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A Test for Pseudorotation in ‘‘Pentacoordinate”’
Sulfur Compounds!
Sir:

That base-catalyzed hydrolysis of cis- and trans-
l-ethoxy-1-phenyl-2,2,3,4,4-pentamethylphosphetanium
hexachloroantimonates (1) proceeds with P-O cleav-
age and essentially complete retention of configur-
ation,? whereas analogous acyclic ethoxyphosphonium
salts undergo inversion of configuration under the
same reaction conditions,® has been attributed* to
pseudorotation in the intermediate cyclic phosphoranes.
We wish to report our observation that cis- and trans-1-
ethoxy-3-methylthietanium hexachloroantimonates (2)
undergo base-catalyzed hydrolysis with essentially com-
plete inversion of configuration, as do the acyclic, five-
and six-membered ring analogs,® and that the contrast
in behavior between the phosphorus (1) and sulfur
(2) systems may be taken as evidence against pseudorota-
tion in ‘““pentacoordinate” sulfur intermediates.®

Oxidation?® of 3-methylthietane® gave a mixture of cis-
and trans-3-methylthietane 1-oxides (3) which were
separated by chromatography on silica gel. The iso-
mers, 3A and 3B, respectively identified as cis and trans
by their characteristic!® nmr absorption in the methylene
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region, had the following nmr signals: 3A, CHj, d,
7 8.75; CH,, m, r 7.35-6.85 and 6.50-6.00; CH, m,
7 ca. 7.60; 3B, CH,;, m, 7 8.72; CH,, m, 7 6.70; CH,
m, 7 ca. 6.78. Since 3B has no measurable signal down-
field of 7 6.50, and since the downfield half of the methyl-
ene multiplet due to 3A is unencumbered by interfering
signals, integration of that portion of the multiplet
(corresponding to two out of the total of five ring
protons in 3A) provides a convenient measure of the
3A content of the mixture. A mixture consisting of
999% of 3A and 1% of 3B was O-ethylated with tri-
ethyloxonium hexachloroantimonate in dichlorometh-
ane. Base-catalyzed hydrolysis of the resulting salt
(2) with 0.5 M NaOH in 5097 (v/v) aqueous dioxane at
room temperature afforded a mixture consisting of ca.
7% of 3A and ca. 939 of 3B. Ethylation of this mix-
ture, followed by base-catalyzed hydrolysis of 2, as
described above, led to a mixture consisting of 949
of 3A and 6% of 3B. These experiments proved that
hydroxide displaces ethoxide in 2 with >9597 inversion
of configuration at sulfur.

If the reaction proceeds by a direct SN2 displacement
at sulfur, with the O-S-O angle near 180°, considerable
angle strain is introduced by the presence of a four-
membered ring. The equatorial (e) positions in the
transition state, normally near 120° in the unstrained
cases, are now forced to subtend an angle near 90°.
However, if we assume the intermediacy of a “penta-
coordinate” sulfur compound®™!! (hemisulfoxal'? 4)
of approximately trigonal-bipyramidal geometry,”!?
the thietane ring comfortably spans the 90° angle sub-
tended by the apical (a) and e positions. Starting from
cis-2 (2A), and disregarding isomers in which the thi-
etane ring spans other than ae positions, three diastereo-
mers of 4 (A-C), and their enantiomers, may be formed.
Of these, 4C represents a high-energy form since both
electronegative groups occupy the unfavorable!s !
e positions while the lone pair, whose position in SF,
is equatorial,”*? now occupies the a position. If 4A
is first formed, only pseudorotation! (one step) to 4B
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leads to a structure which is not ruled out on energetic
grounds.!® Similarly, if 4B is first formed, only -4A
is accessible!® by pseudorotation. It follows that if the
rate of departure of the leaving group is faster than
pseudorotation to an unfavorable intermediate,!® loss
of ethoxide from 4A or 4B results in net retention of
configuration.”>1 Since this is not what is observed,
we conclude that the displacement at sulfur occurs by
way of a high-energy transition state or intermediate:
either the thietane ring spans the ee positions (I strain)
and the entering (hydroxide) and leaving (ethoxide)
groups occupy a positions, or the ring spans the ae
positions but the entering and leaving groups now
occupy e positions, with the lone pair in the g position
(stereoelectronic strain). Hence, either pseudorotation
in the family of “‘pentacoordinate’ sulfur compounds, if
it occurs at all,!%1® is less facile than in the phosphor-
anes, or the reaction does not proceed through an in-
termediate of significant lifetime and is better described
as a direct nucleophilic substitution.?’

(16) Intermediates ruled out are those in which the thietane ring spans
other than ae positions, and those in which the unfavorable energetics
detailed for 4C obtain,

(17) The principle of microscopic reversibility,15 as applied to the
present case, obtains for equatorial attack (3A — 2A — 4A — 4B — 3A)
or apical attack (3A — 2A — 4B — 4A — 3A).
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series of 2 and 3.
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toto to nucleophilic substitution at phosphorus in 1-chloro-2,2,3,4,4-
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version of configuration (D. J, H. Smith and S. Trippett, Chem. Commun.,
855 (1969)).
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Stereomutation of Phosphine Oxides by Lithium
Aluminum Hydride!
Sir:

Phosphine 1, prepared by lithium aluminum hydride
(LAH) reduction of optically active 2, provided the first
example of a compound whose optical activity could be
attributed to stably pyramidal tervalent phosphorus.?
Surprisingly, however, reduction of optically active 3
with LAH gave racemic 4, even though phosphines
are configurationally stable at temperatures employed in
the reduction.»* We now report our finding that phos-
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phine oxides undergo rapid stereomutation in the pres-
ence of LAH prior to reduction.

P—NH O=P—NH
CSH4NM€2( p ) CSH4NM92(P)
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Solutions of (4 )-methylphenyl-n-propylphosphine
oxide (5, 1 mmol) and LAH (0.5 mmol) in tetrahydro-
furan (THF) were allowed to stand at room temperature,
and their compositions were examined at hourly inter-
vals. The results for two runs are collected in Table I

Table I. Racemization and Reduction of
(+)-Methylphenyl-n-propylphosphine Oxide (5) by Lithium
Aluminum Hydride in Tetrahydrofuran

~—— Recovered phosphine oxides ——
~—Run no. 1— —Run no. 2—— Yield of

Reaction Racemi- Racemi- phos-
time, {alD, zation, {alD, zation, phine,
deg %% deg %% 73t
0 9.8 0 18.0 0 0
1 8.1 17 15.3 15 1
2 7.5 23 2
3 4.9 50 9.8 46 5
4 4.5 54 6.8 62 7
5 3.2 67 6.4 64
6 1. 83 3.6 80 9

& Rotations of 5 refer to methanol. Starting materials are 497,
(run 1) and 907 (run 2) optically pure, based on the absolute rota-
tion of {a]b 20°: J.P. Casey, R. A. Lewis, and K. Mislow, J. Amer.
Chem. Soc., 91, 2789 (1969). Recovery of 5 was generally about
70%. ®These figures, assessed by glpc (2 ft, 109 SE-30 on 60-80
Chromosorb W), are approximate, and refer to both runs. In
addition to phosphines, some other unidentified decomposition
products were also observed.

and clearly demonstrate that racemization of the phos-
phine oxide is virtually complete before more than 107
has been reduced to phosphine. A control experiment
showed that quenching of the reduction mixture with
H;B0O does not lead to incorporation of O into the
recovered phosphine oxide. Exposure of optically
active 5 to LAH in refluxing THF or di-n-butyl ether
at 80-90° for 30 min leads to racemic 5. Sodium boro-
hydride in ethanol at room temperature is ineffective
as either a racemizing or reducing agent.

Exposure of either cis- or trans-1-phenyl-2,2,3,4,4-
pentamethylphosphetane 1-oxide® to LAH in THF at
room temperature produces the same mixture of isomers
(709 recovery) consisting of 9597 of the higher melting
(presumably c¢is®) and 59 of the lower melting (pre-
sumably trans®) isomer. Significantly, 'the epimeriza-
tion of the two diastereomers is complete within 10 min
or less under the stated reaction conditions.
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(6) These assignments are tentative (ref 5; S. E. Cremer, private
communication),
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