
T H E  

O F  

TO 

S O L I D - P H A S E  S Y N T H E S I S  A N D  S O M E  P R O P E R T I E S  

T E T R A P E P T I D E  H Y D R A Z I D E S  R E L A T E D  

T H E  A13_16 F R A G M E N T  OF  I N S U L I N  

G.  A.  K o r s h u n o v a ,  G. P .  M i s h i n ,  
O. M. V o l ' p i n a ,  a n d  Yu.  P .  S h v a c h k i n  

UDC 547.964.4 

For  the purpose of the fur ther  development of methods for  obtaining s t ruc tura l  analogs of insulin, we 
have synthes ized the te t rapept ide hydrazides  (I-V1) which fo rm s t ruc tura l  analogs of the A13_16 f ragment  of 
insulin at posit ions 13 (I-IV) and 14 (V, VI) (all amino acids of the L configuration).  

13 14 15 16 
• . . -Leu-Tyr-OlN-Leu-... (A13_16) 

BOC-Cly-Tyr-C IN-Leu-NHNH~ (I) 
t 
Bzl 

BOC-AIa-Tyr-CIN-Leu-NHNH: (!!) 
I 

Bzl 
BOC-VaI-Tyr-CIN-Leu-NHNH: (lid 

I 
Bzl 

BOC-Phe-Ty r-ClN-Leu-N HNH~ (IV) 
t 

Bzl 
BOC-Leu-Phe-CtN-l.eu-NHN H~ {V) 
BOC-Leu-Thr-ClN-Leu-N HNH: (VI) 

The synthesis  was pe r fo rmed  by Merr i f ie ld ' s  sol id-phase method [1, 2]. As the polymer ic  support  we 
used a chloromethyla ted copolymer  of s tyrene  with 19~ of divinylbenzene containing 8% of chlorine.  

The C- te rmina l  amino acid was added to the polymer ic  support  in the p resence  of sodium iodide as 
ca ta lys t  for  the react ion [3]. 

In all the pept ide- forming react ions  the condensing agent was dicyclohexylcarbodi imide - DCHC. To 
el iminate the BOC groups we used a 4 N solution of HC1 in dioxane [4]. The addition of a glutamine residue 
was pe r fo rmed  by the p-ni t rophenyl  e s t e r  method, and the BOC group in the glutamine res idue was removed  
by the action of a 50~ solution of CF3COOH in CH2C12 [5]. The peptides obtained were  separa ted  f r o m  the 
po lymer ic  support  by means of hydrazine hydrate in d imethylformamide (DMFA) [6]. 

Peptide (V) was synthes ized by two methods: by the di rect  hydrazinolysis  of the pept idy l -polymer  and 
also by the prepara t ion  of BOC-Leu-Phe-G1N-Leu-OMe (VII) by the t ranses te r i f i ca t ion  of the pept idyl-poly-  
m e r  with its subsequent hydraztnolysis  in solution [7]. 

The te t rapept ide  hydrazides  (i) and (V) were then used for  the synthesis  of the two nonapeptides (Vm 
and IX) by the method of azide condensation in solution [8] with the hydrobromide of H-Glu -Ala -Ty r -  
Cys (Bzl)-AsN-OH [3]. 
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BOC-GIy-Tyr-GLN-Leu-GIu-AIa-Tyr-Cys-As N-OH, (Vlll) 
I 

Bzl 
BOC-Leu-Phe-G1N-Leu-Glu-Ala-Tyr- Cys-As N-OH. (IX). 

I 
Bzl 

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

Methods of Analysis .  Ascending chromatography on F i l t r ak  FN4 paper  (GDR) was used with the fol-  
lowing solvent sys t ems :  1) isoamyl 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 -  
water  (15 : 3 : 12 : 10), 3) n - 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), 4) i sopropanol-25% a m m o n i a - w a t e r  (14 : 1 : 
5), and 5) n-butanol sa tura ted  with water .  Th in - layer  chromatography (TLC) was pe r fo rmed  by the ascend-  
ing method on SUufol plates containing si l ica gel and s ta rch  ha the same solvent sys tems  as in the case of 
paper  chromatography (PC), and also in sys tems  6 )m e th an o l - ch lo ro fo rm  (1:4) and 7) benzene-ethanol 
(1 : 4). 

The compounds containing free a-amino groups were revealed on the chromatograms and electro- 
phoregrams with ninhydrtn. The benzidine reagent (PC) on a 0.05M solution of potassium iodide (TLC) was 
used to reveal substances containing an imino group. The hydrazides of the peptides were revealed with 
a mixture of a 5% solution of silver nitrate and 25~ aqueous ammonia (9 : 1) with the subsequent heating of the 
chromatogram at 105 ° for 2-3 rain. The amounts of the amino acids in hydrolyzates were determined on an 
automatic amino-acid analyzer.* 

Addition of BOC-Leu-OH to the Polymeric Support. The addition of BOC-Leu-OH. H20 was performed 
under conditions similar to those described previously [3]. The amount of leucine on the support was 0.33- 
0.42 mmole /g .  

BOC-Gly-Tyr(Bzl ) -GIN-Leu-NHNH 2 (1). A reac t ion  vessel  for  sol id-phase peptide synthesis  was 
charged with 2 g of BOC-Leu-po lymer  (0.66 mmole of leucine),  and a cycle of reac t ion  s imi la r  to that de- 
sc r ibed  previous ly  [3] was pe r fo rmed .  

Af ter  the end of the synthes is ,  the pept idy l -po lymer  was washed with glacial  acet ic  acid and with etha-  
nol and was dried in a vacuum des icca tor  over  P205. Amino-acid  analysis :  Leu 1.00,Gly 1.00, Glu 1.02, Tyr  
0.90. 

The pept idy l -po lymer  obtained was suspended in DMFA, a 100-fold excess  of hydrazine hydrate was 
added, and the mixture  was shaken on a shaking machine at room t empera tu re  for  two days. The po lymer  
support  was separa ted  off and was washed with DMFA, and the f i l t ra te  and the wash liquids were  evaporated 
in vacuum at 30°C. The res idue  was t r ea t ed  with water ,  and the precipi tate  that fo rmed  was separa ted  off, 
washed with water ,  and dried in a vacuum des icca tor  over  P20~. The substance was purif ied by r ep rec ip i t a -  
t ion f r om DMFA with water .  The yield of (I) was 200 mg (45% of theore t ica l ) ,  mp 200°C (decomp.), [a]}~-9 ° 
(c 1;DMFA), Rf l  0.92, Rf3 0.89 (PC); Rf  1 0.69 , Rf2 0.78, Rf3 0.85, Rfs 0.20 (TLC). Amino-acid  analysis :  
Leu 1.00, Gly'0.96, Glu 0.98, Tyr  0.99. J 

BOC-Ala-Tyr(Bzl)-G1N-Leu-NHNH~ (II). This was synthesized in a s imi la r  manner  to the preceding 
compound (I): s tar t ing with 1.5 g of BOC-Leu-po lymer  (0.59 mmole of leucine),  the BOC-Ala-Tyr(Bzl)-G1N- 
Leu -po lymer  was obtained. Amino-ac id  analysis :  L e u  1.00, Ala 1.00, Glu 0.98 Tyr  0.68. After  the t r e a t -  
ment of the pep t idy l -po lymer  with hydrazine hydrate  in DMFA as before ,  120 mg of (II) (30% of theoret ical)  
was isolated with mp 202°C (decomp.), [ a ] ~ - 1 3  °, (c 0.5; DMFA), R f l  0.92, Rf4 0.89 (PC); Rfl. 0.59, Rf2 

0.79, Rf3 0.83, 1~f6 0.20, ~f7 0.64 (TLC). Amino-acid  analysis:  Leu 1.00, Ala 1.00, Glu 0.96, Tyr  0.74. 

BOC-Val-Tyr(Bzl)-G1N-Leu-NHNH 2 (III). F r o m  2 g of BOC-Leu-po lymer  (0.66 mmole  of leucine) was 
obtained BOC-Val -Tyr (Bzl ) -G1N-Leu-po lymer .  Amino-acid  analysis :  Leu 1.00, Val 0.92, Glu 1.00, Tyr  
0.80. After  t r ea tmen t  with hydrazhae hydrate under  the same conditions, 250 mg (52% of theoret ical)  of (III) 
was obtained with mp 218°C (decomp.),  [ol]~-13 ° (c 1; DMFA), R1 0.92, Rf~ 0.89 (PC); R f i  0.65, Rf~. 0.78, 
Rf3 0.84, Rf6 0.20 (TLC). Amino-acid analys is :  Leu 1.00, Val 0.96, Glu 1.00, Ty r  0.96. 

* The amino-ac id  analyses  were  p e r f o r m e d  by workers  of the Division of Chromatography of the Interfaeul ty  
Labora to ry  of Bioorganic Chemis t ry  of Moscow State Universi ty.  

248 



BOC-Phe-Tyr(Bzl)-G1N-Leu-NHNH 2 (IV). From 2 g of the BOC-Leu-polymer was obtained the BOC- 
Phe-Tyr(Bzl)-G1N-Leu-polymer (amino-acid analysis: Leu 1.00, Phe 0.96, Glu 1.05, Tyr 0.98), and then by 
the action of hydrazine in DMFA, 300 mg of (IV) (59% of theoretical), mp 207°C (decomp.), [ ~ - 2 0  ° (c 1; 
DMFA), R f l  0.92, Rf3 0.89 (PC); R f l  0.69, Rf2 0.79, Rf3 0.83, Rf6 0.20 (TLC). Amino-acid analysis: Leu 
1.00, Phe-l.07, Glu "1.03, Tyr 0.90. 

BOC-Leu-Phe-G1N-Leu-NHNH 2 (V). From 3 g of the BOC-Leu-polymer (1.08 mmole of leucine) was 
obtained the BOC-Leu-Phe-G1N-Leu-polymer (amino-acid analysis: Leu 2.00, Phe 0.65, Glu 1.09) and then 
230 mg of (V) (34% of theoretical), mp 224-225°C (deeomp.), [~]~-22 ° (c 1; DMFA), R/1 0.90, Rf2 0.92, Rf4 
0.87 (PC); R f l  0.74, Rf2 0.74, Rf3 0.40, Rf4 0.74 (TLC). Amino-acid analysis: Leu 2.00, Phe 0.96, Glu 
0.96. 

The peptidyl-polymer obtained from 2 g of the BOC-Leu-polymer (0.72 mmole of leucine) was sus-  
pended in methanol, a 50-fold excess of triethylamine was added, and the mixture was shaken on the shaking 
machine at room temperature for 20 h. The polymer support was separated off and washed with methanol, 
and the filtrate and the wash liquids were evaporated in vacuum. The residue was recrystal l tzed from aque- 
ous methanol, giving 320 mg of (VII) (70% of theoretical), mp 199°C, [~]}~-35 ° C 1; DMFA), R f l  0.90, Rf2 
0.92, R/¢4 0.85 (PC); R f l  0.86, Rf2 0.85, Rf3 0.82, Rf4 0.67 (TLC). Amino-acid analysis: L~u 2.00, Phe 
0.75, Glu 1.07. With stirring, 270 mg (0.37mmole) bf (VII) in 3 ml of DMFA was treated with 0.2 ml (3.7 
mmole) of hydrazine hydrate over 48 h at room temperature.  Then water was added to the reaction mixture 
and the precipitate formed was separated off, washed with water,  and dried in a vacuum desiccator over 
P205. This gave 190 mg of (V) (87% of theoretical), mp 225°C (decomp.), [ a ]~-22  ° (c 1; DMFA), R f l  0.90, 
Rf2 0.92, R/4 0.85 (PC); Rfl 0.74, R/2 0.78, R/3 0.40, R/4 0.74, Rf5 0.75 (TLC). Amino-acid analysis: Leu 
2:00, Phe 0.85, Glu 1.00. 

BOC-Leu-Thr-G1N-Leu-NHNH~ (VI). From 2 g of the BOC-Leu-polymer (0.72 mmole of leucine) was 
obtained the BOC-Leu-Thr-G1N-Leu-polymer (amino-acid analysis: Leu 2.00, Glu 1.11, Thr 0.21)and, after 
the action of hydrazine hydrate in DMFA, 130 mg of (VI) (31% of theoretical); mp 211-212°C (decomp.), [¢~]~- 
21 ° (c 1; DMFA), R f l  0.90, Rf~ 0.92, Rf4 0.87 (PC); R f l  0.70, Rf2 0.73, Rf3 0.40, Rf4 0.79 (TLC). Amino- 
acid analysis: Leu-2.00, Glu'0.98, Thr'0.32. 

BOC-Gly-Tyr(Bzl)-G1N-Leu-Glu-Ala-Tyr-Cys(Bzl)-AsN-OH (VIII). A solution of 75.2 mg (0.11 mmole) 
of (I) in 4 ml of absolute DMFA was cooled to -20°C and, with stirring,0.06 m1(0.39 mmole) of 5.7 N solution 
of HC1 in dioxane and 0.015 ml (0.125 mmole) of tert-butyl nitrite were added. The resulting solution was 
s t i r red a t - 2 0  to-30"C for 30 min and was then cooled t o - 4 0  to-50°C; absolute triethylamine to pH7 and a 
solution of 100 mg (0.13 mmole) of the hydrobromide of H-Glu-Ala-Try-Cys(Bzl)-AsN-OH and 0.05 ml (0.39 
mmole) of triethylamine in 5 ml of aqueous DMFA (1 : 1) were added. The condensation reaction was per-  
formed with stirring a t - 1 0  to-15~C for 4 h and then at +4~C for four days. The reaction mixture was poured 
into water and the precipitate formed was separated off, washed with water,  5% acetic acid, and water again 
and was dried in a vacuum desiccator over P205. The yield of (VIII) was 60 mg (41% of theoretical). The 
substance was purified by repreeipitation from DMFA-methanol (3 : 1) with water,  [a]}~-41 ° (c 0.3; DMFA), 
~fy~ 0.50, Rf2 0.68, Rf3 0.44 (TLC). Amino-acid analysis: Gly 1.00 Ala 0.85, Leu 1.12, Asp 0.94, Glu 1.92, 

2.03, Cys(Bzl) 0.B0. 

BOC-Leu-Phe-G1N-Leu-Glu-Ala-Tyr-Cys(Bzl)-AsN-OH (IX). As in the preceding case, from 0.11 
mmole of (V) was obtained 97 mg of (IX) (70% of theoretical). The substance was reprecipitated from a mix- 
ture of DMFA and methanol with water. [ a ]~-31  = (c 0.5; DMFA), R / I  0.68, Rf2 0.70, Rf3 0.86, Rf4 0.55, 
R 5 0.89 (TLC). Amino-acid analysis: Ala 1.00, Leu 2.00, Phe 0.90, Asp 1.03~, Glu 2.06~Tyr 0.97, Cys(Bzl) 
0~4. 

S U M M A R Y  

The following tetrapeptide-hydrazides related to the A13_16 fragment of insulin have been synthesized 
by the solid-phase method: BOC-Gly-Tyr(Bzl)-G1N-Leu-NHNH 2, BOC-Ala-Tyr (Bzl)-G1N-Leu-NHNH2, 
BOC-Val-Tyr(Bzl)-G1N-Leu-NHNH2, BOC-Phe-Tyr(Bzl)-G1N-Leu-NHNH2, BOC-Leu-Phe-GIN-Leu-NHNH 2 
and BOC-Phe-Tyr(Bzl)-G1N-Leu-NHNH 2. BOC-Leu-Phe-G1N-Leu-Ome has also been obtained as an in- 
termediate.  By block condensation using the azide method in solution the following analogs of the AIszl 
fragment of insulin have been synthesized: BOC-Gly-Tyr(Bzl-GIN-Leu-Glu-Ala-Tyr-Cys (Bzl)AsN-OH and 
BOC- Leu-Phe-G1N- Leu-Glu-Ala-Tyr-Cys (Bzl)-As N-OH. 
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