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SUMMARY 

The synthesis o f  th ree  S-[methyl-' 'C l - labe l led  
enkephal i n  analogues, iyr-D-Ala-Gly-Phe-Met-NH2, Tyr- 
-D-Ala-D-Ala-Phe-Met-tlH2 and Tyr-D-Met-Gly-Phe-Pro- 
NH2, from the  corresponding S-benzyl-homocysteine- 
-conta in ing peptides i s  reported. The protected pen- 
tapept ide amides were prepared by (3+2) fragment 
condensations i n  so lu t ion .  These peptides were sub- 

sequently deprotected w i t h  sodium i n  l i q u i d  ammonia 
11 and the sulphide anions formed a l k y l a t e d  w i t h  C C l -  

methyl iod ide  t o  g ive the  S-Cmethyl-llCl-labelled 
enkephalins. A f t e r  p u r i f i c a t i o n  by preparat ive LC, 
these l a b e l l e d  peptides were obtained i n  55 t o  75 % 

radiochemical y i e l d ,  decay corrected, based on the  
C Clmethyl iod ide produced, w i t h i n  30-40 min from 
s t a r t  o f  the synthesis o f  t h i s  reagent. The rad io-  
chemical p u r i t i e s  o f  the  products were h igher  than 
98 %, and the s p e c i f i c  a c t i v i t y  was i n  the order  o f  
20-200 mCi/uml. 
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INTRODUCTION 

K. Ndgren, U. Ragnarsson and B.  Ldngstrom 

The i n t e r e s t  i n  smal l  neuropept ides  i s  s t e a d i l y  i n c r e a s i n g  as new 

ones c o n t i n u o u s l y a r e  i s o l a t e d  f rom l i v i n g  m a t t e r  and analogues w i t h  i n -  

creased b i o l o g i c a l  a c t i v i t y  and/or  s t a b i l i t y  a g a i n s t  degradat ion  a r e  

prepared. The dev2lopment o f  PET ( p o s i t r o n  emiss ion  tomography) now 

o f f e r s  un ique p o s s i b i l i t i e s  o f  s t u d y i n g  t h e  d i s t r i b u t i o n  and rnetabol 

-- i n  v i v o  u s i n g  such pep t ides  l a b e l l e d  w i t h  sho r t -1  i ved ,  p o s i t r o n - e m i t  

n u c l i d e s  l i k e  l l C  and 13N. 

sm 

i n g  

I n  t h i s  paper t h e  s y n t h e s i s  o f  t h r e e  ' l c - l a b e l l e d  methionine-con- 

t a i n i n g  enkepha l i n  analogues, s u b s t i t u t e d  w i t h  D-amino a c i d s  i n  t h e  

2 - p o s i t i o n ,  i s  repo r ted .  The u n l a b e l l e d  pep t ides  have p r e v i o u s l y  been 

i n v e s t i g a t e d  and found t o  have increased a c t i v i t y  and s t a b i l i t y  i n  b i o -  

1 o g i c a l  t e s t s  . (1-3) 
two me tabo l i c   fragment^'^) was r e p o r t e d  u t i l  i z i n g  t h e  s y n t h e t i c  ap- 

Recen t l y  t h e  "C- labe l1  i n g  o f  Met -enkepha l in  and 

proach ( 5  

S- [me t h y  

s h o r t  ha 

Het-NHp, 

o r i g i n a l l y  developed i n  o u r  l a b o r a t o r y  f o r  t h e  s y n t h e s i s  o f  

-11C3rnethionine.(6) As Met-enkephal i n  i s  known t o  have a very  

f - 1  i f e  i n  viva,(') t h e  enkephal i n  analogues Tyr-D-Ala-Gly-Phe- 

Tyr-D-Ala-D-Ala-Phe-Met-NH2 and Tyr-D-Met-Gly-Phe-Pro-NH,*, 
1. 

a l l  l a b e l l e d  w i t h  " C  i n  t h e  me th ion ine  methyl  group, have been p r e -  

pared and s tud ied ,  as has Met-enkephal in,  i n  i n  v i v o  and i n  v i t r o  

s t u d i e s  i n  Rhesus monkeys and t h e  r e s u l t s  a r e  r e p o r t e d  elsewhere. ( 8 )  

RESULTS AND DISCUSSION 

The syn thes i s  o f  t h e  p r o t e c t e d  pentapept ides  7 ,  8 and 13 i s  i l l u s -  

t r a t e d  i n  Schemes 1 and 2 .  A l l  s y n t h e t i c  s teps  l e a d i n g  t o  these penta- 

pep t ides  were r a t h e r  s t r a i g h t f o r w a r d  and proceeded i n  h i g h  y i e l d s .  

D i f f e r e n t  methods have been s t u d i e d  f o r  some o f  t h e  c o u p l i n g  and de- 

p r o t e c t i o n  s teps  and a t t e n t i o n  has been p a i d  t o  t h e  ease of t h e  work-up 

and c r y s t a l l i z a t i o n  procedures.  
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Scheme 1 

Scheme 2 

I n  t h e  c o u p l i n g  s teps  l e a d i n g  t o  t h e  two pep t ides  6 and t h e  use 

o f  Boc-Phe-OSu gave p roduc ts  which c o u l d  be p u r i f i e d  by a s i n g l e  c r y s -  

t a l l i z a t i o n  s tep ,  and was t h u s  s u p e r i o r  bo th  t o  d i r e c t  DCC-coupling 

w i t h  o r  w i t h o u t  a d d i t i v e s  and t o  t h e  mixed anhydr ide  c o u p l i n g  method. 

The p roduc ts  ob ta ined  on removal o f  t h e  Boc-group f rom 5 and 12 were 

checked f o r  d i k e t o p i p e r a z i n e  f o r m a t i o n  on 

t h e i r  s a l t s ,  as Phe-Pro-NHp i s  r e p o r t e d  t o  g i v e  t h i s  byproduct.")  No 

s i g n i f i c a n t  byproduc ts  were de tec ted  and t h e  amines were t h e r e f o r e  

l i b e r a t e d  be fo re  coup l i ng ,  as t h e  washing s tep  removed t r a c e s  o f  i m -  

p u r i t i e s .  

l i b e r a t i o n  o f  t h e  amines f r o m  

The ' C-1 abe l  1 ed  pept  i des , S- [methyl - ' . ' C l T y r - ~ - A l  a-G1 y-Phe-Met-NH2 

11 (14) ,  - S-[methyl- ClTyr-D-Ala-D-Ala-Phe-Met-NH2 (2) and S-[methyl- 
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"CITyr-o-Met-Gly-Phe-Pro-NH2 (16) were prepared by ana logy  w i t h  t h e  

syn thes i s  o f  S-[methyl- C lMet -enkepha l in  as e x e m p l i f i e d  i n  Scheme 3 

f o r  t h e  syn thes i s  o f  14. They were a l l  ob ta ined  i n  h i g h  rad iochemica l  

y i e l d  and p u r i t y  as p resented  i n  Tab le  1. When p recau t ions  were taken 

w i t h  respec t  t o  t h e  amount o f  sodium used i n  t h e  d e p r o t e c t i o n  s t e p  and 

t o  t h e  e x c l u s i o n  o f  mo is tu re  f rom t h e  r e a c t i o n  vesse ls ,  t h e  syntheses 

were very  rep roduc ib le .  The sodium/ammonia reagen t  i s  known t o  c leave  

amide bonds i n  which p r o l i n e  amino groups a r e  pa r t s , ' " )  and such s i d e  

r e a c t i o n s  have been encountered i n  t h e  syn thes i s  o f  S-[methyl- 

Substance P, ' " )  b u t  t h i s  has n o t  been observed i n  t h e  s y n t h e s i s  of  16. 

K. Ndgren, U. Ragnarsson and B. M n g s t r h  

1 1  

1 1  Cl- 

I 1) NolNH$Il 
2IPdH3I 

0 I ?I+; c"Lp 

0 
H$+CH-C-NH-CH-C-NH-%-C-NH- CH- C-MH- kH- C-NH2 

Scheme 3 

Y i e l d  ( % )  1 i m e 3  

C r u d e '  P r e p 2  ( m i n )  
L a b e l l e d  P e p t i d e  

5 - Cne t h y  1 - ' C 1 T y r- 0 - A  1 a - G 1 y - Phe -Me t - N H2 70 -75  55-60 30 -40  

S - C m e t h y l - 1 1 C l T y r - ~ - A l a - ~ - A l a - P h e - M e t - N H 2  83-94 70 -75  3 0 - 4 0  

S - [ m e t h y l - '  1ClTyr-D-Met-Gly-Phe-Pro-NH2 70-87  55-65  3 0 - 4 0  

1 .  The p e r c e n t a g e  o f  C"C Imethy1  i o d i d e  t h a t  has  r e a c t e d  t o  t h e  c o r r e c t  

2 .  A s  above ,  b u t  a l s o  i n c l u d i n g  p r e p a r a t i v e  LC. 
p r o d u c t .  

3. T o t a l  t i m e  o f  p r e p a r a t i o n ,  f r o m  s t a r t  o f  s y n t h e s i s  o f  C1 lC lme thy l  i o d i d e  
t o  s t e r i l e  f i l t e r e d  p r o d u c t .  

Tab le  1 
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EXPERIMENTAL 

General : Me1 t i n g  p o i n t s  a r e  uncor rec ted .  O p t i c a l  r o t a t i o n s  were rea -  

sured  on a P e r k i n  Elmer 141 p o l a r i m e t e r .  Elemental  ana lyses  were pe r -  

formed a t  M i k r o  Kemi AB, Uppsala (one dec ima l )  o r  Novo M i c r o a n a l y t i c a l  

Labora to ry ,  Bagsvaerd, Denmark ( two  decimals!. Amino a c i d  ana lyses  were 

c a r r i e d  o u t  a f t e r  a c i d  h y d r o l y s i s  a t  t h e  I n s t i t u t e  o f  B iochemis t r y ,  Bio- 

med ica l  Center.  When n o t  o the rw ise  s t a t e d ,  e t h y l  a c e t a t e  e x t r a c t s  o f  

evapora ted  r e a c t i o n  m i x t u r e s  were washed t w i c e  w i t h  aqueous s o l u t i o n s  

of  sodium hydrogen carbonate  ( 1  H ) ,  potass ium hydrogen su lphate  ( 1  1.1) 

and sodium c h l o r i d e  ( s a t . )  and d r i e d  ove r  magnesium o r  sodium su lphate .  

The p u r i t y  of  a l l  compounds was checked by TLC u s i n g  t h e  f o l l o w i n g  

systems: A: methylene c h l o r i d e  (MeC12)/acetone/acet ic ac id ,  5/5/1; 

8 :  chloroform/ethanol/water, 100/50/4; C: MeC12/mthanol ,  9/1 and 

D: MeC12/acetone/acet ic a c i d ,  40/10/1. The p r o t e c t e d  pentapept ides  

( 7 ,  8 and 13) were a l s o  ana lysed by LC on an LDC system w i t h  a 228 x 4.6 

rnm Spher i so rb  ODS 10 urn column and U.V. d e t e c t i o n  a t  210 nm u s i n g  g ra -  

d i e n t s  of E :  aqueous NaH2P04 (0.1 M, pH 2.98) and F: a c e t o n i t r i l e / a q u e -  

ous NaH2P04 (0.1 M, pH 2.981, 70/30 ( v / v ) .  

- -  - 

The "C was produced a t  t h e  tandem Van de G r a a f f  a c c e l e r a t o r  o f  t h e  

U n i v e r s i t y  o f  Uppsala by means o f  t h e  14N(p,a) 1 1  C r e a c t i o n  on a n i t r o g e n  

11 gas t a r g e t .  The C Clcarbon d i o x i d e  produced was t rapped  i n  4A mo lecu la r  

s ieves  and t r a n s p o r t e d  t o  t h e  r a d i o c h e m i s t r y  l a b o r a t o r y .  C C l l l e t h y l  

i o d i d e  was prepared acco rd ing  t o  t h e  s tandard  procedure  o f  o u r  l a b o r a -  

t o r y . ( 6 )  A n a l y t i c a l  LC f o r  t h e  ' l c -syn theses  was c a r r i e d  o u t  on an HP 

10848 w i t h  a v a r i a b l e  wavelength d e t e c t o r ,  o r  an HP 1090 w i t h  a d iode 

a r r a y  d e t e c t o r ,  a t  274 nm, equipped wi th a 250 x 4.6 mm Spher i so rb  C-18 

10 pm column a t  40 OC and a 8 - f l o w  d e t e c t o r .  P r e p a r a t i v e  LC was pe r -  

formed, u s i n g  a 250 x 10 mm Spher i so rb  30 urn column, on a Waters system 

equipped w i t h  a U.V. d e t e c t o r  M-441 (254 nm) and a GM d e t e c t o r .  Aqueous 

ammonium formate,  0.1 M, pH 3.5 (G) and methanol were used as so l ven ts .  

S t e r i l e  aqueous s o l u t i o n s  o f  h y d r o c h l o r i c  a c i d  (0.1 M ) ,  sodium hyd rox ide  

(0.1 M) and phosphate b u f f e r  (pH 7.4, p h y s i o l o g i c a l  b u f f e r )  and s t e r i l e  

11 
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septum-equipped f l a s k s  were ob ta ined  f rom t h e  H o s p i t a l  Pharmacy, Un i -  

v e r s i t y  Hosp i ta l  of  Uppsala. M i l l i p o r e  Mi l lex-C.S 0.22 urn f i l t e r s  were 

used f o r  s t e r i l e  f i l t r a t i o n .  

Precursor  syn thes i s :  N-Z-Tyr-D-Ala-OEt (I): N-Z-Tyr-NHNH2 (3.29 g. 10 

mmol) was d i s s o l v e d  i n  30 mL o f  d ime thy l  formamide (DMF) and t h e  so lu -  

t i o n  coo led  t o  -20 OC b e f o r e  t h e  a d d i t i o n  o f  12.5 mL o f  a 4 M s o l u t i o n  

o f  HC1 i n  d ioxan and 1.93 mL o f  isoamyl n i t r i t e  ( IAN) .  The s o l u t i o n  was 

s t i r r e d  f o r  90 min a t  t h i s  tempera ture  and was then  coo led  t o  -30 OC 

b e f o r e  t h e  a d d i t i o n  o f  1.62 g (10.5 mmol) o f  D-Ala-OEtxHC1 and 8 . 5  mL 

o f  t r i e t h y l a m i n e  (TEA) i n  15  mL o f  DMF. The tempera ture  was a l l owed  t o  

r i s e  t o  4 OC d u r i n g  one hour,  a t  which tempera ture  t h e  r e a c t i o n  m i x t u r e  

was f i n a l l y  s t i r r e d  f o r  43 hours.  A t o t a l  o f  1.0 mL o f  TEA was added i n  

p o r t i o n s  t o  m a i n t a i n  t h e  pH a t  7.5-8.0. The r e s i d u e  ob ta ined  a f t e r  

s tandard  work-up was c r y s t a l l i z e d  f rom methanol/ether/petroleum e t h e r  

(PE) t o  g i v e  3.42 g (83 %) o f  t h e  pure  (A)  p roduc t ,  m.p. 135.5-6.5 O C ,  

Cali5 + 9.0' ( c  1 . 0 ,  EtOH). 

N-Z-Tyr-D-Ala-NHNH2 (2): Compound - 1 (3.31 g, 8 mmol), was d i s s o l v e d  

i n  2 0  mL of  e thano l  and 4.8 mL o f  hyd raz ine  hyd ra te  (HH) added. A f t e r  

s t i r r i n g  f o r  18 h a t  room tempera ture  a s o l i d  mass was o b t a i n e d  and 

50 mL of e t h e r  was added. The p roduc t  was f i l t e r e d  o f f  and washed w i t h  

smal l  p o r t i o n s  o f  e the r .  D r y i n g  y i e l d e d  3.01 g (94 % )  o f  t h e  pure (A)  

p roduc t ,  m.p. 205-6 C, Cali5 -20.3' ( c  1.0, DMF). 

14-Z-Tyr-D-Ala-Gly-OEt ( 3 ) :  - A s o l u t i o n  o f  - 2 (2.00 g, 5.0 mnol )  i n  20 mL 

of DFlF was coo led  t o  -20 OC and 5.5 mL of 4.54 M HC1 i n  d ioxan and 0.83 

mL o f  I A N  was added. A f t e r  1 h a t  -20  OC t h e  tempera ture  was lowered 

t o  -30 OC and a p re -coo led  s o l u t i o n  of  733 mg o f  Gly-OEtxHC1 and 4.23 

mL o f  TEA i n  5 mL o f  DMF was added. The tempera ture  was then  inc reased  

t o  4 OC d u r i n g  1 h and, w h i l e  be ing  s t i r r e d  f o r  45 h, a t o t a l  o f  675 pL 

of TEA was added i n  p o r t i o n s  t o  keep t h e  pH a t  7.5-8.0. A f t e r  removing 

t h e  p r e c i p i t a t e d  amine s a l t  by f i l t r a t i o n  and t h e  s o l v e n t  by evapora- 

t i o n ,  t h e  c rude p roduc t  was worked up i n  t h e  s tandard  manner. C r y s t a l -  

0 
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l i z a t i o n  from ethanol/ether/PE gave 1.93 g (82 % )  o f  pure (D) - 3, m.p. 

176-7 OC, Cali5 + 31.2' ( c  1.0, EtOH) .  

N-Z-Tyr-D-Ala-Gly-NHNH2 (A) : Compound 2 (1.88 g , 4.0 mmol ) was d isso lved 

i n  35 mL o f  methanol and 2.4 mL o f  HH added. A f t e r  s t i r r i n g  f o r  9 h a t  

room temperature, the s l u r r y  was placed i n  a f reeze r  overn ight .  Ether 

( 5 0  mL) was then added t o  the t h i c k  mass and the product c o l l e c t e d  by 

f i l t r a t i o n  and washed w i t h  small  po r t i ons  o f  ether. Dry ing y i e l d e d  1.37 

g (75 % )  o f  t he  pure (C) product, m.p. 184-6 OC,  Cali5 -20.9' ( c  1.0, 

OMF). 

N-Z-Tyr-D-Ala-D-Ala-OEt :  Compound 2 (1.20 g, 3.0 mnol ) and D-Ala-OEtxHC1 

(484 mg, 3.15 m o l )  were coupled i n  15 mL o f  DMF as described f o r  2. 
Several attempts t o  c r y s t a l l i z e  the o i l y  res idue obtained a f t e r  evapor- 

a t i o n  o f  the e t h y l  acetate f a i l e d ,  so the crude product (homogeneous on 

TLC ( D ) )  was used d i r e c t l y  i n  the synthesis o f  2. 

N-Z-Tyr-D-Ala-D-Ala-NHNH2 (5 ) :  The crude N-Z-Tyr-D-Ala-D-Ala-OEt was 

d isso lved i n  10 mL of methanol and 1.8 mL o f  HH added. A f t e r  1 1  hours 

a t  room temperature the reac t i on  mixture was placed i n  a f reeze r  and 

the  product i s o l a t e d  as described f o r  2, g i v i n g  1.06 g (75 %) o f  pure 

(C) 5 ,  m.p. 217-9 OC, Cali5 -14.0' (c  1.0, DMF). 

Boc-Phe-Hcy(Bz1 )-NHZ (6) :  Solut ions o f  Boc-Phe-OSu (4.26 g, 12.3 mmol) 

i n  15 mL o f  DMF and H C Y ( B Z ~ ) - N H ~ ( ~ ' )  (2.90 g, 12.9 mmol) i n  10 mL o f  

DMF were prepared and cooled t o  -20 OC. The l a t t e r  s o l u t i o n  was then 

added dur ing 3 min t o  the  former one, and the mixture s t i r r e d  f o r  2 h 

a t  -20 OC and 6 h a t  4 OC. Evaporation gave a s o l i d  res idue which was 

worked up i n  the standard manner and f i n a l l y  c r y s t a l l i z e d  from ethanol/PE 

t o  g i ve  4.94 g (85 %) o f  the pure ( C )  product, m.p. 162-4 OC, C a l i 5  -25.1' 

( c  1.0, DMF). Anal. C25H33N304S. Found/calc: C:  63.7/63.67; 

H: 7.1/7.05; N: 9.0/8.91 and S: 6.8/6.80. 

Phe-Hcy(Bzl)-NH2: Compound 

f l uo roace t i c  a c i d  (TFA, 30 % i n  MeC12 (v / v ) ,  30 mL) and the mixture 

s t i r r e d  f o r  15 min a t  room temperature. A f t e r  evaporation, the residue 

(1.41 g, 3.0 mmol) was d isso lved i n  tri- 
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was d i s t r i b u t e d  between e t h y l  a c e t a t e  (300 mL) and K2C03 (30 % aq (w/w), 

30 mL). The o rgan ic  phase was then  washed w i t h  t h e  same amount o f  K2C03, 

and d r i e d  ove r  MgS04. F o l l o w i n g  evapora t i on ,  t h e  p roduc t  (100 % )  was 

used d i r e c t l y  i n  t h e  syn thes i s  o f  I. 
N-Z-Tyr-D-Ala-Gly-Phe-Hcy(Bzl)-NH2 (2 ) :  The two fragments 5 (1.14 9. 

2.5 m m o l )  and Phe-Hcy(Bz1)-NH2 (1.12 g, 3.0 mmol) were coup led  i n  22 mL 

o f  DMF us ing  t h e  same procedure  as i n  t h e  syn thes i s  o f  3. A s  t h e  p roduc t  

was s p a r i n g l y  s o l u b l e  i n  e t h y l  a c e t a t e  and o t h e r  o r g a n i c  s o l v e n t s  s u i t -  

a b l e  f o r  phase separa t i ons  w i th  aqueous s o l u t i o n s ,  a d i f f e r e n t  work-up 

procedure was used. The r e a c t i o n  s o l u t i o n  was poured s low ly  i n t o  KHS04 

(1.0 M, 200 mL) and t h e  s o l u t i o n  p laced  i n  a r e f r i g e r a t o r  o v e r n i g h t .  

A f t e r  c o l l e c t i o n  by f i l t r a t i o n  o f  t h e  p r e c i p i t a t e d  m a t e r i a l ,  i t  was 

r e p r e c i p i t a t e d  f rom DMF, t w i c e  w i th  KHS04, once w i t h  d i s t i l l e d  wa te r  

and once w i t h  e t h e r .  D r y i n g  gave t h e  pu re  ( C )  p roduc t  I (1.34 g, 67 % ) ,  

m.p. 189-92 OC, Cali5 -25.3' ( c  1.0, DI1F). Anal .  C42H48N608S. Found/calc:  

C :  62.7/63.30; H: 6.2/6.07; N :  10.6/10.55 and S :  3.97/4.02. Amino a c i d  

a n a l y s i s :  Tyr0.96A1al .OIGIYO. 9gPhel.  04' 

N-Z-Tyr-D-Ala-D-Ala-Phe-Hcy( Bz l  )-fIH2 (S): Coup1 i n g  o f  t h e  two fragments 

- 5 (943 mg, 2.0 mmol) and Phe-Hcy(Bz1)-NH2 (893 mg, 2.4 mmol) and t h e  

subsequent work-up o f  t h e  p roduc t  were per fo rmed as desc r ibed  f o r  7. The 

y i e l d  of t h e  pure (C) d r y  p roduc t  was 787 mg (49  X ) ,  m.p. 216-20 O C ,  

Cali5 -25.7' ( c  1.0, DMF). Anal. C43H50N608S. Found/calc:  C:  63.6/63.69; 

H: 6.3/6.21; N: 10.3/10.36 and S :  3.96/3.95. Amino a c i d  a n a l y s i s :  

Boc-D-H~y(Ezl)-Gly-OEt (9 ) :  A s o l u t i o n  o f  1.71 g (5.25 mmol) o f  Boc-D- 

Hcy  ( B z l ) ,  p repared as desc r ibed  f o r  t h e  L- isomer,( l3)  and 0.55 mL o f  

N-methyl morpho l ine  (NMM) i n  20 mL o f  THF was c o o l e d  t o  -15 OC, and 

0.69 mL of i s o b u t y l  c h l o r o f o r m a t e  added. P.f ter  an a c t i v a t i o n  t i m e  o f  

1 min, a p re-coo led  s o l u t i o n  o f  0.69 g (5.0 m o l )  o f  Gly-OEtxHC1 and 

0.55 mL of NMM i n  10 mL o f  DMF was added, and the  r e a c t i o n  m i x t u r e  

s t i r r e d  f o r  30 min a t  -15 O C  and f o r  4 h a t  room tempera ture .  A f t e r  
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f i l t r a t i o n  and evapora t i on  t h e  r e s i d u e  was worked up i n  t h e  s tandard  

manner. Evapora t i on  gave an o i l y  r e s i d u e  which was t r i t u r a t e d  w i t h  PE 

t o  g i v e  a s o l i d  p roduc t .  C r y s t a l l i z a t i o n  f rom ether/PE, f i n a l l y ,  gave 

1.43 g (70  %) o f  t h e  pure  (A) p roduc t ,  m.p. 65.5-6.5 OC, Cali5 + 12.2' 

( c  1.0, EtOH). Anal .  C20H30N205S. Found/calc:  C :  58.43/58.51; 

H: 7.41/7.37; N: 6.77/6.82 and S :  7.9W7.81. 

~ -Hcy(Bz l ) -G ly -OEtxHCl :  To a s o l u t i o n  o f  1.36 g (3.3 mmol) o f  2 i n  10 mL 

o f  d ioxan, 16 mL o f  a 4.1 1.1 s o l u t i o n  o f  HC1 i n  d ioxan was added and t h e  

r e a c t i o n  m i x t u r e  s t i r r e d  f o r  2.5 h a t  room temperature.  Evapora t i on  o f  

t h e  s o l v e n t  gave an o i l y  res idue ,  pu re  by TLC ( A ) ,  which f a i l e d  t o  

c r y s t a l l i z e  when t r i t u r a t e d  w i t h  e t h e r .  It was used d i r e c t l y  i n  t h e  

s y n t h e s i s  o f  - 10. 

N-Z-Tyr-D-Hcy(Bz1)-Gly-OEt (lo): N-Z-Tyr-NHNH2 (1.04 g, 3.15 m l )  and 

crude Hcy(Bz1)-Gly-OEtxHC1 (3.3 ml) were r e a c t e d  i n  2 0  mL o f  DMF as 

desc r ibed  f o r  1 ( c o u p l i n g  completed a t  4 OC f o r  25 h) .  Evapora t i on  of  

t h e  e t h y l  a c e t a t e  r e s u l t e d  i n  a s e m i c r y s t a l l i n e  p roduc t  which was c r y s -  

t a l l i z e d  f rom EtOH/PE g i v i n g  1.36 g ( 7 1  % )  o f  t h e  pure  (A)  p roduc t ,  m.p. 

131-2 'C, Calk5 + 50.9' ( c  1.0, EtOH). Anal .  C32H37N307S. Found/calc:  

c: 63.28/63.24; H: 6.2W6.14; N :  6.90/6.91 and S: 5.28/5.28. 

N-L-Tyr-D-Hcy(Bz1)-Gly-NHNH2 (11): Compound 2, (1.22 g, 2.0  m o l )  was 

d i s s o l v e d  i n  50 mL o f  e thano l  and 1.2 mL o f  HH added. A f t e r  s t i r r i n g  f o r  

48 h a t  room tempera ture ,  t h e  s o l u t i o n  was p laced  i n  a r e f r i g e r a t o r  ove r -  

n i g h t  and t h e  p r e c i p i t a t e d  p roduc t  t hen  c o l l e c t e d  by f i l t r a t i o n .  Washing 

w i t h  s m l l  p o r t i o n s  o f  c o l d  e thano l  and e t h e r  and d r y i n g  y i e l d e d  985 m3 

(83 % )  o f  t h e  pu re  (A) p roduc t ,  m.p. 149.5-50.5 O C ,  Cali5 + 14.1' 

( c  1.0, DMF). 

Boc-Phe-Pro-NH2 (g):  Boc-Phe-OSu (1.82 g ,  5.25 mmol) was d i s s o l v e d  i n  

7 mL and Pro-NH2 (630 mg, 5.5 ml) i n  8 mL o f  DMF, and t h e  l a t t e r  so- 

l u t i o n  added dropwise d u r i n g  a coup le  o f  minu tes  t o  t h e  fo rmer  one a t  

-20 OC. The tempera ture  was inc reased  d u r i n g  90 min  t o  a f i n a l  va lue  of 
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4O, a t  which temperature t h e  s o l u t i o n  was s t i r r e d  f o r  22 h. A f t e r  eva- 

p o r a t i o n  o f  t he  so l ven t  t h e  res idue  was worked up i n  t h e  standard manner. 

C r y s t a l l i z a t i o n  f rom ethanol /PE gave 1.71 g (90 % )  o f  t h e  pure (C) prod- 

u c t ,  m.p. 76-7 OC, Cali5 -33.5' ( c  1 . O ,  E t O H ) .  

K .  Ndgren, U. Ragnarsson and B. Ldngstram 

Phe-Pro-NH2: Compound 12 (651 mg, 1.8 mmol ) was depro tec ted  and t h e  Drod- 

u c t  worked up as desc r ibed  f o r  Phe-Hcy(8zl)-NH2. The crude product  (550 

mg, 100 % ) ,  pure as judged by TLC ( A ) ,  was used as such i n  t h e  syn thes i s  

o f  13. - 

N-Z-Tyr-D-tlcy(Bz1 )-Gly-Phe-Pro-NH 

r e n t s  - 1 1  (890 mg, 1.5 mmol ) and crude Phe-Pro-NH2 (1.8 mmol ) and t h e  

subsequent work-up were performed as descr ibed f o r  7. The y i e l d  o f  t h e  

pure (A) d r y  product  was 765 mg (62 % ) ,  m.p. 143-6 OC,  

( c  1 .O, DI4F). Anal. C44H50N608S. Found/calc:  C :  63.86/64.22; 

H: 6.15/6.12; N: 9.84/10.21 and S: 3.81/3.90. Amino a c i d  a n a l y s i s :  

Tyr0.96G1Y1.00Phe1.04Prol.01' 

( 1 3 ) :  The coup1 i n g  o f  t h e  two f r a g -  
2 -  

-4.8' 

1 1  Synthes is  o f  l a b e l l e d  pep t ides :  S-[methyl- ClTyr-D-Ala-Gly-Phe-Met-NH2 
(14) ,  S-[methyl -l 1ClTyr-D-Ala-D-Ala-Phe-Wet-NH2 (15) and S-[methyl- 1 1  C l -  - 
Tyr-D-Met-C.ly-Phe-Pro-NH2 (16): Immediately be fo re  the  p roduc t i on  o f  

C Clmethyl  i o d i d e ,  1-5 mg (approx.  5 pmol)  o f  t h e  proper  p r o t e c t e d  pep- 

t i d e  ( 7  - f o r  the  syn thes i s  o f  3, - 8 f o r  - 15 and 13 f o r  - 16) was p laced  i n  a 

three-neck septum-equipped r e a c t i o n  v i a l  ( o r i g i n a l l y  developed f o r  t he  

syn thes i s  o f  S-[methyl-' 1C lme th ion ine (6 ) ) .  Sodium. (1 -2  mg, p r e v i o u s l y  

suspended and s t o r e d  under pentane) was added and the  vessel  cooled t o  

-78 OC. A t i r y i ng  tower c o n t a i n i n g  sodium hyd rox ide  was connected as an 

o u t l e t  t o  t h e  vessel ,  and a m v n i a  (passed through another  d r y i n g  tower 

w i t h  sodium hydrox ide)  was condensed, w i t h i n  2 min, up t o  a volume o f  

1-2 mL. I f  a p e r s i s t e n t  b l u e  c o l o u r  was ob ta ined  d u r i n g  o r  a f t e r  ending 

t h e  condensat ion,  some amnonium c h l o r i d e  was added i n  o r d e r  t o  des t roy  

t h e  excess sodium. The C Clmethyl  i o d i d e  was then t r a n s f e r r e d  t o  t h e  

r e a c t i o n  vessel  i n  a n i t r o g e n  gas stream. A f t e r  a t r a n s f e r  t ime  o f  1-2 

1 1  

1 1  
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min, a s teady  s t a t e  o f  r a d i o a c t i v i t y  was reached. The ammonia was then  

removed u s i n g  n i t r o g e n  gas and g e n t l e  hea t ing ,  g i v i n g  a s o l i d  res idue .  

T h i s  was d i s s o l v e d  i n  1.5 mL o f  p h y s i o l o g i c a l  b u f f e r  and p u r i f i e d  by 

p r e p a r a t i v e  LC u s i n g  an i s o c r a t i c  system o f  s o l v e n t s  G/MeOH, 70/30 ( v / v )  

f o r  pep t ides  - 14 and 15, and 60/40 f o r  p e p t i d e  16, w i t h  a f l o w  r a t e  o f  

8 mL/min. A f t e r  e v a p o r a t i o n  o f  t h e  a p p r o p r i a t e  L C - f r a c t i o n s ,  t h e  r e s i d u e  

was d i s s o l v e d  i n  p h y s i o l o g i c a l  b u f f e r ,  pH-adjusted and s t e r i l e  f i l t e r e d .  

A n a l y s i s  f o r  rad iochemica l  and chemical  p u r i t y  ne re  performed by ana- 

l y t i c a l  LC u s i n g  t h e  f o l l o w i n g  LC-programme: Time 0-7 min, l i n e a r  g r a d i -  

e n t  80-40 Z G, and then  a washing program t i m e  7-9, l i n e a r  g r a d i e n t  t o  

20 % G, t i n e  9-11, 20 % G i s o c r a t i c ,  w i th  a f l o w  r a t e  o f  3 mL/min ( r e -  

t e n t i o n  t imes  f o r  14, 15 and 16 were 4.03, 4.34 and 5.87 min  respec-  

t i v e l y ) .  
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