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Abstract

Calibagenin and saxosterol are cholesterol-based pteroids isolated frofalibanus hookerii
andNarthecium ossifragum, respectively. To date, the configurations of ti&i- and 22-hydroxy
groups have not yet been determined. In this stltithe four 16,22-sterecisomers were
chemically synthesized. THel and**C NMR spectra were fully assigned using 2D NMR
techniques, and the structures were determined bigawusly using X-ray crystallography. The
H-18 and H-22 signals in the NMR spectra of thedpats are diagnostic for determining the
configuration of the 16- and 22-hydroxy groups.ofparison of the NMR o p, and mp data of
the four isomersvith those of natural calibagenin and saxosterofiomed that the configurations
of the 16- and 22-hydroxy groups of the former Hrellater are identical to g@22Sand 1§,22R,
respectively.
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1. Introduction

Calibagenin was isolated fro@alibanus hookerii, a plant native to Tamaulipas in Mexico, in 1975,
and its structure was proposed to be one of thei$omers of cholest-5-er33.6,22-triol (,

Figure 1), while the configuration of the hydroxygps at C-16 and C-22 remained undetermined.
In 1988, saxosterol was isolated frddarthecium ossifragum, a plant of Western Europe, and its
structure was also proposed to be one of the fmmeérs ofl.? Stabursvik and Holen deduced the
absolute structure of saxosterol to b@,28R-1 based on the observation that the complete
acetylation of saxosterol required a more reacwagent than that of calibagenin, presumably due
to the steric hindrance of the 16-hydroxy gropipg. o), and the fact that Zhydroxycholesterol
has been isolated fron ossifragum.? They also speculated that the absolute strucfure o
calibagenin should be #@2R-1, albeit that the absolute structures of calibaganid saxosterol
have not yet been determined unequivocally.

160,22S (R = OH, R2=H, R3= OH, R4 =H)
160,22R (R' = OH, R2=H, R3=H, R*=OH;
calibagenin (previously proposed))
16,225 (R' =H, R2=OH, R3= OH, R* = H)
16p,22R (R =H, R2=OH, R3=H, R* = OH;
saxosterol (previously proposed))

Figure 1. Structures of the four 16,22-stereoisomers ofesteb-en-B,16,22-triol(1). The
previously proposed structures of calibagenimu(28R-1) and saxosterol (Ba22R-1) are also

indicated.

In contrast to the study of Stabursvik and Holef,225-1 is a frequently encountered structure in
plants. For example, 2251 is a common aglycone found in schubertosides BGindm Allium
schubertii, one of the cholestane bisdesmosides f@&ationia candicans,* spongioside Arom
Dioscorea spongiosa,® and karataviosides J and K fraktium karataviense.® However, only the
mp, [o]o, and limited"H NMR data have been reported in the cases ofag#iin and saxosterol,
and these data were not provided completely ingpert of 16,2251 mentioned above. As a
result, a structural assignment of calibagenin/stetol and 16,22S-1 has not been yet
accomplished. Recently, 2251 has been identified as an enzymatic reaction toafu
cytochromes P450 involved in the biosynthesis ahpsteroid diosgenihTherefore, the synthesis
of all the four 16,22-sterecisomerslofmay not only lead to the absolute structure deteation of
calibagenin and saxosterol, but also provide aulisedl for the biosynthetic study of plant steid

such as diosgenin.



In this study, we have developed a synthetic remutbe four 16,22-stereocisomerslofvith reliable
configurations, and their absolute structures waambiguously determined using X-ray
crystallography. Moreover, we fully assigned tHelrand**C NMR spectra and established
diagnostic chemical shifts that allow differentnatithese isomers. Furthermore, a comparison of
the NMR, [p]p, and mp data of synthetlcwith those of calibagenin and saxosterol confirrted
absolute structures of these two natural products.

2. Resultsand Discussion

Our retrosynthetic strategy is outlined in Scheméhk introduction of the oxygen functionality at
C-16 of1 was achieved by a hydroboration of #18 double bond of. The presence of the C-18
methyl group on th@-face of the steroidal skeleton can be expectédrte the borane to approach
from the opposite-face. In fact, the hydroboration 4° double bonds has been reported to
produce 16-alcohols®*? Similarly, the reduction of C-16 carbonyl groupsknown to afford
16B-alcohols as the major proddct?The 31,5-cyclosteroidal structure @fis a protected form of
theA® double bond o8 during hydroboration. The side chain andah&double bond o8 could be
constructed by the ene reaction betweenZiwlefin 4, which is readily prepared in two steps
from commercially available dehydroepiandroster@)e* and 4-methylpentanab). Houston and
co-workers previously obtained @23p3,22-diacetoxycholest-5,16-diene, which exhibits
configurations identical to those of23, being the predominant product from a¥EI-mediated
ene reaction between &){olefin similar to4 (R> = Ac) ands, followed by acetylatior®

(RS = TBDPS

2 :
228 (R = OPiv; R* = H) 225 (R3 = OH; R* = H; RS = TBDPS) HO

22R (R3 = H; R* = OPiv) 22R (R3 = H; R4 = OH; R® = TBDPS)

| OHC\q/
@0 5

Scheme 1. Retrosynthetic strategy.

Our synthesis started with the ene reaction betw&and aldehyd&™ to provide 2%-3 and
22R-3in 72% and 16% vyield, respectively (Scheme 2)cdiavert the major product 323 into the
minor product 2R-3, 2253 was oxidized with Dess-Martin periodinane (DMR)¢ddhe resulting
ketone7 was reduced using Isfc-Bu)sBH to furnish 2R-3 in 89% yield. Pivaloylation of the
22-hydroxy group o8 and hydrolysis of the TBDPS protecting group aféat8 in 96-97% yield.
The obtained® was converted intoa35-cyclosteroid® in 69-75% yield by methanolysis of the
homoallylic mesylate in the presence of KOAc.
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1. MsCl, Et;N

Me,AICI toluene, rt
4+5
CH,Cly/hexane 2. KOAc
-781t00°C MeOH, reflux
72% (225-3) 69-75%
16% (22R-3) RsQy
DMP. GGl rt [~ 2253 (RO=OH; R¢ = H; RS =TBDPS)] 4 piycy pmAP OMe OMe
- I: 22R-3 (R? = H; R* = OH; R5 = TBDPS) CH,Cl, rt 2052 (R3=OPiv; R4 =H)  pivCl, DMAP [ 16¢,225-9 (RS = OH; R4 = H; R6 = H)
7 (R®=R*=0;R5=TBDPS) 2. TBAF 22R-2 (R3 = H; R* = OPiv) CH,Cly, it |:16a,22R»9(R3=H; R*=OH; R =H)
225-8 (R%= OPiv; R* = H; F{5=H)} THF 1t 18% 1+16¢,225-10 (R® = OPiv; R4 = H; R6 = H)
22R-8 (R® = H; R4 = OPiv; R5 = H) 96-97% 160,22R-10 (R3 = H; R = OPiv; R® = H)

16¢,225-11 (R® = OH; R4 = H; RS = Piv)
16¢,22R-11 (R? = H; R4 = OH; R = Piv)
16¢,225-12 (R? = OPiv; R4 = H; R6 = Piv)
16¢,22R-12 (R3 = H; R* = OPiv; R® = Piv)

DIBAL
CHCly/toluene, —78 °C
72% (16[3,225-9 from 225-13)

DMP (160/16p = 9/91)

CH,Cly, 1t

94% (225-13 from16¢,225-10)

89% (22R-13 from 16¢,22R-10)
94% (17 from160,225-9)

LiAIH,
THF, reflux
85% (16,22R-9 from 22R-13)
(16a/16p = ~0/100)

OMe OMe
225-13 (R3 = OPiv; R4 = H) 16B,225-9 (R3 = OH; R4 = H)
22R-13 (R3 = H; R* = OPiv) 166,22R-9 (R3 = H; R4 = OH)
17 (R3=R4=0)

Scheme 2. Ene reaction and subsequent introduction of tlygex functionality at C-16.

Excess BH*SMe (5 equiv.) was necessary to complete the hydroiooraf 2252, and 16,2259
was obtained in 87% vyield. In the hydroboratior22iR-2 with five equivalents of BgtSMe,
160,22R-9 was obtained in 72% vyield, andd 82R-10, in which the pivaloyl group remained on
the 22-hydroxy group, was obtained in 5.6% yielde NOE correlation between H-18 and H-16
confirmed the configuration of the 16-hydroxy grewgs the hydroboration products to de

Prior to the inversion of the configuration of the-hydroxy group fronu to 8, the 22-hydroxy
group of 16,2259 was re-pivaloylated to give #2510 in 18% vyield using 1.1 equiv. of PivCl
and 1.5 equiv. of DMAP. The remaining products weeraixture of 16,225-11, in which the
pivaloyl group was introduced on theotBydroxy group, and bis-pivaloylated d,825-12 (11/12 =
88/12, 79%). When 1622R-9 was treated with PivCl (2.7 equiv.) and DMAP (8quiv.),
160,22R-10 (45%), 1@,22R-11 (5.3%), and 16,22R-12 (38%) were isolated. 422510 and
160,22R-10 were oxidized with DMP to give &13 and 2R-13 in 89-94% yield (Scheme 2).

A reduction of the carbonyl group of 223 with excess DIBAL at —78 °C provided d§2259
(o/p =9/91) in 72% vyield (Scheme 2). During the reactithe pivaloyl group on the 22-hydroxy
group was also removed. While it is difficult tqpaeate 16,2259 and 16,22S-9 by
chromatography on silica gel, their derivatizatioto the corresponding cyclic carbonates
160,22514 and 16,22514 made their chromatographic separation managealilen 13,2259
(o/p = 17/83) was treated with 1;@¢arbonyldiimidazole (CDI), 1622514 and 1§,22514 were
obtained in 13% and 70% vyield, respectively, arsdifmidazolylcarbonylated5 was also isolated
in 10% vyield (Scheme 3). The NOE correlation betwidel8 and H-16 in 1622514 as well as
that between H-17 and H-16 infiL82S-14 confirmed their configuration of the oxygen
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functionality at C-16. The cyclic carbonates 06, 22S-14 and 16,225 14 were reductively
cleaved with LiAlH, to produce 16,2259 and 16,2259 in 91-92% vyield (Scheme 3).

160p,225-9 col

(o =17/83) toluene, reflux

13% (160,225-14)
70% (16p,225-14)
10% (15)

OMe OMe OMe

160,225-14 16p,225-14

15
/p=33/67
LiAlH,, THF, 0 °C LiAlH,, THF, 0 °C (ofp=33/67)
92% 91%

16,225-9 16p,225-9

Scheme 3. Separation of 1662259 and 14,2259 via cyclic carbonate$4.

In the reduction of the carbonyl group ofRR23, treatment with LiAlH in refluxing THF gave
16B,22R-9 in 85% yield (Scheme 1). The configuration of #ieehydroxy group of 122R-9 was
confirmed by the NOE correlation between H-17 artiddWhen 2R-13 was treated with DIBAL
at —78 °CJ selectivity was somewhat lowet/f§ = 6/94, 88%). Similar to 162259 and 16,2259,
160,22R-9 and 16,22R-9 are also difficult to separate by chromatographgitica gel. Thus,
derivatization into the cyclic carbonates was exedi(Scheme 4). When d§22R-9 (o/p = 10/90)
was treated with CDI, cyclic carbonate1®R-14 was obtained in 43% yield together with
tetrahydrofurarl6 (43%). In this operation, no attempt was madeadtate the cyclic carbonate
from the minor component &22R-9. The NOE correlation between H-17 and H-16 corgurthe
configuration of the oxygen functionality at C-161®f3,22R-14 and16.

16ap,22R-9 cDl

(a/p =10/90) toluene, reflux

43% (166,22R-14)
43% (16)

16p,22R-14 16

Scheme 4. Formation of 168,22R-14 and16.

In order to improve access tofilB259 and 16,22R-9, we investigated the reduction of diketone
17, which was derived from 262259 in 94% yield (Scheme 2). The reductionl@fwith LIAIH 4
at 0 °C provided 16,2259 (o/p = 12/88, 56%) and Po22R-9 (26%). 13,2259 and 14,22R-9
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can be separated chromatographically, and thedwroers in 1603,2259 can be separated via the
cyclic carbonates as described above. Therefoeeptidation—reduction of 262259, which can

be easily obtained from the major ene-addu&2zan provide 16,2259 and 16,22R-9 without
the involvement of less accessible 16-monoketounels as 23-13 and 2R-13.

The final step of the synthesis bivas the acid hydrolysis 8f Each 16,22-sterecisomer®Wwas
treated withp-TsOH<*H,O in refluxing aqueous 1,4-dioxane to provide more than 94% yield.

By choosing an appropriate solvent system for saafeoisomer of, single crystals suitable for
X-ray crystallography were obtained for all therfd®,22-stereoisomers &f As shown in Figure 2,

the absolute structures of synthettizvere confirmed unequivocally.

_l_ )‘_" 1
|\!\2%Z \ -g—f\zz | Tl
SEE ) ey TR
\ T e LT TR
S L T AT
y 1 ,1/\\ \ \T/V
160,225-1 160,22R-1
Il
, NS
\ /\‘51\ N
- A— / /™
"I—I\JTQQK( \ _J__"\X/\ZZ\ ~
LT R /7
T AT
\ */\/i_vfhl\ \ \,/\——\/‘_\
A \ » w.d 9
\ - T~ \ ’\ \/‘\-/\
AT : <\ !
16P,225-1 16B3,22R-1

Figure 2. Molecular structures of the 16,22-stereocisomerkwith thermal ellipsoids at 30%
probability. Solvent molecules are omitted for tlaand carbon atoms 16 and 22 are labelééd (

Figure 1).

'H and™*C NMR spectra ol were analyzed in both CD&and GDsN. The results are summarized
in Tables S1 and S2. The H-18 signals of theis6mers (0.70—0.74 ppm in CD£L0.79 ppm in
CsDsN) were observed at considerably higher field ttiense of the 1f&isomers (0.92—0.94 ppm in
CDCls; 1.20-1.21 ppm in §DsN), which is probably due to deshielding of thgfydroxy group.
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This tendency has also been observed in 16-hydated/isteroids bearing shorter side chains in
which stereogenic centers are not pre&éntNoteworthily, the effect of the configuration diet
22-hydroxy group on the chemical shift of H-18 prdwto be marginal. The H-a&ignal (4.16—
4.23 ppm in CDGl 4.41-4.53 ppm in §DsN) also appeared further upfield than that of H-16
(4.35 ppm in CDGL 4.66—4.79 ppm in §DsN), while the C-16 signals of the déisomers (75.7—
76.6 ppm in CDG}t 74.4—-75.5 ppm in §DsN) were observed at lower field than those of the
16B-isomers (72.0-72.6 ppm in CDELY0.7—70.8 ppm in §DsN). The chemical shift of H-22 did
not reflect the configuration of the 22-hydroxy gpoin CDC} (3.63—-3.85 ppm for the
22Sisomers; 3.65-3.68 ppm for theRBomers). However, in4DsN, the H-22 signals of the
22Sisomers (4.19-4.26 ppm) appeared at higher fledd those of the Risomers (4.42—-4.45
ppm). This observation is consistent with the repgrChallinor and co-workers, in which the H-22
signals of helosides and bethosides witB-B2droxy groups were observed at 4.15-4.21 ppm,
whereas the H-22 signal of a closely related comgauth a 2R-isomer was observed at 4.48
ppm?’ Since all these previously reported compounds békhydroxy groups, we revealed in this
study that the configuration of the 16-hydroxy granly marginally affects the chemical shift of
H-22. The advanced Mosher method was requiredribroothe absolute configurations of the
22-hydroxy groups of steroidal saponins framschubertii® andA. karataviense.® The chemical
shift of H-22 in GDsN is thus a useful marker for the determinatiothef configuration of
22-hydroxy group of aglycones similarton steroidal saponins.

TheH and**C spectra of synthetic 2251 in CDCk were, bar a few slight exceptions, in good
accordance with those of enzymatically prepareti2@s-1’ (Table S3). In €DsN, however, théH
and**C spectra of synthetic B225-1 did not agree with those of 1,225-1 chemically derivatized
from naturally occurring karataviosides J and Kjalitwas reported by Kuroda and co-work®rs.
Their spectra also did not agree well with thossyoithetic 16,22R-1, 16,2251, and 16,22R-1
(Tables S4 and S5). Even though the reasons fee tiiescrepancies are unclear at this point, the
spectra of 1B,225-1 provided by Kuroda and co-work&rshould be treated carefully.

We also compared tHel and™*C spectra of synthetic B225-1 in CsDsN to those of the natural
steroidal saponins in which the hydroxy groups -& &d/or C-16 of 12251 are glycosylated
(Figure S1)°As shown in Tables S6 and S7, glycosylation aBthgdroxy group shifts the H-6
and H-19 signals upfield (0.04—-0.24 ppm), wherbasd-3 signals are shifted downfield (7.6—8.0
ppm). Similarly, glycosylation at the 16-hydroxyogp shifts the H-16 and H-18 signals upfield
(0.22—-0.30 ppm), whereas the C-16 signals aresshifownfield (11.7-12.2 ppm). With respect to
the chemical shift of H-22, which was proven toabdiagnostic marker for determining the
configuration of the 22-hydroxy group by this studyconsistent trend could not be established.
Therefore, a direct determination of the configirabf the 22-hydroxy group of steroidal saponins
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bearing aglycones similar fiobased on their NMR spectra is difficult at thismemnt.

The diagnostic data differentiating calibagenixasderol, and synthetit are summarized in Table
1. Based on the lower chemical shifts of the H-48 H-16 signals of calibagenin and saxosterol,
the configurations of their 16-hydroxy groups wdetermined to bg. Although the H-22 chemical
shifts of calibagenin and saxosterol do not refleetr configurations, they are comparable to those
of 16,2251 and 16,22R-1. Fortunately, thed]p value of calibagenin is about twice that of
saxosterol, and their values are in accordancetivite of 18,2251 and 16,22R-1, respectively.
The mp of calibagenin and saxosterol are also coabpeato those of 152251 and 1§,22R-1.
Therefore, it can be concluded that calibagenit6fs22S-1, which is identical to the aglycone of
the above mentioned steroidal saporiifsVe also confirmed that the absolute structure of
saxosterol is §22R-1, which is in agreement with the work of Stabursaitd Holerf:

Table 1. Comparison of théH NMR, [¢]p, and mp data of calibagenin, saxosterol, And

H NMR? [a]o> Mp

H-18 H-16 H-22 (°C) Solvent
calibagenin 0.91 (s)  4.36 (n) 3.56 (m§ -56  195-196 MeOH/H,0
saxosterol  0.92 (s) 4.35 (m) 3.65 (m) L27 182-183 MeOH
160,2251 0.70(s)  4.23(ddd, 8.0, 6.7, 1.33.85 (ddd, 8.2, 4.5, 2.4)-53.F 230 MeOH
160,22R-1  0.74(s)  4.16 (m) 3.68 (ddd, 9.0, 4.5, 2.456.4' 118-119 MeOH
168,2251 0.94(s)  4.35(ddd, 8.0, 6.9, 4.63.63 (ddd, 9.7, 2.3, 2.3)-55.8 189 MeOH/HO

168,22R-1 0.92(s)  4.35(ddd, 8.0, 7.2, 5.03.65 (ddd, 8.6, 6.1, 6.1)-32.6 185-186 MeOH

3 Recorded in CDGlat 60 MHz (calibagenin), 270 MHz (saxosterol)660 MHz (); ® Measured in CHGI(c 0.2 g/dL).® Solvent
used for recrystallizatiofl. Assigned as H-22 in the original literatuféssigned as H-16 in the original literatur&leasured at 20
°C.9 Measured at 19 °¢ Measured at 17 °CMeasured at 18 °C.

3. Conclusions

In this study, the four 16,22-stereoisomer4 ofere synthesized. During the synthesis, easy
separation of the b6 and 1§-isomer of the 16,22-diol8 was achieved via their derivatization into
cyclic carbonate$4, and a simple route to f22S- and 16,22R-isomers via the reduction of the
16,22-diketond.7 was developed. X-ray crystallographic data unaotnigly determined the
structure of the isomers of syntheticConsequently, the absolute structures of calibiagend
saxosterol were determined to b 2251 and 1§,22R-1, respectively. The spectroscopic data
presented in this study can thus be expected v saruseful criteria for the configurational
determination of steroidal saponins bearing hydrgroups at C-16 and C-22.



4. Materialsand Methods

4.1. General.

Melting points (mp) were measured on an AS ONE ATMmelting point apparatus and are
uncorrected. Optical rotations were measured usBIHQRIBA SEPA-500 polarimeter. NMR
spectra were obtained using a Bruker AVANCEIII @Q@EOL JNM-ECAG600 spectrometer (600
MHz for *H; 151 MHz for*3C). Chemical shifts are reported in parts per millielative to the
internal standards [tetramethylsilane (0.00 ppm}#t the solvents CDGI(77.0 ppm) and £DsN
(149.2 ppm) for*C]. Assignment of th&H and**C NMR signals was based on 2D NMR
measurementsi-'H COSY, NOESY, HSQC, and HMBC). HRMS were recordada JEOL
JMS-700 spectrometer. Reagents were used as rédeive commercial suppliers unless otherwise
stated4** and5"™® were prepared according to previously reportedgdtares. Flash column
chromatography on silica gel was carried out usifgjotage Isolera One chromatograph with
SNAP Ultra cartridges (silica gel, 25 um) or a YaeraW-prep 2XY chromatograph with
UNIVERSAL Premium columns (silica gel, 30 um). Smgrystal X-ray crystallographic analyses
were performed at the BL40XU and BLO2B1 beam lioieSPring-8 using Si (111)
monochromated synchrotron radiation (0.78229 aR@i@BO A) with a Rigaku Saturn 724+ CCD
detector.

4.2. (25)- and (2R)-3B-(tert-butyldiphenylsiloxy)cholesta-5,16-dien-22-ol @2and 2R-3).

OH

gy
QL
TBDPSO

22R-3

A Me,AIClI solution (1.0 M in hexane, 100 mL, 100 mmolaxsvadded to anhydrous &&l, (200
mL) at —78 °C under an argon atmosphere. This mexitas treated dropwise with
4-methylpentanad (10.2 g, 102 mmol) dissolved in anhydrous,CH (50 mL), followed by
stirring for 30 min at the same temperature. Tlsalteng mixture was treated dropwise witli27.5
g, 51.0 mmol) dissolved in anhydrous £CHp (100 mL) at —78 °C; the mixture was gradually
warmed to 0 °C for 5 h under constant stirring. Téection was quenched by dropwise addition of
MeOH/H,O (1/1, viv, 50 mL), and subsequently diluted WwitHCI; (100 mL). The organic layer
was washed successively with 1 M HCI, water, araédd aqueous solution of NaHg@nd brine
(100 mL each), dried over anhydrous MgSfiltered, and concentrated vacuo. The residue was
purified by flash column chromatography on silied @hexane/EtOAc = 95/5-85/15, v/v).23
(23.4 g, 72%) eluted after R (5.37 g, 16%). 283. Colorless oil. ¢]p*° —46.9 ¢ 1.71 g/dL,
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CHCly). 'H NMR (600 MHz, CDC}, 5): 0.84 (3H, s, B#18), 0.86 (1H, m, H-d), 0.88 (3H, d,) =
6.6 Hz, H-26), 0.89 (1H, m, H+), 0.89 (3H, d,) = 6.6 Hz, H-27), 1.00 (3H, dJ = 7.0 Hz, H-21),
1.02 (3H, s, B19), 1.06 (9H, st-Bu), 1.17 (1H, m, K#24), 1.26 (1H, m, H-1e), 1.28 (1H, ddd)
=12.1,12.1, 4.8 Hz, H-13, 1.34 (1H, m, |§-24), 1.43 (1H, m, H23), 1.50 (1H, m, K#23), 1.51
(2H, m, H-®& and H-1B), 1.54 (2H, m, H-14& and H-25), 1.61 (1H, m, HB}, 1.63 (1H, m, H-B),
1.68 (1H, m, H-2), 1.69 (1H, m, H-), 1.74 (1H, dddj = 12.1, 4.4, 2.6 Hz, H-P}, 1.86 (1H,
dddd,J = 14.9, 11.5, 1.7, 1.7 Hz, H-) 1.93 (1H, ddddj = 17.4, 5.2, 5.2, 2.7 Hz, H}, 2.05
(1H, ddd,J = 14.9, 6.3, 3.2 Hz, H-1§, 2.15 (1H, dddJ = 13.3, 4.7, 2.1 Hz, Hed, 2.26 (1H, m,
H-20), 2.34 (1H, m, H), 3.54 (1H, dddd) = 11.0, 11.0, 4.7, 4.7 Hz, HxB 3.61 (1H, m, H-22),
5.14 (1H, m, H-6), 5.47 (1H, m, H-16), 7.36 (4H,Ph-3/5), 7.41 (2H, m, Ph-4), 7.68 (4H, m,
Ph-2/6).*C NMR (151 MHz, CDGJ, §): 14.1 (C-21), 16.7 (C-18), 19.£Bu), 19.3 (C-19), 20.6
(C-11), 22.58 (C-26), 22.64 (C-27), 27.0 (3®u), 28.1 (C-25), 30.3 (C-8), 31.2 (C-15), 31.5
(C-7), 31.8 (C-2), 32.4 (C-23), 34.7 (C-12), 35534), 36.7 (C-10), 37.1 (C-1), 37.7 (C-20), 42.5
(C-4), 46.8 (C-13), 50.5 (C-9), 57.8 (C-14), 731BZ2), 73.2 (C-3), 120.9 (C-6), 124.3 (C-16),
127.42 (2C, Ph-3/5), 127.44 (2C, Ph-3/5), 129.404p 129.43 (Ph-4), 134.7 (Ph-1), 134.8 (Ph-1),
135.7 (2C, Ph-2/6), 135.8 (2C, Ph-2/6), 141.5 (C158.6 (C-17). HRMS-FAB-NBAY2): [M—
H]* calcd for GsHe10,Si, 637.4441; found, 637.4431.R3. Colorless oil. §]p*’ —46.6 € 1.25
g/dL, CHCE). 'H NMR (600 MHz, CDC}, §): 0.79 (3H, s, B18), 0.85 (1H, ddd] = 14.2, 14.2,
4.3 Hz, H-1), 0.89 (3H, dJ) = 6.5 Hz, H-26), 0.90 (3H, dJ = 6.5 Hz, H-27), 0.90 (1H, m, H-),
0.97 (3H, dJ = 7.0 Hz, H-21), 1.02 (3H, s, k19), 1.06 (9H, st-Bu), 1.26 (1H, m, H#24), 1.29
(1H, m, H-14), 1.30 (1H, m, B23), 1.36 (1H, ddd) = 12.1, 12.1, 5.0 Hz, H-13, 1.42 (1H, m,
Hp-24), 1.50 (1H, m, H-1d), 1.51 (1H, m, H-&), 1.54 (1H, m, H-14), 1.55 (1H, m, H-25), 1.59
(1H, m, H-B), 1.61 (1H, m, H-B), 1.64 (1H, m, |§-23), 1.68 (1H, m, H-®), 1.69 (1H, m, H-p),
1.75 (1H, dddJ = 12.1, 4.2, 2.6 Hz, H-P3, 1.87 (1H, m, H-18), 1.93 (1H, dddd) = 17.2, 5.2,
5.2, 2.8 Hz, H-B), 2.07 (1H, ddd) = 15.0, 6.6, 3.2 Hz, H-1§, 2.14 (1H, m, H-4), 2.15 (1H, m,
H-20), 2.34 (1H, m, H), 3.54 (1H, dddd) = 11.1, 11.1, 4.5, 4.5 Hz, HxR 3.55 (1H, m, H-22),
5.14 (1H, m, H-6), 5.47 (1H, m, H-16), 7.36 (4H,R-3/5), 7.41 (2H, m, Ph-4), 7.68 (4H, m,
Ph-2/6).*C NMR (151 MHz, CDGJ, §): 16.2 (C-18), 18.0 (C-21), 19.£Bu), 19.3 (C-19), 20.7
(C-11), 22.4 (C-26), 22.9 (C-27), 27.0 (3@Bu), 28.2 (C-25), 30.5 (C-8), 31.20 (C-15), 31.21
(C-23), 31.5 (C-7), 31.8 (C-2), 34.7 (C-12), 343834), 36.7 (C-10), 37.1 (C-1), 40.1 (C-20), 42.5
(C-4), 47.1 (C-13), 50.6 (C-9), 57.4 (C-14), 73CL3), 73.9 (C-22), 120.9 (C-6), 123.0 (C-16),
127.42 (2C, Ph-3/5), 127.45 (2C, Ph-3/5), 129.404p 129.43 (Ph-4), 134.76 (Ph-1), 134.78
(Ph-1), 135.7 (2C, Ph-2/6), 135.8 (2C, Ph-2/6),.84C-5), 158.5 (C-17). HRMS-FAB-NBA(2):
[M—H]" calcd for G3He:0,Si, 637.4441; found, 637.4442.
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4.3. P-(tert-Butyldiphenylsiloxy)cholesta-5,16-dien-22-0r@. (

A solution of 253 (11.3 g, 17.7 mmol) in anhydrous g, (100 mL) was treated with DMP
(8.38 g, 19.8 mmol) at 0 °C, and the mixture wasest for 2 h at room temperature. The reaction
mixture was diluted with CH@I(400 mL), washed successively with a saturate@@agisolution

of NaHCQ and brine (200 mL each), dried over anhydrous Mg3Itered, and concentrated
vacuo. The residue was purified by flash column chromgedphy on silica gel (hexane/EtOAc =
98/2, vIv) to giver (9.92 g, 88%) as a colorless oit] §?° +6.5 € 1.55 g/dL, CHGJ). 'H NMR (600
MHz, CDCl, 4): 0.82 (3H, s), 0.85 (3H, d,= 6.5 Hz), 0.86 (3H, dl = 6.5 Hz), 1.02 (3H, s), 1.06
(9H, s), 1.13 (3H, d) = 6.8 Hz), 3.17 (1H, gl = 6.8 Hz), 3.54 (1H, dddd,= 10.9, 10.9, 4.5, 4.5
Hz), 5.12-5.14 (1H, m), 5.34-5.35 (1H, m), 7.34%¥4&H, m), 7.39-7.42 (2H, m), 7.66—7.69 (4H,
m). **C NMR (151 MHz, CDQ, §): 16.2, 16.8, 19.1, 19.3, 20.7, 22.2, 22.5, 23(@®)(27.6, 30.5,
31.2,31.5, 31.8, 33.0, 34.6, 36.7, 37.1, 38.5,45.7, 47.3, 50.5, 57.1, 73.2, 120.8, 125.1,427.
(2C), 127.44 (2C), 129.40, 129.43, 134.76, 13418B,7 (4C), 141.5, 154.3, 211.6.
HRMS-FAB-NBA (m/2): [M—H]" calcd for G3Hs¢0,Si, 635.4284; found, 635.4287.

4.4. Reduction of.

A solution of7 (9.00 g, 14.1 mmol) in anhydrous THF (150 mL) @8-=C under an argon
atmosphere was treated with a solution o$dd{Bu)sBH (1.0 M in THF, 72 mL, 72 mmol). After 5
h of stirring at —78 °C, L#ec-Bu);BH (1.0 M in THF, 23 mL, 23 mmol) was added dropavis the
mixture, and stirring was continued for a furthdr @t —78 °C. Then, the mixture was treated
dropwise at —78 °C with MeOH (20 mL), and at 0 °{thvea 10% aqueous solution of NaOH (100
mL) and a 30% aqueous solution ai®4 (100 mL). The mixture was stirred for 1 h at 0&al

then diluted with water (300 mL). The aqueous layas extracted with EtOAc (1 x 300 mL, 2 x
150 mL), and the combined organic layers were wasghth brine (150 mL), dried over anhydrous
MgSQ,, filtered, and concentratéd vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 9%/) to give 2R-3 (8.03 g, 89%) as a colorless
oil.

4.5. (25)-22-(2,2-Dimethylpropanoyloxy)cholesta-5,16-dighd (22S-8).
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An ice-cold mixture of 2&3 (8.71 g, 13.6 mmol) and DMAP (4.20 g, 34.4 mmpolanhydrous
CHCl, (100 mL) was treated with PivCl (3.4 mL, 28 mmaljd the mixture was stirred for 21 h at
room temperature. The solvent was evaporated, anidHCI (150 mL) was added to the residue.
The aqueous layer was extracted with toluene (20<iL, 2 x 50 mL), and the combined organic
layers were washed successively with water, aa@&iiaqueous solution of NaHg;@nd brine (75
mL each), dried over anhydrous Mg&@ltered, and concentrated vacuo. The residual colorless
oil (10.3 g) was dissolved in anhydrous THF (100)rahd treated with a TBAF solution (1 M in
THF, 18 mL, 18 mmol). After 22 h of stirring at roaemperature under an argon atmosphere,
additional TBAF solution (1 M in THF, 18 mL, 18 mfavas added to the mixture, before stirring
was continued for a further 2 days. The reactios gueenched with AcOH (2.0 mL, 35 mmol) and
the solvent was evaporated. The residue was pdibifyeflash column chromatography on silica gel
(hexane/EtOAc = 80/20-60/40, v/v) to give22(6.37 g, 96%) as a colorless solid. Mp 109 °C.
[a]p®® —44.4 € 1.18 g/dL, CHGJ). *H NMR (600 MHz, CDC}, 5): 0.82 (3H, s), 0.83 (3H, d,= 6.2
Hz), 0.84 (3H, dJ = 6.2 Hz), 0.99 (3H, d] = 6.9 Hz), 1.05 (3H, s), 1.21 (9H, s), 3.53 (1Hdd,J
=11.2,11.2, 4.5, 4.5 Hz), 4.99 (1H, ddg; 8.0, 8.0, 4.0 Hz), 5.36-5.38 (1H, m), 5.40-5¥1,

m). *C NMR (151 MHz, CDQ, 8): 16.2, 17.6, 19.3, 20.7, 22.3, 22.7, 27.3 (3@)8230.46, 30.48,
31.3,31.5,31.6, 34.3, 34.9, 36.4, 36.7, 37.9,38.3, 47.1, 50.7, 57.3, 71.7, 76.3, 121.5, 123.2
141.0, 157.2, 178.1. HRMS-FAB-NBAY(2): [M+Na]" calcd for G;Hs,0sNa, 507.3814; found,
507.3812.

4.6. (25)-22-(2,2-Dimethylpropanoyloxy)fsmethoxy-3:,5-cyclocholest-16-ene (&2).

OPiv

An ice-cold solution of 228 (6.25 g, 12.9 mmol) and #& (2.60 g, 25.7 mmol) in toluene (100

mL) was treated with MsCI (1.50 mL, 19.4 mmol), drefthe mixture was stirred for 1 h at room
temperature. The reaction mixture was diluted withene (100 mL) and washed successively with
water (2 x 50 mL), 2 M HCI (50 mL), water (50 mig) saturated aqueous solution of NaHC&D
mL), and brine (50 mL). The organic layer was diweer anhydrous MgSQfiltered, and
concentratedn vacuo. A mixture of the residual colorless solid (6.9%0d KOAc (6.45 g, 65.7
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mmol) in MeOH (200 mL) was stirred under reflux fioh and then cooled to room temperature.
The solvent was evaporated, and toluene (200 mk)added to the residue. The organic layer was
washed successively with water (100 mL) and braten(L), dried over anhydrous Mg%Qiltered,
and concentrateish vacuo. The residue was purified by flash column chrorgedphy on silica gel
(hexane/EtOAc = 98/2—90/10, v/v) to give2 (4.42 g, 69%) as a colorless oit]§*® +34.7 €

1.91 g/dL, CHCJ). *H NMR (600 MHz, CDC4, 3): 0.45 (1H, ddJ = 8.0, 5.0 Hz, H-d), 0.66 (1H,
dd,J=5.0, 3.9 Hz, H-@), 0.83 (3H, dJ = 6.5 Hz, H-26), 0.84 (3H, dJ = 6.5 Hz, H-27), 0.85

(3H, s, H-18), 0.86 (1H, m, H{3), 0.90 (2H, m, H-3 and He9, 0.99 (3H, dJ = 6.9 Hz, H-21),
1.06 (3H, s, B19), 1.13 (1H, m, K24), 1.14 (1H, m, K24), 1.15 (1H, m, H-@), 1.21 (9H, s, Piv),
1.35 (1H, m, H-14), 1.37 (1H, m, H-1&), 1.43 (1H, m, B23), 1.48 (1H, m, H-25), 1.50 (1H, m,
H-118), 1.52 (1H, m, H-&), 1.53 (1H, m, H-B), 1.54 (1H, m, H-14), 1.66 (1H, m, §23), 1.75
(1H, m, H-21), 1.76 (1H, m, H-1R), 1.90 (1H, m, H-1B), 1.93 (1H, m, H-B), 1.96 (1H, m, H-B),
2.08 (1H, dddJ = 14.8, 6.5, 3.2 Hz, H-15, 2.32 (1H, m, H-20), 2.79 (1H, dd= 2.8, 2.3 Hz,
H-6a), 3.34 (3H, s, OMe), 5.00 (1H, dddi= 8.1, 8.1, 4.0 Hz, H-22), 5.39 (1H, m, H-16C NMR
(151 MHz, CDC4, 6): 13.0 (C-4), 16.7 (C-18), 17.8 (C-21), 19.2 (O;1A1.4 (C-3), 22.31 (C-11),
22.32 (C-26), 22.7 (C-27), 24.9 (C-2), 27.3 (3G4)P27.8 (C-25), 29.0 (C-8), 30.4 (C-23), 31.2
(C-15), 33.1 (C-1), 34.3 (C-24), 35.0 (C-7), 352%2), 35.4 (C-10), 36.4 (C-20), 38.9 (Piv), 43.6
(C-5), 47.4 (C-13), 48.6 (C-9), 56.6 (OMe), 57.414@), 76.3 (C-22), 82.3 (C-6), 122.9 (C-16),
157.5 (C-17), 178.1 (Piv). HRMS-FAB-NBA(2): [M—H]" calcd for GsHs30s, 497.3995; found,
497.3999.

4.7. (2R)-22-(2,2-Dimethylpropanoyloxy)fsmethoxy-3:,5-cyclocholest-16-ene (&28).

OPiv

0]
o

22R-8

Using the same procedure as for the synthesis®B222R-3 (3.39 g, 5.30 mmol) was converted
into 22R-8 (2.49 g, 97%). Colorless oilu]p*® —39.5 ¢ 1.06 g/dL, CHG)). *H NMR (600 MHz,
CDCls, 8): 0.83 (3H, s), 0.851 (3H, d,= 6.5 Hz), 0.853 (3H, &= 6.5 Hz), 1.00 (3H, dI1=7.2
Hz), 1.04 (3H, s), 1.19 (9H, s), 3.53 (1H, ddde; 11.2, 11.2, 4.5, 4.5 Hz), 4.98 (1H, ddd; 8.2,
5.6, 3.7 Hz), 5.36-5.37 (1H, m), 5.46-5.47 (1H, H{.NMR (151 MHz, CDGJ, §): 16.0, 16.4,
19.3, 20.7, 22.4, 22.7, 27.3 (3C), 27.6, 27.9, 38152, 31.58, 31.62, 34.5, 34.7, 35.8, 36.7, 37.1,
38.8,42.3, 46.9, 50.6, 57.6, 71.7, 75.9, 121.8,4,2141.1, 156.4, 178.3. HRMS-FAB-NBAW):
[M+Na]" calcd for G,Hs;03Na, 507.3814; found, 507.3825.
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4.8. (2R)-22-(2,2-Dimethylpropanoyloxy)fsmethoxy-3i,5-cyclocholest-16-ene (#22).

Using the same procedure as for the synthesis®P222R-8 (2.31 g, 4.77 mmol) was converted
into 22R-2 (1.79 g, 75%). Colorless oil][,*® +40.2 € 3.19 g/dL, CHGJ). *H NMR (600 MHz,
CDCls, 8): 0.45 (1H, ddJ = 8.0, 5.0 Hz, H-4), 0.66 (1H, ddJ = 5.0, 3.9 Hz, H-8), 0.853 (3H, d,
J=6.6 Hz, H-27), 0.854 (3H, d) = 6.6 Hz, H-26), 0.86 (3H, s, k#18), 0.86 (1H, m, H{}), 0.89
(2H, m, H-3 and H-8), 1.00 (3H, d,J = 7.0 Hz, H-21), 1.05 (3H, s, K19), 1.14 (2H, m, H-« and
Ha.-24), 1.16 (1H, m, K24), 1.19 (9H, s, Piv), 1.34 (1H, m, H«)41.36 (1H, m, H-1&), 1.49 (1H,
m, H-25), 1.50 (1H, m, H-B), 1.51 (1H, m, B23), 1.52 (2H, m, H-d and H-B), 1.54 (1H, m,
H-11a), 1.56 (1H, m, §23), 1.75 (1H, m, H-®), 1.86 (1H, m, H-1@), 1.89 (1H, m, H-1B), 1.92
(1H, m, H-PB), 1.95 (1H, m, H-B), 2.06 (1H, dddJ = 14.9, 6.5, 3.2 Hz, H-1§, 2.43 (1H, m,
H-20), 2.79 (1H, ddJ = 2.7, 2.7 Hz, H-&), 3.35 (3H, s, OMe), 4.99 (1H, dd#l= 8.4, 6.0, 3.4 Hz,
H-22), 5.44 (1H, m, H-16)*C NMR (151 MHz, CDGJ, §): 13.1 (C-4), 16.4 (C-21), 16.7 (C-18),
19.2 (C-19), 21.4 (C-3), 22.3 (C-11), 22.4 (C-2B),7 (C-27), 24.9 (C-2), 27.3 (3C, Piv), 27.8
(C-23), 27.9 (C-25), 29.1 (C-8), 31.2 (C-15), 3@11), 34.4 (C-24), 35.0 (C-12), 35.1 (C-7), 35.3
(C-10), 35.7 (C-20), 38.8 (Piv), 43.6 (C-5), 472213), 48.6 (C-9), 56.6 (OMe), 57.5 (C-14), 75.9
(C-22), 82.3 (C-6), 123.0 (C-16), 156.6 (C-17), 27@iv). HRMS-FAB-NBA (W2): [M—H]" calcd
for CasHs303, 497.3995; found, 497.3997.

4.9. (25)-6B-Methoxy-3,5-cyclocholestane-1622-diol (16x,2259).

OMe
160,225-9

An ice-cold solution of 282 (5.21 g, 10.4 mmol) in anhydrous THF (180 mL) unal® argon
atmosphere was treated dropwise with gaBHF solution (1.0 M in THF, 54 mL, 54 mmol),

before the mixture was stirred for a further 18 hoam temperature. The reaction mixture was
treated dropwise at 0 °C with a 10% aqueous saludfdNaOH (55 mL) and a 30% aqueous
solution of HO, (55 mL). After 30 min of stirring at the same teamgture, the mixture was diluted
with water (100 mL) and extracted with EtOAc (100ImL, 2 x 50 mL). The combined organic
layers were washed with brine (100 mL), dried cugnydrous MgSg) filtered, and concentrated
in vacuo. The residue was purified by flash column chrorgedphy on silica gel (hexane/EtOAc =

15



85/15-70/30, v/v) to give 162259 (3.92 g, 87%) as a colorless solid. Mp 160-161[8{3>°

+34.4 € 1.06 g/dL, CHG)). *H NMR (600 MHz, CDC}, §): 0.45 (1H, dd,) = 8.0, 5.0 Hz, H-4),
0.66 (1H, dd,J) = 5.0, 4.0 Hz, H-8), 0.74 (3H, s, K#18), 0.86 (1H, ddd) = 13.3, 11.6, 7.7 Hz,
H-1p), 0.89 (1H, m, H-8), 0.90 (6H, d,) = 6.7 Hz, H-26 and H-27), 0.90 (1H, m, H-3), 0.92 (3H,
d,J=6.7 Hz, H-21), 1.02 (3H, s, K19), 1.15 (1H, m, &24), 1.15 (1H, dddj) = 13.3, 12.1, 2.9
Hz, H-70), 1.32 (1H, m, H-1&), 1.36 (1H, m, |§-24), 1.37 (1H, m, H-1d), 1.39 (1H, m, H-14),
1.40 (1H, m, B-23), 1.44 (1H, m, H-1d), 1.50 (2H, m, H-& and H-14:), 1.53 (1H, m, §23),

1.54 (1H, m, H-B), 1.56 (1H, m, H-25), 1.58 (1H, m, H-20), 1.60 (Xh, H-15x), 1.69 (1H, m,
H-158), 1.74 (1H, m, H-B), 1.76 (1H, m, H-&), 1.85 (1H, dddJ = 13.3, 2.9, 2.9 Hz, HfJ, 1.93
(1H, ddd,J = 11.9, 3.2, 2.8 Hz, H-R}, 2.79 (1H, ddJ = 2.9, 2.9 Hz, H-6), 2.86 (1H, br s, OH),
2.98 (1H, br s, OH), 3.33 (3H, s, OMe), 3.84 (1HspH-22), 4.22 (1H, dd] = 7.2, 7.2 Hz, H-18).
13C NMR (151 MHz, CDQ, 8): 12.5 (br, C-21), 13.1 (C-4), 14.3 (C-18), 19219), 21.3 (C-3),
22.46 (C-11), 22.54 (C-26), 22.7 (C-27), 24.9 (C2B.2 (C-25), 30.1 (C-8), 32.0 (br, C-23), 33.2
(C-1), 35.0 (C-5), 35.1 (C-7), 35.8 (C-24), 36.118), 37.3 (br, C-20), 40.4 (C-12), 43.3 (C-10),
44.3 (C-13), 47.8 (C-9), 53.5 (C-14), 56.6 (OMe3,16(br, C-17), 73.9 (br, C-22), 75.5 (C-16), 82.2
(C-6). HRMS-FAB-NBA (W2): [M+Na]" calcd for GgHssOsNa, 455.3501; found, 455.3504.

4.10. (2R)-6B-Methoxy-3,5-cyclocholestane-1622-diol (16x,22R-9) and
(22R)-22-(2,2-dimethylpropanoyloxy)Bmethoxy-3i,5-cyclocholestan- kol (16a,22R-10).

OMe OMe
160,22R-9 160,22R-10

An ice-cold solution of 2R-2 (2.89 g, 5.79 mmol) in anhydrous THF (100 mL) waated
dropwise under an argon atmosphere with a*BHF solution (1.0 M in THF, 30 mL, 30 mmol),
before the mixture was stirred for 17 h at roompgemature. At 0 °C, the mixture was then
successively treated dropwise with a 10% aquedusiao of NaOH (30 mL) and a 30% aqueous
solution of HO, (30 mL), before the resulting mixture was stirfed30 min at the same
temperature. The mixture was diluted with waterflQ and extracted with EtOAc (3 x 50 mL).
The combined organic layers were washed with 4&0emL), dried over anhydrous Mg%0
filtered, and concentratad vacuo. The residue was purified by flash column chrorgegphy on
silica gel (hexane/EtOAc = 85/15-70/30, v/v) togghan,22R-9 (1.81 g, 72%) and 1622R-10
(167 mg, 5.6%), respectively, as colorless soliég,22R-9. Mp 119-120 °C.d]p*' +28.3 € 1.02
g/dL, CHCE). *H NMR (600 MHz, CDC}, 5): 0.44 (1H, dd,) = 8.0, 5.1 Hz, H-d), 0.66 (1H, ddJ
=5.1, 3.7 Hz, H-B), 0.78 (3H, s, K18), 0.86 (1H, m, H{), 0.88 (1H, m, H-8), 0.89 (3H, d,J =
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6.6 Hz, H-26), 0.90 (3H, dJ = 6.6 Hz, H-27), 0.90 (1H, m, H-3), 0.97 (3H, d~ 6.8 Hz, H-21),
1.01 (3H, s, B19), 1.14 (1H, ddd] = 13.4, 12.1, 2.9 Hz, Hej, 1.21 (1H, ddJ = 10.9, 6.0 Hz,
H-17a), 1.21 (1H, m, §24), 1.28 (1H, dddj) = 12.4, 12.4, 4.1 Hz, H-13, 1.36 (1H, m, H23),

1.37 (1H, m, H-1p), 1.38 (1H, m, ig-24), 1.42 (1H, m, H-1d), 1.44 (1H, m, H-1d), 1.50 (1H, m,
H-1a), 1.53 (1H, m, H-B), 1.55 (1H, m, H-25), 1.59 (1H, m, H-dp 1.61 (1H, m, §23), 1.72

(1H, m, H-1%), 1.75 (2H, m, H-B and H-20), 1.76 (1H, m, He3, 1.86 (1H, dddJ = 13.4, 2.9, 2.9
Hz, H-78), 1.98 (1H, dddJ = 12.4, 3.1, 3.1 Hz, H-1, 2.78 (1H, ddJ = 2.9, 2.9 Hz, H-6), 3.33
(3H, s, OMe), 3.66 (1H, ddd,= 8.9, 4.4, 2.6 Hz, H-22), 4.15 (1H, dik 6.9, 6.9 Hz, H-16). *°C
NMR (151 MHz, CDC}, §): 13.1 (C-4), 13.7 (C-18), 15.5 (C-21), 19.2 (Q;181..3 (C-3), 22.46
(C-11), 22.53 (C-26), 22.8 (C-27), 24.9 (C-2), 28225), 30.0 (C-8), 31.1 (C-23), 33.2 (C-1), 35.0
(C-5), 35.1 (C-7), 35.5 (C-24), 36.7 (C-15), 40412), 40.8 (C-20), 43.3 (C-10), 45.1 (C-13), 47.8
(C-9), 53.2 (C-14), 56.6 (OMe), 63.8 (C-17), 763116), 76.7 (C-22), 82.2 (C-6).
HRMS-FAB-NBA (m/2): [M+Na]" calcd for GgHsgOsNa, 455.3501; found, 455.3503.0d1B82R-10.

Mp 128-129 °C.{]p*’ +36.5 € 0.836 g/dL, CHGJ). *H NMR (600 MHz, CDC}, §): 0.44 (1H, dd,
J=7.9,4.9 Hz, H-4), 0.65 (1H, ddJ = 4.9, 4.1 Hz, H-@), 0.74 (3H, s, B18), 0.857 (3H, d) =

6.6 Hz, H-27), 0.860 (3H, d) = 6.6 Hz, H-26), 0.86 (1H, m, Hfl), 0.88 (1H, m, H-8), 0.89 (1H,
ddd,J=7.9, 7.9, 4.1 Hz, H-3), 0.93 (3H, 3l 6.8 Hz, H-21), 1.01 (3H, s, K19), 1.13 (1H, ddd,
J=13.5,12.1, 2.8 Hz, HejJ, 1.16 (3H, m, H-1d and H-24), 1.21 (9H, s, Piv), 1.27 (1H, ddb=
12.6, 12.6, 4.2 Hz, H-12, 1.36 (1H, dddd) = 12.6, 12.6, 12.6, 3.2 Hz, Hfi)1 1.41 (1H, m,

H-11a), 1.45 (2H, m, H-14 and H:-23), 1.49 (1H, m, Hd), 1.51 (1H, m, H-25), 1.53 (2H, m,

H-2B and H-1%), 1.62 (1H, m, i§-23), 1.72 (1H, m, H-1%), 1.74 (1H, m, H-B), 1.75 (1H, m,

H-2a), 1.85 (1H, dddJ = 13.5, 2.8, 2.8 Hz, HfJ, 1.86 (1H, qddJ = 6.8, 6.8, 2.7 Hz, H-20), 1.93
(1H, ddd,J = 12.6, 3.2, 3.2 Hz, H-1, 2.78 (1H, ddJ = 2.8, 2.8 Hz, H-6), 3.33 (3H, s, OMe),

4.30 (1H, dd,) = 6.8, 6.8 Hz, H-16), 5.10 (1H, dddJ = 10.9, 2.7, 1.8 Hz, H-22)°C NMR (151
MHz, CDC, 3): 13.0 (C-21), 13.1 (C-4), 13.5 (C-18), 19.2 (O;1A..3 (C-3), 22.4 (2C, C-11 and
C-26), 22.8 (C-27), 24.896 (C-23), 24.904 (C-2).22BC, Piv), 27.8 (C-25), 29.9 (C-8), 33.2 (C-1),
35.0 (C-5), 35.1 (C-7), 35.6 (C-24), 37.5 (C-18,B(C-20), 38.9 (Piv), 40.3 (C-12), 43.3 (C-10),
44.4 (C-13), 47.9 (C-9), 53.4 (C-14), 56.6 (OM€&),16(C-17), 76.6 (C-16), 77.3 (C-22), 82.2 (C-6),
178.6 (Piv). HRMS-FAB-NBAI{VZ): [M+Na]" calcd for GsHssO4Na, 539.4076; found, 539.4078.

4.11. (25)-22-(2,2-Dimethylpropanoyloxy)fsmethoxy-3:,5-cyclocholestan-i6ol (16a,225-10),

(229)-160-(2,2-dimethylpropanoyloxy){&methoxy-3i,5-cyclocholestan-22-ol (2622S-11), and
(229)-160,22-bis(2,2-dimethylpropanoyloxy)gémethoxy-31,5-cyclocholestane (1622512).
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OMe OMe

OMe
160,225-12

An ice-cold solution of 16,2259 (715 mg, 1.65 mmol) and DMAP (304 mg, 2.49 mmol) i
anhydrous CbLCl, (15 mL) was slowly treated with PivCl (0.22 mL8Inmol), before the mixture
was stirred for 22 h at room temperature. The r@aetas quenched by addition of a saturated
agueous solution of NaHG@40 mL). After 20 min of stirring at room temparet, the mixture
was extracted with CHE[1 x 30 mL, 2 x 20 mL). The combined organic |syeere washed with
brine (20 mL), dried over anhydrous Mg§@ltered, and concentrated vacuo. The residue was
purified by flash column chromatography on silie hexane/EtOAc = 85/15-65/35, v/v) to give
160,22510 (151 mg, 18%) as a colorless oil, which solidifteding storage at room temperature.
Mp 52-53 °C. {i]p*® +23.4 € 0.707 g/dL, CHG). *H NMR (600 MHz, CDC}, §): 0.44 (1H, dd,)

= 8.0, 5.0 Hz, H-4), 0.65 (1H, ddJ = 5.0, 4.0 Hz, H-@), 0.77 (3H, s, B18), 0.85 (1H, ddd] =
13.2,11.9, 7.6 Hz, HA), 0.879 (3H, dJ = 6.6 Hz, H-26), 0.880 (3H, d) = 6.6 Hz, H-27), 0.88
(1H, m, H-Q), 0.89 (1H, m, H-3), 1.00 (3H, d,= 6.8 Hz, H-21), 1.01 (3H, s, K19), 1.10 (1H,
dd,J = 11.4, 4.5 Hz, H-14), 1.14 (1H, m, §24), 1.15 (1H, m, K24), 1.17 (1H, ddd] = 13.5,
11.4, 2.9 Hz, H-d), 1.22 (9H, s, Piv), 1.24 (1H, dddi= 12.4, 12.4, 4.7 Hz, H-12, 1.36 (1H, dddd,
J=13.7,13.7,12.4, 3.3 Hz, H{11 1.40 (1H, dddd) = 13.7, 4.7, 4.7, 3.3 Hz, H-d&)}, 1.48 (2H, m,
H-1o and H-141), 1.49 (1H, m, B23), 1.52 (1H, m, H{®), 1.53 (1H, m, H-25), 1.64 (1H, m,
H-153), 1.65 (1H, m, H-1&), 1.70 (2H, m, H-20 and-23), 1.75 (1H, m, H-®), 1.77 (1H, dddd)
=11.4,11.4,11.4, 2.9 Hz, H38 1.88 (1H, dddJ = 13.5, 2.9, 2.9 Hz, HfJ}, 1.93 (1H, dddJ =
12.4, 3.3, 3.3 Hz, H-18, 2.78 (1H, ddJ = 2.9, 2.9 Hz, H-&), 3.33 (3H, s, OMe), 3.61 (1H, br s,
OH), 3.97 (1H, m, H-16), 5.04 (1H, ddJ = 8.5, 5.3 Hz, H-22):*C NMR (151 MHz, CDJ, 3):
13.0 (br, C-21), 13.1 (C-4), 13.4 (C-18), 19.2 @;21.3 (C-3), 22.49 (C-26), 22.52 (C-11), 22.53
(C-27), 24.9 (C-2), 27.2 (3C, Piv), 27.9 (C-25),828C-8), 30.9 (br, C-23), 33.3 (C-1), 34.9 (C-24),
34.99 (C-7), 35.04 (C-5), 36.2 (C-15), 38.7 (C-&AY,2 (Piv), 40.6 (C-12), 43.3 (C-10), 44.7
(C-13), 47.7 (C-9), 53.3 (C-14), 56.6 (OMe), 618 C-17), 76.6 (br, C-22), 76.8 (C-16), 82.3
(C-6), 179.8 (Piv). HRMS-FAB-NBAV2): [M+Na]" calcd for GsHs¢O4Na, 539.4076; found,
539.4076. In this experiment, a mixture ot 2S-11 and 16,22512 (691 mg,11/12=88/12,

79%) was also obtained as a colorless oil. A piaittem were further separated by flash column
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chromatography on silica gel (hexane/EtOAc = 9078325, v/v) to use the following analysis.
160,22S-11. Colorless oil, which solidified during storageradbm temperature. Mp 132-135 °C.
[0]p?®—29.6 € 0.678 g/dL, CHGJ). 'H NMR (600 MHz, CDC}, §): 0.43 (1H, dd,) = 8.0, 5.0 Hz,
H-4a), 0.65 (1H, ddJ = 5.0, 4.0 Hz, H-@), 0.79 (3H, s, K18), 0.87 (1H, m, H{}), 0.87 (3H, d,)

= 6.6 Hz, H-26), 0.88 (3H, dJ = 6.6 Hz, H-27), 0.89 (1H, m, H-®), 0.91 (1H, m, H-3), 0.93 (3H,
d,J = 6.7 Hz, H-21), 1.02 (3H, s, K19), 1.07 (1H, m, K24), 1.10 (1H, m, H<), 1.21 (9H, s,
Piv), 1.29 (1H, m, B#23), 1.31 (1H, m, §24), 1.34 (1H, m, H-1®, 1.39 (1H, m, H-14), 1.40

(1H, m, H-1B), 1.44 (1H, m, H-1&), 1.46 (1H, m, H-14), 1.51 (1H, m, H-&), 1.52 (2H, m, 23
and H-25), 1.54 (1H, m, HR, 1.55 (1H, m, H-20), 1.62 (1H, br s, OH), 1.661(Hd,J = 11.1, 7.0
Hz, H-17), 1.75 (1H, m, H-B), 1.76 (1H, m, H-2), 1.85 (1H, m, H-1B), 1.86 (1H, m, H-B),

2.01 (1H, dddJ =12.1, 3.1, 3.1 Hz, H-1®, 2.76 (1H, ddJ = 2.8, 2.8 Hz, H-6), 3.30 (3H, s,
OMe), 3.44 (1H, br d) = 7.7 Hz, H-22), 4.89 (1H, dd,= 7.0, 7.0 Hz, H-16). *C NMR (151

MHz, CDC, §): 11.4 (C-21), 12.9 (C-4), 13.6 (C-18), 19.2 (Q;181.6 (C-3), 22.4 (C-11), 22.5
(C-26), 22.6 (C-27), 24.9 (C-2), 27.0 (3C, Piv),28C-25), 29.8 (C-8), 32.2 (C-23), 33.2 (C-1),
34.5 (C-7), 34.6 (C-15), 35.4 (C-5), 35.6 (C-28,33(Piv), 38.9 (C-20), 40.3 (C-12), 43.2 (C-10),
43.6 (C-13), 47.7 (C-9), 53.7 (C-14), 56.5 (OMe&),15(C-17), 72.9 (C-22), 80.1 (C-16), 82.1 (C-6),
178.1 (Piv). HRMS-FAB-NBAI{VZ): [M+Na]" calcd for GsHssO4Na, 539.4076; found, 539.4080.
160,225-12. Colorless oil. §]p?’ =31.7 € 0.290 g/dL, CHG). *H NMR (600 MHz, CDC}, §): 0.43
(1H, dd,J=7.9, 5.2 Hz), 0.64 (1H, dd,= 5.2, 3.8 Hz), 0.83 (3H, s), 0.86 (3H,Jds 6.5 Hz), 0.87
(3H, d,J=6.5 Hz), 1.02 (3H, s), 1.04 (3H, 3= 6.5 Hz), 1.18 (9H, s), 1.19 (9H, s), 2.75 (1H, H
=2.7,2.7 Hz), 3.30 (3H, s), 4.60 (1H, ddd; 8.0, 5.5, 1.6 Hz), 4.85 (1H, ddi= 6.7, 6.7 Hz)*C
NMR (151 MHz, CDC4, 6): 12.9, 13.0, 13.5, 19.3, 21.7, 22.3, 22.4, 22489, 27.0 (3C), 27.2 (3C),
28.0, 29.1, 29.6, 33.3, 34.5, 34.6, 35.4, 35.%4,338.5, 38.9, 40.4, 43.3, 43.9, 47.7, 53.7, I6/67,
76.1, 80.4, 82.2,177.3, 178.7. HRMS-FAB-NB#%): [M+Na]" calcd for GgHesOsNa, 623.4651;
found, 623.4653.

4.12. (2R)-16a-(2,2-Dimethylpropanoyloxy){&-methoxy-31,5-cyclocholestan-22-ol (b622R-11),
and (2R)-16a,22-bis(2,2-dimethylpropanoyloxy)Bemethoxy-3i,5-cyclocholestane (2622R-12).

OMe OMe
160,22R-11 160,22R-12

An ice-cold solution of 16,22R-9 (163 mg, 0.377 mmol) and DMAP (75.2 mg, 0.616 njnrol
anhydrous ChkLCl, (9.0 mL) was treated with a solution of PivCl @®&g, 0.414 mmol) dissolved
in anhydrous CbClI, (1.0 mL). After 16 h of stirring at room tempenatuPivCl (0.07 mL, 0.6
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mmol) and DMAP (73.2 mg, 0.599 mmol) were addetheomixture and stirring was continued for
a further 8 h. The reaction was quenched by adddfa saturated aqueous solution of NaHCO
(20 mL). After 30 min of vigorous stirring at roaiemperature, the mixture was diluted with water
(30 mL) and extracted with CHE(1 x 30 mL, 2 x 20 mL). The combined organic |ayeere
washed with brine (20 mL), dried over anhydrous KdgSiltered, and concentrated vacuo. The
residue was purified by flash column chromatographgilica gel (hexane/EtOAc = 85/15-60/40,
vIv). 160,22R-12 (86.4 mg, 38%) eluted first, followed byd,82R-10 (87.2 mg, 45%) and then
160,22R-11 (10.4 mg, 5.3%). 1622R-11. Colorless oil. §]p*>’ —8.3 € 0.165 g/dL, CHGJ). *H

NMR (600 MHz, CDC4, 6): 0.43 (1H, ddJ = 8.0, 5.2 Hz, H-d), 0.65 (1H, ddJ =5.2, 3.7 Hz,
H-4p), 0.82 (3H, s, B18), 0.87 (1H, m, H{3), 0.88 (3H, dJ = 6.2 Hz, H-27), 0.88 (1H, m, H-®),
0.89 (3H, dJ = 6.2 Hz, H-26), 0.90 (1H, m, H-3), 0.97 (3H, d~ 6.8 Hz, H-21), 1.02 (3H, s,
Hs-19), 1.06 (1H, dddj = 13.3, 12.1, 2.8 Hz, HeJ, 1.09 (1H, m, |24), 1.18 (9H, s, Piv), 1.29
(1H, m, H:23), 1.31 (2H, m, H-12and H-14), 1.37 (1H, m, H-1&), 1.38 (1H, m, i§-24), 1.39
(1H, m, H-23), 1.40 (1H, m, H-18), 1.44 (1H, m, H-1d), 1.47 (1H, ddJ = 11.4, 6.4 Hz, H-1d),
1.51 (2H, m, H-& and H-25), 1.54 (1H, m, HB2, 1.75 (1H, m, H-g), 1.76 (1H, m, H-B), 1.80
(1H, m, H-18), 1.84 (1H, m, H-20), 1.85 (1H, dddl= 13.3, 5.8, 2.8 Hz, Hfj}, 2.02 (1H, dddJ =
12.3, 3.2, 3.2 Hz, H-1®), 2.75 (1H, ddJ = 2.8, 2.8 Hz, H-6), 3.30 (3H, s, OMe), 3.50 (1H, brd,
=10.4 Hz, H-22), 4.96 (1H, dd,= 6.4, 6.4 Hz, H-16). **C NMR (151 MHz, CDGJ, §): 12.9

(C-4), 13.1 (C-21), 13.4 (C-18), 19.3 (C-19), 2(C?3), 22.38 (C-26), 22.43 (C-11), 23.0 (C-27),
24.9 (C-2), 27.1 (3C, Piv), 28.2 (C-23), 28.8 (Q;229.7 (C-8), 33.3 (C-1), 34.6 (C-7), 35.2 (C-15),
35.5 (C-5), 35.7 (C-24), 38.5 (Piv), 40.2 (C-120,4(C-20), 43.3 (C-10), 44.2 (C-13), 47.8 (C-9),
53.5 (C-14), 56.6 (OMe), 57.9 (C-17), 73.8 (C-B),0 (C-16), 82.2 (C-6), 178.3 (Piv).
HRMS-FAB-NBA (m/2): [M+Na]" calcd for GsHssOsNa, 539.4076; found, 539.4079.d1B2R-12.
Colorless oil. §]p?’ —13.4 € 0.864 g/dL, CHG)). 'H NMR (600 MHz, CDC}, 8): 0.43 (1H, dd,) =
7.9, 5.2 Hz), 0.64 (1H, dd,= 5.2, 3.8 Hz), 0.79 (3H, s), 0.86 (3H,Jd; 6.5 Hz), 0.87 (3H, dl =

6.5 Hz), 0.97 (3H, d) = 6.9 Hz), 1.01 (3H, s), 1.19 (18H, s), 2.74 (8H,J = 2.6, 2.6 Hz), 3.29
(3H, s), 4.73 (1H, ddd] = 10.7, 2.4, 2.4 Hz), 5.07 (1H, dil= 6.9, 6.9 Hz)"*C NMR (151 MHz,
CDCl3, 8): 12.9, 13.2, 13.3, 19.2, 21.7, 22.3, 22.4, 22499, 25.3, 27.09 (3C), 27.13 (3C), 28.6,
29.7,33.2,34.5, 35.1, 35.2, 35.5, 38.3, 38.43,38).2, 43.3, 44.0, 47.8, 53.6, 56.5, 57.8, 78090,
82.2,177.7, 177.8. HRMS-FAB-NBA(2): [M+Na]" calcd for GgHesOsNa, 623.4651; found,
623.4651.

4.13. (25)-22-(2,2-Dimethylpropanoyloxy)fsmethoxy-31,5-cyclocholestan-16-one (323).
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A solution of 16,225-10 (101 mg, 0.195 mmol) in anhydrous &b (10 mL) was treated with
DMP (91.7 mg, 0.216 mmol). After 6.5 h of stirringroom temperature, the reaction mixture was
diluted with CHC} (40 mL) and washed with a saturated aqueous ealofiNaHCQ (20 mL).

The organic layer was dried over anhydrous MgSiered, and concentrated vacuo. The

residue was purified by flash column chromatographgilica gel (hexane/EtOAc = 90/10-70/30,
v/v) to give 2513 (94.6 mg, 94%) as a colorless oil, which solidifsluring storage at room
temperature. Mp 118-120 °G]{° —91.0 € 0.946 g/dL, CHGJ). *H NMR (600 MHz, CDC}, 5):
0.47 (1H, dd,J= 7.9, 5.2 Hz), 0.68 (1H, dd,= 5.2, 3.8 Hz), 0.84 (3H, s), 0.88 (3H,Jds 6.5 Hz),
0.89 (3H, dJ=6.5Hz), 0.99 (3H, dl = 7.2 Hz), 1.04 (3H, s), 1.21 (9H, s), 1.98-2.04,(m),

2.09 (1H, dddJ =12.5, 3.2, 3.2 Hz), 2.27 (1H, dii= 18.4, 8.1 Hz), 2.80 (1H, dd= 2.7, 2.7 Hz),
3.33(3H, s), 5.43 (1H, ddd,= 7.9, 5.8, 1.7 Hz)"*C NMR (151 MHz, CDQ, §): 11.3, 13.07,

13.10, 19.2, 21.3, 22.1, 22.49, 22.55, 24.9, 233 ,(27.9, 29.6, 30.2, 33.1, 34.6, 34.99, 35.03,35
38.3, 39.0, 39.5, 43.0, 43.4, 47.7, 50.7, 56.82,6/6.4, 81.9, 178.3, 218.2. HRMS-FAB-NBA
(MV/2): [M+Na]" calcd for GsHs404Na, 537.3920; found, 537.3919.

4.14. (2R)-22-(2,2-Dimethylpropanoyloxy)fsmethoxy-3,5-cyclocholestan-16-one (R213).

A solution of 16,22R-10 (167 mg, 0.323 mmol) in anhydrous &3, (10 mL) was treated with
DMP (155 mg, 0.365 mmol), before the mixture wased for 2 h at room temperature. The
mixture was diluted with CHGI(40 mL) and washed with a saturated aqueous salofiNaHCQ
(20 mL). The organic layer was dried over anhydidgSQ,, filtered, and concentrated vacuo.
The residue was purified by flash column chromadpgy on silica gel (hexane/EtOAc = 90/10—
70/30, v/v) to give 2R-13 (148 mg, 89%) as a colorless oil]§*® —71.7 € 0.977 g/dL, CHG). 'H
NMR (600 MHz, CDC4, 8): 0.47 (1H, ddJ = 7.9, 5.2 Hz), 0.68 (1H, dd,= 5.2, 3.8 Hz), 0.85 (3H,
d,J=6.5Hz), 0.86 (3H, dl = 6.5 Hz), 0.91 (3H, s), 0.95 (3H, 8= 7.2 Hz), 1.05 (3H, s), 1.21
(9H, s), 2.10 (1H, ddd] = 12.4, 3.1, 3.1 Hz), 2.24 (1H, dii= 18.2, 7.2 Hz), 2.30-2.36 (1H, m),
2.80 (1H, ddJ = 2.6, 2.6 Hz), 3.34 (3H, s), 5.46 (1H, ddd; 8.2, 6.2, 3.4 Hz}*C NMR (151
MHz, CDCk, 8): 13.1, 13.4, 14.5, 19.2, 21.2, 22.1, 22.3, 22489, 26.8, 27.3 (3C), 27.9, 29.5,
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33.1, 34.0, 34.4, 34.9, 35.4, 38.85, 38.93, 38BA4,43.5, 47.8, 51.1, 56.6, 64.2, 75.0, 81.9,4,77.
217.6. HRMS-FAB-NBA (V2): [M+Na]" calcd for GgHs404Na, 537.3920; found, 537.3922.

4.15. Reduction of 2213.

A solution of 25-13 (121 mg, 0.235 mmol) in anhydrous &, (4.0 mL) at —78 °C under an
argon atmosphere was treated dropwise with a DIB&lution (1.5 M in toluene, 0.80 mL, 1.2
mmol). After 3.5 h of stirring at the same temperat additional DIBAL solution (1.5 M in toluene,
0.80 mL, 1.2 mmol) was added dropwise to the reaatixture, before stirring was continued for 2
h at —78 °C. The mixture was then treated dropwitle water (2.0 mL), before the cooling bath
was removed. The mixture was diluted with EtOAc §30) and dried over anhydrous Mg&O
Insoluble materials were filtered off, and theréite was concentratéd vacuo. The residue was
purified by flash column chromatography on silie hexane/EtOAc = 75/25-60/40, v/v) to give
160,2259 (73.3 mg, 72%q/p = 9/91) as a colorless solid.

4.16. (225)-16a,22-Carbonyldioxy-g-methoxy-3i,5-cyclocholestane (1622S-14) and
(229)-16p,22-carbonyldioxy-B-methoxy-31,5-cyclocholestane (Ba22514).

OMe

15
(160/16p=33/67)

1603,2259 (1.38 g, 3.19 mmok/p = 17/83) and CDI (779 mg, 4.80 mmol) were dissdle
toluene (220 mL), and the solution was stirred umegux for 4 days before the mixture was
cooled to room temperature and concentrate@cuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 9071030, v/v) to give 16,225-14 (188 mg,
13%) and 1PB,225-14 (1.03 g, 70%) as colorless solidso@2S-14: Mp 212 °C. {i]p™° +57.0 €
1.54 g/dL, CHCJ). '"H NMR (600 MHz, CDCJ, §): 0.46 (1H, dd,) = 8.0, 5.2 Hz, H-d), 0.66 (1H,
dd,J=5.2, 3.7 Hz, H-@), 0.79 (3H, s, B18), 0.87 (1H, ddd] = 13.2, 11.8, 7.8 Hz, HB}, 0.900
(3H, d,J = 6.6 Hz, H-26), 0.901 (3H, dJ = 6.6 Hz, H-27), 0.91 (1H, m, H-®), 0.92 (1H, m, H-3),
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1.00 (3H, dJ=6.7 Hz, H-21), 1.02 (3H, s, k19), 1.12 (1H, ddd) = 13.3, 12.1, 2.8 Hz, He}J,

1.16 (1H, m, B-24), 1.34 (1H, ddd] = 13.1, 11.9, 3.7 Hz, H-32, 1.40 (1H, m, H-18), 1.46 (1H,
m, H,-24), 1.48 (1H, m, K23), 1.49 (2H, m, H-d and H-1%), 1.53 (1H, m, H-1d), 1.55 (1H, m,
H-2B), 1.56 (1H, m, H-25), 1.62 (1H, ddi= 10.3, 9.1 Hz, H-14), 1.68 (1H, m, §-23), 1.75 (1H,

m, H-83), 1.76 (1H, m, H-&), 1.79 (1H, m, H-1B), 1.81 (1H, dddJ = 13.3, 2.8, 2.8 Hz, HfJ,

1.86 (1H, dddJ = 11.9, 3.2, 2.6 Hz, H-B, 1.96 (1H, ddd) = 14.2, 8.5, 2.4 Hz, H-15, 1.96 (1H,
br s, H-20), 2.79 (1H, dd,= 2.8, 2.8 Hz, H-), 3.33 (3H, s, OMe), 4.55 (1H, br s, H-22), 4.9#(
br s, H-16). *C NMR (151 MHz, CDGJ, §): 13.08 (C-4), 13.08 (br, C-21), 14.3 (br, C-18,1
(C-19), 21.2 (C-3), 22.0 (C-11), 22.37 (C-26), B(&-27), 24.8 (C-2), 27.9 (C-25), 29.0 (br, C-23),
30.1 (C-8), 32.7 (br, C-15), 33.1 (C-1), 34.8 (®+20), 34.89 (C-7), 34.93 (C-5), 35.0 (C-24), 39.4
(C-12), 43.3 (C-10), 43.6 (C-13), 47.8 (C-9), 5@8A414), 56.6 (OMe), 59.9 (br, C-17), 81.9 (C-6),
83.3 (br, C-22), 83.9 (br, C-16), 152.4 (br, C=BRMS-FAB-NBA (m/2): [M+Na]" calcd for
CooH404Na, 481.3294; found, 481.3299.4182S-14: Mp 183 °C. fi]p™®—46.0 € 1.53 g/dL,
CHCly). *H NMR (600 MHz, CDC}, 8): 0.46 (1H, dd, = 8.0, 5.2 Hz, H-4), 0.66 (1H, ddJ = 5.2,
3.7 Hz, H-4), 0.85 (1H, m, H-8), 0.88 (1H, m, H-f), 0.90 (3H, d,J = 6.8 Hz, H-26), 0.91 (1H,

m, H-3), 0.91 (3H, d) = 6.8 Hz, H-27), 0.92 (3H, s, k18), 1.01 (3H, dJ = 6.9 Hz, H-21), 1.02
(1H, m, H-14x), 1.04 (3H, s, B19), 1.09 (1H, ddd) = 13.7, 12.6, 2.7 Hz, Hej, 1.17 (1H, dddJ
=17.6, 8.5, 3.9 Hz, H-13, 1.27 (1H, m, §24), 1.41 (1H, dd) = 10.8, 7.4 Hz, H-1a), 1.46 (1H,

m, H-118), 1.47 (1H, m, H-14), 1.50 (1H, m, H-&), 1.54 (1H, m, H-B), 1.56 (3H, m, K23 and
Hp-24), 1.58 (1H, m, H-25), 1.59 (1H, ddb> 13.8, 13.8, 4.8 Hz, H-B%, 1.73 (1H, dddd) = 12.1,
12.1, 7.9, 4.2 Hz, H®, 1.88 (1H, m, H-B), 1.89 (1H, m, H-1@), 1.90 (1H, m, H-B), 2.26 (1H,
ddd,J = 13.8, 8.3, 7.1 Hz, H-15, 2.32 (1H, dqdJ = 10.8, 6.9, 3.9 Hz, H-20), 2.78 (1H, dds 2.7,
2.7 Hz, H-@), 3.33 (3H, s, OMe), 4.18 (1H, m, H-22), 4.85 (Hdd,J = 8.3, 7.4, 4.8 Hz, H-14.

3C NMR (151 MHz, CDGJ, §): 13.0 (C-4), 13.3 (C-18), 15.8 (C-21), 19.2 (Q;18.4 (C-3), 22.2
(C-11), 22.3 (C-26), 22.6 (C-27), 24.9 (C-2), 2(bf C-23), 27.8 (C-25), 29.8 (C-8), 32.2 (C-20),
32.5 (C-15), 33.2 (C-1), 34.9 (C-7), 35.1 (C-5),88C-24), 39.7 (C-12), 42.3 (C-13), 43.3 (C-10),
48.0 (C-9), 53.8 (C-14), 54.5 (br, C-17), 56.6 (QM8H.5 (C-16), 81.9 (C-6), 85.7 (br, C-22), 153.5
(C=0). HRMS-FAB-NBA (V2): [M+Na]" calcd for GgH4¢04Na, 481.3294; found, 481.3296. In
this reaction, bis-imidazolylcarbonylat&8 (203 mg, 10%, 16163 = 33/67) was also obtained as
a colorless solid. The representatii#eNMR peaks ofl5 are the following (600 MHz, CDgJ3).

For the 1@8-isomer: 5.07 (1H, dd] = 7.0, 7.0 Hz), 5.66 (1H, ddd=7.6, 7.6, 4.1 Hz), 7.09 (1H, s),
7.37 (1H, s), 7.40 (1H, s), 8.09 (1H, s), 8.11 (8H For the 1@-isomer: 4.95 (1H, dd]= 7.0, 7.0
Hz), 5.26 (1H, ddJ = 6.7, 6.7 Hz), 6.99 (1H, s), 7.06 (1H, s), 7.18(s), 7.18 (1H, s), 7.92 (1H,
s), 7.95 (1H, s).
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4.17. (25)-6p-Methoxy-31,5-cyclocholestane-1622-diol (16,22S-9).

OMe
16p,225-9

An ice-cold solution of 1/6,225-14 (151 mg, 0.329 mmol) in anhydrous THF (5.0 mL) \sksvly
treated with LiAIH, (64.9 mg, 1.71 mmol), before the mixture was atirfor 1 h at 0 °C. The
reaction mixture was successively treated dropwitie water (0.10 mL), a 10% aqueous solution

of NaOH (0.10 mL), and water (0.30 mL), beforersty was continued for 1 h at room
temperature. The mixture was diluted with EtOAc {30) and dried over anhydrous Mg&O
Insoluble materials were filtered off, and theréite was concentratéd vacuo. The residue was
purified by flash column chromatography on silie hexane/EtOAc = 75/25-60/40, v/v) to give
16B,225-9 (129 mg, 91%) as a colorless solid. Mp 77 s +23.1 € 1.29 g/dL, CHGJ). *H

NMR (600 MHz, CDC4, 8): 0.43 (1H, ddJ = 8.0, 5.1 Hz, H-d), 0.64 (1H, ddJ = 5.1, 3.7 Hz,
H-4p), 0.82 (1H, dddJ = 10.9, 10.9, 5.1 Hz, He9, 0.86 (1H, dddJ = 13.4, 12.0, 7.8 Hz, HB),
0.90 (1H, m, H-3), 0.90 (3H, d,= 6.6 Hz, H-26), 0.91 (3H, dJ = 6.6 Hz, H-27), 0.96 (3H, s,
Hs-18), 0.97 (3H, dJ = 7.1 Hz, H-21), 0.97 (1H, m, H-1¢), 1.03 (3H, s, B19), 1.06 (1H, ddd)
=13.1,11.9, 2.9 Hz, HeJ, 1.12 (1H, dddJ = 12.3, 12.3, 4.9 Hz, H-32, 1.17 (1H, m, B24),

1.23 (1H, ddJ = 11.2, 7.0 Hz, H-14), 1.26 (1H, dddJ = 13.1, 13.1, 4.6 Hz, H-B%, 1.39 (1H, m,
Hp-24), 1.40 (1H, m, K23), 1.41 (1H, m, H-13), 1.43 (1H, m, H-14), 1.48 (1H, m, ¥-23), 1.50
(1H, m, H-I), 1.52 (1H, m, H-R), 1.57 (1H, m, H-25), 1.73 (1H, ddd#i= 12.0, 12.0, 7.9, 4.2 Hz,
H-2a), 1.82 (1H, ddddj = 11.9, 10.9, 10.9, 2.9 Hz, H38 1.92 (1H, dddJ = 13.1, 2.9, 2.9 Hz,
H-7B), 1.94 (1H, dddJ =12.3, 3.4, 3.4 Hz, H-}®, 2.24 (1H, dddJ = 13.1, 7.9, 7.5 Hz, H-15,
2.27 (1H, dqd) = 11.2, 7.1, 2.2 Hz, H-20), 2.77 (1H, dd; 2.9, 2.9 Hz, H-6), 2.90 (1H, br s,
OH), 3.32 (3H, s, OMe), 3.62 (1H, ddbi= 9.4, 2.6, 2.2 Hz, H-22), 3.80 (1H, br s, OHB%(1H,
ddd,J=7.9, 7.0, 4.6 Hz, H-1§. *C NMR (151 MHz, CDGJ, §): 13.0 (C-4), 13.4 (C-18), 16.2 (br,
C-21), 19.3 (C-19), 21.6 (C-3), 22.4 (C-11), 22B26), 22.7 (C-27), 24.9 (C-2), 28.1 (C-25), 30.0
(C-23), 30.1 (C-8), 33.3 (C-1), 34.7 (C-7), 34.920), 35.4 (C-5), 35.8 (C-15), 36.1 (C-24), 40.5
(C-12), 42.9 (C-13), 43.3 (C-10), 48.0 (C-9), 5¢414), 56.4 (OMe), 57.4 (C-17), 71.9 (C-16),
77.6 (C-22), 82.3 (C-6). HRMS-FAB-NBA(2): [M+Na]" calcd for GgH4g03Na, 455.3501; found,
455.3503. Using the same procedurey, 28514 (154 mg, 0.336 mmol) was converted into
160,2259 (134 mg, 92%).

4.18. (2R)-6B-Methoxy-3r,5-cyclocholestane-Ba22-diol (16,22R-9).
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OMe
16B,22R-9

A boiling suspension of LiAl#(56.0 mg, 1.48 mmol) in anhydrous THF (5.0 mL) wasited
dropwise with a solution of 2213 (148 mg, 0.287 mmol) in anhydrous THF (5.0 mL)eTh
resulting mixture was stirred under reflux for amd then cooled to 0 °C. This mixture was

successively treated dropwise with water (0.10 ral)0% aqueous solution of NaOH (0.10 mL),
and water (0.30 mL), before stirring was contint@dl h at room temperature. The mixture was
diluted with EtOAc (30 mL) and dried over anhydrdigSQ,. Insoluble materials were filtered off,
and the filtrate was concentratiedvacuo, before the residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 7058050, v/v) to give pure J622R-9 (106 mg,
85%) as a colorless solid. Mp 149-150 °@pf? +55.0 € 0.551 g/dL, CHG)). *H NMR (600 MHz,
CDCls, 8): 0.43 (1H, ddJ = 8.0, 5.1 Hz, H-4), 0.65 (1H, ddJ = 5.1, 3.7 Hz, H-@), 0.81 (1H, ddd,
J=10.7,10.7, 5.5 Hz, He9, 0.86 (1H, dddJ = 13.2, 11.3, 7.8 Hz, HB)}, 0.89 (1H, m, H-3), 0.90
(3H, d,J =6.7 Hz, H-26), 0.91 (3H, dJ = 6.7 Hz, H-27), 0.93 (1H, m, H-1e), 0.95 (3H, s,

Hs-18), 0.96 (3H, dJ = 6.7 Hz, H-21), 1.02 (3H, s, k19), 1.06 (1H, ddJ = 11.0, 7.4 Hz, H-1d),
1.06 (1H, dddJ =13.4, 13.4, 2.9 Hz, Hej, 1.11 (1H, dddJ =12.5, 11.7, 5.9 Hz, H-12, 1.22

(1H, m, H:24), 1.25 (1H, ddd] = 13.2, 13.2, 4.9 Hz, H-B%, 1.35 (1H, m, §23), 1.40 (1H, m,
Hp-24), 1.41 (1H, m, H-13), 1.43 (1H, m, H-1d), 1.46 (1H, m, |¥-23), 1.50 (1H, m, H-), 1.52
(1H, m, H-B), 1.55 (1H, m, H-25), 1.74 (1H, ddd#l= 12.0, 12.0, 7.8, 4.2 Hz, HxP, 1.82 (1H, m,
H-8B), 1.91 (1H, dddJ = 13.4, 2.9, 2.9 Hz, HfJ, 2.00 (1H, dddJ = 12.5, 3.3, 3.3 Hz, H-13,

2.12 (1H, m, H-20), 2.25 (1H, dddi= 13.2, 7.8, 7.4 Hz, H-1, 2.77 (1H, ddJ = 2.9, 2.9 Hz,

H-6a), 3.32 (3H, s, OMe), 3.66 (1H, ddil= 8.9, 5.4, 2.1 Hz, H-22), 4.32 (1H, ddds 7.8, 7.4,

4.9 Hz, H-16). **C NMR (151 MHz, CDQ, 8): 13.0 (C-4), 13.3 (C-18), 13.7 (C-21), 19.2 (0519
21.5(C-3), 22.4 (2C, C-11 and C-26), 22.9 (C-24)9 (C-2), 28.2 (C-25), 30.0 (C-8), 30.3 (C-23),
33.2 (C-1), 34.8 (C-7), 35.1 (C-24), 35.3 (C-5),8B@°-15), 36.3 (C-20), 40.5 (C-12), 43.1 (C-13),
43.3 (C-10), 47.9 (C-9), 54.1 (C-14), 56.5 (OM&,&(C-17), 72.5 (C-16), 75.5 (C-22), 82.2 (C-6).
HRMS-FAB-NBA (m/2): [M+Na]" calcd for GgH4g03Na, 455.3501; found, 455.3507.

4.19. (2R)-16B,22-Carbonyldioxy-B-methoxy-31,5-cyclocholestane (Ba22R-14) and
(229)-6p-methoxy-3:,5-cyclofurostanelp).
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OMe
16(,22R-14

1603,22R-9 (129 mg, 0.298 mmotb/p = 10/90) and CDI (73.7 mg, 0.455 mmol) were digsdlin
toluene (20 mL), before the resulting solution wased under reflux for 4 days. The mixture was

then cooled to room temperature and concentiateacuo. The residue was purified by flash
column chromatography on silica gel (hexane/EtOA9OA.0-80/20, v/v) to give B2R-14 (58.2
mg, 43%) as a colorless solid, al®l(53.4 mg, 43%) as a colorless ail, respectivedp,212R-14:

Mp 132-133 °C.{]p"° +33.1 € 0.274 g/dL, CHG).'H NMR (600 MHz, CDC}, 5): 0.46 (1H, dd,
J=8.0, 5.2 Hz, H-4), 0.66 (1H, ddJ = 5.2, 3.7 Hz, H-@), 0.84 (1H, m, H-8), 0.88 (1H, m,

H-1p), 0.90 (3H, dJJ = 6.5 Hz, H-26), 0.90 (1H, m, H-3), 0.92 (3H, d= 6.5 Hz, H-27), 0.93 (3H,
s, H-18), 1.01 (1H, dddj = 14.1, 10.9, 6.8 Hz, H-14, 1.03 (3H, dJ = 6.5 Hz, H-21), 1.04 (3H,
s, H-19), 1.10 (1H, dddj = 13.7, 12.7, 2.8 Hz, Hej, 1.21 (1H, m, H-1&), 1.39 (1H, dd; = 10.6,
7.9 Hz, H-1%), 1.39 (1H, m, &24), 1.45 (1H, m, H-13), 1.46 (1H, m, H-14), 1.49 (1H, m,
H-1a), 1.50 (1H, m, i§24), 1.54 (1H, m, H{®), 1.56 (1H, dddJ = 13.5, 10.9, 5.5 Hz, H-BY, 1.57
(1H, m, H-25), 1.62 (1H, m, #23), 1.74 (1H, dddd] = 12.1, 12.1, 7.9, 4.2 Hz, Hx2 1.80 (1H,
dddd,J=14.1,11.2,5.1, 2.7 Hz ,}23), 1.87 (1H, m, H4®), 1.89 (1H, dddJ) = 13.7, 2.8, 2.8 Hz,
H-7B), 1.99 (1H, dddJ) = 12.5, 3.3, 3.3 Hz, H-}®, 2.08 (1H, ddgJ = 10.6, 10.6, 6.5 Hz, H-20),
2.22 (1H, dddJ = 13.5, 8.4, 6.8 Hz, H-1§, 2.79 (1H, ddJ = 2.8, 2.8 Hz, H-6), 3.33 (3H, s,
OMe), 4.04 (1H, ddd] = 10.6, 8.1, 2.7 Hz, H-22), 4.92 (1H, ddd; 8.4, 7.9, 5.5 Hz, H-1§. *C
NMR (151 MHz, CDC4, 8): 13.1 (C-4), 13.4 (C-18), 15.9 (C-21), 19.2 (O;111..3 (C-3), 22.2
(C-26), 22.4 (C-11), 22.8 (C-27), 24.9 (C-2), 2{C825), 29.8 (C-8), 31.3 (C-23), 32.2 (C-15), 33.2
(C-1), 33.4 (C-24), 33.7 (C-20), 35.0 (C-7), 351Y), 40.5 (C-12), 42.7 (C-13), 43.3 (C-10), 47.8
(C-9), 53.6 (C-14), 56.6 (OMe), 59.6 (C-17), 80CF16), 81.9 (C-6), 87.9 (C-22), 152.9 (C=0).
HRMS-FAB-NBA (m2): [M+Na]" calcd for GeHas0sNa, 481.3294; found, 481.3295: [a]p™
+20.0 € 0.534 g/dL, CHGJ). *H NMR (600 MHz, CDC}, 8): 0.44 (1H, ddJ = 8.0, 5.1 Hz, H-4),
0.65 (1H, dd,J=5.1, 3.7 Hz, H-@), 0.82 (1H, dddJ = 10.5, 10.5, 5.8 Hz, He9, 0.86 (1H, dddJ
=13.4, 8.2, 3.7 Hz, Hf), 0.88 (3H, s, K18), 0.886 (3H, dJ = 6.7 Hz, H-26), 0.888 (3H, d) =
6.7 Hz, H-27), 0.89 (1H, m, H-3), 0.91 (3H, d= 7.2 Hz, H-21), 1.03 (1H, ddd] = 13.9, 11.0,
5.5 Hz, H-14), 1.04 (3H, s, B19), 1.07 (1H, ddd] = 13.3, 12.1, 2.9 Hz, Hej, 1.11 (1H, m,
H-120), 1.13 (1H, m, §24), 1.28 (1H, ddd] = 13.9, 12.2, 6.4 Hz, H-B%, 1.32 (1H, m, H23),
1.33 (1H, m, |-24), 1.44 (1H, m, H-13), 1.46 (1H, m, H-14), 1.47 (1H, m, |§-23), 1.51 (1H, dd,
J=13.4,7.7 Hz, H4), 1.53 (1H, ddJ = 12.2, 7.7 Hz, H{®), 1.54 (1H, m, H-25), 1.73 (1H, dd,
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= 8.6, 2.7 Hz, H-1d), 1.74 (1H, m, H-&), 1.76 (1H, dddJ = 12.5, 3.5, 3.5 Hz, H-&}, 1.88 (1H,

m, H-83), 1.90 (1H, dddJ = 13.3, 2.9, 2.9 Hz, HfJ, 2.02 (1H, dddJ = 12.2, 7.5, 5.5 Hz, H-15,
2.19 (1H, m, H-20), 2.77 (1H, dd= 2.9, 2.9 Hz, H-6), 3.32 (3H, s, OMe), 3.99 (1H, ddii= 8.6,
5.6, 4.6 Hz, H-22), 4.50 (1H, m, H-46 *C NMR (151 MHz, CDGJ, §): 13.0 (C-4), 15.1 (C-18),
16.2 (C-21), 19.3 (C-19), 21.4 (C-3), 22.4 (C-DD),56 (C-26), 22.61 (C-27), 24.9 (C-2), 28.1
(C-23), 28.2 (C-25), 29.5 (C-8), 33.2 (C-1), 33315), 35.2 (2C, C-5 and C-7), 35.3 (C-20), 35.8
(C-24), 40.2 (C-12), 41.3 (C-13), 43.5 (C-10), 4829), 55.3 (C-14), 56.5 (OMe), 64.5 (C-17),
81.5 (C-16), 82.2 (C-6), 84.4 (C-22). HRMS-FAB-NB#VZ): [M+Na]" calcd for GgHasO-Na,
437.3396; found, 437.3396.

4.20. @B-Methoxy-3u,5-cyclocholesta-16,22-dion&7).

A solution of 1,22S5-9 (502 mg, 1.16 mmol) in anhydrous &, (20 mL) was treated with DMP
(2.25 g, 2.95 mmol), before the mixture was stifiied21 h at room temperature under an argon
atmosphere. The mixture was diluted with CEH@D mL) and washed with a saturated agueous
solution of NaHCQ (40 mL). The organic layer was dried over anhydrblgSQ, filtered, and
concentratedn vacuo. The residue was purified by flash column chrorgeaphy on silica gel
(hexane/EtOAc = 90/10-70/30, v/v) to giV/é (465 mg, 94%) as a colorless oil, which solidified
during storage at room temperature. Mp 88—89 831 —106 € 1.04 g/dL, CHG)). *H NMR (600
MHz, CDClk, 3): 0.48 (1H, ddJ= 7.9, 5.2 Hz), 0.69 (1H, dd,= 5.2, 3.8 Hz), 0.84 (3H, s), 0.92
(3H, d,J=6.4 Hz), 0.92 (3H, d] = 6.4 Hz), 1.05 (3H, d] = 6.8 Hz), 1.05 (3H, s), 2.20 (1H, dH,
=18.6, 7.9 Hz), 2.57 (1H, ddd~= 17.5, 9.3, 5.5 Hz), 2.60-2.66 (2H, m), 2.71 (titkd,J = 17.5,
9.8, 5.3 Hz), 2.81 (1H, dd,= 2.7, 2.7 Hz), 3.34 (3H, s¥’C NMR (151 MHz, CDG, 5): 13.2, 13.3,
15.4,19.2, 21.2, 22.1, 22.4 (2C), 24.8, 27.6, 28272, 33.1, 34.9, 35.4, 37.3, 39.1, 40.4, 423134
43.5,47.7,51.1, 56.6, 66.4, 81.9, 214.1, 218RAMS3-FAB-NBA (m/2): [M+H]" calcd for
CagH4503, 429.3369; found, 429.3365.

4.21. Reduction o17.

An ice-cold solution of.7 (89.0 mg, 0.208 mmol) in anhydrous THF (10 mL) wksvly treated
with LiAIH 4 (43.8 mg, 1.15 mmol), before stirring was contohémr 1 h at O °C. The mixture was
successively treated dropwise with water (0.10 ral)0% aqueous solution of NaOH (0.10 mL),
and water (0.30 mL), before the resulting mixtuees\gtirred for 1 h at room temperature. The
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mixture was diluted with EtOAc (30 mL) and driedeo\anhydrous MgS© Insoluble materials
were filtered off, and the filtrate was concentdatevacuo, before the residue was purified by flash
column chromatography on silica gel (hexane/EtOA®RB0-55/45, v/v) to give 14,2259 (50.5
mg, 56%, 16/163 = 12/88) and pure B&2R-9 (23.8 mg, 26%) as colorless oils.

4.22. (25)-Cholest-5-ene{8160,22-triol (161,22S-1).

160,225-1

A mixture of 16,2259 (612 mg, 1.41 mmol), a catalytic amounipefsOH*H0, 1,4-dioxane (70
mL), and water (35 mL) was stirred under reflux2dn. Then, the mixture was cooled to room
temperature, diluted with CHE{280 mL), and washed successively with a saturadgeeous
solution of NaHC@ (110 mL) and brine (110 mL). The organic layer weaed over anhydrous
MgSQ,, filtered, and concentrated vacuo, before the residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 6050050, v/v) to give 16,2251 (588 mg, 99%)
as a colorless solid. Mp 230 °C (MeOH)]4*° —53.1 € 0.202 g/dL, CHG)). *H NMR (600 MHz,
CDCls, 8): 0.70 (3H, s, B18), 0.90 (6H, dJ = 6.6 Hz, H-26 and H-27), 0.93 (3H, dJ = 6.8 Hz,
Hs-21), 1.00 (3H, s, K19), 1.01 (1H, m, H-®), 1.09 (1H, dddJ = 13.6, 13.6, 3.8 Hz, He), 1.16
(1H, m, H:24), 1.34 (1H, m, H-1@), 1.36 (1H, m, ig-24), 1.39 (1H, m, H-1a), 1.41 (1H, m,
Ha23), 1.44 (1H, m, H-1), 1.46 (2H, m, H-B and H-14), 1.50 (1H, m, H-B), 1.54 (1H, m,
H-11a), 1.55 (1H, m, §23), 1.56 (1H, m, H-25), 1.58 (1H, br s, O{}31.59 (2H, m, H-1& and
H-20), 1.60 (1H, m, H-a), 1.64 (1H, dddJ = 13.3, 13.3, 8.0 Hz, H-B%, 1.84 (2H, m, H-f and
H-2a), 1.96 (2H, m, H-B and H-13), 2.23 (1H, m, H-8), 2.30 (1H, dddJ = 13.0, 4.8, 2.0 Hz,
H-4a), 2.59 (2H, br s, OH-1b6and OH-22), 3.54 (1H, dddd= 11.3, 11.3, 4.8, 4.8 Hz, HxB 3.85
(1H, ddd,J =8.2, 4.5, 2.4 Hz, H-22), 4.23 (1H, ddd; 8.0, 6.7, 1.3 Hz, H-1%, 5.35 (1H, m, H-6).
'H NMR (600 MHz, GDsN, 8): 0.79 (3H, s, B#18), 0.91 (3H, dJ = 6.5 Hz, H-27), 0.93 (3H, dJ
= 6.5 Hz, H-26), 1.02 (1H, ddd) = 12.3, 11.2, 4.8 Hz, Hed, 1.07 (3H, s, B19), 1.12 (1H, ddd]
=14.7,13.3, 5.2 Hz, He), 1.19 (3H, dJ = 6.2 Hz, H-21), 1.33 (1H, ddd] = 12.3, 11.8, 4.4 Hz,
H-12a), 1.34 (1H, m, B24), 1.45 (1H, dddd] = 13.2, 12.3, 12.3, 3.5 Hz, H{1)1 1.49 (1H, m,
H-8B), 1.52 (1H, m, H-14), 1.56 (1H, m, B23), 1.60 (1H, m, H-25), 1.60 (1H, ddd= 13.0, 13.0,
6.4 Hz, H-14), 1.62 (1H, m, H-d), 1.64 (1H, m, B-24), 1.74 (1H, ddd] = 13.0, 13.0, 8.4 Hz,
H-15p), 1.78 (1H, m, H-20), 1.80 (1H, dd= 13.0, 6.8 Hz, H-1a), 1.81 (1H, m, H-), 1.83 (1H,
m, H-18), 1.84 (1H, m, B-23), 1.92 (1H, ddd] = 13.0, 6.4, 0.9 Hz, H-15, 1.98 (1H, dddd) =
17.3,5.4,4.9, 2.0 Hz, HB}, 2.02 (1H, ddd) = 11.8, 3.5, 2.6 Hz, H-1, 2.10 (1H, m, H-2), 2.62
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(1H, m, H-8), 2.64 (1H, m, H-4), 3.85 (1H, m, H-8), 4.26 (1H, m, H-22), 4.53 (1H, m, H{16
5.21 (1H, br s, OH-22), 5.41 (1H, brd= 4.9 Hz, H-6), 6.21 (1H, br s, OH38 6.56 (1H, br dJ =

3.5 Hz, OH-1@). *C NMR (151 MHz, CDGJ, 8): 12.5 (br, C-21), 13.9 (C-18), 19.4 (C-19), 20.8
(C-11), 22.6 (C-26), 22.7 (C-27), 28.2 (C-25), 3(C48), 31.6 (C-2), 31.7 (C-7), 32.1 (br, C-23),
35.8 (C-24), 36.2 (C-15), 36.5 (C-10), 37.1 (C21}.,4 (br, C-20), 39.9 (C-12), 42.2 (C-4), 44.0
(C-13), 49.9 (C-9), 53.7 (C-14), 63.0 (br, C-17,77(C-3), 74.0 (br, C-22), 75.7 (C-16), 121.4
(C-6), 140.7 (C-5)**C NMR (151 MHz, GDsN, 8): 12.7 (br, C-21), 13.4 (C-18), 19.0 (C-19), 20.5
(C-11), 22.2 (C-26), 22.3 (C-27), 27.9 (C-25), 3(C28), 31.5 (C-7), 31.9 (2C, C-2 and C-23), 35.9
(C-24), 36.17 (C-15), 36.23 (C-10), 37.0 (C-1),13@r, C-20), 39.8 (C-12), 42.8 (C-4), 43.3 (C-13),
49.8 (C-9), 53.6 (C-14), 62.9 (C-17), 70.5 (C-3),87(br, C-22), 74.4 (C-16), 120.4 (C-6), 141.3
(C-5). HRMS-FAB-NBA (W2): [M+Na]" calcd for G;Hs60sNa, 441.3345; found, 441.3345.

4.23. (2R)-Cholest-5-ene{816a,22-triol (16x,22R-1).

160,22R-1

Using the same procedure as for the synthesisgP26 1, 160,22R-1 (913 mg, 95%) was
obtained from 16,22R-9 (997 mg, 2.30 mmol) as a colorless solid. Mp 118-C (MeOH). §]o*’
—56.4 € 0.208 g/dL, CHGJ)). *H NMR (600 MHz, CDGC}, §): 0.74 (3H, s, B18), 0.89 (3H, dJ =
6.6 Hz, HB-26), 0.90 (3H, dJ = 6.6 Hz, H-27), 0.97 (3H, dJ = 6.8 Hz, H-21), 0.99 (1H, m, H-®),
1.00 (3H, s, B19), 1.09 (1H, ddd] = 14.0, 13.1, 3.3 Hz, He), 1.20 (1H, ddJ = 10.9, 6.0 Hz,
H-17a), 1.21 (1H, m, §24), 1.31 (1H, ddd] = 13.8, 12.5, 4.2 Hz, H-12, 1.36 (1H, m, |23),
1.38 (1H, m, |-24), 1.40 (1H, m, H-1e8), 1.43 (1H, m, H-18), 1.47 (1H, m, H-B), 1.50 (1H, m,
H-2B), 1.52 (1H, m, H-14d), 1.55 (1H, m, H-25), 1.57 (1H, m, H-dp 1.60 (2H, m, H-& and
Hp-23), 1.67 (1H, ddd] = 13.3, 13.3, 8.2 Hz, H-B%, 1.75 (1H, dgdJ = 10.9, 6.8, 4.5 Hz, H-20),
1.84 (2H, m, H-B and H-21), 1.96 (1H, dddd) = 17.5, 5.2, 5.2, 2.8 Hz, H3), 2.01 (1H, dddJ =
12.5, 3.4, 3.4 Hz, H-1®), 2.23 (1H, dddd) = 13.1, 11.3, 5.1, 2.8 Hz, H3% 2.30 (1H, dddJ =
13.1,5.0, 1.9 Hz, H4), 3.54 (1H, dddd) = 11.3, 11.3, 5.0, 4.2 Hz, Hx} 3.68 (1H, dddJ = 9.0,
4.5, 2.4 Hz, H-22), 4.16 (1H, m, H4)6 5.35 (1H, m, H-6)*H NMR (600 MHz, GDsN, 5): 0.79
(3H, s, H-18), 0.94 (3H, dJ = 6.5 Hz, H-27), 0.95 (3H, dJ = 6.5 Hz, H-26), 1.02 (1H, ddd] =
11.6, 10.9, 4.8 Hz, He), 1.07 (3H, s, B19), 1.11 (1H, ddd] = 13.1, 13.1, 3.5 Hz, He), 1.30
(3H, d,J=6.8 Hz, H-21), 1.34 (1H, ddd] = 12.7, 12.7, 3.9 Hz, H-12, 1.44 (1H, m, H-18), 1.48
(1H, m, H-8), 1.52 (1H, m, H-14), 1.56 (1H, dddJ = 13.0, 10.9, 7.0 Hz, H-14, 1.61 (2H, m,
H-7a and H-1%), 1.64 (1H, m, B24), 1.67 (1H, m, KH23), 1.68 (1H, m, H-25), 1.73 (1H, ddbs=
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13.0, 12.4, 8.3 Hz, H-1, 1.81 (1H, m, H-), 1.84 (1H, dddJ = 13.1, 3.5, 3.5 Hz, Hf), 1.89

(1H, dd,J = 12.4, 7.0 Hz, H-1&), 1.89 (1H, m, [§-24), 1.98 (1H, m, H{%), 2.05 (1H, m, [§-23),
2.08 (1H, m, H-1R), 2.09 (1H, m, H-&), 2.20 (1H, qdd) = 6.8, 6.8, 3.7 Hz, H-20), 2.62 (1H, m,
H-4B), 2.64 (1H, m, H-4), 3.84 (1H, m, H-8), 4.41 (1H, m, H-1B), 4.42 (1H, m, H-22), 5.41 (1H,
br d,J = 4.0 Hz, H-6), 5.66 (1H, d,= 5.1 Hz, OH-22), 6.02 (1H, d,= 5.5 Hz, OH-16), 6.21 (1H,
br d,J = 3.8 Hz, OH-B). **C NMR (151 MHz, CD{, §): 13.3 (C-18), 15.4 (C-21), 19.4 (C-19),
20.7 (C-11), 22.5 (C-26), 22.8 (C-27), 28.2 (C-ZH).9 (C-23), 31.3 (C-8), 31.6 (C-2), 31.7 (C-7),
35.5 (C-24), 36.4 (C-10), 36.8 (C-15), 37.1 (C39,9 (C-12), 40.8 (C-20), 42.2 (C-4), 44.6 (C-13),
49.8 (C-9), 53.4 (C-14), 63.6 (C-17), 71.7 (C-3),68 (C-22), 76.64 (C-16), 121.4 (C-6), 140.7
(C-5).%°C NMR (151 MHz, GDsN, 8): 12.8 (C-18), 13.9 (C-21), 18.9 (C-19), 20.5 (Q;22.3
(C-26), 22.6 (C-27), 28.0 (C-25), 29.2 (C-23), 31088), 31.7 (C-7), 31.9 (C-2), 36.2 (C-24), 36.3
(C-10), 37.0 (C-1), 37.3 (C-15), 39.7 (C-12), 4(C820), 42.8 (C-4), 43.6 (C-13), 49.8 (C-9), 53.4
(C-14), 62.9 (C-17), 70.5 (C-3), 73.7 (C-22), 783516), 120.5 (C-6), 141.3 (C-5).
HRMS-FAB-NBA (m/2): [M+Na]" calcd for G/H4¢03Na, 441.3345; found, 441.3346.

4.24. (25)-Cholest-5-ene{3163,22-triol (13,2251 = calibagenin).

164,225-1

Using the same procedure as for the synthesisgP26 1, 163,2251 (756 mg, 95%) was obtained
from 13,2259 (819 mg, 1.89 mmol) as a colorless solid. Mp 189¥eOH/H0) (lit." mp 195—
196 (MeOH/HO)). [0]p*®-55.8 € 0.198 g/dL, CHG) (lit.} [0]p*° =56 (CHCY); lit.® [a]p —62.0
(CHCI3)). *H NMR (600 MHz, CDC}, 6): 0.91 (3H, d,J = 6.6 Hz, H-26), 0.92 (3H, dJ = 6.6 Hz,
Hs-27), 0.92 (1H, m, H-1e), 0.94 (3H, s, K18), 0.94 (1H, m, H-®), 0.98 (3H, d,J=7.1 Hz,
Hs-21), 1.02 (3H, s, K19), 1.07 (1H, ddd] = 14.0, 14.0, 4.1 Hz, He), 1.13 (1H, m, H-1&), 1.19
(1H, m, H-24), 1.21 (1H, ddJ = 11.1, 6.9 Hz, H-1d), 1.22 (1H, ddd) = 13.2, 13.2, 4.6 Hz,
H-1503), 1.37 (1H, m, I§#24), 1.42 (1H, m, K#23), 1.47 (1H, dJ = 4.4 Hz, OH-3), 1.50 (2H, m,
H-23 and H-1B), 1.51 (1H, m, 23), 1.52 (1H, m, H), 1.53 (1H, m, H-1d), 1.55 (1H, m,
H-8B), 1.58 (1H, m, H-25), 1.84 (2H, m, H3&nd H-2), 1.97 (1H, dddJ = 12.5, 3.5, 3.5 Hz,
H-12p), 2.01 (1H, m, H-B), 2.19 (1H, br s, OH-16/22), 2.23 (1H, ddd; 13.2, 8.0, 7.5 Hz,

H-15¢), 2.24 (1H, m, H-B), 2.29 (1H, m, H-20), 2.30 (1H, m, R 3.53 (1H, m, H-8), 3.54 (1H,
br s, OH-16/22), 3.63 (1H, ddd= 9.7, 2.3, 2.3 Hz, H-22), 4.35 (1H, ddds 8.0, 6.9, 4.6 Hz,
H-16a), 5.34 (1H, m, H-6). The assignment of H-2, H-728{ H-24, H-26, and H-27 by Christ and
co-workers (400 MHz, CDG)’ was revised"H NMR (600 MHz, GDsN, §): 0.899 (3H, dJ = 6.6
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Hz, Hs-27), 0.902 (3H, d) = 6.6 Hz, H-26), 0.97 (1H, ddd] = 13.4, 10.5, 7.4 Hz, H-14, 1.01

(1H, m, H-Q), 1.09 (3H, s, K19), 1.15 (1H, ddd] = 13.4, 13.4, 3.5 Hz, He), 1.21 (3H, s,

Hs-18), 1.22 (1H, m, H-18®), 1.24 (3H, d,J = 7.1 Hz, H-21), 1.37 (1H, m, K24), 1.54 (2H, m,
H-11o and H-1B), 1.55 (1H, dddJ = 13.4, 12.8, 4.6 Hz, H-B%, 1.59 (1H, m, H-d), 1.61 (2H, m,
H-8B3 and H-25), 1.69 (1H, dd,=11.2, 7.1 Hz, H-1&), 1.72 (1H, m, &23), 1.74 (1H, m, K24),
1.81 (1H, m, B-23), 1.82 (1H, m, H{3), 1.86 (1H, dddJ = 13.4, 3.5, 3.5 Hz, Hf}}, 2.00 (1H, m,
H-7B), 2.10 (1H, m, H-1R), 2.11 (1H, m, H-2), 2.33 (1H, dddJ = 12.8, 7.9, 7.4 Hz, H-1j, 2.61
(1H,qdd,J=7.1, 7.1, 1.8 Hz, H-20), 2.63 (1H, m, i#)42.65 (1H, m, H-4), 3.87 (1H, m, H-3),
4.19 (1H, m, H-22), 4.79 (1H, ddddl= 11.2, 7.9, 4.6, 3.6 Hz, H-&§ 5.43 (1H, br dJ = 5.0 Hz,
H-6), 5.96 (1H, dJ = 3.6 Hz, OH-18), 6.25 (1H, br dJ = 3.8 Hz, OH-8), 6.41 (1H, brdJ=5.2
Hz, OH-22). ThéH NMR spectrum in €DsN was not in accordance with that of Kuroda and
co-workers (400 MHz, §DsN).° **C NMR (151 MHz, CDGJ, §): 12.9 (C-18), 16.3 (C-21), 19.4
(C-19), 20.8 (C-11), 22.5 (C-26), 22.8 (C-27), 2&125), 29.9 (C-23), 31.5 (C-8), 31.6 (C-2), 31.8
(C-7), 34.7 (C-20), 35.8 (C-15), 36.1 (C-24), 3@510), 37.2 (C-1), 40.0 (C-12), 42.3 (C-4), 42.5
(C-13), 50.1 (C-9), 54.6 (C-14), 57.2 (C-17), 7(C83), 72.0 (C-16), 78.0 (C-22), 121.5 (C-6),
140.8 (C-5). The assignment of Christ and co-wark&0 MHz, CDGJ))’ was interchanged for the
pairs C-2 and C-23; C-5 and C-6; and C-7 and EBNMR (151 MHz, GDsN, 8): 12.9 (C-18),
14.6 (br, C-21), 19.0 (C-19), 20.5 (C-11), 22.128); 22.4 (C-27), 27.8 (C-25), 31.4 (C-8), 31.5
(C-23), 31.6 (C-7), 32.0 (C-2), 35.4 (C-20), 36CL34), 36.3 (C-10), 36.6 (C-15), 37.2 (C-1), 39.8
(C-12), 42.0 (C-13), 42.8 (C-4), 50.0 (C-9), 54414), 57.4 (C-17), 70.6 (C-3), 70.8 (C-16), 74.5
(br, C-22), 120.6 (C-6), 141.4 (C-5). THE NMR spectrum in €DsN was not in accordance with
that of Kuroda and co-workers (100 MHzDEN).> HRMS-FAB-NBA (m/2): [M+Na]* calcd for
Co7/H4603Na, 441.3345; found, 441.3344.

4.25. (2R)-Cholest-5-ene{816B,22-triol (163,22R-1 = saxosterol).

16p,22R-1

Using the same procedure as for the synthesisgP281, 163,22R-1 (552 mg, quant) was
obtained from 1B,22R-9 (573 mg, 1.32 mmol) as a colorless solid. Mp 186-IC (MeOH) (lit?
mp 182-183 °C (MeOH))o]p'®-32.6 € 0.204 g/dL, CHGJ) (lit.? [a]p*° —27 € 0.2 g/dL, CHCY)).
'H NMR (600 MHz, CDC4, 5): 0.89 (1H, dddJ = 13.2, 10.4, 7.2 Hz, H-14, 0.90 (3H, dJ) = 6.7
Hz, Hs-26), 0.91 (3H, dJ = 6.7 Hz, H-27), 0.92 (3H, s, K18), 0.93 (1H, m, H-®), 0.97 (3H, d,]
=7.0 Hz, H-21), 1.02 (3H, s, k19), 1.06 (1H, dd) = 11.1, 7.2 Hz, H-14), 1.07 (1H, m, H-&),
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1.14 (1H, dddJ = 12.6, 11.8, 5.9 Hz, H-12, 1.20 (1H, dddJ = 13.2, 13.2, 5.0 Hz, H-B, 1.22
(1H, m, H:24), 1.37 (1H, m, K24), 1.38 (1H, m, KH23), 1.48 (1H, m, H-13), 1.50 (2H, m, H-B
and H-11y), 1.51 (1H, m, |§-23), 1.52 (1H, m, H-), 1.54 (1H, m, H-B), 1.55 (1H, m, H-25), 1.84
(2H, m, H-B and H-2), 2.00 (1H, m, H-B), 2.04 (1H, dddJ = 12.6, 3.6, 3.6 Hz, H-1®, 2.12

(1H, dgd,J=11.1, 7.0, 6.1 Hz, H-20), 2.23 (1H, ddd&; 13.2, 8.0, 7.2 Hz, H-15, 2.24 (1H, m,
H-4p), 2.30 (1H, dddJ = 13.1, 5.0, 2.1 Hz, Hed, 3.52 (1H, m, H-8), 3.65 (1H, dddJ = 8.6, 6.1,
6.1 Hz, H-22), 4.35 (1H, ddd,= 8.0, 7.2, 5.0 Hz, H-1§, 5.35 (1H, m, H-6)'H NMR (600 MHz,
CsDsN, 6): 0.94 (6H, dJ = 6.5 Hz, H-26 and H-27), 0.95 (1H, ddd) = 13.2, 10.4, 7.6 Hz, H-14,
1.04 (1H, dddJ = 10.6, 10.6, 6.4 Hz, He9, 1.09 (3H, s, K19), 1.17 (1H, ddd) = 13.4, 13.4, 3.8
Hz, H-10), 1.20 (3H, s, B18), 1.21 (1H, ddd] = 12.4, 12.4, 5.6 Hz, H-32, 1.29 (1H, ddJ =

11.5, 6.9 Hz, H-1a), 1.30 (3H, dJ = 6.9 Hz, H-21), 1.50 (1H, m, K#24), 1.52 (1H, m, H-13),

1.55 (1H, m, H-1&), 1.57 (1H, dddJ = 13.2, 12.8, 4.4 Hz, H-B%, 1.62 (2H, m, H-Z and H-§),
1.66 (1H, m, H-25), 1.68 (1H, m423), 1.75 (1H, m, K23), 1.81 (1H, m, K24), 1.83 (1H, m,
H-2B), 1.88 (1H, dddJ = 13.4, 3.3, 3.3 Hz, H), 2.01 (1H, m, H-B), 2.11 (1H, m, H-2), 2.12

(1H, ddd,J = 12.4, 3.5, 3.5 Hz, H-J}, 2.36 (1H, dddJ = 12.8, 7.6, 7.6 Hz, H-15, 2.63 (1H, m,
H-4pB), 2.66 (1H, m, H-4), 2.81 (1H, qddJ = 6.9, 6.9, 4.3 Hz, H-20), 3.87 (1H, m, ld)34.45 (1H,
m, H-22), 4.66 (1H, dddd,= 11.5, 7.6, 4.4, 4.4 Hz, H-4§ 5.44 (1H, br dJ = 5.0 Hz, H-6), 5.90
(1H, d,J = 4.4 Hz, OH-16), 5.93 (1H, br dJ = 3.2 Hz, OH-22), 6.23 (1H, br d= 3.2 Hz,

OH-3p). **C NMR (151 MHz, CD, 8): 13.0 (C-18), 14.2 (C-21), 19.4 (C-19), 20.8 (Q); 2.4
(C-26), 22.9 (C-27), 28.2 (C-25), 31.0 (C-23), 3(Cs8), 31.6 (C-2), 31.8 (C-7), 34.9 (C-24), 36.1
(C-20), 36.2 (C-15), 36.5 (C-10), 37.2 (C-1), 4(C112), 42.2 (C-4), 42.8 (C-13), 50.0 (C-9), 54.4
(C-14), 60.1 (C-17), 71.7 (C-3), 72.6 (C-16), 762322), 121.5 (C-6), 140.8 (C-5YC NMR (151
MHz, GDsN, 8): 12.8 (C-18), 12.9 (C-21), 19.0 (C-19), 20.5 (D;R2.0 (C-26), 22.7 (C-27), 27.9
(C-25), 29.1 (C-23), 31.3 (C-8), 31.6 (C-7), 3212), 35.9 (C-24), 36.3 (C-10), 36.8 (C-20), 37.17
(C-1), 37.19 (C-15), 39.8 (C-12), 42.3 (C-13), 4&84), 50.0 (C-9), 54.2 (C-14), 59.1 (C-17), 70.6
(C-3), 70.7 (C-16), 72.6 (C-22), 120.5 (C-6), 14(C45). HRMS-FAB-NBA (W2): [M+Na]" calcd
for Co7H4603Na, 441.3345; found, 441.3344.

4.26. Single-crystal X-ray structure determination.

For the X-ray experiments, 42251, 160,22R-1, 163,2251, and 16,22R-1 were recrystallized

from MeOH, CHC}, acetone/KD, and EtOAc/hexane, respectively. Single crysialssuitable for
X-ray diffraction studies were analyzed using a7 24D detector with synchrotron radiation from
beamlines BL40XUX = 0.78229 A) and BLO2B1r(= 0.70060 A) of SPring-8 (Hyogo, Japan). The
structures ofl. were solved by direct methods and refined usiegul-matrix least squares method.
The positions of all non-hydrogen atoms were fousitg difference Fourier electron density maps
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and refined anisotropically. All calculations wererformed using the Rigaku "Crystal Structure”
crystallographic software package or Yadokari-®@nd thermal-ellipsoid plots were drawn using
ORTEP. The crystallographic data have been depbaitthe Cambridge Crystallographic Data
Centre under reference numbers CCDC-1978232, 1%/4374687, and 1974686 for compounds
160,2251, 160,22R-1, 13,2251, and 16,22R-1, respectively. Copies of the data can be obtained
free of charge via http://www.ccdc.cam.ac.uk/caetsieving.html (or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Caalgler, CB2 1EZ, UK; Fax: +44 1223 336033;

e-mail: deposit@ccdc.cam.ac.uk).
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Table 1. Comparison of théH NMR, [¢]p, and mp data of calibagenin, saxosterol, And

'H NMR? [alo” Mp

H-18 H-16 H-22 (°C) Solvent
calibagenin 0.91 (s)  4.36 (n) 3.56 (m§ -56  195-196 MeOH/H,0
saxosterol  0.92 (s) 4.35 (m) 3.65 (m) £27 182-183 MeOH
160,2251 0.70(s)  4.23(ddd, 8.0, 6.7, 1.33.85 (ddd, 8.2, 4.5, 2.4)-53. 230 MeOH
160,22R-1  0.74(s)  4.16 (m) 3.68 (ddd, 9.0, 4.5, 2.456.4' 118-119 MeOH
168,2251 0.94(s)  4.35(ddd, 8.0, 6.9, 4.63.63 (ddd, 9.7, 2.3, 2.3)-55.8 189 MeOH/HO

168,22R-1  0.92 (s) 4.35 (ddd, 8.0, 7.2, 5.08.65 (ddd, 8.6, 6.1, 6.1)-32.6 185-186 MeOH

3 Recorded in CDGlat 60 MHz (calibagenin), 270 MHz (saxosterol)660 MHz (); ® Measured in CHGI(c 0.2 g/dL).® Solvent
used for recrystallizatiofl. Assigned as H-22 in the original literatuféssigned as H-16 in the original literatur&leasured at 20
°C.9 Measured at 19 °¢ Measured at 17 °CMeasured at 18 °C.
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160,225 (R! = OH, R2=H, R3 = 0OH, R4 =H)
160,22R (R' =OH, R2=H, R3=H, R4 = OH,;
calibagenin (previously proposed))
16,225 (R =H, R2=0OH, R3=OH, R4 = H)
16p8,22R (R' =H, R2=0H, R3=H, R4 = OH;
saxosterol (previously proposed))



16(,225-1 C 16B22R



225 (R3 = OPiv; R4 = H) 225 (R8 = OH; R* = H; R5 = TBDPS)
22R (R3 = H; R4 = OPiv) 22R (R® = H; R4 = OH; RS = TBDPS) 6



1. MsCl, EtgN

Me,AICI toluene, rt BH3:SMe,
4 +5 > _— > - " >
CHJCly/hexane 2. KOAc THF, rt
-78t00°C MeOH, reflux 72-87%
72% (225-3) 69-75% 4
16% (22R-3) RSO
3 ((R3=0OH-R4=H-R5 = ) OMe
DMP, CH,Cl,, rt ;gg g (R*=OH, R*=H; R°= TBDPS)} 1. PivCI, DMAP _
88% -3 (R®=H; R* = OH; R® = TBDPS) CHCly, 1t 2282 (R®=OPiv;R*=H)  PivCl, DMAP — 160,225-9 (R3 = OH; R = H; R6 = H)
7 (R®=R*=0; R® = TBDPS) 2. TBAF 22R-2 (R3 = H; R4 = OPiv) CH,Cly, rt |;16oc,22F:’-9 (R =H; R4 = OH; R® = H)
225-8 (R® = OPiv; R*=H; R5=H) THF, 1t 18% >160,225-10 (R3 = OPiv; R4 = H; R6 = H)
22R-8 (R® = H; R* = OPiv; R® = H) 96-97% 160,22R-10 (R = H; R* = OPiv; R6 = H)
160,225-11 (R3 = OH; R4 = H; R® = Piv)
160,22R-11 (R3 = H; R4 = OH; R = Piv)
160,225-12 (R3 = OPlv R4 =H; R® = Piv)
160,22R-12 (R3 = H; R* = OPiv; R6 = Piv)
DIBAL
CHJCl,/toluene, —78 °C
72% (16B,225-9 from 225-13)
DMP (16a/16B = 9/91)
CH,Cly, t LiAIH,,
94% (225-13 from16,225-10) THF, reflux

89% (22R-13 from 160,22R-10)
94% (17 from160,225-9)

85% (16B,22R-9 from 22R-13)
(16a/16p = ~0100)

OMe OMe

225-13 (R3 = OPiv; R4 = H)
22R-13 (R3 = H; R4 = OPiv)
17 (R3=R*=0)

16p,225-9 (R3 = OH; R4 = H)
16p,22R-9 (R® = H; R4 = OH)



16ap,225-9 CDI

(afp =17/83) toluene, reflux

13% (160,225-14)
70% (16p,225-14)

10% (15)
OMe OMe OMe N
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