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hands may possibly be accounted for by the dif- 
ferent medium we employed for the transformation. 
This same effect has been noted previously by us in 
the action of Cornynebacterium simplex on I from 
which either I1 or I11 may be produced as the major 
product by appropriate choice of medium.2 

We also observed that an unidentified species 
of the genus Alcaligenes, family Achromobacteria- 
ceae, (Schering ON No. 1 4 2 )  converted I into 
111. In this instance i t  was possible to  isolate 111 by 
chromatography without subsequent acetylation. 

EXPERIMENTAL 

Myocobacterium lacticola. To each of ten 300-ml. Erlen- 
meyer flasks was added 100 ml. of a broth made from 10 g. 
of yeast extract (Difco), 10 g. of cerelose, 4.4 g. of potas- 
sium dihydrogen phosphate, and 8.84 g. of disodium hy- 
drogen phosphate heptahydrate made no to  1 1. with tap 
water, The flasks and their contents were sterilized, inocu- 
lated with a loopful of Mycobacterium lacticola (A.T.C.C. 
9626), and incubated, with rotary shaking a t  220 cycles/ 
min., for 48 hr. a t  30". Then, to each flask was added 0.025 
g. of I in 0.5 ml. of 80% aqueous ethanol. Shaking was 
continued for 48 hr. a t  which time extraction of an aliquot 
of the reaction mixture with chloroform followed by chro- 
matography on Whatman No. 4 paper by the method of 
Shull4 indicated complete transformation of I. A single, 
more polar, spot absorbing in the ultraviolet, was observed, 
which did not stain with red tetrazolium. The total reaction 
mixture was extracted with chloroform and the extracts 
were concentrated to a small volume which was chroma- 
tographed over 20 g. of Florisil prepared with hexane. 
Elution with methylene chloride containing 0.5Oj,, l.OYc, 
and 2.0% of methanol afforded a series of glassy residues 
which appeared to be paper chromatographically homo- 
geneous. They were pooled and acetylated with 2 ml. of 
acetic anhydride in 2 ml. of pyridine. After 16 hr. a t  room 
temperature, 50 ml. of water was added and the oily pre- 
cipitate was allowed to stand in contact with the solvent 
until crystallization ensued (ca. 1 month). The resulting 
prisms were removed by hand and washed with cold ether. 
A total of 0.040 g. of solid, m.p. 175-177", was collected. 
Bands were observed in the infrared spectrum of this com- 
pound a t  2 . 8 7 ~  (OH), 5 . 7 5 ~  (acetate carbonyl), 6.01, 6.14 
and 6 . 2 2 ~  (1,4-diene-3-one) and 8 . 1 6 ~  (C-0-C of acetate). 
The spectrum was identical with that from the 20,21-diace- 
tate of 1 1 1 . 2  Admixture with an authentic sample did not 
depress the melting point. 

Alcalzgenes s p .  (ON No. 1-42). To each of ten 300-ml. 
Erlenmeyer flasks was added a broth made from 3 g. of 
yeast extract (Difco), 10 g. of cerelose, and 1 g. of corn 
steep liquor per liter of tap water. The pH was adjusted to  
7.0 and the sterile medium was inoculated with a 5% charge 
of Alcaligenes sp .  (OK S o .  1-42) (20-hr. growth culture). 
Aftrr 24 hr. of incubation, under the conditions described 
previously, 0.025 g. of I in 2 ml. of 957, ethanol was added 
to each flask and incubation with shaking was continued 
for 72 hr. The reaction mixture was extracted with chloro- 
form, washed with water, dried, and Concentrated, and the 
residues were chromatographed on 15 g. of Florisil in the 

(2) H. L. Herzog, C. C. Payne, M. E. Tully, M. A. Jev- 
nik, E. B. Hershberg, A. Xobile, W. Charnev, C. Federbush, 
11. Sutter, and P. L. Perlman, unpublished results; also H. 
L. Herzog, Gordon Conference on Steroids and Natural 
Products, August 1955. 

(3) Infrared measurements were made and interpreted 
by the Physical Chemistry Laboratory of the Schering Corp. 

(4)  G. ill. Shull, iZhstracts of the 126th Meeting of ACS, 
Xew York, 1954, p. 9A. 

usual way. Crystalline I11 was obtained from the 1% 
methanol in methylene chloride eluates. Recrystallization 
from acetone-hexane afforded 65 mg. of 111, m.p. 190-193", 
A:$'' 3 . 0 2 ~  (OH), 6.02, 6.19, and 6 . 2 4 ~  ( A1r4-diene-3-one). 
The infrared spectrum was identical with that from an 
authentic sample.2 
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Some 0,N-substituted hydroxylamines which are 
chemically related to pharmacologically active 
amines have pharmacological action similar to the 
corresponding It became of interest to 
determine whether the hydroxylamine analog of pv- 
rilamine would have pharmacological properties 
similar t o  the well known antihistamine. Therefore, 
a sample of 2- [ (2-AT-methyl-N-methoxyamino- 
ethyl)(p-methoxybenzyl)amino]pyridine was pre- 
pared, according to the following series of reactions: 

soc12 

CHaOK(CH3)C2HaCl- 

CHION( CKa)C2HaOH ___f 

CsHIS.NHNa I 
I1 

1. NaH 

2. CHaOC.HdCHaBr 
'NANHC2H4N ( CH3) OC Ha 

I11 

N-2-Hydroxyethyl-0,N- dimethylhydroxylamine 
(I) was converted into N-2-chloroethvl-0,N-di- 
methylhydroxylamine (11) with thionyl chloride 
through the hydrochloride. N-2-Choloroethyl-0,N- 
dimethylhydroxylamine mas then interacted with 
the reaction product of 2-aminopyridine and so- 
dium hydride in 1,4-dioxane. The resulting product, 
2- [ (2-N-methyl-N-methoxyaminoethyl)amino]pyr- 
idine (111) was then treated with a suspension of 
sodium hydride in 1,4-dioxane. The solution, which 
resulted from this reaction, was treated with p -  

(1) L. W. Jones and R. T. Maior. J .  nm. Chem. So i... 40. 
" I  
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Bettolo, Erperzentm. 9.260 11953). 
( 2 )  E. F. Rogers, G. Bovet, V. G. Longo, and G. R l C d i ' r z  - 

(3)  G. Palazzo, E. F .  Rogers, and G. B. lIaiini-5cttc,io. 
Gazz. Chim. Ita[., 84,915 (1954). 
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methoxybenzyl bromide.' a t  a temperature not over 
50". 2- [ (2-N-Methyl-N-inethoxyaminoethyl) ( p -  
methoxybenzyl)amino]pyridine (IV) was obtained 
in high yield. The simple salts which could be ob- 
tained with varicus acids were either oily or very 
hygroscopic. Crystalline chloroplatinates and ;I 

chloroaurate w r e  obtained. Paper strip chromabog- 
raphy of the base, as well as othw (*riteria, indirated 
that the product \vas pure. 

-Y-2 - Chloroethyl - 0,S- dinietliylhvdroxylt~mine 
(11) was quite unreactive and was very stable when 
compared with 2-chloroethyldimethylamine. It was 
hydrolyzed only under rather drastic conditions and 
failed to react with sodium iodide in acetone. 2- 
Chloroethyldimethylamine quickly forms precipi- 
tates with either alcoholic silver nitrate or with so- 
dium iodide in acetone. 

The investigation of the stabilitv of I1 was made 
because of its failure to react with the sodium salt 
of 2-(p-methoxybenzylamino)pyridine in refluxing 
toluene, triethylamine, or tri-n-butylamine. It also 
failed to react with the sodium salt of 2-aminopyri- 
dine in refluxing toluene or tri-n-butylamine. 

When 1,4-dioxane mas employed as the solvent, 
both 2-aminopyridine and 2-(p-methoxybenzyl- 
amino)pyridine reacted vigorously with sodium hy- 
dride to  form soluble sodium salts. The condensa- 
tions with ~V-2-chloroethyl-O,~V-dimethylhydroxyl- 
amine (11) could then be carried out in a homogene- 
ous system. The reaction with 2-aminopyridine 
went smoothly, yielding up to 30% of 2-[(2-N- 
methyl - N - methoxyaminoethyl)amino]pyridine 
(111). The sodium salt of 2-(p-methoxybenzyl- 
amino)pyridine and the chloro compound (11) 
failed to give any condensation product even 
though a theoretical yield of sodium chloride mas 
obtaiiied. .I 78% yield of 2-(p-methoxybenzyl- 
amino)pyridinr \vas recovered. 

Dr. C. Winter of the llercl; Institute for 
Therapeutic Research has compared the antihis- 
tamine effects of pyrilamine maleate and IV, neu- 
tralized with dilute HCI, on guinea pigs exposed to 
an histamine aerosol. Subcutaneous doses of 0.1 
ing. pyrilamine maleate per kilogram injected 30 
min. prior to exposure protected the animals 
against shock, while doses of 10 mg. of IV  per kilo- 
gram were ineff evtive i n  preventing histamine 
shock. 

moles) ethylene oxide in 150 ml. methanol. The resulting 
solution was refluxed (condenser temperature < 10') with 
stirring for 5 hr. During that time the reaction temperature 
rose from 37" t,o 56'. The reaction was cooled arid con- 
centrated iinder reduced pressure. The residue which 
weighed 70 g. was distilled. After a forerun of 5.8 g., k1.p. 
25-52' (21 mm.), nab 1.4133, a distillate was collected which 
weighed 46.5 g., h.p. 52.5-56.5" (19-20 mm.), n y  1.4180- 
1.4209,* (54y0,). 

N-l-Chloroethyl-O,I~-diniethylhydroxylamine ( I1 ). A solii- 
tion of 60 g. I (0.57 mole) in 50 ml. dry benzeiie was added 
with hwting to a sohitioil of thioriyl chloride (102 g., 0.85 
mole) in 250 ml. of dry benzene. When the temperature 
reached 50", the heater was removed. Ihr ing  the remainder 
of the addition, the temperature rose to 65' and a gas was 
evolved. The solution was refluxed with stirring until the 
evolution of gas stopped (1.5 hr.). The final temperature 
was 82". The reaction was permitted to cool until precipita- 
tion started. Four hundred ml. of ether was added and the 
mixture was cooled to 5". The product was filtered and 
washed with ether. The crystalline product, which weighed 
82 g., was dissolved in hot ethyl acetate, decolorized with 
Darco G-60, filtered, and crystallized, m.p. 98.5-100', 
61.5 g. Concentration of the filtrate.gave a second crop of 
3.5 g., map. 85-92'. The product is quite volatile. 

A solution of this hydrochloride (19.1 g.) in 20 ml. of water 
was cooled in ice. To this solution 150 ml. of 10% NaHCOs 
(30% NaOH is more satisfactory) was added slowly. The 
solution was extracted thrice with 100 ml. of ether. The 
dried ether solution was concentrated under reduced pres- 
sure. The residue was distilled, b.p. 52-53" (58 mm.), rc- 
distilled b.p. 53" (58 mm.) ny  1.4192; h p .  122-123" (760 
mm.) ng 1.4182. 

Anal. Calcd. for CnHloClXO: C, 38.87; H, 8.16; C1, 28.69. 
Found: C, 38.93; H, 7.93; C1, 28.88. 

Stability of N-I-chloroethyl-0,N-dimethylhydroxylamine 
(11). Studies carried out on I1 demonstrated the rather con- 
siderable stability of this molecule. The following experi- 
ments show this: ( A )  One g. of I1 was refluxed for 2 hr. in 
toluene containing one equivalent of XaH. The toluene was 
decanted. The residue was decomposed with methanol and 
tested for C1- ion with silver nitrate. Only a slight precipi- 
tate formed. The toluene was treated with dry HC1 and 
diluted with ether. I1 Hydrochloride, (0.87 g., 670/,), m.p. 
!)8-99.5' was obtained. (B) A suspension of a few drops of 
I1 in 30% KaOH was heated on a steam cone for 15 min. 
A subsequent' test for chloride ion with AgNO3 was nega- 
tive. (C) a few drops of I1 were heated to 70" for 0.5 hr. in 
an alcoholic solution of sodium ethoxide. ii sample taken a t  
this stage gave only a slight test for chloride ion with 
AgN03. When the same suspension was heated a t  90" for an 
additional 0.5 hr. in a closed tube, a strong test for chloride 
ion was obtained. (11) No precipitate of S a c 1  was obtained 
after refluxing I1 with a solution of NaI in acetone. 

2- [ (I-N-n~ethyl-N-methoxyaminoelhyl )amino ]pyr id ine  
(111). A 41% emulsion of Rodium hydride (4.7 g., 0.08 mole) 
in mineral oil was srispended in 35 ml. purified dioxane. 
To this mixtiire 7.5 g. (0.08 mole) of 2-aminopyridine in 15 
ml. of dioxane was added slowly. Gas evolved a t  once and 
the temperature rose to 37" a t  which time all insoluble ma& 
ter dissolved. To this solution 9.9 g. N-2-chloroethyl-0,N- 
dimethylhydroxylamine (0.08 mole) in 10 ml. of dioxane 
\vas added. The solution which resulted was heated to  
100" with stirring. At 80-85' a precipitate began to form. 
Heating a t  100" was cont,inued for 2 hr. and then the mix- 
ture was cooled and filtered. The precipitate weighed 3.3 g. 
The filtrate was diluted with 200 ml. of ether and xashed 
twice with water. The aqueous extract was in turn washed 
with et,hrr. The combined ether solutions were dried over 
\IgSo, : L I I ( ~  c~ont.c~iiti.;ttrtl iiiider i~rdricecl pr~ssiire.  The m i -  

( 8 )  I,. \$'. Joll(xs : L I ~  R .  1'. llnjo,,,  wF. l ,  11. l.5?,2 r t y ~ t ~ l  
. V - 2 - l 1 ~ ~ t l ~ 1 ~ s ~ c ~ t l ~ ~ ~ l - O , . i V - c l i r 1 i ~ ~ t l i ~ l l i ~ ~ i ~ o  
(2 :<  I l l l l ~ . ) .  
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due, weighing 12.4 g. was in two phases, one of which was 
undoubtedly mineral oil. The second phase was separated 
from the mineral oil by dissolving i t  in a small amount of 
methanol in which the mineral oil was not very s o l ~ b l e . ~  
The crude product was distilled in vacuo. The initial dis- 
tillate contained 2-aminopyridine. The desired product 
boiled a t  73-74" a t  0.004 mm. n2$ 1.5323, yield 1.95 g., 13%. 

A n d  Calcd. for C9HISN30: C, 59.64; H, 8.34; N, 23.19. 
Found: C, 59.92; H, 8.16; N, 22.88. 

2- 12-N-Methyl-N-methoxyaminoethyl)( p-methoxybenzy1)- 
aminolpyridme (IV).  A 41% emulsion of sodium hydride 
(4.25 g., 0.073 mole) in mineral oil was suspended in 30 ml. 
purified dioxane. To this mixture 11.5 g. I11 (0.063 mole) in 
30 ml. purified dioxane was added. This mixture was heated 
with stirring. At 75" a vigorous reaction took place with a 
temperature rise and foaming. When the reaction ceased, 
the preparation was cooled to 30". A solution of 13.4 g. p -  
methoxybenzyl bromide4 (0.067 mole, b.p. 80.5-81.5' a t  
1 mm.) in 20 ml. dry dioxane was added a t  such a rate that 
the temperature of reaction did not exceed 50". The reaction 
product was stirred for a short time after the addition was 
complete and then the product was diluted with 100 ml. of 
ether, and the mixture which formed was filtered. The fil- 
trate was extracted with 2.5N HC1 in four portions of 25 ml. 
each. The extracts were combined, washed with ether, and 
then made alkaline with 2.5N NaOH.The alkaline solution 
was extracted thrice with 100 ml. ether. The ether ex- 
tracts were combined, washed with water, dried and con- 
centrated under reduced pressure. The residue, after the re- 
moval of solvent in vacuo weighed 18.1 g. (95%) ng 1.5688. 

Anal. Calcd. for C17H&102: C, 67.74; H, 7.69; N, 13.95. 
Found: C, 67.59; H, 7.76; S, 13.79. 

The ultraviolet spectrum was identical with that of 
pyrilamine with maxima at  311 mp, e 4,540; 285 mp, E 2,890; 
278 mp, e 2,740; 251 mp, e 19,280; 227 mp, E 12,400. 

The infrared spectrum was very similar to that of pyril- 
amine except for an intensification of absorption in 9 . 6 ~  re- 
gion and the absence of a band a t  3 . 6 ~ .  This band was also 
absent in the infrared spectrum of 2-[(2-N-methyl-N- 
methoxyaminoethy1)amino ]pyridine (111). 

A portion of the above analyzed residue was distilled, b.p. 
150-152" (20mm.), n y  1.5683. 

Anal. Calcd. for Ci7H23S302: C, 67.i4; H, 7.69. Found: 
C, 67.81; H, 7.45. 

Investzgatzons of the purity of  the I-[(W-N-methyl-N-meth- 
oxyaminoethyl)( p-methoxy6enzyl)amzno]pyridine (IV).  ( 1) 
Distribution: Distilled IV  (31.6 mg.) was added to 10 ml. of 
isooctane and 10 ml. of 90% methanol. After shaking the 
mixture for a few minutes, 1 cc. of each phase was removed 
and diluted to 50 ml. with spectrographically pure methanol. 
The ultraviolet spectra of the two phases were identical. 
The absorbance of the isooctane sample a t  311 mp was 
0.332 and the absorbance of the methanol sample a t  311 
mp was 0.729. The distribution ratio was 0.46. 

(2) Paper strip analysis. Distilled I V  (185 Fg.) was 
chromatographed on paper in an isooctane-90% methanol 
solvent system. When the paper was viewed in ultraviolet 
light through a phosphor screen, one spot was visible which 
had an Rj value of 0.75. Assay by ultraviolet spectrum 
showed that 95y0 of the original material was in this spot. 

A similar experiment using a ligroin-Carbitol solvent sys- 
tem also failed to produce any separation. 

Salts of 2- [( 2-N-methyl-N-methoxyaminoethyl)(p-methoxy- 
benzyl)amino]pyridine (IV).  Hydrochloride. Gaseous HC1 
produced an amorphous white solid when bubbled into a 
solution of I V  in dry ether. The solid was very hygroscopic. 
Chloride analysis of 17.37, indicated that the hydrochloride 
was largely the dihydrochloride mixed with some monohy- 
drochloride. Hydrobromide. Gaseous HBr precipitated an 

(9) I n  litter preparation8 the Heparation w m  effected 
mow easily by extract,ing the combined ether solutionH with 
dilute hydroc:hloric wid, uddirig NaOH 3olutoion t.o the wid 
hrct ioi l  uiid I l i t~r i  i,r.rsti,:tcting t h e  I1:w with rthrr. 

amorphous white hydroscopic solid when bubbled into a 
solution of I V  in ether. 

Picric acid, maleic acid, sulfuric acid, nitric acid, and 
perchloric acid gave oily salts with IV which did not crys- 
tallize or solidify. 

Chloroplatinates. Two chloroplatinates of I V  were ob- 
tained, depending on whether I V  was added to a solution of 
chloroplatinic acid or the reverse. (1) Compound I V  (102 
mg., 0.00034 mole) was dissolved in ethanol. To this solu- 
tion was slowly added 4.25 ml. of a 0.04 molar solution of 
chloroplatinic acid (0.17 mole) in ethanol. The precipitate 
which formed was recrystallized by adding water dropwise 
to the hot alcoholic suspension of the salt until a solution 
occurred. Cooling precipitated 105 mg. of a chloroplatinate 
of IV;  m.p. 146-148' with decomposition. 

Anal. Calcd. for (C1,Hz3NsOs)zHzPtC16: C, 40.32; H, 4.78; 
C1. 21.01; Pt, 19.28. Found: C, 40.14; H,  4.85; C1, 20.92; 
~t',20.11;2o.i7. 

(2) A solution of I V  (85 mg., 0.00028 mole) in ethanol 
was added to 9.0 ml. of 0.04 molar H2PtC18 (0.00036 mole) 
in ethanol. The precipitate which formed was recrystal- 
lized from hot ethanol containing a very small amount of 
water. The salt which was obtained had no definite melting 
point but slowly sintered above 140'. 

Anal .  Calcd. for C17H23NaO~.H2PtCle: C, 28.70; H, 3.54; 
C1, 29.91; Pt, 27.44. Found: C, 28.95; H, 3.40; C1, 29.76; 
P t ,  26.91,27.31. 

Chloroaurate. A solution of IV (86 mg., 0.00029 mole) in 
ethanol was added to 6.0 ml. of 0.05M HAuCll (0.0003 
mole). The solution which was obtained yielded a precipitate 
when diluted with 200 ml. ether. It was recrystallized from 
butanol; yield, 106 mg., m.p. 100-101". 

Anal. Calcd. for Ci7H23S302.HA~C14: C, 31.83; H,  3.77; 
C1. 22.11: Au. 30.75. Found: C. 31.94: H, 3.72; C1, 21.84; 
At;, 30.93; 31.06. 
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Several addition compounds of nitrobenzene with 
inorganic halides have previously been recorded. 
The compound C6H6Ko2.TiC14 was reported by 
Pushin and coworkers,l who studied the nitroben- 
zene-titanium tetrachloride system cryoscopically. 
The addition compound C~H,1\1O2.A1CI, is well 
known2; an adduct of nitrobenzene with mfiixoz-iy 
pentachloride, 2C&6NO2.SbC1~, has a h  been re- 

( I )  S. A.  Pushin, I,. Nikolic., A .  €l:do,jc~ln, i w r l  T. T < ( ~ ~ o -  

(2)  B. Mrriwhutkin, Chetrr. Z e d / . . ,  I,  1240 (1910). 
ponovir, Arm., 551, 259 (1942). 


