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SOLUTION SYNTHESIS OF I4C-LABELED THYMOPOIETIN32-36 U S I N G  CATALYTIC 

TRANSFER HYDROGENATION AS THE FINAL DEPROTECTION STEP 

Foe-Siong Tjoeng* and George A. Heavner 
D i v i s i o n  o f  Immunobiology Ortho Pharmaceut ica l  Corpo ra t i on  

R a r i t a n ,  New Jersey 08869, U.S.A. 

Summary 

A 1%-labeled pentapept ide,  [14C]Arg-Lys-Asp-Val-Tyr (ti),  corresponding 
t o  t h e  a c t i v e  f ragment 32-36 o f  t hymopo ie t i n  I 1  has been synthes’ized b y  a s o l u t i o n  
method w i t h  a 44 p e r c e n t  rad iochemica l  y i e l d .  14C-labeled Z-Arg(HC1)-OH was 
coup led  t o  t h e  p r o t e c t e d  t e t r a p e p t i d e  Lys(Z)-Asp(OBz1)-Val-Tyr(Bzl)-OBzl u s i n g  
d i cyc lohexy l ca rbod i  i m i d e  and 1-hydroxybenzotr iazo le t o  g i v e  t h e  p r o t e c t e d  penta- 
p e p t i d e  5 w i t h  a s p e c i f i c  a c t i v i t y  o f  340 mCi/mmol. C a t a l y t i c  t r a n s f e r  hydrogena- 
t i o n  was used t o  remove t h e  p r o t e c t i n g  groups and t h e  f r e e  p e p t i d e  was p u r i f i e d  by 
g e l  f i l t r a t i o n  and h i g h  performance l i q u i d  chromatography. 

Key Words: synthes is ,  [14C]-TP-5, T rans fe r  Hydrogenat ion 

Thymopoiet in I 1  i s  a 49 amino a c i d  p o l y p e p t i d e  t h a t  was i s o l a t e d  f rom bov ine  

thymus by G. Go lds te in .  Thymopoiet in was shown t o  induce e a r l y  T c e l l  

d i f f e r e n t i a t i o n  and t h i s  e f f e c t  was q u i t e  se7ec t i ve  i n  t h a t  t hymopo ie t i n  i n h i b i t e d  

e a r l y  B c e l l  d i f f e r e n t i a t i o n .  (2) The p e n t a p e p t i  de Arg-Lys-Asp-Val-Tyr (TP-5) , 
which corresponds t o  t h e  f ragment  32-36 o f  t hymopo ie t i n  11, has shown t h e  same 

s e l e c t i v e  T c e l l  d i f f e r e n t i a t i n g  c a p a c i t y  as t h y m ~ p o i e t i n ( ~ )  and i s  be ing  

s t u d i e d  as an immunoregulatory compound. & vitro s t a b i l i t y  s t u d i e s  o f  t he  

pen tapep t ide  i n  human plasma i n d i c a t e d  t h a t  most o f  t h e  pen tapep t ide  has a h a l f  

1 i f e  o f  app rox ima te l y  30 seconds. (4)  I n  t h i s  s t u d y  t r i t i u m  l a b e l e d  pen tapep t ide  

(TP-5) was prepared f r o m  Arg-Lys-Asp-Val-3,5-dibromo-Tyr by c a t a l y t i c  r e d u c t i o n  

w i t h  t r i t i u m  gas. The success o f  t h i s  method depends upon t h e  s t a b i l i t y  o f  b o t h  

t h e  s t a r t i n g  compound and t h e  p roduc t  t oward  r e d u c t i o n  c o n d i t i o n s ,  t h e  

q u a n t i t a t i v e  r e d u c t i o n  o f  t h e  bromide and t h e  success fu l  p u r i f i c a t i o n  o f  t h e  

t r i t i a t e d  pep t ide .  E r r o r  i n  t h e  c a l c u l a t i o n  o f  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  

l a b e l e d  p e p t i d e  can occu r  because o f  con tamina t ion  o f  t h e  un labe led  pep t ide .  Some 

decomposi t ion has been observed on t r i t i a t e d  TP-5 w i t h  t h e  l a b e l  i n  t h e  aromat ic  
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r i n g  o f  t y r o s i n e  on  p ro longed  s tand ing .  

Fo r  b i n d i n g  s t u d i e s  we have syn thes i zed  a d i f f e r e n t  r a d i o  l a b e l e d  penta-  

1 )  5% HCO,H/CH,OH and Pd-black 

2)  Sephadex G - 1 0  (2x1 

3) HPLC 

p e p t i o e  wh ich  does n o t  snow t h e  s t a b i l i t y  p rob lem e x h i b i t e d  by 

Tyr )-TP-5. Tne s y n t h e t i c  des ign  a l l o w s  f o r  t h e  s y n t h e s i s  o f  m a t e r i a l  w i t h  a 

d e s i r e d  s p e c i f i c  a c t i v i t y  i n  wn ich  un reac ted  m a t e r i a l s  and reagents  can be 

r e a d i l y  removed. 

(3,5-"H2- 

5 

I n  t n i s  syn thes i s ,  we used 14C-isotope i n s t e a d  of t r i t i u m  because of i t s  

n i g h e r  r a d i o a c t i v e  c o u n t i n g  e f f i c i e n c y  (scheme 1). I n  a d d i t i o n ,  we l a b e l e d  

a r g i n i n e  r a t h e r  t h a n  t y r o s i n e  s i n c e  a r g i n i n e ,  a s  i,he amino t e r m i n a l  res idue ,  

c o u l d  be aduea l a s t  t ne reoy  a v o i d i n g  r a d i o a c t i v e  i n t .e rmed ia tes  i n  e a r l i e r  s teps  

of t h e  syn tnes i s .  

SCHEME I 
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The I4C- labe led  Z-Arg(HC1)-OH (2) was p repared  f r o m  u n i f o r m l y  l a b e l e d  

A rg (  HC1)-OH (1) and benzy l ch lo ro fo rma te .  The r e s u l t i n g  Z-[14C]Arg( HC1 )-OH (2) 
was coup led  t o  t h e  p r o t e c t e d  t e t r a p e p  t i de , Lys ( Z )  -Asp (OBzl )-Val -Tyr (  B z l  ) -082 1 - HC1 

( A ) ,  which  was syn thes i zed  v i a  c l a s s i c a l  s o l u t i o n  techn iques ,  i n  t h e  presence o f  

1 -hydroxybenzot r iazo le  by  d i c y c l o h e x y l c a r b o d i  i m i d e  i n  DMF. The pen tapep t ide  was 

t o t a l l y  dep ro tec ted  by c a t a l y t i c  t r a n s f e r  hyd rogena t ion  w i t h  5 pe rcen t  f o r m i c  

acid/CH30H and Pd-black. C a t a l y t i c  t r a n s f e r  hyd rogena t ion  has been used 

i n c r e a s i n g l y  i n  s o l u t i o n ( 5 )  as w e l l  as i n  s o l i d  phase p e p t i d e  s y n t h e s i s  ( 6 )  , 

because o f  t h e  r a p i d i t y  and s e l e c t i v i t y  o f  t h e  r e a c t i o n  i n  a d d i t i o n  t o  i t s  

s i m p l i c i t y  and mi ldness .  U s u a l l y  no s t r o n g  a c i d  o r  base, wh ich  may r e s u l t  i n  

s i d e  r e a c t i o n s ,  i s  r e q u i r e d ;  t h e  r e a c t i o n  can be c a r r i e d  o u t  a t  ambient 

tempera ture  and a tmospher ic  p ressure .  The c a t a l y t i c  t r a n s f e r  hydrogenat ion  

techn ique  i s ,  t h e r e f o r e ,  i d e a l l y  s u i t e d  f o r  t h e  p r e p a r a t i o n  o f  a r a d i o a c t i v e  

compound. I n  a d d i t i o n  t o  f o r m i c  ac id ,  o t h e r  agents  such as 1,4-cyclohexadiene, 

cyclohexene, hydraz ine ,  sodium fo rma te  and ammonium fo rma te  have been used as 

hydrogen donors  i n  t h e  c a t a l y t i c  t r a n s f e r  hydrogenat ion .  ( 7 )  

The depro tec ted  p e p t i d e  was p u r i f i e d  by  g e l  f i l t r a t i o n  on a Sephadex G-10 

column e q u i l i b r a t e d  w i t n  0.1M CH3COOH and H20 f o l l o w e d  by  h i g h  performance 

l i q u i d  chromatography on a s t r o n g  c a t i o n  exchange column. 

R e s u l t s  and D iscuss ion  

Our s y n t h e t i c  s t r a t e g y  was t o  use a r g i n i n e  w i t h  minimum p r o t e c t i o n  i n  t h e  

l a s t  c o u p l i n g  s t e p  and t o  o b t a i n  t h e  f i n a l  p roduc t  i n  a s i n g l e  d e p r o t e c t i o n  

step. Due t o  t h e  complex n a t u r e  o f  t h e  h i g h l y  b a s i c  guan id ino  moie ty ,  t h e  

i n c o r p o r a t i o n  o f  an a r g i n i n e  r e s i d u e  i n t o  s y n t h e t i c  p e p t i d e s  has posed more 

proolems t h a n  nave been encountered  w i t h  most o t h e r  p r o t e i n - d e r i v e d  amino ac ids .  

Z-Arg(HC1)-OH has been used s u c c e s s f u l l y  i n  t h e  s y n t h e s i s  o f  a r g i n i n e  c o n t a i n i n g  

p e p t i d e s  by c l a s s i c a l  t echn iques  and, t h e r e f o r e ,  was o u r  cho ice  i n  t h i s  syn thes i s .  



182 F-S. Tjoeng and G. A .  Heavner 

The remain ing  amino a c i d s  have benzy l  and benzy loxyca rbony l  p r o t e c t i n g  groups. 

14C-labeled Z-Arg(HC1)-OH ( 2 )  - was p repared  f r o m  [14C]Arg(HC1)-OH (1) and 

benzy l ch lo ro fo rma te  i n  a sodium b i c a r b o n a t e  s o l u t i o n  u s i n g  t h e  method of Zervas 

-- e t  a1.(8) w i th  s l i g h t  m o d i f i c a t i o n  i n  t h e  work-up procedure.  The r e a c t i o n  was 

completed w i t h i n  one and one h a l f  nours,  as shown by  t h i n  l a y e r  chromatography on 

a s i l i c a  Gel GF p l a t e  ( n - b u t a n o l / a c e t i c  acid/H20, 3:1:1), where R f  o f  

Arg(HC1)-OH was 0.225 and Z-Arg(HC1)-OH was 0.700. Excess o f  benzy l ch lo ro fo rma te  

was removed by  washing t h e  r e a c t i o n  m i x t u r e  w i t h  e t h e r  s e v e r a l  t imes.  To i n s u r e  

t h a t  t n e  guan ia ino  group o f  a r g i n i n e  remained f u l l y  p r o t e c t e d  as HC1 s a l t ,  t h e  

sample was d i s s o l v e d  i n  0.1 N HC1 and l y o p h i l i z e a .  The c o u p l i n g  o f  Z-[ CIArg(HC1)- 

OH (2) t o  Lys(Z)-Asp-(OBzl)-Val-Tyr(Bzl)-OBzl.HCl (4 )  was accompl ished by u s i n g  t h e  

DCL/HOBT c o u p l i n g  method(’). The 14L-lat)eled Z-Arg(HC1)-OH (2) was 

preformed i n  s i t u  w i t h  dicyclohexylcarbodiimide and 1 . -hydroxybenzot r iazo le  p r i o r  

t o  t h e  a d d i t i o n  o f  t n e  t e t r a p e p t i d e  and d i i s o p r o p y l e t h y l a m i n e  t o  t h e  r e a c t i o n  

m ix tu re .  The c o u p l i n g  was mon i to red  by t h i n  l a y e r  chromatography wh ich  showed 

t h a t  most of t h e  Z-Ll4C]Arg(HCl)-OH (2) r e a c t e d  a f t e r  48 hours .  The two 

r a d i o a c t i v e  p o s i t i v e  s p o t s  wh ich  cor responded t o  t h e  Z-Arg(HC1)-OH and p r o t e c t e d  

TP-5 were c o l l e c t e d  f r o m  t h e  t h i n  l a y e r  chromatography p l a t e  and counted. The 

r e s u l t s  i n d i c a t e d  t n a t  TP-5 accounted f o r  95 pe rcen t  o f  t h e  t o t a l  counts .  Excess 

Z-L14C]Arg( HC1)-OH was removed by washing t h e  c rude  p r o t e c t e d  pen tapep t ide  

tho rougn ly  w i t h  water .  The removal o f  t h e  p r o t e c t i n g  group was ach ieved by 

c a t a l y t i c  t r a n s f e r  hyd rogena t ion  i n  5 pe rcen t  HCOOH/CH30H ( v / v )  w i th  Pd-black 

as t n e  c a t a l y s t .  The r e a c t i o n  was comple ted  i n  1 hour .  The c rude  p roduc t  w a s  

a p p l i e d  t o  a Sephadex 6-10 column e q u i l i b r a t e d  w i t h  0.1 M a c e t i c  ac id .  The 

pen tapep t ide  was e l u t e d  w i t h  t n e  same s o l v e n t  ( v o i d  volume o f  4.2 in1 as 

determined w i t h  b l u e  d e x t r a n  2000) Detween 4.5-9.0 m l  wh ich  con ta ined  t h e  h i g h e s t  

counts.  The p e p t i a e  was p l a c e d  back i n t o  t n e  Sepnaclex G-10 column and e l u t e d  

w i th  H 0 under s i m i l a r  c o n d i t i o n s .  

14  

2 
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F i n a l l y ,  t n e  p e p t i d e  was p u r i f i e d  by HPLC on a P a r t i s i l - 1 0  S C X  column 

u s i n g  35 pe rcen t  a c e t o n i t r i l e  i n  0.02 M ammonium phosphate b u f f e r  pH 5.1 as 

m o b i l e  phase ( F i g u r e  1). The p e p t i d e  was e l u t e d  9 m inu tes  a f t e r  sample 

i n j e c t i o n  and t h e  d e s i r e d  peak was c o l l e c t e d  and ana lyzed by t h i n  l a y e r  

chromatography wn ich  showed o n l y  a s i n g l e  n i n n y d r i n  and c h l o r i n e / K I - s t a r c h  

p o s i t i v e  spo t .  Tne p e p t i d e  co -e lu ted  w i t h  t h e  un labe led  TP-5 when t h e y  were 

i n j e c t e d  t o g e t n e r  t o  t h e  P a r t i s i l - 1 0  SCX column; no breakdown o f  t h e  sample 

was observed even when t h e  i n j e c t i o n  was repea ted  aga in  a week l a t e r .  

The comb ina t ion  o f  u s i n g  a s y n t h e t i c  Scheme w i t h  guan id ino  group o f  

a r g i n i n e  p r o t e c t e d  as t h e  HC1 s a l t  and c a t a l y t i c  t r a n s f e r  hyd rogena t ion  as t h e  

f i n a l  d e p r o t e c t i o n  s t e p  f o l l o w e d  b y  p u r i f i c a t i o n  w i th  HPLC has enab led  us  t o  

p repare  a v e r y  pure  14C-labeled TP-5 w i t h  good s t a b i l i t y .  

;[ I z 4 

m 
II: 

0)  

4 
m 

12 2 4  
TIME (rnin) 

Figure I .  HPLC PURIFICATION OF CRUDE [ ' 4 C ] A r ~ - L y s -  
AsD-Val-Tyr ON PARTISIL-10 SCX COLUMN 
(25cm x 0 46cm).  35% ACETONITRIL IN 
0 02M AMMONIUM PHOSPHATE. pH 5 1 
AS MOBILE PHASE 

A CRUDE SAMPLE B PURIFIED SAMPLE, REINJECTED 
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The c a t a l y t i c  t r a n s f e r  hyd rogena t ion  nas proved t o  be a u s e f u l  t echn ique  

i n  t h e  Syn thes i s  o f  r a d i o l a b e l e d  compound because o f  i t s  convenience and 

completeness o f  r e a c t i o n .  

Exper imenta l  

M a t e r i  a1 s and Methods 

1 4  - L-LU- C j a r g i n i n e  (340 rnCi/mrnol) was purchased f r o m  Amersham Corp., 

A r l i n g t o n  He ign ts ,  II l i n o i s .  High p ressu re  l i q u i d  chromatography was per fo rmed 

u s i n g  a Labora to ry  Data  C o n t r o l  system equipped w i t h  a Constamet r ic  111 s o l v e n t  

d e l i v e r y  system, a Rheodyne i n j e c t o r  7126 and a model 1203 UV d e t e c t o r  w i t h  a 

s i n g l e  wavelength o f  214 nm, on a Whatman P a r t i s i l - 1 0  SCX column u s i n g  35 

pe rcen t  a c e t o n i t r i l e  i n  0.02 M ammonium phosphate b u f f e r ,  pH 5.1 as m o b i l e  

phase. 

1 4 .  Syn tnes i s  o f  L-Argj-TP-5 

- Z - - [ ~ ~ C ~ A ~ ~ ( H C ~  )-OH ( 2 )  

Sodium b ica rbona te  (23  mg 270 pmoles) was added s l o w l y  w i th  s t i r r i n g  t o  

1 CJAry(HC1)-OH (6.33 mg; 29 pmoles; 10 rnCi) i n  2.5 m l  o f  H20 f o l l o w e d  by 

benzylch1o;oformate ( 5 . 6 1  mg; 33 prnoles). The r e a c t i o n  was inon i to red  by t h i n  

l a y e r  chromatography. A f t e r  1 hour,  a d d i t i o n a l  benzy l ch lo ro fo rma te  (2 .8 mg; 16 

uinoles) was added t o  t h e  m i x t u r e  and t h e  r e a c t i o n  c o n t i n u e d  f o r  another  one 

h a l f  nour.  The r e a c t i o n  m i x t u r e  was washed wi th  e t h e r  i n  o r d e r  t o  remove t h e  

excess o f  carbobenzoxycn lo r ide .  The aqueous phase was l y o p h i  1 i z e d  t o  g i v e  a 

w n i t e  s o l i d  wnich had a Rf va lue  t h a t  cor responded t o  t h e  R f  va lue  o f  

L-Ary(HCl)-OH (0.70; n-Butanol/HOAc/H20, 3 : l : l ;  S i l i c a  Gel GF, 250 m ic rons ) .  

Tne m a t e r i a l  was a i s s o l v e d  i n  5 i n 1  o f  0 .1 N HC1,  l y o p h i l i z e d  and used w i t h o u t  

f i i r t i i e r  p u r i f i c a t i o n .  

14 
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H-Lys( L )-Asp(OBz1 )-Val-Tyr(  Bzl)-OBzl .HC1 ( 4 )  

BOC-Lys(Z)-Asp(OBz1)-Val-Tyr(Bz1)-OBzl (3; - 30 mg; 28.6  moles) was t r e a t e d  

w i t h  8 m l  o f  4 N HCl /d ioxane f o r  45 minu tes .  The s o l v e n t  was removed and t h e  

r e s i d u e  was t r i t u r a t e d  w i t h  e t h e r  t o  g i v e  a w h i t e  s o l i d  m a t e r i a l .  The p roduc t  

was f i l t e r e d ,  washed w i t n  e t h e r  ( 3  x 15 m l )  and d r i e d  i n  a d e s s i c a t o r  under 

vacuum o v e r  KOH p e l l e t s .  The compound showed o n l y  a s i n g l e  n i n h y d r i n  and UV 

p o s i t i v e  spo t  on S i l i c a  Gel GF p l a t e  (Rf 0.28; CHC13/CH30H, 9O:lO). 

14 - Z-[ C jArg(  HC1 )-Lys( Z)-Asp( 0Bz l ) -Va l -Tyr (  Bz 1 ) -0Bz 1 ( 5 )  

1 -Hydroxybenzot r iazo le  ( 4 . 5  mg; 28.6 umoles) and d i c y c l o h e x y l c a r b o d i  im ide  

( 6  rng; 28.6 pmoles) were added t o  Z-L14C]Arg(HC1)-OH (2) i n  1 m l  o f  DMF w i t h  

s t i r r i n g .  A f t e r  one h a l f  hour, H-Lys(Z)-Asp(OBz1)-Val-Tyr(Bzl)-OBzl.HCl ( 4 )  - and 

d i i s o p r o p y l e t h y l a m i n e  (3.72 mg; 28.6 umoles) were added t o  t h e  m i x t u r e .  The 

c o u p l i n g  was c a r r i e d  o u t  f o r  48 hours  and mon i to red  by t h i n  l a y e r  chromatography. 

Two r a d i o a c t i v e  s p o t s  co r respond ing  t o  Z-Arg(HC1)-OH (Rf 0.22 S i l i c a  Gel F60, 

200 mic rons ;  n-Butanol/HOAc/H20, 4:1:5) and TP-5 (Rf 0.55) were observed and 

were s u i x e q u e n t l y  c o l l e c t e d  and counted. The f r a c t i o n  t h a t  corresponded t o  TP-5 

accounted f o r  95 percen t  o f  t h e  t o t a l  counts.  The s o l v e n t  was removed under 

reduced p ressu re  a t  ambient tempera ture .  The r e s i a u e  was t r i t u r a t e d  w i t h  wa te r  

( 5  m l )  and t h e  s o l i d  was f i l t e r e d  and washed w i t h  wa te r  ( 3  x 2 m l ) .  The c rude  

p roduc t  was d r i e d  and used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

1 4  11 C JArg-Lys-Asp-Val-Tyr (6 )  

14 Z-L C]Arg( HC1 )-Lys( Z)-Asp( OBzl ) -Val-Tyr(  Bz 1)-OBz 1 (5) was hydrogenated 

w i t h  5 m l  o f  5 pe rcen t  HC02H/CH30H ( v / v )  and 25 mg o f  Pd-black f o r  18 hours.  

The c a t a l y s t  was removed by f i l t r a t i o n  and t h e  f i l t r a t e  was evapora ted  t o  dryness. 

The r e s i d u e  was a p p l i e d  t o  a Sephadex G-10 column (30  cm x 0 .8  cm) e q u i l i b r a t e d  

w i t h  0.1 M a c e t i c  a c i d .  Tne f l o w  r a t e  was 9 m l / h r  and f r a c t i o n s  o f  0.5 m l  were 
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c o l l e c t e d .  The d e s i r e d  f r a c t i o n s  (9-18) were poo led  and l y o p h i l i z e d .  The 

r e s i d u e  was d i v i d e d  i n t o  two p a r t s  and p l a c e d  back i n t o  a Sephadex G-10 column 

e q u i l i b r a t e d  w i t h  H20 under s i m i l a r  c o n d i t i o n s .  The d e s i r e d  f r a c t i o n s  (9-15) 

were c o l l e c t e d ,  l y o p h i l i z e d  and p u r i f i e d  on a P a r t i s i l - 1 0  S C X  column ( 2 5  cm x 

0.41, cm) e q u i l i o r a t e d  w i t h  3 5  p e r c e n t  a c e t o n i t r i l e  i n  0.02 M ammonium phosphate 

b u f f e r ,  pH 5.1. The f l o w  r a t e  was 1.5 m l /m in  and absorbance was read  a t  214 nm. 

The peak, w i th  a r e t e n t i o n  t i m e  t h a t  cor responded t o  TP-5, was c o l l e c t e d  and 

counted  t o  g i v e  14C-labeled TP-5 w i t h  a s p e c i f i c  a c t i v i t y  o f  340 mCi/mmol. The 

p e p t i d e  was t n e n  r e - i n j e c t e d  i n t o  t h e  P a r t i s i l  column t o g e t n e r  w i t h  un laue led  TP-5 

and o n l y  a s i n g l e  peak was ob ta ined.  The p e p t i d e  showed t h e  same Rf  va lue  as 

t h e  un labe led  TP-5 on S i l i c a  Gel GF p l a t e  (Rf was 0 . 2 1  i n  n-Butanol/HOAc/H20, 

4:1:5, upper phase and 0.52 i n  n-Butanol/HOAclH20/Pyriaine, 15:3:12:10) u s i n g  

n i n h y d r i n  and K I / s t a r c h - C n l o r i n e  as spray  reagent .  The rad iochemica l  y i e l d  o f  

t h e  p e p t i d e  was 4 4  p e r c e n t  based on L 1 4  ClArg(HC1)-OH. 
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