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Abstract: The reaction of various N-acyl enamines with manganese(IIl) acetate in boiling methanol has
been explored. This was shown to produce functionalised pyrrolidinones via a 5-endo-trig radical
cyclisation. © 1998 Elsevier Science Ltd. All rights reserved.
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Manganese(iiI)-based oxidative free-radical cyclisa
interest in recent years, most notably due to the work of Snider and co-workers.! It is clear that this method
can offer a number of advantages over alternative methods for mediating free-radical processes e.g. using
Bu3SnH or HSi($iMe3)3 and AIBN. These include: (i) cost of the reagent; (ii) ease of removal of by-products
and (iii) introduction of a functional group (commonly a double bond) after carbon-carbon bond formation.
The most commonly used precursors for Mn(III)-based cyclisations have included B-keto esters and malonic
esters which readily undergo enolisation. More recently however, the use of less acidic B-amido esters have

x02 or 4-exo3 manner to give substituted

ates have been shown to cvclise in a 5-
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on the acceptor double bond of the N-acyl enamine precursor. These previous studies prompted us to explore
the cyclisation of N-acyl enamines leading to the formation of substituted pyrrolidinones via a 5-endo-trig

cyclisation reaction. Previous work had shown that Bu3SnH# or Ni/AcOHS could be used to effect this
unusual (disfavoured) cyclisation process but the use of Mn(III) has not been previously reported.
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Initial studies concentrated on the synthesis and subsequent cyclisation of N-acyl enamines (1a-d)
(Scheme 1). These were readily prepared (in 41-61% yield) on heating cyclohexanone with the appropriatc
amine followed by acylation of the resultant imine using methyl malonyl chloride. Reaction of (1a) with 2
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equivaients of Mn(OAc)j3 in boiling methanol resuited in the disappearance of starting materiai and diene (2a)
was isolated in only 22% yield after column chromatography (Table, entry 1). Attempts to improve this yield
by addition of Cu(OAc)2.H20 and/or using AcOH as the solvent failed.6 However, the yield of (2a) could be
improved to 38% when 4 equivalents of Mn(OAc)3 (added in one portion) were employed. This was the
optimum yield and the addition of further equivalents of Mn(OAc)3 was found to have a detrimental effect.
Reaction of relaied amides (1b-d), under the same conditions, gave rise to dienes (2b-d) in similar yields
(Table, entries 2-4).7
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Scheme 2

The mechanism of these reactions may involve 5-endo cyclisation of carbamoylmethyl radical (3) to
form tertiary radical (4) (Scheme 2). The initial radical (3) could be generated from an intermediate Mn(III)
enolate produced on reaction of (1a-d) with Mn(III). Subsequent oxidation of (4), by a second equivalent of
Mn(III), to produce (5) followed by loss of a proton and further radical generation/oxidation could give rise to
cation (6). Final deprotonation produces diene (2) and the entire sequence requires 4 equivalents of Mn(III)
which is consistent with the experimental results described earlier. Radical (3), derived from N-benzyl
precursors (1a) and (1c-d), could also undergo a competmve oxidative cychsanon by reaction with the
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An unexpected result btained on reaction of the N-allyl derivative (8) which has the potential to
undergo S-endo or S-exo cyclisation by reaction with the N-allyl double bond (Scheme 3). In this case
ranntinn of (2) with 4 aanivalente af Mal(IID) nraduced the avindonle (10) in 17% vield Thic could he imnroved
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reaction may well involve the intermediacy of diene (9) which could then be oxidised further to the aromatic
(10). It is not clear as to why the introduction of an N-allyl group leads to further oxidation. Indeed, the diene
(9) was not even isolated when using 2 equivalents of Mn(III), only (10) was present in 24% yield.

These results prompted us to explore the reaction of a-substituted 3-amido esters (11a) and (11b). After
initial 5-endo cyclisation the pyrrolidinone product would have no acidic a-hydrogens and therefore cannot

undergo further oxidation (to e.g. a diene). However, reaction of (11a) or (11b) with Mn(II) (4 equivalents) in

CT

oiling methanol only gave rise to recovered starting material in 89 and 92% vyield respectively.



4399

MeOL R~ MeOL. Me, N MeOLy A~ MeOLC. T~
Bn Bn Bn Me Bn
(11a) R=Cl {12) 13 14
(11b) R=Me

The cyclisation of an inseparable mixture of 2- and 6-methylcyclohexenyl precursors, (12) and (13), in a
atio of 1:1.5 was then investigated. Reaction with 4 equivalents of Mn(IIl) resulted in the isolation of alkene

(14) 1n 44% vield, Thig wag nresumablv derived from (12) and no nroduct resulting from the ¢cvcligati of
(14) in 44% yield. 1his was presumably d ed from (12} and no product resulting from the ¢cychisation of
(13) was ver=d which may be due to prior acid-catalysed isomerisation of (13) to (12) under the reaction
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The Mn(IIl) promoted cyclisation of B-tctralone-derived precursors (15) and (16) followed an alternative
pathway (Scheme 4). In this case, cyclisation to produce a cation of type (5) (Scheme 2) was followed by
nucleophilic addition of methanol (rather than deprotonation) to give the methoxy derivatives (17)-(18) (as

K
cingle diastereoicomers) The alternative fate of the cation mav he a conseauence of ring strain and a similar
single diastereowsomers). 1he alternative 1ate of the cation may be a consegquence of ring strain and a similar
mendiind wxre anletnd Frnn tha cruvnlamamtanana dasivativa (10) /Qrhorma &8)Y Nnra again nnrlannhilis trannina af
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equivalents of Mn(III) were used the yicld of (21) was 21% but this could be improved to 39% by ihc
portionwise addition of 2 equivalents of Mn(IIT) over 8 h. This can be compared with reaction of the N-allyl
derivative (20) with Mn(III) (2 or 4 equivalents) or Mn(IIT)/Cu(II) (2:1 equivalents) where no cyclisation
products were isolated.

r 1 P
MeOLC M MeOL Mo MeOL OMe
1 L 4 iy | TLome | 2 cqiv l=*/0M~ oM
0N OMe 07Ny € 0N Ve
L MeOH L _ MeOH L
S OMe | N oM | ~" " 0Me
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promoted oxidation to introduce the double bond. Repeating the reaction using 2 or 4 equivalents of Mn(iiI)
still gave rise to (24) but in lower yield (28 or 31% respectively).
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reactions, the N-cyciohexenylethyl precursor (28) was prepared (Scheme 7). On treatment with Mn(III) the
pyrrolidinone radical (26) was expected and this could undergo 5-exo or more likely 6-endo intramolecular
cyclisation by rezaction with the trisubstituted double bond. However, only diene (27) was isolated and thus the
rate of oxidation of radical (26) [to an N-acyliminium ion of type (5) (Scheme 2)] is faster than the
intramolecular radical cyclisation. In addition, the resulting N-acyliminium ion prefers to undergo
deprotonation rather than cyclisation by reaction with the electron-rich double bond (which is contrary to that

observed in related systems!0),
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Scheme 7

This work has demonstrated the novel application of Mn(III) promoted N-acyl enamine cyclisations in
nurralidinana cuntheacie The roartinn nravidac a nicl aacy and mild annranach tn a varoatu nf Hiinctinnalicad
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N-heterocycles in a one-pot reaction. Further studies directed towards the synthesis of alkaloids (and related

To a stirred solution of the enamine (0.34-0.79 mmol) in MeOH (25-3 cm3) under nitrogen was added a
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flSiOﬂ 01 vl (UAL)3 LHZU [1 .)4-3 .l() mmm) in lVlb (1U-13 ) d.nd e IHIX[UIE was heated at reflux
2 h until all the starting material had been consumed as indicated by TLC. The solvent was removed in
vacuo and the residue dissolved in EtOAc (15 cm3) and water (15 cm3). The organic layer was separated,
washed with water, brine, dried (MgSOy4) and then evaporated in vacuo to afford crude product which was
purified by column chromatography (silica).
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