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In o r d e r  to study the interact ion of the act ive f r agmen t  of the hormone  gas t r in  ( T r y - M e t - A s p -  
PheNH2 [1]) with the receptor ,  we have synthesized some of its analogs containing in p lace  of the tryptophan 
res idue  one of the acyl r ad ica l s  f l - (1-naphthyl)acryloyl  (A), fl-(1-naphthyl)propionyl (B), fi-(2-naphthyl) 
propionyl  (C), and a -benzyloxycarbonylamino- f i - (1-methyl indol -3-y l )prop ionyl  (D). The synthes is  of the 
compounds was effected by the methods of c lass ica l  peptide chemis t ry  us ing schemes  1 and (or) 2. 

In the f i r s t  va r i an t  of the synthes is  (scheme 1), N-hydroxysuecin imide  e s t e r s  of the tryptophan ana-  
logs (I, X = A, B, C, D) were  condensed with the methyl  e s t e r  of methionine (II) in d imethy l fo rmamide  solu-  
tion. The resu l t ing  methionine de r iva t ives  (III) were  then conver ted  into the hydraz ides  (IV) and, using the 
azide method of coupling, w e r e  condensed with the /~- te r t -bu ty l  e s t e r  of aspar tylphenylalanine (VI) [2]. The 
t e r t -bu ty l  e s t e r  group in the te t rapept ide  der iva t ives  (VII) was el iminated by t r ea tmen t  with t r i f luoroacet ic  
acid. 

According to the second var ian t  of the synthesis  (scheme 2), methionine (IX) was added to the methyl  
e s t e r  of aspar ty lphenyla lanine  (X) [3] by the s tepwise method using hydroxysucein imide  e s t e r s ,  and af ter  
the convers ion  of the t r ipept ide  e s t e r  (XI) into the amide (XII) the te r t -butoxycarbonyl  protect ion was spli t  
off and the resu l t ing  compound (XIII) was added to the appropr ia te  N-hydroxysuccin imide  e s t e r  to give (I, 
X = A, B, C). The r e su l t s  of biological  t e s t s  on the compounds obtained have been published in a p r e c e d -  
ing pape r  [4]. 

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

The exper imen t s  we re  p e r f o r m e d  with amino acids of the L configuration and with anhydrous solvents .  
All evapora t ions  were  p e r f o r m e d  in a r o t a r y  vacuum evapora to r  a t  a wa te r -ba th  t e m p e r a t u r e  of +40 to 
+50 ° C. The mel t ing points (uncorrected) were  de te rmined  in cap i l l a r ies .  The pur i ty  of the ma te r i a l s  ob-  
tained was checked by p a p e r  and th in - l ayer  chromatography .  For  all  the compounds,  the e lementa ry  anal-  
y se s  co r responded  to the calculated f igures .  

N-Hydroxysuccin imide  E s t e r  of /~-(1-Naphthyl)acryl ic  Acid (IA). A solution of 0.59 g (2.9 mmoles )  of 
c~-naphthylacrylic acid and 0.34 g (2.9 mmoles)  of hydroxysuccinimide in 30 ml  of dioxane cooled to 0°C 
was t r ea ted  with 0.61 g (2.9 mmoles )  of d icyclohexylcarbodi imide.  The mix ture  was kept at 0°C for  15 min,  
and then at room t e m p e r a t u r e  for  20 h. The dicyclohexylurea  that deposi ted was f i l tered off, and the f i l -  
t r a t e  was evapora ted  to d ryness .  The residue was r ec rxs t a l l i zed  f rom isopropanol and dr ied in vacuum 
over  phosphorus  pentoxide. The yield of the e s t e r  (IA) was 0.49 g (56.2%), mp 159-161°C, composi t ion  
CiTHI3NO4. 

Compounds IB and IC were  synthesized by the s a m e  method: the N-hydroxysuccin imide  e s t e r  of fi- 
(1-naphthyl)propionic acid C17HlsNO 4 (IB) with a yield of 56.8%, mp 102-105°C (from isopropanol) ,  and the 
N-hydroxysucc in imide  e s t e r  of f i-(2-naphthyl)propionic acid CtTH15NO 4 (IC) with a yield of 76.8%, mp 158- 
160 ° C (from isopropanol).  

Methyl E s t e r  of f l - (1-Naphthyl)acryloylmethionine (IIIA). A solution of 0.45 g (1.5 mmole)  of the N-  
hydroxysueein imide  e s t e r  of /~-(1-naphthyl)acryl ic  acid and 0.3 g (1.5 mmole)  of the hydrochlor ide  of the 
methyl  e s t e r  of methionine (H) in 10 ml  of DMF cooled to 0 ° C was t rea ted  with 0.21 ml  (1.5 mmole)  of 
t r ie thylamine.  The mix tu re  was kept  a t  0 ° C for  5 rain and at  room t e m p e r a t u r e  for  1 h. The substance  
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was prec ip i t a ted  with water ,  r e c r y s t a l l i z e d  f r o m  methanol,  and dried at room t empera tu r e .  The yield of 
the methyl  e s t e r  CtgH21NO 3 (IIIA) was 0.3 g (52%), rap 157-159 ° C, [ a ] ~ -  28.3 ° (c 1; CH3OH). 

Compounds IIIB and IIIC were  synthesized by the s a m e  method: the methyl  e s t e r  of fl-(1-naphthyl) 
propionylmethionine C19H23NO3S (IIIB) with a yield of 80.5%, mp 91-93° C ( f rom m e t h a n o l - w a t e r ) ,  [ a ] ~ -  
51.4 ° (c 2; CH3OH), and the methyl  e s t e r  of f i -(2-naphthyl)propionylmethionine CIgH23NO3 S (IIIC) with a 
yield of 77%, mp 76-78 ° C (f rom m e t h a n o l - w a t e r ) ,  [ a ]~  - 28.8 ° (c 2; CH3OH). 

Methyl E s t e r  of a -Benzyloxycarbonylamino- /3- (1-methyl tndol -3-y l )propionylmeth ionine  (IIID). To a 
solution of 0.40 g (0.2 mmole)  of the hydrochlor ide  of the methyl  e s t e r  of methionine in 10 ml  of anhydrous 
ch lo ro fo rm cooled to 0 ° C were  added 0.28 ml  (0.2 mmole)  of t r ie thylamine  and a solution of 0.73 g (0.2 
mmole)  of a -benzy loxy-ca rbony lamino- /~ ' (1 -methy l indo l -3 -y l )p rop ion ic  acid in 10 ml  of ch loroform.  With 
s t i r r ing,  0.42 g (0.2 mmole)  of d icyclohexylcarbodi imide  was added to the resul t ing solution, and the m i x -  
ture  was left  overnight  at  +5 ° C. The yield of the dipeptide C26H31N30~S (IIID) was 0.73 g. After r e c r y s t a l -  
l izat ion f r o m  e t h a n o l - p e t r o l e u m  ether,  0.53 g (52.5%) of a p roduc t  with mp 117-120°C was obtained. 

Hydraz ide  of /3-(1-Naphthyl)acryloylmethionine  (IVA). A solution of 0.32 g (0.87 mmole)  of the methyl  
e s t e r  of f i - (1-naphthyl)acryloylmethionine (III) in 7 ml  of methanol  was t rea ted  with 0.5 ml  of hydraz ine  
hydra te ,  and the mix tu re  was boiled for  30 rain. Then it was lef t  at r o o m  t e m p e r a t u r e  for  20 h. The c r y s -  
tals  that had deposi ted were  f i l te red  off and dr ied  in vacuum over  phosphorus pentoxide. The yield of the 
hydraz ide  of /3-(1-naphthyl)acryloylmethionine  C18H21N302S (IVA) was 0.25 g (83.3%), mp 246-248° C (f rom 
dioxane methanol),  [ a ]~  + 13.0 ° (c 1; CH 3 COOH). 

By the s ame  method we synthesized the hydraz ide  of/3-(1-naphthyl)propionylmethionine ClsH~3N302S 
(IVB) with a yield of 83.3%, mp 196-197.5 ° C (from methanol),  [ a ]~  - 126 ° (c 1; CH 3 COOH), the hydraz ide  
of /3-(2-naphthyl)propionylmethionine C18H23N302S (IVC) with a yield of 63.3%, mp 186-187°C (from e tha-  
nol), [~]~ - 12.5 ° (c 1; CH 3 COOH), and the hydraz ide  of ~ -benzy loxycarbonylamino- f i - (1 -methy l indo l -3 -  
yl)-propionylmethionine C25H31NsO4S (IVD) with a yield of 75.6%, mp 211-214 ° C. 

Amide o f /3 - (1 -Naphthy l )ac ry loy lmeth iony l - /3 - t e r t -bu ty l -aspar ty lpheny la lan ine  (VIIA). A solution of 
171 mg (0.5 mmole)  of the hydrazide  of f~-(1-naphthyl)aeryloylmethionine (IVa) in a mix ture  of 10 ml  of 
g lac ia l  acet ic  acid, 4 rnl of 1 N hydrochlor ic  acid, and 4 rnl of water  was cooled to -10 ° C, and, with s t i r -  
ring, a cold solution of 38 mg of sodium ni t r i te  in 0.5 ml of water  was added in one portion, and s t i r r ing  
was continued a t  -5  ° C fo r  10 ruin. The azide (VA) prec ip i ta ted  in the f o r m  of white c rys t a l s ,  which were  
ext rac ted  with 30 ml  of ethyl ace ta te .  The organic  l ayer  was washed success ive ly ,  with cooling, with 20 ml 
of water ,  20 ml of 1 N sodium bicarbonate  solution, and 20 ml  of water .  Then it was dr ied  over  sodium 
sulfate fo r  5 rain. To the cold solution was added 167 rng (0.5 mrnole) of the amide o f /~ - t e r t -bu ty l -  
aspar ty lphenyla lanine  (VI) [2] in 5 ml  of DMF. The solution was kept  at +2 ° C for  48 h and was then washed 
with 20 ml  of 5 N hydrochlor ic  acid, 10 rnl of water ,  25 ml  of 3% sodium b icarbona te  solution, and 20 ml of 
water .  The ethyl aceta te  was evapora ted  off and the res idue  was c rys ta l l ized  under water .  The amide 
(VIIA) was dr ied  in vacuum over  phosphorus  pentoxide. Yield 220 mg (68.3%), mp 211-214°C (from me tha -  
nol). 

The amide  of /3 - (1-naphthy l )prop ionylmeth ionyl - /3 - te r t -bu ty l -aspar ty lphenyla lan ine  (VIIB) was syn-  
thesized s imi l a r ly  with a yield of 64.2%, mp 218-220 ° C, and so were  the amide  of f i - (2-naphthyl)propionyl-  
me th iony l - /3 - t e r t -bu ty laspar ty lpheny la lan ine  (VIIC) with a yie ld  of 39%, mp 191-195°C, and the amide of 
a-benzy~xycarb~ny~amin~- /3-(1-methy~- ind~-3-y~)pr~pi~ny~methi~ny~aspar~pheny~a~anine  (VIIID) with a 
yield of 40%, mp 195-205°C. 

Amide of /3- (1-Naphthyl )acry loylmethionylaspar ty lphenyla lanine  (VIIIA). A solution of 50 rug of t h e  
amide o f /3 - (1 -naph thy l )ac ry loy lmeth iony l - f i - t e r t -bu ty laspar ty lpheny la lan ine  in 0.6 ml  of anhydrous t r i -  
f luoroace t ic  acid was kept  at r o o m  t e m p e r a t u r e  for 15 rain. The amide (VIIIA) was prec ip i ta ted  with ether,  
f i l te red  off, carefu l ly  washed with e ther ,  and dried in vacuum ove r  caust ic  potash.  The yield of the amide  
of /3- (1-naphthyl )aery loylmeth ionylaspar ty lphenyla lan i .e ,  C31H3606N4S (VIIIA) was 30 mg (65.570), mp 222-224°C. 

Compounds (VIIIB, C and D) were  obtained by the s ame  method: the arnide of /3-(1-naphtht l )propionyl-  
methionylaspar ty lphenyla lanine  C31H3606N4S (VIIIB) with a yield of 63.570, mp 229-232°C, [ a ] ~ - 5 1  ° (c 1.3; 
DMF), the amide of f l - (2-naphthyl)propionylmethionylaspar tylphenylalanine,  C31H36OGN4S (VIIIC) with a yield 
of 63%, mp 214-215°C, [ a ] ~ - 4 5  ° (c 1; DMF), and the amide .of a -benzyloxycarb6nsr lamino-f i - (1-methyl indol -  
3-y l ) -propionylmeth ionylaspar ty lphenyla lan ine  C30H44NsO6S (V[IID)with a yie ld  of 60.5%, mp 226-229°C. 
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Amide of t e r t -Butoxycarbonylmeth ionylaspar ty lphenyla lan ine  (XII). A solution of 2.64 g (9 mmoles )  
of the methyl  e s t e r  of aspar ty lphenyla lanine  [3] and 3.15 g (9 mmoles )  of the N-hydroxysucc in imide  e s t e r  of 
te r t -butoxycarbonylmeth ionine  in 50 ml  of DMF and 6 ml  of water  was t r ea ted  with 1.26 ml  of t r ie thylamine .  
The mix tu re  was kep t  at r oom t e m p e r a t u r e  fo r  2 h and was then cooled to 0 ° C and acidified with a 10% 
solution of c i t r i c  acid to pH 3. The oil that deposi ted was ex t rac ted  with ethyl aceta te  (3 x 40 ml), washed 
with ice water ,  and dr ied  over  sodium sulfate.  The ethyl ace ta te  was evapora ted  off, the res idue  was d i s -  
solved in 50 ml of methanol ,  and the solution was sa tu ra ted  with ammonia  at 0 ° C and kept  at the same  
t e m p e r a t u r e  for  18 h. The organic  solvent  was evapora ted  off and the res idue  was again dissolved in 50 
ml of methanol .  The solution was cooled and acidified with 10% c i t r ic  acid to pH 3, and then 40 ml of ice 
wa te r  was added. The white c r y s t a l s  that deposi ted were  f i l te red  off, washed with ice water ,  and dr ied  at  
r o o m  t empera tu r e .  The yield of the amide  (XII) was 2.4 g (50%7, mp 200-202 ° C (decomp.) [~]~ - 39.0 (c 
1.0; DMF). L i t e r a t u r e  data:  mp 209-210 ° C (decomp.), [ ~ ] ~ -  39.3 ° [3]. The te r t -bu toxycarbonyl  group 
was e l iminated f r o m  the compound obtained by  means  of a solution of hydrogen chlor ide  in glacial  acet ic  
acid [3]. 

Amide of f l - (1-Naphthyl)acryloylmethionylaspar ty lphenyla lanine  (VII]A). A solution of 114 mg (0.25 
mmole)  of the hemthydra t e  of the hydrochlor ide  of the amide  of methionylaspar ty lphenyla lanine  (X'[1]) and 
74 mg (0.25 mmole)  of the N-hydroxysucc in imide  e s t e r  of naphthylacryl ic  acid in 2 ml of DMF and 0.2 ml  
of wa te r  was t r ea ted  with 0.07 ml  of t r i e thy lamine  and kept  at room t e m p e r a t u r e  for  3 h. Then 20 ml of 
wa te r  was added and the mix tu re  was acidified with 1 N hydrochlor ic  acid to pH 3. The white c r y s t a l s  that 
deposited were  f i l t e red  off, washed with water ,  and dried at room t empera tu re .  Yield 70 mg (47.5%), mp 
222-224 ° C. 

In the same way we synthes ized the amide of fl- (1-naphthyl)-propionylmethionylaspar tylphenylalanine 
(VIIIB) with a yield of  81%, mp 229-232 ° C, and the amide of f l - (2-naphthyl)propionylmethionylaspaxtyl-  
phenylalanine (VIIIC) with a yield of 82%, mp 214-215 ° C. In thei r  chromatographic  behavior ,  these c o m -  
pounds were  identical  with authentic compounds obtained by the f i r s t  scheme.  

SUMMARY 

New de r iva t ives  of the COOH-termina l  te t rapept ide  of gas t r in  containing in place of the tryptophan 
res idue  the acyl r ad ica l s  ~-(1-naphthyl)acryloyl ,  f i-(1-naphthyl)propionyl,  f l-(2-naphthyl)propionyl,  and ~ -  
benzy loxycarbonylamino- f l - (1 -methy l indol -3-y l )prop ionyl  have  been synthesized.  
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