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In connection with the development  of methods for  p repa r ing  s t ruc tu ra l  analogs of insulin, we have 
synthes ized the pentapept ides  (I-III)  fo rming  s t ruc tu ra l  analogs of the A17_21 f ragment  of insulin (all amino 
acids  of the L configurat ion).  
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The synthes is  was  p e r f o r m e d  by M e r r i f i e l d ' s  so l id -phase  method [1, 21. The po lymer ic  support  used 
was  a ch loromethy la ted  copo lymer  of s tyrene  with 1% of divinylbenzene containing 8% of chlor ine.  

The C - t e r m i n a l  amino acid was  at tached to the po lymer i c  c a r r i e r  in the p r e sence  of sodium iodide 
as reac t ion  ca ta lys t  [3]. Under these conditions,  it was  also poss ib le  to p e r f o r m  the a t tachment  to the 
p o l y m e r i c  c a r r i e r  of a pro tec ted  dipeptide with the composi t ion  B O C - C y s ( B z l ) - A s n - O H  (IV). In all the 
pep t ide - fo rming  reac t ions ,  the condensing agent was  d icyclohexylcarbodi imide  - D C H C - ( a p a r t  f r o m  the 
addition of an asparag ine  res idue ,  which was  effected by the p-ni t rophenyl  e s t e r  method).  To e l iminate  the 
BOC groups  we used a 4 N solution of HC1 in dioxane. The peptides obtained were  sepa ra ted  f r o m  the 
p o l y m e r i c  c a r r i e r  by the action of HBr in t r i f luoroace t i c  acid [peptides (I) and (II)] or  by alkaline saponi-  
f icat ion [peptide (HI)]. 

Pept ide (II) was  synthesized by two methods:  s tepwise ,  s ta r t ing  f rom the a s p a r a g i n y l - p o l y m e r  and 
by  the s t epwise -b lock  method s ta r t ing  f r o m  the S -benzy lcys te iny laspa rag iny l -po lymer .  

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

Analyt ical  Methods. The ascending method of pape r  ch roma tog raphy  on pape r  of type "C ~ with the 
following solvent s y s t e m s  was  used:  1) i soamyl  a l c o h o l - p y r i d i n e - w a t e r  (7 : 7 : 6); 2) n - b u t a n o l - a c e t i c  
a c i d - p y r i d i n e - w a t e r  (7.5 : 1.5 : 6 : 5); and 3) i sopropano l -25% aqueous a m m o n i a - w a t e r  (14 : 1 : 5). Thin- 
l a y e r  ch roma tog raphy  (TLC) was  p e r f o r m e d  by the ascending method on Silufol p la tes  coated with s i l i cage l  
and s ta rch ,  in the s ame  solvent s y s t e m s .  P a p e r  e l e c t ropho re s i s  was  p e r f o r m e d  at a voltage of 350 V. The 
e l ec t ro ly t e s  used were  0.05 M t r i e thy l ammon ium bicarbonate  buffer  solutions with pH 7.5 and 8.7. 
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Compounds containing f r ee  a - a m i n o  groups were  revea led  on the c h r o m a t o g r a m s  and e l ec t rophore -  
g r a m s  with ninhydrin. The benzidine reagent  (PC) or  a 0.05 M solution of sodium iodide (TLC) was used 
to r evea l  subs tances  containing an imino group. The quantitat ive de terminat ion  of the amino acids in the 
hydro lyza tes  was p e r f o r m e d  on an automatic  amino-ac id  analyzer .*  

Addition of B O C - A s n - O H  to the Po lymer i c  C a r r i e r .  To 8 g (18 meq of chlorine) of the po lymer ic  
c a r r i e r  were  added 40 ml of absolute d imethy l fo rmamide  (DMFA), 4 g (18 mmoles)  of B O C - A s n - O H ,  1.4 g 
(9 mmoles)  of sodium iodide, and 2.5 ml (18 mmoles)  of t r i e thy lamine .  The mixture  was shaken on a m s -  
chine at 40°C for  5 h. The po lymer ic  c a r r i e r  was separa ted  off, washed with DMFA, water ,  and methanol ,  
and dried in a vacuum des icca to r  over  P205 to constant weight.  The amount of asparag ine  attached to the 
c a r r i e r  in var ious  expe r imen t s  was 0.35-0.50 mmole /g .  

p r e p a r a t i o n  of B O C - C y s ( B z l ) - A s n - O H  (IV). At 5°C, with s t i r r ing ,  0.68 ml (5 mmoles)  of t r ie thyl -  
amine and 0.65 ml  (5 mmoles)  of isobutyl ch lo ro fo rmate  were  added to a solution of 1.55 g (5 mmoles)  of 
B O C - C y s ( B z l ) - O H  in 10 ml  of absolute dioxane. After  5 min,  a solution of 0.72 g (5.5 mmoles)  of a s p a r a -  
gine in 5 ml  of 1 N NaOH was added to the reac t ion  mix tu re .  After  another  10 rain, the mix ture  was acidi-  
fied with 50% ci t r ic  acid to pH 3. A white prec ip i ta te  deposited,  which was  f i l te red  off. Yield 1.4 g (70% 
of theoret ica l ) ,  mp 152-153°C, [~]~ - 2 5  ° (c 0.9; DMFA), Rfl 0.60, Rf2 0.89, Rf3 0.93 (PC). 

Found %: C 53.39; H 6.24; N 9.65. C19H27N306S (425.4). Calculated %: C 53.64; H 6.35; N 9.88. 

Addition of B O C - C y s ( B z l ) - A s n - O H  to the Po lymer i c  Support. To 0.5 g (1.15 meq of chlorine) of 
the po lymer ic  support  we re  added 4 ml  of absolute DMFA, 490 mg (1.15 mmole) of (IV), 174 mg (1.15 
mmole) of sodium iodide, and 158 mg (1.15 mmole) of t r i e thy lamine .  The mix ture  was shaken on a machine 
at 40°C for  12 h. The po lymer ic  c a r r i e r  was  separa ted  off, washed with DMFA, glacial  acet ic  acid, and 
methanol ,  and dried in the vacuum des icca to r  over  P205 to constant  weight. The amount of dipeptide on the 
suppor twas  0.32 mmole /g  ( f romthe  r e su l t s  of the amino-ac id  ana lys i s  of the hydrolyzate  for  aspar t i c  acid). 

P repa ra t ion  of B O C -  Glu(OBu t) - A l a -  Tyr(Bzl) - Cys(Bzl) - A s n  Po lymer  (V). A f lask for  so l id-phase  
peptide synthes is  was  charged  with 2 g of the B O C - A s n  po lymer  (0.70 mmole  of asparagine) ,  20 ml of dI- 
oxane was  added, and the suspension was shaken for  10 min.  The aminoacyl  po lymer  was washed twice 
m o r e  with dioxane, and then the BOC groups were  e l iminated with 20 ml  of a 4 N solution of HC1 in dioxane 
for  30 rain. After  washing with dioxane (3 x 20 ml) and CH2C12 (3 × 20 ml), the reac t ion  mixture  was neu- 
t r a l i zed  with 20 ml of a 10% solution of t r i e thy lamine  in CHIC12 for  10 min.  Then the po lymer  was washed 
with CH2C12 (3 × 20 ml),  methanol  (2 × 15 ml), and again with CH2C12 (3 × 20 ml); a f t e r t h i s , 545  mg (1.75 
mmole) of B O C - C y s ( B z l ) - O H  and, a f te r  5 min,  360 mg (1.75 mmole) of DCHC were  added. Condensation 
was  p e r f o r m e d  with shaking for  4 h. After  the end of the pep t ide- forming  reac t ion ,  the po lymer ic  support  
was  washed with CH2C12 (3 x 20 ml), ethanol (3 x 20 ml), and CH2C1 again (3 x 20 ml).  

By repeat ing the cycle of reac t ions  and washings descr ibed  and also by subsequently using B O C -  
T y r ( B z l ) - O H ,  B O C - A l a - O H ,  and B O C - G l u ( O B u t ) - o H  we obtained (V). The substance was  washed with 
glacial  acet ic  acid and with ethanol and was  dried in the vacuum des icca to r  ove r  P205 . Yield 2.6 g. Amino-  
acid analys is :  Asp 1.04, Cys(Bzl) 0.38, Tyr  0.28, Ala 1.00, Glu 1.04.~ 

P repa ra t i on  of B O C - G l u ( O B u t ) - A l a - P h e - C y s ( B z l ) - A s n  Po lymer  (VI). A. Compound (VI) was ob- 
ta ined ' in  a s imi l a r  manner  to the preceding  case  f r o m  2 g of B O C - A s n  po lymer  (--0.70 mmole  of asparagine) .  
Yield 2.5 g. Amino-ac id  analys is :  Asp 1.06, Cys(Bzl) 0.38, Phe 1.06, Ala 1.00, Glu 0.92. 

B. Start ing with 0.5 g of B O C - C y s ( B z l ) - A s n  po lymer  (0.16 mmole  of dipeptide), the peptide chain 
was  built  up in the same  way as in A. The yield of (VI) was  0.61 g. Amino-acid  analysis :  Asp 0.98, 
Cys(Bzl) 0.30, Phe 1.05, Ala 1.00, Glu 0.97. 

P repa ra t ion  of B O C -  A l a -  A s n -  Tyr(Bzl) - Cys(Bzl) -- Asn Po lymer  (VII).  This was  based on the t r e a t -  
ment  of 2 g of the BOC - A s n  po lymer  (0.70 mmole) as de scr ibed above with the exception of the stage of the in t ro-  
duction of an asparag ine  res idue  into the peptide chain. Compound (VII) was obtained. At the stage of the 
introduction of an asparagine  res idue to the peptide chain a f te r  the e l iminat ion of the BOC group the amino-  

* The amino-ac id  ana lyses  were  p e r f o r m e d  by our col leagues  of the ch romatography  division of the in te r -  
facul ty  l abo ra to ry  of bioorganic  c h e m i s t r y  of Moscow State Univers i ty .  

The low f igures  for  cyste ine  and tyros ine  have a sys t emat i c  nature  and are  explained by the decompos i -  
tion of these  amino acids during acid hydro lys i s .  
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acyl polymer was washed with DMFA (3× 20 ml), neutralized with 10% triethylamine in DMFA for 10 min, 
and washed with DMFA (3 x 20 ml), and 990 mg (2.8 mmoles) of BOC-Asn -ONP was added. Condensation 
was performed with shaking for 16 h. The yield of (VII) was 2.46 g. Amino-acid analysis: Asp 1.87, 
Cys(Bzl) 0.53, Tyr 0.65, Ala 1.00. 

Preparation of the Hydrobromide of H - G l u - A l a - T y r - C y s ( B z l ) - A s n - O H  (I). To 1.65 g of (V) was 
added 15 ml of freshly-dist i l led CF3COOH, followed by 2 ml of anisole, and a slow current of dry bromine- 
free HBr was passed through the suspension for 1 h. The polymeric support was separated off and washed 
with CF3COOH (3 × 10 ml), and the fil trate and the wash liquids were evaporated in vacuum at 30°C. Ab- 
solute methanol was added to the oily residue and evaporated off again several t imes.  The final residue 
was treated with absolute ether, and the precipitate that deposited was separated off, washed with ether, 
and dried in vacuum. Yield 240 mg (56% of theoretical).  After recrystal l izat ion from ethanol, 160 mg of 
chromatographically pure compound (It was obtained, [a]~ - 2 0  ° (c 1; DMFA), Rr~,t 0.31, Rcj2 0.68, R~j3 0.68 
(PC). Paper electrophoresis:  UA + 5.8.10 -5 (2.5 relative to Ala), UB +6.7.10- (1.2 relative to Gln). 
Amino-acid analysis: Glu 0.99, Ala 1.00, Tyr 0.68, Cys{Bzl) 0.65, Asp 1.01. 

Preparation of the Hydrobromide of H - G l u - A l a - P h e - C y s ( B z l ) - A s h - O H  (II). As described for 
the preceding case, 1.75 g of (VI) was treated with HBr in CF3COOH. The yield of compound (II) was 267 
mg (58% of theoretical).  After recrystal l izat ion from water,  chromatographically pure (II) was obtained 
with [a]~ - 2 0  ° (c 1; DMFA), Rf  0.46, Rf  0.73, Rf  0.80 (PC). Paper electrophoresis:  UA + 5.7" 10 .5 
(2.5 relative to Ala), U B +6.6.10 t~ (1.2 relative to ~ln). Amino--acid analysis: Glu 1.03, Ala 1.02, Phe 
1.00, Cys(Bzl) 0.70, Asp 1.00. 

Preparation of B O C - A l a - A s n - T y r ( B z l ) - C y s ( B z l ) - A s n - O H  (III). A mixture of i g of (VII), 0.6ml 
of 2 N NaOH, and 6 ml of dioxane was shaken on a machine for 1 h. The polymeric support was separated 
off and washed with dioxane and ether.  The filtrate was acidified with 10% HC1 in ethanol to pH 7 and evap- 
orated to dryness,  and the residue was treated with water.  The precipitate that deposited was separated 
off and dried in the  air. Yield of (IH) 200 mg (66% of theoretical), [a]~ - 3 9  ° (c 1; DMFA),Rf2 0.79, Rf3 
0.81 (TLC). Amino-acid analysis: Asp 1.97, Cys(Bzl) 0.53, Tyr 0.63, Ala 1.00. 

C O N C L U S I O N S  

The synthesis of the following analogs of the A17_21 fragment of insulin has been effected by the solid- 
phase method: the hydrobromides of H - G l u - A l a - T y r - C y s ( B z l ) - A s n - O H  and of H - G l u - A l a - P h e -  
Cys(Bzl ) -Asn-OH,  and also B O C - A l a - A s n - T y r ( B z l ) - C y s ( B z l ) - A s n - O H .  The possibility of adding to 
a chloromethylated polymeric support a protected dipeptide with the composition BOC-Cys(Bzl ) -  Asn-OH 
has been shown. 
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