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SUMMARY 

A l k y l  a t i o n  o f  d i e t h y l  oxalpropionate w i t h  [D3]methyl i o d i d e  fo l l owed  by 

a c i d  h y d r o l y s i s  l e d  t o  3-[D3]methyl-2-oxobutyric ( a - k e t o i s o v a l e r i c )  ac id .  

A l k y l a t i o n  o f  N - t -bu ty lp ropy l im ine  w i t h  [D3]methyl i o d i d e  fo l l owed  by 

h y d r o l y s i s  gave 2-[D3]methylpropanal. Th i s  was f u r t h e r  a l k y l a t e d  w i t h  2,2- 

d i f  1 uoro-1 - t o s y l  oxyv iny l  1 i t h i  um and hydrolyzed t o  a f f o r d  4-[D31methyl -2-0x0- 

pentanoic ( a  - ke to i socapro i c )  acid. D i a z o t i z a t i o n  o f  [l- Cl leuc ine  e t h y l  es te r  

w i t h  t - b u t y l n i t r i t e  fo l l owed  by perac id o x i d a t i o n  and h y d r o l y s i s  gave [l- Cl4- 

methyl-2-oxopentanoic ac id .  I n  each case, t h e  a - k e t o a c i d s  were i s o l a t e d  as 

sodium s a l t s .  
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2 -[ D3]met hy l  propanal , [ 1 - "C 14-met hy l -2 -  

INTRODUCTION 

I n  t h e i r  comprehensive review, Matthews and B i e r  (2)  have described 

var ious t r a c e r  s tud ies w i t h  s tab le  isotope labe led  amino ac ids i n  the  f i e l d  o f  
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n u t r i t i o n a l  b iochemis t r y .  The r o l e  o f  branched c h a i n  amino a c i d s  i n  p a r t i c u l a r ,  

and t h a t  of t h e  a - k e t o a c i d s  d e r i v e d  f r o m  them, i s  a l s o  r e c e i v i n g  c l o s e  

a t t e n t i o n  (3,4). As a c o n t i n u a t i o n  o f  our  e a r l i e r  work (5,6)  on improved 

s y n t h e t i c  methods f o r  t h e s e  t ypes  o f  compounds o f  b iomed ica l  i n t e r e s t ,  we now 

p resen t  two approaches f o r  l a b e l i n g  branched-cha in  a -ke toac ids .  

Our f i r s t  goa l  was t o  i n t r o d u c e  t h r e e  mass u n i t s  i n t o  one o f  t h e  

m e t a b o l i c a l l y  l e s s  r e a c t i v e  s i t e s  o f  t h e  k e t o a c i d s ,  i n  o r d e r  t o  f u r n i s h  t h e  

r e q u i s i t e  t r a c e r s  f o r  plasma k i n e t i c s  under i n v e s t i g a t i o n  by GC-MS techn iques .  

The cand ida te  l a b e l e d  compounds were 3-[D3]methyl-2-oxobutyric ( c1 - ke to -  

i s o v a l e r i c ,  K IV)  a c i d  and [D31methyl-2-oxopentanoic ( a  - k e t o i s o c a p r o i c ,  K I C )  

a c i d .  Our second goa l  was t o  produce l a r g e  q u a n t i t i e s  o f  [l- C I K I C  f o r  t h e  

s t u d y  o f  d e c a r b o x y l a t i o n  k i n e t i c s ,  u s i n g  t h e  i s o t o p e  r a t i o  mass spec t rometer  t o  

measure 13C02 i n  b rea th .  We addressed t h e s e  o b j e c t i v e s  by adap t ing  known r o u t e s  

( 7 ) ,  h e r e t o f o r e  u n t e s t e d  on i s o t o p i c a l l y  l a b e l e d  synthons, w i t h  a v iew toward  

p roduc ing  w u l t i g r a m  q u a n t i t i e s  o f  end p roduc ts .  

13 

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

The [ D  ]methyl  g roup can be e a s i l y  i n c o r p o r a t e d  i n t o  K I V  as shown i n  

Scheme I .  D i e t h y l  o x a l p r o p i o n a t e  was a l k y l a t e d  w i t h  [D31methyl i o d i d e ,  u s i n g  

po tass ium ca rbona te  in dimethyl formarnide ( 8 ) ,  t o  g i v e  - 2 i n  60-70% y i e l d ;  and 

t h e n  - 2 was hyd ro l yzed  by d i l u t e  h y d r o c h l o r i c  a c i d  t o  g i v e  3-[D3]methyl-2- 

o x o b u t y r i c  a c i d  i n  80% y i e l d .  

3 

Scheme I 

1 3a R-H 
b R=Na 
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For  t h e  s y n t h e s i s  o f  deu te ra ted  K I C ,  we f i r s t  a t tempted  t h e  Michael  

a d d i t i o n  o f  methy l  magnesium iod ide -cup rous  c h l o r i d e  ( 9 )  o r  o f  d ime thy l  copper 

l i t h i u m  (10)  t o  c r o t o n i c  aldehyde. U n f o r t u n a t e l y ,  i n  b o t h  cases t h e  ca rbony l  

g roup r e a c t e d  p r e f e r e n t i  a1 l y .  Our second approach was t o  c o n s t r u c t  2-[03]methyl - 

propana l  v i a  d i r e c t  a l k y l a t i o n  o f  p ropana l  (11 ) .  T h i s  r o u t e  a l s o  was n o t  

success fu l  because t h e  v o l a t i l i t y  o f  t h e  p roduc t  made t h e  f i n a l  i s o l a t i o n  t o o  

d i f f i c u l t .  We t h e n  chose t h e  N - t - b u t y l p r o p y l i m i n e  - 4 as our  s t a r t i n g  m a t e r i a l ,  

and a l k y l a t i o n  by CD31methyl i o d i d e  u s i n g  l i t h i u m  d i i s o p r o p y l a m i d e  as base gave 

i m i n e  2 i n  55% y i e l d  (12) .  A c i d  h y d r o l y s i s  of - 5 produced 2-[D3]methylpropanal  - 6 

( 7 5 % ) ,  and 5 was t h e n  t rans fo rmed  by  a d d i t i o n  o f  2,2-difluoro-l-tosyloxyvinyl- 

l i t h i u m  (13)  t o  genera te  4-[D3]methyl-2-oxopentanoic a c i d  (55%)  as shown i n  

Scheme 11. 

Fo r  t h e  s y n t h e s i s  o f  ca rboxy l  l a b e l e d  K I C ,  as shown i n  Scheme 111, 

[ l -  C l l e u c i n e  e t h y l  e s t e r  was d i a z o t i z e d  u s i n g  t - b u t y l n i t r i t e  i n  a c e t i c  ac id ,  

and t h e  d i a z o  compound was o x i d i z e d  by  m-ch lo roperoxybenzo ic  a c i d  (14)  t o  

p roduce t h e  d e s i r e d  e t h y l  [1-  C14-methyl-2-oxopentanoate i n  45-60% y i e l d ;  

13 
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Scheme II 
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saponi f ica t ion  with 1 equivalent  of base gave t h e  sodium s a l t  ( 1 5 ) .  We chose 

t h i s  degradat ive approach i n  preference t o  a cons t ruc t ive  synthes is  using 

labeled acyl synthons because racemic [l-13C]leucine and (R)- [ l -  Cl leucine a r e  

r e a d i l y  a v a i l a b l e  intermediates  i n  the rout ine  manufacture of ( S ) - [ l -  C I -  

leucine,  thereby affording a g r e a t e r  degree of c o s t  e f f e c t i v e  process 

i n t e g r a t i o n .  

13 

13 

The ketoacids  produced i n  t h i s  study were a l l  a t  l e a s t  99% chemically 

pure a s  j u d g e d  by g l c  re ten t ion  times and mass spec t ra l  analyses of t h e i r  

b i s -o- t r imethyls i ly l  quinoxal inols  ( 1 6 ) .  T h e  physical c h a r a c t e r i s t i c s  and N M R  

s p e c t r a  were indi  s t inguishabte  from those of s tandard mater ia l s  (Sigma), except 

f o r  t h e  spec t ra l  f e a t u r e s  a t t r i b u t a b l e  t o  t h e  i s o t o p i c  l a b e l s ;  and biological  

assay o f  s t e r i l e  so lu t ions  showed them t o  be pyrogen-free. 

EXPERIMENTAL 

General: ' H - N M R  s p e c t r a  were recorded on a Varian EM 360A or on an IBM NR80F 

spectrometer. GC analyses were performed on a Bendix-3000 gas chromatograph or  

on a Carle AGC-111 f i t t e d  with 6 f t  packed columns. Mass spec t ra l  analyses were 

performed on a Hewlett Packard 59856 GC/MS system and a r e  reported with t h e  

r e l a t i v e  i n t e n s i t y  in  parentheses a f t e r  each major fragment. All reagents  were 

obtained from Aldrich or Sigma Chemical companies and were used without 

p u r i f i c a t i o n .  

- 3-CD31methyl-2-oxobutyric ac id ,  sodium s a l t  (3b) :  Diethyl oxalpropionate (319, 

0.15 mole) was s t i r r e d  with potassium carbonate (219, 0.15 mole) i n  35 m l  o f  

dry dimethylformamide f o r  1 hr. [D31methyl iodide (99 mol % D) was then added, 

and t h e  mixture was s t i r r e d  a t  room temperature f o r  16 hr. Addition of 

chloroform (150 ml) and f i l t r a t i o n  of t h e  suspension afforded crude product 

a f t e r  solvent  evaporation. The o i l y  res idue  was d i s t i l l e d  t o  give 23 g of 2 - 
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(72%),  bp 80-90°C (1  t o r r ) .  NMR(CDC13): 8 1.2 ( t ,  J=6 Hz, 3H), 1.3 ( t ,  J=6 Hz, 

3H), 1.4 ( s ,  3H), 4.2 (9, J=6 Hz, 2H) and 4.3 ppm (q,  J=6 Hz, 2H). To e f f e c t  

d e c a r b o x y l a t i o n  and h y d r o l y s i s ,  t h e  d i e s t e r  - 2 was heated t o  r e f l u x  i n  100 m l  o f  

4 N HC1 f o r  24 h r ,  and t h e  r e s u l t a n t  f r e e  a c i d  - 3a was e x t r a c t e d  i n t o  e the r .  

D r y i n g  and evapora t i ng  t h e  s o l v e n t  gave an o i l y  r e s i d u e  which was 

d i s t i l l e d  t o  y i e l d  9.69 o f  - 3a (83%), bp 45-50°C (1.2 t o r r ) .  NMR(CDC13): 81.2 

(d, J=6 Hz, 3H, 4-Ci3)  and 3.4 ppm (q, J=6 Hz, l H ,  3-CHI. - One e q u i v a l e n t  o f  

NaOH (2N) was added t o  t h e  a c i d  by t h e  l i t e r a t u r e  procedure (151, and t h e  

r e s u l t a n t  sodium s a l t  - 3b was r e c r y s t a l l i z e d  from aqueous acetone, mp 23OoC w i t h  

decomposi t ion (236OC dec., Sigma s tandard ) .  E I M S  of s i l y l  q u i n o x a l i n o l  (16) :  

263 (M', 93.71, 248 (1001, 73 (69.1).  A n a l y s i s  f o r  spec ies abundance showed t h e  

presence o f  99.1 mol % 0. GLC o f  s i l y l  q u i n o x a l i n o l  (16 ) :  R t  30 min, 3% OV-1 on 

100-200 Gas-Chrom Q, 50-180°C a t  2'C/min ( l i t .  26 m in ) .  

(MgS04) 

2-[D,lmethylpropanal (6 ) :  Propanal (299, 0.5 mole) was added t o  t -bu ty lam ine  

s t i r r e d  a t  i c e - b a t h  temperature.  A f t e r  1 hr, we added potass ium carbonate 

( l o g ) .  The supernatant  o r g a n i c  phase was decanted and d i s t i l l e d  t o  g i v e  359 

(61%) of im ine  - 4 ,  bp 95-102'C. NMR(CDC13): 8 7.4 ( t ,  J=4 Hz, l H ,  CH=N), - 2.3 (m, 

2H), 1.1 (s ,  9H) and 0.9 ppm (d, J=6 Hz, 3H). The im ine  4 was a l k y l a t e d  as 

desc r ibed  by House and co-workers ( 1 2 ) .  A c o l d  (-40°C) s o l u t i o n  o f  l i t h i u m  

d i i sop ropy lamide  (0.6 mole) i n  450 m l  o f  d r y  THF was t r e a t e d  w i t h  4 (67.89, 0.6 

mole) by s low a d d i t i o n .  The r e s u l t i n g  s o l u t i o n  o f  t h e  l i t h i a t e d  im ine  was 

warmed t o  2OoC over  a p e r i o d  o f  1.5 hours.  We then  added dropwise a s o l u t i o n  o f  

[D31methyl i o d i d e  (95.79, 0.66 mole) i n  50 m l  THF w i t h  v igo rous  s t i r r i n g  w h i l e  

t a k i n g  c a r e  t o  m a i n t a i n  t h e  r e a c t i o n  temperature i n  t h e  20-40°C range by means 

o f  e x t e r n a l  c o o l i n g .  When t h e  a d d i t i o n  was complete, t h e  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  4 hours a t  RT, a t  which t i m e  NMR a n a l y s i s  o f  an a l i q u o t  showed 

complete disappearance o f  l i t h i a t e d  im ine  species.  A f t e r  admixture and 

p a r t i t i o n  w i t h  s a t u r a t e d  b r i n e ,  t h e  o r g a n i c  phase was decanted; and t h e  aqueous 

phase e x t r a c t e d  t w i c e  w i t h  e the r .  The combined o r g a n i c  l a y e r s  were d r i e d  

(MgS04) and f r a c t i o n a l l y  d i s t i l l e d  p rompt l y  t o  g i v e  - 5 i n  50-55% y i e l d ,  bp 

" 

- 

- 
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105-llO°C. NMR(CDC13):sl.0 (d, J=6 Hz, 3H), 1.1 ( s ,  9H), 2.4 (m, 1H) and 7.3 

ppm (d,  J=6 Hz, l H ,  CH=N). Aqueous a c e t i c  a c i d  h y d r o l y s i s  (12) o f  5 gave 

2-[D3]methylpropanal  i n  75% y i e l d ,  bp 60-63OC. NMR(CDC13): 6 1.1 (d, J=6 Hz, 

3H), 2.4 (dq, J=6 Hz and 1 Hz, 1H) and 9.6 ppm (d, J=1 Hz, 1H). 

- 4-[D ]methy l -2 -oxopentano ic  sodium s a l t  ( 9 b ) :  Aldehyde - 6 (229, 0.3 mole)  was 

added s l o w l y  by s y r i n g e  t r a n s f e r  under a rgon t o  a s t i r r e d  s o l u t i o n  of 2,2- 

difluoro-1-tosyloxyvinyllithium (13)  (0.3 mo la r  i n  THF) a t  -78OC, and t h e  

r e s u l t i n g  b l u e  s o l u t i o n  a l l owed  t o  warm t o  O°C. I t  was t r e a t e d  w i t h  500 m l  o f  

s a t u r a t e d  b r i n e  and a c i d i f i e d  w i t h  HC1 t o  pH 4. A f t e r  d e c a n t a t i o n  o f  t h e  

o r g a n i c  l a y e r ,  t h e  rema in ing  aqueous emuls ion  was e x t r a c t e d  t w i c e  w i t h  9 : l  

e the r -e thano l .  Concen t ra t i on  o f  t h e  combined o r g a n i c  l a y e r s ,  a f t e r  d r y i n g  

(MgS04), gave 82 g of t h e  c rude t o s y l  c a r b i n o l  - 7. It was c h i l l e d  t o  below O°C 

and t r e a t e d  w i t h  150 m l  o f  i c e  c o l d  95% H2S04, added i n  p o r t i o n s  and w i t h  

v igo rous  s t i r r i n g  s o  as t o  m a i n t a i n  a r e a c t i o n  tempera tu re  be low 4OC w i t h  t h e  

a i d  o f  e x t e r n a l  c o o l i n g  ( i c e - s a l t  s l u s h ) .  T h i r t y  m inu tes  a f t e r  a d d i t i o n  o f  a c i d  

was completed, t h e  da rk  brown r e a c t i o n  m i x t u r e  was poured i n t o  600 g o f  c rushed 

i c e  and e x t r a c t e d  i n t o  e the r .  C c n c e n t r a t i o n  a f f o r d e d  t h e  unsa tu ra ted  t o s y l o x y -  

a c i d  - 8 (85 g )  NMR(CDC13): 6 1.1 (d, J=6Hz, 5-Cb3), 2.4 ( s ,  A rC i3 ) ,  2.8 (m, 

4-C!), 6.6 (d,  J=10 Hz, v i n y l  CHI, 7.2-8.0 (dd, a romat i c )  and 8.8 ppm ( s ,  

COZY). H y d r o l y s i s  t o  K I C  was e f f e c t e d  by r e f l u x i n g  - 8 i n  300 m l  o f  10% NaOH 

(w/v )  f o r  3 hours .  A c i d i f i c a t i o n  o f  t h e  coo led  r e a c t i o n  m i x t u r e  w i t h  HC1 t o  pH 

4, e x t r a c t i o n  i n t o  d i e t h y l  e t h e r ,  and f r a c t i o n a l  d i s t i l l a t i o n  a f t e r  s o l v e n t  

evapora t i on ,  gave - 9a i n  55% y i e l d  o v e r a l l ,  bp 75-80°C (0.5 t o r r ) .  NMR (CDC13):6 

1.9 (d ,  J=6 Hz, 3H), 2 . 2  (m, l H ) ,  2.8 (d, J=6 Hz, 2H) and 7.7 ppm ( s ,  1H). We 

t h e n  f o l l o w e d  t h e  l i t e r a t u r e  p rocedure  (15 )  i n  o r d e r  t o  i s o l a t e  t h e  pure  sodium 

s a l t  - 9b, mp 272OC w i t h  decompos i t ion  ( l i t .  28OoC dec., Sigma s tandard ) .  EIMS o f  

s i l y l  q u i n o x a l i n o l  (16) :277 (M', 91.31, 262 (1001, 73 (67 ) .  A n a l y s i s  f o r  

spec ies  abundance showed t h e  presence o f  98.7 mol % D. GLC o f  s i l y l q u i n o x a l i n o l  

( 1 6 ) :  R t  35 w in ,  same c o n d i t i o n s  as f o r  - 3b ( l i t .  31 m i n ) .  
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13 13 C]4-methyl-2-oxopentanoic  acid ( 1 2 ) :  Racemic [ l -  [ l -  Cl leucine (90 mol % I 3 C )  

was prepared by t h e  Strecker  synthes is ,  and (R)-[ l -  Cl leucine was obtained by 

hydro lys is  of t h e  N-acetyl d e r i v a t i v e  recovered from reso lu t ion  reac t ions  with 

amino acid acylase,  a s  reported previously ( 5 , 6 ) .  The e thyl  e s t e r  - 10 was 

prepared and transformed a s  descr ibed i n  general by Takamura e t  a l .  (17) i n t o  

t h e  a - d i a z o e s t e r  fi, b u t  using t - b u t y l n i t r i t e  i n  t h e  presence of a c e t i c  acid 

according t o  Thorse t t  ( 1 4 ) .  T h u s ,  i n  a one pot sequence, t h e  cooled 

d i a z o t i z a t i o n  mixture of - 10 (309, 0.2 mole) and t - b u t y l n i t r i t e  (249, 0.23 mole) 

i n  CHC13 (500 ml) was t r e a t e d  with a c e t i c  acid (1.8 ml) and m-chloroperoxy- 

benzoic acid (359, 0.2 mole), added i n  por t ions  a t  10°C. Vigorous nitrogen 

evolut ion pers i s ted  over one hour while a p r e c i p i t a t e  formed, and t h e  reac t ion  

temperature reached 25OC. We concentrated the mixture under reduced pressure,  

s l u r r i e d  i t  with 200 ml of pentane, and f i l t e r e d  t o  obtain a c l e a r  yellow 

s o l u t i o n  which was washed with aqueous bicarbonate ,  d r ied  (Na2S04) and 

concentrated t o  50 ml. Fract ional  d i s t i l l a t i o n  afforded t h e  ke toes te r  11 i n  60% 

y i e l d ,  bp 85-95OC (0.15 t o r r ) .  NMR (CDC13): 6 0 . 9  ( d ,  J=6 Hz, 6H), 1.3 ( t ,  J=6 

Hz, 3H), 1.7-2.3 ( m ,  lH) ,  2.7 ( d ,  5-6 Hz, 2H) and 4.3 ppm (dq ,  J=6  Hz, 

3 =2 Hz). The e s t e r  was saponif ied over 16 h r  a t  room temperature by 

s t i r r i n g  with one equivalent  of NaOH ( 2 N ) ;  and t h e  sodium s a l t  12 was recovered 

by p r e c i p i t a t i o n  with acetone according t o  t h e  l i t e r a t u r e  procedure (151, mp 

278OC with decomposition ( l i t .  28OoC dec., Sigma s tandard) .  EIMS of s i l y l  

quinoxalinol (16):275 (M', 90.81, 260 (1001, 73 ( 6 9 ) .  Analysis f o r  species  

abundance showed t h e  presence of 89.7 mol % 1 3 C .  GLC o f  s i ly lquinoxal inol  ( 1 6 ) :  

R t  36 min, same condi t ions a s  f o r  9b. 

13 

-- 

- 

3COCH 
- 

- 
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