alone (cases 8 vs. 1 and 9 vs. 2). O-Acetyl-II was isolated from
the III + II + PNPA experiment. Further, the enhancement
of Kgeacyl, relative to k!yeacy, is greater with micellar IV than
with the 1:1 III + II comicelle (cf. cases 3,8,and 1,and 4,9,
and 2). The additional enhancement can probably be ascribed
to intramolecular N-to-O acyl transfer. Finally, the reaction
of PNPA with micellar O-acetyl-1V13 affords a spectroscopi-
cally observable N,0-diacetyl derivative. Because free hydroxyl
groups are unavailable for either intermolecular or intramo-
lecular N-deacylation of this intermediate, & geacy) is small and
similar to that of N-acetyl-III (cases 5vs. 1).

The weight of assembled evidence thus leads us to prefer
mechanism 2 for the cleavage of p-nitrophenyl esters by mi-
cellar I'V; independent studies by Tonellato afford the same
conclusion.29 Although cooperative catalysis was not observed
with IV, we did uncover an extremely facile, sequential process,
in which a micellar imidazole-functionalized surfactant cleaves
an ester, then rapidly acylates a proximate hydroxyl group. The
catalytic advantage of the first step (kym2*/k,buf"er) j5 930,10
Because this is the rate determining step of the sequence, it
confers an effective catalytic advantage of ~37 on the acylation
of the hydroxyl function, relative to the acylation of pure mi-
cellar II by PNPA.1° We are continuing our studies of multi-
functional micellar catalysts.?!
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Automerization of a Dewar Thiophene and Its
ex0-S-Oxide. A Dramatic Contrast
Sir:

As the only known Dewar isomer of a thiophene, perfluo-
rotetramethyl(Dewar thiophene) (1)! is an especially inter-
esting compound both from structural and dynamical points
of view. This report concerns '9F DNMR studies of 1 and its

exo-S-oxide (2) which reveal a marked difference between the
rates of intramolecular exchange in 1 and 2.

=0
F3C S F3C S
/ CF3 / CF,
F3C F3C

1 2

Examination of the 'F DNMR spectrum (56.4 MHz) of
1 (1.0 M in 1,2 4-trichlorobenzene) at 94 °C (Figure 1) shows
two quartet resonances at 13.10and 15.99 ppm (3Jgr = 2 Hz)
downfield from external trifluoroacetamide, consistent with
the structure of 1. When the temperature is raised (Figure 1),
the 'F DNMR spectrum undergoes broadening and coales-
cence near 190 °C (Figure 1) characteristic of an increasing
rate of exchange of trifluoromethyl groups between different
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Figure 1. The experimental '°F DNMR spectra (56.4 MHz) of 1 (1.0 M
in 1,2,4-trichlorobenzene) at various temperatures and theoretical '°F
DNMR spectra calculated using a two-site exchange model with a tri-
fluoromethyl group at each site and 5Jrr = 2 Hz (k = first-order rate
constant for disappearance of a trifluoromethyl group from one site).

R SN SQ
g/ ‘<— cry == 3 CFy
F,C FsC
3 CFy : CF3
R 7,
” ” M
et TN _; N
FC CF, X—S CF3
X\’ T/ — s R
e
CFy  CFy Fs CF,

sites (e.g., eq 1; X = lone pair). The trifluoroacetamide !°F
singlet resonance remains sharp (W),> <1 Hz) over the tem-
perature range from 94 to 189 °C. Theoretical '°F DNMR
spectra were calculated using a dynamical model having one
trifluoromethyl group at each of two sites (°J g = 2 Hz) and
employing a local substantially modified version of computer
program DNMR3.2 Theoretical spectra calculated as a function
of the rate of trifluoromethyl group exchange are illustrated
in Figure 1 and activation parameters derived from the com-
plete DNMR line shape analyses are AH* = 18.8 + 0.3
kcal/mol, AS* = —7.7 £ 0.8 cal/mol-deg, and AG¥ = 22.1
+ 0.1 kecal/mol at 157.0 °C.

Remarkably, aromatization of 1 to perfluorotetramethyl-
thiophene is too slow even at ~190 °C to interfere significantly
with our study of the degenerate rearrangement.? The great
resistance this molecule offers to opening of the bridging bond
stands in striking contrast to the lability of the parent hydro-
carbon, bicyclo[2.1.0]-2-pentene (71> = 4 h at 34 °C),* whose
ring opening does not generate an aromatic system. The Dewar
thiophene’s impressive stability with regard to aromatization
is another manifestation of the “perfluoroalkyl effect”.’

Examination of the 1F DNMR spectrum of 2.,° the exo
sulfoxide derived from 1 (~1.6 M in 80% CHCI,F/20%
CHCIF;, v/v), at —78.5 °C (Figure 2) shows a sharp singlet
resonance (21 ppm downfield from the center of the CHCI:F
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Figure 2. The experimental !°F DNMR spectra (56.4 MHz) of 2 (~1.6
M in 80% CHCI,F/20% CHCIF,) at various temperatures and theoretical
IF DNMR spectra calculated using a two-site exchange model with a
trifluoromethyl group at each site and >Jgr = 2 Hz (k = first-order rate
constant for disappearance of a trifluoromethyl group from one site).

doublet) in significant contrast to the 'F DNMR spectrum
of 1 at 94 °C (Figure 1). When the temperature is lowered, the
19F DNMR spectrum of 2 broadens and is separated at —151
°C into two singlets of equal area (albeit differentially
broadened) which are 2.82 ppm apart (Figure 2). At temper-
atures below —150 °C, the lowfield singlet broadens at a sig-
nificantly more rapid rate than the upfield singlet (Figure 2).
From —78 to —150 °C, the observed spectral behavior is
consistent with the slowing of a process which equilibrates the
trifluoromethyl groups (e.g., eq 1; X = O). The observation
of two singlets of equal area at —151 °C (Figure 2) is also
consistent with the static structure of 2. The differential
broadening of the low-field singlet at low temperatures is best
rationalized in terms of a second rate process in 2 beginning
to slow down on the !°F DNMR time scale. The only rate
process left is of course simple rotation of individual trifluo-
romethyl groups. The greater degree of broadening of the
lowfield singlet may reflect a higher barrier to CF; rotation
and/or larger '°F DNMR chemical shift differences in the
static trifluoromethyl groups in that particular environment
as compared to the trifluoromethyl groups giving the upfield
singlet.

Complete 'F DNMR line shape analyses of the spectra for
2 were performed using a DNMR model strictly analogous to
1, i.e., a two-site exchange with a trifluoromethyl group at each
site (°>Jrr = 2 Hz). Based on our experience with other fluo-
rinated compounds of comparable geometry, a systematic
decrease in T, with decreasing temperature was also intro-
duced into the theoretical calculations. Hence, the spin-spin
coupling is not resolved in the theoretical spectra corresponding
to very low temperatures due to the short T values employed
(Figure 2). The DNMR model used does not of course account
for the apparent intervention of a second rate process (i.e., CF3
rotation), but the differential broadening associated with this
phenomenon above —150 °C and into the coalsecence region
is minor and will contribute negligibly to the total line shape.
However, the discrepancy between theoretical and experi-
mental line shapes is indeed more severe at temperatures below
—151 °C (Figure 2). Activation parameters for trifluoromethyl
group exchange in 2 derived from complete DNMR line shape
analyses (Figure 2) are AH¥ = 6.6 % 0.2 kcal/mol, AST =
—0.5 £ 0.6 cal/mol-deg, and AG* = 6.7 £ 0.1 kcal/mol at
—135.8 °C.

With regard to the mechanism of exchange in 1 and 2, tri-
fluoromethyl exchange along the dotted diagonalsineq 1, e.g.,
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via a C4, intermediate or transition state 3,° cannot be ruled
out on the basis of our current DNMR data (Figure 1). On the
other hand, analogy to nondegenerate rearrangements of thi-
irane oxides favors the peripheral route for exchange.®

1
F3szj?,CF3
FyC X =lone pair,

CFa oxygen

It has been proposed that the sulfoxide 2 rearranges via a
pseudopericyclic [1,3]-sigmatropic shift (C, transition state)
in which bonding and nonbonding atomic orbitals at sulfur
simultaneously interchange roles, as depicted below (eq, 2).6
The extraordinarily low activation enthalpy is consistent with
this mechanism, for which the molecular geometry is admi-
rably suited.”

F3C£.?S¢O ‘S/’O
a é{/— Cry &= F@ca = etc.
F3C CF, F3C CFy (2

Since the Dewar thiophene 1 likewise has an endo-oriented
electron pair on sulfur, one may ask whether its automerization
is also pseudopericyclic. If instead the reaction were to proceed
via a singlet biradical formed by C-S homolysis, the activation
enthalpy should be more than double the experimental value
of 18.8 kcal/mol. Direct formation of a triplet by C-S ho-
molysis cannot be so lightly dismissed, however, because (1)
there is good evidence that such a triplet from thiirane itself
is remarkably low-lying (~40 kcal/mol);? (2) allylic stabili-
zation of the T} state of 1 could drop its energy still farther; and
(3) the significantly negative activation entropy for autom-
erization of 1 could be interpreted in terms of a spin-forbidden
process. Nonetheless, the experimental AH¥ is probably too
small to accommodate a stepwise rearrangement mecha-
nism,10:11

Hence we tentatively favor the concerted, pseudopericyclic
pathway® for automerization of 1 as well as 2, despite the
enormous disparity in rate between these processes (k2/k| =
3 X 1010 at 25 °C).13

In order to test the importance of the lone pair on sulfur in
these rearrangements, a logical next step would be a DNMR
investigation of the sulfone derived from 1. Unfortunately,
synthesis of this compound has proved elusive. Future DNMR
investigations of unsymmetrically substituted analogues of 1
and 2, however, may provide a firm answer to the question of
the rearrangement itinerary.
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Characterization and Molecular Structure of
S=P(OCH;CH,);N. Trigonal Planarity of Nitrogen

Sir:
Recently we reported the synthesis of the [HP(OCH,-
CH,)3N]* (1) cation for which 3'P NMR spectral analysis

suggested, and x-ray diffraction experiments confirmed, the
tricyclic structure possessing a trigonal bipyramidal penta-

coordinate phosphorus.!
0 /B
.
— pe—n
A
0

H

G

!

Combination of the trivalent phosphorus cage in reaction
1 with elemental sulfur produces colorless sublimable crystals
of the expected thiophosphate.2

CeH
P(NMe,); + (HOCH,CH,);N —>

S
P(OCH,CH,);N —> S=P(OCH,CH,);N (1)
2

Although it was apparent from a comparison of the S=P
stretching frequencies (618, 881 cm~!) and 3'P NMR chem-
ical shift (—61.0 ppm) of 2 with these parameters for S=
P(OEt); (614 cm™!, 822 cm~!,3 —68 ppm*) that the stereo-
chemistry at phosphorus was probably normal, the nitrogen
appeared to be considerably less reactive than expected.
Quaternization with Mel at 40 °C in acetonitrile, for example,
took 20 h whereas only 20 min was required for
N(CH,CH>OH); under the same conditions.

It therefore became of interest to undertake the molecular
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