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Abstract: Reaction of the N-sulfonyl heterocyclic enamines (la/b) under asymmetric
epoxidation and dihydroxylation reaction conditions leads to 2,3-dihydroxypyrrolidines and
piperidines, (2a) and (2b). Only diols are observed under aminohydroxylation conditions,
but Mn-mediated aziridination of (1a) nrnvmlm a route to the 3-amino-2- melhnxvnvrrnh(hnf-
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derivatives (6) and (7). © 1998 Elsevxer Science Ltd. All rights reserved.

The n-bond of N-substituted heterocyclic enamines (1, n=1,2) offers a versatile basis for elaboration to
more highly substituted and functionalised pyrrolidines and piperidines respectively.! Oxidation processes
involving (1) are especially attractive since this not only allows introduction of a heteroatom at C{(3), but by

trappmg of the resulting iminium intermediate with a nucleophile (water or an alcohol), retains valuable
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an interest in 3-aminopyrrolidines and piperidines and the amination of (1)

aziridination (path B, Scheme 1) has, in addition, been evaluated.
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conditions* with NMMO/mCPBA as stoichiometric oxidants. Methanol work-up afforded the corresponding
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3-hydroxy-2-methoxypyrrolidine and piperidine derivatives, (Za) (Zb) respectively which were isolated as
cis/trans mixtures.” Enantiomeric ratios (%e.e.) of (2a) and (2b) were determined by derivatisation of the

alcohols as the corresponding Mosher ester.

nd (1b) was examined under the Sharpless conditions® (using

Admiv-RY The cride dinle (ecorrecnondine to (3a) and (Rh) recnectively - cee Srheme 2) were then treated
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which were analysed as described above. Results for both asymmetric epoxidation and dih vlation of
(1a) and (Ib) are summarised in Table
TABLE 1. Asymmetric Epoxidation and Dihydroxylation of (1a) and (1b).
Substrate Products ( %e.e.; % yield)*
ﬁ\ OH OH
\ —
g L o~ (.
| OMe N ""OMe
Ts |
(1a) | S Ts
cis-(2a) trans-(2a)
Jacobsen Epoxidation -78 °C 84 %e.e.; 46 % overall yield (cis trans = 1: 5.4)
25 °C 82 %e.e.; 21 % overall yield (cis:trans =1 :5.4)
Charnlacae FYhodrmaolarion () oD Q Ye e 48 9 overall vield (cis:trans = 1: 5.4)
SNarpI€ss vinyaroxyiaion v ) | 7 e overall yielG (oisirans = 112.4)
() oo s
\,I\‘/ \N/\OMe \N/""OMe
Ts Ts Ts
(1b) cis-(2b) trans-(2b)
Jacobsen Epoxidation -78 °C 84 %e.c.; 28 % overall yield (cis:trans = 1: 1)
25 °C 62 %e.c.; 14 % overall yield (cis:trans =1 : 1)
Sharpless Dihydroxylation (0 °C)° 28 %e.e; 83 % overall yicld (cis trans = 1: 1)

*cis- and trans-(2a) were analysed as a mixture but ¢is- and trans-(2b) were scparated prior to analysis.
Within each serics [cis/trans-(2a) and cis/trans-(2b)], the %e.e. determined for the cis and trans
isomers was the same (however, sce rcf. 3) and “overall yield” refers to the two-step

V% 3 Y

oxidation+methanolysis; ®initial product is (3a); ‘initial product is (3b). For the yields associated with
(3) > (2), see Scheme 2.

Aminohydroxylation of electron rich alkenes raises interesting issues of reactivity and rc:gioselfsctivity.7
Asymmetric aminohydroxylation of (1a) and(1b) was evaluated again using the Sharpless procedure® (OsOx,
(DHQD),PHAL, chloramine-T, MeCN/H,0) (Scheme 2). In the event, we have not been able to detect C(3)
amination with the only products observed corresponding to the 2,3-diols (3a) and (3b); these were
characterised by conversion to the methoxy adducts (2a) and (2b) respectively. These results suggest that

this places the sulfonamido residue at C(2) which undergoes nucleophilic exchange under the reaction

conditions. The same level of asymmeiric induction was observed for both dihydroxylaiion (Table 1) and

attempted aminohydroxylation, however, this does not allow differentiation of these possible pathways.

Scheme 2. Attempted Asymmetric Aminohydroxylation of (1a) and (1b).
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Formal aziridination of electron rich enol ethers has recently been

reported by Carreira using the manganese nitrido comple tmen)Mr I\
. . . . . . —N N—
@).> It is not clear what intermediate(s) are involved in this process (e.g. \wh/

1 e
an aziridine or bicyclic oxazoline) but translating the regioselectivity <\ />—O O—<\ />
\v 174 \\ l,

observed by Carreira to heterocyclic enamines opens an entry to the

corresponding racemic 3-amino—2-methoxy derivatives.

Exposure of (1a) to the Mn=N complex (4)° (activated using TFAA, 2,6-di(rert-butyl)-4-methylpyridine,

~

-78 °C to r.t., then addition of MeOH) gave a separable mixture of racemic cis- and ¢rans-2-methoxy-3-N-
(trifluoroacetyl)aminopyrrolidine derivatives (6) (8 %) and (7) (39 %) respectively, formation of which may
of az (5) (Scheme 3). The structure of (7) has been

1 1L L } 39 L as \LoLd

be rationalised in terms of the intermediacy

confirmed by single crystal X-ray crystallographic analysis and the major by-product observed under these
conditions was the trifluoroacetylated enamine (8) (10%); a control experiment showed that (1a) reacted

with TFAA in the presence of 2,6-di(terr-butyl)-4-methylpyridine to give (8).'° Attempts to suppress

formation of (8) by “ageing” th
between (4) and TFAA) were unsuccessful. Under these “aged” conditions, trace amounts of (6)/(7) were

detected, with (8) (10%), but the major product was the 3-N-(trifluoroacetyl)amino enamine (9) (40%).

Scheme 3. Mn-Mediated Aziridination of Enamine (1a)
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defined species. Surprisingly, attempted aziridination of piperidine (1b) led
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nly t
enamine (the homologue of (8)) in 20% yield with “normal” reagent and 40% yield using “aged” reagent.

In summary, our studies support those of Correia® for the asymmetric epoxidation and dihydroxylation of
heterocyclic enamines. Aminohydroxylation failed to introduce a C(3) amino residue, but this may be
achieved using an aziridination pathway. This is the first time that this type of enamine aziridination has been
described and, while requiring further study, this process offers potential as an alternative entry to the

pyrrolidine trans-lactams, a recently disclosed class of protease inhibitors.™
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