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A N e w  I m p r o v e d  S y n t h e s i s  o f  T h y r o t r o p i n  R e l e a s i n g  H o r m o n e  

T h y r o t r o p i n  re leas ing h o r m o n e  T R H  is a t r i pep t ide  of 
h y p o t h a l a m i c  origin wh ich  s t i m u l a t e s  t he  syn thes i s  and  
release of t h y r o t r o p i n  (TSH) b y  t he  hypophys i s .  D u r i n g  
t he  sixties,  inves t iga to rs ,  such  as SCHALLY a n d  GUILLE- 
MIN, car r ied  ou t  i n t ens ive  s tud ies  to  e x t r a c t  t he  t h y r o -  
t r o p i n  re leas ing fac to r  f rom swine and  ov ine  h y p o t h a l a m i  
wh ich  led, a f te r  va r ious  a t t e m p t s ,  to  t he  d e t e r m i n a t i o n  
of i ts  chemica l  s t r u c t u r e  wh ich  is as follows: z -py rog lu ta -  
myl-L-his t idyl -L-pro l inamide .  

Af te r  t he  d i scovery  of T R H ,  m a n y  syn theses  of th i s  
t r i pep t ide  were p roposed  b y  va r ious  researchers  1-1~. 
However ,  t he  m e t h o d s  of syn thes i s  descr ibed  were n o t  
su i t ab le  for p r e p a r a t i o n  of t he  h o r m o n e  on  a v a s t  scale 
a n d  t h e  g rea te r  p a r t  r equ i red  t he  use of p r o t e c t e d  forms  
of t he  a m i n o  acids. Th i s  i nvo lved  successive s tages  of 
dep ro t ec t i on  of t h e  t r i pep t ide  wh ich  were p a r t i c u l a r l y  
difficult .  On t he  o the r  h a n d ,  w h e n  u n p r o t e c t e d  amino  
acids were coupled  t o g e t h e r  a n d  w i t h  t he  d ipept ides ,  t he  
yields  were v e r y  low. W h e n  we t ake  in to  a c c o u n t  t h a t  a t  
leas t  two theo re t i ca l  s tages  of coupl ing  are necessa ry  to 
o b t a i n  t he  desired p roduc t ,  t he  f ina l  yield, w h e n  c o m p a r e d  
to t he  or ig ina l  ma te r i a l ,  was  n o t  suff ic ient  for  an  indus t r i a l  
p r epa ra t i on .  

I n  t he  overa l l  economic  e v a l u a t i o n  of the  procedure ,  
i t  m u s t  be  bo rne  in m i n d  t h a t  dif f icul t  s tages  of f rac t ion-  
a t i on  a n d  pur i f i ca t ion  are necessa ry  in o rder  to  recover  
t he  f ina l  p r o d u c t s  f rom t he  r eac t ion  m i x t u r e s  wh ich  
i n e v i t a b l y  c o n t a i n  a cons iderab le  pe rcen t age  of col la tera l  
p roduc t s .  
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In  th i s  paper ,  a new and  economic  i ndus t r i a l  p rocedure  
for t he  syn thes i s  of h igh ly  pur i f ied  T R H ,  giving h igh  
yields,  is r epor t ed .  

The  des ign used  for the  syn thes i s  is shown  in t he  Figure.  
T R H  is o b t a i n e d  b y  p r e p a r i n g  t he  p r o t e c t e d  t r ipep t ide ,  
L - P y r o g l u t a m y l  - N ~m B e n z y l -  L- H i s t i d y l -  L- P r o l i n a m i d e  
(VI), d e p r o t e c t i n g  th i s  t r i p e p t i d e  b y  r educ t i on  w i t h  
meta l l i c  s o d i u m  in l iquid a m m o n i a  a n d  pur i fy ing  t he  L- 
Py rog lu t amy l -L -Hi s t i dy l -L -P ro l i namide  (VII)  t hus  ob- 
t a i n e d  b y  ge l f i l t ra t ion  on S e p h a d e x  G-15.  

The  p r o t e c t e d  t r i p e p t i d e  (VI) is p r e p a r e d  b y  coupl ing  
NaBoc-NiraBenzyl -L-His t id ine  (I) w i t h  L-Pro l inamide  
hyd roch lo r ide  (II)  in  t he  presence  of N ,N ' -d i cyc lohexy l -  
ca rbod i imide  (DCI), in  o rder  to  o b t a i n  t h e  d ipep t ide  
Na-Boc-NimBenzyl -L-His t idy l -L-Pro l inamide  (III)  which ,  
w i t h o u t  be ing  isolated,  is d e p r o t e c t e d  w i t h  H B r  2 N in 
glacial  acet ic  acid to  give NlmBenzyl -L-His t idy l -L-Pro l in  - 
amide  d i h y d r o b r o m i d e  (IV). The  l a t t e r  is pur i f ied  b y  
c rys ta l l i za t ion  w i t h  m e t h a n o l - a n h y d r o u s  e the r  a n d  reac ted  
w i th  an  ac t ive  es ter  of p y r o g l u t a m i c  acid (V), p e n t a -  
ch lo ropheny l -L -py rog lu t ama te ,  wh ich  resul t s  in t he  
p ro t ec t ed  t r i p e p t i d e  pGlu- (Bz l )His -Pro -NH~ (VI) wh ich  
is pur i f ied  b y  c rys t a l l i za t ion  w i t h  m e t h a n o l - a n h y d r o u s  
e ther .  The  dep ro t ec t i on  is car r ied  o u t  b y  dissolving t h e  
p r o t e c t e d  t r i p e p t i d e  in l iquid  a m m o n i a  and  add ing  sod ium 
to  the  solut ion.  

The  reac t ion  t i m e  is ca lcu la ted  f rom the  m o m e n t  in  
wh ich  t he  so lu t ion  becomes  a pe r s i s t en t  blue.  Af te r  a 
v e r y  sho r t  period,  wh ich  var ies  f rom 30 to 60 sec, t he  
r eac t ion  is i n t e r r u p t e d  b y  a d d i n g  glacial  acet ic  acid. Th i s  
r eac t ion  t ime  is a n  i m p o r t a n t  f ac to r  in t he  procedure .  
Fewer  t h a n  30 sec m a y  be insuf f ic ien t  to  get  a s u b s t a n t i a l l y  
comple te  dep ro t ec t i on  of t he  t r ipep t ide ,  whi le  more  t h a n  
30 sec m a y  cause  t he  de t e r io ra t ion  of the  p roduc t .  

I t  is well  k n o w n  t h a t  r e d u c t i o n  b y  sod ium in l iquid  
a m m o n i a  is a s o m e w h a t  d ras t i c  me thod .  As such, i t  has  
n e v e r  been  p roposed  as a m e a n s  for dep ro t ec t i ng  s y n t h e t i c  
T R H  in i ts  p r o t e c t e d  form. A n o t h e r  cha rac t e r i s t i c  of our  
m e t h o d  is t he  fac i l i ty  w i t h  w h i c h  t he  dep ro t ec t ed  t r ipep-  
t ide  can  be  pur i f ied  b y  gel f i l t ra t ion ,  a n d  i ts  h igh  yield,  
The  chemico-phys ica l  p roper t i e s  of t he  i n t e r m e d i a t e s  and  
of t he  f inal  p r o d u c t  are s h o w n  in t he  Table.  
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Chemico-physical properties of the intermediates and of T R H  
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Compound (formula) . PF (~ [~]~)0 TLC ~ Analysis (calc./found) 

R f  1 R f  2 R f  a C H N 

His -P ro -NH 2 �9 2HBr  (IV) 196~ ~ --28.2 ~ 0.41 0.50 0.61 42.96 5.01 13.92 
I 

Bzl (c 1.0 in MeOH) 43.04 4.98 13,72 
(C18H250~NsBr2) 

pGlu -His -P ro -NH 2 (VI) 120~ ~ 24.5 ~ 0.48 0.54 0.76 61.05 6.24 18.57 
I 

Bzl (decomp.) (e 1.0 in MeOH) 61.35 6.12 18.50 
(C2sH2sO4N6) 

pGlu-His-Pro-NH2 b ainorph. --40 ~ 0.24 0.60 0.39 51.74 6.24 22.63 
(TRH) (e 1.0 in MeOH) 51.54 6.18 22.81 

(CIsH2204N ~ 0.5 H~O) 

a The RI 1, Rf 2 and Rf 3 values (Silica Gel G according to Stahl activated to 110~ for 1 h) refer to the eluent systems 'n-butanol-glacial acetic 
acid-ethyl aeetate-H20' (1 : 1 : 1 : 1) ; 'chloroform-Inethanol-NH 3 concentrated' (60 : 45 : 20) ; 'chloroform-methanol-acetic acid 30 %' (60:45 : 20). 

The amino-acid analysis gave the following results: Glu 1.00; His 0.98; Pro 0.99; NH~ 0.96. The peptide hydrolysis was carried out in a closed 
ampoule in HC1 6 N at 110~ for 48 h. 

T h e  h o m o g e n e i t y  a n d  t h e  h i g h  g r a d e  of  p u r i t y  of  t h e  
T R H  o b t a i n e d  b y  t h e  m e t h o d  r e p o r t e d  in  t h i s  p a p e r  we re  
s h o w n  b y  t h i n  l a y e r  c h r o m a t o g r a p h y  a n d  a n a l y s i s  of  t h e  
a m i n o  a c i d s  a n d  c o n f i r m e d  b y  i t s  h i g h  b i o l og i ca l  a c t i v i t y .  
T h e  v a l u a t i o n  of  t h e  b i o d y n a m i c  a c t i v i t y  w a s  c a r r i e d  
o u t  o n  i s o l a t e d  r a t  p i t u i t a r i e s  a c c o r d i n g  t o  t h e  m e t h o d  
of  SCHALLY e t  a1.13 w h i c h  d e t e r m i n e s  b y  r a d i o i m m u n o -  

13 A. V. SCHALLY, T. W. REDDING, H. MATSUO and A. ARIMURA, 
Endocrinology 90, 1561 (1972). 

14 The authors are indebted to Mr. I. LALLE for his excellent technical 
assistance. 

a s s a y  t h e  a m o u n t  of  T S H  r e l e a s e d  b y  t h e  p i t u i t a r y  a f t e r  
s t i m u l a t i o n  w i t h  T R H .  

Summary. T h i s  s y n t h e s i s  of  t h y r o t r o p i n  r e l e a s i n g  
h o r m o n e  ( T R H )  is p a r t i c u l a r l y  s u i t a b l e  for  l a rge  sca le  
p r o d u c t i o n  of  h i g h l y  p u r i f i e d  T R H ,  t h a n k s  t o  i t s  h i g h  
y i e l d s  of  t h e  c o u p l i n g  a n d  d e p r o t e c t i o n  r e a c t i o n s  t o g e t h e r  
w i t h  t h e  v e r y  s i m p l e  f i na l  p u r i f i c a t i o n  s t ep .  
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S y s t e m i c  F u n g i c i d a l  A c t i v i t y  o f  N -  [ 2 , 2 , 2 - T r i c h l o r o - 1  - ( 3 - p y r i d y l a m i n o ) e t h y l ] - f o r m a m i d e  

T r i f o r i n e  (I), N,N'-[piperazine-l,4-diyl-bis(2, 2,2-tri- 
chloroethylidene)~-bisformamide 1-4, h a s  a t t r a c t e d  con -  
s i d e r a b l e  i n t e r e s t  a s  a s y s t e m i c  f u n g i c i d e  in  p l a n t s  p a r t i c -  
u l a r l y  a g a i n s t  p o w d e r y  m i l d e w  a n d  r u s t  d i s ea se s .  S e v e r a l  
r e l a t e d  bisformamides h a v e  b e e n  p a t e n t e d  as  f u n g i c i d e s  5. 
W e  h a v e  r e c e n t l y  b e e n  i n t e r e s t e d  3, e-9 in  d e t e r m i n i n g  t h e  
s a l i e n t  c h e m i c a l  f e a t u r e s  n e c e s s a r y  for  s y s t e m i c  a c t i v i t y  
in  c o m p o u n d s  of  t h i s  t y p e .  F r o m  t h e s e  s t u d i e s  i t  e m e r g e d  
t h a t  c o m p o u n d s  of  s t r u c t u r e  (II) w h e r e  R is  O - a l k y l ,  
N H - a l k y l  o r  S - a l k y l  7, s w e r e  s y s t e m i c a l l y  a c t i v e  f o l l o w i n g  
r o o t  a p p l i c a t i o n  a g a i n s t  p o w d e r y  m i l d e w s .  T h e  b e s t  
c o m p o u n d s  w e r e  f u l l y  i n h i b i t o r y  a t  100 p p m .  I n  c o n t r a s t  
c o m p o u n d s  (II) w h e r e  R is O-a ry l ,  N H - a r y l  o r  S - a r y l  
w e r e  m u c h  less  e f f e c t i v e  7 9. I t  h a s  a l so  b e e n  f o u n d  t h a t  
t h e  3 c h l o r i n e  g r o u p s  in  ( I I ;  R = O - a l k y l )  c a n  be  r e p l a c e d  
b y  b r o m i n e  w i t h o u t  s i g n i f i c a n t  loss  of  s y s t e m i c  a c t i v i t y  
a l t h o u g h  t h e  h e x a b r o m o  a n a l o g u e  of  t r i f o r i n e  w a s  in-  
a c t i v e  9. 

W e  h a v e  n o w  s t u d i e d  s e v e r a l  c o m p o u n d s  of t y p e  (II) 
w e r e  R is a p y r i d y l a m i n o  or  r e l a t e d  h e t e r o c y c l i c  m o i e t y .  
O n e  of  t h e s e  c o m p o u n d s ,  N-J2 ,  2, 2 - t r i c h l o r o - l - ( 3 - p y r i d y l -  
amino)-ethyljformamide (III) h a s  b e e n  f o u n d  t o  be  
o u t s t a n d i n g  as  a s y s t e m i c  f u n g i c i d e  a g a i n s t  Erysiphe 
graminis f o l l o w i n g  r o o t  a p p l i c a t i o n  to  s a n d - g r o w n  w h e a t  
s eed l i ngs .  

T h e  c o m p o u n d s  (Tab le  I) we re  p r e p a r e d  b y  t h e  fo l l ow in g  
t y p i c a l  m e t h o d  (cf. 3). T o  1-(2, 2, 2 - t r i c h l o r o - l - f o r m a m i d o -  
e t h y l ) p y r i d i n i u m  c h l o r i d e  1~ (0.005 mol . )  s u s p e n d e d  in  
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