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Abstract: 3-ol; cholecalciferol] or vitamin B (18) must be hydroxy-
This contribution describes the first stereospecific synthesis of  lated at C-1 and C-25 to form thex25-dihydroxyvitamin
24(S)-hydroxyvitamin D (1), a metabolite of vitamin D,. This D derivative before it would exert its biological effeéts.
metabolite acts as a prodrug for I, 24(S)-dihydroxyvitamin D , This discovery led to the development of dihydroxylated
(2), which is under development for treatment of various vitamin D compounds for the treatment of bone depletive
diseases characterized by cellular hyperproliferation. The key disorders. These active forms of vitamin D mediate their
step of the synthesis involves the Wittig-Horner olefination of effects on calcium homeostasis through stereospecific, high
(9)-2,3-dimethyl-2-triethysilyloxybutyraldehyde (17) and a vi- affinity binding to a nuclear receptor protein. These specific
tamin D, phosphine oxide derivative (22). The synthesis of the  receptors for @&,25-dihydroxyvitamin @ were subsequently
requisite aldehyde started with the commercially available found in cells of diverse organs not involved in calcium
L-(+)-valine and was completed in seven steps. The vitamin,D  homeostasi$, suggesting a role for active vitamin D in
phosphine oxide derivative was synthesized in seven steps processes beyond those of mineral metabolism,23-
starting from vitamin D ». Dihydroxyvitamin D compounds decreased cell proliferation
and increased differentiation of a variety of cultured céifs.
These data presaged the use of vitamin D analogues for the

Introduction treatment of hyperproliferative diseases such as cancer and
Vitamin D [(33,5Z,7E,22E)-9,10-secoergosta-5,7,10(19),- psoriasisaP
22-tetraen-3-ol; ergocalciferol,8]* is one member of the The activated vitamin D class of compounds can produce

vitamin D family of compounds that have long been known dangerously elevated blood calcium levels due to their
for their importance in bone and mineral metabolism. For inherent calcemic activity. Because of this toxicityy,25-
example, the vitamin D compounds serve a critical role in dihydroxyvitamin 3 can only be administrated at dosages
maintaining serum calcium levels through stimulation of that are modestly beneficial in preventing or treating loss of
intestinal calcium absorption, bone remodeling, and control bone or bone mineral contehfrom the consideration of

of parathyroid hormone production. the diverse biological actions and their potential as thera-
peutic agents, vitamin D compounds have been sought that
affect proliferation and differentiation but that have less
calcemic activity than the known compounds.

Two areas that have been pursued in an effort to identify
novel vitamin D compounds with lowered calcemic activity
are (1) placement of the hydroxyl group in the side chain
on C-24 rather than on C-25 and (2) the use of prodrugs.
Vitamin D compounds which possess hydroxyl groups on
C-1 and C-24 are reported to have less calcemic activity than
1a,25-dihydroxyvitamin R.82° Prodrugs of vitamin D com-
pounds are desired because they are biologically inactive as

Vitamin D, Vitamin D3
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Scheme 1. Biological conversion of 248)-hydroxyvitamin
D, (1) to 1o,24(S)-dihydroxyvitamin D , (2)
2 OH

reversed phase semipreparative HPLC chromatography. One
epimer, the later-eluting HPLC peak, was crystallized, and
the absolute stereochemistry of the C-24 center was deter-
mined to be the 24) by a single-crystal X-ray study. The
assignment of the earlier-eluting HPLC peak as theSR4(
hydroxy epimer was then made by deduction. The structure
of the biologically produced dihydroxylated metabolite was
conclusively assigned on the basis of an HPLC coelution
study with the laboratory-prepared and -isolated24(S)-
dihydroxyvitamin 3. This study established the identity of
the oxidized biological metabolites of vitamin,@s 248)-
hydroxyvitamin B (1) and X,24(9-dihydroxyvitamin
o ) . _ (2) (scheme 1).
administered but are metabolized to active compounds in" "gjnce the above synthesis produced an almost equal
vivo. Two prodrugs in the vitamin D field are today marketed iastereomeric mixtutéof 24(R)-and 249)-hydroxyvitamin
as pharmaceutica?éy.b o D, and required a late-stage chromatographic separation, it
With 24(S)-hydroxyvitamin D (1), the precursor tod.- was evident at the start of this project that a stereospecific
24(9-dihydroxyvitamin B (2), these two areas of interest  gsynthesis was needed to prepare larger quantities of the
converge. 249)-Hydroxyvitamin D (1) is hydroxylated i desired 249)-hydroxyvitamin 3. This report discusses our

vivo at the Tu-position to become?, the active form of  approach to the stereospecific synthesis ofSp#gdroxyvi-
vitamin D, (Scheme 1}? As a prodrug,1 does not bindto  tamin D,.

the intestinal vitamin D receptors that mediate intestinal
calcium absorption. This property results in reduced hyper- Results and Discussion
calcemia compared with that from similar dosing of the active
vitamin D compounds, such as.R5-dihydroxyvitamin B.
Although metabolic production of 24-hydroxyvitamin D

Y

renal enzyme

HO HO

1 2

Our strategy for the stereoselective synthesis ofSR4(
hydroxyvitamin B (1) involved a Wittig—Horner coupling
. e , reaction between two key intermediateS)-2,3-dimethyl-
or 1o, 24-dihydroxyvitamin [ has been reported in several 5 yiethyisilyloxybutyraldehydel(7) and a suitably protected
species;*¢ few chemical syntheses are known. Strugnell ;itamin'D phosphine oxide derivative®). The preparation
and co-worker¥2described the synthesis of a diastereomeric of (9-2,3-dimethyl-2-triethylsilyloxybutyraldehydd 7) from
24(R)- and 24Q)-hydroxyvitamin D mixture (10) and the  commercially available-(+)-valine (L1) using a modifica-
subsequent conversion of this mixture to the correspondingion of a Seebach protoddlis outlined in Scheme 3.
diastereomeric mixture ol 24@R)- and T, 24(S)-dihydroxy- At the inception of this project,gj-2-hydroxyisovaleric
vitamin D, (Scheme 2). Their synthesis started with ergos- aciq (12) was only commercially available in small laboratory
terol, 3, that was acetylated and reacted with 4-phenyl-1,2,4- o antities, and its relatively high cost raised a barrier to scale-
triazoline-3,5-dione to afforé. The side chain double bond up synthesis. Instead;(+)-valine (L1) was converted taJ-
was CleaVed W|th ozone to afford aldehyﬂe An a|d0| 2_hydr0xyisova|eric acid 1(2) in 56% y|e|d15 The acid_
condensation of aldehydé with the anion of methyl  catalyzed condensation a2 with pivaldehyde in hexanes

isopropyl ketone followed by an acid-catalyzed dehydration produced the crude dioxolan&3j as a mixture otis/trans
afforded theo,f-unsaturated ketorie Reaction with excess  jsomers in a 23:1 ratit® Attempts to remove the undesired
methylmagnesium bromide afford8dvhich was deprotected  trans isomer by a short-path distillation produced a less
with lithium aluminum hydride to produce 28)- and 24-  desirable 5:Xkcig/trans mixture. It was found that the crude
(9-hydroxyergosterol,9). Intermediate® was irradiated and
thermally converted by known methods to afford the dia- (13) The ratio of thek to theSdiastereomers of 24-hydroxyvitamin, Prepared
sereomert mire, 2Rl and 24GGONANIND. 0 % S e

analysis by HPLC in the laboratories of Bone Care International, Inc., yielded
Six additional steps, following the procedure reported by

the following results: Lot no. 1, Epimer 1 (28)j: 47.2% and Epimer 2
. 24-R)): 52.8%; Lot no. 2, Epimer 1 (245)): 43.1% and Epimer 2 (24-
Paaren and co-workers, introduced a hydroxyl group on (2 ®) ” @ " ¢
C-112» These investigators then separated C-24 epimers by

(9) (a) Holick, M. F.; Semmler, E. J.; Schnoes, H. K.; DeLuca, HSEience
1973 180, 190. (b) Lam, H. Y. P.; Schnoes, H. K.; DelLuca, H.9€ience
1974 186, 1038.

(10) Unpublished results from Bone Care International, Inc.

(11) (a) Jones, G.; Schnoes, H. K.; LeVan, L.; DeLuca, HAfeh. Biochem.
Biophys.198Q 202 450. (b) Mawer, E. B.; Jones, G.; Davies, M.; Still, P.
E.; Byford, V.; Schroeder, N. J.; Makin, H. L. J.; Bishop, C. W.; Knutson,
J. C.J. Clin. Endocrinol. Metab1998 83, 2156. (c) Horst, R. L.; Koszewski,
N. J.; Reinhardt, T. ABiochemistryl199Q 29, 578.

(12) (a) Strugnell, S.; Byford, V.; Makin, H. L. J.; Moriarty, R. M.; Gilardi, R.;
LeVan, L. W.; Knutson, J. C.; Bishop, C. W.; Jones,Biochem. J1995
310, 233. (b) Paaren, H. E.; DeLuca, H. F.; Schnoes, HJ.KOrg. Chem.
198Q 45, 3253.

(R): 56.9%. These results indicate that the chiral vitamin D skeleton induced
virtually no diastereoselectivity of Grignard addition to the prochiral C24
carbonyl groupg?

(14) Seebach, D.; Naef, R.; Calderari, Getrahedron1984 40, 1313.
(15) Donkor, I. O.; Zheng, X.; Han, J.; Miller, D. DChirality 200Q 12, 551;

Gonzalez, |.; Jou, G.; Caba, J. M.; Albericio, F.; Lloyd-Williams, P.; Giralt,
E. J. Chem. Soc., Perkin Trans. 1996 1427; Burgess, K.; Li, W.
Tetrahedron Lett1995 36, 2725.

(16) Due to the very small magnitude of the optical rotation and lack of any

usable chromophore above 215 nm in the UV spectra of intermedigtes
through17, our ability to chromatographically determine the optical activity
or % ee of these intermediates were extremely limited. Following the NMR
procedures described by Seebach and co-wofkevee were able to
determine (within the limits of proton and carbon NMR analysis) that the
crude 13 was a 23:g&ig'trans mixture, the crystallized 3 was exclusively
thecisisomer and that theis:transratio of the methyl group to the proton

in 14 was 27: 1.
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Scheme 2. Strugnell preparation of diastereomeric 24-hydroxyvitamin D,’'s and conversion to optically active
1la,24(S)-dihydroxyvitamin D ;
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Scheme 3. Synthesis of tively alkylated with methyl iodide to give 5-methyldiox-
(S)-2,3-dimethyl-2-triethylsilyloxybutyraldehyde (17} olane, 14, in 78% vyield. Thecisitrans ratio of the newly

o . o X Ox0 >l-|7< incorporated methyl group)(1.36) to the acetal protord(
)\‘/KOH /H)‘\OH - \“':Eo 5.13) in the proton NMR was 27:1 (96.5% of the desired
NH; OH 13 cis-isomer). This was further confirmed by examination of
the carbon NMR spectrum which showed the intensities of

two acetal carbonsd(106.8 andé 108.7 ppm) from the

e
? ocH,  © )}j’\ d 0 o>_~H7< correspondingeis- and transisomers were also in a 96:4
)VKU\N’ — ™ ﬁlo ratio. The hydrolysis of compount¥4 to acid 15, utilizing
14

1" 12

Ho® potassium hydroxide in a water/methanol mixture, proceeded
f.g . 16 15 in excellent yieldt” The conversion of5to its corresponding
o Weinreb amidel6 proceeded in 94% yield by the sequential
AN addition of 1,1-carbonyldiimidazole, imidazol®&l,O-dim-
TESO * ethylhydroxylamine hydrochloride and 4-(dimethylamino)-
17 pyridine in methylene chloride.
aReagents: (a) NaNOH,SQ, H,0, 56%; (b) pivaldehyde, hexangsTsOH, Reduction of the unprotected Weinreb amide using
82%; (c) I. KHMDS, THF; ii. CHI, THF 78% of 96.5%cis-isomer; (d) KOH, controlled amounts of the classical reducing agents under

CH3OH, H;O, reflux, 94%; (e) CDI, imidazole, DMAP, Ci&l,, N,O-dimeth- . . L .
ylhydroxylamine hydrochloride, 94%; (f) TESCI, imidazole, DMF, 72%; (g) Iow-temperature conditions (L|A“G| L'(tBUO)$IH: Li-

DIBAL-H, THF, —60 °C, 74%. (MeO)AIH, LiBEtsH, Na[(MeOEtO)AIH ], and {-Bu),AlH)

led to a number of synthetic difficulties (reactions ranging
from no reduction to over-reduction to the diol and mixtures
of products)'® Diisobutylaluminum hydride (DIBAL-H) in

dioxolane 13 could be purified by crystallization from an
ether/pentane or hexanes solution to provide exclusively the
cisisomer of 13. This crystallization-purification was
incorporated into the scale-up efforts to prodwete13 in (17) Fraer, G.; Miler, U.; Ginther, W.Tetrahedron Lett1981, 22, 4221.
82% vyield. Dioxolanel3 was deprotonated and stereoselec- (18) Unpublished results, Albany Molecular Research, Inc.
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Scheme 4. Synthesis of the vitamin D phosphine oxide (22)

HO™

OTBDMS

22 21

aReagents: (a) SO CH.Cl,, —78 °C; (b) TBDMSCI, imidazole, ChCl,; (c) Os, CH3OH, NaOAc, AcOH,—25 °C; (d) NaBH,, CH,Cl,; (e) PPR, imidazole,
CHCly, I2; (f) NaHCG;, 95% EtOH, 51% fromi8; (g) i. LiPPh, THF, =78 °C; ii. 10% H,O,, 83%.

a toluene/THF mixture at 60 °C led to the best conversion The synthesis of vitamin D phosphine oxid&2) is based

to the desiredr-hydroxyaldehyde. While thia-hydroxyal- on the Bartor-Hesse stratedyin which the iodide21 was
dehyde was stable at78 °C, it readily decomposed as it prepared by following modifications to the procedure
approached ambient temperature. Protection of the 2-hydroxyreported by Manchand and co-workers (Schem® #yeat-
group of16 was proposed to both stabilize the aldehyde and ment of ergocalciferol (vitamin § 18) with SO, provided
eliminate the need for excess base in the Wittitprner the known, thermally unstable mixture of C-6/C-19 epimeric
coupling with the appropriately functionalized and protected SO, adducts which were then silylated to afford the C-3
vitamin D skeleton. The ideal protecting group would need protected mixturel9in quantitative yield. Ozonolysis df9

to be sufficiently robust to survive the coupling sequence, was carried out in the reported dual-solvent system of
but labile enough for removal once the entire vitamin D Methanol and methylene chloride (1:3)-a25 °C, but the
skeleton was assembled (preferably under the same condiyields were found to be unreliable. Tsuji and Ishikawa

tions as the removal of the protecting groups from the vitamin reported that the addition of a catalytic amount of a metal
D portion of the m0|ecu|e)_ halide (01 GQUiV of Ca@,l MgC|2, A|C|3, ZnC|2, or T|C|4)

In Evans’ total synthesis of the macrolide antibiotic t0 an ozonolysis reaction allowed the reaction to be run

cytovaricin®® the authors were successful in carrying out a between—10 and 3C.2 They speculated as to the possible
Wittig—Horner coupling on amx-triethylsilyloxyaldehyde. ~ réasons that these additives acted as an ozonolysis stabilizer.

Using this information,16 was silylated with triethylsilyl N our casel19 (or the ozonolysis products derived frai)

chloridé® to yield the corresponding-triethylsilyloxyhy- ~ Was not particularly stable in the presence of any of the
droxamide in 72% yield. The reduction of the protected additives utilized by Tsuji and Ishikawa. We found that the
Weinreb amide with diisobutylaluminum hydride in a addition of 1 equiv each of sodium acetate and acetic acid

toluene/THF mixture affordedy-2,3-dimethyl-2-triethylsi- tq the reaction mixture resqlted in amore consistent rg_a_ction
lyloxybutyraldehyde 17) in 74% yield. The reduction yield. We do not know if thl__s result is due to the stab|I|Z|.ng
worked best by the slow addition of 2 equiv of DIBAL-H salt effect relportgd by Tsuji gnd Ishikawa or.to the.s'odlpm
in toluene to a chilled solution df6in anhydrous THF at a acetate/acetic acid pH buffering effect, but this modification

temperature between-42 and —20 °C. A nonaqueous has worked in other ozonolysis reactions of pH-sensitive

s . ) X ;
quench with potassium tartrate afforded the best isolation materials-® Reductive workup of the ozonide with sodium

yie|d of 17. (20) Andrews, D. R.; Barton, D. H. R.; Hesse, R. H.; Pechet, M.JMOrg.
Chem 1986 51, 4819.
(21) Manchand, P. S.; Yiannikouros, G. P.; Belica, P. S.; Madad, Rrg.
(19) Evans, D. A.; Kaldor, S. W.; Jones, T. K.; Clardy, J.; Stout]l. ARm. Chem. Chem 1995 60, 6574.
So0c.199Q 112, 7001. (22) Tsuji, K.; Ishikawa, HSynth. Commurl997, 27, 595.
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Scheme 5. Completion of the synthesis of 24%)-hydroxyvitamin D ;2

‘e, /\ﬁ—th

HO™
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aReagents (a) h-BuLi, THF, —75°C; ii. t-BuOK, THF; (b) TBAF, THF, 31% over 2 steps; (c) i. 9-acetylanthracene386 nm, CHOH, 80%; ii. recrystallization,

methyl formate, 83%.

borohydride gave crude alcohol(80, which were then
iodinated (}PPh/imidazole). The diastereomeric mixture of
primary iodides was subjected to a thermal,SRtrusion,

in refluxing 95% ethanol, to yield the C-3 protected vitamin
D iodide 21 in 51% yield over six steps. It was found that
the thermal retro DielsAlder reaction proceeded in the
highest isolated yield when it was buffered with solid sodium
bicarbonate. lodid21 was converted to phosphine oxig2

in 83% yield by treatment with lithium diphenylphosphide,
followed by oxidative workup with hydrogen peroxiée.
During the oxidative workup, the diphenylphosphine inter-

24 indicated that the material was 85.8% of the desirads
isomer and 5.1% of the correspondicig-24(S)-hydroxyvi-
tamin D, (1), which was carried as a minor component from
the C-6/C-19 S@ retro Diels-Alder reaction. This was
confirmed by a detailed examination of the proton NMR
spectrum that showed the presence of two isomers of the
central triene system.

In the final step24 was subjected to photoisomerization
to thecis-24(S-hydroxyvitamin 3 (1). This triplet-sensitized
photoisomerization is well-known for the conversion of
trans to cis-vitamin D compound$® This reaction was

mediate reacted instantaneously with 10% hydrogen peroxideperformed in methanol at-510 °C, using 9-acetylanthracene

solution. It was extremely important to keep the oxidative

workup time to a minimum, since prolonged exposure (e.g.,

overnight) of22 to the hydrogen peroxide solution resulted

in extensive decomposition of the vitamin D skeleton.
The coupling reaction of the optically active aldehyide

and phosphine oxide derivativZ2 and the completion of

as a sensitizer and was irradiated with a 366 nm light source
(a 400 W Hanovia lamp through a canary-yellow uranium
quartz filter)?126 At the beginning of our development work,
poor yields (ca. 20%) of were obtained. The observation
of polymeric byproducts that settled out of the methanol
solution, suggested that the degradationlofvas due to

the synthesis are depicted in Scheme 5. The coupling wasprolonged photolysis. To circumvent this problem, the

undertaken withn-butyllithium in THF to afford the hy-

photoisomerization o4 was closely monitored. Proton

droxyphosphine oxide adduct which was treated with potas- NMR analysis of the vinyl protons indicated that the reaction

sium tert-butoxide to afford exclusively the desired X

olefin 23. Initially, the coupling reaction was performed by
using 2.0 equiv ofL7, which was not recoverable, for each
equivalent o22. After a series of small-scale trial reactions,

achieved the highest percent conversion after 1 h. The crude
photolysis reaction mixture was concentrated under reduced
pressure and purified by silica gel column chromatography
(mainly to remove the sensitizer), affording crudas a light-

the optimum scale-up conditions were found to be 1.3 equiv yellow solid in 80% yield. A crystallization study df was

of 17 and 2.0 equiv ofh-butyllithium in anhydrous THF at

conducted, and methyl formate was found to give the best

—75°C. The crude condensation product was carried into recovery of high-qualityl. Recrystallization of the column-

the elimination step without purification. Both hydroxyl
groups in23 were deprotected with tetrabutylammonium
fluoride in THF to affordirans24(S-hydroxyvitamin D (24)

in 31% yield over two step&.HPLC analysis of the isolated

(23) Ireland, R. E.; Walba, D. MOrg. Synth1977, 56, 44.
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(24) In the vitamin D nomenclatur&ans-andcis- refer to the configuration of
the C5-C6 double bond.

(25) Inhoffen, H. H.; Quinkert, G.; Hess, H.-J.; Hirshfield, EBhem. Ber1957,
90, 2544.

(26) Choudhry, S. C.; Belica, P. S.; Coffen, D. L.; Focella, A.; Maehr, H.;
Marchand, P. S.; Serico, L.; Yang, R. J.Org. Chem1993 58, 1496.



purified 1 from methyl formate gave putkin 83% recovery. standard. Quantitative Technologies, Inc. of Whitehouse, NJ,
The purity of 1 was determined to be 99.22% by HPLC performed the elemental analyses.

analysis (area normalization). The undesired diastereomer, Preparation of (S)-(+)-Hydroxyisovaleric Acid (12). A
24(R)-hydroxyvitamin D, was also detected (0.78%). This 12-L, three-neck, round-bottom flask equipped with an
identification was confirmed by co-injection with a sample overhead stirrer, pressure-equalizing addition funnel, and a

of the 24R)- and 248)-hydroxyvitamin D2 mixture. thermometer was charged witk(+)-valine (710 g, 6.1 mol).
Water (3 L) was added, affording a white suspension. The
Conclusions stirrer was started, and concentrated sulfuric acid (314 g,
This report describes the first stereoselective synthesis of3-2 mol) was added slowly, affording a clear solution. Ice
the oxidized vitamin B prodrug, 248)-hydroxyvitamin B (2 kg) was added to the solution, cooling the reaction mixture

(1). Many of the reaction conditions were modified to process 0 below 5°C. Cooling was aided by the use of an external
larger quantities of material, and several significant processice bath. A solution of sodium nitrite (530 g, 6.2 mol) in
improvements were made. Of particular note are the synthesigvater (2 L) was added slowly, while maintaining the reaction
of aldehyde derivativel7, starting fromt-(+)-valine and temperature below 5C. When the addition of sodium nitrite
the conditions used for its coupling with a protected vitamin Was complete, the stirred solution was allowed to warm to
D subunit22 using the Wittig-Horner coupling reaction. ~ ambient temperature slowly, overnight. The pH of the
This reaction allowed introduction of the chiral side chain reaction mixture was adjusted te-8 by the slow addition
under conditions amenable to larger-scale preparation. Whileof solid sodium bicarbonate, and this solution was extracted
additional process development and optimization of specific With ethyl acetate (3« 2 L). The combined organic extracts
steps will be required before further scale-up, the improve- were dried over magnesium sulfate, clarified, and concen-
ments reported herein allowed for the first stereospecific trated. The residue was recrystallized from an ethyl acetate/
synthesis ofl. from commercial vitamin Pand the prepara- hexanes (3:1) mixture to afford a 30% yield (212 g)1&f

tion of materials for further biological testing. as a white solid. The mother liquors were concentrated, and
the residue was recrystallized from an ethyl acetate/hexanes
Experimental Section (3:1) mixture to afford an additional 26% (186 g)12. The

All nonaqueous reactions were performed under an total yield of 12 was 56%. ¢]* +113'5° (c 1, CHCh); IR
atmosphere of dry nitrogen. Reagents purchased from(KBr) 3425, 2971 and 1711 cmfy 'H NMR (300 MHz,
commercial sources were used as received, unless note¢PCk) 0 4.16 (d, 1HJ = 3.5 Hz), 2.17 (m, 1H), 1.07 (d,
otherwise. Anhydrous tetrahydrofuran was either purchasedSH: J = 6.7 Hz), and 0.93 (d, 3H] = 7.0 Hz) ppm.
or obtained by the distillation in the presence of sodium metal  Preparation of (2S,55)-2-(tert-Butyl)-S-isopropyl-1,3-
and benzophenone ketyl. Proton and carbon nuclear magnetidioxolan-4-one (13).To a 2-L, one-necked, round-bottom
resonance spectra were obtained on either a Bruker AC 30012k equipped with a magnetic stirrer, Degdtark trap, and
NMR spectrometer at 300 MHz for proton spectra and 75 '€flux condenser was chargei? (97 g, 0.82 mol) and
MHz for carbon spectra, or on a Brucker AMX 500 hexanes (800 mL). The stirrer was started, and trimethylac-
spectrometer at 500 MHz for proton spectra and 125 MHz taldehyde (100 g, 1.16 mol) apetoluenesulfonic acid (1
for carbon spectra. Tetramethylsilane was used as an interna) Were added. The reaction mixture was heated under reflux
reference. Infrared spectra were recorded with a Perkin-Elmeruntil approximately 15 mL of water was collected. Heating
Spectrum 1000 spectrophotometer. Mass spectra analyse¥/as discontinued, and the colorless solution was allowed to
were performed on a Shimadzu QP-5000 -@@S (CI). cool to room temperature. The reaction mixture was poured
Optical rotations were measured with a Perkin-Elmer 243B into saturated agueous sodium bicarbonate solution (400 mL),
Polarimeter in a 1-cm cell. HPLC chiral purities were and the layers were mixed well. The layers were separated,
obtained on a Spectra-Physics HPLC system with a Chiralpakand the aqueous layer was extracted with ethyl acetate (400
AD column (4.6 mmx 250 mm, Daicel Chemical Industries, ML). The combined organics were dried over anhydrous
Ltd.), with a mobile phase of a 60:40 mixture of hexanes Magnesium sulfate and filtered, and the solvent was removed
and ethanol containing 0.2% ethylamine at a flow rate of in vacuo to afford a colorless oil (151 g) which consisted of
0.1 mL/min, and UV detection at 254 nm. HPLC chemical a 23:1 mixture of diastereomers, by NMR analysis. Crystal-
purities were obtained on a Spectra-Physics HPLC systemlization from hexanes afforded an 82% yield (126 g)L6f
with a Waters Nova-Pak C-18, 4m column (3.9 mmx as white crystals: ]* —0.84 (c 2.9, CHC}); IR (KBr)

150 mm), with a mobile phase of a 60:40 mixture of 1792 cnt*; *H (300 MHz, CDC}) 6 5.09 (d, 1H,J = 1.2
acetonitrile and water at a flow rate of 1.0 mL/min, and UV Hz), 4.09 (dd, 1HJ = 3.7 Hz), 2.19 (m, 1H), 1.11 (d, 3H,
detection at 265 nm. Thin-layer chromatography (TLC) was J = 7.1 Hz), 1.01 (d, 3H,] = 7.1 Hz), and 0.99 ppm (s,
performed using 1 inx 3 in. Whatman 60A (0.025 mm  9H). Anal. Calcd for GH:60s: C, 64.47; H, 9.76. Found:
thick) silica gel plates. TLC plates were visualized by C, 64.32; H, 9.48.

observation under UV lamp or by staining with saturated Preparation of (2S,5R)-2-(tert-Butyl)-5-methyl-5-iso-
ceric ammonium sulfate solution in 50% aqueous sulfuric propyl-1,3-dioxolan-4-one (14).To a 12-L, three-neck,
acid, or with commercial phosphomolybdic acid. Melting round-bottom flask equipped with an overhead mechanical
points were obtained by differential scanning calorimetry stirrer, nitrogen bubbler, pressure-equalizing addition funnel,
using a Mettler Toledo Star 80 DSC, calibrated on an indium and a low-temperature thermocouple was charged dry THF
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(3.5 L). To this was added a commercial solution of toroom temperature and stirred under a nitrogen atmosphere
potassium hexamethyldisilazide (0.5 M solution in toluene, overnight. To this reaction mixture was sequentially added
1.6 L). The resulting solution was cooled /8 °C, and a imidazole (60 g, 0.88 mol), 4-(dimethylamino)pyridine (1.6
solution of compound 3 (126 g, 0.67 mol) in dry THF (400 g, 0.01 mol), andN,O-dimethylhydroxylamine hydrochloride
mL) was added in one portion. The resulting yellow solution (53 g, 0.54 mol). The solution was stirred overnight, and
was allowed to stir for 45 min, at which point methyl iodide then the resulting mixture was washed w2 N aqueous
(139 g, 0.96 mol) was added over 0.5 h. The reaction mixture hydrochloric acid (2x 600 mL), water (800 mL), and
was allowed to slowly warm te-30 °C over 3.5 h. After saturated aqueous sodium chloride solution (800 mL). The
this time, the reaction was quenched with saturated agueousrganic layer was dried over anhydrous magnesium sulfate
ammonium chloride solution (2 L) and extracted with methyl and filtered. The solvent was removed under reduced pressure
tert-butyl ether (2x 2 L). The combined organic extracts to provide a 94% vyield (73 g) af6 as a yellow oil: p]*%
were dried over anhydrous magnesium sulfate and filtered —2.9° (c 1, CHCE); IR (neat) 1739, 1637 cn}; 'H NMR
through a pad of diatomaceous earth. The filtrate was (300 MHz, CDC}) 6 3.71 (s, 3H), 3.28 (s, 3H), 2.03 (m,
concentrated under reduced pressure to afford the crudelH), 1.42 (s, 3H), 0.99 (d, 3H] = 6.8 Hz), and 0.77 (d,
product as an orange oil. This oil was dissolved in ethyl 3H,J= 6.8 Hz) ppm3C NMR (75 MHz, CDC}) 6 177.4,
acetate (200 mL) and filtered and rinsed through a plug of 76.8, 60.6, 60.4, 36.0, 33.6, 33.4, 23.1, 17.2, and 15.7 ppm.
silica gel (to remove the baseline impurities). The solvent Anal. Calcd for GH1;NOs: C, 54.82; H, 9.80; N, 7.99.
was removed under reduced pressure, providing a clearFound: C, 54.63; H, 9.83; N, 7.92.
orange oil (141 g). Crystallization from hexanes afforded a  Preparation of (2S)-(+)-2,3-Dimethyl-2-triethylsily-
78% yield (104 g) ofL4 as pale yellow crystalso?% +2.2° loxybutyraldehyde (17).To a magnetically stirred solution
(c 1, CHCE); IR (neat) 1797 cmt; IH NMR (300 MHz, of 16 (25 g, 0.14 mol) inN,N-dimethylformamide (400 mL)
CDCl3) 6 5.13 (s, 1H), 2.02 (m, 1H), 1.36 (s, 3H), 1.05 (d, in a 1-L, round-bottom flask under a nitrogen atmosphere
3H,J=6.7 Hz), 1.00 (d, 3HJ) = 6.3 Hz), and 0.99 (s, 9H)  was added imidazole (20 g, 0.29 mol), followed by trieth-
ppm;*3C NMR (75 MHz, CDC}) 6 175.5, 106.8, 82.1, 34.0, ylsilyl chloride (24.1 g, 0.16 mol). The resulting solution
23.7,17.4, 16.8, and 16.0 ppm. Anal. Calcd fagH3;10s: was allowed to stir overnight, under a nitrogen atmosphere.
C, 65.62; H, 10.54. Found: C, 65.96; H, 10.27. The reaction was then diluted with methgrt-butyl ether
Preparation of (S)-(+)-2,3-Dimethyl-2-hydroxybutyric (800 mL) and washed with water (600 mL). The agueous
Acid (15). To a 1-L, round-bottom flask equipped with a layer was extracted with methyért-butyl ether (2x 400
magnetic stir bar and reflux condenser was charged a mixturemL). The combined organic extracts were washed with
of 14 (94 g, 0.47 mol), methanol (450 mL), and water (100 saturated aqueous sodium chloride solutiork(800 mL),
mL). The stir bar was started and potassium hydroxide pelletsdried over anhydrous magnesium sulfate, and filtered. The
(48 g, 0.85 mol) were added. After most of the solids had filtrate was evaporated under reduced pressure to provide
dissolved, the reaction was heated to reflux for 30 min. The the crude protected6 as a yellow oil (45 g). Column
mixture was cooled to room temperature and concentratedchromatography (silica gel column, 10% ethyl acetate in
under reduced pressure to afford a milky suspension. Thishexanes) afforded 29 g (72% yield) of protecidihs a pale-
mixture was diluted with water (100 mL), cooled to°G, yellow oil: [a]?%> —18.7 (c 1, CHC}); IR (neat) 1664 cmt;
and acidified with concentrated hydrochloric acid (15 mL) *H NMR (300 MHz, CDC}) 6 3.68 (s, 3H), 3.35 (s, 3H),
to pH ~ 6. Water (100 mL) was added and the mixture 1.39 (s, 3H), 0.851.08 (m, 15H), and 0.61 (m, 6H) ppm;
extracted with ethyl acetate (8 400 mL). The combined  '3C NMR (75 MHz, CDC}) 6 174.5, 81.6, 60.0, 35.7, 35.2,
organic extracts were washed with water (600 mL) and 21.6, 17.0, 16.9, 7.1, 6.7, 6.5, and 5.8 ppm. Anal. Calcd for
saturated aqueous sodium chloride solution (600 mL) and C;4H3:NOsSi: C, 58.07; H, 10.81; N, 4.84. Found: C, 58.02;
dried over anhydrous magnesium sulfate and filtered. TheH, 11.14; N 4.27.
filtrate was concentrated under reduced pressure to afford a To a 5-L, three-neck, round-bottom flask equipped with
pale-yellow oil, which on drying in vacuo afforded a 94% a mechanical stirrer, thermocouple, pressure-equalizing ad-
yield (59 g) of 15 as a light-yellow crystalline solid:*H dition funnel, and nitrogen bubbler was added a solution of
NMR (300 MHz, CDC}) 6 1.99 (m, 1H), 1.41 (s, 3H), 0.97  the protectedl6 (66 g, 0.23 mol) in dry THF (2 L). The
(d, 3H,J = 7.0 Hz), and 0.90 (d, 3H] = 6.9 Hz) ppm;}*C stirred reaction mixture was cooled t660 °C and main-
NMR (75 MHz, CDC}) 6 180.4, 76.9, 35.4, 23.3, 17.2, and tained under an atmosphere of dry nitrogen. Diisobutylalu-
15.7 ppm. Anal. Calcd for §4,,05: C, 54.52; H, 9.17. minum hydride (1.0 M solution in toluene, 460 mL, 0.46
Found: C, 54.84; H, 9.48. mol) was transferred to the addition funnel and slowly added
Preparation of (2S5)-(+)-N-Methoxy-2,3-dimethyl-2- to the reaction solution over 20 min. The resulting solution
hydroxybutyramide (16). To a 3-L, two-necked round-  was stirred fo3 h until TLC analysis (silica gel plates eluted
bottom flask equipped with a magnetic stir bar, a thermom- with 20% ethyl acetate in hexanes) indicated that starting
eter, and a nitrogen bubbler was charged compdiing9 material was no longer present. At this point, potassium
g, 0.44 mol) and dry methylene chloride (880 mL). The stir tartrate (108 g) was added, the cooling bath was removed,
bar was started, and the solution was cooled %G Cat which and the resulting white slurry was stirred overnight at ambient
point, 1,1-carbonyldiimidazole (87 g, 0.54 mol) was added temperature. The reaction mixture was evaporated under
in 5-g portions. The yellow solution was gradually warmed reduced pressure to approximately one-quarter of the original
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volume. The mixture was then diluted with ethyl acetate (1 15-g portions over 1 h. The resulting mixture was stirred

L), and diatomaceous earth was added. The resulting thickfor 1.5 h at room temperature. At this point, 0.5 N agueous
slurry was vacuum-filtered through a silica gel pad. The hydrochloric acid solution (2.9 L) was slowly added, and

filtrate was evaporated under reduced pressure to afford crudghe mixture was extracted with hexanes (3.5 L). The
17 as a yellow oil (48 g). Silica gel column chromatography combined organic extracts were washed with saturated
(5% ethyl acetate in hexanes) provided a 74% yield of aqueous sodium chloride solution 2 4 L), dried over

(40 g) as a colorless oil: IR (neat) 2797, 1735 ¢émH anhydrous magnesium sulfate, and filtered. The filtrate was
NMR (500 MHz, CDC}) 6 9.57 (s, 1H), 1.84 (m, 1H), 1.21  evaporated under reduced pressure to afford 27429 ¢a

(s, 3H), 0.96 (t, 3H,) = 7.8 Hz), 0.91 (d, 3HJ = 1.2 Hz), mixture of isomers) as a yellow foam that was used without
0.88 (d, 3H,J = 1.4 Hz), and 0.61 (q, 6H) = 7.8 Hz) purification in the next step.

ppm;*C NMR (125 MHz, CDC}) 6 205.6, 82.3, 35.6, 19.5, Preparation of (39)-tert-Butyldimethylsilyloxy-(20S)-

16.6, 16.5, 6.8, and 6.6 ppm. Anal. Calcd forld,:0,Si: iodomethyl-9,10-secopregna-H),7(E),10(19)-triene (21).

C, 62.53; H, 11.39. Found: C, 62.85; H, 11.28. A 12-L, three-neck, round-bottom flask equipped with a
Preparation of SO,-Adduct of (3S)-tert-Butyldimeth- mechanical stirrer, thermocouple, nitrogen bubbler, and an

ylsiloxy-9,10-secoergosta-5, &{,10(19),22E)-tetraene (19). addition funnel was charged with imidazole (204 g, 2.99
Sulfur dioxide (approximately 300 mL) was condensed at mol), triphenylphosphine (300 g, 1.14 mol), and methylene
—78°C into a 2-L, three-neck, round-bottom flask equipped chloride (2.5 L). The resulting solution was cooled-t@
with a dry ice condenser, low-temperature thermocouple, °C, and iodine (290 g, 1.15 mol) was added. The resulting
pressure-equalizing addition funnel, and a mechanical stirrer.mixture was stirred for 15 min, and a solution2i (274 g,
The stirrer was started, and a solution of ergocalciferol 0.50 mol) in methylene chloride (1.3 L) was added over 35
(vitamin Dy, 18; 198 g, 0.5 mol) in methylene chloride (500 min. The resulting orange mixture was allowed to warm to
mL) was added in one portion. This produced a bright-yellow room temperature where it was stirred for 3 h. The reaction
reaction mixture, which progressively turned to a red color. mixture was filtered, and the filtrate was washed successively
The flask was then attached to two sequential gas scrubbemwith 2% aqueous sodium sulfite solution (2 L), 0.1 N
systems (using 15 M aqueous sodium hydroxide solution), aqueous hydrochloric acid solution (1.5 L), and saturated
and the reaction was allowed to gradually warm-tb0 °C aqueous sodium chloride solution (1.5 L). The organic
over 3 h. At this point, the remaining sulfur dioxide and the extracts were then dried over anhydrous magnesium sulfate
methylene chloride solvent was removed under reducedand filtered. The solvent was removed under reduced pressure
pressure to afford the DielsAlder adduct as a crude, pink to afford a yellow semisolid that was dissolved in methyl
foam. This foam was dissolved in fresh methylene chloride tert-butyl ether (4 L) producing a white precipitate (triph-
(700 mL) and cooled in an ice bath, with stirring, t6G. enylphosphine oxide). The solution was filtered, and the
To this solution was added imidazole (44 g, 0.65 mol), filtrate was evaporated under reduced pressure to afford 320
producing an orange solution that was stirred for 15 min, at g of the SQ-protected iodide as a yellow oil contaminated
which time,tert-butyldimethylsilyl chloride (98 g, 0.65 mol)  with triphenylphosphine oxide. This material was used in
was added, producing a milky, yellow suspension. The the next step without purification.
suspension was gradually warmed to room temperature where A 12-L, three-neck flask equipped with a reflux con-
it was stirred for 17 h. The reaction was filtered through a denser, mechanical stirrer, and a stopper was charged with
pad of diatomaceous earth, and the residue was washed withthe SQ-protected iodide (308 g), sodium bicarbonate (309
methylene chloride (2% 400 mL). The combined filtrates g, 3.7 mol), and 95% ethanol (5 L). The resulting suspension
and washings were washed with saturated aqueous sodiunwas heated under refluxf@ h oruntil TLC analysis (silica
chloride solution (2x 500 mL), dried over anhydrous gel plates, 2% ethyl acetate in hexanes) indicated that no
magnesium sulfate, and filtered. The filtrate was evaporatedstarting material remained. The reaction mixture was cooled
in vacuo to afford19 (288 g) as a pale-yellow foam. This to room temperature and filtered, and the filtrate was
material was used in the next step without purification. concentrated under reduced pressure. The crude residue was
Preparation of SO,-Adduct of (3S)-tert-Butyldimeth- dissolved in methytert-butyl ether (3 L) and washed with
ylsilyloxy-(20S)-hydroxymethyl-9,10-secopregna-X{),7- water (5 L). The aqueous layer was back-extracted with
(E),10(19)-triene (20).To a 12-L, three-neck, round-bottom methyl tert-butyl ether (3 L). The combined extracts were
flask equipped with a gas bubbler, mechanical stirrer, dried over anhydrous magnesium sulfate and filtered through
thermocouple, and a reflux condenser was charged a solutiora pad of diatomaceous earth. The filtrate was evaporated
of 19 (288 g, 0.5 moal) in methylene chloride (2.9 L) and under reduced pressure to afford cr@d€277 g) as a yellow
methanol (1.1 L), sodium acetate (41 g, 0.5 mol), and acetic foam. Silica gel column chromatography (1% ethyl acetate
acid (29 mL, 0.5 mol). The stirrer was started, and the in hexanes) provided compourid as a white solid (93.7
mixture was cooled te-25 °C. Ozone (generated from air, g). The impure fractions were combined and rechromato-
using a Griffin ozone generator) was bubbled through the graphed to afford an additional crop of iodidé (46 g). A
solution for 4.5 h or until TLC analysis (silica gel plates, total of 139.7 g of21 was obtained. The overall yield for
20% ethyl acetate in hexanes) indicated no further change.the conversion ofl8 to 21 was 51%.*H NMR (300 MHz,
The reaction mixture was purged with nitrogen for 15 min, CDCl) 6 6.45 (d, 1H,J = 11.5 Hz), 5.82 (d, 1H)J = 11.5
and sodium borohydride (69 g, 1.81 mol) was added in 10 Hz), 4.92 (s, 1H), 4.65 (s, 1H), 3.85 (br s, 1H), 3.35 (dd,
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1H,J=7.0, 3.0 Hz), 3.19 (dd, 1H] = 7.0, 3.0 Hz), 1.04 layer was dried over anhydrous magnesium sulfate and
(d, 3H,J = 6.5 Hz), 0.59 (s, 3H), 0.85 (s, 9H), and 0.05 (s, clarified, and the solvents were evaporated under reduced
6H) ppm. Compoun@1was photolytically unstable and was pressure to afford a yellow oil (72 g). This oil was dissolved
carried on directly to the next step. in dry THF (1.3 L) and transferred to a dry, 3-L, three-neck,
Preparation of (3S9)-tert-Butyldimethylsilyloxy-(20S)- round-bottom flask equipped with a mechanical stirrer,
(diphenylphosphonium)-9,10-secopregna-3j,7(E),10(19)- thermocouple, nitrogen bubbler, and a rubber septum. The
triene (22). To a 5-L, three-neck, round-bottom flask reaction was cooled to-12 °C, and solid potassium
equipped with a mechanical stirrer, thermocouple, nitrogen t-butoxide (70 g, 62.4 mmol) was added, producing an orange
bubbler, and two pressure-equalizing addition funnels was reaction mixture. The reaction mixture was allowed to stir
charged diphenylphosphine (41 g, 0.22 mol) and dry THF at this temperature for 2.5 h at which point it was diluted
(570 mL). The stirrer was started, and the solution was cooledwith ethyl acetate (1.4 L) and washed successively with 0.01
to —78 °C. To one addition funnel was chargeebutyl- N aqueous hydrochloric acid solution 2 1 L), water (1
lithium (2.5 M solution in hexanes, 90 mL, 0.23 mol), and L), and saturated aqueous sodium chloride solution (1 L).
this was slowly added to the cooled solution, producing a The organic extracts were dried over anhydrous magnesium
reddish-orange mixture that was stirred-af8 °C for 45 sulfate and clarified, and the solvent was evaporated under
min. A solution of compound®1 (94 g, 0.17 mol) in dry reduced pressure, affording 58 g of crude compo2®ds
THF (570 mL) was transferred to the second addition funnel, a yellow oil. This oil was used directly in the next step
and this solution was added to the reaction mixture over 20 without purification.
min. The resulting pale-yellow solution was stirred for 45 Preparation of trans-24(S)-Hydroxyvitamin D , (24). To
min at —78 °C and then gradually warmed to ambient a 3-L, three-neck, round-bottom flask equipped with a
temperature where it was stirred for 3 h. The reaction mixture mechanical stirrer, a rubber septum, and an addition funnel
was diluted with methytert-butyl ether (4 L) and washed was charged a solution of compouBd (48 g, 74.0 mmol)
with saturated aqueous ammonium chloride solution (2 L). in dry THF (1 L). The stirrer was started, and the solution
The organic layer was gently washed with 10% hydrogen was cooled to (°C at which point tetrabutylammonium
peroxide solution (3x 1 L). The organic layer was then fluoride (1.0 M solution in THF, 500 mL, 500 mmol) was
washed with saturated aqueous sodium chloride solution (2slowly added. The resulting dark-colored solution stirred at
x 1.5 L), dried over anhydrous magnesium sulfate, and 0 °C for 1 h and slowly warmed to ambient temperature
clarified. The yellow filtrate was evaporated under reduced where it was stirred for 48 h. The reaction mixture was
pressure to afford the crude product as a yellow oil (140 g). diluted with water (1.5 L) and extracted with ethyl acetate
Silica gel column chromatography (5% ethyl acetate in (2 x 1 L). The combined organic extracts were washed with
hexanes) provided an 83% yield of compol2®1(88 g) as 0.01 N aqueous hydrochloric acid solution (1 L) and saturated
a yellow oil: *H NMR (300 MHz, CDC}) 6 7.76 (m, 4H), aqueous sodium chloride solution ¢ 1.5 L), dried over
7.48 (m, 6H), 6.45 (d, 1H) = 12.5 Hz), 5.82 (d, 1HJ = anhydrous magnesium sulfate, and clarified. The filtrate was
12.3 Hz), 4.92 (s, 1H), 4.64 (s, 1H), 3.84 (m, 1H), 2.84 (dd, concentrated under reduced pressure to afford cRddes
1H,J=4.1,12.7 Hz), 2.63 (dd, 1H,= 3.7, 12.4 Hz), 2.43  an orange oil (58.5 g). Silica gel column chromatography
(br m, 3H), 2.36-1.78 (b m, 9H), 1.751.40 (br m, 9H), (20% ethyl acetate in hexanes) afford&tlas a white foam
1.15-1.10 (m, 4H), 0.89 (s, 9H), 0.48 (s, 3H), and 0.15 (s, in an overall yield of 31% from22 (9.5 g). By HPLC
6H) ppm;*3C NMR (75 MHz, CDC}) 6 149.9, 136.5, 131.4,  analysis, this material consisted of 5.1% of tisisomer
130.9, 130.8, 130.6, 130.5, 128.6, 128.4, 121.2,119.9, 118.1,and 85.8% of thdransisomer (r = 19.4 and 21.4 min,
116.3, 112.0, 107.6, 70.5, 69.4, 58.2, 58.1, 56.5, 56.4, 46.8,respectively) and 9.1% of related minor impurititld. NMR
46.0, 40.4, 37.6, 36.4, 35.5, 35.2, 32.7, 32.1, 31.6, 31.2, 28.9,(300 MHz, CDC}) ¢ 6.55 (major transisomer, d, 1H,J =
27.9, 26.0, 25.9, 23.4, 22.6, 22.1, 21.3, 18.1, and 11.9 ppm.12.1 Hz), 6.23 (minorgis-isomer, d, 1H,J = 11.3 Hz), 6.03
Preparation of the Bis-silyl-protected trans-24(S)- (minor, cis-isomer, d, 1HJ = 11.2 Hz), 5.87 (majoitrans-
Hydroxyvitamin D, (23). To a 3-L, three-neck, round- isomer, d, 1H,J = 12.4 Hz), 5.45 (d, 1H) = 4.8 Hz), 5.44
bottom flask equipped with a mechanical stirrer, thermo- (d, 1H,J = 2.7 Hz), 5.04 (minorgcis-isomer, d, 1HJ =
couple, addition funnel, and nitrogen bubbler was charged a2.0), 4.96 (majortransisomer, d, 1H,J = 2.0 Hz), 4.81
solution of compoun®?2 (47.1 g, 74.9 mmol) in dry THF  (minor, cisisomer, d, 1H,J = 2.3), 4.69 (majortrans-
(700 mL). The solution was cooled te-75 °C, and isomer, d, 1HJ = 2.4 Hz), 3.90 (m, 1H), 2.88 (dd, 1H,=
n-butyllithium (2.5 M solution in hexanes, 60 mL, 150 mmol) 4.7, 12.7 Hz), 2.462.55 (m, 1H), 1.922.30 (m, 6H), 1.45
was added, producing a red solution that was stirred for 45 1.80 (m, 8H), 1.22-1.44 (m, 6H), 1.21 (s, 3H), 1.03 (d, 3H,
min. At this point, a solution of compount’ (22.3 g, 96.8 J = 6.7 Hz), 0.91 (d, 3HJ = 4.0 Hz), and 0.60 ppm (s,
mmol) in THF (100 mL) was added over 20 min. This 3H); CI MS m/z 412 [M]".
solution was stirred at-75 °C for 1 h, producing a yellow Preparation of 24(S)-Hydroxyvitamin D ; (1). To a 4-L,
solution. The solution was warmed to°C over 1.5 h at  water-jacketed, Pyrex photoreactor was charged a solution
which point ethyl acetate (800 mL) was added. The reaction of compound24 (9.5 g, 23 mmol) and 9-acetylanthracene
solution was washed with saturated aqueous ammonium(1.2 g, 6 mmol) in methanol (4 L). The stirrer was started,
chloride solution (800 mL), water (800 mL), and saturated and the resulting solution was cooled t6@ and purged
aqueous sodium chloride solution (800 mL). The organic with nitrogen for 1.5 h. It was then irradiated using a 400

254« Vol. 6, No. 3, 2002 / Organic Process Research & Development



W Hanovia Lamp through a canary-yellow uranium quartz 3.95 (m, 1H), 2.82 (dd, 1Hl = 4.5, 12.7 Hz), 2.57 (dd, 1H,
filter for 1 h. An aliquot (20 mL) was removed and J=3.6,13.1Hz),1.962.41 (m, 8H), 1.441.94 (m, 12H),
concentrated to dryness under reduced pressure.'Mlhe 1.22-1.39 (m, 2H), 1.21 (s, 3H), 1.03 (d, 3d,= 6.7 Hz),
NMR spectrum of the crude residue showed the isomerization0.89 (d, 6H,J = 3.3 Hz), and 0.56 (s, 3H) ppm*C NMR

to be complete. The remainder of the solvent was then (75 MHz, CDC}) 6 145.3, 142.1, 135.4, 134.9, 133.4, 122.5,
concentrated to dryness to afford the crddes a yellow oil 117.8, 112.5, 75.1, 69.3, 56.5, 56.4, 46.1, 46.0, 40.6, 40.4,
(12.1 g). A second photoisomerization reaction was carried 38.3, 35.3, 32.1, 29.1, 28.1, 25.2, 23.7, 22.4, 21.1, 17.7, 17 .4,
out using the same protocol on a second batc®dqf7.2 g, and 12.4 ppm; ClI MSwz 412 [M]*. By HPLC analysis,
17.4 mmol) and 9-acetylanthracene (1.5 g, 7 mmol) in this material was 99.22% of 28f-hydroxyvitamin [} and
methanol (4 L) to afford additional crudeas a yellow oil 0.78% of 24R)-hydroxyvitamin . Anal. Calcd for
(8.1 g). Silica gel column chromatography on the combined CygH40.: C, 81.50; H, 10.75. Found: C, 81.53; H, 10.62.
lots (20% ethyl acetate in hexanes) afforded 3.3 g, 80%

yield from 24) as a white solid. Recrystallization from methyl  Acknowledgment
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