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ABSTRACT

SYNTHESIS OF PHOSPHONIC ACID AND PHOSPHATE ANALOGUES 

OF NATURAL PHOSPHATES 

by

KUO-CHANG TANG 

A dv iso r: P ro fe s s o r  R obert R. Engel

A co n v en ien t ro u te  I s  d e sc r ib e d  f o r  th e  p re p a ra t io n  o f  th e  

I s o s t e r i c  phosphonic a c id  analogue o f  g ly c e ro l-3 -p h o s p h a te ,

3 , 4 -d ih y d ro x y b u ty l- l-p h o sp h o n ic  a c id ,  in  b o th  en a n tio m e ric  form s and 

th e  racem lc m o d if ic a t io n s ,  s t a r t i n g  w ith  com m ercially  r e a d i ly  

a v a i la b le  m a te r ia l s .  The (S )-en an tlo m er, th a t  o f a b s o lu te  

c o n f ig u ra tio n  co rresp o n d in g  to  th a t  o f s n -g ly c e ro l-3 -p h o s p h a te ,  has 

been  found to  be a grow th in h i b i to r  o f s e v e ra l  b a c t e r i a  a t  low 

c o n c e n tra t io n . The s y n th e t ic  ro u te  d e sc r ib e d  i s  o f p a r t i c u l a r  v a lu e  

a s  i t  f a c i l i t a t e s  th e  p re p a ra t io n  o f  a  s e r i e s  o f phosphonic a c id s  and 

p h o sp h a tes  of r e l a t e d  s t r u c t u r e ,  in  t h e i r  e n an tio m e ric  fo rm s, which 

a r e  a lso  o f i n t e r e s t  f o r  m e ta b o lic  r e g u la t io n .  These in c lu d e  th e  

l-m e th y l-3 » 4 -d ih y d ro x y b u ty l- l-p h o sp h o n ic  a c id ,  (1RS,3S)-1 . 3 .4 -  

tr ih y d ro x y b u ty l- l -p h o s p h o n ic  a c i d , (R )-2 ,4 -d ih y d ro x y b u ty lp h o sp h o ric  

a c id ,  3 ,4 -e p o x y b u ty l- l-p h o sp h o n a te , and (j3 )-3 ,4 -d ih y d ro x y b u ty lp h o sp h o ric  

a c id  w ith  th e  r e la te d  hom odig lyceride  and p h o sp h a tid lc  a c id  an a lo g u es .

A method i s  a ls o  d e sc r ib e d  f o r  th e  s y n th e s is  o f  c a rb o n -14 la b e l le d

3 -c a rb o x y -3 -h y d ro x y b u ty l- l-p h o sp h o n ic  a c id ,  an analogue o f  p h o sp h o g ly ee rie  

a c id  known to  se rv e  as  a  s u b s t i t u t e  f o r  th e  n a tu r a l  m a te r ia l  i n  s e v e r a l  

b io c h e m ic a l p ro c e s s .
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INTRODUCTION

The g ly c o ly t i c  pathway in v o lv e s  th e  co n v ers io n  o f  a  s ix -c a rb o n  

c a rb o h y d ra te  to  two th re e -c a rb o n  d e r iv a t iv e s .  This t h e s i s  i s  

concerned  w ith  th e  s y n th e s is  o f  analogues o f some o f th e se  th r e e -  

carbon p ro d u c ts  as w e ll  as  th e  c lo s e ly  r e l a t e d  g ly c e ro l-3 -p h o sp h a te  

w hich i s  a t  a  b ranch  p o in t  betw een g ly c o ly s is  and p h o sp h o lip id  

m etabo lism .

E a r l i e r ,  in  1 9 3 0 's , Harden and Young dem o n stra ted  t h a t  th e  

c e l l - f r e e  e x t r a c t s  o f y e a s t  o r  m uscle cou ld  be s e p a ra te d  by d i a ly s i s  

in t o  a  h e a t - l a b i l e  f r a c t io n s ,  th e  enzym es, and a  h e a t - s t a b le  f r a c t i o n ,  

c o n s is t in g  o f n ic o tin a m id e  aden ine  d in u c le o tid e  (NAD), adenosine  

d ip h o sp h a te  (ADP), and ad en o sin e  t r ip h o s p h a te  (ATP). In o rg a n ic  

p h o sp h a te  i s  n e c e ssa ry  f o r  g ly c o ly s is  to  p ro cee d . A hexose 

d ip h o sp h a te  [ i . e .  f ru c to s e -1 .6 -d ip h o s p h a te  (3)] i s  an in te rm e d ia te  in  

th e  sequence and s tu d ie s  w ith  th e  enzyme i n h i b i t o r ,  io d o a c e ta te ,  

caused  an accum ula tion  o f  t h i s  m a te r ia l  (3) as w e ll  as two t r i o s e  

p h o sp h a te s . A d d itio n  o f f lu o r id e  to  a crude e x t r a c t  le a d s  to  th e  

accum ula tion  o f  3 -p h o sp h o g ly ce ric  a c id  and 2 -p h o sp h o g ly ce ric  a c id .

The e lu c id a t io n  o f  th e  d e t a i l s  o f  th e  g ly c o ly t i c  pathway i s  a  c l a s s i c  

exam ple o f  th e  use o f  i n h ib i to r s  to  d e term in e  m e ta b o lic  seq u en ces.

The s p e c i f i c s  o f  th e  in h ib i to r y  a c t io n  i s  d is c u s se d  l a t e r .

The f i r s t  s te p  in  th e  fe rm e n ta tio n  o f  g lu c o se  i s  phosphory­

l a t i o n  by ATP y ie ld in g  g lu co se -6 -p h o sp h a te  (1) and ADP. A lso needed

+2i s  Mg as  a  c o f a c to r ,  a  common s i t u a t i o n  f o r  r e a c t io n s  in v o lv in g  ATP 

w hich i s  b e l ie v e d  to  r e a c t  as i t s  magnesium s a l t .



3 r Y G

c h 2o h c h 2o ®
)ro

♦ ADP
HO OH HO

OH OH

(!)

The enzyme commonly Invo lved  In  t h i s  r e a c t io n  I s  h ex o k ln a se , 

Which I s  v ery  w idely  d i s t r i b u t e d  In  n a tu re ;  a n o th e r  enzyme, 

g lu co k in ase (w h ich  has d i f f e r e n t  k in e t i c  p r o p e r t i e s )  i s  found in  a  few 

t i s s u e s  ( e s p e c ia l ly  l i v e r )  and c a ta ly z e s  th e  same r e a c t io n .  Compound 

(1 ) ,  l i k e  m ost p h osphate  e s t e r s ,  does n o t p a ss  r e a d i ly  a c ro ss  c e l l  

membranes. Animals have so lv ed  t h i s  problem  by d ev e lo p in g  a n o th e r  

enzyme, g lu c o se -6 -p h o sp h a ta se , which in  l i v e r  c a ta ly z e s  th e  h y d ro ly s is  

o f  th e  phosphate  e s t e r .

In  th e  second s te p  g lu co se -6 -p h o sp h a te  (1) i s  co n v e rted  to  i t s  

iso m er, f ru c to s e -6 -p h o sp h a te  (2) in  a  r e a c t io n  c a ta ly z e d  by hexose 

phosphate  iso m erase . A second m olecu le  o f ATP i s  now used in  f u r th e r  

p h o sp h o ry la tio n  o f  (2) to  g iv e  f ru c to s e -1 ,6 -d ip h o s p h a te  (3) in v o lv in g  

th e  enzyme p h o sp h o fru c to k in a se . A h ig h ly  n e g a t iv e  f r e e  energy  o f  

r e a c t io n  i s  in v o lv ed  h e re  which i s  h e lp fu l  i n  d r iv in g  th e  e n t i r e  

r e a c t io n  sequence to  com ple tion .

-2 -



C H j Q g  

^  isomerase^ 0 o h 2c  . o v c h 2o h
—  t= =  \r  >1vOH

OH
H O 't l /O H  '  Y | % h

OH

(!) (?)

* A T p  _

+ phosphofructokinase  ̂ 0 O H 2C O ^ C H p jg

"fructose diphosphotase V T oh
HO

(?)

The compound (3J th u s  g e n e ra te d  can be  s p l i t  by th e  enzyme 

a ld o la s e  to  y ie ld  two t r i o s e  phosphate  m o lecu le s , namely d ihyd roxyacetone  

pho sp h ate  (4) and g ly ce ra ld eh y d e -3 -p h o sp h a te  (5 ) . Compound (4) i s  n o t 

f u r th e r  m e tab o lized  in  th e  d i r e c t  g ly c o ly s is  pathw ay, b u t  i t  can be 

co n v e rted  to  (5)  in  th e  p resen ce  o f  t r i o s e  phosphate  isom erase  and 

o x id iz e d  im m ediately  to  g ly c e r ic  a c id - l ,3 -d lp h o s p h a te  (6) in  th e  

p re se n c e  o f  NAD, t r i o s e  phosphate  dehydrogenase and a  so u rc e  o f  in o rg a n ic  

p h osphate  (P ^ ) . The subsequen t co n v ers io n  o f  (4) to  th e  iso m e ric  

g ly ce ra ld eh y d e -3 -p h o 8 p h a te  (5) fo rc e s  th e  f i r s t  c leav ag e  r e a c t io n  to  

com ple tion .

-3 -



Compound (4J has a v a i la b le  an a l t e r n a t iv e  m e ta b o lic  f a t e ,  one 

w hich i s  e s s e n t i a l  to  l i p i d  m etabolism . T his a l t e r n a t iv e  r e s u l t s  in  th e  

fo rm atio n  o f  g ly c e ro l-3 -p h o sp h a te  (7 ) .
isomerase

\
CHO

I
aldolase

© O H X / O x C H p ®

Y T o h

HO

(?)

CHjOH

NAD CHOH

c h 2o ®

(?)

lip id  metabolism

c h 2o h

I
c = o

1 Ac h 2o ®

(?)

n a d h 2 ♦

CHOH

C H p @

(5 )

COO®

CHOH 

C H P ®  

(!)

+ NAD

♦ P ;

-T his r e a c t io n  in v o lv e s  a  s u b s t r a t e - l e v e l  p h o sp h o ry la tio n  form ing  

a  h ig h -en e rg y  compound in  a  p ro c e ss  in  w hich th e  r e s p i r a to r y  c h a in  i s  n o t

In v o lv ed . (The mechanism o f t h i s  r e a c t io n  has been s tu d ie d  in  g r e a t

d e t a i l  in  th e  hope th a t  i t s  e lu c id a t io n  would so lv e  th e  problem  o f how

th e  h ig h  energy  phosphate  compound ATP i s  formed d u rin g  o x id a tiv e

-4 -



p h o sp h o ry la tio n . The hope has  p roven  to  be v a in  a lth o u g h  th e  

mechanism I s  o f g r e a t  I n t e r e s t . )

The d e ta i le d  mechanism o f th e  tra n s fo rm a tio n  o f (5J to  (jS) 

In v o lv es  t r i o s e  phosphate  dehydrogenase , th e  a c t iv e  s i t e  o f  w hich 

c o n ta in s  a s u l f y d r y l  g roup , to  w hich a m olecu le  o f g ly c e ra ld e h y d e -  

3 -phosphate  (5) b in d s  c o v a le n tly .  Nearby a  m olecu le  o f NAD I s  a ls o  

bound. Thus th e  r e a c t io n  p roceeds as  fo llo w s  and in v o lv e s  th e  

su b seq u en t hydrogen t r a n s f e r  s te p s .

/
NAD ? H0 NAD

♦ CHOH {
“  c h 2o @ ns - c h - c h o h - c h 2o @

, .. OH
(5 )

(?) * 1
/

NAD

\ SH
NADH, P;

NAD
/

E
\

NADH,

s - c - c h o h - c h 2o 0
II ^
o

However, in  th e  p re se n c e  o f  lo d o a c e ta te ,  I n h ib i t io n  o ccu rs  w hich can 

be e x p la in e d  by th e  r e a c t io n  shown below .

NAD NAD
/  /E * ICH2COOH ^  E * HI

SH S-CHjCOOH



The complex (8) th u s  g e n e ra te d  can n o t be o x id iz e d  by NAD. The 

consequen t i n h i b i t i o n  o f  th e  enzyme causes an accum ula tion  of 

f r u c to s e - 1 , 6 -d ip h o sp h a te  (3) and th e  t r i o s e  phosphates (4) and (5 ) .

In  th e  p re sen ce  o f p h o sp h o g ly ce ra te  k in a s e ,  compound (6) can 

t r a n s f e r  th e  phosphate  group from  C -l to  ADP and re g e n e ra te  ATP 

y ie ld in g  3 -p h o sp h o g ly ce ric  a c id  (9 ) .

coo© COOH
I |
CHOH + ADP CHOH + ATP
1 o  I

c h 2o © CHjO©

(!) (?)

3 -P h o sp h o g ly ce ric  a c id  can be co n v erted  to  2 -p h o sp h o g ly ce ric  a c id  (1 0 ) ,

a  p ro c e s s  c a ta ly z e d  by phosphoglycerom utase re q u ir in g  2 ,3 -d ip h o sp h o g ly c e r ic

a c id  (1 1 ), as  a  c o fa c to r .  Compound (1 0 ) , g e n e ra te d  in  t h i s  way, e n o l iz e s

+2to  phosphoenol p y ru v ic  a c id  (12) in  th e  p re sen ce  o f  e n o la se  and Mg 

as c o fa c to r .  S u b sequen tly , (12) can be co n v erted  to  p y ru v ic  a c id  (13) 

and l a c t i c  a c id  (14) as shown below.
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COOH COOH COOH COOH|
CHO@ £hoh ^  6ho@ ♦I CHoA|

CH,oA
1
CHjO@ ch2oh CHjO©

( ? ) (?)

COOH

(10)

f
COOH1

OJ)

ATP

OII 
£

 
—o—

o

o©
IIch2

COOH
1

CHOH + NAD
1ch3

(«)

M oreover, g ly c e ro l  (15) i s  a ls o  " c a ta b o liz e d "  v ia th e  Embden Meyerhof

pathway a f t e r  co n v ers io n  to  d lhydroxyacetone phosphate  (4 ) .  This

co n v ers io n  In v o lv es  r e a c t io n  w ith  ATP (c a ta ly z e d  by g ly c e ro k in a se )  

to  form sn -g ly c e ro l-3 -p h o sp h a te  (7)  which th e n  i s  o x id iz e d  w ith  

g ly ce ro p h o sp h a te  dehydrogenase.

c h 2o h

I
CHOH
I

ch2o h

(15)

ATP ADP
 ^

CH2OH Nad  NA0Hz ch2oh

I V  v I
CHOH C = 0

I ^c h 2o@ 

(1)

ch2o ©

(!)

-7 -



I t  shou ld  be  n o te d  th a t  In  th e  breakdown o f  g ly c e ro l  a n o th e r  

m o lecu le  o f  NAD I s  reduced . In  a d d i t io n  to  th e  p re v io u s ly  m entioned 

re d u c t io n  r e a c t io n ,  th e re  I s  a  s u rp lu s  o f  red u c in g  power beyond th a t  

w hich can be d isp o se d  o f  In  th e  o th e r  r e a c t io n s  In  th e  pathw ay, and 

th u s  g ly c e ro l  can n o t be m e tab o lized  In  th e  com plete absence o f  a n o th e r  

e l e c t r o n  a c c e p to r .

The r e a c t io n s  m entioned above can be summerlzed a s  shown In  

Scheme I .  T his I l l u s t r a t e s  th e  p o in t  th a t  sn -g ly c e ro l-3 -p h o s p h a te  i s  on 

th e  b ranch  p o in t  betw een p h o s p h o g ly c e r id e ( lip id )  and c a rb o h y d ra te  

m etabo lism . I f  one a p p lie d  analogues o f  g ly c e ro l-3 -p h o s p h a te  and r e l a t e d  

compounds in  a t te m p ts  to  r e g u la te  th e  m etabolism  o f  an o rgan ism , one 

w ould have re a so n  to  e x p ec t e i t h e r  pathway to  be In f lu e n c e d .

A m u lt i tu d e  o f  r e p o r ts  have shown re g a rd  f o r  th e  p o s s i b i l i t i e s  f o r  

u se  o f  phosphon ic  a c id s  a s  m e ta b o lic  r e g u la to r s .  A nalogues, b o th  

i s o s t e r l c  and n o n ls o s te r i c  f o r  a l l  s im p le  p h o sp h o ro u s-c o n ta ln in g  p ro d u c ts  

o f  ca rb o h y d ra te  d e g ra d a tio n  have been s y n th e s iz e d  and in v e s t ig a te d .

The a p p l i c a b i l i t y  o f th e  term  " i s o s t e r l c "  to  analogues and n a t u r a l  

compounds d is c u s s e d  h e re in  i s  re a so n a b le  as  th e y  a re  a lm ost i d e n t i c a l  in  

s i z e  and sh ap e . This has been d em onstra ted  by th e  u se  o f  a v a i la b le  

c r y s ta l lo g r a p h lc  d a ta  I l l u s t r a t i n g  th a t  th e  d is ta n c e s  betw een th e  

p h o sp h o ry l oxygen and some o th e r  p o s i t io n  f o r  th e  n a t u r a l  compound in  

com parison to  i t s  n o m in a lly  i s o s t e r l c  phosphonic a c id  ana logue v a r ie s  

by ab o u t 0.8%; s u i t a b l e  d a ta  has been o b ta in e d  f o r  th e  r e l a t e d  compounds

2 -am in o e th y lp h o sp h a te  *»2 and 2 -am inoethy lphosphon ic  acid-* as w e ll  as 

f o r  o th e r  s im p le  p h o sp h a te  esters^»^»® .
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glucogen

ATP ADP 
glucose —v  glucose-e-

^ ---------  phosphate
glycerol

V
glucose-1- 
phosphate

lipid
m etabolism

glycerol-3-
phosphate

Xr dihydroxyacetone
lac ta te  phosphate

fructose - e -phosphate

a t p ^
ADPVj
fructose-i ,s -d iphosphate

glyce raldehyde-3 -phosphate

■> NAD

NADH^-
1, 3 -diphosphoglyceric acid

f
pyruvate

/
ADP

ATP

PJADP 

ATP-
3 -phosphoglycer ic acid

phosphoenol
pyruvate

2-phosphoglyceric acid

SCHEME I



R osen th a l and Geyer^ f i r s t  s y n th e s iz e d  2 ,3 -d ih y d ro x y p ro p y l- l-  

phosphon ic  a c id  (16) as  a  n o n is o s te r i c  analogue o f  g ly c e r o l- 3 -  

phosphate  by an Arbuzov r e a c t io n  on a l l y l  brom ide fo llow ed  by 

h y d ro x y la tlo n  and e s t e r  h y d ro ly s is .  I t  sh o u ld  be n o te d  th a t  th e  

d i l l th iu m  s a l t s  o f  t h i s  and su b se q u en tly  s y n th e s iz e d  phosphonic a c id s  

a r e  p a r t i c u l a r l y  co n v en ien t forms fo r  I s o la t io n  and p u r i f i c a t i o n  due 

to  t h e i r  p a r t i c u l a r  s o l u b i l i t y  p r o p e r t i e s .

CH,

CH

CH,
II
CH

CHJBr ch2- p (o c 2h ^

1) h2o2,h c o o h
2] LiOH

: h2- o h

O H -O H

C ^ - K O L i ) ,

o

The o p t i c a l l y  a c t iv e  form , (R ) - ( - ) -2 ,3 -d ih y d ro x y p ro p y l- l -  

phosphon lc  a c id  [(R)-(16)L b e a r in g  th e  same a b s o lu te  c o n f ig u ra tio n  as  

th e  n a t u r a l  sn -g ly c e ro l-3 -p h o sp h a te  (2) about th e  I n te r n a l  hyd roxy l 

was l a t e r  re p o r te d  by Baer and Basu&. This ro u te  began w ith  D -m annito l 

d la c e to n id e  and Inv o lv ed  an Arbuzov r e a c t io n  on th e  Io d id e  d e r iv e d  

a f t e r  c leav ag e . (Scheme I I )
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H O -C H .
I 2 

H O -C H
I

H O -C H
I MegCO

CH -O H  TsOH 

CH-OH 

CHj-OH

d —mannitol

CH2OH

H O -C H
M .

X ° ~ ^/ x O -C H

H O -C H  
I

PbjOAc^

CH-OH
I

CH—O
I
CH2- 0

V ° - c h 2

A o -C H
I

CH
I

CH—CH \  y W
I 2 I 

“  II 
o

' 2)Ba(0H)2 0 = P (0 C JH5)

X POf Ba*

O'M i/Hj

S jT iC I/py

N a l  /M e ^ C O

m p  n r v
v/  

H,C 'f c H ,

( £ ) - ( ! # )

SCHEME I I
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Two o th e r  n o n - i s o s te r i c  analogues o f  g ly c e ro l-3 -p h o s p h a te  have 

a ls o  been  rep o rted ® , th e se  b e in g  1 , 2 , 3 - tr ih y d ro x y p ro p y l- l-p h o sp h o n ic  

a c id  (19) and th e  phosphonate  (20) w hich can be  d e r iv e d  from 

compound (17) and (15) r e s p e c t iv e ly .  (Scheme I I I )

J  o  ? H  o
C H j-C H  n H , ,  . || . CH H o,.
I I l)(C .H 5CH2Q ),P H /E t3N ✓  \ c ^ P <Pt

2)H 2/P d /C  r 2 f H
h 3c  n c h 3 HO o h

flR S,2R) - ( i 9 )

OH
CH3 C H / O H  it c i  

CH n u  | | CH2 p i j  p  ^
/  \  / 0H T sO H _  o  jo 0 0

fH 2 C H /  Me2CO -----------------
HO H3C CH3

(as)

CH2-O H

HO—CH

CH;

o  / ° Ho —p —c h 3
II
o

Hi
PtO;

^ H ' C H ^ 4 - 0 C . H 5I '  I

V
h 3c  c h 3

I
CH,

SCHEME III



Because o f  th e  r e l a t i v e l y  m ajor s t r u c t u r a l  chsnges ( r e l a t i v e  to  th e  

n a t u r a l  m a te r ia l )  in  a  sm a ll m o lecu le , i t  m ight be ex p ec ted  th a t  

none o f  th e se  would s u b s t i t u t e  w e ll  f o r  g ly c e ro l-3 -p h o s p h a te  (7 ) ;

fo r  a c t i v i t y .  However, th e  racem ic  i s o s t e r i c  an a lo g u e , 3 ,4 -d ih y d ro x y b u ty l-

d em onstra te  th a t  i t  was cap ab le  o f  i n h i b i t i n g  th e  growth o f  m utant 

s t r a i n s  o f  E. c o l i  a t  r a th e r  low c o n c e n tra tio n .

The b a c t e r i o s t a t i c  (grow th in h ib i te d  w ith o u t c e l l  ru p tu re )  e f f e c t  was

r e s u l t i n g  from an i n a b i l i t y  o f  th e  organism  to  c leav e  th e  phosphonate  

lin k a g e  now p re s e n t  in  p la c e  o f  an o rd in a ry  p h o sp h a te . Hie organism  

i s  cap ab le  o f  b e in g  " o u tw itte d "  by (21) b u t n o t  (1 6 ); t h a t  i s ,  th e  

analogue s u b s t i t u t e s  f o r  g ly c e ro l-3 -p h o sp h a te  f o r  a  p o r t io n  o f  th e  

norm al m e ta b o lic  p ro c e s s  b u t a  p o in t  o f  in h ib i t i o n  i s  reach ed  as  a 

r e s u l t  o f  th e  i n a b i l i t y  to  r e le a s e  p h o sp h a te .

C o n tra ry  to  B a e r 's  c o n c lu s io n , th e  e s t e r  oxygen i s  n o t  n e c e ssa ry  

f o r  a c t i v i t y ,  b u t  co rrespondence  o f s i z e  w ith  th e  n a t u r a l  s u b s t r a te  i s .

in  f a c t ,  Baer e t  a l . c o n c l u d e d  th a t  th e  e s t e r  oxygen was n e c e ssa ry

1 -phosphonic a c id  (2 1 ) , r e p o r te d  by Kabak e t .  a l . ^  u t i l i z i n g  a 

ro u te  p a r a l l e l i n g  t h a t  o f  R o sen th a l and Geyer^ b eg in n in g  w ith  4-brom o- 

1 -b u te n e , was used  by Kabak et^ a l . ^  and Shopsls e t .  a l . 12-14 to

H O -C H

accom panied by p e r tu rb a t io n  o f  norm al p h o sp h o lip id  m e ta b o lism ^ - ^
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T his r e s u l t  was a ls o  confirm ed by Adams et^ a l . ^  w ith  th e  s y n th e s is  o f 

th e  o p t i c a l l y  a c t iv e  form o f (21) by a  ro u te  b eg in n in g  w ith  p h o sp h o n y la tlo n  

by a  W ittlg  r e a c t io n  on th e  aldehyde fo llow ed  by h y d ro g en a tio n .

CH2—ChL o
I I ^ C H O  ♦ -  II f  A | " |

0  0  ^ P C H P l O ^  A  O

/ \  / C\  
H'C CH, H,C CH,

CH,-CHS ^CH 
I I CH x p M 2

Cb } — (1 2 )

P au lsen  and Bartsch^®  re p o r te d  a  s im i la r  sequence fo r  th e

s y n th e s is  o f th e  racem ate  o f  (21) s t a r t i n g  w ith  a  H orner r e a c t io n

u s in g  t e t r a e t h y l  m ethy lened iphosphonate  on racem lc (1 7 ). Phosphonate

e s t e r  c leav ag e  was accom plished  u s in g  t r im e th y lc h lo ro s i la n e .

There a re  fo u r  sy n th e se s  o f  ana logues o f 3 -p h o sp h o g ly ce ric  a c id

19which have been  re p o r te d . P f e i f f e r ,  e t  a l .  d e sc r ib e d  b o th  th e

n o n - i s o s te r i c  and i s o s t e r l c  an a lo g u es , (22) and (2 3 ). The s y n th e se s

o  °  o  O H

(ho)2p /CH2Xc h  " 'c  x OH (H (^ P ''CH2''CH2' ' CHNc ^ OH
OH li

(«*) (23)
in v o lv e  C-P bond fo rm atio n  by Arbuzov r e a c t io n s  fo llo w ed  by h y d ro ly s is  

o f  th e  cyanohydrins as fo llo w s :
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o
II

(EtO)3P ♦ ClCH2CH(OEt)2 ------- ► (C2H5cJ2PCH2CH(0C2H5) 2 &  H2SO<

(EtO)2PCH2CHCN i jaHSQ3/NaCN (c 2H5o )2PCH2CHO

OH

Cone. HCI
O
II

reflux ( h o ) 2p ^ ^ ^ o h

(s)

c ic h 2c h 2c h (o c 2h 5)2
OH
I1) aq. H,SOd

/ ------   c ic h 2c h 2ch cn
2) NaHSOj/NaCN

OTHP

( c 2H p ) 2P ^ ^ ^ C N

c<mcHCI *  (ho)2p

r 9 THP r ^ i
^ -° ^ P CICHjCHjCHCN — ° ' /TsO H

reflux

A lso r e p o r te d  was th e  s y n th e s is  o f  th e  I s o s t e r l c  analogue (24) o f

2 , 3 -d ip h o sp h o g ly e e r ie  a c i d . ^
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K P

o

O  w W

, P ^ C H 2X ' C H !̂ <' H \ c / O H

II

(L 4) 0
G o ld s te in , et_ a l . ^  r e p o r te d  th e  p re p a ra t io n  o f  th e  t r l l l t h i u m  

s a l t  o f  (23) by th e  o x id a tio n  o f an in te rm e d ia te  (25) in  th e  p re p a ra t io n  

o f  th e  analogue (26) o f g ly c e ra ld e h y d e -3 -p h o sp h a te  (Scheme IV ).

OEt

OEt

O

r  ̂ 11 (E t0 )2PH

« o > -c -o );
o

o
r  ^ 11 (EtO)2P

A c20 Br,

OAc OAc

( E t 0 ) 2 P ' ^ A c H ( 0 E t ) 2 - ^ ^ -  ( E t O ) j P

(W)

LiOH e O,

OH

(UO) 2 P CH(OEt)j

(2J)

(23a)

SCHEME IV
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21Dixon and Sparkes re p o r te d  a  m u l t is te p  ro u te  f o r  th e  p r e p a ra t io n  

o f  (23) from  d ie th y l  2 -brom oethy lphosphonate . (Scheme V)

o

(E tC fc P '
'C H *

ft?)

N a C ^ C 0 0 C 2 H s i  0 COOC2H5
I 5

^CHjBr  ^H CO CH , (Et0) r ^ H 2̂ h /C -C O O C 2H5

HNOj
O
II

2 | 
NHCCH,

heat

(h o X p - ^ h ^ - c o o h

NH,

SCHEME V

I n i t i a l  b io ch em ica l l n v e s t i g a t l o n s ^ o f  (22) and (23) In d ic a te d

n e i th e r  to  b e a r  a c t i v i t y  to  In c re a s e  o r  d e c re a se  th e  b in d in g  c a p a b i l i t i e s

21o f human re d  b lood  c e l l s .  However, I t  was l a t e r  found th a t  (23) was

cap ab le  o f r e p la c in g  th e  n a tu r a l  m a te r ia l  In  o x id a tio n  o f  NADI^. O rr and

22Knowles observed  I t  to  be a  s u b s t r a te  f o r  p h o sp h o g ly ce ra te  k in a se  

w ith  a  s im i la r  k in e t i c  v a lu e  (Km) to  th a t  o f th e  n a t u r a l  m a te r ia l .

From th e  b ra n c h -p o in t o f  th e  g ly c o ly t ic  pathway (Scheme I ) , 

d ih y d ro x y ace to n e  phosphate  le a d s  to  an e n t i r e l y  d i f f e r e n t  c la s s  o f 

compounds, l i p i d s .  An In te rm e d ia te  in  th e  s y n th e s is  o f b o th  t r i g ly c e r i d e s  

and p h o sp h o lip id s  i s  p h o s p h a tld ic  a c id  (2 7 ). T his i s  form ed from

-1 7 -



sn -g ly c e ro l-3 -p h o s p h a te  (7) and th e  coenzyme A d e r iv a t iv e s  o f f a t t y  

a c id s .

The s n -g ly c e ro l-3 -p h o sp h a te  (7) r e q u ire d  f o r  t h i s  r e a c t io n  may be 

su p p lie d  by e i t h e r  o f two r e a c t io n s  m entioned p re v io u s ly  in  Scheme I .  

The fo rm atio n  o f  t r i g ly c e r i d e s  (28) from p h o s p h a tid ic  a c id s  (27) 

o ccu rs  by a  sequence o f  two r e a c t io n s .  F i r s t ,  th e  a c id  i s  h y d ro lyzed  

in  th e  p re sen ce  o f  a  p h o sp h a ta se , and th e  r e s u l t in g  d ig ly c e r id e  (29) 

r e a c t s  w ith  a  t h i r d  m olecu le  o f  f a t t y - a c y l  coenzyme A.

o

CH-OH + 2

CH,—OH

RCO-CH ♦ 2 CoA-SH
(I I

(2?)

0  C H j-00  

(2-7)

i

H
0  CHj-OH 

(* !)

RCO-CH Q ♦ CoA-SH

(2?) (?»)
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In  a d d i t io n  to  th e  above pathway fo r  th e  fo rm atio n  o f  (2 7 ) , 

a c y la t io n  o f d ihyd roxyacetone  phosphate  (A) o ccu rs  In  l i v e r  and I s  

su b se q u en tly  reduced  In  th e  p re se n c e  o f  n ic o tin a m id e  aden ine  

d in u c le o t id e  phosphate  (NADPI^; reduced  form) to  g iv e  ly so p h o s p h a tld lc  

a c id  (30 ).

°  c h 2o c r
R C -S C o A  (l _ 0  NADPHz

c h 2o ®  

Acyldi hydroxyacetone 
phosphate 

O  

CH20 - C R
I
CHOH ♦ NADP ----------------------

CH20 ®

.The tra n s a c y la s e  i s  found in  b o th  m ito ch o n d ria  and microsomes and 

i s  s p e c i f i c  f o r  s a tu r a te d  f a t t y  a c id .  R eduction  o f  a c y ld ih y d ro x y - 

ace to n e  phosphate  i s  accom plished  by a  m icrosom al enzyme w hich u ses  an 

u n s a tu ra te d  f a t t y  a c y l CoA y ie ld in g  (2 7 * ).

h 2c - o h
I
c = o

c h 2o ®
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CHOH

CH20 ®

(?2)

o

The fo rm atio n  o f o th e r  p h o sp h o lip id s  i s  s l i g h t l y  more co m p lica ted . 

There a re  two pathways f o r  th e  s y n th e s is  o f  p h o sp h o lip id s  from 

p h o s p h a tld lc  a c id ,  one o f  w hich o ccu rs  alm ost e x c lu s iv e ly  in  p la n ts  and 

m icroorgan ism s. Both o f them in v o lv e  a c t iv a t io n  by c y t id in e  tr ip h o s p h a te  

(CTP) and y ie ld  c y t id in e  d ip h o sp h a te  (CDP).

In  th e  f i r s t  pathw ay, which o ccu rs  c h ie f ly  in  a n im a ls , th e  base  

(e thano lam lne  o r  c h o lin e )  t h a t  i s  to  be I n s e r te d  in to  th e  p h o sp h o lip id  i s  

p h o sp h o ry la ted . The p h o spho ry l d e r iv a t iv e  th e n  r e a c t s  w ith  CTP to  g iv e  

th e  co rresp o n d in g  CDP d e r iv a t iv e .

OH
I

H 0 - P = 0

OH
I

HO—P = 0

NH2CH2CH2OH ♦ NH2CH2CH20 @  ♦ HO—P = 0

HO—P =  0

HO OH

ATP
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OH OCH2CH2NH.

H O - = C  HO—P = 0

O  i n h 2
NHjCHjCHjO ®  • HO—P = 0  — ► H O - P = 0  A w , ♦ pp.

I V h 2 i r  '
OH,C ^  N 'S )

OH2C n

HO OH

V f
HO OH

(21)
The CD P-ethanolam ine o r  CDP-choline can now r e a c t  w ith  a 

d ig ly c e r id e  to  form th e  co rresp o n d in g  p h o sp h a tid y l d e r iv a t iv e ,  such  as 

(32) and (3 6 ) , and c y t id in e  monophosphate (CMP).

o  o
CHjO-CR CHjO-CR
| O  I o

CHO—&R ♦ CD P-ethanolam ine — ► CHO—CR + CMP

C H 2 ° H  C H jO - S - O C H ^ H jN H j

OH

In  th e  a l t e r n a t e  pathway o f s y n th e s is  o f  p h o sp h o lip id s , CTP i s

in v o lv ed  in  a c t iv a t io n  o f  th e  p h o s p h a tid ic  a c id  (2 7 ). The compound

th u s  formed i s  C D P -d ig lyceride  (3 3 ) , a compound b e l ie v e d  to  be th e  p rim ary

13-17ta r g e t  s i t e  o f  th e  s tu d ie s  o f  E. c o l l  in  v iv o  and in  v i t r o  w ith
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3 ,4 -d lh y d ro x y b u ty lp h o sp h o n lc  a d d  an a logues .
o

c h 2o - £ r

i f t
CHO-CR
I ftH

c h 2o - |> = o

HO—p = 0

O— CH

This can now r e a c t  w ith  s e r in e  to  g iv e  p h o sp h a tid y l s e r in e  (3 4 )> which 

g e n e ra te s  p h o sp h a tid y l e th ano lam ine  (32) by d e c a rb o x y la tio n .

CDP-d>glyceride

CH2OH

CH—NH2

COOH

-C O ,

o
CH20 - C R  
| O  
C H O -C R

OH
c h 2o p = o

o c h 2c h c o o h
I
NH,

(3J)

CMP
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In  th e  organism s In  w hich t h i s  pathway o p e r a te s , (32) can a c c e p t 

m ethy l groups from a  m ethyl donor, such as S -adenosy lm eth lon lne  (3 5 ) , and 

th e  e th ano lam lne  group I s  m e th y la ted  In  s ta g e s  to  c h o l in e .

A c tu a l ly ,  in  some organism s ( p a r t i c u la r l y  b a c te r ia )  o n ly  one o r  two 

m ethy l groups a r e  u sed , and p h o sp h a tid y l monomethyl o r  d im eth y l 

e th ano lam lne  occu r in  th e  p h o sp h o lip id  in  p la c e  o f  p h o sp h a tid y l c h o l in e .

Baer in tro d u c e d  th e  g e n e ra l term  p h o sp h o n o lip id s  f o r  an a logues  o f 

p h o sp h o lip id s . One may c o n s id e r  h e re  two main c a te g o r ie s  o f 

p h o sp h o n o lip id s ; one w ith  s t r u c t u r a l  changes in  th e  " g ly c e ro l  p o r t io n "

(a  C-P bond b e in g  p re s e n t  in s te a d  o f  th e  g ly c e ro l  e s t e r  oxygen ), and 

th e  o th e r  r e l a t e d  to  am inoethy lphosphonic a c id  (a  C-P bond b e in g  p re s e n t

o COOHII
c h 2o - c r  
I o

A denine

HO OH
(35)

S -ad en o sy  I hom ocysteine

(2«)
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in s te a d  o f  th e  e s t e r l c  oxygen o f  th e  head g ro u p ). I t  sh o u ld  be 

n o te d  th a t  t h i s  l a t t e r  ca teg o ry  c o n s t i tu te s  a " n a tu r a l"  system  found 

in  numerous o rg a n ism s .23-30

For th e  f i r s t  c a te g o ry , th e  p h o sp h o n o llp id  i s  d e r iv e d  from  

p h o sp h o tid ic  a c id s  (37) analogues o f  p h o s p h a tld ic  a d d .  The non- 

i s o s t e r i c  an a logues (37a) b e a r in g  s a tu r a te d  f a t t y  a c id  fu n c tio n s  w ere
Ol oo

re p o r te d  by Baer and Basu and l a t e r  by Bonsen e t  a l . * by d i r e c t  

a c y la t lo n  o f  (1 6 ) .

o
CH2 OH £ |J   /s lip

L  ™ 0  0  ? l
| 2) RCO- NE14/  (R C 0)20  R C 0 _ | H

°

o  o

(-)

R o se n th a l, e t  a l . r e p o r te d  33 ,34  t he  s y n th e s is  o f (37a) u s in g  

an Arbuzov r e a c t io n  on 2 ,3 -d ia c y l- l - io d o p ro p a n e s  w ith  t r i s ( t r i m e -  

t h y l s i l y l )  p h o s p h ite ^ *^  fo llow ed  by m ild  h y d ro ly s is .

N °
0  CHj—OCR CHj—OCR

RCO—C - ^ >iS‘Ck P .  RCO -CH  H P/TH F

CHi 1 c h ^ p (o t m s)2

o
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The i s o 8 t e r i c  p h o sp h o tid lc  a d d  (37b) b e a r in g  s a tu r a te d  and 

u n s a tu ra te d  f a t t y  a c id  e s t e r  lin k a g e s  have a ls o  been s y n th e s iz e d  by 

th e  same ro u te ^ ? .

o

rHo-

,--OCR

",  •> •P(0H)S

(37b)

In  l i g h t  o f th e  in  v iv o  b io lo g ic a l  p a th  fo r  fo rm atio n  o f 

ly so p h o s p h a tid lc  a c id  (30) from d ihyd roxyacetone  phosphate  (4 ) ,  th e  

i s o s t e r i c  phosphonic a c id  analogue o f  (30) appeared  to  be o f  i n t e r e s t  

f o r  s y n th e s is .  T his was accom plished  by a chem ical ro u te  s im i la r  to  

th o s e  p re v io u s ly  used^S . The analogue (38) th u s  p re p a re d  a ls o  p rom ised  

a  ro u te  to  th e  mixed f a t t y  a c id  analogue (39) o f (27')®®. That i s :

o
ch2oh ch2o - cr

C=Q RC-CI 0=0
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°  0 II
CH20 -C R  ,  C H jO -C R  o  C H j-O C R
I ljNaBH4t>—oh | ,11 I

0 = 0  2)H2,N a2HP04 CHOH R C —Cl C H -O C R ’
► I — — ► L  6

CH2 ^  o r  H2,R h/C  CH2 _  (&
-  . O  kN /  | O

c h 2- p (o h ) 2 c h 2- p (o h ) 2 c h 2- p (oh)2

( a )  (39)

The analogues (38) have been  found^® to  s e rv e  as s u b s t r a te s  f o r  

a c y la t lo n  by ly so p h o s p h a t ld a te : a c y l  CoA a c y l t r a n s f e r a s e .

In  r e l a t i o n  to  th e  phosphonlc a d d s  d is c u s s e d  above and t h e i r  

a c t i v i t y  f o r  I n h ib i t io n  o f  b a c t e r i a l  m etabo lism , i t  i s  a ls o  o f i n t e r e s t  

to  c o n s id e r  a  n a t u r a l l y  o c c u rr in g  phosphonlc a c id  w hich i s  b a c t e r i c i d a l .  

Fhosphonomycln (40) i s  a  p ro m isin g  new a n t i b i o t i c  o f u n u su a l s t r u c tu r e  

o r ig i n a l l y  i s o l a t e d  from fe rm e n ta t io n  b ro th s  o f s trep to m y ces  f r a d la e .

I t  has been found to  be o r a l l y  e f f e c t iv e  a g a in s t  b o th  G ram -p o sitiv e  and 

G ram -negative In f e c t io n s  in  m ice. I t s  b a c t e r i c i d a l  mode o f  a c t io n  i s  

v ia  i r r e v e r s i b l e  b in d in g  to  th e  enzyme PEP: UDPGLcNAc en o lp y ru v y l

t r a n s f e r a s e ,  th e re b y  in h i b i t i n g  c e l l  w a ll  sy n th es is® ^ . I t  has been 

shown to  have th e  s t r u c t u r e  ( - ) - (1R,2S)-1 ,2 -e p o x y p ro p y lp h o sp h o n lc  a c id  

by s y n th e s is  to g e th e r  w ith  a  chem ical d e te rm in a tio n  o f  a b s o lu te  

co n fig u ra tio n * ® .

-2 6 -



I  *
c c

/  V \
(42)

The methods le a d in g  to  a-epoxyphosphonate  (41) s y n th e s is  have 

41r e c e n t ly  been rev iew ed . These methods in c lu d e :  th e  r e a c t io n  o f

a  d ia lk y l  phosphonate  h a lo h y d rln  w ith  b a se .

O OH Cl 

^ tp — C— C - R , ■~ba9e >• R / C —

k k  V R*
o

(41)

th e  r e a c t io n  o f  sodium d la lk y lp h o sp h o n a te  w ith  an a -h a lo k e to n e .

o  R ,
,  , i i  I 2
(RO)2PN a • R . - C - C - R ,  

O  C l

♦  (41)

D a rre n 's  r e a c t io n s  o f  d ia lk y l  ch lorom ethy^phosphonates w ith  ca rb o n y l 

compounds.

|| | 1 R j
(RpJjP— CHCI + 'c=o ------ ► (41)



d i r e c t  e p o x id a tio n  o f u n s a tu ra te d  phosphonates w ith  a  p e ro x id e  and 

c a t a ly s t  o r  a  p e ra c ld .

o
h a - n ^ w o ,  r  x
or peracld(ro) J

The y ie ld s  f o r  th e se  r e a c t io n s  a re  a t  b e s t  60-70% and a re  a ls o  

s u b je c t  to  c e r t a in  s t r u c t u r a l  l im i ta t io n s  as in d ic a te d  below .

The r e a c t io n  o f  a  sodium d la lk y p h o sp h o n a te  has been re p o r te d  to  

g iv e  a ls o  th e  iso m e ric  en o l o r  v in y l  phosphonate  (42) v ia  Perkow

The D arzen 's  r e a c t io n  i s  w ith o u t s id e  r e a c t io n s ,  b u t I t  i s  l im ite d  to  

k e to n es  and a r y l  a ld eh y d es , i . e .  and “  a lk y l  o r  Rg “  a r y l  and 

R^ K H; in  a d d i t io n ,  t h i s  r e a c t io n  h a s ,  as  y e t ,  been perform ed o n ly  w ith  

th e  m ethyl and e th y l  e s t e r s  o f ch lo rom ethy lphosphonic  a c id . (R^ “  H).

E pox idation  o f  th e  v in y l i c  phosphonate  can r e s u l t  in  s id e  r e a c t io n s ;  

in  a  b u f fe re d  s o lu t io n  t r i f l u o r o p e r a c e t i c  a c id ,  when used as th e  o x id a n t,
44

may cause r in g  opening o f  th e  epox ide once formed , and th e  u se  o f t e r t -

b u ty l  p e ro x id e  has been shown to  r e s u l t  in  th e  M ichael a d d i t io n  p ro d u c t
45(44) o f  th e  b u to x id e  to  o le f in  .

42 43re a c t io n  and 6-ke top h o sp h o n a te  (43) v ia  Arbuzov r e a c t io n  d i r e c t l y  * ;

43th e  a -h a lo  carbon can n o t be t e r t i a r y  .

(ro)2p c h 2c h 2o c (c h 3)3

w
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E p o x idation  has two d i s t i n c t  ad v an tag es ; f i r s t ,  th e  fo rm a tio n  o f  

th e  In te rm e d ia te  u n s a tu ra te d  phosphonate  In  th e  s y n th e t ic  sequence p e rm its  

an a c id -c a ta ly z e d  e s t e r  h y d ro ly s is  p r io r  to  e p o x id a tio n ; once th e  

epox ide i s  form ed, as In  th e  o th e r  r e a c t io n s  d is c u s s e d , th e  e s t e r  can 

be removed by h y d ro g en a tio n  i f  R i s  a  b en zy l group^®. S econd ly , I f  Rj 

o r  R3 I s  n o t  hydrogen , th e n  th e re  w i l l  be two iso m e ric  u n s a tu ra te d  

phosphonates formed w hich may be s e p a ra b le .  A l te rn a te ly ,  th e  

s t e r e o s p e c i f i c  u n s a tu ra te d  phosphonate (45) can be o b ta in e d  v ia  

c a t a l y t i c  h y d ro g en a tio n  o f  co rresp o n d in g  a l l e n y l  (46)^7 0r  a lk y n y l 

(47)48 phosp h o n ates . E pox ida tion  o f  th e  a p p ro p r ia te  isom er can th en  ta k e  

p la c e  in  th e  p re sen ce  o f a r e s o lv in g  ag en t in  o rd e r  to  i s o l a t e  th e  

p ro d u c t w ith  th e  d e s ir e d  a b s o lu te  s te r e o c h e m is t r y ^ .  (Scheme VI)

PCI, .  2  t-BuOH ♦ 3  Et3N — ► (t-BuO)2P-CI ♦ 2  Et,N-HCI 

HCSC-CH2OH

CH2=C=CH-p(0-t-Bu)2 4  3 0-----  HC=C-CHjO-P(0-t-Bu)2

(48) 45

H, P d /C

O (1) H3O* ljlH2
CH\  /P (0 -» -B u )2 (2) 0 -< O > -C H C H ]

H^ C = C \ h  (3 )  H20 2—Na2W0 4 *

(4?)

SCHEME VI

(4?)
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Haake e t , a l . ^  a l s o  re p o r te d  a  f a c i l e  o n e -s te p  p ro ced u re  to  

a -epoxyphosphonates w hich i s  a  com bination  o f  two r e a c t io n s  p re v io u s ly  

m e n tio n e d ^ .

(RO)

(41)

R e c e n tly , a  Jap an ese  g ro u p ^  re p o r te d  th e  f a c i l e  co n v ers io n  o f 

b i s ( t r i m e t h y l s i l y l )  e s t e r s  o f  phosphonlc a d d s ,  g e n e ra te d  v i a  e i t h e r  a 

Perkow o r  Arbuzov r e a c t io n  o f  a  s i l y l  p h o sp h ite  w ith  h a lo c a rb o n y l 

compounds, to  th e  co rresp o n d in g  f r e e  a c id  by sim p le  a d d i t io n  o f  a lc o h o ls .  

I t  was a ls o  shown th a t  th e  ca rb o n y l adduct (48) can be co n v e rted  to  th e  

f r e e  a c id  a-epoxyphosphonates by a  sequence o f  r e a c t io n s  as shown in  

Scheme V II.

O o  R O
|| II NaOR3 1V\  o"' %

jP -H  ♦ R,—C -C H R 2 ------------- ► o  y C--------CHR2
i  (r o ) , p  ^
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■Vs

R / l

O R3 O 

(n v is q l jP -c -c -R , 

R2

O  o
I

TMS

I I 
R3

(«)

I
X OTMS 

R r f — C— P^JTMS), 

R3 R i O
K

■C/ R 1
' xo-p(o™^2

! ! /
OH

V - V P - ° -  h 3n-< 5> ^  < g> -NH2 
* * \ Ri  EtOH/Et20

O
II,

/

R2\

R / c  S .
R 3 R i

(!3)

SCHEME V II
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TWo o th e r  P-epoxyphosphonates^®*^® have been r e p o r te d  in  th e  

l i t e r a t u r e ,  s y n th e s iz e d  as shown below . The f r e e  (3-epoxypro­

py lp h o sp h o n ic  a c id  (49) was s y n th e s iz e d  from p ro p a rg y l brom ide v ia

an Arbuzov re a c tio n .^ ®

(D H j/P d /C a C O j

C . .  c  0  fe)TM S-CI CH

^ > - c h n 2

r

Hv M V>j P d -C  HV _ c / H MaSQ,-NaHCQ,jrH;

H > ^ W > l 4  KiC^ Me0H H A / S c ^ O B z i

0  o

The ls o p ro p y l e s t e r  o f  p -epoxypropylphosphonate  (49)was a ls o  o b ta in e d  

by a  o n e -s te p  r e a c t io n .

CH2- C H V  /B r  ,  •, _  ^ Hx  y H  9
\  /  C H /  * W  - ►  h ^ V ' C \ ™  M ° ~ < \

o

O’ ‘ Xf ' ' C H ^

( « )

A nother p -epoxyphosphonate , 2 , 3 -epoxybuty lphoaphonate  (5 0 ) , was 

s y n th e s iz e d  as  fo llow s:^®

-3 2 -



o

H £ —C=C—CHjBr ♦ ( ^ 0 ) 3P — ► CH3-C==C-CH2- p ( 0 - < ) 2

fez)

i
l)H2/pd/caC 03
2) HCI 

O

c h 3X  s O /X> h 2p (o h \  p h = 6  c h 3\  / c h 2 -K o h } 2
x — h UI ^ — —-----------  > — \

\ \ /  H NaW04H

(50)

As m entioned  p r e v io u s ly ,  th e  p r e p a ra t io n  o f phosphonlc a c id s  

h av ing  s t r u c tu r e s  r e l a t e d  to  th o se  o f n a t u r a l  pho sp h a tes  and t h e i r  u se  

as p robes  o f  b io lo g ic a l  mechanisms have been to p ic s  o f  i n t e r e s t  f o r  

some tim e n o w .^  P rev io u s  e f f o r t s  have e s ta b l i s h e d  th e  b io lo g ic a l  

s ig n i f ic a n c e  o f  i s o s t e r i c  analogues o f th e  n a t u r a l  p h osphate  p ro d u c ts  

o f g l y c o l y s i s . 3 , 4 - D i h y d r o x y b u t y l - l - p h o s p h o n i c  a c id  (2 1 ) , th e  

i s o s t e r i c  analogue o f  g ly c e ro l-3 -p h o s p h a te , has been o f  p a r t i c u l a r  v a lu e  

f o r  In  v iv o  as  w e ll  as In  v i t r o  i n v e s t i g a t io n s .12,52

There a re  now ro u te s  f o r  th e  s y n th e s is  o f  (21) n o te d  in  th e  

l i t e r a t u r e . 9 ,1 1 ,1 8 ,5 3  ro u t e 9 o f  Adams et^ a l . , le a d s  to  th e  

o p t i c a l l y  a c t iv e  form , b u t i s  n o t p a r t i c u l a r l y  a p p l ic a b le  f o r  th e  

s y n th e s is  o f  la rg e  q u a n t i t i e s  o f  m a te r ia l .  A f u r th e r  method was 

d e s ir e d  w hich would a llo w  th e  p re p a ra t io n  o f  th e  m a te r ia l  as e i t h e r  o f  

i t s  p u re  enan tlo m ers  in  s iz a b le  q u a n t i ty  and a t  th e  same tim e would
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p ro v id e  co n v en ien t in te rm e d ia te s  f o r  th e  s y n th e s e s ,  in  o p t i c a l l y  

a c t iv e  form , o f  r e l a t e d  analogues o f i n t e r e s t .  In  th e  co u rse  o f 

b io c h em ic a l in v e s t ig a t io n s  in  ou r la b o ra to ry  i t  became o f I n t e r e s t  to  

examine analogues o th e r  th an  th e  phosphonlc a c id s  i s o s t e r i c  w ith  th e  

n a t u r a l  p h o sp h a te s . In  p a r t i c u l a r ,  i t  was deemed d e s i r a b le  to  e x p lo re  

th e  b io lo g ic a l  p r o p e r t i e s  o f analogues r e l a t e d  to  (21) in  w hich a 

m ethy l o r  h y d ro x y l f u n c t io n a l  group was p la c e d  a t  C - l .  We a ls o  w ished 

to  examine th e  e f f e c t s  o f v a ry in g  th e  d is ta n c e  between hyd ro x y l and 

phosphorous s i t e s .

P r io r  effo rts^*® *  In d ic a te d  th a t  th e  " sh o rte n e d "  non-

i s o s t e r i c  phosphonlc a c id  analogues o f  g ly c e ro l-3 -p h o s p h a te , 2 ,3 -  

d ih y d ro x y p ro p y l-l-p h o sp h o n ic  a c id  (16) and (IRS, 2S) - 1 , 2 , 3 - t r i h y -  

d roxypropy lphosphon ic  a c id  (1 9 ) , w ere n o t o f  s ig n i f i c a n t  v a lu e  fo r  

i n  v iv o  s tu d i e s ,  n o r  w ere they  p a r t i c u l a r l y  good s u b s t r a te s  when 

s tu d ie d  by in  v i t r o  enzym atic  r e a c t io n s .  Presum ably th e  compacted 

s t r u c t u r e  h in d e re d  in t e r a c t io n  w ith  th e  a c t iv e  s i t e  o f  th e  enzymes 

in v o lv e d . However, l i t t l e  i s  known about th e  g eo m etric  re q u ire m en ts  

in  re g a rd  to  analogues " len g th en ed "  as  compared to  th e  n a t u r a l  m a te r ia l ,  

such  as  (S ) -3 , 4 -d ih y d ro x y b u ty lp h o sp h a te  (7 4 ). I t  m ight be ex p ec ted  th a t  

th e  r o t a t i o n a l  f l e x i b i l i t y  o f " len g th en ed "  sp e c ie s  would p e rm it i n t e r ­

a c t io n  in  a  manner s im i la r  to  th a t  o f th e  n a t u r a l  m a te r ia l .

W hile th e r e  a re  a ls o  th r e e  d i f f e r e n t  r o u t e s ^ *20,21 r e p0r te d  in

th e  l i t e r a t u r e  f o r  th e  p re p a ra t io n  o f 3 -ca rb o x y -3 -h y d ro x y p ro p y l- l-

phosphonic a c id  (2 3 ) , none o f  them a re  s u i t a b le  f o r  th e  p r e p a ra t io n  o f

3 - [ ] - carboxy-3 -hydroxypropy1 -1-phosphonic a c id  (23*) o f  h ig h

14s p e c i f i c  a c t i v i t y .  A ro u te  in c o rp o ra tin g  th e  C c le a n ly  and l a t e  in  th e
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o v e r a l l  sequence was d e s ire d .

In  th e  l i g h t  o f  th e  a n t i b a c t e r i a l  a c t i v i t y  o f phosphonomycin 

(AO), th e  In t ro d u c t io n  o f an epoxide fu n c tio n  in  p la c e  o f  th e  v i c in a l  

d io l  o f  (21) appeared  to  be a  re a so n a b le  s t r u c t u r a l  ch o ice  fo r  th e  

g e n e ra tio n  o f  a  new ag en t and shou ld  a ls o  p ro v id e  a  s u i t a b le  in te rm e d ia te  

f o r  th e  p re p a ra t io n  o f  o th e r  analogues such as  th o se  shown below .

( r o ) 2

KSCN

M i

O
ii

► (r o ) 2p ^ ^ S

o SH

OH
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RESULTS AMD DISCUSSION

Both enan tiom ers o f  (21) have been p re p a re d  s t a r t i n g  w ith  th e  

com m ercially  a v a i la b le  o p t i c a l l y  a c t iv e  m a lic  a c id s  as I l l u s t r a t e d  In  

Scheme V II I .  For th e  (S )-en an tio m er o f  3 ,4 -d ih y d ro x y b u ty l- l-p h o sp h o n ic  

a d d ,  f (S )-(2 1 )l. th e  L -m alic  a d d  was e s t e r i f  le d  u s in g  ex cess  m ethanol 

in  th e  p re sen ce  o f s u l f u r i c  a c id  and th e n  n e u t r a l iz e d  w ith  sodium 

b ic a rb o n a te  under anhydrous c o n d itio n s  to  y ie ld  th e  known d im eth y l e s t e r  

f(S )~ (51)1. th e  p re p a ra t io n  o f  th e  e s t e r  i s  to  f a c i l i t a t e  re d u c tio n  w ith  

l i th iu m  aluminum h y d rid e  g e n e ra tin g  ( S ) - l ,2 ,4 - b u t a n e t r l o l ,  T (S )-(5 2 )1 . 

T his method p roceeds much more fa v o ra b ly  th a n  th e  F is h e r  e s t e r l f l c a t i o n  

m entioned by H ayashi e t  a l . ^  f o r  th e  w a te r - s o lu b le  and a c id -  

s e n s i t i v e  e s t e r .  The t r i o l  f ( S ) - (52)1 th u s  o b ta in e d  upon re d u c tio n  was 

co n v erted  to  i t s  a c e to n id e  [ (S ) - (5 3 )Ja c c o rd in g  to  th e  p re v io u s ly  

re p o r te d  p ro ced u re  o f  H ayashi e t  a l ^  S im ila r  perfo rm ance o f 

e s t e r l f l c a t i o n ,  r e d u c t io n , and d io x o lan e  fo rm atio n  s t a r t i n g  w ith  <l-malic 

a c id  i s  re p o r te d  h e re  f o r  th e  g e n e ra tio n  o f  th e  (R )-enan tiom er o f

3 ,4 -d ihyd roxybu ty1 -1 -phosphon ic  a c id  [ (R ) - (2 1 )]; a  s y n th e s is  o f  th e  

racem ic  m a te r ia l ,  more co n v en ien t and p ro ceed in g  in  h ig h e r  y ie ld s  th an
Q  1 1  I Q

th o se  p re v io u s ly  re p o r te d ,  * * b eg in s  w ith  th e  com m ercially  a v a i la b le

b u ta n e -1 ,2 ,4 - t r i o l  (5 2 ). The t r i o l  a c e to n id e  (53) was c h lo r in a te d  to  

(54) in  h ig h  y ie ld  (86%) w ith o u t th e  a t te n d a n t  d i f f i c u l t i e s  n o t e d ^  in  

th e  p re p a ra t io n  o f  th e  co rresp o n d in g  brom ide.

I n i t i a l  a tte m p ts  a t  th e  p h o sp h o n y la tien  o f  f(S )-(54 )] by a 

M ichaelis-A rbuzov  r e a c t io n  u s in g  e i t h e r  t r i e t h y l  p h o sp h ite  o r  

t r i s ( t r i m e t h y l s i l y l )  p h o sp h ite ^ ^ - -^  gave r e s u l t s  w hich w ere u n d e s i r a b le .  

In  b o th  a tte m p ts  a  s ig n i f i c a n t  amount o f  decom position  had o ccu rred  

w ith  th e  g e n e ra tio n  o f  ex tra n e o u s  b y -p ro d u c ts ;  in  th e  l a t t e r  a tte m p t
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I t  appeared  th a t  th e  d io x o lan e  r in g  had been opened fo llow ed  by 

t r a n s e s t e r i f i c a t i o n .  P hosphony la tlon  o f  [ (S )-(5 4 )1  to  g e n e ra te  

[(S )-(5 5 )1  u l t im a te ly  was a t ta in e d  in  s a t i s f a c to r y  y ie ld  th rough  th e  use 

o f a  Becker r e a c t io n  w ith  th e  sodium s a l t  o f  d ib u ty l  p h o sp h ite . The 

b u ty l  system  was chosen due to  th e  r e l a t i v e l y  fa v o ra b le  s o l u b i l i t y  

p r o p e r t ie s  o f  i t s  s a l t  compared to  th o se  o f  o th e r  a lk y l  p h o s p h i te s '^ .  The 

d ib e n z y l sy stem , w hich was co n v en ien t f o r  g e n e ra tin g  th e  f r e e  a c id  o f

3 ,4 -epoxybu ty lphosphon ic  a c id  (63) by hydrogeno lysis^® , had been t r i e d  b u t 

due to  a  s o l u b i l i t y  problem  gave a  l e s s  s a t i s f a c t o r y  r e s u l t .

P u r i f ic a t io n  o f  [ (S ) - (5 5 ) l  was h in d e re d  by th e  ap p a re n t p a r t i a l  

decom position  o f  th e  d io x o lan e  r in g  system  upon a tte m p ts  a t  d i s t i l l a t i o n ;  

as s p e c t r a l  d a ta  on th e  crude [ ( S ) - (5 5 ) ] in d ic a te d  i t  to  be ap p ro x im ate ly  

95% p u re , th e  r e a c t io n  sequence was co n tin u ed  w ith o u t f u r th e r  a tte m p ts  a t  

p u r i f i c a t i o n  and [ (S ) - (5 5 )]  was d e p ro te c te d  in  two s te p s  to  y ie ld  

[ ( S ) - (2 1 a )] ,  th e  d l l i th iu m  s a l t  o f  [ (S ) - ( 2 1 ) ] .  In  t h i s  manner [ ( S ) - (2 1 a )] 

cou ld  be o b ta in e d  w ith  o p t i c a l  p u r i ty  co rresp o n d in g  to  th a t  o f  a p r io r
Q

l e s s  co n v en ien t ro u te .  I t  sh o u ld  be n o te d  th a t  w h ile  l i th iu m  hydrox ide  

h y d ro ly s is  o f phosphonate  d l e s t e r  i s  o f te n  l e s s  d e s i r a b le  th an  o th e r  

ro u te s  f o r  th e  g e n e ra tio n  o f  f r e e  a c id ,  h e a t in g  e i t h e r  w ith  m in e ra l a c id  

o r  8 i l y l  re a g e n ts  le d  to  s ig n i f i c a n t  ra c e m iz a tlo n  in  t h i s  system .
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COOH w ° —CH2
I 3 s tep s  X I 0 3P X L

H O -C -H  -► /X 0 - C H  /  'O —CH

I I 4 1CHzCOOH CH2CH2OH CH2CH2CI

( § ) - & )  f i s H Wmalic acid

O  

N ap(oC4H9)2

C H p H  CH2OH , ,0 - C H ,

H O - C - H  LiOH H O -C -H  I ^ H C I  A o -C H
room temp. _

C»2 0  c h 2 o  c h 2 q

CHjPfoLi), C H -P ^JC 4H ,)2 CHj—HpCjH ,}

( § ) - ( 2 1 a) ( s ) - f 5 6 )  W - W

SCHEME V III

An a l t e r n a t e  I n i t i a l  approach In v o lv in g  asym m etric induction-*® o f 

d ie th y l  4 -a c e to x y -3 -o x o b u ty l- l -p h o sp h o n a te ^  (57) w ith  ( - ) -  and (+ )-  

d iisop inocam phy lbo ranee  [(IF C )2BH] had been  t r i e d  and gave le s s  

d e s i r a b le  r e s u l t s  (ca . 1535 o p t i c a l  p u r i ty )  w ith  v e ry  in c o n v e n ie n t work-up 

p ro c e s s e s .
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(EtO^P \ h2 CH 2 2) H202/NaOH ^

AcO

(a)

The compound r ( S ) - (21a)] o b ta in e d  s t a r t i n g  from L -m alic  a c id  I s  o f 

th e  same a b s o lu te  c o n f ig u ra tio n  abou t th e  I n t e r n a l  hyd ro x y l as s n -  

g ly c e ro l-3 -p h o 8 p h a te  and would be expec ted  to  e x h ib i t  s i g n i f i c a n t l y  

d i f f e r e n t  p r o p e r t ie s  In  b io lo g ic a l  system s as compared to  I t s  en an tio m er. 

T his in  f a c t  has been  observ ed . Compound [ (S ) - (21a)l e x h ib i t s  a c t i v i t y  

In  th e  i n h i b i t i o n  o f  grow th o f E sc h e r ic h ia  c o l l  s t r a i n  8 and B a c i l lu s  

s u b t i l u s  s t r a i n s  BD 170 and 1005 o f  tw ice  th e  m agnitude observed  u s in g
CO

racem ic m a te r ia l .

H

h o A .  / O x

HOCH O

sn—glycerol—3-phosphate

I t  shou ld  be  n o te d  th a t  th e  e n a n tlo m e r[(R )-(2 1 ) ]e x h ib i t s  I n h ib i t io n  o f  

abou t 8% o f th e  m agnitude a s [ (S ) - (2 1 )T . T his i s  presumed to  be due to

-3 9 -

H**

HO

h o c h 2

SHh)



th e  p re se n c e  o f app ro x im ate ly  8% r(S )-(21 )| in  th e  [ (R )-(21)] p re p a ra t io n  

r e s u l t i n g  from th e  f a c t  t h a t  th e  d -m allc  a c id  used as s t a r t i n g  m a te r ia l  

c o n ta in e d  ap p ro x im ate ly  8Z JL-malic a c id  as  an im p u rity .

I t  has  a ls o  been o f  I n t e r e s t  to  s y n th e s iz e  o th e r  phosphonates and

phosphonlc a c id s  f o r  u se  as  analogues o f  g ly c e ro l-3 -p h o sp h a te  so th a t

th e  e f f e c t  on m e ta b o lic  p ro c e s se s  o f f u r th e r  s t r u c t u r a l  v a r ia t io n s  

m igh t be o b serv ed . In  l i g h t  o f th e  a c t i v i t y  o f ( lR ,2 S )- l ,2 -e p o x y p ro p y l-  

phosphonic a c id  (4 0 ), phosphonomycin, as an a n t i b a c t e r i a l  a g e n t , ^ ’"^ 

th e  in t r o d u c t io n  o f an epoxide fu n c tio n  in  p la c e  o f  th e  v i c in a l  d lo l  

o f  (21) appeared  to  be a  re a so n a b le  s t r u c t u r a l  ch o ice  f o r  th e  

g e n e ra tio n  o f a  new a g e n t. The ro u te s  tow ard th e  g e n e ra tio n  o f  th e  

phosphonate  d i e s t e r  (58) and phosphonlc a c id  (63) a r e  i l l u s t r a t e d  in  

Scheme IX. These p ro ced u res  as perform ed w ith  racem ic m a te r ia l  a re  

e n t i r e l y  a p p l ic a b le  f o r  th e  g e n e ra tio n  o f o p t i c a l l y  a c t iv e  m a t e r i a l . ^ ’®*

F or th e  i n i t i a l  in v e s t ig a t io n s  i t  was deemed m ost re a so n a b le  to  

p re p a re  (58) and (63) as th e  recem ates as i t  i s  n o t  Im m ediately

obvious w hich enan tiom er o f  (58) o r  (63) would e x h ib i t  b io lo g ic a l

a c t i v i t y .  Epoxide (58) m ight be reco g n ized  by th e  i n t e r a c t in g  enzymes 

as a  s p e c ie s  o f s t r u c t u r a l  s im i l a r i t y  to  s n -g ly c e ro l-3 -p h o sp h a te  and 

K S ) - (21) 1 o r  [(S)- (56)1, in  w hich case  th e  (S )-en an tio m er would be ex p ec ted  

to  e x h ib i t  b io lo g ic a l  a c t i v i t y .
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I t  must a ls o  be co n s id e re d  th a t  (58) m ight be  reco g n ized  by th e

in t e r a c t in g  enzymes as a  s p e c ie s  o f  s t r u c t u r a l  s i m i l a r i t y  to

D -g lycera ldehyde  phosphate  (5) f o r  w hich th e  (R )-enan tiom er would

be exp ec ted  to  c o r r e l a te  b e s t .  F in a l ly ,  th e  epox ide fu n c tio n  m igh t be

cap ab le  o f  a c t in g  w ith o u t re g a rd  to  s te re o c h e m is try .

D ib u ty l d ih y d ro x y b u ty l- l-p h o sp h o n a te  (56) was s e le c t iv e ly

m ono tosy la ted  to  (59) which was co n v erted  to  epoxide (58) by tre a tm e n t

w ith  sodium m ethoxide. A ttem pted h y d ro ly s is  o f (58) to  (63) by th e

62t r i m e t h y l s i l y l  brom ide ro u te  gave th e  brom ohydrin . An a l t e r n a t e

ro u te  in v o lv ed  co n v ers io n  o f  (56) to  th e  co rresp o n d in g  ace toxy-b rom lde

(60) w ith  6 M hydrogen brom ide in  a c e t i c  a c id .  S u b seq u en tly , d e a lk y la t io n

o f (60) to  th e  b i s ( t r i m e t h y l s i l y l )  phosphonate  (62) w ith  t r i m e t h y l s i l y l

brom ide and fo llo w ed  by e p o x id a tlo n  and r e - t r i m e t h y l s i l y l a t i o n ^  were

t r i e d  b u t gave o n ly  an i n t r a c t a b l e  m ix tu re  and none o f  th e  d e s ir e d

p ro d u c t (6 3 ) . The d i r e c t  e p o x id a tlo n  o f  3 -b u te n y l- l-p h o s p h o n a te  (61)

6^w ith  b e n z o n itr l le -h y d ro g e n  p e ro x id e  and sodium tu n g s ta te -h y d ro g e n  

p e r o x i d e ^ w e r e  a ttem p ted  b u t on ly  s t a r t i n g  m a te r ia l  was re c o v e re d . 

D ire c t  brom ohydrin fo rm atio n  o f  ( 6 4 ) ^  w ith  N -brom osuccinim ide (NBS) in  

m o ist d im eth y l s u lfo x id e  (DMSO)*^ a ls o  gave an u n s a t i s f a c to r y  r e s u l t ;  

ag a in  an i n t r a c t a b l e  m ix tu re  was o b ta in e d .

F u rth erm o re , a  o n e -s te p  s y n th e s is  o f  (58) was proposed  and a tte m p te d :

O  U  ^

(CH^PCH, (CHjC^PCH^i  ► (§§)
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D im ethyl m ethy lphosphonate  was m e ta la te d  by n -b u ty l l l th iu m  In  

te tr a h y d ro fu ra n ^ ®  o r  h ep tan e  a t  -7 8 °  under n i t ro g e n  to  g iv e  ca . 0 .5  M 

s o lu t io n  o f  th e  co rresp o n d in g  a - l l t h l o  d e r iv a t iv e .  The l l t h i o  re a g e n t 

was allow ed  to  r e a c t  w ith  ep lbrom ohydrln . When th e  r e a c t io n  was run  

In  te tr a h y d ro fu ra n ,  th e  on ly  m a te r ia l  I s o la t e d  was th e  u n re a c te d  s t a r t i n g  

m a te r ia l ,  d im eth y l m ethy lphosphonate , as  th e  d i s t i l l a t e  and a ye llow  

gummy r e s id u e ,  presum ably th e  polym er o f  ep lb rom ohydrln . When th e  

s o lv e n t  was changed from te tra h y d ro fu ra n  to  h e p ta n e , th e  r e a c t io n  

m ix tu re  gave th r e e  u n id e n t i f ie d  fragm ented  p ro d u c ts  a f t e r  d i s t i l l a t i o n .  

The Corey-House re a g e n t w ith  cuprous b r o m i d e , w h e n  r e a c te d  w ith  

ep lbrom ohydrln  a ls o  d id  n o t g iv e  th e  d e s ir e d  p ro d u c t (5 8 ); on ly  an 

I n t r a c ta b l e  gummy re s id u e  was o b ta in e d .

P re lim in a ry  e v a lu a tio n  o f  th e  in  v iv o  a c t i v i t y  o f  (58) has been 

perform ed w ith  E. c o l l  s t r a i n s  8 and 4 8 5 5 .^  I t  has been  found to  be an 

I n h ib i to r  o f b o th  s t r a i n s  and q u a n t i f ic a t io n  o f  t h i s  r e s u l t  and I n v e s t ig ­

a t io n  o f  th e  mechanism o f I n h ib i t io n  i s  in  p ro g re s s .

One m ight a ls o  a ttem p t to  accom plish  m e ta b o lic  r e g u la t io n  th rough  

th e  in t ro d u c t io n  o f  s t r u c t u r a l  e n t i t i e s  cap ab le  o f  h av ing  s e le c t iv e  

s t e r i c  i n t e r a c t io n  w ith  th e  in v o lv ed  enzymes. In  t h i s  d i r e c t io n  we 

have p re p a re d  fo u r  m o lecu la r system s o f  i n t e r e s t .  The f i r s t  two o f 

th e s e  In c o rp o ra te  an in c re a s e  i n  b u lk  n e a r  th e  phosphorous s i t e ,  such 

as  m ethy l o r  hydroxy group a t  C - l ,  w h ile  m a in ta in in g  th e  fundam ental 

l i n e a r  r e la t io n s h ip  betw een th e  phosp h o ry l and h y d ro x y l f u n c t io n s .

The g e n e ra l p re p a ra t io n  o f  l-m e th y l-3 ,4 d ih y d ro x y b u ty l- l-p h o sp h o n ic  

a c id ,  d l l i th iu m  s a l t  (6 5 a). i s  i l l u s t r a t e d  in  Scheme X.
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The ro u te  i s  fu n d am en ta lly  s im i la r  t o  th a t  d isc u sse d  above f o r  th e  

p re p a ra t io n  o f  (21 ) ,  a lth o u g h  h e re  th e  r e a c t io n  o f th e  a lk y l  c h lo r id e  

w ith  t r i s ( t r l m e t h y s i l y l )  p h o sp h ite  p roceeded  m ost f a v o ra b le .  A ttem pts to  

use  a  Becker r e a c t io n  fo r  in t ro d u c t io n  o f th e  phosphorus r e s u l t e d  

m ain ly  in  an e l im in a t io n  r e a c t io n .  I t  sh o u ld  be n o te d  th a t  th e  approach 

used  h e re  g e n e ra te s  (65) as two e n a n tio m e ric  p a i r s .  Should b io lo g ic a l  

in v e s t ig a t io n s  in d ic a te  s ig n i f i c a n t  v a lu e  f o r  t h i s  s t r u c t u r a l  sy stem , 

o p t i c a l l y  a c t iv e  forms may be p re p a re d  r e a d i ly  s t a r t i n g  from e i t h e r  th e  

(R )- o r  (S )-  form  o f a ldehyde (69) which may be g e n e ra te d  by o x id a tio n  

o f th e  co rre sp o n d in g  enan tiom er o f  (53) as shown in  Scheme XI.

The second  o f th e s e  system s in v o lv e s  th e  in t ro d u c t io n  o f  a

h y d ro x y l fu n c tio n  a -  to  th e  phosphorus. The (1RS,3S) - 1 ,3 ,4 -

tr ih y d ro x y b u ty l- l -p h o s p h o n ic  a c id ,  d i l i th iu m  s a l t  ( 7 0 ) . i s  g e n e ra te d  from

|( S ) - (69)1 a s  a  p a i r  o f  d ia s te re o is o m e rs  as i l l u s t r a t e d  in  Scheme XI.

P h o sp h o ry la tio n  was perform ed by th e  r e a c t io n  o f  th e  a ldehyde  [ ( S ) - (6 9 )]

w ith  th e  an io n  o f  d ib e n z y l p h o s p h ite , fo llow ed  by h y d ro g e n o ly s ls  o f

th e  b e n z y l e s t e r  f u n c t io n s .  For p u r i f i c a t i o n  and a n a ly s is  th e  r e s u l t a n t

f r e e  a c id  was co n v e rted  to  th e  l i th iu m  s a l t  [ ( S ) - (70a)] . From th e

two s e t s  o f  d o u b le ts  f o r  b e n z y lic  hydrogens o f (71) in  th e  NMR i t  i s
66e s tim a te d  th a t  th e  two d ia s te re o is o m e rs  a re  p r e s e n t  in  a  4 :1  r a t i o .
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A nother a l t e r n a t iv e  ro u te  o f  s y n th e s is  o f  [ (S )-(6 9 )l» a ls o  

r e p o r te d  r e c e n t ly  by E .J .  Corey e t. a l .  i s  as fo llo w s :

COOH
I

H O - C - H
I

c h 2
I
COOH

I-m a lic  acid

COOEt

H O - C - H

CH.

COOEt

^ O M e

PO C I*
y e n ,

COOEt

LAH

CH
\

COOEt

THF

BF,

Et20

C r0 3- ^ )

Col I in Oxidation

T ^ c s

CH2OH
I

CH— O

<:h 2

c h 2o h

OMe

H

( B - M
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The t h i r d  o f  th e  system s in c o rp o ra te s  s t e r i c  v a r i a t io n  from 

s n -g ly c e ro l-3 -p h o sp h a te .  The (S )-3 ,4 -d ih y d ro b u ty l-1 -p h o sp h a te  

r(S )-(74)1  i s  len g th en ed  as re g a rd s  th e  r e la t io n s h ip  betw een th e  p h o sp h o ry l 

and h yd roxy l fu n c tio n s .  The s y n th e s is  o f KS)-(74)1 from [(S )-(53)] i s  

i l l u s t r a t e d  in  Scheme X II.

i .O -C H 2

A I'> O -C H
I

c h 2

c h 2o h

(§)-(53j

f < o > o ) 2 PCI

c h 2oh

I
H O -C -H

I
c h 2 o

I H r ACH2-0 P (0 L iJ j

( s ) - f t 4 a )

LiOH

Xo —c h 2 

O -C H

CH,

CH2O -p (O -0)2

1.PtO z/H .

2.H 30*

ch2o h

H O -C -H

CH2 o  

ch2- o p (oh).

(sHzj)

SCHEME XII
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P h o sp h o ry la tio n  was perform ed by r e a c t io n  o f  th e  a lc o h o l 

f(S )-(5 3 )l w ith  d ip h e n y l p h o sp h o ro c h lo r ld a te  and was fo llow ed  by 

h y d ro g en o ly s ls  o f  th e  a r y l  e s t e r  fu n c tio n s .  For p u r i f i c a t i o n  and 

a n a ly s is  th e  r e s u l t a n t  f r e e  a d d  was co n v erted  to  th e  l i th iu m  s a l t  

f (S ) - (74a)l. An a l t e r n a t e  ro u te  to  th e  d ie s  t e r  f(S)— (73)1, d isp lacem en t 

o f  c h lo r id e  from [ (S ) - (54)] u s in g  th e  s i l v e r  s a l t  o f  d ip h e n y l p h o sp h o ric  

a c id  acc o rd in g  to  th e  method o f Posternak®®, gave r e s u l t s  w hich were 

l e s s  th a n  s a t i s f a c t o r y ,  m ostly  s t a r t i n g  m a te r ia l  b e in g  re c o v e re d .

The compound [(S )- (74)] i s  c u r r e n t ly  b e in g  e v a lu a te d  w ith  in  v iv o  and 

in  v i t r o  sy stem s.

S u b s t i tu t io n  o f [(S )-(74)] f o r  s n -g ly c e ro l-3 -p h o sp h a te  in  enzym atic  

p ro c e s s e s  f o r  w hich th e  l a t t e r  i s  a  n a t u r a l  s u b s t r a te  would be 

ex p e c te d  to  g e n e ra te  a  v a r i e ty  o f  new compounds hav ing  t h e i r  own 

s ig n i f i c a n c e .  One o f  th e  more i n t e r e s t i n g  o f  th e se  p ro c e s se s  i s  

t h a t  in v o lv in g  a c y l  CoA: s n -g ly c e ro l-3 -p h o sp h a te  a c y l t r a n s f e r a s e ,  w hich , 

u s in g  f(S )- (7 4 )]a 8  a s u b s t i t u t e ,  m ight be ex p ec ted  to  g e n e ra te  a  

un iq u e  s e r i e s  o f  l i p i d s ,  homologs o f th e  u s u a l  g ly c e ro l-b a s e d  l i p i d s .

In  a n t i c ip a t io n  o f  t h e i r  fo rm atio n  in  b io ch em ica l sy stem s , a 

h om od ig lyceride  has been sy n th e s iz e d  h e re .

U n like  l i p i d s  r e l a t e d  to  th e  phosphonic a c id  analogue o f

37 38 69g ly c e ro l-3 -p h o s p h a te ,  p re v io u s ly  s y n th e s iz e d  in  ou r la b o ra to r y ,  * *

l i p i d s  d e r iv e d  from  [(S )- (74)] would be ex p ec ted  to  be s u s c e p t ib le  to  

p h o sp h a te  h y d ro ly s is  under non-enzym atlc  c o n d itio n s  i f  n o t  enzym atic  

as  w e ll .  Thus i t  was o f  i n t e r e s t  to  p re p a re  th e  h om od ig lyceride  

f(S )- (7 8 )] . I t s  method o f  p re p a ra t io n  i s  i l l u s t r a t e d  in  Scheme X II I .
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B en zy la tio n  o f [(£>)-(53)] was perform ed  u s in g  a  m o d if ic a t io n  o f  th e

a c y la t io n  under s ta n d a rd  c o n d i t io n s , and h y d ro g e n o ly s is  to  g iv e  th e  

hom od ig lyceride  [(S )-(7 8 )l.

F u rth erm o re , th e  h om od ig lycerlde  r(S)-(78)l can a ls o  be co n v erted  

to  th e  co rresp o n d in g  p h o s p h a tid ic  a c id  analogue [ ( S ) - (80)] by 

p h o sp h o ry la tio n  o f  [ (S ) - (78)] w ith  d ip h e n y l p h o sp h o ro c h lo r id a te  and 

fo llo w ed  by h y d ro g en o ly s ls  o f th e  a r y l  e s t e r  fu n c tio n  as fo llo w s :

te c h n iq u e  d e sc r ib e d  by N elson , e t  al,®® and fo llow ed  by depro tection® ® ,

O  C H a-O C C isH a , 

>  H31C15C O -C H

O
II

o  CH2-OCCi5Hbi
H31C15CO-CH

I
c h 2 c h 2 o

• l l r  ^CH2-O P (O 0J2

O CH2f—OCCi5H31
i o - C H
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The fo u r th  o f th e  system s In c o rp o ra te s  a  p o s i t i o n a l  v a r ia t io n  

w ith  s t e r i c  s i m i l a r i t y  to  s n -g ly c e ro l-3 -p h o sp h a te .  The (R )-2 ,4 -  

d ih y d ro x y b u ty l- l-p h o s p h a te f (R ) - (86)] has  a  s im i la r  c o n f ig u ra tio n  as 

re g a rd s  th e  r e la t io n s h ip  betw een th e  pho sp h o ry l and n o n - te rm in a l 

hyd ro x y l g roup , b u t w ith  a  le n g th en ed  d is ta n c e  betw een th e  two 

hyd ro x y l g ro u p s.

H H

I 2 O o
O H

(r) —(86) sn—glycerol—3—phosphate

The s y n th e s is  o f  [(R )-(86)l from  r(R)-(53)l i s  i l l u s t r a t e d  in  Scheme XIV. 

B e n z y la tio n , d e p ro te c t io n ,  and m o n o to sy la tio n  w ere perform ed u s in g  a 

m o d if ic a t io n  o f  th e  te ch n iq u e  d e s c r ib e d  by Nelson e t  a l .  and 

fo llo w ed  by epoxidatlon® ® , phosphory la tion^®  and h y d ro g e n o ly s is . An 

a l t e r n a t e  ro u te  to  th e  e s t e r [ (R ) - (83)1. d isp la cem e n t o f  io d id e  from 

f(R)-(81)1 u s in g  th e  s i l v e r  s a l t  o f  d ip h e n y l p h o sp h o ric  a c id  acc o rd in g  

to  th e  method o f  Postem ak® ® , gave r e s u l t s  which ag a in  w ere l e s s  th an  

s a t i s f a c t o r y ,  p r in c i p a l l y  u n re a c te d  s t a r t i n g  m a te r ia l  b e in g  re c o v e re d .
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The i s o s t e r l c  phosphonic a c id  analogue o f  p h o sp h o g ly ce rlc  a c id ,

3 -ca rb o x y -3 -h y d ro x y b u ty l-l-p h o 8 p h o n ic  a c id  (23) h as  been  found to

i n t e r a c t  w ith  a  v a r i e ty  o f enzyme system s as  a  s u b s t i t u t e  f o r  th e
21n a t u r a l  s u b s t r a t e .  These system s In c lu d e  th e  o x id a tio n  o f  NADĤ  and

22p h o sp h o ry la tio n  w ith  p h o sp h o g ly ce ra te  k in a se  . For th e  d e ta i le d  

I n v e s t ig a t io n  o f th e  a c t io n  o f  (23) w ith  th e se  and o th e r  enzyme sy stem s, 

and in  v iv o , i t  i s  n e c e ss a ry  f o r  (23) to  be a v a i la b le  w ith  a  non- 

exhhangab le i s o to p ic  la b e l .  U n fo r tu n a te ly , th e  p re v io u s ly  r e p o r te d  

methods o f p re p a ra tio n ^ -® *20 ,21  a re  nQt co n v en ien t f o r  th e  s y n th e s is  o f 

th e  m a te r ia l  b e a r in g  such a  l a b e l .  The s y n th e s is  o f  (23) b e a r in g  a 

carbon-14  la b e l  a t  th e  ca rb o x y l carbon has been accom plished  u s in g  

a  m o d if ic a t io n  o f  th e  approach  o f  I s b e l l  et_ a l ? ^ ,  th e  l a b e l  b e in g  

in tro d u c e d  in  th e  form  o f carbon-14  cyan ide  by a d d i t io n  to  th e  aldehyde 

(88) under b a s ic  c o n d it io n s .  A m o d if ic a t io n  o f  th e  approach  o f 

P f e i f f e r  e t  a l .  ^® was n o t s u c c e s s fu l  f o r  cy an id e  a d d i t io n  a lth o u g h  i t  

works w e ll  w ith  m a c ro q u a n tity , th e  m ajo r p o r t io n  o f  l a b e l  would be  l o s t  

a s  a  gaseous m a te r ia l  under th e  s ta n d a rd  a c id ic  c o n d i t io n s .  I s o la t io n  

o f p ro d u c t was perform ed by e i t h e r  p r e p a ra t iv e  p ap er chrom atography 

o r  g ra d ie n t  column chrom atography w ith  DEAE c e l lu lo s e  (DE-52; 

b ic a rb o n a te  fo rm ); th e  l a t t e r  i s  p r e f e r r e d .  The ro u te  i s  o u t l in e d  in  

Scheme XV.
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EXPERIMENTAL

G enera l A ll  chem icals w ere o f  re a g e n t q u a l i ty  and used  w ith o u t 

f u r th e r  p u r i f i c a t i o n  w ith  th e  fo llo w in g  e x c e p tio n s : m ethy lene c h lo r id e

was d i s t i l l e d  o v er phosphorous p en to x id e  and k ep t over m o lecu la r s ie v e  

4A; p y r id in e  and tr ie th y la m in e  w ere d r ie d  over p o ta ss iu m  hyd ro x id e  p e l l e t s  

and d i s t i l l e d ;  benzene and hexane w ere d r ie d  o ver sodium ; p o lm ito y l 

c h lo r id e  (com m ercial so u rce )  was d i s t i l l e d  im m ediately  p r io r  to  u se ; 

te tra h y d ro fu ra n  was d i s t i l l e d  o ver l i th iu m  aluminum h y d rid e . Thin la y e r  

chrom atography was perform ed u s in g  Polygram  Sil-N-HR s h e e ts  (Brinkm an). 

S i l i c a  g e l  f o r  p r e p a ra t iv e  chrom atography was from Baker (40-140 m esh). 

In f r a r e d  s p e c t r a  w ere m easured u s in g  a  P erk in -E lm er 237-B 

sp e c tro p h o to m e te r , and nmr s p e c tr a  w ere m easured w ith  a  V arian  

EM-360 in s tru m e n t. O p tic a l r o ta t io n s  w ere m easured a t  27°C u s in g  

a  Rudolph p o la r im e te r  (Sodium lamp) w ith  a  1 dm c e l l .

P re p a ra t io n  o f (S )-d im e th y l m a la te  [ (S ) - (5 1 )]  l_-m alic a c id  (25 .0  g , 

0 .186  m ole) was d is s o lv e d  in  50 mL (1 .2 3  m o le )d r ie d  m e thano l, and 3 mL 

c o n c e n tra te d  s u l f u r i c  a c id  w ere added c a r e f u l ly .  The f l a s k  was 

equipped  w ith  a  condenser and d ry in g  tu b e . The m ix tu re  was re f lu x e d  in  

an o i l  b a th  a t  100 + 5 #C f o r  3 d ay s. The coo led  m ix tu re  was n e u t r a l iz e d  

w ith  anhydrous sodium b ic a rb o n a te  u n t i l  no more gas was ev o lv ed . The 

v o l a t i l e  components o f  th e  f i l t r a t e  w ere removed on th e  r o ta to r y  

e v a p o ra to r  under reduced  p r e s s u re .  The re s id u e  was vacuum d i s t i l l e d  

(b .p .  ■ 1 0 4 -5 ° /1 .2  T o rr) to  y ie ld  26 .19  g (86 . 7Z) o f th e  e s t e r  and 

e x h ib i te d  [a ]£ 7 -  -8 .3 6 °  (2 .0  M in  m eth an o l) . 72

P re p a ra t io n  o f ( S ) - l ,2 ,4 - b u ta n e t r i o l  [ (S ) - (5 2 ) ]  1-D im ethyl m a la te  

(81 g , 0 .5  m ole) d is s o lv e d  in  150 mL dry  te tr a h y d ro fu ra n  was added dropw ise

-5 6 -



to  a  s o lu t io n  o f  l i th iu m  aluminum h y d rid e  (66 g , 1 .9  m ole) in  3 .1  L 

d ry  te tra h y d ro fu ra n  and re f lu x e d  o v e rn ig h t. A f te r  t h i s  tim e i t  was 

coo led  and 500 mL o f w a te r  was added c a r e f u l ly  and th e  m ix tu re  

f i l t e r e d .  The p r e c i p i t a t e  was washed fo u r  tim es w ith  500 mL 

a b s o lu te  e th a n o l.  The combined s o lu t io n  was ev ap o ra ted  to  n e a r  

d ry n ess  under reduced  p re s s u re .  The in o rg a n ic  m a te r ia l  c o n ta in e d  

in  th e  r e s id u a l  o i l  was removed by column chrom atagraphy o ver 160 g 

(40-140 mesh) o f  s i l i c a  g e l  w hich was e lu a te d  w ith  1 .8  L (3 :1  V:V) and

2 .1  L (2 :1  V:V) o f  ch lo ro fo rm ^ e th an o l m ix tu re s . These e lu e n ts  w ere 

com bined, th e  s o lv e n t was removed and th e  s l i g h t l y  y e llo w  o i l  was 

su b m itted  to  f r a c t i o n a l  d i s t i l l a t i o n  to  g iv e  a  c o lo r le s s  o i l  (24 .6  g , 

4 6 .4Z): b .p .  -  110-115° /  0 .0 1  T orr ( l i t .  145-148° /  1 .4  T o rr ) 54 

w hich e x h ib i te d  [ ° ]p 7 “  - 2 5 .0 °  (1 .9  M in  m e th an o l) .

P re p a ra t io n  o f  ( S ) - l ,2 - 0 - i s o p r o p y l id e n e b u ta n e - l ,2 ,4 - t r io l

[ ( S ) - (5 3 )] .  ( S ) - l ,2 ,4 - b u ta n e t r i o l  (19 .94  g , 0 .188  m ole) was s t i r r e d

in  1 .2  L a c e to n e  w ith  4 g o f p - to lu e n e s u lfo n ic  a c id  m onohydrate a t

room te m p era tu re  f o r  2 .5  h o u rs , a f t e r  t h i s  tim e sodium b ic a rb o n a te  was

suspended  in  th e  s o lu t io n  and th e  s t i r r i n g  was co n tin u ed  f o r  an

a d d i t io n a l  1 /2  h r .  The ace to n e  was removed under reduced  p re s s u re  to

alm ost d ry n e ss ; th e  r e s id u e  was tak en  up in  e th y l  a c e ta te  and washed

w ith  aqueous s o lu t io n s  o f  sodium b ic a rb o n a te  and sodium c h lo r id e ,  and

d r ie d  o v er magnesium s u l f a t e .  A f te r  rem oval o f  th e  s o lv e n t ,

d i s t i l l a t i o n  o f th e  r e s id u e  gave 25 .53  g (93%) of a  c o lo r le s s  o i l ;

b .p .  -  93-94° /  3 T o rr ( l i t .  87° C/ 2 .2  T o rr) 54 and e x h ib i te d  [ a ] 27 -
D

- 4 .2 7 ° ( 1 .5  M in  m e th an o l).
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P re p a ra t io n  o f  (S ) - l-C h lo ro -0 - is o p ro p y lid e n e b u ta n e -3 , 4 - d io l  

[ ( S ) - ( 5 4 ) ] .  T ripheny lphosph ine  (2 .0 8  g ( 7 .9 4  m m ole) In  3 .0  mL o f 

m ethy lene c h lo r id e  was added dropw lse o ver a  p e r io d  o f 4 h r .  to  a 

w e l l  s t i r r e d  s o lu t io n  o f  1 .16  g (7 .9 4  m m ole) o f  ( S ) - l ,2 - 0 -  

i s o p r o p y l i d e n e - l ,2 ,4 - t r i o l  and 1 .85  g (12 m mole) o f  carbon 

t e t r a c h l o r id e  In  2 .0  mL o f m ethy lene c h lo r id e  a t  room te m p e ra tu re .

The r e a c t io n  m ix tu re  was s t i r r e d  f o r  one h r .  a t  which tim e th e re  was 

added 60 mL o f n -p e n ta n e  and th e  r e s u l t a n t  p r e c i p i t a t e  o f 

tr ip h e n y lp h o sp h in e  o x id e  was removed by f i l t r a t i o n  ahd washed w ith  a 

f u r th e r  60 mL o f n -p e n ta n e . The combined n -p e n ta n e  s o lu t io n s  w ere 

washed w ith  s a tu r a te d  sodium b ic a rb o n a te  s o lu t io n ,  w a te r ,  and b r in e ,  

and d r ie d  o v e r magnesium s u l f a t e .  A f te r  f i l t r a t i o n  to  remove th e  

d ry in g  ag en t th e  s o lv e n t  was e v a p o ra te d  under reduced  p re s s u re  and 

f u r th e r  60 mL o f n -p e n ta n e  was added to  p r e c i p i t a t e  th e  l a s t  t r a c e s  o f  

tr ip h e n y lp h o sp h in e  o x id e . This was f i l t e r e d  th rough  g la s s  wool and th e  

s o lv e n t  removed under reduced  p re s s u re  to  y ie ld  1 .12  g (85.7%) o f  p u re  

[ ( S ) - (5 4 ) ] as  a  l i g h t  o i l .  A n a ly s is  in d ic a te d  no f u r th e r  p u r i f i c a t i o n  

to  be n e c e s sa ry ; th e  m a te r ia l  th u s  i s o la te d  e x h ib i t s  a  sh a rp  s in g le  

peak on g as -liq u id -c h ro m a to g ra p h y  u s in g  a  14 ' X 1 /4 "  column o f  20% HPL 

on Chromosorb W; nmr (CDCl^) 1 .3 7 6 (3 H ,s ) , 1 .4 0 6 (3 H ,s ) , 1 .976(2H , m ), 

3.636(3H , m ), 4 .096(2H , m ); i r  (CHC13 , cm- 1 ) 3010-2780 (3 p e a k s ) ,

1452, 1385, 1370 1290, 1245, 1150, 1115, 1070; [ct]* 7 -  1 4 .3 # (1 M, 

c h c i3) .

A nal. C alcd . f o r  C H 0 C l: C, 5 1 .0 6 ; H, 7 .9 0 .

Found: C, 5 1 .0 7 ; H, 7 .8 7 .
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P re p a ra t io n  o f  d ib u ty l  (S ) -0 - ls o p ro p y lid e n e -3 .4 -d lh y d ro x y b u ty l- l-

phosphonate  [ ( S ) - ( 5 5 ) ] . To m e ta l l i c  sodium (1 .26  g , 0 .055  g-atom ) In  a

d r ie d  f l a s k  under an anhydrous atom sphere was added 150 mL o f d ry  hexane.

The hexane was h e a te d  to  a  g e n t le  r e f lu x ,  a t  w hich tim e th e re  was added

d ib u ty l  p h o sp h ite  (1 0 .6  g , 55 .0  m m ole) dropw ise over a  p e r io d  o f 25

m in u te s . The h e a t in g  was co n tin u ed  u n t i l  a l l  o f th e  sodium m e ta l had

d is s o lv e d . At t h i s  tim e th e re  was added ( S ) - l - c h lo r o - 0 - is o p ro p lid e n e -

b u ta n e - 3 ,4 - d io l  (9 .06  g , 55 .0  m m ole) and th e  r e a c t io n  m ix tu re  co n tin u ed

to  be h e a te d  a t  r e f lu x  f o r  48 h r .  A f te r  c o o lin g , th e  r e a c t io n  m ix tu re

was washed w ith  w a te r ,  th e  o rg a n ic  la y e r  b e in g  s e p a ra te d ,  d r ie d  over

magnesium s u l f a t e ,  f i l t e r e d ,  and ev ap o ra ted  under reduced  p re s s u re

le a v in g  an o i l  w hich was vacuum d i s t i l l e d  (1 3 4 °/0 .0 5  T o rr)  to  y ie ld

7.65  g (45Z) o f  [ (S )—(55)] as  a c o lo r le s s  l i q u id .  The m a te r ia l  as

i s o l a t e d  e x h ib i te d  s p e c t r a  in  acco rd  w ith  th e  p roposed  s t r u c tu r e

a lth o u g h  e le m e n ta l a n a ly s is  in d ic a te d  th e  p re se n c e  o f a  sm a ll im p u rity

(c a . 5Z) w hich cou ld  n o t  be removed by d i s t i l l a t i o n  o r  chrom atography.

T his p o s s ib ly  a r i s e s  by c leav ag e  o f  th e  d lo x o lan e  r in g .  The d i s t i l l e d

m a te r ia l  was deemed to  be o f s u f f i c i e n t  p u r i ty  to  be used  in  th e

fo llo w in g  s te p .  A n a ly t ic a l  d a ta :  nmr (CDClg) 0 .986(3H , s ) , 1 .446(3H , s ) ,

1 .2 1 -2 .5 6 6 (12H, com plex), 3.546(1H , m ), 4.036(6H , com plex); i r  (betw een

s a l t s ,  cm- 1 ) 3025-2805, 1562, 1375, 1250, 1150, 1065, 1025, 975; [ a ] 27 -
D

- 2 .2 ° ( 1  M, m e th an o l) .

P re p a ra t io n  o f  d i l l th lu m  (S )-3 ,4 -d ih y d ro x y b u ty l- l-p h o sp h o n lc  a c id  

[ ( S ) - (2 1 a )] . The d ib u ty l  (S ) -0 - is o p ro p y lid e n e -3 ,4 -d ih y d ro x y b u ty l- l-  

phosphonate  (5 .49  g , 17 .9  m m ole) was s t i r r e d  o v e rn ig h t w ith  120 mL o f 

1% h y d ro c h lo r ic  a c id  a f t e r  w hich th e  s o lv e n t was removed under reduced
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p re s s u re  w ith o u t h e a t in g .  The r e s id u a l  o i l  [ ( S ) - (5 6 ) l  was re f lu x e d  

w ith  100 mL o f 1 .5  M l i th iu m  hyd rox ide  s o lu t io n  f o r  48 h r .  d u rin g  

w hich tim e a  w h ite  p r e c i p i t a t e  began to  form . To th e  f i l t r a t e  o f 

th e  r e a c t io n  m ix tu re  was added 100 mL o f a b s o lu te  e th a n o l to  com plete 

th e  p r e c i p i t a t i o n ;  th e  p r e c i p i t a t e  was f i l t e r e d ,  washed w ith  anhydrous 

e th a n o l and e th e r ,  and d r ie d  under vacuum to  y ie ld  2 .4 8  gm (76.0%) o f 

p u r e f ( S ) - (2 1 a ) l . S p e c tra l  d a ta  (nmr, l r )  o f [ ( S ) - (2 1 a )1 th u s  I s o la te d  

co rresponded  w ith  th a t  f o r  p re v io u s  p re p a ra t io n s  o f  recem ic  m a t e r i a l . ^  

The o p t i c a l  r o ta t io n  was m easured by d is s o lv in g  0 .95  gm o f [ ( S ) - (2 1 a )] 

In  4 mL o f conc. h y d ro c h lo r ic  a d d  and d i l u t i n g  w ith  a b s o lu te  e th a n o l 

to  a  t o t a l  volume o f  10 mL: [ a ] j^  ■ + 1 4 .6 (v ide  s u p ra ,  P. 4 0 ); th e  s a l t  

was i n s u f f i c i e n t l y  s o lu b le  i n  n o n -a c id lc  m edia f o r  m easurem ents to  be 

made.

A nal. C alcd . f o r  C^H^PO^Li^: C, 2 6 .4 0 ; H, 4 .9 9 ;

Found: C, 26 .4 2 ; H, 5 .1 2 .

P re p a ra t io n  o f  (R )-d im eth y l m a la te  [ (R )-(5 1 )1 . Commercial <l-malic

a c id  (50 g , 0 .372  m ole) was co n v e rted  to  th e  d im eth y l e s t e r  in  88%

(5 3 .1  g) y ie ld  by th e  p ro ced u re  p re v io u s ly  d e sc r ib e d  fo r  th e  (S )-

27 77enen tiom er and e x h ib ite d  [a] ■ + 6 .5 °  a f t e r  vacuum d i s t i l l a t i o n
D

(b .p . * 97° /  0 .7  T o rr ) .  S p e c tra l  d a ta  (nmr, i r )  co rresponded  w ith  

th o se  f o r  (S )-en an tio m er.

P re p a ra t io n  o f  ( R ) - l ,2 ,4 - b u ta n e t r l o l  [(R _)-(52)]. The d -d im eth y l 

m a la te  (5 3 .1  g , 327 m m ole) was d is s o lv e d  in  70 mL o f te tra h y d ro fu ra n  

and added dropw ise to  45 .0  g (1 .16  m ole) o f  l i th iu m  aluminum h y d rid e  in  

2100 mL o f d ry  te tra h y d ro fu ra n  and h e a te d  a t  r e f lu x  fo r  18 h r .  The 

excesd  h y d rid e  was decomposed by th e  a d d i t io n  o f  360 mL o f w a te r .  The 

r e s u l t a n t  m ix tu re  was f i l t e r e d  and th e  f i l t r a t e  c o n c e n tra te d  to  a  th ic k

-6 0 -



o i l  under reduced  p re s s u re .  This c o n c e n tra te  was p u r i f i e d  by s u b je c t io n  

to  chrom atography on a  column o f 120 gm o f s i l i c a  g e l  b e in g  e lu te d  w ith  

1400 mL (3 :1  V:V) and 1600 mL (2 :1  V:V) o f  c h lo ro fo rm -e th a n o l. The 

combined e lu e n ts  w ere c o n c e n tra te d  under reduced  p re s s u re  and th e  

r e s id u a l  o i l  vacuum d i s t i l l e d  (120°-125° /  0 .05  T o rr) to  y ie ld  16.87 g 

(48.6%) o f  ( R ) - l ,2 ,4 - b u ta n e t r i o l  w hich e x h ib ite d  nmr and i r  s p e c tr a  

i d e n t i c a l  to  th o se  f o r  th e  (S )-en an tio m er and [ a ] ^  * + 2 4 .6 ° (2 .8  M in  

m ethano l) which compared w ith  a  v a lu e  o f  - 2 5 .0 °  as  m easured fo r  th e  

(S )-en an tio m er under i d e n t i c a l  c o n d i t io n s .

P re p a ra t io n  o f  ( R ) - l , 2 -0 - is o p ro p y lid e n e b u ta n e - l . 2 . 4 - t r l o l  [ (R ) - (5 3 )] .  

( R ) - l ,2 ,4 - b u ta n e t r i o l  (5 .7  g , 54 .0  m m ole) was s t i r r e d  in  450 mL o f 

ace to n e  in  th e  p re se n c e  o f  3 g o f  jv - to lu e n e s u lfo n lc  a d d  m onohydrate 

a t  room te m p era tu re  f o r  3 .5  h r .  a f t e r  w hich anhydrous sodium b ic a rb o n a te  

was added and th e  s t i r r i n g  co n tin u ed . The r e a c t io n  m ix tu re  was f i l t e r e d  

and th e  s o lv e n t  ev ap o ra ted  under reduced  p re s s u re  to  y ie ld  an o i ly  

r e s id u e  w hich was ta k e n  up in to  e th y l  a c e t a t e ,  washed s u c c e s iv e ly  w ith  

aqueous sodium b ic a rb o n a te  and b r in e  and d r ie d  o v er magnesium s u l f a t e .  

A f te r  f i l t r a t i o n  and rem oval o f  th e  s o lv e n t under reduced  p re s s u re  

th e  r e s id u e  was vacuum d i s t i l l e d  (82° /  3 .2  T o rr) to  y ie ld  6 .12  g (77.6%) 

o f  [ (R )-(5 3 )]  w hich e x h ib i te d  nmr and l r  i d e n t i c a l  to  th o se  o f  th e  

(S )-en an tio m er and [<*]^ ■ 1 .8 ° (2 .0  M in  m e th an o l).

P re p a ra t io n  o f  (R ) - l-c h lo ro -0 - is o p ro p y l id e n e b u ta n e -3 .4 -d io l  

f ( R ) - (5 4 )1. (R)“ l» 2 -0 - is o p ro p y l id e n e b u ta n e - l ,2 , 4 - t r i o l  (4 .6 4  g , 3 1 .8 m

m ole) was im m ediately  t r e a t e d  in  th e  same manner as d e s c r ib e d  above fo r  

th e  (S )-en an tio m er f o r  co n v ers io n  to  th e  c h lo r id e  [ (R )-(5 4 )1 . There 

was th u s  o b ta in e d  3 .0  gm (57%) o f  (R )- l-c h lo ro -O - iso p ro p y lid e n e b u ta n e -
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3 , 4 - d io l  [ (R )-(5 4 )]  as a  l i g h t  o i l  w hich e x h ib i te d  chrom atograph ic  and

27s p e c t r a l  p r o p e r t ie s  i d e n t i c a l  to  th o se  o f th e  (S )~enantiom er and [a] ■
D

+ 15.1° (1 M, ch lo ro fo rm ) (v id e  su p ra , P. 4 0 ).

P re p a ra t io n  o f  d ib u ty l  (R )-0 - ls o p ro p y lld e n e -3 ,4 -d ih y d ro x y b u ty l-  

1 -phosphonate  [ (R ) - (5 5 ) ] .  (R )- l-c h lo ro -(> - iso p ro p y lid e n e b u ta n e -3 , 4 - d io l  

(3 .0  gm, 18 .0  m m ole) was t r e a te d  as d e sc r ib e d  above f o r  th e  (S )-  

enan tiom er to  y ie ld  on d i s t i l l a t i o n  (125° /  0 .0 5  T o rr) 2 .5 0  g (45.0%) o f 

[ (R )-(5 5 )] w hich e x h ib ite d  i r  and nmr s p e c t r a  i d e n t i c a l  to  th o se  

observed  f o r  th e  (S )-en an tio m er.

P re p a ra t io n  o f d i l i th iu m  (R )-3 ,4 -d ih y d ro x y b u ty l- l-p h o sp h o n lc  a c id  

[ (R )- (2 1 a )] .  The d io x o lan e  [ (R ) - (5 5 )] combined from two p re p a ra t io n s  

(5 .74  g , 18 .7  m m ole) was d e p ro te c te d  and hyd ro ly zed  as  a lre a d y  d e sc r ib e d  

f o r  th e  (S )-en an tio m er to  y ie ld  3 .00  g (88.2%) o f  [ ( R ) - (2 1 a )1 which 

e x h ib i te d  nmr and i r  s p e c t r a  I d e n t i c a l  to  th o se  o f th e  (S )-e n a n tio m e r, and 

[o ]£ 7 -  - 1 3 .5 ° .

A nal. C alcd . f o r  C4HgP05L i2 : C*

Found: C, 2 6 .3 8 ; H, 5 .2 3 .

P re p a ra t io n  o f  d i l i th iu m  (R ,S )-3 ,4 -d ih y d ro x y b u ty l- l-p h o sp h o n lc  a c i d (2 1 ) . 

Racemlc 1 ,2  4 - b u ta n e t r io l  (63 .6  g , 600 m m ole) was t r e a te d  in  an i d e n t i c a l  

manner as d e sc r ib e d  above fo r  th e  o p t i c a l l y  a c t iv e  en an tiom ers to  y ie ld  

on d i s t i l l a t i o n  (76° /  1 T orr) 6 0 .0  g (68.5%) o f (53) w hich co rresponded  

in  i r  and nmr s p e c tr a  w ith  th e  e n a n tio m e ric  forms d e sc r ib e d  p re v io u s ly . 

C onversion o f  40 .6  g (278 m m ole) o f  racem ic  d io x la n e  (53) to  th e  c h lo r id e  

was p reform ed in  an id e n t i c a l  manner to  t h a t  as d e sc r ib e d  f o r  th e  

en a n tio m e ric  forms to  y ie ld  32 .5  g (71.1%) o f (5 4 ). The c h lo r id e  (5 4 ) ,

23 .0  g (140 m m ole) was th en  phosphony la ted  u s in g  a  s o lu t io n  o f  sodium 

d ib u ty l  p h o sp h ite  in  hexane as d e sc r ib e d  above f o r  th e  o p t i c a l l y  a c t iv e
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enan tio m er8 . In  t h i s  way was o b ta in e d  25 .6  g (59 .72) o f  (55) upon 

vacuum d i s t i l l a t i o n  (1 3 0 ° /0 .1  T o rr ) .  The d l e s t e r  (55) was co n v erted  

In  th e  manner d e sc r ib e d  f o r  th e  e n a n tio m e ric  forms in  712 y ie ld  to  

th e  racem lc (21a) w hich co rresp o n d s in  a l l  s p e c t r a l  and chrom atograph ic  

p r o p e r t ie s  w ith  th a t  as p re p a re d  by o th e r  r o u t e s . ^ '  ^

P re p a ra t io n  o f d ib u ty l  (R. S) - 4 - to sv lo x y -3 -h y d ro x y b u ty 1 -1 - 

phosphonate (5 9 ). The racem lc d io x a lan e  (5 5 ) . 15 .0  g (49 .0  m m o le), 

was s t i r r e d  w ith  330 mL o f 12 h y d ro c h lo r ic  a c id ,  a f t e r  which th e  s o lv e n t  

was removed under reduced  p r e s s u re .  The r e s id u a l  o i l  was d is s o lv e d  in  

400 mL o f ch lo ro fo rm , washed w ith  w a te r  (3 X 100 mL) and d r ie d  ov ^ r 

magnesium s u l f a t e .  A f te r  f i l t r a t i o n  th e  s o lv e n t was ev ap o ra ted  under 

reduced  p re s s u re  to  y ie ld  11 .0  g (41.35 m m ole) o f  (56) as  a  y e llo w  o i l  

w hich was d is s o lv e d  in  13 mL o f p y r id in e ,  coo led  to  0°C, and to  which 

a  s o lu t io n  o f  7 .90  g (4 1 .4  m mole) o f  p - to lu e n e s u lfo n y 1 c h lo r id e  in  

96 mL o f  benzene was added d ropw lse . The r e a c t io n  m ix tu re  was allow ed  

to  come to  room te m p era tu re  and was s t i r r e d  f o r  48 h r .  a f t e r  which 

th e re  was added a  f u r th e r  120 mL o f benzene and th e  r e a c t io n  m ix tu re  was 

washed s u c c e s s iv e ly  w ith  2 N h y d ro c h lo r ic  a c id  (3 X 130 mL), 

s a tu r a te d  aqueous sodium b ic a rb o n a te  (3 X 60 mL), w a te r  (4 X 140 mL)and 

d r ie d  o v er magnesium s u l f a t e .  The s o lv e n t  was ev ap o ra ted  under 

reduced  p re s s u re  and th e  r e s id u a l  o i l  ta k en  up in  a  minimum volume o f 

1:1  e th y l  a c e ta te -c h lo ro fo rm  and p assed  th rough  a  s h o r t  (20 g) column 

of s i l i c a  g e l .  A f te r  rem oval o f  th e  s o lv e n t  under reduced  p re s s u re  th e re  

was i s o l a t e d  2 .2 4  g (12 .62 ) o f  (59) as an o i l  w hich e x h ib i te d  a  s in g le  

sp o t o f  Rf ■ 0 .3 4  upon th in  la y e r  chrom atography developed  w ith  1 :1  e th y l  

a c e ta te -c h lo ro fo rm . S p e c tra l  a n a ly s i s :  nmr(CDCl^) 0 .6 1 -1 .9 2 6 (18H,

com plex, CH^CH^C^- and p - C I ^ C ^ - ) ,  2 .156(3H , s ) ,  3 .3 0 -4 .0 2 6 (7H, com plex,
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OCH- and OCHj-), 4 .396(1H , s ) ,  6 .8 6 -7 .6 0 6 (4H, AA'BB') ;  i r  (betw een 

s a l t s ,  cm- 1 ) 3130-3750, 2825-3090, 1600, 1472, 1370, 1248, 1200, 1185 

1105.

A nal. C alcd . f o r  C ^H ^PSO ^: C, 5 2 .2 8 ; H, 7 .6 2 ;

Found: C, 5 2 .2 2 ; H, 7 .5 1 .

P re p a ra t io n  o f d ib u ty l  (R ,S )-3 . 4 -ep o x y b u ty l- l-p h o sp h o n a te  (5 8 ).

To a  s o lu t io n  o f  2 .24  g (5 .3 4  m mole) o f  (59) f r e s h ly  p re p a re d  in  8 mL

o f m ethanol was added a s o lu t io n  o f 0 .28  g (5 .35  m m ole) o f  sodium

m ethoxlde in  1 .1  mL o f  w a te r . The r e a c t io n  m ix tu re  was re f lu x e d  fo r

3 h r . ,  co o led , and th e  s o lv e n t  removed under reduced  p r e s s u re .  To

th e  r e s id u e  was added 100 mL o f e th e r  and th e  r e s u l t a n t  p r e c i p i t a t e

o f  sodium to s y la te  removed by f i l t r a t i o n  under s u c t io n .  The s o lu t io n

was washed w ith  w a te r  (3 X 25 mL), d r ie d  o v er magnesium s u l f a t e ,  and

th e  s o lv e n t  removed under reduced  p re s s u re  to  y ie ld  an o i l  w hich was

vacuum d i s t i l l e d  (108° /  0 .05  T orr) g iv in g  0 .9 0  g (6 3 .7%) o f p u re  (58)

w hich e x h ib i te d  a  s in g le  s p o t  o f  Rf ■ 0 .4 6  upon th in  la y e r  chrom atography

w ith  1:1  e t h y l  a c e ta te -c h lo ro fo rm  and s p e c t r a l  d a ta  in  acco rd  w ith  th a t

73f o r  a  te rm in a l  ep o x id e . S p e c tra l  a n a ly s i s :  nmr (CDCI3) 0 .7 6 -1 .8 0 6

(18H, com plex, CH3CH2CH2-  and P C ^ C R j-) , 2 .026(1H , d d ) , 2 .2 7 6 (1H, t ) ,  

2 .556(1H , m ), 3 .596(4H , d t ) ;  i r  (betw een s a l t s ,  cm"1) 2815-3050, 1470 

1252, 1155, 1122, 1070, 1030, 980.

A nal. C alcd. f o r  C ^ H ^ P O ^  C, 5 4 .5 3 ; H, 9 .5 3 ;

Found: C, 5 4 .6 8 ; H, 9 .3 7 .
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P re p a ra t io n  o f  m onoanilln ium  g a i t  o f  3 -b u te a y l- l-p h o 8 p h o n ic  a c id

(6 1 ). A 25 mL f l a s k  c o n ta in in g  d ie th y l  3 -b u te n y l- l-p h o sp h o n a te  (64)**

4 .24  g (22 .08  m m o le ), was f lu s h e d  s e v e r a l  tim es w ith  n it ro g e n  and 7 .96 g 

(52 .11  m m ole) o f  b ro m o trim e th y s llan e  was I n je c te d  by s y r in g e  and th e  

r e a c t io n  m ix tu re  was s t i r r e d  under n i t ro g e n  atom sphere a t  room 

te m p era tu re  f o r  one day a f t e r  which th e  ex cess  b ro m o tr lm e th y ls lla n e  was 

removed under h ig h  vacuum a t  room te m p e ra tu re . To th e  r e s id u e  was 

added c h lo ro tr lm e th y s i la n e ,  6 .4  g (58 .9  m m o le ) , and r e f lu x e d  f o r  one 

day a f t e r  w hich th e  ex cess  re a g e n t was removed under h ig h  vacuum a t  

room te m p era tu re  and th e  r e s id u a l  l iq u id  was vacuum d i s t i l l e d  (110° /

3 .2  T o rr) to  y ie ld  4 .74  g (7 7 .8%) o f p u re  b i s ( t r i m e t h y s i ly l )  e s t e r .

S p e c tra l  a n a ly s i s :  nmr (CDCl^) 0 .5 8 6 (18H, s ) ,  1 .4 0 -2 .8 0 6 (4H, com plex),

4 .9 0 -5 .3 0 6 (2H, m ), 5 .6 3 -6 .2 6 6 (1H, com plex); i r  (betw een s a l t s  cm- *)

2994, 1644, 1410, 1253, 1025, 910 , 848, 761. To 2 .76  g(10 m m ole) o f 

b i s ( t r i m e t h y l s i l y l )  e s t e r  i n  10 mL e th e r  was added a  m ix tu re  o f  1 .3 8  g 

(30 m m ole) o f  a b s o lu te  e th a n o l and 1 .86  g (20 m m ole) o f  a n i l in e  and 

s t i r r e d  f o r  one h o u r. The r e s u l t a n t  p r e c i p i t a t e  was f i l t e r e d  and 

washed s e v e r a l  tim es w ith  e th e r  to  y ie ld  2 .1 5  g (94%) o f  p u re  (61) o f 

mp 154-156°. S p e c tra l  a n a ly s i s :  nmr (5% CD̂ COOD in  ^ O )  1 .3 6 -2 .7 0 6  

(4H, com plex), 4 .6 6 -6 .1 6 6 (7H, com plex), 7 .2 5 6 (5H, s ) ;  ir (K B r, cm- *) 

1941-3333, 1644, 1618, 1587, 1508, 1470, 1420 1333, 1300, 1233, 1189, 1140, 

1112, 1074, 1019, 959, 931, 919, 846, 747, 691.

A nal. C alcd . f o r  C^qH^PO^N: C, 5 2 .4 0 ; H, 7 .0 4 ;

Found: C, 5 2 .6 2 ; H, 7 .3 5 .
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P re p a ra tio n  o f  1 ,2 ,4 - p e n ta n e t r lo l  (66) .  A s o lu t io n  o f  25 g (0 .29  mole) 

o f 4 -p e n te n -2 -o l w ith  200 mL o f  88% fo rm ic  a c id  and 66 g o f  30% hydrogen 

p e ro x id e  was s t i r r e d  o v e rn ig h t. The r e a c t io n  te m p te ra tu re  was 

m a in ta in ed  below 50°. Hie r e a c t io n  m ix tu re  was th en  h e a te d  a t  50° fo r  

5 h r .  The v o l a t i l e  components w ere removed under reduced  p re s s u re  and 

200 mL s a tu r a te d  hydrogen c h lo r id e  In  m ethanol was added and re f lu x e d  

f o r  3 h r .  The v o l a t i l e  components w ere removed under reduced  p re s s u re  

and th e  r e s id u a l  l i q u id  vacuum d i s t i l l e d  (115°-120* /  0 .0 1  T o rr) to  

y ie ld  21 .36  gm (62%) o f  t r i o l  (66) ( l i t .  125° /  0 .5  T o r r )75.

P re p a ra t io n  o f  1 .2 - 0 - l s o p r o p y l ld e n e p e n ta n e - l ,2 ,4 - t r lo l  (6 7 ).

The t r l o l ,  2 0 .4  g (169 m m o le ), was s t i r r e d  In  1000 mL o f ace to n e  w ith  

2 g o f  £ - to lu e n e s u lfo n ic  a c id  m onohydrate a t  room te m p era tu re  f o r  14 h r .  

Anhydrous sodium b ic a rb o n a te  was suspended in  th e  r e a c t io n  m ix tu re , 

s t i r r e d  f o r  2 h r . , and f i l t e r e d .  The a c e to n e  was removed under reduced  

p re s s u re  and th e  r e s id u e  d is s o lv e d  in  150 mL o f e th y l  a c e ta te  w hich was 

th en  washed s u c c e s s iv e ly  w ith  s a tu r a te d  aqueous sodium b ic a rb o n a te  

s o lu t io n ,  b r in e ,  and w a te r  and d r ie d  o v er magnesium s u l f a t e .  A f te r  

e v a p o ra tio n  o f  th e  s o lv e n t  under reduced  p re s s u re  th e  r e s id u a l  l i q u id  was 

vacuum d i s t i l l e d  (86° /  1 .7  T o rr) to  y ie ld  21 .3  g (78.7%) o f  p u re  d io x o lan e

(6 7 ). S p e c tra l  a n a ly s i s :  nmr (CDCl^) 1 .205(3H , d , J A“ 6H z), 1 .356(3H , s ) ,

1.416(3H , s ) ,  1.696(2H , dd , J B» J c- 5 .5  H z), 3 .166(1H , s ) ,  3 .3 9 -4 .5 5 6 (4H, m).

A nal. C alcd. f o r  C H 0 • c ,  5 9 .9 7 ; H, 10 .10 ; 
o 16 3

Found: C, 5 9 .8 9 ; H, 10 .06 .

P re p a ra t io n  o f  4 -c h lo ro -0 - is o p ro p y l id e n e p e n ta n e - l . 2 - d lo l  (68) .

To a  w e l l  s t i r r e d  s o lu t io n  o f  16 .0  g (100 m m ole) o f  a lc o h o l (67) w ith  

2 3 .3  g (151 m m ole) o f carbon t e t r a c h l o r id e  in  25 mL o f m ethy lene
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c h lo r id e .  The r e a c t io n  m ix tu re  was s t i r r e d  fo r  6 days a f t e r  w hich 

720 mL o f  n -p e n ta n e  w ere added and th e  r e s u l t a n t  p r e c i p i t a t e  o f 

tr ip h e n y lp h o sp h in e  o x id e  was f i l t e r e d .  The f i l t r a t e  was washed 

su c c e s s iv e ly  w ith  300 mL each o f  s a tu r a te d  aqueous sodium b ic a rb o n a te  

s o lu t io n ,  b r in e ,  and w a te r  and th e n  d r ie d  o v er magnesium s u l f a t e .

The s o lv e n t  was removed under reduced  p re s s u re  to  y ie ld  12 .6  g (70.6%) 

o f  p u re  (68) .  S p e c tra l  a n a ly s i s :  nmr (CDCl^) 1 .0 0 -2 .3 8 6 (11H, com plex, 

-C H j-, -C(CH3) 2 , -CH3) ,  3 .3 8 -4 .5 6 6 (4H, com plex, OCH, OCHj, C1CH)76; 

ir (b e tw e e n  s a l t s ,  cm- 1 ) 2735-3110, 1430, 1370, 1250, 1195, 1052.

A nal. C alcd. f o r  CgH^O^Cl: C, 5 3 .7 8 ; H, 8 .4 6 ;

Found: C, 5 3 .9 3 ; H, 8 .2 0 .

P re p a ra t io n  o f  d i l i th iu m  l-m e th y l-3 , 4 -d ih y d ro x y b u ty l- l-  

phosphonic a c id  (6 5 a ) . A m ix tu re  o f  8 .3  g (35 m m ole) o f  th e  c h lo r id e

(68 ) and 42 g (140 m m ole) o f  t r i s  ( t r i m e th y l s i ly l )  p h o s p h i t e ^ - ^® was 

s t i r r e d  under n i t r o g e n  atom sphere a t  170° fo r  3 d ay s. At t h i s  tim e 

th e  excess  p h o sp h ite  was removed under reduced  p re s s u re  and a  m ix tu re  

o f  40 mL o f w a te r  and 230 mL o f te tra h y d ro fu ra n  was added and h e a te d  

a t  r e f lu x  f o r  16 h o u rs . A f te r  c o o lin g , th e  r e a c t io n  m ix tu re  was 

d e c o lo r iz e d  w ith  c h a rc o a l and f i l t e r e d .  The f i l t r a t e  was c o n c e n tra te d  

under reduced  p re s s u re  and e th a n o lic  l i th iu m  hyd rox ide  s o lu t io n  was 

added to  pH»8 . The r e s u l t a n t  p r e c i p i t a t e  was f i l t e r e d ,  washed w ith  

e th a n o l and e th e r ,  and d r ie d  under vacuum to  g iv e  2 .8 3  g o f  crude (6 5 a ) . 

The crude m a te r ia l  was r e p r e c ip i t a t e d  from aqueous s o lu t io n  by a d d i t io n  

o f  e th a n o l to  y ie ld  1 .2 4  g (18.1%) o f  (65a) w hich e x h ib ite d  a  s in g le  s p o t 

o f  R j-0 .6 2  on th in  la y e r  chrom atography w ith  10 :1  m e th an o l- 0 .1  N 

h y d ro c h lo r ic  a c id  and gave a c c e p ta b le  a n a l y t i c a l  d a ta .  S p e c tra l  a n a ly s i s :
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nmr (5% CD̂ COOD in  D2O) 1.326(3H , broadened  s i n g l e t ) ,  1 .4 2 -2 .2 9 6  

(3H, m ), 3 .4 1 -4 .4 8 6 (3H, m); i r  (KBr, cm- 1 ) 3200-3800, 2750-3080, 1650,

1430, 1320.

A nal. C alcd . f o r  C l  FO L i : C, 3 0 .6 4 ; H, 5 .6 6 ;
  5 11 5 2

Found: C, 30 .58 ; H, 5 .6 4 .

P re p a ra t io n  o f  (S ) - l-o x o -0 - is o p ro p y lld e n e b u ta n e -3 ,4 -d io l  [ (S ) - ( 6 9 ) ] .

The p rim ary  a lc o h o l [ (S ) - (5 3 )1 , 8 .76 g (6 0 .0  m m ole), d is s o lv e d  in  30 mL o f

m eth lene  c h lo r id e ,  was added in  a  s in g le  p o r t io n  to  a  s o lu t io n  o f

chromium tr io x id e - p y r id in e  com plex, p rep a red  by th e  a d d i t io n  o f  36 .0  g

(360 m m ole) o f chromium t r l o x ld e  to  58 .2  mL o f p y r id in e  w ith  v ig o ro u s

s t i r r i n g  o ver a  12 h r .  p e r io d . The s o lv e n t was ev ap o ra ted  under

reduced  p re s s u re  and 1400 mL o f  e th e r  w ere added to  th e  re s id u e .  The

in s o lu b le  s a l t s  w ere removed by f i l t r a t i o n  and th e  f i l t r a t e  was

washed s u c c e s s iv e ly  w ith  5% aqueous sodium b ic a rb o n a te ,  c u p r ic  s u l f a t e

s o lu t io n ,  b r in e ,  and w a te r  and d r ie d  o ver sodium s u l f a t e .  The e th e r

was removed under reduced  p re s s u re  and th e  r e s id u a l  l i q u id  vacuum

d i s t i l l e d  (74° /  4 .7  T o rr)  to  y ie ld  2 .8 8  g (33.3%) o f  p u re  [ ( S ) - (6 9 ) ] .

S p e c tra l  a n a ly s i s :  nmr (CDC13) 1.396(3H , s ) ,  1.426(3H , s )  2 .776(2H ,

dd , J A-  6 Hz, J B« 1 .5  H z), 3.606(1H , dd , J c« 8 Hz, J p -  6 H z), 4 .206(1H , dd ,

J  -  8 Hz, J  -  6 H z), 4 .596(1H , m ), 9 .806(1H , t ,  J  -  1 .5  H z); i r  (CHC1.,
^ E B 3

cm- 1 ) 2840-3080, 2765, 1725, 1452, 1385, 1370, 1345, 1325, 1250, 1152,

1065; "  + 13 .3° (1 M in  ch lo ro fo rm ).

A nal. C alcd . f o r  C ^ H ^ O ^ :  c ,  58 .32; H, 8.39;

Found: C, 5 7 .9 5 ; H, 8 .4 6 .

P re p a ra t io n  o f  d ib e n z y l (IRS, 3 S ) -3 ,4 -0 - is o p ro p y lid e n e -1 .3 ,4 -  

tr ih y d ro x y b u ty l- l-p h o s p h o n a te  [ (1RS,3S)- ( 7 1 ) ] .  A s o lu t io n  o f  6 .5 4  g
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(26 .6  m m ole) o f d lb e n z y l hydrogen p h o s p h ite 7^ w ith  3 .02  g (2 0 .1  m m ole) 

o f  [(S)— (69)1 and 1 mL o f t r le th y la m in e  In  60 mL o f d ry  benzene was h e a te d  

a t  60*-80° f o r  4 h o u rs . The r e a c t io n  m ix u tre  was d i lu te d  w ith  400 mL 

o f  benzene and washed s u c c e s s iv e ly  w ith  s a tu r a te d  aqueous sodium 

b ic a rb o n a te  (2 X 120 mL), 1 N h y d ro c h lo r ic  a d d  (2 X 120 mL), w a te r  

(2 X 120 mL) and d r ie d  over magnesium s u l f a t e .  Upon e v a p o ra tio n  o f  th e  

s o lv e n t  th e re  was o b ta in e d  5 .72  g (69.8%) o f [ (IRS, 3S)- ( 7 1 ) ]  as an o i l  

w hich e x h ib i te d  a  s in g le  sp o t o f R^« 0 .3 6  on th in  la y e r  chrom atography 

w ith  5 :5 :1  b e n z e n e -e th y l e th e r - e th a n o l .  From th e  two s e t s  o f d o u b le ts  

f o r  b e n z y l ic  hydrogens in  th e  nmr i t  i s  e s tim a te d  th a t  th e  two 

d ia s te re o m e rs  a re  p re s e n t  in  a  4 :1  r a t i o . ^  S p e c tra l  a n a ly s i s :  nmr 

(CDClj) 1 .3 0 6 (6H, b road  s i n g l e t ) ,  2 .006(2H , m ), 3 .156(1H , t ) ,

3 .8 4 -4 .4 9 6 (3H, com plex, OCHj, OCH), 4 .556(1H , s ) ,  4 .8 5 -5 .1 8 6 (4H, p a i r  o f 

d o u b le ts  f o r  b e n z y lic  h y d ro g en s), 7 .306(10H , s ) ;  I r  (betw een s a l t s ,  cm” ^) 

3160-3730, 2790-3010, 1505, 1460, 1375, 1370, 1225, 1160, 1035; [ a ] J 7 -  

+ 0 .7°  (0 .4  M in  ch lo ro fo rm ).

A nal. C alcd. f o r  C2 iH27P06 ! C’

Found: C, 62 .33 ; H, 6 .4 5 .

P re p a ra t io n  o f  (IRS, 3 S ) - l ,3 ,4 - tr lh y d ro x y b u ty l- l -p h o s p h o p ic  a d d  

[ (IRS, 3S)- (7 0 )1 .  The d ib e n z y l phosphonate  [ (IRS, 3S)- ( 7 1 ) ] .  5 .0  g 

(12 .3  m m o le), was d is s o lv e d  in  130 mL o f a b s o lu te  e th a n o l and hydrogenated  

on a  P a r r  a p p a ra tu s  o ver 200 mg o f  10% pd/C  a t  40 p s lg  hydrogen a t  room 

te m p era tu re  u n t i l  no more hydrogen was abso rb ed . The c a t a ly s t  was 

removed by f i l t r a t i o n  th rough  C e l i te  and th e  f i l t r a t e  was ev ap o ra ted  

under reduced  p re s s u re  to  y ie ld  2 .0  g (87%) o f th e  f r e e  a c id  [ (IRS, 3S)-  

(70 )] w hich e x h ib i te d  a  s in g l e t  s p o t o f R j ■ 0 upon th in  la y e r  chrom atography
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w ith  5 :5 :1  b e n z e n e -e th y l e th e r - e th a n o l  and no b e n z y l ic  o r  m ethy l

9
p ro to n s  in  th e  nmr. For a n a ly s is  th e  f r e e  a d d  was co n v e rted  to  

th e  d i l i th iu m  s a l t  by b e in g  d is s o lv e d  in  e th a n o l and t r e a te d  w ith  

s a tu r a te d  e th a n o l lc  l i th iu m  hyd rox ide  u n t i l  b a s ic  (pH -  8) .  The 

r e s u l t a n t  p r e c i p i t a t e  was f i l t e r e d ,  washed s e v e r a l  tim es w ith  e th a n o l 

and e th e r  and d r ie d  under vacuum. S p e c tra l  a n a ly s i s :  nmr (D^O +

C D gC O O D ) 2.656(2H , b ro a d ) ,  3 .8 5 -5 .1 0 6 (4H, com plex); i r  (KBr, cm- *) 

3040-3750, 2850-3000, 1650, 1435; [ a ]£ 7 -  -6 .9 2 °  (0 .52  g i n  2 mL conc.

HC1 d i lu te d  to  10 mL w ith  e th a n o l) .

A nal. C alcd . f o r  C ^ P O g L i : C, 24 .2 7 ; H, 4 .5 8 ;

Found: C, 2 4 .3 4 ; H, 4 .5 5 .

P re p a ra t io n  o f d i l i th iu m  (S )-3 .4 -d lh y d ro x y b u ty l- l-p h o s p h a te  

[ (S ) - (7 4 a )1 . To 2 .92  g (22 .0  m m ole) o f  [ (S ) - (5 3 ) ]  in  12 mL o f p y r id in e  

coo led  to  0° was added dropw lse 7 .14  g (25 .0  m m ole) o f  d ip h e n y l 

p h o sp h o ro c h lo r id a te . A f te r  s ta n d in g  f o r  12 h r .  a t  0 ° ,  1 .2  mL o f w a te r  

was added and th e  r e a c t io n  m ix tu re  c o n c e n tra te d  under reduced  p re s s u re .

The r e s id u a l  s o l id  was d is s o lv e d  in  150 mL o f benzene and washed 

s u c c e s s iv e ly  w ith  100 mL each  o f  w a te r ,  co ld  1 N h y d ro c h lo r ic  a c id ,  co ld  

1 N p o tass iu m  c a rb o n a te  s o lu t io n ,  and w a te r  and d r ie d  o v er magnesium 

s u l f a t e .  A f te r  e v a p o ra tio n  o f  th e  s o lv e n t  under reduced  p re s s u re  th e  

r e s id u a l  s o l id  was d is s o lv e d  in  150 mL o f a b s o lu te  e th a n o l and hydrogenated  

o ver 0 .1  g o f p la tin u m  ox ide  in  a  P a r r  a p p a ra tu s  a t  52 p s ig  o f hydrogen 

u n t i l  no more hydrogen was ta k en  up. The c a t a ly s t  was removed by 

f i l t r a t i o n  th rough  C e l i te  and th e  s o lv e n t  e v a p o ra te d  under reduced  

p re s s u re  to  y ie ld  th e  f r e e  a c id  [ (S ) - (7 4 )]  as a  v is c o u s  o i l .  For 

a n a ly s i s ,  th e  f r e e  a c id  was co n v e rted  to  i t s  d i l i th iu m  s a l t  [ ( S ) - (7 4 a ) l by
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d is s o lu t io n  in  50 mL o f e th a n o l and th e  a d d i t io n  o f a  s a tu r a te d

e th a n o l ic  s o lu t io n  o f  l i th iu m  hyd rox ide  m onohydrate to  pH -  8 . The

r e s u l t a n t  p r e c i p i t a t e  was f i l t e r e d ,  washed w ith  e th a n o l and e t h e r ,  and

d r ie d  under vacuum to  y ie ld  1 .53  g (33.6%) o f [ ( S ) - (7 4 a )] as  a

c r y s t a l l i n e  m a te r ia l  w hich an a ly zed  as h em ih y d ra te ; t h i s  w a te r  i s  f irm ly

bound and cou ld  n o t be removed by h e a t in g  th e  m a te r ia l  under vacuum.

The m a te r ia l  e x h ib i te d  a s in g le  sp o t o f -  0 .50  on th in  la y e r

chrom atography u s in g  10 :1  m e th an o l-0 .0 1  N h y d ro c h lo r ic  a c id .  S p e c tra l

a n a ly s i s :  nmr (5% CD̂ COOD in  D2O) 1.676(2H , m ), 3 .1 5 - 4 .306(5H, com plex);

i r  (KBr, cm- 1 ) 3050-3850, 2760-3015, 1650, 1455, 1430, 1390, 1340, 1260,

1210; [ a ] ^  ■ -2 0 .4 °  ( f r e e  a c id ,  0 .7  M in  e th a n o l) .
D —

A nal. C alcd . f o r  C^HgPO gld^-l^H jO : C, 2 3 .1 9 ; H, 4 .3 4 ;

Found: C, 2 3 .3 5 ; H, 4 .4 6 .

P re p a ra t io n  o f (S ) -4 -b e n z y lo x y - l ,2 -b u ta n e d io l  a c e to n id e  [ (S ) - ( 7 5 ) ] .

To 5 .2 5  g (36 .6  m m ole) o f  [ (S )-(5 3 )1  in  20 mL o f  d ry  d im eth y l formamide

was added 2 .4 7  g (44 m m ole) o f  f in e ly  powdered p o ta ss iu m  hyd rox ide

w ith  s t i r r i n g  and c o o lin g  to  0 ° . Benzyl c h lo r id e ,  5 .8 0  g (45 .9  m m o le ) ,

was added dropw ise and th e  r e a c t io n  m ix tu re  a llow ed  to  warm, u l t im a te ly

b e in g  h e a te d  a t  70° fo r  6 h r .  A f te r  c o o lin g , 50 mL o f w a te r  was added

and th e  r e a c t io n  m ix tu re  e x t r a c te d  w ith  ch lo ro fo rm  (4 X 35 mL). The

combined e x t r a c t s  w ere washed w ith  w a te r  (3 X 35 mL), d r ie d  o ver

magnesium s u l f a t e ,  and ev ap o ra ted  under reduced  p r e s s u r e ;  th e  r e s id u a l

y e llo w  l i q u id  was vacuum d i s t i l l e d  (114° /  0 .0 5  T o rr) to  y ie ld  4 .6 4  g

(53.5%) o f  th e  benzy loxy  d e r iv a t iv e  [ (S )—(7 5 )3 . S p e c tra l  a n a ly s i s :

nmr (CDC1,) 1 .336(3H , s ) ,  1 .366(3H , s ) ,  1 .856(2H , d t ,  J  -  6 Hz,
J A

J  -  5 .5  H z), 3 .3 6 -4 .3 3 6 (5 H , com plex), 4 .456(2H , s ) ,  7 .286(5H , s ) ;
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i r  (between s a l t s ,  cm~^) 2816-3134, 1500, 1460, 1365, 1320, 1265, 1215

1169, 1095, 1035, 870, 740, 698; [a ] 27 -  - 5 .2 °  (1 .5  M in  m e th an o l) .
D

P re p a ra t io n  o f (S ) -4 -b e n z y lo x y b u ta n e - l ,2 -d lo l [ ( S ) - (7 6 )] .  The

benzy loxy  a c e to n id e  [ ( S ) - ( 7 5 ) ] . (3 g , 12 .66 m m o le ), was t r e a te d  w ith

2 mL o f  2 N h y d ro c h lo r ic  a d d  and s u f f i c i e n t  ace to n e  to  e f f e c t  s o lu t io n .

A f te r  h e a t in g  a t  r e f lu x  f o r  1 .5  h r .  th e  m ix tu re  was c o o le d , 20 mL o f

e th a n o l was added , and th e  s o lv e n t  removed under reduced  p r e s s u re .  The

re s id u e  was d is s o lv e d  in  55 mL o f ch lo ro fo rm , washed w ith  w a te r

(3 X 12 mL), d r ie d  over sodium s u l f a t e ,  and th e  s o lv e n t removed under

reduced  p re s s u re  to  y ie ld  2 .5 3  g (68.1%) o f  p u re  [ ( S ) - (7 6 ) ] as  a  y e llo w

o i l .  S p e c tra l  a n a ly s i s :  nmr (CDC1,) 1.696(2H , d t ,  J . m 6 Hz, J  ■ 5 .5  H z),J  A n

3 .1 8 -3 .8 7 6 (5H, com plex), 4.036(2H , b road  s i n g l e t ) ,  4 .416(2H , s ) ,

7.286(5H , s ) ;  i r  (between s a l t s ,  cm- 1 ) 3160-3740, 2755-3120, 1500, 1460, 

1365, 1320, 1215, 1095, 1035, 910, 870, 740, 698; [ a ] 27 -  -1 5 .6 °

(0 .3  M in  m e th an o l).

A nal. C alcd . f o r  ^21^16^35 ®7* ^ *  8 .2 2 ;

Found: C, 6 7 .1 6 ; H, 8 .32

P re p a ra t io n  o f  (S ) -4 -b e n z y lo x y - l,2 -d lp a lm lto y lo x y b u ta n e  [ ( S ) - (7 7 )] .

To a  s o lu t io n  o f  1 .0 0  g (5 .10  m m ole) o f [ (S )—(76)] in  2 mL o f p y r id in e  

coo led  to  0°C, was added dropw ise 3 .30  g (1 2 .0  m m ole) o f  p a lm ito y l 

c h lo r id e  in  24 mL o f benzene. The r e a c t io n  m ix tu re  was allow ed  to  come 

to  room te m p era tu re  and c o n tin u e  s t i r r i n g  f o r  24 h r .  a t  w hich tim e a 

f u r th e r  25 mL o f benzene was added and th e  m ix tu re  washed s u c c e s s iv e ly  w ith  

2 N h y d ro c h lo r ic  a d d  ( 3 X 7  mL) and w a te r  ( 4 X 7  mL) and d r ie d  over 

magnesium s u l f a t e .  Upon e v a p o ra tio n  o f  th e  s o lv e n t under reduced  

p re s s u re  th e re  was o b ta in e d  a  w h ite  s o l id  w hich was tw ic e  r e c r y s t a l l i z e d  

from 95% e th a n o l to  y ie ld  1 .5 4  g (44.9%) o f  p u re  f ( S ) - ( 7 7 ) ] o f  m .p. 40 -41°.
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S p e c tra l  a n a ly s i s :  nmr (CDC1,) 0 .5 9 -2 .0 4 6 (60H, com plex), 2 .0 8 -2 .5 9 6
*

(4H, com plex), 3 .576(2H , t ,  J  -  6 H z), 4.256(2H , m ), 4 .516(2H , s ) ,  

5 .296(1H , m), 7 .326(5H , s ) ;  l r  (KBr, cm- 1 ) 2830-3075, 1745, 1470,

1422, 1405, 1365, 1285, 12S1, 1230, 1205, 1185, 1080, 1030, 975, 943; 

[ a ] ^  ■ -9 .4 *  (0 .074  M In  c h lo ro fo rm ).

A nal. C alcd . f o r  C^HygO^: C, 76 .73 ; H, 11 .3 8 ;

Found: C, 77 .00 ; H, 1 1 .1 7 .

P re p a ra t io n  o f  (S )-4 -h y d ro x y - l,2 -d lp a lm lto y lo x y b u ta n e  [ ( S ) - (7 8 )1.

A s o lu t io n  o f  1 .0 1  g (1 .50  m m ole) o f  [(£>)-(77)] In  100 mL o f 1 :1  

m e th a n o l-e th y l a c e ta t e  w ith  200 mg o f 10% p a llad iu m  on carbon was 

hydrogenated  In  a  P a r r  ap p a ra tu s  a t  40 p s ig  o f  hydrogen u n t i l  no more 

hydrogen was ta k e n  up. The c a t a ly s t  was removed by f i l t r a t i o n  th rough  

C e l i te  and th e  s o lv e n t  ev ap o ra ted  under reduced  p re s s u re  to  y ie ld  a  

s o l id  m a te r ia l  w hich upon r e c r y s t a l l i z a t i o n  from m ethanol y ie ld e d  

0.812 g (93%)of p u re  [ (S )-(7 8 )1  o f  mp 58 -6 0 °. S p e c tra l  a n a ly s i s :  

nmr (CDCl^) 0 .3 9 -1 .9 8 6 (60H, com plex), 2 .0 3 -2 .7 0 6 (4H, com plex),

3 .6 3 6 (2H, m), 4 .186(2H , m ), 4 .706(1H , s ) ,  5 .176(1H , m ); i r  (CHC13> cm- 1 ) 

3240-3700, 3190, 2860-3050, 1740, 1472, 1425, 1385, 1320, 1280, 1185, 

1065; [<*]^ ■ -1 3 .0 °  (0 .05  M in  c h lo ro fo rm ).

A nal. C alcd . f o r  C^gH^O^: C, 7 4 .17 ; H, 12 .10 ;

Found: C, 73 .93 ; H, 1 2 .2 7 .

P re p a ra t io n  o f  d ip h e n y l (S ) -3 ,4 -d ip a lm ito y lo x y b u ty l- l-p h o s p h a te  

[ (S)—(7 9 )1. To 0 .6  g (1 .03  m m ole) o f  [ (S)—(78)] in  6 mL o f  p y r id in e  

coo led  to  0° was added dropw ise 0 .52  g (1 .83  m m ole) o f d ip h e n y l 

p h o sp h o ro c h lo r id a te . The r e a c t io n  m ix tu re  was a llow ed  to  come to  room 

te m p e ra tu re  and c o n tin u e  s t i r r i n g  f o r  3 days a t  w hich tim e 2 mL o f w a te r
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was added and th e  r e a c t io n  m ix tu re  c o n c e n tra te d  under reduced  p re s s u re .  

The r e s id u a l  s o l id  was d is s o lv e d  in  200 mL o£ benzene and washed 

s u c c e s s iv e ly  w ith  80 mL each  o f  w a te r ,  co ld  1 N h y d ro c h lo r ic  a d d ,  

co ld  1 N sodium b ic a rb o n a te ,  and w a te r  and d r ie d  over magnesium s u l f a t e .  

A f te r  e v a p o ra tio n  o f  th e  s o lv e n t  under reduced  p re s s u re  th e re  was 

o b ta in e d  a  w h ite  s o l id  which was r e c r y s t a l l i z e d  from m ethano l to  y ie ld  

0 .6 8  g (82%) o f p u re  [ (S ) - (7 9 ) ]  o f  mp 39-41°. S p e c tra l  a n a ly s i s ;  

nmr (CDCl^) 0 .4 0 -1 .8 5 6 (60H, com plex), 1 .9 0 -2 .4 0 6 (4H, com plex),

3 .5 0 -4 .2 9 6 (4H, m), 4 .3 8 -5 .1 6 6 (1H, m) 7.16(10H , b roadened  s i n g l e t ) ;  

i r  (KBr, cm"1) 2793-3048, 1748, 1600, 1497, 1472, 1315, 1298, 1267,

1225, 1202, 1165, 1096, 1041, 1030, 1012, 959, 805, 720, 689;

[ a ] ^  ■* -3 2 .9 °  (0 .02  M in  c h lo ro fo rm ).
D ~

A nal. C alcd . f o r  C^gH^POg: C, 7 0 .72 ; H, 9 .7 7 ;

Found: C, 7 0 .76 ; H, 9 .9 9 .

P re p a ra t io n  o f  (S ) -3 ,4 -d ip a lm ito y lo x y b u ty l- l-p h o s p h o r ic  a c id  

[ (S )—(8 0 ) ] .  A s o lu t io n  o f 1 .0  g (1 .22  m m ole) o f [ (S ) - (7 9 )1 , combined 

from two p r e p a r a t io n s ,  i n  100 mL o f 1 :1  m e th a n o l-e th y l a c e ta te  w ith  

200 mg o f p la tin u m  o x id e  in  a  P a r r  a p p a ra tu s  was hy d ro g en a ted  a t  44 p s ig  

o f  hydrogen u n t i l  no more hydrogen was ta k en  up . The c a t a l y s t  was 

removed by f i l t r a t i o n  th ro u g h  C e l i t e  and th e  s o lv e n t  ev ap o ra ted  

under reduced  p re s s u re  to  y ie ld  a  s o l id  m a te r ia l  w hich upon 

r e c r y s t a l l i z a t i o n  tw ice  from m e th an o l-ch lo ro fo rm  y ie ld e d  0 .3  g 

(36.8%) o f  p u re  [ (S)—(80)] o f  mp 72-74°. S p e c tra l  a n a ly s i s :  

nmr (CDCl^) 0 .6 8 -2 .0 5 6 (58H ,com plex), 2 .1 2 -2 .6 5 6 (4H, com plex),

3 .5 9 -4 .6 5 6 (4H, m ), 4 .7 0 -5 .1 0 6 (1H, m ), 7 .26(2H , s ) ;  i r  (KBr, cm- 1 ) 

3731-3154, 3106-2500, 1733, 1472, 1418, 1404, 1381, 1335, 1314, 1288,
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1266, 1248, 1223, 1203, 1183, 1066, 1010, 961, 719; [a ] 27 -  -1 0 .8 °
D

(0 .0 3  M In  ch lo ro fo rm ).

A nal. C alcd . f o r  C H P0  : C, 6 5 .2 2 ; H, 10 .7 9 ;
36 71 o

Found: C, 65 .0 6 ; H, 11.11

P re p a ra tio n  o f  (R )-b e n z y lo x y -l. 2 -b u ta n e d lo l a c e to n ld e  [ (R )- (7 5 )] .

To 21 g (143.2  m m ole) o f  [ (R )-(5 3 )] In  80 mL o f dry  d im ethy l formamide

was added 9 .88  g (176 m m ole) o f  f in e ly  powdered po tass linn  hydrox ide

w ith  s t i r r i n g  and coo led  to  0 ° . Benzyl c h lo r id e ,  23 .2  g (183.6  m m o le ),

was added dropw lse and th e  r e a c t io n  m ix tu re  allow ed  to  warm, u l t im a te ly

b e in g  h e a te d  a t  70° f o r  6 h r .  A f te r  c o o lin g , 200 mL o f w a te r  was

added and th e  r e a c t io n  m ix tu re  e x t r a c te d  w ith  ch lo ro fo rm  (4 X 140 mL).

The combined e x t r a c t s  w ere washed w ith  w a te r  (3 X 140 mL) d r ie d  over

magnesium s u l f a t e ,  and ev ap o ra ted  under reduced  p re s s u re ;  th e  r e s id u a l

ye llow  l iq u id  was vacuum d i s t i l l e d  (115° /  0 .1 0  T o rr) to  y ie ld  20 .6  g

(60.7%) o f benzyloxy d e r iv a t iv e  [ (R )-(7 5 )]  w hich e x h ib ite d  a  s in g le

s p o t o f  Rj -  0 .7 7  upon th in  la y e r  chrom atography w ith  1 :1  e th y l  a c e ta t e -

ch lo ro fo rm  and s p e c t r a l  d a ta  in  acco rd  w ith  th o se  f o r  th e  (S )-en an tio m er

and [a ] 27 ■ + 6 .33° (1 .3  M in  m e th an o l).
D ~

P re p a ra t io n  o f (R )-4 -b e n z y lo x y b u ta n e - l ,2 -d lo l [ (R )- (76) ] .  The 

benzyloxy a c e to n ld e  [ (R )-(7 5 )1 , 15 .0  g (63 .3  m m o le ), was t r e a te d  w ith

10 mL o f 2 N h y d ro c h lo r ic  a c id  and s u f f i c i e n t  a ce to n e  to  e f f e c t  s o lu t io n .

A f te r  h e a t in g  a t  r e f lu x  fo r  1 .5  h r .  th e  m ix tu re  was c o o le d , 100 mL 

o f  e th a n o l was added, and th e  s o lv e n t  removed under reduced  p re s s u re .

The r e s id u e  was d is s o lv e d  in  280 mL o f ch lo ro fo rm , washed w ith  w a te r  

(3 X 60 mL), d r ie d  o ver sodium s u l f a t e ,  and th e  s o lv e n t removed under 

reduced  p re s s u re  to  y ie ld  8 .6  g (69%) o f  p u re  [ (R ) - (7 6 )] as a  ye llow

011 w hich e x h ib i te d  a  s in g le  s p o t o f  ** 0 .32  upon th in  la y e r  chrom ato­
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graphy w ith  1:1  e th y l  a c e ta te -c h lo ro fo rm  and s p e c t r a l  d a ta  In  acco rd

27w ith  th o se  f o r  (S )-en an tio m er and [a] * + 15 .4° (0 .5  M in  m e th an o l).
D “

A nal. C alcd . f o r  C, 67 .3 2 ; H, 8 .2 2 ;

Found: C, 6 7 .5 9 ; H, 8 .0 8 .

P re p a ra t io n  o f  (R )-l-T o sy lo x y -4 -b e n z y lo x y -2 -b u ta n o l [ (R )-(8 1 )1 . The 

d lo l  [ (R ) - (7 6 ) ] , 8 .5  g (4 3 .1  m m ole),w as d is s o lv e d  in  14 mL o f p y r id in e ,  

coo led  to  0 ° ,  and a  s o lu t io n  o f  8 .3  g (43 .6  m m ole) o f  j^ - to lu e n e su lfo n y l 

c h lo r id e  i n  100 mL o f benzene was added d ropw ise , The r e a c t io n  m ix tu re  

was allow ed  to  come to  room te m p era tu re  and was s t i r r e d  fo r  48 h r .  a f t e r  

w hich th e re  was added a  f u r th e r  110 mL o f benzene , and th e  r e a c t io n  

m ix tu re  was washed s u c c e s s iv e ly  w ith  2 N h y d ro c h lo r ic  a c id  (3 X 55 mL), 

s a tu r a te d  aqueous sodium b ic a rb o n a te  (3 X 30 mL), w a te r  (4 X 60 mL) and 

d r ie d  o ver magnesium s u l f a t e .  The s o lv e n t was ev ap o ra ted  under reduced  

p re s s u re  to  y ie ld  11.39 g (75.3%) o f  p u re  [ (R )-(8 1 )]  w hich e x h ib ite d  

a  s in g le  s p o t o f  R  ̂ ■ 0 .6 8  upon th in  la y e r  chrom atography w ith  1:1  

c h lo ro fo rm -e th y l a c e ta t e ,  and gave a c c e p ta b le  s p e c t r a l  a n a ly se s  a lth o u g h  

some d i f f i c u l t y  was en co u n te red  in  o b ta in in g  th e  e le m e n ta l a n a ly s i s ;  i t  

ap p ea rs  t h a t  some decom position  o f  th e  to s y la te  o ccu rs  on s ta n d in g . 

S p e c tra l  a n a ly s i s :  nmr (CDCl^) 1 .906(2H , d t ,  ■ 6 Hz, Jg  ■ 5 .5  H z),

2 .466(3H , s ) ,  3 .2 6 -3 .8 7 6 (3H, com plex, -C ^ O  and -CHO), 3 .9 0 -4 .336 (3H , m, 

-C ^SO ^ and -OH), 4.516(2H , s ,  b e n z y l ic ) ,  7 .1 3 -7 .6 0 6 (7H, com plex, p h eny l 

and p a r t i a l  to s y l  o f  A A 'BB '), 7 .6 6 -8 .0 0 6 (2H, p a r t  o f AA'BB’ ) ;  i r  (betw een 

s a l t s ,  cm- 1 ) 3225-3846, 2777-3184, 1610, 1503, 1461, 1366, 1312, 1297, 

1219, 1202, 1179, 1092, 1031, 1022, 970, 910, 819, 793, 743, 695, 667; 

[ a ] ^  ■ + 9 .72° (0 .4  M in  m e th an o l).

A nal. C alcd . f o r  C H SO : C, 61 .6 9 ; H, 6 .3 3 ;
  18 22 5

Found: C, 6 3 .5 9 , 6 3 .1 5 ; H, 6 .8 9 , 6 .5 0
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P re p a ra t io n  o f  (R )- l- lo d o -4 -b e n z y lo x y -2 -b u ta n o l [ (R ) - (8 4 ) ] .

A m ix tu re  o f 11.39 g (32 .4  m m ole) o f  [ (R )-(8 1 )1 , 4 .85  g (3 2 .4  m m ole) 

o f  sodium Io d id e  In  200 mL o f  a c e to n e , w hich was f r e s h ly  d i s t i l l e d  over 

anhydrous p o ta ss iu m  c a rb o n a te , was s t i r r e d  a t  room te m p era tu re  In  th e  

d ark  f o r  3 days a f t e r  w hich I t  was poured  In to  600 mL o f  an eq u a l 

m ix tu re  o f  s a tu r a te d  sodium b ic a rb o n a te  and b r in e  s o lu t io n  and e x tra c te d  

w ith  e th e r  (3 X 200 mL). The combined e x t r a c t s  w ere washed w ith  10% 

sodium th i o s u l f a t e  s o lu t io n  (2 X 150 mL) and d r ie d  o v er magnesium s u l f a t e .

The s o lv e n t  was removed under reduced  p re s s u re  to  y ie ld  7.75 g (78%) 

o f p u re  [ (R ) - (8 4 )1. S p e c tra l  a n a ly s i s :  nmr (CDCl^) 1.966(2H , d t ,

J A -  6 Hz, -  5 .5  H z), 3 .1 9 -4 .0 1 6 (6H, com plex, 0CH-, OCB^-, OH and 

C ^ I ) ,  4 .576(2H , s )  7 .336(5H , s ) ;  i r  (betw een s a l t s ,  cm- 1 ) 3194-3676, 

2717-3144, 1503, 1462, 1422, 1369, 1218, 1194, 1183, 1103, 1081, 1033,

911, 813, 740, 685.

P re p a ra t io n  o f  d ip h e n y l (R )-4 -b e n z y lo x y -2 -h y d ro x y b u ty l- l-p h o sp h a te  

[ (R ) - ( 8 5 ) l . To a s o lu t io n  o f  2 .6 1  g (8 .4  m m ole) o f  [ (R )-(8 4 )]  in  14 mL 

o f d ry  benzene 3 .1  g (8 .6 8  m m ole) o f  d ry , powdered s i l v e r  d ip h en y lp h o sp h a te  

was added and r e f lu x e d  f o r  1 h r .  a f t e r  w hich an a d d i t io n a l  1 .5  g (4 .2  m m ole) 

o f  th e  s i l v e r  s a l t  was added and re f lu x e d  f o r  a n o th e r  one h o u r. A f te r  

c o o lin g , th e  r e a c t io n  m ix tu re  was f i l t e r e d  and th e  s i l v e r  s a l t s  w ere washed 

s e v e r a l  tim es w ith  d ry  benzene. The combined benzene la y e rs  w ere 

ev ap o ra ted  under reduced  p re s s u re  and th e  r e s id u a l  o i l  tak en  up in  a 

minimum volume o f  1:1  e th y l  a c e ta te -c h lo ro fo rm  and p assed  th ro u g h  a  

s h o r t  (30 g) column o f  s i l i c a  g e l  and e lu te d  w ith  an a d d i t io n a l  2 L o f  th e  

s o lv e n t  m ix tu re . A f te r  rem oval o f  th e  s o lv e n t  under reduced  p re s s u re  

th e r e  was i s o l a t e d  1 .7  g (47%) o f [ (R )-(85)1  as  an o i l  which e x h ib i te d  a 

s in g le  s p o t o f  Rf ■ 0 .5 7  upon th in  la y e r  chrom atography developed  w ith
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1:1  e th y l  a c e ta te -c h lo ro fo rm  which was v is u a l i s e d  by phospom olybdate 

s p ra y 77 and Io d in e  and gave a c c e p ta b le  s p e c t r a l  a n a ly se s  a lth o u g h  some 

d i f f i c u l t y  was en co u n te red  In  o b ta in in g  th e  e le m e n ta l a n a ly s i s .  I t  

ap p ea rs  t h a t  some decom position  o f  th e  phosphate  occu rs  on s ta n d in g .

S p e c tra l  a n a ly s i s :  nmr (BMSO-dg) 1.966(2H , d t ,  JA ■ 6 Hz, ■ 5 .5  H z),

3 .2 8 -4 .2 5 6 (6H, com plex, -OCHj, -OCH, -OH), 4 .416(2H , s ) ,  7.256(15H , 

b roadened  s i n g l e t ) ;  l r  (between s a l t s ,  cm” l )  3194-3703, 2702-3174, 1597 

1492, 1455, 1368, 1288, 1221, 1194, 1184, 1168, 1089, 1031, 957, 906,

815, 778, 752, 736, 699, 662.

A nal. C alcd. f o r  C H  P O : C, 6 2 .3 7 ; H, 6 .2 3 ;
21 25 6

Found: C, 69 .6 3 ; H, 6 .7 2 .

P re p a ra t io n  o f  (R )-2 ,4 -d ih y d ro x y b u ty l- l-p h o s p h o r lc  a d d  f (R )-(8 6 )1 .

A s o lu t io n  o f  1 .3  g (3 .03  m m ole) o f  [ (R )-(8 5 )]  In  100 mL m ethanol w ith  

0 ,3  g o f  p la tin u m  ox ide  In  a  P a rr  a p p a ra tu s  was hydrogenated  a t  46 

p s lg  o f  hydrogen u n t i l  no more hydrogen was ta k en  up. The c a t a ly s t  was 

removed by f i l t r a t i o n  th rough  C e l l te  and th e  s o lv e n t  ev ap o ra ted  under 

reduced  p re s s u re  to  y ie ld  282 mg (502) o f  p u re  [ (R )-(8 6 )1 . F or a n a ly s i s ,  

th e  f r e e  a d d  was co n v erted  to  d i l l th iu m  s a l t  [ (R )- (86a) ] by d i s s o lu t io n  

in  50 mL o f e th a n o l which was d e c o lo r iz e d  w ith  c h a rc o a l and th e  a d d i t io n  

o f  a  s a tu r a te d  e th a n o l ic  s o lu t io n  o f l i th iu m  hyd ro x id e  m onohydrate to  

pH -  8 . The r e s u l t a n t  p r e c i p i t a t e  was f i l t e r e d ,  washed w ith  e th a n o l and 

e t h e r ,  and d r ie d  under vacuum to  y ie ld  278 mg (46%) o f  f ( R ) - ( 86a ) 1 which 

e x h ib i te d  a  s in g le  s p o t o f Rf  -  0 .3 4  upon th in  la y e r  chrom atography developed 

w ith  10:1  m e th an o l-0 .1  N h y d ro c h lo r ic  a c id  and gave a c c e p ta b le  a p e c t r a l  

a n a ly se s  a lth o u g h  some d i f f i c u l t y  was en co u n te red  in  o b ta in in g  th e  

e le m e n ta l a n a ly s is  due to  th e  co n tam in a tio n  w ith  l i th iu m  h y d ro x id e .

S p e c tra l  a n a ly s i s :  nmr (m eth an o l-d ^ , f o r  f r e e  a c id )  0 .7 2 -1 .3 3 6 (2H, m ),
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2 .8 0 -3 .6 6 6 (2H, m), 4 .1 0 -5 .2 6 6 (3H, t t ) ,  6 .1 3 -6 .9 3 6 (4H, broadened s i n g l e t ) ;  

i r  (KBr p e l l e t  o f  s a l t ,  cm- 1 ) 2703-3802, 1620, 1459, 1063, 870.

A nal. C alcd . f o r  C^H PO ^L l^ C, 2 4 .2 4 ; H, 4 .5 4 ;

Found: C, 15 .03 ; H, 3 .2 2 .

P re p a ra t io n  o f (R )-l,2 -ep o x y -4 -b en zy lo x y b u tan e  [ (R ) - (8 2 ) ] . To a 

s o lu t io n  o f  5 .89  g (1 6 .7  m m ole) o f  [ (R )-(8 1 ) l f r e s h ly  p re p a re d  In  20 mL o f 

m ethanol was added a  s o lu t io n  o f  0 .90  g (16 .7  m m ole) o f  sodium m ethoxlde 

In  1 mL o f w a te r ,  th e  r e a c t io n  m ix tu re  was re f lu x e d  f o r  5 h r . , co o led , 

and th e  s o lv e n t removed under reduced  p re s s u re .  To th e  r e s id u e  was 

added 300 mL o f  e th e r  and th e  r e s u l t a n t  p r e c i p i t a t e  o f sodium to s y la te  

removed by f i l t r a t i o n  under s u c t io n .  The s o lu t io n  was washed w ith  w a te r 

(3 X 80 mL), d r ie d  o v er magnesium s u l f a t e ,  and th e  s o lv e n t  removed under 

reduced  p re s s u re  to  y ie ld  an o i l  w hich was vacuum d i s t i l l e d  (100° /  0 .05  

T o rr) g iv in g  1 .85  g (61.8%) o f  p u re  [ (R )-(8 2 )]  and s p e c t r a l  d a ta  In
70

acco rd  w ith  th a t  f o r  a  te rm in a l  ep o x id e . S p e c tra l  a n a ly s i s ;  nmr 

(CDC13) 1.606(2H , m), 2 .166(1H , d d ) , 2 .406(1H , t ) ,  2 .766(1H , m),

3.306(2H , t ) ,  4 .236(2H , s ) ,  7 .056(5H , s ) ;  l r  (betw een s a l t s ,  cm~^-) 

2776-3174, 1499, 1457, 1367, 1251, 1203, 1097, 1028, 910, 856, 836, 823, 

742, 701.
70

P re p a ra t io n  o f  d ie th y l  3 -oxopropylphosphonate  (88) : A s o lu t io n  o f

62 .7  g (0 .376  m ole) o f  f r e s h  d i s t i l l e d  8-c h lo ro p ro p lo n a ld e h y d e  d ie th y l  

a c e ta l  w ith  54 .36  g (0 .327  m ole) o f  t r l e t h y l  p h o sp h ite  was h e a te d  a t  

185°-195° f o r  8 h r .  In  a  d i s t i l l a t i o n  a p p a ra tu s  p ro v id ed  w ith  a  

p ro g re s s iv e ly  warmed r e f lu x  co n d en ser. The v o l a t i l e  components w ere 

removed under reduced  p re s s u re  and th e  re s id u e  was vacuum d i s t i l l e d  

(95° -  100* /  0 .0 1  T o rr)  to  y ie ld  54 .4  g (62%) o f th e  co rresp o n d in g  

phosphonate  d ie th y l  a c e t a l  (8 9 ). S p e c tra l  a n a ly s i s :  nmr (CDCl^)
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1.336(12H , m ), 1 .6 3 -2 .3 3 6 (4H, m ), 3 .3 3 -3 .8 3 6 (AH, m) 3 .8 3 -4 .A6(AH, m ), 

4 .4 6 -4 .86(1H, t ) ;  i r  (betw een s a l t s ,  cm- 1 ) 2857-3086, 1481, 1445, 1392, 

1375, 1255, 1218, 1162, 1126, 1041, 961, 855, 786.

A s o lu t io n  o f  29 .2  g (0 .108  m ole) o f  phosphonate  d ie th y l  a c e ta l  (89)

In  142 mL o f  3% h y d ro c h lo r ic  a d d  In  th e  p re sen ce  o f  1 g o f  hydroqulnone 

was h e a te d  under n i t ro g e n  atom sphere a t  75°-80° f o r  5 h r .  The v o l a t i l e  

components w ere removed under reduced  p re s s u re  and th e  r e s id u e  was 

vacuum d i s t i l l e d  (74° -  76 °/ 0 .0 1  T o rr)  to  y ie ld  16 .5  g (78.7%) o f  

p u re  (88) .  S p e c tra l  a n a ly s i s :  nmr (CCl^) 0 .776(6H , t ) ,  1 .1 0 -1 .8 4 6

(2H, m), 3.516(4H , m), 9.126(1H , t ) ;  i r  (betw een s a l t ,  cm"1) 2816-3076,

2762 (-CH0), 1739 O C -0 ) , 1490, 1451, 1422, 1400, 1375, 1234, 1164,

1098, 1036, 966, 893, 826, 790.

P re p a ra t io n  o f  t r i l l t h l u m  3 -ca rb o x y -3 -h y d ro x y p ro p y l-l-p h o sp h o n ic  

a c id  (2 3 ).

Method A ( in  a c id ic  m ed ia ). A s o lu t io n  o f  2 .0  g (1 0 .3  m m ole) o f  d ie th y l  

3 -o x o p ro p y l-l-p h o sp h o n a te  ( 88) ,  4 mL o f d io x a n e , 7 mL o f w a te r ,  and 0 .3  mL 

o f c o n c e n tra te d  s u l f u r i c  a c id ,  coo led  to  0 ° , was added a  s o lu t io n  o f 1 .1 8  g 

(1 1 .4  m m ole) o f  sodium b i s u l f i t e  i n  1 mL o f w a te r  in  a  p e r io d  o f 15 

m inu tes a f t e r  w hich 1 .2  g (2 4 .4  m m ole) o f  sodium cyan ide  in  3 mL o f 

w a te r  was added over 20 m inu tes to  th e  su sp en sio n  w ith  th e  in t e r m i t t e n t  

c a r e f u l  a d d i t io n  o f  6 N s u l f u r i c  a c id  to  m a in ta in  pH a t  7 .5 . S t i r r i n g  

was co n tin u ed  a t  0 ° f o r  2 h r .  a f t e r  w hich th e  r e a c t io n  m ix tu re  was allow ed  

to  come to  room te m p era tu re  and th e  r e s u l t a n t  s o lu t io n  was e x t r a c te d  

c o n tin u o u s ly  by l i q u id - l i q u id  e x t r a c t io n  w ith  600 mL o f 5% m ethanol 

in  e th e r  f o r  3 d ays. The e th e r  la y e r  was s e p a ra te d  and ev ap o ra ted  under 

reduced  p re s s u re  to  y i e ld  1 .60  g (70%) o f  c rude  (87) w hich a f t e r  p assag e  

th ro u g h  150 g o f  s i l i c a  g e l  (40 -  140 mesh) w ith  5% m ethanol in  e th y l

-8 0 -



a c e ta t e  and e v a p o ra tio n  o f th e  s o lv e n t under reduced  p re s s u re  th e re  was

o b ta in e d  0 .95  g (41%) o f p u re  (8 7 ). The m a te r ia l  e x h ib ite d  a  s in g le  sp o t

o f R.£ ■ 0 .46  on th in  la y e r  chrom atography developed w ith  5% m ethano l in

e th y l  a c e ta te .  S p e c tra l  a n a ly s i s :  nmr (CCl^) 0 .776(6H , t ) ,  1 .0 3 -1 .8 6 6

(4H, m), 3 .2 0 -4 .0 8 6 (5H, m, -OH, -O C H ^, 5 .286(1H , d ,  J  -  6 Hz, -OCH);

i r  (CC1 , cm- 1 ) 3067-3846, 2793-3048, 2252 (-C IN ), 1633, 1597, 1445,
4

1392, 1369, 1226, 1164 (P -0 ) ,  1041, 966.

A s o lu t io n  o f 0 .7  g (31 .5  m m ole) o f  cyanohydrin  (87) in  10 mL o f 

c o n c e n tra te d  h y d ro c h lo r ic  a c id  was r e f lu x e d  a t  135° f o r  18 h r .  a f t e r  

w hich c h a rc o a l was added, th e  m ix tu re  b o i le d ,  and c h a rc o a l removed by 

f i l t r a t i o n  th rough  C e l i te  and th e  y e llo w  f i l t r a t e  was c o n c e n tra te d  to  a 

sm a ll volume under reduced  p re s s u re  and t r e a te d  w ith  s a tu r a te d  l i th iu m  

hydrox ide  s o lu t io n  (under to lu e n e )  under a n i t ro g e n  atom sphere to  

pH "  8 .5 .  A f te r  t h i s ,  ace to n e  was added and th e  r e s u l t a n t  p r e c i p i t a t e  

was f i l t e r e d  and d is s o lv e d  in  a minimum amount o f  w a te r ;  th e  s l i g h t l y  

cloudy s o lu t io n  was f i l t e r e d  and th e  f i l t r a t e  was d i lu te d  w ith  a b so lu te  

e th a n o l to  g iv e  a  g e la t in o u s  s o l id .  The s o l id  was removed and more e th a n o l 

was added to  f i l t r a t e  to  a f fo rd  th e  crude t r i l l t h i u m  s a l t .  The 

p r e c i p i t a t io n  p ro ced u re  was re p e a te d  tw ice  to  y ie ld  0 .5  g (78%) o f p u re  

(23) w hich e x h ib i te d  s p e c t r a l  chrom atograph ic  p r o p e r t ie s  i d e n t i c a l  to  

th o se  o f p re v io u s  p r e p a r a t io n s .^ *

Method B ( in  b a s ic  m ed ia ). A s o lu t io n  o f  142.5  mg (2 .908  m m ole) o f 

sodium cyan ide  and 116.4 mg(29.08 m m ole) o f  sodium hyd rox ide  in  5 mL o f 

w a te r  was f ro z e n  in  a  15 mL round bottom  f l a s k  and to  i t  was added 564.2  mg 

(2 .908  m m ole) o f  d ie th y l  3 -o x o p ro p y l-l-p h o sp h o n a te  (88) d is s o lv e d  in  

5 mL o f 0 .5  M aqueous sodium b ic a rb o n a te  s o lu t io n  and fro z e n . The f l a s k
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was lo o s e ly  s to p p e re d , th e  fro z e n  s o lu t io n  allow ed  to  m e lt ,  a f t e r  which

tim e th e  f l a s k  was s e a le d  and k ep t a t  room te m p era tu re  f o r  4 d ays.

A f te r  t h i s  tim e th e  r e a c t io n  m ix tu re  was h e a te d  a t  80° f o r  5 h r .  and

ev ap o ra ted  to  n e a r  d ry n ess  under reduced  p re s s u re .  To th e  r e s id u e  was

added 5 mL o f c o n c e n tra te d  h y d ro c h lo r ic  a d d  and th e  m ix tu re  h e a te d  a t

130° f o r  16 h r .  a f t e r  which I t  was ag a in  c o n c e n tra te d  to  n e a r  d ry n e ss .

To th e  r e s id u e  was added 10 mL o f a b s o lu te  e th a n o l,  th e  m ix tu re  f i l t e r e d ,

and s a tu r a te d  e th a n o l ic  l i th iu m  hyd rox ide  added u n t i l  p r e c i p i t a t i o n  was

com plete (pH ■ 8) .  The p r e c i p i t a t e  was f i l t e r e d ,  washed w ith  e th a n o l and

e th e r ,  and d r ie d  under vacuum to  y ie ld  405.0  mg (53.5%) o f  (23) w hich

e x h ib i te d  s p e c t r a l  and ch rom atograph ic  p r o p e r t i e s  I d e n t i c a l  to  th o s e

19 20as p re v io u s  p r e p a ra t io n s .  * This method has  proven  e n t i r e l y  s u i t a b le

fo r  th e  p re p a ra t io n  o f  3 - [^ C ]-c a rb o x y -3 -h y d ro x y p ro p y l- l-p h o sp h o n ic  a c id ;

th e  c o n d itio n s  p re c lu d e  th e  lo s s  o f  r a d io a c t iv e  cyan ide  in  th e  vap o r form

and a llo w  th e  u se  o f  v ery  sm a ll q u a n t i t i e s  n e c e ssa ry  f o r  p r e p a ra t io n s  o f

h ig h  s p e c i f i c  a c t i v i t y .  For i s o l a t i o n  o f  th e  la b e l le d  a c id ,  p ap e r

chrom atography (Whatman No. 1) and g ra d ie n t  column chrom atography w ith

79DEAE c e l lu lo s e  (DE-52, b ic a rb o n a te  form ) was u sed , th e  l a t t e r  was 

p r e f e r r e d  and th e  form er b e in g  e lu te d  c o n c u rre n tly  w ith  a  sam ple o f  

u n la b e lle d  m a te r ia l .  The p e r t i n e n t  e lu t io n  d a ta  i s  as  fo llo w s : System

No. 1; 2 -bu tano l:am m on ia :w ater 6 :3 :1 ,  * 0 .1 1 . System No. 2 ; 0 .1  N

h y d ro c h lo r ic  ac id :m e th a n o l 1 :1 0 , -  0 .7 8 . System No. 3 ; n -P ro p y l a lc o h o l:

am m onia:water 6 :8 :1 ,  R ■ 0 .5 0 .
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SUGGESTIONS FOR FUTURE RESEARCH

For more d e ta i l e d  s tu d y  o f  th e  mechanism o f a c t io n  o f  3 ,4 -  

d ih y d ro x y b u ty l- l-p h o sp h o n ic  a c id  (21) , th e  i s o s t e r i c  analogue o f  

s n -g ly c e ra l-3 -p h o s p h a te . and 4-o x o -3-h y d ro x y b u ty l- l-p h o sp h o n ic  a c id  

(2 6 ) , th e  i s o s t e r i c  analogue o f  g ly c e ra ld e h y d e -3 -p h o sp h a te , th e se  

m a te r ia ls  sh o u ld  be sy n th e s iz e d  b e a r in g  a  carbon-14  l a b e l .  A lso , 

new fu n c t io n a l  group m o d if ic a tio n s  o f  3 ,4-d ih y d ro x y b u ty l- l-p h o sp h o n a te  

(2 1 ) , such  as  th e  3-am ino and 4-amlno compounds have p o te n t i a l  as 

m e ta b o lic  r e g u la to r s  and ch em o th erap eu tic  a g e n ts .

D -G lycera ld eh y d e-3 -p h o sp h a te  (5) has  n o t been s y n th e s iz e d  by 

chem ica l m ethods, b u t o n ly  by b io c h em ic a l means. An approach  to  i t  

i s  p re s e n te d .

This i s  p re s e n te d  as  a  su g g e s tio n  fo r  f u tu r e  s y n th e t ic  r e s e a r c h ,

in c lu d in g  th e  r e s o lu t io n  (IRS, 3S)- 1 , 3 , 4 - t r ih y d ro x y b u ty l- l-p h o s p h o n a te ,

(IRS, 3S)- ( 7 4 ) ;  th e  l a t t e r  i s  o f  i n t e r e s t  due to  th e  b io lo g ic a l

a c t i v i t y  tow ard s e v e r a l  b a c t e r i a .  F u r th e r  u n d e rs ta n d in g  o f  th e

s te re o c h e m ic a l re q u ire m en t a t  C - l  would be  p ro v id ed  by th e  in d iv id u a l

compounds th u s  I s o la te d .

A. P re p a ra t io n  o f  4 -am ln o -3 -h y d ro x y b u ty l-l-p h o sp h o n a te  (9 0 ) :

E a r l i e r  a tte m p ts  f o r  d i r e c t  r e d u c t io n  o f  (87) w ith  l i th iu m  aluminum 

80h y d rid e  to  y ie ld  (90) found th a t  th e  re a g e n t can a ls o  reduce  th e

phosphonate  fu n c tio n  to  th e  p h o s p h i n e . T h e  a l t e r n a t e  ro u te s  p roposing

to  p re p a re  (90) s t a r t  w ith  th e  r e a d i ly  a v a i la b le  in te rm e d ia te s ,  e i t h e r

(2 5 ) , w hich can y ie ld  th e  co rre sp o n d in g  oxime fo llow ed  by c a t a l y t i c

82 83h y d ro g en a tio n  to  g iv e  th e  amine (9 0 ) , * o r  (5 9 ) , w hich can y ie ld

th e  co rre sp o n d in g  4 -a z id o -3 -h y d ro x y b u ty l- l-p h o sp h o n a te  (92) w hich th e n  can be
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co n v e rted  to  (90) by e i t h e r  h y d ro g en a tio n ®*8 o r  a llow ed  to  r e a c t  w ith  

tr ip h e n y lp h o sp h ln e  in  p y r id in e .®**1 The ro u te  s t a r t i n g  w ith  (59) w i l l  

a llo w  one to  p re p a re  th e  e n an tio m e ric  form s o f (90) s t a r t i n g  w ith  

o p t i c a l l y  a c t iv e  (5 9 ).

o

(Et0)2P-

OAc

CHfOEt^
H

Oowex 50 (E tO )

O QA<

w s
Ac 

CHO

OAc

V J NH2

h 5

NH,OH

OAc

P d /C  
or Raney Ni

(Et0)2P
N -O H

l)T M S -B r 

2}THF-H20

(h o I p

(90)

OH

NH,
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o

(BuO)2P

OH UN,

( a )
OTs

O OH

-► fBuO)2Px ^ ' si
N,

H2

or 0 t p / ^

O

(H O ^P

OH

NH.

1)TM S-Br
2)TH F-H 20

O

(BuO)2P

OH

NH.

B. P re p a ra t io n  o f  4 -h y d ro x y -3 -am ln o b u ty l-l-p h o 8 p h o n a te  (9 3 ) . The 

s y n th e s is  o f  t h i s  system  cou ld  be perform ed by a p a r a l l e l  method to  th e  

one m entioned  p re v io u s ly :

( E t o ) 2p - ^ N / \  

(57)

n h ,o h N -O H

OAc
* (Eto)2P^VA^

OAc

H, Pd/c

O

(h o ) 2p

NH. l) T M S -B r

OH

O

^2) T H F-H tO (EtO)2P

NH.

H

“85-



14
C. P re p a ra t io n  o f  4 - [ C ]-3, 4 -d lh y d ro :cy b u ty l- l-p h o sp h o n a te (2 1 l )

84The s y n th e s is  o f  t h i s  system  cou ld  be  ach iev ed  by g e n e ra tin g  th e

14o rg a n o llth lu m  re a g e n t (94) w hich th e n  may r e a c t  w ith  [ C ]-fo rm aldehyde.

m | ' “ ’ w c h °  i t * .  .  (B0)J

(is)
n-B uLi

w
H ,0+

OH

(Eto)/^A&pH (hoI — A v H

(233

An a l t e r n a t e  ro u te  f o r  th e  p re p a ra t io n  o f  (21 • )In v o lv e s  g e n e ra tio n s  

86o f  th e  mixed c a rb o n a te  to  f a c i l i t a t e t h e  r e d u c t io n  o f  th e  ca rb o x y l group
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by sodium boron  h y d rid e  o r  h y d ro g en a tio n  as fo llo w s :

o

O ? H 9  o  ? COE*

(h4 > ^ » ^ h V o o h
K3IM Jl̂  II

(22:) o  o

o  0 H

(HC^P/C H 2NCH2/C H ^CH!OH

6 0

D. P re p a ra t io n  o f  4 -r^ ^ C l-o x o -3 -h y d ro x y b u ty l- l-p h o sp h o n a te  (26 ' )

The s y n th e s is  o f t h i s  system  cou ld  be accom plished  by n u c le o p h i l ic  a t ta c k  

o f  th e  an io n  o f  [^ C ]-n i tro m e th a n e  on th e  aldehyde (88) .  The p ro d u c t 

(95) th u s  formed can be co n v erted  to  th e  aldehyde by a  Nef r e a c t io n  as 

below .

The h y d ro g en a tio n  o f  (95) w i l l  a l s o  a llo w  one to  o b ta in  (90*) 

c o n ta in in g  a  carbon-14  la b e l .
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o
II

(Et0)t i i ^ CH0

(«»)

Base

1 TM S-B r

2.T H F-H 2O

14CH3NO]

o\

o

(Li 0 ) 2  P

CHO

1.CH(OE*)3/BF3 Et20
2.TM S-B r
3. LiOH-EtOH
t

OH 

14CH(OEt)2

E. P re p a ra t io n  o f  3 -am ln o -2 -h y d ro x y p ro p y l-l-p h o sp h a te  (9 6 ). This 

m a te r ia l  can be formed from g ly c e ro l  th rough  s ta n d a rd  a c e to n ld e  fo rm a tio n , 

p h o sp h o ry la tio n  w ith  d ip h e n y l p h o sp h o ro c h lo r id a te , d e p ro te c t io n ,  s e le c t iv e  

m o n o to sy la tio n , a z id o -fo rm a tio n , and h y d r oge na t i on^ * as  below . This 

method sh o u ld  be s u i t a b le  f o r  th e  p re p a ra t io n  o f  i t s  en an tiom ers from  th e  

co rresp o n d in g  o p t i c a l l y  a c t iv e  (9 7 ); th e  l a t t e r  can be p re p a re d  by r e ­

d u c tio n  o f  (R )-(1 7 ) to  (d ) - (+ ) -a c e to n e  g ly c e ro l  (97) w hich can a l s o  be 

co n v erted  to  i t s  enan tiom er by th e  method re p o r te d  by Baer e t  a l .
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o  o
X

o

'O -p (O 0 )

OH o

O -P (O 0 )a

N,

(96)
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F. P re p a ra t io n  o f  D -g ly cera ld eh y d e-3 -p h o sp h a te  ( 5 ) . The d io l  

d ie th y l  a c e ta l  (98) cou ld  be o b ta in e d  by th e  r e a c t io n  o f  (R ) - (17) w ith  

t r l e t h y l  o rth o fo rm a te  In  th e  p re sen ce  o f  a  c a t a l y t i c  amount o f  Lewis a c id . 

The d lo l  (98) th u s  formed could  be s e le c t iv e ly  mo no t osy l a t e d , * ®® 

epoxidized,® ®  and phosphorylated®®  to  y ie ld  (5 ) .

oH T ^ H O  l« 5 * A j£ l |-O H
x  ck« ‘)3 r  ^

c h To e O ;

O M H )  M

TsCI r-OTs
■> k o H

CH(OEt)2

k o h / h 2o

H+ i)  K2HPO4

CH(OEtJ2 Dowex50 2) Ba^OAcjj >
c h (o c 2h 5),

(5)

G. R e so lu tio n  o f  (IRS, 3 S ) -1 .3 .4 - tr ih y d ro x y b u ty l- l-p h o s p h o n a te  

(IRS, 3S) - ( 7 1 ) .  This shou ld  be p o s s ib le  e i t h e r  by th e  u se  o f  HPLC (h igh  

p re s s u re  l iq u id ,  chrom atography) on (71) d i r e c t l y  o r  by co n v e rs io n  to  a  s o l id  

e s t e r  d e r iv a t iv e  w hich i s  th e n  s e p a ra te d  by f r a c t i o n a l  c r y s t a l l i z a t i o n .
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