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Abstract: Dithioacetal-S,S-dioxides6 and7 undergocyclisationto givepyrrolidinesandpiperidines
uponexposuretoLewisacid. Anunexpectedtandemcyclisationof5 togive10is described.
@1997ElsevierScienceLtd.Allrightsreserved.

Clt@ical cyclisation-based strategies for the conspuction of heterocycles exploit the inherent
nucleophilicityof the heteroatomin combinationwithelectropfiliccarbonfunctionality(Scheme1;disconnection
a). Alternatively,disconnectionb of 2 leads retrosyntheticallyto a synthon3 or 4 which possesses mutually
reactiveelectrophilicand nucleophilic
carbon functional groups. This
approach has been deployed for the
synthesis of a wide range of
heterocycles, most notably by
Overman.1 In the contextof our own
interestin suchcydisation processes,2
we showed that an oxygen-tethered3-phenyl-2-propenylgroupcould intercept an anomeric cation,3and we
have now looked at the Lewis acid-mediated cyc~sations of substrates 516and 7 as a route to nitrogen
heterocycles(Scheme2). ThisLetterreportsthe resultsoft!pe immstigations.

Initial efforts were focused on cyclisation reactions of substrates 5. These compounds were readily
assembledby the nucleophilicadditionof 3-phenyl-2-propenylamine4to.a-(tolylsulfenyl)vinyIicstdfones9,
followed by Af-tosylationunder standard conditions.5 Intermediates9 were prepared by Ptmmerer-type
reaction6 of tz.sdfinylsulfones 8 with TMSOTf-Htinig’sbase; 8 were obtained in good yields by simple
alkylationof the known(4-tolylsuEinyl)(4-tolylsulfonyl)metlmne7(Scheme3).
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Reagentsand conditions: (i) KH(1 equiv), R]CH21,DMF(0.3M),rt; (ii) TMSOTf(2.1equiv),i-Pr2NEt(2.1
equiv),CH2C12(0.5M),rt; (iii) PhCH:CHCH2NH2(1 equiv),CH2C12(1.5M),rt; (iv)TsC1(1.1equiv),i-Pr2NEt
(1.1equiv),DMAP(0.2equiv),CH2C12(0.5M),rt.

Scheme 3
Treatmentof 5 withZnC12,BF3.0Et2or Me3Alin dichloromethaneresultedin high-yieldingrecoveryof

startingmaterial. However,exposureto the morepowerfulLewisacidsdiethylahuniniumchlorideor titanium
tetrachlorideunexpectedlygave the tricycles 10 in excellentyields. WhereR] = H, Ma was formedas a two-
componentdiastereomericmixture;in thecaseof the moresubstitutedanalogueIOb(Rl = Me) a mixtureof four
of the possibleeight diastereomerswas formed. Mechanistically,it seemslikelythat afterLewis acid-induced
lossof tolylsulfinateion, the sulfur-stabilisedcarbonationis interceptednon-stereoselectivelyby the nucleophilic
styrylmoietyto give a benzyliccation. Thisis subsequentlyattackedin a stereoselectivefashionby theproximal
tolylgroupin an intramolecularelectrophilicaromaticsubstitutionprocess(Scheme4).
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The structural assignmentsof 10 followedfrom their IH runr spectra, and from subsequent chemical
derivatisationexperimen& Thus,in both isomersof IOathebenzylicmethineqhoweda large (11.5Hz) Jvalue
due to coupling with its trans-disxial vicinal neighbour. Most compellingly,treatment of IOa and IObwith
Raneynickelin ethanolgaverespectivelya singleisomerof 11 anda 1:1rnixtu~ of 12, demonstratingthe fixed
stereochemicalrelationshipof the phenylgroupand the vicinsl hydrogenatoin in 10 (Scheme5). In view of
this interesting but undesirable reactivity, anslogues of 5 such as 6, which possess the non-nucleophilic
methylthio group were sought. The Pummerer-basedroute used previously for the synthesis of substrate
precursors 9 faiied when applied to the methylsulfinyl
artaloguesof 8. Instead, the requisite intermediates13a
and 13b were synthesised by the condensation of the
thioacetrd derivative (methylsulfenyl)(4-tolylsulfonyl)-
methane8 with formaldehyde and acetaldehyde
respectively. Addition of E-3-phenyl-2-propenylamine
and subsequent N-tosylation asbefore gave 6 in good
overall yields (Scheme 6). In view of the successful
cyclisationreactionsof theS-phenylenalogues5, Et2AlCl
and TiC14 were selected as cyclisation initiators.
Treatment of 6a,b with two equivalents of Et2AlCl in
dichloromethartegave 14a,b as diastereomericmixtures
in nqective yieldsof 70 and 81%. Evidentlythe alumin-
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Reagentsandconditions:(i)Ni(R),EtOH(0.02M),reflux.
Scheme 5
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ium species formed by loss of phenylwdfinate
during the ionisation step posseeses an ethyl
ligand which is sufficientlynuckophilic to trap
the benzylic cation formed on pyrrolidine
formation. Exposure of 6a,b to TiC14under
near-identical conditions gave in almost
quantitative yields the chlorinated products
15a,b of non-stereosekctivecyclisation. These
werecleanlyreducedusingRsnoynickelto give
pyrrolidines 16; 16a9 was obtained as a single
isomer, whilst anelogue 16b was formedas an
inseparable1:1mixture(Scheme7).
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Scheme 6
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14a: 70% ●: Ri = H 5a,b
14b: 81% b: R’ = Me

16s:98% lsa:w%
15b: 97% 16b: 95%

Reagentsandconditions:(i) Et2AlCl(2 equiv),CH2C12(0.5M),rt, 30 rnin;(ii) TiC14(2 quiv), CH2C12(0.5M),rt. 30
rein;(iii)Ni(R),EtOH(0.02M),reflux,2 h.

Scheme 7
Attentionwas next turnedto the homologoussubstrates7, whoseLewisacid-initiatedcyclisetionswere

expected to give piperidinesby direct analogywith the cation-mediatedreactionsof 6. Compounds7 were
easilypreparedin enantiomeric@ypure formfromL-e ids,.via thecorrespondingN-tosylaziridinea17.10
Thus, reactionof the lithio-snionof (methylsulfenyl)(4-tolylsulfonyl)methanewith 17a-c gave diesteremneric
mixtures of adducts. These were alkylated by reaction Qftheir sodium salts with E-1-bromo-3-phenyl-2-
propene, giving 7a-c in good overall yields for the two-s@psequences from 17 and (methylsulfenyl)(4-
tolylsulfonyl)methane.Treatmentof 7 withTiC14underidenticalconditionsto those used for cyclisationof 6
gavepiperidinmMa-cascomplexdisstereomericmixtures. Thesewere subjectedto reductivecleavageof the
stdfir and Chlo@e substituentsas before to give inseparablepiperidinemixtures 19a-c, which were formed
predominantlyas the 2,5-synisomers. The synthesisandreactionsof substrates7 are depictedin Scheme8.
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17c: R = i-Bu
1*: W% 4:1 Symanti

7C:58% ~6C:97~o 1*: 95% 3:1 syn:anti

Reagentsandcod”twns: (i)n-BuLi(1quiv), ‘1’lIF(0.lM),-78”C,thenadd17;(ii)NeH(1quiv), PhCH:CHCH2Br(1 quiv),
DMF(0.3M),rt; (iii) TiC14(2 equiv),CH2C12(0.5M),rL30rein;(iv)Ni(R),EtOH(0.02M),rcflux,2 h.

Scheme 8
That the benzyl substituqit was equatorially disposed was demonsgated by the two large J values

(typically 13 and 12 Hz) due respectivelyto getninsl and trans-diaxialcoupling exhibited by the axial C-6
hydrogenin the IH nmr spectra of the three major isomersof 19a-c. Theanti.axialorientation of R] with
respect to the 5-benzylsubstituemtwas inferredfromthe absenceof any largeJ value: in the H-2 nmr signals
indicativeof trsns-diaxialvicinalmktionships,andfromarnpk Memtureprecedsnt&scribingthepreferredM
disposition of c-2 rdkylsubstituents in N-protectedpiperidineSYS@n.S.This hti tin rSPO@ both for N-
tosyll I and ZV-acylanalogues,12 and it has been postulated that the effect stems from minimisation of
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unfavorable gaucheinteractionsof RI with the R’

,PN+8

RI
protecting group. Thus, 2,5-syn-18 would l,z.~tr~n~l~ 6++
arisevia the transition-statesdepictedin Scheme rnjflirnjsed , -- Me -
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9. The mixture of diastereomers of 19b was
.- + Ph
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readily desulfonylated using HBr-phenol-acetic H IS H c1

acid13 to give the parent 2,5-disubstituted Scheme 9

piperidines in 77Y0yield.
In summary,we have demonstratedthatN-3-phenyl-2-propenyl-substitutedtosamidesbearingthioacetal

dioxide side-chains are readily available substrates for high-yielding, and in some cases stereoselective
heterocycle-formingreactions. The piperidine-formingtransformationscompare favorably with published
approaches involving C-N bond-formation,lqin that the stereochemicalinformationcontained within the
substrate is efficiently relayed to the new stereocentre in the product. Further studies are aimed towards
extendingthis work to larger nitrogen-containingrings, and we are activelyexploringthe ramificationsof the
unexpectedconversionof 5 into 10 for the developmentof cation-mediatedcascade reactions in a numberof
diverseapplications.The resultsof thesestudieswillbe reportedin duecourse.
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