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Figure 1.
Different stereoisomers of 2-arylperhydrocyclopenta[b]pyridin-1-ols, which form structural motifs of
8-azaestrone, were prepared via reductive cyclization from mono-oximes derived from 1,5-diketones,
by using sodium borohydride and acetic acid in THF at reflux.

� 2008 Elsevier Ltd. All rights reserved.
The perhydrocyclopenta[b]pyridine is a common heterocycle
found as a part of many alkaloids.1 In addition, this ring system
is a structural motif on non-natural steroidal molecules like
8-azasteroids (e.g., 8-azaestrone 1; Fig. 1).2 Due to the presence
of a basic and stereochemically flexible nitrogen in the carbon
framework, the azasteroids exhibit biological effects different from
their parent steroids.3 Naturally, azasteroid synthesis and stereo-
chemistry have attracted much attention.4 In continuation of our
work on the synthesis and stereochemistry of nitrogen hetero-
cycles,5 we wish to report a facile synthesis and stereochemical
characterization of A-ring aromatic 8-azasteroid ring motifs viz.,
2-arylperhydrocyclopenta[b]pyridin-1-ols of the type 2 (Fig. 1) by
reaction of the corresponding mono-oxime ketones with sodium
borohydride and acetic acid (Scheme 1). Even though conversion
of oximes into hydroxylamines with sodium borohydride and ace-
tic acid (sodium triacetoxyborohydride) is known,6 ours is the first
report on the application of this reagent for the synthesis of cyclic
hydroxylamines via a reductive cyclization cascade. Cyclic hydrox-
ylamines are important molecules because they display biological
activities similar to the corresponding amines7 and in many cases,
amine to hydroxylamine conversion increases potency.8 Moreover,
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some alkaloids like convergine9 and nupharidine10 contain a
hydroxylamine functional group.

Since 2-arylperhydrocyclopenta[b]pyridin-1-ols 2 possess three
stereogenic centers, they exist as four diasteromers, cis,cis (rel-
2a,4aa,7aa) 2a; cis,trans (rel-2b,4aa,7aa) 2b; trans,cis (rel-
2a,4ab,7aa) 2c; and trans,trans (rel-2b,4ab,7aa) 2d (Fig. 2).

Initially, we subjected mono-oxime ketone 5a11 to reductive
cyclization with sodium borohydride and acetic acid in THF to opti-
mize reaction conditions. From this reaction, conducted at THF
reflux, three isomeric cyclic hydroxylamines 2a, 2b, and 2c were
obtained as colorless solids in the ratio of 13:19:4012 (Scheme 1,
entry 1, Table 1). The fourth isomer 2d was not formed. At room
temperature, the reaction was sluggish and did not go to comple-
tion even after 24 h.

To ascertain the generality of the reaction and to prepare close
analogs of 8-azaestrone 1, we conducted reductive cyclization of
the mono-oxime ketones 5b and 5c. From 5b only two diastereo-
meric cyclic hydroxylamines 3a and 3c (entry 2) were obtained.
The reaction of 5c, however, furnished three hydroxylamines
4a–c (entry 3). In each case, we separated the isomers by column
chromatography and characterized them independently.

The structure and stereochemical assignments of the isomers
were made on the basis of 1H, 13C, 1D NOE, COSY, HMBC, and
HMQC NMR spectra, as a result of which all the protons and car-
bons could be assigned.13 In the cases of 2b and 4c, structures
were confirmed, unambiguously, by single crystal XRD data.13

Important HMBC and NOE correlations which served as diagnostic
tools to assign the structure and the stereochemistry to the rep-
resentative N-hydroxylamines 3a, 3c, and 2b are given in Figure
3. In all the three isomers, C2-H appeared as double doublet at
about d 3.5 ppm with one large and one small coupling constant
(Fig. 3). This pattern is explicable with the C2-aryl group, a bulky
conformational lock, occupying an equatorial position. The NMR
spectra and X-ray crystal structure analysis reveal that the piper-
idine ring in all the isomers is in a chair conformation. It should
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Table 1
Conversion of mono-oximes 5a-c and 6a–b into isomeric cyclic N-hydroxylamines
2–4 and 7a,b

Entry Mono Oxime Cyclic hydroxylamine and yield

1 5a 2a: 13%; 2b: 19%; 2c: 40%
2 5b 3a: 21%; 3c: 44%;
3 5c 4a: 11%; 4b: 21%; 4c: 43%
4 6a 7a: 74%
5 6b 7b: 69%
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be noted that unlike unsubstituted perhydrocyclopenta[b]pyri-
dine-1-ols, the cis–cis (2a, 3a, and 4a) and corresponding cis–
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δ 3.83 (dd, J = 1

Figure 3. The selected HMBC (single-head arrow) and NOE (double-head) arro
trans (2b, 3b, and 4b) isomers do not interconvert at room tem-
perature due to conformational rigidity imposed by equatorially
oriented bulky C2-aryl ring.

Previously, Eliel and Virlhapper have made seminal contribu-
tions for assigning stereochemistry of cis- and trans-perhydroquin-
olines based on 13C NMR chemical shifts of the ring carbons.14

Similar correlations for perhydrocyclopenta[b]pyridine-1-ols, how-
ever, are not available. In Table 2, we gather the 13C NMR spectral
assignments for the aliphatic carbons of the cyclic N-hydroxyl-
amines prepared in this study.

The major products in the reductive cyclization reaction are the
trans–cis isomers of the type 2c with a trans-ring junction (about
40%). The isomers with a cis-ring junction (cis–cis and cis–trans
of the types 2a and 2b) make up to 16–32% of the total. The stereo-
chemical outcome of the reaction shows that the reduction of
oxime to hydroxylamine provides major trans-isomeric intermedi-
ates in the first step. In this step, the stereochemistry of the ring
junction of the cyclized products is determined. In the second step,
cyclization involving the hydroxylamine and the benzylic carbo-
cation generated by reductive elimination of aromatic ketone—
via corresponding alcohol—is highly stereospecific, giving rise to
a single and more stable product of the type 2c. For more flexible
cis-hydroxylamine intermediate, cyclization takes place to gener-
ate products of the types 2a and b and the product ratios depend
on the transition state energies. A posteriori, we argue that the
cyclization is kinetically controlled with the involvement of benz-
ylic carbocation intermediates.

In continuation of this study, we have subjected the mono-oxi-
mes 6a and 6b to reductive cyclization with sodium borohydride
and acetic acid in THF reflux to realize single diasteromers 7a
and 7b in each case (Scheme 2). Both of these hydroxylamines have
a methyl group at C4a position and trans-ring junction, similar to
N
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w indicators for assignment of stereochemistry to isomers 3a, 2b, and 3c.



Table 2
13C NMR chemical shift values in CDCl3 of perhydrocyclopenta[b]pyridine-1-ols 2–4 (CH resonances are underlined)

C-2 C-3 C-4 C-4a C-5 C-6 C-7 C-7a

cis–cis 2a 72.23 30.96 27.30 41.56 24.54 22.23 30.96 69.94
3a 71.66 31.47 27.38 41.67 24.64 22.32 31.13 70.02
4a 72.08 31.39 27.38 41.60 24.58 22.29 31.02 70.00

cis–trans 2b 63.99 33.30 25.90 38.83 29.33 19.73 20.04 68.23
4b 63.75 34.00 25.87 38.83 29.28 19.64 20.06 68.30
2c 74.42 36.18 29.44 44.53 29.29 20.57 29.57 74.01

trans–cis 3c 73.37 36.23 29.47 44.64 29.34 20.55 29.69 74.48
4c 73.78 36.12 29.37 44.47 29.25 20.49 29.49 74.45
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those of a majority of steroids. We assigned stereochemistry of
7a,b based on 13C, NOESY, and HSQC NMR spectra. The ring junc-
tion methyl (C4a-Me) carbon appeared at d 17.4 ppm in agreement
with the similarly placed methyl group in 17a-androstanol (d
17.2).15 It is to be noted that the N-hydroxyl amine 7b closely
resembles ACD rings of 8-azaesterone 1.

In conclusion, we have delineated a facile synthesis of 2-aryl-
perhydrocyclopenta[b]pyridin-1-ols from the corresponding mono-
oximes by using inexpensive and convenient reagent system
namely sodium borohydride and acetic acid and also described
their stereochemistry. The cyclic hydroxylamines prepared in
this study exhibit close structural resemblance with A-ring
aromatic steroids and therefore should exhibit similar biological
activities.
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