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A highly stereoselective reductive amination of 3-ketosteroid
with amines: an improved synthesis of 3a-aminosteroid
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Abstract—A highly stereoselective reductive amination method was developed based on in situ generated sodium acyloxyboro-
hydride and was successfully applied to a steroidal skeleton with various amine sources. High yield (96%) and a de of up to 95%
were achieved by modifying the reducing reagent. The effect of this reagent will be discussed.
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The reduction of aldehyde or ketone with an amine
source in the presence of a reducing agent is reductive
amination (RA). This is among the most useful and
important tools in the introduction of a nitrogen atom
in intermediates, which find its vast application in the
synthetic processes of natural products. Stereoselective
reduction has always been a focus of attraction in syn-
thetic chemistry for many decades. There are numerous
examples in the literature that requires a high degree of
stereoselectivity. One such example is Squalamine,
which is well known for its antibiotic properties against
Gram positive and Gram negative bacteria. Also, an
antifungal, an anticancer, and inhibits angiogenesis
(Fig. 1).! Attempts have been made to lead its ana-
logues, appeared biologically more active.? In another
example, neurosteroid Funtumin, a known alkaloid,
which is 3o-amino-5a-pregnan-20-one, increased the
binding of [*Hlflunitrazepam at the GABA, receptor
in the primary culture of cortical neurons.?
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Figure 1. Squalamine.
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There are two methods available for RA, out of which a
direct reductive amination (DRA) method is involved
with a heterogeneous protocol. Such methods have limi-
tations including the production of side products and
low yields, as compared to a stepwise or indirect reac-
tion, which utilizes hydride reducing agents. A variety
of reducing agents, such as NaBH(OAc);,* NaBH,,*
NaBH;CN,>® pyridine-borane (py-BH3),> Ti(Oi-Pr),/
NaBH,,’¢ borohydride exchange resin,® Zn(BHj),/
Si02,7 BU3SHH/SiOZ,8 PhSiH3/Bu2SnC12,9 BH3S(M€)2,10
Zr(BH4)2Clz(dabCO)2, 1 ZIlClz/NaBH4, 12 N1C12/NaBH4, 13
Bu,SnHCI and Bu,SnHI,'* and Ti(Oi-Pr)./1,,'% a micro-
wave assisted NaBH,/clay,'® have been used.

We are interested in exploring the stereochemistry of 3-
ketosteroid with various amine sources and reagents.
Hence, we selected steroid moiety as a cyclic ketone
and chose some commonly available amine sources
along with spermidine and spermine as more specific
examples. By carefully selecting ketosteroid and amine,
it could be explored as an intermediate in the course
of squalamine analogue preparation. Almost all of the
synthetic methods that lead to squalamine involve the
RA of polyamine and a steroidal skeleton. Of all the
methods that have been put forth, only one enantiomer
was emphasized. In all cases, however, a diastereomeric
mixture was obtained. 3o Isomer is proved to be more
potent in some instances.! It is difficult to generalize
the ratio of diastereomers because it depends upon var-
ious parameters including reagents, reaction conditions,
and stoichiometry. By employing a selective reducing re-
agent, the ratio of products can be varied effectively. The
relative ratio of stereoisomer depends upon the size of
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the reagents and how it attacks the carbonyl carbon, ax-
ial or equatorial. As a result, the selection of the reagent
is very crucial.

NaBH,, which is used for reductive amination by
Kinney and co-workers>® requires harsh reaction condi-
tions, NaBH3CN is toxic and produces residual cyanide.
Care must be taken to control pH. For a successful RA,
it should be ~6. Moreover, at pH 3-4 it reduces alde-
hyde and ketone to alcohol.’® NaBH(OAc); is versatile,
and is mildly used in many instances. In the past,
NaBH, was modified by its reaction with various car-
boxylic acids, leading to the in situ generation of sodium
triacyloxyborohydrides, which is a less reactive species
than their mono or diacyloxyborohydride counter-
parts.!” It was evident that the 2 M equiv of a hydride
reacts more rapidly than a 3 M equiv at room tempera-
ture. The fourth molar does not react.'® High stereo-
selectivity was achieved by modifying NaBH,; with
different carboxylic acids in the synthesis of zatosetron
maleate.!” We have investigated the effect of sodium
triacyloxyborohydride [NaBH(OCOR);] in the RA of
a steroid with various amine sources.

NaBH, + 3RCOOH “2% NaBH(OCOR), + 3H, (1)
By using a general procedure for reductive amination,
ketosteroid 1 was treated with various ammonia sources
in the presence of NaBH(OAc); and gave 2a/2b as a
mixture of 3a/3B (Table 1 and Scheme 1). The acetyla-

Table 1. The RA under various ammonia sources

Entry Ammonia source (10 equiv) Yield (%)

1 CH;CO,NH,4 44

2 HCO,NH,4 No reaction
3 NH,CI1 No reaction
4 NH,OT; 90

5 NH,;CO,CF; No reaction

5‘\\

OTBS

tion of a formed primary amine was performed for the
ease of separation. Among the tested ammonia sources,
CH3C02NH4, HCOzNH4, NH4C1, NH4OTf, and
CF;CO,NH,, an ammonium triflate (NH4OTy) pro-
vided improved yields as they pertains to their excellent
solubility in a THF, which facilitate imine formation
easily, as compare to others. This may account for poor
solubility.

The reaction has been examined with several different
solvents including DCM, DCE, THF, and MeOH.
The solvents have been evaluated based on yield and
reaction time. THF proved to be the best solvent in
terms of the RA. The effect of stoichiometry for
NH,OT; was scrutinized and it was observed that
5 equiv of NH4OT; was not sufficient to drive the reac-
tion into forward direction. On the other hand,
10 equiv provided better results. By increasing the
amount of NaBH(OAc); from 1.5 to 2equiv, this
showed an improved yield although the reaction time
was not greatly affected. These results suggested that
1 equiv of ketone and 10 equiv of NH4OT; with 2 equiv
of NaBH(OAc); could be the standard stoichiometry
required for the reaction (Table 2). NaBH(OAc); pro-
vides a mixture of 3a/3B in a ratio of 1:1 (Table 2,
entry 6).

In order to increase the selectivity of the 3o isomer, var-
ious acyloxyborohydrides were prepared from NaBH,4
and carboxylic acid of increasing bulkiness. NaBH,
(1 equiv), with a carboxylic acid (3.5 equiv), generated
in situ sodium triacyloxyborohydride (Eq. 1). It was ob-
served that the increase in the bulkiness of carboxylic
acid, stereoselectivity was biased toward the 3o isomer
in Scheme 1 (Table 3). Pivalic acid results showed a low-
er yield because it was unable to form a triacyloxyboro-
hydride derivative completely, hence, ketone was
reduced and phenylacetic acid showed no reactivity with
NaBH,. 2-Ethylhexanoic acid improved stereoselectivity

Y
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Scheme 1. Reductive amination of 1 with various amine sources.
Table 2. Effect of stoichiometry on the RA in Scheme 1
Entry Ketone (equiv) NaBH(OACc); (equiv) NH4OT; (equiv) Solvent Time (h) Yield Ratio (30/3B)
1 1 1.5 5 THF No reaction
2 1 L.5 10 DCE No reaction
3 1 1.5 10 MeOH No reaction
4 1 1.5 10 DCM 20 70 1:1
5 1 1.5 10 THF 8 88 1:1
6 1 2.0 10 THF 8 96 1:1
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Table 3. RA using in situ generated various sodium acyloxyboro-
hydrides in Scheme 1

Entry Carboxylic acid Abbreviation  Yield Ratio

(RCOOH) (30/3p)
1 Acetic acid NaBH(OAc); 94 1:1
2 Butyric acid NaBH(OAc); 85 2.7:1
3 Isobutyric acid NaBH(OiBu); 86 3.0:1
4 Isovaleric acid NaBH(Oival); 95 4.3:1
5 Pivalic acid NaBH(Opiv); 37 5.7:1
6 2-Ethylbutyric acid NaBH(OEb); 92 7.3:1
7 2-Ethylhexanoic acid NaBH(OEh); 96 9.0:1

dramatically and the rate of reaction also increased, it
provided 30/3B a ratio of 9:1 (Table 3).

Encouraged by these results, the RA was elaborated to
spermidine and spermine. Ketosteroid 1 (1 equiv) and
2.5 equiv of spermidine with 2 equiv of reagent provided
a diastereoselective ratio of 3a/3f of 19:1, with a tris[2-
(ethylhexanoyl)oxy]borohydride reagent [NaBH(OEh);]
(Table 4, entry 2).2° NaBH(OEh); was compared with
other reagents and it gave a higher 3o product. In an-
other attempt, we used the polymer-bound reagent
MP-triacetoxyborohydride (Table 4, entry 5). It gave
similar results as NaBH(OAc)3;, however, the polymer
was unable to remove unreacted spermidine, hence,
purification was necessary.?! NaBH;CN exhibits more
selectivity toward the 3 isomer. The pH dependence
and size of NaBH;CN may be attributed to the stereo-
selectivity of product (Scheme 2).

Results with spermine showed further improvement in
selectivity, 3a/3B as 24/1 (Table 4). The effect of size

Table 4. Reductive amination of 1 with Boc protected spermidine and
spermine with various reducing reagent

Entry Reducing reagent Yield Amine source Ratio (30/3p)
1 NaBH(OEh); 97 Spermine 24:1
2 NaBH(OEh); 96 Spermidine 19:1
3 NaBH(OAc); 95 Spermine 3:1
4 NaBH(OAc); 98 Spermidine 3:1
5 MP-BH(OAc);* 92 Spermidine 3:1
6 NaBH;CN 90 Spermine 0.65:1
7 NaBH;CN 91 Spermidine 0.6:1

#Polymer bound triacetoxyborohydride.

N.
HoN SN "R BoeN

Boc

Boc
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of the amine was also observed. As the size increases,
the difference in the ratio of the 3a/3p products was also
greater and more 3a products were obtained. The mech-
anism for selectivity has several explanations in the liter-
ature but none of them are satisfactory for all situations.
Hutchins et al. explained how hydride reagents attack
whether they are axial or equatorial in a cyclic ketone,
and its preferred mode of attack on carbonyl carbon de-
pends upon the bulkiness of the reagent. The steric envi-
ronment around the carbonyl is also responsible for the
difference in diastereoselectivities.

In this letter, we have described a method with high ste-
reoselectivity, which will be useful in the synthesis of a
squalamine analogue. It could be promising for syn-
thetic applications and it will give a better insight into
understanding the effect of reagents.

Acknowledgments

This research was supported by the Kyungpook
National University Fund 2004 and the ‘Nanotechno-
logy based Core Technology Development for Next
Generation Business’ of MOCIE (00014876).

References and notes

1. (a) Moore, K. S.; Wherli, S.; Roder, H.; Roger, M.;
Forrest, J. N.; McCrimmon, J. D.; Zasloff, M. Proc. Natl.
Acad. Sci. U.S.A. 1993, 90, 1354; (b) Wherli, S. L.; Moore,
K. S.; Roder, H.; Durrel, S.; Zasloff, M. Steroids 1993, 58,
370; (c) Jones, S. R.; Kinney, W. A.; Zhang, X.; Jones, L.
M.; Selinsky, B. S. Steroids 1996, 61, 565; (d) Kikuchi, K.;
Bernard, E. M.; Sadownik, A.; Regen, S. L.; Armstrong,
D. Antimicrob. Agents. Chemother. 1997, 41, 1433.

2. (a) Kim, H.-S.; Kwon, K. C.; Kim, K. S.; Lee, C. H.
Bioorg. Med. Chem. Lett. 2001, 11, 3065; (b) Kim, H.-S.;
Choi, B. S.; Kwon, K. C.; Lee, S. O.; Kwak, H. J.; Lee, C.
H. Bioorg. Med. Chem. 2000, 8, 2059.

3. Matyas, L.; Kasal, A.; Riera, Z. B.; Sunol, C. E. Collect.
Czech. Commun. 2004, 69, 1506.

4. Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D
Maryanoff, C. A.; Shah, R. D. J. Org. Chem. 1996, 61,
3849.

\

ii) Boc,0O, MeOH

i) reducing agent, THF, r.t.

N-Boc
%,
OTBS
N =
Boc H
3a:0,R=H
3b:B,R=H
4a : o, R = (CH,)3;NHBoc
4b : B, R = (CH,);NHBoc

Scheme 2. Reductive amination of 1 with Boc protected spermidine and spermine.



7678

5.

14.

15.
16.

17.
18.

20.

S. Nawaz Khan et al. | Tetrahedron Letters 46 (2005) 7675-7678

(a) Weis, A. L.; Bakos, T.; Alferiev, I.; Zhang, X.; Shao,
B.; Kinney, W. A. Tetrahedron Lett. 1999, 40, 4863; (b)
Borch, R. F.; Bernstein, M. D.; Durst, H. D. J. Am. Chem.
Soc. 1971, 93, 2897; (c¢) Bomann, M. D.; Guch, I. C,;
DiMare, M. J. Org. Chem. 1995, 60, 5995; (d) Neidigh, K.
A.; Avery, M. A.; Williamson, J. S.; Bhattacharya, S.
J. Chem. Soc., Perkin Trans. 1 1998, 2527.

Yoon, N. M.; Kim, E. G.; Son, H. S.; Choi, B. S. J. Synth.
Commun. 1993, 23, 1595.

. Ranu, B. C.; Majee, A.; Sarkar, A. J. Org. Chem. 1998, 63,

370.

Hiroi, R.; Miyoshi, N.; Wada, M. Chem. Lett. 2002, 3,
274.

Apodaca, R.; Xiao, W. Org. Lett. 2001, 3, 1745.

. Krishnamurthy, S. Tetrahedon Lett. 1982, 23, 3315.
. Firouzabadi, H.; Iranpoor, N.; Alinezhad, H. Bull. Chem.

Soc. Jpn. 2003, 76, 143.

. Bhattacharya, S. Synth. Commun. 1997, 27, 4265.
. Saxena, I.; Borah, R.; Sarma, J. C. J. Chem. Soc., Perkin

Trans. 1 2000, 503.

(a) Suwa, T.; Sugiyama, E.; Shibata, I.; Baba, A. Synlett
2000, 556; (b) Suwa, T.; Shibata, I.; Nishino, K.; Baba, A.
Org. Lett. 1999, 1, 1579.

Chi, Y.; Zhou, Yong-Gui; Zhang, X. J. Org. Chem. 2003,
68, 4120.

Varma, R. S.; Dahiya, R. Tetrahedron 1998, 54, 6293.
Gribble, G. W. Chem. Soc. Rev. 1998, 27, 395.

Malmvik, A. C.; Obenius, U.; Henriksson, U. J. Org.
Chem. 1988, 53, 223.

. (a) Burks, J. E.; Espinosa, L.; LaBell, E. S.; McGill, J. M.;

Ritter, A. R.; Speakman, J. L.; Williams, M. A. Org.
Process Res. Dev. 1997, 1, 198; (b) McGill, J. M.; LaBell,
E. S.; Williams, M. A. Tetrahedon Lett. 1996, 37, 3977.

(i) NaBH(OEh); was prepared by the slow addition of 2-
ethylhexanoic acid (28 ml, 175.7 mmol) to NaBH,4 (1.9 g,
50.2 mmol) in CH,Cl, in an ice bath, and stirred for 72 h.

21.

22.

(i) A mixture of 1 (200 mg, 0.45 mmol) and spermidine
(380mg, 1.1mmol) in THF reacted with 2 equiv
NaBH(OEh); at room temperature under an inert atmo-
sphere. After the reaction was completed, the solvent was
removed and extracted with EtOAc, dried over Na,SO,,
and concentrated to dryness. The reaction mixture further
reacted with di-tert-butyl dicarbonate (1.2 equiv) in
MeOH. The solvent was removed and extracted with
EtOAc. Chromatography on a silica gel column gave 3a
(361 mg, 92%) and 3b (19 mg, 8%) in 96% yield.
Compound (3a) Ry 0.36 (EtOAc/hexane 1:4); 'H NMR
(400 MHz, CDCl3): 6 0.63 (s, 3H, 18-CH3), 0.77 (s, 3H, 19-
CHs;), 0.86 (s, 9H, (CH3)3), 0.95 (d, J= 6.5 Hz, 3H, 21-
CH;), 1.42 (s, 27H, Boc-H), 3.21 (dd, J=17.5, 9.5 Hz, 1H,
22-H,), 3.54 (dd, J= 3.0, 9.5 Hz, 1H, 22-Hy), 4.04 (br s,
1H, 3p-H); '3C NMR (100.6 MHz, CDCl5): § 157.5, 157.2,
157.0, 80.8, 80.6, 69.4, 57.7, 54.3, 51.2, 44.2, 439, 414,
40.6, 37.1, 36.5, 33.4, 31.2, 30.3, 30.1, 29.9, 29.2, 28.9, 27.5,
27.2, 26.6, 25.8, 22.4, 19.9, 18.4, 14.8, 13.7, —3.7. Anal.
Caled For CsoHg3N30O7 Si: C, 68.52; H, 10.70; N, 4.79.
Found: C, 68.48; H, 10.67; N, 4.77.

Compound (3b) Ry 0.33 (EtOAc/hexane 1:4) 'H NMR
(400 MHz, CDCl3): 6 0.63 (s, 3H, 18-CH3), 0.76 (s, 3H, 19-
CH;), 0.86 (s, 9H, (CHj3)3), 0.95 (d, J = 6.5 Hz, 21-CH3),
1.43 (s, 27H, H-Boc), 3.21 (dd, J=7.6, 9.5 Hz, 1H, 22-
H,), 3.54 (dd, J=3.0, 9.5 Hz, 1H, 22-H,,), 4.60 (br s, 1H,
3a-H); '*C NMR (100.6 MHz, CDCl;): & 57.5, 157.1,
157.0, 148.2, 86.7, 80.8, 80.6, 69.4, 57.7, 55.7, 54.3, 44.2,
41.4,40.6,37.0, 33.5, 31.2, 30.3, 30.1, 30.0, 29.9, 29.2, 28.9,
27.5, 27.2, 25.9, 22.6, 19.9, 18.4, 14.0, 13.7, —3.7. Anal.
Caled for CsoHo3N;O4Si: C, 68.52; H, 10.70; N, 4.79.
Found: C, 68.44; H, 10.72; N, 4.78.

Bhattacharya, S.; Rana, S.; Gooding, O. W.; Labadie, J.
Tetrahedon Lett. 2003, 44, 4957.

Hutchins, R. O.; Su, W. Y.; Sivakumar, R.; Cistone, F.;
Stercho, Y. P. J. Org. Chem. 1983, 48, 34.



	A highly stereoselective reductive amination of 3-ketosteroid with amines: an improved synthesis of 3 alpha -aminosteroid
	Acknowledgments
	References and notes


