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SYNTHESIS OF FUNCTIONALIZED A’ PHOSPHABENZENES 

ALKENES. 
BY MEANS OF DlELS ALDER REACTION WITH PHOSPHA- 

Y.Y.C. YEUNG LAM KO, P. COSQUER, P. PELLON, J. HAMELIN 
and R. CARRIE 
Groupe d e  Physicochimie S t ruc tura le ,  U.A. C.N.R.S. 704, Univer- 
site d e  Rennes, Campus  d e  Beaulieu, 35042 Rennes, FRANCE. 

Abs t rac t  Diels Alder reac t ion  provides a n  easy  and  genera l  
access to functionalized h 3  phosphabenzenes a f t e r  a romat i za t ion  
with t h e  possibilities of introducing t h e  func t iona l  group e i the r  
with t h e  diene or  t h e  phosphaalkene. 

3 1 
The synthesis of h phosphabenzenes has  been  reviewed by G.Mark1 . 

A survey of t h e  l i t e r a tu re  shows t h a t  functional A3 phosphabenzenes 2-5 
a r e  still s c a r c e  compared  to alkyl o r  a ry l  subs t i tu ted  ones. 

Mark1 et al.6 have  a l ready  shown t h a t  t h e  r eac t ion  of TMS(Ph)C=P-CI, 
with cyclopentadienones or  a -pyrones leads  to phosphabenzenes.Further- 
more, t h e  possibility of a romat i za t ion  of t h e  adduc t  f rom 1_ and  2,3 dime- 
thylbutadiene has been described ’ . However, d ra s t i c  conditions w e r e  used 
and yields w e r e  r a the r  low. 

-- 1,2 and 3 via t h e  Diels Alder reaction.2 and  1 a r e  gene ra t ed  in a n  ori- 
g i na I w a7 . 

Functionalized h phosphabenzenes a r e  obtained f rom phosphaalkenes 8 

CI-P=C (TMS) C1- P= C (TMS)COzR 
- 1 TMS = M e +  - 2 R = Et,  - 3 R = TMS 

At  room tempera ture ,  I r e a c t s  a lmos t  quant i ta t ive ly  wi th  e lec t ron-  
rich or -poor dienes such as 4 - 9 leading to t h e  corresponding adducts  
- -  11 - 16 but does  not  r e a c t  wTth To. 
TMSO, 

M A C 0 2 M e  
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The results of t h e  second order perturbation theory calculations 
a r e  in agreement with t h e  experimental  observations. 

If the  Diels Alder works well at least  in t h e  case of dienes - 9, 
the  aromatization of the  adducts is less easy in cer ta in  cases. Adducts 
and 15' a r e  transformed into phosphabenzenes 18 and ls((4/1 mixture, 
y i e l d 4 2  %/l) and their  regioisomers 22 and 22 '7411 mixture, yield 32%/8) 
as shown i n k h e m e  1. 

1 . 1  r 25'C M ; P :  -8O'C, PYridLne* CH2C12 k 2 ,  -Pf:,  
IO'C 

CI(Br)/ TMS TMS 

17 
TMS 

L 15 and 

+ 

- 
TMS2CHPC12 9 E = C o p e  

E n M r  CCI, E e M e  

scheme I 

When 15 and 15' a r e  heated with diene 5, cycloreversion is shown by 
trappin phosphaalkene 1 with 4, more react ive than methyl sorbate  8 
to y i e l f  12 and 27 (see zf ter) .  Bhosphabenzenes 18 and 12. a r e  protodesi- 
lylated b y f o r m i c a c i d  in refluxing CCI . These results show t h e  synthe- 
tic potentiality of t h e  reversible Diels Alder reaction. I t  enables t h e  syn- 
thesis of one or t h e  other isomer 18 or 22, depending on reaction condi- 
tions. 

Similarly, adduct 16 af te r  bromination and thermolysis gives 24 
(yield 10% af te r  chromatography). A be t te r  route  to 24 (80%, N M F e v a -  
luation) via - 23 is under present investigation (scheme-. 
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C02Mt 
1) Bromlnatlon nT::Me 2 )  A 

TMS CI TMS 

/ \  16 - 

I , qco2Me A "t 
t Base H TMS CCl@ 

TMS 
23 - 

sdreme 2 

t h e  secondary phosphine 30 which is converted in refluxing CCI,, or by 
CC13CN at  room temperature  into 31 (yield 60 %/el (scheme 3). 

With DABCO in refluxing benzene, 11 gives almost quantitatively t h e  

DABCO 

l A  
A ,  CC14or 7 

31 TMS - 
30 - scheme 3 

Adduct 12 leads to different phosphabenzenes 27 and 28 depending on 
the  reactionconditions.  Heating 12 in a solution of DABCO in benzene at 
reflux leads almost quantitatively to 27 with about 5 96 of phosphine 26. 
\Vhen - 12 is added to  pyridine in refluxing benzene,a 3/7 mixture of =and 

TMS? 

TMSQ + 

O.TMS TMSO, TMSO OTMS 

CI Qp-" TMS QM; 

12 - 26 TMS - 

CI Qp-" TMS QM; 

12 - 26 TMS - 

Scheme 4, (i) Benzene + pyridine, 8O"C, 
( i d  DABCO, benzene 20°C + 80°C 
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- 28 is obtained. The detail  of the  mechanism(s) of the  reaction is not c lear  
at t h e  present time. However, t h e  formation of 28 implies t h e  migration of 
the trimethylsilyl moiety. 

The functionality can  be introduced by t h e  dienophile. The unknown 
phosphaalkenes 2 and 2 a r e  generated in situ and trapped by diene 2 to 
give phosphabenzenes 36 and 2 in an  overall yield of 60-70 %/32 - -  or 33 
(scheme 5). _ I  n- 

-0TMS + PCI3 TMS-CH I - PC12 
TMS 

-35.C. 3 hrr ' 
OR a R1 = C02Et 

n H 

32, R = Et  
2 9 .  R '  = C02TMS - 
I R = TMS 

DABCO 
-60'C, I5 mn I 

L -  - 36, R = EI 
- 37, R : n scheme 5 

1 1 3  3 1  
The s t ructure  of the  products is established by H, C, P NMR and 

mass spectrometry . I 
This study shows tha t  phosphaalkenes TMS C = P-CI allow a rather  

easy route to functionalized A' phosphabenzenes. The Diels Alder reaction 
provides a quantitative access to primary adducts which may be subse- 
quently aromatized in satisfactory yields. 

phosphaalkenes. 

REFERENCES 

The functional group may be introduced ei ther  with t h e  diene or t h e  

G. Markl in Houben-Weyl, Methoden der organische chemie,  G.Thieme 
Verlag, band E l ,  p.72(1982). 

*G. Markl, C. Adolin, F.Kees and C. Zander, Tetrahedron Lett . ,  3445 
(1  977). 

3C.Markl and K.Hock, Tetrahedron Lett., 2645(1983). 
4G. Markl and K.Hock, Tetrahedron Lett., 5051(1983). 
5G.Markl and K. Hock, Tetrahedron Lett., 5055(1983). 
%.Mark& ESilbereisen and C.Y.Jin, Angew. Chem. Supplement,88 1 
( 1982). 

7Y.Y.C. Yeung Lam KO and R. CarriC, J. Chem. SOC., Chem. Comm., 
1640( 1984). 

*R.Appel and A. Westerhaus, Tetrahedron Lett., 2159 (1981). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
4
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


