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PHOSPHORUS HETEROCYCLE SYNTHESIS BY RPX2'A]X3 ADDITION TO [1,n)DIENES VII.

Y. Kashman* and A. Rudi
Department of Chemistry, Tel-Aviv University, Ramat Aviv 69978, Israel.

Abstract. The RPX,"A1X, complex (1) reacts with unsaturated ketones and imines to give novel 7-
oxa and 7-aza-2- ph%sphag1cyc1o[2 2. 1]heptanes (compounds 3 and 6 respectively).

A new 1,3- -dipolar addition of ( CCH PXR to Ar-N=C=S was disclosed resulting in the
formation of the 2-imino-1,3- th1aphospRo@ane52(7

The use of the RPXZ'MX3 complex (1) for the synthesi§ of new phosphaheterocycle systems
starting from 1,n-dienes, has already been described by us . Here we wish to represent the
use of the above complex for the synthesis of other novel heterocycles which contain, apart
from the P-atom, an oxygen, sulfur or a nitrogen atom in a mono or bicyclic skeleton.

The synthesis of phosphaheterocycles by the reaction of complex 1 with 1,n-dienes, Ted us
to the examination of the reaction of 1 with gy and higher unsaturated ketones.

In contrast to oxo compounds which are reported to give with RPX2 {without A1X3) interest-
ing phosphaheterocyc]esz, By and y§ unsaturated ketones, tested by us (vide infra), failed to
give any identifiable compounds.

2-Methy1hex-]-en-5—one3, however, gave with 1 an addition product 3. In analogy to the
reaction of 1 with 2,5-dimethylhexa-1,5-diene (compound 2, Scheme 1)1a, an oxaphosphabicyclof2.
2.1]heptane was expected to be produced. Furthermore, the obtained product should possess
the relatively strong P-0 bond4.
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Scheme 1
The structure of 3 (C ]3H1702P)5, obtained in ca. 25%, was determined mainly on the basis

of its ]3C and ]H-NMR spectra (see Table 1) as 2-oxo-2-phenyl-2phospha-7-oxabicyclo [2.2.1] hep-

tane. Most significant for this‘assignment were the ]3C resonance lines of the
—Q-O-g-P(O)Ph~CH2- moiety.  Furthermore, the §, and JPC values of the two methyl groups sug-
gest the phosphorus atom in 3, to have the same stereochemistry as in 2a.

Ubtaining 3 rather than a compound containing the P-0-C linkage (as e.g. 4, Scheme 1) was
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quite surprising, suggesting that the olefin rather than the carbonyl group is first attacked by
the complex to give a tertiary carbonium ion, which then reacts further with the carbonyl group
to give compound 3 (see Scheme 2).
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Scheme 2
Reacting 1 with 1-methy1-4-isopropeny1cyc1ohexan-3-one, a By-unsaturated ketone, gave in high
yields a crystalline compound (§_C16 12 2 P) as outlined in Scheme 3. The spectral data of §§
are in full agreement with the proposed oxaphospholane structure. On the first step the isomeri-
sation of the By double bond produces an o,B8-unsaturated ketone which is subsequently cyclised to
give 5.  Such a cyclisation is known in the synthesis of 1,2-oxaphospholanes by the reaction of
dihalophosphanes with ag-unsaturated ketones7. Indeed, reacting the corresponding og-unsatura-

ted ketone, pulegone, with RPX, also gave compound 5 (Scheme 3)8.
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In order to investigate the scope of the reaction, complex 1 was also reacted with yé-unsatura-
ted imines. For example the reaction of the dimethylhydrazone of 2-methy‘lhex-1-en-5-one9 with 1
gave compound Q}O which was obtained in Tow yield {see Scheme 1). Compound 6 is suggested to
possess the 7-aza-2-phosphabicyclo{2.2.1]heptane skeleton, its structure being deduced mainly
from the 1H and 13
groups, the stereochemistry of the P-atom in 6 appears to be identical to that of 2b (epimeric
to 2a and 3).

The reaction of 1 with isobutylene produces a 2,2,4,4-tetrasubstituted phospholane in a
1b

C-NMR spectra (Table 1). According to the resonance lines of the two methy]l

2:1 addition via the suggested intermediate i (Scheme 4) In an attempt to capture this
carbonium-phosphiranium jon (i) whose exact structure is as yet unknown]1, it was reacted with
several dienophiles. Phenylisothiocyanate led to the isolation of compound 7a following the
isothiocyanate addition to a solution of iscbutylene and complex 1, immediately after completing
the addition of the olefin at -78° to the CH oCl, solution. Compound 7a was obtained in ca. 15%
yield (C17 IBNOPS) . The spectral data suggested that 7a possess the 2- 1m1no-1,3-thiaphospho-
lane skeleton, However, a 2-thio-1,3-azaphospholane could not be excluded 3. The differentia-
tion between the two possible structures was achieved from the structure of the hydrolysis pro-
duct14
which possessed the characteristic =P(0)OMe absorption in the 'H-NMR spectrum proving the
presence of the ZP(0)OH moiety in 8a. Compound 7a is unstable and decomposes quite rapidly

of Zg_(§g}5, Scheme 4). Methylation of 8a with CH2N2 gave the methylated compound §§}6

under acidic conditions, to compound 8a and ani]ine17. Reacting p-methoxy phenyl1'soth1'ocyanate“8
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with i gave compound 29}9 which was more stable than 7a, explained by the electron donating OMe

group.
R C CH2 —PXR! species, a reaction which may find its application in the preparation of other

2

new heterocycles.

The synthesis of 7 represents the first example for a new 1,3-dipolar addition of the
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Scheme 4 H-NMR data.
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Table 1 C chemical shifts and ~“C-"'P coupling constants™.
C- 1 3 4 5,6 Cy-Me C,-Me C,-Me Cy-Me
2a° 43.4 40.0 43.8 37.5 31.5 14.9 241 1.00s 1.30s

(68) (59) (0) (0) (7 (0) (12) (14) (3)
3 82.6 41.2 84.7 38.2 31.8 16.1 24.4 1,20s 1.60s

(77) (€7) (0) (0) (7) (7) (6) (12) (3)
ggF 45.2 41.5 43.2 36.9 31.1 13.9 23.5 1.30s 1.30s

(68) (59) (0) (0) (0) (0) (12) (12) (3)
6 66.9 42.8 68.2 38.2 31.8 13.7 22.6 1.53s 1.53s

(63) (65) (0) (0) (0) (0) (1) (13.5) (2)
a.  Chemical shifts, in parts per million, reTative to TMS, determined on a Bruker WH-90 instru-

ment (in CDC13) Numbers in parentheses stand for the coupling constants in Hz.

The &, values of the methyl groups of the pair 2a and 3 and the pair 2b and 6 indicate their
similarity. In the case of 2b and 6 the chemical shifts are identical whereas in 2a and 3
they appear separately.

The stereochemistry of the P-atom in the two P-epimers, 2a and 2b, is still unidentified.
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