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The decade from I%6 IO 1976 has witnessed an im- 
pressive number of original publications devoted to the 
understanding and applications of organosulfur chemis- 

try. Many highly imaginative syntheses have frequently 
made use of the unusual and diverse properties of sulfur. 

Only recently have theoretical organic chemists applied 
their methods to a more detailed and quantitative un- 
derstanding of the bonding involvement of sulfur in its 

various oxidation states. II would be no exaggeration IO 

my that even despite the vast and constantly expanding 
numbers of publications dealing with sulfides, sulfoxides. 

sulfones. and various derivatives. much of the chemistry 
in this area remains unpredictable compared with that of 

fksr row analogs. Correspondingly the chemistry of or- 
ganoselenium and organotellurium compounds is even 

less predictable. 
Turning IO the current state of understanding of sul- 

fone chemistry. it is instructive IO recall that although the 

sulfone functional group has been a standard part of 
organic chemislry for more than a century, il is only 

within the last few decades that a more diverse range of 
chemistry has been discovered. II is the intention of this 
article to describe some of the more important reactions 

that involve or owe their origin to the sulfone functional 
group. The sulfone group. in this review is defined as 1; 
the adjacent carbon atoms may be attached to any func- 

tional groups. The emphasis will be to accentuate the 
synthetic uses of the sulfone group rather than its physi- 

cal organic chemistry. although germane to this selection 
will be a brief outline of the more theoretical aspects. 
which arc of course fundamental to any proper ap- 

preciation of sulfone chemistry. Finally, it is hoped that 
whilst the sulfone functional group is associated with a 
high degree of thermodynamic stability. thus suggesting a 

lack of ready manipulation, this review will encourage 

synthetic organic chemists to include sulfone chemistry 
in their repetoir of synthetic ideas 

IL-AL. Asl!cm OF THE mmn. CROW 

MD THE aSLUWX CARDA!! 

A problem that has caused much discussion amongst 
both theoretical and synthetic organic chemists is the 

degree of d.-p. overlap that can occur. and consequently 
stabilize. ylides of the general type 2; where Z is usually 

a second row element (S, P. etc.) in various states of 

oxidation. In particular for our purposes the question is 
addressed to the a-sulfonylcarbanion 2. Z = SOrR. which 
can formally be considered as an ylide. but whose che- 

mistry more typically resembles that of an anion.’ An 
intriguing and unexpected property of the a-sulfonyl 
carbanion 2 Z = SO,R, is that it can be generated in an 
asymmetric form and retain its asymmetry under a 
variety of conditions.’ Two explanations have been sug 

gested to rationalize this behavior. The a-sulfonyl- 
carbanion may be pyramidal with a high barrier to in- 

version, or it may be planar with a high barrier IO 

rotation. Elegant experimental evidence has shown that 

proton transfer to the a-sulfonylcarbanion takes place 
specifically syn- to the two oxygen atoms.’ More re- 
cently MO calculations on the somewhat simplified sys- 

tem -CH:SO,H have provided an energy surface as a 
function of 8 and & 3. Of the various possibilities 4a-e it 
was found that the pyramidal carbanion with the lone- 

pair bisecting the O-S-O angle, Q. has the lowest cncr- 

gy. Furthermore the d-orbit& do not contribute IO the 
stabilization of the carbanion. and only inductive effects 

need be engendered.’ The latter conclusion was also 
reached for calculations concerning the electron de- 

ficiency of a$-unsaturated sulfoncs.’ The planar car- 
banion 4d was calculated to be some 2.5 kcal mole ’ less 
stable than 4a. which in turn is some 4.1 kcal mole-’ more 

stable than 4h. Experimentally it may be that the energy 
differences between JH arc less than calculated; a value 

of I.1 kcal mole ’ was arrived at by considering the rate 
of exchange of diastereotopic protons Q- to a sulfonyl 

group.* The a-sulfonyl carbanion can in constrained si- 
tuations, such as thietan derivatives. be forced to take on 
a planar conformation.‘ 

In conclusion it appears that at the present state of 
theory one need not evoke the 3dorbitals IO explain the 
asymmetry and stability of the a-sulfonylcarbanion. The 
asymmetric structure appears to be a consequcncc of the 
stereochemical requirements of the two adjacent elec- 
tron pairs. or an electron pair and adjacent dipole. This is 
no101 the end of the story since 3 represents the simplest 
model of the a-sulfonylcarbanion and the conclusions 
can only be extended IO other systems with extreme 
caution. Consequently whilst progress has been made in 
defining the structure of the asymmetric a-sulfonyl- 
carbanion it would be rash to say the problem is now 
solved. 

2019 



2020 PHIUP D. M~r,wcs 

4a 4b 4c 4d 

Perhaps the most well known and extensively studied 
reaction involving the sulfone functional group is the 
Barnberg-BHcklund reaction. First discovered in 1940’ it 

has been intensively researched by a number of work- 
ers.*.l” A monograph on the Bamberg-Backlund reaction 

and all its ramifications is soon to be available,” and 

as a consequence this section will only discuss those 
aspects that convey its general synthetic utility. A brief 

outline of the current status of the mechanism is in- 
cluded. 

The most useful feature of the Bamberg-Biicklund 
reaction is its intrinsic mechanistic ability to re- 

giospecifically convert an cl-halosulfone into an alkene. 
where the position of the newly formed double-bond is in 
no doubt. This is illustrated by the conversion of 5 into 6 

upon reaction with aqueous sodium hydroxide. The main 

features of the mechanism are also summarized in this 
conversion. The bicyclic sulfone 7 is able to support 

through the pyramidal non-conjugative nature of the 
a-sulfonylcarbanion. a bridgehead carbanion which un- 

dergoes 1,3tlimination to the episulfone 8. subsequently 
extruding sulfur dioxide forming 9. Extremely strained 
propellanes are available via this type of rear- 

rangement.” A fascinating so-calkd his-homoconjugative 
version of the Ramberg-Bicklund reaction converts the 

a-chlorosulfone 10 into the cyclooctatriene derivative 
11.” Analogously a vinylogous equivalent of the Ram- 

berg-Backlund reaction converts cis- or rrons-fbromo- 
2-penlenylbenzylsulfones into I-phenyl-2-methyl-l.3- 
pentadiene.” 

Whilst the postulated cpisulfone intermediates in the 
Bamberg-Biicklund reaction have not been isolated from 
a Ramberg-Biicklund reaction. they have been prepared 

by other methods.” Their decomposition to alkcnes is 
base catalyzed which accounts for the inability to isolate 

them from a Bamberg-BiCcklund reaction. II has been 
observed that cis- and IrunJ-2,3diphenylthiirane_l,l- 
dioxide, 12 and 13 respectively, undergo stereospecific 

decomposition to the corresponding stilbenes. The 

Woodward-Hoffmann rules exclude a concerted thermal 
decomposition of thiirane-l.Idioxides to alkenes. and 
consequently a dipolar mechanism has been suggested” 
(Scheme I). There seems IO be no reason why thiirane- 

I.ldioxides cannot rearrange either concertedly or via a 
short lived dipolar intermediate to a 8-sultine 14. A 
/?-sultine would be expected IO readily extnrde sulfur 

dioxide IO give an alkene.” The rearrangement of a 
thiirane-l,ldioxide IO a B-sultine has analogy in the 

chemistry of thiet-l.ldioxides which readily rearrange to 
y-sultines.” The reaction of a dicne with sulfur dioxide 

initially produces a sultine which rearranges IO a sulfone. 
Attempted synthesis of the sultine resulted in the spon- 
taneous loss of sulfur dioxide to give a diene, whereas 

the isomeric sulfone is quite stable under these con- 
ditions;” although a Woodward-Hoffmann treatmenl of 
the chelotropic extrusion of sulfur dioxide predicts a 

disrotatory thermal fragmentation.‘* These concepts are 
presented in Scheme 1. A recent observation that dcmon- 

strates that the mechanism of the Barnberg-Bricklund 

reaction is by no means solved. is the suggestion that the 
rearrangement of 15 into 16 involves free-radicals.lD 
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Scheme I 

A useful development of the Ramberg-BicWund reac- 
tion that avoids having to prepare the a-halosulfonc in a 

separate step is to treat a sulfone (having a- and a’- 

hydrogcns) with potassium hydroxide in carbon tetra- 
chloride.” The convenience of this procedure is some- 
what offset by side-reactions due to polychlorination. 

Dicyclohexylsulfone gives dicyclohexyhdene in 32% 
yield; benzhydrylsulfones react cleanly to give I,l-diaryl- 

alkcnes? di-set-alkylsulfoncs are converted into I,I- 
dichlorocyclopropanes (dichlorocar’ne adducts of the 
initial product). and di-n-alkylsulfones are transformed 

into cis-l,2-dialkylethenesulfonic acids.” To explain the 

formation of sulfonic acids the thiirene-l.ldioxide in- 
termediate 17 has been proposed.” Thiirene- I, l-dioxides 

are prepared by reacting a.a’dibromosulfones with 
triethylamine.” Whilst they are more stable than thi- 

irane-l.ldioxides. thiircne-1,Idioxides are converted 

into unsaturated sulfonic acids when exposed IO aqueous 
potassium hydroxide.” Attempts to utilize the potassium 

hydroxide-carbon tetrachloride procedure for the con- 
version of the cyclic sulfone 18 into the ring contracted 

alkenes gave the desired product 19 and the vinyl 

chloride 28 in a ratio of 2:3.% Variations on the Ram- 
berg-Backlund procedure have been briefly examined. 
a-Benzoyl-a’halosulfones 21 do not extrude sulfur 

dioxide when treated with base, but cia an enolate give 
the rare heterocyclic system 22.” 

NEtS 
PhCOCH2!S02CH2CI - 

21 22 

Whilst a-halosulfones readily undergo displacement of 

halogen in intramolecular reactions, they are notoriously 
unreactive in intermolecular displacement processes. The 

powerful inductive electron withdrawal of the sulfone 

group renders them a source of positive halogen. Con- 

sequently treatment of a-halosulfoncs or a,a’di- 
halosulfones with phosphinc reagents results in reduc- 

tion. The stereochemistry of this process has been stu- 
died and it has been deduced that the ISelimination of 

bromine from 23 proceeds with inversion at C-l and C-3.? 
Whereas reduction of eryrhro-o-bromo-a-methylbenzyl- 
a ‘-mcthylbenzylsulfone gives meso-bis-a-methyl- 

benzylsulfone: proceeding with rctention.m The process 

of reduction of a-halosulfones by phosphines is given in 
Scheme 2.- This process does have some synthetic ap- 

plications for when I ,3-tetrabromosulfones are treated 
with phosphincs, the initial thiirene-l.ldioxides 17 are 

converted, at 100’. into acetylenes.” 

A notable synthetic use of the Ramberg-Bicklund 
reaction in the natural products area has recently been 
made. The his-allylsulfonc 24 on treatment with KOH- 
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CCL gave a reasonable yield of the triene. This process 

has been applied to the synthesis of /&carotene and 
vitamin A.“’ and a./3unsaturated acids.“’ 

tv.ANWMANDDlAfMM 

The formation and reactions of a-sulfonylcarbanions 
has been the subject of recent reviews.” This section is 
intended to iflustrate the main methods used to prepare 
a-sulfonylcarbanions and a.a-sulfonyldicarbanions and 

some of their chemistry. The use of a-sulfonyl- 
carbanions in more extended synthesis or as a synthon 

unit is described later. 
The mono-a-sulfonylcarbanion of sulfolane may be 

prepared using ethylmagnesium bromide as the base. 

Condensation of this anion 25 with benzaldehyde gave a 
separable mixture of Utreo- and erythno- adducts 26. 

Sodium borohydride reduction of the /3-kctosulfone 27 
gave 95% thno- and 5% erythreo- adducts 24. When 

attempts were made to convert the fhreo- adduct 26 into 
the corresponding chloride using thionylchloride. the 
reaction proceeded with epimeriration, whereas the 

erythro- adduct was converted into the chloride with 
retention of configuration.” Benzylphcnylsulfone is con- 

verted into the derived a-sulfonylcarbanion using n- 

butyllithium. Reaction of this anion with benzaldehyde 
gave a 77:23 mixture of three- and erythreo- adducts.M 
When a-sulfonylcarbanions are added to a&m- 

saturated carbonyl systems the usual result is 1.2- 
addition.” A few I.4adducts are known but they are 

extremely rare (p. 20). No cuprates of the a-sulfonyl- 
carbanion have been reported. Simple I.?-adducts of the 

a-sulfonylcarbanion with a&unsaturated aldehydes. 
such ac 28 can be dehydrated to dienes 29. Such dicncs 
should be useful in Diels-Alder-type reactions where 
inverse electron demand might be a valuable expedient 

n 0 n 

to overcome the unrcactivity of electron-rich dicno- 
philes. 

An extensive study of the anion chemistry of di- 
methylsulfone has been made by Russell and cowor- 

kers.” Dimethylsulfone condenses with aromatic alde- 
hydes using DMSO-KOBu’-HOBu’ as the base system 

to give a$-unsaturated sulfones. albeit in low yield 
(20%). This is because the initial adducts (a/3-un- 
saturated sulfones) condense with the aromatic aldehydc 
to give complex, but characterizable products. An 
improved procedure generates the anion of dimethyl- 

sulfone using lithium amide in liquid ammonia.” Diesters 
condense with the anion of dimethylsulfone to give 

potentially useful products (Scheme 3).y The anion of 

dimethylsulfone condenses with isocyanates and iso- 
thiocyanates to give the adducts 30 and 31 respectively.‘e 

The arylog of these condensations is known; p-tolyl- 
phenylsulfonylcarbanion condenses with aromatic alde- 
hydes to yield stilbenes 32 in moderate yields. This 
condensation is improved considerably if Schiff bases 

are used as the electrophilc.” The anion 33 is prepared 

using sodamide in liquid ammonia as the base system. It 
undergoes normal alkylation and acylation reactions, but 
on warming in tetrahydrofuran it rearranges (Truce- 

Smiles rearrangement) to the sulfinic acid 34.” The initial 

adduct between the a-sulfonylcarbanion and an aldehyde 
or ketone is a /I-hydroxysulfonc. In a separate synthetic 
operation these adducts are dehydrated to a,/.?-un- 

saturated sulfones. A recent procedure describes a 
phase-transfer condensation of a-sulfonylcarbanions 

with aldehydes using aqueous sodium hydroxidc-dich- 

loromethane in the presence of a catalytic amount of 
tricthylbenzylammonium chloride (TEBA).” This pro- 
cedure leads directly to a,,!?-unsaturated sulfoncs in 
one-step. Other methods are available for accomplishing 

n .o 
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this transformation, and will be described later. but the 

above procedure appears IO be the most convenient. 
Intramolecular alkylations using a-sulfonylcarbanions 

have been thoroughly studied. and the three anticipated 

products 35.36. and 37 are formed in varying proportions 
depending upon the base, and of course n.” 3-Chloro- 

propylsulfones are cyclizcd by a non-concerted process 
via an a-sulfonylcarbanion intermediate to cyclopropyl- 
sulfoncs 3%” A study of preferential ring size formation 

has been made which indicates that, if possible, a 
S-membered ring is preferred.“ An interesting example 

of cyclopropanc formation results from treatment of 
ferrocenylmethylsulfone-I,ldianion with I ,2dich- 
lorocthanc IO give the compound 39.” Recently in- 

trdmolecular alkylations of the a-sulfonylcarbanion have 
led to useful syntheses of bicyclobutanes and cy- 

clobutanes“ (Scheme 4). 
When sulfolanc is treated with n-butyllithium the 

I.3dianion 40 is formed. Evidence for the existence of 

the l.3-dianion is provided by quenching with methy- 

Iiodide IO give 2Sdimcthylsulfolane.a Dimethylsulfone 
also forms a l.3dianion.q Attempts to prepare l,2-, I,3- 
and 1.4dianions flanked by two sulfonyl groups was 
inconclusive.” 1,3-Dianions can be oxidized with cupric 

chloride to give episulfones. that in keeping with 
Ramberg-BHcklund chemistry give alkenes.(” 

ArS02(CH2),Br - 

32 

It is possible IO prepare I.ldianions of sulfones using 

n-butyllithium in tetrahydrofuran as the base system. 
The adduct between a I.ldianion and an aldehyde is not 
an &-unsaturated sulfone. presumably because lithium 

oxide is not a particularly good leaving group. Whereas 

treatment of a l.Idianion with magnesium iodide, 
followed by an aldehyde gave a good yield of a.@- 
unsaturated sulfonc” (Scheme 5). The mixture of E- and 

Z-isomers 41 can be desulfonated using mcrcury- 
aluminum amalgam IO the corresponding E- and Z- 

alkcncs. The reduction is stereoselective. Z-1,2diphenyl- 
vinylphenylsulfone and Z-2-p-chlorophenyl- I-phcnyl- 

vinylsulfone gave exclusively the corresponding E- 
isomers.” 

When the terpcnc derivative 42 was treated with 
n-butyllithium at - 78” the l,Idianion 43 was formed 

(I&O quench). If the dianion 43 is warmed above -70” 
then ElcBclimination takes place to give the dianion 44. 
Quenching of 44 with methyliodide gave only 45. The 
diastereomers 46 and 47 undergo ElcB-elimination 

(n-BuIi at -78”) to give a single alkene, namely 45. 

Interestingly, the reverse process of cyclization of 45 
using t-BuOK-t-BuOH gave a I : I mixture of 46 and 47. 

These results would appear IO imply that the forward 
ElcB-climination proceeds via a-carbanion inversion 

rather than syn- and tinfi-climination.” 
As is evident from the first section of this review the 

a-sulfonylcarbanion is quite at home in rigid pyramidal 
situations. A series of 1,3dianions of the type 48 have 

been prepared (with differing numbers, and positions of 
double bonds). Qualitatively, from extended Huckel 
calculations, the color of these dianions is not associated 

ArSOZ(CH2),0E1 33 
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with delocalization into the sulfone group. The sulfone 

group merely renders the bridge head hydrogcns acidic.” 

It has been ckarly shown that cyclic a-lithiosulfones, 
in situations where configurational differences arc pos- 

sible show a high preference for equatorial positions.” 
This is most dramatically illustrated in the example 
49-50. 

The most notable feature of the chemistry outlined in 

this section is the strong bases needed to prepare the 
a-sulfonylcarbanion. This is rather surprising since the 

data on pKa values indicate the range 23-27. Once the 
a-sulfonyl carbanion is formed it qualitatively appears to 

be somewhat unreactive. The unreactivity of the a- 
sulfonylcarbanion is most probably a direct reflection of 
its steric hindrance. Indeed, the acarbanion is directly 
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attached to the -S&-R group which is at lcast compar- available. Since the methylene group of 1’OSMIC is 

able to a neopentyl situation. Despite these drawbacks it doubly activated the a-sulfonylcarbanion is accessible 

will be seen that the a-sulfonylcarbanion is gradually with comparatively mild bases (NaH or tBuOK) if 

gaining considerable synthetic importance. contrasted to n-BuLi. 

This section concerns itself with reagents that rely 
upon or make USC of the sulfone group. In general the 
final products no longer have the sulfone group present; 

it is removed by hydrolysis. reduction or elimination. 
An interesting and versatile unit introduced to the 

organic chemist a few years ago is the reagent p- 
tolucncsulfonylmcthyl isocyanide: more commonly re- 
ferred IO as ‘I’OSMIC 51.‘” Its preparation is straight- 
forward (Scheme 61) and it is now commercially 

Reaction of TOSYIC anion with carbonyl compounds 

below 0” gave. after acidic work-up. the homologous 
carboxylic acid. The reaction proceeds via the for- 
mamide derivative 52.” No more than minor moditi- 

cation of conditions (Scheme 6) provides a useful 

synthesis of the homologous nitrile from carbonyl 
compounds.” The methylenc carbon of ‘WSMIC be- 

comes the cyano carbon.” a-Hydroxyaldehydcs may be 
synthesized from ketones using ‘I’OSMIC. if the base 

system is changed to thallium ethoxide-EtOH-DME.” 

This unusual reaction proceeds via the intermediate 
hctcrocycle 53. A number of S-membered ring hcterocy- 
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clic systems have been synthesized using TOSMIC. 
These arc summarized in Scheme 7.” 

work is in the preliminary stages, but the principles of its 
operation are established and outlined in Scheme 8. 

a-Alkoxysulfones have been studied in detail by Julia ef 01. have made extensive UK of the sulfone 
Schank, but to-date no reagent-synthon-type chemistry group in synthetic methodology. In the main the sulfone 
has been reported. Arylsultinic acids react with Q- group has been a lever to form carbon-to-carbon bonds. 
chloromethylmethylether IO give a-methoxy- 
mcthylenesulfones 54.“’ 

The Scheme 9 summarizes an alkylation, followed by 
‘This reaction required some reduction or elimination sequence that leads to the for- 

clarification since sulfinic esters are also produced in this mation of new carbon-to-carbon bonds in a controlled 
reaction.” Dcprotonation of 54 using Bu’OK-THF and manner.*’ The addition of the palladium-mcthylene-sul- 
condensation with phenolesters gave a-acylated-2-sul- forte adduct 61 to unactivated alkenes is a potentially 
fonylethers 55.’ The anion derived from 55 may be valuable method of synthesizing allylic sulfones 62.” 
condensed with formaldehyde to give I-alkoxy- Allylic sulfonylcarbanions 63 add 1.4 to conjugated es- 
vinylarylsulfones 56.” The unstable anion 57 rearranges ters followed by intramolecular displacement of phenyl- 
with acyl migration and elimination to yield a-acetoxy- sultinate to give cyclopropanes.” This is a rare example 
aldehydcs.M of the l&addition of an a-sulfonylcarbanion, and more 

COR 

A&O2CH$MfJ ArSO$HOMe 
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&SO2 
RCOESqJ 
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A useful adjunct to the hemithioacetal as a protecting 
group is the oxidized version, the 1,3-oxathiolane-S- 

dioxide 58.“‘ although no examples of its use have been 
reported. Hcmithioacetals are readily oxidized by buff- 

ered m-chloropcrbcnzoic acid to 1,3-oxathiolane-Sdiox- 
ides.” Whilst they are extremely stable IO acids. 

treatment with mild bases gives vinylsultinic acid and the 
carbonyl component. We have examined a-alkoxysul- 
fonyl carbanions as nucleophilic acylating species. Tht 

anion 59 can be deuteratcd and methylatcd but other 

alkyling agents were ineffective. Presumably the anion 
59 is extremely hindered and intramolecularly coor- 
dinated. and as a consequence is unreactive. To confirm 

these explanations and develop an a-alkoxysulfonc 

reagent we have prepared the substrate 60.’ The unit 60 
readily forms a carbanion that can be alkylatcd with a 
variety of elcctrophiles to give in all the cases we have 

studied so far. crystalline products. Most significantly, 
the masked carbonyl function is exposed by treatment 
with a catalytic amount of hydrogen iodide in dich- 

loromethane at room temperature. Furthermore the unit 
60 is a recyclable species; the term heterorropic reagent 

is introduced to describe such a reagent.’ At present this 

in keeping with the ylide character that can be attributed 
to the a-sulfonylcarbanion. 

A synthon that has attracted considerable attention is 
the &acylequivalent 64. The unit 65 is easily prepared 

and serves as a )I-acylcarbanion by deprotonation to give 
the anion 66.” The versatile chemistry of 66 is illustrated 

by Scheme IO. The high stereoselectivity of the method 
led to a synthesis of nuciferal 67. Complimentary IO the 
/3-acylequivalent is the /?-hydroxycarbanion equivalent.” 

A particular useful method that converts a carbonyl 

group into a quaternary carbon atom involves scquen- 
tially a Horner-Wittig reaction to give an unsaturated 
sulfone 68 and I&addition of an organocuprate resulting 

in 69. Reduction of 69 to 70 completes the synthetic 

sequence.” 
Hendrickson has recently described the synthetic che- 

mistry of the so-called triflones (R-SO,CF,).-’ The 
triflone group allows adjacent carbanion formation even 
with such mild base systems as potassium carbonate in 

acctonitrile. Only monoalkylation is observed. To 

achieve furthex alkylation then sodium hydride must be 
used to form the a-sulfonylcarbanion. Quite ex- 

ceptionally mild conditions allow the elimination of the 
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P++SO2 

)r ’ + “P, - 

phSO2 OH 

R+ H R3 

R,sR - 
3 

M?&R3 WHg, HxR3 

H R2 
RI R2 RI R2 

Scheme 9 

CODPd 
,C’ R,CH = CR2R3 

‘CH2S02Ph 
c 

THF 60’ 
PhS02CH2CR, = CR2R3 + Pd(0) 

61 62 

+ -CO2E’ -- 

- C02Et 
* 

Et02C C02Et 

triflone unit or its displacement. Obviously triflone che- This difficulty has been largely inadicatcd by the useful 

mistry greatly enhances the scope of the sulfonyl unit in observation that trifluoromethylsulfinate esters rearrange 

synthesis. These reactions are illustrated in Scheme I I. on mild heating in HMPA to triflonesl’ 

One limitation associated with triflonc chemistry is thaw It can be seen from this section that strides have been, 

triflones themselves are not always readily accessible. and are being made. IO use the sulfone synthon unit in 

R,ti R3 
or “2//lfR2 

R2 RI 0 

64 
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2 H30 
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p-To1 
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PhS02CHCH2CORI 
I 

R2 3 

1 base 

R2CH * CHCOR, 

t H#+ 

2. 
so2ph 

Scheme to. 

p-To1 

OHC 
a 
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*rS02CH2POtOEt 1 R, 
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’ R2hsofi;F= ;;hs;y “6”H3 

R3 
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organic synt~sis. A 
frequently adds to the 
thons is that most intermediates and final products that 
contain the sulfonc group arc crystalline and stable (com- 
pared to s~lfoxides and suJf&s). The y activate 

rs m~cb e~cu~~~rne~t fot 

~~~~~#~~ 
The objective of this section is to describe some of the 

extraction techniques is the most rcccntly developed 

~~d~~~ hydroxide, followed by acid yield 73.” 

73 

A sequence developed by House has been utilized to 
~ssernb~~ a ~~~t~~~ feature that is c5~~5~ to a large 

km made of thrs c 

amide in 
yield of the ki~Gtic pr~~ct 78.= A~~~e~t~y even sodium 
hydride can generate a I,3_dianion~@ The problem of low 
yields in the alkylation of 1,3dianions is 
the use of litbj~m dj~~~~o~y~~ide in 1” 

fu~rn~d d~~jo~ 79 may h a~kyla~~d with 1,3-d& 
which s~bs~que~t~y cyclizcd to 
81 when treated with excess 

lithium diisopropylamidc. When 80 was reacted with 
ium byd~d~ only the ~~kylat~d product 82 was 

fo~med.~ ~~x~ct~ly when was treated with thal- 
ii~rn ethoxide, a t reputed to give ~lrn~st exclusive 

76 

ts te potpie ermines *k~~~s~~f~~~~ have 
di~c~~ti~s. When the etosulfo~e 83 was 

treated with ~y~ol~~~ne a ~et~u-cu~de~~tio~ r~actj~~ 
gave I&¶.‘@ If mo~holine is used instead of py~olidi~e the 
ma$r product is the desired enamint 85 as a mixture of 

can be made as indicated in Scheme 12. They readily 
t~rn~~i~~ to I$d-ttisu~fon);l~azents.PQ 

Stable dia~-~-k~to~u~o~s are easily acccssibls via 
~~t~n~f~~ ~~~~ti~~~~ using to~yl~z~d~ and a ~-k~~~~ul- 
font.” (I- sulfoms $9 have been ~~e~~ed by the 
a)~~i~c d~c~rn~sitio~ of substituted ~itroso- 
urethanes.e Irradiation of adiazosulfones proceeds 
partly via a low yield Wolff-rcamngcmcnt to a sulfene, 
which is trapped by the protic solvent to give 
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2KN%/ NH3 0 
PhCOCH$02Me - PhCO!HSOfiH2 

l PhCH&I 
- PhCOCH,SO$H,CH.fh 

77 
2 “$+ 

70 

\ 
2NaH/ PhCOCl 

PhCOCH$O$H$OPh 

ph*so2ph Phq:_J’h PhQSOfh Pp 

79 00 81 =??Ph 
82 

H 
PhCH&OCH2S02Ph - PhCH$ON 

3 
+ CH3S02Ph 

83 

\ ‘4 0 

0 
phcH2Lso2ph 

84 

major pathway involves the non-rearranged carbcne 

product 91.” The carbcne formed on irradiation of di- 

Hydrolysis of adiazosulfoncs in aqueous acid pro- 
cecds to a-hydroxysulfones which readily decompose IO 

azosulfones may be trapped with alkenes or in- sulfinic acids.” In certain cases the decomposition of 

tramolecularly with a phenyl group to give the products 

shown in Scheme 13.’ 

udiazosulfones may be conducted using Lewis acids 
and the product trapped intramolecularly (92+93).% On- 

PhCOCH2S02CH2COCH3 
.,h, ph6 

86 07 88 

2R’CH.$Op + 

Ph Ph Eh R’ 

- 2[N)L”SO$ *RSOLC”O 

Ph 

Scheme 12 

hJ 
ArS02CHN2 - 

IO% 
ArSO$H: - II Ar CH - SO2 3 

89 /H l&OH I MeOH 

ArSO$H x ArS02CH20Me ArCHijO+e 

91 90 

(Ar - biphenyl-2-yt) 

Scheme 1) 
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idative decomposition of adiazosulfones with t-butyl- These carbanions are readily condensed with carbonyl 
hypocblorite gives o-chloro-a-t-butoxysulfones 94.= compounds to give oxiranes, and are easily alkytated 
Whilst in general simple a-substituted sulfones do not (Scheme 14).- The a-chloro-o-sulfonylcarbanion 95 con- 
undergo SNZ-type displacements, the product 95. from denses with chloromethylamines to yield a-chloro-a.& 
treatment of an udiazosulfone with trifluoromethyl- unsaturated sulfones %.lm A general route to u&epoxy- 
sulfonic acid, reacts with nucleophiles under mild con- sulfones involves the reaction of the carbanion 95 with 
ditions to give typical SN2 displacement products.a aldehydes or ketones.“’ The initial adducts 97 may be 

a OMe 
BF3 

;r - 
SO2CHN2 HP 

RSQ2CH 
/Cl 

‘OBU’ 

94 

p - MeC6HSS02CH20S02CF3 
:NlJc 

- _p - MeCgHqS02CH2Nuc 

95 

o-Halosulfones that are structurally prevented from separated into diastereoisomers and upon treatment with 
undergoing the Ramberg-Backlund reaction can enter base are converted into the cis- and rrnns-epoxides 98 

into other interesting modes of chemistry. Both u- respectively.“’ a.@-Epoxysulfones are unstable com- 
chloro- and a-bromomethylarylsulfones are converted pounds and rearrange to /I-ketosulfones (99-+160).“* 

into carbanions in the presence of concentrated sodium This rearrangement is catalyzed by I.ewis acids. 

hydroxide and a quaternary ammonium salt catalyst. An interesting example of this rearrangement is the 

50% aq No OH 

p - Me CgHqS02CH2Br 
TEBA 

BrCH2CH2Br 

50% aq NoOH 

TEBA \ 

R , R2CO 
p - MeC6H,tS02CH,-,CR, R2 

0 

Br 

Scheme 14 

“>C3 R;NCH$t Cl SO2Ar S02Ar 
c ‘CH’ -4 

’ Cl 

96 

H 
0 

‘II, ,,,Me 
I+ 

Ph S02Me 

/O\ 
Ph 

PhCH - cHso2C&Me -p - OHC - CHSO&“,,Ma - p 

Ph ph 
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attempted epoxidation of the cyclic sulfone 101 using 
mchloroperbenzoic acid to give the @-ketosulfone 

102.“’ The a,adibromosulfone 103 reacts with the pros- 

taglandin intermediate 104 in the presence of P(NYeJ, 

to give the epoxysulfone 10S.lM Unfortunately 105 could 
not be further elaborated in a desired fashion. a.fi- 
Epoxysulfoncs can act as precursors to a-halocarbonyl 
compounds by treatment with magnesium bromide 
(Scheme IS).“’ This reaction renders the U./J-epoxysul- 
fone unit a useful R,RrCOR precursor that should find 
further applications in synthesis. The a-chloromag- 

nesium compounds 106 show no tendency towards Q- 
elimination. instead they are stable and give the usual 
reactions of Grignard compounds.‘@’ The sulfonamide 

derivative 107 is apparently capable of forming a l.l- 
dianion when treated with n-butyllithium (2 equiv.). The 

presence of the dianion 108 was evidenced by alkylation 
with methyliodide to give 109.“’ The chemistry of the 

monoanion 110 has been examined. It condenses with 
ketones to give chlorohydrins that can be converted 
using r-HuOK in TH): to a&epoxysulfonamides 111.‘” 

112.“’ This unusual reaction need not be explained as 

being an exceptional &Z-type displacement but may 
proceed as in Scheme 16. The displacement on chlorine. 

followed by a sulfenylation reaction would appear to be 

a more reasonable explanation. 
At this juncture a mention of u&unsaturated sulfones 

is presented since they may be considered to be deriva- 
tives of sulfones of synthetic interest. They are dcs- 
cribed in more detail later. u&Unsaturated sulfoncs arc 

generally available via the Wittig-Horner reaction, and a 
number of similar publications have described this pro- 

ccdure.“’ 
Sulfonyl stabilized oxosulfonium ylides 113 are best 

prepared from dimethyloxosulfonium methylide and an 

arylsulfonyl fluoride. The resulting ylide 113. is. as ex- 
pected, exceptionally stable.“’ Sulfonyl stabilized phos- 

phonium ylides 114 provide the only useful route to 

sulfonylcyanides 115. Treatment of 114 with nitrosyl- 
chloride gives 115.“’ When sulfonylcyanides 115 are 

reacted with nuclcophilcs they act as a source of clec- 

trophilic cyanide and yield cyanogen derivatives and 

Scheme I5 

ArS02CHCI 
I 

MqBr 

106 

Ll Y” 
CICH~O~~ Ct-+$NzO Cl - ;SOgNzO 

Li Me 

107 lo8 109 

0 /\ 
R2RlC - C ” SO,Nz 

III 

A procedure that should find applications in sulfone sulfinic acids.“’ Whilst ordinary cyanides are somewhat 
chemistry involves treating an a-bromosulfone with a unreactive towards cycloaddition reactions sulfonyl- 
trialkylborane in the presence of t-BuOKIt-BuOH to give cyanides readily add diazomethanc or cyclopentadianc 
an alkylsulfone.‘m It is reported that a-chlorosulfones derivatives to give adducts (Scheme 17).” 
react with sodium thiolates to give a-thioalkylsulfones An interesting class of substituted sulfones is fi-di. 

oq 
ArS02CH2 -Cl SR - ArS02CH2 + Cl-SR 

Ar SO,CH,S R + Cl 

I I2 

Scheme I6 
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00 
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Me2S = CH S02Ar RS02CHPPhJ 
Q 

8 

RSO&N - X- CN + MO2 

113 114 II5 

CH2N2 

e - MeC6H4S02CN - 
-W 

p - t&$$t4 )N, 

r . /NH 
N 

Scheme 17. 

sulfones 116. Condensation of methylene bis-phenyl- 
sulfonc with aldehydes proceeds in a straightforward 

manner to give 117. but formaldehyde condcnsarion with 

116 gives 118 and 119. In the presence of piperidine 
(Mannich-type conditions) the anticipated adduct lZO,“* 
was formed. Abnormal Knoevenagel condensation of 116 

can take place (Scheme 18).“’ Alkylation of the salts of 
116 with chloromethylmethylcther or S-chloromethyl- 
phrhalimide gave 118 (R = Ph). whereas simple non-for- 

maldehyde equivalents such as bromoacctic acid gave 
the expected products.“’ Salicylaldchyde condenses with 

mcthylene bis-ethylsulfone 116 (R = Et) in the presence 

of pip&dine to give the benzofurdn 121.“’ The anion of 
methylene bis-alkylsulfoncs conjugatively adds IO vinyl- 
sulfonium salts to give cyclopropanes. albeit in moderate 
yields. as indeed do simple a-sulfonyl carhanions.‘B 

Bis-(per8uoroalkylsulfonyl)methanes readily form 

sahs with Grignard reagents and the resulting anions can 
be alkylated.“’ Mercuric acetate reacts with 116 IO 

produce insoluble mercuric salts, reflecting the highly 
acidic nature of the methylene group.‘” 

/?-Cyano- and @-carbethoxysulfones undergo Kno- 
cvcnagel condensation IO give products of the type 122. 
Treatment of 122 with sodium adde in DMF provides a 

( RS02) 2CH2 1 RS02)2CH - CHR’ ( RS02)2CHCH$H ( SOfi12 

II6 II7 II8 

RS02 

Y 
(RS02)2CHCH2N 

3 

SOP 

II9 120 

PhCHO 

r ,S02Et 

- C(S02Er )2 1 

/ 
EtSOs 

,SO#’ 

E PhCH - CHSO$l = PhCH- CH = 

Et:02 
E1S02 H 

Scheme IA. 

0 
RSO2, @ 

/CH 

CH2= CHSMe2 
L 

RI 
(R, =Alkyl or Scalp) 
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convenient 1.2.3~triaxole synthesis.“’ The methylene bis- ~48-uwsATuIATFzBsuuoNes 

alkylsulfonyl carbanion reacts with carbon disulfide to In a study of the position of equilibrium between a.@- 

give adducts that are alkylated in situ IO produce di- and fi.y-unsaturated sulfones it was established that for 

thioketcnc acetals 123.“’ A similar reaction takes place 128 P 129 the &y-isomer was at least 99% of the cquili- 

with the a-sulfonylcarbanion.‘5 brium mixture. It has been the general observation that 

mso2 RCHQ 

X) - 
RCH =( 

S Ofi NaN3 

Q 

X 
DMF N NH 

‘N’ 

H I22 

( X= CN, C02E1 , COpI If x = COji then decorboxylotlon 124 

taker place. 

I. 1- BuOK / DMSO 

( MeSO$2CH2 c 
2.cs2 

( MeS02)$ = C( SMd2 

3. Me1 

a-h’ilrosulfones 124 arc intriguing compounds in that 

they have demonstrated a new. and hitherto unsuspected 
type of displacement process. a-lodonitro compounds 
react with sodium sulfinates to give a-nitrosulfoncs via a 

radical-chain process and not an S,,2- reaction”; 
(Scheme 19). Another route to a-nitrosulfones is IO treat 

a-sulfonylcarbanions with alkylnitratcs.‘” The sulfone 
group is displaced from o-nitrosulfones by nitroparaffin 
~11s and malonate anions via a mechanism that pos- 
sesses the characteristics of radical anion-free radical 
proccss.‘.S Nitronic acid esters IZS may be prepared by 

alkylation of a-nitrosulfones with diazomethane.‘W Py- 
rolysis of 125 gave the a-oximinosulfone 126, whereas 

reaction of 125 with t-butoxyradicals gave the unstable 
species 127.1W 

7 8 
PhS02 7 

R-C-I - R-C-I 

Lo, 

123 

the &y-unsaturated sulfone is more stable than the a./3- 
isomer.“’ This is in accordance with some of the ideas in 

Section II. Interconversion of cis- and rrons-a,B-un- 
saturated sulfones is not direct but proceeds through the 
intermediacy of the j&y-isomer.“* &y-unsaturated sul- 

fones 130 are not thermally stable, at 3OWOV they 
extrude sulfur dioxide.“’ This reaction has recently been 

used IO assemble quaternary carbon atoms.“’ The Sulf+ 
Cope rearrangement of allylvinylsulfoncs 131 produces a 
sulfene intermediate which is captured by nucleo- 
philes.“’ A rapid Cope rearrangement can. in the case of 
132, compete effectively with the more usual frag 

mentation involving the extrusion of sulfur dioxide.‘” 
a$-Unsaturated sulfones. being electron-deficient al- 

kcnes. enter into the Diels-Alder reaction. although very 

R 
I’ 

+ PhSOZ’ - R-C* + IQ 

PhSOp 71 
71 

R-C:N02 71 ?I 
- R-C- SOZPh - R-C-S02Ph + R-C-I etc. 

40, 

124 

Scheme 19 

7’ CV2 71 ($1” & Yl 

RSO$HN02 - RS02C = 
‘OCH3 

- RSO$= N-OH 

I26 

127 
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bond constitute the main chemistry of a&unsaturated 
sulfones. Cyclohexanone cnamincs react with phenyl- 
vinylsulfone to give the expected adduct 13S.‘W ahhougJr 
it had been suggested that the cyclobutanc IX might be 
the product.‘a Alkaline epoxidation (HrOJOH ) of a,#?- 
unsaturated sulfones shows similar features to a&m- 
saturated carbonyl compounds and give epoxysul- 

fones.“’ 
cis-I-Phenyl-2-@-toluenesulfonylkthene 137 or its 

Irons- isomer, with alkaline hydrogenperoxide in 
aqueous acetone affords the lronstpoxysulfonc 138. Ap 

CH2- CHCHN2 i SO2 - 

few examples of this use have been reportcd.“‘B Allenic parcntly under these conditions the initially formed ad- 

and acelylenic sulfones act as dienophiles. indeed 133 duct has sufficient life-time IO undergo rotational equih- 
and 134 are equivalent species in the Dick-Alder reac- 
tion with cyclopentadiene.“‘ 

bration yielding the thermodynamically more stable 

trons- epoxide. Whereas reaction of 137 with Cl0 in 

Nucleophilic additions to the electron-deficient double- aqueous dioxanc Save only the cisqoxysulfone 139. 

PhS02CH = C = CH2 

Q- / 
SC$Ph = 

a-, 
0 

I33 

& S02Ph 

\ 

136 

H H 

;+V;02C6H4me-!! 

H 

139 
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The stereochemistry of the epoxidation of 137 depends 
upon the nature of the epoxidizing nuckophilc. In going 

from I-BuOO’. HO0 , m-CIC,H,CO,- to Cl0 the reac- 

tion proceeds from being highly stereoselective to com- 

pletely stercospecitic. These findings are rationalized by 
the leaving group ability which is expecled to increase in 
the order I-BuO- < HO < mCICIH,COz <Cl’ ; clearly 
as the leaving group ability is enhanced expulsion of the 

leaving group can compete favorably with bond ro- 
[ation.“’ a&?-Epoxysulfoncs are somewhaI unstable to 
the reaction conditions (H,OdNaOH) and cleave to sul- 
finic acids and a-hydroxyaldehydes.“‘~“’ 

The Mcerwein-Arylation of vinylsulfones has been 

briefly studied and some controversy existed over 
whether the newly introduced aryl group was u- or @- IO 

the sulfone group. II was claimed that methyl- 
vinylsulfone 140 reacted with an aryldiazonium chloride 
IO give 111.“’ Whereas Truce er al. have good evidence 

IhaI the opposite orientation, namely 142 is formed.lL( 

The addition of nuckophiles such as amines, alcohols 

and sulfides IO o,&unsa~ura~ui sulfones has been ex- 

tensively studied and would constitute a separate review 

to do full justice IO this topic. It is perhaps sufflcienI IO 

supply key references and briefly outline some of the 
results. Addition of ethyleneimine IO allenic and propar- 

gylic sulfones led to the formation of the non-conjugated 
adduct by l.2-addition IO the allene directly, or through 
initial isomerization of the propargyl system to the allene 
(Scheme 20).“’ If the temperature at which these con- 
jugate additions are conducted is lowered then the cis- 

adduct predominates. The rrons- addition process giving 
the cis- adducI is the kinetically controlled process, 

whilst cis- addition yielding the I~URJ- product is Ihcr- 
modynamically more favorable. Addition of ethy- 

leneimine IO the acetylenic sulfonc 143 gives. almosr 
exclusively, the cis- adduct 144 via a truns- addition 

proccss.‘a If a-sulfonylvinylcarbanions are in- 
termediates in these additions then evidence has been 

Art C? 7 
C”p.&” = CH;! - 

CuCl2 C”s02Y C”g’ C”9 YCH2& 
Ar Cl 

140 141 142 

“C = 
A “#” 

CSO@ - 
A SO2Ar 

143 144 

presented thaI they do not isomerizc (c-is P truns) under 

the reaction conditions used in the conjugate additions.“’ 
The sulfonyl acetylenes used in the conjugate addition 

reactions are conveniently prepared by the free-radical 

chain addition of sulfonyliodides to acetylenes.‘Q 

An extensive series of papers describing elimination- 

“cscc”$o,C&Me - p - 
_ - CH2- c - CSo2C6H4Me-_P 

1 
/ 

‘) CH2S02C6H4h4e - _p 

L 

+ C”&SO$6”4Ma- p + ““9” 

IN\ 
H /N\ SO$&Me- p 

bans - CIS - - 

Scheme 20 

PhS4C= CMe Z PhSO.$“-C-CH2 i PhS02CH2C=C” 
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H Sph 

PhSO$H= C - CH2 

1 

PhS02CH2C=_C” 

I\ 
PhSO$H,C - C”2 

I 
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Scheme !I. 



addition reactions IO unsaturated sulfoncs has been pub- 
lished by Stirling and coworkers: some of the results 

are given below. Addition of Ihiolate anions IO the sul- 
fones 245. 146 and 147 results in Ihe cis- product lls 

(Scheme 21).‘” 
In contrast IO the above result, when 145, 146 and 147 

were treated with sodium methoxide (O.lON) the adduct 
149 was the only product from each sulfonc.‘(” A recent 
review covers the latest results,“’ and detailed dis- 

cussion of the interconversions of 145, 146 and 147 is 
available.“’ 

PhSO$++ 
CH2 

OMO 

149 

The elimination reactions of fi-substituted sulfoncs has 
been used as a method for carboxyl group protecIion.“’ 

a-Amino acids are condensed with a p-hydroxysulfone 
using dicyclohexylcarbodiimide as the condensing agent. 
IO give fi-sulfonylesters 150. These esters are sub 
scquently coupled IO give a dipcptide 151, and IrcaImenI 
wiIh base removes the protecting group by fi-eli- 
mination.“’ Phosphate groups have been protected dur- 
ing nuclcoIide synthesis using the 0-Z(arylIhiokthyl 

group. ArSCH:CHI@. II is removed by oxidation IO the 
sulfonc, followed by /3tliminaIion with dilute sodium 

hydroxide.“’ The WiIIig reagent 152 was used in the 

synthesis of pyrenophorin 153. Eventually the sulfonyl 
protecting group was removed under mild conditions 
using I,_5diazobicyclo[4.3.0]non-Stne IO effect &cli- 
mination. This mild method of removal is an essential 

feature of this synthesis.“’ 

R 
I 

P- NHCHCO$i t HOCH2CH$02Ar 

?I RI R 
P-NHCHCOZ 

* P- NH~HCONH~HCO~H&H,!X$Ar = P-NH%CONHRtHC02’ 

R 
DCC 

- P- N”~HCO&H~H,SO~r 

l!so 
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Most of the chemistry described so far has in some 
way demonstrated that the sulfone functional group is a 
particularly stable unit surviving a large number of trans- 
formations. II is the intention of this section IO describe a 

few reactions thal rely on the disruption of the sulfone 
group, (rc references I33 and 134). whilst the thermal 
elimination of sulfenic acid from a sulfoxide is a rela- 

tively mild and well studied process, the elimination of a 
sulfinic acid from a sulfone is recognized lo be extremely 

diflicult. When the arylsulfone 154 was healed with I- 
BuOK in pyridine, elimination took place IO give al- 
kenes.‘% The pdimethylamino group in 154 has an ac- 

tivating effect since 154 thermally eliminated to pcntcnes 
without base being present, whereas simple phenyl- or 
p-tolylsulfones did not. Benzyl-2-phcncthylsulfone 

reacts with ethylmagnesium bromide in dry xylcne aI 
rcflux IO give I.3diphcnylpropenc and stilbcnc.“’ 

An interesdng double yclimination illustrates that un- 
der particularly favorable geometrical circumstances the 

phenylsulfonyl group can act as a leaving group”’ (155 + 
156). Aromatic sulfones are reputedly thermally stable 
compounds, but when p-Iolylsulfone in benzene was 

dropped into a heated column (Lu)(p) packed with alu- 
mina. hiphenyl (485). p-hitolyl (22%) and p- 
toluenesulhnic acid (zo/c) were formed.“* Pyrolysis of the 

bis-sulfone 157 al 500” gave the 12.21~metacyclophanc 
lsS.‘@ This procedure has been applied IO the synthesis 

of other metacyclophanes.‘6’ 
Dihydrothiophene-Sdioxidcs 159 may be converIed 

into butadicnes 160 when they are pyrolyzed or pho- 

tolyzed. The reaction is 99% sIereospccific.16.’ The 
dihydrothiophene-Sdioxide 161 readily loses sulfur diox- 
ide when treated with hydrazine to give 162.‘“’ 

151 P= protecting group 

152 6 

153 

CH3fHCH2CH2CH3 

SO2 

0 1: t - BuOK/pyrldine - 
reflux 

I-pentene,E-2-penlene,Z-2- pentene 

NMs2 

154 
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R, R3 

02 

161 162 

a-Sulfonylcarbanions can undergo rearrangement pro- 

cesses; the anion 163 u-eliminates to give. via the car- 
bene 164, triphenylethylene.‘” Treatment of either cis- 
or rrans-2.6diphenylthiecanc-I.l-dioxide 165 with 
ethylmagnesium bromide gave fmns-1.2- 
diphenylcyclopropanesuhinic acid 166.‘*’ Naphthothietc 

sulfone 167 is reduced by lithium aluminum hydride IO 

give the thioaldchyde 168. which may be hydrolyzed to 
the aldehyde or further reduced IO a thiol.‘” Diallenic 

sulfones 169 are thermally unstable and rearrange at 
temperatures as low as 75” IO thiophene-1.1.dioxides 

170.‘“’ 

The Truce-Smiles rearrangement has been the subject 

of several papers;” the general mechanism is given in 

Scheme 22. If mesityl p-tolylsulfone is treated with 

n-butyllithium. followed by rapid work-up, a 4a.9a- 

dihydrothioxanthene-lO.IOdioxide can be isolated.‘@ 
This experiment provides evidence for the addition- 

elimination pathway. 
Relatively few papers have concerned themselves with 

the photochemistry of sulfones. presumably because of 
the high energy radiation needed IO excite the chromo- 

phoric unit. Predictably. @-ketosulfones 171 undergo 
typical photochemical cleavage.‘” Diarylsulfoncs I72 on 

irradiation in benzene give biaryls 173.“’ Irradiation of 

phenyl 2.3,5.6-letra-O-acelyl-a-Dghrcofuranosyl sulfone 
174 in acetone with a 4% medium pressure mercury 

lamp gave SO,. biphenyl. the 2.3.5.6-telra-O-acetyl 
derivatives of I &anhydro-bglucitol. a-r@tco- 

furanosylbiphenyl and its anomer.“’ Scheme 23 outlines 

this complex reaction. 

a DeRrPohnATlon AND TBE w 01 SLUWIS 

fosulplDBs 

Most uses of the sulfone group in synthesis ullimately 
involve its reductive removal. A recent improved 

procedure involves treatment of an arylalkylsulfone with 
excess 6% Na-Hg amalgam in merhanol. in the presence 

of 4 yuiv. of disodium hydrogen phosphate.“’ The 
a&unsaturated sulfonyl group can be converted into an 

alkene; the sulfonyl group is replaced by an alkyl group 
when reacted with a trialkylborane.” When the sulfonyl 

group is attached directly IO a chiral center 175 

desulfonylation with Racy nickel. pretreated with 

acetone. gave 176. with predominant retention of 
configuration, whereas Raney nickel in ethanol gave 

inversion.“’ A little exploited method of reductive 
cleavage is electrochemical reduction of aryl- 
alkylsulfones IO hydrocar~ns.‘” 

z Ph3C HSO$h Ph& --‘CH 
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m 

I64 

Ph s 

Ph 

& 
m 

602 

I65 

m 

Pe 64H 

I66 



2038 PHILIP D. MAGNUS 

I 
PhCH2S02, W&OR 

171 172 173 

OAc 

OAC 

S02Ph 

OAc 

174 

hd 
- SO2 + Ph2 + 

benzene 
A.6 + Ac&Ph 

OAc 

+ Ac&G”4Ph-~ + koGI 

OAc AcO OAc 

Scheme 23. 

Until recently the reduction of the sulfonyl group IO a 

sulfide has not been a particularly viable procedure. 
Diisobutylaluminum hydride (L&d-H) cleanly reduces 

sulfones IO sulfide and solves this outstanding trans- 
formation.‘” Lithium aluminum hydride reduces 6 and 

S-membered ring sulfones to the corresponding sulhdes. 
but with bmcmbered rings the a-monoanion and a.~‘- 
dianion is formed, and little reduction oc~urs.‘~ If the 
anion of a S-membered ring sulfone is treated with 
lithium aluminum hydride a cyclobutene is formed.‘” 

Finally before describing the applications of sulfone 

chemistry in Ibe synthesis of natural products a menlion 
is made concerning the protonation and O-alkylation of 

sulfones. When dialkylsulfones are dissolved in flu- 
orosulfonic acid antimonypentafluoridc-sulfurylchloride- 
fluoride solution at - 80”. protonation occurs on oxy- 

gen.lm Decomposition of phcnyldiazomium tetra- 
fluoroboratc in sulfolane gave the crystalline aryloxysul- 
fonium salt 176.“’ 
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As a conclusion to this review a number of examples 

of how the sulfone group has been used in the synthesis 
of natural products is presented. A synthesis of sesqui- 

fenchene reported by Grieco utilizes a sulfone alkylation 
followed by desulfonylation procedure. The sulfone 177 

was alkylated using n-butyllithium as the base, and 
3.3dimethylallylbromide as the alkylating agent to give 
178. Desulfonylation (Li/H,NEt -78”) and subsequent 

transformations gave sesquifenchene 179.“’ A similar 
sequence, namely alkylation of a sulfone followed by 

desulfonylation was used to synthesize (?)diumycinol. a 
sesterterpene.“’ ‘The bicyclic sulfone 180. prepared from 
(-)-/3-pinene was treated with NaH-DMSO to give the 

Spiro-[4.Sjdecane 181, which was converted into 
(+)hinesol 182.“’ Fragmentation of the sulfone 183 with 
potassium iodide in DMF at I lo” gave dimcthylsulfone. 

carbon dioxide, and (?)-versimide 184.‘” Both Q- 

santalene and a-santalol have been synthesized by Julia 
ef al. utilizing routes that involve sulfone alkylation.“’ 

Vitamin A alcohol 185 has been synthesized via the 
route outlined in Scheme 24; of particular note is the 
facile elimination of arylsultinic acid to create the 

completely conjugated system.“’ The type of chemistry 

outlined in Scheme 24. first described by Julia. has ken 
the cornerstone of a number of polyene syntheses.‘c 

Alkylation of conjugated arylsulfonyl carbanions. pre- 

pared from the corresponding allylic sulfones and allylic 
halides bearing terminal carbonyl groups, leads to 

polyene sulfones which readily eliminate arylsulfinate to 

give polyenes’” (Scheme 25). Naturally one can an- 

ticipate many strategic combinations of sulfone and 
ahylic halide; two are outlined in Scheme 26.‘“.‘O” 

The formation of a cyclopropyl system via the unusual 

l&addition of an a-sulfonylcarbanion to an a,B- 
unsaturated ester has been exploited in the synthesis of 

(~)_presqualene alcohol 18(.‘*’ Using pure (2E,6E)- 
sulfonc and (6E)-ester. condensation followed by reduc- 

tion gave (+)_presqualene alcohol 186 (Scheme 27). 
Combination of two C,-units 187 and 188 has shown 

great tkxibility leading to short syntheses of linalool, 

nerolidol. isophytol and vitamin A.‘” The principle of 

method is outlined below (Scheme 28). Squalene 189 has 
been synthesized utilizing a coupling reaction of a 
sulfone followed by desulfonylation.” 

The carboxysulfone 199 underwent cyclization when 
treated with concentrated sulfuric acid to give the 

lactone 191.‘” This cycliration procedure was used in the 

synthesis deoxytrisporonc. Cyclization of 192 with 
concentrated sulfuric acid gave an umpolung of cy- 

clocitral, 193. Oxidation (SeO?). and alkylation of 194, 

followed by desulfonylation gave deoxytrisporone 19S.lW 
Synthetic proof of the revised structure of de- 
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Scheme 26. 
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195 

hydroisolongistrobinc 1% was provided by total syn- 198. Alkylation of 198 using o-nitrobcnzylbromide pro- 

thecis..sb vided 199. which was desulfonylated to give 200. Further 

The imidazolc 197 was condensed with methylphcnyl straightforward transformations of zdo gave dc- 

sulfonylmagnesium bromide IO give the /3-ketosulfone hydroisolongisotrohine 1%. 
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m 

197 I99 

SO*Ph 

/ 203 
cope 
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Scheme 29. 

‘frost has illustrated the value of n-allylpalladium 

complexes such as 201 in synthesis; for example, 
treatment of 201 with the a-sulfonylcarbanion 282 gave 

203. which was decarboxymethylated and desulfonylated 
to give 264.” An interesting, and presumably general 

transformation illustrated in steroid chemistry. is the use 
of a sulfone group as a latent enone precursor. This is 

presented in Scheme 29.‘- 

The sulfone functional group, as can be seen from this 
review, has found its way into a wide range of organic 

chemistry. It is hoped that the examples given will 
encourage those who have so far not included sulfone 

chemistry in their repetoir, to do so. One major practical 

advantage of incorporating a sulfone group into synthetic 
chemistry is that intermediates are likely to be crystalline 

and stable. As a pointer to future developments that 

could greatly extend the use of sulfone chemistry would 
be the ability to convert the unit RCHqO?R, into 

RCH(OH)SO,R,aRCHO. If this is achieved then an 
equivalency of carbonyl and sulfone chemistry becomes 

possible via the so-called nucleophilic acylation prin- 
ciple. 
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