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MART-10-Fg MART-11-Fg

MART—10—F¢XUMART—11—F ¢ D& RERE

2-{(1R,3aS,7aR,E)-7a-Methyl-1-[(2R)-7,7,7-trifluoro-6-(methoxymethoxy
)-6-(trifluoromethyl)heptan-2-yl]lJoctahydro-4H-inden-4-ylidene}ethan-1-

ol (1)0 OO
Do0oooao

goobodoobagd
gooad

gboboo0obOo0oo0ob0dKawagoe,

ake, K.; Mototani, S.
., Nagasawa, K.; Nakagawa,

F.; Mendoza, A.; Hayata, Y.; Asano, L.; Kot

; Kawamura, S.; Kurosaki, S.; Akagi, Y.; Takemoto, Y
H.;, Uesugi,

M.; Kittaka, A. Discovery of a vit

amin D receptor-silent vitamin D derivative that impairs sterol regulat

ory element-binding protein

in vivo.

J.

Med. Chem. 2021, 64 (9), 5689-
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oooooao
2-[(2-{(1R,3aS,7aR,E)-7a-Methyl-1-[(2R)-7,7,7-trifluoro-6-(methoxymeth
oxy)-6-(trifluoromethyl)heptan-2-yl]Joctahydro-4H-inden-4-ylidene}ethyl
Jthio]l]benzo[d]thiazole (2) O OO

oooao

O

0000000000000 O0DO0DD0OO0OD0DD00O0D0O0DO0DODO0ODDODOQgODO
0000000000000 00D0000000000D0D0D0O000O00GOao
OgO00DO0O0DO0DO0D0DO0O0OO00O0DO0ODOO0ODDODO0OODO0OO0DODOpDOO0OD00O
0000000000000 00000000D0D0D0O000000O0o0Oao
000000000 pgDO00DD00O0D0DO0DO0DO0DO0DDO0OO0QgDOQgOOOO
0000000000000 O00OgpgO00OpgO0O0D0DD00O0D0O0OO0ODDOODDOOO
000000000000 D0DO0O0DD0D0O0D0D0OO0D0DO0DO0DD0DOoODoDDoDOoOOoOOoOoaOo
0000000000000 O00DO0OO0O0DD0D0O0D0O0DO0DDODO0ODODODOODOOaGO
0000000000000 00D0000000000D0D0000aO0

gono

02: [a] p27 +79.0 (c 1.90, CHCI3); IR (neat) 1459, 1432, 1284, 12
1, 1152, 993, 763 cm™1; 1H NMR (600 MHz, CDCIl3z) & 0.49 (s, 3H), 0.9
(d, J = 7.2 Hz, 3H), 1.04-1.10 (m, 1H), 1.22-1.72 (m, 12H), 1.82-2.03
(m, 5H), 2.76 (dd, J = 4.5, 12.3 Hz, 1H), 3.46 (s, 3H), 4.02 (dd, J = 7.5,
12.3 Hz, 1H), 4.14 (dd, J = 8.1, 12.3 Hz, 1H), 4.91 (dd, J = 6.6, 9.6 Hz,
2H), 5.21 (t, J = 8.1 Hz, 1H), 7.28-7.30 (m, 1H), 7.40-7.42 (m, 1H), 7.7
5 (d, J =7.2 Hz, 1H), 7.87 (d, J = 8.4 Hz, 1H); 13C NMR (150 MHz, CDCI
3) 8 11.7, 18.7, 19.0, 22.1, 23.5, 27.6, 28.8, 31.3, 35.9, 36.3, 40.3, 4
5.6, 55.7, 56.3, 56.6, 80.2 (sept, J = 27.8 Hz), 92.8, 113.3, 120.9, 121

.5, 123.0 (q, J = 288.8 Hz), 124.1, 126.0, 135.3, 145.9, 153.3, 167.1;

W NOODODDOOOOOoQOaoao
Y Y T Y e e e s O s O o A

O Y Y Y Y e O e O s O s [
Oooooooo oo™

Do oDoOoooodooao

HRMS (ESI*) calcd for C2gH3gNO2FgS2 [M+H]* 610.2243, found 610.2214.

ooooogod
2-[(2-{(1R,3aS,7aR,E)-7a-Methyl-1-[(2R)-7,7,7-trifluoro-6-(methoxymeth
oxy)-6-(trifluoromethyl)heptan-2-yl]Joctahydro-4H-inden-4-ylidene}ethyl
Jsulfonyl]benzo[d]thiazole (3) O OO

oogoad
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ooooag
0003 [a] p27 -11.4 (c 1.95, CHCIl3); IR (neat) 1471, 1328, 1212, 114
5, 1034, 763 cm'1;: 1H NMR (600 MHz, CDCI3)3 0.26 (s, 3H), 0.86 (d, J
= 6.6 Hz, 3H), 1.01-1.06 (m, 1H), 1.17-1.60 (m, 12H), 1.78-2.01 (m, 5H
), 2.54-2.57 (m, 1H), 3.45 (s, 3H), 4.20 (dd, J = 6.9, 13.8 Hz, 1H), 4.42
(dd, J = 6.0, 13.8 Hz, 1H), 4.90 (dd, J = 7.2, 9.0 Hz, 2H), 5.02 (t, J = 7.
8 Hz, 1H), 7.57-7.69 (m, 1H), 7.62-7.65 (m, 1H), 8.00 (d, J = 7.2 Hz, 1
H), 8.21 (d, J = 7.2 Hz, 1H); 13C NMR (150 MHz, CDCl3) 8 11.5, 18.6, 1
8.9, 22.0, 23.1, 27.4, 28.7, 29.0, 35.7, 36.2, 39.9, 45.72, 53.9, 55.9, 5
6.2, 56.5, 80.2 (sept, J = 28.7 Hz), 92.8, 122.2, 123.0 (q, J = 287.3 Hz
), 125.8, 127.6, 127.9, 136.9, 151.9, 152.8, 165.9; HRMS (ESI*) calcd f
or CogH37NO4FgS2Na [M+Na]* 664.1960, found 664.1972.

oooooao
(B3R,5R)-3,5-bis[(tert-butyldimethylsilyl)oxy]-4-{3-[(tert-butyldimethyls
ilyl)oxy]propyl}cyclohexan-1-oneO0 OO QOQOQOGO

oooooao
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0o0ood0ooDoOobDOoono, K.; Yoshida, A.; Saito, N.; Fujishima, T.; Honzawa
, S.; Suhara, Y.; Kishimoto, S.; Sugiura, T.; Waku, K.; Takayama, H.; Kitt
aka, A. Efficient synthesis of 2-modified 1a ,25-dihydroxy-19-norvitami
n Dz with Julia olefination: high potency in induction of differentiation
on HL-60 cells. J. Org. Chem. 2003, 68, 7407-7415. 000000000000
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MART-10-Fg: [a ] p27 +22.1 (c 0.08, EtOH); IR (neat) 3307, 1412, 1212
cm-1; 1H NMR (400 MHz, CD30D) & 0.62 (s, 3H), 1.01 (d, J = 6.4 Hz, 3
H), 1.09-2.18 (m, 26H), 2.58 (dd, J = 4.6, 13.2 Hz, 1H), 2.81-2.89 (m,
1H), 3.60-3.67 (m, 3H), 4.12-4.13 (m, 1H), 5.92 (d, J = 11.0 Hz, 1H), 6.
29 (d, J = 11.0 Hz, 1H); 13C NMR (100 MHz, CDCI3) & 12.7, 19.6, 20.0,
23.6, 24.5, 24.8, 29.0, 30.1, 31.6, 32.8, 36.6, 37.6, 37.8, 42.2, 46.6, 4
7.1, 50.3, 57.8, 58.1, 63.7, 69.2, 72.0, 77.6 (sept, J = 27.8 Hz), 117.7,
123.6, 125.4 (q, J = 286.0 Hz), 134.5, 142.1; HRMS (ESI-) calcd for Cag
H4304F [M-H]" 569.3071, found 569.3063.

oooooan

MART-11-Fg: [a ] p27 +17.7 (c 0.06, EtOH); IR (neat) 3358, 1464, 1212
cml; 1H NMR (600 MHz, CD30D) & 0.62 (s, 3H), 1.01 (d, J = 6.0 Hz, 3
H), 1.11-1.17 (m, 1H), 1.32-2.08 (m, 23H), 2.34-2.39 (m, 2H), 2.87 (dd,
J=4.2 12.6 Hz, 1H), 3.03 (dd, J = 4.5, 13.2 Hz, 1H), 3.54 (td, J = 4.8,
9.6 Hz, 1H), 3.59-3.64 (m, 2H), 4.07-4.09 (m, 1H), 5.93 (d, J = 11.4 Hz,
1H), 6.21 (d, J = 11.4 Hz, 1H); 13C NMR (150 MHz, CDCl3) & 12.7, 19.6
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, 20.1, 23.6, 24.8, 24.8, 29.0, 30.2, 31.5, 32.8, 37.6, 37.8, 38.8, 42.2,
45.1, 47.1, 50.4, 57.8, 58.1, 63.7, 69.2, 71.6, 77.6 (sept, J = 28.7 Hz),
117.4, 123.3, 125.4 (q, J = 284.4 Hz), 134.3, 142.2; HRMS (ESI°) calcd
for C3gH450Fg [M+HCOO] - 615.3126, found 615.6132.
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PPhs, DIAD % H o
s S 30% H;0, s N
CH,Cly @/W/ EtOH hd
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TBSO" OTBS

A-ring OTBS

1) LHMDS, THF

ST
|
@N 2) CSA, MeOH, CH,Cl,

24F,-MART-10 24F,-MART-11

24F,~MART—10&K024F,—MART— 1 1 D&RRE

oooooao
2-(1R,3aS,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 (4)00 0O
oooooao

oooooooo

Oo0ooo

0O0oO0o0o0DO0oO0D00OdKawagoe, F.; Mendoza, A.; Hayata, Y.; Asano, L.; Kot
ake, K.; Mototani, S.; Kawamura, S.; Kurosaki, S.; Akagi, Y.; Takemoto, Y
.; Nagasawa, K.; Nakagawa, H.; Uesugi, M.; Kittaka, A. Discovery of a vit
amin D receptor-silent vitamin D derivative that impairs sterol regulat
ory element-binding protein in vivo. J. Med. Chem. 2021, 64 (9), 5689-
5709. 000D DODO0ODODOODDODODOOO
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OO004: [a] p27 +42.6 (c 0.68, CHCI3); IR (neat) 3330, 1458, 1384, 11
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98, 1162, 1054, 738 cm™1; 1H NMR (600 MHz, CDCl3) & 0.56 (s, 3H), O.
60 (g, 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); 13C NMR (150
MHz, CDCl3) o 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 (ESI*) calcd for
Co2gH4802F2SiNa [M+Na]* 481.3284, found 481.3254.

oooooao
2-{[2-((1R,3aS,7aR,E)-1-{(2R)-5,5-Difluoro-6-methyl-6-[(triethylsilyl)ox
ylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene)ethyl]sulfonyl}b
enzo[d]thiazole (6)0 0O
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0000000000000 00OO0D0OO0DODODODO0DO0DO0DOODODOODOOoOon
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DoooQoao
DO006: [a] p27 +34.8 (¢ 1.82, CHCI3): IR (neat) 1475, 1332, 1201, 11

57, 1061, 1013, 759, 735 cm-1; 1H NMR (600 MHz, CDCl3) 8 0.28 (s, 3
H), 0.59 (q, J = 7.8 Hz, 6H), 0.86 (d, J = 6.0 Hz, 6H), 0.94 (t, J = 7.8 H
z, 9H), 1.17-2.00 (m, 24H), 2.55-2.57 (m, 1H), 4.21 (dd, J = 6.6, 14.4

Hz, 1H), 4.43 (dd, J = 9.0, 14.4 Hz, 1H), 5.00-5.03 (m, 1H), 7.57-7.65 (
m, 2H), 8.00 (d, J = 8.4 Hz, 1H), 8.21 (d, J = 8.4 Hz, 1H); 13C NMR (150
MHz, CDCl3) 8 6.5, 6.9, 11.6, 18.5, 22.0, 23.2, 24.3, 24.5, 26.8, 27.0 (
t,J = 24.5 Hz), 27.3, 29.0, 35.6, 39.9, 45.7, 53.9, 56.0, 56.2, 75.6 (t, J
= 28.0 Hz), 104.2, 122.2, 125.3 (t, J = 247.7 Hz), 125.3, 127.6, 127.9,
137.0, 152.0, 152.8, 166.0; HRMS (ESI*) calcd for C33H51NO3F2SiSoNa
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[M+Na]* 662.2940, found 662.2954.
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24F2-MART-10: [a ] p27 +47.0 (¢ 0.27, EtOH); IR (neat) 3358, 1451, 13

76, 1176, 1021, 914 cm-1; 1H NMR (600 MHz, CDCIl3z) 8 0.54 (s, 3H), O.
94 (d, J = 6.0 Hz, 3H), 1.25-1.35 (m, 12H), 1.44-2.02 (m, 19H), 2.13-2.
17 (m, 1H), 2.59 (dd, J = 4.5, 12.9 Hz, 1H), 2.79-2.86 (m, 2H), 3.63-3.

71 (m, 3H), 4.09-4.09 (m, 1H), 5.82 (d, J = 10.8 Hz, 1H), 6.36 (d, J = 1
1.4 Hz, 1H); 13C NMR (150 MHz, CDCl3) & 12.8, 19.3, 22.9, 24.1, 24.1,
24.3, 27.5, 28.0 (t, J = 24.5 Hz), 28.2, 29.5, 30.7, 36.2, 36.4, 41.1, 46
.0, 46.4, 49.3, 56.9, 56.9, 63.5, 69.2, 72.2, 74.1 (t, J = 26.6 Hz), 116.

0, 124.6, 126.2 (t, J = 245.6 Hz), 132.1, 143.7; HRMS (ESI*) calcd for C
29H4804F2Na [M+Na]*t 521.3413, found 521.3439.
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24F>-MART-11: [a ] p27 +16.6 (c 0.29, EtOH); IR (neat) 3367, 1455, 13
80, 1184, 1025 cm-1; 1H NMR (600 MHz, CD30D) 8 0.62 (s, 3H), 1.01 (
d, J = 7.2 Hz, 3H), 1.28-2.09 (m, 29H), 2.34-2.39 (m, 2H), 2.88 (dd, J =
4.2, 12.6 Hz, 1H), 3.03 (dd, J = 4.5, 11.7 Hz, 1H), 3.53 (td, J = 4.8, 9.9
Hz, 1H), 3.58-3.64 (m, 2H), 4.08-4.08 (m, 1H), 5.93 (d, J = 10.8 Hz, 1H
), 6.21 (d, J = 11.4 Hz, 1H); 13C NMR (150 MHz, CD30D) & 12.7, 19.5,

23.6, 24.2, 24.2, 24.8, 24.8, 28.7 (t, J = 24.5 Hz), 28.9, 30.1, 31.5, 37
.4, 38.8, 42.1, 45.1, 47.1, 50.2, 50.4, 57.7, 58.0, 63.7, 69.2, 71.6, 74.
0 (t, J = 27.3 Hz), 117.4, 123.3, 127.1 (t, J = 245.6 Hz), 134.3, 142.1;

HRMS (ESI*) calcd for C29gH4804F2Na [M+Na]* 521.3413, found 521.3428.
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OTBS

goooooogoogddceandara, Z.; Suarez, P. L.; Gonzalez, M.; Gomez, G.;
Fall, Y. Vitamin D heterocyclic analogues; part 2: synthesis of the first
vitamin D analogues with a tetrazole ring at the side chain. Synthesis 2
011, 23, 3887-3893. 00 0ODDDODDODDODDODODDODDOOOAO

oooooao
tert-Butyl({(1R,3aR,4S,7aR)-1-[(R)-hex-5-en-2-yl]-7a-methyloctahydro-1
H-inden-4-yl}loxy)dimethylsilane (8)0 0O O

Oo0o0ooao

oooooooooooooooooao
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0oooooo
O0008: [a] p27 +52.7 (c 1.82, CHCI3): IR (neat) 1471, 1371, 1252, 11
62, 1085, 1027, 837, 771 cm-1; 1H NMR (600 MHz, CDCI3) & -0.01 (s,
3H), 0.01 (s, 3H), 0.89 (s, 9H), 0.90 (d, J = 6.6 Hz, 3H), 0.91 (s, 3H), O
.99-1.13 (m, 3H), 1.21-1.28 (m, 2H), 1.30-1.43 (m, 4H), 1.46-1.58 (m,
2H), 1.63-1.70 (m, 1H), 1.74-1.84 (m, 2H), 1.90-1.97 (m, 2H), 2.08-2.1
4 (m, 1H), 3.99-4.00 (m, 1H), 4.90-4.92 (m, 1H), 4.97-5.04 (m, 1H), 5.8
0 (ddt, J = 6.0, 10.2, 16.2 Hz, 1H); 13C NMR (150 MHz, CDCl3) &8 -5.2,
-4.8, 13.7, 17.7, 18.0, 18.5, 23.1, 25.8, 27.3, 30.5, 34.5, 34.9, 35.1, 4
0.7, 42.2, 53.1, 56.8, 69.5, 113.8, 139.7; HRMS (ESI*) calcd for Co2Hg4>2
O0Si [M]* 350.2999, found 350.2992.

oooooao
(2R,5R)-5-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methylo
ctahydro-1H-inden-1-yl}hexane-1,2-diol (9)0 0O O

ooooao
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0009 [a] p27 +41.9 (¢ 2.05, CHCIl3); IR (neat) 3294, 1223, 1076, 10

26, 837, 764 cm'1: 1H NMR (600 MHz, CDCI3) 8 -0.01 (s, 3H), 0.00 (s,
3H), 0.88-0.90 (m, 15H), 1.01-1.58 (m, 11H), 1.65-1.67 (m, 1H), 1.75-1
.84 (m, 2H), 1.91-1.95 (m, 4H), 3.42-3.45 (m, 1H), 3.64-3.69 (m, 2H), 3
.99 (dd, J = 2.4, 5.4 Hz, 1H); 13C NMR (150 MHz, CDCI3) & -5.2, -4.8, 1
3.7,17.7, 18.0, 18.5, 23.0, 25.8, 27.3, 29.6, 31.4, 34.4, 35.1, 40.7, 42
.1, 53.0, 56.5, 67.0, 69.4, 72.7; HRMS (ESI") calcd for C22H4403SiCl [M
+Cl]- 419.2754, found 419.2773.

oooooao

(2S,5R)-5-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloc
tahydro-1H-inden-1-ylthexane-1,2-diol (10)0 0O O
oooogo

G

OTBS
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000000000000 0000
Ooooo0oo
O00010: [a ]p27 +44.4 (¢ 1.55, CHCI3); IR (neat) 3402, 1645, 1469, 13

74, 1265, 1160, 1066, 1032, 840, 776, 743 cm-1; 1H NMR (600 MHz, C
DClg) & -0.01 (s, 3H), 0.00 (s, 3H), 0.88-0.90 (m, 15H), 0.98-1.12 (m,
3H), 1.20-1.43 (m, 7H), 1.47-1.58 (m, 3H), 1.64-1.67 (m, 1H), 1.75-1.8
3 (m, 2H), 1.92-1.95 (m, 1H), 2.27 (s, 3H), 3.41-3.44 (m, 1H), 3.62-3.6
7 (m, 2H), 3.98-3.99 (m, 1H); 13C NMR (150 MHz, CDCI3) & -5.2, -4.8,
13.7, 17.6, 18.0, 18.6, 23.0, 25.8, 27.3, 29.7, 31.5, 34.4, 35.3, 40.7, 4
2.1, 53.0, 56.5, 66.7, 69.4, 73.0; HRMS (APCI") calcd for C22H4403SiClI
[M+CIl]" 419.2754, found 419.2764.

oooooao
(2R,5R)-2-(Benzyloxy)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)ox
y]-7a-methyloctahydro-1H-inden-1-yl}hexan-1-0l (13)000O
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O00013: [a]p27 +31.1 (¢ 0.91, CHCI3); IR (neat) 3332, 1462, 1369, 12

57, 1076, 1030, 837, 771 cm-1: 1H NMR (600 MHz, CDClI3) 8 0.00 (s, 3
H), 0.01 (s, 3H), 0.89-0.90 (m, 15H), 1.00-1.14 (m, 3H), 1,20-1.26 (m,
2H), 1.30-1.45 (m, 6H), 1.51-1.58 (m, 2H), 1.65-1.71 (m, 2H), 1.75-1.8
4 (m, 2H), 1.93-1.95 (m, 1H), 3.46-3.50 (m, 1H), 3.52-3.55 (m, 1H), 3.6
8 (dd, J = 3.0, 12.0 Hz, 1H), 3.99-4.00 (m, 1H), 4.54 (d, J = 10.8 Hz, 1
H), 4.62 (d, J = 10.8 Hz, 1H), 7.28-7.32 (m, 1H), 7.35-7.36 (m, 4H); 13¢C
NMR (150 MHz, CDCI3) 6 -5.2, -4.8, 13.7, 17.7, 18.0, 18.6, 23.0, 25.8,
27.2, 27.3, 31.1, 34.4, 35.3, 40.7, 42.1, 53.0, 56.4, 64.4, 69.4, 71.6, 8
0.3, 127,7, 127.8, 128.5, 138.5; HRMS (APCI*) calcd for C2gHsgNaO3Si
[M+Na]® 497.3421, found 497.3450.

gooooad
(2S,5R)-2-(Benzyloxy)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)ox
y]-7a-methyloctahydro-1H-inden-1-yl}hexan-1-0l (14)00 0O
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O00014: [a ]p27 +49.0 (¢ 3.62, CHCI3); IR (neat) 3420, 1465, 1453, 13

74, 1254, 1085, 1028, 840, 776, 739 cm-%; 1H NMR (600 MHz, CDCl3)
& 0.00 (s, 3H), 0.01 (s, 3H), 0.90-0.91 (m, 15H), 0.99-1.13 (m, 3H), 1.

21-1.60 (m, 10H), 1.66-1.68 (m,1H), 1.75-1.84 (m, 2H), 1.94-1.96 (m, 2

H), 3.45-3.48 (m, 1H), 3.51-3.54 (m, 1H), 3.69 (dd, J = 3.0, 11.4 Hz, 1
H), 4.00-4.00 (m, 1H), 4.53 (d, J = 11.7 Hz, 1H), 4.63 (d, J = 11.7 Hz,
1H), 7.28-7.32 (m, 1H), 7.35-7.36 (m, 4H); 13C NMR (150 MHz, CDCl3)
8 -5.2, -4.8, 13.7, 17.6, 18.0, 18.5, 23.0, 25.8, 27.1, 27.3, 31.2, 34.4,

35.3, 40.7, 42.1, 53.0, 56.5, 64.2, 69.4, 71.4, 80.4, 127,7, 127.8, 128.

4, 138.5; HRMS (ESI*) calcd for CogHsoNaO3Si[M+Na]* 497.3421, found
497.3433.

oooooao
(2R,5R)-2-(Benzyloxy)-5-({1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)ox
y]-7a-methyloctahydro-1H-inden-1-yl}hexanoic acid (17)0 OO
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00017 [a ]p27 +47.1 (c 1.88, CHCI3); IR (neat) 1720, 1469, 1250, 10

85, 1028, 840, 776 cm-1; 1H NMR (400 MHz, CDCIg) 8 0.00 (s, 3H), 0.0
1 (s, 3H), 0.88-0.89 (m, 15H), 0.99-1.95 (m, 17H), 3,97-4.00 (m, 2H), 4
.49 (d, J = 11.9 Hz, 1H), 4.71 (d, J = 11.9 Hz, 1H), 7.29-7.37 (m, 5H); 1
3C NMR (100 MHz, cDClg) & -5.2, -4.8, 13.7, 17.6, 18.0, 18.4, 23.0, 25
.8, 27.2, 28.9, 30.6, 34.4, 34.7, 40.7, 42.1, 53.0, 56.3, 69.4, 72.6, 77.
8, 128,1, 128.2, 128.5, 136.9, 176.2; HRMS (ESI") calcd for CogoH4704Si
[M-H] 487.3249, found 487.3290.

Oooooao
(2S,5R)-2-(Benzyloxy)-5-({1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)ox
yl-7a-methyloctahydro-1H-inden-1-yl}hexanoic acid (18)0 O O
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00018 [a ]p27 +21.7 (c 1.32, CHCI3); IR (neat) 1720, 1469, 1254, 10

89, 1032, 840, 780 cm-1; 1H NMR (400 MHz, CDCl3g) 8 -0.01 (s, 3H), O.
01 (s, 3H), 0.89-0.90 (m, 15H), 0.99-1.94 (m, 17H), 3,94-3.99 (m, 2H),
4.50 (d, J = 11.6 Hz, 1H), 4.70 (d, J = 11.5 Hz, 1H), 7.29-7.39 (m, 5H);
13¢ NMR (100 MHz, CDCI3) & -5.2, -4.8, 13.7, 17.6, 18.0, 18.5, 23.0, 2
5.8, 27.2, 29.1, 31.1, 34.4, 35.0, 40.7, 42.1, 53.0, 56.4, 69.4, 72.5, 78
.3, 128,1, 128.1, 128.5, 137.0, 176.7; HRMS (ESI") calcd for C29H4704
Si [M-H]- 487.3249, found 487.3278.

gooogod

Methyl (2R,5R)-2-(benzyloxy)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethyl
silyl)oxy]-7a-methyloctahydro-1H-inden-1-yl}lhexanoate (19)0 0 O
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00019 [a ]p27 +57.5 (¢ 1.71, CHCI3); IR (neat) 1750, 1471, 1253, 10
29, 838, 774 cm 1: 1H NMR (400 MHz, CDCI3) & -0.00 (s, 3H), 0.01 (s,
3H), 0.86-0.89 (m, 15H), 1.90-1.95 (m, 1H), 3.75 (s, 3H), 3.90 (dd, J =
4.6, 8.2 Hz, 1H), 3.98-3.99 (m, 1H), 4.40 (d, J = 12.0 Hz, 1H), 4.69 (d,
J =12.0 Hz, 1H), 7.27-7.36 (m, 5H); 13C NMR (100 MHz, CDCl3) & -5.2,
-4.8, 13.7, 17.6, 18.0, 18.4, 23.0, 25.8, 27.1, 29.5, 31.0, 34.4, 34.7, 4
0.7, 42.1, 51.8, 53.0, 56.4, 69.4, 72.3, 78.3, 127.8, 128.0, 128.3, 137.
6, 173.6; HRMS (ESI*) calcd for Cz3gHs5004SiNa [M+Na]t 525.3371, found
525.3399.

oooooao

Methyl (2S,5R)-2-(benzyloxy)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethyl
silyl)oxy]-7a-methyloctahydro-1H-inden-1-yl}thexanoate (20)0 O 0O
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00020 [a ]p27 +17.0 (¢ 2.70, CHCI3); IR (neat) 1750, 1465, 1254, 10

28, 840, 772 cm'!; 1H NMR (600 MHz, CDCI3z) & -0.01 (s, 3H), 0.01 (s,
3H), 0.88-0.89 (m, 15H), 1.01-1.10 (m, 3H), 1.19-1.26 (m, 2H), 1.30-1.
42 (m, 2H), 1.50-1.67 (m, 4H), 1.73-1.85 (m, 3H), 1.91-1.94 (m, 1H), 3.
75 (s, 3H), 3.89 (dd, J = 5.4, 7.8 Hz, 1H), 3.99-3.99 (m, 1H), 4.41 (d, J
= 11.4 Hz, 1H), 4.68 (d, J = 11.4 Hz, 1H), 7.27-7.31 (m, 1H), 7.33-7.36
(m, 4H); 13C NMR (150 MHz, CDCl3) 8 -5.2, -4.8, 13.7, 17.6, 18.0, 18.5
, 23.0, 25.8, 27.1, 29.6, 31.2, 34.4, 35.0, 40.7, 42.1, 51.8, 53.0, 56.4,
69.4, 72.2, 78.9, 127.8, 127.9, 128.3, 137.6, 173.4; HRMS (ESI1*) calcd
for C3oH4904SiNa [M+Na]* 525.3371, found 525.3389.

oooooao

Methyl (2R,5R)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-
methyloctahydro-1H-inden-1-yl}-2-hydroxyhexanoate (21)0 0O 0O

10

20

30

40

50



(24) JP 2023-61920 A 2023.5.2

gooaoao

oooooao
0000000000000 0O00DD0DDO0O0DO0O0O0O0O0DD0DDDO0DOoDOoOOoOoOoooan
0000000000000 000000000000000000000000000
0000000000000 0O000D0D0D0D00O0O0O0O0O00D0D0Do0DO0O0OoOooooan
0000000000000 000000000000000000000000000
0000000000000 0000000000O0O0O0o000Do0Do0D0O0O0Oooooaon
0000000000000 0O000D00D0O0O0O0O0a0

oooooao

00021 [a]p?’ +33.2 (¢ 0.61, CHCI3); IR (neat) 3506, 1739, 1468, 12

53, 1085, 1025, 838, 778 cm"1; 1H NMR (600 MHz, CDCl3) 8 -0.01 (s,
3H), 0.00 (s, 3H), 0.88-0.90 (m, 15H), 1.00-1.12 (m, 2H), 1.20-1.27 (m,
2H), 1.30-1.45 (m, 3H), 1.49-1.58 (m, 2H), 1.65-1.71 (m, 2H), 1.75-1.8
3 (m, 2H), 1.92-1.95 (m, 1H), 3.78 (s, 3H), 3.99-3.99 (m, 1H), 4.17-4.1
8 (dd, J = 5.6, 6.0 Hz, 1H); 13C NMR (150 MHz, CDCl3) & -5.2, -4.8, 13.
7, 17.7, 18.0, 18.5, 23.0, 25.8, 27.2, 30.5, 30.9, 34.4, 34.8, 40.7, 42.1
, 52.4, 53.0, 56.4, 69.4, 70.7, 175.9; HRMS (ESI*) calcd for Cp3H4404Si
[M+Na]* 435.2901, found 435.2887.

gooogod

Methyl (2S,5R)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-
methyloctahydro-1H-inden-1-yl}-2-hydroxyhexanoate (22)0 0 0O
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00022 [a]p2? +44.8 (c 1.67, CHCI3); IR (neat) 3488, 1742, 1461, 13
70, 1257, 1081, 1020, 840, 776, 686 cm~1; 1H NMR (600 MHz, CDCIl3)

& -0.01 (s, 3H), 0.00 (s, 3H), 0.88-0.90 (m, 15H), 0.98-1.57 (m, 13H),

1.64-1.70 (m, 1H), 1.75-1.88 (m, 3H), 1.92-1.95 (m, 1H), 2.14 (brs, 1H
), 3.78 (s, 3H), 3.99-4.00 (m, 1H), 4.15 (dd, J = 3.9, 6.9 Hz, 1H); 13Cc N
MR (150 MHz, CDCl3) & -5.2, -4.8, 13.7, 17.6, 18.0, 18.6, 23.0, 25.8, 2
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7.2, 30.6, 31.1, 34.4, 35.0, 40.7, 42.1, 52.4, 53.0, 56.4, 69.4, 71.0, 17
5.9; HRMS (ESI*) calcd for Co3H4404SiNa [M+Na]*435.2901, found 435.
2897.

oooooao

Methyl (2R,5R)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-
methyloctahydro-1H-inden-1-yl}-2-fluorohexanoate (23)0 0 O
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00023: [a]p2? +44.7 (¢ 2.39, CHCI3); IR (neat) 1769, 1746, 1465, 14
45, 1370, 1254, 1208, 1081, 1024, 836, 769 cm-1; 1H NMR (600 MHz,

CDClg) & -0.01 (s, 3H), 0.00 (s, 3 H), 0.88-0.90 (m, 15H), 0.99-1.12 (m
, 2H), 1.15-1.26 (m, 3H), 1.29-1.37 (m, 3H), 1.39-1.48 (m, 1H), 1.51-1.
59 (m, 2H), 1.64-1.68 (m, 1H), 1.73-1.84 (m, 3H), 1.73-1.84 (m, 3H), 1.
86-1.95 (m, 2H), 3.79 (s, 3H), 3.99-3.99 (m, 1H), 4.89 (ddd, J = 4.2, 8.
4, 49.8 Hz, 1H); 13C NMR (150 MHz, CDCI3) & -5.2, -4.8, 13.7, 17.6, 1

8.0, 18.4, 23.0, 25.8, 27.1, 29.1 (d, J = 20.1 Hz), 30.1, 34.4, 34.6, 40.
7, 42.1, 52.2, 53.0, 56.3, 69.4, 89.3 (d, J = 182.4 Hz), 170.6 (d, J = 24
.5 Hz); HRMS (ESI1*) calcd for Co3H4303FSiNa[M+Na]* 437.2858, found

437.2874.

oooooao

Methyl (2S,5R)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-

methyloctahydro-1H-inden-1-yl}-2-fluorohexanoate (24)0 0O O
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00024 [a]p27 +34.4 (c 1.03, CHCI3); IR (neat) 1766, 1746, 1469, 14
42,1378, 1254, 1212, 1089, 1024, 836, 776 cm"1: 1H NMR (400 MHz,
CDClg) 6 -0.02 (s, 3H), -0.00 (s, 3H), 0.88-0.90 (m, 15H), 1.00-2.03 (m
, 19H), 3.78 (s, 3H), 3.98-3.99 (m, 1H), 4.85 (ddd, J = 4.1, 7.3, 49.0 H
z, 1H); 13C NMR (100 MHz, CDCl3) &8 -5.2, -4.8, 13.7, 17.6, 18.0, 18.4,
23.0, 25.8, 27.1, 29.1 (d, J = 20.0 Hz), 30.3 (d, J = 2.9 Hz), 34.4, 34.9,
40.7, 42.1, 52.2, 53.0, 56.3, 69.4, 89.6 (d, J = 183.1 Hz), 170.5 (d, J =
23.8 Hz); HRMS (ESI*) calcd for Co23H4303FSiNa [M+Na]* 437.2858, fou
nd 437.2869.

oooooao
(1R,3aR,4S,7aR)-1-[(2R,5R)-5-Fluoro-6-hydroxy-6-methylheptan-2-yl]-7a
-methyloctahydro-1H-inden-4-0l (25)0 00O
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O
ad 025: [a ]p27 +43.4 (¢ 1.45, CHCI3); IR (neat) 3402, 1469, 1374, 11
68, 1073, 994 cm-1l: 1H NMR (600 MHz, CDCl3) & 0.91 (d, J = 6.0 Hz, 3
H) , 0.94 (s, 3H), 1.01-1.74 (m, 21H), 1.78-1.91 (m, 3H), 1.98-2.00 (m,
1H), 4.07-4.07 (m, 1H), 4.18 (ddd, J = 2.1, 10.5, 48.6 Hz, 1H); 13C NMR
(150 MHz, CDCIl3) 6 13.5, 17.4, 18.3, 22.5, 24.2 (d, J = 4.4 Hz), 25.4 (
d,J =4.4 Hz), 26.0 (d, J = 21.6 Hz), 27.1, 31.7, 33.6, 34.9, 40.4, 41.9,
52.6, 56.4, 69.4, 72.0 (d, J = 20.1 Hz), 99.9 (d, J = 170.9 Hz); HRMS (A
PCIl") calcd for C18H3302FSi[M-H]" 299.2392, found 299.2420.
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(1R,3aR,4S,7aR)-1-[(2R,5S)-5-Fluoro-6-hydroxy-6-methylheptan-2-yl]-7a
-methyloctahydro-1H-inden-4-0l (26)0 0O
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O
026: [a ]p27 +17.5 (¢ 1.30, CHCI3); IR (neat) 3412, 1465, 1378, 12
0, 1168, 1066, 990, 731 cm-1; 1H NMR (600 MHz, CDCl3) 8 0.92 (d, J
= 6.0 Hz, 3H) , 0.94 (s, 3H), 1.03-1.17 (m, 3H), 1.20-1.21 (m, 6H), 1.29
-1.36 (m, 2H), 1.42-1.90 (m, 13H), 1.98-2.01 (m, 1H), 4.07-4.08 (m, 1H
), 4.14 (ddd, J 1.8, 10.2, 48.0 Hz, 1H); 13C NMR (150 MHz, CDCl3) &
13.5, 17.4, 18.5, 22.5, 24.3 (d, J = 4.4 Hz), 25.3 (d, J = 4.4 Hz), 26.4 (
d, J =21.6 Hz), 27.1, 32.1, 33.6, 35.3, 40.4, 41.9, 52.6, 56.5, 69.4, 72
.0 (d, J = 20.12 Hz), 100.7 (d, J = 172.4 Hz); HRMS (ESI") calcd for CigH
3202FSi [M-H]" 299.2392, found 299.2388.
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(1R,3aR,7aR)-1-{(2R,5R)-5-Fluoro-6-methyl-6-[(triethylsilyl)oxy]heptan-
2-yl}-7a-methyloctahydro-4H-inden-4-one (27)0 0 0O
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a
a 027: [a ]p27 +12.2 (¢ 2.60, CHCI3); IR (neat) 1715, 1464, 1383, 12
35, 1174, 1077, 1046, 1015, 744 cm-1: 1H NMR (600 MHz, CDCI3) & O.
58 (q, J = 7.8 Hz), 0.64 (s, 3H), 0.94 (t, J = 7.8 Hz), 0.96 (d, J = 6.0 Hz
), 1.19 (s, 3 H), 1.24 (d, J = 1.8 Hz), 1.28-1.65 (m, 9H), 1.69-1.77 (m,
1H), 1.86-1.96 (m, 2H), 1.98-2.03 (m, 1H), 2.11-2.13 (m, 1H), 2.19-2.2
9 (m, 2H), 2.45 (dd, J = 7.8, 11.4 Hz), 3.97-4.07 (m, 1H); 13C NMR (150
MHz, CDClz) 6 6.6, 7.0, 12.5, 18.5, 19.0, 24.0, 24.6 (d, J = 2.9 Hz), 25
.5 (d, J =21.0 Hz), 27.2 (d, J = 2.9 Hz), 27.5, 31.9, 35.1, 39.0, 40.0, 4
9.9, 56.5, 62.0, 74.0 (d, J = 23.1 Hz), 99.4 (d, J = 175.2 Hz), 212.0; H
RMS (ESI*) calcd for Co4H4502FSiNa [M+Na]* 435.3065, found 435.3051.
gooogoao
(1R,3aR,7aR)-1-{(2R,5S)-5-Fluoro-6-methyl-6-[(triethylsilyl)oxy]lheptan-
2-yl}-7a-methyloctahydro-4H-inden-4-one (28)0 0 0O

gooaoad

E H

-

0]

oooooao

0000000000000 0000000000000000000000000a0
0000000000000 000000000pgD00pD0D00000000O0000O0
0000000000000 00000000000000000000000000a0n
000000000000 000O0D0DDO0OO000pgO0000O0O0DDDDODDOOO0OOaO
0000000000000 0000000p0000000000D000000000
0000000000000 0D0D0DDO0OO0OO00O0O0O0D0DD0DDDDODO0DO0OO0OO0OO0OoOoaDn
000O0O0pD0000000000000000000000000000000000
0000000000000 000000p00p0000000000O0O0O0O000O0
0000000000000 00pg0000000000000000000pgDO00QO
0000000000000 p00p00000O00O0D0D000000000000000
000000000000 00000D0D0000000O0O0DD0DD0DO0O0O0O0O0oooaDn
000000000000 0000000000000000000000000a0
oooooao

00028 [a]p27 -8.7 (¢ 2.60, CHCI3); IR (neat) 1715, 1460, 1379, 123
5, 1174, 1077, 1054, 1015, 744 cm-1; 1H NMR (600 MHz, CDCI3) & 0.5
7 (9, J = 8.1 Hz), 0.64 (s, 3H), 0.94 (t, J = 8.1 Hz), 0.96 (d, J = 6.0 Hz),
1.00-1.11 (m, 1H), 1.18 (d, J = 1.8 Hz), 1.24 (d, J = 1.8 Hz), 1.27-1.63
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(m, 6H), 1.68-1.94 (m, 5H), 1.98-2.03 (m, 1H), 2.10-2.13 (m, 1H), 2.19-
2.29 (m, 2H), 2.44 (dd, J = 6.6, 11.4 Hz), 3.98 (ddd, J = 1.8, 10.2, 49.2
Hz, 1H); 13C NMR (150 MHz, CDCl3) 8 6.7, 7.0, 12.5, 18.7, 19.0, 24.0,

24.4, 25.7 (d, J = 21.5 Hz), 27.3 (d, J = 2.9 Hz), 27.4 32.5, 35.5, 39.0,
40.9, 49.9, 56.6, 61.9, 74.0 (d, J = 23.1 Hz), 100.3 (d, J = 175.2 Hz), 2
12.0; HRMS (ESI*) calcd for Co24H4502FSiNa [M+Na]t 435.3065, found 4
35.3050.

Oooooao

Ethyl 2-[(1R,3aS,7aR,E)-1-{(2R,5R)-5-fluoro-6-methyl-6-[(triethylsilyl)o
xylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene] acetate (29)0
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00029: [a ]p27 +88.9 (¢ 1.14, CHCI3); IR (neat) 1715, 1646, 1464, 13

79, 1181, 1050, 744 cm™1; 1H NMR (600 MHz, CDCI3) 8 0.59 (q, J = 8.0
Hz, 6H), 0.59 (s, 3H), 0.93-0.96 (m, 12H), 1.20 (s, 3H), 1.25 (d, 1.8 Hz,
3H), 1.26-1.76 (m, 16H), 1.90-1.97 (m, 1H), 2.00-2.03 (m, 1H), 2.09-2.
13 (m, 1H), 3.84-3.88 (m, 1H), 3.98-4.08 (m, 1H), 4.11-4.19 (m, 2H), 5.
46 (brs, 1H); 13C NMR (150 MHz, CDCl3) & 6.7, 7.0, 12.1, 14.3, 18.6, 2
2.1, 23.8, 24.6, 25.5 (d, J = 20.1 Hz), 27.2 (d, J = 2.9 Hz), 27.4, 29.6,

31.9, 35.5, 40.1, 47.1, 56.6, 56.8, 59.5, 74.0 (d, J = 23.0 Hz), 99.5 (d,
J =175.2 Hz), 112.0, 163.3, 167.0; HRMS (ESI*) calcd for C2gH5103FSi
Na [M+Na]* 505.3484, found 505.3475.

gooooao

Ethyl 2-[(1R,3aS,7aR,E)-1-{(2R,5S)-5-fluoro-6-methyl-6-[(triethylsilyl)o
xylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene] acetate (30)0
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30: [a ]p27 +70.9 (c 3.82, CHCI3); IR (neat) 1715, 1646, 1464, 13

87, 1239, 1162, 1077, 1050, 741 cm-1; 1H NMR (600 MHz, CDCl3) & O.
58 (q, J = 5.9 Hz, 6H), 0.59 (s, 3H), 0.93-0.96 (m, 12H), 1.02-1.10 (m,
1H),
(m, 4H), 1.49-1.84 (m, 8H), 1.87-1.95 (m, 1H), 2.01-2.03 (m, 1H), 2.08-
2.11 (m, 1H), 3.84-3.88 (m, 1H), 3.94-4.04 (m, 1H), 4.11-4.18 (m, 2H),
5.46 (brs, 1H): 13C NMR (150 MHz, CDCl3) & 6.7, 7.0, 12.1, 14.3, 18.7,
22.
32.

J

11
5,

1.18 (s, 3H), 1.25 (d, 1.2 Hz, 3H), 1.28 (t, 7.2 Hz, 3H), 1.31-1.44

23.8, 24.4, 25.9 (d, J = 20.1 Hz), 27.2 (d, J = 2.9 Hz), 27.3, 29.6,
36.0, 40.1, 47.1, 56.6, 56.8, 59.5, 74.0 (d, J = 21.5 Hz), 100.5 (d
175.2 Hz), 112.0, 163.3, 167.0; HRMS (ESI*) calcd for C2gHs5103F

SiNa [M+Na]* 505.3484, found 505.3453.

oooooao
2-[(1R,3aS,7aR,E)-1-{(2R,5R)-5-Fluoro-6-methyl-6-[(triethylsilyl)oxy]he
ptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethan-1-0l (31)00 0
Oo0ooo
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Ooooooao

00031 [a]p?? +67.3 (¢ 1.13, CH30H); IR (neat) 3331, 1460, 1379, 1
239, 1174, 1081, 1050, 1015, 748 cm~!; 1H NMR (400 MHz, CDCI3) & O
.56 (s, 3H), 0.58 (g, J = 7.9 Hz, 6H), 0.93-0.96 (m, 12H), 1.05-1.12 (m,
1H), 1.19 (d, J = 1.4 Hz, 3H), 1.24-1.34 (m, 7H), 3.89-1.74 (m, 9H), 1.8
6-2.02 (m, 3H), 2.61-2.65 (m, 1H), 3.96-4.11 (m, 1H), 4.21 (d, J = 6.8
Hz, 2H), 5.22 (t, J = 7.1 Hz, 1H); 13C NMR (100 MHz, CDCI3) & 6.7, 7.0,
11.8, 18.6, 22.1, 23.5, 24.6, 25.5 (d, J = 21.0 Hz), 27.2 (d, J = 2.9 Hz),
27.5, 28.7, 32.0, 35.6, 40.3, 45.3, 55.6, 56.4, 58.7, 74.0 (d, J = 21.9 H
z), 99.6 (d, J = 175.4 Hz), 119.2, 143.8; HRMS (ESI*) calcd for C2gH490
2FSiNa [M+Na]* 463.3378, found 463.3364.

oooooao
2-[(1R,3aS,7aR,E)-1-{(2R,5S)-5-Fluoro-6-methyl-6-[(triethylsilyl)oxy]he
ptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethan-1-o0l (32)00 0O
Oo0oD0ooo
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00032 [a]p2? +43.1 (c 3.92, CHCI3); IR (neat) 3334, 1460, 1379, 12

35, 1174, 1081, 1046, 1008, 744 cm-1: 1H NMR (400 MHz, CDCI3) & O.
56 (s, 3H), 0.58 (q, J = 7.9 Hz, 6H), 0.92-0.96 (m, 12H), 1.03-1.12 (m,
1H), 1.18 (s, 3H), 1.25-2.02 (m, 19H), 2.61-2.65 (m, 1H), 3.92-4.04 (m,
1H), 4.20 (d, 6.9 Hz, 2H), 5.22 (t, J = 7.1 Hz, 1H); 13C NMR (100 MHz,
cbclz) 8 6.7, 7.0, 11.8, 18.8, 22.1, 23.5, 24.4, 25.8 (d, 21.0 Hz), 27.2
(d, 2.9 Hz), 27.5, 28.7, 32.6, 36.1, 40.3, 45.3, 55.6, 56.4, 58.7, 74.0 (
d, J =22.9 Hz), 100.5 (d, J = 175.4 Hz), 119.2, 143.7; HRMS (ESI*) cal
cd for Ca2gH4902FSiNa [M+Na]* 463.3378, found 463.3369.

ooooogoad
2-({2-[(1R,3aS,7aR,E)-1-{(2R,5R)-5-Fluoro-6-methyl-6-[(triethylsilyl)oxy
lheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethyl}sulfonyl)be
nzo[d]thiazole (35)00 O
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a
035: [a ]p27 +52.6 (¢ 0.95, CHCI3); IR (neat) 1471, 1333, 1243, 11
1050, 744 cm-1: 1H NMR (600 MHz, CDCI3) & 0.28 (s, 3H), 0.57 (q,
= 7.6 Hz, 6H), 0.86 (d, J = 6.0 Hz, 3H), 0.94 (t, J = 8.1 Hz, 9H), 1.18-
.60 (m, 19H), 1.83-1.91 (m, 3H), 2.55-2.57 (m, 1H), 3.95-4.05 (m, 1H),
.21 (dd, J = 6.6, 14.4 Hz, 1H), 4.30 (dd, J = 9.0, 14.4 Hz, 1H), 5.01 (t,
= 7.8 Hz, 1H), 7.57-7.65 (m, 2H), 8.00 (d, J = 8.4 Hz, 1H), 8.22 (d, J

= 8.4 Hz, 1H); 13C NMR (150 MHz, CDCl3) & 6.7, 7.0, 11.6, 18.5, 22.1,
23.2, 24.6, 25.5 (d, J = 21.6 Hz), 27.2 (d, J = 2.9 Hz), 27.4, 29.0, 31.9,
35.5, 39.9, 45.7, 53.9, 56.0, 56.2, 74.0 (d, J = 23.1 Hz), 99.5 (d, 176.7
Hz), 104.2, 122.2, 125.4, 127.6, 127.9, 137.0, 152.1, 152.8, 166.0; HR
MS (ESI*) calcd for C33Hs52NO3FSiSaoNa [M+Na]* 644.3034, found 644.3049.
oooooao
2-({2-[(1R,3aS,7aR,E)-1-{(2R,5S)-5-Fluoro-6-methyl-6-[(triethylsilyl)oxy
lJheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethyl}sulfonyl)be
nzo[d]thiazole (36)0 0 O
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6: [a ]Jp27 +31.6 (c 2.09, CHCIl3); IR (neat) 1475, 1336, 1235, 11
4, 1077, 760, 744 cm-1; 1H NMR (600 MHz, CDCI3) & 0.26 (s, 3H), 0.5
(q, J = 8.0 Hz, 6H), 0.86 (d, J = 6.6 Hz, 3H), 0.93 (t, J = 7.8 Hz, 9H),
.97-1.06 (m, 1H), 1.17-1.60 (m, 17H), 1.65-1.90 (m, 4H), 2.54-2.57 (m
1H), 3.91-4.01 (m, 1H), 4.20 (dd, J = 6.6, 14.4 Hz, 1H), 4.30 (dd, J =

.0, 14.4 Hz, 1H), 5.01 (t, J = 8.1 Hz, 1H), 7.57-7.64 (m, 2H), 8.00 (d,

= 7.8 Hz, 1H), 8.21 (d, J = 7.8 Hz, 1H); 13C NMR (150 MHz, CDCl3) &

.7, 7.0, 11.5, 18.7, 22.0, 23.2, 24.4, 25.8 (d, J = 20.1 Hz), 27.2 (d, J

2.9 Hz), 27.3, 29.0, 32.5, 35.9, 39.9, 45.7, 53.9, 56.0, 56.3, 74.0 (d,
J = 23.0 Hz), 100.4 (d, 176.7 Hz), 104.2, 122.2, 125.3, 127.5, 127.9, 1
36.9, 152.0, 152.8, 165.9; HRMS (ESI*) calcd for C33H52NO3FSiSaNa [M
+Na]* 644.3034, found 644.3039.
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24RF-MART-10: [a ] p27 +66.0 (c 0.26, EtOH); IR (neat) 3350, 1522, 13
93, 1153, 1063, 894 cm-1; 1H NMR (400 MHz, DMSO-dg) 8 0.56 (s, 3H),
0.95 (d, J = 6.4 Hz, 3H), 1.10 (s, 3H), 1.13 (d, J = 1.4 Hz, 3H), 1.21-1.

66 (m, 18H), 1.86-2.03 (m, 5H), 2.43 (dd, J = 4.6, 13.3 Hz, 1H), 2.62 (

dd, J = 4.1, 13.7 Hz, 1H), 2.77-2.80 (m, 1H), 3.40-3.50 (m, 3H), 3.93 (b
rs, 1H), 4.03-4.18 (m, 1H), 4.26-4.61 (m, 4H), 5.83 (d, J = 11.0 Hz, 1H)
, 6.14 (d, J = 11.5 Hz, 1H); 13C NMR (100 MHz, DMSO-dg) 8 12.9, 19.5,
22.8, 23.9, 24.0, 25.4 (d, J = 2.9 Hz), 26.1 (d, J = 21.0 Hz), 27.1 (d, J

= 2.9 Hz), 28.1, 29.2, 30.0, 31.6, 32.6, 36.1, 36.4, 46.1, 46.2, 49.5, 56
.6, 56.7, 62.5, 67.5, 70.1, 70.9 (d, J = 21.0 Hz), 100.3 (d, J = 172.6 Hz
), 117.3, 121.7, 136.1, 140.1; HRMS (ESI*) calcd for C29H4904FNa [M+

Na]t* 503.3507, found 503.3528.
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24RF-MART-11: [a ] p27 +26.2 (¢ 0.23, EtOH); IR (neat) 3355, 1451, 13
91, 1173, 1053, 985 cm-1; 1H NMR (400 MHz, DMSO-dg) & 0.55 (s, 3H),
0.95 (d, J = 6.4 Hz, 3H), 1.09-1.13 (m, 6H), 1.27-1.68 (s, 18H), 1.77 (t,
J=11.7 Hz, 1H), 1.86-2.05 (m, 3H), 2.18-2.26 (m, 2H), 2.76-2.86 (m, 2
H), 3.37-3.43 (m, 3H), 3.90 (brs, 1H), 3.99-4.18 (m, 2H), 4.36-4.61 (m,
3H), 5.84 (d, J = 11.0 Hz, 1H), 6.06 (d, J = 11.0 Hz, 1H); 13C NMR (100
MHz, DMSO-dg) & 12.8, 19.5, 22.8, 24.1, 24.2, 25.4 (d, J = 2.9 Hz), 26.
1(d, J =20.1 Hz), 27.1 (d, J = 2.9 Hz), 28.2, 29.3, 30.0, 31.4, 32.6, 3
6.1, 38.8, 44.9, 46.1, 49.7, 56.6, 56.7, 62.5, 67.5, 69.9, 70.9 (d, J = 2
1.0 Hz), 100.2 (d, J = 173.5 Hz), 116.9, 121.5, 135.8, 140.3; HRMS (ESI
*) calcd for C29gH4904FNa [M+Na]*t 503.3507, found 503.3526.
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oooooo
24SF-MART-10: [a ] p27 +24.9 (¢ 1.17, CH3Cl); IR (neat) 3390, 1459, 1

380, 1173, 1057, 993 cm~!; 1H NMR (600 MHz, CD30D) & 0.62 (s, 3H),

1.01 (d, J = 6.0 Hz, 3H), 1.10-1.18 (m, 1H), 1.21 (s, 3H), 1.23 (d, J = 1
.2 Hz, 3H), 1.36-1.83 (m, 17H), 1.94-2.01 (m, 1H), 2.05-2.18 (m, 5H), 2
.58 (dd, J = 5.1, 13.2 Hz, 1H), 2.84 (dd, J = 4.5, 14.4 Hz, 1H), 2.87 (dd,
J =3.9,12.0 Hz, 1H), 3.60-3.65 (m, 3H), 4.05-4.15 (m, 2H), 5.92 (d, J

= 11.4 Hz, 1H), 6.29 (d, J = 11.4 Hz, 1H): 13C NMR (150 MHz, CDCl3) &

12.7, 19.7, 23.6, 24.6, 24.8, 25.0 (d, J = 3.0 Hz), 26.0 (d, J = 2.9 Hz),

27.7 (d, J = 21.6 Hz), 29.0, 30.1, 31.6, 34.0, 36.7, 37.8, 42.2, 46.6, 47
.1, 50.3, 57.8, 58.1, 63.7, 69.3, 72.0, 72.7 (d, J = 21.5 Hz), 101.6 (d, J
= 173.7 Hz), 117.7, 123.6, 134.5, 142.2; HRMS (ESI*) calcd for Cpg9Hag
O4FNa [M+Na]* 503.3507, found 503.3531.

ooooogo

24SF-MART-11: [a ] p27 +7.6 (¢ 0.99, EtOH); IR (neat) 3363, 1447, 138

4, 1173, 1049, 993 cm-1; 1H NMR (600 MHz, DMSO-dg) & 0.54 (s, 3H),

0.96 (d, J = 6.6 Hz, 3H), 1.07-1.14 (m, 7H), 1.25-1.82 (s, 18H), 1.87-2.
04 (m, 3H), 2.19-2.25 (m, 2H), 2.77-2.85 (m, 2H), 3.33-3.42 (m, 3H), 3.
85-3.91 (m, 1H), 4.06 (ddd, J = 1.2, 10.2, 48.0 Hz, 1H), 4.16 (d, J = 4.2
Hz, 1H), 4.16 (d, J = 4.2 Hz, 1H), 4.36 (t, J = 4.8 Hz, 1H), 4.53 (d, J =

5.4 Hz, 1H), 4.61 (s, 1H), 5.84 (d, J = 12.0 Hz, 1H), 6.06 (d, J = 11.4 H
z, 1H); 13C NMR (150 MHz, DMSO-dg) & 12.8, 19.7, 22.8, 24.0, 24.2, 2

5.2 (d, J = 2.9 Hz), 26.4 (d, J = 20.1 Hz), 27.3 (d, J = 2.9 Hz), 28.1, 29
.3, 31.4, 33.1, 36.6, 38.7, 44.9, 46.1, 49.6, 56.6, 56.7, 62.5, 67.5, 69.
9, 70.9 (d, J = 21.6 Hz), 101.1 (d, J = 173.9 Hz), 116.9, 121.4, 135.8,

140.3; HRMS (ESI*) calcd for Co29gH4904FNa [M+Na]® 503.3507, found 5

03.3507.

oooooao

000O0O0DO0DO0o0ODO0DO0OpgODODOOO

10

20

30

40

50



(37) JP 2023-61920 A 2023.5.2

gooaoad
/ (0]
... .CHO EtO\Il:l) coom COOMe
H EtO” e "HF F

OTES ! Me(MeO)NH-HCI
A R
LHMDS, THF OTBS iPrMgBr, THF
40
.Me

Pd(PPhs)s, HCOONa

BusP, dioxane

mCPBA,NaHCO;
CH,Cl,

1) TPAP, NMO

_—

2) TESCI, Imidazole

p-TsOH+«H,0

MeOH

S 45 OH 48

OTES (Et0),P(0)CH,CO,Et

NaH DIBAL-H
THF THF
O 49 EtOOC
OTES
Benzothiazolethiol (NH4)gM070 24+4H,0

PPh, DIAD
CH,Cly s. S

51 30% H,0,,EtOH

52

TBSO" OTBS

A-ring OTBS

1) LHMDS, THF .
53 HO'
2) CSA, MeOH, CH,Cl,

23F,-MART-10 23F,-MART-11

23F,~MART—-—10&,23F,—MART—11DAKK

oooooao
(S)-2-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloctahy
dro-1H-inden-1-yl}propanal (37)0 00O
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OTBS

Ooo0oooogogoogggdPosner G. H.; Kim H. J.; Kahraman M.; Jeon H. B.;
Suh B. C.; Li H.; Dolan P.; Kensler T. W. Highly antiproliferative, low-c
alcemic, side-chain ketone analogs of the hormone 1a , 25-dihydroxyvit
amin D3, Bioorg. Med. Chem. 2005, 13, 5569-5580. 000 O0OO0ODO0ODODODOQOO
ood
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Methyl 2-(diethoxyphosphoryl)-2-[(triethylsilyl)oxyl]acetated O O
ooooogoad
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O
EtO. 1
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EtO YCOO e
OTES

Horner-Emmons reagent

0O00O0OdodggogdKawagoe F.; Mototani S.; Yasuda K.; Nagasawa K.; Ues

ugi M.; Sakaki T.; Kittaka A. Introduction of fluorine atoms to vitamin D
3 side-chain and synthesis of 24,24-difluoro-25-hydroxyvitamin D3. J. S
teroid Biochem. Mol. Biol. 2019, 195, 105477. 000D OOO0ODOODODOODOOAO
gooooao

Methyl (R)-4-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-meth

yloctahydro-1H-inden-1-yl}-2,2-difluoropentanoate (40)0 0 O
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00040: [a ]p27 +36.5 (¢ 1.90, CHCI3); IR (neat) 1774, 1471, 1253, 10

97, 1077, 1029, 838 cm™1; 1H NMR (600 MHz, CDCI3) 8 -0.01 (s, 3H),
0.01 (s, 3H), 0.88 (s, 9H), 0.90 (d, J = 5.4 Hz, 3H), 0.91 (s, 3H), 1.03 (
qg, J = 9.6 Hz, 1H), 1.10 (td, J =3.6, 13.2 Hz, 1H), 1.17-1.27 (m, 2H), 1.
31-1.38 (m, 2H), 1.43-1.49 (m, 1H), 1.51-1.59 (m, 2H), 1.65-1.67 (m, 1
H), 1.74-1.84 (m, 2H), 1.88-1.98 (m, 2H), 2.04-2.16 (m,1H), 3.86 (s, 3H
), 3.98-4.00 (m, 1H); 13C NMR (150 MHz, CDCl3) &8 -5.2, -4.8, 13.7, 17.
6, 18.0, 18.3, 23.0, 25.8, 27.0, 27.1, 31.1 (t, J = 22.3 Hz), 34.4, 34.5,
40.6, 42.1, 53.0, 53.2, 56.0, 69.4, 116.8 (t, J = 248.5 Hz), 165.0 (t, J =
33.8 Hz); HRMS (ESI1") calcd for C2o2H3903F2Si [M-H]" 417.2642, found
417.2662.

gooooao
(R)-4-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloctahy
dro-1H-inden-1-yl}-2,2-difluoro-N-methoxy-N-methylpentanamide (41)0
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41: [a ]p27 +39.9 (c 3.47, CHCI3): IR (neat) 1685, 1464, 1379, 12
085, 1039, 984, 837 cm-1; 1H NMR (600 MHz, CDCl3) 8 -0.02 (s,
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3H), 0.00 (s, 3H), 0.88 (s, 9H), 0.92 (s, 3H), 1.02 (d, J = 6.6 Hz, 3H), 1
.06-1.13 (m, 2H), 1.21-1.26 (m, 2H), 1.30-12.37 (m, 3H), 1.51-1.59 (m,
1H), 1.64-1.66 (m, 1H), 1.74-1.87 (m, 4H), 1.94-1.96 (m, 1H), 2.22-2.3
2 (m, 1H) 3.24 (brs, 3H), 3.72 (s, 3H), 3.98-3.99 (m, 1H); 13C NMR (150
MHz, CDCI3) 86 -5.2, -4.8, 13.5, 17.6, 18.0, 20.2, 23.0, 25.8, 27.4, 30.
6, 33.1, 34.3, 40.1 (t, J = 20.8 Hz), 40.6, 42.2, 53.1, 56.9, 61.9, 69.4,
118.6 (t, J = 249.2 Hz), 164.7 (t, J = 27.9 Hz); HRMS (ESI*) calcd for C
23H43NO3F2SiNa [M+Na]t 470.2872, found 470.2856.
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(6R)-6-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloctah
ydro-1H-inden-1-yl}-4,4-difluoro-2-methylhept-1-en-3-yl acetate (44)0
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O00044: [a ]p27 +33.7 (¢ 2.30, CHCI3); IR (neat) 1755, 1468, 1375, 12
35, 1085, 1039, 841, 775 cm-1; 1H NMR (600 MHz, CDCl3) & -0.01 (s,

3H), 0.01 (s, 3H), 0.88 (s, 9H), 0.94 (s, 3H), 1.04-1.15 (m, 5H), 1.17-1.
27 (m, 2H), 1.30-1.38 (m, 3H), 1.46-1.60 (m, 2H), 1.65-1.67 (m, 1H), 1.
71-2.03 (m, 7H), 2.13-2.14 (m, 3H), 3.98-4.00 (m, 1H), 5.10-5.11 (m, 2
H), 5.25-5.32 (m, 1H); 13C NMR (150 MHz, CDCl3) & -5.2, -4.8, 13.5, 1
3.5, 17.6, 18.0, 19.4, 19.7, 20.4, 20.5, 20.8, 23.0, 25.8, 27.5, 27.5, 30
.3, 30.4, 34.3, 38.5 (t, J = 22.3 Hz), 38.7 (t, J = 22.3 Hz), 40.7, 42.2,
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53.1, 57.0, 57.0, 69.4, 76.3 (t, J = 28.7 Hz), 76.8 (t, J = 27.3 Hz), 117.
0, 117.4, 122.9 (t, J = 247.1 Hz), 122.9 (t, J = 246.4 Hz), 138.4, 138.5,
169.3, 169.4; HRMS (ESI*) calcd for C2gH5003NF2SiNa [M+Na]* 490.352
3, found 490.3543.

oooogad
tert-Butyl({(1R,3aR,4S,7aR)-1-[(R)-4,4-difluoro-6-methylhept-6-en-2-yl]
-7a-methyloctahydro-1H-inden-4-ylloxy)dimethylsilane (45)0 0 O
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00045 [a ]p27 +36.0 (c 0.69, CHCI3); IR (neat) 1471, 1379, 1255, 11

66, 1085, 1023, 837, 775 cm-1; 1H NMR (600 MHz, CDCl3) 8 0.00 (s, 3
H), 0.01 (s, 3H), 0.89 (s, 9H), 0.95 (s, 3H), 1.04 (d, J = 7.2 Hz, 3H), 1.
07 (9, J = 9.6 Hz, 1H), 1.122 (td, J =3.6, 13.2 Hz, 1H), 1.21-1.27 (m, 2H
), 1.31-1.38 (m, 3H), 1.46-1.61 (m, 2H), 1.66-1.68 (m, 1H), 1.75-1.86 (
m, 6H), 1.89-2.00 (m, 2H), 2.48-2.59 (m, 2H), 3.99-4.00 (m, 1H), 4.84 (
brs, 1H), 4.59 (brs, 1H); 13C NMR (150 MHz, CDCl3) 8 -5.2, -4.8, 13.5,
17.6, 18.0, 20.3, 23.0, 23.3, 25.8, 27.5, 30.9, 34.4, 40.7, 41.7 (t, J =
23.0 Hz), 42.2, 45.6 (t, J = 25.9 Hz), 53.1, 57.1, 69.4, 116.3, 125.2 (t,
J =242.0 Hz), 138.7; HRMS (ESI*) calcd for Co4H440F2SiNa [M+Na]* 43
7.3022, found 437.3033.
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(1R,3aR,4S,7aR)-1-[(2R)-4,4-Difluoro-6-hydroxy-6-methylheptan-2-yl]-7
a-methyloctahydro-1H-inden-4-0l (48)0 0 O
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O00048: [a ]p27 +26.9 (¢ 2.20, CHCI3); IR (neat) 3412, 1471, 1375, 11
70, 987, 864 cm-1; 1H NMR (600 MHz, CDCl3) 8 0.97 (s, 3H), 1.04 (d, J

= 6.6 Hz, 3H), 1.08-1.18 (m, 2H), 1.23-1.38 (m, 8H), 1.39-1.49 (m, 3H),
1.54-1.88 (m, 8H), 1.92-2.12 (m, 4H), 4.06-4.08 (m, 1H); 13C NMR (150
MHz, CDClg) & 13.3, 17.4, 20.3, 22.4, 27.5, 30.2, 30.4, 31.0, 33.5, 40.
3,41.9, 44.1 (t,J = 23.0 Hz), 48.6 (t, J = 23.0 Hz), 52.7, 56.8, 69.3, 6
9.9, 126.6 (t, J = 241.3 Hz); HRMS (ESI*) calcd for C18H3202F>2Na [M+N
alt 341.2263 found 341.2249.
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(1R,3aR,7aR)-1-{(2R)-4,4-Difluoro-6-methyl-6[(triethylsilyl)oxy] heptan
-2-yl}-7a-methyloctahydro-4H-inden-4-one (49)0 00O
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00049 [a ]p27 +6.4 (c 2.36, CHCI3); IR (neat) 1715, 1464, 1387, 137
1, 1239, 1177, 1042, 748 cm~1; 1H NMR (600 MHz, CDCIl3) 8 0.58 (q, J
= 7.8 Hz, 6H), 0.68 (s, 3H), 0.95 (t, J = 7.8 Hz, 9H), 1.10 (d, J = 6.0 Hz
, 3H), 1.31-1.37 (m, 7H), 1.46 (q, J = 9.6 Hz, 1H), 1.50-1.78 (m, 4H), 1
.82-2.06 (m, 7H), 2.12-2.16 (m, 1H), 2.19-2.30 (m, 2H), 2.46 (dd, J = 7
.8, 12.0 Hz, 1H); 13C NMR (150 MHz, CDCl3) & 6.7, 7.0, 12.3, 19.1, 21.
0, 23.9, 27.7, 30.7, 30.9, 38.9, 40.9, 43.1 (t, J = 23.0 Hz), 49.8, 51.2 (
t, J = 23.7 Hz), 57.0, 62.0, 72.1, 125.3 (t, J = 240.6 Hz), 211.8; HRMS
(ESI1*) calcd for Co4H4402F2SiNa [M+Na]t 453.2971 found 453.2953.
oooooao

Ethyl 2-[(1R,3aS,7aR,E)-1-{(2R)-4,4-Difluoro-6-methyl-6-[(triethylsilyl)
oxylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene] acetate (50)
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00050 [a]lp2? +90.9 (c 2.84, CHCI3); IR (neat) 1717, 1642, 1461, 13

86, 1164, 1040 cm-1; 1H NMR (400 MHz, CDCI3) & 0.58 (q, J = 7.8 Hz,
6H), 0.62 (s, 3H), 0.95 (t, J = 7.8 Hz, 9H), 1.08 (d, J = 6.4 Hz, 3H), 1.2
5-1.42 (m, 12H), 1.48-2.14 (m, 13H), 3.83-3.89 (m, 1H), 4.09-4.20 (m,
2H), 5.45 (brs, 1H); 13C NMR (100 MHz, CDCI3) & 6.7, 7.1, 11.9, 14.3,
21.1, 22.1, 23.7, 27.6, 29.5, 30.7, 30.9, 31.2, 40.1, 43.3 (t, J = 23.4 H
z), 47.0, 51.2 (t,J = 24.3 Hz), 56.9, 57.0, 59.5, 72.2, 112.1, 125.4 (t,
J =240.7 Hz), 163.0, 166.9; HRMS (ESI*) calcd for C2gHs5003F2SiNa [M
+Na]* 523.3390 found 523.3367.
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2-(1R,3aS,7aR,E)-2-(1-{(2R)-4,4-Difluoro-6-methyl-6-[(triethylsilyl)oxy]
heptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene)ethan-1-o0l (51)0
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O00051: [a ]p2? +64.0 (c 2.62, CHCI3); IR (neat) 3319, 1461, 1371, 12

(@)
al

, 1175, 1040, 743 cm-1; 1H NMR (600 MHz, CDCI3) & 0.59 (g, J = 8.4
Hz, 6H), 0.95 (t, J = 8.1 Hz, 9H), 1.70 (d, J = 6.6 Hz, 3H), 1.15 (brs, 1
H), 1.27-1.33 (m, 9H), 1.42-1.74 (m, 7H), 1.81-1.92 (m, 2H), 1.95-2.07
(m, 5H), 2.61-2.64 (m, 1H), 4.18-4.23 (m, 2H), 5.22 (t, J = 6.9 Hz, 1H);
13¢ NMR (150 MHz, CDCIl3) 8 6.7, 7.1, 11.7, 21.1, 22.2, 23.4, 27.8, 28
.6, 30.7, 30.9, 31.3, 40.3, 43.4 (t, J = 23.0 Hz), 45.3, 51.2 (t, J = 23.7
Hz), 55.7, 56.9, 58.7, 72.2, 119.4, 125.4 (t, J = 240.6 Hz), 143.5; HRM
S (ESI*) calcd for C2gH4802F2SiNa [M+Na]* 481.3284, found 481.3246.
gooooao
2-{[2-((1R,3aS,7aR,E)-1-{(2R)-4,4-Difluoro-6-methyl-6-[(triethylsilyl)ox
yl]heptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene)ethyl]sulfonyl}b
enzo[d]thiazole (53)0 00O
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O

3: [a ]p27 +43.8 (c 1.68, CHCI3); IR (neat) 1472, 1330, 1205, 11
9, 37,852, 743 cm'!; 1H NMR (600 MHz, CDCl3) & 0.28 (s, 3H), 0.5
(q, J = 7.8 Hz, 6H), 0.86 (d, J = 6.0 Hz, 6H), 0.94 (t, J = 7.8 Hz, 9H),
1.17-2.00 (m, 24H), 2.55-2.57 (m, 1H), 4.21 (dd, J = 6.6, 14.4 Hz, 1H),
4.43 (dd, J = 9.0, 14.4 Hz, 1H), 5.00-5.03 (m, 1H), 7.57-7.65 (m, 2H),
8.00 (d, J = 8.4 Hz, 1H), 8.21 (d, J = 8.4 Hz, 1H); 13C NMR (150 MHz, C
DClz) & 6.7, 7.0, 11.4, 21.0, 22.1, 23.1, 27.7, 28.9, 30.7, 30.9, 31.1,
39.9, 43.3 (t, J = 23.0 Hz), 45.7, 51.2 (t, J = 23.7 Hz), 53.9, 56.0, 56.7
, 72.1, 104.4, 122.2, 125.3 (t, J = 240.6 Hz), 125.3, 127.6, 127.9, 136.
9, 151.8, 152.8, 165.9; HRMS (ESI*) calcd for C33H51NO3F2SiS,Na [M+
Nal]* 662.2940, found 662.2947.
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23F2-MART-10: [a ] p27 +67.7 (c 0.27, EtOH); IR (neat) 3360, 1435, 13
79, 1164, 1051, 914 cm-1; 1H NMR (400 MHz, DMSO-dg) & 0.58 (s, 3H),
1.06 (d, J = 6.4 Hz, 3H), 1.21 (s, 6H), 1.27-2.23 (m, 24H), 2.43 (dd, J =
4.1, 12.8 Hz, 1H), 2.62 (dd, J = 4.6, 13.8 Hz, 1H), 2.77-2.80 (m, 1H), 3
.41-3.52 (m, 3H), 3.93 (s, 1H), 4.26 (brs, 1H), 3.47 (t, J = 4.8 Hz, 1H),
4.45-4.50 (m, 2H), 5.83 (d, J = 11.5 Hz, 1H), 6.14 (d, J = 11.4 Hz, 1H);
13¢ NMR (150 MHz, DMSO-dg) & 12.7, 21.5, 22.7, 24.0, 24.2, 28.4, 29.
2,31.2, 31.4, 31.4, 32.0, 38.8, 43.7 (t, J = 22.2 Hz), 44.9, 46.1, 49.7,
49.9 (t, J = 23.0 Hz), 56.7, 57.2, 62.5, 67.5, 68.6, 69.9, 117.0, 121.4,
127.0 (t, J = 239.9 Hz), 135.9, 140.1; HRMS (ESI*) calcd for CogH4g804F
2Na [M+Na]* 521.3413, found 521.3423,

oooooan

23F2-MART-11: [a ] p27 +32.8 (¢ 0.27, EtOH); IR (neat) 3350, 1439, 13
79, 1168, 1047 cm'!l; 1H NMR (600 MHz, DMSO-dg) 8 0.57 (s, 3H), 1.06
(d, J = 6.6 Hz, 3H), 1.22 (s, 6H), 1.25-1.80 (m, 24H), 1.88 (m, 1H), 1.9
9-2.26 (m, 7H), 2.77-2.85 (m, 2H), 3.35-3.41 (m, 3H), 3.90 (s, 1H), 4.1
6 (brs, 1H), 3.36 (t, J = 4.2 Hz, 1H), 4.51-4.54 (m, 2H), 5.84 (d, J = 10
.8 Hz, 1H), 6.06 (d, J = 11.4 Hz, 1H); 13C NMR (100 MHz, DMSO-dg) d
12.7, 21.5, 22.8, 23.8, 23.9, 28.3, 29.1, 31.1, 31.4, 31.6, 32.0, 36.4, 4
3.7 (t, J = 22.9 Hz), 46.0, 46.2, 49.5, 50.0 (t, J = 22.9 Hz), 56.7, 57.2,
62.5, 67.5, 68.6, 70.1, 117.4, 121.7, 127.0 (t, J = 240.3 Hz), 136.1, 14
0.0; HRMS (ESI*) calcd for CogH4804F2Na [M+Na]* 521.3413, found 521
.3413.
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(1R,3aR,4S,7aR)-1-[(2R,4R)-4-Fluoro-6-hydroxy-6-methylheptan-2-yl]-7a
-methyloctahydro-1H-inden-4-0l (54)0 00O
gooooao
oooooooo
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0000000 O0DbO0O0O0ODOKawagoe, F.; Yasuda, K.; Mototani, S.; Sugiyama, T

.; Uesugi, M.; Sakaki, T.; Kittaka, A.; Synthesis and CYP24A1l-dependent
metabolism of 23-fluorinated vitamin D3 analogues, ACS Omega 2019, 4,
11332-11337.00 000000000000
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(1R,3aR,4S,7aR)-1-[(2R,4S)-4-Fluoro-6-hydroxy-6-methylheptan-2-yl]-7a 50
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-methyloctahydro-1H-inden-4-0l (55)0 00O
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.; Uesugi, M.; Sakaki, T.; Kittaka, A.; Synthesis and CYP24A1l-dependent
metabolism of 23-fluorinated vitamin D3 analogues, ACS Omega 2019, 4,
11332-11337.00 000000000000
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Ethyl 2-{(1R,3aS,7aR,E)-1-[(2R,4R)-4-fluoro-6-(methoxymethoxy)-6-meth
ylheptan-2-yl]-7a-methyloctahydro-4H-inden-4-ylidene} acetate (58)0 0O O
OoDooo
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00058 [a]p2? +90.5 (¢ 3.11, CHCI3); IR (neat) 1714, 1642, 1464, 13
84, 1152, 1038 cm-1; 1H NMR (600 MHz, CDCl3) 8 0.59 (s, 3H), 1.00-1.
12 (m, 4H), 1.25-1.40 (m, 12H), 1.50-1.91 (m, 10H), 2.02-2.04 (m, 1H),
2.08-2.11 (m, 1H), 3.35 (s, 3H), 3.83-3.87 (m, 1H), 4.10-4.17 (m, 2H),
4.67 (d, J =7.8 Hz, 1H), 4.73 (d, J = 7.2 Hz, 1H), 4.87 (dddt, J = 2.4, 9
.0, 19.2, 51.6 Hz, 1H), 5.45 (brs, 1H); 13C NMR (150 MHz, CDCl3) & 12
.1, 14.3, 18.7, 22.1, 23.8, 25.9, 27.4, 27.5, 29.6, 32.2, 40.1, 42.8 (d, J
= 21.5 Hz), 47.1, 47.9 (d, J = 20.1 Hz), 55.1, 56.8, 57.0, 59.5, 75.3, 88
.5 (d, J =165.2 Hz), 91.0, 112.1, 163.1, 166.9; HRMS (ESI*) calcd for C
24H4104FNa [M+Na]® 435.2881 found 435.2888.
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Ethyl 2-{(1R,3aS,7aR,E)-1-[(2R,4S)-4-fluoro-6-(methoxymethoxy)-6-meth
ylheptan-2-yl]-7a-methyloctahydro-4H-inden-4-ylidene} acetate (59)0 0O
Oo0oodao
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00059 [a]p2? +83.8 (c 0.59, CHCI3); IR (neat) 1714, 1647, 1468, 13
84, 1152, 1041 cm-!; 1H NMR (400 MHz, CDCI3) & 0.59 (s, 3H), 1.02 (
d, J =6.0 Hz, 3H), 1.26-1.81 (m, 21H), 1.89-2.03 (m, 2H), 2.10 (t, J =
9.4 Hz, 1H), 3.36 (s, 3H), 3.83-3.88 (m, 1H), 4.09-4.20 (m, 2H), 4.69 (
d, J =7.2 Hz, 1H), 4.73 (d, J = 7.2 Hz, 1H), 4.74-4.93 (m, 1H), 5.45 (br
s, 1H); 13¢ NMR (100 MHz, CDCl3) 6 12.0, 14.3, 19.0, 22.1, 23.7, 25.8,
27.5, 27.6, 29.5, 34.2 (d, J = 4.8 Hz), 40.1, 42.2 (d, J = 20.0 Hz), 47.0,
47.5 (d, J = 20.0 Hz), 55.1, 56.7, 56.9, 59.4, 75.2, 90.7 (d, J = 164.9 H
z), 90.9, 112.7, 163.0, 166.9; HRMS (ESI*) calcd for C24H4104FNa [M+
Na]* 435.2881 found 435.2894.

oooooao
2-{(1R,3aS,7aR,E)-1-[(2R,4R)-4-Fluoro-6-(methoxymethoxy)-6-methylhep
tan-2-yl]-7a-methyloctahydro-4H-inden-4-ylidene}ethan-1-0l (60)0 0 O
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00060 [a]p2? +65.8 (¢ 2.19, CHCI3); IR (neat) 3423, 1464, 1384, 11
48, 1038 cm-1; 1H NMR (600 MHz, CDCI3) & 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), 4.68 (d, J = 7
.2 Hz, 1H), 4.74 (d, J = 7.2 Hz, 1H), 4.88 (dddt, J = 2.4, 8.4, 10.8, 51.6
Hz, 1H), 5.21 (t, J = 6.9 Hz, 1H); 13C NMR (150 MHz, CDCI3) & 11.8, 1
8.8, 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 C22H3903FNa [M+Na]*
393.2775, found 393.2789.

gooooao
2-{(1R,3aS,7aR,E)-1-[(2R,4S)-4-Fluoro-6-(methoxymethoxy)-6-methylhep
tan-2-yl]-7a-methyloctahydro-4H-inden-4-ylidene}lethan-1-0l (61)0 0 0O
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g
061: [a ]p27 +51.7 (¢ 1.97, CHCI3); IR (neat) 3411, 1468, 1384, 11
5, 1041 cm-1: 1H NMR (400 MHz, CDCl3) 8 0.56 (s, 3H), 1.01 (d, J = 6
.0 Hz, 3H), 1.19-2.01 (m, 24H), 2.60-2.64 (m, 1H), 3.35-3.36 (m, 3H), 4
.15-4.24 (m, 2H), 4.69 (dd, J = 1.0, 7.2 Hz, 1H), 4.72 (dd, J = 1.0, 6.6
Hz, 1H), 4.75-4.93 (m, 1H), 5.21 (t, J = 6.9 Hz, 1H); 13C NMR (100 MHz,
cbclg) & 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 = 165.0 Hz), 90.9, 119.4, 143.4; HRMS (
ESI*) calcd for CopHzgO3FNa [M+Na]* 393.2775, found 393.2789.
gooogod
2-[(2-{(1R,3aS,7aR,E)-1-[(2R,4R)-4-Fluoro-6-(methoxymethoxy)-6-methyl
heptan-2-yl]-7a-methyloctahydro-4H-inden-4-ylidene}lethyl)sulfonyl]ben
zo[d]thiazole (64)0 0 0O
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00064 [a]p2? +48.9 (c 2.03, CHCI3); IR (neat) 1471, 1332, 1148, 10
41, 918, 759, 739 cm"1; 1H NMR (600 MHz, CDCIl3) 8 0.25 (s, 3H), 0.90
(d, J = 6.6 Hz, 3H), 1.01 (dddd, J = 1.8, 10.2, 14.4, 40.2 Hz, 1H), 1.16-
1.90 (m, 21H), 2.53-2.55 (m, 1H), 3.33 (s, 3H), 4.19 (dd, J = 6.3, 14.4
Hz, 1H), 4.42 (dd, J = 9.0, 14.4 Hz, 1H), 4.65 (d, J = 7.2 Hz, 1H), 4.72

—~

d, J =6.6 Hz, 1H), 4.94 (ddt, J = 1.8, 10.8, 51.6 Hz, 2H), 4.98-5.01 (m
, 1H), 7.56-7.63 (m, 2H), 7.99 (d, J = 7.8 Hz, 1H), 8.20 (d, J = 7.8 Hz,
1H); 13C NMR (150 MHz, CDCl3) & 11.5, 18.6, 22.0, 23.1, 25.9, 27.4, 2
7.5, 28.9, 32.2, 39.9 42.7 (d, J =5.9 Hz), 45.7, 47.8 (d, J = 20.1 Hz),
53.8, 55.1, 55.9, 56.6, 75.2, 88.5 (d, J = 165.2 Hz), 90.9, 104.3, 122.2,
125.3, 127.5, 127.8, 136.9, 151.8, 152.8, 165.9; HRMS (ESI*) calcd for
CogH42NO4FSo2Na [M+Na]® 574.2432, found 574.2460.
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2-[(2-{(1R,3aS,7aR,E)-1-[(2R,4S)-4-Fluoro-6-(methoxymethoxy)-6-methyl
heptan-2-yl]-7a-methyloctahydro-4H-inden-4-ylidene}lethyl)sulfonyl]ben
zo[d]thiazole (65)0 00O
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00065 [a]p2? +41.2 (¢ 2.05, CHCI3); IR (neat) 1471, 1380, 1324, 11

41, 1089, 1041, 918, 767, 735 cm-1; 1H NMR (600 MHz, CDCl3) & 0.27
(s, 3H), 0.94 (d, J = 6.0 Hz, 3H), 1.17-1.91 (m, 22H), 2.54-2.56 (m, 1H)
, 3.35 (s, 3H), 4.20 (dd, J = 6.6, 14.4 Hz, 1H), 4.42 (dd, J = 9.0, 14.4 H
z, 1H), 4.68 (d, J = 7.8 Hz, 1H), 4.72 (d, J = 6.6 Hz, 1H), 5.00-5.03 (m,
1H), 7.57-7.65 (m, 2H), 8.00 (d, J = 8.4 Hz, 1H), 8.21 (d, J = 8.4 Hz, 1
H); 13C NMR (150 MHz, CDClg) & 12.2, 20.1, 22.8, 23.8, 26.5, 28.2, 28
4, 29.7,34.9 (d, J = 5.9 Hz), 40.6, 43.0 (d, J = 20.1 Hz), 46.4, 48.2 (d,
J =20.1 Hz), 54.6, 55.8, 56.6, 57.3, 76.0, 91.5 (d, J = 165.2 Hz), 91.7,
105.0, 122.9, 126.0, 128.3, 128.6, 137.6, 152.6, 153.5, 166.6; HRMS (
ESI*) calcd for CogHa2NO4FSoNa[M+Na]* 574.2432, found 574.2443.
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23RF-MART-10: [a ] p27 +58.8 (¢ 0.79, EtOH); IR (neat) 3379, 1615, 14
40, 1384, 1157, 1049 cm1; 1H NMR (600 MHz, CDCIl3) 8 0.56 (s, 3H),

1.00-1.30 (m, 4H), 1.26-2.17 (m, 31H), 2.60 (dd, J = 4.2, 13.2 Hz, 1H),
2.79-2.86 (m, 2H), 3.64-3.70 (m, 3H), 4.10 (brs, 1H), 4.95 (dt, J = 10.2
, 51.0 Hz, 1H), 5.82 (d, J = 11.4 Hz, 1H), 6.36 (d, J = 11.4 Hz, 1H); 13cC
NMR (150 MHz, CDClg) & 12.1, 18.8, 22.3, 23.4, 27.6, 28.8, 29.8, 29.8,
30.0, 32.4, 35.5, 40.5, 42.7 (d, J = 20.1 Hz), 45.3, 45.8, 48.6, 48.7 (d,
J =18.8 Hz), 56.3, 56.8, 62.9, 68.6, 70.2, 71.6, 90.0 (d, J = 162.3 Hz),
115.3, 123.9, 131.3, 142.9; HRMS (ESI*) calcd for C29gH4904FNa [M+Na]
* 503.3507, found 503.3520.

oooooao

23RF-MART-11: [a ] p27 +21.4 (¢ 0.51, CHCI3); IR (neat) 3355, 1615, 1

451, 1376, 1157, 1053 cm-1; 1H NMR (600 MHz, CD30D) & 0.63 (s, 3H)
,1.06-1.19 (m, 4H), 1.26-2.09 (m, 32H), 2.34-2.39 (m, 2H), 2.88 (dd, J
= 4.2, 12.6 Hz, 1H), 3.03 (dd, J = 4.2, 13.2 Hz, 1H), 3.54 (td, J = 4.2, 1
0.2 Hz, 1H), 3.62 (t, J = 12.0 Hz, 2H), 4.08-4.08 (m, 1H), 4.87-4.98 (m,
1H), 5.93 (d, J = 11.4 Hz, 1H), 6.21 (d, J = 11.4 Hz, 1H); 13C NMR (150
MHz, CD30OD) & 12.7, 19.6, 23.6, 24.8, 24.8, 29.0, 29.1, 30.2, 31.3, 31
.5, 34.1, 38.8, 42.2, 44.5 (d, J = 21.6 Hz), 45.1, 47.2, 50.4, 50.6 (d, J

= 20.1 Hz), 57.8, 58.5, 63.7, 69.1, 70.9, 71.6, 90.1 (d, J = 162.3 Hz), 1
17.5, 123.2, 134.3, 142.1: HRMS (ESI*) calcd for Cp9gH4904FNa [M+Na]*
503.3507, found 503.3512.
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23SF-MART-10: [a ] p27 +37.7 (c 1.12, CH3Cl); IR (neat) 3371, 1440, 1
376, 1157, 1049, 909 cm™1; 1H NMR (600 MHz, CDCI3) & 0.54 (s, 3H),
1.00 (d, J = 6.6 Hz, 3H), 1.21-2.04 (m, 31H), 2.13-2.17 (m, 2H), 2.60 (
dd, J = 4.2, 12.3 Hz, 1H), 2.78-2.81 (m, 1H), 2.84 (dd, J = 4.2, 13.8 Hz,
1H), 3.63-3.74 (m, 3H), 4.09-4.10 (m, 1H), 4.67-4.99 (m, 1H), 5.81 (d,
J = 11.4 Hz, 1H), 6.36 (d, J = 11.4 Hz, 1H); 13C NMR (150 MHz, CDCl3)
 12.0, 19.4, 22.2, 23.4, 23.4, 27.9, 28.8, 29.6, 29.9, 30.0, 34.3 (d, J
5.7 Hz), 35.5, 40.4, 42.2 (d, J = 20.1 Hz), 45.3, 45.8, 48.0 (d, J = 20.
1 Hz), 48.7, 56.2, 56.8, 62.9, 68.6, 70.2, 71.5, 92.3 (d, J = 162.3 Hz),
115.4, 123.9, 131.4, 142.9; HRMS (ESI*) calcd for C29H4904FNa [M+Na]
* 503.3507, found 503.3526.

oooooao

23SF-MART-11: [a ] p27 +19.4 (¢ 1.14, EtOH); IR (neat) 3323, 1440, 13
84, 1157, 1041, 993 cm-1; 1H NMR (600 MHz, CD30D) & 0.62 (s, 3H), 1
.07 (d, J = 6.0 Hz, 3H), 1.27-1.83 (m, 18H), 1.88-1.92 (m, 1H), 1.97-2.
09 (m, 3H), 2.33-2.39 (m, 2H), 2.87 (dd, J = 4.2, 12.0 Hz, 1H), 3.03 (d
d, J = 4.8, 13.2 Hz, 1H), 3.54 (td, J = 3.6, 9.6 Hz, 1H), 3.58-3.63 (m, 2
H), 4.08-4.08 (m, 1H), 4.80-4.93 (m, 1H), 5.93 (d, J = 10.8 Hz, 1H), 6.2
0 (d, J =10.8 Hz, 1H); 13C NMR (150 MHz, CD30D) & 12.6, 20.5, 23.6,
24.8, 29.1, 29.2, 30.1, 31.2, 31.5, 36.0 (d, J = 5.7 Hz), 38.8, 42.2, 35,
5, 40.4, 44.0 (d, J = 20.1 Hz), 45.1, 47.1, 50.1 (d, J = 20.1 Hz), 50.4,
57.8, 58.6, 63.7, 69.2, 70.9, 71.6, 92.4 (d, J = 163.7 Hz), 117.5, 123.2,
134.4, 142.1; HRMS (ESI*) calcd for Co2gH4904FNa [M+Na]t 503.3507, f
ound 503.3512.
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OH OTES

1) TESCI
2) AD-mix B
OTBS OTBS

101 102: less polar 22S 45% 104: 22R 80%
103: more polar 22R 7% 105: 228 59% (2 steps)

OTES F
OMe

1 ) NaCI02

OTBS 2) TBAF OTBS OoTBS OTBS
106: 22R 108: 22R 64% 110: 22R 77% 112: 22R 24%
107: 22S 109: 22S 50% (3 steps) 111: 225 86% 113: 225 44%
F
/4, H
’ O
EtO.I
H >
Me(MeO)NH +HCI O o™ COOCE
PrMgBr NaH
OTBS 114: 22R 85% OTBS 116: 22R
115: 225 66% 117: 22S
F
COOEt OOEt
Pd/C, Hy 1) MeMgCl
2) p-TsOH+*H,0O
OTBS OTBS OH
118: 22R 85% 120: 22R 122: 22R 54%
119: 2285 82% (2 steps) 121; 22S 123: 225 67% (3 steps)

TPAP, NMO TESCI, imidazole

i
O 124:22r O 4126:22R87%

125: 228 127: 22S 95% (2 steps)

10

20

30

40

50



(57) JP 2023-61920 A 2023.5.2
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//’/

(Et0),P(O)CH,CO,Et OTES OTES .
NaH DIBAL-H benzothiazolethiol
Hieakn PPhs, DIAD
THF THF o CH,Cl,
EtOOC 128: 22R 95% 130: 22R 91%
129: 22S 87% 131: 228 91%
F F

/I’;

OTES

(NH4)MO7024‘4H20
0.0

Qe e

30% H,0,,EtOH

8§ s_ S
e e
N 132: 22R N 134: 22R 78%
F

133: 228 135: 228 57%

F

o]

TBSO" 0TBS

A-ring

OTBS
1) LHMDS, THF

2) p-TsOH+H ,0, MeOH, CH,Cl,

I

OH
22RF-MART-10 26% 22RF-MART-11 28%
22SF-MART-10 46% 22SF-MART-11 29%

22RF—MART—10, 22RF—MART—-11, 225SF—MART—10,
M2 2SF-—MART— 1 1DERRE

oooooao

Ref. 1: Grzywacz, P.; Plum, L. A.; Sicinski, R. R.; Clagett-Dame, M.; DelL
uca, H. F. Methyl substitution of the 25-hydroxy group on 2-methylene-
19-nor-1a ,25-dihydroxyvitamin D3 (2MD) reduces potency but allows b
one selectivity. Arch. Biochem. Biophys. 2007, 460, 274-284.

Ref. 2: Wovkulich, P. M.; Barcelos, F.; Batcho, A. D.; Sereno, J. F.; Bagg
iolini, E. G.; Hennessy, B. M.; Uskokovic, M. R. Stereoselective total syn
thesis of 1a ,25S,26-trihydroxycholecalciferol. Tetrahedron 1984, 40 (
12), 2283-2296.
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(3R,4S)-4-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloc
tahydro-1H-inden-1-yl)}pent-1-en-3-0l (103)
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H
OTBS

a
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Ref. 200000000000 DOODODOODODDODODODOODODODOODOODOOGO
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g g
O 103: [a ]p27 +54.7 (c 3.12, CHCI3); IR (neat) 3368, 1471, 1253, 1
169, 1085, 1021, 830, 778 cm™1; 1H NMR (600 MHz, CDCl3g) 8 -0.01 (s,
3H), 0.00 (s, 3H), 0.88 (s, 9H), 0.90 (d, J = 6.6 Hz, 3H), 0.94 (s, 3H), O
.98-1.04 (m, 1H), 1.08-1.12 (m, 1H), 1.21 (ddd, J = 3.0, 6.6, 13.2 Hz, 1
H), 1.31-1.39 (m, 4H), 1.55-1.47 (m, 6H), 1.93 (dt, J = 3.0, 12.6 Hz, 1H
), 3.98-4.00 (m, 1H), 4.18-4.19 (m, 1H), 5.15-5.17 (m, 1H), 5.22-5.25 (
m, 1H), 5.85 (ddd, J = 6.0, 10.2, 17.4 Hz, 1H); 13C NMR (150 MHz, cDClI
3) 6 -5.2, -4.8, 12.3, 13.7, 17.6, 18.0, 23.1, 25.8, 26.7, 34.4, 40.6, 41
.4, 42.3, 52.7, 53.6, 69.3, 74.7, 116.1, 137.1; HRMS (ESI*) calcd for C»
1H4002SiNa [M+Na]* 375.2690, found 375.2683.
oooooao
(2S,3R,4S)-4-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methy
loctahydro-1H-inden-1-yl}-3-[(triethylsilyl)oxy]pentane-1,2-diol (104)
gooogad
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0O00104: [a] p27 +18.8 (¢ 1.40, CHCI3); IR (neat) 3355, 1464, 1249,

1101, 1025, 842, 739 cm-1; 1H NMR (600 MHz, CDCIg) 8 -0.01 (s, 3H),
0.01 (s, 3H), 0.63 (g, J = 7.8 Hz, 6H), 0.88 (s, 9H), 0.91 (d, J = 7.2 Hz,
3H), 0.94 (s, 3H), 0.97 (t, J = 8.4 Hz, 9H), 1.10 (td, J = 3.6, 13.2 Hz, 1
H), 1.19-1.27 (m, 2H), 1.30-1.40 (m, 4H), 1.54-1.69 (m, 3H), 1.77-1.98
(m, 6H), 3.57-3.65 (m, 2H), 3.67-3.75 (m, 2H), 3.99-4.00 (m, 1H); 13cC
NMR (150 MHz, CDCIl3) & -5.2, -4.8, 5.5, 7.0, 13.0, 13.3, 17.6, 18.0, 2
3.1, 25.8, 27.8, 34.4, 38.1, 40.7, 42.2, 53.0, 53.3, 64.4, 69.4, 73.5, 75
.4; HRMS (ESI*) calcd for C27H5604Si2Na [M+Na]* 523.3609, found 523
.3622.
oooooao
(25,3S5,4S)-4-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methy
loctahydro-1H-inden-1-yl}-3-[(triethylsilyl)oxy]lpentane-1,2-diol (105)
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ad 0105: [a ] p27 +38.8 (c 2.98, CHCI3): IR (neat) 3390, 1471, 1253,
1081, 1029, 838, 746 cm'1; 1H NMR (600 MHz, CDCI3) & 0.00 (s, 3H),
0.01 (s, 3H), 0.62 (g, J = 7.8 Hz, 6H), 0.89 (s, 9H), 0.90 (d, J = 9.6 Hz,
3H), 0.96-0.99 (m, 12H), 1.123 (td, J = 3.6, 13.2 Hz, 1H), 1.21-1.39 (m,
6H), 1.54-1.62 (m, 1H), 1.66-1.72 (m, 2H), 1.75-1.88 (m, 2H), 1.92-1.9
6 (m, 1H), 2.19 (brs, 2H), 3.67 (q, J = 4.2 Hz, 1H), 3.70-3.76 (m, 2H),
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3.92 (t, J = 4.2 Hz, 1H), 3.99-4.01 (m, 1H): 13C NMR (150 MHz, CDCIl3)
o -5.1, -4.8, 5.0, 6.8, 13.1, 13.3, 17.6, 18.0, 23.0, 25.8, 26.7, 34.4, 4
0.6, 41.2, 42.5, 52.5, 53.7, 65.2, 69.3, 71.0, 77.3; HRMS (ESI*) calcd f
or Ca7Hs604Si2Na[M+Na]* 523.3609, found 523.3627.

ooooodd
(2R,3S)-3-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloc
tahydro-1H-inden-1-yl}-2-hydroxybutanoic acid (108)
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00D0108: [a] p27 +#10.5 (¢ 1.51, CHCI3); IR (neat) 3450, 1714, 1253,

1093, 838, 770 cm-1; 1H NMR (400 MHz, CDCIl3) & 0.00 (s, 3H), 0.01 (s
, 3H), 0.87-0.89 (m, 12H), 0.96 (s, 3H), 1.16 (td, J = 3.2, 12.8 Hz, 1H),
1.29-1.51 (m, 6H), 1.57-1.69 (m, 2H), 1.74-1.99 (m, 4H), 4.00-4.01 (m,
1H), 4.33 (d, J = 1.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) &8 -5.2, -4.8,
12.9, 13.7, 17.6, 18.0, 22.8, 25.8, 26.8, 34.3, 39.0, 40.5, 41.9, 52.4, 5
3.0, 69.3, 73.2, 179.9; HRMS (ESI") calcd for CogH3804Si[M-H]- 369.24
67, found 369.2454.
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(25,3S)-3-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloc
tahydro-1H-inden-1-yl}-2-hydroxybutanoic acid (109)
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1H),
1 (m, 1H), 4.28 (d, J = 2.4 Hz, 1H); 13C NMR (150 MHz, CDCIl3) &8 -5.2,
-4.8, 13.6, 14.5, 17.6, 18.0, 23.1, 25.8, 26.6, 34.4, 40.5, 41.0, 42.3, 5
2.1, 52.7, 69.3, 73.6, 177.5; HRMS (ESI") calcd for CogH3804Si [M-H]"
369.2467, found 369.2467.
oooooao

Methyl (2R,3S)-3-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-
methyloctahydro-1H-inden-1-yl}-2-hydroxybutanoate (110)
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109: [a] p27 +52.1 (c 0.42, CHCI3); IR (neat) 3283, 1730, 1249,
1077, 834, 774 cm-1; 1H NMR (600 MHz, CDCI3) & 0.00 (s, 3H), 0.01 (s
, 3H), 0.89 (s, 9H), 0.94 (s, 3H), 0.98 (d, J = 6.6 Hz, 3H), 1.15 (td, J =

1H), 1.25-1.41 (m, 7H), 1.46-1.51 (m, 1H), 1.56-1.63 (m,
1.76-1.83 (m, 1H), 1.90-1.97 (m, 3H), 4.00-4.0
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00D0110: [a] p27 +6.6 (¢ 6.90, CHCI3); IR (neat) 3526, 1734, 1253, 1

097, 838, 774 cm-1; 1H NMR (600 MHz, CDCl3) 8 0.00 (s, 3H), 0.01 (s,
3H), 0.80 (d, J = 6.6 Hz, 3H), 0.89 (s, 9H), 0.95 (s, 3H), 1.16 (td, J = 3
.0, 13.2 Hz, 1H), 1.31-1.50 (m, 6H), 1.55-1.68 (m, 2H), 1.76-1.97 (m, 4
H), 3.79 (s, 3H), 3.99-4.01 (m, 1H), 4.25 (d, J = 2.4 Hz, 1H); 13C NMR (
150 MHz, ¢cDCIl3) 6 -5.2, -4.8, 12.8, 13.8, 17.6, 18.0, 22.9, 25.8, 26.9,
34.3, 40.5, 41.0, 41.9, 52.3, 52.5, 53.0, 69.4, 73.3, 176.1; HRMS (ESI*)
calcd for C21H4004SiNa [M+Na]* 407.2588, found 407.2605.
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Methyl (2S,3S)-3-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-m
ethyloctahydro-1H-inden-1-yl}-2-hydroxybutanote (111)
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ad 0111: [a ] p27 +61.5 (¢ 2.31, CHCI3): IR (neat) 3530, 1734, 1256,
1085, 1021, 842, 778 cm"1: 1H NMR (400 MHz, CDCI3) 8 0.00 (s, 3H),
0.01 (s, 3H), 0.89 (s, 9H), 0.93 (s, 3H), 0.93 (d, J = 6.8 Hz, 3H), 1.12 (
td, J = 3.6, 12.8 Hz, 1H), 1.24-1.41 (m, 6H), 1.53-1.70 (m, 3H), 1.73-1.
96 (m, 4H), 3.79 (s, 3H), 3.99-4.01 (m, 1H), 4.18 (d, J = 2.8 Hz, 1H); 13
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C NMR (100 MHz, CDCI3) & -5.2, -4.8, 13.5, 14.9, 17.6, 18.0, 23.1, 25.
8, 26.5, 34.4, 40.5, 41.0, 42.3, 52.1, 52.2, 52.7, 69.3, 74.0, 175.4; HR
MS (ESI1*) calcd for Co1H4004SiNa [M+Na]* 407.2588, found 407.2589.
oooooao

Methyl (2R,3S)-3-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-
methyloctahydro-1H-inden-1-yl}-2-fluorobutanote (112)
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0112: [a ] p27 +17.1 (¢ 2.18, CHCI3); IR (neat) 1770, 1281, 1097,
041, 842 cm-1; 1H NMR (600 MHz, CDCI3) 6 0.00 (s, 3H), 0.01 (s, 3H
0.88 (s, 9H), 0.93 (d, J = 7.2 Hz, 3H), 0.95 (s, 3H), 1.14-1.19 (m, 1H
1.25-1.48 (m, 5H), 1.53-2.02 (m, 7H), 3.79 (s, 3H), 4.00-4.01 (m, 1H
4.96 (dd, J = 1.5, 49.6 Hz, 1H); 13C NMR (150 MHz, CDCI3) & -5.2, -
4.8, 13.1 (d, J = 4.2 Hz), 13.6, 17.6, 18.0, 22.8, 25.8, 26.7, 34.2, 38.7
(d, J = 20.3 Hz), 40.4, 41.9, 51.9, 52.1, 52.9, 69.2, 91.9 (d, J = 186.8
Hz), 170.7 (d, J = 24.3 Hz); HRMS (ESI+) calcd for C21H3903FSiNa [M+N
al]* 409.2545, found 409.2552.

gooooao

Methyl (2S,3S)-3-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-m
ethyloctahydro-1H-inden-1-yl}-2-fluorobutanoate (113)
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00D0113: [a] p27 +25.1 (¢ 0.40, CHCI3); IR (neat) 1742, 1253, 1089,
1021, 838 cm-1; 1H NMR (600 MHz, CDClg) & 0.00 (s, 3H), 0.01 (s, 3H),
0.89 (s, 9H), 0.94 (s, 3H), 1.01 (d, J = 6.6 Hz, 3H), 1.11-1.16 (m, 1H),
1.25-1.95 (m, 11H), 2.05-2.12 (m, 1H), 3.79 (s, 3H), 4.00-4.01 (m, 1H),
4.96 (dd, J = 3.3, 48.0 Hz, 1H); 13C NMR (150 MHz, CDCI3) & -5.2, -4.8
13.5, 14.6, 17.6, 18.0, 23.1, 25.8, 26.5, 34.3, 39.6 (d, J = 18.8 Hz),

40.4, 42.4, 51.6 (d, J = 5.7 Hz), 51.8, 52.5, 69.2, 92.3 (d, J = 185.3 Hz
), 169.9 (d, J = 24.5 Hz); HRMS (ESI*) calcd for Cp1H3903FSiNa[M+Na]*
409.2545, found 409.2543.

oooooao
(2R,3S)-3-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloc
tahydro-1H-inden-1-yl}-2-fluoro-N-methoxy-N-methylbutanamide (114)
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O0D0114: [a] p27 +2.0 (¢ 1.02, CHCI3); IR (neat) 1690, 1464, 1384, 1

249, 1169, 1081, 1025, 982, 834, 770 cm"1: 1H NMR (400 MHz, CDCIl3)
6 0.00 (s, 3H), 0.01 (s, 3H), 0.88 (s, 9H), 0.94 (s, 3H), 0.98 (d, J = 7.3
Hz, 3H), 1.17 (td, J = 3.6, 12.8 Hz, 1H), 1.25-2.01 (m, 13H), 3.21 (s, 3
H), 3.69 (s, 3H), 4.01-4.02 (m, 1H), 5.22 (d, J = 49.9 Hz, 1H); 13C NMR
(100 MHz, CDCIl3) &8 -5.2, -4.8, 12.5 (d, J = 5.7 Hz), 13.5, 14.6, 17.5, 1
8.0, 22.8, 25.8, 26.4, 32.3, 34.3, 37.7 (d, J = 21.0 Hz), 40.4, 41.9, 52.
3, 52.9,61.0, 69.2, 90.9 (d, J = 179.3 Hz), 170.3 (d, J = 25.7 Hz); HRM
S (ESI*) calcd for C22H42NO3FSiNa [M+Na]* 438.2810, found 438.2834.
Oooooao
(25,3S)-3-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloc
tahydro-1H-inden-1-yl}-2-fluoro-N-methoxy-N-methylbutanamide (115)
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000115 [a] p27 +33.7 (c 0.32, CHCI3); IR (neat) 1683, 1471, 1253,

1165, 1085, 1025, 838, 774 cm-1; 1H NMR (600 MHz, CDCl3g) & -0.01 (
s, 3H), 0.00 (s, 3H), 0.88 (s, 9H), 0.94 (s, 3H), 1.05 (d, J = 7.2 Hz, 3H),
1.15 (td, J = 3.6, 13.2 Hz, 1H), 1.21-1.25 (m, 1H), 1.31-1.41 (m, 5H), 1
.54-1.61 (m, 1H), 1.64-1.67 (m, 1H), 1.74-1.83 (m, 1H), 1.85-1.94 (m,
2H), 2.10-2.18 (m, 1H), 3.21 (brs, 3H), 3.71 (s, 3H), 3.99-4.00 (m, 1H),
5.02 (dd, J = 4.8, 48 Hz, 1H); 13C NMR (150 MHz, CDCI3) & -5.1, -4.8,
13.4, 15.1, 17.6, 18.0, 23.3, 25.8, 26.8, 32.2, 34.4, 39.2 (d, J = 20.1 H
z), 40.5, 42.8, 52.4, 52.7, 61.4, 69.3, 92.4 (d, J = 179.6 Hz), 170.0 (d,
J = 24.3 Hz); HRMS (ESI*) calcd for C22H42NO3FSiNa [M+Na]* 438.2810,
found 438.2823.
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Ethyl (4R,5S,E)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-
methyloctahydro-1H-inden-1-yl}-4-fluorohex-2-enoate (118)
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O
O 118: [a ]p27 +44.8 (¢ 1.69, CHCIl3); IR (neat) 1726, 1464, 1304, 1
264, 1038, 838 cm-!; 1H NMR (600 MHz, CDCI3) & 0.00 (s, 3H), 0.00 (s
, 3H), 0.89 (s, 9H), 0.90 (d, J = 6.6 Hz, 3H), 0.95 (s, 3H), 1.05 (q, J =
9.6 Hz, 1H), 1.12 (td, J = 4.2, 13.2 Hz, 1H), 1.19-1.42 (m, 10H), 1.58-1
.69 (m, 2H), 1.72-1.83 (m, 2H), 1.90-1.92 (m, 1H), 2.03-2.08 (m, 1H), 4
.00-4.01 (m, 1H), 4.22 (q, J = 6.6 Hz, 2H), 5.12 (dtd, J = 1.8, 4.2, 46.8
Hz, 1H), 6.08 (d, J = 15.0 Hz, 1H), 6.88 (ddd, J = 4.2, 9.6, 22.2 Hz, 1H)
13¢ NMR (150 MHz, CDCl3) & -5.2, -4.8, 12.7 (d, J = 2.9 Hz), 13.7, 14
.2, 17.6, 18.0, 23.1, 25.8, 26.6, 34.3, 40.1 (d, J = 18.6 Hz), 40.5, 42.6,

Ooooooooooo

52.5,52.7 (d, J =7.2 Hz), 60.6, 69.1, 93.3 (d, J = 173.9 Hz), 122.3 (d,
J =11.4 Hz), 142.5 (d, J = 18.6 Hz), 166.0; HRMS (ESI*) calcd for Co4H
4303FSiNa [M+Na]* 449.2858, found 449.2878.

ooooodd

Ethyl (4S,5S,E)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-
methyloctahydro-1H-inden-1-yl}-4-fluorohex-2-enoate (119)
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gooogoao

0002119: [a] p27 +15.5 (¢ 0.68, CHCI3); IR (neat) 1726, 1475, 1308,
1268, 1041, 834 cm-1; 1H NMR (600 MHz, CDCI3) 8 0.00 (s, 3H), 0.01
(s, 3H), 0.89 (s, 9H), 0.91 (d, J = 7.2 Hz, 3H), 0.92 (s, 3H), 1.16 (td, J
= 3.0, 12.6 Hz, 1H), 1.25-1.49 (m, 11H), 1.57-1.69 (m, 6H), 1.74-1.83 (
, 1H), 1.90-1.96 (m, 2H), 2.03-2.08 (m, 1H), 4.00-4.01 (m, 1H), 4.21 (
,J =7.2 Hz, 2H), 5.14-5.23 (m, 1H), 6.05 (dd, J = 1.8, 15.6 Hz, 1H), 6
.82 (ddd, J = 2.7, 15.6, 24.0 Hz, 1H); 13C NMR (150 MHz, CDCl3) & -5.
, -4.8, 12.5 (d, J = 5.7 Hz), 13.5, 14.2, 17.6, 18.0, 22.9, 25.8, 26.8, 3
.3, 39.8 (d, J = 20.1 Hz), 40.5, 42.0, 52.5, 52.9, 60.5, 69.3, 93.7 (d, J
178.2 Hz), 121.0 (d, J = 11.4 Hz), 145.6 (d, J = 18.6 Hz), 166.1; HRM
S (ESI*) calcd for Co4H4303FSiNa [M+Na]* 449.2858, found 449.2842.
oooooao
(1R,3aR,4S,7aR)-1-[(2S,3R)-3-Fluoro-6-hydroxy-6-methylheptan-2-yl]-7a
-methyloctahydro-1H-inden-4-0l (122)
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000122 [a] p27 +20.9 (c 0.38, CHCI3); IR (neat) 3407, 1459, 1376,

1260, 1221, 1165, 946 cm"1; 1H NMR (600 MHz, CDCl3) & 0.95 (d, J =

6.6 Hz, 3H), 0.97 (s, 3H), 1.07 (q, J = 9.6 Hz, 1H), 1.15-1.25 (m, 7H), 1
.30-1.72 (m, 12H), 1.75-1.86 (m, 3H), 1.93-2.00 (m, 2H), 4.08-4.09 (m,
1H), 4.41-4.51 (m, 1H); 13C NMR (150 MHz, CDCl3) &8 12.6, 13.4, 17.3,
22.5, 23.2 (d, J = 21.6 Hz), 26.2, 28.9, 29.7, 33.6, 39.5 (d, J = 18.6 Hz
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), 40.1, 40.3, 42.2, 52.0, 53.1 (d, J = 8.7 Hz), 69.0, 70.6, 97.1 (d, J =
168.0 Hz); HRMS (ESI*) calcd for C1gH3302FNa [M+Na]* 323.2357, foun
d 323.2344.

oooooao
(1R,3aR,4S,7aR)-1-[(2S,3S)-3-Fluoro-6-hydroxy-6-methylheptan-2-yl]-7a
-methyloctahydro-1H-inden-4-0l (123)

OoDooo
H F

ooboooboobogoobao
uboboouobouoooogobad
goooooboobogoobobao
ugboboouobooobooogobad

Ooo0ooO0oo0ooooao
O 0oo0ooo
O 0O oo
O O0oogo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O
O
O 0ooo
O 0O oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo

00000000000 O00O0
DOooDO00oDO0o0O0OoO0OoOooaOo
0000000000000
OpO0O0gDOO0OO0OOO0OO
0000000

O oobo
Ooob@o
Ooob@o
oOoob@o
ooob o
ooob o
ooob o
ooob o
oOoob o
oOoob o
oOoob o
O
O
(o [ S R
oo 0O0O@o
OoOo0O0O@o
oo0O0O@o
oob00O@o
oob0DO@o
oob0D@o

gboobooobooboooboooboooboooboooobooboao
ooooooooooooooooooooooooooao
pooboooboooobobooobooboobbob0opgOobpO
pOO0OpO0O0O0O0O0O00O0O0000000O0O0O0DO0DODOODODAO
goooobooboooboboobooboobogooboboao
ubobouobouoboooboooboobooboad

oD ooibbopoooooooooooodgad
o oooUUooooooooo0dQdoooao

oo oDoUYUoooooog

Ooob oo
Oo0oodoao
Oo0oodoao
Oo0oodoao
Oo0oodoao
Oo0oodoao
Oo0ood oo

g
123: [a ] p27 +7.3 (¢ 0.19, CHCI3); IR (neat) 3403, 1464, 1268, 1
65, 950 cm-1: 1H NMR (600 MHz, CDCl3) 8 0.91 (s, 3H), 0.93 (d, J = 6
.0 Hz, 3H), 1.17-1.64 (m, 20H), 1.75-12.87 (m, 3H), 1.92-1.97 (m, 2H), 4
.06-4.07 (m, 1H), 4.44-4.54 (m, 1H): 13C NMR (150 MHz, CDCl3) & 12.0
(d, J = 4.4 Hz), 13.3, 17.4, 22.4, 26.6, 27.4 (d, J = 20.1 Hz), 29.1, 29.4
, 33.5, 39.5 (d, J = 20.1 Hz), 39.9 (d, J = 4.2 Hz), 40.3, 41.6, 52.4, 52.
5, 69.2, 70.5, 96.8 (d, J = 169.5 Hz); HRMS (ESI*) calcd for C1gH3402F
[M+H]* 301.2537, found 301.2538.

oooooao
(1R,3aR,7aR)-1-{(2S,3R)-3-Fluoro-6-methyl-6-[(triethylsilyl)oxy]heptan-
2-yl}-7a-methyloctahydro-4H-inden-4-one (126)
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000126: [a ]p27 +6.9 (c 0.68, CHCI3); IR (neat) 1718, 1464, 1380, 12

21, 1049, 743 cm'!; 1H NMR (600 MHz, CDCI3) & 0.57 (q, J = 8.4 Hz, 6
H), 0.67 (s, 3H), 0.95 (t, J = 7.8 Hz, 9H), 1.00 (d, J = 6.6 Hz, 3H), 1.21
(s, 3H), 1.24 (s, 3H), 1.38-1.67 (m, 9H), 1.70-1.82 (m, 3H), 1.87-1.99 (
m, 2H), 2.01-2.05 (m, 1H), 2.12-2.14 (m, 1H), 2.21-2.32 (m, 2H), 2.40-
2.43 (m, 1H), 4.43 (ddd, J = 2.4, 3.6, 47.4 Hz, 1H); 13C NMR (150 MHz,
cCbClz) & 6.8, 7.1, 12.4, 12.9 (d, J = 3.0 Hz), 19.2, 23.3 (d, J = 21.6 Hz
), 24.0, 26.6, 29.4, 30.5, 39.0, 39.8 (d, J = 18.8 Hz), 40.9, 41.4, 50.1,
53.5 (d, J = 8.6 Hz), 61.4, 73.0, 97.1 (d, J = 168.0 Hz), 211.5; HRMS (E
SI*) calcd for C24H4502FSiNa [M+Na]* 435.3065, found 435.3089.
Oooooao
(1R,3aR,7aR)-1-{(2S,3S)-3-Fluoro-6-methyl-6-[(triethylsilyl)oxy]heptan-
2-yl}-7a-methyloctahydro-4H-inden-4-one (127)
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000127 [a] p27-5.0 (¢ 0.51, CHCIl3); IR (neat) 1714, 1464, 1380, 12

40, 1053, 739 cm™!; 1H NMR (600 MHz, CDCl3) & 0.57 (g, J = 8.4 Hz, 6
H), 0.65 (s, 3H), 0.94 (t, J = 7.8 Hz, 9H), 1.01 (d, J = 7.2 Hz, 3H), 1.21
(s, 3H), 1.22 (s, 3H), 1.31-1.95 (m, 12H), 1.99-2.06 (m, 2H), 2.10-2.12
(m, 1H), 2.21-2.31 (m, 2H), 2.49-2.52 (m, 1H), 4.47 (ddd, J = 3.6, 9.0,
48.0 Hz, 1H); 13C NMR (150 MHz, CDCl3) & 6.7, 7.1, 12.2 (d, J = 5.7 H
z), 12.3, 19.0, 24.0, 27.0, 27.4 (d, J = 21.5 Hz), 29.7, 30.1, 38.9, 39.8
(d, J = 20.12 Hz), 41.0, 41.0, 49.7, 52.8, 61.8, 72.8, 96.8 (d, J = 170.9
Hz), 211.9; HRMS (ESI*) calcd for Cog4H4502FSiNa[M+Na]* 435.3065, fo
und 435.3026.

oooooao

Ethyl 2-[(1R,3aS,7aR,E)-1-{(2S,3R)-3-fluoro-6-methyl-6-[(triethylsilyl)o
xylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]acetate (128)
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0128: [a] p27 +90.7 (c 1.96, CHCI3): IR (neat) 1714, 1647, 1464,
388, 1236, 1193, 1157, 1045, 743 cm-1; 1H NMR (600 MHz, CDClg3) &
.57 (q,J =7.8 Hz, 6H), 0.61 (s, 3H), 0.94 (t, J = 8.1 Hz, 9H), 0.97 (d,
6.0 Hz, 3H), 1.20 (s, 3H), 1.23 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H), 1.3
-1.44 (m, 4H), 1.47-1.78 (m, 9H), 1.91-1.99 (m, 1H), 2.01-2.03 (m, 1H
, 2.05-2.08 (m, 1H), 3.85-3.89 (m, 1H), 4.11-4.18 (m, 2H), 4.38-4.49 (
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m, 1H), 5.46 (brs, 1H); 13C NMR (150 MHz, CDCl3) & 6.8, 7.1, 12.0, 12
.9 (d, J 2.9 Hz), 14.3, 22.2, 23.3 (d, J = 20.1 Hz), 23.7, 26.5, 29.4, 2
9.6, 30.5. 40.1, 40.2 (d, J = 18.8 Hz), 41.5, 47.3, 53.5 (d, J = 8.6 Hz),
56.3, 59.5, 73.0, 100.5 (d, J = 168.2 Hz), 112.3, 162.6, 166.9; HRMS (
ESI*) calcd for C2gH5103FSiNa[M+Na]* 505.3484, found 505.3479.
oooooao

Ethyl 2-[(1R,3aS,7aR,E)-1-{(2S5,3S)-3-fluoro-6-methyl-6-[(triethyl
silyl)oxy]heptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]

acetate (129)
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0D000129: [a ] p27 +73.8 (c 6.28, CHCI3); IR (neat) 1714, 1651, 1459,

1380, 1236, 1193, 1157, 1049, 743 cm"1: 1H NMR (600 MHz, CDCl3) &

0.56 (q, J = 7.8 Hz, 6H), 0.59 (s, 3H), 0.94 (t, J = 7.8 Hz, 9H), 0.98 (d,
J=6.0 Hz, 3H), 1.21 (s, 3H), 1.22 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H), 1.3
1-1.66 (m, 12H), 1.71-1.78 (m, 4H), 1.99-2.05 (m, 2H), 2.15-2.18 (m, 1
H), 3.84-3.88 (m, 1H), 4.11-4.19 (m, 2H), 4.42-4.52 (m, 1H), 5.46 (brs,
1H); 13C NMR (150 MHz, CDCl3g) & 6.7, 7.1, 11.9, 12.2 (d, J = 4.4 Hz),

14.3, 22.1, 23.8, 26.9, 27.4 (d, J = 21.5 Hz), 29.6, 29.6, 30.1. 40.1, 40

.1 (d,J =20.1 Hz), 41.5 (d, J = 4.4 Hz), 46.8, 52.7, 56.6, 59.5, 72.9, 9
6.9 (d, J =171.0 Hz), 112.1, 163.0, 166.9; HRMS (ESI*) calcd for CogH
5103FSiNa [M+Na]® 505.3484, found 505.3478.

gooogod
2-[(1R,3aS,7aR,E)-1-{(2S,3R)-3-Fluoro-6-methyl-6-[(triethylsilyl)oxy]he
ptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethan-1-0l (130)
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000130: [a ]p27 +51.4 (c 3.55, CHCI3); IR (neat) 3240, 1464, 1240, 1

045, 743 cm-1: 1H NMR (600 MHz, CDCl3) 8 0.56 (q, J = 7.8 Hz, 6H), O.
57 (s, 3H), 0.94 (t, J = 7.8 Hz, 9H), 0.96 (d, J = 6.6 Hz, 3H), 1.20 (s, 3
H), 1.23 (s, 3H), 1.24-1.43 (m, 5H), 1.46-1.76 (m, 9H), 1.90-2.02 (m, 3
H), 2.62-2.66 (m, 1H), 4.18-4.23 (m, 2H), 4.38-4.49 (m, 1H), 5.22 (t, J
= 7.2 Hz, 1H); 13C NMR (150 MHz, CDCI3) & 6.8, 7.1, 11.7, 12.9 (d, J =
2.9 Hz), 22.2, 23.2 (d, J = 21.5 Hz), 23.4, 26.7, 28.7, 29.4, 30.5, 40.3,
40.4 (d, J = 18.6 Hz), 41.5, 45.7, 53.3 (d, J = 8.6 Hz), 55.0, 58.6, 73.0,
97.4 (d, J = 168.2 Hz), 119.5, 143.2; HRMS (ESI*) calcd for CogH4902F
SiNa [M+Na]* 463.3378, found 463.3367.
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2-[(1R,3aS,7aR,E)-1-{(2S,3S)-3-Fluoro-6-methyl-6-[(triethylsilyl)oxy]lhep
tan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethan-1-0l (131)
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0
131: [a ]p27 +38.8 (c 3.54, CHCI3); IR (neat) 3363, 1468, 1236, 1
49, 739 cm-1: 1H NMR (600 MHz, CDCl3) & 0.56 (s, 3H), 0.56 (q, J = 7
.8 Hz, 6H), 0.94 (t, J = 7.8 Hz, 9H), 0.97 (d, J = 6.6 Hz, 3H), 1.20-1.58
(m, 16H), 1.62-1.72 (m, 3H), 1.79-1.87 (m, 1H), 1.97-2.04 (m, 3H), 2.6

OoooooooogoQgodg
OoooooooogoQgdg
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1-2.64 (m, 1H), 4.18-4.23 (m, 2H), 4.42-4.53 (m, 1H), 5.22 (t, J = 7.2
Hz, 1H); 13C NMR (150 MHz, CDCl3) & 6.7, 7.1, 11.6, 12.2 (d, J = 5.7 H
z), 22.1, 23.4, 27.1, 27.4 (d, J = 21.5 Hz), 28.7, 29.6, 30.1, 40.1, 40.2,

41.0 (d, J = 4.4 Hz), 45.1, 52.5, 55.4, 58.6, 72.9, 97.0 (d, J = 169.5 Hz
), 119.3, 143.4; HRMS (ESI*) calcd for C26H4902FSiNa [M+Na]* 463.337
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8, found 463.3336.
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2-({2-[(1R,3aS,7aR,E)-1-{(2S,3R)-3-Fluoro-6-methyl-6-[(triethylsilyl)oxy
]Jheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidenelethyl}sulfonyl)be
nzo[d]thiazole (134)
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000134: [a ]p27 +36.8 (c 2.30, CHCI3); IR (neat) 1471, 1333, 1235, 1

154, 1042, 760 cm-1; 1H NMR (400 MHz, CDCI3) & 0.28 (s, 3H), 0.55 (
g, J = 7.9 Hz, 6H), 0.89 (d, J = 6.4 Hz, 3H), 0.93 (t, J = 7.8 Hz, 9H), 1.
18-1.74 (m, 19H), 1.81-1.89 (m, 3H), 2.55-2.59 (m, 1H), 4.20 (dd, J = 6
.8, 14.2 Hz, 1H), 4.31-4.34 (m, 1H), 4.41-4.46 (m, 1H), 5.03 (t, J = 8.0
Hz, 1H), 7.56-7.65 (m, 2H), 8.00 (d, J = 8.2 Hz, 1H), 8.21 (d, J = 7.8 H
z, 1H); 13C NMR (100 MHz, CDCl3) & 6.7, 7.1, 11.4, 12.8 (d, J = 2.9 Hz
), 22.1, 23.1, 23.2 (d, J = 22.9 Hz), 26.5, 29.0, 29.4, 30.5, 39.9, 40.1 (
d, J =19.1 Hz), 41.4, 46.1, 53.1 (d, J = 8.6 Hz), 53.8, 55.4, 73.0, 97.3
(d, J =167.8 Hz), 104.5, 122.2, 125.3, 127.6, 127.9, 136.9, 151.6, 15
2.8, 165.9; HRMS (ESI1*) calcd for C33Hs52NO3FSiS2Na [M+Na]* 644.3034
, found 644.3062.

gooobod
2-({2-[(1R,3aS,7aR,E)-1-{(2S,3S)-3-Fluoro-6-methyl-6-[(triethylsilyl)oxy
]Jheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidenelethyl}sulfonyl)be
nzo[d]thiazole (135)
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000135: [a ]p27 +34.5 (¢ 4.55, CHCI3); IR (neat) 1471, 1332, 1236, 1

152, 1041, 735 cm-1; 1H NMR (600 MHz, CDCIl3) & 0.28 (s, 3H), 0.55 (
q, J = 8.0 Hz, 6H), 0.90 (d, J = 7.2 Hz, 3H), 0.93 (t, J = 7.8 Hz, 9H), 1.
19-1.69 (m, 18H), 1.75-1.84 (m, 2H), 1.92-1.98 (m, 2H), 2.54-2.57 (m,
1H), 4.20 (dd, J = 6.3, 14.4 Hz, 1H), 4.37-4.47 (m, 1H), 4.43 (dd, J = 9.
0, 14.4 Hz, 1H), 5.03 (dd, J = 7.8, 9.0 Hz, 1H), 7.56-7.64 (m, 2H), 7.99
(d, J = 8.4 Hz, 1H), 8.20 (d, 8.4 Hz, 1H); 13C NMR (150 MHz, CDCl3)
6.7, 7.0, 11.3, 12.2 (d, J = 5.7 Hz), 21.9, 23.1, 26.9, 27.3 (d, J = 21.
6 Hz), 29.0, 29.6, 30.0, 39.8, 40.0 (d, J = 20.1 Hz), 40.9, 41.0, 45.5, 5
2.4, 53.8, 55.7, 72.8, 96.8 (d, J = 171.0 Hz), 104.3, 122.2, 125.3, 127.
5, 127.8, 136.9, 151.8, 152.8, 165.9; HRMS (ESI*) calcd for C33Hs52NO3
FSiSoNa [M+Na]t 644.3034, found 644.3048.
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2RF-MART-10: [a ]p27
, 1220, 1050, 906, 732 cm™1; 1H

(75) JP 2023-61920 A 2023.5.2
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35, EtOH); IR (neat) 3373, 1441, 137
NMR (600 MHz, CDCl3) & 0.56 (s, 3H

6.6 Hz, 3H), 1.24-1.41 (m, 10H), 1.46-1.80 (m, 17H), 1.9
3-2.00 (m, 3H), 2.12-2.27 (m, 4H), 2.59 (dd, J = 3.9, 13.2 Hz, 1H), 2.7
9-2.85 (m, 2H), 3.63-3.69 (m, 3H), 4.09 (brs, 1H), 4.47 (ddd, J = 3.3, 1
0.2, 47.4 Hz,
13¢C NMR (150 MHz, CDClg) & 12.0, 12.9 (d, J = 2.9 Hz), 22.3, 23.2 (d,
J =20.1 Hz), 23.4, 26.7, 28.9, 29.0, 29.9, 30.0, 35.5, 40.2, 40.3, 40.4,
45.3, 46.1, 48.6, 53.0 (d, J = 8.7
168.0 Hz), 115.5, 123.8, 131.7, 142.5; HRMS (ESI*) calcd for
CogH4904FNa [M+Na]* 503.3507, found 503.3519.

Ooo0oOoooaod

1H), 5.82 (d, J = 11.

4 Hz, 1H), 6.35 (d, J = 11.4 Hz, 1H);

Hz), 55.7, 62.8, 68.5, 70.7, 71.4, 97.
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22RF-MART-11: [a ]p27 +41.2 (c 1.45, EtOH): IR (neat) 3381, 1444, 138
3, 1220, 1050, 910, 732 cm-1; 1H NMR (600 MHz, CDCl3) 8 0.57 (s, 3H
), 0.97 (d, J = 6.6 Hz, 3H), 1.23-2.00 (m, 33H), 2.33-2.39 (m, 2H), 2.79
-2.89 (m, 3H), 3.06 (dd, J = 4.2, 12.0 Hz), 2.52 (td, J = 4.2, 9.6 Hz, 1H
), 3.62-3.69 (m, 2H), 4.03 (brs, 1H), 4.42-4.53 (m, 1H), 5.87 (d, J = 11.
4 Hz, 1H), 6.22 (d, J = 12.0 Hz, 1H); 13C NMR (150 MHz, CDCl3z) & 11.9
, 12.9 (d, J = 2.9 Hz), 22.3, 23.2 (d, J = 21.6 Hz), 23.4, 23.6, 26.7, 28.
9, 29.7, 29.8, 37.8, 40.2, 40.2, 40.3, 40.4, 43.9, 46.1, 48.8, 53.0 (d, J
= 8.6 Hz), 55.7, 62.6, 68.2, 70.7, 70.8, 97.1 (d, J = 168.0 Hz), 115.6, 1
23.1, 131.8, 142.1; HRMS (ESI*) calcd for C29gH4904FNa [M+Na]* 503.3
507, found 503.3506.
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RT-10: [a ]p27 +40.8 (c 1.35, EtOH); IR (neat) 3363, 1451, 138
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(77) JP 2023-61920 A 2023.5.2

0, 1217, 1049, 914, 739 cm-1: 1H NMR (600 MHz, CDCl3) 8 0.56 (s, 3H
), 0.97 (d, J = 6.6 Hz, 3H), 1.24-1.41 (m, 10H), 1.46-1.80 (m, 17H), 1.9
3-2.00 (m, 3H), 2.12-2.27 (m, 4H), 2.59 (dd, J = 3.9, 13.2 Hz, 1H), 2.7

9-2.85 (m, 2H), 3.63-3.69 (m, 3H), 4.09 (brs, 1H), 4.47 (ddd, J = 3.3, 1
0.2, 47.4 Hz, 1H), 5.82 (d, J = 11.4 Hz, 1H), 6.35 (d, J = 11.4 Hz, 1H);

13¢ NMR (150 MHz, CDCIl3) & 11.9, 12.3 (d, J = 4.4 Hz), 22.2, 23.3, 23
4, 27.1, 27.5 (d, J = 21.5 Hz), 28.8, 29.2, 29.4, 29.8, 35.4, 39.9 (d, J

= 4.4 Hz), 40.3 (d, J = 17.4 Hz), 40.3, 45.2, 45.5, 48.5, 52.5, 56.0, 62.
5,68.4, 70.6, 71.2, 96.9 (d, J = 170.9 Hz), 115.4, 123.6, 131.7, 142.6;
HRMS (ESI*) calcd for CogH4904FNa[M+Na]* 503.3507, found 503.3512.
Ooooooo

22SF-MART-11: [a ]p27 +11.1 (c 1.46, EtOH); IR (neat) 3363, 1455, 138
0, 1212, 1049, 914, 735 cm"!; 1H NMR (600 MHz, CDCI3) 8 0.55 (s, 3H
), 0.99 (d, J = 6.6 Hz), 1.24-1.39 (m, 9H), 1.23-2.00 (m, 19H), 1.98-2.0
8 (m, 3H), 2.34-2.42 (m, 2H), 2.80 (dd, J = 4.2, 11.4 Hz), 3.09 (dd, J =

4.2, 12.6 Hz, 1H), 3.56 (td, J = 4.8, 10.8 Hz, 1H), 3.67-3.73 (m, 2H), 4.
05-4.06 (m, 1H), 4.47-4.57 (m, 1H), 5.87 (d, J = 12.0 Hz, 1H), 6.25 (d,

J =12.0 Hz, 1H); 13C NMR (150 MHz, CDClg) & 11.9 12.3 (d, J = 5.7 Hz
), 22.2, 23.5, 23.7, 27.1, 27.5 (d, J = 21.6 Hz), 28.9, 29.2, 29.4, 29.8,

37.8, 39.9 (d, J = 4.4 Hz), 40.3, 40.4 (d, J = 18.8 Hz), 44.0, 45.6, 48.9,
52.5, 56.1, 62.9, 68.3, 70.7, 71.1, 96.9 (d, J = 169.5 Hz), 115.4, 123.4,
131.3, 142.8; HRMS (ESI*) calcd for CogH4904FNa [M+Na]t 503.3507, f
ound 503.3508.
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(78) JP 2023-61920 A 2023.5.2
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‘1, OMe OMe
. I\H O
LDA then NFSI LDA then NFSI
HMPA/THF HMPA/THF
OTBS OTBS
136 112: 22R 82%
R F R F Me
OMe H
EtO. 1
Me(MeO)NH<HCI EtO/P\/COOEt
lél iPrMgBr NaH
OTBS OTBS
137 63% 138 77% OTBS 139

OOEt

1) MeMgClI TPAP, NMO
2) p-TsOH+H,0 H

OTBS OTBS OH
140 79% (2 steps) 141 142 86% (3 steps)

R F

TESCI, imidazole

O 143 O 144 98% (2 steps)
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(79) JP 2023-61920 A 2023.5.2
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R F
OTES OTES
&Etg)zp(O)CHzcozEt benzothiazolethiol
- DIBAL-H PPhs, DIAD
THF THF HG CH,Cl,
EtOOC 145 89% 146 92%
R F
OTES
(NH4)MO7024'4H20
S-S 30% H,04,EtOH
i
N
147
(0]
TBSO" OTBS

A-ring

OTBS
1) LHMDS, THF

2) CSA, MeOH, CH,Cl,

22F,-MART-10 24% (2 steps) 22F>-MART-11 29% (2 steps)
22F,—MART—10KUO22F,—MART—1 1 DHERK

gooooao

Ref. 3: Yu, O. B.; Mutchie, T. R.; Di Milo, E. S.; Arnold, L. A. Synthesis
and biological evaluation of calcioic acid. Steroids 2020, 154, 108536.
oooooao

Methyl (3S)-3-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-met
hyloctahydro-1H-inden-1-yl}-2,2-difluorobutanoate (137)
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s, 3H), 0.88 (s, 9H), 0.95 (s, 3H), 1.05 (d, J = 6.8 Hz, 3H),

s, 3H), 3.99-4.02 (m, 1H): 13C NMR (100 MHz, CDCIl3) &
13.3, 17.6, 18.0, 23.3, 25.8, 26.2, 26.2, 40.6 (t, J = 20.
), 40.6, 43.1, 50.6, 52.1, 53.0, 69.2, 118.6 (t, J = 252.7 Hz), 165.4
33.9 Hz); HRMS (ESI*) calcd for Co1H3g03F2SiNa [M+Na]t 427.24

m, 2H),
(t, J
0 Hz
(t, J
51,
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137: [a] p27 +14.0
1073, 1031, 841 cm-1; 1H NMR (400 MHz, CDCl3) & 0.00 (s, 3H), 0.01
(

(c 0.69, CHCI3);

1.31-1.48 (m, 5H),

6.2 Hz),

found 427.2487.
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(3S)-3-{(1R,3aR,4S5,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyl

octahydro-1H-inden-1-yl}-2,2-difluoro-N-methoxy-N-methylbutanamide (
138)
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IR (neat) 1774, 1468, 1259,

1.14-1.27 (

1.53-1.96 (m, 5H), 2.19-2.33 (m, 1H), 3.86 (
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-5.2, -4.8, 13.2
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(81) JP 2023-61920 A 2023.5.2

000138: [a] p27 +16.7 (¢ 2.10, CHCI3); IR (neat) 1692, 1464, 1252,
1166, 1073, 1031, 841, 779 cm-1; 1H NMR (600 MHz, CDCl3) & -0.01 (
s, 3H), 0.00 (s, 3H), 0.88 (s, 9H), 0.95 (s, 3H), 1.05 (d, J = 7.2 Hz, 3H),
1.18 (td, J = 3.6, 12.6 Hz, 1H), 1.18 (ddd, J = 2.4, 6.6, 13.8 Hz, 1H), 1.
33-1.40 (m, 4H), 1.47-1.67 (m, 3H), 1.74-1.82 (m, 1H), 1.87-1.95 (m, 2
H), 1.65-1.82 (m, 3H), 1.86-1.90 (m, 1H), 1.92-1.95 (m, 1H), 2.12-2.19
(m, 1H), 2.41-2.51 (m, 1H), 3.24 (s, 3H), 3.72 (s, 3H), 3.99-4.01 (m, 1
H): 13C NMR (150 MHz, cDCl3) & -5.2, -4.8, 13.2, 13.3, 17.6, 18.0, 23.
5,6, 25.8, 26.6, 26.6, 33.2, 34.3, 40.6, 40.6 (d, J = 20.9 Hz), 43.1, 50.2,
52.1, 61.7, 69.3, 120.1 (d, J = 252.0 Hz), 165.2 (d, J = 32.3 Hz); HRMS
(ESI1*) calcd for Cop2H41NO3F2SiNa [M+Na]* 456.2716, found 456.2717.
gooooao

Ethyl (5S,E)-5-{(1R,3aR,4S,7aR)-4-[(tert-butyldimethylsilyl)oxy]-7a-met
hyloctahydro-1H-inden-1-yl}-4,4-difluorohex-2-enoate (140)
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000140: [a] p27 +41.5 (c 0.41, CHCI3); IR (neat) 1734, 1475, 1308,

1260, 1038, 834 cm-1: 1H NMR (600 MHz, CDCl3) 8 0.00 (s, 3H), 0.01
(s, 3H), 0.88 (s, 9H), 0.95 (s, 3H), 1.05 (d, J = 7.2 Hz, 3H), 1.13-1.25 (
m, 3H), 1.30-1.41 (m, 6H), 1.49-1.64 (m, 4H), 1.66-1.68 (m, 1H), 1.74-
1.83 (m, 2H), 1.93-1.95 (m, 1H), 2.02-2.11 (m, 1H), 3.99-4.01 (m, 1H),
4.25 (q, J = 7.2 Hz, 2H), 6.23-6.26 (m, 1H), 6.76-6.83 (m, 1H); 13C NMR
(150 MHz, CDCIl3) & -5.2, -4.8, 13.4, 14.1 (t, J = 5.9 Hz), 14.2, 17.6, 1
8.0, 23.3, 25.8, 27.1, 27.2, 34.3, 40.7, 43.1 (t, J = 21.5 Hz), 43.2, 51.
5,51.5, 52.4, 61.1, 69.2, 123.1 (t, J = 242.7 Hz), 125.0 (t, J = 8.6 Hz),
138.7 (t, J = 27.3 Hz), 165.3; HRMS (ESI*) calcd for Co4H4203F2SiNa [
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(82) JP 2023-61920 A 2023.5.2

M+Nal* 467.2764, found 467.2766.
oooooao
(1R,3aR,4S,7aR)-1-[(2S)-3,3-Difluoro-6-hydroxy-6-methylheptan-2-yl]-7
a-methyloctahydro-1H-inden-4-0l (142)
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O00142: [a] p27 +8.2 (¢ 3.32, CHCI3); IR (neat) 3407, 1475, 1232, 1
169, 961 cm-1; 1H NMR (600 MHz, CDCIl3) 8 0.95 (s, 3H), 1.04 (d, J = 7

.2 Hz, 3H), 1.71-1.61 (m, 16H), 1.64-1.67 (m, 2H), 1.80-2.03 (m, 7H), 4
.07-4.08 (m, 1H); 13C NMR (150 MHz, CDCl3) & 13.1, 14.8 (t, J = 5.7 H
z), 17.4, 22.8, 27.4 (t,J = 25.1 Hz), 29.2, 29.4, 33.5, 34.7, 40.5, 42.5
(t, J = 21.5 Hz), 42.8, 51.8, 51.8, 51.9, 69.1, 70.2, 127.6 (t, J = 243.4
Hz); HRMS (ESI") calcd for C19H3304F2 [M+HCOO]  363.2352, found 363
.2345.

oooogoad
(1R,3aR,7aR)-1-{(2S)-3,3-Difluoro-6-methyl-6-[(triethylsilyl)oxy]lheptan
-2-yl}-7a-methyloctahydro-4H-inden-4-one (144)
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000144: [a ] p27 -12.1 (¢ 2.81, CHCI3); IR (neat) 1714, 1464, 1380, 1

225, 1061, 743 cm-!1; 1H NMR (600 MHz, CDCI3) & 0.57 (q, J = 7.8 Hz,
6H), 0.67 (s, 3H), 0.94 (t, J = 7.8 Hz, 9H), 1.09 (d, J = 6.6 Hz, 3H), 1.2
2 (s, 3H), 1.22 (s, 3H), 1.49-1.67 (m, 6H), 1.71-1.80 (m, 2H), 1.85-2.05
(m, 6H), 2.13-2.17 (m, 1H), 2.21-2.31 (m, 2H), 2.41-2.44 (m, 1H); 13¢C
NMR (150 MHz, CDCI3) & 6.7, 7.0, 12.3, 14.8 (t, J = 6.5 Hz), 19.4, 23.
9, 27.5, 27.9 (d, J = 25.1 Hz), 29.9, 29.9, 36.0, 39.0, 40.9, 42.5 (t, J =
22.3 Hz), 50.4, 51.8, 51.9, 61.2, 72.4, 127.5 (t, J = 242.7 Hz), 211.5;
HRMS (ESI*) calcd for Co4H4402F2SiNa[M+Na]* 435.3065, found 435.3026.
gooooao

Ethyl 2-[(1R,3aS,7aR,E)-1-{(2S)-3,3-difluoro-6-methyl-6-[(triethyl
silyl)oxylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]

acetate (145)
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145: [a ] p27 +68.7 (¢ 2.35, CHCI3); IR (neat) 1718, 1647, 1464,
8, 1244, 1161, 1057, 743 cm'1; 1H NMR (600 MHz, CDCI3) 8 0.57 (
= 8.4 Hz, 6H), 0.62 (s, 3H), 0.94 (t, J = 8.4 Hz, 9H), 1.08 (d, J = 6.
z, 3H), 1.22 (s, 3H), 1.23 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H), 1.43 (td,
= 4.2, 13.2 Hz, 1H), 1.50-1.78 (m, 9H), 1.84-2.13 (m, 6H), 3.85-3.88
m, 1H), 4.11-4.18 (m, 2H), 5.48 (s, 1H); 13C NMR (150 MHz, CDCl3) &
6.7, 7.1, 11.9, 14.3, 14.9 (t, J = 5.9 Hz), 22.4, 23.7, 27.3, 27.8 (t, J =
25.1 Hz), 29.6, 29.9, 29.9, 36.0, 40.2, 43.0 (t, J = 22.3 Hz), 47.7, 51.9,
51.9, 56.1, 59.5, 72.4, 112.4, 127.7 (t, J = 243.5 Hz), 162.6, 166.9; H
RMS (ESI*) calcd for C2gHs5003F2SiNa[M+Na]* 523.3390, found 523.3363.
ooooogod
2-[(1R,3aS,7aR,E)-1-{(2S)-3,3-Difluoro-6-methyl-6-[(triethylsilyl)oxy]lhe
ptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethan-1-o0l (146)
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0002146: [a] p27 +37.3 (c 4.18, CHCI3); IR (neat) 3339, 1459, 1380,

1225, 1161, 1069, 746 cm-1; 1H NMR (600 MHz, CDCl3z) & 0.57 (g, J =
7.8 Hz, 6H), 0.59 (s, 3H), 0.94 (t, J = 7.8 Hz, 9H), 1.07 (d, J = 6.6 Hz,
3H), 1.22 (s, 3H), 1.22 (s, 3H), 1.32-1.37 (m, 2H), 1.44-1.68 (m, 9H), 1
.82-2.04 (m, 6H), 2.62-2.65 (m, 1H), 4.17-4.23 (m, 2H), 5.24 (t, J = 7.2
Hz, 1H); 13C NMR (150 MHz, CDCl3) 8 6.7, 7.0, 11.6, 14.9 (t, J = 6.5 H
z), 22.4, 23.4, 27.5, 27.8 (t, J = 25.1 Hz), 28.7, 29.9, 36.0, 40.4, 43.2
(t, J = 21.5 Hz), 46.1, 51.7, 51.8, 54.9, 58.6, 72.4, 119.7, 127.7 (t, J =
243.5 Hz), 143.1; HRMS (ESI-) calcd for CpgH4802F2SiCl [M+Cl]- 493.30
86, found 493.3080.
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ylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethyl}sulfonyl)b
enzo[d]thiazole (148)
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0002148: [a] p27 +27.4 (c 3.84, CHCI3); IR (neat) 1471, 1332, 1240,

1148, 1069, 759, 731 cm-!; 1H NMR (600 MHz, CDCI3z) & 0.31 (s, 3H),
0.56 (q, J = 7.8 Hz, 6H), 0.93 (t, J = 7.8 Hz, 9H), 0.99 (d, J = 7.2 Hz, 3
H), 1.18-1.29 (m, 2H), 1.20 (s, 3H), 1.21 (s, 3H), 1.42-1.59 (m, 8H), 1.
81-1.90 (m, 6H), 2.56-2.59 (m, 1H), 4.20 (dd, J = 6.9, 13.8 Hz, 1H), 4.
43 (dd, J = 9.0, 14.4 Hz, 1H), 5.04 (t, J = 7.8 Hz, 1H), 7.50-7.60 (m, 1
H), 7.61-7.65 (m, 1H), 8.00 (d, J = 7.2 Hz, 1H), 8.21 (d, J = 8.4 Hz, 1H)
13C NMR (150 MHz, CDCl3) 8 6.7, 7.0, 11.2, 14.9 (t, J = 5.7 Hz), 22.3
, 23.1, 27.3, 27.8 (t, J = 25.1 Hz), 29.0, 29.9, 36.0, 40.0, 43.0 (t, J = 2
1.5 Hz), 46.5, 51.5, 51.6, 53.8, 55.3, 72.4, 104.6, 122.2, 125.3, 127.6,
127.6 (t, J = 243.5 Hz), 127.9, 136.9, 151.5, 152.8, 165.9; HRMS (ESI™)
calcd for C3gHs51NO3F2SiSoNa [M+Na]* 662.2940, found 662.2936.
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22F2-MART-10: [a ] p27 +56.6 (¢ 1.05, EtOH); IR (neat) 3395, 1440, 13

80, 1228, 1053, 954 cm-1; 1H NMR (600 MHz, DMSO-dg) & 0.58 (s, 3H),
1.07 (d, J = 6.6 Hz, 3H), 1.13 (s, 3H), 1.13 (s, 3H), 1.29-1.67 (m, 15H),
1.85-2.03(m, 8H), 2.43 (dd, J = 3.9, 12.9 Hz, 1H), 2.63 (dd, J = 4.5, 14
.1 Hz, 1H), 2.78-2.81 (m, 1H), 3.41-3.49 (m, 3H), 3.93 (s, 1H), 4.25 (d,
J = 4.2 Hz, 1H), 4.28 (brs, 1H), 4.35 (brs, 1H), 4.45 (d, J = 5.4 Hz, 1H),
5.85 (d, J = 10.8 Hz, 1H), 6.15 (d, J = 10.8 Hz, 1H); 13C NMR (150 MHz,
DMSO-dg) & 12.6, 15.7 (t, J = 5.8 Hz), 23.1, 23.9, 24.0, 28.2, 28.3 (t, J
= 25.1 Hz), 29.2, 30.2, 30.3, 31.6, 35.6, 36.4, 43.8 (t, J = 21.5 Hz), 46
.2, 46.9, 49.5, 51.9, 55.8, 62.5, 67.5, 69.0, 70.1, 117.5, 121.7, 129.1

(t, J = 242.8 Hz), 136.3, 139.8; HRMS (ESI*) calcd for CogH4g0aF2Na [

M+Nal]* 521.3413, found 521.3405.
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22F2-MART-11: [a ] p27 +#15.9 (¢ 1.30, EtOH); IR (neat) 3379, 1451, 13
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32, 1268, 1089, 1049 cm !; 1H NMR (600 MHz, DMSO-dg) 8 0.58 (s, 3H
), 1.08 (d, J = 6.6 Hz, 3H), 1.13 (s, 3H), 1.13 (s, 3H), 1.23-1.68 (m, 16
H), 1.77 (t, J = 11.7 Hz, 1H), 1.86-2.05 (m, 6H), 2.19-2.26 (m, 2H), 2.7
8-2.85 (m, 2H), 3.33-3.50 (m, 3H), 3.91 (brs, 1H), 4.16 (brs, 1H), 4.29
(s, 1H), 4.36-4.40 (m, 1H), 4.54 (d, J = 4.8 Hz, 1H), 5.86 (d, J = 10.8 H
z, 1H), 6.06 (d, J = 10.8 Hz, 1H); 13C NMR (150 MHz, DMSO-dg) & 12.5,
15.7 (t, J = 5.8 Hz), 23.1, 24.0, 24.2, 28.2, 28.3 (t, J = 24.5 Hz), 29.3,
30.2, 30.3, 31.4, 35.6, 38.8, 43.8 (t, J = 21.6 Hz), 44.9, 46.9, 49.6, 51
.9, 55.8, 57.0, 62.5, 67.5, 69.0, 69.9, 117.2, 121.4, 129.1 (t, J = 242.8
Hz), 136.0, 139.9; HRMS (ESI*) calcd for C29gH4804F2Na [M+Na]* 521.3
413, found 521.3413.
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KOH

150 100%

diol
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151 29%
(Et0),P(0)CH,CO,Et
NaH benzothiazolethiol
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CH.CI
EtOOC 155 91% Ze
/ CF,H
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CF,H
58 4 (NH,)Mo7O24+4H,0 0,0
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Ref. 4: Nicoletti, D.; Mourino, A.; Torneiro, M. S. Synthesis of 25-hydro
xyvitamin D3 and 26,26,26,27,27,27-hexadeutero-25-hydroxyvitamin D3

on solid support. J. Org. Chem. 2009, 74, 4782-4786.
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(5R)-5-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloctah

ydro-1H-inden-1-yl}hexanoic acid (150)
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000150: [a] p27 +48.8 (¢ 0.95, CHCI3); IR (neat) 1706, 1458, 1409,

1232, 1164, 1082, 1017, 950, 724 cm-1: 1H NMR (400 MHz, CDCl3) & -
0.01 (s, 3H), 0.00 (s, 3H), 0.88 (s, 9H), 0.90 (d, J = 6.4 Hz, 3H), 0.90 (
s, 3H), 1.00-1.13 (m, 3H), 1.18-1.60 (m, 9H), 1.64-1.85 (m, 4H), 1.94 (
dt, J = 2.7, 12.8 Hz, 1H), 2.24-2.38 (m, 2H), 3.98-4.00 (m, 1H); 13Cc NM
R (100 MHz, cDCIl3) & -5.2, -4.8, 13.7, 17.7, 18.0, 18.5, 21.3, 23.0, 25
.8, 27.2, 34.5, 35.0, 35.2, 40.7, 42.1, 53.0, 56.5, 69.4, 179.8; HRMS (E
S1°) calcd for C22H4103Si[M-H]" 381.2830, found 381.2824.
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(1R,3aR,4S,7aR)-1-[(2R)-6-(Difluoromethyl)-7,7-difluoro-6-hydroxyhept
an-2-yl]-7a-methyloctahydro-1H-inden-4-0l (151)
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O 0151: [a ] p27 +34.7 (c 1.52, CHCI3); IR (neat) 3417, 1465, 1379,
1116, 1070 cm-1; 1H NMR (400 MHz, CDCl3g) & 0.91 (d, J = 6.4 Hz, 3H),
0.93 (s, 3H), 1.02-1.88 (m, 19H), 1.97-2.20 (m, 1H), 2.45 (brs, 1H), 4.
07-4.08 (m, 1H), 5.67-6.00 (m, 2H); 13C NMR (100 MHz, CDCl3) 8 13.5,
17.4, 18.4, 18.4, 22.5, 27.2, 30.0, 33.5, 35.1, 36.2, 40.3, 41.9, 52.6, 5
6.5, 69.4, 74.2 (sext, J = 20.0 Hz), 114.7 (t, J = 246.9 Hz); HRMS (ESI)
calcd for Cy9gH3104F4 [M+HCOO]  399.2164, found 399.2155.
gooooao
(1R,3aR,7aR)-1-{(2R)-6-(Difluoromethyl)-7,7-difluoro-6-[(trimethylsilyl)
oxyl]heptan-2-yl}-7a-methyloctahydro-4H-inden-4-one (153)
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000153: [a] p27 +5.0 (¢ 3.95, CHCIl3); IR (neat) 1715, 1468, 1383, 1

252, 1116, 1081, 853 cm"!; 1H NMR (600 MHz, CDCI3) 8 0.16 (s, 9H),
0.63 (s, 3H), 0.96 (d, J = 6.0 Hz, 3H), 1.04-1.10 (m, 1H), 1.24-1.64 (m,
9H), 1.68-1.76 (m, 2H), 1.85-1.93 (m, 2H), 1.98-2.03 (m, 1H), 2.09-2.1
2 (m, 1H), 2.18-2.29 (m, 2H), 2.44 (dd, J = 7.8, 11.4 Hz, 1H), 5.73 (t, J
= 54.9 Hz, 1H); 13C NMR (150 MHz, CDCl3) & 1.8, 12.4, 18.6, 18.7, 19.
0, 24.0, 27.5, 29.9, 35.4, 36.3, 39.0, 40.9, 49.9, 56.6, 61.9, 77.2 (sext,
J =20.8 Hz), 114.9 (t, J = 250.7 Hz), 115.0 (t, J = 248.5 Hz), 211.9; H
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RMS (ESI*) calcd for Co1H3g02F4SiNa[M+Na]* 447.2313, found 447.2318.
gooogoao

Ethyl 2-[(1R,3aS,7aR,E)-1-{(R)-6-(difluoromethyl)-7,7-difluoro-6-[(trime
thylsilyl)oxylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-yliden]acetat
e (154)
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000154: [a] p27 +83.8 (¢ 4.38, CHCI3); IR (neat) 1712, 1642, 1464,
1383, 1255, 1185, 1112, 1081, 845 cm-1; 1H NMR (600 MHz, CDCIl3) &

0.17 (s, 9H), 0.58 (s, 3H), 0.94 (d, J = 6.6 Hz, 3H), 1.02-1.09 (m, 1H),
1.25-1.42 (m, 9H), 1.47-1.55 (m, 3H), 1.57-1.77 (m, 5H), 1.86-1.93 (m,
1H), 2.00-2.03 (m, 1H), 2.09-2.122 (m, 1H), 3.84-3.87 (m, 1H), 4.10-4.1
8 (m, 2H), 5.45 (brs, 1H), 5.65-5.83 (m, 2H); 13C NMR (150 MHz, CDCl3
) 1.8, 12.12, 14.3, 18.7, 18.7, 22.1, 23.8, 27.4, 29.6, 29.9, 35.8, 36.
4, 40.1, 47.1, 56.6, 56.8, 59.5, 77.3 (sext, J = 20.9 Hz), 112.0, 115.0 (
t, J = 246.3 Hz), 163.2, 166.9; HRMS (ESI*) calcd for Co5H4303F4SiNa [
M+H]" 495.2912, found 495.2921.
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2-[(1R,3aS,7aR,E)-1-{(R)-6-(Difluoromethyl)-7,7-difluoro-6-[(trimethylsi
lyl)oxylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]lethan-1-o0l
(155)
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000155: [a ]p27 +54.9 (c 1.78, CHCI3); IR (neat) 3358, 1379, 1255, 1
181, 1116, 1081, 845 cm-1; 1H NMR (600 MHz, CDCI3) & 0.16 (s, 9H),
0.55 (s, 3H), 0.93 (d, J = 6.0 Hz, 3H), 1.02-1.08 (m, 1H), 1.23-1.41 (m,
7H), 1.45-1.53 (m, 4H), 1.59-1.74 (m, 4H), 1.82-2.00 (m, 3H), 2.60-2.6
3 (m, 1H), 4.16-4.22 (m, 2H), 5.21 (t, J = 6.9 Hz, 1H), 5.72 (t, J = 55.2
Hz, 2H); 13C NMR (150 MHz, CDCl3) & 1.8, 11.8, 18.7, 22.1, 23.4, 27.6,
28.6, 29.9, 35.9, 36.4, 40.3, 45.3, 55.5, 56.4, 58.6, 77.2 (sext, J = 20.
9 Hz), 115.0 (t, J = 245.6 Hz), 119.3, 143.5; HRMS (ESI") calcd for Cog4
H4104F4Si [M+HCOO]  497.2716, found 497.2721.

oooogoad
2-({2-[(1R,3aS,7aR,E)-1-{(R)-6-(Difluoromethyl)-7,7-difluoro-6-[(trimeth
ylsilyl)oxy]heptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethyl}s
ulfonyl)benzo[d]thiazole (157)
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O
157: [a ]1p27 +42.4 (c 5.89, CHCIl3); IR (neat) 1471, 1333, 1248, 1
147, 1112, 1081, 910, 849, 736 cm-1; 1H NMR (600 MHz, CDCl3) & 0.1
6 (s, 9H), 0.26 (s, 3H), 0.86 (d, J = 6.6 Hz, 3H), 0.96-1.04 (m, 1H), 1.1
7-1.62 (m, 13H), 1.67-1.72 (m, 1H), 1.79-1.91 (m, 3H), 2.54-2.57 (m, 1
H), 4.20 (dd, J = 7.2, 14.4 Hz, 1H), 4.42 (dd, J = 9.0, 14.4 Hz, 1H), 5.0
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0-5.03 (m, 1H), 5.73 (t, J = 55.8 Hz, 1H), 7.57-7.65 (m, 2H), 8.00 (d, J
= 7.2 Hz, 1H), 8.21 (d, J = 7.2 Hz, 1H): 13C NMR (150 MHz, CDClg) & 1.
8, 11.5, 18.7, 18.7, 22.0, 23.2, 27.4, 29.0, 29.9, 35.8, 36.3, 39.9, 45.7
, 53.9, 55.9, 56.3, 77.2 (sext, J = 20.8 Hz), 104.2, 115.0 (t, J = 245.6
Hz), 122.2, 125.3, 127.6, 127.9, 136.9, 152.0, 152.8, 165.9; HRMS (ESI
*) calcd for C3gH43NO3F4SiS2Na [M+Na]* 656.2282, found 656.2286.
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MART-10-F4: [a ] p27 +62.1 (c 2.27, MeOH); IR (neat) 3350, 1441, 1375
, 1104, 1069, 910, 732 cm™!; 1H NMR (600 MHz, CDCI3) 8 0.52 (s, 3H),
0.93 (d, J = 6.6 Hz, 3H), 1.05-1.11 (m, 1H), 1.23-1.73 (m, 19H), 1.86-1
.91 (m, 1H), 1.98-2.00 (m, 2H), 2.11-2.24 (m, 4H), 2.56-2.59 (m, 1H), 2
.78-2.83 (m, 2H), 3.05 (brs, 1H), 3.21 (brs, 1H), 3.60-3.69 (m, 3H), 4.0
7 (brs, 1H), 5.81 (d, J = 10.2 Hz, 1H), 5.81 (t, J = 56.1 Hz, 2H), 6.34 (
d, J = 10.8 Hz, 1H); 13C NMR (150 MHz, CDClg) & 12.0, 18.4, 18.7, 22.
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2, 23.3, 23.4, 27.6, 28.8, 29.7, 29.9, 35.3, 35.9, 36.4, 40.4, 45.1, 45.7
, 48.5, 56.2, 56.4, 62.5, 68.4, 71.2, 74.2 (sext, J = 20.1 Hz), 114.7 (t,

J = 247.7 Hz), 115.4, 123.7, 131.6, 142.8; HRMS (ESI*) calcd for CogHgy4
604F4Na[M+Na]* 557.3224, found 557.3235.

oooooo

MART-11-F4: [a ] p27 +28.1 (c 2.63, MeOH); IR (neat) 3373, 1441, 1379
, 1112, 1069, 976 cm"1; 1H NMR (600 MHz, CD30D) 8 0.61 (s, 3H), 1.0
(d, J = 7.2 Hz, 3H), 1.11-1.17 (m, 1H), 1.32-1.83 (m, 22H), 1.88-1.92
, 1H), 1.94-2.01 (m, 1H), 2.05-2.08 (m, 1H), 2.33-2.39 (m, 2H), 2.87
d,J =4.2, 12.0 Hz, 1H), 3.03 (dd, J = 4.5, 12.0 Hz, 3H), 3.54 (td, J =
.6, 9.6 Hz, 1H), 3.60-3.62 (m, 2H), 4.07-4.08 (m, 1H), 5.89 (t, J = 54.
Hz, 2H), 5.93 (d, J = 11.4 Hz, 1H), 6.21 (d, J = 12.0 Hz, 1H); 13C NMR
(150 MHz, CD30D) & 12.7, 19.6, 19.8, 23.6, 24.8, 24.8, 29.0, 30.2, 30.
9, 31.5, 37.6, 38.1, 38.8, 42.2, 45.1, 47.1, 50.4, 57.8, 58.2, 63.7, 69.1
, 71.6, 75.3 (sext, J = 20.1 Hz), 117.1 (t, J = 245.6 Hz), 117.4, 123.3,

134.3, 142.2; HRMS (ESI*) calcd for CopgH404F4Na [M+Na]* 557.3224,

found 557.3239.
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" SoH CHO
TMSCH,N,
Ref. 1 nBuLi
OH OTBS FLF
101 158 10%

1) Pd/C, Hy TPAP, NMO
2) p-TsOH<H,O 10
160 97% (2 steps)
CFH,
S
CFH (EtO),P(O)CH,CO5Et
NaH
THF
benzothiazolethiol 20
PPh3, DIAD
CHzclz
EtOOC
o 30
TBSO" OTBS
A-ring
1) LHMDS, THF OTBS
2) p-TsOH*H,0, MeOH, CH,Cl, HO™
MART-10-F, 27% (2 steps) MART-11-F, 30% (2 steps)
MART—10—F,KOMART—11—F , D5 40

oooooao
tert-Butyldimethyl({(1R,3aR,4S,7aR)-7a-methyl-1-[(2R)-pent-4-yn-2-yl]o
ctahydro-1H-inden-4-yl}loxy)silane (158)
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158: [a ] p27 +55.9 (¢ 5.46, CHCI3); IR (neat) 3315, 2192, 1468,
1252, 1166, 1089, 1023, 837, 775, 632 cm-1; 1H NMR (400 MHz,

CDCl3z) & -0.01 (s, 3H), 0.01 (s, 3H), 0.89 (s, 9H), 0.92 (s, 3H), 1.06 (

d, J =

6.6 Hz, 3H), 1.12-1.29 (m, 4H), 1.32-1.40 (m, 3H), 1.53-1.62 (m,

2H), 1.65-1.68 (m, 1H), 1.76-1.84 (m, 2H), 1.92-1.95 (m, 2H), 2.02 (dd

d, J =

2.4, 7.8, 17.4 Hz, 1H), 2.23 (dt, J = 3.0, 16.2 Hz, 1H), 3.99-4.01

(m, 1H); 13C NMR (150 MHz, CDCl3) & -5.2, -4.8, 13.9, 17.6, 18.0, 18.9
, 23.0, 25.5, 25.8, 27.2, 34.4, 34.8, 40.5, 42.1, 53.0, 55.6, 69.1, 69.4,

83.5;

HRMS (ESI) calcd for CooH3903Si[M+HCOO]  379.2674, found 379

.2675.
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(6R)-6-{(1R,3aR,4S,7aR)-4-[(tert-Butyldimethylsilyl)oxy]-7a-methyloctah
ydro-
ooad

1H-inden-1-yl}-1-fluoro-2-(fluoromethyl)hept-3-yn-2-0l (159)
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00D0159: [a] p27 +46.5 (¢ 4.73, CHCI3); IR (neat) 3408, 2253, 1464,
1371, 1255, 1162, 1085, 1035, 837, 775 cm"1; 1H NMR (600 MHz, CDCI
3) 6 -0.01 (s, 3H), 0.00 (s, 3H), 0.88 (s, 9H), 0.91 (s, 3H), 1.03 (d, J =
6.6 Hz, 3H), 1.09-1.13 (m, 2H), 1.19-1.26 (m, 2H), 1.32-1.39 (m, 3H), 1
.562-1.68 (m, 4H), 1.74-1.84 (m, 2H), 1.91-1.94 (m, 1H), 2.02 (dd, J = 8

.1, 16.5 Hz, 1H), 2.28 (dd, J = 3.2, 16.8 Hz, 1H), 2.51 (brs, 1H), 3.99-4
.00 (m, 1H), 4.40-4.51 (m, 4H); 13C NMR (150 MHz, CDCl3) & -5.2, -4.8,

13.8,

17.6, 18.0, 18.9, 23.0, 25.7, 25.8, 27.1, 34.3, 34.9, 40.5, 42.1, 5
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(97) JP 2023-61920 A 2023.5.2

3.0, 55.8, 68.9 (t, J = 20.9 Hz), 69.3, 76.6 (t, J = 5.8 Hz), 84.1 (dd, J =
2.9, 179.6 Hz), 88.1; HRMS (ESI") calcd for C24H4202F2SiCl [M+CI]™ 46
3.2616, found 463.2605.

oooooao
(1R,3aR,4S,7aR)-1-[(2R)-7-Fluoro-6-(fluoromethyl)-6-hydroxyheptan-2-y
I]-7a-methyloctahydro-1H-inden-4-0l (160)
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ad 0160: [a ] p27 +34.5 (c 1.64, CHCI3): IR (neat) 3419, 1460, 1375,
1271, 1162, 1019, 941, 914, 736 cm-1; 1H NMR (600 MHz, CDCl3) & O.
90 (d, J = 6.6 Hz, 3H), 0.92 (s, 3H), 1.01-1.09 (m, 2H), 1.14 (dt, J = 3.
6, 13.2 Hz, 1H), 1.22-1.57 (m, 13H), 1.77-1.86 (m, 3H), 1.98-2.00 (m,
1H), 2.26 (d, J = 7.2 Hz, 1H), 4.06-4.07 (m, 1H), 4.28-4.42 (m, 4H): 13C
NMR (150 MHz, CDClg) 6 13.5, 17.4, 18.4, 18.7, 22.5, 27.1, 33.0, 33.5,
35.1, 36.1, 40.3, 41.8, 52.5, 56.5, 69.4, 72.6 (t, J = 17.3 Hz), 83.5-84.
8 (m); HRMS (ESI") calcd for C18H3102F2 [M-H]  317.2298, found 317.2285.
oooooao
(1R,3aR,7aR)-1-{(2R)-7-Fluoro-6-(fluoromethyl)-6-[(trimethylsilyl)oxy]h
eptan-2-yl}-7a-methyloctahydro-4H-inden-4-one (162)
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162: [a ] p27 +2.71 (¢ 1.77, CHCI3); IR (neat) 1712, 1464, 1379,
1235, 1170, 1035, 744 cm-!; 1H NMR (400 MHz, CDCl3) & 0.60 (g, J =
7.8 Hz, 6H), 0.64 (s, 3H), 0.94 (t, J = 7.8 Hz, 9H), 0.95 (d, J = 6.0 Hz,
3H),
94 (m, 2H), 1.98-2.04 (m, 1H), 2.10-2.13 (m, 1H), 2.19-2.29 (m, 2H), 2.
7.8, 11.8 Hz, 1H), 4.22-4.35 (m, 4H); 13C NMR (150 MHz, C
DCl3) & 6.3, 6.9, 12.5, 18.6, 18.7, 19.0, 24.0, 27.5, 33.9, 35.4, 36.1,

39.0, 40.0, 49.9, 56.6, 62.0, 75.4 (t, J = 17.9 Hz), 83.3-84.7 (m), 212.
O0; HRMS (ESI") calcd for Co4H4402F2SiCl [M+Cl]- 465.2773, found 465.

oooooao
2-[(1R,3aS,7aR,E)-1-{(2R)-7-Fluoro-6-(fluoromethyl)-6-[(trimethylsilyl)o
xylheptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethan-1-0l (164)
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1.02-1.09 (m, 1H), 1.23-1.60 (m, 10H), 1.69-1.76 (m, 1H), 1.85-1.
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00D0164: [a] p27 +63.6 (¢ 1.00, CHCI3); IR (neat) 3327, 1460, 1383,
1235, 1170, 1089, 1035, 744 cm-1; 1H NMR (600 MHz, CDCIl3z) & 0.55 (
s, 3H), 0.60 (q, J = 8.4 Hz, 6H), 0.93-0.95 (m, 12H), 1.02-1.08 (m, 1H),
1.22-1.68 (m, 16H), 1.82-2.01 (m, 3H), 2.61-2.64 (m, 1H), 4.17-4.36 (m
, BH), 5.22 (t, J = 7.5 Hz, 1H); 13C NMR (150 MHz, CDCl3) & 6.3, 6.9, 1
1.8, 18.7, 18.7, 22.1, 23.5, 27.6, 28.7, 34.0, 36.0, 36.3, 40.3, 45.3, 55
.6, 56.5, 58.7, 75.4 (t, J = 17.9 Hz), 83.4-84.8 (m), 119.2, 143.7; HRMS
(ESI*) calcd for C2gH4802F2SiNa [M+Na]* 481.3284, found 481.3291.
gooooao
2-({2-[(1R,3aS,7aR,E)-1-{(2R)-7-Fluoro-6-(fluoromethyl)-7,7-6-[(trimeth
ylsilyl)oxy]heptan-2-yl}-7a-methyloctahydro-4H-inden-4-ylidene]ethyl}s
ulfonyl)benzo[d]thiazole (166)
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000166: [a ] p27 +43.3 (c 3.47, CHCI3); IR (neat) 1471, 1325, 1235,

1150, 1031, 760, 744, 728 cm-1: 'H NMR (600 MHz, CDCl3) & 0.26 (s,
3H), 0.59 (q, J = 7.8 Hz, 6H), 0.85 (d, J = 6.0 Hz, 3H), 0.91-1.03 (m, 1
OH), 1.16-1.56 (m, 14H), 1.78-1.90 (m, 3H), 2.54-2.56 (m, 1H), 4.18-4.
35 (m, 5H), 4.42 (dd, J = 9.0, 14.4 Hz, 1H), 5.01 (t, J = 8.1 Hz, 1H), 7.
57-7.64 (m, 2H), 7.99 (d, J = 7.8 Hz, 1H), 8.21 (d, J = 8.4 Hz, 1H); 13cC
NMR (150 MHz, CDCl3) & 6.3, 6.9, 11.5, 18.6, 22.0, 23.1, 27.4, 29.0, 3
3.9, 35.8, 36.1, 37.2, 39.9, 45.7, 53.9, 55.9, 56.3, 75.4 (t, J = 17.9 Hz
), 83.3-84.7 (m), 104.1, 122.2, 125.3, 127.5, 127.8, 136.9, 152.0, 152.
8, 165.9: HRMS (ESI*) calcd for C33Hs51NO3F2SiSaNa [M+Na]* 662.2940),
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found 662.2948.
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00
RT-10-F2: [a] p27 +31.1 (c 0.91, EtOH); IR (neat) 3361, 1371, 1212,
1019, 899, 732 cm-1; 1H NMR (600 MHz, CDCI3) & 0.53 (s, 3H), 0.93 (
d, J = 7.2 Hz, 3H), 1.03-1.10 (m, 1H), 1.23-2.00 (m, 24H), 2.12-2.16 (m
, 2H), 2.29 (brs, 1H), 2.43 (brs, 1H), 2.59 (dd, J = 4.5, 12.9 Hz, 1H), 2.
78-2.85 (m, 2H), 3.62-3.71 (m, 3H), 4.08 (brs, 1H), 4.29-4.42 (m, 4H),
5.81 (d, J = 10.8 Hz, 1H), 6.36 (d, J = 10.8 Hz, 1H); 13C NMR (150 MHz,
cCDCl3z) & 12.0, 18.7, 22.2, 23.4, 23.4, 27.6, 28.9, 29.9, 33.0, 35.5, 36.
0, 36.3, 40.4, 45.3, 45.8, 48.6, 56.3, 56.4, 62.7, 68.5, 71.4, 72.6 (t, J
= 17.9 Hz), 84.2 (d, J = 172.4 Hz), 84.3 (d, J = 172.4 Hz), 115.3, 123.8,
131.4, 143.0; HRMS (ESI*) calcd for Cpg9H4804F2Na [M+Na]* 521.3413,
found 521.3419.
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MART-11-F»: [a ] p27 +32.8 (¢ 1.04, EtOH); IR (neat) 3373, 1464, 1375,
1321, 1027, 926, 709 cm 1: 1H NMR (400 MHz, CDCl3) & 0.54 (s, 3H),

0.93 (d, J = 6.4 Hz, 3H), 1.04-1.11 (m, 1H), 1.23-2.21 (m, 27H), 1.98-2
.08 (m, 3H), 2.34-2.42 (m, 2H), 2.80 (dd, J = 4.2, 11.4 Hz, 1H), 2.33-2.
42 (m, 2H), 2.79 (dd, J = 3.4, 11.9 Hz, 1H), 3.08 (dd, J = 3.4, 11.9 Hz,

1H), 3.51-3.57 (m, 1H), 3.64-3.73 (m, 2H), 4.04 (brs, 1H), 4.27-4.45 (

m, 4H), 4.47-4.57 (m, 1H), 5.86 (d, J = 11.0 Hz, 1H), 6.24 (d, J = 11.0

Hz, 1H); 13C NMR (100 MHz, CDCl3) & 12.0, 18.7, 22.3, 23.5, 23.7, 27.
7, 29.0, 29.8, 33.0, 36.0, 36.3, 37.8, 40.4, 44.0, 45.8, 48.9, 56.3, 56.4
, 62.8, 68.3, 71.1, 72.7 (t, J = 17.6 Hz), 84.1 (dd, J = 3.8, 172.6 Hz), 8
4.2 (dd, J = 3.8, 172.6 Hz), 115.3, 123.4, 131.3, 142.9; HRMS (ESI*) ca
lcd for C29H4804F2Na [M+Na]* 521.3413, found 521.3420.
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Increase of ear thickness (mm)

Folds as compared to the control
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