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d-limonene. The two compounds show the same strong
infrared absorption band at 11.03 ¢ and the same medium
strength bands at 8.05 and 8.18 u.

Anal. Caled. for CyH»O: C, 78.51; H, 11.98. Found:
C, 78.41; H, 12.07.

p-Menthane-7-carbinol (VII) was produced by hydrogena-
tion of a mixture of about 759 IV and 259, V using Raney
nickel at 1500-2000 pounds pressure. After removal of
7-methyl-3-ethyloctanol resulting from the hydrogenation
of V at 110-116° at 10 mm., VII distilled at 126° at 10 inm.,
n*p 1.4700, d%, 0.9117. It was identified by oxidation
with chromic acid-acetic acid to a mixture which partly
solidified. The solid acid after several recrystallizations
from pentane melted at 77-78° and its infrared spectrum
was identical with that of a known?? samnple of p-menthane-
7-carboxylic acid kindly furniskhed by Dr. L. A. Goldblatt.
The liquid acids are thought to be a mixture of the cis—rans
isomers of this acid which indicates that the VII is a mixture
of the two possible ¢is-frans alcohols.

Allogcimene dimer? is readily produced by heating allo-
ocimene at about 200° and its ultraviolet spectrum has been
studied.?® This work was repeated. Allodciimene was
heated at 205° for 10 hours and 40 minutes at which tiine
the product contained about 179, unchanged allodcimene
by ultraviolet absorption analysis. This result was in good
agreement with Fuguitt!* who reported 199, unchanged
alloocimene after heating alloécimene under the same con-
ditions of time and temperature. The partly polymerized
product was distilled at about 5 inm. pressure through a
short column and fractions of dimer, b.p. 155-156°, were
collected and examined. All fractions showed Apax 241-
242 mu and the extinction coeflicient («) of the fractions
ranged from 88 to 110.6. The dimer is further character-
ized by infrared absorption bands at 10.15, 10.36, 11.54,
11.63 and 11.87 4.

Allodcimenecarbinol (V) was polymerized by heating at
205° for 10 hours and 40 minutes. The viscous product
wus shown by infrared analysis to have retained the hydroxyl
group. Its ultraviolet spectrum was determined in meth-
anol since the product was partly insoluble in isodctane.
The spectrum showed two absorption maxima, Amsx 242,
a 65, and Amax 276, a 78.  Froin these data and the known
extinetion coefficient for V, it was calculated that the partly

14) R, Pugnitt Thesis, University of Florida, May 1043,
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polymerized V contained approximately 319, unreacted -
V and 699, polymerized V, and that the polymerized V
possessed an extinction coefficient, «, of about 79. The
infrared spectrum of this crude mixture of V and its polymer
showed with certainty only one absorption band which ap-
peared to be cominon with that of allo6ciinene dimer, a band
at 10,15 u.

Isomerization of Nopyl Acetate.—Nopyl acetate was
heated at 240° for 5.5 hours. The isomerized product con-
tained free acetic acid equivalent to decomposition of about
0.89, of the nopyl acetate. The product was fractionated
at 10 mm. and the fractions were analyzed by ultraviolet
and infrared methods.

There was formed no $-pinene or other low boiling tér-
pencs. The first fractions boiling over the range 109-132.5°
were rich in acetates showing Amax 264 mu and believed to
be alkyl eyclohexadiene carbinol acetates resulting from
cyclization of allodcimenecarbinol acetate. The quantity
of these conjugated cyclic acetates was estimated to be 10%
of the original nopyl acetate. There was also present in
these fractions nopyl acetate amounting to 59, of the start-
ing material.

Dipentene-7-carbinol acetate was obtained in about 55%
yield, b.p. 134° at 10 mm., #%®p 1.4775. Its identity was
apparent from comparison of its infrared spectrum with that
of limonene and dipentene-7-carbinol, all of whose major
ahsorption bands are common except, of course, for the ace-
tate or hydroxyl absorptions.

Alloscimenecarbinol acetate was obtained in about 15%
vield; b.p. 140° at 10 mm., n%p 1,526; extinction coefli-
cient for the purest fraction, a 173, Amax 279 mu. The
major infrared absorption bands of the acetate coincide
with those comion to allo6cimene and allodcimene carbinol.
It .was estimnated from spectrophotometric data that purity
of the best fraction was only about 85%, the remainder
chiefly dipentene-7-carbinol acetate.

The distillation residue amounted to 15%, of the clrarge
and was estimated to contain 289, allodcimenecarbinol ace-
tate and 15% alloScimenecarbinol polymer acetate, the
latter showing Apax 241.

Acknowledgment.—The authors wish to express
their appreciation to Dr. Philip Sadtler for providing
the intfrared absorption spectra shown in Fig. 1.
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The Preparation of Some 1-Alkylamino- and Dialkylaminoalkylaminothiaxanthones!
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RECEIVED MARcH 8§, 1952

The preparation of an extensive series of 1-alkyl and dialkylaminoalkylaminothiaxanthones was undertaken as part of a

study on the chemotherapy of schistosomiasis.
substituted alkylenediamine at atmospheric pressure.

The compounds were prepared by condensing a 1-chlorothiaxanthone with a
The required 1-chlorothiaxanthones were obtained by (a) condensing

a thio- or dithiosalicylic acid with a 1-halo-4-methylbenzene; (b) treating a chlorothiophenol with an appropriately sub-
stituted o-chlorobenzoic acid followed by ring closure of the resulting o-arylmercaptobenzoic acid with sulfuric acid and (c)
condensing 2,4-dichloronitrobenzene with a thiosalicyclic acid, followed by conversion of the resulting acid to the corre-

sponding acid chloride and cyclizing with the aid of aluminum chloride.
thiosalicylic acid with benzene and its congeners is proposed.

Several years ago it became of interest to prepare
a sample of Miracil D (II), a new orally effective
schistosoniicidal drug, which was developed in Ger-
many during the recent war. The method of prep-
aration? consisted of condensing diethylaminoethyl-

(1) The numbering system of the thiaxanthones used throughout this
paper follows current Chemical Abstracts usage. This differs from the
system used by the English and German workers in that the sulfur
atom is numbered 5 in one case and 10 in the other. The compound
which Mauss (ref. 4) named 1,6-dichloro-4-methylthioxanthone corre-
sponds to 1.7-dichloro-4-methylthiaxanthone here. The minor differ-
ence in spelling should be noted.

(2) Office of the Publication Board, Department of Commerce,
‘Whashington, D. C.,, Report No. 981,

A modified mechanism for the condensation of di-

amine with 1-chloro-4-methylthiaxanthone (I).
The intermediate chlorothiaxanthone, I, was ob-
tained mixed with the 4-chloro-1-methylthiaxan-
thone according to the procedure of Ullmann and
Glenck3 who treated thiosalicylic acid with p-chloro-
toluene in sulfuric acid. The 1-chloro isomer, I, is
sufficiently reactive to condense with an amine at
elevated temperatures,

When this work was repeated it was found that
in small scale runs it was possible to duplicate the
results already reported; however, on a larger scale

(3) F, Ullmann anid O, v, Glenck, Ber,, 49, 2487 (1918).
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the reaction mixture turned dark and afforded only
intractable tars. It was found possible to effect
the condensation between the diamine and the thi-
axanthone mixture consistently and in reproducible
yield at atmospheric pressure. This reaction
proved to be a general one so that a large variety
of compounds could be prepared.

Although it was reported that about seventy
compounds had been prepared? only the structure of
Miracil D was revealed. Accordingly, it was
decided to prepare compounds having varying
structures and evaluate their schistosomicidal ac-
tivity in these laboratories. During the course of
this work several papers bearing directly on the
problem have appeared. In the paper of Mauss®
the chemistry of Miracil D and its congeners was
reported in some detail. It was rather surprising
and gratifying that our work duplicated that of
the German worker only to a slight extent. Hawk-
ing,® Kikuth,® Vogel” and Alves® have described the
toxicological and chemotherapeutic properties of
Miracil D. It appears from this work that the
toxic dose of this drug is so close to the curative
dose that the compound cannot be considered more
than a promising lead in the oral treatment of
schistosomiasis.

The first method we employed for the synthesis
of the 1l-chlorothiaxanthones was discovered by
Smiles® who found that thiosalicylic acid and dithio-
salicylic acid condense with certain substituted aro-
matic hydrocarbons in sulfuric acid to furnish thi-
axanthones. For p-chlorotoluene Ullmann?® used
about 909, sulfuric acid but the more concentrated
acid has been found to be a superior condensing
agent. We studied the use of both thio- and di-
thiosalicylic acids in the reaction with p-chlorotolu-
ene. The readily available crude dithio acid fur-

(4) H. Mauss, Chem. Ber., 81, 19 (1948).

(3) (a) F. Hawking and W. F. Ross, Brit. J. Pharm., 8, 167 (1948).
(b) D. M. Blair, F. Hawking, C. V, Meeser and W. F. Ross, 1b7d., 4, 68
(1949).

(6) W. Kikuth and R. Gonnert, Ann. Trop. Med. and Parasit., 43,
256 (1949).

{7} H. Vogel and W. Minning, 7bid.. 42. 268 (1949).

(8) W. Alves, tbid., 44, 34 (1950).
(9) E. K. Davies audS Smiles. J. Chem, Soc 97, 1290 (1909).
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nished the thiaxanthone mixture in yields compar-
able to those obtained with thiosalicylic acid. Con-
densations were also run with 3-chlorothiosalicylic
acid, 5,5’-dimethyldithiosalicylic acid, 3,3’-dichloro-
and 3,3’-dimethyldithiosalicylic acids. These in-
termediates were all prepared by the usual proced-
ure from the corresponding anthranilic acids.!
The 5,5’-dimethyldithio acid and 5-chlorothiosali-
cylic acid condensed with p-chlorotoluene to give
thiaxanthone mixtures in which a substantial por-
tion of the 1-chloro isomer was present. Both
3,3’-dimethyl- and 3,3’-dichlorodithiosalicylic acids
afforded chlorothiaxanthones which failed to react
with dibutylaminoethylamine, Authentic speci-
mens of Il-chloro-4,6-dimethylthiaxanthone and
1,6-dichloro-4-methylthiaxanthone were prepared
by condensitig the appropriate potassium o-chloro-
benzoate with 5-chloro-2-methylthiophenol. The
o-phenylmercaptobenzoic acids were cyclized in sul-
furic acid. The thiaxanthones so obtained con-
densed with dibutylaminoethylamine to furnish the
desired 1-(2-dibutylaminoethylamino)-thiaxan-
thones. This reaction served to locate the position
of the chlorine atom with respect to the carbonyl
group, The melting points of the thiaxanthone
from 3,3’-dimethyldithiosalicylic acid, presumably
1,6-dimethyl-4-chlorothiaxanthone, and authentic
1-chloro-4,6-dimethylthiaxanthone were widely di-
vergent. On the other hand, 4,6-dichloro-1-methyl-
thiaxanthone (from 3,3’-dichlorodithjosalicylic acid)
and  1,6-dichloro-4-methylthiaxanthone melted
close to each other. The mixed melting point lay
between the melting points of the individual coni-
pounds. This is not surprising since a niixture of
1-chloro-4-methylthiaxanthone and the 4-chloro-
1-methyl isomer does not give a depression in melt-
ing point on admixture.

The isomeric dichloromethylthiaxanthones may
be differentiated by their chemical properties, in-
frared spectrunt and behavior on crystallization.
One isomer forms buff-colored crystals whereas the
other separates as yellow needles. Apparently
unidirectional condensation occurs when the di-
sulfide group is situated between two ortho substit-
uents.

Another instance of largely unidirectional con-
densation was noted with 3,4-dimethylbromoben-
zene. When this bromoxylene was condensed with
thiosalicylic acid the resulting thiaxanthone gave
very little acid-soluble material when treated with
dibutylaminoethylamine. In 3,4-dimethylbromo-
benzene the position ortho to the bromine and para
to the methyl is the most highly activated; it is to
be expected that the reaction would be initiated at
that point.

There has been some previous consideration of
the mechanism whereby dithiosalicylic acids con-
dense with benzene and its derivatives. Smileg!!-!?
proposed the mechanism for the reaction shown in
the equations.

He was unable to determine whether thiosalicylic
acid was oxidized to the sulfenic acid by way of
dithiosalicylic acid. However, it has long been

(10) ’*Organic Syntheses.’”” Coll, Vol, 11, John Wiley and Sons, Inc.,
New York, N. Y., 1943, p. 580.

{11} E, G. Marsden and S. Smiles, J. Chem. Soc.. 99, 1354 (1911).
(12) W. G. Prescott and S. Smiles, ¢bid., 99, 640 (1911).
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known that mercaptaus can be oxidized to disulfide
in sulfuric acid'® and we have found that thiosali-
cylic acid is converted to the dithio acid it sulfuric
acid almost quantitatively uuder conditious that
correspond to those required for the condensation.

Experimental evidence is at haud to support the
formation of a sulfide as the first step in the elabor-
ation of the heterocyclic ring. It is fairly well cs-
tablished that benzoic acid does 110t condernse with
benzene in sulfuric acid but that ring closures such
as III to IV do occur in this wediuur.,  Susiles!
prepared a mixed sulfide frombis-(4-dimethylamirio-
pheuyl) disulfide aund a phenol in sulfuric acid.
Thus, a disulfide without a carboxyl group cau
condense with a beuzene derivative.

The structures of thiaxanthones formed by the
condensation also indicate that sulfide formation is
the first step. Similes!* reported only one thiaxan-
thone, nantely, 1-methyl-4-methoxythiaxanthone
froni the reaction between thiosalicylic acid and
p-tolyl methyl ether. Ullmann® obtained ouly 1-
chloro-2-methyl-4-niethoxythiaxanthone froin the
interaction of 3-niethyl-4-chloroattisole and thio-
salicylic acid. This particular thiaxanthote was
obtained in about 75%; yield and was shown to
consist largely if not exclusively of the 1-chloro
isonter since it reacted with anilitte to fori the 1-
anilinothiaxanthone in 859, yield. Siuce the posi-
tion ortlio to the miethoxyl groups is uiore suscep-
tible to attack by electrophilic agents tlian the other
possible reaction sites it is apparent that the sulfur
function condensed first. In the case of p-chloro-
toluene this difference in susceptibility is not as
marked as in the anisoles so that mixtures of thi-
axanthones are frequently obtaiited. The excep-
tions, as noted above, occur when 3,3’-substituted
dithiosalicylic acids are used, but here steric factors
may supervenie. p-Dichlorobeuzene, which does
not react with cationoid reagents as readily as p-
chlorotoluene or p-chloroanisole, does not condense
with thiosalicylic acid under the conditions of the
experitennt.  This order of reactivity parallels
thiat in the Friedel-Crafts ketone synthesis.

(13) J. Stenhouse, Ann.. 149, 250 (1869).

il1) K. Roberts and 5. Smiles, J, Crem. Soc,, 132, 863 (1929).
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In the Swuiiles formulation, wuter is required to
hydrolyze dithiosalicylic acid to the sulfenic acid
aud thiosalicylic acid (equation 1). This reaction
seeited nuprobable and was tested experintentally.
When tlie cotdensationn was carried out between
pure dithiosalicylic acid and p-chlorotoluene in 9697,
sulfuric acid the reaction was very sluggish and at
thie end of Y0 minutes the yield of thiaxanthone
wixture was ouly 269, However, it 1019, sul-
furic acid the reaction was so vigorous that cooling
was required and in' the same time the yield was
819, This was almost tlie maxiinum obtainable.

It view of this result it seems necessary to uodify
Sutiles’ utechaunisni for the reaction by replacing the
sulfenic acid with another type of reactive structure
as sliowit,
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Since the disulfide group is less acidic than the
carboxyl group, the former adds a proton reversibly
to furuish the conjugate, V, (equation 4). In the
presence of an acceptor for V the polarization indi-
cated by the expression, VI,% occurs and condensa-
tion of the sulfur function with the aromatic com-
pound takes place as in equationt (5). The thio-
salicylic acid which is formed is oxidized to the di-
thiosalicylic acid.

According to equation (4), the addition of bisul-
fate ion should drive the equilibrium to the left aud
thereby decreuse the reaction rate. When 1009,
sulfuric acid previously saturated with potassiumni
bisulfate was the condeusing agent the yield at the
end of 90 minutes was 409, and the reaction was
ouly ildly exothermic. A control run without
the added salt furnished the thinxauthone mixture
in 839, of the theoretical yield.

The experiments cited support the niodified
mechanism and render it unlikely that the dithio
acid reacts via a sulfenic acid intermediate. Analo-
gously it is improbable that thiosalicylic acid cou-

(15) Complete polarization of VI with charge separation gives
thiosalicylic acid and the ion

—COO0OH
S

The latter may be the reactive intermediate. Since little is known
about the beltavior of such ions we do not wish to imply a temporal ex-
istence for such a species atid prefer to use the polarized expression V1,
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denses according to the Smiles mechanism. The
mercapto acid is first oxidized to the disulfide since
this is a one electron oxidation, whereas the direct
oxidation to the sulfenic acid involves the removal
of two electrons.!6-1

A number of the l-chlorothiaxanthones were
prepared by the condensation of appropriately sub-
stituted potassium o-chlorobenzoates with either 5-
chloro-2-methylthiophenol or 2,5-dichlorothiophe-
nol, followed by cyclization of the intermediate o-
phenylmercaptobenzoic acids in sulfuric acid. The
2,5-dichlorothiophenol was prepared by reduction
of 2,5-dichlorobenzenesulfonyl chloride with tin
and hydrochloric acid.’® Usually the thiophenol
was separated from the reaction mixture by steam
distillation. In one experiment this operation was
omitted; the thiophenol was extracted from the
acid with ether. On standing the solution depos-
ited yellow crystals, the analysis of which agreed
well for tin tetra-(2,5-dichlorothiophenolate) (VIII).
Wuyts! prepared a similar compound from di-
phenyl disulfide with the same reducing mixture.

Cl Cl
—S0.Cl sn, HCI S
—_— Sn
Cl Cl
VI

Several methods were investigated for the prep-
aration of 5-chloro-2-methylthiophenol (IX), Chien
and Kuan® reported the preparation of this com-
pound by the method of Dosser and Richter.?!
They stated that IX melted at 80-81° when crys-
tallized fromi ethanol. The corresponding bromo
compound was reported to be a liquid boiling at

c—
i [ —
N\ )—CH,
|
SO.H
c—7" cl
e —
\ /—CH; —CH;,
| |
SO,CI SH

107-108° (2 mm.). In their purification procedure
the Chinese workers did not extract their product
with base. We prepared IX by four different
methods, at least two of which involved isolation
by alkaline extraction. In no instance did our ma-
terial correspond in properties to those reported by
Chien and Kuan.® A sample of the disulfide cor-
responding to IX was found to be only slightly sol-
uble in ethanol and to melt at 81.3-82.7°. Evi-

(16) L. Michaelis and C. V. Smythe, Ann. Rev. Biochem., T, 1
(1938).

(17) R. B. Woodward and R, H. Eastman, THiS JOURNAL, 68, 2231
(1946).

(18) J. Stewart, J. Chem. Soc.. 121, 2555 (1922).

(19) H. Wuytsand A. Vangindertaelen, Bull. soc. chim. Belg., 30, 328
(1921).

(20) 8. 1. Chien and H. T. Kuan, J. Chinese Chem. Soc.. 4, 355
(1936). .

(21) R. C. Dosser and G. H. Richter, Tuis Journ~aLr, B6, 1132
(1934).
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dently these workers had this disulfide rather than
an authentic specimen of 35-chloro-2-methylthio-
phenol.?3 _

Treatment of 5-chloro-2-methylphenylmagne-
sium bromide with sulfur furnished IX in moderate
yield, The thiophenol IX was also prepared in a
sequence which required the conversion of 2-amino-
4-chlorotoluene to 3-chloro-2-methylbenzenesulfinic
acid?? followed by reduction to the thiol,

Chlorosulfonation of p-chlorotoluene yielded a
mixture of sulfonyl chlorides?¥ %2 which were re-
duced without separation to IX and the isomeric 2-
chloro-5-methylthiophenol. This mixture was suit-
able for further work since the isomer gives rise to a
4-chlorothiaxanthone which does not react with an
amine. In our hands the best method for preparing
IX consisted of converting 2-amino-4-chlorotoluene
to the xanthate and then hydrolyzing this ester
with potassium hydroxide to give the thiol in 609
over-all yield.?* A neutral fraction was obtained
which was apparently 5-chloro-2-methylphenyl
ethyl sulfide.

The 3-substituted o-chlorobenzoic acids were
prepared by the isatin synthesis, The proper am-
ines were converted to the isatins, these oxidized
to the anthranilic acids and the latter then subjected
to a Sandmeyer reaction, 2-Chloro-5-methylben-
zoic acid was prepared from p-toluidine in this way.
The 4-methyl- and 4-methoxy-2-chlorobenzoic acids
were made from the corresponding 2-nitrobenzoni-
triles.

The condensation of the potassium o-chloroben-
zoates and the thiophenols were generally effected
about 200° using a molar ratio of 1 sodium methox-
ide:1 potassium salt:2.5 thiophenol. The yields
of the arylmercaptobenzoic acids were quite good
and it was possible to recover some of the excess
thiophenol by steam distillation. In a few success-
ful reactions it was possible to double the amount of
potassium salt having present only a 259, excess of
thiophenol. However, the yields were lower when
this proportion was used. Thus, where potassium
2,4-dichlorobenzoate and IX were allowed to react

+IX —>
Cl— —Cl
s LT
—COOH 7
—>
al S— Cly A
> ]
CH3 CH3
X XI

(22) M. S. Shah, C. T. Bhatt and D. D. Konga. J. Chem. Soc.. 1375
(1933).

(23) W. D. Wynne, ibid.. 81, 1078 (1892). (a) After this paper was
written, J. M. Sharp, ibid., 2961 (1951), reported the preparation of
the thiol, IX, by the same series of reactions which differed in experi-
mental detail. He obtained the thiol IX in 63-73% yield based on
p-chlorotoluene, Oxidation with fodine furnished the corresponding
disulfide m.p. 80-81°, No details of the experiment were given, Con-
densation with potassium o-chlorobenzoate yielded 2’-carboxy-5-
chloro-2-methyldiphenyl sulfide in 889, yield, Cyclization to 1-chloro-
4-methylthiaxanthone was accomplished in 909 yield. Our results
(vide infra) suggest that the thiophenol prepared this way contained
some of the isomeric 2-chloro-5-methylthiophenol.

(24) D. 8. Tarbell and D. K. Fukushima, Org. Syntheses, 27, 81
(1947).



4300

in tlie molecular ratio of 1:2.5 the yield of X was
90Y%,. When the amount of potassiuint salt was
doubled the yield fell to 8295.

The ring closures of tlie 2-(5-chloro-3-niethyl-
plienylutercapto)-beuzoic acids were carried out in
sulfuric acid at steani-bath temperatures wlereas
the 2-(2,5-dichlorophenylmercapto)-benzoic acids
were cyclized at 120-130°. The yield of XI from
potussiuin 2,4-dichlorobenzoic acid was 829.

Pure 1,7-dichloro-4-methylthiaxanthone (XI)
melted at 196-197°. Mauss? obtained XI mixed
with 4,7-dichloro-1-methylthiaxanthone from 4-
chlorothiosalicylic acid and p-chlorotoluene., The
wixture melted at 182-183°. When the mixed
tliiophenols obtained frout the chlorosulfonation
aud reduction of p-chlorotoluette were allowed to
react with potassium 2,4-dichlorobenzoate aud the
crude product then cyelized a thiaxauthone mixture
was obtained which melted at 188°,2%

1-Chloro-4-nitrothiaxanthone (XV, R = H) and
1,7-dichloro-4-nitrothiaxanthone (XV, R = Cl)
were prepared according to the schene

NQO.

NV

The acid (X111, R = H) was previously prepared
in poor yield by condensing 3,4-dinitrochlorobern-
zente with thiosalicylic acid® because the evolved
nitrogen oxides oxidize the mercapto acid. Hodg-
son?® found that the chlorine ortho to thie uitro
group in XII was replaced when treuted with so-
dium ntethylmercaptide. Condensation of XII
with thiosalicylic acid in the presence of sodium
ethoxide gave the acid (XIII, R = H) in excellent
yield,

Ring closure to the thiaxanthone (XV, R = N)
was performed #ig the intermediate acid chloride,
X1V, with tlie aid of aluminuw chloride.*» The
properties of XIII and XV agreed with those re-
ported.? '

Most of the alkyl and dialkylaminoalkylaniines
were prepared by literature methods or were avail-
able fromt work on the anti-malarial problem. Tle

(25) ¥. Mayer, Ber., 43, 584 (1910).

(26) . H. Hodgsouand F. W, Handley. J. Chem. Soc. Ind., 46, 4351
1927,
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liydroxyalkylantinoalkylatnines were prepared from
ethylentediaiine and the alkylene oxide according
to Kitclien and Pollard.” The 1-dialkylamino-2-
propylautines were obtained by reductive auina-
tion of the corresponding dialkylaminoacetoues.®

The N-alkyl-N-hydroxyalkylaminoethyluiines
were prepared front brontoethylphthalimide and the
alkylhydroxyalkylatines. The new diamiines are
listed i1 Table I.

In our early experinients the original procedure
for condensing diethylaminoethylamine with the
l-chlorothiaxanthones was used.? It was noted
that the copper was unnecessary,” the temperature
could be lowered to a point where tlie reaction could
be run at atmospheric pressure and that the pyri-
dite could be eliminated.®-%2  We preferred to
use the pyridiue in the reactions involving soue of
the less accessible diatines siuce it tended to con-
serve these coupounds. In the reactions involving
diatnnylamino and dihexylamino derivatives it was
mandatory to omit the copper catalyst. Wlhen
present intractable mixtures were encountered.

In the processing of the reaction mixtures which
contained non-basic material it was found expedient
to dissolve the non-volatile components in acetic
acid aud throw out the neutral fraction with water
rather than to extract with dilute acetic acid.> The
acetic acid treatment was omitted when the reac-
tion products were coutpletely acid soluble, Whent
it wuas auticipated that the desired hydrochloride
would be slightly soluble in alcoliol the entire uix-
ture was tukeu up in this solvent and then treated
with excess dry hydrogen chloride.

Several hydrochlorides resisted crystallization
uutil water was added. The resulting salts ap-

O NHCH,CH.N(CiHa),

AN

| J |
\\/ \5"/\\‘;/

NO;
XVI
O  NHCH,CH:N(CyHy):
|
|

RCl
—_—

e b‘/ N
| NHCH,CH:N(C,Hg):
NH: |
XVII
XVIII, R =C H;CO
XIX, R = CeHaCO /
XX, R = C¢H;S0, \
XXI, R = CH;CONHCHSO NHR

(27) 1. J. Kitchent and C. B. Pollard. J. Org. Chem.. 8, 342 (1943).
Dr. A. R. Surrey of this Institute prepared 2.3-dihydroxypropylamino-
cthylamine. ‘l'he properties of this compound will be reported by bini.

(28) D. 5. Breslow, ¢f al., TH1s Jour~aL, 68, 100 (1946),

(29) 11. Mauss (ref. 4) found thut copper was unnecessary.

(30) B. I, Tullar (private communication) condensed 1-chloro-4-
methylthiaxantlione with dibutylaininoethylamine without pyridine.
(a) P. Gaillot and J. Gaudechon, {Tnion of S. Africa Patent Application
No. 2587/51 ( Oct. 3, 1951) prepared 1-(2-dibutylaminoethylamino}-4-
methylthiaxanthone froin 2-dibutylaniinoethylamine and the Ullmain—
Glenck thiaxanthione mixture in refluxing quinoline. Their hydro-
chloride melted at 160-161°. Sharp (ref. 23a) prepared the same suh-
stance by Mauss’ metlhiod. e reported tlie m.p. of the hydrochloride
to be 167-169°.
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TABLE I
PROPERTIES OF THE N-HYDROXYALKYLAMINOETHYLAMINES, RIR?2NCH,CH(R)NH;
Alkyl groups B.p.. Nitrogen, %
R Rt R? °C. Mm, Formula Caled. Found
H C:H; " HOCH,CH, 72-72.5 0.4 CsHisN:O 21.20 21.10
H n-C4H, HOCH,CH, 145-147.5 21 CsHyN:O 17.42 17.08
CH; C.H; HOCH,CH, 69-70.5 0.4 C;HisN,O 19.27 19.01
H C.H; (CH;),COHCH, 79-80 3.0 CsHgy N0 17.42 17.21
H C.H; CH3;CHOHCH, 102-103 8.0 CyHisN,O 19.16 18.68
H CH; CH;CHOHCH; 81-83 2.0 CsHisN,O 21.20 20.50
H CiH, CH3;CHOHCH, 109-111 3.0 CyHaN,O 16.07- 15.93
TasBLE 11 Cl
PROPERTIES OF THE SUBSTITUTED 0- PHENYLMERCAPTOBENZOIC ACIDS COOH
R - W—
C‘Hs(Cl)
Carbon, % Hydrogen., % Sulfur, %
Acid M.p., °C. {cor.) Solvent Formula Caled. Found Caled. Found Caled. Found
5-NO;-2’-Me-5'Cl 237.9-239.3 EtOH CuH CINO,S  51.74  51.79 3.11  3.06
4-C1-2’,5’-diCl1 228.6-229.4 EtOH CisH,C130.8 46.80 46.556 2.10 2.40 9.61 9.66
5-NO,-2/,5'-diCl 255-256.4 HOAc Ci;:H,CL,ONS 9.32 9.33
4-Cl-2’-Me,5'Cl1 199.6-201 Benzene C14H 1 CLOsS 53.68 53.60 3.21 3.38
4-Me(C-2'Me-5'Cl 194.6-195.8 Benzene Ci5H;5CLO;S 58.34 58.64 4.24 4.31 11.49* 11.73°
4-Me-2’Me-5'Cl 191.4-192.4 EtOH CisH13C10:S 10.95 10.98
4-Cl1-2'-NOg,5'Cl 210-211 HOAc-H,0 CH,CLNOS 4.07° 4.02°
¢ Chlorine analysis. ? Nitrogen analysis.
TaBLE 111
PROPERTIES OF THE 1(OR 4)-HALOTHIAXANTHONES
Carbon, % Hydrogen, % Sulfur, %
Thiaxanthone Method Solvent M.p., °C. Formula Caled. Found Caled, Found aled. Found
1,4-diCl H HOAc 175.5-176,8"  C;3HeCLOS 11.40 11.38
1-Cl,2,4-diMe J EtOH~H,0 144-147° Ci:H1: CI0S 11.60 11.60
1,7-diCl,4-Me I HOAc 196-197¢ C1:HCLOS 57.1 57.5 2.71 .2.91
1-C1,4-NO, G* HOAc 202-205
1,4,7-triCl H* HOAc 227.8-228.6°  C;3HCLOS 49.48 49.49 1.60 1.9
1-Cl,4-Et® J HOAc 71-75 CisHuC10S 11.67 11.86
1-C1,4,6,8-triMe I HOAc 203-205 CisHi:C10S 11.08 10.30
1,4-diCL,6,8-diMe H  HOAc 216.3-217.4"  C;5HCLOS 58.24 58.18 3.26 3.35
1,4-diCl,7-Me H HOAc 202-203.1° CuHCI10S 56.77 56.71 2.73 2.94
1-Cl,4-Me,8-NO, I None’ 293-293.8° CiH;CINO;S 10.50 10.87
1-Cl,4,7-diMe I* HOAc-H,O 147.8-148.8"  Cy;HnCIOS 65.56 65.47 4.04 4.35
1-Cl,4-Me,7-MeO 1 HOAc 188-190.1° CisHiu ClO,S 11.03 11.08
4-Br,1,2-diMe J  HOAc 129.9-133.8" ° C;sHuBrO:S 10.04 10.33
1,6-diCl,4-Me I* HOAc 190.2-191.2°  C,HCLOS 10.84 11.41
4,6-diCl,1-Me J?  HOAc-H;0 193.6-194.6 C1:H;C1,08 10.84 10.79
1,4-diC1,8-NO, H  Pyridine >300 Ci3HsCL.NO;S 9.83 10.08
1-Cl,4,8-diMe J? HOAc 152-153 CisHnCIOS 65.56 66.38 4.04 3.89
1,8-diCl,4-Me J HOAc 193.5-195 Ci1:HsCl1,08 10.84 10.85
1-Cl,4,6-diMe I*  HOAc 183.1-183.7%  Ci;sHiCIOS 11.62 11.71
4-Cl1,1,6-diMe J* HOAc 151-153 CisHi: C10S 11.62 11.91
1,7-diCL,4-NO, G  HOAc 245.5-246.3 CisHsCLLNO;S 4.39" 4.27

¢ Details of the method used for this experiment are in the Experimental part,

m.p. 143-144°,

methylthiaxanthone melted at 182-183°.

This is probably
used here.

b Corrected. ° Mauss (ref. 4) reported
4 Mauss (ref. 4) reported that the mixture of 1,7-dichloro-4-methylthiaxanthone and 4,7-dichloro-1-
¢ Prepared by T. R. Lewis from thiosalicyclic acid and p-chloroethylbenzene.

an isomer mixture. / This compound was insoluble in all of the common solvents. ¢ The dithio acid was

» Nitrogen analysis.

peared to be hydrates which readily lost water on
drying at 73°. Dihydrochlorides of some bases
were obtained but only when there were at least
three methylene groups separating the nitrogen
atoms in the side chain.

The chlorine atom in the thiaxanthone (XV, R =
H) was sufficiently active to condense with the di-
amine in boiling ethanol. In order to investigate
the effect of changes in the 4-position on schistosom-

icidal activity, the nitro group in XVI was reduced
and the amine XVII then acylated as shown in the
equation.

It was found best to reduce XV1 as the hydrochlo-
ride with iron powder. The base, XVII, was a
low-melting but nicely crystalline solid, capable of
forniing both mono- and dihydrochlorides. The
salts were separated by taking advantage of the
fact that the monohydrochloride was insoluble in
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TasLe IV Ry
O NHCH,CHN(
' R,
N \\ VAN
PROPERTIES OF THIE 1—(1i\'I)R().\I\‘.»’\I,K\'L;‘\Z\Il,\'()E’l’I{\'l,;‘\i\llf\’())-]‘IIIAXAN'F}I()NES‘»( } \ i
|
N .
\/ ‘S/

Thiax- M.p.. °C. Nitrogen, 7, Sulfur, 7

anthone Ry R: Methal Solvent {cor.) Formula Caled. Found Caled. Found
4-Me HOCH,C 1. 11 B EtOH-11.0 266.2-260 Cis120N20:25-HCI 8.79 8.57
4-Me CH;CHOHCI1H: 11 B EtOlI 204-206 Ci9H2aN:0:S-HCl 7.39 7.16 8.46 8.53
4-Me HOCH:HOCHCH: 11 B L0l 207 .8-208 .4 CiyH2: N20;S-HCl 7.10 .81 8.12 8.30
4-Me (CH3)«COHCIL: 11 1 EtCH 227,7-228.5 C20H24N20:8-HClI 7.13 6.77 8.16 8.25
4-Me CIlLCILCHOIICH: 1 Jt] E1OH-EuO 206-207.7 CaH2aN20:8-11C1 7.13 6.76 8.16 8.12
4-Me CH;CHOHCI: CIlL, b§] tOH- 160 144 4-146.1 C2HasN2028-HCI 7.13 6.92 8.16 7.88
4-Mece-a-Me HOCH:CI1, Colls B o1l 152-154 CallsN20:8-HCI 6.89 7.27 7.88 7.20
4-Cllg HOCIH:CH, 1-Cylle 3 EtOH-1it.0 135-139 CraH128N20:8-HCl 6.65 6.40 7.62 7.91
4-CH; CH,CHOIICH. w-Callg 1 E1OH-A 158.7-162 C3HoN20:8-HCI 6.44 6.40 7.37 7.32
4-Cl13-7-CI CHCI1LCHOHCIL, 1 D o1l 227 .8-230 CipH3CIN:0,8-1{CIL 6.56 6.27 7.50 7.30
4-C11:-7-Cl (CH)COHCH . I D 1011 231-234 Cuan 123CIN20:8-11C1 6.56 6.61 7.0 7.50
4-Cl1,-7-C1 110C11.CH. Cill, by O 218-220.8 CouRyCINGeS-ACL ¢6.56 6.86
4-CH;z-7-Cl CI;,CHCLICLE, ClHly < 11Ol 108.5-199 . ¢ Cao 2 CIN2025-11CL 6.56 6.37 7.51 7.69
4-CH;5-7-Cl CH;CHOMICIL, Cully [ JALRE 188.3-190.3 C21HzsCIN: 028111 6.35 6.05 7.27 7.37
4-CH,-7-Cl CH:CHOUCH. 1-Cally C Ac-McOU" 161.6-163.8 C123Ha9CIN20:8-1ICL 5.97 5.75 6.83 6.67
4-CH;-7-Cl (CI113).COICH: CHAL b 1OH-EO 201-202.2 CaHa:CIN20:S-HCL 6.16 5.86 7.03 7.12
4.7-diMe HOCHCHy C. e i8] 101 186.1-187.8 C2rH2sN20,8-1ICl1 6.8 6.60 7.88 8.00
4-Me-7-MeO  HOCLHClHL: Cally 3] 15101 198.4-200. 8 CaH2eN203S-HCI 6.16 6.37 7.06 7.00
4-Me-6-Cl HOCILCI. Caly D LtO-12t:0 220.1-221.7 C2HsoCIN2025 - HCL 6.56 6.43 7.50 7.67
4-Ct HOCH:CH. C:1l; D ErOH 200.1-211.2 CisHaN=0:5-HCl 6.78 6.64 7.76 7.63
4-Cli; HOCH.Cl1 Calls I EtO11 187.4-188.§ CoH24N20:25-HClL 7.13 7.21 8.16  8.47
4.7-diCl1 HOCILCH. Cslly 1 oIl 200.6-202. 4 Ci9Hzo CleN20S-HCl 6.26 6.33 7.16 7.08
4-NOz-a-Me 110OCIH:CIH: C:; 12 Lol 226-228 Cio1H23N;3048-11ClL 7.32 7.34

* Experintent deseribed b detail.

acetote.  The base, XVII, was acylated it pyridine
solution with benzoyl chloride, benzenesulfonyl
chloride and p-acetamidobenzeuesulfonyl chloride
to furnish the thiaxanthones, XIX, XX and XXI,
respectively. The acetylation which gave XVIII
was carried out with acetic auhydride.

Biological Results.—Tlic screening procedure
wlich was emploved was developed by Berberian,
Deunis and Freele?! of this Institute. Tlie primnary
criterion of drug activity was the per cent. reduc-
tion of viable worms i wfected wice compared
with untreated controls. Rather thlau acute toxi-
cities, chronic five-day toxicities were determined
since it was anticipated that thie drugs would be
administered clinically in divided doses over a pe-
riod of a few days. The lethal dose (LDg) of Mir-
acil I determined in this way was found to be
280 mg./kg.  The effective dose witich killed 5007
of the adult woriis was about 55 mg./kg.
The relatively low therapeutic index (LDs/ED;q)
found in these laboratorics is in lie with thie find-
ings of others.®® [t was our intention to find a
drug which was considerably less toxic and at
least as effective as Miracil D,

To deterinine the effect of nuelear substitution, 2-
dibutvlaminoethylaniine was condensed witlt a va-
riety of thiaxauthones (Table V). To study the ef-
fect of side-chaint variation, the dianiirtes were cott-
densed witlt l-chloro-4-nietliylthiaxauthote and in
some cases with 1,7-dicliloro-4-methylthiaxanthone.

The most effective thiaxanthones were those sub-
stituted in the 4-position with a methyl group and
in the 7-position with Iiydrogen, methyl, methoxyl
and chlorine.

Whern the numiber of carbout atonis between the
nitrogen atoms in the side-cliain exceeded two, the

{31) 1. Berberian, 15. W. Dennis and H. Frecle. to be publishet.

We wish to thank our colleagues for their excellent codperation and
making the biological results available fo s,

Scv experiuteittal part.

" A¢, acctone.

activity of tlie drug dropped precipitously. Thus,
1-(3-diethylaminopropylamino) -4 -methylthiaxan-
thoue was inactive, but the isomeric 1-(2-diethyla-
minopropylamino) -4-methylthiaxanthone wasabout
equal to Miracil D in effectiveness.

All howologs of Miracil D from the dimethyl
tlirough dihexyl compounds were less active than
the parent substance. However, the marked drop
it toxicity of 1-(2-dibutylaminoethylamino)-4-
methylthiaxanthone niore than compensated for
tlie activity loss, so that the therapeutic ratio was
quite favorable.

1t was observed that the thiaxanthone, XXII,
was a feebly active schistosomicidal drug but that
its ltomologs, XXI1I and X1V, were about as active
as Miracil D.

? NHCH,CH,NHCH,C(R,R")OH
o
YN
I
Ay XXILR =R’ = H
! XXIIL,R = H; R’ = CH;
CH; XXIV,R =R’ = CH;

These observations prompted us to prepare a
series of 4-methylthiaxanthones substituted in the
7-position with chlorine, methyl and methoxyl and
in the 1-position with N-alkyl-N-hydroxyalkyl-
aminoethylamino groups., When this was done u
niarked increase in activity and a decrease in tox-
icity was achieved. Compounds with therapeutic
indices about ten times greater than Miracil D
were found in this group.

Experimental??
The first six experiments described below illustrate the
methods used for preparing the 1-di-{(alkylamino)-alkyl-

aminothiaxanthones. The compounds are listed in Tables
IV, Vand VI.

{32) Analyses were carried out under the supervision of Messrs.
M. IZ. Auerbach and K. D. Fleischer.
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TABLE V O IT’HCHZCH2N(C4H9)Z~HC1
i

PROPERTIES OF THE DIBUTYLAMINOETHYLAMINOTHIAXANTHONE HYDROCHLORIDES

\S/
Nitrogen. % Sulfur, %

Thiaxanthone Method Solvent M.p., °C. {(cor.) Formula Caled. Found Caled. Found
4-Me A° Acetone 166.4-167.4%  CyHyuN08-HCI 6.47 6.25 7.44 7.52
4-Me A¢ Ac—ether’ 142-144 .4 C2aH3:N,OS-C.H:SO:H 5.53 5.60 12.66 12.90
4,7-diMe D Acetone 153.5-154.7  CyHauN0S-HCI 6.27 6.19 7.17 7.46
4,8-diMe ct Acetone 154.4-155.6  CyuHuN,0S-HCl-5H,0?  6.14 5.8  7.02  6.82
4,6-diMe Ccutb Acetone 173.1-174.3  CysHuN,OS-HC1® 7.17 7.00
4.6,8-triMe C Ac—ether 164.3-165.5  CyeHyN20S-HCI 6.08 6.06 6.95 6.90
4-Et ct Ac—ether 125-127 CosH3N,0S-HC1 6.27 6.11 7.17 6.97
4-Me-a-Me C Ac—ether 192-193.5 CysH3sN,0S-HCI 6.27 5.97 7.17 6.82
6-Cl-4-Me C Alc—ether® 204.1-205 CyuH;; CINOS-HCl 5.99 5.79 6.86 7.02
7-Cl-4-Me C Alc—ether 164.4-165.5  CyuHjyCIN,08-HCI 5,99 5.72
8-Cl-4-Me Ce Alc-Ac 196-197.2 CuH; CINOS-HCl 5.99 5.82 6.84 6.58
4-Me-8-NO, C Alcohol 246.6-247.1  CuHyuCIN,OS-HCI 6.84 6.74
4-Cl1-6,8-diMe c’ Acetone 184.5-185.9  CypH;CIN.0S-HCI 5.8  5.96 6.66 6.75
4,7-diCl1 C Acetone 163.2-164 CyHasClN20S-HCI 5.74  5.91 6.57 6.76
4-Cl1 C EtOAc 127.6-129.7  CyHyCIN,0S-HCI-H, 07 6.19 6.48
4-Cl-6-Me ct Ac—cther 140.2-142 CauH31CIN,0S-HC1 6.00 5.72 6.86 6.80
4-C1-8-NO, C Ethanol 251.5-253 CysHasCIN;O,S-HCI 6.43 6.71
4-NQ,-7-CI* Ethanol 19€.2-197.8  CyH,yCIN;O;S-HCI 8.43 8.53 6.43 6.51
4-NO,* Ethanol-ether 220-221.5 CysHaeN30:8-HCl 9/00 9.14 6.91 6.91
4-NH,* Ethanol 245-248 CesHy; N3OS -HCl 7.44 7.07
4-CeH;CONH* Ethanol 273.5-275.5  CyH3sN;O0,S-HCI 7.81 7.66 5.96 6.15
4-CH;CONH" Ethanol 224-226 CusHisN30,S-HCI 8.83 8.96 6.73 8.65
4-ACNHC5H4SOgNHa Ethanol 246—247 7 C31H25N404S2'HC1 8.88 8.77 10.16 10.12
4-C¢H;SO,NH* EtOH-ether 202.8-203.6  CoH3N30;8,-HCl 7.31 7.45 11.15 11.06

¢ Experiment described in detail. See experimental part. ? Crystallization of the hydrochloride occurred when ice was
added. ¢ The gummy hydrochloride crystallized when triturated with acetone. ¢ Anal. Caled.: H,0, 2.08. Found:
H,0, 2.08. ¢ Anal. Caled.: C, 67.16; H, 7.89. Found: C, 67.29; H, 7.92. f Anal. Caled.: C, 61.65; H, 6.90. Found:
C, 61.60; H, 6.70. 9 Anal. Caled.: C, 61.08; H, 6.68; H,0, 3.83. Found: C, 61.29; H, 6.73; H,0, 3.71. * Anal.
Caled.: C, 55.42; H, 5.86. Found: C, 55.67; H, 5.71. ¢ See ref. 30. 7/ Ac, acetone. * Alc, alcohol.

TaBLE VI
PROPERTIES OF MISCELLANEOUS 1-( ALKYLAMINOALKYLAMINO)-THIAXANTHONE HYDROCHLORIDES
xa’g?ll::me '
sub- M.p.. °C. Nitrogen. % Sulfur. 7%

stituent Side-chain Method (cor.) Solvent Formula Calcd. Found Caled. Found
4-Me (CH3):NCH:CH;NH B 230-231.5 EtOH CisH2sN:08-HCl 8.03 8.00 9.19 9.10
4-Me (C:Hs)-NCH;CH;NH Al 199.6-200.6 EtOH C20H24N:0S-HCl 7.43 7.29
4-NO: (C:Hs):NCH;CH;NH E 264.8-265.2 EtOH CryHuN303S-HCl 7.86 7.72
4-CH;-7-Cl (C:Hs)2:NCH:CH:NH D 250.5-251.3" EtOH C20Hz,CIN:08-HC1 7.80 7.99
4,7-diMe (CyHs):NCI1;CH:NH D 202-203 EtOH CnH2eN:20S8-HCl 7.17 7.01 8.20 8.12
4-N0:-7-Cl  (CyHs):NCH:CH.NH E 276-277 EtOH CiyH2CIN3C:S-HCl  9.50 9.74 7.25 7.28
4-CH3 (C:1%):NCH:CH(CH;)NH B 227.2-228.6 EtOH-Et:0 CyH:eN20S-HCl 7.17 7.13 8.20 8.11
4-CHjy (n-C3H7):NCH:CH:NH B 155.8-1567.6 EtOH-Et:0 C:H,sN:0S8-HCI 6.92 6.97 7.92 7.56
4-CHy (3-C4Hs): NCH:CH;NH B(ice)) 151.8-153.4 MeOH-Et;0 CaHsN:0S -HCI 6.47 6.02 7.44 7.20
4-CH3 (n-CsH10)2:NCH:CH:NH F 156.8-157.6 Acetone CusHyeN20OS-HCL 6.08 5.80 6.75 7.00
4-CH; (1-CsH12):NCH.CH;N'H* 135.2-136.4 Acetone CysH4N:08-HCl 5.73 3.75 6.55 6.43
4-CH; {C»Hs): NCH:CH:CH:NH A 164-165° MeOH-Et:0 CuH2N:0S8-HC1 9.07¢ 8.97 8.20 8.31
2.4-diMe (C:H5):NCH:CH:CH:NH A 211-212 EtOH-Et:0 C:H:sN:208:2HC1 6.39 6.30 7.53 7.49
4-Me-8-Cl (C:R5)2:NCH:CH:CH:NH A 166.8-167.2 EtOH CaHasN:OS-2HCI 6.07 5.5 6.94 6.80
4-Me CH:CH;CH:NHCH:CH:CH:NH B 221.4-222.4 EtOH CxnH2zN2:08-HCl1 7.43 7.40 8.51 8.42
4-Me (CsH/)eNCH:CH,CH:NH B 210.4-212 EtOH-Et:0 C:H3oN:0S-HCl 6.69 6.63 7.65 7.73
4-Me (C4Hs):NCH:CH:CH:NH B 174.6-176.2 Acetone CasHseN+OS-HCL 6.27 6.31 7.17 7.20
4-Me (i-C4Hg)e: NCH:CH:CH:NH B 183.6-185.4 EtOH-Et:0 C;sHuN:0S-HCI 6.27 6.31 7.11 6.73
4-Me (Cs1I1):NCH: CH:CH: NH* 128.8-130.0 Acetone Co7HssN:03-HCl 5.70 5.90 7.40 7.62
4-Me (CsH1:):NCH:CH:CH;NH* 135.2-136.8 Acetone C2HeN:0S8-HCl 5.57 5.65
4-Me (C:Hs):N(CH3):NH B 153-155.0 EtOH-Et:0  CpH2sNz0S-2HC1 6.35 6.23 7.26 7.14
4-Me (CsHs):N(CH:)yNH B 136.2-138.2 Ac’-Et:0 CesHysN:0S8-HCl 6.08 5.94 6.95 6.70
4-Me (C2H3):NCH:CH:CH:CH(CH;)NH A 144-145.2 EtOH-Et:0 CHaN:08-2HCI 6.29 6.29 7.20 7.19
3,4-diMe (C:Hs)e:NCH:CHOHCH:NH A 216-217.4 EtOH-Et;0 Cy;:HasN20:S-2HCl 6.12 6.00 7.0t 7.06
4-Me (CyHs):NCH:CHOHCH:NH A 220,8-222.2 EtOH-Et:0 CuH2N:0:S-HCl 6.90 6.85 7.70 7.88
4-Me-8-Cl (C:H;): NCH:CHOHCH:NH A 214-215.2 EtOH C2H2sCIN20:8-HC1  6.20 6.20 7.26 7.26
4-Me Et(HOCH:CH:)NCH:CH:CH:NH B 183-184 .4 EtOH C2tH2:N:20:5-RCl 6.89 6.78 7.88 8.05
4-Me C:HiysNCH:CH:N1{ B 260.7-262.3 EtOH CaHuN:08-HCl 7.20 7.14 8.24 7.93
4-Me O(CH:CH3):NCH;CH:NH B 257.5-259.5 EtOH C:0H2:N20:S-HCl 7.18 7.06 8.20 8.20

¢ Experiment described in detail. See Experimental part. ® Mauss (ref. 4) reported m.p. 246-247°. ¢ Mauss (ref. 4)
reports m.p. 173°. ¢ Chlorine analysis. ¢ Ac, acetone. / Ice added to induce crystallization of the crude hydrochloride.
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1-(2-Dibutylaminoethylamino )-4-methylthiaxanthone Hy-
drochloride. (Method A).—The following is a general pro-
cedure first used for preparing Miracil and related com-
pounds. It is a niodification of the method of Mauss.?!

A mixture of 20 g. of 1-chloro-4-methylthiaxanthone and
its isomer, 25 g. of dibutylaminoethylamine and 40 g. of
pyridine was heated under reflux for 18 hours. Then the
mixture was allowed to cool and treated with a few ml. of
509, potassium hydroxide. The whole was steain distilled
to remove the volatile bases. The residue was cooled and
the supernatant liquid was carefully decanted. The residuc
was boiled with 500 ml. of 109, acetic acid and filtered.
The insoluble residue was boiled again with two 100-ml.
portions of 109, acetic acid; the solid was filtered after each
extraction. The acid filtrates were combined and made
alkaline. The thiaxanthone was collected in chloroform.
After drying, the solution was concentrated i# vacuo and the
residue dissolved in dry ether. It was filtered and the
filtrate was treated with a slight excess of alcoholic hydrogen
chloride. The solid was filtered and dried, wt. 11.0 g.
It was crystallized from acetone and dried at 75° for at least
24 hours. It melted at 166.4-167.4° (cor.).

The salt was sparingly soluble in cold water but readily
soluble in hot water and can be recrystallized froin this sol-
vent. A sample of the hydrochloride was dissolved in warm
water and the solution was made alkaline with sodium car-
bonate solution. The base was taken up in chloroform.
The solution was concentrated to dryness and the residue
dissolved in ether. A slight excess of ethanesulfonic acid
(95%) was added. A guin separated which solidified on
scratching. The salt was purified by reerystallization from
acetone—ether.

The ethanesulfonate wus very soluble in cold water.

1-(2-{2,3-Dihydroxypropyl] -aminoethylamino )-4-methyl-
thiaxanthone Hydrochloride (Method B).—The following
procedure was found to be more convenient than the one
just described. It was applicable in cases where separation
from non-basic material was necessary. It was not used
when a tertiary hydroxyl was present in the final product.

A mixture of 30 g. of 1-chloro-4-methylthiaxanthone and
its isomer, 15 g. of 2-(2,3-dihydroxypropylamino)-ethyl-
amine and 15 g. of dry pyridine was heated under reflux for
18 hours. The dark red solution was cooled, treated with
a few ml. of 509, potassium hydroxide and steam distilied.
The residue was cooled and filtered. The solid was dis-
solved in a minimum quantity of boiling glacial acetic acid
and the solution was diluted with six volumes of water.
The suspension was heated to boiling and filtered. The
insoluble material was waslied with water, pressed dry and
discarded. The filtrate was made basic.. The oil that
separated was collected in chloroform and processed as in
method A from this point. There was obtained 12.0 g. of
the desired hydrochloride.

1-(2-Dibutylaminoethylamino)-4,6-dimethylthiaxanthone
Hydrochloride. (Method C.)—A mixture of 7.0 g. each
of 1-chloro-4,6-dimiethylthiaxanthone, dibutylaminoethyl-
amine and pyridine was refluxed for 16 hours. The solution
was cooled, treated with 509, potassium hydroxide and
steam distilled. The residue was dissolved in chloroform,
dried and concentrated. The oil that remained was dis-
solved in ether, filtered and treated with alcoholic hydrogen
chloride. A gum separated. The ether was decanted.
Ice was added and the material crystallized. After recrys-
tallization from acetone—ether the product weighed 7.3 g.
It was probably a hydrate since it melted at 132-134° (un-
cor.). After one more crystallization from acetone, the
salt was dried for three days at 80°. It then melted at
173.1-174.3° (cor.).

In most instances the addition of ice to induce crystalli-
zation was unnecessary. Tle places where this operation
was required are noted in the Tables.

7-Chloro-1-(2-N-ethyl-2-N-(2-hydroxyethyl )-aminoethyl-
amino )-4-methylthiaxanthone Hydrochloride (Method D).—
A mixture of 29 g. of 1,7-dichloro-4-methylthiaxanthone, 28
g. of 2-N-ethyl-N-(2-hydroxyethyl)-aminoethylamine and
25 g. of pyridine was refluxed for 18 hours. The solution
was cooled to 80° and treated with 100 inl. of absolute eth-
anol. The solution was boiled and filtered. To the hot
filtrate there was added 100 ml. of 25% alcoholic hydrogen
chloride. Omn cooling the hydrochloride separated. It was
filtered, washed with three 20-ml. portions of cold ethanol
and dried; wt. 31.5 g. It was recrystallized from absolute
alcohol; wt. 24.9 g., m.p. 218-220.8° (cor.).
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1-(2-Dibutylaminoethylamino)-4-nitrothiaxanthone Hy-
drochloride (Method E).—A suspension of 8.0 g. of 1-
cliloro-4-nitrothiaxanthone in 8.0 g. of dibutylaminoethyl-
amine and 75 inl. of absolute ethanol was refluxed for eight
hours. The alcohol was removed and the residue dissolved
in a minimum amount of liot acetic acid. The solution was
treated with 5 volumes of water and filtered. The filtrate
was made basic. The crystalline base was filtered and re-
crystallized from ethanol; wt. 7.0 g. It melted at 95-97°
(uncor.).

Anal. Caled. for CaHaN:0:S:
Tound: N, 10.18; S, 7.20.

The hydrochloride was prepared by dissolving the base
in ethanol, adding alcoholic hydrogen chloride and throwing
out the salt with ether. It was collected on a filter and re-
crystallized fromm ethanol, m.p. 219.5-220.8° (cor.).

1-(2-[{2-Hydroxy-2-methylpropyl]-aminoethylamino)-4-
methylthiaxanthone Hydrochloride (Method F).—Thirty
grams of 1-chloro-4-methylthiaxanthone and its isomer, 20
g. of 2-(2-hydroxy-2-methylpropylamino)-ethylamine and
15 g. of pyridine were refluxed for 18 hours. The mixture
was treated with a few ml. of 509, potassium hydroxide and
steamn distilled. The residue was cooled and filtered. It
was boiled with 250 ml. of acetone and filtered. The ex-
traction was repeated. The acetone filtrates were concen-
trated to dryness. The residue was taken up in ether and
filtered. The filtrate was treated with alcoholic liydrogen
chloride. The solid that separated was remnoved and crys-
tallized twice from absolute alcohol; wt. 10 g., m.p. 227.7—
228.5° (cor.).
1-Diethylamino-ethylamino-4-methylthiaxanthone Hydro-
chloride (Miracil D).2+—One hundred grams of mixed 1,4-
chloromethylthiaxanthones, 54 g. of diethylaminoethylamine
and 54 g. of pyridine were refluxed for 20 hours. The tem-
perature at the boiling point was 121° initially and 123° at
the end of the reaction period. The mixture was processed as
in method A above, to furnish 41 g. of pure hydrochloride,
m.p. 199.6-200.6° (cor.). In pilot experiments it was
found that the addition of copper powder has little or no
effect on the yield.

In one experiment in which the reaction niixture was
heated at 190° for four hours in an autoclave there was ob-
tained some Miracil D from 13.0 g. of thiaxanthone. How-
ever, when repeated on a larger scale we obtained intract-
able tars in 173-g. and 150-g. runs.

7-Chloro-1-(2-dibutylaminoethylamino)-4-nitrothiaxan-
thone Hydrochloride.—A mixture of 12 g. of 1,7-dichloro-4-
nitrothiaxanthoune, 15 g. of dibutylaminoethylamine and
250 ml. of absolute alcohol was boiled under reflux for six
liours. Then an excess of alcoholic hydrogen chloride was
added and boiling was continued for one-half hour. The
reaction mixture was filtered to remove a small amnount of
insoluble material. On cooling crystals separated from the
filtrate. They were collected on a filter and recrystallized
from 959, cthanol; wt. 10.0 g. After one more crystalli-
zation the salt melted at 196.2-197.8° (cor.).
7-Chloro-1-(2-ethyl-{2-hydroxy-2-methylpropyl}-amino-
ethylamino)-4-methylthiaxanthone Hydrochloride.—A mix-
ture of 11 g. of 1,7-dichloro-4-methylthiaxanthone, 9.0 g.
of 2-{N-ethyl-N-[2-hydroxy-2-methylpropyl}-amino)-ethyl-
amine and 10.0 g. of pyridine was refluxed for 18 hours.
The whole was dissolved in 75 nil. of absolute ethanol and
treated with an excess of alcoholic hydrogen chloride. The
dark red solution was kept at 5° overnight. The crystals
that separated were filtered off and not further investigated.
The filtrate was diluted with ether. A gum separated
which soon solidified. After three crystallizations from
ethanol-ether the product melted at 201-202.2° (cor.);
wt. 4.5 g.
1-(3-Diamylaminopropylamino )-4-methylthiaxanthone
Hydrochloride.—Thirty grams of the mixture of 1-chloro-4-
methylthiaxanthone and its isomer, 20 g. of di-N-amyl-
aminoethylamine and 20 g. of pyridine were heated under re-
flux for 20 hours before being made alkaline with dilute po-
tassium hydroxide and steam distilled. The residue was
dissolved in chloroform, separated from the aquecous layer
and concentrated to dryness. The oil that remained was
dissolved in ether and filtered. The filtrate was treated
with a solution of dry hydrogen chloride in alcohol. The salt
that separated was filtered. It was dissolved in warm chloro-
form, filtered and the filtrate diluted with an equal voluine
of ether. The crystals that separated on standing were

N, 9.83; 8, 7.490.
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recrystallized from acetone; wt. 10.0 g., m.p. 128.6-130.6°
(cor.).

When the reaction was carried out in the presence of me-
tallic copper a very dark reaction mixture resulted. We were
unable to obtain a pure product from this run.

1-(2-Dihexylaminoethylamino)-4-methylthiaxanthone Hy-
drochloride.—Twenty grams of di-N-hexylaminoethylamine,
30 g. of 1-chloro-4-methylthiaxanthone and the isomer and
20 g. of pyridine were refluxed 20 hours. After the usual
steam distillation, residual oil was separated from the water
by decantation and then extracted with hot acetone. The
extract was taken to dryness. The residue was covered
with absolute ether and allowed to stand at room tempera-
ture for two hours. The ethereal extract was filtered and
then treated with dry hydrogen chloride in alcohol. An oil
separated. The ether was removed and the hydrochloride
stirred with ice. It solidified almost immediately. It was
filtered and dried; wt. 14.7 g. After one recrystallization
from acetone the product melted at 87-91° (uncor.). It was
probably a hydrate since after one more crystallization and
drying at 65° for three days the melting point rose to 135.2—
136.4° (cor.). An experiment was carried out in which a
small amount of copper was added to the reaction mixture.
A dark solution resulted from which no pure product could
he secured.

1-{3-Dihexylaminopropylamino )-4-methylthiaxanthone
Hydrochloride.—A mixture of 30 g. of isomeric chloro-
methylthiaxanthones, 22 g. of 1-dihexylaminopropylamine
and 25 ml. of pyridine was refluxed for 20 hours. After the
usual steam distillation the residue was cooled. The solid
was filtered and ether extracted. The extract was concen-
trated to dryness. It was dried by azeotropic distillation
with chloroform. The gum was converted to the hydro-
chloride in ether solution. The partly gummy solid was
converted to well-defined crystals by boiling a short time
with ether. The product was filtered and recrystallized
from acetone. After one more recrystallization the salt
melted at 135.2-136.4° (cor.).
1-(2-Dibutylaminoethylamino)-4-aminothiaxanthone Hy-
drochloride.—A mixture of 57.0 g. of 1-(2-dibutylaminoethyl-
amino)-4-nitrothiaxanthone,and 29 g. of ferrum reductum was
suspended in a solution of 500 ml. of 909, ethanol and 12.2
ml. of concentrated hydrochloric acid (if only 1.2 ml. of acid
was used no reduction occurred). The reaction mixture was
stirred vigorously under reflux for. four hours. A slight
excess of 109, sodium carbonate solution was added and the
dark mixture was filtered (Filtercel). On cooling the base
crystallized. It was filtered and dried; wt. 39 g. (75%).
On further crystallization from alcohol it melted at 64-66°
(uncor.). It was dissolved in ether and treated with alco-
holic hydrogen chloride. A mixture of mono- and dihydro-
chlorides separated. The crystals were filtered and leached
with boiling acetone in which solvent the monohydrochlo-
ride is only slightly soluble. The insoluble residue was
crystallized from absolute alcohol. It melted at 245-248°
(uncor.).
1-(2-Dibutylaminoethylamino )-4-benzamidothiaxanthone
Hydrochloride. —Eight grams of the 4-aminothiaxanthone
in 80 ml. of pyridine was cooled in ice and treated dropwise
with 1.8 ml. of benzoyl chloride. The flask was stoppered
and allowed to stand at room temperature for five days.
The reaction mixture was poured into water and the crys-
talline base collected on a filter. After drying at 65° the
product was suspencded in alcohol, treated with hydrogen
chloride, heated to boiling and filtered. On cooling the
hydrochloride separated; m.p. 273.5-275.5° (uncor.), wt.
4.2 g.
1-(2-Dibutylaminoethylamino)-4-acetamidothiaxanthone
Hydrochloride.—When 2.0 ml. of acetic anhydride was sub-
stituted for the benzoyl chloride in the above experiment
there was obtained 7.2 g. of the 4-acetamidothiaxanthone
after recrystallization from ethanol; m.p. 194-197° (uncor.).
Acetyl analysis revealed that monoacetylation had occurred.

Anal. Caled. for CyHypsN30.S: CH;CO, 9.78. Found:
CH;CO, 9.41.

The hydrochloride was prepared in the usual way in
ethanol. Seven grams of the base yielded 6.5 g. of pure
hydrochloride, m.p. 224-226° (cor.) after recrystallization
from ethanol.

4-(p-Acetamidobenzenesulfonamido )-1-dibutylamino-
ethylaminothiaxanthone Hydrochloride.—Ten grams of the
aminothiaxanthone was disselved in 100 ml, of pyridine and
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cooled to 5°. Then 5.83 g. of pure p-acetamidobenzene-
sulfonyl chloride was added portion-wise with stirring,
When all had been added the red reaction mixture was
allowed to stand overnight at room temperature. It was
poured into water and allowed to stand until the gum that
separated turned crystalline. It was filtered and dried;
wt. 14.2 g.  After recrystallization from dilute ethanol with
the aid of charcoal there was obtained 11.0 g.

The base was converted to the hydrochloride in ethanol;
wt. 10.5 g. It melted at 246-247.7° (cor.) after two re-
crystallizations from alcohol.

4-Benzenesulfonamido-1-(2-dibutylaminoethylamino)-
thiaxanthone Hydrochloride.—The compound was obtained
in a similar manner from benzenesulfonyl chloride. Eight
grams of the aminothiaxanthone yielded 3.8 g. of purified
hydrochloride, m.p. 202.8-203.6° (cor.).

Dibutylaminoacetone.—A modification of the method of
Hauser® was used. A solution of 181 g. of dibutylamine
in 75 ml. of dry ether was added dropwise to a stirred solu-
tion of 63 g. of chloroacetone in 75 ml. of ether, The addi-
tion required one hour. The mixture was then refluxed for
three hours more. Then sodium chloride was added and the
mixture was filtered. The filter cake was washed with
ether and the combined filtrates distilled. The amino ke-
tone, which boiled at 111-112° (18 mm.) weighed 77 g.
(599%,).

Anal. Caled. for CnHguNO: N, 7.57. Found: N, 7.48.

N-Ethyl-N-(2-hydroxyethylamino)-acetone.—From 63 g.
of chloroacetone in 75 ml. of ether and 125 g. of ethylamino-
ethanol in 75 ml. of ether, there was obtained 56 g. (54%,)
of the desired product. The hydrochloride of ethylamino-
ethanol separated as an oil that was recovered in a separa-
tory funnel. The aminoacetone boiled at 48-49° (1 mm.).

Anal. Caled. for C;Hj5NOz: N, 9.60. Found: N, 10.06.

2-Aminopropyldibutylamine.—A solution of 75 g. of di-
butylaminoacetone in 350 ml. of 159, methanolic ammonia
was treated with Raney nickel catalyst and reduced at 640
p.s.i. at 75° in five hours. The catalyst was filtered off
and the filtrate distilled first at atmospheric pressure and
then at 0.9 mm. The diamine boiled at 59° (0.9 mm.);
wt. 55g. (73%,).

Anal. Caled.
14.81.

N-(2-Aminopropyl)-N-ethylaminoethanol.—A solution of
94 g. of N-ethyl-N-(2-hydroxyethyl)-aminoacetone in 500
ml. of 159, methanolic ammonia was hydrogenated at 70°
at 450 p.s.i. in the presence of Raney nickel catalyst. Re-
duction was complete in seven hours. The catalyst was
filtered and the filtrate distilled. After a forerun, b.p. 64—
69° (0.4 mm.), wt. 18.4 g., the pure diamine was obtained,
b.p. 69-70.5° (0.4 mm.), wt. 56.3 g. (59%,).

2-(2-Hydroxybutylamino )-ethylamine.—The general pro-
cedure of Kitchen and Pollard?’ was followed. Twenty-
seven grams of 1,2-epoxybutane prepared by the method
used for 2,3-epoxybutane?® was added dropwise with stirring
to 135 g. of ethylenediamine which was heated to 60°.
After all the oxide had been added the mixture was heated to
75°, held there three hours and then distilled. There was
recovered 108 g. of ethylenediamine. This product boiled
at 102° (3 mm.), wt. 36.3 g.

Anal. Caled. for C¢H;eN:O: N, 21.20. Found: N, 20.70.

Ethyl 2-Hydroxy-2-methylpropylamine.—To a solution of
ethylamine in methanol (1450 ml. of 25.69,) which was
cooled to 5° there was added 144 g. of isobutylene oxide
dropwise with stirring. The temperature rose to 40° during
the addition. The mixture was stirred for 16 hours at room
temperature and then distilled. The amine boiled at 76-77°
(40 mm.), wt. 177 g. (77%).

Anal. Caled, for CéH;3;NO: N, 11.95. Found: N, 11.58,

The hydrobromide which was obtained from the interac-
tion of B-bromoethylphthalimide and the above amine was
Eryst;;.llized from alcohol-ether and melted at 174.3-175.3°
cor,).

Anal.
6.96.

v-Dibutylaminobutyronitrile.—A solution of 45 g. of po-
tassium cyanide in 150 ml. of water was added to 325 ml.

of ethanol. Then 125 g. of 1-dibutylamino-3-chloropro-

for CpHgNa: N, 15.03. Found: N,

Caled. for CgH; s NO-HBr: N, 7.07. Found: N,

(33) C. B, Wilson and H, J. Lucan; Tuis JouaNaL, 88, 2396 (1036).
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paned! was added and the mixture stirred under reflux for 12
hours. Excess potassium carbonate was added and the
solution extracted with ether. The extract was concen-
trated and the residue dissolved in ether and dried over
Drierite. The solution was filtered and distilled. The
fraction b.p. 91-94° (0.8 mm.) was analyzed; wt. 100.3 g.
(829%,), n¥p 1.4412.

Anal.  Caled. for CppHaNs: C, 73.41; H, 12.32; N,
14.27. Found: C, 73.26; H, 12.17; N, 14.02.

v-Dibutylaminobutylamine.—To a solution of 525 g. of
methanolic ammonia (6-79,) there was added 99.0 g. of -
dibutylaniinobutyronitrile and Rancy nickel catalyst.
The reduction proceeded at 500 p.s.i. and 78° in 12 hours.
The catalyst was filtered and the filtrate concentrated and
distilled to furnish 75.2 g. (75%) of the dimumninc, b.p. 54~
55° (1.0 nun.), n%p 1.4472.

Anal. Caled. for CiHxNs: XN,
13.96.

Butyl 2-Hydroxypropylamine.—A solution of 145 g. of
butylamine in 400 ml. of methanol was heated to boiling.
The source of heat was removed and 112 g. of propylene
oxide wus added at such a rate that gentle reflux was main-
tained. After all had been added the solution was heated
for an additional hour and then distilled, first at atmospheric
pressure to remove the solvent and then at 20 mmi.  The
fraction, b.p. 98-100°, which weighed 134 g. (52%,) was
analyzed. There was alsoobtained 75 g. of a higher boiling
oil which presumably was the tertiary amine, butyl-di-(2-
liydroxypropyl)-amnine.

Anal. Caled. for C:H;NO: XN,
10.62.

1-(N-Butyl-N-(2-aminoethyl )-amino)-2-propanol. —A mix-
ture of 102 g. of B-bromocthylplithalimide, 109 g. of 2-
hiydroxypropylbutylamine and 240 ml. of dry xylene was
refluxed for ten hours. The mixture was cooled and filtered.
The filtrate was concentrated to remove xylene aud the
residue dissolved in 400 1nl. of ethanol. The solution was
lieated to boiling with stirring and treated with 32 g. of
859, hydrazine hydrate. After three hours it was coucen-
trated to dryness. The complex was dissolved in water and
made acid with hydrochloric acid. The phthalhydrazide
was filtered, pressed dry and washed with a liberal quantity
of water. The combined filtrates were taken to dryness.
The diamine hydrochloride was dissolved in a minimum
quantity of water aud then treated with solid potassium
hydroxide until the oil layer which separated did not in-
crease in size. The latter was separated and the aqueous
part extracted with ether. The combined oil layers were
dried over potassiuni hydroxide and distilled. The product
boiled at 105-106.5° (3 mm.); wt. 35 g. (53%,).

All the compounds listed in Table I were prepared by this
niethod or minor variants thereof, with the exception of N-
ethyl-N-(2-hydroxyethyl) - amino - 2 - propylamine. It was
made by reductive amination of the corresponding acetone.

4-Chloro-2-(methyl-5-chlorophenylmercapto)-benzoic
Acid,—Three grams of sodium was dissolved m 60 ml. of
methanol and the solution heated to 90°. At this tempera-
ture 54 g. of 2-methyl-5-chlorothiophenol, 30 g. of potassium
2,4-dichlorobenzoate and 0.5 g. of copper powder were
added. The whole was carefully heated to 215°. It was
held there for 20 minutes. During this time the contents
of the flask solidified. After cooling to 100°, dilute sodium
carbonate was added to the mixture. The suspension was
boiled and filtered. The filtrate was ether extracted and
then acidified. A slightly gummy solid separated. It was
filtered, pressed dry and washed with ligroin; wt. 33.4 g.
The filtrate was extracted with ether. All the extracts
were combined and extracted with 109, potassium hydrox-
ide. The base layer was acidified and extracted with ether.
The solvent was removed and the residue was steamn dis-
tilled. The steain distillate gave 13.0 g. of recovered thio-
phenol, b.p. 115° (19 mm.). The non-volatile residue was
filtered and dried. It weighed 3.6 g. making the total yield
of desired acid 37 g. or 90.5% of the theoretical yield. The
analytical sample was purified by recrystallization from ben-
zene. It melted at 199.6-201.0° (cor.).

In the above experiment the ratio of sodium, potassium
salt and thiophenol was 1:1:2.5. When this ratio was
changed to 1:2:2.6, the yield of desired product fell to 82%,.
However, liquefaction of the reaction mixture occurred at a

13.77. Tound: N,

10.67. Found: XN,

Whitmbire ard R Adims, sbid. 8T, 7356 (1045).
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lower temperature and heating to 200° was all that was re-
quired to cause solidification of the mixture to occur.
When the sodium was omitted no reaction occurred.
1,7-Dichloro-4-methylthiaxanthone; 4,7-Dichloro-1-

methylthiaxanthone. Mixture from Mixed Thiophenols.—
To a solution of 3.80 g. of sodium in 65 ml. of methanol
there was added 66 g. of a mixture of 5-chloro-2-methyl-
thiophenol and 2-chloro-5-methylthiophenol (prepared by
chlorosulfonation of p-chlorotoluene followed by reduction),
70 g. of potassium 2,4-dichlorobenzoate and 0.3 g. of copper
powder.  The mixture was heated carefully. At 155° the
mass liquefied as the temperature rose spontancously to 162°.
It was heated to 210° and held therc for 15 minutes.
Tlhe whole was allowed to cool and then was treated with
dilute sodium carbonate solution. The suspension was
heated to boiling and filtered. The filtrate was acidified
and then steam distilled. After all the volatile material
came over (mostly recovered thiophenol) the residue was
cooled, filtered and washed with ligroin. After air drying
there was obtained 88 g. of a gray crystalline solid. This
mercapto acid mixture was cyclized with the aid of 880 g.
of sulfuric acid at 95° for two hours. It was poured in
water and filtered. The yellow solid was heated with dilute
animonia for one hour and filtered. It was washed with
water and alcohol. After drying at 80° the product weighed
66 g. A sample was recrystallized from acetic acid and was
anlyzed; m.p. 188.3-188.7° (cor.).

Anal.  Caled. for CyHsCLOS: C, 57.0; H, 2.71. Found:
C.56.4; 11, 2.71.

Ethyl 2-(2-Methyl-5-chlorophenylmercapto)-5-nitro-
benzoate.—To a solution of 1.7 g. of sodium in 250 ml. of
absolute alcohol there was added 17.0 g. of ethyl 2-chloro-5-
nitrobenzoate and 11.8 g. of 5-chloro-2-methylthiophenol.
The mixture was stirred under reflux for six hours. It was
poured in ice and allowed to stand. After one hour the
solid was removed by filtration and dried; wt. 25 g. A
portion was recrystallized from ethanol; m.p. 93.6-94.2°
(cor.).

Anal.
9.26.

The acid was obtained by saponification in aqueous po-
tassium hydroxide. It was purified by recrystallization
from ethanol; m.p. 237.9-230.3°.

2-(2,5-Dichlorophenylmercapto)-5-nitrobenzoic Acid.—A
solution of 2.3 g. of sodium in 150 ml. of dry alcohol was
treated with 17.9 g. of 2,5-dichlorothiophenol and 21.3 g. of
methyl 2-chloro-5-nitrobenzoate. After being stirred and re-
fluxed for two hours the reaction mixture was poured on ice.
After about an hour the ester was filtered and dried; wt.36g.

Twenty-eight grams of the crude ester was refluxed with
a solution of 30 ml. of 509, potassium hydroxide in 400 ml.
of 509, ethanol for 30 minutes. The clear solution was made
acid and filtered. There was obtained 23 g. of the acid
which after recrystallization from acetic acid melted at
255-256.4° (cor.).

2-(5-Chloro-2-nitrophenylmercapto)-benzoic Acid.—A solu-
tion of 2.3 g. of sodium, 7.7 g. of thiosalicylic acid and 9.6 g.
of 2,4-dichloronitrobenzene in 100 ml. of absolute ethanol
was boiled under reflux for 16 hours. The solution was
concentrated to dryness and the mixture was then taken up
in water and ether extracted. The aqueous portion was
acidified and filtered. The crude acid was recrystallized
fromn dilute ethanol to yield 12.5 g. (819,) of the desired
product, m.p. 187-190° (uncor.).%

1-Chloro-4-nitrothiaxanthone (Method G).—A suspension
of 29 g. of 2-(5-chloro-2-nitrophenylthio)-benzoic acid in a
solution of 15 ml. of thionyl chloride and 100 ml. of benzene
was refluxed for 45 minutes. The solvents were removed
in vacuo. Then 75 ml. of benzene was added to the residue
and the process repeated. The crude acid chloride was dis-
solved in 75 ml. of fresh benzene and the solution treated
with 15 g. of aluminum chloride. The catalyst was added
portionwise in the course of one-half hour. The dark mix-
ture was boiled for 1.5 hours before being poured into iced
dilute hydrochloric acid. The cold suspension was filtered
and sucked as dry as possible. The filter cake was washed
with ligroin. It was suspended in dilute ammonium hy-
droxide and steam was passed into the suspension. The
yellow solid was filtered, washed thoroughly with water and
then aleoliol and dried, wt. 25 g. (92%,).

Caled. for CHjCINO,S: S, 9.13. Found: S,

(33) Mayer (re(, 25) reported m,p 188-181n"



Sept. 5, 1952

Material of this quality was satisfactory for coupling with
amines. A pure sample was obtained by recrystallization
from acetic acid; m.p. 201-202.5° (uncor.). Mayer® re-
ported the melting point as 204-205°.

1,4,7-Trichlorothiaxanthone (Method H).—A solution of
7.0 g. of 4-chloro-2-(2,5-di¢hlorophenylthio)-benzoic acid in
70 g. of sulfuric acid was heated and stirred at 120-130° for
one hour. The cooled solution was poured into water and
filtered. The yellow solid was suspended in dilute ammonia
and heated to boiling. After ten minutes the solid was
filtered, washed with water and then acetone and dried;
wt. 5.2 g. (78%). The acids prepared from 2,5-dichloro-
thiophenol were cyclized at 120-130°. Those prepared
from 2-methyl-5-chlorothiophenol were cyclized at 95-100°.

1-Chloro-4,7-dimethylthiaxanthone (Method I).—Ten
grams of crude 2-(5-chloro-2-methylphenylmercapto)-4-
methylbenzoic acid and 100 g. of sulfuric acid were stirred
and heated on the steam-bath for 90 minutes and then
worked up as above. There was obtained 8.5 g. of the de-
sired thiaxanthone. The over-all yield from potassium 2-
chloro-4-methylbenzoate was 83%.

1,6-Dichloro-4-methylthiaxanthone.—This was obtained
in 649, yield from the phenylmercapto acid. After re-
crystallization from dilute acetic acid it melted at 190.2-
191.2° (cor.). The crystals were bright yellow in color.
The thiaxanthone obtained from 3,3’-dichlorodithiosalicylic
acid melted at 103.8-194.2°. The crystals were bufl-
colored. The mixed melting point fell between the melting
points of the individual compounds.

1-Chloro-4,6-dimethylthiaxanthone.—This compound was
obtained by ring closure of the corresponding acid. The
over-all yield was 729, based on potassium 2-chloro-3-
methylbenzoate. The compound melted at 183.1-185.9°
(cor.) after recrystallization from acetic acid. The iso-
meric thiaxanthone obtained from 3,3’-dimethyldithiosali-
cylic acid melted at 151-153°.

2,5-Dichlorothiophenol and Tin Tetra-(2,5-dichlorothio-
phenolate).—A mixture of 234 g. of 2,5-dichlorobenzene-
sulfonyl chloride, 450 g. of tin and 1000 ml. of hydrochloric
acid was heated to reflux. After 15 minutes a vigorous re-
action ensued which was controlled by removing the heat
source. After three hours of heating the mixture was
cooled and extracted with ether. On standing yellow prisms
separated from the solution. These were filtered and the
filtrate was distilled to yield 65 g. of the required 2,5-dichlo-
rothiophenol, b.p. 132° (29 mm.).!8 The crystals were
purified by recrystallization from chloroform—Skelly B.

Anal. Caled. for CyHpClsSSn: C, 34.69; H, 1.46;
Sn, 14.29. Found: C, 34.49; H, 1,58; Sn, 14.12.

In other runs the reaction mixture was subjected to steam
distillation rather than ether extraction. The usual yield
was 66-709, of the theoretical based on the sulfonyl chloride.

2-Methyl-5-chlorothiophenol. A. Xanthate Method.—To
a mixture of 150 ml. of hydrochloric acid and 150 g. of ice
there was added 109 g. of 2-amino-4-chlorotoluene (Eastman
Kodak Co. practical grade). The suspension was kept at
0-5° and diazotized with 56 g. of sodium nitrite dissolved in
125 ml. of water. After all the nitrite had been added the
solution was stirred for one hour and filtered through Filter-
cel.

A solution of 144 g. of potassium ethylxanthate in 150 ml.
of water was stirred and heated to 60°. The clear diazonium
solution was added dropwise while the temperature was kept
between 55-60°. Within this temperature range the de-
composition proceeded smoothly and without the crackling
noise that accompanied the addition at a higher temperature.
When all the solution of the diazonium salt had been added
the mixture was kept at 70-80° for one hour.

The red xanthate layer was removed and the aqueous solu-
tion was ether extracted. The combined oil layers were
concentrated. The residue was dissolved in 400 ml. of al-
cohol, heated to boiling and treated portionwise with 175 g.
of potassium hydroxide pellets. The suspension was re-
fluxed ten hours. The alcohol was removed 7% vacuo and the
resultant gummy mass shaken with one liter of water and
ether extracted. The ether layer was dried and concen-
trated. The neutral oil was distilled. It boiled at 140-
142° (21 mm.), #%p 1.5744. The analysis indicated that
it was ethyl 5-chloro-2-methylphenyl sulfide.

Anal. Caled. for GGH;CIS: Cl, 18.05; S, 17.24. Found:
Cl, 19.15; S, 16.65.

The alkaline aqueous layer was acidified carefully in the
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hood. The oil that separated was gathered in ether, dried
and distilled. There was obtained 63 g. of 5-chloro-2-
methylthiophenol (54%,), b.p. 126-128° (30 mm.).

Anal. Caled. for C;H;CIS: S, 20.21. Found: S, 19.70.

In other runs of similar size the yields were 62, 61 and 569.
Some simplification in method without loss in yield was
achieved by adding the potassium hydroxide as a 509, solu-
tion rather than as pellets.

B. Sulfinate Procedure.??—A solution of 50 g. of 2-
amino-4-chlorotoluene was prepared in 150 g. of sulfuric
acid and 500 ml. of water. It was kept at 0 to 5° and di-
azotized with a solution of 26.5 g. of sodium nitrite in 125
cc. of water. After being stirred for one hour longer 400 g.
of 509, sulfuric acid was added and the temperature lowered
to —5°. Sulfur dioxide was bubbled through and then 75
g. of copper powder, previously washed with alcohol, ether
and dried, was added over a two-hour period. The whole
was stirred and allowed to warm to room temperature over-
night. It was filtered. The filter cake was leached thor-
oughly with ether and the filtrate extracted with the same
solvent. The ether was removed and the residue covered
with petroleum ether. The solid that formed was filtered
and dried, 141.6 g.

A mixture of 63 g. of the sulfinic acid, 180 g. of tin and
600 ml. of hydrochloric acid was allowed to stand at room
temperature for one hour before being refluxed for three
hours. The mixture was steam distilled. The distillate
was ether extracted. The oil layer was washed with water,
dried over Drierite and distilled. The thiophenol boiled
at 130° (35 mm.); wt. 22 g. (39%, based on 2-amino-4-
chlorotoluene).

C. Grignard Procedure.—The required 2-bromo-4-
chlorotoluene was prepared by a Sandmeyer reaction from
2-amino-4-chlorotoluene. A Grignard reagent in 500 ml. of
dry ether was prepared from 123 g. of 2-bromo-4-chloro-
toluene and 14.4 g. of magnesium. While kept under ni-
trogen the Grignard reagent was treated with 15.0 g. of
sulfur over a 45-minute period. It was stirred for two hours
more. It was poured into ice-water previously acidified
with hydrochloric acid. The ether layer was separated.
The aqueous layer was washed with ether. The combined
extracts were washed with water, dried and distilled.
After a small forerun in which the odor of p-chlorotoluene
was readily discernible, the thiol was collected. It boiled
at 126-129° (30 mm.), wt. 28 g. (29%).

In another experiment, the thiophenol was extracted from
the ether solution with dilute potassium hydroxide. The
basic solution was acidified and the oil gathered in ether,
dried and distilled. This work-up definitely illustrates the
nature of the thiophenol and definitely eliminates the pos-
sibility that we had a disulfide.

D. Sulfonyl Chloride Procedure.—To 350 g. of chloro-
sulfonic acid, 116 g. of p-chlorotoluene was added dropwise
in two hours while the temperature was maintained at 25—
30°. After two hours niore the whole was poured on ice.
The oil which separated soon solidified. It was taken up
in carbon tetrachloride, washed with cold water and dilute
sodium carbonate and then taken to dryness. The residue
weighed 140 g.

The sulfonyl chloride was added dropwise to a suspension
of 1500 g. of ice and 268 ml. of sulfuric acid kept at 0 to
—10°. Then 250 g. of zinc dust (anal. reagent) was added
portionwise in 30 minutes. The cooling bath was with-
drawn and after the reaction mixture warmed to room tem-
perature it was heated on the steam-bath for ten hours.

It was steam distilled. The distillate was extracted with
chloroform. The solvent was removed and the residue dis-
tilled to yield 66 g. of the thiophenol, b.p. 74-76° (1 mm.).
The yield was 469, based on p-clilorotoluene. 23

2-Amino-3,5-dimethylbenzoic Acid.—The procedure de-
scribed below was used for all the isatins used in this work.
Sixty grams of 2,4-dimethylaniline was converted to iso-
nitrosoacet-2,4-dimethylanilide by the procedure described
in “Organic Syntheses.” The crude anilide was dissolved in
1 N sodium hydroxide, filtered to remove tarry by-prcducts
and the filtrate was made acidic. The crystals were filtered,
washed with water and dried, wt. 69 g.

The crude isonitrosoacetxylidide was added portionwise
to 500 g. of sulfuric acid at 60-70°. The dark mixture was
heated at 80° for ten minutes, and poured in water. The
crude 5,7-dimethylisatin was filtered, washed with water
and dried; wt. 53 g. Tt was of suitable purity to be used
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in the oxidation step. The isatin was dissolved in a solution
of 48 g. of sodium hydroxide in 630 ml. of water at 25°,
The stirred solution was treated with 79 ml. of Superoxol
dissolved in 320 ml. of water. The dropwise addition re-
quired about one hour. The mixture was stirred for three
hours more, filtered and made faintly acidic. The crystal-
line solid was filtered and dried. The analytical sample
was crystallized first from dilute ethanol and theun benzene--
ligroin; m.p. 193.4-194.6° (cor.).

Amnal. Caled. for CgH;;NO;: N, 8.46. TFound: N, 8.33.

2-Chloro-3,5-dimethylbenzoic Acid.—Twenty-two grams
of the above acid was dissolved in 120 ml. of 6 N hydro-
chloric acid and diazotized with the aid of 9.5 g. of sodium
nitrite in 30 ml. of water. The diazonium solution was
added to a solution of 16.0 g. of cuprous chloride in hydro-
chloric acid at 5°. The reaction was completed by warm-
ing the mixture at 60° for one hour. There was obtained
20.4 g. of the chloro acid. After two crystallizations from
benzene-ligroin the acid melted at 138.3-139.9° (cor.).®

Anal. Caled. for CiHgClO.: CI, 19.22. Found: CI,

19.40.

2-Chloro-3-methylbenzoic Acid.—This was obtained in
85% yield from 2-amino-3-methylbenzoic acid.? After
two crystallizations from dilute ethanol it melted ut 138-
140° (uncor. ).

Amnal. Caled. for CgH,Cl0:: C, 56.32; H, 4.14. Found:
C, 56.48; H, 4.04.

2,4-Dichloronitrobenzene,—Fuming nitric acid (360 g.,
d. 1.52) was stirred vigorously at 20~30° while 73 g. of m-
diclilorobenzene was added dropwise over a period of one
hour. After all had been added stirring was continued for
90 minutes longer. Tlie mixture was poured in ice-water
and allowed to stand until the ice had melted. The crys-
talline material was filtered, washed with water and re-
crystallized from ethanol. After drying over sulfurie acid,
the product weighed 76 g. (80%,).38

2-Nitro-4-methylbenzoic Acid.—Sixty grams of 3-nitro-4-
aminotoluene furnished 62 g. of 4-methyl-2-nitrobenzoni-
trile by the method of Morgan and Coulson.® The nitrile
was suspended in 120 ml. each of water, acetic acid and sul-
furic acid. After refluxing for six hours the suspension was
cooled and poured in ice-water. The solid was filtered and
dissolved in dilute sodium carbonate. After filtration to
reniove some tar the solution was acidified to furnish 38.8 g.
of the nitro acid. After recrystallization from water there
was obtained 29.6 g. of pure nitro acid.®

Reduction of 29 g. of the above acid in dilute ammonia
was carried out in the presence of Raney nickel catalyst.
The anthranilic acid was precipitated by acidification to
pH 05.1 The 2-amino-4-methylbenzoic acid melted at 151-
153°.¢

4-Chlorothiosalicylic Acid.—The method described in
referennce 10 for the preparation of thiosalicylic acid was
used: 41.6 g. of 2-amino-4-chlorobenzoic acid furnished
15.0 g. of the acid after recrystallization from dilite acctic
acid.

Anal.
17.52.

5-Chlorothiosalicylic Acid.—Eighty-six grams of 2-
amino-5-chlorobenzoic acid gave 22 g. of 5-chlorothiosali-
cylic acid by the same method; m.p. 188-190° (uncor.) after
recrystallization from dilute ethanol.

Anal. Caled. for C/H;ClO,S8: S,
Found: S, 16.51; Cl, 18.30.

‘The same procedure except for the omission of the reduc-
tion step was used for preparing 3,3’-dichloro-5,5’-dimethyl-
and 3,3’-dimethyldithiosalicylic acid in yields of 91, 84 and

(36) The above method was used to prepare the following acids:
2.3-dichlorobenzoic acid, E. Hope and G. C. Riley, J. Chem. Soc.. 128,
2478 (1923); 2-chloro-4-methylbenzoic acid, A. Claus and N. David-
sen, J. prakt. Chem., [2] 89, 491 (1889): 2-chloro-5-methylbenzoic acid.
A. Claus, #bid.. {2] 46, 27 (1896): 2-chloro-4-methoxybenzoic acid, F.
Ullmann and C. Wagner, Anx., 388, 368 (1907).

(37) W. Findeklee, Ber., 38, 3553 (1805).

(38) This is a more convenient procedure than that reported by E.
Roberts and E. E. Turner, J. Chem. Soc., 127, 2011 (1925).

(39) G. T. Morgan and E, A, Coulson, ibid., 2556 (1929).

(40) W, A. Noyes, Am. Chem. J., 10, 474 (1888).

(41) F. Mayer and H, Gilnther, Ber., 68, 1458 (1030), reported
m.p. 156-156.6%

Caled. for C;H,Cl0.S: S, 17.00. Found: 8,

17.00; CI, 18.81.
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649%, respectively. The crude acids were used directly
in the condensations with p-chlorotoluene.

1-Chloro-4-methylthiaxanthone and 4-Chloro-1-methyl-
thiaxanthone (Method J).*—A mixture of 150 ml. of p-
chlorotoluene and 1500 ml. of sulfuric acid was stirred vigor-
ously at 25-30° as 60 g. of pure thiosalicylic acid was added.
The mixture turned dark red, sulfur dioxide was evolved
and the temperature usually rose about ten to fifteen de-
grees. Stirring was continued for about 16 hours at room
temperature and then the mixture was held at 60° for two
hours. The solution was poured into ice-water and filtered.
The yellow solid was suspended in dilute ammonia and steam
was passed into the suspension for 30 minutes. Then the
solid was collected on a filter and washed successively with
water, alcohol and acetone. On drying there was obtained
83 g. (819%,) of the thiaxantlione mixture suitable for use in
the condensation with the diamines. It melted at 142-
145° (uncor.). TUpon crystallization from acetic acid the
melting point was raised slightly to 145-147°. The loss on
crystallization was about 209%. When p-dichlorobenzene
was substituted for the p-chlorotoluene no thiaxanthone
was obtained.

In another experiment 159 g. of crude dithiosalicylic acid
was condensed with 750 ml. of p-chlorotoluene in the pres-
ence of 1250 ml. of sulfuric acid. The temperature rise
upon the addition of the dithio acid was about five degrees.
At the end of the reaction the mixture was poured into icc-
water and the suspension steam distilled to remove excess
p-chlorotoluene. The solid was collected and treated as
above. There was obtained 175 g. (65%) of the thiaxan-
thone mixture, m.p, 138-142°.

2,2’-Dimethyl-5,5’-dichlorodiphenyl Disulfide.—Four
grams of 2-methyl-5-chlorothiophenol was dissolved in 40 ml.
of 759, acetic acid and a solution of 1.74 N iodine in po-
tasstumn jodide was added dropwise with vigorous stirring
until a permanent iodine color remained. The crystals
that had separated were collected and recrystallized froin
ethanol; wt. 2.7 g. After two more crystallizations the
conpound melted at 81.3-82.7° (cor.).

Anal. Caled. for CyH.ChLS.: S, 20.35.
20.20.

Oxidation of Thiosalicylic Acid with Sulfuric Acid.—Five
grams of thiosalicylic acid was suspended in 50 ml. of 96%,
sulfuric acid and the mixture was kept at 50-60° for six
honrs.  Sulfur dioxide was evolved throughout the reaction.
The red suspenusion was poured in water, filtered and thor-
oughly washed with water. After drying at 75° the prod-
ict weighed 4.96 g. The acid formed a bispiperidiniuin
salt whicli after recrystallization from ethanol did not de-
press the m.p. of an authentic specimen.

Piperidinium Dithiosalicylate.—One hundred grams of
crude dithiosalicylic acid was suspended in boiling alcohol
and treated with a slight excess of piperidine. The turbid
solution was treated with charcoal and filtered. The cooled
filtrate deposited yellow crystals which after two more re-
crystallizations from ethanol were analytically pure; m.p.
211.5-215.4° (cor,).

Anal. Caled. for C24H32NQO4SQZ
5.65.

A white free acid was obtained by acidification of a hot
aqueous solution of the above salt. The substance was
filtered, washed with water and dried.

The condensations described below were carried out with
this purified dithiosalicylic acid and a good grade of p-
chlorotoluene. The 100-1019%, sulfuric acid was prepared
by treating the 969, acid with the appropriate quantity of
fuming sulfuric acid (259, SO;). The acid was titrated
Dbefore use,

The Condensation of Dithiosalicylic Acid and p-Chloro-
toluene. A. 1019, Sulfuric Acid.—One hundred milliliters
of 1019, sulfuric acid was treated with 8.0 g. of pure dithio-
salicylic acid at 25°. The mixture was cooled to 22° and
25 1nl. of p-chlorotoluene was added with vigorous stirring.
Within one minute the temperature rose to 30°. The mix-
ture was cooled in an ice—alcohol bath, but the temperature
rose until it reached 43°. When the temperature fell to 40°
the cooling bath was removed and stirring continued until
a total of 1.5 hours had elapsed,

The red solution was poured into water and the yellow
crystals collected on a filter, The crude thiaxanthone mix-
ture was boiled with dilute ammonia for 15 minutes and then
was filtered, Tt was washed with water and dried at 100°,

Found: §,

N, 5.87. Found: N,
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wt. 11.1 g. (81%). It melted at 145-147° (Ullmann? re-
ported the m.p. as 148-148.5° for the recrystallized mix-
ture).

When the reaction time was extended to 18 hours the
yield was 879%,.

B. 969, Sulfuric Acid.—The same quantities of the
same reagents were used except that an equivalent volume
of 969, sulfuric acid was substituted for the one of greater
strength. No temperature rise occurred when the p-chloro-
toluene was added to the mixture of the acids. The whole
was heated to 30° and the reaction allowed to proceed for
90 minutes as the temperature fell gradually.

At the end of this time the mixture was processed as above.
Only 3.6 g. (269%,) of the thiaxanthone mixture was obtained,
m.p. 137-142°. On acidification the ammoniacai extract
furnished 5.1 g. of almost pure dithiosalicylic acid.

C. 1009, Sulfuric Acid Saturated with Potassium Bisul-
fate.—One hundred milliliters of 1009, (rather than 101%,)
sulfuric acid was stirred for one hour with 50 g. of fused po-
tassium bisulfate. The suspension was cooled to 21° and
treated first with 8.0 g. of pure dithiosalicylic acid and then
with 25 ml. of p-chlorotoluene. After five minutes the
temperature rose to 32° and reached the maximum, 40°,
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after 13 minutes. After 1.5 hours the mixture was worked
up in the usual way. There was obtained 5.4 g. (40%) of
the thiaxanthone mixture.

The control run was carried out with the identical re-
agents, except that the potassium bisulfate was omitted.
Prior to the addition of the dithio acid and the p-chlorotolu-
ene, the sulfuric acid was stirred for one hour to simulate
the above experiment as closely as possible. When the p-
chlorotoluene was added to the stirred mixture of acids at
21° the temperature rose to 30° in 45 seconds. The whole
was cooled in an ice-alcohol bath but the temperature con-
tinued to rise until it reached 35°. After 1.5 hours the
solution was poured into water and processed as usual. The
neutral fraction weighed 11.3 g. (839).
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The Chemistry of Tobacco Fermentation.

I. Conversion of the Alkaloids. A. The

Formation of 3-Pyridyl Methyl Ketone and of 2,3’-Dipyridyl
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Nicotine and minor tobacco alkaloids are converted in the leaves of cigar tobacco into various 3-substituted pyridine com-

pounds, including 3-pyridyl methyl ketone and 2,3’-dipyridyl.

Decrease of Alkaloids in Tobacco Leaves during
Fermentation.—Probably the most characteristic
chemical effect in the fermentation! of certain cigar
tobaccos? is the substantial decrease of their alka-
loid contents.? The nicotine initially present in
these tobaccos decreases in regular fermentation by
about 30 to 509, and in a recently developed, more
effective, fermentation procedure by as much as 80
to 959%,. Since volatilization from the leaves ac-
counts for not more than about 87 of the total nico-
tine loss, considerable amounts of nicotine must be
converted during fermentation into other products.
Besides its industrial significance, this conversion
of nicotine is of general interest in view of the mild
conditions (temperature 43 to 54°, pH range 5.6
to 6.8) at which it occurs.

Prior to any studies of the catalytic or enzymic
mechanism of this alkaloid degradation within the
tobacco leaves, more detailed information is needed
on its chemistry, and particularly on the transfor-
mation products derived from the alkaloids. A
search was undertaken for these products! in our

(1) A process in which the cured tobacco leaves., moistened with
selected amounts of water, are kept at temperatures of about 45° with
periodical aerations. See W. G, Frankenburg, Advances in Enzymol-
ogy. 10, 325 (1950).

(2) Particularly “filler”” tobaccos, such as Pennsylvania Seedleaf,
U. S. type 41. .

(3) Nicotine represents about 909 of the total alkaloids in these
tobaccos, .

(4) As a part of general investigations concerning the convergions of

all the nitrogenous leaf components during the fermentation of cigar
tobacen,

laboratory, using as a starting material well fer-
mented® Pennsylvania Seedleaf tobacco.?

Solvent extraction of this tobacco discloses the
presence of various newly formed 3-substituted pyri-
dine derivatives in addition to small amounts of
unchanged alkaloids. Although the former have
not all been identified, the total amount of pyridine
nitrogen in the extracted fractions can be estimated
by a combination of the following methods: (1)
Kjeldahl determination of the nitrogen contained
in silicotungstate precipitates, (2) ultraviolet ab-
sorption measurements, and (3) oxidation to nico-
tinic acid and determination of the latter.

Quantitative Correlation between the Pyridine
Derivatives in Tobacco Leaves before and after
Fermentation.—Table I represents a survey of the
pyridine derivatives found in thoroughly fermented
samples and of the method used in separating them.
In four fractions, obtained by extracting succes-
sively with different selective solvents, about
879, of the pyridine originally present in the leaves
as a moiety of nicotine can be recovered, partly as
unchanged nicotine, and partly as a component of
newly formed pyridine compounds (Table I, col-
umn 10). This indicates that the pyridine ring
remains practically intact during the fermentation,
Of these fractions, 1 and 2 are each again separated
into two subfractions by liquid-liquid extraction
with organic solvents at specific pH’s,

(8) The tobacco samples used had on the average nicotine contents

of 4.29%, before and of 0.7% after fermentation (0.72% and 0,12%
nlcotine nitrogen, respectively).



