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ABSTRACT 

Both 2S,3R-[2,3-2H2]-serine 5 and 2S,3S-[3-2H]-serine 6 
have been pre ared from (E)-methyl-[2,3-2H2]-acrylate and 
(Z)-ethyl-[3-qH]-acrylate, respectively. The acrylate esters 
were converted to a mixture of isomeric bromohydrins by 
treatment with N-bromoacetamide. The ratio of 2-bromo-3-hydroxy 
species to the 2-hydroxy-3-bromo isomer was approximately 3:l. 
Conversion to the corresponding azido alcohols by treatment 
with NaN3 followed by catalytic reduction over Pd gave the 
alkyl esters of serine and isoserine. Purification and 
hydrolysis yielded serine in typically 20-25W yield from 
methyl or ethyl acrylate. 
enzymatically by hog kidney acylase I treatment of  the N-acetyl 
derivative. 
and the ratio of proton intensity in the diastereotopic 
positions at C-3 were measured to be HS/HR = 11 for 2 and 
HR/HS = 4.4 for 5. 

Resolution was accomplished 

Absolute configuration was determined by IH NMR 

Key words: 3R and 3s [3-2H]-serines. 
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INTRODUCTION 

Isotopically labelled amino acids of high stereochemical purity are ex- 

tremely useful in the study of biological systems, especially in the elucidation 

of enzymatic mechanisms. 

chemical and enantiomeric yield both 3R-[2,3-2H2]-serine 5 and 3S-[3-2H]-serine 

- 6, an amino acid important in one-carbon metabolism (1). 

and [3-3H] (3)-serine have been reported previously, but the procedures leading 

to these compounds all suffer from limitations. The tritiated material was 

We report here a scheme for synthesizing in high 

Both [3-2H](2a,b) 
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3 prepared enzymat i ca l ly  from e i t h e r  D-[1- HI-glucose o r  D-[l-3H]-mannose through 

3-phosphoglycerate,  an i n t e r m e d i a t e  i n  t h e  g l y c o l y t i c  pathway and al though t h e  

procedure r e s u l t e d  i n  a product  of h igh  s t e reochemica l  p u r i t y ,  i t  i s  no t  amenable 

t o  a l a r g e  s c a l e  up. The s y n t h e s i s  of t h e  d e u t e r a t e d  s e r i n e  made use of 1S- 

[l-2H]-2-phenyl-ethanol as s t a r t i n g  m a t e r i a l  and y i e l d e d  s e r i n e  i n  7 s t e p s  wi th  

no apparent  l o s s  of i n t e g r i t y  a t  t h e  i n i t i a l  c h i r a l  c e n t e r .  However, t h e  

s y n t h e s i s  of t h e  s t a r t i n g  a l c o h o l  involved mic rob io log ica l  conversion of 

tyramine t o  1s- [1-'HI-tyrasol, followed by r educ t ion  of t h e  pheno l i c  hydroxyl 

through a t e t r a z o l e  in t e rmed ia t e  (5), t h u s  complicat ing t h e  s y n t h e s i s  con- 

s i d e r a b l y .  More r e c e n t l y  Cheung and Walsh ( 6 )  r epor t ed  t h e  chemical s y n t h e s i s  

of only t h e  3R isomer of both [3-3H] and [3-2H] s e r i n e .  This  procedure r e -  

s u l t e d  i n  high o v e r a l l  chemical y i e l d ,  b u t  a somewhat poore r  s t e reochemica l  

p u r i t y  (60% enant iomeric  excess  a t  C-3). Furthermore,  t h e  second s t e p  i n  t h e  

s y n t h e t i c  scheme proceded i n  ve ry  low y i e l d ,  and a l though  t h i s  can be over- 

come f o r  t r i t i a t e d  m a t e r i a l  by i n c o r p o r a t i n g  a very high s p e c i f i c  a c t i v i t y ,  

i t s e v e r e l y  l i m i t s  t h e  f a c i l i t y  i n  producing d e u t e r a t e d  s e r i n e .  

RESULTS AND DISCUSSION 

W e  p r e s e n t  a s y n t h e s i s  of [ 3-'H]-serine s t a r t i n g  wi th  deuter ium l a b e l e d  

a c r y l a t e  e s t e r s  prepared by t h e  method of H i l l  and Newkome (7)  (Scheme I) .  This  

procedure gene ra t e s  [ 'HI-acrylate e s t e r s  r e g i o s e l e c t i v e l y  by f i r s t  condensing 

t h e  corresponding p r o p i o l a t e  e s t e r  w i th  an th racene  i n  a D i e l s  Alder  f a s h i o n ,  

and then hydrogenat ing t h e  adduct  c a t a l y t i c a l l y  over  Pd. P y r o l y s i s  a t  300" 

y i e l d s  t h e  f r e e  a c r y l a t e  from a r e t ro -Die l s  Alder r e a c t i o n .  The n e t  r e s u l t  

i s  a c i s  hydrogenation of an alkyne t o  an  a lkene ,  w i thou t  t h e  problems of 

t r a n s  hydrogenat ion o r  over  r educ t ion  t o  t h e  a lkane .  Using t h i s  method, bo th  
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Scheme Ia 
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b R1 = CH2CH3, Rp = R3 = 'H, Rg = 'H 
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a For species 2,3 and 4 ,  only one enantiomer of a racemic mixture is shown. 
The 2-hydroxy regio isomers of 2 , 3  and 4 are not shown. 
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(E)-methyl-[2, 3-2H2]-acrylate 

pared c l e a n l y  from methyl p r o p i o l a t e  and e thy l - [  3-2H]-propiolate,  r e s p e c t i v e l y .  

The l a t t e r  compound was prepared from e t h y l  p r o p i o l a t e  and NaOD i n  D2O/EtOD 

by exchange of t h e  a c i d i c  a c e t y l e n i c  proton (8 ) .  Treatment of t h e  a c r y l a t e  

e s t e r s  w i th  N-bromoacetamide (NBA) i n  d i l u t e  H2SO4 (9) generated two i somer i c  

bromohydrins i n  t y p i c a l l y  60% y i e l d  a f t e r  vacuum d i s t i l l a t i o n .  GC/MS a n a l y s i s  

( s ee  Experimental  f o r  cond i t ions )  confirmed t h e  i d e n t i t y  of t he  two s p e c i e s  

a s  t h e  2-bromo-3-hydroxy and t h e  3-bromo-2-hydroxy isomers i n  a r a t i o  of 3 : l  

r e s p e c t i v e l y .  The peak a s s igned  a s  t h e  2-bromo-3-hydroxy isomer showed a 

base peak i n  t h e  m a s s  spectrum (CI) a t  m / e  167,169 i n d i c a t i n g  loss of H20. 

The spectrum of t h e  o t h e r  isomer showed t h i s  peak a t  much lower i n t e n s i t y .  

P ro tona t ion  of OH du r ing  chemical i o n i z a t i o n  followed by expu l s ion  of  H20 

would be expected t o  be favored on t h e  isomer t h a t  could p l a c e  t h e  p o s i t i v e  

charge B t o  t h e  carbonyl  i n  t h e  r e s u l t i n g  i o n .  E lec t ron  impact mass spec t ro -  

metry (70 eV) gave no u s e f u l  information.  Q u a n t i t a t i v e  conversion of t he  

mixture of bromohydrins t o  t h e  corresponding az ido  a l c o h o l s  was accomplished 

by t reatment  w i th  NaN3 i n  H20/EtOH a t  r e f l u x  f o r  1 h r  (10) .  

a z i d e  moiety t o  an amine was e f f e c t e d  by hydrogenat ion ove r  10% Pd/C i n  e t h a n o l .  

Flash column chromatography us ing  230-400 mesh s i l i c a  g e l  and 8:2 (v/v)  

CH2C12/MeOH a s  e l u e n t  s epa ra t ed  t h e  e s t e r s  of s e r i n e  and i s o s e r i n e  q u a n t i t a t i v e l y  

a s  i n d i c a t e d  by TLC and GC. Aqueous a c i d  h y d r o l y s i s  followed by Dowex 50 

chromatography (H' form) and r e c r y s t a l l i z a t i o n  from e t h a n o l  gave pure s e r i n e  

i n  t h e  z w i t t e r i o n i c  form. Resolut ion o f  t h e  D , L  mixture  was accomplished by 

hog a c y l a s e  I t reatment  of t h e  N-acetyl d e r i v a t i v e  (11). 

and (Z)-ethyl-[3-2H]-acrylate & were pre-  

Reduction of t h e  

A s t e reochemica l  a n a l y s i s  of L-serine i n  aqueous s o l u t i o n  us ing  lH nmr 

has  a l r e a d y  been r epor t ed  (12).  Using t h e s e  d a t a  i t  i s  p o s s i b l e  t o  unambiguously 
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determine t h e  a b s o l u t e  s t e r e o c h e m i s t r y  a t  C-3 f o r  a s t e r e o s p e c i f i c a l l y  

l a b e l e d  [3-’H]-serine. 

are t a b u l a t e d  i n  Table  I.  

i t  i s  r e a d i l y  appa ren t  t h a t  i n c o r p o r a t i o n  of  ’H i n t o  t h e  CY p o s i t i o n  (HA) 

and i n t o  t h e  pro-R p o s i t i o n  a t  C-3 (Hc) is  q u i t e  h igh .  

a t  t h e  CY p o s i t i o n  i s  presumably due t o  incomplete  removal of H2 from t h e  

c a t a l y s t  s u r f a c e  du r ing  t h e  c a t a l y t i c  d e u t e r a t i o n  of  t h e  Diels-Alder adduct  

i n  t h e  H i l l  procedure.  The r a t i o ,  t h e r e f o r e ,  of  hydrogen a t  C-3 i n  t h e  pro-S 

p o s i t i o n  t o  t h a t  i n  t h e  pro-R p o s i t i o n  i s  e q u a l  t o  11 and i s  a d i r e c t  measure 

of t h e  s t e reochemica l  i n t e g r i t y  a t  t h a t  p o s i t i o n .  

The d a t a  from the 360 MH, ‘H s p e c t r a  of bo th  2 and 6 
Looking f i r s t  a t  t h e  d a t a  f o r  2S,3R-[2,3-’H2]-serine, 

The 8% ‘H r e s i d u e  

The spectrum of 2S,3S-[3-’H]-serine i s  more complex due t o  t h e  g r e a t e r  

number o f  p ro tons  p r e s e n t .  I d e a l l y ,  t h e  spectrum should c o n s i s t  of two d o u b l e t s  

w i th  equa l  coup l ing  c o n s t a n t s  corresponding t o  HA and Hc.  This  w i l l  be 

complicated by resonances from non-deuterated material p r e s e n t  i n  an  amount 

dependent on t h e  i n i t i a l  deuter ium i n c o r p o r a t i o n  of  t h e  s t a r t i n g  e t h y l  p r o p i o l a t e ,  

as w e l l  as by s h i e l d i n g  e f f e c t s  on t h e  p ro ton  chemical s h i f t  due t o  a ne ighbor ing  

deuter ium nuc leus .  

resonances of HA, H i ,  HC and HE can be r e s o l v e d  ( s e e  Table f o r  e x p l a n a t i o n  of 

symbols ) .  The s h i e l d i n g  e f f e c t  on 6Hc when HB = 2H i s  8.6 H, (0.024 ppm) and 

t h e  t o t a l  i n t e g r a t i o n  of HB relative t o  Ha i s  1 .13 ,  i n d i c a t i n g  t h a t  approximately 

13% of t h e  t o t a l  s e r i n e  poo l  i s  non-deuterated.  

r e so lved  from H i ,  t h e  appa ren t  r a t i o  of  p r o t o n  i n t e n s i t y  a t  C-3 i n  t h e  pro-R 

p o s i t i o n  t o  t h a t  i n  t h e  pro-S p o s i t i o n  is 4.4. Th i s  va lue  i s  cons ide rab ly  

lower than  t h a t  determined f o r  t h e  3R isomer,  and presumably must r e f l e c t  t o  

a l a r g e  e x t e n t  poor i n c o r p o r a t i o n  of deuter ium i n t o  t h e  s t a r t i n g  e t h y l  a c r y l a t e .  

NMR i n t e g r a t i o n  of  e t h y l - [  3-’H]-propiolate showed 95% deuter ium i n c o r p o r a t i o n  

A s  can be seen i n  Table  I ,  a t  360.13 MH, t h e  d i s c r e t e  

Although HB i s  n o t  t o t a l l y  
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Table I 

360.13 MHz 'H NMR Data of  [3-'H]-serinesa 

d Chemical Shift in ppm6 
Serine Proton (multiplicity) J (H,IC Integration 

HA 3.314 (d) JAB = 5.8 0.083 
5 (3R) HB 3.649 ( s )  1.0 

HA 3.314 (d) JAB = 5.6 1.0 

HC 3.706 (s) 0.094 

Hi -k HB 3.615. (dd) JBc = 11.4, JAB = 5.6 0.21 

0.92 HC 3.712 (d) JAC = 4.1 
HZ: 3.735 (dd) JBC = 11.4, JAC = 4.1 

~~~ ~ 

a Samples were 38 mM in L-serine, pD - 12.5. 
b Relative to sodium 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) . 
C Discrete 1H - 2H coupling was not observed due to its magnitude (approximately 
15% of the corresponding lH - IH coupling constant) and was assumed to 
contribute only to linewidth. 

d Spectrometer line integration. 
e Asterisk (*) denotes proton on non-deuterated serine. 
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which dropped t o  90% i n  ethyl-[3--211]-acrylate. 

e r r o r  of i n t e g r a t i o n ,  b u t  may r e f l e c t  a p a r t i a l  washing o u t  of deuter ium 

dur ing  t h e  Pd c a t a l y z e d  hydrogenat ion of t h e  Diels-Alder adduc t ,  as sug- 

ges t ed  by Aberhardt (13) i n  t h e  s y n t h e s i s  of n-butyl a c r y l a t e .  I f  one assumes 

t h a t  t h e  only s p e c i e s  p r e s e n t  are 3s- [ 3-2H], 3R- [ 3-2H] and non-deuterated 

s e r i n e ,  t hen  t h e  va lue  of 3R/3S, c o r r e c t e d  f o r  non-deuterated material ,  i s  

e q u a l  t o  10. Th i s  c l o s e l y  approximates  t h e  v a l u e  f o r  t h e  3R isomer of  11, 

and v e r i f i e s  t h e  s t e reochemica l  i n t e g r i t y  of t h e  s y n t h e t i c  procedure.  

This  i s  probably w i t h i n  the  

We have r e p o r t e d  a s imple s y n t h e s i s  of s t e r e o s p e c i f i c a l l y  l a b e l e d  

[3-2H]-serine i n  approximately 20% o v e r a l l  y i e l d  from l a b e l e d  methyl o r  e t h y l  

a c r y l a t e .  The s t e reochemica l  i n t e g r i t y  of  t h e  C-3 c e n t e r  is  q u i t e  h igh  f o r  

t h e  3 R  isomer and somewhat lower f o r  t h e  3S, r e f l e c t i n g  t h e  poore r  i n i t i a l  

deuter ium i n c o r p o r a t i o n  i n  t h e  l a t t e r  compound. 

EXPERIMENTAL SECTION 

I n f r a r e d  s p e c t r a  were recorded on a Perkin-Elmer Model 735 spec t romete r ,  

wh i l e  r o u t i n e  60 MHz NMR s p e c t r a  w e r e  taken on a Varian EM-360 u s i n g  TMS a s  an 

i n t e r n a l  s t anda rd .  

o p e r a t i n g  a t  360.13 MHz f o r  I H ,  u s i n g  sodium 2 ,Z-dirnethyl-Z-silapentane-5- 

s u l f o n a t e  as i n t e r n a l  r e f e r e n c e .  

High r e s o l u t i o n  NMR s p e c t r a  w e r e  run on a BrGker WM-360 

Mass s p e c t r a l  ana lyses  w e r e  performed on a Kratos  MS9 u s i n g  e l e c t r o n  impact 

(EI) ionization.GC/MS a n a l y s e s  w e r e  performed on a Finnegan 9500 gas  chroma- 

tograph coupled t o  a model 3200 mass spec t romete r  employing chemical  i o n i z a t i o n  

(CI) .  

10-C on Chromosorb W .  Unless  o the rwise  s t a t e d ,  a l l  r o u t i n e  GC a n a l y s e s  w e r e  

determined on a Varian Model 3700 gas chromatograph employing flame i o n i z a t i o n  

Sepa ra t ions  w e r e  performed a t  150" on a column packed wi th  10% S i l a r  
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d e t e c t i o n  and a 3% 0V-225 on Chromosorb 100 column a t  150".  N-Bromoacetamide 

w a s  purchased  from Ald r i ch  and r e c r y s t a l l i z e d  from CHC13 and hexane p r i o r  t o  

use .  S i l i c a  g e l  (230-400 mesh) w a s  o b t a i n e d  from E. Merck, Darmstadt ,  W .  

Germany. Anthracene w a s  purchased  from A l d r i c h  and r e c r y s t a l i z e d  from e t h y l  

a c e t a t e  p r i o r  t o  use .  

(E)-methyl-[2,3-2H?]-acrylate la.  

and 7.6 g m e t h y l p r o p i o l a t e  (90.5 m o l e )  i n  40 m l  m-xylene w a s  r e f l u x e d  under 

N2 f o r  7 days .  The Die ls -Alder  adduc t  w a s  i s o l a t e d  as r e p o r t e d  p r e v i o u s l y  (7)  

i n  50% y i e l d .  

c a t a l y s t  (14) (10% Pd on C) i n  anhydrous e t h y l  acetate y i e l d e d  t h e  reduced 

adduct  q u a n t i t a t i v e l y .  Mass s p e c t r a l  a n a l y s i s  i n d i c a t e d  t h e  fo l lowing :  

m / e  265, 4 .9%,  2 6 6 ( ~ ) ,  l oo%,  267, 19 .2%.  P y r o l y s i s  of t h i s  material, 

fo l lowed by s imple  d i s t i l l a t i o n ,  gave 2 .6  g of la (75%) .  NMR (CDC13, i n t e r n a l  

A mix tu re  o f  14 .9  g an th racene  (83.7 mmol) 

C a t a l y t i c  hydrogenat ion  under  D2 u s i n g  c a r e f u l l y  p repa red  

TMS) 6 3.67 (s,3), 6 6.32 ( t , l , J  = 2 .6  H,, R 4 ) .  

(Z)-Ethyl-[3-2H]-acrylate (lb) . 
p r o p i o l a t e  (8) and an th racene  w a s  p repa red  as r e p o r t e d  p r e v i o u s l y  (15 ) .  C a t a l y t i c  

hydrogenat ion  under  H2 gave t h e  reduced  a d d u c t ,  which upon p y r o l y s i s  gene ra t ed  

- l b  (78%) NMR (CDC13, i n t e r n a l  TMS) 6 1 .29  ( t , 3 , J  = 7 Hz) ,  6 4.19 ( q , 2 , J  = 7 Hz),  

6 5 .70  ( d , l , J  = 11 H,, R3), 6 5.97 ( d t , l , J  = 3, 11 H,, R2). 

r eg ion  = 2.1 H o r  90% i n c o r p o r a t i o n  o f  one 2 8 .  

The Die ls -Alder  adduc t  of  e t h ~ l - [ 3 - ~ H ] -  

T o t a l  v i n y l i c  

(~)-Methyl-2-brom0-3-hydroxy-[2,3-~H~]-propionate 2a .  To a s o l u t i o n  of  6.38 g 

N-bromoacetamide (46.2 m o l e )  i n  50 ml of 0.4 M H2SO4 w a s  added dropwise 2 .6  g 

l a  (30 .2  m o l ) .  Th i s  w a s  s t i r r e d  v i g o r o u s l y  a t  5" f o r  1 .5  hours  and then  

e x t r a c t e d  3X w i t h  CH2C12 (150 m l  t o t a l ) .  

once w i t h  5% NaHS03, d r i e d  ove r  MgS04 and reduced  by r o t a r y  e v a p o r a t i o n  t o  a 

The o r g a n i c  l a y e r  w a s  e x t r a c t e d  
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c l e a r  o i l .  P u r i f i c a t i o n  by vacuum d i s t i l l a t i o n  (57"@ 1 mm Hg) gave 3.07 g 

(16 .3  mmol, 56%) of product .  Gas chromatographic a n a l y s i s  i n d i c a t e d  only 

two components w i th  r e t e n t i o n  t i m e s  e q u a l  t o  1 .3  and 1.8 min i n  a r a t i o  

of 1:3. GC/MS a n a l y s i s  on t h e  non-deuterated m a t e r i a l  confirmed t h e  a s s ign -  

ment as the  3-bromo-2-hydroxy and 2-bromo-3-hydroxy isomers ,  r e s p e c t i v e l y .  

I R  (mixture ,  n e a t ) ,  3448,1739 cm-l. 

(+)-Ethyl-2-bromo-3-hydroxy- [3-2H]-propionate 2b. 

repeated wi th  3.06 g (31.2 mmol) of and 5.9 g (42.7 mmol) NBA. Yield a f t e r  

vacuum d i s t i l l a t i o n  (59-61" @ 0.9 nun Hg) was 3.96 g (20 .1  m o l ,  6 4 % ) .  GC 

a n a l y s i s  i n d i c a t e d  only two components, t R  = 1 .6  and 2.2 min under t h e  same 

cond i t ions  a s  above. Again, t h e  a r e a s  were i n  a r a t i o  of 1 :3 ,  and were 

a s s igned  a s  above. 

The above procedure was 

(f)-Methy1-2-azido-3-hydroxy- [ 2,  3-2H7]-propionate 3a. 

was d i s so lved  i n  7 m l  H20. To t h i s  was s lowly added 11 m l  a b s  e t h a n o l .  Addit ion 

of (3.06 g) was followed by r e f l u x  f o r  1 hour.  Workup was a s  r epor t ed  

p rev ious ly  (10) .  GC a n a l y s i s  i n d i c a t e d  major peaks a t  1 .5  and 2.7 min, w i th  

a sma l l  amount of unreacted 3-bromo-2-hydroxy s t a r t i n g  m a t e r i a l  remaining. 

The amber product  was n o t  p u r i f i e d  f u r t h e r .  

N a N 3  (1.80 g,  27,7 m o l )  

I R  ( n e a t ) ,  3400, 2120, 1739 cm-l. 

(~)-Methyl-2-amin0-3-hydroxy-[2,3-~H7]-propionate 4a. 

was d i s so lved  i n  25 m l  a b s o l u t e  e t h a n o l  and reduced c a t a l y t i c a l l y  over  200 mg 

of 5% PdIC. Af t e r  2 hours  a t  room temperature ,  an a l i q u o t  was removed, f i l t e r e d  

of c a t a l y s t  and analyzed by GC. 

by product  a t  t R  = 0.95 and 1.4 min. TLC ( S i l i c a ,  8:2 CH2C12/MeOH) i n d i c a t e d  

two components: R f l  = 0.39 (orange t o  n inhydr in )  and Rf2 = 0.77 (yel low t o  

n inhydr in ) .  These were shown t o  correspond t o  t h e  methyl e s t e r s  of i s o s e r i n e  

The az ido  e s t e r  & 

S t a r t i n g  m a t e r i a l  had been r ep laced  q u a n t i t a t i v e l y  
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and s e r i n e ,  r e s p e c t i v e l y ,  by comparison t o  a u t h e n t i c  s t a n d a r d s .  

(t)-Ethy1-2-azid0-3-hydroxy-[3-~H]-propionate 3b and (+)-Ethyl-2-amino-3- 

hydroxy- [3-2H]-propionate 4b. 

a s  desc r ibed  above f o r  t h e  corresponding methyl esters. 

E s s e n t i a l l y  t h e  s a m e  procedure w a s  followed 

Column p u r i f i c a t i o n .  Medium p r e s s u r e  s i l i c a  g e l  column chromatography was 

employed t o  s e p a r a t e  t h e  e s t e r s  of s e r i n e  and i s o s e r i n e  (4 x 20 cm, 230-400 

mesh s i l i c a  g e l ,  8 :2  CH2C12/MeOH). 

was maintained by p o s i t i v e  N2  p r e s s u r e .  

e t h y l  e s t e r  of s e r i n e  (yellow t o  n inhydr in )  were pooled and shown t o  be pu re  

of 2-hydroxy isomer by bo th  GC and TLC. Product  g e n e r a l l y  e l u t e d  w i t h  a 

r e t e n t i o n  volume of between 500 and 1000 m l .  Rotary evapora t ion  of  t h e  pooled 

m a t e r i a l  gave a p a l e  yellow o i l .  

A flow r a t e  of approximately 60-100 ml min-'l 

F r a c t i o n s  con ta in ing  t h e  methyl o r  

2S,3R-[2,3-2H7]-serine 5 and 2S,3S-[3-2H]-serine 6 .  

- 4a and % w e r e  each d i s so lved  i n  60 m l  1N H C 1  and r e f l u x e d  under N 2  f o r  5 

hours .  TLC ( s i l i c a ,  4:4:1 CHC13/CH30H/NH40H) i n d i c a t e d  no v i s i b l e  ester 

remaining. Conversion t o  t h e  z w i t t e r i o n  w a s  accomplished by load ing  t h e  

condensed sample (evaporated t o  dryness  and r e d i s s o l v e d  i n  5 m l  H20) on to  a 

Dowex 50 (H+) column (20 x 1 cm. 200-400 mesh) followed by e x t e n s i v e  washing 

wi th  H20 and e l u t i o n  wi th  1 . 5  N NH4OH. 

gave pure D,L-serine i n  t y p i c a l l y  20-25% o v e r a l l  y i e l d  from methyl o r  e t h y l  

a c r y l a t e .  Resolut ion v i a  hog acy la se  I t r ea tmen t  of t h e  N-acetyl d e r i v a t i v e  

proceeded i n  85-95% y i e l d  (11). 

To e f f e c t  h y d r o l y s i s ,  

R e c r y s t a l l i z a t i o n  from H20/ethanol 

F i n a l  y i e l d s  of 5 and 6 were 230 mg and 

354  mg r e s p e c t i v e l y .  
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