sodium hydroxide was added to  precipitate the amino alcohol, which 
was extracted with ether. The amino alcohol hydrochloride was again precipitated from 
the  dried ether solution by addition of ethereal hydrogen chloride. Cooling and rubbing 
the  gummy hydrochloride with u little anhydrous methanol and ether sufficed to  induce 
crystallization. There was finally obtained 19.7 g. (25% yield) of crystalline hydrochloride, 
which formed 17.9 g. of colorless prisms, m.p. 16&170", when recrystallized from anhydrous 
methanol-ether . 

Anal. Calc'd for C19H2,NO.HCl: C1,11.02. Found: C1,11.02. 
a-(I -Di-n-&utylaminoethyl)-1 -naphthalenemethanol (V, R = n-butyl; SN-8669) was pre- 

pared from 10 g. of 1-(a-bromopropiony1)naphthalene and 20 g. of di-n-butylamine in the 
previously described manner. The bromo ketone reacted quantitatively with the di-n- 
butylamine within seventy days. Ether and unreacted di-n-butylamine were distilled 
from the crude, oily, orange-brown keto amine in vacuum. Meerwein-Ponndorf reduction 
in a nitrogen atmosphere was complete within four hours, employing 8.35 g. df aluminum 
isopropoxide, and 81% of the theoretical quantity of acetone 2,4-dinitrophenylhydrazone 
was recovered from the distillate in the manner previously described. 

Addition of anhydrous ethereal hydrogen chloride to  the ethereal solution of the crude 
amino alcohol precipitated a- (1 -di-n-butylaminoethyl) -1 -naphthalenemethanol hydrochloride 
in crystalline form; yield, 6.2 g. (47%). One crystallization from anhydrous methanol- 
ether yielded 5.2 g. of colorless needles, m.p. 135-137'. 

Anal.  Calc'd for C21H31NO.HCl: Cl, 10.13. Found: Cl, 10.40. 

SUMMARY 

The synthesis of five CY-( l-dialkylaminoethyl)-l-naphthalenemethanols has been 
described. 

GEEENCASTLE, IND. 

REFERENCES 
(1) HARTUNQ, MUNCH, AND CEOSSLEY, J .  Am. Chem. SOC., 67, 1091 (1935). 
(2) ROIJSSET, Bull. SOC. chim., [3] 16.62 (1896). 



[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF DEPAUW UNIVERSITY ] 

SYXTHESIS OF 1,2-DIETHYLNAPHTHALENE1 

MILTON C. KLOETZELZ AND WARREN CLOSE 

Receivea March 26, 19@ 

In view of the antimalarial activity exhibited by certain 9-substituted tetra- 
hydrophenanthrenes (Type A), it has been proposed by Dr. Lyndon F. Small (1) 
of the National Institute of Health that structurally analogous 1,2-diethylnaph- 
thal ?ne derivatives (Type B) be synthesized for physiological testing. 

CHCH~NR:, 
I 

OH 
Type A 

C H C H ~ N R ~  
I 

OH 
Type B 

Herein is described the preparation of 1,2-diethylnaphthalene, an intermediate 
in the synthesis of compounds of Type B. 

2-Carbomethoxy-1-tetralone (I) was prepared from 1-tetralone by the method 
of Bachmann and Thomas (2). The sodio derivative of I reacted with ethyl 
iodide to give the crystalline keto ester I1 in 76% yield. The attempted use of 
ethyl bromide to effect a similar conversion was found to produce erratic results. 
Hydrolysis of I1 with 20% sodium hydroxide, and subsequent decarboxylation 
of the resulting keto acid afforded a 98% yield of 2-ethyl-1-tetralone (111). 

1 ,2-Diethylnaphthalene (VI) was prepared from 2-ethyl-1-tetralone by treat- 
ment of this cyclic ketone with ethylmagnesium bromide, followed by dehydra- 
tion of the resulting tertiary carbinol (IV) with anhydrous formic acid and sub- 
sequent dehydrogenation of the 1 , 2-diethyl-3,4-dihydronaphthalene (V). 
Dehydrogenation of V was effected both catalytically and with sulfur. 

0 0 0 
1) COOCH, 11 C2Hs II C2H6 @I' \ \  - ~ A ] ' c o o c ~ 3  ' V  - 07 

I I1 I11 
1 The work described in this paper was done under a contract, recommended by the 

Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and DePauw University. 

2 Present address, University of Southern California, Los Angeles, California. 
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Acetylation of 1 ,2-&ethylnaphthalene was effected with acetyl chloride and 
aluminum chloride in carbon disulfide (36% yield) and also in nitrobenzene (78% 
yield). The identical crystalline ketone was obtained in both instances, and is 
presumed to be l-acet0-3,4-diethylnaphthaleneP Experiments designed to as- 
certain the position of the aceto group in this compound are nom in progress. 

EXPERIMENTAL 

2-Ethyl-8-carbomethoxy-1-tetralone (ZZ). To a solution of 17 g. of sodium in 380 cc. of 
anhydrous methanol contained in a three-liter flask fitted with a dropping-funnel and reflux 
condenser was added a solution of 76.1 g. of 2-carbomethoxy-1-tetralone (2) in a mixture of 
190 cc. of anhydrous methanol and 190 cc. of anhydrous benzene. The sodio derivative 
precipitated and the reaction mixture was then refluxed for fifteen minutes. After cooling 
to  room temperature, 144 g. (74 cc., 0.92 mole) of ethyl iodide was added, and the resulting 
red mixture was refluxed for three hours. During this period the sodio derivative dissolved 
completely, and the color of the solution changed to  bright yellow. After cooling, the solu- 
tion was neutralized with acetic acid and the solvents were distilled off under reduced 
pressure. The residue was taken up with water and benzene, and the aqueous layer was 
extracted twice with benzene. The combined benzene extracts were washed with sodium 
bicarbonate solution, were dried over anhydrous potassium carbonate and finally evap- 
orated. The residual 2-ethyl-2-carbomethoxy-1-tetralone distilled at 136-140" at 1.5 mm.; 
yield, 82.2 g. (95%) of yellow oil. When this oil was crystallized from petroleum ether 
(60-70') there was obtained 66 g. (76%) of colorless prisms, m.p. 55-57'. 

Anal. Calc'd for C~H1608: C, 72.39; H, 6.94. 
Found: C, 72.61; H, 7.20. 

2-Ethyl-I-tetdone (111). 2-Ethyl-2-carbomethoxy-1-tetralone (110.8 g.) was hydro- 
lyzed by refluxing with 780 cc. of 20% sodium hydroxide and 195 cc. of ethanol for three 
hours. The reaction mixture became orange but the organic layer never completely dis- 
appeared (4). Acidification of the mixture with 1:l sulfuric acid caused a vigorous evolu- 
tion of carbon dioxide, and complete decarboxylation of the liberated 2-ethyl-1-keto- 
1,2,3,4-tetrahydro-2-naphthoic acid was effected by warming the acidified solution on the 
steam-bath. The ketone was extracted with benzene, the benzene extracts were washed 
with dilute sodium bicarbonate solution and dried over anhydrous potassium carbonate. 
Vacuum distillation yielded 81.5 g. (98%) of colorless 2-ethyl-1-tetralone b.p. 112-113' at 
1 mm. 

2-Ethyl-1-tetralone semicarbazone, prepared by refluxing for twenty hours a mixture of 
0.7 g. of the ketone, 0.7 g. of semicarbazide hydrochloride, 1.0 cc. of pyridine, and 15 cc. 
of absolute ethanol, and distilling the mixture nearly to  dryness, melted a t  194-196' after 
three crystallizations from ethanol-water. Levy (5), who prepared the 2-ethyl-1-tetralone 
by another method, reported the m.p. 207" (corr.) far the semicarbazone. 

Synthesis of 1 ,8-diethylnaphthnlene. To the cold, mechanically-stirred Grignard reagent 
prepared from 98 g. of ethyl bromide, 21.6 g. of magnesium, and 200 cc. of ether was added 
slowly 78.8 g. of 2-ethyl-1-tetralone in 200 cc. of ether. The reaction mixture was allowed 

3 Kruber and Schade (3) have shown that 1,2-dimethylnaphthalene is sulfonated in the 
4 -position. 
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t o  warm up to  room temperature and was then refluxed for two and one-half hours. The 
colorless addition product precipitated during the period of reflux. Hydrolysis of the re- 
action mixture with ice and ammonium chloride yielded an oily product which was extracted 
with ether. Evaporation of the ether extracts yielded 90.5 g. (98%) of faintly yellow 1,2- 
diethyl-] -tetra101 (IV). 

The aforementioned carbinol was dehydrated by treatment with 235 cc. of anhydrous 
formic acid for one and one-half hours at room temperature. The hydrocarbon separated 
from the formic acid as an insoluble oil, and was isolated by pouring the reaction mixture 
into 500 cc. of water and extracting with benzene. After one vacuum distillation over 
sodium there was obtained 79 g. (96y0) of colorless 1,2-diethy1-3,4-dihydronaphthalene 
(V) boiling at 103-105" a t  1 mm. 

Dehydrogenation of the 1,2-diethy1-3,4-dihydronaphthalene was accomplished both 
catalytically and with sulfur. When the unsaturated hydrocarbon was heated with one- 
tenth of its weight of palladium-charcoal catalyst (6) and the temperature n-as gradually 
raised to  290-300", a smooth evolution of hydrogen took place (9498% of the theoretical 
volume within two hours). The crude 1,2-diethylnaphthalene (VI) (89% yield) distilled 
a t  102-1 15" a t  1 mm. as a bright yeJlow oil. One distillation over sodium yielded 83% of 
the hydrocarbon as a yellow oil boiling at 115" a t  1 mm. 

When 1,2-diethyl-3,4-dihydronaphthalene was heated to  200" with the theoretical quan- 
tity of sulfur, hydrogen sulfide was evolved vigorously. After being heated to  200' for 
one-half hour, the mixture was heated a t  270-275" for a n  additional period of one-half hour 
to  complete the evolution of hydrogen sulfide. The vacuum-distilled product was bright 
yellox, but the color was removed by distilling over sodium; yield, 83y0 of colorless 1,2- 
diethylnaphthalene (VI) boiling a t  114" a t  1.5 mm. 

Anal .  Calc'd for CtaHle: C, 91.25; H ,  8 75. 
Found: C, 91.53; H,  9.08. 

1,2-DiethyZnaphthalene picrate crystallized from ethanol in orange needles, m.p. 107.5- 
108.5°.4 

Anal.  Calc'd for C20H1J307: N, 10.17. Found: N, 10.22. 
The 1 3,B-trinitrobenzene derivative of 1 ,$'-diethylnaphthaEene crystallized from anhydrous 

Anal. 

Acetylation of 1,2-diethylnaphthulene. (u) in Xitrobenzene. To an ice-cold, mechan- 
ically-stirred mixture of 1,2-diethylnaphthalene (10 g.), finely-powdered anhydrous alum- 
inum chloride (13.3 g.), and nitrobenzene (75 cc.), was added dropwise 5.1 g. of acetyl chlo- 
ride. Cooling and stirring were continued for three hours, and the mixture was allowed 
to  stand at room temperature for three hours. The reaction mixture was hydrolyzed with 
ice and hydrochloric acid in  the customary manner and the nitrobenzene was distilled off 
under reduced pressure. Acetodiethylnaphthulene distilled at 156-162" at 1 mm. ; yield, 9.6 
g. (78%) of yellow oil. Crystallization of the crude product from petroleum ether (60-75') 
yielded colorless prisms, m.p. 61 5-62.5'. 

( b )  Z n  carbon disulfide. Acetylation was carried out as previously described, employing 
10 g. of I ,2-diethy1naphthaleneJ 9.3 g. of aluminum chloride, 75 cc. of carbon disulfide, and 
4.0 g. of $cetyl chloride. There was obtained 4.4 g. (36'% yield) of yellow oil boiling a t  155" 
a t  1 mm Crystallization of this crude material from petroleum ether again gave colorless 
hexagonal prisms (3.6 g. or 29%), m.p. 61.5-62.5'. 

Anal .  Calc'd for ClaHlgO: C, 84.91; H, 8.02. 
Found: C, 85.18, H,  8.10. 

methanol in yellow needles, n1.p. 112.5-113 5". 
Calc'd for CzaHlsNsOa: C, 60.44; H, 4.82. 
Found: C, 60.66; H,5.05. 

4 While this investigation was in  progress, Arnold and Barnes (7) obtained 1,2-diethyl- 
naphthalene by catalytic dehydrogenation of 5,6-diethyltetralin, and reported the m.p. 
of the picrate as 105.5-107'. 
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Aceto-1 ,2-diethyZnaphthaZene picrate crystallized in yellow needles from anhydrous 

Anal. Calc'd for CzzHzlNsOs: N, 9.22. Found: N, 9.09. 
ethanol; m.p. 88-88.5'. 

SUMMARY 

A synthesis of 1,2-diethylnaphthalene from 1-tetralone is described. 

GREENCASTLE, IND. 
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Because of the availability of 1-dialkylamino-3-butanones through the Man- 
nich synthesis, compounds of the type aryl-C (CHs) (OH)CH2CH2NR2 should 
readily be prepared by a Grignard reaction as shown in the following equations: 

METHANOLS. IX. c~(2-D IALKYLAMINOETHYL)-(U- 

C:&COC& + RzSHzC1 + (CHzO) 4 CHsCOCH2CHzNRz 

CH3 

I 
=Iryl-MgX + CH, COCH2CHzNR2 ---j Aryl-&CH2 CH2NR2 

OH 

These compounds were of interest as possible antimalarials. 
At the time this work was started, only two references (1,2) were found to the 

In 1944 Cromwell and 
Burch (3) reported moderate yields in a similar reaction. The reaction of the 
Grignard reagent with several p-amino esters and aldehydes has also been re- 
ported (4,5,6,7). 

We found that pure amino alcohols could be isolated in only 15-33% yields 
from the reaction of 1-dialkylamino-3-butanones with aryl Grignard reagents. 
The products were difficult to purify and often formed oily salts even when pure. 
The desired reaction was accompanied by a side reaction which gave dialkyla- 
mine and the product of simple hydrolysis of the Grignard reagent. Such a 
reaction is readily formulated as follows: 

CH3COCH2CH2NR2 + Aryl-MgX --+ CH3COCH = CH2 + Aryl-H + RzNR/rgX 

If methyl vinyl ketone were produced it would be expected to react with the 
Grignard reagent or polymerize. Smith and Sprung (8) observed that the re- 
action of methyl vinyl ketone with laurylmagnesium bromide went poorly, the 
ketone polymerizing, but Heilbron and co-workers (9) found that hexynylmag- 
nesium bromide gave a 55% yield of the 1,a-addition product with that 
ketone. We found that the products of the reaction between phenyl- or 
naphthyl-magnesium bromide and 1-dialkylamino-3-butanones contained no 
unsaturated substances, but time did not permit a close search for other products. 

1 This work was done under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Development and the University of 
California, Los Angeles. The survey number, designated SK, identifies a drug in the 
records of the Survey of Antimalarial Drugs. The antimalarial activity of those com- 
pounds to which such numbers have been assigned will be tabulated in a forth- 
coming monograph. 
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reaction of p-amino ketones with Grignard reagents. 
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ARYL GROUP 

Phenyl 
1-Naphthyl 
1-Naphthyl 
2-Naphthyl 
4-Methoxy-1- 

naphthyl 
4-Methoxy-1- 

naphthyl 
4-Methoxy-1- 

naphthyl 
9-Phenan- 

thryl 
9-Phenan- 

thryl 

A preliminary study of the reaction of 1-dialkylamino-3-butanones with 
methylmagnesium iodide in the Grignard machine (10, 11) revealed that 0.9 to 
0.95 mole of methane was produced per mole of ketone. A further 0.25 to 0.35 
mole of methylmagnesium iodide was used up in an addition reaction. On the 
basis of the above side reaction, this addition would be expected to be greater. 
The small amount of addition is consistent with the idea that the Grignard rea- 
gent has an enolizing action on Mannich ketones. Enolization was suggested 

R 

____ 
Ethyl 
Ethyl 
n-Butyl 
Ethyl 
Methyl 

Ethyl 

%-Butyl 

Ethyl 

n-Butyl 

- 

TABLE I 
CH3 
I 

a-(2-DIALKYLAMINOETHYL)-a-METHYL ARPLMETHANOLS, ARYL-C(OH)CH&H~NR~ 

>lo0 
21d 
0.9 

>40 
Very sol. 

7 

- 

SN 

__ 

8349 

5903 

6977 

6760 

6937 

___ 

65.22 
66.34d 
72.60 
70.22 
74.69" 

67.54 

137-138, 

181-186 

76. 5-7iC 

I I ANALYSES~ 

1.5  70.11 

>10 73.82 

80 82.70" 

I I 

141-142.5 
96. 5-9gd 

170.5-171.5 
145-154e 

195-210 dec. 
103-103. 5c 

182-182.5 

Found 

65.18 
66.32 
72.56 
70.07 
74.49 

67.36 

70.23 

73.22 
73.27 
83.00 

- 

n 
:&'d 

9.38 
8.66 
9.12 
8.51 
8.48 

8.35 

9.21 

7.88 

9.34 

- Found 

9.30 
8.68 
9.44 
8.57 
8.47 

8.38 

9.31 

8.11 
7.94 
9.34 

- 

Solubility of hydrochloride a t  25" in water; g./lOO ml. of solution. 
* Data for the hydrochloride except where indicated. 
cFree amine. 
d Hydrochloride monohydrate. 
8 Broad m.p. believed due to  existence of 2 crystalline forms. 
f Needles. This compouDd also crystallized in plates, m.p. 133-134". 
0 Solubility of free base in 0.2 N hydrochloric acid. 

by Wiley and Adkins (12) to explain their observation that l-amino-2-alkyl-4- 
methyl-3-pentanones gave two moles of methane and no addition in the Grignard 
machine. 

The course of the reaction between Mannich ketones and the Grignard reagent 
is under further investigation and will be reported later. 

Table I lists the amino alcohols which were prepared for testing as anti- 
malarials. Three of the products were not obtained as crystalline solids either 
as free amines or salts, and are not included in the table. These mere a-(2-di-n- 
propylaminoethyl)-a-meth~l-4-methoxy-1-naphthalenemethanol, a-(2-diethyl- 
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aminoet~hyl)-cr-methyl-4-chloro-1-naphthalenemethanol and the corresponding 
di-n-butylamino compound. 

Several other methods for the preparation of a-(2-dialkylaminoethyl)- 
a-methyl arylmethanols were tried. The reaction of 1-dialkylamino-3-butanones 
with arylcadmium compounds gave only amorphous products, and with 
aryllithium compounds the yields of amino alcohol were lower than with the 
Grignard reagent. An unsuccessful attempt was made to obtain a-(a-dibutyl- 
aminoethyl)-a-methyl-4-methoxy-l-naphthalenemethanol by the reaction of 2- 
dibut ylaIninoethyl4-methoxy-1-naphthyl ketone and methylmagnesium iodide. 
A second synthesis was found which involved the preparation of 8-bromoethyl 
methyl ketone, its reaction with 4-methoxy-1-naphthylmagnesium bromide and 
treatment of the product with dibutylamine. The resulting compound was 
identical with that obtained from 1-dibutylamino-3-butanone and 4-methoxy-l- 
naphthylmagnesium bromide. A few examples of similar syntheses have been 
reported (7, 13, 14). 

Further work on the series was not undertaken because the results of avian 
testing indicated that the compounds were poor antimalarials. 

EXPERIMENTAL 

All melting points are corrected unless marked otherwise. Analyses were carried out by 
Bruce F. Day, Richard Neve and Jack W. Ralls. 

I-Dialk ylamino-%butanones. The procedure of Wilds and Shunk (15) for the Mannich 
reaction was used with only slight modification. It was found that 0.5 to  1.5 ml. of hydro- 
chloric acid improved the yield and shortened the reflux time in the condensation of acetone 
and paraformaldehyde with dimethylamine, di-n-propylamine, and di-n-butylamine. The 
addition of hydrochloric acid in the Mannich condensation has been suggested before (16). 
With diethylamine this procedure increased the yield of 1,l-bis-(diethylaminomethy1)ace- 
tone and polymeric products a t  the expense of the compound desired. For the synthesis of 
1-diethylamino-3-butanone we folloared exactly the procedure of Wilds and Shunk and 
checked the data they reported. 

I-Dimethylamino-3-butanone (17). Reflux time, three hours; yield, 45%; b.p., 70"/40 
mm.; n g  1.4213; dfJ 0.8636; MR, obs. 33.84, Calc'd 33.86. 

Anal. 

I-Di-n-propylamino-3-butanone. Reflux time, four hours; yield, 66%; b.p. 116-117°/11 

AnaE. 

I-Di-n-butylamino-%butanone. Reflux time, four hours; yield, 62%; b.p. 80'12 mm.; 

Anal. 

Grignard reagents. The use of benzene as an accessory solvent was necessary for all of 
the Grignard reagents except phenylmagnesium bromide. 8-Bromonaphthalene was 
obtained from p-naphthylamine, and 9-bromophenanthrene from purified phenanthrene 
(18) by slight modification of known methods (19, 20). The 4-chloro-1-iodonaphthalene 
used in this work a-as prepared by the method of Beattie and Whitmore (21) although a less 
tedious method was found later (7). Carbonation of the Grignard reagent from this com- 
pound gave 4-chloro-1 -naphthoic acid, m.p. 221-223", neutral equivalent 208.1 (Calc'd 
206.8). The acid contained no iodine and gave no melting point depression when mixed 
with the acid prepared by hypochIorite oxidation of 4-chloro-1-acetonaphthone (22). 

Calc'd for CaH13NO: C, 62.62; H, 11.31. 
Found: C, 62.49; €I, 11.28. 

mm.; n: 1.4331; d r  0.8498; MR, obs. 52.39, Calc'd 52.33. 
Calc'd for CtoHllNO: C 70.12; H, 12.36. 
Found: C, 70.16; H, 12.32. 

n: 1.4381; d: 0.8466; MR obs. 61.82, Calc'd 61.57. 
Calc'd for ClzHzsNO: C, 72.30; H, 12.64. 
Found: C, 72.38; H, 12.68. 
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4-Bromo-I-methoxynaphthalene. The bromination of 1-methoxynaphthalene was car- 
ried out with iodine monobromide by Militzer's method (23) using chloroform as the ex- 
tracting solvent. The product was an  oil, b.p. 147-153" 3 mm. on the second distillation, 
yield 75%, n*f 1.6532. 4-Bromo-1-methoxynaphthalene has been reported three times in 
the literature with the following constants: b.p. 181" 18 mm. (a), b.p. 178" 15 mm. (25), 
and m.p. 46" (26). Our product could be induced to  crystallize a t  -8O", but melted below 
room temperature. An attempt to obtain a solid product by repetition of the procedure of 
Underwood, Baril, and Toone (26) was unsuccessful. The structure of the 4-bromo-1- 
methoxynaphthalene obtained using iodine monobromide was proved by carbonation of 
its Grignard reagent. 4-Methoxy-1-naphthoic acid was obtained in 84yo yield, n1.p. 242- 
243' (from alcohol). 

Anal. 

The following melting points have been reported for 4-methoxy-1-naphthoic acid: 239" 
(27), 232' and 230" (29). No other known 1-methoxynaphthoic acid has a melting point 
near this value; 1-methoxy-6-naphthoic acid has not been reported. 

The general procedure used for the 
condensation of aryl Grignard reagents with 1-dialkylamino-3-butanones is illustrated by 
the directions for a-(2-di-n-butylaminoethyl)-a-methyl-l-naphthalenemethanol. 

A solution of a-naphthylmagnesium bromide prepared from 41.5 g. (0.2 mole) of a-bro- 
monaphthalene in 185 ml. of ether and 50 ml. of benzene was filtered into a 1-liter, 3-n. flask 
equipped with a mercury-sealed stirrer, reflux condenser, and dropping-funnel. This solu- 
tion was cooled in an  ice-bath and stirred under nitrogen while a solution of 40 g. (0.2 mole) 
of 1-di-n-butylamino-3-butanone in 100 ml. of ether was added drop\vise during thirty 
minutes. The mixture was refluxed with stirring for one hour, then cooled in ice during 
the addition of 100 ml. of saturated ammonium chloride solution. The aqueous layer was 
separated and washed twice with small portions of ether which were combined with the 
ether-benzene layer; the latter was extracted three times with 100 ml. portions of 2 iV hy- 
drochloric acid. A light colored, crystalline solid soon separated from this acid solution; 
it was collected after standing at 0" for several hours and washed on the filter with a little 
ice-water. The yield of light yellow solid, m.p. 161-166.5', was 21 g. (29%). Recrystalliza- 
tion from alcohol-ether and from water gave white plates of pure ~~(2-di-n-butylamino- 
ethyl)-a-methyl-1-naphthalenemethanol hydrochloride (Table I). 

The acid solution gave no more solid on concentration to  100 ml. under reduced pressure; 
it  was basified with 6 N sodium hydroxide in an ice-bath and saturated with potassium 
carbonate. The oil that  separated was taken up in ether, dried over potassium carbonate, 
and the solution concentrated at reduced pressure (residue 18 g.). This residue m-as held 
at 70" under 3 mm. pressure for seven hours and the distillate was collected in a trap cooled 
in dry ice. Di-n-butylamine was isolated from the condensate as the hydrochloride (7.8 
g.; 0.047 mole), identified by reaction with phenyl isothiocyanate to give N-phenyl-N, N- 
di-n-butylthiourea, m.p. and mixed m.p. 83-84'. The basic material which did not distill 
could not be induced to crystallize or to yield a solid salt. 

The ether-benzene solution from the original reaction mixture did not contain unsatu- 
rated compounds. From i t  was isolated by sublimation 14 g. (0.11 mole) of naphthalene. 

A crystalline hydrochloride separated from the hydrochloric acid extract only in the case 
of ~-(2-di-n-butylaminoethyl)-~-methyl-l-naphthalenemethanol. In  all other cases, the 
free base was liberated from the hydrochloric acid solution by basifying with dil. sodium 
hydroxide in the cold. The amino alcohol was taken up in ether, the ether solution dried 
over potassium carbonate, and the hydrochloride formed by passing anhydrous hydrogen 
chloride over the surface of the cold solution with swirling. Excess hydrogen chloride 
caused oil formation and even when a solid was obtained, it often turned oily when filtered 
(possibly it was an etherate). Sometimes these oily hydrochlorides solidified on long stand- 
ing. It was occasionally preferable to remove ether from the dried solution of amino alco- 
hol, dissolve the residue in anhydrous ethanol, saturate the solution with anhydrous 

Calc'd for ClmHloOs: C, 71.28; H, 4.99, neutral equivalent 202.3. 
Found: C, 70.82; H, 5.01, neutral equivalent 197. 

a-(2-Dialkylaminoethyl) -a-methyl arylmethanols. 
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hydrogen chloride, and precipitate the hydrochloride by adding ether. Another effective 
procedure was fractional extraction of the original ether-benzene solution with small por- 
tions of 0.5 N hydrochloric acid. An impurity (probably dialkylamine hydrochloride) was 
taken up first, and later fractions gave solid hydrochlorides. Hydrobromides, sulfates, 
oxalates, and other salts usually behaved like the hydrochlorides. 

Hydrochlorides were crystallized from anh. alcohol, ethyl acetate, or chloroform by 
adding anh. ether or occasionally petroleum ether. The free bases were crystallized from 
acetone and water. 

cu-(2-Di-n-butylaminoethyl)-a-methyl-~-methoxy-i-naphthalenemethanol. This compound 
was obtained in 27% yield by the synthesis described above. It was also prepared from 
0-bromoethyl methyl ketone (30) and 4-methoxy-1-bromonaphthalene by a synthesis which 
was tried only once. 0-Bromoethyl methyl ketone was obtained from 0-bromopropionyl 
chloride and dimethylcadmium following the general directions of Gilman and Nelson (31). 
The acid chloride was readily prepared from B-bromopropionic acid (32) and thionyl chlo- 
ride. 0-Bromoethyl methyl ketone was an unstable liquid which decomposed on attempted 
distillation a t  3 mm. The homologous 0-bromoethyl ethyl ketone is also an unstable liquid 
(13). The crude methyl ketone was dried in ether and added to a slight excess of 4-methoxy- 
I-naphthylmagnesium bromide to yield cu-(2-bromoethyl)-c~-methyl-4-methoxy-l-naph- 
thalenemethanol which was isolated but not purified. It was converted to the desired 
amino alcohol by heating in a sealed tube a t  120-130° for twenty-four hours with dightly 
more than two moles of di-n-butylamine. 

SUMMARY 

Nine cr.- (2-dialkylaminoethyl)-a-methyl arylmethanols have been prepared by 
the reaction of aryl Grignard reagents with 1-dialkylamino-3-butanones. Yields 
of only 5 3 3 %  were obtained due to aide reactions and to difficulties in purifica- 
tion of the final products. 

Los ANOELES, CALIF. 
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In  view of the reported antimalarial activity of ?-chloro-4-(4-diethylamino-l- 
methylbutylamino) quinoline (1) it was considered of interest to  prepare some 
cinnoline analogs of this quinoline drug. Such cinnoline drugs could be obtained 
from a 4-chlorocinnoline and an appropriate diamine. The 4-chlorocinnoline 
could be prepared from the corresponding 4-hydroxycinnoline. A survey of the 
cinnoline literature revealed, however, that  none of the methods which had been 
used for the preparation of 4-hydroxycinnolines (2, 3, 4, 5,  6) had been demon- 
strated to be capable of general application. The method used by Borsche and 
Herbert (3) for the preparation of 4-hydroxy-6-nitrocinnoline (I 3 11) offered 
most promise as a general method. 

O H  0 
O*N /I OzN 

HNOz CH3 _-> 
\ /  /"\ 0, SH2 

I I1 

The first step in the researches leading to  the desired cinnoline drugs was an 
investigation of the preparation of various substituted o-aminoacetophenones. 
The present paper describes the preparation of o-aminoacetophenones and 
o-aminopropiophenones. Subsequent papers will report the synthesis of cinno- 
lines from these ketones. 

Since the completion of these studies, a paper by Waters (7) and one by Simp- 
son, Atkinson, Schofield, and Stephenson (8) have presented the results of inves- 
tigations on t he preparation of substituted o-aminoacetophenones. In  these 
three parallel yet independent investigations, there has been some duplication 
which will be indicated in the course of the discussion. 

The method of Camps (9) for the nitration of acetophenone was modified to  
render i t  suitable for nitration of two- or three-mole quantities; m- and o-nitro- 
acetophenone were the products. Reduction of nitroacetophenones has usually 
been accomplished by chemical reagents : tin and hydrochloric acid for o-nitro- 

1 The work described in this paper was carried out under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the University of Illinois. 

2 Present address: Jackson Laboratory, Organic Chemicals Department, E. I. duPont de 
Nemours and Co., Wilmington, Delaware. 
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acetophenones, and iron and acetic acid for m-nitroacetophenones. Catalytic 
hydrogenation has been employed in a few instances (10,11,12,13,14). -4 com- 
parison of three methods of reduction of o-nitroacetophenone to o-aminoacetophe- 
none (tin and hydrochloric acid, hydrogen over platinum oxide, hydrogen over 
Raney nickel) has indicated that hydrogenation over platinum oxide is the most 
efficient. Reduction of nz-nitroacetophenone by these three methods and by 
means of iron and acetic acid produced m-aminoacetophenone in equivalent 
yields. In the presence of Raney nickel the hydrogenation of m-nitroacetophe- 
none may proceed to m-aminophenylmethylcarbinol. The rate of hydrogenation 
of the nitro group is greater than that of the carbonyl group; hence, the reduction 
can be interrupted readily at the m-aminoacetophenone stage. Marvel and 
Overberger (15) have recently reported the preparation of m-aminophenylmet hyl- 
carbinol in a forty-seven per cent yield by a two state reduction of m-nitroaceto- 
phenone. The direct hydrogenation over Raney nickel gave a yield of seventy- 
five per cent. 

Nitration of o-acetaminoacetophenone, followed by hydrolysis of the interme- 
diate, resulted in the formation of 2-amino-5-nitroacetophenone (3), which has 
also been obtained by Simpson et ai. (8) in seventy-four per cent yield by the 
same procedure. 2-Amino-3,5-dibromoacetophenone and 2-acetaminod-bromo- 
acetophenone were obtained by the methods of Fuchs (16) and Gibson and Levin 
(17), respectively. 

Nitration of m-acetaminoacetophenone afforded 3-acetamino-2-nitroacetophe- 
none, m.p. 167-168', and 5-acetamino-2-nitroacetophenone, m.p. 149-150", in a 
yield ratio of 2.5 to 1. The same isomers were obtained by Simpson and his co- 
workers (8), although the proportionate yields were reversed. All three of the 
expected mononitration products were obtained by Waters (7) in the reaction of 
m-acetaminoaetophenone with a solution of acetic and fuming nitric acids. The 
structures of these isomeric nitration products have been determined adequately. 
The present contribution provides an independent proof of the structures of two 
of the mononitration isomers from m-acetaminoacetophenone and describes the 
interrelation of the nitration products of m- and o-acetaminoacetophenones by a 
method different from that employed by Simpson. The isomer melting at 
149-150" was proved to  be 5-acetamino-2-nitroacetophenone by the fact that 
reduction followed by acetylation gave a diacetaminoacetophenone identical 
with the product (m.p. 195-196') obtained by reduction and subsequent acetyla- 
tion of 2-acetamino-5-nitroacetophenone. When the isomer melting at 167-168' 
was reduced and the reduction product was acetylated, a diacetaminoacetophe- 
none (m.p. 210-211') was obtained which was not identical with that obtained 
(m.p. 228-229') when 4-acetamino-3-nitroacetophenone was treated in the same 
manner. Yet the product obtained by acid hydrolysis of the diacetaminoaceto- 
phenone behaved chemically like an o-phenylenediamine type compound. It was 
assumed, therefore, that the isomer of m.p. 167-168" was 3-acetamino-2-nitro- 
acetophenone. The direct structure proof by Waters (7) indicates that this 
assumption was valid. 
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m-Chloroacetophenone was obtained from m-aminoacetophenone by the 
Sandmeyer reaction. Nitration of this compound gave a mixture of isomers 
from which 5-chloro-2-nitroacetophenone was isolated with ease. Catalytic 
hydrogenation produced 2-amino-5-chloroacetophenone. Simpson (8) isolated 
both 5-chloro-2-nitro- and 3-chloro-2-nitro-acetophenone from the nitration of 
m-chloroacetophenone. m-Iodoacetophenone was also obtained from m-amino- 
acetophenone via the diazonium salt. From the crude nitration product of 
m-iodoacetophenone, one isomer was readily isolated and was assumed to be 
5-iodo-2-nitroacetophenone by analogy with the nitration of m-chloro- and 
m-bromo-acetophenone. Reduction of the nitro compound was effected cata- 
lytically. 

None of the recorded substitution reactions of o-aminoacetophenone leads to 
the formation of a 2-aminoacetophenone bearing a substituent in the 4-position, 
or the position isomer necessary for the preparation of 7-aubstituted cinnolines. 
2-Amino-4-chloroacetophenone has been prepared by two methods. 2,4-Di- 
chloroacetophenone was obtained by a Friedel-Crafh acetylation of m-dichloro- 
benzene and subjected to ammonolysis under pressure. The desired product 
was realized in low yield, along with some 2,4-diaminoacetophenone. 2-Amino- 
4-chloroacetophenone was prepared in a more satisfactory yield by reduction of 
2-nitro-4-chloroacetophenone obtained by an acetoacetic ester condensation. 
4-Chloro-2-nitrobenzoyl chloride was allowed to condense with the sodium salt 
of ethyl acetoacetate. The removal of the acetyl group from the condensation 
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product by hydrolysis in ethanolic sulfuric acid was followed by the removal of 
the carbethoxy group in aqueous.acid. When this preliminary cleavage of the 
acetyl group was not effected, the carbethoxy group was removed first to  give 
4-chloro-2-nitrobenzoylacetone. 

H,O/H,SO~ 7 

/ 
C 0 0 CIHO 

Kermack and Smith (18) prepared o-nitroacetophenone and o-nitrobenzoylace- 
tone by similar reactions from o-nitrobenzoyl chloride. 

At the same time that the above two methods of preparing 2-amino-4-chloro- 
acetophenone were being investigated, a third approach, utilizing p-chloroace- 
tophenone, waa studied. This compound wm nitrated by the method of Le- 
FBvre and LeFBvre (19). 4-Chloro-3-nitroacetophenone, upon hydrogenation 
over platinum oxide, gave the expected 3-amino-4-chloroacetophenone and a pale 
orange material of composition ClaH&l,N203, but of undetermined structure. 
When the reduction was carried out with iron and acetic acid, 3-amino-4-chloro- 
acetophenone waa the only product. 3-Acetamino-4-chloroacetophenone was 
nitrated t o  produce 5-acetamino4-chloro-2(?)-nitroacetophenone. It was 
expected that deamination of this compound would yield the desired 4-chloro-2- 
nitroacetophenone, but the nitration product waa not further investigated since 
the acetoacetic ester method mentioned above had been developed by this time. 
3-Amino-4-chloroacetophenone was converted by means of the Sandmeyer 

reaction of 3,4-dichloroacetophenone. Roberts and Turner (20) prepared this 
compound by the acetylation of o-dichlorobenzene and nitrated it to obtain a 
compound to  which they assigned the structure 3,4-dichloro-2-nitroacetophe- 
none. An attempt to duplicate the nitration described by Roberts and Turner 
waa not successful. 

2-Amino-1-acetonaphthone was prepared by the nuclear acetylation of acet-2- 
naphthalide aa described by Ott and Levy (21). It was believed that p-chloro- 
acetanilide might undergo nuclear acetylation in the presence of aluminum 
chloride to produce 2-acetamino-5-chloroacetophenone. Kunckell (22, 23, 24) 
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had carried out acetylations of this type with a variety of substituted acetani- 
lides. However, numerous attempts to bring about the desired reaction were 
without success. 

In  order to prepare cinnoline analogs of Santochin via substituted o-aminopro- 
piophenones, propiophenone waa nitrated by a modification of the method of 
Elson, (Gibson, and Johnson (25). The o- and m-nitropropiophenones were 
separated, and the ortho isomer was hydrogenated and converted to the acetyl 
derivative. Bromination and nitration of o-acetaminopropiophenone gave a 
monobromo and a mononitro derivative. By analogy with the reactions of 
o-acetarninoacetophenone, it was assumed that substitution occurred at the 
5-position, 

NO2 '3 / , COEt c @;;; -+ B r @ Z  + Br@OEt 

NHAC HS 

EXPERIMENTAL3 

A-itration of acetophenone. The method used is a modification of that  of Camps (9) .  
Four pounds of nitric acid (sp. g. 1.50) was cooled t o  -20" and 300 g. (2.5 moles) of aceto- 

phenone mas added dropwise over a period of 0.5 hr. The temperature was maintained 
between -15" and -8" during the addition. The resulting clear solution was stirred for 
one hour a t  -10" to  -15" and then poured onto 4 1. of crushed ice. The crude m-nitroaceto- 
phenone separated as a pale yellow crystalline mush. The filtrate was rendered alkaline 
with sodium carboneke, and the oil which separated was removed by extraction with ether. 
After drying and removal of the ether, the residue was distilled under diminished pressure. 
A sizable forerun mas collected, and then the nitroacetophenones distilled at 133-135" 
(4 mm.). This distillate was cooled in an ice-bath, and the meta isomer which separated 
was removed. The yield of the crude ortho isomer was 120 g. The two portions of m-nitro- 
acetophenone were combined and recrystallized from ethanol. The yield was 197 g. of 
stout, pale yellow prisms melting a t  7&79". Redistillation of the above fore-run afforded 
32.7 g of acetophenone boiling at  70-71" ( 3  mm.); n: 1.5328. The yield of nitroaceto- 
phenoner,, based on the amount of unrecovered acetophenone was 89%: that of the impure 
ortho isomer was 33.6y0 and that of the meta isomer 55.4%. 

Reduction of o-nitroacetophenone 
Tan and hydrochloric acid. Reduction with tin and hydrochloric acid by the method of 

Camps (!3) gave a 67.7y0 yield of o-aminoacetophenone boiling a t  130" (12 mm.). 
CataZ~tic hydrogenation. Four samples of 33 g. and one sample of 29 g. of o-nitroaceto- 

phenone were hydrogenated in an Adams machine (26) at  room temperature and 2-3 atm. 
pressure. In  each case 150 cc. of absolute ethanol was used as solvent and 0.2 g. of platinum 
oxide as catalyst. The absorption of hydrogen was so rapid that  it was necessary t o  inter- 
rupt the hydrogenation at intervals t o  prevent the temperature from becoming too high, 
The catalyst was removed and the ethanolic filtrates were combined and dried over an- 
hydrous sodium sulfate. The drying agent was removed and the solvent distilled. The 
residue, when subjected to  distillation at  reduced pressure, afforded 103.4 g. (78.4%) of 
o-aminoacetophenone boiling a t  113" (6 mm.). 

3 All melting points are corrected for both emergent stem and thermometer errors. Boil- 
ing points are not corrected. Analyses n-ere performed by Miss Theta Spoor, Miss Lillian 
Hruda, and Mr. Howard Clark. 
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When the hydrogenation was carried out over Raney nickel, using absolute ethanol as 
the solvent, the absorption of hydrogen proceeded at a much slower rate. A 75.3% yield 
of product boiling at  103-105' (1 mm.) was obtained. An attempt t o  carry out the hydro- 
genation using Raney nickel as catalyst and a 2:l mixture of ethyl ether and absolute 
ethanol as the solvent resulted in incomplete reduction of the nitro group. 

d-Amino-S,5-dibromoacetophenone. o-Aminoacetophenone waa brominated in glacial 
acetic acid by the method of Fuchs (16). A 65% yield of material melting at 123-124' was 
obtained. 

o-Acetaminoacetophenone. Five grams of o-aminoacetophenone waa dissolved in 10 cc. 
of acetic anhydride and allowed to  stand at  room temperature for three hours. The clear 
solution was poured onto 100 cc. of crushed ice and allowed t o  stand until all of the excess 
acetic anhydride had been hydrolyzed. The white precipitate was removed and dried a t  
room temperature. The yield was 6.3 g. (96%) of material melting a t  74-75'. 

When the acetic anhydride and o-aminoacetophenone were allowed t o  stand together 
for more than three hours the yield of the acetylated product was decreased. 

d-Acetamino-5-bromoacetophenone. o-Acetaminoacetophenone (62.0 g., 0.35 mole) was 
brominated by the procedure of Gibson and Levin (17). After recrystallization from 
ethanol the product formed white threads melting a t  158-159'. The yield was 80.4 g. 

Nitration of o-acetaminoacetophenone. To a well-stirred mixture of 30 cc. of nitric acid 
(d. 1.42) and 30 cc. of sulfuric acid (d. 1.84) was added in portions 10.2 g. of o-acetamino- 
acetophenone. The temperature was maintained between 15" and 20" during the addition 
and for thirty minutes thereafter. The clear red-brown solution was poured onto 300 cc. 
of crushed ice, and the resulting light yellow precipitate was removed. Fractional crystal- 
lization from ethanol furnished u more soluble solid (A) (1.3 9.) which melted at  152-153' 
after two recrystallizations from benzene followed by two from benzene-petroleum ether,' 
and a less soluble solid (B) (8.0 9.) which melted likewise a t  152-153" after three further 
recrystallizations from ethanol. A mixture of A and B melted at 115-125'; A was soluble 
in mineral acids, B was not. Analysis of A showed that  it was 2-amino-5-nitroaceto- 
phenone (3). 

Anal. Calc'd for CsHsN20a: C, 53.33; H,  4.48. 
Found: C, 53.62; H, 4.58. 

Compound B was 2-acetamino-5-nitroacetophenone (3), which gave A on acid hydrolysis. 
When the crude nitration product was hydrolyzed by heating under reflux in 6 '4- hydro- 

(89.2%). 

chloric acid solution, 2-amino-5-nitroacetophenone was obtained in 57% yield. 

Reduction of m-nitroacetophenone 

Tin and hydrochloric acid. The reduction of 127 g. (0.77 mole) of m-nitroacetophenone 
by the method of Camps (9) gave a yield of 86 g. (82.6%) of the amine melting at 97-99'. 

Iron and acetic acid. Reduct,ion of 60 g. (0.364 mole) of the nitro compound by the 
method of Morgan and Moss (27) gave a yield of 41 g. (83.7%) of the amine melting a t  
95-96'. 

Hydrogenation i n  presence of platinum oxide. The hydrogenation was carried out on an 
Adams machine in the usual manner. The reaction mixture consisted of 16.5 g. (0.10 mole) 
of m-nitroacetophenone, 150 cc. of absolute ethanol, and 0.10 g. of platinum oxide. The 
absorption of hydrogen was very rapid. The catalyst was removed, and the filtrate was 
concentrated to  a volume of ca. 30 cc. on the steam-cone. The residue was diluted with 
200 cc. of water, heated to  the boil, treated with charcoal, and filtered hot. The filtrate 
was cooled in an ice-bath and the precipitate removed. The filtrate was concentrated to 
a volume of ca. 100 cc. and again treated with charcoal and filtered. The crystals obtained 
by cooling the filtrate were added to  the bulk of the product. The product melted s t  95- 

The petroleum ether used throughout these studies had the boiling range 90-110" 
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96". In four runs of this type the yields were 12.6 g., 11.9 g., 12.7 g., and 11.1 g., or, respec- 
tively, 93.50/,, 88.3%, 94.2%, and 82.3%. 

Hydrogenation in presence of Raney nickel. The hydrogenation and isolation of the 
product were carried out in the manner described in the preceding section. About 5 g. of 
Raney nickel was used for 0.10 mole of the nitro compound. The absorption of hydrogen 
was very slow, about sixteen hours being required for the completion of the reduction. 
The yield was 11.2 g. (83%) of product melting at 98-99'. 

A large scale hydrogenation of the nitro compound was carried out as follows: A mixture 
of 300 g. of m-nitroacetophenone, 700 cc. of absolute ethanol, and 30 g. of Raney nickel 
was placed in a high-pressure hydrogenation apparatus. The initial pressure was 1700 Ib., 
and the temperature was 50". The theoretical quantity of hydrogen was absorbed over a 
period of 4.5 hr., during which the temperature rose to  73". The catalyst was removed and 
the solvent evaporated under diminished pressure. The residue was suspended in 1 liter of 
water and 150 cc. of concentrated hydrochloric acid. The mixture was heated to  ca. go", 
treated with charcoal, and filtered. The filtrate was rendered alkaline with aqueous sodium 
hydroxide and the solid product was recrystallized from a mixture of benzene and petroleum 
ether containing just sufficient ethanol t o  effect complete solution of the amine. The fine 
granules had a slight brown tinge and melted a t  98-99", The yield was 180 g. (73%). 

m-Aminophenylmethylcarbinol. In  one attempted large scale reduction of m-nitroaceto- 
phenone, an Adams machine was connected directly to  a large low-pressure tank of hydro- 
gen, and the gas was admitted t o  the reaction mixture until no more was absorbed. The 
reaction mixture consisted of 165 g. (1.0 mole) of m-nitroacetophenone, 1 liter of 95% 
ethanol, and 25 g. of Raney nickel. The catalyst was removed and the solvent distilled. 
The reeidue was recrystallized from water, in which it was fairly soluble. The yield was 
101 g. (75%) of a compound melting a t  67". A sample recrystallized from benzene for 
analysis formed small colorless plates melting a t  68-69'. 

Anal .  Calc'd for C8H11NO: C, 70.04; H, 8.08. 
Found: C, 70.21; H, 8.14. 

m-Aretoaminoacetophenone. A solution of 60 g. (0.445 mole) of m-aminoacetophenone 
in 200 cc. of benzene was heated under reflux while 55 cc. of acetic anhydride was added 
dropwise. The solution was treated with charcoal and filtered hot. Cooling of the filtrate 
gave 71 g. (90%) of product melting a t  127-128". 

h'itrution of m-acetaminoacetophenone. m-Acetaminoacetopbenone (50 9.) was added 
in portions to  250 cc. of nitric acid (d.  1.50) a t  temperatures below 0". The clear solution 
was stirred an additional fifteen minutes at 0" and then poured onto ca. 800 cc. of ice. The 
clear yellow solution was rendered alkaline with sodium carbonate, and the precipitated 
product was recrystallized twice from ethanol. Twenty-five grams of 3-acetamino-2- 
nitroacetophenone, m.p. 16&169", was collected. Concentration of the ethanolic filtrates 
furnished a second product, shown below t o  be 5-acetamino-2-nitroacetophenone. After 
three recrystallizations from benzene-ethanol solution, the weight of this product was 
reduced to  10 g. and the melting point was raised to  149-150". 

Anal .  Calc'd for ClaHloN20c: C, 54.05; 13, 4.54; N, 12.61. 
Found: (3-acetamino-2-nitroacetophenone) : C ,  54.12; H, 4.64; N, 12.57. 
Found: (5-acetamino-2-nitroacetophenone) : C ,  53.88; H, 4.56; N, 12.61. 

Amirionitroacetophenones. The acetaminonitroacetophenones were hydrolyzed by heat- 
ing in 6 A* hydrochloric acid until a clear solution resulted. The amines were isolated by 
filtration after the hydrolysis solutions were rendered alkaline. 3-Amino-%nitroaceto- 
phenone was obtained as golden microcrystals, m.p. 93-93.5", from benzene, and 6-amino-l- 
nitroacetophenone gave light yellow needles, m.p. 152-153", when recrystallized from ben- 
zene-et hanol. 

Anal .  Calc'd for CsHsNtOs: C, 53.33; H, 4.48; N, 15.55. 
Found (3-amino-2-nitroacetophenone) : C, 53.50; H, 4.44; N, 15.62. 
Found (5-amino-2-nitroacetophenone) : C ,  53.18; H, 4.64; N, 15.68. 

Acetaminoaminoacetophenones. The two acetaminonitroacetophenones were separately 
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subjected t o  hydrogenation over platinum oxide. 3-Acetamino-2-aminoacetophenone 
formed stout needles, m.p. 169-170". 5-Acetamino-2-aminoacetophenone melted a t  175". 

Anal. Calc'd for CloHlzNzO2: C, 62.48; H, 6.30. 
Found (3-acetamino-2-aminoacetophenone) : C, 62.45; H, 6.49. 
Found (5-acetamino-2-aminoacetophenone) : C, 62.52; H, 6.57. 

Diacetaminoacetophenones. The acetaminoaminoacetophenones were acetylated with 
acetic anhydride in boiling benzene. After three recrystallizations from aqueous ethanol, 
d,9-diacetaminoacetophenone formed colorless microcrystals melting a t  210-211", d ,5 -d i -  
acetaminoacetophenone, after one recrystallization from aqueous ethanol, melted at 195- 
196". 

Anal. Calc'd for C12Hl4?rT20a: C, 61.52; H, 6.02. 
Found (2,3-isomer): C. 61.49; H, 6.21. 
Found (2,5-isomer): C, 61.73; H, 6.27. 

2-Acetamino-5-aminoacetophenone. 2-Acetamino-5-nitroacetophenone was hydrogen- 
ated over platinum oxide in the usual manner. The product after three recrystallizations 
from ethanol-benzene formed microcrystals melting at  165-166'. 

Anal. 

2,5-Diacetaminoacetophenone. 2-Acetamino-5-aminoacetophenone was acetylated in 
benzene solution x i th  acetic anhydride. The authentic 2,5-diacetaminoacetophenone 
melted a t  195-196" and gave no depression of melting point when mixed with the compound 
of m.p. 195-196' designated above as 2,5-diacetaminoacetophenone. This definitely 
characterizes the compound from which it was obtained, i.e., the nitration product of 
m-acetaminoacetophenone melticg a t  149-150", as 5-acetamino-2-nitroacetophenone. 

4-Acetamino-9-nitroacetophenone. p--4cetaminoacetophenone was prepared from 
p-aminoacetophenone by the method of Kaufmann (28). The product melted at  174-175". 
The nitration was carried out by the procedure of Gibson and Levin (17). The product 
after recrystallization from ethanol formed yellow crystals melting at 139". 

4-Acetamino-3-aminoacetophenone. 4-Acetamino-3-nitroacetophenone (4.0 g.) was hy- 
drogenated over platinum oxide in the usual manner. The product, after isolation from 
the reaction mixture and recrystallization from a mixture of ethanol and benzene, formed 
white threads melting at  179-180'. The yield &-as 2.9 g. (84%). 

Calc'd for C I O H ~ ~ N ~ O Z :  C, 62.48; H ,  6.30; N, 14.58. 
Found: C, 62.39; H,  6.34; K,  14.71. 

Anal. 

3,,$-Diaeetaminoacetophenone. A small amount of the amine was dissolved in a mixture 
of benzene and ethyl acetate a t  l,he boil and acetylated by the addition of 5 cc. of acetic 
anhydride. The precipitate which appeared when the reaction mixture was cooled was 
recrystallized from ethanol. The compound formed fine white threads melting at  228-229". 
Anal. Calc'd for  CI,IIl,S20s: C, 61.52; H, 6.02. 

Found: C, 61.91; H, 6.5!5. 
?)~-Chloroacetophenone. This compound was obtained from m-aminoacetophenone by 

means of a Sandnieyer reaction. The yield was 56.6 g. (82.5%); b.p. 80" (2.5 nun.); ng 
1.5494. 

5-Chloro-2-nitioacetophenone. Kitration of m-chloroacetophenone produced 5-chloro-2- 
nitroacetophenone in 49.6% yield as white needles, m.p. 6242.5". 

Anal. Calc'd for CsH6C1K03: C, 48.14; H,  3.03; N, 7.02. 
Found: C, 48.37; H, 3.04; Pi. 7.20. 

%Amino-5-chlo~oacetophenone. Hydrogenation of 5-chloro-2-nitroacetophenone was 
carried out in ethanol solution over platinum oxide. A 547, yield of 2-amino-5-chloro- 
acetophenone, m.p. 65-66', was obtained. 

Calc'd for C1~H12N202: C, 62.48; H, 6.30. 
Found: C, 62.32; H, 6.33. 

Anal. Calc'd for CsHBCINO: C, 56.65; H, 4.75; X, 8.26. 
Found: C, 56.61; H,  4.82; N, 8.60. 

m-lodoacetophenone. This compound was prepared by the method of Evans, Morgan, 
and Watson (29) in a yield of 53%; b.p. 117" (4 mm.); n: 1.6220. 
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6-lodo-g-r~itroaceiopltenolze. One pound of nitric acid (sp. g. 1.19-1.50) was cooled to  0" 
in an ice-salt bath, and 48.0 g. (0.0195 mole) of m-iodoacetophenone was added a t  such a 
rate that the temperature did not exceed 0". The solution was stirred an additional twenty 
minutes a t  0" and was then poured onto 1 liter of crushed ice. After three recrystallizations 
from ethanol and one from a mixture of benzene and petroleum ether the compound formed 
stout ceedles with a green tinge. The yield was 22.5 g. (407,) of material melting at 140- 
141'. 

L 

A7lUE. 

~-Ankino-6-iodoacetophenone. 5-Iodo-2-nitroacetophenone (29.1 g., 0.10 mole) was 
hydrogenated over platinum oxide in the usual fashion. The catalyst was removed and 
the filtrate cooled in  an ice-bath. Addition of 150 cc. of concentrated hydrochloric acid 
caused the precipitation of the amine hydrochloride. This was removed and slurried with 
aqueou,s sodium carbonate to  regenerate the free m i n e .  After two recrystallizations from 
a mixture of benzene and petroleum ether the product melted a t  98.5-99". The yield was 

Calc'd for CRHJNO~:  C, 33.01; ET, 2.08; PS, 4.81. 
Found: C, 33.07; H ,  2.10; N, 4.87. 

16.5 g. (63.27,). 
Anal. Calc'd for CBHBIPSO: C, 36.80; H, 3.09; S ,  5.37. 

Found: C, 36.95; H, 3.10; PS, 5.41. 
The amine formed an acetyl derivative which melted at 176-176.5'. 
Anal. Calc'd for CloHloINOz: C, 39.99; H, 3.33; N, 4.63. 

Found: C, 39.75; H, 3.32; N, 4.79. 
2,Q-Dichloroacetophenone. The procedure employed in this preparation is a modification 

of that used by Roberts and Turner (20) for the preparation of 3,4-dichloroacetophenone. 
To a mixture of 100 g. (0.68 mole) of ni-dichlorobenzene (Eastman) and 100 g. of an- 

hydroug aluminum chloride was added 50 g. of acetyl chloride over a period of an hour. 
The syritem was then heated a t  100" while an additional 25 g. of acetyl chloride was added 
over a period of an hour. The mixture was stirred an additional two and one-half hours a t  
IOO", allowed to  cool somewhat, and poured onto 2 1. of ice. The oil which separated was 
removed by extraction with ether. The ether extracts were combined and washed twice 
with water, once with aqueous sodium hydroxide, and again with water until the washings 
were neutral to  litmus. The ether solution was dried over magnesium sulfate, filtered, and 
the ether was removed. The residue was distilled under diminished pressure through an 
18 in. Widmer column. The fraction boiling a t  104-105° (5 mm.) was collected. The weight 
was 79 g. (62%); n: 1.5640. Johnston (30) gave n: 1.5642. 

Ainnionolysis of &',,$-dichloroacetophenone. The procedure used was a modification of 
that described in a German patent (31) for the ammonolysis of 2,4-dichlorobenzoic acid. 

A mixture of 20.0 g. (0.105 mole) of 2,4-dichloroacetophenone, 90 cc. of 28Y0 aqueous 
ammonia, and 0.5 g. of copper-bronze was placed in a pressure bomb and heated, with 
agitation, a t  120' for 48 hr. The oily product was extracted with ether and the extracts 
filtered t o  remove suspended copper-bronze. Extraction of the ether solution with 4 h' 
hydrochloric acid caused the separation of an oil (A) from the aqueous layer (B). The 
ether layer (C) was dried over magnesium sulfate. The oil (A) became partially solid 
upon sanding  in the aqueous solution, but resisted all attempts a t  purification. The 
aqueous extract (B) was cooled in an ice-bath and rendered alkaline with aqueous sodium 
hydrox,ide. An oil separated and was removed by extraction with ether. After drying 
over m,qpesium sulfate, the ether was removed, and the oily residue was dissolved in a 
mixture of benzene and petroleum ether. Crystals appeared in the solution after it had 
been allowed to  stand overnight. These crystals were recrystallized three times from 
benzene-petroleum ether, whereupon about 1 g. of fine white needles melting a t  136-137' 
was obtained. This material had the composition of d,4-diaminoacetophenone. 

Anal.  

The (drying agent was removed from the ether solution (C), and the ether was removed 
by distillation. A residue remained which solidified upon cooling. After three recrystalli- 

Calc'd for CsHloNzO: C, 63.98; H, 6.71. 
Found: C, 63.94; H, 6.60. 



d l 4  KEJX3OR' J. LEOKARD AND SAMUEL N. BOYD, JR. 

zations from a mixture of benzene and petroleum ether, 1.9 g. (11%) of 8-amino-4-chloro- 
acetophenone melting at 90" was obtained. 

Anal. Calc'd for CsHsClNO: C, 56.65; H, 4.75. 
Found: C, 56.45; H, 4.84. 

4-Chloro-d-nitrobenzoic acid. One hundred grams (0.58 mole) of 4-chloro-2-nitrotoluene 
(Eastman, practical grade) was dissolved in 500 cc. of pyridine and 390 cc. of water. The 
solution was heated on the steam-cone under reflux while six 43-g. portions of potassium 
permanganate were added at intervals of one hour. The heating was continued for an 
additional hour. The manganese dioxide was filtered and sucked as dry as possible on the 
filter. The water and pyridine were removed from the filtrate by evaporation under 
diminished pressure. The residue was treated with excess aqueous sodium hydroxide and 
a separatory funnel was utilized to remove the oil which waa present. The oil was crystal- 
lized from alcohol and proved to  be the starting chloronitrotoluene (33 g.). The alkaline 
aqueous solution was acidified with hydrochloric acid, and the crystalline mush was re- 
moved and dried. The yield was 56.5 g. of material melting at 138-140". The yield based 
on unrecovered starting material was 62.5%. 

4-Chloro3-nitrobenzoyl chloride. A mixture of 100 g. (0.50 mole) of 4-chloro-2-nitro- 
benzoic acid and 110 g. of phosphorus pentachloride ww gradually raised to  95" while as 
much as possible of the phosphorus oxychloride was removed under diminished pressure. 
The acid chloride was dissolved in 250 cc. of benzene, charcoal was added, and the mixture 
was filtered. The acid chloride was utilized as its benzene solution in subsequent reactions. 

Sodium salt of ethyl 4-chZoro-2-nitrobenzoyEacetoacetate. A solution of sodium ethoxide 
was prepared by dissolving 35 g. (1.56 moles) of sodium in 600 cc. of absolute ethanol. 
One-half of this solution was cooled in an ice-salt bath, and 100 g. (0.77 mole) of acetoacetic 
ester was added. The temperature W,M maintained below 5" while one-half of the above 
benzene solution of 4-chloro-2-nitrobenzoyl chloride was added dropwise over a period of 
forty-five minutes. One-half of the remaining sodium ethoxide solution was added all at 
once, and one-half of the remaining acid chloride solution over a period of forty-five min- 
utes. The remaining portions of the two solutions were added t o  the system in the same 
manner. A yellow solid precipitated in the reaction mixture as the addition of the acid 
chloride progressed. The mixture was allowed t o  stand a t  room temperature for four hours. 
The solid was removed by filtration and washed three times with ether. The yield was 
172 g. of the crude condensation product. 

4-Chloro-d-nitrobenzoyEacetone. One-half of the crude condensation product from the 
preceding reaction was dissolved in 450 cc. of 4 N hydrochloric acid and heated under reflux 
for eight hours. The resulting brown oil was removed by extraction with ether. After 
drying and removal of the ether, the oily residue was dissolved in  benzene, treated with 
charcoal, and filtered. The filtrate was cooled in  an ice-bath and diluted with petroleum 
ether. The solid which precipitated was  washed on the filter with petroleum ether. The 
compound dissolved completely in aqueous sodium hydroxide to  give a bright red solution. 
This solution was acidified with acetic acid and the precipitated solid, after two recrystal- 
lizations from benzene-petroleuni ether, formed small shimmering plates melting at 79". 
The yield was 13.8 g. or 23% based on the quantity of 4-chloro-2-nitrobenzoic acid employed. 

Anal. Calc'd for C1oH&1NO4: C, 40.70; H, 3.34; N, 5.80. 
Found: C, 49.70; H, 3.43; h' 5.85. 

4-Chloro-2-nitroacetophenone. The hydrolytic procedure used here is a modification of 
that employed by Kermack and Smith (18) for the preparation of o-nitroacetophenone. 

4-Chloro-2-nitrobenzoic acid (I16 g,)  was converted to  the sodium salt of ethyl 4-chloro- 
2-nitrobenzoylacetoacetate in the manner described above. The latter compound was not 
isolated from the alcoholic reaction medium, but 150 cc. of concentrated sulfuric acid was 
added and the system heated under reflux for twelve hours. At the end of this time 1 liter 
of water Tas added and the mixture subjected to  distillation until 1 liter of distillate had 
been collected. A large amount of oil suspended in a colorless solution remained in the 
distilling flask. The oil was removed by extraction with ether, and dried over magnesium 
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sulfate. After removal of the drying agent and ether the residue was distilled under dimin- 
ished pressure. A yellow oil distilling at  157" (9 mm.) was collected. The oil solidified 
upon standing at room temperature and remelted at 44'. The yield u'as 70 g. (61% based 
on the chloronitrobenzoic acid used). 

Anal. Calc'd for CsHICINOs: C, 48.14; H, 3.03. 
Found: C, 48.39; H, 3.04. 

I-Amino-4-chloroacetophenone. 4-Chloro-2-nitroacetophenone (40 g., 0.20 mole) was dis- 
solved in 100 cc. of absolute ethanol; 0.20 g. of platinum oxide was added and the hydrogena- 
tion was carried out on an Adams machine in the usual manner. The catalyst waa removed 
by filtration, and 100 cc. of concentrated hydrochloric acid was added t o  the filtrate. The 
thick crystalline mush of the amine hydrochloride was removed and the free base regen- 
erated by slurrying with aqueous sodium carbonate. After recrystallization from a mixture 
of benzene and petroleum ether the product weighed 21.7 g. (64.2% yield) and melted 
at 90-91 '. 

The amine formed an acetyl derivative which melted at 152-153'. 
Anal. Calc'd for C1JIloC1NO2: C, 57.18; H, 4.74; N, 6.63. 

Found: C, 56.70; H, 4.82; N, 6.60. 
p-Chloroacetophenone. This compound was prepared by the method described in "Or- 

ganic Syntheses" (32). The product boiled at 99-100' (5 mm.). 
4-Chioro-3-nitroacetophenone. p-Chloroacetophenone was nitrated by the method of Le 

FBvre and Le FBvre (19). The product formed white needles melting at 99-100'. 
Reduction of 4-chloro-3-nitroacetophenone. A mixture of 15.0 g. (0.075 mole) of the nitro 

compound, 150 cc. of absolute ethanol, and 0.075 g. of platinum oxide was subjected t o  
hydrogenation. The catalyst was removed by filtration and the solvent by evaporation. 
The residue was slurried with excess dilute hydrochloric acid, and an insoluble substance 
was removed. The filtrate was rendered alkaline with sodium carbonate, and the free 
amine was recrystallized from a mixture of benzene and petroleum ether. The yield of 
3-amino-4-chloroacetophenone was 6.7 g. (5395) of white needles melting a t  109". 

Anal. Calc'd for C8HBCINO: C, 56.65; HI 4.75; N, 8.26. 
Found: C, 56.66; H, 4.93; N, 8.20. 

The acid-insoluble hydrogenation product after two crystallizations from ethanol formed 

Anal. Calc'd for ClsH&l,N20s: C, 54.72; H, 3.61; C1,20.19; N, 7.98. 
Found: C, 54.98; H, 3.50; C1,20.43; N, 7.29. 

A mixture of 39.9 g. (0.20 mole) of 4-chloro-3-nitroacetophenone, 55 g. of 100-mesh iron 
powder, 11 cc. of glacial acetic acid, and 220 cc. of water u-as heated under reflux for one 
hour. The system was then cooled in an ice-bath and filtered. The filter-cake was ex- 
tracted with three 100-cc. portions of hot ethanol. The ethanol extracts were combined, 
heated l o  the boil, treated with charcoal, and filtered. The filtrate was concentrated t o  a 
volume of ca. 100 cc. and then cooled in nn ice-bath. The crystals consisted of 21.2 g. 
(60.2'3) of 3-amino-Q-chloroacetophenone melting a t  108-109'. 

The amine was acetylated in boiling benzene solution by the addition of acetic anhydride. 
After two recrystallizations from aqueous alcohol the 3-acetamino-4-chloroacetophenone 
melted ,at 123-124'. 

fine flesh-colored threads which melted a t  175-176'. 

Anal 

Kitration of 3-acetamino-4-chloroacetophenone. This compound (5.0 9.) was added gradu- 
ally t o  50 cc. of nitric acid ( d .  1.50) a t  temperatures below -5". The system was stirred 
for an additional 15 min. at -5 to  0" and was poured onto ca. 200 cc. of ice. The clear solu- 
tion wad rendered alkaline with sodium carbonate, and the resulting precipitate, after 
repeated recrystallization from benzene-petroleum ether, melted a t  176-177". The yield 
was 1 g. of very light yellow threads. The product has the composition of an acetamino- 
chloroniiroacetophenone. 

Calc'd for CloHloClNO2: C, 56.74; HI 4.79. 
Found: C, 56.71; H, 4.90. 

Anal. Calc'd for CloHeClNnOl: C, 46.97; H, 3.54. 
Found: C, 46.81; H, 3.84. 
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9,4-DichZoroacetophenone. 3-Amino-4-chloroacetophenone (21.2 g., 0.1% mole) dissolved 
in 100 cc. of water and 30 cc. of concentrated hydrochloric acid was diazotized at 5-10' by 
the addition of 25 cc. of a 5 N solution of sodium nitrite. A solution of cuprous chloride 
was prepared from 40 g. of cupric sulfate pentahydrate and this cuprous chloride solution 
was agitated and the diazonium chloride solution added to  i t  over a period of five minutes. 
A vigorous evolution of nitrogen occurred. The reaction mixture was allowed t o  stand a t  
room temperature overnight, and the orange solid was recrystallized from petroleum ether. 
The yield was 13.0 g. (55.6%) of material melting at 72-75". 

An attempt to  nitrate this product by the procedure of Roberts and Turner (20) yielded 
only a small amount of a brown tar from which nothing could be isolated. 

2-Amino-1-acetonaphthone. 'I!he method used here is that  of Ott  and Levy (21). 
2-Naphthylamine (71.5 g., 0.5 mole) w-as heated with 250 cc. of benzene to 75" and 56 g. 

(0.55 mole) of acetic anhydride was added at such a rate as to  maintain the system a t  a 
gentle reflux. The pink crystals were washed twice with cold benzene and twice with petro- 
leum ether. The yield was 85 g. of acetd-naphthalide melting a t  132-133'. 

A mixture of 18.5 g. (0.10 mole) of acet-2-naphthalide, 67 g. (0.50 mole) of anhydrous 
aluminum chloride and 370 cc. of carbon disulfide was cooled in an ice-bath while 9.3 g. 
(0.125 mole) of redistilled acetyl chloride was added over a period of 20 min. Stirring was 
continued for three hours, at which time the product had become too viscous t o  permit 
further stirring. The system was allowed to  stand overnight and was then heated under 
reflux for one hour. The mixture was chilled thoroughly and the carbon disulfide removed 
by decantation. Ice (300 g.) was added to  the mixture, and the system was al lomd t o  
stand for 1.5 hr. in the hood. Concentrated hydrochloric acid (100 cc.) was added, the 
mixture was heated on the steam-bath t o  expel any carbon disulfide, and then boiled vigor- 
ously for 1.5 hr. The resulting solution was cooled in an ice-bath, and the greenish pre- 
cipitate of the amine hydrochloride was removed by filtration. The free amine was ob- 
tained by treating the salt with aqueous sodium hydroxide. After crystallization from 
benzene the product formed sinall yellow plates melting at 108-109". The yield was 

Attempts to prepare 2-acetamino-6-chloroacetophenone by the Friedel-Crafts reaction. An 
attempt was made t o  carry out the nuclear acetylation of p-chlofoacetanilide by the method 
of Kunckell (22, 23, 24). Acetyl bromide was employed as the acylating agent in carbon 
disulfide medium. The p-chloroacetanilide vias recovered in good yield. The use of acetyl 
chloride in carbon disulfide, tetrachloroethane, or nitrobenzene likewise produced no 
acylation. 

Nitration of propiophenone. The procedure followed is a modification of that  of Elson, 
Gibson, and Johnson (25). 

Two pounds of nitric acid (d 1.50) was cooled between -15" and -8" in an ethanol-dry 
ice bath while 150 g. (1.12 moles) of propiophenone (Eastman) was added dropwise over a 
period of one hour. The mixture was stirred an additional hour between -30" and -20°, 
and the temperature was allowed t o  rise to  -10" over a period of one-half hour. The reac- 
tion mixture was poured onto ice, and the precipitated m-nitropropiophenone was removed 
by filtration and sucked as dry as possible on the filter. The filtrate was rendered alkaline 
with sodium carbonate and extracted with ether. The ether extracts were dried over 
magnesium sulfate, and the drying agent and solvent were removed. The crude o-nitro- 
propiophenone remained as an oil. The meta isomer was recrystallized from ethanol; the 
yield was 121 g. of white needles melting at 100-101". The alcoholic filtrate was evaporated 
under diminished pressure. The oily residue was added to  the above crude ortho isomer. 
The yield of crude o-nitropropiophenone was 71.8 g. 

o-Aminopropiophenone. A solution of 36.0 g. of the crude o-nitropropiophenone in 
150 cc. of ethanol was slurried with 5 g. of Raney nickel and heated t o  the boil. Charcoal 
was added and the mixture filtered. Eight grams of fresh Raney nickel was added t o  the 
filtrate and the mixture was subjected to  hydrogenation in the Adams machine. The cata- 
lyst was removed, concentrated hydrochloric acid (20 cc.) was added to  the filtrate, and 

7.5 g. (41%). 
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the solvent was removed by evaporation under diminished pressure. The residue was ren- 
dered alkaline with aqueous potassium hydroxide, and the mixture was subjected t o  steam 
distillation. The m i n e  was removed by extraction with ether, and the ether extracts 
were dried over magnesium sulfate. After removal of the drying agent and solvent the 
residue was distilled under diminished pressure. The fraction boiling a t  93" (0.8 mm.) was 
collected. The yield was 15.5 g. 

The amine was acetylated in the manner described for o-aminoacetophenone. The 
acety1 derivative melted at 70-71". 

6-Acetamino-6-bromopropiophenone. A solution of 8.0 g. (0.042 mole) of o-acetamino- 
propioplienone in 75 cc. of acetic acid and 75 cc. of water was stirred mechanically while a 
solution of 2.2 cc. of bromine in 42 cc. of acetic acid was added dropwise over a period of 
one hour. The mixture was stirred an additional hour, and the white precipitate was 
recrystallized from ethanol. The yield was 8.5 g. (75%) of fine white crystals melting a t  
188-189". 

Anal. 

A small amount of the product was heated in 6 N hydrochloric acid until a clear solution 
was obtained. The solution was treated with ammonia until alkaline and the free amine 
was crystallized from a mixture of benzene and petroleum ether. The 2-amino-5-bromo- 
propiophenone formed small light yellow prisms melting at  79-80'. 

Calc'd for C11Hl2BrTSO2: C, 48.90; H, 4.48; N, 5.19. 
Found: C, 49.19; H ,  4.46; N, 5.15. 

Anal. 

W-Acei!amino-5-nitropropiophenone. A mixture of 40 cc. of nitric acid (d .  1.42) and 40 cc. 
of sulfuric acid (d .  1.84) was cooled a t  -30' in an ethanol-dry ice bath while 10 g. (0.052 
mole) of o-acetaminopropiophenone was added. The temperature was allowed to  rise to  
-lo", and the mixture was stirred between --15" and -10" for one-half hour. Since a con- 
siderable amount of solid remained undissolved in the claret-colored solution, the ethanol- 
dry ice bath was replaced by an ice-bath, 'and stirring was continued between 0' and 5" 
for one hour. The resulting solution was poured onto 300 cc. of ice. The precipitate was 
washed with aqueous sodium bicarbonate until alkaline, and then washed free of alkali 
with wai er. After recrystallization from ethanol the product formed fine white needles 
melting a t  144-145". 

A n d .  

Calc'd for C8HIOBrNO: C, 47.39; H,  4.42; N, 6.14. 
Found: C, 47.54; H, 4.60; K, 6.02. 

The yield was 4.9 g.  (40'%). 
Calc'd for C11H12N204: C, 55.93; 13, 5.12; K, 11.86. 
Found: C, 55.99; H,  5.19; S, 11.81. 

SUMMARY 

A wide variety of substituted o-aminoacetophenones and related compounds 

Two new o-aminopropiophenones have been synthesized. 
Catalytic hydrogenation has been found to be generally applicable to  the 

URBANA, ILL. 

has been synthesized. 

selective reduction of nitroacetophenones. 
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In view of the antimalarial activity of 7-chloro-4-(4-diethylamino-l-methyl- 
buty1amino)quinoline (l), it was considered of interest t o  prepare cinnoline ana- 
logs of this quinoline drug. The present paper describes the preparation of 
7-chloro-4-(3-diethylaminopropylamino)cinnoline (SN-14,627)2 and 6-bromo- 
4-(3-diethylaminopropylamino)cinnoline (SN-14,554). In the course of the 
synthesis of these potential antimalarial drugs, the corresponding 4-hydroxycin- 

N H ( C H ~ ) ~ N ( C ~ H S ) Z  
I I 

NH( CH2)s N( C2H, )2 

SN-14,627 SN-14,554 
nolines were first prepared by the method of Borsche and Herbert (2). These 
investigators obtained 4-hydroxy-6-nitrocinnoline directly in a yield of eighty per 
cent when a solution of the diazonium salt from 2-amino-5-nitroacetophenone 
was allowed t o  stand overnight a t  room temperature and was then heated until 
the diazonium reaction had disappeared. 

0 - 
I I  
C-C& 

O Z N a  Nr C1 

OH 

The preparation of certain substituted o-aminoacetophenones has been 
described in the preceding paper (3). The following 4-hydroxycinnolines have 
been synthesized from these o-aminoacetophenones : 

OH OH OH 
I I I 

Br 
R = H, C1, Br, I, 

Y O z ,  NH2 
1 The work described in this paper was carried out under a contract, recommended by the 

Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the University of Illinois. 

9 The Survey Number, designated SN, refers to  the number assigned to  a drug by the 
Survey of Antimalarial Drugs. The activities of these compounds will be tabulated in a 
forthcoming monograph. 

41 9 
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In general, the aminoacetophenone was diazotized in either aqueous solution or 
acetic acid solution, and the solution of the diazonium salt was allowed to stand 
in the dark a t  room temperature until it no longer gave a diazo coupling reaction 
with p-naphthol. The time required for the completion of the cyclization under 
these conditions varied from a few days to two or three months. While the in- 
dividual preparations were not carried out under strictly comparable conditions, 
the reaction time appeared to be a function of the basicity of the original amine. 
The yield of cinnoline obtained likewise depended upon the character of the o- 
aminoacetophenone utilized in its preparation. In general, the less basic the 
aminoacetophenone, the shorter the time required for the cyclization and the 
greater the yield of the cinnoline. 

Since the completion of the work described in the present paper, two publica- 
tions by Schofield and Simpson (4,5) have appeared in the literature. The first 
of these papers describes the synthesis of 4-hydroxycinnolines by von Richter’s 
method from o-aminophenylpropiolic acids (6). The second paper describes the 
synthesis of the following 4-hydroxycinnolines by the Borsche-Herbert method 
from o-aminoacetophenonee : 

OH OH 

R 
R = H, C1, Br, CN, NOz R = C1, Br 

In the preparation of 4-hydroxycinnoline and 6-bromo-, 6-chloro-, and 6-nitro-4- 
hydroxycinnolines, there have been some duplications in the investigations of 
Schofield and Simpson and those of the present authors, but there have also been 
sufficient variations in the procedures employed to warrant present discussion. 
In the 4-hydroxycinnoline preparations of Schofield and Simpson, the diazonium 
salt solutions were not allowed to stand a t  room temperature for an extended 
period of time but were heated to effect the cyclizations. This procedure, vhile 
requiring less time, gave smaller yields of the cinnolines than the other method. 
For example, Schofield and Simpson obtained only a ten per cent yield of 4- 
hydroxycinnoline from an aqueous acetic Acid solution of diazotized o-amino- 
acetophenone; and they stated that “no hydroxycinnoline could be obtained 
when the reaction was carried out in dilute hydrochloric acid.” The present 
authors, by carrying out the reaction in dilute hydrochloric acid and allowing the 
diazonium solution to stand a t  room temperature until the cyclization was com- 
plete, obtained a forty-three per cent yield of the desired cinnoline. It Tvas also 
found in the course of the present work that if 2-amino-5-bromoacetophenone was 
diazotized and the solution heated to effect cyclization, 6-bromo-4-hydroxycin- 
noline was formed in a yield of 80.8%; while if the cyclization was effected a t  room 
temperature the cinnoline was formed in a yield of 95.5%. These observations 
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lead to the conclusion that the competing phenolic decomposition of the 
diazonium salt is favored to a much greater extent at the higher temperature, 
thereby reducing the extent to which the cyclization occurs. 

Schofield and Simpson (4) reported that the reduction of 4-hydroxy-6-nitro- 
cinnoline to 6-amino-4-hydroxycinnoline was unsuccessful. The present authors 
experienced no difficulty in carrying out this reduction with iron and acetic acid. 

4-Chloro-, 6-bromo-4-chloro-, and 4,7-dichloro-cinnoline were prepared from 
the corresponding 4-hydroxycinnolines by heating with phosphorus oxychloride. 
4-Chlorocinnoline vas  prepared also by heating 4-hydroxycinnoline with a mix- 
ture of pliosphorus pentachloride and phosphorus oxychloride by the method of 
Busch and Klett (7). When this latter method was applied to 6-bromo-4-hy- 
droxycinnoline, however, 6-bromo-4-chlorocinnoline was not obtained. The 
product apparently no longer contained bromine, and the possibility that it was 
4,6-dichlorocinnoline has not been excluded. 

To prepare cinnoline derivatives of possible therapeutic value, 6-bromo- 
4-chloro- and 4 , 7-dichloro-cinnoline mere allowed to  react with 3-diethylamino- 
propylamine. The condensations occurred readily and yielded 6-bromo- and 
7-chloro-4- (3-diethylaminopropy1amino)cinnoline. The high order of reactivity 
of the cliilorine in 4-chlorocinnolines is exemplified also by the facile preparation 
of 6-bromo-4-(m-chloroanilino)cinnoline from 6-bromo-4-chlorocinnoline and m- 
chloroaniline. 

The Borsche-Herbert reaction was found to be applicable also to the prepara- 
tion of 4 hydroxy-3-methylcinnolines. By following the general procedure out- 
lined for the preparation of 4-hydroxycinnolines, the following cinnolines mere 
prepared from the corresponding o-aminopropiophenones : 

OH 
I 

R = H, Br, NOz 
In an attempt to prepare 4-hydroxybenzo[[f]cinnoline, 2-amino-1-acetonaph- 

thone was  diazotized and the diazonium solution was allowed to stand a t  room 
temperature. 

The product obtained, in contrast with the known 4-hydroxycinnolines, had a 
relatively low melting point (150-151”) and was soluble in the common organic 
solvents. Analytical data indicated that it possessed the molecular formula of a 
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hydroxyacetonaphthone rather than that of a hydroxybenzocinnoline. The 
melting point of the product does not coincide with that of any of the 2-hydroxy- 
acetonaphthones recorded in the literature: 2-hydroxy-l-acetonaphthone, m.p. 
64-65' (8); 2-hydroxy-3-acetonaphthone, m.p. 112' (9) ; 2-hydroxy-6-acetonaph- 
thone, m.p. 171" (10). The 2-amino-l-acetonaphthone was prepared by the 
nuclear acetylation of acet-2-naphthalide (3). The structures of the aminoace- 
tonaphthone and of its diazotization product are being investigated further. 

The controlling factor in the cyclization of o-aminoacetophenones to cinnolines 
appears to be the reactivity of the diazonium cation. Schofield and Simpson (5) 
have pointed this out as a logical conclusion from the fact that negatively sub- 
stituted o-aminoacetophenones form the corresponding 4-hydroxycinnolines in 
much greater yields than 4-hydroxycinnoline itself is formed. The same holds 
true for o-aminopropiophenones. The findings are consistent with those of 
Noelting (11) in the indazole series. 5-Nitroindazole was formed from diazotized 
2-amino-5-nitrotoluene in yields of 82-89%, Indazole itself, however, is formed 

CH 

H 
from diazotized o-toluidine in yields of only 3-575,. For the successful formation 
of 6-substituted cinnolines, the o-aminoacetophenone employed contains an 
electronegative group (Cl, Br, I, NOz, CN) in the position para to the amino 
group. For the formation of 8-substituted cinnolines, the o-aminoacetophenone 
has an electronegative group (Cl, Br) in the position ortho to the amino group. 
In the presently described synthesis of 7-chloro-4-hydroxycinnoline in eighty-one 
per cent yield, 2-amino-4-chloroacetophenone is the intermediate. Evidently, 
the property which promotes reactivity in the diazonium cation may result from 
either inductive or resonance displacement of electrons toward the benzene ring. 
Such displacement tends to bring about withdrawal of an electron pair from the 

[A+;] + 

multiple link of the diazonium cation and to create an electron deficit on the 
/?-nitrogen. With the cationic activity thus enhanced, the indigenous donor 
group will add at this seat of unsaturation to produce a cyclic molecule: a cinno- 
line when the group ortho to the amino group is acyl and an indazole when it is 
methyl. 

EXPERIMENTAL3 
4-Hydroxycinnoline. o-Aminoacetophenone (37.5 g., 0.278 mole) was dissolved in 120 cc. 

of water and 90 cc. of concentrated hydrochloric acid and diazotized between 0" and 7" by 

8 Unless otherwise indicated, all melting points are corrected for both emergent stem 
and thermometer errors. Microanalyses were performed by Miss Theta Spoor, Miss Lillian 
Hruda, and Mr. Howard Clark. 
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the  dropwise addition of 59 cc. of a 5 N solution of sodium nitrite. The solution was then 
treated with charcoal and filtered. A small amount of excess nitrous acid was removed from 
the filtrate by the addition of urea, and the solution was stored in the dark at room tem- 
perature until a diazonium reaction was no longer obtained with an alkaline solution of the 
anilide of' 2-hydroxy-3-naphthoic acid (44 days). The reaction mixture consisted of a dark 
red solution in which was suspended some needle-like crystals and several globules of a red- 
brown oil. There was evidence of the evolution of a considerable amount of nitrogen. The 
solid material was removed by filtration. An additional crop of crystals was obtained by 
allowing the filtrate to  stand for several hours at room temperature. After recrystallization 
from ethanol the product formed slender white needles which melted a t  232-233'. The yield 
was 17.4 g. (42.9%). A sample recrystallized for analysis melted at 236' (233.5-234", Scho- 
field and Simpson). 

Anal. Calc'd for C8HaT20: C, 65.29; H, 4.11; N, 19.04. 
Found: C, 65.41; H, 4.18; N, 18.87. 

4-Hydroxycinnolino did not form a picrate or picrylsulfonate. 
4-Chlorocinnoline. The method used for this preparation is a modification of that  of 

Busch and Klett (7). 
A mixture of 2.0 g. (0.014 mole) of 4-hydroxycinnoline, 2.7 g. (0.013 mole) of phosphorus 

pentachloride and 4 cc. of phosphorus oxychloride was heated under reflux in an oil-bath at 
140" for thirty minutes. The clear solution was poured onto 100 cc. of crushed ice and ren- 
dered neutral to  Congo Red by the addition of sodium acetate. The solution was extracted 
with ether. The extracts were washed free of acetic acid with a very dilute aqueous solu- 
tion of sodium carbonate and then dried over magnesium sulfate. The ether was evap- 
orated under diminished pressure and the residue recrystallized from petroleum ether 
(b.p. 90-110'); bright yellow needles melting a t  75-76"; yield 2.0 g. (89y0). 

By the following procedure the preparation of 4-chlorocinnoline was effected without the 
use of phosphorus pentachloride. A mixture of 5.0 g. (0.034 mole) of 4-hydroxycinnoline 
and 25 cc. of phosphorus oxychloride was heated in an oil-bath at 95" for five minutes. 
Heating was discontinued and about 15 cc. of the phosphorus oxychloride removed from 
the system under diminished pressure. The residue was poured onto ice and rendered alka- 
line with potassium bicarbonate. The resulting solution was extracted with ether and the 
4-chlorocinnoline was isolated and purified in the manner described above. The yield was 
3.5 g. (62%) of a product melting a t  76-77'. 

The black by-product described by Busch and Klett (7) was found to  accompany every 
attempt t o  prepare 4-chlorocinnoline by either of the two methods described. In  some cases 
the formation of this black substance was so extensive that none of the desired product could 
be isolated. The extent t o  which this secondary reaction proceeds depends directly upon 
the pH of the aqueous solution which results when the reaction mixture is poured onto ice, 
Le., if the solution is rendered too alkaline before extraction with ether, the by-product is 
formed almost exclusively; if the solution is just exactly neutralized with a weak base, 
however, the 4-chlorocinnoline can be isolated before the secondary reaction occurs t o  too 
great a n  extent. 

6-Bromo-4-hydroxycinnoline. A mixture of 73.9 g. (0.288 mole) of 2-acetamino-&bromo- 
acetophenone, 250 cc. of water and 350 cc. of concentrated hydrochloric acid was heated 
between 80" and 90" until complete solution was effected. The solution was agitated vigor- 
ously and cooled to  5" in an ice-salt bath. The amine was diazotized between 5" and 7" 
by the dropwise addition of 60 cc. of a 5 N solution of sodium nitrite. The resulting solu- 
tion was treated with charcoal, filtered, and stored in  the dark at room temperature until 
the diazonium reaction had completely disappeared (15 days). The yield of pale gray 
needles mas 61.0 g. (95.5%), m.p. 283-285'. -4 sample recrystallized from ethanol for anal- 
ysis melted at 286-287" (276-277", Schofield and Simpson). 

Anal. 

2-Acetamino-5-bromoacetophenone (72.0 g., 0.281 mole) was hydrolyzed and diazotized 
in the manner described above. The diazonium chloride solution was treated with char- 

Calc'd for CsHsBrN20: C, 42.69; II, 2.24; Br, 35.51; N, 12.45. 
Found: C, 42.78; H, 2.42; Br, 35.46; N, 12.33. 
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coal, filtered, and stored in the dark at room temperature for six hours. The solution was 
then heated at 70-80" for three hours and allowed to  stand overnight at room temperature. 
The product was recrystallized from ethanol, yield 51.0 g. (80.8%) of material melting at 
282-283". It did not form a picrate or picrylsuljonate derivative. 

A mixture of 4.0 g. (0.018 mole) of 6-bromo4-hydroxycin- 
noline and 25 cc. of phosphorus oxychloride was heated at 100" for 15 min. The 6-bromo-4- 
ohlorocinnoline was isolated in the manner described under the preparation of 4-chlorocin- 
noline. The yield was 2.5 g. (58%) of a compound melting at 124-126'. A sample purified 
by recrystallization for analysis melted at 127-128'. After a sample had stood for several 
days this melting point changed to  136-137". When a sample melting at 136-137" was heated 
overnight in an Abderhalden drying pistol over refluxing ethanol the melting point reverted 
to  127-128". A mixture of the 1,wo forms melted sharply at 127428". 

Anal. Calc'd for CsHdBrC1N2: C, 39.46; H,  1.66; N, 11.51. 
Found: C, 39.58; H, 1.73; N, 11.48. 

Here again the preparation of the 4-chlorocinnoline resulted in the simultaneous forma- 
tion of a black by-product in quantities depending on the degree of alkalinity to  which the 
reaction mixture was exposed. 

When 6-bromo-4-hydroxycinnoline was heated at 135-140" with a mixture of phosphorus 
pentachloride and phosphorus oxychloride in the manner described for 4-hydroxycinnoline 
the product was not 6-bromo4-chlorocinnoline. It melted at 113-114', even after exhaus- 
tive purification, and yielded the following analytical data. 

C, 47.73,47.50,47.76; H, 1.92, 2.01,2.07; N, 13.65; Hal., (as C1, Br) 48.72,48.55; (as c1) 
34.60, 34.46. 

Calc'd for CsH&lzNs: C, 48.27; H, 2.03; N, 14.08; C1,35.63. 
The color of the silver halide obtained in the analytical procedure indicated the absence 

of silver bromide, as did the analytical figures. 
4-Hydroxy-6-nitroeinnoline. This compound was prepared from 2-amino-5-nitroaceto- 

phenone by the method of Borsche and Herbert; the diazonium salt solution was allowed to  
stand for ten days at room temperature and was then heated to  complete the cyclization. 
The aminoacetophenone (19.5 g., 0.108 mole) yielded 18.0 g. (87%) of a red-brown product 
which did not melt sharply below 360' but sintered over a wide temperature range. A Sam- 
ple recrystallized from nitrobenzene melted a t  338-340". (Borsche and Herbert give m.p. 
343-344"; Schofield and Simpson give m.p. 330-331".) 

6-Amino-~-hydroxycinnoline. A mixture of 9.3 g. (0.049 mole) of 4-hydroxy-6-nitrocin- 
noline, 60 cc. of glacial acetic acid, and 24 cc. of water was stirred vigorously while 6.4 g. 
of 100-mesh iron powder was added. The system was heated under reflux for a n  hour and 
then filtered hot. The filter cake was washed with 300 cc. of boiling water. The filtrate 
and washings were combined and cooled in an  ice-bath, and yielded 3.4 g. of small yellow- 
brown needles which melted at 274-275'. The filtrate was evaporated to  dryness. The 
residue was treated with aqueous potassium hydroxide and the iron compounds removed. 
The filtrate was acidified with acetic acid; the precipitate was removed and recrystallized 
from ethanol. This afforded an  additional 1.4 g. of product melting at 274-275". The total 
yield was 4.8 g. (61%). The product was soluble in either aqueous acid or alkali. A sample 
recrystallized from ethanol for analysis formed small clusters of brilliant yellow needles 
which melted at 275-276'. 

6-Bromo-4-ehlorocinnoline. 

Anal. 

6-Acetamino-.4-hydroxycinnolzne. A solution of 5.8 g. (0.03 mole) of 5-acetamino-2- 
aminoacetophenone in 100 CC. of hot glacial acetic acid was stirred vigorously while 5 CC. 
of concentrated sulfuric acid was added. The mixture was cooled in an  ice-bath and 2.0 
g. of finely divided sodium nitrite was added over a period of 0.5 hr. The mixture was 
stirred an additional 0.5 hr., treated with charcoal, and filtered. The filtrate was allowed 
to  stand for three months in the dark at room temperature and protected from moisture. 
The resulting suspension was poured into 500 cc. of water, and the solid was removed. The 

Calc'd for C8H7NaO: C, 59.62; H ,  4.38. 
Found: C, 59.67; H, 4.53. 



CINNOLINES. I1 425 

solid wao extracted several times with boiling ethanol, and the extracts were combined and 
concentrated to  a volume of ca. 200 cc. When the ethanolic solution was cooled in a n  ice- 
bath small iridescent golden plates precipitated. The yield was 2.0 g. (33%). The com- 
pound melted over a wide temperature range, and the range was variable, depending upon 
the rate of heating. Several recrystallizations from ethanol failed t o  alter this phenom- 
enon. A.n instantaneous melting point was obtained for a highly purified sample and 
proved t o  be 264". 

-4 satisfactory analysis was not obtained for this compound, but its structure was eluci- 
dated in the following manner. One-half gram of the product was heated with 15 cc. of 
concentrated hydrochloric acid and 30 cc. of water until complete solution was attained. 
The solution was treated with charcoal and filtered. The filtrate was rendered just neutral 
with sodium carbonate and cooled in  a n  ice-bath. Small yellow needles precipitated, m.p. 
273O, no depression with a sample of 6-amino-4-hydroxycinnoline. 

6,8-D?:b~omoJ-hydrorycinnoline. Fourteen grams (0.048 mole) of 2-amino-3,5-dibromo- 
acetophenone was dissolved in  150 cc. of hot glacial acetic acid; 8.0 cc. of concentrated sul- 
furic acid was added, and the solution was stirred vigorously and allowed t o  cool to  the 
temperature of the room. The amine was diazotized at this temperature by the gradual 
addition of 3.3 g. of finely powdered sodium nitrite. The diazonium solution was poured 
onto ca. 100 cc. of ice, treated with charcoal, and filtered. The filtrate was allowed to  stand 
for 35 days. The red needles were recrystallized from ethanol, yield 9.5 g. (65%), m.p. 
223-226'. Considerable difficulty was experienced in obtaining a sample of this compound 
sufficiently pure for analysis. After two recrystallizations from nitromethane and seven 
from ethmol, the fine white needles melted a t  247-247.5'. 

Anal. 

6-Chloro-4-hydroxycinnoline. 2-Amino-5-ohloroacetophenone (2.5 g.) was dissolved 
in 60 cc. of hot 6 N hydrochloric acid. The solution was stirred vigorously while being 
cooled to  15", and the amine was diazotized a t  this temperature by the addition of 3 cc. of a 
5 N solution of sodium nitrite. The solution was treated with charcoal, filtered, and the 
filtrate allowed t o  stand for twelve days. The mixture was then heated on a steam-bath 
for one hour, and the precipitate was removed and recrystallized from ethanol. The yield 
was 1.67 g. (63%) of fine white needles melting a t  289.5-290' (uncorr.). (Schofield and 
Simpson give m.p. 294-295".) 

Calc'd for C8HdBr2N20: C, 31.61; H, 1.33; Br, 52.58; K, 9.22. 
Found: C, 32.02; H, 1.36; Br, 52.93; N,  9.36. 

Anal. Calc'd for CsH6ClNtO: C, 53.20; H, 2.79; N ,  15.51. 
Found: C, 53.20; H, 2.90; N, 15.37 

4-Hydroxy-6-iodocinnoline. A mixture of 1.2 g. of 2-amino-5-iodoacetophenone, 20 cc. 
of water and 10 cc. of concentrated hydrochloric acid was stirred in  a n  ice-bath while a 5 N 
solution of sodium nitrite was added as rapidly as i t  was absorbed. An excess of nitrous 
acid was maintained for 0.5 hr. The mixtuie was treated with charcoal, filtered, and the 
filtrate stored in  the dark for three days. At the end of this period the system was heated 
on a steam-bath for 0.5 hr., and the crystals were recrystallized twice from ethanol; t an  
plates melting a t  300-301" (uncorr.). 

Calc'd for CsHJNzO: C, 35.31; H,  1.85. 
Found: C, 35.28; H, 2.10. 

Anal. 

7-ChZoro-4-hydroxycinnoline. A solution of 30.5 g. (0.18 mole) of 2-amino4-chloroaceto- 
phenone in 150 cc. of glacial acetic acid was cooled between 15" and 20' while a solution of 
nitrosyl sulfuric acid (14 g. of sodium nitrite in 100 cc. of concentrated sulfuric acid) was 
added dropwise over a period of 0.5 hr. The solution was stirred for a n  additional 0.5 hr. 
and then poured onto 800 cc. of crushed ice. The mixture was treated with charcoal, fil- 
tered, and the filtrate allowed to stand for 28 days. The system was heated a t  7 0 4 O  for 
one hour and then cooled to  room temperature. The reddish solid was recrystallized from 
ethanol. This gave 26.3 g. (81%) of white needles melting at 286-287". A sample recrystal- 
lized from ethanol for analysis melted at 288". 
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Anal. Calc'd for C&16C1N20: C, 53.20; H, 2.79. 
Found: C, 53.12; H, 3.02. 

When the diazonium salt solution was allowed to  stand overnight at room temperature 
and was then heated at 60-70" for 5 hr., an 80% yield of 7-chloro-4-hydroxycinnoline melt- 
ing at 285-286" was obtained. 

4,7-Dichlorocinnoline. A mixture of 5.0 g.  of 7-chloro-4-hydroxycinnoline and 30 cc. of 
phosphorus oxychloride was heated a t  90-95" until complete solution was attained. As 
much of the excess phosphorus oxychloride as possible was removed by distillation under 
diminished pressure; 30 cc. of dry toluene was added and again as much as possible of the 
solvent was removed by distillation. This "flushing" operation with toluene was repeated 
four times. The residue was poured onto ice and the product isolated in  the manner de- 
scribed in the preparation of 4-chlorocinnoline. The 4,7-dichlorocinnoline, after recrystal- 
lization from petroleum ether (b.p. 90-110") weighed 4.2 g. (77%) and melted a t  142-143'. 
A sample recrystallized for analysis melted a t  143-143.5'. 

Anal. Calc'd for CsH4Cl2X2: C, 48.27; H, 2.03; N, 14.08. 
Found: C, 48.57; H,  2.17; N ,  13.68. 

6-Bromo-4-(m-chloroanilino)cinnoline. A solution of 0.8 g. of 6-bromo-4-chlorocinnoline 
and 3.0 cc. of m-chloroaniline in 40 cc. of dry benzene was boiled gently for 10 min. The 
benzene was removed by evaporation, and the residue was slurried with dilute aqueous po- 
tassium hydroxide and filtered. The product was recrystallized once from ethanol and 
once from ethyl acetate. The compound formed small yellow plates melting at 246-247". 

Anal. Calc'd for C1dHoBrClil'S: C, 50.25; H,  2.71; N, 12.56. 
Found: C, 50.72; H, 2.79; N, 13.16. 

6-Bromo-4-(S-diethylaminopropyla~nino)cinnoline (SN-l4,664). A solution of 15.0 g. of 
6-bromo-4-chlorocinnoline and 30 g. of 3-diethylaminopropylamine in  100 cc. of dry benzene 
was heated under reflux for 5 hr. A clear maroon solution resulted. The solvent was 
removed by evaporation, and the residue was slurried with water, filtered, and the residue 
washed well with water. The product was dried in a vacuum desiccator over phosphorus 
pentoxide and recrystallized four times from a mixture of benzene and petroleum ether 
(b.p. 90-110"). The yield was 13.5 g. of light tan microcrystals melting at 149-150". 

Anal. Calc'd for C16H21BrKL'c: C, 53.41; H, 6.28; N, 16.61. 
Found:C,53.57;H,6.38;K,16.45. 

The base formed a dip'crate from ethanol solution: m.p. 194-195'. 
Anal. Calc'd for CzrHz7BrKloOl4: C, 40.76; H, 3.42; N, 17.61. 

Found: C, 41.08; H, 3.61; ?;, 16.91. 
7-Chloro-~-(3-diethyla~nznopropyla7nino)cinnoline (SN-f 4,627). A solution of 17.0 g. of 

4,7-dichlorocinnoline and 34.0 g. of 3-diethylaminopropylamine in 100 cc. of dry benzene 
was heated under reflux for 7 hr.  The clear maroon solution was washed well with aqueous 
potassium hydroxide and then poured onto anhydrous magnesium sulfate. Carbon di- 
sulfide (50 cc.) was added to  convert any excess diethylaminopropylamine to  the corre- 
sponding dithiocarbamate, and the mixture was allowed to  stand overnight. The solid 
material was removed and the solvent removed from the filtrate by evaporation. After 
two recrystallizations from a mixture of benzene and petroleum ether (b.p. 90-llOo), the 
residue separated as small white plates melting a t  164-165". The yield was 10.2 g .  

Anal. Calc'd for Cl&1Cln".: C, 61.52; H,  7.32; N, 19.14. 
Found: C, 61.79; H, 7.31; N, 18.60. 

The base formed a dipicrate, from ethanol solution, melting at 197-198'. 
Anal. Calc'd for Cz7H27C1NL~Ol4: C, 43.17; H,  3.62; N, 18.65. 

Found: C, 43.08; H, 3.75; F, 17.82. 
4-Hydroxy-3-methylcinnoline. o-Aminopropiophenone (9.6 g., 0.065 mole) in 70 cc. of 

water and 20 cc. of concentrated hydrochloric acid was diazotized at 0-5" by the addition of 
13 cc. of a 5 hi solution of sodium nitrite. The solution was treated with charcoal, filtered, 
and the filtrate allowed to  stand for 11 days. The precipitated needles were removed by 
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filtration and recrystallized from ethanol. The yield was 1.8 g. (18%) of a product melting 
at 245-247". A sample recrystallized from ethanol for analysis formed bright yellow needles 
melting at 248-249'. 

Anal 

6-Bramo-4-hydroxy-3-methylcinnoline. A suspension of 5.3 g. (0.02 mole) of 2-acetamino- 
5-bromopropiophenone in 90 cc. of water and 77 cc. of concentrated hydrochloric acid was 
heated a t  the boil until complete solution was attained. The solution of the amine hydro- 
chloride m s  treated with charcoal and filtered. The filtrate was cooled t o  0' and the amine 
diazotized at 0-5" by the addition of 4.1 cc. of a 5 N solution of sodium nitrite. The di- 
azonium salt solution was stored in the dark for 23 days. The solid was removed from the 
reaction mixture by filtration and recrystallized from ethanol. This gave 3.4 g. (76% 
yield) of fine white needles melting at 323-326" (uncorr.). A sample recrystallized from 
ethanol for analysis melted a t  326-327" (uncorr.). 

Calc'd for CQHSNZO: C, 67.48; H, 5.04; N, 17.49. 
Found: C, 68.04; H, 5.34; N, 17.87. 

Anal 

~-Hydroxy-3-methyE-6-nitrocinnoline. A mspension of 3.7 g. (0.016 mole) of Z-acetamino- 
5-nitropropiophenone in 65 cc. of concentrated hydrochloric acid and 180 cc. of water was 
heated at the boil for 1.5 hr. Complete solution was not attained, but the color of the 
suspended solid turned gradually from white to  yellow. The amine was diazotized at 
room temperature by the addition of 3.2 cc. of a 5 N solution of sodium nitrite. A small 
amount of insoluble material was removed and the filtrate was stored in the dark for 7 days. 
The yield was 2.1 g. (65%) of fine light yellow needles melting above 350'. It was only very 
slightly soluble in ethanol and insoluble in 1,he other common solvents. Recrystallization 
from ethanol was used to  purify the product for analysis. 

Calc'd for CeH7NaOa: C, 52.68; H, 3.44; N, 20.48. 
Found: C, 52.74; H, 3.62; N, 20.54. 

Calc'd for C9H7BrN20; C, 45.21; H, 2.95; S ,  11.72. 
Found: C,  45.45; H, 3.11; N, 11.70. 

AnaE. 

Attempt to prepare 4-hydroxybenzolf]cinnoZine. 2-Amino-1-acetonaphthone (4.6 g., 
0.025 mole) suspended in 15 cc. of concentrated hydrochloric acid and 80 CC. of water was 
diazotized a t  0-5" with 5 cc. of a 5 N solution of sodium nitrite. The solution was stored 
in the dark a t  room temperature. At the end of 7 days the diazonium test was very faint. 
The mixture was heated on a steam-bath for one hour, and sufficient ethanol was added 
to  bring about complete solution. The solution was treated with charcoal, filtered, and 
the solvent removed from the filtrate by evaporation. The residue, after recrystallization 
from a mixture of benzene and petroleum ether (b.p. 90-110") formed pale yellow needles 
melting at  150-151'. This product was very soluble in ethanol, ether, and benzene. It 
had the composition of a n  hydroxyacetonaphthone. 

Anal. 

The compound did not give a color reaction with ferric chloride in ethanolic solution; 

Calc'd for ClzHloOl: C, 77.40; H, 5.41. 
Found: C, 77.61; H, 5.47. 

it dissolced in aqueous potassium hydroxide to  give a bright yellow solution. 

SUMMARY 

Several 4-hydroxycinnolines have been prepared by the diazotization and sub- 
sequent cyclization of o-aminoacetophenones. 4-Hydroxy-3-methylcinolines 
have been prepared in the same manner from o-aminopropiophenones. 

6-Amino-4-hydroxycinnoline has been prepared by the reduction with iron and 
acetic acid of 4-hydroxy-6-nitrocinnoline. 

4-Chloro-, 6-bromo-4-chloro-, and 4,7-dichloro-cinnoline have been prepared 
by heating the corresponding 4-hydroxycinnoline with phosphorus oxychloride. 

6-Bromo- and 7-chloro-4-(3-diethylaminopropylamino)cinnoline, compounds 
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of possible therapeutic interest, have been prepared from the corresponding 4- 
chlorocinnolines and 3-diethylaminopropylamine. 

URBANA, ILL. 
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ATTEMPTS TO FIND NEW ANTIMALARIALS. XV.'. AMINO 
ALCOHOLS OF THE TYPE --CKOHCHZN& DERIVED FROM 

3-CHLORO-6-ACETYLPHENAIVTHRENE 
EVERETTE L. MAY AND ERICH MOSETTIG 

Received May 11, 1 9 4  

Replacement of the chlorine in Atabrine by hydrogen results in a considerable 
decrease in the antimalarial effectiveness of this drug (1). We have shown 
recently that a number of phenctnthrylamino alcohols of types I and I1 are 
effective agents in gallinaceurn malaria and human malaria (2, 3), the members 
of type I being somewhat more effective than those of type 11. 

I I1 

We hoped that, in accordance with the findings in the acridine series, we could 
increase the antimalarial activity of compounds I and I1 by introducing a 
chlorine into the phenanthrene nucleus. 

By analogy with the course of the Friedel-Crafts reaction on 3-hydroxy- and 
3-methoxy-phenanthrenes (4), and 3-methylphenanthrene (5), we could expect 
that a chlorine in position 3 would direct an acyl group to position 6 or 9, the 
latter one being the desired location for the alkamine side chain. When acetyl 
chloride was allowed to react with 3-chlorophenanthrene in nitrobenzene so- 
l u t i o ~ ~ ~  in the presence of aluminum chloride, 3-chloro-6-acetylphenanthrene 
waa obtained in a yield of 60%. As by-products, 3-chloro-x-acetylphenan- 
threne (m.p. 95-96" and 106-107") and 3-chloro-y-acetyl phenanthrene (m.p. 
138-139') were isolated in a yield of three and two per cent respectively. No 
directed efforts have been made to determine positions x and y. The total 
synthesis, however, of 3-chloro-9-acetylphenanthrene and 3-chloro-10-acetyl- 
phenanthrene described in the following papers (6, 7) and their non-identity 
with either of these by-products excludes positions 9 and 10 for either x or y. 

The structure of 3-chloro-6-acetylphenanthrene (111) became evident by the 

1 The work described in this paper was done under a transfer of funds, recommended by 
the Committee on Medical Research, from the Office of Scientific Research and Develop- 
ment to  the National Institute of Health. 

9 Studies in the Phenanthrene Series XXXI. 
* In  the following publication by May and Mosettig (6) i t  will be shown that  the nature 

of the solvent hae a decisive influence on the course of this reaction. 
429 



430 EVERETTE L. MAY AND ERICH MOSETTIQ 

reactions depicted in Fig. 1. 3-Acetylaminophenanthrene was submitted to  a 
Friedel-Crafts reaction. The methyl ketone IV, formed thereby in 3040% 
yields, was hydrolyzed and the resulting amino compound converted by the 
method of de Milt and Van Zandt (8) to 3-hydroxy-6-acetylphenanthrene (4). 
On the other hand, ketone IV was hydrolyzed and converted by the Sandmeyer 
reaction, to ketone 111. 

Nine dialkylamino alcohols of the type -CHOHCH,NR2 were synthesized 
from 3-chloro-6-acetylphenanthrene (111) by methods described in foregoing 
papers of this series. The exchange of the w-bromine atom in 3-chloro-6-w- 
bromoacetylphenanthrene with the amino groups was effected in hot ethyI 
acetate or in an acetone-ether mixture. Reduction of the resulting amino 

c1 

I II 
A 

I11 

T 

IV 
Fro. 1 

V 

ketones to the corresponding amino alcohols with aluminum isopropoxide 
proceeded readily and in good yields. 

When comparing the biological data of the phenanthryl-3-amino alcohols (9) 
and the 3-chlorophenanthryl-6-amino  alcohol^,^ the therapeutic superiwity of 
the “chloro series” becomes evident. In both series the tolerated doses (chicks) 
lie approximately in the same range and in both series there i3 a general trend 
towards decrezse in toxicity with increase in size of the dialkylamino group 
(Dr. Nathan B. Eddy) (10). The members of the “chloro serks” are from four 
to eight times as effective towards Plasmodium gallinaceurn as the corresponding 
chlorine-free amino alcohols (D1*. G. Robert Coatney and Dr. W. Clark Cooper) 

4 The Survey Number, designated SN, identifies a drug in  the files of the Survey of Anti- 
malarial Drugs. Activities of drugs so listed will be published in a forthcoming mono- 
graph. These numbers are given in Table I. 
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(11). None of the drugs described herein showed any activity towards spo- 
rozoite-induced gallinaceurn malaria5 (1 I.). 

Acknowledgment. We are indebted to Mr. Edward A. Garlock, Jr. for carrying 
out the microanalyses. 

 EXPERIMENTAL^ 

FRIEDEL-CRAFTS REACTION ON 3-CHLOROPHENANTHRENE 

3-Chloro-6-acetylphenanlhrene (ZZZ). T o  a stirred solution of 20 g. of aluminum chloride 
and 16.5 g. of 3-chlorophenanthrene (12) in 110 cc. of nitrobenzene was added 9.0 g. of acetyl 
chloride during a five-minute period (temperature 0" t o  3"). After stirring at 3' t o  5' for 
1.5 hours the reaction mixture was allowed to  stand at +6" for twenty hours. It was poured 
onto ice-hydrochloric acid, the nitrobenzene removed with steam, and the residue taken up 
in benzene. After removal of solvent zn vacuo the oily product was evaporatively distilled 
at 170-175' (0.05 mm.). The semisolid distillate (19.5 g.), upon recrystallization from 
about 200 cc. of methanol [ether-ligroin (30-60") was used to  wash the product], gave 3- 
chloro-6-acetylphenanthrene, m.p. 110.5-111.5' in a yield of 12 g. Two more recrystallixa- 
tions followed by a sublimation in an oil-pump vacuum gave white rods of m.p. 111.5-112.5°. 

Anal. Calc'd for CteHllCIO: C, 75.44; H, 4.35. 
Found: C, 75.08; H, 4.45. 

5-Chloro x-acetylphenanthrene. The filtrate and washings from the 12 g. of ketone above, 
deposited on standing overnight 3.5 g. of a white solid melting at 75-95'. This consisted 
of about a 1: 1 mixture of 3-chlorod- and 3-chloro-x-acetylphenanthrenes. One gram of 
the ketone mixture in  25 cc. of 95% ethanol was converted t o  the semicarbazone. The 
latter was dissolved in  25 cc. of boiling nitrobenzene, the soIution filtered hot, and the fil- 
t ra te  cooled to  room temperature. The product which separated weighed 0.4 g. and did 
not melt below 280'. It was refluxed for twenty hours with 10 cc. of 10% hydrochloric acid, 
after which a benzene-soluble product weighing 0.3 g. and melting at 85-95' was obtained. 
It crystallized from methanol in long needles of m.p. 96-97". After sublimation under 
high vacuum i t  melted a t  106-107' and then crystallized from methanol in white prisms. 
The two forms were interconvertible in  methanol solution. 

Anal. Calc'd for Cl~HllCIO: C, 75.44; H, 4.35. 
Found: C, 75.14; H, 4.65. 

On dilution of the nitrobenzene filrate above with benzene-ligroin a fairly pure semi- 
oarbazone of 3-chloro-6-acetylphenanthrene separated, giving on hydrolysis, 0.3 g. of the 
ketone. 

3-Chloro-y-acetylphenanthrene. The mother liquor from the 3.5 g. of solid melting at 
75-95", on standing for several weeks, deposited a solid along with some oil. The solid was 
picked out and recrystallized from methanol yielding 0.4 g. of white square plates melting 
at 134.5-137'. The analytical sample melted at 138-139'. 

Anal.  

The semicarbazone crystallized from dioxane in  glittering white plates of m.p. 244-245' 
(decomp.). 

Anal.  Calc'd for ClrH1~ClN~O.+C2H~OH: C, 64.58; H, 5.12; N, 12.56. 
Found: C, 64.78; H, 5.37; N, 11.68. 

A determination of solvate ethanol by loss in weight was unsuccessful, and we can offer 
no explanation for the low N value. The semicarbazone waa readily hydrolyzed to  the 
original ketone of m.p. 138-139". 

3-Acetylamino-6-ace1 ylphenanthrene (ZV) . Ten grams of 3-acetylaminophenanthrene 

6 SN 9012 was not included in these tests because of lack of material. 

Calc'd for CleHI&10: C, 75.44; H, 4.35. 
Found: C, 74.96; H, 4.44. 

All melting points are uncorrected. 
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(13) was added all at once t o  a stirred solution of 12 g. of aluminum chloride in 60 cc. of 
nitrobenzene, at a temperature of 25-30'. T o  this stirred suspension, cooled to 15-20', 
was added during forty-five minutes, 4.5 cc. of acetyl chloride. The mixture was stirred 
without external cooling for four t o  five hours after which 50 cc. of benzene and 60 cc. of 
ligroin (30-60") were added. By filtration, 1.3 g. of 3-acetylaminophenanthrene WM re- 
covered as an aluminum chloride complex. The filtrate was stirred thoroughly with cold 
dilute hydrochloric acid, and the solid which separated was filtered off and triturated with 
cold 95% ethanol. It was collected, dried, and sublimed at 230' (0.05 mm.). The yield of 
3-acetylamino-g-acetylphenanthrene waa 4.6 g., m.p. 23S-239'. After another sublimation 
the m.p. was 238.5-239.5". I t  could be recrystallized from nitrobenzene or dioxane; pale 
yellow plates. 

Anal. Calc'd for C18HHlrN02: C, 77.97; H, 5.46. 
Found: C, 77.44; H, 5.51. 

3-Amino-6-acstylphenanthrene. A mixture of 6.8 g. of IV, 35 cc. of glacial acetic acid, 35 
cc. of concentrated hydrochloric acid, and 10 cc. of water was refluxed for one hour, cooled, 
and the hydrochloride collected and washed with acetone (6.5 g.). By treating i t  with 
dilute aqueous ammonia, the free base was obtained; recrystallized from methanol. The 
yield was 4.8 g., m.p. 140.5-142'; broad yellow needles. 

Anal .  Calc'd for ClaH13NO: C, 81.67; H, 5.57. 
Found: C, 81.29; H, 5.98. 

Conversion of 3-amino-6-acetylphenanthrene to (a)  3-hydroxy-6-acetylphenanthrene and 
( b )  3-chloro-6-acetyzphenanthrenc. (a) To 15 cc. of concentrated sulfuric acid and 8 cc. 
of water cooled to 10' was added 1.6 g. of sodium nitrite. The mixture was warmed to  
effect complete solution, thcn cooled to  0" to  5" (stirring) while adding during forty-five 
minutes, 2.4 g.  of 3-amino-6-acetylphenanthrene in 10 cc. of pyridine. After stirring an 
additional hour a t  0' to  5", the reaction misture was diluted to  200 cc. with ice-water and 
stirring was continued for another hour. One-third of i t  was then added slowly to  70 cc. 
of boiling water, the suspension was boiled a few minutes, cooled, and filtered. The pre- 
cipitate was digested with boiling dilute potassium hydroxide solution, the insoluble mate- 
rial filtered off, the filtrate acidified with hydrochloric acid, and the precipitate extracted 
with benzene. The solid from the benzene extract was sublimed at 170" (0.05 mm.). The 
sublimate weighed 0.15 g. and crystallized from methanol in slightly yellow prisms of m.p. 
179.5-181'. A mixture melting point with the known 3-hydroxy-6-acetylphenanthrene 
(4a) was 180-181". The methyl ether, prepared with ethereal diazomethane, crystallized 
from methanol, and melted at  83.5-85". When recrystallized and seeded with an authentic 
specimen (44, i t  melted at 107-108' and gave no depression when mixed with the authentic 
material. 

(b) The remaining two-thirds of the diazotization mixture above was stirred with 7 g. 
of potassium chloride and 7 g. of mercuric chloride a t  0' to 5" for one hour. The precipi- 
tated double salt was collected, air dried, and refluxed for twenty minutes (stirring) with 35 
cc. of water and 20 g. of potassium chloride. The resulting red product was shaken into 
benzene, and evaporately distilled. The yield of 3-chloro-6-acetylphenanthrene was 0.15 
g. It crystallized from methanol in clusters of white rods of m.p. 110-111.5". A mixture 
m.p. with the predominant product obtained in the acetylation of 3-chlorophenanthrene 
was 110-112". Mixed with 3-chloro-x-acetylphenanthrene of m.p. 106-107O, i t  melted a t  
75-98". 

S-ChEoro-6-o-bromoacely'pftenunthrene. A stirred, ice-cooled suspension of 19.5 g. of 
3-chloro-6-acetylphenanthreie and 40 cc. of dry ether was treated dropwise with 12.3 g. 
(4.2 cc.) of bromine during twenty-five minutes (the first drop or two of bromine was added 
at room temperature to initiate the reaction). After stirring for one hour without external 
cooling, the reaction mixture was thoroughly cooled in ice and the precipitate collected. 
It weighed 24.0 g. and melted at 197-200'. It crystallized from ethyl acetate in  fine white 
needles of m.p. 202-203". 

Anal. Calc'd for ClsHloBrCIO: C, 57.61; H ,  3.02. 
Found: C, 57.62; H, 3.24. 
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Debromination of S-ch1oro-6-w-bromoacetylphenanthrene. A mixture of 5.0 g. of bromo 
ketone, 3 g. of palladium-charcoal (5% Pd), and 200 cc. of absolute ethanol absorbed 0.85 
mole of hydrogen in 1.5 hours. Absorption had slowed to  a rate of 0.5 cc. per minute (origi- 
nal rate 30 cc. per minute). After filtration of catalyst and concentration of the filtrate to  
about 50 cc. followed by thorough cooling, 3-chloro-6-acetylphenanthrene separated in a 
yield of 2.0 g. (53%), m.p. 109-11lo. It was identical with that obtained in the Friedel- 
Crafts reaction. 

Amino alcohols. One mole of 3-chloro-6-o-bromoacetylphenanthrene (m.p. 197-200°), 
two moles of the dialkyl amine, and 7 cc. of ethyl acetate per gram of bromo ketone were 
heated together on the steam-bath for five to  ten minutes (frequent shaking).' The bromo 
ketone gradually gave way to  a flaky precipitate of secondary aniine hydrobromide. After 
shaking mechanically a t  room temperature for one to  two hours, the reaction mixture was 
diluted with an equal volume of pther, cooled, and secondary amine hydrobromide removed. 
Thc filtrate was evaporated t o  dryness in ZJUCUO and the residual amino ketone reduced 
with five molecular equivalents of 3 fi aluminum isogroposide in isopropanol as described 
previously (2). Most of the isopropanol mas then evaporated in  vacuo and the residue 
partitioned between ether and an excess of 10% sodium hydroxide solution. After washing 
the ether layer twice with water and drying over sodium sulfate i t  was treated with slightly 
more than the calculated amount of 20-25y0 alcoholic hydrogen chloride, whereupon the 
amino alcohol hydrochloride crystallized and was purified by recrystallization. Com- 
pounds 3 to  9 inclusive (Table I) were prepared in this manner. For compounds 1 and 2, 
three molecular equivalents of secondary amine mas used. No heating was required in the 
reaction between dimethylamine and 3-chloro-6-w-bromoacetylphenanthrene. The dried 
ether solution of the amino alcohol in  these two instances was evaporated to dryness and 
the residue dissolved in acetone from which solution the hydrochloride was precipitated 
with alcoholic hydrogen chloride. 

SUMMARY 

Xine amino alcohols derived from 3-chlorophenanthrene, and carrying the 

The evaluation of these ccmpounds as antimalarials is discussed. 
RETHESDA 14, MD. 

alkamine side chain in position 6, have been prepared. 
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In the foregoing communication (1) we have shown that the introductim of a 
chlorine atom into the nucleus (position 6 )  of 3-pheianthrylamino alcohols 
(1) increases considerably the activity against Plasmodium gallinaceurn. 

I I1 
The synthesis of these amino alcohols (chlorine in position 6) was not planned 
originally. Rather, it was hoped that in the Friedel-Crafts reaction on 3- 
chlorophenanthrene, the acetyl group would enter position 9. Our previous 
investigations had shown that the phenanthrylalkamines carrying the alkamine 
side chain in position 9 are decidedly more active than the corresponding 3- 
isomers (2), and me expected that this would be true also with phenanthryl- 
alkamines containing a nuclear chlorine. Thus, in order to arrive at com- 
pounds of formula 11, it appeared necessary to prepare the starting mateiial, the 
3-chloro-9-acetylphenanthrene (VIII) by total synthesis. We prepared first 
3-chloro-9-phenanthrenecarboxylic acid (V) by the Pschorr method, employing 
o-nitrophenylacetic acid and p-chlorobenzaldehyde. The yields of acid V were 
lower than generally observed in the Pschorr synthesis when the nitro group, 
instrumental in the ring closure, is located in the aromatic aldehyde. This 
corroborates the results obtained by Mayer and Balle (3) in the preparation of 
phenanthrene derivatives from o-nitrophenylacetic acid. The intermediate 
cinnamic acid derivative I11 loses water readily, even by recrystallizatim from 
ethanol, to form lactarn IV which we also prcpared by condensing p-chloro- 
benzaldehyde with oxindole, and which proved to be very resistant to hydro- 
lyzing agents. Phenanthroic acid V ivas then converted by the method of Arndt 
and Eistert (4) via diazo ketone VI either to 3-chloro-9-w-bromoacetylphenan- 
threne (VII) or according to Wolfrorn and Brown ( 5 )  to 3-chloro-$acetyl- 
phenanthrene (VTlI). 

1 The work described in this paper was done under a transfer of funds, recommended by 
the Committee on Ricdical Research, from the Office of Scientific Research and Develop- 
ment to the Sational Institute of Health. 
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In the foregoing communication (1) we described the formation of 3-chloro- 
6-acetylphenanthrene in a yield of 60% in the Friedel-Crafts reaction with 

l i n  C,H,CI, 

] i I r O C H ,  
VI11 

Product m.p. 103-104" + 

1 
rL:OCH2 Br T L r O  CH2 Br 

IX VI1 

VI1 

VI11 

acetyl chloride and 3-chlorophenanthrene in a nitrobenzene medium. No 
9-acyl derivative could be found among the by-products. We find now that by 
employing s-tetrachloroethane as reaction medium, the course of this reaction is 
considerably altered.* We obtained in a 20-25% yield 3-chloro-9-acetylphenan- 

a I n  the choice of this solvent we were influenced by similar experiments of Bachmann 
and Cronyn (6) in the tetrahydrophenanthrene series. 
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threne, and in about 30% yield a seemingly isomeric ketone which had after 
purification by crystallization and sublimation, the constant m.p. 103-104". By 
bromination of this product it became apparent, however, that it is a double 
compound of the two ketones. The brominated substance could be separated by 
fractional crystallization into approximately equal amounts of two w-bromo- 
acetyl derivatives which yielded on catalytic debromination 3-chloro-6-acetyl- 
phenanthrene and 3-chloro-9-acetylphenanthrene. The structure of the latter 
was proved by oxidizing it with sodium hypochlorite to an acid identical with 
3-chloro-9-phenanthrenecarboxylic acid prepared by the Pschorr method, and by 
direct comparison with the  methyl ketone prepared therefrom. 

Two amino alcohols of type 11, the dihexylamino derivative (SN 10908)' 
and the diheptylamino derivative (SN 9161) were prepared from 3-chloro-9-w- 
bromoacetylphenanthrene by treatment with the appropriate amine and sub- 
sequent reduction of the resulting amino ketone with aluminum isopropoxide. 

SN 10908 (Q 2) and SN 9161 (Q 1) do not differ in their effectiveness towards 
P. gallinaceurn from the corresponding chlorine-free 9-alkamines (2a) as much 
as the analogous pairs in the phenanthryl-3-alkamine series (1). They do not 
differ appreciably from the corresponding 3-chlorophenanthryl-6-alkamines (1). 
They are, however, four times as effective as the corresponding g-chlorophe- 
nanthryl-3-alkamines (SN 13454, PN 10330) in which the positions of the 
alkamine side chain and the chlorine atom are reversed (7 , 8, 9). The two amino 
alcohclls described in this paper do not show any prophylactic activity against 
spolozioite induced gallinaceurn malaria (9). 

Acknowledgment. We are indebted to Mr. Edward A. Garlock, Jr. for carrying 
out the microanalyses, and to Dr. R. C. Elderfield for the supply of large quanti- 
ties of 3-chlorophenanthrene. We wish to thank Heyden Chemical Corporation 
for fuwishing us with p-chlorobenzaldehyde. 

EXPERIMENTAL ' 
o-Nitrophenylucefic acid. The procedure of Mayer and Balle (3) with a few modifica- 

tions, was used i n  this preparation. To a stirred solution of 51 g. of commercial sodium 
methoside and 120 cc. of ethyl oxalate in 250 cc. of absolute ethanol was added during forty- 
five minutes, 110 cc. of o-nitrotoluene. The mixture was boiled under reflux for fifteen 
minutes, cooled somewhat, diluted with about 100 cc. of water, and steam passed in until 
all volatile material was removed. The almost clear solution (volume about 1000 cc.) was 
treated with 60 cc. of 30y0 hydrogen peroxide while keeping the temperature below 30". 
After gas evolution had ceased the reactior, mixture was filtered, the filtrate acidified with 
concentrated hydrochloric acid, and the precipitated material recrystallized from about 
1200 cc. of water (Norit). The yield of acid melting a t  136-139' was 60 g. The reported 
melting point is 141". 

a-(o-Nitropheny1)-p-chlorocinnamzc acid. To an ice-cooled solution of 7.1 g. of sodium 
in 100 cc. of absolute ethanol %as added with stirring 55 g.  of o-nitrophenylacetic acid. 

4 The Survey Number, designated SN, identifies a drug in the files of the Survey of Anti- 
malarial Drugs. Activities of drugs so listed will be published in a forthcoming mono- 
graph. 

6 All melting points given are uncorrected. 
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After adding 250 cc. of dry ether, the sludge was stirred mechanically for one hour and left 
in  the ice-box overnight. The sodium salt was collected, washed with absolute ethanol- 
ether, and dried in a vacuum desiccator (56.5 g. yield). A mixture of 28 g. of this sodium 
o-nitrophenylacetate, 19 g. of p-chlorobenzaldehyde, 2.5 g. of fused zinc chloride, and 100 
cc. of acetic anhydride was heated on the steam-bath for fifteen to  twenty hours. Excess 
acetic anhydride waa decomposed with 100 cc. of water. Further dilution with water and 
cooling in ice yielded a semisolid product which, on recrystallization from glacial acetic 
acid, gave 14.9 g. of nitro acid melting at 196199". After one recrystallization from acetic 
acid and one from methanol, i t  melted at 199-200.5"; light yellow, prismatic rods. 

Anal. Calc'd for ClsHloClNOc: C, 59.32; H, 3.32. 
Found: C, 59.56; H, 3.74. 

p-Chlorobenzaloxindole (ZV). A hot solution of 5.1 g. of the above nitro acid in 16 cc. 
of conc'd ",OH and 34 CC. of water was added to  a mixture of 34 g. of ferrous sulfate, 102 
cc. of water, and 85 cc. of conc'd NH'OH heated to  80-90". The mixture was then main- 
tained a t  85-90" for about ten minutes and filtered through Filter-Cel. Acidification of the 
filtrate with acetic acid yielded 3.4 g. (air-dried) of a-(0-amin-phenyl)-p-chlorocinnamic 
acid (111) of m.p. 138-140" with effervescence. The melt solidified and remelted at 170- 
180". The yield of I11 could be reproduced even in large scale runs. Upon recrystalliza- 
tion from ethanol, i t  underwent dehydration t o  IV of m.p. 188-190'; yellow needles. 

Anal. Calc'd for CtSHloClNO: C, 70.45; H, 3.91. 
Found: C, 70.30; H, 4.27. 

The same compound was obtained in 60% yield when 0.5 g. of oxindole (lo), 0.5 g. of 
p-chlorobenzaldehyde, two drops of piperidine, and 103 cc. of ethanol were refluxed to- 
gether for fifteen hours. It melted at 185-188". A mixture m.p. with the sample of m.p. 
188-190" was 186-189". 

5-ChZoro~-phenanthrenecarbosylic acid (v). To 80 cc. of 5 N sulfuric acid, mechanically 
atirred, and cooled to  -3" to  2", was added a homogeneous suspension of 5 g. of III,3 g. of 
sodium nitrite, 75 cc. of water, and 2 cc. of conc'd NH40H during twenty minutes. After 
a n  additional hour of stirring at 0" to  5", 20-30 cc. of ethanol and 5 g. of copper-bronze were 
added, and the mixture was heated t o  70-50" (stirring) for one-half hour. The precipitate 
was collected and alkali-soluble material leached from the copper with hot dilute sodium 
hydroxide. The alkaline filtrate yielded, on acidification, V (1.4 g. of m.p. 249-251" after 
one recrystallization from glacial acetic acid). Sublimation in  a high vacuum followed by 
two recrystallizations from ethanol gave small needles of m.p. 250-252'. 

Anal. Calc'd for C15H&102: C, 70.18; H, 3.53. 
Found: C, 69.83; H, 3.95. 

J-Chloro-9-phenanthroyl chloride. A mixture of 5 g. of V, 5 cc. of dry benzene, and 5 cc. 
of thionyl chloride was refluxed for two hours. Solvent and excess reagent were removed 
i n  vacuo and the residual acid chloride sublimed in a high vacuum; yield 5.1 g., m.p. 151- 
156". Two recrystallizations from benzene gave the constant m.p. 153-154"; long needles. 

Anal. Calc'd for Cl5H&120: C, 65.49; H,  2.93. 
Found: C, 65.34; H, 3.03. 

S-Chloro-9-w-bromoacetylphenanthrene (vzz). To a stirred mixture (0" t o  5") of 100 cc. 
of a n  ether solution of diazomethane (from 10 g. of nitrosomethylurea) and 50 cc. of dry 
benzene, was added 5.0 g. of the above finely-divided acid chloride during forty-five min- 
utes. The mixture was stirred for one hour at 0" to  5" and for five hours without cooling, 
and alloxed to  stand overnight. After cooling to O", the solid 3-chloro-9-phenanthroyl- 
diazomethane (VI) was collected; 4.5 g. of m.p. 150-151.5" with gas evolution. It was 
stirred in  suspension with 100 cc. of dioxane, while 4 cc. of 48'% HBr in 4 cc. of dioxane was 
added during ten minutes (temperature 20-25"). After stirring for an additional one-half 
hour, 2.5 g. of potassium carbonate in about 5 cc. of water was added and the dioxane 
evaporated in vacuo at a bath temperature of 60-70". The residue was partitioned between 
warm benzene and water, the benzene layer dried over sodium sulfate and concentrated t o  
15-20 cc. On addition of ligroin (30-60"), the bromo ketone separated in  a yield of 4.7 g., 
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m.p. 122-126'. Two recrystallizations from ethyl acetate (Norit) gave prismatic rods of 
m.p. 127-128". 

Anal .  Calc'd for ClsHloBrCIO: C, 57.61; H, 3.02. 
Found: C, 57.71; H, 3.42. 

3-Chkro-9-acetylphenanthrene ( V I I I )  . (a)  From V I  and ( b )  from the Friedel-Crafts 
reactzon ,on 3-chlorophenanthrene. (a) To  a solution of 0.5 g. of VI in 15 cc. of chloroform 
was added dropwise with shaking, 1.5 cc. of 55% HI.  After ten minutes the chloroform 
was washed with water, 10% sodium carbonate solution, and again with water, dried over 
sodium sulfate and evaporated to  dryness. The residue, on sublimation in a high vacuum 
followed by two recrystallizations from methanol yielded 0.25 g. of ketone, m.p. 11b116°; 
blades. 

Anal .  Calc'd for C1,H&lO: C, 75.44; H, 4.35. 
Found: C, 75.16; H, 4.50. 

(b) A mixture of 16 g. of aluminum chloride, 70 cc. of s-tetrachloroethane, and 10 cc. 
of acetyl chloride was stirred at 10-15" nrhile adding to  i t  during twenty minutes, 12 g. of 
3-chlorophenanthrene in  30 cc. of s-tetrachloroethane. Stirring was continued for one 
hour at 10" and for two hours at 0' to  5'. The complex was collected, washed with al i t t le  
benzene, and decomposed in cold dilute HCl. The resulting material waa dried in benzene 
(sodium sulfate) and the oil remaining after evaporation of solvent was dissolved in 75-100 
cc. of hot methanol, yielding 4.9 g. of ketone of m.p. 110-113". It was identical with the 
VI I I  synthesized as described above. 

The methanol filtrate yielded 3.0 g. of product melting at 93-103", which, when recrys- 
tallized had the constant n1.p. 103-104". By bromination (see below) i t  was found to  con- 
sist of about equal quantities of 3-chloro-6- and 3-chloro-9-acetylphenanthrenes. On 
recrystaIlization or fusion of a 1:1 mixture of these ketones, a product melting at 103-104O, 
and giving no depression with the Friedel-Crafts product of m.p. 103-101', was obtained. 
High vacuum sublimation did not alter the melting point. 

The foregoing Friedel-Crafts experiment represents the best in a series of about twenty 
runs. The yields of VI11 mere quite variable and appeared to  depend somewhat on the 
aluminum chloride used. In some runs only the fraction melting a t  103-104" was obtained. 

Bromination cf the fraction melting at fO3-104". To 15 g. of crude double compound 
(m.p. 96-100") in 125 cc. of dry ether was added 9.4 g. of bromine in about twenty minutes 
(stirring). After stirring an additional hour a t  room temperature and cooling in ice, 16 
g. of precipitate was collected. It was dissolved in 300 cc. of boiling benzene and the solu- 
tion allowed to  stand a t  room temperature for five hours, then in the ice-box overnight. 
The product which separated (6 g. of m.p. 197-200") was identical with 3-chloro-6-w-bromo- 
acetylphenanthrene (1). The benzene filtrate was concentrated to  40-50 cc., diluted 
with 95 cc. of ligroin (30-60") and the mixture cooled thoroughly, yielding 7.0 g. of bromo 
ketone of m.p. 119-124". After recrystallization from ethyl acetate the m.p. was 126-127* 
and wafi unchanged when mixed with 3-chloro-9-w-bromoacetylphenanthrene, prepared by 
the Pschorr and A4rndt-Eistert reactionq. However, with 3-chloro-l0-~-bromoacetyl- 
phenanthrene (11) of m.p. 126.5-127", i t  gave a 20-25" depression. 

The *same compound (VII) was prepared in a yield of 90% by the bromination of pure 
3-chloro-9-acetylphenanthrene, isolated as the first fraction in the acetylation of 3-chloro- 
phenanthrene above. 

A mixture of 1 .O g. of VII, 
0.5 g. of palladium-charcoal (5y0 Pd), and 50 cc. of absolute ethanol absorbed one mole of 
hydrogen in twenty-five minutes. After warming the mixture on the steam-bath, the cata- 
lyst was removed and the filtrate concentrated to  about 10 cc., whereupon 0.5 g. of VI11 
of m.p. 114-115.5" separated. This ketone (0.5 g.) was oxidized by heating i t  under reflux 
for three hours with 35 cc. of potassium hypochlorite solution (prepared from 1.0 g. of 
"HTH") . The resulting 3-chloro-9-phenanthrenecarboxylic acid crystallized from acetic 
acid in needles of m.p. 251-253". It was identical with a pure synthetic sample previously 
described. 

Debromination of 3-chloro-9-w-bromoacetylphenanthrene. 
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J-Chloro-9-(8-dihexylamino-l-hydroxyethyl)phenanthrene hydrochloride (SN 10908). A 
mixture of 6.0 g. of VII, 7.0 g. of dihexylamine, 24 cc. of dry ether, and 6 cc. of acetone was 
shaken mechanically for one to  two hours and left in the ice-box overnight. The precipi- 
ta te  of dihexylamine hydrobromide was filtered, the filtrate evaporated to  dryness in Vacuo 
and the residual amino ketone reduced with 25 cc. of 3 N aluminum isopropoxide (12). 
After 1.5-2 hours, the isopropanol was evaporated in vacuo and the reddish residue parti- 
tioned between ether and an excess of 10% sodium hydroxide. The ether layer w u  washed 
twice with water, dried over sodium sulfate, and made acidic to  Congo Red with dry gaseous 
hydrogen chloride. The amino alcohol hydrochloride eventually crystallized in a yield of 
4.0 g., m.p. 152-157'. An additional 0.4 g. was recovered from the filtrate. After one 
recrystallization from acetone-ether and one from acetone, i t  appeared as clusters of rods 
of m.p. 164-165.5". 

9nal. Calc'd for C28H39ClZK0: C, 70.57; H, 8.25. 
Found: C, 70.81; H, 8.47. 

3-Chloro-9-(I-diheptylamino-l-h2/drox2/ethyl)phenanthrene hydrochloride (SN 9161). This 
compound was prepared like the foregoing one; yield from 5.6 g. of VII ,  3.7 g., m.p. 135- 
139'. It crystallized from acetone-ether in rectangular plates of m.p. 137-138.5'. 

Anal. Calc'd for CJOH~JCI~NO: C, 71.40; H, 8.59. 
Found: C, 71.41; H, 8.93. 

SUMMARY 

Two amino alcohols derived from 3-chlorophenanthrene, and carrying the 

The evaluation of these compounds as antimalarials is discussed. 

BETHESDA 14, MD. 

alkamine side chain in position 9 have been described. 
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In the two foregoing communications (1, 2) we have shown that by intro- 
duction of a chlorine atom into 3-phenanthrylethanolamines and 9-phenanthryl- 
ethanolamines one arrives a t  alkamines I and I1 which exhibit a considerably 
stronger effectiveness against Plasmodium gallinaceum than the corresponding 
parent compounds. 

c1 c1 

I 
c1 

I1 

The known 3-chloro-10-phenanthrenecarboxylic acid (IV) (3) lent itself to 
convenient preparation of the starting materia1 for the synthesis of the aka- 
mines of formula 111. This synthesis proceeded very much in the manner 
described in the ‘13-chloro-9-series” (2) : 

-4 I11 I,,, 10--CVOICH*Br - 1:::; 0 CHNz 
IV v \ 13-Cl 

JIO-COCa 
VI1 

1 The work described in this paper was done under a transfer of funds, recommended by 
the Committee on Medical Research, from the Office of Scientific Research and Develop- 
ment to the National Institute of Health. 
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Needle clusters 

The amino alcohols of type I11 (diamylamino to dinonylamino derivative in- 
c l~s ive )~  appear biologically (4, 5 )  very similar to the 3-chlorophenanthrene- 
9-alkamines (2) and 3-chloro-6-alkamines (1). SN 1375, the 3-chloro-10-(2- 
diheptylamino-1-hydroxyethyl)phenanthrene, was investigated clinically. It is 
superior to quinine in vivax malariaa4 The first four drugs of this series did not 
show any activity against sporozoite-induced gallinaceum malaria (5) .5 

CidbC1zNO 69.62 7.87 69.62 8.18 

Acknowledgment. We wish t o  thank Mr. E. A. Garlock, Jr. for carrying out 
the microanalyses. 

 EXPERIMENTAL^ 
3-Chloro-IO-phenanthrenecarboxylic acid (IV) was prepared by the Pschorr synthesis 

according t o  the directions of Nyl6n (3). The crude acid (m.p. 285-287') was used in  the 
subsequent reaction. 

8-Chloro-IO-phenanthroyl chloride. A mixture of 17 g. of IV, 25 cc. of thionyl chloride, 
and 30 cc. of dry benzene was refluxed for two hours. Evaporation of the solvent and ex- 

TABLE I 
AMINO ALCOHOLS - 

SN 

- 
9130 

10456 

9160 

10901 
9466 

_I 

M.P., 'C 

207 -209 

183.5-185" 

184 -186 

177 -178 
176 -177., 

SOLVENT 

Abs. EtOH- 
acetone 

acetone 

acetone 

Abs. EtOH- 

Abs. EtOH- 

Acetone 
Abs. EtOH- 

acetone 

Resolidified and melted again at 191-193". 

cess reagent in vacuo, followed by sublimation of the residue in a high vacuum (150-170°/0.05 
mm.) gave a 16.8 g. yield of acid chloride of m.p. 154-156.5'. It crystallized from benzene 
in long needles, m.p. 154-156". 

Calc'd for C16H8C120: C, 65.49; H, 2.93. 
Found: C, 65.45; H, 3.02. 

A n d .  

3-Chloro-10-w-bromoacetylphenanthrene ( V I ) .  In  order t o  obtain the 3-chloro-IO-phenan- 
throyl chloride in more finely-divided form, 8.0 g. of the sublimed material was dissolved 
in hot benzene, the solution cooled quickly, and 7.0 g. of acid chloride collected. The 
filtrate (about 75 cc.) was added during ten minutes to 130 cc. of a stirred, ice-cooled ether 
solution of diazomethane (from 13 g. of nitrosomethylurea). The 7.0 g. of solid acid chlor- 
ide was then added under the same conditions during forty-five minutes, after which the 

8 The Survey Number, designated SN, identifies a drug in the files of the Survey of Anti- 
malarial Drugs. Activities of drugs so listed will be published in  a forthcoming monograph. 
These numbers are shown in Table I. 

4 The clinical study with this drug will be published by the several groups to whom this 
compound was assigned by the Board of Coordination of Malaria Studies. 

6 SN 9466 was not included in these tests because of lack of material. 
8 All melting points given are uncorrected. 
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mixture was stirred for five hours without cooling and left standing overnight. After 
thorough cooling in ice the diazo ketone (V) was collected; yield 7.0 g., m.p. 150-152' with 
gas evolution. This product (4.8 g.) was stirred in  suspension with 50 cc. of dioxaneat 
15-25', while 4 cc. of 48% HBr in 4 cc. of dioxane was added during fifteen minutes. After 
an additional ten minutes the turbid solution was treated dropwise with 1.1 g. of sodium 
carbonate in a little water, and the dioxane evaporated in vucuo a t  a bath temperature not 
exceeding 65". The residue was partitioned between warm benzene and water, the benzene 
layer dried over sodium sulfate and concentrated to  about 25 cc. On addition of an equal 
volume of ligroin (30-60°), the bromo ketone separated in a yield of 4.9 g., m.p. 121-123.5". 
It crystallized from benzene or ethyl acetate (Korit) in  large ncedles of m.p. 126.5-127'. 

Anal. Calc'd for C,sH1J3rC10: C, 57.61; H, 332. 
Found: C, 57.91; H, 3.15. 

3-Chloro-10-acetylphenanthrene (VZZ), (a )  f rom the diazo ketone V and ( 6 )  and f rom the 
bromo ketone V I .  (a) The procedure of Wolfrom and Brown (6) was used in this prepara- 
tion. A solution of 0.5 g. of V in 15 cc. of chloroform was treated with 1.5 cc. of 55% HI.  
After shaking for ten minutes, the chloroform was washed successively with water, dilute 
sodium carbonate solution and water, dried, and solvent evaporated. The residue, on high 
vacuum sublimation, yielded 0.25 g. of ketone. After recrystallization from methanol 
followed by another sublimation, it melted at 139-140'; needles. 

Calc'd for CI6H1LClO: C, 75.44; H, 4.35. 
Found: C, 75.48; H, 4.59. 

Anal  

Upon mixing VI1 with 3-chloro-y-acetylphenanthrene (1) of m.p. 138-139', the m.p. 
was 105-120°. 

(b) A mixture of 0.5 g. of VI, 0.5 g. of palladium-charcoal (5% Pd), and 30 cc.of absolute 
ethanol absorbed 0.9 mole of hydrogen in one hour. The reduction mixture was warmed, 
filtered, and the filtrate concentrated to  8-10 cc. On cooling to  room temperature, 3-chloro- 
10-acetylphenanthrene separated in a yield of 0.2 g., m.p. 138.5-140". 

A mixture of one mole of VI,  2 moles of secondary amine and dry 
ether-acetone (5 cc. of a 4 : l  mixture per gram of VI) was shaken mechanically for one to  
two hours, cooled in  ice, and filtered. The filtrate was evaporated to  dryness in  vacuo and 
the residual amino ketone reduced with 3 N aluminum isopropoxide (7) (5 cc. per gram of 
VI). After two hours, the isopropanol was evaporated in vacuo and the dark red residue 
partitioned between ether and an excess of 10% sodium hydroxide. The ether layer was 
washed tuice u i th  water, dried over sodium sulfate, and acidified to Congo Red by addition 
of 20y0 alcoholic "21. The flocculent precipitate of amino alcohol hydrochloride was col- 
lected snd  Rashed mith acetone-ether. The yields, based on bromo ketone, varied from 
6565% 

Ami120 alcohols. 

SUMMARY 

Five amino alcohols derived from 3-chlorophenanthrene, and carrying the 

The evaluation of these compounds as antimalaiials is discussed. 
alkamine side chain in position 10 have been prepared. 

BETIIESDA 14, &ID. 
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INTRODUCTION 

The effect of nuclear substituents such as OH, C&, OCHS, etc. on the sym- 
pathomimetic properties of propadrine, CBH&H(OH)CH(NH,)CH~, has been 
studied (1 ,  2 ,  3 ,  4, 8 ,  6). However, reports of the effect of nuclear halogen 
substitution in this series are still meager. Only p-chloropropadrine has been 
studied and reported as possessing three times the toxicity and one twenty- 
fifth the pressor activity of the unsubstituted amine (2). 

Reported studies of the effect of halogens in related amines are also limited 
(7, 8, 9 ,  10, 11). Consequently, adequate correlation of the effect of the 
presence of a halogen atom in the phenyl nucleus on physiological activity is 
difficult. 

This investigation was undertaken to  make available for pharmacological 
study a series of propadrines containing halogens substituted in various positions 
of the aromatic nucleus in order to  make possible a more complete correlation 
of the physiological effect of halogen substitution with the effect produced by 
other nuclear substituents already studied in this series. 

The synthesis of 0-, m-, and p-fluoro-; 0-, m-, and p-chloro; and 0-, m-, and 
p-bromopropadrine, XC,j€LCH(OH)CH(NH2)C&, was undertaken. p-Chlo- 
ropropadrine, though previously reported, was included for comparison. 

The synthesis dependad, first, on the preparation of the appropriately sub- 
stituted propiophenones. The p-halogen ketones were prepared by the Friedel- 
Crafts reaction from the appropriate phenyl halide and propionyl chloride. The 
0- and m-halogen ketones were obtained by replacing the amino group of o- 
and m-aminopropiophenones, respectively, with the desired halogen atom. 

Nitration of propiophenone produced b x h  the o-2nd m-mononit, o deL ivatives. 
Since large amounts of these intermedistes were required, a study of the optimum 
conditions for their preparation was made. Their reduction to the aminopropio- 
phenones was conveniently accomplished by catalytic hydrogenation in benzene. 
The mater formed in the reaction was drawn o f f ,  and the amine hydrochloride was 
precipitated in good yield by passing hydrogen chloride into the benzene solution. 
This method gave improved yields over those reported using tin and hydro- 
chloric acid (3, 12, 13)) iron and acetic acid (12), or stannous chloiide and 
hydrochloric acid (14). The ketone group was unaffected under the conditions 
used. 

Attempts to  replace the amino group with fluorine by heating the dry dia- 
1 For Amino Alcohols XV, see Hsrtung and Foster, J. Am. Pharm. ASSOC.,  Scientific 

8 Present address: Frederick Stearns and Co., Detroit, Mich. 
Ed., 36, 15 (1946). 

444 



PHENYL HALOGENATED PROPADRINES 445 

zonium fluoroborates, according to the procedure of Schiemann and Winkel- 
miiller (15), gave poor yields and formed large amounts of tar. However, it 
was found during this investigation that if the diazonium fluoborates were 
dropped into a stirred inert liquid hydrocarbon (toluene for the m-compound or 
heptane for the o-isomer) maintained a t  a temperature above the decompo- 
sition point of salt, satisfactory yields of the fluoropropiophenones were obtained. 

The halogenated ketones were next converted into their corresponding iso- 
nitroso derivatives by a general reaction (1 , 2 ,  3 , 16) using butyl nitrite and 
hydrogen chloride in ether, 

CHI(CHs)&HsONO XCgH,COCC& 
HCl II XC gH4 C 0 CH2 C Ha 

NOH 

It has well been established that isonitroso ketones of this type can be hy- 
drogenated in good yields to the corresponding amino alcohols with a palladium- 
charcoal cat,alyst in ethanolic hydrogen chloride (1, 2, 3 ,  4). However reports 
in the literature indicated that difficulty in preventing the loss of halogen from 
the ring during hydrogenation might be encountered. 

Eclkins and Linnell (9), in an attempt to prepare p-chloro- and p-bromo- 
propadrine by the hydrogenation of the corresponding p-halogen aminopropio- 
phenone, XCaH&OCH(N&)CHa, with a palladium-charcoal catalyst in acid 
aqueous medium, obtained only propadrine, the halogen being removed from 
the ring. They further found that hydrogenation in an acidified ethanolic 
solution gave, instead of the desired products, the corresponding p-halogen 
benzoic acid in almost theoretical yield. The formation of these acids was 
exp1:iined by a hydrolysis involving a break of the carbon chain at the carbonyl 
grou 1’) , 
XCsH4CCH(NI&)CXla --+ XCeHrC=C (NH2)CHa - 

II I 
0 OH 

XCaH4COOH + CHsCHzNH1 

In oiir work no formation of halogen benzoic acids was observed. 
Hartung, Munch, and Crossley (2) observed, in the hydrogenation of p-chlo- 

roisonitrosopropiophenone, that in the presence of water the aromatic chlorine 
atom was removed, but they were able to obtain the desired p-chloropropadrine 
by avoiding the use of water in the hydrogenation solvent. 

Tn this work the isonitroso ketones were hydrogenated until three equiva- 
lents of hydrogen had been taken up. The fluorine atom did not possess the 
repoyted lability of chlorine and bromine in the presence of water, and the 
desired o-, m-, and p-fluoropropadrines were obtained as their hydrochloride 
salts. By the use of anhydrous conditions, it was also possible to obtain m- and 
p-chl oropropadrine hydrochloride. However the o-chloro isomer was not 
successfully isolated in pure form; the hydrogenation product appeared to be a 
mixture of the hydrochlorides of the dehalogenated amino ketone, Cd&COCH- 
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(NHcJCH,. HCI, and o-chloropropadrine whose separation by recrystallization 
was not successful. 

Hydrogenation of the m-bromoisonitroso ketone resulted in the loss of bromine 
from the ring, the product isolated being the dehalogenated amino ketone salt. 
The reduction of o- and p-bromoisonitroso ketones was not tried in this in- 
vest igat ion. 

The authors are indebted to Dr. Karl H. Beyer of Sharp and Dohme for a 
physiological evaluation of the halogenated propadrines. Compared to Z-epi- 
nephiine &s unity the observed potencies were: propadrine 1/185, o-fluoro- 
propadrine 1/80, m-fluoropropadiine 1/102, p-fluoropropadrine 1/275, m- 
chloropropadrine 1/133, p-chloropropadr ine 1/550. It is of particular interest 
to  note that a fluorine atom introduced into the ortho position of the parent 
molecule doubles the pressor activity, but introduced into the para position it 
decreases the activity. 

EXPERIMESTAL 

All melting points recorded were taken with an Anschtitz thermometer; all boiling points 
are uncorrected. 

Synthes is  of Phenul  Halogenated Propiophenones 

A summary of the data for all the phenyl substituted propiophenones is given in Table 1; 
p-Halogen propiophenones. Propionyl chloride (92.5 g., 1 mole) was allowed to  react 

with a stirred mixture of anhydrous aluminum chloride (147 g., 1.1 mole) and the phenyl 
halide (1 mole) in 400 cc. of dry carbon disulfide by the usual Friedel-Crafts procedure. 
After refluxing for 2 to 3 hours, the complex (surrounded by a cold water-bath) was dccom- 
posed in  the presence of the solvent by the dropwise addition of water with stirring. Any 
suspended aluminum salts were dissolved by the addition of hydrochloric acid. The reac- 
tion mixture was filtered, the carbon disulfide layer was separated, and the aqueous layer 
was extracted with carbon disulfide. The combined carbon disulfide solutions were washed, 
dried over anhydrous calcium chloride, and the solvent was distilled off through a short 
column. The residue was distilled in vacuo in a Claisen flask. 

ih’itration of propiophenone. After investigating a number of nitrating mixtures, the best 
results were obtained by the addition of propiophenone to  fuming nitric acid according 
to  the method described by Hartung et al .  (3, 17) .  

I n  order to  determine the effect of temperature on the course of the reaction, a series of 
runs was carried out in  which the temperature was varied. The results are summarized 
in Table 11. At each temperature studied, two f-mole portions of propiophenone were 
nitrated in two separate batches, the products of the two runs being combined and purified 
together. This procedure decreased the time during which the initial portions of the ketone 
remained in contact with the acid, thereby reducing the possibility of oxidation. 

The general nitration procedure was as follows: Into 425 cc. of stirred fuming nitric acid 
(d .  1.5, straw colored), previously cooled to  the desired temperature by an ice-bath, was 
dropped 67 g. (0.5 mole) of propiophenone. The temperature of the reaction was controlled 
by the rate of the addition of the ketone and by external cooling. Temperatures of -10’ 
t o  -5’ were obtained by the addition of solid carbon dioxide chips to  the reaction mixture. 
Stirring was continued for 5 to  10 minutes after all the ketone had been added. The reac- 
tion mixture was then poured into 2 liters of ice and water and the product which separated 
was filtered off with suction. The filtrate was extracted with benzene and the benzene 
was warmed and used to  dissolve the product on the filter. The benzene solution was 
washed with water, then with 10% sodium hydroxide until the washings were practically 
colorless, and finally with water. After drying over anhydrous calcium chloride, the ben- 
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zene was distilled off through a short column. The residue, consisting of the 0-  and m-nitro- 
propiophenones, was washed with cold 95% ethanol to  remove the soluble o-isomer. The 
insoluble m-isomer was recrystallized from 95% ethanol. 

TABLE I 
PHENYL SUBSTITUTED PROPIOPHENONES 

XCiH~COCHICHt 
X =  

P-F 
m -P 
0-F 
p-c1 
m-C10 
0-ClO 
p-Br 
m -Br 
o-Br 
rn-n.0, 
o-N02* 
m -NHz.HClo 
0 -NHz.HCl' 

M.P., T. 

34-35' 
45-46 

45-461 
37.5-400 

98-99* 

198-199' 
184-185 

a Not previously reported. 

B.P. SEMICABBAZONZ 1 YIELD % 1 
"C. 1 Mm. M.P., 'C. 

2 15-2 17 
94-96 
87-9 1 
114-1 18' 

105-106 
137-140" 

116-118" 

152-1 550 

atm. 
4-5 
12-13 
2 

12 
2 

10-11 

2-3 

86 
68 
47 
76 
73 
85 
58 
44 
77 * 
* 
83-88 
73-79 

196-197 
187-188 
143-144 
176-177' 
179-180 
172-173 
170-171 
182-1839 
178-179' 
188-189 
183-184' 

Commanducci and Pescitelli (24) reported o-nitropropiophenone, which they claimed 
to  have obtained by the addition of propiophenone t o  '(136%" nitric acid at 40", to  be a 
crystalline compound, m.p. 85". However subsequent workers (3, 13, 14), as well as the 
present work, have shown i t  t o  be a n  oil. From our experiments, as well as those of other 
colleagues, i t  develops that  if the temperature of the nitration is allowed to  rise above 
25-35", the reaction becomes vigorous and difficult to  control, brown fumes are evolved, 
and e, large amount of oxidation takes place. 

Melts with decomposition. Oxime, m.p. 112-113". p-Toluenesulfonamide, m.p. 
102-103"; reported m.p. 97" (12). 

Melts with decomposition. Free amine, m.p. 44-45'; reported m.p. 45-46' (13), 46-47' 
(14), '46" (12). Oxime, m.p. 87-88'; rep0rtedm.p. 88-89" (14). Commanducci and Pescitelli 
(24) reduced their purported o-nitropropiophenone and obtained a n  amine whose hydro- 
chloride decomposed at 200". However since they probably did nct  have o-nitropropiophe- 
none, they probably did not have o-aminopropiophenone. 

Reported melting points: *35-36" (25), 35.8" (9); 144-45" (25), 47" (9); 036" (12); h97° (3) 
100" ( 2 6 ) ,  98-100" (12), 98" (24); '202.5 (3); p175-176" (27); 9180' (12); '182" (12) 
'182-183' (14). 

Reporting boiling points: j105-107" at 22 mm. (28); k95-99° at 19 mm. (29); '115" at 3 
mrn. [2), 152" at 30 mm. (9); "167" a t  30 mm. (9); "125" at 12 mm. (12), 135-140" at 16 mm. 
(30); 0153-1600 a t  7-10 mm. (3), 161' at 10-11 mm. (14), 175" a t  25 mm. (13). 

* See Table 11. 

Di,stilIation of the solvent from the alcohol washings left the o-isomer as a brown oil 
whicb. was placed in the refrigerator for several days to  allow the separation of any dissolved 
m-isomer. On distillation in vacuo, o-nitropropiophenone was obtained as a yellow oil 
which darkened on standing. 

Upon acidification, the sodium hydroxide washings gave a yellow crystalline precipitate 
which was soluble in sodium bicarbonate solution and which probably consisted of the 
nitrobenzoic acids, though its identity was not further investigated. 
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Nitropropiophenone 

Meta % Ortho % 

60 30 
51.4 37.4 
47.5 36.8 
41.3 35.2 
35.8 34.0 

m-Aminopropiophenone hydrochloride. A solution of 53.7 g. (0.3 mole) of m-nitro- 
propiophenone in 300 cc. of thiophene-free benzene was hydrogenated with 3 g. of a pal- 
ladium-charcoal catalyst at room temperature and at approximately atmospheric pressure 
in  an apparatus similar to  that  described by Hartung (18). The theoretical amount of 
hydrogen required to  reduce the nitro group was absorbed in 13 hours, after which the up- 
take of hydrogen ceased. The catalyst was filtered off, and the benzece s i lut ioi  was dried 
over anhydrous sodium sulfate. Upon saturation of the dried solutim with hydrogen 
chloride, the amine hydrochloride precipitated. I t  was filtered off, washed with benzene, 
and then with acetone until practically colorless. The compound was used without further 
purification. 

When the hydrogenation was carried out in a glass container under an initial pressure 
of 300 pounds, the reaction required only t to t of the time needed under atmospheric 
pressure. 

o-Aminopropiophenone hydrochloride. o-Nitropropiophenone (53.7 g., 0.3 mole) was 
hydrogenated in 100 cc. of benzene with 5 g. of catalyst at an initial pressure of 303 pounds, 
and the product was isolated as described for the m-isomer. It was necessary to heat the 
reduction mixture to  s tar t  the uptake of hydrogen. The theoretical amount of hydrogen 

NaOH Extractive g. 

2 
4 
7 
9 

16 

TABLE I1 
EFFECT OF TEMPERATURE ON THE NITRATION OF PROPIOPHENONE 

MTRATION TEXPBBATURE, 'c 

-10 to  -5  
10 
15 
20 
25 

I YIELD (FROX 1 MOLE or PPOPIOPHENONB) 

Crude acidic material obtained upon acidification of the NaOH washings. Soluble in 
:NaHCOI solution. 

was absorbed in approximately 7 hours. o-Aminopropiophenone hydrochloride was ob- 
tained as a pinkish powder Rhich darkened on standing. 

m-Fluoropropicphenone. The amino group was replaced with fluorine by a modification 
of the method of Schiemann and Winkelmiiller (15). 

A mixture of 83.5 g. (0.45 mole) of m-aminopropiophenone hydrochloride, 45 cc. of con- 
lcentrated hydrochloric acid, and 200 cc. of water was diazotized with a solution of 34.5 g. 
(0.5 mole) of sodium nitrite in 60 cc. of water. Then 120 cc. of cold commercial 48% fluo- 
boric acid was rapidly added with vigorous stirring. The diazonium fluoborate which 
separated as a thick auspension was collected on a filter, washed with cold ethanol, then 
with ether, and dried in a vacuum desiccator over concentrated sulfuric acid. The di- 
azonium fluoborate was obtained as a pinkish powder in a yield of SS%, decomposition point 
97-98". It was converted into m-fluoropropiophenone by the following procedure: 

In a 1-liter, 3-neck flask fitted with a sealed stirrer and a reflux condenser connected to  a 
gas absorption trap for the evolved boron trifluoride, was placed 300 cc. of dry toluene. 
To the stirred and boiling toluene was added in small portions 98 g. (0.39 mole) of the dry 
diazonium fluoborate, each portion being added after the initial evolution of gas from the 
previous portion had suk sided. The toluene solution was decanted from a small amount 
of t a r  which separated during the reaction, cooled, and washed with water, 5% sodium 
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hydroxide, and again with water. After drying over calcium chloride, the toluene W R ~  

distilled off and the residual oil was distilled in vacuo. m-Fluoropropiophenone was ob- 
tained as a light yellow oil which formed colorless crystals on cooling in an ice-bath. 

o-Aminopropiophenone hydrochloride was converted into ita 
diazonium fluoborate by the method used for the m-isomer. After the addition of the 
fluoboric acid to the diazotized amine, it was necessary to stir the mixture in the ice-bath 
for about 10 minutes before the diazonium salt precipitated. After filtration, a second 
crop was obtained by saturating the filtrate a i t h  sodium fluoborate. The total yield was 
washed with cold alcohol, then n i th  ether, and dried in a vacuum desiccator over sulfuric 
acid; yield 79%, decomposition point 81-82'. 

The diazonium fluoborete was converted to  o-fluoropropiophenone as described for the 
m-isomer, substituting dry heptane for the toluene. The o-fluoropropiophenone was 
obtained as a light yellow oil which did not solidify on cooling in an ice-bath, 

m-Chloropropiophenone. This ketone was prepared by the Sandmeyer reaction by a 
procedure similar to that  described by Marvel and RZcElvain for o-chlorotoluene (19). 

A mixture of 92.7 g. (0.5 mole) of m-aminopropiophenone hyc'rwhloride, 300 cc. of water, 
and 200 cc. of concentrated hydrochloric acid was diazotized at 0" to 5' by the addition of a 
solution of 34.5 g. (0.5 mole) of sodium nitrite in 75 cc. of water. The cold diazonium solu- 
tion was then poured into a well stirred cold cuprous chloride solution previously prepared 
in the following manner: 

An alkaline solution of sodium meta sulfite (33.3 g., 0.175 mole) and 40 g. (1 mole) of 
sodium hydroxide in 300 cc. of water was added over a 10-minute period to a stirred hot 
solution of 162.3 g. (0.65 mole) of crystallized copper sulfate and 76 g. (1.3 mole) of sodium 
chloride in 500 cc. of water. The mixture was allowed to cool to  room temperature. The 
cuprous chloride which precipitated as a white powder was washed with water by decanta- 
tion and dissolved in a mixture of 200 cc. of concentrated hydrochloric acid and 150 cc. of 
water. 

The reaction mixture, containing a solid addition compound, was allowed t o  warm up 
t o  room temperature and then was heated at 70" with stirring until the evolution of nitrogen 
ceased (a to  1 hour). The crude m-chloropropiophenone was distilled with steam from the 
reaction mixture and extracted from the distillate with benzene. The benzene solution 
was washed with water, then with 5% sodium hydroxide, again with water and dried over 
calcium chloride. After distilling off the benzene, m-chloropropiophenone was obtained 
as colorless crystals by recrystallization of the crude product from dilute alcohol (charcoal). 

o-Chloropropiophenone. This ketone was prepared by the method used for the m-isomer 
from o-aminopropiophenone hydrochloride. The crude product obtained was distilled 
in  vacuo and yielded the 0-chloro ketone as  a light yellow oil. 
m- and o-Bromopropiophenone. These ketones were also obtained by the Sandmeyer 

reaction from m- and o-aminopropiophenone hydrochloride. 
The aminopropiophenone hydrochloride (92.7 g., 0.5 mole) was neutralized with 20% 

sodium hydroxide and the free amine which separated from the aqueous portion was re- 
moved, washed with water, and added to  a mixture of 84 cc. of concentrated sulfuric acid 
and 3% cc. of water. This mixture was diazotized, and the diazonium compound was 
converted to  the corresponding bromopropiophenone with a cuprous bromide-hydro- 
bromic acid solution by the procedure used for the preparation of the rn-chloropropio- 
phenone. 

The cuprous bromide used waa obtained by replacing the sodium chloride in  the pro- 
cedure described for the preparation of cuprous chloride with 72 g., (0.7 mole) of sodium 
bromide. After washing with water by decantation, the cuprous bromide was dissolved 
in  a mixture of 200 cc. of 48% hydrobromic acid and 100 cc. of water. 

m-Bromopropiophenone was obtained as colorless crystals by recrystallization of the 
crude product from dilute alcohol (charcoal). 

o-Fluoroprop'ophenone. 
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PECPYSTALLIZATION 
SOLVENT 

o-Bromopropiophenone was obtained as a light yellow oil by distillation of the crude 
product i n  vacuo. 

Ozidation of the halogenated propiophenones. The position of the halogen in the ring in  
the nine halogenated propiophenones was verified by permanganate oxidation of the ketones 
t o  the corresponding halogenated benzoic acids. 

M,p. ,  e c  

Synthesis of Isonitroso Ketones 

Nitrosation of ketones. The halogenated propiophenones were nitrosated by the general 
procedure described by Levin and Hartung (16), using n-butyl nitrite as the nitrosating 

=-, % 

TABLE I11 
ISONITROSO KETONES 

FOPMULA 
XCbH4COCCH: 

X -  
JOH 

P-F 
m-F 
0-F 
p-C1' 
m-C1 
0-c1 
p-Brb 
m-Br 
o-Br 

Calc'd 

7.73 
7.73 
7.73 
7.09 
7.09 
7.09 
5.79 
5.79 
5.79 

Found -- 
7.73 
7.50 
7.62 
7.06 
6.94 
6.96 
5.75 
5.74 
5.72 

Toluene 
Dilute Alcohol 
Heptane 
Toluene 
Toluene 
Heptane 
Toluene 
Toluene 
Heptane 

106.5-107.5 
104-110 
82-82.5 
119-120 
94-95 

102.5-103 
132-1 33 

104.5-105 
101-101.5 

88.4 
85.6 
73.6 
89.4 
82.7 
76.0 
86.8 
76.4 . 
71.1 

a Reported m.p. 114' (9), 122-123" (2). 
* Reported m.p. 113.6' (9). 

C ~ H ~ F N O I  
CsHsFNOn 
CeHsFNOt 
CsHsClNOz 
CoHsClNOn 
CeHsClNOs 
CoHaBrNOn 
CoHsBrNOt 
CoHsBrNOn 

TABLE IV 
HYDROGENATION OF ISONITROSO KETONES 

BYDBOGENATION CATuYSTa o. 
SOLVENT CC. 

200 2 
200 2 
150 2 
500 3 
500 2 
400 2 
400 2 

XCbHiCOCCHa 

X -  
I1 
NOH 

HYDROGEN UPTAKE, EQUIV. 

1st 3. 2nd eq. hrs. 3rd eq.  hrs. 

1.7 16 
1.6 6 
1.7 4 
3 17.5 
2 8 
2.6 17.5 
3 6 

P-F 

0-F 
p-c1 
m-C1 
0-c1 
m-Br 

m-F 

KETONE MOLES 

0.05 
0.05 
0.03 
0.085 
0.05 
0.05 
0.05 

Initial amount; additional catalyst added after the 1st 2 equivalents of hydrogen had 
been taken up. 

agent. After completion of the reaction, the ether was removed by distillation from a 
steam-bath, the distillation then being continued under reduced pressure t o  remove the 
butyl alcohol formed in the reaction. The residue was allowed to  stand overnight in a 
vacuum desiccator over sulfuric acid, and was recrystallized from a suitable solvent. The 
experimental data on the various isonitroso ketones are given in Table 111. 
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P-F 
m -F 
o -F 
p-c1 
m -C1 

45 1 

225-226 
210-211 
231-232 
244-245" 
183-184 

Synthesis of Amino Alcohols 

Catalyfic hydrogenations. The isonitroso ketones were hydrogenated in 2 A; absolute 
ethanolic hydrogen chloride a t  approximately atmospheric pressure using an activea pal- 
ladium charcoal catalyst, in a manner described elsewhere (1, 2 ,  22). The first two equiv- 
alents of hydrogen were taken up rapidly and the absorption of hydrogen ceased with the 
appearance of a precipitate of the amino ketone hydrochloride. In the case of the three 
fluorine compounds, fresh catalyst and sufficient water to  dissolve the precipitate was 
added, and hydrogenation was continued until the third equivalent of hydrogen had been 
taken up. In the case of the three chlorine compounds and the m-bromo compound, fresh 
catalysl, but no water was added a t  the two-thirds stage, and the precipitate was dissolved 
by blowing steam over the agitated reduction flask. In  all cases the third equivalent of 
hydrogen was taken up much more slowly than the first two, and i t  was necessary to  heat 
the reduction flask with steam from time to time to complete the absorption of the third 
equivalent of hydrogen. The reduction data are given in Table IV. 

After filtering off the catalyst, the solvent was removed by distillation under reduced 
pressure. The crude hydrochloride was dried over sulfuric acid in a vacuum desiccator 
and washed with ether to remove most of the color. Recrystallization from absolute alco- 
hol gave colorless crystals. Second crops of crystals were obtained by the addition of 
ether to  the mother liquors. 

TABLE V 
NUCLEAR HALOGENATED PROPADRINE HYDROCHLORIDES 

XCIH~CH (OH) CH ("1) CHI .HC1 
X =  ,p., c.c YIELD, % 

78 
68 
65 
69 
63 

FORYULA 
CHLOBINE~ % 

Calc'd 

17.24 
17.24 
17.24 
15.96 
15.96 

Found 

17.27 
17.38 
17.39 
16.17 
16.17 

a Reported m.p. 245" (2). 
b Determined (as C1-) by the Volhsrd method. 

When hydrogenation is incomplete, intermediate amino ketone hydrochlorides are pro- 
duced; and they may be characterized by their reduction of Fehling's solution, by their 
melting with decomposition or effervescence, and by their undergoing spontaneous con- 
densation in alkaline solution to  dihydropyrazines which are readily oxidized to the more 
stable pyrazine derivatives (1, 2 ,  3, 23). Since these tests are not given by pure amino 
alcohols, they were used to  determine whether the compounds isolated from the hydro- 
genations were the desired amino alcohols. I n  addition, permanganate oxidation to  the 
corresponding halogenated benzoic acid was used to verify the presence and position of the 
halogen in the ring. 

Hydrogenation of 0-, m- and p-fluoroisonitrosopropiophenone; and m- and p-chloroiso- 
nitrosopropiophenone. By the hydrogenation of these compounds as described under 
catalytic hydrogenahions, the corresponding halogenated propadrines were obtained as their 
hydrochlorides. Tests for the presence of amino ketone were negative, and permanganate 
oxidation produced the corresponding halogenated benzoic acids. 

3 The preparation of an active palladium catalyst with the aid of sodium acetate has been 
previously described (20, 21). 
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Hydrogenation of o-chloroisonitrosopropiophenone. The hydrogenated product, after 
several recrystallizations from absolute alcohol, melted a t  182-183", and further recrystal- 
lization produced no significant rise in melting point. It reduced Fehling's solution, gave 
ray pazine test, gave only a small yield of o-chlorobenzoic acid on permanganate oxidation, 
and contained 17.20% of chlorine (as HCI). Since the absorption of 3 equivalents of hydro- 
gen could proceed in several directions, 

CsH,COCHCHs 

I ( 1) NHxeHCI 
19.09% c 1  C lCaEC 0 C CH, - 2H'-+ CICs&COCHCHl 

I L HCI 

ClCaBCH(0H)CHCHs NHs* HCl 
II 
NOH 

I 
NHI*HCl 

15.96% C1 (sa HC1) 

(111 

the above evidence suggested that  the product was a mixture of compounds I and 11. 
Hydrogenation of m-bromoisonitrosopropiophenone. The hydrogenated product, after 

several recrystallizations from sec.-butyl alcohol, gave colorless crystals, m.p. 164-165'. 
On permanganate oxidation i t  produced benzoic acid, indicating that the bromine had been 
removed. It gave tests for an amino ketone, reduced Fehling's solution, and formed a 
dihydropyrazine, m.p. 94-96'. Gabriel (23) reported the m.p. 99-100' for the dihydro- 
pyrazine obtained from C~H&OCH(NHI)CH,. Quantitative analysis for halogen (as 
HX) indicated the product to  be a mixture of the hydrochloride and hydrobromide salts of 
or-aminopropiophenone; and qualitative analysis verified the presence of bromide ion. 
This evidence seemed to indicate that the hydrogenation apparently had taken the course: 

1H2 CaKCOCHCHs 
I BrCs&COCHCHs - 2H2-+ BrCs&COCHCH, --+ 

I NHP.HC1 $- HBr 
HC1 

NH*.HCl 
I/ 

NOH 

SUMMARY 

1. In order to study the physiological effect of nuclear halogen substitution 
in propadrine (phenylpropanolamine), the synthesis of a series of monohalog- 
enated propadrines was undertaken. 
2. For this purpose, nine halogenated propiophenones containing F, C1, or 

Br in the 0-, m-, and p-positions were prepared. 
3. These ketones were then nitroaated to obtain their isonitroso derivatives. 
4. Catalytic hydrogenation of the 0-, m-, and p-fluoro, and the m- and p-  

chloro isonitroso ketones produced the desired corresponding halogenated 
propadrines. Hydrogenation of the o-chloro and m-bromo intermediates re- 
sulted in the removal of the halogen from the ring. 

5 .  A study was made of the effect of temperature on the nitration of pro- 
piophenone. 

6. A preliminary pharmacological examination of the five halogenated pro- 
padrines obtained indicated that only fluorine in the ortho position produces 
any appreciable increase in the pressor activity of the parent molecule. 

BALTIMORE, MD. 
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[CONTRIBUTION FROM THE PURDUB RESEARCH FOUNDATION AND THE DEPARTMENT 
OF CHEMISTRY, PURDUE UNIVERSITY] 

COMPOUNDS OF PHARMACEUTICAL INTEREST FROM 4-METHOXY- 
1-NAPHTHYLAMINE 

G. BRYANT BACHPVZAN AND JOHN W. WETZELI 

Receiaed January 88, 1946 

From 4-methoxy-1-naphthylamine and its tetrahydride, 4-methoxyd ,6 ,7 ,8-  
tetrahydro-1-naphthylamine, have been prepared substituted benz( clacridines 
and benzo(h)quinolines similar to compounds of kn0u.n antim.alaria1 activity. 

Benz(c)acridines. The above amines were condensed with 2,4-dichlorobenzoic 
acid, the resulting acids were cyclized to chlorobenz(c)acridines with phosphorus 
oxychloride, and the amine side chain introduced by heating the chloroacridines 
with 5-diethylamino-2-pentylamine in the presence of phenol. 

1 Present address: Houdry Process Corp., Box 427, Marcus Hook, Pa. 
454 
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(S) indicates a saturated ring when the tetrahydronaphthylamine is used as 
the starting material. The numerals in parentheses refer to these hydrogenated 
compounds . 

It has been demonstrated that the phenory compound is an intermediate in 
the last step of the Atabrine synthesis (1) and in this work small amounts of the 
phenoxy intermediates (XII, XIV) n ere isolated n hen the reaction conditions 
were too mild. 
Benzo((h)quinoZines. A successful method of preparing benzo(h)quinolines 

from the naphthylamines was developed employing Mueller and Hamilton's 
modification (2) of the Conrad-Limpach reaction. Condensation of the amines 
with sodium ethyl ethoxalylacetate gave compounds which were readily 
cyclized by heating in mineral oil. Saponification, decarboxylation, and 
chlorination then yielded chlorobenzo(h)quinolines which vere treated with 
3diethylaminopropylamine to obtain the desired products. S x h  compounds 
without the 6-methoxyl group have been described in a patent (3) as pos- 
sessing antinalarial activity. 

COzCaHs 
I 

'NHZ C1- N=C CH2 C 02 Cz Ha 

oi 1 XozcZHs 250" 
___3 

4- Na+ -0 =CHC02C2Hs + 

I 
OCHa 

I ocH3 
XXIII (XVII) 
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The original plitn for the preparation of the chlorobenzo(h)quinolines involved 
submitting the amines to a Skraup reaction, converting the benzo(h)quinolines 
so obtained to N-oxides, treating these with phosphorus oxychloride and separat- 
ing the resulting mixture of 2- and 4-chlorobenao(h)quinolines (4). The yields 
from the Skraup reaction were so poor that this approach was abandoned. 
4-Methoxy-l-naphthylamine (I) used in the above syntheses was prepared by 

coupling alpha-naphthol with benzenediazoniuni chloride; the azo dye  as 
reduced, acetylated, methylated, and deacetylated to produce the amine hydro- 
chloride, which gave the free base on neutralization. 

ONa 

4-Methoxyd , 6 , 7 , 8-tetrahydro-l-naphthylamine (V) vas prepared by a high- 
pressure catalytic (nickel) hydrogenation of 1-acetamido-4-methoxynaphthalene 
(11) in dioxane solution. The product was deacetylated t o  the amine hydro- 
chloride which gave the free base on neutralization. 

It was originally planned to prepare the tetrahydroamine (V) by reducing 
l-methosy-4-nitroso-5,6,7, 8-tetrahydronaphthalene1 but the latter compound 
could not be obtained. During nitrosation of l-methoxy-5 , 6 , 7 , %tetrahydro- 
naphthalene hydrolysis of the ether linkage occurred giving 4-nitrosod , 6 , 7  , 8- 
tetrahydro-l-naphthol. This demethylation is similar to the reaction obeerved 
by Meyer and co-wo-kers ( 5 )  who found that nitrous acid acts on l-naphthyl 
methyl ether with 10s; of the methyl group. 

Pharmacological testing. Tested by oral administration three times per day 
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for five days on malaria-infected ducklings only compound XXVIII showed 
activity (Q 0.32). 

Acknowledgments. We wish to express our thanks to  Eli Lilly and Company 
and the Purdue Research Foundation for the financial support of this investigs- 
tion, and to the former for pharmacological tests. 

EXPERIMENTAL 

4-Methozy-1-naphthylamine ( I ) .  Alpha-naphthol was coupled with benzene diazonium 
chloride and the azo dye reduced to 4-hydroxy-1 -naphthylamine hydrochloride according 
to  the method described in Organic Syntheses (6). The product melted a t  265267" (de- 
camp.). It was converted to 4-acetarnido-l-naphthol (7) in 75% yield by using Fieecr'a 
general procedure (8). hlethylation with dimethyl sulfate gave 4-acetamido-1-methoxy- 
naphthalene (9) (11) in 90% yield. This was hydrolyzed to  4-methoxy-1-naphthylamine 
hydrochloride (111) [m.p. 278-279' (decomp.) from ethanol] in 90% yield by refluxing for 
six hours with a 1 N solution of hydrochloric acid in methanol. Neutralization of a de- 
colorized solution of the hydrochloride with sodium carbonate gave 4-methoxy-l-naph- 
thylamine (10). 

4-Acetamido-l-methoxy-6,5,7,8-telrahydronaphthalene ( I V ) .  Forty grams of I1 was dis- 
solved in 600 ml. of dioxane and 5 g. of finely ground U.O.P. nickel catalyst added. The 
I1 was reduced a t  130-140" and 1500-2000 pounds hydrogen pressure. After recrystalliza- 
tion from ethanol, the white product melted a t  188-189"; yield 70-85%. 

Anal. Calc'd for C~~HIJVO~:  C, 71.18; H, 7.81. 
Found: C, 71.10, 71.38; H, 7.f4, 7.66. 

4-Methozy-5,5,7,8-tetrahydro-l-naphthylamine ( V ) .  The hydrochloride of this amino 
was prepared from IV by refluxing an alcoholic hydrochloric acid solution for six hours; 
yield of crude product 95%, m.p. 250-253" (decornp.). The free base, m.p. 61', wm obtained 
on neutralization. It was analyzed a8 the 
stable hycirochloride. 

It oxidixed rapidly in air and turned purple. 

Anal. 

It vas  originally planned to  prepare the tetrahydroamine by reducing l-methoxy-4- 
nitroso-5,6,7,8-tetrahydronsphthalene, but the latter compound could not be obtained. 
During nitrosation of l-methoxy-5,6,7,8-tetrahydronaphthalene, hydrolysis of the ether 
linkage occurred giving 4-nitroso-5,6,7,8-tetrahydro-l-naphthol (VI) in 68.5% yield; m.p. 
161-163"; literature value 163' (11). 

4-Amino-6,6,7,8-tetrahydro-f -naphthol (VIZ). The moist crude nitrosonaphthol (VI), 
40 g., was dissolved in 450 rnl. of conc'd ammonium hydroxide and 800 ml. of water. The 
reddish brown solution was filtered to remove resinous material, and hydrogen sulfide gas 
was bubbled into the filtrate until the precipitation of the amino compound was complete. 
The free base was filtered, washed with cold water, dissolved in 50 ml. of conc'd hydro- 
chloric acid and 750 ml. of water, and decolorized. Upon reprecipitation of the amine with 
ammonia a white product was obtained which rapidly oxidized in air; yield 67%. A sample 
was purified by vacuum sublimation, m.p. 144-146" (decomp.) ; literature value 146-147' 

4-Acetamidc-6,5,7,8-tetrahydro-l-naphthol (VZZZ). Acetylation of VI1 was accom- 
plished by the same procedure used to prepare 11; yield 90%, m.p. 188-189". 

This compound was also prepared by the cat a l l  tic hydrogenation of 4-acetamido-l- 
naphthol. Twenty-eight grams was dissolved in 250 ml. of dry dioxane and 5 g. of finely 
ground U.O.P. nickel catalyst added. The reduction was accomplished a t  1400 pounds 
hydrogen pressure and 130'. The dioxane solution was reduced in volume by vacuum 
distillation and a 75% yield of crude material isolated. The mixed melting point of samples 
of the compound prepared by both methods showed no depression. 

Cslc'd for C11H&O.HCl: C, 01.82; H, 7.55. 
Found: C, 62.15, 61.74; H, 7.67, 7.81. 

(12). 
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Anal. Calc'd for C1*HlaN02: C, 70.19; H, 7.37. 
Found: C, 70.32, 70.44; H, 7.47,7.20. 

This naphthol was methylated in an alkaline solution with methyl sulfate to  produce 
IV identical with the product obtained by reduction of 11. 

~-Acetamido-l-ethoxy-6,6,7,8-tetrahydrcnaphthalene ( I X ) .  The ethylation of VI11 was 
carried out similarly to the methylation of the same compound. The temperature of the 
reaction mixture had to  be raised t o  40" for complete reaction. A 70% yield of crude prod- 
uct was obtained. Three recrystallizations from ethanol and n,ater gave a white product 
with m.p. 195-196'. 

Anal. Calc'd for ClrHlrNOz: C, 72.1; H, 8.15; N, 6.09. 
Found: C, 71.7, 71.9; H, 8.35, 8.22; N, 6.23, 6.26. 

7, IO-Dichloro-6-methoxy-1 ,t, 9,4-tetrahyd~obenz(c)acridine (x). Sixteen and one-haIf 
grams (0.093 mole) of V, 16.2 g. (0.085 mole) of 2,4-dichlorobenzoic acid (Heyden Chemical 
Corporation), 12 g. of anhydrous potassium carbonate, and 0.75 g. of reduced copper pow- 
der were suspended in 100 ml. of butanol. The mixture was stirred and heated to  reflux. 
Carbon dioxide was given off very rapidly at first but at the end of three hours the rate was 
slow. The addition of 1 g. more of potassium carbonate and 0.3 g. of copper-bronze powder 
did not cause the rate of evolution to  increase. At the end of seven hours heating, 25 ml. 
of 20% sodium hydroxide was added and the butanol removed by steam distillation. The 
dark purple residue could not be decolorized; and, on cooling, a tarry mass separated, leav- 
ing the water layer practically colorless. A filterable solid waB obtained by heating to re- 
dissolve the tar  and then bubbling carbon dioxide into the hot solution. The dark powder 
had the melting range 200-225' and was practically insoluble in organic solvents. The 
yield of crude 4-chloro-N-(4-methoxy-5,6,7,8-tetrahydro-l-naphthyl)anthranilic acid was 
40%. 

Twenty-two and eight-tenths grams of crude acid and 82.5 ml. of distilled phosphorus 
oxychloride were refluxed and stirred for four hours. At the end of this time the volume 
of the solution was reduced one-half by vacuum distillation. The residue was poured 
slowly into a beaker containing 650 g. of ice, 500 ml. of conc'd ammonium hydroxide and 500 
ml. of chloroform. After hydrolysis of the excess phosphorus oxychloride was complete, 
the product was isolated by extraction with three 60-ml. portions of chloroform. Decolor- 
ization, drying, and evaporation of the chloroform solution gave a crude product, which, 
after recrystallization from benzene-heptane, was yellow and melted at 190-191'; yield 
8.8 g., 39%. 

Anal. Calc'd for CI~H1&l~NO: C, 65.05; H,  4.55; N ,  4.22. 
Found: C, 65.01,65.13; H,4.48,4.52; N, 4.30,4.36. 

7,l0-Dichloro-6-methozybenz(c)acridine ( X I ) .  The preparation of 4-chloro-N-(4- 
methoxy-1-naphthy1)anthranilic acid from I and 2,4-dichlorobenzoic acid followed the 
same procedure used with the hydrogenated amine. 

The preparation of this compound was also completed starting with I11 and using a suffi- 
cient excess of potassium carbonate to  liberate the amine in situ. The dark colored crude 
acid melted in the range 275-280" and was obtained in yields of 3540%. 

A white, acidic by-product, melting range 225-242", was also obtained. This was soluble 
in  sodium bicarbonate solution and contained chlorine but no nitrogen. It was not identi- 
fied. 

The crude anthranilic acid was treated with phosphorus oxychloride as in the prepara- 
tion of X. The yellow product was recrystallized from a benzene-heptane mixture, m.p. 
199-200", yield 46%. 

Anal. 

10-ChZoro-6-rnethoxy-7-phenoxy-l,2, S,4-tetrahydrobenz(c)acridine ( X I I ) .  A mixture Of 

3.32 g. (0.01 mole) of X and 10 g. of phenol was heated in an oil-bath a t  120-125' until solu- 
tion was complete. To  this hot solution was added 1.74 g. (0,011 mole) of rectified 5-di- 
ethylamino-2-pentylamine (Winthrop Chemical Company). The mixture seemed to solid- 

Calc'd for CI8HI1C1,NO: C, 65.86; H,  3.36; N, 4.27; C1,21.64. 
Found: C, 65.84, 65.79; H, 3.41, 3.36; N,  4.28, 4.36; C1, 21.56, 21.63. 
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ify at first but the solid soon dissolved to  form a red-orange solution. Heating waR con- 
tinued for three hours, and then the hot solution was poured slowly into a cold mixture 
of 50 ml. of ether and 50 ml. of 10% sodium hydroxide solution. A small amount of insoluble 
material separated and was removed by filtration. This insoluble material melted above 
335' and was assumed to  be the acridone resulting from hydrolysis of X, since treatment of 
the material with phosphorus oxychloride reconverted it to X. The remaining reaction 
products were separated from the alkaline solution by repeated extractions with ether. 
The ether extracts were dried and the ether evaporated leaving a yellowsolid. Three 
recrystallizations from heptane gave a product melting a t  193-195' which was shown by 
analysis to be the yellow phenoxy intermediate (XII) .  

Anal. Calc'd for C24H&1NO2: C, 73.93; H ,  5.17; S, 3.59. 
Found: C, 73.93, 74.00; H,  5.21,5.18; K, 3.61, 3.52. 

10 - Chloro - 7 - (5 - diethylarnino - 2 - pentylamino) - 5 - methory - l,2,S,4 - tetrahydro- 
benz(c)acridine dihydrochloride (XZZZ). The heptane mother liquors from the above 
described reaction &-ere evaporated leaving a brilliant yellow residue, m.p. 90-93", which 
was the desired free base in a hydrated form. This hydrate was stable at room tempera- 
ture, but lost water on standing in a desiccator over calcium chloride and changed t o  a 
gummy mass. It was not possible to  obtain a crystalline sample of the anhydrous base. 
The mobt satisfactory procedure found for purifying the product was to  recrystallize it from 
ethanol and water in the completely hydrated form. This material was then dissolved in  
ethanol and treated with hydrogen chloride gas until the solution was acid to  Congo Red. 
Crystallization was induced by heating the ethanol solution to  boiling and adding isopropyl 
ether to  the first faint trace of cloudiness. The hydrated hydrochloride, yield 30%, was 
not hygroscopic, and it lost its watcr of crystallization only after prolonged heating at 
140' at 15 mm. pressure in the presence of phosphorus pentoxide. This yellow hydrate 
showed a transition point with dehydration a t  175-158'. The residue melted a t  247-250' 
with decomposition. 

Anal 

1 O-Chloro-5-methoxy-7-phenoxybenz(c)acridine (XZV). 7,10-Dichloro-5-methoxybena- 
(c)acridine (XI) was treated with 5-diethylamino-2-pentylamine in the presence of phenol 
in the same manner as the tetrahydro compound (X). The yellow phenoxy intermediate 
was isolated from this reaction as before and recrystallized from heptane, m.p. 182-183'. 

Calc'd for C~~Hs~ClN80.2HC1: C, 61.50; H, 7.27. 
Found: C, 61.34, 61.49; H ,  7.38, 7.42. 

Anal.  Calc'd for C?dH&lN02: C, 74.68; H, 4.18; N, 3.63. 
Found: C, 74.82, 74.73; H, 4 55, 4 60; IC, 4.00, 4.09. 

IO-Chloro - 7 - (6-diethylamzno - 2 - pentylamino) -5 - methoxybenz(c)actidine dihydrochloride 
(XV) . The condensation of XI with 5-diethylamino-2-pentylamine was accomplished in  
seven hours at 135'. The yellow hydrochloride was rccrystallized from ethanol-isopropyl 
ether, n1.p. 233-235" (decomp.) with a transition point a t  215-216'; yield 41%. 

Calc'd for CzrH&1Ns0.2HC1. + H2O: C, 60.94; H,  6.64; C1, 20.01. 
Found: C, 60.93,60.02; H ,  6.81,6.77; C1,19.97,20.01. 

Anal. 

6-Hydroxy-7,8,9 10-tetrahydrobenzo(h)guinoline (XVZ). Since both 4-acetamido-l- 
methoxyd, 6,7 ,8-tetrahydronaphthalene (IV) and 4-acetamido-1 -etlhoxy-5, 6,7,8-tetra- 
hydronaphthalene (IX) were dealkylated by the conditions of the Skraup reaction, 
4-acetainid0-5,6,7 ,8-tetrahydro-l-naphthol (VIII) was used as the starting material. 
Thirty-one grams (0.15 mole) of VIII, 70 ml. (0.96 mole) of glycerol and 9.15 ml. (0.09 
mole) of nitrobenzene were heated while stirring until complete solution was obtained. 
Thirty-nine ml. (0.7 mole) of conc'd sulfuric acid was added dropwise through the reflux 
condenser over a period of one hour. The reflux temperature gradually dropped from 
144' to ?33' during three hours. The mixture was poured over ice and diluted to 500 ml. 
The acid-insoluble tar  was filtered off, and the filtrate was neutralized with 15% sodium 
hydroxide solution. A grayish white precipitate that turned dark on standing formed at 
the neutral point. Attempts to purify this fraction by alcohol or alkali extraction were 
unsuccessful. However, a white solid material was obtained when the product was 
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distilled a t  1 mm. pressure. After three recrystallizations from alcohol, white pistee, 
m.p. 257-258", were obtained in 2530% yields. This material was soluble in alkali and 
formed a hydrochloride, m.p. 270-272' (decomp.). 

Anal. Calc'd for CirHiiNO: C, 78.39; H,  6.53; N, 7.04. 
Found: C, 78.30, 78.29; H, 6.68'6.68; N, 7.05, 6.98. 

Diethyl I-(~-methozyd,6,7,8-tetrahydro-l -naphthylimino)succinate (XVII), The pro- 
cedure of Mueller and Hamilton (2) was used to condense 4-methoxy-5,6,7,8-tetrahydro-l- 
naphthylamine hydrochloride and sodium ethyl ethoxalylacetate. A 93% yield of a brown 
solid was obtained. This was purified by recrystallization from methanol-water, m.p. 
E4". 

Anal. Calc'd for CipHaEr'Oi: C, 65.67; H, 7.26. 
Found: C, 65.31,65.65; H, 7.36,7.34. 

R-Carbethozy-4-hydrozy-6-methoz~-7,8,9, IO-tetrahydrobenzo (h)guinoline (XVIII) . Ring 
closure was obtained by dropping XVII into mineral oil a t  250'. The white crystalline 
solid that separated on cooling was washed free of oil with petroleum ether and purified for 
analysis by recrystallization from benzene; m.p. 212-214"; yield 75%. 

Anal. Calc'd for C I ~ H I ~ N O ~ :  C, 67.74; H, 6.36. 
Found: C, 68.05,67.84; H, 6.55,6.35. 

I-Carbozy-4-hydroxy4-methoxy-7,8,9 , 10-tetrahydrobenzo(h)quinoline (XIX), Twenty 
grams of XVIII was suspended in 500 g. of 10% sodium hydroxide solution and the mixture 
was stirred and heated on the steam-bath for two hours. Acidification with hydrochloric 
acid gave a 90% yield of the white acid which was not very soluble in organic solvents. A 
sample was recrystallized from a large volume of ethanol, m.p. 263-264" (decomp.). 

Anal. Calc'd for C&bNOc: C, 65.90; H, 5.53. 
Found: C, 65.88,65.54; H, 5.62,5.55. 

4-Hydrozy-6-mcthoxy-7,8,9,lO-tetrahydrobenzo(h)quinoline (XX). Two grama of XIX 
was ground with 0.5 g. of copper-chromite catalyst (13). The solid was heated in an oil- 
bath preheated to 250". Ten minutes was usually sufficient time to obtain complete de- 
carboxylation as determined by the rate of evolution of carbon dioxide. The black residue 
was powdered and extracted with 10 ml. of 10% sodium hydroxide solution. After filtra- 
tion and decolorization, the basic solution was saturated with carbon dioxide to precipitate 
XX. Reprecipitation from alkali or recrystallization from ethanol-water gave a white 
product, m.p. 257-258', yield 60-700/0. 

Anal. Calc'd for ClcHIbNO*: C, 73.32; H, 6.60. 
Found: C, 73.46, 73.59; H,  6.72, 6.66. 

~-ChZoro-6-methozy-7,8,9,l0-tetrahydrobenzo(h)quinoline (XXZ). Two grams of crude 
XX was heated to reflux, 105-110°, for two hours with 20 ml. of phosphorus oxychloride. 
Ten milliliters of the solution was removed by vacuum distillation and the residue was 
poured s10wly over 50 g. of ice. After hydrolysis of the excess phosphorus oxychloride a t  
0', 5 ml. of conc'd hydrochloric acid was added, the solution was filtered, decolorized, and 
then neutralized a t  20-30" with ammonium hydroxide. The gummy precipitate solidified 
on standing. It was very soluble in most organic solvents. Recrystallization from meth- 
anol-water gave a white product, m.p. 107', yield 75%. 

Anal. Calc'd for CIdH1,ClNO: C, 67.88; H, 5.70. 
Found: C, 67.93,67.98; H, 5.62,5.75. 

4- (S-Diethylaminoprop ylamino) -6-mefhoxy-7,8,9, IO-tetrahydrobenzo (h) quinoline dihydro- 
ChloTidt! ( X X I Z ) .  A mixture of 0.25 g. of XXI and 0.31 g. (100% excess) of purified 3-diethyl- 
aminopropylamine (Sharples Chemicals Inc.) was refluxed for eight hours. The product 
gradually solidified during the later stages of heating. The cooled solid was washed wi th  
water to remove the excess amine, dissolved in ether, and extracted with 5% sodium hy- 
droxide solution. The ether extract was then washed with dil. hydrochloric acid and the 
washings treated with alkali to precipitate the free base as a brown oil. An oily hydro- 
chloride was obtained under anhydrous conditions in an  ether solution. It reprecipitated 
as an oil from ethanol-isopropyl ether solution and finally crystallized on long standing in 
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the cold. Every effort to obtain a crystalline hydrated hydrochloride failed. The yellow 
anhydrous hydrochloride (yield 70%) melted at 252-254' (decomp.) and was very hygro- 
scopic. 

Anal. Calc'd for CZIHUNIO-~HC~:  C, 60.86; H, 8.03; N, 10.14. 
Found: C, 60.52, 60.43; H, 7.91, 7.95; N, 10.07, 9.98. 

Diethyl R-(.4-methoxy-l -naphthylimino)succinate (XXZIZ) .  4-Methoxy-1-naphthylamine 
hydrochloride (111) was treated with sodium ethyl ethoxalylacetate according to Mueller 
and Hamilton's procedure (2). The yellow Schiff base (yield 85%) was purified by recrys- 
tallization from methanol, m.p. 77". 

Anal'. Calc'd for CtpHilNOs: C, 66.45; H, 6.17. 
Found: C, 66.45,66.36; H, 6.09,6.19. 

~-Carbethoxy-~-hydroxy-6-methoxybenzo(h)quinoline ( X X Z V ) .  XXIII  was dropped into 
five t ixes  its weight of preheated mineral oil in  the same manner aa in the preparation of 
XVIII. The yellow cyclized product was recrystallized from benzene; m.p. 180-181", 
yield ti&%. 

Anal. Calc'd for C~,HI&O,: C, 68.68; H, 5.09. 
Found: C, C8.76, 68.83; H, 5.12, 5.23. 

d-Carboxy-4-hyd~oxy-6-methoxybenzo(h)quinolane ( X X V ) .  XXIV was hydrolyzed to  the 
acid by treatment with 10% sodium hydroxide as in  the preparation of XIX. The acid waa 
not very soluble in organic solvents, but a sample of the yellow compound was recrystal- 
lized for analysis from a large volume of ethanol, m.p. 253-255" (decomp.). The yield of 
crude acid was 7i%. An alkali-insoluble residue (20%) was also obtained. 

Anal. Calc'd for CljHllNO4: C, 66.91; H, 4.12. 
Found: C, 66.78,67.20; H, 4.36,4.28. 

.$-Hydroxy-6-methoxybenzo(h)guinoline ( X X V Z ) ,  The decarboxylation of XXV was 
accomplished in the same manner as in the preparation of XX. The loss of carbon dioxide 
was not, as rapid at 250-260' as  it was with XX, and increasing the temperature to  270" 
gave a large amount of alkali-insoluble tar. The yield of white reprecipitated material 
was 46.!;%. A pure sample, m.p. 269-27G9, was obtained by recrystallization from meth- 
anol-wat er. 

Anal. Calc'd for ClrHllNOz: C, 74.65; H, 4.92. 
Found: C, 74.33, 74.47; H, 5.19, 5.05. 

.$-Chloro-6-methoxybenzo(h)quinoline (XXVZZ) ,  Chlorination of XXVI was accom- 
plished by using phosphorus oxychloride as in  preparation of XXI. The yield of crude 
product was 31.5%. An analytical sample recrystallized from methanol-water waa yellow 
and melted at 101-102". 

Anal, 

~-(S-~iethylarninopropylam~no) -6-methozybenzo(h)quinolins dihydrochloride ( X X V I I Z ) .  
XXVII was heated with a n  excess of purified 3-diethylaminopropylaine for eight hours. 
The product was worked up in a manner similar to  that  used for XXII.  It was impossible 
to obtain a solid free base but the yellow anhydrous hydrochloride melted at  246-248' 
(decomp.), yield 70%. 

Calc'd for C14Hli~ ClNO: C, 68.99; H, 4.14. 
Found: C, 68.76, 68.77; H, 4.27, 4.27. 

Anal. 

Efhyl 3- (C-meth~xy-6,6,7,8-te/rahyd~o-l -naphlhylamino)crotonate ( X X I X )  I 

Calc'd for CzlHSrNsO.2HCl: C, 61.46; H, 7.10; N, 10.24. 
Found: C, 61.22, 61.10; H, 6.96, 7.07; N, 10.09, 10.02. 

A solution 
of 3.37 g. (0.0 2 mole) of 4-methoxy-5,6,7,8-tetrahydro-l-naphthylamine (V) in  4.0 g. (0.03 
mole) of ethyl acetoacetate waa allowed to  stand sixteen hours at room temperature. The 
mixture fiist becaae cold but gradually warmed and finally had t o  be cooled. An immis- 
cible layer of mater separated and was removed. The product was dissolved in ether and 
the solution was extracted three times with 5% sodium hydroxide solution, washed with 
water t o  remove excess base, and dried. A dark brown solid was obtained from the ether, 
which, after recrystallization from ethanol and water, became white and melted at 81-82', 
yield 70%. 
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Anal. 

~-Hydroxy-6-methoxy-~-methyl-7,8,9,lO-tstrahydrobenzo(h)quinoline (XXX). Eighteen 
and three-tenths grams of XXIX was added slowly with stirring to  150 g. of paraffin oil pre- 
heated to  260’. The mixture was heated for five minutes after all foaming had ceased, then 
cooled, and the crystalline solid filtered out and washed with petroleum ether until free of 
oil. A 78.5% yield of crude material which melted 5’ low, was isolated. The analytical 
sample recrystallized from methanol-mater was white and melted at 273’. 

Calc’d for ClrHzZNOa: C, 70.59; H, 7.96. 
Found: C, 70.54, 70.43; H, 8.04, 8.14. 

Anal. 

4-Chloro-6-methozy-9-methyl-7’,8,9, IO-tetrahydrobenzo(h)quinoline (XXXI). A mixture 
of 5.53 g. (0.025 mole) of XXX and 32 ml. of phosphorus oxychloride was refluxed for four 
hours. The excess phosphorus oxychloride was removed under reduced pressure, and the 
residue was poured into a mixture of 200 g. of ice. 150 ml. of ammonium hydroxide, and 150 
ml. of chloroform. The chloroform layer was separated after the phosphorus oxychloride 
had completely hydrolyzed. The aqueous layer was extracted with fresh chloroform, and 
the extracts mere combined and dried by shaking with calcium chloride. The chloroform 
was removed by distillation and left a dark residue (yield 51.5%). A sample purified for 
analysis by recrystallization from methanol was white and melted at 104-105’. 

Calc’d for CX.HI,NO~: C, 74.03; H ,  7.05. 
Found: C, 74.04, 74.32; H, 7.19, 7.11. 

Anal. Calc’d for ClsH&lNO: C, 68.81; H, 6.17. 
Found: C, 68.99, 69.19; H, 6.17, 6.24. 

SUMMARY 

4-Methoxy-1-naphthylamine and 4-methoxy-5,6,7,8-tetrahydro-l-naphthyla- 
mine have been used as starting materials to prepare heterocyclic compounds of 
pharmaceutical interest. 

Benz (c)acridine benzologs of Atabrine, and 4-diethylaminopropylaminobenzo- 
(h)quinolines have been prepared from the amines. 

LAFAYETTE, IND. 
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4-CHLORO-2-(3-PYRIDYLAMINO)BENZOIC ACID AND ITS 
CONVERSION TO 6-CHLORO-9-HYDROXY- 
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In  view of the success of quinacrine (Atabrine) as a drug for the suppression 
of malaria, it was considered of interest to prepare an analog (I) in which one of 
the benzo rings was replaced by a pyrido ring. This substance would also have 
some structural features similar to another powerful antimalarial drug, pama- 
quine (Plasmochin). 

CHa CH ( CH2 )a N( C2Hd 2 

NH 
I 

\ 

I 
The synthesis proposed for I followed the procedures successful for the pre- 

paration of quinacrine. 3-Aminopyridine4 was condensed with 2,4-dichloro- 
OH 

H 

I1 1 HPSO~ 

OH 

I11 
1 The work described in this paper was carried out under a contract recommended by the 

Committee on Medical Research, between the Office of Scientific Research and Development 
and the University of Illinois. 

3 Present address: Department of Chemistry, University of Notre Dame, Notre Dame, 
Indiana. 

* Present address: Merck and Company Rahway, New Jersey. 
4 We are grateful t o  Professor C. R. Hauser of Duke University for a sample of 3-amino- 

pyridine. 
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benzoic acid to yield 4chloro-?-(3-pyridylamino)benzoic acid (11). This acid 
was cyclized by treatment with concentrated sulfuric acid. In view of the 
established closure of 8-aminopyridine in the a-position in the Skraup, Doebner- 
von Miller, and Doebner reactions (l), the cyclization of I1 has been presumed to 
occur a t  the same position to yield 6-chloro-9-hydroxypyrido [3 2-b] quinoline 
(111). Attempts to convert this material to the 6,9-dichloro compound by 
treatment with phosphorus oxychloride were unsuccessful, yielding only a 
black amorphous mass. 

The ester (IV) of the acid I1 would have some formal resemblance to the 
8-anilinoacrylates (V) successfully cyclized by Conrad and Limpach (2) but 
attempts to cyclize IV to I11 by thermal treatment were unsucessful. 

0 CHs 
I 

OR 
I oc 

IV V 
Since the preparation of the desired drug (I) through the 9-chloro derivative 

wasdunsuccessful, an alternate quinacrine synthesis (3) involving cyclization of 
CHa CH(CH2)aN(CJ%)r 

\ 
HC1 I I 

c1 NH 

OC 

H H 
VI VI1 

I 

I oc 
H10 c- 

POCls-) 

N 
% 

C 

H H 

Ix VI11 



4-CHLORO-2- (3-PYFUDYLAMINO) BENZOIC ACID 465 

the dialkylaminoalkylamide (VII) of the acid I1 was attempted. However, the 
course of the reaction was quite remarkable in that the product isolated from 
treatment of VI1 with phosphorus oxychloride proved to  be the nitrile (VIII) 
of the original acid (11). This was demonstrated by analysis and by hydrolysis 
to the amide (IX), identical with a sample prepared by treatment of the acid 
chloride (VI) with ammonia. 

 EXPERIMENTAL^ 
4-Chloro-8-(3-pyridylamino)&enzoic acid. The preparation of this compound by the 

condensation of 2,4-dichlorobenzoic acid with 3-aminopyridine was accomplished in good 
yield only after a n  extensive investigation of variations in  experimental conditions. It 
appeared that  the amount of solvent, amount of catalyst, and perhaps the efficient removal 
of the water produced in the condensation were the most critical factors. 

A mixture of 32.0 g. (0.341 mole) of 3-aminopyridine, 48.8 g. (0.255 mole) of 2,4-dichloro- 
benzoic acid, 53.2 g. (0.38 mole) of anhydrous potassium carbonate, 0.17 g. of copper bronze, 
and 64 cc. of n-hexanol was stirred and heated to boiling. The reflux condenser was filled 
with hot water so that  the n-hexanol was returned to the reaction mixture while the water 
produced by the reaction was allowed to escape. After heating and stirring for two hours, 
the n-hexanol was removed by steam distillation. For small scale preparations, it was 
convenient to  remove the solvent by ether extraction. To the aqueous solution (ca. 250 cc.) 
remaining after distillation of the n-hexanol, 20 cc. of concentrated ammonium hydroxide 
and 10 g. of Norit were added and the mixture was boiled for half a n  hour. The charcoal was 
removed and 55 cc. of glacial acetic acid was added to the hot filtrate. After the mixture 
was allowed to  cool to  room temperature, the precipitated product was collected. The 
brown solid was redissolved in 100 cc. of concentrated ammonium hydroxide and 400 cc. of 
water, treated with another 12 g. of charcoal and reprecipitated with acetic acid. The 
tan powdery 4-chloro-2-(3-pyridylaniino)benzoic acid weighed 41 .O g. (65%). The product 
was further purified by recrystallization from glacial acetic acid, yielding microscopic 
needles, m.p. 263-265", dec. The behavior of this amino acid with 10% sodium hydroxide 
and 10% hydrochloric acid was interesting. When either solution was added to  a small 
amount, of the acid in a test tube, i t  dissolved immediately. On standing a few minutes, 
crystals of the sodium salt or hydrochloride began to  separate. A sample of the hydro- 
chloride was recrystallized from ethanol containing a few drops of hydrochloric acid; the 
pure salt decomposed a t  262-263'. 

Anal!. Calc'd for C12HIOC12N202: C, 50.54; H, 3.54. 
Found: C,  50.62; H, 3.48. 

Methyl 4-chloro-8-(9-pyridylamino)&enzoate. A 2.0-g. sample of 4-chloro-2-(3-pyridyl- 
amino)benzoic acid hydrochloride was boiled for one hour in 150 cc. of methanol containing 
31 g. of hydrogen chloride. After cooling overnight, i t  was diluted with a n  equal volume 
of ice-water and neutralized t o  litmus with concentrated ammonium hydroxide. The 
crystalline methyl ester, m.p. 90-91", weighed 1.59 g. (86%). The product was prepared for 
analysis by recrystallization from Skellysolve B (b.p. 60-68') as beautiful fine white needles, 
m.p. 91-92'. 

Anal. Calc'd for CtsHtIClK202: C, 59.43; H, 4.22. 
Found: C, 59.52; H, 4.35. 

Attempt to cyclize the ester thermally. Methyl 4-chloro-2-(3-pyridylamino)benaoate 
(0.200 g.) in diphenyl ether (16 cc.) was boiled for an hour. The cooled reaction mixture 
was diluted with 25 cc. of petroleum ether and extracted with three portions of 10% sodium 
hydroxide solution. The combined alkaline extracts were neutralized with acetic acid, 
yielding only a trace of precipitate. The diphenyl ether-petroleum ether solution was ex- 
tracted with several portions of 10% hydrochloric acid, these extracts were neutralized with 

5 Analyses by Miss Theta Spoor and Mr. Howard Clark. 
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10% sodium hydroxide and 0.138 g. of crystalline starting material, m.p. 90-91.5', was 
recovered. 

Treatment of the ester with sodium ethoxide. Anhydrous ethanol was prepared by the 
method of Manske (4) and 0.5 g. of freshly cut sodium was dissolved in  5 cc. A 0.107-g. 
sample of the methyl ester was added, whereupon a bright yellow color was produced. The 
mixture was protected from moisture with a calcium chloride tube and boiled under reflux 
for one hour. On cooling in an ice-bath, the sodium ethoxide crystallized to  give a semi- 
solid mass. About 6 or 6 cc. of water was added, producing a colorless solution. When the 
solution was neutralized with acetic acid, a white precipitate formed; this was collected and 
dried, yielding 0.070 g. of white solid; m.p. 265-268', dec. This was evidently 4-chloro-2- 
(3-pyridy1amino)benzoic acid. It was soluble in cold dilute ammonium hydroxide and in 
marm 10% sodium hydroxide and hydrochloric acid. Crystals separated from the latter two 
solutions upon cooling. 

Treatment of ~-chloro-2-(3-pyridyianLino)benzoic acid with sulfuric acid. X 3.03-g. sample 
of the amino acid n i th  30 cc. of concentrated sulfuric acid was heated in an oil-bath a t  
122-124' for seven and one-half hours. The dark green fluorescent solution was poured onto 
60 g. of ice znd water. The bright yellow crystals were collected and dried in a vacuum 
desiccator. This product (2.1 g.), which darkened but did not melt below 320°, W R S  re- 
crystallized from dilute sulfuric acid and washed with water. From the analysis, 
its composition corresponded to that of a partial sulfate of 6-chloro-9-hydroxypyrido [3 ,2 -b  1- 
quinoline. 

Anal .  

A second sample of the sulfate was prepared and washed with dilute sulfuric acid. 

Anal .  Calc'd for C12HdXJ20.HtSO4: C, 43.85; H ,  2.76. 
Found: C, 43.66; H,  2.07. 

A sample of the hydrochloride was similarly prepared, m.p. 320". 
Anal .  Calc'd for C12H~C1X20.HC1~+HzO: C, 52.40; H, 3.27. 

Found: C, 52.72; H ,  3.28. 
Attempts to  convert this material to  the chloro compound with phosphorus oxychloride, 

with or without added phosphorus pentachloride, yielded an intractable, black carbon-like 
amorphous mass. 

4-Chloro-2-(5-pyridylarnino)benzoyl chloride hydrochloride. To 13 g. of dry 4-chloro-2- 
(3-pyridy1amino)benzoic acid was sdded 65 cc. of pure thionyl chloride. The mixture was 
boiled to  reflux for forty-five minutes and the excess thionyl chloride was then rapidly re- 
moved by distilletion under reduced pressure. The residue was dried i n  vacuo overnight 
over phosphorus pentoxide. The light tan powdery solid weighed 15.1 g. (95%) and had a n  
odor similar to that of benzoyl chloride. It did not have a definite melting point but turned 
dark a t  195" and was liquid at 210". It was insoluble in ether, benzene, chloroform, and 
dioxane but dissolved in ethanol when warmed. When boiled in water i t  was hydrolyzed to 
the acid. To  confirm the structure further, 1 g. was boiled with 15 cc. of methanol for half 
a n  hour. The reaction mixture was cooled, diluted with water, and neutralized with am- 
monia, yielding white needles, which, after one recrystallization, melted a t  91-92" and by 
a mixed melting point were shonn to  be identical with the methyl ester prepared above 
from the acid. 

Attempted ring closure of the substituted amide: 4-Chloro-8-(J-pyridylamino)benzonitrile. 
T o  the acid chloride hydrochloride prepared from 5.0 g. (0.02 mole) of acid as  described 
above was added 50 cc. of dry benzene and 10 g. (0.033 mole) of purified 4-amino-I-diethyl- 
aminopentane. The mixture warmed as the acid chloride hydrochloride dissolved. After 
boiling under reflux for one hour, crystals of diamine hydrochloride had separated from 
solution. The mixture was allowed to  cool, 92 g. of phosphorus oxychloride was added, and 
i t  was reheated for nine hours. The benzene was decanted from the black semi-solid prod- 

Calc'd for ClzH7Clh'20.0.321H2S04: C, 55.00; H,  2.91. 
Found: C, 55.00; H, 3.13. 

Its 
composition corresponded satisfactorily to the sulfate. 
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uct and 150 cc. of ethanol was added. The mixture was warmed t o  boiling and the residue, 
0.88 g. of tan powdery solid (A) ,  was collected. The alcohol was removed from the filtrate 
by distillation and replaced with 50 cc. of water and 20 cc. of concentrated ammonium hy- 
droxide. The mixture was extracted with several portions of ether. The ether extracts 
were dried over magnesium sulfate and treated with dry hydrogen chloride, which pre- 
cipitated a brown oil. The ether was decanted and 50 cc. of hot 95% ethanol was added 
to  dissolve the oil. Cooling the alcoholic solution gave a tan powdery solid (B), 0.44 g. 
A and B were recrystallized separately from 9570 ethanol giving light tan crystals which 
decomposed a t  267-270" and 268-271", respectively. A mixture of the two had the same 
decomposition point. The two products were then combined, dissolved in  75 cc. of hot 
water, treated with Korit, and neutralized n-ith 5 cc. of concentrated ammonium hydroxide. 
An oil first separated but i t  quickly crystallized in the form of fine white needles. These 
were recrystallized from 50y0 ethanol; fine cottony needles, 1.3 g. (25y0), of /t-chlora-f2- 
(S-pyr2'dyZamino)benzonitrile were obtained, m.p. 132-133". 

Anal. 

The structure was proved by synthesis of the same compound from the corresponding 
amide (IX) and by hydrolysis, which yielded a mixture of the amide (IX) and the acid (11). 

4-Chlor0-2-(S-pyridylamino)benzamide. A 1.5-g. sample of 4-chloro-2-(3-pyridylamino)- 
benzoyl chloride hydrochloride was added t o  25 cc. of concentrated ammonium hydroxide 
with stirring. The mixture was warmed to  boiling and then allowed t o  stand at  room tem- 
perature for several hours. A tan solid, weighing about 1 g. (82%), was obtained. Char- 
coal treatment and several: recrystallizations from 50% ethanol yielded slender white rods, 
m.p. 235-236", sintering from 220". 

Calc'd for C12H&lX3: C, 62.75; H, 3.51; N ,  18.30. 
Found: C, 62.90; H, 3.73; N, 18.06. 

Anal. Calc'd for C12H10C1K30: C,  58.19; H, 4.07. 
Found: C, 57.53; H, 4.08. 

A small sample of the amide (ca. 0.1 t o  0.2 9 . )  was placed in a test tube and boiled with 
3 cc. of phosphorus oxychloride for two minutes. The solution was allowed t o  cool a few 
minutes, then poured out into 10 cc. of ice and water. The light tan crystals, m.p. 266-268", 
were dissolved in hot water and ammonium hydroxide was added, precipitating a n  oil which 
crystdlized immediately. Recrystallized from 50y0 ethanol, the fine white needles ob- 
tained melted at 132-133" and did not depress the melting point of 4-chloro-2-(3-pyridyl- 
amir1o)benzonitrile obtained from the substituted amide. 

Hydrolys i s  of ~-chloro-f2-(S-pyridylam~no)benzonitrile. A 0.500-g. sample of the nitrile 
was boiled under reflux with 20 cc. of 10% sodium hydroxide for one hour. The solid ap- 
peared to  go into solution with the production of a yellow color, but reprecipitation of a 
white solid occurred simultaneously so that  the solution was never clear. At the end of 
the heating the yellow color had disappeared. The cooled mixture was filtered and 0.35 g. 
of white solid was collected, m.p. 225-235". This product was purified by dissolving in 10 
cc. of hot 10% hydrochloric acid, filtering and reprecipitating with ammonium hydroxide. 
The white crystals weighed 0.333 g., m.p. 23&233", and gave no depression in melting point 
when mixed with 4-chloro-2-(3-pyridylamino) benzamide. 

The filtrate from the 0.35 g. of amide was diluted with water and neutralized with glacial 
acetic acid. The mixture was 
cooled and filtered to  yield 0.138 g. of white solid, m.p. 265-2GSo, dec. This was proved t o  
be 4-chloro-2-(3-pyridylamino)benzoic acid by converting a 50-mg. sample t o  the methyl 
ester in 80% yield. 

The white precipitate ims digested by heating to  boiling. 

SUMMARY 

Attempts to convert 4-chloro-2-(3-pyrjdylamino)benzoic acid to an analog of 
quinacrine were unsuccessful. It could be cyclized to 6-chloro-9-hydroxypyrido 
[3,2-b] quinoline but replacement of the hydroxyl group by chlorine could not 
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be effected. An attempt to cyclize the N-(l-diethylamino4-pentyl)amide of 
the acid produced only the nitrile of the acid. 

UBBANA, ILL. 
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Since the development, during World War I, of the Levinstein process for 
making mustard gas many attempts have been made to follow the course of the 
reaction and to determine the nature of the contaminants. The research re- 
ported in this series of papers was directed to this same end. It was a coopera- 
tive effort, valuable assistance being received from many sources, notably the 
Chemical Warfare Service. 

One of the most interesting theories in this connection, put forth by Conant, 
Hartshorn, and Richardson (l), postulated 2-chloroethylsulfenyl chloride (I) 
as an intermediate in the formation of mustard gas (11) by the condensation of 
ethylene with sulfur chlorides. With sulfur dichloride, for example, the re- 
actions would be as follows: 

CHn--CH* + SClp + ClCHsCHpSCl 
I 

ClCH2CH2SCl + C H I ~ H ~  * (ClCH,CH&S 
I1 

Similar equations can be written for the Levinstein process, which involves the 
condensation of ethylene with sulfur monochloride a t  35". However, these 
investigators, as well as Mann and Pope (2), failed to obtain the sulfenyl chloride 
in pure form. In the present work it has been found possible to produce 2- 
chloroethylsulfenyl chloride by the chlorinolysis of bis(2-chloroethyl) disulfide 
(111). 

(CICH&Hs)& + Cln --+ 2 ClCR&HsSCl 
I11 

The sulfenyl chloride is an orange-colored liquid with an odor resembling that 
of the sulfur halides. It decomposes, slowly at room temperature and very 
rapidly a t  110", with the evolution of hydrogen chloride and the formation of a 
black tar. The sulfenyl chloride can be purified by distillation; it boils unde- 
composed a t  47-47.5" (15 mm.). 

2-Chloroethylsulfenyl chloride is the first sulfenyl halide with alpha hydrogen 
atoms to be prepared by the chlorinolysis of a disulfide. In fact, the only other 
sulfenyl halides with alpha hydrogen atoms are those formed by the action of 

1 This paper is based on work done for the Office of Scientific Research and Development 
under Contracts Nos. OEMsr-300 and OEMsr-48 with the Board of Trustees of the Univer- 
sity of Illinois. 
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sufur dichloride on N , N’-di-n-propylmalonamide and the AT, N’-dir aphthyl- 
malcnamides (3). 

The reacticns of 2-chloroethylsulfc1~yl chloride are similar to  thuse cf sulfcnyl 
halides in general. It was reccnverted to  the origin21 bis(2-chlorcethyl) disulfide 
with aqueous potassium icdide. Treatrrent cf the sulfenyl chlcride M ith water 
also produced the disulfide, together v ith unidentified malcdorous material 
which mas probably the thiolsulfcnic ester (4). Oxidatic n n ith dilute nitric 
acid yielded 2-chloroethanesulfcnic acid, n hich was isolated as the axxmi nium 
salt. 

2-Chlcroethylsulfeny1 chloride reacted readily with sulfur to  yield a mixture 
of products including sulfur monochloride, bis(2-chloroethyl) disulfide and 
bis(2-chloroethyl) trisulfide. 

2 ClCHzCHzSCl + XS + (C1CHzCHz)zSX + SzClz 

A similar result has been reported by Klascn (5)  for the reacticn between sulfur 
and trichloromethylsulfenyl chloride. Such a reacticn was postulated by Co- 
nant, Hartshorn, and Richardscn (1) as a pcssible source of the polysulfides 
present in Levinstein mustard gas; the sulfur was assumed to arise from dis- 
mutaticn of the sulfur mcnochloride. 

The most interesting reacticns cf 2-chlorcethylsulfenyl chloride are those with 
olefins, particularly that 1% ith ethylene. When ethylene was bubbled through 
the pure sulfenyl chloride no reacticn took place. If the sulfenyl chloride was 
dissolved in carbon tetrachloride, however, reacticn m ith ethylene was extrerrely 
rapid with the evoluticn of heat and the formaticn of bis(2-chloroethyl) sulfide. 
This result substantiates the hypothesis of Conant, Hartshorn and Richards: n 
that 2-chlorcethylsulfer.yl chloride is an intermediate in the preparation of 
mustard gas from ethylene and sulfur chlorides. 

The failure to obtain a reaction in the absence of a solvent is probably due to 
the low solubility of ethylene in the sulfenyl chloride. A similar observaticn 
has been made in the reacticn of ethylene with sulfur mcn7chloride; the reaction 
is extremely slow unless a solvent or “seed charge’’ is employed (6). 

The cnly examples of the additicn of sulfenyl chlorides to olefins which are 
reported in the literature involve ethylene (7). In the present work it has been 
found that this type of reacticn is general for olefins. Cyclohexene, for exam- 
ple, combines with 2-chloroethylsulfenyl chloride to form 2-chlorocyclohexyl 
2-chloroethyl sulfide. 

In a similar manner, it has been found possible to condense 2-chloroethyl- 
sulfenyl chloride with acetylene to produce 2-chloroethyl 2-chlorovinyl sulfide. 
A compariscn cf properties shows this sulfide to be identical with that obtained 
by Lawson and Dawson (8) by the action of clilorine on bis(2-chloroethyl) sulfide. 
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Thus t’he unequivocal synthesis reported here serves to confirm the conclusion 
of thefe authors that their product was 2-chloroet,hyl 2-chlorovinyl sulfide. 

2-Chloroethylsulfeny1 chloride reacts normally with active methylene com- 
pound:;; for example, its ccndensation 1% ith acetone produced acetonyl 2-chloro- 
ethyl sulfide. 

ClCHzCHzSCl + CH3COCHZ --+ ClCHZCHzSCH2COCH3 + HCI 
Likewise, it condensed readily with piperazine to form a disulfenamide, N , hr’- 
bis(2-chloroethy1thio)piperazine. 

2-Chloroethylsulfenyl bromide was prepared by a method simiiar to that used 
for making 2-chloroethylsulfenyl chloride. Treatment of bis(2-chloroethyl) 
disulfide with bromine produced a red liquid, which fumed in. moist air and 
possessed a characteristic sulfur halide odor. It was too unstable to be dis- 
tilled. However, it was found possible t o  condense the crude reaction product 
with cyclohexene to produce 2-bromocyclohexyl 2-chloroethyl sulfide. 

(C1CH2CH2)2S2 + Br1: 3 2 ClCH2CH2SBr 

The mixed sulfide was characterized by the preparation of its p-toluenesulfil- 
imine derivative . 

EXPERIMENTAL 

8-Chloroethylsulfenyl chloride. To a well-agitated solution of 453 g. (2.37 moles) of bis- 
(2-chloroethyl) disulfide, prepared according to  the method of Bennett (9), in  dry carbon 
tetrachloride was added 169 g. (2.88 moles) of chlorine at such a rate that  the t :mperature 
did not rise above 10’. The solvent. was evaporated a t  reduced pressure and the product 
was distilled; b.p. 47-47.5’ (15 mm.); n’,” 1.5290; yield 355 g., or 5770. I n  other runs yields 
up to  79% have been obtained. The sulfenyl chloride was a n  orange liquid with avery 
unpleasant odor. It was moderately stable when stored in a brown bottle and kept in the 
refrigerator. It was necessary t o  distil it  immediately before using. 

Anal.  Calc’d for C2H4Cl&: C, 18.33; H,  3.07. 
Found: C, 18.30; 13, 3.03. 

The residue from the original distillation of the 2-chloroethylsulfeny1 chloride weighed 
173 g. and contained bis(2-chloroethyl) disulfide and a new compound which had the com- 
position of a monochloro derivative of the disulfide. The two compounds were obtained 
from the residue by fractional distillation. The new compound was a yellow liquid (n*k8- 
1.5768) which on standing darkened and developed a disagreeable odor. 

Anal. Calc’d for C4H,C1&: C, 21.29; H, 3.13; C1, 47.15. 
Found: C, 21.94; H, 3.17; C1,47.02. 

Reactions of 2-chloroethylsulfenyl chloride. a. With potassium iodide. A sample of the 
sulfenyl chloride was dissolved in aqueous acetone and treated with potassium iodide. 
The iodine formed was removed with sodium sulfite, and the acetone was evaporated. The 
insoluble oil was taken up in chloroform and dried over sodium sulfate. Removal of the 
solvent left a colorless oil, n! 1.5608, with a n  odor resembling that  of bis(2-chloroethyl) 
disulfide (for the pure disulfide n; 1.5656). 

b. With water. Twenty grams of the sulfenyl chloride and 300 ml. of water were placed 
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in a glass-stoppered flask and agitated mechanically. The orange color of the chloride 
soon disappeared, leaving the hydrolysis product as  a colorless oil. It was dried with so- 
dium sulfate and fractionally distilled under diminished pressure. It was possible to  iso- 
late bis(2-chloroethyl) disulfide; b.p. 83-88' (2 mm.); ng 1.5670; m.p. 1'. A small amount 
of higher-boiling liquid could not be characterized. 

C .  With sulfur. An equimolar mixture of 2-chloroethylsulfenyl chloride and sulfur was 
heated a t  60-65' for three hours. The product, a clear orange liquid, was distilled under 
diminished pressure. A volatile fraction containing sulfur monochloride was obtained 
followed by a higher-boiling fraction of bis(2-chloroethyl) disulfide (9) and trisulfide (IO). 
The latter were separated by fractionation in vacuo (0.2 mm.), and identified by compar- 
ison of their physical properties with authentic specimens. 

d. Oxidation with nitric acid. To an aqueous solution of 4.8 g. of the sulfenyl chloride 
was added dropwise with stirring 30 ml. of nitric acid (d .  1.42). The mixture was heated 
on a steam-bath until clear, and evaporated t o  dryness. An excess of ammonium hydrox- 
ide was added; the resulting solution, upon evaporation, yielded crystals which melted at 
191-193' after recrystallization from ethanol. Ammonium 2-chloroethanesulfonate is 
reported (11) to melt a t  194". The total yield was 4.2 g. (79%). 

e. Wzfh ethylene. Ethylene gas was conducted into a solution of 10 g. of the sulfenyl 
chloride in 90 ml. of carbon tetrachloride. Heat was liberated and the reddish-orange color 
of the solution disappeared in a short time, leaving the reaction mixture water-white. 
The solvent was evaporated on a steam-bath and the product distilled under reduced pres- 
Rure. It consisted of bis(2-chloroethyl) sulfide; b.p. 54-55' (1 mm.); n: 1.5281 (12). The 
yield was 7ooj0. 

f .  With cyclohexene. To 9.0 g. of the sulfenyl chloride was added slowly 7.0 g. of cyclo- 
hexene dissolved in 25 ml. of carbon tetrachloride. Distillation of the colorless reaction 
mixture yielded 10 g. (66%) of 2-chlorocyclohexyl 2-chloroethyl sulfide; b.p. 84-86' (0.2 
mm.). 

The p-toluenesulfilimine was made by mixing a solution of 1 g. of the sulfide in 5 ml. of 
acetone with 20 ml. of a 10% aqueous solution of Chloramine-T. The mixture was warmed 
slightly, shaken for a few minutes, and allowed to  stand one hour. The crystalline product 
was removed and recrystallized from ethanol; m.p. 145.5446" in a preheated bath. 

Anal .  

g. Wilh acetylene. 2-Chloroethyl2-chlorovinyl sulfide was prepared by the condensation 
of the sulfenyl chloride with acetylene. Fifteen hundred milliliters of ethyl acetate was 
cooled in a n  ice-salt bath and acetylene (dried by passing through concentrated sulfuric 
acid) was bubbled in, with stirring, for one and one-half hours. Then, with continued addi- 
tion of acetylene, 185 g. of the sulfenyl chloride was added dropwise over a period of two 
hours. One hour later the addition of acetylene was discontinued and the solvent was 
removed by distillation with a water-pump. The residual oil was distilled through a 6-in 
column packed with Berl Saddles. The yield of colorless 2-chloroethyl 2-chlorovinyl sul- 
fide was 125 g., or 56%; b.p. 46" (0.75 mm.), 30" (0.15 mm.); n: 1.5480; m.p. -24". 

Calc'd for C16HllCI2NO&3): C, 47.12; H, 5.54; N, 3.66. 
Found: C, 47.04; H, 5.47; N, 3.69. 

Anal .  Calc'd for CdHsCl*S: C, 30.60; H, 3.85; C1,45.16; S, 20.39. 
Found: C, 30.81; H, 3.99; C1,M.O; S, 21.2. 

The p-toluenesulfilimine of this product was prepared in the usual way. It was recrya- 

Anal .  

The sulfone, prepared in the usual way (13), crystallized from low-boiling petroleum 

Anal .  

h. W i t h  acetone. Thirty-five grams of the freshly-distilled sulfenyl chloride was added 
to  50 g. of dry acetone. An exothermic reaction occurred, accompanied by rapid decoloriza- 

tallized successively from absolute ethanol and carbon tetrachloride ; m.p. 105405.5'. 
Calc'd for C1lH&lzNO&: C, 40.51; H, 4.02; N, 4.29. 
Found: C, 40.58; H, 4.18; N, 4.26. 

ether in white platelets; m.p. 37.538". 
Calc'd for CdH&l*O&S: C, 25.41; H, 3.20. 
Found: C, 25.37; H, 3.18. 
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tion of the mixture and the evolution of hydrogen chloride. When the reaction was com- 
plete, waler was added and a n  oily layer separated. It was dried over anhydrous sodium 
sulfate and distilled through a column packed with Berl Saddles; b.p. 76-85’ (0.75 mm.). 
The acetonyl2-chloroethyl sulfide was characterized by preparation of the semicarbazone, 
which Kas recrystallized from methanol; m.p. 145-146’. 

Anal. Calc’d for C&Il&lNSOS: C, 34.36; H, 5.77. 
Found: C, 34.31; H, 5.80. 

i. With piperazine. This reaction was carried out according to  the directions of Rhein- 
boldt and Mott (14) for the corresponding derivative with l-butylsulfenyl chloride. The 
N,N’-bis(2-~hloroethylthio)piperazine crystallized from absolute ethanol as white needles; 
m.p. 117-118”. 

Anal. Calc’d for CoHlbCl*hT2S2: C, 34.90; H, 5.86. 
Found: C, 35.17; H, 5.55. 

8-Bronzocyclohexyl 8-chloroethyl sulfide. Eighty grams of bromine was added over a 
period of one hour to a solution of 95 g. of bis(2-chloroethyl) disulfide in 150 ml. of carbon 
tetrachloride. After the mixture had been stirred overnight, the solvent and unchanged 
bromine were removed by distillation in vacuo a t  room temperature. The 2-chloroethyl- 
sulfenyl bromide remained as a red liquid which had the odor characteristic of sulfur 
halides. It fumed when exposed to moist air and decomposed into the starting mate- 
rials when attempts were made to  distil i t  at a pressure of 3 mm. 

I n  another experiment cyclohexene was added to a carbon tetrachloride solution of the 
sulfenyl bromide. The red color of the solution gradually faded and the mixture assumed 
the light yellow color of the product, 2-bromocyclohexyl2-chloroethyl sulfide. The crude 
sulfide, which was obtained in a 75% yield, decomposed slightly during distillation a t  0.35 

The p-toZuenesul$Zimine, made in the usual way, was recrystallized from ethanol; map.  
145-146”. 

Anal. 

mm. 

Calc’d for ClsH21BrClN02S2: C, 42.21; H, 4.96. 
Found: C, 42.61; H, 4.77. 

SUMMARY 

2-Chloroethylsuifenyl chloride has been made by the action of chlorine on 
bis(2-chloroethyl) disulfide. 

It has been cocdensed with ethylene to produce bis(Pchloroethy1) sulfide; 
this result further substantiates the belief that it is an intermediate in the for- 
mation of mustard gas from ethyleEe and sulfur chlorides. 

It has been colzdensed with cyclohexex?e to produce 2-chlorocyclohexyl 2- 
chloroethyl sulfide, with acetylene to yield 2-chloroethyl 2-chlorovinyl sulfide, 
with acetoce to form acetonyl 2-chloroethyl sulfide, and with piperazine to give 
N , N’-bis(2-~hloroethyIthio)piperazine. 

2-Chloroethylsulfenyl bromide has been obtair.ed in crude form by the action 
of brorriii.e on bis(2-chloroethyl) disulfide. The bromide was found to combine 
nrith cyclohexene to  yield 2-bromocyclohexyl 2-chloroethyl sulfide. 

URBANA, ILL. 
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One of the most interesting reacticns of 2-chloroethylsulfenyl chloride (I) 
is its condensation with propylene to  give 2-chlorcethyl 2-chloro-n-propyl sulfide 
(11). 

ClCH2CH2SCHZCHClCHz 
I1 

ClCHzCH2SCl + CHZxCHCH3 -+ 
I 

C ~ C H ~  CH& H C H ~  CI 
I11 

In the early stages of the investigaticn it seemed likely that the prodv.ct was 
2-chloroethyl 2-chloroisopropyl sulfide (111) rather than the nxmal iscmer, 
since it was found that the same compound was produced by the fcllowing 
sequence of reacticns. 

c4 HOCHZCHZSH + CHt=CHCHzOH L. 
CH3 
I 

HOCH2CHZSCHCH20H x L  I1 or I11 
IV 

This synthesis would be expected to  yield the isopropyl derivative since it is 
known that in the absence of peroxides, Irercaptans add to un3ymrr,etrical 
olefins according to  Markovnikov's rule (1). Also, the replacement of the 
hydroxyl groups with chlorine occurred with ease, a characteristic which was 
shown by Bennett and Hock (2) to  distinguish @-hydroxy from y-hydroxy sulfides. 

This evidence, which pointed to the is0 structure (111) for the prcduct of the 
addition of 2-chloroethylsulfenyl chloride to propylene, tended to invalidate the 
mechanism proposed by Ccnant, Hartshorn, and Richardscn (3) for the prepa- 
ration of bis(2-chloroethyl) sulfide (V) frcm ethylene and sulfur chlorides. 

SClZ+ CHFCH:+ 
CH2eCHZ 7 ClCHzCHZSCl (ClCHz CHz)&3 

SIC1, 
V 

For this mechanism, if correct, should serve equally well for the reaction 
between propylene and sulfur mcnochloride; however, the prcduct of this re- 
action has been reported by Pope and Smith (4) to have the normal (VI) rather 

1 This paper is based on work done for the Office of Scientific Research and Development 
under Contracts Nos. OEMar-300 and OEMsr-48 with the Board of Tiustees of the Univer- 
aity of Illinois. 
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than the is0 (VII) structure. Although no structure proof was given, it has 
become generally accepted that this material actually is bis(2-chloro-n-propyl) 
sulfide (VI). 

CHz CHs 

C&CHCICHZSCH* CHClC& ClCHz b t !  HS HCH2Cl 
VI VI1 

It is obvious that if both I11 and VI are correct structures, any mechanism 
for the Levinstein process which involves a sulfenyl chloride as an intermediate 
will be untenable. 
In the present work a rigorous proof of structure has been carried out for the 

addition product of 2-chloroethy lsulfenyl chloride and propylene. It has been 
shown that this product and that from the glycol (IV), are indeed, identical and 
that they have the normal (11) rather than the is0 (111) structure. 

The proof of structure consisted in the conversion of the dichloro sulfide to 
ethyl n-propyl sulfone (VIII) according to the following scheme. 

ClCHtCH&3CH,CHClC& E'-+ ClCH2CHlrS02CH2CHCICHa (CJTHdS 

VI11 

The melting point (24-25') of the sulfone (VIII) agreedwith that given by Fenton 
and Ingold (5). Moreover, comparison of the sulfone with an authentic speci- 
men of ethyl isopropyl sulfone (m.p. -9" to -6") showed the two compounds 
to be unlike. 

The foregoing results make it clear that a rearrangement of the product (IV) 
from allyl alcohol and monothioglycol must have occurred during the replace- 
ment of the  hydroxyl group by 

HOCHSCHlS r HCHnOH 

IV 
confirmation of this conclusion 
hydroxyisopropyl sulfide (IX) 

chlorine. 

I11 
was obtained by experiments with ethyl 2- 
and ethyl 2-hydroxy-n-propyl sulfide (X). 

When treated with hydrochloric acid or- thiony 1 chloride, these compounds 
yielded the same product, 2-chloro-n-propyl ethyl sulfide (XI). 

CHa 
I c 1  

CsHcSCHr HCEt 

XI 

CIH~SCHCHZOH 

IX 

OH 

CnH6SCHn t: HCI4 
X 



LEVINSTEIN MUSTARD GAS. I1 477 

The structure of the two products was established by converting them to ethyl 
n-propyl sulfone. 

It seemed safe to conclude that the condensation product of propylene with 
sulfur monochloride likewise has the normal structure (VI). This conclusion 
has 'been confirmed by conversion of the dichloro sulfide to the known (6) n- 
propyl sulfone (XII). 

(CH&HClCHs)&+ (CHsCHClCH&SO* 4 

VI 
(C HsC H 4 H )  $Os+ (CH&H*CHz) $0, 

XI1 

The rearrangement of the isopropyl to the n-propyl structure is readily ex- 
plained by the suggestion that nucleophilic replacement reactions in &thioalkyl 
radicals may occur through a cyclic sulfonium intermediiate.l 

C H C R  

2 1  

CHs 
Bennett (7) cites evidence for such a mechanism in the case of &hydroxy 

sulfides, where a stable five-membered ring is possible; extension of this idea to 
P-hydroxy sulfides is supported by the theory advanced by Winstein and h 
collaborators in a series of articles (8) to explain the observed retention of con- 
figuration in certain nucleophilic replacement reactions. This steric effect was 
attributed to the participation in the reaction of a neighboring group, with the 
production of a cyclic onium ion intermediate. 

Since the ring might break on either side of the sulfur atom, it is theoretically 
possi'ble for the resulting chloro compound to be a mixture of the two isomers. 
It is also possible that the two isomeric chloro compounds occur together as an 
equilibrium mixture; in such a case, isolation of either form in a pure state might 
not be possible. In either event it should be possible to detect the presence of 
any appreciable amount of a second isomer by conversion of the sulfide to the 
sulfone or sulfilimine, since in these derivatives the sulfur atom would no longer 
be able to promote isomerization by formation of the sulfonium ion intermediate. 
In the present work, however, a second sulfone or sulfiliiine was not obtained. 

EXPERIMENTAL 

Cindensation of I-chloroethylsulfenyl chloride with propylcne? A rapid stream of propy- 
lene was passed into a solution of 58 g. of freshly-distilled 2-chloroethylsulfeny1 chloride 

* This same hypothesis was formulated independently by Dr. P. D. Bartlett (0.S.R.D" 

* This experiment was carried out by Dr. R. A. Bauman. 
report) for the reverse reaction, hydrolysis of the chloro compounds. 
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(9) in 100 ml. of dry carbon tetrachloride at about 5". At the end of eighty minutes the 
reaction mixture was colorless. The solvent was removed with an aspirator and the resid- 
ual liquid distilled; b.p. 83-92' (6 mm.); n: 1.5268. The tribromophenate was prepared 
by heating under reflux a n  ethanolic solution containing equimolar amounts of the product 
and the sodium salt of 2,4,6-tribromophenol. After recrystallization from ethanol thz 
derivative melted a t  132.5-134'. 

Anal. Calc'd for C17HldBr602S: C, 26.80; H ,  1.85. 
Found: C, 27.00; H, 2.03. 

The p-toluenesulfilimine, prepared in the usual way (9), melted a t  135.5-136'. 
Anal. Calc'd for C~2T3lrCl2NOaS: C, 42.10; H, 5.01. 

Found: C, 42.28; H,  5.10. 
The dichloro sulfide was made also from 9-hydroxyethyl 2-hydroxyisopropyl sulfide,' 

which was prepared by the method of Jones and Reid (1). When an equimolecular mixture 
of monothioglycol and allyl alcohol was heated under reflux for twelve hours in the presence 
of sulfur, a 46% yield of the glycol was obtained; b.p. 110-116' (0.5 mm.); n: 1.5103. l h i s  
was converted to  the dichloro compound by treatment with concentrated hydrochloric 
acid (10); b.p. 53-56' (0.4 mm.); n: 1.5181. The tribromophenate of this compound melted 
at 133.5-135". -4 mixture of the two samples of the tribromophenate melted at 132.5- 
134.5'. The p-toluenesulfilimine of this compound melted at 135.5-136'. The melting 
point of a mixture of the two samples of the sulfilimine was not depressed. 

2-Chloroethyl 2-chloio-n-propyl sulfone. To  a solution of the sulfide (0.17 mole), product 
of the addition of the sulfenyl chloride to  propylene, in glacial acetic acid was added slowly 
an aqueous solution of hydrogen peroxide (0.17 mole). Then a n  additional 0.34 mole of 
hydrogen peroxide was added rapidly. The reaction mixture was stirred a t  60" for twenty- 
four hours. The solvents were removed at the water-pump and theresidual oil was dis- 
tilled. The yield of colorless sulfone was 88%; b.p. 117-119" (0.1 mm.); m.p. 21-25'; n: 
1.4983. 

Anal. Calc'd for CoHloCIt02S: C, 29.28; H, 4.91. 
Found: C, 28.93; H, 4.83. 

Ethyl n-propyl sulfone. The dichloro sulfone was dehydrochlorinated by the method of 
Alexander and McCombie (11). A solution of the sulfone (0.15 mole) in  250 ml. of dry ben- 
zene was treated with 0.30 mole of triethylamine. The amine hydrochloride separated 
almost immediately. The mixture was stirred overnight a t  room temperature and filtered; 
the triethylamine salt amounted to  91% of the theory. The benzene solution was washed 
twice with water and the solvent distilled. The crude, yellow A1-propenyl vinyl sulfone 
was obtained in a yield of 97%; n: 1.4887. 

The unsaturated sulfone (0.14 mole) was dissolved in 150 ml. of absolute ethanol and 
hydrogenated in the presence of Raney nickel a t  a pressure of 2 to  3 atmospheres. The 
reduction was complete in eight hours. Removal of the solvent left a 72% yield of the 
crude saturated sulfone as a pale yellow oil. I t  crystallized readily from a mixture of 
ether and petroleum ether as white needles; m.p. 24-25'; ng 1.4460. Fanton and Ingold 
(5) reported the melting point to  be 25'. Ethyl isopropyl sulfone [b.p. 90-91' (2 mm.); 
m.p. -9 to  -6"; n: 1.44631 was prepared from the corresponding sulfide (12) by the method 
described for 2-chloroethyl 2-chloro-n-propyl sulfone. 

Anal. Calc'd for CbH1202S: C, 44.09; H, 8.82. 
Found: C, 43.82; H,  8.95. 

A mixture melting point of the two sulfones was 8-14'. 
Ethyl d-hydroxyisopropyl sulfide. In a heavy-walled glass tube were placed 21.7 g. of 

The tube ethyl mercaptan, 20.3 g. of freshly-distilled allyl alcohol, and 0.4 g. of sulfur. 

4 The synthesis of this compound was first described in  a British Chemical Warfare Re- 
port. 
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was sealed and supported on corks inside a small steel bomb partially filled with ethyl 
ether to equalize the pressure on the tube. The temperature was raised gradually, over a 
three-hour period, to 120"and maintained there for sixty-seven hours. The tube was cooled 
slowly and opened. The nearly colorless contents were distilled through a4-in. packed 
column. The yield of the colorless sulfide was 59%; b.p. 80-90" (17 mm.); nz 1.4777. 

Anal. Calc'd for CsH120S: C, 49.96; H, 1C.06. 
Found: C, 49.71; H ,  9.84. 

The a-naphthylurethan of ethyl 2-hydroxyisopropyl sulfide was purified by recrystalliea- 

Anal. Calc'd for ClsH&O&3: C, 66.41; H,  6.62. 
Found: C, 66.79; H ,  6.43. 

Distillation of the residue (8 9. )  yielded 2 g. of the pure isomer, ethyl 3-hydroxy-n- 
The boiling point of this compound 

The a-naphthylurethan of ethyl 3-hydroxy-n-propyl sulfide, after repeated recrystal- 

Anal. Calc'd for ClbH1&JOzS: C, 66.41; H, 6.62. 
Found: C, 66.41; 11, 6.63. 

Conversion of ethyl 2-hydroxyisopropyl sulfide to the corresponding chloro sulfide. 

tion from ligroin; m.p. 66.5-68'. 

propyl sulfide; b.p. 103.5-105.5" (16 mm.); nt 1.4823. 
was recorded as  104' (15 mm.) by Rothstein (13). 

liza%ion from ligroin, melted at 42-43'. 

(a) 
With hydrochloric acad. One hundred twenty-five milliliters of concentrated hydrochloric 
acid was added, with xtirring, to  13.9 g. of the alcohol, the temperature being kept below 
30". The mixture was stirred overnight at room temperature. The chloride, which formed 
the oily, upper layer, was dissolved in ether and the solution washed well with water. It 
was dried over magnesium sulfate, and the ether removed at the water-pump. The yield 
of crude product was 81%; n: 1.4780. 

The p-toluenesulfilimine, after three recrystallizations from ethanol, melted at 120- 
121 5". 

Anal. Calc'd for ClzHl&lNO~Sn: C, 46.82; H,  5.89. 
Found: C, 46.90; H ,  5.87. 

(b) With thionyl chloride. By this method the yield of chloride mas 78%; n: 1.432. 
The sulfilimine, after a single recrystallization, melted at 120-122". A mixture with the 
product from (a) melted a t  120-122'. 

The chloro sulfide was converted to  the sulfone in the manner described for 2-chloroethyl 
2-chloro-n-propyl sulfone. The main fraction, obtained by distillation, boiled at 88.5- 
92.5" (0.12-0.20 mm.); .'," 1.4752 and was used in the subsequent reactions leading to  the 
preparation of ethyl n-propyl sulfone. A small asmount of unidentified material distilled 
at 92.5-94" (0.20-0.25 mm.); n: 1.4716. 

After dehydrochlorination and hydrogenation, the main fraction was distilled i n  vacuo; 
b.p. 96.5-97.5' (1.9 mm.); m.p. 12-17'; nz 1.4495. After repeated recrystallization from 
a mixture of ether and petroleum ether, the compound melted at 21-25', the value for the 
melting point of ethyl n-propyl sulfone. A mixture melting point of the new sample with 
the one prepared from 2-chloroethyl 2-chloro-n-propyl sulfone showed them t o  be alike. 

Ethyl 2-hydroxy-n-propyl sulfide. Acetonyl ethyl sulfide was prepared according to  the 
method of Autenrieth (14). The pale yellow product distilled at 63.5-71" (20 mm.); nz 
1.4710; yield 58%. It readily formed a 2,4-dinitrophenylhydrazone, m.p. 86.5-87.5', and a 
p-toluenesulfilimine, m .p. 123-124'. 

A mixture of 55.2 g. of the acetonyl ethyl sulfide and 300 ml. of a one-molar solution of 
aluminum isopropoxide in abfiolute isopropyl alcohol was placed in a 500-ml. flask sur- 
mounted by a 15-in. column packed with Berl Saddles. The reaction mixture was heated 
on a steam-bath and the acetone was distilled as it formed. After nine hours the distillate 
gave a negative test for acetone with a 0.1% solution of 2,4-dinitrophenylhydrazine in  
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2 N hydrochloric acid. After the solution had been heated under reflux, however, the test 
again was positive. The reaction, accordingly, was allowed to  continue overnight. The 
ethyl 2-hydroxy-n-propyl sulfide, isolated by conventional procedures, was a pale yellow 
oil, boiling at 83.5-85" (23 mm.); nt  1.4737; yield 56%. Redistillation of the product 
yielded 22 g. of colorless oil; b.p. 76.5" (15 mm.); n z  1.4734. Dawson (15) reported the boil- 
ing point 83" (25.5 mm.) for this compound. 

Anal. Calc'd for CrHlzOS: C, 49.96; H, 10.06. 
Found: C, 50.01; H, 10.05. 

The a-naphthylurethan crystallized from ligroin in fine, colorlem needles; m.p. 85.5- 

Anal. Calc'd for CI~HIONOZS: C, 66.41; H, 6.62. 
Found: C, 66.74; H, 6.58. 

Conversion of ethyl 2-hydroxy-n-propyl sulfide to the corresponding chloride. The hydro- 
chloric acid and thionyl chloride procedures led to  yields of 72% and 76%, respectively, of 
the crude chloro sulfide. It was an orange-yellow oil; n: 1.4780. The p-toluenesulfilimines 
of the products prepared by the two procedures melted at 120-121.5' and 121.5-122.5', 
respectively. Mixture melting points with the sulfilimine derived from the chloro com- 
pound prepared from ethyl 2-hydroxyisopropyl sulfide were not depressed, showing all the 
compounds to  be alike. 

bis(3-Chloro-n-propyl) sulfone. bis(2-Chloro-n-propyl) sulfide was prepared6 by treating 
a saturated solution of propylene in  chloroform with sulfur monochloride at -10" and then 
bubbling propylene through the mixture, which gradually was allowed to  warm up to  room 
temperature. From 50 g. of sulfur monochloride was obtained 19.8 g. of the redistilled 
sulhde, b.p. 107-109.5' (13 mm.) (4); ng 1.5015-1.5026. The dichloro sulfide was converted 
to the sulfone according t o  the procedure described for making 2-chloroethyl 2-chloro-n- 
propyl sulfone. The sulfone was a colorlcss oil; b.p. 107-108" (0.04 mm.); n; 1.4903- 
1.4917; yield 90% of the theory. It solidified completely at 10" but no attempt was made to 
purify i t  by recrystallization. 

66". 

Anal. Calc'd for C:DHl&190&3: C, 32.88; H, 5.52. 
Found: C, 33.16; H, 5.63. 

The sulfone was prepared also from a sample of the dichloro sulfide made from bis(2- 
hydroxy-n-propyl) sulhde (16). It melted a t  56-56.5". That  this compound was identical, 
except for degree of purity, with that  obtained by the other method was shown by a mixture 
melting point of the two corresponding halogen-free products obtained by dehydrochlorina- 
tion and hydrogenation. 

bis(Al-propenyl) suljone. The dehydrochlorination, carried out in the usual way ( l l ) ,  
yielded the sulfone as a colorless oil; b.p. 97.5-100' (0.7 mm.); nt  1.4852; yield 72%. 

Anal. Calc'd for C ~ H I & ~ S :  C, 49.29; H, 6.83. 
Found: C, 48.34; H, 6.58. 

All fractions of the product turned yellow when allowed to  stand. 
n-Propyl sulfone. Hydrogenation, performed according to  the procedure used t o  pre- 

pare ethyl n-propyl sulfone, gave a n  84% yield of the saturated sulfone as a pale yellow oil 
which was crystallized from a n  ether-petroleum ether mixture; m.p. 29.5-30.5"; n: 1.4456. 

Anal. Calc'd for CsH1,OzS: C, 47.97; H, 9.39. 
Found: C, 47.51; H, 9.48. 

The melting point reported (6) for n-propyl sulfone is 29-30'. 
An authentic sample of n-propyl sulfone, obtained from the Kastman Kodak Co., melted 

at 27.5-30.5' and had the refractive index n g  1.4456. The mixture melting point of this 
sample and that obtained by hydrogenation was 27.5-30". Diisopropyl sulfone melts at 
36' (17). 

6 This sulfide was prepared by Dr. W. J. Shenk, Jr. 
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SUMMARY 

It has been established that 2-chlori.etliy1sulf‘enyl chlcride condenses with 
propylene in such a manner that the chloropropyl radical has the normal rather 
than the is0 structure. Likenise, the compound obtained frcm propylene and 
sulfur mcncchloride has been shown to be bis(2-chloro-n-propyl) sulfide. 

Treatment of 2-hydroxyethyl 2-hydroxyisopropyl sulfide with hydrcchloric 
acid has been shown to convert it  to 2-chlorcethyl 2-chlorc-n-propyl sulfide. 
Similarly, ethyl 2-hydroxyisopropyl sulfide has been found to yield ethyl 2-chloro- 
n-propyl sulfide when treated with hydrcchloric acid or thionyl chlcride. 

A rnechanisrn has been proposed to account for the isomerization of the chloro- 
propyl sulfides. 

UR:BANA, ILL. 
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When mustard gas (I) is made by the condensation of ethylene with sulfur 
moncchloride according to the Levinstein process, the distilled prcduct contains 
small amounts of 2-chloroethyl 2-chlorovinyl sulfide (IV) as an  impurity (1). 
For this reason it has been assumed that chlorination of the bis(2-chloroethyl) 
sulfide occurs in the process. 

This assumption is based upon the observations of several investigators. 
When Lawson and Dawson (2) treated bis(2-chloroethyl) sulfide 11 ith one equiv- 
alent of chlorine at 0", they succeeded in isolating bis(2-chloroethyl) sulfor ium 
chloride (11). This compound proved to  be unstable; it decomposed sponta- 
neously into 2-chl~cethyl  1 ,2-dichlorcethyl sulfide (111), which slowly under- 
went further deccmpcsition a t  room temperature with the evolution of hydrogen 
chloride and the formation of 2-chloroethyl 2-chlorovinyl sulfide (IV). 

C1 

I I1 
(ClCHzCH2)ZS -*+ (ClCH&H2)2SClg + 

ClCH2CH&ZHClCH2Cl+ ClCH&HzSCH=CHCl 
I11 IV 

dartori (3) has cited Libermann as authority for saying that sulfur mono- 
chloride also reacts with the dichloro sulfide (I) to  give 11, while Mann and Pope 
(4) have reported the isolation of the trichloro compound (111) as a prcduct of 
the action of sulfur monochloride on bis(2-chlorcethyl) sulfide. 

Another possikility, which hitherto has not been considered, is that the un- 
saturated sulfide (IV) may result from the action of an  intermediate in the 
Levinstein procers. The discovery of a methcd for the synthesis ( 5 )  of 2-chloro- 
ethylsulfenyl chloride (V), a probable intern-ediate in the preparation of bis(2- 
chloroethyl) sulfide, opened the way for the investigation of this possibility. 
Experiment has shown that the sulfenyl chloride and pure mustard gas react 
with esch other, and that 2-chlorcethyl 2-chlorovinyl sulfide (IV) actually is 
prcduced along with bis(Schlorcethy1) disulfide (VI). [The disulfide also has 
been identified as  oce of the impurities in the crude prcduct of the con6ensation 
of ethylene with sulfur monochloride (6)]. Presumably, the intermediate prod- 
ucts are 2-chloroethyl 1,2-dichlorcethyl sulfide (111) and 2-chlorcethyl xer -  
captan. The latter would be expected (7) to react with another molecule of 
2-chloroethylsulfenyl chloride to produce the disulfide (VI). 

* This paper is based on work done for the Office of Scientific Research and Development 
under Contracts h'os. OEMsr-300 and OEMsr-48 with the Board of Trustees of the Univer- 
sity of Illinois. 
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ClCH:!CHzSCI + ClCH2CH2SCH2CB2CI + 
Ti  I 

ClCH2CH2SCHCICHzCI + ClCKzCHzSH 
111 

-+ ClCHzC H2SC H=@ HCl 
IV 

- HC1 ClCH2C HzSC HClC HzCl 

ClCHzCHzSCl + ClCHzCHzSH + (CICHzCHz)zS2 + HCl 
VI 

Although it has been accepted geEerally and without proof that the urstable 
precursor of 2-chlorcethyl 2-chlorovinyl sulfide has the designated structure 
(111), i t  became a matter of special interest to establish its identity bey0r.d any 
reasonable doubt. 

The only other structure which was considered for the trichloro ccmpound 
was 2-chlorcethyl 2,2-dichloroethj-l sulfide (VIII). By use of the method of 
Salzberg and Lazier (8) it has been found possible to  produce the corresponding 
hydroxy compound (VII) from monothioglycol and vinylidere chloride. It was 
converted to the trichloro compound by the action of thionyl chloride. 
HOCISzCH2SH + CH*=CC12 + HOCH2CH2SCH2CHC12 

VI1 
socl?+ CICH2CHzSCH2CHCla 

The structure of the trichloro sulfide was established by hydrolysis, which 
converted the compound to  the expected (2-hydroxyethy1thio)acetaldehyde (IX). 

VI11 

+ HOCHzCHzSCHzCHO H20 ClCHzCHzSCHzCHC12 - 
IX 

The 2,4-dinitrophenylhydrazone derived from this aldehyde was found to be 
the same as that prepared from (2-hydroxyethylthio)acetal (X), made by the 
condensation of chloroacetal m-ith the sodium salt of monothicglyccl. 

CXCHZCH(OC~HE.)Z + NaSCHzCHzOH --j H O C H Z C H ~ S C H ~ C H ( O C ~ H ~ ) ~  
X 

The new trichloro compound was characterized further by preparation of the 
sulfone, the p-toluenesulfilimine, and the morpholyldithiocarbamate derivatives. 

The stability of this trichloro compound excluded the possibility that i t  was a 
precursor of 2-chloroethyl 2-chlorovinyl sulfide; i t  was possible to  dehydro- 
chlorinate i t  only to  the extent of 3% by loag heating with triethylamine. It is 
interesting that dehydrochlorination of the sulfone occurred with ease; treat- 
ment with one mole of triethylamine yielded 2-chloroethyl 2-chlorovinyl sul- 
fone (XI). 

0 0 

C lCH2 C H2 S C H-CHC 1 
1 
0 

.1 
XI 

r r -HCl+ 

0 

ClCHzCHzSCH2CHC12 - 
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The sulfone was characterized by comparison with a sample obtained from 
2-chloroethyl 2-chlorovinyl sulfide made by the condensation of 2-chloroethyl- 
sulfenyl chloride with acetylene (5). 

EXPERIMENTAL 

Reaction of 8-chloroethylsulfeny2 chloride with bis(2-chloroethyl) sulfide.' Sixty-six grams 
of the sulfenyl chloride was added, during the course of fifteen minutes and at room tem- 
perature, to  40 g. of the sulfide. The sulfenyl chloride was decolorized rapidly and hydro- 
gen chloride was evolved. The product was distilled repeatedly at a pressure of 1 mm. 
until hydrogen chloride ceased to  be evolved. Fractionation of this liquid yielded bis(2- 
chloroethyl) disulfide and a compound which is believed t o  be 2-chloroethyl2-chlorovinyl 
sulfide (5). The latter compound was a colorless liquid (n: 1.5458) which gave a reddish- 
brown color when treated with sulfuric acid. 

Anal. Calc'd for CdH&Id3: GI, 45.10. Found: C1, 45.15. 
I-Chloroethyl $,$-dichloroethyl suljidc. In a 500-ml. Vycor flask, fitted with a reflux 

condenser and a Glas-Col heater were placed 120 g. of redistilled monothioglycol, 318 g. of 
vinylidene chloride (dried over magnesium sulfate), and 1 g. of benzoyl peroxide. The 
mixture was irradiated with ultraviolet light for twenty-one hours at a temperature of 
40-45". Two additional 0.5-g. portions of the peroxide were added during the irradiation 
period. The excess vinylidene chloride was allowed to  evaporate, and the unchanged mono- 
thioglycol (96 9.) was removed at a pressure of 0.3 mm. The residual oil (90 g.), which was 
not heated above 80', was dissolved in 180 g. of chloroform and the solution washed with 
water. The solution was dried over anhydrous magnesium sulfate and filtered. The 
crude 2,2-dichloroethyl 2-hydroxyethyl sulfide was kept in chloroform solution, since in  
the absence of a solvent i t  gradually darkened. 

The chloroform solution of the hydroxy compound was added, dropwise over a two- 
hour period, t o  a well-stirred solution of 73 g. of thionyl chloride in  75 ml. of dry chloroform. 
Removal of the solvent and fractional distillation of the residue yielded 35.3 g. of 2-chloro- 
ethyl 2,2-dichloroethyl sulfide boiling a t  68-69' (0.05 mm.); n: 1.5380. The yield was 11.3% 
if based on the amount of monothioglycol taken, 47.3% if based on the quantity of mono- 
thioglycol actually consumed in the reaction. 

Anal. Calc'd for CJIiC13S: C, 24.82; H, 3.63; GI, 54.96; S, 16.57. 
Found: C, 24.74; H, 3.44; C1,54.79; S, 17.22. 

SuZfilirnine. The trichloro sulfide was treated with Chloramine-T in an acetone-water 
solution. The product, after three recrystallizations from dilute ethanol, melted, with 
decomposition, at 157-158'. 

Anal. Calc'd for CllHl&laNOk&: C, 36.44; H, 3.87. 
Found: C, 36.58; H, 3.75. 

Morpholyldithiocarbamate. A solution of 18.8 g. of potassium hydroxide, 29 g. of morpho- 
line, and 60 ml. of absolute ethanol was dropped slowly into a well-stirred solution of 31.5 
g. of carbon disulfide in 50 ml. of ether. The reaction vessel was kept in  a n  ice-bath during 
the addition. The potassium morpholyldithiocarbamate was isolated by filtration and 
washed with absolute ethanol; yield 63.6 g., or 94%. Six grams of the trichloro sulfide was 
dissolved in 100 ml. of ethanol, and 8 g. of the potassium salt in 50 ml. of water was added. 
The mixture was heated under reflux for sixteen hours, cooled, and kept at 0" for twenty- 
four hours. The crystals which formed were separated by filtration and recrystallized four 
times from dilute ethanol; m.p. 77-50'. 

Anal. 

The composition of the product corresponds approximately t o  that  calculated for the 

* This experiment was carried out by Dr. E. W. Maynert. 

Calc'd for C~H&I&'OSJ: C, 33.75; H, 4.77. 
Found: C, 34.56; H, 4.71. 

derivative in which one chlorine atom has been replaced. 
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Sulfone. Two and two-tenths grams of 30% hydrogen peroxide ww( added slowly t o  a 
solution of 3.8 g. of the trichloro sulfide in 20 ml. of glacial acetic acid. After the introduc- 
tion of a n  additional 5.2 g .  of the peroxide solution, the mixture was heated under reflux 
for thirty minutes, cooled, and poured into ice-water. Two grams of white, crystalline 
sulfone separated. After three recrystallizations from dilute ethanol, the white needles 
melted at 73-74'. 

Anal. Calc'd for C4HrCla02S: C, 21.30; I€, 3.13. 
Found: C, 21.39; H, 3.36. 

When a mixture of 4 g. (0.017 mole) of the sulfone, 1.8 g. (0.017 mole) of triethylamine, 
and 50 ml. of absolute ether was heated to boiling, a heavy, white precipitate of triethyl- 
amine hydrochloride formed immediately. The precipitate was removed by filtration, 
the ether evaporated, and the resulting liquid poured into ice-water. The white, plate- 
like crystals which separated were recrystallized from petroleum ether; m.p. 38-39'. A 
mixture of this compound with an authentic sample of 2-chloroethyE 2-chlorovinyl sulfone 
(5) (1n.p. 37.5-38.5'.) melted a t  38-39'. 

Attempted dehydrohalogenation of 2-chloroethyl S,I-dichloroethyl suljide. One-tenth of a 
mole each of the sulfide and triethylamine were heated in 50 ml. of absolute ether at 37" 
for nine days. Only 0.003 mole of triethylamine hydrochloride separated. Upon long 
standing at room temperature the solution turned black, but no more of the hydrochloride 
separatt: d. 

Hydrolysis of 2-chloroethyl 2,2-dichloroethyl suljide. A mixture of 23.5 g. of the sulfide 
and 600 ml. of water was stirred at room temperature for seven days. The insoluble residue 
(1.9 9.) was shown to be unchanged trichloro sulfide by preparation of the sulfiliniine. 
Titration of the water solution indicated that 75% of the maximum possible amount of 
hydrochloric acid had been formed. The (2-hydroxyethy1thio)acetaldehyde was extracted 
with ether and the resulting solution dried over sodium sulfate. Distillation of the solvent 
left 7 g. (48%) of the aldehyde as a pale yellow oil; n: 1.5050. It possessed a sweet, ester- 
like odor, gave a positive fuchsin test, and reduced Tollens' reagent. The 2,d-dinitro- 
phenylhydrazone, formed in the usual way, was recrystallized twice from dilute ethanol; 
m.p. 74-75". 

Anal. 

Preparation of (2-hydioxyelhyZthio)acetal. Fifteen and six-tenths grams of redistilled 
monothioglycol was added to a solution of sodium ethoxide prepared from 4.6 g. of sodium 
and 1251 ml. of absolute ethanol. To  this solution was added slowly, with stirring, 30.4 g. 
of chloroacetal. The mixture became cloudy but no sodium chloride was precipitated. 
A small amount of potassium iodide was added, and the mixture was heated overnight at 
55', with stirring. After removal of the salt by filtration and evaporation of the ethanol, 
the residual oil was extracted with dry ether. Evaporation of the ether left the (&hydroxy- 
ethylthio)acetaZ as a dark orange oil; yield 15 g. or 38.67' of the theory. 

A mixture of 3 ml. of the acetal and 5 ml. of dilute hydrochloric acid was warmed, and a 
aolution of 1.5 g. of 2,4-dinitrophenylhydrazine in 100 ml. of boiling ethanol was added. 
The solution was shaken for a few minutes, 2 ml. of concentrated hydrochloric acid %'as 
added, and the mixture was heated under reflux for seven minutes. When the solution 
was cooled and diluted with water, a large amount of yellow crystals separated; m.p. 62- 
67'. A mix- 
ture of this compound with the 2,4-dinitrophenylhydrazone prepared from the hydrolysis 
product of the trichloro sulfide, showed no lowering of the melting point. 

Calc'd for CIOHI~N,O&: C, 4O.CO; H, 4.03; N, 18.66; S, 10.67. 
Found: C, 40.12; H, 4.09; N, 18.36; S, 10.85. 

They were purified by repeated recrystallization from ethanol; m.p. 74-75'. 

SUMMARY 

Evidence has been presented in support of the belief that the monochlorina- 
tion product of mustard gas is 2-chloroethyl 1,2dichloroethyl sulfide. The 
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isomeric monochloro derivative, 2-chloroethyl2,2-dichIoroethyl sulfide, has been 
prepared, and the two products have been shown to be different. 

The 2,2-dichloroethyl compound was nade  by the addition of monothioglycol 
to  vinylidene chloride. I ts  structure was established by hydrolysis, which 
converted it to (2-hydroxyethylthio)acetaldehyde. 

URBANA, ILL. 
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Mustard gas made by the Levinstein process is known to contain a consider- 
able amount of material which has a high sulfur content and which has been 
thought to  consist of the bis(2-chloroethyl) polysulfides (1). The present work 
deals with the identification and a study of some properties of these substances. 
The problem has been attacked not only by attempts to isolate pure compounds 
from tho high-boiling fraction obtained by the Levinstein process but also by the 
preparation of the polysulfides by synthetic methods. 

THE SYNTHESIS OF THE POLYSCLFIDES 

The synthesis of bis(2-chloroethyl) disulfide was carried out by converting 
monothioglycol to  bis(Zhydroxyethy1) disulfide and treating the latter with 
concentrated hydrochloric acid. 

2 HOCH2CH2SP-I + Hz02 + (HOCH&H2)2S2 + 2 HzO 
(HOCH2CH2)2S2 + 2 HC1 * (ClCH2CHz)zSz + 2 HzO 

The procedure was essentially that of Bennett (2). The last step has been 
modified so as to  be continuous, greatly facilitating the preparation of large 
amounta of material. This method is of especial value in the synthesis of vesi- 
cant compounds ; for example, bis(2-chloroethyl) sulfide, 1 ,2-bis(2-chloroethyl- 
thio)ethane, and 2-chloroet hyl 2-chloro-n-propyl sulfide have been prepared in 
yields of 85, 92, and 61%, respectively. 

bis(2-Chloroethyl) trisulfide was isolated by Mann, Pope, and Vernon (3) from 
the product obtained by the reaction between sulfur monochloride and ethylene 
at 60". It has now been prepared by a straightforward synthesis from ethylene 
chlorohydrin and sodium polysulfide followed by treatment of the resulting 
glycol with thionyl chloride. 

2 HOCH2CHzCl + Na2S3 -+ (HOCH2CH2)2S3 + 2 NaCl 
(HOCH2CH&Sz + 2 SOClz 4 (ClCH2CH2)2S3 + 2 SO2 + 2 HC1 

The trisulfide is ti white, crystalline compound melting at 30.5-31.5". Distilla- 
tion of the crude reaction product yielded a considerable quantity of the disulfide. 
Later it was found that the pure trisulfide actually decomposes under the influ- 
ence of heat to give bis(2-chloroethyl) disulfide. 

bis(2-Chloroethyl) pentasulfide was isolated first in studies of the hydrolysis 

1 This paper is based on work done for the Office of Scientific Research and Development 
under Contracts Nos. OEMsr-300 and OEMsr-48 with the Board of Trustees of the Uni- 
versity of Illinois. 
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of mustard gas which had been made by the Levinstein process. It was noticed 
that hydrolysis with water appeared to  be incomplete. The method of “ex- 
haustive” hydrolysis was then developed for the isolation of the polysulfides 
corresponding to mustard gas. It consisted in subjecting a mixture of Levinstein 
mustard gas and water to  vigorous agitation. The progress of the hydrolysis 
waa followed by titration to determine hydrogen or chloride ion concentration. 
When the rate of hydrolysis had become negligibly small, the unhydrolyzed 
residue was found to amount to about 30% by weight of the original mustard 
gas. The composition of the residua from various samples varied from values 
corresponding to those for the hexasulfide to  those for the nonasulfide. 

The unhydrolyzed residues were observed to  deposit sulfur slowly. Because 
sulfur diesolves only slightly in Cellosolve, whereas polysulfides are fairly soluble, 
the possibility suggested itself of using this solvent as a means of separating the 
exces sulfur rapidly from the polysulfides. When the Levinstein residue was 
treated with Cellosolve, sulfur separated in cryst,alline form and, in addition, a 
small amount of viscous oil remained undissolved. This oil had the composition, 
indicated by analysis, of a higher polysulfide such as (ClCH&H&%. It in- 
variably deposited sulfur within a few days and took on the appearance of yel- 
low, cq-s talline sulfur. 

The Cellosolve solution was washed with water t o  remove the Cellosolve; 
the xater-insoluble oil was dried in ether solution and then freed from the ether. 
A clear, amber oil was obtained, which consisted almost entirely of bis(2-chloro- 
ethyl) pentasulfide. 

It is impossible to purify the pentasulfide by ordinary distillation because of 
its thermal instability; neverthelcs the volatile materials such as the disulfide 
can be removed by steam-distillation, either before or after treatment with Cel- 
losolve. However, due to autosulfurization of the pentasulfide, which is de- 
scribed later, stripping with Cellosolve after distillation is always necessary. 
The purest pentasulfide obtained mas an amber liquid of high refractive index 
(n’,” 1.6853) which could not be induced to  crystallize, even at -80”. 

Oils which had the composition of the higher sulfides were made also by treat- 
ment of bis(2-chloroethyl) trisulfide with sulfur under mild conditions and by 
heating the corresponding disulfide with sulfur under more drastic conditions. 
When these oih were stripped of excess sulfur by the Cellosolve treatment they 
resembled the Cellosolve-stripped Levinstein residues in appearance, odor, 
refractive index, density, and composition. Also, polarographic studies re- 
vealed the same reduction potential for the synthetic pentasulfldes as for that 
isolated from Levinstein mustard gas. 

PROPERTIES OF THE POLYSULFIDES 

A few of the properties of the bis(2-chloroethyl) polysulfides have been men- 
tioned in the preceding section; notably, the sulfurization of the &- and tri- 
sulfides with sulfur and the stripping of the higher polysulfides to  bis(2-chloro- 
ethyl) pentasulfide with Cellosolve. A number of the reactions presently to  be 
mentioned also have been of value in the synthesis of the polysulfides. 
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Sulfurizalion. Following the suggestion of Dr. E. Emmett Reid (4) that 
alkyl polysulfides might be better sulfurizing agents than sulfur itself, experi- 
ments mere run in which bis(2-chloroethyl) disulfide, trisulfide, and pentasulfide 
were heated with methyl tetrasulfide. The assumption was made that at the 
temperature and pressure employed, the volatile methyl trisulfide would be 
removed as it was formed, allowing the reaction to  proceed to  completion. In  
this way bis(2-chloroethyl) pentasulfide and higher polysulfides identical with 
the polysulfides obtained by other methods were prepared from the trisulfide 
and pentasulfide. 

(ClCHzCH2)zSs + 2 (CH3>84 + (ClCHzCH2)zSs + 2 (CH&Sa 

bis(2-Chloroethyl) disulfide was not sulfurized by methyl tetrasulfide under the 
same conditions. 

The autosulfurization of bis(2-chloroethyl) pentasulfide also is a reaction which 
falls into this category. When the pentasulfide was subjected to steam distilla- 
tion, the distillate mas found to  contain the corresponding trisulfide. The 
residue had the composition of polysulfides higher than the pentasulfide. Evi- 
dently, under these conditions autosulfurization of the pentasulfide occurred, 
the removal of the trisulfide forcing the reaction to  proceed. 

( C ~ C H ~ C H ~ ) Z S ~  4 ( C ~ C H Z C H ~ ) Z S ~ + ~  + (ClCH&H2)2Sa 

It was mentioned that when the non-hydrolyzable Levinstein residues were 
stripped with Cellosolve, not only sulfur, but also a gum mas obtained which 
had the analytical composition of a high polysulfide, (ClCH2CH2)zSn. It waa 
found that when bis(2-chloroethyl) trisulfide or pentasulfide was heated with 
sulfur, and the reaction mixtures subsequently extracted with Cellosolve and 
ether, there remained viscous oils which had the composition indicated by anal- 
ysis of high polysulfides of the order of the dodecasulfide or greater. These 
polysulfides were often stable for days at  room temperature even in the presence 
of sulfiir, although the presence of ammonia caused their rapid degradation to  
the pentasuEde and sulfur (see section on Stripping). 

The fact that the higher sulfides readily give up sulfur suggested that they 
might not be definite compounds but merely solutions of sulfur in the penta- 
sulfide. This hypothesis seems untenable in view of the observation that when 
mixtures of finely divided sulfur and the pentasulfide were shaken for extended 
periods at  room temperature, less than one gram atom of sulfur dissolved. 

S t ~ p p ' n g .  It has been seen that sulfurization is a most important reaction 
of the polysulfides; by the same token, the reverse procedure, stripping, plays a 
prominent r61e in the chemistry of these unusual compounds. 

It had been discovered by other investigators (5 )  that treatment of the high- 
boiling fraction of Levinstein mustard gas with moist, gaseous ammonia caused 
rapid precipitation of sulfur. Examination of the analytical data showed that 
the residual oil corresponded closely in composition to bis(2-chloroethyl) penta- 
sulfide. This report has been confirmed, although i t  appears that ammonia- 
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stripping is not as efficacious as the Cellosolve method already described. With 
ammonia alone some sulfur seems to remain dissolved in the pentasulfide. 

Although bis(2-chloroethyl) pentasulfide is stable to moist ammonia and to  
Cellosolve alone, it is readily stripped to the trisulfide by ammonia in the pres- 
ence of either Cellosolve or ether. The degradation of the pentasulfide to the 
trisulfide by steam-distillation has already been mentioned in another connection. 

Up to this point no reference has been made to bid2 chloroethyl) tetrasulfide. 
The evidence that such a compound actually exists is meager. The only indi- 
cation of a true level of stability for a polysulfide of this composition was found 
in a study of the stripping of the pentasulfide with boiling acetone. In  esperi- 
ments using bis(2-chloroethyl) pentasulfide from several different sources, the 
limit of degradation appeared to be at  the tetrasulfide level. 

STRUCTURE OF THE POLYSULFIDES 

The linear structure for bis(2-chloroethyl) disulfide follows from its method 
of synthesis. The stability of the corresponding pentasulfide and trisulfide and 
the degradation of the former to  the latter indicate that these compounds are 
related structurally. The disulfide, known to be linear, takes up an atom of 
sulfur only with difficulty. Then two additional atoms of sulfur may be added 
with comparative ease to produce the pentasulfide, degradation of which yields 
the trisulfide. These facts may bo explained plausibly by assuming that a sulfur 
atom enters the disulfide molecule to  produce a linear trisulfide. 

CICH2CH2SSCK2CH~CI + S -+ CICH2CH2SSSCH2CH2CI 

The trisulfide th3n easily takes up two additional sulfur atoms to yield the penta- 
sulfide, the newly added sulfur being joined to the central sulfur atom as in the 
following formula. 

S 
f 

CICH2CH2SSSCH2CHzCl 

The structure of the higher polysulfides could be of the following type. 
S 
7 
S 
T 

ClCHz CHzSSSCHzCHz C1 
1 
S 

This type of structure is in accord with the facts that sulfur atoms are naturally 
chain-forming and that the polysulfides above the pentasulfide readily lose sul- 
fur. The gradual conversion of plastic sulfur, S p ,  which is supposed to consist 
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of long sulfur chains, to  the stable A-sulfur is accelerated by ammonia (6). This 
may be related to  the observed stripping of higher polysulfides to the pentasulfide 
by ammonia. 

biS(2-CHLOROETHYL) DISULFIDE 

Reports of the existence of bis(Schloroethy1) disulfide in Levinstein mustard 
gas are in disagreement. This is not at all surprising in view of the tendency of 
the higbLer polysulfides to  decompose under the influence of heat to give the tri- 
sulfide which in turn is degraded to  the disulfide by distillation. It is apparent 
that any reliable method for determining the amount of the disulfide in the 
Levinstein product must involve only mild conditions. 

Therc: is one report ( 5 )  that Levinstein mustard gas contlains about 6% of 
bis(Zchloroethy1) disulfide. If this were true, about 20% of the non-hydro- 
lyzable portion of the product and an even greater proportion of the stripped 
residue would consist of the disulfide, since it has been found to resist hydrolysis 
under the conditions employed. Analysis of the stripped residue indicated that 
the proportion of bis(2-chloroethyl) disulfide was much lower than this figure. 

It was observed that the refractive indices of mixtures of the disulfide and 
pentasulfide, and of the disulfide and trisulfide, followed a linear relationship 
with rergpect to the mole fraction of the constituents. Thus, measurement of the 
refractive indices of the stripped residue from the hydrolysis of Levinstein mus- 
tard gas, and of the steam-distillate of the residue, indicated the presence of 1 
to 1.t3T9 of the disulfide in the crude mustard gas. This value is in good agree- 
ment mith that obtained by MacInnes and Belcher (7) by analysis of a fraction 
from the molecular distillation of Levinstein mustard gas. 

Crystalline derivatives of bis(2-chloroethyl) disulfide were prepared using 
thiosalicylic acid, potassium morpholyldithiocarbamate, and piperidine. All 
but the last are useful for the identification of the disulfide. Attempts to prepare 
similar derivatives of bis( 2-chloroethyl) trisulfide gave intractible solids or oils, 
from which no pure compound could be isolated. 

EXPERIMENTAL 

Preparation of bis(2-chloroethyl) disulfide. The preparation of this compound was car- 
ried out by a modification of a method used by Bennett (2). Five hundred three grams of 
30% hydrogen peroxide was added slowly, with stirring, t o  624 g. of monothioglycol over a 
period of two hours. The temperature was maintained a t  50-60" by careful cooling. After 
the addition was complete the reaction mixture was allowed to  stand for two hours; then 
i t  was heated on a steam-cone under redaced pressure to  remove the water. The crude 
bis(2-hydroxyethy1) disulfide was mixed with 2800 ml. of concentrated hydrochloric acid 
and the mixture heated on a steam-cone for one and one-half hours. The aqueous layer 
was decanted and the dichloride distilled through a heated, packed 12-inch column. The 
yield of bis(2-chloroethyl) disulfide, boiling at 97-98' (0.4 mm.), wa.s 580 g., or 94%; 
1.5656. 

For large scale production the last step has been modified so as t o  be continuous. A 
diagram of the apparatus used is shown in Fig. 1. One hundred grams of the glycol waa 
added from the dropping-funnel over a period of forty minutes t o  130 ml. of concentrated 
hydrochloric acid, with constant bubbling of gaseous hydrogen chloride through the solu- 
tion. The temperature, initially at 75", soon rose to  90" where i t  remained for the duration 
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of the reaction. The chloride which separated was removed continuously by the suction 
provided by the vacuum line. The yield of the dichloro disulfide obtained by this pro- 
cedure waa 94%. 

Preparation of bis($-chloroethyl) trisulfide.' A solution of sodium trisulfide was prepared 
by dissolving 256 g. of sulfur in 960 g. of sodium sulfide nonahydrate and 1300 ml. of water, 

Hot P late 

FIQ. 1 

To this red solution was added over a period of one-half hour, with stirring, 644 g. of ethyl- 
ene chlorohydrin. Heat was evoked, and the flask was cooled with ice-water. The crude 
glycol, bis(2-hydroxyethyl) trisulfide, began t o  separate when about two-thirds of the 
chlorohydrin had been added. After an additional four hours of stirring the oily layer was 
removed, and water and excess chlorohydrin were distilled under reduced pressure. 

The residual glycol, which corresponded to  an 80% yield, was converted to the chloride 

* From a British Chemical Warfare report i t  appears that  a similar procedure was de- 
veloped independently by Kinnear and Harley-Mason. 
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by the use of thionyl chloride in  chloroform solution (8). When the reaction was complete, 
the chloroform and excess thionyl chloride were removed at water-pump pressures and 
the crude chloride fractionally distilled at a pressure of 0.01 mm. The fractionswith 
refractive indices between 1.59 and 1.62 were combined and crystallized fromabsolute 
ethanol; the white, crystalline trisulfidemelted a t  30.5-31.5'; n: 1.6110. Mann, Pope, and 
Vernon (3) report the melting point 27'. From 600 g. of crude chloride about 200 g. of the 
pure solid was obtained. 

Anal. Calc'd for C4Hd%Sa: C, 21.54; H, 3.62; C1,31.80; S, 43.13. 
Found: C, 21.78; H, 3.57; C1,31.55,31.76; S, 43.14. 

Preparation of bis(l-chloroethyl) pentasulfide. a. From Levinstein mustard gas.' A sam- 
ple of Levinstein mustard gas (1210 g.) was stirred vigorously with water for eleven days. 
The water was changed frequently during this period until finally the hydrogen ion con- 
centration became negligible, indicating the hydrolysis of bis(2-chloroethyl) sulfide to  be 
complete. The unhydrolyeed polysulfide residue, amounting to  29.1% of the total weight 
of mustard used, was dissolved in  Cellosolve. The precipitated sulfur (77.5 g.) and a 
small amount of viscous oil were removed by filtration and the Cellosolve subsequently 
washed out with water. The composition of the polysulfide originally present was 
( C I C H * C H ~ ) ~ S ~ . ~ ,  based on the weight-percent of residue obtained and (CICH&H,)&.,, 
based on the amount of sulfur obtained by stripping. The crude pentasulfide (n: 1.6763) 
had the following composition. 

Anal. Calc'd for C4H&1&: C, 16.72; H, 2.81. 
Found: C, 17.93; H, 2.74. 

It was purified by steam distillation (to remove any disulfide and trisulfide present) 
followed by stripping with Cellosolve. During the steam distillation, fractions of the dis- 
tillate were collected and the refractive index of the oil was determined. When the index 
of the oil reached 1.61 (approximately the value for the trisulfide) the distillation was 
halted. The weight of oil was 10% of the total weight of the crude pentasulfide taken. The 
residue had the index 1.685. After being stripped with Cellosolve, the water-insoluble oil 
was dried in ether solution and the ether removed i n  vacuo at 30'. The light amber penta- 
d f i d e  amounted t o  70% of the original crude pentasulfide; n t  1.6853; d:' 1.5013. It did not 
freeze a t  -80'. 

Calc'd for C,HsC12S,: C, 16.72; H,  2.81; C1,24.74; S, 55.74. 
Found: C, 16.98; H, 2.82; C1,23.76; SI 56.64. 

Anal 

b. B y  suljurization of bis(8-chloroethyl) trisulfide with sulfur. The trisulfide was heated 
with sulfur in the molecular proportions to  produce the penta-, hexa-, octa-, and deca- 
sulfides. The heating was varied from six t o  thirty-six hours and the temperature from 
115' t o  140'. I n  every case a homogeneous product was obtained, which when allowed t o  
stand in a refrigerator for several days deposited sulfur. The amount of sulfur deposited 
closely ripproached that  taken in excess of the amount required to  produce the pentasulfide. 
Several samples, the composition of which had approached that  of the pentasulfide, were 
observed to  deposit no more sulfur over a period of three weeks. Treatment of the poly- 
sulfides with Cellosolve as described in the previous experiment removed further small 
amounts of sulfur. The resulting pale yellow oils had properties (refractive index, density, 
and composition) which corresponded closely t o  those of bis(2-chloroethyl) pentasulfide. 

c. Bgl sulfuriration of bis(8-chloroethyl) disulfide with sulfur. It was found that  when 
the disulfide was heated with sulfur under conditions which were adequate to  sulfurize the 
trisulfide, most of the sulfur was reprecipitated on cooling. However, when the mixture 
was heated a t  higher temperatures (145-150') for twenty t o  thirty hours a polysulfide was 
formed which had the same properties as that obtained from bis(2-chloroethyl) trisulfide. 
Here, &s before i t  was observed that  sulfur precipitated slowly until the composition of the 
residual oil approached that  of bis(2-chloroethyl) pentasulfide. 

* This procedure was developed from preliminary experiments conducted by Dr. Orville 
H. Bullitt, Jr. 
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Isolation of a high polysulfide f r o m  Leainstein mustard. When the residue from the hy- 
drolysis of Levinstein mustard gas is stripped with Cellosolve, there is obtained, in addition 
t o  sulfur, a small amount of Cellosolve-insoluble oil. A portion of this dark, viscous oil 
was filtered, washed well with water, and dried in carbon disulfide solution over magnesium 
sulfate. After removal of the drying agent and solvent a sample was analyzed. 

Anal. Calc'd for CaHsCLS11: C, 10.0; H, 1.7; S, 73.5; CI, 14.8. 
Found: C, 10.1; H, 1.8; S, 75.9; C1, 14.7. 

The material slowly deposited crystalline sulfur on standing. 
Preparation of methyl tetrasulfide.4 This compound was prepared by a modification of 

the method of Levi and Baroni (9) for ethyl tetrasulfide. Equimolar quantities of sulfur 
and sulfur monochloride nere heated on a steam-cone for five hours. Carbon disulfide 
was added and methyl mercaptan introduced. The addition was continued for some time 
after the evolution of hydrogen chloride had ceased. The carbon disulfide was evaporated, 
and the residue was heated for sixteen hours and distilled i n  uacuo. The fraction boiling 
at 56-69' (1 mm.) was collected; n t  1.6403. The yield was 25%. Redistillation gave the 
pure tetrasulfide; b.p. 68-70' (1.5 mm.); nz 1.6621; d i F  1.3008. 

A n a l .  C&'d for CzH8Sd: C, 15.20; E, 3.81. 
Found: C, 15.43; H, 3.68. 

Attempted suljurization of bis(~-chloroethyl) disulfide with methyl tetrasulfide. The di- 
sulfide (0.05 mole) was mixed with methyl tetrasulfide (0.15 mole) and treated in a manner 
similar to  that described for the sulfurization of bis(2-chloroethyl) trisulfide. At a bath 
temperature of 90" and a pressure of 1 mm. the liquid distilled completely. The refractive 
indices of the various fractions indicated that they consisted of mixtures of bis(2-chloro- 
ethyl) disulfide and methyl polysulfides. 

Suljurization of bis(2-chloroethyl) trisulfide with methyl tetrasulfide. A mixture of methyl 
tetrasulfide (0.14 mole) and bis(2-chloroethyl) trisulfide (0.06 mole) was warmed a t  35-40" 
(3-4 mm.) in a distillation apparatus. After a few hours the receiver, which was immersed 
in Dry Ice, contained material of refractive index, n: 1.5999 (methyl trisulfide, n: 1.5890). 
The slow distillation was continued a t  60" (1 mm.) for five hours; distillate n: 1.6180; 
residue n: 1.6681. Finally the temperature was increased t o  120" for two hours at the  same 
pressure. The oil which remained, n: 1.6840, had only a slight odor of methyl polysulfide. 
It was dried in ether solution and the solvent evaporated. The yield of pale yellow penta- 
sulfide was 50%; n: 1.6850. 

Sulfurization of bis(2-chloroethyl) pentasulfide with methyl tetrasulfide. A mixture of 
bis(2-chloroethyl) pentasulfide and two molecular equivalents of methyl tetrasulfide was 
heated at 75' for four hours, and then distilled a t  water-pump pressure in a nitrogen atmos- 
phere. Finally, the temperature of the bath was raised t o  130' for several hours. The 
residue was a clear, brown, viscous liquid (n: >1.74) whose weight corresponded t o  a 97% 
yield of bis(2-chloroethyl) heptasulfide. It deposited sulfur upon standing overnight. 
The resulting oil was shown by analysis to  have an average composition of (CICH&H2)2Sa.s. 

Anal. 

This material was insoluble in acetone, alcohol, and ether, but soluble in chloroform and 
carbon disulfide. Stripping with moist ammonia (see below) reconverted i t  t o  the original 
bis(2-chloroethyl) pentasulfide (n: 1.6740). 

The above experiment was repeated using amounts of methyl tetrasulfide calculated to  
yield the octasulfide and nonasulfide. The results were analogous, except that  the poly- 
sulfides formed were relatively less stable. For example, the nonasulfide deposited sulfur 
on standing only a few hours to  give a compound whose composition corresponded closely 
t o  that  of bis(2-chloroethyl) hcptasulfide. 

Calc'd for C4HsCl~f3.1: C, 13.66; H, 2.28. 
Found: C, 14.57; H, 2.46. 

Anal. 
A ~ t ~ ~ u l f u ~ i z ~ t i o n  of bis l2  chZoroPthvll prntositlfcda. The rpsidup from the steam distilla- 

Found: C, 13.89; H, 2.15. 

4 This compound was prepared by Dr. Curtis W. Smith. 
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tion of a 10-g. sample of the pentasulfide, which had been distilled until 400 ml. of aqueous 
distillate had been collected, was dried by filtration and allowed to  stand for one week, 
No sulfur precipitated, so the clear, amber oil (n: 1.702) was submitted for analysis. It 
had the average composition (C1CH2CH2)~6.s. 

Anal. Calc’d for C4H&12S6.ss: C, 15.80; H, 2.64. 
Found: C, 15.80; H ,  2.67. 

Another sample of the pentasulfide which had been steam-distilled more extensively 

Anal. Calc’d for (ClCH2CH&Ss.s: C, 15.36; H, 2.54. 
Found: C, 15.38; H,  2.49. 

Sulfurization of bis(2-chloroethyl) pentasulfide with sulfur. Ten grams of the pentasulfide 
was heated with 9.0 g. of sulfur at 110’ for three days. When the mixture was cooled and 
allowed t o  stand for several hours, it  deposited a large amount of sulfur which was removed 
by filtration. The filtrate was shaken with Cellosolve, and the residue extracted several 
times with ether; the insoluble oil was dried in  vacuo. The composition of the resultant 
red, viscous oil approximated that  of the dodecasulfide. 

yielded a residue whose composition corresponded to(ClCH&H&&.s. 

Anal. Calc’d for CdH8Cl2Sl2: C, 9.17; H, 1.57. 
Found: C, 9.43; H, 1.52. 

Solubility of sulfur i n  polysulfides. a. bis(3-chloroethyl) trisulfide. Finely divided sul- 
fur, obtained by filtration of asuspension of “milk of sulfur” (IO), was shaken with asample 
of the trisulfide ( n t  1.6125) for several days. The amount which dissolved was estimated by 
differentze t o  be 4.58%. The resulting solution (nf 1.6216) was stripped with Cellosolve. 
The amount of sulfur recovered indicated a solubility of 4.18%. The average of these 
results indicates that  bis(2-chloroethyl) trisulfide dissolved up t o  4.4% of its weight of 
sulfur, which is equivalent t o  one-third of an atom. 

b. bitr(%Chloroethyl) pentasulfide. In  a similar manner a sample of crude pentasulfide 
(n: 1.6758) dissolved up t o  7.4% (average value) of its weight of sulfur. This corresponds 
approxiinlately t o  two-thirds of an atom. The index of refraction of the saturated solution 
was n: 1.6850. 

It has already been shown in the preparation of bis(2-chloro- 
ethyl) pentasulfide from Levinstein mustard gas that  the higher polysulfides are stripped 
t o  the pentasulfide with Cellosolve. Stripping of polysulfides also has been accomplished 
by the following methods. 

a. With moist ammonia. A sample of bis(2-chloroethyl) pentasulfide, synthesized from 
the trisulfide, was treated with moist ammonia gas for several hours. No sulfur precipi- 
tated. 

In  a irimilar manner a portion of the polysulfide residue remaining from the exhaustive 
hydrolysis of Levinstein mustard gas was treated with moist ammonia gas for several hours. 
The sulfur which precipitated was removed by filtration. The composition of the stripped 
residue, n: 1.672, was that  of the pentasulfide. 

Strippzng of polysulfides. 

Anal. Calc’d for C4H8Cl2Ss: C1, 24.74. Found: C1, 24.8. 
I n  another experiment i t  was noticed that  subsequent treatment of the stripped residue 

with Cellosolve yielded an additional amount of sulfur, 5.2% by weight. This indicates 
that  some sulfur must have remained dissolved in the pentasulfide after treatment with 
ammonia. 

A sample of bis(2-chloroethyl) 
pentasulfide was dissolved in  moist ether and the solution was saturated with ammonia. 
The sulfur which precipitated was removed by filtration and the process repeated until 
there was no further separation of sulfur, even when the solution was cooled to  0’. The 
resulting ether solution was dried and the solvent evaporated. The composition of the 
red oil (1%: 1.6244) was estimated froni the amount of sulfur obtained t o  be (ClCH2CH2)2Ss.a. 
Analysiri indicated a composition closer t o  that  of bis(2-chloroethyl) trisulfide. 

b. W t h  ammonia i n  the presence of Cellosolre or ether. 

Anal. Calc’d for CIH8Cl2SJ.2: C, 20.89; H, 3.51. 
Found: C, 20.97; H, 3.50. 
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A similar result was obtained when Cellosolve was used instead of ether. It W&B found 
necessary t o  use at least 40 ml. of Cellosolve in order t o  strip completely a 15-g. sample of 
the pentasulfide. 

c. With acetone. A 4.0-g. sample of bis(2-chloroethyl) pentasulfide (n: 1.6855) isolated 
from Levinstein mustard gas was boiled under reflux for two days with 100 ml. of acetone. 
The precipitated sulfur was removed by filtration and the iiltrate allowed t o  reflux for 
another two-day period. A small additional amount of sulfur separated. The total weight 
of sulfur recovered (0.460 g.) indicated the composition of the product t o  be approximately 
that  of bis(2-chloroethyl) tetrasulfide. The refractive index of the oil after removal of the 
acetone was n: 1.6545. 

Anal. Calc'd for CdHsClsS,: C, 18.92; H, 3.16; C1,27.78; S, 50.24. 
Found: C, 19.04; H, 3.27; C1, 26.56; S, 51.11. 

A sample of pentasulfide (n: 1.6858) obtained from Levinstein mustard gas prepared at 
20" was subjected to  the same treatment. The amount of sulfur obtained was 0.457 g.; 
the residual yellow oil, n: 1.6480, had the following composition. 

Anal. Found: C, 19.45; H, 3.06; S, 50.41. 
When the experiment was repeated with a sample of the pentasulfide ( n t  1.6852) prepared 

from bis(2-chloroethyl) disulfide, 0.460 g. of sulfur again was obtained. The composition 
of the resulting oil, nf 1.6520, again corresponded closely to  that  of the tetrasulfide. 

Anal. Found: C, 19.27; €1, 3.34; S, 51.19. 
d. With steam. Ten-gram samples of bis(2-chloroethyl) pentasulfide prepared from 

Levinstein mustard gas, from Cis(2-chloroethyl) disulfide and sulfur, and from the trisulfide 
and sulfur mere subjected to steam distillation. In  each case a pale yellow oil collected 
slowly in the receiver. Except for the first few drops, the index of refraction of this oil 
remsincd nearly constant. After about 3 ml. of oil had distilled, it was separated, dried in 
ether solution, and the ether removed. The refractive indices (nr)  of the distillates from 
the three different sources were 1.622, 1.605, and 1.611, respectively. One of these oil- 
distillates ( n t  1.611) was examined more thoroughly. It melted a t  13" and its chlorine 
content corresponded closely to  that of bis(2-chlcr~ethyl) trisulfide. (The pure trisulfide 
melts a t  30.5-31.5'; n: 1.6110.) 

Anal. Calc'd for C4HbC11SJ: C1, 31.8 Found: C1, 31.4. 
Stability 0.f bis(8-chloroethyl) trisulfide toward heat. A sample of pure bis(2-chloroethyl) 

trisulfide was placed in a distillation apparatus and heated at 145-160' at a pressure of 0.5 
mm., under which conditions the trisulfide would not distil, but any lower-boiling material 
would be removed. The distillate proved t o  be bis(2-chloroethyl) disulfide, n: 1.5690. 
The residue in the distilling flask was shown to be a mixture of sulfur and polysulfides from 
which no trisulfide could be isolated. 

A tfempted hydrolysis of bis(2-chloroethyl) disulfide and trisulfide. Five grams of the 
disulfide and five grams of the trisulfide each were shaken with 100-ml. portions of water 
for one week under conditions similar to  those employed in the hydrolysis of Levinstein 
mustard gas. Very little hydroysis occurred, as evidenced by the low chloride-ion con- 
centration in the aqueous layer. 

Estimation of the amount of bis (2-ehloroethyl) disulfide present i n  Levinstein mustard gas. 
A 1208-g. sample of Levinstein mustard gas was subjected to  exhaustive hydrolysis and the 
residue stripped with Cellosolve as in the preparation of bis(2-chloroethyl) pentasulfide. 
It was assumed that the stripped residue contained no polysulfides other than the disulfide 
and the pentasulfide. This assumption is believed to  be a reasonable one in view of the 
ease of sulfurieation of the trisulfide, etc. by the higher polysulfides. This residue weighed 
288 g.; nf 1,6740. I t  was observed experimentally that  an almost linear relationship exists 
between refractive index and weight-per cent for mixtures of the di- and penta-sulfide. 
On this basis, with n: 1.6835 for the pentasulfide and n: 1.5656 for the disulfide, the stripped 
residue must have contained 7.5% of bis(2-chloroethyl) disulfide. Therefore, the sample 
of Levinstein mustard gas used contained 1.8%. 
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The stripped residue was submitted to  steam distillation until the refractive index of the 
oil distillate reached that  of bis(2-chloroethyl) trisulfide, which undoubtedly was being 
formed from the stripping of the pentasulfide (see above). From the weight and refractive 
index of the oil distillate the amount of disulfide present was estimated and found t o  be 
equivalent to  about 1% of the original Levinstein mustard gas. The lower result in this 
case can be attributed t o  losses due to  volatilization and partial hydrolysis of the disulfide 
at 100". The total loss in the steam distillation was 5y0. 

Reactions of bis(2-chloroethyl) disulfide. a. With thiosalicylic acid. Three and one- 
tenth grams of the disulfide was added slowly t o  a solution of 5.5 g. of commercial 90% 
thiosalicylic acid and 2.6 g. of sodium hydroxide in 150 ml. of 95% ethanol. The mixture 
was heated under reflux for one hour, allowed to  cool, and poured into 400 ml. of water. 
Acidification with dilute hydrochloric acid precipitated the bis(2-thiosalicylethyl) disulfide. 
It was collected on a filter and dissolved in a solution of sodium bicarbonate. The salt 
solution was extracted with ether and the disalicyl derivative reprecipitated by the addi- 
tion of dilute acid. Two rccrystallizations from ethanol gave 5.1 g. of product melting at 
175-182". After repeated recrystallization from ethanol the compound melted a t  185-186°. 

Anal. Calc'd for C18111~0~S~:  C, 50.67; H, 4.25. 
Found: C, 50.89; 11, 4.21. 

b. With potassium morpholyldilhiocarbamate. A solution of 7 g. of the disulfide in 50 
ml. of methanol was added, with stirring, to  a solution of 16.5 g. of potassiummorpholyl- 
dithiocarbamate (11) in 125 ml. of methanol and 15 ml. of water. The mixture was warmed 
on a steam-cone for two hours and allowed t o  stand overnight. The precipitate wasre- 
moved by filtration and the filtrate concentrated to  yield a second crop of crystals. The 
product, crystallized from 95% ethanol in fine needles; m.p. 109-110"; yield 15 g., or 92%. 

Anal. 

c. With piperidine. The disulfide wm added to  an excess of piperidine in boiling petro- 
leum ether solution and the mixture allowed to  reflux for thirty-six hours. The piperidine 
hydrochloride was removed and the filtrate washed with water t o  get rid of excess piperidine. 
The bis [2-(N-piperidyl)ethyl] disulfide was extracted with dilute hydrochloric acid and 
recoverzd by treating the acid solution with sodium hydroxide, followed by extraction with 
petroleum ether. After evaporation of the solvent the product remained as an oil; nt 
1.5478; yield 53%. 

Two grams of the oil was dissolved in petroleum ether and treated with dry hydrogen 
chloride. The dihydrochloride, which separated as a white solid, was immediately collected 
and recrystallized from absolute ethanol; m.p. 236". 

Anal. Calc'd for ClrHIOC12N2SZ: C, 46.52; H ,  8.37. 
Found: C,  43.54; H ,  8.00. 

From the analysis it seemed probable that  2-chloroethyl 2-(N-piperidylethyl) disulfide 

Calc'd for C~,H?IN~O&: C, 37.81; H, 5.42. 
Found: C, 37.94; H, 5.27. 

was present as a contaminant. 

SUMMARY 

Methods have been piven for the preparation of bis(2-chloroethyl) disulfide, 
trisulfide, and pentasulfide. 

Exhsustive hydrolysis of Levinstein mustard gas has been found to yield a 
residue which is thought to be a mixture of higher bis(2-chloroethyl) polysulfides. 
The pentasulfide has been prepared by subjecting this mixture to  steam distilla- 
tion and to stripping with Cellosolve or ammonia. The same compound has 
been made by sulfurisation of the corresponding di- and tri-sulfides with sulfur 
and of the trisulfide with methyl tetrasulfide. 

bis(2-Chloroethyl) pentasulfide has been stripped to the trisulfide by ammonia 
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in the presence of Cellosolve or ether and to the tetrasulfide by boiling acetone. 
Steam distillation of the pentasulfide was found to cause its degradation to the 
trisulfide. 

It has been concluded that both the disulfide and trisulfide possess the linear 
rather than the angular structure. The following structure is proposed for the 
pentasulfide. 

S 
t 

ClCHz CHzSSSCHz CHzC1 
5 
S 

URBANA, ILL. 

REFERENCES 
(1) CONANT, HARTSHORN, AND RICHARDSON, J. Am.  Chem. Soc. 42,585 (1920). 
(2) BENNETT, J .  Chem. SOC., 119,418 (1921). 
(3) MANN, POPE, AND VERNON, J. Chem. Soc., 119, 634 (1921). 
(4) Private communication. 
(5) Chemical Warfare Service Report. 
(6) PARTINGTON, “Textbook of Inorganic Chemistry,” MacMillan and Co., Ltd., London, 

(7) MACINNES AND BELCHER, O.S.R.D. Report. 
(8) STEINKOPF, HEROLD, AND STOHR, Ber., 65, 1007 (1920). 
(9) LEVI AND BARONI, Atti accad. Lincei, (6), 9, 772 (1929); Chem. Abstt . ,  23, 4927 (1929). 

1959, p. 490. 

(IO) PARTINGTON, Zoc. cit.,  p. 491. 
(11) FIJSON AND PARHAM, J .  07g .  Chem., Paper I11 of this series. 



[CONTRIBUTION FROM THE NOYES CHEMICAL LABORATORY, UNIVERSITY OF ILLINOIS] 

LEVINSTEIN MUSTARD GAS. V. THE ACTION OF CHLORINE AND 
SULFUR CHLORIDES Opr' THE bis(2-CHLOROETI-IYL) 

POLI'SULFIDES' 

REYNOLD C. FUSON, DONALD M. BURNESS, ROBERT E. FOSTER, AND 

ROBERT D. LIPSCOMB 

Received March 16, 1946 

The discovery that bis(2-chloroethyl) disulfide is cleaved by chlorine (1) to  
yield 2-chloroethylsulfenyl chloride (I) raised the question as to the behavior 
of the higher polysulfides toward this reagent. 

ClCH2CHzSSCH&H+3 + CIS 4 2 ClCH2CHzSCl 
I 

Experiment has shown that bis(2-chloroethyl) trisulfide behaves in a similar 
manner. When it was treated with two moles of chlorine, 2-chloroethylsulfeny1 
chloride and sulfur dichloride were obtained. 

CICHzCHzSSSCH2CHzCl + 2 Clz -+ 2 ClCHzCHZSCl + SClz 

As to the mode of formation of the sulfenyl chloride from Iyis(2-chloroethyl) 
trisulfide, two possibilities were considered: (a) the trisulfide is stripped to  
bis(2-chloroethyl) disulfide which then undergoes cleavage, or (b) the trisulfide, 
itself, is first cleaved by chlorine to produce a mixture of 2-chloroethylsulfeny1 
chloride (I) and 2-ehloroethyl dithiochloride (11). A sample of the dichloro 
trisulfide was treated with one molecular equivalent of chlorine, and propylene 
was passed into the mixture. Two products were obtained and identified as 
2-chloroethyl 2-chloro-n-propyl sulfide (111) and disulfide (IV), proving beyond 
doubt that the reaction involves direct cleavage of the trisulfide (course b). 

ClCHzCHzSSSCHzCHzCI + Clt -+ ClCHzCHZSCI + ClCHZCHzSSCl 
I I1 

ClCH2CHzSCl + CH3CHICHZ -+ ClCH&HzSCH&HClCK3 
111 

ClCH2CH2SSCl + CHSCH=CHz -+ ClCH2CHzSSCH~CHClCH~ 
IV 

This! result also tends to confirm the linear structure for bis(2-chloroethyl) 
trisulfide (2). If the angular structure, C1CH2CH2SSCH~CH2CI, were the cor- 

1 
8 

rect one, the first point of attack by chlorine would be expected to occur at the 
angular sulfur atom causing the reaction t o  follow the first course (l), and no 
dithiochloride would be formed. 

This paper is based on work done for the Office of Scientific Research and Development 
under Contracts Nos. OEMsr-300 and OEMsr-48 with the Board of Trustees of the Uni- 
versity of Illinois. 
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When the trisulfide was treated with chlorine until reaction had ceased, the 
product consisted of sulfur dichloride and a mixture of di- and tri-chloroethyl- 
sulfenyl chlorides. A similar mixture was obtained by Phillips, Davies, and 
Mumford (3) by the exhaustive chlorination of mustard gas. 

In view of the ease with which chlorine cleaves bis(2-chloroethyl) disulfide and 
trisulfide it seemed likely that the sulfur chlorides might have a similar action, 
since they are known to be effective chlorinating agents. 

Although only a very small amount of the disulfide is present in the final prod- 
uct of the Levinstein reaction (2,4), it is quite possible that it plays an important 
role a,s an intermediate in the process. Higher polysulfides, such as bis(2-chloro- 
ethyl) trisulfide and pentasulfide, are known (2) to form a large fraction of the 
crude reaction product; therefore, these compounds, as well as the disulfide, 
undoubtedly are in contact with the sulfur chlorides during the course of the 
Levinstein reaction. In an attempt to determine the results of such contact, 
the polysulfides mere subjected to the action of the sulfur chlorides. 

It was found that sulfur monochloride, like chlorine, acts upon bis(2-chloro- 
ethyl) disulfide to produce 2-chloroethylsulfenyl chloride, probably according 
to the following equation: 

(CICHzCH2)2Sz + 3 SzClz -+ 2 ClCHzCHzSCI + 2 Sac12 

This conclusion is based on the following experiment. A mixture of bis(2-chloro- 
ethyl) disulfide with sulfur monochloride waa allowed to stand two days, then 
treated with cyclohexene. Distillation of the reaction mixture yielded 2-chloro- 
cyclohexyl 2-chloroethyl sulfide and a viscous liquid having the composition of 
bis(2-chlorocyclohexyl) trisulfide. Further experiments showed that cleavage 
of the disulfide by sulfur monochloride was rapid, but not instantaneous. 

These observations suggest a satisfactory explanation for the virtual absence 
of bis(2-chloroethyl) disulfide in Levinstein mustard gas. It is reasonable to 
expect that ethylene would react directly with sulfur monochloride to form the 
disulfide, probably by way of the dithiochloride (11) intermediate. 

CHZ==CH, + S&lZ -+ ClCH2CHzSSCl C"FcH2 P (CICH2CH&Sa 
I1 

The disulfide then must undergo cleavage by sulfur monochloride, almost as 
fast as it appears, with the formation of 2-chloroethy1sulfenyl chloride and sulfur 
tritadichloride as indicated above. These cleavage products then react nor- 
mally with ethylene to produce bis(2-chloroethyl) sulfide and trisulfide, re- 
spectively. 

ClCHzCHzSCl + CH25CHz --+ (CICH&H&S 
Sac12 + 2 CHz=CHz + (ClCHzCH2)2& 

In contrast to its behavior with the disulfide, sulfur monochloride failed 
completely to cleave bis(2-chloroethyl) trisulfide. Its only effect was to sulfurize 
the trisulfide to higher polysulfides; for example, treatment of the trisulfide with 
two equivalents of sulfur monochloride produced bis(2-chloroethyl) pentasulfide. 
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(ClCH2CH2)2Sa + 2 S&12 -+ (ClCH2CH2)& + 2 SCli 
Clearly this result offers a plausible explanation for the existence of polysulfides 
higher than bis(2-chloroethyl) trisulfide in Levinstein mustard gas. The sulfur 
dichloride formed as by-product of the sulfurization undoubtedly reacts at once 
with ethylene to produce mustard gas itself. Elementary sulfur and methyl 
tetrasulfide also have been observed to sulfurize the trisulfide (2). 

With sulfur dichloride, bis(2-chloroethyl) trisulfide was found to  undergo ex- 
temive cleavage, with the formation of 2-chloroethylsulfeny1 chloride. Reac- 
tions involving bis(2-chloroethyl) pentasulfide and chlorine, or sulfur dichloride, 
were more complex. Briefly, it may be stated that when the pentasulfide was 
treated with different amounts of chlorine, 2-chloroethylsulfenyl chloride and 
polychloroethylsulfenyl chlorides were obtained. Cleavage of the dichloro 
pentasu.lfide by sulfur dichloride also occurred with the formation of 2-chloro- 
ethylsulfenyl chloride, which was identified by means of its cyclohexene adduct, 
2-chlorocyclohexyl 2-chloroethyl sulfide. There was evidence for the existence 
of the corresponding disulfide, which would indicate the formation of the dithio- 
chloride (11) in the reaction. 

EXPERIMENTAL 

Actioit of chlorine on bis(2-chloroethyl) trisuljide. a. Exhaustive chlon'nolysis. To a 
solution of 30 g. of bis(2-chloroethyl) trisulfide (2) in dry carbon tetrachloride was added 
63 g. of chlorine at such a rate that  the temperature did not exceed IO". The solvent wlte 
evaporated and the product distilled under reduced pressure; b.p. 72.575" (13 mm.). After 
refractionation, the main portion of the product distilled at 77.5" (22 mm.); n: 1.5488. An 
analysis indicated a mixture of dichloro- and trichloro-ethylsulfenyl chlorides which could 
not be separated. 

AnaE. Calc'd for CIHZCI~S: C, 12.00; H, 1.00; C1, 70.9. 
Calc'd for CZHJCI~S: C, 14.45; H, 1.81; C1, 64.3. 
Found: C, 13.10; H, 1.27; C1, 65.9. 

b. Limited chlorinolysis. The above experiment was repeated limiting the amount of 
chlorine to that  necessary t o  produce 2-chloroethylsulfeny1 chloride. This was accom- 
plished by treatment of the solution of trisulfide with chlorine for twenty minutes. After 
standing at 0-5" for three hours, the mixture upon distillation yielded 2-chloroethylsulfenyl 
chloride; b.p. 44' (12 mm.); n t  1.5370. It was characterized by means of its piperazine 
derivative, m.p. 117-118' (1). 

c. Mechanism of ch1om'noZysi.s. A solution of 31.0 g. (0.14 mole) of bis(2-chloroethyl) 
trisulfide in 110 ml. of dry carbon tetrachloride was treated with 9.0 g. (0.13 mole) of chlorine 
at such a rate that  the temperature did not exceed 3". A 50% excess of propylene was 
passed in and the solution allowed to  stand overnight. Removal of the solvent followed 
by fractionation i n  vacuo yielded 25-30 g. of 2-chloroethyl 2-chloro-n-propyl sulfide, b.p. 
69.5' (2 mm.), n t  1.5157 (5),and 10 g. of a compound distilling a t  74-74.5' (1 mm.), n: 1.5518. 
This proved t o  be the mixed disulfide in 35% of the theoretical yield. 

Anal. 

Action of sulfur monochloride on bis(2-chloroethyl) disulfide. A mixture of 0.1 mole of 
bis(2-chloroethyl) disulfide (2) and 0.2 mole of sulfur monochloride was allowed t o  stand at 
room temperature for two days; then a solution of 0.4 mole of cyclohexene in carbon tetra- 
chloride was added with stirring. Several hours later the mixture was distilled; 13 g. of 
unchanged disulfide and 7.5 g. of 2-chlorocyclohexyl 2-chloroethyl sulfide, b.p. 104-108° (1 
mm.), n: 1.5490, were obtained. The sulfide was characterized by means of its p-toluene- 

Calc'd for CjH10CIzS2: C, 29.3; H, 4.92; C1,34.7; S, 31.3. 
Found: C, 29.2; H, 4.67; C1, 34.62; S, 31.38. 
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sulfilimine, m.p. 147-148" (1). An alcohol extract of the residue yielded a brown, viscous 
liquid, which had the approximate composition of bis (2-chlorocyclohexyl) trisulfide; i t  
slowly evolved hydrogen chloride. 

Anal. Calc'd for C12Hz&l&: C, 43.49; H, 6.08; C1, 21.40; S, 29.03. 
Found: C, 44.08; H,  6.46; C1, 18.97; S, 32.03. 

I n  an attempt to  determine the rapidity of the cleavage of bis(2-chloroethyl) disulfide, 
the above reaction was repeated. The slow, simultaneous addition of sulfur monochloride 
and cyclohexene to  a well-stirred solution of the disulfide in  carbon tetrachloride, followed 
promptly by distillation, yielded none of the expected 2-chlorocyclohexyl 2-chloroethyl 
sulfide. 

I n  a third experiment a mixture of the disulfide (0.1 mole) and sulfur monochloride (0.3 
mole) waa stirred at 35" for twenty minutes. Then 0.6 mole of cyclohexene in carbon 
tetrachloride was added dropwise over a two-hour period. From this mixture was isolated 
by distillation 19.8 g. of 2-chlorocyclohexyl 2-chloroethyl sulfide, 47% of the theoretical 
amount. 

Action of sulfur monochloride on bis(9-chloroethyl) trisulfide. A mixture of bis(2-chloro- 
ethyl) trisulfide with two molecular equivalents of sulfur monochloride was allowed t o  
stand at room temperature for one week. The low-boiling sulfur chloride waa removed by 
distillation in vacuo. The residual oil was dissolved in ether, washed with a dilute solution 
of potassium carbonate followed by water, and dried. Evaporation of the solvent yielded 
an oil whose physical properties and composition agreed with those of bis(2-chloroethyl) 
pentasulfide (2). 

Another experiment was carried out in an attempt t o  detect the presence of any cleavage 
product (sulfenyl chloride) in the reaction mixture. A two-day old mixture of the tri- 
sulfide with four molecular equivalents of sulfur monochloride was treated with a n  excess 
of cyclohexene in  carbon tetrachloride. Distillation of the product i n  vacuo yielded no 
2-chlorocyclohexyl 2-chloroethyl sulfide. 

Action of sulfur dichloride on bis(9-chloroethyl) trisulfide. A mixture of bis(2-chloroethyl) 
trisulfide (0.1 mole) with sulfur dichloride (0.3 mole) was allowed t o  stand for twenty-four 
hours. The red solution was diluted with carbon tetrachloride, and 0.6 mole of cyclohexene 
was added slowly. After removal of the volatile materials, distillation of the residue i n  
vacuo yielded 29 g. of 2-chlorocyclohexyl 2-chloroethyl sulfide, b.p. 102-105" (0.2-0.4 mm.) 
(1). This corresponds to  67% of the theoretical amount. 

Action of chlorine on bis(9-chloroethyl) pentasulfide. This reaction was carried out ac- 
cording t o  the procedure used in  the chlorination of the trisulfide. In the first experiment 
the theoretical amount of chlorine required t o  convert the pentasulfide (2) to  2-chloroethyl- 
sulfenyl chloride and sulfur monochloride was used. Distillation of the product yielded 
the sulfenyl chloride in  fair yield and a residue of unchanged bis(2-chloroethyl) penta- 
sulfide (n: 1.670), which amounted to  20% of the original starting material. 

The next experiment involved siifficient chlorine t o  convert the three odd sulfur atoms 
t o  sulfur dichloride. Cleavage of the polysulfide was complete; the distillate consisted of 
two fractions. The first, b.p. 4547.5' (14 mm.), proved t o  be 2-chloroethylsulfenyl chloride 
while the second fraction was a mixture of di- and tri-chloroethylsulfenyl chlorides, b.p. 
55.5-57.5" (8 mm.), n: 1.5490. 

A n d .  Calc'd for CtHsClsS: C, 14.45; H,  1.81. 
Found: C, 13.78; H, 1.61. 

A similar mixture was obtained by the exhaustive chlorinolysis of bis(2-chloroethyl) 
trisulfide. 

Action of sulfur dichloride on bis(9-chloroethyl) peniasuljide. The procedure described 
for the reaction between sulfur dichloride and the trisulfide was repeated using 0.1 mole of 
bis(2-chloroethyl) pentasulfide, 0.5 mole of sulfur dichloride, and 0.9 mole of cyclohexene. 
Distillation of the product yielded 12.6 g. of 2-chlorocyclohexyl 2-chloroethyl sulfide, b.p. 
91-109" (0.3 mm.), n: 1.5473 (l), and 10.7 g. of a higher-boiling fraction which distilled at 
116-122' (0.4 mm.), nt 1.5803. 
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Anal. Calc’d for CsHI&12S: C, 45.07; H, 6.62; C1,33.27. 
Calc’d for CsH&lpSt: C, 39.16; H, 5.76; C1, 28.9. 
Found: C, 41.30; H, 6.02; C1, 29.11. 

The analysis and refractive index of this second fraction indicate a mixture of the un- 
symmetrical sulfide and disulfide. Thus, i t  appears that  approximately 53y0 of the bis(2- 
chloroethyl) pentasulfide underwent cleavage. 

SUMMARY 

It has been shown that bis(2-chloroethyl) trisulfide is cleaved by chlorine to 
yield 2-chloroethylsulfenyl chloride and 2-chloroethyl dithiochloride. The use 
of two .molecular equivalents of chlorine converts the trisulfide to the sulfenyl 
chloride and sulfur dichloride. Sulfur dichloride likewise brings about a cleavage 
of the t,risulfide to the sulfenyl chloride. 

his(2-Chloroethyl) disulfide has been found to undergo cleavage with sulfur 
monochloride, yielding 2-chloroethylsulfenyl chloride. In contrast to this 
observation, it has been found that the trisulfide is not cleaved by sulfur mono- 
chloride; it undergoes sulfurization to higher polysulfides. 

These observations afford a satisfactory explanation of the fact that the disul- 
fide is virtually absent from Levinstein mustard gas. 

URBANA, ILL. 
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Mustard gas, prepared from ethylene and sulfur monochloride by the Levin- 
stein process (in which the reaction is carried out at 35"), is composed chiefly of 
bis(2-chloroethyl) sulfide (approximately 70%) and polysulfides (approximately 
30%). The polysulfides vary in composition and stability and have the general 
formula (ClCH2CH2)2S,. Three of the sulfur atoms in the polysulfides appear 
to be held in a stable linear trisulfide skeleton (1) and cannot b3 removed by 
stripping. The pentmulfide represents another stable level and has been as- 
signed the following formula I. 

S 

ClCH2 CHzSSSCH2 CH2Cl 

S 
I 

The amount of sulfur removed by stripping, the amount of pentasulfide which 
can be obtained, and the freezing point of fresh material indicate that the poly- 
sulfides in freshly prepared Levinstein mustard gas may have an average com- 
position varying from that of the hexasulfidc to that of the nonasulfide. Usually 
the composition of the polysulfide corresponds to that of the heptasulfide. 

r 
-1 

MECHAIGISM 

In  1920 a mechanism for the formation of mustard gas from ethylene and the 
sulfur chlorides was postulated by Conant, Hartshorn, and Richardson (2). 
From the evidence then available thay assumed that 2-chloroett~ylsulfenyl 
chloride (11) was an intermediate in the process. 

SC12 or CHZ=CHt 
CH2=CH2 - ClCHzCHzSCl (CICH2CH2)*S SICl, 

I1 
This theory recently has been substantiated by the isolation of 2-chloroethyl- 
sulfenyl chloride in pure form and by its reaction with ethylene to produce 
bis(2-chloroethyl) sulfide (3). 

Further evidence that 2-chloroethylsulfeny1 chloride is an intermediate has 
been obtained by using an equimolecular mixture cjf ethylene and cyclohexene 
in the Levinstein process instead of ethylene alone. bis(2-Chloroethyl) sulfide, 
bis(2-chlorocyclohexyl) sulfide, and 2-chlorocyclohexyl 2-chloroethyl sulfide 
were obtained. 

1 This paper is based on work done for the Office of Scientific Research and Development 
under Contracts Nos. OEMsr-300 and OEMsr-48 with the Board of Trustees of the Uni- 
versity of Illinois. 
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In a similar manner an equimolar mixture of ethylene and cyclohexene was 
passed into a solution of sulfur dichloride in mustard gas. The same three 
products were obtained, demonstrating that the reaction of ethylene withsulfur 
dichloride proceeds in two steps and involves the intermediate formation of 
2-chloroet hylsulfenyl chloride. 

Any mechanism which is to account for the formation of Levinstein mustard 
gas must also afford a satisfactory explanation for the formation of polysulfides 
derived from the linear trisulfide as well m the virtual absence of the disulfide 
and of free sulfur (1). The following mechanism appears to fulfill these con- 
ditions. 

Although sulfur monochlorjde may react only as such with ethylene (4), there 
is chemical and physical evidence to support the assumption that it may undergo 
disproportionation to  form sulfur dichloride and sulfur tritadichloride (5) .  

(8) 2 s2c12 * SCl2 + s3c12 
I n  the Levinstein process, accordingly, the ethylene may react with the dichloride 
(b), the monochloride Cc), or the tritadichloride (d). 

(b) 
(c) 
(d) 

2 C2H4 + SClz -+ CICH2CH2SCH2CH2CI 
2 C2Hd + S2Clz 4 CICH2CHrSSCH2CH2Cl 
2 C2H4 + S3Cl2 4 CICH2CH*SSSCH&H2Cl 

If higher polythio sulfur chlorides such as S&lz were present they might condense 
in a manner analogous to that represented by equation (d). 

The reaction of sulfur dichloride with ethylene is known to be wry  rapid. 
Accordingly, the excess of ethylene which is aIways present should serve to keep 
the concentration of sulfur dichloride at  a very low value, thus promoting the 
displacement of the equilibrium (a) to the right and increasing the rate of forma- 
tion of the tritadichloride. 

This would bring about a corresponding decrease in the amount of sulfur mono- 
chloride which could react with ethylene to produce bis(2-chloroethyl) disulfide. 
However, it  is to  be expected that the reaction of ethylene with sulfur mono- 
chloride should proceed at least as rapidly as with sulfur tritttdichloridz (equa- 
tions c and d). Therefore, the only way to account for the virtual absence of 
bis(2-chloroethyl) disulfide in Levinstein mustard gas is to  assume that the 
disulfide is attacked rapidly by sulfur monochloride in the manner previously 
obeerved (4). 

(e) CICH~CR~SSCH~CH2Cl + 3 S2C12 -+ 2 ClCHzCHzSCl + 2 Sac12 

The formation of sulfur tritadichloride as a product of this reaction obviates 
the nece8sity of assuming the disproportionatj on of sulfur monochloride (equa- 
tion a) to  account for the formation of bis(2-chloroethyl) trisulfide. However, 
that is still considered a definite possibility. 

The trisulfide, formed according to equation d, has been shown (4) to be SUI- 
furized readily at 30-35" by sulfur monochloride to higher polysulfides (equations 
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f ,  g, and h);  and sulfur dichloride is the other product of the reaction. It reacts 
immediately with ethylene to produce mustard gas. 

(f) 
(g) 
(h) 

C ~ C H ~ C H ~ S S S C H ~ C H Z C ~  + S2C12 + ( C ~ C H ~ C H ~ ) ~ S I  + SCls 
(ClCH&H2)2Sd + SzCl2 + (ClCH2CH2)zSs + SC12 
(ClCH2CHz)zSs + SzClz 3 (ClCH&H2)& + SClz 

etc. 

Because sulfur dichloride is generated in the reaction mixture only as a product 
of other reactions, and because an excess of ethylene is always present, the con- 
centration of sulfur dichloride can never be very great. For this reason, over- 
chlorination is not as serious a problzm as in the processes involving the use of 
sulfur dichloride directly (2). 

The net result of this series of reactions is the production of a mixture of bis(2- 
chloroethyl) sulfide and the corresponding polysulfides. All these equations 
may be combined to give the over-all equation for the Levinstein process. 

(i) 2x C2H4 + x S2C12 --$ (x - ~ ) C ~ C H ~ C H ~ S C H ~ C H Z C ~  + (C1CH2CH2)2S,+~ 
The composition of the polysulfide as well as its concentration in fresh Levin- 

stein mustard gas depends on the conditions under which the reaction was run, 
especially on the temperature, degree of agitation, amount of seed charge, rate 
of addition of ethylene, and very likely many other factors, such as previous 
history of the sulfur monochloride, have an important effect. 

So long, however, as there is no sulfur precipitated during the reaction, there 
must be according to the general equation above, a definite relationship between 
the composition of the polysulfide and its concentration. Empirically, one sulfur 
atom is produced each time a molecule of bis(2-chloroethyl) sulfide is formed and 
this sulfur must all be present as polysulfides. The higher the sulfur content 
of the polysulfide, the lower need be its concentration. The table which follows 
illustrates this relationship. The monosulfide-polysulfide ratios tabulated are 
those which would be required to  satisfy the general equation. The table lists 
other properties, based on theory, which the original mixtures should have. Also 
included are the calculated pentasulfide-monosulfide ratios in the products 
obtained by stripping or aging the original mixtures. 

The theoretical values which appear in the table are in excellent agreement 
with the great quantity of experimental data on Levinstein mustard gas compiled 
at Edgewood Arsenal and other Chemical Warfare Service laboratories (6). 

THF EFFECT O F  TEMPERATURE ON THE LEVINSTEIN PROCESS 

The mechanism for the Levinstein process which has just been outlined is 
further supported by results obtained in a study of the effect of temperature on 
the reaction. The amount of impurity (polysulfides) in the resulting Levinstein 
mustard gas depends on the rate of formation of the trisulfide and on the rate of 
its sulfurisation by sulfur monochloride. The increase in the rate of the reactions 
with increase in tempxature is partially offset for those reactions involving 
ethylene because of the decreased solubility, and therefore concentration, of 
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6 2 . 5  
37 .5  

6 5 . 8  
33 .2  

6 9 . 5  
30.5 

71 .5  
28 .5  

72.9 
27 .1  

74.1 
25 .9  

ethylene in the warmer solvent. Thus, the sulfurization reactions (f ,  g, and h) 
would be expected to proceed relatively more rapidly than the other reactions 
which depend upon the concentration of ethylene. Each time an atom of sulfur 
is added to a polysulfide molecule, a molecule of bis(2-chloroethyl) sulfide must 
be formed concurrently in order to preserve the stoichiometric relationship. 
Thus, a t  elevated temperatures the reaction between ethylene and sulfur mono- 
chloride might be expectsd to proceed more rapidly and to produce a greater 
yield of bis(2-chloroethyl) sulfide a t  the expense of the polysulfide fraction. 
However, the polysulfides which were formed would have a higher sulfur content 

5 . 6  

7 . 2  

8 . 5  

9 . 1  

9 . 7  

10.4 

TABLE I 
RELATIONSHIP BETWEEN COMPOSITION AXD PROPERTIES OF POLYSULFIDES 

his (2.CELOROETBYL) FOLYSULFIDE-YOPiOS~L~ID~ MIXTURES WHICH SATISFY TEE GENERAL 
EQUATION 

Mixture 

1 .  Monosulfide 
Pentasulfide 

2.  Monosulfide 
Hexasulfide 

3 .  Moncisulfide 
Heptasulfide 

4. Monosulfide 
Octamlfide 

5.  Monosulfide 
Nonasulfide 

6.  Monosulfide 
Decasulfide 

Mo!e 
Ratio 

3 
1 

4 
1 

5 
1 

6 
1 

7 
1 

8 
1 

Mole 
% 

75 
25 

80 
2c 

83 .3  
16.7 

85 .7  
14 .3  

87 .5  
1 2 . 5  

8 8 . 9  
11 .1  

Weight Calc'd 
7% I F.P. 

Weight % 
Strippable 

Sulfur 

0 

3 . 4  

5 . 5  

7 . 2  

8 . 4  

9 . 3  

I ~ S ( ~ - C R L O R O E T E Y  L) 
PENTASUL' IDE- 

YONOSULFIDE 

R Y  STRIPPING 
IXTUBES PRODUCED 

Weight 
% 

62.5  
3 7 . 5  

69 .0  
31 .C 

73.6 
26.4 

76.9 
23 .1  

79.6 
20 .4  

81 .7  
18 .3  

than those produced at low reaction temperatures. These considerations have 
been borne out by the following experimental observations. 

When the sulfur monochloride-ethylene reaction was carried out a t  60" (2), 
the reaction proceeded rapidly to give high yields (80%) of bis(2-chloroethyl) 
sulfide and large amounts of free sulfur. If the rate of sulfurization was high, 
then as fast as bis(2-chloroethyl) trisulfide was produced it was sulrurized by 
sulfur monochloride to higher polysulfides. Since a molecule of bis( 2-chloro- 
ethyl) sulfide was produced each time a sulfur atom was added to a polysulfide 
molecule, the amount of bis(2-chloroethyl) sulfide was large also in this case. 
The higher polysulfides produced are unstable a t  elevated temperatures and 
deposit sulfur readily. 
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When run a t  35", as in the Levinstein process, the reaction proceeded some- 
what more slowly, the yield of bis(2-chloroethyl) sulfide was less (70xl), and 
sulfur was observed to precipitate only after the product had been 'allowed to 
stand for several weeks. Here, the rate of sulfurization was moderate, and the 
polysulfides formed were of lower molecular weight and consequently more 
stable. MacInnes and Belcher (7) carried out the reaction a t  27", and obtained a 
still lower yield of mustard gas and a polysulfide fraction of still lower molecular 
weight . 

When the sulfur monochloride-ethylene reaction was carried out at 20", the 
yield of bis(2-chloroethyl) sulfide was only 61%, and the polysulfide portion 
made up 39% of the total product. The polysulfide proved to  be nearly pure 
bis(2-chloroethyl) pentasulfide and contained only traces of higher polysulfides. 
Apparently the rate of sulfurisation was low, and the yield of bis(2-chloroethyl) 
sulfide correspondingly low. Indeed, if no sulfurisation a t  all took place the 
yield of the sulfide would be only 50 mole-per cent (41.6% by weight), and bis(2- 
chloroethyl) trisulfide would be the other product. 

It is likely that the latter is sulfurized to bis(2-chloroethyl) pentasulfide so 
readily that it would not be possible to carry out the reaction to produce poly- 
sulfides lower than the pentasulfide. This contention seems to be borne out by 
the results obtained when the reaction was run at  a still lower temperature (12'). 
The polysulfide obtained had an average composition higher than bis(2-chloro- 
ethyl) pentasulfide. 

A s  with the preceding papers in this series, valuable assistance has been af- 
forded by cooperating groups. The authors wish to make special acknowledg- 
ment of the help of Dr. R. Macy of the Edgewood Arsenal. 

EXPERfMENTAL 

Reaction between sulfur monochloride and a mixture of ethylene and cyclohezene. I n  this 
reaction pure bis(2-chloroethyl) sulfide (157 g.) WBB used as the "seed charge" (8) because 
it could be removed easily in subsequent operations. Ethylene (1.35 moles) was bubbled 
through 1.35 moles (111 g.) of warm cyclohexene and the mixture of gases introduced into 
the well-stirred reaction mixture at 32" over a period of three hours. Sulfur monochloride 
was added simultaneously and kept in moderate excess until 1.35 moles (182.5 g.) had been 
added. Finally, ethylene was passed into the mixture for three hours longer to remove 
excess sulfur monochloride. 

The product (440 g.) was distilled in  vacuo, yielding 285 g. of yellow oil, b.p. 60-135' (1-2 
mm.) and 140 g. of a liquid residue. Redistillation through an efficient column yielded 183 
g. of bis(2-chloroethyl) sulfide, b.p. 54-57" (0.25 mm.), and 59 g. (0.277 mole) of 2-chloro- 
cyclohexyl 2-chloroethyl sulfide (3), b.p. 115-118O (1.35 mm.). If the original 157 g. of bis 
(2-chloroethyl) sulfide used as the seed charge is subtracted, then the yield of pure mustard 
gas from the reaction is 26 g. (0.165 mole). 

Furthermore, if it  is assumed that the usual 30% yield of polysulfide is obtained then 85 
g. of the non-distillable residue is polysulfides and the remainder (55 g., 0.207 mole) is the 
bis(2-chlorocyclohexyl) sulfide. 

Reaction between sulfur dichloride and a mixture of ethylene and cyclohexene.' The pro- 
cedure used in the preceding experiment was followed, except that one-molar proportions 

~~ ~ 

2 This experiment was performed by Mr. Lester J. Reed. 
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of sulfur dichloride and cyclohexene were used, and the temperature was maintained below 
15”. The final distillation yielded 32 g. of 2-chlorocyclohexyl 2-chloroethyl sulfide. 

The e$ect of temperature on the Levinstein process. a. The reaction at 20’. The Levin- 
stein reaction aa ordinarily carried out WM modified by the use of pure bis(2-chloroethyl) 
sulfide as a “seed charge” and a temperature of 20°, rather than 35’. Alcohol-free, dry 
ethylene was passed into the vigorously-stirred reaction mixture a t  such a rate that  ethylene 
escaped freely. During the first four hours sulfur monochloride waa added slowly, main- 
taining a moderate excess; then, ethylene was passed in for five hours longer. The yield of 
pale yellow liquid was 96% based on the sulfur monochloride used. It did not darken or 
deposit sulfur during three months observation. 

A 542-g. sample of this product was hydrolyzed exhaustively by stirring vigorously with 
water for several days. The clear, pale yellow, residual oil weighed 125 g.; TZ: 1.6906. The 
material hydrolyzed had contained 38.2% of pure mustard gas (the seed charge); therefore, 
only 61.8% or 322 g. of the sample had furnished the 125 g. of residue. Thus the residue 
amounts to  38.8% by weight of the hydrolyzed Levinstein mustard gas. This weight of 
residue and its refractive index indicate its composition to  be approximately that of bis(2- 
chlorolethyl) pentasulfide. 

Sixt y-nine grams of the non-hydrolyzable residue was subjected to  treatment with 
Cellosolve, etc., as described in the preparation of bis(2-chloroethyl) pentasulfide from 
Levinskein mustard (1). About 1 g. of oil was insoluble in the Cellosolve, and a very small 
amount of sulfur precipitated. The final product weighed 48 g.; the refractive index, n: 
1.6884, was in good agreement with the value obtained previously for the purified penta- 
sulfide (1). 

b. The reaction at 19’. The experiment just described waa repeated except that  the 
temperature of the reaction was 12’. The results of the hydrolysis indicated that the 
Levinstein mustard gas formed had contained 34.3% by weight of polysulfide with an 
average composition slightly less than that of bis(2-chloroethyl) hexmulfide. 

The non-hydrolyzable residue (106 g.), after stripping with Cellosolve, yielded an oil of 
refractive index, n: 1.6911. A considerable amount (22 g.) of Cellosolve-insoluble residue, 
consisting of sulfur and an amber oil, was obtained. The oil waa removed by filtration, 
washed with ether, and submitted for analysis. The results were in excellent agreement 
with values calculated for a polysulfide containing thirteen atoms of sulfur. 

Anal. Calc’d for C,HeCltSla: C, 8.83; H, 1.48; C1, 13.0; S, 76.6. 
Found: C, 8.71; H,  1.41; C1, 14.0; S, 76.3. 

SUMMARY 

A mechanism has been suggested which accounts satisfactorily for the com- 
position of mustard gas obtained by the Levinstein process. 

URBANA, ILL. 
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2-Chloroethyl 2-hydroxyethyl sulfide (I) is of interest because it is the half 
hydrolysis product of mustard gas (1). Of the various methods which might be 
suitable for its synthesis (2) that of Saleberg and Lazier (3) seemed most prom- 
ising. This method, which has been described also by Morrison, Rueggeberg, 
and Dawson (4), involves photochemical addition of mercaptans to olefins. In  
the present work it has been found possible to condense monothioglycol with 
vinyl chloride in satisfactory yields. 

HOCHzCHzSH + CH:,=CHCl-+ HOCH2CH2SCH2CH2Cl 
I 

The same reaction was carried out, apparently while this work was in progress, 
by Rueggeherg and Cook (5 )  under somewhat different conditions. 

The 2-chloroethyl 2-hydroxyethyl sulfide can be converted to mustard gas 
in high yield by treatment with concentrated hydrochloric acid. It was char- 
acterized further by the preparation of the p-toluenesulfilimine, the morpho- 
lyldithiocarbamate, and the a-naphthylurethan. 

2-Chloroethyl 2-hydroxyethyl sulfide was found to boil almost undecomposed 
at 100" (0.6 mm.). At room temperatures i t  decomposed almost completely in 
four days. The criterion of degree of decomposition was the change in the 
refractive index. The refractive index, when taken immediately after distilla- 
tion, \vas n:' 1.5188. When the liquid was allowed to stand the index rose 
gradually to 1.5600. At temperatures near 0" the compound was comparatively 

Cl-CH,CH:,Cl 

/ 
SCHzCHiOH + 

+/ 

\ 
2 HOCH2CH2SCHZCH2Cl -+ HOCHzCH2S 

CHZCH, 
C1- CHzCH2 Cl- 
+/ 

HOCHzCHzS 
\+ 

SCH2CHzOH -+ 

CH:, CH:, 

S + 2 HOCH2CHzCl 
/ \ 

S 

1 This parer is based on work done for the Office of Scientific Research and Development 
under Contracts Nos. OEMsr-300 and OEMsr-48 with the Board of Trustees of the Uni- 
versity of Illinois. 
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stable; a sample which had been kept at this temperature for one week was dis- 
tilled with 75% recovery of pure material. When the compound was stored in 
solid carbon dioxide it appeared to remain unchanged. 

The decomposition products of this compound have never been investigated 
thoroughly. It was noted, however, that large amounts of p-dithiane collected 
in the condenser during the distillation of the 2-chloroethyl 2-hydroxyethyl 
sulfide. The following mechanism for the formation of p-dithiane seems prob- 
able on the basis of the work of Bell, Bennett, and Hock (6).  

Treatment of 2-chloroethyl 2-hydroxyethyl sulfide with ethanolic sodium 
hydroxide yielded, instead of the desired 2-hydroxyethyl vinyl sulfide, a mixture 
of 1 ,  4-tmhioxnne and 2-ethoxyethyl 2-hydroxyethyl sulfide. 

EXPERIMENTAL 

Synthesis of 2-chloroethyl I-hydroxyethyl sulfide. The procedure of Salzberg and Lazier 
(3) w;ss followed. A mixture of 39 g. of redistilled monothioglycol, and 0.8 g. of benzoyl 
peroxide was placed in a EM-ml. quartz flask and cooled t o  about -30" in a dry-ice bath. 
From 75 t o  95 g. of liquid vinyl chloride was added to  the reaction mixture, which was 
connected immediately t o  a thimble-type reflux condenser filled with powdered dry ice. 
A calcium chloride tube was connected to  the outlet tube of the condenser. The reaction 
mixture was irradiated for four hours with an ultraviolet lamp, an additional 0.4 g. of the 
peroxide added, and irradiation continued for another four hours. The mixture was al- 
lowed to  stand overnight a t  room temperature; during this time the vinyl chloride gradu- 
ally volatilized. Residual low-boiling material was removed under diminished pressure 
and the crude 2-chloroethyl 2-hydroxyethyl sulfide was distilled in  vacuo; b.p. 100' (0.6 
mm.) , yield 40 g. (57)%; n t  1.5260. Redistillation produced 31 g. of the pure compound; 
n! 1.5188. 

Anal. Calc'd for CJ~&lOS: C, 34.16; H, 6.45; C1, 25.22; S, 22.81. 
Found: C, 34.14; H, 6.46; C1, 28.39; S, 21.92. 

Fourteen grams of the chloro hydroxy sulfide was heated under reflux for one hour with 
70 ml. of concentrated hydrochloric acid. The yield of mustard gas was 11.6 g.; b.p. 75-80" 
(0.9-1.0 mm.); m.p. 14.5'; n; 1.5262 (7). With Chloramine-T the compound yielded the 
known bis(2-chloroethyl)-p-toluenesulfilimine; m.p. 143.5' (8). 

p-!l'oluenesuljilimine. The p-toluenesulfilimine of 2-chloroethyl 2-hydroxyethyl sulfide, 
made by the general method of Mann and Pope (8), was found t o  exist in dimorphs. The 
low-melting form crystallized from ethanol in colorless leaflets melting at 122.5-123'. 

An,rcl. Calc'd for CI1HIBC1NO3S2: C, 42.64; H, 5.21; N, 4.52. 
Found: C, 43.00; H,  5.03; N, 4.42. 

The product obtained in another experiment melted a t  137-138". 
Anal. Found: C, 43.03; H, 5.21; N, 4.72. 
Mixtures of the high-melting form with the p-toluenesulfilimine of mustard gas (m.p. 

144") and with p-toluenesulfonamide(m.p. 135") melted, respectively, at 122-123' and 103.5- 
105.5'. A mixture of the dimorphic sulfilimines melted at 137-137.5". Seeding the low- 
melting with the high-melting form caused the melting point t o  change from 122.5-123' 

Morpholyldithiocarbamate. To a solution of 7.5 g. of potassium morpholyldithiocarba- 
mate (9) in 100 ml. of 45% ethanol was added a solution of 5.0 g. of 2-chloroethyl 2-hydroxy- 
ethyl sulfide in 10 ml. of 95% ethanol. The mixture was heated under reflux for one hour 
and poured into 500 ml. of water. The oil which separated was found to  solidify; m.p. 
64-65'. The solid was dissolved in the minimum amount of hot 75% ethanol and allowed 
to  cool t o  room temperature. The fine, long needles which separated were recrystallized 
from ethanol; m.p. 128.5-129'. A mixture of this material with an authentic specimen of 
the morpholyldithiocarbamate of mustard gas (2) showed no lowering of the melting point. 

t o  137-138'. 
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Concentration of the mother liquor yielded a second crop of crystals weighing 4.9 g. It 

Anal. Calc'd for C~HI~NOISI :  C, 40.42; H,  6.41. 
Found: C, 40.59; H, 6.20. 

a-Naphlhylurethan. This derivative was made in the usual way and recrystallized from 

Anal. Calc'd for CloHIGCINOtS: C, 58.15; H,  5.20; N, 4.52. 
Found: C, 58.15; H,  5.36; N,  4.38. 

Dehydrohalogenation. To a solution of 0.21 mole of sodium hydroxide in 100 ml. of ab- 
solute ethanol a t  10" was added 0.20 mole of 2-chloroethyl 2-hydroxyethyl sulfide. The 
mixture was heated under reflux for one hour and allowed to stand at room temperature for 
two days. The sodium chloride was removed by filtration and the filtrate acidified with 
dry ice. The solvent was removed under diminished pressure and the residue distilled 
in vacuo 

The first fraction (1-2 9.) distilled a t  45-55" (22 mm.); n: 1.4865. This distillate, upon 
treatment with aqueous Chloramine-T, yielded a sulfilimine; m.p. 147.5-148.5'. A mixture 
melting point with an authentic sample of 1,4-thioxane-p-toluenesulfilimine (m.p. 147.5- 
148.5') was not depressed. The sulfilimine used for comparison was prepared from 1,4- 
thioxane which had been made by distilling a mixture of thiodiglycol and concentrated 
sulfuric acid, a modification of the method of Fromm and Unger (10). 

Anal. Calc'd for Cl~H15NO3S2: C, 48.33; H,  5.53; N, 5.13. 
Found: C, 48.04; H, 5.28; N, 5.05. 

The second fraction [6.3 g., b.p. 115-125' (22 mm.) ] waa redistilled through a modified 
Claisen head; b.p. 100' (1.5 mm.); n: 1.4800. This distillate absorbed very little bromine 
from a carbon tetrachloride solution, but reacted with sodium with the evolution of hydro- 
gen. The boiling point and analysis correspond closely to  the values for 2-ethoxyethyl 
2-hydroxyethyl sulfide (11). 

separated from aqueous ethanol in white, pearly leaflets; m.p. 66-67". 

high-boiling petroleum ether. The pure white needles melted at 96.5-97.5". 

Two fractions were obtained. 

Anal. Calc'd for CsHI,OS: C, 47.97; H. 9.39; S, 21.34. 
Found: C, 48.67; H,  9.54; S, 21.30. 

SUMMARY 

The synthesis of 2-chloroethyl 2-hydroxyethyl sulfide has been accomplished 
by the addition of monothioglycol to vinyl chloride. The structure of the 
product has been confirmed by conversion to mustard gas and by the prepara- 
tion of the p-tolueneaulfilimine, the morpholyldithiocarbamate, and the a- 
naphthylurethan . 

URBANA, ILL. 
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It has been observed that when mustard gas is heated, compounds of higher 
molecular weight are formed. Investigation has shown that two of these are 
1 ,2-bis(2-chloroethylthio)ethane (11) and bis[2-(2-~hloroethylthio) ethyllsulfide 
(111). 

In a similar study Bell, Bennett, and Hock (1) noted that when mustard gas 
was heated in a sealed tube, ethylene chloride and p-dithiane were produced. 
They postulated that 1,2-bis(2-chloroethylthio)ethane (11) was an intermediate 
in this reaction, and proposed the following mechanism to account for these 
changes. It involves the formation of the sulfonium salt (I) which breaks down 
to yield the disulfide (11). Intramolecular condensation of the latter compound 
followed by thermal decomposition of the resulting cyclic sulfonium salt would 
account for the formation of the ethylene chloride and p-dithiane. 

c 1- 
2 CICH2CH2SCHZCH2Cl S ClCH&H2bHtCHzCl 7 

~ H Z  CHzSCH2 CH2Cl 
I 

ClCH2 CH2 C1 + ClCHQ CH2SCH2 CH2SCHnCH2 C1 
I1 
J I  

CHsCH2 CHzCH2 

S S ClCH2CHZS S 
/ \ +/ \ 

\ / \ 
ClCHnCH2Cl + S 

C1- CHZCH2 
/ 

CHZCH, 

Obviously, this mechanism is directly applicable to the present observation that 
heated mustard gas contains 1,2-bis(2-chloroethylthio)ethane. Evidence for a 
similar reaction in which compound I1 is formed from 2-chloroethyl methyl 
sulfide was obtained by Snyder, Howe, Cannon, and Nyman (2). 

The formation of bis[2-(2-~hloroethylthio)ethyl] sulfide (111) can be explained 
by assuming that compound I1 reacts with mustard gas in a similar manner. 

This paper is based on work done for the Office of Scientific Research and Development 
under Contracts Nos. OEMsr-300 and OEMsr-48 with the Board of Trustees of the Uni- 
versity of Illinois. 
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ClCHzCH2SCH2CH2SCHZCHz C1 + ClCH, CHzSCHz CHeC1 S 
I1 

c1- 

ClCH, CHzSCH2 CHz6CHa CHpSCHz CH, C1 S 
I 

CHz CHt C1 

I11 
(ClCHzCHzSCHzCH2)zS + ClCHzCHzCl 

Condensation of compound I11 with itself, with mustard gas, or with compound 
I1 would result in the formation of higher analogs, which would account for some 
of t8he highly insoluble material present in samples of heated mustard gas. 

The presence of compound I1 in the heated material was established by isola- 
tion of its disulfone, which was compared with an authentic sample of the di- 
sulfone of 1 ,2-~~(2-chloroethylthio)ethane. The amount of compound I1 pres- 
ent was determined by treating the residue from the distillation of heated mustard 
gas with an ethanolic solution of sodium methyl mercaptide, and separating 
the resulting mixture of methylthio ethers by distillation? The isolation of 
bis[2-(2-methylthioethylthio)ethyl] sulfide from this mixture was interpreted 
as indicating the presence of compound I11 in heated mustard gas. 

The observation that ethylene chloride and p-dithiane are formed when 
mustard gas is heated has been confirmed. Ethylene chloride was identified 
by its physical constants and by formation of a derivative, 2-(/3-naphthoxy)ethyl 
chloride. p-Dithiane was identified by comparison with an authentic sample of 
this material. 

It had been shown (1) that the thermal conversion of mustard gas to  p-dithiane 
and ethylene chloride is a reversible reaction, for when the latter two substances 
were heated together in a sealed tube the product contained mustard gas. 
However, when the ethylene chloride is allowed to escape, as in the present 
experiments, the reactions outlined above would no longer be reversible and the 
amounts of compounds I1 and I11 (and the higher analogs) present in the mixture 
might reach limiting values and then gradually diminish. This theory has been 
confirmed by experiment. When a sample of mustard gas was heated at 140" 
at atmospheric pressure for three days, the product contained only 2.7% of 
compound 11. In another experiment a sample of mustard gas containing 20% 
of compound I1 was heated at 140" for three days. Analysis of the resulting 
mixture indicated that only 5.1% of compound I1 remained. Likewise, the 
expectation that only a small amount of compound I11 would be formed by 
heat treatment of mustard gas has been realized by experiment. 

CHZCHz 

S 
/ \ 

/ \ 
BrCHtCHzBr + NazS + (-CH2CH2S-), -P S 

CHZCHZ 

* This method of analysis was developed by Roaser, Meade, and Glover. Their results 
are published in British Chemical Warfare Reports. 
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During the course of this investigation an improved method for synthesis of 
p-dithiane was developed. It involves the formation of polyethylene sulfide 
from ethylene bromide and sodium sulfide, followed by thermal decomposition 
of the polymer in the presence of ethylene bromide and phenol. 

EXPERIMENTAL 

Prel iminary  examinat ion of heated mustard gas. a. I s o l a t i m  and identijication of ethylene 
chloride. Pure mustard gas (250 g., m.p. 14.5') prepared by the action of concentrated 
hydrochloric acid on thiodiglycol (3), was heated a t  150-160" (oil-bath temperature) in an 
atmosphere of nitrogen for forty-eight hours. During the heating, 6.8 g. of ethylene 
chloride (weighed after fractionation t o  rcniove mustaid gas) distilled and was collected in 
an ice-trap. The ethylene chloride was identified by its boiling point (82'), its index of 
refraction (TI: 1.4440), and its conversion to  2-(@-naphthoxy)ethyl chloride (1) m.p. 83", 
by heating overnight in acetone solution with potassium iodide and sodium 6-naphthoxide. 
A mixture melting point with a sample prepared frcm ethylene chloride was not depressed. 

b. Isolation and identi$eation of 1 ,%Lis(R-chloroethy1thio)ethane (11). The heated mus- 
tard gaB was cooled and distilled in zacuo. The distillate, which contained a little p-di- 
thiane, was nearly pure mustard gas, b.p. 68" (2 n.m.), m.p. 14'. The dark residue (22 9.) 
was dissolved in ether and the solution cooled. The solid which precipitated was removed 
by filtration. Concentration of the filtrate produced more solid material which appeared 
t o  be a mixture of 1,2-Lis(2-chloroethylthio)ethane (11) and bis [2-(2-chloroethylthio)ethyl] 
sulfide (111) contaminated with other substances. This mixture was not investigated 
further. 

The ether was distilled from the final filtrate and the residual oil was heated on a steam- 
bath for three hours with a mixture of acetic acid and 30% hydrogen peroxide. When 
cooled the solution deposited a solid (2.34 g.) which was purified by recrystallization from 
a mixture of absolute ethanol and acetic acid. It melted at  205-206' and was identified as 
1,2-bis(2-chloroethylthio)ethane disulfone by comparison with an authentic sample of this 
material' made from lJ2-bis(2-chloroethy1thio)ethane (5). 

Detailed investigation. a. A n a l y s i s  of hcated mustard gas. A I-liter three-necked flask, 
equipped with a stirrer, thermometer, and gas-inlet tube, was completely immersed in an 
oil-bath and connected to  traps cooled in a water-ice mixture for the collection of any 
distillate. Pure mustard gas (401 g., m.p. 14.5') was placed in the flask and heated at 
137-145" in an atmosphere of nitrogen for three days. The liquid (15.5 g.) which collected 
in the traps was fractionated to  yield 9.4 g. of ethylene chloride, b.p. 80-83", and 4.3 g.  of 
mustard gas. The black liquid remaining in the reaction flask weighed 362 g., indicating 
a loss of 26 g. This loss represents mainly gaseous products produced by pyrolysis of the 
mustard gas. Distillation of the reaction mixture yielded 330 g.  of unchanged mustard gas. 
p-Dithiane sublimed during the preliminary stages of the distillation. 

To prove the presence of p-dithiane in the distillate a sample was stirred vigorously with 
boiling water until all of the mustard gas had been hydrolyzed (two hours). A small 
amount of solid material remained, which melted at 109-110' and did not lower the melting 
point of an authentic sample of p-dithiane. The preparation of p-dithiane is described 
below. 

Analysis of the residue (27 9.) from the distillation was accomplished by treatment with 
189 ml. of a 2 N ethanolic solution of sodium methyl mercaptide (6) and heating the resulting 
mixture under reflux for one-half hour. A solution of 15 ml. of acetic acid in 100 ml. of 
chloroform was added, and the mixture was cooled and shaken with 250 ml. of water. The 
chloroform layer was separated and filtered. An insoluble material weighing 2.5 g. (prob- 
ably polyethylene sulfide) remained on the filter. The chloroform was evaporated from 

3 Unpublished results of Dr. Royston M. Roberts of this Laborat,ory. 
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the  filtrate and the residue distilled in wcuo. The first fraction (3.6 g.), b.p. 100-150" 
(0.5 mm.), m.p. 15': consisted mainly of the methylthio ether of mustard gas. The second 
fraction (12.6 g.), b.p. 150-180" (0.5 mm.), m.p.'5255', was recrystallized consecutively from 
methanol and petroleum ether (90-110"). The pure material, m.p. 63-64', did not lower the 
melting point of an authentic sample of 1,2-bis(2-methylthioethylthio)ethane, prepared 
from 1,2-bis(2-chloroethylthio)ethane (5). 

The residue from the last distillation was extracted with hot methanol. When the re- 
sulting solution was cooled i t  deposited solid material, which after recrystallization from 
methanol melted at 80.5-83O.4 A mixture melting point with an authentic sample of bis 
[2-(2-methylthioethylthio)ethyl] sulfide, described below, was not depressed. 

The weights of methylthio ethers were converted back t o  weights of the corresponding 
chloro compounds. The results of the analysis of the heated mustard gas are as follows. 

11.0 g. (2.770) of 1,2-bis(2-chloroethylthio)ethane. 
6.1 g. (1.5%) of bis [2-(2-~hloroethylthio)ethyl] sulfide and higher analogs. 

337. g. (84.5%) of mustard gas (containing some p-dithiane). 
2.5 g. (0.60j0) of polyethylene sulfide. 
26 g. (6.5%) of gaseous products. 
9.4 g. (2.3%) of ethylene chloride. 

Total . .  . ,392 g. (98.00j0) of the mustard gas accounted for. 
b. Analysis of a heated mixture of mustard gas and 1 ,d-bis(9-chloroethy1thio)ethane (II). 

A mixture of 80 g. of pure mustard gas (m.p. 14.5') and 20 g. of the dithio compound (m.p. 
63-54') was heated at 139-142" in an atmosphere of nitrogen for three days. During the 
heating 1.2 g. of p-dithiane and less than 1 ml. of liquid collected in the traps. There waa 
a loss in weight of 18 g. (gaseous products). 

The black liquid (80 9.) remaining was distilled under reduced pressure; the distillate 
(66 9.) consisted of mustard gas and p-dithiane. The mustard gas was destroyed by hydrol- 
ysis, and the aqueous solution extracted with ether. Evaporation of the ether solution 
yielded only a small amount of p-dithiane. The aqueous solution was made alkaline and 
again extracted with ether. This time 3.1 g. of p-dithiane was recovered. 

The black residue (12 9.) from the distillation was analyzed as described in the preceding 
experiment. The results of the analysis are given below. 

5.1 g. (5.1%) of 1,2-bis(2-chloroethylthio)ethane. 
1.7 g. (1.7y0) of polyethylene sulfide. 
1.5 g.  (1.5%) of bis [2-(2-~hloroethylthio)ethyl] sulfide and higher analogs. 

18. g. (18%) of gaseous products. 
4.3 g. (4.3%) of p-dithiane. 
66. g.  (66%) of mustard gaa. 

Total. . . . .96.6 g. (96.6%) of the mixture accounted for. 
p-Dithiane.6 Four hundred fifty-three grams of sodium sulfide nonahydrate was dis- 

solved in  a solution of 200 ml. of ethanol and 800 ml. of water. The solution was heated 
at 60-65', and 355 g. of ethylene bromide added with stirring at such a rate that  the solvent 
refluxed gently. The reaction mixture was heated under reflux for two hours after the 
addition was complete. The polyethylene sulfide was collected on a filter and wmhed 
consecutively with alcohol and ether. The yield of dry polymer was 104.5 g. (92% of the 
theoretical amount). 
-~ 

4 Rosser, Meade, and Glover, Zoc. ci t . ,  report the following melting points for pure com- 
pounds: bis(2-methylthioethyl) sulfide, 24.32'; 1,2-bis(2-rnethylthioethylthio)ethane, 66.5"; 
bis [2-(2-methylthioethylthio)ethyl] sulfide, 88.0" (84') ; bis [2-(2-~hloroethylthio)ethylj 
sulfide, 73-75". 

6 This synthesis was developed by Dr. E. W. Maynert. 
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The polymer did not melt at 180". Heating at 155-160° for one day did not result in the 
sublimation of an appreciable amount of p-dithiane. The polymer therefore was treated 
as a Class I polymer of polyethylene sulfide (1). Thirty grams of polymer waa heated at 
130" for one hour with 18 g. of ethylene bromide, 40 g. of phenol was added, and the mixture 
was boiled overnight. A solution of sodium hydroxide was added slowly t o  the cool reac- 
tion mixture. The solid material was collected on a filter, washed thoroughly with water 
and dried. It was completely soluble in ether. The yield of p-dithiane (m.p. 108-110") 
was 24.4 g. One recrystallization from ethanol gave pure p-dithiane (m.p. 111-111.5"). 

bis [8-(8-Meth~1IthioethyZthio)ethyE] sulfide. bis [2-(2-Hydroxyethylthio)ethyl ] sulfide (5) 
was heated with an ether solution of thionyl chloride for two hours. When the solvent 
was evaporated a wax-like solid remained. After two recrystallizations from alcohol- 
chloroform (1:2) and four from absolute methanol the bis [2-(2-~hloroethylthio)ethyl] 
sulfide melted at 72-75".4J 

The dichloro compound was converted t o  bis [2-(2-methylthioethylthio)ethyl] sulfide by 
treatment with an ethsnolic solution of sodium methyl mercaptide. This derivative, after 
recrystallization from a methanol-chloroform solution, melted a t  80.5-83".4 

SUMMARY 

It hm3 been shovn that 1,2-bis(2-chloroethylthio)ethane and bis[Z(Zchloro- 
ethy1thio)ethyll sulfide are formed when mustard gas is heated. 

The amount of these substances formed is limited, and in the cme of the former 
compound does not exceed a value of 5 to 6 yo of the quantity of mustard gas 
subjected to  heating. 

The mode of formation and decomposition of these substances is discussed. 
An improved method for the synthesis of p-dithiane is described. 
URBANA, ILL. 
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I. THE TRANSFORMATIONS OF METHYL-BIS(0-CHLORO- 

The work to be presented in this series of papers was undertaken in order to 
elucidate certain aspects of the chemistry of a new group of vesicant chemical 
warfare agents, the nitrogen mustards. These substances are bis(p-chloro- 
ethyl) substituted tertiary amines of the general formula RN(CH2CH2C1)2. 
One compound of this series, tris(p-chloroethyl)amine, was first described by 
Ward (1). 

The transformations undergone by the nitrogen mustards in water were 
chosen as the first point of attack since a detailed knowledge of these reactions 
seemed essential to an understanding of the general chemistry of the nitrogen 
mustards. Furthermore, the transformations of the nitrogen mustards in water 
are of interest from the biochemical point of view, since mater is a major con- 
stituent of all biological systems. Finally, the possibility that the nitrogen 
mustards might be employed in chemical warfare as water contaminants made 
it imperative to study exhaustively the chemical reactions undergone by these 
agents in water. 

The experimental results presented in this communication concern the se- 
quence of chemical reactions undergone by methyl-bis(0-chloroethy1)amine 
(MBA) when this agent reacts with water in the presence or the absence of bi- 
carbonate. On the basis of these results, a reaction mechanism (cf. Figure 1) 
has been proposed to explain the complex transformations of MBA in aqueous 
solutions. Two types of experimental evidence will be presented. The first 
involves an analytical study of the reactions undergone by MBA in aqueous 
bicarbonate solution buffered at pH 8 and in unbuffered aqueous solution [cf. 
also (2)]. The second type of evidence involves the isolation, in crystalline 
form, of the successive transformation products of MBA and a study of their 
properties. 

The transformations of methyl-bis(0-chloroethy1)amine in bicarbonate solution. 
When MBA (0.02 fM) reacts with water a t  pH 8 (bicarbonate buffer), it goes into 
solution rapidly with the liberation of nearly one equivalent of C1- and the 
appearance of negligibly small amounts of H+ (Table I). It will be noted from 
Figure 1 that this is the result to be expected on formation of the l-methyl-l- 

1 This work was done in whole under Contract No. OEMsr-313 between The Rockefeller 
Institute for Rledical Research and the Office of Scientific Research and Development, 
which amurnes no responsibility for the accuracy of the statements contained herein. The 
experiments were performed during the period June 1942-Ja,nuasry 1944. 

2 Present address, University of Pittsburgh, Pittsburgh, Pennsylvania. 
3 Present address, Yale University, Kew Haven, Connecticut. 

Died, h-ovember 7 ,  1944. 
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(8-chloroethy1)ethylenimonium ion (I). Analytical evidence for the reaction 
was first presented by Hartley, Powell, and Rydon (3), and careful kinetio 
studies have been made by Bartlett (4) and Cohen (5 ) .  The cyclization of MBA 

/CHzcH*cl 
CHsN 

C HiCHzCl 
\ 

11 
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C H a NC HP C H20 H 
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FIG. 1 

is a special case of the conversion of chloroalkylamines into heterocyclic com- 
pounds, investigated by Freundlich (6). 

Additional evidence for the rapid and nearly quantitative conversion of MBA 
to the ethylenimonium form is provided by the data given in Table I on the 
thiosulfate consumption of the solution. The rapid reaction of the ethyleni- 
monium forms of MBA with thiosulfate and the use of the thiosulfate titer as an 
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index of ethylenimonium formation is discussed in detail in a subsequent section. 
Conclusive evidence for the formation of I is furnished by its isolation as a crys- 
talline salt of picrylsulfonic acid from solutions of MBA aged for 30 minutes at 
pH 8. 
As the hydrolysis in bicarbonate proceeds, there is observed a slow liberation 

of additional C1- and H+ in approximately equivalent amounts and a progressive 
fall in the thiosulfate titer. These observations are in accord with the reaction 
sequences presented in Figure 1. As will be noted from the Figure, the hydroly- 
sis of ethylenimonium rings to form hydroxyethyl groups is accompanied by the 
liberation of H+ but not of C1-. On the other hand, when compounds con- 
taining quaternary nitrogen are formed, C1- is libeiated without the appearance 
of Hf. 

TABLE I 
THE HYDROLYSIS OF METHYL-BIS(~~-CHLOROETAYL)AMINE (MBA) 

IN BICARBONATE SOLUTION 
Concentration of reactants per cc.: 0.02 mM of MBAvHCI; 0.02 d of NsOH; 0.08 mM 

Tempere.turc 25"; pH 8. 
of KaHCOs. 

TIYE, 
WIN. 

_.____ 

20 
60 

120 
240 
420 

1200 
4320 

L- LIBERATED FER 7liM 
OF MBA Y.EQUIV.  

0.945 
1.20 
1.31 
1.50 
1.65 
1.83 
1.90 

H+ LIBERATZD PER mM (CL-)-(H+) 
OF MBA M.EQUIV. M.EQUIV. 

0.085 
.14 
.25 
.48 
.65 
.99 

0.86 
1.06 
1.06 
1.02 
1.00 
0.84 

NAn%& CONSUW3D IN 

M.EQUIV. 
3 XIN. PER mM OF MBA 

1.13 
1.08 
1.06 
0.94 

.82 

.28 

.06" 

a This value represents the thiosulfate consumed in 1 hour. 

The steady liberation of greater amounts of C1- than of H+ during the hydroly- 
sis in bicarbonate is evidence for the formation, during the reaction, of com- 
pounds containing quaternary nitrogen atoms. The difference between the 
values for the C1- and H+ liberated represents the amount of quaternary nitro- 
gen present. It will be noted that the thiosulfate titer has decreased markedly 
after 20 hours without an equivalent diminution in the amount of quaternary 
nitrogen. This finding indicates that a portion of the intermediates having 
ethylenimonium rings and chloroethyl groups have been converted into quater- 
nary nitrogen compounds which do not react with thiosulfate under these con- 
ditions. 

At the end of three days nearly the theoretical amount of C1- has been liber- 
ated. The low one-hour thiosulfate titer a t  this time indicates the absence of 
any significant quantities of compounds containing chloroethyl groups or ethylen- 
imonium rings. As will be shown later in this paper, the products isolated as 
picrylsulfonates from a solution aged in this manner were methyldiethanolamine 
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(IV) and the dihydroxy cyclic dimer IN, N’-dimethyl-N , N’-bis(B-hydroxy- 
ethy1)piperazinium salt (VI)]. The latter compound also has been obtained 
(7) from the chlorohydrin [methyl-B-chloroethyl-,!?-hydroxyethylamine (II)] 
in alkaline solution. The dichloro cyclic dimer [N , N’-dimethyl-N , N’-bis(B- 
chloroethy1)piperazinium salt (V)] is not formed in appreciable amount in the 
presence of bicarbonat,e, but as will be shown later, is a major product of the 
reaction of MBA in unbuffered solution. 

It will. be noted from Figure 1 that the formation of the dihydroxy cyclic dimer 
is thought to occur by combination of the chlorohydrin (11) and the l-methyl-l- 
@-hydroxyethy1)ethylenimonium ion (111). It has been suggested (5) that 
these compounds condense to give a chlorinated intermediate (VIII) which 
subsequently cyclizes to the dihydroxy cyclic dimer VI. 

I /  
HO CH, CHJ!? CHI CHIIN 

+ \  
‘CH2 CHzCl 

c1- 
(VIII) 

An alternative mechanism would involve the direct interaction of two molecules 
of I11 to give the cyclic compound. The latter mechanism appears unlikely, 
however; since, as will be shown later, the dihydroxy cyclic dimer (VI) results 
from the transformation of the chlorohydrin (11) a t  pH 7-8 while, under similar 
conditions, I11 yields only the linear compound VI1 and methyldiethanolamine. 
These results suggest that compounds containing chloroethyl groups must par- 
ticipate in the reactions which lead to the formation of the dihydroxy cyclic 
dimer. 

It will be noted from Figure 1 that the dihydroxy cyclic dimer (VI), the linear 
compound VII, and methyldiethanolamine should result from the transforma- 
tions in bicarbonate solution of both I and MBA itself. After aging I (0.02 M) 
in aqueous bicarbonate, compounds VI and VI1 were isolated. MBA (0.02 MI,  
however, yields the dihydroxy cyclic dimer (VI) and methyldiethanolamine ; the 
expected linear compound VI1 could not be isolated. No satisfactory explana- 
tion can be offered at present for this result. 

The results presented above, and in what follows, strongly support the reac- 
tion sequence given in Figure 1. It should be pointed out: however, that after 
hydrolysis of MBA, the relative amount<s of the various end products given in 
Figure 1 will vary depending upon the concentration of MBA employed. Cohen 
(5) has shown that in very dilute solution the predominant reaction is hydrolysis 
to  methyldiethanolamine. As the concentration of MBA is raised, however, 
the formation of dimers is favored and hydrolysis is reduced. 

The reaction with thiosulfate as an index of the formation of ethylenimonium 
compounds. It will be noted from Table I that the difference between the 
C1- and H+ content of the solution does not change greatly during the course 
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I 
Y.EQUIV. 

1.01 
1.40 
1.80 
1.89 

of the transformation of MBA. The C1- not balanced by H+ must be balanced 
by an equivalent amount of quaternary nitrogen. This quaternary nitrogen, 
according to Figure 1, may be either in the form of the ethylenimonium com- 
pounds I or 111, the dimers V or VI, or the linear compound VII. Conse- 
quently, on the basis of determinations of H+ and Cl- alone, it is impossible to 
establish whether the quaternary nitrogen present in solution is in the form of 
reactive ethylenimonium compounds or in the form of relatively unreactive 
products containing quaternary nitrogen. 

An approximate differentiation may be made, however, by the use of thiosuI- 
fate as a reagent for the ethylenimonium compounds. The use of thiosulfate 
in this manner was suggested by earlier observations of Ogston (8) on the reac- 
tivity of solutions of MBA with thiosulfate. The compounds V, VI, or VI1 do 
not react with thiosulfate to any measurable extent in 24 hours a t  25'. On the 
other hand, a study of the isolated transformation products of MBA has shown 

111 

0.91 
.94 
.94 
.91 

Y.EQUXV. 

TABLE I1 
THE REACTIONS OF THE PICRYLSULFONATES OF I AND I11 WITH N A ~ S ~ O ,  

Concentration of reactants per cc.:  0.01 m M  of imonium salt; 0.025 mM of Na&Ot; 
0.01 mM of NaHCO,. 

Temperature 25". 

TIME, YIN. 

10 
20 
60 

120 

N A ~ S D ~  CONSUMED PER nM OF 

that the ethylenimonium ring of I or I11 reacts with thiosulfate very rapidly 
and consumes one equivalent of thiosulfate in 10 minutes (Table 11). In the 
case of I the reaction proceeds further, the remaining chloroethyl group cyclizes, 
and a second equivalent of thiosulfate is consumed within the succeeding 110 
minutes. As will be shown later, the chlorohydrin (11) also reacts with thio- 
sulfate, presumably with prior cyclization to 111. In 10 minutes, about 0.66 
mM of thiosulfate are consumed per mil4 of chlorohydrin, under the conditions 
employed in these experiments. Consequently, the 10-minute thiosulfate titer 
of an aged solution of MBA containing chlorohydrin would measure a part of 
the chlorohydrin in addition to the ethylenimonium groups present in the solu- 
tion. In aged bicarbonate solutions of MBA, the amount of chlorohydrin pres- 
ent a t  a given time must be small, however, and the 10-minute thiosulfate titer 
will give a sufficiently accurate measure of the amount of the quaternary nitro- 
gen in such solutions which is in the form of ethylenimonium compounds. The 
remainder of the quaternary nitrogen may be assigned to compounds such as 
V, VI, or VII. 

It will be noted from the data in Table I that during the transformation of 
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MBA (0.02 M )  in bicarbonate, the 10-minute thiosulfate titer and the quaternary 
nitrogen content are approximately equal during the first 120-240 minutes of 
the reaction. This indicates that during this period nearly all of the quaternary 
nitrogen is probably in the form of imonium compounds. However, as the 
hydrolysis proceeds for longer periods of time (1200 min.), the 10-minute thio- 
sulfate titer becomes much less than the quaternary nitrogen content. It may 
be concluded, theref ore, that during this latter period unreactive quaternary 
nitrogen compounds are formed. 

The mechanism of the reactions that occur between MBA and thiosulfate has 
been studied by Cohen (5). The isolation of the final product in the reaction of 
MBA with thiosulfate, the “Bunte salt” of MBA, is described in the experimental 
section of the present communication. 

The transformations of methyl-bis(P-chloroethy1)amine in unbuffered solution. 
When MBA (0.02 M )  is shaken with mater it goes into solution rapidly, and 
one equivalent of C1- and a comparatively much smaller amount of H+ are 

TABLE I11 
THE HYDROLYSIS OF METHYL-BIS(~-CHLOROETHYL)AMINE (MBA) IN UNBUFFERED SOLUTION 

Concentration of reactants per cc.: 0.02 mM of MBA.HC1; 0.02 mM of NaOH. 
Temperature 25”; pH ca. 7 (at s ta r t ) ;  pH ca. 5 (at  end). 

TIME, MIN. 

20 
60 

1 so 
1200 

CL- LIBERATED PEB mM 
MBA, mM 

0.86 
0.99 
1.01 
1.03 

H+ LIBERATED PER mY 
MBA, m u  

0.15 
.22 
.345 
.84 

NAZSO~ CONSUMED IN 10 
MIN. PER mi4 MBA, mM 

1.23 
1.30 
1.10 
0.65 

liberated in a short time (Table 111). According to Figure 1, ttiis is the result 
to be expected upon the formation of I. As the hydrolysis proceeds, the C1- 
and H+ are liberated at about equal rates, indicating that both hydrolysis and 
the formation of quaternary nitrogen compounds are occurring. A small 
amount (6%) of the dichloro cyclic dimer (V) was isolated, as a dipicrylsulfonate, 
from a 20-hour aged solution of MBA (0.02 M). As shown by Hartley, Powell, 
and Rydon (3), dimerization to the dichloro cyclic dimer CV) occurs to an appre- 
ciable extent in such solutions. It appears likely that, as shown in Figure 1, 
the formation of V results from the combination of MBA with I. This mecha- 
nism is analogous to that postulated for the formation of the djhydroxy cyclic 
dimer (VI) in bicarbonate solution. 

It will be rioted from Table I11 that the reaction mixture becomes acid during 
the hyclrolysis and that nearly one equivalent of HC1 is liberated per mole of 
MBA. These data suggest that the change in pH leads to the stabilization of 
the chlorohydrin (11) because of salt formation. This is supported by the find- 
ing that I1 is the major product of the hydrolysis since it could be isolated as a 
picrylsulfonate in 52% yield without any attempt at quantitative separation. 

The fact that the evolution of C1- does not exceed one equivalent indicates 
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that the imonium compound (111) and methyldiethanolamine (IV) are formed 
only in small amounts in unbuffered solution. This is in contrast to the reac- 
tions observed for MBA in bicarbonate buffered solutions. 

It will be noted in Figure 1 that the formation of I and I11 is written as a 
reversible reaction. It is believed (4) that the C1- produced during the by- 
drolysis of MBA interacts in part with these imonium compounds to regenerate 
MBA and the chlorohydrin (11) respectively. Direct evidence that this can 
occur will be presented in later sections of this paper. 

In the last column of Table 111, data are presented on the thiosulfate con- 
sumption of aging solutions of MBA. The 10-minute thiosulfate titer has been 
shown to be a convenient means for estimating the concentration of ethyleni- 
monium groups in the solutions of MBA aged in the presence of bicarbonate. 
However, when applied to the study of the reactions of MBA in unbuffered 
solutions, it does not give the approximate concentrations of ethylenimonium 
forms. Whereas in bicarbonate solution the chloroethyl group of the chloro- 
hydrin (11) rapidly cyclizes to 111, a t  pH 5 this process does not occur to an 
appreciable extent. Since the aged unbuffered solution of MBA contains large 
amounts of chlorohydrin, the 10-minute thiosulfate titer of an aliquot of such a 
solution is a measure not only of the ethylenimonium forms present in the 
solution, but also of part of the chloroethyl groups present. 

The high thiosulfate titer of the MBA hydrolysate after 20 hours points to 
the possibility of ethylenimonium compounds being present in the aged solution. 
This was confirmed by the isolation of 10% of I as a picrylsulfonate from the 
20-hour solution. 

In the isolation studies to be reported below, the 2-hour thiosulfate titer was 
found to be much more useful than the 10-minute thiosulfate test and was em- 
ployed almost exclusively in place of the latter. MBA and those of its trans- 
formation products which consume thiosulfate react quantitatively with this 
reagent within 2 hours. Thus, when the 2-hour thiosulfate test was applied 
to the isolated compounds, it was frequently posible to estimate their purity. 

The isolation of 1 -methyl-1 -(8-chloroethyl)ethylenimonium picrylstdjonate. Data 
in a previous section of this communication have shown that I is unstable in 
aqueous solution. Consequently, freshly prepared solutions of I must be used 
in any attempt to isolate this compound. For this purpose, suchsolutions 
were prepared by shaking the hydrochloride of MBA for 30 minutes a t  room 
temperature with water containing one mole equivalent of NaOH. The addi- 
tion of sodium picrylsulfonate5 gave a sparingly soluble salt which reacted lead- 
ily with sodium thiosulfate and had the correct elementary composition for the 
picrylsulfonate of I. The same picrylsulfonate was also formed when MBA 
picrylsulfonate was stirred with aqueous bicarbonate. The isolated imonium 
salt contained picrylsulfonic acid and chlorine in equivalent amounts. The 
picrylsulfonate of MBA contains picrylsulfonic acid and chlorine in a ratio of 
1:2. The picrylsulfonate of the dichloro cyclic dimer (V) has the same ratio 

6 A description of the preparation of picrylsulfonic acid and its sodium salt is given in 
Stein, et al. (9) have investigated the possible application of the experimental section. 

picrylsulfonic acid as a reagent for amino acids. 
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TIME, 
YIN. 

of picrylsulfonic acid to chlorine as the I picrylsulfonate; the dimer salt, how- 
ever, does not react appreciably with thiosulfate. It must, therefore, be con- 
cluded that the compound isolated is the picrylsulfonate of the ethylenimonium 
form of MBA. 

The hydrolysis of 1 -meth yl-1 - (8-chloroeth yl) eth y Zenimonium j+icr ylsulfonate. 
The hydrolysis of the picrylsulfonate in the presence of NaHCO8 was followed 

CL- LIBLRATED 
PEP. m.v OF 

___ 

TABLE IV 
THE HYDROLYSIS O F  THE TRANSFORMATION PRODUCTS OF 
METHYL-BIS(8-CHLOR0ETHYL)AMINE I N  BICARBONATE 

SOLUTION 
Concentration of reactants per cc.: 0.02 mM of picrylsulfonate of I ,  11, or 111; 0.08 mM 

Temperature 25'; pH 8 (unless otherwise noted). 
of NaHC03. 

11' M.EQUIV. 

0.01 
0.03 

0.14 

111 M.EQU1V 

0.12 

0.26 

-- 
20 
60 

120 
180 
240 
420 

1200 
2400 

0.62 
0.89 

0.99 

1.02 
1.03 

1 M.EQUIV. 
- 

0.09 
0.27 
0.59 

0.89 
0.94 
0.97 

H+ LIBERATED PER d f  OF 

1 Y.EQUIV. 

0.30 
0.44 
0.78 

1.19 
1.37 
1.68 

1 W.EQUIV. I11 Y.EQUIV. 

1.07 I 0.83 
0.92 j 0.90 

0'84 1 0.85 
0.54 , 
0.29 I 

I I I b  
M.EQUIV. 

0.84 

0.69 

0.00 

4 Corrected for H+ arising from picrylsulfonic acid. This was found to  be 1 m.equiv. 
per mM of I1 picrylsulfonate. 

* The rate of disappearance of I11 in this experiment appears to  be more rapid than in  
the aging of the chlorohydrin (11). In the latter experiment the initial pH was 7.3 and 
rose t o  8.2 after 20 hours, whereas in the experiment with I11 the initial pH we8 8.4 and 
rose to  8.7 after 20 hours. The lower initial pH in the chlorohydrin experiment may, there- 
fore, explain the greater persistence of I11 in the aged chlorohydrin solution. 

in the same manner as the hydrolysis of the parent nitrogen mustard, MBA. 
The results are given in Table IV together with similar data for the other trans- 
formation products of MBA. 

As noted in a previous section, the I picrylsulfonate also is formed when the 
picrylsulfonate of MRA is stirred with aqueous bicarbonate. The MBA 
picrylsulfonate dissolves on stirring in bicarbonate solution, but within one hour 
a t  25" the solution deposits crystals which have the characteristic appearance 
of the I picrylsulfonate. Upon further constant stirring, these crystals gradually 
disappear. The concentration of the ethylenimonium ion under these conditions 
is thus considerably less during the early stages of the hydrolysis than it would 
have been if the hydrolysis had been carried out in the absence of the picryl- 
sulfonate ion. It is not surprising, therefore, to find that the titration data for 
the picrylsulfonates of MBA and I obtained after 20 hours, have much in com- 
mon. In both instances, the extent of hydrolysis is greater, and the extent of 
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formation of compounds containing quaternary nitrogen is less, than was found 
to be the case with MBA under the same conditions. 

It will be noted from the data in Table IV on the hydrolysis of the I picryl- 
sulfonate, that after 20 hours, 1.68 m.equiv. of H+ and nearly one m.equiv. 
of C1- are produced per mil4 of ethylenimonium salt. The complete hydrolysis 
of the ethylenimonium salt to form methyldiethanolamine would liberate two 
equivalents of H+ and one equivalent of C1-. The failure of the H+ to reach the 
theoretical value is due to the formation of VI and VII. 

Two compounds were isolated from the 20-hour hydrolysate of I picrylsul- 
fonate. The one, present in larger amount, was characterized as a picrylsul- 
fonate and a Reineckate. This substmce is the open-chain compound VI1 
of Figure 1. The other compound was characterized as a picrylsulfonate and 
was found to be the dihydroxy cyclic dimer (VI). 

The identification of the linear compound VI1 is based on the following 
evidence : 

1. The analytical data show that the elementary composition of the picryl- 
sulfonate is (CI1HleN4C)~~S),. This elementary composition agrees equally well 
with that of the monopicrylsulfonate of methyldiethanolamine and the dipicryl- 
sulfonate of a linear compound such as VI1 containing one molecule of water of 
crystallization. 

2. At 115", the isolated picrylsulfonate loses the amount of water of crystal- 
lization to be expected for the picrylsulfonate of the linear compound. 

3. The isolated picrylsulfonate and the Reineckate differ in melting point 
from the corresponding salts of pure methyldiethanolamine. This, and the loss 
of water of crystallization, show that the isolated salts are not those of methyl- 
diethanolamine. 
4. When dissolved in bicarbonate solution, the isolated picrylsulfonate neu- 

tralizes only one-half as much bicarbonate as does a like amount of methyldi- 
ethanolamine picrylsulfonate. Methyldiethanolamine is a tertiary base and, 
therefore, its picrylsulfonate consumes an amount of bicarbonate equivalent to 
all of the picrylsulfonic acid present in the salt. The picrylsulfonate of the linear 
compound contains two equivalents of picrylsulfonic acid; one equivalent is 
neutralized by the strongly basic quaternary ammonium ion, whereas the second 
equivalent of picrylsulfonic acid can react with bicarbonate. Thus, the picryl- 
sulfonate of the linear compound should consume an amount of bicarbonate 
equivalent to one-half of the picrylsulfonic acid present in this salt. 

5. Finally, the isolated picrylsulfonate agrees in melting point and mixed 
melting point with the hydrolysis product obtained from the dipicrylsulfonate 
of the compound IX (cf. Paper VI1 of this series). 

I I /  
+\  

C1 CH2 CH2K CH2 CHiN 
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A likely mechanism for the formation of the linear compound VI1 is given in 
Figure 1. Another possibility is that methyldiethanolamine reacts with un- 
changed I to give the chlorinated linear compound IX which, on removal of the 
chlorine by hydrolysis, yields VII. 

The reaction of the 1-methyl-1 -(p-c1~loroethyl)ethylenimonium ion math chloride. 
In the hydrolysis of MBA in unbuffered solution, the ethylenimonium ion 
initiallg formed is believed to react with the C1- produced in the later stages of 
hydrolysis to regenerate some MBA (3). Direct evidence for this view has been 
obtained from a study of the reaction of I picrylsulfonate with HCI. The 
difficultly soluble ethylenimonium salt gradually dissolves in dilute HC1 and 
after 20 hours at 25", the picrylsulfonate of hilBA can be isolated from the reac- 
tion mixture. The MBA picrylsulfonate can be distinguished readily from the 
corresponding ethylenimonium salt by virtue of the difference in chlorine 
content. 

It should be noted that, in order to effect reversal of the cyclization of MBA, 
i t  is necessary to perform the reaction in acid solution. In neutral or alkaline 
solution, the reaction is not reversible because the imonium ion hydrolyzes 
rapidly to the chlorohydrin. 

The isolation and hydrolysis of the chlorohydrin (II). The chlorohydrin 
has been isolated from aged unbuffered solutions of MBA as a salt of picryl- 
sulfonic acid. The chlorohydrin picrylsulfonate is readily soluble in bicarbonate. 
In the presence of bicarbonate, the chlorohydrin is almost completely cyclized 
to 111 in one hour at 25". This is shown by the liberation (per mM of chloro- 
hydrin salt) of 0.9 m.equiv. of C1- with practically no concomitant production 
of H+, a b  well as by the thiosulfate consumption of 0.9 m. equiv. (Table IV). 
After 3 hours, the C1- reaches the theoretical value, the thiosulfate titer de- 
creases, and the H+ begins to increase. The value attained by the Hf is far be- 
low the Cl- concentration, however. This indicates the occurrence both of 
hydrolysis and the formation of stable compounds containing quaternary 
nitrogen. 

The data in Table IV show that, on hydrolysis of 0.02 M I picrylsulfonate in 
bicarbonate, no ethylenimonium groups were present after 20 hours a t  25". 
It is of interest, therefore, that considerable amounts of I11 are present in the 
chlorohydrin hydrolysate even after 20 hours. The persistence of I11 for long 
periods of time makes its isolation feasible. Similarly, when 0.02 M MBA 
itself was subjected to hydrolysis in bicarbonate (Table I)  an appreciable 
amount of ethylenimonium compounds (I and/or 111) remained. 

The isolation and hydrolysis of the 1-methyl-1-(8-hydroxyethyl)ethylenirnonium 
picrylszilfonate. The analytical data presented in Table IV show that the chloro- 
hydrin (11) cyclizes to form compound 111. This cyclic compound has been 
isolated as a picrylsulfonate from an aqueous solution of the chlorohydrin aged 
at pH 7-8 for 30 minutes. The yield was 38%. Other products isolated from 
the reaction were the dihydroxy cyclic dimer (23 %) and unchanged chlorohydrin 
(lOOJ,).  The recovery of the latter compound indicates incomplete cyclization 
of the chlorohydrin and/or reversion of 111 brought about by the €IC1 added 
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during the isolation procedure. The possibility of reversion is supported by 
the finding that the I11 picrylsulfonate can react with C1- in acid solution to  
form the corresponding salt of the chlorohydrin. 

The picrylsulfonate of I11 dissolves readily in aqueous bicarbonate and is 
rapidly hydrolyzed in this medium (cf. Table IV). After 20 hours at 25O, 
the 10-minute thiosulfate titer is zero, indicating the complete disappearance 
of the imonium ion. The failure of the H +  to reach the theoretical value of one 
equivalent shows that hydrolysis to methyldiethanolamine is not the only reac- 
tion which has occurred. From the 20-hour hydrolysate, methyldiethanolamine 
and the linear compound VI1 are obtained; the dihydroxy cyclic dimer (VI) 
is absent. From the data of Table IV, it may be calculated that 66% of the 
initial imonium salt (111) was converted to the compound VI1 in 23 hours. 
The amount of VI1 actually isolated repesented 63% of the theoretical 
maximum. 

The toxicity of the transformation products of mdhyl-bis(@-chloro3thyl)amine. 
It was reported in earlier sections of this communication that all the transforma- 
tion products of MBA in bicarbonate solution were isolated as salts of picryl- 
sulfonic acid. In order to study the toxicity of these compounds, it was neces- 
sary to devise a method for converting the picrylsulfonates into soluble chlorides 
or hydrochlorides. It was found that dilute aqueous solutions of the ethy- 
lenimonium and chlorohydrin picrylsulfonates underwent a double decomposi- 
tion when treated with the non-toxic dichloro cyclic dimer (V) of MBA whereby 
the dipicrylsulfonate of V immediately precipitated from solution in almost 
quantitative yield and the ethylenimonium chloride or chlorohydrin hydro- 
chloride was the only product remaining in solution. The dipicrylsulfonate 
of the linear compound VI1 was split in the same manner. Such solutions were 
tested for toxicity upon intraperitoneal injection into mice. The results are 
given in Table V. 

Smith et al. (10) have reported an LDbO of 2.4 mg./kg. for the chloride of I 
on subcutaneous injection into mice. These investigators have also found that 
the LDso of the chlorohydrin hydrochloride for mice was 16.0 mg./kg. on sub- 
cutaneous injection, 22.5 mg./kg. on intravenous injection, and 34 mg./kg. on 
intraperitoneal injection. The LDso of the chloride of I11 for mice was 4.7 
mg./kg. on subcutaneous injection, 4.2 mg./kg. on intravenous injection, and 
about 7 mg./kg. on intraperitoneal injection. The approximate toxicities of 
I1 and 111, as given in Table V, are in good agreement with Smith's LDao values. 
The linear compound VI1 was found to be relatively non-toxic. 

If a solution of the chlorohydrin hydrochloride is adjusted to  p H  7 and main- 
tained a t  25" for one hour, a t  the end of that time period, all the chlorine is in 
the ionic form and the thiosulfate titer is about 93% of one equivalent. The 
toxicity of such an aged solution is given in Table V. The results confirm the 
observations of Boyland (11) on the increased toxicity of aged chlorohydrin 
solutions. The analytical data given above indicate that the increase in toxicity 
of the aged chlorohydrin is due to the formation of the imonium ion 111. This 
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NUMBER OF MICE 
INJUCTED 

6 
G 
6 

6 

conclusion is further substantiated by the finding that the toxicity of I11 agrees 
with th:tt of the aged chlorohydrin solution (cf. Table V). 

TABLE V 
TOXICITY TO MICE OF TRANSFORMATION PRODUCTS OF 

METHYL-BIS(,I~-CHLOROETHYL)AYINE 

EFFECT ON MICE 

All dead within 17-27 min. 
All dead within 21-46 min. 
5 dead within 26-60 min. 
1 alive after 4 days. 
All alive after 4 days. 

SUBSTANCE (EMPLOYED AS 
HYDBOCHLOBIGE OB CHLORIDE) 

55 
37.5 
15 
7 . 5  
3 .5  

2000 

1000 

500 

I1 

3 
3 
3 
3 
3 

3 

3 

3 

All dead within 20-33 min. 
All dead within 15-30 min. 
All deed within 15-21 min. 
All alive after 6 days. 
All alive after 6 days. 

2 dead within 4-6 min. 
1 alive after 6 days. 
1 dead within 12 min. 
2 alive after 6 days. 
All alive after 6 days. 

Solution of chlorohydrin 
(11) aged at pH 7 for 
1 hour' 

DOSAGE 

mg.lkg. 
300 
150 
75 

30 

150 
75 
30 
15 
7 . 5  

3.75 3 

All dead within 13-15 min. 
All dead within 21-22 min. 
All dead within 18-30 min. 
All dead within 19-30 min. 
1 dead within 55 min. 
2 alive after 4 days. 
All alive after 4 days. 

111 

VI1 

EXPERIMENTAL 

Analytical methods. The liberation of C1- was determined by titration with 0.1 N AgNOI 
using diehlorofluorescein as an adsorption indicator (12). The liberation of H+ was followed 
by acidifcation of a n  aliquot of the reaction mixture and removal of the liberated COZ by 
evacuation, followed by back titration in S0-90% alcohol with 0.1 N NaOH.  The H+ 
liberation was determined as the difference between the NaOH required by the MBA solu- 
tion and that  required by a control solution containing no MBA. Control experiments 
showed that ,  in the presence of alcohol, HCl can be titrated quantitatively in  the presence 
of tertiary amines such as methyldiethanolamine, ethyldiethanolamine, or triethanolamine. 
The thiosulfate titer of the reaction mixture was determined by adding excess thiosulfate 
t o  an aliquot and, after 10 minutes, titrating the unreacted thiosulfate with iodine. 

A reaction mix- 
ture (600 cc.) containing per cc., 0.02 mil4 of blBA.HC1 and 0.10 mM of KaHCOs, was allowed 
t o  stand at  25" for 3 days. A t  the end of this time aliquots were removed and the thio- 

Isolation r f  products from the hydrolysis of V BA in bicarbonate solution. 
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sulfate titer (0.06 mM of thiosulfate per mM of MBA originally present) and the chloride 
ion liberation (1.90 mM of C1- per mM of MBA) were determined. The reaction mixture 
was cooled, acidified with HC1 and treated with a n  aqueous solution of 4.2 g. (11.5 mM) of 
picrylsulfonic acid. The compound which separated immediately (1.1 g., yield 24%) was 
the dipicrylsulfonate of the dihydroxy cyclic dimer (VI). It did not melt up to  250'. 
Analyzed preparations are reported below. 

The filtrate was concentrated under reduced pressure to 75 cc. and cooled. The precip- 
itate which formed was filtered off and dried in air; yield 2.0 g. (55%) of niethyldiethanol- 
amine picrylsulfonate; m.p. 173-176". After recrystallization from water, its m.p. was 
178-180". The same m.p. was obtained on admixture with a n  authentic sample of methyl- 
diethanolamine picrylsulfonate. The pure compound melted a t  182-183'. 

Isolation of products from the hydrolysis of MBA in unbuffered solution. MBA.HC1 
(1.93 g., 10 mM) was added to  500 cc. of water containing exactly 10 mill of KaOH. After 
23 hours a t  room temperature, the solution was cooled to  O', and acidified with HC1 t o  
Congo Red. Sodium picrylsulfonate (10.5 mM in 35 cc. of 0.5 N HCl) was added and the 
mixture was allowed to  remain at 4' for 1 hour. The precipitate which formed was filtered 
off and dried in vacuo over PzOs; yield 0.26 g., 6%. The substance did not react with thio- 
sulfate in the course of 2 hours. I ts  analysis agreed with that  calculated for the dipicryl- 
sulfonate of the dichloro cyclic dimer (V),  This quaternary compound occurs in two stereo- 
isomeric forms (7). It has not been determined which of the isomers are present in the 
isolated product. 

Anal .  Calc'd for C ~ ~ H ~ Z C ~ ~ N Z . ~ C ~ H Z N ~ O ~ S :  C, 32.0; H,  3.2; N, 13.6. 
Found: C, 31.9; H,  3.0; N, 13.7. 

The mother liquor was concentrated in vacuo to  about 150 cc. and kept at 4' overnight. 
The salt which had crystallized, was filtered off, washed with cold acetone, and dried in 
uacuo over Pzo6. It was the picrylsulfonate of I; yield 0.40 g., 10%. The 2-hour thio- 
sulfate consumption of this substance was 1.82 mM per mM of the ethylenimonium salt.6 
The salt was recrystallized from an acetone-petroleum ether mixture and dried in uucuo 
over PzOS. Its 2-hour thiosulfate titer was now 1.85 mM per mM of the salt. 

Anal .  Calc'd for CsH11C1N-CsHzNa09S: C, 32.0; H, 3.2; N, 13.6; C1. 8.6. 
Found: C, 31.9; H,  3.3; N, 13.5; C1,8.5. 

The mother liquor remaining after the removal of I picrylsulfonate, was concentrated 
in vacuo to  60 cc. and kept at 4'. The salt which had separated was filtered off and dried 
in vacuo over P20,. It was the picrylsulfonate of the chlorohydrin (11); yield 2.25 g., 52%. 
The 2-hour thiosulfate consumption was 1.05 mM per mM of chlorohydrin salt. The salt 
was recrystallized twice from a n  acetone-petroleum ether mixture and dried as before. 
I t s  thiosulfate titer was now 0.94 and its analysis agreed well with that  expected for the 
picrylsulfonate of methyl-8-chloroethyl-8-hydroxyethylamine (11) ; m.p. 142-144'. 

Anal .  Calc'd for CsHl&lNO.CsHzNaOsS: C, 30.7; H,  3.5; N, 13.0; C1, 8.2. 
Found: C, 30.7; H,  3.6; N, 13.0; C1,8.2. 

The isolation of 1 -methyl-1-(8-chloroethy1)ethyEenimonium picrylsulfonate. MBA hydro- 
chloride (7.7 g., 40 mM) was added to  250 cc. of water containing exactly 40 mM of NaOH. 
After shaking the reaction mixture for one-half hour at room temperature, the solution 
was cooled t o  O', acidified with HCl to  Congo Red, and 170 cc. of 0.3 N sodium picrylsul- 
fonate (in 0.5 N HCl) was added. After 15 minutes the precipitate was filtered off, washed 
with cold acetone, and dried over Pz05 in vacuo. The finely powdered salt was stirred for 
30 minutes a t  room temperature with 2 liters of acetone and filtered. 

The imonium salt readily crystallized from the acetone filtrate upon addition of 600 CC. 

of petroleum ether and cooling at 0"; yield 5.3 g. 
Anal .  Calc'd for CsH1lCIN+CsHzNaOpS: C, 32.0; H, 3.2; N, 13.6; C1,8.6. 

Found: C, 32.2; H,  3.3; N, 13.6; C1,8.4. 

6 Unless otherwise stated, all subsequent thiosulfate titers are for 2 hours. 
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A sample of the salt, when allowed to  react with thiosulfate for 2 hours, consumed 1.89 
mM of thiosulfate per m M  of the salt, the thiosulfate titer of MB.4 (under comparable 
conditions) was 1.90 equivalents. 

The thiosulfate titer of the imonium picrylsulfonate was determined in the following 
manner: 45 mg. of the salt was added to 10 cc. of a solution, 0.025 N in thiosulfate and 0.044 
N in bicarbonate. After stirring a t  25" for 2 hours, the excess thiosulfate was titrated with 
0.03 N iodine. 

A sttmlple of I picrylsulfonate was stored for a week in  vacuo over P205 a t  room tempera- 
ture and showed no decrease in the 2-hour thiosulfate titer. After a month at 4', with 
intermittent exposure to room temperature, there was a 4y0 decrease in the thiosulfate titer. 

In the preparation of I picrylsulfonate from RilBA, an acetone-insoluble fraction is 
obtained which does not consume thiosulfate. The analysis of this substance indicates 
that  i t  is the dipicrylsulfonate of the dichloro cyclic dimer (V). 

Anal. 

The picrylsulfonate of I also was prepared by shaking MBAeHCl in an aqueous suspen- 
sion of E<aCOa a t  room temperature and subsequently removing the barium ion at 0". 
MBA.HC1 (1.54 g., 8 m M )  wes added to 50 cc. of water in which 3.16 g. (16 mM) of BaCO, 
was suspended. After shaking for one hour a t  room temperature, the mixture was cooled 
t o  0" and was maintained a t  0-4' during the remainder of the treatment. The excess barium 
carbonate was filtered off and the filtrate was freed from barium ion with sulfuric acid. 
Sodium picrylsulfonate (8 m M  in 25 cc. of 0.05 N HCl) was added. After 10 minutes the 
precipitated picrylsulfonate was filtered off and dried in vacuo over P 2 0 6  at 4"; yield 2.2 g. 

The crude product was recrystallized twice by stirring it in  a large volume of acetone, 
filtering, and evaporating off most of the acetone. The thiosulfate titer of the twice recrys- 
tallized product was 1.80 m M  of thiosulfate per mM of imonium salt. Under comparable 
conditions, a freshly prepared solution of I consumes 1.90 m M  of thiosulfate per mM of MBA 
employed. On this basis the I picrylsulfonate may be considered t o  be 95y0 pure. 

Anal. 

T h e  hiidrolysis of 1 -methyl-I -(B-ch1oroethyl)ethylenimonium picrylsulfonate. The picryl- 
sulfonate of I (1.322 g., 3.2 mM) was continuously stirred in 160 cc. of 0.08 N sodium bicar- 
bonate a t  25". Aliquots were removed at regular intervals and analyzed for Hf, C1- and 
the extent of thiosulfate consumption. In  view of the heterogeneous character of the 
reaction mixture it is of interest that  the same final results were obtained when individual 
samples of the salt were employed instead of aliquots of the reaction mixture. (Pre- 
liminary experiments showed that  C1- can be determined quantitatively in the presence of 
sodium picrylsulfonate.) 

For isolation of the products of hydrolysis, 2.06 g. (5 mM) of I picrylsulfonate were 
stirred continuously in 250 cc. of 0.08 N NaHCOa for 20 hours a t  room temperature. The 
mixture was filtered from a small amount of suspended solid (60 mg.), acidified with HCl to  
Congo Red, and cooled a t  4' for 12 hours. The salt which crystallized was filtered off and 
dried; yield 300 mg. For analysis i t  was recrystallized from an acetone-water mixture and 
dried in air. The elementary analysis agreed with that  for the dipicrylsulfonate of the 
dihydroxy cyclic dimer (VI). This compound, like the corresponding dichloro derivative, 
occurs in two stereoisomeric forms ( 7 ) .  

Anal. Calc'd for CloH2eN202.2CgH21\73095.3H20: C,  33.1, H, 3.7; N, 14.0; H20, 1.1. 
Found: C, 32.8; H,  3.6; N, 13.9; HzO, 0.9. 

The mother liqnor remaining after removal of the dihydroxy cyclic dimer was concen- 
trated to  50 cc. and again cooled a t  4" for 12 hours. The material which crystallized had 
the melting point 201-203' with decomposition; yield, 0.9 g. After two recrystallizations 
from water and drying in air, the compound melted a t  203-205" and its mixed melting point 
with an authentic sample of the dipicrylsulfonate of the linear compound VI1 was 203-205". 

Calc'd for C,0H22C12N2.2CBH2?rT10gS: C, 32.0; H, 3.2; K, 13.6; C1, 8.6. 
Found: C, 31.9; H ,  3.4; N, 13.6, C1, 8.6. 

Calc'd for CsH11ClN.CCH2SaOgS: C, 32.0; H,  3.2; N,  13.6; C1, 8.6. 
Found: C, 32.3; H,  3.1; N, 13.3; C1,8.4. 
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The compound lost one mole of water when dried a t  115"; the anhydrous salt melted a t  
204-206". 

Anal .  Calc'd for C,~HZ~N*O~.~C~HZN~O*S.HZO: C, 32.0; H, 3.9; N, 13.6; HIO, 2.2. 

The picrylsulfonate of pure methyldiethanolamine melts a t  182-183" and i ts  mixture 
with the isolated picrylsulfonate melted a t  175-177". 

The isolated picrylsulfonate (81.4 mg., 0.039 m M )  neutralized 0.0365 mM of NaHCOa, 
whereas the same weight of methyldiethanolamine picrylsulfonate neutralized twice as  
much NaHCOa. These determinations were performed by dissolving the salts in bicar- 
bonate solution, adding excess HCl, and after removal of carbon dioxide in vacuo, titrating 
the excess HC1 in 80% alcohol with KaOH. 

The isolated picrylsulfonate was converted into a Reineckate by treating its hot aqueous 
solution with dichloro cyclic dimer to remove picrylsulfonic acid, followed by the addition 
of the calculated quantity of Reinecke salt dissolved in methanol. The Reineckate was 
dried in vacuo over P z O ~  a t  room temperature. It decomposed a t  147-148'. The Rein- 
eckate lost 14 moles of water when dried a t  100" in vacuo over PzOs. The anhydrous salt 
decomposed a t  148-149". The Reineckate of pure methyldiethanolamine decomposes a t  
168". The elementary analysis accords with the theory for the Reineckate of com- 
pound VII .  

Anal .  Calc'd for CicHzaNzOa.2 C~HGrK;BSr . l~HzO:  C, 24.4; H, 4.7; N, 22.1; HtO, 3.05. 
Found: C, 24.1; H,4.6; N, 22.2; H~0,3 .2 .  

The isolated picrylsulfonate was also converted into a rhodanilete by the same procedure 
used for the preparation of the Reineckate. The rhodanilate decomposed a t  181'. An 
attempt to prepare a pure rhodanilate of methyldiethanolamine was unsuccessful. 

The reaction of the 1 -methyl-1 -(,%chloroethyl)ethylenimonium ion  with chloride. The 
picrylsulfonate of I (413 mg., 1 mM) was added to 50 cc. of water containing 5 mM of HCl. 
After stirring a t  25" for 20 hours, the reaction mixture was filtered from a small amount of 
suspended solid (10 mg.) and concentrated in vacuo to a small volume (5-10 cc.). During 
this time a solid separated which increased in amount upon cooling the mixture a t  0". The 
substance was filtered off and dried in vacuo over Pp06; yield, 260mg.; m.p. 136-140'. The 
authentic picrylsulfonate of MBA melts a t  145-148" and the mixture of the two substances 
melted a t  135-142". The reaction product was recrystallized from water and dried as be- 
fore; m.p. 138-141', and mixed m.p. 140-145". 

Found: C, 32.0; H, 4.05; N, 13.65; HzO, 2.3. 

Anal .  Calc'd for CsHl&lzN.CsHzNaOpS: C, 29.4; H, 3.1; N, 12.5; C1, 15.8. 
Found: C, 29.7; H ,  3.15; N, 12.5; C1, 15.7. 

The thiosulfate titer was 1.82 mM per mM of MBA picrylsulfonate. 
The amount of MBA picrylsulfonate isolated corresponds to 0.58 mM. When correction 

is made for the solubility of this salt, namely, 1.3% a t  0°,' the total yield amounts to 73 
to 87%. 

In  order to prepare an authentic sample of MBA picrylsulfonate for comparison with the 
above product, 1.54 g. (8 mM) of MBA.HC1 was dissolved in 10 cc. of water, and the solution 
was added to 50 cc. of 0.5 N HCl containing 2.8 g. (8 mM) of sodium picrylsulfonate. Upon 
cooling a t  0", the picrylsulfonate of MBA crystallized. It was filtered off and dried over 
PzOa; yield 2.43 g. For analysis, i t  was recrystallized from water and dried as before; 
m.p. 145-148'. 

Anal .  Calc'd for C ~ H I & ~ ~ N . C ~ H Z N ~ O ~ S :  C, 29.4; H, 3.1; N, 12.5; C1, 15.8. 
Found: C, 29.2; H, 3.1; N, 12.5; C1, 15.6. 

The thiosulfate titer (2 hours) was 1.86 mM per m M  picrylsulfonate. 

7 MBA forms sparingly soluble salts with several aromatic sulfonic acids other than pic- 
rylsulfonic acid. The approximate solubility, in 0.5 N HCl a t  O", of the flavianate is 2.5%; 
that  of the 2,~-diiodophenol-4-sulfonate is 1.8%; and that of the 5-nitronaphthalene-I- 
sulfonate is 2.9%. 
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The conversion of the picrylsulfonate of the chlorohydrin (11) to the corresponding hydro- 
chloride. The chlorohydrin picrylsulfonate (124 mg., 0.29 mM) was dissolved in 6 cc. of 
water. To this solution, 0.48 cc. of a 0.3 M solution of dichloro cyclic dimer was added. 
The picrylsulfonate of the dimer precipitated immediately. The mixture was left for 15 
minutes at room temperature and for 15 minutes at 4". The precipitate was filtered off and 
dried over PzOa in vacuo; yield 116 mg. (97.5%). This substance did not dissolve in, and 
did not react with, aqueous thiosulfate. The filtrate after removal of the dimer salt was 
stored at 4" for one-half hour before being used for the toxicity experiments. 

An approximate measurement of the solubility of the dichloro cyclic dimer dipicryl- 
sulfonate was made by determining the total nitrogen in an aliquot of a saturated aqueous 
solution of the dimer salt. In this manner, the solubilities at 0' and 25" were found t o  be 
0.05% and 0.07% respectively. 

The cyclization of the chlorohydrin (11). The chlorohydrin hydrochloride solution was 
brought to pH 7 with NaHCOI, diluted t o  the desired volume and maintained at  25' for 
one hour, Aliquots were removed for C1- determination and thiosulfate titer and t h e  
remainder was immediately injected into mice. The C1- liberated was 0.97 m M  per mM of 
chlorohydrin and the thiosulfate consumption (10 min.) was 0.86 mM per mM of the chloro- 
hydrin originally present. 

The isolation of 1-methyl-l-(,%hydroxyethyl)ethylenimonium picrylsulfonate. The hydro- 
chloride (of the chlorohydrin* (1.801 g., 10.3 mM) was added to  100 cc. of water containing 
10.3 m M  of NaOH. After 30 minutes at 25', the reaction mixture was cooled to  O', and acidi- 
fied with HCl to  Congo Red. A solution of 3.51 g. (10.5 mM) of sodium picrylsulfonate in  
35 cc. of 0.3 N HC1 was then added and, after standing 15 minutes at O', the precipitate which 
formed was filtered off. This substance was dried in vacuo over P206 at room temperature; 
yield 0.915 g. (23%). It was insoluble in, and did not react with, thiosulfate. I t s  ele- 
mentary analysis shows i t  t o  be the dipicrylsulfonate of the dihydroxy cyclic dimer (VI). 

Anal .  Calc'd for Cl~HzrNz02.2CaH2NaOpS.HzO: C, 32.8; H, 3.75. 
Found: C,  32.7; H, 3.7, 

A sample of this compound, isolated as a hydrolysis product of I picrylsulfonate, lost 
one-half mole of water (0.9%) when dried at temperatures up t o  130'. The present sample 
behaves in  the same manner; the analysis of the substance dried at  130' is given below. 

Anal .  Calc'd for C,~HZ,N~OZ.~C~H,~',O~S.~HZO: C, 33.1; H, 3.7; N, 14.1. 
Found: C, 33.1; H, 3.7; N, 14.1. 

After removal of the dihydroxy cyclic dimer, the filtrate was concentrated in vacuo to  
50 cc. and cooled at 4' for 3 hours. The salt which crystallized was the picrylsulfonate of 
111. It was dried in uucuo over Pros at room temperature; yield 1.55 g. (38%). The sub- 
stance consumed 0.94 mole equivalents of thiosulfate. 

Anal .  Calc'd for C~H12NO.C~H2NtOpS: C, 33.5; H, 3.6; N, 14.2. 
Found: C, 33.4; H, 3.7; N, 14.3. 

The compound was recrystallized from acetone-petroleum ether. Its thiosulfate t i ter  
and elementary analysis were unchanged. The compound decomposed at 220' and gave a 
negative test for chlorine (sodium fusion). 

The mother liquor remaining after removal of the I11 picrylsulfonate was concentrated 
in vacuo to  about 25 cc. and cooled for one hour a t  4'. The picrylsulfonate of the chloro- 
hydrin (11) crystallized from the mixture. It was filtered off and dried in vacuo over P ~ O S ;  
yield 0.46 g. (lOoj,) ; m.p. 140-143". After recrystallization from acetone-petroleum ether, 
i t s  melting point and mixed melting point with the authentic compound was 142-144'. Its 
2-hour thiosulfate titer was 0.92 mole equivalents. 

The hydrolysis of I-methyl-1 -(p-hydroxyethy1)ethylenimonium picrylsulfonate. The I11 
picrylsulfonate (1.62 g., 4.1 m M )  was added to 205 cc. of NaHCO, solution (0.08 M ) .  The 
resulting solution was maintained a t  25" for 20 hours and then was cooled, acidified with 
HC1 andl concentrated in z)acuo to  about 50 cc. The crystalline material which separated 

*We are indebted to  Dr. R. L. Shriner for a sample of the chlorohydrin hydrochloride. 
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was collected on a filter, washed with n-ater, and dried over P206 in vacuo; yield 0.9 g. 
(53%) of the dipicrylsulfonate of the linear compound VII ;  m.p. 203-205"; mixed m.p. 
204-206". The authentic compound melted at 205-207". From the mother liquor another 
crop of the dipicrylsulfonate of the linear compound %as obtained; yield 0.37 g. (10%); m.p. 
204-206"; mixed m.p. 205-207'. 

Further fractionation of the mother liquor yielded 0.12 g. of sodium picrylsulfonate and 
0.10 g. (670) of methyldiethanolamine picrylsulfonate; m.p. 177-180'; mixed m.p. 178-181". 
The isolated compound was recrystallized from water; m.p. 179-181'; mixed m.p. 179-182'. 

The  reaction of the 1 methyl-1 -(p-hzJdroxyethy1)ethylenimonium ion  with chloride). The 
I11 picrylsulfonate (187 mg., 0.5 mM) was dissolved in 10 cc. of 0.2 N HCl. After standing 
24 hours at room temperature, the solution was concentrated in V ~ C U O .  Alcohol was added 
to  the residue and the concentration was repeated. After removal of the alcohol, the 
residue was identified as the chlorohydrin picrylsulfonate, m.p. 130-139", mixed m.p. 
138-141". The compound was recrystallized from water; m.p. and mixed m.p. 139-141'; 
thiosulfate titer, 0.95 mM per mM of chlorohydrin salt. 

Conversion of the ZZI picrylszdfonate to the corresponding chloride. The I11 picrylsulfonate 
(43 mg., 0.109 mM) was dissolved in 7 cc. of water and the solution was treated with 0.185 cc. 
of a 0.3 M dichloro cyclic dimer solution. The mixture was cooled at 0" for 15 minutes and 
filtered. The dried precipitate (dipicrylsulfonate of the dichloro cyclic dimer) weighed 
41 mg. (91%). The filtrate was made up to  10 cc. and immediately used for injection 
into mice. 

Preparation of the "Bunle Salt" of M B A .  A solution of MBA-HC1 (10 g., 8 mM) was 
added to  40 cc. of a solution containing 8 g. of Na2Sz03.5 H20 (32 mM), 1.34 g. of NaHCOs 
(16 mM), and 8 cc. of N NaOH. The mixture was shaken for 30 minutes and then left at 
room temperature for 6 hours. The clear reaction mixture was evaporated to  dryness under 
reduced pressure and the residue was extracted with hot absolute alcohol. On concentra- 
tion of the alcohol extract under reduced pressure, the crystalline product was obtained; 
yield 2.0 g. The material was dried in air for analysis. 

Anal .  Calc'd for CsHltNNa20sS4.tH10: C, 16.5; H, 3.3; N, 3.8; S, 35.1; Na 12.6. 
Found: C, 16.2; H, 3.7; N ,  3.7; S, 34.8; Na, 12.8. 

Preparation of sodium picrylsulfonate. Sodium bisulfite, A.R. (100 g. finely ground) was 
added to  100 g. of picryl chloride suspended in 1200 cc. of absolute ethanol. The mixture 
was heated on the steam-bath for 6 hours (no condenser). The alcohol which boiled off was 
replaced. The reaction mixture was cooled to  0", and then filtered. The solid was stirred 
into 200 cc. of water and the aqueous suspension was heated to  boiling. The mixture was 
kept boiling gently until most of the solid had dissolved (about 10 minutes). During this 
time the deep red color of the solution became pale orange. The hot solution was filtered 
and the filtrate cooled a t  0". The sodium picrylsulfonate which crystallized was filtered 
off and recrystallized once from water and once from 50% alcohol; yield 75 g. of nearly 
colorless crystals. 

Anal .  Calc'd for C6HzNsNaOpS.2 Hz0: C, 20.5; H, 1.7; N, 12.0; H20, 10.3. 
Found: C,  20.6; H,1.8; N, 12.1; H20, 10.4. 

Preparation of picrylsulfonic acid. Sodium picrylsulfonate (100 g.) was dissolved in 1 
liter of acetone, charcoal was added, and the solution filtered. Fifty cc. of concentrated 
HCl was added to  the filtrate. The NaCl which precipitated was filtered off, and the fil- 
trate concentrated in vacuo to  about 300 cc. Any additional NaCl was filtered off, and the 
filtrate concentrated to  dryness. The residue was crystallized from a hot mixture of 53 CC. 

of alcohol, 30 cc. of water, and 70 cc. of concentrated HCI; yield 63 g. of pale yellow needles. 
Anal. Calc'd for CaHoNaOpS.4 H2O: C, 19.7; H, 3.0; N, 11.5; H20,19.7. 

Found: C, 19.9; H, 3.1; N, 11.6; HzO, 19.6. 

The authors wish to acknowledge with thanks the helpful cooperation of Miss 
Rosalind E. Joseph, who assisted in the conduct of these experiments, and of 
Mr. Stephen M. Nagy, who performed the microanalyses reported in this paper. 

NEW YORK, N. Y. 
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In the course of a systematic study of the chemical reactions of the nitrogen 
mustard gases (1,2), experiments were performed to determine the sequence of 
reactions undergone by ethyl-bis(p-chloroethy1)amine (EBA) in water. The 
methods employed in this series of experiments were analogous to those used in 
the case of the lower homolog, methyl-bis(Pchloroethy1)amine (MBA). ks 
may be expected from its close structural similarity to the latter compound, the 
behavior of EBA, in many respects, is similar to that of its homolog, MBA. 

The transformations of ethyl-bis(/3-chloroethyl)amine in bicarbonate solution. 
When EBB (0.02 M )  is shaken with aqueous bicarbonate (pH S), somewhat 
more than one equivalent of C1- is released during the first 15 minutes (Table 
I). :During this period very little H+ is liberated. The 2-hour thiosulfate 
titer of an aliquot is very high. From these three sets of data, it must be con- 
cluded that EBA has been transformed into ethylenimonium form (I) (cf. 
Figure 1). The use of the 2-hour thiosulfate titer represents a departure from 
the procedure employed in the case of MBA. As pointed out previously (l), 
it required 10 minutes for the theoretical uptake of one equivalent of thiosulfate 
per mole of MBA. On the other hand, EBA reacts with thiosulfate a t  a faster 
rate than does MBA; thus, even when the time employed for its reaction with 
thiosulfate is reduced to 5 minutes, the thiosulfate test gives a value much higher 
than that theoretically possible for one equivalent of ethylenimonium group per 
mole of EBA. For this reason, in the present communication, the total thiosul- 
fate consumption after 2 hours is used; when taken in conjunction with the data 
on C1- and H+ liberation, it provides a measure of the extent of ethylenimonium 
ion formation. When the reaction is allowed to go to completion, EBA like 
MBA. consumes 2 equivalents of thiosulfate to form the “Bunte salt” (cf. experi- 
mental section). 

As will be noted from Table I, during the later stages of the reaction of EBA 
in bicarbonate, there is released a second equivalent of C1-. This process is 
completed within 24 hours, and is accompanied by an appreciable liberation of 
H+. There also occurs a progressive decrease in the concentration of quaternary 
compounds as represented by the difference between the C1- and H+ values. 

1 This work was done in whole under Contract No. OEMsr-313 between The Rockefeller 
Institute for Medical Research and the Office of Scientific Research and Development, which 
assumes no responsibility for the accuracy of the statements contained herein. The ex- 
periments were performed during the period June 1942-January 1944. 

2 Present address, Yale University, New Haven, Connecticut. 
* Died, November 7,1944. 
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The H+ liberation continues after all the theoretically possible C1- has ap- 
peared, and after 96 hours reaches the value of 1.68 milliequivalent of H+ per 
mM of EBA. At this time, the thiosulfate titer has dropped to a low value 
which is not appreciably different from that for the concentration of quaternary 

/CHIC&oH 
CzHsN CSHbN- CH2 - --f C I H ~ N  

+/Y 
CHICHZC1 

\ 
CHtCHiCl 

\ 
CHtCHlCl 

\ 

CHz CHtCHzOH 
/ 

\ \ 
CHa -+ CXHpN C2H:N- 

+/ \ 

CHZC HzOH 
111 

CHiCHzOH 
1v 

FIG. 1 

TABLE I 
THE HYDROLYSIS OF ETHYL-BIS(#-CHLOROETHYL)AMINE (EBA) IN BICARBONATE SOLUTION 

Concentration of reactants per cc.: 0.02 mM of EBAmHCI; 0.02 mM of NaOH; 0.03 mM 
of NaHCOt. 

Temperature 25'; pH 8. 

TIME. MIN. 

15 
60 

120 
300 
600 

1440 
2880 
5i60 

CL-LIBERATED PEX 
OF EBA M.EQUIV. 

1.11 
1.19 
1.27 
1.47 
1.70 
2.00 
2.02 

(2.00) 

H+ LIBERATED PER mM 
OF EBA I6.EQUIV. ( c L - ) - m + )  L E Q U I V .  

0.08 
0.18 
0.22 
0.43 
0.65 
1.10 
1.43 
1.68 

1.03 
1.01 
1.05 
1.05 
1.05 
0.90 
0.59 

(0.32) 

NArSzOs CONSUbtED 
IN 2 HOUXS PER fl4M OF 

EBA Y.EQUIV. 

1.87 
1.80 
1.68 
1.46 
1.27 
0.76 
0.44 
0.27 

nitrogen present. These data are best interpreted as indicating nearly complete 
hydrolysis of EBA to ethyldiethanolamine. This conclusion receives con- 
firmation from the data presented in Table I11 which show that the EBA trans- 
formation products I1 and I11 are hydrolyzed rather completely to form ethyl- 
diethanolamine. 

When the initial concentration of EBA is increased from 0.02 M to 0.13 M ,  
compounds containing stable quaternary nitrogen are formed. The extent of 
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15 
90 

300 
1440 
2880 

the formation of these compounds is much less in the case of EBA, however, than 
had been observed previously for MBA under the same experimental conditions. 
The transformations of ethyl-his(@-chloroethy1)amine in unbuffered solution. 

When EBA (0.02 M )  is shaken with water in the absence of bicarbonate (Table 
11), somewhat more than one equivalent of C1- is liberated rapidly (within 15 
minutes) but no further C1- liberation is observed during the next 48 hours. 
Since, within 15 minutes, little H+ has been liberated and the 2-hour thiosulfate 
titer is very high, most of the EBA must have been transformed into the ethyleni- 
monium form (I). As the reaction proceeds, Hf is liberated, but much more 
slowly than during the hydrolysis in aqueous bicarbonate. The acid liberation 
in the unbuffered solution gradually approaches one equivalent of H+ per mole 
of EBA. The thiosulfate titer drops much more slowly than in the experiment 
with bicarbonate. 

1.12 0.10 1.88 
1.15 .25 1.85 
1.15 .35 1.68 
1 .17  .75 1.25 
1.16 .87 1.10 

TABLE I1 
THE HYDROLYSIS OF ETHYL-BIS@-CHLOROETHYL)AMINE (EBA) IN UNBUFFERED SOLUTION 

Concentration of reactants per cc.: 0.02 mM of EBAsHCl; 0.02 ntM of NaOH. 
Tem:perature 25"; pH ca. 7 (at start); pH ca. 5 (at end). 

It is of interest that a t  any time the SUM of the milliequivalents of thiosulfate 
consumed in 2 hours and the milliequivalents of H+ liberated is equal to two, 
within the limits of experimental error. This finding indicates that, under 
these experimental conditions, hydrolysis is the only reaction occurring in un- 
buffered solution. The presence in the solution of compounds containing stable 
quaternary nitrogen is, therefore, precluded. This conclusion is supported 
further by evidence to be presented below. It will be recalled that, under 
similar conditions, MBA gives rise to compounds containing stable quaternary 
nitrogen. It would appear, therefore, that, as was noted in bicarbonate solu- 
tion, EBA has less of a tendency to form dimeric products in unbuffered solution 
than does MBA. 
The isolation of l-ethyl-l-(/3-chloroethyl)ethylenimonium picrylsulfonate. As 

shown above, EBA is rapidly converted into the ethylenimonium form (I). 
This irnonium compound has been isolated as its picrylsulfonate from a 30-minute 
old unbuffered solution of EBA (0.133 M ) .  The procedure was essentially 
the same as that employed in the isolation of the corresponding ethylenimonium 
form of hlBA (1). 

The precipitate formed on addition of sodium picrylsulfonate to a 30-minute 
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1.05 
1.00 
0.85 

-60 

.30 

old solution of EBA is pure I picrylsulfonate. In the case of MBA, the initial 
precipitate contained large amounts of the dipicrylsulfonate of the dichloro 
cyclic dimer of MBA [N , N'-dimethyl-N , N'-bis(p-chloroethy1)piperazinium 
dichloride]. It is of interest that under comparable conditions no appreciable 
quantity of dimeric products can be detected in the case of EBA. 

The isolation and hydrolysis of the chlorohydrin (11). After the hydrolysis of 
EBA in unbuffered solution has proceeded for 48 hours, one equivalent of C1- 
and nearly one equivalent of H+ have been liberated, suggesting that the prin- 
cipal product present at this time is the chlorohydrin (11). This chlorohydrin 

0.90 

.75 
-60 

.10 

TABLE I11 

THE HYDROLYSIS OF THE TRANSFORMATION PRODUCTS OF ETHYL-BIS@-CHLOROETHYL)AMINI 
IN BICARBONATE SOLUTION 

Concentration of reactants per cc.:  0.02 mM of picrylsulfonate of I1 or 111; 0.08 mM of 
NaHCOa. 

Temperature 25". In the hydrolysis of I1 the pH was 7.4 at  the start, 8.2 after 20 hours, 
and 8.8 after 44 hours. In the hydrolysis of I11 the pH was 8.3 at the start and 8.6 after 24 
hours. 

TIMZ, MIN. 

30 
60 

180 
300 
480 

1200 
1440 
2640 

H+ LIBEPATED PEP mM 
CL- LIBEPATED PEP 

mM II M.EQUIV. 
11 M.EQUfV. 1 111' Y.EQUIV. 

0.95 
0.97 
1.00 

1.00 

1.01 

0.02 
.05 
.18 

.47 

.75 

0.10 

.25 

.35 

.95 

0 It will be noted that the disappearance of 111 occurs more rapidly than when i t  ie 
formed during the hydrolysis of 11. The higher initial pH during the hydrolysis of I11 
may be the reason for this effect. 

has been isolated as a salt of picrylsulfonic acid from such a 48-hour aged solu- 
tion of EBA. The yield corresponded to 90% of the original EBA. 

As may be seen from Table 111, the picrylsulfonate of the chlorohydrin (11) 
dissolves readily in aqueous bicarbonate and, within 30 minutes at 25", is com- 
pletely converted into the ethylenimonium form (111). The hydrolysis of this 
ethylenimonium compound to ethyldiethanolamine (IV) proceeds slowly. 
After 20 hours at 25", only about 40% is hydrolyzed, while after 44 hours, the 
extent of hydrolysis attains about 70%. The hydrolysis evidently is not com- 
plete even after 44 hours because, as will be noted from Table 111, there is an 
appreciable thiosulfate titer indicating that the solution still contains some 111. 
As shown below, I11 hydrolyzes to ethyldiethanolamine in bicarbonate solution. 

The  isolation and hydrolysis of 1 -ethyl-l-(8-hydroxyethyl)ethylenimonium picryl- 
sulfonate. Compound I11 has been isolated in the form of a picrylsulfonate from 
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DOSAGE 

a solution of the chlorohydrin picrylsulfonate which had been aged a t  pH 7-8 
for 30 minutes at 25". The yield was 84%. It will be noted from Table I11 
that during the hydrolysis of I11 in bicarbonate solution, H+ gradually appears 
and after 24 hours, the Hf liberation reaches a value of nearly one equivalent. 
The liberation of H+ is accompanied by a corresponding drop in the thiosulfate 
titer. These results indicate that in bicarbonate solution, I11 hydrolyzes to 
ethyldiethanolamine (IV). Under comparable conditions, the corresponding 
ethylenimonium compound derived from MBA is only partially hydrolyzed to 
methyldiethanolamine, the principal product being a linear compound formed 
by the reaction of the imonium compound with methyldiethanolamine. 

NO. OB MlCF. INJECTED 

TABLE IV 
THE TOXICITT TO MICE OF THE TRANSFORMATION PRODUCTS OF 

ETHYL-BIS(&CHLOROETHYL)AMINE 
SUBSTAWE (EMPLOYED 

AS CHLORIDE 
OR EYDROCHLORIDE) 

I1 

I11 

mE./kC. 
55 
40 

20 

10 

7 .5  
4 .5  

19.5 
13.5 
8 . 5  
5 . 5  
2.75 

3 
3 

3 

6 

3 
3 

3 
3 
3 
3 
3 

EFFECT ON micE 

All dead within 15-63 min. 
2 dead within 23-25 min. 
1 dead within 2 days. 
1 dead within 28 min. 
2 dead within 2 4  days. 
3 dead within 4 days. 
3 alive after 5 dags. 
All alive after 5 days. 
All alive after 5 days. 

All dead within 18-26 min. 
All dead within 17-19 min. 
All dead within 2945 min. 
All alive after 7 days. 
All alive after 7 days. 

The toxicity o j  the transformation products of ethyl-bis(&chloroethyl)amine. In 
order to study the toxicity of the transformation products of EBA, their picryl- 
sulfonates were converted to the corresponding chlorides or hydrochlorides by 
double decomposition with the dichloro cyclic dimer of MBA as described pre- 
viously (1). The approximate toxicities of these compounds upon intraperi- 
toneal injection into mice are given in Table IV. The results are in good agree- 
ment with the LDao values of Smith et d. (3). These investigations reported 
that for mice the chlorohydrin (11) has an LDB~ of less than 8 mg./kg. intra- 
peritoneally or subcutaneously. The LD60 value for I11 was about 7.5 mg./kg. 
intraperitoneally, 5.5 mg. subcutaneously, and 5.0 mg./kg. intravenously. 
For I, the LD6o was less than 2 mg./kg. upon subcutaneous injection into mice. 

In contrast to the behavior of the corresponding ethylenimonium compound 
derived from MBA, compound I11 is no more toxic than its parent compound, 
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the chlorohydrin (11). This might be explained by the fact that the cycliza- 
tion of the chlorohydrin to I11 occurs much more rapidly than does the cor- 
responding reaction in the MBA series. 

EXPERIMENTAL 

Analytical methods. The mehods for determining the C1- and Hf liberation, and the 
thiosulfate consumption have been described previously (1,2). 

The isolation of 1 -ethyl-1 -(P-chloroethy1)ethylenimonium picrylsulfonate. An aqueous 
solution (25 cc.) containing 20 mM of EBAeHCI was added to 203 cc. of 0.1 N NaOH. The 
mixture was shaken for 30 minutes, then chilled to 0" and acidified with HCl to Congo Red. 
A solution of 8 g. of sodium picrylsulfonate was then added. After 20 minutes, the crystal- 
line precipitate was filtered and dried over P20s; yield 5.2 g. 

Anal.  Calc'd for CsHIrClN.CsHzN300S: C, 33.8; H, 3.5; N, 13.1; C1,8.3. 
Found: C, 33.8; H, 3.6; N, 13.0; C1,8.4. 

The 2-hour thiosulfate titer, performed in the manner already described (2), was 2.02 
equivalents. 

The isolation of the chlorohydrin (11) as a picrylsulfonate. To 403 cc. of water containing 
exactly 20 mM of NaOH were added 4.13 g. of EBA.HC1 (20 mM). The mixture was shaken 
for 15 minutes and the resulting clear solution was left at 25' for 48 hours. After chilling 
to 0', the solution was acidified with HC1 to Congo Red. Sodium picrylsulfonate (7.5 g. 
in 80 cc. of 0.5 N HCl) then was added. The solution was concentrated under reduced 
pressure (bath temperature 35-40') to a volume of 100 cc. and kept at 0" overnight. The 
crystals which formed were filtered off and dried in vacuo over PzOs; yield 8.0 g. (90%). 
The 2-hour thiosulfate consumption of this substance was 1.08 equivalents. The salt was 
recrystallized from acetone-petroleum ether. Its thiosulfate titer was now 1.02 equiva- 
lents; m.p. 110-111'. 

Anal.  Calc'd for CEHtlClNO-CaHzOsN3S: C, 32.4; H, 3.6; N, 12.6; Cl, 8.0. 
Found: C, 32.6; H, 3.7; N, 12.4; C1,7.9. 

The isolation of 1 -ethyl-1 -(P-hydroxyethy2)ethylenimonium picrylsulfonate. The chloro- 
hydrin picrylsulfonate (2.23 g., 5 mM) was stirred for 30 minutes a t  25' with 53 cc. of 0.1 N 
NaHC03. A slight amount of undissolved material was filtered off and the filtrate was 
chilled to 0" and acidified to Congo Red. Crystallization began quickly. After standing 
a t  0' overnight, the crystals were filtered off and dried in vacuo over P206. The filtrate was 
concentrated to 25 cc. under reduced pressure end a second crop of crystals was collected. 
The total yield was 1.7 g. (81%). The 2-hour thiosulfate titer of each fraction was 1.01 
equivalents. On sodium fusion, the material gave a negative test for chloride. For 
analysis, the substance was recrystallized from acetone-petroleum ether. 

Anal .  Calc'd for CeH,4N0.C6H2NaOoS: C, 35.3; H, 4.0; N, 13.7. 
Found: C, 35.4; H, 4.0; N, 13.5. 

Preparation of 'LBunte Salt" oj' E B A .  Five cc. of a solution containing 4 mM of EBA- 
HCl were added to 20 cc. of a solution containing 16 mM of NaZS203, 16 mM of NaHCOs, 
and 4 m M  of NaOH. The mixture was shaken for 30 minutes and left a t  room temperature 
for 6 hours. The solution was evaporated to dryness under reduced pressure and the 
residue was extracted with three 100-cc. portions of hot absolute alcohol. On concentration 
of the alcohol extract under reduced pressure, the "Bunte Salt" was obtained in crystalline 
form; yield 2.2 g. The substance was recrystallized from alcohol-ether. For analysis, 
the material was dried to constant weight in air. 

Calc'd for C6H,,NP\TarOsS4.2 H20: C, 17.8; H, 4.2; N, 3.5; S, 31.6; Na, 11.3; HnO, 

Found: C, 17.6; H, 4.2; N, 3.4; S, 31.4; Na, 11.3; H20,  8.9. 

Anal .  
8.9. 
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It has been found (1, 2, 3) that, upon standing at room temperature for 24 
hours or longer, 1% aqueous solutions of methyl-bis(p-chloroethy1)amine (MBA) 
exhibit a neurotoxic action upon administration to experimental animals. The 
present investigation was undertaken to determine the nature of the trans- 
formation products of MBA responsible for this pharmacological action. 

Hartley, Powell, and Rydon (1) studied the composition of 1% solutions of 
MBA aged for 48 hours and found, by fractionation of picrates, that the solu- 
tions contained of the dichloro cyclic dimer [N , N'-dimethyl-N ,N'-bis- 
(P-chloroethy1)piperazinium dichloride (V)4], 15% unchanged MBA, and 35% 
of the chlorohydrin [methyl-P-chloroethyl-P-hydroxyethylamine (II)]. In a 
later report (3), Hanby and Rydon stated that the composition of a 1% aged 
solution was 25y0 dimer, 20% unchanged MBA, chlorohydrin, and 20% 
methyldiethanolamine. The values for the last two components were based 
on analytical rather than isolation data, however. 

The fractionation of aged solutions by the picrate method has been repeated 
in this laboratory. The amounts of dimer and unchanged MBA present in our 
aged solutions, to jndge from the weights and thiosulfate titers of the crude pic- 
rate fractions, were about 30% and lo%, respectively. The yield of chloro- 
hydrin was 37% of the MBA employed. Measurements of the thiosulfate 
titer of the mother liquors, however, indicated that the presence of an additional 
70/, of chlorohydrin, and about half of this amount was, in fact, isolat,ed as a 
picrylsulfonate. No methyldiethanolamine could be isolated as a picrate from 
the mother liquors. The picrate procedure, therefore, permitted the isolation 
of only about 75% of the original MBA. 

It has been found that picrylsulfonic acid (cf. Paper I of this series) is a better 
reagent than picric acid for the isolation of the components of aged solutions of 
MBA; cleaner separations and much higher total yields (over 90%) are obtained. 
The picrylsulfonate isolation procedure was applied to the following 48-hour 
aged solutions of MBA: (a) a 1% solution of the free base, (b) a 1% solution of 

1 This work was done in whole under Contract No. OEMsr-313 between The Rockefeller 
Institute for Medicr.1 Research and the Office of Scientific Research and Development, which 
assum.es no responsibility for the accuracy of the statements contained herein. The ex- 
periments TT ere performed during the period June 1942-January 1944. 

2 Present address, University of Pittsburgh, Pittsburgh, Pennsylvania. 
I Died, Iiovember 7, 1944. 
4 The structural formulas of this, and the other transformation products of MBA re- 

In  the ferred to in this paper, are given in Figure 1 in the previous paper of this series. 
present communication, the numbering is unchanged. 
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the base, containing one equivalent of NaCl (from neutralization of the MBA 
hydrochloride), and (c) a 1.56% (0.10 M )  solution of the base containing one 
equivalent of NaC1. The results of these experiments are given in Table I. 
It will be noted that the presence of NaCl and/or an increase in initial concen- 
tration of MBA leads to an increase in the amount of dichloro cyclic dimer and 
a decrease in the extent of hydrolysis. Under these different conditions, the 
amount of unchanged MBA remains fairly constant. 

In each of these isolation experiments, the results obtained by the picrylsul- 
fonate method were checked against the analytical data obtained on the aged 
solution before any manipulation had been performed upon it. Such a com- 
parison should reveal changes in the composition of the aged solution produced 
by the experimental procedures incident to the isolation. The analytical data 
obtained on the aged solutions just prior t o  the isolations are given in Table 11. 
The analyses include measurements of the C1- and H+ liberated, and the 2-hour 
thiosulfate titer; the difference between the values for the C1-and H+ represents 
the C1- neutralized by quaternary nitrogen. 

Comparison of the analytical data of the 1% solutions aged in the presence 
and absence of NaCl shows that the latter has a higher thiosulfate titer but is not 
significantly different in other respects from the former. It appears that, in the 
presence of KaC1, the amount of dimer is decreased while the amount of imo- 
nium compounds and/or chlorohydrin is increased. The isolation data of Table 
I show that the solution aged in the absence of NaCl actually has less dimer and 
more chXorohydrin than is present in the solution aged in the presence of NaC1. 
Under the conditions of the isolation, any l-methyl-l-(P-hydroxyethy1)ethyleni- 
monium chloride (111) would be expected to revert to the chlorohydrin (11). 
As was mentioned in the previous paper of this series, a reversion occurs when 
I11 picrylsulfonate is allowed to stand in dilute HC1 solution. 

The 1.56% aged solution of MBA contains more quaternary nitrogen but less 
H+ and has a lower thiosulfate titer than does the corresponding 1% solution. 
This indicates a greater degree of dimerization and less hydrolysis at 1.56% 
than at 1% concentration. 

If no alteration in the composition of the aged solutions had occurred during 
the isolation procedures, there should be a fairly good quantitative agreement 
betweert the analytical values and the corresponding values calculated from the 
isolation data, since more than 90% of the original MBA has been accounted 
for in each isolation. Such a comparison is given in Table 11. It will be noted 
that all the carbon-bound chlorine has been accounted for, but that the cal- 
culated values for H+, C1-, and thiosulfate titer are appreciably lower than the 
corresponding titration values. This may mean that the material not accounted 
for is largely methyldiethanolamine and the hydroxyethyl imonium compound 
111. It is likely that only I11 and not the chloroethyl imonium compound I 
would be present because the picrylsulfonate of the latter would have been one 
of the first to precipitate during the isolation procedure. 

The titration data of Table I1 show that for the aged solutions the thiosulfate 
titers are higher than are the values for the Hf liberated. This difference may 
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be taken as a further indication for the presence of ethylenimonium compounds 
in the aged solutions. As reported in Paper I of this series, the imonium com- 
pound I was isolated from the aged 0.02 M MBA solution. This shows that 
ethylenimonium compounds may remain in unbuffered solutions of MBA for 
long periods of time. 

From the results given above, it would appear that the composition of 48- 
hour aged solutions of MBA is known within narrow limits. Since the cyclic 

TABLE I 
COMPOSITION OF 4 8 - H o u ~  AQED SOLUTIONS OF METHYL-BIS@-CHLOROETHYL)AMINB (MBA) 

I I COMPONEWTS ISOLATED 

I I I I I I 
1 
1 
1.56 

absent 
present 
present 

22 
31 
44 

58 
49 
39 

2 
3 
0.3 

11 
9 
8 

93 
92 
91.3 

TABLE I1 
THE ANALYSIS OF 48-Hou~ AGED SOLUTIONS OF METHYL-BIS(~-CHLOROETHYL)AMINE (MBA) 

The values in  parentheses are calculated from the isolation data given in Table I. 

CONCENTRATION 
or MBA ?& 

1 

1 

1.56 

NACL 

absent 

present 

present 

CL- LIBERATED 

M.EQUIV. 
PEP mM MBA 

1.00 
(0. %) 
0.99 

(0.86) 
1.00 

(0.84) 

CARBON-BOUND 
CL PER mM 

MBA M.EQUIV. 

1.00 
(0.91) 
1.01 

(0.98) 
1.00 

(0.99) 

H+ LIBERATED 

Y.EQUIV. 
PER mM MBA 

0.66 
(0.62) 
0.64 

(0.55) 
0.54 

(0.40) 

QUATERNARY 
N (Cl--H+) 
Y.EQVIV. 

0.34 
(0.22) 
0.35 

(0.31) 
0.46 

(0.44) 

NA~SIO: 

2 HRS. PEP mM 
MBA Y.EQUIV. 

CONSUMZD IN 

0.87 
(0.80) 
0.73 

(0.67) 
0.63 

(0.55) 

dimer (V) is relatively non-toxic, it is concluded that the toxicity of the aged 
solutions of MBA is to be attributed to the presence of the chlorohydrin (11), 
unchanged MBA and possibly also to small amounts of the imonium compound 
(111). 

EXPERIMENTAL 

Isolation of products f r o m  a n  aged 1% (0.064 M )  unbuffered solution of MBA (NaCl absent). 
One liter of a solution containing 10 g .  (64 mM) of MBA (freshly distilled) was maintained 
a t  25" for 48 hours. A 35-cc. aliquot was removed for the analyses reported in Table 11. 
The remainder of the solution was cooled to  0", acidfied with HC1 to Congo Red and then 
treated with a cold aqueous solution of 22.6 g.  (62.0 mM) of picrylsulfonic acid. After 
standing several hours a t  4 O ,  the dipicrylsulfonate of the dichloro cyclic dimer (V) sep- 
arated; i t  was filtered off and dried over PtOe; yield 5.55 g .  (22%). The compound did not 
react with thiosulfate and did not melt up to 250". 

The filtrate was concentrated under reduced pressure to  600 cc. and upon cooling at 4', 
the solution deposited the pure chlorohydrin picrylsulfonate; yield 10.0 g. (38%); m.p. and 
mixed m.p. 141-143'. The compound consumed 0.99 equivalents of thiosulfate in 2 hours. 
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The filtrate was concentrated in vacuo t o  400 cc. and cooled a t  4'. The crude MBA 
picrylsulfonate (1.4 g.) crystallized (fraction 1) ; m.p. 123-128'; thiosulfate titer, 1.75 mM 
per m M  of MBA picrylsulfonate. The compound was recrystallized twice from 10-cc. 
portions of hot water containing HCl; yield 0.9 g. (3%) of MBA picrylsulfonate; m.p. and 
mixed m.p. 144-146'; a n  authentic sample melted at 145-147". Thiosulfate titer, 1.96 m M  
per m M  of  MBA picrylsulfonate. 

After removal of fraction 1, the filtrate was concentrated to  200 cc. and cooled a t  0". 
A mixture of the MBA and chlorohydrin picrylsulfonates crystallized; yield 1.9 g., (fraction 
2) ; m.p. 125-128'; thiosulfatetiter, 1.3. When recrystallized from acetone, this fraction 
yielded 0.85 g. (3%) of the chlorohydrin picrylsulfonate; m.p. 141-142'; mixed m.p. 140-142'. 
The 2-hour thiosulfate titer was 0.97 m M  of chlorohydrin salt. 

After removal of fraction 2, the filtrate was concentrated to 50 cc. and cooled at  0'; 
yield 5.9 g. (fraction 3) of a mixture containing mostly the chlorohydrin picrylsulfonate; 
m.p. 122-130'; thiosulfate titer, 1.1. This fraction aas recrystallized from 100 cc. of boiling 
acetone; yield 3.13 g. of the chlorohydrin picrylsulfonate; m.p. 139-141"; mixed m.p. 139- 
142"; thiosulfate titer, 0.88. The acetone filtrate was concentrated to  25 cc. and upon 
cooling deposited a second crop of the chlorohydrin picrylsulfonate; yield 0.9 g. (3%); 
m.p. and mixed m.p. 139-141'; thiosulfate titer, 0.91. The low thiosulfate titer of the first 
crop pointed to the presence of about 10% of methyldiethanolamine picrylsulfonate in this 
fraction. By digesting this material in 100 cc. of boiling acetone and then allowing the 
mixture to  stand at room temperature for 2 hours, crude methyldiethanolamine picryl- 
sulfonat,e was obtained as a n  insoluble portion; yield 0.22 g. (0.9 %); m.p. 150-160". After 
recrystaJlization from acetone, i t  melted at 174-177" and a mixture with the authentic com- 
pound nieltedat 177-180". The authentic compound melted a t  182-183". From the acetone 
solution. remaining after removal of the crude methyldiethanolamine salt,  2.63 g. of the 
chlorohydrin picrylsulfonate was recovered by the addition of petroleum ether to  the ace- 
tone filtrate; m.p. 139-140'; mixed m.p. 139-142'; thiosulfate titer, 0.97 m M  per m M  of 
chlorohydrin salt. 

After removal of fraction 3, the filtrate was concentrated to 10 cc. and cooled; yield 0.7 
g. of a mixture containing methyldiethanolamine, the chlorohydrin (11), and/or MBA 
picrylsulfonates. It was digested in a small volume of boiling acetone and then allowed 
t o  stand several hours at room temperature. The insoluble material (fraction 4) was 
methyldiethanolamine picrylsulfonate; yield 0.25 g. (l.Oyo) ; m.p. 177-180"; mixed m.p. 

The mother liquors remaining from working up fractions 1-4 were combined, evaporated 
nearly to dryness, and the residue was dissolved in 50 cc. of hot water containing HC1. 
After cooling overnight at 4", 2.12 g. (8%) of NIBA picrylsulfonate crystallized out; m.p. 
140-143"; mixed m.p. 142-145'; thiosulfate titer, 1.92 tuM per m M  of MBA picrylsulfonate. 
The mother liquor was concentrated to  20 cc. and again cooled overnight; yield 1.0 g. (4%) 
of the chlorohydrin picrylsulfonate; m.p. 136-139"; mixed m.p. 138-141"; thiosulfate titer, 
1.02. After recrystallization from acetone the m.p. and mixed m.p. were 141-143" and the 
thiosulfate titer was 0.98. 

The remaining mother liquor was evaporated nearly to dryness. Alcohol was added 
and the eveporation was repeated. The residue was taken up in 10 cc. of alcohol, cooled 
at O", and filtered; yield 0.45 g. (2%) of crude chlorohydrin picrylsulfonate; m.p. 136-139'; 
mixed m.p. 138-140'. A small amount (50 mg.) of methyldiethanolamine picrylsulfonate 
was removed from this portion by digesting i t  in a little acetone; m.p. 176-179"; mixed m.p. 
177-181 '. The chlorohydrin salt % a s  recovered from the acetone filtrate by evaporating i t  
and recrystallizing the residue from water; m.p. and mixed m.p. 138-140"; thiosulfate 
titer, 0.92. 

Isolution of compounds f r o m  an aged 1% (0.C6.4 M )  unbuffered solution of M B A  (ATaCl 
present).  To 1500 cc. of a n  aqueous solution containing 18.5 g. (96 m M )  of MBA.HC1 there 
was added a t  O", 96 mM of NaOH. The mixture was allowed to stand a t  room temperature 
(26') fur 48 hours, then cooled t o  O', acidified with HC1 and treated with a cold aqueous 

177-181 '. 
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solution of 33.7 g. (96 mM) of sodium picrylsulfonate. After cooling overnight at 4O, the 
precipitate which had formed was filtered off and washed with cold water and acetone and 
dried in  vacuo over PzOS; yield 12.15 g. (31%) of the dipicrylsulfonate of the dichloro cyclic 
dimer (V). The compound did not melt up to 250' and was insoluble in and did not react 
with thiosulfate. 

The filtrate was concentrated in vacuo to  1400 cc. and cooled overnight at  4'; yield 7.3 g. 
(18%) of the chlorohydrin picrylsulfonate; m.p. and mixed m.p. 140-142'. The isolated 
compound consumed 0.99 equivalents of thiosulfate in 2 hours. 

After removal of the first fraction of chlorohydrin salt, the filtrate was concentrated t o  
700 cc. and cooled as  before. A mixture of the picrylsulfonates of the chlorohydrin and 
MBA crystallized out; yield 11.0 g. (fraction 1); m.p. 128-131'; thiosdfate titer, 1.16 mM 
per mM of chlorohydrin salt. 

The filtrate was concentrated in vacuo t o  300 cc. and upon cooling deposited a mixture 
of the picrylsulfonates of the chlorohydrin and MBA; yield 3.9 g. (fraction 2) ; m.p. 127-131'; 
thiosulfate titer, 1.29. The mother liquor (filtrate A) was reserved for further study. 

Fractions 1 and 2 were combined and dissolved in 250 cc. of hot acetone. Upon cooling 
overnight at 4', 7.4 g. (18%) of pure chlorohydrin picrylsulfonate crystallized out ;  m.p. 
and mixed m.p. 141-143"; thiosulfate titer, 0.94. The mother liquor was concentrated 
to  a volume of 25 cc. Another crop of the chlorohydrin picrylsulfonate crystallized out 
upon cooling the solution overnight a t  4'; yield 1.9 g. (4.6%); m.p. and mixed m.p. 140-142'; 
thiosulfate titer, 0.98. The acetone mother liquor was evaporated and the residue again 
dissolved in 25 cc. of warm acetone. Upon standing overnight at room temperature, MBA 
picrylsulfonate crystallized out; yield 1.8 g. (4.20/0); m.p. and mixed m.p. 143-147'; thio- 
sulfate titer, 1.82 mM per mM of MBA picrylsulfonate. The acetone residue (2.8 g.) con- 
tained the typical crystals of both the chlorohydrin and MBA picrylsulfonates. It was 
dissolved in  25 cc. of warm acidulated water and cooled for 1 hour at 0'; yield 1.5 g. (3.5%) 
of MBA picrylsulfonate; m.p. 142-145'; mixed m.p. 143-146'; thiosulfate titer, 1.87 mM per 
mM of MBA picrylsulfonate. Upon concentration of the filtrate to  ca. 10 cc., 0.65 g. of 
impure chlorohydrin picrylsulfonate was obtained (thiosulfate titer, 1.08). It was dis- 
solved in 25 cc. of warm acetone and the solution, upon cooling overnight at 4 O ,  deposited 
0.2 g. of the chlorohydrin salt; m.p. and mixed m.p. 140-142"; thiosulfate titer, 0.95. 

Filtrate A was evaporated to  dryness in vacuo and the residue was extracted with 1 liter 
of boiling acetone. The extract was evaporated and its residue was taken up in  250 cc. of 
water containing a little HCl. This solution was evaporated to  25 cc., cooled at 4' over- 
night, and filtered; yield 5.5 g. (fraction 3) of a mixture containing methyldiethanolamine, 
chlorohydrin and MBA picrylsulfonates. The filtrate was discarded since i ts  thiosulfate 
titer was negligible (equivalent to  1.3 mM of chlorohydrin picrylsulfonate). 

Fraction 3 was dissolved in 200 cc. of boiling acetone. Upon standing for 3 hours a t  room 
temperature, the solution deposited 0.7 g. (1.8%) of methyldiethanolamine picrylsulfonate. 
This compound did not react Kith thiosulfate; m.p. 178-180'; mixed m.p. 179-182". 

The mother liquor was concentrated to  50 cc. in two stages to  yield 2.2 g. of chlorohydrin 
picrylsulfonete mixed with a little methyldiethanolamine picrylsulfonate; m.p. 139-142'; 
mixed m.p. 139-143'. The thiosulfate titer of the impure salt was 0.81, indicating that  i t  
contained about 15% of methyldiethanolamine. 

The acetone residue, 1.1 g., wns not fractionated further. From i ts  thiosulfate titer of 
1.4 and i ts  chlorine content of 12.l5yo i t  is estimated to  be a mixture of picrylsulfonates 
containing about 45% MBA picrylsulfonate and about 55% chlorohydrin picrylsulfonate. 
(A 10-15'% error in  this estimation will make no apparent difference in  the over-all yields.) 

Isolation of products from a 1 .&'yo (0.1 M )  aged unbuffered solution of M B A  (NaCl  present). 
To 500 cc. of,an aqueous solution containing 9.93 g. (51.5 mM) of MBA.HC1 was added 51.5 
mM of NaOH. The mixture W ~ S  maintained at 25' for 48 hours. After removal of a 25 cc. 
aliquot for titration, the remainder of the solution was cooled to  0', acidified to Congo Red 
with HCl and treated with a cold solution of 17.4 g. (49.5 mM) of sodium picrylsulfonate 
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dissolved in 210 cc. of 0.35 N HCl. After cooling overnight at  4", the precipitate of the 
dipicrylsulfonate of the dichloro cyclic dimer (V) was filtered off and dried; yield 9.05 g. 
(44%). The compound showed the same properties as  in the previous experiment. 

The filtrate was concentrated in vacuo to  125 cc. and then cooled for 2 days at  4". Crude 
chlorohydrin picrylsulfonate (9.05 g., fraction 1) was thus obtained; m.p. 131-135"; thio- 
sulfate titer, 1.13 mM per mM of chlorohydrin salt. 

The filtrate was evaporated to  dryness in vacuo and the residue was extracted with 1 liter 
of boiling acetone. After evaporation of the acetone, the residue was taken up in 25 cc. of 
warm water containing a little HCl and then cooled; yield 1.8 g. (fraction 2) of crude chloro- 
hydrin picrylsulfonate; m.p. 128-133'; thiosulfate titer, 0.95 mM per mM of chlorohydrin 
picrylsulfonate. The mother liquor (filtrate A) was reserved for further treatment. 

Fractions 1 and 2 were combined and recrystallized from 200 cc. of warm acetone; yield 
6.2 g. (29%) of pure chlorohydrin picrylsulfonate; m.p. and mixed m.p. 141-144". The 
compound consumed 0.94 equivalents of thiosulfate in  1 hour. 

The mother liquor was evaporated and the residue was dissolved in  25 cc. of warm ace- 
tone. After cooling overnight at 4', another crop of the chlorohydrin salt was obtained; 
yield 1.4 g. (7%); m.p. 139-141'; mixed m.p. 140-143'; thiosulfate titer, 0.94. Evaporation 
of the mother liquor left 2.35 g. of a mixture composed mainly of chlorohydrin and MBA 
picrylsulfonates (thiosulfate titer, 1.7). This residue was dissolved in  20 cc. of warm 
acidulated water and then cooled for 1 hour at 0"; yield 1.8 g. (8%) of MBA picrylsulfonate. 
The compound consumed 1.89 equivalents of thiosulfate in 2 hours; m.p. 139-143'; mixed 
m.p. 14@-144". Crystals of the chlorohydrin picrylsulfonate appeared in the filtrate upon 
standing at 4"; yield 0.2 g. (1%); m.p. 131-134"; mixed m.p. 134-139". Thiosulfate titer, 
0.97 mlM per mM of chlorohydrin salt. After recrystallization from acetone-petroleum 
ether, i ts  m.p. was 140-142'; mixed m.p. 141-143". 

Filtrate A was concentrated t o  about 5 cc. and upon cooling deposited 0.6 g. of chloro- 
hydrin picrylsulfonate mixed with a little methyldiethanolamine picrylsulfonate; m.p. 
125-130'; mixed m.p. 130-133'; thiosulfate titer 0.85. When dissolved in acetone and al- 
lowed to  stand a t  room temperature, the picrylsulfonate of methyldiethanolamine crystal- 
lized out; yield 70 mg. (0.3%); map.  179-181'; mixed m.p. 179-182'. The compound did not 
react with thiosulfate. The chlorohydrin picrylsulfonate crystallized from the mother 
liquor lupon addition of petroleum ether; yield 0.35 g. (2%); m.p. 139-142'; mixed m.p. 
139-143'. 

Isolation of products from a 1% (0.064 M )  aged unbu$ered solution of MBA b y  the picrate 
method (NaCl present). A 1% solution (1500 cc.) of MBA was prepared and aged as before. 
After 2 days, i t  was treated with 195 cc. of 0.5 N calcium picrate solution. After 1 hour at  
room temperature, the precipitate which had formed was filtered and dried; yield 10.0 g. 
of crude dipicrate of the dichloro cyclic dimer (V); m.p. 164-176". The compound was only 
slightly soluble in, and did not react with, aqueous thiosulfate. After recrystallization 
from iyater, the compound melted at 183-187" and a mixture with an authentic sample 
melted at 189-193'. The pure compound melted a t  201-203". 

The filtrate was concentrated in vacuo to  1 liter (bath temperature 40') and cooled over- 
night a t  4". The fraction which separated was evidently a mixture of the picrates of the 
dichloro cyclic dimer and MBA since i t  was not completely soluble in  thiosulfate and con- 
tained no detectable amounts of the large orange prisms of the chlorohydrin salt; yield 
5.6 g.; imp. 114-120'; thiosulfate titer, 1.30. From its thiosulfate consumption, i t  is esti- 
mated t o  contain about 70% MBA picrate (10%). After recrystallization from water, 
its m.p. was 120-124"; mixed m.p. 120-128". The pure compound melted at 129-131" and 
consumed 1.94 equivalents of thiosulfate in 2 hours. 

The filtrate was concentrated in vacuo t o  600 cc. and, upon cooling overnight at 4", de- 
posited the large orange prisms of the chlorohydrin picrate; yield 11.Og. (31%); m.p. 66-68'; 
thiosulfate titer, 1.00 mM per mM of chlorohydrin picrate. A second crop of the chloro- 
hydrin was obtained by concentrating the mother liquor to  300 cc. and cooling as before; 
yield 2.1 g. (6%); m.p. 66-69"; thiosulfate titer, 0.99. The two crops were combined and 
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recrystallized from ethyl acetate-benzene to  yield 11.2 g. of the pure chlorohydrin picrate; 
m.p. 70-73". 

Anal. Calc'd for CgH&lNO-C~HJNIOr: C, 36.0; H, 4.1. 
Found: C, 35.7; H, 4.25. 

Attempts to  isolate any further compounds from the aqueous filtrate yielded only calcium 
picrate. However, the thiosulfate titer of an aliquot of the filtrate indicated the presence 
of 6.4 mM (6.7%) of chlorohydrin in the mother liquor. Par t  of this was isolated by adding 
a n  aqueous solution of sodium picrylsulfonate to  the aqueous mother liquor, discarding the 
initial precipitate and allowing the filtrate to  stand at room temperature. Crystals of the 
chlorohydrin picrylsulfonate Boon appeared; yield 1.3 g.; m.p. 139-142'; mixed m.p. 139- 
143"; thiosulfate titer, 0.94 mM per mM of chlorohydrin salt. 

The authors wish to acknowledge with thanks the helpful cooperation of Miss 
Rosalind E. Joseph, who assisted in the conduct of these experiments, and of 
Mr. Stephen M. Nagy, who performed the microanalyses reported in this paper. 
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IV. THE TRANSFORMATIONS OF TRIS(j3-CHLOR0ETHYL)- 

In two previous papers (1, 2) of this series, data were presented concerning 
the sequence of reactions undergone by methyl-bis(j3-chloroethy1)amine (MBA) 
and ethyl-bis(fi-chloroethy1)amine (EBA) in water. In addition to these 
nitrogen mustards, which contain two chloroethyl groups, much attention 
has been given to tris(fi-chloroethy1)amine (TBA) (3) which contains three 
chloroethyl groups. As will be demonstrated in this communication, this 
alteration in structure results in appreciable differences in chemical and toxico- 
logical properties. The present investigation is concerned with the course 
of the transformations of TBA in water. The experimental methods employed 
are similar to those used for MBA and EBA. 

The transformations of tris(fi-chloroethy1)amine in bicarbonate solution. The 
transformations of TBA (0.01 M) in bicarbonate solution a t  pH 8 were studied 
in a manner similar to that used in the study of the transformations of MBA 
and EBA (1, 2). The reactions were studied by following, over a period of 24 
hours, the formation of C1- and H+ and by determining the thiosulfate titer. 

It will be noted from Table I that initially there is a rapid release of the first 
equivalent of C1-. This occurs before the TBA is completely dissolved, i.e., 
in less than 15 minutes. The second equivalent of C1- is formed at  a somewhat 
slower rate (within about 60 minutes). The third equivalent is formed very 
slowly and C1- is still being liberated after 240 minutes. 

The release of C1- during the first 15 minutes of the reaction is accompanied 
by the formation of a much smaller quantity of H+, indicating that quaternary 
nitrogen compounds are formed. During the succeeding 105 minutes, H+ 
is formed at  about the same rate as is C1-. This shows that the amount of 
quaternary nitrogen remains fairly constant during this period and equals 
approximately 1 m.equiv. per m?A of TBA. As the reaction proceeds, the 
dserence between C1- and H+ decreases and after 24 hours the liberated Hf 
and C1- are nearly equal. This indicates that appreciable quantities of quater- 
nary nitrogen compounds are no longer present in the reaction mixture. 

The data on the thiosulfate consumption given in Table I provide additional 
information concerning the course of the transformation of TBA in water. 

1 This work was done in whole under Contract No. OEMsr-313 between The Rockefeller 
Institute for Medical Research and the Office of Scientific Research and Development, 
which assumes no responsibility for the accuracy of the statements contained herein. The 
experiments were performed during the period June 1942-January 1914. 

* Present address, University of Pittsburgh, Pittsburgh, Pennsylvania. 
a Pressnt address, University of Wisconsin, Madison, Wisconsin. 
4 Died, November 7,1944. 
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CL- LIBERATED PER 
mM TBA M.EQUIV. 

1.37 
1.71 
2.02 

Initially there is a thiosulfate consumption within 12 minutes of about 2 equiv- 
alents per mole of TBA. The thiosulfate consumption decreases at about the 
same rate as the H+ concentration increases, and after 24 hours, no thiosulfate 
is consu.med. 

These data suggest that the quaternary nitrogen formed during the trans- 
formations of TBA in water is present largely in the form of ethylenimonium 
compounds. This conclusion is supported by the fact that the concentration of 
quaternary nitrogen compounds never exceeds one equivalent, which represents 
the theoretical maximum for the formation of ethylenimonium groups. The 
advantages and limitations of the thiosulfate titer as an index of the concen- 
tration of ethylenimonium compounds have been discussed in detail previously 
(1, 2). It was found in preliminary studies that TBA reacts with thiosulfate 
very rapidly, one equivalent of thiosulfate being consumed within one minute. 

H+ LIBERATED PER 
m M  TBA M.EQIJIV. 

0.47 
0.71 
1.01 

TABLE I 
THE HYDROLYSIS OF TRIS(B-CHLOROETHYL)AMINE (TBA) IN BICARBONATE 

SOLUTION 
Concentration of reactants per cc.: 0.01 mill of TBA.HC1; 0.01 mM of KaOH; 0.05 mM 

Temperature 25OC. 
of T\‘aHC:Oa. 

IIhtE OF HYDROLYSIS, 
MIN. 

15 
30 
60 
I20 
240 
1440 -- 

(CL-)-(H+) 
X E Q U I V .  

- 
0.90 
1 .oo 
1.01 
1.05 
0.70 

N A i S &  CONSUMED 
IN 1 2  MIN. PER 

mN TBA M.EQUIV. 

2.03 
1.87 
1.56 
1.21 
0.85 
0.01 

The reaation with the second equivalent of thiosulfate proceeds somewhat more 
slowly and usually is complete within about 12 minutes. For convenience, this 
time period was employed in the thiosulfate tests recorded in Table I. The 
third equivalent of thiosulfate is taken up very slowly. When thiosulfate is 
present in a freshly prepared solution of TBA, the thiosulfate consumption 
after 40 minutes corresponds to 86% of three equivalents. If the reaction is 
allowed. to continue for a longer period, no appreciable increase in the thiosulfate 
consumption is observed. The fact that 100% is not attained is possibly due 
to the simultaneous hydrolysis of some of the chloroethyl groups of TBA. 
When larger amounts of TBA are employed (0.133 mM per cc. of reaction mix- 
ture), the final thiosulfate consumption reaches 93% of three equivalents. The 
product of this reaction, the “Bunte salt” of TBA, has been isolated (cf. experi- 
mental section). 

The data in Table I may be best interpreted on the basis of the reactions postu- 
lated in Figure 1. Proof for the formation of the intermediates given in the 
Figure is provided by their isolation as described subsequently in this paper. 
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The transformations of tris(8-chloroethy1)amine in unbuffered solution. The 
transformations of TBA (0.01 M )  in unbuffered solution was studied by follow- 
ing the liberation of H+ and C1- in the aging solution. The results, given in 
Table 11, show that the chloride ions, particularly during the early stages of the 

CHz-CHs CHzCHzOH 
\ /  / 

\ 
N-CHICHZCI -+ N-CHZCHzCI 

CHZ C H, C 1 

/CHzCHaC1 
N-CHZCHZCI -+ 

CHzCHICl 
+\ 

CHz C HzC 1 
\ 

I1 TBA I 
I 

.1 
CHz-CH, 
\ /  
+\ 
N-CHZCH20H 

/CHz CHzoH 
C Hz-C Hz 
\ /  
+\ 
N-CH~CHZOH - N-CHzCHzOH - 

CHpCHnOII 
v 

CHzCHzCl 
\ 

CHZCHzCl 
111 I V  

HzC HzoH 
N-C HIC HzO H 

1 
CHZCHZOH 

\ 

V I  

Fio. 1 

TABLE I1 
THE HYDROLYSIS OF TRIS(~-CHLOROETHYL)AMINE (TBA) IN UNBUFFERED SOLUTION 
Concentration of reactants per cc.: 0.01 mM of TBAaHCI; 0.01 m M  of NaOH. 
Temperature 25", pH 5 (15 min.), pH 3 (20 hours). 

TIME, XIN.  

30 
60 
180 
1200 
2640 

CL- LIBXRATED PER m u  
TBA Y.EQUIV. 

1.02 
1.04 
1.16 
1.36 
1.46 

hydrolysis, appear at a faster rate than do the hydrogen ions. It will be noted 
that the extent of formation of quaternary nitrogen compounds, as measured by 
the difference between C1- and H+, is not as great as in the hydrolysis of TBA in 
dilute bicarbonate solution. Furthermore, the hydrolysis in unbuffered solu- 
tion slows up after the liberation of one equivalent of HC1, whereas the hydroly- 
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sis in bicarbonate solution proceeds to completion in less than one day. In a 
more concentrated unbuffered solution (0.10 M ) ,  exactly one equivalent of HC1 
is present in the solution after 20 hours. Such an aged solution reacts with 1.80 
equivalents of thiosulfate in 2 hours, indicating that the principal hydrolytic 
product is bis(p-chloroethyl)-,5-hy&oxyethylamine (11). This compound was 
isolated from a 20-hour aged solution as a salt of picrylsulfonic acid. 

Crane and Rydon (4) have shown that the hydrolysis of a 1% solution (0.0489 
M )  of TBA proceeds very slowly after the formation of one equivalent of Hf 
and C1-. From a 3-day old solution, these workers isolated bis(P-hydroxyethy1)- 
8-chloroethylamine (IV) as a picrate. 

The isolation of the transformation products of TBA and their hgdrolysis in bi- 
curbonats solution. Evidence has been presented to show that the hydrolysis of 
TBA in dilute bicarbonate solution proceeds through the intermediate imonium 
compounds, 1 , 1-bis(p-chloroethy1)ethylenimonium ion (I), 1-(,5-chloroethyl)- 
1-(6-hydroxyethy1)ethylenimonium ion (111), and 1 , 1-bis(8-hydroxyethy1)- 
ethylenimonium ion (V). After 15 minutes, most of the TBA has been trans- 
formed into I, while after one hour, the compound I11 predominates. When 
the solutions are acidified with HCI, and the products present are isolated as 
picrylsulfonates, it is found that in the 15-minute solution, I has reverted to 
TBA, while in the one-hour solution, I11 has reverted to the compound 11. 
TBA and I1 have been isolated from such acidified solutions as salts of picryl- 
sulfonic acid. 

In Table I11 are given the results of a study of the hydrolysis of the picryl- 
sulfonat,e of I1 in bicarbonate solution. During the first 3 hours of the hydroly- 
sis, C1- is liberated a t  a faster rate than is Hf,  indicating that there is an appre- 
ciable accumulation of the ethylenimonium ion during this period. Later, 
the production of H+ increases to such an extent that in 20 hours the concentra- 
tion of H+ approaches that of C1-. This shows that the over-all reaction is 
mainly one of hydrolysis. 
This study of the hydrolysis of I1 showed that it is successively transformed 

into 111, IV, V, and finally triethanolamine (VI). All of these compounds have 
been isolated as crystalline picrylsulfonates. A description of their isolation 
and hydrolysis is presented in what follows. 

Compound I11 was obtained by aging the picrylsulfonate of I1 (0.10 M )  in 
unbuffered solution for 15 minutes. Hydrolysis of I1 for 20 hours in unbuffered 
solution led to the formation of IV and a small amount of the dipicrylsulfonate 
of the cyclic dimer [N ,N’-bis(8-chloroethy1)-N , N’-bis(&hydroxyethyl)piper- 
azinium ion (VII)]. It should be noted that the cyclic compound VI1 was 
obtained from a 0.10 molar solution of 11, whereas the data in Table 111, which 

HO CH2 CH2 CH2 CH2 CH2 CH, OH 
\ +/ 

N 
\ +/ N 

CH2 CH2 C1 
/ \  

CH, CHI 
/ \  

C1 CH2 CH2 
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(CL-)-(H+) 
Y.EOUIV. 

showed that little or no stable quaternary nitrogen was formed, were obtained 
with a 0.02 molar solution of 11. 

After aging a 0.10 molar unbuffered solution of the picrylsulfonate of I V  for 
15 minutes, V was isolated as its picrylsulfonate. 

The picrylsulfonates of compounds 111, IV, and V were hydrolyzed in aqueous 
bicarbonate. The results given in Table 111 show that 111 hydrolyzes rapidly 
t o  IV which then cyclizes quickly to V. The latter reaction is made more 
evident by the data on the hydrolysis of I1 which show that cyclization of this 

N A ~ S ~ O ;  CONSVltED 
IN 10 MIN. PEX 

VIM OF SUBSTANCE 
Y.EQUIV. 

TABLE I11 
THE HTDROLYSIS OF TRANSFORMATION PRODUCTS OF TRIS(@-CKLOROETHYL)AMINE 

Concentration of reactants per cc.:  0.02 mM of substance; 0.08 mM of NaHCOI. 
Temperature 25"; p H  7-8. 

urn, YIN. 

20 
GO 
180 

1200 

60 
180 
1200 

20 
60 
180 
1200 

60 
180 
1200 

SUBSTANCE (EY- 
PLOYLD AS THE 

IICBYLSULFONATE) 

CL- LIBERATED PER 

M.EQUIV. 
nM OF SUBSTANCE 

1.12 
1.35 
1.69 
1.88 

0.76 
0.94 
1.02 

0.94 
.96 
.98 
.98 

, 

I1 0.91 
.90 
.80 
.I8 

.90 

.81 

.67 

.14 

I11 

1.21 
1.27 
0.91 
0.08 

1.10 
0.72 
.05 

.87 

.78 

.59 

.ll 

IV 

V 

H+ LIBERATED PEP 

M.EQUIV. 
mM OF SUBSTANCB 

0.21 
0.45 
0.89 
1.70 

0.89 
1.22 
1.85 

0.04 
.15 
.31 
.84 

.38 

.60 
* 95 

I 

1 .63 
.37 i .Oo 

compound takes place in less than 20 minutes. The results in Table ILI also 
show that V hydrolyzes rapidly to triethanolamine. 

These hydrolytic studies indicate that in 20 hours the hydrolysis of each 
compound has proceeded practically (90-95% ) to completion, triethanolamine 
being the principal product formed. Triethanolamine picrylsulfonate was iso- 
lated from a 72-hour hydrolysate of the picrylsulfonate of IV. 

The toxicity of the transformation products of TBA.  To study the toxicities 
of the intermediate hydrolysis products, their picrylsulfonates were converted 
to  the corresponding chlorides or hydrochlorides by double decomposition 
with the dichloro cyclic dimer of methyl-bis(0-chloroethy1)amine as described 
previously (1). 

The data given in Table IV show that both I1 and 111 have an LDjo of ap- 
proximately 1.5 mg./kg. upon intraperitoneal injection into mice. The LDs0 
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of the hydrochloride of IV is approximately 16 mg./kg. on intraperitoneal 
injection into mice. The pH of the injected solution was 6. Argentometric 
titration of C1- indicated that no appreciable cyclization to  the imonium ion V 
had occurred in this solution prior to its administration. Crane and Rydon 

TABLE IV 
THE TOXICITY TO MICE OF TRANSFORMATION PRODUCTS OF TRIS(,%CHLOROETHYL)AMINE 

SWSTAXCE (E.MPLOYED 
AS BYDR0CB:LOBIDE 

OB CBLOILIDE) 

I1 I 

I' 

'V 

DOSAGE 

m g . / k .  

25 
20 
15 
10 
5 
2.5 
1.75 
1.0 

7.2 
5.4 
3.6  
2.5 

1.8 

1.0 

0.72 

18 
14.4 
10.8 
7.2 

25 
20 
15 
10 

5 

2.5 

NUMBER OF YICE 
INJECTED 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
4 

3 

4 

3 

3 
3 
3 
3 

3 
3 
3 
6 

6 

6 

EFFECT ON YICE 

All dead within 1-2 days 
All dead within 1-2 days 
All dead within 1-2 days 
All dead wibhin 2 days 
All dead within 2 days 
All dead within 3-5 days 
All dead within 4-6 days 
All alive after 8 days 

All dead within 4-5 days 
All dead within 3-4 days 
All dead within 4-5 days 
3 dead within 4-5 days 
1 alive after 8 days 
1 dead within 3 days 
2 alive after 8 days 
2 dead within 4-5 days 
2 alive after 8 days 
All alive after 8 days 

All dead within 15-30 min. 
All alive after 8 days 
All alive after 8 days 
All alive after 8 days 

All dead within 10-12 min. 
All dead within 13-18 in. 
All dead within 12 min. 
5 dead within 10-150 min. 
1 alive after 6 days 
3 dead within 19-25 min. 
3 alive after 6-7 days 
1 dead within 30 min. 
5 alive after 6-7 days 

(4) report an LD60 for this substance of 5 mg./kg. upon subcutaneous injection 
into mice. The higher toxicity found by the British workers probably may be 
attributed to  the difference in the route of administration. Smith et al. have 
shown ( 5 )  that the chlorohydrin derived from MBA (1) has an LDjo of 34 mg./kg. 
when injected intraperitoneally into mice, while the same compound adminis- 
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bred subcutaneously has an LDK, of 15 mg./kg. The LDbo of the imonium 
ion V is approximately 5 mg./kg. on intraperitoneal injection into mice. 

EXPERIMENTAL 

Analytical methods. The methods for determining the C1- and H+ liberation, and the 
thiosulfate consumption, were described previously (1, 2).  

Ioolation of bis(j3-chloroethyl)-fl-hydroxyethylamine ( IZ)  as a picrylsulfonate f rom a n  aged 
unbuffered solution of TBA. A reaction mixture (80 cc.) containing 8 mM of TBA-HCl and 
8 mM of XaOH wa5 shaken at room temperature for 20 hours. The resulting clear solution 
was then cooled to 0' and a n  aqueous solution of 8.0 mM of picrylsulfonic acid was added. 
After cooling overnight, the crystalline picrylsulfonate of I1 was filtered off and dried in 
vacuo over P206; m.p. 127-129'. The compound consumed 2.04 mole equivalents of thiosul- 
fate in 2 hours. A second crop of the salt was obtained by concentrating the mother liquor 
under reduced pressure and cooling at 4"; m.p. 126128'. This fraction consumed 1.93 
equivalents of thiosulfate in  2 hours; total yield, 2.65 g. (70%). The two fractions were 
combined, rapidly recrystallized from warm water, and dried in vacuo over PzOb; m.p. 
127-129'. 

Anal.  Calc'd for CBHI&12N0.C~HzN100S: C, 30.1; H, 3.4; N, 11.7; C1, 14.8 
Found: C,  30.1; H ,  3.45; N, 11.5; C1, 14.75. 

The isolation was repeated on a larger scale. Starting with 32 m M  of TBA.HC1, there 
was obtained 14.2 g. of picrylsulfonate of I1 (93%); m.p. 127-129'. 

The isolation of the picrylsulfonate5 of .TBA from a n  aged solution of TBA. An aqueous 
solution of 1 m M  of TBA.HC1 was added t o  100 cc. of water containing 1 mM of NaOH. 
The mixture was shaken for 15 minutes at  room temperature. The clear solution which 
resulted was cooled to  O', acidified with HCl to  Congo Red and treated withan aqueous solu- 
tion of 365 mg. (1 mM) of picrylsulfonic acid. The solution was concentrated under reduced 
pressure to  50 cc. and cooled at 4'. The picrylsulfonate of TBA crystallized and was dried 
inuacuo over PsOo; yield 160mg.; m.p. 175-178'. The authentic compoundmeltsat 180-182" 
and a mixture of the authentic and isolated salts melted at 176-179". The isolated salt 
consumed 2.52 equivalents of thiosulfate in 2 hours. Under comparable conditions, TBA 
consumes 2.54 equivalents of thiosulfate. 

Isolation of bis(j3-chloroethyl)-j3-hydroxyethylamine (IT) as  a picrylsulfonate f rom a n  aged 
buffered solution of TBA.  A reaction mixture (250 cc.) containing 2.5 mM of TBASHCl and 
15 m M  of NaHCOs was shaken for 15 minutes at room temperature and then maintained at 
25" for an additional 45 minutes. The solution was cooled to  O', acidified with HCl to  
Congo Red and treated with a n  aqueous solution of 2.5 mM of sodium picrylsulfonate. The 
solution was concentrated to  25 cc. and cooled for one hour a t  4'. The crystals which 
separated were filtered off and dried in vacuo over PzOs; yield 0.36 g. A sample of the com- 
pound consumed 1.87 equivalents of thiosulfate in 2 hours. For analysis, it was recrystal- 
lized once from acetone-petroleum ether and once from water; m.p. 126-128". 

Anal .  Calc'd for C6HI.CltN0.C~HzN&S: C, 30.1; H, 3.4; N, 11.7; C1,14.8. 
Found: C, 30.3; H, 3.4; N, 11.7; C1,14.6. 

Isolation qf l-(j3-chloroethyl)-l-(~-hydrox~efhyl)ethylen~monium picrylsulfonate. The 
picrylsulfonate of 11 (2.4 g., 5 mM) was added to  50 cc. of 0.10 N NaHCOI. After stirring 
for 15 minutes a t  room temperature, the reaction mixture was cooled to  O', acidified to  Congo 
Red and stored at  4' overnight. The picrylsulfonate of I11 was filtered off and dried over 
PIOc in vacuo; yield 1.65 g. (75%); m.p. 135-136". The compound reacted with 1.94 equiva- 
lents of thiosulfate in 2 hours. 

6 TBA forms sparingly soluble salts with several aromatic sulfonic acids. The approxi- 
mate solubility, in 0.5 N HCl at O', of the picrylsufonate is 0.15%; of the flavianate is 
0.3%; of the2,6 diiodophenol-4-sulfonate is 0.5%; and of the 5-nitronaphthalene-I-sulfonate 
ie 1.4%. 
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Anal. Calc'd for CsHr&lNO.C;HZN,OpS: C, 32.55; H, 3.4; N, 12.65; C1, 8.0. 
Found: C, 32.4; H, 3.6; N, 12.7; C1,S.l. 

Isolation of bis(j%hydroxyethyl)-,9-chloroethylamine picrylsulfonate. A solution of the 
hydrochloride of 11, prepared by the hydrolysis of TBA (0.10 M )  in unbuffered solution wan 
treated with an equivalent amount of NaOH and allowed to  stand at  room temperature for 
20 hours. Analysis of the hydrolysate showed there had been a liberation of 0.93 m.equiv. 
of C1- and 0.88 m.equiv. of H+ per mM of 11. The hydrolysate reacted with 0.78 mM of 
thiosulfate per mM of I1 in 2 hours, indicating that  the major product present was IV. 
After removal of the aliquots for analysis, the remainder of the hydrolysate was cooled t o  
O', acidified to  Congo Red and treated with a n  aqueous solution of 9 mM of picrylsulfonic 
acid. After 4 hours, the precipitate was filtered off and dried over PzOs in vacuo; yield, 
0.27 g., corresponding t o  the transformation of 6.7% of I1 to the dimer VII. This com- 
pound reacted only slightly with thiosulfate and not at all after washing it with acetone. 
The elementary analysis of the compound agrees with that  expected for the dipicrylsulfonate 
of the dimer VII. 

Anal .  Calc'd for C:*HH~BCI?N~O~.~C~HH?NIOSS: C, 32.55; H, 3.4; N, 12.65; C1, 8.0. 
Found: C, 32.25; H, 3.7; N, 12.65; C1,S.O. 

There are possible two stereoisomeric forms (cis and trans) of VII. It has not been 
established whether the isolated compound is the cis or the trans form or a mixture of 
the two. 

After removal of the dimer salt, the  iiltrate was concentrated t o  25 cc. and cooled a t  4'. 
The picrylsulfonate of XV crystallized in nearly pure form; yield 3.07 g. (76%); m.p. 169- 
171'. The compound reacted with 0.9 equivalents of thiosulfate. For analysis i t  was 
recrystallized rapidly from warm water; m.p. 170-171'. 

Anal.  Calc'd for CaHl&lNOr.CsH~N~OoS: C, 31.3; H, 3.7; N ,  12.2; C1,7.7. 
Found: C, 31.2; H, 3.7; N, 12.1; C1, 7.6. 

For further identification the picrylsulfonate of IV was converted t o  the picrate in the 
following manner. An aqueous solution of the picrylsulfonate was treated with the dichloro 
cyclic dirner of MBA to remove picrylsulfonic acid and the resulting solution of the hydro- 
chloride was treated n i t h  aqueous sodium picrate. After evaporation of the reaction 
mixture i;o dryness, the residue was washed with benzene and the resulting picrate was 
recrystallized tarice from ethyl acetate; orange prisms, m.p., 115". Crane and Rydon (4) 
report the melting point 119' for this compound. 

Isolation of I-bis(&hydroxyethyl)ethylenimonium picrylsulfonate. The picrylsulfonate 
of IV (1.01 g., 3.5 mM) was stirred in 35 cc. of 0.1 N NaHCOI for 15 minutes at room tem- 
perature, The subsequent procedure was similar to  that  described for the isolation of the 
picrylsu1i:onate of 111; yield 0.45 g. The picrylsulfonate of V reacted with 0.95 equivalents 
of thiosulfate in 2 hours and gave a negative test for chloride after sodium fusion. 

Anal .  Calc'd for CsH:~N02.C~H2N~O&: C, 34.0; H ,  3.8; N, 13.2. 
Found: C, 33.9; H, 3.85; N, 13.0. 

A second but less pure crop was obtained by concentrating the mother liquor; yield 
0.4 g.; thiosulfate titer (2 hrs.), 0.8 equivalents. 

In a second preparation, employing a more concentrated solution of the reactants (0.25 
N), the yield of analytically pure V picrylsulfonate was 80% of the theory. 

Isolation of triethanolamine from a n  aged bicarbonate solution of bis(p-hydroxyethyl)-@- 
chloroethylamine picrylsulfonate. A solution containing 0.02 mM of the picrylaulfonate of 
IV and 0.08 mM of P\'aHCOI per cc. was allowed to stand a t  25' for 72 hours. The aged 
aolution was chilled, acidified to  Congo Red and concentrated in vacuo. Upon cooling, 
tricthanolamine picrylsulfonate crystallized; m.p. 185-187'; mixed m.p. with an authentic 
sample 186-188'. The isolated compound did not react with thiosulfate. 

An authentic sample of triethanolamine picrylsulfonate was prepared in 90% yield by 
adding a concentrated aqueous solution of picrylsulfonic acid to  a solution of triethanol- 
m i n e  in HCl; m.p. 187-159.. 
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Anal. Calc’d for CsHIsN03.CsHtNaOpS: C, 32.6; H, 4.1; N, 12.7. 
Found: C, 32.4; H, 4.1; N, 12.5. 

Preparation of “Bwte salt” of T B A .  TBAaHCl (1.54 g., 8 mM) was added to  50 cc. of 
water containing 51 mM of NanSrOs, 31.6 mM of NaHCOs, and 8 mM of NaOH. The mixture 
was shaken for 20 hours a t  room temperature. The resulting clear solution was evaporated 
to dryness in Vacuo and extracted with 100 cc. of hot 80% ethanol. The product crystallized 
on cooling to 0”; yield 3.45 g. The product was recrystallized from 80% ethanol. For 
analysis, i t  was recrystallized from water and dried in air. 

Anal. Calc’d for C6H1tNNaaO&.4) H20: C, 12.3; H,  3.6; N, 2.4; Na, 11.8; H1O, 13.9. 
Found: C, 12.5; H, 3.8; N, 2.3; Na, 11.8; HzO, 14.1. 

The salt was also prepared by the addition of TBA.HC1 to water containing the theoreti- 

The authors wish to acknowledge with thanks the helpful cooperation of 
Miss Rosalind E. Joseph, who assisted in the conduct of these experiments, and 
of Mr. Stephen M. Nagy, who performed the microanalyses reported in this 
paper. 

cal quantity of thiosulfate and sufficient NaOH to liberate the amine. 
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It is generally believed that many of the physiological effects of vesicant agents 
are a consequence of reactions of the vesicant with tissue proteins, particularly 
enzyme proteins (1-18). The nitrogen mustard gases have been shown to 
inhibit, and hence probably to react with, numerous enzymes (10-18). It 
follows, therefore, that an understanding of the physiological action of the 
nitrogen mustards requires a detailed study of the reactions of theseagents 
with proteins, amino acids, and peptides. Aside from their significance as 
protein constituents, amino acids and peptides also occur as such in blood and 
other body fluids and tissues. In addition to the reactive a-amino and a- 
carboxyl. groups common to  most amino acids, certain of the amino acids possess 
characteristic side chains, many of which exist in an uncombined state in proteins. 
The reactions of these groups with the nitrogen mustards are, therefore,worthy 
of study. 

The reaction of methyl-bis(8-chloroethyl)arninel ethyl-bis(/3-chlorocthyl)arninel 
and tris@-chtoroethy1)amine with the amino groups of amino acids and peptides. 
The data given in Table I show the extent of the decrease in amino nitrogen 
when amino acids or peptides are treated with the nitrogen mustards a t  weakly 
alkaline pH values. The reactions were carried out at room temperature, and 
the disappearance of amino nitrogen was followed by means of the Van Slyke 
nitrous acid method. In  the case of methyl-bis(chloroethy1)amine (MBA) 
and ethyl-bis(8-chloroethy1)amine (EBA) the reaction mixtures were shaken 
for 4 hours to obtain homogeneous solutions and were then allowed to stand for 
16 hours. Since under the experimental conditions employed, tris(8-chloro- 
ethy1)annine (TBA) does not pass into solution as rapidly as d:, MBA and EBA, 
the reaction mixtures containing TBA were shaken during the entire 20-hour 
period. It will be noted that in the experiments with MBA and EBA, 4 milli- 
equivalents of amino groups were employed per millimole of nitrogen mustard ; 
whereas, in the experiments with TBA 6 milliequivalents of amino groups were 
employed. In all experiments, therefore, 2 equivalents of amino groups were 
employed for each chloroethyl group. 

From the data in Table I it is evident that extensive reaction occurs when 
the a-amino groups of amino acids are treated with any one of the nitrogen 

* This work was done in whole under Contract No. OEMsr-313 between The Rockefeller 
Institute for Medical Research and the Office of Scientific Research and Development, 
which assumes no responsibility for the accuracy of the statements contained herein. The 
experiments were performed during the period June 1942-January 1944. 

f Present address, Yale University, New Haven, Connecticut. 
* Died, November 7,1944. 
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mustards a t  pE 8. The results presented in Table I indicate that the a-amino 
groups of all the amino acids tested, with the exception of histidine, react at 
pH 8 to about the same extent with MBA. This also seems to be the case for 
ERA and TEA. 

The fact that the a-amino group of histidine reacts with any given citrogen 
mustard to a much lesser extent than do the a-amino groups of the other amino 
acids is of particular interest. As is shown later in this communication and in 
Paper VI of this series (19), this abnormal behavior is due to a rapid reaction 
of the nitrogen mustards with the imidazole group of histidine. Thus, the 
greater part of the available nitrogen mustard is removed from the reaction 
before the sloxer action of the vesicant on the a-amino group of histidine can 
occur. 

The data in Table X indicate that the ,%amino group of ,!?-alanine reacts with 
MBA and EBA to a slightly smaller extect than do the amino groups of the 
a-amino acids. 

It will be noted from Table I that the amino group of 2-alanine does not 
react at pH 8 to a greater extent with any given nitrogen mustard than do the 
amino groups of the more complex amino acids serine, threonine, glutamic 
acid, arginine, and tyrosine (as amide).4 It must be concluded, therefore, 
that under these conditions the aliphatic hydroxyl group of serine and threonine, 
the y-carboxyl group of glutamic acid, the guanido group of arginizie, and the 
phenolic hydroxyl group of tyrosine do not interfere appreciably with the re- 
action of the nitrogen mustards with a-amino groups. 

It will be noted that in the case of the peptides investigated, the extent of 
the reaction with a given nitrogen mustard is considerably greater than in the 
case of amino acids such as alanine. On the other hand, the e-amino group of 
benzoyl-1-lysineamide does not react with MBA to the same degree as do the 
a-amino groups. It is of interest that analogous findings were obtained in the 
study of the reaction of mustard gas with the amino groups of amino acids and 
peptides (20). 

The amino acids phenylalanine, tryptophane, and methionine are sparingly 
soluble a t  pII 8. They, therefore, were employed as sodium salts at  pH 9.5. 
It mill be noted that a t  pH 9.5 the a-amino group of alanine reacts with a given 
nitrogen mustard to a greater extent than a t  pH 8. The amino groups of 
phenylalanine and tryptophane react a t  pH 9.5 to about the same extent as 
does that of alanine. This indicates that the indole nucleus of tryptophane 
does not react appreciably with the nitrogen mustards. 

The amino group of methionine was found to react with TBA at pH 9.5 to 
less than half the extent observed for the amino groups of alanine, phenylalanine 
and tryptophane. 71'ith MBA and EBA, a decreased reactivity of the amino 
group of methionine was also observed but to a very much lesser degree. It 
will be shown in another paper (21) that mustard gas itself reacts readily with 
the --,%HI group of methionine to form a sulfonium salt. The simplest 
interpretation of the findings with the nitrogen mustards is that these agents 

4 The amino acid tyrosine was not studied as such because of its law solubility at  pH 8. 
In i ts  place, the acetate of I-tyrosineamide was employed. 

This difference docs not appear to hold in the case of TBA. 
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0.15 
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.18 
.16 
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.23 

also have a tendency to combine with the -SCHI group of methionine, pre- 
sumably with the formation of a sulfonium salt. In the case of TBA this 
tendency is quite marked, although not so great as observed with mustard gas 
itself. For MBA and EBA, the tendency is so small as to be questionable. 

The discussion thus far has been concerned with the relative reactivity of a 
given nitrogen mustard towards various protein constituents. It is also possible, 

0.72 
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.75 
.87 
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.62 
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1.1 
1.25 
0.87 
1.2 
0.50 
1.0 
0.10 
1.1 
1.2 
1.1 

TABLE I 
REACTION O F  METHYL-BIS(~-CHLOROETHYL)AMINE (?VIBA), EFHYL-BIS(B-CHLOR0ETHYL)- 

AMINE (EBA), AND TRIS(~-CHLOROETHYL)AMINE (TBA) WITH THE AMINO G R ~ U P S  
OF AhiINo ACIDS AND PEPTIDES 

Concentration of reactants per cc.: 0.134 mM of MBA or EBA; 0.127 mM of TBA. (The 
nitrogen mustards were employed as hydrochlorides, and one eqiivalent of NaOH was 
added t o  liberate the free base.) 0.531 m.equiv. of "2-N (in the case of MBA or EBA); 
0.762 m. equiv. of NHP-N (in the case of TBA). 0.531 m.V of NaHCOs for MBA or EB.4; 
0.526 mM of NaHC03 for TBA. 

Temperature 25"; reection period, 20 hours (4 hours shaking, 16 hours standing for MBA 
and EBA; 20 hours shaking 

SUBSTANCE 

Glycine. . . . . . . . . . . . . . . . . .  
I-Alanine. . . . . . . . . . . . . . . . . .  
2-Serine . . . . . . . . . . . . . . . . . .  
dl-Threonine . . . . . . . . . .  
Z-Glutamic acid. . . . . . . . . . .  

I-Lysine. . . . . . . . . . . . . . . . . . .  

l-Alanine. . . . . . . . . . . . . . . . . .  
2-Phenyldanine~ 
dl-Methioninea . . . . . . . . . . . .  

6-Alanine . . . . . . . . . . . . . . . . .  
2-Tyrosineamide acetate. . .  
Benzoyl-!-lysineamide.. . . .  

2-IJeucylgl ycine. 
l-Leucylglycylglycine. . . . . .  

Glycylglycine . . . . . . . . . . . . .  

or TBA). - 

- 
8 
8 
8 
8 
8 
8 
8 
8 
9.5 
9.5 
9 .5  
9.5 
8 
8 
8 
8 
8 
8 

DECREASE IN "2-N PER CC. DTiCBEASR rN 
OF AGENT 

MBA. 
Y.EQUIV. 

0.096 
* 100 
.loo 
.117 
.loo 
.OS3 
.112 
.015 
.147 
.167 
.117 
.161 
* 067 
.133 
.021 
.147 
.161 
.148 

EBA, 

0.114 
.117 
.150 
.142 
.136 
.123 
.135 
.037 
.156 
.153 
.125 
.156 
,080 

Y.EQUIV. 

.188 

.190 

.172 

TBA MBA, 
M.EQU;V. 1 U.EQUIV. 

EBA, 
M.EQUIV. 

0.86 
0.88 
1.13 
1.06 
1.02 
0.92 
1.01 
0.28 
1.17 
1.15 
0.94 
1.17 
0.60 

1.41 
1.43 
1.30 

TBA. 

1.2 
1.15 
1.5 
1.4 
1.3 
1.4 
1.3 
0.6 
1.5 
1.7 
0.7 
1.9 
1.4 

K.P.QUIV. 

1.8 

These sparingly soluble amino acids were dissolved as  the sodium salts, and the same 
amount cif bicarbonate was added as in the other experiments. 

on the basis of the data given in Table I, to obtain a rough comparison of the 
resctivit,y of the three nitrogen mustards towards the compounds listed. Since 
TEA contains three chloroethyl groups and MBA and EBA each contain but 
two chloroethyl groups, the comparison should be made on the basis of the 
milliequivnlents of amino nitrogen which have reacted per chloroethyl group. 
The data for such a comparison are given in Table 11. 

Before commenting upon the data presented in Table 11, it should be em- 
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MBA, M.EQUIV. 

0.36 
.38 
.38 
.42 
.38 
.42 
.31 
.06 
.25 
.55 
.62 
.60 
.44 
.55 

phasized that any conclusions which can be drawn from the data may be valid 
only for the experimental conditions employed, and probably have no general 
kinetic applicability. This reservation is necessary, because at the beginning 
of the experiments homogeneous solutions were not obtained, and the three 
nitrogen mustards passed into solution at different rates, TBA being by far the 
slowest. Hence, the concentration of reactive ethylenimonium groups in solution 
was not known and was not the same for each agent. 

With the above reservations it appears from Table I1 that the chloroethyl 
groups of all the nitrogen mustards have about the same reactivity towards 
the amino groups of most of the compounds listed. The order of reactivity 
appears to be EBA > TBA > MBA, although the differences among the three 

TABLE I1 
COMPARISON OF THE REACTIVITIES OF TRIS(,%CHLOROETHYL)AMINE (TBA) , METHYL-BIS- 

(&CHLOROETHYL)AMINE (MBA), AND ETHYL-BIS(~-CHLOROETHYL)AMINE (EBA) 
WITH THE AMINO GROUPS OF AMINO ACIDS AND PEPTIDES 

The data in this table are calculated from those given in Table I. 

EBA, M.EQUIV. 

0.43 
.44 
.56 
.53 
.51 
.50 
.46 
.14 
.30 
.58 
.57 
.58 
.47 
.70 

BUBSIAAHCE 

Glycine. . . . . . . . . . . . . . . . . . . . .  
1-Alanine . . . . . . . . . . . . . . . . . . .  
1 -Serine. .................... 
dl-Threonine. . . . . . . . . . . . . . . .  
LGlutamic acid.. . . . . . . . . . . .  
1 -Lysine. . . . . . . . . . . . . . . . . . . .  
t-Arginine . . . . . . . . . . . . . . . . . .  
Z-Histidine. . . . . . . . . . . . . . . . . .  
&Alanine.. . . . . . . . . . . . . . . . . .  
1-Alanine . . . . . . . . . . . . . . . . . . .  
2-Phenylalanine. . . . . . . . . . . . .  
1-Tryptophane. . . . . . . . . . . . . .  
dl-Methionine . . . . . . . . . . . . . .  
Glycylglycine. . . . . . . . . . . . . . .  

PH 

-~ 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9.5 
9.5 
9.5 
9.5 
8 

DECBEASE IN "2-N PEK M.EQUIV. OF CHLOBOEIHYL CROUPS 

TBA, MXQUIV. 

0.40 
.38 
.50 
.47 
.43 
.43 
.47 
.20 
.47 
.50 
.57 
.63 
.23 
.60 

agents are not very marked.6 TBA seems to  have a greater reactivity toward 
the &amino group of &alanine and toward the sulfide group of methionine 
than do MBA or EBA. MBA, on the other hand, seems to have the highest 
reactivity toward the imidazole group of histidine, followed by EBA and TBA 
[see also Paper VI of this series (19)]. 

6 It should be pointed out that ,  while the concentrations of TBA, MBA, and EBA are 
identical in these experiments, the concentrations of chloroethyl groups are not. The 
TBA reaction mixture contains half again as many chloroethyl groups per cc. as do the 
EBA or MBA reaction mixtures. In order to  circumvent this difficulty, the experiment 
with alanine and TBA a t  pH 8 was repeated, with the concentration of the reactants reduced 
t o  two-thirds of i ts  former value. In  this case, the decrease in m.equiv. of amino-nitrogen 
per m.equiv. of chloroethyl group fell from 0.38 t o  0.33. Once again i t  appears that the 
reactivities of TBA, MBA and EBA towards the amino group are quite similar with MBA 
appearing, on this basis, to  be slightly more reactive than TBA. 
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MBA PEP cc. 

m M  mg. 

0 0 
0.08 12.5 
0 0 
0.08 12.5 

The reaction of MBA with the amino groups of proteins. When aqueous solu- 
tions of crystalline egg albumin or of gelatin are treated at slightly alkaline 
pH values with MBA, a significant decrease in the amino nitrogen content of 
the protein solution is observed (Table 111). In this behavior MBA differs from 
mustard gas, since it has been found that the latter does not appear to combine 
to  an appreciable extent with the amino groups of egg albumin or gelatin (22). 
The data in Table 111 indicate that about one-fourth of the free amino groups 
of egg albumin and about' one-third of the free amino groups of gelatin have 
disappeared during the reaction. 

In view of the 
complex reactions that occur when the nitrogen mustards react with water 

The mechanism of the reaction of MBA with amino groups. 

NTIz-K~ DECPBASE IN NHz-N 
PEE CC. PEP CC. 

mg. mg. aY 
0.92 
0.68 0.24 0.017 
0.71 
0.50 0.21 0.015 

TABLE I11 
REACTION OF METHYL-BIS(@-CHLOROETHYL)AMINE (MBA) WITH AMINO GROUPS OF 

PROTEINS 
Time of reaction, 24 hours a t  25'; pH 7.5 (bicarbonate). 
MB.4 was employed as the hydrochloride and one equivalent of NaOH added to  liberate 

' PROTEIN 
PER CC. 

.- 
mg. 
114 

the base. 

PPOTEIN 

Egg albumin 

Gelatin 

DECREASE IN 
"1-N PER 
m M  MBA 

mM 

0.21 

0.19 

a 30 minutes shaking in  the Van Slyke amino nitrogen apparatus. 

(9), i t  seemed desirable to determine whether the reaction with amino groups 
involved direct reaction with the nitrogen mustard itself or with one or more of 
the transformation products of the nitrogen mustard. 

To this end, a study was made of the reaction of MBA with alanine in bicarbo- 
nate solution. The following analytical procedures were applied : (a) dis- 
appearance of amino nitroger,; (b) formation of chloride ions; (c) formation of 
hydrogen ions as measured by the consumption of bicarbonate; and (d) dis- 
appearance of the ethylenimonium ion as measured approximately by the 
reaction with thiosulfate in 10 minutes (23). 

The data in Table IV shorn the following: 
(a) During the first 20 minutes, when all of the MBA is transformed into 

the l-methyl-l-(8-chloroethy1)ethylenimonium ion, only about 0.02 m.equiv. of 
NH2-N disappear per mM of MBA. Thus, the direct reaction of MBA itself 
with amino groups is negligibly small. After 24 hours, when the decrease in 
amino groups has stopped, only 0.75 m.equiv. of "2-N per mM of MBA have 
disappeared. The maximum possible value is 2 m.equiv. of NH2-N per m M  
of MBA. 
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m.cquia. 

0.17 
.36 
.43 
.70 
. a7 
.21 
.37 
.58 
.90 
.93 

Separate experiments with 1-glutamic acid and glycylglycine have shown that 
in these cases also MBA is convcrted into the ethylenimonium ion before appre- 
ciable disappearance of amino nitrogen is observed. 

(b) The initial rate of chloride liberation is much the same in the presence 
of alanine as in bicarbonate alone, but during the period when most of the amino 
nitrogen disappears, the chloride liberation is more rapid. In the presence of 
alanine the extent of the chloride liberation is also more complete (93%). 

(c) The liberation of H+ is more rapid during the period when most of the 
amino nitrogen disappears. However, the H+ liberated after 24 hours cor- 
responds to only 47% of the amount to be expected if the two chlorine atoms 
had reacted directly with amino groups or with water. As in the absence of 
alanine, the H+ liberated corresponds to one-half of the C1- formed. 

TABLE I V  
REACTIONS OP METHYL-BIS(&CHLOROETHYL)AMINE (MBA) IN THE PRESENCE AND ABSENCE 

OF ALANINE 
Concentration of reactants per cc.: 0.127 mM of MBAeHCl (one equivalent of NaOH 

-- 
m.cquic. 

0.93 
.85 
.88 
.83 
.82 

.86 

.88 

.76 

.83 

.92 

added to liberate the base); 0.536 miM of l-alanine 

REACIION YTx’lTXZ 

Bicarbonate alone 

Bicarbonate plus I-alanine 

TIME 

min. 

20 
40 
60 
360 
1440 

20 
40 
60 
360 
1440 

NHt-N 
DISAP- 

PEARED 
PEP m Y  

MBA 

m.cguiv. 

0.02 
.14 
* 24 
.72 
.75 

1.526 mM of NaHCOa. 

CL- 
PER m Y  

MBA 

m.cpir. 

1.10 
1.21 
1.31 
1.53 
1.69 

1.07 
1.25 
1.34 
1.73 
1.85 

XBEPAICO 

MBA 

THIO- 
SULFAIS 
USED IN 
0 MIN. PEP 
mM MBA 

n.equie. 

1.06 
1.04 
0.97 
.58 
.24 

.91 

.79 

.64 

.17 

.03 

(d) As in the experiment without alanine, the increase in C1- after the first 
20 minutes is accompanied by an approximately equivalent increase in H+. 

(e) The rate of disappearance of the ethylenimonium form is definitely more 
rapid in the presence of alanine than in bicarbonate alone. After 24 hours, 
the quantity of imonium ion is negligibly small. 

The above observations may perhaps best be summarized on the basis of 
the following reactions (cf. Figure 1) : 

In  bicarbonate solution, Reaction A, which occurs within the first 20 minutes, 
is the formation of the first ethylenimonium ring. This is shown by the liberation 
of more than half of the expected C1-, very little H+, and the rapid consumption 
of 1 equivalent of added thiosulfate. The imonium compound then undergoes 
several different reactions. The occurrence of Reactions B, C, and D in bicarbo- 
nate solution has been demonstrated in Paper I of this series (23). 
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(water) 

B 

F 

CHz CHIC1 
/ 
\ 

CHaN 

CHxCHxC1 

(A) (water) I 
C1- CHI CHI C1 
+/ 

CH, N- 

(water) 

E 

D 

(water) 

(water) 

1 
CHICHzC1 

/ 

(alanine) I 1 CHI 
I 

G (water) 

CHa C1- CHICHZ C1- CH: 
I +/ \+ I 

N CHI CHxNHCHCOOH HOOCCHNHCHa CHiN 

CHa 
/ \  

CHI CHI 
/ \  

CHa 
Fra. 1 
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In  the presence of alanine, Reaction A takes place also. About 75% of the 
imonium compound then reacts with the amino group of alanine as shown by 
the gradual disappearance of amino groups (Reaction E). This reaction prob- 
ably involves the ethylenimonium group. At the end of the reaction, 93% of 
the theoretical C1- and 47% of the maximum possible H+ have been liberated; 
consequently, the final product of the reaction of MBA with alanine must 
contain quaternary nitrogen. Since the final 10-minute thiosulfate titer is low, 
this quaternary nitrogen cannot be ethylenimonium nitrogen. It may be 
assumed, therefore, that whatever monomeric reaction product is formed 
dimerizes rapidly according to Reactions F and G. In the presence of alanine, 
only about 25% of the first ethylenimonium compound follows the sequenceof 
reactions postulated for the MBA-bicarbonate system. 

It was shown 
in Table I that the amino group of phenylalanine reacts a t  pH 9.5 with MBA. 
Under the experimental conditions employed, 1.25 m.equiv. of "2-N dis- 
appeared per mM of MBA. This would indicate that at least a portion of the 
MBA had reacted in such a manner that 1 molecule of MBA (or its ethyleni- 
monium form) had combined with 2 molecules of phenylalanine to give a product 
of the following structure: 

The isotation of a reaction product of MBA with phenylalanine. 

CH2 CaH6 
I 

CH2 CHzNHCHCOOH 
/ 
\ 

CH, N 

CH2 CHzNHCHCOOH 
I 
CH, CaH5 

This substance has been isolated from the reaction mixture. 
As previously stated, it was necessary to perform the reaction of MBA with 

phenylalanine at pH 9.5 because of the slight solubility of the amino acid at 
pE-1 7.5-8. The relatively high yield and the structure of the product is of 
interest, since in the reaction of MBA with alanine at  pH 8, the analytical data 
suggested that the principal product was formed from 2 molecules of MBA and 
2 molecules of alanine and was, probably, a derivative of the dichloro cyclic 
dimer of MBA. 

The reaction of MBA with the imidazole group of histidine. As shown earlier, 
the imidazole group of histidine interferes markedly with the reaction of MBA 
with a-amino groups at  pH 8. Thus, in the case of histidine, the extent of the 
disappearance of amino nitrogen was 0.11 m.eqEiv. of "2-N per mM of MBA, 
while with other amino acids about 0.75 m.equiv. of "2-N reacted per mM 
of MBA. In order to eliminate the complicating effect of the a-amino group of 
histidine, acetylhistidine was prepared and the influence of this compound on 
the reaction between MBA and alanine was studied. 

MBA (0.32 mlcf) was treated with 1.28 mM of l-alanine in the presence of 
1.28 mlcf of acetyl-dl-histidine and 1.0 m31' of NaHC03. After 24 hours, 
0.048 m.equiv. of amino nitrogen had disappeared (0.15 m.equiv. of KH2-N per 
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mill of MBA). In a control experiment, in which acetylhistidine had been 
omitted, the decrease in amino nitrogen was 0.230 mM (0.72 m.equiv. of "2-N 
per mM of MBA). This result shows that the imidazole group of acetylhistidine 
reacts with MBA more readily than does the a-amino group of alanine. 

The reaction of MBA, EBA, and TBA with carboxyl groups. The reaction of 
a nitrogen mustard with carboxyl groups might be expected to lead to the forma- 
tion of esters, which upon treatment with alkali, would be saponified with the 
disappearance of titratable alkali. Accordingly, MBA and EBA were treated 
with sod5um acetate or sodium hippurate for 18 to 24 hours in bicarbonate 
solution, and the amount of saponifiable esters was determined. Bicarbonate 
controls were necessary, since even in the absence of a carboxylic acid, products 
were formed from MBA and EBA which decomposed in alkaline solution nith 
the liberation of acid. In these experiments, no evidence of ester formation 
was obtained. These results are not surprising, in view of the later findings of 
Cohen and Van Artsdalen (24). Kinetic studies by these investigators showed 
that the first ethylenimonium compound derived from MBA reacts with pro- 
pionate in aqueous solution at  pH 7.4. The resulting ester of methyldiethanol- 
amine was found to be unstable, however, saponifying at  p H  7.4 with such 
rapidity that little or no ester could be detected in the reaction mixture after 
24 hours. 

With TBA, unequivocal evidence for the formation of esters was obtained. 
In  the presence of sodium acetate, sodium hippurate, sodium acetyldehydro- 
phenylalanine (I), or sodium acetyldehydrophenylalanyldehydrophenylalanine 
(111), approximately 25% of the chloroethyl groups of TBA were found to 
have reacted to form esters. In the experiments with acetate and hippurate 
the products of the reaction were not isolated. The products of the reaction 
with acetyldehydrophenylalanine and acetyldehydrophenylalanyldehydro- 
phenylalanine have been isolated, however, and found to  be triacyl derivatives 
of triethanolamine (Compounds I1 and IV). 

C BHS C6Hs 

CH 
I 
CH 

I 
II STBA II 

CHI CONHC CO OH (CH, CONH C COO CHs CH,)s N 
(1) (11) 

I I 
C&s C6H6 

CH CH 
I I  II +TBA CHaCONHCCONHCCOOH 
(111) 
CsHs CsHs 
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DISCCSSION 

The experiments outlined in this paper show that the nitrogen mustards are 
capable of reacting in vitro with the functional groups of a number ofprotein 
constituents. Since many of these functional groups are normally prcsent in 
intact protein molecules, it seems likely that the nitrogen mustards can react 
with proteins in vivo. Among the functional groups which are found free in 
many proteins and which might serve as possible points of attack for the nitrogen 
mustards, may be mentioned the €-amino groups of lysine residues or any free 
terminal amino groups of the peptide chains, the imidazole group of histidine 
residues, the sulfide group of methionine residues, the 8- or y-carboxyl groups 
of aspartic or glutamic acid residues, and any free terminal carboxyl groups of 
the peptide chains. To this list must be added sulfhydryl groups, as shown by 
HeHerman et al. (25).  

The studies on the mechanism of the reaction between MBA and the amino 
group of alanine, furnish strong evidence for the view now generally held that 
the nitrogen mustards must first cyclize to the water-soluble ethylenimonium 
form prior to undergoing alkylation reactions. 

EXPERIMENTAL 

The reaction of the nitrogen mustards with amino groups of amino acids and peptides. The 
procedure employed (except for benzoyl-l-lysine amide) involved adding 2 cc. of a n  aqueous 
solution containing 1.6 mM of the nitrogen mustard hydrochloride to  10 cc. of a solution 
containing 6.4 m.equiv. of amino nitrogen (9.6 mM in the experiments in which TBA was 
employed), 6.4 mM of NaHCO,, and 1.6 cc. of N NaOH. The reaction mixture was shaken 
for 4 hours and the solution wa8 ieft at room temperature for 16 hours longer. In the experi- 
ments employing TBA, shaking tlas continued for 20 hours. One cc. was removed, diluted 
t o  10 cc. and 1-cc. aliquot8 were used for “2-N determinations by the Van Slyke nitrous 
acid method. In  the case of the reaction with lysine and benzoyllysine amide the shaking 
time was 30 minutes; with the other compounds it was 5 minutes. In the case of benzoyl- 
lysine amide, the reaction Kas carried out on a micro scale. A reaction mixture (1.2 cc.) 
containing 0.21 mM of MBA.HCI, 0.32 mM of benzoyllysine amide HC1,0.8 m M  of NaHCO1, 
and 0.2 mM of NaOH was shaken for 4 hours. After standing for 16 hours longer, 0.2-cc. 
samples were used for NH2-N determinations. 

The mechanism of the reaction c j  M B A  with amino groups. The reaction mixtures were 
made up to  the concentrations indicated in Table IV in the manner described above. The 
C1- and H + liberation and thiosulfate consumption were estimated in the manner previously 
described (23). 

The isolation o j a  reaction product of MBA with phenylalanine. T o  4.23 g. of l-phenylala- 
nine (25.6 m M )  dissolved in  26 cc. of N XaOH were added 1.6 g. of NaHC03 and 6.4 cc. of N 
NaOH followed by the addition of 8 cc. of an aqueous solution of MBA-HCl (6.4 7 n M ) .  
The mixture was shaken fcr 24 hoursat 25’. The gelatinous precipitate which separated out 
n7as filtered and washed with cold water. The product after drying in  vacuo over Pt0s 
meighed 850 mg. (31%). The substancc was sparingly soluble in water, alcohol, or organic 
solvents. It was soluble in dilute acid and could be precipitated by neutralization with 
alltcli. TCe material retained traces of ash tenaciously, and even after several reprecipi- 
tations 0.2% of ash was still present. 

Anal.  

[a]: +29.8” (2% in N HC1) 
The reaction of the nitrogen mustards with carboxyt groups. The procedure employed in 

Calc’d for C2JH31N104.tHzO: C, 65.4; H, 7.7; N, 9.9. 
Found: C, 65.4; 13, 7.8; N, 9.9. 
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the experiments with MBA and EBA was essentially the same, and, therefore, will be given 
in detail only for the latter. 

The carboxylic acid (12 mM, employed as the sodium salt) was treated with 4 mM of 
EBA-HCl in the presence of 4 mM of NaOH and 12 mM of NaHC03. After 24 hours a t  25O, 
the solution was acidified and evacuated to  remove C 0 2 .  Absolute ethanol6 (250 cc.) was 
added and after neutralization to  phenolphthalein, 3.0 cc. of 1.06 N NaOH were introduced 
into the solution. After 30 minutes, the excess alkali was back-titrated t o  phenolphthalein 
ni th  0.1 AT HC1. A control experiment (without the carboxylic acid; was also performed 
and the plkali consumption found in the presence of the carboxylic acid was corrected 
accordingly. 

It was found that ,  in the presence of hippuric acid, the alkali consumption exceeded the 
control value by 2.1 cc. of 0.1 N NaOH. This indicates that  only about 2.6% of the chloro- 
ethyl groups of EBA had rcccted to form saponifiable esters of hippuric acid. Similarly, in 
the presence of acetic mid, i t  was found that only about 1.9% of the chloroethyl groups of 
MBA had reacted to  form saponifiable esters. The results with hIBA were essentially 
simila r . 

The experiments with TBA were performed in the following manner: To 2.67 mM of 
TBA.HL'L mas added a solution containing 12 mM of the Na salt of the acid, 12 mM of 
NaHCOa, cnd 2.7 cc. of AT NaOH. The mixture (total volume 25 cc.) was shaken for 48 
hours ct 25". In  each case a precipitzte appeared during the reaction. HCl was added 
and the C02 was removed in vacuo. Absolute alcohol (100 cc.) was added to give a clear 
solution end N &OH was added to  neutrality (phenolphthalein). Five cc. of N NaOH 
was then added and the solution was left a t  room temperature for 30 minutes. Back-titra- 
tion ni th  0.1 N IICl gave the amount of ester so,ponified. The titration in the experiment 
with compound I11 was made difficult by the yellow color of the solution. 

Isolaizon (if triacgl dcrivatmes of iriethanolamine. Compound I I .  This substance sepn- 
rated P S  :t solid nhen 2.67 mM of TBAaHCI was shaken with a solution containing 12 mM 
of the iSa malt of ( I ) ,  12 mM of XaHCO3, and 2.7 cc. of N NaOH. It was recrystallized by 
carefu! addition of water to Sn alcoholic solution of the substance; m.p. 179-180". 

Anal. 

Compound IV. When 2.67 mM of TBA.HC1 was shaken with a solution containing 12 mM 
of the K'a, salt of I11 and 12 mM of NaHCOo, there appeared a white precipitate mixed with 
a yellow oil. A creamy white solid was obtained by repeated recrystallization fromaqueous 
alcohol. The air-dried material melted at 120-130". 

Anal. CLlc'd for C G ~ H , $ ~ O I ~ . ~ H ~ O :  C, 67.0; H I  5.7; N, 5.3. 
Found: C, 66.6; H, 5.7; N, 8.5. 

Calc'd for C3&4&40p. C. 65.9; H, 6.0; N ,  7.9. 
Found: C, 66.0; H ,  6.1; N, 7.0. 

The stuthors wish to acknowledge with thanks the helpful cooperation of 
Miss Rosalind E. Joseph, who assisted in the conduct of these experiments, and 
of Mr. Stephen M. Nagy, who performrd the microanalyses reported in this 
paper. 
NEW YORK, N. Y. 
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In a previous paper of this series (1) it was shown that the nitrogen mustards 
react readily in vitro with a number of functional groups of protein constituents. 
It was concluded, therefore, that the nitrogen mustards would be likely to react 
with cellular proteins in vivo. The experiments to be reported in this communica- 
tion were undertaken to ascertain whether chemical substances of biological in- 
terest other than proteins could also be expected to react with the nitrogen mus- 
tards. It has been found that the nitrogen mustards can ccmbine with a large 
number of chemical ccmpounds essential to the econcmy of the living cell. 
Among the more significant of such compounds, in addition to proteins, may be 
mentioned several vitamins (nicotinic acid or its amide, pyridoxine, and thia- 
min), and organic phosphate compounds. 

The reaction of various substances with the nitrogen mustards as measured by their 
competition with alanine. Since it was desired to investigate a number of sub- 
stances of widely different chemical structure, it was necessary to devise a simple 
general method to determine the reactivity of the nitrogen mustards towards a 
given substance. Certain of the observations reported in paper V of this series 
(1) form the basis for such a method. It will be recalled that the amino group of 
2-alanine reacts a t  pH 7.5-8 with the water-soluble transformation products 
formed when the nitrogen mustards are dissolved in an aqueous bicarbonate solu- 
tion. When to the system containing alanine and a nitrogen mustard there is 
added a substance that also reacts with the nitrogen mustard, the amount of 
nitrogen mustard available for reaction with alanine is decreased, and conse- 
quently, the extent of the disappearance of amino nitrogen is reduced. Thus, 
the reaction between a nitrogen mustard and alanine may be used to determine 
whether the nitrogen mustard or its transformation products react with a given 
substance, and further to obtain an estimate of the rate of this reaction relative 
to the rate of the reaction of the nitrogen mustard with alanine. Obviously, 
alanine can be replaced as the reference compound by other substances that react 
with the nitrogen mustard a t  a suitable rate. This method, in principle, is similar 

1 This work was done in whole under Contract No. OEMsr-313 between The Rockefeller 
Institute for Medical Research and the Office of Scientific Research and Development, 
which assumes no responsibility for the accuracy of the statements contained herein. The 
experiments were performed during the period June 1942-January 1944. 

* Present address, Yale University, New Haven, Connecticut. 
a Present address, University of Wisconsin, Madison, Wisconsin. 
4 Present address, University of Pittsburgh, Pittsburgh, Pennsylvania. 
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to the competition method used by Ogston in his study of the chemical reactions 
of mustard gas (2). 

The competition method was previously used to  demonstrate that the 
imidazole group of acetyl-dl-histidine reacts with methyl-bid@-chloroethy1)- 
amine (MBA). The reaction of several other substances with the three nitrogen 
mustards, MBA, ethyl-bis(&chloroethyl)amine (EBA), and trid&chloroethyl)- 
amine (TBA), has also been studied by this method and the results are presented 
in Table I. 

The data in Table I show that in the presence of 2-proline, the extent of the 
reaction of any of the above nitrogen mustards with alanine is slightly more than 
half that of the value obtained in the absence of proline. This indicates that the 
three nitrogen mustards react with proline, EBA being the most, and TBA the 
least, reactive. Although the possibility of esterification at  the carboxyl cannot 
be excluded, it seems most likely that the reaction involves the imino group of 
proline. 

In  view of the important role played by pyridine derivatives in biological sys- 
tems, the strong competitive effect of pyridine, nicotinic acid, nicotinic acid 
amide, and pyridoxine is striking. The data in Table I indicate that all of the 
nitrogen mustards combine very readily with the pyridine nitrogen atom, MBA 
and EBA reacting with greater ease than TBA. The product of the reaction 
must be a quaternary pyridinium derivative. A strong competitive effect was 
also observed with 2-thiopyridine, while piperidine competes with alanine only to 
a slight extent. 

It is of interest that MRA reacts with adenosine and that thiamin also com- 
petes effectively with alanine for reactions with both MBA and EBA. In the 
case of thiamin, the possibility should be borne in mind that the reaction may 
involve secondary products formed from the vitamin at  p H  8. 

Imidazole also competes effectively with the amino group of alanine in the reac- 
tion with each of the nitrogen mustards. MBA has the greatest tendency to 
combine with imidazole, EBA is slightly less reactive, and TBA is definitely the 
least reactive. The results given in Table I confirm the conclusion already 
reached (1) that the nitrogen mustards are capable of reacting with the imida- 
zole nucleus of histidine. Moreover, the order of reactivity of the various nitro- 
gen mustards towards imidazole itself, is the same as that postulated earlier for 
the reactivity of these agents towards the imidazole group of histidine (1). 

In  paper V of this series, experiments were presented on the reactivity of the 
nitrogen mustards towards carboxyl groups. The results of further experiments 
bearing on this point are presented in Table I. It will be rioted that acetic acid 
exerts a negligible competitive eflect upon the reaction of MEA or EBA with 
alanine, but does compete effectively in the case of TBA. Hence, TBA is def- 
initely the most reactive of the nitrogen mustards towards the carboxyl group of 
acetic acid. A comparison of the data on MBA reveals, however, that the reac- 
tivity of a carboxyl group depends upon the structurs of the carboxylic acid. 
Thus, hippuric acid is a slightly better competitor for MBA than is acetic acid, 
and carbobenzoxy-1-glutamic and carbobenzoxy-l-aspartic acids are both rather 
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effective competitors for MBA. In the latter cases it seems probable that it is 
the 7-carboxyl of glutamic acid and the ,%carboxyl of aspartic acid which are in- 

TABLE I 

MUSTARDS WITH THE AMINO GROUP OF ALANINE 
Concentration of reactants per cc.: For MBA; 0.127 mM of MBA, 0.536 mM of I-alanine, 

0.536 mM of competing substance, 0.526 mM of NaHCOt; for EBA; 0.133 mM of EBA, 
0.534 mM of 2-alanine, 0.534 mM of competing substance, 0.534 mM of NaHCOs; for TBA; 
0.127 mM of TBA, 0.762 mM of 1-alanine, 0.762 mM of competing substance, 0.526 mM of 
NaHCOa. 

Temperature, 25.4'; pH 7.5-8.0; reaction period, for MBA and EBA, 15 minutes shaking 
and 20 hours standing; for TBA, 20 hours shaking. 

COMPETITIVE EFFECT O F  VARIOUS SUBSTANCES ON THE REACTION O F  THE NITROGEN 

SUBSTANCE ADDED 

None . . . .  
I-Proline . . . . . . . . . . . . . . . . . . . .  
Pyridine . . . . . . . . . . . . . . . . . . . .  
Nicotinic acids. . . . . . . . . . . . . .  

Pyridoxine. . . . . . . . . . . . . . . . . .  
2-Thiopyridine, . 
Piperidine. . . . . . . . . . . . . . . . . . .  

Thiamineb. . . . . . . . . . . . . . . . . . .  
Imidazmole. . . . . . . . . . . . . . . . . . .  
Hippuric acida. . . . . . . . . . . . . .  
Acetic acids.. . . . . . . . . . . . . . . .  
Carbobenzoxy - I - glutamic 

acid- . . . . . . . . . . . . . . . . . . . . .  
Carbobenzoxy - 1 - aspartic 

acida . . . . . . . . . . . . . . . . . . . . .  
Carbobenzoxy - d l  - methio, 

nine. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

Ethyldiethanolaminec.. . . .  

N H r N  DISAPPEARED PEX 
m u  01 

MBA, 
&.EQWIV 

- 
0.75 

.41 

.04 

.09 

.04 

.30 

.05 

.61 
$46 
.ll 
-12 
.65 
.72 

.44 

.44 

.66 
-50 
.50 
.32 

EBA, 
6 . S Q U N  

- 
0.86 

* 44 
.15 
.17 
.20 
.02 
.05 

.29 

.18 

* 79 

.84 

-54 
.53 

.46 

TBA, 
1.EQUIV. 

1.15 
0.68 

* 37 
.24 
.36 

.38 

.63 

.85 

.67 

.80 

.85 

DECREASE I N  ALANINE PZACTTNG WITE 

MBA - 
[.EQUIV - 

0.34 
.71 
-66 
.71 
* 45 
.70 
.14 
.29 
.64 
.63 
.10 
.03 

.31 

.31 

.09 

.25 

.25 

.43 

- 
% - 

45 
95 
88 
95 
60 
93 
19 
39 
85 
84 
13 
4 

41 

41 

12 
33 
33 
57 

EBA 

!.EQVIV. 

0.42 
.71 
.69 
.66 
.84 
.81 

.57 
-68 

.07 

* 02 

.32 

.33 

.40 

% - 
49 
83 
80 
77 
98 
94 

66 
79 

8 

2 

37 
38 

47 

TBA 

0.47 
.78 
.91 
.79 

.75 

.52 

.30 

.48 

.35 

.30 

% - 
40 
70 
80 
70 

65 

45 

25 

40 
30 
25 

a Employed as sodium salts. 
The amino group of this substance does not react appreciably with nitrous acid in the 

5-minute period required for complete deamination of alanine. 
c Th'a solutions of these substances were brought to  pH 8 by the addition of HCI prior to  

the addition of NaHCOs. 
d Separate experiments have shown that  when adenosine reacts with MBA, the amount 

of adenine amino nitrogen is decreased. 

volved. In contrast to the results with MBA, carbobenzoxy-Z-glutamic acid 
does not compete at all with alanine for reaction with EBA. The results pre- 
sented here, coupled with those given earlier (l), make it appear probable that 
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the order of reactivity of the nitrogen mustards towards carboxyl groups is TBA 

It will 
be noted that, in the reaction with MBA, carbobenzoxy-dl-methionine has the 
same competitive effect as hippuric acid. It cannot be decided on the basis of 
this experiment alone, therefore, whether the slight reaction of carbobenzoxy-dl- 
methionine with MBA involves the thioether sulfur or the free carboxyl group. 
The experiments with thiodiglycol [his@-hydroxyethyl)sulfide], however, prove 
definitely that all of the nitrogen mustards are capable of reacting with thio- 
ether sulfur, with the formation of a sulfonium salt [cf. also (3)]. 

> MBA > EBA. 
The competitive effect of a derivative of methionine was also studied. 

TABLE I1 

ETHYL)AMINE (EBA) wIrH PHOSPHATE 
THE REACTION OF METHYL-BIS(P-CHLOR0ETHYL)AMINE (MBA) AND ETHYL-BIS(~-CHLORO- 

Concentration of reactants per cc.: 0.10 mM of MBA.HC1 or EBA.HC1; 0.40 mM of 

Temperature 25'; pH 7.5. 
Na2HP04; 0.32 mM of NaHCOJ. 

~ ~~ ~~ 

INORGANIC PHOSPHATE' B.EhC1E.D PER m u  OF 
TIME, HOURS 

MBA. mM I EBA, mM 

3 
6 
24 
48 

0.7 
1.0 
1.3 
1.3 

1.0 
1.3 
1.4 
1.5 

Determined by the Fiske-SubbaRow method. 

The fact that the nitrogen mustards are capable of reacting with tertiary 
amines is indicated by the results obtained with triethanolamine, methyldieth- 
anolamine, and ethyldiethanolamine. The reactivity of the various nitrogen 
mustards towar& these bases seems to be about the same, with the exception 
of MBA which reacts readily with methyldiethanolamine. The product of this 
reaction has been isolated, and has the formula (I) given below. 

CHa CHS CHa 

I HO CH, CH2 \ I  
NCE-12 CHZNCH, CH2N 

/ +  + \  
HO CH, ch2 

c1- 

\ 

CHz CHI OH 
c1- 

(1) 
Since at one time it was suspected that this product might be formed during the 
reaction of MBA with water, the toxicity of compound I was investigated. On 
intraperitoneal injection into mice, compound I was found to possess an LDoo of 
about 1 g./kg. 

In addition to the compounds listed in Table I, it should be mentioned that, a t  
pH 7.5, MBA and EBA react with inorganic phosphate (TBA was not 
investigated). In Table I1 data are presented on the rate of the disappearance of 
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inorganic phosphate when MBA or EBA are treated with aqueous NaaHPO,. 
Gilman, Goodman, and Philips (4) have reported that MBA and EBA react 
readily with phosphate and, under their experimental conditions, consume about 
one equivalent of phosphate per mole of nitrogen mustard. 

Additional evidence for the reaction of MBA with phosphate-containing com- 
poundis has been obtained by use of the alanine competition method. Secondary 
sodium phosphate, sodium pyrophosphate, sodium glycerophosphate, several 
hexose phosphates, and two nucleotides (barium salts of cytidine diphosphate and 
adenosine triphosphate) were allowed to compete with the a-amino group of 

TABLE I11 
THE COMPETITIVE EFFECT OF PHOSPHATES AND OF SUBSTANCES RELATED TO NUCLEIC ACID 

ON THE REACTION OF METHYL-BIS(~~-CHLOROETHYL)AMINE (MBA) WITH THE 
AMINO GROUP OF ALANINE 

0.534 m.M of competing substance; 0.526 mM of NaHC08. 
Concentration of reactants per cc.: 0.133 mM of MBASHCl; 0.534 mM of Lalanine; 

pH ;'.5-8.0. Reaction period, 20 hours a t  25". 
.- 

SUBSTANCE 

None. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Na glycerophosphate 

Fructose 6-phosphate 
Glucosi. 3-phosphate.. . . . . . . . . . . . . . . . . . . .  
Glucose 6-phosphate. . . . . . . . . . . . . . . . . . . . .  
Cytidine diphosphate Ba.  . . . . . . . . . . . . . . .  
Adenosine triphosphate Ba. . . . . . . . . . . . . .  
Theophylline glucoside. . . . . . . . . . . . . . . . . .  
Desoxyribose. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

"7-N 
DISAPPEARED P E P  

M.EQWV. 
mM MBA, 

0.77 
.41 
-46 
.53 
.20 
.04 
.58 
.20 
.31 
.31 
.79 
.74 

DECREASE IN ALANINE PEACTINO 
WITH MBA 

Y.EQWIV. 

0.36 
.31 
.24 
.57 
-73 
. I9  
.57 
.46 
.46 

- .02 
.03 

t 

47 
40 
30 
74 
95 
25 
74 
60 
60 
0 
4 

alanine for reaction with MBA. The results are presented in Table 111. It 
will be noted that, in addition to sodium phosphate and pyrophosphate, the or- 
ganic phosphate compounds also show evidence of reaction with MBA. Ogston 
(2) has shown that mustard gas reacts with pyrophosphate and glycerophosphate. 

It is of interest that the nucleoside, theophylline glucoside, which does not 
contain a phosphate group does not appear to react with MBA; neither does 
desoxjnibose, which is a constituent of certain nucleic acids. It may be con- 
cluded, therefore, that nucleic acids are capable of reaction with the nitrogen 
mustards through their phosphate groups as well as through the 6-amino group 
of the adenine residue (cf. Table I, footnote d) .  

The extensive reaction of MBA with hexose phosphates suggests the possibility 
that the nitrogen mustards may influence the course of carbohydrate metabolism 
by reaxting not only with some of the enzymes involved [cj .  references 10-18 in 
the preceding paper of this series (l)], but with some of the substrates as well. 
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Organic phosphates such as triose and hexose phosphates, adenylic acid, adeno- 
sine triphosphate, thiamin pyrophosphate, creatine phosphate, etc., are of impor- 
tance in the maintenance of normal metabolic processes. Moreover, nucleic 
acids, phospholipids, and certain proteins are esters of phosphoric acid. The fact 
that MBA reacts with such organic phosphates is, therefore, of interest for the 
problem of the physiological action of the nitrogen mustards. 

The use of thiosulfate in the study of the reaction of the M B A  system with various 
substances. In addition to the alanine competition method described above, a 
second method for determining whether a given substance reacts with a nitrogen 
mustard has been employed. The method has only been worked out and applied 
in the case of MBA, although it undoubtedly is applicable to other nitrogen mus- 
tards as well. 

TABLE I V  

AMINE (MBA) I N  THE PRESENCE OF VARIOUS SUBSTANCES 
THE DISAPPEARANCE OF THE ETHYLENIMOKIUM FORMS O F  METHYL-BIS(@-CI~LOROETHYL)- 

Concentration of reactants per cc.: 0.127 mM of MBAeHCl; 0.536 mM of added sub- 

p H ,  7.5-8.0. Temperature, 25.4". 
stance; 0.526 mM of NaHCOs; 0.127 mM of KaOH. 

1 IO-MINUTE THIOSULFATE TITEX PEP TC. REACTION 
YIXTURE APTEX I M D E D  SUBSTANCE 

40 min.. M.EQUIV. 

None. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E -Alanine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I-Proline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hexamethylene tetramine. . . . . . . . . .  
Pyridine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nicotinic acid.. . . .  
Imidazole. . . . . . . . . . . . . . . . . . . . . . . .  
Histidine . . . . . . . . . . . . . . . . . . . . . . . .  
Sodium acetate.. . . . . . . . . . . . . . . . . . . . . . . .  
Ammonium chloride.. . . . . . . . . . . . . . . . . . .  

0.126 
.loo 
.os0 
.Ooo 
.004 
.002 
.014 
.036 
.118 
.114 

0.098 
.048 
.032 
. 000 
.om 
.Ooo 
.Ooo 
.006 
. O X  
.076 

!40 min , Y EQUIV. 

0.074 
.030 
.OlO 

.056 

.054 

As has been shown earlier ( 5 ) ,  when MBA reacts with an aqueous bicarbonate 
solution, there occurs a progressive decrease in the concentration of ethylenimon- 
ium ions in the solution. The approximate ethylenimonium content is deter- 
mined after various time intervals by measuring the thiosulfate consumption of 
aliquots of the reaction mixture. When alanine is also present in the reaction 
mixture, the rate of the disappearance of the ethylenimonium ion is accelerated. 
Thus, by measuring the rate a t  which the ethylenimonium ion disappears in the 
presence of a given substance, such as alanine, it is possible to determine whether 
the substance reacts with the MBA system. Several substances have been 
tested in this manner. 

Like alanine, proline produces an accelerated disappearance of the ethyl- 
enimor,ium ion. The effect of proline is even somewhat greater than that ob- 
served with alanine. This result, when combined with the finding in Table I, 
may be taken to indicate that proline reacts with the ethylenimonium form of 

The results are presented in Table IV. 
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MBA. The presence of pyridine, nicotinic acid, imidazole, and histidine results 
in a nearly complete disappearance of the ethylenimonium ion in 40 minutes. 
These findirgs are in accord with those reported in Table I, and indicate the high 
reactivity of these compounds towards MBA. Sodium acetate and ammonium 
chloride, on the other hand, cause but a slight acceleration in the rate of disap- 
pearance of the ethylenimonium ion. 

As will be noted from Table IV, hexamethylene tetramine causes a complete 
disappearance of the ethylenimonium form in 40 minutes. It became of interest 
t o  determine, therefore, rvhether hexamethylece tetramine was more reactive 
than thiosulfate towards the nitrogen mustards. By means of 8 competition 
experiment using thiosulfate as the reference substance, it was found that hexa- 
methylene tetramine is an effective competitor in the reaction of thiosulfate with 
MBA and EBA. The extent of the competition indicated, however, that thio- 
sulfate was the more reactive of the substances. It should be mentioned that 
the reaction of hexamethylece tetramine with MBA has been investigated in 
detail by Gurin and co-workers (6). 

The thiosclfate method has also been applied to the study of the reactions of 
l-methyl-l-~p-hydroxyethyl)ethyle~~imonicm picrylsulfonate (11). This com- 
pound reacts ccmpletely vith thiosulfate in 10 minutes, one equiralent of thio- 
sulfate beirg cocst-med ( 5 ) .  Since none of the reaction products of I1 cocsume 
thiosulfate, the 10-minute thiosulfate titer is a direct measure of the concentra- 
tion of I1 in the solution. Hence, if a given substance has reacted with 11, the 
thiosulfate titer of the reaction mixture must differ from that of a solution of II 
to which the substance has not been added. 

By the use of this method, I1 was found to react rapidly in bicarbonate solution 
with Z-prohe, nicotinic acid, imidazole, hexamethylene tetramke, methyldie- 
thanolamine, and thiodiglycol (Table V). No appreciable reaction with sodium 
acetate was observed. 

In the course of the investigations described in 
this arid preceding papers, it was observed that the nitrogen mustards form in- 
soluble periodides. It has long been known that both organic and inorganic 
halides ccmbine n ith one or more molecules of free halogen to give perhalides, of 
which KI3, [ICH3)4SlI3. [(CH3)4N]ClI4, and [R3NH]I3 are examples. Kith some 
t,ertiary amines, iodine forms products of the formula [R3NI]I (7, 8). Quater- 
nary ammonium halides form perhalides of the type RdNeX, in ivhich X repre- 
sents halogen and n may be 3, 5 ,7 ,9  or more (9). Likewise, the formation from 
mustard gas of perhalides of the type [(ClCH&H&S]X, in which n may be 2,4,  
or 6 has been noted (10). 

The formation of a periodide of MBA and TBA was demonstrated by adding a 
solution of the amine hydrochloride to an excess of 0.1 N iodine-potassium iodide 
solution. A purple crystalline solid separated which was removed by filtration. 
Titration of the filtrate with sodium thiosulfate showed that about 2 atoms of 
iodine had been removed per mole of nitrogen mustard hydrochloride. “Aged” 
solutions of MBA produced similar crystalline precipitates with iodine-potassium 
iodide solution, but consumed somewhat less iodine. 

Periodides of MBA and TBA. 
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ADDED SUBSTANCE 

None..  . . . . . . . . . . . . . . . . . . . . . . .  
2-Proline ...................... 
Nicotinic acido.. . . . . . . . . . . . . . .  
Imidazole.. . . . . . . . . . . . . . . . . . .  
Hexamethylene tetramine.. , . . 
Methyldiethanolamineb . . . . . . .  
Thiodiglycol . . . . . . . . . . . . . . . . . .  
Sodium acetate . ,  . . . . . . . . . . . . .  

11 REACTED APTEP 11 REACTED WITE ADDED SUBSTANCE 

20 min., % 60 rnin., % 180min.,% 20 mio., % W min., % 180 min., % __________--- 
3 17 32 

61 66 87 58 49 55 
55 75 100 52 58 68 
35 52 84 32 35 52 

35 60 93 32 43 61 
32 38 64 29 21 32 
9 16 35 6 -1 3 

100 100 97 

TABLE VI 
THE LIMIT OF PRECIPITATION OF NITROGEN MUSTARDS AND RELATED SUBSTANCES BY 

12-KI 

MBAeHCl 
MBA 

MBA.HC1 + 6 equiv. NaHCOa 
1 - Methyl - 1 - (8-chloroethy1)ethyleni- 

Methyl - p - chloroethyl - p - hydroxy- 

Methyl - 8 - chloroethyl - p - hydroxy- 

Methyl - p - chloroethyl - p - hydroxy- 

monium picrylsulfonate 

ethylamine. HCl 

ethylamine picrylsulfonate 

ethylamineeHC1 + 6 equiv. NaHC03 
N,N'  - Dimethyl - N,N' - bis(p-chloro- 

ethy1)piperazinium dichloride 
N,N' - Dimethyl - N,N'  - bis(p-chloro- 

ethy1)piperazinium dipicrylsulfonate 
Methyldiethanolamine 
TBA-HCl 
TBAaHCl + 6 equiv. NaHCOa 
Triethanolamine 
Tetraethanolammonium hydroxide 

C O ~ O U N D  

100 
100 

10,Ooo 12 
100 6 6 
100 12 

4 W  100 

400s 100 

4OOb 100 

100s 6 

100s 6 

10,Ooo 5,000 

20,000 20,000 

1,000 
1,Ooo 16 120 

5,000 2,500 

LIy1T OF PPEClPlTATION AFTEP ADINO PERIOD 

P.P.V." I P.P.Y. P.P.Y. P3.V.'' 
30 min 1 hr.b I 20 hrs;, I 40 hrs. 

12 
25 

25 
12 

100 

200 

100 

6 

6 

5, 000 
120 
500 

20,000 

12 
25 
12 
50 

120 
1,0oO 
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It seemed of interest to determhe whether the formation of insoluble periodides 
could be used for the detection of the nitrogen mustards and their transformation 
products,. To determine the lowest concentration a t  which iodine-potassium 
ioiide solution could be used to detect the nitrogen mustards, their transforma- 
tion products or closely related compounds, an iodine solution was added to por- 
tions of the progressively diluted solution to be tested. The greatest dilution a t  
which a precipitate was formed was determined. The results listed in Table VI 
were determined as follows: To 5 cc. of the solution to be tested, 0.1 g. of sodium 
bicarbor!ate and 1 .O cc. of 1 N iodine-potassium iodide solution were added. 
The highest dilution a t  which a turbidity was produced was determined by 
ccmparison with a control test tube. This comparison was best made within 
about 10 mifiutes after adding the reagents by observing the tubes while they 
were strongly illuminated from the side. 

EXPERIMEKTAL 

The reaction rf various substances with the nitrogen mustards as  measured by thsir com- 
petition with alanine. The requisite r?rrount of nitrogen mustard.HC1 was added t o  the 
solution containing K;s,HCOI, alanine, and the competing substance as well as the cal- 
culated quantity of KEOH to liberate the nitrogen mustard free base. The reaction mix- 
ture was shaken at 25.4" for 15 minutes and then left for 20 hours a t  25.4". In the case of 
TBA the shaking UP.S continued for 20 hours. One-cc. aliquots were withdrawn, diluted 
to  10 cc., and amino nitrogen determinations were carried out on I-cc. samples of the diluted 
solution (5 minutes' shaking in  the Van Slyke apparatus). The pH of the undiluted reac- 
tion mixture was measured by means of the glass electrode. 

A solution (10 cc.) of MBAeHCl con- 
taining 8 mM of MBA was shaken with 4 cc. of methyldiethanolamine (34 mM) for one hour. 
The clear solution was left a t  room temperature for 20 hours and then concentrated under 
reduced pressure. The syrup Bhich resulted Bas dissolved in  20 cc. of absolute alcohol 
and 100 cc. of acetone was added. The oil which separated crystallized on scratching and 
chilling. The substance was recrystallized twice from absolute ethanol; yield 2.7 g. (84%); 
m.p. 93-95". 

Anal .  Calc'd for CI~HI ,CI~NIO~:  C, 45.6; H, 9.5; K ,  10.6; C1, 18.0. 
Found: C, 45.7; H, 9.6; N, 10.4; C1, 17.9. 

The use of thiosulfate in the study of the reaction of the M B A  system with various sub- 
stances. The requisite amount of MBASHCl was added t o  the solution of IL'aHC03 to which 
had been added the test substance and the calculated quantity of NaOH to liberate the 
MBA base. The reaction mixture was shaken for 10-15 minutes at  25.4" until a clear 
solution resulted ana  kept at this temperature during the experiment. Five-cc. aliquots 
were withdrawn after 40 minutes, 2 hours, and 4 hburs, and added t o  10 cc. of 0.1 N thiosul- 
fate. After exactly 10 minutes, the unreacted thiosulfate was titrated with 0.1 N iodine. 

The experiments ~ i t h  compound I1 were performed in the same manner except that  no 
XaOH v a s  added. 

Competition between thiosulfate and hezamethylene tetramine ( H M T )  for reaction with the 
nitrogen mustards. MRA.HC1 (3.2 m M )  plus 3.2 mM of NaOH was treated with 12.8 mM 
of sodium thiosulfate in the presence of bicarbonate (pH 8:. After 2 hours at 25.4", the 
disappearance of thiosulfate had ceased; 6.29 m M  of thiosulfate had reacted (98% of theory 
for the formation of the "Bunte salt"). When 3.2 mM of MBA was treated with a solution 
containing 12.8 m M  of thiosulfate and 12.8 mM of HPvlT at pH 8, a t  the end of the reaction 
(2 hours) only 4.27 m M  of thiosulfate had reacted (67%). 

This result indicates that  although HMT shows great reactivity with MBA, i t  is not as 
reactive as thiosulfate. 

The reaction cf MBA with methyldiethanohwiine. 
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When 1.6 mM of EBA.HCI (plus 1.6 mM of NaOH) was allowed t o  react with 5 mM of 
Na&Os in the presence of bicarbonate, the amount of thiosulfate that had reacted after 2 
hours at 25’ was determined by iodometric titration and was found to  be 3.2 mM (100% 
of the theory for the formation of the “Bunte salt”). However, when 1.6 mM of EBA 
was treated with 5 mM of HMT, only 2.24 mM of thiosulfate had reacted after 2 hours 
(70%). 

This result shows that, as  in  the case of MBA, EBA reacts readily with HMT, but more 
readily Rith thiosulfate. It is of interest that, although the reaction of EBA with thiosul- 
fate is more rapid than is that  of MBA, the competitive effect of HMT is nearly the same 
for EBA and for MBA (30 and 33Yc respectively). 

Periodidss of MBA and T B A .  The reaction mixtures were made up t o  contain per cc.: 
0.02 mM of nitrogen mustard or nitrogen mustard hydrochloride and 0.06 m.equiv. iodine in  
potassium iodide. In  each case, the mixture was shaken for 6 hours, filtered, and the purple 
solid washed with water. The unused iodine in the filtrate was titrated with thiosulfate. 

The MBA hydrochloride (481 mg., 2.5 mM) consumed 5.07 m.equiv. (0.643 g.) of iodine 
and yielded 0.994 g. of a dark purple solid. The crude product melted a t  94-98’. 

The TBA hydrochloride (482 mg., 2.0 m M )  consumed 5.1 m.equiv. (0.652 9.) of iodine and 
yielded 0.968 g. of a dark purple solid. The crude product melted a t  74-78’. 

A 2% solution of 2.5 mM MBA was aged for 3 hours. The It-KI solution was then added. 
After a further 6 hours, 4.48 m.equiv. of iodine was consumed and 0.834 g. of purple solid 
was obtained. This crude product formed a dark melt at 15C-160°. Another sample of the 
2% MBA solution was aged for 6 hours. After the addition of I,-KI and shaking for 6 hours, 
i t  consumed 3.89 m-equiv. of iodine and 0.659 g. of purple solid was obtained. This crude 
product formed a dark melt a t  120-13O0. 

These melting points of the crude periodides are mentioned only to  indicate that  the 
periodides obtained from the fresh solutions and from the aged solutions were different. 

The authors wish t o  express their indebtedness to the late Dr. Max Bergmann 
for the constant advice and encouragement which he gave in the course of this 
research. Thanks are due also to  Miss Rosalind E. Joseph for assistance in 
the conduct of these experiments and t o  Mr. Stephen M. Nagy, who performed 
the microanalyses reported in this paper. 

XEW YORK, N .  Y. 
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VII. MOKOSUBSTITUTION PRODUCTS OF ETHYL-BIS(8- 

Khen one of the chloroethyl groups of either ethyl-bis(8-chloroethy1)amine 
(EBA) or methyl-bis(8-chloroethy1)amine (MBX) reacts with a tertiary base or 
sulfide, it is to  be expected that the chemical nature of the group which is intro- 
duced into the nitrogen mustard \Till influeRce the reactivity of the second chloro- 
ethyl group. IC order to secure information on this question, the preparation of 
moncsubstitution products of the nitrogen mustards was ucdertnken. 

T h e  zsoldion of monosubstitution products of EBA and dfBA containing one 
chloroethyl group. When equimolar amounts of 1-ethyl-1-(8-ch1oroethyl)ethylen- 
imoniurn picrylsulfonate (1) and pyridine are allowed to react in acetone solution 
(to minimize hydrolysis), the monopyridinium derivative of EBA [ethyl-& 
chloroethyl-8-pyridiniumethylamine (I)] is formed in good yield. The imonium 
picrylsulfonate also reacts with methyldiethanolamine under the same conditions 
to give r\'-ethyl-N-~-chloroethyl-N-8-[~'-methyl-h"-bis(8-hydroxyethyl)ammo- 
nium] ethylamine (11). 

CICHZCHZNCH~CH~$C~H,  

C2H5 C2H6 CH2 CH2 OH 
I +/  

C1 CH2 CHzNCHz CHZN, 
I CHzCH2OH 
CH3 

I 

(1) (11) 
In the MBA series, l-methyl-l-(8-chloroethyl)ethylenimonium picrylsul- 

fonate (2) has been found to undergo a similar type of condensation with pyridine 
to form methyl-j3-chloroethyl-8-pyridiniumethylamine (111). With nicotinic 
acid the analogous 3-carboxypyridinium derivative (IV) is formed. With 
thiodig lycol N-rnethyl-N-/3-chloroethyl-N-&[i";'-bis( 0 - hydroxyethy1)sulf onium] 
ethylamine (V) is obtained. The imonium compound also reacts with methyl- 
diethanolamine to  form N-methyl-N-P-chloroethyl-r\'-P-[N'-methyl-n"-bis(~-hy- 
droxyethyl)ammonium]ethylamine (VI), and with hexamethylene tetramine 
to  yield the hexamethylene tetraminium derivative (VII). Gurin and co-workers 

1 Thin work was done in whole under Contract KO. OEMsr-313 between The Rockefeller 
Institute for Medical Research and the Office of Scientific Research and Development, 
which a~sumes  no responsibility for the accuracy of the statements contained herein. The 
experiments were performed during the period June 1942-January 1944. 

2 Present address, University of Pittsburgh, Pittsburgh, Pennsylvania. 

' Cied, November 7, 1944. 
Present address, Yale University, New Haven, Connecticut. 

581 



682 QOLUMBIC, FRUTON, AND BERGXANN 

(3) have reported the isolation of compound VI1 as a chloride. In  the present 
work, all the monosubstitution products of EBA and MBA were isolated, in ex- 
cellent yields, as dipicrylsulfonates. 

CHa CH2 CH2 OH 
+/ 

\ 
ClCH2 CH2kCH2 CH2S 

CH2 CH2 OH 
(V) 

CH2 N 

CHS /* ,C&l 
I 

CH2 ClCH2 CHzNCH2 CH2NCHzN 
\ I "?I N 

CH2 
(VW 

The properties of monosubstitutzon products of EBA and M B A .  The reaction of 
the compounds I-VI1 with thiosulfate was studied by following the rate of dis- 
appearance of thiosulfate from the reaction mixtures. The results are given in 
Table I together with comparable data (1, 2) on the reaction with thiosulfate of 
the chlorohydrins (ethyl-P-chloroethyl-8-hydroxyethylamine and methyl-@- 
chloroethyl-@-hydroxyethylamine) derived from EBA and MBA respectively. 
It will be noted that the monosubstitction products react with thiosulfate at a 
much slower rate than do the corresponding chlorohydrins. On the other hand, 
the speed of the reaction of each EBA derivative is considerably greater than 
that found for the corresponding compound of the MB,4 series. The parent 
mustards, EBA and MBA, are also known to show this difference in the rate of 
their reaction with thiosulfate (1, 2). 

When a monosubstitution product of MBA is subjected to hydrolysis at p H  8, 
it is found that the liberation of C1- from the chloroethyl group is slower than in 
the case of the chlorohydrin of MBA. Thus, in the hydrolysis of the nicotinic 
acid derivative about one hour is required for the release of the chlorine as C1-, 
whereas less than 20 minutes are necessary for a similar liberation of C1- from the 
chlorohydrin of MBA (2). 

When the dipicrylsulfonate of VI is hydrolyzed in the presence of bicarbonate, 
nearly one equivalent of HCI is liberated in 20 hours. From the hydrolysate, 
compound (VIII) was isolated as a dipicrylsulfonate. 

HOCHzCH2 CHS CHz 
\ I  I 
/+ 

NCH2 CHzNCH2 CHZOH 

HO CH2 CH2 
(VIII) 
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- 
10 min. 20 min. 

0.93 0.96 
* 47 .72 
.41 .62 

.81 

.20 

.22 

Compound (VIII) was previously isolated as a product of the hydrolysis of 1- 
methyl- 1-(8-chloroethyl)ethylenimonium picrylsulfonate in bicarbonate solution 
(2). 

TABLE I 

(ElBA) AND METHYL-BIS(~-CHLOROETHYL)AMINE (MBA) WITH THIOSULFATE 
THE REACTION O F  MONOSUBSTITUTION PRODUCTS O F  ETHYL-BIS(&CHLOROETHYL)AMINE 

Concentration of reactants per cc.: 0.01 mM of EBA or MBA derivatives (employed as 

Temperature 25'. 
the dipicrylsulfonate) ; 0.025 mM of NazSzOa; 0.04 mM of NaHC03. 

.- 

60 min. 120 min. 

0.98 0.98 
.92 .98 
.89 .97 

.97 .97 

.50 .72 

.40 .62 

PARENT 
NITROGEN 
YUSTAED 

EBA 

MEA 

.24 .46 

.17 .32 

.08 1 .18 

SU8STIIUENT 

.71 

.34 

.51 

Hydroxyl (chlorohydrin) 
Methyldiethanolamine 
Pyridine 

COMPOUND 
-- 

EBA chlorohydrin 
MBA chlorohydrin 

I1 
VI 

I 

Hydroxyl (chlorohydrin) 
Pyridine 
R'icotinic acid 
hlethyldiethanclamine 
Hexamethylenetetramine" 
Thiodiglycol 

L D ~ D  (APPBOX.)5 

m g . l k .  
10 
30 

200 
350 
75 

0 The titrations in this instance were carried out at 0' to  retard fading of the endpoint. 

TABLE I1 
THE TOXICITY TO MICE OF MONOSUBSTITUTION PRODUCTS OF ETHYL-BIS(&CHLOROETHYL)- 

AMINE (EBA) AND ~~ETHYL-BIS(@-CHLOROETHYL)AMINE (MBA) 
The chlorohydrins were injected as their hydrochlorides, and the monosubstitution 

productti were injected as their chloride hydrochlorides. 

6 Determined by intraperitoneal injection of a graded series of doses into sets of three 

The i!oxicity of monosubstitution products of EBA and MBA. For the toxicity 
studies, the dipicrylsulfonates of the EBA and MBA derivatives were converted 
into the corresponding chloride hydrochlorides by treatment with the dichloro 
cyclic dimer of MBA. This method of splitting picrylsulfonates has been 
described earlier (2). The approximate LDao obtained for each derivative upon 
intraperitoneal injection into mice is given in Table 11. It will be noted that the 
methyldiethanolammonium derivatives I1 and VI and the pyridinium derivatives 
I and I11 were less toxic than the corresponding chlorohydrins. Furthermore, 

mice. 
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each compound of the EBA series is more toxic than its MBA analog. These 
data, coupled with the results given in Table I, suggest that there is a correlation 
between the chemical reactivity of the nitrogen mustard derivatives and their 
toxicity, the more reactive compounds being the more toxic. 

EXPERIMENTAL 

Ethyl-6-chtoroethyl-6-pyridiniumethylamine (I). T o  1.70 g. (4.0 mM) of I-ethyl-I- 
(8-chloroethy1)ethylenimonium picrylsulfonate in 100 cc. of acetone was added 316 mg. 
(4.0 mM) of pyridine in acetone solution. The mixture was kept for one-half hour at room 
temperature, and then the acetone was evaporated off. The residue was taken up in 50 cc. 
of acetone and filtered from a slight amount of undissolved material. After addition of a n  
acetone solution of 1.46 g. (4.0 mM) of picrylsulfonic acid, the dipicrylsulfonate of I crys- 
tallized at once; yield 2.85 g. (91%); m.p. 202-205' with decomposition. 

Ana2. Calc'd for C1IHloC192.2CaH2X3O&: C, 34.6; H, 2.9; N, 14.0; C1, 4.4. 
Found: C, 34.6; H, 3.05; N,  14.0; C1,4.4. 

N-Ethyl-N-6-chloroethyl-N-6 - [N'-methyl -N'- his@ - hydroxyelhyl)ammonium] ethylamine 
(II). T o  1.7 g. (4.0 m M )  of I-ethyl-1-(6-chloroethy1)ethylenimonium picrylsulfonate in 
100 cc. of acetone was added 475 mg. (4.0 mM) of methyldiethanolamine dissolved in  25 cc. 
of acetone. The remainder of the procedure was the same as that  for compound I ;  yield 
2.9 g. (87%); m.p. 191-192'. 

Anal. 

ilPethyZ-~-chloroethyl-fl-pyridiniumethylamine (IIZ). A solution of 413 mg. (1 m M )  
of l-methyl-l-(p-chloroethyl)ethylenimonium picrylsulfonate in  100 cc. of acetone was 
treated with 80 nig. (1 mJI) of pyridine dissolved in 5 cc. of acetone. After standing one 
hour a t  room temperature, the acetone was removed under reduced pressure. The residue 
was dissolved in 25 cc. of acetone and treated n i th  293 mg. (1 mM) of anhydrous picrylsul- 
fonic acid dissolved in 10 cc. of acetone. Tiny prismatic crystals appeared in a few min- 
utes. After cooling a t  Oo, the crystals were filtered off and dried zn vacuo over P ~ O S ;  yield 
580mg. (74%). The substance was difficultly Eoluble in acetone but could be recrystallized 
from a large volume of this solvent by addition of petroleum ether. 

Calc'd for C~~H?,C~NZO*.~C~HZ~~OPS: C, 32.9; H, 3.7; N,  13.35; C1,4.2. 
Found: C, 33.2; H, 3.9; N, 13.2; C1,4.05. 

Anal. 

MethyE-P-chloroethyl-P-(S-car6oxy)pyridinzurriethylamine (Zv). To a solution of 2.672 
g. (6.47 ndi') of l-~~ethyl-l-(~-chloroethyl)ethylenimonium picrylsulfonate in  500 cc. of 
acetone mas added 796 mg. (6.47 mM) of nicotinic acid dissolved in 400 cc. of acetone. The 
reaction mixture was concentrated under reduced pressure to  about 150 cc., and after stand- 
ing for an hour at room temperature, the remainder of the acetone was removed in vacuo. 
The residue was dissolved in 100 cc. of acetone and then 6.47 mM of picrylsulfonic acid dis- 
solved in a little acetone uas added. T o  this solution was added 150 cc. of petroleum ether. 
The dipicrylsulfonate of compound 1V precipitated as  a n  oil which crystallized upon 
scratching and cooling. The product was dried in vacuo over PzOS; yield 4.8 g .  (90%). 
For analysis, the compound was recrystallized from acetone-ether solution; m.p. 163-165'. 

Calc'd for C,lHlrClN202.2C611~?:30~S: C, 33.3; 13, 2.6; N, 13.5; C1,4.3. 
Found: C, 33.4; E l ,  2.7; N, 13.7; C1,4.5. 

Cnlc'd for CloH,rC1N~.2CsH1N3O~S: C, 33.7; II,2.7; N ,  14.3; C1,4.5. 
Found: C, 33.5; H, 3.0; E, 14.2; C1,4.4. 

Anal. 

N-F/lethyl-iV-p-chloroethyl-N-,T- [A"-bzs (8-hydroxyethyl)sulfoniuin Iethylamine ( V )  . A 
mixture of 1.652 g. (4.0 mM) of 1-methyl-I-(6-chloroethy1)ethylenimonium picrylsulfonate 
and 488 nig. (4.0 mM) of thiodiglycol was dissolved in 350 cc. of acetone and the solution 
was allowed to  stand a t  room temperature for one hour. The acetone was removed under 
reduced pressure. The residual oil WPS taken up in 50 cc. of acetone and filtered from a 
small amount of crystalline material (0.5 g.). To  the filtrate was added 4.0 m M  of picryl- 
sulfonic acid dissolved in a little acetone. The dipicrylsulfonzte of V crystallized out of 
the reaction misturc upon cooling at 4' overnight. I t  was filtered off and dried in vacuo 
over P20s; yield 86%; m.p. 158-160". 
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Anal. Calc'd for CpH&1NOzS.2C~H,N109S: C, 30.5; H, 3.2; N, 11.8; C1,4.3. 
Found: C, 30.7; HI 3.4; N, 11.7; C1, 4.1. 

N-Methyt-N-8-chloroethyl-N-fl- [N'-methyl-N'-bis (8-hydroxyethyl) ammonium] ethylamins 
(VI ) .  Methyldiethanolamine (0.565 g., 4.75 mM) was added to  2.065 g. (5.0 mM) of 
1-methyl-l-(8-chloroethyl)ethylenimonium picrylsulfonate dissolved in  400 cc. of acetone. 
The solvent was removed under reduced pressure. The residual oil was dissolved in 60 cc. 
of acetone and a n  acetone solution of 5.0 mMof picrylsulfonic acid was added. The dipic- 
rylsulfonate of VI rapidly crystallized out of the reaction mixture in pure form. After 
cooling far  a n  hour at 4", the compound was filtered off and dried in vacuo over Pz06; yield 
3.0 g. (77%); m.p. 213-215". 

Anal. Calc'd for CloH26C1~20*.2CsH1hT300S: C, 32.0; H, 3.5; N, 13.6; C1,4.3. 
Found: C, 32.1; H, 3.7; N, 13.6; C1,4.4. 

Methyl-8-chloroethyl-B- (hexamethylenetetraminium) ethylamine (VI I ) .  A solution of 
2.065 g. (5.0 mM) of I-methyl-I-(8-chloroethy1)ethylenimonium picrylsulfonate in  400 cc. 
of acetone was treated with 701 mg. (5.0 mM) of hexamethylenetetramine dissolved i n  250 
cc. of acetone. The solvent was removed in vacuo. The residue was dissolved in 100 cc. 
of acetone and treated with 5.0 miM of picrylsulfonic acid dissolved in a little acetone. 
After standing overnight at 4', the crystalline dipicrylsulfonate of VI1 was filtered off and 
dried over PzOa in vacuo; yield 3.65 g. (87%); m.p. 130-133' (decomp.). 

Anal. Calc'd for C11H2,C1S~~2CoHzTU'aOpS: C, 32.65; H, 3.3; N, 18.2; C1, 4.2. 
Found: C, 32.4; H, 3.4; N ,  17.9; C1, 3.9. 

The hudrolysis  of N-meth~l-N-~-chloroethyl-N-~-[N'-methyl-N'-bis(~-hydrozy~thyl)am- 
monium jeth~lamzne dipicrylsulfonate. The dipicrylsulfonate of VI (865 mg., 1.05 mM) 
was added to  70 cc. of 0.08 N NaHCOI. The mixture was stirred a t  room temperature 
for 20 hours. Ten-cc. aliquots of the reaction mixture were withdrawn for C1- and H+ 
determinations. Found, C1-, 0.015 mM per cc. and H+, 0.014 mM per cc. Theory, C1-, 
0.015 mM per cc.; H+, 0.015 mM per cc. 

The remainder of the reaction mixture was cooled, acidified to  Congo Red and filtered' 
The initial precipitate (0.35 g.) was separated from a small amount of high-melting 
substance (m.p. 250', possibly a cyclic dimer) by extraction with hot water. The dipicryl- 
sulfonate of compound VI11 was obtained on cooling the filtrate; m.p. 196-200' with 
decomposition. It was again recrystallized from water and dried in uucuo over PlOa at room 
temperature. When dried at 115", the compound lost about one-half mole of water. 

Anal. 

A further quantity of VI11 was obtained when the mother liquor was concentrated to 
about 25 cc., cooled and filtered. The salt was dried in vacuo over P201; yield 0.30 g.; m.p. 
202-205" with decomposition. For analysis i t  was recrystallized from water; m.p. 204-206'. 

Calc'd for CloH,,NzOj.2C,H,N30sS.tH*0: C, 32.4; H, 3.8; H20, 1.2. 
Found: C, 32.7; H, 3.9; H20, 1.5. 

Anal. Calc'd for CloH20Nr03~2C6H2N30~S-~H20: C, 32.4; H, 3.8; N, 13.7; H20, 1.2. 
Found: C, 32.2; H, 4.0; N, 13.7; H*0,1.5.  

The two samples of the salt described above, on admixture, melted at 201-205". 

The anthors wish to  acknowledge with thanks the helpful cooperation of Miss 
Rosalind E. Joseph, who assisted in the conduct of these experiments, and of Mr. 
Stephen M. Nagy, who performed the microanalyses reported in this paper. 

NEW YORK, N. Y. 
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The rate and extent of oxidation by peracids. It has been observed that the 
nitrogen mustards are oxidized to  the corresponding N-oxides by peracids in 
aqueous solution. This oxidation is rapid in weakly alkaline solution but is 
slow in acid solution. At p H  7.7, each of the three nitrogen mustards [methyl- 
bis(&chloroethyl)amine (MBA), ethyl-bis(&chloroethyl)amine (EBA), tris(0- 
chloroethy1)amine (TBA)], as well as methyldiethanolamine, consumes about 
one equivalent of peracetic acid within 15 minutes. At pH 3.2, the peracetic 
acid consumption was 10% or less of the amount found at  pH 7.7. The slower 
oxidation of the nitrogen mustards in acid solution might be due to  ammonium 
salt formation. 

Peracids other than peracetic acid also oxidize the nitrogen mustards. When 
a bicarbonate buffered solution of MBA was shaken with a chloroform solution of 
perbenzoic acid or was treated with an aqueous solution of monoperphthalic 
acid, within 15 minutes 1.42 and 0.85 equivalents of peracid respectively were 
consumed. 

The preparation of the N-oxides of the nitrogen mustards. The principal product 
of the peracid oxidation of each of the nitrogen mustards, the N-oxide, has been 
isolated as its hydrochloride from a bicarbonate buffered reaction mixture con- 
taining excess peracetic acid. The oxidation of MBA to methyl-bis(8-chloro- 
ethy1)amine oxide (I) and the formation of its hydrochloride (11) may be repre- 
sented by the following equation : 

ClCHnCHz 
\ + peracid- 

/NcHa 
ClCH2 CH2 

MBA 

r CICHz H2 \ 
'N' 

(11) 
I C  1CH2 C Hz OH 

1 This work was done in whole under Contract No. OEMsr-313 between The Rockefeller 
Institute for Medical Research and the Office of Scientific Research and Development, 
which assumes no responsibility for the accuracy of the statements contained herein. The 
experiments were performed during the period June 1942-January 1944. 

* Present address, University of Wisconsin, Madison, Wisconsin. 
*Died, November 7, 1944. 
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- 
0.18 
0.30 
0.67 
1.03 
1.11 

Ethyl-lbis(j3-chloroethy1)amine oxide hydrochloride (111) and tris(j3-chloro- 
ethy1)amine oxide hydrochloride (IV) have also been prepared from EBA and 
TBA respectively by a procedure similar to that used for the preparation of 11. 

0.02 
0.11 
0.17 
0.45 
0.69 

(111) (IV) 
In all three cases, the amine oxide was isolated in a yield of 78435% of theory. 

This high yield indicates that oxidation of the nitrogen atom proceeds much more 
rapidly than does hydrolysis of the 8-chloroethyl groups. 

TABLE I 
THE REACTION OF METHYL-BIS(~-CHLOROETHYL)AMINE (MBA) OXIDE WITH WATER AND 

WITH THIOSULFATE 
Concentration of reactants per cc.: 0.02 mM of MBA oxide HCI; 0.02 mM of NaOH; 

In  the experiment given in Column 4, 0.05 mM of NatSzOs per cc. was also present. 
0.06 mM of NaHCOI. 

pH 8; temperature 25". -- 

--- 
1 
4 
7 

24 
72 

TOTAL NAvSZO: UPTAKE 
PEB m M  OF MBA OXIDE 

m. EQUIV. 
(4) 

0.25 
1.12 
1.21 
1.79 
1.79 

3-HOUR NAzSYO, 

MBA OYIDE 
Y. EQUIV. 

 UPTAKE^ PER mA! OF 

( 5 )  

0.84 
0.82 

0.20 
0.00 

0 This value was determined by adding, after the indicated time interval, excesa 
NazS20a to  an aliquot of the hydrolysis mixture; after exactly 3 hours the unreacted thiosul- 
fate was titrated. 

The chemical reactions of M B A  and TBA N-oxides. The stability of the 
ch1oroet:hyl groups of these N-oxides and their reaction with thiosulfate4 were 
studied 'by measuring the liberation of C1- and H+ and the consumption of thio- 
sulfate in a bicarbonate solution. Table I shows that, under these condition, 
within 72 hours, I1 liberates 1.11 equivalents of C1- and only 0.69 equivalents of 
H+. The smaller Hf liberation suggests that the over-all process is of a complex 
nature and warrants further investigation. Column 5 of Table I shows that the 
thiosulfate titer decreases as the hydrolysis proceeds and that the final hydralysis 
products show no thiosulfate consumption. 

The Cl- and H+ liberation, and thiosulfate consumption of IV in bicarbonate 
solution were measured in a manner similar to that employed for the study of 11. 

4 The use of the reaction with thiosulfate as a n  index of the presence of reactive ethyleni- 
monium or p-chloroethyl groups has been discussed in  previous papers of this series. 
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0.81 
0.96 
1.32 
1.73 
2.04 

The data in Table I1 show that within one hour in bicarbonate solution at  25”, 
0.97 equivalents of C1- and 0.52 equivalents of H+ are liberated and 1.32 equiva- 
lents of Na2S203 are consumed, In marked contrast, I1 liberates within the same 
time only 0.18 equivalents of C1-, 0.02 equivalents of H+ and reacts with only 
0.25 equivalents of Na2S20s. It will be noted that in the hydrolysis of IV, the 
rate of C1- liberation is greater than is the rate of H+ liberation. The same ob- 
servation was made with 11. Column 4 of Table I1 shows that I V  is capable of 
reacting with approximately 2 equivalents of thiosulfate within 4 hours. Column 
5 indicates that the 35-minute thiosulfate titer decreases as hydrolysis proceeds. 

Two reaction products have been isolated from a 48-hour old bicarbonate buf- 
fered solution of IV. The isolation of P-hydroxyethyl-bis(P-chloroethy1)amine 

1.08 
1.08 
1.07 
0.90 
0.53 

TABLE I1 
THE REACTION OF TRIS(~-CHLOROETHYL)AMINE (“€3.4) OXIDE WITH WATER A N D  WITH 

THIOSULFATE 
Concentration of reactants per cc.: 0.02 mil4 of TBA oxide HCl; 0.02 mM of NaOH; 0.08 

In the experiment given in Column 4,0.07 mM of Na&OI per cc. was also present. Tem- 
mM of NaHCOa. 

perature 25’; pH 8. 

0.57 
0.76 
0.97 
1.18 
1.33 

TIXE, 

(1) 
KIN. 

0.09 
0.29 
0.52 
0.79 
0.91 

15 
30 
60 
120 
240 

CL- LIBEPATSD PER HC LIBERATED PER 
mY OF TBA OXIDE 1 OF TB;)OXIDE 

K EQUIV. M.EQVIV. 
( 2 )  

~ 

0 These values were determined by removing, at the time indicated, an aliquot of the 
hydrolysis mixture, adding excess NanS1O1, and after exactly 35 minutes titrating the un- 
reacted thiosulfate. 

N-oxide (V) in a yield of 54% indicates that the major portion of IV  is hydrolyzed 
under these conditions as follows : 

CICH2 CHn ClCHs CH2 

CICHzCHz-N-OH --+ ClCHzCH2-N-OH + HCI 
\+ x- \+ x- 
/ / 

CICH~ C H ~ ’  HOCH, CH2’ 
(IV) (VI 

Triethanolamine also was isolated from the reaction mixture in a yield of 20%. 
It is possible that triethanolamine is not a normal product of the decomposition 
of the N-oxide but was produced during the isolation procedure. Triethanol- 
amine could arise as the result of decomposition of a portion of the N-oxide to 
yield TBA. Subsequent hydrolysis of the TBA would yield triethanolamine. 
A similar reaction was observed by Bamberger and Leyden (1) who found that the 
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N-oxide of dimethylaniline decomposes on heating to form the original amine, 
dimethylaniline. 

The toxicity of 11, 111, 
and IV was determined by intraperitoneal injection of graded doses into sets of 
three mice. The results indicate that the LD60 for I1 is 75-125 mg./kg.; for 
111, 50-100 mg./kg.; and for IV, 2.5-5.0mg./kg. By this method of administra- 
tion, the LD60 for MBA hydrochloride is 2.4 mg./kg. (2) and for EBA hydrochlor- 
ide is 1.05 mg./kg. (3). It is of interest that oxidation of the nitrogen mustards 
to the corresponding N-oxides results in the formation of compounds which still 
possess appreciable toxicity. From the above data and those of Table 11, it will 
be noted that the greater toxicity of IV is associated with an increase in the 
rate of C1- liberation and thiosulfate consumption. 

The toxicity of the N-oxides of the nitrogen mustards. 

EXPERIMENTAL 

Preparation of peracids. Peracetic acid was prepared by stirring at 0" for 2 hours a mix- 
ture of 153 g. (1 mole) of sodium perborate and 71 cc. (0.75 mole) of acetic anhydride in 400 
cc. of water. The mixture was filtered, the filtrate acidified to  Congo Red with 5 N sulfuric 
acid and the peracetic acid was separated from the inorganic salts by extraction with ether 
or by distillation under reduced pressure. 

Monoperphthalic acid was prepared from sodium perborate and phthalic anhydride by 
a similar procedure. After filtration, the reaction mixture was extracted with ether and 
a n  aqueous solution of monoperphthalic acid was obtained by shaking the ether extract 
with water. 

Perbeneoic acid was prepared by the method of Bergmann and Witte (4). 
Oxidation of the nitrogen mustards. The rate of oxidation of the nitrogen mustards by 

peracetic acid was measured by estimation of the peracid consumption in  a reaction mixture 
containing per cc.: 0.05 mM of nitrogen mustard hydrochloride, 0.10 mM of peracetic acid, 
and 0.45 mM of sodium bicarbonate. The pH was 7.7 and the temperature was maintained 
a t  25". A control solution was made up without the nitrogen mustard. After 15 minutes, 
the unreacted peracetic acid was determined by the addition of an excess of sulfuric acid 
and potassium iodide followed by titration of the liberated iodine. The oxidations at  
pH 3.2 were carried out in  a similar manner with a reaction mixture containing per cc. 0.09 
mM of the nitrogen mustard hydrochloride and 0.18 mM of peracetic acid. 

The estimation of the extent of oxidation of MBA by monoperphthalic acid in NaHC03 
solution was carried out as  described above. 

The oxidation by perbenzoic acid was carried out at 25" by shaking a mixture of 5 cc. 
of a 0.2 .N chloroform solution of perbeneoic acid and 10 cc. of a solution containing 0.05 
mM of MBA and 0.45 mM of NaHC03 per cc. After 15 minutes, the perbenzoic acid re- 
maining in  the mixture was determined. 

A solution of 
25 g. of EdBA.HC1 (0.12 11.1) in 100 cc. of water was added over a period of 15 minutes with 
stirring to  1500 cc. of 0.26 N peracetic acid (0.39 M) containing 98 g. of NaHC03 (1.16 M ) .  
The NaRC03 was added to  the peracid solution immediately before beginning the addition 
of the iVlBA.HC1. The mixture was stirred a t  25" for 15 minutes, and then acidified with 
HC1 to Congo Red. The acid solution was concentrated to  dryness (bath temperature, 
40") under reduced pressure. Anhydrous acetone (50 cc.) was added and the mixture was 
again concentrated to dryness. The operation was repeated three times. The residue was 
then extracted with three 150-cc. portions of anhydrous acetone. The combined acetone 
extracts were filtered and concentrated under reduced pressure t o  a thin syrup. This was 
dissolved in 200 cc. of absolute ethyl alcohol, and 2 liters of anhydrous ether was then 
added with stirring. The amine oxide hydrochloride first separated as an oil which crystal- 

The isolation of methyl-bis(&chloroethyl)amine oxide hydrochloride (II). 
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lized when allowed to  stand a t  4". The product was collected by filtration, washed with 
dry ether, and dried over PZOs. The yield was 21.3 g. (85%). After recrystallization from 
an anhydrous ethyl alcohol-ether mixture, the melting point was 109-110'. 

Anal. Calc'd for CLH1lC1lKO~HC1: C, 28.8; 11, 5.8; S ,  6.7;  C1, 51.1; C1-, 17.1. 
Found: C, 28.6; H, 5.6; N, 6.7;  C1, 50.6; C1-, 17.3. 

T h e  isolation of ethyl-bis(p-ch1oroethyl)amine oxide hydrochloride ( I I I ) .  The prepara- 
tion of I11 was carried out in a manner similar t o  that  employed for 11. From 1.65 g. of 
EBA.HC1, 1.52 g. (85%) of the corresponding amine oxide hydrochloride was obtained. 
After recrystallization from an anhydrous alcohol-ether mixture the melting point was 85- 
86". 

Anal. Calc'd for C&4C13KO: C, 32.4; H, 6.3; p1', 6.3;  C1, 47.8; C1-, 15.9. 
Found: C, 32.1; H, 6.3;  N ,  6.3;  C1, 47.4; C1-, 16.0. 

T h e  isolation of tris(P-chloroethyl)amine oxide hydrochloride ( I V ) .  The preparation of 
I V  was performed in a manner similar to that employed for 11. From 1.94 g. of TBA.HC1, 
1.79 g. (78'j?.0) of the corresponding amine oxide hydrochloride was obtained. After re- 
crystallization from an anhydrous alcohol-ether mixture, the melting point was 91-92". 

Anal. Calc'd for CeH13C14SO: C, 28.0; H, 5 .0 ;  N, 5 .5 ;  C1, 55.2; C1-, 13.8. 
Found: C, 28.1; €1, 5.1;  K, 5.7; C1, 55.2; C1-, 13.8. 

T h e  hydro ly s i s  of tris(p-ch1oroethyl)amine oxide hydrochloride ( I V )  . A reaction mixture 
containing 10.27 g. (40 mM) of IV, 13.44 g. (160 mill) of NaHC03, and 40 cc. (40 mM) of N 
NaOH in 2 liters of water was allowed to stand for 48 hours a t  25" and mas then extracted 
with four 300-cc. portions of ether. The ether extracts were combined and then divided 
into t\To equal portions. To one portion of the combined ether extracts, 40 cc. of N HC1 
was added and the ether was removed under reduced pressure until only an oily aqueous 
suspension remained. A solution of 7.06 g. of Reinecke salt in 60 cc. of absolute methyl 
alcohol was added with stirring to  this suspension. The Reinecke salt of P-hydroxyethyl- 
bis(P-chloroethy1)amine oxide (V) separated. The mixture was allowed to  stand a t  4" 
for 24 hours, filtered, and the product washed with about 50 cc. of dilute HCl. The yield 
was 6.16 g. (54y0). The Reineckate was recrystallized by dissolving in 50 cc. of absolute 
methyl alcohol followed by the addition of 100 cc. of dilute HCl; m.p. 146". 

Anal. 

The aqueous phase remaining after the ether extraction was acidified with HCl to  Congo 
Red and then concentrated under reduced pressure to  dryness (bath temperature, 40"). 
Absolute alcohol (100 cc.) was added to the residue and the mixture again was concentrated 
to  dryness. The addition of alcohol and concentration was repeated three times. The 
residue was then extracted with 150 cc. of boiling absolute alcohol. The hot alcoholic 
extract was filtered, cooled, 150 cc. of dry ether was added, and the mixture was allowed to  
stand a t  4" for 24 hours. The product was then collected by filtration and washed with dry 
ether. The yield of triethanolamine hydrochloride was 1.50 g. (20%). After two recrys- 
tallizations from absolute methyl alcohol, the melting point was 176-177". Knorr (5) 
reports the melting point of triethanolamine hydrochloride as 177". S o  depression of the 
melting point was observed on admixture of the isolated material with an authentic sample 
of triethanolamine hydrochloride. 

Calc'd for C6H14Clz?r'z0.CIHpCr?u'sS4: c, 23.0; €1, 3.8; N, 18.8; c1, 13.6; s, 24.6. 
Found: C, 23.0; H, 3.6; S,  18.4; C1, 13.7; S, 24.2.  

Anal. Calc'd for C6H1~pr'o~"Cl: C, 38.8; H, 8 .6 ;  pr', 7.5; C1, 18.6. 
Found: C, 38.8; H, 8.7;  N, 7.6;  C1, 19.1. 

The authors wish to acknowledge with thanks the helpful cooperation of Miss 
Rosalind E. Joseph, mho assisted in the conduct of these experiments, and of Rlr. 
Stephen M. Kagy, who performed the microanalyses reported in this paper. 

NEW YORK, N. Y. 
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The systematic study of carcinogenic hydrocarbons has revealed a striking 
parallelism between a monomethyl or dimethyl derivative of a basal aromatic 
skeleton and the corresponding “benz” derivative (1). This parallelism led to 
the discovery that 1, 2, 3, 44etramethylphenanthrene (11), the simplest “methyl 
homolog” of 1 ,2,3,4-dibenxphe~anthrene (I), possesses a definite carcinogenic 
activity (2). In addition to  the previously stated moderate activity of 1- and 2- 
methyl-3,4-benzphenanthrene (3), this new observation showed that it is pos- 
sible to replace two aromatic rings by aliphatic side chains without destroying the 
cancer-producing properties of the parent structure, I. It was, therefore, of in- 
terest to examine generally which parts of the five-condensed-ring structure of I 
could be replaced by methyl groups. We wish to describe here our experiments 
on the synthesis of 3,4,9,10-tetramethylphenanthrene (111), which lacks rings 
D and E of compound I, and which represents a t  the same time an “open-chain 
homolog” of 1,2-dimethyltriphenylene (IV) (4) and of 1,2-dimethy1-3,4-benz- 
phenanthrene (V), a still unknown hydrocarbon of presumably strong carcino- 
genic activity. 

Preliminary studies were made on the applicability of the Diels-Alder reaction 
to methylated vinylnaphthalenes. Cohen and Warren (5) obtained the adducts 
of 1- and 2-vinylnaphthalene in xylene solution in 32y0 and 6% yields, respec- 
tively. Fieser and Daudt (6), on the other hand, who applied the method to 1- 
propenylnaphthalene without the use of a solvent, isolated the condensation 
product in 77% yield. We have observed that 2-isopropenylnaphthalene (VI) 
and 2-( 1,2-dimethylvinyl)naphthalene (X) gave very low yields when heated 
with maleic anhydride in the absence of solvent or in acetic anhydride. The 
yellow adducts, which because of their color may well be formulated as VI1 and 
XI, could not be dehydrogenated by sulfur, and by the use of selenium only very 
small amounts of the aromatic anhydrides (VIII) and (XII) were obtained. 
Condensation of the components in nitrobenzene (7) proved of distinct advantage 
in all cases and was, therefore, adopted as standard method. Decarboxylation 
by dry distillation of the potassium salts yielded the expected hydrocarbons, 1- 
methyl-(IX) and 1,2-dimethyl-phenanthrene (XIII) (S,9) .  

However, the corresponding 1-naphthyl derivatives (XIV) and (XVII) gave 
not so clear results. Thus the aromatic anhydride XV, when decarboxylated via 
its barium salt, in the presence of copper, produced an oil whose picrate (m.p. 
141”) showed it to be the expected 4-methylphenanthrene (XVI) (Sa, 10). The 
potassium salt of XV, however, required a reaction temperature (-450”), which 
was about 100 degrees higher than in the former experiment, and gave a very 

592 
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CHS 
I11 

small amount of a mixture of hydrocarbocs, frcm which a high-melting picrate 
(map. 164-166') was isolated. Although no ccmparison with an authentic speci- 
men could be made, it appears possible that at the high reaction temperature de- 
hydrogenation and cyclization to 4,5-methyIenephenanthrene (XX) had 00- 
cured, the picrate of which is reported (11) as having the m.p. 166". 

Again, the aromatized adduct (XVIII), on decarboxylation of its barium salt, 
yielded the expected 3,4-dimethylphenanthrene (XIX). The potassium salt 
reacted only a t  about 450" and yielded, among others, a solid of m.p. 120-122" 
(picrate m.p. 150") which was identified as lf2-dimethy1phenanthrene (XIII). 
This shows that a profound rearrangement of the original structure has taken 
place and that caution is indicated in the explanation of results with methylated 
1-vin ylnaphthalenes. 

For the synthesis of 111, we started with l-acetyl-3,4dimethylnaphthalene 
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( X X I ) ,  which was prepared from 1,2dimethylnaphthalene by the Friedel- 
Crafts reaction with acetic anhydride in carbon disulfide. In the mean time, 
XXI has been described by Plattner and Ronco (12) who synthesized it b y a  
slightly different method and proved its orientation by oxidation to the known 
3,4dimethyl-l-naphthoic acid. The appropriate Grignard reaction of the 
ketone XXI yielded the vinyl derivatives XXII and XXIV. The former gave 
the aromatic adduct XXIII in such a small yield that we did not investigate it 
further. 

The hydrocarbon XXIV was converted into the aromatic anhydride XXV in 
about 5% yield. However, two isomers of map. 236' and 212" respectively, were 
isolated. As the separation of the anhydrides involved heavy losses of material, 
we decarboxylated the crude XXV via its barium salt and obtained a mixture of 
hydrocarbons, from which two isomeric picrates were isolated. 

0-co 

VI, R = H 
X, R = Ca 

0-co 

VII, R = H 
XI, R = CHa 

VITI, R = 
XII, R = 

R 

H IX, R = H 
(2% XIII, R = CF4 

R R 

XIV, R = H 
XVII, R - C& 

XV, R = H XVI, R = H 
XVIII, R = CI-4 XIX, R = C& 
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COCHs 
I 

___) q\ Ha CHa 

R 

"YLH 

(a) The main fraction showed the m.p. 227"; the hydrocarbon regenerated 
from this picrate had the map. 115". R e  assxme, pending a spectrographic ex- 
amination, that this hydrocarbon represents the required 3,4,9 , 10-tctramethyl- 
phenanthrene (111) , although its structure has not been elucidated.' 

(b) Frcm the mother liquors, a low-melting picrate (124") was isolated. The 
corresponding hydrocarbon of m.p. 69", proved to be iscmeric with 111. We con- 
sider it €18 possible that this isomer represents 4-ethyl-9, lodimethylphenanthrene 
(XXVI:), and therefore, that the dehydration of methylethyl-(3,4-dimethyl- 
naphthyL1)carbinol produced a mixture of XXIV and the methylene derivative 
XXIVa. 

On the whole, we may conclude: Methylation of the side chain of vinylnaph- 
thalenes reduces their reactivity to such a degree that the Diels-Alder reaction 
with maleic anhydride does not constitute a practical method for the synthesis of 

1 The compounds have been submitted to  Dr. R. Norman Jones for spectrographical 
analysis. 
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alkylated phenanthrenes. Our results, however, appear theoretically interesting 
enoEgh to warrant publication. 

EXPERIMENTAL 

1 -Methylphenanthrene-9, &-dicarboxylic acid anhydride (VZZZ). 2-Isopropenylnaphthal- 
ene (VI) (13) (8.4 9.) and maleic anhydride (25 g., 5 equiv.) in nitrobenzene (75 cc.) were 
refluxed for four hours. Then the solvent was removed by steam and the tarry residue 
purified by distillation. A yellow oil of b.p. 180-200" (1 mm.) was obtained, which, upon 
trituration with methanol, yielded 0.5 g. (4%) of crystalline material. Recrystallization 
from butyl acetate gave yellow needles of m.p. 241-242' (VIII). 

A n a l .  Calc'd for CITHloOs: C, 77.9; H,  3.8. 
Found: C, 77.8; H, 3.6. 

The potassium salt, prepared from VI11 (0.5 g.) with methanolic potassium hydroxide, 
was distilled a t  ordinary pressure (ca. 300') in the presence of calcium oxide, and yielded 
0.1 g. of distillate. The substance (IX) was recrystallized from glacial acetic acid and 
showed thereafter the m.p. 117-118'. I ts  picrate, prepared in ethanolic solution, had the 
m.p. 137", not depressed by admixture of en authentic specimen of 1-methylphenanthrene. 

1,2-Dimethylphenanthrene-S,&-dicarborylic acid anhydride (XZZ). 2-(1,2-Dimethyl- 
vinyl)na#phthalene (X) (13, 14) (8 g.) and maleic anhydride (25 9.) in acetic anhydride (75 
cc.) were refluxed for five hours. The solvent was distilled and the residue fractionated in  
a high vacuum. A small frzction, b.p. 240-245' (0.1 mm.) was isolated which crystsllized 
from butyl acetate in fine;bright yellow needles of m.p. 231' (XI). 

A n a l .  Calc'd for ClsHlaOs: C, 77.1; 13, 5.7. 
Found: C, 77.3; H ,  5.5. 

Dehydrogena,tion x i th  sulfur a t  300-320" was unsuccessful and gave back the original 
tetrahydro product. 

When the diene X (15 g.) and maleic anhydride (50 6.) in nitrobenzene (150 cc.) were 
refluxed for five hours and the mixture steam-distilled, a black residue was obtained, which 
was best purified in the follorying way: extraction with boiling acetic acid, which left an 
insoluble greenish powder (1.2 g.), which upon recrystallization from butyl acetate and 
then from acetic anhydride formed dark yellow needles of m.p. 242-243' (XII) .  

A n a l .  Calc'd for C I S H ~ ~ O ~ :  C, 78.3; H,  4.3. 
Found: C, 78.0, 78.3; H, 4.2, 4.5. 

The portion n hich had dissolved in acetic acid (2.7 g.) was distilled, b.p. 185-195' (0.1 
mm.), and yielded an oil which crystallized upon treatment with methanol. Recrystal- 
lization from butyl acetate gave a product of m.p. 230", identical with the tetrahydro 
derivative (XI) .  This product did not react with sulfur. When i t  was heated with sele- 
nium at 320-350', i t  yielded, after sublimation in a high vacuum, a small amount of the aro- 
matic anhydride (XII) .  

XI1 (0.6 g.) was converted into its potassium salt as above, and distilled a t  ordinary 
pressure at about 250' in the presence of calcium oxide. The greenish-yellow distillate 
crystallized spontaneously (0.15 g., 33% yield). It was obtained from acetic acid in color- 
less plates of m.p. 143' (XIII) .  I ts  picrate showed m.p. 154', not depressed by admixture 
of an authentic specimen of 1,2-dimcthylphenanthrene. 

A n a l .  

4-Methylphenanthrene-l , 2-dicarboxylic acid anhydride ( X V )  . 

Calc'd for ClsHlr: C, 93.2; H, 6.8. 
Found: C, 92.9; TI, 6.8. 

1-Isopropenylnaphthalene 
(15) has been prepared by us in two ways, either by reaction of 1-acetylnaphthalene with 
methylmagnesium iodide, or by Grignerdization of acetone with 1 -naphthylmagnesium 
bromide and dehydration of the intermediary carbinol (of m.p. 102'). 

1-Isopropenylnaphthalene (XIV) (10 g.) and maleic anhydride (26 g.) in acetic anhy- 
dride (100 cc.) were refluxed for six hours and the crude product was distilled, b.p. 260-300' 
(0.3 mm.). The red oil (5 9.) so obtained crystallized on treatment with ethanol. Two 
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crystallizations from butyl acetate gave light yellow needles of m.p. 210'; yield 1.2 g., 8%. 
This compound represents the tetrahydro anhydride, isomeric with VII. 

Anat. Calc'd for Cl7Hl4O3: C, 76.7; H, 5.3. 
Found: C, 76.8; H,  5.1. 

The yield was slightly better ( ca .  when the crystalline carbinol was condensed 
directly with maleic anhydride in the same solvent. 

This rtdduct (2.1 g.) and sulfur (0.55 g.) were melted together a t  200". Evolution of 
hydrogen sulfide started at  250°, and the temperature was sloivly raised to 300". Sublima- 
tion of the black produet yielded 1.4 g. of e yellow substance which mas extracted with 
acetic acid. A small, insoluble part  as recrystallizcd from acetic anhydride, then from 
nitrobenzene; orange-yellov:, thin rods of m.p. 282-284" (XV). 

Anal. Calc'd for C1,H1003: C, 77.9; 11, 3.8. 
Found: C, 77.9; H, 4.1. 

The acetic acid solution deposited on cooling yellow lancets of m.p. 2 0 P ,  identified as  
the start,ing material. 

1-Isopropenylnaphthalene (11 g.) and nialeic anhydride (36 9.) in nitrobenzene (100 cc.) 
were refluxed for five hours. The crude product was distilled, b.p. 280-300" (1 mm.). The 
distillate crystallized on trituration n i th  ethanol-acetone. Recrystallization from nitro- 
benzene gave 0.9 g. of orange-yellow rods, m.p. 282-284", identical with the aromatic anhy- 
dride (XV). The substsnre shows in solution an intense green-yellow fluorescence. 

Decarboxylation. (a) With  bar ium hydroxide and cqppsr. Three-tenths of a gram each 
of the anhydride XV, barium hydroxide, and copper were thcroughly mixed and distilled 
a t  ordinwy pressure. The oily distillate (0.1 g.) WYRQ converted directly into the picrate 
in ethanolic solution. Dcrk needles of m.p. 139" were obtained which showed no depression 
on admkture of en authentic specimen of the picrate of 4-methylphenanthrene (XVI). 

( b )  With potassium hydroxide. The anhydride XV (0.5 g. )  was converted into the dipo- 
tassium salt as described above, and distilled in the presence of calcium oxide a t  400-450". 
One drop of a red oil passed over, which became semisolid a t  room temperature. This 
mixture vias dissolved in acetic acid, and picric acid added. Upon cooling, beautiful, deep 
red flat rods crystrrllized out, m.p. 164-166'. They were recrystallized from acetic acid 
(XX ?) .  

Anal.  Celc'd for C21H13x;301: X I  10.0. Found: N, 10.0. 
From the mot.her liquor a mixture of other picrates crystallized, which could not be 

separated because of the smell amount available. 
S,4-Dirnethylphenanthren~-~,I-dicarboxylic acid anhydride ( X V I I I ) .  1-(1,2-Dimethyl- 

viny1)naphthalene (XVII) T ~ S  prepared according to  Salkind and Soniss (16)' and also 
from methyl ethyl ketone and 1-naphthylmagnesium bromide. 

XVII (13 g.)  and maleic anhydride (30 g.) were refluxed in nitrobenzene (90 cc.) for five 
hours and the solvent steam-distilled. The black residue was sublimed a t  250-300" (0.2 
mm.) an.d the sublimate treated x i th  ethanol-acetone; yield 0.8 g., 457,. The substance 
(XVIII) was recrystallized t x k e  from acetic anhydride and formed intensely yellow, 
slender needles, m.p. 242". Its mixture 
with t h e  isomer (XII)  showed F, melting point depression of about 12". 

I ts  solutions show intense green fluorescence. 

Anal. 

Decarboxylatioi. 

Cdc'd for C18H1208: C, 78.3; H, 4.3. 
Found: C, 78.3; H, 4.6. 

(a) Wilii bar ium hydroxide and coppcr. The anhydride XVIII (0.5 
g.' was hented n-ith equal amounts of barium hydroxide and copper to  300' (25 mm.). The 
yellox; oil lvhich pa,ssed over crystallized spontalieously. The product was dissclved in 
methanc'l and cooled to  -18". The substance (XIX) showed the m.p. 53-54'. The picrate 
was obtained from ethanol as short., orange needles, m.p. 128". Haworth (9b) reports 12Y- 
130'. Although no comparison with a n  authentic specimen could he made, i t  is probable 
that  the compound represents the expected 3,4-dimethylphenanthrene. 

( b )  With potassium hydroxide. The anhydride XVIII (0.5 g.) was converted into the 
dipotassium salt and distilled at 400-450' in the presence of calcium oxide (0.5 6 . ) .  The 
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green-yellow distillate (25 mg.) crystallized partly. The crystals were pressed onto a 
porous plate and showed the m.p. about 130". They were converted directly into the 
picrate in  acetic acid ~olut ion,  m.p. 150". Mixed m.p. with the picrate of 1,2-dimethyl- 
phenanthrene, 152'. 

l-Acetyl-3,4- 
dimethylnaphthalene (XXI) : T o  a solution of 1,2-dimethylnaphthalene (22 g.) and acetic 
anhydride (45 9.) in carbon disulfide (250 cc.) cooled in  a n  ice-salt bath, aluminum chloride 
(72 g.) was added in  portions and the mixture stirred a t  room temperature for twelve hours. 
After steam distillation, hydrochloric acid was added and the mass extracted with benzene, 
which left a residue boiling at  150" (0.6 mm.); yield 20 g., 70%. The picrate, when re- 
crystallized from butanol, showed the m.p. 133-134" (12). 

l-Isopropenyl-3,4-dimethylnaphthalene (XXII) : When the ketone (18 g.) was added to  
a solution of methylmagnesium iodide, a thick white precipitate was formed. After two 
hours' boiling, the mixture was worked up as usual, and the resulting syrup dehydrated by 
means of potassium bisulfate a t  160". The diene (XXTI) distilled a t  103" (0.1 mm.) as a 
colorless oil; yield 14 g., 79% n:'s 1.6040. 

4,9,10-Trimelhylphenanlhrene-l, 8-dicarboxylic acid anhydride ( X X I I I )  , 

Anal. Calc'd for CrsH16: C, 91.8; H,  8.2. 
Found: C, 91.3; H, 8.3. 

The picrate crystallized from ethanol in  beautiful orange rods of m.p. 115". 
tlnal. Calc'd for CZIHIDNZO~: C, 59.3; H, 4.5; N, 9.9. 

Found: C, 59.7; H, 4.6; K, 10.2. 
The diene XXII  (5 g.) and maleic anhydride (12 9.) in  nitrobenzene (50 cc.) were refluxed 

for four hours. The black residue which remained after steam distillation was distilled 
twice, b.p. 240-250' (0.1 mm.). The yellow syrup (1.2 g.) crystallized upon treatment with 
a mixture of ethyl acetate and ethanol, yielding 150 mg. (2%) of a yellow solid; intense!y 
yellow, long, thin prismatic rodfi from acetic acid, m.p. 256' (XXIII). 

Anal. Calc'd for C I O H ~ ~ O ~ :  C, 78.6; H, 4.8. 
Found: C, 78.8, 78.8; H, 5.1, 4.8. 

3 4,9,  IO-Tetramethylphenanthrene-f ,d-dicarboxylic acid anhydride ( X X V )  . 1 -( 1,2-Di- 
methylvinyl)-3,4-dimethylnaphthalene (XXIV) : The Grignard reaction of the ketone X X I  
with ethylmagnesium bromide, carried out as  described above, yielded the diene XXIV as 8 

colorless oil of b.p. 100-110" (0.1 mm.); nt 1.5968; yield 80%. 
Anal. Calc'd for C16Hl~: C, 91.4; H, 8.6. 

Found: C, 91.2; H, 8.2. 
The picrate formed orange rods from methanol, m.p. 101-102'. 
Anal. Calc'd for C Z Z H ~ I N ~ O ~ :  N, 9.6. Found: N, 9.5. 
The diene XXIV (17 g.) and maleic anhydride (80 6.) in  nitrobenzene (200 cc.) were re- 

fluxed for six hours. The black, viscous syrup which remained after steam distillation 
was sublimed at 240" (Fj mm.), yielding a mixture of oil and crystals. Upon treatment 
with acetone and alcohol, 0.8 5. of a yellow powder was isolated, which crystallized from 
butyl acetate in  fine yellow needles of m.p. 235-236' (XXV). 

Anal. Calc'd for C?oHtsOa: C, 78.9; H, 5.3. 
Found: C, 78.9; H, 5.3. 

When the mother liquor, containing the oily portion, was worked up again by distilla- 
tion, i t  gave a brown oil, b.p. 240-250" (0.8 mm.), which upon treatment with acetone de- 
posited 0.4 g. of a yellow powder. Recrystallization from acetic acid gave small crystsls 
of m.p. 212'. Analysis showed the substance to  be isomeric with XXV. 

Anal. Found: C ,  78.6; H,  5.2. 
Because of the low yields in aromatic anhydrides, we applied a different method to  the 

isolation of the adduct. The residue from the steam distillation was extracted with acetic 
acid and this solution then fractionated. The fractions boiling at 220-250" (4 mm.) were 
extracted with sodium hydroxide, and the solution of sodium salts was precipitated with 
hydrochloric acid. The crude acid (corresponding to  XXV) so obtained was directly used 
for decarboxylation. 

Five grams of crude acid dissolved in dioxane (20 cc.) was added slowly t o  a solution of 
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barium hydroxide (15 g.), and the precipitate dried a t  110". It was then mixed thoroughly 
with copper-bronze (2.5 8.) and decarboxylated a t  320" (25 mm.). One and two-tenths 
grams of oil passed over, which was converted to  the picrate in acetic acid. The first crop 
which crystallized from this solvent had m.p. 164-165". By alternating recrystallization 
from ethanol and acetic acid, the m.p. was raised to  227" (picrate of I11 ?) ; yield 0.8 g. of 
dark red rods. 

Anal. Calc'd for C24H21NaOr: C, 62.2; H, 4.5; K, 9.1. 
Found: C, 61.9; H,  4.3; N, 9.3. 

Decomposition of this picrate yielded a n  oil which upon sublimation in uucuo a t  220" 
(0.6 mm.) gave a crystalline sublimate. From alcohol i t  was obtained as flat rods of m.p. 
115" (I11 ?). 

Anal 

The mother liquor from the first picrate gave a second crop which after repeated crystal- 

Calc'd for ClsHla: C, 92.3; €1,7.7. 
Found: C, 92.3; H,  7.3. 

lizationri from ethanol yielded rlusters of fine orange needles of m.p. 123". 
Anal. Found: C, 62.2; H,  4.6. 

This picrate (0.15 g.) gave, after decomposition and sublimation in  a high vacuum, a 
semisolid product. After standing for several days, the crystals (flat rods) were separated 
from the adhering oil on a porous plate, showing thereafter the m.p. 65-67". 

Anal Found: C, 91.9; H ,  8.0. 

SUYMARY 

The condensation of isopropenyl- and sec.-butenyl-naphthalenes with maleic 
anhydride in nitrobenzene gives aromatic adducts, but in low yields. Decar- 
boxylation of the adducts derived from 8-vinylnaphthalenes yields the expected 
methylated phenanthrenes. The derivatives of a-vinylnaphthalene, however, 
may give anomalous products when their potassium salts are decarboxylated. 

Application of these experiences to the synthesis of 3,4 ,9  ) 10-tetramethyl- 
phenanthrene is described. 
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In the course of investigating various types of compounds as possible anti- 
malarials, it was suggested by Dr. Lyndon F. Small that a series of w-dialkyl- 
amino-1-(1-naphthyl)-1-alkanols (I) be prepared in which R is a straight-chain 
primary alkyl group containing one to eight carbons and X is 3,4, or 5. Seven 
compounds in which X is 3 have been prepared in this Laboratory andsubmitted 
for testing. 

CHOH-( CHt)=--NR2 
I 

I 
The general method of preparation is that of Marxer (1) and Small (2) and 

consists of preparing the Grignard reagent from the proper 1-chloro-3-dialkyl- 
aminopropane and treating it with 1-naphthaldehyde. Distilling twice at  about 
10-3 mm. gives a pure product. The results of these preparations are sum- 
marized in Table I. 

Attempts to  prepare derivatives of the hydroxyl group in these carbinols were 
not successful because of their tendency to lose the elements of water. To es- 
tablish whether this took place during the distillation, especially for the higher 
members, micro Zerewitinoff determinations were made for active hydrogen. 
These are given in Table 11. Since none of these compounds proved to be ef- 
fective antimalarials the series where X was 4 or 5 was not prepared. 

EXPERIMENTAL 

I -ChZoro-3-dialkylaminopropanes. These compounds were prepared by essentially stand- 
ard procedures from 1-bromo-3-chloropropane and the appropriate amine (2) .* 

4-Dialkylamino-i-(l -naphthyl)-f -butanols (General Procedure), Excess magnesium was 
placed in a one-liter 3-necked flask and rinsed with anhydrous ether. Fifty to 100 ml. of 
dry ether was distilled into the h s k  from an ether solution of ethylmagnesium bromide and, 
with stirring, a few crystals of iodine and 1 ml. of butyl bromide were added. When the 
reaction subsided, an additional 1 ml. of butyl bromide was added and, as soon as the re- 
action became vigorous, the 1-chloro-3-dialkylaminopropane (about f mole) was added over 
a period of one to  two minutes. During the next half hour, 100 to 250 ml. of dry ether was 
distilled into the flask and the mixture was stirred and heated to gentle refluxing for 14 to  
~ 

1 The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Reearch and Develop- 
ment and Northwestern University. 

* We are indebted to Dr. R. C. Elderfield for furnishing us with the dialkylamines. 
600 
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--- 
CHI- 
C*&- b 

csfrl- 
csl-111- 
C,H *I- 

C1H15- 

C&[ 17- 

18 hours. The Grignard reagent from the higher molecular weight amines seemed to be 
formed more rapidly and in better yields, probably because of their greater solubility in 
ether. 

Suffiicient ether was then distilled into the mixture to give a total volume of 400 to 700 
ml. and the 1-naphthaldehyde was added, one-half t o  one ml. a t  a time, until further addi- 
tions caused no refluxing. About half the ether was distilled back into the ethylmagnesium 
bromide solution and was replaced with ordinary ether. The mixture was decomposed with 
a saturated ammonium chloride solution. 

51 
23 
58 
21 
38 
46 
53 

TABLE I 
DIALKYLAMINONAPHTHYLBUTANOLS 

Calc'd 

1.64 x 1 0 - 4  

1.65 x 10-4 
3.14 x 1 0 - 4  
3.0 x 10-5 

-- 
I I I 

Found 

1.78 x 1 0 - 4  
1.525 x 10-4 
3.24 x 10-4 
2.8 x 10-5 

160 

180-220 
187-195 

200 
215-225 

62-63 

46-505 
oil 
oil 
oil 
oil 

N 

CALC'D 

5.76 
5.16 
4.68 
3.94 
3.65 
3.40 
3.19 

5.57 
5.03 
4.61 
4.12 
3.81 
3.50 
3.64 

= The microanalyses were performed by F. Marx and Lois E. May of Columbia Uni- 

b This compound was previously prepared by Marxer (Zoc. c i t . ) .  It was distilled at  

5 This material could not be recrystallized. The melting point was taken on the solidi- 

versity and by Margaret Ledyard of Northwestern University. 

158-164" at 0.07 mm. and melted a t  59-62'. 

fied distillate. 

TABLE I I a  
DETERMINATION OF ACTIVE HYDROGEN 

0. USED 

0.0392 
0.0631 
0.1292 
0.0132 

MOLES OF =THANE 

a We are indebted to hlr. A. H. Schlesinger for assistance in these determinations 

To work up the dimethyl, diethyl, and dipropyl compounds, the ether solution was de- 
&anted from the magnesium and the magnesium salts and extracted with ice and 4 N hydro- 
chloric acid until the extract was acid to  Congo Red. Excess potassium hydroxide solu- 
tion waEi added to the acid extract and the mixture was extracted three times with ether. 
The extracts were dried with anhydrous potassium carbonate and the ether removed. The 
residue was heated to  130-140' a t  2-3 mm. and distilled twice at 10-8 mm. 

The remaining compounds were worked up by the following procedure. The ether solu- 
tion was washed with ice and 4 N hydrochloric acid until the washings were acid to Congo 
Red. To the remaining one or two layers (depending on the product and the amount of 
ether present) vas added 150 to 200 nil. of petroleum ether (b.p. 80-70') and the solutions 
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were mixed thoroughly. The upper (petroleum ether) layer was discarded and the lower 
was treated with excess potassium hydroxide solution. l h e  product layer was separated 
and the aqueous layer was extracted twice with ether. The ether extract was added to the 
product, dried over potassium carbonate, and the ether was removed. The residue was 
distilled in the same manner as the lower molecular weight compounds. 

All attempts to  prepare crystalline salts of these compounds with hydrochloric acid, 
sulfuric acid, picric acid, and 4,4'-methylene-bis-(3-hydroxy-2-naphthoic acid) failed. 

SUMMARY 

A series of 4-dialkylamino-l-( 1-naphthyl)-1-butanols were prepared by the 
reaction of 1-naphthaldehyde with 3-dialkylaminopropylmagnesium chloride. 
They proved ineffective as antimalarials. 

EVANSTON, ILL. 
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Previous reports from this laboratory (1, 2) have presented the solubilities of 
the normal saturated fatty acids from caprylic to stearic, inclusive, in benzene, 
cyclohlexane, tetrachloromethane, trichloromethane, ethyl acetate, butyl acetate, 
glacial acetic acid, acetone, 2-butanone, methanol, 95% ethanol, isopropanol, n- 
butanol, nitroethane, acetonitrile, and water. In view of the usefulness of such 
data, the scope of this investigation has been expanded to include a number of 
the more common aromatic solvents, as well as several simple, substituted hydro- 
carbons. This paper reports the solubilities of caprylic, capric, lauric, myristic, 
palmitic, and stearic acids in toluene, o-xylene, chlorobenzene, nitrobenzene, 1,4- 
dioxane, furfural, 1 ,2-dichloroethane, and nitromethane. 

EXPERIMENTAL 

The lauric and myristic acids used in  this investigation were those employed in tho 
previous studies (2). The caprylic and capric acids were obtained by vacuum fractiona- 
tion of Armour Neo-Fat 7 and Neo-Fat 15, respectively, in a Stedman packed column. 
The stearic acid was prepared by repeated recrystallization of Armour Neo-Fat 1-65 from 
acetonitrile. The freezing points of these highly purified fatty acids are listed in Table I. 
These values are in good agreement with, and in most cases exceed, the best freezing points 
reported for these compounds. 

The solvents which were used were twice distilled from the best grade of commercial 
producl,s, those with higher boiling points being distilled under reduced pressure. The 
boiling points and refractive indices of these solvents were in good agreement with the data 
in the International Critical Tables. 

The solubilities of the fatty acids were determined by the methods described pre- 
viously (3-5). 

RESULTS AND DISCUSSION 

The solubilities of the fatty acids in the benzene derivatives, toluene, o-xylene, 
chlorobenzene, and nitrobenzene, are listed in Table 11-V, respectively, and the 
solubilities in toluene and in nitrobenzene are shown graphically in Figs. 1 and 2, 
respectively. The solubilities in toluene, o-xylene, and chlorobenzene are re- 
markably similar in spite of the fact that the first two solvents possess only a very 
slight polarity while the third is a moderately polar solvent. Upon an equimolar 
basis these solubilities are practically identical, indicating that moderate differ- 
ences between the respective polarities of the solvent and solute exert much less 
influence upon the solubilities of the fatty acids than do other factors, such as 
the relative internal pressures of the molecules, intermolecular attractive forces, 
etc. The relatively high polarity of nitrobenzene, on the other hand, results in 
somewhat lower solubilities of the fatty acids. The high polarity of the solvent, 
however, is accompanied by other changes in its physical properties, such as in- 

603 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Caprylic. 
Capric. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lauric. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Myristic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Palmi tic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stearic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TABLE I 
FREEZING POINTS OF PURIFIED FATTY ACIDS 

~~ ~~~~~ 

8 
10 
12 
14 
16 
18 

ACID 1 N O . O ? c A T O Y S  

N O . O ? C  A'IOYS 

8 
10 
12 
14 
16 
18" 

?.P., "C 

-10.00 0.00 10.00 20.0. 

69.5 168 605 m 
25.2 57.0 127 323 
5.2 15.3 40.6 97 
0.6 3.2 10.2 30.4 

0.2 2.2 8.7 
<o. 1 2.0 

NO. O? c. ATO%S 

8 
10 
12 
14 
16 
18 

-10.0- 0.0. 10.00 20.0. 

57.0 154 562 m 

20.3 47.9 117 316 
3.6 11.2 34.8 92 
0.3 2.4 8.4 26.1 

0.1 1.9 7.9 
<o. 1 1.7 

0.0" 10.0. 

178 725 
43.0 108 
10.6 31.9 
2.0 7.2 

eo.1 1.6 
<0.1 

20.09 

00 

305 
87 .O 
23.6 
7.8 
2.2 

16.51 
31.35 
43.92 
54.15 
62.82 
69.60 

TABLE I1 
SOLUBILITIES OF FATTY ACIDS IN TOLUENE 

I 0.  ACID PEEP 100 C. TOLMNE 

30.0' 40.0' S0.0' 

m 

00 

1410 
230 
80.6 
36.6 

00 

m 
m 

1350 
244 
103 

00 

4100 
251 
82.1 
30.0 
10.6 

SOLUBILITIES OF FATTY ACIDS IN +XYLENE 

I G. ACID PEP 100 0. 0-XYLENE 

30.0. 40.0. 50.0. 

00 

00 

eo 
1320 
235 
102 

eo 
4050 
238 
75.4 
25.2 
9.1 

0 

00 

1360 
22 1 
77.0 
34.6 

SOLUBILITIES OF F A T T Y  ACIDS IN CHLOROBENZENE 

I 0. ACID PEEP 100 0. CELOPOBENZENE 
NO. 01 c ATOMS 

30.0' 40 .O ' 50.0. -10.0. 

73.6 
16.7 
2.0 
0.4 

8 
10 
12 
14 
16 
18 

Do 

4500 
239 

72.4 
25.8 
10.8 

00 

m 

1360 
220 

76.4 
38.3 

eo 
m 
m 

1280 
230 
102 



NO. OF c ATOMS 

8 
10 
12 
14 

@ 16" 
186 
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TABLE V 
SOLUBILITIES OF FATTY ACIDS IN NITROBENZENE 

0. ACID PEP 100 0. NITROBENZENE 

10.0" 

365 
18.0 
2.7 
1.3 

20.0. 

00 

131 
8.8 
3.0 
0.1 

30.0' 

00 

3550 
66.3 
7.1 
1.2 

<0.1 

40.0' 

e, 

01 

790 
34.2 
6.4 
1.4 

50.0. 

00 

m 

560 
m 

55.5 
9.8 

60.0. 

00 

m 
00 

m 
1215 
112 

a The solubilities reported (7) for palmitic and stearic acids in this solvent at 0" are 

* 1.25 g. per 100 g. nitrobenzene at 25" (6). 
obviously erroneous, since nitrobenzene freezes at 5.7". 

WEIGHT PER CENT. ACID 

FIG. 11. Solubilities of Fatty Acids in Toluene. The numbers on the curves refer to the 
number of carbon atoms in the fatty acid molecule. 

creased internal pressure, and consequetly, nitro benzene is a poorer solvent for 
the fatty acids than are the other benzene derivatives investigated. The solu- 
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40.0' 

m 
00 

1210 
13.6 
1.6 

WEIGHT PER CENT. ACID 

Fro. 2.  Solubilities of Fatty Acids in Nitrobenzene 

TABLE VI 

50.0. 

m 
m 
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792 
15.9 
2.6 

1100 0.  1,4-DIOXANE 

8 
10 
12 
14 
16 

TABLE VI1 
SOLUBILITIES OF FATTY ACIDS IN FURFURAL 

~ I 3 G O  
22.5 216 
3.8 8.9 42.5 

20.9 
3'7 1 1.5 

0.3 

I 

0. ACID PER 100 G. PUPTVBAL 
NO. c ATOYS 

0.0. I 10.Oo I 20.0' 1 30.0' 

l8 I 

60.0' 

OD 

m 

00 

m 

1800 
28.5 
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WEIGHT PER CENT. ACID 
FIG. 4. Solubilities of Fatty Acids in Furfural 
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m 
m 

1230 
164 
39.7 
10.0 

bilities of the acids in these solvents are considerably less than their corresponding 
solubilities in benzene (1). This behavior suggests that the resonating character 
of the benzene molecules exerts a specific solubilizing influence upon the fatty 
acids. 

The solubilities of the acids in 1 ,4-dioxane and in furfural are listed in Tables 
VI and VII, respectively, and are shown graphically in Figs. 3 and 4, respectively. 
These curves illustrate the contrasting uehavior of the acids in a cyclical oxygen- 
containing solvent of relatively low polarity and in one of quite high polarity. 
The acids above capric acid in the series are readily soluble in 1 ,Pdioxane, their 
solubilities in this solvent approximating those in trichloromethane (2). Such 

TABLE VI11 
SOLUBILITIES OF FATTY ACIDS IN 1,2-DICHLOROETHANE 

00 

00 

m 
1150 
187 
70 

NO. 08 c ATOMS 

8 
10 
12 
14 
16 
18 

NO. OF c ATOMS 

100 
12b 
14' 
16 
18 

0.0' I 

20.00 30.0' -- 
4.6 9.4 
1.1 2.8 
0.7 1.3 
0.5 0.9 
0.4 0.7 

10.0. 

m 
m 

19.2 
8.9 
5.5 

144 
21.7 
1.2 

m 
03 

01 

15.3 
0.1 

630 
78 
6.7 
0.8 

20.0. 

m 
260 
36.5 
5.0 
0.6 

30.0. 

00 

4060 
170 
35.5 
6.0 
1.0 

40.0. 1 50.0' 60.0' 

00 

m 
m 

m 
1650 
280 

TABLE IX 
SOLUBILITIES OF FATTY ACIDS IN NITROMETHANE - 

I G. ACID PER 100 G. NITILOhtETHANE 

40.C' 1 50.0' 

6.6 
2.3 I 4.7 

1.0 

60.0. 

m 
15.7 
7.1 
4.1 
1.9 

70.0' 

m 

34.1 
11.1 
5.8 
3.6 

80.0. I 90.0. 

behavior is evidence of either a dipole-&pole attraction of the dioxane molecules 
for those of the acid, or of the occurrence of hydrogen bonding between these 
molecules, as there appears to be between acid and trichloromethane molecules. 
The relatively lower solubilities of the acids in furfural result from the extensively 
"associated" nature of this highly polar solvent. 

The solubilities of the fatty acids in the substituted paraffin solvents 1,2- 
dichloroethane and nitromethane are listed in Tables VI11 and IX, respectively, 
and the solubility curves in the latter solvent are shown in Fig. 5.  The 
solubilities of the acids in 1,2-djchloroethane are intermediate between those in 
trichloromethane and in tetrachloromethane (2), indicating that there is evi- 
dently some hydrogen bonding of the acids with the solvent molecules. The 



SOLUBILITIES OF SATURATED FATTY ACIDS. I11 609 

solubilities of the acids in nitromethane are so limited that the systems exist as 
two immiscible liquids over large ranges of concentration. In this respect, the 
acids are considerably more soluble in nitroethane (2) than in nitromethane, 
demonstrating that the latter solvcnt is more highly associated than the former. 

SUMhXARY 

The solubilities of caprylic, capric, lauric, myristic, palmitic, and stearic acids 
have been determined in toluene, o-xylene, chlorobenzene, nitrobenzene, 1,4- 
dioxane, furfural, 1,2-dichloroethane, and nitromethane. 

CHICAQO, ILL. 
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The composition of the large, clear crystals of melezitose (1) which crystallize 
from its aqueous solutions at room temperature was established definitely by  
Georges Tanret (2) as CleHtr?Ola.2H20. Thesc crystals lose their transparency 
as a result of efflorescence, and on complete drying by heat the loss of both mole- 
cules of water of crystallization can be demonstrated. The specific rotation has 
been reported by most investigators to be [& f88" to f89" for dried, "anhy- 
drous" melezitose, but similar values have also been quoted for melezitose dihy- 
drate. 

As a preliminary step in the present investigation, molezitose dihydrate was 
prepared by crystallization from water. The large, clear crystals, upon standing 
in the air at  room temperature, became completely white within a few days, and 
their weight became constant after one molecule of water of crystallization had 
been lost. The second molecule of water of crystallization was removed readily 
by heating the powdered monohydrate at 110" in vacuo. However, the anhy- 
drous melezitose absorbed moisture very rapidly until it had regained one mole- 
cule of water of crystallization. Melezitose monohydrate, C~.H32016"rrO, thus 
appears to be the stable form of the sugar under normal atmospheric conditions; 
the use of this monohydrated form is recommended for the preparation of mele- 
zitose solutions of accurate composition. 

The specific rotation of melezitose monohydrate was determined as [alto $88.5' 
in water (c, 2), which corresponds to [cr]t0 +85.6" for melezitose dihydrate, and to 
[a]:' f91.7' for anhydrous melezitose. From this experience we may conclude 
that most samples of "dried" melezitose whose rotations were measured by pre- 
vious investigators consisted essentially of melezitose monohydrate. 

The generally accepted formulation of melezitose (I) as [3-(cr-~-glucopy- 
ranosy~)-/?-~-fructofuranosy~]-a-~-glucopyranos~de has been developed in the 
course of many researches since the isolation of the sugar over a century ago by 
Bonastre (1). All points in this formula have been established with reasonable 
certainty except that the /?-D-fructofuranosyl linkage is written only by analogy 
with the corresponding linkages in the other naturally occurring sugars-sucrose, 
gentianose, raffinose, and probably stachyose (3) and verbascose (4). Unlike 
those sugarR, melezitose cannot be hydrolyzed by invertase (6-D-fructofuranosi- 
dase) (5 ) ,  presumably because of the nearness of the fructofuranoside linkage to 
the glucosyl radical which is attached through oxygen to carbon 3 of the fructose 
moiety; hence definite proof that this linkage is of the 8- rather than of the a-type 
is lacking. 

1 Presented in part before the Washington Section of the American Chemical Society, 
May 10, 1945. 
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The pyranoid-ring structures of the two glucosyl groups were established by 
Zerripl6n and Braun (6), and by Leitch (7), through the methylation of melezitose 
and the subsequent hydrolysis of the hendecamethylmelezitose. Although their 
conclusions concerning the sirupy trimethylfructose portions were found later to 
be incorrect, the fact that Miss Leitch was able to convert her trimethylfructose 
to a sirupy tetramethyl derivative which agreed in its index of refraction and in 
its rotation in several solvents with the standard values for 1,3,4,6-tetramethyl- 
D-fructose is regarded as strong evidence for a fructofuranoid ring in melezitose. 

The presence of the fructofuranoid ring has now been proved conclusively, and 
the presence of two glucopyranoid rings has been confirmed, by the oxidation of 
melezitose (I) with sodium metaperiodate and with periodic acid by the pro- 
cedures developed in this Laboratory by Jackson and Hudson (8). When one 
molt: of the sugar was allowed to react with an excess of sodium periodate, four 
moles of oxidant were consumed, and two moles of formic acid were liberated; no 
fomtaldehyde could be detected in the reaction mixtures.* The absence of for- 
maldehyde shows that the ring structures must be limited to 2,5 or 2,6 in the 
fructose unit and to 1 ,5  and 1,6 in the glucose units. A 2,6-ring in fructose 
would require one mole of periodate; 1,5- and 1 ,&rings in glucose would require 
two and three moles of periodate, respectively, for each glucose unit; since the 
totall consumption of periodate was only four moles, a 2,6-ringed fructose cannot 
be present in melezitose because the two glucose units alone must consume at  least 
four moles of periodate. Therefore the fructose unit must have a 2,5 (furanoid)- 
ring and each glucose unit must have a 1 ,5 (pyranoid)-ring in order to account 
for tlhe periodate consumed and for the two moles of formic acid liberated. Very 
similar results were obtained by the oxidation of melezitose with periodic acid. 

The evidence from the analytical data was supplemented through the isolation 
and identification of formic acid (111) as the crystalline barium salt. The struc- 
ture of the tetraaldehyde (11) was confirmed by its further oxidation with bromine 
water to the corresponding tetrabasic acid, and subsequent hydrolysis of the 
latter to three products: glyoxylic acid (IV), which was converted to crystalline 
oxalic acid (V) for identification; D-glyceric acid (VI), which yielded crystalline 
calcium D-glycerate ; and D-fructose (VII), which was levorotatory in solution, 
formed D-glucose phenylosazone when heated with phenylhydrazine, and could 
be identified conclusively by its conversion t o  the characteristic D-fructose p -  
nitropheny Ihydrazone. 

All1 these results are in complete accord with those predicted by theory for the 
oxidation of melezitose of the structure shown by formula I. 

EXPERIMENTAL PART 

Melezitose monohydrate. Sixty grams of purified melezitose, prepared from honey-dew 
honey (9), was dissolved in an equal weight of warm water. The solution was filtered into a 

* 111 a study of the determination of free primary hydroxyl groups in methylated sugars, 
Jeanloe [Helv. Chim. Acta, 27, 1517 (1944)] showed that no formaldehyde was liberated in  
the reaction between melezitose and potassium periodate; he did not determine the amount 
of reagent consumed. 
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crystallizing dish and allowed to  atand, loosely covered, for several weeks undisturbed in a 
room kept a t  20'. The crystals separated as clusters of large, clear prisms; these were re- 
moved, wiped carefully with filter paper to  free them from adhering mother liquor, and left 
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overnight in the air. There was no change in their appearance. An 18-g. portion of the 
clear crystals was powdered and weighed quickly. Efflorescence began at once with the 
loss in weight becoming constant a t  3.3574 within three days in the air a t  room temperature; 
the calculated value for the loss of one molecule of water from melezitose dihydrate, 
CI~H,&.~HZO,  is 3.33%. 

The remainder of the large, clear crystals, also 18 g., after standing an additional twenty- 
four hours in the air, began to  show pinpoints of white spots which grew in size until the 
crystals became entirely white. The crystals retained their original form without becoming 
crumbly, and their faces had a shiny luster. The loss in weight after about two weeks was 
constant a t  3.5%, corresponding again to the loss of one molecule of water of crystallization 
by efflorescence and the formation of melezitose monohydrate. 

A smaller sample of powdered melezitose monohydrate was dried for six hours at 110' 
in vacuo. The water of crystallization was removed completely, but was regained with 
such rapidity under atmospheric conditions that  considerable difficulty was experienced a t  
first in  securing a n  accurate weight of the anhydrous material. The return from the an- 
hydrous to  the monohydrated stage became complete in about two days in the air at room 
temperature; the weight remained constant thereafter except for slight increases during 
periodri of humid weather. 

Anal.  Calc'd for ClaIIJ2O1~ .H~0:  C,41.38;H,6.56;HzO, 3.45. 
Found: C, 41.30; H ,  6.58; H20, 3.45. 

Dr. W. T. Haskins of this Laboratory has recrystallized melezitose by dissolving i t  in 
a n  equal m-eight of water at 60" and then adding four volumes of warm 95% alcohol. The 
granular product thus obtained was filtered, washed, and dried in the air overnight. It 
also had the composition of a melezitose monohydrate. 

Anal.  Calc'd for ClsHs201a.HzO: HzO, 3.45. 
Found (4 hours a t  110" in vacuo) : H,O, 3.44. 

Speci$c rotation of melezitose monohydrate. The purified melezitose which had been 
recrystallized from water as described above was identical in rotation with a sample which 
had been twice recrystallized from water and alcohol by Dr. Haskins. This rotation, [a]; 
+88.5" in water (c,  2 to 4),  characterizes melezitose monohydrate; from i t  may be calculated 
the values [a]: $85.6" for melezitose dihydrate and [a]: $91.7" for anhydrous melezitose. 
The rotations +88' to  +89" reported for "dried melezitose" by many earlier investigators 
undoubtedly referred to  samples which at the time of weighing consisted principally of 
melezitose monohydrate. 

Oxidation of melezitose with sodium metaperiodate. To 2.6122 g. of melezitose monohydrate 
in 175 ml. of watcr was added 60 mi. of 0.4365 M aqueous sodium periodate (5.22 molecular 
equivalents), and the volume was adjusted exactly to  250 ml. The rotation, observed in a 
4-dm. tube, dropped from +3.70° (circular degrees, calc'd) to  +1.19" during the first hour, 
to  f1.04" in two hours, and to  $0.90" in four hours, then rose slowly to  +1.01" by the end 
of twenty-four hours and remained constant for several days. This final rotation corre- 
sponds to [a]; +29.5" for the expected tetraaldehyde (11). The titration of aliquots showed 
the consumption of 3.57, 3.68, 3.96, 4.W, and 4.04 equivalents of periodate after two, five, 
twenty-four, forty-eight, and seventy-two hours, respectively. The production of formic 
acid seemed to approach the theoretical value of two equivalents more slowly, the titra- 
tions indicating 1.67,1.77, and 1.85 equivalents after twenty-four, forty-eight, and seventy- 
two hours, respectively. These values increased very slop, ly thereafter, presumably due 
to secondary oxidation reactions. h'o formaldehyde could be detected with dimethyl- 
dihydroresorcinol. 

A solution of 26.12 g. of melezitose monohy- 
drate in 1600 ml. of water &-as cooled t o  4", and to  i t  was added 413 ml. of cold 0.5445 M 
periodic acid (4.5 molecular equivalents). The mixture was kept in  the refrigeretor at 4" 
because the reaction proceeded too rapidly at room temperature. The volume was adjusted 
to Zoo0 ml. After twenty-four and forty-five hours the titration of aliquots shoned that  
3.87 and 4.03 equivalents of periodic acid had been consumed, and that  1.78 and 1.98 equiva- 

Oxidation of melezitose with periodic acid. 
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lents of periodic acid had been consumed, and that  1.78 and 1.98 equivalents of formic acid 
had been liberated, respectively. No formaldehyde could be detected. The oxidation was 
stopped after forty-six hours, t o  avoid secondary reactions, by adding aqueous barium 
hydroxide to  the ice-cold reaction mixture until i t  was faintly alkaline to  phenolphthalein. 
The insoluble barium iodate and barium periodate were removed by filtration. The rota- 
tion of the filtrate corresponded to  [a]: +29.6" for the expected tetraaldehyde (11), in ex- 
cellent agreement with the value +29.5" which had been obtained by the oxidation 
of melezitose with sodium periodate. 

At this point in one experiment the filtrate was concentrated in vacuo to a dry sirup and 
200 ml. of methyl alcohol was added to  extract the expected tetraaldehyde. The undis- 
solved residue consisted of 9.2 g. of elongated prisms which were recrystallized from water 
and identified as barium formate; the theoretical yield was 10.2 g. 

Anal. Calc'd for C2H:Ba04: C, 10.56; H, 0.89; Ba, 60.40. 
Found: C, 10.60; H, 1.04; Ba, 60.39. 

In  the principal experiment the filtrate was acidified and oxidation of the tetraaldehyde 
effected by the addition of 25 ml. of bromine. The rotation changed from positive to  weakly 
negative, becoming constant within four days; after four more days the excess bromine was 
removed by aeration. T o  hydrolyze the expected tetrabasic acid, the solution was heated 
a t  85' for twenty-three hours, the rotation reaching a constant and somewhat higher rota- 
tion than before. Next, the expected glyoxylic acid (IV) was oxidized to  oxalic acid (V) 
by adding 5 ml. of bromine and allowing the mixture to  stand in  the dark for two days; 
excess bromine was removed by aeration. Aqueous barium hydroxide was then added 
until the solution was barely alkaline to  phenolphthalein. The precipitated barium oxalate 
weighed 4.1 g., representing only a 37% yield, although in a nearly parallel experiment a 
71% yield mas obtained. This product was dissolved in hot dilute hydrochloric acid, and 
the barium ions were precipitated with sulfuric acid; upon concentration of the filtrate, 
oxalic acid dihydrate was obtained and identified, after two recrystallizations from water, 
by its melting point and mixed melting point, and by titrations with alkali and with po- 
tassium permanganate. 

The filtrate from the barium oxalate precipitate was freed from barium ions with sulfuric 
acid, and from bromide ions with silver carbonate; the excess silver ions were precipitated 
with hydrogen sulfide, and the solution was aerated to  expel the dissolved hydrogen sulfide. 
The solution, which presumably contained D-fructose and D-glyceric acid, was concen- 
trated, neutralized barely to  phenolphthalein with limewater, and the calcium salts were 
Precipitated, in several fractions, with methyl and ethyl alcohols. The final filtrate was 
concentrated to  a sirup which was extracted with absolute ethyl alcohol. 

The crude calcium salts were dissolved in water and the solution was treated with de- 
colorizing carbon and concentrated. The crystalline product which separated as  a hard 
cake of prisms neighed 7.8  g. It was recrystallized from water to  a constant rotation of 
[a]: +15.5" in water (c, 0.7), and melting point about 142'with decomposition; these values 
are in agreement with those reported by Jackson and Hudson (lo), and, with the analyses 
belon, identify the product as calcium D-glycerate dihydrate. 

Anal. Calc'd for C~HloCaOs.2H20: Ca, 14.00; H20, 12.59. 
Found: Ca, 13.90; H20 (at 110" in vacuo), 12.42. 

The absolute alcohol extract had a levorotation equivalent to  3.3 g. of fructose; the 
theoretical yield LTas 8.9 g., but undoubtedly a portion of the sugar was lost through the 
destructive action of the warm acid solution which was used t o  hydrolyze the tetrabasic 
acid. One-third of this solution was concentrated to  remove the alcohol, and the residue 
was dissolved in water. Phenylhydrazine and a small amount of acetic acid were added, 
and the mixture, after being marmed on the steam-bath for two hours, yielded 1.5 g. of 
D-glucose phenylosazone, m.p. 210" with decomposition. The product was identified 
further by converting 1 g. of i t  to  0.44 g. of D-glucose phenylosotriazole according t o  Hann 
and Hudson (11); the rotation, [a]: -81.7" in pyridine ( c ,  0.8), and melting point, 195-196', 
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are in agreement with the values reported by those authors. A mixed melting point with an 
authentic sample of the osotriazole showed no depression. 

Another third of the absolute alcohol extract was concentrated to  75 ml. and boiled 
gently for two minutes with 1.3 g. of p-nitrophenylhydrazine. The solution, upon concen- 
tration in vacuo to  a small volume, yielded 1.5 g. of reddish, pellet-like crystals which melted 
at 174-175’ with decomposition. The product was recrystallized once from 95y0 alcohol, 
once from water, and then twice from 95% alcohol; the melting point of 182Owith decomposi- 
tion, the analysis, and the habit of crystallizing first in yellow, prismatic needles which 
changed to  yellow prisms (see the following paragraph), identified the substance as D-frUC- 
tose p-nitrophenylhydrazone. 

Crystalline modifications of D-fructose p-nitrophenylhydrazone. The reaction between 
n-fructose and p-nitrophenylhydrazine according to  the directions of van der Haar (12) 
yielded yellow, prismatic needles melting at 182’ with decomposition. However, the first 
attempts to  isolate this compound from the absolute alcohol extract which was presumed 
to  contriin fructose from the melezitose oxidation and degradation products resulted in  the 
separation of small, yellow plates. Further recrystallizations of the “known” fructose 
p-nitrophenylhydrazone from 95% alcohol then revealed that in our Laboratory this com- 
pound iiow usually crystallizes from concentrated solutions, upon cooling, as fine, yellow, 
prismatic needles which hegin to change spontaneously within two or three hours at room 
temperature to  clusters of darker yellow, plate-like prisms; the change is complete within 
one or two days; from more dilute solutions only the latter prismatic form may appear. In  
the experiments just performed, all samples of D-fructose p-nitrophenylhydrazone, whether 
prepared from pure fructose or from the fructose solution derived from melezitose, crystal- 
lized subsequently from 95% alcohol in this manner. There appears to  be no difference in 
melting: point or composition between the two modifications. 

Anad. Calc’d for C12H17S~0,: C, 45.71; H,  5.44; N, 13.33. 
Found (needles, from pure fructose) : C, 45.71; H ,  5.27; N(Kjeldahla), 13.08. 

(prisms, from (prisms, from pure fructose): C, 45.93; H ,  5.32; N,  13.13. 
“melezitose” fructose): C, 45.70; H, 5.46; N,  13.23. 

The authors wish to thank Dr. Arthur T. Ness and Mr. Charles A. Kinser of 
this Institute for carrying out the microchemical analyses. 

SUMMARY 

The stable form of crystalline melezitose under normal conditions is the mono- 
hydrate, ClsHs201s.Hz0, with [a]:’ $88.5” in water. 

A study of the oxidation of melezitose with sodium metaperiodate and with 
periodic acid has proved conclusively the presence of the fructofuranoid ring in 
this sugar. 

BETIIESDA, MD. 
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A number of derivatives of sulfathiazole having alkyl or aryl substituents in 
the thiazole nucleus have been synthesized and shown to possess antibacterial 
activity (1). Other properties, however, render this type of derivative un- 
suitable for chemotherapeutic use. In  view of this adverse effect of the alkyl 
and aryl groups, a study has been made of the properties of sulfathiazole de- 
rivatives containing functional substituents in the thiazole ring. The results 
reported in previous papers (2, 3) have shown that the introduction of a car- 
boxylic acid group reduced tl?e antibacterial activity and also restricted ab- 
sorption from the intestinal tract following oral administration. Compounds 
of thk  type may be useful therapeutic agents, particularly where limited ab- 
sorption is desirable (3, 4). The present paper describes the preparation and 
properties of sulfathiazole derivatives having a tert.-amino, mercapto, or hy- 
droxyl group on the alkyl substituent of the tliiazole nucleus. 

Recently me have described methods for the preparation of 2-aminothiazoles 
with aminoalkyl, alkylmercaptoalkyl, or hydroxymethyl substituents (5, 6 ) .  
In  general, these compounds formed sulfonamides by reaction with a sulfonyl 
chloride in the presence of pyridine. The solubility characteristics of the sulfon- 
amido-tert.-aminoalkylthiazoles necessitated some modification of the usual 
isolatiion procedure and the products were handled more satisfactorily as salts. 

The synthesis of fort.-aminoalkylsulfathiazoles through the reaction of N-ace- 
tylsulfanilylthiourea with a-bromo-tert.-amino ketone salts was unsatisfactory. 
Although 1-bromo-4-dimethylamino-2-butanone hydrobromide afforded a 
very low yield of 2,PI;4-acetylsulfanilamido-4-(2-dimethylaminoethyl)thiazole 
hydrobromide by this method, no sulfonamide was isolated when several other 
bromoamino ketone salts were used. This type of synthesis of sulfathiazole 
derivatives has been employed successfully by Foldi and co-workers (7) with a 
variet:y of a-halogen carbonyl compounds. 

The condensation of N-acetylsulfanilyi chloride with 2-amino-4-[2-(1,2,3 ,4- 
tetrah,ydroisoquinolino)ethyllthiazole, 2-amino-4-dimethylaminomethylthiazole, 
2-amino-4-hydroxymethylthiazole and bis-(2-amino-4-thiazolylmethyl)disulfide 
gave only tars or poorly defined amorphous solids. 

Since the sulfonyl chloi ide condensation with 2-amino-4-hydroxymethyl- 
thiazole failed, 2-sulfanilarnido-4-hydroxymethylthiazole was prepared in low 
yield l3y the methcd of Foldi (7) through the reaction of N-acetylsulfanilyl- 
thiourlea with a,?-dichloroacetone follo.vted by hydrolysis of the chloromethyl 
compound. 

Sulfapyridine and sulfadiazine derivatives having a free amino group in the 
heterocyclic nucleus (8, 9 ,  10) as well as disulfanilamidopyridine (9) and di- 
sulfani lamidopyrimidine (10) have been described. The preparation of anal- 
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ogous compounds in the thiazole series by the usual procedures would require a 
diaminothiazole as a starting material. The hydrochloride of one such diamine 
was obtained by the reaction of chloroacetonitrile and thiourea in hot alcohol 
solution. The product may be represented as 2,4-diamincthiazole (IT). The 
reaction probably proceeds through S-cyanomethylisothiourea (I) which has 
been prepared previously (11) by carrying out the reaction in acetone a t  room 
temperature. The isothiourea readily yielded I1 on warming in alcohol solution. 
Although the product of these reactions can be formulated as the diamine 11, 
its chemical properties more nearly agree with those expected of the amine- 
imine 111.' Hydrolysis under mild conditions yielded 2-amino-4-thiazolone (IV). 
The reaction of the hydrochloride of I1 with either one or two equivalents of 
K-acetylsulfanilyl chloride in pyridine gave a black amorphous product that 

TABLE I 
2-SULFANILANIDO-R-THIAZOLES 

SN' 
R 

5400 
5398 
5392 

8462 

1649 
106 
103 

4-Piperidinomethyl 
4 - (2 -Dimet hylaminoethyl) 
4-Dimethylaminomethyl- 

4,5,6,7-tetrahydrobenzo 
4-Ibfethylmercaptomethyl 
4-Ethylmercaptomethyl 
4-Hydroxymethyl 
4,5,6,7-Tetrahydr~benzo~ 
4-Methyld 
H (Sulfathiazo1e)d 

XAX. BLOOD CONC! 
UC./lM) aa. 

1.1 
2.9 

2.3 
20.5 
11.9 
8.0 
2.2 

12.6 
18.3 

In  Vitro6 
ANTIBACTERXAL A"lTIES 

0.10 
0.06 

0.20 
0.70 
0.50 
0.04 
0.20 
0.90 
1.00 

~~ ~ ~ 

a See footnote 3. 
b Maximum blood concentration of drug attained in mice following the oral administra- 

e Activity against E .  coli expressed as a fraction of the activity of sulfathiazole. 
d Known compounds used as  standards for comparison. 

tion of 1.0 g./kg. The concentration reached the maximum two hours after the dose. 

resisted purification. Hydrolysis of this material gave 2-sulfanilamido-4- 
thiazolone (V) which had been prepared (12) previously from 2-amino-4-thia- 
zolone (IV). 

The antibacterial activities against E. coli in vitro and the blood concentrations 
following oral administration to  mice are summarized in Table I.' 

The introduction of the hydroxymethyl group or dialkylaminoalkyl groups 
into sulfathiazole caused a marked reduction in activity when compared with 
sulfathiazole or sulfamethylthiazole. On the other hand, the introduction of a 
dimethylaminomethyl group in the 4-position of 2-sulfanilamido-4,5,6,7-tet- 
rahydrobenzothiazole did not alter the activity. The alkylmercaptomethyl 

1 Since this work was completed, a German Patent has described the  preparation of 
2,4-diaminothiazole from thiourea and a haloacetonitrile; Ger. Pa t .  729,583; cf. Chem. 
Abstr., 38, 382 (1944). 

e We are indebted t o  the Departments of Bacteriology and Pharmacology of this labora- 
tory for the biological data. (Table I.) 
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compounds shewed activities higher than those of the tert.-aminoalkyl derivatives 
and comparable with the activity of sulfathiazole. 

The concentration of drug in the blood following oral administration to mice 
of a single dose reached only very low levels with the amino derivatives, a some- 
what higher level with the hydroxymethyl compound, and high levels with the 
two alkylmercapto derivatives. Again, the presence of the dimethylamino- 
methyl group in the tetrahydrobenzothiazole compound had little ir. fluence; 
the parent compound and the substituted derivative gave comparable blood 
levels. 

Urinary excretion studies in dogs showed that the low blood concentration 
of the amino derivatives was due not alone to poor absorption from the gastro- 
intestinal tract but also to rapid renal elimination. Two compounds, 2-sulfanil- 
amido-4-piperidinomethylthiazole and 2-sulfanilamido-4-dimethylaminomethyl- 
4 ) 5 ,6  j,7-tetrahydrobenzothiazole, were excreted in the urine to the extent of 
30-60 % of the administered dose in 72 hours. These values lie between those 
obtained with succinylsulfathiazole (12-26%), or phthalylsulfathiazole (12- 
16%)) and sulfaguanidine (60%). With the exception of the mercapto de- 
rivatives, none of the compounds exhibited any significant therapeutic activity 
against experimental streptococcal or pneumococcal infection in mice. Some 
of these compounds and the itermediate 2-aminothiazoles were tested also 
in avian 

a These tests were carried out by the Survey of Antimalarial Drugs of the National Re- 
search Council. The survey number (SN in Table I) identifies the compound in a forth- 
coming monograph, A Survey of Antimalarial Drugs 1941-1945. The activity and pharms- 
cology will be given in this monograph. 
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EXPERIMENTAL' 

The aminoalkyl-2-aminothiazoles (5, 6) were dissolved in dry pyridine and cooled in an 
ice-bath while a 10% excess of N-acetylsulfanilyl chloride was added in small portions. 
The solutions were kept overnight a t  room temperature and then distilled i n  uacuo at 50-60' 
to  remove most of the pyridine. Since the free bases tended to  form oils, the products were 
converted to  crystalline salts by the addition of an ewes9 of aqueous hydrochloric or hydro- 
bromic acid. 

The acetylsulfanilamido derivatives of the alkylmercaptomethylthiazoles (5) were 
prepared and isolated in the usual manner (13). 

Deacetylation to the sulfonamido derivatives was effected by heating the acetyl deriva- 
tives for tn-o to four hours on a steam-bath with aqueous sodium hydroxide or hydrochloric 
acid or by refluxing with alcoholic hydrogen chloride solution. 

2-Sulfanilamido-4-piperidinomsthylthiazole. The hydrochloride of the acetyl derivative 
usually crystallized out of the pyridine solution. Occasionally, however, i t  was necessary 
to  concentrate the solution. The hydrochloride was dissolved in cold dilute sodium hydrox- 
ide solution and reprecipitated by the addition of an excess of concentrated hydrochloric 
acid. After recrystallization from dilute alcohol, i t  melted at 253-255" dec., yield 40%. 

Anal. Calc'd for C1&2NaO&.IICl: C1, 8.23. Found: C1, 8.17. 
The acetyl derivative was hydrolyzed with 3 N hydrochloric acid and the free base was 

precipitated by neutralizing the solution with sodium hydroxide; yield 85%. An analytical 
saniple, r1i.p. 209.5-210.5" dec., was prepared by recrystallization from dilute methanol. 

AmZ.  Cslc'd for C I S H P Q S I O L S ~ :  C, 51.16; H, 5.73; N, 15.90. 
Found: C, Fj0.96; 11, 5.33; S ,  15.78. 

; ? - ~ u l f a n i l a ? ; ~ i 3 o - 4 - ~ ~ - d i m ~ t h ~ ~ l n r n i n o z t k ~ ~ l ~ ~ h i a ~ o l e .  The pyridine reaction mixture was 
filtered to rexove :I solid tLat 'uas found to  be the hydrochloride of the aminothiazole. 
The sclid n-as xashed ni th  a little ethanol and the combined filtrate and washings were con- 
centrated i n  vacuo. The residue was diluted with water axd made strongly acid with 48% 
hydrobromic acid. The hydrobromide separated sloc-ly as a yellow powder. Recrystalli- 
z:ition from water gave light yellow needles, m.p. 230-231' dec., yield 4070. 

A n d .  Calc'd for C1J&0X4Q3&.€IBr: N, 12.47; Br. 17.79. 
Found: N, 12.39; Br, 17.72. 

The acetyl derivative was hydrolyzed with 10% sodium hydroxide solution. The hemi- 
hydrate of the sulfonamide, 1n.p. 164-165" dec., was obtained in 72% yield after rccrystalli- 
zation from water. A rapidly cooled water solution of this compound gave crystals, m.p. 
179-180", that reverted to the lower-melting form on subsequent crystallization from a 
don-ly cooling solution. Dehydration zn e'acuo was accompanied by the evolution of di- 
methylamine and resinification of the residue. 

Anal. Czlc'J for (C1SHISS*02S2)2.HiO: X, 1G.71. Found: X, 16.79. 
2 ,  p-NitrobenzencsulfonaniirEo-4-dimethyl~minomet~~~l-~,~,6, '7-tetrahydro3enzothiazole was 

prepared by addirg one molecular equivalent of p-nitrobenzenesulfonyl chloride to  a pyri- 
dine solution of the aminothiazole. After standing overnight a t  room temperature the 
reaction mixture was dissolved in dilute sodium hydroxide solution and the hydrochloride 
of the sulfonamide was precipitated by the addition of an excess of concentrated hydro- 
chloric acid. Recrystallization from very dilute hydrochloric acid gave a 63% yield of 
bright yellow crystals, m.p. 237-235" dec. 

Anal. 

2-Su~anilamido-~-dzmethylamin~m~th~l-~,5,6,7-t~trah~drobenzothiazole. A .  The resi- 
due obtained after t?ie removal of pyridine was diluted with water and neutralized with 
sodium hydroxide. The dark oily precipitate slowly changed to a cotton-like mass of 
crystals. The moist product dissolve3 readily in 6 N hydrochloric acid and a copiolls pre- 

Calc'd for C1~H~~N.IOIS(.HC1: N, 12.91; C1, 8.19. 
Found: K, 12.85; C1, 8.17. 

4 All melting points are uncorrected. 
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cipitate of the crystalline hydrochloride monohydrate of the acetyl derivative separated 
almost immediately; yield 45%. White crystals, m.p. 226-228' dec., were obtained by 
crystallization from 95% alcohol. 

Anal. Calc'd for C:~HZ,N~O,S~.HCI.H,O: N, 12.12; C1, 7.66. 
Found: N, 12.08; C1, 7.70. 

The deacetylation was carried out in 6 N hydrochloric acid. The sulfanilamido com- 
pound was obtained as a monohydrate, map.  156-158" dec., by recrystallization from water. 

Anal. Calc'd. for C : ~ H Z ~ N ~ O B ~ . H ~ O :  N, 14.57. Found: N, 14.37. 
B. 2,p-Nitrobenzenesulfonamido-4-dimethylaminomethyl-4,5,6,7-tetrahydrobenzothi- 

azole was reduced with iron and 8% acetic acid and the amino compound wm recrystallized 
from water. The melting point and mixed melting point showed that  i t  waa identical 
with the sulfanilamido compound prepared from acetylsulfanilyl chloride. 

The free base formed complexes with many of the common solvents and the removal of 
solvent was always accompanied by evolution of dimethylamine. 

The dihydrochloride, m.p. 214-216' dec., separated as white crystals when a solution of 
the frets base in methanolic hydrogen chloride solution was diluted with ethyl acetate. 
The yield, based on the acetyl derivative, was 89%. 

Anal. Calc'd for C:tH&aO.S2.2HCl: N,  12.75; C1, 16.14. 
Found: N, 12.62; C1, 16.19. 

&-Sulfanilamido-~-piperzdznomsthyl-4,6,6,7-tetrahydrobenzlothiazole. The hydrochloride 
dihydrote of the acetyl derivative was obtained as a crystalline solid by diluting the residue 
from the pyridine distillation with water and adding an excess of concentrated hydrochloric 
acid. Recrystallization froin water gave a 57% yield of pale yellow crystals that  melted 
with decomposition a t  about 160' in a rapidly heated bath. 

Anal. Calc'd for C ~ : H Z B N ~ O ~ S Z . H C I . ~ H ~ O :  C1, 6.81. Found: C1, 6.88. 
Hydrolysis with 6 N hydrochloric acid gave the sulfanilamido derivative which was pre- 

cipitated by neutralizing the hydrolysis mixture and purified by recrystallization from a 
large volume of methanol; yield 5570, The pure compound melted at 189-190" dec. 

Anal. Calc'd for Ci~H?aN40zSz: C, 56.16; H, 6.45; N, 13.80. 
Found: C, 55.47; 13, 6.59; N,  13.56. 

8-Sulfanilamido-~-methylmercaptomethylthiazole. The crude acetyl derivative was diffi- 
cult to  crystsllize. After most of the pyridine was removed by distillation i n  vacuo, the 
residue was diluted with water and adjusted to pH 5 with sodium hydroxide. Concentra- 
tion of the resulting solution in vacuo left a gummy residue that  solidified slowly. After 
two reprecipitations from sodium hydroxide solution by acidification with hydrochloric 
acid the sulfonamide separated in crystalline form. Crystallization from dilute ethanol 
gave a 70% yield of white product, m.p. 216-218'. 

Anal. Calc'd for C1311:bNJ0&: N, 11.76. Found: N,  11.67. 
The acetyl derivative was hydrolyzed with boiling 4 M hydrochloric acid. The sul- 

fanilaniido compound separated as an oil when the mixture was neutralized. It was ob- 
tained in crystalline form by dissolving it in boiling alcohol and slowly adding water to the 
solution; yield 70%. After two recrystallizations from a benzene-alcohol mixture, the 
melting point was 138-139". 

Anal. Calc'd for CnH:&O?S3: N, 13.33. Found: N, 13.21. 
&-StZfaniEamido-4-ethylmercaptomethylthiazole. The acetyl derivative was precipitated 

by acidification of the diluted reaction mixture. Reprecipitation followed by crystalliza- 
tion from ethanol gave a 65% yield of white crystals, m.p. 208-210". 

The acetyl derivative was deacetylated in boiling 10% alcoholic hydrogen chloride. 
The hydrochloride of the sulfanilamido compound, which separated on cooling, was decom- 
posed with sodium hydroxide solution and the free base was crystallized from dilute ethanol. 
A 48% yield of white plates, m.p. 149-150" was obtained. 

Anal. Calc'd for C:zH:sN30zS3: N,  12.77. Found: N, 12.74. 
&-Sulfanilamido-~-carboxymethylmercaptomethyZlhiazole. 2-Amino-4-carbethoxymethyl- 

mercaptomethylthiazole was treated with acetylsulfanilyl chloride in the usual manner. 
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After removal of the pyridine, the residue was stirred with water until i t  solidified. Re- 
precipklation from sodium hydroxide solution followed by two crystallizations from 30% 
alcohol gave a 56% yield of white crystals, m.p. 208-210' dec. The solubility of the product 
in sodium bicarbonate showed that  the ester group had been hydrolyzed during the iso- 
lation. 

Anal. Calc'd for ClrH~rN~OaSz:  N, 10.47. Found: N, 10.43. 
The acetyl derivative waa hydrolyzed with 10% sodium hydroxide. The sulfanilamido 

compound was precipitated by acidification to pH 2 and the product was recrystallized 
from water three times. A 65% yield of material melting at 158-160' was obtained. 

Anal. Calc'd for CllHlrNtOISJ: N ,  11.70. Found: N, 11.47. 
The ethyl ester, m.p. 114-115", was prepared by esterification with alcoholic hydrogen 

Anal. Calc'd for CirHirNaO4Sa; N, 10.85. Found: N, 10.77. 
~-Sulfanilamido-4-hydroxymethylthiazole. This sulfonamide, m.p. 200-201' dec., waa 

prepared in 17% yield from N4-acetylsulfanilylthiourea by the method by Foldi. (7). 
R-Amino-4-imim-R-thiazoline hydrochloride (111) .5 A .  Chloroacetonitrile (8.5 g., 

0.11 mole), thiourea (7.6 g., 0.1 mole), and 60 cc. of alcohol were mixed and warmed under 
reflux on a steam-bath. The thiourea dissolved rapidly and the exothermic reaction caused 
the alcohol to boil vigorously. The product separated as a fine white crystalline solid and 
the filtrate gave a negative test for thiourea with ammoniacal silver nitrate. The yield of 
hydrochloride was 13.0 g. (86%). It was recrystallized rapidly from water or dilute alcohol 
solution. Both the crude and recrystallized material gave the same analyses and were 
unmelted a t  350'. 

Anal. Cala'd for CIH&lNaS: N, 27.70; C1, 23.39. 
Found: N, 27.62; C1,23.30. 

B .  A solution of S-cyanomethylisothiourea hydrochloride (11) in alcohol wm refluxed 
on a steam-bath. After a few minutes, II fine crystalline precipitate of the hydrochloride 
began t o  form. The solid was identical with that  obtained under A .  

chloride followed by recrystallization from dilute alcohol. 

Anal. Found: N, 27.54. 
The addition of saturated aqueous picric acid to  a solution of the hydrochloride in water 

Anal. Calc'd for CaHhNaS*C6HsN$O,: N, 24.40. Found: N,  24.35. 
Recrystallization of the hydrochloride from hot water containing hydrochlorio acid 

gave 2-amino-4-thiazolone hydrochloride (IV) which did not melt at 350" and wa9 identical 
with a sample prepared from thiourea and chloroacetic acid (14). 

Anal. Calc'd for C3H&lN20S: N ,  18.35; C1, 23.24. 
Found: N,  18.37; C1, 23.43. 

gave a crystalline picrate. This did not melt up to  350". 

SUMMARY 

Derivatives of sulfathiazole having tert.-aminoalkyl, hydroxymethyl, or 
alkylmercaptomethyl groups in the thiazole nucleus have been prepared. The 
effect of these groups upon the antibacterial activity and the absorption fol- 
lowing oral administration is discussed. 

An attempt to prepare 2,4-disulfanilamidothiazole was not successful. 

GLENOLDEN, PENNA. 
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Several years ago Wallace and Copenhaver (1) determined the melting points 
of the symmetrical anhydrides of the saturated aliphatic acids from enanthic 
to stearic acid inclusive and compared these melting points with those of the 
parent acids. The melting points of the acids, within this range of chain length, 
show a decided alternation, that of an odd-carbon-membered acid being lower 
than those of the two adjacent even acids. The melting points of the anhy- 
drides, on the other hand, shorn a much weaker alternation which differs from 
that of the acids in that the anhydride of an odd acid melts slightly higher than 
the mean of the two adjacent even members. It is significant that, for the 
compounds investigated, only a small difference exists between the melting 
point of an anhydride and that of its parent acid. This indicates that the 
melting points of the anhydrides are more greatly influenced by the length of 
the longest chain than by the total number of carbon atoms in the molecule. 
Consequently, we have synthesized several mixed anhydrides, all of which 
contain eighteen carbon atoms, in which the length of the longest chain varies 
from ten to sixteen carbon atoms and have compared their physical properties 
with those of the symmetrical anhydrides and of the parent acids. 

These mixed anhydrides were prepared by the reaction of the higher acid 
chlorides with the anhydrous sodium soaps, which method was first employed 
by Gerhardt (2) and later by Villier (3) and by Krafft and Rosiny (4) for the 
synthesis of a number of symmetrical aliphatic anhydrides. The melting points 
of the mixed anhydiides, the higher parent acids and their corresponding sym- 
metrical anhydiides are shown in Table I. 

The values recorded in Table I show that the melting points of the four isomeric 
mixed anhydrides differ over a wide range, the values decreasing progressively 
with decrease in the chain length of the longest chain. It is noteworthy that 
there is only a small difference between the melting point of a mixed anhydride 
containing a C 12, C14, or CIS chain and that of the corresponding long chain acid 
or the symmetiical anhydride of this acid. This correlation, however, disappears 
with the mixed Cs-Clo anhydiide and the Clo---Clo anhydride both of which 
melt considerably lower than capric acid. 

The unsymmetrical anhydiides are soluble in both polar and non-polar organic 
solvents. In the polar organic solvents such as acetone.or acetonitrile, solution 
is attended by a disproportionation reaction. This tendency is especially 
marked where the difference in chain length is appreciable, such as with acetic- 
palmitic anhydride. Such anhydrides cannot, therefore, be satisfactorily 
crystallized from polar organic solvents. The mixed anhydrides may be crystal- 

624 



UNSYMMETRICAL ANHYDRIDES OF ALIPHATIC ACIDS 625 

MIXED ANEYDBIDES 

lized from non-polar solvents, such as petroleum ether, although prolonged 
heating of acetic-palmitic anhydride in this solvent results in the formation of 
some acetic anhydride and palmitic anhydride. The mixed anhydrides are 
apparently rapidly hydrolyzed by water, the rate of hydrolysis increasing with 
greater differences in the chain lengths. Since the actual rates of hydrolysis 
have nlot been determined the above conclusions are speculative. 

M.P., "c. 

EXPERIMENTAL 

Preparation of the acid chlorides. Capryl, lauroyl, myristoyl, and palmitoyl chlorides 
were prepared by a method similar to  that previously described by Ralston and Selby (6) 
which includes refluxing the acids with a three molar ratio of thionyl chloride for 3 hours, 
removing the excess of thionyl chloride, and fractionally distilling the products. The acid 
chloridein had the following boiling points: capryl, 120-122'20 mm. ; lauroyl, 140-141'1~ mm. ; 
myristoyl, 171-172'18 m m . ;  palmitoyl, 187-188'14 mm. 

Palmitoyl chloride (27.4 g., 0.1 mole) was 
weighed into a three-necked, 200-cc. flask, equipped with a mechanical stirrer and thermom- 
eter. Anhydrous sodium acetate (8.5 g., 0.103 mole) was added over a period of 5 minutes. 
The mixture was heated in an oil-bath with stirring for thirty minutes. It was then al- 
lowed to' cool and the solid mass which formed was extracted with petroleum ether. The 

Preparation of acetic-palmitic anhydride. 

TABLE I 
THERMAL CONSTANTS OF MIXED ANHYDRIDES, ACIDS AND SYMMETRICAL ANHYDRIDES 

Cl0 
c14 

C12 
ClO 

62.41 cls-Cl0 63.9 
53.78 cll-cl4 53.5 
43.86 ClPC12 42.1 
30.92 c10-c 1 0 24.7 

C1e-Cz 
Cl4-c4 
c1*-c0 

c10-c 8 

P.P., 

ACID I "c. ( 5 )  

62.5 
52.7 
42.4 
16.0 

product was then recrystallized three times from petroleum ether (b.p. 65-67') after which 
i t  melted at 62.5" (yield 700/0). The neutralization equivalents employing aqueous sodium 
hydroxide and also alcoholic sodium methoxide were determined by the method of Smith 
and Bryant (7) (found: with NaOH, 152; with NaOCHa, 298; calc'd: 149, 298). 

Preparation of but yric-myristic anhydride, caproic-lauric anhydride, and caprylic-capric 
anhydride. Anhydrous potassium butyrate, potassium caproate, and potassium caprylate 
were prepared by dissolving the respective acids in 95% ethanol and neutralizing t o  phenol- 
phthalein with alcoholic potassium hydroxide. The soaps were obtained by evaporating 
the solutions to  dryness under a vacuum. They were then treated with the respective acid 
chloride13 according to  the procedure described above with the exception that  longer reac- 
tion times and higher temperatures were employed (2 hrs. at 90'). The products were 
recrystallized from petroleum ether and possessed the following physical and chemical 
constants: butyric-myristic anhydride, m.p. 52.7") neutral. equivs. 148.1, 297.8, yield 81%; 
caproic-lauric anhydride, m.p. 42.4", neutral. equivs. 149.7, 298.9, yield 85%; caprylic- 
capric anhydride, m.p. 16.0', neutral. equivs. 146.8, 296.7, yield 85%. 

CHICAGO, ILL. 

SUMMARY 

The isomeric anhydrides : acetic-palmitic anhydride, butyric-myristic an- 
hydride, caproic-lauric anhydride, and caprylic-capric anhydride have been 
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prepared and their melting points compared with those of the acids and the 
symmetrical anhydrides. 

For the unsymmetrical anhydrides prepared the melting points are more 
dependent upon the length of the longest hydrocarbon chain than upon the total 
number of carbon atoms in the compound. 
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