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PEEMEZ o2 T2 Dy i BARIE la KER(LZ B E VDR IGPEOFEH 2 M4 2 BRI T,
A BR 1 NLICER 2 7R BHRISE A ST D 3D, A SN EBLOFEET 2 B
L VDR IS4 DG EBAMEZ % L URSIZA DD 2 L8 in vitro 123517 2 Rl CHIH
LTWo, ZRHDHEND, VDRIEMZMZ 22755, SREBP Z ANl Z 534~ % 1EH]
EHEFEL7ZE X 22 Dy AT 5 BT, ABREOBELR LI THD LB T,
B2 I D i8R % SREBP [HEZE L U CTHIMT HBCITHR LV BETIIRWERETO
EADBBERAIREEZEZ DI, ZRETICERINTZES I DsfEAR LY § & 512 VDR
TEMEDME < =ERAY SREBP AEEMEZ o4 I v Dy FBAKRORIRA RO BN D, Th
FCOEMMETIT A BREEL LT, 7 a~dh U BEEATHK LTSRN L
RPIVTEIZD, AL TIL, 6 25EPWEO M LA T 72DIlcy 7 maF VBRSO
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LEX IV Dy iFEARO X5 I VDR FEEH D2 E Z 2 Dy BN GRS LTV
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0. FTBRMFRE TR LIz FEDICLY 4 TRT25S MO Fu X0 TES RSz
TUNT A=K 4 ~eiF8T 52 L L Ui, #E A BBHROGENTHIERIERL7 Y v 7
POSZHEARL LRBHATI 2L L, BAT D A B OMIE ISR & S SR o Ko )

REATIEN L RREZRIR Y 2Rk b DT 5 L L LT,

pseudo

A-ring OH

Inhoffen-Lythgoe
diol

Scheme 1. ###{El A BRERNE A S 72 B4 2 2 Dy i8R O & AT



F28H CDIREADTZVILTILO—)LEHIEA
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> v (1) ASARFY R ONEMEAL L7z #liga i R &2 W I ORI I D A TF Lo 271
%38 A%, methyl Grignard il3EZ IR RSOS S EDH 2 & TUAFNHKDBFEANL & 612 25 4F
R UEABET S LT3 28, RICAKLE 3 ZAWT8ALUCT U AT La—
JVERNL 3B Z 72 CD B2 4 A L7 (Scheme2), 372 3 12%f L TPAP/NMO % H
Wz 8 itk Ru ki Bl 398 25 fiDFH =7 /Va—LoDt FaFx iz TES =—7
e LUTER#EL, 7 b7 & Uiz, 712xF L CHEEFTE T C ethyl diethylphosphonoacetate %
TER&EEDZ ETCORBHR LTI F LT AT KRS & L, =F /L= A7 )LER % DIBAL-
HIZE->Te KU RBERETDZETTIUAT IV a— 4 28K LIS, Totk, 25k R

O HOBY U LIz 5T 9 ~LiFE L7,
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FNEVEIC 2 2B 2N B C AN KB LIEEZ I DyfEk10 &, 25k R
7 3 LY SREBP [HEFEMEIC KT A3l HAUT 25 ALl Fo S BB fAfEL
ROVFFER 11 2 ZNENARR LTz, 10 DAL, ATEiTE Lz 8 27 b U1k 7 % PR
B LT Wittig KOG D TF Y AF L UL ZEAN L, HBIZ25 0Lk Rax KoV
IR TIT o 72, F72 11 ®AR%IE. Grundmann's ketone 1238 % HFEJFEE L CTiT o 72, 12
W3 LAEIE & L TRERIC Wittig SOSTE=F Y AF LU EEZEA LT 11 ~EFFE L7 (Scheme

3)s

OTES ® o
1) (PhsPCH3)Br, nBuli

2) TBAF -
H 27% 2 steps
o CHy o

®@ o
(Ph3PCH3)Br, nBulLi

67%

A
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Scheme 3. 8 (AEAFM % I > Dy aFER (10,11) DAL

WEDG1E CD B 4 OT VAT v a— VL2 R8N0 & U726 (i~ DLl A BRERE

ANZHOWTOFEMZE T,
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B LT VAT L a— UK 4 ZHWT CD BREEHE 6 fi~DEREEEAZIT- -
)
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b RY RBBTTAHIET, TNEN LT FALT IV, TUAT IV, 7= 0T 2 U
ZATOFHEAR3TE (14a,14b, 14¢) Z4572 %), £/o, TUAT Va3 — k4 2L LT L
T B RIRA~E B RS T TMS U7 V' A X U AN 5 TV A RkE 404D % 5]
THZETTAX RIS ZRR LTz, SHICEALLET XN L CTART v %

MG T TRIGSEDL T ETAN NIRRT UHIEE AT HH8EK 17 ~LEH N 92

(Scheme 4),

OTES
1) amines, MgSO,
2) NaBH,

3) pTsOH+H,O

14a: R =tBu 93%
B 13 R/NH 14b: R = n-decyl §1%
14c: R = phenyl 65%

1) TPAP, NMO pTsOH+H,O

2) TMSCH,N,, nBuLi MeOH

OTES
1) B10H14, PhNMe2

2) pTsOH+H,O
26% 2 steps

Scheme 4. 6 (IEHHH B4 X > Dy 58K (14a,14b,14¢,16,17) DAL

T UNLTILa— k4 % PDC L TT VT b RIE13 ~&EH L, #:\ T Pinnick &L 4
THILRUEE 18 ~EFER, BRE M7 IV EMASELZ L TR I MK 2 &

(19a,19b) %A% L 7= (Scheme 5),
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1) PDC

1) BOP reagent, DIEA

2) NaCIO,, NaH,POs, 1)
30% H,0,

2) pTsOH+H,0

19a: X=CH, 73%

o 18 80% 2 steps N
[j 19b:X=0  91%

Scheme 5. 6 fLEAM B4 I > Dy a5 EAK (19a,19b) DAL

B5HE ARERISZFALR CDREEMRE 6 I~DHL A IREEA

FHER G 44N XV CD BREBIEHREL 6 fL~T Z LA X RESCR Y FT Y — LAV T 7
SNVEEEZNEIEA%, 25t Rax Lol U bic L 740 A I RiR20 &
SFT IV ANLVT 4 RIK21 LA LTz, A LR FT Y — )V AT ¢ REL %
b LAV R 22 ICFFEH Julia A L7 4 X —2a DL rankt ) ooy

TV TEFEARZ Ty ua~tY K23 #5% L7- (Scheme 6),
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OTES
1) phthalimide, DIAD, PhzP

2) pTsOH+H,0O

20 56% 2 steps

OTES

1) benzothiazolethiol, DIAD, PhsP

2) pTsOH+H,O

4 as
21 50% 2 steps

1) LHMDS

2) TBAF

50% 2 steps

Scheme 6. 6 (AEAFT B % I o Dy aFER (20,21,23) DAL

FTRBROSM T T, CD RESESIL 6 (fi~T T Y —AVREZEA L, fbN/eT 7
V=V 2 NLEHR L T TV L LEROREMII ) DTN T N n~ N T T

4 —ToBEREHI L 7= (Scheme 7).,
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Vg 248 3% (,}”'\iN 24b  33%

1) 5-phenyltetrazole, DIAD, PhsP

2) pTsOH+H,O N N
\ i
4 ?—N N
25a 60% 25b  15%

Scheme 7. 6 (LEAFI B % X o D3 a8 (24a,24b,252,25b) DE K

Bofi VUV IRBERAV: CDRBEREMHUAD )T J—ILERDODEA

CD BREBEHIL 6 fi~D MU T Y —VEROEAZBIEL, ZORBMATH D7 ¥ FK 27
DEREIT> 7= (Scheme8), 7 V /LT /L2 — LK 4 (ZxF L, CCly ¥ BEH tri-n-butylphosphine
ZPOS S D Z & THRFR Y 26 IZZEHE 4O, HELT NaNs Z/EHSE2 2 & TV ¥ MK 27

~E BN

//,'

nBugP, pyridine

ccly

Scheme 8. 7 ¥ K& 27 D&k

WIZ, B LT RIE2T EfxOT7 VX b2y ) TEELZ LT, EBELA
Rl E LT RN 7Y — VERA IR & T 558K (28a~28f) 25 L7z, X512, 28d
W LISERS T 7 Z LA X REDNEA ST 282 HEAL7Z (Scheme 9),
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OTES
1) alkynes, Cul, DIEA : O O
2) stOH-H20 28a 25% 28b 22%
Ny 27 N,
i \ AN HO >N
N 28¢ 31% 28d 20%

1) alkynes, sodium ascorbate

CuSQ4* 5H,0, 2,6-lutidine AN ~
2) pTsOH+ H,0 N @}{
Nj 27 N
\ lii 28e 74%  28f67%

phthalimide, DIAD, PhsP

HO 28d N

28g 54%

Scheme 9. 6 iZiZ kU 7> — )VERL AN E A S V7= 58K (28a~28g) DAL

7V FIK 27 AR Ch 216 26a 2FIH L CHIEMEIE T, 70 FA—1%

FIGESFAZ L TERFBHEEAEHSANL T 4 FIK29 L 4% L7 (Scheme 10),

nBusP, pyridine decanethiol, K,CO3

ccl, DMF

9 Cl 26a

29 78% 2 steps

Scheme 10. AV 7 1 N{& 29 D&KL

15



F78H BUARBAEASNIZES I U D FEADEMEETE

FRU7=FEIC KD AR U728l A SRS EA SN E X X 2 Dy i8R D in vitro TO
TEMEREmIL, HER T RAZHFSEE TR L7z,

FP ALY 2 Dy hER (9,10,21,23,252,282,28b) ([ZDOWT, F v A =— AN A
A A —JR kD CHO K1 #iflaz Wiy 7 =7 —F¥ L R—%—7 vt A 12X Y SREBP
R DI EEEZRME L7, 2 he— L7 —% L LT 250H)D; (1) vz, 8L
INE IR EHILDNEA SN FE (9,10) (X SREBP FLETEM A /RS edvolz, —H T, &
D SRR & O BRIR OB 2 A D558 (21,23,252,28a) (3, SREBP fHETEMEZ 7R L

T2, SOICEmVEHRENEASNIZFHER (28b) TIIEMESHKT 2 &V OfR L

" (% f
H 1 ,,\]N
: = 6 b
|| &, d o

SREBP Reporter Activity @ 5uM  (SER_Luc)

-7 (Figure 9),
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Figure 9. L'7R—% —7 v A2 X % SREBP FHEIEMERHN (L2 5)

16



WIZZNSARR LT-HEKRICHOWT, CHOKI fifaz w1y 725 —F L R—Z—7
v AIZL Y %D VDR {EMEEZFHE L7 (Figure 10), WINOFEARLEAIN TS A
BENEZ I D O A RS HE L TRIBICEENEHBH I TS Z &b, £ VDR

EVRIHERR S hripo T,

2.5

VDR Reporter Activity @ 5uM  (VDRE_Luc)

2.0
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Figure 10. L/R—4% —7 v & A12 L5 VDR IEEOFHE (EA D)

FRUIENT T 2T =B UVR—=F =T v AT KD in vitro DR BATF T - Toih8IK
FE2 T invivo |12 X DTEMEFHI A 1T o 72 & 2 A, TAICK LT SREBP PRETEMEIZREL L
ol (RERT—F), TORRKEBRELIZEZAH, BX I D OREHGIGEHEESE O
Toh D CYP24Al ODEXITE Y ZNETEMKLIZEH I Dy dFEARINEMEZ BT 2RI
KRR LS NIZOTIF RN L B X 89, 22T LY RFEHERMEOSWE X I Dy

HEREERTOZ L LT,
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FI3E HKBHERMEZIOES I U D FERFERAROMDENEBUERFE

F 18 CYP2MALIZEKDESR I D DRBFTFLZE

v % 3D OfIEE 23 frk LN 24 (71E CYP24A1 1T X A KB 252 1), 23 [ /KER(LIRIZ
T D% 3 BPEORIBFEEZ D Z LIC K VIBEIZ T 7 b UL A AT AR~ 24 (K
b iRITfe< b BB bBRA RS Z Ll X v sy ha v~ RERNELEN D

4349 (Figure 11),

(23S)-oxidation
pathway

CYP24A1

(24R)-oxidation
pathway

HO"

25(0H)Ds 4 4 /\ CO,H
‘. —_— ) 2

calcitroic acid

Figure 11. 25(0H)D; O B RTEMAL AR HHFE RS

B2 BRI TR LB Y . AR LSBT in vitro ORI T\ SREBP [HLETS
% B O invivo DFFT CIXIGEMHEITREL Le o7 (RERT —F), ZOMBERZ MR
LI, B4 0 D REHIRIELEER Th D CYP24AL 12 L A IS KER L 215 < HIRIC, il
LD 23 2 24 (26 (L 2T Ni~T v RIFF-NHEASNIZ 7 v X X Dy bRz st L
AT 5 &L L (Figure 12), A% T Figure 12 (R L= 7 v F LB # 2 v Dy kil
DERIZIBNT, £ OEERE AT TH LMD 7 » FbL S 7z CD Bl 4 FE DT ELA)
KB RIEIC SOV TEER T 5,
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Figure 12. 4 fHDIEA 7 » b E ¥ < Dy ghE(K

F28 ERXRREFBLEEV~ADIVRBEADER

EEMEMCEY LOKFERFEZ7 v FEERF, bLUZTAA T R ARICERT S
Z LT, HER CF fa0RBIC L REZEErsm E L, REICY v RBIREFOROESK
RERMEEIZL VLAY ED pKa [EREFOREMEEZZLEEoN2RKE D, HEICk-
TIFNREED ] R & L /X 7 A~ DOREGBFER LIS 5 Z L bbb Ting
W, ZDTh, b OMREWIRF L CERMMEMLEY L0 7 v BIEFEADK I
ThnTE TRy, HRPTHERINTWVDEILD 20% L LN OS5 FHETIZT v 37
JFF %24 L TG 555,

TEMERI e 2 I Dy O | C26 & C27 WA TFLEAZNEINL MY 7Fm A F /LI
L7277 LAY U A= (60) 1ZZFDO—FIThH Y . “IRPER R IREERETTHEES 2
IV BIRALE 2 E ORI E L TR THOW LTV S, 60 1% CD BRUIBHICEA S
ANFXYTNNFuA Y T aR ) = AEEOFRETREEL 9 EELORME LT 60 D

R TH 5 23 MiKEEEIR (61) IZHIRVE X I > DIEMHERFRD LD 00D (Figure 13),

/1, CF3

HO™ OH HO"

Figure 13. Falecalcitriol & % ® 23 f7/KFE{L{R
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B3H EX IV D: I3 MADIKRRHNT vHREA

X I Dy IEH 23 23 e ¥ 2 D OFEAHEEE Th D CYP24A1 D& 2Kk D 238-
KL 25 T 721412, 26 fViDOKEEILE T LT & RO, 7 Fh—ILBOKEZFRT

(23825R) -7 7 bR~ ERBIARNTELS LD 29 (Figure 14),

288 w N 4, 23S A25R
CYP24A1 m( . /Y\t L S ™ !
{8 Tou= [, Ton LG o R/\OQW
Side-chian OH (¢}
(23S)-oxidation (23S.25R)-lactone
HO™
25(0H)D;

Figure 14. CYP24A1 (2 X % 25(0OH)Ds ® 23 C/KEE LR

HUEH 23 A1 CYP24AL IZ K D HELMHHBALO 1 D TH DN, 2337 v FRfeshice
2V Dy BEROEMILIINE TICHE SN TS T T3 B LIGFIEL TV, /b
SO —FN 1984 EICHHT 2323-V 7 A r25-L RrF$L B4 I D; [23,23-F-
25(OH)Ds] (62) Z#E L . H W T 2000 FIl2whH 5 D 7L — 7 2 (238)-
23,26,26,26,27,27,27-~ 7 % 7 L F 1 -25-t Rux T % I D; [(239)-
23,26,26,26,27,27,27-F7-25(0H)Ds] ( 63 ) & % @ 23R K @ [(23R)-

23,26,26,26,27,27,27-F7-25(0H)D5] (64) 2 f& ® & ik % # & L T\ 5 9 (Figure 15),

HO" HO™
23,23-F,-25(0H)D; (62) (23S)-23,26,26,26,27,27,27 (23R)-23,26,26,26,27,27,27
-F7-10,25(0H),Dj5 (63) -F7-10,25(0H),D5 (64)

Figure 15. ZAVE CIZAM S NI 23 (i3 7 v FL S/ B¥ I Dsihigk
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R 2 BORER DL MBI 2 X 2 U Dy B RO ERICET LT, £OHT
CYP24A1 IZ L ARHFEBALD 1 D THHMEH 23 MZHEH L, TOENN 7 vHRbShi- B
X2 Dy EROARRATEMETH 5 23 L7 v 34l CD Bk 2 fii 52,53 OFHRARN R A AL

R THZ L & L7 (Figure 16),

Figure 16. {85 23 if 73 7 v F{b. & 47= CD BRi 2

EA4H ESIUD:IE23EADIKBRH T VREA  GHEEREH)

ATEI Cb <72 L350 . CYP24A1 (kT 22 & 2 RA2 W LT 23 (L7 v

M
=~
Q
U

R 2 Fl (52,53) ARXEtL. T D OWA KM% Figure 17 (2R LTz, 23 fii~D
SRR 7 o AL, E ORTEMA L U TARLT 5 23 MKERILIK 669 (65,66) (Zxf4
DAL R 7 v BEEAFEL E LTITH 2 & & LT, 23 i~k Rk o 5E
MNET VT e Rk (67) ~OFEEETF A OMINTITV, 23 MLt R r o oSk

Mosher (A CIRETHZ & & LT,

OH
deox IE' Aldol
OH XY OH ol type
52: 23R fluorination 65: 23R reaction

53: 23S 66: 23S 67 Inhoffen-Lythgoe diol

Figure 17. {185 23 (7237 » F{b S 4172 CD B 52,53 O i & pifig i
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z

%5
E4 32D BI8E 23 ADIKBROTIVvEEA (23 L. 25E~DE FOFHEA)

WA AT I HE-S & . £ Inhoffen-Lythgoe diol % &5k LT, 22tk Rk o

|

il

v#Elb, 7 /4B, 84tk R o TES f#:#, DIBAL-HIZ LDV 7/ KoiEic s
foe SRR L0 7T & RK 6TV~ EFFE L7, e\ CHElE = F /1 Z LHMDS 17+4£

TNTE REET T 7S5 2 LR 0xaT 5 23-0OH /& (65,66) #1%iX 1:1 DY
T AT VA —IREM TR, MY TAT VA= VATV I T Ia~ T T 7 4
—THHEI%, RO TIEEIED MeMgBr T 25 i A F Uk & & HIT 25 Re X EoEA

%477~ (Scheme 11), 23 NDONARILZEIL 65 & 66 % FVTHr Mosher 15 CTHE L7z 7279

(Scheme 12),

CN
TESCI, Im
CH,Cl,
OH OH
Inhoffen-Lythgoe 68 89%
diol
" SeHO COOEt
ethyl acetate
LHMDS 1) TMSCI, Im
THF 2) MeMgBr A
OTES OTES 65:23R 41% OTES 70:23R 82%
67 95% 2 steps 66:23S 37% 71:23S 81%

Scheme 11. fHI$H 23 (223 KER(L S 7= CD BREBD B K
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COOEt

23
H + COOEt
OH o H e) 0
(R)-MTPACI or (S)-MTPACI Iph
DMAP, CH.CI, MeO~ “CF;
OTES Less Polar
65a:S-Mosher ester 79%
65b:R-Mosher ester 76%
/1, 23
" COOEt
H OH
| (R)-MTPACI or (S)-MTPACI
A DMAP, CH,Cl,
OTES More Polar
66a:S-Mosher ester 61%
66b:R-Mosher ester 91%
-0.130
+0.06070.059

. -0.06
0.000 0.040

-0.016
+0.065 / -0.055 /1 N
) . 0.026 and +0.048
\ ' H (/1 0.040 and -0.057 w H H /“
+0.0Sm ///,, -0'022’/—3 ///"

COOCH,CH;4 Y COOCH,CH;
CHo_o  \ \{ CHo o\ \\
:/EPh 0030 -0013 I :/EPh +0.097 *0.058
MeO~ “CF, H  MeO” "CF;
OTES
Less Polar 23R More Polar 238

(A8 = O(s)-MTPAester — O(R)-MTPA ester)

Scheme 12. ¥ Mosher 1512 X 21185 23 i & Ko & 2 DN AR LA E

% 6 Hi
E4 S Ds il 23 ADIIKBRH T vREA (23 f~ADT vREBA L RBEIEDET
i)

WIZE BT 65 & 66 % AT, DAST/ONC L A SAREININERER 7~ B S & 3
72L& ZAJHWIED | 23R DIKER{LAK 65 7> S IXNARE R L7- 23S 1RD 7 FALAK 73 23, 238

DIKEAVAE 66 751X 23R D7 v FLIK 72 2155 Z L3 HkZ, LILAERL, Z#1h

Z VT MeMgBr iZ K% 25 (i ~D Y A F ki Ru kU BE AT o 7o & 2 AR M

ZAFF T HF O ESE L. BHRIOILEW LGS0 Z KR > 72 (Scheme 13),
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OTES 65: 23R OTES 72: 23R
66: 23S 73: 23S

Scheme 13. K 23 273 7 v B b S 417z CD BB DAk

F 2T, 23 25 fiAKERBAR 70,71 = FIWC. 7 v FEb O iR Ar Tz, DAST Z V728
WZIXHBID 7 v FAUAK 74,75 1318 SR s> 7205, K VIR ST CYXAARHE A £ 5 g
FH7 v BT H Z ENHEKD PyFluor 2 V2L 2 A 7D 23 fLIZEASI N R ¥

IO O SRR L 72 23 (27 v 380K 2 fli 2 PREFEE DIR TR 5 Z L 3 k7

(Scheme 14).,

\\S//
OH [ X °F OH
| N
PyFI
yruor p-TsOH+H,0
DBU, toluene —_—
OTES MeOH OH
74: 23R 22% 52: 23R 81%
75: 23S 55% 53: 23S 71%

Scheme 14. I$H 23 (\L23 7 v L S 17z CD BREBDEHL

Scheme 14 OERL/V— b TIEMEEFHRN 7 » FLD TFET 23R 1K 74 PMEIRIZE EE - T
LEo7cre, BTN ORRIEMIEDRIZ1T>7- (Scheme 15), 7 /L7t Nk 67
\Z%f L. methylallylmagnesium chloride Z{FH &, #5417z 23S K76 & 23R K77 205
L= b TT7 4 —THEELTZ, 76 DRIsA L7 4 EMLEZ mCPBA TR F AL,
eV T DAST I K B iEEHEM 7 » FLT 23R D7 v FALIK 79 L Uiz, 79 DR x L
% LiAlH, TBABR L, 8Lt Kol U A LTHIMOD 23R 7 v F#1k CD B35 52 % &

DRI <HFDH 2 ENRHIKRT,
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‘) 23

ot \I—{ (%) P{

OTES  77:23R 37%

//,'

| LiAIH,
H THF
OTES ' 79. 48% 2steps

p-TsOH+*H,O

MeOH
OTES OH 52: 78% 2 steps

Scheme 15. HI$H 23 LAy 7 v FL S 7= CD BREB DL B E 1%

BRE LT 23 A0 7 » FAUIRAS, CYP24AL (ZkF L TIREHES U Z & D& B3 572912,
(3R)-7 VA m-25-t RuF B4 2 D; [(23R)-F-25(0H)D;] (80) & %D 23S {K [(23S)-F-
25(0H)D;] (81) Z#ZhZNEK L, 250H)D; (1) LMk s L L,

(23R)-7 v FLAK 52 & (235)-7 v FAVIK 53 D 8 {it % TPAP fefk. L. 25 fir % TMS 153 %
ZLTHLN 8- M (82,83) ZHIREM LI ABRIIART 4 A% K (84) LD
TV IEHT LT, 23 M7 v FEbE X I Dy iFEk (80,81) ZARLLT- (Scheme
16), 215 80 & 81 & CYP24A1 Ik 2 REHERPIMEZFEM L7 & Z A, 25(0H)D; (1) &
Felge UC 23R K 80 13 1 & [FISE DR T S 7223, 238 1K 81 13 kea/Kin [E D 4 fEFRSE

D WM Z o L ) BURZRWE R 21572 7 (Table 1),
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1) TPAP, NMO

2) TMSCI, Im

OH 52 23R
53: 23S

/14, 23

| POPhH,
1) nBulLi, 82 or 83

TBSO" 2) TBAF
84

HO" 80:68% HO 81: 43%
Scheme 16. fHI$H 23 (LN 7 v FEL S NTZEH 2 Dy B IR DAL

Table 1. 25(0H)Ds (1) & 80,81 DACHHEHUM:FTAM

Substrate keat (min) Kn (uUM) kcat/ Kin
25(0H)D; (1) 153+45 0.76 £ 0.21 20.1
(23R)-23-F-25(0H)Ds (80) 78+2.1 0.39+0.13 20.0
(238)-23-F-25(0OH)D; (81) 21+05 0.38+0.13 5.5

E7H EZIUD:IHE24MADHEND IIILF OEENEDORFE

B2 X D3I 24 2 6 [FERIC CYP24A1 D)X IC LV KER(LEZ T, £ D% B DOl
{ETREZR Ty ba UBICRIRTE (LSS (Figure 18) . £ D 7= I8 24 (L D KEE
EZBF BT 24 (iY77 VA afb Sz e % 2 v Dy FEEOARKIE, Eildo 7 L—
78BN DT N—T SN K o THEIIZAT O TETEBY . ZOERLLEMIETIE
AL AT r—/VEENEREE L LRI S EE T 24 7 A rfbe ¥ I Dsdh
RO EBE /2 GRATBEA TH D CD B 30 12 H L7, 30 (X241 % TIZ DeLuca HiZ k-
T 1 FIERBIARE SN TWDED 8, ZOFETEIEROES 2 EOMERINEL TEH

D, RATZ—NVTORKREEAT-BRIIE 2D WENRD 515 (Scheme 17) .
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> 25

CYP24A1 .
4 4R Noy — OH—’

(24R)-oxidation
pathway

> 23
— Y —

25(0OH)D; R OH R

/7, ”

OH CHO

.H

1) PPhg, I, Im 1) TESCI, Im BrF,CCO,Et, SmCl,
2) KCN 2) DIBAL-H THF
OH OTES 67
Inhoffen-Lythgoe
diol

//,/'

COOEt

H 1) Imyc(s)
| 2) Et3SiH, (PhCO),0
A 3) MeMgBr
OTES
85: 45% 86: 74% 3 steps 30: 100%

Scheme 17. fHI$H 24 (3 7 v FA. S 172 CD BB 30 DA K (DeLuca o)

Z 2 TR B CTRRNREMIEOTRRIIIEZITV, REWAT v T OEERGERIET
bH YT NARENLDEANE o7 N T AT UK D DAST Z W5 U7 v F afbn %
AT 22 &L LARMRG & BRA Lz,

A L% Scheme 18 I Zox L7z, 2 3 B 2 HiDA K & [FIFRIZ Inhoffen-Lythgoe diol 72> 5 55
—RT VIO FuX e avFbL, 7 2 HEANEEB LT, 8Lt Fr ¥ ko
TBS k%17 o 72t4I2, DIBAL-H (& X538t &< MK fiEE#8 D Z & TT AT B K 88 ~

LW, RO TFE 808D E 2 E (TS L7 Horner-Emmons 78389 & 88 #1 v 71
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7EE, By U vx ) —m—F )L 90 (ZxF L CHEBRTE(E N TBAF 2{Ef &5 2 &
TEILEMTHD oo FT ATV 91 ~EFFE Lo, FERIIAKCZ PTHBICEITISE S 9 1
THERAIRTHY, =) — V=T NVGRRICRET D o7 =4 ZlHeNI T m b
fb&¥% 52T, WERBEELZFOTR b Y —2 L LTOREEZF-TVHEEZD
No, a7 hm AT L9 IZH LT DASTICL D7 v HRbEITV, Y7 0dm AF LU ERAL
AREEE L, fiV T methyl Grignard EEZEH S5 2 & T3 ~ Lz, Ffkhll 8 (LoD
b Rax oV iz L BAYD 24,24-difluoro CD E&#E (30) %27 /L7 b R{K 88 2>
BAIHR 60% THRT 5 2 LA TE, DeLuca b DTk L il LT 2 5L LB TARK AT

RETHDHI Lz,

//,'

OH

“‘H
PPh3, |2, Im

THF

TBSCI, Im

—_—

OH

Inhoffen-Lythgoe 5: 90% 68: 89%
diol

OH

COOMe o

0
CHO Etgjﬁ COOMe OTES COOMe

89 OTES .LDA

TBAF, AcOH DAST
THF i THF CH,Cl,
OTBS OTBS
88: 96% 2 steps 90 91: 97% 2 steps
R F R F
M
COOMe OH
MeMgBr pTsOH+H,0O
—_— Z _—
THF A MeOH
OTBS
92: 96% 2 steps 93 30: 64%

Scheme 18. HI$H 24 (A3 7 v F b X 1172 CD BB 30 DAL
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F8H EXIVDAIEADAXTHIILAOSLYTON/ —ILBEDEA

B3 EE 2HTHIBAIZ L ST E C26 & C27 i A FAERZENTN LY T LA | R
FNIIZERINTo~F Y T Adu, Y T ax) — UG AT 584 I Deifdk s,
BAINTND T v RFAORET CYPUAL KT 5 @ W REHRBIE & R 5799, Z i,
REHRPIEZ FFO B 2 2 D FEEREGRUCET DA et L L <. ZORBRETH
% CD BEHh 45 DRI G RIEDRE 21T T2, —RIC~F T T vt u oy 7T as ) —u
HEE DRI IAF T T A a7 ¥ b AT D REAMMBOR TIT O D 08 3990 ~F 47
VA a T b RO BRI TR, JURCTHERT 2o~ 74 uT7 & h o
HADHERDOEME S PAFEOHBEATH L L VWE 5, TNOOEBESZ MY 5 BT,
CETMS® & W e = AT /WG IS K4 5 "B b U 7 A m AF b ZFH L, CD
EREMABEIC A~ YT v da A Y T ax ) — U EEOBAEZ{To T,

PN A F LT X T DEA ST CD BRES 940025 L, —EBPEFH O CFs (RIZHE 22T
THE LTz CsF it & L THWD Z LT, = AT VEMEA~D CF AL ETT L7z, ERRL
272 — N HE% TBAF T CF 7 b UHiE~ L HN-obic, “EERO CF k%
CF;TMS/TBAF O F TITW, IRWNT 8tk Rr ¥ Eolis U bz iks Z L THRD CD

BB 45 AR5 = L 3 HET 199 (Scheme 19),

COOMe

\H

1) CF,TMS, TBAF

CF;TMS, CsF 2) TBAF

G
OTBS

94

96: 72% 2 steps 45: 20% 2 steps

Scheme 19. fAIEHIZ~FV 7 /v A A Y T asR ) — ) UEEINE AN Sz CD BREBDE K
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F4E KRBHERMZELOES IV D FEAROERRUVZ OFEMLTE

EI1E AE24EACTILADEENZES 2D D FEADER

3 ECER LIS 24 frs P 7 A mfb S iz CD RS 30 2 ek & LTE 2 &=

2L FREDARRIETT U AT L a—/L 32 ~EZEH 17~ (Scheme 20),

1) TPAP, NMO 1) (EtO),P(O)CH,CO,Et, NaH

2) TESCI, imidazole H 2) DIBAL-H
OH (0]

30 31 2steps 87% OH 32 2steps 79%
Scheme 20. {4 24 (773 Y 7 VA rfb Sz CD 8&BET VLT V3 — /KD ERL

BRELET VAT v a— U RICk L, A BRBHOBEAEZB I Ro7c, 2 HEE THT
in vitro \Z33\F % SREBP [HEEHME, VDR BEGIEDRTT OFE R BIAF T >72 4-7 = =)L k
U7 Y=L 5-T 2= LT T Y = VBRAEARER E L TR LT,

FPE. MU T Y ABROBAEZ LU FIZRT (Scheme21), 7 U LT V=2 — L & 5
2EFH 6 H L RO TIETHEFL L, HINWTT U REIBZ ~EEH L7, BALLET Y RE
LT 2= VT REFLVBEY 47 A 0 T 2= LT F L EERENT U v I KT
oIV 7 EE, 5 MO I MMEERLZETRY T Y —VERE S OFER 34a & 34b

AR LT,

1) nBu3P, pyridine, CCly 1) alkynes, sodium ascorbate

2) NaN3, DMF CuS0, 5H,0, 2,6-lutidine
2) PTSOH- H0 w 34a X =H, 47%
OH 32 N3 33 2 steps 81% 343 X; F: 690;0
2 steps 47%

Scheme21. U 7YV —LEBEZHTLIHH T v FbE # I Dy iFEK (34a,34b) DAL
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BNWTTULTLa—RKIZt L, T T — BOEAEB o1, §2 =55 H
TITo = FEEZHANWT 5-7 2= 7 b T —VEBREZEAL, 567 2 (EHA 35a & 1

NEEHR 35D W% ) AN T AT a~ N7 57 ¢ —CR5HIEEE L7~ (Scheme 22),

1) 5-phenyltetrazole, DIAD, PhsP
2) pTsOH+H,O

35a 2 steps 48% 35b 12%

Scheme 22. 7 N7V —/VEREZAT HHH T v R L ¥ I Dy iFEAR (352,35b) DAL

AFELZHNTER LIEFHERFEAZ LI TIORT, A BB Y = =V BICERISE AT
U, ST EHER 36a~39b (Figure 19) . A & EH#iL{K 40a~42b (Figure 20), 7 /L MEHLUA 43a

~44b (Figure 21) %435 2 &N TET,

F
M @\(N‘ v N
NN N N (N

\ 1 1
N N-N N N-N
36a 51% 36b 23% 37a 30% 37b 28%

Me

FsC 38a 58% 38b 21% Cl 39a 57% 39b 28%

Figure 19. /NZEH#L7 v Fb ¥ I Dy ahiElk
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40a 70%

41b 31%

42a 62% 42b 18%

Figure 20. A Z {BH#7 v F (b ¥ I Dy ahiElk

( 1& N. N,
. \/N " N\ 1
o Ny N-N FE YN

43a 40% 43b 36% 44a 56% 44b 39%

Figure 21. A /v MEHL T v F b ¥ I Dy g

R i]
RISEISAFTSTILAOAY TAN —LIEBENBASINIZEZ IV D FEKRDER

BISHIZA~FF T A a A Y T e — UREENE A S 72 CD BRE 45 2 H38REE LT
FL2EFE2HOFELZIGCHT LI ETAEBETT VLT Va3 — L 47 ~ & L7 (Scheme

23),
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' CF3 , CF3
‘ OH OMOM
o H CF3 - CF3
1) TPAP, NMO

1) (EtO),P(O)CH,CO,Et, NaH

;

oH'  2)mMowmCl, iPrNEt 2) DIBAL-H

46 2 steps 44% OH 47 2 steps 95%

Scheme 23. ~FH 7 Ao YT o) —)VEKEFTDH CDEBRET VLT L a— Uik 47

DAL

H2EE 6 MOFHEICEIY T UAT M a— iz lm#E L, RNTT Y RMe, T
77Uy 7 ROSIZEY MU T Y —VBRAEA L, £7247 136 LEERISTT b7 Y — /LB

Z A\ L7 (Scheme 24),

CF; “, CF,4

MOM
H CF? o

1) alkynes, sodium ascorbate

1) nBugP, pyridine, CCl, CuSO,° 5H,0, 2,6-lutidine

2) NaN3, DMF 2) MsOH

OH
47 Na 48 2 steps 82%

49a X=H, 55%
X 49b X=F, 70%

1) tetrazoles, DIAD, PhsP

2) MsOH

50a X=H, 42% 50b X=H, 17%
51a X=F, 35% 51b X=F, 23%

Scheme 24. ~FH 7 ) da A YV Fa X)) —)LEREAETHEX I DyiBEROERK
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F3H AEBEATVERLESINEEZ I D:FEXRDER

IEE 23 e/ 7 v BAbIR 2 FE, T2 b 23RIE52 & 23Sk S3 2+ nfIiL T
2V D EIRAE R ETT 572 (Scheme 25), [RIEROFIE T v3E L CD BN T VATV
a— UK (56,57) ~LEE | EELNISICEY 470 Fd T =T NI Y — VB A E AT

HZETA4MEEOE X I D%k (58a,58b,59a,59b) %5k L7,

23
*

OMOM

1) TPAP, NMO 1) (EtO),P(O)CH,CO,Et, NaH

2) MOMCI, iPr,NEt 0 H 2) DIBAL-H
OH
52:23R 54:23R OH  56:23R 4 steps 70%
53:235 55:235 57:23S 4 steps 41%

Scheme 25. I 23 (Vi 7 v Bl SN EX 2V Dy ERDOERK

FA48 AEATVRIESNFESR I D;FEADOFEFE

AR LTZMEHN 7 v RS- B4 X 2 DsahBAR D invitro TOFHIIZ DUV T BERT:
FEMRETEmR L, FA4ES IHTER LM 24 (LR 7 VA afbasiice & I v
D; FHERIZONWT, CHO K1 Mgz AWA Ly 727 —B L R—F =T v AI2L 0 ZD
SREBP FHETEME 2 74l L7255 . 2 < OFFEILA 25(0H)Ds (1) & [FIFEEED SREBP [HETE
PEZ R L7z (Figures22,23), H&ER b~D 7 v FEA (36a,36b,42a,42b,44a,44b) % SREBP

PHETEMEICIZ E A ERE L G AW 3 nhole, TDO—H T, mmWEHRLENEA S

34



7-FHEARE (382,38b,41a,41b) TlE., SREBP PHEIGMENME T\ 2R LT,

Cl 39a 39

SREBP Reporter Activity @ 5uM  (SER_Luc)

12

10

14
o

Fold(vs. DMSO)
o
&

0.4

0.2

B . - - - N
35b 36a 36b 37a

DMSO 25(0OH)D3  35a 37b 38a 38b 39a 3%
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Figure 22. LA R—4%—7 v A1Z L% SREBP [LEEMEREN (EAEZ D)

40a 40b Cl 41a 41b

42a 42b 43a 43b

1.4

SREBP Reporter Activity @ 5uM  (SER_Luc)

1.2
1.0
0.8

0.6

Fold(vs. DMSO)

0.4

0'2 I I
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RIT, EFEOFERIZOWNT, CHOKI Mildz iy 7 =27 —FB LR—Z =7 vt A
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25(0H)D; (1) &t LT VDR {EMEIFTE < IHOWOIEHSBEOBLE DB b BRAFRFE R % 5

25 Z L5y (Figures 24,25),
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FEVCTERR LT2BTH 7 » # e 2 X 2 Dy iBEURFED invivo 12 X 27OV T, HER
FEFHBIECERARRNBE NS L OPTE 7V — 7 CH M LTz, HHINZ in vitro DFEAN THER
DR TofFEAR 35b 2 W T~ U A X 28 COEMEFN 21T > 72, £ ORI 5%
LUFITRT,

3RO E RO~ 7 A ERL L 7= (Figure26), 1 DPHD /1 —TFZar b —5—
Z L LTHEREY 96 R G- 2 2R, 2 DH D7 /V—713 48 Wt fete, 48 WERMEARN &
A EZ I D REZBEHEZTRE, 3 DBDZA—F13 2 FERHO I V—7 L REEEDS
P17C 35b % 24 FEf 2 &£12 10 mg/kg T OMEENE G- LIZBETH D . ZNEh O~ T AD 96
IRF ] 1% O SREBP SRR+ D3 BLE & [l % Z & T 35b O SREBP FHETEM: 2 57l L 72,
ayvbo—vRALHELT2HEH DO~ 7 A0 SREBP FifiEaFIImERT 5 2 &2
RTETz, L T35b HHGREIIHKGHETHL 2 FH O~V A LIEE L, SREBP NiftiEis

FOFRBLZIHEI LT . 35b D57 SREBP fHE L CWARIEEME R R 1552 &
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D37 (Figure 27), [RIRFIZ, 35b B G-RECTIIMIGE I L~ U AREO ERIIME ST, &

HORER TILBAF A R A5 D 2 L3 kT~ (Figure 28),
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BT 35b A RWIEHE~C WA L7z, L7 F &2 KE LT oblob v 7 A%t L 35b i
\Z 5\ 10 mg/kg TOREWENEE G- L, 4 B 7> CilMti 24T > 7= (Figure 29), 4 ##%
D~ 7 ADREEEL L LT L 25 35b 245 L7RWEE L bk LT 35b 58 Cl3ik
BEOWRMBWAT 5 Z L PERTE =, —J7, 250H)D; HEREIRWER TH L m AL
AIMAEZFIE LET LT SV RER & 7257 (Figure 30), 35b & G- #ECldifig ALT &
WAL TEY . IFEEEDE T2t 20 LRI ORI T LRES EA LT
RN END, @AY T ASE SV D VDR 20T SEIWEH 2 53E L T2 & bRy
Z &M TE7 (Figure 31), AFIROIFRIREE CIINEHI O ZFE =D 35b 25 L TR WREE

PR LTIl ST % Z & AV C & 7= (Figure 32).
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ESE FERED invivo ITBEIT5EANBEDOER

B L7 S D FBEAERED in vivo (2B 2 ENEIEIL, BEICEREShmoe s I
DFEREBLUL TS EEX DD, HF2ETH LiRL7c L HIZ, BEX IV D3 ldfFlE T
25 RLDKIAL & 52T 1o, BT 1 ALOKBR L 2 TIEMERL B 7 < o Dy & 72 D) 255k
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EZ IV DRFES /N7 (DBP) LAHAT LI ENMBNATND,

LU’ | pT@iFJess CRgE Lz A B0 2 (N EBHULEM Shi- v & < 2 Dy g k
IX DBP & OFSERENKIBIIK T T 28005 Y | FRIZ 2 ffaFMicE Rr¥ o7 m Lk
EHTH19-7 L EX IV Dy FER (MART-10) TIHIEMRIE X I 0 Dy D 4%FRE KN
T5 2 EMFHAILTND 359, KIFFETHARK L7ZiFEAEED MART-10 & [AERIC, MEEZ L
IR STl A BRESSEA SN TRY, 202 LI Tk DBP &G TICHFEL
TWn5EEZBND,

P RRE O~ O AL L, FHELORRYANE L MG 2 o & ) Sl A D | TR
e s I Dy ERERICEITL TS B X HiLd, Mildf~LIVIAENT-HIL. TDIE
P S /NARETh OREE —BEIR AL, £ TRY 7 & LTHET D SCAP L A#H

HAEMT 2 2 & THRMENEIT 5 L BRI ND,
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BSE M

anl

VDR %Z 9 A 1EM &R & ERIRAIC SREBP 2 FLET 5, TIEE A AR 2 mIRAIC L
TOHHHE S I Dy EROAIRL) # HINE LT, FBFEAREEO G AT 72, B4R
> Dy FFEAROFBULEY 87 A AR LTz, T ORR, Bl A BRI & L CnfRiy & m S
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PERTHR LT, 2 b OFIRD G iR A BRIE OPRER & AR CYP24A1 RGO Wk
AL, T v FEALIT - TCRIR, 6 ML BRIED 5-7 = =)V-1H-T T Y — Vi
AL 24DV 7 NAF b ENTHBE S I 2 Dy B8R 35b 23, VDR IEMEAFEBIAE T,
SREBP ZEREYICIHET L Z L2 A L7z, £z, FEEROGHIEBRRIZIBWN T, [IH1 7

v FL STz CD BRER 4 TOBR = A RIEZ ML T D Z LIS LT,

CD BR¥REHAIL 6 (LI hR % 7R A BREME E 2 E A L7 B2 2 U DFEIRE AT o 72,
SRR R S O/ S e E R A B LB, O K/MS S B 59 SREBP FLETEE
FHBLL 20 o7, K0 EmWERROBERILZE A L7-FIC SREBP HEEMESHHLL
S OIZmmWESIECESH FOBEWEZEAT L LIEENHET L LW MAEST, &
B L7 ERITEA STV D A BRE OB T VDR IEMEZIZ 5 2 L8k, LavL7g
D5 AR U2 BB AREEX invivo ORI C SREBP FLETEMEITHEL L2 o 72, 24 OWF%E
FEFIZOWNTE 2 BTk,
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CYP24A1 ITXT HGHHRT M A R 5 HRY T, MR 7 v R/ sz ¥ I Dk
ROBEATEHATH D 7 v #Fb CD BES 4 OB RNARIEORIE AT -T2, T
B,

D23 iz 7 v F#1t CD BB 2 OB HINLARINA S RLE D BRFE « 23 (L KBAAIR DR 71T
1 Mosher 15 CTHRIE L, iV T PyFluor & VW72 SEASEIRAI LR RRD 7 v LS LD 7
v REANELT 572,

@24 L7 A nfb &z CD BREORFREGRIEDRS : 7N An OB AT o7

= 2T x4 5 DAST 2 V72 ¥ 7 v A e bRz & » TfTo 7,
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BefED CRALBUSIZ K O ~F YT du g Y T a ) — s a8 AL,

THE OBFERRIC OV TH 3 BTk,

%3 ECEMIEZMENL L7z CD B2 VT, IEHHRA 7 vHR#fbSnce s 1> D il
RDOBRREAT > 12, A BREFORERE L5 2 B C invitro DFHEFE RN B o 72 b U 7Y — VER,
TRV NVEREEREHKE L TEALLL, TORE., MIH 24 fi~DT 7 A u il A
B & LT 5-7 = =)V-1H-7 I 7Y — WHEIEDEAIZ LY in vitro, in vivo BI7 OFHiR T
VDR (Z/EHIE 3 &V SREBP FLETEM AR & W 9 BIFRFERZGT2, 26 OWFFERR

(ZOWTH 4 BT~z
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£l ARBRIHE L ZH 2B £ LIRRERTRFRF R TN Am TYEHE K

Ok ZdRII COAGR TRPEREMAEOEHRITL LV EHWZ LET,
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BB, WOBIE LXA TS NZREZ2 = — 1k AR COFROERRIZ L

D EHTNT- L ET,
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General procedure

'H and "*C NMR spectra were recorded on JEOL AL-400 NMR (400 MHz) and
ECP-600 NMR (600 MHz) spectrometers. 'H NMR spectra were referenced with
(CH3)4Si (8 0.0 ppm) as an internal standard. !*C NMR spectra were referenced
with deuterated solvent (6 77.0 ppm for CDCl; and 49.3 ppm for CD30D). IR
spectra were recorded on a JASCO FT-IR-800 Fourier transform infrared
spectrophotometer. High resolution mass spectra were obtained on a
SHIMADZU LCMS-IT-TOF mass spectrometer with a positive electrospray
ionization (ESI) method. Optical rotations were measured on a JASCO DIP-370
digital polarimeter. Column chromatography was performed on silica gel 60N
(Kanto Chemical Co., Inc., 40-50 um) or silica gel 60 (Merck, 0.040-0.063 mm).
Preparative thin-layer chromatography was performed on silica gel 60 Fjs4
(Merck, 0.5 mm). All experiments were performed under anhydrous conditions

in an atmosphere of argon, unless otherwise stated.

(6R)-2-Methyl-6-[(1R,3aS,7aR)-7a-methyl-4-methyleneoctahydro-1H-inden-1-
yl]heptan-2-ol (10)

To the suspension of the methyltriphenylphosphonium bromide (90.5 mg, 0.253
mmol) in THF (2 mL) was added n-BuLi (146 puL, 1.65 M in hexane, 0.241
mmol) at -78°C and stirred at the same temperature for 15 min and 0°C for 20
min. To the mixture was added 8-keto CD ring (7) (50.0 mg, 0.127 mmol) in
THF (2 mL) and stirred at the same temperature for 1 h. After the reaction was
quenched with H>O and saturated aqueous NH4Cl at 0°C, the mixture was
extracted with EtOAc twice, dried over Na>SOy, filtered, and concentrated. The
obtained residue was used for the next reaction without further purification.
Tetrabutylammonium fluoride (381 pL, 1 M in THF, 0.381 mmol) was added to
a solution of the above crude residue in THF (5 mL). The mixture was stirred
at room temperature for 24 h. After the reaction was quenched with H,O and
saturated aqueous NH4Cl at room temperature, the mixture was extracted with
EtOAc three times, dried over Na>SOy, filtered, and concentrated. The residue
was purified by flash column chromatography on silica gel (hexane : EtOAc =

5:1) to obtain 10 (9.6 mg, 27%, 2 steps) as a colorless oil.
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10: [o] p27 +63.5 (¢ 0.754, CHCl3); IR (neat) 3360, 1649, 1469, 1378, 1148, 885
em'; "H NMR (400 MHz, CDCls) 8 0.56 (s, 3H), 0.94 (d, J = 6.4 Hz, 3H), 1.02-
1.09 (m, 1H), 1.21-1.64 (m, 1H), 1.84-2.01 (m, 4H), 2.26 (dd, J = 4.1, 13.3 Hz,
1H), 4.46 (d, J = 1.8 Hz, 1H), 4.72 (d, J = 1.8 Hz, 1H); '3C NMR (100 MHz,
CDCls) & 11.7, 18.8, 20.8, 22.2, 23.7, 27.7, 29.2, 29.4, 35.4, 36.1, 36.4, 40.2,
44.4, 45.1, 55.3, 56.3, 71.1, 105.0, 149.6; HRMS (ESI*) calcd for CioHss [M-
OH]* 261.2577, found 261.2577.

(1R,3aS8,7aR)-7a-Methyl-4-methylene-1-[(2R)-6-methylheptan-2-yl]
octahydro-1H-indene (11)

To the suspension of the methyltriphenylphosphonium bromide (80.7 mg, 0.226
mmol) in THF (2 mL) was added »-BuLi (131 pL, 1.65 M in hexane, 0.215
mmol) at -78°C and stirred at 0°C for 20 min. The mixture was added 8-keto
CD ring (12) [38] (30.0 mg, 0.113 mmol) in THF (2 mL) and stirred at 60°C for
1 h. After the reaction was quenched with H,O and saturated aqueous NH4CI,
the mixture was extracted with EtOAc twice, dried over Na,SQ4, filtered, and
concentrated. The residue was purified by flash column chromatography on

silica gel (hexane only) to obtain 11 (20.0 mg, 67%) as a colorless oil.

11: [o] p27 +40.5 (¢ 1.28, CHCls); IR (neat) 1653, 1469, 1378, 885 cm™'; 'H
NMR (400 MHz, CDCl3) & 0.56 (s, 3H), 0.86 (d, J = 1.8 Hz, 3H), 0.88 (d, J =
1.8 Hz, 3H), 0.92 (d, J = 6.4 Hz, 3H), 0.98-1.64 (m, 1H), 1.82-2.01 (m, 4H),
2.24-2.28 (m, 1H), 4.45 (d, J = 1.8 Hz, 1H), 4.73 (d, J = 1.8 Hz, 1H); °C NMR
(100 MHz, CDCl5) & 11.7, 18.8, 22.3, 22.6, 22.8, 23.8, 23.9, 27.7, 28.0, 35.4,
36.1, 36.2, 39.5, 40.2, 45.1, 55.3, 56.4, 104.9, 149.7; HRMS (ESI*) calcd for
CioHss [M+H]* 261.2577, found 261.2577.

(6R)-6-{(1R,3aS,7aR,E)-4-[2-(tert-Butylamino)ethylidene]-7a-methyl
octahydro-1H-inden-1-yl}-2-methylheptan-2-ol (14a)

PDC (127.9 mg, 0.34 mmol) was added to the solution of 4 (99.5 mg, 0.225
mmol) in CH>Cl, (4 mL) and DMF (0.5 mL) at room temperature, and the
mixture was stirred at the same temperature under air for 2 h. The solution was
diluted with Et,O, filtered through a celite pad, and concentrated. To the
solution of the obtained crude aldehyde 13 above and tert-butylamine (99.4 mg,
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143 pL, 1.36 mmol) in CH»Cl, (5 mL) was added anhydrous MgSO4 (1g) at room
temperature under air. The mixture was stirred for 70 min and refluxed
overnight. After the reaction was quenched with H,O, the mixture was extracted
with EtOAc three times, dried over Na,SOy4, filtered, and concentrated. The
obtained crude imine was used for the next reaction without further purification.
To the solution of the above crude imine in MeOH (3 mL) was added NaBH;4
(5.1 mg, 0.136 mmol) at 0°C. The mixture was stirred at the same temperature
under air for 1 h. After the reaction was quenched with H>O and saturated
aqueous NH4Cl, the mixture was extracted with EtOAc three times, dried over
Na,SOy, filtered, and concentrated. The obtained crude amine was used for the
next reaction without further purification.

p-Toluenesulfonic acid monohydrate (129.3 mg, 0.68 mmol) was added to a
solution of the above crude amine in MeOH (10 mL). The mixture was stirred
at room temperature under air for 20 min. After the reaction was quenched with
H,O, the mixture was extracted with CH,Cl, three times, dried over Na;SOy,
filtered, and concentrated. The residue was diluted with MeOH (3 mL) and 1 M
aqueous NaOH (3 mL) and stirred for 10 min. To the mixture was added H,O,
and extracted with CH,;Cl, four times, dried over Na,SO4, filtered, and
concentrated. The residue was purified by flash column chromatography on
silica gel (EtOAc only 1% Et3N) to obtain 14a (76.2 mg, 93%, 4 steps) as a

colorless oil.

14a: [a] p?” +63.0 (c 0.44, CHCIs); IR (neat) 3365, 1470, 1377, 1363, 1215 cm"
. 'H NMR (400 MHz, CDCl;) & 0.54 (s, 3H), 0.93 (d, J = 6.4 Hz, 3H), 0.98-
2.00 (m, 35H), 2.55-2.59 (m, 1H), 3.21-3.30 (m, 2H), 5.08 (t, J = 6.7 Hz, 1H) ,
6.62-6.64 (m, 2H) , 6.69-6.72 (m, 1H), 7.15-7.20 (m, 2H); '3C NMR (100 MHz,
CDCl3) & 11.9, 18.8, 20.8, 22.2, 23.4, 27.7, 28.7, 28.8, 29.2, 29.3, 36.1, 36.4,
39.4, 40.4, 44.4, 45.2, 50.8, 55.7, 56.5, 71.1, 118.6, 141.5; HRMS (ESI") calcd
for C24HasON [M+H]" 364.3574, found 364.3603.

(6R)-6-{(1R,3aS,7aR,E)-4-[2-(Decylamino)ethylidene]-7a-methyloctahydro-
1H-inden-1-yl}-2-methylheptan-2-ol (14b)

PDC (222.5 mg, 0.591 mmol) was added to the solution of 4 (100.0 mg, 0.237
mmol) in CH,Cl; (4 mL) at room temperature, and the mixture was stirred at the

same temperature under air for 4 h. The solution was diluted with Et,O,
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filtereted through a celite pad, and concentrated. To the solution of the obtained
crude aldehyde 13 above and 1-aminodecane (184.6 mg, 233 pL, 1.19 mmol) in
CH:Cl, (5 mL) was added anhydrous MgSO4 (1g) at room temperature under air.
The mixture was stirred for 1 h and refluxed for 1 h. After the reaction was
quenched with H,O, the mixture was extracted with EtOAc three times, dried
over Na;SOQOy, filtered, and concentrated. The obtained crude imine was used for
the next reaction without further purification. To the solution of the obtained
crude imine above in MeOH (10 mL) was added NaBH4 (26.9 mg, 0.711 mmol)
at 0°C. The mixture was stirred at the same temperature under air for 45 min.
After the reaction was quenched with H,O and saturated aqueous NH4CI, the
mixture was extracted with EtOAc three times, dried over Na,SOy, filtered, and
concentrated. The obtained crude amine was used for the next reaction without
further purification.

p-Toluenesulfonic acid monohydrate (225.4 mg, 1.19 mmol) was added to a
solution of the above crude amine in MeOH (10 mL). The mixture was stirred
at room temperature under air for 20 min. After the reaction was quenched with
3 M aqueous NaOH solution, and stirred for 15 min. The mixture was extracted
with CH,Cl, four times, dried over Na,SOy4, filtered, and concentrated. The
residue was purified by flash column chromatography on silica gel (EtOAc :
MeOH =7 :1, 1% Et3N) to obtain 14b (64.5 mg, 61% 4 steps) as a colorless oil.

14b: [a] p?7 +54.0 (¢ 1.38, CHCls); IR (neat) 3358, 1467, 1215 cm™'; 'H NMR
(600 MHz, CDCls) & 0.53 (s, 3H), 0.86 (t, J = 6.9 Hz, 3H), 0.92 (d, J = 6.6 Hz,
3H), 1.06-1.65 (m, 39H), 1.80-1.98 (m, 3H), 2.53-2.61 (m, 3H), 3.23-3.29 (m,
2H), 5.02 (t, J = 6.9 Hz, 1H); '3C NMR (150 MHz, CDCl;) & 11.8, 14.1, 18.8,
20.8,22.2, 22.6, 23.4, 27.4, 27.6, 28.7, 29.1, 29.3, 29.3, 29.5, 29.5, 29.9, 31.9,
36.1, 36.4, 40.4, 44.4, 45.1, 46.2, 49.3, 55.6, 56.5, 70.9, 118.4, 141.6; HRMS
(EST") caled for C3oHssON [M+H]* 448.4513, found 448.4550.

(6R)-2-Methyl-6-{(1R,3aS,7aR,E)-7a-methyl-4-[2-(phenylamino)
ethylidene]octahydro-1H-inden-1-yl}heptan-2-ol (14c¢)

PDC (333.8 mg, 0.887 mmol) was added to the solution of 4 (151.7 mg, 0.359
mmol) in CH,Cl, (6 mL) at room temperature, and the mixture was stirred at the
same temperature under air for 3 h. The solution was diluted with Et,0,

filtereted through a celite pad, and concentrated to obtain the crude aldehyde.
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To the solution of the above crude aldehyde 13 and aniline (330.6 mg, 324 uL,
3.55 mmol) in CH:Cl, (10 mL) was added anhydrous MgSO4 (1g) at room
temperature under air. The mixture was stirred for 90 min and refluxed for 40
min. After the reaction was quenched with H,O, the mixture was extracted with
CH;,Cl; three times, dried over Na,SOyu, filtered, and concentrated. The obtained
crude imine was used for the next reaction without further purification. To the
solution of the above crude imine in MeOH (10 mL) was added NaBH4 (40.2 mg,
1.07 mmol) at 0°C. The mixture was stirred at the same temperature under air
for 30 min. After the reaction was quenched with H,O and saturated aqueous
NH4Cl1, the mixture was extracted with EtOAc three times, dried over Na;SOuy,
filtered, and concentrated. The obtained crude amine was used for the next
reaction without further purification. p-Toluenesulfonic acid monohydrate (2.7
g, 14.2 mmol) was added to a solution of the above crude amine in MeOH (10
mL). The mixture was stirred at room temperature under air for 45 min. After
the reaction was quenched with 1 M aqueous NaOH solution, and stirred for a
further 10 min. The mixture was extracted with CH,Cl, three times, dried over
Na,SOy, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =10 : 1 — 3 : 1) to obtain 14c
(88.6 mg, 65% 4 steps) as a colorless oil.

l4c: [o] p27 +67.9 (¢ 1.89, CHCIs); IR (neat) 3368, 1603, 1505, 1469, 1377,
1318, 1248, 1216, 1151, 755, 692 cm''; 'H NMR (400 MHz, CDCls) § 0.56 (s,
3H), 0.95 (d, J = 6.4 Hz, 3H), 1.03-1.10 (m, 1H), 1.18-1.72 (m, 22H), 1.84-2.06
(m, 3H), 2.65-2.69 (m, 1H), 3.71-3.81 (m, 2H), 5.01 (t, J = 6.6 Hz, 1H) , 6.62-
6.64 (m, 2H) , 6.69-6.72 (m, 1H), 7.15-7.20 (m, 2H); '3C NMR (100 MHz,
CDCls) & 11.8, 18.8, 20.8, 22.2, 23.4, 27.6, 28.8, 29.2, 29.3, 36.1, 36.4, 40.3,
41.3, 45.2, 55.6, 56.5, 71.1, 113.0, 117.1, 117.3, 129.1, 143.0, 148.4; HRMS
(EST") caled for C26Hs2ON [M+H]* 384.3261, found 384.3258.

(6R)-2-Methyl-6-[(1R,3aS,7aR,E)-7a-methyl-4-(prop-2-yn-1-ylidene)
octahydro-1H-inden-1-yl]heptan-2-ol (16)

To the solution of 4 (522.4 mg, 1.24 mmol) in CH,Cl, (10 mL) were added 4-
methylmorpholine N-oxide (290.5 mg, 2.48 mmol) and 4A molecular sieves (100
mg), cooled to 0°C. To the mixture was added TPAP (130.3 mg, 0.37 mmol) and

stirred at 0°C for 1 h. The reaction was diluted with excess amount of Et,O. The
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mixture was filtered with celite and concentrated. The residue was purified by
flash column chromatography on silica gel (hexane : EtOAc = 10 : 1) to obtain
the crude aldehyde 13 (439.2 mg), and this was used for the next reaction
without further purification. To the solution of the trimethylsilyl diazomethane
(71 uL, 2.0 M in diethylether, 0.143 mmol) in THF (2 mL) was added n-BuLi
(82 pL, 1.65 M in hexane, 0.135 mmol) at -78°C and stirred at the same
temperature for 15 min. To the mixture was added the crude CD aldehyde above
(30 mg) in THF (2 mL) and stirred at the same temperature for 30 min. After
the reaction was quenched with H,O and saturated aqueous NH4ClI at -78°C, the
mixture was extracted with EtOAc twice, dried over Na,SO4, filtered, and
concentrated. The residue was purified by flash column chromatography on
silica gel (hexane : EtOAc =50 : 1) to obtain the crude CD-alkyne 15 (22.2 mg).
p-Toluenesulfonic acid monohydrate (27.0 mg, 0.142 mmol) was added to a
solution of the crude CD-alkyne 15 (30.0 mg) in MeOH (3 mL). The mixture
was stirred at room temperature under air for 10 min. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, washed with brine, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc = 4 : 1) to obtain 16 (19.7 mg, 58% 3

steps) as a colorless oil.

16: [a] p?” +147.1 (¢ 1.52, CHCls); IR (neat) 3381, 3310, 2360, 2341, 1627,
1470, 1378, 1214, 1149, 911, 735 cm’'; '"H NMR (600 MHz, CDCls) § 0.55 (s,
3H), 0.93 (d, J = 6.0 Hz, 3H), 1.02-1.08 (m, 1H), 1.18-1.63 (m, 17H), 1.67-1.72
(m, 1H), 1.75-1.80 (m, 1H), 1.84-1.93 (m, 1H), 2.00-2.04 (m, 1H), 2.96-2.99
(m, 2H), 5.05-5.06 (m, 1H); '3C NMR (150 MHz, CDCl;) & 11.9, 18.7, 20.8,
21.9, 23.3, 27.6, 29.2, 29.4, 31.4, 36.0, 36.3, 40.0, 44.4, 46.3, 55.7, 56.4, 71.1,
79.3,81.6,99.3, 157.9; HRMS (ESI*) caled for C21Hs, [M-OH]" 285.2577, found
285.2571.

(6R)-6-[(1R,3aS,7aR E)-4-(orto-Carboranylmethylidene)-7a-methyloctahydro-
1H-inden-1-yl]-2-methylheptan-2-o0l (17)

To a solution of N,N-dimethylaniline (93.2 mg, 97 pL, 0.769 mmol) and
alkynyl-CD-ring 15 (51.1 mg, 0.123 mmol) in toluene (5 mL) was added BioH14

(43.3 mg, 0.356 mmol) at room temperature, and the mixture was stirred at
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100°C for 15 min. The mixture was concentrated in vacuo, and the residue was
purified by flash column chromatography on silica gel (hexane only — hexane :
EtOAc = 20 : 1) and followed by purification by flash column chromatography
on silica gel (hexane : EtOAc = 100 : 1) to obtain the crude product (20.0 mg).
p-Toluenesulfonic acid monohydrate (14.1 mg, 0.074 mmol) was added to a
solution of the above crude product in MeOH (3 mL). The mixture was stirred
at room temperature for 10 min under air. After the reaction was quenched with
H,O and saturated aqueous NaHCOj; at room temperature, the mixture was
extracted with EtOAc three times, dried over Na,SOy, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (hexane :
EtOAc =5 :1) to obtain 17 (13.1 mg, 26%, 2 steps) as a colorless oil.

17: [a] p?” +117.4 (¢ 1.01, CHCls); IR (neat) 3463, 2602, 2565, 1467, 1440,
1376, 1208, 1128, 1072, 1020, 931, 721 ecm™'; 'H NMR (600 MHz, CDCl3) § 0.50
(s, 3H), 0.55-0.62 (m, 1H), 0.92-2.82 (m, 38H), 3.20 (d, J = 13.2 Hz, 3H), 3.64
(brs, 1H), 5.09 (s, 1H); '>*C NMR (150 MHz, CDCl;) & 11.7, 18.8, 20.7, 22.1,
23.4,27.3,29.0, 29.4, 35.9, 36.3, 40.0, 44.3, 46.8, 56.3, 56.6, 62.8, 71.0, 74.0,
114.9, 150.3; HRMS (ESI") caled for C» H4;OBjo [M-H]- 421.4282, found
421.4321.

2-[(1R,3aS,7aR,E)-7a-Methyl-1-{(2R)-6-methyl-6-[(triethylsilyl)oxy]
heptan-2-yl}octahydro-4H-inden-4-ylidene]acetic acid (18)

PDC (127.9 mg, 0.34 mmol) was added to the solution of 4 (103.9 mg, 0.246
mmol) in CH,Cl,; (4 mL) at room temperature, and the mixture was stirred at the
same temperature under air for 3 h. The solution was diluted with Et,0,
filtereted with celite, and concentrated to obtain the crude aldehyde 13.

To the mixture of the above crude aldehyde 13, NaH,PO4 (74.3 mg, 0.476
mmol), 30% H20, (72 uL) in H>O (1 mL) and ¢-BuOH (3 mL) was added NaClO,
(24.6 mg, 0.272 mmol) at 0°C under air and stirred at the same temperature for
5 min and at room temperature for 4 h. After the reaction was quenched with
H,0O, the mixture was extracted with EtOAc three times, dried over Na;SOgy,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc = 2 : 1) to obtain 18 (82.5 mg,

80%, 2 steps) as a colorless oil.
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18: [a] p?7 +93.9 (¢ 1.54, CHCls); IR (neat) 3048, 1686, 1638, 1459, 1416, 1268,
1212, 1045, 735 ecm™'; '"H NMR (400 MHz, CDCls) & 0.58 (s, 3H), 0.56 (q, J =
7.8 Hz, 1H), 0.92-0.99 (m, 13H), 1.19-1.77 (m, 19H), 1.84-1.96 (m, 1H), 2.01-
2.04 (m, 1H), 2.10-2.15 (m, 1H), 3.82-3.88 (m, 1H), 5.49 (s, 1H); '*C NMR (100
MHz, CDCl3) 6 6.8, 7.1, 12.0, 18.7, 20.8, 22.1, 24.0, 27.4, 29.8, 29.9, 30.0,
35.9,36.3,40.1,45.5,47.4, 56.8, 57.1,73.4, 111.3, 166.6, 172.0; HRMS (ESI")
calcd for CasH4603SiNa [M+Na]* 481.3108, found 481.3065.

2-{(1R,3aS,7aR,E)-1-[(2R)-6-Hydroxy-6-methylheptan-2-yl]-7a-
methyloctahydro-4H-inden-4-ylidene}-1-(piperidin-1-yl)ethan-1-one (19a)

To a solution of piperidine (24.1 mg, 28 uL, 0.283 mmol) and 18 (82.5 mg,
0.189 mmol) in DMF (3 mL) were added diisopropylethylamine (61.0 mg, 82
pL, 0.472 mmol) and BOP reagent (166.8 mg, 0.377 mmol) at 0°C, and the
mixture was stirred at room temperature for 15 min. After the reaction was
quenched with H,O and saturated aqueous NH4Cl at room temperature, the
mixture was extracted with EtOAc three times, dried over Na,SOy, filtered, and
concentrated to obtain the crude amide.

p-Toluenesulfonic acid monohydrate (179.4 mg, 0.943 mmol) was added to a
solution of the above crude amide in MeOH (5 mL). The mixture was stirred at
room temperature for 10 min under air. After the reaction was quenched with
H,O and saturated aqueous NaHCOj; at room temperature, the mixture was
extracted with EtOAc three times, dried over Na,SOy, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (hexane :
EtOAc=2:1-1:1) to obtain 19a (57.3 mg, 73%, 2 steps) as a colorless oil.

19a: [a] p27 +84.8 (¢ 0.96, CHCls); IR (neat) 3374, 1610, 1444, 1255, 753 cm"
. 'H NMR (400 MHz, CDCl;) & 0.59 (s, 3H), 0.93 (d, J = 6.4 Hz, 3H), 1.01-
1.11 (m, 1H), 1.20-2.03 (m, 30H), 2.72-2.77 (m, 1H), 3.46-3.51 (m, 3H), 3.61
(brs, 1H), 5.51 (s, 1H); '*C NMR (100 MHz, CDCls) & 12.1, 18.7, 20.7, 22.1,
23.3,24.6, 25.8, 26.4, 27.5, 29.2, 29.3, 30.5, 36.0, 36.3, 40.0, 42.2, 44.3, 46.1,
47.5, 55.6, 56.4, 71.0, 114.8, 149.8, 167.7; HRMS (ESI*) calcd for C,sH4sNO,
[M+H]" 390.3367, found 390.3391.

2-{(1R,3aS,7aR,E)-1-[(2R)-6-Hydroxy-6-methylheptan-2-yl]-7a-
methyloctahydro-4H-inden-4-ylidene}-1-morpholinoethan-1-one (19b)
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To a solution of morpholine (32.0 mg, 32 pL, 0.367 mmol) and 18 (80.2 mg,
0.184 mmol) in DMF (3 mL) were added diisopropylethylamine (80 pL, 0.46
mmol) and BOP reagent (162.4 mg, 0.367 mmol) at 0°C, and the mixture was
stirred at room temperature for 21 h. After the reaction was quenched with H,O
and saturated aqueous NH4Cl at room temperature, the mixture was extracted
with EtOAc three times, washed with brine, dried over Na,SO4, filtered, and
concentrated to obtain the crude amide.

p-Toluenesulfonic acid monohydrate (175.0 mg, 0.92 mmol) was added to a
solution of the above crude amide in MeOH (10 mL). The mixture was stirred
at room temperature for 20 min under air. After the reaction was quenched with
H>O and saturated aqueous NaHCOj; at room temperature, the mixture was
extracted with EtOAc three times, dried over Na,SOy, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (hexane :
EtOAc =1 :1) to obtain 19b (65.4 mg, 91%, 2 steps) as a colorless oil.

19b: [a] p2” +91.8 (¢ 1.14, CHCl;); IR (neat) 3426, 1615, 1463, 1231, 1117, 851,
753 cm’'; '"H NMR (600 MHz, CDCl3) & 0.59 (s, 3H), 0.94 (d, J = 6.0 Hz, 3H),
1.03-1.11 (m, 1H), 1.21-1.62 (m, 19H), 1.69-1.71 (m, 1H), 1.76-1.81 (m, 1H),
1.88-1.92 (m, 1H), 2.01-2.06 (m, 2H), 2.83-2.85 (m, 1H), 3.52 (brs, 1H), 3.65-
3.69 (m, 6H), 5.51 (s, 1H); '*C NMR (150 MHz, CDCl5) § 12.1, 18.7, 20.7, 22.1,
23.4,27.4,29.2,29.4, 30.6, 36.0, 36.3, 39.9, 41.7, 44.3, 46.3, 46.9, 55.8, 56.4,
66.9, 71.0, 113.6, 152.3, 167.9; HRMS (ESI") caled for C,4H4NOsNa [M+Na]*
414.2979, found 414.2998.

2-(2-{(1R,3aS8,7aR,E)-1-[(2R)-6-Hydroxy-6-methylheptan-2-yl]-7a-
methyloctahydro-4H-inden-4-ylidene}ethyl)isoindoline-1,3-dione (20)

To a solution of phthalimide (69.6 mg, 0.473 mmol), Ph3P (29.9 mg, 0.473
mmol), and 4 (100.0 mg, 0.237 mmol) in THF (5 mL) was added diisopropyl
azodicarboxylate (249 uL, 1.9 M in toluene, 0.473 mmol) at 0°C, and the
mixture was stirred at the room temperature for 10 min. After the reaction was
quenched with H,O, the mixture was extracted with EtOAc three times, washed
with brine, dried over Na,SO4, filtered, and concentrated. The residue was
roughly purified by flash column chromatography on silica gel (hexane : EtOAc
=6 :1) to obtain the crude phthalimide product.

p-Toluenesulfonic acid monohydrate (113.1 mg, 0.595 mmol) was added to a
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solution of the above crude phthalimide in MeOH (10 mL). The mixture was
stirred at room temperature for 30 min under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, dried over Na,SOy, filtered, and
concentrated. The residue was purified by flash column chromatography on

silica gel (EtOAc only) to obtain 20 (57.8 mg, 56% 2 steps) as a colorless oil.

20: [o] p?” +44.7 (c 0.98, CHCls); IR (neat) 3394, 1715, 1394, 1088, 941, 724
cm™'; '"H NMR (600 MHz, CDCl3) & 0.49 (s, 3H), 0.92 (d, J = 6.6 Hz, 3H), 0.99-
1.05 (m, 1H), 1.17-1.64 (m, 19H), 1.66-1.71 (m, 2H), 1.80-1.86 (m, 1H), 1.92
(t, J = 9.6 Hz, 1H), 1.92 (dt, J = 3.0, 11.4 Hz, 1H), 2.91-2.95 (m, 1H), 4.27-
4.37 (m, 2H), 5.20 (t, J = 7.2 Hz, 1H), 7.67-7.70 (m, H), 7.81-7.84 (m, 2H); '*C
NMR (100 MHz, CDCI3) 6 11.8, 18.8, 20.8, 22.1, 23.4, 27.6, 28.8, 29.2, 29.3,
35.1, 36.0, 36.3, 40.3, 44.4, 45.4, 55.6, 56.4, 71.1, 113.7, 123.1, 132.3, 133.7,
144.5, 168.1; HRMS (ESI") calcd for C,sH39NO3;Na [M+Na]* 460.2822, found
460.2850.

(6R)-6-{(1R,3aS,7aR,E)-4-[2-(Benzo[d]thiazol-2-ylthio)ethylidene]-7a-
methyloctahydro-1H-inden-1-yl}-2-methylheptan-2-o0l (21)

To a solution of 2-mercaptobenzothiazole (29.7 mg, 0.178 mmol), Ph;P (29.9
mg, 0.114 mmol), and 4 (30.7 mg, 0.073 mmol) in CH,Cl, (10 mL) was added
diisopropyl azodicarboxylate (60 uL, 1.9 M in toluene, 0.114 mmol) at 0°C, and
the mixture was stirred at the same temperature for 2 h. After the reaction was
quenched with H,O at 0°C, the mixture was extracted with CH,Cl, three times,
dried over Na,SOy, filtered, and concentrated. The residue was roughly purified
by flash column chromatography on silica gel (hexane : EtOAc = 10 : 1) to
obtain the crude sulfide.

Tetrabutylammonium fluoride (111 pL, 1 M in THF, 0.111 mmol) was added
to a solution of the above crude sulfide in THF (5 mL). The mixture was stirred
at room temperature for 21 h. After the reaction was quenched with H,O and
saturated aqueous NH4Cl at room temperature, the mixture was extracted with
EtOAc three times, washed with brine, dried over Na»SO4, filtered, and
concentrated. The residue was purified on a preparative silica gel TLC plate

(hexane : EtOAc =5 :1) to obtain 21 (16.1 mg, 50%, 2 steps) as a colorless oil.

56



21: [a] p27 +77.3 (c 1.24, CHCIl;); IR (neat) 3390, 1457, 1427, 1377, 1238, 996,
756 cm’'; '"H NMR (400 MHz, CDCls) & 0.49 (s, 3H), 0.93 (d, J = 6.4 Hz, 3H),
1.00-1.08 (m, 1H), 1.21-1.73 (m, 21H), 1.81-2.00 (m, 3H), 1.81-2.00 (m, 3H),
2.74-2.78 (m, 1H), 4.02 (dd, J = 7.1, 12.4 Hz, 1H), 4.13 (dd, J = 7.8, 12.8 Hz,
1H), 5.20 (t, J = 8.0 Hz, 1H), 7.28 (td, J = 1.4, 8.2 Hz, 1H), 7.41 (td, J = 1.4,
7.8 Hz, 1H), 7.75 (dd, J = 1.4, 7.8 Hz, 1H), 7.86 (d, J = 7.8 Hz, 1H); 13C NMR
(100 MHz, CDCl;5) & 11.7, 18.8, 20.8, 22.1, 23.5, 27.6, 28.8, 29.2, 29.3, 31.3,
36.0, 36.3, 40.3, 44.4, 45.6, 55.7, 56.4, 71.1, 113.1, 120.9, 121.4, 124.1, 126.0,
135.2, 146.1, 153.3, 167.2; HRMS (ESI') calecd for C7H4NOS, [M+H]'
458.2546, found 458.2578.

3-Deoxy-25-hydroxy-19-norvitamin D3 (23)

LHMDS (332 uL, 1.0 M THF solution, 0.332 mmol) was added to the solution
of CD-ring sulfone (22) [35] (99.1 mg, 0.164 mmol) in THF (2 mL) at -78°C.
After stirring for 30 min, the solution of cyclohexanone (48.8 mg, 50 uL, 0.497
mmol) was added to the reaction mixture, and the mixture was stirred at -78°C
for 30 min. After the reaction was quenched with H,O at the same temperature,
the mixture was extracted with EtOAc three times, dried over Na,;SOy, filtered,
and concentrated. The residue was purified by flash column chromatography on
silica gel (hexane only) to obtain the crude coupling product (41.5 mg), and it
was used for the next reaction without further purification.
Tetrabutylammonium fluoride (497 uL, 1 M THF solution, 0.497 mmol) was
added to the solution of the above crude coupling product (41.5 mg) in THF (5
mL), and the mixture was stirred at room temperature for 24 h. After the reaction
was quenched with H>O and saturated aqueous NH4Cl at room temperature, the
mixture was extracted with EtOAc three times, dried over Na,SOy, filtered, and
concentrated. The residue was purified by flash column chromatography on
silica gel (hexane : EtOAc =5 : 1) to obtain 23 (30.9 mg, 50%, 2 steps) as a

colorless oil.

23: [a] p?7 +64.3 (c 2.06, CHCl;); IR (neat) 3368, 1445, 1376, 1215, 1148, 863,
759 cm'; '"H NMR (600 MHz, CDCl3) & 0.55 (s, 3H), 0.94 (d, J = 7.2 Hz, 3H),
1.03-1.08 (m, 1H), 1.20-1.67 (m, 23H), 1.86-1.92 (m, 1H), 1.97-2.01 (m, 2H),
2.13-2.24 (m, 3H), 2.33-2.35 (m, 1H), 2.78-2.82 (m, 1H), 5.84 (d, J = 12.0 Hz,
1H), 6.06 (d, J = 12.0 Hz, 1H); '3C NMR (150 MHz, CDCl3) § 12.1, 198.8, 20.8,
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22.3,23.4, 26.9, 27.6, 27.7, 28.6, 28.7, 28.9, 29.2, 29.3, 36.1, 36.4, 37.6, 40.6,
44.4, 45.6, 56.3, 56.5, 71.1, 115.7, 117.3, 140.4, 140.6; HRMS (ESI") calcd for
C26H430 [M-H] 371.3308, found 371.3310.

(6R)-6-{(1R,3aS,7aR,E)-4-[2-(2H-Tetrazol-2-yl)ethylidene]-7a-methyl
octahydro-1H-inden-1-yl}-2-methylheptan-2-o0l (24a)

(6R)-6-{(1R,3aS,7aR,E)-4-[2-(1H-Tetrazol-1-yl)ethylidene]-7a-
methyloctahydro-1H-inden-1-yl}-2-methylheptan-2-ol (24b)

To a solution of 1H-tetrazole (45.4 mg, 0.649 mmol), Ph;P (206.4 mg, 9.72
mmol), and 9 (100 mg, 0.324 mmol) in THF (5 mL) was added diisopropyl
azodicarboxylate (512 uL, 1.9 M in toluene, 9.72 mmol) at 0°C, and the mixture
was stirred at room temperature for 1 h. After the reaction was quenched with
H,O at 0°C, the mixture was extracted with EtOAc three times, washed with
brine, dried over Na,SO, filtered, and concentrated. The residue was purified
by flash column chromatography on silica gel (hexane : EtOAc =2 : 1 — EtOAc
only) to obtain the less polar product 24a (43.2 mg, 37%) and the more polar
product 24b (38.8 mg, 33%) each as a colorless oil.

24a: [a] p27 +53.6 (¢ 1.31, CHCl;); IR (neat) 3427, 1468, 1454, 1376, 1282,
1027, 911, 736 cm™!; '"H NMR (600 MHz, CDCl3) § 0.50 (s, 3H), 0.92 (d, J = 6.6
Hz, 3H), 1.01-1.06 (m, 1H), 1.20-2.02 (m, 24H), 2.77-2.80 (m, 1H), 5.23-5.32
(m, 3H), 8.47 (s, 1H); '3C NMR (150 MHz, CDCls) § 11.8, 18.8, 20.8, 22.0, 23.3,
27.5,28.0,29.2, 29.4, 36.0, 36.3, 40.1, 44.3, 45.8, 50.1, 55.6, 56.4, 71.0, 111.4,
148.1, 152.8; HRMS (ESI®) calcd for C»H3;sN4ONa [M+Na]* 383.2781, found
383.2793.

24b: [a] p2” +64.5 (¢ 0.62, CHCls); IR (neat) 3400, 1468, 1445, 1376, 1162,
1101, 912, 734, 661 cm™!'; 'H NMR (400 MHz, CDCl3) & 0.55 (s, 3H), 0.94 (d, J
= 6.4 Hz, 3H), 1.01-1.09 (m, 1H), 1.20-1.61 (m, 18H), 1.72-1.82 (m, 2H), 1.86-
1.94 (m, 1H), 2.01-2.08 (m, 3H), 2.65-2.70 (m, 1H), 5.03-5.12 (m, 1H), 5.23 (t,
J=17.3 Hz, 1H), 8.53 (s, 1H); '3C NMR (100 MHz, CDCl;5) & 11.9, 18.8, 20.8,
22.1,23.3, 27.5, 28.9, 29.2, 29.4, 36.0, 36.3, 40.0, 44.3, 45.3, 45.8, 55.6, 56.4,
71.1, 110.9, 151.8, 149.4; HRMS (ESI") calcd for C, H3sN4ONa [M+Na]®
383.2781, found 383.2789.
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(6R)-2-Methyl-6-{(1R,3aS,7aR,E)-7a-methyl-4-[2-(5-phenyl-2 H-tetrazol-2-
yl)ethylidene]octahydro-1H-inden-1-yl}heptan-2-ol (25a)

(6R)-2-Methyl-6-{(1R,3aS,7aR,E)-7a-methyl-4-[2-(5-phenyl-1H-tetrazol-1-
yl)ethylidene]octahydro-1H-inden-1-yl}heptan-2-ol (25b)

To a solution of 5-phenyl-1H-tetrazole (311.3 mg, 2.13 mmol), Ph;P (372.5
mg, 1.42 mmol), and 4 (305.3 mg, 0.722 mmol) in THF (10 mL) was added
diisopropyl azodicarboxylate (1.12 mL, 1.9 M in toluene, 2.13 mmol) at 0°C,
and the mixture was stirred at the same temperature for 3 h. After the reaction
was quenched with H,O at 0°C, the mixture was extracted with EtOAc three
times, washed with brine, dried over Na;SO4, filtered, and concentrated. The
residue was roughly purified by flash column chromatography on silica gel
(hexane : EtOAc =3 : 1) to obtain the crude products (less polar and more polar
products).

p-Toluenesulfonic acid monohydrate (285.3 mg, 1.50 mmol) was added to a
solution of the above less polar crude product in MeOH (10 mL). The mixture
was stirred at room temperature for 40 min under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, dried over Na,SOy, filtered, and
concentrated. The residue was purified by flash column chromatography on
silica gel (hexane : EtOAc =1 : 1) to obtain 25a (187.8 mg, 60%) as a colorless

oil.

25a: [a] 27 +41.2 (¢ 1.33, CHCl;); IR (neat) 3419, 1467, 1450, 1378, 1216, 761,
694 cm™'; '"H NMR (400 MHz, CDCls) & 0.54 (s, 3H), 0.94 (d, J = 6.4 Hz, 3H),
1.00-1.10 (m, 1H), 1.19-2.05 (m, 24H), 2.83-2.86 (m, 1H), 5.29-5.36 (m, 3H),
7.43-7.52 (m, 3H), 8.12-8.15 (m, 2H); '*C NMR (100 MHz, CDCls) & 11.8, 18.8,
20.8, 22.0, 23.4, 27.6, 29.1, 29.2, 29.4, 36.0, 36.3, 40.2, 44.4, 45.9, 50.2, 55.7,
56.5,71.1, 111.6, 126.8, 127.6, 128.8, 130.1, 148.0, 165.0; HRMS (ESI*) calcd
for C27H40N4ONa [M+Na]* 459.3094, found 459.3079.

p-Toluenesulfonic acid monohydrate (190.2 mg, 1.0 mmol) was added to a
solution of the above more polar crude product in MeOH (10 mL). The mixture
was stirred at room temperature for 40 min under air. After the reaction was

quenched with H,O and saturated aqueous NaHCO; at room temperature, the
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mixture was extracted with EtOAc three times, dried over Na,SOy, filtered, and
concentrated. The residue was purified on a preparative silica gel TLC plate
(hexane : EtOAc =1 : 1) to obtain 25b (48.4 mg, 15%) as a colorless oil.

25b: [a] p?7 +67.2 (¢ 0.09, CHCl3); IR (neat) 3425, 1471, 1377, 1219, 758, 698
cm’!'; '"H NMR (400 MHz, CDCl3) & 0.46 (s, 3H), 0.92 (d, J = 6.4 Hz, 3H), 1.00-
1.07 (m, 1H), 1.21-1.72 (m, 21H), 1.82-2.01 (m, 3H), 2.51-2.56 (m, 1H), 5.07-
5.17 (m, 3H), 7.52-7.60 (m, 3H), 7.68-7.71 (m, 2H); '*C NMR (100 MHz, CDCl3)
511.8,18.8,20.8,22.1,23.1,27.5,28.9,29.2,29.4,36.0,36.3,40.0, 44.3, 45.6,
45.7, 55.52, 56.4, 71.1, 112.9, 124.2, 128.8, 129.1, 131.1, 146.5, 154.1; HRMS
(EST") calcd for C27H40N4ONa [M+Na]* 459.3094, found 459.3093.

({(6R)-6-[(1R,3aS,7aR,E)-4-(2-Azidoethylidene)-7a-methyloctahydro-1H-
inden-1-yl]-2-methylheptan-2-yl}oxy)triethylsilane (27)

To the solution of 4 (300.0 mg, 0.71 mmol) and pyridine (337.0 mg, 344 uL,
4.26 mmol) in CCls (30 mL) was added tri-n-butylphosphine (574.6 mg, 700 uL,
2.84 mmol) at 0 °C, over 5 min, and the mixture was stirred at the same
temperature for 15 min. After the reaction was diluted with hexane (50 mL), the
mixture was filtered, and concentrated. The obtained crude allyl chloride (26)
was used for the next reaction without further purification.

To the solution of the above crude allylchloride in DMF (15 mL) was added
NaN3 (138.5 mg, 2.13 mmol) at room temperature, and the mixture was stirred
at the same temperature for 20 min. After the reaction was quenched with H,O,
the mixture was extracted with EtOAc three times, washed with brine, dried
over Na;SOy, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (hexane : EtOAc =30 : 1) to obtain 27
(273.1 mg, 86%, 2 steps) as a colorless oil.

27: [a] 27 +36.6 (¢ 1.61, CHCls); IR (neat) 2095, 1380, 1235, 1045, 743 cm’!;
'H NMR (600 MHz, CDCl3) § 0.57 (q, J = 8.0 Hz, 1H), 0.59 (s, 1H), 0.93 (d, J
= 6.6 Hz, 1H), 0.95 (t, J = 8.4 Hz, 1H), 0.99-1.06 (m, 1H), 1.19-1.55 (m, 20H),
1.67-1.71 (m, 2H), 1.86-1.94 (m, 1H), 2.00-2.05 (m, 2H), 2.60-2.62 (m, 1H),
3.73 (dd, J = 6.6, 13.2 Hz, 1H), 3.89 (dd, J = 7.8, 13.8 Hz, 1H), 5.13 (t, J = 7.5
Hz, 1H); 3C NMR (150 MHz, CDCls) § 6.9, 7.2, 11.9, 18.9, 20.9, 22.2, 23.9,
27.6,28.9,29.9,30.1, 36.2, 36.5, 40.4, 45.2, 45.6, 47.5, 55.9, 56.7, 73.5, 112.7,
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147.2;

(6R)-2-Methyl-6-{(1R,3aS,7aR,E)-7a-methyl-4-[2-(4-phenyl-1H-1,2,3-triazol-
1-yl)ethylidene]octahydro-1H-inden-1-yl}heptan-2-ol (28a)

To a solution of phenylacetylene (56.9 mg, 24 uL, 0.557 mmol),
diisopropylethylamine (719.9 mg, 0.97 mL, 5.57 mmol), and 27 (50.3 mg, 0.112
mmol) in THF (4 mL) was added Cul (21.2 mg, 0.557 mmol) at room temperature,
and the mixture was stirred at the same temperature for 68 h. After the reaction
was quenched with H,O, the mixture was extracted with EtOAc three times,
washed with brine, dried over Na,SOu, filtered, and concentrated. The obtained
crude triazole product was used for the next reaction without further
purification.

p-Toluenesulfonic acid monohydrate (106.0 mg, 0.557 mmol) was added to a
solution of the above crude triazole in MeOH (5 mL). The mixture was stirred
at room temperature under air for 15 min. After the reaction was quenched with
H,O and saturated aqueous NaHCOj; at room temperature, the mixture was
extracted with EtOAc three times, washed with brine, dried over Na;SOu,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =2 : 1) to obtain 28a (12.1 mg,

25%, 2 steps) as a colorless oil.

28a: [a] p27 +50.5 (¢ 0.29, CHCl3); IR (neat) 3393, 1468, 1378, 1223, 766, 695
em'; "H NMR (600 MHz, CDCls) 8 0.58 (s, 3H), 0.95 (d, J = 6.0 Hz, 3H), 1.03-
1.11 (m, 1H), 1.21-1.61 (m, 20H), 1.74-1.81 (m, 2H), 1.87-1.94 (m, 1H), 2.01-
2.06 (m, 2H), 2.73-2.75 (m, 1H), 5.04-5.10 (m, 2H), 5.27 (t, J = 7.5 Hz, 1H),
7.31-7.33 (m, 1H), 7.42 (t, J = 7.8 Hz, 2H), 7.70 (s, 1H), 7.82 (d, J = 7.8 Hz,
1H); '3C NMR (150 MHz, CDCl5) § 11.9, 18.8, 20.8, 22.1, 23.4, 27.5, 28.9, 29.2,
29.4, 36.0, 36.3, 40.1, 44.4, 45.7, 47.2, 55.7, 56.5, 71.1, 112.8, 118.9, 125.7,
128.0, 128.8, 130.8, 147.3, 147.8; HRMS (ESI") calcd for CasH4 N3O [M+H]*
436.3322, found 436.3312.

(6R)-6-[(1R,3aS,7aR,E)-4-(2-{4-[(1,1'-Biphenyl)-4-yl]-1H-1,2,3-triazol-1-
yl}ethylidene)-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (28b)

To a solution of 4-ethynylbiphenyl (99.3 mg, 0.557 mmol),
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diisopropylethylamine (719.9 mg, 0.97 mL, 5.57 mmol), and 27 (50.3 mg, 0.112
mmol) in THF (8 mL) was added Cul (106.1 mg, 0.557 mmol) at room
temperature, and the mixture was stirred at the same temperature for 112 h.
After the reaction was quenched with H,O, the mixture was extracted with
EtOAc three times, washed with brine, dried over Na,SQO4, filtered, and
concentrated. The obtained crude triazole product was used for the next reaction
without further purification.

p-Toluenesulfonic acid monohydrate (106.0 mg, 0.557 mmol) was added to a
solution of the above crude triazole in MeOH (10 mL). The mixture was stirred
at room temperature under air for 20 min. After the reaction was quenched with
H>O and saturated aqueous NaHCOj; at room temperature, the mixture was
extracted with EtOAc three times, washed with brine, dried over Na;SOu,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =2 : 1) to obtain 28b (12.5 mg,

22%, 2 steps) as a colorless oil.

28b: [a] p27 +41.8 (¢ 0.96, CHCls); IR (neat) 3350, 1443, 1376, 1215, 1148, 840,
767, 699 ¢cm'; '"H NMR (600 MHz, CDCls) & 0.59 (s, 3H), 0.95 (d, J = 6.6 Hz,
3H), 1.04-1.11 (m, 1H), 1.22-1.61 (m, 20H), 1.75-1.83 (m, 2H), 1.88-1.95 (m,
1H), 2.03-2.07 (m, 2H), 2.74-2.77 (m, 1H), 5.06-5.13 (m, 2H), 5.29 (t, J = 7.2
Hz, 1H), 7.34-7.37 (m, 1H), 7.45 (t, J = 7.8 Hz, 2H), 7.63 (d, J = 7.2 Hz, 2H),
7.67 (d, J = 9.0 Hz, 2H), 7.75 (s, 1H), 7.91 (d, J = 8.4 Hz, 1H); '3C NMR (150
MHz, CDCl5) & 11.9, 18.8, 20.8, 22.1, 23.4, 27.5, 28.9, 29.2, 29.4, 36.0, 36.3,
40.1, 44.3,45.7,47.3, 55.7,56.5, 71.1, 112.8, 118.9, 126.0, 127.0, 127.4, 127.5,
128.8, 129.8, 140.6, 140.8, 147.4, 147.4; HRMS (ESI*) calcd for C34H4sN;ONa
[M+Na]* 543.3455, found 534.3494.

(6R)-6-{(1R,3aS,7aR,E)-4-[2-(4-Butyl-1H-1,2,3-triazol-1-yl)ethylidene]-7a-
methyloctahydro-1H-inden-1-yl}-2-methylheptan-2-0l (28¢)

To a solution of I-hexyne (9.9 mg, 13.8 pupL, 0.12 mmol),
diisopropylethylamine (719.9 mg, 0.97 mL, 5.57 mmol), and 27 (53.8 mg, 0.112
mmol) in THF (4 mL) was added Cul (106.1 mg, 0.557 mmol) at room
temperature, and the mixture was stirred at the same temperature for 112 h.
After the reaction was quenched with H,O, the mixture was extracted with

EtOAc three times, washed with brine, dried over Na;SQO4, filtered, and
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concentrated. The obtained crude triazole product was used for the next reaction
without further purification.

p-Toluenesulfonic acid monohydrate (106.0 mg, 0.557 mmol) was added to a
solution of the above crude triazole in MeOH (5 mL). The mixture was stirred
at room temperature under air for 20 min. After the reaction was quenched with
H>O and saturated aqueous NaHCOj; at room temperature, the mixture was
extracted with EtOAc three times, washed with brine, dried over Na;SOu,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =2 : 1 — 1 : 1) to obtain 28c¢
(15.6 mg, 31%, 2 steps) as a colorless oil.

28¢: [a] p27 +57.5 (¢ 1.20, CHCl3); IR (neat) 3400, 1467, 1377, 1215, 1047, 732
cm!'; 'H NMR (600 MHz, CDCl3) & 0.54 (s, 3H), 0.91-0.94 (m, 6H), 1.02-1.08
(m, 1H), 1.19-1.57 (m, 21H), 1.61-1.66 (m, 2H), 1.71-1.77 (m, 2H), 1.85-1.92
(m, 1H), 1.98-2.04 (m, 2H), 2.67-2.71 (m, 3H), 4.94-5.01 (m, 2H), 5.20 (t, J =
7.2 Hz, 1H), 7.20 (s, 1H); '*C NMR (150 MHz, CDCl;) § 11.9, 13.8, 18.8, 20.8,
22.1,22.3,23.4,25.4,27.5, 28.8, 29.2, 29.4, 31.6, 36.0, 36.3, 40.1, 44.3, 45.6,
47.0, 55.6, 56.4, 71.0, 113.1, 119.8, 146.7, 148.4; HRMS (ESI*) calcd for
C26H4sN3ONa [M+Na]* 438.3455, found 438.3473.

(6R)-6-[(1R,3aS,7aR E)-4-{2-[4-(4-Hydroxybutyl)-1H-1,2,3-triazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (28d)

To a solution of 5-hexyn-l1-ol (108.9 mg, 120 pL, 1.11 mmol),
diisopropylethylamine (1.44 g, 1.94 mL, 11.14 mmol), and 27 (60 mg, 0.124
mmol) in THF (8 mL) was added Cul (212.2 mg, 1.11 mmol) at room temperature,
and the mixture was stirred at the same temperature for 118 h. After the reaction
was quenched with H,O, the mixture was extracted with EtOAc three times,
dried over Na;SQg4, filtered, and concentrated. The obtained crude triazole
product was used for the next reaction without further purification.

p-Toluenesulfonic acid monohydrate (216.0 mg, 1.11 mmol) was added to a
solution of the above crude triazole in MeOH (20 mL). The mixture was stirred
at room temperature under air for 25 min. After the reaction was quenched with
H,O and saturated aqueous NaHCOj; at room temperature, the mixture was
extracted with EtOAc three times, dried over Na,SOy, filtered, and concentrated.

The residue was purified by flash column chromatography on silica gel (EtOAc
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only) to obtain 28d (19.2 mg, 20%, 2 steps) as a colorless oil.

28d: [a] p27 +40.0 (¢ 1.48, CHCls); IR (neat) 3363, 1468, 1378, 1216, 1052, 755
cem'; "H NMR (600 MHz, CDCls) 8 0.54 (s, 3H), 0.94 (d, J = 6.0 Hz, 3H), 1.02-
1.08 (m, 1H), 1.21-1.92 (m, 26H), 1.98-2.04 (m, 2H), 2.66-2.70 (m, 1H), 2.74
(t, J = 7.5 Hz, 2H), 3.67 (t, J = 6.3 Hz, 2H), 4.94-5.01 (m, 2H), 5.20 (t, J = 7.2
Hz, 1H), 7.23 (s, 1H); '3C NMR (150 MHz, CDCl3) 5 11.9, 18.8, 20.8, 22.1, 23.4,
25.3,25.6, 27.5, 28.8, 29.2, 29.4, 32.1, 36.0, 36.3, 40.1, 44.3, 45.6, 47.0, 55.6,
56.4, 62.4, 71.0, 113.0, 119.9, 146.8, 148.0; HRMS (ESI") caled for
C26H4sN30,Na [M+Na]* 454.3394, found 438.3404.

(6R)-2-Methyl-6-[(1R,3aS,7aR,E)-7a-methyl-4-{2-[4-(pyridin-2-yl)-1H-1,2,3-
triazol-1-yl]ethylidene}octahydro-1H-inden-1-yl]heptan-2-ol (28e)

To a mixture of 2-ethynylpyridine (38.6 mg, 38 uL, 0.374 mmol), sodium L-
ascorbate (38.3 mg, 0.193 mmol), 2,6-lutidine (39.0 mg, 43 uL, 0.364 mmol),
and 27 (83.8 mg, 0.187 mmol) in £-BuOH (3 mL) and H,O (3 mL) was added
CuS04-5H,0 (5.2 mg, 0.021 mmol) at room temperature, and the mixture was
stirred at the same temperature for 24 h. After the reaction was quenched with
H,0O, the mixture was extracted with EtOAc three times, washed with brine,
dried over Na,SOy4, filtered, and concentrated. The obtained crude triazole
product was used for the next reaction without further purification.

p-Toluenesulfonic acid monohydrate (182.8 mg, 0.961 mmol) was added to a
solution of the above crude triazole in MeOH (10 mL). The mixture was stirred
at room temperature under air for 20 min. After the reaction was quenched with
H,O and saturated aqueous NaHCO; at room temperature, the mixture was
extracted with EtOAc three times, dried over Na>SOy, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (hexane :
EtOAc =1 :1) to obtain 28e (60.3 mg, 74%, 2 steps) as a colorless oil.

28e: [a] p27 +55.2 (¢ 1.08, CHCl:); IR (neat) 3410, 1600, 1471, 1420, 1337,
1200, 1044, 782, 793 cm"'; 'H NMR (600 MHz, CDCl3) & 0.55 (s, 3H), 0.93 (d,
J = 6.0 Hz, 3H), 1.02-1.10 (m, 1H), 1.20-1.60 (m, 19H), 1.71-1.80 (m, 2H),
1.85-1.92 (m, 1H), 1.99-2.46 (m, 2H), 2.71-2.74 (m, 1H), 5.04-5.10 (m, 2H),
5.26 (t, J = 7.5 Hz, 1H), 7.20-7.22 (m, 1H), 7.77 (td, J = 1.8, 7.8 Hz, 1H), 8.11
(s, 1H), 8.17 (d, J = 8.4 Hz, 1H), 8.56 (d, J = 4.2 Hz, 1H); '3C NMR (150 MHz,
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CDCl;3) 6 11.9, 18.8, 20.8, 22.1, 23.3, 27.5, 28.8, 29.2, 29.4, 36.0, 36.3, 40.1,
44.3, 45.6, 47.3, 55.6, 56.4, 71.0, 112.6, 120.2, 121.3, 122.7, 137.0, 147.5,
148.2, 149.2, 150.4; HRMS (ESI") calcd for C27H40N4ONa [M+Na]" 459.3094,
found 459.3103.

(6R)-2-Methyl-6-[(1R,3aS,7aR,E)-7a-methyl-4-{2-[4-(thiophen-2-yl)-1H-1,2,3-
triazol-1-yl]ethylidene}octahydro-1H-inden-1-yl]heptan-2-ol (28f)

To a mixture of 2-ethynylthiophene (39.4 mg, 36 pL, 0.364 mmol), sodium L-
ascorbate (37.8 mg, 0.191 mmol), 2,6-lutidine (39.0 mg, 42 pL, 0.364 mmol),
and 27 (81.6 mg, 0.182 mmol) in £-BuOH (3 mL) and H,O (3 mL) was added
CuS04-5H,0 (4.2 mg, 0.017 mmol) at room temperature, and the mixture was
stirred at the same temperature for 22 h. After the reaction was quenched with
H,O, the mixture was extracted with EtOAc three times, washed with brine,
dried over Na;SQg4, filtered, and concentrated. The obtained crude triazole
product was used for the next reaction without further purification.

p-Toluenesulfonic acid monohydrate (179.2 mg, 0.942 mmol) was added to a
solution of the above crude triazole in MeOH (10 mL). The mixture was stirred
at room temperature under air for 20 min. After the reaction was quenched with
H,O and saturated aqueous NaHCOj; at room temperature, the mixture was
extracted with EtOAc three times, washed with brine, dried over Na;SOu,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =2 : 1) to obtain 28f (53.5 mg,

67%, 2 steps) as a colorless oil.

28f: [a] p?” +47.2 (¢ 1.35, EtOH); IR (neat) 3418, 1665, 1468, 1420, 1376, 1044,
761 cm™'; '"H NMR (600 MHz, CDCl3) 8 0.57 (s, 3H), 0.95 (d, J = 6.4 Hz, 3H),
1.20-1.10 (m, 1H), 1.22-2.06 (m, 24H), 2.70-2.74 (m, 1H), 5.04-5.10 (m, 2H),
5.25 (t, J = 7.6 Hz, 1H), 7.07 (dd, J = 3.7, 4.9 Hz, 1H), 7.29 (dd, J = 1.4, 5.0
Hz, 1H), 7.37 (dd, J = 1.4, 3.7 Hz, 1H), 7.61 (s, 1H); *C NMR (150 MHz,
CDCls) 6 11.9, 18.8, 20.8, 22.1, 23.4, 27.5, 28.9, 29.2, 29.4, 36.0, 36.3, 40.1,
44.3, 45.7, 47.3, 55.7, 56.5, 71.1, 112,7, 118.4, 124.0, 124.9, 127.6, 133.2,
142.8, 147.5; HRMS (ESI") calcd for C,6H39N3OSNa [M+Na]" 464.2706, found
464.2731.
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2-{4-[1-(2-{(1R,3aS,7aR,E)-1-[(2R)-6-Hydroxy-6-methylheptan-2-yl]-7a-
methyloctahydro-4H-inden-4-ylidene}ethyl)-1H-1,2,3-triazol-4-yl]
butyl}isoindoline-1,3-dione (28g)

To a solution of phthalimide (11.7 mg, 0.073 mmol), Ph;P (26.0 mg, 0.10
mmol), and 28d (17.1 mg, 0.0396 mmol) in THF (3 mL) was added diisopropyl
azodicarboxylate (52 pL, 1.9 M in toluene, 0.10 mmol) at 0°C, and the mixture
was stirred at room temperature for 30 min. After the reaction was quenched
with H,O and saturated aqueous NH4Cl, the mixture was extracted with EtOAc
three times, washed with brine, dried over Na,SOy, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (hexane :
EtOAc =1 :1) to obtain 28g (12.0 mg, 54%) as a colorless oil.

28g: [a] p?” +32.8 (¢ 0.92, CHCI;); IR (neat) 3404, 1714, 1468, 1398, 1216,
1037, 722 cm™'; '"H NMR (600 MHz, CDCl3) 8 0.53 (s, 3H), 0.93 (d, J = 6.6 Hz,
3H), 1.03-1.08 (m, 1H), 1.21-1.57 (m, 19H), 1.71-1.76 (m, 6H), 1.85-1.91 (m,
1H), 1.98-2.04 (m, 2H), 2.68-2.70 (m, 1H), 2.76 (t, J = 6.9 Hz, 2H), 3.71 (t, J
= 6.6 Hz, 2H), 4.93-5.01 (m, 2H), 5.20 (t, J = 7.2 Hz, 1H), 7.25 (s, 1H), 7.69-
7.72 (m, 2H), 7.81-7.84 (m, 2H); '*C NMR (150 MHz, CDCl;) § 11.9, 18.8, 20.8,
22.1, 23.4, 25.1, 26.7, 27.5, 28.1, 28.8, 29.2, 29.4, 36.0, 36.3, 37.6, 40.1, 44.4,
45.6, 47.1, 55.6, 56.4, 71.1, 113.0, 120.1, 123.2, 132.1, 133.9, 146.9, 147.5,
168.4; HRMS (ESI") calcd for C3sHssNsO3Na [M+Na]" 583.3619, found
583.3622.

(6R)-6-{(1R,3aS,7aR,E)-4-[2-(Decylthio)ethylidene]-7a-methylocta
hydro-1H-inden-1-yl}-2-methylheptan-2-ol (29)

To the solution of 9 (96.5 mg, 0.312 mmol) and pyridine (153.5 mg, 157 uL,
1.94 mmol) in CCls (15 mL) and CH;Cl, (15 mL) was added tri-n-
butylphosphine (263.0 mg, 320 pL, 1.30 mmol) at 0°C, and the mixture was
stirred at the same temperature for 15 min. After the reaction was diluted with
hexane, the mixture was filtered, and concentrated. The residue was roughly
purified by flash column chromatography on silica gel (hexane : EtOAc =5 :1)
to obtain a crude chloride 26a. The crude allylchloride 26a was used for the
next reaction without further purification. To the solution of the above crude
allyl chloride 26a, K,CO3 (61.6 mg, 0.446 mmol), and KI (37.0 mg, 0.223 mmol)
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in DMF (4 mL) and CH,Cl, (15 mL) was added decanethiol (388.8 mg, 423 uL,
2.23 mmol) at room temperature under air, and the mixture was stirred at the
same temperature for 190 min. After the reaction was quenched with H,O and
saturated aqueous NH4Cl, the mixture was extracted with EtOAc three times,
washed with brine, dried over Na>SOy4. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =5 : 1) to obtain 29 (80.8 mg,

78%, 2 steps) as a colorless oil.

29: [a] p27 +89.6 (¢ 2.19, CHCl3); IR (neat) 3370, 1467, 1377, 1217, 1148 cm-
. 'H NMR (600 MHz, CDCls) & 0.56 (s, 3H), 0.88 (t, J = 7.2 Hz, 3H), 0.94 (d,
J=17.2 Hz, 3H), 1.02-1.08 (m, 1H), 1.21-1.68 (m, 37H), 1.83-2.01 (m, 3H), 2.45
(t,J=7.8 Hz, 3H), 2.57-2.61 (m, 1H), 3.15 (dd, J= 7.8, 13.2 Hz, 1H), 3.24 (dd,
J=8.4,13.2 Hz, 1H), 5.02 (t, J = 8.4 Hz, 1H); *C NMR (150 MHz, CDCl;) &
11.8, 14.1, 18.8, 20.8, 22.2, 22.7, 23.5, 27.6, 28.5, 28.6, 29.0, 29.2, 29.3, 29.3,
29.5,29.5,29.7,31.0,31.9, 36.1, 36.4, 40.4, 44.4,45.1, 55.7,56.5,71.1, 116.4,
142.3; HRMS (ESI") calcd for C30Hs¢O3SNa [M+Na]" 487.3944, found 487.3965.

2-(1R,3aS8,7aR,E)-2-(1-{(2R)-5,5-Difluoro-6-methyl-6-[(triethylsilyl)oxy]
heptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene)ethan-1-o0l (32)

To a suspension of NaH (315.1 mg, 60% in oil, 7.90 mmol) in THF (5 mL) was
added (EtO),P(O)CH,CO,Et (1.90 g, 1.7 mL, 8.46 mmol) at 0°C, and the mixture
was stirred at 0°C for 30 min. Ketone (31) [88] (331.1 mg, 0.769 mmol) was
dissolved in THF, and the solution was added to the mixture at the same
temperature. After being stirred at room temerature for 72 h, the reaction
mixture was quenched with H,O and saturated aqueous NH4Cl at room
temperature. The mixture was extracted with EtOAc three times, washed with
brine, dried over Na,SO, filtered, and concentrated. The residue was purified
by flash column chromatography on silica gel (hexane : EtOAc = 10 : 1) to
obtain crude ethyl ester (343.7 mg) as a colorless oil.

To the solution of the above ethyl ester (343.7 mg) in THF (10 mL) was added
DIBAL-H (4.1 mL, 1.0 M toluene solution, 4.1 mmol) at -78°C, and the mixture
was stirred at room temperature for 40 min. After the reaction was quenched
with H,O and saturated aqueous potassium sodium tartrate at room temperature,
the mixture was extracted with EtOAc three times, washed with brine, dried

over Na;SOy, filtered, and concentrated. The residue was purified by flash
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column chromatography on silica gel (hexane : EtOAc =7 : 1) to obtain alcohol

32 (278.8 mg, 79%, 2 steps) as a colorless oil.

32: [a] p?” +42.6 (¢ 0.68, CHCIs); IR (neat) 3330, 1458, 1384, 1198, 1162, 1054,
738 cm™'; 'TH NMR (600 MHz, CDCIl3) 8 0.56 (s, 3H), 0.60 (q, J = 7.8 Hz, 6H),
0.93-0.96 (m, 12H), 1.24-2.05 (m, 23H), 2.61-2.64 (m, 1H), 4.17-4.23 (m, 2H),
5.22 (t,J=6.9 Hz, 1H); '*C NMR (150 MHz, CDCl3) § 6.6, 6.9, 11.8, 18.6, 22.1,
23.5,24.3, 24.6, 26.8, 27.0 (t, J = 24.5 Hz), 27.4, 28.7, 35.7, 40.3, 45.3, 55.6,
56.3, 58.7, 75.6 (t, J = 28.7 Hz), 119.3, 125.3 (t, J = 247.1 Hz), 143.7; HRMS
(EST") calcd for C26H4s0,F,SiNa [M+Na]* 481.3284, found 481.3254.

({(6R)-6-[(1R,3aS,7aR,E)-4-(2-Azidoethylidene)-7a-methyloctahydro-1H-
inden-1-yl]-3,3-difluoro-2-methylheptan-2-yl}oxy)triethylsilane (33)

To the solution of the allyl alcohol 32 (133.0 mg, 0.29 mmol) and pyridine (70
uL, 0.87 mmol) in CCls (10 mL) was added tri-n-butylphosphine (362 pL, 1.45
mmol) at 0°C,over 10 min, and the mixture was stirred at the same temperature
for 10 min. After the reaction was diluted with hexane, the mixture was filtered,
and concentrated. To the residue was added hexane, the mixture was filtered,
and concentrated. The crude allyl chloride was used for the next reaction
without further purification.

To the solution of the crude allyl chloride in DMF (15 mL) was added NaN3
(57.2 mg, 0.88 mmol) at room temperature, and the mixture was stirred at the
same temperature for 20 min. After the reaction was quenched with H»O, the
mixture was extracted with EtOAc three times, washed with brine, dried over
Na»S0s, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =50 : 1) to obtain azide 33 (114.1

mg, 81%, 2 steps) as a colorless oil.

33: [a] p27 +35.3 (¢ 2.43, CHCls); IR (neat) 2104, 1464, 1380, 1240, 1197, 1161,
1057, 734 cm™'; 'H NMR (400 MHz, CDCl3) § 0.57-0.63 (m, 9H), 0.93 (m, 12H),
1.24-2.02 (m, 23H), 3.73 (dd, J = 7.3, 13.3 Hz, 1H), 3.90 (dd, J = 8.3, 13.3 Hz,
1H), 5.13 (t, J = 7.6 Hz, 1H); '3C NMR (100 MHz, CDCl;) § 6.6, 6.9, 11.8, 22.1,
23.8,24.3, 26.8, 27.0 (t, J = 24.8 Hz), 27.4, 28.8, 35.7, 40.2, 45.1, 47.4, 55.8,
56.3, 75.6 (t, J = 28.1 Hz), 112.7, 125.3 (t, J = 247.9 Hz), 147.1; HRMS (ESI")
caled for C26HasN3OF,Si [M+H]* 484.3529, found 484.3518.
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(6R)-3,3-Difluoro-2-methyl-6-{(1R,3aS,7aR,E)-7a-methyl-4-[2-(4-phenyl-1H-
1,2,3-triazol-1-yl)ethylidene]octahydro-1H-inden-1-yl}heptan-2-0l (34a)

To a mixture of phenylacetylene (20 pL, 0.186 mmol), 2,6-lutidine (29 pL,
0.248 mmol), sodium ascorbate (33.1 mg, 0.167 mmol) and 24,24-difluoro-CD-
ring 33 (60 mg, 0.124 mmol) in tBuOH (3 mL) and H,O (3 mL) was added
CuS04-5H,0 (3.2 mg, 0.013 mmol) at room temperature, and the mixture was
stirred at the same temperature for 22 h. After the reaction was quenched with
H,O, the mixture was extracted with EtOAc three times, washed with brine,
dried over Na,SOy, filtered, and concentrated. The crude triazole product was
used for the next reaction without further purification.

p-Toluenesulfonic acid monohydrate (190.2 mg, 1.0 mmol) was added to a
solution of the crude triazole product in MeOH (10 mL). The mixture was stirred
at room temperature for 1 h under air. After the reaction was quenched with H,O
and saturated aqueous NaHCO; at room temperature, the mixture was extracted
with EtOAc three times, dried over Na,SOg4, filtered, and concentrated. The
residue was purified on a preparative silica gel TLC plate (hexane : EtOAc =

1:1)to obtain 34a (24.7 mg, 47% 2 steps) as a colorless oil.

34a: [a] p?7 +48.3 (¢ 0.45, CHCI3); IR (neat) 3378, 1470, 1380, 1177, 1017, 767,
696 cm™'; '"H NMR (400 MHz, CDCls) & 0.59 (s, 3H), 0.96 (d, J = 6.4 Hz, 3H),
1.25-2.07 (m, 23H), 2.72-2.77 (m, 1H), 5.03-5.12 (m, 2H), 5.28 (t, J = 7.3 Hz,
1H), 7.32 (tt, J = 0.9, 7.3 Hz, 1H), 7.40-7.44 (m, 2H), 7.70 (s, 1H), 7.81-7.83
(m, 2H); *C NMR (100 MHz, CDCl;) 8 11.9, 18.6, 22.0, 23.3, 23.5, 26.7, 27.3,
27.3 (t, J =26.7 Hz), 28.8, 35.6, 40.0, 45.6, 47.2, 55.6, 56.1, 73.3 (t, J = 27.7
Hz), 112.9, 118.9, 125.5 (t, J = 246.0 Hz), 125.6, 128.0, 128.7, 130.7, 147.1,
147.7; HRMS (ESI") caled for C;sH39N3OF;Na [M+Na]® 494.2953, found
494.2941.

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[4-(4-fluorophenyl)-1H-1,2,3-
triazol-1-yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-
2-0l (34b)

To a solution of 4-fluorophenylacetylene (23.3 mg, 0.194 mmol), 2,6-lutidine
(21 pL, 0.182 mmol), sodium ascorbate (30.5 mg, 0.154 mmol) and 24,24-

difluoro-CD-ring 33 (44.0 mg, 0.091 mmol) in tBuOH (3 mL) and H,O (2 mL)
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was added CuSO4-5H,0 (4.5 mg, 0.018 mmol) at room temperature, and the
mixture was stirred at the same temperature for 74 h 30 min. After the reaction
was quenched with H,O, the mixture was extracted with EtOAc three times,
washed with brine, dried over Na;SO.4, filtered, and concentrated. The crude
triazole product was used for the next reaction without further purification.

p-Toluenesulfonic acid monohydrate (190.2 mg, 1.0 mmol) was added to a
solution of the crude triazole product in MeOH (10 mL). The mixture was stirred
at room temperature for 1 h under air. After the reaction was quenched with H,O
and saturated aqueous NaHCO; at room temperature, the mixture was extracted
with EtOAc three times, dried over Na,SOg4, filtered, and concentrated. The
residue was purified on a preparative silica gel TLC plate (hexane : EtOAc =

1:1)to obtain 34b (30.8 mg, 69% 2 steps) as a colorless oil.

34b: [a] p?” +44.2 (c 2.37, CHCls); IR (neat) 3393, 1498, 1380, 1230, 1177,
1016, 843, 759 cm™'; '"H NMR (600 MHz, CDCl3) § 0.58 (s, 3H), 0.95 (d, J =
6.6 Hz, 3H), 1.25-2.05 (m, 23H), 2.73-2.75 (m, 1H), 5.03-5.10 (m, 2H), 5.27 (t,
J=7.2 Hz, 1H), 7.08-7.12 (m, 2H), 7.66 (s, 1H), 7.77-7.80 (m, 2H); *C NMR
(150 MHz, CDCl3) & 11.9, 18.6, 22.1, 23.4, 23.6, 26.8, 27.4, 27.4 (t, J = 27.3
Hz), 28.8, 35.6, 40.0, 45.7, 47.3, 55.6, 56.2, 73.3 (t, J = 27.2 Hz), 111.6, 115.8
(d, J=21.6 Hz), 118.6, 125.5 (t, J = 246.9 Hz), 127.0, 127.4 (d, J = 7.2 Hz),
146.9, 147.3, 163.1 (d, J = 245.7 Hz); HRMS (ESI") calcd for C2sH3sN;OF3Na
[M+Na]* 512.2859, found 512.2880.

(6R)-3,3-Difluoro-2-methyl-6-{(1R,3aS,7aR,E)-7a-methyl-4-[2-(5-phenyl-2H-
tetrazol-2-yl)ethylidene]octahydro-1H-inden-1-yl}heptan-2-ol (35a)

(6R)-3,3-Difluoro-2-methyl-6-{(1R,3aS,7aR,E)-7a-methyl-4-[2-(5-phenyl-1H-
tetrazol-1-yl)ethylidene]octahydro-1H-inden-1-yl}heptan-2-ol (35b)

To a solution of 5-phenyl-1H-tetrazole (126.7 mg, 0.867 mmol), PhsP (152.3
mg, 0.581 mmol), and 24,24-difluoro-CD-ring 32 (132.0 mg, 0.288 mmol) in
THF (5 mL) was added diisopropyl azodicarboxylate (454 uL, 1.9 M in toluene,
0.863 mmol) at 0°C, and the mixture was stirred at the same temperature for 45
min. After the reaction was quenched with H,O at 0°C, the mixture was
extracted with CH,Cl, three times, dried over Na>SOy, filtered, and concentrated.

The residue was roughly purified by flash column chromatography on silica gel

70



(hexane : EtOAc = 4 : 1) to obtain crude products (less polar and more polar
products).

p-Toluenesulfonic acid monohydrate (190.2 mg, 1.0 mmol) was added to a
solution of the above less polar crude product in MeOH (10 mL). The mixture
was stirred at room temperature for 1 h under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with CH,Cl; three times, dried over Na,SOg, filtered, and
concentrated. The residue was purified by flash column chromatography on
silica gel (hexane : EtOAc =3 : 1) to obtain 35a (65.4 mg, 48%) as a colorless

oil.

35a: [a] p27 +38.1 (¢ 0.54, CHCls); IR (neat) 3445, 1468, 1450, 1381, 1177,
1017, 736, 695 cm'; 'H NMR (600 MHz, CDCls) & 0.55 (s, 3H), 0.94 (d, J =
6.6 Hz, 3H), 1.27-2.04 (m, 23H), 2.84 (dd, J = 3.9, 15.9 Hz, 1H), 5.25-5.35 (m,
3H), 7.43-7.49 (m, 3H), 8.13-8.15 (m, 2H); '3C NMR (150 MHz, CDCl3) & 11.8,
18.6, 22.0, 23.3, 23.5, 26.7, 27.4 (t, J = 25.1 Hz), 27.4, 29.0, 35.6, 40.1, 45.8,
50.1, 55.6, 56.1, 73.3 (t, J = 27.8 Hz), 111.7, 125.5 (t, J = 247.1 Hz), 126.8,
127.6, 128.8, 130.1, 147.8, 165.0; HRMS (ESI*) calcd for C,7H;sN4OF,Na
[M+Na]* 495.2906, found 495.2891.

p-Toluenesulfonic acid monohydrate (190.8 mg, 1.0 mmol) was added to a
solution of the above more polar crude product in MeOH (10 mL). The mixture
was stirred at room temperature for 1 h under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with CH,Cl; three times, dried over Na,SOg, filtered, and
concentrated. The residue was purified on a preparative silica gel TLC plate
(hexane : EtOAc =1 : 1) to obtain 35b (16.3 mg, 12%) as a colorless oil.

35b: [a] p?7 +46.6 (¢ 1.28, CHCI3); IR (neat) 3408, 1471, 1381, 1177, 1017, 698
cm™'; '"H NMR (400 MHz, CDCl3) & 0.46 (s, 3H), 0.93 (d, J = 6.4 Hz, 3H), 1.26-
2.08 (m, 23H), 2.53-2.57 (m, 1H), 5.04-5.17 (m, 3H), 7.52-7.60 (m, 3H), 7.68-
7.70 (m, 2H); '*C NMR (100 MHz, CDCl;) & 11.8, 18.6, 22.0, 23.1, 23.6, 26.7,
27.3,27.3 (t, J = 24.8 Hz), 28.9, 35.6, 40.0, 45.6, 45.7, 55.5, 56.1, 73.3 (t, J =
26.7 Hz), 112.9, 124.2, 125.5 (t, J = 247.0 Hz), 128.8, 129.1, 131.1, 146.4,
154.1; HRMS (ESI") calcd for C,7H33N4OF;Na [M+Na]® 495.2906, found
495.2908.
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(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-fluorophenyl)-2H-tetrazol-2-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (36a)

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-fluorophenyl)-1H-tetrazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (36b)

To a solution of 5-(4-fluorophenyl)-1H-tetrazole (75.8 mg, 0.462 mmol), Ph;P
(79.4 mg, 0.303 mmol), and 24,24-difluoro-CD-ring 32 (69.4 mg, 0.151 mmol)
in CH»Cl, (3 mL) was added diisopropyl azodicarboxylate (239 pL, 1.9 M in
toluene, 0.454 mmol) at 0°C, and the mixture was stirred at the same
temperature for 2 h. After the reaction was quenched with H,O at 0°C, the
mixture was extracted with CH,Cl; three times, dried over Na,SOgy, filtered, and
concentrated. The residue was roughly purified by flash column chromatography
on silica gel (hexane : EtOAc = 4 : 1) to obtain crude products (less polar and
more polar products).

p-Toluenesulfonic acid monohydrate (96.9 mg, 0.509 mmol) was added to a
solution of the above less polar crude product in MeOH (5 mL) and CH,Cl, (5
mL). The mixture was stirred at room temperature for 150 min under air. After
the reaction was quenched with H,O and saturated aqueous NaHCO; at room
temperature, the mixture was extracted with EtOAc three times, washed with
brine, dried over Na,SQy, filtered, and concentrated. The residue was purified
on a preparative silica gel TLC plate (hexane : EtOAc = 3 : 1) to obtain 36a
(37.9 mg, 51%) as a colorless oil.

36a: [a] p27 +39.0 (¢ 2.92, CHCI3); IR (neat) 3430, 1464, 1380, 1177, 1043, 848,
763 cm’'; '"H NMR (600 MHz, CDCls) & 0.55 (s, 3H), 0.95 (d, J = 7.2 Hz, 3H),
1.26-2.04 (m, 23H), 2.84 (dd, J = 4.2, 13.2 Hz, 1H), 5.21-5.34 (m, 3H), 7.14-
7.18 (m, 2H), 8.11-8.14 (m, 2H); '*C NMR (150 MHz, CDCl;) & 11.8, 18.6, 22.0,
23.3,23.6, 26.8, 27.4 (t, J = 24.5 Hz), 27.4, 29.0, 35.6, 40.1, 45.8, 50.2, 55.6,
56.1, 73.3 (t, J = 27.3 Hz), 111.6, 115.9 (d, J = 23.0 Hz), 123.9, 125.5 (t, J =
236.9 Hz), 128.8 (d, J = 8.6 Hz), 147.5, 163.9 (d, J = 248.4 Hz), 164.2; HRMS
(ESI") calcd for C27H37N4OF3;Na [M+Na]® 513.2812, found 513.2812.

p-Toluenesulfonic acid monohydrate (94.6 mg, 0.497 mmol) was added to a
solution of the above more polar crude product in MeOH (5 mL). The mixture

was stirred at room temperature for 120 min under air. After the reaction was
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quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, washed with brine, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 36b (16.9 mg, 23%) as

a colorless oil.

36b: [a] 27 +45.2 (¢ 1.30, CHCl;); IR (neat) 3399, 1479, 1384, 1240, 1176,
1017, 851, 698 cm™'; '"H NMR (600 MHz, CDCls) & 0.47 (s, 3H), 0.93 (d, J =
6.6 Hz, 3H), 1.24-2.01 (m, 23H), 2.54-2.57 (m, 1H), 5.05-5.15 (m, 3H), 7.23-
7.25 (m, 2H), 7.69-7.72 (m, 2H); '*C NMR (150 MHz, CDCl3) § 11.8, 18.6, 22.0,
23.1, 23.6, 26.7, 27.3, 27.4 (t, J = 24.5 Hz), 28.9, 35.6, 39.9, 45.6, 45.7, 55.5,
56.1, 73.3 (t, J =26.6 Hz), 112.8, 116.5 (d, J = 21.6 Hz), 120.4 (d, J = 2.9 Hz),
125.5 (t, J = 245.7 Hz), 131.0 (d, J = 8.6 Hz), 146.6, 153.3, 164.4 (d, J = 251.4
Hz); HRMS (ESI") calcd for C,7H37N4OF3Na [M+Na]® 513.2812, found
513.2816.

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-methylphenyl)-2H-tetrazol-2-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (37a)

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-methylphenyl)-1H-tetrazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (37b)

To a solution of 5-(4-methylphenyl)-1H-tetrazole (29.5 mg, 0.184 mmol), Ph;P
(52.7 mg, 0.201 mmol), and 24,24-difluoro-CD-ring 32 (42.4 mg, 0.092 mmol)
in CH,Cl, (3 mL) was added diisopropyl diazocarboxylate (88 pL, 1.9 M in
toluene, 0.166 mmol) at 0°C, and the mixture was stirred at 0°C for 5 min and
then at room temperature for 40 min. The mixture was evaporated in vacuo, and
the residue was roughly purified by flash column chromatography on silica gel
(hexane : EtOAc =5:1 -3 : 1) to obtain crude products (less polar and more
polar products).

p-Toluenesulfonic acid monohydrate (109.6 mg, 0.576 mmol) was added to a
solution of the above less polar crude product in MeOH (5 mL) and CH,Cl, (2
mL). The mixture was stirred at room temperature for 1 h under air. p-
Toluenesulfonic acid monohydrate (109.6 mg, 0.576 mmol) was added to a
mixture and stirred at the same temperature for further 30 min. After the

reaction was quenched with H,O and saturated aqueous NaHCOs; at room
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temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =3 : 1) to obtain 37a (13.5 mg, 30%) as

a colorless oil.

37a: [a] p27 +35.9 (¢ 1.04, CHCls); IR (neat) 3442, 1464, 1380, 1176, 1041,
1017, 830, 754 cm"'; 'H NMR (600 MHz, CDCls) & 0.54 (s, 3H), 0.94 (d, J =
6.6 Hz, 3H), 1.25-2.04 (m, 23H), 2.41 (s, 3H), 2.83-2.85 (m, 1H), 5.21-5.35 (m,
3H), 7.28 (d, J = 7.8 Hz, 2H), 8.02 (d, J = 7.8 Hz, 2H); '3*C NMR (150 MHz,
CDCl3) & 11.8, 18.6, 21.5, 22.0, 23.3, 23.6, 26.8, 27.4 (t, J = 24.4 Hz), 27.4,
29.1, 35.6, 40.1, 45.8, 50.1, 55.6, 56.1, 73.3 (t, J = 26.6 Hz), 111.8, 124.8, 125.5
(t, J = 246.3 Hz), 126.7, 129.5, 140.3, 147.7, 165.1; HRMS (ESI*) calcd for
C2sH4oN4sOF,Na [M+Na]* 509.3062, found 509.3075.

p-Toluenesulfonic acid monohydrate (203.6 mg, 1.07 mmol) was added to a
solution of the above more polar crude product in MeOH (5 mL) and CH,Cl, (2
mL). The mixture was stirred at room temperature for 70 min under air. After
the reaction was quenched with H,O and saturated aqueous NaHCO; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 37b (12.7 mg, 28%) as

a colorless oil.

37b: [a] p27 +41.3 (¢ 0.98, CHCl3); IR (neat) 3418, 1479, 1380, 1176, 1013, 826,
759 cm'; '"H NMR (600 MHz, CDCls3) & 0.48 (s, 3H), 0.94 (d, J = 7.2 Hz, 3H),
1.24-2.01 (m, 23H), 2.45 (s, 3H), 2.56-2.58 (m, 1H), 5.04-5.15 (m, 3H), 7.34
(d, J = 7.2 Hz, 2H), 7.59 (d, J = 7.2 Hz, 2H); '*C NMR (150 MHz, CDCl;) §
11.8, 18.6, 21.5, 22.1, 23.1, 23.6, 26.7, 27.3, 27.4 (t, J = 24.5 Hz), 28.9, 35.6,
40.0, 45.6, 45.6, 55.5, 56.1, 73.3 (t, J = 27.3 Hz), 113.1, 121.2, 125.4 (t, J =
245.6 Hz), 128.7, 129.8, 141.6, 146.2, 154.1; HRMS (ESI*) calcd for
CasH40N4OF,Na [M+Na]* 509.3062, found 509.3079.

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-trifluoromethylphenyl)-2H-

tetrazol-2-yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-
2-0l (38a)
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(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-trifluoromethylphenyl)-1H-
tetrazol-1-ylJethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-
2-0l (38b)

To a solution of 5-(4-trifluoromethylphenyl)-1H-tetrazole (61.5 mg, 0.287
mmol), Ph;P (72.2 mg, 0.275 mmol), and 24,24-difluoro-CD-ring 32 (60.1 mg,
0.131 mmol) in CH,Cl, (8 mL) was added diisopropyl azodicarboxylate (124 pL,
1.9 M in toluene, 0.235 mmol) at 0°C, and the mixture was stirred at 0°C for 70
min. The mixture was evaporated in vacuo, and the residue was roughly purified
by flash column chromatography on silica gel (hexane : EtOAc =4 : 1) to obtain
crude products (less polar and more polar products).

p-Toluenesulfonic acid monohydrate (386.8 mg, 2.03 mmol) was added to a
solution of the above less polar crude product in MeOH (5 mL) and CH,Cl, (2
mL). The mixture was stirred at room temperature for 35 min under air. After
the reaction was quenched with H,O and saturated aqueous NaHCO3; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =3 : 1) to obtain 38a (41.4 mg, 58%) as

a white powder.

38a: [a] p27 +35.2 (¢ 3.17, CHCIs); IR (neat) 3431, 1471, 1324, 1173, 1133,
1066, 858 cm"'; '"H NMR (600 MHz, CDCl3) § 0.55 (s, 3H), 0.95 (d, J = 6.0 Hz,
3H), 1.26-2.05 (m, 23H), 2.83-2.86 (m, 1H), 5.27-5.35 (m, 3H), 7.74 (d, J = 8.1
Hz, 2H), 8.26 (d, J = 8.1 Hz, 2H); '3C NMR (150 MHz, CDCls) & 11.8, 18.6,
22.0, 23.4, 23.56, 26.8, 27.4, 27.4 (t, J = 24.4 Hz), 29.1, 35.6, 40.1, 45.9, 50.3,
55.6, 56.1, 73.3 (t, J = 27.2 Hz), 111.5, 123.9 (q, J = 270.0 Hz), 125.5 (t, J =
246.9 Hz), 125.8, 127.0, 131.0, 131.9 (q, J = 31.7 Hz), 148.3, 163.8; HRMS
(EST™) caled for C2sHa7N4OFsCl [M+C1]- 575.2582, found 575.2577.

p-Toluenesulfonic acid monohydrate (411.7 mg, 2.05 mmol) was added to a
solution of the above more polar crude product in MeOH (5 mL) and CH»Cl, (6
mL). The mixture was stirred at room temperature for 60 min under air. After
the reaction was quenched with H,O and saturated aqueous NaHCO3; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 38b (15.1 mg, 21%) as
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a white powder.

38b: [a] p2” +40.8 (¢ 1.16, CHCl;); IR (neat) 3522, 1459, 1328, 1173, 1129,
1073, 858 cm"'; 'H NMR (400 MHz, CDCl3) § 0.45 (s, 3H), 0.93 (d, J = 6.4 Hz,
3H), 1.22-2.10 (m, 23H), 2.53-2.57 (m, 1H), 5.04-5.20 (m, 3H), 7.82 (d, J = 8.7
Hz, 2H), 7.85 (d, J = 8.2 Hz, 2H); '3C NMR (100 MHz, CDCls) & 11.8, 18.6,
22.0, 23.4, 23.55,26.7, 27.3, 27.3 (t, J = 24.8 Hz), 28.9, 35.6, 39.9, 45.6, 45.9,
55.5, 56.1, 73.3 (t, J = 27.2 Hz), 112.5, 123.5 (q, J = 271.7 Hz), 125.4 (t, J =
246.0 Hz), 126.1, 127.8, 129.3, 133.1 (q, J = 32.7 Hz), 146.9, 153.0; HRMS
(EST™) caled for C2sH37N4OFsCl [M+C1]- 575.2582, found 575.2590.

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-chlorophenyl)-2H-tetrazol-2-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (39a)

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-chlorophenyl)-1H-tetrazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (39b)

To a solution of 5-(4-chlorophenyl)-1H-tetrazole (44.7 mg, 0.248 mmol), Ph;P
(67.6 mg, 0.258 mmol), and 24,24-difluoro-CD-ring 32 (49.8 mg, 0.109 mmol)
in CH»Cl, (8 mL) was added diisopropyl azodicarboxylate (103 pL, 1.9 M in
toluene, 0.196 mmol) at 0°C, and the mixture was stirred at the same
temperature for 110 min. The mixture was evaporated in vacuo, and the residue
was roughly purified by flash column chromatography on silica gel (hexane :
EtOAc =5 :1) to obtain crude products (less polar and more polar products).

p-Toluenesulfonic acid monohydrate (435.3 mg, 2.29 mmol) was added to a
solution of the above less polar crude product in MeOH (5 mL) and CH,Cl, (5
mL). The mixture was stirred at room temperature for 1 h under air. After the
reaction was quenched with H,O and saturated aqueous NaHCOs; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =3 : 1) to obtain 39a (31.4 mg, 57%) as

a colorless oil.

39a: [a] p27 +41.4 (¢ 2.42, CHCls); IR (neat) 3414, 1456, 1326, 1175, 1093,
1017, 841, 759 cm'; 'H NMR (400 MHz, CDCls) & 0.54 (s, 3H), 0.94 (d, J =
6.4 Hz, 3H), 1.23-2.05 (m, 23H), 2.81-2.85 (m, 1H), 5.20-5.35 (m, 3H), 7.45
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(dt, 2.3, 8.2 Hz, 2H), 8.07 (dt, 2.3, 8.7 Hz, 2H); '*C NMR (100 MHz, CDCls) &
11.8, 18.6, 22.0, 23.3, 23.5, 26.7, 27.4 (t, J = 24.8 Hz), 29.0, 35.6, 40.1, 45.8,
50.2, 55.6, 56.1, 73.3 (t, J = 27.2 Hz), 111.6, 125.5 (t, J = 246.0 Hz), 126.1,
128.0, 129.1, 136.1, 148.0, 164.1; HRMS (ESI") calcd for C»7H37N4OF,CINa
[M+Na]* 529.2516, found 529.2531.

p-Toluenesulfonic acid monohydrate (389.5 mg, 2.05 mmol) was added to a
solution of the above more polar crude product in MeOH (5 mL) and CH,Cl, (5
mL). The mixture was stirred at room temperature for 85 min under air. After
the reaction was quenched with H,O and saturated aqueous NaHCO3; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 39b (15.3 mg, 28%) as

a colorless oil.

39b: [a] p27 +43.0 (¢ 1.18, CHCIl3); IR (neat) 3423, 1471, 1380, 1174, 1093,
1013, 838, 739 cm"'; 'H NMR (400 MHz, CDCls) & 0.47 (s, 3H), 0.93 (d, J =
6.4 Hz, 3H), 1.24-2.05 (m, 23H), 2.54-2.58 (m, 1H), 5.03-5.18 (m, 3H), 7.53
(dt, J = 2.1, 8.2 Hz, 2H), 7.65 (dt, J = 2.1, 8.7 Hz, 2H); !3C NMR (100 MHz,
CDCls) & 11.8, 18.6, 22.0, 23.1, 23.5, 26.7, 27.3, 27.3 (t, J = 24.3 Hz), 28.9,
35.6, 39.9, 45.6, 45.8, 55.5, 56.1, 73.3 (t, J = 27.2 Hz), 112.8, 122.6, 125.4 (t,
J = 246.0 Hz), 129.5, 130.1, 137.6, 146.7, 153.2; HRMS (ESI*) calcd for
C,7H37N4OF,CINa [M+Na]* 529.2516, found 529.2510.

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(3-methylphenyl)-2H-tetrazol-2-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (40a)

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(3-methylphenyl)-1H-tetrazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (40b)

To a solution of 5-(3-methylphenyl)-1H-tetrazole (28.6 mg, 0.179 mmol), Ph;P
(47.8 mg, 0.182 mmol), and 24,24-difluoro-CD-ring 32 (51.4 mg, 0.112 mmol)
in CH,Cl, (8 mL) was added diisopropyl azodicarboxylate (83 pL, 1.9 M in
toluene, 0.157 mmol) at 0°C, and the mixture was stirred at 0°C for 5 min and
then at room temperature for 20 min. To the mixture were added diisopropyl

azodicarboxylate (83 pL, 1.9 M in toluene, 0.157 mmol) and Ph3P (83.7 mg,
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0.319 mmol) and stirred at room temperature for 40 min. The mixture was
evaporated in vacuo, and the residue was roughly purified on a preparative silica
gel TLC plate (hexane : EtOAc =3 : 1) to obtain crude products (less polar and
more polar products).

p-Toluenesulfonic acid monohydrate (584.6 mg, 3.07 mmol) was added to a
solution of the above less polar crude product in MeOH (10 mL) and CH»Cl: (5
mL). The mixture was stirred at room temperature for 90 min under air. After
the reaction was quenched with H,O and saturated aqueous NaHCO; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =2 : 1) to obtain 40a (38.1 mg, 70%) as

a colorless oil.

40a: [a] p27 +23.1 (¢ 2.93, CHCIl;); IR (neat) 3423, 1471, 1380, 1180, 1017, 858,
754 cm™'; '"H NMR (600 MHz, CDCls) & 0.55 (s, 3H), 0.95 (d, J = 6.0 Hz, 3H),
1.26-2.06 (m, 23H), 2.43 (s, 3H), 2.83-2.86 (m, 1H), 5.22-5.35 (m, 3H), 7.27
(d, J= 7.8 Hz, 1H), 7.37 (t, J = 7.8 Hz, 2H), 7.93 (d, J = 7.8 Hz, 1H), 7.97 (s,
1H); '3C NMR (150 MHz, CDCl5) § 11.8, 18.6, 21.4, 22.0, 23.3, 23.6, 26.8, 27.4
(t, J = 24.4 Hz), 27.4, 29.0, 35.6, 40.1, 45.8, 50.2, 55.6, 56.1, 73.4 (t, J = 27.3
Hz), 111.8, 123.9, 125.5 (t, J = 246.3 Hz), 127.4, 127.5, 128.8, 130.9, 138.6,
147.8, 165.1; HRMS (ESI") caled for C2sH4oN4OF,Na [M+Na]* 509.3062, found
509.3068.

p-Toluenesulfonic acid monohydrate (376.1 mg, 1.98 mmol) was added to a
solution of the above more polar crude product in MeOH (10 mL) and CH»ClI;
(5 mL). The mixture was stirred at room temperature for 60 min under air. After
the reaction was quenched with H,O and saturated aqueous NaHCO; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc = 1 : 2) to obtain 40b (11.0 mg, 20%) as

a colorless oil.

40b: [a] b2 +44.6 (c 0.85, CHCl3); IR (neat) 3411, 1475, 1380, 1180, 1125,
1021, 918, 854, 739 cm”'; '"H NMR (600 MHz, CDCl3) & 0.46 (s, 3H), 0.93 (d, J
= 6.0 Hz, 3H), 1.24-1.99 (m, 23H), 2.43 (s, 3H), 2.53-2.56 (m, 1H), 5.04-5.16
(m, 3H), 7.38 (d, J = 7.8 Hz, 1H), 7.42 (t, J = 7.8 Hz, 1H), 7.45 (d, J = 7.8 Hz,
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1H), 7.51 (s, 1H); '3C NMR (150 MHz, CDCls) & 11.8, 18.6, 21.4, 22.0, 23.1,
23.6, 26.7, 27.3,27.3 (t, J = 24.5 Hz), 28.9, 35.6, 40.0, 45.5, 45.6, 55.5, 56.1,
73.3 (t, J=27.2 Hz), 113.0, 124.1, 125.4 (t, J = 246.3 Hz), 128.9, 129.5, 139.2,
146.2, 154.2; HRMS (ESI") calcd for C,sH40N4OF;Na [M+Na]" 509.3062, found
509.3039.

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(3,5-dichlorophenyl)-2H-
tetrazol-2-yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-
2-0l (41a)

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(3,5-dichlorophenyl)-1H-
tetrazol-1-yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-
2-0l (41b)

To a solution of 5-(2,4-dichlorophenyl)-1H-tetrazole (40.8 mg, 0.190 mmol),
PhsP (47.6 mg, 0.181 mmol), and 24,24-difluoro-CD-ring 32 (40.8 mg, 0.089
mmol) in CH»Cl, (4 mL) was added diisopropyl azodicarboxylate (138 uL, 1.9
M in toluene, 0.262 mmol) at 0°C, and the mixture was stirred at 0°C for 35 min
and then at room temperature for 25 min. The mixture was evaporated in vacuo,
and the residue was roughly purified on a preparative silica gel TLC plate
(hexane : EtOAc = 3 : 1) to obtain crude products (less polar and more polar
products).

p-Toluenesulfonic acid monohydrate (200.3 mg, 1.05 mmol) was added to a
solution of the above less polar crude product in MeOH (10 mL) and CH»Cl: (5
mL). The mixture was stirred at room temperature for 2 h under air. After the
reaction was quenched with H,O and saturated aqueous NaHCOs; at room
temperature, the mixture was extracted with EtOAc three times, washed with
brine, dried over Na,SQy, filtered, and concentrated. The residue was purified
on a preparative silica gel TLC plate (hexane : EtOAc =1 : 1) and followed by
purification on a preparative silica gel TLC plate (hexane : EtOAc =2 : 1) to
obtain 41a (27.6 mg, 57%) as a colorless oil.

41a: [a] p?7 +33.8 (¢ 2.12, CHCl;); IR (neat) 3439, 1571, 1515, 1444, 1399,
1173, 1017, 862, 735 cm™!; 'H NMR (600 MHz, CDCls) § 0.55 (s, 3H), 0.95 (d,
J=6.0 Hz, 3H), 1.24-2.05 (m, 23H), 2.81-2.84 (m, 1H), 5.25-5.34 (m, 3H), 7.45
(t, J=2.4 Hz, 1H), 8.07 (d, J = 2.4 Hz, 2H); '*C NMR (150 MHz, CDCl;) § 11.8,
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18.6, 22.0, 23.3, 23.6, 26.8, 27.4 (t, J = 24.4 Hz), 27.4, 29.0, 35.6, 40.1, 45.9,
50.4, 55.6, 56.1, 73.4 (t, J = 27.3 Hz), 111.4, 125.1, 125.5 (t, J = 246.3 Hz),
130.0, 130.4, 135.6, 148.3, 162.9; HRMS (ESI) caled for CasH37N4O3F.Cl,
[M+HCOO]" 585.2216, found 585.2215.

p-Toluenesulfonic acid monohydrate (580.1 mg, 3.05 mmol) was added to a
solution of the above more polar crude product in MeOH (20 mL). The mixture
was stirred at room temperature for 1 h under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, washed with brine, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) and followed by purification on a
preparative silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 41b (15.0

mg, 31%) as a colorless oil.

41b: [o] p?7 +30.1 (¢ 1.15, CHCls) ; IR (neat) 3435, 1567, 1527, 1451, 1380,
1176, 1013, 905, 866, 727 cm™'; 'H NMR (600 MHz, CDCl3) § 0.55 (s, 3H), 0.95
(d, J = 6.0 Hz, 3H), 1.24-2.05 (m, 23H), 2.81-2.84 (m, 1H), 5.25-5.34 (m, 3H),
7.45 (t, J = 2.4 Hz, 1H), 8.07 (d, J = 2.4 Hz, 2H); '*C NMR (150 MHz, CDCl3)
§11.8, 18.6, 22.0, 23.1, 23.7, 26.7, 27.3, 27.3 (t, J = 24.4 Hz), 28.9, 35.6, 39.9,
45.6, 46.1, 55.5, 56.1, 73.4 (t, J = 27.3 Hz), 112.4, 125.4 (t, J = 245.7 Hz),
127.0, 127.2, 131.2, 136.1, 147.1, 152.0; HRMS (ESI) caled for
C2sH37N403F,Cl, [M+HCOO] 585.2216, found 585.2221.

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(3-fluorophenyl)-2H-tetrazol-2-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (42a)

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(3-fluorophenyl)-1H-tetrazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (42b)

To a solution of 5-(3-fluorophenyl)-1H-tetrazole (36.4 mg, 0.222 mmol), Ph;P
(58.9 mg, 0.225 mmol), and 24,24-difluoro-CD-ring 32 (52.9 mg, 0.115 mmol)
in CH,Cl, (8 mL) was added diisopropyl diazocarboxylate (103 uL, 1.9 M in
toluene, 0.196 mmol) at 0°C, and the mixture was stirred at 0°C for 20 min. The
mixture was evaporated in vacuo, and the residue was roughly purified by flash

column chromatography on silica gel (hexane : EtOAc=5:1-2: 1) to obtain
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crude products (less polar and more polar products).

p-Toluenesulfonic acid monohydrate (123.3 mg, 0.65 mmol) was added to a
solution of the above less polar crude product in MeOH (10 mL). The mixture
was stirred at room temperature for 1 h under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, washed with brine and dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =2 : 1) to obtain 42a (34.8 mg, 62%) as

a colorless oil.

42a: [a] p?7 +38.9 (¢ 2.68, CHCl3); IR (neat) 3439, 1471, 1380, 1225, 1176,
1021, 763 cm"'; 'H NMR (600 MHz, CDCl3) § 0.54 (s, 3H), 0.94 (d, J = 6.0 Hz,
3H), 1.24-2.04 (m, 23H), 2.83-2.85 (m, 1H), 5.28-5.37 (m, 3H), 7.22 (dd, J =
8.4, 10.2 Hz, 1H), 7.27 (t, J = 7.5 Hz, 3H), 7.24-7.46 (m, 1H), 8.12 (td, J = 1.8,
7.8 Hz, 3H); '3C NMR (150 MHz, CDCls) & 11.8, 18.6, 22.0, 23.3, 23.5, 26.8,
27.3 (t, J = 24.5 Hz), 27.3, 29.0, 35.6, 40.1, 45.8, 50.2, 55.6, 56.1, 73.3 (t, J =
27.3 Hz), 111.5, 113.8 (d, J = 24.5 Hz), 117.0 (d, J = 21.5 Hz), 122.4 (d, J =
2.9 Hz), 125.5 (t, J = 246.3 Hz), 129.6 (d, J = 8.7 Hz), 130.5 (d, J = 8.6 Hz),
148.1, 163.0 (d, J = 244.2 Hz), 164.0 (d, J = 3.0 Hz); HRMS (ESI") calcd for
C,7H37N4,OF3Na [M+Na]* 513.2812, found 513.2817.

p-Toluenesulfonic acid monohydrate (211.9 mg, 1.11 mmol) was added to a
solution of the above more polar crude product in MeOH (10 mL). The mixture
was stirred at room temperature for 40 min under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, washed with brine and dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 42b (10.2 mg, 18%) as

a colorless oil.

42b: [a] p2” +66.9 (¢ 0.79, CHCls); IR (neat) 3411, 1475, 1384, 1204, 1176,
1017, 739 cm"'; 'H NMR (600 MHz, CDCl3) § 0.54 (s, 3H), 0.94 (d, J = 6.0 Hz,
3H), 1.24-2.04 (m, 23H), 2.83-2.85 (m, 1H), 5.28-5.37 (m, 3H), 7.22 (dd, J =
8.4, 10.2 Hz, 1H), 7.27 (t, J = 7.5 Hz, 3H), 7.24-7.46 (m, 1H), 8.12 (td, J = 1.8,
7.8 Hz, 3H); '3C NMR (150 MHz, CDCls) & 11.8, 18.6, 22.0, 23.0, 23.6, 26.7,
27.3, 27.3 (t, J = 24.5 Hz), 27.3, 28.9, 35.6, 39.9, 45.6, 45.9, 55.5, 56.1, 73.3
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(t, J = 26.6 Hz), 112.7, 116.1 (d, J = 23.0 Hz), 118.3 (d, J = 21.6 Hz), 124.6 (d,
J = 4.4 Hz), 125.4 (t, J = 245.6 Hz), 126.1 (d, J = 8.6 Hz), 131.0 (d, J = 8.6
Hz), 146.7, 153.0, 162.7 (d, J = 247.1 Hz); HRMS (ESI*) calcd for
C,7H37N4OF;3Na [M+Na]* 513.2812, found 513.2821.

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(2-chlorophenyl)-2H-tetrazol-2-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (43a)

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(2-chlorophenyl)-1H-tetrazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (43b)

To a solution of 5-(2-chlorophenyl)-1H-tetrazole (39.9 mg, 0.221 mmol), Ph;P
(58.2 mg, 0.222 mmol), and 24,24-difluoro-CD-ring 32 (51.7 mg, 0.113 mmol)
in CH,Cl, (8 mL) was added diisopropyl diazocarboxylate (103 uL, 1.9 M in
toluene, 0.196 mmol) at 0°C, and the mixture was stirred at 0°C for 35 min. The
mixture was evaporated in vacuo, and the residue was roughly purified by flash
column chromatography on silica gel (hexane : EtOAc = 5 : 1) to obtain crude
products (less polar and more polar products).

p-Toluenesulfonic acid monohydrate (573.2 mg, 3.01 mmol) was added to a
solution of the above less polar crude product in MeOH (20 mL). The mixture
was stirred at room temperature for 5 h under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, washed with brine and dried over
Na»S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc = 3 : 1) to obtain 43a (22.7 mg, 40%) as

a colorless oil.

43a: [a] p?7 +37.7 (¢ 1.75, CHCls); IR (neat) 3435, 1446, 1380, 1176, 1125,
1073, 1038, 754 cm"'; '"H NMR (400 MHz, CDCls) & 0.54 (s, 3H), 0.94 (d, J =
6.4 Hz, 3H), 1.24-2.05 (m, 23H), 2.83-2.87 (m, 1H), 5.29-5.39 (m, 3H), 7.35-
7.42 (m, 2H), 7.52-7.54 (m, 1H), 7.91-7.96 (m, 1H); '*C NMR (100 MHz, CDCl;)
5 11.8, 18.6, 22.0, 23.4, 23.6, 26.8, 27.4 (t, J = 24.8 Hz), 27.4, 29.0, 35.6, 40.1,
45.8, 50.3, 55.6, 56.1, 73.3 (t, J = 26.7 Hz), 111.6, 125.5 (t, J = 246.0 Hz),
126.8, 126.8, 130.8, 130.9, 131.3, 133.1, 148.1, 163.2; HRMS (ESI") calcd for
C,7H37N4OF,CINa [M+Na]* 529.2516, found 529.2519.
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p-Toluenesulfonic acid monohydrate (580.7 mg, 3.05 mmol) was added to a
solution of the above more polar crude product in MeOH (20 mL). The mixture
was stirred at room temperature for 90 min under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, washed with brine and dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 43b (20.7 mg, 36%) as

a colorless oil.

43b: [a] p?’” +29.4 (¢ 1.59, CHCIs); IR (neat) 3407, 1459, 1380, 1176, 1125,
1073, 1020, 767 cm™'; '"H NMR (400 MHz, CDCls) & 0.40 (s, 3H), 0.91 (d, J =
6.9 Hz, 3H), 1.18-2.02 (m, 23H), 2.36-2.40 (m, 1H), 4.91-5.06 (m, 3H), 7.40-
7.45 (m, 2H), 7.51-7.58 (m, 2H); '*C NMR (100 MHz, CDCl;) 8 11.8, 18.6, 21.9,
23.1, 23.5, 26.7, 27.2, 27.3 (t, J = 24.8 Hz), 28.5, 35.6, 40.0, 45.4, 55.4, 56.0,
73.3 (t,J=26.7 Hz), 112.0, 124.4, 125.4 (t, J = 246.0 Hz), 127.2, 130.1, 131.9,
132.5, 133.9, 147.1, 152.2; HRMS (ESI") calcd for C,7H37N4OF,CINa [M+Na]*
529.2516, found 529.2531.

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(2-fluorophenyl)-2H-tetrazol-2-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (44a)

(6R)-3,3-Difluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(2-fluorophenyl)-1H-tetrazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (44b)

To a solution of 5-(2-fluorophenyl)-1H-tetrazole (36.5 mg, 0.222 mmol), Ph;P
(59.2 mg, 0.226 mmol), and 24,24-difluoro-CD-ring 32 (51.4 mg, 0.112 mmol)
in CH,Cl, (8 mL) was added diisopropyl azodicarboxylate (103 uL, 1.9 M in
toluene, 0.196 mmol) at 0°C, and the mixture was stirred at 0°C for 30 min. The
mixture was evaporated in vacuo, and the residue was roughly purified by flash
column chromatography on silica gel (hexane : EtOAc=5:1—-2: 1) to obtain
crude products (less polar and more polar products).

p-Toluenesulfonic acid monohydrate (585.7 mg, 3.08 mmol) was added to a
solution of the above less polar crude product in MeOH (20 mL). The mixture
was stirred at room temperature for 105 min under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the

mixture was extracted with EtOAc three times, washed with brine, dried over
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Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =2 : 1) to obtain 44a (30.8 mg, 56%) as

a colorless oil.

44a: [a] p?7 +36.7 (¢ 2.37, CHCl3); IR (neat) 3435, 1479, 1376, 1228, 1180,
1037, 754 cm"'; 'H NMR (600 MHz, CDCl3) § 0.54 (s, 3H), 0.94 (d, J = 6.0 Hz,
3H), 1.24-2.04 (m, 23H), 2.83-2.85 (m, 1H), 5.28-5.37 (m, 3H), 7.22 (dd, J =
8.4, 10.2 Hz, 1H), 7.27 (t, J = 7.5 Hz, 3H), 7.24-7.46 (m, 1H), 8.12 (td, J = 1.8,
7.8 Hz, 3H); '3C NMR (150 MHz, CDCls) & 11.8, 18.6, 22.0, 23.3, 23.6, 26.8,
27.3 (t, J = 24.5 Hz), 27.4, 29.1, 35.6, 40.1, 45.8, 50.3, 55.6, 56.1, 73.3 (t, J =
27.3 Hz), 111.6, 115.8 (d, J = 11.4 Hz), 116.6 (d, J = 20.1 Hz), 124.4 (d, J = 4.2
Hz), 125.5 (t, J = 246.3 Hz), 129.9, 131.1 (d, J = 8.7 Hz), 148.0, 160.1 (d, J =
254.3 Hz), 161.2 (d, J = 4.4 Hz); HRMS (ESI') calcd for C»;H3;/N4OF;Na
[M+Na]* 513.2812, found 513.2797.

p-Toluenesulfonic acid monohydrate (619.1 mg, 3.25 mmol) was added to a
solution of the above more polar crude product in MeOH (20 mL). The mixture
was stirred at room temperature for 1 h under air. After the reaction was
quenched with H,O and saturated aqueous NaHCO; at room temperature, the
mixture was extracted with EtOAc three times, washed with brine, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 44b (21.6 mg, 39%) as

a colorless oil.

44b: [a] p?’" +38.0 (¢ 1.66, CHCl3); IR (neat) 3423, 1479, 1384, 1217, 1173,
1021, 774, 739 ¢cm™'; '"H NMR (400 MHz, CDCl3) & 0.36 (s, 3H), 0.90 (d, J =
6.4 Hz, 3H), 1.20-2.06 (m, 23H), 2.47-2.52 (m, 1H), 4.98-5.12 (m, 3H), 7.24-
7.29 (m, 1H), 7.33 (td, J = 1.8, 7.4 Hz, 1H), 7.56-7.62 (m, 1H); '*C NMR (100
MHz, CDCl;3) 6 11.7, 18.6, 21.9, 23.1, 23.5, 26.7, 27.3, 27.3 (t, J = 24.3 Hz),
28.6, 35.6,40.0, 45.5, 45.6, 45.7, 55.4, 56.0, 73.3 (t, J =27.2 Hz), 112.1, 112.9
(d, J = 14.3 Hz), 116.3 (d, J = 21.0 Hz), 125.0 (d, J = 2.9 Hz), 125.4 (t, J =
246.0 Hz), 131.8, 133.5 (d, J = 7.6 Hz), 147.0, 150.1, 159.6 (d, J = 248.8 Hz);
HRMS (ESI") caled for C,7H37N4OF3Na [M+Na]" 513.2812, found 513.2825.

2-{(1R,3aS,7aR,E)-7a-Methyl-1-[(2R)-7,7,7-trifluoro-6-(methoxymethoxy)-6-
(trifluoromethyl)heptan-2-yl]octahydro-4 H-inden-4-ylidene}ethan-1-ol (47)
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To a suspension of NaH (277.2 mg, 60% in oil, 6.93 mmol) in THF (5 mL) was
added (EtO),P(O)CH,COzEt (1.75 g, 1.56 mL, 7.79 mmol) at 0°C, and the
mixture was stirred at 0°C for 30 min. Ketone (46) [32,100] (374.6 mg, 0.866
mmol) was dissolved in THF (5 mL) and the solution was added to the mixture
at the same temperature. After being stirred at room temerature for 64 h, the
reaction mixture was quenched with H,O and saturated aqueous NH4Cl at room
temperature. The mixture was extracted with EtOAc three times, washed with
brine, dried over Na,SQy, filtered, and concentrated. The residue was purified
by flash column chromatography on silica gel (hexane : EtOAc = 10 : 1) to
obtain the crude ethyl ester (418.2 mg) as a colorless oil.

To the solution of the above crude ethyl ester (418.2 mg, 0.832 mmol) in THF
(10 mL) was added DIBAL-H (2.5 mL, 1.00 M toluene solution, 2.5 mmol) at -
78°C, and the mixture was stirred at room temperature for 20 min. After the
reaction was quenched with H,O and saturated aqueous potassium sodium
tartrate at room temperature, the mixture was extracted with EtOAc three times,
washed with brine, dried over Na,SQO4, filtered, and concentrated. The residue
was purified by flash column chromatography on silica gel (hexane : EtOAc =

3 : 1) to obtain alcohol 47 (364.7 mg, 95%, 2 steps) as a colorless oil.

47: [a] p27 +72.2 (¢ 1.37, CHCl;); IR (neat) 3343, 1471, 1284, 1217, 1145, 1049,
937 cm!; '"H NMR (600 MHz, CDCls) & 0.55 (s, 3H), 0.94 (d, J = 6.6 Hz, 3H),
1.03-1.11 (m, 1H), 1.25-1.67 (m, 20H), 1.83-2.04 (m, 5H), 2.11 (dd, J = 4.2,
11.4 Hz, 1H), 3.46 (s, 3H), 4.17-4.23 (m, 2H), 4.91 (dd, J = 6.9, 9.6 Hz, 2H),
5.22 (t, J = 6.9 Hz, 1H); '3C NMR (150 MHz, CDCls) § 11.8, 18.7, 19.0, 22.2,
23.5,27.6, 28.7, 28.8, 35.9, 36.4, 40.3, 45.3, 55.6, 56.4, 56.6, 58.7, 80.2 (sept,
J=128.7 Hz), 92.8, 119.3, 123.0 (q, J = 288.6 Hz), 143.6.

(1R,3aS8,7aR,E)-4-(2-Azidoethylidene)-7a-methyl-1-[(2R)-7,7,7-trifluoro-6-
(methoxymethoxy)-6-(trifluoromethyl)heptan-2-yl]octahydro-1H-indene (48)

To the solution of the CD-ring 47 (187.8 mg, 0.408 mmol) and pyridine (99
uL, 1.22 mmol) in CCls (20 mL) was added tri-n-butylphosphine (509 uL, 2.04
mmol) at 0 °C,over 5 min, and the mixture was stirred at the same temperature
for 10 min. After the reaction was diluted with hexane, the mixture was filtered,
and concentrated. To the residue was added hexane, the mixture was filtered

with celite, and concentrated. The crude allylchloride was used for the next
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reaction without further purification.

To the solution of the above crude allylchloride in DMF (25 mL) was added
NaN3 (79.5 mg, 1.22 mmol) at room temperature, and the mixture was stirred at
the same temperature for 20 min. After the reaction was quenched with H,O,
the mixture was extracted with EtOAc three times, washed with brine, dried
over Na>SOy, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (hexane : EtOAc = 50 : 1) to obtain azide

48 (162.3 mg, 82%, 2 steps) as a colorless oil.

48: [a] p?’ +36.3 (¢ 0.208, CHCI3); IR (neat) 2100, 1468, 1284, 1217, 1161,
1049 cm™!; '"H NMR (600 MHz, CDCl3) 8 0.59 (s, 3H), 0.94 (d, J = 6.6 Hz, 3H),
1.05-1.11 (m, 1H), 1.26-1.71 (m, 10H), 1.85-2.04 (m, 5H), 2.60-2.64 (m, 1H),
3.46 (s, 3H), 3.73 (dd, J = 7.2, 13.8 Hz, 2H), 3.89 (dd, J = 8.4, 13.8 Hz, 2H),
4.90-4.93 (m, 2H), 5.13 (t, J = 7.5 Hz, 1H); '>°C NMR (150 MHz, CDCl3) § 11.8,
18.7, 18.9, 22.1, 23.8, 27.5, 28.8, 35.9, 36.3, 40.2, 45.1, 47.4, 55.7, 56.4, 56.5,
80.20 (sept, J = 28.0 Hz), 92.8, 112.8, 123.0 (q, J = 288.6 Hz), 147.0; HRMS
(EST") calcd for C22H34N30,F¢ [M+H]" 486.2550, found 486.2555.

(6R)-1,1,1-Trifluoro-6-{(1R,3aS,7aR,E)-7Ta-methyl-4-[2-(4-phenyl-1H-1,2,3-
triazol-1-yl)ethylidene]octahydro-1H-inden-1-yl}-2-(trifluoromethyl)heptan-2-
ol (49a)

To a solution of ethynylbenzene (20 pL, 0.186 mmol), 2,6-lutidine (29 uL,
0.248 mmol), sodium ascorbate (24.6 mg, 0.124 mmol) and CD-ring 48 (60.0
mg, 0.124 mmol) in tBuOH (3 mL) and H,O (3 mL) was added CuS0O4-5H,0 (3.1
mg, 0.012 mmol) at room temperature, and the mixture was stirred at the same
temperature for 25 h. After the reaction was quenched with H,O, the mixture
was extracted with EtOAc three times, washed with brine, dried over Na;SOu,
filtered, and concentrated. The crude triazole product was used for the next
reaction without further purification.

Methanesulfonic acid (0.4 mL) was added to a solution of the above crude
product in MeOH (20 mL). The mixture was stirred at room temperature under
air for 9 h. After the reaction was quenched with H>O and saturated aqueous
NaHCO3 at room temperature, the mixture was extracted with EtOAc three times,
dried over Na,SOy, filtered, and concentrated. The residue was purified on a

preparative silica gel TLC plate (hexane : EtOAc = 2 : 1) to obtain 49a (37.1

86



mg, 55%) as a colorless oil.

49a: [o] 0?7 +22.3 (c 0.24, CHCl:); IR (neat) 3143, 1468, 1225, 763 cm'; 'H
NMR (600 MHz, CDCl3) & 0.56 (s, 3H), 0.93 (d, J = 6.6 Hz, 3H), 1.04-1.11 (m,
1H), 1.21-2.04 (m, 17H), 2.72-2.75 (m, 1H), 4.21 (brs, 1H), 5.03-5.09 (m, 2H),
5.25 (t, J = 7.2 Hz, 1H), 7.32-7.34 (m, 1H), 7.42 (t, J = 7.8 Hz, 2H), 7.70 (s,
1H), 7.80 (d, J = 7.2 Hz, 1H); '3C NMR (150 MHz, CDCls) & 11.9, 18.5, 18.7,
22.1, 23.4, 27.5, 28.8, 30.9, 35.8, 36.1, 40.0, 45.7, 47.3, 55.6, 56.3, 76.3 (sept,
J=288 Hz), 112.8, 119.0, 123.3 (q, J = 285.8 Hz), 125.7, 128.2, 128.8, 130.5,
147.3, 147.8; HRMS (ESI") caled for C,sH3sN3OF¢ [M+H]" 544.2757, found
544.2787.

(6R)-1,1,1-Trifluoro-6-[(1R,3aS,7aR,E)-4-{2-[4-(4-fluorophenyl)-1H-1,2,3-
triazol-1-yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-
(trifluoromethyl)heptan-2-ol (49b)

To a solution of 1-ethynyl-4-fluorobenzene (17.1 mg, 0.142 mmol), 2,6-
lutidine (16 pL, 0.142 mmol), sodium ascorbate (17.8 mg, 0.090 mmol) and CD-
ring 47 (34.5 mg, 0.071 mmol) in tBuOH (3 mL) and H,O (3 mL) was added
CuS04-5H>0 (3.3 mg, 0.013 mmol) at room temperature, and the mixture was
stirred at the same temperature for 63 h. After the reaction was quenched with
H,O, the mixture was extracted with EtOAc three times, washed with brine,
dried over Na,SOy, filtered, and concentrated. The crude triazole product was
used for the next reaction without further purification.

Methanesulfonic acid (0.2 mL) was added to a solution of the above crude
product in MeOH (10 mL). The mixture was stirred at room temperature under
air for 20 h. After the reaction was quenched with H,O and saturated aqueous
NaHCO3 at room temperature, the mixture was extracted with EtOAc three times,
dried over Na,SOy, filtered, and concentrated. The residue was purified on a
preparative silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 49b (27.8

mg, 70%) as a colorless oil.

49b: [a] p2” +41.3 (c 2.14, CHCls); IR (neat) 3147, 1498, 1470, 1228, 843, 760
cem'; "H NMR (600 MHz, CDCls) 8 0.56 (s, 3H), 0.93 (d, J = 6.6 Hz, 3H), 1.04-
1.11 (m, 1H), 1.22-2.04 (m, 17H), 2.71-2.74 (m, 1H), 5.01-5.09 (m, 2H), 5.24
(t,J=7.5 Hz, 1H), 7.09-7.12 (m, 2H), 7.66 (s, 1H), 7.76-7.78 (m, 2H); °C NMR
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(150 MHz, CDCl3) 6 11.9, 18.5, 18.7, 22.1, 23.4, 27.5, 28.8, 31.0, 35.8, 36.1,
40.0, 45.7, 47.4, 55.6, 56.3, 76.3 (sept, J = 28.8 Hz), 112.8, 115.8 (d, J = 21.6
Hz), 118.8, 123.3 (q, J = 284.4 Hz), 126.7, 127.5 (d, J = 8.6 Hz), 146.9, 147.4,
162.7 (d, J = 245.6 Hz); HRMS (ESI") calcd for C,sH34sN3OF;Na [M+Na]*
584.2482, found 584.2477.

(6R)-1,1,1-Trifluoro-6-{(1R,3aS,7aR,E)-7a-methyl-4-[2-(5-phenyl-2H-tetrazol-
2-yl)ethylidene]octahydro-1H-inden-1-yl}-2-(trifluoromethyl)heptan-2-ol
(50a)

(6R)-1,1,1-Trifluoro-6-{(1R,3aS,7aR,E)-7a-methyl-4-[2-(5-phenyl-1H-tetrazol-
1-yl)ethylidene]octahydro-1H-inden-1-yl}-2-(trifluoromethyl)heptan-2-ol
(50b)

To a solution of 5-phenyl-1H-tetrazole (166.6 mg, 1.14 mmol), Ph;P (199.3
mg, 0.76 mmol), and CD-ring 47 (175.0 mg, 0.38 mmol) in THF (5 mL) was
added diisopropyl diazocarboxylate (600 uL, 1.9 M in toluene, 1.14 mmol) at
0°C, and the mixture was stirred for 1 h. After the reaction was quenched with
H,O at 0°C, the mixture was extracted with EtOAc three times, washed with
brine, dried over Na,SOy, filtered, and concentrated. The residue was roughly
purified by flash column chromatography on silica gel (hexane : EtOAc =4 : 1)
to obtain the crude products (less polar and more polar products).

Methanesulfonic acid (0.4 mL) was added to a solution of the above less polar
crude product in MeOH (20 mL). The mixture was stirred at room temperature
under air for 6 h. After the reaction was quenched with H>O and saturated
aqueous NaHCOs; at room temperature, the mixture was extracted with EtOAc
three times, dried over Na;SO4, filtered, and concentrated. The residue was
purified by flash column chromatography on silica gel (hexane : EtOAc = 10 :
1) to obtain 50a (87.2 mg, 42%) as a colorless oil.

50a: [a] b2’ +33.8 (¢ 0.68, CHCl3); IR (neat) 3205, 1471, 1452, 1228, 1176, 734
em'; "H NMR (600 MHz, CDCls) & 0.54 (s, 3H), 0.94 (d, J = 6.6 Hz, 3H), 1.04-
1.11 (m, 1H), 1.23-2.03 (m, 17H), 2.83-2.86 (m, 1H), 3.13 (brs, 1H), 5.28-5.45
(m, 3H), 7.44-7.50 (m, 3H), 8.13-8.15 (m, 2H); '*C NMR (150 MHz, CDCls) §
11.8, 18.5, 18.7, 22.0, 23.3, 27.5, 29.1, 30.8, 35.8, 36.1, 40.1, 45.9, 50.2, 55.6,
56.3, 76.2 (sept, J = 28.7 Hz), 111.7, 123.2 (q, J = 284.4 Hz), 126.8, 127.6,
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128.8, 130.2, 147.9, 165.0; HRMS (ESI") calcd for C2sH35N4O3Fs [M+HCOO]~
589.2619, found 589.2594.

Methanesulfonic acid (0.4 mL) was added to a solution of the above more polar
crude product in MeOH (20 mL). The mixture was stirred at room temperature
under air for 8 h. After the reaction was quenched with H>O and saturated
aqueous NaHCOs; at room temperature, the mixture was extracted with EtOAc
three times, dried over Na;SO4, filtered, and concentrated. The residue was
purified on a preparative silica gel TLC plate (hexane : EtOAc =2 : 1) to obtain
50b (35.7 mg, 17%) as a colorless oil.

50b: [a] p?” +40.5 (¢ 0.19, CHCI;); IR (neat) 3227, 1475, 1225, 759 ¢cm™!; 'H
NMR (600 MHz, CDCl3) & 0.44 (s, 3H), 0.92 (d, J = 6.0 Hz, 3H), 1.03-1.10 (m,
1H), 1.20-1.99 (m, 17H), 2.51-2.55 (m, 1H), 3.85 (brs, 1H), 5.06-5.17 (m, 3H),
7.53-7.59 (m, 3H), 7.67-7.68 (m, 2H); '*C NMR (150 MHz, CDCl;) § 11.8, 18.4,
18.6, 22.0, 23.1, 27.4, 28.9, 30.9, 35.8, 36.1, 40.0, 45.6, 45.7, 55.4, 56.2, 76.3
(sept, J =28.8 Hz), 112.8, 123.3 (q, J = 284.4 Hz), 124.0, 128.8, 129.2, 131.2,
146.5, 154.1; HRMS (ESI") calcd for C,sH3sN4O3Fs [M+HCOO]™ 589.2619,
found 589.2582.

(6R)-1,1,1-Trifluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-fluorophenyl)-2H-tetrazol-
2-yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-
(trifluoromethyl)heptan-2-ol (51a)

(6R)-1,1,1-Trifluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-fluorophenyl)-1H-tetrazol-
1-yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-
(trifluoromethyl)heptan-2-ol (51b)

To a solution of 5-(4-fluorophenyl)-1H-tetrazole (43.5 mg, 0.27 mmol), Ph;P
(46.4 mg, 0.18 mmol), and CD-ring 47 (40.7 mg, 0.088 mmol) in CH,Cl, (5 mL)
was added diisopropyl azodicarboxylate (140 pL, 1.9 M in toluene, 0.27 mmol)
at 0°C, and the mixture was stirred for 1 h. After the reaction was quenched
with H>O at 0°C, the mixture was extracted with EtOAc three times, washed
with brine, dried over Na;SO4, filtered, and concentrated. The residue was
roughly purified by flash column chromatography on silica gel (hexane : EtOAc

=5:1) to obtain the crude products (less polar and more polar products).
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p-Toluenesulfonic acid monohydrate (625.0 mg, 3.29 mmol) was added to a
solution of the above less polar crude product in MeOH (7.5 mL) and CH,Cl»
(7.5 mL). The mixture was stirred at room temperature for 17 h under air. After
the reaction was quenched with H,O and saturated aqueous NaHCO3; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,SOy, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =4 : 1) to obtain 51a (17.6 mg, 35%) as

a colorless oil.

51a: [o] p27 +34.7 (¢ 1.35, CHCl3); IR (neat) 3291, 1468, 1225, 1157, 846 cm"
. IH NMR (600 MHz, CDCl;) & 0.53 (s, 3H), 0.93 (d, J = 7.2 Hz, 3H), 1.03-
1.10 (m, 1H), 1.22-2.04 (m, 17H), 2.81-2.84 (m, 1H), 3.89 (brs, 1H), 5.27-5.33
(m, 3H), 7.14-7.18 (m, 2H), 8.10-8.13 (m, 2H); '*C NMR (150 MHz, CDCls) §
11.8, 18.5, 18.6, 22.0, 23.3, 27.5, 29.0, 30.9, 35.8, 36.1, 40.1, 45.8, 50.2, 55.6,
56.3, 76.2 (sept, J = 28.7 Hz), 111.5, 116.0 (d, J = 23.0 Hz), 123.3 (q, J = 284.4
Hz), 123.7, 128.8 (d, J = 7.2 Hz), 148.1, 164.0 (d, J = 248.6 Hz), 164.2; HRMS
(EST™) caled for C27H33N4OF¢Cl [M+C1]- 597.2237, found 597.2245.

p-Toluenesulfonic acid monohydrate (201.1 mg, 1.06 mmol) was added to a
solution of the above more polar crude product in MeOH (5 mL) and CH,Cl, (15
mL). The mixture was stirred at room temperature for 26 h under air. After the
reaction was quenched with H,O and saturated aqueous NaHCOs; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 51b (11.4 mg, 23%) as

a colorless oil.

51b: [o] p27 +34.9 (¢ 0.88, CHCIs); IR (neat) 3216, 1479, 1232, 846 cm™!; 'H
NMR (600 MHz, CDCl3) & 0.45 (s, 3H), 0.92 (d, J = 7.2 Hz, 3H), 1.06-1.10 (m,
1H), 1.22-2.00 (m, 17H), 2.53-2.55 (m, 1H), 5.05-5.15 (m, 3H), 7.22-7.26 (m,
2H), 7.68-7.70 (m, 2H); '3*C NMR (150 MHz, CDCl;) & 11.8, 18.4, 18.6, 22.0,
23.1, 27.4, 28.9, 30.9, 35.8, 36.1, 39.9, 45.6, 45.8, 55.4, 56.2, 76.2 (sept, J =
28.7 Hz), 112.7, 116.5 (d, J = 21.6 Hz), 120.1, 123.3 (q, J = 285.8 Hz), 131.0
(d, J = 8.6 Hz), 146.7, 153.3, 164.4 (d, J = 251.4 Hz); HRMS (ESI*) calcd for
C,7H33:N4OF¢Na [M+Na]* 585.2435, found 585.2445.
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2-{(1R,3aS,7aR,E)-1-[(2R,4R)-4-Fluoro-6-(methoxymethoxy)-6-methylheptan-
2-yl]-7a-methyloctahydro-4 H-inden-4-ylidene}ethan-1-o0l (56)

4-Methylmorpholine N-oxide (50.7 mg, 0.43 mmol) was added to the solution
of 52 (101.8 mg, 0.339 mmol) in CH,Cl, (4 mL), and the mixture was cooled to
0°C. TPAP (61.7 mg, 0.176 mmol) was added to the mixture, and the mixture
was stirred at 0°C for 90 min. The reaction was diluted with excess amount of
Et,0. The mixture was directly purified by flash column chromatography on
silica gel (Et2O only) to obtain the crude ketone, and this was used for the next
reaction without further purification.

MOMCI (136.5 mg, 129.0 pL, 1.70 mmol) was added to the 0 °C cooled solution
of the above crude ketone and diisopropylethylamine (262.9 mg, 354.0 pL, 2.03
mmol) in CH2Cl, (4 mL), and the mixture was stirred at room temperature for
19 h. After the reaction was quenched with H,O and saturated aqueous NH4CI
at 0 °C, the mixture was extracted with CH,Cl;, three times, dried over Na,;SOy,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =1 : 1) to obtain a crude MOM
protected ketone 54.

To a suspension of NaH (135.6 mg, 60% in oil, 3.39 mmol) in THF (1 mL) was
added (EtO),P(O)CH,CO:zEt (836.2 mg, 747 pL, 3.73 mmol) at 0°C, and the
mixture was stirred at 0°C for 30 min. The above crude ketone 54 was dissolved
in THF (4 mL) and the solution was added to the mixture at the same temperature.
After being stirred at room temperature for 120 h, the reaction mixture was
quenched with H>O and saturated aqueous NH4Cl at room temperature. The
mixture was extracted with EtOAc three times, washed with brine, dried over
Na,SOy, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =3 : 1) to obtain the crude ethyl
ester (111.6 mg) as a colorless oil.

To the solution of the crude ethyl ester (111.6 mg) (111.6 mg) in toluene (10
mL) was added DIBAL-H (788 uL, 1.03 M hexane solution, 0.811 mmol) at -
78°C, and the mixture was stirred at room temperature for 10 min. After the
reaction was quenched with H,O and saturated aqueous potassium sodium
tartrate at room temperature, the mixture was extracted with EtOAc three times,
washed with brine, dried over Na,SQO4, filtered, and concentrated. The residue
was purified by flash column chromatography on silica gel (hexane : EtOAc =

2 : 1) to obtain alcohol 56 (88.2 mg, 70%, 4 steps) as a colorless oil.
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56: [o] p2” +65.8 (¢ 2.19, CHCl;); IR (neat) 3423, 1464, 1384, 1148, 1038 cm"
. 'H NMR (600 MHz, CDCls) § 0.57 (s, 3H), 0.99-1.12 (m, 4H), 1.24-2.03 (m,
22H), 3.36 (s, 3H), 4.15-4.23 (m, 2H), 4.71 (dd, J = 7.8, 33.6 Hz, 2H), 4.88
(dddt, J= 2.4, 8.4, 10.8, 51.6 Hz), 5.21 (t, J = 6.9 Hz, 1H); '3C NMR (150 MHz,
CDCls) & 11.8, 18.8, 22.2, 23.4, 25.9, 27.6, 28.7, 32.4, 40.4, 42.9 (d, J = 20.1
Hz), 45.4, 47.9 (d, J = 20.1 Hz), 55.2, 55.6, 56.9, 58.7, 75.3, 88.6 (d, J = 165.2
Hz), 91.0, 119.3, 143.5; HRMS (ESI") calcd for C2,H3903FNa [M+Na]* 393.2775,
found 393.2789.

2-{(1R,3aS,7aR,E)-1-[(2R,45)-4-Fluoro-6-(methoxymethoxy)-6-methylheptan-
2-yl]-7a-methyloctahydro-4 H-inden-4-ylidene}ethan-1-o0l (57)

4-Methylmorpholine N-oxide (87.8 mg, 0.750 mmol) was added to the solution
of 53 (111.1 mg, 0.370 mmol) in CH,Cl, (4 mL), and the mixture was cooled to
0°C. TPAP (72.5 mg, 0.206 mmol) was added to the mixture, and the mixture
was stirred at 0°C for 90 min. The reaction was diluted with excess amount of
Et;0. The mixture was directly purified by flash column chromatography on
silica gel (Et,O only) to obtain the crude ketone, and this was used for the next
reaction without further purification.

MOMCI (107.2 mg, 101.1 pL, 1.33 mmol) was added to the 0 °C cooled solution
of the above crude ketone and diisopropylethylamine (258.1 mg, 347.8 uL, 2.00
mmol) in CH,Cl, (5§ mL), and the mixture was stirred at 0 °C for 25 min and at
room temperature for 19 h. After the reaction was quenched with H,O and
saturated aqueous NH4Cl at 0 °C, the mixture was extracted with CH,Cl, three
times, dried over Na,SOy, filtered, and concentrated. The residue was purified
by flash column chromatography on silica gel (hexane : EtOAc =1 : 1) to obtain
a crude MOM protected ketone 55.

To a suspension of NaH (106.5 mg, 60% in oil, 2.66 mmol) in THF (2 mL) was
added (EtO),P(O)CH,COzEt (671.3 mg, 599.4 uL, 3.00 mmol) at 0°C, and the
mixture was stirred at 0°C for 15 min. The above crude ketone 55 was dissolved
in THF (2 mL) and the solution was added to the mixture at the same temperature.
After being stirred at room temperature for 93 h, the reaction mixture was
quenched with H>O and saturated aqueous NH4Cl at room temperature. The
mixture was extracted with EtOAc three times, washed with brine, dried over
Na,S0s, filtered, and concentrated. The residue was purified by flash column

chromatography on silica gel (hexane : EtOAc =2 : 1) to obtain the crude ethyl
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ester (64.3 mg) as a colorless oil.

To the solution of the above crude ethyl ester (64.3 mg) in toluene (5 mL) was
added DIBAL-H (450 pL, 1.04 M hexane solution, 0.468 mmol) at -78°C, and
the mixture was stirred at room temperature for 10 min. After the reaction was
quenched with H>O and saturated aqueous potassium sodium tartrate at room
temperature, the mixture was extracted with EtOAc three times, washed with
brine, dried over Na,SOy, filtered, and concentrated. The residue was purified
by flash column chromatography on silica gel (hexane : EtOAc =2 : 1) to obtain
alcohol 57 (50.3 mg, 41%) as a colorless oil.

57: [a] 07 +51.7 (c 1.97, CHCI3); IR (neat) 3411, 1468, 1384, 1145, 1041 cm™';
'H NMR (400 MHz, CDCls) & 0.55 (s, 3H), 1.00 (d, J = 6.0 Hz, 3H), 1.16-2.01
(m, 24H), 2.59-2.63 (m, 1H), 3.35 (s, 3H), 4.15-4.23 (m, 2H), 4.70 (dd, J = 7.3,
15.6 Hz, 2H), 5.20 (tt, J = 4.1, 18.4 Hz, 1H); *C NMR (100 MHz, CDCls) &
11.7, 19.5, 22.1, 23.4, 25.8, 27.5, 27.8, 28.6, 34.3 (d, J=5.7 Hz), 40.3, 42.3 (d,
J =20.0 Hz), 45.3, 47.5 (d, J = 20.0 Hz), 55.1, 55.5, 56.8, 58.6, 75.3, 90.8 (d,
J=165.0Hz), 90.9, 119.4, 143.4; HRMS (ESI") calcd for C22H39O3FNa [M+Na]*
393.2775, found 393.2789.

(4R,6R)-4-Fluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-fluorophenyl)-2H-tetrazol-2-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (58a)

(4R,6R)-4-Fluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-fluorophenyl)-1H-tetrazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-0l (58b)

To a solution of 5-(4-fluorophenyl)-1H-tetrazole (26.5 mg, 0.16 mmol), Ph;P
(42.9 mg, 0.16 mmol), and CD-ring 56 (28.5 mg, 0.077 mmol) in CH,Cl, (2 mL)
was added diisopropyl azodicarboxylate (73 uL, 1.9 M in toluene, 0.14 mmol)
at 0°C, and the mixture was stirred for 35 min. After the reaction was quenched
with H,O at 0°C, the mixture was extracted with CH,Cl, three times, washed
with brine, dried over Na;SO4, filtered, and concentrated. The residue was
roughly purified by flash column chromatography on silica gel (hexane : EtOAc
=3 :1) to obtain the crude products (less polar and more polar products).

p-Toluenesulfonic acid monohydrate (200.2 mg, 1.05 mmol) was added to a
solution of the above less polar crude product in MeOH (5 mL) and CH»Cl, (5

mL). The mixture was stirred at room temperature for 16 h under air. After the
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reaction was quenched with H,O and saturated aqueous NaHCOs; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,SOy, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 58a (17.5 mg, 48%) as

a colorless oil.

58a: [o] p27 +47.5 (¢ 1.35, CHCl3); IR (neat) 3427, 1464, 1236, 1152, 846 cm"
. 'H NMR (600 MHz, CDCls) § 0.57 (s, 3H), 1.00-1.13 (m, 4H), 1.27-2.06 (m,
22H), 2.82-2.85 (m, 1H), 4.95 (dtt, J = 2.4, 10.8, 51.0 Hz, 1H), 5.26-5.34 (m,
3H), 7.15-7.18 (m, 2H), 8.11-8.14 (m, 2H); '3C NMR (150 MHz, CDCls) & 11.8,
18.8, 22.0, 23.3, 27.5, 29.0, 29.8, 32.3, 40.2, 42.7 (d, J = 2.5 Hz), 45.9, 48.7 (d,
J = 18.6 Hz), 50.2, 55.7, 56.7, 70.2, 90.0 (d, J = 163.8 Hz), 111.7, 116.0 (d, J
=21.5 Hz), 123.9, 128.8 (d, J = 8.6 Hz), 147.9, 163.9 (d, J = 247.1 Hz), 164.8;
HRMS (ESI*) caled for C27H3sN4OF,Na [M+Na]* 495.2906, found 495.2901.

p-Toluenesulfonic acid monohydrate (203.4 mg, 1.07 mmol) was added to a
solution of the above more polar crude product in MeOH (5 mL) and CH,Cl, (15
mL). The mixture was stirred at room temperature for 17 h under air. After the
reaction was quenched with H,O and saturated aqueous NaHCOs; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 2) to obtain 58b (8.2 mg, 23%) as a

colorless oil.

58b: [a] 27 +52.4 (¢ 0.631, CHCl;); IR (neat) 3427, 1475, 1240, 1161, 851 cm-
. IH NMR (600 MHz, CDCls) § 0.49 (s, 3H), 0.99-1.12 (m, 4H), 1.25-2.04 (m,
22H), 2.54-2.57 (m, 1H), 4.94 (dtt, J = 2.4, 9.6, 51.6 Hz, 1H), 5.06-5.13 (m,
3H), 7.23-7.25 (m, 2H), 7.69-7.71 (m, 2H); '3C NMR (150 MHz, CDCl;) & 11.8,
18.8, 22.1, 23.1, 27.4, 28.9, 29.8, 29.8, 32.2, 40.0, 42.6 (d, J = 20.1 Hz), 45.7
(d, J = 5.7 Hz), 48.6 (d, J = 18.8 Hz), 55.5, 56.6, 70.2, 89.9 (d, J = 163.8 Hz),
112.8, 116.5 (d, J = 21.6 Hz), 120.4, 131.0 (d, J = 8.6 Hz), 146.6, 153.3, 164.4
(d, J = 251.4 Hz); HRMS (ESI*) caled for Ca7H3sN4OF,Na [M+Na]* 495.2906,
found 495.2918.
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(4S,6R)-4-Fluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-fluorophenyl)-2H-tetrazol-2-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (59a)

(4S,6R)-4-Fluoro-6-[(1R,3aS,7aR,E)-4-{2-[5-(4-fluorophenyl)-1H-tetrazol-1-
yl]ethylidene}-7a-methyloctahydro-1H-inden-1-yl]-2-methylheptan-2-ol (59b)

To a solution of 5-(4-fluorophenyl)-1H-tetrazole (23.8 mg, 0.14 mmol), Ph;P
(36.4 mg, 0.14 mmol), and CD-ring 57 (25.4 mg, 0.069 mmol) in CH,Cl, (2 mL)
was added diisopropyl azodicarboxylate (65 pL, 1.9 M in toluene, 0.27 mmol)
at 0°C, and the mixture was stirred for 30 min. After the reaction was quenched
with H,O at 0°C, the mixture was extracted with CH,Cl, three times, washed
with brine, dried over Na,;SO4, filtered, and concentrated. The residue was
roughly purified by flash column chromatography on silica gel (hexane : EtOAc
=3 :1) to obtain the crude products (less polar and more polar products).

p-Toluenesulfonic acid monohydrate (194.7 mg, 1.02 mmol) was added to a
solution of the above less polar crude product in MeOH (5 mL) and CH,Cl, (5
mL). The mixture was stirred at room temperature for 19 h under air. After the
reaction was quenched with H,O and saturated aqueous NaHCOs; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 59a (16.0 mg, 49%) as

a colorless oil.

59a: [o] p27 +41.2 (¢ 1.23, CHCl3); IR (neat) 3439, 1468, 1228, 1157, 846 cm"
. IH NMR (600 MHz, CDCl;) & 0.55 (s, 3H), 1.01 (d, J = 6.0 Hz, 3H), 1.22-
2.04 (m, 23H), 2.82-2.85 (m, 1H), 4.92 (ddtd, J = 1.8, 6.6, 10.2, 50.4 Hz, 1H),
5.26-5.34 (m, 3H), 7.14-7.18 (m, 2H), 8.11-8.14 (m, 2H); '3C NMR (150 MHz,
CDCls) & 11.8, 19.4, 22.0, 23.3, 27.8, 29.0, 29.6, 34.2 (d, J = 5.7 Hz), 40.1,
42.1 (d, J = 18.6 Hz), 45.8, 48.0 (d, J = 18.6 Hz), 55.2, 55.6, 56.7, 70.2, 92.2
(d, J = 162.2 Hz), 111.7, 116.0 (d, J = 21.5 Hz), 123.9, 128.8 (d, J = 8.6 Hz),
147.8, 163.9 (d, J = 248.6 Hz), 164.2; HRMS (ESI*) calcd for C27H3sN4OF,Na
[M+Na]* 495.2906, found 495.2914.

p-Toluenesulfonic acid monohydrate (190.2 mg, 1.00 mmol) was added to a
solution of the above more polar crude product in MeOH (5 mL) and CH,Cl, (5

mL). The mixture was stirred at room temperature for 19 h under air. After the
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reaction was quenched with H,O and saturated aqueous NaHCOs; at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,SOy, filtered, and concentrated. The residue was purified on a preparative
silica gel TLC plate (hexane : EtOAc =1 : 1) to obtain 59b (7.4 mg, 23%) as a

colorless oil.

59b: [a] 27 +37.8 (¢ 0.576, CHCl;); IR (neat) 3418, 1475, 1236, 1161, 842 cm-
. IH NMR (600 MHz, CDCl;) & 0.55 (s, 3H), 1.01 (d, J = 6.0 Hz, 3H), 1.22-
2.04 (m, 23H), 2.82-2.85 (m, 1H), 4.92 (ddtd, J = 1.8, 6.6, 10.2, 50.4 Hz, 1H),
5.26-5.34 (m, 3H), 7.14-7.18 (m, 2H), 8.11-8.14 (m, 2H); '3C NMR (150 MHz,
CDCls) & 11.8, 19.4, 22.1, 23.2, 27.8, 29.0, 29.7, 30.0, 34.3 (d, J = 5.7 Hz),
40.0, 42.2 (d, J = 20.1 Hz), 45.7 (d, J = 18.6 Hz), 48.1 (d, J = 18.6 Hz), 55.5,
56.7, 70.3, 92.3 (d, J = 162.3 Hz), 113.0, 116.6 (d, J = 21.5 Hz), 120.4, 131.1
(d, J = 8.7 Hz), 146.6, 153.4, 164.5 (d, J = 251.3 Hz); HRMS (ESI*) calcd for
C17H3sN4sOF,Na [M+Na]* 495.2906, found 495.2918.

Ethyl (3R,5R)-3-hydroxy-5-{(1R,3aR,4S5,7aR)-7a-methyl-4-[(triethylsilyl)
oxyJoctahydro-1H-inden-1-yl}lhexanoate (65)

Ethyl (3S5,5R)-3-hydroxy-5-{(1R,3aR,4S,7aR)-7a-methyl-4-[(triethylsilyl)
oxyJoctahydro-1H-inden-1-yl}hexanoate (66)

To the solution of ethyl acetate (595.8 mg, 0.58 mmol) in THF (6 mL) was
added LHMDS (5.6 mL, 1 M THF solution, 5.6 mmol) at -78 °C, the mixture was
stirred at the same temperature for 15 min, and a solution of 67 (381.5 mg, 1.13
mmol) in THF (9 mL) was added. The reaction mixture was stirred at -78 °C for
10 min. After the reaction was quenched with H,O at room temperature, the
mixture was extracted with EtOAc three times, dried over Na,SOy, filtered, and
concentrated. The residue was purified by flash column chromatography on
silica gel (hexane : EtOAc = 8 : 1) to obtain 65 (190.3 mg, 41%) (less polar)
and 66 (179.1mg, 37%) (more polar) as colorless oils.

65: [a] p27 +38.1 (¢ 0.46, CHCls); IR (neat) 3461, 1736, 1374, 1166, 1027, 742
cm'; '"H NMR (400 MHz, CDCl3) 8 0.54 (q, J = 7.8 Hz, 6H), 0.92-1.03 (m, 17H),
1.10 (td, J = 2.8, 12.8 Hz, 1H), 1.18-1.37 (m, 8H), 1.52-1.87 (m, 6H), 1.97 (dt,
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J=2.8,12.4 Hz, 1H), 3.04 (brs, 1H, OH), 2.41-2.42 (m, 2H), 4.02 (dd, J = 2.9,
5.2 Hz, 1H), 4.08-4.12 (m, 1H), 4.16 (q, J = 7.3 Hz, 2H); '3C NMR (100 MHz,
CDCl3) § 4.9, 6.9, 13.5, 14.2, 17.7, 18.5,23.0, 27.4, 31.8, 34.6, 40.8, 42.3, 42 .4,
42.9, 53.1, 57.3, 60.6, 65.3, 69.4, 173.0; HRMS (ESI*) calcd for C,4H4604SiNa
[M+Na]* 449.3058, found 449.3070.

66: [a] p27 +57.4 (¢ 0.48, CHCls); IR (neat) 3461, 1737, 1373, 1166, 1035, 745
em'; '"H NMR (600 MHz, CDCls) & 0.54 (q, J = 7.8 Hz, 6H,), 0.89-0.96 (m,
15H), 1.00-1.37 (m, 12H), 1.50-1.67 (m, 3H), 1.74-1.87 (m, 2H), 1.93 (dt, J =
3.0, 12.8 Hz, 1H), 2.30 (dt, J = 9.2, 16.5 Hz, 1H), 2.55 (dt, J = 2.8, 16.5 Hz,
1H), 3.04 (brs, 1H), 4.01-4.11 (m, 2H), 4.16 (q, J = 6.9 Hz, 2H); '3C NMR (150
MHz, CDCl;5) & 4.9, 6.9, 13.5, 14.1, 17.6, 19.2, 23.0, 27.6, 33.2, 34.6, 40.7,
40.8, 42.2, 42.8, 53.0, 57.3, 60.6, 66.8, 69.3, 173.2; HRMS (ESI*) calcd for
C24H4604SiNa [M+Na]* 449.3058, found 449.3064.

(4R,6R)-2-Methyl-6-{(1R,3aR,4S5,7aR)-7a-methyl-4-[(triethylsilyl)
oxyJoctahydro-1H-inden-1-yl}heptane-2,4-diol (70)

TMSCI (63.5 mg, 70 pL, 0.585 mmol) was added to the 0 °C cooled solution
of 65 (221.4 mg, 0.519 mmol) and imidazole (142.7 mg, 2.10 mmol) in CH,Cl»
(5 mL), and the mixture was stirred for 15 min. After the reaction was quenched
with H,O at 0 °C, the mixture was extracted with CH,Cl, three times, dried over
NazSOy, filtered, and concentrated. The crude residue was used for the next
reaction without further purification.

MeMgBr (4.6 mL, 1.12 M THF solution, 5.19 mmol) was added to the solution
of crude residue in THF (10 mL) at room temperature, and the mixture was
refluxed for 20 min. After the reaction was quenched with H,O and saturated
aqueous NH4Cl at room temperature, the mixture was extracted with EtOAc
three times, washed with brine, dried over Na,SOy, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (hexane :
EtOAc =2 :1) to obtain 70 (175.6 mg, 82%, 2 steps) as a colorless oil.

70: [a] 27 +36.7 (¢ 1.36, CHCl;); IR (neat) 3357, 1467, 1376, 1166, 1084, 1020,
743 ¢cm-'; '"H NMR (600 MHz, CDCl3) § 0.55 (q, J = 7.8 Hz, 6H), 0.93-1.03 (m,
16H), 1.20-1.46 (m, 13H), 1.54-1.68 (m, 5H), 1.77-1.86 (m, 2H), 1.97 (dt, J =
2.8, 12.4 Hz, 1H), 1.98 (dt, J = 3.6, 12.0 Hz, 1H), 2.53 (brs, 2H), 4.02 (dd, J =
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2.4, 5.1 Hz, 1H), 4.02 (td, J = 2.4, 10.2 Hz, 1H); '3C NMR (150 MHz, CDCl;) &
4.9, 6.9, 13.6, 17.7,18.7, 23.0, 27.5, 27.8, 31.7, 32.0, 34.6, 40.9, 42.3, 44.8,
49.0, 53.1, 57.5, 66.8, 69.4, 71.6; HRMS (ESI*) calcd for C,sHssNaO3SiNa
[M+Na]* 435.3264, found 435.3265.

(4S,6R)-2-Methyl-6-{(1R,3aR,4S,7aR)-7a-methyl-4-[(triethylsilyl)oxy]
octahydro-1H-inden-1-yl}heptane-2,4-diol (71)

To the solution of 66 (97.6 mg, 0.229 mmol) and imidazole (47.8 mg, 0.702
mmol) in CH,Cl, (5 mL) was added TMSCI (63.5 mg, 70 pL, 0.585 mmol), and
the mixture was stirred at room temperature for 15 min. After the reaction was
quenched with water at room temperature, the mixture was extracted with
CH,Cl, three times, dried over Na>SOQy, filtered, and concentrated to give the
crude residue.

To the solution of the above crude residue in THF (5 mL) was added MeMgBr
(2.1 mL, 1.12 M THF solution, 2.34 mmol) at room temperature and refluxed
for 20 min. After the reaction was quenched with H,O at room temperature, the
mixture was extracted with EtOAc three times, washed with brine, dried over
Na,SOy, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =2 : 1) to obtain 71 (77.8 mg,

81%, 2 steps) as a colorless oil.

71: [a] p27 +69.3 (¢ 1.39, CHCI3); IR (neat) 3367, 1464, 1376, 1165, 1085, 1025,
739 cm™'; '"H NMR (600 MHz, CDCl3) & 0.55 (q, J = 7.8 Hz, 6H), 0.91 (s, 3H),
0.93 (d, J = 7.2 Hz, 3H), 0.94 (t, J = 7.8 Hz, 9H), 1.04 (q, J = 9.6 Hz, 1H), 1.12
(td, J = 3.6, 13.2 Hz, 1H), 1.17-1.38 (m, 13H), 1.47-1.68 (m, 5H), 1.77-1.86 (m,
2H), 1.95 (dt, J = 3.0, 12.6 Hz, 1H), 2.67 (brs, 2H), 4.02 (dd, J = 3.0, 5.4 Hz,
1H), 4.07-4.11 (m, 1H); '*C NMR (150 MHz, CDCl3) & 4.9, 6.9, 13.6, 17.7, 19.1,
23.0, 27.6,27.7,32.2, 33.1, 34.6, 40.8, 42.2, 44.8, 47.3, 53.0, 57.5, 68.3, 68.4,
71.9; HRMS (ESI") caled for C24H4303SiNa [M+Na]* 435.3265, found 435.3280.

Ethyl (3R,5R)-5-{(1R,3aR,4S5,7aR)-7a-methyl-4-[(triethylsilyl)oxy]octahydro-
1H-inden-1-yl}-3-{[(2S5)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl]oxy}
hexanoate (65a)

To the solution of 65 (14.9 mg, 0.035 mmol) and N,N-dimethyl-4-
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aminopyridine (5.5 mg, 0.045 mmol) in CH,Cl, (0.5 mL) was added (R)-(-)-
MTPACI (35.5 mg, 0.141 mmol) at room temperature, and the mixture was
stirred for 1 h. To the mixture was added N,N-dimethyl-4-aminopyridine (20.3
mg, 0.166 mmol) and stirred at the same temperature for 10 min. The solution
is directly purified by flash column chromatography on silica gel (hexane :
EtOAc = 5 : 1) and followed by purification on a preparative silica gel TLC
plate (hexane : EtOAc =4 : 1) to obtain 65a (17.8 mg, 79%) as a colorless oil.

65a: [a] p?’” +22.2 (¢ 1.37, CHCI3); IR (neat) 1750, 1269, 1184, 1031 cm™'; 'H
NMR (600 MHz, CDCl3) 6 0.56 (q, J = 8.4 Hz, 6H), 0.82 (s, 3H), 0.94-0.99 (m,
12H), 1.06-1.11 (m, 2H), 1.15-1.20 (m, 2H), 1.22 (t, J = 7.2 Hz, 3H), 1.30-1.41
(m, 4H), 1.53 (qd, J = 6.0, 11.4 Hz, 1H), 1.58 (s, 1H), 1.65-1.67 (m, 1H), 1.73-
1.81 (m, 2H), 1.84-1.88 (m, 1H), 1.93 (dt, J = 3.6, 12.6 Hz, 1H), 2.50 (dd, J =
6.0, 15.6 Hz, 1H), 2.69 (dd, J = 6.0, 15.9 Hz, 1H), 3.52 (s, 3H), 4.01-4.02 (m,
1H), 4.05-4.14 (m, 2H), 5.54-5.59 (m, 1H), 7.38-7.40 (m, 3H), 7.54-7.55 (m,
2H); '*C NMR (150 MHz, CDCls) 8 5.0, 7.0, 13.5, 14.2, 17.7, 18.5, 23.1, 27.4,
32.3, 34.6, 40.0, 40.6, 40.8, 42.3, 53.1, 55.4, 57.1, 60.9, 69.4, 71.5, 84.7 (q, J
= 27.3 Hz), 123.4 (q, J = 287.3 Hz), 127.6, 128.5, 129.6, 132.2, 166.1, 169.9;
HRMS (ESI") caled for C34Hs306F3SiNa [M+Na]" 665.3456, found 665.3504.

Ethyl (3R,5R)-5-{(1R,3aR,4S5,7aR)-7a-methyl-4-[(triethylsilyl)oxy]octahydro-
1H-inden-1-yl}-3-{[(2R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl]oxy}
hexanoate (65b)

To the solution of 65 (15.0 mg, 0.035 mmol) and N,N-dimethyl-4-
aminopyridine (17.1 mg, 0.140 mmol) in CH,Cl; (0.5 mL) was added (S)-(-)-
MTPACI (35.5 mg, 0.141 mmol) at room temperature, and the mixture was
stirred for 1 h. The solution was directly purified by flash column
chromatography on silica gel (hexane : EtOAc = 5 : 1) and followed by
purification on a preparative silica gel TLC plate (hexane : EtOAc =4 : 1) to
obtain 65b (17.1 mg, 76%) as a colorless oil.

65b: [a] p27 +57.0 (¢ 1.31, CHCls); IR (neat) 1748, 1269, 1185, 1031 cm"'; 'H
NMR (600 MHz, CDCl3) 8 0.55 (q, J = 7.8 Hz, 6H), 0.74 (s, 3H), 0.84-0.92 (m,
2H), 0.91 (d, J = 6.6 Hz, 9H), 0.95 (t, J = 8.4 Hz, 3H), 1.05 (dt, J = 3.0, 12.6
Hz, 1H), 1.10-1.17 (m, 2H), 1.20-1.35 (m, 4H), 1.24 (t, J = 8.1 Hz, 3H), 1.42-
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1.50 (m, 1H), 1.57 (s, 1H), 1.64-1.71 (m, 2H), 1.74-1.81 (m, 2H), 1.89 (dt, J =
3.0, 12.6 Hz, 1H), 2.55 (dd, J = 5.7, 15.3 Hz, 1H), 2.73 (dd, J = 5.7, 15.6 Hz,
1H), 3.56 (s, 3H), 3.99-4.00 (m, 1H), 4.08-4.15 (m, 2H), 5.55-5.59 (m, 1H),
7.36-7.39 (m, 3H), 7.53-7.56 (m, 2H); '*C NMR (150 MHz, CDCl;) § 5.0, 7.0,
13.5, 14.2, 17.7, 18.4, 23.0, 27.3, 32.1, 34.7, 40.3, 40.8, 40.8, 42.3, 53.1, 55.6,
57.0, 61.0, 69.4, 71.2, 84.4 (q, J = 28.8 Hz), 123.4 (q, J = 287.3 Hz), 127.2,
128.4, 129.6, 132.4, 166.1, 169.9; HRMS (ESI*) calcd for Cs3sHs:OF3SiNa
[M+Na]* 665.3456, found 665.3502.

Ethyl (3S5,5R)-5-{(1R,3aR,4S5,7aR)-7a-methyl-4-[(triethylsilyl)oxy]octahydro-
1H-inden-1-yl}-3-{[(2S5)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl]oxy}

hexanoate (66a)

To the solution of 66 (15.2 mg, 0.036 mmol) and N,N-dimethyl-4-
aminopyridine (19.7 mg, 0.161 mmol) in CH,Cl, (0.5 mL) was added (R)-(-)-
MTPACI (35.5 mg, 0.141 mmol) at room temperature, and the reaction mixture
was stirred for 1 h. The solution was directly purified by flash column
chromatography on silica gel (hexane : EtOAc = 5 : 1) and followed by
purification on a preparative silica gel TLC plate (hexane : EtOAc =4 : 1) to
obtain 66a (14.0 mg, 61%) as a colorless oil.

66a: [a] 27 +4.8 (¢ 0.37, CHCls); IR (neat) 1747, 1267, 1170, 1022 cm™!; 'H
NMR (600 MHz, CDCl3) 8 0.55 (q, J = 8.0 Hz, 6H), 0.88 (s, 3H), 0.92-1.18 (m,
16H), 1.23 (t, J = 7.2 Hz, 3H), 1.29-1.38 (m, 3H), 1.41 (dd, J = 4.5, 10.2 Hz,
1H), 1.52-1.67 (m, 4H), 1.72-1.84 (m, 2H), 1.92 (dt, J = 3.0, 12.6 Hz, 1H), 2.58
(dd, J = 8.7, 16.8 Hz, 1H), 2.68 (dd, J = 3.9, 16.2 Hz, 1H), 3.54 (s, 3H), 4.00-
4.01 (m, 1H), 4.12 (q, J = 7.2 Hz, 2H), 5.52 (tt, J = 4.2, 8.7 Hz, 1H), 7.38-7.40
(m, 3H), 7.52-7.53 (m, 2H); '3C NMR (150 MHz, CDCl;) § 5.0, 7.0, 13.5, 14.2,
17.7, 19.0, 23.0, 27.6, 33.1, 34.6, 38.7, 39.7, 40.8, 42.3, 53.0, 55.5, 57.1, 61.0,
69.4, 72.9, 84.6 (q, J = 27.3 Hz), 123.3 (q, J = 287.3 Hz), 127.5, 128.4, 129.6,
132.4,165.9, 170.3; HRMS (ESI*) calcd for C34Hs304F3SiNa [M+Na]* 665.3456,
found 665.3486.

Ethyl (3S5,5R)-5-{(1R,3aR,4S5,7aR)-7a-methyl-4-[(triethylsilyl)oxy]octahydro-
1H-inden-1-yl}-3-{[(2R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl]oxy}
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hexanoate (66b)

To the solution of 66 (15.0 mg, 0.035 mmol) and N,N-dimethyl-4-
aminopyridine (17.1 mg, 0.140 mmol) in CH,Cl; (0.5 mL) was added (S)-(-)-
MTPACI (35.5 mg, 0.141 mmol) at room temperature, and the reaction mixture
was stirred for 1 h. The solution was directly purified by flash column
chromatography on silica gel (hexane : EtOAc = 5 : 1) and followed by
purification on a preparative silica gel TLC plate (hexane : EtOAc =4 : 1) to
obtain 66b (20.4 mg, 91%) as a colorless oil.

66b: [a] p?7 +49.1 (¢ 1.57, CHCI;3); IR (neat) 1748, 1271, 1170, 1021 cm™'; 'H
NMR (600 MHz, CDCl3) 6 0.55 (q, J = 7.8 Hz, 6H), 0.90 (s, 3H), 0.94 (t,J =
8.1 Hz, 9H), 1.02 (d, J = 6.0 Hz, 3H), 1.04-1.13 (m, 2H), 1.16-1.23 (m, 5H),
1.32-1.37 (m, 4H), 1.47 (td, J= 5.4, 10.8 Hz, 1H), 1.54-1.62 (m, 2H), 1.66-1.68
(m, 1H), 1.72-1.76 (m, 1H), 1.78-1.83 (m, 2H), 1.95 (dt, J = 2.4, 12.0 Hz, 1H),
2.54 (dd, J = 9.0, 16.8 Hz, 1H), 2.65 (dd, J = 3.3, 16.8 Hz, 1H), 3.52 (s, 3H),
4.02 (s, 1H), 4.02 (q, J = 7.2 Hz, 2H), 5.54 (tt, J = 3.9, 8.4 Hz, 1H), 7.38-7.39
(m, 3H), 7.52-7.53 (m, 2H); '*C NMR (150 MHz, CDCl;) & 5.0, 7.0, 13.6, 14.1,
17.7, 18.9, 23.0, 27.6, 33.2, 34.6, 38.5, 39.9, 40.8, 42.3, 53.1, 55.4, 57.2, 60.8,
69.4, 73.1, 84.6 (q, J = 27.3 Hz), 123.4 (q, J = 285.9 Hz), 127.7, 128.4, 129.6,
132.3,165.7,170.1; HRMS (EST") caled for C34Hs306F3SiNa [M+Na]* 665.3456,
found 665.3472.

(4R,6R)-4-Fluoro-2-methyl-6-{(1R,3aR,4S5,7aR)-7a-methyl-4-[(triethylsilyl)
oxyJoctahydro-1H-inden-1-yl}heptan-2-0l (74)

PyFluor (16.1 mg, 0.10 mmol) was added to the solution of 71 (34.3 mg, 0.083
mmol) and DBU (25.3 mg, 25 uL, 0.17 mmol) in toluene (166 uL), and the
mixture was stirred at room temperature for 90 h. After the reaction was
quenched with water at room temperature, the mixture was extracted with EtOAc
three times, dried over Na;SO4, filtered, and concentrated. The residue was
purified by flash column chromatography on silica gel (hexane : EtOAc =6 : 1)
to obtain 74 (7.6 mg, 22%) as a colorless oil.

74: [a] 27 +41.2 (¢ 1.05, CHCl;); IR (neat) 3410, 1459, 1376, 1166, 1085, 1025,
739 cm!; '"H NMR (600 MHz, CDCls) & 0.55 (q, J = 7.2 Hz, 6H), 0.91 (s, 3H),
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0.93-0.97 (m, 12H), 1.07-1.72 (m, 19H), 1.78-1.85 (m, 3H), 1.94 (dt, J = 3.6,
12.6 Hz, 1H), 4.03 (dd, J = 3.0, 4.5 Hz, 1H), 4.86-4.99 (m, 1H); '*C NMR (150
MHz, CDCl3) & 4.9, 6.9, 13.5, 17.7, 19.2, 23.0, 27.6, 29.5, 30.0, 33.5 (d, J =
5.7 Hz), 33.6, 40.8, 42.1 (d, J = 18.6 Hz), 42.2, 47.9 (d, J = 18.8 Hz), 53.0,
57.1, 69.3, 70.2, 92.5 (d, J = 160.8 Hz); HRMS (ESI*) calcd for C24H47FO,SiNa
[M+Na]* 437.3227, found 437.3234.

(4S,6R)-4-Fluoro-2-methyl-6-{(1R,3aR,4S,7aR)-7a-methyl-4-[(triethylsilyl)
oxyJoctahydro-1H-inden-1-yl}heptan-2-0l (75)

PyFluor (946.3 mg, 5.87 mmol) was added to the solution of 70 (1.84 g, 4.46
mmol) and DBU (1.36 g, 1.33 mL, 8.92 mmol) in toluene (10.4 mL), and the
mixture was stirred at room temperature for 1 day. After the reaction was
quenched with water at room temperature, the mixture was extracted with EtOAc
three times, dried over Na;SO4, filtered, and concentrated. The residue was
roughly purified by flash column chromatography on silica gel (hexane : Et,0
= 2 : 1) and followed by repurification on flash column chromatography on

silica gel (hexane : Et,O =3 : 1) to obtain 75 (1.02 g, 55%) as a colorless oil.

75: [a] p27 +45.4 (¢ 0.81, CHCl;); IR (neat) 3401, 1458, 1377, 1165, 1084, 1035,
738 cm"'; '"H NMR (400 MHz, CDCl3) § 0.55 (q, J = 8.3 Hz, 6H), 0.93-1.34 (m,
30H), 1.49-1.99 (m, 8H), 4.03 (dd, J = 2.3, 4.9 Hz, 1H), 4.86-5.04 (m, 1H); °C
NMR (100 MHz, CDCl;) § 4.9, 6.9, 13.5, 17.7, 18.7, 23.0, 27.3, 29.7, 29.9, 31.6
(d, J = 5.7 Hz), 34.6, 40.8, 42.3, 42.7 (d, J = 21.0 Hz), 48.7 (d, J = 18.2 Hz),
53.1, 57.1, 69.4, 70.2, 90.2 (d, J = 163.1 Hz); HRMS (ESI) caled for
C124H47F0,SiNa [M+Na]* 437.3227, found 437.3211.

(1R,3aR,4S5,7aR)-1-[(2R,4R)-4-Fluoro-6-hydroxy-6-methylheptan-2-yl]-7a-
methyloctahydro-1H-inden-4-0l (52)

Method A

p-Toluenesulfonic acid monohydrate (95.1 mg, 0.5 mmol) was added to the
solution of 74 in MeOH (5 mL), and the mixture was stirred at room temperature
for 15 min under air. After the reaction was quenched with H,O and saturated
aqueous NaHCOs; at room temperature, the mixture was extracted with EtOAc

three times, and washed with brine, dried over Na;SO4, filtered, and
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concentrated. The residue was purified by flash column chromatography on
silica gel (hexane : EtOAc =2 : 1) to obtain 52 (39.2 mg, 81%) as a colorless

oil.

Method B

mCPBA (87.8 mg, 0.51 mmol) was added to the solution of 76 (103.2 mg, 0.26
mmol) and NaHCO3 (642.4 mg, 7.65 mmol) in CH,Cl, (3 mL) at 0°C, and the
mixture was stirred at the same temperature for 1 h under air. After the reaction
was quenched with H>O and saturated aqueous NaHCO3; at room temperature,
the mixture was extracted with CH,Cl; three times, and washed with brine, dried
over Na>SOs, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (hexane : EtOAc = 5 : 1) to obtain the
crude product 78.

DAST (95.1 mg, 0.5 mmol) was added to the solution of the crude product 78

in CH2Cl, (4 mL) at -78°C, and the mixture was stirred at the same temperature
for 15 min. After the reaction was quenched with H,O and saturated aqueous
NaHCOs3; at room temperature, the mixture was extracted with CH,Cl, three
times, and washed with brine, dried over Na,SOy, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (hexane :
EtOAc =10 : 1) to obtain the crude fluoro-epoxide 79.
LiAlH4 (14.0 mg, 0.37 mmol) was added to the solution of the crude 79 in THF
(3 mL) at 0°C, and the mixture was stirred at the same temperature for 1 h. After
the reaction was quenched with MeOH, water and saturated aqueous potassium
sodium tartrate were added. The mixture was extracted with EtOAc three times,
washed with brine, dried over Na,SQOy, filtered, and concentrated. The residue
was used for the next reaction without further purification.

p-Toluenesulfonic acid monohydrate (100.6 mg, 0.53 mmol) was added to the
solution of the crude residue 74 in MeOH (5 mL), and the mixture was stirred
at room temperature for 15 min under air. After the reaction was quenched with
H,O and saturated aqueous NaHCOj; at room temperature, the mixture was
extracted with EtOAc three times, and washed with brine, dried over Na,SOy,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =1 : 1) to obtain 52 (30.0 mg,

37%, 4 steps) as a colorless oil.

52: [a] p?7 +27.7 (¢ 0.50, CHCls); IR (neat) 3364, 1470, 1381, 1166, 1147, 981,
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871 cm™'; "TH NMR (600 MHz, CDCIl3) 6 0.96 (s, 3H), 0.98 (d, J = 6.0 Hz, 3H),
0.99-1.11 (m, 2H), 1.14-1.20 (m, 1H), 1.25-1.36 (m, 2H), 1.28 (s, 3H), 1.31 (s,
3H), 1.42-1.73 (m, 8H), 1.80-1.95 (m, 5H), 2.01-2.03 (m, 1H), 4.07-4.08 (m,
1H), 4.89-5.02 (m, 1H); '*C NMR (150 MHz, CDCl5) § 13.5, 17.4, 18.6, 22.5,
27.2,29.8 (d, J =12.9 Hz), 31.6, 33.6, 40.4, 42.0, 42.6 (d, J = 21.6 Hz), 48.7
(d, J =18.6 Hz), 52.6, 56.9, 69.3, 70.2, 90.1 (d, J = 163.7 Hz); HRMS (ESI")
caled for C1sH330,FNa [M+Na]* 323.2357, found 323.2361.

(1R,3aR,4S5,7aR)-1-[(2R,4S5)-4-Fluoro-6-hydroxy-6-methylheptan-2-yl]-7a-
methyloctahydro-1H-inden-4-ol (53)

p-Toluenesulfonic acid monohydrate (190.2 mg, 1.0 mmol) was added to the
solution of 75 in MeOH (10 mL), and the mixture was stirred at room
temperature for 1 h under air. p-Toluenesulfonic acid monohydrate (190.2 mg,
1.0 mmol) was added to the mixture, and the mixture was stirred at the same
temperature for further 70 min. After the reaction was quenched with H,O and
saturated aqueous NaHCO; at room temperature, the mixture was extracted with
EtOAc three times, washed with brine, dried over Na,SQO4, filtered, and
concentrated. The residue was purified by flash column chromatography on
silica gel (hexane : EtOAc =2 : 1 — 1 : 1) to obtain 53 (73.5 mg, 71%) as a

white powder.

53: [a] p27 +38.2 (¢ 0.69, CHCls); IR (neat) 3405, 1470, 1379, 1163, 992, 942
em!'; "H NMR (600 MHz, CDCls) 8 0.93 (s, 3H), 0.97 (d, J = 6.6 Hz, 3H), 1.11-
1.69 (m, 20H), 1.79-1.91 (m, 4H), 1.98-2.00 (m, 1H), 4.06-4.07 (m, 1H), 4.86-
4.98 (m, 1H); '3C NMR (150 MHz, CDCl;) & 13.4, 17.4, 19.1, 22.5, 27.4, 29.6,
29.9, 33.5 (d, J = 5.7 Hz), 33.5, 40.3, 41.9, 42.0 (d, J = 18.6 Hz), 47.9 (d, J =
20.1 Hz), 52.5, 56.9, 69.3, 70.2, 92.3 (d, J = 162.3 Hz); HRMS (ESI") calcd for
C1sH330,FNa [M+Na]* 323.2357, found 323.2361.

(1R,3aR,7aR)-1-{(2R,4R)-4-Fluoro-6-methyl-6-[(trimethylsilyl)oxy]heptan-2-
yl}-7a-methyloctahydro-4 H-inden-4-one (82)

4-Methylmorpholine N-oxide (33.8 mg, 0.29 mmol) was added to the solution
of 52 (39.2 mg, 0.13 mmol) in CH,Cl, (2 mL), and the mixture was cooled to

0°C. TPAP (22.9 mg, 0.065 mmol) was added to the mixture, and the mixture
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was stirred at 0°C for 90 min. The reaction was diluted with excess amount of
Et,0. The mixture was directly purified by flash column chromatography on
silica gel (Et2O only) to obtain the crude ketone, and this was used for the next
reaction without further purification.

TMSCI (35.3 mg, 41 uL, 0.33 mmol) was added to the 0 °C cooled solution of
crude ketone and imidazole (35.4 mg, 0.52 mmol) in CH,Cl, (5 mL), and the
mixture was stirred for 15 min. After the reaction was quenched with H,O at
0 °C, the mixture was extracted with CH,Cl, three times, dried over Na;SOy,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc =5 : 1) to obtain 82 (35.5 mg,

74%, 2 steps) as a colorless oil.

82: [a] p27 -6.6 (¢ 0.35, CHCls); IR (neat) 1715, 1468, 1382, 1250, 1040, 842
cem!'; 'TH NMR (600 MHz, CDCl3) & 0.11 (s, 9H), 0.66 (s, 3H), 1.11 (dddd, J =
1.2,10.2, 13.8, 40.2 Hz, 1H), 1.26 (s, 3H), 1.30 (s, 3H), 1.31-1.38 (m, 1H), 1.43
(q, J = 9.6 Hz, 1H), 1.50-1.63 (m, 4H), 1.66-1.83 (m, 4H), 1.87-1.95 (m, 2H),
2.00-2.04 (m, 1H), 2.13-2.16 (m, 1H), 2.20-2.25 (m, 1H), 2.27-2.31 (m, 1H),
2.45 (dd, J= 7.2, 11.4 Hz, 1H), 4.82-4.94 (m, 1H); '*C NMR (150 MHz, CDCls)
§2.6,12.5,18.7, 19.1, 24.0, 27.4, 29.2, 31.7, 31.9, 39.0, 41.0, 42.8 (d, J = 20.1
Hz), 50.0, 50.5 (d, J = 20.1 Hz), 57.0, 62.0, 73.0, 89.1 (d, J = 165.1 Hz), 211.9;
HRMS (ESI*) caled for C21H390,FSiNa [M+Na]* 393.2601, found 393.2583.

(1R,3aR,7aR)-1-{(2R,4S5)-4-Fluoro-6-methyl-6-[(trimethylsilyl)oxy]heptan-2-
yl}-7a-methyloctahydro-4 H-inden-4-one (83)

4-Methylmorpholine N-oxide (23.6 mg, 0.20 mmol) was added to the solution
of 53 (34.6 mg, 0.12 mmol) in CH,Cl, (2 mL), and the mixture was cooled to
0°C. TPAP (23.9 mg, 0.068 mmol) was added to the mixture, and the mixture
was stirred at 0°C for 2 h. The reaction was diluted with excess amount of Et,O.
The mixture was directly purified by flash column chromatography on silica gel
(Et20 only) to obtain the crude ketone, and this was used for the next reaction
without further purification.

TMSCI (31.3 mg, 36 uL, 0.29 mmol) was added to the 0 °C cooled solution of
crude ketone and imidazole (32.8 mg, 0.48 mmol) in CH,Cl, (4 mL), and the
mixture was stirred for 15 min. TMSCI (31.3 mg, 36 pL, 0.29 mmol) was added

to the mixture, and the mixture was stirred for 10 min. After the reaction was
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quenched with H,O at 0 °C, the mixture was extracted with CH,Cl, three times,
dried over Na,SOy, filtered, and concentrated. The residue was purified by flash
column chromatography on silica gel (hexane : EtOAc =5 :1) to obtain 83 (28.7

mg, 67%, 2 steps) as a colorless oil.

83: [a] 27 +10.3 (¢ 2.21, CHCl3); IR (neat) 1715, 1461, 1382, 1250, 1043, 843
em'; '"H NMR (600 MHz, CDCl3) & 0.10 (s, 9H), 0.65 (s, 3H), 1.03 (d, J = 6.0
Hz, 3H), 1.26-1.34 (m, 7H), 1.43-1.77 (m, 9H), 1.85-2.03 (m, 3H), 2.11-2.13
(m, 1H), 2.19-2.29 (m, 2H), 2.45 (dd, J = 7.8, 12.0 Hz, 3H), 4.79-4.91 (m, 1H);
13C NMR (150 MHz, CDCls) § 2.5, 13.4, 17.4, 19.1, 22.5, 27.4, 29.6, 29.9, 33.9
(d, J = 5.7 Hz), 33.5, 40.3, 41.9, 42.0 (d, J = 18.6 Hz), 47.9 (d, J = 20.1 Hz),
52.5, 56.9, 69.3, 70.2, 92.3 (d, J = 162.3 Hz), 211.9; HRMS (ESI") calcd for
C,1H300,FSiNa [M+Na]* 393.2601, found 393.2593.

(23R)-23-Fluoro-25-hydroxyvitamin D3 (80)

nBuLi (120 pL, 1.6 M hexane solution, 0.19 mmol) was added to the solution
of A-ring phosphine oxide 84 (88.2 mg, 0.19 mmol) in THF (2 mL) at -78°C.
After stirring for 30 min, the solution of ketone 82 (35.5 mg, 0.096 mmol) in
THF (2 mL) was added to the reaction mixture, and the mixture was stirred at -
78°C for 15 min, 0°C for 15 min, and then, at room temperature for 10 min. After
the reaction was quenched with H,O at room temperature, the mixture was
extracted with EtOAc three times, washed with brine, dried over Na;SOu,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc = 50 : 1 — 1 : 1) to obtain the
crude coupling product (45.4 mg), and it was used for the next reaction without
further purification.

Tetrabutylammonium fluoride (450 pL, 1 M THF solution, 0.45 mmol) was
added to the solution of the crude coupling product (45.4 mg) in THF (3 mL),
and the mixture was stirred at room temperature for 4 h. After the reaction was
quenched with H>O at room temperature, the mixture was extracted with EtOAc
three times, washed with brine, dried over Na,SOy, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (hexane :

EtOAc =1 :1) to obtain 80 (27.1 mg, 68%, 2 steps) as a white powder.

80: [a] p2” +75.3 (¢ 2.08, EtOH); UV(EtOH) Amax 212.8, 264.2 nm; IR (neat)
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3366, 1438, 1380, 1160, 1049, 893 cm™'; '"H NMR (400 MHz, CDs0D) & 0.62 (s,
3H), 1.07 (d, J = 6.4 Hz, 3H), 1.27-2.26 (m, 26H), 2.45 (dt, J = 5.0, 13.8 Hz,
1H), 2.58 (dd, J = 3.7, 12.8 Hz, 1H), 2.89-2.93 (m, 1H), 3.77-3.83 (m, 1H), 4.79
(d, J = 1.8 Hz, 1H), 4.83-5.02 (m, 1H), 5.08 (brs, 1H), 6.08 (d, J = 11.5 Hz,
1H), 6.26 (d, J = 11.5 Hz, 1H); '3C NMR (100 MHz, CD;0D) & 12.7, 19.6, 23.58,
24.8,29.0, 30.2, 31.3, 33,9, 34.1, 36.9, 42.2, 44.5 (d, J = 21.0 Hz), 47.3 (d, J =
3.8 Hz), 50.6 (d, J = 19.1 Hz), 57.8, 58.5, 70.9, 90.2 (d, J = 165.0 Hz), 112.9,
119.4, 122.9, 137.7, 142.7, 137.7, 142.7, 147.3; HRMS (ESI*) caled for
C27H430,FNa [M+Na]* 441.3139, found 441.3134.

(235)-23-Fluoro-25-hydroxyvitamin D3 (81)

nBuLi (97 pL, 1.6 M hexane solution, 0.15 mmol) was added to the solution
of A-ring phosphine oxide 84 (72.3 mg, 0.16 mmol) in THF (2 mL) at -78°C.
After stirring for 30 min, the solution of ketone 83 (28.7 mg, 0.077 mmol) in
THF (2 mL) was added to the reaction mixture, and the mixture was stirred at -
78°C for 15 min, 0°C for 15 min, and then, at room temperature for 10 min. After
the reaction was quenched with H,O at room temperature, the mixture was
extracted with EtOAc three times, washed with brine, dried over Na;SOu,
filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc = 50 : 1) to obtain the crude
coupling product (42.8 mg), and it was used for the next reaction without further
purification.

Tetrabutylammonium fluoride (424 pL, 1 M THF solution, 0.424 mmol) was
added to the solution of the crude coupling product (42.8 mg) in THF (3 mL),
and the mixture was stirred at room temperature for 5 h. After the reaction was
quenched with H>O at room temperature, the mixture was extracted with EtOAc
three times, washed with brine, dried over Na,SOy, filtered, and concentrated.
The residue was purified by flash column chromatography on silica gel (hexane :

EtOAc =1 :1) to obtain 81 (13.9 mg, 43%, 2 steps) as a white powder.

81: [a] p2” +55.6 (¢ 0.54, EtOH); UV(EtOH) Amax 212.6, 264.6 nm; IR (neat)
3377, 1440, 1379, 1265, 1159, 1052, 740 cm"'; '"H NMR (400 MHz, CD30OD) §
0.62 (s, 3H), 1.07 (d, J = 6.4 Hz, 3H), 1.27-1.84 (m, 22H), 1.94-2.26 (m, 6H),
2.45 (dt, J = 5.0, 13.8 Hz, 1H), 2.58 (dd, J = 3.6, 12.4 Hz, 1H), 2.90 (dd, J =
4.1, 12.4 Hz, 1H), 3.80 (ddd, J = 3.7, 8.7, 12.8 Hz, 1H), 4.78-4.96 (m, 2H), 5.08
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(brs, 1H), 6.08 (d, J = 11.5 Hz, 1H), 6.26 (d, J = 11.0 Hz, 1H); 3C NMR (100
MHz, CD;OD) ¢ 12.6, 20.4, 23.6, 24.8, 29.0, 29.2, 30.2, 31.3, 33,9, 35.9 (d, J
= 5.7 Hz), 36.9, 42.2, 44.0 (d, J = 20.0 Hz), 47.3 (d, J = 10.5 Hz), 50.1 (d, J =
19.7 Hz), 57.8, 58.6, 70.9, 92.3 (d, J = 164.9 Hz), 113.0, 119.4, 122.9, 137.7,
142.7, 147.3; HRMS (ESI") calcd for C,7H430,FNa [M+Na]" 441.3139, found
441.3141.

Methyl 2-(diethoxyphosphoryl)-2-[(triethylsilyl)oxy]acetate (89). [87]

89: IR (neat) 1754, 1268, 1133, 1025, 969, 810, 750 cm'!; 'H NMR (600 MHz,
CDCl;) § 0.64 (q, J = 7.8 Hz, 6H), 0.96 (t, J = 7.8 Hz, 9H), 1.33 (q, J = 6.6 Hz,
6H), 3.79 (s, 3H), 4.12-4.26 (m, 4H), 4.16 (d, J = 17.4 Hz, 1H); '3C NMR (150
MHz, CDCls) § 4.4, 6.5, 16.4 (d, J = 5.7 Hz), 52.5, 63.6 (d, J = 7.2 Hz), 70.5
(t, J = 24.8 Hz), 169.1; HRMS (ESI") caled for Ci3H3006SiP [M+H]" 341.1544,
found 341.1556.

Methyl  5-{4-[(tert-butyldimethylsilyl)oxy]-7a-methyloctahydro-1H-inden-1-
yl}-2-oxohexanoate (91).

To the solution of Horner-Emmons reagent 89 (7.34 g, 21.6 mmol) in THF (20
mL) was added LDA (lithium diisopropylamide) (10.9 mL, 2 M
THF/heptane/ethylbenzene solution, 21.8 mmol) at -40°C, the mixture was
stirred at the same temperature for 20 min, and a solution of 88 (6.65 g, 19.6
mmol) in THF (15 mL) was added. The reaction mixture was stirred at 0 °C for
5 min. After the reaction had been quenched with H,O and saturated aqueous
NH4CI at 0 °C, the mixture was extracted with EtOAc three times, dried over
Na,SOy4, filtered, and concentrated. The crude residue of 90 was used for the
next reaction without further purification. To the crude residue of 90 in CH,Cl,
(40 mL) were added AcOH (6 mL) and tetrabutylammonium fluoride (27.4 mL,
1 M THF solution, 27.4 mmol) at 0°C, and the mixture was stirred at room
temperature for 30 min. After the reaction had been quenched with H,O at room
temperature, the mixture was extracted with CH,Cl, three times, dried over
Na,S0s, filtered, and concentrated. The residue was purified by flash column
chromatography on silica gel (hexane : EtOAc = 7 : 1) to obtain 91 (7.77 g,
97%) as a colorless oil [83].
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1-(5,5-Difluoro-6-hydroxy-6-methylheptan-2-yl)-7a-methyloctahydro-1H-
inden-4-o0l (30)

To the solution of 91 (8.08 g, 19.7 mmol) in CH,Cl, (30 mL) was slowly added
N,N-diethylaminosulfur trifluoride (DAST) (6.5 mL, 7.3 g, 49.2 mmol) at 0°C,
and the mixture was stirred at room temperature for 17 h. The mixture was
cooled to -78°C and MeOH and H,O were slowly added. The mixture was
extracted with CH,Cl; three times, dried over Na,SOy, filtered, and concentrated.
The residue was roughly purified by flash column chromatography on silica gel
(hexane : EtOAc =20 : 1) to obtain a crude residue of 92.

To the solution of the crude residue of 92 in THF (30 mL) was added MeMgCl
(16.7 mL, 3.0 M THF solution, 50.0 mmol) at 0°C, and the mixture was stirred
for 15 min. After the reaction had been quenched with H,O and HCI (1.0 M in
H,0), the mixture was extracted with EtOAc three times, dried over Na>SOs,
filtered, and concentrated. The crude residue of 93 was used for the next
reaction without further purification.

To the crude residue of 93 in MeOH (30 mL) was added p-toluenesulfonic acid
monohydrate (6.12 g, 32.2 mmol), and the mixture was stirred at room
temperature for 19 h under air. After the reaction had been quenched with H,O
and saturated aqueous NaHCO; at room temperature, the mixture was extracted
with EtOAc three times, dried over Na,SOg4, filtered, and concentrated. The
residue was purified by flash column chromatography on silica gel (hexane :
EtOAc =3 :1) to obtain 30 (4.0 g, 64%, 3 steps) as a white powder [85].
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Cell Culture

CHO-K1 cells were maintained in medium A (1:1 mixture of Ham’s F-12 medium
and DMEM, supplemented with 100 wunits/mL penicillin, 100 pg/mL
streptomycin sulfate, and 5% [v/v] fetal bovine serum) at 37°C in a humidified
5% CO: incubator.

Luciferase Reporter Assay

CHO-K1 cells were seeded into 96-well plates at 8x10° cells per well in medium
A and incubated for 24 h. For SREBP reporter assay, cells were co-transfected
with an SRE-1-driven luciferase reporter plasmid (pSRE-Luc) and an actin
promoter-driven f-galactosidase expression plasmid (pAc-B-gal) at a 20:1 ratio,
using FuGENE HD Transfection Reagent (Promega) according to the
manufacturer’s protocol. For VDR reporter assay, Cignal Vitamin D Receptor
Reporter (QIAGEN) was transfected instead of pSRE-Luc. After 20 h, the
medium was changed to medium B (1:1 mixture of Ham’s F-12 medium and
DMEM, supplemented with 100 units/mL penicillin, 100 pg/mL streptomycin
sulfate, 5% [v/v] lipid-depleted serum, 50 pM compactin (Tokyo Chemical
Industry), and 50 pM lithium mevalonate (Sigma-Aldrich) containing the
specific test compounds. After 24h incubation, the cells in each well were lysed
with 100 pL of 1x Reporter Lysis Buffer (Promega), and 50 puL of aliquots were
used to measure luciferase and P-gal activities. Luciferase activity was
measured using the Steady-Glo Luciferase Assay System (Promega), and -gal
activity was measured using the p-Galactosidase Enzyme Assay System

(Promega). Luciferase activity was normalized to B-gal activity.
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