The Barrier to Pyramidal Inversion in
Ethylmethylphenylarsine!
Sir:

Much of the recent chemistry concerned with py-
ramidal inversion at second and higher row atoms?
owes its impetus to a classic study by Weston.? A
valence force-field calculation utilizing the Costain—
Sutherland scheme led him to predict barrier heights
for trimethylphosphine (1), trimethylarsine (2), and
trimethylstibine (3) of 22.0, 29.2, and 26.7 kcal/mol,
respectively.* The prediction for 1 was put to the
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zation was followed over a period of more than 2
half-lives (Table I), and rotations at each wavelength
were recorded for five approximately equal time in-
tervals. Satisfactory first-order rate constants were ob-
tained from a least-squares treatment of In (ao/a) vs. ¢
(Table II). The free energy of activation, AG¥, at
217.6°, calculated from the Eyring equation, is 42.4 =
0.5 kcal/mol. ¢

Compared to a value of 42-46 kcal/mol,® Weston’s
estimated barrier for 2 is too low by approximately the
same amount (ca. 13 kcal/mol) as his estimated barrier
for 1.

Table I. Racemization of (+)- and (—)-Ethylmethylphenylarsine (4) in Decalin at 217.6 == 0.3°
~Period of observation—
c, Seex  ——_—_—_—— Initial specific rotation, deg
Compd g/100 ml 105 Days 310 nm 320 nm 330 nm 340 nm 350 nm
(—)4 3.31 12.10 14.00 +38.8 +25.0 +17.2 +12.4 +8.8
(+)4 1.81 11.23 13.00 —-27.2 —18.7 —13.0

test 10 years later by Horner and Winkler,® who re-
ported a barrier of 28-30 kcal/mol for the racemization
of methyl-n-propylphenylphosphine.® However, al-
though evidence for the configurational stability of
arsines has not been lacking,®® the uncatalyzed thermal
racemization of a monoarsine by the pyramidal inversion
mechanism has yet to be reported. We now record
the first experimental test of Weston’s prediction for 2,
through a study of the thermal racemization of ethyl-
methylphenylarsine (4).

The arsine 4, prepared as previously described,!
was distilled to yield a sample,'! bp 42° (0.06 mm),
whose pmr spectrum (CDCl;) featured absorptions at §
7.20-7.62 (m, C¢H3), 1.15 (s, CH;As), and 0.89-1.90 (m,
CH,CH3). Resolution® afforded (+)-4, [a]D +04 =
0.1° (¢ 1.81, decalin) and (—)-4, [«]D —0.5 = 0.1°
(¢ 3.31, decalin). Kinetics of racemization at 217.6 =
0.3° were determined polarimetrically in the 310-350-
nm region!? by the sealed tube method.!® The racemi-
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Table II. First-Order Rate Constants for the Thermal
Racemization of 4¢

- kb X 108, sec™1—
310 nm

Compd 320nm 330 nm 340 nm 350 nm
(—)4 1.4 1.4 1.4 1.5 1.5
(0.998) (0.999) (0.999) (0.998) (0.998)
(+)4 1.3 1.2 1.2
(0.999) (0.995) (0.991)

@ The figures appearing in parentheses below the rate constants
are correlation coefficients determined from a least-squares treat-
ment, ° The estimated error in the rate constants is &=0.4 X 10~¢
sec™!, The average ke = 1.4 X 1078 sec™!, whence t¢.; = 4.95 X
10% sec or 5.73 days.

Horner and Hofer!®'" had previously reported that 4
and methyl-n-propylphenylarsine show no detectable
loss of optical activity on heating for 10 hr at 200°. In
light of the present results, these earlier observations
are readily accounted for. Assuming AS¥ = 0 eu,
the calculated half-life for the racemization of 4 at 200°
is ca. 740 hr. Given the low values of [«]D,*®? it may
now be appreciated that 10 hr is too short a period
of time to allow for the occurrence of significant changes
in optical rotation.

On the basis of photoracemization studies, Horner
and Hofer'** had previously concluded that the energy
requirement for the thermal racemization of tertiary
arsines is 59.3-61.0 kcal/mol. That this estimate is
grossly at variance with our findings occasions no sur-
prise since photochemical energetics are irrelevant to
processes involving only vibrationally excited states
of the electronic ground state.
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