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S U M M A R Y  

A s i m p l i f i e d  s y n t h e s i s  of p y r o g t u t a m y t h i s t i d y t -  
p ro l ineamide  (TRB) was developed f o r  t h e  purpose of 
making l a b e l l e d  TRH. Pen tach loropheny l  pyroglutama- 
t e  was r e a c t e d  w i t h  h i s t i d i n e  t o  make pyrog tu tamy l -  
h i s t i d i n e ,  and t h e  d i p e p t i d e  was coup led  in situ 
w i t h  pro l ineamide  by means of d i c y c l o h e x y l c a r b o d i -  
im ide  t o  y i e l d  t h e  d e s i r e d  hormone. Both t h e  dipep- 
t i d e  and t h e  hormone were p u r i f i e d  by chromatogra- 
phy on s i l i c a  g e l .  T h i s  method of s y n t h e s i s  was 
c o n v e n i e n t l y  adapted t o  s y n t h e s i a e  TRB-14C e t a r t -  
i n g  w i t h  h i s t i d i n e - l k C ( v ) .  P u r i f i c a t i o n  of l a b e l l e d  
TRH was accomplished by p r e p a r a t i v e  TLC. 

Since the elucidation of structure of the ovine’ and porcine2 thyro- 

tropin releasing hormone (TRH) as the tripeptide pGlu-His-Pro-NH2**,there 

has been great interest in the availability of an isotopically labelled 

All amlnoacid residues are of the L configuration. 

** The following abbreviations have been used: 

PCPE - pentachlorophenyl ester, DCU - dicyclohexylurea, DCC dicyclo- 

hexylcarbodiimide. 

pGlu = pyroglutamyl residue, 
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p r e p a r a t i o n  of t h i s  hormone f o r  metabol ic  and o t h e r  b i o l o g i c a l  drtermina- 

t i o n s .  

l e v e l  i n  v i t r o  and a t  t h e  nanogram l e v e l  i n  v i v o 3 , i t  appeared d e s i r a b l e  

t o  synthes ize  t h e  hormone wi th  a very high l e v e l  of r a d i o a c t i v i t y  t o  

f a c i l i t a t e  d e t e c t i o n  i n  metabol ic  s t u d i e s .  

As t h e  l e v e l  of a c t i v i t y  of TRH is d e t e c t a b l e  i n  t h e  picrogram 

Uniformly l a b e l l e d  h is t id ine-14C ( l a b e l l e d  i n  a l l  s i x  carbon atoms) was 

s e l e c t e d  t o  l a b e l  TRH. inasmuch a s  t h e  hormone would probably be degraded by 

a chemical t ransformat ion  o r  a degrada t ion  from t h e  N- or C-terminus, and i n  

a l l  c a s e s ,  h i s t i d i n e  would be  expected t o  appear a s  p a r t  of t h e  main degrada-. 

t i o n  product .  

t o  keep t h e  s p e c i f i c  a c t i v i t y  a s  high a s  p o s s i b l e .  

No i s o t o p i c  d i l u t i o n  wi th  cold h i s t i d i n e  was planned i n  order  

The s y n t h e s i s  of TXH previous ly  accomplished' involved s e v e r a l  s t e p s  

which would make manipulat ions of r a d i o a c t i v e l y  l a b e l l e d  in te rmedia tes  

labor ious  and s u b j e c t  t o  l a r g e  l o s s e s  on t h e  smal l  s c a l e  required.  

f o r e  a new s y n t h e t i c  sequence was devised which would al low a minimum of 

manipulat ion of in te rmedia tes .  

There- 

FOK the  s y n t h e s i s  pClu-PCPE was coupled i n  DEfF with  h i s t i d i n e  i n  the  

presence of NaOH which l e d  t o  t h e  d ipept ide  pClu-His. The d ipept ide  a c i d  

was i d e n t i c a l  t o  a sample prepared by hydro lys is  of pGlu-His-OMe. Hourver, 

pGlu-His was usua l ly  not i s o l a t e d  from the  r e a c t i o n  mixturc  but  was 

coupled i n  s j t u  w i t h  Pro-.NI!Z.llCl i n  t h e  presence of phydroxysuccintmidr? ( t o  

i n h i b i t  the  possl l r le  epiricrizaticrn o f  t h e  h i s t i d y l  res idue  durfng ccrboxyl 

group activa:ion5) and DCC6 (100% EXCC:~S) a s  the coupl ing reagent .  Thr r r n c -  

t i o n  mixture was usua l ly  allowed t o  s tand  f o r  16 h r  and then subjec ted  t o  the 

i s o l a t i o n  procedure t o  y i e l d  TFA. When 3 mmolesof h i s t i d i n e  was converted t o  

TRH by t h i s  method, p u r i f i c a t i o n  by column chromatography wi th  s i l i c a  g e l  a s  

previously d e s c r i b e d 4  gave a 38-402 y i e l d  of the  hormone. 

had nmr spectrum, chromatographic (TLC) and e l e c t r o p h o r e t i c  m o b i l i t i e s  i d e n t i -  

c a l  t o  those  found f o r  an a u t h e n t i c  sample of TRH,and bioassay with r a t  p i t u i - .  

The s y n t h e t i c  TRH 
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7 
taries i n  v i t r o  revea led  f u l l  b i o l o g i c a l  a c t i v i t y  . 

Thus, t h i s  method y i e l d s  material of t h e  same q u a l i t y  a s  t h e  s tepwise  

method of synthesis :and i t  has  t h e  added convenience of rendering unnecessary 

t h e  i s o l a t i o n  of  in te rmedia tes ,  and thus  r e s u l t s  i n  s h o r t e r  p u r i f i c a t i o n  

procedures. 

For t h e  s y n t h e s i s  of l a b e l l e d  TRH, 1.22 mg, 2.0 &,of h i s t i d i n e -  14c(u)  

with s p e c i f i c  a c t i v i t y  of 255 d i / m o l e  was converted t o  TRH by t h e  se- 

quence of s t e p s  descr ibed above f o r  t h e  "cold" TRH. 

t i v e  TLC was employed. The product  obtained had t h e  same chromatographic 

mobi l i ty  as TRH by TLC,and scanning of t h e  TLC p l a t e  with a Radiochrolnatogram 

Scanner revea led  a s i n g l e  symmetric peak. A bioassay  with rat p i t u i t a r i e s  

e7 showed t h i s  m a t e r i a l  t o  possess  b i o l o g i c a l  a c t i v i t y  equiva len t  t o  t h a t  

of cold T W O .  assays  of 14C-labelled TRH showed t h a t  i t  r e t a i n e d  

e s s e n t i a l l y  i t s  f u l l  b i o l o g i c a l  a c t i v i t y  when compared t o  t h e  n a t u r a l  porcine 

TRH' . 
recovery of 0 .741  &,,from t h e  i n i t i a l  2 r n q f  t h e  s t a r t i n g  h i ~ t i d i n e - ' ~ C ( U )  (37% 

y i e l d  of TRH-14C). 

The high r e s o l u t i o n  mass spectrum of l a b e l l e d  TRll showccl molecular i o n s  

For pur i f ica t ion ,prepara-  

I n  vivo 

S c i n t i l l a t i o n  count ing on an a l i q u o t  of t h e  tagged hormone showed 

a t  374.1881-, 372.1852 and 362.1698 (phys ica l  s c a l e )  which a r e  c o n s i s t e n t  w i t h  

TRII conta in ing  I4C-his t id ine  conta in ing  6, 5 o r  0 atoms of 1 4 C .  

The fragmentat ion p a t t e r n s  were c o n s i s t e n t  wi th  t h e  s t r u c t u r e  and showed 

a pronounced i s o t o p i c  e f f e c t  which w i l l  be  f u r t h e r  descr ibed  a t  a l a t t e r  

d a t e .  

The au thors  are indebted  t o  Dr. Wilber and h i s  s t a f f  a t  t h e  Nedical  

College Northwestern Univers i ty ,  Chicago, I l l i n o i s ,  f o r  t h e  determinat ion 

of a c t i v i t y  of t h i s  s y n t h e t i c  prepara t ion  of TRH and t h a t  of t h e  l a b e l l e d  

hormone. 
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E X P E R I M E N T A L  S E C T I O N  

Pyroglutamylhietidine methyl e6ter.A s o l u t i o n  of His-OMe.2HCl (7.26 g,  

30 mmoleJ) i n  H20-MeOH was t r e a t e d  wi th  Rexyn 201 (OH-), and t h e  suspension was 

f i l t e r e d .  

i n  DMF (30 ml), and t h e  s o l u t i o n  was t r e a t e d  wi th  pGlu-PCPE (11.325 g. 30 

mole@.  

an o i l  which was taken up in a s m a l l  volume of MeOH,and EtpO was added t o  it .  

The c r y s t a l s  formed were c o l l e c t e d  and washed wi th  Et20; y i e l d  4.2 g, mp 

198-201°. This  m a t e r i a l  was r e c r y s t a l l i z e d  from MeOH y i e l d i n g  2.3 g, mp 

211-213°, p$50-53.50 (c 1, AcOH). The nmr spectrum (C D N )  was c o n s i s t e n t  

with t h e  s t r u c t u r e .  

-_  Anal. 

The f i l t r a t e  w a s  evaporated t o  a r e s i d u a l  oil which w a s  d i sso lved  

A f t e r  16 h r  the  c l e a r  s o l u t i o n  which had formed was evaporated t o  

5 5  

(C12H16N404) Calcd: C,  51.42; H, 5.75; N, 19.99 Found: C, 51.52; 

H ,  5.91; N, 20.00 
Pyrogtutamythistidine. - Method A.  

30 m o l d  in DMF (75 ml) was added a s o l u t i o n  of h i s t i d i n e  (4.65 g) in 2 _N 

NaOH (15 ml) .  After 1 h r  13 H C 1  (30 ml) was added,and t h e  c l e a r  s o l u t i o n  was 

evaporated t o  a gummy res idue .  For f u r t h e r  p u r i f i c a t i o n ,  a s o l u t i o n  of  t h e  

crude m a t e r i a l  I n  t h e  l e a s t  amount of I120-MeOH was appl ied  t o  a column con- 

To a s o l u t i o n  of  pClu-PCPE (11.325 g ,  

* A Thomas-Hoover appara tus  was used f o r  mel t ing  poin t  determinat ions in 

c a p i l l a r y  tubes .  

t h e  elements ,  a n a l y t i c a l  r e s u l t s  were obtained f o r  t h e  elements  w i t h i n  

: 0.4X of t h e  t h e o r e t i c a l  value.  For e l e c t r o p h o r e s i s  Rrinkmann pre- 

coated t h i n - l a y e r  c e l l u l o s e  s h e e t s  were employed with pyridine-Ac0H 

b u f f e r ,  pH 6.3 (25-45 min). The nmr s p e c t r a  were obtained a t  100 MHz 

using a Varian Assoc ia tes  HA-100 Spectrometer. Mass s p e c t r a  were re- 

corded i n  an AEI HS-902 mass spectrometer .  

Where ana lyses  a r e  i n d i c a t e d  only by t h e  symbols of 
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t a i n i n g  s i l i c a  g e l  (80 g) previous ly  packed i n  5% MeOH-CHC13. E l u t i o n  was 

performed wi th  MeOH-CHC13 combinations,and d e t e c t i o n  of the  product  i n  t h e  

e l u e n t  w a s  accomplished by TLC (s i l ica  g e l  G) of  a l l  f r a c t i o n s  wi th  MeOH- 

CHC13 (2:l) conta in ing  1% AcOH as t h e  developing s o l v e n t  and C12-tolidine as 

t h e  c o l o r  spray.  F a s t e r  moving by-products such as DCC,  DCU and penta- 

chlorophenol could be e l u t e d  wi th  combinations of 5-35? MeOH-CHC13. 

wi th  MeOH-CHC13 (2:1), then MeOH, and f i n a l l y  90% MeOH y ie lded  f r a c t i o n s  

conta in ing  the  d ipept ide .  

which was d isso lved  i n  MeOH (40 m l ) .  The amorphous s o l i d  which formed over- 

n i g h t  was c o l l e c t e d ,  washed wi th  MeOH and a i r  d r i e d ;  y i e l d  4.84 g, mp 209-210'. 

C r y s t a l l i z a t i o n  from t h e  l e a s t  amount of H20 y ie lded  3.8 g, mp 164-167°,[u]i50+ 

10.38O ( 2  2 ,  AcOH). 

Anal. 
H ,  5.80; N ,  19.75 

Method B. To 2N NaOH (1 m l )  was added pGlu-His-(me (561 mg, 2 mole3 whi le  

s t i r r i n g .  

of t h e  ester was hydrolyzed a s  a s c e r t a i n e d  by TLC ( s i l i c a  g e l  G) with  MeOH- 

CHC13 ( 2 : l )  conta in ing  1% AcOH a s  t h e  developing so lvent ,  and us ing  C12-tol idine 

as t h e  c o l o r  spray .  

to dryness .  The res idue  obtained was d iges ted  wi th  h o t  BYP, the  suspension 

was f i l t e r e d  t o  removc s o l i d q  and t h e  f i l t r a t e  was evaporated t o  a gummy r ed -  

due. A MeOH s o l u t i o n  d e p o s i t e d  a n  a m o r p h o u s  solid. 5 1 0  mg., mp 160-  

170'. 

E lu t ion  

The combined f r a c t i o n s  were evaporated t o  a foam 

The nmr spectrum (D20) w a s  c o n s i s t e n t  wi th  t h e  s t r u c t u r e .  

(CllH14N404.H20). Calcd: C, 46.47; H ,  5.67; N ,  19.71 Found: C. 46.54; 

Af te r  a few min a c l e a r  s o l u t i o n  r e s u l t e d .  A f t e r  1 h r  almost a l l  

The s o l u t i o n  was n e u t r a l i z e d  wi th  15 H C 1  (2 m l )  and evaporated 

C r y s t a l l i z a t i o n  from H20 y ie lded  379 mg of pClu-His, mp 169-1713 

Method C. Refluxing a 0.12 s o l u t i o n  of pClu-His-OMe i n  H20 f o r  7hr led  

t o  y i e l d s  atid q u a l i t y  of pGlu-His s i m i l a r  t o  those obtained by method B.  

P y r o g t u t a m y l h i e t i d y Z p r o Z i n e a m i d e  (TRH)- Method A. To a s o l u t i o n  of 

pCh-PCPE (1.134 g. 3 mmole3 i n  DNF (7.5 ml) was added a s o l u t i o n  of h i s t i -  

d ine  (465 mg) i n  2' NaOH (1.5 m l ) .  After  1.5 h r  prolineamide.HC1 (498 mg). N- 
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hydroxysuccinimide (381 mg) and a f t e r  an a d d i t i o n a l  10 min DCC (1.238 g ,  6 mmol4 

were added. 

r e a c t i o n  mixture  was f i l t e r e d  and t h e  c o l l e c t e d  s o l i d  was washed wi th  

The r e s u l t i n g  suspension was allowed t o  s t a n d  f o r  16 h r  a t  0'. 

DMF. 

The 

The combined f i l t r a t e  was evaporated t o  an oil vhich was d is -  

solved i n  t h e  l e a s t  amount of MeOH-H20,and t h i s  s o l u t i o n  was appl ied  t o  a 

column conta in ing  s i l i c a  g e l  (30 g) prev ious ly  packed in 5% MeOH-CHC13. The 

e f f l u e n t  from t h e  column was monitored by TLC ( s i l i c a  g e l  C) w i t h  !4eOH-CHC13 

(2 : l )  developing s o l v e n t  and C12-tol idine c o l o r  spray.  

h igher  than  TRH 

CHC13 (1 :2) .  

p u r i f i e d  by r e p e a t i n g  t h e  chromatography, e l u t i n g  t h e  TRH d i r e c t l y  wi th  MeOH 

a f t e r  a p p l i c a t i o n  o f  t h e  sample. The f r a c t i o n s  conta in ing  TRH 

(Rf i d e n t i c a l  t o  an a u t h e n t i c  sample) were combined and evaporated t o  a foam. 

A s o l u t i o n  of t h i s  r e s i d u e  i n  MeOH w a s  t r e a t e d  with Rexyn 201 (OH-), t h e  sus- 

pension was f i l t e r e d , a n d  the  f i l t r a t e  was evaporated in vacuo to  a foam. An 

aqueous s o l u t i o n  of the  foamy r e s i d u e  was lyophi l ized .  The f l u f f y  powder 

thus  obtained weighed 415 nig (38%), and i n  another  run 430 mg ( 4 0 % ) ;  l a 1  
64.8' (c_ 1.25, H20). The nmr spectrum (C5D5N) was i d e n t i c a l  to t h a t  of 

another  s y n t h e t i c  sample ohta incd  previous ly  by a d i f f e r e n t  route ' ,  which had 

[.ID -65.6O (5 1, H20). The e l e c t r o p h o r e t i c  m o b i l i t i e s  of both samples 

were a l s o  i d e n t i c a l .  

wi th  r a t  p i t u i t a r i e s  i n  v i t r o  ' 
i d e n t i c a l  t o  TRH r e f e r m c c  s tandards .  

Components wi th  Rf 

were removed with 15% MeOH-CHC13,and TRH w a s  e l u t e d  wi th  MeOH- 

Frac t ions  of TRH which were contaminated with prol ineamide were 

25'- 
,D 

2 5" 

E 

The bioassay of t h e  s y n t h e t i c  m a t e r i a l  was performed 

, The a c t i v i t y  of t h i s  prepara t ion  was 

Method B. 

condi t ions  of method A. 

(40-45%) and t h e  f i n a l  TRH was of comparable q u a l i t y .  

C r y s t a l l i z e d  pGlu-His could be  converted t o  TRH under equiva len t  

The y i e l d s  of product vere at  least as good o r  b e t t e r  
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* 
% r o g l u t a m y l h i s t i d y l - 1 4 C ( U ) ~ ~ l i n e ~ d e . -  A s o l u t i o n  of histidine-14C(U) 

(1.22 mg, 2 mCi) in 4 . 5  p1 of 2 

of a s o l u t i o n  made by d i s s o l v i n g  pGlu-PCPE (150 mg) i n  DMF and d i l u t i n g  t o  2 m l .  

Af te r  2 h r  Pro-NH2.HC1 ( 1 . 6  mg) and g-hydroxysuccinimide (1 .4  mg) were added. 

After  1 0  min D C C  ( 4  mg) was added,and t h e  r e a c t i o n  mixture  was a g i t a t e d  

gent ly  overnight  a t  0'. 

CHCl 

p l a t e s  with a d d i t i o n a l  MeOH-CHC1 

a small a l i q u o t  of t h e  r e a c t i o n  mixture  and a TRH s tandard ,  and it was used t o  

a s c e r t a i n  t h e  p o s i t i o n  of t h e  l a b e l l e d  TRH. 

(2: l ) .  

wi th  t o l i d i n e ,  by t h e  u s u a l  method. This  p l a t e  was now scanned wi th  a Radio- 

chromatogram Scanner which revea led  t h a t  t h e r e  was a major r a d i o a c t i v e  com- 

ponent with Rf i d e n t i c a l  t o  t h a t  of TRH and a minor r a d i o a c t i v e  component 

appearing where pClu-His usua l ly  shows in t h i s  TLC s o l v e n t  system. 

p l a t e s  more heavi ly  loaded wi th  l a b e l l e d  TRH were scanned manually wi th  t h e  

a i d  of a t h i n  window Geiger-Hueller Survey Meter wi th  t h e  d e t e c t i o n  tube 

covered by aluminum f o i l  wi th  a narrow s l i t  f o r  b e t t e r  r e s o l u t i o n .  

readings obtained i n  t h e  record ing  s c a l e  i n  cpm were convenient ly  

p l o t t e d  a g a i n s t  length of t h e  p l a t e  and t h e  exac t  p o s i t i o n  of l a b e l l e d  TllM 

was thus convenienLly de tec ted .  Elution of the  appropr ia te  p o r t i o n  of 

the  p l a t c  wac performed in a chromatoeraphic column with XeOH-CilC13 (1:2). 

Thc r l u m t  wa? r w n o r a t c d  t o  dryness, and t h e  res idue  waCi disso lved  i n  20 m l  

NaOH and 4 pl of  H20 was t r e a t e d  wi th  40 p1 

To the  r e a c t i o n  mixture  was added 0 . 8  m l  of MeOH- 

(1:2),and the  r e s u l t i n g  s o l u t i o n  was appl ied  t o  s e v e r a l  s i l i c a  g e l  C 

f o r  washings. 

3 

One of t h e  p l a t e s  had only 3 

3 The p l a t e s  were developed wi th  MeOX-CHC1 

The p l a t e  wi th  TRH s tandard  was t r e a t e d  with C12 and then sprayed 

The o t h e r  

The 

* Uniformly l a b e l l e d  h is t id ine- l ' c  (with 14C p o s s i b l e  i n  a l l  C atoms) 

1.22 mg, 2 mu, was purchased from New England Nuclear, Boston, Mass. 

Scanning of TLC p l a t e s  wi th  r a d i o a c t i v e  m a t e r i a l s  was performed wi th  a 

Vanguard g l a s s  Scanner 885 with  range of up t o  100.000 cpm and with a 

p o r t a b l e  Geiger-Mucller Survey Meter with a 3 mg/cm2 t h i n  window. 



6 0  G .  F l o u r e t ,  A .  A l t e r  and R .  G e n d r i c h  

of 3% E t O H  in H20. Aliquots  ( 1 0  p1) of  t h e  20 m l  aqueous solution of the  

TRH-14C were assayed f o r  14C-act ivi ty  by t h e  l i q u i d  s c i n t i l l a t i o n  count ing 

technique. using a Packard Instrument  Company series 2000 counter  and ex- 

t e r n a l  s tandards  t o  c o r r e c t  f o r  quenching e r r o r s .  The t h e o r e t i c a l  s p e c i f i c  

a c t i v i t y  of t h e  TRH-14C was 255mCi/mole.  The t o t a l  a c t i v i t y  of the  TRH-14C was 

found t o  be  740.5 &C,of 14C, represent ing  1.05 mg of the  t r i p e p t i d e .  

l a b e l l e d  TRH had i d e n t i c a l  Rf t o  re ference  TRH on TLC ( s i l i c a  g e l  G), with  

MeOH-CHCL (2 : l )  and C 1  - t o l i d i n e  suray .  A chromatogram scan of t h i s  TLC 

p l a t e  with a Vanguard g l a s s  p l a t e  scanner  showed one symmetrical peak reading 

75,000 counts  a t  t h e  maximum. 

The 

3 2 

The high r e s o l u t i o n  mass spectrum of TRII-14C showed molecular ions with 

m/e 374.1885, 372.1853, and 362.1698_ (Physical  s c a l e ) ,  and fragmentat ion 

p a t t e r n s  c o n s i s t e n t  wi th  t h e  s t r u c t u r e .  

The bioassay of TRH-14C in v i t r o  showed t h i s  prepara t ion  t o  have t h e  same 

l e v e l  of b i o l o g i c a l  a c t i v i t y  a s  t h a t  of  TRH s tandard’ .  

a l s o  showed f u l l  a c t i v i t y  f o r  t h i s  p r e p a r a t i o n a  . 
The bioassay in vivo 
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