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SYNTHESIS OF (3RS)-[2 ,3P , i2  (N)]-B-LEUCINE 

0. John Aberhart* and Horng-Jau L i n  
The Worcester Foundation f o r  Experimental B io logy 
Shrewsbury, Massachusetts 01545 

SUMMARY 

3 (3RS)-[2,3- H2(N)]-&Leucine, a subs t ra te  f o r  assay o f  l e u c i n e  2,3-amino- 
mutase, has been synthesized. Ethy l  (Z)-3-acetamid0-4-methyl pent-2- 
enoate was reduced wi th  H2 gas over  Pd(C) t o  (3RS)-[2,3- H 2 ( N ) I - ~ -  

l e u c i n e  e t h y l  ester ,  which was hydrolyzed w i t h  HC1-H20 t o  (3RS)-[2,3- 

3H (N ) ] -p leuc ine .  
p repara t i ve  HPLC. Analys is  o f  t h e  crude product by H NMR, and o f  t h e  
p u r i f i e d  product by e q u i l i b r a t i o n  ana lys i s  i n d i c a t e d  a t r i t i u m  d i s t r i b u t i o n  
o f  ca 10% a t  C-3 and 30% a t  C-2. 

3 3 

The crude product was p u r i f i e d ,  on a small sca le by 
3 2 
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INTRODUCTION 

Recent work by Poston (1-6) has es tab l i shed  t h e  ex is tence o f  t h e  coenzyme- 

B,2-dependent enzyme l e u c i n e  2,3-aminomutase i n  a wide v a r i e t y  o f  organisms. 

Although t h e  h ighes t  a c t i v i t y  was found i n  C l o s t r i d i a  grown on a l e u c i n e - r i c h  

medium ( l ) ,  t h e  enzyme was a l s o  detected i n  p l a n t s  (2,3), a yeast  ( 4 ) ,  and i n  

animals, i n c l u d i n g  humans (1,5,6). 

aminomutase may be i nvo l ved  i n  a pathway o f  l e u c i n e  b iosyn thes i s  i n  humans (6 ) .  

Poston has postu la ted t h a t  l e u c i n e  2,3- 

I n  Poston's work, t h e  a c t i v i t y  o f  l e u c i n e  2,3-aminomutase was assayed by 

measurement o f  t h e  r a t e  o f  product ion o f  a - l euc ine  upon incuba t ion  of e x t r a c t s  

*Address i n q u i r i e s  t o  t h i s  author. 
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of the t e s t e d  organism with DL-@-leucine+. 

i t y  of the enzyme assay could be enhanced by the use of rad ioac t ive ly  labeled B- 

leucine i n  place of unlabeled 6-leucine. 

[2,3- H 2 (  N)]-8-leucine. 

I t  seemed l i k e l y  t h a t  the s e n s i t i v -  

We now r e p o r t  the synthes is  of (3RS)- 
3 

DISCUSSION 

Ethyl (Z)-3-amino-4-methyl pent-2-enoate, (la) ,(8) was acetyl  a ted ( 9 )  t o  

give the  Pi-acetyl d e r i v a t i v e  (lb). 
3 gave (3RS)-[2,3- H2(N)]-N-acetyl-6-leucine ethyl  e s t e r ,  (3). 

gram of t h e  product showed the presence of  t r i t i a t e d  (&) (12%) a s  well a s  an 

unident i f ied  polar impurity (4%).  

obtained chromatographically pure by column chromatography (performed on only a 

few pCi of (a) d i l u t e d  with c a r r i e r ) .  However, f o r  preparat ive purposesS, t h e  

crude H 2  reduction product was d i r e c t l y  hydrolyzed ( a f t e r  addi t ion  of a l i t t l e  

(a) a s  c a r r i e r )  by vigorous t reatment  w i t h  HC1/H20 t o  y i e l d  (3RS)-[2,3- 

3H2(N)]-6-leucine, (a), i n  moderate y i e l d .  Radiochromatograms of the crude 

product showed a minor fas ter-running impurity (9%), and an immobile impurity 

Reduction of (lb) with 'H2 gas over Pd/C 

A radiochranato- 

The des i red  product (2) could be r e a d i l y  

3 

AcNH 

6-Pr 
I CO, E t 

H 

CO, E t I 

H 

l a R = H  2 a  R =  H 3 a  R = H  
b R = A c  b R = 3 H  b R=3H 

3 ( 3 % ) .  

of t h e  t r i t i u m  (69%)  was located a t  C-3$, with e s s e n t i a l l y  a l l  of t h e  remainder 

A H NMR spectrum, taken on the  crude product, showed t h a t  the majori ty  

'The absolute  conf igura t ions  of t h e  s u b s t r a t e s ,  a- and 6- leucine,  have not been 
determined. However Overton g 3. ( 7 )  have reported t h a t ,  i n  t i s s u e  c u l t u r e s  
o f  Andrographis paniculata ,  (ZS)-a-leucine and (3R)-B-leucine were intercon-  
verted by a leuc ine  2,3-aminomutase which apparent ly  was not s t imulated by 
coenzyme-B 

STr i t ia ted  (@) would be hydrolyzed t o  t r i t i a t e d  i sobutyr ic  acid and/or a c e t i c  
a c i d ,  which would be removed in  the p u r i f i c a t i o n  of 6-leucine. Therefore i t  was 
unnecessary t o  remove any t r i t i a t e d  (lb) p r i o r  t o  hydrolysis. 

jOur i n i t i a l  ob jec t ive ,  not achieved in  t h i s  work, was t o  prepare p l e u c i n e  
f r e e  of t r i t i u m  a t  C-2, i n  order  t o  avoid poss ib le  isotope e f f e c t s  i n  the 
aminomutase reac t ion  which probably ( b u t  not necessar i ly)  proceeds with 
t r a n s f e r  of one C-2 hydrogen of B-leucine t o  C-3 of a- leucine ( c f .  r e f .  10) .  
I t  was f o r  t h i s  reason t h a t  the  hydrolysis  of (2) was c a r r i e d  out under 
vigorous condi t ions.  
ta ined under milder condi t ions.  

1 2 '  

A h igher  y i e l d  of (&) could probably have been ob- 
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Figure 1. 

(31%) a t  C-2. However, small  amounts o f  t r i t i u m  (5-10%) i n  o the r  l o c a t i o n s  

could have been missed i n  the  r a t h e r  no i sy  spectrum, and thus the  product 

l a b e l i n g  i s  designated as [2,3- H(N)]. 

obta ined by separat ion o f  t h e  crude (3b) by HPLC, F ig.  l a ,  us ing a method 

r e c e n t l y  repor ted by Schuster (11) f o r  the separat ion o f  a wide v a r i e t y  o f  a- 

amino ac ids on an NH2 column w i t h  d i r e c t  d e t e c t i o n  by UY near 200 rm wi thou t  

d e r i v a t i z a t i o n .  P a r e n t h e t i c a l l y ,  i t  should be mentioned t h a t  t h i s  method a lso 

prov ides an e x c e l l e n t  separat ion o f  a- and B-leucine, Fig. l b .  

c o l l e c t e d  i n  t h i s  way showed no t races  o f  r a d i o a c t i v e  i m p u r i t i e s  on radiochroma- 

tograms i n  two so lvent  systems. 

the  H NMR spectrum, a sample o f  t h e  HPLC-purif ied (3) (mixed w i t h  c a r r i e r ) ,  

upon t reatment  w i t h  r e f l u x i n g  conc HCl ,  l o s t  a t o t a l  o f  30% o f  t h e  t r i t i u m  i n  

48 h (no f u r t h e r  l o s s  occurred a f t e r  an a d d i t i o n a l  24 h r e f l u x ) .  

HPLC c h r m a t o g r F s  ( cond i t i ons ,  see experimental sect ion) .  
A: (3RS)-[2,3- H2(N)1-~- leuc ine.  B: Unlabeled a + 8-leucine. 

3 The pure product, (a), was then 

The B- leuc ine 

I n  e x c e l l e n t  agreement w i t h  expectat ions from 
3 
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A f t e r  9 months storage a t  -15OC i n  the  so lvent  used f o r  HPLC p u r i f i c a t i o n  

(i.e., t h e  c o l l e c t e d  s o l u t i o n ) ,  t h e  p u r i f i e d  (g) showed l e s s  than 5% radio-  

a c t i v e  i m p u r i t i e s  on radiochranatograms. 

i n  benzene, and t h e  crude (3b), s t o r e d a t  -15OC i n  methanol p l u s  a t r a c e  o f  HC1, 

d i d  no t  show any apparent increase i n  t h e i r  content  o f  r a d i o a c t i v e  impur i t i es .  

Also the  crude (&), s to red  a t  -15OC 

EXPE R I M E  NTAL 

General. 'H  NMR spect ra were taken a t  60 MHz on a Varian EM-360 spectrom- 

3H NMR spect ra were taken a t  95.9 MHz on a Bruker SXP 22/100 instrument. e te r .  

L i q u i d  s c i n t i l l a t i o n  count ing was performed on a Nuclear Chicago Mark 111 

instrument. 

Act igraph 111 instrument. High pressure 1 i q u i d  chromatography (HPLC) was per- 

formed on a Waters inst rument  equipped w i t h  an M-35 pump, a U6K i n j e c t o r  and a 

model 450 v a r i a b l e  wavelength de tec to r .  

c a r r i e d  out by New England Nuclear Co. 

Gal b r a i t h  Laborator ies,  Knoxv i l  l e y  Tenn. 

Ethy l  (Z)-3-acetamido-4-methyl pent-2-enoate, (lb). Ethy l  (Z)-3-amino-4- 

methylpent-2-enoate, (la) (8)  (0.879, 5.6 mMol) was r e f l u x e d  w i t h  a c e t i c  an- 

hydr ide f o r  16 h. The s o l u t i o n  was evaporated under reduced pressure t o  g i ve  an 

o i l  which was chranatographed on a column o f  s i l i c a  gel (25 9). E l u t i o n  w i t h  5% 

EtOAc-hexane y i e l d e d  (E) as an o i l ,  0.41 g, bp 63-65' (0.1 mm) (kugel rbhr  d i s t i l -  

l a t i o n ) ;  nmr (CDC13)6 1.10 (6H, d, J = 6 Hz), 1.27 (3H, t, J = 6 Hz), 2.13 (3H, 

s ) ,  3.85 ( lH, m), 4.12 (ZH, qu, J = 6 Hz), 5.04 ( lH, s ) .  

Radiochromatogram scanning was performed w i t h  a Nuclear Chicago 

The synthes is  o f  (Zb) and (3b) were 

Combustion analyses were performed by 

Anal. Calcd f o r  C10H17N03: C, 60.28; H, 8.60. Found: C, 60.07; H, 8.70. 

(3RS)-B-Leucine N-acetyl e thy l  es te r ,  (&). A s o l u t i o n  o f  (3RS)-B-leucine ( l ) ,  

(3a) (2.0 g) i n  absolute E tOH (50 ml)  was saturated w i t h  d r y  HC1. 

was r e f l u x e d  f o r  3 h, t h e n  cooled and evaporated under reduced pressure. The 

r e s u l t a n t  o i l  was t r e a t e d  w i t h  a m i x t u r e  o f  a c e t i c  anhydride (0.52 g), CH2C12 

(5 m l ) ,  and p y r i d i n e  (0.81 g) a t  25OC f o r  5 h .  

CH2C12 and washed w i t h  H20 and d i l  HC1 , d r i e d  (Na2S04), evaporated t o  a viscous 

o i l ,  0.6 g, d i s t i l l e d  i n  a kugel r t lhr  apparatus, bp 80-100°C (0.1 m m ) ;  nmr (CDC13) 

6 0.95 (6H, d, J = 6 Hz), 1.28 (3H, t, J = 3 Hz), 1.90 ( lH,  m), 2.01 (3H, s ) ,  

2.50 2H, d, J = 6 Hz), 

The m ix tu re  

The m ix tu re  was d i l u t e d  w i t h  

4.14 (ZH, qu, J = 6 Hz) , 4.14 ( lH, b r  s ,  W1,2 = 20 Hz), 
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6.78 ( l H ,  b r  d, J = 9 Hz). 

Anal. Calcd f o r  C10H19N03: C, 59.68; H, 9.52. Found: C, 59.48; H, 9.59. 

(3RS)-C2,3- H,(N)]-~-leucine e t h y l  ester ,  (3). Ethy l  (Z)-3-acetamido-4-methyl- 

pent-2-enoate (&) (100 mg) i n  d r y  benzene ( 5  m l )  con ta in ing  5% Pd (C) (20 mg) 

was s t i r r e d  a t  room temperature w i t h  H2 gas (25 C i )  f o r  48 h. L a b i l e  t r i t i u m  

was renoved i n  vacuo us ing methanol as solvent. 

c a t a l y s t ,  t h e  s o l u t i o n  was again evaporated i n  vacuo, and t h e  product (3.4 C i ) ,  

d isso lved i n  benzene ( 5  ml). 

( so l ven t :  

showed t r i t i u m  corresponding t o  (b), 842, as w e l l  as t r i t i a t e d  (lb), 12%, and 

an u n i d e n t i f i e d  immobile i m p u r i t y  (4%). 

3 

3 

A f t e r  f i l t r a t i o n  from t h e  

Radiochromatograms run on s i l i c a  gel GF p l a t e s  

25% EtOAc-hexane; a f t e r  scanning, p l a t e  rerun w i t h  55% EtOAc-hexane) 

A small  p o r t i o n  o f  t he  product (ca 10 uCi) was mixed w i t h  20 mg c a r r i e r ,  

(a), and chromatographed on a 1 x 5 cm column o f  s i l i c a  gel (100-200 mesh). 

E l u t i o n  w i t h  e t h e r  gave t h e  t r i t i a t e d  (lb), whereas e l u t i o n  w i t h  e t h y l  acetate 

gave radiochromatographical l y  pure (2b). 

p u r i f i e d  i n  t h i s  manner, b u t  was used d i r e c t l y  i n  the  next step. 

(3RS)-[2,3- H,(N)]-pLeucine, (a). The above product, (a) (2.8 C i )  , a f t e r  

a d d i t i o n  o f  unlabeled c a r r i e r  (a) (50 mg) and evaporation o f  t he  benzene i n  

vacuo, was t r e a t e d  w i t h  conc HC1 ( 5  m l )  a t  r e f l u x  f o r  24 h. The HC1 and H20 

were evaporated i n  vacuo, and t h e  res idue d i sso l ved  i n  H20 and added t o  a 1 x 10 

cm column o f  Dowex 50 W-X8, 50-100 mesh, H+ form. A f t e r  e l u t i o n  w i t h  H20 t o  

n e u t r a l i t y ,  t h e  column was e l u t e d  w i t h  2 1  NH40H, t o  y i e l d ,  a f t e r  evaporat ion i n  

vacuo, t h e  crude product (3b) (0.24 C i ) .  

con ta in ing  a drop of conc HCl  f o r  storage. Radiochromatograms run on ce1 l u l  ose 

p l  a tes  i n  two sol ven t  systems ( (a) n-BuOH/HOAc/H20 = 60/15/25) ; ( (b) Col 1 i d i  n e l  

H20 = 70/30) showed r a d i o a c t i v e  (3b) 88%, accompanied by f a s t e r  running impuri- 

t i e s ,  9%, and an immobile r a d i o a c t i v e  impur i ty .  A 3H NMR spectrum showed peaks 

a t  6 2.4 - 2.6 (C-23H, 31%) and 3.30 (C-33H, 69%). The H NMR spectrum was 

recorded on a ca. 20 mCi  sample d i sso l ved  i n  0.2 m l  CD30D con ta in ing  a t r a c e  of 

DC1 p lus  10% TMS, contained i n  a 3.3 mn OD sealed i n n e r  tube o f  a 5 mn coaxia l  

tube (Wilmad Glass Co.), as descr ibed by Bloxs idge e t  a l .  (12). Spect ra l  par- 

ameter: pu lse width, 3.15 psec; r e p  r a t e ,  6 sec; 11,045 scans were co l l ec ted ) .  

However, t h e  und i l u ted  (2b) was n o t  

3 
L 

Th is  was d i sso l ved  i n  MeOH (25 m l )  

3 
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A portion of the  product (ca 2 m C i ,  0.2 ml) was mixed w i t h  200 ug unlabeled 

8-leucine (&), and separated by HPLC, four 50 p1 injections,  on a Waters p 

Bondapak N H 2  column, using 10% 0.01 

solvent pumped a t  2 ml/min, detector s e t  a t  200 nm, 0.4 AUFS. The peak corres- 

ponding t o  8-leucine was collected (Fig. l a )  (ca 1.0 mCi to ta l  , spec i f ic  activ- 

i t y  450 mCi/mMol) and stored as collected,  without evaporation, a t  -15'. 

radiochrmatogram of the  collected product showed only (s). 

KH2P04/90% CH3CN : H20 (100 : 16) a s  

A 

A portion of the collected product ( 2  VCi) was mixed with 500 mg unlabeled 

8-leucine (a) and crys ta l l ized  fran EtOH/acetone (3985 cpm/mg). 

product was then refluxed w i t h  conc HCI (25 ml) f o r  24 h. One-half of t he  

solution was evaporated in vacuo, and the residue dissolved i n  a l i t t l e  H20. 

The solution was passed through a 1 x I0 cm column of Dowex 50 W-X8, 50-100 

mesh, H t  form, and eluted with H20 t o  neut ra l i ty  followed by 21 NH40H. 

evaporation i n  vacuo, the  residue was c rys ta l l ized  from EtOH-acetone and the 

specific ac t iv i ty  of the 6-leucine determined (3480 cpm/mg, 15% loss  of H 

observed). After 24 h additional refluxing, t he  remainder of the HC1 solution 

was similarly processed (spec i f ic  ac t iv i ty  of c rys ta l l ized  8-leucine, 2923 

cpm/mg, 15% t r i t ium los s  observed). 

refluxed for  24 h with 10 ml conc H C 1 ,  followed by re i so la t ion  of the 6-leucine 

( n o  additional change in specific ac t iv i ty  observed (3090 cpm/mg)). 

The crystal1 ine 

After 

3 

The crys ta l s  f r m  48 h refluxing were again 
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