This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

wuralof | Journal of Sulfur Chemistry

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926081

Recent Progress on Rearrangements of Sulfones
Samuel Braverman?; Marina Cherkinsky?; Paul Raj®
2 Department of Chemistry, Bar-Ilan University, Ramat-Gan, Israel

Adjsiwisy) Jnying

To cite this Article Braverman, Samuel , Cherkinsky, Marina and Raj, Paul(1999) 'Recent Progress on Rearrangements of
Sulfones', Journal of Sulfur Chemistry, 22: 1, 49 — 84

To link to this Article: DOI: 10.1080/01961779908047954
URL: http://dx.doi.org/10.1080/01961779908047954

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926081
http://dx.doi.org/10.1080/01961779908047954
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12: 24 25 January 2011

Downl oaded At:

Sulfur Reports, 1999, Vol. 22, pp. 49-84 @ 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Harwood Academic Publishers imprint,
part of the Gordon and Breach publishing Group.

Printed in Malaysia.

RECENT PROGRESS ON
REARRANGEMENTS OF SULFONES

SAMUEL BRAVERMAN* MARINA CHERKINSKY
and PAUL RAJ

Department of Chemistry, Bar-Ilan University, Ramat-Gan 52900, Israel
{ Received 15 December 1998)

The present review surveys the main literature reports on rearrangements of sulfones
published during the last decade. The report concentrates on the three most studied
rearrangements, namely, 1,3-sulfonyl migration, Ramberg—Backlund rearrangement and
pinacol-reduction rearrangement. Both mechanistic aspects and synthetic applications
have been emphasized. The first type of rearrangements has been found to occur by both
free radical as well as ionic mechanism. A number of synthetic applications, including
intramolecular rearrangement—cyclization and regioselective alkene synthesis have been
described. With regard to Ramberg-Béicklund rearrangement, it is of special interest to
note the novel isolation of previously postulated episulfone intermediate, and the renewed
interest in this type of rearrangement as well as its various important modifications. Due to
the novel developments a number of synthetic applications have been described, including
preparation of various natural products, novel electrically conducting materials, and
enediynes. The last rearrangement is of interest no only due to its mechanistic aspects, but
also because it provides the possibility of ring enlargement of cyclic ketones.

Keywords: Pinacol-reduction rearrangement; Ramberg-Bidcklund rearrangement;
sulfones; 1,3-sulfonyl migration
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1. INTRODUCTION

The present review surveys the major developments on the subject of
sulfone rearrangements, which have been published since the publica-
tion of the Patai chapter on this subject some ten years ago.!'! However,
unlike the former, which dealt with rearrangements involving sulfones,
we have now concentrated on rearrangements of sulfones only. That is
only those papers dealing with rearrangements of sulfones directly have
been included. However, we had to be rather selective in our choice due
to space limitation. We therefore, apologize to those researchers whose
studies were not included.

2. 1,3-ALLYLIC SULFONYL MIGRATION

2.1. Mechanistic Aspects of 1,3-Sulfonyl Migration

The 1,3-rearrangement of allylic sulfones has received considerable
attention due to its synthetic and mechanistic interest beginning since
its first experimental observation by Darwish and Braverman more
than three decades ago.”! Both ion pair?™# and free-radical chain
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B-7) mechanisms were suggested for 1,3-allylic

addition—elimination
sulfonyl migrations.
During the last decade the study of this rearrangement has been
continued and extended. For example, Whitham and coworkers have
described® the 1,3-rearrangement of a-substituted acyclic and cyclic
allylic aryl sulfones under standard radical conditions: dibenzoy! per-
oxide (BPO)-CCl,. In general, the more substituted double bond (more
stable) isomer predominated and E/Z isomeric mixtures were obtained.
Thus, a,a-dimethylallyl p-tolyl sulfone 1 readily rearranged to prenyl
sulfone 3 under standard radical conditions, Eq. (1). A radical chain
addition—elimination mechanism, involving as propagating step, sul-
fonyl radical addition to the double bond of the allylic sulfone followed
by G-scission of the resulting arenesulfonyl radical 2, was proposed.

S 2 S e N
ArSO; = -ArSO;  ArSO; 4 SO,Ar  TArso; \l/\s/ (1)

1

It is interesting to note that similarly substituted cyclic allyhc sul-
fones such as l-alkylcyclohex-2-enyl p-tolyl sulfones 4 rearranged
only sluggishly under radical conditions but underwent smooth iso-
merization on heating in AcOH-H,0 (3:2) at 110°C, Eq. (2). This
isomerization was not inhibited by hydroquinone. Therefore, a dis-
sociation—recombination mechanism, involving an ion pair has been
suggested. The ion pair is presumed to be fairly “intimate” since sol-
volysis products were not observed.

S0,Ar R
ij _AOH-H0 025Ar @\
~Twc SOAr
5

Further evidence supporting the ion-pair mechanism for the sub-
stituted cyclohexenyl sulfones emerged from an investigation of
t-butyl sulfones. 1-Methylcyclohex-2-enyl ¢-butyl sulfone was con-
verted to its allylic isomer even under milder ionization conditions
than those required for the p-tolyl analog. On the other hand, o,a-
dimethylallyl p-tolyl sulfone undergoes a much more rapid rearrange-
ment under radical conditions than the corresponding ¢-butyl sulfone.
This result could be explained by two different mechanisms. One
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possibility for higher reactivity of the z-butyl sulfone towards dis-
sociation—recombination is that it is a ground state effect whereby the
greater steric demand of the ¢-butyl sulfonyl group compared to that
of the arenesulfony! group leads to steric acceleration of ionization.

In general, some extra cation stabilizing influence is needed to pro-
mote the ionization mechanism. For example, additional carbocation
stabilizing substituents such as 1-alkylcyclohexenyl,®] methylthio!
or phenylthio™ can facilitate an ion-pair mechanism for the 1,3-rear-
rangement. A vinyl substituent can operate in the same way.® Thus the
bis-allyl sulfone 6 rearranged to the dienyl sulfone 7 on heating in
aqueous acetic acid, Eq. (3).

SO,Ar
= X

—_— - s SO;AI‘

6 7

A radical chain addition—elimination mechanism, Eq. (4), has also
been suggested for the 1,3-rearrangement of the allylic alkyl sulfones
8.9 In this case, carbon tetrachloride was unsatisfactory as solvent
for the BPO-induced rearrangement due to competing abstraction
from the solvent and Sy2' substitution of the sulfone by the result-
ing ClI3C radical. However, the rearrangement proceeded satisfactory
on treatment with BPO in -BuOH, or with MeSO,Na in aqueous
AcOH. The latter set of conditions was also shown®® to favor a free-
radical mechanism. Sulfinic acids behave as an alternative source of
ArSO, radicals thereby establishing the same propagating steps involv-
ing 2 proposed for the BPO-CCl, conditions. This was established by
the fact that sodium p-toluenesulfinate in the absence of acid did not
act as an effective catalyst and inhibition by hydroquinone had been
detected.”®! The rearrangement was very slow (R = 1-Bu) or altogether
unsuccessful (R =CH,Ph, CH,COMe) in cases where the inter-
mediate sulfonyl radical could undergo loss of sulfur dioxide to give a
resonance-stabilized alkyl radical.

/>< SO;R Rsoz- RSOZ\/’>< SOR . RSOZ' RSOz\/Y
—_— —_—
R (4)

R = Me, Et, i-Pr, +-Bu, CH,SiMe;, CH,CH,SiMe, CH,CH(OH)Me
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In continuation, the a-alkylthio and a-arylthio substituted allylic
sulfones 9 and 10, respectively, were investigated under free radical
rearrangement conditions.'! The sulfonyl sulfide 9 was completely
rearranged to a mixture of the E- and Z-methylthioallyl p-tolyl sul-
fones 11 and 12 with a ratio of E to Z isomers ~2:1, Eq. (5). It thus
appears that rearrangement of 9 under radical conditions occurs by
a clean 1,3-shift of the p-tolylsulfonyl group involving addition—
elimination of a p-TolSO, radical. However, since it is known!'? that
3-alkylthioprop-1-enyl p-tolyl sulfones are thermodynamically less
stable than their viny! sulfide isomers such as 11 and 12 and are read-
ily isomerized to them under mildly basic conditions, the possibility
exists of rearrangement by a competing 1,3-shift of the methyithio
group followed by a 1,3-prototropic shift. The latter possibility was
excluded by an experiment in which a-deuterated 9 was subjected to
the rearrangement conditions and gave 11 -and 12 containing deuter-
ium only in the a-positions to the thiomethyl substituent. Therefore,
the radical-induced rearrangement of 9 involves preferential migra-
tion of the p-toluenesulfonyl group.

heat
SO,Tolp SMe

9 11 12
(5)

In contrast to the sulfone 9, the p-tolylthio substituted suifone 10
under analogous rearrangement conditions gave a more complex set
of products corresponding to those expected for migration of both
p-tolylthio and p-toluenesulfonyl groups, Eq. (6).

/\rSMe BPO-CCly P TS0,y -SMe p-ToSOz\/\I

STolp

SO, Tokp
10
BPO/CChl heat

p-TolSO, SO,;Tolp ; p-TolS S0,Tolp ; p-TolSO, STok,
P N ~ A N a4

p-TolSO; N + p-ToS_ <y, - STokp 4+ PToS AN
STokp STolp

(6)
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It follows from the nature of the products and the reaction condi-
tions that the reaction occurs by addition—elimination involving both
p-TolS® and p-TolSO; radicals. It seems likely that the main reason
for the difference between the outcome of the rearrangement of the
methylthio substituted sulfone 9 and of the p-tolylthio substituted sul-
fone 10 is the nearly 700 fold greater leaving group ability of ArylS® vs.
AlkylS® from the relevant 8-thio substituted radical.'

Contrary to the a-methylthio substituted allylic sulfones 9" " an ion-
pair mechanism was proposed for the SiO,-catalyzed reversible 1,3-
rearrangement of the y-sulfenylated allylic system 13, Eq. (NP

[11]

R R R
13 14 15

CHSS\]/>< SO;Tol Cﬂgs%‘f{g ToSOzW !
R R cH;s” R (7)

Since protic acids such as p-toluenesulfonic or acetic acid exhibit a
catalytic activity for this rearrangement, it may be suggested that the
present rearrangement occurs via a cationic intermediate 14. The posi-
tion of the SiO,-catalyzed equilibrium between 13 and 15 was strongly
influenced by the number and position of the alkyl substituents. The
equilibrium lies to the side of 15 when the position « to the sulfonyl
group in 13 is dialkylated (R!'=R?=Et, n-Pr, n-Bu, PhCH,); in con-
trast, monoalkylated 13 (R'=alkyl, R?=H) apparently do not
undergo the allylic 1,3-rearrangement. This is accounted for in terms
of the stabilizing effect of a methylthio group on an adjacent C=C
bond to allow exclusive production of the thermodynamically more
stable 13 at equilibrium with 15. Alkyl substituents facilitate the rear-
rangement by stabilization of the transient cation 14. The 1,3-rearran-
gement of methylthio substituted allylic sulfones 13 via the ion pair
mechanism® again supports the influence of carbocation stabilizing
substituents on the promotion of an jonization mechanism.?!

Padwa and coworkers!'*!'” have investigated the behavior of f-
phenylthio substituted mono and dialkylated allylic sulfones 16 in terms
of 1,3-allylic sulfonyl migration under two sets of conditions, namely,
ionization and free radical, Eq. (8). The first was to subject the allyl
sulfone to silica gel chromatography, and the second to heat the sulfone
at 80 °C in solution with exposure to light.



12: 24 25 January 2011

Downl oaded At:

SULFONE REARRANGEMENTS 55

SPh SPh
P SO,Ph 1,3-shift PhSO, x o R
H;C Si0; or hv
R” Rg? : R? (8)
16 17

R!, R? = alkyl, allyl, benzy!

Two different paths can be put forth regarding the mechanism of
this rearrangement. One route includes a fairly tight ion-pair mecha-
nism, which is probably applicable to the silica gel-induced rearrange-
ment.!”) The alternative path occurs in solution and involves a radical
chain mechanism. The heat and/or light initiate the reaction by bring-
ing about cleavage of the allyl-sulfone group bond. The benzenesulfo-
ny! radical so produced adds to the double bond of another molecule,
leading to a new radical which loses the resident benzenesulfonyl
group to generate the rearranged isomer. In all cases the thermo-
dynamically more stable alkene with the more substituted double bond
is the exclusive product, and E/Z isomeric mixtures are obtained. This
mechanism is in full agreement with the results of Whitham.®-10-11]

The free radical addition-elimination mechanism has received fur-
ther support through the following results.'! Polar solvents, such as
acetonitrile and dimethyl sulfoxide, did not increase the rate of rear-
rangement. On the other hand, a catalytic amount of hydroquinone,
a known free-radical inhibitor, completely suppressed the reaction. It is
interesting to note that the rearrangement did not occur in the case of
cyclopropyl substituted sulfone, Eq. (9). This can be readily rationalized
since methylenecyclopropanes are known to be thermodynamically less
stable than viny! substituted cyclopropanes.'®)

SPh SPh

HzC)X SOPh_Apv  PHSO, (9)

The effect of the nature of substituents at the S-position was also
investigated. The presence of a phenylthio group in 18 or of an ethyl-
thio group in 19 groups accelerates the reaction by 2 orders of magni-
tude vs. the unsubstituted sulfone 20. This result is expected for a
mechanism involving addition of the electrophilic PhSOj radical to
the more electron-rich w-bond.
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In those cases, where 2-phenylthio substituted allylic sulfones have an
alkenyl side chain C-S cleavage is followed by cyclization of the allylic
radical to give both five- and six-membered rings, Eq. (10).

SPh SC,Hg H
SO,Ph SO,Ph SO,Ph
H,C HyC
CHj CH; CH3 CHj CH,
18 20
SPh
e SO,Ph CH,SO;Ph
2 ag. HOAc — CH ¢

_, rwoN Hy) ?

PhSO,CH;

(10)

It is interesting to note that a rearranged sulfone was obtained
under typical radical conditions as well as on heating in 60% aqueous
acetic acid. A number of substituted acyclic allylic sulfones have been
found to undergo 1,3-rearrangement under such conditions” *'?! and
an ion pair dissociation-recombination mechanism has been proposed
for these cases.

Just as phenylthio substituted allylic sulfone alkoxy substituted
derivatives underwent 1,3-sulfonyl rearrangement, Egs. (11) and (12),
via a radical chain mechanism.'"®1 A 1,3-sulfonyl shift occurred in
quantitative yield under irradiation with 300 nm light.

§l14.15)

OPh OPh

SO,Ph —hw o
HZC& 2 PllSOzCHz/S/ CH; ( 11 )
HiC CH;
CH;
OPh PhO CH,S0O,Ph

)i isozph (12)
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2.2. Tandem Rearrangement Cyclization Reactions of Allylic Sulfones

Some efforts were made!'® to use this radical-induced 1,3-rearrange-
ment of 2-phenoxy substituted allylic sulfones to promote intra-
molecular 5-exo cyclization reactions. However, all attempts to effect
such a cyclization under a variety of typical radical conditions were
unsuccessful. On the contrary, an allylic sulfone cyclization was found
to proceed upon heating with sodium benzenesulfinate in aqueous
acetic acid, Eq. (13). It seems quite possible that the reaction proceeds
via a tight ion pair which ultimately produces the keto sulfone 21.

OPh

50,Ph HC _CH;S0,Ph

AcOH-H,0
HL PhSO,Na (13)
/

21

On the other hand, Whitham®™!% presented some evidence in favor
of a radical mechanism of the 1,3-sulfonyl migration using sodium
p-toluenesulfinate in aqueous acetic acid. Therefore, the interpreta-
tion of these results still remains to be completed.

The 1,3-sulfonyl migration of unsaturated allylic sulfones has also
been used in a “one-pot” rearrangement—cyclization to obtain cyclic
sulfones.'%'° Thus, an allylic sulfone such as 22 readily gave a cyclized
product 23 with the yield > 90%, since the ring closure step corresponds
to the formation of a 5-membered ring from a hex-5-enyl radical,
Eq. (14). This reaction was considered to occur by a radical chain
mechanism.['”) 4-Penteny! sulfones!!'® were obvious substrates for this
rearrangement—cyclization sequence, since cyclization of the inter-
mediate 4-pentenesulfonyl radical might occur, leading to a cyclic
product. However, the 4-pentenyl sulfone 24 was rather resistant to
rearrangement-—cyclization and gave only a mixture of the acyclic 1,3-
rearranged sulfone 25, the cyclic sulfone 26, and recovered starting 24,
Eq. (15).'% This result may be rationalized in terms of the electronic
nature of the radicals involved. However, the formation of the cyclic
sulfone was promoted by incorporating an electron-withdrawing group
at the J-position of the allylic sulfone, in order to increase the efficiency
of the capture of the nucleophilic cyclized radical, Eq. (16).



12: 24 25 January 2011

Downl oaded At:

58 S. BRAVERMAN et al.

PO -~
=4 o < SO, Ar
22 n
S
SO»Ar (14)
SOAr ———m q\/

23
ArSO;
qSOM
24
IBPO, +-BuOH
heat,24 h
“ (15)
S0 2
/\/\/ 2\/Y + + 24
8% 14 % 23%
25 26

S0,

SO;Tokp  Bpo, 1.BuOH SO;Tolp (16
heat, 8h )

2.3. Synthetic Application of 1,3-Allylic Sulfonyl Migration

The 1,3-rearrangements of allylic sulfones may be a useful toolin organic
synthesis since the activating sulfonyl group is transferred from one end
to the other end of the allylic system. Radical-induced 1,3-rearrange-
ment of appropriately substituted allylic sulfones in conjunction with
reductive desulfonylation has been successfully used for a regioselective
alkene synthesis, Egs. (17) and (18).%%) The same sulfone was a precursor
of either the isopropenyl 27 (via 1,3-sulfonyl rearrangement) or the
isopropylidene 28 (by direct reduction) isomeric products.

o) BPO, -BuOH, A SO J]\/g\
)\L 27N ™S — g —™ TNIS/\’ 2. Ph

BuyNF
l Ph THF (17)

reduction

/K/\ Ph )\/\ Ph

28 27
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/N N
SO BPO, -BuOH, A A\ z\/g‘”\
2—< S 8% S>— so Ph

Ph NaBH;CN
l . aq. HC|, THF
reduction 63%
/K/\ Ph )\/\ Ph
28 27

(18)

In an another application, the 1,3-rearrangement of (3-thio sub-
stituted allylic sulfones has been used as a sulfoacetonylation tool for
the conversion of enones into diketo sulfones, which then leads to
bicyclic alkanediones, Eq. (19).2"! A free-radical chain transfer mech-
anism has been suggested for this thiol-AIBN induced rearrangement.

SR SR
/l\/ SO;Ph n-BuLi, THF, -78 °C )\( E

Electrophile
Ph
1,3-shift $0;
N|

PhSH/AIB
SR
E HCL, EtOH, A E
T e, (19)
SO,Ph SO,Ph

E=CH,=CH—CH;; Ph—CH, ; CH;—CO—CH;—CH, ;

HQ CH,
° {p: © /i;: °
Be 1, e

An interesting example of 1,3-sulfonyl migration has been described
by Roy and coworkers.??! exo-Methylenecycloalkyl sulfones, obtained
by photostimulated reactions of cycloalkyl cobaloximes with arene-
sulfonyl halides, undergo facile 1,3-allylic rearrangement to endo-
isomers, Eq. (20).

(02_@_ X _beat (ﬂ/\ soz—@ X (20)

endo
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On the basis of mechanistic and theoretical studies this rearrange-
ment is proposed to involve a [1,3]-sigmatropic migration of the sulfo-
nyl group. This was the first example of a 1,3-sulfur shift in allylic
sulfones wherein the allylic migration takes place from an exo- to an
endo-cyclic framework.

The following results support the proposed mechanism. The rear-
rangement is temperature dependent; no rearrangement takes place
upon irradiation at low temperature; a similar product distribution is
observed for reactions conducted in the dark, in diffused light and in the
presence of one molecular equivalent of hydroquinone.

3. THE RAMBERG-BACKLUND REARRANGEMENT

The Ramberg—Bicklund rearrangement!?* of halo sulfones in the pres-
ence of base, leading to olefin with accompanying loss of hydrogen
halide and sulfur dioxide is one of the most important reactions of
sulfones in general and is of both synthetic and mechanistic interest.
A number of excellent reviews have been published during the last two
decades.!"?*~2% Consequently, we shall concentrate on the latest devel-
opments in this area.

3.1. Mechanism of the Ramberg—Bdcklund Rearrangement:
Isolation of Episulfones

The general mechanism of the Ramberg—Béacklund rearrangement is
shown in Eq. (21). It has been established?*?”! that the second step,
involving 1,3-displacement of the halide ion by the carbanion and for-
mation of an episulfone, is rate determining, and the stereochemistry of
the resulting olefin is established during this step.

H-C_ C-X === C é—x slow
N SN, /N /TN -X
a 80, o SO, (21)
g - =+ so;

502
Until recently, the postulated episulfone intermediate could not be
isolated under usual rearrangement conditions. Only in the year 1989
Taylor and coworkers®® reported the first example of an isolable
episulfone obtained by treatment of an a-halo sulfone with base. This
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was made possible by the facile low-temperature Ramberg—Bécklund
rearrangement of a 2-iodothiane dioxide, Eq. (22). Treatment of 29
with 2.5 equivalents of -BuOK in THF at —20°C, followed by warm-
ing to room temperature, produced the expected cyclopentene 31 in
85% yield. When the reaction was carried out at —78-0°C with 1.2
equivalents of /~-BuOK, however, 31 was the minor product, the epi-
sulfone 30 being obtained as a white crystalline solid in 69% yield.
Treatment of 30 with excess -BuOK at —20°C to room temperature
gave 31 as the only observable product in 81% yield.

I\ I\
o_ 0O o_ .0
Ph 2.5 +-BuOK, THF
———
-20 °CtoRT, 85% Ph
I SO;
29 31
18°Ct00°C -22'3 %?oo &T:F (22)
1.5 -BuOK, THF 100 °C, 20 min
o_ .0
Ph
'SO5
30

In continuation, it has been shown>” that the presence of iodine as
the leaving group is not strictly necessary; the a-chloro and a-bromo
sulfones 32 (X =Cl, Br, 1) also gave the corresponding episulfones in
high yield on treatment with -BuOK at low temperature, Eq. (23).

RO. OR RO OR
+-BuOK, THF-DMSO, 0°C__
or +-BuOK, THF, -78°C
X~ 8O3 S0,
32 \ (23)
+-BuOK’ ,A)K
RO. OR

-

In a similar manner, the unsubstituted thian-4-one ketals 33 under-
went a smooth conversion to the corresponding episulfones in high
yield at —78°C, Eq. (24). However, all attempts to prepare o-alky-
lated derivatives, i.e. compounds bearing substituents at the episulfone
bridgehead position, were unsuccessful, although their Ramberg-
Bicklund rearrangement to cyclopentenes occurred efficiently.
This suggested that the rate of loss of sulfur dioxide (either thermally
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or in a base-promoted process) from a trisubstituted episulfone is fast
compared with the disubstituted examples, allowing isolation of the
latter compounds from the basic reaction media.

RO OR RO OR

+BuOK, THF, -78 °C
fj 82-87% - @ (24)
I SO2 SOZ

33

The presence of an acetal group at C-4 of the thian ring was not
essential for episulfone stability, Eq. (25).°” The importance of the ring
size has also been investigated and it has been established that the
6-thiabicyclo[3.1.0]hexane 6,6-dioxide system is particularly favored.
No trace of the expected episulfones was observed when seven-, five-
or four-membered a-iodo sulfones were treated under the standard
conditions for episulfone isolation.*”

The scope of the procedure described above was extended and the
first acyclic episulfone 34 was prepared by the Ramberg—Bécklund
rearrangement, Eq. (26).5

O ¢BuOK, THF, -78°C m (25)

I 7803 84% SO
2
Pﬂ +BuOK, THF Pﬁ +-BuOK, THF
0 0 -78 °C, 5 min o o -78°C,to>r.t. 0 o 26
F 83% ca, 90% ( )
HyC
3 \SOZ I “

SO; 34

3.2. Some New Modifications of the Ramberg— Bdckiund
Rearrangement

In recent years a number of modifications and extensions of the original
Ramberg-Bicklund rearrangement have been described. Since, usu-
ally, the preparation of a-halo sulfones is the most problematic stage in
the Ramberg-Bicklund strategy, the well-known Meyers procedurel*!
represents a very attractive approach and had been used with con-
siderable frequency in organic synthesis. It involves treatment of a
sulfone possessing both a- and o’-hydrogens with potassium hydroxide
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in carbon tetrachloride, which serves as the halogen source for in situ
sulfone chlorination and, thus, allows to avoid the preparation of the a-
halo sulfone in a separate step. This modification of the Ramberg—
Bicklund rearrangement was recently used for ring contraction and the
synthesis of adamantanophanes,*” Eq. (27).

1. thioacetamide, KOH,

Et(g:géﬂs, reflux, KOH, CCly, -BuOH,

2. m- A, CH,Cly, r.t.

 2.mCPBA, CHCL it SO, —— __sec
35% 0s8 2 8%

BrBr

+ Cl
a (27)

The same protocol was used as a key step in the synthesis of prostaglan-
din synthons in optically pure form,** Eq. (28). Hexachloroethane,
instead of carbon tetrachloride, was used as the chlorine source in this
case.

OTBDMS OH
- OTBDMS 1. +-BuOH, (CCly)y, +-BuOK, 66 %_ SN ~_ OH
2.TBAF, THF, 91 %
SO;
[a]p +16.00° (¢ 0.25, CHCly) [a]p? -47.73° (¢ 0.09, CHCl3)
OH
N OH
MCPBA, CH,Cl,, NaHCO, Q SN (28)
9% —
o
[a]p?® -5.28° (c 0.45, CHCly)
lit. [alp -5.0°

In another application, the Meyers modification of the Ramberg—
Bicklund rearrangement was the key step in the preparation of
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oligo[phenylenevinylenes] terminated with porphyrins, novel electri-
cally conducting materials, Eq. (29).°* Ramberg—Bécklund rearrange-
ment allows a control of the conjugation length of phenylenevinylene
oligomers, which is very important for organic semiconductors. Five
double bonds were formed in one step, and they were all trans.

Matsuyama and coworkers?®>%! successfully employed a ring con-
traction approach through the Meyers modification of the Ramberg—
Bicklund rearrangement for the synthesis of some optically active
cyclopentenones, Eq. (30).

Porph
SO,
n S0z
n=1-4 L@* Porph
NaOH, CCl, (29)
THF, r.t.
N
L
n
o o} (o] (o} (¢} 0 o (o}
CH t-BuOE1 CCly/t-BuOH CH
“CH; 3 50°C,60% “CH; 3
S0z -(+
®)(H) ®R)-(+)
pyridinium p-toluene-
1lulfomte, rt, ( 30)
aq. acetone
Q (o]

Mm

8-+

It is interesting to note that the same strategy was rather dis-
appointing when applied to the synthesis of 2,3-disubstituted cyclo-
pentenones because of the formation of the chlorinated by-product 35
together with the desired cyclopentene, Eq. (31).B"!
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/A WA FA
(6} (o] (o} (e} o (0}
fi(\/ KOH, +BuOH, CCly g\/ . )é_(\/
SO7 "Bu Bu Ct "
23% 14%
35

31)

However, one should note some limitations in the applicability of the
Meyers protocol to the synthesis of alkenes. This procedure works
well with dibenzylic and benzhydryl alkyl type sulfones, whereas
sulfones of other structural types may behave differently and yield
complex mixtures of products.*®3°! The major disadvantage of the
Meyers procedure is the formation of dichlorocarbene from CCly
under the basic reaction conditions and its addition to the alkene prod-
uct. A further disadvantage is the dihalogenation of diprimary alkyl
sulfones. Chan and coworkers ! have suggested an improved version
of the standard Meyers procedure, which involves replacement of car-
bon tetrachloride by CBr,F, and of powdered KOH by alumina-
supported KOH. With this reagent, KOH/A1,0;-CBr,F,—t-BuOH,
the one-pot Ramberg—Bécklund rearrangement proceeds smoothly
with good yields and gives alkenes as the only product.

The above version of the Ramberg—Bicklund rearrangement has
been used for the stereoselective synthesis of oligo [( p-phenylene-(E)-
vinylene)benzoic acids], the basic building block of novel electrically
conducting materials, the oligo[ phenylenevinylenes), Eq. (32),1*! as well
as for the synthesis of various optically active (m)(n)paracyclophanes,
Eq. (33).14%

(32)

t-Bu
1.n =0, oxone, MeOH; 2. n =0, KOH-Al;03, -BuOH; 3. n = 0, LiAlH,, THF; 4. SO,Cl,, CCly,

5.1=1, NaOMe, MeOH, MeOZCOCHzS(C=S)OMe wn=0,1,2
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$03 _
R
CHyg— CHy —» —» (CHp)iz
R
SOz—j A
M*CH,
SéOz (CH)12 «—— «—ro O Hy)iz
(CHyp (33)
[6)
M* = (-)-menthyl-O-CS,

P
(CHy)12 (CHy)12

Ha)s (CHy)z

Starting from diallyl sulfone 36"“*! various conjugated 1,3,5-hexa-
trienes 37, an important structural unit in a variety of natural products
such as phytoene, vitamins D, and D3, leukotrienes By and Cy, asuka-
micin and mocimycin, have been prepared*’! by the above modified
one-pot Ramberg—Bicklund rearrangement, Eq. (34).*” It is impor-
tant to note that the stereoselectivity of this reaction is dependent upon
the reaction conditions, and that it is possible to maintain a high level
of stereocontrol in the formation of 1,3,5-trienes by appropriate choice
of solvent and temperature. Thus, the (Z,E,Z)-triene isomer could be
isolated in a 91:9 ratio in favor of the (Z,Z,Z )-isomer when the reac-
tion was conducted at —78°C in ~-BuOH-CBr,F, (1:1) solution,
starting from the di-(Z)-cinnamyl sulfone 36. However, when metha-
nol was employed as the solvent, only the (1E,3E,SE)-triene was
obtained, indicating a substantial loss of the stereointegrity of the
terminal double bonds.

2 RS

4
R‘)ﬁ/ sozﬁ/j\ R _GEBp OO R NNNR (39
s s KOW/ALO, R
R R R R

36 37

WN
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Chan’s modification*” of the Ramberg—Bicklund rearrangement has
also been used for the conversion of the dipropargyl sulfone 38 to the
corresponding enediyne unit without the necessity to prepare an
a-halo dipropargyl sulfone precursor in a separate step, Eq. (35).44 It
is noteworthy that the previously described protocol, CBr;F,, KOH/
ALOs, +-BuOH,“ invariably led to intractable reaction mixtures,
indicating the unsuitability of a protic solvent for these sulfone sub-
strates. However, when CH,Cl, was used in place of -BuOH, the
reaction proceeded smoothly at —10°C to give a readily separable
mixture (~ 1:1) of the (£)- and (£)-enediynes.

R—= — R? CF,Br,, CH,Cl,, R——=
= == > =
KOH/ALO; N

so, =& (35)
38

Matsuyama and coworkers!*” have found that p-toluenesulfinate
ion acts as a good leaving group and may be used instead of a halo-
gen anion under Ramberg—Bécklund type reaction conditions. The
alkylated (p-tolylsulfonyl)thiane dioxides 39 have been thus success-
fully converted in good yield to the corresponding cyclopentenes by

the action of NaH-KH in Me,SO, Eq. (36).

o_ 0 )
NaH-KH, Me,SO
cn, (36)
s03 soz—<;>—cn3 R
39

The same type of Ramberg—Bicklund rearrangement™! has been
applied by Fuchs*d for the conversion of the B-silylethyl a-sulfonyl
sulfones 40 to the allylsilanes 41, Eq. (37), and for the preparation of
cycloalkenes, Eq. (38).147)

PhSO, SO,CH,;CH;TMS

n-BuLi/THF
-78°C

40
SO,

E
PhSO,.__ SO PISO,. SO ™S
2 z ™S 1EX : ST ™S _
1i 2. BuLi E* L - PhSO,Li (3 7)
-78°Cto-20°C 20°%C1025°C

E
5\
4
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SO;Ph SO,
SO 2%/ Ph “235‘%%“3 THE Ph _ Ph
. S min »
K/ (CHy), 50% > (CHy), (CHy), (38)
n=1,2,3

One further variant of the Ramberg-Biacklund rearrangement,
namely, the epoxy Ramberg—Bicklund rearrangement (EPRB), has
been developed by Taylor.*®! In this reaction «,3-epoxy sulfones, on
treatment with base, are converted into a range of mono-, di- and tri-
substituted allylic alcohols. In this modification the leaving group is
incorporated into a three-membered ring, Eq. (39). The key step
involves a favored 3-exo-fet ring opening, but proceeds via a strained
1-hetera-4-thiaspiro[2.2]pentane transition state. A major advantage
of this new reaction is that the alkene formation is accompanied by
the introduction of additional functionality in the adjacent position.
In terms of stereoselectivity, most systems gave a 1:1 E/Z mixture of
products, but the stronger bases LHMDS and -BuOK/LDA gave
mainly the E-alkenes.

R 3
o Ph R PR R
Ph” 505 #BuOLi Wd’ -50, oH
THE g
R R? s0; RV R " R'“OR

Taylor and Evans” suggested a further modification of the Ram-
berg—Bicklund rearrangement, a new variant of the Michael induced
Ramberg—Bicklund rearrangement (MIRBR). MIRBRP? circum-
vents the use of strong base for the formation of a-sulfonyl carba-
nions, involves addition of a suitable nucleophile to a-haloalkyl
sulfones carrying a Michael acceptor system attached to the o'-posi-
tion and allows introduction of functionality during the reaction,
Eq. (40). In practice, however, the process is apparently limited to
dienyl sulfone substrates and thus, leads to a diene synthesis. A novel
version™ of MIRBR allows producing allylic alcohols, sulfides and
amines, Eq. (41).
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X

Phore e, Nepgr @)
n MIRB

n

X
(S Nu
/L so; ~r' N, ®s0;” “R!

X
1
Nu R — Nu\)\so Aol

This new variant of MIRB has several interesting features, most
notably the use of a-halovinyl sulfones as substrates. With an appro-
priate choice of substituents in the a-halo sulfones and of the reaction
conditions, a one-pot tandem conjugated addition—proton exchange-
RBR is possible, Eq. (42). The stereochemical output of this MIRBP
is a mixture of E/Z-isomers and the £ Z ratios reflect the basicity of
the reagent.l*®! With the weak amine bases, cis-isomers predominate,
whereas methoxide and ¢-butoxide favor the formation of the frans-
alkenes. In terms of mechanism of allylic amine forming reactions,
there is the possibility that they proceed via intermediary sulfonyl
aziridines, Eq. (39),® rather than as shown in Eq. (41).

Br

a )\
Z SO3 = l L Bryrt. SO; ﬂi
- 2. E;N ’

r 9% over 2 steps

Bi 9
Nu\/L
SO; Nu =~
+

Nu = MeONa, BnSH, BnNH,, +-BuNH,, (5)-PhCHMeNH,, MeCH(CO,Me),

(42)

A new type of Ramberg—Bickiund rearrangement was recently
described for the 2c-bromocephem sulfone 42.°" This sulfone on
standing in acetonitrile solution results in roughly a 1:1 mixture of
debrominated product 43 and the bromopyrrole 44, Eq. (43).



12: 24 25 January 2011

Downl oaded At:

70 S. BRAVERMAN et al.

CH;
CH; ® !

é Br- ﬁl
-—
RCONH, H SO, B6+ ! N

oBr N (H
3- RCONH, - 50,
7NN T ;;\E

0o N =
COOMe o
7] 42- COOMe
-HBr
RCONH, RCONH RCONH
—
HOOC HN._/ N / N_
COOMe COOMe COOMe

42d

55142
Br

RCONH l%so2 . RCONH
);I\Q\ HOOC HN._/ (43)

0
COOMe COOMe
43 44

Since no basic conditions were involved in this reaction, these
results were explained by the mechanism shown in Eq. (43). After SO,
elimination the highly strained ring system 42¢ splits very easily, vield-
ing 42d which, in turn, is brominated by 42 to the end product 44.

3.3. The Ramberg—-Bicklund Rearrangement of Trihalo Substituted
Sulfones and Sulfoxides

Recently, Braverman and Zafrani reported an unusually facile
Ramberg-Bicklund rearrangement of a-trihalomethyl sulfones e.g.
45.171 This reaction proceeds spontaneously at room temperature on
treatment with various weak bases, including DBU, Et;N, Dabco,
morpholine and even 2,6-lutidine, resulting in the formation of
dichloromethylene products, Eq. (44).

cL_ _cl
S0,CCh

H base, CHCI. I
e, >
—s- (rry) “
100 %

45
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The benzyl trichloromethyl sulfones 46 rearrange under more dras-
tic conditions and the corresponding dichloromethyl sulfones 47 are
also formed as minor by-products, Eq. (45). Their formation may be
explained by a simultaneous nucleophilic attack of the base on chlo-
rine with subsequent protonation of the thus formed a-sulfonyl car-
banion. The drastic conditions required for the Ramberg—Bécklund
rearrangement of benzylic sulfones have been attributed to the
decreased acidity of their a-hydrogens as well as the reduced stability
of the corresponding carbanions, relative to the fluorenyl sulfone 45.

R! R‘\ Cl R}
CHSO,CCl —15DBU c=c CHSO,CH
! 2 2 e + ) SO,CHC}L
R » R cl R . (45)

R'=R?=p-CIC(H,; R' =R? = CgHg; R = C¢H,, R* = CH
6115 5: 3

The Ramberg—Bicklund rearrangement of these a-trichloromethyl
sulfones is rather interesting in relation to the recently discovered
B-elimination of chloroform from allyl and benzyl trichloromethyl
sulfoxides, Eq. (46).5% Since the first step, a fast reversible deprotona-
tion of the starting material to give the corresponding carbanion, is
common to both reactions, this widely different behavior of the tri-
chioromethyl sulfones 45 and 46 and the trichloromethyl sulfoxides
48 represents a remarkable contrast of 1,3- vs. 1,2-elimination from
the same carbanion center. This contrast is tentatively explained by
the lack of stability of sulfenes in general **

Q [0}
S BN § + cHCl
= S\Cclg CH,Cl, P =8 3 (46)
H H

48 H

It is interesting to note that, unlike other trichloromethyl sulfox-
ides,’™ the 9-fluorenyl sulfoxide 49 is able to undergo both processes,
the (-elimination of chloroform and the Ramberg—Bécklund-type
rearrangement simultaneously upon treatment with DBU in various
aprotic solvents, yielding a mixture of the dichloromethylene product
50, the 9-fluorenylsulfine 51, and its oxidation product fluorenone,
Eq. (47).5*® Although the formation of 50 is dependent on the nature
of solvent and base, it always appears as a by-product, except when
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Et;N is used in CHCl;, where the Ramberg—Bécklund product 50 is
the only product.

Cl. Cl
H_ _SOCCk |
. DBU, CH,Cl, . .
25°C, 1k
49 50 (47)
_0
N [¢]

3.4. The Ramberg—Bdcklund Rearrangement of Sulfonyl Carboxylic
Esters

Recently, Wladislaw®®*] and coworkers described the Ramberg-
Bicklund rearrangement of some a-isopropylsulfonyl carboxylic esters
52 and 53 in which the carbanion was generated by the decarboxylation
of the ester, Eq. (48). In the case of the dialkyl substituted derivatives 52,
a chlorination at the isopropyl group should occur initially and then the
intermediate 54, due to the electron-withdrawing effect of the chloro
substituted isopropyl group, would undergo decarboxylation to give a
carbanion. The latter reacts by 1,3-displacement of chloride ion to give
the corresponding episulfone precursor of the alkene. For the monoaryl
derivatives, the resulting alkenes were in admixture with chloroalkenes,
and in the case of the monobenzyl derivatives 53 the chloroalkene was
the only reaction product. The formation of chloroalkenes may be
explained by chlorination of the benzyl group instead of the isopropyl
group. The resulting a-chloro carboxylate undergoes decarboxylative
chlorination, followed by 1,3-elimination of chloride ion from the
intermediate dichloro derivative, Eq. (49).

Me,CHSO,CRR'ICO,Et _KOWtBUOH _ Me,CCISO,CRR'CO,
52 ccly 54
o, (48)
]

Me,C<CCRR'  «“S—  Me,CCISO,CRR
< 2
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i-PrSO,CHBnCO,Et 1‘%95— i-PrS0,CCIBnCO,
53 N
|- co, (49)
Me,C=CCIBn ‘%871 i-PrSO,CCLBn ~— iPrS0,CCIBn

3.5. Synthesis of Cycloalkenes via Ring Contraction

The Ramberg—Bicklund rearrangement represents one of the first
alkene syntheses in which the position of the double bond is clearly
defined. One of the significant areas of application of the Ramberg—
Bicklund rearrangement is the preparation of various cycloalkenes by
ring contraction. Some examples cited below demonstrate this strategy.

For example, Nicolaou and coworkers®>>% have used the Ramberg—
Bicklund rearrangement for the preparation of a series of cyclic
conjugated enediynes related to the natural anticancer antibiotics
calicheamicin and esperamicin, Eq. (50).

c
o} N > — =
//s et _124BuOK, THE "i‘;o'é' THE | CHD  (50)
0 — =

n=1-8

This ring contraction approach was also used®” in a novel benzan-
nulation sequence based on a chromium(0)-promoted [67 + 47] cyclo-
addition, followed by a Ramberg—Bédcklund rearrangement, Eq. (51).

S0,
+ R ‘
\ 75%

Cr(CO); S5

1. +-BuOK, THF, -105 °C
2.NCS, THF ( 51 )
3. #-BuOK, THF, 75 %

56

A noteworthy feature of this dual operation methodology was
the simultaneous production of two rings during the cyclization.
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Treatment of the cycloadduct 55 in one pot with +BuOK in THF at
—105°C, followed by trapping of the intermediate carbanion with
NCS and exposure of the resultant mixture to a second equivalent of
t-BuOK, afforded the hexahydroanthracene 56 in quite good yield. It
has been shown that the efficiency of the ring contraction step is dra-
matically improved by employing N-iodosuccinimide instead of NCS
as positive halogen source. Iodide is known to be a superior leaving
group in this type of transformation.’*!

The same strategy has also been used!*® for the conversion of several
3,n-dithiabicyclo[n.3.1]-alkatrienes to the corresponding bicyclo[n.3.1]-
alkapentaenes, Eq. (52). The chlorination of 3,n-dithiabicyclo[n.3.1]-
alkatrienes has been examined carefully in terms of the significance of
this step in the synthesis of bridged system via Ramberg—Backlund
rearrangement. It has been shown that chlorination had occurred, as
expected, at the benzylic position with highly purified NCS. Unlike the
data of Paquette®™ and Tuleen,® i.e. that geminal dihalogenation
is enhanced by the introduction of the first halogen atom, since the
a-hydrogen becomes more acidic, the same product, the bis-(a-chlo-
roalkyl) sulfide, was obtained by the use of two or four equivalents of
NCS. This may reflect the crowded nature of this cyclic system.

Cl Cl Cl

—_— B —

SO, SO, SO,
AN N
(CHy), (CHz)p.y (CHp)2

Martin and coworkers have described a new technology for the
construction of unsaturated medium-size tricyclo-*"! and bicyclo-
polyether'®? frameworks, synthons for the total synthesis of cigua-
toxine. Their synthetic strategy was based on thioannulation of
O-linked oxacyclic precursors and successive a-halogenation and
oxidation at sulfur, followed by a Ramberg—Bédcklund reaction,
Eq. (53). One of the great strengths of this approach is that the posi-
tion of the newly introduced double bond is fixed by the position of
the sulfone group in the heterocycle and does not change under the
reaction conditions.
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(33)

1. 1.5 equiv, NCS, CCl, 0 °C, 2 k; 2. 1.5 equiv. MCPBA, CH,Cly, 0-25 °C, 3 b;
3.1.2 equiv. +-BuOK, THF, 0 °C,1.5h,52 %

3.6. Convergent Approach in the Synthesis of Olefins

The Ramberg—Bicklund rearrangement may be used for the coupling
of two moieties via a sulfide linkage with subsequent oxidation and SO,
extrusion resulting in the introduction of a double bond. This strategy
was also applied to the synthesis of C-aryl glycosides!®! related to the
antitumor antibiotic chrysomicine, Eq. (54).

MOM
oMO OTBS

CH,BrOMe OMOM
+ 1. DBU, PhH SO,
OTBS 2. MCPBA OMe
HS
OMe OTs ‘O

1. KOH,CCl,, +-BuOH OMe OTs
2. TBAF

OMOM OMOM

MOMO™" oH
Momo™ 0 (OMe, N T OMe
9@ ¢
OMe O OMe OTs



12: 24 25 January 2011

Downl oaded At:

76 S. BRAVERMAN et al.

A general synthetic strategy!®* for the preparation of (+)-solamin
and analogues, natural products with widespread activity from
cytoxicity to antimalarial, immunosuppressant, and pesticidal,
involved the same convergent approach in which two nearly equal
halves were joined via a Ramberg—Bicklund olefination, Eq. (55).
The crucial step of the Ramberg—Béacklund process was the chlorina-
tion because of possible failure to chlorinate either the sulfide or its
corresponding sulfoxide. The best protocol involved in situ chlorina-
tion-rearrangement of the corresponding sulfone (the Meyers
procedure).

CCly, r.t., 95 %

l -BuOK/-BuOH

1. Cs,CO;4, DMF, 1t,, 92 %

2. MCPBA, 0°C,95 %
3.TMSCI, E;N, r.t., 94 %

(55)

3.7. Terminal Olefination

Block!®! has successfully applied terminal olefination through
Ramberg—Bicklund rearrangement to a novel iterative ring growing
procedure for the construction of linear fused carbocycles, Eq. (56).
Allenyl chloromethyl sulfone §7 undergoes Diels—Alder cycloaddition
with 1,2-bis(methylene)cyclohexane to give the intermediate 58 which
under Ramberg—Bicklund conditions (THF/t-BuOK) can be con-
verted to a conjugated diene 59 ready for further reaction with
sulfone §7. Repetition of the process gave the tetraene 60 and then the
pentaene 61.
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=C= CH,CI
__\ [I " C i SO Hzc
ClCHz
58

+BuOK
57%

- 15760 C3h °C,3h
59
1.57,60°C,3h
2.1-BuOK, 85 %

61

Another example of such terminal olefination was developed by
Taylor!%®! who explored sulfones derived from a-amino acids for the
preparation of unsaturated a-amino acids in homochiral form. Equa-
tion (57) illustrates the conversion of methionine into allylglycine
derivative. A low temperature was essential to minimize racemization.
Optically pure 62 was obtained when the reaction mixture was kept
below —30°C,

NHBoc NHBac
3 1. 5
—_— /\/\
NN 0,80 \Si CO,Bu-
0.

NHBoc Cl NHBoc

N ;

c1/\soz/\/\cozsw + CO,Bu-t

45 % (57)

/\/\ CO,Bu-¢
62

1. MCPBA, CH;,Clz, 94 %; 2. SO,Cl,, Ca0, MCPBA, CH,Cly; 3. +BuOK, THF, -78 °C,
54 %; 4. +-BuOK, THF, -78 °C, 64-78 %.

In related work®? cyclic sulfones, derived from methionine and
homocysteine, underwent the Ramberg—Backlund rearrangement and
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gave substituted aminocyclopentenones, Eq. (58). Although racemiza-
tion has occurred in this sequence, possibly during the Ramberg-—-
Bicklund step, it is possible to apply the Ramberg-Bicklund
approach to amino acid derived cyclic sulfones.

I;IHBoc
NHBoc f 0
~ /\/\ -
SOZ COzMe
x™ Tso3
AcONa, if,,
[t (59)

NHBoc NHBoc

= o Pd/C, H,, EtOH o
8%

X =Cl (48 %), Br (62 %)

A useful application of the Ramberg—Bicklund rearrangement
involves direct the insertion of an a-halo sulfonyl group into an unsa-
turated starting material by means of free radical halosulfonyla-
tion.[®] Thus free radical addition of bromomethanesulfonyl bromide
to the chiral vinyl boronate 63 gave the adduct 64 as a mixture of dia-
stereomers which upon treatment with base afforded the diene 65 by
a vinylogous Ramberg—Backlund rearrangement, Eq. (59).5%

Me Me 1. BN, CHCl, BOR),

%rgﬂczlso::ar B(OR), _ 2. +BuOK, ~-BuOH )\/
== LCly, 1t /—< -
B(OR), BrCH,SO; Br AN

63 65 (59)

B(OR), -

The utility of the Ramberg—Bécklund rearrangement in the pre-
paration of various natural products such as steroids,”®’!! nucleo-
sidest’ or the naturally occurring furanone (+)-eremantholide A"
has been demonstrated.
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4. PINACOL REDUCTION OF g-HYDROXY SULFONES

The Lewis acid catalyzed migration of an alkyl group from a 3-carbon
to an a-carbon with the concomitant elimination of a sulfonyl group
leading to the formation of ketones has been observed with S-hydroxy
sulfones, and has been termed as pinacol-reduction rearrangement
Eq. (60). A variety of cyclic and acyclic #-hydroxy sulfones undergo the
pinacol-reduction rearrangement, and this method has also been used
for the homologation of ketones, Eq. (61).* The applicability of this
rearrangement for a wide variety of substrates has been demonstrated.
As shown by Trost and coworker,”* this rearrangement is regioselec-
tive and requires a trans periplanar arrangement of the migrating bond
and the sulfone leaving group. The conformationally rigid trans
B-hydroxy sulfones 66 undergoes the pinacol-reduction type rearrange-
ment in the presence of aluminum Lewis acids with very high regio-
selectivity, and yields bicyclic ketones 67, Eq. (62).

, OH 0

R 3
Rﬁ\( SO;Ph Lewis acid RI/‘K( R (60)
3 R?

R

SOzPh

MeOd{zsozPh

__ Buli THF _ Me __6ZCl,, CH)Cly

TR YT tt, 99%
R
CH;
__GHAIC,
¢ TTCHC0°C

OH SO,Ph

62
66a-d 67a-d ( )

o Ao
noHow

ok

arwTe
m
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On the other hand, the conformationally less rigid cis-3-hydroxy sul-
fones 68 gave a mixture of bridged ketones 69 and fused bicyclic
ketones 70. The former product arises from the expected frans peri-
planar migration by a concerted reaction mechanism. The formation
of the cis-fused bicycles 70 suggests that there is a non-concerted
pathway in operation, Eq. (63).

R
R
HO SOPh . I
( hn non—concened( concerted CH;
H;C
CH,3
0] n

T0a-d 68a-d 69a-d

| ’;le: i
(@] o]
2 o]

25

Q.O'G'H
™ T

(63)
Lewis acids also influence the reaction mechanism, namely, the
concerted vs. the non-concerted pathway. For instance, Al(OSO,-
CF3)g76] favors the formation of the bridged-ring 69d as the major
product (90%), arising from the non-concerted pathway for a trans-
fused 3-hydroxy sulfone.
Diethylaluminum chloride-mediated ring enlargement of the cyclic
B-hydroxy c-phenylthio sulfones 71 to a-phenylthio ketones 72 has
been studied by Trost and Mikhail, Eq. (64).""

o 03Ph Ph
H)AICL 0
‘ SPh (CaHg)s.
-718°C
n i 7]

(64)

b
HO e X
h

7 OF

The migration of carbon takes place in such a way that the electron
deficiency can be best stabilized in the transition state. An exception
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could be due to the conformational rigidity of a five-membered ring of
a norbornyl skeleton, as shown in 73. Migration of bond ‘a’ proceeds
through a boat-type transition state, whereas migration of bond ‘b’
proceeds through a half-chair conformation. Apparently, the migra-
tion of bond ‘b’ is the favored one and yields the observed product 72.

The one-pot homologation of ketones to a-methoxy ketones has also
be studied.”” The addition of the lithium derivative of sulfone 74 to
ketone 75 in DMF at —78°C, followed by the addition of diethyl-
aluminum chloride and work-up, gave the ring expanded product 76
directly, Eq. (65). In general, the observed regioisomer is formed via
migration of the more substituted carbon. The abnormal behavior of
ring expansion of bicyclo[2.2.1]heptyl systems has previously been
noted.[® As explained earlier in both cases, the conformational pre-
ference is for the chair rather than the boat form for the rearrangement.
From the compounds 75 only one diastereomer is formed, probably the
thermodynamically more stable isomer. The ring expansion of larger
rings cannot be achieved with the lithium derivative of methoxymethyl
phenyl sulfone 74. The reason for this difference may be the better
ability of oxygen vs. sulfur to stabilize the positive change. The higher
stability of the presumed intermediate in the oxygen series, i.e., 76
compared with the sulfur series, i.e., 77, may provide a smaller driving
force for rearrangement.

CH;
O o Ph
! YSO‘ HO SO,Ph
L 74
- " .
DMF,-18°C

75
EtAICI
76%

N
° (65)
H g6

a NS
@X o@X
OCH,; SPh
+ +

77 78
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