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A brief historical review of the Ramberg-Backlund rearrange-
ment is presented along with a summary of its applications to
the synthesis of bioactive target molecules. Recent develop-
ments in this area originating from the author’s laboratories,
mostly from the past five years, are reviewed. These include: (i)
the isolation of episulfones from the Ramberg-Bécklund
rearrangement, (ii) the preparation of episulfones by the
oxidation of episulfides, (iii) the generation and synthetic
applications of episulfone a-anions, (iv) the epoxy-Ramberg-
Béacklund rearrangement, (v) the tandem conjugate addition-
Ramberg-Bicklund rearrangement, and (vi) utilisation of the
Ramberg-Bécklund rearrangement in natural product synthe-
sis and related areas, including recent applications for the
synthesis of C-glycosides.

(a) Introduction

Sinceitsdiscovery in 1940,1 the Ramberg—Bécklund rearrange-
ment, the base-mediated conversion of «-halogenated sulfones
into regio-defined alkenes (Scheme 1), has attracted a consider-
able amount of interest from both synthetic and mechanistic
viewpoints.2 The development of the Meyers modification
(Scheme 2),3 in which the sulfone undergoes in situ halogen-
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ation-Ramberg-Bécklund rearrangement, has further extended
the synthetic utility of this process.

The strengths of the procedure from a synthetic perspective
are: (i) the ease with which the requisite sulfones can be
constructed and the conjunctive nature of the sequences, (ii) the
unambiguous location of the resulting alkene moiety and the
applicability of the procedure to all alkene substitution patterns
including tetrasubstituted variants, (iii) the efficiency with
which strained alkenes (e.g. cyclobutenes, unsaturated cyclo-
phanes)23 can be prepared, (iv) the applicability of the
procedure to conjugated polyene synthesis, either by using
allylic sulfones? or via the vinylogous* and Michael-induceds
variants of the Ramberg—Bécklund rearrangement. Predictably
high stereocontrol is not a feature of the Ramberg—Béacklund
rearrangement, but in general Z-alkenes predominate when mild
bases are employed, whereas stronger bases favour E-
alkenes.2

The utility of the Ramberg—Béacklund rearrangement can be
seen from applications to the synthesis of natural products and
related analogues. Recent examples from other groups, shown
in Fig. 1, include a formal total synthesis of brassinolide,® the
total syntheses of (+)-solamin,” (+)-eremantholide A8 and
(—)-conduritol E derivatives,® the preparation of enediynel®
and ciguatoxin!! analogues, and the synthesis of an advanced
intermediate to the C-aryl glycoside chrysomycin A.12

In terms of the mechanism of the Ramberg-Béckliund
reaction, considerable progress was made in the 1950s and
1960s.2 Elegant studies by Bordwell, Neureiter, Pagquette and
others have resulted in the general acceptance of the mecha-
nistic sequence illustrated in Scheme 3. Indirect support was
obtained for the intermediacy of episulfones (thiirane 1,1-diox-
ides): they were prepared by other procedures (e.g. via addition
of diazoalkanes to sulfenes!3) and then it was established that
they gave alkenes under the conditions normally employed for
the Ramberg—Bécklund rearrangement.14

My interest in synthetic and mechanistic aspects of the
Ramberg—Béacklund rearrangement was stimulated by Dr D.
Neville Jones, my Ph.D. supervisor. Although a considerable
amount of research had already been carried out by that time, |
became convinced that the full potential of the process had yet
to be realised. However, it was a number of years before the
opportunity arose to make any personal contributions to this
area of chemistry. This article summarises these recent
contributions and includes some, as yet, unpublished resullts.

(b) Theisolation of episulfones from a-halo
sulfones

As part of a programme to synthesise novel sulfur-containing
analogues of thromboxane A,,15 Richard Batten, Guy Casy,
Vinod Kansal, Simon Lane, Stephen Quick, Alan Sutherland
and Stamatis Vassiliou developed a number of procedures to
prepare substituted thianes.15.16 This presented an opportunity
to explore some novel Ramberg—Bécklund chemistry, in-
vestigating the utility of the rearrangement for the conversion of
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thiane dioxides into cyclopentenoid natural products [see
section (f)].17 As part of this study, Alan Sutherland carried out
the Ramberg—Bécklund rearrangement of «-iodo sulfone 1 at
low temperature. Surprisingly, because these reactions were
generdly very clean, two products were obtained (Scheme 4).
The expected cyclopentene 3 was accompanied by a major
crystalline by-product (69% yield) which no longer contained
an iodide group, but neither did it possess alkenyl protons or
carbons in its NMR spectra. We eventually concluded that the
mystery by-product had to be the episulfone 2 (thisfinally being
confirmed by X-ray crystallography). Episulfone 2 was stable
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for months on storage at —18°C but, as expected, gave
cyclopentene 3 on thermolysis or treatment with base. Thiswas
thefirst time that an episulfone had been isolated from an «-halo
sulfone under the conditions of the Ramberg—Bécklund reaction
and it provided unambiguous proof of its intermediacy in the
rearrangement process.18

After theinitial discovery, the reaction conditions conditions
were optimised and Alan Sutherland, Stephen Jeffery, Simon
Pyke, Wendy Loughlin, Richard Ewin and Carlos Morales
prepared the ‘parent’ episulfone 4 and a range of stable,
functionalized analogues from «-halo sulfones in high yields
(Fig. 2).19.20 A|| of the compounds have been fully characterised
and X-ray crystal structures were obtained on compounds 2 and
5. It is not essential to use «-iodo sulfones in this process:
episulfone 5 was also prepared from the corresponding o-bromo

(74%) and «-chloro (85%) sulfones.
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Fig. 2 Episulfones prepared from «-iodo sulfones (isolated yields
shown).

Although most of the episulfone isolation programme was
carried out using thiane dioxides, we believe that this procedure



for episulfone preparation is likely to be widely applicable: this
isillustrated by the efficient conversion of an acyclic «-iodo
sulfone into episulfone 6.20 In addition, Simpkins recently
reported the preparation of 1-ethyl-2-methylepisulfone from the
corresponding acyclic «-iodo sulfone using a similar proce-
dure.2t

(c) Preparation of episulfones by the oxidation of
episulfides

Having disproved one widely accepted belief concerning
episulfones—that they cannot be prepared from «-halo sul-
fones—we turned our attention to another. A wide range of
organic sulfides, both acyclic and cyclic, are readily oxidised to
give the corresponding sulfoxides and sulfones. Episulfides
(thiiranes), however, have proved anomalous: under controlled
conditions they can be oxidised to episulfoxides but, despite
many attempts,22 there were no authenticated?® reports of
episulfones being prepared from either episulfides or episulf-
oxides by an oxidative pathway. Given the accessibility of
episulfides, we decided to reinvestigate their oxidation. The
choice of oxidant was prompted by the recent report24 that
methyl (trifluoromethyl)dioxirane (TFDO) converts sulfides
directly into sulfones via sulfurane intermediates, and does not
proceed by way of sulfoxides. Such a procedure seemed to be
ideally suited to the preparation of episulfonesfrom episulfides,
particularly as a convenient in situ method for preparing TFDO
from Oxone® (KHSOs triple salt) and 1,1,1-trifluoroacetone has
been described by Yang et al.2> Paul Johnson therefore
investigated the oxidation of propene episulfide 7 under these
conditions (Scheme 5). This particular episulfide was chosen
because it is commercialy available and gives a reasonably
stable and well characterised episulfoxide 8.26
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To our delight, and somewhat surprisingly in view of
previous studies, treatment of propene episulfide 7 with
Oxone®/trifluoroacetone under Yang's conditions gave the
corresponding episulfone 9 in 65% isolated yield, together with
17% of episulfoxide 8, after chromatography. Having made this
discovery, we went on to demonstrate that a range of
episulfones can be prepared by the Oxone®/trifluoroacetone
oxidative procedure (Fig. 3).27
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Fig. 3 Oxone®/trifluoroacetone preparation of episulfones 10-15.

The ease with which bicyclic episulfones can be obtained is
particularly noteworthy as the standard diazoakane/sulfene

methodology is not readily applicable to such systems. It should
be noted that a preliminary study using ‘isolated’ TFDO, which
readily oxidises a range of sulfides to sulfones,24 has reveaded
that it converts episulfides into episulfoxides in good yield but
that, surprisingly, episulfones are not formed in any significant
amount. More research is needed, but it seems likely that the
active oxidant in the Oxone®/trifluoroacetone mixture which
promotes episulfone production is not TFDO but some other
peroxidic species.

(d) The generation and synthetic applications of
episulfone a-anions

With straightforward routes now available for episulfone
preparation we decided to investigate their synthetic applica-
tions. Simon Pyke therefore set out to generate o-sulfonyl
anions from episulfones and examine their trapping reactions
with electrophiles. We thought that this methodology could
provide a useful new procedure for the stereocontrolled
synthesis of alkeneswith arange of substitution patterns: thisis

illustrated in Scheme 6 for the production of tri- and tetra-
substituted alkenes.
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In order to establish the viability of this proposal we choseto
study the deprotonation-trapping of episulfone 5 due to its
accessibility, stability, and the fact that sterecisomeric alkylated
episulfones and alkenes are not possible, therefore simplifying
product analysis. Extensive experimentation with a range of
bases and electrophiles gave only trace amounts of the required
adducts (as the alkenes).28 Wendy Loughlin then achieved
success using an in situ trapping approach in which the
electrophilic trapping agent is premixed with the substrate
before the addition of the base (Scheme 7). Using this
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procedure, with trimethylsilyl chloride as the electrophile, we
could produce good yields of mono- or di-silyl adducts, 16 or 17
respectively, depending on the excess of electrophilic trapping
agent. Andy Graham prepared a good quality crystal of
disilylated episulfone 17 and its structure was confirmed by
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Madeleine Moore and Giles Wilson using X-ray crystalo-
graphy: this is the first reported X-ray structure of a tetra-
substituted episulfone and the long carbon—carbon episulfone
bond length (1.686 A) is particularly noteworthy.29

Using similar procedures, Wendy Loughlin and Andy
Graham prepared arange of silyl and stannyl episulfone adducts
(Fig. 4), most asrelatively stable, fully characterised crystalline
solids.2® Carbon-based electrophiles were also employed suc-
cessfully, athough the yields of the adducts were rather low.
Complementary research on episulfone «-anions has recently
been described by Simpkins et. al.,21.39 and they have shown
that C-akylation and hydroxyalkylation can be performed
much more efficiently by use of the But-P,-phosphazene

base.
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Fig. 4 Episulfones prepared from episulfone «-anions (isolated yields
shown).

The functionalized episulfones were efficiently converted
into novel 1,2-bis(silyl)akenes, vinylsilanes and vinylstannanes
by treatment with potassium tert-butoxide or thermolysis
(Scheme 8).
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(e) New variants of the Ramber g—Béacklund
rearrangement

More recently, we have developed two novel variants of the
Ramberg—Bécklund rearrangement.

(i) The epoxy-Ramber g—Béacklund reaction

The first of these variants was suggested in discussion with
Mark Gamble. We envisaged a new variant of the Ramberg—
Bécklund rearrangement in which the leaving group isincorpo-
rated into a three membered ring (Scheme 9). A magjor
advantage of this new variant compared to the traditional
Ramberg—Bécklund rearrangement is that alkene formation is
accompanied by the introduction of alylic functionality. Thus,
the epoxy-Ramberg—Bécklund reaction would provide a new
method for the synthesis of alylic alcohols from readily
available sulfonyl oxiranes.
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Initial studies to establish the viability of this idea were
carried out by Arne Grumann, who had what we believed to be
the idea starting material, 18, to hand (Scheme 10). Thus, the
required epoxide 19 was easily prepared but, despite a
considerable amount of effort, we were unable to devise
conditions to effect the ring contraction to give cyclopente-
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We reasoned that the spirocyclic intermediate required for
this transformation would be just too strained when starting
with abicyclic epoxide. When Paul Evans started hisresearchin
this area we therefore investigated an acyclic system (Scheme
11).
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We were delighted to observe the success of this new process
and Paul Evans and Paul Johnson have since applied it to a
range of substrates (Fig. 5).31.32 As can be seen, the epoxy-
Ramberg—Bécklund reaction can be employed to prepare
mono-, di- and tri-substituted alkenes, is often high yielding and
can exhibit a high degree of stereoselectivity.

We are currently optimising this epoxy-Ramberg—Bécklund
reaction, exploring the thiirane and aziridine variants, and
optimising a tandem epoxidati on-epoxy-Ramberg—Bécklund
procedure (Scheme 12). We are a so utilising the methodol ogy
for the synthesis of natural products such as sphingosine.
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Fig. 5 Products of the epoxy-Ramberg-Bécklund rearrangement (using
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(il) Tandem conjugate addition-Ramber g—Backlund
rearrangements

Serendipity played a mgjor part in the discovery of the second
variant of the Ramberg-Béacklund rearrangement. Paul Evans
was attempting to prepare sulfonyl aziridines to study the
feasibility of the aziridine-Ramberg—Bé&cklund rearrangement.
However, treatment of bromovinyl sulfone 20 with amines did
not produce the corresponding aziridines, as expected,33 but
generated allylamines 21 instead (Scheme 13).

We presume that this process proceeds by the sequence
shown in Scheme 13, i.e. conjugate addition to bromovinyl
sulfone 20 followed by «-sulfonyl anion equilibration and
Ramberg-Béacklund rearrangement. This process is related to
the Michael-induced Ramberg-Bécklund (MIRB) reaction
shown in Scheme 14.5 The MIRB process is of limited utility,
however, due to the apparent requirement for a dienyl sulfone
(22, n = 2); similar reactions involving vinyl sulfones (n = 1)
are unknown.
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The novel tandem conjugate addition Ramberg—Béacklund
sequence was investigated with several other nucleophiles
(Scheme 15).34¢ We believe that this is a generally useful
procedure as bromovinyl sulfones are readily prepared from the
corresponding vinyl sulfones by a bromination—dehydrobromi-
nation sequence and they are excellent Michael acceptors. Thus,
thiolates, alkoxides, amines and malonates all gave successful
addition-rearrangements. The stereochemical outcome of the
these reactionsreflectsthe basicity of the reaction medium: with
amines as nucleophiles/bases, cis-isomers predominate,
whereas the more basic conditions employed in the other
processes favoured formation of the trans-alkenes.
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(f) Applications of the Ramberg-Backlund
rearrangement in natural product and bioactive
target molecule synthesis

We have utilised the Ramberg—Bécklund rearrangement for the

synthesis of a number of natural products and related com-
pounds of biological interest.

(i) Cyclopentene-based natural products and related
compounds

As referred to earlier, Guy Casy, Simon Lane and Stephen
Quick devel oped ageneral organocopper-based route to convert
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3-alkoxycarbonylthiin-4-ones 23 into 2,3-disubstituted 2,3-di-
hydrothiin-4-ones 24 as part of a programme to prepare
thiathromboxane A (25) and novel thiathromboxane analogues
(Scheme 16).1516 We envisaged utilising the Ramberg—
Bécklund rearrangement to convert the sulfones derived from
these 2,3-disubstituted 2,3-dihydrothiin-4-ones into 2,3-dis-
ubstituted cyclopentenones as shown in Scheme 16. We wrote
to Professor Leo Paquette outlining our ideas. Receiving an
encouraging response, Guy Casy prepared dioxide 26 by
oxidation of the corresponding sulfide and introduced theiodide
substituent with concomitant ketone protection giving adduct
27. Ramberg—Backlund rearrangement proceeded smoothly to
produce cyclopentene 28 which was converted into either the
non-conjugated cyclopentenone 29, or its conjugated isomer 30,
by acidic hydrolysis.1” Matsuyama's group reported the use of
the Ramberg-Béacklund rearrangement to prepare cyclopen-
tenes at about the same time.35
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Guy Casy went on to utilise this mild Ramberg—Bé&cklund
route to cyclopentenes as part of aformal total synthesis of the
naturally occurring antibacterial agent tetrahydrodicranenone B
(33), as shown in Scheme 17.17 «-lodo sulfone 31, prepared
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using similar organocopper methodology to that shown in
Scheme 16, underwent Ramberg—Bécklund rearrangement to
give cyclopentene 32 which can be converted into tetra-
hydrodicranenone B in three efficient steps using the chemistry
developed by Moody, Roberts and Toczek.36

Arne Grumann later employed a similar Ramberg—Béacklund
ring contraction, this time on «-bromo sulfone 36, as the key
step in the first synthesis of trans-carbovir 38 (Scheme 18).37
cis-Carbovir is a fraudulent nucleoside which acts as a potent
inhibitor of HIV reverse transcriptase. The 5-substituted
unsaturated thiane 34 was prepared from thioacrolein via a
hetero-Diels-Alder process. An important subsequent step
involved conjugate addition of ammoniato unsaturated sulfone
35 to produce «-bromo sulfone 36 in an efficient and
stereoselective manner. The use of «-bromo-«,3-unsaturated
sulfones as precursors to Ramberg—Bécklund substrates should
be generally useful methodology (see aso Scheme 15).
Ramberg—Bécklund reaction of 36 followed by deprotection
gave amine hydrochloride 37 which was elaborated using the
Traube method to complete the synthesis of trans-carbovir.3”
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About this time we became interested in synthetic applica-
tions of amino acids. Mark Gamble first prepared amino
cyclopentanes using glutamic acid-derived sulfones.38 He then
studied the cyclisation reactions of methionine-derived sulfones
such as 39 (Scheme 19). The cyclisation to produce the
enantiomerically pure thiane dioxide 40 proceeded in highyield
and the product was subsequently elaborated to give «-bromo
sulfone 41. This compound underwent Ramberg—Bécklund
rearrangement to give the protected amino cyclopentenone 42,
unfortunately in racemic form.3° Attempts to desulfurise the
cyclic sulfones in this sequence were unsuccessful but Tim
Ockendon and Peter O'Brien found that the sulfoxides corre-
sponding to 39 also underwent cyclisation, and Raney nickel
desulfurisation of intermediates such as 43 provided a method
for preparing protected anti-1,2-amino alcohols like 44.39

(il) Unsaturated amino acid synthesis

The interest in methionine chemistry referred to in the previous
section provided the stimulus for Marcel Schaeffer to in-
vestigate the Ramberg—Béacklund reactions of 1L-methionine-
derived «-chloro sulfones [Scheme 20(a)]. He showed that
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chloro sulfone 45 underwent efficient conversion into alyl
glycine derivative 46 and demonstrated, with Zhao-Xia Guo,
that racemisation could be avoided by carrying out the reaction
at —30 °C or lower.40

In unpublished and unoptimised work, Zhao-Xia Guo went
on to demonstrate that this sequence could be employed in an
iterative manner [Scheme 20(b)]. Thus, the radical addition of
methanethiol to the protected alylglycine 46 gave sulfide 47
which was easily elaborated via «-chloro sulfone 48 to give
butenyl glycine derivative 49. In principle, this sequence could
be employed to prepare the series of unsaturated amino acid
derivatives 50 (n = 0,1,2 etc.).

In order to complete the sequence, Tim Ockendon attempted
to prepare the corresponding vinyl glycine derivative 53
(Scheme 21). He utilised a modified version of the sulfinyl
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chloride procedure developed by Ottenheijm et al .4 to prepare
«-chloro sulfone 51 in a regiosel ective manner. Unfortunately,
treatment of 51 under standard Ramberg—Bé&cklund conditions
gave 1,2-elimination, producing alkene 52, and none of the
required product 53 was observed. We were, however, able to
prepare the corresponding vinyl glycinol 56 using Ramberg—
Bécklund methodology (Scheme 22). «-Chloro sulfone 54 was
thus converted into alkene 55 which was desilylated to give the
known42 alcohol 56 in enantiomerically pure form.

NHBoc NHBoc
O, 5 H
S t :
-~ \(\CHZOTBDPS —KoBu___, \/\CHZOTBDPS
THF, room temp.
Cl 54 65% 55
TBAF
86%
NHBoc
\ :
X" CH,0H
56

[odo =27 (¢ 1.2, CHCly)
Lit.42 [a]p —29 (¢ 2.5, CHCI3)

Scheme 22

(iii) exo-Glycal synthesis

As part of aproject to design and synthesise novel analogues of
sialyl Lewisx,43 Paul Murphy prepared a number of thioglyco-
sides 57. These compounds provided us with the opportunity to
obtain the corresponding S-glycoside dioxides 58 and in-
vestigate their Ramberg—Bécklund rearrangements (Scheme
23).

The sequence illustrated in Scheme 23 leads to exo-glycals
59. The parent 1-exo-methylene compounds (59, R = R’ = H)
have been used as glycosidase inhibitors* and are valuable
synthetic intermediates.45-51 Scheme 24 summarises synthetic
applications of the glucose-derived exo-methylene compound
60. The corresponding substituted exo-glycals 59 (R, R’ # H)
are also of considerable interest.52

A number of procedures have been published for the
preparation of exo-methylene glycals*-51 but the method of
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BnO

BnOw:-

BnO

ROH (ref. 50)

BnO

DMDO (ref. 49,50)
BnO -

BnO

AcSH
AIBN (ref. 49)

(@“SCHRR' - (@“SOZCHRR'

choice would appear to be methylenation of the corresponding
lactones using dicyclopentadienyl(dimethyl)titanium (or the
Tebbe reagent).47.51 There is no general method to prepare
substituted exo-glycals 59 (R, R* # H), however.53 Paul
Murphy, Frank Griffin and Duncan Paterson therefore set out to
explore the Ramberg—Backlund route to exo-glycals.5455
Scheme 25 summarises some of the procedures used to prepare
the S-glycosidess® and thus the sulfones needed for the Meyers
variant of the Ramberg-Béacklund rearrangement.3 Similar
procedures were used to prepare related glucose-derived
sulfones and S-glycoside dioxides derived from other sugars.
We were delighted to observe that the required transforma-
tions to produce exo-glycals proceeded efficiently using

BnO

BnOm-

BnO

(i) 9-BBN
(it) H20,, KOH (ref. 46)

(i) 9-BBN
(i) ArX, Pd(0) (ref. 47)

BnO

MeO,CCNO (ref. 46)

BnO
BF3+OEt, (ref. 48)
BnOm
SAc
BnO BnO OBn
Me o ..\\\\—OBH
BnO- %
e OBn
Bno  Bno MO
oBn OBn
Scheme 24

BNnSH, Me3SiCl,

Zn(OTf),, MeCN
51%
(a: = 80:20)

BnO
BnSH, SnCl,, Ooxone®,
CH,Cl, aq. acetone
BnO:- SCH,Ph
48% 70%
(0 = 80:20) BnO ‘0Bn
61
BnBr, NaH,
DMF
AcO (i) BnSH, BF3+OEt, BnO
62% (B-on Q (i) NaOMe, MeOH o]
6 (B-only) AcOr ~1OAC BRO - 1S0,CH,Ph
(iii) NaH, BnBr, DMF
(iv) Oxone®
AcO OAc BnO OBn
38% over 4 steps
Scheme 25

224 Chem. Commun., 1999, 217-227



Meyers original conditions3a (CCl,, KOH) and the modified
conditions (CBruF,, KOH, Al,Os3) recently reported by Chan
et al.3> This is shown in Scheme 26 for the glucose derived
benzyl sulfone 61: phenyl glycal 62 was produced in reasonable
yield using the Meyers conditions and excellent yield by the
Chan procedure, the Z-product predominating in both cases.

BnO
BnOw SO,CH,Ph
BnO “OBn

61 (a:p = 67:33)

(i) KOH, CCly,
aqg. BU'OH, 60 °C [ref.3(a)]
or
(ii) CBraF,, KOH-ALLO3,
BU'OH, CH,Cly, 5 °C [ref. 3(b)]

BnO

BnOm

Bno  OBn
62

(i) 56% (Z:E = 94:6)
(ii) 94% (Z:E = 88:12)

Scheme 26

We then proceeded to prepare a range of exo-glycals using
this Ramberg—Bé&cklund methodology (Fig. 6). As can be seen,
the glucose-derived methylene compound 63a was prepared, as
were the phenyl, methyl and ethyl substituted alkenes 63b—d
(@l with the Z-alkene predominating). Although unoptimised,
galactose, mannose, xylose, fucose and ribose derived alkenes
63e-i were equally accessible. Tetrasubstituted alkenes 63j—
were also prepared by this methodol ogy, although in these cases
the required transformation was only observed using the
Meyers' conditions. Further work is needed to optimise these
yields, but the availability of highly hindered glycals, partic-
ularly adamantene derivative 63, is noteworthy.

The ease with which anomeric carbanions eliminate C-2
alkoxidesto give endo-glycals has been alongstanding problem
in C-glycoside synthesis until recently.57 It should be noted that
the Ramberg—Bécklund methodology is compatible with 2-al-
koxy substituents. Investigations are therefore underway to
probe the mechanisms of these reactions.54

As mentioned, exo-glycals have proved to be valuable
glycosidase inhibitors*52 but for our methodology to be of use
in this area it is important to be able to remove the hydroxy
group protection without reducing or hydrolysing the enol ether
moiety. Benzyl protection is not suitable for this purpose and
Duncan Paterson has explored the compatibility of other
protecting groups with the Ramberg-Bécklund conditions
(Scheme 27). Sulfone 64, protected by tert-butyldimethylsilyl
(TBDMS) groups, was therefore prepared. Ramberg—Béacklund
rearrangement of 64 proceeded smoothly and desilylation was
accomplished using tetrabutylammonium fluoride (TBAF).
This two step sequence produced the unprotected enol ether 65
(which was acetylated for characterisation purposes).

We have also investigated synthetic applications of these
novel exo-glycals. As shown in Scheme 28, Marie-Lyne
Alcaraz utilised the Z-phenyl derivative 62 in aformal synthesis
of the C-glycoside 68, recently reported as a new [3-glycosidase
inhibitor by Schmidt and Dietrich.58 Thus, hydroboration using
borane-THF followed by oxidation gave a separable 25:75
mixture of «- and B-alcohols 66 and 67 in 65% overall yield.
Schmidt and Dietrich converted alcohol 67 into enzyme
inhibitor 68 in five high yielding steps.58 The advantage of our
new procedure is the brevity of the synthetic route: Schmidt and

BnO BnO BnO
BnOm BnO BnO"+
Bnd’  “OBn Bno’  “0Bn Bno’  “OBn
63a 72%2 (57%") 63b 94%32 63c 75%2
(ZE =88:12) (Z:E = 80:20)

(56%,° Z:E = 94:6)

BnO BnO

BnO- BnO

BnO “OBn K BnO OBn
63d 71%? 63e 83%42 63f 94%7
(ZE =92:8) (ZE =62:38) (Zonly)

Mec Me
o) Ph —Q Me o __
BnOQ:/ Bno<:2J BnO

BnO “OBn BnO  |OBn BnO  ©OBn

63g 49%?2 63h 56%? 63i 58%2

(Z:E =87:13) (Z:E =75:25) (Z:E =50:50)

BnO
BnOm
BnO “oBn BnG “OBn
63j 57%" 63k 51%°P

BnO “oBn

631 20%"

Fig. 6 exo-Glycals prepared via the Meyers variant of the Ramberg—
Béacklund rearangement. @ Using CF,Br, [ref. 3(b)]. P Using CCl, [ref.
3(a)].

TBDMSO

TBDMSO SO,CH,Ph

TBDMSO ‘oTBDMS

64

(i) CBr,F,, KOH-AIL,O3 (69%)
(i) TBAF, THF
(64% as the tetraacetate)

65
Scheme 27

Dietrich required eight steps to prepare alcohol 67 from b-
glucal .58

Frank Griffin employed this new methodol ogy to prepare the
spirocyclic sugars 73 and 74 (Scheme 29). These compounds,
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(i) BHg*THF
BnO (if) H,O2, NaOH BnO
BnO BnO
66 67 25:75

. OBn

';‘H 5 steps (ref. 58)

O BnO

68  -O,CCFs

Scheme 28

which are simplified analogues of natural products such as
papulacandin D,5° have recently been prepared by a photolytic
route.0 In our new synthesis (Scheme 29), the benzylated
thioglucose derivative 69560 was alkylated giving sulfide 70
which was oxidised to sulfone 71, both steps proceeding in good
yield. The Ramberg-Béacklund rearrangement proceeded
smoothly on the unprotected alcohol 71 using Chan’s CBr,F,
conditions3 giving exo-glycal 72in 73% yield. Cyclisation was
effected by treatment of enol ether 72 with camphorsulfonic
acid (CSA) in methanol to produce a separable mixture of
spiroacetals 73 and 74 (30: 70) in 75% yield.

CI(CH,)30H,
K2CO:
BnO e BnO
BnO acetone, A BnO
75%

mcpea ©OH
CH,Cl,
Na,HPO,
82%

CBryF5, KOH-Al,03
\f
Bng . 0 BUIOH, CH,Cl, Bno%gz
n
OB A 5 °C to room temp. BnO
n 74% (Z:E = 80:20) OBn
71
72 OH

CSA OH

MeO’H, room temp.
75%
(73:74 = 30:70)

BnO BnO Q
BnO + BnO
BnO
(0]

Scheme 29

We are currently optimising this Ramberg-Béacklund meth-
odology for exo-glycal synthesis, and exploring its applications
for the synthesis of more complex C-glycosides and C-
disaccharides. For example, routes to carba-glycopeptidest! 75
and carba-disaccharides?2 such as methyl carba-isomaltoside 76
using the Ramberg—Bé&cklund chemistry are currently being
investigated.©3

OH
HO Q
HO
OH
(CH2,___NH,

CO,H

75
(n=1, 2 etc.)
OMe
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Summary

Major advances have been made in Ramberg-Béacklund and
episulfone chemistry over the past few years. Procedures have
been developed which enable episulfones to be produced from
a-halo sulfones or from episulfides by oxidation. Episulfone
deprotonation-trapping reactions have been developed to pro-
vide a new method of preparing novel vinylsilanes and
vinylstannanes, and new variants of the Ramberg—Béacklund
rearrangement have been discovered which produce function-
alised products such as allylic acohols and amines. Mild
conditions have been developed for the classicadl Ramberg—
Béacklund rearrangement and applied to the synthesis of
cyclopentene-based natural products and unsaturated amino
acids. In addition, the Meyers variant of the Ramberg—
Bécklund rearrangement has been utilised in anew route to exo-
glycals commencing from S-glycoside dioxides. Ongoing work
to further apply this new methodology, for example to the
synthesis of sphingosines and novel C-disaccharides, promises
further interesting and useful discoveries ahead.
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