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3
SYNTHESIS OF FUNCTIONALIZED A PHOSPHABENZENES
BY MEANS OF DIELS ALDER REACTION WITH PHOSPHA-
ALKENES.

Y.Y.C. YEUNG LAM KO, P. COSQUER, P. PELLON, J. HAMELIN
and R. CARRIE

Groupe de Physicochimie Structurale, U.A. C.N.R.S. 704, Univer-
sité de Rennes, Campus de Beaulieu, 35042 Rennes, FRANCE.

Abstract Diels Alder reactlon provides an easy and general
access to functionalized A® phosphabenzenes after aromatization
with the possibilities of introducing the functional group either
with the diene or the phosphaalkene.

1

The synthesis of A phosphabenzenes has been reviewed by G.Madrkl .

A survey of the literature shows that functional 2> phosphabenzenes 2-°
are still scarce compared to alkyl or aryl substituted ones.

Markl et al. have already shown that the reaction of TMS(Ph)C=P-Cl,
with cyclopentadienones ora-pyrones leads to phosphabenzenes.Further-
more, the possibility of aromanzatlon of the adduct from 1 and 2,3 dime-
thylbutadiene has been described 7. However, drastic conditions were used
and yields were rather low.

Functionalized A3 phosphabenzenes are obtained from phosphaalkenes
1,2 and 3 via the Diels Alder reaction.2 and 3 are generated in an ori-
gmal way.

Cl-P=C (TMS) ,, Cl-P=C (TMS)CO,R

LTMS_Me351 2R =Et, 3R = TMS

At room temperature, 1 reacts almost quantitatively with electron-
rich or -poor dienes such as 4 - 9 leading to the corresponding adducts
11 - 16 but does not react with 10.

m A" )/f\\.,h
e,/——\_co Me //_-\— MeO c—/_\—co Me
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OTMs OTMs
= T™SO
OTMS OMe Ph
™S ~Cl
p P ™S y;
ct ™S cl ™S cl Ms TMS
1 12 13 ™S i Tws
CO,Me
™S
/
cl ™S
15 16

The results of the second order perturbation theory calculations
are in agreement with the experimental observations.

If the Diels Alder works well at least in the case of dienes & - 9,
the aromatization of the adducts is less easy in certain cases. Adducts 13
and 15' are transformed into phosphabenzenes 18 and 18' (4/1 mixture,
yield 42 %/1) and their regioisomers 22 and 22" (4/1 mixture, yield 32%/8)

as shown in scheme 1. H
. 25°C Pyridine, Brz Me E
1+ & 0C -so-c,cuzazi
P
TMS
LWC ’ Cl(Brf’ ™S
15and 15" a2
. A
TMS,CHPCL, 20 E = CO,Me l
+
E \ Me _.A__?L, E O Me Me O E
ccl,
)
p P
/ ™S R R
" TMS 22 R=TMS 1 R = TMS
} £ = E - CO,Me — h
21 E = CO,Me 2 R-H 2 I# R-H
Scheme |

When 15 and 15' are heated with diene %, cycloreversion is shown by
trapping phosphaalkene 1 with 4, more reactive than methy| sorbate 8
to yield 12 and 27 (see after). Phosphabenzenes 18 and 22 are protodesi-
lylated by formic acid in refluxing CCl, . These results show the synthe-
tic potentiality of the reversible Diels Alder reaction. It enables the syn-
thesis of one or the other 1somer 18 or 22, depending on reaction condi-
tions.

Similarly, adduct 16 after bromination and thermolysis gives 24
(yield 10% after chromatography). A better route to 24 (80%, NMR eva-
luation) via 23 is under present investigation (scheme 2).
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2
e e 1
5 TMS CCl,‘
T™S
23
Scheme 2

With DABCO in refluxing benzene, 11 gives almost quantitatively the
the secondary phosphine 30 which is converted in refluxing CCI 4 or by
CCL,CN at room temperature into 31 (yield 60 %/11) (scheme 3).

O OTMS

TMS

DABCO

y \ OTMS

4, CC14 or
< / \ OTMS
CCI,CN
P TMS
/
H T™S
30
Scheme 3

Adduct 12 leads to different phosphabenzenes 27 and 28 depending on
the reaction conditions. Heating 12 in a solution of DABCO in benzene at
reflux leads almost quantitatively to 27 with about 5 % of phosphine 26.
When 12 is added to pyridine in refluxing benzene,a 3/7 mixture of 27 and

TMSO
()
™S O v 2 e—
P
28 TMS

12

TMSO

OTMS ™S
Qs O O
P P
TMS ’
™S H ™S ™S

2 ™S 27

Scheme #, (i) Benzene + pyridine, 80°C,

(i) DABCO, benzene 20°C — 80°C
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28 1s obtained. The detail of the mechanism(s) of the reaction 1s not clear
at the present time. However, the formation of 28 implies the migration of
the trimethylsilyl moiety.

The functionality can be introduced by the dienophile. The unknown
phosphaalkenes 2 and 3 are generated in situ and trapped by diene & to
give phosphabenzenes 36 and 37 in an overall yield of 60-70 %/32 or 33
(scheme 5). |

R
™S OTM
NV + PCly TMS—(|:H PC
—._—, hand
/T \ 35°C, 3 hrs ‘2
H OR 1
3, R! - coer
32,R - Et 35, R! < co_tms
33, R - TMs 2
DABCO
-60°C, 15 mn
OH

t 8
O € = Ck P=C —TMS
(1) -50°C/5hrs; r.t./12hrs

2, R .
(uwHydrolysis 4 R = CO,Et
O,R

2 3 Rl CO,TMs

= = Scheme 5

The structure of the products 1s established by 1H,”C?‘P NMR and
mass spectrometry. |

This study shows that phosphaalkenes TMS C = P-Cl 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.

The functional group may be introduced either with the diene or the
phosphaalkenes.
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