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The synthesis of facial amphiphile 3a,7a-diaminocholestane
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Abstract—The facial amphiphile 3a,7a-diaminocholestane 3 was synthesized from 3b-acetoxy-7-ketocholestane 1 through a stepwise
reductive amination. The reductive amination of 1 with NH4OAc in the presence of NaBH3CN, and protection with Boc2O yielded
7a-(tert-butyloxycarbonyl)-aminocholestane 4 in 86% yield. The reductive amination of 6, which was obtained from 4 after hydro-
lysis and subsequent oxidation, with NH4OTf in the presence of NaBH(OEh)3 provided 3 in 75% yield after protection with Boc2O.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Hydrophilic and hydrophobic equivalents constituting
facial amphiphilic molecules supported by molecular
modeling experiments are shown to sensitize cell mem-
branes leading to cell death.1 These molecules are prom-
ising antibiotics against microbes.2 Steroid-based facial
amphiphiles are advantageous because hydrophobic ste-
roid molecules provide a rigid framework, and hydro-
philic axial functionality to the molecules serves as an
appendage.3 Non-steroidal facial amphiphiles and ‘tri-
pod amphiphiles’ have also been reported.4 Facial
amphiphiles are distinguished for their ion transport
and membrane selectivity,5 and they are utilized to syn-
thesize molecular receptors especially in anion recogni-
tion.6,7 The introduction of facial amino groups to
steroid molecules increases hydrophilicity and offers
flexibility, which can be manipulated for further modifi-
cations. Cholic acid based receptors ‘cholapods’,
reported by Davis et al., facilitate the transport of
chloride ions across membranes,6 and are widely
exploited for the synthesis of facial amphiphiles to intro-
duce axial triamino-functionality at C3–C7–C12. Cholic
acid possesses a 5b AB cis architecture and has a C–O
bond angled at �70� for C3–C7–C12, while for allo-
cholic acid a 5a AB trans configuration is �90�.8 Recep-
tors synthesized with 5a AB trans geometry provide
some extra space between C3 and C7 and exhibit
improved binding constants for anions.8 The preferred
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method to introduce an amino group into keto-steroids
is by oximation and subsequent reduction,6,7 although
the less familiar reductive amination (RA) is also
known.9 Previously, cholesteryl acetate was converted
to 7a-aminocholesterol via a two-step reaction: the
introduction of the azide group at the 7a position, by
treatment with (CH3)3SiN3 in the presence of DDQ,
and the subsequent reduction with LiAlH4, afforded
7a-aminocholesterol in 36% yield. 7b-Aminocholesterol
was prepared through the oximation of 7-ketocholester-
yl acetate and subsequent reduction with DIBAH in
27% yield.10 Common obstacles for the preparation of
aminosteroids include multi-step syntheses, and the
low overall yield carves out a niche for considerable
improvements. We have described a highly stereoselec-
tive procedure for 3a-aminosteroid from 3-ketosteroid11

and in a follow-up, we report a high-yielding and stereo-
selective procedure that synthesizes 7a-aminocholestane
and 3a,7a-diaminocholestane.

To synthesize the facial amphiphile 3, first we performed
a one step RA of diketone 2 as shown in Scheme 1. The
direct RA of 2 with NaBH3CN in the presence of
NH4OAc generated 3 in a low yield (34%) and a mixture
of a and b isomers of 3,7-dihydroxycholestane as side
products. The RA of 3-ketosteroid with NaBH3CN in
the presence of NH4OAc produced preferentially 3b-iso-
mer.11 With other reducing reagent such as NaB-
H3(OAc), RA of diketone 2 did not produce any
desired product 3. Consequently, we investigated the
sequential stepwise procedure to improve the yield and
stereoselectivity of 3a,7a-diaminocholestane 3 starting
from readily available compound 1. The RA of 1 with
NH4OTf, in the presence of reducing agents, gave a mix-
ture of 7-hydroxy and 7-amino compounds, as shown in
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Scheme 1. The RA of 3,7-diketocholestane. Reagents and conditions: (i) KOH/EtOH; (ii) PCC, CH2Cl2; (iii) NH4OAc, NaBH3CN, MeOH/
THF = 1:1; (iv) Boc2O, MeOH.
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Scheme 2. The RA of 3b-acetoxy-7-ketocholestane (1) with various
reducing agents.
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Scheme 3. The RA of 3b-acetoxy-7-ketocholestane (1) with various
amines.

Table 2. The RA of 7-ketocholestane (1) with NaBH3CN in the
presence of various aminesa

Entry Amines
(30 equiv)

Time
(h)

Yield
(%)

Configuration

1 CH3CO2NH4 5 86 7a
2 HCO2NH4 5 85 7a
3 NH4OTf 18 78 7a
4 CF3CO2NH4 48 48 7a
5 NH4Cl 72 — —
6 n-BuNH2 8 75 7a
7 HOCH2CH2NH2 48 82 7a
8 Boc-spermidine 24 65 7a
9 C6H5NH2 72 — —

10 C6H5CH2NH2 24 62 7a
11 C6H5CH2CH2NH2 24 71 7a

12
N

NH2
48 56 7a

a Reactions were carried out in a THF/MeOH = 1:1.
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Scheme 2, and the results are summarized in Table 1. 7-
Ketosteroid (1 equiv) and 10 equiv of NH4OTf with
2 equiv of NaBH(OAc)3, in THF at room temperature,
produced a 1:1 mixture of 7-hydroxy and 7-amino com-
pounds in a low yield. In contrast to the RA of 3-keto-
steroid, the RA of 7-ketosteroid requires large quantities
of ammonia precursors. By increasing the amount of
NH4OTf to 30 equiv, in a refluxing THF for 24 h, a mix-
ture of 7-amino and 7-hydroxy compounds with a ratio
of 10:1 in 86% yield was provided (Table 1, entry 1). In
order to reduce the formation of the 7-hydroxy com-
pound, other reducing agents were tested. With
NaBH3CN in a mixed solvent (THF/MeOH, 1:1) at
room temperature for 18 h, 7-NH2/7-OH with a ratio
of 7:3 in 78% yield was generated. When the reactions
were carried out with other reducing agents, such as
NaBH2(OAc)2, NaBH3(OAc), and picoline borane in
THF, the 7-amino product was not formed.

To avoid drastic conditions we used NaBH3CN at room
temperature, which resulted in 7-aminocholestane as
shown in Scheme 3 and Table 2. To ease product sepa-
ration, a formed primary amine was protected with
Boc2O in methanol. The RA of 1 with 30 equiv of
NH4OAc, and 2 equiv of NaBH3CN at room tempera-
ture for 5 h provided 7a isomer in 86% yield. With
HCO2NH4, the reaction gave a similar yield, but the dia-
stereoselectivity of the product decreased compared to
that of NH4OAc and the side product, which was hydro-
Table 1. The RA of 7-ketocholestane (1) with NH4OTf in the presence of v

Entry Reducing agent (2 equiv) Time (h) Temperatu

1 NaBH(OAc)3 24 Reflu
2 NaBH3CN 18 25
3 NaBH2(OAc)2

a 48 Reflu
4 NaBH3(OAc)b 48 Reflu
5 Picoline borane 48 25

a CH3COOH (2 equiv) + NaBH4 (1 equiv).
b CH3COOH (1 equiv) + NaBH4 (1 equiv).
lyzed at 3b-acetate, was formed. Among the tested
ammonia sources, NH4OAc, HCO2NH4, NH4Cl,
NH4OTf, and CF3CO2NH4, NH4OAc provided the best
results and gave the highest yield with a high diastereo-
selectivity toward the 7a isomer including a short reac-
tion time. The general applicability of the RA
methodology with other amines gave satisfactory
results, for example, n-butyl amine, 2-aminoethanol,
arious reducing agents

re (�C) X = NH2/OH Configuration Yield (%)

x 10:1 7a 86
7:3 7a 78

x — — Trace
x — — Trace

— — 0
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Boc-spermidine, benzylamine, phenethylamine, and 2-
aminomethyl pyridine gave their corresponding amino
products in moderate to good yields (Table 2, entries
6–12). But they required longer reaction times than
CH3CO2NH4. NH4Cl (entry 5) and aniline (entry 9)
did not produce any amino compound even after 72 h.

The stereochemistry of 7a-aminosteroid (4) was deter-
mined based on the Rf value and the chemical shifts of
7a-NH and 7-H protons in the 1H NMR as well as
the chemical shifts of C7 and C-13 in the 13C NMR
spectrum.12 Further relative stereochemistry was con-
firmed by data obtained from COSY, HETCO, DEPT
and comparisons with the similar published structure.13

The IR spectrum of 4 showed characteristic N–H
stretching, acetate and carbamate carbonyl bands at
3323, 1735 and 1686 cm�1, respectively.

The second direct RA of 6 was carried out, as shown in
Scheme 4, and the results are summarized in Table 3.
The RA of 6, which was obtained from 4 after hydroly-
sis and subsequent oxidation, with NaBH(OAc)3 in the
presence of NH4OTf, gave 3 as a mixture of a 3a/3b-iso-
mer in 69% yield. High diastereoselectivity was achieved
by modifying NaBH4 with different carboxylic acids, in
the synthesis of squalamine analogues.11 Thus, in order
to improve selectivity toward the 3a isomer, various
acyloxyborohydrides were prepared from NaBH4 and
the bulky carboxylic acids. It had been observed that
due to the increase in the bulkiness of the carboxylic
acid, stereoselectivity was biased toward the 3a isomer.
NaBH4 (1.0 equiv) and carboxylic acid (3.0 equiv) gen-
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Scheme 4. The synthesis of 3a,7a-bis(tert-butyloxycarbonyl)amino-5a-chole
THF = 1:1; (ii) Boc2O, MeOH; (iii) KOH/EtOH; (iv) PCC, CH2Cl2; (v) NH
H2NNH2, EtOH.

Table 3. The RA of 3-keto-7a-aminocholestane (6) with various reducing ag

Entry Amines Reagent Solvent (THF/M

1 NH4OTf NaBH(OAc)3 (2 equiv) 1:0
2 NH4OTf NaBH(OEh)3 (2 equiv) 1:0
3 NH4OTf NaBH(OIv)3 (2 equiv) 1:0
4 NH4OAc NaBH3CN (1 equiv) 1:1
erated in situ sodium tris(acyloxy)borohydride [NaBH-
(OCOR)3].14,15 A reagent prepared with 2-ethylhexanoic
acid (Eh) improved stereoselectivity and the reaction
rate also increased; it provided 3a/3b with a ratio of
9:1 in 85% yield. Isovaleric acid (Iv) provided similar
results as Eh, however, Iv caused a bad odor when the
reagent was prepared. NaBH3CN exhibited more
selectivity toward the 3b isomer in a lower yield (55%).16

The 1H NMR of 3 showed a 3a-NH proton of an a iso-
mer (3) at d 4.72 and a 3b-NH proton of a 3b isomer at d
4.35. In the 13C NMR spectrum of 3, two carbamate
carbons appeared at d 155.7 and 147.1, and tert-butyl-
oxy carbons appeared at d 85.5 and 79.5. The IR spec-
trum of 3 showed two characteristic carbamate N–H
stretching bands at 3460 and 3366 cm�1 and carbonyl
stretching bands at 1718 and 1699 cm�1. To examine
the 3a stereochemistry, the 3b-hydroxy-7a-(tert-butyl-
oxycarbonyl) aminosteroid (5) was transformed under
Mitsunobu conditions to 7. Treatment of 5 with diethyl
azodicarboxylate (DEAD), PPh3, and phthalimide pro-
duced 7 followed by hydrazinolysis with H2NNH2 in
refluxing ethanol, and protection with Boc2O provided
the 3a isomer. The spectroscopic data of the obtained
3a isomer were identical with 3.

In conclusion, we have developed a method, which will
be useful in the synthesis of aminosteroids, with high
stereoselectivity. The one step RA of 3,7-diketocholes-
tane (2) with NaBH3CN provided 3 in 34% yield, but
the sequential RA of 7-ketosteroid (1) with NaBH3CN,
followed by RA of resulting 3-ketosteroid (6) with NaB-
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1 7:3 69
1 9:1 85
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H(OEh)3, yielded the desired product 3 in 58% yield.
The synthesis of facial amphiphile 3a,7a-diaminocholes-
tane 3 from 3b-acetoxy-7-ketocholestane (1) was
achieved in total yields of 58% via two direct RAs.
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