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Summary 

A p r e p a r a t i o n  of o o t i c a L L v  pu re  <R>-C2-'H13-gLrclne by 

m i c r o b i a l  r e d u c t i o n  1s d e t a i l e d .  The r e d u c t i o n  of  C2-'Hl-furfuraL 

and f u r f u r a L  w i t h  5 .  C e r e v l s i a e  I n  HaO and i n  DaO gave ( S > -  and 

(R)-LabeLed f u r f u r y l  aLcohoL r e s p e c t i v e l y .  which c o u l d  be 

conver ted  t o  t h e  1abeLed s L y c l n e  I n  t h r e e  s teps .  A new method f o r  

t h e  d e t e r m i n a t i o n  o f  t h e  sense o f  c h i r a L i t y  o f  t h e  LabeLed 

s l y c i n e  by means o f  CD s p e c t r a  and an a p p l i c a t i o n  o f  MTPA method 

f o r  t h e  d e t e r m i n a t i o n  o f  t h e  o p t i c a l  p u r i t y  a r e  aLso desc r lbed .  

I<ey words : [2-H1J-gLyc i ne .  [2-aH1]-f u r f  u ryL  a LcohoL I Mic rob  i a  L 

r e d u c t i o n .  CD s p e c t r a ,  deuter ium. 

I n t r o d u c t i o n  

One o f  t h e  most power fu l  t echn iques  f o r  t h e  s t u d y  o f  

b l o s y n t h e t i c  pathways 1s t h e  use o f  s t a b l e  i s o t o p e  L a b e l i n g  o f  

s u b s t r a t e s  and NMR spect roscopy i n  d e f i n i n g  t h e  s t r u c t u r e .  We 

r e q u i r e d  c h i r a l  H-Labeled a m i n o l e v u l i n i c  acld(ALA> and 

porphoblLlnogen<PBG) f o r  b l o s y n t h e t i c  s t u d i e s  o f  V i t a m i n  BIZ and 
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C h l o r o p h y l l  and. a t  f i r s t ,  a t t e m p t e d  t o  p r e p a r e  c h i r a l  C2-'H11- 

g l y c i n e  d e r i v a t i v e s  f r o m  w h i c h  L a b e l e d  A L A  and PBG c o u l d  be 

o b t a i n e d .  

SeveraL s y n t h e s e s  o f  c h i r a l  g l y c i n e  have been r e p o r t e d .  They 

i n v o L v e  a c h e m l c a l  method s t a r t i n g  f r o m  c h i r a l  0 - b e n z y l s e r i n e '  

and an enzymic  one s t a r t i n g  w i t h  s e r i n e  h r d r o x y m e t h r l  

t r a n s f e r a s e ' .  O p t i c a l l y  a c t i v e  b e n z y l - a - d  aLcoho1 has  been used 

e x t e n s i v e l y  t o  p r e p a r e  c h i r a l  g l y c i n e 3 - 5  and a c e t i c  acid' .  The 

b e n z y i - a - d  aLcohoL can be o b t a i n e d  i n  a number o f  

T h i s  generaL approach  i n v o l v e s  t h e  c o n v e r s i o n  o f  a benzene r i n g  

i n t o  a c a r b o x y l i c  a c i d .  B u t  t h e  benzene r i n g  i s  n o t  good 

s u b s t r a t e  f o r  o x i d a t i o n .  R e c e n t l y  d ime thoxybenza ldehrde  i s  

s e L e c t e d  t o  f a c i t i t a t e  t h e  f i n a l  o x i d a t i o n  s tepb .  

A f u r a n  r i n g  i s  r e a d i l y  c o n v e r t i b l e  t o  t h e  c a r b o x y l i c  a c i d  

compared w i t h  t h e  benzene r i n g ,  w h i c h  makes it p o s s i b l e  t o  use  

t h e  f u r a n  r i n g  as a p r e c u r s o r  o f  t h e  c a r b o x y l i c  ac id" .  

R e c e n t l y  asymmet r i c  r e d u c t i o n  o f  a c a r b o n y l  g r o u p  b y  S .  

C e r e v i s i a e  ( B a k e r ' s  y e a s t )  becomes a u s e f u l  p r e p a r a t i v e  method". 

I t  has been r e p o r t e d  t h a t  t h e  f u r a n  d e r i v a t i v e s  a r e  r e a d l L y  

reduced  by  m i c r o o r g a n i s m s  i n  h i g h  y i e l d  w i t h  h l g h  o p t i c a l  

Pur i ty 'O.  Based on t h e s e  r e s u l t s ,  [ 2 -aH] - fu r fu raL  was chosen as  

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

I t  i s  a lways  h e L p f u l  f o r  s t e r e o c h e m i c a l  work t o  make b o t h  

e n a n t i o m e r s  o f  t h e  c h i r a l  aLcoho1 a v a i l a b l e  and t o  p r e p a r e  them 

i n  t h e  complementary  f a s h i o n .  We have r e c e n t L y  found t h a t  B a K e r I s  

y e a s t  i n  020 reduced  f u r f u r a l  t o  g i v e  t h e  o p p o s i t e  e n a n t i o m e r  

( i e . .  ( R ) - [ 2 - Z H l l - f u r f u r r l  aLcoho1) o f  h i g h  o p t i c a l  p u r i t y .  

ConsecIuentLY. we r e a l i z e  t h e  p r e p a r a t i o n  o f  b o t h  e n a n t i o m e r s  o f  

l a b e l e d  f u r f u r y l  a L c o h o l  b y  means o f  y e a s t  r e d u c t i o n .  

A n o t h e r  p rob lem accompanied w i t h  t h i s  s y n t h e s i s  was t h e  

d e t e r m i n a t i o n  o f  t h e  o p t ' i c a l  p u r i t y  and t h e  absoLu te  

c o n f i g u r a t i o n  o f  t h e  c h f r a l  g l y c i n e .  OR0 spectrum4. camphan amide 
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d e r i v a t i v e '  and L-~henyLaLanyLgLycine ' . '~  maKe it p o s s i b L e  t o  

e s t a b l i s h  t h e  c h i r a l i t y  o f  g L y c i n e .  

I n  t h i s  Paper  we d e s c r i b e  t h e  s y n t h e s i s  o f  <R>- i2 -ZH13-gL~c ine  

b y  m i c r o b i a l  r e d u c t i o n  and t h e  a p p l i c a t i o n  o f  t h e  CD s p e c t r u m  t o  

t h e  d e t e r m i n a t l o n  o f  t h e  c h i r a L i t r  of g L y c i n e  d e r i v a t i v e s .  

R e s u l t s  and D i s c u s s i o n  

S y n t h e s i s  o f  c h i r a L  g L y c i n e  

F u r f u r a L  4 r e q u i r e d  f o r  t h e  m i c r o b i a L  r e d u c t  

t h e  f o l l o w i n g  w a ~ . t s e e  F i g - 1 )  

E s t e r i f i c a t i o n  o f  2 - f u r o i c  a c i d  w i t h  e thanoL 

t h e  c o r r e s p o n d i n g  e s t e r  2 i n  96% y i e l d .  The es 

on was o b t a i n e d  i n  

u s i n g  P-TsOH gave 

e r  2 was reduced  

563 

w i t h  LiALD, t o  a f f o r d  [2-2H2]-furfuryL aLcohoL 3. w h i c h  was 

s u b j e c t e d  t o  t h e  Swern o x i d a t i o n "  t o  f u r n i s h  Labe led  f u r f u r a l  4 

i n  67% Y ieLd  f rom t h e  e s t e r  2 .  

2 R=Et - 
a)  p-TsOH, EtOH. b) L i A l D 4 ,  THF. c )  (COC-l)2, DMSO, Et$,  CH2C12. 

Fig-1 

T h i s  t h r e e - s t e p  sequence p r o v i d e d  a s u b s t a n t i a l  q u a n t i t y  o f  t h e  

r e q u i r e d  f u r f u r a L  4 i n  a reasonabLe y i e L d .  

C o n v e r s i o n  o f  4 i n t o  t h e  c h i r a L  g L y c i n e  8 v i a  asymmet r ic  

m i c r o b i a L  r e d u c t i o n  o f  t h e  f u r f u r a l  4 was examined. (see F i g - 2 )  

R e d u c t i o n  o f  t h e  f u r f u r a l  4 w i t h  B a K e r ' s  y e a s t  i n  H20 gave 

(S>-[2-zH1]- fur furyL aLcohoL 5 i n  85% y i e l d .  The d e u t e r a t e d  

aLcohoL 5 was c o n v e r t e d  t o  (R ) -N-ph thaL0yL [2 -~H~] - fu r fu ryL  amine 

6 b y  u s i n g  t h e  M i t s u n o b u ' s  p r o ~ e d u r e ' ~ .  wh ich  shouLd p r o c e e d  w i t h  

i n v e r s i o n  o f  c o n f i g u r a t i o n .  O z o n o L r s i s  o f  6 ,  foLLowed b y  
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o x i d a t i o n  w i t h  h y d r o g e n  p e r o x i d e  save ( R > - N - ~ h t h a L o y L [ Z - ~ H 1 ~ -  

9LYClne 7 i n  80% Y ieLd .  T r e a t m e n t  o f  7 w l t h  h y d r a z i n e  in ethanoL 

a f f o r d e d  (R)-C2-zHl l -gL~clne 8 t n  98% r l e L d .  

dN 
II 
0 

7 

H D  

H2 ACO2” 
-8 - 

a )  B. YEAST, H20. b )  PPh3, Phthalimide, (Et02CN)2, THF. 

C)  03, CH2C12. d )  30% H202. e) H2NNH2-H20, EtOH. 

F ig-2  

N e x t  we l n v e s t i g a t e d  t h e  p r e p a r a t i o n  o f  t h e  a n t i p o d a l  compound 

12 in a s i m i L a r  way. When f u r f u r a l  11 was s u b j e c t e d  t o  r e d u c t i o n  

w i t h  Ba l<er ’s  y e a s t  I n  DaO. (R>-C2-zH13- fu r fu r~L  a l cohoL  12 was 

i s o l a t e d  i n  71% y i e L d . ( s e e  Fig-3) 

?he r e d u c t i o n  i n  D20 combined w i t h  t h e  one i n  HzO p r o v i d e d  a 

f a c i l e  and p r a c t i c a l  method f o r  t h e  p r e p a r a t i o n  o f  t h e  (S>- and 

(R) - i somer .  

(R) - fu r fu ryL  a l c o h o l  12 c o u l d  a l s o  b e  o b t a i n e d  b y  enzymic 

r e d u c t i o n  w i t h  horse L i v e r  aLcohoL dehydrosenase and 1 - d e u t e r a t e d  

cyc lohexanoL  I n  72% Y i e L d .  

D e t e r m i n a t i o n  o f  t h e  o p t i c a L  p u r l t y  

?he Mosher ‘s  method has  been w i d e l y  used  f o r  t h e  d e t e r m i n a t i o n  
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of t h e  o p t i c a i  p u r l t ~  o f  t h e  secondary  aLcohoLs and amlnes''. 

APpLr ins t h l s  method t o  o u r  compounds. t h e  d e u t e r a t e d  N-PhthaLorL 

fu r fu ryL  amlne 6 was c o n v e r t e d  t o  t h e  MTPA amlde 10 I n  t h e  

following way. 

WH2 
9 

NHMTPA 
10 - 

a) H2NNH2-H20. b)  MTPACl, Py., CH2C12. c )  B. YEAST, D20. 

d )  PPh3, Phthalirnide, (Et02CN)2, THF. 

Fig-3 

Removal o f  t h e  phthaCoyL g r o u p  w t t h  hydraz ' rne  I n  HaO gave 

f u r f u r y l  amIne 9 I n  69% y l e L d .  w h i c h  was t r e a t e d  w i t h  t h e  MTPACL 

i n  CH2CLa t o  a f f o r d  t h e  c o r r e s p o n d l n g  amlde 10 I n  4SX y i e l d .  

T r a n s f o r m a t l o n  o f  t h e  ( R ) - f u r f u r y L  aLcohoL 12. w h i c h  was p r e p a r e d  

b y  y e a s t  r e d u c t l o n  i n  010 t o  t h e  MTPA amlde 13 was accompLlshed 

i n  t h e  same manner. 

The o p t I c a L  p u r l t y  was d e t e r m i n e d  b y  400MHz-lH NMR s p e c t r a  o f  

t h e  r e s p e c t i v e  MTPA d e r t v a t i u e s .  A t t e m p t s  t o  d i s t i n g u i s h  t h e  

d l a s t e r e o t o p l c  methoxy  p r o t o n s  o f  t h e  dL-MTPA amlde' were 

u n s u c c e s s f u l .  The s1gnaLs f o r  t h e  methoxy  p r o t o n s  were  s e p a r a t e d  

n o t  enough t o  d e t e r m l n e  t h e  o p t i c a l  p u r l t y .  When 94MHz "F-NMR o f  

t h e  dL-MTPA d e r l v a t l v e  was examined, t h e  "F-signaL showed no 
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s e p a r a t i o n  a t  a l L .  B u t  t h e  P r o t o n s  t o  t h e  n i t r o g e n  o f  t h e  MTPb 

amides c o u l d  be capabLe o f  d i s c r e m i n a t i n g  t h e  d i a s t e r e o t o p i c  

p r o t o n s .  NameLy t h e  amide p r o t o n  was s u b j e c t e d  t o  i r r a d i a t t o n .  

wh ich  s e p a r a t e d  t h e  s i g n a l s  as shown i n  F i g - 4 .  From t h e  h e i g h t  o f  

t h e  PeaKs o p t i c a l  p u r l t f e s  o f  ( R > -  and I S > - i s o m e r  a r e  a b o u t  92% 

and 88% r e s p e c t i v e l y .  These d a t a  e x h i b i t  t h a t  t h e  Mosher ' s  method 

can a l s o  be appL icabLe  t o  t h e  amine h a v i n g  H, 'H c h i r a L i t y  as 

well as t h e  normaL secondary  amine'". 

1 400MHz H-NMR spectra o f  the MTPA derivatives 

P PM P PM PPM - - - l ' l ' l ' l r T  
4.6 4.5 4.4 4.6 4.5 4 . 4  4.6 4.5 4.4 

(dl)-E (R1-E 
* The amide proton was irradiated. 

Fig-4 

CD s p e c t r a  o f  t h e  c h i r a l  g L y c i n e  d e r i v a t i v e s  

C i r c u l a r  d i c h r o i c  s p e c t r o s c o p y  (CD)  i s  use fuL  t o  e s t a b l i s h  t h e  

absoLu te  c o n f i g u r a t i o n ,  because o f  a f a c t  t h a t  t h e  p o s i t i v e  and 

n e g a t i v e  s i g n a l s  can be o b t a i n e d .  R e c e n t l y  t h e  CD s p e c t r a  

combined w i t h  n o n e m p i r i c a l  methods such as t h e  e x c i t o n  theory ' '  

can d e t e r m i n e  t h e  a c c u r a t e  r e L a t i o n s h i p s  be tween t h e  s i g n  o f  t h e  

CD and t h e  absoLu te  c o n f i g u r a t i o n .  
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We a p p l i e d  t h e  CD s p e c t r a  t o  t h e  d e t e r m i n a t i o n  o f  t h e  H, H 

chirality o f  t h e  s l y c i n e  d e r i v a t i v e s .  ( R ) -  and (S)-C2-2H11- 

g l y c i n e  w h i c h  were p r e p a r e d  b y  t h e  Known p rocedure '  and t h e i r  

c h i r a l i t y  and o p t i c a l  p u r i t r < > 9 6 % >  were  a l r e a d y  e s t a b l i s h e d ,  were 

used as  s t a n d a r d  samples .  0.1% HJJ s o l u t i o n  o f  t h e s e  samples was 

s u b j e c t e d  t o  t h e  CD measurement.  The CD s p e c t r a  a r e  shown i n  F i g -  

5. where ( R > - g l y c i n e  and ( S > - g l y c l n e  show t h e  p o s i t i v e  c u r v e  and 

n e g a t i v e  c u r v e  r e s p e c t i v e l y .  From t h e s e  s p e c t r a .  t h e  CD can 

d i s t i n g u i s h  t h e  d e u t e r a t e d  g l y c i n e  and be a p p l i e d  t o  t h e  

d e t e r m i n a t i o n  o f  t h e  a b s o l u t e  c o n f i g u r a t i o n .  

N e x t  we t u r n e d  our a t t e n t i o n  t o  t h e  CD s p e c t r a  o f  N - a c e t y l  and 

N-phthaLoyLgLyc ine ,  w h i c h  were p r e p a r e d  f rom t h e  a u t h e n t  

g l y c i n e .  I t  was i m p o s s i b l e  t o  e s t a b l i s h  t h e  c h i r a l i t y  o f  

N - p h t h a l o y l g l y c i n e  due t o  t h e  a b s o r p t i o n  o f  t h e  a r o m a t i c  

The CD s p e c t r a  o f  [2 -2H1] -N-acety lgLyc ine  e x h i b i t e d  s i m  

C 

C 2-'Hi I - 
r i n g .  

l a r  

r e s u l t s  as  shown i n  F i g - 5 .  where t h e  p o s i t i v e  c u r v e  c o u l d  be 

a s s i g n e d  t o  (R>-[2-2H1]-N-acet~lgLycine and t h e  n e g a t i v e  c u r v e  

c o r r e s p o n d s  t o  ( S ) - a c e t y l g L y c i n e .  These d a t a  a l s o  i n d i c a t e  t h e  

a p p C i c a b i l i t y  o f  t h e  CD s p e c t r u m  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  

c h i r a l  L a b e l e d  N - a c e t y l g l y c i n e .  

[ 2 - Z H 1 ] - g L ~ ~ i n e .  p r e v i o u s l y  p r e p a r e d  b y  t h e  m i c r o b i a l  

r e d u c t i o n ,  was s u b j e c t e d  t o  t h e  CD measurement. The CD spec t rum 

showed t h e  p o s i t i v e  c u r v e .  and we c o n f i r m e d  t h a t  s l y c i n e  

s y n t h e s i z e d  had R - c o n f i g u r a t i o n  w l t h  92% o p t i c a l  p u r i t y .  

I n  summary, t h e  s y n t h e s i s  d e s c r i b e d  i s  h i g h l y  s t e r e o s p e c i f i c  

and p a r t i c u l a r l y  u s e f u l  f o r  p r e p a r i n g  c h i r a L  [2-ZH1]-glycine. The 

CD p r o v i d e s  t h e  c o n v e n l e n t  method t o  e s t a b l i s h  t h e  sense o f  

c h l r a l i t y  o f  t h e  d e u t e r a t e d  g L y c i n e  d e r i v a t i v e s .  S i n c e  o n l y  a 

s m a l l  amount o f  t h e  sample ( < 1  m g >  i s  r e q u i r e d  f o r  t h e  

measurement o f  t h e  CD spec t rum,  t h i s  method combined w i t h  a 

d e g r a d a t i o n  e x p e r i m e n t  o f f e r s  t h e  p o w e r f u l  t e c h n i q u e  t o  s t u d y  t h e  

b i o s v n t h e t l c  pa thway.  F o r  example,  C1l-ZH1l-Labeled PBG can be 
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c o n v e r t e d  t o  C2-zH13-sl~ctne".  so t h e  c h  

e s t a b l i s h e d  bY t h e  CD spec t rum.  The use 

e a s i l y  a v a l L a b l e  f o r  t h e  b i o s r n t h e t i c  s 

c o r r i n o l d  is u n d e r  i n v e s t i g a t i o n .  
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r a l i t y  o f  PEG t s  e a s i l y  

o f  t h e s e  samples now 

udy  o f  p o r p h r r i n o i d  and 

E x p e r i m e n t a l  S e c t i o n  

GeneraL Methods 

T e t r a h r d r o f u r a n  was U i s t i l L e d  f rom sodium/ benzophenone 

immed ia teL r  p r i o r  t o  use .  Me th rLene  c h l o r i d e .  d e m e t h y l s u l f o x l d e  

and t r i e t h r l a m i n e  were d i s t i l l e d  f r o m  c a l c i u m  h y d r i d e .  M e L t i n g  

P o i n t s  were d e t e r m i n e d  on a Yazawa m i c r o  m e l t i n g  p o i n t  a p p a r a t u s  

(Type BY- I )  and a r e  u n c o r r e c t e d .  I n f r a r e d  ( I R )  s p e c t r a  were 

r e c o r d e d  on a H i t a c h l  215 o r  a JASCO DS-701G s p e c t r o p h o t o m e t e r .  

'H NMR s p e c t r a  were measured w i t h  e i t h e r  a H i t a c h i  R-248 (60 MHz) 

o r  a JEOL GX-400 (400MHz) i n s t r u m e n t .  Chemica l  s h i f t s  a r e  g i v e n  

i n  6 u n i t s  ( p a r t s  p e r  m i l l l o n )  r e l a t i v e  t o  t e t r a m e t h r L s i L a n e  as  an 

i n t e r n a l  s t a n d a r d .  S p l i t t i n g  p a t t e r n s  a r e  d e s i g n a t e d  as s 

( s i n s L e t ) .  d ( d o u b l e t ) ,  t ( t r i p l e t ) ,  q ( q u a r t e t ) .  m ( m u L t i p l e t )  

o r  b r  ( b r o a d ) .  C i r c u l a r  d i c h r o i c  (CD) s p e c t r a  were r e c o r d e d  on  a 

JASCO J-5OOC s p e c t r o m e t e r .  Mass s p e c t r a  were o b t a i n e d  w i t h  a JEOL 

JMS-01SG-2 s p e c t r o m e t e r .  Thin Laye r  ch romatog raphy  ( T L C )  was 

p e r f o r m e d  wSth Merk K i e s e l g e L  60F, s h e e t .  F l a s h  chromatosraPhY 

was c a r r i e d  o u t  w i t h  Wake gel C-300. 

2-furolc a c l d  ethvL e s t e r  2 

To a s o l u t i o n  o f  2 - f u r o i c  a c i d  (12 .75  g )  i n  250 mL o f  e t h a n o l  

was added a c a t a L y t i c  amount o f  p - t o l u e n e s u l f o n i c  a c i d  and t h e  

s o L u t i o n  r e f l u x e d  f o r  2 days .  A f t e r  e v a p o r a t i o n  o f  a h a l f  o f  t h e  

s o l v e n t .  t h e  m i x t u r e  was poured  i n t o  sod ium b i c a r b o n a t e  s o L u t i o n  

and e x t r a c t e d  w i t h  e t h e r  f i v e  t i m e s .  The combined e x t r a c t s  were 

washed w i t h  b r i n e  and d r i e d  o v e r  magnesium s u l f a t e .  Removal o f  

t h e  s o l v e n t  save t h e  e t h y l  e s t e r  2 (15 .3  9. 96%): m p  32-34 C : I R  

( n e a t )  1720 (C=O) cm-' ; 'H NMR (CCL.) 6 1.38( t ,3 .J=7Hz,Me>,  
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4.33(q.2.J-7Hz.CH2>,6.45(dd,l,J=2, 3.4Hz,furan).7.07(d.l.J=3.4Hz. 

f u r a n > . 7 . 5 2 ( b r  d . l , J = 2 H z . f u r a n > .  

C 2 - z H n 3 - f u r f u r ~ l  a l c o h o l  3 

To a s t i r r i n g  s o L u t i o n  o f  5.30 g o f  2 - f u r o i c  a c i d  e t h y l  e s t e r  

i n  d r y  t e t r a h y d r o f u r a n  a t  0 C was added d r o p w i s e  L i t h i u m  aLuminum 

d e u t e r l d e  (1.07 9) and m i x t u r e  s t i r r e d  f o r  10 m in .  10% p o t a s s i u m  

h y d r o x i d e  s o l u t i o n  was added d r o p w i s e  u n t i l  t h e  s o l u t i o n  became 

s o L i d .  The m i x t u r e  was f i l t e r e d  on c e L i t e  and t h e  f i l t r a t e  was 

e v a p o r a t e d  u n d e r  reduced  p r e s s u r e  t o  a f f o r d  t h e  aLcohoL 3 ( 3 . 5 0  

9.  9 2 % ) :  I R  ( n e a t )  3350 (OH) cm-'; 'H NMR ( C C L s >  6 4 . 0 6 ( b r  

s , l , O H ) , 6 . 1 - 6 . 3 5 ( m , 2 . f u r a n ) . 7 . 2 7 ( d , l . J = 2 H ~ . f u r a n ) .  

C2-2H]- fur fura l  4 

T o  a s o l u t i o n  o f  oxaLyL c h l o r i d e  ( 4 . 9  mL) i n  m e t h y l e n e  c h L o r i d e  

(150 mL) was added d r o p w i s e  d i m e t h y l s u l f o x i d e  ( 4 . 8  mL) and t h e  

m i x t u r e  s t i r r e d  a t  -78 C f o r  15 m i n .  To t h i s  s o L u t i o n  was added 

d ropw ise  t h e  d e u t e r a t e d  f u r f u r y l  a l c o h o l  3 ( 3 . 7 6  9) i n  me thy lene  

c h t o r i d e  (100 mL> and t h e  m i x t u r e  k e p t  s t i r r i n g  f o r  15 m i n .  26 m i  

of  t r i e t h y L a m i n e  was added and t h e  s t i r r i n g  was c o n t i n u e d  a t  room 

t e m p e r a t u r e  f o r  1 h r .  The r e a c t i o n  m i x t u r e  was poured  i n t o  w a t e r  

and e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e .  The combined o r g a n i c  

s o l u t i o n s  were washed w i t h  sod ium b i c a r b o n a t e  s o l u t i o n ,  b r i n e .  

d r i e d  o v e r  magnesium s u L f a t e  and e v a p o r a t e d .  Chromatography  o f  

t h e  c r u d e  p r o d u c t  on aLumina and e l u t i o n  w i t h  1 : l  hexane- 

methrLene c h L o r i d e  save 2.10 g (57%)  o f  t h e  f u r f u r a l  4: I R  ( n e a t )  

167O(C=O) cm-'; 'H NMR (CCLI> 6 6 . 5 4 ( d d . 1 3 J = 2 ,  3 . 4 H z , f u r a n > .  

7.14(d.l.J=3.4Hz,furan),7.63(br s . l . f u r a n ) .  

(S>-C2-2H11-furfuryl  a l c o h o l  5 

FI s u s p e n s i o n  o f  15 g o f  commerciaL b a K e r ' s  y e a s t  i n  200 mL t a p  

w a t e r  was added t o  t h e  d e u t e r a t e d  f u r f u r a l  4 (2 .10 9) and s t i r r e d  

a t  37 'c f o r  2 days .  The m i x t u r e  was c e n t r i f u g e d  a t  1200OG f o r  15 

min .  The s u p e r n a t a n t  s o l u t l o n  was e x t r a c t e d  w i t h  e t h e r  f o u r  t i m e s  

and t h e  comblned e x t r a c t s  were washed w i t h  b r i n e  and d r i e d  o v e r  
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magnesium s u l f a t e .  RemovaL o f  t h e  s o L v e n t  a f f o r d e d  t h e  ( 5 ) -  

f u r f u r y L  a l cohoL  5 ( 1 . 6 6  9. 77%): I R  ( n e a t )  3425(0H) cm-'; 'H NMR 

( C C L 6 )  6 3 . 9 0 ( b r  s . l . O H ) . 4 . 4 3 ( b r  s , l ,CDH),6.2-6.4(m,Z, furan) .7 .35 

( d . 1 3 J = 2 . 0 H z . f u r a n > ;  MS m/z 100(6.2>,99(M+.90.4).98(100). 

( R )  -C2-'H11-f u r f  u ry  L a LcohoL 12 

Trea tmen t  o f  0 . 9 6  g o f  f u r f u r a L  11 w i t h  1 4  g o f  B a K e r ' s  y e a s t  

i n  d e u t e r i u m  o x i d e  (40  m L >  as i n  t h e  above p r e p a r a t i o n  o f  5 

a f f o r d e d  0.70 g (71%) o f  t h e  ( R ) - f u r f u r y L  a l c o h o l  12: I R ( n e a t )  

3420 (OH) cm-'; 'H NMR<CDCL3) 8 3.10Cbr  s . l .OH>,4 .S0(b r  

s,l,CDH>,6.05-6.20(m,2.furan),7.3S(m.l,furan); MS m/z 

100(8.3>,99(M+,85.4).98(100). 

( R ~ - N - p h t h a L o ~ L - ~ 2 - ~ H ~ l - f u r f u r y ~ a m l n e  6 

To a m i x t u r e  o f  1 .07  9 o f  t h e  ( S ) - f u r f u r y L  a l c o h o l  5, 3 . 1 4  9 o f  

t r i p h e n y l p h o s p h i n e  and 1 . 7 8  g o f  p h t h a l i m i d e  i n  d r y  

t e t r a h y d r o f u r a n  ( 3 0  m L >  was added d r o p w i s e  d i e t h r L  

a z o d i c a r b o x y L a t e  ( 2  mL> a t  0 C .  The s t i r r i n g  was c o n t i n u e d  a t  room 

t e m p e r a t u r e  o v e r n i g h t .  A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  t h e  

m i x t u r e  was s u b j e c t e d  t o  coLumn ch romatog raphy  on s i L i c a  g e l  and 

e L u t i o n  w i t h  5 : l  hexane-e the r  a f f o r d e d  1 . 6 9  g ( 6 9 % )  o f  t h e  ( R ) -  

f u r f u r y l a m i n e  6: mp 111-115 C ;  I R  (I<Br) 171O(C=O) cm-'; 'H-NMR 

(CDC13) 6 4 . 8 ( b r  s.l.CDH),6.3(rn.2.furan),7.3Z(m.l.furan).7.5-8.0 

( m . 4 . a r o m a t i c ) ;  MS m/z 229(15.3),228(M+3100),227(S.0) 

( S > - N - p h t h a L o ~ L - C 2 - ~ H ~ l - f u r f u r ~ l a m l n e  

Trea tmen t  o f  t h e  f u r f u r y l  a l c o h o l  12 ( 0 . 4 9  g >  w i t h  

t r i p h e n y L p h o s p h i n e  ( 1 . 5 7  9 ) .  p h t h a l i m i d e  ( 0 . 8 1  9 )  and d i e t h r l  

a z o d i c a r b o x y L a t e  (1.31 g >  a s  i n  t h e  above p r e p a r a t i o n  o f  6 gave 

t h e  c r u d e  p r o d u c t .  P u r i f f c a t i o n  b y  coLumn ch romatog raphy  on 

s i L i c a  geL w i t h  e l u e n t  o f  5 : l  hexane-e the r  a f f o r d e d  0 .496  9 (44%) 

o f  t h e  ( S ) - f u L f u r y L a m i n e :  mp 107-108 C ;  'H NMR (CDC13) 8 4 . 8 4 ( b r  

s,l,CDH).6.3(m.2,furan).7.3(m.l,.furan),7.5-8.0 ( m , 4 , a r o m a t i c ) ;  MS 

m/z 229~18.3~.228(M+,100).200(25.2~,199(32.4~. 
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(R>-N-phthaLo~L-C2-~H~l -s l .~c lne  7 

To a s o l u t i o n  o f  t h e  N-phthaLoyL f u r f u r y l a m i n e  7 (804 ms) i n  

me thy lene  c h l o r i d e  (SO mL) was b u b b l e d  ozone a t  -78 C U n t i l  no 

s t a r t i n g  m a t e r l a l  was obse rved  on  TLC. 30% hyd rogen  p e r o x i d e  was 

added and s t i r r e d  o v e r n i g h t  a t  room t e m p e r a t u r e .  The m i x t u r e  was 

e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e .  The o r g a n i c  s o L u t i o n  was 

washed w i t h  b r i n e .  d r i e d  and e v a p o r a t e d  a t  reduced  P r e s s u r e .  

R e c r y s t a l l i z a t i o n  o f  t h e  c r u d e  p r o d u c t  f rom w a t e r  gave 640 m g  

(80%)  o f  t h e  N-phthaLoyL g l y c i n e  7 :  m p  182-185 C ;  I R  ( K B r )  

3500(0H>.1720(C=O> cm-': 'H NMR (CDCL3> 8 4 . 5 0 ( b r  s , l .CDH>,7 .6 -  

7 . 9 ( m . 4 , a r o m a t l c > ;  MS m/z 207(1.9) .206(M+~6.0)g162(100) .  

(R>-[2-aHl]-gLyclne 8 

P m i x t u r e  o f  t h e  N - p h t h a l o y l  g L y c l n e  7 (253 m g >  and h r d r a z i n e  

monohydra te  (0 .1 mL> i n  e t h a n o l  ( 6  m L >  was r e f L u x e d  f o r  2 h r .  The 

r e a c t i o n  m i x t u r e  was e v a p o r a t e d  a t  reduced  p r e s s u r e  and t h e n  t h e  

r e s i d u e  d i s s o L v e d  i n  h o t  methanoL. The r e s u l t i n g  s u s p e n s i o n  was 

c e n t r i f u g e d  a t  3000 r p m  f o r  10 min .  The p r e c i p i t a t e  was washed 

w i t h  h o t  methanoL t w i c e  and r e c e n t r i f u g e d  f o r  10 m in .  The 

s u p e r n a t a n t  s o l u t i o n  was removed t o  g i v e  t h e  d e u t r a t e d  g L r c i n e  8 

( 8 1  m g .  98%) :  mP 243-247 C :  I R  (I<Br) 3100(OH>,1600(C=0) cm-': 'H 

NMR (DaO> 8 3 .35 (s . l .CDH) ;  MS m/z 77(1.3) .76(M+.10.3) .31~100) .  

( R  3-C 2-'Hll-f u r f  ury Lam 1 n e  9 

A m i x t u r e  of  t h e  N - p h t h a i o r L  f u r f u r y l a m l n e  6 (114 m g )  and 
r 

h r d r a z i n e  monohydra te  ( 2  mL> was s t i r r e d  a t  60  C f o r  10 m in .  Water 

was added and t h e  m i x t u r e  e x t r a c t e d  w i t h  e t h e r  f o u r  t i m e s .  The 

combined e x t r a c t s  were d r i e d  o v e r  magnesium s u l f a t e .  C a r e f u l  

e v a p o r a t i o n  o f  t h e  s o l v e n t  save  t h e  ( R ) - f u r f u r y l a m i n e  9 (32  m g ,  

65%) : 'H NMR ( C C L 4 >  8 3.60-3 .85(m3 1. CDH) .4 .55-4 .95(m.  2 .  NH2). 5 . 9 6  

(d . l . J=3Hz . fu ran> .6 .14 (dd . l . J=2 ,3Ht . fu ran~ ,7 .16~br  d . l , J=ZHz ,  

f u r a n ) .  
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< R ~ - N - c u - m e t h o x y - ~ - t r 1 f l u o r o m e t h ~ l - p h e n y L a c e t y l - ~ R ~ - C 2 - ~ H ~ l -  

f u r f u r y l a m l n e  10 

The MTPACl was p r e p a r e d  b y  r e f l u x l n g  (R>-2-methoxr-2- 

t r i f l u o r o m e t h y l - p h e n y l  a c e t i c  a c l d  (76 m g )  I n  t h l o n r l  c h l o r l d e  (1  

mL> I n  t h e  p resence  o f  s m a l l  amount o f  sod lum c h l o r l d e  f o r  50 h r  

under  n i t r o g e n .  f o l l o w e d  b y  e v a p o r a t i o n  o f  excess  t h I o n y L  

c h l o r i d e .  To a r n l x t u r e  o f  (R ) - fu r fu ryLamlne  ( 3 0 . 4  m g )  and 

p y r l d i n e  (53  ,uL> l n  m e t h y l e n e  c h l o r i d e  (1.5 m L )  was added t h e  

c r u d e  MTPACL. The 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  3 

h r  and t h e n  poured  i n t o  c o l d  1 N - h y d r o c h l o r i c  a c i d .  The aqueous 

s o l u t i o n  was e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e  t h r e e  t i m e s .  The 

combined e x t r a c t s  were  washed w l t h  sod ium b i c a r b o n a t e  

s o l u t i o n . b r I n e  and d r i e d  o v e r  magneslum s u l f a t e .  Removal o f  t h e  

s o L v e n t  gave an  o i l  w h i c h  was s u b j e c t e d  t o  co lumn ch romatos raphy  

on s i l i c a  SeL w l t h  eLuen t  o f  5:l hexane-e the r  t o  a f f o r d e d  43 .7  ms 

(45%) of t h e  MTPA amlde 1.0: ‘H NMR (400 MHz, CDCLJ> 8 

3.39(d.3.J-l.ZHz,OMe),4.48(br d 9 l . J = 2 . 7 H z  

7.06(s.l.NH>.7.3-7.6(m.6,aromatlc, f u r a n ) .  

. 

~R~-N-cu-methoxy-cu- t r l f luoromethy l -phenyLbcety l -~S>-~2-aH~~-  

f u r f u r y l a m l n e  13 

The MTPA- fu r fu ry la rn lne  13 was s y n t h e s i z e d  b y  t h e  same p r o c e d u r e  

as i n  t h e  above p r e p a r a t i o n  o f  t h e  MTPA- (R) - fu r fuy lam ine  10: ’H 

NMR (400 MHz. CDC15) 8 

3.39(d.3.J=1.2Hz,OMe).4.52(d.l,J=5.5Hz.CDH). 

6.24(d,l,J=3.4Hz,furan).6.33(dd,l,J=1.9. 3 . 4 H z . f u r a n ) .  

7.06(s. l .NH>,7.3-7.6(m.6.aromat ic.  f u r a n ) .  
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