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Addition of the configurationally stable organolithium species produced by enantioselective deprotonation of N-Boc-N-(p-methoxyphenyl)
allylamines to a,f-unsaturated carbonyl compounds affords 1,4-addition products in good yields with high diastereomeric and enantiomeric
ratios. Further transformations of these compounds provide [3.3.0]-, [4.3.0]-, [5.3.0]-, and [5.4.0]-carbocycles and heterocycles with high
stereoselectivities.

The stereoselective synthesis of bicyclic ring compounds is We have developed an asymmetric organolithium-based
of particular interest as a result of the high occurrence of its conjugate addition methodology mediated by the chiral ligand
core skeletal framework in numerous biologically important (—)-spartein€. The products obtained from the conjugate
compounds, namely, steroids. As a result several stereoseaddition reactions are precursors to a number of synthetically
lective strategies have been developed and utilized to accessiseful compounds, including 3,4- and 3,4,5-substituted
these ring systems, including {8 2] annulations,Robinson piperidines’ The focus of this report is further exploration
annulationg,and Michael addition techniqué©f the several of the synthetic utility to prepare bicyclic ring compounds.
strategies available to solve this problem, stereoselective The organolithium species employed in these conjugate
Michael additions have the capacity to allow fusion of addition reactions are generated by treatmentNeBoc
differently sized carbocyclic and heterocyclic rings onto the allylamines1 or 2 with n-BuLi and (—)-sparteine at78
Michael acceptor. °C in toluene®’ Addition of the lithiated intermediaté to
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both five- and six-membered,3-unsaturated lactones pro- The functionalized conjugate addition produ6ts9 can

vides the corresponding conjugate addition prodécisd be efficiently elaborated to [3.3.0]-, [4.3.0]-, [5.3.0]-, and
7 in 71% and 85% yields, respectively, with high enantio- [5.4.0]-carbocyclic and heterocyclic compounds. Our ap-
selectivities and diastereoselectivities as shown in Table 1proach provides bicyclic ring constructions of five-, six-, and

Table 1. Allylic Organolithium Conjugate Addition Reactions

seven-membered rings to an existing ring scaffold with
control of diastereoselectivity and enantioselectivity at the
new stereogenic centers.

Closure to Five-Membered Rings The formation of five-

R~ n-BuLi/3, -78°C R i _
3{//\ membered rings can be effected with the carbon skeleton of
NArBoc R= JNArBoc the initial conjugate addition products. The elaboration of
;, 2 = '\Pﬂl 5R= Michael adduct$ and7 to bicarbocyclic compounds utilizes
’ Michsel acceptor the ability to unmask an enecarbamate to a corresponding
\ ™scl pB-substituted aldehyde. As demonstrated in Scheme 1, acid
N N
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(entries 1 and 2). In the absence of trimethylsilyl chloride
(TMSCI), the vyield of the reaction decreased significantly.
The rate of addition of electrophile also affected the yield,
suggesting that the enolate formed upon addition is reactive
under these conditions and that the TMSCI prevents side
reactions.

The absolute configuration af has been determined by
X-ray crystallographic analysis of aB)¢(—)-1-(1-naphthyl)-
ethylamine derivativé2 The allylic organolithium species
derived from the crotyl allylamin® reacts with 2-cyclo-
hexenone to give highly enantioenrich&@entry 3). Reaction
of the organolithium specied with N-Boc-pyridin-4-one
gives9in 80% yield as a 93:7 mixture of diastereomers with
an enantiomeric ratio (er) of 90:10 for the major diastereomer
(entry 4)8°

(7) Toulene was used for the standard reaction conditions since it
provided product with the highest enantiomeric ratio. Although the standard
time for the deprotonation step is 1 h, recent kinetic studies has shown that
the deprotonation step requires only few mindtes.

(8) The absolute configuration &was assigned by derivatization and
X-ray crystallography using anomalous dispersion. The determination of
the absolute configuration is detailed in Supporting Information.

(9) The crystallographic data for derivative ®f16, and37 have been
deposited with the Cambridge Crystallographic Data Centre as supplemen-
tary publication nos. 154907, 154565, and 154566, respectively. Copies of
the data can be obtained free of charge on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, U.K. (fax:-#4)1223-336033; email: deposit@

hydrolysis of6 provides aldehydd0, which on reduction

with NaBH;, gives alcoholl1. Subsequent bromination and

cyclization of12with LDA in THF at —78 °C affords [3.3.0]
bicyclic compoundl3 in 60% yield with >95:5 dr.
Cyclization of 7 to the [4.3.0] bicarbocyclic compound
16 was accomplished through a modified route as shown in
Scheme 2. Hydrolysis of the major diastereomer 7of
provided the 3-substituted aldehydel4 in 82% yield.
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Subsequent reflux in trifluoroacetic acid and toluene afforded enolate chemistry withp-bromobenzyl bromide as the
the productl5in 81% yield. Hydrogenation df5 with (S)- alkylating agent. Hydrolysis of thegans-alkylated product
BINAP-RuCL provided the [4.3.0] bicyclic compount6 provided the aldehyd&9 in 85%. Reduction of both the
in 76% vyield as a single diastereomer. The relative stereo-aldehyde and ring double bond with L-selectride provided
chemistry of16 has been established from X-ray crystal- the corresponding alcohol, which was converted to the
lography, which indicates the hydrogenationldf affords mesylate in 84% yield. Deprotection of the ring nitrogen

cis-fused carbocycles (Scheme®2). followed by cyclization gave2l with the [4.3.0] skeletal
With cyclohexenone as the electrophile, asymmetric lithia- structure of an indolizidine alkaloid.
tion—substitution ofl resulted in mixtures of 1,2- and 1,4- Closure to Six-Membered Rings Construction of rings

addition products in low yields with poor diastereoselectivity. with more than three carbon atoms requires alteration of the
However, the reaction sequence is more selective with carbon skeleton of the initial enecarbamate adduct. The
N-Boc-N-(p-methoxyphenyl) crotylamiriz Conjugate ad-  strategy we have implemented involves using the Grubbs
dition of the organolithiun® to cyclohexenone itert-butyl ring closing metathesis (RCM) reaction as the key step in
methyl ether (MTBE) afforde@ in 62% yield with enantio-  the formation of the new six- or seven-membered ring, after
meric ratios of 98:2 and 97:3 for the major and minor incorporation of two olefinic groups by oxidation, olefination,
diastereomers, respectivéyyThe Michael adduc8 was and allylation'® This strategy allows also efficient and highly
cyclized with solution of TFA/HO in toluene in a single  enantioselective formation of a quaternary center.

step to afford the [4.3.0] bicyclic compoudd in 77% yield A Wittig reaction of the aldehyde formed by ozonolysis
as a mixture of diastereomers (Scheme 3). of the enecarbamate functionality provided one olefin, and
the other was incorporated using enolate chemistry with allyl
bromide as the electrophile. The ozonolysis @for 22
followed by a reductive workup with M& gave the

Scheme 3 _ :
Me Me corresponding aldehydes as shown in Scheme 5. Each of
N
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The conjugate addition produ@ was reduced with />*0 g 0 -78°C
L-selectride prior to subsequent hydrolysis of the enecar- =~ 697:3er 22 83%, 90:10 dr
: . o ui
bamate' provided the [4.3.0] produtB in 85% yield as Og, CHaClh, -78°C
shown in Scheme 4.
To effect cyclization onto nitrogen, the carbonto the or Ph N
: o ; N
carbonyl was blocked prior to hydrolysis using conventional O | o pHn mbul Rfj\ LDA, THF, -78C
R “, - - I ——
O/ THF, -78°C o (o} Allyl bromide
o 23R =H, 53%
Scheme 4 24R = Me, 58%
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= 7 R 3
0O [o} CH2C|2 (0]
9 er 90:10 18 o of 27
25 R =H, 69%, >95.5 dr 28 R =H, 98%
1. LDA, -78 °C, p-BrCgH4Ch,Br(91%) 26 R = Me, 75%, >95:5 dr 29 R = Me. 85%
2. 6M HCI, CHCl3 (85%) '
Ph 0 Ph OH _ _ o _ _
L-selectride (58%) the aldehydes was used directly in the Wittig reaction to give
Ar “NBoc T A “NBoc the alkenes23 and 24. *H NMR analysis indicated no
0P~ o) epimerization had occurred at the benzylic position. Alkyl-
AN 20 ation of the enolate derived from the lacto2®@or 24 with
Ar = pBrCeHs - allyl bromide provided the corresponding dier®sand26,
1. MsCl, Pyridine (84%) . . . .
j 2. TFA (90%) which were cyclized with the Grubbs catalyg%, bis-

(tricyclohexylphosphine) benzylidene ruthenium dichloride.

Ph
Ar N (10) (a) Crimmins, M. T.; King, B. WJ. Org. Chem1996,61, 4192.
(b) Martin, S. F.; Chen, H. J.; Courtney, A. K.; Liao, Y.; Patzel, M.; Rmser,
0] M. N.; Wagman, A. STetrahedron1996,52, 7251. (c) Houri, A. F.; Xu,
2 Z.; Cogan, D.; Hoveyda, A. H.J. Am. Chem. Sod995, 36, 1621. (d)

Grubbs, R. H.; Chang, Setrahedron1998,54, 4413.
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The [4.3.0]-bicyclic compound®8 and 29, with three

contiguous stereogenic centers, were isolated in 98% andcenter, providing39 and40 both in 81% yield. Hydrolysis

85% yields, respectively. The synthesis2%demonstrates ~ and subsequent olefination provides the required diéBes

control of a quaternary center by this approach_ and44for RCM. Rlng closure reactions provided the [530]
Closure to Seven-Membered Rings. We have applied a and [5.4.0] carbocyclic compoundts and 46 with three

similar RCM strategy to the construction of seven-membered Contiguous stereogenic centers, including one quaternary

rings as shown in Scheme 6. Treatment of the Michael C€nter.

adductss or 7 with LDA at —78 °C followed by addition of In summary, the transformations described herein proceed

allyl bromide affords30and31in good yields and moderate with hlgh enantioselectivity and diastereoselectivity in the

to high diastereoselectivities. Hydrolysis 2@ or the major construction of both carbocycles and heterocycles. On the

diastereomer fron31 leads to the corresponding aldehydes basis of the high diastereoselectivies observed with several

32 and 33 in 91% and 97% vyields, respectively. Wittig Other Michael acceptorswe expect that this approach will

olefination provided the diene®4 and 35, which undergo ~ be widely applicable.

RCM to give the highly enantioenriched [5.3.0] and [5.4.0] ]
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