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The p re sen t  communicat ion  follows e a r l i e r  published work [1, 2] on the synthes is  of s a rco lys in  (p- 
[d i - (2-chloroethyl )amino]-DL-phenyla lanine)  peptides containing nonprotein amino acids.  The p re sen t  pa -  
pe r  de sc r ibe s  the synthesis  of s a reo lys in  dipeptides with 7 -aminobu ty r i c  acid. An inc rea sed  se lec t iv i ty  
and an a l t e red  spec t rum of an t i tumorous  act ivi ty  could be expected, as a r e su l t  of the incorpora t ion  of non- 
pro te in  amino acids,  in pa r t i cu l a r  of fi- and y - a m i n o  acids,  s ince cancerous  cel ls  differ  f rom normal  cel ls  
by the i r  inc reased  metabo l i sm.  Sareolys in  peptides containing y - a m i n o b u t y r i c  acid a re  a lso  of i n t e re s t  
in connection with the impor tan t  ro le  of y - a m i n o b u t y r i e  acid in b iochemica l  p r o c e s s e s .  

Dipeptides were  synthes ized  to study the effect  of s t ruc tu re  on biological  p rope r t i e s ,  containing s a r -  
eolysin  as the N - t e r m i n a l  (I) and the C - t e r m i n a l  (II) amino acid, and containing in each case  f ree  (Ia), (IIa) 
and fo rmyla ted  (Ib), (lib) aminogroups ,  and a f ree  c a rboxy lg roup  

CI--CH~--CII~ 

\N--,,/~---CH ,--eli--CO--Nil - (CII~)~--C00H 

CI--CII2--CII~' NHR 
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, / 

\ 
C00H CH~--CH.,-=C1 

(II) a R -~ It, b II = CHO 

The synthes is  of the peptides containing N - t e r m i n a l  s a rco lys in  (I) was achieved by the 8-hydroxyquin-  
oline e s t e r  method [3]. Condensation of N - f o r m y l s a r e o l y s i n  with 8-hydroxyquinoline in the p re sence  of 
N,N ' -d icye lohexylca rbodi imide  (DCHC) gave the N - f o r m y l s a r c o l y s i n  8-hydroxyquinoline es te r ,  the amino-  
lys i s  of which with the 7 -aminobu ty r i c  acid benzyl  e s t e r  led to the benzyl  e s t e r  of N - f o r m y l s a r c o l y s y l - T -  
aminobutyr ic  acid. Hydrogenolys is  of the l a t t e r  in the p r e s e n c e  of pal ladium black gave the N- fo rmyld ipep -  
tide (Ib). The peptide (Ia) was synthes ized by the r e m o v a l  of the p r o t e c t i n g f o r m y l  groupwi th  acetyl  chlo-  
r ide in benzyl  alcohol [4], followed by catalyt ic  hydrogenolys is  of the benzyl  e s t e r .  

Pept ides  containing the N - t e r m i n a l  T -aminobu ty r i e  acid (II) were  synthes ized in the same  way, how- 
eve r  in this case  the peptide bond was obtained by the p-n i t rophenyl  e s t e r  method [5]. The resu l t s  of the 
biological  t e s t s  of the subs tances  obtained will be communica ted  sepa ra te ly .  

E X P E R I M E  N T A  L 

N-Formyl-T-aminobutyric Acid. Acetic anhydride (85 ml) was added dropwise with stirring to a solu- 
tion of 10.3 g T-aminobutyrie acid in 250 ml 98% formic acid, maintaining the temperature at 50-55~ 
The stirring was continued for 30 min at the same temperature and for two hours at room temperature. 
Ice water (80 ml) was then added and the reaction mixture evaporated under vacuum. The remaining oil 
was recrystallized from acetonitrile. Yield 6.15 g (47%) N-formyl-7-aminobutyric acid, mp 105-106 ~ 

Found %: C 45.57; H 7.04; CsHaNO 3. Calculated %: C 45.81; II 6.92. 

Institute of Biochemistry, Academy of Sciences of the Lithuanian SSR. Institute of Heteroorganic 
Compounds, Academy of Sciences of the USSR. Translated from Izvestiya Akademii Nauk SSSR, Seriya 
Khimicheskaya, No. 1, pp. 161-162, January, 1970. Original article submitted July 3, 1969. 

01970 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West ]7th Street, New York, 
N. Y. lO0}l. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

154 



~/-Aminobutyric Acid Benzyl E s t e r ,  p -Toluenesu l fona te .  Obtained by the method desc r ibed  by Z e r -  
vas  et al. [6], mp 107-108 ~ (from ethyl acetate) ,  yield 97%. Found%: C 59.03, H 6.51; C18H23NOsS. Calcu-  
l a t ed%:  C 59.17; H 6.34. 

8-Hydroxyquinoline E s t e r  of N - F o r m y l s a r c o l y s i n .  A solution of 2.10 g DCHC in t e t r ahydro fu ran  was 
added with s t i r r i ng  to a mix tu re  of 3.33 g N - f o r m y l s a r c o l y s i n  [7] and 1.60 g 8-hydroxyquinoline in t e t r a h y -  
drofuran,  cooled to 0 ~ Cooling and s t i r r i ng  was continued for 6 h. A few drops  of acet ic  acid were  then 

N' " l added and a f t e r  one hour  the N,~ -d lcyc  ohexyiurea  f i l te red  off. The f i l t ra te  was evapora t ed  under  vacuum 
and the r ema in ing  oil d isso lved  in ch lo roform,  washed with water ,  0.2 N H2SO4, 1 N KHCOa, and again  with 
water .  The solution was then dried with sodium sulfate, the ch lo ro fo rm r e m o v e d  under  vacuum,  and the 
res idue  r e c r y s t a l l i z e d  f rom ethyl aceta te  and e ther .  Yield 3.0 g (65%) N - f o r m y l s a r c o l y s i n  8-hydroxyquino-  
line e s t e r ,  mp 132-134 ~ Found %: C 59.78, H 4.61; CI 15.21%; C23H23C12N303. Calculated % : C 59.99; 
H 5.04; CI 15.40. When the above reac t ion  was c a r r i e d  out in ethyl ace ta te ,  only a smal l  quantity of un-  
r eac ted  N - f o r m y l s a r c o l y s i n  was isolated.  

p -Ni t rophenyl  E s t e r  of N - F o r m y i - 7 - a m i n o b u t y r i c  Acid. This compound was obtained in the same  
way by condensat ion of N- fo rmyl -~ / - aminobu ty r i c  acid with p-nt t rophenol  in the p r e sence  of DCHC in a m i x -  
ture  of d ime thy l fo rmamide  and t e t r ahydro fu ran  (THF), mp 59-60 ~ r ep rec ip i t a t ion  with pe t ro l eum e th-  
e r  f rom b e n z e n e - e t h y l  aceta te ,  1 : 1), yield 74%. Found % : C 52.69; H 5.07; CllH12N205. Calculated %: 
C 52.39; H 4.80. 

Benzyl E s t e r  of N - F o r m y l s a r c o l y s y l - T - a m i n o b u t y r i c  Acid. A solution of 4.6 g 8-hydroxyquinol ine e s -  
t e r  in THF was kept for 24 h at r oom t e m p e r a t u r e .  THF was then r e m o v e d  under vacuum, the r ema in ing  
oil was d isso lved  in ch loroform,  washed with 0.5 N H2SO4, water ,  1 N KHCO3, and again with water ,  and 
dr ied with Na2SO 4. Chloroform was then evapora ted  under vacuum and the res idue  r e c r y s t a l l i z e d  f rom e th-  
anol. Yield 2.95 g (58%) benzyl  e s t e r  of N - f o r m y l s a r c o l y s y l - ~ / - a m i n o b u t y r i c  acid, mp 113-114% Found %: 
C 58.96; H 5.97; CI 13.80; C25H31C12N30 4. Calculated %: C 59.05; H 6.15, CI 13.94. 

Benzyl E s t e r  of N - F o r m y l - T - A m i n o b u t y r y l s a r c o l y s i n .  Obta inedin  the s ame  way by amino lys i s  of the 
p-n i t rophenyl  e s t e r  of N- fo rmyl -~ / - aminobu ty r i c  acid with sa rco lys in  benzyl  e s t e r  [8], mp 99-100 ~ yield 
85%. Found %: C 59.10, H 6.38, C1 13.40; C25H31C12N304. Calculated %: C 59.05; H 6.15; CI 13.94. 

N - F o r m y l s a r c o l y s y l - T - a m i n o b u t y r i c  Acid. A suspens ion of 1.27 g benzyl  e s t e r  of N - f o r m y l s a r c o l y -  
s y l - 7 - a m i n o b u t y r i c  acid in 40 ml  methanol  was subjected to cata lyt ic  hydrogeno iys i s  over  pal ladium black 
until cessa t ion  of hydrogen absorpt ion.  The ca ta lys t  was f i l te red  off, the f i l t ra te  evapora ted  under  vacuum,  
and the res idue  r e c r y s t a l l y z e d  f rom acetoni t r i le .  Yield 1.0 g (96%) N - f o r m y l s a r c o l y s y l - T - a m i n o b u t y r i c  
acid, mp 131-132 ~ Found%: C 51.72; H 6.15; CI 17.21; C18H25C12N304. Calcula ted%:  C 51.68; H 6.02; CI 
16.95. 

N - F o r m y i - ~ / - a m i n o b u t y r y l s a r c o l y s i n .  Obtained in the same  way by hydrogenolys i s  of the benzyl  e s -  
t e r  of N- fo rmy l -~ / - aminobu ty ry l s a r co ly s in ,  mp 134-135 ~ (from acetone),  yield 89%. Found %: C 51.74, 
H 6.05, C1 16.64; CtsH25C12N304. Calculated %: C 51.68; H 6.02; CI 16.95. 

S a r c o l y s y l - 7 - a m i n o b u t y r i c  Acid. A solution of 1.05 ml  acety[ chloride in 10 ml benzyl  alcohol was 
added to a solution of 3.05 g benzyl  e s t e r  of N - f o r m y l s a r c o l y s y l - 7 - a m i n o b u t y r i c  acid in 10 ml d ry  benzyl  
alcohol, and the mix tu re  allowed to stand for  24 h at r oom t e m p e r a t u r e .  The hydrochlor ide  of the benzyl  
e s t e r  of s a rco lysy l -~ / - aminobu ty r i c  acid was then prec ip i ta ted  with anhydrous e ther .  The amorphous  r e s i -  
due was then washed s e v e r a l  t imes  with e ther ,  d issolved in ethanol, and evapora ted  to d ryness .  The r e -  
maining oil was suspended in ethyl aceta te  and 1.25 ml  (C2Hs)3N added. The prec ip i ta ted  (C2Hs)3N.HCI was 
f i l te red  off and the f i l t ra te  evapora ted  under vacuum. The res idue  was d isso lved  in methanol  and subjected 
to cata lyt ic  hydrogenolys i s .  Yield 2.13 g (91%) s a r c o l y s y l - 7 - a m i n o b u t y r i e  acid, mp 123-124 ~ ( f rom ethanol - 
ethyl ace ta te  1 : 2). Found ~0: C 52.36; H 6.59; Cl 17.62; C17H25C!2N303. Calculated %: C 52.31; H 6.46; CI 
18.17~ 

Be.nzyl E s t e r  of 7 -Aminobu ty ry l s a r eo ly s in .  Obtained in the same  way by the reac t ion  of the benzyl  
e s t e r  of N- fo rmyl -3~-aminobu tyry l sa rco lys inwi th  aeetyl  chlor ide  in be~zyI alcohol,  mp 98-99 ~ (from ethyl 
aceta te  - pe t ro leum ether) ,  yield 93%. Found % : C 59.70; H 6.36; CI 14.61; C24H31C12N30 G, Calculated % : 
C 60.00; H 6.51, C1 14.76. 

, / -Aminobu ty ry l sa reo lys in .  Obtained by hydrogenolys i s  of the benzyl  e s t e r  of 7 - a m i n o b u t y r y l s a r e o -  
lysin, mp 129-131 ~ (from acetone),  yield 90%. Found%: C 52.34; H 6.26; CI 18.33; C17H25Ct2N303. Calcu-  
lated %: C 52.3t; H 6.46; CI 18.17. 
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C O N C L U S I O N S  

Pept ides  of s a rco lys in  with T-aminobu ty r i c  acid have been synthesized,  containing N-terr~',inal and C- 
t e rmina l  sa rco lys in ,  as well  as a f ree  and a fo rmyla ted  amino group. 
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