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SUMMARY 
13 

The synthesis of DL-2-amino-3-methyl- C- 
butanoic-3,4-13C3 acid (DL-valine-13Cj) is des- 
cribed. Acetonitrile-2-13C was converted to 2- 
methyl-13C-Z-thiazoline, which was dialkylated 
with methyl -13C iodide to give 2- (isopropyl- 
13C3) - 2  -thiazoline. 
hydrolysis of  the isopropylthiazoline afforded 
2-methyl -13C-propanal-2,3-13C2 , which was iso- 
lated as the bisulfite addition product. A modi- 
fied Strecker synthesis with the bisulfite com- 
pound gave DL-valine-13Cx in good overall yield. 
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INTRODUCTION 

Tanaka, et al. (1) have described the metabolism of valine 

in patients with methylmalonic acidemia using DL-valine with 

carbon-13 at the a and at the and 8 positions of the amino acid. 

We have provided a side chain labeled molecule for additional 

studies on valine metabolism and wish to report its synthesis. 

The synthetic method has been applied to the preparation of DL- 

2-amino-3-methyl-13C-butanoic-3,4-13C2 acid (1, DL-valine-l3C3) ; 
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however,  i t  can be u s e d  t o  l a b e l  o t h e r  combinat ions of p o s i t i o n s  

i n  t h e  amino a c i d .  

DISCUSSION 

We chose t o  i n v e s t i g a t e  t h e  S t r e c k e r  s y n t h e s i s  of  DL-val ine 

a s  d e s c r i b e d  by Gaudry (2) a s  a f a c i l e  r o u t e  t o  1 from t h e  appro -  

p r i a t e l y  l a b e l e d  i s o b u t y r a l d e h y d e .  I n  ou r  hands ,  Gaudry 's  method, 

i n  which i s o b u t y r a l d e h y d e  i s  c o n v e r t e d  t o  v a l i n e  w i t h o u t  i s o l a -  

t i o n  o f  i n t e r m e d i a t e s ,  o f t e n  gave e r r a t i c  r e s u l t s .  Reproduc ib le  

y i e l d s  c o u l d  be o b t a i n e d  by  s imply  i s o l a t i n g  t h e  v a r i o u s  i n t e r -  

med ia t e s  and c o n d u c t i n g  each  t r a n s f o r m a t i o n  as a s e p a r a t e  r e  - 

a c t i o n .  The method of  Meyers and D u r a n d e t t a  (3)  f o r  t h e  s y n t h e -  

s i s  of  d i a l k y l a c e t a l d e h y d e s  from 2 - m e t h y l - 2 - t h i a z o l i n e  appea red  

t o  be a u s e f u l  approach  t o  i s o t o p i c a l l y  l a b e l e d  i s o b u t y r a l d e h y d e .  

Scheme I shows t h e  p r e p a r a t i o n  o f  DL-val ine-13C3 u s i n g  me thano l -  

C as t h e  s o u r c e  o f  t h e  t h r e e  ca rbon-13  l a b e l s .  1 3  

(a )  5 7 %  H I ;  (b) N a C N ,  DMSO; ( c )  NH2CH2CH2SH, E t O H ;  
( d )  BuLi, THF; I 3 C H 3 I ;  BuLi, 1 3 C H 3 1 ;  ( e )  Al(Hg),  E t 2 0 - H 2 0 ;  
( f )  H g C 1 2 ,  H 2 0 ,  CH3CN;  (g) NaHS03, CH3CN;  (h) NaCN, H 2 0 ;  
( i )  conc.  N H 3 ;  H C 1 ;  and ( j )  conc .  H C 1 ;  RT 2 4  h ;  r e f l u x  7 h .  

Scheme I 
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Methyl-13C iodide (2) - was prepared in 79% yield by the re- 

action of methanol-13C with 5 7 %  hydriodic acid and converted to 

acetonitrile-2-13C (3) in 9 5 %  yield by treatment with sodium 

cyanide in DMSO ( 4 ) .  

aminoethanethiol in refluxing ethanol (5) afforded a 7 0 %  yield 

of 2-methyl-13C-2-thiazoline ( 4 ) .  - 

line 2 with methyl-13C iodide proceeded smoothly to give 2-(iso- 
p r ~ p y l - ~ ~ C ~ )  -2-thiazoline (5) - in 86% yield. 

thiazoline 5 with aluminum amalgam in moist ether afforded an 83% 
yield of 2 -  ( i ~ o p r o p y l - ~ ~ C ~ )  thiazolidine (6) . Cleavage of  the 

thiazolidine ring of 6 with mercuric chloride in aqueous ace- 
tonitrile gave an essentially quantitative yield of Z-~nethyl-~~C- 

propanal - 2  3-13C2 ( I )  . However preliminary experiments showed 

that workup of the cleavage reaction could not be carried out as 

described by Meyers and Durandetta (3) because of loss of the 

volatile isobutyraldehyde. The aldehyde 1 was conveniently iso- 
lated as its bisulfite addition product as follows: distillation 

of the reaction mixture to give an aqueous acetonitrile solution 

of the aldehyde 1, removal of water from the distillate with an- 
hydrous potassium carbonate, and extraction of 1 from the ace- 
tonitrile with one equivalent of saturated aqueous sodium bisul- 

fite to give the bisulfite addition product S in essentially 
quantitative yield. Treatment of S with aqueous sodium cyanide 
afforded DL - 2  -hydroxy- 3 -methyl -13C-butanenitrile - 3 4 -l 3C2 (9) in 
80% yield. From the reaction o f  the cyanohydrin 9 with conc. 
aqueous ammonia, DL - 2 -amino- 3 -methyl -13C-butanenitrile- 3 4 -13C2 

was isolated as the hydrochloride 10 in 9 7 %  yield. Hydrolysis 

of the aminonitrile lo to DL-valine-13C3 was accomplished with 
conc. hydrochloric acid under conditions of 24 h at room tempera- 

ture followed by 7 h at reflux. These conditions were determined 

from preliminary cmr studies on the hydrolysis of 2-amino-3- 

methylbutanenitrile. These experiments showed that the amino- 

The reaction of a~etonitrile-Z-~~C with 

Dialkylation (3) of the thiazo- 

Reduction of the 
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n i t r i l e  was c o m p l e t e l y  hydro lyzed  i n  2 4  h a t  room t e m p e r a t u r e  t o  

2 -amino-3 -methylbutanamide,  which was t h e n  c o n v e r t e d  t o  v a l i n e  by 

r e f l u x i n g  f o r  7 h .  D i r e c t  h y d r o l y s i s  o f  t h e  a m i n o n i t r i l e  t o  v a l -  

i n e  w i t h  conc .  h y d r o c h l o r i c  a c i d  a t  90°C gave lower y i e l d s  o f  t h e  

amino a c i d .  

EXPERIMENTAL 

Materials a n d  M e t h ~ d s - - M e t h a n o l - ~ ~ C  (G. 90 mol % I 3 C )  was 

p r e p a r e d  b y  t h e  method r e p o r t e d  p r e v i o u s l y  ( 6 ) .  I n f r a r e d  s p e c t r a  

were r e c o r d e d  w i t h  a Pe rk in -E lmer  Model 7 1 0  s p e c t r o p h o t o m e t e r  

u s i n g  p o l y s t y r e n e  c a l i b r a t i o n  p e a k s .  C m r  s p e c t r a  were o b t a i n e d  

i n  C D C 1 3  o r  D 2 0  s o l u t i o n s  u s i n g  a V a r i a n  Model C F T - 2 0  s p e c t r o -  

m e t e r .  Peaks were r e f e r e n c e d  t o  s o l v e n t  C D C 1 3  (76 .9  ppm) o r  

i n t e r n a l  CH30H ( 3 %  i n  D 2 0 ,  4 9 . 3  ppm) , and are  r e p o r t e d  r e l a t i v e  

t o  TMS . 
A ~ e t o n i t r i l e - Z - ~ ~ C  (3) - - - A  s o l u t i o n  o f  methyl-13C i o d i d e  (182 .8  

g ,  1 . 3 8  mol) i n  DMSO ( 2 0 0  mL) was added d ropwise  t o  a s t i r r e d  mix-  

t u r e  o f  N a C N  (75.3 g ,  1 . 5 4  mol) and DMSO (250 mL). The r a t e  o f  

a d d i t i o n  o f  t h e  h a l i d e  was c o n t r o l l e d  s o  as  t o  keep  t h e  r e a c t i o n  

m i x t u r e  a t  ambient  t e m p e r a t u r e .  A f t e r  t h e  a d d i t i o n  was comple t e  

(2 .5  h ) ,  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  an a d d i t i o n a l  30 min.  

The a ~ e t o n i t r i l e - Z - ~ ~ C  was d i s t i l l e d  d i r e c t l y  from t h e  r e a c t i o n  

m i x t u r e  t o  g i v e  51.2 g (95%) Bf 3, bp 73-75°C. 

2-Methyl-13C-2-thiazoline (4) - - A  500-mL f l a s k  f i t t e d  w i t h  a 

r e f l u x  c o n d e n s e r ,  C a C 1 2  d r y i n g  t u b e ,  and magne t i c  s t i r re r  was 

cha rged  w i t h  a m i n o e t h a n e t h i o l  (35.9 g ,  0 . 4 7  mo l ) ,  a c e t o n i t r i l e - 2 -  

1 3 C  (19 .5  g ,  0 . 4 7  m o l ) ,  and a b s o l u t e  e t h a n o l  (95 m L ) .  The m i x t u r e  

was r e f l u x e d  f o r  22.5 h ,  a f t e r  which time i t  was shown by cmr t h a t  

t h e  r e a c t i o n  was ove r  90% comple t e .  The s o l v e n t  w a s  removed by 

d i s t i l l a t i o n  a n d  t h e  r e s i d u e  p a r t i t i o n e d  between e t h e r  (100 mL) 

and H 2 0  (100 mL). 

l a y e r  e x t r a c t e d  w i t h  e t h e r  ( 8  x 50 mL). The combined e t h e r  ex-  

t r a c t s  were d r i e d  o v e r  anhydrous K 2 C 0 3 ,  and  t h e  e t h e r  was removed 

The e t h e r  l a y e r  w a s  s e p a r a t e d  and  t h e  aqueous 
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by d i s t i l l a t i o n .  D i s t i l l a t i o n  o f  t h e  r e s i d u e  a t  r educed  p r e s s u r e  

a f f o r d e d  33.6 g ( 7 0 % )  o f  4, bp 43.5-44.5"C a t  1 7  t o r r .  I r  ( f i l m ) :  

1635 (C=N), 1430, 1 3 5 5 ,  1130,  1030,  930,  890 cm-l; cmr (CDC13): 

166.2 (C=N, 'JCc=53 H z ) ,  6 4 . 3  (CH2-N, 3Jcc=7  H z ) ,  34.2 (cHz-S), 

1 9 . 8  (CH3) ppm [ i n  agreement w i t h  r e p o r t e d  chemica l  s h i f t  a s s i g n -  

ments f o r  2 - m e t h y l - 2 - t h i a z o l i n e  ( 7 ) ] .  

2 - ( I s o p r o p y l  -15C3) - 2  - t h i a z o l i n e  (5)  - -A 2 - L ,  t h r e e  -neck f l a s k  

equipped w i t h  a magne t i c  s t i r r e r ,  two a d d i t i o n  f u n n e l s ,  and n i t r o -  

gen i n l e t  t u b e  was cha rged  w i t h  a s o l u t i o n  of  2-methyl-13C-2-  

t h i a z o l i n e  ( 5 2  g ,  0 . 5  mol) i n  anhydrous THF (500 mL). The r e a c t i o n  

m i x t u r e  was c o o l e d  t o  -78°C i n  a Dry I c e - i s o p r o p y l  a l c o h o l  b a t h ,  

and b u t y l  l i t h i u m  (300 m L ,  1 . 6 8  M_ i n  hexane ,  0 .50  mol) was added 

o v e r  a p e r i o d  o f  4 0  min. The r e a c t i o n  mix tu re  was s t i r r e d  a t  -78°C 

f o r  an a d d i t i o n a l  1 . 5  h ,  and then  methyl-I3C i o d i d e  (71  g ,  0 . 5 0  

m o l )  was added dropwise ove r  a p e r i o d  o f  1 . 5  h .  The r e a c t i o n  mix- 

t u r e  was s t i r r e d  f o r  an a d d i t i o n a l  hour  a t  -78"C, a f t e r  which t ime 

i t  was a l lowed  t o  warm t o  1 0 ° C ,  and s t i r r i n g  was c o n t i n u e d  f o r  2 h 

a t  t h i s  t e m p e r a t u r e .  The r e a c t i o n  mix tu re  was c o o l e d  t o  -78"C, and 

b u t y l  l i t h i u m  ( 3 0 0  m L ,  1 . 6 8  M_ i n  hexane ,  0 . 5 0  mol) was added o v e r  a 

p e r i o d  of  1 h .  A f t e r  s t i r r i n g  f o r  an a d d i t i o n a l  1 . 7 5  h a t  -78OC, 

methyl-13C i o d i d e  (71 g ,  0 .50 mol) was added dropwise o v e r  a 

p e r i o d  o f  4 5  m i n .  

and was s t i r r e d  f o r  45 min,  a f t e r  which i t  was poured  o v e r  1 kg  o f  

i c e .  The aqueous l a y e r  was a d j u s t e d  t o  pH 2 w h i l e  s t i r r i n g  v i g o r -  

o u s l y ,  and t h e  hexane-THF l a y e r  was s e p a r a t e d .  The aqueous l a y e r  

was e x t r a c t e d  w i t h  hexane ( 2 0 0  mL), and was t h e n  a d j u s t e d  t o  pH 1 0  

w i t h  20% NaOH. The p r o d u c t  5 was e x t r a c t e d  from t h e  milky aqueous 

phase  w i t h  hexane (4 x 200 mL), and t h e  combined hexane e x t r a c t s  

were d r i e d  o v e r  anhydrous K 2 C 0 3 .  

t i l l a t i o n  of t h e  r e s i d u e  a f f o r d e d  56.4 g ( 8 6 % )  o f  5 a s  a c o l o r l e s s  

l i q u i d ,  bp 62-65°C a t  1 5  t o r r .  I r  ( f i l m ) :  1620 (C=N), 1 4 5 5 ,  1365 

and 1345 ( i P r ) ,  1 0 3 0 ,  970, 9 0 0  cm- l ;  cmr (CDC13): 

The r e a c t i o n  m i x t u r e  was a l lowed  t o  warm t o  1 0 ° C  

Removal o f  t h e  s o l v e n t  and d i s -  

176.8 ( C = N ) ,  
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64.0 (CH2N), 33.4 (cH2-S),  32.8 (CH3CHCH3, 'JCc=36 Hz),  2 0 . 7  

(CH3CHCH3, 'JCc=36 Hz) ppm. 

2 - ( I sopropyl  -I3C9) t h i a z o l i d i n e  (6) - -Aluminum f o i l  (79 g)  , a s  

1.2-cm squares  i n  a 5-L,  round-bottom f l a s k ,  was t r e a t e d  w i t h  5 %  

KOH (1 L) €or  1 0  min, a f t e r  which t h e  b a s i c  s o l u t i o n  was removed 

and the  metal  washed wi th  H20 (4 L ) .  

w i th  0 . 5 %  HgC12 (900 mL). 

a second t rea tment  w i th  aqueous HgC12 c a r r i e d  o u t .  

washed success ive ly  w i t h  H20 ( 5  L ) ,  95% E t O H  ( 2  x 1 L ) ,  and e t h e r  

( 2  x 1 . 5  L ) .  The f l a s k  con ta in ing  t h e  f o i l  was f i t t e d  f o r  r e f l u x  

w i t h  an e f f i c i e n t  condenser ,  and a s o l u t i o n  o f  2 - (  i sop ropy l  -13C3) - 

2 - t h i a z o l i n e  (56 g ,  0.43 mol) i n  moist  e t h e r  (2 .9  L) was added.  

The r e a c t i o n  mixture  was g e n t l y  r e f l u x e d  f o r  2 h ;  and ,  a f t e r  c o o l i n g ,  

t he  e t h e r  s o l u t i o n  was f i l t e r e d .  The aluminum amalgam was washed 

w i t h  e t h e r  (2 x 500 mL), and the  e t h e r  s o l u t i o n s  were combined. 

A f t e r  removal of t h e  e t h e r ,  the  r e s i d u a l  o i l y  product  was d r i e d  

over  anhydrous K 2 C 0 3 .  

w i th  small  amounts o f  e t h e r .  D i s t i l l a t i o n  of  t h e  o i l  a f f o r d e d  47.6 

g (83%) of  6 as  a c o l o r l e s s  l i q u i d ,  bp 76-79°C a t  1 5  t o r r .  C m r  

The aluminum was then  t r e a t e d  

A f t e r  3 min, t he  s o l u t i o n  was removed and 

The f o i l  was 

The dry ing  agent  was s e p a r a t e d  and washed 

(CDC13): 78.8 (N-CH-S), 5 2 . 3  (CH2-N), 34.5 (cH2-S) ,  33.8 (CH3CHCH3, 

'JCc=35 Hz) , 2 0 . 4  (CH3CHCH3, ' JCc=35 Hz) , 2 0 . 1  (CH3CHCH3, 'JCc=35 

Hz) ppm. 

2-Methyl-13C-propana1-2,3-13C2 ( 7 )  - --A 1 - L ,  f l a t - b o t t o m  f l a s k  

equipped wi th  a dropping f u n n e l ,  magnetic s t i r r e r ,  and condenser  was 

charged wi th  HgC12 (57 .3  g ,  0 . 2 1 1  mol) ,  H20 (48 mL), and a c e t o n i -  

t r i l e  (192 m L ) .  To the  s t i r r e d  s o l u t i o n  was added a s o l u t i o n  of  

t he  t h i a z o l i d i n e  5 (26.79 g ,  0 . 2 0 0  mol) i n  a c e t o n i t r i l e  (60 mL) over  

a p e r i o d  of 40 min. During t h i s  t ime,  a wh i t e  p r e c i p i t a t e  s e p a r a t e d .  

The r e a c t i o n  mixture  was s t i r r e d  f o r  an a d d i t i o n a l  2 h, a f t e r  which 

NaCl (100 g) and H 2 0  (190 mL) were added. 

a r ranged  f o r  downward d i s t i l l a t i o n ,  and t h e  r e a c t i o n  mixture  was 

hea ted  wi th  s t i r r i n g .  The d i s t i l l a t e  (bp 64-70°C),  c o n s i s t i n g  o f  

The condenser was 
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H Z O ,  z, and a c e t o n i t r i l e ,  was c o l l e c t e d  i n  a r ece ive r  connec ted  t o  

a Dry I c e - i s o p r o p y l  a l c o h o l  t r a p .  The combined d i s t i l l a t e  from t h e  

r e c e i v e r  and t r a p  was d r i e d  ove r  anhydrous K 2 C 0 3 ,  and t h e  a c e t o n i -  

t r i l e  s o l u t i o n  o f  t h e  a ldehyde  ? w a s  added t o  a s t i r r e d  s o l u t i o n  o f  

NaHS03 ( 2 0 . 8  g ,  0 . 2 0 0  mol) i n  H 2 0  (24 mL) . The aldehyde-sodium b i -  

s u l f i t e  a d d i t i o n  compound s e p a r a t e d  a s  a c o l o r l e s s  s o l i d ,  and t h e  

m i x t u r e  was s t i r r e d  o v e r n i g h t .  The a d d i t i o n  p r o d u c t  was c o l l e c t e d ,  

washed w i t h  a c e t o n i t r i l e ,  and a i r - d r i e d  t o  g i v e  35 .63  g ( 9 9 % )  o f  2 -  

methyl  -13C-propanal  - 2 , 3  - I 3 C 2  b i s u l f  i t e  a d d i t  i o n  p r o d u c t  ( S )  as a 

c o l o r l e s s  s o l i d .  

D L - 2  -Hydro~y-3-methyl-~~C-butanenitrile-3,4 - 1 3 C 2  (9) - - A  1 - L ,  

round-bot tom f l a s k  was cha rged  w i t h  8 (35.63 g ,  0 . 2  mol) and H 2 0  

(79 mL). To t h i s  c o o l e d  mix tu re  ( i c e  b a t h )  was added d ropwise  a 

s o l u t i o n  of  K C N  (26 .85  g ,  9 7 % ,  0.400 mol) i n  H 2 0  ( 5 5  mL). A f t e r  

t h e  a d d i t i o n  was complete  (10 min ) ,  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  

a t  room t e m p e r a t u r e  f o r  2 h .  The cyanohydr in  ? w a s  e x t r a c t e d  from 

t h e  aqueous s o l u t i o n  w i t h  C H 2 C 1 2  ( 5  x 50 mL) . The combined C H 2 C 1 2  

e x t r a c t s  were d r i e d  o v e r  anhydrous MgS04 and f i l t e r e d .  

was removed on a r o t a r y  e v a p o r a t o r  t o  g i v e  16.34 g ( 8 0 % )  o f  t h e  

cyanohydr in  9 a s  a c o l o r l e s s  o i l .  

The s o l v e n t  

C m r  (CDC13) : 1 1 9 . 1  (CN), 66 .6  

(CHCN), 32 .7  (CH3CHCH3, 'Jcc=35 H z ) ,  1 7 . 5  (CH3CHCH3, 'Jcc=35 H z ,  

1 7 . 0  (CH3CHCH3, 'JCc=35 Hz) ppm. 

D L -  2 -Amino - 3 -methyl  - 3C - b u t a n e n i t r i l e  - 3 , 4  - 1 3 C 2  Hydroch lo r ide  

( 1 0 ) - - T h e  - cyanohydr in  9 (16.34 g ,  0.160 mol) was added d ropwise  t o  

cone. aqueous NH3 (51  mL) i n  an Erlenmeyer f l a s k  w i t h  s t i r r i n g .  

The r e a c t i o n  mix tu re  t u r n e d  go lden  ye l low a n d ,  a f t e r  1 5  min o f  

s t i r r i n g ,  became c l o u d y .  A f t e r  s t i r r i n g  f o r  6 h a t  room t empera -  

t u r e ,  t h e  r e a c t i o n  m i x t u r e  was e x t r a c t e d  w i t h  C H 2 C 1 2  ( 5  x 30  mL). 

The combined C H 2 C 1 2  e x t r a c t s  were e x t r a c t e d  w i t h  1 0 %  aqueous H C 1  

(4 x 5 5  mL). The aqueous e x t r a c t s  were combined and r o t a r y  e v a p o r -  

a t e d  t o  g i v e  21.34 g ( 9 7 % )  o f  t h e  a m i n o n i t r i l e  h y d r o c h l o r i d e  2 
which was d i r e c t l y  used i n  t h e  n e x t  s t e p  ( 8 ) .  

- 
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DL-2-Amin0-3-rnethyl-~~C-butanoic-3 ,4-13C2 Acid H y d r o c h l o r i d e  

(IJ--A s o l u t i o n  o f  t h e  h y d r o c h l o r i d e  10 (26.86 g ,  0.196 mol) i n  

conc .  H C 1  ( 1 4 2  mL) w a s  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  

2 4  h .  The r e a c t i o n  m i x t u r e  was t h e n  h e a t e d  a t  90-98°C ( r e f l u x )  f o r  

7 h .  The r e a c t i o n  m i x t u r e  was c o o l e d  t o  room t e m p e r a t u r e ,  and  

c o l o r l e s s  c r y s t a l s  s e p a r a t e d .  Af t e r  f u r t h e r  c o o l i n g  i n  a n  ice  b a t h ,  

more c r y s t a l s  formed.  The c r y s t a l s  were c o l l e c t e d ,  washed w i t h  c o l d  

conc .  H C 1 ,  and d r i e d  t o  g i v e  1 6 . 3 3  g o f  a m i x t u r e  o f  DL-va l ine -  

I 3 C 3  h y d r o c h l o r i d e  (lJ and N H 4 C 1 .  

combined and e v a p o r a t e d  t o  d r y n e s s  on a r o t a r y  e v a p o r a t o r  f o r  an  

a d d i t i o n a l  23.27 g o f  s o l i d .  These combined s o l i d s  were e x t r a c t e d  

w i t h  h o t  e t h a n o l  and f i l t e r e d  t o  remove N H 4 C l  (9 .94 g ,  9 5 % ) .  The 

e t h a n o l  e x t r a c t s  were r o t a r y  e v a p o r a t e d  t o  p r e c i p i t a t e  t h e  hydro -  

c h l o r i d e  1 a s  a c o l o r l e s s  c r y s t a l l i n e  s o l i d .  The s o l i d  was c o l -  

l e c t e d ,  washed w i t h  a c e t o n i t r i l e ,  and d r i e d  t o  g i v e  27.83 g (91%)  

o f  - 1,  which was shown by t i t r a t i o n  t o  c o n t a i n  a small  amount o f  

N H 4 C 1 .  

l i q u o r .  The i n i t i a l  c r o p  was t r i t u r a t e d  w i t h  a b s o l u t e  e t h a n o l  

( 1 0 5  m L )  and t h e  i n s o l u b l e  s o l i d  (NH4C1, 0 .96 g)  removed. 

t r a t e  was r o t a r y  e v a p o r a t e d  t o  a s y r u p  (30 g ) ,  75 rnL o f  a c e t o n i t r i l e  

was added ,  and t h e  m i x t u r e  was c o o l e d  i n  an  i c e  b a t h ,  whereupon t h e  

h y d r o c h l o r i d e  1 c r y s t a l l i z e d  t o  g i v e  26.07 g (85%)  o f  1 as c o l o r -  

l e s s  c r y s t a l s .  An a d d i t i o n a l  9 .43  g ( 2 % )  was o b t a i n e d  f rom t h e  

mother l i q u o r .  C m r  (DZO): 1 7 2  (GOOH), 58.7 (CH-N), 29.4 (CH3CHCH3, 

The f i l t r a t e  and washings were 

An a d d i t i o n a l  1 . 1 0  g o f  s o l i d  was o b t a i n e d  from t h e  mother  

The f i l -  

'JCc=34 Hz) ,  1 7 . 8  (GH3CHCH3, 1 Jcc=34 H z ) ,  1 7 . 3  (CH3CHCH3, 'JCc=34 

H z ) .  ppm. 
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