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REACTIVITY AND SYNTHETIC UTILITY OF 1 ,3,2A5-DIOXAPHOSPHOLANES 

WILLIAM T. MURRAY, ANNE PAUTARD-COOPER, N I T A  A. ESKEW, and SLAYTON 
A. EVANS, JR. 
The W i l l i a m  Rand Kenan, Jr., Labora to r ies  o f  Chemistry, CB# 3290, 
U n i v e r s i t y  o f  Nor th  Caro l ina,  Chapel H i l l  , NC 27599-3290. U.S.A. 

Abs t rac t  
a e f o n s  o f  t h e  s y n t h e t i c  a p p l i c a b i l i t y  o f  1,3,2x5- 
dioxaphospholanes f o r  ( i  t h e  syntheses o f  h i g h l y - h i  ndered 
epoxides, and ( i i  
s tereocenters  i n  1,2-diol  a r rays  a re  descr ibed. 

The k i n e t i c s  o f  Lewis acid-mediated decomposition and 

the  s t e r e o s p e c i f i c  f u n c t i o n a l i z a t i  ons o f  

I. 

Transoxaphosphoranylation o f  mono- and d i  - s u b s t i t u t e d  1,2-diol  s w i t h  
Ph3P(OEtI2 a f f o r d  1,3,2A -dioxaphospholane in te rmed ia tes  which 
decompose t o  ox i ranes i n  h i g h  y i e l d s .  

5 tri- and t e t r a - s u b s t i t u t e d  1,3,2X -dioxaphospholanes r e q u i r e  f a i r l y  
strenuous cond i t i ons  (80-1OO0C, 48 h) r e s u l t i n g  i n  a d i m i n u t i o n  i n  t h e  

o v e r a l l  s e l e c t i v i t y  f o r  epoxides and an increase i n  unwanted 
s i  de-produc t s  . 
We speculated t h a t  t he  a c t i o n  o f  L i B r ,  presumably through c a t i o n i c  L i +  
coo rd ina t i on  t o  t h e  ap ica l  oxygen , would weaken t h e  phosphorus-oxygen 
(P-0) bond and f a c i l i t a t e  r a p i d  fo rma t ion  o f  t h e  r e q u i s i t e  beta ines 

from 1,3,2A -dioxaphospholanes and ensure a smooth convers ion t o  t h e  
epoxides. 
I n  t h i s  l i g h t ,  we have s t u d i e d l S 2  t h e  k i n e t i c s  a t t e n d i n g  t h e  
decomposition o f  4-methyl -2,2,2-triphenyl-lY3,2X -dioxaphospholane (1) 
i n  tetrahydrofuran(THF)/benzene-a6 s o l u t i o n  w i t h  several  " c a t i o n f c "  
species. 
f as te r  than v i a  s imple thermolys is .  
presence o f  11- Bu N'Br- shows t h a t  t h e  c a t a l y t i c  behavior  o f  L i B r  i s  
associated w i t h  L i  I s  a b i l i t y  t o  enhance r u p t u r e  o f  t h e  P-0 bond by 
c a t i o n i c  coord inat ion.  S i m i l a r l y ,  ZnC12, a s t ronger  Lewis a c i d  than 
Li', i s  expected t o  promote a more dominant r a t e  enhancement. 

LEWIS A C I D  PROMOTED DECOMPOSITION OF 1 ,3,2A5-DIOXAPHOSPHOLANES 

5 

The s t e r i c a l l y  more congested, 
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5 
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Here, LiBr-promoted decomposition o f  - 1 i s  s i g n i f i c a n t l y  
Minimal decomposi t ion o f  1 i n  t h e  

4, 
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f a c t ,  a d d i t i o n  o f  ZnC12 t o  dioxaphospholane 1 a t  -78OC r a p i d l y  and 

q u a n t i t a t i v e l y  conver ts  1 t o  t h e  Zn2+-coordi nated b e t a i  ne 

X' 

M = Li, ZnC12 
X = CI, I ,  Br, CIO, 

in termediates,  - 2a and - 2b, whose i d e n t i t i e s  were conf i rmed by 31P NMR 

spectroscopy ( 6 63.1 and 61.2 ppm) . 
constant  f o r  r i n g  opening o f  1,3,2x -dioxaphospholane 1 t o  - 2a,b w i t h  
ZnC12 i s  kl = 3.1 x lo-' M - l  sec-' . Decomposition o f  

g ives k 2  = 1.2 x 
"3-exo-tet"  displacement o f  TPPO. 
- 1 d i r e c t l y  t o  epoxide i n  t h e  presence o f  L i B r  a t  305 K i s  k = 2.0 x 
l om4 M - l  sec". 
s l i g h t l y  t o  k = 2.7 x 
causes a f u r t h e r  r a t e  enhancement: k = 4.3 x 
E f f e c t i v e  c a t a l y s i s  i s  a f u n c t i o n  o f  L i X  aggregat ion as w e l l  as t h e  
a v a i l a b i l i t y  o f  " e f f e c t i v e  c a t i o n i c  charge" on "Li'll i n  t h e  L iX  s a l t s .  
Formation o f  L i B r  dimers i n  THF so lven t  reduces t h e  " r e l a t i v e  

concentrat ion"  o f  f r e e  L i '  ca t i ons  a v a i l a b l e  f o r  c a t a l y s i s  as compared 
t o  monomeric L i I  o r  LiC104. 

The p s e u d o - f i r s t  order  r a t e  
5 

by warming 

sec" a t  273 K (AG* = 20.8 kcal /mol )  f o r  t h e  

The r a t e  cons tan t  f o r  conversion o f  

With L i I  as t h e  c a t a l y s t ,  t h e  r a t e  cons tan t  increases 
M - l  sec" a t  305 K and f i n a l l y ,  LiC104 

M - l  sec". 

11. STEREOSELECTIVE FUNCTIONALIZATION OF DIOXAPHOSPHOLANES 

Ph3P-benzoyl perox ide (TPP-BPO) reagent  i n i  t a t e s  s te reospec i f i c  
benzoylat ion o f  secondary c a r b i n o l  s tereocenters  o f  1,2-diol  s with 
e s s e n t i a l l y  complete i n v e r s i o n  o f  s t e r e ~ c h e m i s t r y . ~  Formation o f  a 
qu in tessen t ia l  1 , 3 , 2 ~  -dioxaphospholane in termediate,  fo l lowed by 

a c t i v a t i o n  o f  t he  dioxaphophol ane r i n g  through e i t h e r  compl exa t i on  
w i t h  benzoic a c i d  o r  r i n g  opening t o  t h e  reg io i somer i c  oxaphosphonium 
ions, f o l l  owed by h i  ghly s tereosel  e c t i  ve Arbusov displacement of 

4 t r i p h e n y l  phosphine ox ide by benzoate anion a f f o r d s  t h e  C-2 benzoate. 
Extension o f  t h i s  novel concept a l l ows  f o r  i n s e r t i o n  o f  d i f f e r e n t  
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nuc leophi les a t  t h e  secondary s tereocenter  w i t h o u t  p r i o r  p r o t e c t i o n  o f  
t he  pr imary cen te r .  
p-TsOH/NaN3 t o  a f f o r d  two oxaphosphonium i o n s  i n  a 1:l r a t i o .  

so l ven t ,  these i o n s  co l l apse  t o  a s i n g l e  t o s y l a t e  diastereomer w i t h  
accompanyi ng i n v e r s i o n  o f  stereochemi s t r y .  
r e a c t i o n  m i x t u r e  c o n t a i n i n g  the  t o s y l a t e  and NaN3 g i ves  t h e  
corresponding az ide w i t h  t h e  a n t i c i p a t e d  i n v e r s i o n  o f  

s tereochemist ry .  
oxaphosphonium i o n s  a re  captured by t h e  more s o l u b l e  N3- w i t h  
i n v e r s i o n  o f  stereochemistry.  

For example, oxaphospholane - 1 r e a c t s  w i t h  
I n  THF 

Subsequent hea t ing  o f  t h e  

A1 t e r n a t i v e l y ,  i n  MeCN solvent ,  t he  reg io i somer i c  

It i s  apparent t h a t  h i g h l y  

P-TsOH 
c 

NaN3 
MeCN 

N3 
"OH - - 

THF 
1 

5 s t e r e o s e l e c t i v e  approaches t o  bo th  enantiomers i s  now a v a i l a b l e .  
The s y n t h e t i c  u t i l i t y  o f  var ious epoxides hav ing carbohydrate l i neage  
i s  w e l l  estab l ished;  consequently, we have explored t h e  
oxaphosphoranylation o f  methyl -a-D-glucopyranosi de w i t h  Ph3P(OEtI2. 6 

Two 1,3,2X -dioxaphospholanes ( R  = H I ,  3a ( 

(6 -37.7 ppm) a re  formed i n  a k i n e t i c  r a t i o  o f  5 : l .  Thermal 
e q u i l i b r a t i o n  (25°C) i n  DMF so lven t  g i ves  K = 3.1 and A G O  = -0.66 
kcal /mol .  
a re  b i  soxaphosphoranyl a ted  w i t h  DTPP I two 1,3,2h -dioxaphosphol anes 
f o r  each C-6 s u b s t i t u t e d  d e r i v a t i v e  [ i . e . ,  31P NMR - 3b: 6 -36.5; - 4b: 
6 -38.2; - 3c: 6 -35.9; - 4c: 6 -37.8 ppm, r e s p e c t i v e l y ]  a re  formed. A t  

e q u i l i b r i u m  (25"C), 3 predominates over 4 f o r  R = -CPh [K = 1.5; 
A G O  = -0.24 k c a l / m o l l  and f o r  R = -SiPh2 Bu [ K  = 2.0; A G O  = -0.41 
k c a l / m o l l  p a r a l l e l i n g  the  diastereomer d i s t r i b u t i o n  f o r  R = H. The 
l a r g e r  A G O  f o r  - -  3b t o  4b r e l a t i v e  t o  - 3c t o  - 4c probably  r e f l e c t s  t h e  
increased s t e r i c  demands o f  t h e  l a r g e r  -SiPh2 Bu group over t h e  -CPh3. 

Two epoxides, methyl -2,3-anhydroa-D-allopyranoside ( 5 )  - and 
methyl-3,4-anhydro-~-D-galactopyranoside ( 6 )  - , are  formed i n  a 1:l 
r a t 4  o , r e s p e c t i v e l y  1 n DMF o r  to1 uene sol vent  by thermal decomposition 
of 1,3,2X -dioxaphospholanes - 3a and - 4a. 

5 31 P NMR 6 -36.1) and 4a 

eq t When C-6 CH20R d e r i v a t i v e s  [i .e. , R =-SiPh2 Bu and -CPh3] 
5 

f 3 eq - 
eq 

t 
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3a R=H 4aW 5 6 
3b R= -SiPhp'Bu 4b R=-SiPhp'& 
3C R=-CPh3 4C R=-CPh3 
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