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dition of RLi to the triple bond. ortho-Metalation of
benzene rings containing substituents which are induc-
tively electron withdrawing is a well known pheno-
menon,® and the inductive electron-withdrawing effect
of the triple bond is apparent in the increased acidity
of a number of acetylenic carboxylic acids in comparison
to their saturated analogs.® The dicarboxylic acids
(I1I) are assigned the trans structure on the basis of the
trans structure of the hydrolysis product from #-
butyllithium and diphenylacetylene, in addition to the
fact that the yield of indone, which requires a frans
stereochemistry, may be increased by bubbling carbon
dioxide through the reaction mixture, in contrast to our
ordinary procedure of decanting onto a large excess of
solid carbon dioxide. The ¢trans nature of the products
does not necessarily reflect the initial mode of addition
of the zn-butyllithium to the triple bond. Curtin and
Koehl” have shown that even at 2° in ether—benzene,
cis-stilbenzyllithium is completely isomerized to trans-
stilbenzyllithium in 30 min. In the present investiga-
tion, our olefinic lithium compounds remained in ethyl
ether solution many hours. The situation in this case
is more complicated, however, since we obtain a di-
lithium intermediate. Indeed, there seems to be some
special stability to this dilithium compound (II), inas-
much as we recover after carbonation only starting ma-
terial and products arising from V, nothing from a
monolithium compound. The implications of this fact
are being investigated.

In contrast to ethyl- and n-butyllithium, we find, in
agreement with a recent report,’ that phenyllithium and
diphenylacetylene give only triphenylacrylic acid
(11%).

A still different course of reaction occurs between ¢-
butyllithium and diphenylacetylene in ligroin (40 to
70°, 13 hr.). After hydrolysis, 1,2,3,4-tetraphenylbu-
tadiene (309,) and trams-stilbene (59;) are isolated.
The former compound was identified by comparison
with an authentic sample prepared by the action of
lithium metal on diphenylacetylene.® The lithium-di-
phenylacetylene reaction may very well proceed by di-
merization of the diphenylacetylene anion radical, and
a strong possibility exists that at least a portion of the
¢t-butyllithium and diphenylacetylene reaction proceeds
by an anion-radical intermediate. In accord with this
the reaction mixture displays on e.s.r. signal having no
fine structure. The formation of radical anions from
n-butyllithium and a number of aromatic compounds
has recently been reported.’® ¢-Butyllithium would be
expected to be an even better electron donor, since the
process would presumably'! involve the conversion of
an unstable tertiary carbanion-like compound to a ter-
tiary radical.'?

(3) H. Gilman, Org. Reactions, 8, 258 {1954).

(8) C. K. Ingold, "Structure and Mechanism in Organic Chemistry."
Cornell University Press, Ithaca, N. Y., 1953, pp. 735-736.

(7) ). Y. Curtin and W. J. Koehl, jr., J. Am. Chem. Soc., 84, 1967
(1912).

{8) J.J. Eisch and W. C, Kaska, tbid., 84, 1501 (1962).

{9) L.I. Smithand H. H. Hoehn, ibid., 63, 1184 (1941).

(10) H. W. Brown and R. C. Jones, J. Chem. Phys., 86, 2809 (1962).

(11) For papers indicating that the order of carbanion stability is pri. >
sec. > tert., see: (a) P. ID. Bartlett, S. Friedman, and M. Stiles, J. Am. Chem.
Soc., 76, 1771 (19533); (b) A. Schriesheim and C. A. Rowe, Jr., 1bid., 84,
3160 (1962); (c) D. E. Applequist and ). F. OO'Brien, ibid., 88, 743 (1963);
(d) R. E. Dessy and R. M. Salinger, Abstracts of Papers, 145th National
Meeting of the American Chemical Society, New York, N. Y., Sept., 1963;
p. H60Q

(12) P. D. Bartlett and S. J. Tauber have found a different course of
reaction when f-butyllithium and diphenylacetylene react in ethyl ether at

—30°%.  One of the products (after carbonation) is 8-t-butyl-a,3-diphenyl-
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Racemization of an Optically Active Fluorosilane
without Displacement of Fluoride Ion: Evidence for

an Expanded-Octet Mechanism
Sir:

Previous studies have revealed highly stereospecific
reactions of many optically active organosilicon com-
pounds containing the a-naphthylphenylmethylsilyl
group.!'=® More recently, stereospecific reactions of
optically active organogermanium compounds contain-
ing the same organic substituents have been reported.4
In all such cases of reactions proceeding with pure, or
nearly pure, inversion or retention of configuration, it is
clear that the mechanism may or may not involve
expanded-octet intermediates (penta- or hexacovalent
silicon intermediates). However, it is equally clear that
the mechanisms of such stereospecific reactions cannot
involve fast equilibrium formation of an expanded-octet
(addition) complex which returns to starting materials
with inversion of configuration at a rate which ap-
proximates or exceeds its decomposition to products.
Thus, for stereospecific reactions, mechanism 1, in which
kinv approximates krec and exceeds k,, cannot obtain if
the optical purity of R;Si*X is high.

k1 ks
(HRSIHFY + (X) &= RSIFY(X) —> RSI*X (1)
kret
leikinv

(—IRSI*Y + (X)»

Stereospecific reactions of R;Si*F (a-napthylphen-
ylmethylfluorosilane), which cannot involve mechanism
1 having kinv ~ kret > ks, are known. Reaction 2 pro-
ceeds with inversion of configuration! and 3 with reten-
tion of configuration.’

ether
(+)RSI*F + LiAIH, —> (—)R;Si*H @)
pentane
(+)R:Si*F + ¢-PrLi ———> (4 )R;Si*-i-Pr (3)
Nevertheless, the high bond energy of Si-F (ca. 130
kecal. /mole), the high electronegativity of fluorine, and
its small size, as well as the existence of the stable Si-
Fs*~ ion, suggested to us that mechanism 1 might ob-
tain for R;S1*F under certain conditions which would
also lead to the relationship kinv > k.

In the racemization experiments described below, the
product in all cases is pure racemic fluorosilane. Mac-
roscopic formation of a substitution product does not
take place, and involvement of a substitution product in
an equilibrium unfavorable to its isolation is ruled out
by studies described later. Thus, it is clear that the
rate of racemization greatly exceeds the rate of displace-
ment of fluoride ion. In fact, the latter does not occur
at all during the time required for complete racemiza-
tion, under the designated conditions.

In sum, our observations and conclusions lead to the

(1) I.. H. Sommer, C. 1.. Frye, M. C. Musolf, G. A. Parker, P. G. Rode-
wald, K. W. Michael, Y. Okaya, and R. Pepinsky, J. Am. Chem. Soc 83,
2210 (1961).

(2) L. H. Sommer, Angew. Chem. Intern. Ed. Engi.. 1, 143 (1962).

(3) A. G. Brook and C. M. Warner, Tetrahedron Letters, 18, 815 (1962).

(4) A. G. Brook and G. J. D Peddle, J. Am. Chem. Soc., 85, 2338 (1963).

(3) L. H. Sommer, P. G. Rodewald, and G. A. Parker, Tetranedvon Letters:
18, 821 (1962).
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postulate of mechanism 1 in which kiny 3> ks for the
racemization studies described, and amount to the fol-
lowing.

(1) Optically active R;Si*F in pentane and {-butyl
alcohol solvents is racemized by added methanol with-
out displacement of —F

(2) Such racemization cannot be due to fluoride—
fluoride exchange engendered by formation of a small
amount of HF. Addition of HF to the reaction med-
ium strongly retards the rate of racemization.

(3) Such racemization cannot be due to the formation
of ionic intermediates containing ionized fluorine. The
high bond energy of Si-F and the low dielectric con-
stants of the ¢-butyl alcohol and pentane solvents argue
against such a possibility. Furthermore, in pure formic
acid, a solvent of high ionizing power, the pseudo first-
order rate constant for racemization of R3Si*F is only
3.7 X 107% min.~!, compared to 3.5 X 1072 min.~!in
pentane containing 0.580 M methanol. Also, ionic
intermediates containing ionic fluorine should be con-
siderably stabilized by the presence of HF, due to prob-
able formation of HF,~ from such intermediates. In-
stead, rate-retardation is observed when HF is added.

Polarimetric rate data for racemization of R;Si*F
(0.0358 M) in pentane by methanol (0.580 /) at 31.2°
give a linear first-order plot, k& = 3.5 X 1072 min. L
When racemization of an equimolar mixture of Rs-
Si*F and optically active R3Si*OCH; (0.0179 M in each
component) was carried out, the optical rotation only
decreased to the expected value for the optically ac-
tive methoxysilane and remained constant at that
value for 26 hr. Thus, the racemization of the fluoro-
silane does not involve the methoxysilane as an inter-
mediate, and racemization proceeds without displace-
ment of fluoride ion. In the presence of HF (7.5 X
10~* M), and keeping the methanol and fluorosilane
concentrations constant, the rate constant for race-
mization decreased from 3.5 X 1072 min.~! to 4.0 X
1075 min.™!, by a factor of almost 103. In pentane
solvent, racemization rate increases rapidly with in-
creasing methanol concentration. Indeed, the order of
reaction with respect to methanol was found to be ap-
proximately 4. In an extremely nonpolar solvent such
as pentane, this does not mean that four molecules of
methanol are covalently bonded to R;Si*F in the rate-
controlling transition state.

The rate data for racemization of R;Si*F (0.0358 M)
in ¢-butyl alcohol by methanol (2.06 M) at 25° give a
linear first-order plot, by = 2.0 min.~!. In {-butyl al-
cohol solvent, as in pentane, an equimolar mixture of
R;Si*F and R;Si*OCH; was racemized by methanol
only to the point of complete racemization of R;Si*F
and zero racemization of R;Si*OCH;. Both HF (8.44
X 107* M) and boron trifluoride etherate (0.529 M)
retard racemization of R;Si*F by methanol in the ¢-
butyl alcohol solvent, the former by a factor of 17 and
the latter by a factor of 4, for [R3;S1*F] equal to 0.0358
M and [CH;OH] equal to 0.580 M. Further studies
are in progress.’

Addition of methoxide ion (from MeOH,*—MeO™)
to the central silicon to give a geometrical arrangement
in which R, R’, R”, and F are coplanar constitutes a
possible mechanism for the racemization.” For a pen-

(6) Based on a solvolysis study of PhsSiF and p-tolylsSiF in acetone-
water (C. G. Swain, R. M. Esteve, and R. H. Jones, J. Am. Chem. Soc., 71,
965 (1949)), an expanded-octet mechanism was proposed for these reactions,
but the evidence was inconclusive, It was also consistent with an Sx2
mechanism in which bond-formation exceeds bond-breaking in the rate
controlling transition state. On the basis of the presemt stereochemical
results and others, we now believe that the original mechapism postulate
of Swain and co-workers for the solvolyses was probably correct.

(7) Structure I may also derive from reaction of RsSi*F with two mole

cules of methanol. In either case addition of HF should decrease the
basicity of the medium and decrease rate. It is probable that I exists as one
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tacovalent intermediate, the organic groups and the
fluorine would be basal in a tetragonal pyramid and
methoxide would be apical. Such an intermediate (1)
would be optically active and could return to R;Si*F
with relention or inversion of configuration, depending
upon which pair of trans groups (R and R’ or R’ and
F) move toward the methoxy group as it leaves. In
I the silicon atom need not be coplanar with R, R/,
R’/, and F.

lr ,F
OM
Fie Si—ap’ <_ ] /_ /R R/ Gl R
ll?'u / \ IIQ'I
I I II1

Structure III, resulting from movement of R and R’’
toward MeO, is the enantiomer of structure II which
results from movement of R’ and F toward MeO~.

An octahedral, hexacovalent silicon intermediate, Si,
R, R’, R”, and F coplanar, which would be optically in-
active if it contained trans methoxy groups, is also pos-
sible but seems less likely at present.

Acknowledgment.—We thank Dow Corning Cor-
poration for generous support.

component of an ion-pair which also contains MeOH: * and that one or more
molecules of methanol stabilize the ion-pair by solvation.
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Segregation of Benzoic Acid-d from Benzoic Acid by
Zone Melting
Sur:

In an attempt to identify impurities segregated from
benzoic acid by zone melting, the mass spectra of various
fractions of zone-melted ingots were examined. It was
found that samples taken from the tops of zone-melted
ingots showed smaller ratios of mass 123 to mass 122
than did the original acid. The samples did not seem
to contain any impurity in an amount that would
account for the observed ratios. It was thought that
isotopic fractionation might be responsible, and to test
this the following experiment was carried out.

Benzoic acid-d (0.30 g., 959, isotopic purity) was
mixed with 19.20 g. of benzoic acid that had been puri-
fied by zone melting, recrystallization from water, and
sublimation. The mixture was melted in a sealed zone
melting tube, shaken vigorously, and allowed to so-
lidify.

The ingot was subjected to 274 passes in an automatic
zone refiner.! Deuterium was determined by the
infrared technique of Jones and MacKenzie? in samples
taken from three points in the ingot. The top, middle,
and bottom of the ingot gave water containing 0.23,
0.36, and 0.43 mole 9% D.O, respectively. The original
mixture contained 0.33 atom 9, deuterium. It is clear
that CeH:CO,D is distributed in C¢HsCO.H as an im-
purity whose distribution coefficient? is less than unity.

Benzoic acid and benzoic acid-d probably form a
continuous series of solid solutions. Since the melting
point of CgHzCO,H is about 3° higher than that
of CeH:CO,D,* it would be expected that the melting
point of the former would be depressed by admixture
with the latter. The observed distribution is consis-
tent with this situation.

(1) G. J. Sloan and N. H. McGowan, Rev. Sci. Instr., 34, 60 (1963).

(2) R. N. Jones and M. A. MacKenzie, Talanta, 8, 356 (1960).

(3) W. G. Pfann, “Zone Melting,”’ John Wiley and Sons, Inc.,, New York.
N. Y., 1958, Chapter 2.

(4) J. M. Robertson and A. R. Ubbelohde, Proc. Roy. Soc. (London),
Al170, 222 (1939).



