
New Compounds 

Synthesis of Tripeptides of 
1 -Aminocyclopentane-1-carboxylic Acid 

In the course of studies designed to investigate peptide t rms-  
pnrt, in biological systems,' tripeptides of l-aminocyclopentane- 
1-carboxylic acid (cycloleucine)2 were needed. The present 
report is concerned with the synthesis of glycylcycloleuc+L- 
valine and glycylcycloleucyl- alanine. A number of other 
cgcloleucine peptides have previously been synthesized fly 
authors interested in the tumor growth inhibition shoxn by 
cy~loleucine.~-6 Transport, studies with Lactobucillus casci 
7469 have shown that this organism has pathways for the uptake 
of tripeptides distinct from those for the nptake of free amino 
:icids.' 

Experimental* 

Carbobenzoxyglycylcycloleucine Ethyl Ester (I).-To a solu- 
tion containing 5.8 g. (0.03 mole) of cycloleucine ethyl ester 
hydrochloride,3 4.2 i d .  (0.03 mole) of triethylamine, and 6.3 g. 
(0.03 mole) of carbobenzoxyglycine in 150 ml. of methylene 
chloride, G.2 g. (0.03 mole) of dicyclohexylcarbodiimide xa,s 
added. The mixture was stirred for 16 hr. in a cold room (4"). 
filtered to remove dicyclohexylurea, washed successively with 
0.5 -V HCI, 0.5 N iYaHC03, and m t e r ,  and dried overnight (Nal- 
SO4). The solvent was removed in uacuo. Recrystallization of 
the residue from ethanol-ethyl ether yield 6.9 g. (66%) of product, 
m.p. 100". 

Anal. Calcd. for C18H?4X20:: C, 6'2.07; H, 6.89; T, 8.04. 
Found: C, 62.10; H, 6.97; N, 8.30. 

Carbobenzoxyglycylcycloleucine (II).-I (4.03 g., 0.012 mole) 
was added to a mixture of 15 i d .  of 1 A T  NaOH and 20 nil. of 
ethanol and stirred unt,il dissolved. The chilled solution wa4 
acidified with 1 AT HC1. A crystalline precipitate appeared tvhicti 
was recrystsllized from ethanol-ethyl ether; yield 1.97 g. ( 5 3  
n1.p. 174", lit.4 n ~ p .  176'. 

Carbobenzoxyglycylcycloleucyl-1,-alanine Benzyl Ester (III).-- 
To :i solution of 1.0 g. (0.003 mole) of I1 and 0.003 mole of 
r.-:tl:iniiie benzyl ester [freshly prepared from 1.03 g. (0.00X mole) 
uf I,-:J:inine fienayl euter I~eiizeiie~iilfonateg and 0.44 nil. (0.00:; 
rnole) of triei,hylnmine] in 130 ml. of acetonitrile WE- added 0.60 
g. (0.00:32 mole) of dicl.clohes?l~:irI,odiimide. The mixturf, 
TWS siirred :it 4' for 60 hr. ;  the precipitate of dicyclohexyl- 
u r w  n':t~i then filtered off. and the fi1tr:ite vas  reduced t o  drynes- 
in t:aciio. 'The residue \vas dissolved ill e~liyl  acetate, w:istied \vi1 l i  

HCl, 0.5 -1' S:iHCOB, :tiid imier, mid dried overiiiglii 
illizrlil 1 l I J l l n  cooling and  addition i i f  0 ,  I .  The produc.1 cr? 

, 62.51: H, 6 .M;  N, 

Glycylcpcloleucyl- alanine (IV).-~-III (0.25 g., 0.00053 mole) 
\vas dissolved in G5 ml. of l0T0 glacial acetic acid in methanol and 
0.17 g. of freshly prepared palladium black was added. Hydrogen 
was bubbled into the mixture, which mas vigorously agit.ated 
with tlic :\id oI ii T'iliromiser.1" .Iftcr 1 hr, of hydrogenation, 
t tie ta,l:ily.t \\:is rt~trioved hy fi1tr:ition and the fi1tr:tte wcis 
cwicen(r;i ted in u i c t / o .  A fluff!, precipitate appeared, 

f i m i  imter-acetone; yield 0.117 g. (8 

d. hJr  CnHIUS30,:  C, 51.15: H, 7.80: S j  iti.27. 

Carbobenzoxyglycylcycloleucyl-I~-valine Benzyl Ester (Y).-- - I1  
i 1 . 3  g., 0.004 mole) and 0.82 g. (0.004 mole) of dicyclohexylcarbo- 
tliiniidr were tlissolved in  100 nil. of acetonitrile. A solution of 
0.004 niole of ~,-v:ilin(: lienzyl ester [freshly prepared as described 

1 ester :ibooel i n  50 nil. 3cPtonitrile \vas added. 
irring :tt. A", 1 he p r o d u c ~  was worked up :w TI1 
g 66(?), n1.p. 11".3'. 

H, 6.112: 5, h . 5 .  

!oj?iii -1S.0" ( c  1 ,  ivaier), /?f0.,55. 

I~l>lllld: c', 51.16: I f ,  7.69: h-, 16.29. 

lliose outlined above, b<lth tripeptides were prepared with :t 
q m ' i f i c ,  :iciivii?. of 10 pc./mmole, starting from cwbosyl-(l"- 
labeltd vyc~lole~ic!ine [Yew Eng1:tntl Suclear ('orp.1 . Paper 
I,lrrorn:itogral!ti~ of tlie Isheled peptides and deter.min:tiion O I  
radiii:i(.tivity ivitti :i paper strip scanner showed single peaks of 
r:tdimctivity n-hick cc,incidrttl with the single spots ~ e c n  :ii'frBr 
ni i ih~-( l r i i i  spr:iyiiip. 

. .  

i ' r ,  l'iaher Scientific (lo. 
natiuii in  the greeencr of acetic acid was expe<,cod i o  ~ i r l c i  
relate .  Elementary analysis indicates t>liat the free tri- 

pe1,ticie v a s  olir:i!ric,l. \ oiiii hatch of 111 was hydrogenated in rnptlianol 
111 tlie a1,wiirr rjf a i ' r t i r ,  i and t h e  i l rodi ic t  obtained R ~ F  identical n i ~ l i  

i I , e  :inxlyrlr:il w r r r i ) I v  :a. j i i d w c l  Ili. nir.lring point and  m i \ t i i r e  mr.liins 
I p i r i n t  

A n  Improved Synthesis of Oxotremorine 

Osotrenioriiie' ~ l - ~ ~ - ~ ~ s i i p y r r ( ) l i d i i i c i ) - ~ - p ~ - r r ~ l i ~ i i i ~ - ~ - ~ ~ i t ~ t i ~ ~ ,  
:t inetnbolite of lreniorine,2 is a highly active muscarinic tertiary 
amine which rnny he used for studying cholinergic effects in  
hoth {,he peripheral aiid central nervous systerns.3 Investiga- 
tions of this iiature, honever, have been hampered by the lack 
of general availaliilit!- o f  oxotremorine due mainly to the dif- 
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ficulty of obtaining pure samples of the synthetic intermediate 
N-propargyl-2-pyrrolidone. We now report an improved 
synthesis of this intermediate which enables oxotremorine to be 
obtained in an over-all yield of 46% based on the starting ma- 
terial 2-p yrrolidone. 

Experimental 
N-Propargyl-2-pyrrolidone.-A solution of 28 g. of A.R. 

KOH in 100 ml. of dry methanol was added to 45 g. of 2-pyrroli- 
done. The solvent was slowly removed under reduced pressure 
from the stirred solution at an internal temperature not exceeding 
25". W'hen solid began to separate, 200 ml. of toluene was added 
and toluene was then continuously added during the course of 
all subsequent distillations. When 500 ml. of toluene had 
distilled, the pressure was allowed to rise and distillation was con- 
tinued a t  an internal temperature of 90". Finally 700 ml. of 
toluene was collected at atmospheric pressure. The suspension 
was cooled and treated a t  40" with 60 g. of propargyl bromide over 
a period of 1 hr. The reaction mixture was then heated to 67" 
for 30 min., cooled, and filtered. The toluene was removed 
under reduced pressure, and the product was distilled. It had 
b.p.77"(0.05mm.),n% 1.4970, yield40g. (61%). 

1-( 2-Oxopyrrolidino)-4-pyrrolidino-2-butyne, Oxotremorine.- 
A solution of 30 g. of X-propargyl-2-pyrrolidone, 9.2 g. of para- 
formaldehyde, and 23 ml. of pyrrolidine in 60 ml. of dioxane was 
heated a t  100" for 12 hr. in an atmosphere of nitrogen. The 
solvent was removed under reduced pressure, and the residue was 
dissolved in 60 ml. of 5 HC1. After three extractions with 
ether, the aqueous solution was made alkaline with 33y0 aqueous 
NaOH and extracted with chloroform. Distillation of the chloro- 
form extracts yielded a fraction having b.p. 124" (0.1 mm.), 
nZ6D 1.5156, yield 38 g. (76%). 

Anal .  Calcd. for C~ZHIBNZO: C, 69.87; H, 8.80. Found: 
C, 69.89; H, 8.59. 

Perchloric Acid in the Preparation 
of 2',3'-Isopropylidene 6-Thioinosine 

JOHN A. ZDERIC, JOHN G. MOFFATT, 
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throughout consisted of the standard isopropyl alcohol-water- 
ammonia mixture (70: 20: 10). For each isolated product, the 
Rf  value was compared with an authentic sample of the same 
material prepared by previously reported procedures. 

2',3'-O-Isopropylidene 6-Thioinosine. A. Small Scale.-To 
100 ml. of acetone (dried with LIgSO,), 0.35 ml. of 2,2-dimethoxy- 
propane was added, followed by 0.45 ml. of 707, aqueous per- 
chloric acid. After 5 min. 244 mg. (1 mmole) of 6-thioinosine was 
added rapidly, and the reaction flask was stoppered and swirled 
for approximately 5 min. until the solids had dissolved. After 
10 min. the solution was neutralized with 0.35 ml. of pyridine 
and concentrated under diminished pressure to approximately 
20 ml. A 10% Na2C03 solution (5  nil.) was added and the re- 
maining acetone was removed. The aqueous solution was ex- 
tracted twice with 5-ml. portions of dichloroniethane and acidified 
with glacial acetic acid (about 0.7 ml.) to pH 6. After 2 hr. a t  
4", the crystalline product was filtered off, washed with water, 
and dried zn t'acuo a t  room temperature The material obtained 
showed a single spot on paper Chromatography (Rf 0.72) and 
weighed 230 mg. (yield, Calculated on the basis of the 
ultraviolet absorption, the aqueous filtrate contained another 
30 mg. of product, but no starting material (single spot). 

"Large" Scale.-To avoid foaming, i t  was necessary to 
replace the Tu'anCO3 with an NHaOH solution. To 2400 ml. of dry 
acetone was added 65 ml. of 2,2-diniethoxypropane followed by 
87.2 ml. of 707, perchloric acid solution. After 5 min., 47.3 g. 
(0.166 mole) of 6-thioinosine was added quickly with continuous 
stirring. After 20 min., the clear, yellow reaction mixture was 
quenched by the addition of 194 ml. of pyridine which had been 
dried with calcium hydride. A white precipitate formed im- 
mediate1.y. Water (920 ml.) was added, followed by 65 ml. of 
15 N ?J&OH solution, and the suspension was concentrated 
under reduced pressure until all of the acetone had been removed. 
Another 65-ml, portion of 15 -V "4OH was added, and the clear 
solution obtained was extracted with two 325-m1. portions of di- 
chloromethane. The aqueous layer was filtered, chilled, and 
acidified to pH 6 with glacial acetic acid. After standing for 
18 hr. a t  4O, the white cyrstalline solid was collected by filtration, 
washed with water, and dried in vacuo a t  78'. The product 
weighed 46.5 g. 86%; m.p. 238-240" dec.; Amax ( t  X lo3): 
pH 1, 322 (24.0); pH 7, 318 (22.7); pH 13, 310 (23.4). The 
material showed a single spot on paper chromatography (Rf 
0.72). 

B. 

Synthesis of Some Amino Acid Thiol Esters'. 
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The preparation of the title compound reported in the litera- 
t ~ i r e z - ~  can be greatly improved by using perchloric acid6 as a 
catalyst for the condensation of 6-thioinosine and acetone. 
Adequate amounts of this isopropylidene intermediate, required 
for chemotherapeutic work,n can be prepared readily following 
the procedure described in the Experimental section. 

Experimental 

The extent of formation of the isopropylidene derivatives was 
estimated by paper chromatography of an aliquot of the re- 
action mixture on Schleicher and Schuell No. 589 paper (orange 
ribbon) by the descending method. The solvent system used 
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I n  connection with a study of certain aspects of the mechanism 
of action of sulfhydryl enzymes, several amino acid thiol esters 
have been prepared in this laboratory. These compounds are of 
particular interest since amino acid thiol esters serve as important 
model compounds for the study of amino acid-sulfhydryl enzyme 
interaction. Certain of the N-acyl compounds have been shown 
to be active substrates for proteolytic enzymes.2pa 

The syntheses of amino acid thiol esters which have been re. 
ported have been for the most part restricted to N-acylamino 
acid thiol esters. Thiol esters of hippuric arid have been re- 
ported by Jeger, et ~ l . , ~  by Johnston12 and by Schwyzer andHur- 
 liman^^ A number of amino acid thiolesters of thiophenol 
and cys1;eamine have been prepared by Wieland.6 Thiol ester 
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