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Abstract:

Maxacalcitol, the 22-oxa-derivative of b,25-dihydroxyvitamin

D; and used currently as an antihyperparathyroidism and
antipsoriatic drug, has been synthesized in seven chemical steps
from la-hydroxydehydroepiandrosterone on the basis of our
previously developed route. The present synthesis allows the
production of the protected form of the penultimate intermedi-

ate in 26% overall yield in a kilogram scale reaction employing HO' HO'

neither difficult reaction conditions nor chromatographic 1, 25-dihydroxy-22-oxavitamin Ds 1a,25-dihydroxyvitamin D3
purification, having overcome all the difficulties involved in the (Maxacalcitol) 1 (Calcitriol) 2
previous route. Figure 1

of the secondary alcohd by diastereoselective hydrobo-
Introduction ration—oxidation reaction, (iv) the Williamson etherification
Maxacalcitot? (1) is the 22-oxa-analogue ofo]25- forming the 22-ethe®, (v) the Wacker oxidation forming
dihydroxyvitamin B? (2) (calcitriol) and used currently as  the methyl ketond 1, (vi) the Grignard reaction forming the
the antihyperparathyroidism and antipsoriatic drug with low tertiary alcohol12, and (vii) the sequential photolysis and
calcemic activity (Figure 1). The first synthesis of maxacal- thermolysis forming the trien&4 via the isomeric triené3.
citol (1) was carried out in a sequence of nine chemical stepsin carrying out the synthesis, we have encountered four
of reaction®® starting from i-hydroxydehydroepiandros-  difficulties to reach the target molecule, namely (a) instability
terone(3) which is accessible from dehydroepiandrosterone of the conjugated diene system in the intermediates during
by microbial oxidatior?. The nine-step synthesis involved the synthesis, (b) sluggish etherification of the secondary
the following critical seven steps besides the proteetion alcohol8, giving rise to a 1:1 mixture of the target etHr
deprotection steps, namely (i) introduction of 7,8-double and the uselessndeolefin byproductl0, (c) facile enoliza-
bond by sequential treatment with NBS apdtollidine to tion of 11 preventing the nucleophilic addition, and (d)
give the diené via the bromideb, (i) two-carbon elongation  indispensability of chromatographical purification throughout
by the Wittig reaction to give th&-olefin 7, (iii) formation the synthesis (Scheme 1).
— Of these difficulties, we have so far circumvented the
Chsgg?_pwhgfﬁlcgf’jgfaSpondence should be addressed. E-mail: shimizuhts@ e erification step by replacing the Williamson etherification
t Synthetic Technology Research Department. by the Michael addition usinf{,N-dimethylacrylamide as
;E&f;‘jijtg’laifsea”’h Department |. the electrophile in our second syntheSEhus, on treatment
(1) (2) Murayama, E.; Miyamoto, K.; Kubodera, N.; Mori, T.; Matsunaga, I. Of the secondary alcohd® with a large excess of the
Chem. Pharm. Bull1986 34, 4410. (b) Kubodera, N.; Watanabe, H.;  acrylamide in the presence of sodium hydride in THF
b e S s on008 64 136, - 0 1494 afforded a good yield of the ethaf. However, the Michael
(2) (a) Lythgoe, BChem. Soc. Re 198Q 9, 449. (b) Ikekawa, N.; Fujimoto, reaction was found to be very capricious, owing to secondary
IS 9 ST P 16 455 () D s Fosrer €. 1, reactons such s the retro-Michael reaction and polymeri-
Endocr. Re. 1995 16, 200. () Zhu, G.-D.; Okamura, W. KChem. Re. zation under these basic conditions necessitating chromato-
1995 95, 1877. (f) Feldman, D., Glorieux, F. H., Pike, J. W., Ed#amin graphical purification to separate the target moled&@&om
D; Academic Press: New York, 1997. (g) Jankowski, P.; Marczak, S.; . .
Wicha, J Tetrahedron1998 54, 12071. (h) Nishii, Y.; Okano, TSteroids undesired byproducts. Moreover, the obtained new eitber
2001 66, 137. (i) Posner, G. H.; Kahraman, Mur. J. Org. Chem2003
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brought about a new problem as it was found to be so intermediatel2 of maxacalcitol {) in seven chemical steps
enolizable in the reaction with methylmagnesium halides or in a kilogram scale with no chromatographical purification.
methyllithium that the desired nucleophilic reaction was
prevented. Although the desired reaction proceeded by usingResults and Discussion
cerium(lll) chioride as an additivé;®it required more than In the present synthesis, we first examined the etherifi-
a stoichiometric amount of the cerium reagent to transform o of the secondary alcohd¥ prior to the introduction
the amidel5 into the methyl ketonell which must be 4 the 7 8 double bond to alleviate instability caused by the
isolated as the reaction terminated at this stage. The ketonepresence of the conjugated diene system in the molecule
11 obtained was more enolizable, and it again required the ,nqer the basic conditions involved in the synthesis. The
cerium additive to transform it into the tertiary alpohtﬂ 1a-hydroxydehydroepiandrosteror®) (vas thus transformed
(Scheme 2). We therefore explored a more practical proce-girectly into the secondary alcoha? in 61% overall yield
dure and have developed an alternative procedure without,;;> the endeolefin 16 in a 20-kg-scale reaction without
employing the Michael addition procedure in the etherifi- . omatographical purification by sequential stereoselective
cation step, allowing truly industrial production of the key \yjitiig olefination and stereo- and regio-selective hydrobo-
(5) Imamoto, T.. Takiyama, N.: Nakamura, K. Hatajima, T.. Kamiya,Jy. ratiory—oxidation reaction under 'Fhe same conditions as for
Am. Chem. Sod 989 111, 4392. the diene counterpar@and?. In this large-scale transforma-
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Scheme 3

1) borane reagent TBSO
2) aq. Hy0,, aq. NaOH g

TBSO
17
Table 1. Hydroboration —oxidation of Z-olefin 16 tion of the Z-olefin 16 as a substantial amount of the
production ratiéof 17 undesirableE-olefin isomer (-8.6%) was generated when
entry reagent temp. C) time (h) (20S:20R) the reaction temperature exceeded 65 Transformation of

the Z-olefin 16 into the secondary alcohal could be carried

1 BHyTHF n 4 81.3:18.7 out in a regio- and stereoselective manner as reported, but it
2 9-BBN rt 4 reaction was incomplete - .
(conversion 78% was dependent on the conditions (Scheme 3). As shown in
3 9-BBN 45 4 95.8:4.2 Table 1, 9-BBN gave the desired secondary alcdhbin
satisfactory yield without affecting the internal olefin func-
22 equiv of borane reagent was usédetermined by HPLC. tionality in THF at 45°C. Although the stereoselectivity was

91% de, the secondary alcoHal was obtained in 90% vyield
tion, we had to find an appropriate solvent to enable completeas crystals with spontaneous removal of the undesired

bis-silylation of 3, owing to its low solubility in cyanoal-  diastereomer in the crystallization stage in a large-scale
kanes, such as acetonitrile, propionitrile, and butyronitrile, production.
which are used as good solvents @silylation with tert- Etherification the secondary alcohbf was first carried

butyldimethylsily chloride (TBS-CI). The silylation did not out by application of the method employed for the diene
complete in each of these solvents, each containing 0.1 equivcounterpart8 in our previous industrial production of
of 4-N,N-(dimethylamino)pyridine (DMAP) as an additive, maxacalcitol {). In the same way as the die@gel7 afforded
with more than 3 equiv of TBS-CI in the presence of more the Michael adducii8 only with N,N-dimethylacrylamide
than 6 equiv of imidazole even at 9030 °C. However, under basic conditions (Scheme 4). Again a complex mixture
the desired reaction was found to proceed completely withoutwas generated with either methyl vinyl ketone or methyl
any additive wher8 was treated with 3 equiv of TBS-Clin  acrylate under basic conditions. During the preliminary
DMF in high concentration (ca. 20%w/v) in the presence of experiment, we have confirmed the monoéi¢o be much

6 equiv of imidazole at 125C for 6 h togive the crystalline more stable than the diene counter@uihder the same basic
bis-silyl ether4 in 74% yield without chromatographical conditions employed in the previous synthesis. As shown in
purification. In the Wittig reaction, it was found that Table 2, the reaction using the acrylamide was highly
temperature control is critical for the stereoselective forma- dependent on the conditions. Among the bases examined,

Scheme 4
OH

base, additive

TBSO

Z>CONMe,, THF

TBSO

17

Table 2. Reaction between 17 andN, N-Dimethyacrylamide?

concentration temp. production rati®é yield of 18
entry base additive (mol %) [17(g): THF(mL)] (°C) (1718 (%)
1 KH — 1:6 0 >99.9:0.1 —
2 MeONa — 1:6 0 29.0:71.0 -
3 t-BuOK - 1:6 0 >99.9:0.1 -
4 NaH — 1:6 0 7.3:92.7 70.2
5 NaH - 1:6 45 19.8:80.2 31.0
6 NaH — 1:6 reflux >99.9:0.1 -
7 NaH 18-crown-6 (10) 1:6 0 6.2:93.8 81.0
8 NaH 15-crown-5 (10) 1:6 0 3.0:97.0 86.7
9 NaH 15-crown-5 (30) 1:6 0 1.2:98.8 81.9
10 NaH 15-crown-5 (30) 1:4 0 1.1:98.9 85.6
11 NaH 15-crown-5 (30) 1:3 0 1.2:98.8 83.1

a3 equiv of N, N-dimethylacrylamide was useB1.5 equiv of base was usetDetermined by HPLCY Isolated yield.
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Scheme 5
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sodium hydride only afforded the desired etti€in high

TBSO

18as well as the methyl ketori® thereof the target molecule

yield with some recovery of the starting material, indicating 20 was obtained in 71% yield in a two-step sequence using
the reaction to be in an equilibrium state. We found that the the same conditions employed for the diene counterférts
reaction reached up to 98.9:1.1 on the product side by and11 The transformation, however, could be carried out
addition of a catalytic amount of crown ether, particularly, more easily than that for the diene counterparts due to higher
15-crown-5, although the reaction was never completed. stability of the monoene intermediat&8 and19 as well as
After an extensive examination, the construction of the 22- the monoene produc20. All the monoenes were ac-
ether linkage was finally optimized to a practical level to companied by a much smaller amount of byproducts than
carry out the Michael addition using more than a 10 kg of that for their diene counterparts and gave rise to the
17in a minimum amount of THF (ca. 20% w/v) as solvent crystalline tertiary alcohoR0 without requiring chromato-

in the presence of sodium hydride and a catalytic amount of graphical purification.

15-crown-5. Thus, 11.1 kg of7 was introduced in THF
containing 1.5 equiv of sodium hydride and 10 mol % of
15-crown-5 at 0C to generate the alkoxide which then was
treated with 3 equiv oN,N-dimethylacrylamide at the same
temperature to produce the desired ettfein 87% vyield as
crystals without chromatographical purification. It should be

Transformation of the monoene alcof2dlinto the diene
alcohol12 was carried out by employing the same conditions
those employed in the transformation of the mono&irgo
the diene6% using hepatane in place of hexane in the
bromination step and toluene in place of xylene in the
dehydrobromination step. When hexane was used as the

noted that sodium hydride may be used as dispersion formsolvent in the bromination a0 as for the monoenég, the

in mineral oil, which is more safe than sodium hydride itself

reaction took place violently in foams, while the use of

and easier to handle in this large-scale production as the oilheptane allowed the reaction to proceed in a controllable
included could be readily removed during the separation manner. The use of toluene, in place of xylene usedfor

stage of the ethel8 as crystals.
In contrast, both potassium hydride and potassiart

in the dehydrobromination step allowed facile crystallization
to make purification of the produdi2 easier. The yield of

butoxide, even with a crown ether, did not promote the the dienel2in a large-scale production was a little less than
addition reaction but induced the retrograde reaction which satisfactory, but the product could be obtained as crystals
was confirmed by the separate experiment. Thus, on exposurevithout chromatographical purification. Thus, treatment of

to 1.5 equiv of either potassium hydride or potassient-
butoxide at room temperature, the eth&8 collapsed
completely into the secondary alcohbl very facilely.
Although the transformation of the eth&8 into the
tertiary alcoholR0 through the methyl keton&9 had to use
the cerium reagert owing to facile enolization of the ether

(6) (&) Shimizu, H.; Shimizu, K.; Kubodera, N.; Yakushijin, K.; Horne, D. A.
Tetrahedron Lett2004 45, 1347. (b) Shimizu, H.; Shimizu, K.; Kubodera,
N.; Yakushijin, K.; Horne, D. AHeterocycle2004 63, 1335.

19.6 kg of20 with 1.2 equiv of NBS in heptane at 7& in
the presence of 12 mol % of AIBN afforded the allyl bromide
21 which, on immediate heating with 2 equiv pfcollidine

at 110°C in toluene, furnished the dieri® in 43% overall
yield after crystallization (Scheme 5).

Seemingly, all the difficulties mentioned above, namely
(a) instability owing to the diene functionality, (b) sluggish-
ness in etherification, (c) facile enolization, and (d) indis-
pensability of chromatography, have been solved at this point.
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Scheme 6

However, it is still less than satisfactory from the industrial
viewpoint, in particular the two steps to transform the amide
18 into the tertiary alcohoRO via the ketonel9 in which

more than a stoichiometric amount of cerium (lll) chloride

Table 3. Reaction between 17 and the epoxy bromide 24

epoxy

base bromide temp. time product

entry  (equiv)  24(equiv) solvent (°C) (h) (%)2of25
1 t-BuOK (6.0) 6.8 THF 50 2 42
2 NaH (3.0) 12.0 DMF 80 5 45
3  NaH (3.0) 2.0 THF 50 4 88

aDetermined by HPLC.

synthesis. The generation of the pival&@may be due to
the generation of the allene oxid6 generated from the
epoxy bromide24 by competing dehydrobromination under
the basic conditions employed. As has been well estab-
lished!! the allene oxide26 could rearrange to the cyclo-
propanone27 which would then react with the steroid
alkoxide28to undergo the Favorskii rearrangement to give
rise to the pivalat&0 by regioselective cleavatfgScheme

was required to alleviate enolization and left a large amount 8).

of useless waste. Since this cannot be overcome as long as Although our expected sodium bis(methoxyethoxy)alu-
the present etherification method is employed, we sought minohydride (Red-Al), which was known to reduce 2,3-
an alternative route to eliminate the cerium reagent and haveepoxy alcohols into the corresponding 1,3-diols in a regio-

established an efficient alternative route without requiring
the cerium reagent.

As mentioned above, we have thus far found in the
previous syntheses that the secondary alcBhmehcted very
sluggishly with alkyl halides under Williamson etherification
conditions which brought about rearrangement of the olefin
functionality of the desired produd@ to give rise to a
substantial amount of the undesired isorb@rOn the other
hand, we have found that the secondary alcdoleacted
smoothly with prenyl bromid®2 to give the prenyl ether
23 which gave regioselectively the desired tertiary alcohol
20 in good yield by application of the oxymercuratien
reduction methd®’in which use of the mercury salt was

unavoidable (Scheme 6). During the investigation, we knew

the report described that the epoXid®t exhibited high
reactivity toward primary and secondary alcohols as its allylic
precursor 22 under Williamson conditions to give the
corresponding etheP$:1°We, thus, examined the preparation
of the tertiary alcohol20 via the epoxy ether25 by
application of this etherification followed by reductive
cleavage of the epoxy functionality. The Williamson etheri-
fication of 17 with the racemic epoxy bromid24 afforded
the expected epoxy eth@5 in excellent yield in THF in

selective mannéf failed to give rise to the tertiary alcohol
20, we have found good conditions applicable to a large-
scale production after extensive examination using boron and
aluminum hydride reagents. Among the reagents exam-
ined®* the cleavage of the epoxid@s proceeded regiose-
lectively in the desired way with the boron reagents to give
rise to tertiary alcohaR0 as the major product, in particular,
with lithium triethylborohydride (Super Hydride) or lithium
secbutylborohydride (L-Selectride) in THF. Very interest-
ingly, the reaction did not proceed with potassiw®ac
butylborohydride (K-Selectride) or other lithium borohy-
drides even under more forcing conditions (Scheme 9 and
Table 4).

In these alkylation and reduction reactions to transform
17into 20involving the diastereomeric intermediat&band
25, no diastereomeric discrimination could be observed.
Since these two reactions were carried out in the anhydrous
THF solution, we attempted to perform these two steps in
the same reaction vessel without isolation of the epoxide
intermediate 25 to facilitate industrial preparation. The
reaction did really proceed in an expected way to give rise
to the crystalline tertiary alcohd@0 when the secondary
alcohol17 in THF was treated with the epoxy bromi@d

the presence of sodium hydride. However, either when in the presence of sodium hydride, followed by L-Selectride.

potassiuntert-butoxide in place of sodium hydride or when
DMF in place of THF was used, the yield of the etta&r
was diminished considerably (Scheme 7 and Table 3).

In this transformation, a byproduct was formed consis-
tently (though in 0.5% yield and readily removable during
the crystallization of the major produ2t in the optimized

This one-pot reaction could be carried out in 17.2 kg in
THF in high concentration (50% wi/w) in the presence of 2
equiv of sodium hydride with 1.3 equiv of the epoxy bromide
24 at refluxing temperature for 1 h, followed by 1.8 equiv
of 1 M THF solution of L-Selectride at the same temperature
for 1 h tofurnish the crystalline alcohd0 in 99% vyield.

conditions). It was isolated and determined as the pivalate Two points should be noted in this one-pot reaction. The
30 spectroscopically and unambiguously by the separatefirst is the use of sodium hydride in a dispersion form without

(7) Brown, H. C.; Geoghegan, P., Jr. Am. Chem. S0d.967, 89, 1522.
(8) Winstein, S.; Goodman, L1. Am. Chem. Sod 954 76, 4373.
(9) Waters, R. C.; VanderWerf, C. A. Am. Chem. Sod.954 76, 709.
(10) Gevorkyan, A. A.; Kazaryan, P. |.; Avakyan, S. V.; Panosyan, G{HAm.
Get. Soed1981], 7, 878.
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(12) Wharton, P. S.; Fritzberg, A. R. Org. Chem1972 37, 1899.

(13) (a) Viti, S. M.Tetrahedron Lett1982 23, 4541. (b) Ma, P.; Martin, V. S.;
Masamune, S.; Sharpless, K. B.; Viti, S. W.0rg. Chem1982 47, 1378.

(14) Majetich, G.; Zhang, Y.; Wheless, Retrahedron Lett1994 35, 8727.
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Table 4. Reaction of the epoxide ether 25 with hydrides

temp. time conv. production

entry hydride (equiv) (°C) (h) (%)® ratio® (20:31)

1 Red-AP(5.0) reflux 6.5 0o -

2 LiAIH,4(3.0) rt 4 94 92.6:7.4

3 i-BuAlH (5.0) rt 2 72 15.4:84.6

4  NaBH,(10.0) reflux 5 5 n.d.

5 LiEt;BHY(5.0) rt 3 100 98.2:1.8

6 Li-sBusBH®(5.0) rt 2,5 100 99.7:0.3

7 K-sBusBHf(10.0) reflux 8 4 n.d.

8 Li-sAm3BH9(10.0) rt 24 50 n.d.

9 K-sAmzBHM(10.0) rt 18 0o -

10 LiPhBH (10.0) reflux 7 7 n.d.

aDetermined by HPLCP Sodium bis(2-methoxyethoxy)aluminum hydride.
¢ Not determined? Super Hydride¢ L-Selectride f K-Selectride 9 LS-Selectride.
h KS-Selectride.

Scheme 10

L-Selectride
— 20

TBSO

removal of the mineral oil. As described in the preparation
of the etherl8, utilization of sodium hydride in a dispersion
form undoubtedly facilitates a large-scale production. The
oil contained could be readily removed in the following stage.
The second point is the use of alkaline hydrogen peroxide
in the termination of the reaction. The one-pot reaction may
proceed accompanied by an intractable byproduct mixture
derived from the reducing agent disturbing the crystallization
of 20 unless treated with the alkaline peroxide in the workup
(Scheme 10).

The epoxy bromid@4 was prepared from prenyl bromide
22 on oxidation withm-chloroperbenzoic acid in dicloro-
methane. To avoid the use of undesirable solvent, an

31

was examined on the basis of the report by Strauss and
Kihnel® in 1933 who found one-sep generation of the
bromoepoxide from 1,1-dimethylallyl alcoh8R with aque-

ous hypobromite solution. Although later in 1954, Winstein
and Goodmahproposed the involvement of the conjugate
base33 of the alcohol32 and hypobromous acid in this
reaction, no study intending the practical utilization of this
reaction has been reported to date. We therefore examined
the synthesis of the epoxy bromi@d by employing the
aqueous conditions and have established a large-scale
production. Thus, the reaction of 1 kg of the tertiary alcohol
32 upon exposure to 1.5 equiv of potassium hypobromite,
prepared in situ in 10 L of water, furnished the desired epoxy
bromide24 directly in 82% yield after distillation (Scheme
11).

We have now truly overcome all the difficulties encoun-
tered in our previous synthesis leading to the protected form
12 of the penultimate intermediat® of maxacalcitol {).

We have now been able to carry out the final photochemical
reaction utilizing the tetracyclic dieng4 in a 100-g scale
after deprotection of the disilyl eth&® thus obtained. Thus,
the photolysis of the trioB4 in THF by irradiation with a
high-pressure mercury lamp at 1G generated the pre-22-
oxa-D; product35 as crystals, after purification by HPLC,
which on stirring in THF at 25C, furnished maxacalcitol
(1). Overall yield of Maxacalcitol T) from the diene34 was
16% after HPLC purification (Scheme 12).

We can now summarize our present synthesis leading to
maxacalcitol {) in a sequence of seven chemical steps
starting from Ii-hydroxydehydroepiandrosterona) (in
Scheme 13. The present method allowed the production of
the key intermediaté2 in 26% overall yield in a kilogram-
scale conversion without formation of any undesired byprod-
ucts employing neither difficult reaction conditions nor
chromatographic purification during the conversions in-
volved.

alternative route capable of carrying out in aqueous media (15) Strauss, F.; Kunel, R.Ber. 1933 66B, 1834.
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Scheme 11
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y-collidine 12: R=TBS 25°C
TBAF [ 34 RoH HO™
Maxacalcitol 1
Conclusions The retention times 085 and 1 were 280 and 160 min,
A practical seven-step synthesis of maxacalcitdffom respectively.

la-hydroxydehydroepiandrosteror® pas been developed (1S,3R)-1,3-Bis(ert-butyldimethylsilyloxy)androst-5-
on the basis of our original synthesis by exclusion of all the en-17-one (4).To a stirred solution of &-hydroxydehy-
difficulties encountered in the original method. The present droepiandrosteron8 (7.13 kg, 23.42 mol) and imidazole
synthesis allowed a multikilogram-scale production, except (9.57 kg, 140.57 mol) in DMF (35.7 L) was addeeit-
the final photoreaction stage, employing neither difficult butyldimethylsilyl chloride (10.50 kg, 69.66 mol) at 2C.

conditions nor chromatographic separation. The mixture was heated at 12%, and the stirring was
continued fo 6 h at thesame temperature. After cooling to
Experimental Section 30 °C, the mixture was diluted with MeOH (21.4 L) with

General Methods. All reagents and solvents were stirring to separate crystalline precipitate, and the stirring
obtained from commercial sources and used without further was continued at same temperature for 4 h. The product
purification. NMR spectra were measured on a JEOL EX- separated was collected centrifugally and dried atG@o
270 spectrometer at 270 MHz f8f and 67.8 MHz for**C. give 4 as light-yellow crystals (9.2 kg, 74.0%): mp 153;
Chemical shifts §) are reported in parts per million (ppm) [0]%?% +53.0° (¢ 1.02, CHCY); FT-IR (KBr, cm™%): v 2954,
referenced to CHGIlat 7.26 for'H, and CDC} at 77.00 for 2927, 2856, 1740, 1471, 1462, 1255, 1103, 1084, 837, 775,
13C. Coupling constants( are reported in hertz. IR spectra 669;*H NMR (CDCls): ¢ 5.48 (1H, d,J = 5.6), 3.99-4.05
were recorded on a JEOL JIR-6000 spectrophotometer as(1H, m), 3.78 (1H, br s), 2.382.52 (1H, m), 2.06-2.17 (1H,

KBr pellets with a scan range of 4086@00 cntl. The m), 1.95-2.12 (1H, m), 1.96-2.05 (1H, m), 1.86-1.95 (1H,
melting points were determined on a hot-stage and arem), 1.75-1.87 (1H, m), 1.76-1.90 (1H, m), 1.66-1.75 (1H,
uncorrected. Optical rotations were determined on a JASCOm), 1.50-1.70 (2H, m), 1.451.65 (1H, m), 1.251.35 (1H,
model DIP-1000 polarimeter. BotB5 and 1 were isolated m), 1.15-1.32 (1H, m), 0.95 (3H, s), 0.88 (18H, s), 0.64
by HPLC (SiQ column: Merck art. no. 9385p 20 cm x (3H, s), 0.08 (3H, s), 0.06 (3H, s), 0.05 (3H, s), 0.03 (3H,
100 cm, UV: 254 nm) at room temperature using a mixture s). Anal. Calcd for GHs¢0sSi: C, 69.86; H, 10.59.
of hexane/AcOEt as the mobile phase (flow rate: 1.0 L/min). Found: C, 68.87; H, 10.64.
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(172)-(1S,3R)- 1,3-Bistert-butyldimethylsilyloxy)pregna- 1.70 (1H, m), 1.46-1.65 (1H, m), 1.251.53 (3H, m), 1.26-
5, 17-dien (16).To a stirred solution of the ylide, prepared 1.40 (1H, m), 1.051.20 (1H, m), 1.06-1.25 (2H, m), 0.96-
in situ by treating EtPPBr (28.0 kg, 75.42 mol) with 1.20 (1H, m), 1.22 (3H, s), 0.96 (3H, s), 0.88 (18H, s), 0.68
potassiumtert-butoxide (8.50 kg, 75.74 mol) in THF (101  (3H, s), 0.07 (3H, s), 0.05 (3H, s), 0.04 (3H, s), 0.02 (3H,
L) at 20°C, was added (20.1 kg, 37.71 mol) at 25C, and s); 1%C NMR: 6 138.4, 123.2, 73.5, 70.3, 67.5, 58.5, 56.8,
the temperature was raised to 0. After stirring fa 4 h at 42.3,42.2,41.6,41.0, 38.9, 38.7, 31.7, 31.6, 26.0, 25.9, 25.6,
the same temperature, the mixture was cooled to2%nd 24.3, 23.5, 20.2, 19.3, 18.1, 18.1, 12:63.7, —4.4, —4.5,
to this mixture was added THF (60 L), heptane (161 L), and —5.2. Anal. Calcd for @Hs,03Si;: C, 70.40; H, 11.10.
water (85 L) sequentially. After stirring for 0.5 h at the same Found: C, 70.01; H, 11.16.
temperature, the organic layer was separated and was washed (1S,3R,20S)-1,3-Bistert-butyldimethylsilyloxy)-20-{ (2-
with brine (114 L x 2) and concentrated under reduced dimethylaminocarbonyl)ethyloxy} preg-na-5-ene (18)To
pressure to leave a solid residue. The residue was dissolvea stirred suspension of the alkoxide generated in situ from
in heptane (175 L) with stirring at 15C for 1 h, and the the secondary alcohal7 (11.1 kg, 19.72 mol) and NaH (60%
insoluble material was removed by filtration. The filtrate was dispersion in mineral oil, 1.18 kg, 29.50 mol) in the presence
evaporated under reduced pressure to leave a colorless solicbf 15-crown-5 (0.44 kg, 2.00 mol) in THF (44.4 L) was
This was dissolved in acetone (500 L) at ¥5, and to this addedN,N-dimethylacrylamide (5.86 kg, 59.11 mol) atQ,
solution was added #D (60 L) at the same temperature; the and the stirring was continuedrfé h at thesame temper-
mixture was then cooled te-5 °C to separate out a ature. The reaction was quenched by addition of aqueous
crystalline material. NH4CI (22.2 L), and the mixture was extracted with AcOEt
The product was collected centrifugally and dried at 60 (36.6 L). The extract was washed with aqueous brine (55.7
°C to give the dienel6 as colorless crystals (18.5 kg, L x 2) and concentrated under reduced pressure to leave a
90.0%): mp 123C; [0]p?® +21.7° (¢ 1.00, CHC}); FT-IR solid residue. The residue was suspended in hexane (33.3
(KBr, cm™1): v 2954, 2856, 1471, 1373, 1255, 1082, 837, L) at room temperature and cooled+t®0 °C with stirring.
771, 671;*H NMR (CDCl): ¢ 5.46 (1H, d,J = 5.6), 5.13 After stirring for 1 h at thesame temperature, the crystalline
(1H, m), 3.99 (1H, m), 3.78 (1H, m), 2.2@.40 (1H, m), precipitate was collected centrifugally and dried at’&0to
2.15-2.40 (2H, m), 2.16-2.50 (2H, m), 1.96-2.05 (1H, m), give 18 as colorless crystals (11.4 kg, 87.3%): mp 2&3
1.66 (3H, m), 1.66-1.95 (2H, m), 1.66-1.85 (1H, m), 1.55 [0]p?° +25.4 (c 1.02, CHC}); FT-IR (KBr, cnm1): v 2954,
1.75 (1H, m), 1.56-1.70 (1H, m), 1.46-1.50 (1H, m), 1.46- 2854, 1653, 1473, 1252, 1090, 1066, 837, 771, BHHANMR
1.60 (1H, m), 1.351.60 (2H, m), 1.16-1.35 (1H, m), 1.05 (CDCl): 6 5.46 (1H, d,J = 5.6), 3.90 (1H, m), 3.86 (1H,
1.30 (1H, m), 0.98 (3H, s), 0.89 (3H, s), 0.88 (18H, s), 0.07 m), 3.76 (1H, br s), 3.57 (1H, m), 3.27 (1H, m), 3.02 (3H,
(3H, s), 0.05 (3H, s), 0.04 (3H, s), 0.03 (3H, §C NMR s), 2.93 (3H, s), 2.56 (1H, m), 2.3#2.35 (2H, m), 1.15 (3H,
(CDCly): 0 150.5,138.3,123,1, 113.4, 73.5,67.6,56.7,44.1, d, J = 5.9), 0.95 (3H, s), 0.88 (18H, s), 0.64 (3H, s), 0.08
42.3,42.3,41.0, 38.9, 36.8, 31.6, 31.5, 31.5, 26.0, 25.9, 24.6,(3H, s), 0.06 (3H, s), 0.05 (3H, s), 0.03 (3H, £C NMR
20.7,19.3, 18.1, 18.1, 16.8, 13.23.8, —4.4,—4.5, —5.2. (CDCl): 0 171.5,138.3,123.2,78.3, 73.5, 67.5, 64.7, 56.9,
Anal. Calcd for GsHecO2Siz: C, 72.73; H, 11.10. Found: 56.8,42.3,42.2,41.3, 41.0, 38.9, 38.7, 37.5, 35.3, 34.1 31.7,
C, 72.09; H: 11.09. 31.6,25.9,25.9, 25.9,24.2,20.2,19.3,19.2, 18.1, 18.1, 12.5,
(1S,3R,209)-1,3-Bistert-butyldimethylsilyloxy)-20-hy- —3.8,—4.4,—4.5,—-5.3. Anal. Calcd for GgH7:NO,Si,: C,
droxypregn-5-ene (17).To a stirred solution of 9-BBN (0.5  68.93; H, 10.81; N, 2.12; Si, 8.48. Found: C, 68.83; H,
mol/L in THF, 133 kg, 74.38 mol) was adddd (18.5 kg, 10.84; N, 2.16; Si, 8.5.
33.94 mol) at room temperature, and the mixture was stirred  (1S,3R,205)-1,3-Bistert-butyldimethylsilyloxy)-20-(3-
at 45°C for 4 h. After cooling to—5 °C, the mixture was  hydroxy-3-methylbuthyloxy)pregn-5-ene (20)To a stirred
treated sequentially with 10% NaOH (99.0 kg, 247.50 mmol) suspension of Ce€l(5.77 kg, 23.40 mol) in THF (19.0 L)
and 35% HO, (42.0 kg, 407.99 mmol) with stirring; the  was added MeMgCl (19.7 L, 1M in THF, 19.70 mol)-al5
stirring was continued at 2%C for 1 h. Then the mixture  °C, and after 0.5 h, to this mixture was added the amigle
was extracted with AcOEt (222 L), and the extract was (3.52 kg, 5.32 mol) at the same temperature, and the stirring
washed sequentially with aqueous,S#; (53.0 kg, 213.55  was continued for 0.5 h at the same temperature. The mixture
mmol in H,O, 161 L) and brine (294 Ix 2) and evaporated was diluted with hexane (18.7 L) and the reaction was
under reduced pressure to leave a colorless solid. The solidquenched by addition of agueous KHSQ@6.2 kg in HO
was dissolved in MeOH (149 L) at 3% and then cooled 54 L) at —15 °C, and the mixture stirred at the same
to 8 °C for 1.5 h to separate a crystalline material. The temperature for 0.5 h. After removal of the insoluble material
product separated was collected centrifugally and dried atby filtration, the organic layer was separated and washed
60 °C to give the secondary alcohd¥ as colorless crystals  sequentially with brine (35.1 L), saturated aqueous NakICO
(17.2 kg, 90.0%): mp 18%C; [0]?°% +12.0° (c 1.05, CHCY); (35.1L), and brine (35.1 L). Evaporation of the organic layer
FT-IR (KBr, cm™Y): v 3408, 2954, 2856, 1471, 1380, 1257, under reduced pressure left methyl ketd8eas a pale-yellow
1101, 1084, 835, 773, 675 NMR: ¢ 5.45 (1H, d,J = oil which was used for the next reaction: FT-IR (KBr, ti
5.6), 3.75-3.77 (1H, m), 3.99 (1H, m), 3.78 (1H, m), 215 v 2936, 1728, 1464, 1378, 1258, 1096, 886, 872, 838, 774;
2.37 (2H, m), 1.86-2.05 (1H, m), 1.86-2.00 (2H, m), 1.66- 'H NMR (CDCk): 6 5.44 (1H, d,J = 5.6), 3.98 (1H, m),
2.00 (2H, m), 1.55-1.85 (1H, m), 1.56-1.80 (1H, m), 1.56- 3.80 (1H, m), 3.77 (1H, br s), 3.52 (1H, m), 3.23 (1H, m),
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2.61 (2H, m), 2.152.28 (5H, m), 1.14 (3H, dJ = 5.6), ature. Then the suspension was centrifuged, and a colorless
0.99 (3H, s), 0.87 (18H, s), 0.80 (3H, s), 0.08 (3H, s), 0.06 crystalline solid collected was dried at 3C to leave the
(3H, s), 0.04 (3H, s), 0.03 (3H, s). Anal. Calcd fog;8550,4- tertiary alcohol20 (19.6 kg, 99.0%) as colorless granules:
Si,: C,70.19; H, 10.83; Si, 8.87. Found: C, 70.05; H, 10.81; mp 131°C; [a]p®® +23.3 (c 1.00, CHC}); FT-IR (KBtr,
Si, 8.9. cmY): v 3518, 2956, 2856, 1473, 1381, 1255, 1088, 837,
To the cerium reagent, prepared in situ from Gg6177 773, 675;'H NMR (CDCl): 6 5.45 (1H, d,J = 5.6), 4.85
kg, 23.40 mol) in THF (19.0 L) and MeMgClI (19.7 L 1M  (1H, m), 3.81 (1H, m), 3.76 (1H, br s), 3.47 (1H, m), 3.25
in THF, 19.70 mol) at—15 °C as above, was added the (1H, m), 2.20-2.28 (2H, m), 1.18 (3H, s), 0.95 (3H, s), 0.88
ketonel9in THF (3.6 L) at—15 °C, and the stirring was  (18H, s), 0.66 (3H, s), 0.08 (3H, s), 0.06 (3H, s), 0.05 (3H,
continued for 0.5 h at the same temperature. The mixtures), 0.03 (3H, s)!°C NMR (CDCk): ¢ 138.3, 123.2, 78.8,
was diluted with hexane (18.7 L), and the reaction was 73.5, 70.4, 67.5, 65.4, 56.8, 56.6, 42.3, 42.2, 41.5, 41.4, 40.9,
guenched by addition of aqueous KHSQ0.4 kg in HO, 38.9, 38.7, 31.8, 31.5, 29.3, 29.1, 26.5, 25.9, 25.9, 24.3, 20.2,
35 L) at—15°C. After stirring at the same temperature for 19.3, 18.7, 18.1, 18.1, 12.6;3.8,—4.4,—4.5,—5.2. Anal.
0.5 h, the organic layer was separated and washed sequencalcd for GgH;,0,Si;: C, 70.31; H, 11.18; Si, 8.65.
tially with brine (35.1 L), saturated aqueous NaH{G5.1 Found: C, 70.41; H, 11.10; Si, 8.7.
L), and brine (35.1 L) and evaporated under reduced pressure (1S,3R,20S)-1,3-Bistert-butyldimethylsilyloxy)-20-(3-
to leave a pale-yellow solid. The solid was dissolved in hydroxy-3-methylbuthyloxy)pregna-5,7-dien (12) A solu-
refluxing MeOH (17.6 L) and cooled to @C with stirring tion of the tertiary alcoha20 (19.6 kg, 30.2 mol) in heptane
to separate out a crystalline product. After stirring fch at (119 L) was stirred with NBS (6.6 kg, 37.1 mol) and AIBN
the same temperature, the product was collected centrifugally(0.70 kg, 4.26 mol) at 78C for 15 min. The mixture after
and dried at 50C to give the tertiary alcoh@®0 (2.45 kg, cooling was filtrated, and the filtrate was concentrated under
71.0%) as colorless crystals: mp 133; [a]p?® +25.2 (c reduced pressure. The residual oil was dissolved in toluene
1.00, CHCY); FT-IR (KBr, cm): v 3518, 2956, 2856, 1473, (204 L) and was stirred with-collidine (9.60 kg, 79.2 mol)
1381, 1255, 1088, 837, 773, 675 NMR (CDCL): ¢ 5.45 at 110°C for 2.5 h. The mixture after cooling to 2C was
(1H, d,J = 5.6), 4.85 (1H, m), 3.81 (1H, m), 3.76 (1H, br filtrated, and the filtrate was evaporated under reduced
s), 3.47 (1H, m), 3.25 (1H, m), 2.22.28 (2H, m), 1.18 pressure to leave a light-yellow solid. The solid was dissolved
(3H, s), 0.95 (3H, s), 0.88 (18H, s), 0.66 (3H, s), 0.08 (3H, in AcOEt (73 L) at 35°C, and to this solution was added
s), 0.06 (3H, s), 0.05 (3H, s), 0.03 (3H, SfC NMR acetonitrile (235 L) at 40C, and the mixture was cooled to
(CDCly): o 138.3, 123.2, 78.8, 73.5, 70.4, 67.5, 65.4, 56.8, —5 °C to separate the crystals. After stirring fb h at the
56.6,42.3,42.2,41.5,41.4, 40.9, 38.9, 38.7, 31.8, 31.5, 29.3,same temperature, the crudi2 separated as a light-yellow
29.1, 26.5, 25.9, 25.9, 24.3, 20.2, 19.3, 18.7, 18.1, 18.1, 12.6,crystalline solid and was collected centrifugally. The solid
—3.8,—4.4,—45,-5.2. was again dissolved in AcOEt (73 L) at 3&, and to the
(1S,3R,205)-1,3-Bistert-butyldimethylsilyloxy)-20-(3- solution was added acetonitrile (234 L) at40) the solution
hydroxy-3-methylbuthyloxy)pregn-5-ene (20).To a solu- was then cooled at 5C for 1 h. The separating crystalline
tion of the secondary alcohd7 (17.2 kg, 30.55 mol) in material was collected centrifugally and dried at 45 to
THF (61.0 kg) was added NaH (60% dispersion in mineral give the dienel2 as colorless crystals (8.4 kg, 43.0%): mp
oil, 2.4 kg, 60.0 mol) portionwise with stirring at room 146°C; [a]p?® +14.7 (c 1.01, CHC}); FT-IR (KBr, cn3):
temperature so as to control evolution of hydrogen at an v 3516, 2960, 2856, 1473, 1380, 1255, 1099, 837, 6d3;
appropriate rate. Afte the evolution of hydrogen ceased, to NMR (CDCl): ¢ 5.58 (1H, m), 5.32 (1H, d] = 5.6), 4.04
the resulting suspension was added the brorgl€r.1 kg, (1H, m), 3.84 (1H, m), 3.69 (1H, br s), 3.49 (1H, m), 3.26
43.02 mol) dropwise at the same temperature with stirring, (1H, m), 2.78 (1H, m), 2.362.36 (2H, m), 1.23 (3H, s),
and the mixture was refluxed for 1 h. After cooling to room 1.22 (3H, s), 1.20 (3H, d] = 3.2), 0.89 (3H, s), 0.87 (18H,
temperature, to this mixture containing the epoxy-e2er  s), 0.60 (3H, s), 0.10 (3H, s), 0.06 (6H, s), 0.05 (3H%J;
was added L-Selectride (1 M in THF, 49.0 kg, 55.06 mmol) NMR (CDCl): ¢ 139.7, 137.6, 120.1, 115.3, 79.0, 73.9,
dropwise, and the mixture was refluxed for 1 h. The mixture 70.4, 66.3, 65.6, 56.4, 54.6, 42.7, 42.0, 41.5, 40.8, 39.0, 38.4,
was then cooled te-10 °C and treated sequentially with  37.5, 29.3, 29.1, 26.4, 26.0, 25.9, 22.9, 20.5, 18.9, 18.2, 18.0,
10% NaOH (91.0 kg, 227.5 mol) and 35%®} (43.0 kg, 16.7, 12.6,—3.8, —4.4, —4.5, —4.9. Anal. Calcd for
417.7 mol); the stirring was continuedrfd h at room CsgH7004Si: C: 70.53; H: 10.90. Found: C: 70.16; H:
temperature. To this mixture was then added aqueous10.83.
Na&S;0;5 (35.0 kg in HO 101 L, 141.0 mol) at the same (1S,3R,209)-20-(3-Hydroxy-3-methylbuthyloxy)pregna-
temperature, and after stirring for 1 h, the mixture was 5,7-dien-1,3-diol (34)To a stirred solution of TBAF in THF
extracted with AcOEt (106 L) and separated. The organic (1.0 M solution, 66.0 kg, 73.08 mmol) was add&d (8.4
layer was washed sequentially with brine x2110 L) and kg, 12.98 mol) at 20C, and the mixture was heated at 66
evaporated under reduced pressure to leave a colorless solid.C for 9 h. After cooling to 25C, the mixture was diluted
The solid was dissolved in refluxing methanol (124 L), and with H,O (378 L) at 20°C with stirring. After stirring for
to this solution, after cooling to 28C, was added water (52 1.5 h at the same temperature, cridevas separated as a
L) with stirring to form a suspension which was cooled to 5 light-yellow crystalline solid and was again dissolved in
°C; the stirring was continued fdl h at thesame temper-  acetone (45 L) at 30C and cooled at-18 °C for 1 h to
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leave a crystalline material. Centrifugal collection gave the
triol 34 as colorless crystals (4.1 kg, 75.5%) after drying at
35°C: mp 185°C; [a]p?° —38.C° (¢ 1.00, EtOH); IR (KB,
cm1): v 3458, 3371, 2972, 2875, 1464, 1369, 1146, 1049,
941, 825, 771*H NMR (CDCl): 6 5.71 (1H, ddJ = 1.6,
5.3), 5.38 (1H, ddJ = 2.6, 5.5), 4.05 (1H, m), 3.85 (1H,
m), 3.76 (1H, br s), 3.49 (1H, m), 3.27 (1H, m), 2.73 (1H,
m), 2.54 (1H, m), 2.34 (1H, m), 2.13 (1H, m), 1.26 (3H, s),
1.23 (3H, s), 1.20 (3H, d] = 6.3), 0.91 (3H, s), 0.61 (3H,
s); °C NMR (CDCk* 5% DMSOs): 6 140.2, 136.9, 120.9,
115.2, 78.6, 71.9, 70.1, 65.2, 64.4, 56.2, 54.1, 41.9, 41.7,
41.3, 39.8, 38.3, 38.0, 37.3, 29.0, 28.8, 26.0, 22.6, 20.0, 18.6,
15.9, 12.2; Anal. Calcd for £H4,0,4: C, 74.60; H, 10.11.
Found: C, 74.36; H, 9.93.
(+)-(52,7E)-(1S,3R,20S)-20-(3-Hydroxy-3-methylbutyl-
oxy)-9,10-secopregna-5,7,10(19)triene-1,3-diol (B).stirred
solution of the triol34 (100 g, 0.239 mmol) in THF (2.5 L)
was irradiated at 10C for 420 min in a quartz apparatus
equipped with a high-pressure mercury lamp (1 kW). After

>95%) 1-bromo-3-methyl-2-buter2 (100 g, 0.671 mol)

in CH.CI, (2 L) was slowly added mCPBA (8885%, 200

g, 0.93-0.99 mol) at room temperature. The reaction mixture

was stirred for 2 h, and the resulting solid was removed by

filtration. An aqueous 5% N&,0, solution (1 L) was added

to the filtrate and stirred for 1 h. The G@l, layer was then

separated, washed with saturated aqueous NaHZQ x

2) and brine (2 L), and dried over MgQQ\fter evaporation

of the solvent, the remaining liquid was distilled to afford

epoxy bromide24 (88.6 g, 80.0%) as a colorless oil.
Industrial Synthesis of 1-Bromomethyl-2,2-dimethyl-

oxirane (24).To a stirred solution of aqueous KOH (2.9 kg

in H,O 10 L) was slowly added bromine (2.8 kg, 17.42 mol)

at 5 °C. The mixture was stirred for 15 min at the same

temperature, and then to this solution was added 2-methyl

3-buten-2-0l32 (1.0 kg, 11.61 mol) at 10C and stirred for

20 h. The mixture was diluted with hexane (5 L) at the same

temperature; the organic layer was separated and evaporated

evaporation of the solvent under reduced pressure, the residuénder reduced pressure and distilled to afford epoxy bromide

was triturated in acetone (0.25 L) to separate out the
unreacted trioB4 (43.0 g, 0.103 mmol) as crystals, which
were recovered by filtration. The filtrate containing the
photoproduct was evaporated under reduced pressure, an
the residue was purified by preparative HPLC (AcOEt:
hexane= 85:15) to give the pre-trien85. The pre-triene
35was dissolved in THF (0.4 L), and the solution was stirred
at 25°C for 85 h. After evaporation of the solvent under
reduced pressure, the residue was purified by HPLC (AcOEt:
hexane= 85:15) to leave a colorless oil which was
crystallized from hexane and AcOEt to give maxacalcitol
(1) as colorless crystals (16.0 g, 16.0%): mp 222 [0]p?°
+49.4 (c 1.00, EtOH); FT-IR (KBr, cm): v 3350, 3344,

3332, 2966, 2926, 2872, 2846, 1635, 1471, 1433, 1431, 1377,

1367, 1329, 1221, 1146, 1092, 1057, 1012, 957, 908, 899,
879, 800, 752H NMR (CDCl): ¢ 6.35 (1H, dJ = 11.2),
6.02 (1H, dJ=11.2), 5.32 (1H, s), 4.98 (1H, s), 4.42 (1H,
m), 4.22 (1H, m), 3.85 (1H, m), 3.47 (1H, m), 3.26 (1H,
m), 2.82 (1H, ddJ = 0.3, 12.9), 2.58 (1H, dd] = 3.6,
7.0), 2.30 (1H, ddJ =7.3, 13.2), 1.822.20 (8H, m), 1.63
1.75 (4H, m), 1.46:1.52 (4H, m), 1.18-1.32 (10H, m), 0.53
(3H, s); 3C NMR (CDCk): 6 147.6, 142.1, 133.4, 124.6,
117.5,111.8, 78.7, 70.7, 70.6, 66.7, 65.5, 57.0, 56.0, 45.2,
44.7,42.8,41.4,39.5,29.2,29.1, 28.9, 25.5, 23.2,22.2, 18.8
12.6; UV (EtOH): Amax 263 nm.

Original Synthesis of 1-Bromomethyl-2,2-dimethylox-
irane (24). To a stirred solution of commercial (purity

24 (1.6 kg, 82.0%) as a colorless oil: bp 32/25 mmHg;
FT-IR (KBr, cm3): v 2966, 2929, 1456, 1435, 1412, 1381,
1319, 1252, 1221, 1130, 1022, 922, 885, 843, 742, 685, 652,
496, 436, 432, 409H NMR (CDCl): 6 3.48 (1H, ddJ =
10.4, 6.0), 3.23 (1H, dd] = 10.4, 7.0), 3.05 (1H, dd] =

7.5, 6.0), 1.33 (3H, s), 1.29 (3H, SC NMR (CDCk): o
62.1, 60.5, 29.8, 24.3, 18.1.
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