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ABSTRACT
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Allylic organolithiums generated by enantioselective deprotonation of N-Boc-N-(p-methoxyphenyl) allylic amines undergo conjugate additions

with nitroalkenes to provide enecarbamates containing two contiguous stereogenic centers in good yields with high diastereoselectivities and
enantioselectivities. Further elaboration of these adducts to enantioenriched substituted cyclopentanones and aminocyclopentanes is reported.

There are a number of strategies for the asymmetric synthesisubsequent conjugate additions to nitroalkenes provides
of cyclopentanoid$? Often these are stimulated by the enecarbamate products that contain two contiguous stereo-
occurrence of the cyclopentane ring in biologically active genic centers in good yields with high diastereoselectivity
compounds. For example, the trans-2,3-disubstituted cyclo-and enantioselectivity. We have demonstrated that these
pentanone structure is found in the E series of 11-deox- adducts serve as useful precursors to highly substituted
yprostaglanding,and aminocyclopentanoids have been re- piperidines and pyrrolidinegs> We now report that these
ported to be potent glycosidase inhibitéts. asymmetric conjugate additions can be key steps in the

We have recently reported the-)-sparteine-mediated ~ Syntheses of 2,3-disubstituted cyclopentanones and cyclo-
lithiations ofN-Boc-N-(p-methoxyphenyl) allylic amines, and ~ Pentylamines with high enantioenrichments.

Treatment oN-Boc-N-(p-methoxyphenyl) allylic amines
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Norwich, NY 13825. configurationally stable organolithiun&and4, which on
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bamates/—9 in good yields and with good diastereomeric aldehydes with basic alumina results in intramolecular
(dr) and enantiomeric ratios (&f9. nitroaldol reaction and dehydration to provide the nitro-
Both aryl- and alkyl-substituted allylic amines and ni- alkenes10—12% Reduction of nitroalkened0—12 with
troalkenes can be utilized in the conjugate addition to give NaBH,’ using the conditions reported by Borchardt provides
the conjugate addition products in good yields with high crude nitroalkanes that can be converted to trans-2,3-

selectivities. The absolute configurations bfind 8 have

disubstituted cyclopentanond8—15 in good yields by a

been determined previously by X-ray crystallographic analy- Nef reactiorf

sis of derivatived? The absolute configuration 09 is
assigned by analogy.

Table 1. Conjugate Addition of
N-Boc-N-(p-Methoxyphenyl)allylamined and2 to Nitroalkenes
5and6
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yield
entry amine R; nitroalkene R; product (%) dr2 erd
1 1 Ph 5 Ph 7 90 94:6 96:4°¢
2 1 Ph 6 i-Bu 8 73 982 >973
3 2 Me 6 i-Bu 9 74 84:16 >97:3

aDijastereomeric ratios were determined By NMR integration.

b Enantiomeric ratios of diastereopure derivativegnantiomeric ratios were

determined by CSP-HPLC.

The enecarbamates—9 are readily converted to 2,3-
disubstituted cyclopentanones by the transformations shown 1. H,, Pd black
in Scheme 1. Acidic treatment a9 provides the nitro-

Scheme 1
R 1. HCI, CHCl5 Ri Rp
OzN N _ {
2. Al,O3 CHCl3
Ry N, NO,
Ar" Boc
7-9 10, Rq = R = Ph, 68%, >95:5 dr
11, Ry = Ph, R, = i-Bu, 63%, >95:5 dr
12, Ry = Me, Ry = i-Bu, 61%, 85:15 dr
1. 50, NaBH4 Ry Ry
—_—

2. NaOMe, MeOH
3. H2304’ MeCH
4. dilute HCI

13, R4 =Ry = Ph, 69%, >95:5 dr

14, Ry = Ph, Ry = i-Bu, 72%, >95:5 dr

15, R4 =Me, Ry, = i-Bu, 64%, 85:15 dr

Elaboration of the 2,3-disubstituted cyclopentanones to
2,3,5-trisubstituted cyclopentanones can be diastereoselective.
Treatment of14 with LDA at —78 °C in THF/HMPA
followed by substitution with Mel provides the trisubstituted
cyclopentanondl6 in 78% vyield and good diastereoselec-

tivity.
o] 0
i-Bu//./é 1. LDA, THF, HMPA i-BU/;é‘Me
Ph 2. Mel Ph
14 16

78 %, 85:10:5 er

An amine group can be introduced at the 2-position of a
3,4-disubstituted cyclopentanone frahby reduction of the
nitro functionality and subsequent transformations. The
approach is shown in Scheme 2. Hydrolysis7dbllowed

Scheme 2
pn 1.HClL CHel, Py oh
O,N N S \
2. KOtBu, THF
Ph N, NO:
Ar” Boc OH
7 17
79 %
Ph. Ph o]
b\ 1. TPAP, NMO BocHN
NHBoc
2. Boc,O 2. Si()gv Et3N N
OH PR Ph
69 % 78 %, 93:7 dr

by treatment of the resulting nitroaldehyde with KBu
provides nitro alcoholl7 in 79% yield as a mixture of
diastereomers. Hydrogenation of the nitro group and treat-
ment of the resulting amine with Bgd furnishes Boc-amino
alcohol18in 69% yield. Oxidation of the alcohol with TPAP/
NMO provides keton&9in 79% yield and 93:7 dr. Although
the diastereomeric ratio of crud&9 is 80:20, column
chromatography in the presence ofNtallows equilibration

of 19 to a thermodynamic product ratio of 93:7.

The nitroalkenel0 can be an intermediate for synthesis
of a 2,3-disubstituted cyclopentylamine as demonstrated by
the conversion ofLO to 20. Reduction of the double bond
and nitro group, accomplished in a single step using

aldehydes with the necessary 1,5-relationship between the (6) Ballini, R.; Castagnani, R.; Petrini, M. Org. Chem1992, 57, 2160.

functional groups for intramolecular cyclization to a cyclo-

(7) Sinhababu, A. K.; Borchardt, R. Tetrahedron Lett1983 24, 227.
(8) Hayashi, T.; Senda, T.; Ogasawara,MAm. Chem. So200Q 122,

pentane ring. Subsequent heating at reflux of the crude10716.
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BHs THF with a catalytic amount of NaBk? followed by can readily be converted to a number of substituted cyclo-

Boc protection of the crude amine provid2@din 69% yield, pentanone and cyclopentylamine derivatives. Since either
albeit as a 58:42 mixture of diastereomers. epimer of the lithiated intermediates can be obtained, this
approach can be useful to provide both enantiomers of the

Ph  Ph Ph.  Ph productst®10 Further development of this methodology is

= 1. BH3, cat. NaBH,4 O anticipated.
\>_\/ ~NO, 2. BocyO NHBoc
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In summary, we have developed a new approach for the Supporting Information Available: Experimental pro-
asymmetric synthesis of functionalized substituted cyclo- cedures for the preparation of all new compounds. This
pentanoids. The key carbesarbon bond formation is a-)- material is available free of charge via the Internet at
sparteine-mediated lithiation dEBoc-N-(p-methoxyphenyl) ~ http:/pubs.acs.org.
allylic amines followed by conjugate addition to nitroalkenes. o g26277G
The nitro enecarbamate products of the conjugate addition

(10) The epimers 08 and4 can be produced by a stannylatidithiation
(9) Kabalka, G. W.; Guindi, L. H. MTetrahedron199Q 46, 7443. sequence, albeit with some loss of enantioselectivity.
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