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General methods

'H NMR and ">C NMR spectra were recorded either on a 400 MHz or a 500 MHz
spectrometer in CDCl;, DMSO-dg, acetone-ds or MeOH-d4 and referenced to residual
solvent peaks or to SiMey as an internal standard. Chemical shifts are quoted in ppm
(parts per million) with signal splittings recorded as singlet (s), doublet (d), triplet (t),
quartet (q), multiplet (m), apparent (app.) and broad singlet (br. s.). Coupling constants, .J,
are measured in Hz. 'H and ?C NMR spectra were recorded at room temperature unless
otherwise stated. Flash column chromatography (FCC) was performed using silica gel 60
(0.033-0.070mm, BDH). TLC analyses were performed on Merck Kiesegel 60 Fys4 0.25
mm precoated plates. Petrol refers to petroleum ether in the boiling range 40-60 °C.
Product spots were visualised under UV light (Ay.x = 254 nm) and/or by staining with
potassium permanganate or vanillin solutions. Reagents obtained from Acros, Aldrich,
Avocado, Fluka and Lancaster fine chemicals suppliers were used directly as supplied.
All anhydrous reactions were carried out in flame-dried glassware and under an inert
atmosphere of argon. All solvents were distilled and properly dried, when necessary,
prior to use.

General Procedure 1

(a) Preparation of LiDBB solution: A solution of 4,4’-di-tert-butylbiphenyl (DBB) (2.0
eq.) in tetrahydrofuran (THF) (0.2 M) was prepared in a flame-dried Schlenk flask at 0
°C. Lithium wire (20 eq.) was submerged in Petrol and was finely cut into the DBB
solution under a fast stream of argon. The resulting teal-blue colour of LiDBB solution
was stirred under an atmosphere of argon at 0 °C for 2 hours and was cooled to —78 °C.
(b) LiDBB mediated acyloin reaction: To a solution of methyl ester (1.0 eq.) in THF
(0.2 M) at —78 °C was added via cannula the LiDBB solution (2.0 eq.) under an
atmosphere of argon. After the addition, the reaction mixture was stirred further for 5
minutes at —78 °C and was quenched by dropwise addition of a saturated aqueous
solution of ammonium chloride (NH4Cl) (0.2 M). The solution was allowed to warm to
ambient temperature and was transferred via cannula into brine. The remaining Li was
quenched with slow addition of methanol (MeOH). The aqueous layer was extracted with
diethyl ether (Et,O) and the combined organic extracts were dried over MgSQOy, filtered
and concentrated in vacuo. The crude product was purified by FCC.

General Procedure 2

Formation of mono-ester: To a solution of 2-exo-3-bicyclo[2.2.1]heptan-diol 5 (1.5 eq.)
in dichloromethane (CH,Cl,) (0.2 M) at 0 °C was added via syringe pump (14 mL/hour)
a solution of the acyl chloride (1.0 eq.) in CH,Cl, (0.2 M) under an atmosphere of argon
at 0 °C. The reaction mixture was stirred overnight and was quenched with a saturated
aqueous solution of sodium bicarbonate (NaHCOs) (0.2 M). The aqueous layer was
extracted with CH,Cl, and the combined organic layers were washed with brine, dried
over MgSOy, filtered and concentrated in vacuo. The crude product was purified by FCC.
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General Procedure 3

Formation of di-ester To a solution of mono-ester (1.0 eq.), 4-Dimethylaminopyridine
(DMAP) (0.1 eq.) and pyridine (2.2 eq.) in CH,Cl, (0.18 M) was added a solution of acyl
chloride (2.0 eq.) under an atmosphere of argon at room temperature. The reaction
mixture was stirred overnight and was quenched with a saturated aqueous solution of
NaHCOs (0.2 M). The aqueous layer was extracted with CH,Cl, and the combined
organic layers were washed with brine, dried over MgSOs, filtered and concentrated in
vacuo. The crude product was purified by FCC.

General Procedure 4

(a) Preparation of LiDBB solution: A solution of DBB (2.0 eq.) in THF (0.1 M) was
prepared in a flame-dried Schlenk flask at 0 °C. Lithium wire (20 eq.) was submerged in
Petrol and was finely cut into the DBB solution under a fast stream of argon. The

resulting teal-blue colour of LiDBB solution was stirred under an atmosphere of argon at
0 °C for 2 hours and was cooled to —78 °C.

(b) LiDBB mediated crossed-acyloin reaction: To a stirring solution of the Li/DBB at
—78 °C was added via syringe pump (5 mL/hour) a solution of the di-ester (1.0 eq.) in
THF (0.2 M) under an atmosphere of argon. The teal-blue colour of the LiDBB solution
should remain under the addition of the di-ester. After the addition, the reaction mixture
was stirred for 20 minutes and was quenched by dropwise addition of a saturated aqueous
solution of NH4Cl (0.2 M). The reaction mixture was allowed to warm to ambient
temperature and was transferred via cannula into brine. The remaining Li was quenched
with slow addition of MeOH. The aqueous layer was extracted with Et,O and the
combined organic extracts were washed with brine, dried over MgSQ,, filtered and
concentrated in vacuo. The crude product was purified by FCC.
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(£)-5-hydroxy-1,8-diphenyloctan-4-one 2a

Methyl 4-phenylbutanoate (89 mg, 0.50 mmol) was subjected to General Procedure 1.
The crude product was purified by FCC (SiO;, 9:1, Petrol-EtOAc) to furnish the acyloin
2a as a colourless oil (53 mg, 71%). 'H NMR (400 MHz, CDCl3) 8y: 7.40-7.27 (4 H, m,
ArH), 7.25-7.03 (6 H, m, ArH), 4.18-4.14 (1 H, m, C(5)H), 3.51 (1 H, br. s., OH), 2.78-
2.54 (4 H, m, C(1)H, and C(8)H»), 2.51-2.32 (2 H, m, C(3)H»), 1.99-1.48 (6 H, m,
C(2)H,, C(6)H,, C(7)Hy); *C NMR (100 MHz, CDCl3) 8¢: 212.0, 141.7, 141.2, 128.5,
128.4 (2C), 128.3, 126.1, 1259, 76.2, 36.9, 354, 35.0, 33.0, 26.4, 24.9. The
spectroscopic properties of this compound were consistent with the data reported in the
literature.'

(¥)-2,3-dicyclohexyl-2-hydroxyethanone 2b

o o
OMe—— 7 3¢
OH

Methyl cyclohexanecarboxylate (71.0 mg, 0.50 mmol) was subjected to General
Procedure 1. The crude product was purified by FCC (SiO,, 95:5, Petrol/EtOAc) to
furnish the acyloin 2b as a colourless oil (44.0 mg, 79%). 'H NMR (400 MHz, CDCls)
Ou: 4.15 (1 H, dd, J= 5.4 Hz, 2.4 Hz, C(2)H), 3.42 (1 H, d, J= 5.6 Hz, OH), 2.55 (1 H, tt,
J =112 Hz and 3.4 Hz, C(4)H), 1.97-1.59 (10 H, m, 5 x CH»), 1.59-1.39 (1 H, m,
C(1)H), 1.39-1.01 (10 H, m, 5 x CH,); “C NMR (100 MHz, CDCl3) &8¢c: 215.3, 79.3,
46.2, 41.1, 30.4, 30.1, 27.2, 26.6, 26.0, 25.9, 25.8, 25.7, 25.4, 25.2. The spectroscopic
properties of this compound were consistent with the data reported in the literature."

(£)-1,2-di(1-adamantyl)-1-hydroxyethanone 2¢

(0] (0]
OMe 2~
OH

1-Adamantane methyl ester (71.0 mg, 0.50 mmol) was subjected to General Procedure 1.
The crude product was purified by FCC (SiO;, 95:1, Petrol-EtOAc) to furnish the acyloin
2¢ as a colourless oil (47.0 mg, 78%). "H NMR (400 MHz, CDCls) &: 4.06 (1 H, d, J =
10.5 Hz, C(1)H), 2.21 (1 H, d, J = 10.5 Hz, OH), 2.12-1.39 (30 H, m, 2 x CH and 14 x
CH,); “C NMR (100 MHz, CDCls) &¢: 218.8, 76.2, 46.9, 38.1, 37.9, 37.5, 37.0, 36.5,
28.2, 27.8. The spectroscopic properties of this compound were consistent with the data
reported in the literature."
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(£)-1-hydroxy-1,2-diphenylethanone 2d

o)
@om I I

Methyl benzoate (68.0 mg, 0.50 mmol) was subjected to General Procedure 1. The crude
product was purified by FCC (SiO,, 9:1, Petrol/Et,O) to furnish the acyloin 2d as a
colourless oil (37.0 mg, 70%). "H NMR (400 MHz, CDCl;) 8y: 7.93 (2H, d, J = 7.3 Hz,
ArH), 7.57-7.27 (8H, m, ArH), 5.97 (1H, s, C(1)H), 4.59 (1H, br. s., OH); *C NMR (100
MHz, CDCl3) 6¢: 198.9, 139.0, 133.9, 133.4, 129.2, 128.7, 128.2, 127.8, 77.4; M.P. 133-
135 °C.

The spectroscopic properties of this compound were consistent with commercial
material."

(£)-1-hydroxy-1,2-bis(2-methoxyphenyl)ethanone 2e
OMe O OMe O

OMe

Methyl 2-methoxybenzoate (83.1 mg, 0.50 mmol) was subjected to General Procedure 1.
The crude product was purified by FCC (SiO,, 4:1, Petrol/EtOAc) to furnish the acyloin
2e as a colourless oil (49.0 mg, 72%). '"H NMR (400 MHz, CDCl3) oy: 7.69 (1 H, d, J =
6.3 Hz, ArH), 7.37 (1 H, t, J= 7.8, ArH), 7.24-7.08 (2 H, m, ArH), 6.93 (1 H, t,J=7.6
Hz, ArH), 6.84 (1 H, t, J = 7.3 Hz, ArH). 6.77 (2 H, t, J = 8.5 Hz, ArH), 6.11 (1 H, s,
C(1)H), 4.48 (1 H, br. s., OH), 3.73 (6 H, s, 2 x OMe); *C NMR (100 MHz, CDCl3) 8¢:
201.6, 158.1, 157.2, 133.8, 130.6, 130.0, 129.6, 127.5, 125.2, 120.5, 111.2, 110.8, 75.9,
55.2,55.1; M.P. 101-103 °C.

The spectroscopic properties of this compound were consistent with the data reported in
the literature.”

(£)-4-hydroxy-1,6-dimethoxy-2,2,5-trimethylheptan-3-one 2f
o

0]
1
MeO%OMeg. MeO 2 N4 OMe
6

OH

Methyl 3-methoxy-2,2-dimethylpropanoate (73.0 mg, 0.50 mmol) was subjected to
General Procedure 1. The crude product was purified by FCC (SiO,, 9:1, Petrol-EtOAc)
to furnish the acyloion 2f as a colourless oil (43.5 mg, 75%). '"H NMR (400 MHz,
CDCls) ou: 4.28 (1 H, d, J="7.8 Hz, C(4)H), 4.03 (1 H, d, /= 7.8 Hz, OH), 3.74 (1 H, d,
J=8.8 Hz, C(1)H), 3.45 (1 H, d, J = 8.8 Hz, C(1)H), 3.39 (1 H, d, J = 8.8 Hz, C(6)H),
3.34 3 H, s, OMe), 3.33 (3 H, s, OMe), 3.11 (1 H, d, J = 8.6 Hz, C(6)H), 1.21 (3 H, s,
CHs), 1.19 (3 H, s, CHs), 1.10 (3 H, s, CHz), 0.89 (3 H, s, CH3); C NMR (100 MHz,
CDCls) oc: 214.9, 80.7, 79.67, 75.6, 59.2, 59.1, 49.0, 37.9, 23.2, 22.1, 21.7, 21.2; IR
(thin film)/cm™' 3455, 2964, 1712, 1478; HRMS (ESI") Calcd. for C1,H24sNaO4 [M+Na]":
255.1567. Found: 255.1567.
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(£)-1-hydroxycycloheptanone 4

(0]
(0] (0]
w on
MeO OMe___

Dimethyl heptanedioate 3 (94.0 mg, 0.50 mmol) was subjected to General Procedure 1.
The crude product was purified by FCC (SiO, 9:1, Petrol-Et,0) to furnish the acyloin 4
as a colourless oil (48.0 mg, 75%). '"H NMR (400 MHz, CDCl3) &y: 4.30 (1 H, d, J= 8.8
Hz, C(1)H), 3.82 (1 H, br. s., OH), 2.78-1.23(10 H, m, 5x CH,); *C NMR (100 MHz,
CDCl3) d¢: 213.8, 77.1, 40.1, 33.8, 29.6, 26.7, 23.5.

The spectroscopic properties of this compound were consistent with the data reported in
the literature.”

(1R,2S,3R,4S)-bicyclo[2.2.1]heptane-2,3-diol 5
1

Lb HO 6
— JN
3

HO” ~7°
To a solution of norbornene (5.00 g, 53.1 mmol) in tert-butanol (~-BuOH) (200 mL) and
water (50 mL) at 0°C was added dropwise a solution of potassium permanganate
(KMnOy) (12.0 g, 76.0 mmol) and sodium hydroxide (NaOH) (2.61 g, 65.3 mmol) in
water (250 mL). After the addition, the reaction mixture was stirred for 30 minutes and
was quenched with a saturated aqueous solution of Sodium metabisulphite (Na,S;05)
until the solution turned colourless. The mixture was filtered and the ~BuOH was
removed from the filtrate in vacuo. The solution was extracted with EtOAc (4 x 300 mL)
and the combined organic layers were dried over MgSQOy, filtered and concentrated in
vacuo. The crude product was purified by re-crystallisation procedure in hot toluene
(PhMe) to furnish the diol 5 (4.97 g, 73%) as a white crystalline solid. 'H NMR (400
MHz, CDCls): dy: 3.69 (2 H, d, J = 1.6 Hz, C(2)H and C(3)H), 2.69 (2 H, br. s.., OH),
2.14 (2 H, dt, J = 3.3 and 1.6 Hz, C(1)H and C(4)H), 1.79-1.74 (1 H, m, C(7)H), 1.50-
1.44 (2 H, m, C(5)H and C(6)H), 1.13-1.03 (3 H, m, C(5)H-C(7)H ). *C NMR (100
MHz, CDCls): dc: 74.9, 43.1, 31.6, 24.5; ML.P. 142 °C.
The spectroscopic properties of this compound were consistent with the data reported in
the literature.”

®)-(1°S,2°R,3°S,4’R)-2’-Hydroxybicyclo[2.2.1]heptan-1’-yl cyclohexanecarboxylate
6a

Diol 5 (10.0 g, 78.1 mmol) and cyclohexanecarbonyl chloride (6.87 mL, 51.5 mmol)
were subjected to general procedure 2. The crude product was purified by FCC (SiO,,
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95:5, Petrol-Et,0) to furnish the mono-ester 6a (11.2 g, 91%) as a colourless crystalline.
"H NMR (400 MHz, CDCls): 8y: 4.55 (1 H, dd, J=5.9 and 1.2 Hz, C(1")H), 3.85 (1 H,
dt, /= 6.0 and 0.8 Hz, C(2’)H), 2.36 (1 H, tt, /= 11.3 and 3.7 Hz, C(1)H), 2.21 (2 H,
appr. t, J = 4.0 Hz, C(3’)H and C(6°)H), 1.92 (2 H, dd, J = 13.4 Hz and 2.8 Hz, CH,),
1.84-1.71 (3 H, m, 2 x CH and C(7’)H), 1.69-1.62 (1 H, m, CH), 1.57-1.39 (4 H, m, 2 x
CH,), 1.35-1.21 (3 H, m, 3 x CH), 1.19-1.07 (3 H, m, C(4")H, C(5’)H and C(7")H); “C
NMR (100 MHz, CDCls): &¢c: 176.1, 77.8, 75.7, 43.3, 43.2, 40.8, 32.7, 29.2, 29.1, 25.7,
25.4 (2C), 24.4 (2 signals); HRMS (ESI") Calcd. for C14H»NaO; [M+Na]": 261.1467.
Found: 261.1461; IR (KBr disc)/cm ™' 3484, 2933, 2855, 1731, 1450, 1382, 1316, 1249,
1174, 1147, 1.189, 1048; M. P. 45 °C.

(1'S,2'R,3'S,4'S)-bicyclo[2.2.1]heptane-2',3'-diyl dicyclohexanecarboxylate 7a
O

To a solution of diol 5 (1.00 g, 7.81 mmol), pyridine (2.52 mL, 31.2 mmol) and DMAP
(190 mg, 1.5 mmol) in CH,Cl, (10 mL) was added a solution of cyclohexanecarbonyl
chloride (4.2 mL, 26.3 mmol) in CH,Cl, (15 mL). The reaction mixture was stirred
overnight at room temperature and was quenched with a saturated aqueous solution of
NaHCO; (10 mL). The aqueous layer was extracted with CH,Cl, (3 % 25 mL). The
combined organic layers were washed with 1M HCI (10 mL) and dried over MgSOs,
filtered and concentration in vacuo. The crude product was purified by FCC (Si0,, 99:1,
Petrol-Et,0) to furnish the di-ester 7a (2.29 g, 84%) as a colourless crystalline. "H NMR
(400 MHz, CDCls): &u: 4.68 (2 H, s, C(2°)H), 2.28-2.20 (4 H, m, C(3*)H, C(1)H), 1.91-
1.74 (8 H, m, 4 x CH»), 1.65-1.64 (2 H, m, CH), 1.54-1.51 (2 H, m, CH,), 1.46-1.37 (4 H,
m, 2 x CHy), 1.31-1.17 (10 H, m, 5 x CH,); “C NMR (100 MHz, CDCls): &¢: 175.1,
76.3, 43.2, 41.2, 33.5, 29.1, 28.9, 25.8, 25.5, 25.4, 24.3; HRMS (ESI") Calcd. for
C21H3NaO, [M+Na]™: 371.2193. Found: 371.2187; IR (KBr disc)/cm ™' 2929, 2856,
1741, 1451, 1381, 1313, 1251, 1163, 1131, 1043. M. P.87 °C.

(®)-(1’R,2°S,3’R,4°5)-3’-((4-phenylbutanoyl)oxy)bicyclo[2.2.1]heptan-2’-yl
cyclohexane carboxylate 7b

O O
SOESSPYIV 8o
HO O 2 1
3
e

Mono-ester 6a (1.00 g, 4.20 mmol) and 4-phenylbutanoyl chloride (1.15 g, 6.30 mmol)
were subjected to general procedure 3. The crude product was purified by FCC (SiO,,
95:5, Petrol-Et,0) to furnish the di-ester 7b (1.45 g, 90%) as a colourless oil. "H NMR

(400 MHz, CDCly): 8y: 7.31-7.27 (2 H, m, ArH), 7.22-7.17 (3 H, m, ArH), 4.73 (1 H, d, J
= 5.2 Hz, C(3")H), 4.69 (1 H, d, J = 5.9 Hz, C(2")H), 2.65 2 H, t, J = 7.6 Hz, C(4)HL),
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2.36-2.18 (5 H, m, C(2)H,, C(1)H, C(1’)H and C(4")H), 1.98-1.91 (2 H, m, C(3)H>),
1.87-1.82 (3 H, m, 3 x CH), 1.73-1.70 (2 H, m, CH,), 1.63-1.51 (3 H, m, 3 x CH), 1.43-
132 2 H, m, CH,), 1.29-1.16 (6 H, m, 3 x CH,); “C NMR (100 MHz, CDCl):
Sc: 175.0, 172.5, 141.4, 128.5 (2 C), 128.4 (2 C), 126.0, 76.6, 76.2, 43.2, 41.1 (2 C), 35.2,
33.5 ( 2 signals), 29.0 (2 signals), 26.5, 25.7, 25.4 (2C), 24.4, 24.3; HRMS (EST") Calcd.
for Cy4H3yNaO4 [M+Na]+: 407.2198. Found: 407.2193; IR (thin ﬁlm)/cmf1 3027, 2936,
2857, 1734, 1497, 1452, 1313, 1247, 1170, 1045.

H)-1’R,2°S,3’R,4°S)-3’-hydroxybicyclo[2.2.1]heptan-2°-yl pivalate 6¢
0]

Diol 5 (900 mg, 7.03 mmol) and Pivaloyl chloride (0.65 mL, 4.63 mmol) were subjected
to general procedure 2. The crude product was purified by FCC (SiO,, 95:5, Petrol-Et,0)
to furnish the mono-ester 6¢ (855 mg, 87%) as a colourless crystalline. 'H NMR (400
MHz, CDCls): éy: 4.51 (1 H, d, J=5.7 Hz, C(2’)H), 3.85 (1 H, d, J = 5.7 Hz, C(3’)H),
2.21 (2 H, br. s.., C(1")H and OH), 2.01 (1 H, br. s.., C(4’)H), 1.80 (1 H, d, /= 10.4 Hz,
C(7)H), 1.51-1.49 (2 H, m, C(5’)H and C(6’)H), 1.22 (9 H, s. 3 x C(2)H3), 1.17-1.09 (3
H, m, C(5°)H-C(7)H); “C NMR (100 MHz, CDCl3): 8¢: 178.4, 77.9, 75.8, 43.3, 40.8,
38.9, 32.7, 27.2 (3C), 24.5, 24.3; HRMS (ESI") Calcd. for C;;HyNaO; [M+Na]":
235.1310. Found: 235.1305; IR (KBr disc)/cm ' 3401, 2965, 2876, 1714, 1490, 1460,
1397, 1366, 1290, 1173, 1090, 1049; M. P. 40.3 °C.

H)-(1’S,2°R,3’S,4’R)-3’-(Pivaloyloxy)bicyclo[2.2.1]heptan-2°-yl S-phenylbutanoate
Tc
@)
@)

;2
)kﬁ s s S
© 0 "
HO _ = 4
& U
e
Mono-ester 6¢ (1.00 g, 4.71 mmol) and 4-phenylbutanoyl chloride (1.28 g, 7.07 mmol)
were subjected to general procedure 3. The crude product was purified by FCC (SiO,,
95:5, Petrol-Et,0) to furnish the di-ester 7¢ (1.33 g, 79%) as a colourless oil.
"H NMR (400 MHz, CDCl3): &: 7.29-7.26 (2 H, m, ArH), 7.20-7.16 (3 H, m, ArH), 4.72
(1 H,dd,J=4.4 and 1.3 Hz, C(2’)H), 4.67 (1 H, d, J= 4.8 and 1.3 Hz, C(3")H), 2.65 (2
H, t, J= 7.4 Hz, C(5)H), 2.36-2.23 (4 H, m, C(3)H), 2.00-1.90 (2 H, m, C(4)H), 1.85 (1
H, dt, /= 10.2 and 2.0 Hz, C(7°)H), 1.56-1.52 (2 H, m, C(4’)H and C(5”)H), 1.29-1.19 (3
H, m, C(4)H-C(7°)H), 1.15 (9 H, s, C(2)H3); ®C NMR (100 MHz, CDCl;): &¢: 177.3,
172.4, 141.3, 128.5 (2C), 128.4, 128.3, 126.0, 76.6, 76.4, 41.2 (2 signals), 38.6, 35.1,
33.5, 33.4,27.2 (3C), 26.4, 24.4, 24.2; HRMS (ESI") Calcd. for C2,H30NaO, [M+Na]':
381.2042. Found: 381.2037; IR (thin film)/cm ' 3063, 3027, 2970, 2877, 1739, 1497,
1479, 14.55, 1418, 1396, 1367, 1284, 1157, 1074, 1043, 1008.
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(*)-(1’R,2°S,3’R,4°S)-7-Hydroxybicyclo[2.2.1]heptan-2-yl benzoate 6d
0

o

HO .

Diol § (4.21 g, 32.9 mmol) and benzoyl chloride (3.07 g, 21.9mmol) were subjected to
General Procedure 2. The crude product was purified by FCC (SiO,, 9:1, Petrol-EtOAc)
to furnish the mono-ester 6d as a white solid (6.95 g, 91%). '"H NMR (400 MHz, CDCl;)
Ou: 8.02 (2 H, d, J= 7.8 Hz, ArH), 7.58-7.48 (1 H, m, C(6)H), 7.46-7.34 (2 H, m, ArH),
475 (1 H, d, J= 5.6 Hz, C(2’)H), 3.93 (1 H, d, J = 5.6 Hz, C(3")H), 2.51 (1 H, br. s.,
OH), 2.37 (1 H, s, C(1")H), 2.23 (1 H, s, C(4")H), 1.97 (1 H, d, J = 10.4 Hz, C(7’)H),
1.62-1.42 (2 H, m, C(5’)H and C(6")H), 1.24-1.08 (3 H, m, C(5°)H-C(7)H); “C NMR
(100 MHz, CDCl3) d¢: 166.7, 133.0, 130.0, 129.6, 128.4, 78.9, 75.8, 43.3, 40.8 , 33.0,
24.5 (2 signals); HRMS (ESI") Calcd. for C14H;NaO3; [M+Na]™: 255.0992. Found:
255.0988; IR (KBr disc)/cm ' 3489, 2963, 2876, 1717; M.P. 64 °C.

H)-(1°S,2°R,3’S,4’R)-3-((cyclohexanecarbonyl)oxy)bicyclo[2.2.1]heptan-2-yl

benzoate, 7d
0 0
(0 — Qe f, O
HO O\‘ T
\g O 4' J 6'
e

Mono-ester 6d (1.00 g, 4.20 mmol) and cyclohexanecarbonyl chloride were subjected to
General Proceedure 3. The crude product was purified by FCC (Si0,, 9:1, Petrol-Et,0) to
furnish the di-ester 7d as a white solid (1.29 g, 90%). "H NMR (400 MHz, CDCl3) &y:
8.04 (2H, d, J = 7.3 Hz, ArH), 7.56 (1H, t, J = 7.4 Hz, ArH), 7.43 2H, t, J = 7.7
Hz,ArH), 5.00 (1H, d, J= 5.9 Hz, C(3’)H), 4.84 (1H, d, /= 5.9, C(2’)H), 2.43 (1H, br s.,
C(4)H), 2.30 (1H, br. s.., C(1")H), 2.08 (1H, tt, J=11.2 and 3.6 Hz, C(1)H), 2.00 (1H, d,
J=10.2 Hz, C(7’)H), 1.74 (1H, dd, J = 12.8 and 1.5 Hz , CH), 1.66-1.45 (6H, m, 3 x
CH>), 1.34-0.95 (8H, m, 4 x CH,); *C NMR (100 MHz, CDCl3) 8¢: 174.9, 165.7, 132.9,
130.3, 129.6 (2C), 128.2 (20), 77.1, 76.2, 43.2, 41.3, 41.1, 33.7, 28.9, 28.7, 25.6, 25.3,
252, 24.4, 24.3; HRMS (ESI") Calcd. for C,;HyNaO, [M+Na]™: 365.1726. Found:
365.1729; IR (KBr disc)/cm ' 2933, 2835, 1727; M.P. 68 °C.
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(H)-(1’S,2°R,3°S5,4’ R)-3’-((cyclohexanecarbonyl)oxy)bicyclo[2.2.1]heptan-2’-yl
thiophene-o-carboxylate 7e

@) O 1
PO Qe L0
HO - » S 4
O
e

Mono-ester 6a (500 mg, 2.10 mmol) and thiophene-2-carbonyl chloride (0.45 mL, 4.20
mmol) were subjected to general procedure 3. The crude product was purified by FCC
(Si0,, 95:5, Petrol-Et,0) to furnish the di-ester 7e (600 mg, 82%) as a colourless oil. 'H
NMR (400 MHz, CDCls): oy: 7.80 (1 H, dd, J= 3.7 and 0.8 Hz, ArH), 7.56 (1 H, dd, J =
5.0 and 0.8 Hz, ArH), 7.10 (1 H, dd, J=4.7 and 4.0 Hz, ArH), 4.95 (1 H, dd, /= 5.9 and
1.2 Hz, C(2’)H), 4.81 (1 H, dd, J = 5.9 and 1.3 Hz, C(3’)H), 2.42 (1 H, br. s.., C(1’)H),
229 (1 H, br. s.., C(4)H), 2.13 (1 H, tt, J = 11.2 and 3.6 Hz, C(1)H), 1.97 (1 H, d, J =
10.2 Hz, C(7°)H), 1.81-1.78 (1 H, m, CH), 1.70-1.51 (6 H, m, 3 x CH;), 1.33-1.23 (5 H,
m, CH and 2 x CH,), 1.19-1.03 (3 H, m, C(5)H-C(7")H); ®C NMR (100 MHz, CDCls):
Oc: 175.0, 161.4, 133.8, 133.4, 132.3, 127.6, 77.4, 76.1, 43.2, 41.3, 41.1, 33.7, 28.9, 28.6,
25.7,25.4,25.3,24.4,24.2; HRMS (ESI") Calcd. for C;9H24;NaO,4S [M+Na]": 371.1293.

Found: 371.1289; IR (thin film)/cm™' 2933, 2855, 1732, 1587, 1488, 1452, 1279, 1168,
1104, 1077, 1047.

(®)-(1’S,2°R,3’°S5,4’ R)-3’-((cyclohexanecarbonyl)oxy)bicyclo[2.2.1]heptan-2°-yl furan-
o-carboxylate 7f

O 9 1
SONIRIR 0 e
HO G O 4
O
e

Mono-ester 6a (916 mg, 3.85 mmol) and furan-2-carbonyl chloride (0.75 mL, 7.69
mmol) were subjected to general procedure 3. The crude product was purified by FCC
(Si0,, 95:5, Petrol-Et,0) to furnish the di-ester 7f (1.04 g, 81%) as a white solid. 'H
NMR (400 MHz, CDCls): dy: 7.56 (1 H, d, J= 0.6 Hz, ArH), 7.15 (1 H, d, J = 3.4 Hz,
ArH), 6.50-6.49 (1 H, m, ArH), 495 (1 H, d, J=5.8 Hz, C(2’)H), 4.79 (1 H,d, J=5.9
Hz, C(1°)H), 2.40 (1 H, br. s.., C(3")H), 2.27 (1 H, br. s., C(6’)H), 2.13 (1 H, tt, J=11.2
and 3.6 Hz, C(1)H), 1.95 (1 H, d, J=10.2 Hz, C(7)H), 1.78 (1 H, d, J =13.9 Hz, CH),
1.70 (1 H, d, /= 13.2 Hz, CH)), 1.63-1.52 (5 H, m, CH and 2 x CH,), 1.31-1.23 (5 H, m,
CH and 2 x CH,), 1.20-1.04 (3 H, m, C(5))H-C(7°)H); *C NMR (100 MHz, CDCl;):
Oc: 174.9, 158.0, 146.1, 144.8, 117.8, 111.7, 77.3, 76.1, 43.2, 41.2, 41.0, 33.7, 28.8, 28.7,
25.7, 25.4, 24.3 (3 signals); HRMS (ESI") Calcd. for CjoH,4NaOs [M+Na]": 355.1521.

Found: 355.1513; IR (KBr disc)/cmf1 3123, 2936, 2854, 1726, 1573, 1474, 1452, 1400,
1308, 1183, 1123, 1066, 1044, 1016; ML.P. 66 °C.
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(£)-(1'S,2'R,3'S.,4'R)-3’-((cyclohexanecarbonyl)oxy)bicyclo[2.2.1]heptan-2'-yl m-
methoxy benzoate 7g

o O
1
: 2
o <

Mono-ester 6a (500 mg, 2.10 mmol) and 3-methoxybenzoyl chloride (0.58 mL, 4.20
mmol) were subjected to general procedure 3. The crude product was purified by FCC
(Si0,, 95:5 Petrol-Et,0) to furnish the di-ester 7g (727 mg, 93%) as a colourless oil. 'H
NMR (400 MHz, CDCls): dy: 7.63 (1 H, d, J= 7.6 Hz, ArH), 7.55 (1 H, d, J = 2.2 Hz,
ArH), 7.34 (1 H, t, J=7.9 Hz, ArH), 7.10 (1 H, dd, J = 8.1 and 2.2 Hz, ArH), 4.99 (1 H,
dd, J=5.9 and 0.7 Hz, C(2’)H), 4.83 (1 H, dd, /= 5.9 and 0.9 Hz, C(1’)H), 3.85 3 H, s,
OMe), 2.43 (1 H, br. s.., C(3’)H ), 2.30 (1 H, br. s..,, C(6")H), 2.10 (1 H, tt, /= 11.2 and
3.6 Hz, C(1)H), 2.00 (1 H, d, J = 10.2 Hz, C(7")H), 1.80-1.72 (1 H, m, CH), 1.68-1.48
(6 H, m, 3 x CH), 1.33-1.19 (5§ H, m, CH and 2 x CH,), 1.18-0.98 (3 H, m, C(5”)H-
C(7)H); PC_NMR (100 MHz, CDCly): 8¢c: 174.9, 165.6, 159.5, 131.7, 129.2, 122.0,
119.1, 114.3, 77.3, 76.2, 55.4, 43.2, 41.3, 41.1, 33.7, 28.9, 28.7, 25.6, 25.4, 25.2, 24.4,
24.3; HRMS (ESI") Calcd. for C5,HysNaOs [M+Na]": 395.1834. Found: 395.1829; IR
(thin film)/cm ' 2934, 2856, 1734, 1587, 1488, 1453, 1364, 1279, 1104, 1076, 1047,

(I’R,2°S,3’R,4°S)-3’-hydroxybicyclo[2.2.1]heptan-2’-yl cyclopropanecarboxylate 6h
O

Diol § (1.00 g, 7.81 mmol) and Cyclopropanecarbonyl chloride (0.47 mL, 5.15 mmol)
were subjected to general procedure 2. The crude product was purified by FCC (SlOz,
95:5, Petrol-Et,0) to furnish the mono-ester 6h (909 mg, 90%) as a colourless oil. !
NMR (400 MHz, CDCl5): oy: 4.56 (1 H, d, J= 5.8 Hz, C(2*)H), 3.85 (1 H, d, J=5. 8Hz
C(3’)H), 2.26 (1 H, br. s.., C(3")H), 2.22 (1 H, br. s.., C(1’)H), 2.04 (1 H, br. s.., OH),
1.84 (1 H,d, J=10.4 Hz, C(7’)H), 1.66 (1 H, tt, J = 12.5 and 4.6 Hz, C(1)H), 1.57-1.45
(2 H, m, C(5)H and C(6’)H), 1.20-1.08 (3 H, m, C(5”)H-C(7°)H), 1.04-0.96 (2 H, m,
CH,), 0.92-0.87 (2 H, m, CH,); *C NMR (100 MHz, CDCls): 8¢: 175.0, 78.3, 75.7, 43.2,
40.8, 32.8, 24.4 (2 signals), 12.9, 8.9, 8.7; HRMS (ESI") Calcd. for C;;HsNaO;
[M+Na]™: 219.0997. Found: 219.0992; IR (thin film)/cm ' 3484, 2933, 2854, 1695,
1451, 1382, 1316, 1249, 1174, 1147, 1089, 1048.
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(1’S,2°R,3’S,4’R)-3’-((cyclopropanecarbonyl)oxy)bicyclo[2.2.1]heptan-2°-yl benzoate
7h
0

e iy
\” %GT);‘:

Mono-ester 6h (610 mg, 3.31 mmol) and benzoyl chloride (0.77 mL, 6.62 mmol) were
subjected to general procedure 3. The crude product was purified by FCC (SiO,, 95:5,
Petrol-Et,0) to furnish the di-ester 7h (794 mg, 80%) as a white solid oil. "H NMR (400
MHz, CDCly): dy: 8.04 (2 H, d, J= 7.3 Hz, ArH), 7.54 (1 H, t, J= 7.6 Hz, ArH), 7.45-
7.39 (2 H,t,J="7.8 Hz, ArH), 4.99 (1 H, d, J= 6.1 Hz, C(2’)H), 4.81 (1 H, d, /= 5.8 Hz,
C(3")H), 2.41 (1 H, br. s.., C(1")H), 2.34 (1 H, br. s.., C(4")H), 2.01 (1 H, d, J=10.1 Hz,
C(7)H), 1.52-1.64 (2 H, m, C(5’)H and C(6’)H), 1.46 (1 H, tt, J=7.6 and 5.3 Hz, C(1)H),
1.33-1.22 (3 H, m, C(5”)H-C(7°)H), 0.90-0.82 (1 H, m, CH), 0.75-0.57 (3 H, m, CH and
CH,); “C NMR (100 MHz, CDCls): §¢: 174.0, 165.6, 132.9, 130.3, 129.6 (2 signals),
128.2 (2C), 76.8 (2 signals), 41.2, 41.0, 33.7, 24.4, 24.2, 12.7, 8.6, 8.2; HRMS (ESI")
Calced. for CigHyoNaO4 [M+Na]+: 323.1259. Found: 323.1254; IR (KBr disc)/cmf1 2970,
2878, 1726, 1603, 1585, 1452, 1396, 1356, 1317, 1274, 1176, 1115, 1071, 1024. M. P.
58 °C.

(I’R,2°S,3’R,4°S)-3’- (pent-4 enoyloxy)bicyclo[2.2.1]heptan- 2-yl benzoate 7i

Mono-ester 6d (200 mg, 0.86 mmol) and pent-4-enoyl chlorlde (0.19 mL, 1.72 mmol)
were subjected to general procedure 3. The crude product was purified by FCC (SiO,,
95:5, Petrol-Et,0) to furnish the di-ester 7i (248 mg, 92%) as a colourless oil. "H NMR
(400 MHz, CDCls): 6y: 8.02 (2 H, dd, J= 7.0 and 1.4 Hz, ArH), 7.56 (1 H, tt,J = 7.5 and
1.4 Hz, ArH), 7.44 (2 H, t,J=7.8 Hz, ArH), 5.70-5.59 (1 H, m, C(2)H), 5.1 (1 H, dd, J =
4.7 and 1.2 Hz, C(1)H), 4.92-4.86 (3 H, m, C(1)H, C('2’)H and C(3*)H), 2.43 (1 H, br. s..,
C(1")H), 2.32 (1 H, br. s.., C(4*)H), 2.32-2.12 (4 H, m, C(3)H,, C(4)H,), 2.01 (1 H, dt, J
= 10.3 and 2.0 Hz, C(7°)H), 1.66-1.56 (2 H, m, C(5’)H and C(6’)H ), 1.34-1.26 (3 H, m,
C(5)H-C(7’)H); *C NMR (100 MHz, CDCl;): 8¢c: 172.0, 165.6, 136.6, 132.9, 130.3,
129.5(2C), 128.3 (2C), 115.3, 77.0, 76.6, 41.2, 41.1, 33.7, 33.4, 28.6, 24.4, 24.2; HRMS
(ESI+) Calcd. for Ci9H»yNaOy4 [M+Na]+: 337.1416. Found: 337.1409; IR (thin ﬁlm)/cmf1
3073, 2971, 2878, 1722, 1642, 1602, 1585, 1491, 1451, 1350, 1275, 1176, 1115, 1071,
1029, 1000.
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(R)-4-(BR,5R,8R,95,10S5,12R,13R,145)-3-hydroxy-10,12-dimethylhexadecahydro-
1H-cyclopentaa]phenanthren-13-yl)pentanoic acid (lithocholic acid)
0

OH

HOY

'H NMR (400 MHz, CD;OD): 8: 3.55 (1 H, tt, /= 11.1 and 4.5 Hz), 3.32 2 H, dt, J =
3.2and 1.6 Hz), 2.34 (1 H, tt, J= 10.0 and 5.3 Hz), 2.21 (1 H, tt, J= 9.2 and 6.9 Hz),
2.03 (1 H, dt, J=12.0 and 3.0 Hz), 1.97-1.73 (5 H, m), 1.67-1.60 (2 H, m), 1.53-0.99 (18
H, m), 0.98-0.94 (6 H, m), 0.71 (3 H, s); *C NMR (100 MHz, CD:0D): ¢: 177.2, 71.5,
56.9, 56.5,42.9, 42.6,40.9, 40.6, 36.3, 36.2, 35.7, 35.5, 34.7, 31.3, 31.0, 30.2, 28.2, 27.4,
26.7,24.3,23.0,21.0, 17.8, 11.5.

(R)-4-((3R,5R,8R,95,108,12R,13R,14S5)-3-((4-methoxybenzyl)oxy)-10,12-dimethyl
hexadecahydro-1H-cyclopenta[a]phenanthren-13-yl)pentanoic acid S1

/@/\OW
MeO

To a slurry of NaH (425 mg, 10.66 mmol, 60% dispersion in mineral oil) and BusNI (432
mg, 1.17 mmol) in THF (50 mL) under an atmosphere of argon at 0 °C was added to a
solution of Lithocholic acid (2.04 g, 5.33 mmol) in THF (10 mL) and a solution of
PMBCI (1.58 mL, 11.69 mmol) in THF (5.0 mL). The reaction mixture was heated at
reflux for 16 h, cooled to room temperature, quenched with saturated aqueous solution of
NH4CI (20 mL) and distilled water. The aqueous layer was extracted with EtOAc (3 x 50
mL) and the combined organic extracts were dried over MgSOy, filtered and concentrated
in vacuo. The crude product was used in the next step without prior purification.

To a solution of the crude PMB ester in THF/MeOH/H,O (2:1:1, 20 mL) was added
NaOH (698 mg, 17.4 mmol). The reaction mixture was heated at reflux for 4 h. and the
solvent was removed in vacuo. The residue was acidified with 10% aqueous solution of
HCI to pH 3 and extracted with EtOAc (3 x 50 mL). The combined organic extracts were
dried over MgSQy, filtered and concentrated in vacuo. The crude product was purified by
FCC (Si0,, 8:2, Petrol-Et,0) to furnish the carboxylic acid S1 (1.78 g, 66%) as a white
solid. "H NMR (400 MHz, CDCls): 8y: 7.28 (2 H, d, J= 8.2 Hz, ArH), 6.88 (2 H, d, J =
8.5 Hz, ArH), 4.50 (2 H, s, CH>), 3.81 (3 H, s, OMe), 3.42-3.31 (1 H, m, CH), 2.45-2.35
(1 H, m, CH), 2.26 (1 H, ddd, J=15.8, 9.5 and 6.5 Hz, CH), 1.95 (1 H, app. d, J = 12.0
Hz, CH), 1.91-1.75 (6 H, m, 3 x CH»), 1.67-1.54 (2 H, m, CH,), 1.49-1.01 (16 H, m, 8 x
CH,), 0.97-0.87 (8 H, m, CH,, 2 x CHs), 0.65 (3 H, s, CH3); ®C NMR (100 MHz,
CDCls): dc: 180.0, 159.0, 131.2, 129.2 (2C), 113.8 (2C), 78.3, 69.5, 56.4, 55.9, 55.3,
42.7,42.1,40.3, 40.2, 35.8, 35.3, 34.9, 33.2, 31.0, 30.8, 28.2, 27.3, 27.2, 26.4, 24.2, 23 4,
21.4, 20.8, 18.2, 12.0; HRMS (ESI") Calcd. for C3H4NaO4 [M+ Na]': 519.3450.
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Found: 519.3445; IR (KBr disc)/cmf1 2936, 2864, 1708, 1613, 1587, 1514, 1451, 1361,
1302, 1247, 1173, 1091, 1038; M.P 139 °C.

(R)-(1’R,2°S,3’R,4°S)-3’-hydroxybicyclo[2.2.1]heptan-2°-yl 4-((3R,5R,8S,95,10R,

12R, 13R,14S5)-3-((4-methoxybenzyl)oxy)-5,10,12-trimethylhexadecahydro-1H-
cyclopenta [a]phenanthren-13-yl)pentanoate 6j

HO

HO

Carboxylic acidS1 (500 mg, 1.01 mmol) and (1R,2S,3R,45)-Bicyclo[2.2.1]heptane-2,3-
diol 5 (186 mg, 1.46 mmol) were subjected to general procedure 2. The crude product
was purified by FCC (SiO,, 95:5, Petrol-Et,0) to furnish the mono-ester 6j (545 mg,
89%) as a colourless oil. '"H NMR (400 MHz, CDCl3): é4: 7.27 (2 H, d, J = 8.6 Hz,
ArH), 6.87 (2 H, d, J = 8.5 Hz, ArH), 4.56 (1 H, d, J = 6.0 Hz, C(2’)H), 4.49 (2 H, s,
CH,), 3.85 (1 H, d, J = 6.0 Hz, C(3’)H), 3.80 (3 H, s, OMe), 3.40-3.31 (1 H, m, CH),
2.45-2.36 (1 H, m, CH), 2.31-2.19 (3 H, m, 3 x CH), 1.95 (1 H, d, J = 12.1 Hz, CH),
1.90-1.74 (7 H, m, CH and 3 x CH,), 1.66-0.98 (25 H, m, CH and 12 x CH»), 0.97-0.87
(6H, m, 2 x CHj3), 0.64 (3H, s, CHs); 3C NMR (100 MHz, CDCl;): &¢: 174.3 (2 signals),
159.0, 131.3, 129.1 (2C), 113.8 (2C), 78.3, 78.2, 75.7, 69.5, 56.4, 55.9, 55.3, 43.3, 42.7,
42.1,40.8, 40.3, 40.2, 35.8, 35.4, 35.3, 34.9, 33.2, 32.7, 31.2, 31.0, 31.0, 28.2, 27.3, 27.2,
26.4, 24.5, 24.4, 24.2, 23.4, 20.8, 18.3, 12.0, (two diastereoisomers). HRMS (ESI")
Calcd. for C3z9HsgNaOs [M+Na]+: 629.4182. Found: 629.4176; IR (thin ﬁlm)/cmf1 film
3384, 2958, 2830, 1733, 1613, 1587, 1451, 1381, 1248, 1173.

(I’R,2°S,3’R,4°S)-3’-(((R)-4-((3R,5R,8R,95,105,13R,145,17R)-3-((4-methoxy benzyl)
0xy)-10,13-dimethylhexadecahydro-1H-cyclopentala]phenanthren-17-yl)pentanoyl)
oxy)bicyclo[2.2.1]heptan-2-yl thiophene-o-carboxylate 7

//’, O

Mono-ester 6j (120 mg, 0.20 mmol) and thiophene-2-carbonyl chloride (0.03 mL, 0.40
mmol) were subjected to general procedure 3. The crude product was purified by FCC
(Si0,, 95:5, Petrol-Et,0) to furnish the di-ester 7j (140 mg, 98%) as a colourless oil. '"H
NMR (400 MHz, CDCly): &y: 7.79 (1 H, d, J = 2.8 Hz, ArH), 7.55 (1 H, d, J = 4.3 Hz,
ArH), 7.27 (2 H, d, J= 8.2 Hz, ArH), 7.10 (1 H, t, J=4.0 Hz, ArH), 6.87 (2 H, d, J=38.2
Hz, ArH), 4.95 (1 H,d, J=5.4 Hz, C(2’)H), 4.81 (1 H,d, /= 5.7 Hz, C(1’)H), 4.49 (2 H,
s, C4)H), 3.79 (3 H, s, OMe), 3.36 (1 H, br. t., J = 10.4 Hz, CH), 2.41 (1 H, br. s..,
C(1")H), 2.31 (1 H, br. s.., C(6’)H), 2.27-2.17 (1 H, m, CH), 2.15-2.04 (1 H, m, CH), 1.98
(1 H,d,J=10.1 Hz, C(7°)H), 1.92-1.74 (5 H, m, CH and CH>), 1.66-0.90 (26 H, m, 13 x
CH,), 0.90 (3 H, s, CHs), 0.77 (3 H, t, J = 7.2 Hz, CHs), 0.58 (3 H, s, CH3); ®C NMR
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(100 MHz, CDCls): oc: 173.3, 173.2, 161.3, 159.0, 133.7, 133.4, 132.2, 131.2, 129.2,
127.7, 113.8, 78.3, 77.2, 77.1, 76.4 (2 signals), 69.6, 69.5, 56.5, 55.8, 55.7, 55.3, 42.7,
42.1,41.1,40.3, 40.2, 40.1, 35.8, 35.4, 35.2, 34.9, 33.7, 33.3, 31.1 (2 signals), 30.8, 30.7,
28.1 (2 signals), 27.3,27.2,26.4, 24.5, 24.2, 23.4, 20.8, 18.2, 12.0, (49 Signals, due to the
presents of two inseparable diastereoisomers), HRMS (ESI+) Calcd. for C44HgoNaOgS
[M+Na]": 739.4008. Found: 739.4003; IR (thin ﬁlm)/cmf1 2934, 2865, 1716, 1612,
1513, 1451, 1361, 1248, 1172, 1080, 1037.

(¥)-2,3-dicyclohexyl-2-hydroxyethanone 2b

Oy O

Di-ester 7a (100 mg, 0.29 mmol) in THF (2.5 mL) and LiDBB solution (5.0 mL, 0.56
mmol) were subjected to general procedure 4. The crude product was purified by F CC
(Si0,, 95:5, Petrol-Et,0) to furnish capronoin 2b (52 mg, 80%) as a colourless oil. 'H
NMR (400 MHz, CDCls) doy: 4.15 (1 H, dd, J=5.4 Hz, 2.4 Hz, C(2)H), 3.42 (1 H, d, J =
5.6 Hz, OH), 2.55 (1 H, tt, J = 11.2 Hz and 3.4 Hz, C(4)H), 1.97-1.59 (10 H, m, 5 x
CH>), 1.59-1.39 (1 H, m, C(1)H), 1.39-1.01 (10 H, m, 5 x CH,); C NMR (100 MHz,
CDCls) oc: 215.3, 79.3, 46.2, 41.1, 30.4, 30.1, 27.2, 26.6, 26.0, 25.9, 25.8, 25.7, 25.4,
25.2. The spectroscopic properties of this compound were consistent with the data
reported in the literature.™

(£)-6'-cyclohexyl-4'-hydroxy-1'-phenylpentan-5'-one 8b & (%)-6-cyclohexyl-5-
hydroxy-1-phenylpentan-4-one 9b
O

O OH
O)b 1 3 1 3 5
0 &8 4 6

- = 2 2

Di-ester 7b (400 mg, 0.27 mmol) in THF (10 mL) and LiDBB solution (11 mL, 0.54
mmol) were subjected to general procedure 4. The crude product was purified by FCC
(S10,, 98:2, Petrol-EtOAc) to furnish an inseparable mixture of the acyloin regioisomers
8b and 9b (1:1) (250 mg, 92%) as a colourless oil. '"H NMR (500 MHz, CDCls):
Ou: 7.27-7.19 (2H, m, ArH), 7.15-7.10 (3H, m, ArH), 4.23 (0.5H, dd, J= 7.5 and 3.3 Hz,
C4)H), 3.93 (0.5H, d, J = 1.4 Hz, C(5)H), 3.44 (0.5H, br. s.., OH), 3.32 (0.5H, br. s..,
OH), 2.68- 2.51 (2H, m, C(1)H and C(1°)H), 2.46-2.32 (1H, m, C(6)H and C(6’)H), 1.90
(1H, quin, J = 7.5 Hz, C(2)H), 1.82-1.54 (6H, m, 3 x CH»), 1.50-1.34 (2H, m, CH>),
1.27-1.00 (5H, m, CH and 2 x CH,). “C NMR (125 MHz, CDCl3): §¢: 215.6, 212.5,
142.2, 141.7, 128.9 (2 signals), 128.8, 126.5, 126.3, 81.2, 75.2, 46.4, 41.8, 37.7, 35.9,
35.5, 33.4, 30.6, 30.3, 27.8, 27.1, 27.0, 26.4, 26.3, 26.1, 25.6, 25.4, (Mixture of two
regioisomers); HRMS (ESI") Caled. for Cj7H4NaO, [M+Na]™: 283.1674. Found:
283.1669; IR (thin film)/cm ' 3420, 3028, 2937, 2857, 1706, 1497, 1452, 1255, 1030.
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()-4-hydroxy-6,6-dimethyl-1-phenylheptan-5-one 8¢ & (*)-5'-hydroxy-6',6'-
dimethyl-1'-phenylheptan-4'-one 9¢
O

8c
Di-ester 7¢ (100 mg, 0.28 mmol) in THF (2.5 mL) and LiDBB solution (5.0 mL, 0.56
mmol) were subjected to general procedure 4. The crude product was purified by FCC
(Si0,, 95:5, Petrol-Et,O) to furnish an inseparable mixture of the crossed-acyloin
regioisomers 8¢ and 9¢ (6:4) (63.4 mg, 97%) as a colourless oil. 'H NMR (400 MHz,
CDCl3): ou: 7.34-7.26 (2 H, m, ArH), 7.24-7.15 (3 H, m, ArH), 4.52 (0.4 H, d, J= 6.9
Hz, C(4)H), 3.84 (0.6 H, s C(5’)H), 3.20 (1 H, br. s.., OH), 2.75-2.44 (4 H, m, C(1)H,
C(1")H, C(3’)H and C(3)H ), 2.05-1.91 (1 H, m, C(2)H), 1.86- 1.72 (1 H, m, C(2*)H),
1.17 (3.6 H, s, 3 x C(7)Hs), 0.96 (5.4 H, s, 3 x C(7°)H3); *C NMR (100 MHz, CDCl5):
Oc: 217.9, 213.3, 141.8, 141.3, 128.4 (3 Signals), 128.3, 126.1, 125.9, 83.9, 72.3, 41.3,
35.6, 35.4, 35.0, 34.2, 26.8, 26.7, 26.3 (3C), 25.3; HRMS (ESI") Calcd. for C;5sH»NaO,
[M+Na]": 257.1517. Found: 257.1512; IR (thin film)/cm ' 3475, 3063, 3027, 2956, 1703,
1604, 1497, 1479, 1454, 1397, 1367, 1260, 1052, 1017.

(¥)-2-cyclohexyl-1-hydroxy-1-phenylethanone 8d

@)
OH
Do LO—
: O
@)

o
Di-ester 7d (100 mg, 0.28 mmol) in THF (2.5 mL) and LiDBB solution (5.0 mL, 0.56
mmol) were subjected to general procedure 4. The crude product was purified by FCC
(Si0,, 95:5, Petrol-Et,0) to furnish the crossed-acyloin 8d as a white solid (63.2 mg,
77%). 'TH NMR (400 MHz, CDCls) 8y: 7.46-7.23 (5H, m, ArH), 5.20 (1H, d, J = 3.8 Hz,
C(1)H), 4.41 (1H, d, J = 4.3 Hz, OH), 2.44 (1H, tt, J = 11.3 and 3.3 Hz, C(3)H), 1.98-
1.51 (4H, m, 2 x CH,), 1.45-0.93 (6H, m, 3 x CH,); “C NMR (100 MHz, CDCl;) 8c:
212.4,137.9, 128.9 (2C), 128.7, 127.6 (2C), 78.3, 46.0, 29.6, 27.9, 25.6, 25.5, 25.0; M.P.

66 °C. The spectroscopic properties of this compound were consistent with the data
P pIC_prop p
reported in the literature.”™

(3)-3-cyclohexyl-1-hydroxy-2-(thiophen-o-yl)ethanone 8e
o
a OJKO
S © -
o
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Di-ester 7e (100 mg, 0.29 mmol) in THF (2.5 mL) and LiDBB solution (5.0 mL, 0.58
mmol) were subjected to general procedure 4. The crude product was purified by FCC
(S10,, 95:5, Petrol-Et,0) to furnish the crossed-acyloin 8e (48.2 mg, 75%) as a colourless
oil. '"H NMR (400 MHz, CDCls): 8y: 7.32 (1 H, d, J= 5.1 Hz, ArH), 7.08 (1 H, d, J=3.4
Hz, ArH), 7.01 (1 H, dd, J = 4.6 and 4.0 Hz, ArH), 5.47 (1 H, s, C(1)H), 4.37 (1 H, br. s..,
OH), 2.57 (1 H, tt, J=11.1 and 3.8 Hz, C(3)H), 1.88 (1 H, d, /= 13.0 Hz, CH), 1.78 (1
H, dd, J=10.6 and 2.1 Hz, CH), 1.73-1.60 (2 H, m, CH»), 1.42-1.10 (6 H, m, 3 x CHb);
BC NMR (100 MHz, CDCls): 8¢: 211.0, 141.0, 127.2, 126.6, 126.4, 73.3, 45.8, 29.6,
27.9, 25.7, 25.5, 25.0; HRMS (ESI") Calcd. for Cj,HsNaO,S [M+Na]": 247.0769.
Found: 247.0764; IR (thin film)/cm ™' 3458, 3063, 3030, 2933, 2855, 1707, 1493, 1450,
1369, 1316, 1245, 1192, 1147, 1116, 1055.

(3)-3-cyclohexyl-1-(furan-o-yl)-1-hydroxyethanone 8f

0]
OH
Lo Ok@—»@ﬁ\(@
g
0]

Di-ester 7f (300 mg, 0.90 mmol) in THF (5.0 mL) and LiDBB solution (5.0 mL, 1.81
mmol) were subjected to general procedure 4. The crude product was purified by FCC
(Si0,, 95:5, Petrol-Et,0) to furnish the acyloin 8f (132 mg, 70%) as a colourless oil. '"H
NMR (400 MHz, C¢Dg): ou: 7.07 (1H, d, J = 0.7 Hz, ArH), 6.21 (1H, d, J = 3.1 Hz,
ArH), 6.08 (1H, dd, J=3.1 and 1.7 Hz, ArH), 5.20 (1H, s, C(1)H), 4.43 (1H, br. s.., OH),
245 (IH, tt,J=11.1 and 3.5 Hz, C(3)H), 1.65-1.40 (6H, m, 2 x CH and 2 x CH,), 1.26
(1H, qd, J = 12.1 and 3.4 Hz, CH), 1.07-0.90 (3H, m, 3 x CH.); *C NMR (100 MHz,
CeDg): Oc: 210.0, 150.6, 143.1, 110.8, 109.5, 71.4, 46.3, 29.4, 27.5, 25.6, 25.5, 25.1;
HRMS (ESI") Calcd. for C;,H;¢NaO, [M+Na]™: 231.0997. Found: 231.0992; IR (thin
film)/cm ™' 3027, 2956, 1737, 1497, 1454, 1146, 1081.

(£)-2-cyclohexyl-1-hydroxy-1-(m-methoxyphenyl)ethanone 8g

(0]
9 MeO
0) - Ve
MeO
(0]

Di-ester 7g (100 mg, 0.27 mmol) in THF (2.5 mL) and LiDBB solution (5.0 mL, 0.54
mmol) were subjected to general procedure 4. The crude product was purified by FCC
(S104, 95:5, Petrol-Et,0) to furnish the crossed-acyloin 8g (52.3 mg, 78%) as a colourless
oil. 'H NMR (400 MHz, CDCls): &y: 7.29 (1 H, t, J= 7.9 Hz, ArH), 6.86 - 6.93 (2 H, m,
ArH), 6.82 (1 H, s, ArH), 5.17 (1 H, s, C(1)H), 4.39 (1 H, br. s.., OH), 3.81 (3 H, s, OMe),
246 (1 H, tt,J=11.3 and 3.5 Hz, C(3)H), 1.88 (1 H,d, J=12.6 Hz, CH), 1.77 (1 H, d, J
= 11.5 Hz, CH), 1.69-1.58 (2 H, m, CH,), 1.42-0.98 (6 H, m, 3 x CH,); ®C NMR (100
MHz, CDCls): &¢: 212.4, 160.0, 139.4, 130.0, 120.0, 114.3, 112.8, 78.2, 55.3, 45.9, 29.7,
27.9, 25.7,25.5, 25.0; HRMS (ESI") Calcd. for C;5sH,0NaO; [M+Na]": 271.1310. Found:
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271.1305; IR (thin film)/cm ™' 3490, 2934, 2856, 1734, 1587, 1488, 1453, 1364, 1279,
1104, 1078, 1047.

(¥)-3-cyclopropyl-1-hydroxy-2 -phenylethanone 8h

Dy "

Di-ester 7h (100 mg, 0.33 mmol) in THF (2.5 mL) and LiDBB solution (5.0 mL, 0.66
mmol) were subjected to general procedure 4. The crude product was purified by FCC
(Si0,, 95:5, Petrol-Et,0) to furnish the crossed-acyloin 8h (51.0 mg, 87%) as a
colourless oil. "H NMR (400 MHz, CDCl3): du: 7.45-7.32 (5 H, m, ArH), 5.27 (1 H, s,
C(1HH), 4.39 (1 H, br. s.., OH), 1.88 (1 H, tt, J= 7.7 and 4.6 Hz, C(3)H), 1.20-1.12 (1 H,
m, CH), 1.10- 0.94 (2 H, m, CH,), 0.82 (1 H, qd, J = 7.9 and 3.1 Hz, CH); *C NMR
(100 MHz, CDCls): &¢: 209.6, 138.2, 129.0 (2C), 128.6, 127.8 (2C), 80.2, 17.7, 12.8,
12.2; IR (KBr disc)/cm ' 3454, 3010, 1696, 1492, 1454, 1377, 1192, 1127, 1048, 1017.
The spectroscopic properties of this compound were consistent with the data reported in
the literature.”™

(£)-1-hydroxy-1-phenylhex-5-en-2-one 8i

OH
1 3 5
(0] 2 \6
e} —_— 4
M\@ 0]

Di-ester 7i (484 mg, 1.54 mmol) in THF (10 mL) and LiDBB solution (10.0 mL, 3.08
mmol) were subjected to general procedure 4. The crude product was purified by FCC
(S10,, 95:5, Petrol-Et,O) to furnish the crossed-acyloin 8i (237 mg, 81%) as a white
solid. "H NMR (400 MHz, CDCls): 8y: 7.41-7.28 (5 H, m, ArH), 5.71-5.60 (1 H, m,
C(5)H), 5.08 (1 H,d,J=3.9Hz, C(1)H), 4.92 (1 H, dt,J= 2.1 and 1.1 Hz, C(6)H), 4.90
(1 H, appr. s, C(6)H), 4.40 (1 H, d, J=4.2 Hz, OH), 2.52- 2.35 (2 H, m, C(3)H), 2.34 -
2.16 (2 H, m, C(4)H); *C NMR (100 MHz, CDCl;): 8¢: 208.8, 138.0, 136.3, 129.0 (2C),
128.7, 127.5 (2C), 115.6, 79.8, 37.0, 27.5; HRMS (ESI') Calcd. for C;,H;4sNaO,
[M+Na]™: 213.0891. Found: 213.0886; IR (KBr disc)/cm ' 3462, 3065, 3031, 2920,
1716, 1641, 1599, 1494, 1453, 1360, 1277, 1192, 1059, 1001; M.P. 97 °C.

()-(5R)-1-hydroxy-5-((3R,5R,8R,9S,10S,12R,13R, 14S)-3-((4-methoxybenzyl)oxy)-

10,12-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-13-yl)-1-(thiophen-2-
yl)hexan-2-one 8j
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Di-ester 7j (140 mg, 0.20 mmol) in THF (2.5 mL) and LiDBB solution (5.0 mL, 0.40
mmol) were subjected to general procedure 4. The crude product was purified by FCC
(S10,, 95:5, Petrol-Et,0) to furnish the crossed-acyloin 8j (101 mg, 87%) as a colourless
oil. '"H NMR (400 MHz, CDCls): 8y: 7.32 (1 H, d, J = 4.6 Hz, ArH), 7.27 2 H, d, J=8.6
Hz, ArH), 7.10 (1 H, d, /= 3.1 Hz, ArH), 7.02 (1 H, t, J=4.0 Hz, ArH), 6.88 2 H, d, J=
8.5 Hz, ArH), 5.37 (1 H, d, J= 7.2 Hz, CHOH), 4.49 (2 H, s, CH>), 4.35 (1 H, br. s.., OH),
3.80 (3 H, s, OMe), 3.40-3.32 (1 H, m, CH), 2.53-2.30 (2 H, m, CH»), 2.17 (1 H, s, CH),
1.92-1.81 (8 H, m, CH and 4 x CH>), 1.45-0.95 (17 H, m, CH and 8 x CH>), 0.90 (3 H, s,
CH;), 0.81 (1.5 H,t,J=6.5Hz, 0.5 CH3), 0.74 (1.5 H, t, J= 7.2 Hz, 0.5 CH3), 0.60 (3 H,
d, J =72 Hz, CH;); “C NMR (100 MHz, CDCls): 8c: 208.9, 208.7, 159.0, 141.2,
131.2, 129.1 (2C), 127.2, 126.5, 126.5, 113.8 (2C), 78.3, 75.1, 74.8, 69.5, 56.4 (2
Signals), 55.9, 55.8, 55.3, 42.7, 42.1, 40.3, 40.1, 35.8, 35.4, 34.9, 34.5, 33.2, 30.9, 30.0,
29.9, 28.2, 28.1, 27.3, 27.2, 26.4, 24.2, 23.4, 20.8, 18.3, 18.2, 12.0, (44 peaks due to
presence of two diastereoisomers); HRMS (ESI") Calcd. for C3;Hs:NaO4S [M+Na]':
615.3484. Found: 615.3479; IR (thin film)/cm ' 3471, 3026, 2920, 2852, 1695, 1603,
1496, 1454, 1376, 1260, 1195, 1059, 1021.

®)-(1’R,2°S,3’R,4°S)-3’-(((R)-2-phenylbutanoyl)oxy)bicyclo[2.2.1]heptan-2’-yl
benzoate 11

0] 0]
o o
HO O &
G,
e
To a solution of mono-ester 6d (700 mg, 3.02 mmol), DMAP (36.9 mg, 0.33 mmol) and
(R)-2-phenylbutanoic acid (545 mg, 3.32 mmol) in CH,Cl, (30 mL) at 0 °C was added
dicyclohexylcarbodiimide (DCC) (685 mg, 3.32 mmol). The reaction mixture was stirred
overnight at r.t. and was filtered, washed with a saturated aqueous solution of citric acid
(30 mL) and a saturated aqueous solution of NaHCO; (30 mL). The aqueous layer was
extracted with Et;0O (3 x 30 mL) and the combined organic layers were dried over
MgSQO,, filtered and concentrated in vacuo. The crude product was purified by FCC
(Si02, 9:1, petrol-Et,O) to furnish the di-ester 11 as a white solid (944 mg, 87%).
Spectroscopic data for 1:1 mixture of diastereomers:
'"H NMR (400 MHz, CDCl;) dy: Diastereomer A: 8.02 (2 H, d, J = 7.6 Hz, ArH), 7.64-
7.51 (1 H, m, ArH), 7.50-7.44 (2 H, m, ArH), 7.25-7.17 (3 H, m, ArH), 7.16-7.09 (2 H,
m, ArH), 5.00 (1 H, d, /= 5.8 Hz, C(2’)H), 4.91-4.81 (1 H, m, C(3")H), 3.28 (1 H, t, J =
7.7 Hz, CHCOy), 2.41 (1 H, m, C(1’)H), 2.28 (1 H, s, C(4")H), 2.01-1.81 (3 H, m, CH,
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and C(7)H), 1.67-1.47 (2 H, m, C(5’)H and C(6’)H), 1.33-1.16 (3 H, m, C(5’)H-C(7")H),
0.75 (3 H, t, J= 7.3, CHs); Diastereomer B: 7.91 (2 H, d, /= 7.6 Hz, ArH), 7.64-7.51 (1
H, m, ArH), 7.43-7.36 (2 H, m, ArH), 7.16-7.09 (3 H, m, ArH), 7.08-7.02 (2 H, m, ArH),
495 (1 H,d, J=5.8 Hz, C(2’)H), 4.91-4.81 (1 H, m, C(3’)H), 3.17 (1 H, t, J= 7.7 Hz,
CHCO,), 2.41 (1 H, m, C(1")H), 2.18 (1 H, s, C(3’)H), 2.01-1.81 (1 H, m, C(7*)H), 1.67-
147 (4 H, m, CH, and C(5’)H and C(6’)H), 1.33-1.16 (3 H, m, C(4’)HsHg and
C(5”)HaHg and C(7")Hg), 0.65 (3 H, t, J= 7.5, CH;); “C NMR (100 MHz, CDCl5) 8¢:
173.0 (2C), 165.7, 165.6, 139.0, 138.5, 132.9, 132.7, 130.3, 130.1, 129.7, 129.6, 128.4,
128.3, 128.2, 127.9, 127.8, 126.9 (2C), 77.1 (2C), 76.7 (2C), 53.8, 53.3, 41.5 (2C), 41.1
(20), 33.7, 33.6, 26.9, 26.3, 24.4, 243 (2C), 12.0, 11.9; HRMS (ESI") Calcd. for
C24H2sNaO4 [M+Na]": 401.1723. Found: 401.1721; IR (KBr disc)/cmf1 1715, 1452;
M.P. 63 °C.

(1S,3R)-1-hydroxy-1,3-diphenylpentan-2-one 13 and (1R,3R)-1-hydroxy-1,3-
diphenylpentan-2-one 14

0
0 0
OJ\(©
o R :
o S
0

13 14

The LiDBB solution was prepared using general procedure 4. To a solution of LiDBB at
—78 °C was added via syringe pump (5 mL/hour) a solution of a 1:1 mixture of (&)-
(3’R,2’S,1’R,6’S)-7-(((R)-2-phenylbutanoyl)oxy) bicyclo[2.2.1]heptan-2-yl benzoate 11
(100 mg, 0.26 mmol) in THF (6.6 mL). After the addition, the reaction mixture was
stirred for 2 hours and was transferred via cannula to a solution of 2,6-di-tert-butyl-4-
methylpyridine hydrogen chloride (295 mg, 1.22 mmol) in THF (10 mL) at =78 °C.

After 15 minutes, the reaction mixture was quenched with a saturated aqueous solution of
NH4Cl (10 mL) and allowed to warm up to room temperature. The aqueous layer was
extracted with Et;0O (3 x 10 mL) and the combined organic layers was washed with brine,
dried over MgSQy, filtered and concentrated in vacuo. The crude products were purified
by FCC (Si0O,, 95:5, Petrol-Et,0) to furnish the diastereomer 13 as a white solid (39.0
mg, 59%) and diastereomer 14 as a white solid (10.0 mg, 12%)).
(1S,3R)-1-hydroxy-1,3-diphenylpentan-2-one, 13:

"H NMR (400 MHz, CDCl;) 8y: 7.25-7.16 (3 H, m, ArH), 7.15-6.99 (5 H, m, ArH),
6.83-6.66 (2 H, m, C(2)H), 5.14 (1 H, s, C(1)H), 4.30 (1 H, br.s.,, OH), 3.65 (1 H, t,J =
7.6 Hz, CHCH,CHs), 2.05 (1 H, dt, J=13.9 and 7.2 Hz, CHA\HgCH3), 1.80 (1 H, dt, J =
14.1 and 7.2 Hz, CHAHgCH3), 0.84 (3 H, t, J = 7.5 Hz, CH3); C NMR & (100 MHz,
CDCl3): 210.2, 137.5, 136.7, 128.6 (2C), 128.2, 128.1, 127.8, 126.8, 80.9, 55.6, 27.5,
12.2; HRMS (ESI") Calcd. for C;7H;sNaO, [M+Na]™: 277.1199. Found: 277.1203; IR
(KBr disc)/cm ' 3442, 1715, 1452; MLP. 61 °C; [a]p™>: —97.8.
(1R,3R)-1-hydroxy-1,3-diphenylpentan-2-one, 14:

"H NMR &y (400 MHz, CDCly): 7.47-7.27 (8 H, m, ArH); 7.18 (2 H, d, J = 7.1 Hz,
ArH), 5.06 (1 H, d, J=4.6 Hz, C(1)H), 4.28 (1 H, d, J=4.8 Hz, OH), 3.57 (1 H, t, J =
7.3 Hz, CHCH,CH3), 1.95 (1 H, dt, J = 14.1 and 7.2 Hz, CHAHgCH3), 1.65 (1 H, dt, J =
14.3 and 7.3 Hz, CH,HgCHj3), 0.55 (3 H, t, J = 7.5 Hz, CH3); “C NMR & (100 MHz,

20



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

CDCls): 209.0, 138.0, 137.8, 129.2, 129.0, 128.9, 128.8, 127.8, 127.7, 78.0, 55.2, 25.4,
11.6; HRMS (ESI"): Calcd. for C7H;30,[M+Na]": 277.1199. Found 277.1211; IR (KBr
disc)/em™: 3442, 1715, 1649; M.P. 60-64 °C; [o]p>: —81.1.

(®)-(1’R,2°S,3’R,4°5)-3’-(2-phenylbutanoyl)oxy)bicyclo[2.2.1]heptan-2°-yl benzoate
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Mono-ester 6d (650 mg, 2.80 mmol) and 2-phenylbutanoyl chloride (1.01 g, 5.60 mmol)
were subjected to general procedure 3. The crude product was purified by FCC (SiO,,
9:1, Petrol-Et,0) to furnish the di-ester S2 (727 mg, 93%) as a colourless crystalline.
Spectroscopic data for 1:1 mixture of diastereomers:
'"H NMR (400 MHz, CDCI;) dy: Diastereomer A: 8.02 (2 H, d, J = 7.6 Hz, ArH), 7.64-
7.51 (1H, m, ArH), 7.50-7.44 (2H, m, ArH), 7.25-7.17 (3H, m, ArH), 7.16-7.09 (2H, m,
ArH), 5.00 (1H, d, J = 5.8 Hz, C(2’)H), 4.91-4.81 (1H, m, C(3*)H), 3.28 (1H, t, J= 7.7
Hz, CHCOy), 2.41 (1H, m, C(1")H), 2.28 (1H, s, C(4’)H), 2.01-1.81 (3H, m, CH, and
C(7)H), 1.67-1.47 (2H, m, C(5’)H and C(6”)H), 1.33-1.16 (3H, m, C(5”)H-C(7")H), 0.75
(3H, t, J = 7.3, CH3); Diastereomer B: 7.91 (2H, d, J = 7.6 Hz, ArH), 7.64-7.51 (1H, m,
ArH), 7.43-7.36 (2H, m, ArH), 7.16-7.09 (3H, m, ArH), 7.08-7.02 (2H, m, ArH), 4.95
(1H, d, J = 5.8 Hz, C(2’)H), 4.91-4.81 (1H, m, C(3")H), 3.17 (1H, t, J = 7.7 Hz, CH),
2.41 (1H, m, C(1")H), 2.18 (1H, s, C(3’)H), 2.01-1.81 (1H, m, C(7’)H), 1.67-1.47 (4H,
m, CH, and C(5”)H and C(6’)H), 1.33-1.16 (3H, m, C(4’)HaHg and C(5’)HsHgp and
C(7")Hs), 0.65 (3H, t, J = 7.5 Hz, CH;); “C NMR (100 MHz, CDCl3) 8¢: 173.0 (2 x
C=0), 165.7, 165.6, 139.0, 138.5, 132.9, 132.7, 130.3, 130.1, 129.7, 129.6, 128.4, 128.3,
128.2, 127.9, 127.8, 126.9 (2 x ArC), 77.1 (2 x C(2%)), 76.7 (2 x C(3")), 53.8, 53.3, 41.5
(2 x C), 41.1 (2 x ©), 33.7, 33.6, 26.9, 26.3, 24.4, 24.3 (2C), 12.0, 11.9; HRMS (ESI")
Calcd. for Cy4HysNaOy [M+Na]+: 401.1723. Found: 401.1721; IR (KBr disc)/cmf1 1715,
1452; M.P. 61-62 °C.

(£)-(1S,3R)-1-hydroxy-1,3-diphenylpentan-2-one (+)-13 and (%)-(1R,3R)-1-hydroxy-
1,3- diphenylpentan -2-one (+)-14

i (¥)-13 (£)-14
The LiDBB solution was prepared using general procedure 4. To a solution of LiDBB at
—78 °C was added via syringe pump (5 mL/hour) a solution of a 1:1 mixture of (&)-

(3’R,2’S,1°R,6°S)-7-(2-phenylbutanoyl)oxy) bicyclo[2.2.1]heptan-2-yl benzoate S2 (100
mg, 0.26 mmol) in THF (6.6 mL). After the addition, the reaction mixture was stirred for
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2 hours and was transferred via cannula to a solution of 2,6-di-tert-butyl-4-
methylpyridine hydrogen chloride (295 mg, 1.22 mmol) in THF (10 mL) at =78 °C.

After 15 minutes, the reaction mixture was quenched with a saturated aqueous solution of
NH4CI (10 mL) and allowed to warm up to room temperature. The aqueous layer was
extracted with Et,O (3 x 10 mL) and the combined organic layers was washed with brine,
dried over MgSQy, filtered and concentrated in vacuo. The crude products were purified
by FCC (SiO,, 95:5, Petrol-Et,0) to furnish the diastereomer (£)-13 as a white solid (38.0
mg, 58%) and diastereomer (£)-14 as a white solid (5 mg, 6%).

(£)- (18,3R)-1-hydroxy-1,3-diphenylpentan-2-one (£)-13:

"H NMR (400 MHz, CDCl3) 8y: 7.25-7.16 (3 H, m, 3 x ArH), 7.15-6.99 (5 H, m, 3 x
ArH), 6.83-6.66 (2 H, m, C(2)H), 5.14 (1 H, s, C(1)H), 4.30 (1 H, br. s., OH), 3.65 (1 H,
t, J=17.6 Hz, CHCH,CH3), 2.05 (1 H, dt, /= 13.9 Hz, 7.2, CHAHgCH3), 1.80 (1 H, dt, J
=14.1 and 7.2 Hz, CHA\HgCH3), 0.84 (3 H, t, J = 7.5 Hz, CH3); *C NMR &¢ (100 MHz,
CDCl3): 210.2, 137.5, 136.7, 128.6 (2 x ArC), 128.2, 128.1, 127.8, 126.8, 80.9, 55.6,
27.5, 12.2; HRMS (ESI', m/2): Calcd. for C;H;30, [M+Na]": 277.1199. Found
277.1203; IR (KBr disc)/cm ' 3442, 1715, 1452; M.P. 59-63 °C.
(¥)-(1R,3R)-1-hydroxy-1,3-diphenylpentan-2-one (£)-14:

"H NMR &y (400 MHz, CDCl): 7.47-7.27 (8 H, m, ArH); 7.18 (2 H, d, J = 7.1 Hz,
ArH), 5.06 (1 H, d, J=4.6 Hz, C(1)H), 4.28 (1 H, d, /= 4.8 Hz, OH), 3.57 (1 H, t, J =
7.3 Hz, CHCH,CHs), 1.95 (1 H, dt, J = 14.1 and 7.2 Hz, CHA\HgCH3), 1.65 (1 H, dt, J =
14.3 and 7.3 Hz, CH\HgCH3), 0.55 (3 H, t, J = 7.5 Hz, CH3); “C NMR &¢ (100 MHz,
CDCls): 209.0, 138.0, 137.8, 129.2, 129.0, 128.9, 128.8, 127.8, 127.7, 78.0, 55.2, 25.4,
11.6; HRMS (ESI"): Calcd. for C;7H 30, [M+Na]": 277.1199. Found 277.1211; IR (KBr
disc)/em ' 3442, 1715, 1649; MLP. 60-64 °C.

(8)-(15,3R)-2-0x0-1,3-diphenylpentyl 3,3,3-trifluoro-2-methoxy-2-phenylpropanoate
S3

DCC (37.0 mg, 0.18 mmol) was added to a solution of (1S,3R)-1-hydroxy-1,3-
diphenylpentan-2-one, 13 (24.0 mg, 0.09 mmol), (R)-(+)-alpha-methoxy-alpha-
trifluoromethylphenylacetic acid (42.0 mg, 0.18 mmol) and DMAP (1 mg, 0.01 mmol) in
CH,C, (1 mL) at 0 °C. After stirring for 16 h at r.t, the reaction mixture was filtered
through a pad of celite, dried over MgSO, and concentrated in vacuo. The crude product
was purified by FCC (SiO,, 4:1 Petrol-CH,Cl,) to furnish the mono-ester S3 (41.0 mg,
96%) as a colourless oil. '"H NMR &y (400 MHz, CDCls): 7.69-7.50 (2 H, m, ArH), 7.46-
7.32 3 H, m, ArH), 7.31-7.22 (2 H, m, ArH), 7.21-6.99 (6 H, m, ArH), 6.94-6.71 (2 H,
m, ArH), 6.16 (1 H, s, C(1)H), 3.75 (1 H, t, /= 7.5 Hz, CHCH,CH3), 3.66 (3 H, s, OMe),
2.17 (1 H, dt, J = 13.9 and 7.0 Hz, CHAHgCH3), 1.77 (1 H, dt, J = 14.2 and 7.4 Hz,
CHxHgCH3), 0.87 (3 H, t, J = 7.3 Hz, CH,CH:); *C NMR & (100 MHz, CDCls): 203.7,
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202.4, 129.6, 129.4, 129.1 (2 x ArC), 129.0, 128.7 (5 x ArC), 127.9, 127.4, 83.1, 57.8,
56.1, 27.1, 12.4; YF NMR & (377 MHz, CDCls): —71.74; HRMS (ESI") Calcd. for
C,7H,5F304 [M+Na]". Found 493.1586; IR (thin film)/cm ' 2966, 1753, 1730, 1455;
[alp™: +10.9.

(8)-(15,3R)-2-0x0-1,3-diphenylpentyl 3,3,3-trifluoro-2-methoxy-2-phenylpropanoate
S3 and (S)-(1R,35)-2-0x0-1,3-diphenylpentyl 3,3,3-trifluoro-2-methoxy-2-
phenylpropanoate S4

0] 0]
. 1

DCC (58.0 mg, 0.28 mmol) was added to a solution of (1S,3R)-1-hydroxy-1,3-
diphenylpentan-2-one, 13 (36.0 mg, 0.14 mmol), (R)-(+)-alpha-methoxy-alpha-
trifluoromethylphenylacetic acid (66.0 mg, 0.28 mmol) and DMAP (1.00 mg, 0.01 mmol)
in CH,Cl, (1.5 mL) at 0 ‘C. After stirring for 16 h at r.t, the reaction mixture was filtered
through a pad of celite, dried over MgSO4 and concentrated in vacuo. The crude product
was purified by FCC (Si0O,, 4:1 Petrol-CH,Cl,) to furnish the mono-esters S3 and S4
(66.0 mg, 92%) as a colourless oil. "H NMR & (400 MHz, CDCl;): Diastereomer A:
7.71-7.55 (2 H, m, ArH), 7.48-7.35 (3 H, m, ArH), 7.33-7.04 (8 H, m, ArH), 6.87 (2 H,
dd, J=4.8 and 2.3 Hz, ArH), 6.20 (1 H, s, C(1)H), 3.76 (1 H, t, /= 7.3 Hz, CHCH,CH3),
3.68 (3 H, s, OMe), 2.22-2.13 (1 H, m, CHAHpCH3), 1.77 (1 H, tq, J = 14.2 and 7.3 Hz,
CHAHgCH3), 0.88 (3 H, td, J = 7.3 and 3.3 Hz, CH,CH3); Diastereomer B: 7.71-7.55 (2
H, m, ArH), 7.48-7.35 (3 H, m, ArH), 7.33-7.04 (8 H, m, ArH), 6.87 (2 H, dd, J= 4.8 and
2.3 Hz, ArH), 6.17 (1 H, s, C(1)H), 3.76 (1 H, t, J = 7.3 Hz, CHCH,CHs), 3.52 3 H, s,
OCHs), 2.22-2.13 (1 H, m, CHA\HCH3), 1.77 (1 H, tq, J = 14.2 and 7.3 Hz, CH,HgCH3),
0.88 (3 H, td, J = 7.3 and 3.3 Hz, CHs); “C NMR &¢ (100 MHz, CDCl5): 203.3 (2 x
C=0), 203.0, 201.8 (2 x C=0), 131.7 (2 x ArC), 131.6, 131.5, 129.7, 129.6, 129.4 (2 x
ArC), 128.8, 128.7, 128.6, 128.3, 127.8, 127.5, 127.0, 82.7, 82.5, 57.4, 57.3, 55.7, 55.5,
26.7,25.4, 12.0, 11.5; ’F NMR &y (377 MHz, CDCls): —71.72, —=72.13; HRMS (ESI"):
Calcd. for Cy7Ho5F504 [MJrNa]+ 493.1597. Found: 493.1586; IR (thin ﬁlm)/cmf1 3065,
3032, 2966, 2877, 1752; [alp™": +24.7.

(£)-5-cyclohexyl-4-hydroxy-4-phenylpent-2-en-5-one 15
O
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Di-ester 7d (100 mg, 0.27 mmol) in THF (5.0 mL) and LiDBB solution (5.0 mL, 0.57
mmol) was subjected to general procedure 4. The mixture reaction was transferred via
cannula to a solution of allyl bromide (0.25 mL, 2.87 mmol) in THF (5.0 mL) at — 40 °C
and allowed to warm to room temperature overnight. The reaction mixture was quenched
with brine (SmL) and the aqueous layer was extracted with EtOAc (3 x 10 mL) and the
combined organic layers was dried over MgSQy, filtered and concentrated in vacuo. The
crude product was purified by FCC (SiO,, 98:2, Petrol-EtOAc) to furnish the crossed-
acyloin 15 (54 mg, 72%) as a colourless oil. "H NMR (400 MHz, CDCls): 8y: 7.49 (2 H,
d, J=8.0 Hz, ArH), 7.36 (2 H, t, J=7.5 Hz, ArH), 7.31-7.27 (1 H, m, ArH), 5.79-5.67 (1
H, m, C(2)H), 5.19 (2 H, dd, J=17.3 and 10.4 Hz, C(1)H), 4.27 (1 H, s, OH), 3.01 (1 H,
dd, J=14.2 and 7.3 Hz, C(3)H), 2.91 (1 H, dd, /= 7.6 Hz and 6.6 Hz, C(3)H), 2.77 (1 H,
app. t, J = 11.3 Hz, C(6)H), 1.75-1.65 (1 H, m, CH), 1.63-1.51 (3 H, m, 3 x CH), 1.44-
1.30 (1 H, m, CH ), 1.21-0.88 (5 H, m, CH and 2 x CH,); *C NMR (100 MHz, CDCl;):
Oc: 214.0, 140.0, 132.4, 128.8, 128.5, 127.9, 126.3, 119.7, 81.9, 44.7, 41.3, 30.4, 29.0 ( 2
signals), 25.5 (2 signals), 25.4. The regioselectivity of the reaction was confirmed by
HMBC analysis of the structure (represented by red arrow on the compound structure).
HRMS (ESI") Calcd. for C;7H2,NaO, [M+Na]™: 281.1517. Found: 281.1512; IR (thin
film)/cm ™' 3453, 3076, 2933, 2856, 1703, 1640, 1600, 1493, 1448, 1363, 1143, 1062.

(®)-(1R, 25)-2-Cyclohexyl-1-phenylpent-4-ene-1,2-diol, 16
5

OH

To a solution of acyloin 8d (100 mg, 0.46 mmol) and allyl bromide (49.0 puL, 0.57 mmol)
in THF/H,O (2:1, 15 mL) was added Indium metal (43.6 mg, 0.38 mmol) and the
reaction mixture was stirred overnight at room temperature and was quenched with 3M
HCI (6 mL). The aqueous layer was extracted with EtOAc (3 x 30 mL) and the combined
organic layers were dried over MgSQ,, filtered and concentrated in vacuo. The crude
product was purified by FCC (SiO,, 9:1, Petrol-Et,O) to furnish the diol 16 as a
colourless oil (106 mg, 88%). '"H NMR (400 MHz, CDCls) 8y: 7.43-7.30 (5 H, m, ArH),
6.15-5.96 (1 H, m, C(4)H), 5.26-5.08 (2 H, m, C(5)H), 4.77 (1 H, s, C(1)H), 2.60-2.32 (3
H, m, C(3)H and OH), 2.06 (1 H, br. s., OH), 1.87-1.54, (5 H, m, CH and 2 x CH,), 1.86-
1.76 (6 H, m, 3 x CH,); “C NMR (100 MHz, CDCl3) 8¢: 140.9, 135.2, 128.1, 127.8,
118.2, 77.8, 76.8, 44.1, 39.1, 27.1, 26.8, 26.6, 26.5, 26.4; HRMS (ESI") Calcd. for
C17H4NaO, [M+Na]": 283.1669. Found 283.1661; IR (thin film)/cm ™' 3356, 3069, 2956,
1462, 1428, 1249, 1192, 1055, 810, 775, 736, 701.

(£)-(4S,5R)-4-allyl-4-cyclohexyl-2,2-dimethyl-5-phenyl-1,3-dioxolane S5
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Pyridinium p-toluenesulfonate (7.00 mg, 0.03 mmol) was added to a solution of diol 17
(50.0 mg, 0.192 mmol) and 2,2-dimethoxypropane (40.0 mg, 0.384 mmol) in CH,Cl, (0.4
mL) at r.t. After 15 minutes the reaction mixture was filtered through a pad of celite and
concentrated in vacuo. The crude product was purified by FCC (SiO,, 7:3 Petrol-CH,Cl,)
to furnish the mono-ester S5 (68.0 mg, 97%) as a colourless oil. . '"H NMR &y (400 MHz,
CDCL): 7.67-6.96 (5 H, m, ArH), 6.11 (1 H, dtd, J = 17.0, 9.8, 9.8 and 4.8 Hz,
C(5)HaHg), 5.41-5.16 (2 H, m, C(4)H), 5.06 (1 H, s, C(3)HaHg), 2.81-2.46 (1 H, m,
C(6)HaHg), 2.20 (1 H, dd, J = 14.9 and 9.4 Hz, C(6)HsHg), 2.04 (1 H, d, C(1)H), 1.86-
0.33 (16 H, m, 2 x CH; and 5 x CH,); *C NMR &¢ (100 MHz, CDCl3):136.6, 135.0,
128.2,127.9, 126.3, 118.3, 106.6, 86.2, 80.6, 42.2, 35.0, 28.6, 28.4, 27.0, 16.9, 26.7, 26.6,
26.3; HRMS (ESI"): Calcd. for Co0Hy30, [M+Na]" 300.2089. Found: 300.2091. IR (thin
film)/cm 12923, 2852, 1452, 1239, 1053.

(£)-(1S,2R)-1-cyclohexyl-2-phenylethane-1,2-diol 17
O

OH

To a solution of was acyloin 8d (100 mg, 0.46 mmol) in THF (9 mL) at — 78 °C was
added Borane dimethyl sulphide complex (25.0 mg, 0.33 mmol) under an atmosphere of
argon. The reaction mixture was stirred for 2 hours at — 78 °C and was allowed to warm
up to room temperature and was stirred further for 1 hour. The reaction mixture was
quenched with 3M HCI (3.0 mL) The aqueous layer was extracted with EtOAc (3 x 30
mL) and the combined organic layers was dried over MgSOy, filtered and concentrated
in vacuo. The crude product was purified by recrystalisation procedure in PhMe to gave
the diol 17 as a white solid (93.1 mg, 92%). '"H NMR (400 MHz, CDCls) &y: 7.45-7.29
(5 H, m, ArH), 4.72 (1 H, d, J = 5.6 Hz, C(2)H), 3.60 (1 H, t, J = 5.7 Hz, C(1)H), 2.45-
1.54 (7 H, m, 2 x OH, 2 x CH, and CHCH>), 1.49-1.05 (6 H, m, 3 x CH,); “C NMR
(100 MHz, CDCls) &c: 140.9, 128.5, 128.0, 79.0, 74.7, 39.1, 30.0, 27.4, 26.4, 26.1, 25.9;
HRMS (ESI") Calcd. for C14H2NaO, [M+Na]": 243.1356. Found: 243.1358; IR (KBr
disc)/em™' 3442, 1715, 1453, 1264, 1019, 728, 697; MLP. 161 °C.

(*)-(4R,55)-4-cyclohexyl-2,2-dimethyl-5-phenyl-1,3-dioxolane S6

o
OH 0

S \\

OH

25



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

Pyridinium p-toluenesulfonate (7 mg, 0.03 mmol) was added to a solution of diol 16 (50
mg, 0.273 mmol) and 2,2-dimethoxypropane (57 mg, 0.546 mmol) in CH,Cl, (0.6 mL) at
r.t. After 15 minutes the reaction mixture was filtered through a pad of celite and
concentrated in vacuo. The crude product was purified by FCC (SiO,, 95:5 Petrol-Et,0)
to furnish the mono-ester $6 (68 mg, 97%) as a colourless oil. "H NMR &y (400 MHz,
CDCl): 7.44-7.21 (5 H, m, ArH), 5.06 (1 H, d, J = 6.6 Hz, C(3)H), 4.05 (1 H,dd,/=9.4
and 6.6 Hz, C(2)H), 1.93 (1 H, d, J=10.9 Hz, C(1)H), 1.63 (3 H, s, CH3), 1.59-1.40 (6
H, m, 3 x CH,), 1.32-0.95 (4 H, m, 2 x CH,); ®C NMR &¢ (100 MHz, CDCls): 138.8,
128.3, 128.0, 127.8, 83.2, 80.5, 37.8, 29.9, 28.9 (2 x CHy), 27.1, 26.3, 25.5, 25.3, 25.0;
HRMS (ESI"): Calcd. for Cy;H240, [M+Na]™ 283.1669. Found: 283.1665; IR (thin
film)/cm ™' 2986, 2924, 2853, 2361, 1494, 1256.

2-cyclohexyl-4,6-dimethoxy-3-phenyl-1H-indole 18

OH

To a solution of acyloin 8d (65.0 mg, 0.30 mmol) and 3,5-dimethoxyaniline (137 mg,
0.89 mmol) in PhMe (5.0 mL) was added two drops of concentrated HI. The reaction
mixture was fitted with a Dean- Stark trap and was stirred at reflux under an atmosphere
of argon for 3 hours. The reaction mixture was allowed to cool to the room temperature
and the solvent was removed in vacuo. The residue was re-dissolved in CHCl;, washed
with distilled water and the aqueous layer was extracted with CHCl; (3 x 30 mL). The
combined organic extracts were dried over MgSOs, filtered and concentrated in vacuo.
The crude product was purified by FCC (SiO, 99:1, Petrol-Et,0) to furnish the indole 18
(84.0 mg, 84%) as a white crystalline. '"H NMR (400 MHz, CDCls): 8y: 7.92 (1H, br. s..,
ArH), 7.46-7.36 (4H, m, ArH), 7.33-7.26 (1H, m, ArH), 6.49 (1H, d, J = 1.6 Hz, ArH),
6.23 (1H, d, J=1.9 Hz, ArH), 3.85 (3H, s, CH3), 3.68 (3H, s, CH3), 2.82 (1H, tt, /= 12.0
and 3.2 Hz, CH), 1.92 (2H, d, /= 12.7 Hz, 2 x CH), 1.81 (2H, d, /= 12.6 Hz, CH,), 1.74
(1H, d,J=11.1 Hz, CH), 1.46 (2H, qd, J = 12.3 and 2.0 Hz, CH»), 1.38-1.21 (3H, m, 3 x
CH). The regioselectivity of the reaction was confirmed by diagnostic NOESY
enhancements of the structure (represented by red arrows on the compound structure).
BC NMR (100 MHz, CDCls): 8¢c: 156.9, 154.5, 138.4, 136.4, 136.3, 131.0 (2C), 127.1
(20), 125.5,112.7,111.9, 92.0, 86.8, 55.7, 55.2, 35.1, 33.8 (2C), 26.5 (2C), 26.1; HRMS
(ESI") Calcd. for C,H,sNO, [M+H]": 336.1969. Found: 336.1958; IR (KBr disc)/cm
3349, 3052, 2995, 2919, 2846, 1631, 1584, 1450, 1346, 1275, 1218, 1191, 1177, 1153,
1127, 1046; M. P. 175 °C.

4-cyclohexyl-2,5-diphenylthiazole 19
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OH
S
0
0] N

To a solution of acyloin 8d (100 mg, 0.46 mmol) and Et;N (0.09 mL, 0.69 mL) in Et,O
(5.0 mL) was added a solution of methanesulfonyl chloride (MsCl) (0.04 mL, 0.51 mmol)
in Et;0 (2 mL) and the reaction mixture was stirred under an atmosphere of argon for 2 h
at reflux. The reaction mixture was cooled to r. t. and filtered through a plug of celite.
The filtrate was poured into water (20 mL) and the aqueous layer was extracted with
Et,0O (3 x 30 mL). The combined organic extracts were washed with water and brine,
dried over MgSOy, filtered and concentrated in vacuo. The crude product was used in the
next step without further purification.

To a solution of crude a-mesyloxy ketone in THF/PhMe (1:1, 10 mL) was added a
solution of thiobenzamide (181 mg, 1.32 mmol) in THF/PhMe (1:1, 5.0 mL) and the
reaction mixture was stirred under an atmosphere of argon for 16 hours at reflux. The
solvent was removed in vacuo and the crude product was purified by FCC (SiO,, 96:4,
Petrol-CH,Cl,) to furnish the thiozole 19 (95.4 mg, 71%) as a white crystalline. 'H
NMR (400 MHz, CDCl;): &y: 7.98 (2H, dd, J = 8.0 and 1.5 Hz, ArH), 7.48-7.37 (8H, m,
ArH), 2.85 (1H, tt, /= 11.2 and 3.5 Hz, CH), 1.94-1.80 (6H, m, 2 x CH and 2 x CH»),
1.72 (1H, s, CH), 1.39-1.29 (3H, 3 x CH); ®C NMR (100 MHz, CDCL): §¢: 165.2,
158.2, 134.2, 132.3, 131.0, 129.7 (2C), 129.6, 128.8 (2C), 128.7 (2C), 127.8, 126.4 (2C),
38.4, 33.0 (2C), 26.5 (2C), 25.9; HRMS (ESI") Calcd. for CyHy NS[M-+H]": 320.1473.
Found: 320.1468; IR (KBr disc)/cm ' 3424, 3055, 3021. 3026, 2851, 1524, 1503, 1484,
1457, 1444, 1348, 1324, 1312, 1280, 1261, 1244, 1203, 1177, 1152; M.P. 120 °C.

The regioselectivity of the reaction was confirmed by crystal structure.
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(£)-5-hydroxy-1,8-diphenyloctan-4-one 2a
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(£)-2,3-dicyclohexyl-2-hydroxyethanone 2b

O

OH
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(£)-1,2-di(1-adamantyl)-1-hydroxyethanone 2¢

0]

OH
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(£)-1-hydroxy-1,2-diphenylethanone 2d
i
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(£)-1-hydroxy-1,2-bis(2-methoxyphenyl)ethanone 2e

OMe O O
O OH OMe
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(£)-4-Hydroxy-1,6-dimethoxy-2,2,5-trimethylheptan-3-one 2f
O

M
MeO OMe

OH
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(¥)-1-hydroxycycloheptanone 4

OH
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(1R,25,3R,45)-Bicyclo[2.2.1]heptane-2,3-diol 5

Be)
HO
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(1S,2R,35,4R)-3-Hydroxybicyclo[2.2.1]heptan-2-yl cyclohexanecarboxylate 6
O

0O
HO
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(1R,2S5,3R,4S)-bicyclo[2.2.1]heptane-2,3-diyl dicyclohexanecarboxylate 7a
0] O
O O
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(1R,2S,3R,4S)-3-((4-phenylbutanoyl)oxy)bicyclo[2.2.1]heptan-2-yl cyclohexane

carboxylate 7b
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(1R,2S,3R,4S)-3-hydroxybicyclo[2.2.1]heptan-2-yl pivalate 6¢
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(£)-1-cyclohexyl-2-hydroxy-2-(3-methoxyphenyl)ethanone 8g
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(1S5,3R)-1-Hydroxy-1,3-diphenylpentan-2-one 13
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(8)-(15,3R)-2-0x0-1,3-diphenylpentyl 3,3,3-trifluoro-2-methoxy-2-phenylpropanoate
S3
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