Tetrahedron Letters,Vol.29,No.1l1l,pp 1219-1222,1988 0040-4039/88 $3.00 + .00
Printed in Great Britain Pergamon Press plc

INSERTION OF ELECTROPHILIC PHOSPHORUS INTO CYCLOPROPANES;
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Abstract: Electrophilic phosphorus reagents such as [(Cl)(i—Per)P]+ [AICL) and
PhPCl,/AICl; are found to insert into monocyclic cyclopropanes to yield phosphetanes.
The utility of this new method is demonstrated by synthesizing the first phosphetanes
bearing pheny! substituents at carbon.

Phosphetanes have played an important role in the study of the stereochemical aspects of
the substitution chemistry of phosphorus.! To date, there is only one general synthesis of
phosphetanes which involves the addition of RPCIl,/AICl; complexes to highly-branched
alkenes. This approach, however, is largely limited to the synthesis of multimethyl
derivatives.'®*? In the past, we and others have noted the usefulness of the cycloaddition of
phosphenium ions (R2P+)4 to unsaturated organic compounds for the synthesis of phosphorus-
containing heterocycles.5 Our recent observation of the insertion of R2P+ into the three-
membered ring of quadricyclanes has prompted us to investigate the reaction of chloro-
(diisopropylamino)phosphenium tetrachloroaluminate ([(Cl)(i-Per)P]+ [AICL], 1) with less
strained cyclopropanes in the hope of finding a new general route to phosphetanes. We now
report that said insertions occur readily and demonstrate the utility of our approach by
synthesizing the first phosphetanes bearing phenyl substituents at carbon. We also report the
insertion of PhPCL,/AICl; (2) into alkyl cyclopropanes.

Dropwise addition of one equivalent of 3 (in an equal volume of CH,Cl,) to a solution of
either 1 or 2 (~0.5 M in CH,Cl,) gives the corresponding phosphetanium ions (4). The time
required for complete reaction varies from 2 hr. for reactions ¢ and f to about 13 hr. for
reaction a. The yields of 4, as determined by 3'P NMR spectroscopy of the crude reaction
mixtures, are in general good. In fact, reactions b, ¢, d, and f are essentially clean and
quantitative. The yields of 4a and 4c are about 80% and 50%, respectively. Reaction ¢ gives
two signals in the 3P NMR spectrum of the reaction mixture, which we assign as the cis and
trans isomers. In all cases, the compounds can be isolated after hydrolysis as the
phosphinamides and phosphine oxides (5). Some relevant NMR data for Sa-d are given in
Table 1.7 Since 5e and 5f have been previously reported in the literature,2e they are not
included. Again, reaction ¢ gives two isomers. Column chromatography on silica gel yields
pure 5¢’ which allows the determination of the spectral data for Sc by subtraction of those for
5¢’ from those of the mixture. On the basis of the upfield 'H NMR shifts of the i-Pr,N
groups of 5c as compared to Sc’ (§3.08 and §1.05 versus 83.50 and 81.28) and the downfield
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shift of H, for 5c relative to Sc' (84.39 versus 83.99) we tentatively assign the cis structure to
Sc and the trans structure to 5c¢’.
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The insertions of 1 and 2 into 3 are unusual in that most electrophiles react with
cyclopropanes to give ring-opened products. For example, HX and X, yield substituted
propanes on reaction with cyclopropanes.? The only other reports of insertions into
monocylic nonconjugated cyclopropanes are the additions of TCNE to dialkoxy-? and
diphenylcyclopropanes.’® Kashman and Rudi have reported that RPCL,/AIC]; complexes are
inert to simple gem-dihalocyclopropanes.!! On the basis of the similar reactivities of
phosphenium ions and RPCl,/AIC], toward unsaturated organic molecules 5612 and the present
work, it is tempting to invoke phosphenium ions as intermediates in the RPCIL/AICI,
additions. However, Quin has show that the chemistry of RPCl,/AICl; probably does not
involve phosphenium ions.!3
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Table 1. '*C and P NMR spectroscopic data for 5a-d.?

R"l Rl
Rn__‘s__zt R
i.—-_ T: o
X
Nucleus 5a 5b 5c 5S¢’ 5d
3p{'H) 49.8 46.4 48.6 46.7 48.4
laC{lH}
C, S1.4(78)  52.7(79)  58.7(67)  56.3(63)  71.9(68)
C, 27.9(18)  34.8(14)  14.321)  19.322)  26.6(22)
. 31.3(59)  46.4(69)  34.5(61)  34.0(67)  33.7(63)
X 22.9(3) 22.8(4) 22.6(<2)  23.2(<2)  22.6(<2)
23.9(2) 24.1(3) 22.7(<2)  23.42) 23.5(<2)
46.4(2) 46.7(<2)  46.2(2) 46.1(4) 47.0(2)
R-R‘"  23.8(4) 19.3(5) 126.44)  126.6(3) ¢
24.7(4) 21.9(4) 126.7(7)  128.0(7)
25.4(24)  136.8(12) 128.6(3)
26.8(5) b 137.2(11)

Spectra were 'H noise-decoupled and obtained on a Bruker AM-300
spectrometer in CDCIl, solution.

values in hertz.

b Obscured.

¢ Many resonances between 126.2-145.6 ppm.

The numbers in parentheses are Jpo
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