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SYNTHESIS OF (S)-LEUCINE-'3C3 AND ITS METABOLITES 

Sun-Shine Yuan a n d  Joseph Foos 

KOR ISOTOPES 

56 Rogers St., Cambridge, MA 02142 (USA) 

SUMMARY 

A syn thes is  f o r  (S)-2-ami no-4-methy I- 

13C-pentanoic-2,5-13C2 a c i d  ((S)- leucine-13C3) i s  

described. The a l k y l  c h a i n  was const ructed b y  
13 condensing acetone-1,3- C 2  w i t h  t r i e t h y l  phos- 

phonacetate-l-13C to form 3-methyl-13C-2-butenoic- 
1,4- 13 C2 a c i d  ( b e t a - m e t h y l ~ r o t o n i c - ~ ~ C ~  a c i d )  a n d  

2 
t h i s  was reduced to  3-methyl-13C-butanal-1,4- C 

13 

(S)-leucine-13C3 was accomplished v i a  the Strecker  

syn thes is  fo l lowed b y  enzymat ic  reso lu t ion .  

13 

( isova I e r y  I a I dehyde- C 3 ) .  Conversion to 

Key words: Carbon-13, acetone, t r i e t h y l  phosphonoacetate, 

beta-methy I c roton i c  ac id ,  isova I e r i  c ac id ,  (S)- I euci ne. - 

INTRODUCT ION 

Maple s y r u p  u r i n e  disease (b ranched c h a i n  k e t o n u r i a ) ,  

i s o v a l e r i c  ac idemia a n d  beta-methy lcroton ic  a c i d u r i a  a r e  diseases 

caused b y  i n b o r n  e r r o r s  of  leuc ine ca tabo l ism ( 1 ) .  In  order  to 

o b t a i n  s t a b l e  isotope labe led  subs t ra tes  f o r  metabol ic  research in 

connection w i t h  these diseases, we h a v e  synthes ized s ide  c h a i n  13C3 

l a b e l e d  isotomers ( i s o t o p i c a l l y  d i f fe ren t  molecules, ( 2 ) )  of 

(S)- leuc ine a n d  i t s  metabal i tes i s o v a l e r i c  a c i d  a n d  

- beta-methy lcroton ic  a c i d  (c f .  Tanaka et al. ,  (2)).  The synthes is  

was des igned in order  to 

f a c i l i t a t e  a n d  s i m p l i f y  t h e i r  i d e n i i f i c a t i o n  b y  CMR spectroscopy. 

Thus, severa l  13C synthons compr is ing  the s ide  c h a i n  were 

connected b y  a convergent sequence, a n d  the racemic leuc ine 

produc t  was resolved to g i v e  the n a t u r a l  ('3) isomer. The scheme 

presented here i s  a lso v e r s a t i l e  enough to a l low f o r  the l a b e l i n g  of 

to a l t e r n a t e  the pos i t ion  of 13C-carbons 
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other  pos i t ions in the amino ac id .  

DISCUSSION 

O u r  syn the t ic  r o u t e  f o r  (S)-2-amin0-4-rnethyl-~ 3C-penta- 
noic-2,5- 13 C2 a c i d  [ ( S ) - l e ~ c i n e - ~ ~ C ~ ,  13 i s  o u t l i n e d  in F i g u r e  1. 

Accord ing ly  acetic-2-13C a c i d  was synthes ized by the method of O t t  

et g. ( 4 )  a n d  i t s  l i t h i u m  s a l t  2 was p y r o l y z e d  ( 5 )  to  g i v e  

acetone-1,3- C (3) in 85% y i e l d .  I t  shou ld  b e  noted tha t  the PMR 

spectrum of t h i s  acetone-13C e x h i b i t e d  a complex s p l i t t i n g  p a t t e r n  

(see exper imenta l  section) wh ich  becomes i n t e l l i g i b l e  a f t e r  

cons idera t ion  of  Lynden-Bel l  a n d  Sheppard 's  ( 6 )  a n a l y s i s  of 

ace t y I ene-' 3C2. T r  i e  thy  I phosp honoacet ate-1 -' 3C (90% (5)  was 

3 synthes ized from sodium acetate-l-13C as fo l lows:  treatment in PBr 

gave acety I bromide-1 -' 3C, b romina t i o n  produced bromoacet y I-1-' 3C 

bromide, a d d i t i o n  of e thanol  generated e t h y l  b r ~ m o a c e t a t e - l - ~ ~ C  (5)  
(67% o v e r a l l  y i e l d ) ,  a n d  Arbuzov condensat ion of 5 w i t h  t r i e t h y l  

phosph i te  a f fo rded 4 in  80% y i e l d .  

- 
13 

2 -  

2 

3c 

The acetone (3) a n d  t r i e t h y l  phosphonoacetate (5) were mixed 

w i t h  sodium h y d r i d e  in b o i l i n g  d imethoxyethane (7 )  to produce the 

e t h y l  ester of 6 .  Sapon i f i ca t ion  of  t h i s  ester  a f fo rded 

3-methyl-13C-butenoic-l ,4- C a c i d  ( 6 ;  - -  beta-methy lcroton ic  a c i d )  in  

75% y i e l d .  A so lu t ion  of 5 i n  methanol was hydrogenated  over  

p l a t i n u m  on charcoal  to g i v e  3-methyl-13C-butyric-1,4-13C2 a c i d  (1) 
( i s o v a l e r i c  a c i d )  in q u a n t i t a t i v e  y i e l d .  l s o v a l e r i c  a c i d  (z) was 

reduced w i t h  l i t h i u m  a luminum h y d r i d e  to g i v e  a n  in termediate 

3-methyl-13C-butanol-1 ,4- C2 (807 y i e l d )  a n d  the a lcohol  was then 

ox id ized  b y  chromium t r i o x i d e - p y r i d i n e  complex ( 8 )  to y i e l d  
3-methyl-13C-butanal-1,4- 13 C2 (8) ( i s o v a l e r y l a l d e h y d e )  in 527, 

y ie ld .  

F i n a l l y ,  racemic leuc ine was synthes ized from a ldehyde S v i a  a 

modi f ied Strecker  syn thes is  (9): a ldehyde 8 was s t i r r e d  w i t h  l iquid 

hydrogen c y a n i d e  c o n t a i n i n g  a c a t a l y t i c  amount of p y r i d i n e ;  the 

r e s u l t a n t  c y a n o h y d r i n  was aminated  b y  h e a t i n g  w i t h  l iquid ammonia 

in a s ta in less  steel vessel to produce 2-amin0-4-rnethyI-~~C-pentano- 

nitr i le-2,5- C2 (2) (80% y i e l d  o v e r a l l )  a n d  the a m i n o n i t r i l e  2 was 

in turn h y d r o l y z e d  in h y d r o c h l o r i c  a c i d  to g i v e  racemic leuc ine 

(80% y i e l d ) .  Resolut ion was accomplished b y  f i r s t  m a k i n g  the 

13 
2 

13 

13 



(S)-Leucine and its Metabolites 565 

13 

I3CO2 13CH30H 4 13CH3C02Li __* 

2 - 
0 
3 - 

I. I3 2. 3. 
CHL3C02Na 4 CH3 COBr 4 BrCHk3COBr - BrCHA3C02C2H5 

5 0 - 20  - 
4. 

( c ~ H 5 . 0 ) ~  II PCHi3C02C2H5 -t 3 - 5 

I. PBr3;  2. Br2 ; 3. C2HsOH; 4. (C2H50)3P  

6. H2/Pt  ; 7. L i A l H I  ; Cr03-  Pyridine; 8. HCN; NH3(..!) ; 

9. Conc. HCI trifluoroacetic anhydride carboxypeptidase A .  

5 .  NaH;  NOOH; 

Figure I 
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N-t r i f luoroacety l  d e r i v a t i v e  w i t h  t r i f l u o r o a c e t i c  a n h y d r i d e  in c o l d  

t r i f luoroacet ic  a c i d  a n d  then h y d r o l y z i n g  t h i s  d e r i v a t i v e  w i t h  

carboxypept idase A a t  pH 7 in  a 38OC b a t h  (10). (S)-leucine-13C3 

(1) was o b t a i n e d  in  60% y i e l d  a l o n g  w i t h  (R)-N- t r i f luoroacety l  

leuc ine in SOw> y ie ld .  

EXPERIMENTAL 

M a t e r i a l s  a n d  Methods: Methanol- C (90% 13C) a n d  acetic-1-13C 

a c i d  o r  2- 

a l .  (4). PMR a n d  CMR spect ra were recorded w i t h  a V a r i a n  EM 360A 

a n d  a Brucker  HFX-100 NMR spectrometer. Mass spect ra were 

recorded w i t h  a V a r i a n  MAT-44 mass spectrometer. The ident i t ies ,  

p u r i t i e s  a n d  y i e l d s  of severa l  in termediates were checked u s i n g  a 

Bendix-3000 gas chroma tograph.  

Acetone-1 3-13C ( 3 ) :  Aqueous l i t h i u m  h y d r o x i d e  so lu t ion  ( 1  eq. )  was -A -2- 
added to acetic-2-13C a c i d  a n d  the produc t  was evapora ted  to 

13 

13 C (9OY 1 3 C )  were prepared b y  the methods of D.G. Ott 

- 

dryness.  Powdered l i t h i u m  acetate-2-IJC was p y r o l y z e d  in a P y r e x  

glass boat  i n s i d e  a Vycor tube a t  4OO0C a n d  a slow n i t r o g e n  f low 

c a r r i e d  the produc t  acetone-1,3-13C to a D r y  Ice acetone t rap .  The 

average y i e l d  of severa l  r u n s  was 85%. PMR (CDCI3):6 1.0 ( r e l a t i v e  

i n t e g r a t i o n  = 14), 1 . 1  ( 7 0 ) ,  1.2 (15) ,  2.1 (24) ,  3.1 (16), 3.2 (70)  

a n d  3.3 ppm (13) .  

E t h y l  b r ~ m o a c e t a t e - l - ~ ~ C  - -  ( 5 ) :  Aqueous sodium h y d r o x i d e  so lu t ion  (1  

eq.) was added to acetic-l-13C a c i d  a n d  the so lu t ion  was 

evaporated to dryness.  Under a n i t r o g e n  atmosphere, sodium 

acetate-l-13C (70 9 )  was t rea ted  w i t h  150 ml o f  phosphorus 

t r ib romide w i t h  v igorous  s t i r r i n g ,  a n d  the ace ty l  b romide formed 

was d i s t i l l e d .  Bromine (60 m l )  was added to the ace ty l  b romide a n d  

thp m i x t u r e  was heated a t  r e f l u x  f o r  3 hr. The excess bromine a n d  

hydrogen bromide were removed i n  vacuo, a n d  the c r u d e  

bromoacetyl bromide was c h i l l e d  to Oo C.  Gradual  admix tu re  w i t h  35 

n i l  of ethanol fo l lowed b y  evapora t ion  of excess a lcohol  a n d  HBr 

gave 63 g (677, o v e r a l l  y i e l d )  of 2. PMR (C0Cl3) :  6 1.3 (3H, t, 

CH3CHZO), 3.8 (2H, d, JCCH=5 Hz, B r  C H 2 )  a n d  4.2  ppm (2H, d of 

2 

13 

4, JCOCH=3 Hz, CH CH 0) .  

l r i e t h y i  p h o s p h ~ n o a c e t a t e - l - ~ ~ C  - -  ( 4 ) :  In a three-neck f l a s k  
3 -2 

equipped w i t h  a d r o p p i n g  funnel  a n d  a condenser, e t h y l  
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brornoacetate-l-13C (30 g, 0.18 mo l )  was added dropwise i n t o  45 m l  

(0.22 mol)  of t r i e t h y l  phosphi te .  The m i x t u r e  was heated a t  r e f l u x  

for 9 hr (pot  170OC). D i s t i l l a t i o n  g a v e  32 g (88% y i e l d )  of p roduc t  

- 5, b p  105°C/0.5 Tor r .  PMR (CDC13): 6 1.3 (3H, t, Cti3CH202C), 1.4 

(6H, t, Cti3CH20P), 2.9 (2H, dd, JpCH=22 Hz, JCCH=7 Hz, DC~I~'~CO,) 

a n d  3.9-4.4 ppm ( 6  H, m, CH Ck120). 

-- 3-MethyI-13C-2-butenoic-Q-1'~2 -- a c i d  (6 ) :  Under  n i t rogen,  t r i e t h y l  

p h ~ s p h o n a t e - l - ' ~ C  (61 g, 0.25 mol)  in 50 ml  of d r y  dimethoxyethane 

(DME) was added to a f l a s k  c o n t a i n i n q  6.2 g (0.26 mol)  of sodium 

h y d r i d e  a n d  s t i r r e d  overn igh t .  Acetone-1,3- C 2  ( 1 5  9, 0.25 mole) 

in 50 ml of DME was added a n d  the m i x t u r e  was heated a t  r e f l u x  f o r  

12 hr. Af te r  cool ing,  100 rnl of s a t u r a t e d  sodium c h l o r i d e  so lu t ion  

was added a n d  the produc t  was e x t r a c t e d  i n t o  ether. A f te r  d r y i n g  

(Na2S04) a n d  the removal of ether, the c rude ester was heated w i t h  

52 g of  sodium h y d r o x i d e  in 400 ml  of water  fo r  6 hr. The so lut ion 

was c h i l l e d ,  a c i d i f i e d  w i t h  conc. HCI a n d  ex t rac ted  i n t o  ether. 

Af ter  d r y i n g  (Na2S04) a n d  evaporat ion,  24 g of a c i d  2 was obta ined 

(78% y i e l d ) .  PMR (CDCI3):61.9 (3H, d of d, JcH=126 Hz w i t h  4 a n d  

1 Hz s p l i t t i n g s ,  ' 3 C 1 3 ) ,  2.1 (3H, d of d, JcH=126 Hz w i t h  4 a n d  1 Hz 

s p l i t t i n g s ,  l3CE3), 5.7 (1  H, m, CH=) - a n d  8.9 ppm ( lH ,  broad,  

13 

.-. 
'JC02t-J. 

3-Methyl-13C-butyric-1 4-13C -- --A a c i d ( 7 ) :  A so lu t ion  of a c i d  5 (24 g )  -2 
in 200 ml  of methanol c o n t a i n i n g  4 g of 5% p l a t i n u m  on charcoal  was 

hydrogenated  f o r  4 hr u n d e r  1 a tm of hydrogen a t  room temperature. 

A f te r  f i l t r a t i o n  a n d  evaporat ion,  24 g of a c i d  1 was obta ined (99% 

y i e l d ) .  PMR (CDC13): 6 1.0 (6H, m, J CH3I2CH), 2.1 to 

2.7 (3H, m, CECkt2CO2H, over laps  withCY3CH3) a n d  9.6 ppm ( l H ,  d of 

13 =132 Hz, ( 

... 
t ,  JCOH=168 Hz, JHCOOH=2 Hz, I J  C02H). 

13 3-Methyl- C-butanal-1,4-13C -- -2- (8 ) :  A so lu t ion  of a c i d  2 (24 9, 0.23 

mo l )  in  100 ml  of e ther  was added to a suspension of 13 g (0.35 

mo l )  of l i t h i u m  a luminum h y d r i d e  in 400 m l  of e ther  under  n i t rogen.  

The m i x t u r e  was heated to r e f l u x  f o r  2 hr a n d  then the excess 

h y d r i d e  was dest royed by  dropwise a d d i t i o n  of a n  equ iva len t  

amount of 8 N NaOH. The s o l i d  was f i l t e r e d  a n d  washed w i t h  ether. 

The ether  so lu t ion  was d r i e d  (Na2S04) a n d  evaporated.  The res idue 

was d i s t i l l e d  to g i v e  18 g (88% y i e l d )  of 
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3-methyl- 13 C-butanol- l ,4-13C ( b p  130OC). PMR (CCI4 ) :6  1.1 (6H, 

m, JcH=124 Hz, l3CH3), 1.6 (3H, m, (CH ) CHCH o v e r l a p s  w i t h  3 2 - -  
'3CH3), 3.7 (2H, d of t, JcH=140 Hz, JHCCH=6 Hz "CE20H) and 3.7 

ppm (1H, s ,  OH) .  

2 

The a lcohol  t hus  o b t a i n e d  was added  to  34 g of C r 0 3 - p y r i d i n e  

complex in  150 m l  of e the r  a n d  s t i r r e d  fo r  1 hr. E the r  (150 m l )  was 

added a n d  the superna tan t  was removed. The gummy res idue  was 

washed w i t h  more e the r  a n d  the combined e the r  so lu t i ons  were 

f i l t e r e d  th rough  a p a d  of F l o r i s i l .  A f t e r  d r y i n q  over  Na2S04-K2C03, 

the so lu t i on  was d i s t i l l e d  u s i n q  a 15 cm V i g r e u x  column. The 

f r a c t i o n  d i s t i l l i n q  a t  78-98OC was co l lected.  I t  con ta ined  4.5 q (52% 

y i e l d )  of p redominan t l y  a ldehyde  8 w i t h  some ether .  PMR (CCI4): 

6 1.1 (6H, m, JcH=128 Hz, 13CH3), 2.1-2.5 (3H, m, CHC!i2, o v e r l a p s  

w i t h  13CH3) a n d  9.7 ppm ( l H ,  d of t ,  JcH=168 Hz, JHCCH=2 

Hz, l3CHO). 

2-Amino-4-rnethy 1 - l  3C-pen tanon i t r  i 1e-Q-l 3C ( 9 )  : The c r u d e  

a ldehyde  8 ( 9  9, 0.1 mole) was added  to l i q u i d  HCN (genera ted  b y  

a d d i n g  29 g of KCN to d i l .  s u l f u r i c  a c i d )  f o l l owed  b y  one d rop  of 

p y r i d i n e  c a t a l y s t .  A f te r  s t i r r i n g  f o r  2 hr, the fo rma t ion  of 

c y a n o h y d r i n  was complete. PMR ( n e a t ) : &  1.0 (611, rn, JcH=125 

Hz Ck13), 1.8 (3H, m, CHCH2), 4.5 ( l H ,  t,  JcH=150 tiz, JHCCH=7 Hz, 

13CHOH) - a n d  4.3 ppm ( l H ,  s, OH). T h i s  was added to 50 m l  of 

l i q u i d  ammonia in  a s ta in less  steel vessel. The vessel was sealed 

a n d  heated a t  l lO°C f o r  30 min  to a n  i n t e r n a l  p ressu re  of 500-600 

p s i .  Upon cool ing,  excess ammonia was evapora ted  a n d  a n  o i l y  

a m i n o n i t r i l e  9 was o b t a i n e d  (8.6 g ,  80'7, y i e l d ) .  PMR ( n e a t ) : &  1.0 

(6H, m, JcH=122 Hz, l3CH ) ,  1.7 (3H, m, C H C l i 2 ) ,  3.8 ( l H ,  d of t,  

JcH=143 Hz, JHCCH=7 Hz, 

---- ( S ) - - L e u ~ i n e - 2 , 5 , 4 - r n e t h y l - ~ ~ C ~  ( 1 ) :  The a m i n o n i t r i l e  2 was d i sso l ved  

in 100 ml of 207, h y d r o c h l o r i c  a c i d  a n d  heated a t  r e f l u x  f o r  5 hr. 

The so lu t i on  was evapora ted  to d ryness  a n d  the r e s i d u e  was 

d i sso l ved  in  50 ml of water .  Sodium h y d r o x i d e  so lu t i on  (5 N) was 

added to t h i s  so lu t i on  u n t i l  i t  r eached  pH 4. The racemic leuc ine 

p r e c i p i t a t e d  a n d  was co l l ec ted  b y  f i l t r a t i o n  to y i e l d  8.6 g of 

p roduc t  (80% y i e l d ) .  

---- 

13 

- 

1-2 
CHNH2) a n d  4.3 ppm (2H, b road ,  NH2). 

The reso lu t i on  was per formed a c c o r d i n g  to T u r k  2 2. ( 1 0 ) :  3 
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g (60%) of (S)- leuc ine L, [a]250 = 14.1' ( ~ 0 . 6  in 6 N HCI) vs 

a u t h e n t i c  sample f rom Sigma +14.3O, plus 5 9 (81% Of 

(R ) -N- t r i  f luoroacety  I leuc i  ne (N-TFA-I euci ne )  were obta ined.  PMR of 

- 1 (D20, DC1):6 1.1 (6H, m, JcH=125 Hz, 13CH 1, 1.9 (3H, m, 

CHClj2), - 4.2 ( l H ,  d of t, JcH=148 Hz, J~~~~ =6 Hzr313CXNH2) a n d  5.4 

pprn (3H, s, NH2 a n d  C02H). CMR of 1 (D20, DCI): 22.3 (d ,  

Jccc=15 Hz, - CH3). 22.4 (d, Jccc=15 HZ, CH3) and 52.7 ppm (5, 

- CHNH2) f rom TMS. Mass spect rum of (R)-N-TFA 

C02H), 141 ( l o s s  of C02H a n d  (CH3)2CH) a n d  

N-TFA). 
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