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SUMMARY 

Synthet ic  schemes for  2!S,R)-arnino-3-[D ] (R,S)methylpentanoic  a c i d ,  
2(S,R)-amino-3-[ 13 C](R,S)methyl-[4- 13 Clpentanoic  a c i d  ( i so leuc ine)  a n d  [ 1- 

13C, 15N] (S)- leucine a r e  descr ibed .  The s ide  c h a i n  labe led  isoleucines  were 

3 

cons t ruc ted  by  f i r s t  a l k y l a t i n g  2,4,4-trirnethyl-2-oxazoline with a p p r o p r i a t e  

labe led  a l k y l  h a l i d e s  a n d  then reducing  t h e  r e s u l t a n t  oxazol ines  to  the  

a ldehydes .  Strecker  s y n t h e s i s  y ie lded  a mixture  of isoleucine a n d  alloiso- 

leuc ine  which w a s  s e p a r a t e d  v i a  the  N-acetyl d e r i v a t i v e s .  In a s e p a r a t e  

sequence,  Strecker  s y n t h e s i s  us ing  3-methylbutanal ,  [ Clcyanide  a n d  
[ 15 Nlammonium hydroxide ,  followed b y  a c i d  hydro lys is ,  g a v e  [ 1-13C,15N]leu- 

c i n e  amide. This  amide w a s  resolved by  leuc ine  aminopept idase to  produce 

[ l-13C,15N](S)-leucine. Similar  schemes were used for t h e  s y n t h e s i s  of 
[ l -  13 C] o r  [15N'](S)-leucine a n d  [ l -  13 C] or  [ 15 N](S)-va l ine .  

13 
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INTRODUCTION 

The branched-chain amino a c i d s  isoleuclne,  leucine a n d  v a l i n e  are 
e s s e n t i a l  amino a c i d s ,  a n d  t h e i r  isotomers h a v e  recent ly  been used 

ex tens ive ly  in  metabolic s tud ies (2-6) .  In t h i s  p a p e r ,  we present  o u r  

synthe t ic  effor ts  i n  producing v a r i o u s  2H, I3C a n d  I5K-labeled isotomers of 

isoleucine,  leucine a n d  v a l i n e .  Our s t r a t e g y  for cons t ruc t ing  the  s ide  

c h a i n  of isoleucine is s i m i l a r  to  t h e  v a l l n e  s y n t h e s i s  developed by k'haley 

- e t  &. ( 7 ) ,  which involves  the  double  a l k y l a t i o n  of 2,4,4-trimethyl-2-oxazo- 
l i n e  t o  produce t h e  requis i te  a ldehyde  precursor .  This  scheme i s  v e r s a t i l e  

enough to  accommodate v a r i o u s  l a b e l i n g  p a t t e r n s .  Strecker  s y n t h e s i s ( 7 )  

w a s  employed for the  construct ion of amino ac id  func t iona l i t i es  bu t  it was 

modified so  a s  to  conserve labe led  c y a n i d e  a n d  ammonia. 
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13 2,4,4-Trimethyl-2-oxazoline 1 w a s  f i r s t  a l k y l a t e d ( 8 )  with [ C Jmethyl  

iod ide  a n d  then with [ l -  Cje thyl  iodide t o  g i v e  t h e  [ C joxazol ine & i n  

90% yie ld .  I n  a p a r a l l e l  sequence ,  1 w a s  first a l k y l a t e d  with [D ]methyl 

iodide followed b y  e t h y l  iodide to  y ie ld  [D joxazol ine z. These oxazol ines  

were qua tern ized  (go%),  reduced  (80%) a n d  hydro lyzed  (66”/,(9) to  g i v e  the  

a ldehyde  - 3. 

13 13 
2 

3 
3 

The a l d e h y d e  3 w a s  t r e a t e d  s e q u e n t i a l l y  with 1.1 e q u i v a l e n t  each  of 

sodium bisu l f i te  a n d  sodium c y a n i d e  t o  g i v e  c y a n o h y d r i n  5 ( 8 5 % ) ,  which 

w a s  then  s t i r r e d  with 1.5 e q u i v a l e n t  of ammonium hydroxide  to  y ie ld  t h e  

aminoni t r i le  5 (80%). Acid hydro lys is  g a v e  a d ias te romer ic  mixture  of 

l a b e l e d  isoleucine a n d  a l lo i so leuc ine  6 (60%).  Frac t iona t ion  of t h e  mixture  

was  accomplished v i a  its N-acetyl d e r i v a t i v e  1, u s i n g  t h e  publ i shed  

p r o c e d u r e ( l 0 a )  (Scheme I )  to g i v e  isoleucine i n  50% y i e l d .  

For the  synthes is  of [ l -  13 C ] ,  [I5N] or [1-13C,15N](S)-leucine a n d  

v a l i n e ,  we reac ted  t h e  cor responding  3-methylbutanal  or 2-methylpropanal  

with 1.1 e q u i v a l e n t  eacki of sodium bisu l f i te  a n d  [13C]sodium c y a n i d e  to  

g i v e  t h e  cyanohydr in  9 (80-90%). (Scheme I I ) .  The r e s u l t a n t  c y a n o h y d r i n  

was t r e a t e d  with 1.5 e q u i v a l e n t  of [15N]ammonium hydroxide  to  g i v e  the  

aminoni t r i le  lo (80-905A) a n d  t h e  excess  ammonia (0.5 e q . )  w a s  recovered 

for recycl ing.  The aminoni t r i le  w a s  hydro lyzed  in  cold conc.  HC1 to  

produce t h e  aminoamide ( 8 0 % ) .  The amide was  then  subjec ted  to  

enzymatic resolut ion us ing  leucine aminopept idase  ( l o b  to  g i v e  I3C a n d / o r  

1 5 N  l a b e l e d  (S)- leucine o r  (S) -va l ine .  I n  o r d e r  to  i n c r e a s e  t h e  enant ion-  

e r i c  p u r i t y  of these  p r o d u c t s ,  on occasion it w a s  n e c e s s a r y  to  t r e a t  them 

f u r t h e r  with D-amino a c i d  o x i d a s e  ( 1 0 ~ ) .  Residual  (R) components, a r i s i n g  

from excessive h y d r o l y s i s  of t h e  aminoni t r i le  (lo) in to  (R,S)amino a c i d  

p r i o r  to  t h e  aminopept idase resolut ion of amide (x), could be removed 

e a s i l y  b y  t h i s  s imple,  a l b e i t  a d d i t i o n a l ,  manipula t ion .  

EXPERIMENTAL 

General: Labeled s t a r t r n g  mater ia l s  were p r e p a r e d  accord ing  to  published 

p r o c e d u r e s ( l 2 , 1 3 ) .  ‘H-NMR were recorded on a Varian EM 360A N M R  

spectrometer. GC a n a l y s e s  were performed on a 3endix-3000 g a s  chromdto- 

g r a p h .  Optical  ro ta t ions  were measured i n  a Rudolph-62 polar imeter  ( C = 5 ,  
1NF1Cl) a n d  l i t e r a t u r e  v a l u e s  were from US Pharmacopeia  X X ,  1980. 
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4,4-Dimethyl-2-( 1-[ D,]methylpropy$2-oxazoline (2b)- :  Alkylat ion w a s  c a r r i e d  

out  accord ing  t o  Whaley &.(7)  u s i n g  0.1 mole of 1, 2 ~ 0 . 1 1  mole of 

buty l i th ium,  0.11 mole of deuteromethyl  iodide (99 mol 76 D )  a n d  0.11 mole 

of e t h y l  iodide.  GC a n a l y s i s  of d i s t i l l e d  2 ( b p  155-16OoC, 90% y i e l d )  

showed 51 each  of monomethylated a n d  monoeth y la ted  oxazol ine.  'H-NMR 

0 

(CDC1,) :  8'0.9 ( t ,  1-7 Hz, 4'-CH 1, 1.28 ( 5 ,  4-CH,), 1.5 (m, 3'-Ck$),  2.35 

( t ,  J-6 Hz, Z ' - C H )  a n d  3.9 ppm ( s ,  C E 2 0 ) .  
3 

4,4-dimethyl-2-(1-[ 13 C]methyl[3- 13 C]propy&2-oxazoline (2a  1: Reagents  were 

0.2 mole of I, 2 ~ 0 . 2 2  mole c?f bu ty l l i th ium,  0.22 mole of [13C]methyl iodide 
a n d  0 .22  mole of [l- 13 Cle thyl  iodide (90 m o l  '% 13C3. 'E-NMR (CDC13): sO.9 

( q ,  J=7 HT, JCCE=7 Hz, 4'-CH ) ,  1.1 ( d d d ,  ]=5 Hz, JlY=130 Hz, JCCCHz4 H z ,  3 
13CH3), 1.3 ( s ,  4 ,4-(CH3)Z),  1 .5  (dm,  JCH=125 Hz,, 
a n d  3.9 ppm ( 5 ,  CH20). 

2-[D,]Methylbutanal a n d  2-[ C]Methyl[3- C l b u t a n a l  ( 3 ) :  The d e u t e r a t e d  

or  [13C2]oxazoline was  q u a r t e r n i z e d  with methyl  iodide (90%) a n d  then 

reduced b y  NaBP4 to oxazol id ine  (80%) ( 9 ) .  Hydrolysis  b y  aqueous  o x a l i c  

a c i d  Frac t ions  boi l ing  a t  70-95OC 

were col lected.  ' H - N M R  (CDC1 1 :  3b:  sO.9 ( t ,  ]=6 Hz, CH3), 1.4 ( m ,  CHZ) ,  

2.3 ( d t ,  J=6 a n d  2 Hz) a n d  9.6 ppm ( d ,  J=2  Hz, C H O ) .  3: bO.9 ( q ,  JC1,,=7 

Hz, JCCH=7 Hz) ,  1.1 (dm,  ],,=130 Hz, 13CH3), 1 .4  (dm,  JCH=130 Ez, 

13CH,), 2.3 (m, 2-CH) a n d  9.6 ppm ( b s ,  CEO). 

CH2), 2.3 ( m ,  2'-CH) 

13 13 

( 6 6 % ) ( 1 4 )  f u r n i s h e d  t h e  f r e e  a l d e h y d e  3. 

3 -  

2-Hydroxy-3-[D,]methylpentanonitrile a n d  2-Hydroxy--3-[ 13 C]methyl[4- 13 Clpen-  

t a n o n i t r i l e  ( 4 ) :  Cyanohydr in  formation,  u s i n g  t h e  procedure  of (71,  g a v e  5 
i n  80 to  90% yie ld .  'H-NMR (CDC1 ) :  4a:  SO.9 ( q ,  J=7  Hz, JCCH=7 Hz, CH3), 

1.1 ( d d d ,  J=6 Hz, jCH=130 Hz, JCCCH=4 Hz, 13CH3), 1.4 (dm,  Jcli=125 Hz, 

"CFI?), 1.7 (m, 3-CH), 3.6 (m, O t i )  a n d  4.3 ppm (m, 2-C;i). - 4b: $0.9 ( t ,  

J-6 l!z, CG3), 1.2-1.8 (m, CH2 a n d  3-CH), 2.8 (m, OR) a n d  4.3 ppm ( d ,  

J 

3 -  

J - 4  E z ,  2 - C H ) .  

2-A:nino-3-[ D, ]methylpentanoni t r i le  a n d  Z-Amino-3-[ 13C ]methyl [4- 13 C Ipentano-  

n i t r i l e  (5): OThis w a s  o b t a i n e d  i n  80-9076 y i e l d ( 7 ) .  'H-NMK (CDC13): &: s 
1.0  ( q ,  J-7 Rz, JcCE=7 Hz, CH3), 1 .1  ( d d d ,  ]=6 Hz, JcH130 Hz,, 13CH3), 

1 . 5  (dm, JcH:125 Hz, 13CH2), 1.4-1.8 ( m ,  3-CH a n d  N H 2 )  a n d  3.6 ppm ( m ,  

2-CH). 3: 5 0.95 ( t ,  1-7 Hz, CF3), 1.2-1.8 (m, Ch2, 3-CH a n d  N M Z )  a n d  

3.6 ppm ( m ,  2-CH). 
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2-Amino-3-[D,]methylpentanoic a c i d  a n d  2-Amin0-3-[~~C]methy1[4- 13 Clpenta-  

noic a c i d  ( i s o l e u c i n e )  ( 6 ) :  The aminoni t r i le  (4.3 g ,  40 m m o l )  w a s  

hydrolyzed b y  conc. HCl(7) a n d  t h e  solut ion was  then e v a p o r a t e d .  The 

r e s i d u e  w a s  d i sso lved  i n  about  100 m L  of water  a n d  i t s  p F  was  a d j u s t e d  

t o  5.9 with LiOH. An e q u a l  volume of e t h a n o l  was  then  a d d e d  a n d  the  

amino a c i d  w a s  i so la ted  by  f i l t r a t i o n  (2.8 g ,  65% y i e l d ) .  ' L - N M R  ( D 2 0 ) :  

- 6 a :  5 0 . 9  ( q ,  J=7 Hz, JCCH=7 Hz, CH3), 1.0 (dm,  JCK=130 Hz, 13CH3), 1.3 

( d m ,  Jc2=130 Hz, 13Ch2), 1.3 ( m ,  3-Ctl) a n d  3.7 ppm (m,  2-CH). - 6b:  80.9 
( t ,  J-6 Az, CH3), CH2), 1.9 ( m ,  3-CH) a n d  3.8 ppm (m, 2-CH) .  

Frac t iona t ion  of t h e  d ias te romer ic  mixture  w a s  c a r r i e d  out accord ing  to  

( 1 0 a )  to  g i v e  710 mg of isoleucine (50% y i e l d ) .  

d 

1.2-1.6 ( m ,  

Strecker  s y n t h e s i s  ( 7 ) :  For leuc ine  a n d  v a l i n e ,  t h e  a l d e h y d e s  10.2 mole) 

were converted f i r s t  to t h e  b isu l f i te  a d d u c t s  us ing  1.1 e q u i v a l e n t  of 

NaHSOg a n d  then 1.1 e q u i v a l e n t  of NaCN o r  Nal'Ch' (90 rnol Z 13C) w a s  

a d d e d .  S t i r r i n g  cont inued for 4 h .  The cyanohydr in  (2) was e x t r a c t e d  into 

Cki2C12 i n  80-90% yie ld .  ' t i - N M R  (CDC13): - 9b:  s (2.95 ( d ,  1-6 t!z, CH3).  

1.5-1.8 4-CH a n d  CK2),  3.5 ( m ,  O H )  a n d  4.5 ppm ( 4 ,  1-6 Hz, JCCH=5 
32, 2-Ch). 9c: s 1.1 ( d ,  J=6 Hz, CH 1 ,  2.0 ( m ,  3-CH), 3.3 ( d ,  J,,,,,=5 Hz) 

a n d  4.3 pprn ( q ,  ]=5 Hz, Jcc,=5 Hz, 2-Cti). These c y a n o h y d r i n s  were then 

s t i r r e d  with 1.5 e q u i v a l e n t s  of NE OH or  15NH40B (99 mol % I 5 N )  for 4 h 

a n d  t h e  aminohydrin i so la ted  by  CH2C12 ext rac t ion  t o  g ive  10 i n  80% 
yie ld .  The aqueous  l a y e r ,  c o n t a i n i n g  t h e  excess  15NH40F! (0.5 e q .  1 ,  w a s  

s e t  a s i d e  f o r  f u t u r e  recyc l ing .  ' H - N M R :  Most p e a k s  u n c h a n g e d ,  o c - H  became 

a mult iplet  a n d  s h i f t e d  t o  s 3 . 7 .  No "N coupl ing  could be  detected.  

Hydrolysis of t h e  aminoni t r i les  w a s  c a r r i e d  out  with conc. kiC1 a t  0-5OC 

for  24 h .  Excess HC1 w a s  removed us ing  h igh  vacuum evapora t ion  a n d  

h e a t i n g  to 4OoC. The aminoamides were neut ra l ized  with LiOt! a n d  resolved 

u s i n g  procedures  g iven  i n  ( l o b )  (60-65% y i e l d ) .  Cytosol leuc ine  aminopep- 

t i d a s e ,  Type 111-cp (porc ine  k i d n e y )  a n d  D-amino a c i d  oxidase  from Sigma 

(S)- leucine:  sO.9 ( d ,  J=5 Hz, CH3) ,  1.6-2.0 ( m ,  CH2 a n d  4-Ct.:) a n d  4.0 

2-CH). GC-MS of t h i s  m a t e r i a l  (3 )  showed t h e  ppm ( q ,  J=5 Hz, J 
presence of 92% 1- C a n d  99% l5X. ["ID = +15O, ( L i t .  +1S0).  [1-13C,15K] 

(S) -va l ine  (D20): 5 1.1 ( d d ,  J=7 Hz a n d  3 tiz, CH ) ,  2.4 (m,  3-CH) a n d  3.8 
pprn ( t ,  J=5 Hz, Jcc,,-5 Hz) ( 15 N coupl ing  w a s  not de tec tab le  i n  "N- 

( m ,  

3 - 

4 
- 

Chemical Co. were used i n  t h e  resolut ion.  'H-NMR (D20-DC1): [ l -  13 C, 15,l 

s S H = 5  H z 9  a0 

3 

v a l i n e ) .  [ = I L j  2.9 = +27O ( L i t .  i27.5O). 
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