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Abstract: Dithioacetal-S,5-dioxides 6 and 7 undergo cyclisation to give pyrrolidines and piperidines
upon exposure to Lewis acid. An unexpected tandem cyclisation of 5 to give 10 is described.
© 1997 Elsevier Science Ltd. All rights reserved.

Classical cyclisation-based strategies for the construction of heterocycles exploit the inherent
nucleophilicity of the heteroatom in combination with electrophilic carbon functionality (Scheme 1; disconnection
a). Alternatively, disconnection b of 2 leads retrosynthetically to a synthon 3 or 4 which possesses mutually
reactive electrophilic and nucleophilic
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heterocycles, most notably by i I o 1
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interest in such cyclisation processes, 2

we showed that an oxygen-tethered 3-phenyl-2-propenyl group could intercept an anomeric cation,? and we
have now looked at the Lewis acid-mediated cyclisations of substrates 5/6 and 7 as a route to nitrogen
heterocycles (Scheme 2). This Letter reports the results of these investigations.
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assembled by the nucleophilic addition of 3-phenyl-2-propenylamine* to a-(tolylsulfenyl) vinylic sulfones 9,
followed by N-tosylation under standard conditions.> Intermediates 9 were prepared by Pummerer-type
in good yields by simple

reaction® of a-sulfinylsulfones 8 with TMSOTf-Hiinig's base; 8 were obtained
alkylation of the known (4-tolylsulfinyl)(4- tolylsulfonyl)methane’ (Scheme 3).
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aR'=H 8a: 90% 9a: 87% 5a: 80%
b: R' = Me 8b: 90% 9b: 95% 5b: 64%

Reagents and conditions: (i) KH (1 equiv), RICHgL DMF (0.3M), rt; (ii) TMSOTT (2.1 equiv), i-PraNEt (2.1
equiv), CH2Cl3 (0.5M), rt; (iii) PhCH:CHCH)NH> (1 equiv), CHCl3 (1.5M), rt; (iv) TsCl (1.1 equiv), i-PraNEt
(1.1 equiv), DMAP (0.2 equiv), CH»Clj (0.5M), rt.

Scheme 3
Treatment of 5 with ZnCl,, BF3-OEt; or Me3Al in dichloromethane resulted in high-yielding recovery of
starting material. However, exposure to the more powerful Lewis acids diethylaluminium chloride or titanium
tetrachloride unexpectedly gave the tricycles 10 in excellent yiclds. Where Ri = H, 10a was formed as a two-
component diastereomeric mixture; in the case of the more substituted analogue 10b (R! = Me) a mixture of four
of the possible eight diastereomers was formed. Mechanistically, it seems likely that after Lewis acid-induced
loss of tolylsulﬁnate ion, the sulfur—stablhsed carbocation is mterc.epted non—slerwsclecnvely by the nuclcophlhc
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The structural assignments of 10 followed from their H nmr spectra, and from subsequent chemical
derivatisation experiments. Thus, in both isomers of 10a the benzylic methine showed a large (11.5 Hz) J value
due to coupling with its trans-diaxial vicinal neighbour. Most compellingly, treatment of 10a and 10b with

Raney nickel in ethanol gave respectively a single isomer of 11 and a 1:1 mixture of 12, demonstrating the fixed
stereochemical relationship of the phenyl group and the vicinal hydrogen atom in 10 (Scheme 5). In view of
this interesting but undesirable reactivity, analogues of § such as 6, which possess the non-nucleophilic
methylthio group were sought. The Pummerer-based route used previously for the synthesis of substrate
precursors 9 failed when applied to the methylsulfinyl
analogues of 8. Instead, the requisite intermediates 13a
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methane® with formaldehyde and acetaldehyde — Ph — Ph
respectively. Addition of E-3-phenyl-2-propenylamine s\/:>&“ i -
and subsequent N-tosylation asbefore gave 6 in good r.,? \”HV‘Q : \,.,H
overall yields (Scheme 6). In view of the successful ~
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yclisation reactions of the S-phenyl analogues 5, Et;AICI Ts Ts
and TiClg were se?ected as gychsatmn 1mtlat0r.s. 10ap 11 (Fi‘ H): 92%
Treatment of 6a,b with two equivalents of Et7AICI in 12 (R = Me): 97%

dichloromethane gave 14a,b as diastereomeric MixXtures p..o.nrs and conditions: (i) Ni(R), EXOH (0.02M), reflux.
in respective yields of 70 and 81%. Evidently the alumin- Scheme 5
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during the ionisation step possesses an ethyl Ts(__SMe _i,ii Ts\./SMe ii, iv,
itgand which is sufficiently nucleophiiic to trap J_.-U * )
the benzylic cation formed on pyrrolidine R1 R N
formation. Exposure of 6a,b to TiCly under Ts
near-identical conditions gave in almost a:Rj=H 13a: 50% 6a: 68%
quantitative yields the chlorinated products b:R*= 13b:90% 6b: 89%

.l Reagents and conditions: (i) n-BuLi, RICHO; H*; (ii) Ac20, DMAP,
15a.b of non-stereoselective cyclisation. These g;N. (iii) PhACH:CHCIL,NH} (2 equiv), CHyCly (1-2M), rt; (iv) TsCl

were cleanly reduced using Raney nickel to give
pyrrolidines 16; 16a® was obtained as a single
isomer, whilst analogue 16b was formed as an
inseparable 1:1 mixture (Scheme 7).

(1.2 equiv), i-PrpNEt (1.2 equiv), DMAP (0.2 equiv), CH2Cl; (0.5M),
rt.

Scheme 6

2 Ph
MeS, } Ph Ts.  _SMe J MeS, } Ph 16b:1:1 Y/ Ph
) Y i ) v O W A
Rh\"’KN) R‘/I\N/‘ th"'KN) Rh\}\N/
Ts Ts Ts Ts

14a: 70%  a: R: =H 6a,b 15a: 98% 16a: 90%

14b:81% bR =Me 15b: 97% 16b: 95%
Rejagefaf's and conditions: (i) Et2AICI (2 equiv), CHCly (0.5M), rt, 30 min; (ii) TiCly (2 equiv), CHaCl3 (0.5M), 1t, 30
min; (iii) Ni(R), EtOH (0.02M), reflux, 2 h.

Scheme 7

Attention was next turned to the homologous substrates 7, whose Lewis acid-initiated cyclisations were
expected to give piperidines by direct analogy with the cation-mediated reactions of 6. Compounds 7 were
easily prepared in enantiomerically pure form from L-aminoacids, via the corresponding N-tosylaziridines 17.10
Thus, reaction of the lithio-anion of (methylsulfenyl)(4-tolylsulfonyl)methane with 17a-c gave diastereomeric

mixtures of adducts.
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predominantly as the 2,5-syn isomers. The synthesis and reactions of substrates 7 are d pxcted in Scheme 8.
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17a: R =Bn 7a: 58% 18a: 97% 19a: 96% 3:2 syn:anti
17b: R} = iP 7b: 63% 18b: 97% 19b: 97% 4:1 syn:anti
17¢:R' = rBu 7¢. 56% 18¢: 97% 19¢: 95% 3:1 syn:anti
Reagents and conditions: (i) n-BuLi (1 equiv), THF (0.1M), -78°C, then add 17; (ii) NaH (1 equiv), PACH:CHCH;Br (1 equiv),
DMF (0.3M), t; (iii) TiCly (2 equiv), CHCly (0.5M), rt, 30 min; (iv) Ni(R), EtOH (0.02M), reflux, 2 h

Scheme 8

That the benzyl substituent was equatorially disposed was demonstrated by the two large J values
(typically 13 and 12 Hz) due respectively to geminal and trans-diaxial coupling exhibited by the axial C-6
hydrogen in the 'H nmr spectra of the three major isomers of 19a-c. The anti, axial orientation of R! with
respect to the 5-benzyl substituent was inferred from the absence of any large J values in the H-2 nmr signals
indicative of trans-diaxial vicinal relationships, and from ample litcrature precedent describing the preferred axial
disposition of C-2 alkyl substituents in N-protected piperidine systems. This has been reported both for N-
tosyl!! and N-acyl analogues,!? and it has been postulated that the
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unfavourable gauche interactions of R with the
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protecting group. Thus, 2,5-syn-18 would I2-stain /N )\/v— M | SMe
arise via the transition-states depicted in Scheme mnim ~pr G
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acid!3 to give the parent 2,5-disubstituted cheme
piperidines in 77% yield.

In summary, we have demonstrated that N-3-phenyl-2-propenyl-substituted tosamides bearing thioacetal

dioxide side-chains are readily available substrates for high-yielding, and in some cases stereoselective
heterocycle-forming reactions. The piperidine-forming transformations compare favourably with published
approaches involving C-N bond-formation,!4 in that the stereochemical information contained within the
substrate 1s efficiently relayed to the new stereocentre in the product. Further studies are aimed towards
extending this work to larger nitrogen-containing rings, and we are actively exploring the ramifications of the
unexpected conversion of 5 into 10 for the development of cation-mediated cascade reactions in a number of
diverse applications. The resuits of these studies will be reported in due course.
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