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REARRANGEMENT REACTIONS IN FOUR-MEMBERED RING PHOSPHORUS HETEROCYCLES
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Very few examples of the preparation of phosphetanes (phosphacyclobutanes) or related
derivatives have appeared in the literature (1), and relatively little is known about the
chemical behavior of these systems. As recent investigations (2) have led to the synthesis
of 2,2,3,4,4-pentamethyl-1-phenylphosphetane (I), the corresponding oxide II, and phos-
phonium salts, IITa and IITb, we now wish to describe the unusual behavior of II and III on
treatment with phenyllithium and III with dilute sodium hydroxide.
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When an ether suspension of the phosphine oxide II was treated with a slight excess of

phenyllithium at 10° and then quenched with methyl iodide, an open-chain phosphine oxide IV,

mp 108-120°, was formed in 81% yield.
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In addition to a satisfactory elemental analysis (3), the structure was supported by its
nmr spectrum and a PSl—H1 decoupling experiment (4). The nmr (CDClB) showed absorption at:

T = 2.08-2,93 (10 H multiplet, aromatic); €.69-7.33 (1 H sextet, Cchﬂ')i 8.32 (3 H doublet,

ZJPCH: 11.5 cps., PCES); 8.57 (3 H singlet, V—CH?); 8.83 (3 H singlet, v-CH3); 8.65 (3 H

doublet, BJHCCH: 7.0 cps., p-CHS); 8.89 (3 H doublet, BJPCCH: 17.0 cps., a-CHB); and 9.50
n P31-Hl decoupling, each of the doublets col-

1

(3 H doublet, J,.0=19.5 cps., u-CH). O
lapsed to a singlet (except for the doublet at t = 8.65), and the singlet absorption peaks
(V—CH3 groups) remained unchanged. The unequivalence of each of the v-methyls as well as
each of the o-methyls may be due to their proximity to the asymmetric center(s) in the
molecule (5). The formation of IV probably involves initial attack of phenyllithium at

phosphorus to give a pentacovalent species (6) which subsequently undergoes phenyl migration
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and ring opening. The timing of the latter part of the rearrangement is open to speculation.

In a similar manner, the phosphonium iodide IIIb was treated with phenyllithium in
ether at 25° and then with methyl iodide to give a new phosphonium salt V (38% yield, mp
223-227°(dec) ).

Y P a + _
66H5C(CH3)ZCHCH30(0H3)2P(CH3)206H51 v |
The nmr (CDCl3 plus a few drops of CFSCOZH to increase solubility) showed absorption at:
T = 2,0-3.0 (10 H multiplet, aromatic); 6.82-7.50 (1 H multiplet, CH3C§-); 7.7, (6 H
2 3

doublet, Jpoy™ 12.2 ops., PC§3)5 8.60 (3 H doublet, Jpcey= 20-5 eps., o-CH3)3 8.57 (3 H

singlet, Y-CH3); 8.85 (3 H singlet, y-CHg); 8.99 (3 H doublet, = 7.0 cps., p-CHg);

3
JHccH

and 9.28 (3 H doublet, S = 20.5 cps., a-CHy).

JPCCH
The mechanistic pathway for the phenyl migration in IIIb bears a similarity to that
proposed by Zbiral (7) in which an alkylidenetriphenylphosphorane reacts with benzyne through

a presumed phosphacyclobutane intermediate. Zbiral visualized the phenyl migration step
{intramolecular nucleophilic substitution) as analogous to the Smiles rearrangement. As an

interesting extension of this mechanism (with respect to our system), the phosphonium bro-

mide VI was treated as below - in this unsymmetrical case two products are possible:

2 %%%E* > _C CgH,C(CH) ,C(CH,) CH PO H,(CH) T

l 3 ; l VII 4 _

J——};-céﬂi ——F(0Hy), C4HCH,C(CHy) ,C(CHy) PO H,(CH) T
VI CH, Br o VITI

In actuality, the only product observed was VII (55% yield, mp 242-2450) which showed
nmr (CF3002H) absorption at: T = 2.7-3.2 (10 H multiplet, aromatic); 7.78 (2 H doublet,
2JP0H= 15.0 cps., PCEZ—); 8.35 (6 H doublet, 2JP0H= 13.5 cps., P-Cﬂs); 9.00 (6 H singlet)
and 9.48 (6 H singlet). The clear selectivity of phenyl migration to the dimethylated
position suggests that the rate controlling step is that of nucleophilic attack of the
preformed carbanion upon the phenyl group (final step in Zbiral's mechanism); the more .
nucleophilic, tertiary carbanion would be expected to react faster than the primary carb-
anion. Alternatively, one can also formulate a pathway in which the polarity of the inter-
mediate zwitterion is reverseg (8).

In contrast to the stability of the oxide II to aqueous base, the salt IIla underwent
a remarkable rearrangement in the presence of 1N NaOH at 10° to give the dfene (IXa), mp
133-143, in 70-80% yield. Absorption in the nmr (CDClB) was observed at: t = 3.73~4.82

(4 H multiplet, winyl protons); 7.02-7.49 (2 H broad doublet, allylic protons); 7.93-8.38
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(1 H broad quartet, B-H); = 8.62 (3 H doublet,

3 ~
Tpcon” 15 cps., a—CHa); ~ 8.83 (3 H doublet,

35

JPCH: 12 cps., P-CI-_Is) ; =~ 8.81 (3 H doublet,

JPGCH~ 13 cps., a~CH;); 9.07 (3 H doublet,
31,1

HCCH = 7.0 cps., 3-0H3); 8.89 (3 H singlet, Y—CH3); and 9.20 (3 H singlet, Y—CH3). PT-H
decoupling helped to confirm this assighment. In additlon the relative area of the allylic
region decreased by one half the original velue when the reaction was run with sodium

deuteroxide - a result consistent with the following pathway (to give IXb).

N&OD —— ——
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Structure proof for the diene (Calcd. mol wt, 252; Found, 258 (osmometry in Benzene))
comes from its aromatization (by 30% Pd/C in refluxing decalin) to yield the tetrahydrophos-
phinoline (X), which showed nmr (CDCls)' absorption at: T = 1.83-2.90 (4 H multiplet, aromatic}
7.70-8.30 (1 H multiplet, B-H); 8.44 (3 H doublet, 2JPCH= 12.1 cps., PG§3); ~ 8,72 (3 H
doublet, *Jo.o ~ 14.5 cps., a-CHy); 8.86 (3 H doublet, “Jo.on= 14.5 cps., a-CHy); ~ 8.88
(3 H doublet, 3JHCCHz 6.5 cps., ﬂ—CHs)‘; and 8,68 (6 H singlet, Y'CHS)- Moreover, IXa wes
successively treated with trichlorosilare and methyl iodide to give a salt which underwent
a Hofmann-type elimination (2N NaOH) followed by air oxidation to yield XIII. The nmr of
XIII and IV were similar.

N ,
C(_)H5C(0}13)ZCI-XCI-iSC(CHs)ZP(CHE})2 X111
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