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THERMAL (1,3)-ALLYLIC REARRANGEMENTS IN SULFOXIDES AND SULFONES

Raymond D, Baechler‘. Pamela Bentley, Lisa Deuring, and Susan Fisk
(Department of Chemistry, Russell Sage College, Troy, N.Y. 12180)

Abstract Rates and activation parameters for thermal (1,3)-allylic rearrangement have been
determined for the systems £ -methylallyl phenyl sulfoxide (2) and the correspond-
ing sulfone (l). with evidence presented for a dissociative reaction mechanism,.

Considerable effort has been directed recently toward exploring the synthetic applica-
tions of (1,3)~allylic rearrangements in sulfur systems.l The nature of the rearrangement
reaction in simple allyl aryl sulfides has been extenslively investigated with evidence pre-
sented in support of either a dissociative, radical chain mechmismz or an assoclative rear-
rangement mechanism involving ligand stereomutation in a cyclic, trigonal-bipyramidal inter-
mediate.? No comparable mechanistic studies of the (1,3)-allylic rearrangement in simple
acyclic sulfoxides or sulfones have been described, although there have been several recent
observations of thermal (1,3)-rearrangements in cyclic unsaturated sulfoxides. These include
the perfluorotetramethyl Dewar thiophene-S-oxlide system, for which a concerted "pseudoperi-
cyclic" mechanism has been proposed,u and the 9-th1ab1cyclo[i_&.2.llnona-2,4,?-triene—9-o;d.de
system, for which a radical dissocliation process has been suggested.

As a result of the present investigation, we are able to report the first direct compari-
son of the relative rates and activation parameters for thermal (1,3)-allylic rearrangement in
a structurally related set of compounds consisting of a sulfide, a sulfoxide and a sulfone.
The # -methylallyl phenyl system was selected for this comparative study. Kwart has reportedja
that # ~methylallyl phenyl sulfide (1) undergoes thermal (1,3)-allylic rearrangement by a uni-
molecular process in nitrobenzene, We have found that the corresponding g -methylallyl phenyl
sulfoxide (2) and sulfone (3) systems also undergo the thermal (1,3)-rearrangement by first-
order processes in nitrobenzene solutions. To facilitate kinetic analysis, samples of_g_and_l
were selectively deuterated at the d-allylic position via base catalyzed hydrogen/deuterium ex-
change using potassium tert-butoxide in tert-butanol-O-d and tetrshydrofuran at -#°.6 The
rate studies were performed using degassed solutions in sealed sample tubes, and the reactions,
depicted in equation 1 for the sulfoxide, were readily monitored by 1I-l-mlu- analysis of the
signal intensities in the ol(f 3.4 in 2} 3.8 in 3) and ¥ (4.9 in 2 and 3) spectral regions,

The results established that the reactions are cleanly first-order, allowing rate constants to
be determined7 for the sulfoxide at temperatures of 110, 120 and 130° and for the sulfone at
temperatures of 150, 160 and 170°. The comparative data are summarized in Table I,

g- 0

- — -l
(1) 061-15- (Jl')ZC(Crl3)=CK2 C6H5 'S-CHZC(CH3)=CD2

The relative reaction rates at 150° reveal that for this particular system, susceptibility
toward (1,3)-allylic rearrangement increases progressively from the sulfone (3) through the
sulfoxide (i). However, the rather narrow span in rates is noteworthy in view of the following
evidence which suggests that the sulfide (__1_ )y which is intermediate in reactivity, undergoes

rearrangement by an entirely different mechanism than that which appears to be involved in the
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Table I, Rate Constants and Activation Parameters for (1,3)-Allylic Rearrangement in
8 -Methylallyl Phenyl Sulfide (1), Sulfoxide (2) and Sulfone (3).

Compound® Rate Constants | Relative AGF AH¥ as¥
x 107, sec™l | Rates keal/mol | keal/mol |cal/molK
at 150°C at 150°C | at 150°¢
L CH,SCH,C(CH,)=CD, 6.7° 1.7x10 | 33.3° |27.7 & 0.9%]-13.3 » 2.2°
2 CgHS(0)CD,C(CH,)=CH, 69.9 1.8 x 10% | 3148 | %.6 + 1.3°[+12.4 & 3.2°
£ b4 (4
3 CgHsS(0,)CD,C(CH, )=CH, 0.%9 1.0 35,77 |4 b 2 4,25|420.5 + 9,78

a Solvent, nitrobenzene—ds. b Calculated from values reportedaa forA HTand AS-'E

3a

© Temperature range, 147-177°C, d Caleulated from values for AHF and as¥,

® Temperature range, 110-130°C. f Experimental value at 1 50°¢,

g Temperature range, 150-170°¢C,

case of the sulfoxide and sulfone. (a) The negative activation entropy, asT, observed for the
sulfide supports the proposed3a assoclative reaction mechanism, whereas the distinctly positive
AS¥ values for the sulfoxide and sulfone suggest a dissociative process. (b) In sulfides,
substitution of a methyl group at the 8-allylic position has been found Ja to lower the acti-
vation enthalpy, AH-‘F. for rearrangement more sffectively thana-methyl substitution, which is
in accord with the charge development implied by the proposed reaction intermediate. 1In
marked contrast, ol-methyl substitution is far more effective than g-methyl substitution at en-
hancing the reactivity of allylic sulfoxides toward (1,3)-rearrangement. We have found that
o-methylallyl phenyl sn.\lfoxi.do8 undergoes allylic rearrangement to crotyl phenyl sulfoxide at
temperatures above 70°, although accompanying decomposition prevented careful kinetic analysis.
Moreover, o/,d~dimethylallyl phenyl sulfoxide has been reportedh to undergo the (1,3)-rear-
rangement readily at M°.9 Even more dramatic is the recent reportlo that cinnamyl phenyl sul-
fenate undergoes a rapid transformation at room temperature to the isomeric cinnamyl phenyl
sulfoxide, suggesting that an intermediate ¢phenylallyl phenyl sulfoxide (generated by (2,3)-
sigmatropic rearrangement) undergoes a (1,3)~allylic rearrangement so rapidly as to preclude
the direct spectral detection of the intermediate. (c) In the allylic sulfides, a polar sol-
vent, such as nitrobenzene, was required in order to observe simple first-order kinetics. 1In
less polar solvents, such as o-dichlorobenzene and decalin, competing unimolecular and bimo-
lecular reaction mechanisms were encountered. 3a We have found that in toluone—ds solution,

8 -methylallyl phenyl sulfoxide (2) undergoes the (1,3)-rearrangement in a clean, first-order
manner, with rate constants and activation parameters (AH-'F= 35.2 + 0.8 kcal/mol; AS-‘F =+ 10.6
% 2.2 cal/mol°K) very similar to those obtained in nitrobenzene-ds.

A simple mechanistic interpretation consistent with the above observations is that allylic
sulfoxides, such as 2, undergo thermal (1,3)-rearrangement by a homolytic dissociation-recom-
bination process involving the formation of relatively stable allyl and arylsulfinyl radicals.
This process, depicted in equation 2, would account for the positive activation entropy, drama-
tic rate acceleration upon substitution at the d-allyliec position, and relative insensitivity
to changes in solvent polarity. It is also noteworthy that the thermal racemisation of benzyl
aryl sulfoxides in the temperature range 130-160° has been explained on the basls of a radical
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dissociation mechmisn.u Such a dissociative process is also compatible with a recent study
of a sulfoxide rearrangement employing heavy atom, kinetlc isotope effects,12

(2) C6H 5-g-CD2C( CH3 )=CH2 0655-§-CHZC( CH3 )=CD2

z

C6H5-g- L CDZC( CHB )=CH2 <> CD2=C( CHB)CHZ'

The somewhat higher activation enthalpy observed for 3, together with the positive acti-
vation entrepy, suggest that a homolytic dissoclation mechanism may be operating in the sulfone
system also. The fact that rearrangement occurs almost as readily in the sulfone as in the
sulfoxide demonstrates conclusively that a pseudopericyclic mechanismu requiring a valence shell
non-bonding electron pair on sulfur can not be involved. However, any further conclusions re-
garding the nature of the thermal (1,3)-allylic rearrangement in sulfones must be viewed with
some reservation at this time. Since compound 3 is the first sulfone subjected to a thorough
kinetic analysis of the rearrangement process, no comparative information is available regard-
ing the effect of structural modifications upon the facility of the reaction, Moreover, we
have encountered an unanticipated complexity in our investigation of @-methylallyl phenyl sul-
fone. In contrast to the sulfoxide (2), a change in reaction solvent from nitrobenzene to tol-
uene resulted in a rate acceleration at 150° of over 100-fold for the sulfone. Furthermore,
when the kinetic studies were extended to the lower temperatures of 130 and 1llo°, pronounced
deviations were observed from the linearity expected for a first-order process, This mechanis-
tic complexity in the sulfone system appears to be somewhat reminiscent of that previously en-
counterodj" when the reactions of allylic sulfides were studied in non-polar solvents, Al~-
though it might be possible to rationalize the observed deviatlons from first-order behavior by
suggesting contributions from a dissociative radicel chain reaction pathway, further specula-
tion regarding the rearrangement of allylic sulfones in non-polar solvents is not Justified at
this time,

A further conclusion which may be drawn from the results provided by this study is that
thermal (1,3)-allylic rearrangement involving sulfur in any of the three oxidation states rep-
resented by the series 1 - 3, occurs with considerably more ease than in related phosphorus
systems, where evidence substantlates the thermal stability of allylic phosphines 3 and phos-
phine oxides ' at temperatures over 200°,
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