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SYNTHESIS OF OXYGEN-17 LABELED THYROTROPIN RELEASING HORMONE 

E.  Ponnusamy and 0. Fiat 

Department o f  Physiology and Biophysics 

University of Illinois at Chicago 

Chicago, lllinois 60680 

SUMMARY 

Oxygen-17 isotope was introduced into the a-carboxyl group of L- roline and 
L-pyroglutamic acid by acid catalysed exchange of oxygen-17 from H Z  p70 or 
acid hydrolysis of respective amino acid methyl esters in presence of HC1/  
H2 170. 
butyloxycarbonylation. Two analogues of thyrotropin releasing hormone, one 
enriched with p O ]  at the proline carboxamide oxygen ( I )  and the other at 
the pyroglutamic acid's amide oxygen (11) were synthesized using Merrifield 
method of solid phase peptide synthesis. 

Ke words: p O ]  labeling, [170] proline, [I701 pyroglutamic acid, 
[ 1701 thyrotropin releasing hormone, sol id phase synthesis. 

The a-amino group of the amino acids were protected by tert- 

INTRODUCTION 

The thyrotropin releasing factor or hormone (TRF or TRH) was isolated in a 

state of high purity from ovine hypothalami by Guillemin, et a1 (l), and from 

porcine hypothalami by Schally, et a1 (2). 

become of increasing interest in recent years owing to their importance in 

physiological functions (3-9) .  Each residue in the TRH molecule plays an 

important role in determining the conformation o f  the molecule. 

conformation of TRH still remains controversial and hence we decided to use 

[ 01 NMR, which has been shown to be an effective tool in studies of the 

intra- and intermolecular hydrogen bonding, molecular reorientation, bio- 

molecular structure and dynamics (10-12). 

resonance as a probe in the investigation of biologically related processes 

encounters difficulties due to the low natural abundance o f  the [ 

isotope (0.037 percent) that possesses a magnetic moment. 

Conformational studies of TRH have 

The solution 

17 

The utilization of oxygen magnetic 

17 

Its utilization 

O] 
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17 requ i res  enrichment o f  biomolecules i n  t h e  [ 

s tudy  we r e p o r t  t h e  syn thes i s  o f  

s o l i d  phase method (13).  

01 isotope.  I n  t h e  p resen t  

1 7  01 i s o t o p e  labe led  TRH ( I  and 11) b y  

RESULTS AND D I S C U S S I O N  

We synthesized oxygen - 17 i so tope  l a b e l e d  a t  t h e  a-carboxyl group o f  

L-p ro l i ne  and L-pyroglutamic a c i d  b y  a c i d  ca ta l ysed  exchange o f  oxygen-17 f r o m  

H 2  "0 (14 )  or b y  a c i d  h y d r o l y s i s  o f  r e s p e c t i v e  amino a c i d  methy l  e s t e r s  

i n  t h e  presence o f  H C l / H 2  170. I n  b o t h  t h e  mehods, t h e  y i e l d s  o f  [ 01 

enrichment was comparable. 

17 1 7  oxygens were prepared wi th  1 6  and 1 7  atom percent  [ 01 (measured b y  L 01 

NMR) f o r  p r o l i n e  and pyroglutamic a c i d  r e s p e c t i v e l y .  

amino ac ids  were p r o t e c t e d  b y  tert-butyloxycarbonylation (15) and t h e  [ 01 

enrichment was conserved d u r i n g  t h i s  c r i t i c a l  step. 

17 

These amino ac ids  l a b e l e d  i n  b o t h  t h e  c a r b o x y l i c  

The a-amino group o f  t h e  

17 

Since TRH has a carboxamide t e r m i n a l  group, a benzhydrylamine r e s i n  (16,17) 
1 7  was employed as a polymer suppor t  t o  synthes ize [ 

amino acids. 

01 labe led  TRH u s i n g  BOC- 

I n  t h e  case o f  ([170] p r o )  TRH ( I ) ,  t h e  coup l i ng  o f  [170] 

BOC-Pro was repeated 3 t imes  w i t h  216 mg (1 mmole) o f  [ " O ]  BOC-Pro and 

equ iva len t  amounts o f  dicyclohexylcarbodiimide (DCCI) i n  CH2 C12, each 4 

I 
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1 7  h rs .  

p-Glu was coupled t h r e e  t imes  w i th  230 mg (1 mmole) o f  [ O] p-Glu and 

equ iva len t  amounts o f  D C C I  i n  DMF, each 3 h r s .  

ac ids  a r e  v e r y  expensive, we d i d  t h r e e  repeated coup l i ngs  w i t h  minimum amounts 

o f  { 03 enr i ched  ma te r ia l s .  The Nim o f  h i s t i d i n e  was unprotected and t h e  

pyroglutamic a c i d  was used w i t h o u t  any p r o t e c t i o n  f o r  pep t ide  synthes is .  The 

f i n a l  p e p t i d e  was c leaved f rom t h e  r e s i n  by HF and p u r i f i e d  b y  column chromatc- 

graphy. Standard s y n t h e t i c  TRH supp l i ed  by  Peninsula Laborator ies,  Inc.  and 

TRH (unlabeled)  synthesized b y  us  were i d e n t i c a l  w i t h  1 and I 1  as asce r ta ined  

b y  t l c  (see exper imenta l )  and amino a c i d  ana lys i s .  

40 eV, a molecular  i o n  was detected w i t h  m/e 363 con f i rm ing  t h e  presence o f  

oxygen-17 i so tope  i n  I and 11. 

conformation o f  TRH u t i l i z i n g  I and I 1  b y  [ 

I n  t h e  case o f  ([170] p-Glu) TRH (11), t h e  f i n a l  amino ac id,  [ 01 
17 

1 7  Since [ O] enr iched amino 

17 

Using mass spect rometry  a t  

Fu r the r  i n v e s t i g a t i o n s  on t h e  s o l u t i o n  

17 01 NMR a r e  i n  progress. 

EXPERIMENTAL 

A Schwarz/Mann Pept ide Synthes izer  was employed f o r  TRH synthes is .  

Chemical i o n i z a t i o n  mass spec t ra  were r u n  on  a F inn igan MAT 4510 GC/MS a t  40 

eV. [ 

F o u r i e r  t rans fo rm spectrometer ope ra t i ng  a t  a frequency o f  24.4 MHZ. 

Peptides were hydro lysed b y  t reatment  w i t h  constant  b o i l i n g  H C l  f o r  20 h r s  a t  

l l O ° C  i n  vacuo and t h e  amino a c i d  a n a l y s i s  were performed on a Durrum D-500 
17 1 7  amino a c i d  analyzer. [ O] water  (43.3 pe rcen t  [ 01) used f o r  l a b e l i n g  

1 7  Olenrichment was measured on  a Bruker  CXP-180 h i g h  power pu l sed  

was ob ta ined  f rom Monsanto Research Corporation, Miamisburg, OH. 

Enr iched H2 170 was sa tu ra ted  w i t h  d r y  H C l  gas and then  d i l u t e d  w i t h  

equal volume o f  H2 170. Up t o  l g / m l  amino a c i d  o r  amino a c i d  methyl e s t e r  

was dissolved, degased, sealed under vacuum and k e p t  a t  105°C f o r  16-20 hrs 

(s tandard c o n d i t i o n s  o f  p r o t e i n  a c i d  h y d r o l y s i s  where racemizat ion and 

decomposition a r e  min imal )  (18). Fo l l ow ing  removal and q u a n t i t a t i v e  recovery 
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1 7  - o f  H 2  170 by  h i g h  vacuum d i s t i l l a t i o n  a t  room temperature, t h e  [ OJ 

amino a c i d  was t w i c e  taken up i n  5-10 m l  w a t e r l g  amino a c i d  and l y o p h i l i z e d  

immediately. 

when p l a t e s  were developed w i t h  a n e u t r a l  and a b a s i c  o r  a c i d i c  s o l v e n t s  (a. 

methanol-water-pyridine (20:5:1); b. n-propanol - water (7:3); c. n-propanol- 

ammonium hydrox ide ( 7 : l )  and d. n-butanol-acetic ac id -wa te r  ( 4 : l : l )  b y  volume). 

The a-amino group was p r o t e c t e d  by  BOC-group (15) and u t i l i z e d  f o r  p e p t i d e  

synthes is .  

No s i d e  products  were de tec ted  b y  amino a c i d  a n a l y s i s  o r  by  t l c  

Benzhydrylamine r e s i n  (d iv iny lbenzene 2 percent, 100-200 mesh, 0.2-0.5 

m o l e  o f  amine/g) (39)  was loaded i n t o  t h e  r e a c t i o n  vessel, a l lowed t o  swe l l  

i n  CH2C12 f o r  a few minutes and washed w i t h  CH2C12 (3x30 m l ) .  

s teps i n  t h e  syn thes i s  o f  I were as f o l l o w s :  

mg, 1 mmole) d i s s o l v e d  i n  CH2C12 was added t o  t h e  r e a c t i o n  vessel  and an 

equimolar amount o f  D C C l  i n  CH2C12 was added and t h e  r e a c t i o n  m i x t u r e  was 

mainta ined f o r  4 h rs .  The Resin was washed w i t h  CH2C12 (3x30 m l )  and two 

repeated coup l i ngs  were c a r r i e d  o u t  w i t h  equ iva len t  amounts o f  [ 

P r o l i n e  and D C C I  i n  CH2C12, each 4 h r s .  

K a i s e r ' s  n i n h y d r i n  c o l o r  t e s t  (19).  

then b locked by r e a c t i o n  w i t h  1-acety l imidazole.  ( b )  The BOC-protecting 

group was removed us ing  30 m l  o f  t r i f l u o r o a c e t i c  acicCanisol+CH2Cl2 

(48:2:50) f o r  45 minutes. 

CH2C12. ( c )  

thylamine in CH2C12 f o r  10 minutes f o l l o w e d  b y  washes w i t h  CH2C12 

(3x30 m l ) .  ( d )  BOC-L-Histidine (510 mg, 2 mmole) was at tached t o  t h e  p r o l i n e  

bound r e s i n  w i t h  equ iva len t  amounts o f  D C C I  and 1-hydroxybenzotr iazo le i n  DMF 

( 4  h r s )  f o l l o w e d  b y  two repeated coup l i ngs  2 and 4 hrs .  The depro tec t i on  and 

n e u t r a l i z a t i o n  were c a r r i e d  o u t  t h e  same as i n  ( b )  and ( c ) .  

t i o n  a f t e r  t h e  second a d d i t i o n  was f o l l o w e d  b y  washes w i t h  DMF, CH2C12 and 

F u r t h e r  

( a )  [ l 7 0 ]  BOC-L-proline (216 

17 01 BOC-L- 

The coupl ings were moni tored b y  

The unreacted s i t e s  o f  t h e  r e s i n  were 

Deprotect ion was f o l l o w e d  b y  t h r e e  washings w i t h  

Then t h e  r e s i n  was n e u t r a l i z e d  w i t h  20 percent  d i i sop ropy le -  

( e )  Meu t ra l i za -  
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DMF (3x30 m l ) .  L-Pyroglutamic a c i d  (458 mg, 2 m o l e )  and equ iva len t  amount o f  

D C C l  d i sso l ved  i n  DMF were added t o  t h e  r e a c t i o n  vessel and t h e  r e a c t i o n  was 

mainta ined f o r  5 h r s  and repeated w i t h  equ iva len t  amounts o f  reagents ( 3  h r s ) .  

The r e s i n  was then  washed w i t h  DMF, CH2C12 and f i n a l l y  w i t h  e t h y l  a l coho l  

(3x30 m l )  and d r i e d  i n  vacuo over  P205. 

c leaved f rom t h e  r e s i n  wi th HF as descr ibed below: The d r i e d  r e s i n  p e p t i d e  

was t r a n s f e r r e d  i n t o  a ke l -F r e a c t i o n  vessel  f o r  HF cleavage. A n i s o l e  ( 1  m l / g  

r e s i n )  was added t o  p r o t e c t  t h e  product .  HF was d i s t i l l e d  i n t o  t h e  r e s e r v o i r  

vessel  (10 m l / g  r e s i n )  and 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. 

r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  1 h r  a t  room temperature. The HF was then  

evaporated f rom t h e  r e a c t i o n  vessel b y  wa te r  suct ion.  The cleavage m i x t u r e  

was washed severa l  t imes w i t h  e t h y l  a c e l a t e  t o  remove t r a c e s  o f  a n i s o l e  and 

d r i e d  under vacuum. The crude product  was then  e x t r a c t e d  w i t h  1 percen t  

a c e t i c  a c i d  and f r e e z e - d r i e d  immediately. 

( f )  The f i n a l  product  ( I )  was 

The 

The p u r i f i c a t i o n  o f  t h e  c leaved p e p t i d e  was b y  column chromatography on a 

20 x 2.5 cm column packed w i t h  20 g s i l i c a  g e l .  The sample was a p p l i e d  as a 

s o l u t i o n  i n  MeOH-CHC13, 1:2 r a t i o ,  and e l u t i o n  was accomplished w i t h  EeOH- 

CHC13, 2:1 r a t i o ,  5 m l  f r a c t i o n s  were pooled ( R f  0.3 on t l c ) ,  evaporated t o  

dryness under vacuum and d i sso l ved  i n  wa te r  and t h e  r e s u l t i n g  s o l u t i o n  was 

l y o p h i l i z e d  immediately. 

homogeneous on t l c  i n  f i v e  d i f f e r e n t  systems: a. methanol-chloroform (6:3); 

b . C h 1 oroformmethanol-ammon i a ( 12 : 5 :4) ; c . 1-butanol-ethyl acetate-acet i c 

acid-water ( 1 : l : l : l ) ;  d. ch loroformmethanol -30 percent  a c e t i c  a c i d  (6:4:2) 

and e .  I - bu tano l -ace t i c  acid-water ( 4 : l : l ) .  

enrichment was conserved. 

gave t h e  f o l l o w i n g  mo'lar r a t i o s :  

The p u r i f i e d  compound (48 percent  y i e l d )  was 

I n  a l l  these processes, thef170] 

Amino a c i d  a n a l y s i s  f o l l o w i n g  22 h r s  h y d r o l y s i s  

p-Glu, 1.0; His, 1.1; Pro, 1.1; NH3, 1.65. 

S i m i l a r  synthes is  was performed t o  synthes ize I 1  u t i l i z i n g  BOC-L-proline, 

BOC-L H i s t i d i n e  and L 01 L-pyroglutamic ac id .  The [ 01 enrichment i n  

t h e  f i n a l  products  were found t o  be 14 pe rcen t  ( I )  and 16  pe rcen t  (11) by 

1 7  1 7  

[1701 NMR. 
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