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gave IVd (52 mg) as colorless needles. mp 204—205° [o]F° +90.1° (¢=0.16 in MeOH). Anal. Calcd.
for C;yHyO,: C, 71.67; H, 8.23. Found: C, 71.75; H, 8.53. NMR (1% solution in CDCl,) §: 0.85 (3H, s,
18-CH,), 3.49 (1H, d, /=7 Hz, 17«-H) 3.82 (3H, s, 3-OCH,), 4.18 (1H, m, 164-H), 6.52 (1H, s, 4-H), 6.81
(IH s, 1-H). . '
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: Synthesis of 2ﬁ-Hydroxycholecélciferol [25-0H-D,]

CHIKARA KANEKO, SacHIKO YAMADA, AKIKO SUGIMOTO
and Masavukr IsHIKAWA ’

Division of Chemistry, Research Institute for Medical and Dental
Engineering, Tokyo Medical and Dental University®

(Received December 11, 1974)

As part of a general exploration of the structure Jactivity relationships of the vitamin D
system, the 2f-hydroxylated analogue of cholecalciferol (vitamin Dj) has been prepared
from 2p-hydroxy-7-dehydrocholesterol obtained in our previous work as starting material
via (i) photochemical conrota.tory opening (2 Ny pericyclic reaction) of the B-ring and (ii)
therma.l 1, 7-anta.rafa.cla1 hydrogen shift (8 Ny pericyclic reaction).

Importance of loc-hyd.roxy functlon of choleca.lc1ferol (vitamin Dy) to induce either intes-
tinal calcium transport or bone calcium mobilization activity has been demonstrated by the
studies on 1,25-dihydroxycholecalciferol [1x,25-(OH),-Dg]?-% and la-hydroxycholecalciferol
{16-OH-D,].5-®  The increased clinical significance®-1® of these two hydroxylated derivatives
of vitamin D has led recently to synthesis and biological testing of various derivatives, hy-

1) Location: 2-3-10, szda, Surugadai, Ckzyoda-ku, Tokyo, 101, Japan.

- 9) M.F. Holick, H.K. Schnoes, H.F. DeLuca, T. Suda and R.J. Cousins, Biochemistry, 10, 2799 (1971)
3) D.E.M. Lawson, D.R. Fraser, E. Kodicek, H.R. Morris and D.H. Williams, Nature, 230, 228 (1971).
4) A.W. Norman, J.F. Midgett, H.G. wa1ck1, V. Williams and G. Popjak, Science, 173, 51 (1971).

*5) M.F. Holick, E.J. Semmler, H.K. Schnoes, and H.F. DeLuca, Science, 180, 190 (1973).

-6) D.H.R. Barton, R.H. Hesse, M.M. Pechet, and E. Rizzardo, J. Am. Chem. Soc., 95, 2748 (1973).

~7) C. Kaneko, S. Yamada, A. Sugimoto, Y. Eguchl,M Ishikawa, T. Suda, M. Suzuk1 S. Kakuta, and S.

Sasaki, Steroids, 23, 75 (1974).
*8) The analogues.of vitamin D having a hydroxy group in a pseudo 1a-position also show a similar biological
. activity though in far less efficiency: 5,6-frans-D;; M.F. Holick, M. Garabedian and H.F. DeLuca, Bio-
chemistry, 14, 2715 (1972), dihydrotachysterol; b) S. Sagar, R.L. Estrada, and M. Kaye, Avch. Intern.

.+ Med., 130, 768 (1972). ' ' ' ‘

“9) AS. Bnckma.n, J.W. Coburn, and AW, Norman, New. Eng. J. Med., 287,891 (1972)

10) J.M. Omdahl and H.F. DeLuca, Physiological Reviews, 53, 352 (1973)

11) Y. Tanaka, H. Frank, and H.F. DeLuca, Endoclinology, 92, 417 (1973).

12) Y. Tanaka, Farumashia, 10, 319 (1974).

13). T.M. Chalmers, M.W. Davie, J.O. Hunter, K.F. Szaz, B. Pelc, and E. Kodicek, The Lancet, 1973 -696.

14) M. Peacock, J.C. Gallagler, and B.E. Nordin, The Lancet, 1974, 385.

15) H. Wako, S. Taniguchi, Z. Suzuki, Y. Hirooka, M. Hirota, T.-Sasaki, C. Kaneko, M. Ishikawa, S. Sasaki,
... .T. Suda, and M. ‘Abe, The 8th Kotsu Taisha Kenkyukai, abstract of papers, p. 16, Tokyo (1974).

16) Y. Hirooka, T. Sasaki, M. Hirota, C. Kaneko, M. Ishikawa, S. Sasa.kx, T Suda, and H Wako, The 8th
. Kotsu Taisha Kenkyukai, abstract of papers, Tokyo 1974, p. 17.° :
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droxylated in the A ring or in the side chain. Chemical preparations of Ds-analogues with
hydroxy groups in positions 1a;5-7-1%18) 24 ;19) 44200 1o, 252D 22;22) 252325 20, 25;26) 24, 25;27)
25, 2628 l«, 25;2930 and 3-deoxy-1o®V have been described. The present paper reports
the synthesis of a new A-ring-hydroxylated derivative, 2-hydroxycholecalciferol [28-OH-Dy].

Recently, we have reported the preparation of 1¢-OH-D; from cholesterol without using
la-hydroxycholesterol as an intermediate.3® This process is shown in Chart 1. The 18,26-

i) +-BuOK/DMSO

i) H.0, O DN . O, DN
iii) Ca(BH))2 [ i J
iv) 4-phenyl-1,2,4- HO™"NON\ HO ZN_,0

@]

triazoline-3, 5-dione Y Y Y Y
Q}_ﬁ % O>_$\ J
Ce Ce
LAH l

{
oy MY
HO HO

Chart 1

Chart 2

17) R.G. Harrison, B. Lythgoe, and P.W. Wright, Tetrahedron Letters, 1973, 3649.
18) A. Fiirst, L. Labler,-and K.H. Pfoertner, Helv. Chim. Acta, 56, 1708 (1973).
19) C. Kaneko, S. Yamada, A. Sugimoto, M. Ishikawa, T. Suda, M Snzuk1, and S. Sasaki, J, Chem. Soc
- Perkin I, 1975, in press.
20) - B. Pelc, J. Chem, Soc. Perkin I1,,1974, 1436. . - :
21} S. Yamada, A. Sugimoto, M. Ishikawa, C. Kaneko, T.:Suda, M. Suzuk1, and S. Sasakl, in preparatlon.
22) D.R. Crump, D.H. Williams, and B. Pelc, J. Chem. Soc. Perkin I, 1973; 2731.
23) J.W. Blunt and H.F. DeLuca, Biockem., 8, 671 (1969).
24) S.J. Halkes and N.P. van Vliet, Rec. Trav. Chim., 88, 1080 (1969).
25) ~J.A. Campbell, D.M. Squires, and J.C. Babcock, Sterozds, 13, 567 (1969).
26) J.S. Bontekoe, A. Vignall, M.P. Rappolt, and J R. Roborgh Internat. J. Vitamin Resemch 40 589
0 (1970). '
27) H.Y. Lam,; H.K. Schnoes, and H.F. DeLuca; Biochem., 12, 4851 (1973)
28) J. Redel, P. Bell, F. Delbarre, and E. Kodicek, Compt. Rend, D276, 2907 (1973).
29) E.J. Semmler, M.F. Holick, H.K. Schnoes, and H.F. DeLuca, Tetrahedron Letters, 1972, 4147
30) D.H.R. Barton, R.H. Hesse, M.M. Pechet, and E. Rizzardo, Chem. Comm., 1974, 203.
31) H.Y.Lam, B.L. Onisko, H.K. Sehnoes, and H.F. DeLuca, Biockem. Bfmpkys Res. Comm., 59, 845 (1974).
32) .C. Kaneko, A. Sugimoto, Y. Eguchi, S. Yamada, M. Ishikawa, S. Sasakl, and T. Suda, Tetmhedmn, 30,
2701 (1974). SR
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epoxide of the 1,4-addition product gave 2/3 and 18- hydroxy—7 -dehydrocholesterol in the
ratio 8: 1 by reduction with LiAlH,.
.~ While-other routes to thé more efficient synthesm of 1ﬁ~hydroxy—7 dehydrocholesterol
ate under examination, we have used 28-hydroxy-7- dehydrocholesterol (1) as the. starting
materialin the present synthesis. ‘Thus; the photochemical cdnrotatory opening of the B-ring
of this diene (1) and the subsequent thermal 1,7-antarafacial hydrogen migration of the pre-
vitamin D, (2) led to 28-OH-D; (Chart 2). The arrow symbolism used in the Chart is that
developed recently by one (C.K.) of the present authors in order to describe concurrently,
electron shifts, stereospecificities, and selection rule for pericyclic reactions within the elec-
tronic theory.33:3% _ ‘

Irradiation of an ethereal solution of the diene (1) with a high-pressure mercury lamp
(a Vycor filter) gave a mixture of products from which the corresponding precholecalciferol
(2), tachysterol derivative and the starting material were separated by column chromatography
‘over Sephadex LH-20. The precalciferol was
then converted to 28-OH-D; (3) by standing it
in ether for two weeks at room temperature.
The final purification of 28-OH-D,; was achieved
by column chromatography over Sephadex LH-
20.

2f-Hydroxycholecalciferol (8) exhibited the
expected ultraviolet (UV) and mass spectra.
The nuclear magnetic resonance (NMR) spectrum

~J ‘\/ of 3 (Fig. 1) showed the resonances of the olefinic
protons in the vitamin D chromophore as well
73 4 5 6 7 8§ ¢ e as C,- and Cg-protons with chemical shifts almost
Fig. 1. NMR Spectrum of 2-Hydroxy- identical with those observed in 28-hydroxy-17-
cholecalciferol in Deuterochloroform nor-17,17-ethylenedioxyvitamin D,.39
‘Experimental®®

Photochemical Conversion of 2f-Hydroxy-7-dehydrocholesterol (1) to 2p-Hydroxyprecholecalciferol (2)
——TFifty milligrams of 28-hydroxy-7-dehydrocholesterol (1) was dissolved in 600 ml of distilled ether. After
bubbling of argon for 5 min, the whole was irradiated by 200 W high-pressure Hg lamp (Hanovia 654A-36)
through a Vycor filter under argon atmosphere for 20 min. After evaporation of the solvent % vacuo below
20°, the residue was chromatographed on Sephadex LH-20-(20 g) with hexane-CHCl; (1: 1 v/v). 28-Hydroxy-
precholecalciferol (2) (8.5 mg), 28-hydroxytachysterol (3.7 mg) and the starting material (30 mg) were eluted
in this order. The previtamin D (2) showed characteristic UV spectrum: AE®e: 9260 nm.

Thermal Conversion of 2f-Hydroxyprecholecalciferol (2). to 2f-Hydroxycholecalciferol. (Zﬂ-OH-D_.,, 3)
The previtamin (8 mg) obtained above was dissolved in 100 ml of distilled ether and stored in dark place
(20—25°) under argon atmosphere. During the storage, the absorption maximum: shifted gradually from
260 nm to 264 nm and the intensity increased up to 1.7 times than that of the original solution. After 10
days (by that time, the UV spectrum of the solution showed its maximum at 264 nm with a constant intensity),
the solvent was removed in vacuo. - The residue was purified by column chromatography on Sephadex LH-20
(10 g) with hexane-CHCI, (1: 1 v/v). The UV spectrum of each fract1on was measured and pure 2/3—hydroxy-

33) C. Kaneko, Tetrahedvon, 28, 4915 (1972); C. Kaneko, Rept. Res. Inst, Med. Engz Tokyo Medico- Dmlal
- Uwiv., 7, 7 (1973); C. Kaneko, 4bid., 8, 1 (1974).

34) The number of full arrows (a solid (-») or a dotted (-->) arrow) in a glven pericycle which is abbreviated
to Ny determines whether the reaction is allowed or forbidden. Thus, an odd Ny corresponds to a ther-
mally allowed reaction and an even Ny to a photochemically allowed one.

35) H. Sakamoto, A. Sugimoto, C. Kaneko, T. Suda, and S. Sasaki, Chem. Phavm. Bull. (Tokyo), 23,, in
press. -

36) H NMR spectra were determined in deuterochloroform at 100 MHz. Mass spectra were run on a
Hitachi-model RMU-7M double focus mass spectrometer, operating at an accelerating voltage of 8 kV
and an electron beam energy of 70 V.
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cholecalciferol (3) (ca. 5 mg) was obtained. The yield of 28-OH-D; (3) was calculated as 5.2 mg [AE%e: 264
nm (e 18300 taken as standard for calculation)®? and AL : 228 nm]. The NMR spectrum (€DCl,) of 3 showed
the characteristic resonances of the olefinic protons with vitamin D chromophore and the chemical shifts
of these and C,-protons almost identical with those observed in 28-hydroxy-17-nor-17,17-ethylenedioxy-
vitamin D®; v 3.55 (1H, d, =11 Hz) and 3.95 (1H, d, /=11 Hz) (6- and 7- -H), 4.73 (1H, d, /=2 Hz) and
5.00 (1H, d, /=2 Hz) (19-H,), 5.67 (1H, m) and 5.93 (1H, m) (2- and 3-H).  The mass spectrum of 3 showed a
molecular ion at m/e 400 and fragment ion peaks at m/e 382, 367, 364, 269, and 251.

37) L.F. Fieser and M. Fieser, ‘“‘Steroids,” Reinhold, New York, 1959, p. 148.
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Studies of Alicyclic a-Amino Acids and Their Derivatives. V.V
Decyanization of Alicyclic a-Acetylaminonitriles
with Sodium Borohydride

Yosuirumr Maki, Koji Ozexr and Mikio Suzuki
Gifu College of Pharmacy®
~ (Received December 13, 1974)

Upon treatment with sodium borohydride in pyridine, 1-acetylamino-cis-4-¢&-butyl-
cyclohexane-1-carbonitrile, 2-acetylaminonorbornane-endo-2-carbonitrile and 2-acetyl-
aminobornane-endo-2-carbonitrile underwent decyanization:to give a mixture of isomeric ™
acetylamino compounds in high yields, respectively. The product distribution can . be
explained in terms of the preferential attack of a hydrlde ion-on, the less-hindered 51de ‘of .
the molecules.

In a previous report from our laboratory,? the stereochemical courses of the Strecker
and Bucherer reactions in the synthesm of alicyclic a-amino acids have been proposed i.e.,
the former reaction gives the a-amino acids corresponding to thermodynamically stable allcychc
a-aminonitriles, whereas the latter reaction leads to the predominant formation of the isomeric
a-amino acids which are derived from alicyclic z-aminonitriles formed under the kinetic control.

Yamada, et al.¥ have exploited the decyanization of various a-aminonitriles possessing a
hydrogen at the «-position with sodium borohydnde and apphed this procedure to the syn-
thesis of some natural products. -

The subject of the present investigation is to examine the stereochemistry of the decyamza—
tion on the carbon substituted by an a-aminonitrile function.  For the purpose, we attempted
decyanization of some alicyclic oc—acetylammonltrﬂes, which have definite stereochemistry
and are readily available via the Strecker reaction of the corresponding alicyclic ketones follow-
ed by acetylation.
~ The reduction of 1- -acetylamino-czs-4-£- butylcyclohexane -1-carbonitrile® (I) with excess
sodium borohydride in pyridine at 95° completed after 12 hr (disappearance of I was checked
by thin-layer chromatography). Employment of other solvents (ethanol or diglyme) did
not give satisfactory results. Careful post—treatment of the reaction mixture gave a solid

1) Part IV:Y. Maki, T. Masugi, and K. Ozeki, Chem. Pharm. Bull (Tokyo), 21, 2466 (1973)
2) Location: 492-36, Mitahora, Gifu. :
3) S. Yamada and H. Akimoto, Tetrahedron Letiers, 1969, 3105

4) L. Munday, J. Chem. Soc., 1961, 4372.

NII-Electronic Library Service





