
Tetrahedron Letters,Vol.27,No.36,pp 4299-4302,1986 0040-4039/86 $3.00 + .OO 
Printed in Great Britain Pergamon Journals Ltd. 

DtELS-ALDER REACTtON WITH PHOSPHAALKENES. 

SYNTHESIS OF FUNCTtONALtZED X3 PHOSPHABENZENES. 

P. Pellon, Y.Y.C. Yeung Lam Ko, P. Cosquer, 3. Hamelin et R. CarrIb. 

Groupe de Recherches de Physicochlmle Structurale, U.A. no 704, Campus de Beaulieu, 
Avenue du G&&al Leclerc, 35042 RENNES CEDEX (FRANCE). 

Summary - The reactlon of phosphaalkenes (1 and 2) with I,3 dlenes suc)-~ as methyl sorbate 
and I-methoxy 3-tr~methyls~lyloxy-I,3 butadlene leads to functlonahzed A phosphabenzenes 6, 
9, 12, 13 and 16 after aromatlzatlon of the primary adducts. The aromatlzatlon may occur 
either spontaneously or after chemical transformations. The reversible cycloaddltlon has 
allowed the synthesis of isomerlc phosphabenzenes 6 and 9. Dlels-Alder reactlon yrth phos- 
phaalkenes appears to be a general method for the obtentlon of functlonahzed A phospha- 
benzenes. 

Functlonahzed k phosphabenzenes are still scarce compared to alkyl or aryl ones 
(1) . 

MZrkl and coworkers have prepared some with a trlmethylsllyloxy, hydroxy, halogen , keto 

or ammo groups 12). However, no general method has been described. The Dlels Alder reac- 

tlon should provide an easier and wider access to functlonalized phosphabenzenes after aro- 

matlzatlon of the primary adducts, with the poss:blhtles of introducing the functlonallty 

either with the dlene or with the phosphaalkene or bcth. Mdrkl et al. 
(3) have already shown 

that the reactlon of Cl-P=C(TMS)Ph with a-pyrones or cyclopentadlenones could lead to alkyl 

or/and aryl phosphabenzenes. Furthermore, we have shown that the adduct from 1 and 2,3 

dlmethylbutadlene 14) could be aromatized. However, drastic conditions were used and yields 

were rather low. 

Our first results with phosphaalkenes I prepared by Appel’s procedure 
(5) 

and 2 

(generated in situ m an orlgmal way) are reported here. 

Cl-P=C(TMS$ Cl-P=C(TMS)E 

1 TMS = Me3Si 2 E = C02Et 

I IS an excellent dienophde reacting with electron-poor or -rich dlenes m almost 

quantltatlve yield (NMR). 
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A l/l mixture of two diastereorsomers 3 and 3’ 1s obtamed at room temperature 

(12 hrs) from I and methyl sorbate 4 (scheme I). 
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Addltlon of pyridine perbromide m CH2C12 to a cold solution (-80°C) of 3 and 3’ 

leads to a l/l mrxture of chloro- and bromo-phosphines 5 and 5’ which is thermolyzed m 

vacuum above 250°C to yield a 4/l mixture of 6 and 6’ (42 %/J). Heating at reflux a benzene 

solution of the kmetrc adducts 3 and 3’ for 15 hours yields a J/l mixture (3’P NMR) of 

dichlorophosphme 7 
(5) and secondary phosphme 8, via cycloreversion, Dieis-Alder reaction 

with inverse addltlon, dehydrochlormatlon and I,5 hydrogen shift. 8 is converted to phospha- 

benzene 9 erther by thermolysrs under vacuum (9 is contaminated with 20% of 9’) or in refluxing 

CCI4(yleJd = 32%/O). When heating a mixture of 3 and 3’ wrth Danishefsky’s diene JO@), the 

cycloreversion 1s shown by trapping J with JO, more reactive than methylsorbate, to yield 

J2 and J3 (see after). 6 and 9 may be protodesilylated by excess formic acid in refluxing 

CCJ4. The reactron of J with 4 shows the synthetic potentiality of the reversible Diels-Alder 

reactron Ln that it enables the synthesis of one isomer or another (6 or 9) depending on the 

experrmental conditions. 

Heating adduct J J obtained 

to a 9/l mixture of phosphabenzenes 

drstillation, E. I = I IO-130°C). 

from J and JO, in benzene at reflux for 4 hrs, leads 

12 and 13 as shown by 3JP NMR (yield = 54 %/I after 
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8 - Only the main characteristics are given here (6 m ppm, J In Hz) : 

3 (CC14/C6D6) : 31P : 144.1 ; ‘H : 2.55, 2J PH = 3.0 (C&CH3, proton in trans position 

to the lone pair). 

3’ (CC14/C6D6) : 31P : 145.1 ; ‘H : 1.79, ‘JpH = 24.0 (C.CH3, proton in cis position 

to the lone pair). 

5 and 5’ (C6D6) : 31P : 85.3 and 90.0 ; ‘H : 1.78, 3JpH = 12.4 and 1.77, 3JpH = 12.4 

5.16 and 5.26 (CI-JBr) ; 6.01 and 6.05 (=C. ; mass spectrum : m/z : 472 

‘H (CDC13/CHC13) : 3.25, ‘JpH = ‘0.0 (CH). 

16 : 31p (THF/C6D6) : 217 ; ‘H (CDC13) : 8.02, ‘JpH = 38 (‘H). 
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