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Table I. Epoxidation of Homoallylic Phosphates

3
| R:\z R3 R R
RY%RA o p R’
e CH3CN O§I|>/ I
PO3Et2 OEt R
3 52
| R\2 R3 2 R
P I N
NaOEt Rt + R sy
THF 0 s 3
PO3Et, PO,Et,
6 g
7 vield % yield Ratio,
Series Substituents of 70 of 6 + 8¢ 6/8¢
a R'=CH;; 87 75 >98:2
R?=R’=R*=H
b R'=n-C,H.; 85 75 >98:2
R?=R*=R*=H
c R'=R%*= CH,; 80 72 95:5
R*=R*=H
d R!'=R*=CH,; 76 82 80:20
R?=R*=H
e R!'=C,H, R*=R=H; 30 77 95:5
R¢=CH,

20nly the major isomer is depicted. £2.2 equiv of 1, in CH,CN.
25°C. €1 equiv of NaOEt in THF, 0 °C. d Determined by C NMR.

clization is still under investigation; however, preliminary ev-
idence indicates that the seven-membered 1,3,2-dioxaphos-
phepane (9), a conceivable by-product,!9215 is not formed. An
attempt to apply this strategy to epoxidation of the allylic
phosphate 10 was not successful; treatment of this material
with iodine in a variety of solvents failed to give any charac-
terizable cyclic product.

I
n-c3H7<I:H—CH=CH2
0
O\P/ |
N PO4EL
& ort 32
9 10

Intramolecular participation of an appropriately placed
nucleophile promises to be a useful strategy in the stereocon-
trolled synthesis of acyclic systems, because it is an effective
way to reduce the conformational mobility and to increase the
free-energy difference of diastereomeric transition states. In
this overall epoxidation sequence, the phosphoryl group serves
two purposes: it extends the nucleophilic character of the hy-
droxyl group in a useful manner and it is a bulky, achiral unit
which maximizes the steric constraints on the cyclic interme-
diate. As a result, this derivative of the homoallylic alcohols
can be epoxidized with 1,3-asymmetric induction with selec-
tivities which are unprecedented for such acyclic substrates.
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Trialkylammonium-2,2,3,3,4,4-hexafluorocyclobutane
Ylides.! Preparation and Isolation of an

Unusually Stable Fluorinated Carbanion

Sir:

The first reported example of a stable polyhalogenated
phosphonium ylide was 2,2,3,3,4,4-hexafluoro(triphenyl-
phosphoranylidene)cyclobutane (I), which was obtained from
the reaction of hexafluorocyclobutene (1I) with triphenyl-
phosphine.23 Ylide (1) is a rare example of an isolable fluo-
rinated carbanion. The remarkable stability of I was attributed
to the overlap of the phosphorus d orbitals with the ylide carbon
p orbitals and the strong inductive effect of the adjacent di-
fluoromethylene groups.® However, in this case it was difficult
to assess the relative importance of the inductive effect of the

F,C—CF to FC—CF.
R
F,C—=CF ,C—C .

it I pph,
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adjacent difluoromethylene groups toward stabilization of
L

We now wish to report the first example of an isolable flu-
orinated carbanion uncomplicated by dm-p= types of inter-
actions. When I is allowed to react with trialkylamines, the
stable polyfluorinated carbanion, the trialkylammonium-
2,2,3,3,4,4-hexafluorocyclobutane ylide (III), is formed. Ylide

F.C—CF F,C—CF,
-~
5days. _
F.C—<F o F;,C——C\+.
NR;

IIa, R = Et. 80%
b. R=n-Bu.55%

IHa is a pale yellow, moisture-sensitive solid, which, except for
the one missing doublet splitting (due to phosphorus), shows
a °F NMR spectrum similar to that of 1.7 It exhibits two sets
of multiplets at ¢* 85.5 (rel area 2) and 122.4 ppm (rel area
1).8 The spectroscopic data is only consistent with the ylide
structure I11. It is totally inconsistent with the earlier suggested
ammonium salt structures for the products of these reactions.’
A derivative of the cyclobutenylammonium structure was
prepared for spectroscopic comparison purposes. For example,
when Illa was treated with boron trifluoride etherate, I-
(pentafluorocyclobutenyl)triethylammonium tetrafluoroborate
(1V) was formed in quantitative yield. Salt 1V is a moisture-
sensitive solid which exhibits the following '°F NMR spectrum,
o* 95.8 (rel area |, F2), 112.4 (relarea 2, F?), 119.2 (rel area
2, F9), and 153.3 ppm (rel area 4, BF;7), in agreement with
the postulated structure.

“F,C~——CF"
Ma + BF, —T}%»I | BF,"
F (o C
\I\tEt‘(
.

The hydrolysis of I1la can be carried out sequentially to give
either a mono (V)'0 or bis (VI)!! hydrolysis product. Com-
pound VI is identical with the hydrolysis product isolated by
Rapp,'? providing corroborative evidence that our compound
II is the same as reported earlier.

o
. *’cm——c/
. as.
Ma + 1 equiv of HO o> |
F,C—C
+
\NEt,S
o
F,C—C
H.O
w1
c—C
V4 N+
0 NEt,
VI, 78%

Confirmation of our spectroscopic conclusions above has
been recently provided by an x-ray structural determination
of I1Ib.'3 The x-ray determination unequivocally shows the
ylidic structure, rather than the ammonium salt, to be the
correct representation of I11. To our knowledge, I11 is the first
reported example of a stable halogenated nitrogen ylide and
the first example of a stable fluorinated carbanion system
stabilized only by inductive effects.

The ease of formation and stability of I1I suggests that other
related polyfluorinated carbanion systems may be similarly
formed and exhibit inherent stability, even in the absence of
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any dx-p stabilization.'* Sufficient inductive stabilization
can decrease the ease of the usually favored 8-elimination
process and permit the formation and isolation and study of
unusual carbanion systems. Our work continues to explore
these unusual elusive carbanions.
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Comments on Entropy Change in Ion-Molecule
Equilibria
Sir:

In recent years, many investigators have reported quanti-
tative information about the thermochemistry of ion-molecule
reactions based on the observation of ion-molecule equilibria
in high pressure or ion cyclotron resonance mass spectrometers.
Such equilibria have been observed in systems in which hydride
transfer,! proton transfer,? and charge transfer? reactions occur
reversibly. In some of these investigations, the equilibrium
constant is determined as a function of temperature, thus giving
an experimental determination of the entropy change for the
reaction. Thus a value for the enthalpy can be obtained:

—=RT InK.q = AG®° = AH® — TAS® (N

However, in many studies, Kq is determined at a single tem-
perature only. In many such investigations the results are in-
terpreted in terms of enthalpy changes by making the as-
sumption that the entropy change is zero, or can be estimated
entirely on the basis of the differences in symmetry, moments
of inertia, vibrational frequencies, and degeneracies of the
electronic states of the reactant and product species. On this
basis, scales of “‘proton affinities”” and scales of “adiabatic
ionization potentials” have been reported which often have an
estimated accuracy of £0.1 or 0.2 kcal/mol (1 kcal/mol = 4.18
kJ = 0.043 eV). In this communication, it will be shown that,
when eq 1 is used for the derivation of thermodynamic infor-
mation from ion-molecule equilibrium constants, terms must
be included to account for the effects of the intermolecular
forces experienced by the ions and molecules which undergo
reaction. The contribution to the entropy change due to the
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