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SUMMARY : 

The s y n t h e s i s  o f  a new a c e t y l e n i c  analogue of 

t h e  C- t e rmina l  hep t ap ep t i de segment o f  chol  e cys  t o  k i n i n  

( C C K )  i n  which t h e  Met28 and Met31 r e s i d u e s  a r e  r ep laced  

by two a c e t y l e n i c  p r e c u r s o r s  o f  no r l euc ine  ( N l e ) ,  L - 2 -  

amino-4-hexynoic a c i d  (Aha) ,  i s  desc r ibed .  Reduct ive 

t r i  t i a t  i o n  o f  t h i s  ace  t y l e n i  c hep t apep t i d e  Bo c -[ Aha 

l e d  t o  t h e  l a b e l l e d  13H) -Boc-(Nle28 31] -CCK 
CCK27, 33 
which d i s p l a y s  a s p e c i f i c  a c t i v i t y  o f  about  150 Ci/mnol. 

According t o  i t s  f u l l  b i o l o g i c a l  po tency ,  t h i s  CCK analogue 

can be used f o r  v a r i o u s  b i o l o g i c a l  a s s a y s  i n c l u d i n g  b ind ing  

s t u d i e s .  
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INTRODUCTION : 

The g a s t r o i n t e s t i n a l  p e p t i d e  hormone c h o l e c y s t o k i n i n ,  

o r i g i n a l l y  i s o l a t e d  i n  t h e  g u t ,  e x i s t s  i n  m u l t i p l e  molecular  

forms ( 1 ’ 2 ) .  The predominant  f ragment  i n  t h e  nervous system, 
( 3 )  

( o r  CCK-8 ) , Asp -Tyr ( SO 3H) -Met -Gly-Trp-Me t -Asp-Phe-mZ CCK26- 33 
i s  v e r y  l i k e l y  t h e  p h y s i o l o g i c a l  e f f e c t o r s  o f  CCK r e c e p t o r s  

i n  t h e  b r a i n .  The re fo re ,  a t r i t i a t e d  CCK-8  analogue appeared 

t o  be t h e  most s u i t a b l e  l i g a n d  f o r  c h a r a c t e r i z a t i o n  o f  CCK 

b inding  s i t e s ,  a s  w e l l  a s  s tudy  on  p o s s i b l e  r e c e p t o r  h e t e r o -  

genec i ty .  However, owing t o  t h e  low c o n c e n t r a t i o n  of  CCK 

b ind ing  s i t e s ,  t h e  r a d i o a c t i v i t y  o f  t h e  CCK e f f e c t o r  must be 

a s  h igh  a s  p o s s i b l e .  

o f  30-40 Ci/mmol has  been proposed a s  l i g a n d  for r e c e p t o r  

s t u d i e s ( 4 f .  N e v e r t h e l e s s ,  i n  a d d i t i o n  t o  i t s  i n s u f f i c i e n t  

r a d i o a c t i v i t y ,  t h e  s y n t h e s i s  of  t h i s  t r i t i a t e d  probe  i s  r a t h e r  

d i f f i c u l t .  T h i s  method r e q u i r e s  t h e  s u l f a t a t i o n  wi th  pyridine-SO 

complex o f  d e s u l f a t e d  CCK-e w i th  t r i t i u n  on t h e  a romat i c  r i n g  

of  t h e  t y r o s i n e .  Moreover,  t h e  p re sence  of t h e  two methionine 

r e s i d u e s  makes the  f i n a l  p roduc t  h i g h l y  s u s c e p t i b l e  t o  oxydat ion .  

Recent f i n d i n g s  i n  our l a b o r a t o r i e s  of  f u l l y  p o t e n t  Boc- [Nle  

C C K - 8 ( 5 )  and of e f f i c i e n t  procedure  o f  conve r t ing  L-2-amino- 

4-hexynoic a c i d  (Aha) t o  tritium l a b e l l e d  n o r l e u c i n e  

prompted u s  t o  p r e p a r e  a f u l l y  r a d i o a c t i v e  CCK-7 analogue t o  

be used f o r  r e c e p t o r  b ind ing  s tudy .  

[ 3H ) -ccK26-37 wi th  s p e c i f i c  r a d i o a c t i v i t y  

3 

28 t 31)- 

( 6 )  

In t h i s  p a p e r ,  w e  r e p o r t  t h e  s y n t h e s i s  of  a n  a c e t y l e n i c  
p r e c u r s o r  of  a f u l l y  p o t e n t  analogue o f  cCK-8,  Boc-( Aha 28,311 - 
CCK-7  and t r i t i u m  l a b e l l i n g  o f  thus  o b t a i n e d  p e p t i d e .  The 

s y n t h e s i s  of  Boc-Tyr(S0 -)-Aha-Gly-Trp-Aha-Asp-Phe-NH2 was 

performed by s o l u t i o n  method a s  o u t l i n e d  i n  Scheme 1. 
3 

EXPERIMENTAL PART : 

M a t e r i a l  and procedures .  

P r o t e c t e d  amino a c i d  d e r i v a t i v e s  were p repa red  

accord ing  t o  t h e  methods known i n  t h e  l i t e r a t u r e  ( 7 - 9 ) .  A l l  
o p t i c a l l y  a c t i v e  amino a c i d s  had (L) - conf igu ra t ion .  A l l  

o t h e r  chemicals  and s o l v e n t s  were of  a n a l y t i c a l  g rade  from 

Pro labo  ( F r a n c e ) ,  F luka  (Swi t ze r l and)  or E .  Merck (W. Germany). 
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Leucine aminopeptidase was purchased from Sigma Chemical Co a 

(U .S .A . ) .  Analytical thin layer chromatography was carried 
3ut on E. MeXk silica gel 60 F254 precoated plates in the 
following solvent systems (v/v) A : chloroform-methanol ( 9 :  1). 
B : chloroform-methanol-€120 ( 8 :  3: 1 lower phase). 
C : n-butanol-pyridine-acetic acid-H20 (4 :  1: 1:2). 
D : 
Melting points were taken on a B u c h i  apparatus and are 
uncorrected. Optical rotations were determined with a 
Perkin-Elmer Model 141 polarimeter. I'JBC4 spectra were 

performed with Bruker WP 200 MHz and Bruker WH 270 MHz 
instruments in CDCl 

as  an internal standard. Amino acid analysis was carried 

ethylacetate-pyridine-acetic acid-H20 ( 3 0 :  2 0 :  6 :  11). 

or DMSO d6 using tetramethylsilane 3 

3 0  3 1  32 33  
T*P A 

Bo c 

H --OH Bo c 

a ASP Ph e 

Scheme 1. Synthetic route for the preparation of 

[ 3 H )  -Boc- [ Nle -CCK27-33 
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out on a LKB Biochrom 4400 Amino Acid Analyser. Elemental 
analyses were performed at the Institut de Chimie des 
Substances Naturelles. Catalytic tritiation was conducted 
at the Commissariat A 1'Energie Atomique (France). 3H- 
Scanning8 of TLC pltttes were performed with a Berthols Scanner. 

Peptide weight determinations were carried out after acid 
hydrolysis with a LKB Biochrom 4400 Amino Acid Autoanalyser. 
Radioactive countings ( H )  were determined with a liquid 
scintillation counter SL 3000 Intertechnique. 

3 

The following abbreviations are used : Aha, 2-amino- 

4-hexynoic acid ; BJC, tert-butyloxycarbonyl ; ONp p-nitro- 
phenyloxy ; OBzl, benzyloxy ; HOBt, t-hydroxybenzotriazole ; 

DCC, dicyclohexylcarbodiimide ; DMF,  dimethylformamide ; TFA, 
trifluoroacetic acid ; EtOAc, ethylacetate;DMSO,dimethyl- 
sul f oxi de . 

I. Peptide synthesis. 

Boc-Asp (OBzl) -Phe-NH2 _?; 

To a solution of phenylalanine amide (as TFA 
salt obtained from 1.071 g (4.05 mmol) 
in DMF (10 ml) and triethylamine ( 0 . 6  ml, 4.3 mmol) was 
added N-Bo c-a s p  arati c acid p -benzyl-a-p -ni trophenyl ester 
(1.86 g, 4.05 mmol) at r o o m  temperature. The mixture was 
stirred for 24 h at room temperature. After evaporation 
h-y~c_uo_,  the residue was dissolved in EtOAc and washed 
with 5% NaHCO3, 10% citric acid and water. The solution 
was dried over Na2S04. 
washed with ether and recrystallized from EtOAc-ether 
to afford 2 (1.47 g, 77%) m.p. 137-138"C (Lit (lo) 134-135"C) : 

(a):" - 3 2 . 3 "  (C 
'H NMR (CDC13) 6 1.43 ( s ,  9H, Boc) , 2 . 9 0  (m, 2 H ,  CH-P)  , 
3.14 (m, 2FI, CH-PI, 4.47 (m, lH, CH-a), 4.71 (m, lH, CH-a), 
5.16 ( s ,  2 H ,  $-CH,), 5.58 (d, 2H, -CONH2), 6.18 (broad s ,  

1 H ) ,  6.95 (d, 1H, NH-Boc), 7.30 ( s ,  5H, ArH), 7.37 ( s ,  5H, 
ArH) . 
Anal. calc. for C25Y31N306 C 63.95, H 6.65, N 8.95. Found 
C 63.46, H 6.72, N 9.33. 

of N-Boc-Phe-NH2) 

After evaporation the residue was 

1.0, DMF) : Rf 0.38 (A), 0 . 7 3  ( B ) .  
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A solution of 1 (470 mg, 1.0 mmol) in TFA (1.3 ml) 
and anisol !0.35 ml) was stirred at O ° C  for 1 h. After 

complete evaporation in-vas~o_, the residue was triturated 
with ether, filtered off and dissolved in DMF (5 ml). To 

this solution were added 2-tert-butyloxycarbonylam~no-4- 
hexynoic acid p-nitrophenyl ester 

and triethylamine (0.28 m l ,  2 mmol) at rooin temperature. 

The mixture was stirred for 48 h at room temperature. 
After evaporation i.n-ygcg2, 
by flash chromatography on Kieselgel 60 by eluting first 
with chloroform then with the lower phase of the solvent 

mixture of chloroform-methanol-water (8:3:1). Fractions 

containing the product wereconcentrated. Crystallization 

from ethanol-diisopropylether afforded 2 (444 mg, 85%). 
m.p. 159-16loc ; [CC]Eo  - 111.5O (C 

0 . 7 5  (B) ; NMR (DMSOd6) 6 1.43 ( s ,  9H, Boc), 1.75 ( s ,  

3H, CH -CZC-), 2.53 (m, 2H, -CSC-CH2-), 2.65 (9, lH, CH-P), 

2.85 (m, lH, CH-PI, 2.90 (m, lH, CH-PI, 3.07 ( 9 ,  IH, CW-PI, 
4.13 (m, lH, CH-c0, 4.45 (m, 1H, CH-CL), 4.68 (m, 1H, CH-c0, 

5.13 ( s ,  2H, g-CH2-), 7.00 (d, lH, BocNH), 7.28 (m, 5H, 
ArH), 7.40 (s, 5 H ,  ArH). 
Anal. calc. for C H N 0 C 64.34, H 6.62, N 9.68. FoQnd 
C 64.25, H 6.58, N 9.66. 

2(6) (350 mg, 1.0 mmol) - 

the crude product was purified 

1.0, DMF) ; Rf 0.47 (A), 

3 

31 38 4 7 

Boc-Aha-Gly-OCH 4 3 -  

To a solution of glycine methylester (314 mg, as 
HC1 salt, 2.5 mmol) in DMF (8 ml) and triethylamine (0.35 ml, 
2.5 mmol) were added 2-tert-butyloxycarbonyl-amino-4-hexynoic 
acid p-nitrophenyl ester 2 (870 mg, 2.5 mmol) and triethyl- 
amine (0.35 ml, 2.5 mmol). The mixture was stirred for 48 h 
at room temperature. After evaporation in vacuo, the residue 
was dissolved in EtOAc and was washed with 5% NaHCO 10% 
citric acid and water. After drying over M g S O 4 ,  the solution 

was concentrated. The residue was flash chromatographed on 
Kieselgel 60 by eluting first with chloroform then with the 
solvent mixture of chloroform-methanol (9: 1). After evapo- 

---_---- 
3' 



1128 N .  A. Sasaki et al. 

r a t i o n ,  t h e  r e s i d u e  w a s  r e c r y s t a l l i z e d  w i t h  E t O A c - e t h e r  t o  
y i e l d  4 (650 mg, 86%).  m . p .  76-77°C ; (a);" - 5.5" ( C  1 .0 ,  

M e O H )  : R f  0 .53  (A) ,  0 .75 (B), 'H NlrlR(CDC1 ) 6 1.47 ( s ,  93,  
B o c ) ,  1.75 ( t ,  J = 2 H z ,  3H, CH -CzC-), 2.62 (m, 2 H ,  -CZC-CH2-), 

3 
3 

3.75 ( s ,  3H, O C H 3 ) ,  4.00 ( d ,  2 H ,  C H - a ) ,  4 - 2 3  (m, 1H, CH-a), 
6.87 (broad  s ,  I H ,  B o c  N 3 ) .  

A n a l .  c a l c .  f o r  ClqHz2N205 

C 56.50, H 7.50, N 9.40. 

C 56.36, H 7 .43 ,  N 9 -40 .  Found 

B o c - T y r - A h a - G l y - O C H  5 3 -  

A s o l u t i o n  o f  B o c - A h a - G l y - O C H  4 (550 m g ,  1 .84  m m o l )  3 -  
i n  TFA ( 2 . 4  m l )  and a n i s o l  ( 0 . 6  m l )  w a s  s t i r r e d  f o r  1 h a t  

0 ° C .  A f t e r  e v a p o r a t i o n  h-va_c~;o_ ,  t he  r e s i d u e  w a s  t r i t u r a t e d  

t h r e e  t i m e s  w i t h  d r y  e t h e r  and d i s so lved  i n  DMF (3 .0  m l )  

and added w i t h  t r i e t h y l a m i n e  (0.28 m l ,  2 .0  mmol). 

To a s o l u t i o n  of  N- te r t -buty loxycarbonyl  t y r o s i n e  

hydraz ide  (344 m g ,  1.84 m m o l )  i n  DMF (1.5 m l )  w e r e  added 

3.85 N H C l / D M F  (1.15 ml ,  4 .42  m m o l )  and i s o p e n t y l n i t r i t e  
( 0 . 3  m l ,  2 . 2 1  m m o l )  a t  - 5 ° C .  A f t e r  s t i r r i n g  f o r  10 m i n .  a t  

-5"C, t h e  mix tu re  w a s  n e u t r a l i z e d  w i t h  t r i e t h y l a m i n e  (0.62 m l )  

a t  O'C and w a s  poured  i n t o  t h e  ainine component p repa red  

as descr ibed  above. 

A f t e r  f u r t h e r  a d d i t i o n  o f  t r i e t h y l a m i n e  (0 .3  m l )  t h e  r e a c t i o n  
mix tu re  w a s  s t i r r e d  a t  4 O C  f o r  48 h .  The s o l v e n t  w a s  removed 

i n  vacuo. The r e s u l t i n g  r e s i d u e  w a s  d i s s o l v e d  i n  E t O A c  and 

washed w i t h  10% c i t r i c  a c i d  and w i t h  w a t e r .  A f t e r  evapora t ion  

t h e  r e s i d u e  s o l i d  w a s  r e c r y s t a l l i z e d  f r o m  EtOAc-n-hexane t o  

a f f o r d  2 (512 mg, 61%). m . p .  1 6 7 - 1 6 8 ' ~  ; [.JD -13.4' ( C  

1 .0 ,  M e O H )  'H N X R ( C D C 1  1 6 1 - 3 3  
( s ,  9H, B o c ) ,  1 .75 ( s ,  3H, CH -CZC-), 2.58 (m, 2 H ,  - C r C - C H  - ) ,  3 2 
2.71 ( d ,  1 H ,  C H - P ) ,  2 - 9 3  ( d ,  1 H ,  C H - P ) ,  3.70 ( s ,  3H, OCH3), 
3.96 ( d ,  2 H ,  C H - a ) ,  4.20 ( m ,  lH, CH-a), 4.48 ( m :  lH, C H - a ) ,  

6 .73 ( d ,  J = 6 Hz, 2H, A r H ) ,  7.00 ( d ,  I H ,  B o c N H ) ,  7.11 ( d ,  
J = 6 3 2 ,  2 H ,  A r H ) .  

A n a l .  c a l c .  f o r  C H N 0 C 59.86, H 6.77, N 9 .10.  Found 

_--_---- 

20 

; R f  0 .56  ( A ) ,  0 .64  ( B ) .  3 

23 31 3 7 
c 59.80, H 6.66, N 9.10. 
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Boc-Tyr-Aha-Gly-N H 6 2 3  - 

To a s o l u t i o n  o f  Boc-Tyr-Aha-Gly-OCH 5 (462 mg, 3 -  
1 mmol) i n  methanol (10 ml) w a s  added dropwise hydraz ine  

h y d r a t e  (0.06 m l ,  5 mmol). The mixture  was al lowed t o  s t a n d  

a t  room tempera ture  f o r  48 h .  A f t e r  c o n c e n t r a t i o n  h-yLzyo, 

t h e  r e s i d u e  was d i s s o l v e d  i n  methanol and evaporated.  Th i s  

procedure  was r e p e a t e d  twice .  The c rude  p roduc t  was r e c r y s -  

t a l l i z e d  from methanol t o  y i e l d  5 (438 mg, 95%). m.p. 

194-195"C ; (a)? - 13.9" ( C  

Anal. c a l c .  f o r  C22H31N506 C 57.25, H 6 .77,  N 15.18. 
Found C 56.96, H 6.71, N 15.17. 

5.0, m4F) ; R f  0.38 ( A ) .  

To a s o l u t i o n  o f  Boc-Tyr-Aha-Gly-N H 6 (240 mg, 2 3  - 
0.52 mmol) i n  DMF (2 .0  m l )  were added a t  -5°C 3.85 N H C l / D M F  

(0 .33  ml, 1.26 mmol) and i s o p e n t y l n i t r i t e  (0.085 m l ,  0 .62  mmol). 

Af t e r  s t i r r i n g  for 15 m i n  a t  - 5 " C ,  Ohe mixture  was neu t r a -  

l i z e d  wi th  t r i e t h y l a m i n e  (0.18 m l ,  1.28 mmol) and poured i n t o  

a s o l u t i o n  o f  t ryp tophane( lO7 mg, 0.53 mmol) i n  water  ( 1 . 2  m l )  

and t r i e t h y l a m i n e  (0.16 m l ,  1.14 mmol). The r e a c t i o n  mix tu re  

was s t i r r e d  a t  4 O C  f o r  48 h .  A f t e r  evapora t ion  &"-yacuo_, t h e  

r e s i d u e  was p u r i f i e d  o n  p r e p a r a t i v e  t h i n  l a y e r  chromatography 

by e l u t i n g  wi th  t h e  o rgan ic  phase  o f  t h e  s o l v e n t  mix tu re  o f  

chloroform-methanol-water (8:  3: 1).  The product  was e x t r a c t e d  

from s i l i c a  g e l  wi th  DMF which was t h e n  f i l t e r e d  through 

M i l l i p o r e  and evapora ted  i~-ya_cy?. The r e s i d u e  was t aken  

i n  smal l  amount o f  EtOAc and added e t h e r  t o  a f f o r d  z (235 mg, 
71%).  m . p .  192-194OC. (aID 2o - 4.0° ( C  1.0, D M F ) .  R f  0 . 0 3 ( A ) ,  

O.27(B), 0 . 7 3 ( C )  ; H m R ( D M S 0  d6)  6 1.33 (S, 9 H ,  B o c ) ,  1.72 

( s ,  3 H ,  CH3-CEC-) ,  2.52 ( 8 ,  2H, - C X - C H 2 - ) ,  2.54 ( m ,  IH, C H - P ) ,  

2.66 ( m ,  2H,  C H - P I ,  3.10 ( m ,  l H ,  C H - P I ,  3.95 ( s ,  2H, C H - a ) ,  

4.16 (broad  s ,  l H ,  C H - a ) ,  4.43-4.45 (broad  s ,  2H, C H - a ) ,  

6 .61 ( s ,  2H, A r H ) ,  6.98 ( s ,  3H,  A r H  + BocNH), 7.0 (m, 1 H ,  

A r H ) ,  7.25 ( d ,  l H ,  A r H ) ,  7.56 ( m ,  l H ,  A r H ) ,  7-96-8.10 (m, 

2H, A r H ) ,  10.50 ( 9 ,  l H ,  i n d o l  N H ) .  

1 
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Anal. c a l c .  f o r  C33H39N508. 2.5 H 2 0  

N 10.31. Found C 58.23, H 6 .42 ,  N 10.00. 

C 58.39, H 6 .53 ,  

Boc-Tyr-Aha-Gly-Trp-Aha-Asp(OBz1)-Phe-NH2 8 

A s o l u t i o n  of  Boc-Aha-Asp(OBz1) -phe-M2 2 
(478 mg, 0 .83 m o l )  i n  TFA (1 .1  m l )  arid a n i s o l  (0.22 ml) 

w a s  s t i r r e d  f o r  1 h a t  OOC.  Af t e r  complete evapora t ion  i~ 
vacuo, t h e  r e s i d u e  w a s  t r i t u r a t e d  wi th  e t h e r .  The p r e c i -  

p i t a t e s  were t r e a t e d  wi th  1 H C 1  (0 .83  m l )  and coinpletely 

d r i e d .  The r e s i d u a l  powder was washed wi th  5% NaHCO 

f i l t e r e d  o f f  and d r i e d  in-ya,cyg over  KOH t o  y i e l d  

H-Aha-Asp (OBzl) -Phe-NH2 (376 m g ,  95% y i e l d ) .  To a coo led  

s o l u t i o n  (OOC) of  Boc-Tyr-Aha-Gly-Trp-OH 2 (500 mg, 0.78 mmol) 
i n  DMF ( 2 0  m l )  were added H O B t  (111 mg, 0.78 mmol), t h e  amine 

component p repa red  a s  desc r ibed  abave (376 mg, 0 .78 mmol) 

and f i n a l l y  DCC (165 m g ,  0 .78 mmol). The r e a c t i o n  mixture  

w a s  s t i r r e d  a t  room t empera tu re  f o r  24 h .  Af t e r  t h e  removal 

of  d i cyc lohexy lu rea  and s o l v e n t ,  t h e  r e s i d u e  w a s  p u r i f i e d  

o n  Sephadex LH-20 u s i n g  DMF a s  e l u e n t .  Af t e r  evapora t ion  

i n  vacuo,  t h e  r e s i d u e  was t r i t u r a t e d  wi th  e t h e r  and f i l t e r e d  

t o  y i e l d  8 (613  mg, 71%). m . p .  187-188O : [@.IF - 26.5” 

( C  

6 1.33 ( s ,  9 H ,  Boc ) ,  1.72 ( s ,  6 H ,  CH C = C - ) ,  2.50 (m, 4H,  
- C X - C H 2 - )  , 2.66 (m, 2H, C H - P )  , 2.73-3.20 ( m ,  6 H ,  CH-P)  , 
3 .73  (m, 2H, C H - a ) ,  4 .16  ( m ,  2iI, C H - a ) ,  4.36-4.50 ( m ,  2H, 

CH-a), 4.60-4.76 ( m ,  2H, C H - @ . ) ,  5.15 ( s ,  2H, A r - C H 2 - ) ,  

6 .71  ( d ,  J = 6.6  Hz,  2H, A r H ) ,  6 .99 ( d ,  l H ,  BocNH), 7.00-7.43 

(m, 1 6 ~ ,  A r H ) ,  7.70 ( d ,  l H ,  A r H ) ,  10.90 ( s ,  l H ,  i n d o l  NH). 
A n a l .  c a l c .  f o r  C59H67N9012.H20 C 63.71,  H 6 .25 ,  N 11.33. 
Found C 63.71,  H 6 .28,  N 11.22. Amino a c i d  a n a l y s i s  ( a f t e r  

c a t a l y t i c  hydrogenat ion  wi th  10% Pd/C fo l lowed by t h e  hydro- 

l y s i s  w i t h  l e u c i n e  aminopep t idase ) .  Asp 1 . 0 0 ( 1 ) ,  Gly l . O O ( 1 )  , 
Nle 2 . 0 2 ( 2 ) ,  Tyr 0 . 9 0 ( 1 ) ,  Phe 0 . 9 6 ( 1 ) ,  Trp 0 . 8 9 ( 1 ) .  

Boc-Tyr ( S O  Na) -Aha-Gly-Trp-Aha-Asp (OBzl) -Phe-NH2 2 

----- 

3’ 

--- ----- 

1.0, DMF) ; Rf 0 .37 (A) ,  0 .50 (B) ,  0 . 9 6 ( C ) .  ‘H NMR (DMSO d6)  

3- 

3- 

To a s o l u t i o n  o f  Boc-Tyr-Aha-Gly-Trp-Aha-Asp ( O B z l )  - 
(267 mg, 0.24 mmol) i n  d r y  DMF ( 5  m l )  and d ry  Phe-NH2 

p y r i d i n e  (2 .5  m l )  was added pyridine-SO complex (900 mg). 3 
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The r e a c t i o n  mixture  was al lowed t o  s t a n d  f o r  48 h a t  room 

t empera ture .  A f t e r  evapora t ion  +n-v_a_cyz, t h e  r e s i d u e  was 

t aken  i n  co ld  water  (10 m l )  and t h e  pH o f  t h e  s o l u t i o n  was 

a d j u s t e d  a t  7 .0  wi th  10% Na2C03. The s o l u t i o n  was concen t r a t ed  

i n  vacuo and was added wPth DMF t o  p r e c i p i t a t e  i no rgan ic  s a l t s .  

The s o l u t i o n  was f i l t e r e d  and evapora ted  +-xacyo_. The crude 

product  was p u r i f i e d  by p r e p a r a t i v e  t h i n  l a y e r  chromatography 

wi th  t h e  so lven t  mixture  o f  chloroform-methanol-water (8 :3 :1 ,  
lower phase)  as e l u e n t .  The p roduc t  was e x t r a c t e d  from 

s i l i c a  g e l  w i th  DMF. A f t e r  c o n c e n t r a t i o n  of  t he  DMF s o l u t i o n ,  

t h e  r e s i d u e  was t r i t u r a t e d  wi th  e t h e r  t o  y i e l d  2 (730 mg, 

m . p .  176-179OC ; (aID - 32.7" ( C  1 .0 ,  DMF) ; Rf 0.08(A),  

0 .29 (B) ,  0 .74 (C) .  'H NMR (DMSO d6)  6 1.28 ( s ,  9 H ,  Boc) ,  1.66 
( s ,  6 ~ ,  CH -C C - ) ,  

C H - P ) ,  3 .63 ( m ,  2 X ,  C H - a ) ,  4.08 ( m ,  l H ,  C H - a ) ,  4.30 ( m ,  3 H ,  
C H - a ) ,  4.55 ( m ,  2H, C H - K ) ,  5.00 ( s ,  2H, - C H 2 - A r ) ,  6.80-7.25 

( m ,  18~1, A r H ,  BocNH), 7.50 ( d ,  l H ,  A r H ) ,  7.73 ( d ,  l H ,  A r H ) ,  

10.68 ( s ,  l H ,  i n d o l  H ) .  

Anal. c a l c .  f o r  C H N 0 SNa.3 H20 C 56.64, H 5.80, 

N 10.07, S 2.56. Found C 56.30, H 5.85, N 9 .89,  S 2 .70.  

- -_- -___ 

45%) .  
20 

2.45 (m, 4 H ,  -C C-CH2-) ,  2.55-3.15 ( m ,  8H, 3 

59 66 9 15 

C a t a l y t i c  hydrogenat ion  o f  2 i n  a so lven t  mixture  

o f  methanol-pyrkdine-acetic a c i d  ( 4 : l : l )  i n  t h e  p re sence  of 

10% Pd/C a t  r o o m  t empera ture  and p r e s s u r e  f o r  1 h a f f o r d e d  

i n  q u a n t i t a t i v e  y i e l d  Boc-Tyr ( S O  Na) -Nle-Gly-Trp-Nle-Asp-Phe- 
NH2, of which 'H NMR s p e c t r a  and Rf were i d e n t i c a l  wi th  those  

of Boc-Tyr(S0 Na)-Nle-Gly-Trp-Nle-Asp-Phe-NH2 prepa red  

s e p a r a t e l y  s t a r t i n g  from n o r l e u c i n e  - 

3 

(5) 3 

11. Tr i t ium l a b e l l i n g .  

A s o l u t i o n  o f  Boc-Tyr ( S O  Na) -Aha-Gly-Trp-Aha- 3 
Asp(OBzl)-Phe-NH2 ( 2  mg, 

(0 .9  m l )  of  methanol-pyridine-acetic a c i d  ( 4 : l : l )  was 

taken  i n t o  a t r i t i a t i o n  r e a c t o r  (11) and was f rozen .  The 

c a t a l y s t  ( 2 1  mg o f  10% Pd/C) was t h e n  d i spe r sed  on t h e  

s u r f a c e  and t h e  r e a c t i o n  v i a l  was connected t o  t h e  

au tomat ic  t r i t i u m  gas t r a n s f e r  u n i t ( 1 2 ) .  Af t e r  a vacuum 

of  Torr  was reached ,  pure  t r i t i u m  gas  (80 Cur i e s )  

was in t roduced  and compressed t o  1 bar  and t h e  c a t a l y s t  

1.67 pmol) i n  a s o l v e n t  mixture  
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w a s  f l u s h e d  f o r  15 m i n  i n t o  t h e  s t i l l  f r o z e n  s o l u t i o n .  

The r e a c t i o n  mixture  w a s  b rought  t o  20°C and m a g n e t i c a l l y  

s t i r r e d  f o r  2.5 h.  The a b s o r p t i o n  o f  t r i t i u m  g a s  produced 

a r e d u c t i o n  o f  p r e s s u r e  of 0.88 b a r .  The r e a c t i o n  mix tu re  

w a s  f r o z e n  a g a i n  and un reac ted  t r i t - lum gas  w a s  removed. 

The c a t a l y s t  w a s  f i l t e r e d  through M i l l i p o r e  GS and l a b i l e  

t r i t i u m  atoins were e l i m i n a t e d  by evapora t ion  i n  a r o t a v a p o r  

wi th  a l a r g e  volume of  50% aqueous methan31 (70 m l ) .  The 

p e p t i d e  w a s  p u r i f i e d  on TLC ( s o l v e n t  system EtOAc-pyridine- 

a c e t i c  ac id-water  : 30:20:6:11) and ana lysed  on HPLC wi th  

i s o c r a t i c  s o l v e n t  system (TEAP, pH 6.5, 0.1 M ,  32% CH3CN, 

flow r a t e  1.2 m l / m i n ) .  

The au  t o r a d i o  chroma t o  gram and 3H- scanning  r e v e a l e d  

a s i n g l e  peak commigrating w i t h  Boc-Tyr(S0 HI-Nle-Gly-Trp- 

Nle-Asp-Phe-NH2 and cor responding  to t he  spot d e t e c t a b l e  

wi th  4,4'-tetramethyldiamino-diphenyl methane (TDM) . The 

p e p t i d e  w a s  e x t r a c t e d  from s i l i c a  g e l  powder wi th  6 x 10 m l  o f  

p u r e  methanol .  A f t e r  a c i d  h y d r o l y s i s  ( 6  Y H C 1 ,  l l O ° C ,  15 h )  , 
t h e  s p e c i f i c  r a d i o a c t i v i t y  w a s  found t o  be c l o s e  t o  144 Ci/mmol. 

3 
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