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Continuing invest igat ions  in the field of the physiology and c h e m i s t r y  of the hormone gas t r in  [1, 2], 
we have synthes ized  an active f ragment  of gas t r in  [3] - the C - t e r m i n a l  te t rapept ide  (i) and some  of i ts  
de r iva t ives  (H-V)., 
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The synthes is  of the te t rapept ide  was effected by the succinimidyl  e s t e r  method in accordance with 
the following s c h e m e * :  
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The amide of phenylalanine (VII) was obtained by the ammonolys i s  of the ethyl e s t e r  of phenylalanine 
[6]. The method desc r ibed  previous ly  [5] was used  for  the synthesis  of a - succ in imidy l /3  - t e r t -bu ty l  c a r b o -  
benzoxyaspar ta te  (VI). A 5- to 10-fold inc rease  in the amounts and the use of un rec rys t a l l i zed  i n t e r m e d i -  
ates made it  poss ib le  to r a i s e  the yield of VI by a f ac to r  of 1.5 in compar i son  with that obtained previous ly  
[5]. The condensation of (VI) and (VII) in DMF solution gave the/3 - t e r t -bu ty l  e s t e r  of the amide of benzyl -  
oxycarbonylaspar ty lphenyla lanine  (VIII), the catalyt ic  hydrogenation of which in 90°/c aeet ie  acid over  pa l lad i -  
um black led to the fo rmat ion  of the /3- te r t -buty l  e s t e r  of the amide of aspar tylphenylalanine  (IX). The 

* The genera l ly  adopted symbols  [4] are used in this paper .  
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l a t t e r ,  on reac t ion  with the succinirnidyl e s t e r  of ter t -butyloxycarbonylrnethionine  [8] gave the amide of 
butyloxycarbonylrnethionyl ( f l - te r t -buty l )aspar ty lphenyla lan ine  (X). The s imul taneous  r emova l  of the butyl -  
oxycarbonyl  and the fi - t e r t - bu ty l  groups of the t r ipept ide  (X) was p e r f o r m e d  by t rea t ing  it with 2 N HC1 in 
acetic acid.  The condensat ion of the hydrochlor ide  of the arnide of rnethionylaspartylphenylalanine (XI) 
with the succinirnidyl e s t e r  of t e r t -bu ty loxycarbonyl t ryp tophan  [8] in DMF solution gave the arnide of t e r t -  
butyloxycarbonyl t ryptophanylrnethionylaspar tylphenylalanine (II). The e l iminat ion of the t e r t - b u t y l o x y c a r -  
bonyl p ro tec t ive  group of the te t rapept ide  (II) led to the hydrochlor ide  of the C - t e r m i n a l  te t rapept ide  of 
gas t r i n  (I). 

The condensat ion of the te t rapept ide  (I) with the ethyl e s t e r  of carbonylglycine [9] and with the suc -  
cinirnidyl e s t e r  of t e r t -bu ty loxycarbonyl - f l  -a lanine gave,  r espec t ive ly ,  the ethyl e s t e r  of the amide of N-  
ca rbonyig lycy l -N ' - t ryp tophanylmeth iony laspar ty lphenyla lan ine  (IV) and the amide of t e r t -bu ty loxyca rbony l -  
f l -a lanyl t ryptophanylmeth ionylaspar ty lphenyla lan ine  (V). The e thoxycarbonyl te t rapept ide  (III) was synthe-  
s ized  f rom (XD and the succinimidyl  e s t e r  of e thoxycarbonyl t ryptophan (XIV). 

An invest igat ion of the biological  act ivi ty  of the der iva t ives  of the C - t e r m i n a l  te t rapept ide  and penta-  
peptide of gas t r in  that  had been synthes ized  was c a r r i e d  out in the pharmaco logy  l abo ra to ry  of the Institute 
of Organic Synthesis* in expe r imen t s  on dogs by de te rmin ing  the i n t r aven t r i cu l a r  pH. All the de r iva t ives  
cause  an i nc rea se  in the sec re t ion  of acid, (IV) showing an act ivi ty  beginning at a dose of 7 ~ g / k g ,  and the 
others  at a dose of 1 ~ g / k g .  The mean  indices [latent period,  t ime  of appearance  of the max imum pH, and 
the durat ion of the action for  compounds (I) and (V) with the adminis t ra t ions  of doses  of 1, 2, 3, 7, and 15 
~g /kg ]  d i f fered  only sl ightly.  

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

The work was c a r r i e d  out wi~h amino acids having the L configurat ion.  The pur i ty  of the products  
was checked by ch roma tog raphy  on paper  (1) and in thin l aye r s  of s i l ica  gel (2), s i l ica  gel G (3), alumina (4), 
and Silutol (5) in the s y s t em s :  1) b u t a n o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 5); 2) b u t a n o l - a c e t i c  a c i d - w a t e r -  
pyridine (15 : 3 : 12 : 10); and 3) i s o p r o p a n o l - a m m o n i a - w a t e r  (5 : 1 : 1). The analyses  of all  the compounds 
co r re sponded  to the ca lcula ted  f igures .  

Z - A s p ( B u  t) • PheNH 2 (VIII). A suspension of 18.6 g (0.093 rnole) of (VII) [6] in 150 rnl of DMF was 
cooled to -5  to 0°C, and 12.9 rnl (0.093 mole) of t r i e thy lamine  and 37.6 g (0.093 mole) of (VI) [5] were  added. 
The mix tu re  was s t i r r e d  at -5  to +5°C for  4 h, left at room t e m p e r a t u r e  overnight ,  and poured into 450 ml  
of ice wa te r .  The prec ip i ta te  was f i l te red  off with suction and washed with ice wa te r .  Then it was dr ied in 
vacuum over  phosphorus  pentoxide.  Yield 30.0 g (69%), rnp 157-158°C ( l i terature data:  157-158.5°C [7]). 
Rf  (A-l) 0.56, (A-2), 0.74, (A-5) 0.42. 

B o c - M e t  • Asp(Bu t) • PheNH 2 (X). A solution of 2.5 g (7.5 rnmoles)  of IX in 20 ml  of DMF was cooled 
t o - 5  to 0°C and, with s t i r r ing ,  2.6 g (7.5 mrnoles)  of B o c - M e t - O S u c  [8] was added. The solution was 
s t i r r e d  at 0-5°C for  4-5 h and at room t e m p e r a t u r e  for  4-4.5 h and was then poured into 200 ml of cold 
wate r .  The prec ip i ta te  was f i l te red  off with~suction, washed with cold wate r ,  and r e c r y s t a l l i z e d  f r o m  the 
min imum amount of i s o p r o p a n o l - w a t e r .  Yield 3.65 g (85%), composi t ion  C27H41N4OTS , nap 158.5-159°C: 
[~]~-30 (c 1; DMF); Rf (A-2) 0.95. 

B o c - T r p  • Met • Asp • PheNH 2 (II). A solution of 0.83 g (2 mrnoles) of XI [7] in 10 ml  of DMF was 
cooled to -5  to 0°C, 0.56 rnl (4 rnmoles) of t r ie thylarnine and 0.81 g (2 rnmoles)  of B o c - T r p - O S u c  [8] were  
added, and the mix tu re  was s t i r r e d  at 0-5°C for  4 h and at room t e m p e r a t u r e  for  5 h. Then it was poured 
into 40 rnl of ice wa te r  containing 0.4 rnl of acet ic  acid, left in a cold place for  2-3 h, and f i l t e red  with suc -  
tion, and the res idue  was washed with wa te r  and dr ied in vacuum at 35-40°C over  phosphorus  pentoxide. 
Yield 1.22 g (877c), mp  200-200.5°C. After  r ec rys t a l l i za t ion  f r o m  methanol  and wa te r  the yield was 1.15 g 
(83%), mp 206-208°C ( l i tera ture  data:  209-210°C [7]), [c~]~-37.2 ° (c 1, DMF) ( l i tera ture  data: [a]~ -35 .7  ° 
(c 1; DMF [7])). Rf  (/%-5) 0.55, (/%-4) 0.7. 

T rp  • Met • Asp • PheNH 2 • HCI (I). The r emova l  of the t e r t -bu toxycarbony l  p ro tec t ive  group f rom (II) 
was p e r f o r m e d  by the method of Davey et al. [7]. The product  had rnp 221-221.5°C ( l i tera ture  data: 215- 
216°C [7]), [cz]~-30 ° (c 1; D M F ) ( l i t e r a t u r e  data: [c~]~-31 .7° ,c l ;  DMF), Rf  (A-3)0.64.  

• The r e su l t s  of the physiological  invest igat ion of the gas t r in  de r iva t ives  were  given to us by Z. A. Ata re .  
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C2HsOCOCH2NHCO-Tr p • Met • Asp • PheNH 2 (IV). A suspension of 0.1 g (0.158 mmole) of (I) in 5 ml 
of dioxane was t rea ted  with 0.045 ml (0.32 mmole) of t r ie thylamine and 0.02 ml (0.152 mmole) of the ethyl 
es te r  of carbonylglyeine [9]. The mixture was shaken for 4 h and was left overnight at room tempera ture .  
Then 0.02 ml (0.35 mmole) of acetic acid was added, and the mixture was s t i r red  and t reated with 30 ml of 
ether .  Yield 0.094 g, mp 189-195°C. The product was t reated severa l  t imes with the minimum amount of 
hot water ,  cooled, and fi l tered,  and the residue was dissolved in 100 ml of methanol.  This solution was 
f i l tered and evaporated in a ro t a ry  evaporator ,  and the residue was dried in vacuum over  phosphorus pen- 
toxide at 50-60°C. Yield 0.03 g (25%), composit ion C3~H~3NTOgS , m p  205-206°C, [~]~ -38.0 ° (c 0.4; DMF); 
Rf (A-5) 0.47. 

B o c - f l - A l a  (XII). A suspension of 7.8 g (0.8 mole) of fi-alanine in a mixture of 20 ml of dioxane and 
20 ml of water  was t rea ted  with a 4 N solution of caust ic  soda to pH 8.9 and with 13 ml of ter t -butyl  azido- 
formate .  The mixture was heated to 50-55°C, the pH being maintained at 8.9 by means of an automatic 
block t i t ra tor .  The react ion was complete after  2.5-3 h. The excess of azide and par t  of the dioxane were 
evaporated off in a ro ta ry  evapora tor  in vacuum at 50°C, and the residue was cooled to 0-5°C and acidified 
to pH 2 with 20% ci t r ic  acid. Then it was extracted severa l  t imes with ethyl acetate,  and the ethyl acetate 
ext rac t  was dried with magnesium sulfate, f i l tered,  and evaporated in a ro ta ry  evaporator  in vacuum. The 
residual oil c rys ta l l ized  under petroleum ether .  Yield 13.0 g (85.5%), mp 75-77°C (decomp.). The product 
r ec rys ta l l i zed  from e t h e r - p e t r o l e u m  ether ,  with the composit ion CsH~sNOa, had mp 82-83°C (literature 
data: 73-74°C [12]), Rf (A-4) 0.67. 

B o c - ~ - A l a - O S u c  (XHI). A solution of 1.8 g (9.5 mmoles) of (XII) and 1.09 g (9.5 mmoles)  of N- 
hydroxysuccinimide [8] in 5 ml of dioxane and 5 ml of methylene chloride was cooled to 0°C and, with s t i r -  
ring, 1.9 g (9.5 mmoles)  of dicyclohexylcarbodiimide was added. The mixture was s t i r r ed  at 0-5°C for  5 h 
and was left at room tempera ture  overnight.  The dicyclohexylurea that had deposited was fi l tered off, and 
the solvent was evaporated off. Yield 2.33 g (86%), mp 110-112°C. R was rec rys ta l l i zed  from i sop ropano l -  
hexane. Yield 1.55 g (57°/c). The product additionally recrys ta l l i zed  f rom ethyl a c e t a t e - p e t r o l e u m  ether  
had the composit ion CI2H~sN206 with mp 112-113°C, R f  (A-3) 0.78, (B-3) 0.74. 

Boc - f l  -Ala • Trp  • Met • Asp • PheNH 2 (V). A mixture of 0.16 g (0.25 mmole) of (I) and 3 ml of DMF 
cooled to 0-5°C was t rea ted  with 0.068 g (0.24 mmole) of (XIII) and 0.07 ml of t r ie thylamine.  The solution 
was s t i r r ed  at 0-5°C for 4-5 h and was left at room tempera tu re  overnight.  Then it was poured with s t i r -  
r ing into 10 ml of ice water  containing 0.05 ml of acetic acid and the result ing precipitate was f i l tered off, 
mp 212-213°C (decomp.). It was rec rys ta l l i zed  f rom acetic acid and water .  Yield 0.14 g (79%), compos i -  
tion C37H49NTOTS, mp 213°C (l i terature data: 229-230°C [7]); [C~]~ - 3 0  ° (c 1; DMF) (l i terature data: [~ ]~ - 2 8 . 8  °, 
c I; DMF [7]), Rf (A-5) 0.78, (A-4) 0.66. 

C2HsOCO--Trp-OSuc (XIV). At 0-5°C, 1.3 g (6.3 mmoles) of dicyclohexylcarbodiimide was added to 
a solution of 1.66 g (6.0 mmoles)  of e thoxycarbonyl-L- t ryptophan [13] and 0.73 g (6.3 mmoles) of N-hydroxy-  
succinimide [8] in 12 ml of a mixture of dioxane and methylene chloride (1 : 1), and the mixture was s t i r red  
at 0-5°C for 3 h and was left at room tempera tu re  overnight. The dicyclohexylurea was f i l tered off. The 
solution was evaporated in vacuum at 35-40°C. The residual  oil was crysta l l ized under petroleum ether. 
The yield of crude product with mp 135-140°C was quantitative. After recrys ta l l iza t ion  f rom isopropanol 
it had the composit ion C18H19N306, mp 145-146°C, Rf (A-l) 0.9, (B-2) 0.94. 

S U M M A R Y  

The synthesis  has been effected of the C- te rmina l  tetrapeptide of gas t r in  Trp • Met • Asp • PheNH 2 • 
HC1 (I) and its derivat ives B o c - T r p  • Met • Asp • PheNH 2 (II), C2HsOCO-Tr p • Met • Asp • PheNH 2 (III), 
C2HsOCOCHNH2CO-Tr p • Met • Asp • l~heNH 2 (IV), and B o c -  p -Ala  • Trp • Met • Asp • PheNH 2 (V). 
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