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B2 I Dy (1) 131925 FFIZHi< DA & LTHR SN, WAFHDOEERNT L~
U LRI E R BRNVE L THDHZ EN BN E 2o (Fig. 1). 1970 FRIZ7e > T,
ZOEMEAREKITERATE FrF I fbxZ T 1025-VE FrFEX I D
[10,25(OH).D;3] (2) TH D Z L2 SN (Fig.1). 1a,25(0H),Ds  (2) AL
LEFEMEICEE R EER 2D 9. ZOBKRELOMRICLY, ©X IV DIy
DRET2T T < MR O AL FF A 7 SR OMRERETICIR b o T D Z &
W BINE IR 1O B2 I Dy Ofc RAEBEEN O E o> TLR, £<D
10,25(0H).D; (2) iR S, EEMBHE 2 FIRIZ, EPEom b, M Ca
RED EAERE BRI E T HEHONEA B L TRAICIFEN T ThILTWD V8. 2
DFEF, BIETIET V7 7 vy R—v 3) #ILL®H, K& 30K, T747bb
EHURE, WoME, RVERI AR ARBSRE TTHEIE OTEIREE & U CEERMBIRE BRI LT D
(Fig. 2). ZDOH T, P~V DLy b—b (6) (FHEEREHNT T Co MmigmEIH IR AR
FEY (PTH) IR TFERRIRVIER L St Tnsd. BEX I Dy DKL 9 A EBRENE
WEIZBE L TIE, 20X 9 ICHBb AR K DR O AT 5 &, BREHHE
H, PTH FEEMIHIER 72 & OIBEMEIC K X 7B % RITT 2 LD, T O
(XD FE A OB LB EMZRIRTE 5N H D 2 L 2R L TND,

1: vitamin D3 2: 10,25-dihydroxyvitamin D3
[1a,25(0H),D3])

Fig. 1 Chemical structures of vitamin D3 (1) and 1a,25-dihydroxyvitamin D3 (2).
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) OH
2: 1a,25-dihydroxyvitamin Dy 3: Alfacalcidol ~T 5: Falecalcitriol
Osteoporosis Osteoporosis 4: Eldecalcitol Hyperparathyoidism
Osteoporosis

OH

OH

6: Maxacalcitol 7: Takalcitol 8: Calcipotriol
Hyperparathyoidism Psoriasis Psoriasis

Fig. 2 Vitamin D related drugs.
B4 X2 D AN <X 1981 RGBS A, BT LW O TiE 2013 FITERB SN2 D
DRHLD, WTFRLbmALT U AIESEITER & L TEESND. @Ay AlE
1% 1a,25(0OH),Ds (2) OFF> v AMERIZERT 228, BHMRE LT T MjE
ZME AR RE L, Sl e 0E, DifEZEEOEERRER 767, vX
TUDREWTH S 10,25(0HkD; (2) &6 LITiTONTMZEIC L Y U Ty FiEaHE
REEL DI ENHIASNTEZ., LL, 10,25(0HDs (2) #Hd#E Lk E K
TIEREREROZEHITE TR LT, AL Zattomnroe s I D Oy
U AERNSEELT, RERRN X I D MAOBENEETL TS, Z0k)
(CENTALEME RIS 2 2 LIFBEDS ZONHFEORED—2Th .

B X 2 Dy ORGEH

B CTAEBRENTZEX I Dy 1) HD WIS LRIN S - BYHko e 4 2
> Dy (1) 1%, BRAOFEA S /)7 % (vitamin D binding protein, DBP) (Zf54& L C,
IIE I EAL D . FEICHIE T CYP27A1 H 5V E CYP2R1 IZE D 25 i3 R i qb &

N, WICENET CYP27BL IZ LY lafidt Faxifbsh, HHERMEZ I Dy Th

% 10,25(0H)D; (2) B4:U 2% (Fig.3). ©4 2> D #\HH+ 28FE o b CARMICE



CYP27A1
CYP2R1

.

HO™

1: vitamin D3 9: 25-hydroxyvitamin D3
25(0OH)D3

2: 10,25-dihydroxyvitamin D3
10,,25(0OH),D;4

Fig. 3 Activation of vitamin Ds.
BREERIEL, WTHHI R eAP4S0 77 IV —IZBLTWD. AMMICEERE S
2 ¥ D R IS AFAE T D CYP27A1 & OY CYP2RI1, BTN RS /AT 5
CYP27B1, BIEC/MBREIE 72 & €% 2 v D ARSI AFE T D AIE M LEESR O
CYP24A1 TH 5. CYP24A1 13 E| 2 #& 2 72 10,25(0OH)D; (2) % A0z AHd 5.
ZORBIRIEIT 2BV, 223 REX I M6 UEY, bH —2ld24 /it
R b biE UED. CYP4AL IFLEMEDRISZ Mt L 23S ALod b R 2 1K7)»
SIAED 4 BEFEDRISIC LV 2623-F 7 b AR~ L EH T 5 (Fig. 4). ZORKDT 7
N oRE (10) % EICHR S L7z L&Y TEI9647 (11), TEI-9648 (12) 1XE# I v
D Z&{K (VDR) 72> & =R MEMZRTHEMRLE L CHE SN (Fig. 5) 29,
10,25(0H)D; (2) ZEFEGm~NGHT, ZLOFBEERPEGHINTVDLR, Zhbd
DIFEAEN VDR 7T T=A FTHY, VDR FrEH 2T > ¥ T=A MIHRSE STV
ofe. VDR 7 w4 A=A MEWZ AT 2FHEMIE, IHMHERBEMEOMmITY —1 L L
TOHEHT, VDRIEREILEIED —DTHH /3T = v MERE X I DEENER & C
FHHIDE AN T AMIEIS T DIRFEEE L THIRF SN TV D, Z2D%, W ONT
VAT A MEEE R TIHREARP A SN2, T I =R MEEE ST O LI
PRaEEay e s
1) C-23 pathway OH o

2) C-24 pathway

\ OH o} o}
1, ‘. ‘v, ‘. H H ‘. H ‘0, H
(\/;ﬁ(OH (\)H(OH NH(OH r\c ,0 (\C o (\COO
—_— _— OH —_—

Calcitroic acid

Fig. 4 C-24 and C-23 oxidation pathways of vitamin D3 catalyzed by human CYP24A1'D.
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10: (23S,25R)-1a,,25(0H),D3- 11: TEI-9647 12: TEI-9648
26,23-lactone

Fig. 5 Structures of 1a,25(0OH)2D3-26,23-lactone analogues.

(272N, F T C-23 BREETIE Co-Cos RGBT S5 SR b iRE ST b 1. 24R
izt Fud i bt R TIE 6 B ThL Y b o U~ %5 (Fig.4). 254
#HWIL VDR fEAREZ 1T & A ERE T, CYP24A1 1L, RIEMALEESRE & LT 10,25(0H)D;
(2) DAEENTOFEELZHRES T ETEETHD. £, TS OEX I D%
L 5 DFEE & LTIiX CYP3A4, CYPI1AL, UDP-Z V7 v U FRERNIIESR, s A
BERENFET HN TS, CYPHIAL I =F T 223, M2 E2HT 54
HYEMWE 2 AT, 77 v CIRAA RO AR 72 5 & VDR KA REIZTHA
T 5. 25 fiAKERLEESE 1T CYP27A1 & CYP2RI MFEFE L, EMWFEIZ K-> Cifthod CYP
DTFEOTFRGOHNMRENGENH L2, & MIBWTIX CYP2RI BNEZEE 72 5. 2003
£, B b CYP2R1 OZHE L99P 78, < 2IREBISEZTZ Laws s 2. —5,
CYP27Al B FRIBIZT VA F /) — /L OFRIC L0 Wl aEE x5 & 232, §
TERICITRFIC R E R E KT S 720 B, 25 itk Re X AbEERIZZ 0 —2LSMNT b
WEINTEY EREMNRHEETH D CYP3Ad LZD—D2THDH Y. —F, lafiit
Ru S AbEERII R Y, BUEMRR SN TV D DX CYP27TB1 DA TH%. CYP2TBI
WABLT 2B A, MH 10,25(0H):Ds (2) OFERIGIRTH 523, Mok, RE
BBV T CYP27B1 A%BLL, B CYP27B1 & AR TOFENRE 5

LTwWa D,



B4 v Dy OALZERIME

7-7t Fea b A7ua—/b (13) 1%, BEREN 5,7-¥ T U4 £ H KB ot x

=T RIL L, ~ Y BRSO —2Tdh 5B FEIRBUG & FETN 2 e b7 SOn & e Z
TZETBEMNPHAAL, RN ZUMEEZATL7LEX I Dy (14) BAERKT D
(Fig. 6). Z OYERUSIE, ZRAMROHTH UV-B (280-315 nm) DENHE N2 TH
D, WE295mm B BIENRELS T L EX I Dy (14) ZAMT 25 19, XU BRIRKES
DY I —DDRIED 1,7-3 7~ hr =iz LT L EZ I Dy (14) 1T 3
Dy (1) &5, ZORNFHEIREBICS VKRR ML TIIEZ 2 Ds (1) llCKE
Mw->TEY, BEOHIEFL, ORI EINRNESND., TLEX IV
SIIHICK D EMBELEZ I Dy (1) BSMHIH, WvIAT =L (15) RFFAT
m—/L (16) ZAEKT 5. 2 DDERMITITI DIRIEHEIZIZE A LRV, LI R
T 0 — WG 2 SR WAERER ARG S TS 17,

B2 IV Dy IO SN FREEE AT 5. T bbb A R L AIEBENIEZ < O/
JEZELD 5 5. MEIZEA L TIE, RFE-IKFHFKS O D ORERIC XKV £ < ORENE
T 5. ZO7OIgE, & <2250k Ru X S HROFENEITRAWEREZ S5
L2725, 10,25(0H)Ds (2) O =>0Dt NuaF VI BRI EE o &E 2 3
T, BLBEIC KD ZOMERRIIRE KT 5. A BRERIE _HEA ATELRE o-form &

B-form VPRI RE , 'THNMR fi##Tic k5 &, BLZ 1:1 OFIEGTHEEL T
H
|" 1
QUL L
HO HO'
13: provitamin D3 14: previtamin D3 )
(7-DHC) U\:/ ) 6-s-cis 1:6:,]:::;253

15: Lumisterol

HO"

16: Tachysterol

Fig. 6
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Fig. 7 The A-ring of 2 and its related seco-steroids adopts two chair conformations, a-form and
B-form, and the conformational equilibrium can be estimated by using the vicinal coupling

constants between protons at the C3 and C4 positions (Jax,ax = 11.1 Hz, Jeqeq = 2.7 Hz).

% (Fig.7) 1829, —J5, CD BRE/IINER & HEBRVHR LI ey 7 nBETH Y,
ZOESTOREIRA LT A= a VERITRY. AT A RERO B B FHAR
L7z C5-C6-C7-C8 2372 g P L i orid it LTV B 7 DI AS, X S ST
RETYZ D 4 OORFEN 72T ZHAITEE L TER.5 L ORENH D 2. C6-CT
DHFE AL 6-s-trans TS EABBPIERLIZAFAES D73 6-s-cis LT HAFET S (Fig. 6). F
Tz, VEUE XY AT LU, 7205 C6-C5-C10-C19 2378 HEAITANBERA
ARIEED 728, FHLTE56° L OWMENRH D 2D, 20D EHX I DyEHIT MY

TUEERT L0, TRULITHAERNILH Db DODFERLRIETR TITAR.

t |k VDR & 10,25(0H).D; (2) OB ERORESAEE T IX 2000 FI2 @A Siiz 2.
T DFERITEELD T, N—TED 51 T R ) BERERW L O TH DA, fbsh
HCABREIE B-form ICTERAEREFEELTWDZENRHLNE -T2 U R
A B A7 (ligand binding domain, LBD) T 1a,25(0OH)D; (2) DM, > F Y
C16-C17-C20-C22 D 72¢ a7 » FR TR F—v a2 Mo Tn g, £72, ¥
T UERD C5-C6-C7-C8 37323 [ f41%- 148.6° TH Y, ZF#K72 10,25(0H)Ds (2) 3%
RRRIICEE CTH D Z N bnd. BUETIE, #kx 72U Y RE WA
WS TODED, TV 2B L2V Ty RO BT, 4 ATUFELEEIZ %
5.2 % ABRH~DOEMICBNTYH, EENHDHRY T T B-form [ THESE L T
W5,



EANEX I DZEKR

EX I Dy ODIEPERBUCED L X 7B E L TROEER B DIZ, N VDR 2
b5, BWRNAT A RRALEVZREA——T7 7 I U —idb FTIE 48 FEEFEL
VDR [ZZD—2>Tdh 5. VDRIIMDEL DENZRIRE BV YT XA T DR NH—
DZRETH Y, 10,25(0H),D;3 (2) R°ZF DGHP OEH DI L A EIX VDR 2419 % 29,
VDR [V # ¥ RIKFIRER T TH Y, U T MR G IR K 7RO RS
ENERZD. ZOXI Y H Y FMRENRMAERZT L, BERED 72 554
HflHAT5. VDR 2 B0BENAT B A FZEEL, FUBERFRA— =77 IV
BLTEY, —2DOREVEETNOIRE LT, SR IROMEE, HiglTEE L Tnd
B FROLZFEMERE 37 01E, NRmR»D C RIS, Hisiicdh@m+d s A~F £To
TEI A H D (Fig. 8) . & > 737 YLD C I DNA & A #H)% (DNA binding domain, DBD)
NV, DNA ESZR#E L THAT D 20D Zn 7 4 U H—HEENMFET D, SRR
37 CREGfHED B Ik LBD 23779 %. VDR @ LBD I 12 fE® Helix 725
MRS, PROBKER, v 2 U H Y RIZEHE L TEEGT 5. VIV RiEA#%D
VDR /%, Helix 2 WRELS 7 T HZELIZEIV I T REFR—ILRL, fEixDRE
WEGEHALK S (27 7 F_X—=F—) 2V 7 )L— NTEXHEERD. T XIA=A |
EEEZAET 2 T NiE, S sEZrSEm<TH5Z L0 a, B-ANEIFT VR =i
SEDE NI L EEREA R SE, 20 Helix 12 08X 2f1ET 5 L &b, fifmk
72 VDR VU v REEAREIIE, —# 07 X BEEE RV T-ERIKTOR, TDONL
RHEENH BN E 7R > TS, SHIT, BHE, RESNTWVD S DL VDR & DHEAK
fiea T DD, FEERIZITIRXR &7 8k LIRRETHEET 2 & E 2 65, 2012
f£121% VDR-RXR 2 &={KIZ DNA 5G4 b 25072 3 |IKD X Sk safRtr 8 it

7 24-27)

NH, O COOH

AF-1 DNA binding domain Hinge Ligand binding domain

Fig. 8 Primary structure of VDR and functional domains. The VDR belongs to the nuclear

receptor super-family.



Fig. 9 X-ray crystal structure of 2 bound to human VDR. (PDB ID: 1DBI)

2D 3 FIROMHTIL, VDR Z4 L72Bin F-F8ld1T % LBD & DBD & OO R T
TRATV v 7 RRERELTND. IHIT, ZOMEE, b VEENAES R
EREALSEDZEZ/RLTEY, LBD ® Helix 2DalLFalb—X—DY 7 /L—h
ZAREE LT\ 5. HIESIRF O M B TR LN EE T dH - 72 VDR A RO AL
AIREIC72 Y, VDR & HARK % G o TG A O PR3 e S-> D8 5. & b VDR
& 1a,25(0H),Ds (2) OEAKRFEMRTIE 3 2Ok Fux Ui+ T VDR EKERKA
EIEHELTWD 2, T4bb [ it Fox T Arg-274 & Ser-237 LFHAEMEH L,
3L R ild Tyr-143 B LN Ser-278 &, 25 it b Rru 5T His-305 &
His-397 & KFEREG AR L Tz (Fig. 9).

VDR (320 LFHEEIZEAD D IGPER CTIEEmWRBLENRD b D h, Zhllst
IZb2H Ok & elEasCHafEIC BB L TV, B4 I D Okkx e EBEAFELC
BELTWLEEZLND M. IHHEAE X I Dy (2) OERAKREE, BfEOLZA
ol bid (Fig. 10). —21ZE%N VDR 24107 5 £ C genomic pathway & FEE
N5, b9 —20F, ML VDR b L IERMOESZ BIRZ 0 UCERT D8
“C non-genomic pathway & FE[X41%. Z @ non-genomic pathway [Ifthd 27 a1 KR /LE
VERKICHIFEL TV S 2, genomic pathway TIIIEAV IR F I B 278 L ¢, £
ERZRELTEY, B4 DAEHOKRERIZBLTHE EEXLND. —T,
non-genomic pathway (L3N 2 5 UG T, BHEHERORBELZZ TR &



Target cell

10,25(0H),D, <R 1u25(0|-®
@R

10,25(0H),D,

J _VDRE _
10,25(0H),D,

10,25(0H),D
. @oR R
non-
\7 Co-modulators
DNA
Biulogicy
second  ——n non-ger{omic

respeny
messengers / aclijns /
i 1

Cell membrane  Cytoplasm Nucleus

DBP @émic ;athway

Fig. 10 VDR-mediated genomic action and putatine non-genomic action.

O URTBEERENSIRUVER E#E X 545, non-genomic pathway |% L B Ca®*F v
FIVDOBR R, e BN S DA AV WSS D . Z O non-genomic pathway
TIE 1a,25(0H)2Ds (2) D 6-s-cis BINTEVED o R TH D EHEIS TV 5D 2. & 5L,
UL Mizwicki © (X VDR @ LDB O gt i& AT 5 & B\ AT o 72 in silico IRHTIZ LV,
10,25(0OH),D3 (2) @ 6-s-cis BUZX}3 5 U T RiE& A~ ~ b (VDR-alternative ligand
binding pocket, VDR-AP) % 5 LT\ 5 30, ZdD X 512 VDR &4 L7 iE MR B 1 X
genomic *° non-genomic Z2EFSC Y B ROFEAR 7y v b7 Y, & HITHRIAT XEES
N AFAET 5.

XDy BEREE

X0 Ds (1) XEROEFEHERICIZZ DX, B4 2 D OREAEA IR
DOFEEITFEBEZF & 29, Hlz1E, 1a,25(0H);uD; (2) OAEARKICE D AW DA
X, <DHBIEICEDD. lafit Fr xR TH D CYP2TBl OERITINETE
SOFRERHY, ZEAERL DHEENL R EINTELOTHD 3D, RIEHE(IZES
D% CYP24A1 IZARNE Z D MREIFH T2 &, [EHERE X I Dy O TTHE L T
LEWRNZARESC KGO U 2 7 3@ < 72 5 /ReEN 8 5 EERIZZ < OB EIZB W
T CYP24A1 DRBFPREINBIE SN TS 3D, Fi2, PERFSCA X AR v 7 v Ra—



Table 1 Vitamin D related diseases.

Biological activity Related diseases
Intestinal calcium absorption Rickets, Osteomalacia, Osteoporosis,
Bone remodeling Secondary hyperparathyroidism
Cell cycle regulation Psoriasis
Cell proliferation inhibition Cancer

Increased prevalence of infection;

Stimulate synthesis of antimicrobial peptides e.g. tuberculosis

Facilitate insulin secretion Impaired glucose tolerance and type-Il diabetes

L% FIET S ATREMED @ OB T, 25(0H)D; (9) L-ULMEW. EIG#MARIZ VDR
B L, 10,25(0HpDs (2) (IMEEAMKICEAET 2 P, BERFHTIE, B4 I DXRZ
EAVAY RGBSR R 55 3. X512 Table 1 [ZRT K 5 ITHSOEELSMNT
HLEX IV D PMREEERVGLHERENRZZHND P, Lrl, ThbDEEBIIIL
HIVOERZHB O8O EZ I D 2% 5T HLEINV VY AMIELZFIEH I LT
LES. BEXI0 D ZEFEEE LTHWDIEE, Zettomrbb vy v AMEROS
HERSEEND D, WIS ZIERT D & B X BB IERNBENREE 72 5.

X IV DRFERY T RO

EHRE 2 XV Dy RO ERITIEL, KEL ZOICHETE 530D, —oHIAS
RIS E a L AT o — L 2R S TAT S (liner synthesis) THDH. ZDJ
BIEAT B A RRIEEHRE X 12 D RMEEHDEEE LTHELALT NI D L
ENERICBWTEISKHWS N, BIEFEH SN THWD 2 EZ I D ®"HAIXZOHIETE
REANTWD., ZHoHIIEZ I DifEkE AR S C B X OISR Y 2
Homb o UORLIZER L THE Iy 7Y 7§ % (convergent synthesis) Toh 5.
TUN—=Tx METIE lx D' T A N CHREERZ1T 2 2 T OFERARIZE L
AHTHY, EREL NV TERECZOFENHNOND. TSNS, TERZEES
RF7a7rAvombEzERICEaxTa S RRY T RPLRATLIZERAT = =

JLA & RS (17) (18) %4 VDR U Ay RE L THEIL TS 3939,
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(LG190119)

v

Fig. 11 non-secosteroidal VDR ligands.

AAEZED H Y
INETOEZ I Ds (1) OREEBFIEDOER Y M7 10,25(0H)D; (2) (2R L&

TWHIm R H 5. AERANTITELZEEN AR EZ I D R REZ<H0, i
SINAEROIEE MR ZH > TW D ARG TE TE 2. @it 2) LRy
72 E BB OEICE W TOIEENRAR D, Lo T, File RAAEEROR O
IEPER B Z /0 U CABEMEEZ BB L CW A RN H S, DF 0, ok %
AL ET 52 L1308 LWMAE D B OIS PEFRE IR~ DOHMRIZIEN D L EZE 2 b D . f
AT, TEE SN2 CYPHAL G TH L 20t Frd i v I Dild, B4 3
YDEBETHY RN G, I MERIEEL<, 2MEFERETIE 2) LRETHD
EMESNTVD ¥ ZOfEIZ VDR 2919 5 LHEE SV TWD R, Iy MME
RAREE T 2 1EAFII R CTH L. £, ERNTEE ZHE > TS 10,25(0H).D;

(2) DX RIEHARBYORFITZ DI O 2 RESERIE L Z LM TE
L. 2T, AR T 7 e —FI K DTEMHEEY ORR LR O 5 2 MET L
7. X I DMFIETIE, 10,25(0H)RD; (2) ZHulE L7 S VEA B K 2k s
WESNTNDD, (2) ERFRED D WD LIHWIEEOREIIZE L TR R 22 mF5E
FIZE A EWE S TWh ol R —o71210 TIE, o FEIRFICED X 5 %
DN X T2 2 HER T 2 DIZREE 7203, AL E R S VB8R T A 77 U — ORI,
RV OF O HRRMEEIZHONWTERT LT ODOEBERMAE 52 5.

Z T, RWFETIEIES I D HREOAT D8k L ABEN 264 572012,

-11.



B DREMEREL Lo L FRIRZRATZ. B4 I Dy (1) OFENR
WY T D 10,25(0H)D;s (2) ZIIZLTEMRICE WV ZL DREAERH -T2 & 5 I
EHAE L LIEAFZEIE e 2 22 D ACBT 28 LW A RS H R G B i 2 9 2 &
MTEDHEBEZOND. DF0, KRNI AEMTEEOMENH D Z LIS, G
YIRS 2o i 22 B O AN T2 fF B RGRG T 2TV, TR BB D i b EE R Z L3
78T D VDR EDBMRIZONWTEE L. DI, AFRIIAREL o0 LI
LTHIEZ T 7. —2l%, ZHRE TICRWEREZ AT 258K DG IEDHENL &,
REAIFIEIZ B W THE L R DMMMEFRREICHOWTHRE L. 37205, 5 8T
Tt X N TAE, B RATFELREMIEIC W THR] & 70 2 5 5T 5 2 ffE L
L7z, b9 =20, B L7z I DIREE B & Lo LWy PRI Z AR 7.
Thebb, HETIL CYPLIAl RE#MWITH 2 208-8 FrF B % I DyICB L TR
RHYIRREIGTEYERE B I DWW TR L7z
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B AvoagdbH o MEEEETA
B4 2V DFEIRDG R _F'aé%‘éﬁﬁ%%

(RBEONEIZE U TIZ—ES Tetrahedron letters, 2014, 55, 3805-3808 (23879 7)

1. J¥i

10,25(0H)D; (2) & VDR #HEED X MEEMTIC LY, VT RiEEEK (LBD)
IZBWTC, 1a,25(0HRD; (2) ® 3 SOk Fax L, ThEnN_—>0O7 I /B
EEBIRIKBREAEERT D2 LRI, AR lofiie Fe ¥ o8 Ser-237 &
Arg-274 L KFEFES L, 3BMLE Fu % U 5RE Tyr-143 & Ser-278 L KERESTH Z & T,
ZRIBE ORERBERERCEFES L T0D 2. Zhb e Fa U RoN b5

Bk S, —ic = Bfbid VDR BAIME A s S 5. LavL, 10,25(0H) D3 (2)
D1 E~—, T2bL It RaXxvEE2HT5FEE (19 1%, 10,25(0H).Ds

(2) ™ 500%43D 112 VDR BLFHERKRE IR TT 2013 L, 3fizt'~—, 77205
3a ik e X E2HT5R8Y [3-=E-1025-V Rr¥ 4 I D;,
3-¢pi-10,25(0H),D3] (20) 1% 1a,25(0H):D3 (2) @ 4430 1 @ VDR BFMEZREFL Tk
D, BUFME~OFHEIIIRELSENRH D T ENHM BT DO,

IR, B2 X2 D O LWMIERR R & LT, 3B itk Fue 5 3a fif
B Re R RICER IS 3 M s S . AERNIZEKEIT 5 3 L= e{ko
BENIRTEARBH TH 525, 10,25(0H),Ds (2) OH72 5T 25-E Red 4 I v
Di[25(0H)D3]  (9), fLOFERIZB T HARIHE SN TRY, TOEHEERIZIX
3N MERERET 5 Z LRI TS (Fig. 12) 4V, Zo 3t efkic k- THE
UC%3afit R 2687 58 0IE, ©F 0 Dy FREO LR RNEHRERETH D
CYP24AL iHUEZ /R 9. L7 -> T, 3afitt KX v EEHTLHHEMR, 51
X302 R BRI BT 258K, VDR #nPEZ & 2 FEEREF L7228 5 CYP24Al
R T 20T, 1EHEEOBVEEERiE 720155 &5 2 72,

2011 4£121%, 1a,25(0H)Ds (2) @ 3fL=t~— (20) & VDR & OHEHAEKERD X
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OH OH OH

3-epimerase? | |

i 3a
HO" OH l¢] OH HO OH

10,25(0H),D; (2) 3-epi-10,,25(0H),Dj (20)

Fig. 12 Epimerization of C3-hydroxy group.

Ta

3p
green: 1a,25(0H),Dj3 (2)
blue: 3-epi-1a,25(0OH),D3 (20)

Tyr-147

Hro ‘. ;
VT a3 ? ‘ ?
' Glu-277

Fig. 13 The X-ray crystal structure of 3-epi-10,25-dihydroxyvitamin D3 (20) in complex with

Ser-278

the vitamin D receptor*).

BRRE SR S A Sz (Fig. 13) 4D, 3 fii= '~ — (20) (2B TH 1a,25(0H)Ds (2)
RIS, ABRlafZit FuX x>0 7 I sk L KEHE LR TR, =
NI T % EDD 3a it Ru X 3 Tyr-143 & OKRFEMEZRFT 20D,
Ser-278 L OKFEFEEGZK S (Fig. 13) V. Mx T, 3 fi=t~— (20) BHHEED
VDR BUFIMEAZREFL TV Z &0 n, 3 (MAHTICITERISE AN Z AT D 22M DMEAE
LTWn2H0EEZHND. ZNET A RBE Fad I EROBMiIE~T 0 flFERC
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MARBEMERO G EMTONTE . la & 7 v FHCEM L-FERITNLFEE
X° VDR BAMt: % & 5 R AR5 7. 10,25(0H):Ds (2) @ 1 it '™~ —[1p,25(0H)2Ds]

(19) %, DBP IZxI 3 2 &AL B35 A%, VDR BUFIWEIZRIEIZ 859 L, transcaltachia
& FEIEAL 5 non-genomic 72/ Ca WIIER Z 4092 Z L B lE SN Tnwas M. 22
T, BX IV DEARES LIEERBAEIC T, 1L, KO3t FuFk ooz
IEFENRICTEENZOWTHR Lo Thb bt 2N L 72 KB SR o 21k
(T8 72 HE® 2 R T AEIEEME 2 AT £ 2T, AR AL, KOV 3 (LSO
2 2RI L C, KRBREA R Z 2 b S B DA EE M DN EMTE RS 5 2 5 5 B 2 i~
L7, Thbe FrF Aol ETIZRWVEMZRGTT 52 &IT L.

A ZEf 2 FIH LKBE AR AL 2L S 5SS & LT LR LAy
AVEDREZ D P ha 4 fRIRFBIZTLRENBEZLND. FIVR =V EITKE
EREZALTEBY, AFLHASIERMRERZ RS EELH S, L, 3L
T (LTI MEORRBEARIE SN D 7 EAKRNTREE TH D EHEE SN D03
FZEMZ ED D KO REMEITRORNTHA . 4HRIRFE LD I LIEGA, #

ZNL 30 NEDIKFE & A F VBB EA AU IR 22 228 2 5 O BRI BRI L 0 5%
BAR L OB A IR T & 2 DBKBR AU OV TIIMRFT 2 2 LB TE R0
EEBEZDND. T CHWEDOFMEEMIZTEME L TRR—T VO8N Z MG

—ANC —BRFPMBRIIALETH Y, HER, NERIILETHDL. ~TrlUE
BALEMTHLIA XX T8 (X7 0) LRLEIICEHVROT A RLF
— (¥ 7 112 kl/mol, A FE# 1 106 kI/mol) ®%u4H L TNWEIZ0REAICLD
BAERIC)T L CEWBUSEZ RT. LML, %X I =BREID L OTHBHED LT
WhHT2, ZARFY RLYROSMEITMES BEES 2 Z LB TH 5. EMIERE AT 5
RN b AT X AIFET D (Fig. 14). FlzIX b Rdd 2 Ay 21) 1301
(A TS CEN DY AERAN TR M AE NN 2 A3 5. HEME O
Bacillus megaterium 7> S HBES =A% % /7 A (22) 1T HIV VA VAD in vivo

TOHEIAELET D ). FX%F 2 (23) 1L Streptomyces J&D OM-2317 H> 5 Hijif X
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/=N

22: Oxetanocin A

21: Thromboxane A,
)\O O OH

HOLC' Q

oo ';ld
NH2 OH HO O /
23: Oxetin @O Ie]

24: Paclitaxel

Fig. 14 Oxetane-containing natural products.

NIALE THEEEZE T . IICE<moNTWnE 7 2%k (24) 1%
YA T AFA (Taxus brevifolia) D)5 BHEES UL FFRIEICHO BTN S,
T/, BIREAFIIRILKFEOY 7 u T2 b, ~TaRTEEAT DA X 0T, [F
CWHERTHOINREENRR L. DFED, 7 a7 ¥ UBITT X TRE TR ST
WD T2, (FIET 2 KB DNLAR 72 I LV — DD IRFIT1ETIE D =D DRFEFA-H
BRI L DK 25T A TWD. —JF, XX RO —OBRBERCICER I
TG RO &b 7T 2 L0 OTHBRHE S, K0 Py igiE s e s
O, Ty VRS T — 2 X—2 (CSD) IZh DA XX UiEEEETEA MO
X BRAEEafENT 2 Lo iR lc kb L, 3 MAEBR SN TV DA XX D ring puckering
DOFHEIL 7.9° TH-72%0, BFSNTWARWA T X B ring puckering 13 140 K
T87 , 90K T10.7° Toho7z (Table 2). Z D& IHEAFEREIL 90 K ThrFBE-FEERS

Al 146 A, RFB-IRFJFEAIL1.53A T, FE541%90.2° (C-0-C), 92.0° (C-C-0), 84.8°

Table 2 Structural properties of oxetane based on the X-ray crystal structure at 90K37.
H.,3 HHOH
KeQ K

angle length ring puckering
C-O-C 90.2° C-O1.46A 10.7°

O-C-C 92.0° C-C1.53A
C-C-C 84.8° C-H 0.97A
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S O - U

oxetane tetrahydrofuran tetrahydropyran oxirane

Fig. 15 Comparison of cyclic ethers as hydrogen bond acceptors.

(C-C-C) &£72oTWD 3. BAT C-O0-C fEEAIE, BIEOIMNET-3H&ERTHL,
BENTKRBREAZRERB IO A AERLE UTERT A2 L2 FRRICZL TS S, B8
RE—T WVITBRORE ERPAT HI2ONT, BEOINLE FXIO#IED S P23 EE
D, TARF L RESMITKER-EAGRRICR E R BIL R W. fEo> TKERAZREE L
e, BIRT—T W, RO HND R SHRENIZZERT F e Fe7J 2, T b
TJeERRET R0, A X DR IKBREEZEM L 725 (Fig. 15) 2.
BRIk —T7 L Tlx7R <, hoKFFEREDH D EEREKR, Bk, v, 7T K, =
ATV E L LT AT X NIENTKRF/EZA/ M E LTHEET S Y. #ist
ELTT I RidAFEY v L 0EBNKBER-EZHEERE 2D .

FxXEZ ATEVRODT AR LT —2F L TEY, EEERENZ LT <
— & LCHHAESN, A2 o O@EBIEOEVIC L 2 EAMR ERFE I LTV 5 2097,
S HEH, WERIKR=—T L ThDH ATt X 0%, BIERSE COMIERMEE > TET

VW5, Wuitschik &5 OWFETIE, XX Uit gem- P AT NVILERRED 7 7 T NT

CH3 / : 777777777777777777
oo
w(
H
/1 //,,'
a8 06 /<>06

Fig. 16 Oxetane sturucture as a bioisostere.
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28 29

Fig.17 Synthesized oxetane analogues.

— VAR E DD D, B gem-V AT NIEE ATV X NEZD L, ZLOGEA
TREHEHUER EN D L LTV D . &7 F U OEBIZONWT S [EER O 2
oD, DED, WEBKRT—F L ThiAFEH L, gem- VAT NIELE W LR=
WHROMEZ AR, DVR = VI Y T 5 KER-AGREE A LR EEO &y
HRed L 725 (Fig. 16) %00, Z i F THUMFE=ETIX, KEFAEE L BUKMERIZ &
bELOZ D =— 7 G 2R AT, 10,25(0H)Ds (2) D ABR2MLIZAE T4
XX BEANLTCHEROAGREZRE Lz (Fig. 17) Y9, 7 KR VDR % H\\ 7
BIFMERBR ORE R, BIAIMEIX 10,25(0H):Ds (2) IZHNFEHTHTHHOD, X%t X %
A LT-FER (25) & ZDONARBEMERIZBNT, A% X V8RN lafift Fud vk
DEEN 2 —EHMBI L T2 &b, MERRT—T A e Fa U RO L2257
REPEDS R X7z 0082 7= 2013 422 Burkhard 1%, YU F~A RIZBWT, aff
ICARFHFLERFOWNR VIR Z o~ EWT 52 8T, in vitro TOMOME
BaFE A EEZT, BERMEEFIE, b N IER TORENEZ BN S W72 75 K (26)

EWELTWD (Fig. 16) ¥, ZOMIZ bikx 7ot ¥k & Vg RR G S T& T
% (Fig. 17) Y. L2 LN D, Ax v X2 3R VEORELE LTRSS,

INETICE Fed o s L TEAITANT2W. ABEEYEIZBWTE R
P EOMERL L THRET 2 O IXERGREHIARERED —D LD LB X
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R4

30a: R, = OH, R, = H 31a: R, = OH, R, = H 32a: R, = OH, R, = H
30b: R;=H, R,= OH 31b: R;=H, R, = OH 32b: R;=H, R,=OH

Fig. 18. Chemical structures of spiro-oxetane analogues (30-32).

LD, Fo, IEHERBUCEEZZEX I DiO ARHBE Fax &, ZETHEY
ANERER Y/ e ) Nyt 1 [ RN N T Gl O R (VA A B R VA =il N = e SV Sy (V= S Q
AR GRS RE LAY e L X B E~DEi 2R A D Z &L LT (Fig.
18). 3 fi~DA XX HANL, KE-EREEFF -T2V AR = VIR L TR E R
HHEHE L LTI TR, AF U ML OBUKIET — 203 3 M AF T DBk
X RERKL, B X Tyr-147 E O ABAERDHFRFCTE 5. Fiz, M7t 4 EA
IARFERL, & Rex v RO ACER T 2MEEZ R 28500 b GFTH D
EERTC. XTI T, ABRHE Fod oL LTAY e AT 2 UMEE AT 5T
PERIE & X2 Dy ERERE L, ORI VERIEORNL 21T -T2,

2 . WA RSRAT
AR A X oREEEFFORRE ST, SR A BRIBEIEKA (34-36) & {AIEHED

et CD RIS (33) &, NT7 VU LA HWNT v 7Y 7T LR FIEIC T
A Z EHE L72 (Scheme 1) ). A% &2 L EAIZL VKDL b FoFk U EOKEI~DRE
EEE LT AT LAY —b AT D, Lo THERDAXT X Z2HTHHM A R
HATBRA (34-36) 1, TEIKTEHRL CD ®|EE D v TV I HENENTS T AT
LA~ —IREWE L CREERE SR T D.

STBER%, FRDE Fu U EITHERIBLE 2 IET D MENDHDH. £ TEX I D3 D
g E2 R LSRR EE R 5. T2bb, BafTths MY = HERIHTE S
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30a, b Pd(0)

31a, b —
32a, b

37 38 39: 3-oxetanone

Scheme 1 Retrosynthetic analysis of the spirocyclic seco-steroids 30-32.

%7 U7 4 —EZ WD, TFE, ©2 10 D REmICENT 4R Refks
ST FIDs s Ziz 096D, B4 I v D R0F OFEBRIEOMREHTIX A BRES° CD B
REWCE R fbid 22 Z ENE L TF% 7 U 7 4 — ik HOUEREEY
DOHBLEREN AT TH D, L LR Db, B4 22 D HEEEORERE IR
RIFEITHE STV, —77, EPHEN LIS 5 R oMERMNAIRETH 5.
Z ZTARMEFIRED S B R HIFAEE 720, G WRER 2 (AT v X 2 HT5 4
it e fRkOGRICbEFTT L. Fll A BRERIEMA 3 fITdPrig~r 2 o oF—
JVEBELR, 3,3-bis(2-hydroxyethyl)oxetane (38) »5HEL Z &t L, TOHRBEELHIIX

3-oxetanone (39) %R L 7-.

3. LEF RO AR

B X I U ER OGS LT e A BT A O RIBRA 34-36 DERKICHTZY, FTX
3-oxetanone (39) 7>5, DU TFEIZ T 3,3-bis(2-hydroxyethyl)oxetane (38) ~DZEHLAZ T -

72 9. 3-oxetanone (39) (Z[(ethoxycarbonyl)methylene]triphenylphosphorane % )i & 4,
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CO,Et
o)

CO,Et EtO.__O
o) OEt NaH
¢y iz ﬁ (BN E‘O%M
o CH,Cl, o] THF 0 Y ©
39 93% 40 95% 41
OH
NaCl, H,0 EtO OEt  LiAlH,
o] o]
DMSO o THF o/ ' OH
81% 42 83% 38
NaH, PMBCI OPMB pmso, cocl, | OPMB |
TBAI EtsN ! :
_ B ' :
THF o/ ‘ OH CH,Cl, 30/ ' So!
66% 43 95% i 37 !

,,,,,,,,,,,,,,

Scheme 2 Synthesis of intermediate aldehyde 37.

o,B- NI 2T VAR (40) Z I 93% T2, IRWT, v r Uy = F IV KRFE T
R T AEERASETEOND DA F D, op-REAFIT 2T LK (40) (2kT 5
Michael SEANEGIT &0, IR 95% 2 TP (41) 1232, S BT, ZORHINEK (41)

(2T R U oA EDEOKENMZ T DMSO EEH 160 °C IZHIEA L, I 81%I2 TV
T ATV (42) ~EEW LT, BEIS, KELTAI=0UL)F U LEHNT, VX
TV (42) HBILTH I LITEY, MFEEEE 72D 3,3-bis(2-hydroxyethyl)oxetane (38)
&7, I, XFR72 3,3-bis(2-hydroxyethyl)oxetane (38) Dkt FuF oD —J
%, p-A RF¥TRUUL (PMB) FEICTHRAE L, (RER (43) ZIE 66% CH7z. (38)

ZKFEALT BV T LAFEBZICHEL p- A PRI RUDAVEMZDEMETIE, A%k X
FABR IRV C I BB = — 7 )VIZHER LRIV ER TE 72720, KFLT F U U 4
ERICMZDHIBECER LI L A, IR 66%FE TOXEN AN, REK (43)

(T Swern BRALIZ X VIR 95%ICTHBHEATH L7 LT K (37) ~&HW

(Scheme 2) .
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4. 3PLICA TS HEEEAT D A BRSEIEMED G K

TFE K (37) IT Grignard IS TE =V EZEAL, (LAY (44) ZILER 89%
Tz, B ke FaxviEE 7 F LT A F v U b (TBS) #% VW TIEE 88%IC
TIREL, F Mt Fex A EOPMB EE 23-0 7 0n-56-0> 7 /-p-XU Y )
> (DDQ) ZHWTHREL, (LEW (46) ~ &I 9% THEV-. I 51T, Swemn

BL L CILR 96% TR LN T AT & R (47) % Corey—Fuchs 7 /L3 » AR GIC AT L
89 U7 mER (48) Akl LT LRI 2% T, ao-T A UK (32) A
L7z, FER, BEAULAY D 3,3-bis(2-hydroxyethyl)oxetane (37) XV \THE, UK 38%

ZTCHBID AR A VHIBME (34) OARN5E T L7= (Scheme 3).

OPMB PN OPMB TBSCI OPMB
MgBr imidazole
- = E—— B —
O/ CH.Cl, oTes CH2Cl2 OTBS
89% 88% 99%

Br. Br pTmmTmmmmmmmeey :
' Pz '
DMSO, (COCI), \ | Z
BN PhaP, CBry = nBuli 3
= oTBS |
CH2CI2 OTBS CH2C|2 OTBS 1y ! o ;

96% 93% 48 88% i 34

,,,,,,,,,,,,,,,,,,,

Scheme 3 Synthesis of the A-ring enyne precursor 34.

LA T2 X AEEEZHT D A BRTHIBUEADE K

OPMB OPMB OPMB
== =z TBSC|, =
MgBr imidazole
o“ " o ether  Ho B CHCl2 - TBSO Ets)
37 98% 49 98%
OH
= &
DDQ __TsCl__
—_—
CHCl;  TBSO : o Pyrdine  TBSO
97% 51 85%
& &
__TBAI __DBU
THF TBSO toluene TBSO
98% 60%

Scheme 4 Synthesis of the A-ring enyne precursor 35.
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/C//d
TBSO P

TBAI/ THF =0
98/% DBU/ toluene

/ 53 \ 60%
OTs P

f& jg+
TBSO E { TBSO :

=0

=0

® 35

\ Base 1/4
fﬁ "
TBSO

=0 e) e
OTsorl

54

Scheme 5

gl 37) 1, BT e AMREIVH LT L=~ XU ATrI REK
JESET R VLA BALTALEY (49) ZIGE 98%IC T, Bkt Ru¥
B % TBS BRI TINR 98% TR L, H—ifkt Fr 3 Eo PMB A% DDQ IZ &V
AR L, (LEW (51) ~ENUE 97%I2TEH W, ke FrfoiEd hofbl
IV 85% T h I LR (52) ~& iU /= (Schemed). kI /LR (52) ICHEEAZEH S
TBER ST L 0 —HiES OS2 3 7+ 7- (Scheme 5). Z Df55%, DBU, DBU, DMAP,
LiHMDS, +~BuOK <° kL=, ¥'U 2, THF 72 ¥ OFfAE DO TITMEZ L T b Ko
TEITE T, T X SR o TCRE SRR E Tz, BOSHEZ A B S5 72 Nal
R TBAI Z IR L TG & To7o L 2 A, TLC ETa— RiKEHfiE SN D ARy hEH
FUEE D AR > MBHERTE7Z. LnL, TLC ETIHER, I—FEK, BEO®O 3
R H Y, HAIRT D L IERIT 30-40% Th > 72, LA ETT 21224 TLC EDJF
RUICAR Yy R TETED, 77 2aNTHOILEM PR TE . T OB D NMR
R MS ZHIE LIZAER, HILTH D DBU BSREEBR LIZ L FRISNDHILEY (54) 2
Boniz. ZOAWIINBEE L HERR L T D EEX O, MBEBERITIFEAL
AT E N2, FRRBHCF T LB W reflux S50 T TR E LAY (35)
FGEONRNSTED, X H AAEEIIRFF STV, A %' & VIR EE 2
REL, BBESUSHEIT Lgn 2 &, B S 7oA & & VB ITH R Ui &

.23-



ThHZEBHLMNE -T2 BIRISIE bR (52), 22— KK (53) i CHEIT
20 HHbA 4 (35) 13 TBAL 72 EDWMAN D2 EH#EIT L7222 & v D 3 — K (53)
R TAR L TWD & TFRILT-. ZDTOk 2 & 51T 3 — R~ & 28 U722 I
FEMS® 2 Z LTI 60%E TW#ETE - (Scheme 5). 5%, {L&# (37) Lo\

THE, I3 29%IZ CHMID A BB A RIBEIA (35) DA RAZE T L7- (Scheme 4) .

6. 2(CAX X HMiEE AT D A BRIBAIFIED G K

TATE R (37) & Wittig FUSIZAT L, L&Y (55) IR 93% TR, Bkt
ook BEod PMB B4 DDQ Z VTR 91% THifRi#E L, & HIZ Swern BRIKIC &
DIVR 85% CHEW=T /LT E R (587) [CnF =~ r R vh7 0 Ressd,
TF o NFEEBEANLTALEY (58) #ERLiz. & _#ht Fuf iz TBS K CHR#E
L HEID A BRETRIBRAZ LAY (36) L0 £ TRDIE 33% TAMAMNSE T L7z (Scheme

0 PhsP*CHg-Br- PMBO
_ n-Buli BuLi
T T CHyCl
\ 212

o
37

6).

PMBO

DMSO, Z_ ! :
(COCl)y; o\ = MgBr TBSCI, ;TBSO / 3
Et;N _imidazole 1 '
_EtN ‘
CH,Cl, ether CHZCIz } ;

85%

,,,,,,,,,,,,,,,,,

Scheme 6 Synthesis of the A-ring enyne precursor 36.

7. oV X ABHBEERO SR

RT Oy LIEFE T, A BREHIBRA (34-36) & CD BRS (33) Loy T VU
BORIE, A2 oG RE RBBEIZAONTITHETL, T2 27 a1 FEKIZR
W72 b U = AEE A BET 22N TE 72, B R v Eo TBS (Ri#ERE, 77
n-7FNT E=ZYLTAY R (TBAF) LB TERREL, HRYO AEEIZA Y 1A
X MEL AT L8R 6T (30-32) XN LT/ (Scheme7). £
FNOYT AT LA~ —ITWE U %A 7 /L HPLC IZ TorBEsi L7,
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33
1) (PhsP),Pd

.
= EtzN
= toluene
U —_—
O/ OTBS 2) TBAF

THF

34
66%
(2 steps)

30b (less polar)

33
1) (PhsP),Pd

Pz Et;N
/ 3
J\//K\ toluene
—_
TBSO S 2) TBAF

=0 THF

OH OH

35

42% HO' .0 HO = 0

(2 steps) 31a (more polar) 31b (less polar)

33
1) (PhsP),Pd

EtzN
TBSO = toluene
—_—
S 2) TBAF
N THF

36 51%
(2 steps)

A

32a (less polar) 32b (more polar)

Scheme 7 Synthesis of the spirocyclic seco-steroids 30-32.

8. EX I DOROHMEZFMMLZE Fu & EoHxttd ik e

kT V3 — L OB ER EEIT TH NMR 2 W B H1E v o v — 150 X BfG ah
fiffit, CD A2 Fv% iz Cotton WRZFIHT 2 b DR ENH D, HE v v ¥ —Ik
TIXFE BT L a— 1% (S)-B L OR)-MTPA = 2T /L~ & EHi%, 'HNMR ICLVIEH
NHFT 7 bo7E (A8) THEMECEZRET D 0. X B AARAT IXEAR B II RS
pa CHRE B Z GO MERH L. TN HITHKT 5 & CD A~7 MV EAFIHT Dbk + %
Z VT 4 —IEHMEEY B S DBRAHEFF > TOIIED 72N TR T, EHI2CD A7 b
LVED S DI ETRERRETH D, M%7 V7 4 — B oI 2>
DOEAM 72 F AR O EAERIZE SVl @R E CTh 5. LRI T 5401
VRV T— MR TOMEHAT, ZODRAMDOEIEBELET—A L MLV ORATNAT
HIVTIEDRNEFFT VT 4 —%723. ZhICKD, CD A7 MLV TIERERMNCSH
%5 1 Cotton ZhARITE L 720, I EMDH 2 Cotton ZhF: 13X E Z~7 (Fig. 19). %t
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Positive Chirality Negative Chirality

CD

s cD I
9 st ? -
0o : oo
H)Q ! y QH p
o H H o /
o K \
Pid A o =z S A

® o
7 0Bz .” OBZ‘\ ,“
Bzo\é) 2nd V|| é/ o8z 3 Vst

uv

uv

# R N A NN N
Fig. 19 Exciton chirality of dibenzoates and sign of benzoate Cotton effect.

fITH D LEY OESEBE— AL N THILE 1, 2 2Cotton ZHFEDOFFHITH L 72V,
Pz X 0 Mol 2 IR ET 5. bt 1A AAER IS TR VWA b FET 5.
F bbb THEMASRE AL 195 nm VT ot R A2 R D, X m— BT 230
nm (Z oI 2 AT 5. 2O ZOOFAMMNEDORE X7 U T 4 —E R TR 5I,
FEHEMICH 55 1 Cotton 2hH: (230 nm DX/ =— |k Cotton Zh) 1FEE AV, M
WEM O 2 Cotton BhF: (HAES D Cotton ZhER) 1FA LD, TOMEEFIHALT
T VAT 32— )L ORI EREIC SRR X7 U7 o —EREA I Tng T,
FoT, ZOFEFTEZ I D3R ESFRICEAHZA L TWHILEMDE k7 v
T — L OFE B EDE I LTV D ARG R L T2 fF BRI & R A3 T & 1
MATRETH 52, BX X Dy FHREOREERE TIIME STV, B4 I Ds
FERICHE LT, BEFXT VT 4 —IBIC L A MBI E 2S5 2 L%, 5%E
42 Dy R, B Z TG L7t B 4 2 v Dy OREIFSE 2R & C oo 23
TE5. T CHRULIZHEFHER 6 (30-32) O 1rE7-1%, 347, 4ffk Rafxv
HEONBEFREIL, X IV DS b ORI MY = e OMAERIZE S
Cotton IR ZFIHT 2 Z &I LTz,
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ABR 147 Fu s oMl Bk e

AR I1AE Fexodd, BEET 5 CU0-19 iy AF L T U AT La—)b
HiEEA LD, 22T, Cl itk FrX I IZB L TEM LIZFFEA 2 FE (30a,b)
ThENE Y7 aa 22 ERT, 4-VAF LTI 7Y Uy (DMAP) fFEF, v
PN ReORStE, WTILHIER 72%I2 TRy Yy =— FFEAR (59a,b) ~E 4
#1L7- (Scheme8). <> ' =— MMLIZ L % Cotton N E& I T 2720, ZThEThnd
BUELEY (30ab) L DEART MLEL ST A, UV AR MUIZEBN TRy Y =
— FOWINBH BN E /2ol ZDOZ EMD, CD AT MUZBWTHEANT ML
IR = FHEOBINEHALNE LTNDEBXHND. =X ) — LRI EB T
LW D UV AT MVTIZIERI%E TH -7, CD A7 MV TIHEHfEICIEA D5
DR L7z AT MG LT (Fig. 20). 59a & 30a 725 D7 CD A7 ML Tl
W 242 nm TIED Cotton ZhAENBUHI S 7 2 & h, DO AR OAL 1 BIFR IX
FHEIY THDHZ L, —J7, 59b & 30b 261K 241 nm (2 THA D Cotton #R2BLAI =
N7zZ &, FEMMBOMERMRITIKIFEHEY Th 5 Z &R Sz (Fig. 20). L
T2mo T, 1fite Fefx v REoifExtidiE!30a 2 lak Re¥$y, 30b% IpE R
EPETHZENTE. 'HNMR EHTIC LD, Cl-_o Y = — MFERICE TS A B

I (2 fEf o e F vl 7Y 7T ERIE, B ruafR/L AT, FNEI6.5Hz, 6.2

©)%.

DMAP
30b ——

CH,Cl,

DMAP
CH,Cl,

2% 2%

59a 59b

Scheme 8 Synthesis of the C1-allylic benzoates 59a and 59b.
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— 59b
30b

o
N d 2
y NN A
e 0 £ o e L
Lu\f— I\ >
—— 59a-30a / —— 59b-30b
- 50 f
/

210 250 300 350 210 250 300 350
wavelength [nm] wavelength [nm]

0 . = 0 =
210 250 300 350 210 250 300 350
wavelength [nm] wavelength [nm]

Fig. 20 Differential CD and UV spectra of the Cl-benzoates (59a and 59b) and their
corresponding parents (30a and 30b) in ethanol. The concentration of each compound was
adjusted to 83 uM by using an ¢ value of 18,000 at 265 nm, which was obtained by UV

spectroscopy.

Hz TH Y, FHEAR (59a,b) O | (Vi EHIEIINTNE T vy N2 DT ITER LT
W2, ZHUECD A7 FLOBFE R XFT 5D THo 7.

ABR 3 E Foa X R il &l E

o W3 Fe kBB L TRa 217272, 3k ek
VT VATV a— Ui, Lo L, ZERIIC

\Q@ D BBAT O METFM LRI 5. B2, ooy
%Q°° - T— F R TIEHAEE DS illudin S ORSHELE X, TD 7 =/
§§ T— — R T— REFER (60) D CD AT R LDk

Fig. 21 EENT (Fig. 21) . ZOBRAIE, 1490V =—FRT

HY, EFFT VT 4 —EEEN R AEEHRICOEHTES. BEFF7 )T 14—
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e WA BLE R E 2 AV D & 2 ITERERE— A MHOF T U T 1 — 322/
HINCHARE CH DN B DH. B LTEFFEAR 3L Fr xR L ZoFEL A L
%E, C10)-19 =% YV A F L2 L i3t EOMERRICH L7, iy e
DFZ7 VT 4 —I2LD Cotton ZIEVBRIND EEZX NS, LaL, ihEFMHAELE
MIXERELE— A v MEOMEREE AOMBERMRRICH Y, HEECBENLDI1ZEH 5.
MATHRI = HEFRX TV T4 —2AT52 LD CD A7 FUZ X DR
EREICETLAREERH D, 22T, FTUMEFERALLEX I D AN
TTaBREITo 7.

EXZI0D; (1) Y7 mm X2 CEET, DMAP fF/E T, XU ovrm ) Ra Ui
EH, NV m— MR (6la) ~EULER 93% TEH L= (Scheme 9). S HICEH I v
D; & WHERSIZ LY, THF Wi, PhsP & 225 &L, DEAD % 2 )i & 3-epi-E
Z I DsDON Y T— ME (61b) ZUIUHE 14% THz. 20L& X, BIAERMIE LI,
MS A7 kLR BC NMR, DEPT T =R IRFBED LD & 3R MR & HEE L7z,
%72 'HNMR T§5.73 (1 H,dt,J=9.6,40Hz) & §6.07(1H,d,J=9.6Hz)D> 7 F /LM
BHIShizZ e, BBEER (62) MR L7 EHEE L7 (Scheme 9). iR (62)
TR T7% & 2 < B LT, BRI THREEY (61b) #AM CElcdZDEE
EHHZ L L L. &bz Y =— | (61b) ZMKSEEITY, 3-epi-B 4 I D

(63) LK 58% Tz, AR LTI 3-epi-B 4 2 v Ds3lE, HESN TS 'H NMR &
—FH L7730 AR LRy m— MK (61a,b) D CD A2 hLZHIE LT- (Fig. 22).
ZOREE, TNTNOBILEY (1) (63) LEANT b EE D LIFE LRERIZ UV
IZBWTAR Y = — FOWINAXT MBI L ElRol. LrL, CD A7 FLT
I% Cotton RO IEAITHER TE IR AT M EB{LEITWR o7, bl
FTXT7 VT4 —EEEHATABEOEEE LTETXT7 V7 0 —BHRTH 5 MR
bV, RUPRRART MVTIIRENANZE LD Z b H 5. LV B Cotton 2hH
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DMAP

CH,Cl,

1: vitamin D3

NaOH

MeOH

58% G

63: 3-epi-vitamin D
HO P! 3 from 61b BzO)

61b: R = H, (14%)
64b: R = N(CHs),, (5%) ' 3

61a: R = H, (93%)
64a: R = N(CHy),, (72%)

T H NMR (400 MHz, CDCl3)
55.73 (dt, J = 9.6, 4.0 Hz, Ha),
6.07 (d, J = 9.6 Hz, Hy)

62: byproduct

Scheme 9 Synthesis of the C3-benzoates 61a,b and 64a,b.

CD
100
50
O -
[Npsmensy
— 61b - 63
— 1a — 61b
-50 -50
—_— —_— 63
-100 -100
210 250 300 350 210 250 300 350
wavelength [nm] wavelength [nm]

Abs uv Abs
25 25
2 2

1.5

/ \

1 ANy

0.5

0
210 250 300 350

210 250 300 350
wavelength [nm]

wavelength [nm]

Fig. 22 Differential CD and UV spectra of the C3-benzoates (61a and 61b) and their
corresponding parents (1 and 63) in ethanol. The concentration of each compound was adjusted

to 56 uM by using an € value of 18,000 at 265 nm, which was obtained by UV spectroscopy.
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2G5 72D, FUEEEROBREAHAZHWD, HLWTEBEE—A L 2 RELT
LERDHD. T2, UV OWRINGREN K ZUMEE Cotton ZhRITIRELS 2D, 22
TRITE X 22 Dy OWINARK 265 nm £ VD & HICRER 310nm I 7 M5 4-T AF
VT IR T— MEREGR LT 52 2 L. ZREN 4V ATF LT I )X
YIANT Y REDHWE 4TV AFNT I ) BEFBICRELET LTI EITY
6da Z LR 72% TAM L, 64b IR 5% & REIERSM 2 55% THH7- (Scheme9). 4 2 A
FNT IRy — ME (64a,b) O UV WX, KV EREEICTZ ML, FROVIRE
THEHAID Cotton A BT 7~ (Fig. 23). Fig. 22 & Fig. 23 ® CD A7 k)LD
EFEAIZ—HLTWDL Z N EEREICIZELL bEAEEZEZbNS. L,
CD A7 kL% Cotton B R DFRE T T 5 & 3Lt Rk JLHIB L TH4-U A F
NT )R Z— MEBHE LTS, Lo TAF X VEREFT HHENR (31a,b)

100 B CD 100

L
o
|

50 [ s

© { 0Bz

i 63b
k.

I e

—— 64b-63

— 64b

-50

— 63

-100 -100
210 250 300 350 210 250 300 350
wavelength [nm] wavelength [nm]

0 0
210 250 300 350 210 250 300 350
wavelength [nm] wavelength [nm]

Fig. 23 Differential CD and UV spectra of the C3-benzoates (64a and 64b) and their
corresponding parents (1 and 63) in ethanol. The concentration of each compound was adjusted
to 56 uM by using an ¢ value of 18,000 at 265 nm or 30,400 at 310 nm, which was obtained by

UV spectroscopy.
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DMAP
31b — >

CH,Cl,

0, N
68% BzO"

— 65b - 31b —  65a-31a
-50 — 65b -50 ——  65a
— 31b —_— 31a

-100 -100
210 250 300 350 210 250 300 350
wavelength [nm] wavelength [nm]

Abs Abs

25 uv 25

210 250 300 350 210 250 300 350
wavelength [nm] wavelength (nm]

Fig. 24 Differential CD and UV spectra of the C3-benzoates (65a and 65b) and their corresponding
parents (31a and 31b) in ethanol. The concentration of each compound was adjusted to 56 uM by using

an € value of 18,000 at 265 nm or 30,400 at 310 nm, which was obtained by UV spectroscopy.

X 4-OAFNT I )XY — ME (65a,b) ~LE 72 (Scheme 10). ZDF5R, i
BRD 3Lt Fo 3 v HEoMRlE LR 65a & 31a D7 CD A~7 hL Tl K 306
nm TIED Cotton FIENBIH S N7z Z & 2D, - ODOFAME O EBEFRITRRR Y T
HoHZ &, —7, 65b & 31b 1 HIXHEE 310 nm 12 THE D Cotton RSB S /-2 &
6, FEEMBOMNERERITIFEID THHZ LRIz (Fig.24). L722i-> T,

ZOHEEEMA L3N E P EKofExtidElL3laz lot Fe¥,31b &2 1B R
X ERETHIENTEL. SBICAF X U ZHEALLHERLEEX I Ds (1)
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X 3-epi-£ X I D3 (20) O EIFIFEF—F L, 1A ALY o REAMDa
T A= a B ZDRENNINWD EPNREINT.

AR A4 E o X o il @i e

BBIZ 4o Rax gy m— MRE 4-U2AF LT I 7 Xy o— MEH
FH &G L (Scheme 11), CD A7 ML ARE LA LIZFFEAROE Fr X it
SR E 2 L7z (Fig. 25). 4t R o3y v o — |k (66a,b) ~DZEHTIL
1t Fef I ERoha LR Y 230 nm (Tl dH 5 = — Fd Cotton FRIZ LD
E—Z 3BT o7 Yy, =X Y AT LY, RNV m— NOFAEH
DEBLTCWDHIDEEZLND., —TJF, 4-VAFNLT I /)XY =—k (67ab) T
XA T v — RGO, MEHEERER FREE I o T,

Jihe 1% 7 U 7 4 —IEIC K DAEXIBLE R EIY, B4 I D dFEAD A ma A3 265nm
FHEIZH D, NV T RO L 2 228nm (285 Z 205, CD A7 hUZEES
D ENBEEINTN, BULEME DEART M EEDHZETEHEALEZR Y =— |
oyl I L DHROTT LD Cotton FIRVBAME L 70D Z EBRH LN E RS,
TNENDOBULEME DEANT ME LD E, VT AT LA~ —[HLTHIHITHED
SPHVICHART CD AT MABRBELNZZ b ENEIHETHHOTHH. ik
RELERET D 4V AF LT )Ry m— N TIZEMIICHEEO ® 5546 T H AR
Cotton ZI RSB TE 7. SEIGH LTZFEEARD Cotton 2Rz T HI2H720, F
T LTA ABE AR LTV 5. $ Tl 503 C3-A4F & & Vg Rz LT

o 2, o

/@Am /@Am [
R OH R OH

DMAP DMAP

32a 32b

CH.Cl, BzO,,

66a: R = H (66%)
67a: R = N(CHy), (77%)

66b: R = H (83%)
67b: R = N(CHs), (83%)

Scheme 11 Synthesis of the C4-benzoates 66a,b and 67a,b.
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Benzoate

100

50 —— 66b 0 —— 66a
— 32b — 32a
-100 -100
210 250 300 350 210 250 300 350
wavelength [nm] wavelength [nm]
Abs Abs
25 uv 25
2 2
1.5 1.5
1 /\ 1 /\
0.5 \ 0.5 \
0 0
05 05
210 250 300 350 210 250 300 350
wavelength [nm] wavelength [nm]
4-Dimethylaminobenzoate
100 @ 100
)
50 50
Ae @ Ae 0
\
50 —— 67b-32b 50 —— 67a-32a
— 67b — 67a
— 32b — 32a
-100 -100
210 250 300 350 210 250 300 350
wavelength [nm] wavelength [nm]
Abs Abs
25 25
uv
2 2
1.5
1 ‘—-\
0.5
0
-0.5 -0.5
210 250 300 350 210 250 300 350

wavelength [nm]

wavelength [nm]

Fig. 25 Differential CD and UV spectra of the C4-benzoates (66a,b and 67a,b) and their corresponding
parents (32a and 32b) in ethanol. The concentration of each compound was adjusted to 56 uM by using

an ¢ value of 18,000 at 265 nm or 30,400 at 310 nm, which was obtained by UV spectroscopy.



X BAEenfT K0 3 AT H VBABR S A ARREE LD Z L2 BN E LT
5. Cl-Ax X VFEERITITHRERE L TITo2EX I Dy (1) SIRERTCAANT B
Na G222 e b A AR ZBER L TNWDH EE X TND. C2-A ¥4 UiFERIT
D —ODFEROFREREZBET D ERMEEZ X OND. L, (RISA ATIELEZ &
572 THEXEBBE— AL FOGMITED LRV, §725, Cotton FROIREL I
HELTH, FAIITEELRWEDRELRWEZ X TS, il +%7 U7 4 —1E%
W56 A BRI E CD BEFBOIZIFET RN TUCBWCHEATE, N =8 nmikie s
2T TE P BB AIILTHRAMNEE > TOIIUTHEBELE R E D v EE CTh
HEEBEZDLND. SRITITN D ORERZ RN I X0 MR, BT 1AL 3 252
KA Rex U ERGFET L2562 ETHL ZOHEOHEANRELEZE X TN, S
HIHEx 7o B ¥ I 2 D BRIRORSEREIZHND ZERHIFRFTE S,

9. A XX U HEIEEA T HFHERD A BRETEEMENT

AR F Xt F oMEN A REBICKIETHELMANL70IZ, A LIZAY A
XX UFHEAEDO 'THNMR T2 T o7, —iRIZ, B4 I DiFERO A BB AR
FrZHWHR TV D, ABBRET MEAEMDO ST v 7Y v 7 EH (Jaxax = 11.1 Hz,
Jegeq = 2.7 Hz) ZfEF L7z 1820, HULAM TH S 10,25(0H)Ds (2) D A BREBIE, o
& B AR DR HRUBLE R OB H D Z E N BTN D.

FCERRAT 24T 9 72O ZNENOEZ n g RV AR TO A B 7 v b OJREETT
Sz, C3-AEBAFEX UFHEKR (30a) OB, 1 LONHEZIIFE X7 VT 4
—EIZEVREL TS, 1O T a F o OFEIZE L Tk COSY, NOESY fHEIZ
L 0PE L7 (Fig. 26). COSY A7 ML TAF X VEEMENRHY, 6 17 b
VEMBEOH LT m N AR ANE L, IMLEHBERD DL b OE 2L EIRE L. RICA
¥ X UERORE L LT 2 M NOESY MBI D 5 & D & 4 (N HABE & 2 b DI
JRE Lz, XX L& HIZ IBALE NOESY FHB N H D 1 D& 3B2 & LT D4 X
XD — 7 BRRENIIRE LTz, F7o4 %822 384 13 6 iL & D NOE MEIHI T
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7= (Fig. 27). 47 v ho® afr, BALICBE L CldAxtH 2 382 & D W RIDENE
TV T DHDED%E do il ERE LT (Fig. 27). EHIZ4p 7w b & W AERS
BTV TDHHLEDE BT b EIRE LTZ. 2007 L 40 iZ1X NOE &I TX
7. ZOMOFEEAL Fig.28,29 (253 NOESY HHREZ /R L, [FEEOMITIC LY A B

7'a b DlR)E&E1T o7 (Table 3).

cosy J ‘ NOESY J H ‘
1 I | I e A ' | \ 1 m C— e 'Jl",) M
—_ : t#"ﬁ)‘ — ‘ ‘ : I; E"%Af
I ; ?ij&#" ' = k7 I
3 e Ml = T X
: g E ]
. ° o = ' ) 4
= w = { )& . v
- 14 : | A 1 )
LI T | — b . le |
Ao L -} i
Fig. 26
oxetane
3p4
cosy 4a NOESY || m
i
Yot
oxetane=
3841 S —
6
Fig. 27
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in CDCls

30a (more polar) 30a in a-form 30a in p-form

H
HJOH

30b (less polar) 30b in a-form 30b in B-form

Fig. 28

31a (more polar) 31ain a-form 31ain B-form

73:27
—
_

in CDCl,

31b (less polar) 31b in a-form 31b in B-form

Fig. 29



Table 3 '"H NMR spectral data for the spirocyclic seco-steroids 30a,b and 31a,b in CDCl;.

Positions 30a 30b Positions 31a 31b

1 4.05m 4.16 m Oxetane 102 4.48d(6.2) 441d(5.9)

2a 1.79 dd (12.4,9.5) 2.17 dd (12.9, 4.0) Oxetane 1ol9 4.87d(6.2) 4.48d(5.9)

2B 2.35ddd (12.4,4.3,1.3)  1.97dd (12.9,8.1) Oxetane 1p2 4.40d(5.8) 451d(6.2)
Oxetane 302 4.53 d (6.0) 4.48d(5.9) Oxetane 1B19  4.43d(5.8) 4.81d(6.2)
Oxetane 304 4.39d (6.0) 435d(5.9) 2a 1.86 dd (12.5,9.1) 2.40dd (12.7,2.5)
Oxetane 32 4.45d (6.0) 4.60 d (6.0) 2B 2.46dd (12.5,2.3) 1.92.dd (12.7, 8.8)
Oxetane 3p4 4.36 d (6.0) 4.38 d (6.0) 3 3.86 m 39l m

4a 2.51d(13.1) 2.58d(13.2) 4o 2.20dd (12.6, 9.6) 2.56dd (12.7,3.9)
4B 2.65d(13.1) 2.62d(13.2) 4B 2.57dd (12.6, 3.6) 2.22.dd (12.7, 8.8)
6 6.40d (11.2) 6.43d(11.3) 6 6.31d(11.2) 6.31d(11.2)

7 5.96d(11.2) 5.95d(11.3) 7 6.05d (11.2) 6.04d(11.2)

19E 4981t (1.7) 497s 19E 5.09s 5.07s

192 5.32t(1.7) 5.28s 192 529s 5.28s

C3-A'rA Xt UiFEK (30a,b) (BT, AR IM2MVEOE YT ILh T
VT EB DN OFER, B aa R L AEES 1 e Rex o Enah ) 7 uiE S
DLOEENEET D Z RN E o7 (Fig. 27). 1tk Fu R ERRRATH
% 30a OEE, ot pA =18:81 & 72V, VDRASITHNZ: BB CHETDHZ &
IMHERE SALT2. 3 (LA 1 & RER CIRRHEI 72 Z IR ST OFRBE COSY 1 & 2 1% kRE 7
vV E 3T a b A XS 0 NOESY MBS BIHICE 7=, Cl-A% k&
FHER (3lab) IZBWTHLAXFEX VBOT 0 N EOERT TV T RBHY, A
B2 A3 MO E ST NIy 7Y o TEDEM ORI, & Fax K=l )7
MLE 5O DBESMESE L7 (Fig.29). 1Ak Ru kKR RO 31b 13 o B g Y

=73:27 720, aWEELTS.
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1 0. 3fiicAY A X L2 AT 258 RO X Bk AR

>0 Crystal Data:
T e Monoclinic P2;
4 el B 0.200 x 0.070 x 0.030 mm
LN N FW = 442.66
2 et~ i a=19.3366(8) A o= 90°
f ">/ b= 7.1441(3)A p=108.1004(14)°
’\'\T/J\ X ¢=20.3154(8) A v=90°
T e S O Volume = 2667.54(19) A3
‘i-—"\]‘/ zZ-4

3c Density (caled) = 1.102 Mg/m?

\\ﬁfi‘\fg-iv,\ : T=100K
Y ) R1=0.0388, wR2 = 0.1048[>20(])]

Table 4 Structural analysis based on the X-ray crystal structure at 100K.

Conformation A Conformation B
s angle length ring puckering angle length ring puckering
%/A A: C-O-C 93.0° C-O1.43A 3.4° A: C-O-C 92.2° C-O1.44A 3.1°
< 06 B: O-C-C 91.2° C-C1.54A B: O-C-C 91.2° C-C1.53A
C:C-C-C 84.7° C-H0.99 A C:C-C-C 852° C-HO0.99 A

FxREH CBREEALLHEER (30a) O XSS ORER, FERIIEST T2
FEORE THREMEE L TERY, BEMOEITIZEAE R oT. TnEnDOF k& o
ROFERIIA XX VBROERID 7L ring puckering 1359 3° TH 7= (Tabled). =
NETICERINTAE B A X ® 2 VEICEMOFIEIL 1077 TH Y, & 5 Fmk
L CWe flix BEHREOH L NEE~AA e T2 X VEREZEALTHAREBRE~D
AN NN ERHLNER ST, LML, ORTEP K& A2 &EAF v VEBROMRE
FERE Clix72 <, M E 7o TWnie, 8% 10,25(0H)D; (2) (X MU = EHT 50
TNENO “EEAIIESITEEZ L TRy, 9E D 10,25(0H)RDs 2) Y= UE
CDERDERIREITLY, C5-C6-CT-C8 D _HFAITER.5" L@/ FmTidian 2, #
R (30a) b0 A C5-C6-CT-C8 1% 4.3° Tholz. £ Cl-AxFEH
BRIZBWTH, XBREERRITIZIT > TOe A, CD AT ML BWTA X VB
ZEALTWRWMEAEW EHIER AR M a2 Z e, %X EAICLD
REREES~OEBI T/ NIWNWEE X bND. ABIEEYE &L ZRIKE OMAE/ERIZE N
T, BV O DEEIIEE LS. BICHl AT L Y, fx @k e2 69 588k
BOWTHAF S B AZL o TRBEICREREANDELRNWI ERHALNE -
2. ZDOZ EiFAF L Uk R XUV AR = VEOEY FRYEMA L LTHNY

LHEBICHERIMATHD.
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11. XX EELAHTHELX IV D FEEROIENEM

MEHBLE OV E LT HT A (30-32) 17 Uit VDR OfE A aERBR 21T -7, &
N VDR 8L VDR [T, 2EO7 I/ BEEKIT B LTS, 1 ALEF3
fire Fed I EoRBFL L TAF X 2B ALHERTIL, WE L bikde Fu¥x
VEDNRBBOSARREDIZ O A, DFED (30a) & (31b) 23, KV EWEAMEEZR
L7z, C2 X t& 8K (32ab) TIESAEEMEEH TEITRLS, EHHHEWE
FECH o7, FHEAE (30-32) (WD 10,25(0H):Ds (2) X W ARWEIFIPEZ R LT
W7 (Table 5). LU, 3AifEH (20) Loz 1 fiimt~— (19) & O
T, Cl-AvrAFvH U FFEAE (31b) & C3-AvmAFtZ U iFEK (30a) Off
RITHE2 > Tz (Fig.30). 372bb Cl-AE 4%t ¥ UiFEER 31b) (X1 it
~—(19) & FIFEE OBFAPEZ RFF L T edizxi L, C3-AE R AF & & U iFEk (30a)
1330030 1 & R&EPEH LTV, 3G (17) OHFFESS H NMR AT O R 7
O,C3-AF X OLEBBIMELRFET 2 TRILIZAZN L ITRRDIFERE T
3 MLEFICIEA X U EEETIART H 2 ENTE AN ZEMPNGFIETHZ &0 b,
EL<HMMAERREE LB E LT, KBRRERADE(L LI ERRENWEE R
ThRbb, R E ORERBEEREHKIZIBNT 3L Ru ¥ U 5T 1 LI IOk H#E G
AR E LTEHEETHL Z BRI,

ZOMFRIZE D A X VBRITKEFEZXARE L TREL TS e Frd ko

REL L THREELISD Z LRI SN A% AT X VBB E Fu X U Eo/EY )

Table 5 Relative VDR binding affinity of a spirocyclic oxetane-fused vitamin D analogues.

Compounds VDR? binding affinity

10,25-dihydroxyvitamin D; (2) 100°

30a 0.08

30b <0.005

31a <0.005

31b 0.04

32a <0.0003

32a <0.0003

“Bovine thymus.

®Potency of 1a,25-dihydroxyvitamin D3 is normalized 100 by definition.
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OH

VDR 300-fold lower
24

4-fold lower
HO' OH

1a,25(0OH),-3-epi-Ds (20)

OH

HO™ OH

1a,25(0OH),D5 (2) \
500-fold lower

OH

VDR 5-fold lower
0.2

HO™ “'OH
1B,25(0H);D3 (19) 31b

Fig. 30 Structures of A-ring epimers of 10,25(OH),D3 (2) and key oxetane-fused analogues.

FMAER L R T 202, 1=~ — (19) IZBWTHE STV S 10,25(0H):Ds (2)
? non-gemomic action D7 > F T=Z MEMIZOWTHEET 2MERNHDH. ¥ H
EIEBIZ OV T I BRDEHANLIETH L0, ZOWFEIT e K a2 o A Fr A
HREL IO ZENRBINTIZILDTOFTHSD. FeEX I DML WD
BURNBIE 3 ik Fed U EAKBEREUHEARL LTHRELTWL Z &2 red 5 E
TR THDLEBZL TS, 3t FafF e I Dy (1) AMRENEHELE=
FORIMNOHFIELTND Z DD, Fix ORFEAFAEL TWD. LER-T, 4% S
SITKFREAMGARE LTCOMEELZRFNT 22812k, EX2I0 DsDH2LT, £
DR DN T HHE TE 2 HEREM A AT ENHIHTELHLEZLTND.

12. £&9

BT, IEHRIE X I D AERET AT DICER R A BREE R U RICiER
U, IVR=ZNVEOF L WA AV ZAZ—E L TCHEBENS A XX %2 Faxy
EORBR LT HHHFHER (30-32) 2kt L, AELAHN L. Atk x

&2 A BREPHESSICHM TR a,0-T > A U HIBEAR (34-36) X, 3-oxetanone (39) 751U
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TRCTHR T 288D 3,3-bis(2-hydroxyethyl)oxetane (38) Z HFEEE & L, (LAY
34 % )\ TRRINER 38%, (&4 35 2 )\ THREIER 29%, fba¥ 36 4 £ TRRINE 33%, (2
THK LT, #4182 VB8R (34-36) ONAKMEFREIZIE, EX I D OFFD
B/ b U = o4& EFIA L, 2O Y o— NFEERORIRL %7 V7 ¢ —{EIZT
RE L7c. UMl VDRIZ X D BiAREMMERABRIC L0 At 2 UiElde Re ks
ORI 22D Z EARBENT-.
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= 20{41: RFafx 4% I DB IOV kR
FEIRDE RIS A 09T

1. FFif

CYPLIAL IC X B X 3 Dy DR

EX I Dy WAEBEEZ BT HERIZIE, #—7 v eI, EEER
DAEGHIZEADDMERTENEE L 25, T, (ISHODIEESR (P450scc) & LTHILN
% CYPIIAl BEX IV Dy B L L, 208-8 R eX I D; (68) ZA4KT D
ZEnNEE SN (Fig. 31) 797,

CYPIIAL IZm L AT r—/b (69) & HH & LT C20-C22 [Z THIBHEIWT§ 2 Z LT &
WATaA REVECEGRICED L BHERMEATHS. CYPIIAl Bio I3 HFHEEY
LA LIVT, 1984 FFEZ John HANEI LSO T/ B —=0 72 @E L2 ™. ZOREREN
fbIEEA 2 SOSIEA T v A RARVE CAEGRE DO F— BRI TH D, OB &
o TWND T END, MRATEHRHRITEERRBIBHRERN 225 EEZ 7. CYPIIAL (Z
FValbxTFo—L (69 NOEBERAT A RR/LVEVEBMEATHL VI3 v

(70) 4T 5 . a L A7 e — L IR SIE, 1) 22 ik Fe ¥k, 2) 20
Lk Favk, 3)C20-C22 fEA UMD B 72 5.

ZHVETCYPHAL FREERAEENEWEZEZ N TEY, NEMEH L L TR S
NTWeDX7-7e Fralb X7 —L (13), aL AT r—/L (69) DHTH-o7= 7.
LovL, dTEEX I Dy (1) & CYPHAL OB LD ERHLMNERD, S5
2014 FIZiX 7-7 e Fralbxrre—L (13) [Nz, ZONEEEEKTHLILI AT
r— (15) b ZOMEORE LR Z eRRESRE O LI 27— (15) 1
in vitro \IZBWTIL 22 it e Fax ik (71) Z4k+ % (Fig. 31). 22fik Fof ik
FE IR AZITT207ICE e RIEAINT 2022 7V RrF Rk E 4
T 5708 20 AL RS SARITAR L2V 89, & 5|2 CYPLIAL OIEE L LTHE SN

TWAHDIZIEEX I Dy R VT RTa— R Y3 H 5. B4 3Dy (1) @ CYP11
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(0]
¢H steroid hormone
7-DHC mineralcorticoids
A7-reductase CYP11A1 > glucocorticoids
- estrogen
HO HO androgen
69:cholesterol 70: pregnenolone
(0]
1) UVB
CYP11A1 24
—_— - vitamin D-likecompounds
HO 7
13: 7-dehydrocholesterol
(7-DHC) ~,20

uvB

CYP11A1

_—

HO™
1: vitamin D3 68: 20S-hydroxyvitamin D3
20(OH)D3

CYP11A1

—_ >

HO HO

15: Lumisterol 71: 22-hydroxylumisterol

Fig. 31 Metabolism of vitamin D3 and its related compounds by CYP11A1 (P450scc).

ALIC X 2RECIE, 20284 B e & VA S RETPEY bt STV b 28,
FRBEYTH D 20-8 R B4 22 D3[20(0H)D;] (68) MEEE D i S
WD 2012 FEI21X 20(0H)Ds (68) 23t R D CYP27AL 2KV 25k KX ifbEind
T ENRE I, SOICEFEIZIIIO 25 e Ra kR CYP27BI IZ L 0GR e
2 v D3OG EWE RN T D 2 LA S B8 E£72, CYPLIAL ORE L8 D
DIFEHX I D3 THY, 250H)D; (9) IR EZZTIC< WP ZOH LW TE X
TV Dy EREL O HMllalE, CYPIIAL BHEOLZWVEIE, AR ENEZ LN,
FIGIZHB N TEH CYPLIAL OFRBUIMZE SN TWD. In vivo TOARKIT 2012 I
Slominski 5723t ML{EH T, 25(0H)Ds (9) @ 20 fFHEKW R TH 5 25 20(0H)Ds  (68)
EMHLEZEEZME LTS 3. ZoZ &b, CYPIIAL ORI E VMR TIE,

LR LRI Om Tz TeEZI 0Dy (1) 283 L TWwWa EEZOND.
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208-E FeX v 4 3 v Ds DIEA

t M A AR L, 20(0H)Ds (68) X 10,25(0OH).Ds (2) LIZIX[RIZEDHE
SEENEIN R E - 7 F 7 A R B ERE AT 52 e LN EoTc B I BIT,
20(0H)D; (68) (Z X % nuclear factor-kB (NF-kB) #l#l%h %1% 10,25(0H).D; (2) (ZPEfkL
THZEHRENTEY. 2o OERITMAENO VDR BENLETH D LR ST
FY, genomic X non-genomic 7 52> TILR W DD, VDR &I LT-AEH & HEE S
NTW5. 7 v bk CYP24A1 IZX Y 20(0H)Ds (68) 1%, 24 iid B\ NE 25 fidi e R
MRtz 4 L, 10,25(0H)Ds (2) 35X 20(0H)Ds (68) LV & s g E
oY &N ST 8L R E IR AN b B iR (K562 Mifd, MEI i)
BT, 20(0H)D; (68) L 1820,23(OH).Ds 1 10,25(0H)Ds (2) & IFIF RS O B
HIGE & fbiFEREZ R L2 8. & 52, HL-60 M L O U927 MlEics W\ Th
10,25(0H)D; (2) DIEMEABZ 2V DD, HATEINHIGES L OHER~D 0 LikiliE %
RLTE®. £, BMEOE TIE 1a,25(0H):RD; (2) 1%, ~ 7 A~2ug/ kg DL T, &
N AMGEZ TS, 20(0H)D; (68) X~ A~ 3 i 30 pg/ kg EVENBE G- 21T

SThHEB VYT LSE, AR - B LR S 720 ),

205-t R B4 I v Dy O ERAFE

20(OH)D; (68) D FFEARIF I TILRIRDMH) TIL/2 V0 20R-E ¥ B4 I 2 D3
SRFH D 205235-VE KrF T v X I Dy &0 23R BIEERO AR ENHSE S
T&ETW%. 20(0H)Ds (68) DURAVFEERNIZEIZ RN EF > TE, ZDOAEBMEK
BEBRT D ECILRDIERPLETHD.

10,25(0H),D3(2) D3>0t Rax v IEIZVDR DY FY RFFEICBWTEETH Y,
WOt Fed R B s BMmEZ RE IERTFSES. VDR IFMOBAZ AR L 5
ROV T A TPNFEEET, £72 10,25(0H)D; (2) DA RERIZBWTRAIKTH
HEINTVWDHIZ LD, VDR L OFEGMHITE X X 2 DGR LB 2 BUF T 5

FCEBELRRFDO—D2THS. 2000H)Ds (68) 1% 10,25(0H).Ds (2) 1XWE L FRIMEE
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MRELSERD Z LD, IEHRBUCKERZA/ERE OB bR D LTS S.
Z DOFHEILIL 2000H)Ds DHEE A L, B2 7 JMEFOFWGHEA DAL B T &
HTHHI.

EERERIZIBWT CYPHAL IZEVEAESND 20 itk Fu X RoREZEET 5
728, 200H)D; (68) %LU, fExEfizMA7-20{t Fefd 4% I DikE
KEAR L= (Fig. 32) ', 20(00H)D; (68) (%, ZZ&K (VDR) (ZxfL ZivE TORE
A B mnBlfitE 2 e b H o7z, LavL 10,25(0H)Ds (2) & DOBiA
R CIIZBEA~OBFMET 25-8 e B30 Dy (9) KK EX I Ds (1)
CRRETH -7, ZOREIT 20 itk R 32 VDR OFESICE T 4 iz
LLEF—T7THDHILEERBETILILDOTHo. Wl SN TV OMEREX
genomic 72 ST VT VDR & DGRBS N TE Y, HEEMOFELAMICT
%7-% VDR Btz EA S 5EMiA1T-7-. £ 2T, 10,25(0H)Ds (2) IZEA L=
BS VDR BIRME AR S D = SDOEF—7, T7205 20 A FNH, RED la b R
2R UH, 25 ik ReX v EEBATLILE L. ZOME, ZO=2DFF—7
ETRCHET A8 (73) 1%, 20 ik Ro X U AE FCH BT EFRENAS
Ni-. L LA (73) @250t Fr X Ea k< FLEE (72) o%hd, o
A BBEZA L CWiuE, FEAR (74) O X9 I 24 < LTH VDR BUFIPEI,
10,25(0OH),Ds (2) % 100 & L7=HiEETIRWTNE 0.07 & =037 -7 (Fig.32). =
IHED A BEEZ AT 256, S OREN NSWZ LA R THERGEREE X
7z,

OH
25-hydroxy

VDR affinity !
VDR affinity !

<5x10° VDR affinity VDR affinity
0.07 0.4 0.07
HO" b 72 73 . 74
o ' HO' OH HO OH HO'
68: 20(S)-hydroxyvitamin D3 : 1a-hydroxy

«cell differentiation-inducing activity . 2a-methyl

-antiproliferative effects T T

Fig. 32 Structures of 20-hydroxyvitamin D analogues.
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205-£ R ¥y e 3y Dy a il L-shsikiss

20S-B e ¥ v I D; (68) OAEMMEEIZKRFT 5 LT, BNSZAEAR VDR &
OBFWEIZER Lz, ELIRRICAT o 72T TIE, 208-8 FrF B4 I Ds (68)
I VDR BLRMEZ I FIF R ERNWZ ERHA LN ooz, —JF, IEH YO b5 K
7 & 10T 10,25(0H)D; (2) & R%EH W0 2N EOFEEZ R+ E50E 200 5.
FNOHEBEEZ 208-8 Ra¥ e %30 Dy (68) (=L AT 11—/l CYPLIAL {3
MThH7 L3/ my L FRRITIEMRTEMATH O TEEARIRIT S & 72 5 I AT
LTCWD ERFHLEN Tz, T7bh, VDR ZIENZ 87 L Lzl &, &5 5 &S
2ATAE, 208-8E FrF o2 I Dy KOEEOEWY T RBRRIH S D LUET

ES S
el
— T
— T

Fig. 33 Postulated metabolic pathways of maxacalcitol (6) in rat.

75: 20S-hydroxy-hexanor-maxacalcitol

6: maxacalcitol

OH
CYP11A1 P\/Y
’ S
_ OH
CYP11A1 ’m .
e
OH *
OH
CYP24A1 M
_— [ Nl >
CYP27A1 ., i HO
CYP24A1 I/\/W(OH e : active metabolite?
68: 20S-hydroxyvitamin D3 ’ L

CYP27A1 e,
MOH e »

Fig. 34 Metabolism of 205-hydroxyvitamin D3 (68) by CYP11A1 and the role of CYP27A1 and

CYP24A1 in the further hydroxylation of products.
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& %. VDR @ LBD (28T % 20 frilrf#1% Leu-230, Tle-268, Val-300 %12 K 2 B/K )22 [H
Thbh, MELETHD 20 Fux o BIFZREE OMAFERIZB O TRANCIEZ S
NWTWDEBZXBND. ZDTw, ELFRR TR LIckkx Bt % EA S8 5 &6
ZMATHEUZERFNED LR BN oTo B BND.

BUE, EI3ME LTHERASL T DX vy b—v (6) 1322 M D RFE 123
FRFICEBR SN EEEZ A L, B2 20S-8 Frs e s 3 Ds (68) SHEEIL
TW5 (Fig.2). S HICHNAT T MMERDBIVVREAE A L PRI H R B Re TTHEETS
WIZHWOND., £DZ &G, 20 MEE ORI FIL7/8 A 6O EELEE 2 -
TWAEEZLNS. L, ~FHHv h—L (6) IZBLTHeEM2es T-1EFH
FRIIAHTH S, 7y bEAWERBERTIE, ZEROE o qbk, RgEk?
L = ¥ 20S-hydroxy-hexanor-maxacalcitol (75) 23Epk &5 (Fig.33) °V. (75) 1335
(17D FrFxiAber v v BiG %225, —J7, 20S-E Fed e s I
D; (68) XM DO E Faxfbxz=iF % (Fig. 34) 2. ZDk, I HIZ lofiL
e RaxfbanbOnERSDD 2, JISHES A5 L 5 2o UEhEaEs &
nTWAWn. L2, 7-7e Realb 25— (13) /02 27 11—/ (15) D CYP11Al
AL HICRI S IVBEENEL 25221 5 7. Zh b ofRE@miLe ¥
IV D BA~OEBBFHETH D720, ERNTHFEL TV LR H 5. AR O
ZAEIE 10,25(0H):Ds (2) @ CYP24AL IC L HREH THHE STV S (Fig. 4) V. il
FLEROUIEIE, 7V VBHENEIC K 0 BUKME EERAZ RS 2 L%, 25 ik Ra¥v
BOBEELRRFREERI 0, TNETRICAEELO TR X D
=8, =X PN = RO T HEDEMIENEILSH E VISR I LTV,

Z 2 TAME T, IEMEREHRREZ BRI E LT 20S-E Fr¥ % I Ds (68)
DILEN T A7 Z7 V) —% ST HZ L L Lz, TOFEMPH G E72UL 208-8 R e
FEZ I Dy (68) OIEMREMZBERT HHELRMANGEOND LHFHFTE S,
FEREREHT, MR ZBHRT DR MEN T E TIZRW I L b, [ISHERIZEY
T OGN & 5HE L7 (Fig. 35). 7 v B A RITEMRBUCEZE TH 5 VDR 24 Lo
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FrarHaE % O B T—H8
FERBIE LTWET.

20-epimers

novel 20-hydroxyvitamin D analogues

Fig. 35 Design of novel 20-hydroxyvit

EWEEA~ DB OV TIRETT 5.

2. WEpAET (1)
IS 2 LU 2 70 3l D A BRI A FF bR OMEHE 2 A2 20t FuF

X I DEEE (76-82) 2 ERL —7 v e Lic, SHIZEWVIIEEE LTA Y T rE
JAABEERER A E W L=, LA Y 7 a A% Grignard G CHEEEE AT 2 D%
REETH 2 & TRISNI0, LORIELRTW B OEA S a5
el L o [ R R AT O TR 2 BLVE 3]
BT, AROHEICBOTHLETKISTA V7 n BB~ BRTE, S50 Hh

O PHEEIRB LT W E WS RER D D, & BITA VY 7 m EARITARHNC X v A8

KRS0 EMT
—HRIENBHE LT

84: vitamin D,

Scheme 12 Retrosynthetic analysis of novel 20-hydroxyvitamin D analogues with cleaved side

chain.
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RUHZH ke R ENEAIND D EEFHEK (82) OGKbEEI L. e
BAEHTIZ X0 A BREBRIBRIR & BIEAR L= CD B2 /T o MMz T h v 7
U o 73T ANRFECHEREGKTHZ &L L7z (Scheme 12).

3. Grignard 33K 4 FH V72 20 (E~DIEHERE A

RISEERE AIF D Grignard SO IZ K D3 RIMEIE, Felkin-Anh HIZHEVY, 18 fif X T /L3
AT MNP REQEHRILL, KF 2 b/NSWEHEES & L TUAR=VHEITK L
TRONEKEED LRGN L RELE L7Z b0, F 725 208 KA EARM & LTHE
bILDETMTED. ZAUTRIC X BERERMHTIC L VR L7z, F72, Grignard KU
D SR I ISREZATIBERE 2 — B TR B D &5 B2 R H L TEAT T 5. KA
HEA% TlI Lewis R CTH 5~ 71 v 7 AT Lewis LD IV R = VIR SENL L, B VR
=VEEDS RS 5 LRI R BRI 2D, ROCHETT 5. —E - BEi <l
FZUANREE L, EEmViREEE WGBS Z o CEIT T 5 L Sd . SRS
OSSN FB T, Felkin-Anh QIZHE - 72 ARG DAL TN D 2 &b EITREES
NI THEIT LTV A EEZTVA.

Grignard FU3EIC L 2 fl 2 ORIEIEE ARG 4 Table 6 ([ZF & 72, Z ORGNT SIS
EOIE, KL EDKFETIToTEBY ZORREZSIHLTWD N0 = [ —1,2
1%, ANROFEELR (72,74) OGO, ELHRICTHICHRE LD THD. X
T A RER ED 20 M ATIESARRIZIRA TR Y, Z#k Grignard 33 TIX & ST
NEEL <, =2 b U —3 D Grignard SR TIX, HRVEMMIT 10%E1ZEA /LN
720> 2. Grignard SOSDRIROSIE, FOSHIO BALICKBENFET H551%, E RU R
BENZ L > TAONR=VEDIRITLIED 8 5D, 41 Grignard sAFE DI FEMEIZHE-S <
TN R=VOSNERFBOSE UTNSER F 25 S LTz, JKhdED =0, A
Y T FANBEEAREC b Wil U o AofRE s Lic. 2 U O MTEHIEROE
6 NIRRT 24 LELHETH Y, MEFO(LFHIMEEZ A 5. Grignard i3 & 7 ko
EDORISICBWT, #bE Y ¥ ATFE T TR &L 0 OSSR S, =/ —/H b LT
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20 HO R
R-MgX (4 eq) 4
- . wH
THF
0°C,1-4h
OTBS 83 OTBS
OH
. (0] = (0]
= -H,O
5 —_—
aldol products
OTBS 6TBS OTBS

OTBS

Table 6 Introduction of side-chain by Grignard reaction.

o products aldol products
entry reagent additive recovery
20S: 20R
1 e — 839%(100: 0) trace —
2 e CeCly(4eq)  86%(86: 14) trace —
3 ,J\Mgm — 10%(81: 19) 44% 30%
4 /LM9C| CeCls(4eq.)  88%(75: 25) trace —
5 Aorio — trace 82% 12%
6 Moo CeCli(4eq)  90%(80: 20) trace 3%
7 78%(25: 75) trace —

% Grignard reagent (2 eq.) was used.

Wk EDRIFOGZ SIS 2. U U LIV AR = ORI BAL L TAHL
N NVEZRTEM LT S, £70, BIOEBERKF & LT Grignard A3 ITHE T Y 7 A
K OEREMENWET 5. LD Z &b, WINT 554 TliE Grignard 303 & FE & H W

N

. T R —=3 TIX44% T v R—=IVUaniEiT Lz, = b —4 OFEEFEO L9

(2 Grignard A3 L FEEOELE Y U LALZIRIIL TRICE T2 ZAHB LAY 2 B

N

7R 88%IZ THEAL ZEMNTEL. = P —1IRT XTI AENRENED

X 20S RO A ZEH 2 HDIZX L, TVFNVEENEL 25138~ F—TAERY L5 B

.51-



7o, ZHUX Grignard SRIED T VX VDR 72 O SURBEENRAOT 5 ONEH & F X
HID. F o THEWAIEHD Grignard St Tl 20 (2SR D SR EIEIR G & 2D FREE AR
SND. TZTHLNE 20 LIS 2 BERIITXTAREZED L Z L & L.

gEE D HE 72 5 CD B D&k

IS B A%, 20 (BT VT AT LA~ —IBRAEWO BV BTNV T KD
n~ N7 4 =S TIEREECH o772, TBAF MHEIC XY TBS KA TIR#E L7
(ZoBE LT, 0B L7z 20 ALIC BT D KRB K ITE N EN T L3 — L& 2-59— R
VERAER (IBX) [ZTBIEL, 7 ho~E8niz, 5ol b % Wittig BOG I}
L, BIIOT vEA L7 4 v OGEHETT 72 (Scheme 13-15). Z L5 OIFHE D 72
5, HHWVIZEMEGEAT D CD MBI OENE, UOSEIIZITRET TR R/
PERIZTHMT D Z LN TE . CD BEH OB D Wittig RS T ICHER & [FARIZ E 1K
WEAEBMTHY, ZWITIZE A EERLINRN D ETMRITON TS R E DI
NELN TS, LrL, Scheme 15 TO IBX % W 72 B L SUGIZORUL R DK T 23 A

20 o
- i-Bu-MgBr
CeCl3 TBAF
—_—
THF

T

OTBS OTBS
86%
83 87a 87b
20S: 20R 86: 14 20S-isomer 20R-isomer
., OH
[ H PhsP*CH,BrBr !
IBX KHMDS :
87a . e
20S-isomer DMSO toluene
(0]
95% 45%
88
OH
/'y PhaP’CHaBrBr
IBX KHMDS
87b _— -
20R-isomer DMSO toluene
(6]
83% 42%

90

Scheme 13 Synthesis of the CD-ring portions 89 and 91.
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OH OH
20 (0] AN
[\ i-Pr-MgCI-LiCl [H oH
CeCly TBAF
—_— —_—
THF THF
OTBS oTBS OH
83 90% 92 90% 93a 93b
20S: 20R = 80: 20 20S-isomer 20R-isomer
PhsP*CH,BrBr E
IBX KHMDS !
93a —_— R '
20S-isomer DMSO toluene :
99% 41% :
94 !
OH ; OH !
A ' AT
[\H  PhgP*CH.BrBr ! HO
IBX KHMDS | !
93b _— s : :
20R-isomer DMSO toluene ! [ :
[¢] 1 !
93% 32% P Br :
96 ; 97 !

Scheme 14 Synthesis of the CD-ring portions 95 and 97.

R BsEZ 0 BT
20R?i952mer FEABHE L TWVET.

99b
20S-isomer
o

104: byproduct
from 99a,b

Scheme 15 Synthesis of the CD-ring portions 101 and 103.



vz, BROE =T VLT L3 —/1X DMSO H, IBX & it L CHEAL S 23 2
D EDRWEINTND O, ZO/LEWITERIRTIZ/2VW S IBX &

MRS L, H, BEUBCNMR & MS A7 BRI & FHl S5 E
AR (104) DG BT T Y AT Vv a— g2 H T 556, RIS Z <728 Swern
fefb/e MO ITEZT O DONREELWNWEBZ X OND.

S LR B EH LIS 23 % CD BRE D& Ak

ISR EG~DH =T V7 — /L OB L TEA Y 7 e B EHF T 5 CD B
LD A AEAIATe (Scheme 16). T 72b b, 1Y 7m ENVHEARL M LEZRET
VL7 42 (105) HHEFE LT, Z D% Sharpless A& Vb K AU & R T2 03N
MTEIT Leho T, ZHUT4EBRT V7 o ONMKEEICL 2 D EEZOND. 2
T, I HIEE 2D DR %3772 (Scheme 17). 2077 I REL V&
A LI SR RYEIRIR G (104) %

, MAREMEESYE L TE =T Vv a— a8 AL
& (107) 21572, FOHEERIC L CRIGEITWVERO CD B (110, 112) %5k

L7- (Scheme 17).

OH OH
OH

TsOH AD-mixB

B e D >

toluene t-BuOH
OTBS OTBS OTBS

99%
92 105

20S: 20R = 80: 20

Scheme 16 Synthesis of diol by Sharpless asymmetric dihydroxylation.
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ReFHESO BRI T dg/é tear (‘j:é/é g%
LML LTVET s

OTBS

107 108a 108b
20R-isomer 20S-isomer

L OH

H OH !

Ph3P CHoBrBr | 1

108a H _KHMDS _ N ‘
20R-isomer DMSO toluene \ :

HO :

OH |

PhyP*CH,Br-Br i o

108b & _KHMDS : N
20S-isomer DMSO toluene :
\ '

Scheme 17 Synthesis of the CD-ring portions 110 and 112.

4. X Bk AT 2 AT CD BREs J OMRIBSER o fRAT

AR L7- CD BEE8 (93a,99a,b) 1%, 20 (LD NAMMEFIRED T, HiET F /L-n-~F

Yo & WIS, X B RRNT 21T > 72. 2 2T Felkin-Anh BIIZ 53 < 20 7
DS EFEDRHER SN, AU Z, BIOFIR E LT, A Y 7'a ELHIEH CD B35 (93a)
S0 A CDBRED (99b) 1EENEN AREHOBE (A, B) THE
el 5 Z EAVHIBI L7z (Fig. 36). ZALCNORER D ZITRE < < DT 7RE
DEJEIZTREGRE LT e, 58K (93a) D1 YV 7w B VIR 23 (7 24 L A F /L
T, MO=a—~0FEAEZRLE CODRICH LT U FULT =Y aflEZ HD 5.

—7, FHEE (99a,0) Of T HIBURERIZL 20R, 208 & HICAF L USSR E
Fe Xkl m DRE CRliga{b L TR VI O MR RES ER D Z LWL
& 7o 7z (Fig. 36).

VDR t A LEEHAKTDO Y A R THD 10,250H)RD; (2) Ol §5 56
C17-C20-C22-C23 23723 i f413- 154° TdH Y (PDBID: IDBI), —77, |
fIgH (99a) 1TV T C17-C20-C22-C23 2372 T iHif41E 126° Th o7z, b bl
NEEVEIE Q) 1B 2EEAR 25 P Eex<d. LirL, |
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LU (99a) IF AT L ERAITEE TR AR LAWY X iR L F AR TE

D22z SO D AREND D, ZHUTFHER (99b) ICHYTIEED. S HITHR TR~

L, FEEA~E B L% BT 20 i FeEso iR

EARHBURIC TRERL LTV Zoffic kv, fihicsoncll & 2047

E R EOMAEOENMIEHEZ ZiLE TR WEJRIZHET 2 W) ZET
W7 WEEZFER NG 57 (Table 7).

Crystal Data: 93a

Monoclinic P2,2,2
0.50x 0.05 x 0.05 mm

FW =240.37
a=21.378(14)A o=90°
b=11.183(7) A p=190°
c=11.852(8) A y=90°

Volume = 2833(3) A?
Z=8
Density (caled) = 1.127 Mg/m®
T=100K

RI = 0.0263, wR2 = 0.0597[[>20(D)]

Crystal Data: 99a
Monoclinic P2,2,2,
0.350x 0.220x 0.120 mm

FW =238.36
- a=6.751(3)A o= 90°
FrRrHEED BB CT—& b=13.505(6) A p=90°
¢ =15.400(7) A ¥=90°
AL LTWET. Volume = 1404.0(11) A3
Z=4
Density (caled) = 1.128 Mg/m®
T=100K

R1 = 0.0336, wR2 = 0.0774[/>26(])]

Crystal Data: 99b

Monoclinic P2,
0.500 x 0.400 x 0.400 mm

FW =238.36
a=9.396(3)A a=90°
b=12.966(4) A B=106.611(3)
c=11.788(4) A v =90°

Volume = 1376.2(8) A3
Z=4
Density (caled) = 1.150 Mg/m3
T=100K

R1 = 0.0274, WwR2 = 0.0685[[>20(])]

Fig. 36 X-ray crystal structures.
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Table 7 Key torsion angles of the side-chains based on the X-ray crystal structures.

93a 99a
Torsion angles ) ]
(isopropyl) (isopropenyl)
Conformation Conformation
A B KSR RS O B 9T

C16-C17-C20-C21 -173° -169° -177° FABE LTWET.
Cl16-C17-C20-C22 63° 68° 62°
C17-C20-C22-C23 -174° -165° 126°

5. o7V I KD HEBEIERO AR
B CD BREIINE G LTz A BREBAIBEIK (85) L ZNE X7 U Afillilz Hu
THh 7V 7 H24TV, BRYORE < I %2 A3 5 581K (76-82) % &k L 7= (Scheme

18). 1w 7V v VRS ITMIERE &, 20 (i OSARICE D & MER < HEITL, BHO
FHERPE L.

OH
R 85
H 1) (PhsP)4Pd/Et3N, toluene
2) TBAF/ THF
| ;
2 steps
Br
HO

2 steps

HO™ HO™

HFF R A% 00 R 9T

FERL LTVET.

HO" HO™ HO™

76 78

82

Scheme 18 Synthesis of novel 20-hydroxyvitamin D analogues (76-82) with cleaved side chain.
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6. 20\t X B4 I D iFEikRoiEa
AR LT-FER (76-82) 127 Vil VDR 2 W -5 A ReiRBR 21T - 7=, #55-% Table
8 & Fig. 37 |27, MIBHUIKNIAEMALO T o 2 TH D70, IHZEETS L9

REMNL, ZThETadMBIRSnN T RNrol VA 5.

A Y T FOBEGHER (74) 12H~, 20 =K (76) X2 f5DIEMZ R LI, &6
2, (74) ZWURSE LA V7 m EOMUIBERER (77) 13 5-6 [EERARIR L. Zh
X225 fre MexsEe AT aMEA (73) il e.
- /1]
- /1]
L ChuF20fre FakrexIoDHEEAL L RE LB
MR EFA LTI COTOFTHD. —F, 22 (IZSHIZk R VN EAINTH
K (81) (82) 1F, 20 ALSZKICBID B P BURMMITIL T L Cun/e, =5 TiE, RRL
B0 2 20 fLEMEL EHIBHE OBV 20 Tk R v X 22 D FEESE VB E
YLD HERRTRNE S L.

Table 8 Relative VDR binding affinity of the 20-hydroxyvitamin D analogues.

Compounds VDR? binding affinity
1o, 25-dihydroxyvitamin D5 (2) 100°
20S8-hydroxyvitamin D5 (68) <5x10°
72
73 > .
isobutyl 74 (20S) FieE AR
76 (20R) O H/
isopropyl 77 (20S) T—If
78 (Q0R) EN P
79 (20R
80 (209)
: 7.
isopropyl 81 (20R)
modification 82 (205)

#Bovine thymus
®Potency of 1a,25-dihydroxyvitamin D3 is normalized 100 by definition.
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HO" OH

2: 10,25(0H),D3

isobutyl isopropyl

FEFHEEH O BT
FERBE LTWET.

Fig. 37 Structures of 20-hydroxyvitamin D analogues.

7. 20t FuaXxT X3 DBHBEERD X MAE R

AR O EIEEOILAY) (80) (ZOWT, TOHKEFND L, X G SRAIT 21T -
7= (Fig. 38). CD BROEHE /Y DOEEIL, B 7V > 7 RiD CD BRES (99b) &[RRI
AF LA E 2008 Fr o o 7 U P ZRIFLEE & 72 - CTuh7z. Table 9 [ XAHIEHHE
DEH/L torsion angle 2 F & O LD TH S, 10,25(0H)Ds (2) @D 20 fz= R (113)
TS Z RS 2 LA DALY (Fig. 39), Btk ERIZMISH S ALVER ©& 568
WREAT DR MATFNVENRT IV BIERELE D7 7 T T — /L ZFHAEAER R
HDHZENHEBEINTVD . 10,250H)D; (2) <° 20 it=E{& (113) X VDR &
DEAEFRERNBRE SN TND 7. 2o T2 AFA Ko
L NS (80) L=, /e b Cl6-17-20-21 THIE &415 torsion angle
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Crystal Data:
Monoclinic P2,
0.150x 0.050x 0.010 mm
FW = 386.66
a=11.2766(6)A o= 90°
b= 6.5027(3)A B=109.832(2)°

¢ =16.0049(10) A v=90°
Volume = 1104.01(10) A3

Z=2

Density (calcd) = 1.163 Mg/m?

T=100K

R1=0.0441, wR2 = 0.1055[/>26(])]

Fig. 38 X-ray crystal structure of 80.

D & 20 A= ER (113) 13 56°THAK L7358 1K (80) 1 54° & 1Z1E—E L7z (Table
9). 1E-TC, FHER (80) OPFIME EFITIT 21 LA FAER—IHEHELE L TNWDEER
bisd. 7220/t Fr 8L & ARG A OMA G OEITMEH 2 2 E Tz
BLEEIZHET D2 ENB LN E o7, ZHUTEiRd CD BRED X Mk T& 6
NTRERE L —8T 5. C17-20-22-23 THLE S 415 torsion angle Tl 10,25(0H).Ds (2)
13-154°TZ D 20 AL R (113) (X 178°TH -7 (Table 9). ZAUIKF LiFE K (80)
1 124°L EH 6 LB RRDMEALRL TV,

— IRV BEAIIE= hrE—a ARES OT, ThEfoKitox
FNF—, KFREEA A, WA, BOKMER AR 72 & PFETAUEE A R

21 22
%, 90 22 HO

23 N2
7o 7 FEFHEEE O BRY
16 OH 16
| | fﬂgﬂgklﬁﬁﬁ
| | ELTWVWET.
HO" OH HO" OH
10,25(0H),D5 (2) 10,,25(0H),-20-6pi-Dj (113)

Fig. 39 Structures of 1a,25(OH),D3 and 20-epi ligands.



Table 9 Key torsion angles of the side chain based on the X-ray crystal structures.

Torsion angles 10.25(0H),D; (2) 10,25(0H),-20-epi-D; (113) 80
C16-C17-C20-C21 81° 56° 54°
C16-C17-C20-C22 -33° -172° 176
C17-C20-C22-C23 -154° 178° 124°

HRN &2 B O T VFNBEOBHEC L, 77 TN T — VA EAERN R L,
SOICHER 25 MOKIFHEERI>IZEnb, Z0 8 85 1
10,25(0H),D3 (2) IZHER= U X E—IZIFEAFNCIT 6 EPHITE S, S HIT5
D MABEES N EREIC L D U FEROT— Y brE—RNED T2 L ZE2 605,
DFEY, T hr b= &, KE/EEXRLS Z ETHRAIZR = 2V E—BAERFE

LTS EBZBND. ERROZRK L OB OM R E 5 & AR LT OFHE
Iz~ BRI R e A L7, S 6124 Y 7 e B IB W TE
RERBFWE EFHRB 2N & D, Bl 2MEAERNL « EF2EAELTWH EE
AHND. ZNEEEETDE OB T RMHEERE2ESGT 5 2 L TFflR
VHENE—EORER, BAER LR LW 5. o rRetE s LTk

RSN ZHRE 7 4> 952 & THKMEZEICHFEEL TWA KD FEZIBWH LT
BAER EHT 0 ERNEZ2HND.

20 iz B (113) @ VDREAME ARG HEIZN, &9 — DR TREZ LT
MEBERETH D, 20 i YA (113) 1% 10,25(0H)Ds (2) (ZH~35K) 30 f5 L0 By
LFEREZAT D, 620 ATFNVEEHT GG, HENICOEFEREN AT
M AllE LT ISR AT 20 AL EA (113) [RIERIC 20 NZSLIAMK
RN BIRMEDS ER L7 2 20, 21 (DA FAFEOIRAMENRFRI U Th o2 FEN D, 4y
LFFERICEE L TV D AMREMR & 5. (I [FEROME M 3B T Z 4T 21 fLod A F L
O BRI HMEFERE~OU D BRZICEECTH L AN D 5. S HIC ZEEAIE
OO RMHAEHOGFENRBIND Z LD, 2HLIZO0NTHINE Y — NMeed
ELTHREEZGR L, HAEFEHZHLNNIT OLERDD.
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. MSHERIC BT D & 6 70 D SR B

FraF RS O B T—#D

FERBAIE LTWET.

Fig. 40 Structures of | side chain analogues.
WX T LT VDR ICH LEiEME AR Lz 20 fre e ke300
DA (79,80) IZHIBHE AKX < ISR TRY, B LR FIT 25 he R
FUREOKREBRBAICEIO2NWETHENE. 22T, A7 BAIZLD o 1O

FHAEMD 2WET VLT b a — U EENMISEH 2 BET 2 RICL Db D EB X 7.
20 AZUTERIT Leu-230, 1le-268, Val-300 72 BRI ZER] THEN TWH 720 20 it R ¥

FIIAFNETZ D W TV D ATEEER D D . 22T, 2 b OGO F i EH 23
EAOLMNCTHHNT, 20 itk Fe X oA RFEEREZHF L, TOHRRIEL ML
95 Z Lz L7z (Fig. 40).

9. WA (2)

WA FfEAT % Scheme 19 127", A6 22 fi~A L7 4 U EA L, FlEx QB ~ORE
BN FIREZR B AR A ¥ — LML L7=. 7725, Scheme 19 (T Grignard :RZE<° Wittig
FORZ R DA RAR= DEEAEETH LT, 2 ALV 7 4 V2 HT Hkkx 72
ISR FTRETH D

i :> N :> N :> 84: vitamin D,

‘ +
\ : R-MgX
; oTBS oTBS

Pd(0) 4/

14115 —> . 3 ﬁ
TBSO" OTBS 1

: | o) o)
: Al :

85

.........

oTBS OTBS

Scheme 19 Retrosynthetic analysis of novel vitamin D analogues with cleaved side chain.
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1 0. 200 b R0z R < fAEHTIMTR CD BREE D Ak

XD, (84) LVEWETATER (18) IZATF A~ Ry v Azl REK
JESHE, R I% THONIZ YT AT VA~ —REWMDOT L a—/1 (120) % IBXIZ X
Do by (121) ~EIE 97% TAEB L7 (Scheme 20). WIZ7 ~ (121) % Wittig
FOSITAF ALY (122) OGkERATZ. RAKR= T LM 2.1 58, n-Buli 2 58I
EVERTLY AU R2 HEBOFMFICTER ISR TKGS L2 A, BLA
Py OULERIE 4% (K<, JFEHEIIE 88% Ch o 7o, Stk & SORRE 2258 L BAF72IL
F 99% LAY (122) /KT H I EMNMTERN, 0L X 20 fiOT EfRIFHES
higio7- (Table 10). = D%, % k7 /L2—/L D TBS #£% TBAF IZ X VLB L T
BifReEIAs (123) ZU00K 8% TI7-. WifRs&llk (123) %z IBX BRIKIZ K VIR 92% T
Fy (124) 1AM, 612 Wittig RIS L7 2417 10 (116) OERNFE T

L7= (Scheme 20).

o) _ OH 0
[ H [ [ PhyP*CHyBr-
H CH3MgCl H IBX H n-BulLi
—_— B ——— B ———
THF DMSO THF
OTBS 96% oTBS 97% oTBS 99% oTBS
118 120 121 122

major: minor = 8: 2 20S-isomer

Ph3P*CH,BrBr'!

TBAF IBX KHMDS
—_— —_— —_—
THF DMSO toluene
OH (0]
98% 92% 46%
123 124

Scheme 20. Synthesis of 116
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PhgP*CH,Br-Brr
KHMDS
—_—

toluene

46%

Scheme 21

CD BRHBE A DI AL B DO FOUGIE, BI/ERMM & LT 14223 = 4k L7k &4 (125, 126)
DMtLoD CD BRI L 0 2 < AR S 7z (Scheme 21). ZAUIXY A U RiHiIR -
TR ORETH D LR END. 7272 LR D 202 B K r %2 CD BREEZMA T,
ZHUITEAER SN Tz, 14 L= B bREE o7 kB (124) TiX 20 fire R
X VENFAEL TR, ZHLETO CD BRETIX 20 itk Fo U a7 i
EEALT WAL e b Z il LW e EX DD, AW = BRI L7
W2 EPBIRIBIZ L CRISZEIToT2E 2 AT b2 L HBLEW 2155 Z £ T
X7 DI UL LA Z Y TLC ET125 OARBHGE TETH, REZEHT
MITIZT ARG OND Z &b, BULEW (124) OFHBRUE LT NI LA
FHIS .

20 NNEARFMER DT 7 e B (119) 13bAY (118) % THF Y, DBU % reflux
THUS S 20 fLONAEBRMKIRAW DO T VT &8, ZORAWII IV 7N D
Thavw NI TT7 4 —TCTORMRRETHD. 2T, SDHITAZ ) —VIERT
NaBHs # )i &8, T a—~Efik, VT AT VvA~—BRAEWEDBELT.. B
DONARBEMARZHOBRIELCT LT e K (119) 257 BHo5n=T7 AT e K (119) %
AN DR TRISZATWMEA Y (117) 2GR L7 (Scheme 22).

22 (T RS AT A IS S B\ T E LR Wittig % Table 10 (I2F &
Tz, TORUNE 20 (DS F 72 5 L USSR RE S ED L Z LW BN Loz,
b biba (121) 205 (122) ~NEIRISTEREIC 20 Rl 2 2425 . —75, b6 (128)
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ot Lot

\H PhsP*CH3Br- \H
CH3MgClI IBX n-BuLi
—_— —_— —_—
THF DMSO THF
97% OTBS 94% OTBS 92% OTBS
127 128 129
major: minor = 8: 2
20R-isomer

ot ot

[vH WH  Ph3P*CH,BrBr:

TBAF IBX KHMDS
—_— —_— —_—
THF DMSO toluene
96% OH 97% o) 54%
130 131

Scheme 22 Synthesis of 117

o]
PhsP*CH;Br ="' PhaP*CH3Br
n-BulLi cH n-BuLi \H
—_— —_—
THF THF
OTBS oTBS OTBS OTBS
121 122 128 129

Table 10 Wittig reaction of 121 and 128.

entry ketone Ph;P"CH;Br n-BuLi solvent temp. time yield
1 121 10.2 egq. 10 egq. THF reflux 21h 99%
2 121 10.2 eq. 10 eq. toluene reflux 19 h 45 min 88%
3 128 10.2 eq. 10 eq. THF reflux 2 h 30 min 92%
4 128 10.2 eq. 10 egq. toluene reflux 1 h 50 min 87%

o (129) TiE2 FFFBRETH Y, VERMSKHARE SRR D, iz Z R
L, ROSREZ B TH ROSKRRIZIZ & A EEET, OPEMETLTEY, BWY
LEMRER T LIz B2 NS, bEW (129) OERRITIEDRIEEBEIT
SERMARE LR, ZOMENG, L0 DR EEETHHE BRHRTE S &l
Sh5b.
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11. 20firk Pe e g2 R < IEHBIBEE SR D5 Rk

85

1) (PhsP)4Pd/ EtsN, tol
2) TBAF/ THF

E—

2 steps
27%
BRSO BT
AL LTWET.
85
1) (Ph3P)4Pd/ E3N, tol
2) TBAF/ THF

—_—
2 steps
20%

Scheme 23 Synthesis of novel vitamin D analogues with cleaved side chain without the

20-hydroxyvitamin group.

BIHTHL CD B0 (116,117) 1% A BRESATBRIA (85) &1 v 7V v VUG EATVY,
C“TRTHMO 20t B 2 R MBI SR (114,115) OGN TET L
7z (Scheme 23). 7272 L, WERIZZINEI 27%, 20% & 1K oT=. T > 7V > 7RI
HWHNRT D AT N E TR N 7 2= ViR AT 0 UBNEE LT T BT F R
(R T 2=V RAT 4 ) NGV LEMER LT, RAT ¢ VBN FIIE RO E 75
A D, ZORE, SRS LVREAIE 720, U2 EE Ik LB bR L3 <
BRLHEIND. MR AR T T RISITEFEE ThImWENMNTE WD Z
ETCRESND. N T 2=V RRAT ¢ o K OIEWREEN & LT, 72& 2L tert-7F
NIRRT T AT U NI EREBR LT S RTIVRIVER AT ¢ URENL LT RT VY
LfEIE, 7 uRAh T U TICBWCEWEEZ R T Z EN MBS (Fig. 41). L
MLURY 72 biR AT 4 AATHRT AT ILRAT 4 VIIRLETHD. ZORIITD
WS RBFNTETWRW. AL T 4 V2 AT 28RO » 7 ) TR
WTIE, ABBREAEITOMERH DL LEEZTND.
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Y oox Y
oo T OO

triphenylphosphine tributylphosphine tricyclohexylphosphine

Fig. 41 Phosphine ligands.

1 2. fISEGWR v Z 3 v D BER O

FeaF RS O HAYT—#D

FEABHE LTWET.

Fig. 42
TR OFHGER (114,115) 13W4H Y Y- 7 L HPLC I TR B4, 7 i VDR 81

DR R %#1T -7 (Fig.42). | SEFEEROERE £ L 7= b D% Fig,
43 & Table 11 IR L7, Bl R (115) 1320 Re ¥ fkhn
AN L 7o 2 F5 5, 10,25(0H):Ds (2) (ZPLEed o mv itz = L7z (Fig. 42). ©
v D FHEARICE L CHISHEINT SV AEE T, mWBIFITE 2 R TR RIS S h
TRV 20k Fu X RoOFETHKT 2 &, FFEK (79) ([ZHAFFER (114) 1%
4 i, FHER (80) ITLHEFHEAR (115) 13X L5 SRR EF- L, 20 (0L & h
LONARIZENT S, BFMED ERAZLNTZ. L7ed-> T, 20 A2 SR, RIKIZED
59, 20 itk N EERETBMME LAICIRP S D Z ERH LN oo 272
L, ZOzh5E (80) & (115) Th#kT 25 L R&E < 207 Fr b B -
FIMENOHFEEZ L TN EBEZBND. THITLD X SRR Tk <7238 20
fire Faxo ik OB RLE DR Z D> ThH LHEEL TS,

-67-



FERFH RSO H AT

FEAFE L TWET.

Fig. 43 Structures of _side chain analogues.

Table 11 Relative vitamin D receptor binding affinities for the vitamin D analogues.

Compounds VDR? binding affinity

1a,25-dihydroxyvitamin Dj (2) 100°
20S-hydroxyvitamin D5 (68) <5x10°

20-hydroxy
FErREEEO BT

HERBAE LTWET.

#Bovine thymus
Potency of 1a,25-dihydroxyvitamin Dj is normalized 100 by definition.

13. &8

e DMIEAET 5 20 ik KX B4 I DDOTA4 77 —%H5 L, VDR #
P2 P07 L7265, 20 0k Rk skonriffbry, & oW 23 VDR #fniic
WBEHZHZ L, SHITEEINTHD 10,25-P RrF U EX I D3IICHST 25
B Z R ORBER (68) Z A2 LT (Fig.43). ZOBEMRIE 20t FrFkghe
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V9 VDR BRI & WO IENZ B W TUER AT T 4 TR %2 b OMIEDR H 0 7208 Gl
BAMEZ R T LV BEABENMG LN, AT ABREMEZAT 520k Fafs
B X 22 D FERICB W TRISHEINT O BN/ NS W LAVRENT.

20 ik Re %o REoEl 2 S OICHREFTT 5720, 20k Fr 4 R < IgH a0k
RUHER DA RE & feSL LTz, B D BUFPE EFZNRIC 20 iz e
VIFMATITRWZ ERHA LN E RS TN, ZOEBMOSGE TILEIZ EARFNTIET
HNTWRWZ LRSI, EFe el AERICIX ) SRR/ N =Y g Wl
B2 BT 2 FE P EBAMEZ R LI L TOflE LTEETHY, 5% 20
NFNZDONWTHET DM ENH S, Fig. 43 D 4FED R LB 24
(xR T2 H I DDFERNEHEACREE Th D CYP24A1 1T L 2 LB DO G 4 [H]
BETEX D ENHIFRFCE 5. F2, —RIC 10,25(0HRDs (2) @ 20 ALNEAREMEARITSY
EFERICKRESEEL TWVD Z LD, ZOEMIC OV THRFTTIUX M EFEEE~D
P BEXCHEHBELRMAEAGEONDAREEND D, FHER (80) LFFEMAE (115) OH
PEDZII/NE L, FHEAR (115) &2 ORERIRIL 20 (L bFOMENR LV ELS TH S
b, 20 ik Fe ol 2B 5845 ECHFICEHERY —L R D TN
M CcE 5.
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ARBFFETIERH & Sk & U CRBERaREE & Ak, TS PERHI 24T o 7. 35 % Tl (2)
O 3NAHICER L, ZRKREOBEICEBOTEER A BIE Fax v RogiskE
iz lz. S5, BT EEREL LT, BENatEs a4+ s2vatstsy
RABEIRLTC. DX, A AT X VELHT-2E Fa X RoAY ) SEqhis &
TEHRBEIToTZ. FTOFME, At xvH URITAEBESZEERE L THIETS
bR BoRBEERDARED RSN IMETITINA T X VFHERDZ
BEEEROMERNS, 3MUCHAREETH L EEZ LN TN itk FrX U EA~D
BEEMNTFAIND Z LRI, £72, 2) O3tk Rre$ 3T VDR & D
BEARERICBNT, AEBAHGARLE LTEETHL Z LAVREBSHh, 4%, 8K
REHCE L CTAERZRMANE DN, 6 BOFEROSLA LA E IR FXT U T
A —iEEEA L. A%, fhov X Iy D EREROHRIELERED EL LT, it
Tx 7 VT 4 —EZHOVDBRICARRMmEEZR BN E L.

7 = B CIIMEHBIWEESR (P450 scc) ToH D CYPIIAL I K 2@ TH S 20-& Fr
FEH IV Dy (68) ZHMEICHIARGHR KOG ZIT o7z, fix ORI A A W]
RE L T 2B RUEDRESLIZ L0, RS AR &M O BRI BE/ERN B LT, 2
WO A BRHE FeX e AT 2BEICLY, BERICITEN W E LTl
7o 61220 fLEMAL SRR OB 20 Lt Fu B2 I D R m B
PEZIRT & ) BERERN G NI

WIS, 202t Fo ol z S GICHETT 2728, 202 N3 AR5 i Al
L, Grignard 33E<° Wittig SR L DR AR =T AREAEET 45 2 & T2 IS O
AEFREE LI ARiEZ L Uiz, FHEMIT 20 1 Ra$ o a2 RV 78546 CHEm
PIZEH L, TORRICIE AN 4V g B SAAY A=
ZEFOEIRS VDR K L TR E X X 2 Dy (2) (VLT 2 @it 2 r3 & v
IFI LD TOBINGE SN ABITHEN L= A kiEZ O Tz 2 AR ZH 50 &
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THIENTEDLEZEZTND., ZOETIE20E FrF U EOEFEZHEETLHZ L
MTE, @BMMELZ R THEEROGRICHII L. SHIZ VDR & U T REOHTTR
MHEAEROR R e X I DIFRICB W CIERICEBE M LES5 Z LN TE .
YLk, RIFGEIE, 2=—2 REALVT 4770y 7 ThHLAX X L OFREMELZEES
72 seco- AT 1A NEMITEANT DEMEDRTE, HDHVMNT20(L Fedi ez I
D % JfE & U7 RRAZRMIBHERT CD BRESOBHI R, B4 I DALEMITIIT 2%
BRALEFREEZAT ST b D TH D AFRICE VLR TMAITAE %O E X I D
WRIIGHCE, Fic/e U 7o RERGHOIEMER B MIIICEM CE 2 B2 TV 5.
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General information:

NMR spectra were recorded on a Bruker AVANCE-400, a Bruker AVANCE-700, or a JEOL
ECX-400 spectrometer. The chemical shifts have been expressed in ppm relative to
tetramethylsilane (TMS). Mass spectra and electrospray ionisation high-resolution mass spectra
(ESI-HRMS) were recorded on a Bruker micrOTOF. Infrared (IR) spectra were recorded on a
Jasco FT/IR-6300 spectrometer, or a Perkin Elmer Spectrum One FT-IR spectrometer and are
expressed in cm’l. Ultraviolet (UV) spectra were recorded with a Jasco V-660
spectrophotometer. Circular dichroism (CD) spectra were measured on a Jasco J-820
spectropolarimeter. Recycling preparative HPLC was performed on a Shimadzu CBM-20A

equipped with an LC-6AD pump and an SPD-M20A diode array detector.

Experimental Procedures:
Compound 40
To a solution of 3-oxetanone 39 (3.74 g, 51.9 mmol) in dry dichloromethane (100 mL) was

added [(ethoxycarbonyl)methylene]triphenylphosphorane (19.9 g, 57.1 mmol, 1.1 eq.) with
stirring under an atmosphere of argon at 0 °C. The resulting mixture was stirred at room
temperature for 30 min. The solvent was removed under the reduced pressure to give a residue,
from which compound 40 (6.87 g) was separated by silica gel column chromatography (ethyl
acetate: n-hexane = 1: 4) as a colorless oil in 93% yield.

40: '"H NMR (400 MHz, CDCl3) 6 1.28 3 H, t,J=7.1 Hz), 4.17 (2 H, q, J= 7.1 Hz), 5.30 (1
H,dd,J=3.5,2.4Hz),5.31 (1 H,dd, J=3.5,2.4 Hz), 5.51 (1 H, dd, /= 3.6, 2.4 Hz), 5.52 (1 H,

dd, J=3.6,2.4 Hz), 5.64 (1 H, quint., J= 2.4 Hz).

Compound 41
To a suspension of sodium hydride (3.24 g, 60% in mineral oil, 81.0 mmol, 3.0 eq.) in THF

(54 mL) was added diethyl malonate (14.3 mL, 15.1 g, 84.9 mmol, 3.5 eq.) in a dropwise
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manner with stirring under an atmosphere of argon at 0 °C. After having been stirred for 20 min
at room temperature, tetra-n-butylammonium bromide (3.48 g, 10.8 mmol, 0.4 eq.), followed by
a solution of 40 (3.87 g, 27.2 mmol) in THF (6.4 mL), was introduced to the reaction mixture.
The mixture was stirred for 18 h, and quenched by the addition of acetic acid (5.8 mL). The
reaction mixture was diluted with ether, and wished with brine, dried over sodium sulfate and
filtered. Evaporation of the filtrate afforded a residue, from which compound 41 (7.01 g) was
separated by silica gel column chromatography (ethyl acetate: n-hexane = 1: 6) as a colorless
oil in 95% yield.

41: '"H NMR (400 MHz, CDCl3) § 1.26 (3 H, t,J=7.2 Hz), 1.29 (6 H, t,J=7.1 Hz),2.98 (2 H,
s),3.96 (1 H,s),4.14 (2H,q,/J=72Hz),423 (4H, q,J="7.1 Hz), 458 (2H, d, J = 6.9 Hz),

477 2 H,d,J= 6.9 Hz).

Compound 42

To a solution of 41 (7.01 g, 25.6 mmol) dissolved in DMSO (200 mL) and water (1.4 mL) was
added sodium chloride (3.04 g, 52.0 mmol, 2.0 egq.), and the mixture was heated with stirring at
160 °C for 3 h. The reaction mixture was diluted with ether, and wished with brine, dried over
sodium sulfate and filtered. Evaporation of the filtrate afforded a residue, from which
compound 42 (4.85 g) was separated by silica gel column chromatography (ethyl acetate:
n-hexane = 1: 6) as a colorless oil in 81% yield.

42: 'H NMR (400 MHz, CDCl3) 6 1.26 (6 H, t,J=7.2 Hz),2.91 (4 H,s), 4.13 (4 H, q, J=7.2

Hz), 4.56 (4 H, s).

Compound 38
To a suspension of lithium aluminim hydride (1.00 g, 26.4 mmol) in THF (27 mL) was added
dropwise a solution of 42 (1.60 g, 6.95 mmol) dissolved in THF (2 mL) at 0 °C under an

atmosphere of argon. After having been stirred for 15 min at room temperature, the reaction
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mixture was cooled to — 78 °C, and saturated aqueous ammonium chloride (3 mL) was
cautiously added in a dropwise manner. The whole mixture was extracted with ethyl acetate.
The combined organic layer was filtred through Celite®. Evaporation of the filtrate gave a
residue, which was being compound 38 (840 mg, 83 %) as a colorless oil without further
purification.

38: '"H NMR (400 MHz, CDCl3) § 2.60 (4 H, t,J = 6.4 Hz), 3.79 (4 H, t,J= 6.4 Hz), 4.49 (4 H,

s)

Compound 43

To a solution of 38 (520 mg, 3.56 mmol), p-methoxybenzyl chloride (PMBCI) (0.53 mL, 3.90
mmol, 1.1 eq.) and tetra-n-butylammonium iodide (TBAI) (657 mg, 1.78 mmol, 0.5 eq.)
dissolved in dry THF (2.4 mL) was added a suspention of sodium hydride (171 mg, 60% in
mineral oil, 4.28 mmol, 1.2 eq.) in THF (1.2 mL) with stirring under an atmosphere of argon at
— 20 °C. The reaction mixture was stirred for 1 day at room temperature, while a suspention of
sodium hydride (43 mg, 60% in mineral oil, 1.08 mmol, 0.3 eq.) in THF (0.3 mL) was added for
three times at — 20 °C to complete the reaction. After the addition of saturated ageuous
ammonium chloride (5 mL) to the reaction mixture at — 20 °C, the whole was extracted with
ethyl acetate (100 mL x 3). The combined organic layer was washed with brine, dried over
sodium sulfate and filtered. Evapolation of the filtrate afforded a residue, from which 43 (628
mg) was separated by silica gel column chromatography (ethyl acetate: n-hexane = 1: 2, then
ethyl acetate: n-hexane: methanol = 20: 10: 1) as a pale yellow oil in 66% yield, with the
bis-PMB ether product (126 mg, 9 %).

43: '"H NMR (400 MHz, CDCl3) § 1.92 (1 H, br. 5), 1.99 (2 H, t, J= 6.5 Hz), 2.06 2 H, t, J =
6.2 Hz),3.53 (2 H,t,J=6.2 Hz),3.72 (2 H,t,J=6.5 Hz), 3.80 3 H, s), 441 (2 H, s), 4.44 (2
H,d,J=6.0Hz),4.47 (2H,d,J=6.0 Hz), 6.87 (2 H,d, J=8.7 Hz), 7.22 (2 H, d, /= 8.7 Hz);

13C NMR (100 MHz, CDCls) 835.5 (t), 38.1 (1), 40.6 (s), 55.2 (q), 59.3 (t), 66.5 (1), 72.8 (1),
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82.1 (1), 113.8 (d), 129.2 (d), 130.1 (s), 159.2 (s); IR (ATR) 3417, 2932, 2866, 2358, 2336, 1612,
1586, 1512 cm™'; HRMS (ESI+) m/z caled. for CisH2xNaOs [M+Na]® 289.1410, found

289.1411.

Compound 37

A solution of oxalyl chloride (0.45 mL, 5.16 mmol, 2.3 eq.) in CH2Cl, (1.5 mL) was added to
a stirred solution of dimethylsulfoxide (DMSO) (0.80 mL, 10.3 mmol, 4.7 eq.) in dry CH2Cl»
(1.5 mL) under an atmosphere of argon at — 78 °C, and the mixture was stirred at the same
temperature for 30 min. The resulting mixture was transferred to a solution of 43 (592 mg, 2.22
mmol) in CH2Cl> (4 mL), and the reaction mixture was stirred at — 78 °C for 40 min.
Subsequently, neat triethylamine (2.7 mL, 19.4 mmol, 8.7 eq.) was added to the reaction
mixture followed by stirring for 30 min. The reaction was quenched by the addition of water (5
mL) and the whole was extracted with ether (70 mL x 3). The combined organic layer was
washed with brine (5 mL), dried over sodium sulfate and filtered. Evaporation of the filtrate
afforded a residue, from which 37 (568 mg) was separated by silica gel column chromatography
(ethyl acetate: n-hexane = 1: 2, then 1: 1) as a colorless oil in 95% yield.

37: 'TH NMR (400 MHz, CDCl3) § 2.12 (2 H, t, J= 6.0 Hz), 2.92 (2 H, 5), 3.48 (2 H, t, J= 6.0
Hz),3.81 (3H,s),435(2H,s),446 (2H,d,/J=6.0Hz),4.58 2 H,d,J=6.0Hz), 6.87 (2 H, d,
J=28.8 Hz), 7.20 (2 H, d, J = 8.8 Hz), 9.75 (1 H, s); *C NMR (100 MHz, CDCls) & 35.6 (t),
39.6 (s), 49.5 (1), 55.3 (q), 66.3 (1), 72.7 (1), 82.0 (t), 113.8 (d), 129.1 (d), 130.1 (s), 159.2 (s),
200.6 (d); IR (ATR) 2932, 2887, 2837, 2734, 2251, 1718, 1612, 1585, 1512 cm™'; HRMS

(ESI+) m/z caled. for Ci1sH20NaO4 [M+Na]" 287.1254, found 287.1242.

Compound 44
A solution of vinylmagnesium bromide (1.0 M in THF, 0.76 mL, 0.76 mmol, 4.0 eq.) was

added to a stirred solution of 37 (50 mg, 0.19 mmol) in dry THF (0.76 mL) at — 78 °C in a

.75-



drop-wise manner under an atmosphere of argon. After having been stirred for 1 h at 0 °C, the
reaction was quenched by the addition of saturated aqueous ammonium chloride (5 mL). The
resultant mixture was extracted with ethyl acetate (20 mL x 3), and the combined organic layer
was washed with brine (3 mL), dried over sodium sulfate and filtered. Evaporation of the
filtrate afforded a residue, from which 44 (49 mg) was separated by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 1) as a colorless oil in 89% yield.

44: '"H NMR (400 MHz, CDCl3) § 1.87 (1 H, dd, J = 14.4, 4.0 Hz), 1.99 (1 H, dd, J = 14.4, 9.0
Hz), 2.13 (1 H, dt, J = 14.4, 6.0 Hz), 2.24 (1 H, ddd, /= 14.4, 7.1, 6.0 Hz), 3.53 (1 H, ddd, J =
9.6,7.1,5.6 Hz), 3.58 (1 H, dt, /= 9.6, 6.0 Hz) 3.80 (3 H, s), 4.21 (1 H, m), 4412 (1 H,d, J=
6.0 Hz),4.414 (2 H,s),4.43 (1 H,d, J=6.0 Hz), 446 (1 H,d,J=6.0 Hz),4.54 (1 H,d, J= 6.0
Hz), 5.05 (1 H, dt, J=10.3, 1.1 Hz), 5.17 (1 H, dt, J=17.2, 1.3 Hz), 5.84 (1 H, ddd, J=17.2,
10.3, 6.1 Hz), 6.87 (2 H, d, J= 8.6 Hz), 7.23 (2 H, d, J = 8.6 Hz); '3C NMR (100 MHz, CDCls)
0 35.4 (1), 40.9 (s), 42.5 (1), 55.3 (q), 66.6 (t), 70.5 (d), 72.9 (t), 82.1 (t), 82.9 (1), 113.8 (d),
114.2 (1), 129.3 (d), 130.0 (s), 141.5 (d), 159.2 (s); IR (ATR) 3393, 2931, 2867,1612, 1513 cm’!;

HRMS (ESI+) m/z caled. for C17H24NaO4 [M+Na]" 315.1567, found 315.1594.

Compound 45

To a stirred solution of 44 (167 mg, 0.57 mmol) and imidazole (233 mg, 3.42 mmol, 6.0 eq.)
in dry CH2Cl> (0.7 mL) was added tert-butyldimethylsilyl chloride (TBSCI) (258 mg, 1.71
mmol, 3.0 egq.) at 0 °C under an atmosphere of argon, and the resulting mixture was stirred at
room temperature for 3 h 30 min. The reaction mixture was then diluted with ethyl acetate (40
mL) and was washed successively with water (1 mL), and with brine (1 mL). The organic layer
was dried over sodium sulfate, filtered and concentrated. The residue was purified by silica gel
column chromatography (ethyl acetate: n-hexane = 1: 9) to give 45 (203 mg) as a colorless oil
in 88% yield.

45: "H NMR (400 MHz, CDCl3) § 0.00 (6 H, s), 0.85 (9 H, s), 1.73 (1 H, dd, J = 14.2, 4.7 Hz),
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2.05 (1 H,dd, J=14.2, 8.7 Hz), 2.07 (1 H, dt, J= 14.1, 6.7 Hz), 2.16 (1 H, dt, J = 14.1, 6.7 Hz),
3.53 (2 H,t,J=6.7Hz),3.80 (3 H, s), 4.17 (1 H, ddd, J=8.7, 7.3,4.7 Hz), 439 (1 H, d, /= 6.0
Hz), 440 (1 H, d, J= 6.0 Hz), 4.42 (2 H, s), 4.43 (1 H, d, J= 6.0 Hz), 4.62 (1 H, d, /= 6.0 Hz),
498 (1 H,d, =103 Hz), 5.02 (1 H, d, J= 17.2 Hz), 5.74 (1 H, ddd, J = 17.4, 10.2, 7.3 Hz),
6.87 2 H, d, J=8.7 Hz), 7.23 2 H, d, J = 8.7 Hz); '*C NMR (100 MHz, CDCls) 5 - 4.6 (q), -
3.9 (q), 17.9 (s), 25.8 (q), 34.9 (t), 40.3 (s), 43.9 (1), 55.2 (q), 66.4 (1), 72.2 (d), 72.7 (1), 82.5 (1),
83.2 (t), 113.8 (d), 114.3 (1), 129.1 (d), 130.4 (s), 141.9 (d), 159.1 (s); IR (ATR) 2930, 2858,
1614, 1513 cm’'; HRMS (ESI+) m/z caled. for Ca3HzsNaOsSi [M+Na]* 429.2342, found

429.2429.

Compound 46

To a stirred solution of 45 (500 mg, 1.23 mmol) in a mixture of CH>Cl, (15 mL) and water
(1.5 mL) was added DDQ (419 mg, 1.85 mmol, 1.5 eq.) at 0 °C, and the resulting mixture was
stirred at room temperature for 20 min. The reaction mixture was then diluted with ether (150
mL), and was washed successively with saturated aqueous sodium bicarbonate (10 mL), and
then with brine (10 mL). The organic layer was dried over magnesium sulfate, filtered and
concentrated to afford a residue, from which 46 (349 mg) was separated by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 3) as a colorless oil in 99% yield.

46: '"H NMR (400 MHz, CDCl3) § 0.01 (3 H, s), 0.02 (3 H,s), 0.86 (9 H, s), 1.78 (1 H, dd, J =
14.3,4.5 Hz), 2.04 (1 H, dt, J=13.8, 7.0 Hz), 2.10 (1 H, dd, /= 14.3, 8.6 Hz), 2.14 (1 H, dt, J =
13.8,7.0 Hz), 3.75 (1 H, dt, J=10.7, 7.0 Hz), 3.79 (1 H, dt, J=10.7, 7.0 Hz), 4.21 (1 H, ddd, J
=8.6,7.3,4.5Hz),4.40 (1 H,d,J=6.0Hz),4.43 (1 H,d, J=6.0 Hz), 4.45 (1 H, d, /= 6.0 Hz),
4.62(1H,d,J=6.0Hz),5.02 (1 H,d,/J=10.3 Hz), 5.11 (1 H,d, J=17.2 Hz), 5.78 (1 H, ddd,
J=17.2,10.3, 7.3 Hz); 3C NMR (100 MHz, CDCl3) § - 4.5 (q), - 3.9 (q), 17.9 (s), 25.8 (q),
37.7 (t), 40.4 (s), 44.0 (1), 59.4 (1), 72.3 (d), 82.3 (t), 83.2 (t), 114.5 (t), 141.8 (d); IR (ATR)

3403, 2954, 2929, 2858, 1644 cm™'; HRMS (ESI+) m/z caled. for C1sH3003NaSi [M+Na]"
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309.1856, found 309.1828.

Compound 47

A solution of oxalyl chloride (0.23 mL, 2.60 mmol, 2.4 eg.) in CH>Cl> (3 mL) was added to a
solution of DMSO (0.40 mL, 5.15 mmol, 4.6 eq.) in dry CH2Cl» (3 mL) under an atmosphere of
argon at — 78 °C, and the mixture was stirred at the same temperature for 30 min. The resulting
mixture was transferred to a solution of 46 (320 mg, 1.12 mmol) in dry CH>Cl> (6 mL), and the
reaction mixture was stirred at — 78 °C for 40 min. Subsequently, neat triethylamine (1.4 mL,
9.86 mmol, 9.0 eq.) was added to the reaction mixture followed by stirring for 50 min. The
reaction was quenched by the addition of water (5 mL) and the whole was extracted with ether
(70 mL x 3). The combined organic layer was washed with brine (3 mL), dried over sodium
sulfate and filtered. Evaporation of the filtrate afforded a residue, from which 47 (307 mg) was
separated by silica gel column chromatography (ethyl acetate: n-hexane = 1: 3) as a colorless
oil in 96% yield.

47: '"H NMR (400 MHz, CDCl3) 6 0.01 (3 H, s), 0.02 (3 H, s), 0.86 (9 H, s), 2.00 (1 H, dd, J =
14.4,4.4Hz),2.18 (1 H,dd, J=14.4, 7.8 Hz), 3.03 (1 H,d, J=17.6 Hz), 3.10 (1 H,d, J=17.6
Hz), 4.19 (1 H, dt, J= 6.8, 5.2 Hz), 437 (1 H, d, J= 6.3 Hz),4.43 (1 H, d, J= 6.3 Hz), 4.57 (1
H, d, J=6.3 Hz), 4.66 (1 H, d, J= 6.3 Hz), 5.04 (1 H, d, /J=10.3 Hz), 5.14 (1 H, d, J=17.2
Hz), 5.77 (1H, ddd, J = 17.2, 10.3, 6.7 Hz), 9.84 (1 H, s); *C NMR (100 MHz, CDCl3) & - 4.7
(q), - 4.1 (q), 18.0 (s), 25.9 (q), 39.5 (s), 43.2 (1), 49.5 (1), 72.2 (d), 82.4 (1), 83.1 (1), 114.8 (t),
141.1 (d), 200.8 (d); IR (ATR) 2957, 2929, 2858, 2720, 1722, 1643 cm™'; HRMS (ESI+) m/z

calcd. for Ci5H2303NaSi [M+Na]+ 307.1700, found 307.1705.

Compound 48
To a solution of triphenylphosphine (165 mg, 0.63mmol, 3.0 eq.) in dry CH>Cl> (1.5 mL) was

added dropwise a solution of carbon tetrabromide (104 mg, 0.31 mmol, 1.5 eq.) in dry CH2Cl»
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(1.2 mL) under an atmosphere of argon at 0 °C. After the resulting pale yellow mixture was
cooled to — 78 °C, a solution of 47 (60 mg, 0.21 mmol) in dry CH2Cl> (0.9 mL) was added to
the mixture. After having been stirred for 40 min at — 78 °C, the reaction was quenched by the
addition of water (5 mL) and the whole was extracted with ether (20 mL x 3). The combined
organic layer was washed with brine (3 mL), dried over sodium sulfate, filtered and
concentrated. The residue was separated by silica gel column chromatography (ethyl acetate:
n-hexane = 1: 19) to give the dibromide 48 (85 mg) as a colorless oil, which was sebsequently
reactied to the next step without further purification.

48: '"H NMR (400 MHz, CDCl3) 6 0.03 (3 H, s), 0.05 (3 H, s), 0.87 (6 H, s), 1.72 (1 H, dd, J =
14.2,4.9 Hz), 2.05 (1 H, dd, /= 14.2, 8.4 Hz), 2.59 (1 H, dd, /= 15.4, 7.0 Hz), 2.68 (1 H, dd, J
=15.4,7.0 Hz), 4.21 (1 H, ddd, J= 8.4, 7.3,4.9 Hz), 4326 (1 H,d,J=6.2 Hz), 4.330 (1 H, d, J
=6.1 Hz),4.46 (1 H,d, J=6.1 Hz), 4.65 (1 H, d, J= 6.2 Hz), 5.05 (1 H, d, /= 10.2 Hz), 5.16
(1 H,d,J=17.2Hz), 577 (1 H, ddd, J = 17.2, 10.2, 7.3 Hz), 6.45 (1 H, t, J = 7.0 Hz); °C
NMR (100 MHz, CDCIl3) & - 4.5 (q), - 3.9 (q), 18.0 (s), 25.9 (q), 39.2 (t), 41.1 (s), 44.3 (1), 72.0
(d), 81.5 (1), 82.1 (1), 90.8 (s), 114.9 (1), 134.5 (d), 141.4 (d); HRMS (ESI+) m/z calcd. for

C16H28Br202NaSi [M+Na]" 461.0118, found 461.0124.

Compound 34

To a solution of the dibromide 48 (85 mg) in THF (0.8 mL) was added dropwise n-BuLi (1.64
M in hexane, 470 pL, 0.77 mmol) under an atmosphere of argon at — 78 °C. The resulting
reaction mixture was stirred for 2 h at — 78 °C. The reaction was quenched by the addition of
saturated aqueous ammonium chloride (5 mL), and the whole was extracted with ether (20 mL
X 3). The combined organic layer was washed with brine (3 mL), dried over sodium sulfate and
filtered. Evaporation of the filtrate afforded a residue, from which 34 (47 mg) was separated by
silica gel column chromatography (ethyl acetate: n-hexane = 1: 49) as a colorless oil in 88%

yield.
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34: 'H NMR (400 MHz, CDCl3) § 0.02 (3 H, s), 0.03 (3 H, s), 0.86 (9 H, s), 1.89 (1 H, dd, J =
14.1,5.0 Hz), 1.99 (1 H, t, J=2.6 Hz), 2.12 (1 H, dd, J = 14.1, 8.4 Hz), 2.64 (1 H, dd, J = 16.8,
2.6 Hz), 2.75 (1 H, dd, J = 16.8, 2.6 Hz), 4.22 (1 H, m), 4.34 (1 H, d, J= 6.1 Hz), 4.40 (1 H, d,
J=6.1Hz),4.46 (1 H,d,J=6.1 Hz), 4.63 (1 H, d, J= 6.1 Hz), 5.03 (1 H, dq, /= 10.2, 0.9 Hz),
514 (1 H, dt, J=17.2, 1.2 Hz), 5.78 (1 H, ddd, J = 17.2, 10.2, 7.1 Hz); '*C NMR (100 MHz,
CDCls) & - 4.6 (q), - 4.0 (q), 18.0 (s), 25.7 (t), 25.8 (q), 40.8 (5), 43.2 (t), 70.1 (d), 72.0 (d), 80.8
(s), 81.4 (1), 81.8 (1), 114.7 (1), 141.5 (d); IR (ATR) 3312, 3076, 2955, 2930, 2860, 2119, 1643

cm’™'; HRMS (ESI+) m/z caled. for Ci16H2s02NaSi [M+Na]* 303.1751, found 303.1768.

Compound 49

To a stirred solution of the aldehyde 37 (308 mg, 1.17 mmol) dissolved in dry ether (3.7 mL)
was added a solution of allenylmagnesium bromide (ca. 2 M in ether, 3.5 mL, 7.0 mmol, 6.0
eq.) at - 78 °C under an atmosphere of argon. After having been stirred for 25 min at the same
temperature, the reaction was quenched by the addition of saturated aqueous ammonium
chloride (5 mL). The resultant mixture was extracted with ethyl acetate (60 mL x 3), and the
combined organic layer was washed with brine, dried over sodium sulfate and filtered.
Evaporation of the filtrate afforded a residue, from which a diastereomeric mixture of
homopropargyl alcohols 49 (349 mg) was obtained by silica gel column chromatography (ethyl
acetate: n-hexane = 1: 1, then 2: 1) as a colorless oil in 98% yield.

49: '"H NMR (400 MHz, CDCls) §1.93 (1 H, dd, J= 14.4, 2.8 Hz), 2.01 (1 H, dd, J= 14.4,9.5
Hz),2.05 (1 H,t,J=2.6 Hz), 2.09 (1 H, dt, J= 14.5, 5.4 Hz), 2.26 (1 H, ddd, /= 14.5,7.7, 5.2
Hz), 2.33 (2 H, dd, J= 6.0, 2.6 Hz), 2.70 (1 H, br. d, J= 3.6 Hz), 3.50 (1 H, ddd, J=9.6, 7.7,
4.9 Hz), 3.58 (1 H, dt, J=9.6, 5.4 Hz), 3.80 (3 H, s), 3.85 (1 H, m), 4.41 (2 H, s), 442 (1 H, d,
J=6.1Hz),445(1 H,d, J=6.2 Hz),4.46 (1 H,d, J=6.2 Hz), 4.53 (1 H, d, J= 6.1 Hz), 6.87
(2H,d,J=8.6 Hz), 7.21 (2 H, d, J = 8.6 Hz); >*C NMR (100 MHz, CDCl3) § 28.7 (t), 35.4 (t),

41.0 (s), 41.6 (t), 55.3 (q), 66.5 (1), 67.4 (d), 71.0 (d), 72.9 (t), 80.7 (s), 82.1 (t), 82.7 (t), 113.8

.80-



(d), 129.3 (d), 129.9 (s), 159.3 (s); IR (ATR) 3398, 3289, 2927, 2869, 2360, 2340, 2250, 1612,
1586, 1512 cm™'; HRMS (ESI+) m/z caled. for CisH2404Na [M+Na]" 327.1567, found

327.1594.

Compound 50

To a stirred solution of alcohol 49 (400 mg, 1.32 mmol) and imidazole (539 mg, 7.92 mmol,
6.0 eq.) in dry CH>Cl> (2 mL) was added tert-butyldimethylsilyl chloride (TBSCI) (597 mg,
3.96 mmol, 3.0 eq.) at 0 °C under an atmosphere of argon, and the resulting mixture was stirred
at room temperature for 15 h. The reaction mixture was then diluted with ethyl acetate (100
mL) and was washed successively with water (5 mL), and brine (5 mL). The organic layer was
dried over sodium sulfate, filtered and concentrated. The residue was purified by silica gel
column chromatography (ethyl acetate: n-hexane = 1: 9) to give 50 (548 mg) as a colourless oil
in 99% yield.

50: '"H NMR (400 MHz, CDCI3) § 0.01 (3 H, s), 0.08 (3 H, s), 0.86 (9 H, s), 1.97 (3 H, m),
2.11 (1 H, dd, J = 14.3, 9.4 Hz), 2.22 (1 H, dt, /= 13.9, 6.9 Hz), 2.32 (2 H, m), 3.53 (2 H, m),
3.80 3 H,s),3.90 (1 H,m),438 (1 H,d,J=59Hz),441 (1 H,d, J=5.9 Hz), 442 (2 H, s),
453 (1 H,d,J=59Hz),4.67 (1 H,d,J=59Hz), 687 (1H,d,J=8.6Hz),7.23 (1 H,d,J=
8.6 Hz); °C NMR (100 MHz, CDCI3) & - 4.3 (q), - 4.2 (q), 17.8 (s), 25.8 (q), 28.4 (1), 34.9 (1),
40.1 (s), 41.9 (1), 55.3 (q), 66.4 (1), 68.5 (d), 70.8 (d), 72.8 (t), 80.8 (s), 82.4 (t), 83.0 (t), 113.8
(d), 129.1 (d), 130.4 (s), 159.1 (s); IR (ATR) 3305, 2930, 2858, 2250, 1613, 1586 cm™'; HRMS

(ESI+) m/z caled. for C24H3304SiNa [M+Na]*441.2432, found 441.2413.

Compound 51
To a stirred solution of 50 (185 mg, 0.44 mmol) in a mixture of CH>Cl> (5.5 mL) and water
(0.5 mL) was added DDQ (150 mg, 0.66 mmol, 1.5 eq.) at 0 °C, and the resulting mixture was

stirred at room temperature for 50 min. The reaction mixture was then diluted with ether (100
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mL), and was washed successively with saturated aqueous sodium bicarbonate (10 mL), and
then with brine (10 mL). The organic layer was dried over magnesium sulfate, filtered and
concentrated to afford a residue, from which 51 (127 mg) was separated by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 9, then 1: 1) as a colorless oil in 97% yield.

51: 'H NMR (400 MHz, CDCI3) § 0.03 (3 H, s), 0.10 (3 H, s), 0.87 (9 H, s), 2.00 (2 H, m),
2.03 (1 H,t,J=2.7Hz),2.16 (2 H, m), 2.30 (1 H, ddd, J=16.5, 8.0, 2.7 Hz), 2.38 (1 H, ddd, J
=16.5, 3.9, 2.7 Hz), 3.78 (2 H, m), 3.94 (1 H, m), 440 (1 H,d, J=5.9 Hz), 446 (1 H, d, J =
5.9 Hz),4.52 (1 H,d, J=5.9 Hz), 4.69 (1 H, d, J = 5.9 Hz); '3C NMR (100 MHz, CDCI3) § -
4.3(q),-4.2(q), 17.8 (s), 25.8 (q), 28.5 (1), 37.6 (1), 40.2 (s), 42.1 (), 59.3 (1), 68.6 (d), 70.9 (d),
80.7 (s), 82.2 (t), 83.0 (t); IR (ATR) 3412, 3310, 2930, 2859, 2362, 2332, 2251 cm’'; HRMS

(ESI+) m/z caled. for C16H3003SiNa [M+Na]* 321.1856, found 321.1852.

Compound 52

To a stirred solution of 51 (91 mg, 0.31 mmol) in dry pyrdine (2 mL) was added
p-toluenesulfonyl chloride (TsCl) (177 mg, 0.93 mmol, 3.0 eq.) at 0 °C under an atmosphere of
argon, and the resulting mixture was stirred at room temperature for 12 h. The reaction was
quenched by the addition of water at 0 °C. The resultant mixture was extracted with ether, and
the combined organic layer was washed with HCI (2 M) and with brine, dried over sodium
sulfate and filtered. Evaporation of the filtrate afforded a residue, from which 52 (119 mg) was
obtained by silica gel column chromatography (ethyl acetate: n-hexane = 1: 9, then 1: 4) as a
colorless oil in 85% yield.

52: '"H NMR (400 MHz, CDCl3) § 0.03 (3 H, s), 0.07 (3 H, s), 0.84 (9 H, s), 1.93 (1 H, dd, J =
14.6, 2.6 Hz), 2.01 (1 H, t, J= 2.6 Hz), 2.07 (2 H, m), 2.29 (3 H, m), 2.46 (3 H, s), 3.82 (1 H,
m), 4.16 (2 H, m),4.31 (1 H,d, J=6.1 Hz),4.38 (1 H, d, /= 6.3 Hz),4.40 (1 H, d, J= 6.3 Hz),
4.63 (1H,d,J=6.1Hz),7.36 (2H,d,J=28.1 Hz), 7.79 (2 H, d, J = 8.1 Hz); '3C NMR (100

MHz, CDCl3) & - 4.29 (q), - 4.26 (q), 17.8 (5), 21.6 (q), 25.7 (q), 28.4 (¢), 34.0 (1), 39.9 (s), 41.3
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(1), 67.0 (1), 68.4 (d), 71.2 (d), 80.3 (s), 81.4 (1), 82.6 (1), 127.9 (d), 129.9 (d), 133.0 (s), 144.9
(s); IR (ATR) 3307, 2930, 2858, 2251, 1598 cm'; HRMS (ESI+) m/z caled. for C23H3605SSiNa

[M+Na]* 475.1945, found 475.1952.

Compound 53

To a stirred solution of 52 (145 mg, 0.32 mmol) in THF (2 mL) was added
tetra-n-butylammonium iodide (TBAI) (356 mg, 0.96 mmol, 3.0 eq.) at room temperature under
an atmosphere of argon, and the resulting mixture was stirred at reflux for 1 h 40 min. After the
addition of water (3 mL) to the reaction mixture at 0 °C, the whole was extracted with ether (20
mL x 3). The combined organic layer was washed with brine, dried over sodium sulfate and
filtered. Evaporation of the filtrate afforded a residue, from which 53 (128 mg) was separated
by silica gel column chromatography (ethyl acetate: n-hexane = 1: 9) as a colorless oil in 98%
yield.

53: '"H NMR (400 MHz, CDCI3) § 0.04 (3 H, s), 0.11 (3 H, s), 0.87 (9 H, s), 2.07 (3 H, m),
2.35 (3 H, m), 2.54 (1 H, m), 3.16 (2 H, m), 3.87 (1 H, m), 4.36 (1 H, d, /= 6.0 Hz), 4.45 (1 H,
d,J=6.0 Hz), 448 (1 H, d, J= 6.0 Hz), 4.66 (1 H, d, J = 6.0 Hz); '3C NMR (100 MHz, CDCl5)
d0-4.21(q), -4.18(q), - 1.6 (1), 17.8 (s), 25.8 (q), 28.5 (t), 40.1 (t), 41.0 (1), 43.2 (s), 68.5 (d),
71.1 (d), 80.5 (s), 80.8 (t), 82.0 (t); IR (ATR) 3310, 2954, 2929, 2858, 1731 cm’!; HRMS

(ESI+) m/z caled. for Ci16H20I0,SiNa [M+Na]* 431.0874, found 431.0878.

Compound 35

To a stirred solution of 53 (19 mg, 0.05 mmol) in toluene (0.1 mL) was added
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) (70 puL, 71 mg, 0.47 mmol, 9.4 eq.) at 0 °C under an
atmosphere of argon, and the resulting mixture was stirred at room temperature for 17 h 30 min.
After the addition of saturated ageuous ammonium chloride (3 mL) to the reaction mixture at

0 °C, the whole was extracted with ether (10 mL x 3). The combined organic layer was washed
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with brine, dried over sodium sulfate and filtered. Evapolation of the filtrate afforded a residue,
from which 35 (8 mg) was separated by silica gel column chromatography (ethyl acetate:
n-hexane = 1: 1) as a colorless oil in 93% yield.

35: 'TH NMR (400 MHz, CDCl3) 6 - 0.02 (3 H, s), 0.06 (3 H, s), 0.86 (3 H, 5),2.02 (1 H, t, J =
2.7Hz),2.09 (1 H, dd, J = 14.0, 3.5 Hz), 2.24 (1 H, dd, J = 14.0, 8.9 Hz), 2.31 (2 H, dd, /= 5.9,
2.7Hz),3.87 (1 H, ddt, J=8.9,5.9,3.5 Hz),4.54 (1 H,d, J= 5.6 Hz), 4.55 (1 H, d, /= 5.6 Hz),
462 (1H,d,J=59Hz),475(1 H,d,/J=59Hz),526 (1H,d,/J=17.5Hz),528 (1 H,d, J =
10.8 Hz), 6.02 (1 H, dd, J = 17.5, 10.8 Hz); '*C NMR (100 MHz, CDCls3) § - 4.4 (q), - 4.3 (q),
17.8 (s), 25.8 (q), 28.2 (t), 43.9 (s), 44.1 (1), 68.7 (d), 70.7 (d), 80.8 (s), 81.0 (t), 82.4 (1), 114.4
(1), 140.9 (d); IR (ATR) 3313, 2956, 2930, 2859, 1734, 1640 cm™'; HRMS (ESI+) m/z calcd. for

Ci6H280,SiNa [M+Na]" 303.1751, found 303.1769.

Compound 54

"H NMR (400 MHz, CDCl3) & - 0.04 (3 H, s), 0.11 (3 H, s), 0.86 (9 H, s), 1.85 (6 H, m), 1.94 (1
H, dd,J=14.7,2.2 Hz), 2.09 (2 H, m), 2.20 (1 H, t, J=2.6 Hz), 2.26 (3 H, m), 2.34 (1 H, dd, J
=8.4,2.6 Hz), 2.42 (1 H, dt, J=16.6, 3.2 Hz), 2.96 (2 H, m), 3.48 (1 H, m), 3.74 (7 H, m), 3.88
(1H,m),4.26 (1 H,d,J=63Hz),436 (1 H,d, J=6.2 Hz),4.50 (1 H, d, J=6.2 Hz), 4.75 (1
H, d, J= 6.3 Hz); *C NMR (100 MHz, CDCl3) § - 4.04 (q), - 4.01 (q), 17.8 (s), 20.3 (1), 23.2 (1),
25.7 (q), 25.9 (1), 28.4 (1), 28.6 (), 29.4 (1), 33.9 (1), 40.1 (s), 41.3 (1), 47.3 (1), 49.6 (1), 50.3 (1),
56.0 (t), 68.7 (d), 72.0 (d), 80.2 (s), 80.8 (t), 81.9 (1), 166.8 (s); HRMS (ESI+) m/z calcd. for

C25sHasN202Si [M]* 433.3245, found 433.3247.

Compound 55
To a suspension of the methyltriphenylphosphonium bromide (PhsPCH;3Br) (750 mg, 2.10
mmol, 2.1 eq.) in THF (5 mL) was added n-BuLi (1.64 M in n-hexane, 1.2 mL, 1.97 mmol, 2.0

eq.) in a dropwise manner with stirring under an atmosphere of argon at 0 °C. After having been
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stirred for 40 min at same temperature, aldehyde 37 (265 mg, 1.00 mmol) was dropwised to the
reaction mixture at - 20 °C. The mixture was stirred at room temperature for 2 h. After the
addition of saturated aqeuous ammonium chloride (5 mL) to the reaction mixture at 0 °C, the
whole was extracted with ethyl acetate (40 mL x 3). The combined organic layer was washed
with brine, dried over sodium sulfate and filtered. Evapolation of the filtrate afforded a residue,
from which 55 (245 mg) was separated by silica gel column chromatography (ethyl acetate:
n-hexane = 1: 4) as a colorless oil in 93% yield.

55: 'H NMR (400 MHz, CDCl3) 6 1.96 (2 H, t, J= 6.5 Hz), 2.44 (2 H, d, J= 7.3 Hz), 3.52 (2
H,t,J=6.5Hz),3.81 3H,s),438(2H,d,/J=59Hz),4.41 (2H,s),4.50 (2 H,d,J=5.9 Hz),
5.10 (2 H, m), 5.78 (1 H, ddt, J = 17.5, 9.6, 7.3 Hz); '>*C NMR (100 MHz, CDCIs) & 35.4 (t),
40.2 (t), 41.0 (s), 55.2 (q), 66.2 (t), 72.7 (t), 81.2 (t), 113.7 (d), 118.1 (t), 129.1 (d), 130.4 (s),
133.6 (d), 159.1 (s); IR (ATR) 2923, 2863, 1613, 1514 cm™'; HRMS (ESI+) m/z calcd. for

Ci6H2203Na [M+Na]* 285.1461, found 285.1477.

Compound 56

To a stirred of 55 (245 mg, 0.93 mmol) in a mixture of CH2Cl, (7.4 mL) and water (0.7 mL)
was added 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ) (317 mg, 1.40 mmol, 1.5 eq.) at
0 °C, and the resulting mixture was stirred at room temperature for 20 min. The reaction
mixture was then diluted with ether (300 mL), and was washed successively with saturated
aqueous sodium bicarbonate (5 mL), and then with brine (5 mL). The organic layer was dried
over sodium sulfate, filtered and concentrated to afford a residue, from which 56 (121 mg) was
separated by silica gel column chromatography (ethyl acetate: n-hexane = 1: 1) as a colourless
oil in 91% yield.

56: '"H NMR (400 MHz, CDCl3) § 1.94 (2 H, t, J= 6.8 Hz), 2.49 (2 H, d, J= 7.3 Hz), 3.77 (2
H,t,J=6.8Hz),443 (2H,d,/J=59Hz),451 (2H,d,J=59 Hz),5.14 (1 H, d, J=10.1 Hz),

5.15(1H,d, J=17.1 Hz), 5.79 (1 H, ddt, J=17.1, 10.1, 7.3 Hz); *C NMR (100 MHz, CDCl5)
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5 38.0 (1), 40.2 (t), 40.9 (s), 58.8 (t), 81.1 (t), 118.2 (1), 133.4 (d)

Compound 57

A solution of oxalyl chloride (0.14 mL, 0.20 mg, 1.58 mmol, 2.3 eq.) in CH2Cl, (1.8 mL) was
added to a solution of DMSO (0.25 mL, 0.25 mg, 3.20 mmol, 4.6 eq.) in dry CH2Cl> (1.8 mL)
under an atmosphere of argon at — 78 °C, and the mixture was stirred at the same temperature
for 30 min. The resulting mixture was transferred to a solution of 56 (100 mg, 0.70 mmol) in
dry CH2Cl (3.7 mL), and the reaction mixture was stirred at — 78 °C for 40 min. Subsequently,
neat triethylamine (0.86 mL, 0.62 mg, 6.13 mmol, 8.8 eg.) was added to the reaction mixture
followed by stirring for 30 min. The reaction was quenched by the addition of water (5 mL) and
the whole was extracted with ether (50 mL x 3). The combined organic layer was washed with
brine (5 mL), dried over sodium sulfate and filtered. Evaporation of the filtrate afforded a
residue, from which 57 (83 mg) was separated by silica gel column chromatography (ethyl
acetate: n-hexane = 1: 1) as a colorless oil in 85% yield.

57: '"H NMR (400 MHz, CDCl3) § 2.56 2 H, d, J= 7.3 Hz), 2.87 (2 H, d, J = 1.0 Hz), 4.49 (2
H,d,J=63Hz),4552H,d, J=63Hz),545(1 H,d, J=17.0 Hz), 5.14 (1 H, d, J=10.2
Hz), 5.74 (1 H, ddt, J = 17.0, 10.2, 7.3 Hz), 9.79 (1 H, s); '*C NMR (100 MHz, CDCls) & 40.0

(s), 40.7 (t), 49.5 (1), 80.8 (1), 118.9 (1), 132.9 (d), 200.2 (d)

Compound 58

A solution of ethynylmagnesium bromide (0.5 M in THF, 2.0 mL, 1.00 mmol, 5.0 eq.) was
added to a stirred solution of 57 (28 mg, 0.20 mmol) in dry THF (1.0 mL) at — 78 °C in a
drop-wise manner under an atmosphere of argon. After having been stirred for 30 min at room
temperature, the reaction was quenched by the addition of saturated aqueous ammonium
chloride (3 mL). The resultant mixture was extracted with ethyl acetate (10 mL x 3), and the

combined organic layer was washed with brine (3 mL), dried over sodium sulfate and filtered.
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Evaporation of the filtrate afforded a residue, from which 58 (28 mg) was separated by silica

gel column chromatography (ethyl acetate: n-hexane = 1: 2) as a colorless oil in 85% yield.

Compound 36

To a stirred solution of 58 (55 mg, 0.33 mmol) and imidazole (135 mg, 1.98 mmol, 6.0 eg.) in
dry CH2Cl; (2 mL) was added tert-butyldimethylsilyl chloride (TBSCI) (149 mg, 0.99 mmol,
3.0 eq.) at 0 °C under an atmosphere of argon, and the resulting mixture was stirred at room
temperature for 70 min. The reaction mixture was then diluted with ethyl acetate (100 mL) and
was washed successively with water (3 mL), and with brine (3 mL). The organic layer was
dried over sodium sulfate, filtered and concentrated. The residue was purified by silica gel
column chromatography (ethyl acetate: n-hexane = 1: 9) to give 36 (80 mg) as a colorless oil in
87% yield.

36: '"H NMR (400 MHz, CDCl3) 6 0.10 (3 H, s), 0.15 (3 H, s), 0.88 (9 H, s), 2.02 (1 H, dd, J =
14.1,5.7 Hz), 2.20 (1 H, dd, /= 14.1, 8.4 Hz), 2.41 (1 H, d, J=2.1 Hz), 2.52 (1 H, dd, J = 14.2,
7.2 Hz), 2.59 (1 H, dd, J = 14.2, 7.2 Hz), 435 (1 H, d, J = 6.0 Hz), 439 (1 H, d, J = 6.0 Hz),
446 (1H,ddd,J=84,5.7,2.1 Hz), 457 (1 H,d, J=6.0 Hz), 4.61 (1 H,d, J=6.0 Hz), 5.15 (1
H, br. d, J=10.2 Hz), 5.17 (1 H, br. d, J = 17.0 Hz), 5.82 (1 H, ddt, J= 17.0, 10.2, 7.2 Hz); *C
NMR (100 MHz, CDCI3) & - 5.0 (q), - 4.4 (q), 18.0 (s), 25.7 (q), 39.6 (t), 40.7 (s), 43.9 (1), 59.7
(d), 73.1 (d), 81.3 (t), 81.8 (t), 85.0 (s), 118.3 (t), 133.5 (d); HRMS (ESI+) m/z caled. for

C16H280,SiNa [M+Na]* 303.1751, found 303.1750.

Compounds 30a,b

To a stirred solution of the A-ring enyne precursor 34 (60 mg, 0.21 mmol) and the CD-ring
portion 33 (92 mg, 0.26 mmol, 1.2 eq.) in a mixture of toluene (7.5 mL) and triethylamine (2.6
mL) was added tetrakis(triphenylphosphine)palladium (73 mg, 0.06 mmol, 0.3 egq.) at room

temperature under an atmosphere of argon. After having been heated at reflux for 1 h, the
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reaction mixture was diluted with ether and filtered through a small pad of silica gel.
Evaporation of the filtrate gave a residue, which was purified by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 7) to give a mixture of protected seco-steroids
(105 mg).

The crude products (105 mg) dissolved in THF (0.8 mL) were treated with
tetra-n-buthylammonium fluoride (TBAF) (1.0 M in THF, 0.42 mL, 0.42 mmol) at room
temperature for 1 h 20 min. Brine (3.5 mL) was added to the mixture and the whole was
extracted with ethyl acetate (20 mL x 3). The organic layer was washed with brine, dried over
sodium sulfate, filtered and concentrated. The residue was purified by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 2) to give 30a,b (62 mg) in 66% yield (two steps).
The product ratio between 30a and 30b was estimated to be 1: 1 by '"H NMR analysis and by
analytical HPLC. Separation and further purification of 30a (more polar, rr = 12.60 min) and
30b (less polar, tr = 12.83 min) were conducted on a recycling HPLC (YMC-Pack Pro C18
column, 20 x 150 mm, 10 mL min "', acetonitrile: water = 9: 1).
30a: UV (ethanol) Amax 264 nm, Amin 229 nm; 'H NMR (700 MHz, CDCls) § 0.54 (3 H, s), 0.94
(3H,d,J=6.6Hz), 1.21 (6 H, s), 1.79 (1 H, dd, J=12.4, 9.5 Hz), 2.35 (1 H, ddd, /= 12.4, 4.3,
1.3 Hz), 2.51 (1 H,d, J=13.1 Hz), 2.65 (1 H,d, J=13.1 Hz), 2.83 (1 H, dd, /= 11.6, 3.7 Hz),
4.05 (1 H, m), 436 (1 H, d, J=6.0 Hz), 439 (1 H, d, J = 6.0 Hz), 4.45 (1 H, d, J = 6.0 Hz),
453 (1 H,d,J=6.0Hz),498 (1 H,t,J=1.7Hz),532 (1 H,t,J=1.7 Hz), 596 (1 H, d, J =
11.2 Hz), 6.40 (1 H, d, J = 11.2 Hz); '"H NMR (700 MHz, methanol-ds) & 0.57 (3 H, s), 0.96 (3
H,d,J=6.6 Hz), 1.16 (6 H, s), 1.71 (1 H, dd, /= 12.1, 10.2 Hz), 2.34 (1 H, ddd, J = 12.1, 4.6,
1.5 Hz),2.44 (1 H,d, J=13.1 Hz), 2.65 (1 H, d, J=13.1 Hz), 2.88 (1 H, dd, J=12.3, 4.4 Hz),
390 (1 H,dd,J=10.0,4.6 Hz),4.34 (1 H,d,J=59 Hz),4.37 (1 H,d, J= 6.0 Hz), 4.45 (1 H, d,
J=59Hz),448 (1 H,d, J=6.0 Hz), 4.89 (1 H, s), 5.33 (1 H, s), 6.01 (1 H, d, J=11.1 Hz),
6.39 (1 H, d, J = 11.1 Hz); '*C NMR (175 MHz, CDCls) & 12.0 (q), 18.8 (q), 20.8 (t), 22.3 (t),

23.6 (1), 27.6 (£), 29.1 (t), 29.2 (q), 29.4 (q), 36.1 (d), 36.4 (), 40.4 (s), 40.5 (1), 43.9 (1), 44.4 (1),
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46.0 (s), 46.2 (1), 56.4 (d), 56.5 (d), 70.8 (d), 71.1 (s), 81.4 (t), 81.7 (t), 110.7 (t), 116.9 (d),
124.1 (d), 133.2 (s), 143.4 (s), 147.6 (s); IR (ATR) 3403, 2942, 2867, 1654, 1646, 1638 cm’;
HRMS (ESI+) m/z caled. for C2oHasNaO3 [M+Na]" 465.3339, found 465.3358.

30b: UV (ethanol) Amax 263 nm, Amin 228 nm; 'H NMR (700 MHz, CDCls) § 0.54 (3 H, s),
094 (3H,d,J=6.5Hz),1.21 (6 H,s),1.97 (1 H, dd, J=12.9, 8.1 Hz), 2.17 (1 H, dd, J = 12.9,
4.0 Hz), 2.58 (1 H,d, J=13.2 Hz), 2.62 (1 H, d, J=13.2 Hz), 2.84 (1 H, dd, /= 12.9, 4.6 Hz),
4.16 (1 H, m), 435 (1 H,d, J=5.9 Hz), 438 (1 H, d, /= 6.0 Hz), 448 (1 H, d, J = 5.9 Hz),
4.60 (1 H,d,J=6.0Hz),4.97 (1 H,s),5.28 (1 H,s),5.95(1 H,d,/J=11.3 Hz), 6.43 (1 H,d, J
= 11.3 Hz); '"H NMR (700 MHz, methanol-dy) § 0.54 (3 H, s), 0.96 (3 H, d, J= 6.5 Hz), 1.16 (6
H,s), 1.77 (1 H, dd, J=12.5, 9.5 Hz), 2.28 (1 H, dd, J = 12.5, 4.3 Hz), 2.48 (1 H, d, J = 13.1
Hz),2.64 (1 H,d,J=13.1 Hz),2.89 (1 H, dd, J=13.4,4.7 Hz), 3.98 (1 H, dd, /= 9.4, 4.4 Hz),
4355(1H,d,J=59Hz),4363 (1 H,d,J=6.0Hz),4.47 (1 H,d, /=59 Hz),4.50 (1 H,d, J=
6.0 Hz), 4.87 (1 H, s), 5.31 (1 H, s), 6.00 (1 H, d, J=11.2 Hz), 6.41 (1 H, d, J= 11.2 Hz); °C
NMR (175 MHz, CDCl3) 6 12.0 (q), 18.8 (q), 20.8 (t), 22.2 (t), 23.6 (t), 27.6 (t), 29.1 (t), 29.2
(), 294 (q), 36.1 (d), 36.4 (1), 40.4 (1), 40.5 (s), 43.1 (1), 44.4 (1), 45.9 (s), 46.3 (1), 56.3 (d),
56.5 (d), 71.1 (s), 71.7 (d), 81.6 (), 81.9 (1), 111.7 (t), 116.9 (d), 124.4 (d), 132.9 (s), 143.4 (s),
147.3 (s); IR (ATR) 3403, 2942, 2867, 1654, 1646, 1633 cm™'; HRMS (ESI+) m/z calcd. for

C29H46NaOs [M+Na]+ 465.3339, found 465.3374.

Compounds 31a,b

The corresponding the spirocyclic vitamin D analogues 31a,b were synthesized by the same
procedure as described for 30a,b using 35 instead of 34, in 42% yield (two steps). Separation
and further purification of 31a (more polar, fr = 13.26 min) and 31b (less polar, r = 13.52 min)
were conducted on a recycling HPLC (YMC-Pack Pro C18 column, 20 x 150 mm, 10 mL min !,
acetonitrile: water = 9: 1).

31a: UV (ethanol) Amax 263 nm, 214 nm, Amin 227nm; '"H NMR (700 MHz, CDCl3) § 0.55 (3 H,
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s), 0.94 3H,d,J=6.5Hz), 1.22 (6 H, s), 1.86 (1 H, dd, J = 12.6, 9.1 Hz), 2.20 (1 H, dd, J =
12.6,9.6 Hz), 2.46 (1 H, dd, J=12.6, 2.3 Hz), 2.57 (1 H, dd, J = 12.6, 3.6 Hz), 2.81 (1 H, dd, J
=12.8,49 Hz),3.86 (1 H, m), 4.40 (1 H,d, J=5.8 Hz),4.43 (1 H,d, J=5.8 Hz), 448 (1 H, d,
J=6.2Hz),4.87 (1 H,d, J=6.2 Hz), 5.09 (1 H, s), 5.29 (1 H, s), 6.05 (1 H, d, J=11.2 Hz),
6.31 (1 H, d, J=11.2 Hz); '"H NMR (700 MHz, methanol-d,) § 0.58 (3 H, s), 0.97 3 H, d, J=
6.5 Hz), 1.16 (6 H, s), 1.75 (1 H, dd, J=12.5,9.6 Hz), 2.13 (1 H, dd, J=12.5, 10.3 Hz), 2.43 (1
H, dd, J=12.5,24Hz),2.52 (1 H,dd, J=12.5, 3.5 Hz), 2.85 (1 H, dd, J = 12.5, 4.5 Hz), 3.72
(1H,m),432 (1 H,d,J=5.7Hz),442 (1 H,d, J=6.4 Hz), 4.89 (1 H, d, J= 6.3 Hz), 5.03 (1
H,s), 5.31 (1 H, s), 6.08 (1 H,d, J=11.2 Hz), 6.32 (1 H, d, J= 11.2 Hz); *C NMR (175 MHz,
CDCl) & 11.9 (q), 18.4 (s), 18.8 (q), 20.8 (1), 22.4 (t), 23.7 (1), 27.6 (1), 29.1 (1), 29.2 (q), 29.4
(q), 30.1 (d), 36.4 (1), 40.5 (1), 44.4 (1), 45.2 (1), 46.0 (), 56.3 (d), 56.6 (d), 58.5 (s), 67.7 (d),
71.1 (s), 78.9 (1), 80.8 (t), 110.9 (t), 116.9 (d), 124.2 (d), 133.4 (s), 143.5 (s), 146.2 (s); IR
(ATR) 3392, 2942, 2874, 1646 cm™; HRMS (ESI+) m/z caled. for CaoHasO3Na [M+Na]"
465.3339, found 465.3323.

31b: UV (ethanol) Amax 262 nm, 213 nm, Amin 227nm; 'H NMR (700 MHz, CDCl3) § 0.52 (3 H,
s), 094 3H,d,J=6.5Hz),1.22 (6 H, s), 2.05 (1 H, dd, J = 12.6, 8.8 Hz), 2.22 (1 H, dd, J =
12.4, 8.8 Hz), 2.40 (1 H, dd, J=12.7, 2.5 Hz), 2.56 (1 H, dd, J = 12.6, 3.9 Hz), 2.81 (1 H, dd, J
=13.4,46Hz),391 (1 H,m),441 (1H,d,/J=59Hz),448 (1 H,d,J=5.9Hz),4.51 (1 H, d,
J=6.2Hz),4.81 (1 H,d, J=6.2 Hz), 5.07 (1 H, s), 5.28 (1 H, s), 6.04 (1 H, d, J=11.3 Hz),
6.31 (1 H, d, J=11.2 Hz); '"H NMR (700 MHz, methanol-d,) § 0.55 (3 H, s), 0.96 3 H, d, J =
6.6 Hz), 1.16 (6 H, s), 1.75 (1 H, dd, J=12.4,9.6 Hz), 2.13 (1 H, dd, J = 12.5, 10.9 Hz), 2.43 (1
H, dd, J=12.5, 3.9 Hz), 2.52 (1 H, dd, J=12.5, 4.1 Hz), 3.73 (1 H, m), 434 (1 H,d, J=5.8
Hz),4.43 (1 H,d,J=5.8 Hz),4.45 (1 H,d,J=6.3 Hz), 4.88 (1 H, d, J= 6.3 Hz), 5.00 (1 H, s),
5.30 (1 H, s), 6.07 (1 H, d, J = 11.2 Hz), 6.33 (1 H, d, J = 11.2 Hz); '3C NMR (175 MHz,
CDCl3) 6 11.9 (q), 18.8 (q), 20.8 (t), 22.2 (t), 23.6 (1), 27.6 (1), 29.1 (1), 29.2 (q), 29.4 (q), 36.1

(d), 36.4 (1), 40.5 (1), 44.4 (1), 45.0 (t), 45.2 (s), 45.9 (s), 46.0 (1), 56.3 (d), 56.5 (d), 67.7 (d),
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71.1 (s), 79.4 (1), 80.5 (t), 110.7 (1), 116.0 (d), 124.2 (d), 133.3 (5), 143.6 (), 146.3 (s); IR
(ATR) 3392, 2942, 2870, 1646 cm™'; HRMS (ESI+) m/z caled. for CaoHssOsNa [M+Na]*

465.3339, found 465.3325.

Compounds 32a,b

The corresponding the spirocyclic vitamin D analogues 32a,b were synthesized by the same
procedure as described for 30a,b using 36 instead of 34, in 51% yield (two steps). Separation
and further purification of 32a (more polar, 7r = 13.26 min) and 32b (less polar, frr = 13.52 min)
were conducted on a recycling HPLC (YMC-Pack Pro C18 column, 20 x 150 mm, 10 mL min
acetonitrile: water =9: 1).

32a: UV (ethanol) Amax 262 nm, 213 nm, Amin 227nm; 'H NMR (700 MHz, CDCl3) 6 0.54 (3 H,
s),0.94 (3H,d,J=6.4Hz), 1.22 (6 H, s), 1.95 (1 H, dd, J=13.2, 3.0 Hz), 2.17 (1 H, dd, J =
13.2,6.4 Hz),2.46 (1 H,d,J=13.1 Hz), 2.76 (1 H, d, J=13.1 Hz), 2.84 (1 H, dd, /= 13.0, 4.3
Hz),4.26 (1 H,m),4.30 (1 H,d, J=5.8 Hz), 440 (1 H,d, J=6.2 Hz), 449 (1 H, d, /= 5.8 Hz),
470 (1 H,d,J=6.2Hz),4.98 (1 H, s),5.27 (1 H, s), 6.05 (1 H,d, J=11.2 Hz), 6.42 (1 H,d, J
= 11.2 Hz); 3*C NMR (175 MHz, CDCl5) § 11.9 (q), 18.8 (q), 20.8 (t), 22.3 (t), 23.6 (t), 27.6 (1),
29.1 (1), 29.2 (q), 29.4 (q), 36.1 (d), 36.4 (), 40.3 (s), 40.4 (1), 42.0 (t), 44.4 (1), 45.2 (1), 46.1 (s),
56.4 (d), 56.5 (d), 71.1 (s), 73.8 (d), 81.7 (t), 82.1 (t), 116.7 (t), 116.8 (d), 120.9 (d), 139.2 (s),
140.6 (s), 145.2 (s); HRMS (ESI+) m/z caled. for CaoHisO3Na [M+Na]® 465.3339, found
465.3322.

32b: UV (ethanol) Amax 262 nm, 213 nm, Amin 227nm; 'H NMR (700 MHz, CDCl3) § 0.53 (3 H,
s), 093 (3H,d,J=6.5Hz), 1.22 (6 H, s),2.03 (1 H, dd, J=13.1, 3.6 Hz), 2.10 (1 H, dd, J =
13.1,6.1 Hz), 2.51 (1 H,d, J=13.0 Hz), 2.69 (1 H, d, /= 13.0 Hz), 2.84 (1 H, dd, /= 13.8, 4.6
Hz),4.22 (1 H,m),432 (1 H,d,J=5.8 Hz),439(1 H,d, J=6.2 Hz), 449 (1 H,d, J=5.8 Hz),
4.67 (1 H,d,J=6.2 Hz),4.96 (1 H, s), 5.26 (1 H, s), 6.04 (1 H,d, J=11.3 Hz), 6.44 (1 H,d, J

= 11.3 Hz); '3C NMR (175 MHz, CDCl3) 5 12.0 (q), 18.8 (q), 20.8 (t), 22.2 (t), 23.6 (¢), 27.7 (1),
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29.1 (1), 29.2 (q), 29.4 (q), 36.1 (d), 36.4 (1), 40.3 (s), 40.4 (t), 42.2 (1), 44.4 (1), 45.2 (1), 46.0 (s),
56.4 (d), 56.5 (d), 71.1 (s), 73.4 (d), 81.6 (t), 82.0 (t), 116.6 (t), 116.8 (d), 120.5 (d), 139.4 (s),
140.6 (s), 145.2 (s); HRMS (ESI+) m/z calcd. for CaoHisO3Na [M+Na]" 465.3339, found

465.3324.

Compound 59a

A solution of 30a (1.0 mg, 2.3 umol) dissolved in dry CH2Cl> (200 pL), which had been
filtered through a pad of aluminium oxide, was treated with 4-dimethylaminopyridine (DMAP)
(8.3 mg, 68 pumol, 30 eq.) and benzoyl chloride (3.9 pL, 34 pumol, 15 eq.) at 0 °C under an
atmosphere of argon. The reaction mixture was stirred for 5 h, and purified by preparative TLC
(ethyl acetate: n-hexane = 1: 2) without pre-treatment to afford the corresponding C1-benzoate
59a (0.9 mg) in 72% yield.

59a: UV (ethanol) Amax 266 nm, 231 nm, Amin 255 nm, 208 nm; CD (ethanol) Amax 242 nm
(+80.6); 'H NMR (700 MHz, CDCl3) § 0.32 (3 H, s), 0.91 (3 H, d, J = 6.4 Hz), 1.20 (6 H, s),
222 (1 H,dd, J=13.3,4.0 Hz), 2.28 (1 H, dd, J = 13.3, 6.5 Hz), 2.63 (1 H, d, J = 13.1 Hz),
2.76 (1 H,d,J=13.1 Hz),2.84 (1 H,dd, J=12.7,3.8 Hz),4.37 (1 H, d, /= 6.0 Hz), 4.46 (1 H,
d,J=6.0Hz),4.55(1 H,d, J=6.0 Hz),4.57 (1 H, d, J= 6.0 Hz), 5.04 (1 H, s), 5.37 (1 H, s),
552 (1 H,dd,J=6.5,40Hz),589 (1H,d,/J=11.3 Hz),6.48 (1 H,d,J=11.3 Hz), 7.41 (2 H,
t,J = 7.7 Hz), 7.54 (1 H, t, J = 7.7 Hz), 7.96 (2 H, d, J = 7.7 Hz); 'H NMR (700 MHz,
methanol-d4) 6 0.17 (3 H, s), 0.90 3 H, d,J=6.3 Hz), 1.15 (6 H, s), 2.12 (1H, dd, /=13.9, 3.6
Hz),2.42 (1 H, ddd, J=13.9, 5.0, 1.4 Hz), 2.60 (1 H, d, /= 13.0 Hz), 2.85 (1 H, d, /= 13.0 Hz),
2.88 (1 H,dd,/J=12.8,4.3 Hz), 435 (1 H,d, J= 6.0 Hz), 4.50 (1 H,d,J=5.9 Hz), 4.54 (1 H, d,
J=6.0 Hz), 4.66 (1 H, d, J=5.9 Hz), 5.00 (1 H, s), 5.37 (1 H, s), 5.56 (1 H, dd, /= 5.0, 3.6 Hz),
584 (1 H,d,J=11.1Hz),6.53 (1 H,d,J=11.1Hz),743 (2H,t,J=7.4Hz), 758 (1 H,t,J=
7.4 Hz), 7.89 (2 H, d, J = 7.4 Hz); '3C NMR (175 MHz, CDCl3) § 11.6 (q), 18.8 (q), 20.8 (1),

22.1 (t), 23.6 (£), 27.6 (t), 29.1 (¢), 29.2 (q), 29.3 (q), 36.1 (d), 36.3 (1), 40.1 (t), 40.4 (t), 40.6 (s),
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44.4 (t), 45.9 (s), 46.1 (t), 56.3 (d), 56.4 (d), 71.1 (s), 74.1 (d), 81.3 (¢), 81.7 (1), 114.3 (¢), 117.0
(d), 124.5 (d), 128.4 (d), 129.5 (d), 130.3 (s), 132.7 (s), 133.0 (d), 142.7 (s), 143.5 (s), 165.5 (5);

HRMS (ESI+) m/z caled. for C3sHsoNaOs [M+Na]" 569.3601, found 569.3601.

Compound 59b

The corresponding C1-benzoate 59b was synthesized by the same procedure as described for
59a, using 30b instead of 30a, in 72% yield.

59b: UV (ethanol) Amax 265 nm, 231 nm, Amin 255 nm, 207 nm; CD (ethanol) Amin 241 nm
(-81.5); '"H NMR (700 MHz, CDCl3) 6 0.52 (3 H, s), 0.92 (3 H, d, J = 6.5 Hz), 1.20 (6 H, s),
1.89 (1 H, dd, J=12.8, 6.6 Hz), 1.99 (1 H, br. d, /= 13.2 Hz), 2.20 (1 H, dd, /= 13.4, 3.9 Hz),
229 (1 H,dd,J=13.4,6.2Hz),2.62 (1 H,d,J=13.2 Hz),2.77 (1 H,d, J=13.2 Hz), 2.83 (1 H,
dd,J=12.4,48 Hz), 438 (1 H,d, J=6.0 Hz), 445 (1 H, d, /= 6.0 Hz), 4.56 (1 H, d, /= 6.0
Hz),4.59 (1 H,d, J=6.0 Hz), 5.07 (1 H, s), 5.39 (1 H, s), 5.56 (1 H, dd, J = 6.2, 3.9 Hz), 5.87
(1H,d,J=11.0 Hz), 6.46 (1 H,d, J=11.0 Hz), 742 2 H,t, J=7.7 Hz), 7.55 (1 H, t, J= 7.7
Hz), 7.95 (2 H, d, J= 7.7 Hz); '"H NMR (700 MHz, methanol-dy) § 0.53 (3 H, s), 0.94 (3 H, d, J
=6.5Hz), 1.15 (6 H, s), 1.84 (1 H, dd, J=12.3, 6.4 Hz), 2.01 (1 H, br. d, /= 12.7 Hz), 2.15 (1
H, dd, J=13.9, 3.6 Hz), 2.39 (1 H, ddd, /= 13.9, 5.2, 1.4 Hz), 2.61 (1 H, d, J = 13.1 Hz), 2.82
(1H,d,J=13.1Hz),2.88 (1 H,dd,J=13.4,54 Hz), 436 (1 H,d,J=6.0 Hz),447 (1 H,d, J
=6.0 Hz),4.54 (1 H,d, J=6.0 Hz), 4.62 (1 H,d, J= 6.0 Hz), 5.02 (1 H, d, /= 1.9 Hz), 5.37 (1
H,s), 5.56 (1 H,dd,J=5.2,3.6 Hz), 5.85 (1 H,d, J=11.1 Hz), 6.52 (1 H, d, /= 11.1 Hz), 7.44
2H,t,J=7.7Hz),7.58 (1 H,t,J=7.7 Hz), 7.88 2 H, d, J= 7.7 Hz); *C NMR (175 MHz,
CDCl3) 8 12.0 (q), 18.8 (q), 20.8 (1), 22.1 (t), 23.7 (t), 27.6 (t), 29.16 (t), 29.18 (q), 29.4 (q),
36.1 (d), 36.4 (1), 40.0 (t), 40.47 (t), 40.52 (s), 44.4 (1), 45.9 (s), 46.0 (1), 56.3 (d), 56.5 (d), 71.1
(s), 74.1 (d), 81.4 (1), 81.7 (1), 115.0 (t), 117.0 (d), 124.9 (d), 128.4 (d), 129.6 (d), 130.3 (s),
132.4 (s), 133.0 (d), 142.4 (s), 143.3 (s), 165.6 (s); HRMS (ESI+) m/z calcd. for C3sHsoNaO4

[M+Na]* 569.3601, found 569.3608.
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Compound 61a

A solution of 1 (30 mg, 0.08 mmol) dissolved in dry CH2Cl; (0.5 mL), which had been filtered
through a pad of aluminium oxide, was treated with 4-dimethylaminopyridine (DMAP) (95 mg,
0.68 mmol, 9.8 eq.) and benzoyl chloride (48 pL, 0.41 mmol, 5.1 eq.) at 0 °C under an
atmosphere of argon. The reaction mixture was stirred at room temperature for 40 min.
Saturated aqueous sodium bicarbonate was added to the mixture at 0 °C and the whole was
extracted with ethyl acetate. The organic layer was washed with brine, dried over sodium
sulfate, filtered and concentrated. The residue was purified by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 9) to give 61a (34 mg) in 90% yield.

61a: UV (ethanol) Amax 263 nm, 230 nm, Amin 249nm; CD (ethanol) Amax 244 nm (+15.4); 'H
NMR (700 MHz, CDCIl3) 8 0.55 (3 H, s), 0.865 (3 H, d, /= 6.6 Hz), 0.869 (3 H, d, J = 6.6 Hz),
092 3H,d,J=6.6Hz),2.28 (1 H, ddd, J=13.8, 9.1, 4.5 Hz), 2.49 (1 H, ddd, J = 13.8, 7.2,
4.6 Hz), 2.52 (1 H, dd, J = 13.5, 8.0 Hz), 2.70 (1 H, dd, J = 13.3, 3.9 Hz), 2.80 (1 H, dd, J =
12.6, 3.8 Hz), 4.88 (1 H, s), 5.10 (1 H, s), 5.21 (1 H, m), 6.06 (1 H, d, J=11.3 Hz), 6.25 (1 H, d,
J=113Hz), 743 (2H,t,J=74Hz),7.54 (1 H,t,J="7.4Hz), 803 (2 H,d,J=74Hz); 'H
NMR (700 MHz, methanol-d4) 6 0.57 (3 H, s), 0.876 (3 H, d, /= 6.6 Hz), 0.880 (3 H, d, /= 6.6
Hz), 0.94 3 H, d,J=6.6 Hz),2.28 (1 H, ddd, /= 13.7, 8.5,4.7 Hz), 2.51 (1 H,dd, J=13.5, 7.1
Hz),2.69 (1 H, dd, J=13.5,3.7 Hz), 2.84 (1 H, dd, /= 12.8, 4.6 Hz), 4.83 (1 H, d, /= 2.8 Hz),
5.12 (1 H, t, J=1.2 Hz), 5.17 (1 H, m), 6.08 (1 H, d, J = 11.2 Hz), 6.26 (1 H, d, J = 11.2
Hz),7.45 (2 H,t,J=7.4Hz),7.58 (1 H,t,J= 7.4 Hz),7.98 (2 H, d, J= 7.4 Hz); 3C NMR (100
MHz, CDCI3) 6 12.0 (q), 18.8 (q), 22.2 (), 22.6 (q), 22.8 (q), 23.6 (1), 23.9 (1), 27.7 (t), 28.0 (d),
29.1 (t), 32.1 (1), 32.3 (1), 36.1 (d), 39.5 (t), 40.6 (), 42.3 (t), 45.9 (s), 56.4 (d), 56.6 (d), 72.3 (d),
112.7 (t), 117.5 (d), 122.6 (d), 128.3 (d), 129.6 (d), 130.7 (s), 132.8 (d), 134.2 (s), 142.4 (s),
144.2 (s), 166.0 (s); HRMS (ESI+) m/z caled. for C3sHisO:Na [M+Na]* 511.3547, found

511.3587.
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Compound 64a

A solution of 1 (30 mg, 0.08 mmol) dissolved in dry CH>Cl; (0.5 mL), which had been filtered
through a pad of aluminium oxide, was treated with 4-dimethylaminopyridine (DMAP) (57 mg,
0.47 mmol, 5.9 eq.) and 4-(dimethylamino)benzoyl chloride (43 mg, 0.23 mmol, 2.9 eq.) at
0 °C under an atmosphere of argon. The reaction mixture was stirred at room temperature for 6
h 30 min. Saturated aqueous sodium bicarbonate (5 mL) was added to the mixture at 0 °C and
the whole was extracted with ethyl acetate. The organic layer was washed with brine, dried over
sodium sulfate, filtered and concentrated. The residue was purified by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 9) to give 64a (31 mg) in 72% yield.

64a: UV (ethanol) Amax 311 nm, 232 nm, Amin 245nm, Ash 265 nm; CD (ethanol) Amax 307 nm
(+36.7); 'H NMR (700 MHz, CDCI3) § 0.55 (3 H, s), 0.866 (3 H, d, J = 6.7 Hz), 0.871 (3 H, d,
J=6.7Hz),092 (3H,d, J=6.6Hz), 2.26 (1 H, ddd, J=13.7,9.2, 4.6 Hz), 2.49 (1 H, dd, J =
13.3, 7.5 Hz), 2.68 (1 H, dd, J = 13.3, 3.9 Hz), 2.81 (1 H, dd, J = 12.5, 4.3 Hz), 3.03 (6 H, s),
4.86 (1 H, s), 5.08 (1 H, s), 5.16 (1 H, dq, J =12.0, 3.9 Hz), 6.06 (1 H, d, /= 11.2 Hz), 6.24 (1
H, d,J=11.2 Hz), 6.64 (2 H, d, J = 9.0 Hz), 7.90 (2 H, d, J = 9.0 Hz); 'H NMR (700 MHz,
methanol-d4) 6 0.57 (3 H, s), 0.876 (3 H, d, /= 6.6 Hz), 0.880 (3 H, d, /= 6.6 Hz), 0.94 3 H, d,
J=16.5Hz), 2.26 (1 H, ddd, J=13.7, 8.5, 4.6 Hz), 2.47 (1 H, dd, J = 13.8, 7.6 Hz), 2.66 (1 H,
dd, J=13.8, 3.7 Hz), 2.84 (1 H, dd, J = 12.7, 4.8 Hz), 3.02 (6 H, ), 4.82 (1 H, d, J = 2.5 Hz),
5.09 (1 H,dq,J=11.3,3.7Hz), 5.36 (1 H, s), 6.08 (1 H,d, J=11.2 Hz), 6.25 (1 H,d, J=11.2
Hz), 6.70 (2 H, d, J= 9.0 Hz), 7.81 (2 H, d, J = 9.0 Hz); '*C NMR (100 MHz, CDCls) § 12.0
(q), 18.8 (q), 22.2 (1), 22.6 (q), 22.8 (q), 23.6 (t), 23.9 (1), 27.7 (t), 28.0 (d), 29.1 (1), 32.2 (1),
32.4 (1), 36.13 (d), 36.14 (t), 39.5 (t), 40.1 (q), 40.6 (t), 42.5 (t), 45.9 (s), 56.4 (d), 56.6 (d), 71.3
(d), 110.7 (d), 112.5 (t), 117.56 (s), 117.59 (d), 122.4 (d), 131.3 (d), 134.7 (s), 142.1 (s), 145.0
(s), 153.3 (s), 166.3 (s); HRMS (ESI+) m/z caled. for C3¢Hs3sNO>Na [M+Na]" 554.3969, found

554.4012.
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Compound 61b

A solution of 1 (30 mg, 0.08 mmol) in THF (0.8 mL) was added to triphenylphosphine (Ph3P)
(31 mg, 0.12 mmol, 1.5 eq.) and benzoic acid (29 mg, 0.24 mmol, 3.0 eg.) at room temperature
under an atmosphere of argon. The mixture was treated with diethyl azodicarboxylate (DEAD)
(53 uL, 0.12 mmol, 1.5 eq.) at 0 °C. The reaction mixture was stirred at room temperature for
14 h 45 min. Evaporation of the afforded a residue, from which 61b (6 mg) was separated by
silica gel column chromatography (ethyl acetate: n-hexane = 1: 99) as a colorless oil in 14%
yield, with the C3-elimination product (22 mg, 77%).

61b: UV (ethanol) Amax 264 nm, 230 nm, Amin 249nm; CD (ethanol) Amin 244 nm (-10.5); 'H
NMR (700 MHz, CDCl3) 8 0.55 (3 H, s), 0.866 (3 H, d, /= 6.6 Hz), 0.871 (3 H, d, /= 6.6 Hz),
092 3H,d,J=6.6Hz), 2.26 (1 H, ddd, J = 13.7, 10.2, 4.6 Hz), 2.49 (1 H, dd, J = 13.2, 8.0
Hz), 2.71 (1 H, dd, J=13.2, 4.0 Hz), 2.80 (1 H, dd, J=13.7, 4.5 Hz), 4.89 (1 H, s), 5.10 (1 H,
s),5.17 (1 H, m), 6.07 (1 H, d, J=11.3 Hz), 6.26 (1 H, d, J=11.3 Hz), 7.43 (2 H, t, /= 7.4 Hz),
7.55(1 H,t,J=7.4 Hz), 8.03 (2 H, d, J = 7.4 Hz); '"H NMR (700 MHz, methanol-d) & 0.57 (3
H,s),0.877 (3H,d,J=6.6 Hz), 0.880 3 H, d,J=6.6 Hz), 0.94 3 H,d, /= 6.6 Hz), 2.27 (1 H,
ddd, J =13.6, 8.9, 4.6 Hz), 2.51 (1 H, dd, J=13.1, 7.2 Hz), 2.69 (1 H, dd, J = 13.2, 3.7 Hz),
2.83 (1 H, dd, J=12.0, 4.3 Hz), 4.83 (1 H, s), 5.12 (1 H, s), 5.14 (1 H, m), 6.08 (1 H, d, J =
11.2Hz) 6.26 (1 H,d,J=11.2Hz), 745 (2 H, t,J=7.8 Hz), 7.59 (1 H, t, J= 7.8 Hz), 7.98 (2 H,
d, J = 7.8 Hz); *C NMR (100 MHz, CDCl3) & 11.9 (q), 18.9 (q), 22.3 (t), 22.6 (q), 22.8 (q),
23.7 (1), 23.9 (t), 27.7 (t), 28.0 (d), 29.0 (), 32.1 (), 32.4 (t), 36.1 (d), 39.5 (1), 40.5 (1), 42.4 (1),
45.9 (s), 56.4 (d), 56.6 (d), 72.5 (d), 112.8 (t), 117.4 (d), 122.6 (d), 128.3 (d), 129.6 (d), 130.8
(s), 132.8 (d), 134.4 (s), 142.6 (s), 144.7 (s), 165.9 (s); HRMS (ESI+) m/z calcd. for

C34H4s02Na [M+Na]* 511.3547, found 511.3576.

Compound 64b
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A solution of 1 (30 mg, 0.08 mmol) in THF (0.8 mL) was added to triphenylphosphine (Ph3P)
(31 mg, 0.12 mmol, 1.5 eq.) and benzoic acid (29 mg, 0.24 mmol, 3.0 eg.) at room temperature
under an atmosphere of argon. The mixture was treated with diethyl azodicarboxylate (DEAD)
(53 uL, 0.12 mmol, 1.5 eq.) at 0 °C. The reaction mixture was stirred at room temperature for
16 h 35 min. Evaporation of the afforded a residue, from which 64b (2 mg) was separated by
silica gel column chromatography (ethyl acetate: n-hexane = 1: 19, then 1: 3) as a colorless oil
in 5% yield, with the C3-elimination product (22 mg, 55%), and with starting material 1 (8 mg,
27%).

64b: UV (ethanol) Amax 311 nm, 232 nm, Amin 245nm, Ash 266 nm; CD (ethanol) Amin 308 nm
(-30.1); 'H NMR (700 MHz, CDCl3) § 0.56 (3 H, s), 0.865 (3 H, d, J= 6.6 Hz), 0.870 (3 H, d, J
= 6.6 Hz), 0.92 3 H, d, J= 6.4 Hz), 2.24 (1 H, ddd, J = 14.0, 9.5, 4.2 Hz), 2.46 (1 H, dd, J =
13.2, 8.7 Hz), 2.69 (1 H, dd, J = 13.2, 4.0 Hz), 2.80 (1 H, dd, J = 13.6, 4.3 Hz), 3.03 (6 H, s),
4.87 (1 H, s), 5.08 (1 H, s), 5.12 (1 H, dq, J=12.7, 4.0 Hz), 6.07 (1 H, d, J=11.2 Hz), 6.25 (1
H, d,J=11.2 Hz), 6.64 (2 H, d, J = 8.8 Hz), 7.90 (2 H, d, J = 8.8 Hz); 'H NMR (700 MHz,
methanol-dy4) 6 0.57 (3 H, s), 0.876 (3 H, d, J= 6.6 Hz), 0.880 (3 H, d, /= 6.6 Hz), 0.94 (3 H, d,
J=6.5Hz), 2.48 (2 H, m), 2.65 (1 H, dd, J = 13.2, 3.9 Hz), 2.83 (1 H, dd, J = 10.9, 5.4 Hz),
4.82 (1 H, s),5.06 (1 H,m), 5.10 (1 H, s), 6.08 (1 H, d, J=11.2 Hz), 6.24 (1 H,d, J=11.2 Hz),
6.69 (2 H, d, J=9.0 Hz), 7.81 (2 H, d, J = 9.0 Hz); '*C NMR (100 MHz, CDCls) § 12.0 (q),
18.9 (q), 22.3 (1), 22.6 (q), 22.8 (q), 23.6 (), 23.9 (q), 27.7 (t), 28.0 (d), 29.0 (), 32.3 (t), 32.6 (1),
36.1 (d), 39.5 (1), 40.1 (q), 40.6 (t), 42.6 (t), 45.9 (s), 56.4 (d), 56.6 (d), 71.6 (d), 110.7 (d),
112.5 (t), 117.5 (d), 117.6 (s), 122.4 (d), 131.3 (d), 134.9 (s), 142.3 (s), 145.0 (s), 153.3 (s),

166.3 (s); HRMS (ESI+) m/z caled. for C3sHs3sNO2Na [M+Na]" 554.3969, found 554.3952.

Compound 62
62: 'H NMR (400 MHz, CDCls) § 0.56 (3 H, s), 0.868 (3 H, d, J = 6.6 Hz), 0.872 (3 H, d, J =

6.6 Hz), 0.92 (3 H, d, J = 6.3 Hz), 2.88 (1 H, dd, J = 12.2, 4.0 Hz), 5.09 (1 H, s), 5.14 (1 H, s),
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5.73 (1 H, dt, J=9.6, 4.0 Hz), 6.07 (1 H, d, J = 9.6 Hz), 6.25 (1 H, d, J=12.0 Hz), 6.29 (1 H, d,
J=12.0 Hz); 3C NMR (100 MHz, CDCls) & 12.0 (q), 18.8 (q), 22.2 (t), 22.5 (q), 22.8 (q), 23.7
(1), 23.8 (1), 27.6 (1), 28.0 (d), 28.3 (1), 29.1 (1), 33.5 (1), 36.07 (d), 36.08 (1), 39.4 (1), 40.5 (1),
46.1 (s), 56.6 (d), 113.1 (1), 118.2 (d), 123.3 (d), 127.4 (d), 131.7 (d), 134.2 (s), 143.2 (s), 144.6

(s); HRMS (ESI+) m/z calcd. for Co7HaxNa [M+Na]* 389.3179, found 389.3201.

Compound 63

63: UV (ethanol) Amax 265 nm, 213 nm, Amin 229 nm; '"H NMR (400 MHz, CDCl3) & 0.55 (3 H,
s),0.86 (3H,d,J=6.6 Hz),0.87 3H,d,J=6.6 Hz), 092 3 H, d, J=6.4 Hz), 2.27 (1 H, dd, J
=12.4,84Hz),2.58 (1 H,dd,/J=13.1,3.9 Hz), 2.83 (1 H, dd, J=12.1, 4.0 Hz), 3.89 (1 H, m),
4.84 (1 H,s), 5.06 (1 H, s), 6.04 (1 H,d, J=11.2 Hz), 6.24 (1 H, d, /= 11.2 Hz); HRMS (ESI+)

m/z caled. for C27Hs4ONa [M+Na]" 407.3284, found 407.3278.

Compound 65a
The corresponding C3-benzoate 65a was synthesized by the same procedure as described for
61a, using 31a instead of 1, in 60% yield.
65a: UV (ethanol) Amax 312 nm, 235 nm, Amin 245nm, Ash 279 nm, 268 nm; CD (ethanol) Amin
310 nm (-30.6); 'H NMR (700 MHz, CDCl3) § 0.56 (3 H, s), 0.92 3 H, d, J = 6.4 Hz), 1.22 (6
H,s),2.17 (1 H,dd, J=12.9, 8.4 Hz), 2.42 (1 H, dd, J=12.7, 8.4 Hz), 2.46 (1 H, dd, /= 12.9,
3.2Hz),2.66 (1 H,dd, J=12.9,3.8 Hz),2.79 (1 H, dd, J=13.8, 4.8 Hz), 3.04 (6 H, s), 4.50 (1
H,d,J=6.0 Hz),4.53 (1 H,d, J= 6.0 Hz), 4.58 (1 H, d, /= 6.0 Hz), 4.80 (1 H, d, /= 6.0 Hz),
512 (1 H,s),5.16 (1 H,m),5.34 (1 H,s),6.09 (1 H,d,J=11.2 Hz), 6.34 (1 H, d, J=11.2 Hz),
6.63 (2 H, d, J=28.8 Hz), 7.85 (2 H, d, J = 8.8 Hz); '"H NMR (700 MHz, methanol-ds) § 0.60
(3H,s),097(3H,d,J=6.6Hz), 1.17 (6 H, s),2.26 (1 H, dd, J=13.0, 6.9 Hz), 2.35 (1 H, dd,
J=13.4,3.4Hz),2.46 (1 H,dd, J=13.2, 7.4 Hz), 2.62 (1 H, dd, J=13.3, 3.5 Hz), 2.82 (1 H,

dd, J=13.7,3.9 Hz), 4.50 (1 H, d, J= 6.0 Hz), 4.57 (1 H, d, /= 6.0 Hz), 4.66 (1 H, d, J = 6.0
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Hz), 4.69 (1 H, d, J= 6.0 Hz), 5.10 (1 H, 5), 5.15 (1 H, m), 5.42 (1 H, s), 6.15 (1 H, d, J=11.1
Hz), 6.36 (1 H, d, J=11.1 Hz), 6.68 2 H, d, J= 9.1 Hz), 7.77 2 H, d, J= 9.1 Hz); '*C NMR
(175 MHz, CDCls) § 11.9 (q), 18.7 (q), 20.8 (1), 22.3 (1), 23.6 (1), 27.6 (1), 29.1 (1), 29.2 (q),
29.4 (q), 36.1 (d), 36.4 (1), 40.1 (q), 40.5 (1), 41.6 (t), 42.3 (1), 44.4 (t), 45.4 (s), 46.0 (s), 56.3
(d), 56.5 (d), 69.5 (d), 71.1 (s), 79.6 (1), 80.1 (t), 110.7 (d), 110.7 (t), 117.0 (d), 117.1 (s), 124.5
(d), 131.3 (d), 133.1 (s), 143.5 (s), 146.4 (s), 153.3 (s), 166.2 (s); HRMS (ESI+) m/z calcd. for

C33HssNO4Na [M+Na]" 612.4023, found 612.4006.

Compound 65b

The corresponding C3-benzoate 65b was synthesized by the same procedure as described for
61a, using 31b instead of 1, in 68% yield.

65b: UV (ethanol) Amax 313 nm, 235 nm, Amin 2470m, Ay 277 nm, 268 nm; CD (ethanol) Amax
306 nm (+28.9);'H NMR (700 MHz, CDCl3) § 0.54 (3 H, s), 0.94 (3 H, d, J = 6.5 Hz), 1.22 (6
H,s),2.20 (1 H, dd, J=12.8, 7.8 Hz), 2.43 (1 H, dd, /= 13.2, 7.8 Hz), 2.67 (1 H, dd, /= 13.2,
4.3 Hz), 2.80 (1 H, dd, J = 13.4, 4.6 Hz), 4.51 (1 H, d, J= 6.0 Hz), 4.55 (1 H, d, J = 6.1 Hz),
459 (1 H,d,J=6.0Hz),4.78 (1 H,d, J=6.1 Hz), 5.11 (1 H, s), 5.18 (1 H, m), 5.33 (1 H, s),
6.08 (1 H,d,/J=11.2Hz),6.34 (1 H,d,/J=11.2 Hz), 6.64 2 H, d,J=9.0 Hz), 7.85 (2 H, d, J =
9.0 Hz); 'H NMR (700 MHz, methanol-dy) § 0.58 (3 H, s), 0.97 3 H, d, J= 6.6 Hz), 1.17 (6 H,
s),2.22 (1 H,dd, J=13.2,7.4 Hz),2.39 (1 H, dd, J=13.0, 4.1 Hz),2.44 (1 H,dd, J=13.2,7.4
Hz), 2.65 (1 H,dd, J=13.1, 3.8 Hz), 2.86 (1 H, dd, /= 12.4, 4.0 Hz), 4.51 (1 H, d, J= 6.1 Hz),
455(1H,d,J=6.1Hz),4.63 (1H,d,J=6.1 Hz),4.70 (1 H, d, J= 6.1 Hz), 5.10 (1 H, s), 5.14
(1 H,m), 5.41 (1 H,s),6.14(1 H,d,J=11.2Hz),6.39 (1 H,d,J=11.2Hz),6.70 2 H,d, J=
9.0 Hz), 7.78 (2 H, d, J = 9.0 Hz); '3C NMR (175 MHz, CDCl3) § 11.9 (q), 18.8 (q), 20.8 (1),
22.3 (1), 23.6 (1), 27.7 (1), 29.2 (1), 29.4 (q), 29.7 (q), 36.1 (d), 36.4 (1), 40.0 (q), 40.5 (1), 41.5 (1),
42.2 (t), 44.4 (1), 45.3 (s), 46.0 (s), 56.4 (d), 56.6 (d), 69.5 (d), 71.1 (s), 79.6 (t), 80.0 (t), 110.66

(d), 110.69 (t), 116.9 (d), 117.0 (s), 124.5 (d), 131.3 (d), 132.9 (s), 143.5 (s), 146.6 (s), 153.4 (s),
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166.2 (s); HRMS (ESI+) m/z caled. for C3sHssNO4Na [M+Na]" 612.4023, found 612.3980.

Compound 66a

The corresponding C4-benzoate 66a was synthesized by the same procedure as described for
61a, using 32a instead of 1, in 66% yield.

66a: CD (ethanol) Amin 271 nm (-16.2); 'H NMR (700 MHz, CDCls) § 0.53 (3 H, s), 0.93 (3 H,
d,/J=6.3Hz),1.21 (6 H,s), 1.93 (1 H,dd, J=14.1, 3.0 Hz), 2.46 (1 H, d, J=13.1 Hz), 2.51 (1
H, br.d, J=12.6 Hz), 2.82 (1 H, dd, J ), 2.98 (1 H, d, /= 13.1 Hz), 4.31 (1 H, d, /= 5.9 Hz),
452 (1H,d,J=6.0Hz),4.53 (1 H,d, J=59Hz),4.69 (1 H,d,J=6.0 Hz), 5.03 (1 H, s), 5.33
(1H,s),569 (1 H,br.t,J=3.4Hz),6.08 (1 H,d, J=11.2 Hz), 6.55 (1 H, d, J = 11.2 Hz), 7.43
2H,t,J=74Hz),7.55( H,t,J=74Hz),7.94 2 H,d, J= 7.4 Hz); °C NMR (175 MHz,
CDCl3) 6 12.0 (q), 18.8 (q), 20.8 (1), 22.3 (1), 23.7 (1), 27.6 (t), 29.1 (1), 29.2 (q), 29.4 (q), 36.1
(d), 36.4 (1), 39.2 (t), 40.4 (), 40.5 (s), 44.4 (1), 45.1 (1), 46.2 (s), 56.50 (d), 56.53 (d), 71.1 (s),
76.8 (d), 81.7 (), 81.9 (1), 116.7 (d), 116.9 (t), 125.0 (d), 128.4 (d), 129.5 (d), 130.5 (s), 132.9
(d), 134.1 (s), 140.1 (s), 146.7 (s), 165.6 (s); HRMS (ESI+) m/z calcd. for C3¢Hs0O4sNa [M+Na]"

569.3601, found 569.3557.

Compound 66b

The corresponding C4-benzoate 66b was synthesized by the same procedure as described for
61a, using 32b instead of 1, in 83% yield.

66b: CD (ethanol) Amax 271 nm (+16.2); 'H NMR (700 MHz, CDCl3) § 0.54 (3 H, s), 0.93 3 H,
d,J=6.4Hz),1.21 (6 H,s),2.47 (1 H,dd, J=14.1,2.7 Hz), 2.51 (1 H, d, J=13.1 Hz), 2.82 (1
H, dd,J=16.8,5.3 Hz), 2.93 (1 H,d,J=13.1 Hz),4.33 (1 H,d,/J=59Hz),451 (1 H,d,J=
6.0 Hz), 454 (1 H,d,J=59Hz),4.70 (1 H, d, /= 6.0 Hz), 4.99 (1 H, s), 5.30 (1 H, s), 5.66 (1
H, br. t,J=3.6 Hz), 6.05 (1 H,d, J=11.3 Hz), 6.58 (1 H,d, J=11.3 Hz), 741 2 H,t,J=74

Hz),7.54 (1 H, t,J= 7.4 Hz), 7.93 (2 H, d, ] = 7.4 Hz); *C NMR (175 MHz, CDCl3) § 12.1 (q),
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18.8 (q), 20.8 (1), 22.2 (1), 23.5 (1), 27.7 (t), 29.2 (q), 29.4 (1), 29.7 (q), 36.1 (d), 36.4 (t), 39.2 (1),
40.4 (1), 40.5 (s), 44.4 (1), 45.1 (1), 46.1 (3), 56.45 (d), 56.49 (d), 71.1 (s), 76.7 (d), 81.6 (1), 81.9
(t), 116.7 (d), 116.9 (t), 124.8 (d), 128.4 (d), 129.5 (d), 130.5 (s), 132.9 (d), 134.0 (s), 140.1 (s),

146.7 (s), 165.6 (s)

Compound 67a

The corresponding C4-benzoate 67a was synthesized by the same procedure as described for
61a, using 32a instead of 1, in 83% yield.

67a: CD (ethanol) Amin 310 nm (-55.8); '"H NMR (700 MHz, CDCls) § 0.53 (3 H, s), 0.93 (3 H,
d,J=6.5Hz),1.21 (6 H,s), 1.90 (1 H, dd, J=14.1, 3.1 Hz), 2.45 (1 H, d, J=13.2 Hz), 2.47 (1
H, dd,J=14.1,2.0 Hz), 2.82 (1 H, dd, /= 12.8, 5.0 Hz), 2.95 (1 H, d, J= 13.2 Hz), 3.03 (6 H,
s),430(1 H,d,J=5.9Hz),4.50 (1 H,d, J=6.1 Hz),4.52 (1 H,d,J=59Hz),4.69 (1 H,d, J
=6.1 Hz), 5.02 (1 H, s), 5.30 (1 H, s), 5.63 (1 H, br. t, J= 3.6 Hz), 6.07 (1 H, d, J = 11.4 Hz),
6.52 (1 H,d,J=11.4Hz), 6.63 (2H, d, J=9.0 Hz), 7.81 (2 H, d, J = 9.0 Hz); '*C NMR (175
MHz, CDCl3) 6 12.0 (q), 18.8 (q), 20.8 (t), 22.3 (), 23.7 (t), 27.6 (t), 29.1 (1), 29.2 (q), 29.4 (q),
36.1 (d), 36.4 (1), 39.3 (1), 40.1 (q), 40.4 (t), 40.6 (s), 44.4 (1), 45.2 (1), 46.1 (s), 56.49 (d), 56.53
(d), 71.1 (s), 75.7 (d), 81.8 (t), 82.0 (t), 110.7 (d), 116.6 (t), 116.8 (d), 117.2 (s), 124.3 (d), 131.2
(d), 134.8 (s), 1404 (s), 146.2 (s), 153.3 (s), 165.9 (s); HRMS (ESI+) m/z calcd. for

C3sHssNOsNa [M+Na]* 612.4023, found 612.4011.

Compound 67b

The corresponding C4-benzoate 67b was synthesized by the same procedure as described for
61a, using 32b instead of 1, in 83% yield.

67b: CD (ethanol) Amax 308 nm (+55.3); 'H NMR (700 MHz, CDCl3) § 0.53 (3 H, s), 0.93 (3 H,
d,J=6.4Hz),1.21 (6 H, s),2.41 (1 H,dd, J=13.5,4.3 Hz), 2.51 (1 H,d, J=13.1 Hz), 2.82 (1

H,dd, J=15.1, 4.8 Hz), 2.90 (1 H,d, J= 13.1 Hz), 432 (1 H, d, J = 5.8 Hz), 449 (1 H, d, J =
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6.0 Hz), 4.54 (1 H, d, J= 5.8 Hz), 4.69 (1 H, d, J= 6.0 Hz), 4.98 (1 H, s), 5.28 (1 H, ), 5.60 (1
H,br.t,J=3.6 Hz), 6.05 (1 H,d,J=11.3 Hz), 6.55 (1 H, d, J=11.3 Hz), 6.62 2 H, d, /= 8.8
Hz), 7.81 (2 H, d, J = 8.8 Hz); 3C NMR (175 MHz, CDCl3) & 12.1 (q), 18.8 (q), 20.8 (1), 22.2
(t), 23.6 (1), 27.7 (1), 29.20 (1), 29.22 (q), 29.4 (q), 36.1 (d), 36.4 (t), 39.4 (1), 40.1 (q), 40.4 (1),
40.6 (s), 44.4 (1), 45.2 (1), 46.0 (s), 56.4 (d), 56.5 (d), 71.1 (s), 75.4(d), 81.7 (t), 82.0 (1), 110.7
(d), 116.6 (1), 116.8 (d), 117.2 (s), 124.0 (d), 131.2 (d), 134.7 (s), 140.4 (s), 146.1 (s), 153.3 (s),

165.9 (s); HRMS (ESI+) m/z caled. for C3sHssNOsNa [M+Na]" 612.4023, found 612.3988.

Compound 90

90: 'H NMR (400 MHz, CDCl3) § 0.80 (3 H, s), 0.96 (3 H, d, J=6.6 Hz), 0.99 3 H, d, J= 6.6
Hz), 1.19 (3 H, s); >C NMR (100 MHz, CDCl3)  14.6 (q), 18.8 (t), 22.8 (t), 24.0 (d), 24.6 (q),
25.2 (q), 26.2 (q), 39.7 (), 40.9 (1), 50.2 (s), 51.6 (t), 60.4 (d), 62.1 (d), 76.1 (s), 212.0 (s);

HRMS (ESI+) m/z  caled. for C16H2802Na [M+Na]" 275.1982, found 275.1961.

Compound 91

96: 'H NMR (400 MHz, CDCl3) § 0.73 3 H, s), 0.95 (3 H, d, J= 6.8 Hz), 0.99 3 H, d, J=6.8
Hz), 1.17 (3 H, s), 5.64 (1 H, br. s); *C NMR (100 MHz, CDCl3) § 13.7 (q), 21.7 (t), 22.4 (¢),
22.8 (1), 24.0 (d), 24.6 (q), 25.3 (q), 26.2 (q), 30.9 (1), 40.6 (t), 45.9 (s), 51.4 (), 56.1 (d), 59.8
(d), 76.4 (s), 97.8 (d), 144.7 (s); HRMS (ESI+) m/z calcd. for Ci17H20BrONa [M+Na]" 351.1294,

found 351.1298.

Compound 92

CeCl3 (318 mg, 1.29 mmol, 4 eq.) was dried with a heat gun for 15 min, and added dry THF
(0.8 mL) under an atmosphere of argon at room temperature. The mixture was added to a
solution of 83 (100 mg, 0.32 mmol) in dry THF (2.5 mL) at the same temperature, and stirring

for 15 min. The resulting mixture was added isopropylmagnesium chloride litium chloride
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complex solution (1.3 M in THF, 1.0 mL, 1.3 mmol, 4 eq.) at 0 °C. After having been stirred for
70 min at the same temperature, the reaction was quenched by the addition of saturated aqueous
NH4Cl (5 mL) and the whole was extracted with ether (50 mL x 3). The combined organic layer
was washed with brine (5 mL), dried over sodium sulfate and filtered. Evaporation of the
filtrate afforded a residue, from which 92 (103 mg) was separated by flash silica gel column
chromatography (ethyl acetate: n-hexane = 1: 19) as a colourless oil in 90% yield.

92: 'H NMR (400 MHz, CDCl3) 6 0.00 (3 H, s), 0.01 (3 H, s), 0.82 (3 H, d, J = 6.9 Hz), 0.879
(3H,d,J=6.9 Hz), 0.882 (9 H, s), 1.12 3 H, s), 1.15 (3 H, s), 4.01 (1 H, m); 3*C NMR (100
MHz, CDCl3) 6 - 5.2 (q), - 4.8 (q), 15.6 (q), 16.1 (q), 17.7 (t), 18.0 (s), 18.5 (q), 20.3 (q), 20.9
(1), 22.8 (1), 25.8 (q), 34.4 (1), 36.5 (d), 41.4 (1), 43.0 (s), 53.1 (d), 56.0 (d), 69.5 (d), 77.3(s);

HRMS (ESI+) m/z caled. for C21Hs202SiNa [M+Na]" 377.2846, found 377.2846.

Aldol products (less polar)

"H NMR (400 MHz, CDCI3) § - 0.007 (3 H, s), - 0.005 (3 H, s), 0.00 (3 H, s), 0.01 (3 H, s), 0.84
(3 H,s),0.87 (6 H,s),0.88 (6 H,s),1.10 (3 H, s), 1.30 (3 H, s),4.00 (1 H, d, J=2.3 Hz), 4.03
(1 H, d, J = 2.1 Hz); 3C NMR (100 MHz, CDCl3) & - 5.19 (q), - 5.16 (q), - 4.8 (q), 15.6 (q),
17.6 (1), 18.0 (s), 21.3 (1), 21.9 (1), 23.1 (), 25.7 (q), 25.8 (q), 26.7 (q), 34.2 (1), 34.3 (1), 39.9 (1),
41.2 (t), 42.9 (s), 44.3 (s), 53.1 (d), 53.3 (d), 54.0 (1), 60.1 (d), 65.7 (d), 68.9 (d), 69.5 (d), 74.6

s), 214.5 (s); HRMS (ESI+) m/z caled. for C3sHesO4SizNa [M+Na]* 643.4548, found 643.4569
(s)

Aldol products (more polar)

'H NMR (400 MHz, CDCl3) § - 0.01 (3 H, s), 0.000 (3 H, s), 0.002 (3 H, s), 0.01 (3 H, s), 0.87
(6 H,s),0.88(6H,s),1.10(3H,s),1.22 (3 H,s),4.00(1 H,d,J=2.2Hz),4.03 (1 H,d,J=1.8
Hz); 3C NMR (100 MHz, CDCl3) § - 5.20 (q), - 5.17 (q), - 4.83 (q), - 4.81 (q), 15.86 (q), 15.89
(q), 17.56 (t), 17.64 (t), 17.98 (s), 18.01 (s), 21.8 (1), 22.2 (), 22.8 (t), 23.1 (), 25.75 (q), 25.80

(q), 27.4 (q), 34.2 (1), 34.3 (1), 40.0 (1), 41.2 (), 43.0 (s), 44.5 (s), 52.9 (d), 53.3 (d), 53.8 (1),
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59.9 (d), 64.7 (d), 68.9 (d), 69.4 (d), 74.9 (s), 214.4 (s); HRMS (ESI+) m/z caled. for

C36Hes04SizNa [M+Na]" 643.4548, found 643.4548.

Compounds 93a,b

To a stirred solution of 92 (150 mg, 0.42 mmol) in dry THF (1.5 mL) was added
tetra-n-butylammonium fluoride (TBAF) (1.0 M in THF, 2.1 mL, 2.1 mmol, 5 eq.) under an
atmosphere of argon at 0 °C, and resulting mixture was stirred at reflux for 42 h. After the
addition of brine (3.5 mL) and water (3.5 mL) to the reaction mixture at 0 °C, the whole was
extracted with ethyl acetate (50 mL x 3). The organic layer was washed with brine, dried over
magnesium sulfate and filtered. Evaporation of the filtrate afforded a residue, from which 93a
(17 mg, 16%, less polar) and 93b (82 mg, 81%, more polar) were obtained by flash silica gel
column chromatography (ethyl acetate: n-hexane = 1: 3) both as colourless solids in a combined
yield of 97%.

93a: 'H NMR (400 MHz, CDCl3) § 0.83 (3 H, d, J= 6.9 Hz), 0.89 (3 H, d, J =6.9 Hz), 1.13 (3
H,s), 1.17 (3 H, s), 2.12 (1 H, br. d, J = 10.8 Hz), 4.09 (1 H, m); *C NMR (100 MHz, CDCl3) &
15.4 (q), 16.1 (q), 17.5 (1), 18.5 (q), 20.2 (q), 20.8 (t), 22.3 (t), 33.5 (1), 36.6 (d),41.1 (), 42.7 (s),
52.6 (d), 55.8 (d), 69.5 (d), 77.2(s); m.p. 92-93 °C(ethyl acetate-n-hexane) colorless prisms;
[a]3? =+ 17.1 (¢ = 1.03, CHCl3); Anal. Calcd. CisH230: * 1/6H,0: C, 74.01; H, 11.74. found: C,

74.28; H, 11.74; HRMS (ESI+) m/z calcd. for C15sH2302Na [M+Na]™ 263.1982, found 263.1998.

93b: '"H NMR (400 MHz, CDCl3) § 0.90 (3 H, d, /= 6.8 Hz), 0.95 3 H, d, J= 6.8 Hz), 0.98 (3
H,s), 1.16 3 H,s), 2.11 (1 H, br.d, J = 12.4 Hz), 4.09 (1 H, m); >*C NMR (100 MHz, CDCI3) &
15.5 (q), 17.0 (q), 17.5 (t), 18.8 (q), 21.5 (q), 22.3 (), 22.5 (t), 33.5 (t), 35.8 (d), 40.9 (t), 43.0
(s), 52.7 (d), 55.6 (d), 69.5 (d), 77.9(s); m.p. 74-76 °C(ethyl acetate-n-hexane) colorless
needles; [a]3® =+38.8 (c =0.51, CHCI3); Anal. Caled. CisH230,: C, 74.95; H, 11.74. found: C,

75.10; H, 11.52; HRMS (ESI+) m/z caled. for C1sH2302Na [M+Na]" 263.1982, found 263.1997.
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Compound 94

To a stirred solution of 93a (72 mg, 0.30 mmol) in dry DMSO (2.6 mL) was added
2-iodoxybenzoic acid (IBX) (168 mg, 0.60 mmol, 2 eq.) at room temperature. After having
been stirred for 1 h 30 min at the same temperature, the addition of saturated aqueous NaHCO3
(3 mL) to the reaction mixture, the whole was extracted with ether (50 mL x 3). The combined
organic layer was washed with brine, dried over sodium sulfate and filtered. Evaporation of the
filtrate afforded a residue, from which 94 (71 mg) was separated by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 2) as a colourless solid in 99 % yield.
94: '"H NMR (400 MHz, CDCl3) § 0.82 (3 H, s), 0.85 (3 H, d, /= 6.8 Hz), 0.89 3 H, d, J= 6.8
Hz), 1.16 (3 H, s); *C NMR (100 MHz, CDCl3) § 14.3 (q), 16.0 (q), 18.5 (q), 18.8 (1), 20.3 (q),
21.2 (), 23.9 (1), 36.8 (d), 39.6 (t), 40.8 (1), 50.0 (s), 56.0 (d), 62.1 (d), 76.6 (s), 211.9 (s); m.p.
109 °C(ethyl acetate-n-hexane) colorless prisms; [a]3° = - 25.5 (¢ = 0.95, CHCls); Anal. Calcd.
CisH2602: C, 75.58; H, 10.99. found: C, 75.72; H, 10.78; HRMS (ESI+) m/z calcd. for

Ci5H2602Na [M+Na]* 261.1825, found: 261.1845.

Compound 95

A suspension of (bromomethylene)triphenylphosphonium bromide (829 mg, 1.90 mmol, ) in
dry toluene (4 mL) was sonicated for 5 min at room temperature and then stirred at the same
temperature for 10 min. The resulting mixture was added potassium bis(trimethylsilyl)amide
(KHMDS) (0.5 M 1n toluene, 3.6 mL, 1.80 mmol) at 0 °C, and the mixture was stirred at the
same temperature for 30 min. Subsequently, to a solution of 94 (91 mg 0.38 mmol) was added
to the reaction mixture at -30 °C followed by the temperature was elevated gradually from -30-0
°C. After having been stirred for min at 0 °C and room temperature for min. The reaction
mixture was then diluted with ether-n-hexane (1: 1) (30 mL) and was filtered through celite.

Evaporation of filtrate afforded a residue, from which 95 (49 mg) was separated by silica gel
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column chromatography (ethyl acetate: n-hexane = 1: 9) as a colourlessoil in 41% yield.

95: '"H NMR (400 MHz, CDCl3) 6 0.76 (3 H, s), 0.85 3 H, d, J=6.9 Hz),0.90 3 H, d, J = 6.9
Hz), 1.15 (3 H, s), 5.65 (1 H, br. s); *C NMR (100 MHz, CDCl3) § 13.5 (q), 16.1 (q), 18.5 (q),
20.5(q), 21.3 (1), 21.7 (1), 22.4 (1), 30.9 (t), 36.6 (d), 40.5 (t), 45.8 (s), 55.4 (d), 56.1 (d), 77.2 (s),
97.8 (d), 144.7(s); HRMS (ESI+) m/z calcd. for CisH27BrONa [M+Na]® 337.1137, found

337.1137.

Compound 96

This compound 96 was obtained by the same procedure as described for 94 by using 93b
instead of 93a, in 93% yield.

96: 'H NMR (400 MHz, CDCl3) § 0.81 (3 H, s), 0.92 (3 H, d,J=6.8 Hz), 0.96 3 H, d, J=6.8
Hz), 1.03 3 H, s), 2.43 (1 H, dd, J = 10.4, 7.4 Hz); 3C NMR (100 MHz, CDCls) § 14.4 (q),
17.0 (q), 18.4 (q), 18.8 (1), 21.7 (q), 23.0 (1), 23.9 (1), 36.1 (d), 39.5 (t), 40.9 (t), 50.2 (s), 55.8
(d), 62.2 (d), 77.4 (s), 212.0 (s); IR (ATR) 3464, 2988, 2958, 2887, 1694 cm™'; HRMS (ESI+)

m/z caled. for C1sH2602Na [M+Na]" 261.1825, found 261.1805.

Compound 97

This compound 97 was obtained by the same procedure as described for 95 by using 96
instead of 94, in 32% yield.

97: '"H NMR (400 MHz, CDCl3) § 0.75 3 H, s), 0.91 3 H, d,J=6.7 Hz), 0.95 (3 H,d, J=6.7
Hz), 1.00 3 H, s), 5.64 (1 H, br. s); 3*C NMR (100 MHz, CDCls) § 13.6 (q), 17.0 (q), 18.6 (q),
21.4 (q), 21.8 (1), 22.4 (1), 23.0 (t), 30.9 (1), 35.9 (d), 40.3 (1), 45.9 (s), 55.2 (d), 56.2 (d), 77.8 (s),

97.9 (d), 144.7 (s)

Compound 98

To a solution of 83 (100 mg, 0.32 mmol) in dry toluene (1.5 mL) was added
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magnesium bromide (0.5 M in THF, 1.3 mL, 0.65 mmol, 2 eq.) dropwise under an
argon atmosphere at 0 °C, and the stirring was continued for 6 h at same temperature. The
reaction was quenched by addition of saturated aqueous NH4Cl (5 mL). The resultant mixture
was extracted with ether (15 mL x 3), and the combined organic layer was washed with brine (5
mL), dried over magnesium sulfate and filtered. Evaporation of the filtrate afforded a residue,
from which 98 (88 mg) was separated by silica gel column chromatography (ethyl acetate:
n-hexane = 1: 99) as a colourless oil in 78% yield.

98: 'H NMR (400 MHz, CDCl3) & - 0.01 (3 H, s), 0.00 (3 H, s), 0.88 (9 H, s), 1.17 3 H, s),
1.38 3 H, s), 1.72 (3 H, 5), 2.09 (1 H, m), 4.00 (1 H, m), 4.70 (1 H, s), 4.94 (1 H, s); *C NMR
(100 MHz, CDCI3) 6 - 5.2 (q), - 4.8 (q), 15.7 (q), 17.7 (1), 18.0 (s), 19.9 (q), 21.7 (t), 22.6 (1),
25.8 (q), 27.4 (q), 34.4 (1), 41.1 (1), 42.8 (s), 53.3 (d), 55.6 (d), 69.5 (d), 77.2 (s), 108.3 (1),

152.3 (s); HRMS (ESI+) m/z calcd. for C21H002SiNa [M+Na]" 375.2690, found 375.2660.

Compounds 99a,b

This compounds 99a,b were obtained by the same procedure as described for 93a,b by using
98 instead of 92, in 95% yield.

99a: 'H NMR (400 MHz, CDCl3) 6 1.17 (3 H, s), 1.38 (3 H, s), 1.71 (3 H, s), 2.12 (1 H, m),
4.01 (1 H, m), 4.70 (1 H, s), 4.93 (1 H, d, J = 0.8 Hz); 3C NMR (100 MHz, CDCls) § 15.3 (q),
17.4 (t), 19.9 (q), 21.6 (1), 22.0 (t), 27.3 (q), 33.4 (1), 40.8 (1), 42.5 (s), 52.8 (d), 55.4 (d), 69.3
(d), 77.1 (s), 108.3 (t), 152.3 (s); m.p. 78 °C(ethyl acetate-n-hexane) colorless prisms; [a]3® =
+ 5.0 (¢ = 1.00, CHCL); Anal. Caled. Ci5sH2602: C, 75.58; H, 10.99. found: C, 75.72; H, 11.34;
HRMS (ESI+) m/z caled. for CisHz602Na [M+Na]* 261.1825, found 261.1811.

99b: 'H NMR (400 MHz, CDCI3) § 1.04 (3 H, s), 1.17 (3 H, s), 1.76 (3 H, s), 4.04 (1 H, m),
4.77 (1 H, s), 5.06 (1 H, s); *C NMR (100 MHz, CDCl3) & 14.0 (q), 17.2 (1), 19.9 (q), 20.4 (1),
21.7 (1), 29.3 (q), 33.4 (t), 38.9 (1), 42.6 (s), 52.7 (d), 54.9 (d), 69.3 (d), 76.9 (s), 108.7 (t), 151.2

(s); m.p. 106 °C(ethyl acetate-n-hexane) colorless prisms; [a]3® = + 59.4 (¢ = 1.00, CHCls);
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Anal. Calcd. C15sH2602: C, 75.58; H, 10.99. Found: C, 75.67; H, 11.27; HRMS (ESI+) m/z calcd.

for CisH2602Na [M+Na]" 261.1825, found 261.1813.

Compound 100

This compound 100 was obtained by the same procedure as described for 94 by using 99a
instead of 93a, in 75% yield.

100: 'H NMR (400 MHz, CDCl3) 6 0.85 (3 H, s), 1.43 3 H, s), .76 3 H, s), 4.75 (1 H, t, J =
1.6 Hz), 4.96 (1 H, s); 1*C NMR (100 MHz, CDCls) § 14.3 (q), 18.6 (t), 19.9 (q), 22.1 (1), 24.0
(1), 27.6 (q), 39.3 (t), 40.8 (t), 49.8 (s), 55.6 (d), 62.4 (d), 76.6 (s), 108.7 (t), 152.1 (s), 211.8 (s);
m.p. 82-83 °C(ethyl acetate-n-hexane) colorless fine needles; [a]3* = - 33.3 (¢ = 1.00, CHCls);
Anal. Calcd. C15sH2402: C, 76.23; H, 10.24. found: C, 76.45; H, 10.61; HRMS (ESI+) m/z calcd.

for C15H240,Na [M+Na]" 259.1669, found 259.1651.

Compound 101

This compound 101 was obtained by the same procedure as described for 95 by using 100
instead of 94, in 52% yield.

101: '"H NMR (400 MHz, CDCl3) § 0.78 (3 H, s), 1.41 (3 H, s), 1.75 (3 H, d, J= 0.8 Hz), 4.73
(1H,t,J=1.6 Hz), 4.96 (1 H,d J= 0.8 Hz), 5.64 (1 H, d, J = 1.6 Hz); '3C NMR (100 MHz,
CDCl3) 6 13.5 (q), 19.9 (q), 21.5 (1), 22.1 (1), 22.4 (1), 27.7 (q), 30.9 (t), 40.2 (t), 45.6 (s), 54.9
(d), 56.3 (d), 76.9 (s), 97.8 (d), 108.4 (t), 144.6 (s), 152.1 (s); HRMS (ESI+) m/z calcd. for

Ci6H24BrONa [M+Na]" 335.0981, found 335.0970.

Compound 102
This compound 102 was obtained by the same procedure as described for 94 by using 99b
instead of 93, in 79% yield.

102: 'H NMR (400 MHz, CDCl3) § 0.72 (3 H, s), 1.23 (3 H, 5), 1.82 3 H, s), 2.38 (1 H, dd, J
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=11.4, 7.5 Hz), 4.82 (1 H, s), 5.11 (1 H, s); 3*C NMR (100 MHz, CDCl3) § 13.1 (q), 18.3 (%),
204 (q), 22.1 (1), 23.8 (£), 29.5 (q), 37.5 (1), 40.9 (1), 49.9 (s), 5.1 (d), 62.3 (d), 76.5 (s), 109.3
(t), 151.1 (s), 211.9 (s); m.p. 162 °C(methanol) colorless prisms; [a]3® = + 9.3 (¢ = 1.00,
CHCL); Anal. Caled. CisH2402: C, 76.23; H, 10.24. found: C, 76.15; H, 10.53; HRMS (ESI+)

m/z caled. for C1sH240,Na [M+Na]" 259.1669, found 259.1669.

Compound 103

This compound 103 was obtained by the same procedure as described for 95 by using 102
instead of 94, in 47% yield.

103: '"H NMR (400 MHz, CDCl3) § 0.66 (3 H, s), 1.22 (3 H, s), 1.81 (3 H, s), 2.85 (1 H, m),
4.81 (1 H,t,J= 1.4 Hz), 5.09 (1 H, d, J = 1.0 Hz), 5.64 (1 H, t, J = 1.7 Hz); *C NMR (100
MHz, CDCl3) 6 12.2 (q), 20.5 (q), 21.2 (t), 22.19 (), 22.22 (t), 29.3 (q), 30.9 (), 38.4 (t), 45.8
(s), 54.6 (d), 56.3 (d), 76.9 (s), 97.7 (d), 109.0 (t), 144.8 (s), 151.4 (s); HRMS (ESI+) m/z calcd.

for C16H2sBrONa [M+Na]" 335.0981, found 335.0954.

Compound 104

104: '"H NMR (400 MHz, CDCl3) § 0.67 (3 H, s), 2.16 (3 H, s), 2.52 (1 H, dd, J = 11.0, 7.4
Hz),2.77 (1 H, t, J= 9.4 Hz); '*C NMR (100 MHz, CDCl3) & 13.8 (q), 19.5 (1), 22.7 (t), 23.7 (1),
31.3 (q), 37.8 (t), 40.7 (t), 49.9 (s), 61.5 (d), 63.2 (d), 208.2 (s), 210.4 (s); HRMS (ESI+) m/z

calcd. for C12HisO2Na [M+Na]" 217.1199, found 217.1199.

Compound 106

To a solution of 98 (764 mg, 2.17 mmol) in dry chloroform (20 mL) was added
m-chloroperbenzoic acid with water (m-CPBA) (824 mg, 4.77 mmol, 2.2 eq.) under an
atmosphere of argon at 0 °C, and the resluting mixture was stirring for 1 h at the same

temperature. After the addition of saturated aqueous NaHCO;3 (20 mL) to the reaction mixture,
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the whole was extracted with CH2Cl, (100 mL x 3). The combined organic layer was washed
with brine, dried over sodium sulfate and filtered. Evaporation of the filtrate afforded a residue,
from which 106 (512 mg) was separated by flash silica gel column chromatography (ethyl
acetate: n-hexane = 1: 19) as a colourless solid in 64% yield.

106: '"H NMR (400 MHz, CDCl3) § - 0.02 (3 H, s), - 0.01 3 H, s), 0.87 (9 H, s),2.49 (1 H,d J
=5.2Hz),2.61 (1H,dJ=5.2Hz),3.08 (1 H,d,J=4.8Hz),3.27 (1 H,d, J=5.2 Hz), 3.99 (1
H, s); 3C NMR (100 MHz, CDCl3); & - 5.2 (q), - 4.8 (q), 15.4 (q), 17.6 (1), 18.0 (s), 18.3 (q),
21.1 (v), 22.7 (t), 24.7 (q), 25.7 (q), 34.4 (1), 41.1 (1), 43.3 (s), 52.7 (1), 53.0 (d), 55.4 (d), 61.8 (s),
69.3 (d), 73.1 (s); HRMS (ESI+) m/z caled. for C21Hs0O3SiNa [M+Na]® 391.2639, found

391.2658.

Compound 107

To a stirred solution of 106 (42 mg, 0.11 mmol) in dry ether (4.5 mL) was added a solution of
lithium aluminium hydride (LiAlH4) (2.0 M in THF, 0.33mL, 0.66 mmol, 6 eq.) at 0 °C under
an atmosphere of argon. After having been stirred for 12 h 20 min at 4 °C and for 1 h 15 min at
room temperature, the reaction was quenched by addition of water (0.5 mL) and saturated
Rochelle salt (0.5 mL). The resultant mixture was extracted with ethyl acetate (30 mL x 3), and
the combined organic layer was washed with brine (3 mL), dried over sodium sulfate and
filtered. Evaporation of the filtrate afforded a residue, from which 107 (40 mg) was separated
by silica gel column chromatography (ethyl acetate : n-hexane = 1: 9) as a colourless solid in
97% yield.

107: '"H NMR (400 MHz, CDCls) § 0.00 (3 H, s), 0.01 (3 H, s), 0.88 (9 H, s), 1.14 (3 H, s),
1.186 (1 H, s), 1.194 (1 H, s), 1.30 (1 H, 5), 4.01 (1 H, m); *C NMR (100 MHz, CDCl3) § - 5.2
(q), -4.8(q), 14.9 (q), 17.7 (1), 18.0 (s), 23.3 (q), 23.35 (1), 23.41 (), 25.8 (q), 26.0 (q), 26.2 (q),
34.3 (1), 41.4 (1), 44.1 (s), 52.4 (d), 55.0 (d), 69.5 (d), 77.2 (s), 78.6 (s); HRMS (ESI+) m/z calcd.

for C21H4203SiNa [M+Na]" 393.2795, found 393.2829.
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Compounds 108a,b

This compounds 108a,b were obtained by the same procedure as described for 93a,b by using
107 instead of 92, in 91% yield.

108a: '"H NMR (400 MHz, CDCl3) 6 1.15 (3 H, s), 1.18 3 H, s), 1.19 (3 H, s), 1.29 (3 H, s),
4.08 (1 H, s); *C NMR (100 MHz, CDCI3) § 14.7 (q), 17.5 (1), 22.9 (t), 23.1 (q), 23.2 (1), 26.0
(q), 26.3 (q), 33.4 (1), 41.1 (t), 43.8 (s), 51.9 (d), 54.8 (d), 69.4 (d), 77.0 (s), 78.3 (s); m.p.
151-153 °C(ethyl acetate) colorless needles; [a]2® = + 24.1 (¢ = 1.00, CHCl3); 4nal. Calcd.
CisH2803: C, 70.27; H, 11.01. found: C, 70.34; H, 10.67, HRMS(ESI+) m/z calcd. for
C15H2803Na [M+Na]" 279.1931, found: 279.1929.

108b: 'H NMR (400 MHz, CDCl3) § 1.18 (6 H, s), 1.19 (3 H, s), 1.22 (3 H, s), 4.06 (1 H, m);
13C NMR (100 MHz, CDCls) § 15.4 (q), 17.2 (t), 21.0 (q), 23.1 (t), 25.0 (q), 25.1 (q), 25.3 (1),
33.6 (1), 40.6 (t), 44.5 (s), 51.7 (d), 53.1 (d), 69.4 (d), 76.5 (s), 80.0 (s); m.p. 119-120 °C(ethyl
acetate) colorless prisms; [a]3® =+ 18.5 (c = 1.01, CHCls); Anal. Caled. CisH230s: C, 70.27;
H, 11.01. found: C, 70.55; H, 11.38; HRMS (ESI+) m/z caled. for CisHxsO3Na [M+Na]

279.1931, found 279.1925.

Compound 109

This compound 109 was obtained by the same procedure as described for 94 by using 108a
instead of 93a, in 98% yield.

109: 'H NMR (400 MHz, CDCl3) § 0.83 (3 H, s), 1.21 3 H, s), 1.23 (3 H, s), 1.32 (3 H, 5); 1*C
NMR (100 MHz, CDCl3) 6 13.8 (q), 19.5 (), 23.3 (q), 23.5 (1), 23.8 (), 26.1 (q), 26.4 (q), 39.6
(t), 40.8 (t), 51.0 (s), 55.1 (d), 61.5 (d), 76.9 (s), 77.6 (s), 212.0 (s); m.p. 102-104 °C(ethyl
acetate-n-hexane) colorless prisms; [a]3° =-13.3 (c = 0.70, CHCls); Anal. Calcd. CisH260s5: C,
70.83; H, 10.30. Found: C, 71.01; H, 10.58; HRMS (ESI+) m/z calcd. for C1sH2603Na [M+Na]*

277.1774, found 277.1774.
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Compound 110

This compound 110 was obtained by the same procedure as described for 95 by using 109
instead of 94, in 47% yield.

110: '"H NMR (400 MHz, CDCl3) § 0.77 (3 H, s), 1.21 (3 H, s), 1.23 (3 H, s), 1.32 3 H, s),
5.67 (1 H, d, J= 1.6 Hz); 3*C NMR (100 MHz, CDCI3) § 13.0 (q), 22.4 (t), 22.5 (t), 23.5 (q),
23.6 (1), 26.2 (q), 26.4 (q), 31.0 (1), 40.6 (1), 46.8 (s), 54.4 (d), 55.5 (d), 77.2 (s), 78.0 (s), 98.1

. .6 (s); +) m/z calcd. for Ci5H26O3Na [M+Na . , foun . .
(d), 144.6 (s); HRMS (ESI+) m/z calcd. for C1sH2603Na [M+Na]" 353.1087, found 353.1064

Compound 111

This compound 111 was obtained by the same procedure as described for 94 by using 108b
instead of 93a, in 92% yield.

111: '"H NMR (400 MHz, CDCl3) § 0.83 (3 H, s), 1.18 (3 H, s), 1.19 (3 H, s), 1.20 (3 H, 5); 1*C
NMR (100 MHz, CDCl3) 6 14.1 (q), 19.6 (t), 20.9 (q), 23.8 (t), 24.9 (q), 25.3 (q), 25.4 (t), 39.1
(t), 41.0 (t), 51.9 (s), 53.3 (d), 61.1 (d), 76.3 (s), 79.2 (s), 212.4 (s); m.p. 80-81 °C(ethyl
acetate-n-hexane) colorless needles; [a]3® = -33.6 (¢ = 0.30, CHCl3); Anal. Caled. CisHz603 -
1/9H,O: C, 74.27; H, 10.31. found: C, 74.41; H, 10.01; HRMS (ESI+) m/z calcd. for

C15H2603Na [M+Na]" 277.1774, found 277.1774.

Compound 112

This compound 112 was obtained by the same procedure as described for 95 by using 111
instead of 94, in 47% yield.

112: '"H NMR (400 MHz, CDCl3) 6 0.77 (3 H, s), 1.19 (3 H, s), 1.21 (3 H, s), 1.22 (3 H, ),
5.64 (1 H, s); '>*C NMR (100 MHz, CDCl3) § 13.6 (q), 20.8 (q), 22.4 (t), 22.6 (t), 25.0 (q), 25.3

(q), 25.6 (1), 31.0 (1), 40.1 (t), 47.6 (s), 53.0 (d), 55.2 (d), 79.8 (s), 97.6 (d), 144.9 (s).
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Compound 76

To a stirred solution of the A-ring enyne precursor 85 (13 mg, 0.03 mmol) and the CD-ring
portion 91 (13 mg, 0.04 mmol, 1.2 eq.) in a mixture of toluene (1.6 mL) and triethylamine (0.6
mL) was added tetrakis(triphenylphosphine)palladium (12 mg, 0.01 mmol, 0.3 egq.) at room
temperature under an atmosphere of argon. After having been heated at reflux for 30 min, the
reaction mixture was diluted with ether and filtered through a small pad of silica gel.
Evaporation of the filtrate gave a residue, which was purified by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 19) to give a mixture of protected seco-steroids
(28 mg).

The crude products (28 mg) dissolved in THF (0.1 mL) were treated with
tetra-n-buthylammonium fluoride (TBAF) (1.0 M in THF, 0.30 mL, 0.30 mmol) at reflux for 2
h 30 min. Brine (3 mL) was added to the mixture and the whole was extracted with ethyl
acetate (10 mL x 3). The organic layer was washed with brine, dried over sodium sulfate,
filtered and concentrated. The residue was purified by silica gel column chromatography (ethyl
acetate: n-hexane = 1: 1) to give 76 (6.8 mg) in 50% yield (two steps).

76: UV (ethanol) Amax 268 nm, Amin 228 nm; '"H NMR (400 MHz, CDCl3) § 0.71 (3 H, s), 0.94
(3H,d,J=6.6 Hz),0.99 3H,d,/J=6.6 Hz), 1.08 3 H,d,/J=6.9 Hz), 1.17 (3 H, s), 2.23 (1 H,
dd, J=13.4,7.9 Hz), 2.67 (1 H, dd, J=13.5, 4.0 Hz), 2.82 (1 H, dd, /= 12.1, 3.7 Hz), 3.85 (1
H, m), 431 (1 H, t,J=4.0 Hz), 5.01 (1 H, s), 5.28 (1 H, s), 6.01 (1 H, d, J=11.3 Hz), 6.39 (1
H, d, J= 11.3 Hz); *C NMR (100 MHz, CDCl3) § 12.5 (q), 14.0 (q), 21.9 (t), 22.8 (t), 23.4 (1),
24.0 (d), 24.6 (q), 25.3 (q), 26.1 (q), 28.9 (t), 41.2 (1), 43.4 (1), 44.2 (d), 46.3 (s), 51.4 (1), 56.5
(d), 60.6 (d), 71.7 (d), 75.4 (d), 76.6 (s), 113.2 (t), 117.5 (d), 124.7 (d), 133.3 (s), 142.6 (s),

146.5 (s); HRMS (ESI+) m/z caled. for C26Ha2O3Na [M+Na]" 425.3026, found 425.3025.

Compound 77

The 20-hydroxyvitamin D analogue 77 was synthesized by the same procedure as described
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for 76 using 95 instead of 91, in 50% yield (two steps).

77: UV (ethanol) Amax 268 nm, Amin 228 nm; 'H NMR (400 MHz, CDCl3) § 0.73 (3 H, s), 0.84
(3H,d,J=6.9 Hz),0.89 (3 H, d, J= 6.9 Hz), 1.07 (3 H, d, J=6.9 Hz), 1.13 (3 H, s), 1.93 (1 H,
dquint., J = 7.1, 3.7 Hz), 1.99 (1 H, br. t, J= 9.5 Hz), 2.10 (1 H, br. d, J= 12.6 Hz), 2.23 (1 H,
dd, J=13.4, 7.9 Hz), 2.66 (1 H, dd, J= 13.5, 4.0 Hz), 2.82 (1 H, dd, J= 12.1, 4.1 Hz), 3.84 (1
H, m), 431 (1 H,t,J=4.1 Hz), 5.00 (1 H, d, /= 1.8 Hz), 5.27 (1 H, s), 6.01 (1 H,d, J=11.3
Hz), 6.38 (1 H, d, J=11.3 Hz); '*C NMR (100 MHz, CDCls) § 12.5 (q), 13.7 (q), 16.1 (q), 18.5
(), 20.5 (q), 21.3 (1), 21.9 (1), 23.4 (t), 29.0 (1), 36.5 (d), 41.0 (t), 43.4 (1), 44.2 (d), 46.2 (s),
56.1 (d), 56.6 (d), 71.7 (d), 75.3 (d), 77.1 (s), 113.2 (t), 117.5 (d), 124.6 (d), 133.3 (s), 142.5 (5),

146.6 (s); HRMS (ESI+) m/z calcd. for C2sHa0O3Na [M+Na]" 411.2870, found 411.2880.

Compound 78

The 20-hydroxyvitamin D analogue 78 was synthesized by the same procedure as described
for 76 using 97 instead of 91, in 46% yield (two steps).

78: UV (ethanol) Amax 268 nm, Amin 228 nm; '"H NMR (400 MHz, CDCI3) § 0.73 (3 H, s), 0.92
(3H,d,J=6.7Hz),0.95(3H,d,/J=6.7 Hz), 1.00 3 H, s), 1.08 (3 H, d, /= 6.9 Hz), 2.10 (1 H,
br.d,J=12.1 Hz), 2.23 (1 H, dd, J=13.5, 8.1 Hz), 2.67 (1 H, dd, /= 13.5, 4.0 Hz), 2.83 (1 H,
dd, J=12.2,4.0 Hz), 3.85 (1 H, m), 431 (1 H, t, J=4.1 Hz), 5.01 (1 H, s), 5.28 (1 H, s), 6.02
(1H,d,J=11.2 Hz), 6.38 (1 H, d, J= 11.2 Hz); *C NMR (100 MHz, CDCl3) & 12.5 (q), 13.8
(q), 17.0 (q), 18.7 (q), 21.3 (q), 22.0 (1), 23.0 (1), 23.3 (1), 28.9 (1), 36.0 (d), 40.9 (t), 43.4 (1),
44.2 (d), 46.3 (s), 55.9 (d), 56.6 (d), 71.7 (d), 75.4 (d), 77.9 (s), 113.2 (t), 117.6 (d), 124.7 (d),
133.3 (s), 142.6 (s), 146.6 (s); HRMS (ESI+) m/z calcd. for CasH40O3Na [M+Na]" 411.2870,

found 411.2880.

Compound 79

The 20-hydroxyvitamin D analogue 79 was synthesized by the same procedure as described
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for 76 using 101 instead of 91, in 53% yield (two steps).

79: UV (ethanol) Amax 267 nm, Amin 228 nm; '"H NMR (400 MHz, CDCls) § 0.75 (3 H, s), 1.07
(3 H,d, J =69 Hz), 1.40 (3 H, s), 1.75 (3 H, s), 1.81 (1 H, m), 2.01 (1 H, m), 2.12 (1 H, m),
223 (1 H,dd, J=13.3, 7.7 Hz), 2.67 (1 H, dd, J = 13.5, 4.1 Hz), 2.83 (1 H, dd, ] = 12.2, 4.2
Hz),3.85 (1 H,m),4.31 (1 H,t,J=4.2 Hz),4.72 (1 H, s),4.95 (1 H, s), 5.00 (1 H, s), 5.28 (1 H,
s), 6.00 (1 H, d, J=11.3 Hz), 6.38 (1 H, d, J = 11.2 Hz); '*C NMR (100 MHz, CDCls) § 12.5
(@), 13.7 (@), 19.9 (q), 21.7 (t), 22.1 (t), 23.4 (1), 27.6 (q), 28.9 (q), 40.8 (1), 43.4 (1), 44.2 (d),
46.0 (s), 55.6 (d), 56.8 (d), 71.7 (d), 75.3 (d), 77.1 (s), 108.3 (t), 113.2 (t), 117.5 (d), 124.6 (d),
133.3 (s), 142.4 (s), 146.5 (s), 152.3 (s); HRMS (ESI+) m/z caled. for CosH3s03Na [M+Na]*

409.2713, found 409.2700.

Compound 80

The 20-hydroxyvitamin D analogue 80 was synthesized by the same procedure as described
for 76 using 103 instead of 91, in 56% yield (two steps).

80: UV (ethanol) Amax 268 nm, Amin 228 nm; '"H NMR (400 MHz, CDCl3) § 0.65 (3 H, s), 1.07
(3H,d,J=6.9Hz), 1.22 (3H,s), 1.81 3H,s),2.22 (1 H,dd, J=13.4, 8.0 Hz), 2.66 (1 H, dd,
J=13.5,3.9 Hz), 2.80 (1 H, dd, /= 13.3, 4.1 Hz), 3.84 (1 H, m), 4.31 (1 H, t, /=4.0 Hz), 4.80
(1H,s),5.00(1 H,d,J=1.6Hz),5.08 (1 H,d,/J=0.8 Hz),5.28 (1 H, s), 6.00 (1 H,d, J=11.3
Hz), 6.37 (1 H, d, J= 11.3 Hz); '3C NMR (100 MHz, CDCl3) § 12.5 (q), 20.5 (q), 21.4 (t), 22.2
(1), 23.2 (1), 28.9 (1), 29.1 (q), 39.0 (t), 43.4 (t), 44.2 (d), 46.1 (s), 55.4 (d), 56.7 (d), 71.7 (d),
75.3 (d), 77.2 (s), 108.8 (t), 113.2 (t), 117.5 (d), 124.6 (d), 133.2 (s), 142.6 (s), 146.6 (s), 151.6

(s); HRMS (ESI+) m/z calcd. for C2sH3sO3Na [M+Na]* 409.2713, found 409.2729.

Compound 81
The 20-hydroxyvitamin D analogue 81 was synthesized by the same procedure as described

for 76 using 110 instead of 91, in 51% yield (two steps).
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81: UV (ethanol) Amax 268 nm, Amin 228 nm; '"H NMR (400 MHz, CDCls) § 0.75 (3 H, s), 1.07
(3H,d,J=69Hz), 1.21 3H,s),1.23 3 H,s), 1.31 3 H,s),2.23 (1 H, dd, J= 13.5, 7.9 Hz),
2.67 (1 H,dd, J=13.6, 4.0 Hz), 2.82 (1 H, dd, J = 12.0, 4.0 Hz), 3.85 (1 H, m), 431 (1 H, t, J =
4.1 Hz), 5.01 (1 H, d, J= 1.8 Hz), 5.28 (1 H, s), 6.03 (1 H, d, J = 11.3 Hz), 6.38 (1 H, d, J =
11.3 Hz); 3C NMR (100 MHz, CDCl3) § 12.5 (q), 13.2 (q), 22.7 (1), 23.5 (q), 23.6 (t), 26.2 (q),
26.3 (q), 29.0 (1), 41.2 (t), 43.4 (t), 44.2 (d), 47.2 (s), 55.0 (d), 55.9 (d), 71.7 (d), 75.3 (d), 77.2
(s), 78.2 (s), 113.2 (t), 117.7 (d), 124.6 (d), 133.4 (s), 142.4 (s), 146.5 (s); HRMS (ESI+) m/z

caled. for C2sHa0O4Na [M+Na]" 427.2819, found 427.2819.

Compound 82

The 20-hydroxyvitamin D analogue 82 was synthesized by the same procedure as described
for 76 using 112 instead of 91, in 63% yield (two steps).

82: UV (ethanol) Amax 268 nm, Amin 228 nm; '"H NMR (400 MHz, CDCI3) § 0.76 (3 H, s), 1.08
(3H,d,J=69Hz), 1.19(3H,s),1.21 3H,s), 1.22 (3 H, s),2.67 (1 H, dd, J=13.6, 4.0 Hz),
2.83(1H,dd,J=12.5,4.2 Hz),3.85 (1 H,m), 432 (1 H,t,J=4.1 Hz), 5.01 (1 H, s), 5.28 (1 H,
s), 6.01 (1 H, d, J=11.4 Hz), 6.39 (1 H, d, J = 11.4 Hz); '*C NMR (100 MHz, CDCl;) § 12.5
(q), 14.0 (q), 20.7 (q), 22.9 (t), 23.4 (1), 25.0 (q), 25.3 (q), 25.7 (1), 29.1 (1), 40.8 (1), 43.4 (1),
44.2 (d), 48.0 (s), 53.8 (d), 55.6 (d), 71.7 (d), 75.3 (d), 76.3 (s), 80.0 (s), 113.1 (t), 117.3 (d),
124.7 (d), 133.2 (s), 142.7 (s), 146.6 (s); HRMS (ESI+) m/z caled. for CosHs0O4Na [M+Na]*

427.2819, found 427.2819.

Compound 120

A solution of methylmagnesium chloride (3.0 M in THF, 0.21 mL, 0.63 mmol, 2.0 eq.) was
added to a stirred solution of aldehyde 118 (100 mg, 0.31 mmol) in dry THF (1 mL)at0°Cina
drop-wise manner under an atmosphere of argon. After having been stirred for 25 min at 0 °C,

the reaction was quenched by the addition of saturated aqueous ammonium chloride (1 mL) and
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brine (1 mL). The resulting mixture was extracted with ethyl acetate (10 mL x 3), and the
combined organic layer was washed with brine (1 mL), dried over sodium sulfate and filtered.
Evaporation of the filtrate afforded a residue, from which 120 (101 mg) was separated by silica
gel column chromatography (ethyl acetate: n-hexane = 1: 9) as a colorless oil in 96% yield. The
ratio between the major and the minor isomers was deduced to be 8: 2 by 'H NMR analysis
using the protons at 1.14 ppm and 1.00 ppm, respectively.

120: '"H NMR (400 MHz, CDCI3) (major isomer) & - 0.01 (3 H, s), 0.00 (3 H, s), 0.87 (3 H, d,
J=5.9Hz),0.88 (9H,s),091 3H,s),1.14(3H,d,J=6.5Hz),3.93 (1 H, q,J= 6.5 Hz), 4.00
(1 H, m); (minor isomer) 6 - 0.01 (3 H, s), 0.00 (3 H, s), 0.88 (9 H, s), 0.91 (3 H, s),0.92 (3 H, d,
J=53Hz),1.00 3H,d,J=6.4Hz),3.90 (1 H, dq, J = 6.4, 3.5 Hz); '3C NMR (100 MHz,
CDCIl3) (major isomer) & - 5.2 (q), - 4.8 (q), 11.1 (q), 13.6 (q), 17.7 (t), 18.0 (s), 21.4 (q), 23.0
(), 25.8 (q), 26.8 (1), 34.4 (1), 40.7 (t), 41.3 (d), 42.0 (s), 53.0 (d), 53.5 (d), 69.2 (d), 69.4 (d);

[a]? =+40.4 (c = 1.00, CHCls); IR (ATR) 3362, 2930, 2858 cm’!.

Compound 121

To a solution of 120 (165 mg, 0.48 mmol) in DMSO (2 mL) was added 2-iodoxybenzoic acid
(IBX) (269 mg, 0.96 mmol, 2 eq.), and the resulting mixture was stirred at room temperature
for 3 h 30 min. After the addition of saturated aqueous sodium bicarbonate (5 mL) to the
reaction mixture at 0 °C, the whole was extracted with ether (20 mL x 3). The combined organic
layer was washed with brine (3 mL), dried over sodium sulfate and filtered. Evaporation of the
filtrate afforded a residue, from which 121 (152 mg) was separated by silica gel column
chromatography (ethyl acetate: n-hexane: 1: 49) as a colorless oil in 94% yield.

121: '"H NMR (400 MHz, CDCl3) § - 0.04 (3 H, s), - 0.02 (3 H, s), 0.86 (9 H, 5), 0.91 3 H, s),
1.06 3 H, d, J = 6.8 Hz), 2.07 (3 H, s), 2.47 (1 H, dg, J = 10.8, 6.8 Hz), 3.98 (1 H, m); *C
NMR (100 MHz, CDCI3) 6 - 5.2 (q), - 4.9 (q), 14.0 (q), 16.3 (q), 17.6 (1), 18.0 (s), 23.2 (1), 25.7

(q), 26.5 (1), 28.3 (q), 34.3 (1), 40.6 (1), 42.2 (), 49.8 (d), 52.5 (d), 52.6 (d), 69.1 (d), 213.0 (s);
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[a]3* = +29.7 (c = 1.01, CHCL3); IR (ATR) 2930, 2857, 1713 cm’'; HRMS (ESI+) m/z calcd.

for C20H330,SiNa [M+Na]" 361.2533, found 361.2516.

Compound 122

To a suspension of methyltriphenylphosphonium bromide (801 g, 2.24 mmol, 10.2 eq.) in THF
(6.7 mL) was added n-BuLi (1.64 M in n-hexane, 1.30 mL, 2.13 mmol, 10.0 eq.) in a dropwise
manner with stirring under an atmosphere of argon at 0 °C. After having been stirred for 30 min
at the same temperature, followed by a solution of 121 (75 mg, 0.22 mmol) in THF (2 mL x 2),
was introduced to the reaction mixture. The mixture was stirred for 30 min respectively at 0 °C
and room temperature, then stirred for 21 h at reflux. The reaction was quenched by the
addition of saturated aqueous ammonium chloride (5 mL). The resultant mixture was extracted
with ethyl acetate (10 mL x 3), and the combined organic layer was washed with brine (3 mL),
dried over sodium sulfate and filtered. Evaporation of the filtrate afforded a residue, from which
122 (73 mg) was separated by silica gel column chromatography (ethyl acetate: n-hexane = 1:
99) as a colorless oil in 99% yield.

122: 'TH NMR (400 MHz, CDCl3) § - 0.01 (3 H, s), 0.01 (3 H, s), 0.89 (9 H, s), 0.94 3 H, s),
1.00 3H,d,J=6.8 Hz), 1.61 (3 H, s), 2.11 (1 H, dq, /= 9.9, 6.8 Hz), 3.99 (1 H, s), 4.55 (1 H,
s), 4.62 (1 H, s); *C NMR (100 MHz, CDCl3) § - 5.2 (q), - 4.8 (q), 13.8 (q), 17.7 (1), 18.1 (q),
19.5 (q), 23.0 (1), 25.8 (q), 27.2 (), 34.5 (t), 40.8 (t), 41.9 (s), 44.0 (d), 53.3 (d), 53.8 (d), 109.1

(), 150.9 (s); [a]2® =+ 36.3 (c = 1.00, CHCls); IR (ATR) 3071, 2930, 2903, 2858, 1645 cm"".

Compound 123

The compound 122 (294 mg, 0.87 mmol) was treated with tetra-n-buthylammonium fluoride
(TBAF, 1.0 M in THF, 8.70 mL, 8.70 mmol, 10 eq.) at 0 °C. After having been heated at reflux
for 14 h 30 min, brine (10 mL) and water (5 mL) were added to the mixture at room

temperature and the whole was extracted with ethyl acetate (50 mL x3). The organic layer
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washed with brine (5 mL), dried over sodium sulfate, filtered and concentrated. The residue was
purified by silica gel column chromatography (ethyl acetate: n-hexane = 1: 4) to give 123 (189
mg) as a colorless oil in 98% yield.

123: '"H NMR (400 MHz, CDCl3) 6 0.95 (3 H, s), 1.00 (3 H, d, J = 6.8 Hz), 1.60 (3 H, s), 1.97
(1 H, br.d,J=12.8 Hz), 2.11 (1 H, dq, /= 10.1, 6.7 Hz), 4.06 (1 H, m), 4.56 (1 H, s), 4.63 (1 H,
s); 1*C NMR (100 MHz, CDCl3) § 13.6 (q), 17.5 (1), 18.0 (q), 19.4 (q), 22.4 (t), 27.0 (1), 33.5 (1),
40.4 (t), 41.6 (s), 43.9 (d), 52.8 (d), 53.6 (d), 69.3 (d), 109.2 (t), 150.5 (s); [a]?> =+ 15.1 (c =

1.01, CHCls); IR (ATR) 3423, 3070, 2936, 2868, 1645 cm’".

Compound 124

To a solution of 123 (80 mg, 0.36 mmol) in DMSO (2.8 mL) was added 2-iodoxybenzoic acid
(IBX) (202 mg, 0.72 mmol, 2 eq.), and the resulting mixture was stirred at room temperature
for 25 min. After the addition of saturated aqueous sodium bicarbonate (5 mL) to the reaction
mixture at 0 °C, the whole was extracted with ether (20 mL x 3). The combined organic layer
was washed with brine (3 mL), dried over sodium sulfate and filtered. Evaporation of the
filtrate afforded a residue, from which 124 (73 mg) was separated by silica gel column
chromatography (ethyl acetate: n-hexane: 1: 9) as a colorless solid in 92% yield.

124: "H NMR (400 MHz, CDCI3) § 0.66 (3 H, s), 1.07 (3 H, d, J = 6.8Hz), 1.63 (3 H, s), 2.49
(1 H,dd, J=11.0,7.1 Hz), 4.60 (1 H, s), 4.66 (1 H, s); *C NMR (100 MHz, CDCl3) & 12.5 (q),
18.0 (q), 19.0 (t), 19.6 (q), 24.1 (1), 27.4 (1), 39.0 (t), 40.9 (1), 44.1 (d), 49.6 (s), 53.8 (d), 62.1
(d), 109.8 (1), 149.9 (s), 212.0 (s); IR (ATR) 3070, 2958, 2873, 1713, 1645 cm™'; HRMS (ESI+)

m/z calcd. for C1sH240na [M+Na]" 243.1719, found 243.1709.

Compound 116
To a suspension of (bromomethyl)triphenylphosphonium bromide (349 mg, 0.80 mmol, 5 eq.)

in toluene (3.2 mL) was added potassium bis(trimethylsilyl)amide (KHMDS) (0.5 M in toluene,
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1.5 mL, 0.75 mmol, 4.7 eq.) in a dropwise manner with stirring under an atmosphere of argon at
0°C. After having been stirred for 30 min at the same temperature and then a solution of 124 (35
mg, 0.16 mmol) in toluene (1 mL x 2) was introduced to the reaction mixture at -30°C. The
mixture was stirred at 0 °C for 1 h and at rt for 30 min. The reaction mixture was diluted with
ether: n-hexane = 1: 1, and filtered through Celite®. Evaporation of the filtrate afforded a
residue, from which 116 (22 mg) was separated by silica gel column chromatography (ethyl
acetate: n-hexane = 1:99) as a colorless oil in 46% yield.

116: 'H NMR (400 MHz, CDCl3) § 0.59 3 H, s), 1.05 3 H, d, J = 6.7 Hz), 1.62 (3 H, s), 2.12
(1 H, dq, J = 10.6, 6.8 Hz), 4.59 (1 H, s), 4.65 (1 H, s), 5.65 (1 H, s); *C NMR (100 MHz,
CDCl3) 6 11.9 (q), 18.0 (q), 19.7 (q), 22.0 (1), 22.6 (t), 27.3 (t), 31.0 (t), 39.9 (1), 44.6 (d), 45.3

(s), 52.8 (d), 56.0 (d), 97.5 (d), 109.5 (t), 145.1 (s), 150.4 (s).

Compound 127

This compound 127 was obtained by the same procedure as described for 120 by using 119
instead of 118, in 97% yield.

(major isomer) : "H NMR (400 MHz, CDCl3) & - 0.00 (3 H, s), 0.01 3 H,s),0.82 (3H,d,J=
6.8 Hz), 0.88 (9 H, s5), 0.91 3 H, s), 1.12 (3 H, d, /= 6.4 Hz), 4.01 (1 H, m), 4.09 (1 H, dq, J =
6.4, 2.1 Hz); >*C NMR (100 MHz, CDCl3) § - 5.2 (q), - 4.8 (q), 11.2 (q), 14.1 (q), 17.7 (1), 18.0
(s), 20.9 (q), 22.9 (1), 25.8 (q), 26.8 (1), 34.5 (1), 40.1 (t), 40.4 (d), 42.0 (s), 52.6 (d), 53.0 (d),
68.6 (d), 69.3 (d); [a]3® =+ 55.4 (c = 1.00, CHCl3); IR (ATR) 3413, 2929, 2857 cm™'; HRMS
(ESI+) m/z caled. for C20H4002SiNa [M+Na]™ 363.2690, found 363.2674.

(minor isomer) : '"H NMR (400 MHz, CDCl3) § - 0.01 (3 H, s), 0.01 3 H,s),0.83 (3H,d,J=
6.8 Hz), 0.88 (9 H, s), 0.93 (3 H, s), 1.05 (3 H, d, J = 6.3 Hz), 4.00 (1 H, m); *C NMR (100
MHz, CDCL) 6 - 5.2 (q), - 4.8 (q), 11.7 (q), 14.0 (q), 16.7 (q), 17.7 (1), 18.0 (s), 22.8 (), 25.8
(q), 26.5 (1), 34.5 (1), 40.2 (1), 41.1 (d), 42.1 (s), 53.0 (d), 53.2 (d), 69.0 (d), 69.3 (d); [a]d® =+

39.1 (¢ = 1.00, CHCl3); IR (ATR) 3363, 2929, 2857 cm’!; HRMS (ESI+) m/z calcd. for
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C20H4002SiNa [M+Na]" 363.2690, found 363.2705.

Compound 128

This compound 128 was obtained by the same procedure as described for 121 by using 127
instead of 120, in 94% yield.

128: '"H NMR (400 MHz, CDCl3) § - 0.02 (3 H, s), - 0.01 (3 H, s), 0.87 (9 H, s), 0.90 (3 H, s),
1.01 3 H, d, J=6.9 Hz), 2.13 3 H, s), 2.47 (1 H, dq, J = 10.6, 6.9 Hz), 3.99 (1 H, m); 1*C
NMR (100 MHz, CDCI3) 6 - 5.2 (q), - 4.8 (q), 14.3 (q), 16.7 (q), 17.5 (1), 18.0 (s), 22.3 (t), 25.7
(1), 25.8 (q), 28.1 (q), 34.3 (1), 39.2 (1), 41.7 (s), 48.3 (d), 52.5 (d), 53.3 (d), 69.1 (d), 213.8 (s);
[a]3* =+ 32.6 (c = 1.01, CHCl5); IR (ATR) 2929, 2856, 1709 cm™'; HRMS (ESI+) m/z calcd.

for C20H3302SiNa [M+Na]" 361.2533, found 361.2539.

Compound 129

This compound 129 was obtained by the same procedure as described for 122 by using 128
instead of 121, in 92% yield.

129: '"H NMR (400 MHz, CDCl3) § - 0.01 (3 H, s), 0.00 (3 H, s), 0.88 (9 H, s), 0.91 3 H, d, J
=6.7Hz),0.92 3 H, s), 1.63 3 H,s),2.21 (1 H, dq, J=10.2, 6.7 Hz), 3.99 (1 H, m), 4.60 (1 H,
s), 4.72 (1 H, d, J=2.0 Hz); 1*C NMR (100 MHz, CDCl3) § - 5.2 (q), - 4.8 (q), 12.9 (q), 17.6 (t),
17.8 (1), 18.0 (s), 19.9 (q), 22.5 (), 25.8 (q), 27.0 (t), 34.6 (1), 39.0 (t), 42.2 (s), 43.5 (d), 53.1 (d),
69.4 (d), 110.2 (t), 150.7 (s); [a]?® =+ 61.0 (c = 1.01, CHCl3); IR (ATR) 2929, 2858, 1644
cm’™l.
Compound 130

This compound 130 was obtained by the same procedure as described for 123 by using 129
instead of 122, in 96% yield.

130: '"H NMR (400 MHz, CDCl3) 5 0.92 (3 H, d, J= 6.7 Hz), 0.93 3 H, s), 1.63 3 H, 5), 2.21
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(1 H, dq, J=10.4, 6.8 Hz), 4.07 (1 H, m), 4.61 (1 H, s), 473 (1 H, d, J = 1.9 Hz); '*C NMR
(100 MHz, CDCl3) § 12.7 (q), 17.3 (1), 17.7 (q), 19.8 (q), 21.9 (1), 26.9 (1), 33.6 (1), 38.7 (1),
41.9 (s), 43.5 (d), 52.7 (d), 53.0 (d), 69.4 (d), 110.4 (t), 150.4 (s); [a]Z® =+ 66.9 (c = 0.99,

CHCls); IR (ATR) 3408, 3069, 2931, 2867, 1643 cm’'.

Compound 131
This compound 131 was obtained by the same procedure as described for 124 by using 130
instead of 123, in 97% yield.

131: 'H NMR (400 MHz, CDCl3) § 0.61 (3 H, s), 0.96 (3 H, d, J = 6.8 Hz), 1.67 (3 H, s),
242 (1 H, dd, J = 11.3, 7.7 Hz), 4.65 (1 H, s), 4.74 (1 H, s); 3C NMR (100 MHz, CDCls) §
11.7 (q), 17.7 (q), 18.6 (t), 19.7 (q), 24.0 (t), 27.2 (t), 37.3 (t), 41.0 (t), 43.9 (d), 50.0 (s), 53.0
(d), 62.0 (d), 111.0 (t), 149.9 (s), 212.1 (s); [a]?® =+ 16.4 (c = 1.00, CHCI3); IR (ATR) 3074,
2964, 2934, 2867, 1713, 1643 cm™'; HRMS(ESI+) m/z caled.for C1sH24ONa [M+Na]* 243.1719,

found 243.1719.

Compound 117

This compound 117 was obtained by the same procedure as described for 116 by using 131
instead of 124, in 54% yield.

117: 'H NMR (400 MHz, CDCls) §: 0.59 (3 H, s), 1.05 (3 H, d, J=6.7 Hz), 1.62 3 H, s), 2.12
(1 H, dg, J = 10.6, 6.8 Hz), 4.59 (1 H, s), 4.65 (1 H, s), 5.65 (1 H, s); 13C NMR (100 MHz,
CDCl) o: 11.9 (q), 18.0 (q), 19.7 (q), 22.0 (t), 22.6 (t), 27.3 (), 31.0 (t), 39.9 (1), 44.6 (d), 45.3

(s), 52.8 (d), 56.0 (d), 97.5 (d), 109.5 (t), 145.1 (s), 150.4 (s).

Compound 114
To a stirred solution of the A-ring enyne precursor 85 (21 mg, 0.06 mmol) and the CD-ring

portion 116 (20 mg, 0.07 mmol, 1.2 eq.) in a mixture of toluene (2.6 mL) and trimethylamine
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(0.9 mL) was added tetrakis(triphenylphosphine)palladium (19 mg, 0.02, 0.3 eq.) at room
temperature under an atmosphere of argon. After having been heated at reflux for 50 min, the
reaction mixture was diluted with ether and filtered through a small pad of silica gel.
Evaporation of the filtrate gave a residue, which was purified by silica gel column
chromatography (ethyl acetate: n-hexane = 1: 99) to give a mixture of protected seco-steroid
(28 mg).

The crude product (28 mg) dissolved in THF (0.2 mL) was treated with
tetra-n-buthylammonium fluoride (TBAF) (1.0 M in THF, 0.47 mL, 0.47 mmol) at reflux for 3
h 20 min. Brine (1 mL) was added to the mixture and the whole was extracted with ethyl
acetate (10 mL x 3). The organic layer was washed with brine (2 mL), dried over sodium sulfate,
filtered and concentrated. The residue was purified by silica gel column chromatography (ethyl
acetate: n-hexane = 1: 1), followed by silica gel preparative TLC (ethyl acetate: n-hexane = 1:
1) to give 114 (6 mg) as a colorless solid in 27% yield (two steps).

114: UV (ethanol) Amax 267 nm, Amin 228 nm; '"H NMR (700 MHz, CDCl3) 6 0.56 (3 H, s), 1.04
(3H,d,J=6.8 Hz), 1.08 3 H,d, J=6.9 Hz), 1.62 3 H, s), 1.92 (1 H, ddt, J = 14.1, 7.1, 3.6
Hz), 1.98 (1 H, br. d, J=12.3 Hz), 2.03 (1 H, dd, /= 12.0, 7.0 Hz), 2.11 (1 H, dq, J=10.7, 6.7
Hz), 2.23 (1 H, dd, J = 13.4, 8.0 Hz), 2.67 (1 H, dd, /= 13.4, 4.0 Hz), 2.83 (1 H, dd, J = 12.7,
4.5 Hz), 3.85 (1 H, m), 4.31 (1 H, t, J=4.0 Hz), 4.57 (1 H, s), 4.64 (1 H, s), 5.01 (1 H, s), 5.27
(1H,s),6.01(1H,d,J=113Hz),6.39 (1 H,d,J=11.3 Hz); *C NMR (175 MHz, CDCl5) &
12.1(q), 12.5(q), 18.0 (q), 19.7 (q), 22.2 (), 23.6 (t), 27.4 (t), 29.1 (1), 40.6 (1), 43.5 (1), 44.2 (d),
44.8 (d), 45.7 (s), 53.3 (d), 56.5 (d), 71.7 (d), 75.4 (d), 109.3 (t), 113.2 (t), 117.0 (d), 124.8 (d),
133.0 (s), 143.1 (s), 146.5 (s), 150.7 (s); HRMS (ESI+) m/z calcd. for CasH3sO2Na [M+Na]”

393.2764, found 393.2741.

Compound 115

This compound 115 was obtained by the same procedure as described for 114 by using 117
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instead of 116, in 20% yield.

115: UV (ethanol) Amax 268 nm, Amin 228 nm; 'H NMR (400 MHz, CDCls) 6 0.51 (3 H, s), 0.94
(3H,d,J=6.8Hz),1.08 3H,d,J=69 Hz), 1.66 (3 H,s), 1.96 (1 H, br. t, /= 9.8 Hz), 2.67 (1
H, dd, J=13.6, 4.1 Hz), 2.81 (1 H, dd, J = 13.6, 3.2 Hz), 3.84 (1 H, m), 4.30 (1 H, t, J=4.0
Hz), 4.61 (1, H, s),4.73 (1 H, s), 5.01 (1 H, s), 5.28 (1 H, 5), 6.00 (1 H, d, J=11.3 Hz), 6.39 (1
H, d,J=11.3 Hz); >*C NMR (175 MHz, CDCl) &: 11.2 (q), 12.6 (q), 17.7 (q), 19.8 (q), 21.7 (1),
23.4 (t), 27.2 (1), 29.1 (1), 38.7 (t), 43.5 (1), 44.2 (d), 44.3 (d), 46.0 (s), 53.0 (d), 56.3 (d), 71.7
(d), 75.5 (d), 110.5 (t), 113.2 (t), 116.9 (d), 124.8 (d), 132.9 (s), 143.3 (s), 146.6 (s), 150.5 (s);

IR (ATR) 3357, 2964, 2946, 2888, 2867, 2843, 1641, 1621 cm’

Competitive vitamin D receptor (VDR) binding assay

The bovine thymus VDR receptor was obtained from Yamasa Biochemical (Chiba, Japan) and
dissolved in 0.05 M phosphate buffer (pH 7.4) containing 0.3 M KCl and 5 mM dithiothreitol
immediately prior to use. The receptor solution (500 plL) was pre-mixed with 50 pL of an
ethanol solution of 1a,25-dihydroxyvitamin D3 or an analogue at various concentrations for 60
min at 25 °C, prior to the before addition of [*H]-1a,25-dihydroxyvitamin D3 (50 pL). The
receptor mixture was then left to stand overnight with 0.1 nM [*H]-1a,25-dihydroxyvitamin Ds
at 4 °C. The bound and free [*H]-1a,25-dihydroxyvitamin D3 were separated by treatment with
a dextran-coated charcoal (Norit SX-II) suspension (200 pL) for 30 min at 4 °C, followed by
centrifugation at 3000 rpm for 10 min. The supernatant (500 uL) was mixed with Insta-Gel®
Plus (9.5 mL) (PerkinElmer, USA) and the radioactivity was counted. The relative potency of
the analogues was calculated from the concentration required to displace 50% of the
[*H]-1a,25-dihydroxyvitamin D3 from the receptor compared with the activity of

la,25-dihydroxyvitamin D3, which was assigned as 100 by definition.
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Crystallographic Data

Compound 30a
Table 1. Crystal data and structure refinement for 30a.

Identification code #352Frl

Empirical formula C29 H46 O3

Formula weight 442.66

Temperature 100 K

Wavelength 1.54178 A

Crystal system Monoclinic

Space group P2,

Unit cell dimensions a=19.3366(8) A o=90°.
b =7.1441(3) A B=108.1004(14)°.
¢ =20.3154(8) A y =90°.

Volume 2667.54(19) A3

Z 4

Density (calculated) 1.102 Mg/m3

Absorption coefficient 0.532 mm-1

F(000) 976

Crystal size 0.200 x 0.070 x 0.030 mm3

Theta range for data collection 2.404 to 72.668°.

Index ranges -23<=h<=23, -8<=k<=8, -24<=|<=24

Reflections collected 25417

Independent reflections 9393 [R(int) = 0.0374]

Completeness to theta = 67.679° 99.0 %

Absorption correction None

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 9393/1/600

Goodness-of-fit on F2 1.119

Final R indices [I>2sigma(l)] R1=0.0388, wR2 = 0.1048

R indices (all data) R1=0.0429, wR2 = 0.1158

Absolute structure parameter 0.00(8)

Extinction coefficient n/a

Largest diff. peak and hole 0.412 and -0.252 e.A-3
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Table 2. Atomic coordinates (X 104) and equivalent isotropic displacement parameters (Azx 103)
for 30a. U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
C(1A) 8034(1) 4658(3) 1798(1) 26(1)
C(2A) 8564(1) 5268(4) 1416(1) 30(1)
C(3A) 8453(1) 7335(4) 1230(1) 28(1)
C(3AA) 9036(2) 8236(5) 962(2) 41(1)
C(3BA) 8742(1) 8675(4) 1847(1) 34(1)
C(4A) 7671(1) 7714(4) 776(1) 31(1)
C(5A) 7119(1) 6941(3) 1094(1) 24(1)
C(6A) 6554(1) 7973(3) 1139(1) 24(1)
C(7A) 5982(1) 7394(3) 1424(1) 23(1)
C(8A) 5403(1) 8423(3) 1436(1) 23(1)
C(9A) 5261(1) 10414(3) 1182(1) 29(1)
C(10A) 7262(1) 4989(3) 1339(1) 24(1)
C(11A) 4523(1) 10606(3) 615(1) 28(1)
C(12A) 3898(1) 9739(3) 826(1) 25(1)
C(13A) 4057(1) 7703(3) 1072(2) 18(1)
C(14A) 4793(1) 7690(3) 1673(2) 21(1)
C(15A) 4828(1) 5743(3) 1988(1) 25(1)
C(16A) 4025(1) 5275(4) 1905(1) 24(1)
C(17A) 3546(1) 6840(3) 1448(1) 22(1)
C(18A) 4099(1) 6430(3) 480(1) 22(1)
C(19A) 6783(1) 3606(4) 1153(1) 30(1)
C(20A) 2792(1) 6119(4) 1015(1) 26(1)
C(21A) 2347(1) 7566(4) 496(2) 38(1)
C(22A) 2363(1) 5474(4) 1496(1) 31(1)
C(23A) 1699(1) 4256(4) 1141(1) 35(1)
C(24A) 1248(1) 3792(4) 1617(1) 31(1)
C(25A) 622(1) 2413(4) 1333(1) 30(1)
C(39A) 80(1) 3097(5) 662(2) 43(1)
C(27A) 895(2) 482(5) 1232(2) 45(1)
O(1A) 8128(1) 2773(3) 2007(1) 40(1)
0(2A) 9247(2) 9477(5) 1536(2) 87(1)
0(3A) 270(1) 2368(4) 1858(1) 47(1)
C(1B) 16711(2) 1194(4) 2076(1) 35(1)
C(2B) 17497(2) 650(4) 3352(2) 40(1)
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C(3B)
C(3AB)
C(3BB)
C(4B)

C(5B)

C(6B)

C(7B)

C(8B)

C(9B)

C(10B)
C(11B)
C(12B)
C(13B)
C(14B)
C(15B)
C(16B)
C(17B)
C(18B)
C(19B)
C(20B)
C(21B)
C(22B)
C(23B)
C(24B)
C(25B)
C(26B)
C(27B)
O(1B)

0(2B)

0(3B)

17548(1)
18320(1)
17428(1)
17092(1)
16320(1)
15750(1)
14982(1)
14430(1)
14504(1)
16269(1)
14167(1)
13381(1)
13322(1)
13647(1)
13430(1)
12657(1)
12540(1)
13734(1)
15899(2)
12081(1)
12030(2)
11309(1)
10912(1)
10118(1)

9724(1)

9738(2)
10019(2)
16652(2)
18162(1)

8977(1)

-1299(4)
-2081(5)
-2904(4)
-1436(4)

-768(3)

-1815(3)
-1327(3)
-2387(3)
-4321(3)

1076(3)

-4452(3)
-3729(4)
-1741(3)
-1748(3)

162(4)
458(4)

-1024(4)

-343(4)
2523(4)
-258(4)

-1595(5)

255(5)
1641(5)
1895(5)
3504(4)
3312(6)
5402(5)
3030(3)

-3585(4)

3330(4)

3660(1)
3953(2)
3134(2)
4151(1)
3816(1)
3839(1)
3570(1)
3625(1)
3937(1)
3472(1)
4526(1)
4309(1)
4014(1)
3400(1)
3064(1)
3120(1)
3637(1)
4574(1)
3600(1)
4078(1)
4648(2)
3611(1)
3941(2)
3520(1)
3751(1)
4494(2)
3612(2)
2691(1)
3465(1)
3318(1)

31(1)
47(2)
37(1)
30(1)
23(1)
24(1)
22(1)
21(1)
24(1)
26(1)
25(1)
27(1)
20(1)
21(1)
27(1)
31(1)
27(1)
24(1)
34(1)
34(1)
45(1)
38(1)
40(1)
38(1)
37(1)
52(1)
61(1)
54(1)
66(1)
48(1)
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Compound 93a
Table 1. Crystal data and structure refinement for 93a.

Identification code #32

Empirical formula C15 H28 02

Formula weight 240.37

Temperature 100 K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group P2(1)2(1)2

Unit cell dimensions a=21.378(14) A a=90°.
b=11.183(7) A B=90°.
c=11.852(8) A y =90°.

Volume 2833(3) A3

Z 8

Density (calculated) 1.127 Mg/m3

Absorption coefficient 0.072 mm-1

F(000) 1072

Crystal size 0.50 x 0.05 x 0.05 mm3

Theta range for data collection 1.72 t0 21.23°.

Index ranges -21<=h<=21, -11<=k<=11, -12<=I<=12

Reflections collected 17760

Independent reflections 3145 [R(int) = 0.0324]

Completeness to theta = 21.23° 99.8 %

Absorption correction None

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3145/0/319

Goodness-of-fit on F2 1.095

Final R indices [I>2sigma(l)] R1=0.0263, wR2 = 0.0597

R indices (all data) R1 =0.0304, wR2 = 0.0618

Absolute structure parameter 0.4(10)

Largest diff. peak and hole 0.099 and -0.121 e.A-3
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Table 2. Atomic coordinates ( X 104) and equivalent isotropic displacement parameters (Azx 103)
for 93a. U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
C(1) 8927(1) 2584(2) 2386(2) 27(1)
C(2) 9521(1) 3109(2) 2888(2) 33(1)
C(3) 9369(1) 3208(2) 4161(2) 32(1)
C(4) 8739(1) 2540(2) 4343(2) 23(1)
C(5) 8687(1) 1707(2) 3293(2) 23(1)
C(6) 8021(1) 1357(2) 2953(2) 28(1)
C(7) 7990(1) 878(2) 1744(2) 31(1)
C(8) 8253(1) 1758(2) 886(2) 31(2)
C(9) 8917(1) 2137(2) 1171(2) 30(1)
C(10) 9102(1) 600(2) 3423(2) 30(1)
c(11) 8645(1) 2074(2) 5558(2) 24(1)
C(12) 8062(1) 1307(2) 5660(2) 28(1)
C(13) 8624(1) 3135(2) 6400(2) 25(1)
C(14) 8089(1) 4007(2) 6188(2) 35(1)
C(15) 8597(1) 2739(2) 7637(2) 35(1)
C(16) 8673(1) 8108(2) 7433(2) 25(1)
c(@7) 8450(1) 9229(2) 8022(2) 34(1)
C(18) 8417(1) 8864(2) 9274(2) 29(1)
C(19) 8723(1) 7609(2) 9361(2) 23(2)
C(20) 9134(1) 7523(2) 8276(2) 22(1)
C(21) 9263(1) 6264(2) 7838(2) 28(1)
C(22) 9468(1) 6262(2) 6597(2) 30(1)
C(23) 9013(1) 6897(2) 5807(2) 31(2)
C(24) 8878(1) 8158(2) 6201(2) 28(1)
C(25) 9741(1) 8234(2) 8413(2) 29(2)
C(26) 8991(1) 7318(2) 10540(2) 24(1)
C(27) 9390(1) 6196(2) 10546(2) 29(2)
C(28) 8446(1) 7187(2) 11408(2) 28(1)
C(29) 8058(1) 6058(2) 11223(2) 36(1)
C(30) 8664(1) 7217(2) 12640(2) 39(2)
0(1) 9313(1) 1129(1) 952(1) 32(1)
0(2) 9150(1) 1291(1) 5903(1) 34(1)
o)) 9428(1) 8858(1) 5996(1) 37(1)
0(4) 9407(1) 8254(1) 10933(1) 28(1)
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Compound 99a

Table 1. Crystal data and structure refinement for 99a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.000°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(1)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

SO-13m-01

C15 H26 02

238.36

100 K

0.71073 A

Orthorhombic

P212121

a=6.751(3) A o= 90°.
b = 13.505(6) A B=90°.
¢ =15.400(7) A y = 90°,
1404.0(11) A3

4

1.128 Mg/m3

0.072 mm-1

528

0.350 x 0.220 x 0.120 mm3

2.006 to 25.042°.

-7<=h<=7, -15<=k<=15, -18<=I|<=18
11865

2381 [R(int) = 0.0343]

98.1 %

None

Full-matrix least-squares on F2
2381/0/ 165

1.067

R1 =0.0336, wR2 = 0.0774

R1 = 0.0389, wR2 = 0.0803

-0.4(6)

n/a

0.113 and -0.132 e.A-3
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Table 2. Atomic coordinates (X 104) and equivalent isotropic displacement parameters (Azx 103)
for 99a. U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
C(8) 3211(3) -3173(2) 1972(2) 35(1)
C(9) 1721(4) -3678(2) 1375(2) 42(1)
C(11) -128(4) -3063(2) 1202(1) 40(1)
C(12) 351(4) -2013(2) 873(1) 35(1)
C(13) 1712(3) -1458(2) 1508(1) 23(1)
C(14) 3563(3) -2114(2) 1658(2) 30(1)
C(15) 4981(3) -1452(2) 2158(2) 39(1)
C(16) 4623(3) -415(2) 1754(2) 33(1)
Cc(17) 2793(3) -518(2) 1154(1) 23(1)
C(18) 590(3) -1233(2) 2351(1) 23(1)
C(20) 1725(3) 486(2) 1031(1) 23(1)
C(21) -145(4) 393(2) 476(2) 34(1)
C(22) 3145(3) 1222(2) 589(1) 26(1)
C(23) 3518(3) 2102(2) 935(2) 34(1)
C(24) 4063(4) 926(2) -262(2) 44(1)
0(1) 2473(2) -3219(1) 2851(1) 33(1)
0(2) 1218(3) 858(1) 1870(1) 30(1)
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Compound 99b
Table 1. Crystal data and structure refinement for 99b.

Identification code SO-13m-02

Empirical formula C15 H26 O2

Formula weight 238.36

Temperature 100 K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P21

Unit cell dimensions a=9.396(3) A o=90°.
b = 12.966(4) A B=106.611(3)°.
c=11.788(4) A vy = 90°.

Volume 1376.2(8) A3

z 4

Density (calculated) 1.150 Mg/m3

Absorption coefficient 0.074 mm-1

F(000) 528

Crystal size 0.500 x 0.400 x 0.400 mm3

Theta range for data collection 1.803 to 25.450°.

Index ranges -11<=h<=11, -15<=k<=14, -13<=I<=14

Reflections collected 11544

Independent reflections 4582 [R(int) = 0.0221]

Completeness to theta = 25.000° 96.5 %

Absorption correction None

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 4582 /1/318

Goodness-of-fit on F2 1.051

Final R indices [I>2sigma(l)] R1 =0.0274, wR2 = 0.0685

R indices (all data) R1 =0.0285, wR2 = 0.0694

Absolute structure parameter -0.1(3)

Extinction coefficient 0.0179(13)

Largest diff. peak and hole 0.189 and -0.192 e.A-3
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Table 2. Atomic coordinates (X 104) and equivalent isotropic displacement parameters (Azx 103)
for 99b. U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
C(8A) 8139(1) 4893(1) 1175(1) 19(1)
C(9A) 8121(1) 3763(1) 1539(1) 22(1)
C(11A) 7150(1) 3576(1) 2360(1) 22(1)
C(12A) 5559(1) 3972(1) 1832(1) 19(1)
C(13A) 5540(1) 5125(1) 1527(1) 16(1)
C(14A) 6554(1) 5280(1) 711(1) 18(1)
C(15A) 6256(1) 6387(1) 267(1) 22(1)
C(16A) 4575(1) 6528(1) 120(1) 22(1)
C(17A) 4071(2) 5548(1) 670(1) 17(2)
C(18A) 6029(1) 5778(1) 2668(1) 20(1)
C(20A) 2680(1) 5745(1) 1104(1) 18(1)
C(21A) 1358(2) 6032(1) 32(1) 23(1)
C(22A) 2286(1) 4785(1) 1709(1) 17(2)
C(23A) 2365(1) 4775(1) 2853(1) 23(1)
C(24A) 1797(1) 3839(1) 953(1) 21(1)
O(1A) 8972(1) 5523(1) 2148(1) 23(1)
O(2A) 2994(1) 6597(1) 1900(1) 23(1)
C(8B) 5500(2) 5705(1) 6259(1) 27(1)
C(9B) 6494(2) 6650(1) 6343(1) 31(1)
C(11B) 8108(2) 6468(1) 7062(1) 27(1)
C(12B) 8791(1) 5516(1) 6636(1) 21(1)
C(13B) 7869(1) 4547(1) 6654(1) 17(2)
C(14B) 6256(1) 4774(1) 5895(1) 20(1)
C(15B) 5489(1) 3729(1) 5733(1) 24(1)
C(16B) 6711(1) 2983(1) 5594(1) 21(1)
C(17B) 8186(1) 3614(1) 5929(1) 17(2)
C(18B) 7972(2) 4246(1) 7936(1) 20(1)
C(20B) 9597(1) 2944(1) 6388(1) 18(1)
C(21B) 9622(2) 2112(1) 5460(1) 28(1)
C(22B) 11014(1) 3593(1) 6633(1) 22(1)
C(23B) 11926(2) 3713(1) 7706(1) 27(1)
C(24B) 11368(2) 4069(1) 5574(1) 33(1)
O(1B) 5147(1) 5530(1) 7353(1) 36(1)
0O(2B) 9528(1) 2426(1) 7450(1) 21(1)
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Compound 80
Table 1. Crystal data and structure refinement for 80.

Identification code #311-20S

Empirical formula C25 H38 03

Formula weight 386.55

Temperature 100 K

Wavelength 1.54178 A

Crystal system Monoclinic

Space group P2,

Unit cell dimensions a=11.2766(6) A o= 90°.
b =6.5027(3) A B=109.832(2)°.
¢ =16.0049(9) A y =90°.

Volume 1104.01(10) A3

Z 2

Density (calculated) 1.163 Mg/m3

Absorption coefficient 0.577 mm-1

F(000) 424

Crystal size 0.150 x 0.050 x 0.010 mm3

Theta range for data collection 4.167 to 72.009°.

Index ranges -13<=h<=13, -7<=k<=7, -19<=I<=19

Reflections collected 9400

Independent reflections 3870 [R(int) = 0.0463]

Completeness to theta = 67.679° 97.1 %

Absorption correction None

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3870/1/266

Goodness-of-fit on F2 1.059

Final R indices [I>2sigma(l)] R1=0.0441, wR2 = 0.1055

R indices (all data) R1=0.0512, wR2 = 0.1099

Absolute structure parameter 0.14(13)

Extinction coefficient n/a

Largest diff. peak and hole 0.157 and -0.179 e.A-3
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Table 2. Atomic coordinates (X 104) and equivalent isotropic displacement parameters (Azx 103)
for 80. U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
C(1) 3887(2) 6520(4) 8776(2) 27(1)
C(2) 3114(3) 5907(4) 9360(2) 30(1)
C(3) 2596(2) 3734(4) 9112(2) 31(1)
C(4) 1800(2) 3586(4) 8137(2) 32(1)
C(5) 2392(2) 4518(4) 7510(2) 27(1)
C(6) 2253(2) 3593(4) 6730(2) 29(1)
C(7) 2750(2) 4234(4) 6050(2) 29(1)
C(8) 2480(2) 3388(4) 5241(2) 29(1)
C(9) 1592(3) 1614(5) 4888(2) 38(1)
C(10) 3066(2) 6501(4) 7802(2) 28(1)
C(11) 682(3) 1984(5) 3940(2) 40(1)
C(12) 1356(3) 2678(4) 3304(2) 36(1)
C(13) 2163(2) 4593(4) 3655(2) 28(1)
C(14) 3098(2) 4061(4) 4589(2) 32(1)
C(15) 4013(3) 5872(5) 4806(2) 44(1)
C(16) 4125(3) 6475(7) 3901(2) 54(1)
C(17) 3121(3) 5197(5) 3190(2) 34(1)
C(18) 1322(3) 6403(5) 3715(2) 39(1)
C(19) 2925(3) 8146(4) 7287(2) 37(2)
C(20) 2701(3) 6249(4) 2270(2) 36(1)
C(21) 3842(3) 6747(6) 1990(2) 53(1)
C(22) 1780(3) 4945(5) 1554(2) 43(1)
C(23) 647(4) 5625(9) 1059(3) 72(1)
C(24) 2251(5) 2887(6) 1379(3) 75(1)
C(25) 2065(3) 7456(5) 9314(2) 40(2)
0(1) 4557(2) 8394(3) 9064(1) 32(1)
0(2) 3618(2) 2297(3) 9290(2) 36(1)
0@3) 2142(3) 8200(4) 2323(2) 60(1)
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