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an unrelated development, we had an occasion to rein-
vestigate the experimental conditions for the hydro-
boration—-oxidation of 2-methyl-2-butene with BHBr,»SMe,
and correct the regiochemistry to 99.3:0.7 at the secondary
and tertiary carbons, respectively.’® The corrected re-
giochemistry does not call for an alternate mechanism at
all. Our independent studies on the various dialkylborane
dimers® and BHyLewis base complexes’ have shown that
they dissociate prior to hydroboration as well. Thus, we
are now convinced that the dissociation mechanism is
generally applicable to all of the hydroborating agents.

Experimental Section

General procedures for the manipulation of boron reagents have
been described.?*  All glassware, syringes, and needles were
oven-dried at 140 °C for several hours. The glassware was as-
sembled hot and cooled under a stream of dry nitrogen. Syringes
were assembled and fitted with needles while hot and cooled as
assembled units.

Materials, BHBry,:SMe, was prepared from BH;-SMe; and
BBrySMe, by using a reported precedure® and was subsequently
recrystallized'? from CH,Cl; at =78 °C. The alkenes were purified
by distillation over LAH in a nitrogen atmosphere. The alkynes
were purified by distillation in a nitrogen atmosphere. Me,S was
purified by distillation over 9-borabicyclo{3.3.1]nonane in nitrogen
atmosphere. CH,Cl, (Baker, analytical reagent grade) was stored
over molecular sieves under nitrogen and used as such.

(19) Brown, H. C.; Racherla, U. S. J. Org. Chem. 1986, 51, 895.

(20) (a) Brown, H. C.; Chandrasekharan, J.; Wang, K. K. Pure Appl.
Chem. 1983, 55, 1387. (b) Chandraskharan, J.; Brown, H. C. J. Org.
Chem. 1985, 50, 518.

(21) Brown, H. C.; Kramer, G. W.; Levy, A. B.; Midland, M. M. Or-
ganic Syntheses via Boranes; Wiley-Interscience: New York, 1975;
Chapter 9.

General Procedure for Kinetics Studies. The kinetics were
studied by following the concentration of BHBr,-SMe, by
measuring the absorbance of the B-H stretching vibration at 2500
cm™! with Miran 1A variable filter infrared spectrometer from
Wilks Scientific Corporation. A typical procedure is as follows.
To a solution of Me,S (4.85 mL of 0.515 M) in a 50-mL round-
bottom flask were added BHBr,-SMe, in CH,Cl, (1.56 mL, 1.60
M) and CH,Cl, (18.28 mL). After equilibrating at 25.00 + 0.05
°C (0.5 h), the solution was pumped through a 1-mm NaCl cell
at a rate of 4 mL/min to measure the initial absorbance. The
reaction was started by adding 1-hexene (0.313 mL) with the help
of a syringe. The reactants and Me,S were 0.100 M each. The
absorbance was noted at desired time intervals. When the re-
actions were sufficiently fast, the absorbance was continuously
recorded on a chart paper. On the other hand, when they were
slow, the absorbances were noted at some specific time intervals
alone. The background absorbance was measured by pumping
pure CH,Cl, through the cell. The absorbances were translated
into concentrations, and the rate constants were obtained by
procedures already published.!® The rate studies (Figure 1) were
also made by the quantitative IR procedure.

Hydroboration of Alkenes with BHBr,SMe, in the
Presence of Catalytic Amounts of Boron Tribromide. The
following procedure is representative. To 2.60 mL of Br,BH-SMe,
in CH,Cl, (1.84 M), n-octane (0.3 mL) (internal standard), and
CH,Cl,; (0.3 mL) was added cyclohexene (0.55 mL, 10% excess).
Then BBr; (1.0 mL of a 0.5 M solution of CH,Cly) was added
dropwise while the reaction mixture was cooled with ice. After
being stirred for about 10 min, the reaction mixture was then
refluxed. After 6 h, the 1'B NMR showed that the reaction is
complete. Oxidation with alkaline Hy,O, and analysis by GC
indicated that cyclohexanol was formed in 97% yield.
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The 6(OH) values for a-alkyl-8,8-dimesitylethenols (Mes,C=C(OH)R, 2, R = Me, Et, i-Pr, t-Bu) were measured
in eight solvents and in several binary CCl,-DMSO-dg mixtures. Large shifts to a lower field were observed on
increasing the hydrogen bond accepting ability of the solvent or the mixture. The 5(OH) value for 2 in the various
solvents were linear with 6(OH) for Mes,C=CHOH (1) and approximately linear (with slopes C) with Kamlet-Taft’s
hydrogen bond accepting parameter 3 of the solvent. Long-range couplings *J(HCCOH) were observed for 2,
R = i-Pr in several solvents but not in DMSO. The change in §(OH) in the CCl,-DMSO-d; mixtures was analyzed
in terms of formation of a 1:1 association complex of the enol with DMSOQ and assuming that a syn-type conformer
in CCl, and an anti-type conformer in DMSO are present in a rapid equilibrium. The §(OH) for the anti-type
conformer (§,;.pms0) Was calculated, but information on its exact geometry is not available. Complete association
with DMSO is not achieved even in the pure solvent. The log K, values are linearly correlated with the o*
values and decrease nonlinearly with the increase in the steric parameter E,. They are linear with the slopes
C and with 8,n4.pmso. The polar effect on K, is in the expected direction. The small sensitivity to steric effects
is in contrast with the large sensitivity to steric effects found for other mechanistic phenomena on increasing
the bulk of R in 1 and 2. This is presumably due to the occurrence of the association with the hydrogen bond
accepting solvent on the relatively unhindered side of the crowded enol molecules.

The conformation of the C=COH moiety and the in-
teraction of the OH group of stable simple enols with
hydrogen bond accepting solvents was previously inves-
tigated by IR and NMR techniques for several 8,5-di-

(1) Part 20 is in the series “Stable Simple Enols”. For part 19, see
Biali, S. E.; Nugiel, D. A.; Rappoport, Z., submitted to J. Am. Chem. Soc.
for publication.

mesityl-a-aryl- (and a-H) ethenols.? The most extensively
studied compound was 2,2-dimesitylethenol (1) for which
it was concluded from the changes of the coupling constant
3J{HCOH) and the chemical shift of the enolic proton
6(OH) with the solvent that the conformation of the
C=COH moiety around the C-O bond is syn planar (la)

(2) Biali, S. E.; Rappoport, Z. J. Am. Chem. Soc. 1984, 106, 5641.
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Table I. 6(OH) Values for Enols 2 and ‘J (HCCOH) in Several Solvents at 296 K

8(OH) in
no. solvent fixd 1° 2a 2b 2¢ 2d 4J(HCCOH) (2¢)
1 CCl, 0 4.74 4,74 4.74 4.67 4.7 1.57
2 C¢DsCD;y 0.10 4.30 4.76 4.79 4.70 4.80 1.56
3 CDCl, 0 4.66 4.97 4.92 4.83 4.88 1.57¢
4 CD,CN 0.31 6.22 5.74 5.69 5.53 5.53 1.56
5 CD;COCD, 0.48 7.65 6.88 6.73 6.50 6.38 1.62
8.84° 7.93¢ 7.814 7.44¢ 7.374
[ THF-dg 0.55 7.51 6.87 6.84 6.59 6.50 1.61
7 DMSO0-d, 0.76 9.01 8.21 8.00 7.60 7.30 04
8 DMF-d, 0.69 9.17 8.29 8.21 8.02 7.81 04
4From ref 3. ®From ref 2. ¢Also in CD,Cl,. ¢At 190 K.
Table II. Parameters of the Correlations of Eq 2 and 3 in Eight Solvents
R A B Re SDb (9 D Re SD?
H¢ 6.36 4.34 0.980 0.37
Me 0.74 1.35 0.9930 0.16 4.74 4.59 0.9772 0.29
Et 0.71 1.49 0.9919 0.17 4.56 4.59 0.9777 0.28
i-Pr 0.67 1.62 0.9895 0.18 4.24 4.52 0.9704 0.30
t-Bu 0.60 2.04 0.9871 0.18 3.77 4.63 0.9672 0.28
Mes® 0.69 1.84 0.9870 0.19 4.47 4.83 0.974 0.31
Ph¢ 0.77 1.52 0.9950 0.13 4.98 4,84 0.981 0.29
9-anthryl® 0.81 1.74 0.9855 0.24 5.20 5.26 0.968 0.39

s Correlation coefficient. ®Standard deviation. ®Data from ref 2 in 12 or 13 solvents.

in non-hydrogen bonding accepting solvents, e.g., CCl,, and
is anti clinal (1b) in strong hydrogen bond accepting sol-
vents, e.g., DMSO, and that both conformations coexist
with appreciable populations in a rapid equilibrium in

moderate hydrogen bond accepting solvents (eq 1). A
Mes\ /H N Mes\ /H
c=cC = c=c¢C H (N
~ ~ ~ N,
Mes /O Mes 0
H 1b

ta
Mes = mesityl = 2,4,6-MegCgH,

combination of IR measurements, analysis of the solvent
dependence of the chemical shifts and coupling constants
by Kamlet-Taft solvatochromic relationships,® and the
8(OH) dependence of 3-Mes-Me-dy E/Z isotopomeric
trimesitylethenols as a function of the solvent indicated
the interactions responsible for the solvent-dependent
conformation.? The apparently more crowded conformer
la gains some stability from hydrogen bonding between
the OH and the mesityl group cis to it [«(Ar)-HO],
whereas in hydrogen bond accepting solvents the stronger
interaction of the OH with the solvent S, COH--S stabilizes
the conformation in which the arrangement of the OH
group is optimal for intermolecular hydrogen bond (1b).
These results somewhat differ from those of Capon and
co-workers* who concluded from 3J(HCOH) and 4J-
(HCCOH) values in >99.5% acetone that vinyl alcohol and
(E)-1-propenol exist predominantly in the syn arrange-
ment, while (Z)-1-propenol and 2-methyl-1-propen-1-ol are
predominantly in the anti conformation. Steric effects
were invoked to explain this behavior. However, ab initio
molecular orbital (MO) calculations indicate that in the
gas phase the preferred conformation of the above com-
pounds is syn.®

(3) (a) Kamlet, M. J.; Abboud, J.-L. M.; Taft, R. W. Prog. Phys. Org.
Chem. 1981, 13, 485. (b) For a list of recent 8 values, see: Kamlet, M.
J.; Doherty, R. M.; Abraham, M. H.; Carr, P. W.; Doherty, R. F.; Taft,
R. W. J. Phys. Chem. 1987, 91, 1996.

(4) (a) Capon, B.; Siddhanta, A. K. Tetrahedron Lett. 1982, 23, 3199.
(b) Capon, B.; Siddhanta, A. K. J. Org. Chem. 1984, 49, 255. (¢) Capon,
B.; Rycroft, D. S.; Watson, T. W.; Zucco, C. J. Am. Chem. Soc. 1981, 103,
1761.

The number of solvent molecules associated with the OH
in conformation 1b and the corresponding association
constant K. were obtained from analysis of the change
in both 6(OH) and 3J(HCOH) for 1 in CCl,-DMSO0-d;
mixtures.2 It was concluded that only a single DMSO
molecule is associated with 1b, and the K, values based
on 3J(HCOH) and 5(OH) differed by 15%, being 9.35 and
7.9, respectively, in spite of the fact that the values were
derived from data in somewhat different ranges of binary
CCl1,~-DMSO0-d; mixtures.?

Recent studies indicated the importance of steric effects
of a-sgegtituents on the relative stability,® rotational
barriers, and structural parameters® of a-alkyl- (and o-H)
8,8-dimesitylethenols. It was therefore of interest to in-
vestigate the effect of a-alkyl substituents on the associ-
ation with the solvent.

The change in the substituent at the a-position of 8,5-
dimesityl-a-alkylethenols (2) involved the classical series
of alkyl substituents Me, Et, i-Pr, and ¢-Bu. The solvent
chosen for the association studies was DMSO, an excellent
hydrogen bond accepting solvent that enables comparison
with previous studies with 1,2 and other solvents were
studied briefly.

Mes,C=C(OH)R
2a: R = Me
2b: R =Et
2¢: R =i-Pr
2d: R = ¢-Bu

Results

Enols 2a-d were synthesized as described previously.®
Their 6(0OH) values were measured in several pure solvents
as well as in binary CCl,~DMSO-dg mixtures.

(5) (a) Samdal, S.; Seip, H. M. J. Mol. Struct. 1975, 28, 193. (b)
Bouma, W. J.; Radom, L. Ibid. 1978, 43, 267. Nobes, R. H.; Radom, L.;
Allinger, N. L. Ibid. 1981, 85, 185. (c) Arad, D.; Apeloig, Y.; Rappoport,
Z., unpublished results.

(6) Nugiel, D. A.; Rappoport, Z. J. Am. Chem. Soc. 1985, 107, 3669.

(7) Nugiel, D. A,; Biali, S. E.; Rappoport, Z. J. Am. Chem. Soc. 1984,
106, 3357.

(8) Kaftory, M.; Biali, S. E.; Nugiel, D. A.; Rappoport, Z., unpublished
results.
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S (OH) for 2

3 {OH) for 1

Figure 1. Plots of §(OH) for compounds 2 vs §(OH) for 1 in
different solvents. (A) 6(OH) + 3 for 2a (a). (B) 6(OH) + 2 for
2b (a). (C) 8(0H) + 1 for 2¢ (©). (D) 6(OH) for 2d (@).

5(OH) in Pure Solvents. The 'H NMR spectra of the
enols 2 (200 MHz, room temperature) were measured in
eight solvents that differ in their polarity and hydrogen
bond accepting ability. In all cases broadening of the
methyl and aromatic proton signals was observed?® and
their chemical shifts were rather insensitive to the solvent.
In contrast, the OH signals were sharp and the 6(OH) was
strongly solvent dependent (Table I). The effects of the
solvent change on 6(OH) are proportional for the varicus
enols and plots of 6(OH) for 2a-d vs 6(OH) for 1 are all
linear (R = 0.985) (Figure 1). The parameters of eq 2 are

5(0H)[2] = AS(OH)[1] + B @)

given in Table II together with previous data for com-
parison. Table II shows that for 2a—d the sensitivity of
6(OH) to the change of solvent (i.e., A) decreases with the
increased bulk of the substituent. Although the large
standard deviations of the lines seem to detract from this
conclusion, we believe that this trend is valid since all the
lines in Figure 1 show a similar scatter of the points. The
5(OH) values are also temperature-dependent and 6§(OH)
values of 2a—-d in CD3;COCD; increase by 0.96-1.19 ppm
on decreasing the temperature from 296 K to 190 K (Table
I). In C;D;CD; 6(OH) for 2a changes from 4.76 at 296 K
to 4.84 at 200 K.

The 5(OH) values for each enol were also plotted against
Kamlet-Taft’s solvatochromic parameters 8 of the sol-
vents® (Figure 2). Approximate linear relationships (eq
3) with similar shapes and deviations for all the enols were
observed. The parameters of eq 3 are given in Table IL.

6(OH)[Mes,C=C(OH)R] = C3 + D (3)

Long-range coupling of the OH proton (“J(HCCOH))
with protons on C, of the alkyl group was also observed.
Such coupling is absent for 2d, which lacks C,-hydrogens,
whereas for 2b it is not seen due to overlap of signals. For
2a two *J(HCCOH) values were measured: 1.18 Hz in
CDCl; and 0.86 Hz in C¢D;CD;. For 2¢ the OH splitting
to a doublet in different solvents gave the ‘J(HCCOH)
coupling constants, which are given in Table I. These
values are nearly constant in all the solvents except
DMF-d; and DMSO-d, where the OH appears as a broad
singlet and the CH group appears as a single septet.

5(OH) in Binary CC1,-DMSO-d; Mixtures. The
6(OH) values for 2a—d in pure CCl; and DMSO-d; and in

(9) The associated dynamic process is discussed in ref 1.

Rappoport et al.

Figure 2. Plot of 6(OH) values for 2a vs Kamlet-Taft’s 3 pa-
rameter. The numbering of the points is according to Table I.

Table III. §(OH) Values for Mes,C=C(OH)R in
CCl,-DMSO-d; Mixtures at 296 K°

% DMSO-d;  DMSO- R

in CCly (v/v) dg, M Me Et i-Pr t-Bu
0 0 474 474 487° 477
5 0.71 663 633 574 560
6.6 0.92 5.97¢
8 1.13 701 665  6.07° 584
12.6 1.78 729 694 645 596
20 2.83 754 722 675  6.33
100 14.14 821 800 7.60°  7.30

4{enol] = 0.0417 M. *4J(HCCOH) = 1.57 Hz. °4J(HCCOH) =
1.46 Hz. ¢4J(HCCOH) = 1.34 Hz. ¢Coupling was not observed
within the experimental error.

four to five of their binary mixtures up to 20% (v/v)
DMSO-dg in CCl, were determined. With 2a and 2b half
of the change in §(OH) was already achieved on addition
of 5% DMSO, whereas with 2¢ and 2d higher percentages
of DMSO were required (Table III). The §(OH) in CCl,
was nearly the same for 2a—d (but higher than that for 1),
and the bulkier the alkyl group, the smaller the shift of
4(OH) in DMSO-d,.

The plot of 6(OH) for 2b vs 6(OH) of 2a is linear with
a slope of 0.9. Similar plots for 2¢ and 2d are curved, i.e.,
on increasing the percentage of DMSO, the change in é-
(OH) for 2a approaches a plateau at high [DMSO] whereas
the change in the §(OH) for 2¢ and 2d is still appreciable.

The “J(HCCOH) coupling constants for 2¢ (footnotes
to Table III) decrease slowly on increasing the percentage
of DMSO up to 6.6%, but at higher percentages no cou-
pling was observed.

Calculation of K, .. For calculation of K, (eq 4)
we showed previously? that a plot of K, the equilibrium
constant for eq 1, vs the [DMSO] which is not associated
with the anti conformer ([DMSO}y), is linear with a slope
of Kseoe (€9 5).

Km

~syn + DMSO anti-DMSO 4)

Kossoc = [anti-DMSO]/([syn][DMSO]y) = K/[DMSO];
(5

The ratio between the associated and the nonassociated
enol can be calculated from 6(OH) by using the assump-
tions that the interconversion of the two conformers is a
fast process on the NMR time scale and that the solvent
effect on 6(OH) of each conformer is small. The observed
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Table IV. K, and d,,upmso Values for Mes,C=C(OH)R
in Binary CC1,-DMSO-d; Mixtures at 296 K

R

parameter H Me Et i-Pr  t-Bu
K pgaoc™° 796 148 119 088 0.55
DMSO 9.01 821 800 760 17.30
Kogool 5.25 1.38 1.04 0.70 0.47
Re 0.9997 0.9999 0.9998 0.9999 0.9983
SD¢ 0.001 0.002 0.003 0.002 0.012
Oanti-DMSO° 9.01 838 825 7.89 7.67

Fuwomsoin DMSO® 1.0 095 093 0915 0.87

3From eq 5, assuming that d,4omso = Opmso. ° From ref 2.
¢From the iterative treatment of eq 9. ®R = correlation coefficient;
SD = standard deviation of the plots according to eq 9. ¢From

(6pmso ~ dccry)/ (Gamiomso — Scey)-

6(OH) value in the CCl,-DMSO mixture (8,psq) will then
be a weighted average of the 6 values for pure species, i.e.,
5(syn) and &(anti-DMSO), each multiplied by its mole
fraction F. When F,;pmso is the fraction of the complexed
conformer eq 6 is obtained.

bonsa = Osyn(l = Fantipmso) + OantipMs0 Fantipmso  (6)

By inserting [enol], = [syn] + [anti-DMSO], eq 7 and
8 are obtained. There are three unknowns in these

bobsd = Ogyn([enol], — [anti-DMSO]) /[enol], +
SantipMso([anti-DMSO] /[enol],) (7)

[anti'DMSO] = ((5obsd - 6syn)/(5anti-DMSO - 5syn))[en01]o
(8)

equations, K,oe, S5y and d4n.pmso and the two & values
should be estimated in order to obtain K,.,. The as-
sumption that 8, = d¢cy, is justified since (a) no association
with CCl, is expected as 8(CCl,) has the lowest possible
8 value of 0,2 (b) the IR spectra show =98% of internally
(OH)-7-(cis-Mes) associated conformer for 1,2° and (c) the
5(OH) values are nearly structure-independent in CCl,.
However, in contrast with the case of 1 there is no evidence
that in DMSO only the anti:DMSO conformer is present.
Using this assumption and eq 5 and 8, we calculated ap-
parent K., values (K, *PP) since it is interesting to what
extent the assumption affects the calculated value of K.

Rearrangement of eq 7 after insertion of eq 5 gave eq
9 where [DMSO], is the DMSO added at each CCl,—-
DMSO-dg mixture. A plot of the experimentally known

[DMSO]O/(ﬁobsd - 6CC14) = ([enol]o + [DMSO]O -, [anti-
DMSOY]) / (8anti.omso — dccy,) +1/ KassoeSantipmso — dccy,)
)

left side of eq 9 against ([enol}, + [DMSO], - [anti-
DMSO]) should be linear with a slope of 1/(8,..pMs0 —
dccy,) and an intercept of 1/Kgec(Santipmso ~ dccy,)-

The [anti-DMSO] value is unknown, and therefore the
[enol],/ (Bobsd — Occy,) values were plotted against [enol], +
[DMSO], values. The obtained slope was then used to
calculate the [anti:DMSO] value by eq 8, and this value
was then used in another iteration of eq 9. Since [anti-
DMSO] « [DMSO], for almost all points, only one iter-
ation was sufficient to obtain convergent 6,,,;.pmso and
K, 0. values. This treatment!'® or a variation on it re-
sembles the simultaneous calculation of the K, and ¢
for 1:1 charge transfer complexes by the Benesi—Hilde-
brand equation.!?® The errors associated with this

(10) Buswell, A. M.; Bodebush, W. H.; Whitney, R. McL. J. Am.
Chem. Soc. 1947, 69, 770.

(11) Joesten, M. D.; Schaad, L. J. Hydrogen Bonding; Marcel Dekker:
New York, 1974; (a) pp 173-175; (b) pp 293-381; (c) p 239.
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Figure 3. Plots of K. in DMSO (@, full line) and log K,y oo
+ 1 (m, broken line) for enols 2a-d vs Taft’s E, values.
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Figure 4. A plot of log K for enols 1, 2a—d vs Taft’s o* values.

equation'?® and the validity of the assumptions and the
errors in the NMR method were discussed extensively.!?
The K,geoc™P, Kagsoes and daniipmso values, the calculated
fraction of the anti conformer in DMSO, and the param-
eters of the plots are given in Table IV. The linearity of
the plots of eq 9 is demonstrated in Figure S1 in the
supplementary material.

The assumption that only the anti conformer is present
in pure DMSO is correct for 1 but not for the «a-alkyl-
substituted enols (Table IV). The fraction of this con-
former which is 287% for 2a-d, decreases with the in-
creased bulk of R. For 2a—d, K is between 7 and 20%
smaller than K, 2FP.

Correlations Involving K ... The K, values for
2 (Table IV) are much smaller than the value obtained
previously for 1, and they decrease with the increase of the
bulk of R. Calculation of K, for 1 by eq 9 gave a value
which is only 2/3 of the value calculated previously,? and
a somewhat higher value is obtained by another calculation
technique. The reason for this will be discussed else-

(12) (a) Benesi, H. A.; Hildebrand, J. H. J. Am. Chem. Soc. 1949, 71,
2703. (b) Mulliken, R. S.; Person, W. B. Molecular Complexes; Wiley:
New York 1969; Chapter 7, pp 81-90.

(13) E.g. (a) Berkeley, P. J., Jr.; Hanna, M. W. J. Phys. Chem. 1963,
67, 846. (b) Hanna, M. W.; Ashbaugh, A. L. J. Phys. Chem. 1964, 68, 811.
(¢) Mathur, R.; Becker, E. D.; Bradley, R. B; Li, N. C. J. Phys. Chem.
1963, 67, 2190. (d) Foster, R.; Fyfe, C. A. Trans. Faraday Soc. 1965, 61,
1626. (e) Goldstein, M.; Mullins, C. B.; Willis, H. A. J. Chem. Soc. B 1970,
321. (f) Siung, J. H.; Goldberg, E.; Miller, S. I. Org. Magn. Reson. 1972,
4, 683. (g) Slejko, F. L.; Drago, R. S. Inorg. Chem. 1973, 12, 176.
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Figure 5. A plot of log Kyeoc Vs 6(0OH): (A) vs dpygo (M); (B) vs
SantiMso (@).

where.* Due to the linearity observed between solid-state
bond and torsional angles,® rotational barriers,! AG® values
for the keto = enol equilibria,® and Taft’s steric parameter
E1% of substituent R in 1 and 2, correlations between K.,
or log K, and E, values were attempted. Such corre-
lations are nonlinear, and although the correlation coef-
ficient for the log K, plot is 0.96, a curve gives a better
fit to the data (Figure 3). A correlation of log K., with
Taft’s o* value'® is linear as shown in Figure 4 (eq 10).16

10g Kpgeoe = 1.300* + 0.10 (R = 0.9957, SD = 0.07) (10)

A plot of K, values vs the slopes C of the correlation
of eq 3, taken from Table II, shows a spread of the points.
However, a plot of the log K, values vs C is linear (Figure
S2 in the supplementary material), according to eq 11.

10g Kgsoe = 0.41C - 1.84 (R = 0.9959, SD = 0.02) (11)

Relationships Involving (OH) Values. The mea-
sured 6(OH) in DMSO (6pmso) and the calculated 6(OH)
for the anti conformation in DMSO (84pmso) are linearly
correlated according to eq 12. Consequently, the quality
of correlations involving dpmso OF Sanipmso Will be the same,
although they will have different slopes.

6anti-DMSO = 0'796DMS0 + 1.92 (R = 0.9995, SD = 0.01)
(12)

Plots of log K, against either the experimentally
measured dpygo or the calculated 6,,,pmso are linear
(Figure 5) with the parameters of eq 13 and 14. Inter-

10g Koseoe = 0.610ppmso — 4.8 (R = 0.9934, SD = 0.04)
(13)
108 Kagsoo = 0.778 Dm0 — 6.3 (R = 0.9909, SD = 0.06)
(14)

estingly, a plot of K, VS Sangnmso for enols 2 is also
approximately linear (eq 15).

(14) Nadler, E. B.; Rappoport, Z., unpublished results.

(15) (a) Taft, R. W., Jr. J. Am. Chem. Soc. 1953, 75, 4538. (b) Taft,
R. W., Jr. Ibid. 1952, 74, 2729.

(16) A similar correlation with the oy values recommended by Exner'’
gave the correlation log Ky = 14.601 + 0.75 (R = 0.9848, SD = 1.48).
However, since Exner’s ¢ values for the alky! groups differ very slightly
and their scale is much compressed compared to that of the ¢*, only the
correlation with o* is presented.

(17) Exner, O. In Correlation Analysis in Chemistry; Chapman, N. B.,
Shorter, J., Eds.; Plenum: New York, 1978; Chapter 10, p 438.
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Kiasoe = 1.20 d,minmso — 8.7 (R = 0.9811, SD = 0.17)
(15)

Approximate linear relationships were found when dppgg
and d,..pmso Values were correlated with the ¢* and E,
values (eq 16-19).

dpmso = 2.09 o* + 8.1 (R = 0.9788, SD = 0.25)  (16)
SantiDMso = 1.640* + 8.3 (R = 0.9746, SD = 0.22)  (17)
Spmso = 0.63E, + 8.1 (R = 0.9710, SD = 0.09) (18)
SemipmMso = 0.5E, + 8.3 (R = 0.9703, SD = 0.07)  (19)

IR Spectra. The IR spectra of 1 and 2d in DMSO-d,
and of 1 in CCl, were measured. The main absorption of
2d in CCl, in the OH region is a sharp peak at 3529 cm™,
at almost the same position as that for 1.2 In DMSO-d,
broad absorptions around 3500 cm™ and a fine structure
of several peaks at 32513275 ¢m™ for both compounds
were observed.

Discussion

Interaction of the OH Group with the Solvent. The
major conclusion from the data of Table I and the linear
8(OH) vs 3 correlation (Figure 2) is that the large shifts
in §(OH) with the change of the solvent from CCl, are due
to association of the OH with the hydrogen bond accepting
solvent. In analogy with the behavior of 1 (cf. Figure 1),
we believe that the association is accompanied by a con-
formational change to a solvated anti-type conformation
and that the two conformers interconvert rapidly. The
detailed geometries of the anti-type conformations in the
different solvents are not necessarily the same. Hence the
conformers’ equilibria are better probed in a binary solvent
mixture where it is assumed that the solvent effect on the
conformers’ geometry is negligible in the entire solvent
range.

Conformational Equilibria in CC1,-DMSO-d; Mix-
tures. The choice of CCl,-DMSO-d; mixtures for studying
the a-substituent effect on the association of the OH group
with the solvent is based on several considerations. DMSQO
has the highest 8 value of all our solvents and it causes the
largest shifts of (OH). Also the K., value for 1 in DMSO
is the highest of the values in several solvents.!* Moreover,
the changes in 6(OH) and in 3J(HCOH) for 1 are parallel,?
and since the analysis of 3J(HCOH) values suggests that
in DMSO-d; the conformation is exclusively of the anti-
type, and the OH is strongly hydrogen bonded to the
solvent, high §(OH) values for other enols presumably
indicate the formation of similar anti-type conformations.

The appearance of an OH absorption with 298% of the
intensity of > voy in the IR spectra of 1 and 2d (the enols
with the larger and smaller R’s) in CCl, at 3529 cm™ shows
the nearly exclusive presence of a hydrogen-bonded con-
formation. The sharpness of the peak, the low hydrogen
bond accepting ability of CCl,, and analogy with 1 suggest
that this is an intramolecularly bonded (presumably syn)
conformation. The main absorptions at 3251-3275 cm™!
in DMSO-d; indicate a much stronger hydrogen bonding,
presumably with the DMSO. Since the broad peak in
DMSO may be due to traces of water, we cannot decide
whether an absorption at 3529 cm™ for 2d in DMSO is
present. The presence of both conformers for 2a—d in
DMSO is deduced from the NMR spectral data. As shown
in Table III, even though addition of only 5% v/v of
DMSO to CCl, causes ca. half and one-third of the change
in 8(OH) for 2a, 2b and for 2¢ and 2d, respectively, the
percentage of the anti-DMSO conformation in pure DMSO
is still 87-95% (Table IV). Consequently, in spite of the
good linearity obtained in calculating K, 2PP values, they
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can differ from the “true” K, values. Moreover, the
linearity of 6(OH)[2] with 6(OH)[1] (Figure 1) cannot be
taken as evidence for the exclusive presence of an anti
conformation in DMSO.

Effects of Structural Parameters on K ... Values.
A priori, a-alkyl substituents should affect the strength
of the hydrogen-bonding interaction involving the OH
group both electronically and sterically. Two important
results are deduced from Table IV. First, the change
caused by the a-alkyl (or H) substituent on K, is smaller
than changes caused by the same substituents on struc-
tural, dynamic, and thermodynamic parameters of com-
pounds 1 and 2.}68 For the changes R = H — R = ¢-Bu
and R = H — R = Me, K, changes by 11- and 2.9-fold,
repectively.

Second, the better linearity of the log K, Vs ¢* plot
(Figure 4) compared with the log K, vs E, plot (Figure
3) suggest that the effect of the change of R on K is
mainly electronic and not steric. However, since the in-
ductive effects of alkyl groups are frequently regarded as
identical!® and the o* values may still contain residual
steric effects, the linearity of Figure 4 may be fortuitous.
An argument for the relatively low importance of steric
effects is the near additivity of the effect of added methyl
groups at the a-substituent on K, .. This is in contrast
to the expected “telescopic” decrease in K, either for
the change from o-Et or from «-i-Pr to a-t-Bu (see below)
if the steric factor predominates. The p* value of 1.30 for
2 is reminiscent of the increase of K, by a polar effect
as shown by the linear correlation of log K, vs Ham-
mett’s ¢ (p = 0.35) for m- and p-substituted «-aryl-3,3-
dimesitylethenols.!*

The hydrogen bond donor ability of the OH in both the
intramolecular and the intermolecular hydrogen bonded
conformations should decrease by electron donation. The
decrease of both K, and 8,,4.pmso With the increased
electron donation by R (Figure 5) could be explained if the
field effect component of the polar effect is more pro-
nounced in the anti-type conformation due to the vicinity
of the a-R and the OH dipoles.

The increased bulk of a-R will not affect directly the
stability of the syn conformer since it is remote from the
OH. However, it will reduce the stability of the anti-type
conformation by steric interaction with the OH group, and
by partially occupying the position to be held by the
solvating DMSO molecule.

The solid-state structure® and molecular mechanics
(MM) calculations show that in the stable conformation
a C-H bond of R in 2a, 2b, and 2¢, or a C-C bond in 2d
nearly eclipses the C=C bond. Consequently, the ap-
proximate steric environment on the side of the alkyl group
remote from the double bond and close to the OH group
is similar in the anti-DMSO conformers of 2¢ and 2d.
Moreover, if the conformation in which the smaller hy-
drogen is placed near the OH group of 2b is the most
stable, it will be approximately similar to the conformation
of 2a at the association site if the changes in the R—-C-O
bond angle caused by R are neglected. However, the
consequent expected large difference in K, between 2b
(R = Et) and 2¢ (R = i{-Pr) is not observed. The higher
Koo for 1 than for 2a-d can be partially due to unhin-
dered solvation of the unencumbered OH by the DMSO.

Consequently, electronic and steric effects seem to re-
inforce each other in slightly decreasing K, with the

(18) For earlier references, see: Shorter, J. In Advances in Linear Free
Energy Relationships; Chapman, N. L., Shorter, J., Eds.; Plenum:
London, 1972; Chapter 2. For recent references but opposite view, see:
Hanson, P. J. Chem. Soc., Perkin Trans. 2 1984, 101.
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increased bulk of R. The overall low sensitivity to steric
effects in interesting since the magnitude of phenomena
associated with the Cg ring cis to R, like mesityl rotational
barriers,! steric isotope effect,’® bond and torsional angles,?
and presumably keto = enol equilibria® is predominated
by steric effects. In contrast, for phenomena occurring at
the other side of the double bond, like the association with
DMSO, the steric effects are relatively minor in spite of
the geometrical constraints caused by the double bond.

Comparison with Other Alcohol Systems. Our enols
are monomeric even in CCly, due to both the intramolec-
ular OH..w(cis-Mes) association and to steric effects that
inhibit mutual approach of two crowded enol molecules.
The evidence is the appearance of two separate OH signals
for a mixture of the E and Z isotopomeric enols Mes*C-
(Mes)=C(OH)R, Mes* = 2,4,6-(CD,;)3C;H,, R = H, Mes,
Mes*,'® as well as the low dependence on concentration
of (OH) for 1.1* Consequently, our K., values relate to
“monomeric” enols. This is of interest since a recent
analysis showed that “monomeric” and “oligomeric” alco-
hols differ in their abilities as hydrogen-bond acceptors.?®

For comparison of our K, values we searched in ref
11b, which covers the 1960-1973 period for data on systems
RCOH, which are the closest analogues to our system, as
well as for ROH systems with the same R’s. K values
with DMSO were found only {or MeOH (K, = 7.6 at 15
°C in CCl,-DMSO mixture)®® and ¢-BuOH (K, = 5.6
at 25 °C in C,C1,-DMSO0),2!? and the ratio of the values
(under slightly different conditions) is smaller than for
2a/2d. The differences in K, values with DMF in CCl,
at 25 °C [4.4 £ 1.7 (H,0),1% 5,5%¢ (4.2 at 28 °C)%e (MeOH),
3.5 (EtOH),%¢ and 2.9 (¢:-BuOH)?'¢] are smaller than in our
system. From other data when Et;N and pyridine are the
bases,?2% the effect of alkyl group on K, in aliphatic
systems less crowded than 2 qualitatively resembles that
for 2.

However, the enolic OH group is more acidic than that
of the simple aliphatic alcohols. The pK,’s of enols 2
should be somewhat higher than 9.40, the value for
Ph,C=CHOH,? lower than for trifluoroethanol (pK, =
12.8)*" and close to that of phenol (pK, = 9.95).28 Since
K oooc with MeCONMe, increases with the acidity of the
alcohol,® our K, values are expected to resemble those
for TFE-DMSO (141)%" or PhOH-DMSO (202).%° The

(19) Biali, S. E.; Rappoport, Z.; Hull, W. E. J. Am. Chem. Soc. 1985,
107, 5450.

(20) Abboud, J.-L. M.; Sraidi, K.; Guiheneuf, G.; Negro, A.; Kamlet,
M. J.; Taft, R. W. J. Org. Chem. 1985, 50, 2870.

(21) (a) Krueger, P. J.; Mettee, H. D. Can. J. Chem. 1964, 42, 288. (b)
Lopes, M. C. S.; Thompson, H. M. Spectrochim. Acta 1968, 244, 1367.
{c) Becker, E. D. Spectrochim. Acta 1961, 17, 436.

(22) (a) Hirano, E.; Kozima, K. Bull. Chem. Soc. Jpn. 1966, 39, 1216.
(b) Stevenson, D. P. J. Am. Chem. Soc. 1962, 84, 2849. (c) Singh, S.;
Murthy, A. S. N,; Rao, C. N. R. Trans. Faraday Soc. 1966, 62, 1056. (d)
Huiskens, P.; Huiskens, T. Z.; Dierckx, A. M. Ann. Soc. Sci. Bruxelles
1964, 78, 175.

(23) An estimate of the variability of the values from different labo-
ratories is shown by K, values for the MeOH-pyridine adduct: 3.0 and
2.9 (CCl, 25 °C, by IR), %% 2.3 (CCl,, 25 °C, IR),22 and 6.0 (20 °C, near
IR).

(24) (a) Findlay, T. J. V.; Kidman, A, D. Aust. J. Chem. 1965, 18, 521.
(b) Rider, P. E.; Hammaker, R. M. Spectrochim. Acta 1973, 294, 501.

(25) (a) Perkampus, H.-H.; Kerim, F. M, A, Spectrochim. Acta 1968,
244, 2071. (b) Kitao, T.; Jarboe, C. H. J. Org. Chem. 1967, 32, 407. (c)
Gramstad, T. Acta Chem. Scand. 1962, 16, 807.

(26) Chiang, Y.; Kresge, A. J.; Krogh, E. T. J. Am. Chem. Soc. 1988,
110, 2600.

(27) Dyatkin, B. L.; Mochalina, E. P.; Knunyants, 1. L. Tetrahedron
1965, 21, 2991.

(28) Rappoport, Z. Handbook of Tables for Organic Compounds
Identification, 3rd ed.; CRC: Cleveland, 1967, p 434.

(29) Gramstad, T.; Sandstrém, J. Spectrochim. Acta 1969, 254, 31. (b)
Sherry, A. D.; Purcell, K. F. J. Phys. Chem. 1970, 74, 3535. (c) Guidry,
R. M,; Drago, R. S. J. Am. Chem. Soc. 1973, 95, 759.
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lower observed values probably result from stabilization
of our enols by intramolecular hydrogen bond, whereas
some of the values used for the comparison are for asso-
ciation of the free alcohol. Intramolecular competition for
our enols will reduce appreciably the calculated K,
values.

Nature of the Anti-Type Conformation. The solvent
dependence of (OH), its correlation with 3, the 1:1 asso-
ciation with DMSQ, the shift in vgy of 2d in DMSO com-
pared with CCl,, and analogy with the behavior of 1 point
to the presence of a strongly hydrogen bonded conforma-
tion that differs from the one present in CCl,. Structural
information on the dihedral H-O—-C=C angles in these two
conformations in solution are not available. For 1 the two
conformations were assigned as syn planar and anti clinal
mainly on the basis of the correlation between H-C-O-H
dihedral angles and the observed *J(HCOH) values.?! The
vicinity of the OH to the cis-mesityl group in CCl, (i.e. syn)
and the much larger distance in DMSO (i.e., anti) was
corroborated by the A§(OH) values for isotopomeric 1,2-
dimesityl-2-mesityl-Me-dg-ethenols in various solvents.?

Circumstantial reasoning suggests that the two confor-
mations are likewise for enols 2 syn-type and anti-type,
respectively. First, the changes of the §(OH) for 2 and 1
are qualitatively parallel. Second, the vgy of 3529 cm™ in
CCl, for 2d suggests an internally hydrogen bonded con-
formation. Third, ab initio calculations on simpler sys-
tems® which indicate that only the syn planar and the anti
planar conformations are minima on the potential energy
surface suggest that the other conformer is anti.

In analogy with the use of 3J(HCOH) for 1,2 we hoped
to obtain more definite conformational information from
the relatively small 4J(HCCOH) couplings and their sol-
vent-dependence. Many analogous *J(HCCCH) values
were measured, tabulated,??3® and found to be sensitive
to the conformation, and it is usually accepted and sup-
ported by ab initio calculations? that the maximum cou-
pling is for a W-shape arrangement of the H-C-C-C-H
system.3?

However, a Karplus-type relationship between the 4/
values and the two dihedral angles in the HCCCH moiety
is not available and it is not known if the above general-
ization applies for the HOCCH moiety. Only limited data
are available for a saturated HOCCH skeleton® and more
data for phenols.?® Both 3J(H,COH,) and 4/(H.,CCOH,)
were measured for vinyl alcohol 3a* and for (Z)-1-propenol
(3b)e® in acetone containing 0.72-1.48% H,0. The 3J
values indicate major contributions from the syn conformer
(4a) for 3a and of the anti conformer (4b) for 3b. The
higher J for 4a suggested that the W relationship holds
also for the HCCOH moiety.

4J(HCCOH) values were measured for the geminal
H;CC(OH) moiety in diastereomeric PhC(OH)(Me)-
CHRCOOR'.*  Analysis of the data suggested that in

(30) Arnett, E. M.; Joris, L.; Mitchell, E.; Murty, T. S. S. R.; Gorrie,
T. M,; Schleyer, P. v. R. J. Am. Chem. Soc. 1970, 92, 2365.

(31) (a) Fraser, R. R.; Kaufman, M.; Morand, P.; Govil, G. Can. J.
Chem. 1969, 47, 403. (b) Watanabe, S. J. Mol. Struct. 1980, 64, 285.

(32) (a) Barfield, M.; Chakrabarti, B. Chem. Rev. 1969, 69, 757. (b)
Barfield, M.; Spear, R. F.; Sternhell, S. Ibid. 1976, 76, 593. (c) Kowaleski,
J. Prog. Nucl. Magn. Reson. 1977, 11, 1. (d) Barfield, M.; Dean, A. M.;
Fallick, C. J.; Spear, R. J.; Sternhell, S.; Westerman, P. W. J. Am. Chem.
Soc. 1975, 97, 1482,

(33) Marchand, A. P. Stereochemical Applications of NMR Studies
in Rigid Bicyclic Systems; Verlag: Weinheim, 1982; pp 174-206.

(34) Lehn, J.-M.; Wipff, G. Theor. Chim. Acta 1973, 28, 223.

(35) (a) Schaefer, T.; Chum, K. Can. J. Chem. 1978, 56, 1788 and
references cited therein. (b) Gillet, B.; Nicole, D.; Delpuech, J.-J.; Gross,
B. Org. Magn. Reson. 1981, 17, 28. (c) Huffman, J. W.; Desai, R. C. J.
Org. Chem. 1982, 47, 3254.

(36) Wooten, J. B.; Houminer, Y. J. Org. Chem. 1982, 47, 5102.
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CDClg and CeDsCDa 4JHOCCH3 = 0.92-1.10 Hz for a con-
former with favored W conformation and zero for a con-
former that cannot achieve that conformation. In
DMSO-dg *J = 0 for both diastereomers. Tables I and II
show a more complicated situation in our system. Rather
than the expected gradation in 4J on increasing 3, *J-
(HOCCH) for 2¢ is 1.6 Hz in all our solvents except for
DMSO and DMF where it is 0. Likewise, J changes
slightly from 1.57 to 1.34 Hz from CCl, up to 6.6% DMSO
in CCl, whereas the parallel change in (OH) is appreciable
(Tables I and III), and at higher percentages of DMSO 4J
= 0. Moreover, for 2a *J decreases by 0.32 Hz from CDCI,
to CgDsCDj, although by analogy with 1, less syn conformer
should be present in CDCl,.

The 4J value in CCl, is consistent with a syn (W) ar-
rangement. From the small change in *J where 5(OH)
values change appreciably this conformer is now in equi-
librium with another conformer having a close *J value.
The observation that a “sickle” anti-type conformation 5
can have an appreciable /%" can explain the behavior in
all solvents except DMSO and DMF, but further discus-
sion is unwarranted until more data on the dependence
of *J on the HCCOH conformation® become available.

§(OH) Correlations. A monotonic relationship be-
tween §yniipmso and dpmso values is not unexpected since
both 8,n4.pmso and Fansipmso in pure DMSO are higher for
the more associated enols. If the linearity between the two
6 sets (eq 12) is more general, then the available 6,4 values
rather than the more appropriate but usually unavailable
6(OH) of the hydrogen bonded conformation could be
correlated with solvent parameters. An example is the
approximate linear correlation between 6(OH) for 2 and
Kamlet-Taft’s 82 in eight solvents (Figure 2), which in-
dicate that for enols 2 the interaction responsible for the
shift in §(OH), and presumably for a conformational
change, is hydrogen bonding with the solvent. The mul-
tiparameter full solvatochromic correlation® was not ap-
plied for 2 since for enol 1 8 is the only parameter of
significance in this equation and 6(OH) for 2 are linearly
correlated with 6(OH) for 1 (Figure 1). Figure S2 is of
interest since the linearity between log K, and C is
another probe which suggests that hydrogen bonding to
the solvent becomes weaker when R is changed from H to
t-Bu.

The correlation between log K, and 6,n;pmso (Figure
5) is a manifestation that “the difference in chemical shifts
for unassociated and associated HA can be used as an
indication of hydrogen bond strength”.!¢ Correlations
between log K, and the limiting 5('°F) of the adducts
of p-fluorophenol or 5-fluoroindole with many bases were
previously observed.?® In our system the change is in the

(37) Mark, V. Tetrahedron Lett. 1974, 299.

(38) Many calculations for s at various combinations of the dihedral
angles are given in ref 32d. In view of the dependence of the values on
the method used, they are of little help in respect to our problem.

(39) (a) Gurka, D.; Taft, R. W. J. Am. Chem. Soc. 1969, 91, 4794. (b)
Mitsky, J.; Joris, L.; Taft, R. W. Ibid. 1972, 94, 3442.
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structure of the enol rather than in that of the base. This
is reasonable since the stronger the association (K,.), the
more deshielded the hydroxylic proton.

The sensitivity of log Koo to 6(OH) is high. The slope
of eq 14 is 0.77. A 2.7-fold change in K, (2a — 2d)
results in a shift of 6(OH) by 0.71 ppm. In a single family
the 6(OH) can thus serve as a sensitive tool for the degree
of association. However, 6(OH) in our system is affected
not only by hydrogen bonding but also by the ring currents,
i.e., by the location of the OH relative to the faces of the
B-mesityl rings. The regular changes in both the MesC=C
dihedral angles and the R-C-O bond angle from R = H
to R = ¢t-Bu may contribute to the regular change of §(OH)
on changing R.

Conclusions
The a-alkyl-G,8-dimesitylethenols 2 exist in CCl, in a
syn-type conformation and in DMSO in an anti-type
conformation associated with a solvent molecule. The
association constant with DMSO (K,,,.) decreases with
a-R in the order H > Me > Et > i-Pr > t-Bu. The log
Ko values are linear with ¢* of the a-substituent, in-

dicating a major contribution from a polar effect. They
decrease nonlinearly with the steric parameter E,, probably
reflecting that the association occurs at a relatively un-
hindered side of the molecule.

Experimental Section

Enols 1 and 2a—d were prepared as described previously.?¢ CCl,
was dried over 4A molecular sieves, and the deuteriated NMR
solvents were the best commercial samples. NMR spectra were
recorded with a Bruker WP 200 SY pulsed FT spectrometer
operating at 200.133 MHz. IR spectra were recorded with a
Analect FTIR FX-6200 spectrometer.
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Alkali-metal reduction of a series of diaryl sulfides shows that, if both aryl moieties possess aromatic stabilization
energies less than that of the phenyl group (i.e., able to generate relatively more stable radical anions), the diaryl
sulfide forms an episulfide intermediate via regiospecific coupling of the aryl moieties at the stage of a reactive
intermediate. The formation of the episulfide intermediate explains why double carbon—sulfur bond cleavage
and extrusion of sulfur is observed only in such diaryl sulfides and why there is a preference for the formation

of single regioisomeric biaryl.

Introduction

In our previous work on the alkali-metal reduction of
diaryl sulfides,! we have shown that the conformational
freedom available to the aryl groups allows maximum
orbital overlap at the stage of a reactive intermediate,
probably that of the radical anion (Scheme I). This
overlap in turn leads to facile cleavage of the carbon—sulfur
bond.? Molecules similar in structure to diaryl sulfides
but lacking this conformational freedom, such as di-
benzothiophene, cannot achieve such maximum orbital
overlap during reduction. For this reason ring hydrogen-
ation of dibenzothiophene occurs without cleavage of the
carbon—sulfur bond. In diaryl sulfides that are capable of
generating relatively stable radical anions (those with aryl
moieties more extensively conjugated than phenyl, such
as naphthyl or quinolyl), there was some evidence! of
coupling of the aryl moieites at some reactive intermediate
stage to form an episulfide which extrudes sulfur with two
carbon-sulfur bond cleavages to give the corresponding

(1) Francisco, M. A.; Kurs, A.; Katritzky, A. R.; Rasala, D. J. Org.
Chem,. 1988, 53, 596—600.
(2) McLennan, D. J. Q. Rev. Chem. Soc. 1967, 21, 490.

0022-3263/88/1953-4821801.50/0

biaryl. The coupling was specifically shown (Scheme I)
to occur before carbon—sulfur bond cleavage. The reaction,
as shown, is essentially an aryl migration. Intramolecular
attack of reactive intermediates such as radicals and anions
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