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A B S T R A C T  

Six new dipeptides containing either 1-aminocyclopenti~r~ecarbo~ylic acid or l-arninocyclo- 
hexa~~ecarbosyl ic  acicl placed a t  either the N- or the  C-terminal of I.-pllenylalanine or I,-leucine 
have been synthesizecl. T w o  molecules of 1-a~ninoc~clopentanecarbosylic acid were also 
linkecl with a peptide bond. These seven clipeptides were cyclized into the corresponding 
s u b s t i t ~ ~ t e d  2,s-piperazinecliones. 

The synthetic anlino acid 1-aminocycloper~tanecai-boxylic acid has been shown to be 
an interesting anlii~o acid. I t  is active against certain types of tumors (1-3). The bio- 
chemical studies done so far have not yet elucidated its mechanism of action ('I), nor 
explained its toxicity. I t  is l;nown that the alkylation of the cyclopentane ring destroys 
the antitumor activity of the compound. However, the i~lcorporatio~l of this synthetic 
amino acid into a short peptide chain preserves the antitumor effect ( 2 ) ,  while lowering 
the toxicity. 

In order to  enhance the antitumor index, Connors and Ross ( 5 )  and Tailleur and 
Berlii~guet (6) have recently reported the synthesis of a few short-chain peptides having 
glycine and DL-phenylalanine attached to 1-aminocyclopentai~ecarboxylic acid or to  
I-aminocyclohexanecarboxylic acid. Shankman et al. (7) have just reported the synthesis 
of other peptides contailling I-amii~ocyclopei~tanecarboxylic acid. 

Since these peptides were intended for biological assays, i t  was important to  incorporate 
the I<-form of the natural amino acids. We have synthesized six new dipeptides containing 
either I-aminocyclopentai~ecarboxylic acid or 1-ai~~inocyclohexanecarboxylic acicl attached 
to L-leucine or L-phenylalanine. We have also prepared the dipeptide containing two 
inolecules of 1-amii~ocyclopentanecarboxylic acid. The list of these peptides is given in 
Table I.  For these syntheses the classical inethod of Sheehan and I-Iess (8) was used in 
which the N-carbobenzoxy derivative of one amino acid was coildeilsed with the benzyl 
ester of the other anlino acid in the presence of N,N1-dicyclohexylcarbodiiinide. The pro- 
tected dipeptides were then hydrogeilolized ill the presence of 10% palladium on carboil, 
and the free dipeptides isolated by two different procedures according to their solubilities. 

During these manipulations, the free peptides had a strong teildeilcy to  cyclize into the 
corresponding diketopiperazines, especially when heated in anhydrous conditions. There- 
fore, one has to  be careful when purifying the free peptide because in some cases the solu- 
bilities of the peptide and of the cyclized diltetopiperaziile are quite similar, the analytical 
values being also very close. We found that  the separation by chroillatography and the 
analysis by titration are the most reliable methods to  detect traces of contamination by 
dilcetopiper~ zines. ' 

In order to  prevent this cyclization three methods call be used: ( I )  water can be added 

'For  part I ,  see reference 6. 
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TAILLELR A N D  BERLISGUIST: DII'EPTlDE SYNTI-lliSIS 

TABLE I 

' - 1 1  CO-R" 

\c/ 

R' R " T Name 

l.-Leuc!,l- - 1-1 

1,-Leucyl- - 1-1 

I.-Phenylalariyl- - II 

L-Plien~.lalanyl- -M 

H-  -L-Phenylalaninc 

1-1 - -1.-Pheny lalanine 

M - -1-Aminocyclopenta~ie 
carbosylic acid 

~ ~ 

acid 
3 1-(L-Lcucylamino)cyclohcsanecarboxylic (XI I) 

acid 
2 l-(~-Phenylalan~~1a1iii1lo)c~~c~ope1~ta11e- (XI 1 I )  

carboxylic acid 
3 1-(L-Phenylalanylam ino)cvcloliesanccar- (XIV) 

bosylic acid 
2 1-Aminocyclope~ltnnecarbo~~yl-L-pheyala- (VIII) 

nine 
3 1 - A m i n o c y c l o l ~ e ~ a ~ ~ e c i ~ r b o ~ ~ y l - L - p l i e i l a -  (IX) 

nine 
2 1-Aminocyclopenta~~ecarbonyl-1-aminocy- (X) 

clopentanecarbosplic acid 

to  the ethanolic solution of the protected dipeptide before hgidrogenolysis, (2) the hydro- 
genolysis can be done in acid medium where the liberated peptide wo~ilcl be ionized, thus  
preventing cyclization, and (3) if these conditions are not realized, care must be talten to  
avoid too much heating of the solutiolls especially if the content of water is low. 

The spatial configuratioi~ of 1-aminocyclope~~tai~ecarboxylic acid and l-aminocyclo- 
l~exanecarboxylic acid seems to be responsible for the tendency to  cyclize of the peptides 
containing these two amino acids attached to  L-phenylalanine or L-leucine either by the 
C- or N-terminals. I n  fact, when those dipepticles are heated, they give a s~ibliillate 
between 1173" and 200" \vhich melts between 1173" and 195" depending on the peptide. 
The  corresponcling diltetopiperazines obtained by different syntheses also give a sublimate 
between 173" and 200". W h e i ~  these peptides are heated sel>nrately a t  200" for a few 
minutes and then studied c l ~ r o ~ ~ ~ a t o g r a p h i c a l l ~ ~  they give two spots, one corresponding to  
the unchanged dipeptide and the other spot corresponding to the diketopiperazine. T h e  
dipeptide containing two inolecules of 1-aminocyclopentanecarboxylic acid also cyclizes 
very easily by heating. 

Preliminary testir~g of these peptides on tumors are now in progress and will be reported 
elsewhere. 

EXPERIMENTAL 

All melting points are uncorrected. The optical rotations were measured on a Rudolph poIarimeter with 
a photoelectric cell alignment. The carbobenzosp derivatives of L-leucine (9), L-phenylalanine (lo),  
1-aiiiinoc)~clopcnta~iecarboxylic acid (61, 1-aminocyclohesa~~ecarbosylic acid (6), and the benzpl esters of 
L-phenylalanine ( l l ) ,  1-aminocyclopentanecarboxylic acid (Gj, and 1-aininocpclohesanecarboxylic acid (6) 
were prepared according to published procedures. 

iV-Carbobe~izosydipept.ide Be?zsyl Esters 
The protected dipeptides were prepared as  follows: to 0.01 mole of the N-carbobenzoxyarnino acid dis- 

solved in inethylene chloride were added 0.011 inole of the appropriate amino acid benzyl ester and 0.011 
mole of N,N1-dicyclohexylcarbodiiinide. After 4 hours a t  room temperature, the N,N1-dicyclohexylurea 
fornied was rernoved by filtration and the liltrate evaporated in  vnczro on a water bath, after the addition of 
2 ml of glacial acetic, which deco~nposes the excess of carbodiimide. 

The oily residue Ivas dissolved in 25 ml of ethyl acetate, and the solution filtered after 20 rninutes to  remove 
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the excess of N,N1-dicyclohexylurea formed after the addition of acetic acid. The filtrate was successively 
washed with 1 iV hydrochloric acid, 1 116 sodium carbonate, and water, and dried over anhydrous sodium 
sulphate. The solution was evaporated to dryness, and the I\'-carbobenzosydipeptide benzyl ester was 
crystallized with the appropriate solvent systern. The optical rotations were talcen a t  25' a t  a concentration 
of 2% in ethanol. 

( I )  Be?tzyl N-~arb0be~~z0.~.y-1-(~-leucyla~ni~zo)~y~lopenta~tecarboxylate.-Yield: 3.7 g (78%), m.p. 11G0, from 
ether-?z-hesane, [a]= -28". Anal. Calc. for C ~ T H ~ ~ N ? O ~ :  N, 6.00%. Found: N, 6.08y0. 

( I I )  Benzyl i ~ - c a r b o b e ~ t z o x y - l - ( ~ - ~ ~ z ~ c ) ~ ~ a ~ n i n o ) ~ ~ a t e . - Y i e d :  3.9 g (81%), m.p. 124-126', 
from ether-n-hexane, [a]= -31". flnal. Calc. for C?8H3&!?05: N, 5.85%. liound: 5.91%. 

(111) Bettzyl N - c a r b o b e n s o r y - 1 - ( L - p l t e n y l a l a n y l a ~ y a t e - C r u d  yield of the p r o d ~ ~ c t  
which \vas isolated as an  oil: 4.1 g (82%). 

( I V )  Beitzyl N-carbobe~zzoxy-l-(~-pIze?zylala~tyla~i~ino)cyclohesa~~ecarboxylate.-Crude yield of the product 
which was isolated as an oil: 4.0 g (78%). 

( V )  N - C a r b o b e ~ t z o x y - 1 - a 1 1 ~ i ~ z o ~ y ~ l ~ p e ~ i t e  benzyl ester.-Yield: 4.0 g (SO%), 1n.p. 
117", from ethanol- petroleum ether, [a]= -13". Anal. Calc. for C3oH32hT?Oa: N, 5.59%. Found: N, 5.58%. 

( V I )  N-Carbobe~tzosy-l-ami~to~y~lohexa~ze~arbonyl-~-p1zezylalanite bensyl ester.-Yield: 4.2 g (82%), n1.p. 
98", from ethanol - petroleum ether, [a]= -9". Anal. Calc. for C31H3.,N205: N, 5.44y0. Found: 5.56%. 

( V I I )  Benzyl N-carbobe1zzosy-l-ami~zo~y~1openta~~e~arbonyI-1-anzi?to~y~1ope~ttu~~e~arbo.~'ylate.-Yielcl: 3.7 g 
(SO%), n1.p. 13S0, from ethanol - petroleum cther. Anal. Calc. for C27H3zN206: N, 6.03%. Found: N, 5.92%. 

Free Dipeptides 
The neutral equivalent values of the peptides \Irere determined by titration with pcrchloric acid in glacial 

acetic acid, using crystal violet as indicator, accorcling to  Toennies and Callan (12). I t  \\,as assumed that the 
molecular weight and the neutral equivalent are identical. The XI values are for ascending chromatography 
in collidine-lutidine-ivater (1:1:2), the dipeptides and substituted diltetopiperazines being detected by the 
CI2-I<l-starch method of Rydon and Smith (13). The optical rotations were taken a t  25O a t  a concentration 
of ly0 in the given solvent. 

(a) Peptides Solzlble i w  PVater 
The appropriate N-carbobenzoxydipeptide benzyl ester (0.01 mole) was dissolved in 30 1111 of hot ethanol 

containing 1 rnl of glacial acetic acid. Then a suspension of 0.3 g of palladium (loyo) on carbon in 6 ml of 
water was added. This hot solution was hydrogenolized a t  low pressure during 6 hours in a Parr apparatus, 
after which time the solution was heated if necessary to  entirely dissolve the peptide, and the catalyst was 
removed by liltration. The clcar filtrate \\ras evaporated to  a few milliliters, and then \\.as added a mixture of 
water and ether to dissolve respectively the free dipeptide and the unreacted protected dipeptide. If a t  this 
stage there remains an  insoluble procluct it is the substituted cli1;etopiperazine. Being insol~tble in both these 
solvents it is easily removed by filtration anci can be idelltilied by melting point and chromatography. The 
ethereal estract was decanted and tliscarded, and the aqueous fraction concentrated to  allow the peptide to 
crystallize in the cold after the addition of acetone. 

( V I I I )  1-An~i~~ocyclope~ztaizecnrbonyl-~-l,hezylalalanize.-Yield: 2.0 g (7'2%), m.p. 278-280" (subl. 180°), 
from water-acetone, [a]= -2.0" (in water), RI 0.64. Anal. Calc. for Ciji-I2oNsOa: N, 10.13%; mol. wt., 276. 
Found: N, 10.20%; ~nol .  wt., 277. 

( X I X )  1-A~tzi~~ocyclohexanecnrbo~z~~l-~-pIze1tylalarzne.-'ielcl: 2.0 g (69%), m.p. 278-2SOo (subl. lSOo), 
froin water-acetone, [ a ] ~  -1.3" (in water), XI 0.67. Anal. Calc. for CleH?sNpO3; N, 9.63%; 11101. \vt., 290. 
Found: X, 9.60y0; mol. wt., 296. 

( X )  1-A~1~i~~ocyclopentaneca~bo~tyl-l-a~1~i~to~y~1o~~e1zta~1ecai'bo.~.y~c acid.-Yield: 1.6 g (66%). The con~pound 
sublimates a t  185O and does not decompose below 300". It was recrystallized from water-acetone and had a 
Rl value of 0.54. Anal. Calc. for C12H20N?03: N, 11.65%; mol. wt., 240. Found: X, 11.60%; mol. wt., 243. 

(b) Peptides Insolzrble in  Water 
The N-rarbobenzoxydipeptide benzyl ester (0.01 mole) was dissolved in 20 1111 of hot ethanol, and then 

3.0 ml of 3.5 iV hydrochloric acid and 0.3 g of palladium (10%) on carbon were added. This solution was 
hydrogenolized as described in the preceding part. After the \\rater-ether treatment, there was no insoluble 
compouncl. The ethereal fraction was discarded and the water fraction neutralized \\,it11 3.5 N sodium 
hydroxide. The precipitated peptide was then liltered and washed with a little cold water, and recrystallized 
with the appropriate solvent systeln. 

( X I )  1-(L-Leucylnnzino)cyclope,ttnnecnrbo.~c acid.-Yield: 1.9 g (78%), m.p. 291-292" (subl.), from 
nlethanol-\\later, [a]= +10.O0 (in methanol), XI 0.50. Anal. Calc. for C12I-I?2N2O3: N, 11.54%; rnol. wt., 242. 
Found: N, 11.45%; rnol. ~ v t . ,  241. 

( X I I )  I-(L-Le~~cylan~h~o)cyclohe.vanecc~rbo.vylc acid.-Yield: 2.1 g (82y0), m.p. 295-297" (subl.), from 
methanol-water, [a]= +22.j0 (in methanol), Rl 0.60. Anal. Calc. for C13H?+N203: N,  10.92y0; mol. wt., 256. 
Found: N, 10.87%; n~ol .  wt., 260. 

( X I I I )  1-(~-P~ze~~ylala~zyla~~~i~zo)~y~lope~~tane~arbo.~lic acid.-Yield: 2.0 g (72%), n1.p. 284-285" (subl. 
180°), from aclueous ethanol GOYo, [ a ] ~  +57" (in glacial acetic acid), R, 0.61. Anal. Calc. for Cl5H2ON?03: 
N, 10.13%; rnol. wt., 276. Foulld: N, 9.98%; mol. \I-t., 279. 

( X I V )  1 - ( L - P h e ~ z y l a l a r ~ y l a m i n o ) ~ l o l t e x a n e ~ l i c  acid.-Yield: 2.2 g (75%), n1.p. 2'78" (subl. 180°), 
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T.AILLEUR AND BERLINGUET: DIPEPTIDE SYNTHESIS 2217 

from aqueous ethanol GO%, [ m ] ~  f-16' (in glacial acetic acid), R/ 0.63. Anal. Calc. for ClsH??N?03: N, 9.63%; 
mol. mt., 280. Found: S ,  9.59%; niol. wt., 294. 

Cyclizalio~~ oJ Dipeptides illto Sl~bstitz~ted Diketopiperazi~~es 
The dipeptides (0.002 mole) \\!ere heated during 3 hours a t  145' in 4 g of /?-naphthol according to Lichten- 

stein (14). 
The ycllomish solutions so obtained were cooled and then thoroughly \\rashed with four portions of 15 1111 

of ether to remove the /?-naphthol. The insoluble 2,5-piperazinediones mere crystallized with the appropriate 
solvent. The optical rotations were  take^^ a t  2.5' a t  a concentration of 0.2% in glacial acetic acid. 

( X V )  1,~-D~iazaspiro[~.6]decane-2,6-dione-S-be~zyl.-(a) From 1-aminocyclopenta~~ecarbon~l-L-pheny1- 
alanine: Yield: 0.41 g (79%), m.p. 287-289" (subl. lSOo), from n-butanol, [ o l ] ~  +58", RJ 0.90. Anal. Calc. for 
ClaHlsNrO?: N, 10.53%. Found: N, 10.7870. (b) From 1-(~-phenylalanylar~~i1~o)cyclope1ita~~ecarbox~lic 
acid: Yield: 0.42 g (SO%), m.p. 289" (subl. lSOO), fro111 11-butanol, [ m ] ~  +60°, R/ 0.91. Anal. Calc. for 
ClSH1~N?02:  N, 10.83%. Found: N, 10.87%. 

( X V I )  1 , 4 - D i a z a s p i r o [ 5 . 5 ~ z d e c a n e - 2 , 5 - d i o ~ y l . - ( a )  From 1-an~inocyclohexanecarboli)-I-L-phenyl- 
alanine: Yield: 0.43 g (80%), m.p. 289-291" (subl. 180°), from n-butanol, [ U ] D  +5S0, R/ 0.91. ;\rial. Calc. for 
C16EI?oN?02: N, 10.25%. Found: N ,  10.40%. (b) From 1-(L-phenylalanylaniino)c~~clohexanecarboxylic acid: 
Yield: 0.43 g (SO%), m.p. 290-291" (s~lbl. lSOo), from n-butanol, [ o l ] ~  +5G0, I</ 0.92. Anal. Calc. for 
CI~H?oN?O?: N, 10.28%. Found: N ,  10.38%. 

( X V I I )  6,13-Diasaspiro[~.2.4.2]tet~adeca~~e-7,l~-dio~ze.-Yield: 0.36 g (52%), from 1-amin~c~clopentane- 
carbonyl-1-aminocyclopenta~~ecarboxylic acid. The compound, recrystallized from 75% acetic acid, began to 
sublime at 155', and decomposed above 300°, RJ 0.92. Anal. Calc. for CI?H1~N?02: N, 12.62%. Found: 
N, 12.70Y0. 

( X V I I I )  1,4-Diasaspiro[4.6]deca?~e-2,6-diolte-S-isotyl.-Yield: 0.35 g (?'?'Yo), from 1-(L-leucylaminoj- 
cyclopentanecarbosylic acid, n1.p. 289-293' (subl.), from 11-butanol, [a]" -loo, R/ 0.92. Anal. Calc. for 
C12H?oN?O?: N ,  12.51%. Foulld: N, 12.56%. 

( X I X )  l,~-Diazaspiro[5.5~deca~ze-B,6-dio1ze-3-isobtyZ.-Yicld: 0.38 g (SOYo), from 1-(L-leucylaminoj- 
cyclohexanecarboxylic acid, [ a ] D  -20°, R/ 0.92. Anal. Calc. for C13H??N?O?: N, 11.76Yo. Found: N, 11.85Yo. 
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On dhcrit la synth6se de six nouveaux dipeptides non-naturels. 11s contiennent d'une 
part un acide amin6 de synth&se, soit l'acide amino-1 cyclopentane carboxylique, soit 
l'acide amino-1 cyclohexane carboxylique et,  d'autre part, un acide amin6 naturcl, soit 
la L-phCnylalanine, soit la L-leucine. On rapporte aussi la synth6se cl'un dipeptide con- 
tenant deux molCcules d'acide amino-1 cyclopentane carboxj.1ique. Ces sept peptides 
furent cyc1ist.s en pipCrazinedione-2,s substitu6es. 
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