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Abstract: We developed a facile synthesis process for producing optically active non-secosteroidal ligands (YR301-304),
which are stereoisomers of LG190178, and evaluated their performance in transcriptional assays using mutant vitamin D
receptor (VDR). It was found that all of them had stronger activities than the natural ligand 1o,25-dihydroxyvitamin D
[1o,25(0OH),Ds]. In particular, YR301 showed potent activity for both wild-type and mutant Arg274Leu VDR.
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INTRODUCTION

Vitamin D receptor (VDR) ligands are therapeutic agents
used for the treatment of psoriasis, osteoporosis, and
secondary hyperparathyroidism [1]. VDR ligands also show
immense potential as therapeutic agents for autoimmune
diseases and cancers of the skin, prostate, colon, and breast
as well as leukemia [1, 2]. In 2000, Moras et al. revealed the
binding mode between 1a,25-dihydroxyvitamin  Dj
[10,,25(0OH),D3] and the ligand binding domain (LBD) of
VDR by X-ray analysis [3]. This enabled the novel design of
VDR ligands using structure-based drug design [4]. Non-
secosteroidal ligands for VDR have thus become an
attractive target for the development of new therapeutics [5].
LG190178 is the first novel non-secosteroidal ligand to be
developed and shows potential as a therapy for cancer,
leukemia, and psoriasis with fewer calcium mobilization side
effects than are associated with secosteroidal 1a,,25(0OH),D3
analogues [6]; however, although LG190178 has four
stereoisomers, there is no apparent active isomer of
LG190178. Recently, Hashimoto’s group [7] and we [8]
independently synthesized four isomers of LG190178 and
evaluated their interaction with VDR and revealed that the
(2S,2’R)-isomer (YR301) had potent activity compared to
10,25(0OH),D3. Furthermore, we solved the crystal structure
of the rat VDR LBD bound with YR301, the overall
structure of which was very similar to that of the VDR LBD-
10,25(0H),;D; complex [9]. The mutation of VDR
Arg274Leu causes a rare genetic disease called hereditary
vitamin D-resistant rickets (HVDRR) [10]. The substitution
of Arg274 for Leu reduced its affinity for 1o,25(0OH);Ds
because of the loss of the hydrogen bond between the 10.-OH
of 10,25(0H),D; and Arg274 (ca. 1000-fold reduction
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against the wild-type receptor) [11]. Several groups have
recently reported vitamin D analogues for mutant VDR [12].
As for non-secosteroidal ligands for mutant VDR, Koh et al.
reported racemic LG190155 analogues that showed potent
activity for mutant VDR (Arg274Leu) [13]; however, they
showed weak activity for wild-type VDR compared with
10,25(0OH),D; and did not include an active isomer. In this
paper, we wish to report the facile synthesis of the optically
active non-secosteroidal ligands YR301-304 and that YR301
and YR303 show potent activity for mutant VDR
(Arg274Leu). Furthermore, we demonstrate that YR301
exhibits strong activity for both wild-type and mutant VDR.
Having activity for both wild-type and mutant receptors is an
advantage for the development of drugs against rare
diseases.

RESULTS AND DISCUSSION
Synthesis of YR301-304

In our previous report, the synthesis of stereoisomers of
LG190178 required several cumbersome steps including
separation with a chiral column [8]. Therefore, we proposed
a facile synthetic route for producing the (2S,2’R)-isomer
(YR301) of LG190178 starting from bisphenol derivative 1
(Scheme 1) [8]. The asymmetric center at the 2’-position was
constructed by (R)-CBS-oxazaborolidine-catalyzed (CBS,
Corey-Baski-Shibata) asymmetric borane reduction [14].
The results are shown in Table 1. The use of BH;-THF
complex gave (R)-2 with a moderate yield and
enantioselectivity ~ (entry  1).  Borane  N-ethyl-N-
isopropylaniline (BACH-EI™) complex worked well to give
(R)-2 with a high vyield and excellent enantioselectivity
(entry 2). Using a low-temperature reaction reduced both the
yield and enantioselectivity (entries 3 and 4). The use of 1.5
Eq. BACH-EI™ increased the chemical yield of (R)-2 with a
slight decrease in enantioselectivity (entry 5). After
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Scheme 1. Synthesis of the (2S,2'R)-isomer (YR301) of LG190178.
Table1. Asymmetric Reduction of Compound 1
Entry Borane reagent (Eq.) Temperature (°C) Yield (%) Ee* (%)
1 BH,-THF (1.2) 20 47 65
2 BACH-EI™ (1.2) 20 75 95
3 BACH-EI™ (1.2) 0 71 73
4 BACH-EI™ (1.2) -20 60 22
5 BACH-EI™ (1.5) 20 97 87

*Determined by HPLC.
°Borane N-ethyl-N-isopropylaniline complex.

treatment of (R)-2 with (S)-glycidol, the desired (2S,2’R)-
isomer YR301 (3) was obtained in a sufficient yield. In a
similar manner, the (2S,2’S)-isomer [by use of (S)-CBS and
(S)-glycidol, YR302 (4)], (2R,2’R)-isomer [by use of (R)-
CBS and (R)-glycidol, YR303 (5)], and (2R,2’S)-isomer [by
use of (S)-CBS and (R)-glycidol, YR304 (6)] were
synthesized, respectively.

Fig. (1) shows the stereochemical course of the
asymmetric reduction of compound 1. The transition-state
complex A, which is generated by compound 1, (R)-CBS
catalyst, and borane reagent, might be attacked by hydride on
the si face to afford desired product (R)-2.

/
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B
R— CH, / N

|
>,: 6} / Ph
Bul
-, —BH
H 2 R = bisphenol
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Intermediate A

Fig. (1). Plausible stereochemical course.

Transcriptional Assays for Mutant and Wild-Type VDR

Four isomers, YR301 (3), YR302 (4), YR303 (5), and
YR304 (6), were examined in transcriptional assays with
mutant VDR (Arg274Leu). Their activity for mutant VDR
was not as strong as that for wild-type VDR [8]. The results
are summarized in Table 2. For mutant VDR (Arg274Leu),
all non-secosteroidal ligands (YR301-304) exhibited
stronger activities than 10,,25(0OH),Dg; in particular, YR301
and YR303 were more than 20 times more potent than
10(,25(OH)2D3.

Fig. (2) shows our proposed schematic representation of
the hydrogen bonds between the ligand [10,25(0OH),D;3 or
YR301 (3)] and mutant VDR (Arg274Leu). The substitution
of Arg274 for Leu causes the loss of a crucial hydrogen bond
to the 1a-OH of 1a,25(0OH),D; and leads to a decrease in the
in vitro ligand-dependent transactivation function (Fig. 2A)
[11]. On the other hand, it seems that the non-secosteroidal
ligand 3 shows potent activity for mutant VDR (Arg274Leu)
because its 3-OH assists in hydrogen binding to Ser237 (red
dashed line in Fig. 2B) and enhances its affinity compared
with 10,25(0H),D;. YR303 (5) might also show potent
activity for the same reason. This conformational change
was supported by a molecular modeling study (Fig. 3).



Synthesis and Bioactivity of Non-Secosteroidal Ligand for Vitamin D Receptor Letters in Organic Chemistry, 2011, Vol. 8, No.1 45

Table 2. Transcriptional Assays Using Mutant VDR (Arg274Leu) and Wild-type VDR [8]

Transcription ECso (nM)
Compound
Mutant VDR MCF7? Wild-type VDR HOS/SF®
10,25(0H),D; 440 0.0106
YR301(2S,2°R) 22 0.0396
YR302(2S,2°S) 100 1.66
YR303(2R,2'R) 17 4.68
YR304(2R,2’S) 69 15.6

“Human breast cancer cell.
"Human osteosarcoma cell, serum free.

) ®
\ - " @
o OH

@ OH i,
mutation k/

mutation

1a,25-dihydroxyvitamin Dy YR301
(1a,25(0H),D5)
Fig. (2). Schematic representation of the hydrogen bonds (black and red dashed lines) between the ligand [1c.,25(0OH),D3 or YR301 (3)] and

mutant VDR based on the reported cocrystal structure.
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Fig. (3). Modeled structure of YR301 bound to the mutant VDR (Arg274Leu). Hydrogen bonds are shown as red dashed lines.
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EXPERIMENTAL SECTION
General

All chemicals were of commercial grade without further
purification. *H and 3C NMR spectra were recorded on a
Varian AS 400 spectrometer, and measurements were carried
out in CDCIl; with tetramethylsilane used as an internal
standard. FT-IR spectra were recorded on a JASCO FT/IR-
4100 spectrometer at 1 cm™* resolution, with a mean of 16
scans used for the solution (CDCI;) method and a 0.1 mm
path length adopted for NaCl cells. Optical rotations [o]p
were measured with a Jasco DIP-316 polarimeter using a 1.0
dm cell. ESI-MS spectra were measured on a Waters
Micromass ZQ LC Mass spectrometer.

Procedure for the Asymmetric Reduction

In an inert gas atmosphere, to a mixture of 1.0 M (R)-
CBS catal1yst in toluene (0.05 mL, 0.05 mmol) and 2.0 M
BACH-EI™ in THF (0.3 mL, 0.6 mmol) in THF (3 mL) was
slowly added 1 (191 mg, 0.5 mmol) in THF (3 mL) over a
period of 1 h at room temperature. The reaction mixture was
then stirred for 10 min and quenched with MeOH (0.2 mL).
The solvent was removed under reduced pressure and then
purified by silica gel column chromatography (n-
hexane/AcOEt = 5/1) to afford (R)-2 (144 mg, 75%, 95% ee)
as a colorless oil. IR (in CDCl3) 3404 (br), 2875, 2350, 1501,
1238, 1122 cm™; *H-NMR (400 MHz, CDCls) 5 0.60 (t, J =
5.7 Hz, 6H), 1.01 (s, 9H), 2.01 (q, J = 5.7 Hz, 4H), 2.17 (s,
3H), 2.20 (s, 3H), 2.48 (br s, 1H), 3.71 (d, J = 4.5 Hz, 1H),
3.86 (t, J = 6.6 Hz, 1H), 4.09 (dd, J = 1.8, 5.1 Hz, 1H), 4.46
(s, 1H), 6.65 (d, J = 6.3 Hz, 1H), 6.70 (d, J = 6.3 Hz, 1H),
6.90 (m, 4H); *C-NMR (100 MHz, CDCl5) & 8.7, 16.3, 16.9,
26.3, 29.5, 33.8, 48.6, 69.4, 110.3, 114.2, 122.7, 125.7,
126.4, 126.9, 130.8, 130.9, 141.4, 151.5, 154.5; [0]*'p = —
51.5 (c 0.15, CHCl3, 95% ee); ESI(+)-MS: 385 (M*+H).

The absolute stereoconfiguration was determined by
chiral HPLC: Daicel Chiralpak IA column (4.6 mm¢, 250
mm), n-hexane : i-PrOH = 10 : 1, wavelength: 254 nm, flow
rate: 1.0 ml/min, retention time: 8.5 min ((R)-2), 13.2 min

((S)-2).

Preparation of YR301 (3)

In an inert gas atmosphere, a mixture of compound 2
(115 mg, 0.30 mmol), K,CO3 (62 mg, 0.45 mmol), and (S)-
glycidol (33 mg, 0.45 mmol) in acetone (3 mL) was stirred
for 24 h at 60 °C. The solvent was removed under reduced
pressure and then purified by silica gel column
chromatography (n-hexane/AcOEt = 2/1) to afford YR301
(3) (120 mg, 87%) as a colorless oil. YR301 is known
compound [7, 8]. IR (in CDCls) 3399 (br), 2964, 2934, 2875,
1500, 1234, 1120 cm™; *H-NMR (400 MHz, CDCl;) & 0.60
(t, J = 5.7 Hz, 6H), 1.00 (s, 9H), 2.01 (q, J = 5.7 Hz, 4H),
2.18 (s, 3H), 2.20 (s, 3H), 2.48 (br s, 1H), 3.71 (d, J = 4.5
Hz, 1H), 3.78 (dd, J = 5.7, 10.1 Hz, 1H), 3.84 (m, 3H), 4.01-
4.15 (m, 4H), 6.62 (d, J = 6.3 Hz, 1H), 6.68 (d, J = 6.3 Hz,
1H), 6.90 (m, 4H); **C-NMR (100 MHz, CDCls) 8.7, 16.9,
26.6,29.5, 33.8, 435, 48.7,53.7,64.1, 69.3, 69.4, 69.8, 70.8,
110.3, 125.6, 125.7, 126.5, 130.9, 141.5, 154.3, 154.6; [o]*'p
=—14.2 (c 1.2, CHCls); ESI(+)-MS: 481 (M*+Na).
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YR302 (4): [0]*p = +22.9 (c 1.4, CHCIy).
YR303 (5): [0]*'5 = —23.2 (¢ 0.4, CHCI).
YR304 (6): [0]*'p = +14.0 (¢ 1.2, CHCIy).

Method for the Reporter Assay

Transcriptional assays were performed using optically
pure YR301-304 (3)-(6). Reporter assays were performed
using luciferase as a reporter as follows: cells of the human
breast cancer cell line MCF7 were grown at 37 °C in DMEM
supplemented with 10% FBS and 1% P/S in an atmosphere
of 95% air and 5% CO,. The cells were collected, suspended
in DMEM supplemented with 5% FBS (stripped with
dextran-coated charcoal) and 1% P/S without phenol red,
and plated in a 24-well plate (2.5 x 10* cells/well). Then, the
cells were incubated in a CO, incubator at 37 °C overnight.
Ligand stock solutions were then prepared at various
concentrations in DMSO (107 to 10 M). DMSO was used
as a vehicle. The plasmids used in our assays were as
follows: receptor plasmids pM(GAL4-hVDR(R274L)(DEF))
for mutant type hVVDR prepared by site-directed mutagenesis
using QuikChange Il XL Site-Directed Mutagenesis Kits
(Stratagene), reporter plasmids (17M2-G-Luc), and internal
standard plasmids (pRL-CMV). The plasmids were diluted
in OPTI-MEM medium at a concentration of 50 ng/well for
the receptor plasmid, 0.2 pg/well for the reporter plasmid,
and 2.5 ng/well for the internal plasmid. Transfection was
carried out using TransFast reagent (Promega) according to
the manufacturer’s instructions. After 3-6 h of transfection,
ligand stock solutions were added at final concentrations of
10" to 10° M, and the cells were further incubated
overnight. Luciferase assays were performed using a Dual-
Luciferase Reporter Assay System Kit (Promega). All
experiments were carried out at least three times, and data
are shown as mean + SD.

Molecular Modeling Study

The mutant binding-site model was generated by
changing the side chain of Arg274 to that of Leu from wild
type VDR (PDB ID: 1DB1), and a docking model of ligands
bound to mutant VDR (Arg274Leu) was constructed via a
conformational search using MacroModel (ver. 8.1).
AMBER* was used as a force field. Differences in potential
energy were estimated by molecular mechanics calculations.

CONCLUSION

In conclusion, we developed a facile synthesis process
for producing optically active non-secosteroidal ligands
YR301-304 (3)-(6), which are stereoisomers of LG190178,
and evaluated their performance in transcriptional assays
using mutant VDR (Arg274Leu). YR301 (3) demonstrated
potent activity for both wild-type and mutant VDR
(Arg274Leu). Non-secosteroidal ligands for VDR are novel
candidates for therapeutic agents, and further derivatization
of them is underway.

ACKNOWLEDGEMENTS

This work was supported in part by the Budget for
Nuclear Research of the Ministry of Education, Culture,



Synthesis and Bioactivity of Non-Secosteroidal Ligand for Vitamin D Receptor

Sports, Sciences, and Technology, based on screening and
counseling by the Atomic Energy Commission, by a Grant-
in-Aid for Young Scientists (B) (21790018) from the
Ministry of Education, Science, Sports, and Culture of Japan,
and the Kurata Memorial Hitachi Science and Technology
Foundation.

REFERENCES

[1] (a) Bouillon, R.; Okamura, W. H.; Norman, A. W. Structure-
function relationships in the vitamin D endocrine system. Endocr.
Rev., 1995, 16, 200-257; (b) Feldman, D.; Glorieux, F. H.; Pike, J.
W. Vitamin D, 2nd ed.; Elsevier Academic Press, New York, 2005.

[2] (a) Ettinger R. A.; Deluca H. F. The vitamin D endocrine system
and its therapeutic potential. Adv. Drug. Res., 1996, 28, 269-312;
(b) Kubodera, N. Search for and development of active vitamin Ds
analogs. Curr. Bioact. Comp., 2006, 2, 301-315.

[3] Rochel, N.; Wurtz, J. M.; Mitschler, A.; Klaholz, B.; Moras, D. The
Crystal structure of the nuclear receptor for vitamin D bound to its
natural ligand. Mol. Cell., 2000, 5, 173-179.

[4] (a) Suhara, Y.; Kittaka, A.; Ono, K.; Kurihara, M.; Fujishima, T.;
Yoshida, A.; Takayama, H. Design and efficient synthesis of new
stable 1a,25-dihydroxy-19-norvitamin D; analogues containing
amide bond. Bioorg. Med. Chem. Lett., 2002, 12, 3533-3536; (b)
Kittaka, A.; Kurihara, M.; Peleg, S.; Suhara, Y.; Takayama, H. 2a-
(3-Hydroxypropyl)- and 20-(3-hydroxypropoxy)-1o.,25-
dihydroxyvitamin D; accessible to vitamin D receptor mutant
related to hereditary vitamin D-resistant rickets. Chem. Pharm.
Bull., 2003, 51, 357-358; (c) Honzawa, S.; Suhara, Y.; Nihei, K;
Saito, N.; Kishimoto, S.; Fujishima, T.; Kurihara, M.; Sugiura, T;
Waku, K.; Takayama, H.; Kittaka, A. Concise synthesis and
biological activities of 2a-alkyl- and 2o.-(ew-hydroxyalkyl)-20-epi-
1a,25-dihydroxyvitamin Ds. Bioorg. Med. Chem. Lett., 2003, 13,
3503-3506; (d) Saito, N.; Suhara, Y.; Kurihara, M.; Fujishima, T.;
Honzawa, S.; Takayanagi, H.; Kozono, T.; Matsumoto, M.;
Ohmori, M.; Miyata, N.; Takayama, H.; Kittaka, A. Design and
efficient synthesis of 20.-(w-hydroxyalkoxy)-10.,25-
dihydroxyvitamin D5 analogues, including 2-epi-ED-71 and their
20-epimers with HL-60 cell differentiation activity. J. Org. Chem.,
2004, 69, 7463-7471; (e) Honzawa, S.; Hirasaka, K.; Yamamoto,
Y.; Peleg, S.; Fujishima, T.; Kurihara, M.; Saito, N.; Kishimoto, S.;
Sugiura, T.; Waku, K.; Takayama, H.; Kittaka, A. Design,
synthesis and biological evaluation of novel 1c,25-
dihydroxyvitamin D; analogues possessing aromatic ring on 2o.-
position. Tetrahedron, 2005, 61, 11253-11263.

[5] (a) Perakyla, M.; Malinen, M.; Herzig, K. H.; Carlberg, C. Gene
regulatory potential of nonsteroidal vitamin D receptor ligands.
Mol. Endocrinol., 2005, 19, 2060-2073; (b) Hosoda, S.; Tanatani,
A.; Wakabayashi, K.; Nakano, Y.; Miyachi, H.; Nagasawa, K.;
Hashimoto, Y. Ligands with dual vitamin Ds-agonistic and
androgen-antagonistic activities. Bioorg. Med. Chem. Lett., 2005,
15, 4327-4331; (c) Ma, Y.; Khalifa, B.; Yee, Y. K,; Lu, J;
Memezawa, A.; Savkur, R. S.; Yamamoto, Y.; Chintalacharuvu, S.
R.; Yamaoka, K.; Stayrook, K. R.; Bramlett, K. S.; Zeng, Q. Q;
Chandrasekhar, S.; Yu, X. P.; Linebarger, J. H.; lturria, S. J;
Burris, T. P.; Kato, S.; Chin, W. W.; Nagpal, S. ldentification and
characterization of noncalcemic, tissue-selective, nonsecosteroidal
vitamin D receptor modulators. J. Clin. Invest., 2006, 116, 892-
904; (d) Shimizu, M.; Miyamoto, Y.; Takaku, H.; Matsuo, M.;

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Letters in Organic Chemistry, 2011, Vol. 8, No.1 47

Nakabayashi, M.; Masuno, H.; Udagawa, N.; DeLuca, H. F.; Ikura,
T.; Ito, N. 2-Substituted-16-ene-22-thia-1o,25-dihydroxy-26,27-
dimethyl-19-norvitamin D3 analogs: Synthesis, biological
evaluation, and crystal structure. Bioorg. Med. Chem., 2008, 16,
6949-6964; (e) Inaba, U.; Yoshimoto, N.; Sakamaki, Y.;
Nakabayashi, M.; Ikura, T.; Tamamura, H.; Ito, N.; Shimizu, M.;
Yamamoto, K. A new class of vitamin D analogues that induce
structural rearrangement of the ligand-binding pocket of the
receptor. J. Med. Chem., 2009, 52, 1438-1449.

(a) Boehm, M. F.; Fitzgerald, P.; Zou, A.; Elgort, M. G.; Bischoff,
E. D.; Mere, L.; Mais, D. E.; Bissonnette, R. P.; Heyman, R. A;;
Nadzan, A. M.; Reichman, M.; Allegretto, E. A. Novel
nonsecosteroidal vitamin D mimics exert VDR-modulating
activities  with  less calcium  mobilization than  1,25-
dihydroxyvitamin Ds;. Chem. Biol., 1999, 6, 265-275; (b) Polek, T.
C.; Murthy, S.; Blutt, S. E.; Boehm, M. F.; Zou, A.; Weigel, N. L;
Allegretto, E. A. Novel nonsecosteroidal vitamin D receptor
modulator inhibits the growth of LNCaP xenograft tumors in
athymic mice without increased serum calcium. The Prostate,
2001, 49, 224-233.

Hosoda, S.; Tanatani, A.; Wakabayashi, K.; Makishima, M.; Imai,
K.; Miyachi, H.; Nagasawa, K.; Hashimoto, Y. Ligands with a 3,3-
diphenylpentane skeleton for nuclear vitamin D and androgen
receptors: Dual activities and metabolic activation. Bioorg. Med.
Chem., 2006, 14, 5489-5502.

Hakamata, W.; Sato, Y.; Okuda, H.; Honzawa, S.; Saito, N.;
Kishimoto, S.; Yamashita, A.; Sugiura, T.; Kittaka, A.; Kurihara,
M. (2S,2'R)-Analogue of LG190178 is a major active isomer.
Bioorg. Med. Chem. Lett., 2008, 18, 120-123.

Kakuda, S.; Okada, K.; Eguchi, H.; Takenouchi, K.; Hakamata, W.;
Kurihara, M.; Takimoto-Kamimura, M. Structure of the ligand-
binding domain of rat VDR in complex with the nonsecosteroidal
vitamin D; analogue YR301. Acta Cryst., 2008, F64, 970-973.
Malloy, P. J.; Pike, J. W.; Feldman, D. The vitamin D receptor and
the syndrome of hereditary 1,25-dihydroxyvitamin D-resistant
rickets. Endocr. Rev., 1999, 20, 156-188.

Kristjansson, K.; Rut, A. R.; Hewison, M.; O’Riordan, J. L;
Hughes, M. R. Specificity of T cells invading the skin during acute
graft-vs.-host disease after semiallogeneic bone marrow
transplantation. J. Clin. Invest., 1993, 92, 12-20.

(a) Swann, S. L.; Bergh, J. J.; Farach-Carson, M. C.; Koh, J. T.
Rational design of vitamin D3 analogues which selectively restore
activity to a vitamin D receptor mutant associated with rickets.
Org. Lett., 2002, 4, 3863-3866; (b) Honzawa, S.; Yamamoto, Y.;
Yamashita, A.; Sugiura, T.; Kurihara, M.; Arai, M.; Kato, S;
Kittaka, A. The 20.-(3-hydroxypropyl) group as an active motif in
vitamin D3 analogues as agonists of the mutant vitamin D receptor
(Arg274Leu). Bioorg. Med. Chem., 2008, 16, 3002-3024.

Swan, S. L.; Bergh, J. L.; Farach-Carson, M. C.; Ocasio, C. A;;
Koh, J. T. Structure-based design of selective agonists for a rickets-
associated mutant of the vitamin D receptor. J. Am. Chem. Soc.,
2002, 124, 13795-13805.

(a) Corey, E. J.; Bakshi, R. K.; Shibata, S. Highly enantioselective
borane reduction of ketones catalyzed by chiral oxazaborolidines.
Mechanism and synthetic implications. J. Am. Chem. Soc., 1987,
109, 5551-5553. (b) Cho, B. T.; Kang, S. K. Shin, S. H.
Application of optically active 1,2-diol monotosylates for synthesis
of B-azido and B-amino alcohols with very high enantiomeric
purity. Synthesis of enantiopure (R)-octopamine, (R)-tembamide
and (R)-aegeline. Tetrahedron Asymmetry, 2002, 13, 1209-1217.



