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A b s t r a c t  - The r c a c t i o n  ~ a t h  of dialkyl(5-methyl-l,3,4-hexstrien-3-yll- 

phosphona tes  w i t h  m e t h y l s e l e n c n y l  c h l o r i d e  was i n v e s t i g a t e d  i n  d e t a i l s .  

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

main r c a c t i o n  p r o d u c t s  - 2,s-dihydro-l,2-oxaphospholes, t h r e e  d i r f e r e n t  

se l enophenephosphona tes  and 1,3-alkadienylphosphonate a r e  o b t a i n e d  too ,  

i . e .  t h e  i n t e r a c t i o n  o f  2 - 5  w i t h  m e t h y l s e l e n e n y l  c h l o r i d e  i s  r e g i o -  

selective b u t  n o t  chemo- and s t e r e a s e l e c t i v e  r e a c t i o n .  

INTRODUCTION 

The a c c e s s i b i l i t y  o f  t h c  d i a l k y l  (5-methyl-1  ,3,4-henatrien-3-yllphosphoiiatesl and  

t h e i r  r a t h e r  i n t e r e s t i n g  s y s t p n o f  doub le  bonds p r o v i d e d  t h e  gl.aunds i n  r e c e n t  yea r s  

f a r  s y s t e m a t i c  s t u d i e s  m t h e i r  r e a c t i v i t y  w i t h  r e s p e c t  t o  e l e c t r o p h i l e s .  I t  was 

shown t h a t  depending an  t h c  n a t u r e  o f  t h c  r e a g e n t  t h e y  a f f o r d  v a r i o u s  c l a s s e s  of  

h e t e r o c y c l i c  c a m p ~ u n d s ~ - ~ .  We r e p o r t e d  r e c e n t l y  t h e  p r e p a r a t i o n  i n  good y i e l d s  of 

3 - v i n y l - s u b s t i t u t e d  2,s-dihydra-l,2-oxaphosphole 2 - o x i d c s  s t a r t i n g  f rom t h e  above  

4 
t r i e n e  phosphona tes  and s u l f u r y l  o r  s e l e n e n y l  c h l o r i d e s  . B e a r i n g  i n  mind t h c  f a c t  

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

t o  e x p e c t  t h a t  t h e  t h i o p h e n e  c y c l i z a t i o n 2  observed  w i t h  s u l f c n y l  c h l o r i d e s  shou ld  

a l s o  p r o s e c d  i n  t h i s  c a s e .  Based a n  t h i s  c o n s i d e r a t i o n  we p r e s e n t l y  d e s c r i b e  t h e  

d e t a i l e d  s p e c t r o s c o p i c  and chromatograph ic  r e s u l t s  an  t h e  p r o d u c t s  i s o l a t e d  f rom 

t h e  c r u d e  r e a c t i o n  m i x t u r e s  o b t a i n e d  f rom &-5 w i t h  MeSeC1 w i t h  t h e  view t o  i n -  

v e s t i g a t i n g  t h e  chemo-, r e g i o -  a n d s t e r e o s e l e c t i v i t y  and mechanism of  t h e  r e a c t i o n * .  



RESULTS 

The r e a c t i o n  o f  t h e  d i a l k y l  (5-methyl-l,3,4-hexatrien-3-yl)phosphonate~ l a -5  w i t h  

m e t h y l s e l e n e n y l  c h l o r i d e  a r e  conduc ted  a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  e a r l i e r 4  

Thc ' H - N M R  s p e c t r a  o f  t h e  c r u d e  r e a c t i o n  p r o d u c t s  r e v e a l e d  t h e  p r e s e n c e  of s i g n a l s  

from t h e  3-vinyl-2,5-dihydro-l,2-oxaphosphalc 2-oxides a-5 and t h e  s i g n a l s  of o t h e r  

p r o d u c t s :  

rC7Me 

O ' h :  other /C lMe + MeSeCI - +p 
RO' '0 Me 

+products 

(Ro)2p,0 
15- 

The s i d e  p r o d u c t s ,  judged from s p e c t r a l  d a t a ,  a r e  10-12% when s t a r t i n g  f rom - l a  3 

8.10% when s t a r t i n g  f rom % and  do n o t  exeed  5.7% when s t a r t i n g  from &. The p r e l i -  

minary r e s u l t s  i n d i c a t e  t h a t  t h e  i n t e r a c t i o n  between t h e  e s t e r s  la -c  and WeSeCl d o e s  

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

complex s y s t e m o f  d o u b l e  bonds t h e y  p o s s c s s .  With t h e  view t o  o b t a i n i n g  a l l  p r o d u c t s  

p roduced  by t h e  above r e a c t i o n  i n  p u r e  farm wc s u b j e c t e d  t o  column chromatography 

t h e  c r u d e  r e a c t i o n  m i x t u r e s .  The i n d i v i d u a l  compounds had v e r y  c l o s e  Rf v a l u e s  which 

r e n d c r e d  t h e i r  s e p a r a t i o n  v e r y  d i f f i c u l t .  In  most cases  were a h t a i n e d  mixed 

f r a c t i o n s  e n r i c h e d  i n  one of t h e  components which t h e n  were d i v i d e d  by p r e p a r a t i v e  

TLC. The p u r i t y  of t h e  i n d i v i d u a l  compounds was moni to red  by q u a l i t a t i v e  t h i n - l a y e r  

chromatography and  s p e c t r a l  methods.  We succeeded  i n  i s o l a t i n g  and  i d e n t i f y i n g  

s p e c t r a l l y  i n  p u r e  form a l l  p r o d u c t s  a r i s i n g  f rom 5 and e n r i c h e d  i n  i n d i v i d u a l  s e -  

l enophenephosphona tes  f r a c t i o n  i rom - Zb and s. F i r s t  l e a v e  t h e  column t h e  oxaphos-  

p h o l e s  2-5. Thcy a l l  e x i b i t  s p e c t r a l  c h a r a c t c r i s t i c s  w r y  s i m i l a r  t o  t h e  ones  

d e s c r i b e d  i n  r e f .  4 ( Table  1 ) .  The 3 1 ~  chemica l  s h i f t s  f o r  - 2a-c - a r e  t y p i c a l  f o r  

5 t h i s  t y p e  o f  compounds . From t h e  r e m a i n i n g  f o u r  g r o u p s  o f  i s o l a t c d  compounds 

( & a f f o r d e d  o n l y  t r a c e s  of one o f  them I ,  t h r e e  c o n t a i n  a s e l e n a p h e n c  r i n g  and 

* C h e m o s e l e c t i v i t y  w i l l  be  r e l a t e d  t o  t h e  p r e f e r e n c e  f o r  a t t a c k  o f  t h e  one  d o u b l e  

bond o f  t h e  c a m u l a t e d  d i e n i c  sys tem.  

R e g i o s e l e c t i v i t y  is r e l a t e d  t o  t h e  r e l a t i v e  p o s i t i o n s  of n u c l e o p h i l e  and e l e c t r o -  

p h i l e  an  t h e  r e a c t i n g  doub le  bond. 

S t e r e o s e l c c t i v i t y  r e f e r  t o  t h c  t r u e  of t h c  c h e m i c a l  t r a n s f o r m a t i o n  o f  t h c  

r e a c t i o n ' s  i n t e r m e d i a t e .  
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1  T a b l e  1 .  TLC a n d  H- and  " P - N ~ I R  d a t a  o f  g - 5  o b t a i n e d  

by column ch roma tography  

Chemical  s h i f t s ,  6 (pprnl Coup l .  C o n s t a n t s  J Hz 
No R R E  

"P l l a  lib HC Ild He ,f a-c  P-a P-c a-b b - c  P-b 

2a ~e 0 . 5 8  31 .7 5.57ddd 5 .90ddd 6 .53ddd 2 . 2 6 s  1:;:: 1 . 0  1 7 . 8  1 . 0  
- 11 .6  2.1 28 .2  

b  E t  0 .60  30 .0  5 .50ddd  5 .81ddd  6 .54ddd 2 .235  ]:::: 1 .0  17 .6  0 . 8  
- 10.9  2 . 0  28.0 

c P r i  0 . 6 1  29.2 5 .46ddd  5 .82ddd 6 .51ddd 2 .205 i:!:: 0 . 8  17 .8  1.0 
- 11.0 2.0 28 .2  

'Table 2 .  TLC a n d  ' H -  and  3 1 P - ~ \ l ~  d a t a  of z-5 a b t a l n e d  

by c a l m  ch roma tography  

Chemical s h i f t s ,  6 (opml Coup l .  C o n s t a n t s ,  J Hz 
No R Rf  

"P H - 4  H-5 Ha Hb Mc H ~ - I I ~  Ha-lib H!-P 11 -Se  H H Z - P  -Se Me-Ha M-Hh 

I 
a r e  formed i n  v a r i o u s  r a t i o s  d e p e n d i n g  on &-5. On t h e  b a s i s  i n  t h c i r  H- and 3 1 ~ -  

NMR s p e c t r a  we a s c r i b e  t o  them t h e  f o l l o w i n g  s t r u c t u r e s .  Compound 5 w i t h  MeSeCl 

e x c e p t  & a f f o r d s  as main p r o d u c t  2 - i s o p r a p e n y l - 3 - d i m e t h o x y p h o s p h o n y l - s e l c h e n e  2 



(Tab le  2 ) .  The e s t e r s  3b and & a r e  p r e s e n t  i n  l e s s e r  amounts .  The s t r u c t u r e  o f  

1  3a-5 a r e  a s s i g n e d  on t h e  f o l l o w i n g  g rounds :  i )  The 11-NMR s i g n a l s  f o r  a r o m a t i c  - 

I 

9 8 7 6 5 4 3 2 1 6 p ~ m  
t r a n s - a l l y l i c  i n t e r a c t i o n ,  

F i g .  I 'H-S\IK Spectrum of 2-isopropen"1-3-dimcthoxY- i s  s m a l l  and  t h e  t h e  s i g n a l  

phosphony l se lenaphene  ( & 1 .  f o r  na i s  n a r r o w e r .  Con- 

v e r s e l y ,  t h e  s p i n - s p i n  

'Table 3. TLC and 'H-  and "P-NXR d a t a  o f  5 - 5  o b t a i n c d  

by column chromatography 

p r o t o n s  a p p e a r  i n  t h e  

7 . 4 0  - 7.85 ppm r e g i o n  a n d  

a r e  a s s i g n e d  t o  t h e  C-4  

and C-5 of  t h e  sc lenophene  

r i n g  fo rming  a p a r t  a f  an  

ABX sys tem because  of t h e i r  

i n t e r a c t i o n  w i t h  p h o s p h o r u s .  

i i l  P r o t o n s  t y p i c a l  f o r  i s o -  

h p r o p e n y l  g roup  a r e  o b s e r v e d  

t o o .  The s p i n - s p i n  i n t e -  

r a c t i o n  between t h e  methyl  

g roup  p r o t o n s  and t h e  Ha, a 

-- 

Chernlcal s l i l f t s  6 (ppml Caup l .  C o n s t a n t s  J Hz No R Rf 

"1' 11-4 H-5 CH 2Me H4-H5 H 4 - P  H5-P H ~ - s ~  H ' - s ~  li-Me 

d  - d o u b l e t ,  q - q u a r t e t .  

i n t e r a c t i o n  between t h e  methyl  g roup  p r o t o n s  and Hb, a c i s - a l l y l i c  i n t e r a c t i o n ,  i s  



HETEROCYCLES, Vol 23, No 4, 1985 

Table 4. TLC and 'H- and 3 1 ~ - ~ ~ ~  data o f  z-5 obtained 

greater and leads to a wider signal for fib. The peak of the methyl protons is bro- 

ader; on expansion they appear as a quartet clealy reflecting the multiplcities of 

Ha and Hb thus allowing the exact determinaton of the size of the vicinal and gemi- 

nal constants. iiil The 3 1 ~  chemical shift appear in a region typical for phosph- 

7 nate structure . On Fig. 1 the spectrum of 3a is shown. 

The selenophene - 4a-5 are present in a lesser amount than 3;1-5. They have very 

by column chromatapraphy 

No R Rf  Chemical shifts, 6 (ppm) Coupling Constants, J Hz 

3 1 ~  Ha Hb 2 Me a-b a-P b-P a-Se b-Se 

5a Me 0.38 35.4 8.OZdd 7.2ldd 1.66s,1.70s 5.2 3.9 2.6 43.8 8.0 - 

b Et 0.40 33.6 8.03dd 7.29dd 1.655,1.72s 5.3 3 . 5  2.5 44.0 8.2 - 

c Pri 0.39 32.8 8.04dd 7.10dd 1.68s,1.725 5.1 4.0 2.7 44.1 8.2 - 

close Rf values to the ones 

of 2 - 5  and are cluted from 

the column together with 

their last fractions and 

another higher R product v a l u e .  with This a com- 
f 

pounds were isolated in L 
pure form by means o f  pre- 

parative TLC. They are 

; 

structurally similar to 

3a-c with the exception - - 

that they have an iso- 
9 8 7 6 5 4 3 2 1  

ppm propyl group in position 
Fig. 2 'H-NMR Spectrum of 2- i sap ropy l -3 -d ime thaxyphos -  
phanylselenophene ( 1. 2 ( Table 3 1. The IH-NMR 

spectra of - 4a ( Fig. 2 1 and o f  4 b ,  4c are very similar to these of analoguous - - 
2 thiophene phosphonates . The structure of compounds - 5a-c - is especially interesting. 

1, 
I 
1 I 

I : , 

1 

1 1 ,  

JJflL 
c' 



These phasphonates contain two heterocycles one of which is a selenophene and the 

other a 2,s-dihydro-1,2-oxaphosphole ( Table 4 1 They are formed in lesser amounts 

Fig. 3 'H-NMR Spectrum of 8-methoxy-2,Z-dimethyl- 

I-oxa-8-phospha-4-selena-bicycle- 3 , 3 , 0  -3,s-octa- 

d i m e  8-oxide ( % I .  

than g - 5  but in greater 

amounts than - 4a-c. - The 

substances %-5 are 

eluted from the column 

last. Their structure is 

based an the following 

considerations: i) Ty- 

pical proton signals far 

a selenophene ring are 

present in thc l l l - ~ M ~  

8 spectra . ii) Two oxa-  

phosphole ring mcthyl 

proton signals are seen as 

nonequivalent hecause  

of their different in- 

teractions with the substitents at phosphorus. 'Their chemical shifts arc in a rc- 

gion typical for compounds with oxaphosphole s i r u ~ t u r c ~ - ~ ' .  iii) The chemical shift 

4 
of phosphorus is characteristic for oxaphosphole compounds . iv) The integral in- 
tensity for the alkoxy group at phosphorus corresponds to one ester function. On 

Fig. 3 the 'H-NMR spcctrum of & is shohn. The obtained selenophosphonates contain 

about 8% the isotope j 7 s e  which is magnetically active and interacts with other 

nuclei. This interaction becomes evident with the protons at the a and 0 carbons 

of the selenophene ringT6 which exhibit symmetric satclite signals on enhancement 

of the main signal ( Fig. 1, 2 and 3 ) .  The dialkyl 1-chlaro-4-methylseleno-5-me- 

thyl-2,4-hexadiene-3-phosphonate5 &-5 were isolated in the smallest amounts on 

chromatographic separation. Thc compound was isolated in pure state, while $& 

and & were obtained as a mixture with 2, & and c, c. The 1 1 ~ - ~ ~ ~  spectrum of 

ha (Fig. 4) suppors unequivocally its structure since it contains two doublets for 

the two methyl groups at C-5. The spin-spin interaction of thcse protons c o r r c s -  

ponds to their L and E position with respect to the P=O group1'. The C-2 proton 

signal appears dawnfield and has a spin-spin coupling constant with phosphorus of 

19.8 Hz characteritic For the two trans nuclei, while the chloramethylcne group 

protons resonate as two doublet with a J of Z.1Hz which speaks in favour of a 
H , P  

c i s - a l l y l i ~ i n t e r a c t i o n ~ ~ .  These spectral characteristics determine the canfigu- 
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r a t i o n  o f  t h e  s y n t h e s i z e d  d i m e  p h o s p h a n a t e .  The chemica l  s h i f t  o f  p h o s ~ h o r u s  

( 6 12.7  ppm 1 i s  i n  agreement  w i t h  l i t e r a t u r e  d a t a i 5 .  The q u a n t i t i e s  o f  t h e  

8 6  5  4 3  2 1  6 ppm 

F ig .  4 'H-NMR Spectrum of d i m e t h y l  1 - c h l o r a - 4 - m e t h y l -  

seleno-5-methyl-2,4-hexadiene-3-phosphont ( & ) .  

d e s c r i b e d  s i d e  p r a -  

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

m i x t u r e s  o f  t h e  e t h y l  

and i s o p r o p y l  e s t e r s  

&, 5 d e c r e a s e s ,  a s  was 

a l r e a d y  men t ioned  above ,  

a t r e n d  t h a t  r e n d e r s  

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

and n o t  a lways p o s s i b l e .  

R e g r d l e s s  o f  t h e  s m a l l  

amounts of r e a c t i o n  mix- 

t u r e s  o b t a i n e d  from MeSeCl 

and &,c t h e  3 ' ~ - ! J ~ ~  

s p e c t r a  i n d i c a t e  t h e  p re -  

sence o f  a l l  men t ioned  

above s t r u c t u r e s .  

The s p e c t r a l  and ch romatograph ic  s t u d i e s  conduc ted  on c r u d e  r e a c t i o n  m i x t u r e s  o b -  

t a i n e d  from la-2 and NeSeC1 i n d i c a t e  t h a t  t o g e t h e r  w i t h  t h e  main r e a c t i o n  - oxa-  

phospho le  h e t e r o c y c l i i t i a n  - f o u r  o t h e r  r e a c t i o n  c o u r s e s  a r e  o b s e r v e d .  S i n c e  s e l e n e -  

n y l  c h l o r i d e s  a r e  p o l a r  r e a g c n s  we assume t h e  f i r s t  s t e p  of t h e  r e a c t i o n  t o  b e  a n  

e l e c t r a p h i l i c  a t t a c k  o f  t h e  se len ium atom upon t h e  a l l e n e  double .bond sys tem i see 

Scheme 1 .  The C - 4  and C-5 d o u b l e  bond i s  o b v i o u s l y  of h i g e r  e l e c t r o n  d e n s i t y  which 

s h o u l d  f a v o u r  t h e  r e a c t i o n  and t h e  f o r m a t i o n  of t h e  unsymmetr ic  e p i s e l e n i u m  i o n  A, 
which e x p l a i n s  t h e  f o r m a t i o n  o f  o x a p h o s p h o l e s a s  t h e m a i n  r e a c t i o n  p r o d u c t s .  More- 

over  t h e  i n t e r m e d i a t e  ion  i\ s i m u l t a n e o u s l y  l e a d i n g  t o  se l enophene  and  oxaphosphole  

h e t e r o c y c l i z a i o n s  a f f o r d i n g  t h e  b i c y c l i c  compounds &-5. The unsymmetr ic  ion  B 

which g i v e s  f u r t h e r  t h e  i n t e r m e d i a t e  C can a l s o  be  assumed t o  e x i s t ,  a l b e i t  i n  - 

minor amount .  Compounds 3a-c and  48-c a r i s e  f rom t h e  i n t e r m e d i a t e  C. The 1 , 3 - d i m e  - - - - 

phosphona tes  - 6 a - 5  a r i s i n g  as  a r e s u l t  o f  1 , 4 - a d d i t i o n  o f  t h e  MeSeCl a l s o  s u p p o r t  

t h e  f o r m a t i o n  o f  ion  B. The s e l e n o p h e n e s  3a -c  can  t a k e  p l a c e  v i a  i o n  A a s  w e l l  - - 

wi th  t h e  s i m u l t a n e o u s  e l i m i n a t i o n  o f  hydrogen c h l r i d e  and methane.  The d e c r e a s e d  

y i e l d s  o f  t h e  s i d e  p r o d u c t s  o b t a i n e d  f rom and  & and s e l e n e n y l  c h l o r i d e  can be  
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e x p l a i n e d  w i t h  t h e  p o s i t i v e  i n d u c t i v e  e f f e c t  of t h e  a l k y l  g roups  which i n c r e a s e  

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

phospha le  c y c l i z a t i o n .  

I t  i s  w o r t h  n o t i n g  t h a t  r e g a r d l e s s  of t h e  e x i s t i n g  ana logy  be tween  s e l e n e n y l  

c h l o r i d e s  and s u l f e n y l  c h l o r i d e s ,  t h c  i n t e r a c t i o n  bctween bleSC1 and  t h e  above  e s -  

t e r s  d o e s  n o t  a f f o r d  t h e  t h i o p h e n ~  a n a l o g u e s  o f  compounds &-5 and  z-5. On t h e  

o t h e r  hand t h i o p h e n e  c y c l i z a t i o n  t o  t h c  a n a l o g u e s  o f  5-5 p r o c e e d s  t o  a g r e a t e r  

2 e x t c n t  . A p o s s i b l e  e x p l a n a t i o n  l i e s  i n  t h e  d i f f e r e n t  s t a b i l i t i e s  of t h e  e p i s e l e -  

nonium and e p i s u l f e n i u m  i o n s .  

A n a l y t i c a l  Methods. ' 1 1 -  and " P - N M R  S p c c t r a  were r e c o r d e d  on JNM-PS-100 (100 M f l z )  

FX 90 (90 Mliz) and Brucker (250 MHz) s p e c t r o m e t r s  a t  normal ~ r a b e  temperatures i n  

CDC13. Thc chemica l  s h i f t s  o f  ' H  and " P  a r e  r e l a t i v e  t o  i n t e r n a l  TMS o r  H>lDSO and 

85% H3P04. 

S t a r t i n g  M a t e r i a l s .  The c r u d e  r e a c t i o n  m i x t u r e s  o f  &-5 w i t h  MeSeCl were o b t a i n e d  

4  a c c o r d i n g  l i t e r a t u r e  d a t a  . 
Column and  T L C  Chromatography.  The q u a l i t a t i v e  TLC i n v e s t i g a t i o n s  were  c a r r i e d  out 

on s i l i c a g e l  "Merck" 60 F Z S 4  p r e c o a t e d  a luminium s h e e t s ,  u s i n g  h e x a n e / e t h y l  a c e t a t e  

Z . i : l  a s  a .mobi l e  p h a s e ,  two- o r  t h r c e f o l d  deve lopement .  The column chromatograph ic  

s e p a r a t i o n  was pe r fo rmed  on s i l i c a  Ee l  "Merk" 60 ( 0.063 - 0.200 mm ) .  

.A.Gencral P rocedure  f o r  t h e  Column C h r o m a t o ~ r a h i c  S e p a r a t i o n  a €  t h e  R e a c t i o n  

M i x t u r e s .  The r e a c t i o n  m i x t u r e s  ( 0 .90  - 1 . 1 0  g I a b s o r b e d  an  s i l i c a  g e l  were i n -  

s e r t e d  i n t o  a column ( h i g h  140 cm, d i a m e t e r  2 . 5  cm ) c o n t a i n i n g  110 - 130 g  s i l i c a  

g c l  i n  hexane.  Hexane /e thy l  a c e t a t e  m i x t u r e s  w i t h  i n c r e a s e d  p o l a r i t y  were used as  

e l u a n t ,  t h e  l a s t   arti ion b e i n g  p u r e  e t h y l  a c e t a t e .  F r a c t i o n s  70 m l  e a c h  were  c o l -  

l e c t e d  a t  a r a t e  o f  e l u t i o n  a b o u t  360 d rops /min .  F r a c t i o n s  n o s .  22-31 ( 20-32;  

19-33 ) c o n t a i n e d  pure  1 ,Z-oxaphospho le  2 ( 5, & r e s p .  I ,  f r a c t i o n s  n o s .  32-49 

( 33-45; 34-46 ) c o n t a i n e d  a m i x t u r e  o f  5, fi and !& ( 2, 5 and  c; &, and  

bc r e s p .  ) ,  f r a c t i o n s  n o s .  50-54 ( 46-49; 47-51 ) a m i x t u r e  o f  t h e  5 and & ( s, - 

3b and 4 c , k  r e s p .  ) f r a c t i o n s  n o s .  54-58 ( 46-48;  47-49 1 p u r e  ( 2, & r e s p .  ) - - - 

and f r a c t i o n s  n o s  66-74 ( 64-68;  63-66 ) t h e b i c ~ c l i c  compound ( E, & r e s p .  1 ,  

B .  P r e p a r a t i v e  TLC S e p a r a i o n .  The f r a c t i o n  m i x t u r e s  32-49 and 50-54 ( 46 -49 ;  47-51 

r e s p .  I were s u b s e q u e n t l y  s u b j e c t e d  t o  TLC on p r e c o a t e d  s i l i c a  g e l  "Merck" 60 F Z s 4  

p l a t e s  ( 200/200 mm ) u s i n g  e t h y l  a c e t a t e l h e x a n e  ( 2 . 3 : l  I as e l u a n t .  Compounds 5 



4 a ,  g and  2, 4a ( a n d  c; and  r e s p .  1 were  i s o l a t e d  i n  p u r e  s t a t e  a f t e r  - - 

a t w o - f o l d  d e v e l o p m e n t  Thc p u r i t y  of t h e  compouns was f o l l a r i e d  by TLC. 
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