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Ring-closing metathesis reaction of dienes A (n= 1, R= CO;R’) leads to fused cyclopentenones C instead of the

expected cyclopentene derivatives B. RCM reaction o f the other dienes A takes place satisfactorily, af  fording the
expected fused cycloalkene derivatives B. Cyclohexe ne B (h= 2, R= CO2R’) also undergoes oxidation to the
corresponding cyclohexenone C.

Chiral nonracemic aminoalcohol-derived conceptually simple enantiopure molecules beaicttt
oxazolopiperidone lactams have proven to be véesati versatile functionality that enables them to bebetated
scaffolds for the enantioselective synthesis ofepgine- into a great diversity of targets.
containing alkaloids and bioactive compouhd¥hese To further expand the scope of our enantiomeric

scaffolding stratedfy for the construction of enantiopure
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metathesis (RCM) from the resulting dienes, andlfjnthe
reductive removal of the chiral inductor. We repugte an
unexpected oxidation after ring-closing metathaésishe
cyclopenta- and cyclohex@piperidine series.

Scheme 1 outlines the preparation of the startieges
3 from the knowd lactam1. The conjugate addition of the
vinyl group was accomplished in excellent chemigald
and completexo-facial selectivity,cis with respect to the
ethyl substituent, as a consequence of the stemtoahic
control? A subsequent alkylation of the resulting mixture
of C-6 epimeric lactam® with allyl bromide, 3-butenyl
bromide or 4-pentenyl bromide stereoselectivelyraféd
dienes3 as single stereocisomers.

Scheme 1Enantioselective Synthesis of the Starting Diehes
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Quite surprisingly, RCM reactidn of lactam 3a

catalyzed by the second-generation Grubbs catatyst
refluxing toluene resulted in the formation of eadka in
58% yield, instead of the expected prodb@tScheme 2).
A similar result was obtained when the reaction vasied

out under Ar atmosphere. At lower temperatures (Ar,
CH,Cl,, rt), most of the starting diene was recovered

unchanged and only trace amounts of endaewere

detected. However, when the reaction was carried out in

the dark under the last conditions, minor amouritshe
expected cyclopentene derivativa were detected (NMR)
after careful flash chromatography (under Ar in dagk).

In contrast, RCM reactions took place satisfactovilith
no oxidation products being observed, from dieBbs
(CH.CI,, rt) and 3c (toluene, reflux; no reaction was
observed at rt in Ci€l, solution) to give in excellent
yields the respective tricyclic lactan® and 5c, which
were converted to substituted perhydroisoquinolfibend
perhydrocyclohepta]pyridine 7c by LiAIH, reduction
followed by catalytic debenzylation (Scheme 3). ldoer,

3 Amat, M.; Pérez, M.; Llor, N.; Bosch, J.; Lago; Klolins, E.Org.
Lett. 2001, 3, 611-614.

4 (a) Deslongchamps, PStereoelectronic Effects in Organic
Chemistry; Pergamon Press: Oxford, 1983, p 221. (b) Perbnuf.
Conjugate Addition Reactions in Organic Synthesis; Pergamon Press:
Oxford 1992, p 25.

5 (a) Handbook of Metathesis; Grubbs, R. H., Ed; Wiley-VCH:
Weinheim, 2003; volumes-B. (b) Felpin, F.-X.; Lebreton Eur. J.
Org. Chem. 2003 3693-3712. (c) Deiters, A.; Martin, S. Ehem. Rev.
2004 104, 2199-2238.

5 The residual oxygen in the solvent and/or the malation during
work-up and column chromatography purification ebatcount for the
observed oxidation.

Scheme 2Unexpected Oxidation in the Cycloperfalperidine
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interestingly, refluxing (12 h) a toluene solutiofsb in an
open vessel resulted in a clean oxidation to giseftsed
cyclohexenone derivativedb in 77% vyield. Fused
cycloheptene derivativBc was recovered unchanged after
a similar treatment.

Scheme 3Ring-Closing Metathesis Reactions from DieBbs
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The formation ofa,B-unsaturated ketone4a and 4b
from alkenes8a and3b, respectively, probably involves an
initial allylic oxidation of the methine carbon dhe
piperidine 4-position followed by an allylic reangement
and a subsequent oxidation. This unexpected aerial
oxidation can be rationalized by considering thhaé t
change of the Sphybridation of the piperidine 4-carbon to
sy relieves the strain in these highly congesteds-fused
systems, in particular in the cyclopentemseries, which
suffer from strong 1,3-diaxial interactions betwetre
bulky substituent at the quaternary C-5a positiod the
ethyl substituent.

In order to confirm this interpretation, we decided
study similar RCM reactions from dienes lacking the
quaternary C-6 center. To remove the alcoxycarbonyl
substituent without afecting the two carbon-carbonble
bonds in the alkene moieties required for the RCM
reaction, we preparedert-butyl esters13. This was

7 For a study of the effect of strain in the sportaurs oxygenation of
cyclic olefins, see: Bartlett, P. D.; Banavali, ROrg. Chem. 1991, 56,
6043-6050.



performed, as outlined in Scheme 4, following atlsgtic
route similar to that previously developed in theowe
benzyloxycarbonyl series.

Scheme 4Synthesis of the Starting Dienes in the
tert-Butoxycarbonyl Series

Removal of the C-6tert-butoxycarbonyl group from
13ac was accomplished by treatment with TFA followed
by heating of the resulting keto acids in refluxitoduene
to give in good vyields approximately 4:1 mbdsi of the
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In this series, the stereoselectivity of the coajeg 2 13b  CHLCly, 1t Yes 16b(84)
addition reaction was confirmed by converting the 3  13c  TolueneA Yes 16¢c’ (95)
diastereoisomeric mixture of lactamkl to a single 4 130 CHCl, 1t No 14b (24),16b (60)
5 13b  TolueneA No 14b(34),16b (41)

oxazolopiperidondl2 by treatment with TFA followed by
heating in refluxing toluene.

As could be expected from the above RCM reactions,

and confirming the intermediacy of an allylic alobin the
oxidation process, cyclization of dieri8a (Ar, toluene,
reflux) in the presence of the second-generationb@Gs
catalyst (Table 1) resulted in the spontaneousabixid of
the initially formed alkend6a (not isolated), leading to a
mixture of allylic alcoholsl4a (30%; nearly equimolecular
mixture of C-7 epimers) and enon&a (30%) (entry 1¥.
As in the above cyclizations &b and 3c, cyclization of
13b (entry 2) andl13c (entry 3) took place in excellent
yield to give the respective tricyclic lactarhéb and16¢c®

respective alkis trisubstituted piperidine derivativd8a-c
and the corresponding C-6 epimers.

As we had assumediis-fused dienesl8a-c underwent
RCM reaction to give the correspondingisfused
cycloalkenesl19a-c in excellent yields (Scheme 5). The
reactions were carried out at rt in @, solution in series
aandb but in refluxing toluene in the seven-mengoer

Scheme 5Ring-Closing Metathesis Reactions in the Fused
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8 A double bond isomerization was observed in thelatyeptaseries
to give mixtures ot andc’ isomers. For related isomerizations in RCM
reactions, see: (a) Schmidt, 8.0rg. Chem. 2004 69, 7672-7687. (b)
Hong, S. H.; Sanders, D. P.; Lee, C. W.; Grubbd{R. Am. Chem. Soc.
2005 127, 17166-17161. (c) Fustero, S.; Sanchez-Rosellé, M.; Jiméne
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ring seriec.® In no case were oxidation products detected,
even when the reactions were carried out in therates of
an inert atmosphere. As outlined in Scheme 5, dtlicy
lactams19 were easily converted in excellent overall yield
to the enantiopure  perhydrocycloal&gyridine
derivatives 23a-¢ thus further illustrating the synthetic
potential of phenylglycinol-derived oxazolopipendn
lactams in the generation of enantiopure polystilisti
piperidine libraries. To confirm that the differdmhavior
of diene18ain comparison with diene3a and13ain the
RCM reactions can be attributed to the absencbeofCt6
alcoxycarbonyl substituent rather than to the déffe ring
fusion in the resulting tricyclic alkenewrgns in 5 and16
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Figure 1. Alkaloids with a 6-oxocyclopente]piperidine
skeleton.

butcisin 19), we also studied the RCM reactions from 6-
epi-18a-G which  would lead to transfused
cycloalkaf]piperidines (Scheme 6). Oxidation was not
observed in this series either, and the tricytléms-fused
cycloalkenes 5a&pi-19a-¢ were isolated in excellent
yields.

Scheme 6Ring-Closing Metathesis Reactions in thens-Fused
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The above results demonstrate that the unexpected

oxidations here reported are a consequence oftthian s
present in therans-fused cycloalkaf]piperidine systems
resulting from the RCM reactions. The oxidation wsc
spontaneously in the highly strained cyclopefitsed
derivatives, only after refluxing in toluene sotutiin the
absence of an inert atmosphere in the less comjeste
perhydroisoquinoline series, but it was not obserivethe
cyclohepta§]piperidine derivatives.

Taking into account that the 6-
oxocyclopentaf]piperidine skeleton is present in a
stereochemically diverse group of monoterpenoiddaye
alkaloids derived from iridodial-like presursd(Bigure 1),
starting from appropriate lactams the unexpectedation
reported here could provide a versatile enantiotiete
route to these alkaloid$.
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