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Abstract

Isoxazole-linked steroidal glycoconjugates are prepared by 1,3-dipolar cycloaddition reactions of an in situ generated and hitherto
unknown steroidal nitrile oxide with appropriate propargyl ethers of sugars. The methodology provides a novel vector in the form
of an easily accessible nitrile oxide having the ability to couple with many biomolecules, thus offering a new pathway to construct
biologically significant novel steroidal conjugates.
� 2008 Elsevier Ltd. All rights reserved.
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Bioconjugation has emerged as a fast growing techno-
logy providing a simple method to couple two or more
molecular entities with distinct properties to form novel
conjugates possessing the combined properties of its indi-
vidual components.1 The medicinal applications of this
are based on the fact that several new conjugates arising
through such bioconjugation have been found to exhibit
unusual biological properties and activities as the different
molecular segments act cooperatively.

Steroids, due to their rigid framework and potential
for varying levels of functionalization, broad biological
activity profile and ability to penetrate the cell mem-
brane and bind to specific hormonal receptors, have
become preferred synthons for the development of diverse
bioconjugates. Several conjugates derived from diverse
steroids through integration and/or linkage with other
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biomolecules, drugs and other functional molecules along
with their pharmacological applications have been
reported.2 Some steroidal framework conjugates are
steroid–polyamine conjugates,3 steroid–anthraquinone
hybrids,4 steroid–carbohydrate conjugates5 and many
other steroidal conjugates.6 Steroidal glycosides are used
as agents for combating cholesterol, microbes, fungi,
viruses, tumours and molluscs.7 Amongst several steroidal
glycosides one well-known example is digitoxin, a cardiac
glycoside.

Recently, the so-called ‘Click chemistry’ has been used
in the synthesis of a wide variety of glycoconjugates.8–10

This has been attributed to the ease of reaction and relative
stability of the 1,2,3-triazole linker. However, the use of an
isoxazole moiety in a similar sense has yet to be realized
fully. Based on the stability of nitroalkanes and in view
of the availability of several efficient methods of transform-
ing nitroalkanes into their respective nitrile oxides11 and
the utility of carbohydrates in cycloaddition reactions,12

it appeared of interest to employ an isoxazole moiety in
the aforementioned sense. In the present Letter, we report
the application of a novel steroidal nitrile oxide, as a
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variant in ‘Click’-like chemistry, for the synthesis of isoxaz-
ole-linked steroidal glycoconjugates.

Towards a target such as 4, a retrosynthetic analysis
(Scheme 1) was carried out by taking into account the
ready access to propargyl ether sugars 2 and steroidal
nitroalkane 3.

The synthetic phase of our investigation started with the
synthesis of 3b-acetoxy-16a-nitromethyl-5-pregnen-20-one
3, starting from readily available 16-dehydropregnenolone
acetate (16-DPA) (1) using 1,8-diazabicyclo[5.4.0]undec-7-
ene (DBU) as a base and nitromethane in dry dichloro-
methane. The reaction was complete in 12 h affording the
desired product in 90% yield as shown in Scheme 2.13 To
the best of our knowledge, the only report available for
the preparation of this compound is by employing piperi-
dine as a base and the reaction takes 5 days to complete.14

The propargyl ethers of the sugars were prepared from
readily available sugars such as D-glucose, D-mannitol
and D-galactose. All the monosaccharides were trans-
formed into the respective alcohols followed by treatment
with NaH, propargyl bromide and tetrabutylammonium
bromide in THF as a solvent affording the respective pro-
pargyl ethers 2a, 2b, 2c and 2e. Propargyl ether 2d was
obtained by conversion of D-glucose into the D-glucal,
which on Ferrier rearrangement with propargyl alcohol
using bismuth nitrate in acetonitrile, following a literature
procedure,15 afforded the required product.

In our approach, nitroalkane 3 was treated with propar-
gyl ethers 2a–e in the presence of phenyl isocyanate
(PhNCO) and triethylamine in dry benzene at room
temperature utilizing Mukaiyama’s conditions.11a The
one-pot reaction proceeds completely regioselectively
affording 3,5-disubstituted isoxazoles 4a–e as shown in
Scheme 3.16 All the newly formed glycoconjugates (Table
1) were purified by column chromatography over silica
gel to furnish the desired products in 58–65% yield.

The regioselective formation of the cycloadduct was
confirmed by the appearance of characteristic 1H NMR
signals at d 6.03–6.10 ppm as singlets for 40-H. Other
signals such as that at d 5.36–5.37 ppm (broad singlet for
6-H), d 3.00 ppm as a doublet (17-H) and the remaining
signals were in accordance with the assigned structures.16
13C NMR signals were observed17 at d 102 ppm for C-40,
d 167 ppm for C-50, d 168 ppm for C-30, d 170 ppm for
the acetate carbonyl and at d 207 ppm for C-20, which lent
further support to the assigned structures.16 Since the
stereochemical outcome of the conjugate addition has been
shown to be dependent on the nature of the nucleophile
employed and the stereoselectivity varies from highly syn

selective to highly anti selective,18 it was expedient to ascer-
tain the stereostructure of steroidal nitroalkane 3 on the
one hand, and that of the derived cycloadduct on the other.
Therefore, single crystal X-ray analysis of the cycloadduct
derived from propargyl ether 2a and nitroalkane 3 was per-
formed. The ORTEP diagram of the steroidal glycoconju-
gate 4a is given in Figure 1.19 From the molecular geometry
of 4a it can safely be concluded that the conjugate addition
of nitromethane to 16-DPA is anti-selective and that the
1,3-dipolar cycloaddition is regioselective.

In conclusion, we have developed a very simple and con-
venient [3+2] cycloaddition route for the synthesis of a new
class of steroidal conjugates 4a–e, featuring an isoxazole
moiety between the sugar and the steroid entities. We have
in turn, provided a novel vector in the form of an easily
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Cycloaddition of steroidal nitrile oxide 3 with sugar propargyl ethers
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a Yields after column chromatography.
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accessible nitrile oxide having the ability to couple with a
host of biomolecules, thus offering a new pathway to
construct novel molecular entities bearing the pregneno-
Fig. 1. ORTEP representation o
lone framework. The developed methodology may prove
beneficial in the synthesis of other biologically significant
steroidal conjugates, studies on which are in progress.
f the X-ray structure of 4a.
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19.29 (C-19), 20.86, 21.42 (acetyl Me), 26.27, 26.79, 27.67, 31.35,
31.53, 31.62, 31.70 (C-21), 34.24, 36.55, 36.91, 38.00, 38.56, 45.07,
49.64, 55.65, 64.25, 68.73 (C-17), 69.07, 71.93 (–OCH2Ph), 73.76
(C-3), 79.08, 81.65, 82.15, 102.49 (C-40), 105.12 (C-100), 111.76
(�C(CH3)2, sugar), 122.13 (C-6), 127.64 (Ar-C), 128.00 (Ar-C),
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3H, 18-H3), 0.86 (m, 2H), 1.03 (s, 3H, 19-H3), 1.25 (s, 6H, �C(CH3)2),
1.52–1.89 (complex m, 13H), 2.03 (s, 3H, –COCH3), 2.17 (s, 3H,
21-Me), 2.34 (m, 2H), 3.00 (d, 1H, J = 9 Hz, 17-H), 3.57 (m, 2H,
70-H), 3.72 (t, 1H, J = 7 Hz, 200-Ha-H), 3.92 (t, 1H, J = 9.3 Hz, 16-H),
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(75 MHz, CDCl3): d 13.65 (C-18), 19.28 (C-19), 20.86, 21.39 (acetyl
CH3), 25.32, 26.73, 27.67, 31.39, 31.52, 31.62, 31.66 (C-21), 34.34,
36.54, 36.91, 38.00, 38.57, 45.07, 49.66, 55.67, 64.24, 66.44 (C-17),
69.11, 71.92, 73.72 (C-3), 74.55, 102.59 (C-40), 109.58 (�C(CH3)2,
sugar), 122.09 (C-6), 139.61 (C-5), 167.48 (C-50), 168.64 (C-30), 170.48
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(acetate-CO), 207.67 (C-20) ppm. HRMS (TOF, ES+): calcd for
C33H48NO7: 570.3431 [M++H]; found, 570.3424 [M++H].
(iv) Compound 4d: Yellowish sticky mass, IR (CHCl3): mmax = 2921,
2851, 1742, 1705, 1240, 760 cm�1. 1H NMR (300 MHz, CDCl3): d 0.74
(s, 3H, 18-H3), 1.03 (s, 3H, 19-H3), 1.16–1.91 (complex m, 15H), 2.03
(s, 3H, acetyl-Me, steroid), 2.10 (s, 6H, acetyl-Me, sugar), 2.18 (s, 3H,
21-H3), 2.33 (m, 2H), 3.00 (d, 1H, J = 9 Hz, 17-H), 3.92 (t, 1H,
J = 9 Hz, 16-H), 4.13-4.24 (m, 3H, 60-H2, 500-H), 4.63–4.67 (m, 2H,
3-H, 600-Ha), 4.77 (d, 1H, J = 13.5 Hz, 600-Hb), 5.14 (s, 1H, 100-H), 5.32
(s, 1H, 6-H), 5.36 (s, 1H, 400-H), 5.84 (d, 1H, J = 10.2 Hz, 300-H), 5.93
(d, 1H, J = 10.2 Hz, 200-H), 6.06 (s, 1H, 40-H) ppm. 13C NMR
(75 MHz, CDCl3): d 13.64 (C-18), 19.28 (C-19), 20.78, 20.85, 20.95,
21.41 (acetyl-Me), 27.65, 31.28, 31.51, 31.60, 31.63 (C-21), 36.89,
37.99, 38.55, 45.07, 49.63, 55.67, 60.56, 62.66, 65.03, 67.20 (C-17),
69.09, 73.71 (C-3), 94.00, 102.78 (C-40), 122.07 (C-6), 126.90, 129.94,
139.62 (C-5), 167.50 (C-50), 168.41 (C-30), 170.23 (acetate-CO), 170.52
(acetate-CO), 170.73 (acetate-CO), 207.71 (C-20) ppm. HRMS (TOF,
ES+): calcd for C37H50NO10: 668.3435 [M++H]; found, 668.3435
[M++H].
(v) Compound 4e: White crystalline solid, mp 90–92 �C. IR (CHCl3):
mmax = 2930, 1735, 1710, 1240, 760 cm�1. 1H NMR (300 MHz,
CDCl3): d 0.73 (s, 3H, 18-H3), 0.85 (m, 2H), 1.03 (s, 3H, 19-H3),
1.10–1.25 (m, 2H), 1.33 (s, 6H, �C(CH3)2), 1.44 (s, 3H), 1.54 (s, 3H),
1.59–1.86 (complex m, 11H), 2.03 (s, 3H, acetyl-Me), 2.17 (s, 3H,
21-H3), 2.34 (m, 2H), 3.00 (d, 1H, J = 9 Hz, 17-H), 3.67–3.69 (m, 2H),
3.98 (m, 2H), 4.23 (d, 1H, J = 9.1 Hz), 4.31 (m, 1H), 4.60 (m, 4H), 5.37
(br s, 1H, 6-H), 5.54 (d, 1H, J = 5.1 Hz, 100-H), 6.05 (s, 1H, 40-H)
ppm.13C NMR (75 MHz, CDCl3): d 13.68 (C-18), 19.30 (C-19), 20.88,
21.43 (acetyl CH3), 24.45, 24.92, 25.98, 26.09, 27.68, 31.38, 31.55,
31.65, 31.72, 34.28, 36.57, 36.94, 38.02, 38.59, 45.09, 49.68, 55.67,
64.25, 66.89 (C-17), 69.08, 69.90, 70.46, 70.64, 71.10, 73.76 (C-3),
96.33, 102.46 (C-40), 108.66 (anomeric C, sugar), 109.36 (�C(CH3)2,
sugar), 122.14 (C-6), 139.62 (C-5), 167.47 (C-50), 169.19 (C-30), 170.55
(acetate-CO), 207.75 (C-20) ppm. HRMS (TOF, ES+): calcd for
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