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NUCLEOSIDES & NUCLEOTIDES, 2 ( 1 ) ,  91-98 (1983) 

SYNTHESIS OF SOME NUCLEOSIDE CYCLIC ETHYLENE PHOSPHOTHIONATES 

S. Parekh, A. Pa te l ,  C.J. McNeal and J. Nagyvary* 

Department o f  B iochemis t ry  & B iophys i cs  
Texas A&M U n i v e r s i t y  

Co l lege S t a t i o n ,  Texas 77843 

Abs t rac t .  Th i s  
5 ' - c h l o r o - 3 ' - ( 2 - t h i o -  
t r i a c e t y l - 5 '  - (  2 - t h i o -  
c y t o s i n e  and N4-acety 
a rab inosy l cy tos ine .  

communication descr ibes  t h e  syn thes i s  o f  5'-deoxy- 
.1,3,2-dioxaphosphorinanyl ) thymid ine ,  N4,2' ,3'- 
1,3,2-dioxaphosphorinanyl)-l- 
8 1 - 5 ' - ( 2 - t h i o - l  ,3,2-dioxaphosp 

Recent e f f o r t s  t o  o b t a i n  s u i t a b l e  t r a n s p o r t  o r  depot fornis o f  
b i o l o g i c a l l y  a c t i v e  n u c l e o t i d e s  have p o i n t e d  t o  t h e  use fu lness  o f  t h e  

c y c l i c  phospho t r i es te r  group. A number o f  phospho t r i es te rs  o f  c y c l i c  

AMP, i.e. a 6-inember c y c l i c  phosphate, were syn thes ized l ,2  and found t o  

be r a t h e r  s tab le .  The phosphodiester,  c y c l i c  AMP, c o u l d  be re leased by 

n u c l e o p h i l i c  a t t a c k s  on t h e  e x o c y c l i c  carbon which may cause 

undes i rab le  a l k y l a t i o n  reac t i ons .  We have now cont inued t h i s  approach 

w i t h  t h e  syn thes i s  o f  o t h e r  nuc leos ide  phospho t r i es te rs  which a re  l e s s  

s t a b l e  and a r e  hydro lysed v i t  P-0 c leavage. 

c y c l i c  e thy lene  phospho t r i es te rs  and t h e  inechanism o f  t h e i r  h y d r o l y s i s  

i s  w e l l  known3. 

ever  been descr ibed a l though t h e  2 '  : 3 ' -5 '  phospho t r i es te rs  o f  RNA4 were 

b e l i e v e d  t o  e x i s t  i n  anhydrous so lvents .  We sought t o  s t a b i l i z e  t h e  

c y c l i c  e thy lene  phosphate nioiety aga ins t  h y d r o l y s i s  i n  t h e  fo rm o f  a 

phosphothionate. T h i s  cominunication descr ibes  t h e  syn thes i s  o f  
5'-deoxy-5'-chloro-3'-(2-thio-1,3,2-dioxaphosphorinanyl) thyrnidine (?), 
N4 ,2' ,3' - t r i  a c e t y l - 5 '  (2-thio-l,3,2-dioxaphosphori nanyl  )-1- 

The g rea t  l a b i l i t y  o f  

No 5-member r i n g  phosphate e s t e r  o f  nuc leos ides  has 
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92 PAR.EKH ET AL. 

p-D-arab inosy lcy tos ine  (5) and N4-acetyl-5'-(2-thio-1,3,2-dioxaphos- 
phor inany l  )-1-P-D-arabi nosy1 c y t o s i n e  ( 7 ) .  

enough t o  be observed i n  aqueous so lvents .  

The r e a c t i o n  o f  5 ' -deoxy-5'-chlorothymidine w i t h  2-chloro-1,3,2- 

These t r i e s t e r s  were s t a b l e  

dioxaphospholane (L, scheme 1) i n  dioxarie a t  O°C a f f o r d e d  a n e u t r a l  

compound which c o u l d  be observed on TLC i n  a p r o t i c  so lvents .  At tempts 

t o  i s o l a t e  t h i s  i n te rmed ia te  ( 2 )  i n  pure  form have f a i l e d .  

d i a t e  2 reac ted  w i t h  s u l f u r  t o  y i e l d  t h e  des i red  produc t  ,3 i n  30% 

y i e l d .  Compound 2 appeared n e u t r a l  on e l e c t r o p h o r e s i s ,  gave e x c e l l e n t  

PMR and MS data  and elemental  ana lys is .  

Once t h e  s y n t h e t i c  u t i l i t y  o f  t h e  proposed r o u t e  was delnoristrdted 

s a t i s f a c t o r i l y ,  i t  was dppl i e d  t o  1-$-D-arabinosy lcytos ine (a raCy t ) .  

React ion o f  unpro tec ted  araCyt w i t h  1 under s i m i l a r  c o n d i t i o n s  gave 

severa l  products,  presumably due t o  t h e  nonse lec t i ve  r e a c t i o n  o f  1 w i t h  

no t  on l y  t h e  d e s i r e d  S'nydroxy group b u t  a l s o  w i t h  t h e  4-amino and 2 '  

and 3' hydroxy groups. I n  o rde r  t o  remove t h i s  problem, t h e  4-amino 

and 2 '  and 3 '  hydroxy groups were b locked by a c e t y l  groups i n  severa l  

s teps  accord ing  t o  t h e  method o f  Wechter5. The r e a c t i o n  o f  N4,2',3'- 

t r i a c e t y l - a r a C y t  (4, scheme 2 )  w i t h  1 i n  a fash ion  s i m i l a r  t o  t h e  one 

descr ibed above once again gave a phosph i te  i n t e r m e d i a t e  which was 

Interme- ., 

- 

1 2 3 

Scheme 1 

5 -  4 

Scheme 2 
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NUCLEOSIDE CYCLIC ETHYLENE PHOSPHOTHIONATES 93 

reac ted  -- i n  s i t u  w i t h  s u l f u r  arid y i e l d e d  t h e  d e s i r e d  compound 5 i n  3016 

y i e l d .  

PMR and MS data as w e l l  as elemental  ana lys i s .  As a n t i c i p a t e d ,  a 

s e l e c t i v e  removal o f  t h e  a c e t y l  groups was no t  poss ib le .  

Compound ,5 was n e u t r a l  on e l e c t r o p h o r e s i s  and gave t h e  expected 

Because o f  t h e  y r e a t e r  i n t e r e s t  i n  t h e  unpro tec ted  nuc leos ide  

phospho t r i es te r ,  a t tempts  were undertaken t o  achieve s p e c i f i c  5 '  

phosphory la t i on  o f  unpro tec ted  araCyt u s i n g  t h e  l e s s  r e a c t i v e  and 

s t e r i c a l l y  somewhat h indered reagent ,  2- th io-2-chloro-1,3,2- 

dioxaphospholane ( 6 ) .  
conta ined an a l t e r e d  chromophore (UV max 262 nm) i n d i c a t i v e  o f  

anhydro-araCyt format ion.  To our knowledge, t h i s  r e a c t i v i t y  o f  araCyt 

has no t  been observed be fore .  Apparent ly ,  t h e  most n u c l e o p h i l i c  c e n t e r  

of araCyt i s  t h e  C-2 carbony l  group, and t h e  phosphory la t i on  o f  C=O may 

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

r a p i d  when t h e  C4-NH2 group was p r o t e c t e d  by t h e  e lec t ron -dona t ing  N,N- 
dimethylamino methylene group. Th is  f i n d i n g  l e d  t o  t h e  conc lus ion  t h a t  

t h e  amino group must be p r o t e c t e d  by an e l e c t r o n  a t t r a c t i n g  group. 

React ion o f  N4-acetyl-araCyt and 6 (scheme 3 )  i n  d r y  p y r i d i n e  and 

t r i e t h y l a m i n e  a t  4" f o l l o w e d  by a r a p i d  s i l i c a  gel  chromatography w i t h  

20% MeOH i n  CHC13 gave t h e  d e s i r e d  c y c l i c  t r i e s t e r  2 i n  about 30% y i e l d  

and 90% p u r i t y .  F u r t h e r  p u r i f i c a t i o n  was achieved by p r e p a r a t i v e  TLC 

a t  4°C u s i n g  20% MeOH i n  CHC13. A minor  p roduc t  (3-5%), p o s s i b l y  t h e  

3 ' - i somer  ,8, had c l o s e  values i n  severa l  s o l v e n t  systems and c o u l d  no t  

be separated completely.  Compound 7 was n e u t r a l  on e lec t rophores i s .  

Upon s tand ing  i n  0.05 M b ica rbona te  b u f f e r  (pH 7.5), i t  hydro l yzed  

ma in l y  t o  a phosphodiester bu t  s i g n i f i c a n t  amount o f  a new Compound, 

which was a l s o  a phospho t r i es te r ,  was a l s o  observed. T h i s  compound 

cou ld  have been a 2 ' : 5 '  o r  3 ' : 5 ' - c y c l i c  p h o s p h o t r i e s t e r  formed by 

t r a n s e s t e r i  f i c a t i o n .  

Unexpectedly, t h e  major  p roduc t  o f  t h i s  r e a c t i o n  

R ing  c l o s u r e  was even more 

O(  0, "-A c -a  r a C 
+ b?> lye; 

6 7 a 

Scheme 3 
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94 PAREKH ET AL. 

T r i e s t e r  ,7 was cha rac te r i zed  by i t s  mass spectrum and NMK spec t ro -  

scopy. 

p roduc t  s t r u c t u r e .  3 lP  NMR showed t h e  expected s p l i t t i n g  p a t t e r n  f o r  

7: a sep te t  due t o  t h e  s i x  equ iva len t  p ro tons  l i n k e d  by t h r e e  CH2-0-P 
b r idges  centered near -53.5 ppin w i t h  c o u p l i n g  cons tan t  11.0 Hz. 

a l s o  i n d i c a t e d  t h e  presence o f  two o t h e r  t r i e s t e r s  i n  l e s s  t h a n  5% o f  

t h e  t o t a l  sample. 

KOH, 0.05 M NaHC03, pH 7.2 and i n  0.05 M Tris-HC1, pH 7.05. 

and 5 had a h d l f - l i f e  o f  about 5 inin i n  0.1 N KOH, ,7 was almost 

comple te ly  hydro lyzed i n  l e s s  than 5 min. I n  b i ca rbona te  and Tris-HC1 

b u f f e r s ,  3 and 5 had a h a l f - l i f e  o f  about 1 hr.  

c o u l d  no t  be determined a c c u r a t e l y  because o f  t h e  contaminat ing  t r a n s -  

e s t e r i f i c a t i o n  produc t ;  i t  i s  between 1 and 2 h r .  The new t r i e s t e r  i s  

more s t a b l e  ( t 1 / 2  ca 20 h r ) .  The r e l a t i v e l y  smal l  amount o f  nucleo- 

s i d e  observed a f t e r  severa l  days p o i n t s  t o  a predominant r i n g  opening 

i n  t h e  h y d r o l y s i s  o f  3, 5, and 8. 

possess s u f f i c i e n t  s t a b i l i t y  t o  be s u i t a b l e  t r a n s p o r t  forms o f  some 

n u c l e o t i d e  analogs. However, t h e i r  use fu lness  may be l i m i t e d  by 

undes i rab le  t r a n s e s t e r i f i c a t i o n  r e a c t i o n s  i n  t h e  case o f  araCyt. 

The PMR data Here i n  e x c e l l e n t  agreement w i t h  t h e  proposed 

It 

The r a t e s  o f  h y d r o l y s i s  o f  2, 2, and ,7 were determined i n  0.1 N 

While 3 

The h a l f - l i f e  o f  ,7 - 

-.... .., 
These r e s u l t s  show t h a t  c y c l i c  t r i e s t e r s  o f  phosphothionate may 

EXPERIMENTAL 

M a t e r i a l s  and Methods. 1- f -2-arabinosy lcytos ine was a g i f t  f r om 

Dr .  M.V.Nadkarni, The Na t iona l  Cancer I n s t i t u t e .  5'-Deoxy-5'- 

ch lo ro thymid ine  was from a stock l e f t  over  from an e a r l i e r  work6. 

A n a l y t i c a l  grade so l ven ts  were d r i e d  over  mo lecu la r  s ieve  t ype  4A. 

Eastman Chroinagram sheets were used f o r  t h i  n - l a y e r  chromatography on 

s i l i c a  gel i n  t h e  so l ven t  m ix tu res  of CHC1-j-methanol ( 3 : l  and 4 : l )  and 

l -butanol-H20 (8.5:1.5). 

Savant f l a t - p l a t e  apparatus i n  0.05 t r ie thy lammonlum b icarbonate ,  pl4 

7.5. NMR spec t ra  were recorded on a Var ian  FT-80 spectrometer i n  

acetone-dg and methanol-dq w i t h  TMS as ex te rna l  standard. Mass spec t ra  

were ob ta ined on a 252Cf plasma desorp t i on  mass spectrometer7 or on a 

CEC 20-110 ins t rument  a t  70 eV. Elemental analyses were c a r r i e d  ou t  by 

G a l b r a i t h  Labora tor ies ,  Inc .  

Paper e l e c t r o p h o r e s i s  was performed i n  a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



NUCLEOSIDE CYCLIC ETHYLENE PHOSPHOTHIONATES 95 

5'-Deoxy-5'-chloro-3'-(2-thio-1,3,2-dioxaphosphorinanyl) t hymid ine  (2): 
To a s o l u t i o n  o f  5 ' -deoxy-5 ' -ch lorothymid ine6 (300 mg, 1.15 mmol) 

i n  100 mL o f  dioxane and 1.6 mL o f  p y r i d i n e  was added 2-chloro-1,3,2- 

dioxaphospholane8 (1, 0.3 mL, 2.4 mmol) a t  0". 

t r iethylammonium b icarbonate ,  pH 7.2 (200 mL) was added and t h e  

phosph i te  e s t e r  2 was e x t r a c t e d  w i t h  t o l u e n e  ( 3  x 25 mL). The o rgan ic  

phase was d r i e d  over MgS04 and t r e a t e d  w i t h  s u l f u r  (100 mg) o v e r n i g h t  

a t  room temperature.  A f t e r  f i l t r a t i o n  arid concen t ra t i on ,  t h e  s o l u t i o n  

was a p p l i e d  t o  a s i l i c a  gel column (35 x 2 cm) and t h e  produc t  was 

e l u t e d  with a m i x t u r e  o f  e t h y l a c e t a t e - d i e t h y l e t h e r ,  1:l. The main 

f r a c t i o n  ( f r o m  60 t o  160 mL) was concent ra ted  t o  10 mL and c r y s t a l i s e d  

by t h e  a d d i t i o n  o f  e the r .  Y i e l d  358 mg (0.41 mrnol, 35%), mp 144-145" 

(decomp). 7.53 (d ,  1, CgH), 6.31 (t, 1, C l 'H ) ,  
4.62 (d, 2, C3'H, Cq'H), 4.50 (m, Z-CHz), 3.92 (d,  2, Cg'H), 2.57 (m, 

2, C2'H) 1.82 (d,  3, CHj).Anal c a l c d  C12H16ClN206PS: C 37.65, H 4.21, 

N 7.32, P 8.90; found C 37.68, H 4.29, N 7.28, P 8.12. 252Cf plasma 

desorp t i on  mass spectroscopy o f  u n d e r i v a t i s e d  compound: 

(MC137-H)-, 381.2 (MC135-H)-, 357.1 (H03PSRC137)-, 355.2 (H03PSRC135)- 3 

139 0 (C2H403PS) -. 

A f t e r  15 inin, 0.05 M 

- 

'H-NMR i n  acetone-dg: 

383.2 

N4, 2 '  , 3 ' - T r i a c e t y l - 5 '  - (2- th io- l ,3,2-dioxaphosphor inanyl)  araCyt ( 5 )  : 

Th is  compound was prepared i n  a fash ion  s i m i l a r  t o  t h a t  desc r ibed  

f o r  t h e  syn thes i s  of 3 u s i n g  359 mg o f  4 (0.97 mmol), 1.8 mL d r y  

p y r i d i n e  and 0.95 mL of 1 i n  100 mL d ry  dioxane, f o l l o w e d  by s u l f u r  

t rea tment  o f  t h e  i n te rmed ia te  and chromatography. Y i e l d  150 mg, (0.30 

mmol, 30%). 

6.30. Found: C 41.52, H 4.56, N 8.40, P 6.37. 

8.15 (d, 1, CgH, 55-6 ~ H z ) ,  7.35 (d, 1, CgH), 6.30 ( d ,  1, C I ' H ,  

J1 ' -2 '4HZ),  5.45 ( t ,  1, C3'H),5.18 ( t ,  1, C2'H), 4.50 (m, 7, C4'H, 

Cg'H2, 2-CH2). 

u n d e r i v a t i s e d  compound: 

Ca lcu la ted  f o r  C17H22N3010PS: C 41.51, H 4.47, N 8.55, P 

' H  NMR i n  acetone-d6: 

252Cf plasma desorp t i on  inass spectroscopy o f  

490.4 (M-H)-, 464.4 (M-C2H4+H)-, 448.3 
(M-CH3CO)-. 

N~-Acetyl-5 ' - (2- th io-1,3,2-dioxaphosphor inanyl)  araCyt ( I ) :  
A f l a s k  c o n t a i n i n g  0.4 mL o f  2-thio-2-chloro-1,3,2-dioxaphosphori- 

nane9,2.50 mL o f  dry p y r i d i n e ,  and 0.8 m L  o f  d ry  t r i e t h y l a m i n e  was 

coo led  t o  O O C .  - N4-Acetyl a raCyt lO,  285 my (14,800 OD248 u n i t s ,  1 mmol) 
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PAREKH ET AL. 96 

was added i n  one p o r t i o n  and t h e  s o l u t i o n  was s t i r r e d  a t  0°C f o r  15 

min. The excess phosphoroc l i lo r ida te  was des t royed w i t h  methanol (1.0 

mL) and t h e  m i x t u r e  was immediately p laced on a s i l i c a  gel  column (1 x 

15 cm) prepared a t  0°C w i t h  CHC13. 

CHC13 a t  t h e  r a t e  o f  3-4 mL/min t o  remove p y r i d i n e  and Et3N. The tr i -  
e s t e r  7 was e l u t e d  by 100 mL o f  25% methano l ic  CHC13. It was s l i g h t l y  

contaminated by py r id in iu in  s a l t s  and degradat ion  products.  The so l ven t  

was removed under reduced pressure  a t  10°C. The r e s i d u e  was taken  up 
i n  4 mL o f  d ry  methanol and p u r i f i e d  on 2 p r e p a r a t i v e  s i l i c a  gel  p l a t e s  

(20 x 20 cm, 2 0 0 0 v t h i c k n e s s )  u s i n g  25% raethanol ic CHC13 a t  O O C .  The 
produc t  had an R f  o f  0.45 and was e l u t e d  from t h e  s i l i c a  us ing  

methanol. 

w h i t e  c r y s t a l s .  

l e d  t o  f u r t h e r  degradat ion.  

dnalyses because o f  con taminat ing  s i l i c a .  

presumably isomers, had c l o s e  R f  Values of 0.43 arid 0.38 resp. 

(methanol-dq, TMS): 

6.30 (d, 1, J 4.5 Hz, C l I -H ) ,  5.05 (m, 1, C3'-H), 4.90 (t, 1, CzI-H), 

F i r s t  i t  was washed w i t h  100 m l  

Y i e l d  4,350 OD248 u n i t s ,  0.29 mmol, 134 nlg, 29%, f l u f f y  

E f f o r t s  t o  remove t h e  n u c l e o t i d i c  contaminat ion  (5%) 

We cou ld  n o t  o b t a i n  s a t i s f a c t o r y  elemental  

'H-NMR 

Two non ion ic  i m p u r i t i e s ,  

8.22 (d ,  1, Cg-H), 7.40 (d, 1, J 7.1 Hz, C5-H), 

4.45 (m, 7 ,  C4l-H, C5lH2, 2-CH2). 

The 31P-NMR was c a r r i e d  ou t  i n  acetone-d6 w i t h  i n o r g a n i c  phosphate 

as reference, and t h e  spectrum revea led  t h e  expected sep te t  a t  -53.5 

ppin (Jp,c 11.0 Hz) w i t h  minor  t r i e s t e r  phosphorus a l s o  present  a t  -63 

ppm. For t h e  mass spectrum, ,7 was d i s s o l v e d  i n  p y r i d i n e  and reac ted  
w i t h  an excess o f  b i s - t r i m e t h y l s i l y l  acetainide. The main p o s i t i v e  i ons  

found on e l e c t r o n  impact mass spectroscopy: 581 (P, paren t  i o n  

CiiH13N307PS(Me3Si)3), 566 (P-Me), 508 (P-Me3Si) , 399 (P-base) , 139 

(e thy lene  phosphate). 

The s t a b i l i t y  of t r i e s t e r s  3 ,  5 ,  dnd 7 was exp lo red  v i a  TLC 

a n a l y s i s  f o l l o w i n g  i n c u b a t i o n  a t  20' i n  0.05 

M Tris-HC1, pH 7.05. Both t h e  d i e s t e r  spots dnd t h e  n e u t r a l  m a t e r i a l  

were e lu ted ,  q u a n t i t a t e d  by UV and spo t ted  again i n  TLC. A l l  t h r e e  

compounds had a h a l f - l i f e  o f  dpproxirnately 1 h r ,  t h e  h y d r o l y s i s  p roduc t  

be ing  a corresponding nuc leos ide  phosphodiester.  I n  t h e  case of 7 _ ,  
however, t h e  main produc t  was a new p h o s p h o t r i e s t e r  ( K f  0.38) which 

comprised about 45% o f  t h e  t o t a l  m a t e r i a l  a f t e r  24 hr .  For t h e  

a l k a l i n e  h y d r o l y s i s  o f  t r i e s t e r s  2, 2, and 7, samples ( 2  mg) o f  

t r i e s t e r s  were d i sso l ved  i n  1 mL o f  0.1 - N KOH and a l i q u o t s  were 

NaHC03, pH 7.2, and 0.05 
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analyzed by e l e c t r o p h o r e s i s  i n  0.05 Tris-HC1 pH 7.0. T r i e s t e r  1 was 

almost comple te ly  hydro lyzed i n  5 m in  t o  t h e  d i e s t e r ,  w h i l e  p ro longed 

h y d r o l y s i s  produced i n c r e a s i n g  amounts of araC. The t r i e s t e r s  3 ,  5, 
and t h e  p u t a t i v e  t r a n s e s t e r i f i c a t i o n  produc t  o f  z were on ly  s l i g h t l y  

more s t a b l e  and a l l  were comple te ly  hydro lyzed i n  30 min. 

Attempted Phosphory la t ions  o f  araCyt and N4-dimethylaminomethylene- 
araCyt:  

An a t tempt  t o  i n t r o d u c e  t h e  phosphothionate t r i e s t e r  v i a  

phosphory la t i on  w i t h  6, was made under t h e  c o n d i t i o n s  as desc r ibed  f o r  

t h e  p r e p a r a t i o n  o f  7. I n  t h e  case o f  araCyt, o n l y  minor  amounts o f  

phosphory la ted  produc ts  were observed, and these were i n  t h e  d i e s t e r  

form. 
by i t s  c h a r a c t e r i s t i c  UV spectrum ( ~ m a x  262) and c a t i o n i c  behav io r  on 

e l  e c t  rophores i s . 
general  method of Z e m l i c k a l l  gave s i m i l a r  r e s u l t s .  

s h i f t  t o  A 325 nm took p lace  i n d i c a t i n g  anhydronucleoside fo rmat ion .  

Both produc ts  were i d e n t i f i e d  by comparison w i t h  specimens ob ta ined  by 

our p r e v i o u s l y  pub1 i shed  procedurel2.  

5 

The main produc t  was Oz:Z'-anhydro-araCyt which was i d e n t i f i e d  

N4-Di met hy 1 ami  noinet h y l  ene-araCyt prepared by t h e  

A c h a r a c t e r i s t i c  UV 

ACKNOWLEDGEMENTS 

The research was supported by a g ran t  f rom t h e  Na t iona l  Cancer 

I n s t i t u t e  (CA 11389) and, i n  p a r t ,  by t h e  Robert  A. Welch Foundation. 

1. 

2. 
3. 

4 .  
5. 
6. 
7.  

8. 

REFERENCES 

R.N. Goh i l ,  R.G. t i i l l e n  and J. Nagyvary, N u c l e i c  Ac ids  Res. 1, 

1691 (1974). 

J. Engels and E.J. Schlaeyer,  J. Med. Chem. 20, 907 (1977). 

F. Cov i t z  and F.H. Westheimer, J. h e r .  Chem. S O ~ .  85, 1773 

(1963). 

D.M. Brown, D.1. Magrath and A.K. Todd, J.  Chem. SOC. 1955, 4396. 

W.J. Wechter, J. Med. Chem. 10, 762 (1967). 

S. Chladek and J. Nagyvary, J. h e r .  Chem. S O ~ .  94, 2079 (1972). 

R.D. Macfar lane and D.J. Torgerson, Science - 191, 920 (1976). 

H.J. Lucas, F.W. M i t c h e l l  and C.N. Scu l l y ,  J .  h e r .  Chem. SOC. 72, 

5491 (1950). 

-- - 

- - - -  
- - - - -  

- - - -  
- - - -  

- - - - -  

- - - - -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



98 PAREKH ET AL. 

9. Z.M. Ivanova, E.A. Stukalo,  N.S. Tishch ina  and G.I. Derkach, - Zh. 

Obshch. Khim. 40, 1942 (1970). 

K.A. Watanabe, and J.J. Fox, --- Angew. Chem. 78, 589 (1966). 
- - -  

10. 

11. J. Zemlicka, C o l l .  Czech. Chem. Comm. 28, 1060 (1963).  

12. J. Nagyvary and C.M. Tapiero, Tetrahedr.  Le t t . ,  3481 (1969).  
I_---- 

Received October 29, 1982 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


