JOURNAL OF PHYSICAL ORGANIC CHEMISTRY
J. Phys. Org. Chen2001;14: 81-89

Reactions of 5-(alkyl)thianthrenium and other sulfonium

salts with nucleophiles

Bo Liu and Henry J. Shine*

Department of Chemistry and Biochemistry, Texas Tech University, Lubbock, Texas 79409, USA

Received 19 May 2000; revised 26 September 2000; accepted 27 September 2000

ABSTRACT: A series of 5-(alkyl)thianthrenium triflate34—d, g-) with alkyl (R) groups Me 4), Et (b), isoPr €), 2-

Bu (d), cyclopentyl §), cyclohexyl f) and cycloheptylij were prepared by alkylation of thianthrene (Th) with alkyl
formate and trifluoromethanesulfonic (triflic) acid. Benzylati@f) (vas achieved with benzyl bromide and silver
triflate. 5-(Neopentyl)thianthrenium perchlorat8el was prepared by reaction of thianthrene cation radical
perchlorate with dineopentyl mercury. Methy#d] and cyclohexyldiphenylsulfonium triflatelly) were made by
alkylation of diphenyl sulfide. Benzyldimethyl-54), dibenzylmethyl- $b) and benzylmethylphenylsulfonium

perchlorate §c) were prepared in standard ways. Reactions of these sulfonium salts with iodide ion and thiophenoxide
ion were studied for comparison with our earlier reported reactions of comparable 5-(alkoxy)thianthrenium and

methoxydiphenylsulfonium salts. It is deduced that reaction3-6fwith nucleophiles (Nu) I~ and PhS follow
traditional §y2 andE2C paths. Thus, the salBa—c, eandf gave virtually quantitative yields of RNu and Th, while
small amounts of butene(s) were obtained freth The cycloalkyl salt3g-i gave amounts of cycloalkylNu and
cycloalkene typical of competition &2 andE2C routes in the classical reactions of cycloalkyl halides and tosylates
with 1~ and PhS ions. Whereadla gave onlyS2 products4b gave S\2 andE2C products typical ofS2/E2C
competition. Among the salsa— displacement of the benzyl group was domindd) (or exclusive §b, ¢), thus
exhibiting the preferential displacement of a benzyl group that has been fully documented in earlier st@dies of
reactions. Qualitative comparison showed Beafmethyl) reacted much faster thada(neopentyl) with PhS. Unlike
alkoxysulfonium salts, the sal&-5 do not appear to undergo reactions at the sulfonium sulfur atom. Copytight

2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Recently, we reported the reactions of 5-(alkoxy)thian-
threnium perchlorates1) with iodide, bromide and
thiophenoxide ion$:> Compoundd. were then relatively
new members of the class of alkoxysulfonium salts,
inviting study of their chemistry. We found that they
engaged in three types of reaction with halide ions,
namely,Sy2 substitutionE2C elimination and reaction at
the sulfonium sulfur atom. The last type led to the
formation of thianthrene (Th), the alcohol (ROH)
corresponding with the 5-alkoxy group, and halogen
(iodine or bromine). Similar reactions occurred with the
more commonly known methoxydiphenylsulfonium tet-
rafluoroborate Z). Reactions ofL and 2 with thiophen-
oxide (PhS) were different, however. Little or n8y2
reaction occurred, in spite of thiophenoxide’'s being a

better nucleophile than halide ions toward carbon, and no

elimination was obtained, even with the cyclohexyloxy
group, in spite of the propensity for cyclohexyl
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derivatives to undergdE2C elimination with PhS.?
Instead, reaction at sulfonium sulfur was dominant, with
the formation of Th, ROH and diphenyl disulfide
(DPDS). We attributed this behavior to the remarkable
thiophilicity of PhS™ and to the ease of displacement of
an alkoxy group attached to sulfur inand2.2
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Trialkyl-, triaryl- and alkylarylsufonium salts are well
known tricordinate organosulfur compounds, and num-
bers of their reactions with nucleophiles have been
reported. Among this class of compounds, 5-(alkyl)thian-
threnium salts ) are not so well known, and to our
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knowledgeno studieshave ever beenreportedof their
reactions with nucleophiles such as the halide and
thiolate ions. We are interested in these reactions
particularly as to how they comparewith the reactions
of 1. We reporthere,therefore,the reactionsof I~ and
PhS  with the trifluoromethanesifonate (triflate) and
perchloratesalts 3a-, in which the alkyl group R is

successivelyMe (a), Et (b), isoPr (c), 2-butyl (d),

neopentyl(e), benzyl(f), cyclopentyl(g), cyclohexyl(h)

and cycloheptyl (i). Furthermore althoughnumbersof

reactionsof sulfoniumsaltswith nucleophilesarein the
literature,not many are to be found with 1~ and PhS'.

Consequentlyfor comparisonwith reactionsof 3 we

havestudiedandreportthereactionf |~ andPhS™ with

methyl- (4a) and cyclohexyldiphenylsulforum triflate

(4b), andof Br~ andPhS™ with a numberof sulfonium
perchlorates(5) containingthe benzyl group, namely,
benzyldimethyl-(5a), dibenzylmethyl-(5b) andbenzyl-
methylphenylslionium perchlorateg(5¢). Our interestin

thesereactionsjn comparisorwith reactionsof 1 and2,

wasto find if halideandthiophenoxidéonswould show
theirusualcarbonnucleophilicities or if, particularlywith

PhS’, reactionat sulfur would intervene.

R
Ly

S
LD
3a-j
R =a, Me; b, Et; ¢, iPr; d, 2-butyl; e, neopentyl; f, benzyl;
g, cyclopentyl; h, cyclohexy!; i, cycloheptyl; j, Pr

X =CF,80; (a-d, f-j);ClO, (e)

Ry
_ . B
Ph,S*R, CF380; PhCH,S,_  CIO;
4a, b R,
R = a, Me; b, cyclohexyl _____SL
Ry R»
a, Me Me
b, Me PhCH,
¢, Me Ph

RESULTS
5-(Alkyl)thianthrenium salts (3)

Little is to be found on the preparatiorand chemistryof
thesecompoundsn the literature.We reportedfrom this
laboratorysomeyearsagothe preparatiorof anumberof
5-(alkyl)thianthreium perchlorates, Th"RCIO,~, by
reaction of thianthrene cation radical perchlorate,
Th*™ CIO,, with dialkymercurials(R,Hg) and tetraalk-

Copyright0 2000JohnWiley & Sons,Ltd.

yltins (R,Sn), with R being, for example,Me, Et, Bu,
allyl andvinyl (Ref. 3 for Me,Hg andEt,Hg, Ref. 4 for
R4Sn,R = Me, Et, Bu, vinyl).

In thesereactionstheradicalR' is formedinitially in
oxidationof the organometaby Th*", andif trappedby
anothefTh™ givesthe 5-(alkyl)thianthreniurrion.” If R’
is easilyoxidizedto R* by Th*", the cationis trappedby
solvent acetonitrile and 3 is not formed® Hence this
method has limitations. Thianthrene,like other diaryl
sulfidesjs notsufficientlynucleophilicto bealkylatedby
method$® that work well with dialkyl and alkyl aryl
sulfides, although Saevawas able to alkylate it by
reactionwith p- cyanobenzybromideandsilver triflate®
(Ref. 7 has numerousreferencesto earlier methods).
Recently Miyatakeetal.” made3ain excellentyield by
reactionof Th with methyl formateandtriflic acid, and
we usedthat methodto prepare3a—d, g+ in the present
work. Thisallowedusfor themostpartto avoidthe useof
organomercurail@nd organotinsfor alkylating Th. We
were unableto preparethe 5-(neopentyltriflate by this
method becauseof difficulty in preparing neopentyl
formate. Furthermore,we were unableto preparethat
triflate by alkylating Th with neopentyliodide andsilver
triflate. Therefore,we prepared5-(neopentyl)thianthre-
nium perchloraté3e) by our earliermethod® thereaction
of Th™"ClO,~ with dineopentylmercuyr. Alkylation of
Th with benzylformateandstriflic acidwasunsuccessful.
We found that benzyl formate itself reactedviolently
with triflic acid. Therefore,alkylation was carried out
with benzyl bromide and silver triflate® Attempts to
prepares-propylthianthreniuntriflate (3j) werethwarted
by partialrearrangemerthatgavea mixture of 3j and3c
(shownby NMR); this experiencediffers from that of
Miyatake et al., who preparedbutyldiphenylsulfonium
triflate without rearrangemenof the butyl group” The
samemethodwas usedfor preparing4a and b, while
customaryalkylation techniquesvereusedfor preparing
5a-—c.

Reactions of 3-5 with nucleophiles

The datain Table 1 show that quantitativeor closeto
quantitativeyields of alkyl halideor alkyl phenylsulfide
and Th were formed when 3a+ reactedwith halide or
thiophenoxideion in acetonitrile solution. Exceptions
werethe reactionsof 3h, in which the major productof
the cyclohexylring wascyclohexeneand3g andi from
which smalleramountsof cycloalkenewereobtained A
similar patternin resultswas obtainedwith 4a and 4b
(Table2). Whereagheformergavequantitativeyields of
methyl iodide and thioanisole,the latter gave mostly
cyclohexeneTheseresultswith 3h and4b aretypical of
the S\2/E2C behaviorreportedyearsago by Winstein,
Eliel and co-workers:® That is, that in reactions of
cyclohexyl halides and tosylates with halide and
thiophenoxide ions, both $§2 substitution and E2C
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Table 1. Reactions of 5-(alkyl)thianthrenium salts (3) with
halide and thiophenoxide ions (X™) in MeCN

Table 2. Reactions of alkyldiphenylsulfonium TFS (4)7 salts
with iodide and thiophenoxide ions (X™) in MeCN

Products(%)° Products(%)°

Compound Alkyl group X RX Th  Alkene Compound Alkyl group X RX PhS Alkene
3a Me I 92 99 4a Me | 96 98
3a Me PhS 101 101 4a Me PhS 98 101
3a Me PhS 102 99 4b C% | 15 95 77
3b Et | 98 101 4b C% Phs 266 98¢ 71°
3b Et PhS 97 98
3c iPr I 100 99 ZTrifIuoromethanesulfonate.
3c iPr PhS 103 102 Measuredvith GC.
3d 2-Bu PhS 94 100 45 . g}ylzllgﬂgg'ne
gg gggggm th gg gg eCyc|0hexylphénylsuh‘ideanddiphenylsuIfideappeare(ﬂogetherasa
3f hC e 00 96 single GC peakwhich was assayedas Ph,S. The composition of the

PhCH Br 1 mixture wascalculatedon the basisthatequal(mmol) amountsof ene
g; Eﬂgg Eﬂg 1%% gg andPh,S andof RX and Ph,S hasbeenformed.
39 Cs 19 96 101 2.0
39 C'e PhS 96 101 3.4

I

22 8‘5 :DhS gg 183 ;g a historicalsenseao emphasizehe analogyof our weak-
3j ij | 88 100 7.0 baseinitiated eliminationsfrom cycloalkyl groupswith
3i cs PhS 88 99 11 thosethat were uncoveredn earlieryears'®** Valence

& All saltsweretrifluoromethanesutinates except3e, which wasthe
Eercholorate.
Measuredwith GC, exceptl..
¢ An equalamountof PhSHwasincluded.
9 Unidentified,basedon responsdactor for 2-butene.
€ Bu,NBr wasused.
f Cyclopentyl.
9 An averageof threeexperiments.
" An averageof two experiments.
' Cyclohexyl.
I Cycloheptyl.

eliminationoccurred pftenin almostequalamounts -
Theconcordancef the §y2 andeliminationreactionsjn

fact, led Winsteinandco-workersto referto the latter as
the ‘merged’ mechanismthatis, an elimination merged
with the pathwayto substitutionThis, then,appearso be
the situationwith reactionsof 3h and4b andto a lesser
extentwith 3gandi. We usetheterminologyE2C herein

bond theoryud.and temperature-dependektinetic iso-
tope effects?9~ havebeenusedin later yearsto support
an E2C transition state, but the conceptitself remains
controversial?>®" Small amountsof iodine were in-
dicatedin someexperimentdy the color of the reaction
solutionandweremeasuredn two caseswith 3e (entry
9, Tablel, 7.3%)and3i (entry 18,8.6%).In all reactions
with NaSPhvarying amountsof DPDSwerealsofound.

In reactionsof the benzyl derivativesSa—c (Table 3)
with bromide and thiophenoxideons, the benzyl group
wasdisplaceckitherexclusively(5b andc) or dominantly
(58). Thatis, in reactionof 5a with PhS", some(6.4%)
thioanisole was formed in addition to benzyl methyl
sulfide,(94%).In reactionwith Br—, 5agavenotonly 94—
95%o0f benzylbromideanddimethylsulfide,butalso7%
of benzyl methyl sulfide. The last productrequiresthe
displacemenbf methyl from 5a as methyl bromide,but
we were unableto assaythat compoundwith our GC
columns.

Table 3. Reactions of benzyl(R1)(R,)sulfonium perchlorates (5) with bromide® and thiophenoxide ions (X™) in MeCN

Products(%)°
Compound Rl R2 X PhCHZX PhCI‘bSRl PhCI'bSRz R]_SRZ R1X R2X
5a Me Me Br 95 3.6 3.6 94 ¢ ¢
5a Me Me PhS 94 4.0 4.0 95 3.2 3.2
5b Me PhCH, Br 102 101
5b Me PhCH; PhS 99 99
5b Me PhCH, Phg' 103 100
5c Me Ph Br 97 94
5c Me Ph PhS 98 100

& The sourceof Br~ wasKBr/18C6 exceptin thefirst entry, when Bu,;NBr wasused.

b Measuredwith GC.
¢ MeBr wasnot measurablavith our columns.
4 0.50mmol eachof NaSPhand PhSH.
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|

RNu + S (6) [1]
OR NU—
é+ S ene + 6 + NuH [2]
9N

S M + ROH + Nup [3]

Scheme 1
DISCUSSION

In thereactionsof alkoxysulfoniumsalts1 and?2, akinto
3 and4, reactionat sulfoniumsulfur playeda significant
role (halideion) or dominantrole (thiophenoxiddon).>?
For example,reactionsof iodide ion with 1 led to the
formationof RI andthianthrenes-oxide[6, Eqn.(1)], to
alkeneand6 [Eqn. (2)] andto thianthreng(Th, 7), ROH
andiodine[Nu,, Eqn.(3)] in relativeamountsdepending
on the natureof R in the alkoxy group. Thesereactions
are shownin abbreviationin Schemel, with Nu™ =17,
Whenthe nucleophilewasPhS", however,only 7, ROH
and diphenyl disulfide (Nu, =PhSSPh,DPDS) were
formed, regardlesf the natureof R. Similar behavior
wasnotedwith 2. Thereactionshownin Eqns(1) and(2)
(Nu™=1") were diagnosedas being Sy2 and E2C
reactions,occurring in competition that becamemore
pronouncedas R in RO was changedfrom primary to
secondaryto cycloalkyl. As that change progressed,
furthermore,formation of 7, ROH and |, becamemore
significant, and that was attributedto reactionof I~ at
sulfonium sulfur, increasingin scaleasthe natureof R
made S 2/E2C reactions more difficult. In contrast,
reactionsof PhS™ with 1 and2 werealmostexclusively
accordingo Eqn.(3). Thedifferencein behaviorof PhS
and |7, in spite of the well-known greater carbon
nucleophilicity of PhS™, was attributedto the thiophili-
city of PhS", which notonly directedits initial reactionto
sulfoniumsulfur, but alsoits evenmorefacile follow-up
reactionatthe sulfenylsulfur of the resultingphenylthio-
sulfoniumion (8), Scheme2. The formation of 8 was
further attributednot only to the thiophilicity of PhS’,
butalsoto theeasydisplacemenof alkoxide.Whether,n
the formationof 8, anintermediatesulfurane,shouldbe
included, or whether direct displacementof alkoxide
occurred,could not be decided.

OR SPh
|
N _ _
8t + Phs 8t + RO
8
PhS ~

S_ + PhSSPh
Scheme 2
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Thedatain Tablesl and2 showthatreactionsof 3 and
4 with I~ and PhS do not have the variability of
reactionsof 1 and2. Regardlessf thestructureof Rin 3
and 4 reactionsfollowed either Sy2 or E2C pathways.
The latter pathway was particularly marked with
cyclohexylsulfoniunsalts3h and4b, well in accordance
with earlier classicalstudiesof cyclohexyl halidesand
tosylate'®** Furthermore our comparativeresultswith
cyclopentyl-(3g) andcyclohexylthiantihenium(3h) salts
almostparallel thoseobtainedin Winstein's laboratory
with cyclopentyl and cyclohexyl tosylates:®® That is,
reactionsf thesetosylateqwith Cl™ in acetoneat 75°C)
gave 3.3 and 72.3% elimination, respectively,closeto
ourresultswith |~ andPhS™ (Tablel). Thedifferencein
reactivitiesof the tosylateswas attributedto the faster
S\2 reactionof cyclopentyl tosylate’®® Becausereac-
tions of simple cyclopentyland cycloheptylderivatives
with thiolateionscouldnotbefoundin theliterature,we
carried out those reactions ourselvesby stirring the
cycloalkyl derivative overnight in MeCN solution
containing an excessof NaSPh.Cyclopentyl bromide
andtosylateeachgave97%of cyclopentylphenylsulfide
andsmallamountof cyclopenteneCycloheptylbromide
gave 91% of cycloheptyl phenyl sulfide and 4.7% of
cyclohepteneCycloheptyltosylategave 91 and 6% of
these products. Previously, McLennart' reported the
reactionof cyclohexyl bromide with NaSPh,obtaining
55% of cyclohexeneUnder our conditions,cyclohexyl
bromide gave 56% of cyclohexene and 44% of
cyclohexylphenylsulfide.

Our diagnosisof S2/E2C reactionswith 3 and 4 is
supportedby the resultsof reactionsof 5a-c, Table 3.
Thereit is seerthatthebenzylratherthanmethylgroupis
displacedeither exclusively (5b, ¢) or dominantly (5a).
The preferred displacementof benzyl over methyl is
diagnosticof S2 reactionsand is in accordancewith
observationin avarietyof earlierstudies™ With respect
to sulfoniumsalts,reactionof azideion with dimethyl(1-
phenylethyl)sulfoniumchloride occurredexclusively at
the I-phenylethyl group**® and with inversion of
configuratiom:* Thiourea reacted similarly with this
sulfonium ion, but methoxidereactedpreferentially at
the methyl groups'® DormanandLove usedpreferential
attack at benzylic carbon in an adaptation of the
Merrifield peptide process.That is, a dialkyl sulfide
(e.g. MesS, EtS) leaving group was attachedto the
benzylicCH, groupof the polymer,forming a polymer-
linked dialkylbenzylsulfaium ion. Reactionwith car-
boxylate occurredmainly (90%) at the benzylic carbon
atom?® King et al. found that dibenzylethylsulfaium
salts reactedwith thiocyanateion and thiourea exclu-
sively at a benzyl group, with no sign of ethyl-group
displacement’

Ourconclusiomabouttheresultsin Tables1-3,then,is
that they are from $2 and E2C reactionsand do not
involve reaction at sulfonium sulfur. The reaction at
sulfonium sulfur that we have reported for 5-alkox-
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ythianthreniumions (1), particularlywith PhS’, doesnot
occur with the sulfonium salts 3-5. The difference
betweerreactionof 1, 2 and3-5is in thedisplacemenof
thegroupattachedo sulfoniumsulfur. Thealkoxy group
is easily displacedfrom 1 and 2 when a nucleophile
attackssulfonium sulfur. Analogousreactionwith 3-5
would requiredisplacemenbf a carbaniorandthatdoes
notoccur.Theiodinemeasuredh two reactiong3e,i), is
suggestiveof reaction at sulfonium sulfur, but the
correspondingalkane was not found; the formation of
iodine may havebeencausedy inadvertenbxidationof
iodide ion. The DPDS that was found in reactionsof
NaSPhis also attributed to concomitantoxidation of
PhS'.

It is, of coursenot possibleto saythat PhS, thatwe
have deemedto be so thiophilic, does not react at
sulfonium sulfur. Its thiophilicity suggeststhat this
reactionshouldoccur with formation of a sulfurane[9,
Eqn.(4)], butif thatdoesoccurit mustbein anunfruitful,
reversibleway.

. + RSPh [4]

Is it possiblethat a sulfuraneis formed, and through
ligand coupling'® leadsto whatwe havediagnosechsan
S\2 product? We have no direct evidence for the
formation of 9 and indirect evidencethat leads us to
argueon two countsagainstits leadingto RSPh.First,
thereis no reasonto expectthat ligand couplingin the
reactionsof 5 would occur exclusivelyor preferentially
with the benzyl group. If ligand coupling was made
feasibleby the formation of 9, both methyl and benzyl
groupswouldbeableto participatein it. In thecaseof 5c,
even the phenyl group could be displaceableforming
diphenyl sulfide. Second, with ligand coupling, the
cyclohexyl group in 3h and 4b would appearonly as
cyclohexylphenylsulfide. Thereis no reasonto believe
that the E2C reactionwe observecould occurwithin 9.
Theparallelof ourreactionswith 3gandh andcycloalkyl
tosylate$® andthe similaritiesin our resultswith 3g-i
and the cycloalkyl bromides and tosylates are also
indicative of S 2/E2C ratherthananothemroute.

Neverthelesswe madeseveralattemptsto verify an
Su2 routeto RSPhin thereactionsof PhS™ with 3. In the
first, we set out to measureand comparethe rates of
reactionof 3a (methyl) and3e (neopentyl)with PhS™ by
NMR spectroscopy.We used DMSO-ds rather than
MeCN-d; as solventbecauseof the poor solubility of
NaSPhin thelatter. We wereableto measurehe rate of

reactionof 3abutreactionof 3ewastoo slowto measure.

Consequentlyyve resortedto a qualitative, competitive
reactionbetween3a and e for a deficiencyof PhS'. In

thatcaseall of 3areactedrapidly forming 7 andMeSPh,
while the amountof 3eremainedunchangedThereafter,

Copyright0 2000JohnWiley & Sons,Ltd.

the methylgroupof remaining3awasslowly transferred
to solventwith theformation(deducedrom the NMR) of

ds-Me,SO"Me. We sawno changen theNMR spectrum
of 3e to suggestthe presenceof a sulfurane9. We

concludethattheresultof the competitivereactionis also
diagnosticof an Sy2 pathway.

More direct evidencefor an Sy2 pathwaywas sought
with the preparationof a 5-(alkyl)thianthreium salt in
which the alkyl group would undergo inversion of
configuration in an Sy2 reaction and retention of
configuration in ligand coupling. We chose first to
alkylate 7 with ciss and trans4-methylcyclohexyl
formates. However, whereaswe had no difficulty in
alkylating 7 with cyclohexylformate we wererepeatedly
unsuccessfulwith the 4-methyl derivatives. Last, we
turned to alkylation with (§-2-butyl formate,
[e]lp=+7.9, made  from (9-(+)-2-butanol,
[¢]o = +13°. Alkylation of 7 to give the expected5-
[(R)-2-butyl] thianthreniuntriflate gavea productwith a
very low rotation, namely[o]p = +0.9°, suggestinghat
the 2-butyl group was mostly racemic.Reactionof the
productwith PhS™ gave2-BuSPhalsowith a very low
rotation, namely, [«]p = +0.8°. The positive rotation is
consistent with the formation of (§-2-BuSPh
([¢]o = +16°) andthusconsistenwith an Sy2 pathway,
buttheresultsarenot consideredo be strongenoughfor
areliablediagnosis.

In conclusion, although we have not been able to
provide direct evidenceagainstligand coupling, all the
evidence we have is supportive of §2 (and E2C)
reactionsof 3-5.

EXPERIMENTAL

Thefollowing compoundsisedasGC controlsand/orfor
other preparationswere obtained from commercial
sources:methyl, ethyl, isopropyl, neopentyland cyclo-
hexyl iodide; cyclopentyl, cycloheptyl and benzyl
bromide; methyl and ethyl phenyl sulfide; and methyl
andethylformate.The preparation®f cyclohexylphenyl
sulfide and cyclopentyl and cycloheptyl iodide were
describedearlier? Acetonitrile was dried by distillation
from P,Os and again from CaCb; methylenechloride
was dried by distillation from P,Os, and DMSO by
boiling overCaH, followed by distillation underreduced
pressureColumnA usedfor all compoundgxceptMel,
Me,S and cyclopentenewas 10% OV-101 on 80-100-
meshChromosorb-WHP, 4 ft x 1/8in i.d. stainlesssteel
(s9. Thecolumnwasheldat 50°C for 2 min andramped
t0 250°C at12° min~*. Thethreecompoundsistedwere
assayedn a column(B) of 20% BEEA on 60—-80-mesh
Chromosorl® AW, 8 ft x 1/8in i.d. ssheldat50°C for
2 min andrampedto 100°C at 6°C min~ . In eachcase
the GC injector was set at 250°C and the detectorat
300°C.

J. Phys.Org. Chem.2001;14: 81-89
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Preparation of 5-(alkythianthrenium triflates. An
exampleis given with 3a. To a stirred mixture of
1.08g of Th (5.0mmol) and 600mg (10.0mmol) of
methylformate,cooledin anice-bath,wasadded2.5ml
of trifluoromethanesulfosi acid (triflic acid). The
mixture was removedfrom the ice-bathand stirred for
10h atroomtemperatureafter which it waspouredinto
100ml of water. The resultingsuspensionvasextracted
with 3 x 100ml of dichloromethane.The combined
dichloromethanesolution was concentratedto 10ml
and pouredinto 200ml of diethyletherto give 1.16g
(3.05mmol, 61 %) of 3a, m.p. 176-178C. *H NMR,
300MHz (CDsCN) (J in Hz throughout): 8.116,dd(d),
2H,J=7.90,1.30(ave),0.267(upfield peakssplit only);
7.947,dd(d),2H,J=7.98,1.07(ave),0.228(upfieldpeak
split only); 7.806, td, 2H, J=7.69 (ave), 1.41 (ave);
7.697,td, 2H,J=7.69(ave),1.35(ave);3.160,s,3H.*3C
NMR, é: 136.875,135.501,134.547,131.328,130.658,
119.587,25.610.

Attemptsto prepares-(methyl)thianthreniunperchlo-
rate by reactionof Th with methyl chloroformateand
perchloricacid failed.

5-(Ethyl)thianthrenim triflate (3b) was prepared
similarly, using 2.16g (10.0mmol) of Th and 1.48g
(20.0mmol) of ethyl formate.The first precipitatefrom
pouring the dichloromethenesolution into diethylether
wasayellow oil. Thiswasdissolvedn dichloromethane,
cooled in an ice-salt bath and a small amount of
diethyletherwas added,with scratching,giving 740mg
(1.88mmol, 19%) of paleyellow 3b, m.p.65-67C. *H
NMR, 300MHz (CDsCN), é: 8.098,dd, 2H, J=7.95,
1.05(ave);7.945,dd, 2H, J=7.95,1.05(ave); 7.829,td,
2H, J=7.73 (ave), 1.40 (ave); 7.706, td, 2H, J=7.65
(ave),1.40 (ave); 3.674,q, 2H, J=7.35 (ave); 1.179,t,
3H, J=7.35 (ave). °C NMR, §: 136.889, 135.714
135.353,131.274,130.593,117.721,37.115,9.828.

5-(Isopropyl)thianthreniumtriflate (3c), m.p. 75—
76°C, was obtainedin 94% yield from reactionof Th
with isopropylformate.*H NMR, 200MHz (CDsCN), 6:
8.098, dd, 2H, J=7.76, 1.50 (ave); 7.946, dd, 2H,
J=7.93,1.45 (ave); 7.845,td, 2H, J=7.58 (ave),1.43
(ave); 7.716,td, 2H, J=7.58 (ave), 1.56 (ave); 4.469,
sept,1H,J=6.73(ave);1.273,d, 6H, J=6.69(ave).

5-(2-Butyl)thianthra@ium triflate (3d), m.p. 61-62°C,
wasobtainedin 40%yield from alkylation of Th with 2-
butyl formate.*H NMR, 300MHz (CDsCN), §:8.090and
8.055,overlappingdd, 2H, J=7.88,1.42(ave)and7.82,
1.32(ave);7.951,dd, 2H,J=7.97,1.29(ave);7.841,td,
2H, J=7.58 (ave), 1.37 (ave); 7.712 and 7.164, over-
lappingtd, 2H, J=7.66(ave),1.26 (ave)and7.73(ave),
1.24(ave).200MHz, §:4.402,sextet,1H, J = 6.54 (ave);
1.600,quintet,2H, J=7.10(ave);1.214,d 3H, J=6.89;
0.953,t, 3H,J=7.36(ave).

5-(Cyclopentyl)thiathreniumtriflate (3g), 85% yield,
m.p. 90-92°C after reprecipitation from dichloro-
methane.'H NMR, 200MHz (CDsCN), §:8.114, dd,
2H,J=7.77,1.40(ave);7.945,d, 2H,J=7.81;7.835,td,
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2H, J=7.62 (ave), 1.18 (ave); 7.707,td, 2H, J=7.55
(ave),1.36(ave);4.707,m (mainly g), 1H, J=6.0 (ave);
1.936-1.66m, overlappingsolventpeaks.

5-(Cycloheptyl)thianthreniuntriflate (3i), 17%, m.p.
70-71°C afterreprecipitationfrom dichloromethane™H
NMR, 200MHz (CDsCN), é: 8.807,dd, 2H, J=7.73,
1.38(ave);7.951,dd, 2H, J=7.83,1.46; 7.832,td, 2H,
J=7.62(ave),1.52 (ave); 7.707,td, 2H, J=7.54 (ave),
1.50(ave):4.501,m. 1H: 1.759-1.441m. 12H.

5-(Benzylthianthrenium triflate (3f). Thianthrene
(864mg, 4.0mmol) and benzyl bromide (684mg,
4.0mmol) were dissolvedin 20ml of dichloromethane.
The solution was stirred while 514mg (2.0mmol) of
silver triflate wasadded After 3 h of stirring the mixture
was filtered into 80ml of dry diethylether. The
precipitatedoroductwasreprecipitatedrom MeCN with
diethylethergiving 560mg (1.23mmol, 61%)of 3f, m.p.
87-8%C. 'H NMR 200MHz (CDsCN), 6: 4.935,s, 2H;
the NMR spectrumof 3f in the aromaticregionwas a
seriesof overlappingmultiplets,é 7.987—7.058from the
thianthrenium and phenyl rings. Also, 3f tended to
decomposelowly in MeCN so that the aromaticregion
wasfurthercomplicatedby asmallamountof thianthrene
andthe departedbenzyl group. Attemptsto alkylate Th
with benzylformatefailed.

5-(Neopentyl)thianthrdom perchlorate (3¢). To a
stirred suspensiorof 630mg (2.0mmol) of Th*"CIO,~
in 2ml of MeCN was addeddropwise a solution of
342mg (1.0mmol) of dineopentylmercuryin 5ml of
MeCN. The mixture was stirred until the color of Th™
had disappearedThe solventwas removedin a rotary
evaporatorand the residue was dissolvedin dichlor-
omethane That solution was shakenwith 1% aqueous
LiCl, separatedgoncentratedo about5 ml and poured
into dry diethyletherto precipitate235mg (0.61mmol,
61%) of 3e m.p. 125-127C (decomp.).’H NMR,
200MHz (CDsCN), 6:8.141dd,2H,J=7.82,1.42(ave);
7.982, dd, 2H, J=7.89, 1.229 (ave); 7.813, td, 2H,
J=7.62(ave),1.52 (ave); 7.695,td, 2H, J=7.60 (ave),
1.42(ave);3.710,s, 2H; 1.040,s, 9H.

5-(Cyclohexyl)thianthreniumtriflate (3h) was pre-
paredfrom 5.0mmol of Th, 10.0mmol of cyclohexyl
formate and 2.5ml of triflic acid. The product was
reprecipitatedfrom dichloromethanewith ether three
times, giving 1.869g (4.15mmol, 83%) of 3h, m.p. 80—
81°C. 'H NMR, 200MHz (CDsCN), 6:8.057,dd, 2H,
J=7.76,1.33;7.947,dd,2H,J =7.89,1.29(ave);7.834,
td, 2H,J=7.63(ave),1.37(ave);7.701,td, 2H, J=7.56
(ave), 1.44 (ave); 4.310, quintet, 1H, J=7.38 (ave);
1.817-1.753m, 2H; 1.664-1.544m, 5H; 1.413-1.268,
m 3H.

Diphenylmethylsulfoniumtriflate (4a). Reaction of
930mg (5.0mmol) of diphenyl sulfide, 600mg
(10.0mmol) of methyl formateand2.5ml of triflic acid
gavel.56g (4.46mmol, 89%) of 4a, m.p.95-97°C. *H
NMR, 200MHz (CDsCN), é: 7.968-7.903,m, 4H;
7.695—7.580m, 6H; 3.688,s, 3H. Lit. m.p.94-97.5C,
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from alkylation of diphenyl sulfide with methyl iodide
andsilver triflate *°

Cyclohexyldiphenydulfonium triflate (4b), prepared
similarly to 4a, paleyellow solid aftertwo precipitations
from dichloromethane, m.p. 96-98°C. H NMR,
200MHz (CDsCN), 6:7.982—-7.939,m, 4H; 7.845-
7.684, m, 6H; 4.535, br m, 1H; 1.995-1.840,br m,
overlappingsolvent;1.759-1.407br m, 7H. Compound
4b wasobtainedasa semi-solidby KangandKu in the
reactionof cyclohexyl phenyl sulfide with diphenylio-
doniumtriflate 2°

Preparation of benzylsulfonium perchlorates (5). The
methodof Aggarwal et al. was used® To a solution of
2.0mmol of sodiumperchloratén aminimumamountof
acetonewere added2.0mmol of a dialkyl sulfide and
2.0mmol of alkyl halide.The solutionwasstirredfor 2
days at room temperature.The solid that formed was
filtered off, the filtrate was evaporatedunder reduced
pressureandtheresiduewasdissolvedn a smallamount
of dichloromethaneThe solid thatremainedwasfiltered
off anddiethylethemvasaddedo thefiltrate to precipitate
the product.

Benzyldimethylsulf@ium perchlorate(5a), from di-
methyl sulfide and benzyl bromide, 75%, m.p. 104—
105°C. *H NMR, 200MHz (CDsCN), é: 7.461,s, 5H;
4.722,s,2H; 2.907,s, 6H.

Dibenzylmethylsulfonim perchloratg5b), from ben-
zyl methyl sulfide and benzylbromide,68%, m.p. 120—
121°C.*H NMR, 200MHz (CD5CN), §:7.530—-7.482m,
4H; 7.394-7.314m, 6H; 4.849,d, 2H,J=12.6;4.693,d,
2H, J=12.6; 2.692, s, 3H. Lit. m.p. 122°C, and
diastereotopic benzylic CH, 'H NMR, 60MHz
(DMSO4g), é: 5.32, d, 2H, J=13.0; 5.16, d, 2H,
J=13.0%

Benzylmethylphenylsutfnium perchlorate(5c), from
thioanisoleandbenzylbromide,4 daysof stirring, 6.4%,
m.p. 132-133C. 'H NMR, 200MHz (CDsCN), &:
7.791-7.605m, 5H; 7.434-7.321m, 3H; 7.193,d, 2H,
J=7.49; diastereoptopicCH,, 4.878,d, 1H, J=12.8;
4.691d,1H,3=12.6;3.169,s,3H.Lit. m.p.115-117C,
'H NMR, 60MHz (acetonedg), §: 8.00-7.57,m, 5H;
7.25,br s, 5H; 5.10,d, 2H, J=4.4; 3.41,s, 3H.?* The
triflate salthada *H NMR spectrum(CDsCN) similar to
thatof 5¢.2°

Sulfides. Sulfides were preparedas follows. Benzyl
phenyl sulfide was preparedby stirring a mixture of
benzyl bromide (2.8g, 16 mmol) andthiophenol(1.5¢,
14 mmol) with Cs,CO; (4.6g, 14 mmol) underargonfor
48h. The mixture was pouredinto 50ml of 2m NaOH.
Extraction with diethylether gave 2.5g (12.5mmol,
89%) of product,m.p.37-38C. Lit. m.p.40-41°C 2*2°

Phenyl isopropy! sulfide, 82%, from reaction of
isopropyl iodide with PhSNain MeCN solution was
purified on a column of silica gel. The productwas an
0il?® that gave a single GC peak.'H NMR, 200MHz
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(CDsCN), 6:7.423-7.362m, 2H; 7.331-7.1732m, 3H;
3.374,heptet,1H, J=6.66;1.291,d, 6H, J=6.66.

Neopentylphenylsulfide,62%,obtainedasanoil from
reactionof neopentyiiodide with sodiumthiophenoxide
was purified on a column of silica gel, and had a
satisfactory'H NMR spectrunt.’

2-Butyl phenylsulfide,36%,obtainedfrom reactionof
2-butyl iodide with NaSPhin MeCN had one GC peak
after purification on a column of silica gel. *H NMR,
200MHz (CDCly), 6: 7.419-7.358m, 2H; 7.325-7.159,
m, 3H; 3.163,sextet,1H, J=6.63 (ave); 1.598,m, 2H;
1.272,d, 3H,J=6.69;1.007,t, 3H, J=7.36(ave).

(9-2-Butyl phenyl sulfide. (R)-2-Butyl iodide (as-
sumedconfiguratiorr®) was preparedby reactionof (9-
2-butanolwith Nal andMesSiCl in MeCN following the
procedureof Olah et al.?° The reaction solution was
diluted with diethylether and the ether solution was
washed successivelywith water, sodium thiosulfate
solution and brine, and dried over Na,SO,. The ether
solutionwasconcentratedo a smallvolumeandusedfor
reactionwith NaSPhin MeCN. Work-up and chroma-
tography on silica gel gave 2.3% of (9-(+)-2-butyl
phenyl sulfide, with a single GC peakand [«]p (room
temperature)in MeCN +15.3. A secondpreparation,
16%yield, had[«]p = +17.3.

Cyclopentyl phenyl sulfide, 71%, was obtained
similarly from cyclopentylbromideasan 0il?>*°with a
single GC peak. *H NMR, 200MHz (DMSO-dg), &:
7.38-7.13m, 5H; 3.597,m, 1H; 2.09-2.00m, 2H; 1.82—
1.56,m, 6H.

Cycloheptyl phenyl sulfide, 80%, was obtainedfrom
cycloheptylbromideasan oil with a single GC peak.'H
NMR, 200MHz (CDCly), é: 7.392-7.186m, 5H; 3.340,
heptet,1H,J=4.40(ave);2.079,m, 2H; 1.459-1.777m,
10H.

Formates. Formatesverepreparedasfollows. Isopropyl
formate was preparedin 60% yield by reaction of
isopropy! alcohol with formic acid catalyzedby con-
centratedH,SOy, b.p. 62-65C. *H NMR, 200MHz
(CDCl), 6:8.017,s, 1H; 5.139,septof d, 1H, J=6.26,
1.00; [these splittings are similar to these for ethyl
formatein the AIST (Agency of Industrial Scienceand
Technology), Japan, database. (http://www.go.jp)],
1.296,d, 6H, J=6.29.Lit. b.p.68.8-68.9C 3!

(S)-(+)-2-Butyl formate. A solution of 7.4g
(0.20mol) of (§-(+)-2-butanol, 10.5g (0.20mol) of
88% formic acid and 10.8g (0.10mol) of MesSiCl in
20ml of MeCN wasstirredat room temperatudor 24 h
andpouredinto water.To this wasaddedsolid NaHCG;
until gas evolution stopped. Three extractions with
diethylether,work-up and distillation gave 4.7 g (46%)
of product,b.p. 90-92°C, [«]p in MeCN +7.9 °. This
productwasusedfor the attemptedoreparatiorof (R)-3d
asdescribedor 3d itself.

Cyclohexyl formate was prepared by reaction of
cyclohexanok0.15mmol) with formic acid (0.20mmaol)
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and chlorotrimethylsiane (0.15mmol) in 20ml of
MeCN 3?2 The mixture was stirred overnightand poured
into water. The aqueoussolution was neutralizedwith
solid NaHCGQ; and extractedthree times with diethyl-
ether. After work-up and fractional distillation, the
portion of b.p. 30-32°C (3.5mmHg) wasfreedfrom an
impurity on a column of silica gel and had *H NMR,
200MHz (CDCl), 6:8.046, d, 1H, J=0.80, [these
splittings are similar to thosefor ethyl formatein the
AIST (Agency of Industrial Scienceand Technology),
Japan, database (http://www.go.jp)]; 4.891, tt, 1H,
J=8.51(ave), 4.31 (ave); 1.906—-1.700m, 4H; 1.600—
1.232,m, 6H. Lit. b.p.94.5-95.0C (97-98mmHg) 33

Cyclopentylformatewas preparedsimilarly, b.p. 30—
32°C (6.5mmHg), *H NMR, 200MHz (CDCly),
6:7.871,s, 1H; 5.139,irreg. m, 1H; 1.754-1.469jrreq.
m, 8H.

Cycloheptylformatewas preparedsimilarly, b.p. 55—
58°C (5mmHg),*H NMR, 200MHz (CDCly), 6: 8.023,
s, 1H; 5.065, heptof d, 1H, J=4.29 (ave), 0.92 (ave).
1.974-1.870m, 2H; 1.781-1.429m, 10H.

Reaction of sulfonium salts (3 and 4) with iodide ion.
An exampleis givenwith 3a. In a10ml volumetricflask
were placed 60.4mg (0.159mmol) of 3a, 67.5mg
(0.407mmol) of KI, 21.9mg (0.171mmol) of naphtha-
lene as GC standardand 10 ml of MeCN. The septum-
cappedmixture was stirred overnightand was assayed
three times for Th (column A) and Mel (column B),
giving 0.158+ 0.002mmol (99.4%) of Th and
0.146+ 0.020mmol (91.8%)of Mel. Reactionsof 3b—
and4a andb were carriedout similarly. In somecases,
the reactionsolutionwas noticeablyyellow or brown at
theendof stirring andin someof thesecaseghe solution
wastitrated for iodine with aqueoussodiumthiosulfate
after GC analysis,e.g.with 3e (entry 9, Table1) and 3i
(entry18). In thereactionof 3g, in which alargeamount
of ene(cyclohexene79%)wasformed,threeassaysvere
carriedout after overnightstirring andthreemoreatftera
secondnight’s stirring (resultsin parentheses)giving
78.6(78.6)%o0f cyclohexene20.1(20.7)%of cyclohexyl
iodideand103(103)%of Th.

Reaction of sulfonium salts (3 and 4) with thiophen-
oxide ion. An exampleis given with 3a, the procedure
being similar to that with KI. Compound3a (58.2mg,
0.153mmol), NaSPh (54.3mg, 0.411mmol) and
naphthaleng22.2mg, 0.173mmol) were used.Assays
on columnA gave0.154mmol (100.7%)of thioanisole
and 0.154mmol (100.7%) of Th. Diphenyl disulfide
(0.0193mmol) wasalsoformedandis attributed because
of the quantitativeyields of products,to oxidation of
someof the unusedthiophenoxidéon, eitherin solution
or in the GCinlet. Reactionof 3b-i and4aandb were
carriedoutsimilarly. In all of thesereactionsotall of the
NaSPhwas dissolved.In the reactionof 4b, column A
couldnotseparataiphenylsulfide(PhS)andcyclohexyl
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phenyl sulfide. The yields of these compoundswere
calculatedasstatedin Table2.

Reactions of benzylsulfonium salts (5) with bromide
and thiophenoxide ions. The sourceof bromideion was
mainly KBr in the presenceof 18-crown-6(KBr/18C6).
Tetrabutylammonim bromidewasusedwith 5a butwas
avoidedthereafterbecausdt gaverise to spuriousGC
peaksNaphthalenand2-butanonavereusedogetheras
GCstandardswhenbawasusedthe productsdesignated
as PhCHSR, and PhCHSR, were the same
(PhCHSMe) so that half of the total yield is enteredin
eachcolumn(entriesl and2). The sameappliesto R;X
and RoX (MeSPh,entry 2). We were unableto assay
MeBr with our columns (entry 1). The experimental
proceduresverethe sameaswith 3 and4.

Competition between 3a and 3e in reaction with
thiophenoxide ion. A  solution of 19.6mg
(5,17 10> mol) of 3aand19.9mg (5.16 x 10 > mol)
of 3e was preparedin 1g of DMSO-ds. A solution of
3.11mg(2.36 x 10> mol) of NaSPhwaspreparedn 1g
of the solventand the two solutionswere mixed. The
NMR spectrunrecordedafter 11 min showedthe singlet
of MeSPhat 2.47ppm. Integrationof that singletand of
the singletfor the CH, group of 3e at 3.99ppm showed
that 88% of 3a had beenconvertedinto MeSPh.After
18h no changen the spectrunof 3e could be found, but
the remaining3a hadtransferredts methyl groupto the
solvent,visible at 3.99ppm.Thesingletof the CH, group
of neopentylphenylsulfidewasnot seen.

Reactions of cycloalkyl bromides and tosylates with
NaSPh. As an example, a solution of 38.6mg
(0.262mmol) of cyclopentyl tosylate and 50.3mg
(0.381mmol) of NaSPhin 10ml of MeCN containing
naphthalen@nd2-butanoneasGC standardsvasstirred
overnight. GC assaygave 97% of cyclopentyl phenyl
sulfide and 2% of cyclopenteneSimilar reactionswere
carriedout with othercycloalkyl derivatives.
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