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ABSTRACT

ORGANOPHOSPHORUS SYNTHESIS 

BY

PARITOSH R. DAVE 

A d v i s e r :  D r .  R o b e r t  Engel

The f o l l o w i n g  a n a l o g s  o f  g l y c e r o l - 3 . - p h o s p h a t e  have 
b e e n  s y n t h e s i z e d  f o r  t h e  p u r p o s e  o f  a f f i n i t y  l a b e l  
e x p e r i m e n t s :  1. M o n o t r l e t h y l  ammonium 3 , 4 - d l h y d r o x y  1 , 2 -
e p o x y b u t y l p h o s p h o n a t e .  2 .  D im e th y l  3 , 4 - 0 - l s o p r o p y l l d e n e -  
3 , 4 - d l h y d r o x y - 2 - k e t o b u t y l p h o s p h o n a t e .

The f i r s t  o f  t h e s e  h a s  b e e n  p r e p a r e d  by sod ium  
t u n g s t a t e  c a t a l y z e d  e p o x l d a t l o n  o f  t h e  c o r r e s p o n d i n g  t r a n s  
a l k e n e  p h o s p h o n a t e  w i t h  h y d r o g e n p e r o x l d e .

The s e c o n d  o f  t h e s e  h a s  b e e n  p r e p a r e d  by a l k y l a t l o n  
o f  l i t h i o  d i m e t h y l  m e t h y l p h o s p h o n a t e  w i t h  m e th y l  g l y c e r a t e
2 , 3 - a c e t o n l d e .

The D a r z e n ' s  c o n d e n s a t i o n  h a s  b e e n  a p p l i e d  t o  
t h e  s y n t h e s i s  o f  d i e t h y l  3 , 4 - 0 - l s o p r o p y l l d e n e - 3 , 4 -  
d l h y d r o x y - I , 2 - e p o x y b u t y l p h o s p h o n a t e ,  a l t h o u g h  a l l  a t t e m p t s  
t o  h y d r o l y z e  t h e  p r o d u c t  r e s u l t e d  in  a t t a c k  a t  t h e  o x i r a n e  
r i n g .

A t t e m p t s  t o  s y n t h e s i z e  3 , 4 - d i h y d r o x y - 1-
k e t o b u t y l p h o s p h o n l c  a c i d  v i a  l , 3 - d l t h l a n e - 2 - y l p h o s p h o n a t e  
a n d  o t h e r  m ethods  were u n s u c c e s s f u l .

A method f o r  one p o t  c o n v e r s i o n  o f  b r o m id e s  t o  
a l d e h y d e s  u s i n g  DMSO, Nal a nd  b a s e  h a s  b e e n  d e v e l o p e d .
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ItilEQDyClION

O rg a n ic  e s t e r s  o f  p h o s p h o r i c  a c i d  p l a y  a n  i n t e g r a l
i

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

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

in  r e c e n t  y e a r s  owing t o  a  r e c o g n i t i o n  o f  t h e i r  s t r u c t u r a l

r e l a t i o n s h i p  t o  t h e  p h o s p h a t e s *  c o u p le d  w i t h  t h e  r o l e  o f

n a t u r a l  p h o s p h o n a te s  in  l i v i n g  s y s t e m s .

G ly c e r o l  may s e r v e  a s  a  p r e c u r s o r  t o  g l y c e r o l  3 -  
2

p h o s p h a t e  (G3P) * a  m e t a b o l i t e  o f  s i g n i f i c a n c e  b o t h  In

l l p l d  m etabo l i sm  and  a s  a  b y - p r o d u c t  o f  g l y c o l y s i s .  The

m etab o l i sm  o f  g l y c e r o l  and  gTyceVol 3 - p h o s p h a t e  i n  mammals

i s  g o v e rn e d  m a in ly  by  t h r e e  enzym es:  g l y c e r o l  k i n a s e *  th e
+

c y t o s o l i c  NAD - d e p e n d e n t  g l y c e r o l  3 - p h o s p h a te

dehy d ro genase*  and t h e  m i t o c h o n d r i a l  FAD-1 in k ed  g l y c e r o l
3

3 - p h o s p h a t e  d e h y d ro g e n a s e  [ f i g  1* 1.
4 5

Bucher  and  K l ln g e n b e r g  and  E s t a b r o o k  and  S a c t o r

p r o p o s e d  a  G3P SHUTTLE on t h e  b a s i s  o f :

<a) t h e  i n a b i l i t y  o f  i n t a c t  r a t  l i v e r  m i t o c h o n d r i a  t o
6

o x i d i z e  e x t e r n a l  o r  c y t o s o l i c  NADH *

<b> t h e  a b i l i t y  o f  m i t o c h o n d r i a  t o  o x i d i z e  G3P b u t  n o t

d i h y d r o x y - a c e t o n e  p h o s p h a t e  <DHAP>* and
+

( c )  th e  e x i s t e n c e  o f  a  c y t o s o l i c  NAD -1 in k e d  enzyme t h a t
+

t h e rm o d y n a m ic a l ly  f a v o u r s  t h e  f o r m a t i o n  o f  G3P and  NAD .

Reducing  e q u i v a l e n t s  In  g l y c o l y s i s  a r e  d e p o s i t e d  

t e m p o r a r i l y  in  DHAP c o n v e r t i n g  I t  t o  G3P* which  t h e n

1



Glycerol
Glycolytic system

Glycerol
LipidsATP
NADH

G3P DHAP
G3P Shuttle

FAD
Mitochondrion

(Figure 1)
ATP- a d e n o s i n e  t r i p h o s p h a t e  
G3P- g l y c e r o l  3 - p h o s p h a te  
DHAP- d i h y d r o z y - a c e t o n e  p h o s p h a te  
FAD- f l a v i n  a d e n o s in e  d l n u c l e o t l d e

e n t e r s  t h e  o u t e r  m i t o c h o n d r i a l  membrane a n d  I s  r e o x l d l z e d

t o  DHAP. The DHAP c a n  t h e n  r e t u r n  t o  c y t o s o l  t o  be

r e c y c l e d .  I n  t h i s  c y c l e ,  r e d u c i n g  e q u i v a l e n t s  a r e  d i s p o s e d

in  t h e  c y t o s o l  in  exchange  f o r  o x i d a t i v e  p h o s p h o r y l a t i o n

in  m i t o c h o n d r i a .  A l th o ug h  t h e  Im por tance  o f  t h i s  p r o c e s s

f o r  t h e  g e n e r a t i o n  o f  m e t a b o l i c  e n e r g y  In m u sc le s  of7,8
I n s e c t s  I s  w e l l  e s t a b l i s h e d  , t h e r e  i s  no e v id e n c e  t h a t  

t h e  s h u t t l e  p l a y s  a  m ajo r  r o l e  i n  t h i s  r e s p e c t  in

v e r t e b r a t e s .
8

In  b a c t e r i a ,  g l y c e r o l  Is  d l s s l m i l a t e d  in  two ways .

2



One b e g i n s  w i th  d e h y d r o g e n a t i o n  f o l l o w e d  by

p h o s p h o r y l a t i o n *  and  t h e  o t h e r  b e g i n s  w i t h  p h o s p h o r y l a t i o n

f o l lo w e d  by d e h y d r o g e n a t i o n .  In  b o t h  c a s e s  t h e  t e r m i n a l

p r o d u c t  I s  DHAP. The c o m p l e x i t y  o f  enzym ology  t h a t  b r i n g s

f o r t h  t h e s e  t r a n s f o r m a t i o n s  I s  n o t  o b v i o u s  from t h e  above

s i m p l i s t i c  r e p r e s e n t a t i o n  o f  t h e  c h e m ic a l  r e a c t i o n s  o f

g l y c e r o l .  C e r t a i n  o r g a n i s m s  a r e  a b l e  t o  u t i l i z e  n o t  o n l y
*

e x t e r n a l  g l y c e r o l *  b u t  a l s o  G3P a n d / o r  d l h y d r o x y  a c e t o n e  

DHA* th e  i n t e r m e d i a t e s  o f  t h e  two p a th w a y s .  A s p e c i a l  

p e r m e a t i o n  p r o t e i n  would be r e q u i r e d  f o r  m e t a b o l i c  a c c e s s  

t o  a l l  t h r e e .  Also* a l t h o u g h  h a v in g  a  s i n g l e  pa thw ay  In 

p r i n c i p l e  s h o u l d  s u f f i c e  f o r  u t i l i z a t i o n *  some b a c t e r i a  

a r e  e q u ip p e d  w i t h  b o t h  pathways*  in  some c a s e s  r e q u i r i n g  

a t  l e a s t  se v en  d i f f e r e n t  c a t a l y t i c  p r o t e i n s *  e a c h  s u b s e t
;

b e in g  a d a p t e d  t o  s e r v e  u n d e r  a  p a r t i c u l a r  c i r c u m s t a n c e .  In  

a d d i t i o n  t o  th e s e *  t h e r e  a r e  c o n s i d e r a b l e  v a r i a t i o n s  In 

t h e  mechanisms o f  d e h y d r o g e n a t I o n .

The k i n d s  o f  p r o t e i n s  employed  by  one b a c t e r i a l  

s p e c i e s *  Es c h e r i c h i a  £ £ l i *  f o r  t h e  u t i l i z a t i o n  o f  

g l y c e r o l *  G3P* and DHAP a r e  sum m arized  In f i g  2 .*  and 

d i s c u s s e d  b r i e f l y  b e low .

(1 )  G l y c e r o l  f a c i l i t a t o r  ( o r  f a c i l i t a t o r  p r o t e i n ) :

T h is  p r o t e i n  c a t a l y z e s  t h e  e q u i l i b r a t i o n  o f  t h e  s u b s t r a t e

a c r o s s  t h e  c e l l  membrane r a t h e r  t h a n  t r a n s p o r t  a g a i n s t  a
9a

c o n c e n t r a t i o n  g r a d i e n t

3



C e l l  Membrane

F a c i l i t a t o r

G l y c e r o l ±  G l y c e r o l

F eedback  I n h i b i t i o n

k i n a s e

A er .  Dehydrogenase  
, T r a n s p o r t  /  *

 ----------------------

G3P S y n th a se  
<DHAP) R e d u c ta se

( f i g u r e  2)

FDP

DHAP GAP

FDP* f r u c t o s e  1>6 - d l p h o s p h a t e  
GAP* g l y c e r o l  a c e to n e  p h o s p h a t e  
AER* a e r o b i c  
AN* a n a e r o b i c

( 2 )  G3P t r a n s p o r t  Cor p e r m e a s e ) :
9b

T h is  p r o t e i n  c a t a l y z e s  th e  a c t i v e  t r a n s p o r t  o f  G3P

( 3 ) G l y c e r o l  K inase  (ATP: g l y c e r o l  3 - p h o s p h o t r a n s f e r a s e ) :

I t s  f u n c t i o n  I s  t o  c a t a l y z e  p h o s p h o r y l a t i o n  o f  g l y c e r o l
9c

and  Is  f e e d b a c k  I n h i b i t e d  by f r u c t o s e  1 , 6 - d l p h o s p h a t e

( 4 )  A n a e ro b ic  G3P d e h y d r o g e n a s e :

T h is  enzyme c a t a l y z e s  t h e  o x i d a t i o n  o f  G3P t o  DHAP and Is
9d

c o u p le d  t o  a  fu m ara te  o r  n i t r a t e  r e d u c t a s e  c h a i n

4



(5 )  A e r o b ic  G3P d e h y d ro g e n a s e :

T h i s  enzyme a l s o  c a t a l y z e s  t h e  o x i d a t i o n  o f  G3P t o  DHAP.

In  t h i s  c a s e  e i t h e r  oxygen o r  n i t r a t e  c a n  s e r v e  a s  th e
9e

u l t i m a t e  e l e c t r o n  a c c e p t o r
+

(6 )  G3P s y n t h a s e  Cor DHAP r e d u c t a s e )  (G3P:NADP 2 -  

o x l d o r e d u c t a s e )

T h is  enzyme c a t a l y z e s  t h e  c o n v e r s i o n  o f  DHAP t o  G3P. As 

su c h  I t  s e r v e s  a s  t h e  l i n k  b e tw een  g l y c o l y s i s  and 

p h o s p h o g l y c e r l d e  s y n t h e s i s .  I t  i s  I n h i b i t e d  by  h i g h  

c o n c e n t r a t i o n s  o f  t h e  p r o d u c t  G3P.

<7) G3P a c y l t r a n s f e r a s e  <acy l-Co-A:G3P O -acy l

t r a n s f e r a s e ) :

T h i s  enzyme c a t a l y z e s  t h e  f i r s t  s t e p  i n  p h o s p h o g l y c e r l d e  

s y n t h e s i s *  t h e  f o r m a t i o n  o f  monoacyl G3P. I t  I s  an  

I m p o r t a n t  s t e p  In  m e t a b o l i c  c o n t r o l .

C o n s i d e r a t i o n  o f  some o f  t h e  i m p o r t a n t  r o l e s  p l a y e d  

by g l y c e r o l  3 - p h o s p h a t e  makes I t  a  p r im e  t a r g e t  f o r  

a n t l m e t a b o l l c  a c t i v i t y  by s t r u c t u r a l l y  r e l a t e d  p h o s p h o n lc  

a c i d s .  One o f  th e  most  common modes by  which  p h o s p h o n lc  

a c i d s  and  p h o s p h o n a te s  may a c t  a s  a n  a n t l m e t a b o l i t e  

I n v o l v e s  I n t r o d u c t i o n  o f  a  p h o s p h o n lc  a c i d  l i n k a g e  In 

p l a c e  o f  th e  normal  p h o s p h a t e  e s t e r  p o r t i o n  o f  a  

m e t a b o l i t e  w h i le  t h e  r e m a i n i n g  f u n c t i o n a l i t i e s  r e m a in  th e  

same.  S in c e  th e  c a r b o n - p h o s p h o r o u s  bo n d  I s  i n c a p a b l e  o f  

h y d r o l y s i s  by p h o s p h o e s t e r a s e s *  t h e r e  e x i s t s  t h e  p o t e n t i a l  

t o  p e r t u r b  one o r  more b i o c h e m i c a l  p r o c e s s e s .  For

5



optimization of activity, other structural variations

might be desirable.

Several aspects of change must be considered in

addition to bestowing resistance to hydrolysis. One of the

prime considerations would be the steric factor, i.e. the

distances between the phosphorus acid site and the other

functionalities. For example, 2,3-dihydroxypropyl-l-
10

phosphonlc acid, generated in both racemic and chiral 
11

forms as a potential antimetabolite for sn-glycerol-3-

phosphate utilizing, processes was found to be totally

without Inhibitory action toward L-glycerophosphate:NAD 
12

oxidoreductase
13-18

However 3,4-dihydroxybutyl-l-phosphonic acid , an

isosteric analog of G 3 P , • was found to be oxidized by the
L-glycerol-3-phosphate:NAD oxidoreductase at approximately

the same rate as the natural substrate and to have nearly

the same value of Km.

For some other systems the Isosteric requirement is

not valid. For example, the “shortened" nonisosteric
19

analogue of CJDP-glucose (phosphorus bound directly to 5' 

carbon of the nucleoside sugar) has been found to 

substitute for the natural material as substrate for UDP- 

glucose dehydrogenase. Moreover, while both isosteric and 

nonisosteric phosphonlc acid analogues of 3-deoxy-D- 

arabinoheptulosonate-7-phosphate and D-gluco-7-phosphate 

are competitive inhibitors of the 3-dehydroquinate

6



s y n t h e t a s e  o f  99 H » th e  n o n i s o s t e r i c  sy s te m s  a r e  f a r
20

b e t t e r  I n h i b i t o r s  t h a n  t h e  I s o s t e r i c  s y s te m s

A n o th e r  f a c t o r  o f  d i f f e r e n c e  b e tw ee n  t h e  n a t u r a l

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

p h o sp h o n a te  I s  t h e  l o s s  o f  b i n d i n g  c a p a b i l i t y  r e s u l t i n g

from e l i m i n a t i o n  o f  e s t e r a t l c  oxygen o f  t h e  n a t u r a l

p h o s p h a t e  l i n k a g e .  T h is  m ight  be o f  no c o n se q u e n c e  f o r  a

g i v e n  p h o sp h o n lc  a c i d  a n t l m e t a b o l i t e  w h e reas  i t  m igh t

p r e c l u d e  o t h e r  p o t e n t i a l  a n t l m e t a b o l l t e  from a c t i v i t y  in  a

d i f f e r e n t  m e t a b o l i c  s y s te m .  For e x a m p le ,  i a  y

e n z y m a t i c  s t u d i e s  w i t h  3 , 4 - d l h y d r o x y b u t y l - l - p h o s p h o n l c

a c i d  have  shown I t  t o  s e r v e  a's a  s u b s t r a t e  f o r  CDP-

d i g l y c e r l d e : & Q - g l y c e r o l - 3 - p h o s p h a t e  p h o s p h a t i d y l

t r a n s f e r a s e  and  I s  a n  I n h i b i t o r  o f  t h e  a n a e r o b i c  a j j -
14,21 i

g l y c e r o l - 3 - p h o s p h a t e : N A D < P ) o x I d o r e d u c t a s e  o f  gx c o l j

B u t ,  i t  d o e s  n o t  a p p e a r  t o  i n t e r a c t  w i t h  th e  c a t a b o l i c

membrane bound g l y c e r o l - 3 - p h o s p h a t e  d e h y d r o g e n a s e ,  CDP-

d t g l y c e r I d e : L - s e r l n e  p h o s p h a t I d y l t r a n s f e r a s e ,  o r  a c y l
21

coenzyme A : s n - g l y c e r o l - 3 - p h o s p h a t e  a c y l  t r a n s f e r a s e  . The

l a c k  o f  I n t e r a c t i o n  o f  t h e s e  l a t t e r  s y s t e m s  h as  been

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

In  an e f f o r t  t o  t e s t  t h i s  h y p o t h e s i s  f u r t h e r ,  s p e c i e s

have been  s y n t h e s i z e d  w i t h o u t  th e  e s t e r a t l c  oxygen b u t

s t i l l  b e a r i n g  a  p o t e n t i a l  b i n d i n g  f u n c t i o n a l i t y .  Tang e£
15

ftli. s y n t h e s i z e d  1 , 3 , 4 - t r l h y d r o x y b u t y l - l - p h o s p h o n l c  a c i d  

When t h i s  m a t e r i a l  was I n v e s t i g a t e d  w i t h  a c y l  coenzyme

7



A : s n - g l y c e r o l - 3 - p h o s p h a t e  a c y l  t r a n s f e r a s e  I t  was fou n d  t o
2 2 ,2 3

s e r v e  a s  a  s u b s t r a t e

I t  may be c o n c l u d e d  t h a t  b o t h  t h e  s t e r i c  f a c t o r s  and

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

I t  I s  a l s o  o f  I n t e r e s t  t o  c o n s i d e r  a  n a t u r a l l y

o c c u r r i n g  p h o s p h o n lc  a c i d  w h ich  i s  b a c t e r i c i d a l .  The n o v e l

s t r u c t u r e  o f  t h e  a n t i b i o t i c  phosphonom ycin  t i l ,  h a s
2 4 ,2 5

g e n e r a t e d  much i n t e r e s t  i n  e p o x y p h o s p h o n a t e s

Phosphonomycin  was f i r s t  I s o l a t e d  from f e r m e n t a t i o n  b r o t h

in  which St r e p t o m y c e s  f r a d i a e  was grown and  h a s  b e en  shown

t o  have t h e  f o l l o w i n g  s t r u c t u r e ,  b a s e d  on i t s  s y n t h e s i s

from ( - ) - c l s - p r o p e n y l  p h o s p h o n l c  a c i d  a s  I t s  ( + ) -
25 42

phenethylammonlum s a l t  and  i t s  ammonium s a l t  by

e p o x i d a t l o n  w i t h  h y d ro g e n  p e r o x i d e  in  t h e  p r e s e n c e  o f

sodium t u n g s t a t e .

C p. b
H P \ H

 \ /  / O H

iCH3

25
NMR CD 0)  a :  1 .48  d J »  5 . 4  H z . ,  b :  2 .8 4  <J« 18 .5  and 

2
5 .1  H z . ) ,  c :  3 .2 7  m.

A number o f  b a c t e r i a l  s t r a i n s  e x p o s e d  t o

8



phosphonom ycin  In g r o w th  medium o f  h i g h  o s m o l a r l t y ,  a r e

c o n v e r t e d  t o  s p h e r o p l a s t s ,  s t r o n g l y  i m p l i c a t i n g  t h e

I n t e r a c t i o n  o f  p h osphonom yc in  in  c e l l  w a l l  f o r m a t i o n .
26

M o re o v e r ,  b i o c h e m i c a l  i n v e s t i g a t i o n s  have  shown t h a t

phosphonom yc in  a t t a c h e s  c o v a l e n t l y  t o ,  a n d  t h u s  I n h i b i t s

i r r e v e r s i b l y ,  p h o s p h o e n o l p y r u v a t e : u r i d i n e  d l p h o s p h o - N -

a c y l g l u c o s a m l n e  t r a n s f e r a s e  i n  e x t r a c t s  f rom s e v e r a l  gram
27

p o s i t i v e  and  gram n e g a t i v e  m ic r o o r g a n i s m s  . T h i s  enzyme 

c a t a l y z e s  t h e  f i r s t  s t e p  in  t h e  b i o s y n t h e t i c  p a th w ay  o f  

t h e  n u c l e o t i d e  muramyl p e p t i d e s  t h a t  s e r v e  a s  c e l l  w a l l  

p r e c u r s o r s  i n  a l l  b a c t e r i a .

Phosphonom ycin ,  a d m i n i s t e r e d  o r a l l y ,  i s  e f f e c t i v e  i n  

p r o t e c t i n g  mice a g a i n s t  a  number o f  i n f e c t i o n s  c a u s e d  by 

gram p o s i t i v e  and gram n e g a t i v e  o r g a n i s m s .  I t  i s  a n  

e f f e c t i v e  c h e m o t h e r a p e u t i c  a g e n t  and  c o m p ares  f a v o u r a b l y  

w i t h  t e t r a c y c l i n e  and  c h l o r a m p h e n i c o l .

Thus i t  i s  c l e a r  t h a t  p r e p a r a t i o n  o f  p h o s p h o n l c  a c i d s  

s t r u c t u r a l l y  r e l a t e d  t o  n a t u r a l  p h o s p h a t e s  would be o f  

c o n s i d e r a b l e  I m p o r t a n c e .  A r e a s o n a b l e  s t r u c t u r e  f o r  

b i o l o g i c a l  s t u d i e s  would  be 1 ,2 - e p o x y  3 , 4 -

d i h y d r o x y b u t y l p h o s p h o n l c  a c i d  121.

The s t e r e o c h e m i s t r y  o f  t h e  e p o x id e  was n o t  c o n s i d e r e d  

c r i t i c a l  a s  t h e  e p o x id e  f u n c t i o n a l i t y  was c h o s e n  t o  

p r o v i d e  a  r e a c t i v e  s i t e  o n l y .

9



HOHC

H

H

HOCH

I t  e m b o d ie s  t h e  f o l l o w i n g  f e a t u r e s  t h a t  make I t  an

attractive synthetic target:

<1) S t r u c t u r a l  r e l a t i o n s h i p  t o  phosphonom ycin ,

<2) B i n d i n g  a nd  r e a c t i v e  c a p a b i l i t y  o f  t h e  e p o x id e  oxygen ,

<3) I s o s t e r i c  t o  g l y c e r o p h o s p h a t e .
* %

O t h e r  s p e c i e s  t h a t  l a c k  t h e  e s t e r a t l c  oxygen o f  

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

t h e  a l p h a -  a n d  b e t a - k e t o  p h o s p h o n a t e s  shown below 13 and 

4 ] .

0  ’

HO
3 4

10



The m ethods  l e a d i n g  t o  1,2 - e p o x y p h o s p h o n a t e s  have 
2 8 ,2 9

b e e n  r e v i e w e d  . These  I n c l u d e  :

<a) The r e a c t i o n  o f  a  d l a l k y l p h o s p h o n a t e  h a l o h y d r l n  w i t h  

b a s e  ;

Cl OH 0
i  i  baseFt— C— C— P(OR)o 
I I 2
R" R'

P(OR)

5

Scheme I
( b )  The r e a c t i o n  o f  a  d i a l k y l  s o d l o a l k a n e  p h o s p h o n a te  w i t h  

a n  a l p h a - h a l o k e t o n e  ;

0  0  R*
11 , II I

NaP(0R)2 +  R - C — C— R"' —
I 
Cl

Scheme I I

( c )  D a rz e n s  r e a c t i o n  o f  a  d i a l k y l  c h l o r o m e t h y l p h o s p h o n a t e  

w i t h  a  c a r b o n y l  compound , and  ,



ft 0 Ff'
I II \

H-C—P(0R>2 +  ^ C = l

CL R'“

Scheme I I I

<d> D i r e c t  e p o x i d a t i o n  o f  an  a l k e n e p h o s p h o n a t e

0

tf" ,P(OR)o H2 ° 2
or> perocid °

R" r'

S c h e i e  IV

Phosphonom ycin  h a s  b e e n  s y n t h e s i z e d  by method 
2 5 ,4 2

Cd) , and  I t s  d l a l k y l  e s t e r s  have  b e en  s y n t h e s i z e d  by 
83 36

methods <a) and  <c)
83

W endler  e t .  a l  . s y n t h e s i z e d  phosphonom yc in  from t h e  

c o r r e s p o n d i n g  h a l o h y d r l n  u s i n g  10 N NaOH. The p r o d u c t  t h u s  

p r e p a r e d  was I s o l a t e d  a s  i t s  monobenzylammonlum s a l t  and  

found  t o  be i d e n t i c a l  In  a l l  r e s p e c t s  w i t h  m a t e r i a l  

d e r i v e d  from n a t u r a l  s o u r c e s .  Our t a r g e t  e p o x id e  would  n o t  

s u r v i v e  t h e  above  c o n d i t i o n s  a n d  so  I t  was n o t  c o n s i d e r e d  

a  v i a b l e  a p p r o a c h .

12



LIMITATIONS:

The y i e l d s  o f  t h e s e  r e a c t i o n s  a r e  low and t h e r e  a r e

c e r t a i n  l i m i t a t i o n s  a s  I n d i c a t e d  below .

The f o r m a t i o n  o f  a l p h a  s u b s t i t u t e d  1 ,2-

e p o x y p h o s p h o n a te s  In  t h e  r e a c t i o n  o f  sod  1 urn-
3 0 , 31

d i a l k y l p h o s p h o n a t e s  w i t h  h a lo m e th y l  k e t o n e s  , b u t  t h e  

y i e l d s  a r e  low and a  complex  m ix tu re  o f  p r o d u c t s  t h a t  

i n c l u d e s  e n o l p h o s p h a t e  [61 Perkov  r e a c t i o n  a n d  b e t a  

k e t o a l k y l p h o s p h o n a t e  171 v i a  Arbuzov r e a c t i o n  i s  fo rm ed .

r m

°  N : = C R ”' t f  (r o )2 p

A l p h a - s u b s t i t u t e d  1 , 2 - e p o x y p h o s p h o n a t e s  may be

p r e p a r e d  by a l k a l i n e  t r e a t m e n t  o f  t h e  h a l o h y d r l n s  formed

by t h e  a d d i t i o n  o f  d i a l k y l p h o s p h o n a t e s  w i t h  h a lo m e t h y l
31

k e t o n e s  , b u t  t h e  s lo w  r a t e  o f  r e a c t i o n  and low y i e l d s

l i m i t  t h e  u t i l i z a t i o n  o f  t h e  r e a c t i o n .

The D arzen s  c o n d e n s a t i o n  o f  a r o m a t i c  a l d e h y d e s  and

a r y l  and  a l k y l  k e t o n e s  w i th
32-35

d l a l k y l c h l o r o m e t h y l p h o s p h o n a t e s  h a s  b e e n  fo u n d  t o  be

e f f e c t i v e .  But t h e  r e a c t i o n  was fou nd  t o  be i n e f f e c t i v e

13



f o r  t h e  p r e p a r a t i o n  o f  b e t a - a l k y l  and  a l p h a - a l k y l  o r  a r y l
34

s u b s t i t u t e d  1#2 - e p o z y p h o s p h o n a t e s
36

R e c e n t ly #  how ever  C o u t r o t  e t .  a l . # have r e p o r t e d

s u c c e s s f u l  p r e p a r a t i o n  o f  a  v a r i e t y  o f  a l p h a -  a s  w e l l  a s  

b e t a -  a l k y l  s u b s t i t u t e d  1#2 - e p o z y p h o s p h o n a t e s #  a s  shown

be low .

ntnULl o
Hex/THF II
 »■

nBuLi
II

^ P C H g C I
_70° v '

^PCHCILi

RfRf'CO/THR 
- 70—2 0 ° /

CH3I/THF 
t - 7 0 - 2 0 °

0
v  II H

P-CHCICH/X
nBuLi 
r ' r " c o / t h f
-7 0 -2 0 °

X= OEt.NMeg
Scheme V
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X» OEt.

R 'R " C O  Y i e l d  %

2 -p ro p a n o n e  80

3 - p e n ta n o n e  89

2 , 4 - d l m e t h y l - 3 ~ p e n t a n o n e  88

2 - b u ta n o n e  85

3 - m e t h y l - 2 - b u t a n o n e  86

3 » 3 - d l m e t h y l - 2 - b u t a n o n e  75

b u te n ~ 3 - o n e  36

3 - m e t h y l - b u t e n - 3 - o n e  75

1 , l - d l m e t h o x y - 2 - p r o p a n o n e  76

a c e to p h e n o n e  51

To d a t e  t h i s  r e a c t i o n  h a s  o n l y  b e e n  p e r f o r m e d  w i t h

m e th y l  a nd  e t h y l  e s t e r s  o f  c h l o r o m e t h y l p h o s p h o n l c  a c i d .

D i r e c t  e p o x i d a t l o n  - o f  d i a l k y l  v l n y l p h o s p h o n a t e  can

r e s u l t  In  s i d e  r e a c t i o n s  owing t o  t h e  r e l a t i v e

e l e c t r o p h l l l c l t y  o f  t h e  d o u b le  b on d .  F o r  example* t h e  use

o f  t - b u t y l h y d r o p e r o x l d e  h a s  been  shown t o  r e s u l t  in  t h e
29

M ich ae l  a d d i t i o n  o f  t h e  b u t o x l d e  t o  t h e  o l e f i n  a s  shown

A t te m p te d  r e a c t i o n  o f  d i e t h y l v l n y l p h o s p h o n a t e  w i th
37

b u f f e r e d  p e r o x y t r 1f l u o r o a c e t i c  a c i d  in  d l c h l o r o m e t h a n e
38

a n d  w i t h  p e r a c e t i c  a c i d  In  e t h y l a c e t a t e  gave v e r y  l i t t l e  

( c a  10%)or no y i e l d  o f  1 *2 - e p o x y p h o s p h o n a t e . These 

r e a g e n t s  have  b e en  shown t o  be e f f e c t i v e  In th e  

e p o x l d a t l o n  o f  a l p h a - b e t a  u n s a t u r a t e d  c a r b o x y l i c

15



3 7 ,3 8
e s t e r s

0

H

H
* (CH3)3- C - 0 - C H 2*CH ‘(0R)2

(ch3)3ccT

Scheme v r

R e a c t i o n  o f  d l e t h y l v l n y l p h o s p h o n a t e  w i t h  m e t h a n o l i c
39

h yd ro g en  p e r o x i d e  a t  pH 9 . 5 - 1 0 . 0  r e s u l t e d  in  10% y i e l d
1

o f  t h e  e p o x id e  . A 62% y i e l d  o f  t h e  1 , 2 - e p o x l d e  was
40

o b t a i n e d  w i t h  t - b u t y l h y d r o p e r o x l d e  . in  b e n ze n e  u s i n g  

T r i t o n  B a s  a  c a t a l y s t .  I n  a d d i t i o n  t c  t h e  d e s i r e d  

e p o x i d e ,  a  s i g n i f i c a n t  amount  o f  d i e t h y l  2 - t -  

b u t o x y e t h y l p h o s p h o n a t e  was a l s o  fo rm ed  i n  t h i s  r e a c t i o n  

p re s u m a b ly  by a M ichae l  a d d i t i o n  o f  t - b u t o x l d e .

D i r e c t  e p o x i d a t l o n  o f f e r s  a  d u a l  a d v a n t a g e .  F i r s t ,  

t h e  f o r m a t i o n  o f  t h e  i n t e r m e d i a t e  v l n y l p h o s p h o n a t e  p e r m i t s  

a c i d  c a t a l y z e d  d e p r o t e c t i o n  p r i o r  t o  e p o x i d a t l o n  o r  

rem ova l  o f  t h e  e s t e r  f o l l o w i n g  e p o x i d a t l o n  by

h y d r o g e n a t i o n  I f  R«benzyl  o r  p h e n y l  . S e c o n d ly ,  

s t e r e o s p e c l f i c  v l n y l p h o s p h o n a t e s  c a n  be  o b t a i n e d  v i a

41
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PCI3+2tBuOH +  3 E t jN  ► (tBuOJgPCI

H C =C —CH20H '
 ---------------  » H C =C —CH2OP(OtBu)2

4 5 0 ° C y
 > H2C=C=CHP(0tBu)2

H2»Pd/C H3 a

H

0
II '

, P ( 0 t B u > 2

H

H * / a H3C

0

P(OH),

H H

I* R

2' H20 2_ No2W04

0 *

OH

r'=(+)C6h 5ch (n h2 )CH3
Scheme V II

» +
RH
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42
c a t a l y t i c  h y d r o g e n a t i o n  o f  t h e  c o r r e s p o n d i n g  a l l e n y l  o r  

41
a l k y n y l  p h o s p h o n a t e .  E p o x l d a t i o n  o f  t h e  a p p r o p r i a t e

iso m er  c a n  t a k e  p l a c e  a s s y m e t r l e a l l y  In  t h e  p r e s e n c e  o f  a

r e s o l v i n g  a g e n t ,  t o  I s o l a t e  t h e  p r o d u c t  o f  t h e  d e s i r e d

a b s o l u t e  s t e r i o c h e m i s t r y  a s  shown In t h e  s y n t h e s i s  o f  
42

p h o s p h o n o a y c in  (scheme V I I ) :
43

Haake e t .  a l . a l s o  r e p o r t e d  a  f a c i l e  one s t e p -  

p r o c e d u r e  t o  1 , 2 - e p o x y p h o s p h o n a t e s ,  i n  33-84% y i e l d s  a s  

shown below In  scheme V I I I  :

0  0  R1 Q.II II base ■ \  / \
(RO)2 PH ■+ R,C -C R ,,R,,,-------------► C— Ctf'R?"

X (R0)2p 
I! 

0

R=CH , C H t CH Phi 
3 2 5 '  2

R#* CH , t - B u ,
3

R” =H, CH ,
3g P 9  9

Scheme V II I  
44

In  1979,  S e k ln e  e t .  a l .  r e p o r t e d  t h e  f a c i l e  

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

by a d d i t i o n  o f  a l c o h o l s .  They a l s o  r e p o r t e d  t h e  c o n v e r s i o n  

o f  h a l o h y d r l n  a d d u c t s  (101 t o  t h e  f r e e  a c i d s  a s  shown 

below In scheme IX:
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X 9 P(OTMS), X ?' ■TMS
R2C—CR1 3 T T +

r 2C—9—P(0™ S)3; 
0

P(OTMS)-

0  0  
ii g ,(SMT0)2PCR2CR

:fl2 C-<jP-P(0TMS);

M i ,  ,R,C—C—P(0TMS2
IOTMS
I - NaOMe/MeOH
2-TMSC1

O-P (OTMS)2 
0

P(OTMS).

CcHrNH-j /EtOH

Scheme IX
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45
In  1979, B e n lg n l  and  T r e v l s a n  s y n t h e s i z e d  a m i n o a c l d

2 -O x o p h o s p h o n a te s  a r e  I m p o r t a n t  I n t e r m e d i a t e s  In t h e  

s y n t h e s i s  o f  e n o n e s  by t h e  p h o s p h o r y l  s t a b i l i z e d  

o l e f l n a t i o n  r e a c t i o n .  2 - O x o p h o s p h o n a te s  c a n  In c e r t a i n

M i c h a e l l s - A r b u s o v  r e a c t i o n .  However, t h e  P e r k o v  r e a c t i o n  

fo rm in g  e n o l  p h o s p h a t e s ,  a s  shown b e lo w  (scheme X I ) ,  

c o m p e te s .  While  t h i s  r e a c t i o n  c a n  be m in im iz e d  by v a r y i n g  

th e  r e a c t i o n  c o n d i t i o n s ,  o t h e r  r o u t e s  t o  t h e  2 -  

o x o p h o s p h o n a te s  a r e  s u p e r i o r .

s a l t s  o f  ( - ) - c i s  1 , 2 - e p o x y p r o p y l p h o s p h o n l c  a c i d

(phosphonom yc ln )  a s  shown be low  (scheme X ) :

h 2 0 2

No2 W0 4

EDTA
H H

A = amino acid

Scheme X

i n s t a n c e s  be p r e p a r e d  from a l p h a - h a l o g e n o k e t o n e s  by t h e
46
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0  
I I ' (R'0)2 PCH2 C0R

(R'0)3 P +  XCHgCOR

(R'0)2 P -0
^ c = c h 2

II

Scheme XI

A more e f f i c i e n t  way t o  p r e p a r e  2 - o x o p h o s p h o n a t e s  i s

by a c y l a t l o n  o f  th e  c o r r e s p o n d i n g  a l k y l p h o s p h o n a t e ,  u s i n g
47 48

e i t h e r  t h e  a c y l  h a l i d e  o r  t h e ‘e s t e r  a s  shown be lo w .

0
II

(R0)2PCH3 -
lnB uL i/TH F /-60°
2Cu Hal/-35°

0
II

(R0)2 P CH2 Cu

R'COCI

0  
II

(6 o)2 pc h

I* n E i i L i / - ? ^  

2- R'C(0)0R" 

3- H C I/H 20

O

(R0)2PCH2C0R‘ 

£ 0 - 100% 

12 

12

Scheme XII
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F u r t h e r  r o u t e  t o  make t h e s e  I m p o r t a n t  I n t e r m e d i a t e s  

I n v o l v e s  r e a c t i o n  o f  a l k y l p h o s p h o n a t e  a n i o n s  w i t h

a l d e h y d e s  f o l l o w e d  by o x i d a t i o n  o f  t h e  i n t e r m e d i a t e  b e t a -
48

h y d ro x y  compound ,  a s  shown be low  (schem e X I I I ) .

°  I- nBuLi/-78° °  °
(R0)2PCH3-------------------- ► (RO)2 PCHs— CHR'

2- R'CHO

OXIDN- 
 *  12

Scheme X I I I

1 - K e to p h o s p h o n a te s  a r e  r e a d i l y  p r e p a r e d  by  t h e

M i c h a e l l s - A r b u z o v  r e a c t i o n  o f  a c y l  h a l i d e s  w i t h  t r l a l k y l
49

p h o s p h i t e s  a s  shown be low  (scheme XIV).  ■

(R O )j P +  R'C(0)X-----------1 R'CtO) P(0)(0R)2  +  RX

13

Scheme XIV

The h ig h  a c y l a t i n g  p o t e n t i a l  o f  a c y i p h o s p h o n a t e s
50

to w a rd s  0 ,  N, a nd  C n u c l e o p h i l e s  h a s  b e e n  r e c o g n i z e d  and

h a s  l e d  t o  t h e i r  use  a s  a l k o x y c a r b o n y l a t l n g  a g e n t s  in  key
51

s t e p s  o f  t h e  s y n t h e s i s  o f  p r o s t a g l a n d i n s
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They a r e  h i g h l y  r e a c t i v e  compounds and  a r e  c l e a v e d  by

a c i d  a s  w e l l  a s  a l k a l i  t o  p h o s p h i t e s  a n d  c a r b o x y l i c  a c i d  
5 2 ,5 3

d e r i v a t i v e s  , p r e s u m a b ly  t h r o u g h  t h e  f o l l o w i n g  
53

mechanism

H

HoO
R'C-f(OR)2 

0  OH

R'C02 H +  (R0)2 P(0)H 
14

13

OH
R'C —P(0)(0R)<

OH

14 +(R0)2 P(0)'

Scheme XV

They a r e  more r e a d i l y  c l e a v e d  t h a n  a l p h a - h y d r o x y

compounds ,  and  some a c y l  p h o s p h o n a t e s  a r e  s e n s i t i v e  t o
54

m o i s t u r e  a t  room t e m p e r a t u r e  . I t  h a s  b e e n  shown t h a t

t h e  h e m i k e t a l  [15]  I s  p r o d u c e d  when t h e  1 - k e t o p h o s p h o n a t e  I s

d i s s o l v e d  In a l c o h o l  a t  room t e m p e r a t u r e  in  t h e  a b s e n c e  o f  
52

a c i d  (scheme XVI>.

13 4- r"oh

OR"
_  I

+ R/-C—P(0)(0R)p 
d)H

Scheme XVI
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STATEMENT OF PROBLEM 

The c u r r e n t  p r o j e c t  haa  b e en  c o n c e r n e d  w i t h  t h e  

p r e p a r a t i o n  o f  a n a l o g u e s  o f  g l y c e r o l  3 - p h o s p h a t e  which  

would i n c o r p o r a t e  l ) a  n o n - l a b i l e  p h o s p h o r u s  l i n k a g e ,  and  

2) a  f u n c t i o n a l i t y  which  i s  c a p a b l e  o f  i r r e v e r s i b l y  

b i n d i n g  a t  a n  enzyme s i t e .  Such s p e c i e s  would a l l o w  

a f f i n i t y  l a b e l  e x p e r i m e n t s  t o  be d e s i g n e d  and  p e r f o r m e d  in  

e n z y m a t i c  s y s t e m s .

0
II

HO OH

0  
II

0. P(0CH3)2

r T
0  0

X
\ HO OH

O
II
P(0H),

/ A ^ P ( 0 H ) 2

f  O
II 
P(0H)2 

k HO OH J
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The m a jo r  t a r g e t  t o  t h i s  end was 3 , 4 - d l h y d r o x y - l , 2 -  

e p o x y b u t y l p h o s p h o n i c  a c i d ,  which  c o u l d  be c o n s i d e r e d  an  

a n a l o g  o f  g l y c e r o l  3 - p h o s p h a t e  and  t h e  n a t u r a l l y  o c c u r i n g  

a n t i b i o t i c ,  Phosphonom ycin .  *

R e l a t e d  m a t e r i a l s  which  c o u l d  s e r v e  f o r  t h i s  p u r p o s e  

a r e  3 , 4 - d i h y d r o x y - 1 - k e t o b u t y l p h o s p h o n i c  a c i d  and  3 , 4 -  

d i h y d r o x y - 2 - k e t o b u t y l p h o s p h o n l c  a c i d .
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RESULTS AND DISCUSSION

i .  s ^ t h e s i s  o£ ix 2zses2Z G & sA ebssa££s :

( a )  A t t e a p t s  v i a  h a l o h y d r l n s :

The D a rze as  r e a c t i o n ,  w i t h i n  t h e  s t r u c t u r a l  

l i m i t a t i o n s  d i s c u s s e d ,  h a s  b e e n  fo u n d  v e r y  e f f e c t i v e  in  

t h e  s y n t h e s i s  o f  1 , 2 - e p o x y p h o s p h o n a t e s .  Numerous ex am p le s  

o f  i t s  a p p l i c a t i o n  t o  t h e  s y n t h e s i s  o f  d i a l k y l  e s t e r s  o f

1 , 2 - e p o x y p h o s p h o n lc  a c i d  have  b e e n  n o t e d .  However, in  no 

c a s e  h a s  t h e  r e a c t i o n  b e en  a t t e m p t e d  w i t h  a r y l  e s t e r s  o f  

p h o s p h o n l c  a c i d .  F u r t h e r m o r e ,  t h e r e  i s  b u t  one exam ple  o f

a  d e a l k y l a t l o n  o f  a  d i a l k y l ' 1 , 2 - e p o x y p h o s p h o n a t e  t o  g i v e
56

t h e  c o r r e s p o n d i n g  e p o x y p h o s p h o n ic  a c i d

Our I n i t i a l  a p p r o a c h  t o  1 , 2 - e p o x y  3 , 4 -  

d l h y d r o x y b u t y l p h o s p h o n l c  a c i d  C21 I s  o u t l i n e d  be low  In 

scheme XVII.

I t  was d e s i r e d  t o  f u l l y  d e p r o t e c t  t h e  c o r r e s p o n d i n g  

h a l o h y d r l n  p r i o r  t o  e p o x id e  f o r m a t i o n  i n  v iew o f  th e  

s e n s i t i v i t y  o f  t h e  o x l r a n e  r i n g  a l p h a  t o  t h e  p h o s p h o n a t e .  

I n  t h i s  l i g h t  I t  was d e c i d e d  t h a t  model s y s t e m s  s h o u l d  be 

exam ined  f i r s t  in  o r d e r  t o  d e v e l o p  m e th o d o lo g y .
5 6 a , b

The known d i e t h y l  c h l o r o m e t h y l p h o s p h o n a t e  (161 

was s y n t h e s i z e d  by r e a c t i o n  o f  c h l o r o m e t h y l  p h o s p h o n l c  

d l c h l o r l d e  w i t h  2 e q u i v a l e n t s  e a c h  o f  e t h a n o l  a n d  t r l e t h y l  

amine a s  shown below In  scheme X V II I .
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P(OEt)20  HO

CICH2 l(OEt)2 + | S  " BUL;  >

0 o “78° 1 I
X  ix o

ITMSBr 

2* dil- HCI
P(OH)HO

HO OH* •

base

HO OH 19
Scheme XVII

O 0

CICH2 PCI2 + 2 E tO H  +  2Et^N -------- >- CICH^PtOEt^
16

Scheme X VIII
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R e a c t i o n  o f  t h e  a n i o n  g e n e r a t e d  from d i e t h y l

c h lo r o m e t h y l p h o s p h o n a t e  u s i n g  nBuLl w i t h  a c e t a l d e h y d e  in  d r y  
o

e t h e r  a t  - 7 8  C, f o r  t h r e e  h o u r s  f o l l o w e d  by q u e n c h i n g  w i t h  

w a t e r ,  gave  a  r e a c t i o n  m ix t u r e  f o r  w h ic h  NMR i n d i c a t e d  

p r o d u c t  f o r m a t i o n .

0  0 , •II nBuLt
CICH2 PlOEt ) 2  +  CHjCHO --------------- *

0

HO ,P(OEt)2 • •

H3 C Cl 
21

Scheme XIX

U n f o r t u n a t e l y #  a l l  a t t e m p t s  t o  p u r i f y  i t  by 

c h ro m a to g r a p h y  met w i t h  f a i l u r e .  I t  d ecom posed  on s t a n d a r d  

s i l i c a  g e l  c h ro m a to g r a p h y  co lum ns  a s  w e l l  a s  on a t t e m p t e d  

HPLC.

S i m i l a r  r e s u l t s  were o b t a i n e d  on  r e a c t i o n  o f  

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

nBuLl o r  l i t h i u m  d i i s o p r o p y l  am id e  1LDA1, w i t h  

b e n z a l d e h y d e .
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S i m i l a r l y ,  g e n e r a t i o n  o f  t h e  a n i o n  o f  d i e t h y l  

c h lo r o m e t h y l p h o s p h o n a t e  u s i n g  £ - b u t y l  l i t h i u m  , a n d  I t s  

s u b s e q u e n t  r e a c t i o n  w i t h  n - p e n t a n a l  a l s o  f a i l e d  t o  p r o v i d e  

a  p u r l f l a b l e  p r o d u c t .

CICH2 P(OEt)2 +  CgHgCHO

0

HO ,P(0Et>2

X
h5 c6 Cl 

22

Scheme XX

l2 r ' VJCU2  "T w5 n II 

0

H0t ,P(OEt):

H||C5 Cl

2 3
Scheme XXI

nBuU/LDA
 >

- 78 °

jf t-BuLi
CICHoPCOEOo -1- C=H„CHO ------ ►

- 78 ‘
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36
I n  1978# C o u t r o t  and S a v l g n a c  * r e p o r t e d  th e

p r e p a r a t i o n  o f  l * 2 - e p o z y p h o s p h o n a te s  b y  t h e  r e a c t i o n  o f

l i t h l a t e d  d i e t h y l  c h l o r o m e t h y l p h o s p h o n a t e  w i t h  v a r i o u s

c a r b o n y l  compounds.  D i e t h y l  C h l o r o m e t h y lp h o s p h o n a t e  was
o

ad d ed  t o  nBuLi in  T H F /he ian e  a t  *70 f o l l o w e d  by a d d i t i o n
o

o f  t h e  c a r b o n y l  compound a t  - 7 0  . A f t e r  s t i r r i n g  f o r  one 
o

h o u r  a t  -7 8  * i t  was warmed t o  room t e m p e r a t u r e  and

s t i r r e d  o v e r n i g h t .

We have a p p l i e d  t h i s  r e a c t i o n  t o  a c e t o n e
o

g l y c e r a l d e h y d e  b u t  i t  was q uen ch e d  a t  - 7 8  in  o r d e r  t o  

i s o l a t e  t h e  h a l o h y d r i n  [1 8 1 .

0  

CICH2 l^(0Et)2

HO.
0  nBuLi

-78°

18

I* TMSBr 

2-di l HCI
P(0H)HO

HO OH
19

Scheme XXII
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A cetone  g l y c e r a l d e h y d e  £17 3 was p r e p a r e d  by t h e  method 
57

o f  B aer  and  F i s h e r  a s  shown b e lo w .

HO-

H 0 -

H0-

■OH

•OH

-OH

HQ

ZhCt OH

Pb(OAcV

H

17

Z in c  c h l o r i d e  c a t a l y z e d  a c e t o n l z a t i o n  o f  D -m a n n l to l  a t

room t e m p e r a t u r e  f o r  16 h r  p r o v i d e d  1 , 2 - 5 , 6 - d l a c e t o n e - D -

m a n n i t o l ,  which  on t r e a t m e n t  w i t h  l e a d  t e t r a a c e t a t e  in  d r y

b en zene  a f f o r d e d  a c e t o n e  g l y c e r a l d e h y d e .

T r e a tm e n t  o f  l l t h i a t e d  d i e t h y l

c h l o r o m e t h y l p h o s p h o n a t e  w i t h  a c e t o n e  g l y c e r a l d e h y d e  a t  -7 0  
o

t o  -7 5  C f o r  1 h o u r  f o l l o w e d  by q u e n c h i n g  w i t h  w a t e r  gave
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t h e  h a l o h y d r l n .  A t t e m p t s  t o  p u r i f y  I t  d i r e c t l y  were 

u n s u c c e s s f u l .  NMR o f  t h i s  c r u d e  m a t e r i a l  showed p r e s e n c e  

some s t a r t i n g  p h o s p h o n a te  and  a  m u l t l p l e t  a t  5 . 2  ppm. The 

m ix t u r e  was t h e n  t r e a t e d  with /1%  a q .  HC1 and  e x t r a c t e d  

w i t h  m e th y len e  c h l o r i d e .  The a q ueo u s  l a y e r  was pumped d r y  

t o  y i e l d  a  s o l i d  which  decomposed r a p i d l y .  E l e m e n t a l  

a n a l y s i s  o f  t h i s  compound was n o t  a c c u r a t e  b u t  d i d  

c a l c u l a t e  c l o s e l y  w i t h  d i e t h y l  l - c h l o r o - 3 , 4 - d l h y d r o x y - l -  

b u t e n y l p h o s p h o n a t e  a s  a n  i m p u r i t y  formed by  d e h y d r a t i o n  o f  

t h e  d e s i r e d  h a l o h y d r l n .

A t t e m p te d  t r e a t m e n t  o f  I t  w i t h  e x c e s s  ( c a  5 f o l d )  

t r l m e t h y l  b r o m o s i l a n e  r e s u l t e d  'In  c o m p l e t e  d e c o m p o s i t i o n  

t o  a  b l a c k  m a t e r i a l .

< b ) .  v i a  D a r z e n ' s  r e a c t i o n :

Cl)  w i t h  D i e t h y l  c h l o r o m e t h y l p h o s p h o n a t e :

F o l l o w i n g  t h e  f a i l u r e  t o  o b t a i n  t h e  e p o x id e  by th e  

h a l o h y d r l n  r o u t e  a n  a t t e m p t  was made t o  p r e p a r e  d i e t h y l

1 , 2 - e p o x y - 3 , 4 - 0 - i s o p r o p y l l d e n e  b u t y l p h o s p h o n a t e  [ 2 4 ] ,

u s i n g  C o u t r o t ' s  c o n d i t i o n s ,  a s  shown (schem e XXIV).
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0  Hx> „
V 0 nBuLi/hex/THF

CICH2P(0Et)2  >
-78°, I hr 
R T ,  18 hr

0
II

V

24

Scheme XXIV

The r e a c t i o n  o f  i l t h l a t e d  d i e t h y l

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

c a r r i e d  o u t  a s  above  and  a l l o w e d  t o  warm t o  room 

t e m p e r a t u r e  w i t h  s t i r r i n g  o v e r  an  18 h o u r  p e r i o d .  The 

r e a c t i o n  m ix t u r e  was t h e n  q u e n c h e d  w i t h  w a t e r  and 

e x t r a c t e d  w i t h  1:1 e t h e r - m e t h y l e n e  c h l o r i d e .  P r o d u c t  

f o r m a t i o n  was e v i d e n t  by NMR.

A t te m p te d  c h ro m a to g r a p h y  on s i l i c a  g e l  r e s u l t e d  in  

d e c o m p o s i t i o n .  A t t e m p t s  a t  HPLC u s i n g  L l c h o s o r b  S i  60
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column r e s u l t e d  In numerous  p e a k s .  One o f  t h e s e  p e a k s  was

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

D e c o m p o s i t io n  u n d e r  HPLC c o n d i t i o n s  was a l s o  e v i d e n t .

F o r t u n a t e l y ,  d i s t i l l a t i o n  undei* r e d u c e d  p r e s s u r e  p r o v i d e d

a  f r a c t i o n  c o m p r i s e d  o f  p u r e  d i e t h y l  1 , 2 - e p o x y - 3 , 4 - 0 -

l s o p r o p y l l d e n e  b u t y l p h o s p h o n a t e ,  wh ich  gave s a t i s f a c t o r y

s p e c t r a  a n d  e l e m e n t a l  a n a l y s i s .  Remain ing  d i e t h y l

c h lo r o m e t h y l p h o s p h o n a t e  d i s t i l l e d  p r i o r  t o  t h e  p r o d u c t .  On

I n j e c t i o n  o f  th e  p u r e  sam p le  on t h e  a n a l y t i c a l  HPLC

c o lu m n ,  a l l  t h e  p e a k s  o f  t h e  r e a c t i o n  m ix t u r e  b u t  t h e  one

c o r r e s p o n d i n g  t o  d i e t h y l  c h l o r o m e t h y l  p h o s p h o n a te  were

f o u n d ,  i n d i c a t i n g  d e c o m p o s i t t o n  -on t h e  co lum n.

T r i m e t h y l b r o a o s i l a n e  h a s  b e en  found  t o  be an

e f f e c t i v e  r e a g e n t  in  t h e  c l e a v a g e  o f  a l k y l  e s t e r s  o f
58

p h o s p h o n l c  a c i d s  . I t  was hoped  t h a t  t h e r e  would be a

d i f f e r e n c e  in  t h e  r a t e  o f  c l e a v a g e  and  t h e  r a t e  o f

n u c l e o p h i l l c  a t t a c k  on t h e  e p o x id e  by b r o m id e .

U n f o r t u n a t e l y ,  t r e a t m e n t  o f  d i e t h y l  3 , 4 - 0 - i s o p r o p y l i d e n e

1 , 2 - e p o x y b u t y l p h o s p h o n a t e  w i t h  2 e q .  o f

t r i m e t h y l b r o m o s i l a n e  a t  room t e m p e r a t u r e  r e s u l t e d  In

a t t a c k  p r i m a r i l y  a t  t h e  e p o x i d e .  T h is  was s e e n  by c a r r y i n g

o u t  t h e  r e a c t i o n  i n  an  NMR tu b e  u s i n g  CDC1 a s  a  s o l v e n t .
3

W i t h i n  m in u t e s  o f  m ix ing  t h e  r e a g e n t s ,  t h e  p r o t o n s

a s s i g n e d  t o  t h e  o x l r a n e  s y s te m  had s h i f t e d .  I t  i s  known

t h a t  n u c l e o p h i l l c  a t t a c k  on 1 , 2 - e p o x y p h o s p h o n a t e s  a lw a y s
29

o c c u r s  a t  t h e  b e t a - c a r b o n  , so th e  p r o d u c t  o f  r e a c t i o n

34



w i t h  e x c e s s  t r i m e t h y l b r o m o s i l a n e  would be d i t r l m e t h y l s l l y l

2 - b r o m o - 3 , 4 - 0 - i s o p r o p y l i d e n e - l - t r 1m e t h y l s l l y l o x y i

b u t y l p h o s p h o n a t e  [ 2 5 1 .  NMR o f  t h i s  m a t e r i a l  showed a t t a c k  

a t  t h e  o x l r a n e  and t h e  m a t e r i a l  was p resu m ed  t o  be  [2 51 .

P(OTMS).Br

O T M S

2 5

A t te m p t s  a t  c l e a v a g e  o f  t h e  a c e t o n i d e  o f  [241 a l s o  

r e s u l t e d  In  t h e  o p e n in g  o f  t h e  e p o x i d e .  F o r  example*-! 

t r e a t m e n t  w i t h  s a t u r a t e d  ammonium c h l o r i d e  i n  90 \

m ethano l  o v e r n i g h t  a t  room t e m p e r a t u r e  r e s u l t e d  i n  a t t a c k

a t  t h e  e p o x id e  w h i l e  t h e  a c e t o n i d e  r e m a i n e d  u n t o u c h e d .
44

S e k i n e ,  ££ a l  . have  d e m o n s t r a t e d  t h a t  t r l m e t h y l  

s i l y l a t e d  h a l o h y d r l n s  fo rm ed  by r e a c t i o n  o f  

t r i m e t h y l s l l y l p h o s p h i t e  w i t h  a l p h a  h a l o c a r b o n y l  compounds 

c an  be c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  b i s  C t r l m e t h y l s l l y l )

1 ,2 -e p o x y  p h o s p h o n a t e s  by r e a c t i o n  w i t h  sod ium  m eth ox id e  

in  m ethano l  f o l l o w e d  by r e s i l y l a t i o n  w i t h  

t r i m e t h y l c h l o r o s l l a n e . These  c a n  In  t u r n  be c o n v e r t e d  to  

m o n o an l l in lu m  s a l t s  o f  t h e  e p o x y p h o s p h o n l c  a c i d s  by

35



t r e a t m e n t  w i t h  a n i l i n e  In a l c o h o l *  a s  shown be low  1 

scheme XXV.

X 0  X OTMS

R'r"C— CR'" P{0TMS)3  * R'tf'C-i-PCOTMS^
R"1 0

l*NaOMe/MeOH S \ >P(0TMS)2

2 - t S s c T    .

C6H5 NH2 /R 0 H
R’R'

ill

Scheme XXV

T h is  a p p r o a c h  was a p p l i e d  t o  t h e  sy s te m  a t  hand  

shown be lo w .

n

a s
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P (0 H)

OH
HO OH 

2 5 a

TMSBr

NaOMe/MeOH

(ONa)

NaO ONa 

26

TM SCI

NH4CI/MeQH

Scheme XXVI

T r e a tm e n t  o f  [2 4 ]  w i t h  t r 1m e t h y l b r o m o s i l a n e  (3  e q . )  

f o l lo w e d  by r e a c t i o n  w i t h  1% a q .  HC1 gave  t h e  2-b rom o-  

1 , 3 , 4 - t r l h y d r o x y b u t y l p h o s p h o n l c  a c i d  [ 2 5 a l .  Aga in  t h e  

s t r u c t u r e  was p resum ed  on t h e  b a s i s  o f  NMR which  c o n f i r m e d

37



t h e  c l e a v a g e  o f  a c e t o n i d e . T h i s  was t r e a t e d  w i th  5 e q  o f  

b r o m o t r 1m e t h y l s i  l a n e  f o l l o w e d  by 5 e q .  o f  sodium 

m eth o x id e  i n  m e t h a n o l .  Two r e g i o l s o m e r s  a r e  p o s s i b l e , b o t h  

t h e  1 ,2 - e p o x y  and  t h e  2 , 3 - e p o x /  p h o s p h o n a t e s .  T h i s  m ix tu r e  

was t r e a t e d  w i th  c h l o r o t r i m e t h y l s I l a n e . S a t u r a t e d  

ammonium c h l o r i d e  in  m ethano l  was add ed  a n d  t h e  c r y s t a l s  

formed were f i l t e r e d .  T h i s  m a t e r i a l  gave e l e m e n t a l

a n a l y s i s  f o r  t h e  t r l h y d r a t e  o f  t h e  d l s o d i u m  s a l t  o f  [2 7 1 .

In  ord er  to av o i d  the  p o s s i b i l i t y  of  o b t a i n i n g  a

mixture  o f  two r eg io i s cm e r3 ,  the  f o l lo w in g  approach was

ta k en .

H 

/ = 0  nBuLi/hex/THF
CICH2P (0E t)2 +  /   >

-7 8 °  I hr 

R T  • 18 hr*

0 s 0 4
 * *
C6H5 NH2

Scheme XXVII

The r e a c t i o n  o f  l i t h l a t e d  d i e t h y l  c h l o r o m e t h y l
o

p h o s p h o n a te  w i t h  a c r o l e i n  a t  -7 0  t o  - 7 5  C f o r  one h o u r  

f o l l o w e d  by s t i r r i n g  a t  room t e m p e r a t u r e  f o r  18 h o u r s  gave

<j>

A , P ( 0 E t ) 2

28
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on d i s t i l l a t i o n  d i e t h y l  3 - b u t e n y l  1 ,2 - e p o x y  p h o s p h o n a te  

C 283 * which gave s a t i s f a c t o r y  s p e c t r a  and  e l e m e n t a l  

a n a l y s i s .  T r e a tm e n t  w i t h  3 e q .  o f  b r o m o t r l m e t h y l s i l a n e  

f o l lo w e d  by 3 e q .  o f  sodium m e th o x id e  in  m ethano l  gav e  a s  

above d l s o d lu m  s a l t  o f  3 - b u t e n y l - 1 , 2 - e p o x y p h o s p h o n l c  a c i d .  

T r e a tm e n t  w i t h  c h l o r o t r l m e t h y l s l l a n e  f o l l o w e d  by Osmium 

t e t r a o x l d e  m e d ia t e d  h y d r o x y l a t I o n  f a i l e d  t o  g i v e  any  

I s o l a b l e  p r o d u c t .

<21 A t t e m p t s  w i t h  d i p h e n y l  c h l o r o m e t h y l p h o s p h o n a t e :

Pheny l  e s t e r s  o f  p h o s p h o n l c  a c i d s  c a n  be c l e a v e d  by

h y d r o g e n o l y s l s .  T h e r e f o r e ,  ' I f  ’t h e  D a r z e n s - t y p e  r e a c t i o n s

d i s c u s s e d  above c o u l d  be a p p l i e d  t o  d i p h e n y l

c h l o r o m e t h y l p h o s p h o n a t e  [ 3 0 ] ,  t h e  r e s u l t i n g  d l p h e n y l - l , 2 -

e p o x y p h o sp h o n lc  a c i d s  c o u l d  p o s s i b l y  be o b t a i n e d  a f t e r

h y d r o g e n o l y s l s  o f  t h e  e s t e r  l i n k a g e s .

A c c o r d i n g l y ,  t h e  u se  o f  d i p h e n y l

c h lo r o m e t h y l p h o s p h o n a t e  In a  D a rz e n  r e a c t i o n  was

I n v e s t i g a t e d .  The r e a c t i o n  w i t h  a c r o l e i n  would be e x p e c t e d

t o  g e n e r a t e  t h e  e p o x id e  £291,  which c o u l d  be h y d r o x y l a t e d

w i t h  OsO and h y d r o g e n o l y s e d  w i t h  t h e  o x l r a n e  r i n g  
4

p r e s e n t .

H nBuLi/THF-Hex
0

0  P(O0)2

Scheme XXVIII
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The r e a c t i o n  o f  l l t h l a t e d  d i p h e n y l

c h lo r o m e t h y l p h o s p h o n a t e  w i t h  a c r o l e i n  was p e r f o r m e d  a t  
o

78 C, a s  n o t e d  f o r  o t h e r  s y s t e m s  b e f o r e ,  and  a f t e r  th e  

u s u a l  workup t h e r e  was o b t a i n e d  from t h e  r e a c t i o n  m ix t u r e  

a  s o l i d .  T h i s  was i s o l a t e d  by c h r o m a to g r a p h y ,  and  a l s o  by 

p r e c i p i t a t i o n  from a e t h e r  s o l u t i o n  by  a d d i t i o n  o f  

m e th y le n e  c h l o r i d e .  NMR o f  t h i s  m a t e r i a l  showed f o r m a t i o n  

o f  t h e  p r o d u c t .  The m a t e r i a l  was n o t  p u r l f l a b l e  c o m p l e t e l y  

and  so  a n a l y s i s  was n o t  o b t a i n e d .

A n o th e r  r o u t e  e x p l o r e d  i s  shown i n  t h e  scheme b e lo w :

H
X— :0

0
li

°v°
H/ 0
32

'7 0 °  C 30   *

Hex

Scheme XXIX

D ip h e n y l  3 , 4 - 0 - b e n z y l i d e n e - 3 , 4 - d i h y d r o x y - 1 , 2 -ep o x y  

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

g e n e r a t e  C21.

B e n z y l ld e n e  g l y c e r a l d e h y d e  h a s  b e e n  known a s  an
7 8 ,7 9

u n s t a b l e  s p e c i e s ,  n o t  i s o l a t e d  b u t  d e r i v a t l z e d  . I t
79

h a s  b e en  s y n t h e s i z e d  from D - m a n n l to l  . D i r e c t  

b e n z y l l d e n a t i o n  o f  g l y c e r o l  f o l l o w e d  by s e p e r a t l o n  o f  th e  

i so m e rs  would g iv e  2 , 3 - 0 - b e n z y l l d e n e  g l y c e r o l  w h ich  c o u l d

40



be o x i d i z e d .  I n  o u r  h a n d s  t h e s e  methods  f a i l e d  t o  g i v e  t h e  

d e s i r e d  p r o d u c t .

S y n t h e s i s  o f  b e n z y l l d e n e  g l y c e r a l d e h y d e  was 

a p p r o a c h e d  by a  n o v e l  r o u t e  a s  shown b e lo w .

/ ° \ / CH2 Br 2*CH0 .CH2 Br

BF3O Et- O3 2 0  0

hX ,

DMSO H 31
N al A

NaHC03

W O ,

32

Scheme XXX

E p lb ro m o h y d r ln  was t r e a t e d  w i t h  b e n z a ld e h y d e  in  d r y

c h l o r o f o r m  in  t h e  p r e s e n c e  o f  a  c a t a l y t i c  amount o f  b o r o n

t r l f l u o r l d e  e t h e r a t e  a t  room t e m p e r a t u r e .  D i s t i l l a t i o n  o f

t h e  r e a c t i o n  m ix t u r e  gave  2 , 3 - 0 - b e n z y l l d e n e - 1 - b r o m o  
81

p ro p an e  (311

A lk y l  i o d i d e s  have b e e n  o x i d i z e d  d i r e c t l y  by
80

t r e a t m e n t  w i t h  DMSO . A lk y l  c h l o r i d e s  and  b ro m id e s  

r e q u i r e  p r i o r  c o n v e r s i o n  t o  t h e  t o s y l a t e  u s i n g  s i l v e r  

t o s y l a t e  in  o r d e r  t o  be so o x i d i z e d .  We d e c i d e d  t o  c o n v e r t

41



t h e  p r i m a r y  brom ide  t o  t h e  Io d id e  l n s l t u ,  u s i n g  N a l .

T r e a tm e n t  o f  t h e  b rom ide  1311 w i t h  DMSO In th e  p r e s e n c e  o f
o

Nal and  NaHCO a t  135 C, gave  t h e  d e s i r e d  a ld e h y d e  (321 
3

a l o n g  wi'th some u n r e a c t e d  brom-l'de. In  v iew  o f  i t s  r e p o r t e d  

u n s t a b l l l t y ,  t h i s  was u s e d  w i t h o u t  p u r i f i c a t i o n .

The D a rz e n s  r e a c t i o n  o f  [30]  w i t h  [321 a s  shown in  

t h e  scheme be lo w ,  gave a  m ix t u r e  In  which  t h e  a l d e h y d e  had  

b een  consumed (NMR). C h rom atography  gave  a  f r a c t i o n  t h e  

NMR o f  which  Is  in  a c c o r d a n c e  w i t h  t h a t  o f  t h e  e x p e c t e d  

compound.

<c> D i r e c t  e p o x i d a t i o n  o f  alkene* p h o s p h o n a t e s :
■»

Yet a n o t h e r  a p p r o a c h  t o  p r e p a r a t i o n  o f  1 ,2 - e p o x y

p h o s p h o n a t e s  i n v o l v e s  d i r e c t  e p o x i d a t i o n  o f  a l k e n e

p h o s p h o n a t e s .  The a d v a n t a g e  o f  t h i s  a p p r o a c h  I s  t h a t  i t

would  be p o s s i b l e  t o  c l e a v e  o r  m o d ify  t h e  p r o t e c t i n g

g r o u p s  on t h e  a l k e n e p h o s p h o n a t e  p r i o r  t o  e p o x i d a t i o n .  I t

would  a l s o  be p o s s i b l e  t o  p e r f o r m  t h e  e p o x i d a t i o n  In  t h e

p r e s e n c e  o f  c h i r a l  a u x i l i a r i e s  i n  o r d e r  t o  I s o l a t e  t h e

p r o d u c t  o f  d e s i r e d  s t e r e o c h e m i s t r y .  One s u c h  a p p r o a c h

s u i t a b l e  t o  t h e  p r e s e n t  s y n t h e t i c  t a r g e t  would be the

S h a r p l e s s  t y p e  e p o x i d a t i o n ,  i n  which a l l y l i c  a l c o h o l s  a r e

e p o x l d l z e d  u s i n g  t - b u t y l  h y d r o p e r o x i d e  i n  t h e  p r e s e n c e  o f

o p t i c a l l y  a c t i v e  t a r t a r i c  a c i d  e s t e r s  and  t i t a n i u m  
61

t e t r a a l k o x i d e s
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D-(->- det-

(CH3)3COOH,Tl(OiPr)4  

CH2CI2 , - 2 0 ° C

*  •

L-M- det-

Scheme XXXI

A n o th e r  a p p r o a c h  i s  t o  e p o x i d l z e  a l k e n e  p h o s p h o n a te

s a l t s  w i t h  h y d ro g e n  p e r o x i d e  u s i n g  c h i r a l  c o u n t e r i o n s  ,
42

f o r  example  c h i r a l  ammonium io n s

The known d l I s o p r o p y l  3 , 4 - 0 - i s o p r o p y l l d e n e - 3 , 4-

d l h y d r o x y - l - b u t e n y l p h o s p h o n a t e  [341 was s y n t h e s i s e d  a s  
62

shown below

R e a c t i o n  o f  d ib rom om ethane  w i t h  t r l i s o p r o p y l

p h o s p h i t e ,  w i t h  r em ova l  o f  t h e  formed i s o p r o p y l  brom ide
o

th r o u g h  a column h e a t e d  a t  65 C, gave  t e t r a i s o p r o p y l
63

m e t h y l e n e b l s p h o s p h o n a te  (TIMBP1 (331 In  good y i e l d  . The
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a n i o n  o f  TIMBP* g e n e r a t e d  w i t h  nBuLl,  on c o n d e n s a t i o n  w i t h  

a c e t o n e  g l y c e r a l d e h y d e  gave  [3 4 1 .

0
2 P(OiPr)3 +  CH2Br2 -------> (iPrOJgP CH2P(0iPr)2

33

nBuLi

CHO

34

Scheme XXXII

A t te m p te d  e p o x i d a t i o n  o f  [341 w i t h  e i t h e r  h y d r o g e n

p e r o x l d e / s o d l u m  h y d r o x i d e  o r  m - c h l o r o p e r o x y b e n z o i c  a c i d

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

0
IIHpOp/NaOH JQ P(OiPr)P

34  St------ **
mcpba i-- r

Scheme XXXIII X
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6 4
P r e v i o u s  r e s u l t s  i n  t h i s  l a b o r a t o r y  have shown t h a t

p r i o r  c o n v e r s i o n  o f  t h e  i s o p r o p y l  e s t e r s  o f  th e

v l n y l p h o s p h o n a t e  C343 t o  t r l m e t h y i s 1 1y 1 e s t e r s  f o l l o w e d  by

r e a c t i o n  w i t h  h y d ro g e n  p e r o x i d e  and  sod ium  h y d r o x i d e

r e s u l t s  in  o x i d a t i o n  o f  t h e  d o u b le  b o n d .

T r e a tm e n t  o f  t h e  v l n y l p h o s p h o n a t e  C341, a s  shown in

s c h e a e  XXXII w i t h  4 e q .  o f  t r l m e t h y l b r o m o s l l a n e  f o l l o w e d

by r e a c t i o n  w i t h  h y d ro g e n  p e r o x i d e  a n d  sod ium  h y d r o x i d e ,

m a i n t a i n i n g  a  pH o f  9 . 5  t o  10, in  m e th y le n e

c h l o r i d e / m e t h a n o l  m ix t u r e  o v e r n i g h t  r e s u l t e d  In  f o r m a t i o n

o f  a  w h i t e  s o l i d  on l y p h o l y z i n g  t h e  a q u e o u s  l a y e r .
+

D e a c e t o n i z a t i o n  w i t h  Dowex'  5 0  In t h e  H form a t  pH 3

f o l lo w e d  by t r e a t m e n t  w i t h  d i l .  NaOH t o  pH 7 . 5 ,  a n d  d r y i n g

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

compound. T h i s  compound a n a l y s e d  f o r  t h e  h y d r a t e d  form o f

t h e  d e s i r e d  compound C 36 a l ,  b u t  was fou n d  t o  . be
65

b i o l o g i c a l l y  I n a c t i v e

I t  was d e t e r m i n e d  by q u a n t i t a t i v e  a n a l y s i s  t h a t  t h e

above p r o d u c t  was n o t  t h e  d e s i r e d  e p o x y  d l o l  b u t  t h e

t e t r a h y d r o x y  compound w h ich  would be fo rm ed  by t h e  w a t e r

o p e n in g  o f  t h e  epoxy  compound.  NMR o f  t h i s  m a t e r i a l  d i d

n o t  show any  s i g n a l s  b e tw e e n  2 .8  and  3 . 3  ppm w hich  c o u l d

be a s s i g n a b l e  t o  t h e  o x l r a n e  p r o t o n s  ( f o r  example  
25

phosphonomycIn
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0

P(0TMS)2 tH202,Na0H 
34  ►

TMSBr

Dowex H

HO OHNaOH

35

O' Na+

OH
HO OH

3 6 a
Scheme XXXIV

R e p e a t i n g  th e  above  e p o x i d a t i o n  p r o c e d u r e  a t  a  pH o f  

7 - 7 . 5  a l s o  r e s u l t e d  In f o r m a t i o n  o f  t h e  same compound. The 

same p r o c e d u r e  was a p p l i e d  t o  b i s  < t r i m e t h y l s i l y l ) - 3 , 4- 

d l t r l m e t h y l s i l y l o x y b u t - l - e n y l - l - p h o s p h o n a t e «  and y e t  a g a i n  

t h e  same t e t r a h y d r o x y  compound r e s u l t e d .

F a i l u r e  o f  th e  above  r e a c t i o n  s e q u e n c e  I n d i c a t e s  t h a t  

t h e  e p o x i d a t i o n  must be p e r f o r m e d  In a  n o n a q u eo u s  s o l v e n t
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sy s te m  i f  t h e  form ed e p o x id e  I s  t o  s u r v i v e .  T h i s  would 

r e q u i r e  a n  o r g a n i c  s o l u b l e  s u b s t r a t e  w i t h  p r o t e c t i v e  

g r o u p s  r em o v a b le  u n d e r  m i ld  c o n d i t i o n s  In  t h e  p r e s e n c e  o f  

t h e  e p o x id e  l i n k a g e ,  and  a  n o n a q u e o u s  e p o x i d a t i o n  

p r o c e d u r e .  One s u c h  p r o c e d u r e  t h a t  h a s  b e e n  m e n t io n e d  

above  i s  t h e  S h a r p l e s a  e p o x i d a t i o n .  A l i m i t a t i o n  o f  t h i s  

p r o c e d u r e  i s  t h a t  e p o x i d a t i o n  o f  a l l y l l c  a l c o h o l s  which 

y i e l d  w a t e r  s o l u b l e  p r o d u c t s  p r o c e e d  w i t h  low y i e l d s ,  

p r e s u m a b ly  due t o  f u r t h e r  r e a c t i o n  o f  t h e  w a t e r  s o l u b l e  

e p o x id e  w i t h  NaOH u se d  d u r i n g  workup.  A m o d i f i e d  workup 

h a s  b e en  s u g g e s t e d  u s i n g  s a t u r a t e d  NaF a n d  s a t u r a t e d  a q .  

NaCl f o l l o w e d  by e x t r a c t i o n  w'lth* o r g a n i c  s o l v e n t .  Thus I t  

was v e r y  d e s i r a b l e  t h a t  t h e  e p o x id e  hav e  l i m i t e d  w a t e r  

s o l u b l l 1t y .

I t  I s  known t h a t  b e n z y l  an d  p h e n y l  e s t e r s  o f
14 ,66

p h o s p h o n lc  a c i d s  c a n  be c l e a v e d  by h y d r o g e n o l y s l s  

Benzy l  e t h e r s  c a n  a l s o  be c l e a v e d  by  h y d r o g e n o l y s l s .  So ,  

a t t e m p t s  were made t o  s y n t h e s i z e  d i p h e n y l  and  d l b e n z y l  

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

I n i t i a l  a t t e m p t s  were made s t a r t i n g  w i t h  3 , 4 - d l h y d r o x y -  

b u t - l - e n y l - 1- p h o s p h o n l c  a c i d  b e c a u s e  o f  I t s  a v a i l a b i l i t y .  

T r e a tm e n t  o f  [371 w i t h  3 e q u i v a l e n t s  o f  b e n z y l  b rom ide  In 

d i m e t h y l  formamide [DMF1 In  p r e s e n c e  o f  p o t a s s i u m  

h y d r o x i d e  r e s u l t e d  In  a t t a c k  a t  t h e  d o u b l e  b on d .  R e a c t i o n  

o f  t h e  b u t e n y l p h o s p h o n l c  a c i d  [371 w i t h  3 e q  o f  nBuLl 

f o l lo w e d  by b e n z y l  b rom ide  a l s o  gave  none o f  t h e  d e s i r e d
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p r o d u c t .
14

N e x t ,  t h e  known d i p h e n y l  3 , 4 - 0 - i s o p r o p y l l d e n e - 3 , 4- 

d l h y d r o x y - b u t - 1 - e n y l - l - p h o s p h o n a t e  C411 was p r e p a r e d  a s
t

shown in  scheme XXXV.

R e a c t i o n  o f  c h l o r o n e t h y l p h o s p h o n i c  d i c h l o r l d e  w i t h  2

eq  o f  p h e n o l  gave  on d i s t i l l a t i o n  d i p h e n y l
67

c h lo r o m e t h y l p h o s p h o n a t e  . T r e a tm e n t  w i t h  t r l p h e n y l

p h o s p h l n e  f o l l o w e d  by n e u t r a l i z a t i o n  w i t h  s o d l u n h y d r o x l d e
68

gave t r l p h e n y p h o s p h o r a n y l i d e n e  d l p h e n y l p h o s p h o n a t e  

W l t t i g  r e a c t i o n  o f  t h i s  w i t h  a c e t o n e  D- g l y c e r a l d e h y d e  in  

d i m e t h y l  s u l f o x i d e  CDMS01, gave  [ 4 1 K s c h e m e  XX XIII) .

I n  a  s i m i l a r  '  f a ' sh io n  r e a c t i o n  o f

c h l o r o m e t h y l p h o s p h o n i c  d i c h l o r l d e  w i t h  b e n z y l  a l c o h o l  in  

e t h e r  in  t h e  p r e s e n c e  o f  t r l e t h y l  amine  gave  d i b e n z y l  

c h l o r o m e t h y l p h o s p h o n a t e  w h ich  was p u r i f i e d  by 

c h r o m a t o g r a p h y .  T r e a tm e n t  w i t h  t r l p h e n y l p h o s p h i n e  f o l l o w e d  

by n e u t r a l i z a t i o n  w i t h  NaOH,as above gave 

t r l p h e n y l p h o s p h o r a n y l i d e n e  d l b e n z y l p h o s p h o n a t e .

U n f o r t u n a t e l y  r e a c t i o n  w i t h  a c e t o n e  D - g l y c e r a l d e h y d e  u n d e r  

t h e  same c o n d i t i o n  a s  above  f a i l e d  t o  g i v e  t h e  d e s i r e d  

p r o d u c t .

Ac id  c a t a l y z e d  h y d r o l y s i s  o f  [411 gave  d i p h e n y l  3 , 4 -  

d l h y d r o x y  b u t - l - e n y l - l - p h o s p h o n a t e  1421.  S h a r p l e s s  

e p o x i d a t i o n  on t h i s  would n o t  work b e c a u s e  t h e  d l o l  

f u n c t i o n a l i t y  would c o o r d i n a t e  w i t h  t h e  Ti and  make a t t a c k  

on t h e  d o u b le  bond i m p o s s i b l e .
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CICH2Sci2 +  C6H50 H --------► CICH2P(0C6H5);

38

(C6H5 )3 P + ?
----------  (C6H5)3 P CH2P(0C6H5)2 Cl

39

No OH ± . .  || 17------ *■ (C6H5)3PCHP(0C6Hg)2  >
DMSO 40

0  

/ P(OC6Hg)2

V
41

scheme XXXV

I t  was n e c e s s a r y  t o  b l o c k  t h e  p r i m a r y  h y d r o x y l  g ro u p



o f  [451 In o r d e r  t o  make I t  a  s u i t a b l e  s u b s t r a t e  f o r  

e p o x i d a t i o n .  Our f i r s t  c h o i c e  o f  t h e  b l o c k i n g  g r o u p  was a  

b e n z y l  e t h e r  which c o u l d  be removed by  h y d r o g e n o l y s l s ,  

p o s s i b l y  a l o n g  w i t h  t h e  p h e n y l  e s t e r s  in  one  s t e p .  

U n f o r t u n a t e l y  t r e a t a e n t  o f  [451 w i t h  b e n z y l  b rom ide  in  DMF 

in  t h e  p r e s e n c e  o f  KOH r e s u l t e d  in  a t t a c k  a t  t h e  d o u b le  

bond and  no d e s i r e d  p r o d u c t  was o b s e r v e d  (scheme XXXVI).

0  
II
P(0Ph)2 

/  PhCH2Br
41  ► /   * +

KOH

. /

0  
II 
P(OPh)2

P 0H
CH2Ph 43

Scheme XXXVI

A n o th e r  b l o c k i n g  g ro u p  w i d e ly  u s e d  t o  p r o t e c t
69

a l c o h o l s  i s  t h e  t - b u t y l  d i m e t h y l  s i l y l  g r o u p ,  CTBDMSl 

I t  c a n  be c l e a v e d  s e l e c t i v e l y  w i t h  f l u o r i d e  io n  u n d e r
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m ild  c o n d i t i o n s .  Based  on t h e  method o f  C haudhary  and  
70

H ernandez  ) t h e  p r i m a r y  h y d ro x y l  g r o u p  was s e l e c t i v e l y  

p r o t e c t e d  u s i n g  t - b u t y l  d i m e t h y l  s l l y l  c h l o r i d e  In t h e  

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

[DMAP1 a t  room t e m p e r a t u r e  In m e th y le n e  c h l o r i d e  a s  shown 

be low  in  scheme XXXVII. NMR o f  t h i s  m a t e r i a l  showed 1 t -  

b u t y l d l m e t h y l  s l l y l  g r o u p  by i n t e g r a t i o n  a n d  a  b r o a d  

s i g n a l  f o r  h y d r o x y l  p r o t o n .  O t h e r  s i g n a l s  a l s o  

c o r r e s p o n d e d  t o  t h e  a s s i g n e d  s t r u c t u r e .  I t  gave 

s a t i s f a c t o r y  a n a l y s i s .

42
DMAP, Et3N

OH
4 4

S h a r p l e s s

Scheme XXXVII 

e p o x i d a t i o n  o f d i p h e n y l 4 - t -

b u t y l d I m e t h y I s  11y l o x y - 3 - h y d r o x y - b u t - 1 - e n y l - 1- p h o s p h o n a t e
71

[441 was c a r r i e d  o u t  a s  shown below

(c h 3) 3 c o o h

4 4
Ti(0i Pr)4 , DET 
CH2CI2j -20°C OH

OSi

Scheme XXXVIII
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D i e t h y l  t a r t r a t e  [DET] was p r e p a r e d  by e s t e r  I f I c a t I o n  

o f  < + > t a r t a r l c  a c i d  a s  shown b e lo w ,  and  p u r i f i e d  by 

d l s t I l l a t i o n .

HO OH

C
HO 0

) //
^  OH

EtOH 0
W

HO 0

OEt
c h3 c o c i /

OEt

Scheme XXXIX

Anhydrous t - b u t y l h y d r o p e r o x l d e  CTBHP1 was p r e p a r e d  a s  

a  s o l u t i o n  In  1 , 2 - d l c h l o r o e t h a n e  by  t h e  p r o c e d u r e  o f

S h a r p l e s s  ,  s t a r t i n g  w i t h  70% a q T B H P ,  rem o v in g  w a t e r  

a z e o t r o p l c a l l y .  I t s  c o n c e n t r a t i o n  was d e t e r m i n e d  by NMR 

I n t e g r a t i o n  u s i n g  t h e  f o l l o w i n g  r e l a t i o n :

M o l a r i t y  -  A/[CO.10A+C0.18B)1

Where A ® I n t e g r a t i o n  o f  t e r t - b u t y l  r e s o n a n c e  C M .  25) 
and B * I n t e g r a t i o n  o f  d 1c h i o r o e t h a n e  r e s o n a n c e

<w3.70>

To t i t a n i u m  t e t r a l s o p r o p o x l d e  i n  d r y  m e th y le n e

c h l o r i d e  a t  -2 0  C was ad d ed  DET f o l l o w e d  by t h e  a l k e n e  

[441 and  f i n a l l y  TBHP was a d d e d .  The m i x t u r e  was s t o r e d  a t

- 2 0  C f o r  10 d ay s  and p o u r e d  i n t o  s a t u r a t e d  NaF s o l u t i o n .  

The m ix t u r e  was s t i r r e d  f o r  14 h o u r s  a t  room t e m p e r a t u r e .  

The a q u eo u s  l a y e r  was s a t u r a t e d  w i t h  sod ium  c h l o r i d e  and

72

o

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

E x t r a c t i o n  p r o v i d e d  a  r e a c t i o n  m ix t u r e  which c o n s i s t e d  

m a in ly  o f  t h e  s t a r t i n g  a l k e n e .  T r a c e s  o f  a n o t h e r  compound 

were o b s e r v e d  on TLC. At t h i s  p o i n t  t h i s  a p p r o a c h  was 

a b o n d o n e d .

F a i l u r e  o f  t h e  above  method l e d  u s  t o  e x p l o r e  t h e

p o s s i b i l i t y  o f  c o n d u c t i n g  t h e  e p o x i d a t i o n  o f  (371 in

a q u eo u s  medium a f t e r  c o n v e r t i n g  i t  t o  a  amine s a l t ,  b a s e d

on s y n t h e s i s  o f  ph osp ho n om y c ln ,  a s  a  s a l t  o f  a  c h i r a l  
45

amine . E p o x i d a t i o n  o f  3 , 4 - d l h y d r o x y b u t - l - e n y l - l -  

p h o s p h o n tc  a c i d  was a t t e m p t e d  a s  shown.

0  
II 
P(0H)2 Arg- 

Et3N

OH OH
H202 » EDTA 
N a 2W 0 4

Scheme XXXX

3 , 4 - d i h y d r o x y b u t - 1 - e n y l - 1- p h o s p h o n l c  a c i d  was s t i r r e d

w i t h  1 -  a r g i n i n e  in  2 - p r o p a n o l  a t  room t e m p e r a t u r e  f o r  one

h o u r .  The pH o f  t h e  r e s u l t a n t  m ix t u r e  was a d j u s t e d  t o  5 . 5 -

5 . 6  w i t h  t r l e t h y l  a m in e .  Sodium t u n g s t a t e  and  e t h y l e n e
o

d iam in e  t e t r a a c e t l c  a c i d  d i s o d i u m  s a l t  were ad d ed  a t  50 C. 

Hydrogen p e r o x i d e  was ad d ed  m a i n t a i n i n g  t h e  t e m p e r a t u r e
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0 0 
be tw ee n  50 and  55 C. The M ix tu re  was s t i r r e d  a t  50 C f o r

o
one h o u r  and  th e n  c o o l e d  t o  0 C. The p r o d u c t  o b t a i n e d  from 

t h i s  r e a c t i o n  showed t h a t  e p o x i d a t i o n  h ad  In d e e d  t a k e n  

p l a c e  b u t  some t r l e t h y l  'amine' was I n c o r p o r a t e d  In  t h e  

p r o d u c t  a l o n g  w i th  a r g i n i n e .

I t  was t h e r e f o r e  d e c i d e d  t o  p e r f o r m  t h e  e p o x i d a t i o n  

w i t h o u t  a r g i n i n e .  The pH o f  t h e  m i x t u r e  was a d j u s t e d  t o  

5 . 5 - 5 . 6  w i t h  t r l e t h y l  amine  and  th e  r e a c t i o n  was p e r f o r m e d  

a s  shown below (scheme XXXXI).

o  +

Et,N . . Q R /° "  E,3NH
h | o 2 ZV o h

No2W04 /  EDTA

Scheme XXXXI

The r e a c t i o n  m i x t u r e  on c o o l i n g  d e p o s i t e d  c r y s t a l s

which  were r e c r y s t a l l i z e d  t h r i c e  from a q u e o u s  e t h a n o l .  The

NMR s p e c t r a  s u p p o r t e d  t h e  p o s t u l a t e d  r e a c t i o n  a s  t h e

v i n y l i c  p r o t o n  s i g n a l  had  d i s a p p e a r e d  a n d  e p o x id e  p r o t o n

s i g n a l s  were p r e s e n t .  A d o u b l e t  o f  d o u b l e t s  due  t o  th e

o x l r a n e  p r o t o n  a l p h a  t o  p h o sp h o ro u s  m a tc h e s  t h a t  o b s e r v e d
25

f o r  phosphonom ycln  . I t  gave  s a t i s f a c t o r y  a n a l y s i s .
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<d> A t tem p ted  p r e p a r a t i o n  2 - h a l o - 3 , 4 - 0 - i s o p r o p y l i d e n e - 3 » 4- 

d l h y d r o x y b u t a n a l :

A n o th e r  a p p r o a c h  t o  1 ,2 - e p o x y p h o s p h o n a t e s  i n v o l v e s  

t r e a t m e n t  o f  a l p h a - h a l o c a r b o n y l  compounds w i t h  e i t h e r  t r i s  

C t r i m e t h y l s l l y l )  p h o s p h i t e  o r  w i t h  d l a l k y l p h o s p h o n a t e  

a n i o n s .

The f o l l o w i n g  a p p r o a c h  t o  t h e  d e s i r e d

e p o x y p h o sp h o n a te  was I n v e s t i g a t e d  (scheme XXXXII).

1 - M a l ic  a c i d  was e s t e r l f i e d  w i t h  m e thano l
59

a c e t y l c h l o r l d e  s y s t e m  t o  g i v e  d i m e t h y l  m a la t e  (491

R e d u c t io n  o f  [491 w i t h  LAH in  THF gave  2 , 4 -

t r i h y d r o x y  b u t a n e  . Ace tori  l z a ' t  ion  was p e r f o r m e d  w i t h

c a t a l y s i s  by  p - t o l u e n e s u l f o n l c  a c i d  t o  g i v e  3 , 4 - 0 -

i s o p r o p y l  I d e n e - 1 - b u t a n o l  ( 5 0 1 .  O x i d a t i o n  o f  t h e  p r i m a r y

h y d r o x y l  g ro u p  was a c h i e v e d  u s i n g  p y r i d i n i u m

c h l o r o c h r o m a t e  in  m e th y le n e  c h l o r i d e  t o  g i v e  3 , 4 - 0 -

i s o p r o p y l  Idene  b u t a n a l  w h ich  was p u r i f i e d  by  d i s t i l l a t i o n .

A t t e m p ts  t o  h a l o g e n a t e  t h e  p o s i t i o n  a l p h a  t o  t h e  c a r b o n y l
60

e i t h e r  d i r e c t l y  ( w i t h  CuCl ) o r  by p r i o r  a c e t a l i z a t i o n
2

were n o t  s u c c e s s f u l .
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0

NoP(OR)'

Scheme XXXXII
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I I  S y n t h e s i s  o f  2 - k e t o p h o s p h o n a t e :

There  a r e  a v a i l a b l e  a  number o f  m ethods  f o r  t h e

s y n t h e s i s  o f  2 - k e t o p h o s p h o n a t e s . In  o r d e r  t o  s y n t h e s i z e

3 , 4 - d l h y d r o x y  b u t a n e - 2 - o n e - l - p h o s p h o n l c  a c id #  131 d i r e c t

a c y l a t l o n  o f  m e t h y lp h o s p h o n a te  seemed t o  be t h e  b e s t

method .  T h is  was p a r t l y  due t o  t h e  r e a d y  a v a i l l b l l l t y  o f
73

methy l  g l y c e r a t e - 2 , 3 - 0 - a c e t o n l d e  from g l y c e r o l  by t h e  

f o l l o w i n g  r o u t e .

OH )=0  

OH OH pTsOH

OH KMnO/

KOH

53

COOK

v
ch3i

TMEDA

COOCH3

5 4

Scheme XXXXIII 

Commercial  g l y c e r o l  was c o n v e r t e d  t o  g l y c e r o l  

a c e t o n l d e  by r e a c t i o n  w i t h  a c e t o n e  In t h e  p r e s e n c e  o f  p -  

t o l u e n e s u l f o n l c  a c i d .  O x i d a t i o n  o f  t h e  p r i m a r y  h y d r o x y l  

g ro u p  was a c h i e v e d  u s i n g  p o t a s s i u m  p e rm a n g a n a te  in  t h e  

p r e s e n c e  of  KOH. T h i s  y i e l d e d  p o t a s s i u m  g l y c e r a t e - 2 , 3 - 0 -
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a c e t o n i d e  which  was m e t h y l a t e d  w i t h  m ethy l  I o d i d e  In
1 1

a c e t o n i t r l l e  In t h e  p r e s e n c e  o f  N#N#N f N -  

t e t r a m e t h y l e t h y l e n e d i a m l n e  [TMEDAJ t o  g i v e  m ethy l
7 3g l y c e r a t e - 2 , 3 - 0 - a c e t o n I d e  [541 ,  w h ic h  was p u r i f i e d  by

d i s t i l l a t i o n .
74

T r e a tm e n t  o f  d i m e t h y l  m e th y l p h o s p h o n a t e  w i t h  nBuLl
o

in  d l m e th o x y e th a n e  (DME1 a t  -7 8  C,  f o l l o w e d  by r e a c t i o n  

w i t h  m ethy l  g l y c e r a t e - 2 » 3 - 0 - a c e t o n l d e ,  g a v e  d i m e t h y l  3 , 4 -  

0 - l s o p r o p y l 1 d e n e - 3 ,  4 - d l h y d r o x y - 2 - k e t o b u t y l p h o s p h o n a t e  

[551* w h ich  e x h i b i t e d  s a t i s f a c t o r y  s p e c t r a  and  e l e m e n t a l  

a n a l y s i s .
« •

o

n  P(0CH,),
°  nBuLi/DME

CH3P(0CH3)2 -------------- *■

Scheme XXXXIV

I n i t i a l  a t t e m p t s  t o  h y d r o l y s e  t h i s  m a t e r i a l  f a i l e d  t o  

g i v e  a n a l y t i c a l l y  p u r e  s a m p le .  T h i s  m a t e r i a l  i s  b e i n g  

s t o r e d  in  p r o t e c t e d  form and  s h a l l  be h y d r o l y z e d  

I m m e d ia t e ly  p r i o r  t o  b i o l o g i c a l  i n v e s t i g a t i o n s .
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I l l  A t t e m p te d  s y n t h e s i s  o f  1 - k e t o p h o s p h o n a t e :

Owing t o  t h e  i n s t a b i l i t y  o f  s u c h  k e t o p h o s p h o n a t e s ,  

o u r  I n i t i a l  a p p r o a c h  t o  t h e  1 - k e t o p h o s p h o n a t e  i n v o l v e d  

p r e p a r i n g  I t  In  su c h  a  manner t h a t  t h e  k e t o  g ro u p  w ould  be 

p r o t e c t e d  u n t i l  t h e  f i n a l  s t e p .  We c h o s e  t o  s t a r t  w i t h  t h e

known d i e t h y l - 1 , 3 - d i t h l a n e - 2 - y l p h o s p h o n a t e  , p r e p a r e d  a s  

f o l l o w s .

A t t e m p t s  t o  a l k y l a t e  t h e  anl .on o f  (571 w i t h  3 , 4-O- 

i s o p r o p y l  I d e n e - 3 , 4 - d i h y d r o x y - 1- c h i o r o p r o p a n e , p r e p a r e d  a s  

shown below (scheme XXXXVI) were u n s u c c e s s f u l .

We t h e n  c h o s e  t o  use  a l l y l  h a l i d e  t o  p r o v i d e  t h e  3 

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

T r e a tm e n t  o f  t h e  1 , 3 - d l t h l a n e  a n i o n ,  g e n e r a t e d  u s i n g  

nBuLl,  w i t h  f r e s h l y  d i s t i l l e d  a l l y l  c h l o r i d e  gave  on 

d i s t i l l a t i o n  u n d e r  vacuum t h e  known 2 - a l l y l - l , 2 -

75

2CIP(0)(0Et)2 

1-nBuLi

56 P(0)(0Et)2
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Scheme XXXXV
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d 1 t h l a n e  scheme (XXXXVII)
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o
Scheme XXXXVI

I - nBuLi

• A /
Cl

6 0

Scheme XXXXVII

R e a c t i o n  o f  t h e  a n i o n ,  g e n e r a t e d  f rom  2 - a l l y l - l , 3 -
o

d 1 t h l a n e  u s i n g  n&uLl In  THF a t  -30  C f o r  2 .5  h o u r s ,  w i th

d i e t h y l  p h o s p h o c h l o r l d a t e  gave d i e t h y l  1 - C 1 , 3 - d l t h l a n e - 2 -
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y l ) - 2 - p r o p e n - l - y l p h o s p h o n a t e  [6 1 3 .  P r o d u c t  f o r m a t i o n  was 

I n f e r r e d  from t h e  NMR a n d  p u r i f i c a t i o n  was n o t  a t t e m p t e d  

a s  I t  was p resum ed  t h a t  s i m p le  e x t r a c t i o n  p r o c e d u r e s  would 

s u f f i c e  t o  p u r i f y  t h e  d e s i r e d  compound a f t e r  h y d r o l y s i s  in  

t h e  f o l l o w i n g  s t e p s .

U n f o r t u n a t e l y ,  a t t e m p t e d  o x i d a t i o n  u s i n g  h y d ro g e n  

p e r o x i d e  f o r m i c  a c i d  r e s u l t e d  in  s i m u l t a n e o u s  a t t a c k  a t  

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

The most  o f t e n  u se d  method f o r  s y n t h e s i s  o f  1- 

k e t o p h o s p h o n a t e s  i s  t h e  M i c h a e l I s - A r b u s o v  r e a c t i o n  o f  a c y l  

h a l i d e s  w i t h  t r l a l k y l  p h o s p h i t e s .  The r e a c t i o n  o f  t h e

1-nBuLi
2- CIP(0)(0Et).

H202''HC00H

Scheme XXXXVIII

77
known 3 - b u t e n o y l  c h l o r i d e p r e p a r e d  a s  shown below# w i t h
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t r l e t h y l  p h o s p h i t e  gave  on d i s t i l l a t i o n  a  m i x t u r e  o f  

i s o m e r i c  d l e t h y l - 3 - b u t e n y l - 1 - p h o s p h o n a t e s . T h e re  was 

d i s t i l l e d  m a t e r i a l  e x h i b i t i n g  NMR c o r r e s p o n d i n g  t o  e t h y l  

p r o t o n s  o n l y .  I t  was deduc t 'd  t h a t  p y r o p h o s p h a t e  was 

fo rm ed ,  and t h e  a p p r o a c h  was a b a n d o n e d .

COOH . COCI
+ SOCI2 —  / s /  °
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P(OEt), °
% a A

P O ,E t2P 03Et2 
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Scheme XXXXIX

Next  i t  was d e c i d e d  t o  a t t e m p t  t h e  p r e p a r a t i o n  o f

3 , 4 - 0 - I s o p r o p y l I d e n e - 1 - b u t a n o y l  c h l o r i d e  and  use  i t  in  a  

M i c h a e l l s - A r b u s o v  r e a c t i o n .  The s t a r t i n g  m a t e r i a l  f o r  t h i s  

was t h e  a l r e a d y  d e s c r i b e d  3 , 4 - 0 - I s o p r o p y l i d e n e  b u t a n - l - o l .

50
KMn04/K0hl

OH

Scheme XXXXX

U n f o r t u n a t e l y  t r e a t m e n t  o f  1501 w i t h  KMnO -KOH r e s u l t e d
4

In a  m ix t u r e  o f  I n t r a c t a b l e  p r o d u c t s .

62



SUtlti&BX QE BESUbXS
P r e p a r a t i o n  o f  t h e  t a r g e t *  3 , 4 - d i h y d r o x y - l , 2 -  

e p o x y b u ty l p h o s p h o n l c  a c i d ,  a s  I t s  m o n o t r l e t h y l a n a o n i u m  

s a l t  h a s  been  a c c o m p l i s h e d .  O a rz e n s  c o n d e n s a t i o n  o f  

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

employed In t h e  s y n t h e s i s  d i e t h y l  3 , 4 - 0 - l s o p r o p y l l d e n e -

3 , 4 - d l h y d r o x y - l , 2 - e p o x y b u t y l p h o s p h o n a t e  a n d  d i e t h y l  1 , 2 -  

e p o x y - 3 - b u t e n y l p h o s p h o n a t e .  A t t e m p t s  t o  p r e p a r e  d l a l k y l  1- 

c h l o r o - 2 - h y d r o x y p h o s p h o n a t e s  i n  p u r e  form e n r o u t e  t o  t h e  

t a r g e t  e p o x id e  as  w e l l  a s  model s t r u c t u r e s  were 

u n s u c c e s s f u l .

P r e p a r a t i o n  o f  t h e ' f a r g e t  d i m e t h y l  3 , 4 - 0 -  

i s o p r o p y l i d e n e - 3 , 4 - d l h y d r o x y - 2 - k e t o b u t y l p h o s p h o n a t e  h as  

b een  a c c o m p l i s h e d .  The m a t e r i a l  I s  t o  be k e p t  in  t h i s  form 

u n t i l  i t  i s  t o  be u se d  f o r  b i o c h e m i c a l  p u r p o s e s ,  whereupon 

I t  w i l l  be h y d r o l y s e d  i m m e d ia te ly  p r i o r  t o  u s e .

A l l  a t t e m p t s  t o  p r e p a r e  d l a l k y l  3 , 4 - d I h y d r o z y - l -  

k e t o b u t y l p h o s p h o n a t e  were u n s u c c e s s f u l .

A n o v e l  p r o c e d u r e  f o r  d i r e c t  c o n v e r s i o n  o f  p r i m a r y  

b r o m id e s  t o  a l d e h y d e s  v i a  in  s i t u  c o n v e r s i o n  t o  i o d i d e s  

h a s  b e en  d e v e l o p e d .
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Su g g e s t  Ion s f o r  F u t u r e  R e s e a r c h  

Our i n t e r e s t  i n  I , 2 - e p o x y p h o s p h o n a t e s  has  l e d  u s  t o  

s e a r c h  f o r  n o v e l  m ethods  f o r  t h e i r  s y n t h e s i s .  One s u c h
i

method t h a t  h a s  r e c e i v e d  v e ry  l i t t l e  a t t e n t i o n  i s  t h e  

r e a c t i o n  o f  formyl p h o s p h o n a te  w i t h  s u l f u r  y l i d e s .

-  + / ° \  
tfCHSPh2 0HC-P(0)(0R)2 R'CH—CHP(0)(0R)2

82
T h i s  n e th o d  h a s  b e e n  m e n t io n e d  in  a  p a t e n t  w h ich  

g i v e s  no d e t a i l s  o f  p r e p a r a t i o n  o f  fo rm y l  p h o s p h o n a t e s .

The s u c c e s s  o f  o u r  metho’d o f  c o n v e r t i n g  p r i m a r y
-i

b r o m id e s  t o  a l d e h y d e s  p r o v i d e d  us w i t h  a  p o s s i b l e  method

o f  s y n t h e s i z i n g  f o r m y l p h o s p h o n a t e s .  T r e a tm e n t  o f  d i e t h y l

c h l o r o m e t h y l p h o s p h o n a t e  i n  an  NMR tu b e  w i t h  Nal a n d  NaHCO
o 3

In  OMSO d a t  130 C showed c o n v e r s i o n  t o  t h e  c o r r e s p o n d i n g

a l d e h y d e .  S i m i l a r  r e s u l t s  were o b t a i n e d  f o r  d i e t h y l

l o d o m e t h y l p h o s p h o n a t e .

Na|., NaHCO-a
XCH2P(0)(0R)2 -------------------=-----» o h c - p < o k o r)2

DMSO* ^  

X=CI, I 

R= OEt,  Ph

T r e a tm e n t  o f  d i p h e n y l  c h l o r o m e t h y l p h o s p h o n a t e  a s  
o

above  a t  135 C f o r  2 h o u r s  showed a l m o s t  c o m p le t e
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c o n su m p t io n  o f  t h e  s t a r t i n g  m a t e r i a l .

I f  t h i s  method c o u l d  be u s e d  t o  p r o v i d e  DHSO 

s o l u t i o n s  o f  fo rm yl  p h o s p h o n a t e s  i t s  r e a c t i o n  w i t h  s u l f u r  

y l l d e s  p r e p a r e d  from h a l i d e s  would p r o v i d e  a  g e n e r a l  

method f o r  t h e  s y n t h e s i s  o f  1 « 2 - e p o x y p h o s p h o n a t e s .
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EXPERIMENTAL

R o u t in e  p r o t o n  s p e c t r a  were r e c o r d e d  a t  60 MHz on a  

V a r l e n  EM360 i n s t r u m e n t  and  t h e  h i g h  f i e l d  p r o t o n  s p e c t r a  

were o b t a i n e d  on a  Brucker-IBM  WP20<JSY I n s t r u m e n t .  P r o t o n  

NMR d a t a  a r e  r e p o r t e d  In p a r t s  p e r  m i l l i o n  d o w n f i e l d  from 

TMS u s e d  a s  i n t e r n a l  s t a n d a r d  < m u l t i p l i c i t y  s ^ s i n g l e t ,  

d = d o u b l e t ,  t = t r l p l e t ,  d d = d o u b l e t  o f  d o u b l e t s ,  m = m u l t lp l e t  

and  b s= b r o a d  s i n g l e t ) .  I n f r a r e d  s p e c t r a  were r e c o r d e d  on a- 9
P e rk  In - E lm e r  IR598 s p e c t r o m e t e r  and  a b s o r p t i o n s  a r e

r e p o r t e d  in  r e c i p r o c a l  c e n t i m e t e r s .

Column c h ro m a to g r a p h y  was p e r f o r m e d  in  g l a s s  co lumns

p a c k e d  w i t h  s i l i c a  <60-200 mesh. B a k e r ) .

THF was d r i e d  and  d i s t i l l e d  from LAH and  used

i m m e d ia t e l y .  DMSO was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e

from c a l c i u m  h y d r i d e  p r i o r  t o  u s e .  M ethy lene  c h l o r i d e  a n d

t r l e t h y l a m l n e  were d i s t i l l e d  from c a l c i u m  h y d r i d e  and

s t o r e d  o v e r  m o l e c u l a r  s e l v e s .  Methanol  was d i s t i l l e d  from 
o

4A and  s t o r e d  o v e r  t h e  same.  Benzene was d r i e d  and 

d i s t i l l e d  from sodium m eta l  j u s t  b e f o r e  u s e .  T r l I s o p r o p y l  

p h o s p h i t e ,  a c e t a l d e h y d e  and b e n z a ld e h y d e  were d i s t i l l e d  

j u s t  b e f o r e  use  u n d e r  i n e r t  a tm o s p h e r e .

T r l i s o p r o p y l  p h o s p h i t e ,  1 - m a l l c  a c i d ,  l e a d  t e t r a a c e t a t e ,  

d im e th y l  m e t h y l p h o s p h o n a t e , t r l p h e n y l p h o s p h l n e  and  

t i t a n i u m  t e t r a l s o p r o x l d e  were o b t a i n e d  from A l d r i c h .  

C h l o r o m e th y lp h o s p h o n ic  d i c h l o r l d e  and sodium t u n g s t a t e  

were o b t a i n e d  from A l f a .  D i lo d o  methane was o b t a i n e d  from
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M atheson  Coleman and B e l l .  Hydrogen p e r o x i d e  (30%) and 

p h e n o l  was o b t a i n e d  from F i s h e r  s c i e n t i f i c  Co. D -m ann i to l  

was o b t a i n e d  form Sigma.

Micro  a n a l y s i s  were p e r f o r m e d  by Mic A n a l ,  T u cso n ,  A r i z o n a .

5 6 a , b
P r e p a r a t i o n  o f  d i e t h y l c h l o r o m e t h y l  p h o s p h o n a te  (161 :

I n  a  1L f l a s k  was p l a c e d  15 .52  g ( 0 .0 9 2 7  mol) o f

c h l o r o m e t h y l p h o s p h o n i c  d i c h l o r i d e  in  200 mL e t h e r  and th e

m ix t u r e  was c o o l e d  in  an  i c e  b a t h .  A m i x t u r e  o f  18 .77  g

<0 .1854  mol)  o f  t r 1e t h y l a m i n e  and  6 .6 8  g o f  a b s o l u t e

e t h a n o l  <0 .18 5 4  mol) was a d d ed  d r o p w ls e  w i t h  s t i r r i n g  and

c o o l i n g .  The i c e  b a t h  was removed a f t e r  t h e  a d d i t i o n  and

t h e  m ix t u r e  was s t i r r e d  f o r  2 h o u r s .  The w h i t e  p r e c i p i t a t e

formed was f i l t e r e d  o f f  and  th e  m ix t u r e  c o n c e n t r a t e d  u n d e r

r e d u c e d  p r e s s u r e .  The r e s i d u e ,  on vacuum d i s t i l l a t i o n ,

gave  8 g ( 4 6 .2  % ) o f  d i e t h y l  c h l o r o m e t h y i p h o s p h o n a t e  
o

( b . p .  7 8 -9 3  C / l . l  t o r r ) .

P r e p a r a t i o n  o f  d i e t h y l  l - c h l o r o - 2 - h y d r o x y p r o p y l p h o s p h o n a t e  

( 2 1 1 :

D i e t h y l  c h l o r o m e t h y i p h o s p h o n a t e  ( 2 g ,  0 .1 0 7 2  mol) was

d i s s o l v e d  in  50 mL o f  a n h y d ro u s  e t h e r  and  p l a c e d  in  a 3

neck  f l a s k  e q u i p p e d  w i t h  an  a d d i t i o n  f u n n e l  and a

n i t r o g e n  I n l e t  t u b e ,  and  f l u s h e d - w i t h  n i t r o g e n .  A 1 .7  M

s o l u t i o n  o f  nBuLi In hexane  ( 6 . 3  mL, 0 .1 0 7 2  mol) was added 
o

a t  -78  C and s t i r r e d  a t  t h e  same t e m p e r a t u r e  f o r  1 h o u r .
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A c e t a ld e h y d e  ( f r e s h l y  d i s t i l l e d )  ( 0 . 4 7  g ,  0 .1 0 7 2  mol)  was 
o o

ad d ed  a t  -7 8  C and  t h e  m ix t u r e  s t i r r e d  a t  -78  C f o r  t h r e e

h o u r s .  I c e  w a t e r  (20  mL) was ad d ed  a n d  t h e  r e a c t i o n

m ix t u r e  was e x t r a c t e d  t h r i c e  w i t h  50 mL p o r t i o n s  o f  e t h e r .

The com bined  o r g a n l c s  were d r i e d  o v e r  magnesium s u l f a t e

and  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e  1 .72  g o f

a  r e s i d u e .

P r o d u c t  f o r m a t i o n  was e v i d e n t  from NMR o f  t h e  r e s i d u e  

( d i m i n i s h e d  p eak  o f  a ld e h y d e *  p r e s e n c e  o f  -OH peak  ) b u t  

p u r i f i c a t i o n  by c h ro m a to g r a p h y  on s i l i c a  was p r e c l u d e d  by 

p r o d u c t  d e c o m p o s i t i o n  on t h e  co lum n.  T h i s  was a l s o  t r u e  

w i t h  HPLC u s i n g  p o r a s l l  co lum n.

P r e p a r a t i o n  o f  d i e t h y l  l - c h l o r o - 2 - h y d r o x y - 2 - p h e n y l e t h y l - l -  

p h o s p h o n a te  1221:

D i e t h y l  c h l o r o m e t h y i p h o s p h o n a t e  ( 2 g ,  0 . 0 1 0 7  mol) in  50 mL

o f  a n h y d ro u s  e t h e r  was p l a c e d  In a  3 n e c k  f l a s k  e q u ip p e d

w i t h  a d d i t i o n  fu n n e l*  n i t r o g e n  i n l e t  t u b e *  and  f l u s h e d

w i t h  n i t r o g e n .  A 1 .7  M s o l u t i o n  o f  nBuLi ( 6 . 3  mL* 0 .01 0 7
o

mol) i n  hexane  was add ed  d r o p w is e  a t  -7 8  C and  th e
o

m ix t u r e  was s t i r r e d  a t  -7 8  C f o r  90 m i n u t e s .  F r e s h l y

d i s t i l l e d  b e n z a ld e h y d e  ( 1 .137  g* 0 . 0 1 0 7  mol)  was t h e n  
o o

ad d ed  a t  -7 8  C and  t h e  m ix t u r e  was s t i r r e d  a t  -7 8  C f o r

1 h o u r .  The c o o l i n g  b a t h  was removed a n d  a f t e r  2 m in u te s

20 mL o f  i c e  w a t e r  were a d d e d .  The m ix t u r e  was e x t r a c t e d

t h r i c e  w i t h  50 mL p o r t i o n s  o f  e t h e r  and t h e  r e s i d u e  a f t e r
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s o l v e n t  e v a p o r a t i o n  was c h ro m a to g r a p h e d  on  s i l i c a ,  e l u t i n g  

w i t h  e t h y l  a c e t a t e  f o l l o w e d  by e t h a n o l .  Again  

d e c o m p o s i t i o n  o f  p r o d u c t  on s i l i c a  was o b s e r v e d ,  a l t h o u g h  

p r o d u c t  f o r m a t i o n  was e v i d e n c e d  by NMR.

NMR (CDC1 ) : 1 .3  Cm CH CH 0 ) ;  3 .1  <dd CHC1,J HP=31.2 H z) ;
3 3 2

3 . 5 - 4 . 5  Cm CH 0 ) J  5 .5 -G .O  Cm CHOHAr); 6 . 7 5  Cbs -OH); 7 . 1 -
2

8 . 0  CArH).

P r e p a r a t i o n  o f  d i e t h y l  l - c h l o r o - 2 - h y d r o x y - 2 - p h e n y l e t h y l - l -  

p h o s p h o n a te  1221:

D i I s o p r o p y l  amine C l . 085 g ,  0 .0 1 0 7 2  mol) was d i s s o l v e d  In

25 mL o f  a n h y d ro u s  e t h e r  and  was p l a c e d  In  a  3 neck  f l a s k

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

I n l e t  t u b e ,  and  f l u s h e d  w i t h  n i t r o g e n .  The s o l u t i o n  was 
o

c o o l e d  t o  - 2 3  C and  a  1 .7  H nBuLl C6.3 mL, 0 .0 1 0 7 2  mol)

s o l u t i o n  in  hexane  was I n j e c t e d  and  s t i r r e d  f o r  30 m in u te s
o

The r e a c t i o n  f l a s k  was t h e n  c o o l e d  t o  -78  C and 2 g C

0 .1 0 7 2  mol) o f  d i e t h y l  c h l o r o m e t h y i p h o s p h o n a t e  In 15 mL o f
o

e t h e r  were added  d ro p w is e  and s t i r r e d  f o r  1 h o u r  a t  -78  

C. Then f r e s h l y  d i s t i l l e d  b e n z a ld e h y d e  C l . 085 g ,  0 .0 1 0 7 2  

mol) was added  d ro p w ise  and  t h e  . m ix t u r e  was 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 ix t u r e  was t r e a t e d  

w i th  10 k  aq  a c e t i c  a c i d  u n t i l  t h e  a q u eo u s  l a y e r  

m a i n t a i n e d  a  pH o f  3. The l a y e r s  were t h e n  s e p a r a t e d  and  

t h e  a q u eo u s  l a y e r  e x t r a c t e d  f i v e  t i m e s  w i t h  50 mL p o r t i o n s  

o f  e t h e r .  The combined o r g a n l c s  were d r i e d  o v e r  magnesium
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s u l f a t e  and  c o n c e n t r a t e d .  The m ix tu r e  was c h ro m a to g ra p h e d  

on s i l i c a  u s i n g  1:1 c h l o r o f o r m - h e x a n e  and  a s  in  th e  

p r e v i o u s  c a s e  p r o d u c t  d e c o m p o s i t i o n  was e v i d e n t  on s i l i c a .  

NMR s i m i l a r  t o  a b o v e .

57
P r e p a r a t i o n  o f  1 , 2 , 5 , 6 - D l a c e t o n e  D -M an n l to l  :

A m ix t u r e  o f  300 mL o f  a c e t o n e  and 60 g .  o f  z i n c  c h l o r i d e

was s t i r r e d  f o r  a  few m i n u t e s ,  t h e n  f i l t e r e d .  Then,  10 g .

o f  D -m a n n l to l  ( 0 . 0 5 5  mol) were ad ded  a n d  t h e  m ix t u r e  was

s h a k e n  a t  room t e m p e r a t u r e  u n t i l  s o l u t i o n  was c o m p le te  (2

h o u r s ) .  The m ix t u r e  was 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  and  t h e n  p o u r e d  i n t o  a  s o l u t i o n  o f  70 g .  o f

p o t a s s i u m  c a r b o n a t e  In 70 mL w a t e r  c o v e r e d  by 300 mL o f

d i e t h y l  e t h e r .  The m ix t u r e  was sh a k e n  f o r  30 m i n u t e s , t h e n

d e c a n t e d .  The r e s i d u e  ( z i n c  c a r b o n a t e )  was washed tw ic e

w i t h  100 mL o f  1:1 a c e t o n e - e t h e r  s o l u t i o n  and  t h e  combined

f i l t r a t e s  were c o n c e n t r a t e d  on a  r o t a r y  e v a p o r a t o r  and
o

f u r t h e r  d r i e d  j.n v a c u o f o r  two h o u r s  a t  60 -7 0  C. The

r e s i d u e  was r e f l u x e d  f i v e  t i m e s  f o r  20 m in u t e s  e a c h  w i th
o

250 mL p o r t i o n s  o f  p e t r o l e u m  e t h e r  ( b . p .  60 -9 0  C ) .  The

r e s u l t i n g  s o l u t i o n s  were f i l t e r e d  w h i l e  h o t  and  t h e n

c o o l e d  g r a d u a l l y  t o  y i e l d  c r y s t a l s  o f  1 , 2 , 5 , 6 - d i a c e t o n e  D-

m a n n l t o l ,  wh ich  were f i l t e r e d  and  d r i e d .
o 57 o

m .p .  116-19 C, l i t .  119 C.

Y i e ld  : 7 g .  ( 4 8 . 5  \ ) .
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P r e p a r a t i o n  o f  Acetone  D - G ly c e r a ld e h y d e  (171 :

To a  s u s p e n s i o n  o f  1 , 2 , 5 , 6 - d l a c e t o n e  D -m a n n l to l  ( 7 . 8

g , 0 .0 2 9 7  mol)  In 275 mL o f  d r y  b en zen e  ( d i s t i l l e d  from

sod iu m )  was ad ded  1 3 .2  g o f  l e a d  t e t r a a c e t a t e  and  t h e  

m ix t u r e  was s t i r r e d  f o r  45 m in u te s  ( u n t i l  t h e  s t i c k y  

p r e c i p i t a t e  o f  l e a d  s a l t s  were  t r i t u r a t e d  t o  a  f i n e

p o w d e r ) .  I f  on t e s t i n g  w i t h  p o t a s s i u m  l o d l d e - s t a r c h  p a p e r

l e a d  t e t r a a c e t a t e  were  s t i l l  p r e s e n t  more d i a c e t o n e  D- 

m a n n l t o l  was a d d e d .  The m ix t u r e  was f i l t e r e d  and

c o n c e n t r a t e d  on the  r o t a r y  e v a p o r a t o r  t c  y i e l d  a c e t o n e  D- 

g l y c e r a l d e h y d e ,  which  was u s e d  i m m e d ia te ly  due t o  I t s

t e n d e n c y  t o  p o ly m e r iz e *

Y i e l d :  7 g (90%).

I n  some c a s e s  r e s i d u a l  l e a d  s a l t s  r e m a in e d  In t h e  p r o d u c t .  

These  were removed by a d d i n g  h e x a n e , f i l t e r i n g  a n d  

c o n c e n t r a t i n g  t h e  s o l u t i o n .

P r e p a r a t i o n  o f  d i e t h y l  l - c h l o r o - 2 - h y d r o x y - 3 , 4 - 0 -

i s o p r o p y l i d e n e - 3 * 4 - d i h y d r o x y b u t y l p h o s p h o n a t e  1241 :

A 1 .7  M s o l u t i o n  o f  nBuLi ( 3 . 4  mL, 0 .0 2 7 8  mol) i n  hexane

was i n j e c t e d  i n t o  a  3 n eck  f l a s k  e q u i p p e d  w i t h  a  n i t r o g e n

I n l e t  t u b e ,  a d d i t i o n  f u n n e l  and  a  th e r m o m e te r  and  th e
o

m i x t u r e  was c o o l e d  t o  - 2 0  C. An e q u a l  volume o f  d r y  THF
o

was a d d ed  and t h e  m ix t u r e  c o o l e d  t o  - 7 0  C.

D l e t h y l c h l o r o m e t h y l  p h o s p h o n a t e  1 .07  g ( 0 .0 0 5 7 5  mol)  In 4
o

mL o f  THP was ad ded  a t  -7 5  t o  -7 0  C d r o p w i s e .  A f t e r
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s t i r r i n g  t h i s  s o l u t i o n  f o r  10 m in u t e s  g l y c e r a l d e h y d e

a c e t o n i d e  ( 0 . 7 5  g ,  0 .0 0 5 7 5  mol)  was a d d e d  a t  t h e  same
o

t e m p e r a t u r e .  The m ix t u r e  was s t i r r e d  f o r  an  h o u r  a t  - 7 0  C
/  i

and  t h e n  q uen ch e d  w i t h  w a te r . '  E x t r a c t i o n  o f  t h i s  m ix tu r e  

w i t h  t h r e e  p o r t i o n s  o f  1:1 e t h e r / m e t h y l e n e  c h l o r i d e  

f o l l o w e d  by d r y i n g  o v e r  magnesium s u l f a t e  and  

c o n c e n t r a t i o n  gave a  r e s i d u e *  which  showed an  NMR s i g n a l  

a t  2 .1  < b s ,  OH) b u t  no a ld e h y d e  s i g n a l .

The above  m ix tu r e  was t r e a t e d  w i th  1% a q .  HCl o v e r n i g h t *  

t h e n  e x t r a c t e d  w i t h  m e th y len e  c h l o r i d e  t o  remove t h e  

u n r e a c t e d  d i e t h y l  c h l o r o m e t h y i p h o s p h o n a t e .  The a q u e o u s  

l a y e r  was l y o p h l l l z e d  t o  y ' l e ld  a  g r e y  s o l i d .  T h i s  was 

e x t r e m e l y  h y g r o s c o p i c  and which  t u r n e d  d a r k  a t  room 

t e m p e r a t u r e .

A n a l y s i s  f o r  C H O PCI.
8 18 6

C a l c u l a t e d  Found

C% 3 4 .7 3  3 4 .9 2

H% 0 6 .5 8  0 6 . 5 0

The above  m a t e r i a l  was t r e a t e d  w i th  a  5 f o l d  e x c e s s  o f  

b r o m o t r i m e t h y l s i l a n e  u n d e r  a  n i t r o g e n  a t m o s p h e r e .  The

m ix t u r e  t u r n e d  d a r k  a nd  s t i c k y *  a p p a r e n t l y  decom posed .

P r e p a r a t i o n  o f  d i e t h y l  3 * 4 - 0 - I s o p r o p y l l d e n e - 1 , 2 - e p o x y - 3 , 4 -
36

d l h y d r o x y b u t y l p h o s p h o n a t e  1241 :

A 1 .7  M s o l u t i o n  o f  nBuLl <6 .7  mL* 0 .0 1 1 5  mol) In hexane
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was I n j e c t e d  I n t o  a  3 neck  f l a s k  e q u ip p e d  w i t h  a  n i t r o g e n

I n l e t  t u b e ,  a d d i t i o n  f u n n e l ,  and a  low t e m p e r a t u r e
o

t h e r m o m e t e r ,  and  was c o o l e d  t o  - 2 0  C. An e q u a l  volume o f
/  0 d r y  THF was added  and  t h e  m ix t u r e  was c o o l e d  t o  - 7 0  C.

S u b s e q u e n t l y ,  2 .1 5  g ( 0 .0 1 1 5  mol)  o f  d i e t h y l

c h l o r o m e t h y i p h o s p h o n a t e  in  5 ml THF was ad ded  a t  -7 5  t o  -  
o

70 C d r o p w i s e .  A f t e r  s t i r r i n g  t h i s  m ix t u r e  f o r  10 m in u te s

a  s o l u t i o n  o f  1 .5  g  ( 0 .0 1 1 5  mol) o f  g l y c e r a l d e h y d e
o

a c e t o n l d e  In 5 mL o f  THF was add ed  d r o p w is e  a t  -7 5  t o  -7 0
o

C. The m ix tu r e  was s t i r r e d  f o r  an  h o u r  a t  - 7 0  C, t h e n

b r o u g h t  t o  room t e m p e r a t u r e  In a  few m in u te s  a n d  t h e n

s t i r r e d  a t  room t e m p e r a t u r e  f o r ' 18 h o u r s .  W ater  (15 mL )

was add ed  and t h e  m ix t u r e  was e x t r a c t e d  t h r i c e  w i t h  30 mL

p o r t i o n s  o f  1:1 m e th y len e  c h l o r i d e - e t h e r .  The com bined

o r g a n i c  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 ,

f i l t e r e d  and  c o n c e n t r a t e d  t o  g i v e  2 .5  g o f  r e s i d u e  which

decomposed on a t t e m p t e d  c h ro m a to g r a p h y  on e i t h e r  a  s i l i c a

column o r  HPLC ( p o r a c l l ) ,  a s  e v i d e n c e d  by  NMR. I n s t e a d ,

t h e  p r o d u c t  was c o l l e c t e d  by vacuum d i s t i l l a t i o n .  ( 1 . 6  g ,  
o

126-132 C / . 6  t o r r ) .

NMR (CDC1 ) :  1 . 2 - 1 . 5  (m, 12H, C!j CH 0 ,  CH ) ,  2 . 3 - 3 . 4  (m,
3 3 2 3

2H, o x l r a n e )  3 . 6 - 4 . 5  (m, 7H).

A na lys  i s

C a l c u l a t e d  Found

C% 4 7 .1 4  4 6 .1 6

H% 0 7 .5 5  0 8 .2 1
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R e a c t i o n  o f  d i e t h y l  3 , 4 - 0 - i s o p r o p y l l d e n e - 1 , 2 - e p o x y - 3 , 4 -  

d l h y d r o x y b u t y l p h o s p h o n a t e  w i t h  t r l m e t h y l b r o m o s i l a n e :

The d i s t i l l e d  d i e t h y l  3 , 4 - 0 l s o p r o p y l l d e n e - 1 , 2 e p o x y - 3 , 4 -
/

d i h y d r o x y b u t y l p h o s p h o n a t e  <0 .5  g ,  0 .0 0 1 7 8  mol) was s t i r r e d  

w i t h  t r l m e t h y l b r o m o s l l a n e  < 0 .8 1  g ,  0 . 0 0 5 3 4  mol) a t  room

t e m p e r a t u r e  u n d e r  n i t r o g e n  f o r  2 h o u r s .  The m ix t u r e  was/

c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e .

NHR:

T h ere  were two s i g n a l s  due t o  TMS I n d i c a t i n g  t h a t  t h e

e p o x id e  was a t t a c k e d !  So t h e  r e a c t i o n  was c a r r i e d  o u t  In a  

NMR tu b e  u s i n g  e x c e s s  t r i m e t h y l  b r o m o s i l a n e  and  

im m e d ia te ly  on m ix in g  t h e  two r e a g e n t s  t h e  s i g n a l s

a s s i g n e d  t o  t h e  e p o x id e  p r o t o n s  s h i f t e d .  As t im e  went  by 

t h e  e t h y l  e s t e r  p o r t i o n  a l s o  c h a n g e d .  The a c e t o n l d e  m ethy l  

s i g n a l s  r e m a in e d  unchang ed  e v e n  a f t e r  t h r e e  d a y s .

R e a c t i o n  o f  b l s t r l m e t h y l s i l y l  2 - b r o m o - 3 , 4 - 0 -

1s o p r o p y l l d e n e - 1 - t r  im e th y 1s 11y 1o x y b u t y l p h o s p h o n a t e  w1t h  

a q .  HC1.

Crude b l s t r l m e t h y l s l l y l  2 - b r o m o - 3 , 4 - 0 - i s o p r o p y l l d e n e - 3 , 4 -  

d i h y d r o x y - 1- t r i m e t h y l s  1l y l o x y  b u t y l p h o s p h o n a t e  from above  

was mixed w i t h  25 mL o f  1% HC1, 15 mL o f  e t h a n o l  and  10 mL 

o f  THF t o  e f f e c t  s o l u t i o n  which  was s t i r r 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 ,  t h e n  c o n c e n t r a t e d  u n d e r  vacuum. 

The f a c t  t h a t  h y d r o l y s i s  o f  t h e  a c e t o n l d e  had  o c u r r e d  was 

c o n f i r m e d  by NMR, which  showed a  com plex  m ix t u r e  o f
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s i g n a l s  from 3 . 8 - 4 . 8  o n l y .

P r e p a r a t i o n  o f  1 , 2 - e p o x y - 3 , 4 - d i h y d r o x y b u t y l p h o s p h o n l c  

a c  i d .

The c r u d e  2 - b r o m o - l , 3 , 4 - t r I h y d r o x y  b u t y l p h o s p h o n i c  a c i d  

from above  was t r e a t e d  w i t h  b r o m o t r i m e t h y l  s i l a n e  ( 1 . 3 6  g ,  

0 .0 0 8 9  mol) f o r  two h o u r s  a t  room t e m p e r a t u r e  u n d e r  

n i t r o g e n  f o r  2 h o u r s  a nd  t h e n  c o n c e n t r a t e d  u n d e r  r e d u c e d  

p r e s s u r e .  Sodium m e th ox ld e  ( 0 .0 0 8 9  mol> in  m e th an o l  was 

a d d e d  a t  room t e m p e r a t u r e  and t h e  m ix tu r e  s t i r r e d  

o v e r n i g h t  u n d e r  n i t r o g e n .  The r e s u l t i n g  m ix t u r e  was d r i e d  

on a  pump t o  y i e l d  a  w h i t e  s o l i d  t o  w h ic h  was ad ded  100 mL 

o f  a  s a t u r a t e d  s o l u t i o n  o f  ammonium c h l o r i d e  in  a b s o l u t e  

m e t h a n o l .  The p r e c i p i t a t e  formed was f i l t e r e d  and  pumped 

d r y  t o  g i v e  .2  g o f  r e s i d u e  .

NMR o f  t h e  r e s i d u e  was I n c o n c l u s i v e  .

A n a l y s i s  f o r  C H 0 PNa ( t r i h y d r a t e ) .
4 13 9 2
C a l c u l a t e d  Found 

C% 1 7 .03  17.19

H\ 0 4 .6 5  0 4 .8 8

P r e p a r a t i o n  o f  d i e t h y l  1 , 2 - e p o x y - 3 - b u t e n y l p h o s p h o n a t e  
36 

1281 :

To a 250 ml 3 neck  f l a s k  e q u ip p e d  w i t h  a  m a g n e t i c  s t i r r e r ,
o

n i t r o g e n  i n l e t  tu b e  and  an  a d d i t i o n  f u n n e l  c o o l e d  t o  -2 0  C 

was added  a  1.7M s o l u t i o n  o f  nBuLl (33mL g ,  0 . 0 5 6  mol)
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in  hexane  f o l l o w e d  by THF (33  mL). To t h i s  was add ed  a t  -  
o

78 C, d r o p w i s e .  d i e t h y l  c h l o r o m e t h y i p h o s p h o n a t e  (1 0  g ,

0 . 0 5 4  mol) in  15 mL THF. A f t e r  s t i r r i n g  t h i s  m ix t u r e  f o r
0 ✓'

10 m i n u t e s  a t  *76 C, f r e s h l y  d i s t i l l e d  a c r o l e i n  ( 3  g ,
o

0 . 0 5 4  mol) in  l O m L o f  THF was ad d ed  d r o p w is e  a t  -7 8  C and
o

s t i r r i n g  was c o n t i n u e d  f o r  an  h o u r  a t  - 7 8  C. The c o o l i n g

b a t h  was t h e n  removed and  t h e  m ix t u r e  was a l l o w e d  t o  s t i r

f o r  16 h o u r s  a t  room t e m p e r a t u r e .  W a te r  (40  mL) was t h e n

a d d e d  and  t h e  m ix t u r e  was e x t r a c t e d  t h r i c e  w i t h  50 mL

p o r t i o n s  o f  1:1 e t h e r / 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

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  and  t h e  s o l v e n t

was removed u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  6 . 5  g o f  a

l i q u i d  which  on vacuum d i s t i l l a t i o n  gave  d i e t h y l  1 . 2 -
o

e p o x y - 3 - b u t e n y l p h o s p h o n a t e  ( 5 . 6 .  g .  45 .8% . b .p*  92 -9 7  C/ 

0 . 6  t o r r ) .

NMR (CDCl ) 1 .35  ( t .  CH ) .  2 . 7 - 3 . 8  (m. o x l r a n e  2H).  4 . 2
3 3

(m. CH ) .  5 . 2 - 6 . 4  (m. v i n y l i c  3H).
2

A n a l y s i s  f o r  C H O P .
8 15 4

C a l c u l a t e d  Found

C% 4 6 .6 0  4 6 .0 9

H% 0 7 .3 3  0 7 .6 8

R e a c t i o n  o f  d i e t h y l  1 . 2 - e p o x y - 3 - b u t e n y l p h o s p h o n a t e  w i t h  

b r o m o t r 1 m e th y l s  1l a n e .

To d i e t h y l  1 . 2 - e p o x y - 3 - b u t e n y l p h o s p h o n a t e  ( 0 .5 1  g ,  0 .0 0 2 4 7
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mol)  was a d d e d ,  u n d e r  n i t r o g e n #  b r o n o t r I n e t h y l s l l a n e  < 1 .1 4  

g# 0 .00741  mol) a t  room t e m p e r a t u r e  a n d  th e  m ix t u r e  was 

s t i r r e d  f o r  2 h o u r s .  The m ix tu r e  on c o n c e n t r a t i o n  y i e l d e d  

b i s t r I m e t h y l s l l y l  2 - b r o m o - l ^ t r l m e t h y l s i l y l o x y - 3 - b u t e n y l  

p h o s p h o n a t e .

NMR I n d i c a t e d  a g a i n  t h e  a t t a c k  on o x l r a n e  a f f o r d i n g  b i s  

t r 1m e t h y l s i l y l  2 - b r o m o - 1 - t r i m e t h y l s  1l y l o x y - 3 -

b u t e n y l p h o s p h o n a t e  ( t h e  s y m m e t r i c a l  p a t t e r n  a t  2 . 7 - 3 . 8  

a s s i g n e d  t o  o x l r a n e  p r o t o n s  was r e p l a c e d  by a  complex  

m u l t i p l e t  a t  3 . 3 - 5 . 5 ) .

P r e p a r a t i o n  o f  b l s t r i m e t h y l s l l y l  l # 2 - e p o x y - 3 -

b u t e n y l p h o s p h o n i c  a c i d :

B l s t r i m e t h y l s l l y l  2 - b r o m o - 1 - t r l m e t h y l s  I l y l o x y - 3-

b u t e n y l p h o s p h o n a t e  was t r e a t e d  w i t h  a n h y d ro u s  sod ium  

m e th o x ld e  <0 .38  g# 0 .00 7 41  mol)  In  5 mL o f m e th a n o l  u n d e r  

a n  a tm o s p h e r e  o f  n i t r o g e n  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 ix t u r e  was t h e n  pumped d r y  and t r l m e t h y l c h l o r o s 1l a n e  

<0 .88  g , 0 .0 0 8 1 5  mol) was a d d e d  u n d e r  n i t r o g e n .  A f t e r  

s t i r r i n g  f o r  a  few h o u r s  a t  room t e m p e r a t u r e  t h e  m ix t u r e  

was c o n c e n t r a t e d .

T h i s  m a t e r i a l  was e x t r e m e l y  u n s t a b l e  and t h e  NMR on I t  was 

I n c o n c l u s i v e .
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P r e p a r a t i o n  o f  t e t r a l s o p r o p y l  m e t h y l e n e b l s p h o s p h o n a te  
63

[33  3 :

A 500 aL t h r e e  neck  f l a s k  was e q u ip p e d  w i t h  a  m a g n e t i c

s t i r r e r #  a  c o n d e n s e r  and  th e r m o m e te r .  I t ’ was c h a r g e d  w i th

3 1 2 .4  g ( 1 . 5  mol) o f  t r l i s o p r o p y l  p h o s p h i t e  and 87 g .  ( 0 . 5

mol) o f  d lb ro m o m e th a n e . W ater  was c i r c u l a t e d  t h r o u g h  th e
0

c o n d e n s e r  a t  65 C so  a s  t o  remove l s o p r o p y l  brom ide  a s  i t

was formed# which  was c o l l e c t e d  i n  a  d r y  i ce  t r a p .  The
0

m i x t u r e  was h e a t e d  g r a d u a l l y  t o  185 C a nd  was m a i n t a i n e d

a t  t h a t  t e m p e r a t u r e  f o r  two h o u r s .  E x c e s s  t r l i s o p r o p y l

p h o s p h i t e  was removed u n d e r  r e d u c e d  p r e s s u r e  and  th e

r e s i d u e  on vacuum d i s t l l l a t T o n ;  a f f o r d e d  t e t r a l s o p r o p y l
o

m e t h y l e n e b l s p h o s p h o n a t e  ( b . p .  125*30 C# 0 . 2 - 0 . 3  t o r r ,  
63 o

l i t .  87 -89  C /0 .0 0 3  t o r r #  85%).

NMR: (CDC13), 1 . 3 - 1 . 5  ( d , 2 4  H)# 2 . 0 - 2 . 7  (t#2H># 4 . 3 - 5 . 0

(m#4H)

P r e p a r a t i o n  o f  d l i s o p r o p y l  3 # 4 - 0 - l s o p r o p y l l d e n e - 3 # 4-
62

d i h y d r o x y - 1 - b u t e n y l p h o s p h o n a t e  [343 :

T e t r a l s o p r o p y l  m e t h y l e n e b l s p h o s p h o n a t e  (18  g# 0 .0 5 2  mol)

was d i s s o l v e d  in  200 mL o f  d r y  h e p ta n e  i n  a  3 neck  f l a s k

e q u i p p e d  w i t h  c o n d e n s e r #  a d d i t i o n  f u n n e l  and  n i t r o g e n

b u b b l e r .  To t h i s  was ad d ed  a 1 .6  M s o l u t i o n  o f  nBuLi

( 3 2 . 5  mL# 0 .0 5 2  mol) in  hexane  a t  room t e m p e r a t u r e .  The
o

m i x t u r e  was s t i r r e d  f o r  2 h ours#  t h e n  c o o l e d  t o  0 C and  

6 . 8  g ( 0 . 0 5 2  mol)  o f  a c e t o n e  D - g l y c e r a l d e h y d e  in  20 mL o f
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h e p ta n e  were added  d r o p w i s e .  The r e a c t i o n  m ix t u r e  was

a l l o w e d  t o  warm t o  room t e m p e r a t u r e  a n d  t h e n  r e  f l u x e d  f o r

2 h o u r s .  A f t e r  c o o l i n g  t o  room t e m p e r a t u r e  500 mL o f  w a t e r

were ad d ed  and  t h e  l a y e r s  were s e p a r a t e d .  The a q u e o u s

l a y e r  was e x t r a c t e d  t w i c e  w i t h  100 mL p o r t i o n s  o f  h e p t a n e

and  t h e  combined o r g a n l e s  were d r i e d  o v e r  magnesium

s u l f a t e .  H ep tane  was removed u n d e r  r e d u c e d  p r e s s u r e  and

(371 was c o l l e c t e d  by vacuum d i s t i l l a t i o n  ( b . p .  110-
o

20 / 0 . 05 t o r r ,  85%.)

NMR (CDC1 >, 1 . 2 - 1 . 5  (m,18H>, 3 . 5 - 4 . 9  < t ,5H > ,  5 . 5 - 7 . 1
3

<m,2H>.

E p o x i d a t l o n  o f  d i l s o p r o p y l  3 , 4 - 0 - l s o p r o p y l l d e n e - 3 , 4 -  

d l h y d r o x y - l - b u t e n y l p h o s p h o n a t e :

0 1 l s o p r o p y l  3 , 4 - 0 - l s o p r o p y l I d e n e 3 , 4 - d l h y d r o x y - l -

b u t e n y l p h o s p h o n a t e  <4g, 0 .0 1 3 7  mol) was p l a c e d  in  a  3 neck

f l a s k  e q u ip p e d  w i t h  a  m a g n e t i c  s t i r r e r ,  a d d i t i o n  f u n n e l ,

and  n i t r o g e n  i n l e t  t u b e .  T r i m e t h y l b r o m o s l l a n e  <16 .76  g ,

0 .0 5 5  mol) was added  d r o p w is e  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  a t  room t e m p e r a t u r e .  The m i x t u r e  was t h e n

c o n c e n t r a t e d  t o  g i v e  5 g o f  b l s t r i m e t h y l s l l y l  3 , 4 - 0 -

i s o p r o p y l  i d e n e - 3 , 4 - d 1h y d r o x y - 1 - b u t e n y l p h o s p h o n a t e .

The s l l y l a t e d  m a t e r i a l  was d i s s o l v e d  In 20 mL o f  m e th y le n e
o

c h l o r i d e  and  10 mL o f  m ethano l  and  c o o l e d  t o  0 C. Hydrogen 

p e r o x i d e  (30  % v / v )  (8  mL) f o l lo w e d  by 20 mL o f  NaOH ( 0 . 2  

M) was added  m a i n t a i n i n g  th e  pH » 9 . 5 - 1 0 . 0 .  The r e s u l t i n g

»
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two p h a s e  sy s te m  was 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  

and  t h e  l a y e r s  were s e p a r a t e d .

The a q .  l a y e r  was t r e a t e d  w i t h  Dowex 50 <H+) to  b r i n g  th e  

pH t o  7 - 7 .5 *  t h e n  f i l t e r e d  and  pumped d r y  t o  y i e l d  a  s y r u p  

which  e v e n t u a l l y  s o l i d i f i e d .  T h is  s o l i d  was d i s s o l v e d  In 

w a te r*  t h e  pH was a d j u s t e d  t o  ,3 w i t h  Dowex 50 (H+) a n d  t h e  

m ix t u r e  was s t i r r e d  f o r  48 h ours*  t h e n  f i l t e r e d .  The pH o f  

t h e  f i l t r a t e  was a d j u s t e d  t o  7 . 5  w i t h  d i l u t e  NaOH and  

d r i e d  u n d e r  vacuum.

NMR o f  t h i s  m a t e r i a l  was i n c o n c l u s i v e .

The m a t e r i a l  i s  e x t r e m e l y  h y g r o s c o p i c  and  e x h i b i t s  an  

e l e m e n t a l  a n a l y s i s  in  a c c o r d  w i t h  t h e  h y d r o l y s e d  e p o x id e *  

t h a t  I s  l * 2 * 3 * 4 - t e t r a h y d r o x y b u t y l p h o s p h o n l c  a c i d  d l s o d iu m  

s a l t .

A n a l y s i s  f o r  C H 0 PNa . 3H 0 .
4 7 6 2 2

C a l c u l a t e d  Found

C% 17 .03  17 .40

H% 0 4 .6 4  0 4 .5 2

67
P r e p a r a t i o n  o f  d i p h e n y l  c h l o r o m e t h y i p h o s p h o n a t e  (381 :

C h lo ro m e th y l  p h o s p h o n ic  d i c h l o r i d e  C46.8 g* 0 . 4 4  mol) and

p h e n o l  (53  g* 0 .8 8  mol)  were d r i e d  u n d e r  vacuum f o r  2

h o u r s  and  t h e n  h e a t e d  a t  r e f l u x  u n d e r  a  n i t r o g e n
o

a tm o s p h e r e  a t  155 C o v e r n i g h t .  The m ix t u r e  was c o o l e d  t o
o

room t e m p e r a t u r e  and t h e n  s l o w l y  r e h e a t e d  t o  160 C f o r  4
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h o u r s  u n d e r  15-16 t o r r  p r e s s u r e  w i t h  an  a i r  c o o l e d

VlgreaUx c o n d e n s e r .  Hydrogen c h l o r i d e  was t r a p p e d  o v e r  i c e

c o o l e d  NaOH. The r e s i d u e  was d i s t i l l e d  u n d e r  r e d u c e d

p r e s s u r e  t o  y i e l d  d i p h e n y l  c h l o r o m e t h y i p h o s p h o n a t e .  C 70g ,  
o

66%, 166-69 C /0 .2 5  t o r r ) .

NMR (CDC13) 3 .8 4  ( d ,  CH2, J  H,P»30 H z) ,  7 . 2 7  ( s ,  Ar 10H).

P r e p a r a t i o n  o f  d i p h e n y l
68

t r l p h e n y l p h o s p h o n i u m m e t h y l i d e n e p h o s p h o n a t e  :

D ip h e n y l  c h l o r o m e t h y i p h o s p h o n a t e  ( 2 8 .2 5  g ;  0 .1 1 8  mol) was

p l a c e d  in  a  100 mL 3 neck  f l a s k  u n d e r  n i t r o g e n  and

t r i p h e n y l  p h o s p h ln e  ( 2 6 . 2  g*0'. 100 mol)  was a d d e d .  The

m ix t u r e  was s t i r r e d  f o r  10 m in u te s  and  t h e n  vacuum d r i e d
o

f o r  1 h o u r .  The m ix tu r e  was h e a t e d  a t  165 C u n d e r  n i t r o g e n

f o r  4 h o u r s ,  t h e n  c o o l e d  t o  room t e m p e r a t u r e .  A l i g h t

y e l l o w  mass fo rm ed .  The s o l i d  was s c r a p e d  o u t  u s i n g  30 mL

o f  a n h y d ro u s  e t h e r ,  f i l t e r e d  t h r o u g h  a  s i n t e r e d  g l a s s

f u n n e l ,  and  washed 6 t i m e s  w i t h  30 mL p o r t i o n s  o f  e t h e r .

T h i s  s o l i d  was p l a c e d  In  a  500 mL b e a k e r  w i t h  200 mL o f

w a t e r .  The s t i r r e d  s u s p e n s i o n  was t r e a t e d  w i t h  6N NaOH and

b r o u g h t  t o  pH 7 (pH o f  p p t  9 ) .  The w h i t e  p r e c i p i t a t e  was

f i l t e r e d  and  r e c r y s t a l l i z e d  from e t h y l  a c e t a t e ,  (m .p .  145- 
o 68 o

46 C l i t .  149-50 C, 60%).
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P r e p a r a t i o n  o f  d i p h e n y l  3 , 4 - 0 -
14

l s o p r o p y l i d e n e - 3 , 4 - d I h y d r o z y b u t e n y l p h o s p h o n a t e  (41 ] :

1 , 2 , 5 , 6 - d i a c e t o n e  D -m a n n l to l  (3  g ,  0 .0 11 4  mol) was

s u s p e n d e d  In 120 mL o f  d r y  b en ze n e  ( d i s t i l l e d  from

s o d i u m ) ,  r a p i d l y  mixed w i t h  l e a d  t e t r a a c e t a t e  ( 5 . 0 8

g . 0 .0 1 1 4  mol)  and v i g o r o u s l y  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 o u r s .  The p r e c i p i t a t e d  l e a d  s a l t s  were f i l t e r e d  and

t h e  s o l v e n t  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .

The r e s u l t a n t  g l y c e r a l d e h y d e  a c e t o n l d e  was d i s s o l v e d  In  60

mL o f  d r y  DMSO ( d i s t i l l e d  from c a l c i u m  h y d r i d e )  and

d i p h e n y l  t r l p h e n y l p h o s p h o n i u m m e t h y l i d e n e p h o s p h o n a t e  (8  g ,

0 .0 1 1 4  mol)  was a d d e d .  T h is  s u s p e n s i o n  was r e f l u x e d  a t  8 0 -  
o

80 C ( b a t h  t e m p e r a t u r e )  u n d e r  a  n i t r o g e n  a tm o s p h e r e  

o v e r n i g h t .  The r e a c t i o n  m ix tu r e  was c o o l e d  t o  room 

t e m p e r a t u r e  and  p o u r e d  i n t o  70 mL o f  w a t e r ,  and  e x t r a c t e d  

t h r i c e  w i t h  75 mL p o r t i o n s  o f  a n h y d ro u s  e t h e r .  

C o n c e n t r a t i o n  o f  t h e  o r g a n i c s  gave 8 g o f  a  s e m i s o l i d  

m ix t u r e  which  was c h ro m a to g r a p h e d  on s i l i c a  u s i n g  e i t h e r  

e t h y l  a c e t a t e  (Rf  o f  p r o d u c t  0 .6 3 )  o r  4 :1  p e t r o l e u m  

e t h e r : e t h e r  (R f  0 . 4 ) .

Y i e l d  3 . 0  g ,  73%.
14

NMR matched  t h a t  In l i t e r a t u r e

H y d r o l y s i s  o f  d i p h e n y l  3 , 4 - 0

l s o p r o p y l l d e n e - 3 , 4 - d l h y d r o x y b u t e n y l p h o s p h o n a t e :

D ip h en y l  3 , 4 - 0 - i s o p r o p y l l d e n e - 3 , 4 -
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d i h y d r o x y b u t e n y l p h o s p h o n a t e  <1 .5  g ; 0 .00 4 1 6  mol)  was 

t r e a t e d  w i t h  25 mL o f  1% HC1 and  25 mL e a c h  o f  THF a nd  

e t h a n o l  and s t i r r 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 .  THF and  

e t h a n o l  were removed u n d e r  / r e d u c e d  p r e s s u r e  a n d  t h e  

r e s i d u a l  a q u eo u s  m ix t u r e  was e x t r a c t e d  w i t h  100 mL o f  

c h l o r o f o r m ,  d r i e d  o v e r  magnesium s u l f a t e  and  c o n c e n t r a t e d .  

TLC showed p r e s e n c e  o f  some l e s s  p o l a r  c o n t a m i n a n t s  which  

were removed by co lum n c h r o m a to g r a p h y ,  e l u t i n g  i n i t i a l l y  

w i t h  1:1 h e x a n e - e t h y l a c e t a t e .  D ip he ny l  3 , 4 -

d i h y d r o x y b u t e n y l p h o s p h o n a t e  (421 wa3 e l u t e d  w i t h  a b s o l u t e  

e t h a n o l  ( 1 . 1  g ,  82 .5% ) .

NMR (CDCl ) 3 - 4 . 3  (m, C{j 0 , ' C £ 0 ) ;  4 . 4  Cbs, OH), 5 . 8 - 7 . 0  
3 2

<m, v i n y l i c  H) ,  7 . 3  (ArH).

P r e p a r a t i o n  o f  d i p h e n y l  4 - < t - b u t y l d i m e t h y l s l l y l o x y ) - 3 -
70

h y d r o x y - 1 - b u t e n y l p h o s p h o n a t e  (441 :

To d i p h e n y l  3 , 4 - d i h y d r o x y b u t e n y l - l - p h o s p h o n a t e  <0.21 g ,  

0 .0 0 7  mol)  in  25 mL o f  m e th y len e  c h l o r i d e  was a d d e d  u n d e r  

an  a tm o s p h e r e  o f  n i t r o g e n  4-DMAP ( . 0 0 3 5  g ,  0 .0 0 0 2 8  m o l ) ,  

t r l e t h y l  amine <0.779 g i 0 . 0 0 7 7  mol) and  t - b u t y l  d i m e t h y l  

c h l o r o s l l a n e  <0.107 g i  0 .0 0 7  m o l ) .  The m ix t u r e  was 

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 .  W ater  was a d d e d ,  

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

o v e r  magnesium s u l f a t e  and c o n c e n t r a t e d .  The r e s i d u e  was 

c h r o m a to g r a p h e d  on s i l i c a  e l u t i n g  w i t h  1:1 h e x a n e -  

e t h y l a c e t a t e ,  g i v i n g  a  s m a l l  amount  o f  d l s l l y l a t e d
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m a t e r i a l  f o l lo w e d  by 0 . 2  g <70% b a s e d  on (4 8 1 )  o f

d i p h e n y l  4 - ( t - b u t y l d l m e t h y l s  I l y l o x y ) - 3 -

h y d r o x y b u t e n y l p h o s p h o n a t e . I t  gave  s a t i s f a c t o r y  a n a l y s t s .

NMR ( CDC1 , 200MHz> 0 . 8  <s ,  4 i C | j  $ 0 . 9 5  < s /  S i - t - b u t y l ) ;
3 3

2 . 9 - 3 . 7  <m, OCQ ; OCQ); 4 .2 5  <bs ,  OH); 6 . 1 5 - 7 . 1  Cm,
2

v i n y l i c  H ) ,  7 . 1 - 7 . 3 5  Cm, ArH).

A n a l y s i s  f o r  C H 0 PS1.
22 31 5

C a l c u l a t e d  Found

C% 6 0 .8 1  6 1 .0 9

H% 0 6 .9 0  0 7 .2 7

P r e p a r a t i o n  o f  < + ) - d l e t h y l  t a r t a r a t e :

A b s o l u t e  e t h a n o l  (200  mL) was p l a c e d  i n  a  d r y  500 mL ro u n d  

b o t to m  f l a s k  e q u ip p e d  w i t h  a  d r y i n g  t u b e  and  c o o l e d  in  a  

i c e  b a t h .  A c e ty l  c h l o r i d e  <10 mL) was ad d ed  d ro p w is e  w i t h  

c o o l i n g .  < + ) - D - T a r t a r i c  a c i d  (15  g ;  0 . 1  mol)  was a d d e d  and  

t h e  m ix 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  o v e r n i g h t .  

E x c e s s  e t h a n o l  was removed on a  r o t a r y  e v a p o r a t o r  and  th e  

r e s i d u e  was vacuum d i s t i l l e d  t o  g i v e  12 g (58 .2% ) o f  d -  

d l e t h y l  t a r t a r a t e  ( b . p .  1 5 0 -1 5 3 /1 2  t o r r ) .

A t t e m p te d  e p o x l d a t i o n  o f  d i p h e n y l
71

b u t y l d 1 m e th y l s  1l y l o x y ) - 3 - h y d r o x y b u t e n y l - 1 - p h o s p h o n a t e  : 

F r e s h l y  d i s t i l l e d  d r y  m e th y len e  c h l o r i d e  (15 mL) was

p l a c e d  in  a 100 mL r o u n d  b o t to m  f l a s k  u n d e r  a  n i t r o g e n
o '

a tm o s p h e r e  and c o o l e d  t o  -2 3  C ( c a r b o n  t e t r a c h l o r l d e / D r y
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I c e ) .  T i t a n iu m  t e t r a l s o p r o p o x l d e  ( 0 .3 2 7  g . #0 .0115 mol)  was

i n j e c t e d  f o l lo w e d  by 0 .2 3 7  g ( 0 .0 1 1 5  m ol)  o f  ( + ) - d l e t h y l

t a r t a r a t e .  A f t e r  s t i r r i n g  t h e  s o l u t i o n  f o r  5 m i n u t e s ,  0 . 5

gm o f  d i p h e n y l  4 - ( - t - b u t y l d i i l i e t h y l s i l y l o x y ) - 3 - h y d r o x y - l -

b u t e n y l p h o s p h o n a t e  was a d d e d ,  f o l lo w e d  b y  0 .5 2  mL o f  a  4 . 4

M s o l u t i o n  o f  t - b u t y l  h y d r o p e r o x i d e  in  1 , 2 - d i c h l o r o

e t h a n e .  The s o l u t i o n  was s t i r r e d  f o r  a  few m in u te s  a t  
o o

23 C and  t h e n  s t o r e d  In  a  f r e e z e r  a t  - 2 0  C f o r  5 d a y s .

Workup i n v o l v i n g  t r e a t m e n t  w i t h  NaF f o l l o w e d  by s a t u r a t i o n

w i t h  NaCl, f i l t r a t i o n  and  e x t r a c t i o n  w i th  m e th y le n e

c h l o r i d e  y i e l d e d  a  m ix tu r e  c o m p r i s e d  o f  t h e  s t a r t i n g

a l k e n e  a l o n g  w i t h  t r a c e s  o f  a n o t h e r  compound (by  TLC).

P r e p a r a t i o n  o f  3 , 4 - d l h y d r o x y - l , 2 - e p o x y b u t y l - 1 - p h o s p h o n l c
45

a c i d  m o n o a r g in a t e  (461 :

3 , 4 - d I h y d r o x y - l - b u t e n y l - l - p h o s p h o n I c  a c i d  ( 1 .5 1  g ,  0 . 0 0 9

mol) was d i s s o l v e d  in  10 mL o f  i s o p r o p a n o l .  L - ( + ) - A r g l n l n e

( 0 . 8  g , 0 .0 0 4 5  mol) was ad ded  and t h e  m ix t u r e  was s t i r r e d

f o r  1 h o u r .  The pH o f  t h e  m ix tu r e  was a d j u s t e d  t o  5 . 6 - 5 . 7

w i t h  t r l e t h y l  a m in e ,  a nd  sodium t u n g s t a t e  d l h y d r a t e  ( 0 . 0 5

g ,  0 . 1 5  mmol) f o l l o w e d  by d l so d lu m  e t h y l e n e  d ia m in e

t e t r a a c e t l c  a c i d  (EDTA1 ( 0 . 0 5  g , o . l 3  mmol) were a d d e d .  The
o

m ix t u r e  was h e a t e d  t o  50 C and  hy d ro g en  p e r o x i d e  ( 1 . 2  ml,
o

30 %) was ad ded  m a i n t a i n i n g  th e  t e m p e r a t u r e  u n d e r  55 C.

The m ix t u r e  was s t i r r e d  a t  t h i s  t e m p e r a t u r e  f o r  1 h o u r ,  

t h e n  c o o l e d  t o  room t e m p e r a t u r e .
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C r y s t a l s  which  formed were f i l t e r e d  and  r e c r y s t a l l l z e d  

from a q .  e t h a n o l *  g i v i n g  0 . 8  g o f  a  s o l i d .  NMR showed 

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

c o n s i s t e n t  w i t h  o x l r a n e  p r o t o n s .  U n f o r t u n a t e l y  a  sm a l l  

amount o f  t r l e t h y l  amine  was I n c o r p o r a t e d  In t h e  m ix t u r e  

and  c o u l d  n o t  be removed u n d e r  vacuum.

P r e p a r a t i o n  o f  3 , 4 - d i h y d r o x y - l , 2 - e p o x y b u t y l - l - p h o s p h o n l c
45

a c i d  m ono tr le thy lam m onium  s a l t  1471 :

3 , 4 - d l h y d r o x y b u t - l - e n y l p h o s p h o n I c  a c i d  ( 0 . 2 5  g ,  0 .0 0 1 4 8

mol) was d i s s o l v e d  in  25 mL o f  i s o p r o p a n o l  and  t h e  pH o f

t h e  m ix t u r e  was a d j u s t e d  t o  5 . 6  w i t h  t r l e t h y l  a m in e .

C a t a l y t i c  amounts  o f  sodium t u n g s t a t e  a n d  EDTA were ad d ed
. o

and  t h e  m ix t u r e  was h e a t e d  t o  50 C. 2 mL o f  h y d ro g e n

p e r o x i d e  (3 0  %) was ad ded  d ro p w ise*  m a i n t a i n i n g  t h e
o o

t e m p e r a t u r e  be low  55 C. The m ix tu r e  was s t i r r e d  a t  55 C

f o r  2 h o u r s  t h e n  a t  room t e m p e r a t u r e  o v e r n i g h t .  The

m ix tu re *  on c o o l i n g *  d e p o s i t e d  c r y s t a l s  w h ich  were

f i l t e r e d  and  r e c r y s t a l l i z e d  from a q u e o u s  e t h a n o l  ( 0 . 1 4  g*

3 6 .8% ) .

NMR (D 0* 200 MHz) 0 . 1 4  ( t *  CH >J 2 . 8 - 3 . 0  (dd* o x l r a n e  1H* J  
2 3

PH=20Hz), 3 . 2 - 4 . 7  (m» 8H).  No v i n y l i c  p r o t o n s  were s e e n .

A n a l y s i s  f o r  C H 0 PN ( t r i h y d r a t e ) .
10 30 9

C a l c u l a t e d  Found 

C% 3 5 .4 0  3 5 .1 6

H% 0 8 .9 2  0 8 .9 9
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P r e p a r a t i o n  o f  d i m e t h y l  3 , 4 - 0 - l s o p r o p y l l d e n e - 3 , 4 -
74

d i h y d r o x y - 2 - k e t o b u t y l p h o s p h o n a t e  [551 :

A 250 mL 3 neck  f l a s k  e q u ip p e d  w i th  a  m a g n e t i c  s t i r r e r  a n d

two p r e s s u r e  e q u a l i s i n g  a d d i t i o n  f u n n e l s  was f l u s h e d  w i t h

n i t r o g e n  and  c h a r g e d  w i t h  d i m e t h y l  m e th y lp h o s p h o n a te  ( 4 . 2 5

g ,  0 .0 3 4 2  mol)  and  d r y  d i m e t h o x y e t h a n e  (DME1. A f t e r  
o

c o o l i n g  t o  -7 8  C a  1 .7  M s o l u t i o n  o f  nBuLl In h e x an e  (20

mL, 0 .0 3 4 2  mol) was ad d ed  d r o p w is e  a n d  t h e  m ix t u r e  was

s t i r r e d  f o r  30 m i n u t e s .  Methyl  g l y c e r a t e  2 , 3 - a c e t o n l d e

( 3 . 6 5  g ,  0 .0 2 2 8  mol) in  10 mL DME was t h e n  ad d ed  d r o p w is e  
o

a t  -7 8  C o v e r  a  p e r i o d  o f  30 m in u te s  a n d  t h e  m ix t u r e  was

s t i r r e d  f o r  a  f u r t h e r  30 m in u t e s  a t  t h e  s a n e  t e m p e r a t u r e .

The m ix t u r e  was t h e n  warmed t o  room t e m p e r a t u r e  a nd

s t i r r e d  o v e rn ig h t ! .  W ate r  (50  mL) was a d d e d  t o  t h e  r e a c t i o n

m ix t u r e  which  was t h e n  e x t r a c t e d  t w i c e  w i t h  50 mL

p o r t i o n s  o f  c h l o r o f o r m .  The a q u eo us  l a y e r  was a c i d i f i e d

w i t h  1 N HC1 (5 0  mL) t h e n  e x t r a c t e d  f o u r  t im e s  w i t h  50 mL

p o r t i o n s  o f  c h l o r o f o r m .  The combined o r g a n l c s  were d r i e d

o v e r  magnesium s u l f a t e  and  c o n c e n t r a t e d  u n d e r  r e d u c e d

p r e s s u r e  t o  g i v e  4 . 8  g (84%) o f  d i m e t h y l  3 , 4 - 0 -

I s o p r o p y l i d e n e - 3 , 4 - d i h y d r o x y - 2 - k e t o b u t y l p h o s p h o n a t e .

NMR ( CDC1 ) 1 . 3 5 , 1 . 4 5  ( s ,  Ch[ ) ;  3 .8 5  ( d ,  C1J P)
3 3 2

2 . 8 - 4 . 7  (m, Ctf2 0 ,  CHOC).
2
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A n a l y s i s  f o r  C H O P .
9 17 6

C a l c u l a t e d  Found

C% 42 .86  42 .11

H% 0 6 .7 9  /  0 6 .9 9

P r e p a r a t i o n  o f  d i e t h y l  1 , 3 - d l t h l a n e - 2 - y l p h o s p h o n a t e
75

1571 :

I n  a  3 neck  f l a s k  e q u ip p e d  w i t h  a  s t i r r i n g  b a r ,  two

d r o p p i n g  f u n n e l s  and  a  n i t r o g e n  i n l e t  t u b e  was p l a c e d  2 g

CO.0166 mole)  o f  s u b l i m e d  1 , 3 - d i t h l a n e  in  50 mL o f  d r y

THF. The sy s te m  was t h e n  p u r g e d  w i th  n i t r o g e n ,  and  a  1 .7  M

s o l u t i o n  o f  nBuLl i n  h e x an e  < 9 . 8  mL, 0 .1 6 6  mol) was ad ded  
o o

a t  - 4 0  C and  s t i r r e d  f o r  1 .5  h o u r  a t  -2 5  t o  -1 5  C.
o

F o l l o w i n g  t h i s ,  t h e  m ix tu r e  was c o o l e d  t o  -7 8  C and

d i e t h y l  p h o s p h o r o c h l o r l d a t e  C2.86 g ,  0 .0 1 6 6  mol) In 10 mL
o

THF was added  d ro p w ise  a t  -78  C. The m ix t u r e  was s t i r r e d
o

c o l d  f o r  0 . 5  hour  t h e n  a l l o w e d  t o  warm s lo w l y  t o  0 C, 

and  was quenched  w i t h  100 mL o f  20 % ammonium c h l o r i d e  

s o l u t i o n .  The THF was removed un d e r  r e d u c e d  p r e s s u r e  and  

th e  r e s i d u e  was e x t r a c t e d  t w i c e  w i th  50 mL o f  c h l o r o f o r m .  

The combined o r g a n i c  l a y e r s  were d r i e d  o v e r  magnesium 

s u l f a t e  and  th e  s o l v e n t  was removed u n d e r  r e d u c e d  

p r e s s u r e .  The r e s i d u e  was c h ro m a to g r a p h e d  on s i l i c a  

e l u t i n g  w i t h  3 :1  h e x a n e :  e t h y l  a c e t a t e  t o  g i v e  1 .3  g (30%) 

o f  d i e t h y l  l , 3 - d l t h l a n - 2 y l p h o s p h o n a t e .
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NMR (CDC1 ) ,  1 .4  ( t ,  CH ) ,  1 . 8 - 2 . 8  Cm, 6H), # . 6  ( d ,  CHP J
3 3

=22 H z) ,  4 . 3  Cm, POCH ) .
2

A t te m p te d  p r e p a r a t i o n  o f /  d i e t h y l  1 , 3 - d l t h i a n e - 2 -

p h o s p h o n a t e - 2 - ( 2 , 3 - 0 - l s o p r o p y l l d e n e - ) - p r o p a n e :

O l e t h y l  1 , 3 - d i t h i a n - 2 - y l p h o s p h o n a t e  ( 0 . 5  g ,  0 .0 0 1 9 5  mol)

was d i s s o l v e d  In 20 mL of  d r y  THF. Under  an a tm o s p h e r e  o f
o

n i t r o g e n  was added  a t  - 4 0  C, a 1 .6  M s o l u t i o n  o f  nBuLi

( 1 . 2  mL, 0 .0 0 1 9 5  mol)  . The m ix t u r e  was s t i r r e d  f o r  2
o o

h o u r s  a t  -2 5  t o  -1 5  C t h e n  c o o l e d  t o  - 7 0  C. 2 , 2 - 0 -

I s o p r o p y l l d e n e - 1 - c h l o r o p r o p a n e  ( 0 . 3  g ,  0 .0 0 1 9 5  mol)  In  2
o

mL o f  THF was add ed  a n d  t h e '  m ix tu r e  was s t i r r e d  a t  -7 0  C
o.

f o r  1 h o u r ,  t h e n  s t o r e d  In t h e  f r e e z e r  f o r  2 d a y s  a t  - 2 0  C 

and  f i n a l l y  was q u e n c h e d  w i t h  w a t e r .  Removal o f  THF and  

e x t r a c t i o n  t h r i c e  w i t h  25 mL p o r t i o n s  o f  c h l o r o f o r m  gave 

0 . 7  g o f  a  m i x t u r e .

TLC i n d i c a t e d  t h e  p r e s e n c e  o f  o n l y  t h e  s t a r t i n g  m a t e r i a l s .

76
P r e p a r a t i o n  o f  2 - a l l y l  1 , 3 - d I t h l a n e  [601 :

S u b l im ed  1 , 3 - d l t h l a n e  (10  g ,  0 .0 8 8  mol)  was d i s s o l v e d  in

150 mL o f  d r y  THF i n  a  250 mL f l a s k  e q u i p p e d  w i t h  a

C l a i s e n  h e a d ,  n i t r o g e n  i n l e t  t u b e ,  and  a n  a d d i t i o n  f u n n e l .
o

The sy s te m  was p u r g e d  w i th  n i t r o g e n  a nd  c o o l e d  t o  - 3 0  C 

(Dry I c e / c h l o r o f o r m : c a r b o n  t e t r a c h l o r i d e  1 : 1 ) .  A 2 . 6  M 

s o l u t i o n  o f  nBuLl In  hexane  ( 3 9 . 5  mL, 0 .1 0 2 7  mol)  was 

added  o v e r  a  p e r i o d  o f  5 m in u te s  and  s t i r r i n g  was
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o
c o n t i n u e d  a t  -30  C f o r  2 h o u r s .  The s o l u t i o n  was t h e n

o
a l l o w e d  t o  warm t o  - 1 0  C and  35 mL o f  f r e s h l y  d i s t i l l e d

a l l y l  c h l o r i d e  ( 0 . 2 4 5  mol) was ad d ed  o v e r  a  5 m inu te
/  « 0 p e r i o d .  The s o l u t i o n  was t h e n  s e t  in  a  r e f r i g e r a t o r  (4  C>

f o r  40 h o u r s*  t h e n  was p o u r e d  i n t o  150 mL o f  w a t e r  and

a c i d i f i e d  t o  a  pH o f  5 w i t h  10% HC1. T h i s  m i x t u r e  was

e x t r a c t e d  w i t h  200 mL o f  p e n t a n e  and  200 mL o f  e t h e r .  The

two o r g a n i c  e x t r a c t s  were  com bined  and  washed w i t h  100 mL

o f  sodium b i s u l f i t e *  5% a q .  p o t a s iu m  h y d r o x id e *  w a te r*  and

b r i n e *  d r i e d  o v e r  magnesium s u l f a t e  a nd  c o n c e n t r a t e d  by

r o t a r y  e v a p o r a t i o n .  F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  r e s i d u e

gave  8 g (60%) o f  2 - a l l y l - 1 *3 - d i t h i a n e  was c o l l e c t e d ,  
o

(12 0  C a t  11 t o r r *  t h r o u g h  V lg re a u x  c o lu m n ) .
76

NMR o f  t h i s  m a t e r i a l  a g r e e d  w i t h  t h a t  r e p o r t e d

P r e p a r a t i o n  o f  d i e t h y l  l - ( l , 3 - d i t h i a n - 2 - y l ) - 2 - p r o p e n e - l -  

y l p h o s p h o n a t e .

2 - a l l y l - l , 3 - d l t h l a n e  ( 2  g* 0 .0 1 2 4 6  mol)  was d i s s o l v e d  in
o

25 mL o f  d r y  THF and  c o o l e d  t o  - 4 0  C. Under an  a tm o s p h e r e

o f  n i t r o g e n  a  2 . 6  M s o l u t i o n  o f  nBuLi (5  mL* 0 .0 1 3  mol)
o

in  hexane  was added  a nd  th e  s o l u t i o n  was s t i r r e d  a t  -3 0  C
o

f o r  2 . 5  h o u r s .  A f t e r  c o o l i n g  th e  s o l u t i o n  t o  - 7 0  C*

d i e t h y l  p h o s p h o r o c h l o r i d a t e  ( 2 . 1 5  g* 0 .0 1 2 5  mol)  was
o

a d d e d .  The s o l u t i o n  was s t i r r e d  f o r  1 h o u r  a t  - 7 0  C t h e n
o o

s l o w l y  warmed t o  - 1 0  C a n d  s t o r e d  a t  4 C in  t h e

r e f r i g e r a t o r .  The m ix t u r e  was p o u red  i n t o  w a t e r  (50  mL)
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and e x t r a c t e d  w i th  t h r e e  p o r t i o n s  o f  e t h e r .  The combined 

e t h e r  e x t r a c t s  were washed w i t h  b r i n e *  d r i e d  o v e r  

magnesium s u l f a t e  and  c o n c e n t r a t e d  t o  g i v e  2 . 8  g o f  a  

r e s i d u e .  NMR of  t h i s  m a t e r i a l  i n d i c a t e d  t h a t  t h e r e  was 

some 2 - a l l y l - l *3 - d i t h i a n e  a l o n g  w i t h  d i e t h y l  1 — C1 , 3 — 

d i t h l a n - 2 - y l ) - 2 - p r o p e n e - l - y l p h o s p h o n a t e .

NMR CCDC1 ) ,  1 .3  ( t ,  CH ) ,  1 . 5 - 3 . 3  (m, CH ) ,  3 . 8 - 4 . 4  (m,
3 3 2

POCH ) ,  4 . 8 - 6 . 2  ( v i n y l i c  H)
2

T h is  m a t e r i a l  was u sed  w i t h o u t  p u r i f i c a t i o n  a s  i t  would  be 

e a s i e r  t o  remove th e  i m p u r i t y  on h y d r o l y s i s  o f  e i t h e r  th e  

p r o t e c t i v e  1*3 - d i t h i a n e  g r o u p  o r  t h e  p h o s p h o n a te  by 

e x t r a c t i o n  p r o c e d u r e s .

R e a c t i o n  o f  d i e t h y l  l - ( 1, 3 - d i t h i a n - 2 - y l ) - 2 - p r o p e n - l -  

y l p h o s p h o n a t e  w i th  .Hydrogen P e r o x i d e :

The above  m a t e r i a l  < lg  ) was t r e a t e d  w i t h  3 . 2  mL o f  80*
o

fo r m ic  a c i d  and  0 .9 2  mL o f  h y d ro g en  p e r o x i d e  (3 0 * )  a t  45 C 

o v e r n i g h t .  The m ix tu re  was t h e n  d r i e d  on t h e  pump t o  y i e l d  

1 .2  g o f  a  gummy p r o d u c t  which  was n o t  e n t i r e l y  s o l u b l e  in  

any  s o l v e n t  and  was i m p o s s i b l e  t o  a n a l y s e  f u r t h e r .

77
P r e p a r a t i o n  o f  3 - b u t e n o y l  c h l o r i d e  :

To t h i o n y l  c h l o r i d e  (40  g * .3 3 6  mol* d i s t i l l e d  from

q u i n o l i n e )  h e a t e d  ' o n  a  w a t e r  b a t h  was add ed  d u r i n g  th e

c o u r s e  o f  a n  h o u r  3 - b u t e n o i c  a c i d  ( 2 1 . 5  g» 0 . 2 5  m o l ) .  The
o

m ix t u r e  was s t i r r e d  a t  55 C f o r  t h r e e  h o u r s  and  d i s t i l l e d
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o
t o  g i v e  18 g (69%) o f  3 - b u t e n o y l  c h l o r i d e  ( b . p .  93 -9 5  C,

77
l i t .  9 3 - 9 5 / 7 5 0  t o r r ) .

P r e p a r a t i o n  o f  d i e t h y l  1 - o x o - 3 - b u t e n y l p h o s p h o n a t e :

3 - B u te n o y l  c h l o r i d e  (12 g ,  0 .1 1 4  n o l )  was c o o l e d  i n  a n  i c e  

b a t h  and  t r i e t h y l  p h o s p h i t e  (20 g f 0 . 1 2  mol)  was a d d edt

d r o p w is e  o v e r  2 h o u r s .  The m ix tu r e  was s t i r r e d  o v e r n i g h t
o

a t  room t e m p e r a t u r e  t h e n  h e a t e d  a t  70 C f o r  1 h o u r .  The

m ix t u r e  was t h e n  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  8 g o f
o

a  m a t e r i a l  d i s t i l l e d  a t  101-102 C/15 t o r r .  NMR o f  t h i s  

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

g r o u p s .  P re su m a b ly  t e t r a e t h y l  p y r o p h o s p h a t e  was fo rm ed .  

NMR o f  t h e  r e s i d u e  showed i t  t o  be a  m ix t u r e  o f  d i e t h y l  1- 

o x o - 3 - b u t e n y l p h o s p h o n a t e  a n d  t h e  I s o m e r l z e d  d i e t h y l  1 -o x o -  

2 - b u t e n y l p h o s p h o n a t e .

NMR (CDC1 ,  200 MHz) 1 .3  (m, POCH CH >, 4 - 4 . 5  (m, OCH ) ,  2 
3 2 3 2

(dd, cy CO) , 5 - 7 . 8  ( m , v i n y l i c  H).
2

73
P r e p a r a t i o n  o f  p o t a s s i u m  g l y c e r a t e  2 , 3 - a c e t o n i d e  :

G l y c e r o l  a c e t o n l d e  ( 2 . 9 3  g ,  0 .0 2 2  mol) was d i s s o l v e d  in

w a t e r  (20 rnL) c o n t a i n i n g  p o t a s lu m  h y d r o x id e  ( 1 . 3 4  g ,  0 . 0 2 4

mol)  and o x i d i z e d  w i t h  ('*50%) e x c e s s  a q u e o u s  p o t a s l u m
o

p e rm a n g a n a te  s o l u t i o n  a t  0 - 1 0  C u n t i l  t h e  c o l o u r  o f  

p e rm a n g a n a te  r e m a in e d  f o r  30 m i n u t e s .  E x c e s s  p e rm a n g a n a te  

was decomposed w i t h  m e th an o l  and  t h e  p r e c i p i t a t e d  

manganese d i o x i d e  was f i l t e r e d  o f f .  The f i l t r a t e  was
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l y p h o l l s e d  t o  y i e l d  a  w h i t e  s o l i d  which  was u se d  w i t h o u t  

p u r  I f  i c a t I o n .

P r e p a r a t i o n  o f  methyl  g l y c e r a t e  2 , 3 - a c e t o n l d e  :

The w h i t e  s o l i d  from above  was s u s p e n d e d  In a c e t o n l t r i l e

(25  mL) and  t r e a t e d  w i t h  mfethyl i o d i d e  ( 4 . 2 6  g , 0 . 0 3  mol)

In t h e  p r e s e n c e  o f  N,N( Nt N * - t e t r a m e t h y l e t h y l e n e d i a m i n e
o

( 0 . 2 5  g ,  0 .0 0 0 2  mol) a t  50 C f o r  5 h o u r s  w i t h  v i g o r o u s

s t i r r i n g .  The m ix tu r e  was f i l t e r e d  an d  d i s t i l l e d  u n d e r

r e d u c e d  p r e s s u r e  t o  g i v e  m ethyl  g l y c e r a t e  2 , 3 - a c e t o n l d e  (
o

50 \  from g l y c e r o l  a c e t o n i d e ,  b . p .  7 0 - 7 4  C/ 15-17  t o r r ,  
73 o

l i t .  88 C/28 t o r r ) .  NMR o f ' t h i s  m a t e r i a l  m atched  t h a t  in  
73

t h e  r e f e r e n c e

P r e p a r a t i o n  o f  d i p h e n y l  1 , 2 - e p o x y - 1 , 3 - b u t e n y l p h o s p h o n a t e :

A 1 .7  M s o l u t i o n  o f  nBuLl i n  hexane  ( 0 .0141  mol)  was

p l a c e d  In a  3 neck  f l a s k  u n d e r  n i t r o g e n .  Dry THF (10  mL)
o o

was ad ded  a t  -2 0  C and  t h e  s o l u t i o n  was c o o l e d  t o  - 7 0  C.

D iph e ny l  c h l o r o m e t h y l p h o s p h o n a t e  (4  g ,  0 .0141  mol)  In 5 mL

THF was ad ded  and t h e  m ix tu r e  was s t i r r e d  f o r  10 m i n u t e s .

F r e s h l y  d i s t i l l e d  a c r o l e i n  (1 g ,  0 .0 1 7 8  mol) In 5 mL o f
o

THF was ad ded  a t  -7 5  t o  - 7 0  C, and  t h e  m ix t u r e  was 

s t i r r e d  a t  t h e  same t e m p e r a t u r e  f o r  1 h o u r ,  t h e n  warmed t o  

room t e m p e r a t u r e  and  s t i r r e d  f o r  18 h o u r s .  W ater  (1 0  mL) 

was ad d ed  and  t h e  m ix t u r e  was e x t r a c t e d  t h r i c e  w i t h  30 mL 

p o r t i o n s  o f  1:1 e t h e r / m e t h y l e n e  c h l o r i d e .  The combined
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o r g a n l c s  were d r i e d  o v e r  magnesium s u l f a t e  and  

c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  Chrom atography  o f  t h e  

r e s i d u e  on s i l i c a  g e l ,  u s i n g  an  e t h y l  a c e t a t e : e t h a n o l  

g r a d i e n t ,  gave  2 g o f  a  p a l e  f e l l o w  s o l i d .  T h i s  m a t e r i a l  

was found  t o  be i n s o l u b l e  i n  e t h e r  and  so  was d i s s o l v e d  in  

m e th y le n e  c h l o r i d e  and  p r e c i p i t a t e d  w i t h  e t h e r  t o  g i v e  1 .7  

g o f  a  w h i t e  s o l i d .  NMR showed t h e  p r e s e n c e  o f  OH and  

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

p u r i f i e d .

P r e p a r a t i o n  o f  e p ib r o m o h y d r in  b e n z a ld e h y d e  a c e t a l  [311 :

E p lb ro m o h y d r in  (2  g ,  0 .014ft  mol)  was d i s s o l v e d  In

c h l o r o f o r m  C 10 mL) and  u n d e r  an a tm o s p h e r e  o f  n i t r o g e n

was ad d ed  f r e s h l y  d i s t i l l e d  b e n z a ld e h y d e  ( 2 g , 0 .0 1 8 8  mol)

was ad d ed  f o l l o w e d  by 5 d r o p s  o f  , b o r o n t r i f l u o r i d e

e t h e r a t e .  The m ix 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

o v e r n i g h t ,  washed w i t h  a q .  sodium b i s u l f i t e ,  d r i e d  and

t h e n  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  D i s t i l l a t i o n  o f

t h e  r e s i d u e  u n d e r  r e d u c e d  p r e s s u r e  gave  2 , 3 - 0 - b e n z y l l d e n e -
o

1-bromo p ro p an e  ( 75%,b . p .  105-108 C / 0 . 5  t o r r ) .
81

NMR m atches  l i t e r a t u r e

O x i d a t i o n  o f  e p ib r o m o h y d r in  b e n z a ld e h y d e  a c e t a l  £311:

2 , 3 - 0 - b e n z y l i d e n e - l - b r o m o  p r o p a n e  (10  g , 0 .0 4 3 3  mol) was 

d i s s o l v e d  in  d r y  DMSO (200 mL) and p u r g e d  w i t h  n i t r o g e n .  

Sodium b i c a r b o n a t e  ( 7 . 2  g , 0 .0 8 6 6  mol) and  Nal (1 0  g 0 .0 6 6
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o
mol)  were ad ded  and  t h e  m ix t u r e  was h e a t e d  t o  130 C

o v e r n i g h t .  W ater  C600 mL) was added  a n d  t h e  m i x t u r e  was

e x t r a c t e d  t h r i c e  w i t h  200 mL p o r t i o n s  o f  e t h e r .  The
r'

com bined  o r g a n l c s  were  d r l e d ' o v e r  magnesium s u l f a t e  and

c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e  6 . 4  g o f  a

m i x t u r e .  NMR i n d i c a t e d  t h a t  2 , 3 - 0 - b e n z y l I d e n e  p r o p a n a l  was

formed ( a l d e h y d e  peak  a t  9 . 9  ) a n d  t h e r e  was some
7 8 ,7 9

u n r e a c t e d  b r o m id e .  Owing t o  t h e  r e p o r t e d  I n s t a b i l i t y  

o f  t h i s  compound I t  was u s e d  w i t h o u t  p u r i f i c a t i o n .

P r e p a r a t i o n  o f  d i p h e n y l  1 , 2 - e p o x y - 3 , 4 - O - b e n z y l l d e n e - 3 - 4 -
36

d l h y d r o x y b u t y l p h o s p h o n a t e

A 2 . 6  M s o l u t i o n  o f  nBuLl i n  hexane  ( 0 . 0 1 0 4  mol)  was

p l a c e d  In a  3 neck  f l a s k  u n d e r  a  n i t r o g e n  a tm o s p h e r e  a n d
o

THF (4  mL) was ad d ed  a t  -2 0  C. The S o l u t i o n  was t h e n  
o

c o o l e d  t o  - 7 0  C and  d i p h e n y l  c h l o r o m e t h y l p h o s p h o n a t e  ( 2 . 8 2

g ,  0 .0 1  mol)  In 5 mL o f  THF was a d d e d  d r o p w l s e .  The
o

m ix t u r e  was s t i r r e d  f o r  15 m in u te s  a t  - 7 0  C and  2 , 3 - O -

b e n z y l  l d e n e - 2 ,  3 - d i h y d r o x y p r o p a n a l  ( 2 . 5  g  o f  t h e  m i x t u r e

from a b o v e )  was ad d ed  and  th e  r e s u l t i n g  m ix t u r e  was
o

s t i r r e d  a t  -7 0  C f o r  2 h o u r s ,  t h e n  warmed t o  room 

t e m p e r a t u r e  and  s t i r r e d  f o r  18 h o u r s .  W ate r  (50  mL) was 

ad d ed  and  t h e  m ix t u r e  was e x t r a c t e d  t h r i c e  w i t h  50 mL 

p o r t i o n s  o f  1:1 e t h e r / m e t h y l e n e  c h l o r i d e .  The com bined  

o r g a n i c s  were d r i e d  o v e r  magnesium s u l f a t e  and  

c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  3 .5  g o f  a
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m i x t u r e .  Chrom atography  o f  t h e  r e s i d u e  on  s i l i c a  g e l  u s i n g  

4:1  h e x a n e / e t h e r  gave 0 . 8  g o f  d i p h e n y l  1*2 - e p o x y - 3 ,4 - O -

b e n z y l  I d e n e - 3 , 4 - d l h y d r o x y - l - p h o s p h o n a t e .
/

NMR o f  t h i s  m a t e r i a l  sho w ed 'n o  a l d e h y d e  peak* s i g n a l s  

b e tw ee n  2 and  3 a s s i g n a b l e  t o  o x i r a n e  p r o t o n s .  P r o d u c t  

f o r m a t i o n  was t h u s  i n f e r r e d  b u t  p u r i t y  was d o u b t f u l l .

59
P r e p a r a t i o n  o f  < S ) - < - ) - d l m e t h y l  m a la te  1491 :

L - M a l ic  a c i d  <67 g ,  0 . 5  mol) was d i s s o l v e d  In 3% HC1 in

m eth an o l  p r e p a r e d  by a d d in g  25 mL o f  a c e t y l  c h l o r i d e  t o

500 mL o f  m e th a n o l .  The s o l u t i o n  was s t i r r e d  u n d e r  an

I n e r t  a tm o s p h e r e  o v e r n i g h t  a t  room t e m p e r a t u r e *  t h e n

c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  and  d i s t i l l e d  u n d e r

r e d u c e d  p r e s s u r e  t o  g i v e  d i m e t h y l  m a la t e  < 60%* b . p .  120- 
o

124 /15  t o r r ) .

59a
P r e p a r a t i o n  o f  < S ) - l * 2 * 4 - b u t a n e t r l o l  :

A s o l u t i o n  o f  C S)-D lm ethyl  m a la t e  <13 g* 0 .0 8  mol)  In 15 

mL o f  d r y  THF was ad d ed  d r o p w is e  t o  1 0 .5  g o f  l i t h i u m  

a lu m in iu m  h y d r i d e  In  500 mL o f  THF a n d  t h e  m ix t u r e  was 

r e f l u x e d  o v e r n i g h t .  W ater  <300 mL) was c a r e f u l l y  ad d ed  and  

t h e  w h i t e  p r e c i p i t a t e  w h ich  formed was f i l t e r e d  a nd  washed 

w i t h  f o u r  60 mL p o r t i o n s  o f  d r y  e t h a n o l .  The combined 

f l i t e r a t e s  were e v a p o r a t e d  t o  n e a r  d r y n e s s  u nd e r  vacuum. 

S h o r t  column c h ro m a to g r a p h y  o f  th e  r e s i d u e  o v e r  50 g 

s i l i c a  w i t h  g r a d e d  e l u t i o n  u s i n g  c h l o r o f o r m  e t h a n o l  t o
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remove I n o r g a n i c  m a t e r i a l  gave 4 g (4 0  %) o f  o i l y  <S)-
59a

1 , 2 , 4 - b u t a n e t r i o l

P r e p a r a t i o n  of  ( S ) - l , 2 - 0 - i s o p r o p y l l d e n e b u t a n e - 1 , 2 , 4 -  
59a 

t r l o l  :

< S ) - 1 , 2 , 4 - b u t a n e t r i o l  < 9 g ,  0 .0 8 4  mol) was s t i r r e d  i n  500 

mL a c e t o n e  in  th e  p r e s e n c e  o f  400 mg o f  p - t o l u e n e s u l f o n l c  

a c i d  m onohydra te  a t  room t e m p e r a t u r e  f o r  1 .2  h o u r .  Sodium 

b i c a r b o n a t e  was s u s p e n d e d  In  t h e  s o l u t i o n  and s t i r r e d  f o r  

10 m i n u t e s ,  t h e n  a c e t o n e  was e v a p o r a t e d  t o  d r y n e s s  and th e  

r e s i d u e  was e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  A f t e r  w ash ing  

w i t h  a q .  sodium b i c a r b o n a t e  ' a n d  sodium c h l o r i d e  and  

d r y i n g ,  t h e  s o l v e n t  was removed u n d e r  r e d u c e d  p r e s s u r e ,  t o  

g i v e  11 g <90 %> o f  3 , 4 - 0 - I s o p r o p y l l d e n e b u t a n e - 1 , 2 , 4 -  

t r l o l .

NMR o f  t h i s  m a t e r i a l  was in  a c c o r d a n c e  w i t h  t h a t  In t h e  
59a

l i t e r a t u r e

P r e p a r a t i o n  o f  < S > - 3 , 4 - 0 - I s o p r o p y l l d e n e - 3 , 4 - d i h y d r o x y -  
59a

b u t a n a l  :

< S > - 1 ,2 , - 0 - l s o p r o p y l l d e n e - 1 , 2 , 4 - b u t a n e t r i o l  ( 7 . 3  g ,  0 .0 5  

mol) In 20 mL o f  m e th y le n e  c h l o r i d e  was ad d ed  t o  a  s t i r r e d  

s u s p e n s i o n  o f  p y r l d l n i u m  c h lo r o c h r o m a t e  ( 1 6 . 1 5  g ,  0 . 0 7 5 ) ,  

sodium a c e t a t e  ( 1 . 2 3  g )  and  c e l l t e  (15  g )  in  100 mL 

m e th y le n e  c h l o r i d e  and  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  2 h o u r s .  E t h e r  (100 mL) was ad d ed  and th e
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m ix tu r e  was f i l t e r e d  t h r o u g h  f l o r o s i l .  The f l o r o s i l  co lum n 

was washed t h r e e  t i m e s  w i t h  50 mL p o r t i o n s  o f  e t h e r  w h ich  

were  combined  and  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  The 

r e s i d u e ,  on vacuum d i s t i l l a t i o n ,  a f f o r d e d  4 g (36 %> o f  

( S ) - 3 , 4 - 0 - i s o p r o p y l  i d e i i e - 3 , 4 - d l h y d r o x y b u t a n a l .
59a

NMR o f  t h i s  m a t e r i a l  was c o n s i s t e n t  w i t h  t h a t  r e p o r t e d

A t t e m p te d  h a l o g e n a t i o n  o f  ( S ) - 3 , 4 - 0 - i s o p r o p y l i d e n e - 3 , 4 -  

d  i h y d r o x y b u t a n a l :

< S > - 3 ,4 - i s o p r o p y l i d e n e - 3 , 4 d l h y d r o x y b u t a n a l  ( 0 . 2  g ,  0 .0 0 1 3 9

mol)  and c u p r l c  c h l o r i d e  d i h y d r a t e  ( 0 . 2 3  g ,  0 .0 0 1 3 9  mol)

were d i s s o l v e d  In 12 mL o f  3 : 1 * I s o p r o p a n o l / w a t e r  In  a  50

mL ro u n d  b o t to m  f l a s k  e q u i p p e d  w i t h  a  m a g n e t i c  s t i r r e r ,

r e f l u x  c o n d e n s e r .  The m ix t u r e  was r e f l u x e d  u n d e r  a n

a tm o s p h e r e  o f  n i t r o g e n  f o r  48 h o u r s  ( b a t h  t e m p e r a t u r e  
o

96 C ) .  No p r e c i p i t a t i o n  was s e e n  and  so  t h e  a p p r o a c h  was 

a b a n d o n e d .

9 8
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