OH
13 cis-11 14
trans-12

than these numbers imply because the starting dichloroben-
zoate, in contrast to the earlier conclusion, was not entirely
stable to the reaction conditions: the recovered ester fraction
(~30%) was 20% rearranged.' This hypothesis was supported
by carrying out the reaction for only | h: under these conditions
of very low conversion (3.5% reaction). The two amines 2 and
4, which made up 90% of the amine fraction, were formed in
a 10:1 ratio in favor of 2, the product of syn displacement. More
definitive results were obtained by utilizing a more stable ester,
1,R = 2,4,6-trimethylbenzoyl. Displacement with piperidine,
under conditions (24 h, 130 °C; 25% completion) which caused
no rearrangement in the starting mesitoate or in the reaction
products, led to an amine fraction consisting very largely (92%)
of the product 2 of syn SN2’ displacement in addition to ~2%
of 4,

We have extended this finding to the cis isomer 3, R =
2,4,6-trimethylbenzoyl, and find that under the above condi-
tions (28% completion), the major product is that of syn SN2’
displacement, 4 (80%), accompanied by 20% of the (inverted)
Sn2 product. The product of anti SN2’ displacement was not
found. This last result rules out a common intermediate in the
reactions of the esters corresponding to 1 and 3 and also shows
that product stability is not a factor in determining the product
stereochemistry.

Reaction of 1, R = 2,4,6-trimethylbenzoyl (1 M in refluxing
butanol), with the sodium salt of propanethiol (2 equiv, 4 h)
gave complete reaction.'? The sulfides formed resulted largely
from Sn2 displacement (14, 68.5%). The Sn2’ products were
formed in a ~9:1 ratio in favor of syn displacement (28% 5,
3.5% 6). The ratio in favor of syn SN2’ displacement was de-
creased in hexamethylphosphoramide (0.1 M in 1, R =
2,4,6-trimethylbenzoyl, 70 °C, 21 h, 9 equiv of PrSNa) to
~60:40 (28% 5, 12% 6 in addition to 60% SN2 product 14).1¢
Finally, in opposition to the exclusive syn Sn2’ result with pi-
peridine and 3, R = 2,4,6-trimethylbenzoyl, the latter com-
pound now gave, under the propylthiolate in butanol condi-
tions, a syn to anti ratio of 35:65 (17.5% 5, 32.5% 6; in addition
to 50% SN2 product, 13). All these ratios are completely dif-
ferent from those obtained under solvolysis conditions (re-
fluxing with propanethiol for 18 h) which, in contrast to the
bimolecular displacement above, gave both 13 and 14 from the
mesitoates corresponding to either 1 or 3.'7

Itis clear that there appears to be a spectrum of SN2’ reac-
tions in cyclohexenyl systems. Because of the very real possi-
bility of a bias particular to the six-membered system, it is
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highly desirable to consider the situation in acyclic cases. The
next communication deals with this problem.

Acknowledgment. We thank the National Science Foun-
dation for its support of this work.
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Concerning the Stereochemistry of the SN2’ Reaction.
“Concerted” Allylic Displacement in an Acyclic
System: Anti Displacement with Thiolate Anion

Sir:

“Concerted” displacement with rearrangement in allylic
cyclohexenyl systems (Sn2’) takes place largely with syn re-
lationship of the entering and departing groups, when the
displacing group is piperidine. With thiolate anion, however,
considerable product from anti displacement is obtained.! This
communication reports our findings that the internal coun-
terpart of the SN2’ reaction (SN’) with thiolate anion (1, A =
S, — 2) takes place anti to the departing group in an acyclic
system. The choice of an internal displacement was made to
avoid complications relating to partition of products between
SN2 and SN2’ types and also because of the existence of a
previous, apparently well-authenticated case,? of this type in
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which the product in a transformation of the type 1 — 2, in
which A- was a carbanion, had a structure best rationalized
as a displacement syn to the departing substituent.

The starting material for this study was made from (S)-
(—)-ethyl lactate [o] p—11.1° (neat) via the benzyloxymethyl
ether 3a,? [a]?3p —48.3° (¢ 1.73, 95% ethanol) (benzyl chlo-
romethyl ether, NV, N-diisopropylethylamine, room temperature
overnight), and the aldehyde 4a, [a]?p —26.5° (¢ 1.464,
THF) (lithium aluminum hydride-ether, Collins oxidation;*
48% from 3a). Reaction of 4a with the phosphorane derived
from the tetrahydropyranyl ether of 4-bromobutanol, essen-
tially under Schlosser conditions,? gave the trans olefin 5a,
[@]?p —84.3° (¢ 1.63, 95% ethanol), 69% after purification.
NMR: §5.32 (H;,dd, J = 16, 6 Hz), 5.70 (H4, dt, J = 16,6
Hz). Removal of the benzyloxymethyl group (lithium-am-
monia-THF-aniline) gave 5, [«]%5p —10.0° (¢ 1.65, ether),
as a colorless liquid (silica gel, 6:4 pentane-ether). The optical
purity, measured by Mosher’s method” (!°F NMR) was ~76%.
Transformation of 5 into 6 was accomplished by treatment of
the lithium salt of 5§ (methyl lithium-ether, —30 °C) with
mesitoyl chloride, followed by removal of the tetrahydropyr-
anyl protecting group (4:1 acetone-0.1 N sulfuric acid, 30 min
reflux). The hydroxy mesitoate 6,[a]?Sp +19.4° (¢ 2.80,
ether), was finally transformed to the required (S)-(+)-mes-
itoate of 7-acetylmercapto-3-hepten-2-ol (7), [«]%°p +12.7°
(c 0.47, ether). NMR 6 1.40,3 H,d,J =6 Hz; 1.65,2 H, m;
2.13,2H,m;2.26,9H,s;2.30,3H,s;2.87,2H,t,J = 7 Hz;
5.66,3 H,m;6.82,2 H,s.

OR OR
P >t
H
Et0C~  CH, 0#C CH,
3.R=H 4a

3a,R = PhCH,0CH,

5,5a

Cyclization of the thiol anion formed in situ from its acetate
7 under a variety of basic conditions took place readily to
produce a mixture of Z and E isomers of 2-propenyl tetrahy-
drothiophene (8). Because a given concerted displacement (syn
or anti) must lead to opposite absolute configurations in the
Z and E isomers of 8, we were gratified to find that cyclization
of 7 with lithium methoxide (10 equiv in THF, 30 h, room
temperature, in the dark under argon) gave, after purification,
52% yield of 8 which was shown by NMR, TLC, IR, and VPC
analysis to consist of an E:Z ratio of 93:7.% The rotation of 8
thus obtained was [«]?°p +134° (¢ 0.66, THF).

Authentic (§)-(+)-(E)-2-propenyltetrahydrothiophene (8)

0 (0]
.-H
E/\)§ ~\"H
CH;, CH;,

6 7

7w, “CcoH "CHO
9 10

8

was synthesized starting with (§)-(+)-tetrahydrothiophene-
2-carboxylic acid (9), [a]p +98° {c 2.48, 95% ethanol),® by
first making the corresponding aldehyde 10, [«]?°p +78.2°
(¢ 1.41,95% ethanol) (reduction of the methyl ester (ex dia-
zomethane), with diisobutylaluminum hydride, —78 °C) fol-
lowed by Schlosser-Wittig reaction* with ethyl triphenyl-
phosphonium bromide. The authentic E isomer of 8 (E:Z =
97:3), [a]2p +79.2° (¢ 0.582, THF), thus obtained was easily
differeritiated from the Z isomer obtained from the usual
Wittig reaction (Z:E = 94:6), [«]*°p +94.3° (¢ 0.802, THF),
by its shorter retention time on 20% TCEP at 108 °C.

Since the optical purity of 10 was ~39%, the rotation of the
pure (8)(+) E isomer 8 should be ~+200° and since the op-
tical purity of our (8)-(+)-7 was at most 76% (vide supra), it
follows that the S\’ cyclization of (S)-(+)-7 to (S)-(+)-8 has
taken place very largely, and possibly entirely, by addition of
the thiolate ion anti 10 the departing mesitoate: what appeared
as a trend, with thiolate ion, in the cyclohexenyl series is ap-
parently the major pathway in acyclic systems.

The present results, especially when taken together with
those of ref 2, suggest that the stereochemistry of the intra-
molecular process may be greatly affected, inter alia, by the
nature of the displacing and departing groups. Further work
would seem warranted on this matter since the intramolecular
version of the Sn2’ reaction would seem to have considerable
synthetic potential. Until such further data become available,
it is of passing interest that practically all theoretical treat-
ments of the SN2’ reaction have concluded that there should
be a syn relation of entering and departing groups.'®'

Acknowledgment. We wish to thank the National Science
Foundation for its support of this work.
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The Proton Affinities of Phenol
Sir:

Phenol and various of its derivatives are known in solution
to protonate both at oxygen and on the aromatic ring.! The
relative extent of protonation at the two sites depends not only
on the detailed pattern of substitution, but also on temperature
and on the nature of the solvent system. For example, the ratio
of oxygen to ring protonation in p-cresol varies from 5.5 in pure
fluorosulfonic acid to nearly zero in a solution which is 30% by
weight SbFs.!¢ The complex behavior of such systems in so-
lution has seriously hampered attempts at unraveling the
electronic structure of either the oxygen or ring protonated ions
and has made it difficult to establish the degree to which a
phenyl ring influences protonation at oxygen or a hydroxy or
alkoxy group affects reaction on the aromatic ring.

In this communication, we describe the results of our com-
bined experimental and theoretical efforts to obtain a quan-
titative measure of the relative affinities for oxygen and ring
protonation of phenol in the gas phase. OQur data should enable
assessment of both the magnitudes of specific interactions
between the phenyl and hydroxy groups and of the influence
of solvent on the site of protonation.

Both the oxygen and ring proton affinities of phenol may be
estimated using quantitative molecular orbital calculations.
The oxygen proton affinity of phenol may be estimated by
biasing the experimental proton affinity of methanol (182.2
kcal/mol?) by the calculated energy for the isodesmic? process,

OH,* OH
+ CH,0H = @ + CH,0H,"

AE(STO-3G)** = =1.0 kecal/mol

relating the two basicities. The value arrived at in this manner
(181.2 kedl/mol) is far smaller than the experimental proton
affinity of phenol (195.5 kcal/mol), as determined by pulsed
ion cyclotron resonance equilibrium experiments? using the
method of multiple overlaps?2 (Scheme I). Such a value is in
good accord with a recent determination of the proton affinity
of phenol of 195.0 kcal/mol using high pressure mass spec-
trometry.® The theory’s estimate for the energy of protonation
of phenol on the aromatic ring is obtained by biasing AE for
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the reaction shown below by the experimental proton affinity
of toluene (188.7 kcal/mol).?210 This value of 196.1 kcal /mol

OH CH, OH CH,

)+ @ = @ ()

\\ \\

H H H H
AE(STO-3G) = 7.4 kcal/mol

is in reasonable agreement with the measured proton affinity
of phenol. It appears, therefore, that, in the absence of solvent,
phenol protonates on the aromatic ring,!! and that the ener-
getic preference over oxygen protonation is sizable (~15
kcal/mol).

We have devised a labeling experiment to provide us with
a semiquantitative estimate of the enthalpy for protonation of
phenol at oxygen. The predominant ion-molecule reactions
which take place when a mixture of methane, C¢sHsOD, and
a base B of known proton affinity is added to a pulsed ICR
spectrometer (in proportions of 100:10:1, respectively) are
shown in Scheme II. Electron impact produces CH4* and
CHj™* predominantly which react rapidly with the methane
buffer gas to generate CHs* and C,Hs*. Both of these ions
react exothermically with phenol to produce both the ring and
the oxygen protonated forms and with B to produce BH™. If
the proton affinity of the base B is sufficiently high, it is able
to deprotonate phenol. The main feature of this experiment for
estimating the enthalpy for protonation of phenol at oxygen
is that an ion of m/e corresponding to BD* will be observed
only if reaction of B with the oxygen protonated phenol is
exothermic, thermoneutral, or slightly (<1 or 2 kcal/mol)
endothermic. Bases with proton affinities significantly lower
than phenol protonated at oxygen will not extract deuterium,
while bases with equal or greater proton affinities will show
BD* in their mass spectra. By using a series of bases of in-
creasing strength and by monitoring the onset of production
of BD*, it should, therefore, be possible to determine an ap-
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