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13 SYNTBESIS OF S-BENZYL-%-[l- CICYSTEINE MID ITS INCOKPOKATION INTO OXYTOCIN 
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[8-ARGININE]VASOPRESSIN AND RELATED COI~POUPJDS BY TOTAL SYiiTHESIS. 
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Summary 

S-Benzyl-g- [ 1-13C] cysteine was prepared from Na13CN by a three step 

synthesis and converted to the t-butyloxycarbonyl derivative which was suit- 

able for use in peptide synthesis. 

1 and 6 positions of a variety of oxytocin and [8-arginine]vasopressin deri- 

vatives and analogues via total synthesis using the solid phase method. The 

compounds were separated and purified by partition chromatography on Sephadex 

and their purity was checked by high pressure liquid chromatography. 

compounds synthesized include [1-hemi-[1- C]cystine]oxytocin, [l-hemi-g-[l- C]- 

cystine]oxytocin, [1-hemi-[ l-13C]cystine, 8-arginine]vasopressin, [1-hemi-g- 

[l- Clcystine, 8-arginine]vasopressin, [6-hemi-[l- C]cystine]oxytocin, [ G -  

hemi-g-[l- 13 C] cystine]oxytocin, [l-hemi-g-[1-13C]cystine, 3-D-leucinel- 

oxytocin, and [1-nemi-[1- Clcystine, 3-pleucine]oxytocin. 

This compound was incorporated into the 

The 
13 13 

13 13 

13 
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INTRODUCTION 

Carbon-13 n u c l e a r  magnet ic  r e sonance  h a s  been used e x t e n s i v e l y  t o  s t u d y  

t h e  confo rma t iona l  and dynamic p r o p e r t i e s  of p e p t i d e s  i n  s o l u t i o n  and t h e  

i n t e r a c t i o n s  and b ind ing  of t h e s e  compounds t o  macromolecules (1-6).  In  many 

c a s e s ,  t o  o b t a i n  unambiguous r e s u l t s ( 5 , 6 )  i t  i s  n e c e s s a r y  t o  s e l e c t i v e l y  en- 

rich a carbon atom i n  t h e  p e p t i d e ,  and t h i s  r e q u i r e s  t h e  s y n t h e s i s  of s p e c i f i -  

c a l l y  l a b e l e d  amino a c i d s  and t h e i r  i n c o r p o r a t i o n  i n t o  t h e  p e p t i d e  c h a i n .  For 

r easons  d i s c u s s e d  p r e v i o u s l y  (7,5), t h e  most e f f i c i e n t  u s e  o f  t h e  p r e c i o u s  

l a b e l e d  amino a c i d  i s  t o  i n c o r p o r a t e  t i ie s y n t h e t i c  racemic  amino a c i d  i n t o  t h e  

p e p t i d e  and then  s e p a r a t e  t h e  d i a s t e r e o i s o m e r s  by a s u i t a b l e  method such  as 

p a r t i t i o n  chromatography o r  h i g h  p r e s s u r e  l i q u i d  chromatography, We have 

s u c c e s s f u l l y  used t h i s  approach  t o  p r e p a r e  s e v e r a l  s p e c i f i c a l l y  l a b e l e d  oxy toc in  

a r d  a r g i n i n e  v a s o p r e s s i n  d e r i v a t i v e s  (5-9).  I n  ttiis paper  we r e p o r t  t h e  syn- 

t h e s i s  of S-benzyl-L&-[l- 

i n t o  a v a r i e t y  of oxy toc in  (1:-Cys-Tyr-Ile-Cln-Xsn-Cys-Pro-Leu-Gly-Ni9) and 

1 3  C l c y s t e i n e  and i t s  i n c o r p o r a t i o n  by t o t a l  s y n t h e s i s  - 
1 2 3 4 5 6 7 8 9  

a r g i n i n e  v a s o p r e s s i n  (H-dys-Tyr-P;ie-Gln-Asn-C)s-Pro-Arg-Gly-KH ) d e r i v a t i v e s  2 1 2 3 4 5 6 7 8 9  
and ana logues .  

D I  scus s 10:; 

13 S-Denzyl-E-[l-  C l c y s t e i n e  w a s  p repa red  u s i n g  Na13CN as t h e  sou rce  of 

l a b e l  fo l lowi i ig  t h e  procedure  of Gawron and Gla id  ( 1 0 ) .  The b i s u l f i t e  adduct  

of b e n z y l t h i o a c e t a l  

O-lenzylthio-a-amino-[ l -13C]prop ion i t r i l e  (2) was iiydrolyzed i n  377: aqueous HCL 

t o  g i v e  S-benzyl -E-[ l -  

conve r t ed  t o  N-Bac-S-benzyl-&-[l- 

w a s  a l lowed t o  react w i t h  Xal’CN, and t h e  p roduc t ,  

1 3  C l c y s t e i n e  (2) a s  o u t l i n e d  i n  t h e  scheme. Th i s  was 

13 C l c y s t e i n e  (5) u s i n g  t -buty loxycarbonyl -  

a z i d e ,  and t h i s  p r o t e c t e d  arniiio a c i d  d e r i v a t i v e  was i n c o r p o r a t e d  i n t o  ei ther 

tiie one o r  t h e  s i x  p o s i t i o n  of t h e  hormone d e r i v a t i v e s .  

Yhc s o l i d  phase s y n t l i e s i s  (11) of a l l  t h e  s p e c i f i c a l l y  l a b e l e d  normone 

d e r i v a t i v e s  and ana logues  as well as t h e  subsequent  removal of p r o t e c t i n g  

g roups ,  worb-up and p u r i f i c a t i o n s  were done as d e s c r i b e d  e l sewhere  f o r  s imi la r  

oxy toc in  and arg i i i i i i e  v a s o p r e s s i n  d e r i v a t i v e s  (7 -9 )  t o  g i v e  t h e  d i a s t e r e o m e r i c  

p e p t i d e  mix tu re .  The d i a s t e r e o i s o m e r  p r o d u c t s  were s e p a r a t e d  and p u r i f i e d  u s i n g  
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SCHEm 

iiaHSO 
C ii -Cli2-S-CK2-C€i0 6 5  

OH 

y a r t i t i o t i  ciiromatograpiiy on Sepliadex (7 ,9 ,12 )  fo~lowed b y  g e l  f i l t r a t i o n .  The 

d i a s t t r eo i . ; on ie r i c  p e p t i d e  wnich were p repa red ,  t h e  s o l v e n t  sys tems used t o  

s e p a r a t e  and p u r i f y  tiicse mix tu rcs ,  t!ie F a r t i t i o n  chror,iatograpliy 1Lf v a l u e s ,  and 

tiic y l e l d  of fdc:i i s o n e r i c  pept i t le  arc g iven  i n  Tab le  1. 

TtULE 1 

Sic1 . i  I< 
Cc1mpound Solven t  System” f 

[ l-nen,i-&- [ 1-1 3~ 1 - 
c y s t i n e l o x y t o c i n  ( 5 )  

13 [ 6- t,eni-&- [ 1- C] - 
c y s t i n e ] o x y t o c i n  ( c )  

[ l-Jim!i-&- [ l-l’C] - 
c y s t i n e ,  3-2 Lcuc ine l -  
oxy toc in  ( l )  

[3--&ieuciiie] oxy toc in  (c) 
1 J  [ 1 - t imi- jL- [  1- C ]  c y s t  i n e ,  

6-argiuiirejvasoi,ressin ( 9 )  

ii 

A 

B 

3 - 0 . 3 3  35.22 
L-9.23 43.3;; 

3 0.32 32.5% 
L 0.23 30. SiI 

D P.19 50.2: 
1, 0 .12  47.27 

dSolvcnt  sys tem used f o r  p a r t i t i o n  ciiromatograpiiy s e p a r a t i o n  and p u r i f i c a t i o n :  

A, 1-butanol-3.52 aqueous IIOAC i n  1.5;: p y r i d i n e  ( 1 : l )  : 13. l-butanol-eti!snol- 

3.5): hqueous IIOAc c o n t a i n i n g  1.5;: pyr i t i i ne  (/1:1:5) ; b p a r t i t i o n  cnromatography 

13  iLf v a l u c s  are g ivc i i ;  k [ l-iicini-[l- 

S l i e l d s  i,ased on pur i f iec i  p roduct  obt; i ined from p r o t e c t e d  nonapept ide .  

C l c y s t i n e ,  3 - ~ - l e u c i n e ] o x y t o c i n ;  
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rne p u r i t y  of t h e  compounds was cnecbed by d i r e c t  coinparison w i t i i  a u t h e n t i c  

un labe led  u e r  i v a t i v e s  p r e v i o u s l y  prepared  us ing  t l i i n  I a y c r  chromatography, 

tiigii p r e s s u r c  l i q u i d  chromatoEraphy , b i o a s s a y  i n  t h e  n i l k  e j e c t i n g  a s say ,  and 

amino a c i d  a n a l y s i s  (Table  2 ) .  

l e u c i n e ]  -oxytoc in  d i a s t e r e o i s o m e r s ,  t w y  were i d e n t i f i e d  by  comparison w i t h  

n u t h w i t i c  un labe led  [ 3-D-lcucine]oxytocin s y n t h e s i z e d  i n  t h e  u s u a l  manner ( s e e  

Lxpcr imenta l  S e c t i o n  f n r  d e t a i l s ) .  

13 In t h e  c a s e  of tile [l.-henii-[l- C l c y s t i n e ,  3-2- 

EXPERIX!!TAL SECTION 

Genera l  

C a p i l l a r y  me l t ing  p o i n t s  were de te rmined  on a ‘Thomas-Hoover m e l t i n g  p o i n t  

a p p a r a t u s  and are uncor rec t ed .  Th in - l ayc r  chromatography was performed on si- 

l i c a  gel G p l a t e s  u s i n g  t h e  followin:, s o l v e n t  sys tems:  ( a )  1 -bu tano l - ace t i c  

ac id-water  ( 4 :  1 :5 ,  upper phase only)  ; (b) 1-Gutanol -ace t ic  ac id-pyr id ine-water  

(15:3:10:12) : (c) I -pen tano l -py r id ine -wa te r  ( 7 : 7 : 6 )  : and (d)  c t h y l  a c e t a t e -  

p y r i d i n e - a c e t i c  ac id-water  (5 :5 :1 :3) .  T h e  load  s i z e  was 40-80 ug, and t h e  

ciiroaiatogran? lerigti is  were 130-160 nun. 

vapor ,  and f luorescani ine .  ;duclear magnet ic  resonance  s p e c t r a  were ob ta ined  

us ing  a Varian Model T-GO s p e c t r o n e t e r  o r  a Eruker  hodel  14;-90 FT spec t romete r .  

iir,iino acid a n a l y s e s  w e r e  ob ta ined  by t n e  method of Spackcian, S t e i n ,  and i ioore 

(13) on a Eeckmaii Model 120C amino ac i i ,  a n a l y z e r  a f t e r  h y d r o l y s i s  i n  6 it iiC1 f o r  

22-24 !ir. 

r epor t ed  (14).  

removal of s o l v e n t s .  

l i c t e c t i o n  was made by n i n h y d r i n ,  i o d i n e  

S o l v e n t s  used f o r  p a r t i t i o n  cilromatograpliy were p u r i f i e d  as p r e v i o u s l y  

A l l  o r g a n i c  s o l u t i o n s  were d r i e d  over  anhydrous Xa2S04 b e f o r e  

N-Boc p r o t e c t e d  amino a c i d s  were purchased from Vega Biochemica ls  o r  

f roni B iosyn the t ika ,  o r  were prepared  by pub l i shed  p rocedures  excep t  as d i s c u s s e d  

below. f ie fore  u s e  i n  s y n t h e s i s ,  p u r i t y  was checked by m e l t i n g  p o i n t  de te rmin-  

a t i o n ,  by t n i n  l a y e r  chromatography i n  s o l v e n t s  sys tems a ,  b ,  and c ,  and by t h e  

n inhydr in  tes te  t o  d e t e c t  f r e e  amino groups .  

For IiPLC work tile fo l lowing  sys tem (Waters A s s o c i a t e s ,  X i i f o r d ,  i l a s sachuse t t s )  
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%as used: two Model 0000-12 pumps and i lodel Lfd i  i n j e c t o r ,  a Plodel 660 s o l v c n t  

progranuner, and a ;;ode1 4 4 0  d u a l  channe l  L'V d e t e c t o r  set  f o r  mon i to r ing  2 5 4  and 

280 nm absorbance  s imul t aneous ly .  

( 0 . 3 9  cm x 3 0  a n ) ,  connec ted  i n  series u s i n g  a 3 cm s t a i n l e s s  s t ee l  connec to r ,  

were used f o r  t h e  a n a l y t i c a l  a n a l y s e s .  I n  p rev ious  s t u d i e s  (3, 15,  16) we have 

shown how u t i l i z i n g  t h i s  equipment and a v a r i e t y  of s o l v e n t  s y s t e m  t h e  d i a s t -  

e reo isorners  of oxy toc in  and some of i t s  ana logues  could  be  s e p a r a t e d .  I n  t h i s  

work a s o l v e n t  sys tem composed of a c e t o n i t r i l e  (Curdick and Jackson ,  Elass 

d i s t i l l e c l ,  l:uskegon, Xichigan)  and 0.10 aqueous ammonium a c e t a t e ,  ptl 4 . 0 ,  

g c n e r a l l y  was used. Both s o l v e n t s  were f i l t e r e d  ( M i l l i p o r e ,  Uedford,  Xassachu- 

s e t t s ) ,  t h e  former through a F'rILP-0.5 pEI f i l t e r ,  t h e  l a t t e r  through a HAWP- 

0.45 uh f i l t e r ,  and then  degassed i n  vacuo j u s t  p r i o r  t o  use .  

Two p-Eondapac Clb r e v e r s e  phase columns 

L-Bcnzyltni~-a-nydroxy-[l-~~C]propionitrile ($ 

To a s t i r r e d  s o l u t i o n  of 6 .5  & of sodium b i s u l f i t e  i n  20 m l  of water  was 

added 11.1 g of benzy l t i i i oace ta ldehyde  t o  g i v e  a p a s t y  mass. A s o l u t i o n  of 20 

g N a 1 3 C N  .(go;. 13C-e~~ric:ied) i n  7 m l  of water was addcd po r t ionwise .  

minutes  t h e  r e a c t i o n  mix tu rc  was c x t r a c t e d  w i t h  benzene ( 4  x 25 ml ) .  Tile benzene 

A f t e r  30 

s o l u t i o n  was washed w i t n  water. Kernoval of benzene gave 6 . 3 . g  (885) of 1 as an  

o i l ;  him: 6 (CUC1 ) ,  6 2.80 ( d ,  2h ) ,  6 3.65 (broad ,  U I ) ,  6 3.55 ( s ,  2H),  6 4.43 

( t ,  lH), 6 7 . 3 0  ( s ,  511). 

3 

13 O-Cenzylthio-a-ami~a-[l- C l p r o p i o n i t r i l e  (2) 
T h e  above h y d r o x y n i t r i l e  (6 .3  g) was allowed t o  react wi th  anhydrous 

ammonia a t  100' f o r  30 minu tes ,  A f t e r  c o o l i n g ,  t h e  r e a c t i o n  mix tu re  was d i s s o l v e d  

i n  30 ml of benzene and e x t r a c t e d  wi th  107: aqueous hC1 ( 4  x 20 ml ) .  

b ined  aqueous e x t r a c t s  were made a l k a l i n e  t o  pli 9 w i th  concen t r a t ed  ammonium 

hydroxide  and e x t r a c t e d  w i t h  benzene ( 4  x ' 2 5  ml ) .  

evapora ted  t o  d r y n e s s  t o  g i v e  3.25 g (40.0%) of 5 as an  oil; NMR: 

d 1.95 (broad ,  211), 6 2.80 (d ,  2H), 6 3.75 ( t ,  lH), 6 3.90 (s, 2Ii), 6 7 .30  (s,5H). 

The com- 

The benzene s o l u t i o n  w a s  

6 (CDC13) ,  

S-Benzyl-a-[  d 3 c ]  ~ y s t e i n e  (3 
The above a m i n o n i t r i l e  (3 .25  g) was r e f l u x e d  w i t h  37% lIC1 (38  ml) f o r  4 h .  
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It was then  cooled  and t h e  pIi was brought  t o  G w i t h  c o n c e n t r a t e d  ammonium 

hydroxide .  The p r e c i p i t a t e  was f i l t e r e d  and i t  was f u r t h e r  p u r i f i e d  by r ep re -  

c i p i t a t i n g  from 292 ammonium hydroxide  fo l lowed by a d d i t i o n  of a c e t i c  a c i d  t o  

pIi 6 t o  g i v e  2.2 g (507;) of (2) m.p. 212-213OC ( l i t ,  (10) m.p. 213-214'C)TLC i n  

s o l v e n t  sys tem (a) and (b) showed i t  t o  be a s i n g l e  compound i d e n t i c a l  in beha- 

v i o r  t o  a u t h e n t i c  un labe led  S-bcnzyl-L-cysteine.  

13  i;-Boc-S-Benzyl-&-[l- CICys te ine  (i). 
The t i t l e  compound was p repa red  irom 2 u s i n g  a plI s t a t  t i t r a t i o n  a t  pH 1 0 . 2  

13 i n  t i le normal manner (17) .  

and 1.0 6 of t -bu ty loxyca rbony laz ide  Lhere was o b t a i n e d  900 mg ( 8 3 ; )  of t h e  t i t l e  

compound f? 111.p. 109-11O0C ( l i t .  (6a)  m.p. 108-109°C - [ 2 -  C]- labe led  d e r i v a t i v e ) .  

S t a r t i n g  from 736 mg of S-bcnzyl-&-[l- C l c y s t e i n e  

1 3  

6 ( Q C l 3 ) ,  6 1.45 ( s ,  9H), 6 2.90 (ti, Xi), 6 3 .72  ( s ,  Xi) ,  6 4.50 (b road ,  l l i ) ,  

6 3 . 3 5  (b road ,  lL), 6 7.30 (s, 5H), 6 8 .35  (s, l l i ) .  

Genera l  Procedures  f o r  I 'eptide Syn tnescs .  

A l l  oxy toc in  and n r g i n i n e  v a s o p r e s s i n  p e r t i d e s  and t h e i r  d e r i v a t i v e s  were 

prepared  uy s o l i d  phase  method u s i n g  

l e v e l  of  0.40-0.51 mnol/g of  r e s i n .  Removal of  t h e  

TFA n e u t r a l i z a t i o n  of  t h e  p e p t i d e  r e s i n  s a l t s  w i t h  d i i s o p r o p y l e t h y l a m i n e ,  and 

a d d i t i o n  of t h e  ncx t  amino a c i d  r e s i d u e  fo l lowed methods similar t o  t h o s e  pre-  

v i o u s l y  r e p o r t e d .  

a t h r e e  f o l d  e x c e s s  of p r o t e c t e d  amino a c i d  and DCC. 

were coupled a t  a much reduced e x c e s s  (1.2-1.5 e q u i v a l e n t s )  

i ods .  I f  t h e  coup l ing  was incomple te  ( n i n h y d r i n  t e s t ) ,  as was t h e  c a s e  f o r  t h e  

s y n t h e s i s  of [6-hemi-?&-[l- 13 C ] c y s t i n e ] o x y t o c i n  and l-hemi-IIL_[l-13C]cystine, 

3 - ~ - l e u c i n e ] o x y t o c i n ,  

amino a c i d  w a s  performed. Uncoupled l a b e l e d  amino a c i d  was n o t  recovered .  For 

t h e  a c t i v e  ester coup l ing  o f  a s p a r a g i n e  and g lu t amine  a n  equimolar  amount of 1- 

hydroxybenzo t r i azo le  was added t o  t h e  r e a c t i o n  mix tu re  a6 a c a t a l y s t ,  N-t-Butyl- 

oxycarbonyl  p r o t e c t i o n  was used th roughou t .  Benzyl and 3 ,  4 d imethylbenzyl  groups  

were used t o  p r o t e c t  t h e  s u l f h y d r y l  groups  of c y s t e i n e ;  t h e  t y r o s i n e  hydroxyl  

group was u n p r o t e c t e d ;  t h e  guan idy l  group of a r g i n i n e  w a s  t o s y l  p r o t e c t e d .  

N-Boc-Gly-&resin which had a s u b s t i t u t i o n  

N-Boc p r o t e c t i n g  groups  by 

Coupling s t e p s  g e n e r a l l y  were s i n g l e  90-minute coup l ings  wi th  

The l a b e l c d  Boc amino a c i d s  

and f o r  l o n g e r  per -  

a second coup l ing  w i t h  0.6 e q u i v a l e n t s  of t h e  l a b e l e d  Boc- 
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A f t e r  each  aiiiino a c l d  r e s i d u e  w a s  coupled ,  t h e  s y n t h e s i s  w a s  moni tored  f o r  com- 

p l e t i o n  of coup l ing  by  u s e  of t h e  n inhydr in  tes t  (18 ) .  A u e g a t i v e  t e s t  (93.4:: 

r e a c t i o n )  was i n d i c a t e d  a t  each  s t e p .  A t  t h e  comple t ion  o f  t h e  s y n t h c s i s  tlle 

N-Eoc p r o t e c t i n g  group w a s  removed 5 y  TFA, tile p e p t i d e  r e s i n  n e u t r a l i z e d ,  and 

t h e  p e p t i d e - r e s i n  d r i e d  i n  vacuo. 

'Yw p r o t e c t e d  p e p t i d e  was c lcaved  from t h e  r e s i n  by s t i r r i n g  f o r  3 days  i n  

f r e s h l y  prepared  anhydrous methanol s a t u r a t e d  wi th  anhydrous ammonia ( 7 - 9 ) .  

YIIE so lve l i t  v a s  rcmoved by r o t a r y  evapora t ion  i n  vacuo and t h e  p e p t i d e  e x t r a c t e d  

wi th  two 50 m l  p o r t i o n s  of i)NF a t  4 O o C .  

d i l u t e d  w i t i i  H 0 .  T h e  product  w a s  f i l t e r e d  and r e p r e c i p i t a t e d  from a c c t i c  

ac id -e thano l  and w a t e r .  

The DifF s o l u t i o n  w a s  c o n c e n t r a t e d  and 

2 

The p r o t e c t e d  nonapept ide  was d i s s o l v e d  i n  100 1x1. o f  f r e s h l y  d i s t i l l e d  

an.:iyirous anmonia and t r e a t e d  wi th  a sodium s t i c k  u n t i l  a b l u e  c o l o r  p e r s i s t e d  

f o r  30-45 s .  Tile ammonia was rcmoved by evapora t ion  under a slow s t r eam of 

n i t r o g e n  arid t h e  l as t  1 0  ml by l y o p h i l i z a t i o n .  The wh i t e  powder was d i s s o l v e d  i n  

300-500 nl of dene ra t ed  0.12 aqueous HOAc under n i t r o g e n .  

t o  G.5 wi th  3 2 XI OIL, and tile t iepro tec ted  p e p t i d e  was ox id ized  w i t h  50 n i l  of 

0 .01  ii K Fe(Ci4). f o r  30 min. - 3  b 

and tne f L r r o  and e x c e s s  of f e r r i c y a u i d r  i o n s  were removed by a d d i t i o n  of Rexyn 

203 (C1-form). 

w i th  t h r e e  25 n;l p o r t i o n s  of 20Z aqueous 1:GAc. About 25 m l  of 1-butanol  w a s  

added t o  t h e  combined aqueous s o l u t i o n s  and t h e  s o l u t i o n  was concen t r a t ed  t o  

about  100 m l  by r o t a r y  evapora t ion .  The s o l u t i o n  was l y o p h i l i z e d  and t h e  pow- 

d e r  was d i s s o l v e d  i n  4 m l  of upper phase and 2 ml of lower phase of a s o l v e n t  

sys tem and s u b j e c t e d  t o  p a r t i t i o n  chromatography on a 2.6 x 60 cm column of 

Sephadex G-25 (b lock  po lymer i za t e ,  100-200 mes1i)which had been e q u i l i b r a t e d  w i  t l i  

t h e  upper and lower phases .  The f r a c t i o n s  cor responding  t o  t h e  each  peak were 

pooled and i s o l a t e d  and t h e  r e q u i r e d  product  was f u t h e r  p u r i f i e d  by g e l  f i l t r a -  

t i o n  on Sephadex G - 2 5  u s i n g  0.2 HOAc as t h e  e l u e n t  s o l v e n t .  The s o l v e n t  sys -  

t e m s  used aiid t h e  v a l u e s  of each  product  arc g iven  i n  Table  1. The p u r i t y  

of each compound was checked by TLC i n  t h r e e  s o l v e n t  s y s t e n s  and by lipLC. 

The pH was a d j u s t e d  

4 

Tne pli was r e a d j u s t e d  t o  4 wi th  10;: aqueous IIOAc 

A f t e r  20 minu tes ,  t h e  r e s i n  was removed by f i l t r a t i o n  and washed 

f 
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S o l i d  Phase S y n t h e s i s  of [l-Herr1i-~-~l-~~C]cystine]oxytocin(5J and S e p a r a t i o n  

and P u r i f i c a t i o n  of  t h e  Dias t e reo i somers  [1-liemi-[1- 

Hemi-D-[l- C ] c y s t i n e ] o x y t o c i n  ' (5b).  

13 C l c y s t i n e l -  (3) and 1- 

13 
/c _I- 

1 3  Tile s o l i t i  phase s y n t h e s i s  of It-&-[ 1- C] Cys-(Uzl) -Tyr-Ile-Gln-Asn-Cys(Bz1) - 
Pro-Leu-Gly-0-Resin was accomplished u s i n g  2.0 6 of :4-Boc-Gly-O-Besin which had 

a s u b s t i t u t i o n  l e v e l  o f  0.51 mmol/g r e s i n .  Fol lowing  i t s  s y n t h e s i s ,  t h e  nona- 

1 3  y e p t i u e  was removed from tile r e s i n  by ammonolysis t o  g i v e  750 mg of H-L&-[l- 

A 340  mg p o r t i o n  of t h e  

C]- 

Cys (Bzl) -Tyr-Iie-C;ln-iisn-Cys(Bzl) -Pro-Leu-Gly-JH,. 
L 

p e p t i d e  gave 67 ng of tile all& isomer 55 and 52 mg of t h e  2 d i a s t e r e o i s o m e r  zi. 
TiLc amino acid a n a l y s e s  of the t w o  d i n s t e r e o i s o m e r s  are g iven  i n  Table  2 .  

p e p t i d e  Gave s i n g l e  uniform s p o t s  on TLC u s i n g  s o l v e n t  sys tems ( a ) ,  ( b ) ,  and ( c )  

i t i e n t i c a l  w i th  au t l i en t i c  samples ( 9 b ) .  ; l i l k  e j e c t i n g  a c t i v i t i e s  (19) were 

i d e n t i c a l  w i th  a u t h e n t i c  samples.  III'LC a n a l y s i s  vas done as p r e v i o u s l y  r e p o r t e d  

(15 ,  16), and showed ti le conpouiids t o  b e  pu re  (>99%) d i a s t c r e o i s o n e r s .  

Each 

Tab le  2 

Amino Acid Ana lys i s  of Oxytocin and Vasopres s in  D e r i v a t i v e s  anti h a l o g u e s  

Compound Q u a n t i t a t i v e  hniino Acid K a t i o s  

Arg Asp Clu Pro Gly Half-Cys I lc  Leu Pile Tyr 

[l-tietaii-[l-13~] c y s t i n e l  - 

[ ~ - ~ i e m i - i ) - [ l - ~ ~ ~ l c y s t i n e ] -  

oxy toc in  (5a)  1.03 1.01 1.24 1.0L 
,.,d 

uxy toci; (>b) 1.Oc) 0 . 9 C  1.07 1.09 

13 [b- i icmi- [ l -  C lcys t ine -  
oxytoc1n (29 1 . C 1  1 . 0 4  1.05 0 .90  

13 [ 6-Iiemi-4- [ 1- 

1 3  [l-Hcmi-[l- C l c y s t i n e ,  

C ]  c y s t  i:ic] - 
oxy toc in  ($3) 1.C4 1.04 6.95 G.95 

3 - ~ - L e u c i n e ] o s y t o c i n  (29) 
13 

3 - ~ - L e ~ c i n e ] o x y t u c i n  (z?) 
0 .98  1.00 0.95 12.94 

1-hemi-U-[l- C l c y s t i n e ,  
0 . 9 9  l.dO 0.9G 0 . 9 6  

0.97 1.01 0.97 0.94 [ 3 - ~ ~ - L e u c i n e ] o s y t o c i n  (2) 
[ 1 - 1 t e m i - [ l - ~ ~ ~ 1  c y s t i n e ,  3- 

[l-Hami-D-[l-13C]cystine, 8- 
Areiuine]vasopressin(~~)@,9G 1 . 0 2  1.03 1.07 1 .00  

r ' , r g i n i n e ] v a s o p r c s s i n ( ~ ) O . 9 8  1.00 1.05 1 .10  1.00 

1 . 5 3  1 . 0 3  1 . 0 0  0.83 

1 . 9 1  0.98 1.02  0 .90  

1 . 9 2  0.97 1 .03  O.&G 

1 . 6 9  0.99 1 . 0 4  0.27 

2.0G 2 .06  0 .90  

2.10 2 . 0 6  0 .90  

2.04 2 . 0 6  0.88 

1.83  0 . 9 6  0.96 

1 . 7 9  0 .93  0 .92  



[1-13C] Cysteine Labeled Oxytocin and [8-Arginine] vasopressin 809 

Solid Phase Synthesis [6-Hemi-i&-[l-13C]cystine]oxytocin ((3) and Separation and 

Purification of the Diastereoisomers [O-iiemi-[l- Clcystinel- ($2) and [6-Iieni- 

- h[l- C]cystine]oxytocin($$:). 

13 

13 

The solid phase synthesis of Il-Cys(DMD)-Tyr-Ile-Gln-Asn-~-[l- 13 C]Cys(Bzl)- 

N-Doc-Gly-0-Resin which had Pro-Leu-Gly-0-Resin was accomplished using 2 . 5  g of 

a substitution level of 0.40 nunol/g resin. 

resin was subjected to ammonolysis to give 600 mg of ti-Cys(DMl3)-Tyr-Ile-Gln-Asn- 

i)L-[1- 13 C]Cys(Bzl)-Pro-Leu-Gly-NH2. A 320 mg portion gave 41 mg of [G-Hemi-[l- 13 C] 

cystine]oxytocin (53) and 38.5 mg of [6-hemi-g-[l- C]cystine]oxytocin (2). The 
amino acid analyses of the two diastereoisomers are given in Table 2. 

tide gave single uniform spots on TLC using solvent systems (a), ( b ) ,  and (c). 

Xilk ejecting activities (19) were jdentical with authentic samples. 

sis was done as previously reported (15, 16) and showed the compounds to be pure 

( > 9 9%) d i as t e r eo i some r s . 

Following the synthesis the peptide 

- 
13 

Each pep- 

liPLC analy- 

Solid Phase Synthesis of [ l-Hemi-l&-[ 1-13C] cystine, 3-i)-Leucine] oxytocin (2) and 
Separation and Purification of Diastereoisomers [l-liemi-[l-13L]cystine, 3-p-leu- 

- 

cineloxytocin (i?), and [l-Hemi-g-[ 1-13] cystine, 3-D-leucine] oxytocin(~~). 
€i-&.-[ 1-13C] Cys(Bz1) -Tyr-D-Leu-Gln-Asn-Cys(DKX) -Pro-Leu-Gly-C-Resin was 

N-Boc-Cly-0-Resin wliich had a substitution level of prepared using 1,0 g of 

0.40 mmol/g resin. 

ammonolysis to give 350 mg of the nonapeptide II-&-[l- 

Gln-Asn-Cys(DI.IB)-Pro-J~eu-Gly-Ii€l,. 

and 30 mg of Zk. 
in Table 2. Each peptide gave single uniform spots on TLC using solvent systems 

(a) and ( b ) .  IiPLC analysis was done using the same solvent system as previously 

reported for [3-g-Leucine]oxytocin ( 3 )  and showed tlie compounds to be pure ( > 9 3 % )  

diastercoisomers. 

Following tlie synthesis the peptide resin was subjected to 

C] -Cys(Bzl)-Tyr-g-Leu- 13 

rrom 250 ~dg there was obtained 25 mg of z7 
L 

The amino acid analyses of the two diastereoisomers are given 

Solid Phase Synthesis of [3-i)-Leucine]oxytocin ( S ) .  
The synthesis of H-Cys (DMB) -Tyr-g-Leu-Gln-Asn-Cys (DHB) -Pro-Leu-Cly-O-Resin 

vas carried out using 1.0 g of 

miol/g resin), 

N-Doc-Gly-0-Resin (substitution level of 0.40 

Tlie pptide was cleaved from the resin by ammonolysis to Give 
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250 mg of Il-Cys(DE~)-Tyr-D-Leu-Gln-Asn-Cys(DMB)-Pro-Leu-Gly-~H2. - 

of t h e  p r o t e c t e d  nonapept ide  t h e r e  w a s  o b t a i n e d  66.5 mg of 2, 
a n a l y s i s  i s  g i v e n  i n  T a b l e  2. TLC i n  s o l v e n t  sys tem ( a )  and ( b )  gave s i n g l e  

uniform s p o t s .  iiPLC u s i n g  methods p r e v i o u s l y  r e p o r t e d  (C) showed t h e  compound 

t o  b e  tile pure  isomer i d e n t i c a l  w i t 1 1  t h e  sample p r e v i o u s l y  prepared  ( 8 ) .  The 

comijound had 0.31 un i t s /mg  of mi lk  e j e c t i n g  a c t i v i t y  (19 ) .  

From 250 mg 

The amino a c i d  

13 S o l i d  Phase S y n t h e s i s  of [ l - l i emi-E-[ l -  C J c y s t i n e ,  8 - a r g i n i n e ] v a s o p r e s s i n  ( 9 )  

and S e p a r a t i o n  and P u r i f i c a t i o n  of D i a s t e r e o i s o m e r s  [l- lIemi-[l-  C l c y s t i n e ,  8- 

4 

1 3  

13 a r g i n i n e  ] v a s o p r e s s i n  (22) and [ 1-Ilemi-2- [l- C] c y s t i i i e ,  8 - a r g i n i n e ] v a s o p r e s s i n  (9 . 
h-&-[ l-13C]Cys(Bzl) -Tyr-Phe-Cln-Asn-Cys(bz1) -Pro-Brg(Tos) -Gly-0-Xesin was 

syn thes i zed  u s i n g  2 . 4  E of doc-Gly-0-Kcsin w i t h  a s u b s t i t u t i o n  l e v e l  of 0.42 mmol/ 

g r e s i n  a s  s t a r t i n g  m a t e r i a l .  T!ie p e p t i d e  was c leaved  from t h e  r e s i n  by ammo- 

nolysis t o  g i v e  720 mg of 1 i - S - t  1- 

Arg(Tos)-Gly-SH2. ii 360 mg p o r t i o n  gave 69 mg of [1-tieni-[l-  C l c y s t i n e ,  6-ar- 

g i n i n e ] v a s o p r e s s i n  (23) and 65  nig of [l-hemi-p-tl- C l c y s t i n e ,  8 -a rg in ine lvaso -  

p r e s s i n  (22). 
system ( a ) ,  ( t )  , and (d)  showed tile conirounds t o  g i v e  s i n p l e  uiiiform s p o t s  

i d e n t i c a l  t o  d i a s t e r e o i s o m e r s  p r e v i o u s l y  p r q a r e d  ( 7 ) .  IiPLC i n  a s o l v e n t  sys- 

t e m  s i m i l a r  t o  t h a t  used f o r  oxy toc in  d i a s t e r e o i s o m e r s  (15, 1G) showed t h e  com- 

pound t o  bc  pu re  and uncontaminated by  each  o t i i c r .  

of 549 was t h e  same as t h a t  of a u t n e n t i c  AVP (18) .  

13  C ]  -Cys(Ezl) -Tyr-Phe-Cln-Asn-Cys(Bz1) -Pro- 

13 

13 

The amino a c i d  a n a l y s e s  are g iven  i n  Tab le  2 .  TLC i n  s o l v e n t  

The m i l k - e j e c t i n g  a c t i v i t y  
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