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1 3  1 3  SYNTHESIS OF 1- C and 3- C ISOTOPIC ISOMERS OF ASPARTIC AND GLUTAMIC ACIDS 

Upinder Fo tada r  and David Cowburn 
The R o c k e f e l l e r  U n i v e r s i t y ,  1230 York Avenue, N e w  York, New York 
10021, USA 

SUMMARY 

Convenient r o u t e s  t o  1-C and 3-C l a b e l e d  g lu t amic  and a s p a r t i c  

a c i d s  and t o  t h e i r  p r e c u r s o r s  are d e s c r i b e d .  

1 3  1 3  1 3  

1 3  
Key Words: [ l -  C ]  g lu tamic  a c i d ,  [3- C] g lu t amic  a c i d ,  [I- C ]  a s p a r t i c  a c i d ,  

[3- C ]  a s p a r t i c  a c i d .  

The s y n t h e s i s  of i s o t o p i c  i somers  of amino a c i d s  is  o f t e n  r e q u i r e d  f o r  a 

v a r i e t y  of s t u d i e s .  

and g lu t amic  a c i d s  s i n g l y  l a b e l e d  i n  t h e  1 o r  3 p o s i t i o n s .  These i somers  are 

r e q u i r e d  t o  d e f i n e  more p r e c i s e l y  t h e  a n g l e  4 i n  p e p t i d e s  from v i c i n a l  he t e ro -  

n u c l e a r  NMR c o u p l i n g s ,  3 J (  1 3 3  C -C 2 -N'- 1 H I ) ,  3J(13C. .-N.- 2 1 2  H . )  and 3 .J( 1 3  C'-C 1 -N'-H')  

(1). The e f f i c i e n t  s y n t h e s i s  of 1- C amino a c i d s  u s i n g  t h e  S t r e c k e r  r e a c t i o n  

of t h e  a p p r o p r i a t e  a ldehyde  w i t h  sodium o r  po ta s s ium cyan ide  is  w e l l  known (2) 

f o r  o t h e r  amino a c i d s .  E f f i c i e n t  i n c o r p o r a t i o n  of  l a b e l  depends on adequa te  

p u r i t y  of t h e  ad lehyde .  There do n o t  appea r  t o  b e  p rev ious  r e p o r t s  of t h e  

S t r e c k e r  s y n t h e s i s  of a s p a r t i c  a c i d  from malonaldehyde. P rev ious  r e p o r t s  of t h e  

s y n t h e s i s  of t h e  c r u c i a l  i n t e r m e d i a t e  f o r  t h e  S t r e c k e r  s y n t h e s i s  of g lu t amic  a c i d ,  

s u c c i n i ;  semia ldehyde ,  are v e r y  long  (3) o r  a r e  i m p r a c t i c a l  (4) f o r  l a b o r a t o r y  u s e  

( 5 ) .  We d e s c r i b e  an e f f i c i e n t  s y n t h e s i s  o f  e t h y l  succ ina ldehyda te  i n  h igh  y i e l d  

(78%) from t h e  o x i d a t i o n  of e thyl -4-hydroxybutyra te  by py r id in ium dichromate  i n  

d ich loromethane  s o l u t i o n  ( 6 ) .  Rou tes  t o  [l- C ]  a s p a r t i c  and [l- C] g l u t a m i c  

a c i d s  are shown i n  schemes I and I1 r e s p e c t i v e l y .  These schemes are e f f i c i e n t  

i n  u s e  of m a t e r i a l s ,  and conven ien t  f o r  s y n t h e s i s  of i s o t o p i c  i somers .  

We have sought  e f f i c i e n t  r o u t e s  t o  1 3 C  i somers  of a s p a r t i c  
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S y n t h e s i s  of [3-l3CI amino a c i d s  c a n  be g e n e r a l l y  a c c o m p l i s h e d  by r e a c t i o n  o f  

t h e  a p p r o p r i a t e l y  l a b e l e d  h a l i d e  w i t h  a c e t o -  o r  ph tha lamidomalonic  e s t e r s  ( 2 ) .  

A more g e n e r a l  r o u t e  m i g h t  u s e  carbon-carbon bond f o r m a t i o n  between a 3-C l a b e l e d  

g e n e r a l  p r e c u r s o r  and a n  u n l a b e l e d  r e a g e n t ,  b u t  no s a t i s f a c t o r y  g e n e r a l  p r e c u r s o r  

i s  a v a i l a b l e .  P r e v i o u s  r o u t e s  ( 7 )  t o  [3- H ] i s o m e r s  of g l u t a m i c  and a s p a r t i c  

a c i d s  were m o d i f i e d  t o  y i e l d  t h e  [ 3 -  C ]  i s o m e r s ,  from t h e  a p p r o p r i a t e  l a b e l e d  

h a l i d e .  The s y n t h e s e s  of [3- C ]  g l u t a m i c  a c i d  i s  shown i n  scheme 111. R e p o r t e d  

s y n t h e s i s  of  [ 2 , 3 , 3 , 4 , 4 -  2 H 1 g l u t a m i c  a c i d  ( 7 )  u s i n g  p r o p y l  3-bromo [3- 1 3  C] 

p r o p i o n a t e  and  sodium ace tamidomalonic  ester p r o v i d e d  [3- 1 3  C ]  g l u t a m i c  a c i d .  

2 
2 

1 3  

13 
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Scheme I 

1) K 13 C N / N H 4 0 H / N H 4 C 1  

2) H C 1  NH3 C 1 -  
ET-OOCCH2 CHO ______j. COOH-CH2 - CH + 

2 - 1 - 

Scheme I1 

Py.d ichromate  

Et-OOC(CH2)2- CH20H -> Et-OOC(CH2)2CH0 
CH2C12 

3 - 

1) K 1 3  CNINH40HJNH4C1 

2) H C 1  
, 

4 - 

HOOC(CH2) - CH 
\ +  

NH3c1- 

5 - 

EXPERIMENTAL 

NMR s p e c t r a  were r e c o r d e d  on  a V a r i a n  T60A o r  a V a r i a n I N i c o l e t  HR/TT-220 spec- 

t r o m e t e r .  

a t  the 90% l e v e l  w a s  i n c o r p o r a t e d  a t  t h e  c o r r e c t  sites, w i t h i n  t h e  p r e c i s i o n  of  

measurement (-f 10%) (8). A l l  amino a c i d  p r o d u c t s  are &. Amino a c i d  a n a l y s i s  

u s e d  t h e  m o d i f i e d  Stein-Moore p r o c e d u r e  ( 9 ) ;  q u a n t i t a t i o n  of amino a c i d s  by t h i s  

p r o c e d u r e  i s  e s t i m a t e d  t o  b e  b e t t e r  t h a n  5%. 

Using t h e  r e l a t i v e  peak h e i g h t s  i n  13C-split m u l t i p l e t s ,  I 3 C  l a b e l i n g  
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13 
H2/Ni/EtOH/NH 3 )  

K CN/75% aqueous ethanol 
HOCH2CH21 -) HOCH2CH2I3CN 

12 - 11 - 

1) p - C1 benzene diazonium 
hexafluorophosphate/Na CO 

HOCH2CH213CH2NH2 > HOCH2CH2”CH2Br 

2 3  

2) HBr/Et20 

14 - 13 - 

HN03 - n-propanol 
-) HOOC-CH213CH2Br -} 3 7 2  CCHZ13CH 2 Br 

H SO /benzene 2 4  

16  - 15 - 

1) Diethylacetoamidomalonate 

2) Sodium ethoxide/ethanol NHCOCH3 
13 / 

2 \  
> C H -0 C-CH - CH -C-CO Et 

3 7  2 2 

\ NH3 C1- 

13 [l- C] Aspartic acid (2) 

Ethyl malonaldehydate (L), was prepared from ethyl 3,3-diethoxypropfonate by 
boiling with 2 M HC1 for 15 mins, and extracting the free aldehyde into diethyl 

ether (10). Ammonium chloride (2.12 g) and 1.3 g K I3CN (Stohler isotopes, 90% 

13C) were dissolved in 20 ml of water, and 12 ml of 30% aqueous ammonia added. 

Ethyl malonaldehydate (4.5 g) was added to the ammoniacal solution and stirred 
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f o r  1 2  h a t  room t empera tu re .  The r e a c t i o n  m i x t u r e  w a s  r o t a r y  evapora t ed  t o  

d ryness ,  8 0  m l  1 2  M aqueous H C 1  added, and t h e  m i x t u r e  r e f l u x e d  24 h. The amino 

a c i d  product  w a s  i s o l a t e d  by AG50WX8 c a t i o n  exchange chromatography ( 2 ) ,  y i e l d  

1.19 g (45%); amino a c i d  ana lys i s - -on ly  a s p a r t i c  a c i d  d e t e c t e d ,  q u a n t i t a t i v e l y  

c o r r e c t ;  NMR (DMSO, 19')  6 4.4  ( q ,  1 H ) ,  2 .92 ( t ,  2 H ) ,  no i m p u r i t i e s  d e t e c t e d .  

[l- C ]  g l u t a m i c  a c i d  (5) w a s  p repa red  by t h e  S t r e c k e r  s y n t h e s i s  u s i n g  e t h y l  13  

suc  c i n a  1 dehyda t e . 

E t h y l  s u c c i n a l d e h y d a t e  (4) 

Ethy l  4-hydroxybutyra te  p repa red  v i a  (11)  w a s  s l i g h t l y  contaminated  wi th  

y-butyro lac tone .  F r a c t i o n a l  d i s t i l l a t i o n  removed t h e  contaminant .  S i x t e e n  g 

of ( 3 )  i n  50 m l  CH CL w a s  o x i d i z e d  w i t h  66  g of py r id in ium d ich romate  ( 6 )  

added s lowly  w i t h  v i g o r o u s  s t i r r i n g .  A f t e r  s t i r r i n g  f o r  1 2  h,  2 0  m l  d r y  e t h e r  

w a s  added ,  t h e  r e s u l t i n g  suspens ion  f i l t e r e d ,  and t h e  f i l t r a t e  evapora t ed ,  y i e l d  

1 2 . 3  g (78W), bp. 47-51" a t  1 mm; I R  ( o i l )  1 7 2 0  ( s ) ,  1 7 6 0  (m); NMR (CDC13, 1 9 " )  

6 1 . 2 7  ( t ,  3 H ) ,  2.62 ( t ,  2 H ) ,  2.80 ( t ,  2 H) ,  4.15 ( 9 ,  2 H ) ,  9.81 ( s ,  1 H ) .  

2 2  - 

13 

Ammonium c h l o r i d e  (2 .12  g ,  0 .04  m o l e )  and K 13CN (1.3 g ,  0.02 mole) were 

d i s s o l v e d  i n  20 m l  of w a t e r  and 1 2  m l  of 30% aqueous ammonia. The a ldehyde  (4) 

( 5 . 2  g ,  0 .04  mole) w a s  added s l o w l y .  A f t e r  1 2  h ,  t h e  r e a c t i o n  m i x t u r e  w a s  

evapora t ed  t o  d ryness ,  200  m l  of 25% aqueous H C 1  added ,  and t h e  mix tu re  r e f l u x e d  

f o r  24 h. The s o l u t i o n  was r o t a r y  evapora t ed  t o  d ryness ,  and t h e  p roduc t  p u r i -  

f i e d  u s i n g  c a t i o n  exchange chromatography ( 2 ) ,  y i e l d  2 .3  g ( 8 5 % ) ,  amino a c i d  

a n a l y s i s  o n l y  g lu t amic  a c i d  d e t e c t e d ,  q u a n t i t a t i v e l y  c o r r e c t ;  NMR (D20)  2 .62 

( t ,  2 H), 4.02 (m, 2J(H13C) = 4 . 9 ) .  

[l- C ]  g lu t amic  a c i d  (5) 

13 13 [3- C]  a s p a r t i c  a c i d  w a s  s y n t h e s i z e d  from t h e  condensa t ion  of e t h y l  [2-  C ]  

2-bromoacetate w i t h  sodiophtha lamidomalonic  ester, a scaled-down d u p l i c a t i o n  of 

a p rev ious  s y n t h e s i s  ( 2 ) .  

13 [3-13C] g lu t amic  a c i d  w a s  s y n t h e s i z e d  from p ropy l  [ 3 -  C l  3-bromo p r o p i o n a t e  

and d i e t h y l  ace tamidomalonate  (scheme 111). 
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1 3  3-Hydroxy [l- C] p r o p i o n i t r i l e  (12) 
13 Iodoe thano l  (8.6 g )  was added d rop  by d rop  t o  2.5 g of K CN d i s s o l v e d  i n  

30 m l  75% e t h a n o l / w a t e r ,  and r e f l u x e d  o v e r n i g h t .  

d r y n e s s  i n  vacuum, e x t r a c t e d  w i t h  2 x 100 m l  e t h e r .  A f t e r  f i l t r a t i o n ,  t h e  

p roduc t  w a s  o b t a i n e d  by e v a p o r a t i o n ,  y i e l d  3.15 g (88%); I R  supe r imposab le  w i t h  

commercial  u n l a b e l e d  material. 

The p r o d u c t  was evapora t ed  t o  

1 3  3-Amino-[3- C ]  propano l  (2) 
H y d r o x y p r o p i o n i t r i l e  (12) (2.4 g i n  50 m l  s a t u r a t e d  ammoniacal e t h a n o l )  w a s  

reduced  f o r  4 h a t  50 p s i  i n  t h e  p re sence  of 500 mg of  Raney n i c k e l  ( 1 2 ) .  

f i l t r a t i o n ,  t h e  p roduc t  w a s  i s o l a t e d  by e v a p o r a t i o n ,  y i e l d  2 g (80%); I R  supe r -  

imposable  w i t h  commercial  u n l a b e l e d  p roduc t ;  NMR ( D 2 0 )  6 1.67 (m, 2 H ) ,  2.68 

( 

p r o d u c t ,  

A f t e r  

1 3  C s p l i t  m,  '5 = 135  (14 ) ,  2 H ) ,  3.64 (m, 2 H ) ,  s h i f t s  i d e n t i c a l  t o  u n l a b e l e d  

1 3  3-Bromo [3- C] p ropano l  (14) 
A s o l u t i o n  of p-chlorobenzenediazonium hexa f luo rophospha te  (9.6 g i n  50 m l  

DMF) w a s  added s lowly  t o  a s t i r r e d  m i x t u r e  of  aminopropanol  (13) and 50.6 g 

powdered Na CO i n  100 m l  DMF a t  -5". The t e m p e r a t u r e  was s lowly  r a i s e d  t o  O " ,  

and a f t e r  30 m ,  200 m l  of e t h e r  w a s  added. The s o l u t i o n  was f i l t e r e d  and t h e  

f i l t r a t e  w a s  washed tho rough ly  w i t h  water, d r i e d  ove r  MgS04 and t h e  t r i a z i n e  

i s o l a t e d  by e v a p o r a t i o n  (13) .  E t h e r  s a t u r a t e d  w i t h  H B r  w a s  added t o  it u n t i l  

t h e  m i x t u r e  w a s  a c i d i c .  The r e s u l t i n g  tar  w a s  e x t r a c t e d  w i t h  e t h e r .  The e t h e r  

washings  were n e u t r a l i z e d  w i t h  sodium b i c a r b o n a t e ,  and f i l t e r e d .  The c r u d e  

p roduc t  w a s  i s o l a t e d  by e v a p o r a t i o n ,  and p u r i f i e d  on a s i l i c a  g e l  column, wash- 

i n g  w i t h  hexane ,  and e l u t i n g  w i t h  e t h e r ,  y i e l d  1.8 g (49%);  I R  supe r imposab le  

w i t h  commercial  u n l a b e l e d  m a t e r i a l ;  NMR (CDC13) 6 2.05 (m, 2 H), 3.50 ( 

s p l i t  m ,  '5 = 152 ( 1 4 ) ) ,  3.73 (m, 2 H ) ,  t r a c e  con tamina t ion  w i t h  p r e c u r s o r s .  

2 3  

1 3  
C 

1 3  3-Bromo [3- C] p r o p i o n i c  a c i d  (15) 
Fol lowing  a p rocedure  f o r  6-bromohexanoic a c i d  ( 1 5 ) ,  1 .8  g of  (14) w a s  added 

d rop  by drop  t o  48 m l  fuming n i t r i c  a c i d  a t  5"C, s t i r r e d  4 h a t  room tempera- 

t u r e ,  t h e n  h e a t e d  a t  90" f o r  45 m. The m i x t u r e  w a s  d i l u t e d  w i t h  200 ml of  H 0, 2 
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and t h e n  evapora t ed  t o  d r y n e s s ,  y i e l d  1.15 g (60%) ;  I R  supe r imposab le  w i t h  com- 

m e r c i a l  u n l a b e l e d  p roduc t ;  NMR (CDC13) 6 3.00 (m, 2 H), 3.57 ( C s p l i t  m ,  '5 = 

154 (14 ) ,  2 H), 10.76 ( v  b r .  s ) ,  trace c o n t a m i n a t i o n  w i t h  p r e c u r s o r  a l c o h o l .  

1 3  

1 3  
Propyl-3-bromo-[3- C] p r o p i o n a t e  (16) 

The f r e e  a c i d  (g) (150 mg) w a s  d i s s o l v e d  i n  4 m l  1 -propanol ;  two d r o p s  of 

c o n c e n t r a t e d  s u l f u r i c  a c i d  and 12.5 m l  benzene  were added ,  and t h e  m i x t u r e  

r e f l w e d  f o r  1 2  h. E t h y l  acetate (100 ml)  w a s  added ,  t h e  s o l u t i o n  washed w i t h  

aqueous sodium b i c a r b o n a t e ,  and w i t h  water ,  and t h e n  e x c e s s  s o l v e n t  w a s  d i s -  

t i l l e d  o f f ,  y i e l d  156 mg (78%) ;  I R  supe r imposab le  w i t h  u n l a b e l e d  material;  NMR 

(CDC13) 6 0.96 ( t ) ,  1.67 (m), 2.92 (q), 3.59 ( C s p l i t  t ,  '5 = 154 ( 1 4 ) ) ,  4.09 

( t ) , s h i f t s  s a m e  as u n l a b e l e d  material. 

1 3  

[3-13C] Glutamic a c i d  (la, 

The Blomquist  p rocedure  ( 7 )  w a s  fo l lowed  on a scale of l/lOO, w i t h o u t  i s o l a -  

t i o n  of t h e  carbe thoxy i n t e r m e d i a t e ,  y i e l d  5 3 m g ( 4 7 % ) ;  amino a c i d  a n a l y s i s  on ly  

g lu t amic  C s p l i t  m ,  

'5 = 1 3 1  ( 1 4 ) ) ,  2.62 (m), 4.02 (m).  

1 3  
a c i d  d e t e c t e d ,  q u a n t i t a t i v e l y  c o r r e c t ;  NMR (D20) 6 2.21 ( 
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