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removed by filtration. The filtrate was concentrated in 
vacuo to  about 3 ml., cooled in an ice-bath, and filtered. 
The filtrate was evaporated to dryness in vacuo. To the 
oily residue was added 20 ml. of acetone, followed by 60 
nil. of ether, and the solution was stored S hours at 0". 
The product was collected by filtration. There was ob- 
tained 1.36 g. of colorless needles, which, upon two crys- 
tallizations from methanol: acetone: isopropyl ether, yielded 
1.06 g. of analytically pure material. 

Four of the eight isomers (LDL, DLD, LDD, DLL)  failed to 
crystallize from acetone or from acetone: ether solution; 
instead semi-solid products were obtained (Table 111). 

Valylvalylvaline Tripeptide Isomers. D-Valyl-D-valyl-D- 
valine.-O.500 g. (1.36 mmoles) of D-valyl-D-valpl-D-valine 
methyl ester hydrochloride was suspended in 11 ml. of 0.5 
N potassium hydroxide, stored 75 minutes at 3 7 O ,  chilled, 
and washed with three 2-ml. portions of ethyl acetate. 
The p H  of the clear aqueous solution was adjusted to 5.0 

with dilute acetic acid and the resulting solution was con- 
centrated in vacuo to about 2 ml., 25 ml. of ethanol was 
added and the crystallizing solution was stored overnight 
at 0". The crystalline product was collected by filtration, 
and recrystallized from 5 ml. of water and 30 ml. of ethanol; 
0.371 g. ('is$& yield) of fine colorless plates was isolated. 
Flame photometry revealed less than 0.1% potassiurri. 
The product was dried to constant weight at 1 mm. a t  loo", 
over P206, then exposed to room humidity until constant 
weight was reached. The tripeptides were hygroscopic and 
moistures were determined each time samples were weighed 
for characterization. The tripeptide isomers LLL,  DDL and 
LLD were obtained in the same manner. 

The four tripeptide methyl ester hydrochlorides which 
failed to crystallize were saponified as above and yielded 
crystalline peptides (Table IV).  
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dl-Vasicine has been prepared from o-nitrotoluene by a reaction sequence in which o-nitrobenzylamine hydrochloride 
ethyl 8-(o-nitrobenzy1amino)-propionate hydrochloride, l-(o-nitrobenzyl)-4-carbethoxy-2,3-dioxopyrrolidine, I-(o-nitro- 
benzyl)-2,3-dioxopyrrolidine and 1- (o-nitrobenzyl)-3-hydroxy-2-oxopyrrolidine were the intermediates isolated and purified. 
A strictly parallel series of reactions, with only very slight modification of the details of procedure, served for the preparation 
of a new vasicine analog, dZ-3-hydroxy-G-methoxypeg-9-ene ("dZ-6-methoxyvasicine"), from 3-methyl-4-nitroanisole. 

Work on the chemistry of vasicine (Ia) by several 
groups of workersa culminated in the synthesis of 
the alkaloid by Spath, Kuffner and Platzer4 in 
1935. The first synthesis depended on the prep- 
aration of methyl a-hydroxy-y-aminobutyrate, 
which was treated with o-nitrobenzyl chloride to 
produce a low yield (ca. 7%) of l-(o-nitrobenzyl)-3- 
hydroxy-2-oxopyrrolidine (IIa). Compound IIa,  
when treated with stannous chloride in hydro- 
chloric acid, underwent reduction of the nitro 
group and spontaneous cyclization with dehydra- 
tion to give a 35% yield of dl-vasicine. Later 
(1936) Spath and Platzefl described a more conven- 
ient procedure whereby a-hydroxybutyrolactone 
(111) was prepared from butyrolactone and heated 
to a high temperature with o-aminobenzylamine 
(IV) to give dl-vasicine, with a yield in the final 
step of 20%. 

IV I11 OH 
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There have been indications in the literatures of 
interesting physiological effects, such as bronchodi- 
lator activity, produced by vasicine, and for this 
reason we have been prompted to undertake the 
synthesis of closely related analogs of vasicine in 
the hope of obtaining compounds of increased ac- 
tivity. In preparation for this effort we have in- 
vestigated a new route to vasicine which proceeds 
through the final intermediate I Ia  of the first syn- 
thesis by Spath, Kufker and P l a t ~ e r , ~  but utilizes a 
different synthesis for this key compound. It was 
desired to achieve a preparative route which might 
be expected to  be reliable when used on a relatively 
large scale and applicable without extensive modifi- 
cation when applied to the preparation of vasicine 
analogs It was also important that the synthetic 
sequence serve as an adequate structure proof for 
the products. These requirements led us to seek to 
avoid those cyclization methods used in the earlier 
syntheses which had produced low yields, necessi- 
tated the use of complex procedures for the isola- 
tion of the product, or utilized pairs of reactants 
whose manner of reacting might be considered un- 
certain. 

The reaction sequence adopted is shown in Chart 
I. If vasicine analogs substituted in the aromatic 
ring were to be obtained by this route, a reasonably 
convenient method for the preparation of ring-sub- 
stituted o-nitrobenzylamines (V) was needed. 
Chart I1 outlines a sequence which may prove to 
be applicable to the preparation of a number of such 
compounds. It was tested initially in the prepara- 
tion of o-nitrobenzylamine itself (Va). o-Nitro- 
toluene was brominated with N-bromosuccinimide 

(6) (a) D. Hooper, Phorm. J. ,  [3] 18, 841 (1888); (b) R. M. Chopn 
and S. Ghosh, Indian Mld.  Gas., 60,864 (1926): C. A, ,  19,8323 (1926). 
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CHART I 

VIa,b VIIa,b 

VIIIa,b 1Xa.b 

1Ia.b 

as described by Kornblum and Ifflz~nd,~ and the 
resulting crude o-nitrobenzyl bromide (XIIa) was 
treated with hexamethylenetetramine to produce 
o-nitrobenzylhexaminium bromide (XIIIa).8 This 
salt was then converted first into o-nitroben- 
zylaminomethylol sulfite (XIVa)g by treatment 
with water and sulfur dioxide, and thence into o- 
nitrobenzylamine hydrochloride (XVa) by hydrol- 
ysis of the methylol sulfite (XIVa) with hydro- 
chloric acid. The conversion of XIa into XVa 
was only 19%, but the procedure proved to  be re- 
liable and suitable for use on a reasonably larger 
scale. The intermediate conversion of the hexa- 
minium salt XIIIa  to the methylol sulfite XIVa, 
as described by Reichert and D ~ r n i s , ~  provided 
an effective means of avoiding the loss of product 
through the formation of o-nitrobenzaldehyde. 

CHART I1 

S I a ,  R = H 
b, R OCHI 

SIIa,b, 

H20 ' 

SIIIa,b 

SIVa,b XVa,b 

The conversion of o-nitrobenzylamine (Va) to the 
hydroxypyrrolidone IIa  was accomplished largely 
by methods developed in the course of earlier in- 
vestigations of the chemistry of pyrrolidine deriva- 
tives.l0 Thus, the first step (reaction 1, Chart I) 

(7) N. Kornblum and D. C. Iffland, THIS J O U R N A L .  71, 2137 (1949). 
(8) S. J. Augyal, P. J. Morris, J. P. Tetne and J. C. Wilson, J .  Chcm. 

SOC., 2141 (1950). 
(9) B. Reichert and W. Dornis, Arch. Pharm.,  282, 100 (1944); 

C. A . ,  46, 1969f (1951). 
(IO) (a) P. L. Southwick and L. L. Seivard, THIS JOURNAL, 11, 

2532 (1949); (b) P. L. Southwick and R.  T. Crouch, ibid. ,  76, 3413 

I 

Xa,b Ia,b OH 

was addition of o-nitrobenzylamine to ethyl acry- 
late to produce ethyl 0-(o-nitrobenzy1aminc)-pro- 
pionate (VIa) in a yield of 81%. This compound 
was purified and characterized in the form <of the 
hydrochloride. However, the preparation of 1 - 
(o-nitrobenzyl)-4-carbethoxy-2,3 -dioxopyrrolidine 
(VIIIa) from intermediate VIa was not performed 
by direct condensation with ethyl oxalate,'" as 
had been planned originally, for it was found that 
little or none of the desired dioxopyrrolidine VIIIa 
resulted from such a procedure. Undoubtedly the 
active hydrogen of the methylene group ortho to the 
nitro group in compound VIa diverted the con- 
densation from its usual course. The difficulty 
finally was surmounted by treating the aminopro- 
pionate VIa with ethoxalyl chloride to form the N- 
ethoxalyl derivative VIIa, which then underwent 
the desired Dieckmann cyclization when treated 
with sodium ethoxide. A competing elimination 
reaction has sometimes interfered with such cycli- 
zations in other cases. lob but the 4-carbethoxy-2,3- 
dioxopyrrolidine (VIIIa) was obtained from the ami- 
nopropionate VIa in 76% yield by this means 

The compound l-(o-nitrobenzyl)-2,3-dioz:opyr- 
rolidine (IXa) was obtained by acid hydrolysis and 
decarboxylation of the 4-carbethoxy compound 
(VIIIa). This type of process, when conducted 
with similar compounds, has usually given yields of 
65% or higher, although some variation of condi- 
tions has been necessary to suit the requirements of 
individual compounds. In the present instance 
yields tended to  fluctuate in the 40-60% range 
when the reaction was conducted with 25y0 aque- 
ous hydrochloric acid containing a small amoiint of 
ethanol. Experiments also were performed using a 
hydrobromic acid mixture prepared from a small 
amount of 48% hydrobromic acid dissolved in gla- 
cial acetic acid. This procedure, which, unlike the 
hydrochloric acid procedure, provided a homogene- 
ous mixture throughout the reaction period, af- 
forded a crude product of higher purity, but the 
yield was only 5Oy0,. Further investigation of re- 
action conditions for this step would be desirable. 

The reduction of the carbonyl and nitro groups 
of the 2,3-dioxopyrrolidine IXa and the cycliza- 
tion of the assumed intermediate Xa to vasicine 
(1953); (c) P. L. Southwick, E. P. Previc, J. Casanova, Jr., and E. H. 
Carlson, J. Org. Chcm., 21, 1087 (1956). 
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(Ia) was carried out as a two-step process. I n  the 
first step, the carbonyl group was reduced with so- 
dium borohydride to give l-(o-nitrobenzyl)-3-hy- 
droxy-2-oxopyrrolidone (IIa) . The yield of crude 
product from the reduction was about SO%, but 
losses in the course of purification reduced the yield 
of analytically pure material to 57%. 

Spath, Kuffner and Platzer4 obtained vasicine 
from compound IIa by reduction with stannous 
chloride in hydrochloric acid solution. Their yield 
for this conversion was only 3575, however, and 
we were unable to achieve significantly better re- 
sults when we used the same reagents. However, 
the yield of vasicine from compound I Ia  was raised 
to 91% when the reduction was performed with iron 
and aqueous acetic acid. In both procedures the 
crude product isolated following treatment with 
the reducing agent was shown by examination of 
its infrared spectrum to be vasicine; the interme- 
diate l-(o-aminobenzyl)-3-hydroxy-2-oxopyrroli- 
done (Xa) evidently underwent cyclization rapidly 
and spontaneously to give the 3,4-dihydroquinazo- 
line system found in the alkaloid, and this cycliza- 
tion occurred prior to the sublimation which has 
been a customary step4s5 in purification of synthetic 
vasicine. 

The properties of the product from this synthesis 
coincide closely with those attributed to dl-vasicine 
in the literature. Thus the melting point (209- 
210" in vacuum) was close to that reported previ- 
ously for synthetic dl-vasicine (211-212' in vac- 
U U ~ ) , ~ , ~  and the composition corresponded to that 
expected for vasicine. In  the form of the free base 
the sample showed an ultraviolet maximum at 303 
mp ( E  SSOO), whereas the hydrochloride showed a 
maximum at 284 mp (E 3240). In the 5.5 to 6.5 p 
region of the infrared the free base in chloroform 
solution showed bands at 6.10, 6.23 and 6.32 p 
and the hydrochloride, measured in a Nujol mull, 
bands at 5.91, 6.16 and 6.33 p . I 1  These results are 
in accordance with those previously reported for 
vasicine by Witkop, l2  and the infrared spectrum of 
the free base does, in fact, coincide in detail with 
that of vasicine throughout the entire range from 2 
to 12 p.13 

The attractive possibility of accomplishing re- 
duction of the keto carbonyl and nitro groups of IXa 
in a single operation, has been explored using a plat- 
inum oxide (Adams) catalyst, but thus far without 
success. The failure of this kind of procedure to 
yield the desired results probably can be attributed 
to condensation of the rapidly formed aromatic 
amino group with an unreduced keto carbonyl 
group in another molecule. The ketonic carbonyl 
groups of 2,3-dioxopyrrolidines react readily with 
aromatic amines. lo0 If such reactions occurrctl 
liere, resinous polymeric products such as wcrc ac- 
t ually obtained might well be expected to  form. 
The possibility of surmounting this difficulty has 
iiot been adequately explored. 

(11) Infrared da ta  were obtained with a Perkin-Elmer model 21  
spectrophotometer, ultraviolet d a t a  with a Cary recording spectro- 
photometer. Solutions in 9507, ethanol were used for the ultraviolri 
measurements on the  free base, solutions in 0.1 N ethanolic hydro- 
chloric acid for the  measurements on the  hydrochloride. 

112) B. Witkop, ErpevienLia, 10, 420 (19.54). 
(13) We are indebted t o  Dr. Bernhard Witkop for providing us  with 

a copy of the  infrared spectrum of vasicine. 

The synthetic scheme was applied readily to the 
synthesis of an analog of vasicine (Ib) carrying a 
methoxyl group in the aromatic ring. If the 110- 

menclature suggested by Spath3c for compounds in  
this series is used, this substance would be described 
as 3-hydroxy-6-11iethosypeg-9-eiie. It has, lion-- 
ever, been convenient to identify this conipotind by 
the simple name 6-niethoxyvasicine, and this iiaiiie 
will be used in the following discussion. 

The requisite starting material for the I i r r E ) m -  
tion of 6-niethoxynAcine, the compound ?-nitro- 
~-niethoxybenzylaniine (I%), had not been de- 
scribed. Two methods of preparing this substance 
from 3-methyl-4-nitroanisole (XIb) were sufficiently 
investigated to assess their value. One route in- 
volved conversion of XIb  into .'-liitro-~j-liiethoxq-- 
phenylacetic acid by published procedures, fol- 
lowed by Curtius degradation of the acid to yield 
Vb. The method proved to be laborious, how- 
ever, because of the large number of steps involved, 
and the urethan intermediate was dificult to hy- 
drolyze. Much better results were achieved b y  
use of the type of reaction sequence used in the 
preparation of  o-nitrobenzylamine (\-a) from o- 
nitrotoluene (see Chart 11). Bromination of  coiii- 

pound XIb  with r\'-bromosuccitiirliide yicltled the 
expected benzyl bromide (XIIb) and this was coli- 
verted to the hydrochloride of 2-nitro-5-17ietliox~- 
benzylamine (XVb) via the hexamii;iulii salt XIIIh 
and the methylol sulfite XIVb. The coiiwrsion of 
3-methyl-4-nitroanisole achieved in this w a y  ~ v n s  
327,, but much unchanged starting material W:LS 
recovered, and the yield based on unreco 
starting material was 80%. 

In the rnethoxy series the yields for the sequcricc 
described in Chart T were 99yc for reaction 1, '76 
over-all for reactions 2 and 3, 39yc for reaction I ,  
S7% for reaction 5 and 5954 for reaction 6. 'The 
over-all yield of 6-methoxq-vasicine froin coiiipou1ltl 
Vb was 155%. This compares with an over-all 
yield of 1676 in the preparation of dl-vasicirie fro111 
o-nitrobenzylarnine (Va) . 

dl-6-~lethox~vasicine showed spectroscopic char- 
acteristics much like those of d-vasicinr itself. 
Thus the free base showed an ultraviolet niaxiniuin 
a t  300 nip ( E  11, GO), whereas in ethanolic hydro- 
chloric acid the band appeared a t  292 m p  ( E  9,870:). 
The infrared absorption resembled that of dl-vasicine 
closely in the 5.;i to 6.5 p region, with haiitls :it 6.09, 
(i.22 and G.30 p for the free base and 5.00, 6.1 (j and 
6.30 p for the hydrochloride (both iiieasured as 
Xujol mulls). 

Tests of the physiological activity of G-methoxy- 
vasicine are in progress, as is work on the synthesis 
of other vasiciiie analogs. 

Experimental" 
Preparation of o-Nitrobenzylamines (IT).-o-Nltrobenzyl- 

amine (Va) and 2-nitro-5-methoxybenzylamine (Vb) were 
prepared in the form of their hydrochlorides (XVa and XVb) 
by the same reaction sequerlce, but the  variation in experi- 
mental details was sufEcient to require a separate dewrip- 
tion of the procedure i1wd for each compo~~nrl.  

(14) C. F. Koelsch, '1~1s JOURNAL, 66. 2019 (194-1). 
( 1 5 )  l l e l t ing  points are corrected. ?Jicroanalgses by Dr G. \Veilel- 

and Dr. F. B. Strauss, Oxford, England. and Geller Laboratories, West 
Englewond, PL' J .  



March 5,  1958 dl-VASICINE AND A METHOXY ANALOG 1171 

o-Nitrobenzylamine Hydrochloride (XVa).-A stirred 
mixture of freshly distilled o-nitrotoluene (392 g., 2.85 
moles), K-bromosuccinimide (392 g., 2.39 moles) and di- 
benzoyl peroxide (1.5 g.) in 600 ml. of carbon tetrachloride 
was refluxed for 18 hours on a steam-bath. The dark mix- 
ture was cooled and filtered to remove the succinimide. 
The carbon tetrachloride was distilled a t  reduced pressure 
xnd the residual oil was treated with 210 g. (1.50 moles) of 
liesamethylenetetramine in 750 ml. of chloroform. The 
iiiisture was then stirred and heated on a steam-bath for 3 
hours to complete the reaction. After the mixture had been 
cooled, the solid product was collected by filtration, washed 
with 200 ml. of cold acetone, and air-dried to give 451 g. 
(5370 based on N-bromosuccinimide, 44% based on o- 
nitrotoluene) of the hexaminium salt,* which was pale tan in 
color. 

The hesaminium salt (50.5 g., 0.138 mole) was suspended 
in 300 nil. of cold water which had previously been satu- 
rated Tvith sulfur dioxide. While sulfur dioxide was bubbled 
through a t  a slow rate, the mixture was stirred vigorously 
and cooled in an ice-salt-bath. The hexaminium salt 
djssolved slowly while the product precipitated from solu- 
tion. X good deal of frothing accompanied the reaction. 
After 20 minutes gas bubbling was stopped, but stirring and 
cooling were continued for 1 hour longer. The product was 
filtered, washed with 100 ml. of cold water and air-dried. 
This product, o-nitrobenzylaminomethylol sul&e,9 melted a t  
about 135' (reportedg m.p. 139.5') and was sufficiently 
pure for further use. 

The methvlol sulfite (24.6 g., 0.10 mole) was subjected to 
a rapid steam distillation in 40 ml. of 25Yo aqueous hydro- 
chloric acid for 1 hour, while the volume was held constant. 
The resulting clear red solution was filtered hot and then 
cooled slowly. o-Nitrobenzylamine hydrochloride, m.p. 
216-248" (reported16 m.p. 248') crystallized from the solu- 
tion. The compound can be 
purified by crystallization from 9570 ethanol. 
2-Nitro-5-methoxybenzylamine Hydrochloride (XVb j.- 

To a well-stirred suspension of 167 g. (0.931 mole) of K- 
brornosuccinimide and 15 g. of dibenzoyl peroxide in 1 liter 
of Baker reagent grade carbon tetrachloride was added 172 g. 
(1.03 moles) of 3-methyl-4-nitroanisole (b.p. 120' (1 mm.)).l4 
The mixture was stirred and refluxed for 7 hours on a steam- 
bath. I t  was cooled and filtered to  remove succinimide, 
and the succinimide was washed with 150 ml. of cold ether. 
The combined filtrate and washings were decolorized by 
filtration through a 20 X 5 cm. column of chromatographic 
alumina (80-200 mesh). The column was washed with an 
xdditional 1.5 1. of ether and the combined solutions were 
c\-aporated a t  reduced pressure without the application of 
lieat to yield 207 g. of a pale yellow oil. (Crystals, m.p. 
112-1 14", of what may be pure 2-nitro-5-methoxybenzyl 
bromide (XIIb)  could be obtained from this oil by crystal- 
lization from carbon tetrachloride.) 

The oil was dissolved in 750 ml. of chloroform and the 
solution was mixed with 70 g. (0.50 mole) of hexa- 
tnethJ-lenetetramine. The suspension was stirred and re- 
flused on a steam-bath for 2 hours while the insoluble salt 
precipitated. At the end of this time half of the chloroform 
was distilled and replaced by acetone. The hexaminium 
ialt was separated by filtration of the chilled mixture and 
was washed with 100 ml. of cold acetone to remove a small 
amount of color. The product, which was nearly white 
and melted with decomposition a t  about 170". weighed 116 
g .  Thii: weight represents a conversion of 3274 and a yield 
of S0.7%, since 110 g. of starting material was recovered.'? 

The 2-nitro-5-methoxybenzylhesaminium bromide (115 
g., 0.298 mole) \vas added with vigorous stirring to  600 ml. 
<of m t r r  which had been cooled below 5" and saturated with 
mlfiir dioxide. h gentle stream of sulfur dioxide was con- 
iiriued for 10 minutes, and the triisture was stirred and 
oiolt-d for 48 minutes longer. The white product, the meth- 

The yield was 28.7 g. (85%). 

The yield was 9.4 g. (50%). 

illi) Fi I. Holmes and C. K .  Ingold, J .  Chrm.  SOL. ,  127, 1811 
1,1023). 

(17)  The  starting material was recovered from the  filtrate obtained 
a f t e r  t h e  ia l t  was removed from the reaction mixture. T h e  solvents 
n p i c  r r n ~ i ~ v r d  a t  reduced pressure, then the  residue was taken up in 
500 Inl .  ether. The  ether solution was washed successively with 
100 ml. of 10% ferrous ammonium sulfate, 100 ml. of 10% hydro- 
chloric acid and 100 ml. of water, then dried over Drierite and filtered. 
After removal of t h e  ether by distillation, t h e  residual oil was dis- 
tilled a t  121 ( 1  mm.) to yield 110 g. of 3-methyl-4-nitroanisole. 

ylol sulfite, was removed by filtrstion and washed with a 
small quantity of ice-water. It was pressed as dry as  pos- 
sible and then subjected to a rapid steam distillatic~n in 120 
ml. of 25% hydrochloric acid. The volume was maintained 
a t  120 ml. throughout the reaction. After filtration, the 
solution was cooled below 5", whereupon 2-nitro-5-roethoxy- 
benzylamine hydrochloride (XVb) separated as  a tart crystal- 
line solid. The solid was removed by filtration, pressed 
dry, and triturated with 100 ml. of acetone. ilfter liltration 
and air-drying the weight of product was 64.1 g., which rep- 
resents a quantitative conversion from the hexaminium 
bromide. The compound melted a t  201.5-203.0° dec., 
and was sufficiently pure for use in further reactions. 

The free amine Vb could be prepared as  a solid by slow 
addition of sodium hydroxide solution to  a cooled aqueous 
solution of the amine hydrochloride. After drying in a 
vacuum desiccator over Drierite and -4scarite i t  melted a t  
88-89". The free base appeared to be light sensitive when 
impure and evidently reacted with atmospheric carboii 
dioxide when exposed to air. The amine was characterized 
by preparation of a phenylthiourea derivative, S-(Z-nitro-5- 
methoxybenzy1)-N'-phenylthiourea.l* Three crystalliza- 
tions of the derivative from 9570 ethanol gave pale yellow 
diamond-shaped plates, m.p. 158.5-169.0". 

Anal. Calcd. for ClsH1508N8S: C, 56.77; H,  4.76; N, 
13.24. Found: C, 56.92; H ,  4.83; N, 13.40. 

Ethyl p-( o-Nitrobenzy1amino)-propionate (VIa j .-+Nitro- 
benzylamine hydrochloride (20.4 g., 0.114 mole) was dis- 
solved in a minimum volume of water and the solution was 
made strongly basic by addition of 10% sodium hydroxide. 
The clear oil which formed was extracted into two 120-ml. 
portions of ether. The ether was dried with 10 I:. of an- 
hydrous sodium sulfate, filtered, and finally dried over 
Drierite. The dried solution was filtered and evaporated, 
leaving a yellow oil. The oil was dissolved in 100 ml. of 
absolute ethanol and 11.4 g. (0.114 mole) of freshly distilled 
ethyl acrylate was added. This solution was allowed to 
stand overnight and the solvent was then removed. by dis- 
tillation from a steam-cone. The oily residue was dis- 
solved in 200 ml. of dry ether, and the solution was cooled 
in an ice-bath, then treated with dry hydrogen chloride. 
When precipitation was complete the solid was filtered 
from the ether and dissolved in 120 ml. of boiling absolute 
ethanol. The hydrochloride crystallized from this solution 
on  cooling to give 20.7 g. of the aminopropionate hydro- 
chloride, m.p. 137.5-139.0'. By concentrating and cooling 
of the mother liquor an additional 5 g. was obtained, m.p. 
136.5--138.5", and by repeating this operation 1.1 g., m.p. 
136-139', 1%-as obtained, raising the total yield to 26.8 g. 
(81 .4y0). For analysis the hydrochloride was crystallized 
from absolute ethanol three times more, to give a melting 
point of 138.5-139.0'. 

Anal. Calcd. for C&I170&2c1: C, 49.91; H, 68.94; S,  
9.70. Found: C,49.91; H ,  5.94; N,9.51. 

Ethyl @-( 2-Nitr0-5-methoxybenzylamino)-propionate 
(VIb).-2-Kitro-5-methoxybenzylamine (Vb) was liberated 
from the hydrochloride XVb in the manner described above 
for preparing the free amine Va from its hydrochloride, and 
the solid product, m.p. 88-89', was washed with a small 
amount of cold water and dried in a vacuum desicca.tor over 
Drierite and Ascarite. Some loss of product was .,nvolved 
in this operation, as shown by a yield of 77% recexded in 
one experiment. The amine (46.6 g., 0.256 mole) was 
then dissolved in 100 ml. of absolute ethanol and 25 g. (0.25 
mole) of freshly distilled ethyl acrylate was added. The 
solution was allowed to stand for 24 hours a t  room tempera- 
ture, then was filtered through a 10 X 1.8 cm. cclumn of 
chromatographic alumina to  remove colored impurities. 
The column was washed with 150 ml. of absolute ethanol and 
the combined solutions were concentrated by evaporatiotl 
under reduced pressure a t  a temperature of 40" or below. 
The crude product (70.9 g., 99y0) was obtained as a rather 
dark oil, which was, however, suitable for use in the next step 
of the synthesis. 

To prepare and characterize the hydrochloride, 0.8 g. of 
the crude product was dissolved in 10 ml. of ether and the 
solution was treated with dry hydrogen chloride until sepa- 
ration of the red, gummy precipitate was completc. .\fter 

(18) The  procedure used was t h a t  of R. L. Shriner, R. C .  1:uson and 
D. Y. Curtin, "The Systematic Identification of Organic Compounds," 
4th ed. ,  John Wiley and Sons, Inc., New York. N. Y., 1966, p. 227. 



removal of the ether by decantation the material was dis- 
solved in a minimum volume of hot ethanol. Crystalliza- 
tion of the hydrochloride took place slowly over a period of 
several days when the solution was stored in the refrigerator. 
By filtration, followed by concentration and cooling of the 
mother liquors and a second filtration, two crops of crystals 
(total 0.6 g.) melting in the range 102-105" were obtained. 
.4fter two recrystallizations from absolute ethanol the melt- 
ing point was 106.5-107". 

Anal. Calcd. for ClrH190&2Cl: C, 48.97; H, 6.01; N, 
8.79. Found: C, 48.65; H ,  6.05; N, 9,OO. 

1-( o-Nitrobenzyl)-4-carbethoxy-Z ,3-dioxopyrrolidine 
(VIIIa).-The hydrochloride of ethyl 6-( o-nitrobenzyl- 
amino)-propionate (VIa) (14.4 g., 0.05 mole) was dissolved 
in a minimum volume of water and treated with a solution 
of 4 g. of sodium hydroxide in 25 ml. of water. The oi! 
which formed was extracted into four 100-ml. portions of 
ether. The combined extracts were dried over anhydrous 
magnesium sulfate and then over Drierite. After filtration 
the solution was evaporated on a steam-bath. The residual 
oil was cooled and treated with 19.4 g. (0.15 mole) of eth- 
oxalyl chlorideig then heated on a steam-bath for 90 minutes. 
At the end of this time the clear red oil was cooled and 
added dropwise to a stirred, well-cooled solution of 6.9 g. 
(0.30 mole) of sodium in 85 ml. of absolute ethanol kept in 
an ice-salt-bath. The addition was carried out a t  such a 
rate that  the temperature was maintained below 10'. The 
pale tan slurry which resulted was stirred for 30 minutes a t  
room temperature and then poured into 300 ml. of hot 
water. The resulting clear yellow solution was cooled and 
stirred while concentrated hydrochloric acid (60 ml.) was 
added slowly. The white crystalline mass which precipi- 
tated was removed by filtration after being allowed to stand 
in an ice-bath for 0.5 hour to ensure complete precipitation. 
After filtration the product was washed with water and 
air-dried. It was crystallized from 400 ml. of 957, ethanol 
to yield 10.9 g. of white needles, m.p. 182-184' (red melt). 
Concentration and cooling of the mother liquor gave an 
additional 0.9 g. of white solid, m.p. 181-183' (red melt), 
raising the total yield t o  11.8 g. (76.570). The product 
gave an immediate red color with alcoholic ferric chloride 
solution. For analysis a sample was crystallized five times 
from ethanol to  give long white needles with a melting 
point of 183-184' (red melt). 

Anal. Calcd. for ClrH140eN~: C, 54.90; H,  4.61; N, 
9.15. Found: C, 54.60; H, 4.53; N, 9.17, 

1-( 2-Nitro-5-methoxybenzyl)-4-carbethoxy-2 ,J-dioxopyr- 
rolidine (VIIIb).-The details of the procedure were essen- 
tially identical to  those described immediately above for 
compound VIIIa. Crude ethyl @-(2-nitro-5-methoxybenzyl- 
amino)-propionate (VIb) (70.9 g., 0.25 mole) was ethoxalyl- 
ated by heating with 68 g. (0.50 mole) of ethoxalyl chloride 
for 2 hours, then the derivative was cyclized by dropwise 
addition to a solution of 16 g. (0.7 mole) of sodium in 300 
ml. of absolute ethanol held a t  0-5'. Following crystal- 
lization from 9570 ethanol a total of 64.2 g. (76%) of product 
nTas obtained in two crops of crystals melting in the range 
163-168" and, after three recrystallizations from 807, 
aqueous ethanol, the fine, white needles melted a t  167.5- 
168". 

Anal. Calcd. for C15H1607N2: c, 53.57; H, 4.80; S, 
8.33. Found: C, 53.28; H ,  5.11; N,8.60. 

l-(o-Nitrobenzyl)-2,3-dioxopyrrolidine (IXa). Proce- 
dure A.-A mixture prepared from 15.4 g. (0.05 mole) of 1-(0- 
nitrobenzyl)-4-carbethoxy-2,3-dioxopyrrolidine (VIIIa), 15 
ml. of 48Y0 hydrobromic acid and 100 ml. of glacial acetic 
acid was refluxed for 65 minutes. The resulting dark mix- 
ture was poured onto 400 g. of ice. After the ice had melted, 
the suspension was filtered to remove a small quantity of 
solid and extracted with four 80-ml. portions of Chloroform. 
The combined extracts were dried over anhydrous magne- 
siiini sulfate, filtered and evaporated under reduced pressure. 
The product 1.5.88 g., 50%) was a pale yellow solid, m.p. 
124-125'. The crude product was sufficiently pure for sub- 
sequent reactions. The dioxopyrrolidine could he crystal- 
lized with difficiilty from benzene. Two such crystalliaa- 
tioils did not change the melting point. 

Anal. Calcd. for C11HloOlN2: C,  56.41; I I ,  4.30; S ,  
11.96. Found: C, 56.88; H,  4.31; N, 11.83. 

(19) Prepared by a procedure described in ref. loa. The b.p. was 
129-130°. 

The ani1100 was prepared by heating 1 g. each of the 
dioxopyrrolidine and aniline in 15 ml. of absolute ethanol for 
ten minutes on a steam-bath. A solid precipitated almost 
immediately. A nearly quantitative yield of the ani1 was 
collected by filtering the cooled mixture. The melting 
point was 172-176' dec. Three crystallizations from zbso; 
lute alcohol afforded thin yellow prisms, m.p. 178.5-179.0 
dec. 

Anal. Calcd. for C17Rl6OaS3: C, 66.01; H,  4.89; x, 
13.59. Found: C, 66.12; H, 4.87; N, 13.73. 

Procedure B.-l-(o-Sitrobenzyl)-4-carbethosy-2,3-dioxo- 
pyrrolidine (VIIIa) (8.3 g.. 0.027 mole) was suspended in a 
solution prepared from 300 ml. of 25y0 aqueous hydrochloric 
acid and 25 ml. of 95% ethanol The mixture was refluxed 
and stirred for 100 minutes. Alrnoqt all of the suspended 
solid had dissolved a t  this time. The solution was cooled to 
lo", filtered and extracted with four 75-rnl. portions of 
chloroform. The combined extracts were dried over an- 
hydrous magnesium sulfate and filtered. The product W:*S 
obtained by evaporation of the solution a t  reduced presqtire 
without the application of heat. The yield was 3.6 g. (57%) 
of a pale tan solid, m.D. 122-125'. 

1-(2-Nitro-5-methoxybenzyl)-2,3-dioxopyrrolidine (IXb). 
-This compound was prepared from 1-(2-nitro-5-methoxy- 
benzyl)4-carbethoxy-2,3-dioxopyrrolidine (VIIIb) essen- 
tially by procedure B, as described in detail above for com- 
pound IXa. Hydrolysis of 15 g. (0.0447 mole) of VIIIb i1i.a. 
solution prepared from 500 ml. of 25% hydrochloric acld 
and 25 ml. of 957, ethanol was accomplished by refluxiw 
for 80 minutes and extracting the product into chloroform. 
Concentration of the solution yielded a pale yellow solid 
which crystallized when it was dissolved in a small volume 
of chloroform and the solution was diluted with half its 
volume of low-boiling petroleum ether (b.p. 30-60"), then 
cooled overnight in a refrigerator. The yield obtained i r i  
this way was 4.62 g. (39%) of pale yellow crytals, m.p. 139 - 
140'. Two recrystallizations from the chloroform-petri)- 
leum ether mixture gave pale yellow needles, m.p. 1t'W 
140.5'. 

Anal. Calcd. for Cl?Hl206N2: C, 54.54; 11, 4.58; x, 
10.60. Found: C,54.87; H,4.52; IC, 10.43. 

The aniP0 was prepared by dissolving 1 0 g. of the crude 
2,3-dioxopyrrolidine in 20 ml. of 957, ethanol and adding 
1 0 g. of aniline. After ten minutes of heating on a ste.lm- 
bath the mixture was cooled and filtered to  give 1.5 g. of '1 
pale yellow solid, m.p. 176-177". Four crystallizalioi~'~ 
from 95% $hano1 yielded clusters of yellow prisms, III p. 
176.5-178.0 . 

Anal. Calcd. for ClaHl,Oa~;s:  C, 63.71; 11, 5.05; s ,  
12.38 Found: C, 63 89: H,  5.06; N, 12.57. 

1-( o-Nitrobenzyl)-3-hydroxy-2-oxopyrrolidine (IIal. ----.\ 
solution of 6.00 g. (0.0256 mole) of l-(o-nitrobenzyl)-2,:1- 
dioxopyrrolidine (m.p. 124-125') in 100 rnl. of absolu(c 
ethanol was added in portions to a cooled suspension of 3.(W 
g. (0.081 mole) of 98% sodium borohydride in 25 tnl. nf  
chilled absolute ethanol. The mixture was allou-cd to  
stand for 24 hours a t  room temperature and then evapor~terl 
on a steam-bath under reduced pressure. The residual g?I:l- 
tinous material was treated with 100 ml. of 2-57, hydroclil~~ric 
acid and the mixture was extracted with three 100-ml. iior- 
tions of chloroform. The combined extracts were dricd 
over anhydrous magnesium sulfate, filtered, and evapo. 
rated a t  reduced pressure. The residue was a pale vel1l)n- 
solid, 4.9 g. ,  m.p. 128-140'. The product was purified l)?r 
crystallization from absolute methanol followed by su!l- 
limation in high vacuum a t  135" (1 N), then another cryst'il- 
lization from absolute methanol. This purification yieltlctl 
3.44 g. (57.3%) of pale yellow cubic crystals, n1.p. 147-148". 
This was the highest melting point we were able to attai!i. 
Melting occurs without obvious signs of decompi>xiLi~~31, 
:md the m.p. is i i o t  changcd by u s r  of an cvacuatetl cal'il- 
h r y  tube for tlic tlctcrminution. The difference Iietwwll 
our m.p. and that previously reported4 (150-1.51" ( Y : L C I I I I I I I  ) )  

would seem to be due to some diiference in thcrmonietet 
calibration or procedure in makiiig the temperature rr:i(liiiK, 

A n d .  Calccl. for Cll1Tl2OlNr: C, L5.!1:{; l r ,  5.12; 1. 
11.8L Found: C, 56.28; 13, 6.19; N, 12.tO. 

1-( Z-Nitro-5-1nethoxybenzyl)-3-hydroxy-2-oxopyrrolidine 
(IIb).-Two grams (7.45 mmoles) of 1-(2-nitro-5-methoxy- 
benzy1)-2,3-dioxopyrrolidine (m.p. 135136') was placed 
in 50 ml. of chilled absolute ethanol and 2.0 g. (54 mmoles) 
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of solid sodium borohydride (987') was added. The mix- 
ture was allowed to stand a t  room temperature for 20 hours. 
Addition of 25 ml. of water and evaporation a t  reduced 
pressure left a gelatinous residue which was acidified with 25 
ml. of %yo hydrochloric acid. The solution which resulted 
was extracted with one 50-ml. and three 30-ml. portions of 
chloroform. The extracts were combined and dried over 
anhydrous magnesium sulfate. Filtration of the drying 
agent and evaporation of the solvent a t  40' under reduced 
pressure left 1.8 g. of a pale yellow solid which crystallized 
From absolute methanol to yield 1.71 g. (86.2y0) of yellow 
cubic crystals, m.p. 145.6-147.0'. For analysis this mate- 
rial was crystallized twice more from absolute methanol to 
produce pale yellow cubes, m.p 150-151". 

Anal. Calcd. for ClzHiaOsN;: C, 54.13; H, 5.30; N, 
10.52. Found: C, 54.02; H, 0.53; N, 10.67. 

dl-Vasicine (la).--A mixture of 0.740 g. (3.13 mmoles) 
of 1 -( o-nitrobenzyl)-3 -hydroxy-2-oxopyrrolidine ( IIa ) (m .p. 
145.0-146.5°) and 1.50 g. of clean iron filings in 18 ml. of 
507' aqueous acetic acid was heated on a steam-bath for 
one hour After cooling in an ice-bath, the solution was 
made strongly basic with a 25% solution of sodium hydroxide 
and extracted for 12 hours with 50 ml. of ether in an ap- 
paratus for continuous extraction. During this time a 
white product separated from the ether. The suspension 
was cooled and the solid (m.p. 193-198' (dec., vacuum 
tube)) was collected by filtration. Sublimation in high 
vacuum a t  150' (1 p )  gave 0.535 g. (91%) of rll-vasicineasa 
white solid, m.p. 202-208" (dec., vacuum tube). Crystal- 
lization from absolute methanol gave fine white needles, 
m.p. 209" (dec., vacuum). 

For analysis the crude reaction product was sublimed in 
high vacuum, crystallized from methanol, then from water, 
sublimed in high vacuum again, and finally crystallized 
from methanol to give white crystals, m.p. 209-210' (dec., 
vacuum tube). 

Anal. Calcd. for C1IH1?0X:?: C,  70.18; H, 6.43; K, 
14.88. Found: C,  70.55; H,  6.53; N, 14.92, 14.90. 

A hydrochloride was prepared by passing dry hydrogen 
chloride gas into a solution of 0.1 g. of vasicine in 25 ml. of 
absolute ethanol. The solvent was distilled to a small 
volume on a steam-bath and the solution was cooled. Addi- 
tion of ether precipitated a white solid, which was filtered 
after the mixture had stood in the refrigerator for several 
hours. The dry white solid melted a t  206-208' dec. The 
reported20 melting point for this compound is 205-207' (in 
vacuum). 

(20) E. Spath  and F KuRner B e y ,  67, 8G8 (1034). 

dl-6-Methoxyvasicine (Ib).-A mixture of 1-(2 -nitro-5- 
methoxybenzyl)-3-hydroxy-2-oxopyrrolidine ( I Ib)  (4.00 g., 
15 mmoles, m.p. 147.k148.5') and clean iron filings (8.40 
g., 150 mmoles) was treated with 100 ml. of 1: 1 aqueous 
acetic acid. The mixture was stirred and heated on a 
steam-bath for 90 minutes. After cooling the mixture in 
an ice-bath, it  was made strongly basic with a 25y0 solution 
of sodium hydroxide in water. The mixture, which con- 
tained a large amount of precipitated ferrous hyjroxide, 
was extracted with two 200-ml. portions of chlorofclrm, the 
layers being separated by centrifugation. The combined 
chloroform extracts were dried over anhydrous magnesium 
sulfate, filtered, and evaporated at 40" under reduced pres- 
sure. The buff colored residue which remained weighed 
2.57 g. (79% yield). 

The product was purified by high vacuum sublimation a t  
155' (1 p ) ,  followed by a crystallization from 95%. Zthanol. 
6-Methoxyvasicine (1.31 g.) crystallized as large thin plates, 
m.p. 223-224' (dec.. vacuum). From the mother liquor 
of the crystallization was obtained an additional 0.63 g. of 
crystalline solid, m.p. 219-223" (dec., vacuum). The total 
yield of purified material was 1.98 g (59%). This repre- 
sents an over-all yield of 9.4% for the synthesis, tased on 
3-methyl-4-nitroanisole consumed. The over-all yield based 
on 2-nitro-5-methoxybenzylamine was 15Tob. 

The product was prepared for analysis by a high vacuum 
sublimation, followed by two crystallizations from ethyl 
acetate, and a third crystallization from 95y0 ethanol. The 
melting point of material prepared in this manner was 223- 
224' (dec., vacuum).21 

Anal. Calcd. for C I ~ H ~ ~ O Z N Z :  C, 66.03; H, 6.47; N, 
12.84. Found: C, 66.53, 65.45; H, 6.35, 6.54; N, 
12.91. 

The product retained a faint tan color which could be 
removed only by extensive sublimations and crystallizations. 
dl-6-Methoxyvasicine could be crystallized from water, 
ethanol, methanol, aqueous alcohol or ethyl acetake, with 
95% ethanol giving the best results. 

Acknowledgment.-The authors are indebted 
to Mr. Sheldon E. Cremer for technical assist- 
ance. 

(21) For measurement of the  infrared spectrum, the  hydrochloride 
of dl-6-methoxyvasicine, m.p. 219-221°, was prepared by use of a pro- 
cedure like t h a t  used for dl-vasicine hydrochloride. 
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Imidazole Catalysis. 111. The Solvolysis of 4-(2'-Acetoxypheny1)-imidazole 
BY GASTON L. SCHMIR~ AND THOMAS C. BRUICE 

RECEIVED SEPTEMBER 9, 1957 

The solvolysis of 4-(2'-acetoxyplieiiyl)-iinidazole (I) has been found to occur with participation of the imidazolyl group. 
The solvolysis of I is coinpared to that of acetyl salicylate (participation of the carboxylate ion) and of p-acetoxybeiizoic 
acid (no participation). 

Introduction 
The implication of a histidine residue in the cat- 

alytic activity of several hydrolytic enzymes3 has 
led to studies of the reaction of imidazoles with 
various compounds susceptible to enzymatic hy- 
drolysis (see ref. I ) .  The imidazole-catalyzed hy- 
drolysis of phenyl acetates has been particularly 

(1) For preceding paper in  this series, see T. C. Bruice and  G. L. 

(2) Public Health Predoctoral Fellow of the National Insti tutes of 

(3) For pertinent references, see ref. 4 and 5. 

Schmir, THIS JOURNAL, 80, 148 (1957). 

Health, 1956-1957. 

well in~estigatedl**.~ and provides a basis f1.x fur- 
ther attempts to approximate the mode of action of 
hydrolytic enzymes through the use of model sys- 
tems. 

If, in the enzymatic hydrolysis of an ester, the de- 
composition of the enzyme-substrate complex is 
considered a solvolytic reaction involving partici- 
pation of acidic and basic groups o n  the enzyme 
surface, then the study of the behavior of esters 
which incorporate an imidazolyl group in pissition 

(4) M. L. Bender and B. W. Turnquest,  THIS JOURNAL, '19, 1652, 

(5) T. C. Bruice and G. L. Schmir, i b i d . ,  79, 1663 (1957). 
1656 (1957). 


