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SYNTHESIS OF dl-GLUTAMINE-2,5-15N2 

William M. Lagna and Patrick S. Callery 
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University of Maryland 
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SUMMARY 

A two step synthesis of dl-glutamine-2,5- 
l5N2 is described. 2-Oxapentanedioic acid 
was reacted with hydrazine sulfate-l5N2 to 
yield 6-carboxy-( 2H)-pyridazin-3-0ne-l,2-~5N2, 
which was then reduced with hydrogen over 10% 
Pd/C catalyst to dl-glutamine-2,5-15N2. Gas 
chromatography of the trimethylsilylated deri- 
vative of the labeled glutamine was used to 
establish purity. Mass spectra for dl-glutam- 
ine-l5N2, dl-glutamine and their intermediates, 
6-carboxy- (2H) -pyridazin-3-one- 1,2- l5N2 and 
6-carboxy-(2H)-pyridazin-3-one were consistent 
with assigned structures. 
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INTRODUCTION 

Glutamine, consistent with its ubiquitous presence in bio- 

logical systems, is the object of a growing number of biochemical 

studies. Several recent articles have dealt with the synthesis 

and determination of stable isotopes of glutamine as part of 

0362-4803/84M)40337-09$01 .OO 
@ 1984 by John Wiley & Sons, Ltd. 

Received December 16, 1983 



338 W. M. Lagna and P. S .  Callery 

studies on delineating metabolic pathways ( 1 , Z ) .  However, only 

the amide nitrogen in these studies was labeled. Because certain 

central nervous system metabolites, such as a-ketoglutaramic 

acid, are believed to arise from transamination of glutamine cat- 

alyzed by glutamine transaminase (glutamine:2-oxo acid amino 

transferase, EC 2.6.1.15)(3), it is necessary to label both 

nitrogens in order to more fully characterize the metabolism of 

glutamine in its key role as nitrogen carrier. 

The observation of Kline and Cox (4) that substituted di- 

hydropyridazinones can be reduced catalytically to glutamine ana- 

logues in a single step permitted modification of this synthetic 

pathway for the convenient preparation of dl-gl~tamine-2,5-~5N*. 

EXPERIMENTAL 

Reagents 

2-Oxopentanedioic acid, 10% palladium on carbon, bis- 

(trimethylsily1)trifluoroacetamide (BSFTA) and dl-glutamine were 

obtained from Aldrich and used without further purification. 

Pyridine, from Matheson, Coleman and Bell, was distilled and 

dried over KOH prior to use. Hydrazine sulfate-15N2 ( 9 8 %  '5N) 

was obtained from Cambridge Isotopes. 

Methods 

Melting points were determined using a Thomas Hoover melting 

point apparatus and are uncorrected. Gas chromatography was per- 

formed on a Varian 2400 GC equipped with flame ionization detec- 

tors using a 30 m SE-54 (5% phenyl, 1 %  vinyl, 94% methylsilicone 

phase, Supelco, Bellefonte, Pa.) capillary column which was tem- 
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p e r a t u r e  p r o g r a m m e d  (150-25OOC) a t  6 0 / m i n .  I n j e c t i o n  p o r t  tem- 

p e r a t u r e  was 25OoC, d e t e c t o r  t e m p e r a t u r e  was 25OoC w i t h  a He c a r -  

r i e r  g a s  f l o w  o f  2 . 5  cmlsec a t  a s p l i t  r a t i o  o f  5 0 : l .  A H e w l e t t -  

P a c k a r d  3390A r e c o r d i n g  i n t e g r a t o r  was u s e d  t o  c a l c u l a t e  p e a k  

a r e a s .  

D e r i v a t i z a t i o n  was a c c o m p l i s h e d  by h e a t i n g  5 mg o f  s a m p l e  

i n  1 m l  o f  a 1 : l  m i x t u r e  o f  B S T F A : p y r i d i n e  a t  80OC f o r  1 h o u r .  

B o t h  e l e c t r o n  i m p a c t  ( E . 1 . )  a n d  c h e m i c a l  i o n i z a t i o n  ( C . I . ,  

m e t h a n e )  mass s p e c t r o m e t r y  were p e r f o r m e d  on  a n  E x t r a n u c l e a r  

S i m u l s c a n  q u a d r u p o l e  mass s p e c t r o m e t e r  i n t e r f a c e d  w i t h  a C a r l o  

E r b a  4 1 6 0  c a p i l l a r y  g a s  c h r o m a t o g r a p h  a n d  e q u i p p e d  w i t h  a n  Ex- 

t r a n u c l e a r  1 0 0 0  d a t a  s y s t e m .  A d i r e c t  p r o b e  i n l e t  was u s e d  f o r  

s a m p l e  i n t r o d u c t i o n  f o r  i s o t o p e  e n r i c h m e n t  d e t e r m i n a t i o n s .  

H y d r a z i n e  s u l f a t e - l 5 N 2  ( 1 . 1 4  grams, 8 . 6 4  x 1 0 - 3  moles )  was 

t i t r a t e d  t o  pH 8 . 0  w i t h  a 1 0 %  NaOH s o l u t i o n .  2 - O x o p e n t a n e d i o i c  

a c i d  ( 1 . 2 9  grams, 8 . 8 4  x 1 0 - 3  mo les )  was d i s s o l v e d  i n  1 . 3  m l  o f  

H20. The  h y d r a z i n e  s o l u t i o n  was t h e n  adde.d d r o p w i s e  w i t h  s t i r -  

r i n g  t o  t h e  2 - o x o p e n t a n e d i o i c  a c i d  s o l u t i o n  o v e r  a p e r i o d  o f  2 

m i n u t e s .  P r o d u c t  was o b s e r v e d  t o  form a s  a w h i t e  p r e c i p i t a t e  

w i t h i n  t h r e e  m i n u t e s .  The  s o l u t i o n  was l e f t  s t i r r i n g  a t  room 

t e m p e r a t u r e  f o r  two h o u r s ,  t h e n  c o o l e d  t o  8 O C  a n d  f i l t e r e d .  The  

c r u d e  p r o d u c t  was d i s s o l v e d  i n  a minimum o f  h o t  2M H C 1 ,  c o o l e d  

s l o w l y  t o  8 O C ,  a n d  t h e  c r y s t a l s  formed were c o l l e c t e d  by  v a c u u m  

f i l t r a t i o n .  T h e  l o n g  w h i t e  n e e d l e s  were d r i e d  u n d e r  v a c u u m  t o  

y i e l d  1 . 1 3  grams ( 7 . 8 5  mmoles, 9 1 % )  o f  6-carboxy-(2H)-pyridazin- 

3 - o n e - I 5 N 2 ;  mp 193-195OC; mass s p e c t r u m  ( E . I . )  m/z 1 4 2  ( 2 . 3 % ) , 1 4 3  
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(0.1%), 144 (90.781, 145 (6.151, 146 (0.8%); unlabeled standard, 

m/z 140 (1.4%), 141 (0.4%), 142 (90.381, 143 (6.921, 144 (0.9%). 

6-Carboxy-(2H)-pyrida~in-3-one-l,2-~5Nz (1.11 grams, 7.82 x 

10-3 moles) was added to 20 ml of H20 and deoxygenated 10 minutes 

with N2. Pd on carbon (0.40 grams of 10% Pd) was added to the 

solution, and the system sealed, evacuated then left shaking 24 

hours under 50 psi H2. The solution was then filtered, the cat- 

alyst washed three times with 20 ml H20, and the combined fil- 

trates were rotary evaporated at 37OC to give an oil. Water was 

added until the oil dissolved, followed by the dropwise addition 

of acetone with stirring until a white precipitate formed. The 

solution was allowed to stand 1 hour, then cooled to 8OC and 

vacuum filtered. The product was dried under vacuum to yield 

0.500 grams (3.38 x 10-3 moles, 45%) of dl-glutamine-2,5-l5Nz; 

(mp 179-181OC); Mass spectrum ( C . 1 ,  methane) m/z 147 (1.7%) 148 

( 2 . 9 % ) ,  149 (90.3161, 150 (4.921, 151 (0.1%); unlabeled standard 

m/z 145 (1 . 1 % ) ,  146 (0.1%), 147 (92.9%), 148 (5.721, 149 (0.1%). 

l5 Nb$' 5NM2 

O = f i C O O "  -Lj . j O - C O O "  "Z o ~ c o o "  
OH 0 15 H N" '5N@5NH2 

Scheme 1 .  Overall reaction sequence. 

DISCUSSION 

A method for the incorporation of labeled nitrogen into 

glutamine arises from the cyclization reaction of hydrazine-lSN2 
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with 2-oxopentanedioic acid forming 6-carboxy-(ZH)-pyridazin-j- 

one, a substituted 15N2-dihydropyridazinone compound. Catalytic 

hydrogenation then reductively cleaves the azide bond, yielding 

labeled glutamine directly ( 4 , 5 ) .  

Formation of 6-carboxy-(2H)-pyridazin-3-one-lt 2-l5N2 pro- 

ceeded quickly after initial mixing of reagents. The product was 

stable to mild acid and was recrystallized from acid solution. 

Yields were nearly quantitative (90-938 typically). Structure 

proof was provided by electron impact mass spectrometry. Unla- 

beled 6-carboxy-(2H)-pyridazin-3-one yields an intense parent ion 

of m/z 142 (Figure 1 ) .  Other major ions include m/z  124 consis- 

tent with loss of water and m/z 114 accounted for by loss of car- 

bon monoxide from the parent ion. A mass spectrum of the labeled 

6-carboxy-(2H)-pyridazin-3-one-l ,2-15N2 showed m/z 144 for the 

parent ion (Figure 2). Normalized, averaged scans of the respec- 

tive parent ion peaks indicated greater than 99.5% per atom l5N 

incorporation. 

A comparison of the labeled and unlabeled substituted 

pyridazinone fragmentation patterns showed l5N2 incorporation in 

peaks m / z  116,126 and 144. The presence of these labeled ions 

verified the fragmentation patterns proposed for the unlabeled 6- 

carboxy-(2H)-pyridazin-3-one. 

The 6-carboxy-(2H)-pyridazin-3-0ne-l,2-~5!?2 was reductively 

cleaved with H2 using palladium on carbon as catalyst. dl- 

Gl~tamine-2,5-~5N2 was formed directly, with typical yields o f  

40-45 percent. Longer reaction times appeared to increase the 

amount of glutamic acid-2-l5N formed, a particularly undesirable 

side product for quantitative biochemical applications. 



342 W. M. Lagna and P. S. Callery 

a I- 
- 
c 

a 

a 

73 

124 
0 

a6 

9 6 

I 

iJ0 158 1 EQ 

F i g c r e  I .  E l e c t r o n  i m p a c t  mass s p e c t r u c i  o f  b-carboxy-(2H)- 
p y r i d a z i n - 3 - o n e  ( s u m  o f  4 0  s c a n s ; .  

i- 

I 1 ;G 

F i g u r e  2. E l e c t r 3 n  i m p a c t  mass s p e c t r u m  o f  6 - c a r b o x y - ( Z H ) -  
pyridazin-3-one-l,2-'5N2 (sum o f  4 0  s c a n s ) .  
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343 

0-0- COO" 

NH, NH, 

F i g u r e  3 .  Mass s p e c t r u m  o f  d l - g l u t a r n i n e  u s i n g  c h e m i c a l  i o n i z a -  
t i o n  w i t h  m e t h a n e  a s  r e a g e n t  g a s  (sum o f  50 s c a n s ) .  

o-( )----coon 
''NY '5NH, 

F i g u r e  4. Mass s p e c t r u m  o f  d l - g l ~ t a r n i n e - 2 , 5 - ~ 5 N 2  u s i n g  chemical 
i o n i z a t i o n  w i t h  m e t h a n e  a s  r e a g e n t  g a s  ( sum o f  50 
s c a n s ) .  
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P u r i t y  was e s t a b l i s h e d  by g a s  c h r o m a t o g r a p h y  o f  t h e  

t r i m e t h y l s i l y l a t e d  d e r i v a t i v e s .  C o n s i s t e n t  w i t h  t h e  l i t e r a t u r e  

( 6 , 7 , 8 , ) ,  t h e  t r i m e t h y l s i l y l a t e d  d e r i v a t i v e s  o f  g l u t a m i n e  y i e l d e d  

t w o  p e a k s  w i t h  p r o p o r t i o n s  v a r y i n g  f r o m  s a m p l e  t o  s a m p l e .  The  

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

p e a k  from t h e  g l u t a m i n e  d e r i v a t i v e s ,  a n d  was n o t  p r e s e n t  i n  t h e  

d 1 - g l u  t a m i n e - 2 , 5  - l 5 N 2  c h r o m a  t o g r a m .  

Mass s p e c t r a l  a n a l y s i s  o f  u n l a b e l e d  g l u t a m i n e  was h i n d e r e d  

by t h e  r a p i d  t h e r m a l  c y c l i z a t i o n  o f  g l u t a m i n e  t o  t h e  l ac tam 

p y r o g l u t a m i c  a c i d  ( 9 ) .  U s i n g  c h e m i c a l  i o n i z a t i o n  w i t h  m e t h a n e  a s  

r e a g e n t  g a s ,  a weak  p a r e n t  i o n  a t  m/z 1 4 7  (MH+) was i d e n t i f i e d  

( F i g u r e  3 ) .  T h e  base  p e a k  m/z 1 3 0  i s  c o n s i s t e n t  w i t h  l o s s  o f  

ammonia t o  f o r m  p y r o g l u t a m i c  a c i d .  P e a k  m/z 8 4  c a n  b e  a c c o u n t e d  

f o r  by l o s s  o f  f o r m i c  a c i d  f r o m  t h e  p y r o g l u t a m i c  a c i d .  

A n a l y s i s  o f  t h e  C . I .  mass s p e c t r u m  o f  t h e  l a b e l e d  

d l - g l u t a m i n e - 2 , 5 - ' 5 N 2  r e v e a l e d  a p a r e n t  i o n  o f  m/z 1 4 9 ,  c o n s i s -  

t e n t  w i t h  t h e  i n c o r p o r a t i o n  o f  two s t a b l e  i s o t o p e s  o f  n i t r o g e n  

( F i g u r e  4 ) .  T h e  b a s e  p e a k  o f  m/z 131  c o r r e s p o n d s  t o  l o s s  o f  

'5NH3, c o n s i s t e n t  w i t h  p r o t o n a t e d  p y r o g l u t a m i c  a c i d - 1 5 N .  F u r t h e r  

l o s s  o f  H C O O H  y i e l d s  m/z 8 5 ,  w i t h  l 5 N  i n c o r p o r a t i o n  e v i d e n t  by 

c o m p a r i s o n  w i t h  t h e  s p e c t r u m  o f  u n l a b e l e d  c o m p o u n d .  I s o t o p e  e n -  

r i c h m e n t  was 9 9 . 2 %  p e r  a t o m  w h i c h  i s  s i m i l a r  t o  t h e  v a l u e  d e t e r -  

m i n e d  f o r  t h e  d l - g l u t a m i n e - 2 , 5 - l 5 N Z  p r e c u r s o r ,  6 - c a r b o x y - ( Z H ) -  

pyridazin-3-one-I,2-'5N2. 

T h e  m e t h o d s  d e s c r i b e d  a f f o r d  a f a c i l e ,  i n e x p e n s i v e  s y n -  

t h e s i s  o f  d l - g l ~ t a m i n e - 2 , 5 - ~ ~ N 2  f r o m  i t s  p r e c u r s o r ,  6 - c a r b o x y -  

( 2 H ) - p y r i d a z i n  - 3 - o n e  - 1 , 2  - N 2 .  
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