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General: All reactions and manipulations which are sensitive to moisture or air were performed under
an inert atmosphere of nitrogen. All chemicals were purchased from J & K, Acros and Aldrich and were
used as received. Hydrogen gas (99.999%) was purchased from Boc Gas Inc., Tianjin. Anhydrous THF
was distilled from sodium benzophenone ketyl. Anhydrous CH>Cl, and Et;N were freshly distilled from
calcium hydride. Anhydrous EtOH was freshly distilled from magnesium. Melting points were measured
on a RY-I apparatus and uncorrected. '"H NMR spectra were recorded at 400 MHz on Bruker AV 400
spectrometer. *C NMR spectra were recorded at 100 MHz on Bruker AV 400 spectrometer. NMR
spectra were recorded in deuterated chloroform (CDCls) as a solvent, with residual chloroform (& 7.26
ppm. for 'H NMR and 8 77.00 ppm. for *C NMR) or tetramethylsilane (TMS, & 0.00 ppm. for 'H NMR)
taken as the inert standard, and were reported in ppm. Abbreviations for signal coupling are as follows:
s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. Coupling constants were taken from the spectra
directly and are uncorrected. Optical rotations were determined using a Perkin Elmer 341 polarimeter.
HRMS were recorded on APEXII and ZAB-HS spectrometer. HPLC analyses were performed using
Hewlett Packard Model HP1100 instruments with Chiralcel OJ-H, OD-H, AD-H column.

(A) Preparation of racemic &-alkyl 8-hydroxy esters

The d-alkyl 5-hydroxy esters were prepared according to the literature method illustrated below.

0 0 1) RMgBr, Cul, THF, -78°C ~ rt OH 0
mwoa 2) NaBH,, EtOH, 0 °C Rwogt

rac-2
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To a stirred solution of ethyl 5-chloro-5-oxopentanoate (4.5 g, 25 mmol) and Cul (476 mg, 2.5 mmol)
in THF (75 mL) was added alkyl magnesium bromide (22.5 mmol) in situ generated from magnesium
turnings and alkyl bromide at —78 °C under N, atmosphere. The resulting mixture was allowed to slowly
warm up to room temperature overnight and then quenched with saturated NH4Cl1 (50 mL). The layers
were separated and the aqueous layer was extracted with EtOAc (50 mL x 3). The combined organic
layers were washed with brine, dried over anhydrous MgSO4, and concentrated in vacuo to yield the
desired d-alkyl 6-ketoesters as a crude product.

To a solution of the crude 5-alkyl d-ketoesters in EtOH (50 mL) was added NaBH4 (22.5 mmol) at 0
°C and the resulting mixture was stirred for 7 min at this temperature. The reaction mixture was then
quenched with H,O at the same temperature and concentrated in vacuo to remove EtOH. The residue
was extracted with EtOAc (50 mL x 3). The combined organic layers were washed with brine, dried over
anhydrous MgSO, and concentrated in vacuo. The residue was chromatographed on silica gel column

with EtOAc/petroleum ether as an eluent to offer the corresponding racemic 8-alkyl 3-hydroxy esters.

(B) Kinetic resolution of racemic 8-hydroxy esters via catalytic ester hydrogenation

Kinetic resolution of rac-2

R OEt 'BuOK, EtOH, 25-30°C R OEt R OH
rac-2 (S/C = 1000) 2 3

To a 20 mL hydrogenation vessel in an autoclave was added racemic 6-hydroxy esters rac-2 (1.0
mmol), a solution of iridium catalyst (R)-1 in EtOH (0.002 mmol/mL, 0.5 mL, 0.001 mmol), a solution
of t-BuOK in EtOH (0.08 mmol/mL, 0.5 mL, 0.04 mmol), and 1.0 mL of anhydrous EtOH. The autoclave
was purged with hydrogen by pressurizing to 5 atm and releasing the pressure. This procedure was
repeated three times and then pressurized to 10 atm of H,. The reaction mixture was stirred at room
temperature (25-30 °C) until the hydrogen pressure bled down to 9.5 atm. The solvent was removed in
vacuo and the residue was purified by flash column chromatography on silical gel with petroleum
ether/ethyl acetate as an eluent to afford the chiral 5-hydroxy esters 2 and diols 3.

The ee values of the chiral -hydroxy esters 2 and diols 3 were determined by transformation of
them into the corresponding benzoyl esters. The general procedure was shown as follows: The chiral -
hydroxy esters 2 and diols 3 (0.2 mmol) was reacted with benzoyl chloride (70 mg, 0.5 mmol) in the
presence of pyridine (47 mg, 0.6 mmol) in DCM (5 mL) for 2 h. The reaction mixture was then quenched
with saturated NH4Cl (5 mL) and extracted with DCM (5 mL x 3). The combined extracts were washed
with brine, dried over anhydrous MgSQO4 and concentrated in vacuo. After a flash chromatography on
silica gel (petroleum ether/ethyl acetate = 10:1), the desired benzoyl esters were obtained in nearly

quantitative yields.

(S)-Ethyl 5-hydroxyhexanoate (2a)'
OH o Colorless oil, 1 h, 47% yield, 93.7% ee, [0]*’> +8.4 (¢ 1.0, MeOH). 'H NMR
: oEt (400 MHz, CDCLy) 3 4.13 (q, J = 7.2 Hz, 2H), 3.85-3.75 (m, 1H), 2.33 (t, J =

7.2 Hz, 2H), 1.82-1.61 (m, 2H), 1.58-1.43 (m, 3H), 1.25 (t, J = 7.2 Hz, 3H), 1.20 (d, J = 6.4 Hz, 3H).
S-2



BCNMR (100 MHz, CDCl3) § 173.75, 67.54, 60.33, 38.56, 34.08, 23.49, 21.02, 14.23. HPLC conditions:
Chiralcel OJ-H column (25 cm x 0.46 cm ID); n-hexane/2-propanol = 98:2; temp, rt; flow rate = 1.0
mL/min; 220 nm UV detector; tr (S) =9.72 min and tr (R) = 10.37 min.

(R)-Hexane-1,5-diol (3a)?
oH Colorless oil, 1 h, 46% yield, 94% ee, [a]*’p —7.4 (¢ 1.0, MeOH). [lit.? [a]**p

)\/\/\ —6.3 (¢ 1.0, MeOH)]. 'H NMR (400 MHz, CDCls)  3.87-3.76 (m, 1H), 3.65

OH (t, J=6.4 Hz, 2H), 1.70-1.54 (m, 4H), 1.53-1.36 (m, 4H), 1.19 (d, J = 6.0 Hz,

3H). 3C NMR (100 MHz, CDCl3) 4 67.97, 62.72, 38.81, 32.50, 23.54, 21.88. HPLC conditions: Chiralcel

OD-H column (25 cm x 0.46 cm ID); n-hexane/2-propanol = 90:10; temp, rt; flow rate = 1.0 mL/min;
220 nm UV detector; tg (S) =5.95 min and tg (R) = 7.13 min.

(S)-Ethyl 5-hydroxyheptanoate (2b)
oH o Colorless oil, 2 h, 44% yield, 95% ee, [a]*’p +6.2 (€ 2.0, MeOH). '"H NMR

\/-:\/\)J\OE,[ (400 MHz, CDCl3) 6 4.11 (q, J = 7.2 Hz, 2H), 3.54-3.48 (m, 1H), 2.32 (t, J
= 7.2 Hz, 2H), 1.83-1.61 (m, 3H), 1.55-1.36 (m, 4H), 1.24 (t, J = 7.2 Hz, 3H), 0.92 (t, J = 7.6 Hz, 3H).
13C NMR (100 MHz, CDCl;) & 173.81, 72.66, 60.28, 36.15, 34.11, 30.10, 20.93, 14.19, 9.83. HPLC
conditions: Chiralcel OJ-H column (25 cm x 0.46 cm ID); n-hexane/2-propanol = 99:1; temp, rt; flow
rate = 1.0 mL/min; 220 nm UV detector; tr (S) = 19.76 min and tr (R) = 20.81 min. HRMS (ESI) Calcd

for C11Hx305 ([M + H]*): 175.1329, Found: 175.1329.

(R)-Heptane-1,5-diol (3b)?

oH Colorless oil, 2 h, 47% yield, 94% ee, [a]*°> —9.0 (¢ 2.0, MeOH). [lit.? [a]**p

\)\/\/\OH +2.1 (¢ 1.0, MeOH), S enantiomer]. 'H NMR (300 MHz, CDCIl;) § 3.66 (t,
J=6.4 Hz, 2H), 3.60-3.49 (m, 1H), 1.68-1.38 (m, 10H), 0.94 (t, J=7.6 Hz,

3H). 3C NMR (100 MHz, CDCls) § 73.13, 62.63, 36.37, 32.51, 30.18, 21.77, 9.87. HPLC conditions:
Chiralcel OD-H column (25 cm X 0.46 cm ID); n-hexane/2-propanol = 90:10; temp, rt; flow rate = 1.0

mL/min; 220 nm UV detector; tr (S) = 5.49 min and tr (R) = 6.42 min.

(S)-Ethyl 5-hydroxyoctanoate (2c)
OH 0) Colorless oil, 2 h, 43% yield, 96% ee, [a]*’> +2.0 (¢ 1.0, MeOH). 'H

OEt NMR (400 MHz, CDCl3) 8 4.11 (q, J = 7.2 Hz, 2H), 3.65-3.53 (m, 1H),
2.32(t, = 7.2 Hz, 2H), 1.83-1.61 (m, 3H), 1.53-1.32 (m, 6H), 1.24 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 6.4

Hz, 3H). *C NMR (100 MHz, CDCls) § 173.78, 71.04, 60.27, 39.58, 36.70, 34.12, 20.93, 18.76, 14.19,
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14.03. HPLC conditions: Chiralcel AD-H column (25 cm x 0.46 cm ID); n-hexane/2-propanol = 98:2;
temp, rt; flow rate = 1.0 mL/min; 220 nm UV detector; tr (S) = 7.06 min and tg (R) = 7.57 min. HRMS

(ESI) Caled for C1Hx03 ([M + H]*): 189.1486, Found: 189.1483.

(R)-Octane-1,5-diol (3c)?
OH Colorless oil, 2 h, 47% yield, 96% ee, [0]*°p —1.4 (¢ 1.0, MeOH). [lit.?

MOH [a]?p —1.0 (¢ 1.0, MeOH)]. '"H NMR (400 MHz, CDCl3) § 3.70-3.55 (m,
3H), 2.33 (br's, 2H), 1.72-1.23 (m, 10H), 0.91 (t, J = 6.8 Hz, 3H). '*C NMR (100 MHz, CDCl5) 8 71.43,
62.48, 39.66, 36.84, 32.43, 21.72, 18.80, 14.07. HPLC conditions: Chiralcel OD-H column (25 cm x
0.46 cm ID); n-hexane/2-propanol = 90:10; temp, rt; flow rate = 1.0 mL/min; 220 nm UV detector; tr (S)

=5.13 min and tg (R) = 5.78 min.

(S)-Ethyl 5-hydroxynonanoate (2d)*

OH 0 Colorless oil, 2 h, 45% yield, 95% ee, [0]*’> +1.8 (¢ 1.0, MeOH). 'H
t OEt NMR (400 MHz, CDCL) 8 4.11 (q, J = 7.2 Hz, 2H), 3.62-3.52 (m,

1H), 2.31 (t, J = 7.2 Hz, 2H), 1.84-1.61 (m, 3H), 1.54-1.36 (m, SH), 1.35-1.27 (m, 3H), 1.24 (t, J = 7.2

Hz, 3H), 0.88 (t, J = 6.8 Hz, 3H). 3*C NMR (100 MHz, CDCl3) 4 173.78, 71.31, 60.26, 37.11, 36.68,

34.12, 27.76, 22.67, 20.93, 14.19, 14.01. HPLC conditions: Chiralcel AD-H column (25 cm % 0.46 cm

ID); n-hexane/2-propanol = 95:5; temp, rt; flow rate = 1.0 mL/min; 220 nm UV detector; tr (S) = 5.28

min and tr (R) = 5.69 min.

(R)-Nonane-1,5-diol (3d)?
OH Colorless oil, 2 h, 48% yield, 96% ee, [a]*°p —0.4 (¢ 1.0, MeOH). [lit.2

MOH [a] +0.5 (C 1.0, MeOH), S enantiomer]. '"H NMR (400 MHz, CDCl;)

8 3.67 (t, J = 6.0 Hz, 2H), 3.64-3.57 (m, 1H), 1.65-1.25 (m, 14H), 0.91 (t, J = 6.8 Hz, 3H). '3*C NMR
(100 MHz, CDCls) & 71.70, 62.46, 37.18, 36.81, 32.43, 27.82, 22.71, 21.73, 14.04. HPLC conditions:
Chiralcel OD-H column (25 cm X 0.46 cm ID); n-hexane/2-propanol = 90:10; temp, rt; flow rate = 1.0

mL/min; 220 nm UV detector; tr (S) = 4.90 min and tg (R) = 5.47 min.
(R)-Ethyl 5-hydroxy-7-methyloctanoate (2¢)

s-4



)\/Qi/\)?\ Colorless oil, 3 h, 49% yield, 90% ee, [a]*’p —24.0 (c 2.0, MeOH). 'H

OEt NMR (400 MHz, CDCl3) 6 4.11 (q, J = 7.2 Hz, 2H), 3.70-3.61 (m, 1H),
2.31 (t,J=7.2 Hz, 2H), 1.80-1.60 (m, 4H), 1.52-1.31 (m, 3H), 1.27-1.16 (m, 4H), 0.93-0.86 (m, 6H).
3C NMR (100 MHz, CDCls) § 173.78, 69.29, 60.26, 46.69, 37.26, 34.11, 24.53, 23.40, 21.99, 20.90,
14.19. HPLC conditions: Chiralcel AD-H column (25 cm x 0.46 cm ID); n-hexane/2-propanol = 99:1;
temp, rt; flow rate = 1.0 mL/min; 220 nm UV detector; tr (R) = 6.56 min and tr (S) = 6.97 min. HRMS

(ESI) Caled for C11Hx03 ([M + H]*): 203.1642, Found: 203.1642.

(S)-7-Methyloctane-1,5-diol (3¢e)

/k/OkH/\/\ Colorless oil, 3 h, 44% yield, 96% ee, [a]*’p +10.3 (c 2.0, MeOH). 'H

OH NMR (400 MHz, CDCls) 8 3.71-3.59 (m, 3H), 2.16 (br s, 2H), 1.82-1.68
(m, 1H), 1.67-1.31 (m, 7H), 1.26-1.16 (m, 1H), 0.98-0.84 (m, 6H). 3C NMR (100 MHz, CDCl;) § 69.65,
62.50, 46.76, 37.43, 32.45, 24.54, 23.43, 22.02, 21.70. HPLC conditions: Chiralcel OD-H column (25
cm x 0.46 cm ID); n-hexane/2-propanol = 90:10; temp, rt; flow rate = 1.0 mL/min; 220 nm UV detector;
tr (R) =4.71 min and tr (S) = 5.26 min. HRMS (ESI) Calcd for CoH,,0, ([M + H]?): 161.1536, Found:

161.1539.

(R)-Ethyl 5-hydroxy-6-methylheptanoate (2f)
OH e} Colorlessoil, 6 h, 43% yield, 98% ee, [a]*°p +16.2 (¢ 1.0, MeOH). '"H NMR

OEt (400 MHz, CDCl3) 6 4.11 (q, J = 7.2 Hz, 2H), 3.34 (s, 1H), 2.32 (t, J="7.2

Hz, 2H), 1.86-1.76 (m, 1H), 1.71-1.58 (m, 3H), 1.52-1.34 (m, 2H), 1.24 (t,

J=7.2Hz,3H), 0.90 (d, J=2.4 Hz, 3H), 0.88 (d, J = 2.4 Hz, 3H). *C NMR (100 MHz, CDCl5) § 173.80,
76.14,60.25,34.14,33.47,33.40,21.32, 18.75, 17.12, 14.19. HPLC conditions: Chiralcel OD-H column
(25 cm x 0.46 cm ID); n-hexane/2-propanol = 98:2; temp, rt; flow rate = 1.0 mL/min; 220 nm UV detector;
tr (R) = 9.41 min and tg (S) = 9.85 min. HRMS (ESI) Calcd for C10H2003 ([M + H]*): 189.1486, Found:

189.1487.

(S)-6-Methylheptane-1,5-diol (3f)°
OH Colorless oil, 6 h, 49% yield, 97% ee, [a]*°p —25.4 (¢ 1.0, MeOH). 'H NMR

\(‘\/\/\OH (400 MHz, CDCL3) 8 3.61 (t, J = 6.4 Hz, 2H), 3.36-3.29 (m, 1H), 2.70 (br

s, 1H), 2.36 (br s, 1H), 1.70-1.32 (m, 7H), 0.88 (d, J = 6.8 Hz, 6H). 1*C
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NMR (100 MHz, CDCl3) ¢ 76.48, 62.36, 33.57, 33.42, 32.41, 22.14, 18.75, 17.28. HPLC conditions:
Chiralcel OD-H column (25 cm X 0.46 cm ID); n-hexane/2-propanol = 90:10; temp, rt; flow rate = 1.0

mL/min; 220 nm UV detector; tr (R) =4.99 min and tg (S) = 5.75 min.

(R)-Ethyl 5-cyclohexyl-5-hydroxypentanoate (2g)
OH O Colorless oil, 5 h, 44% yield, 99% ee, [¢]’p +10.4 (c 1.0, MeOH). 'H
OBl NMR (400 MHz, CDCL) 5 4.1 (q, J = 7.2 Hz, 2H), 3.38-3.29 (m, 1H),
2.32 (t, J = 7.2 Hz, 2H), 1.84-1.69 (m, 4H), 1.69-1.56 (m, 4H), 1.56—
1.46 (m, 1H), 1.45-1.35 (m, 1H), 1.34-0.93 (m, 9H). 3C NMR (100 MHz, CDCls) § 173.78, 75.61,
60.23, 43.53, 34.17, 33.41, 29.16, 27.72, 26.47, 26.27, 26.12, 21.25, 14.20. HPLC conditions: Chiralcel
AD-H column (25 cm x 0.46 cm ID); n-hexane/2-propanol = 95:5; temp, rt; flow rate = 1.0 mL/min; 220
nm UV detector; tr (R) = 6.16 min and tr (S) = 6.76 min. HRMS (ESI) Calcd for Ci3H,50; ([M + H]"):

229.1798, Found: 229.1799.

(S)-1-Cyclohexylpentane-1,5-diol (3g)°

oH White solid, m.p. 62-64 °C, 5 h, 50% yield, 94% ee, [0]’p —16.8 (C 1.0,

OH MeOH). 'H NMR (400 MHz, CDCl3) 8 3.66 (t, J = 6.0 Hz, 2H), 3.41-
3.33 (m, 1H), 1.85-1.71 (m, 3H), 1.63-1.93 (m, 16H). *C NMR (100
MHz, CDCl;) 6 75.86, 62.24, 43.64, 33.41, 32.40, 29.13, 27.88, 26.48, 26.28, 26.14, 22.04. HPLC
conditions: Chiralcel OD-H column (25 cm X 0.46 cm ID); n-hexane/2-propanol = 95:5; temp, rt; flow

rate = 1.0 mL/min; 220 nm UV detector; tg (R) = 6.04 min and tr (S) = 6.85 min.

(R)-Ethyl 5-hydroxy-8-methoxyoctanoate (2h)
(:)H 0] Colorless oil, 1 h, 45% yield, 97% ee, [0]*°p —4.2 (¢ 1.0, MeOH).
MeO :
OEt HNMR (400 MHz, CDCls) § 4.10 (q, J = 7.2 Hz, 2H), 3.61-3.51
(m, 1H), 3.39 (t, J=5.2 Hz, 2H), 3.32 (s, 3H), 2.76 (s, 1H), 2.31 (t, J = 7.2 Hz, 2H), 1.80-1.55 (m, 5H),
1.49-1.37 (m, 3H), 1.23 (t, J = 7.2 Hz, 3H). '*C NMR (100 MHz, CDCl5) § 173.75, 72.98, 70.94, 60.21,
58.53, 36.74, 34.83, 34.15, 26.19, 21.11, 14.19. HPLC conditions: Chiralcel AD-H column (25 c¢cm x
0.46 cm ID); n-hexane/2-propanol = 98:2; temp, rt; flow rate = 1.0 mL/min; 220 nm UV detector; tr (R)
= 17.46 min and tg (S) = 18.43 min. HRMS (ESI) Calcd for C;1H2304 ([M + HJ]"): 219.1596, Found:

219.1590.
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(S)-8-Methoxyoctane-1,5-diol (3h)
OH Colorless oil, 1 h, 46% yield, 91% ee, [a]*’p +1.0 (¢ 1.0, MeOH).

Meo\/\/'\/\/\OH

Hz, 2H), 3.32 (s, 3H), 3.11 (brs, 1H), 2.47 (br s, 1H), 1.73-1.63 (m, 2H), 1.63—1.48 (m, 4H), 1.47-1.36

'H NMR (400 MHz, CDCls) § 3.64-3.54 (m, 3H), 3.39 (t, J = 5.6

(m, 4H). 3C NMR (100 MHz, CDCls) § 73.02, 71.29, 62.46, 58.53, 36.88, 34.78, 32.46, 26.18, 21.83.
HPLC conditions: Chiralcel OD-H column (25 cm x 0.46 cm ID); n-hexane/2-propanol = 97:3; temp, rt;
flow rate = 1.0 mL/min; 220 nm UV detector; tr (R) = 27.22 min and tr (S) = 28.78 min. HRMS (ESI)

Calcd for CoH, 04 ([M + H]%): 177.1486, Found: 177.1488.

(R)-Ethyl 5-hydroxy-9-methyldec-8-enoate (2i)

w Colorless oil, 2 h, 44% yield, 94% ee, [0]*°p —1.8 (c 1.0, MeOH).
“ -
OEt

"H NMR (400 MHz, CDCls) § 5.16-5.09 (m, 1H), 4.13 (g, J = 7.2
Hz, 2H), 3.64-3.56 (m, 1H), 2.33 (t, J = 7.2 Hz, 2H), 2.18-1.99 (m, 2H), 1.84-1.65 (m, SH), 1.62 (s,
3H), 1.57 (br s, 1H), 1.54-1.40 (m, 4H), 1.26 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCl;) 8 173.76,
132.04, 124.00, 71.07, 60.25, 37.27, 36.71, 34.11, 25.66, 24.30, 20.93, 17.62, 14.18. HPLC conditions:
Chiralcel OJ-H column (25 cm % 0.46 cm ID); n-hexane/2-propanol = 98:2; temp, rt; flow rate = 1.0
mL/min; 220 nm UV detector; tr (R) = 7.30 min and tr (S) = 7.70 min. HRMS (ESI) Calcd for C;3H»503

(IM + HJ*): 229.1799, Found: 229.1801.

(S)-9-Methyldec-8-ene-1,5-diol (3i)
Colorless oil, 2 h, 48% yield, 93% ee, [a]*°p +4.0 (¢ 1.0, MeOH).

OH
)\/\/k/\/\OH "H NMR (400 MHz, CDCl3) 8 5.17-5.09 (m, 1H), 3.70-3.58 (m,
3H), 2.18-1.99 (m, 2H), 1.69 (s, 3H), 1.66-1.36 (m, 13H). *C NMR (100 MHz, CDCl5) § 132.01, 124.07,
71.50, 62.47,37.36,36.84, 32.43,25.67,24.35,21.73, 17.64. HPLC conditions: Chiralcel OD-H column
(25 cm % 0.46 cm ID); n-hexane/2-propanol = 90:10; temp, rt; flow rate = 1.0 mL/min; 220 nm UV
detector; tr (R) = 6.89 min and tr (S) = 7.60 min. HRMS (ESI) Calcd for C;H230, ((M +H]J"): 187.1693,

Found: 187.1695.

(R)-Ethyl 5-hydroxy-5-phenylpentanoate (2j)’
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oH o Colorless oil, 0.4 h, 49% yield, 94% ee, [a]*’p +30.6 (¢ 1.0, CHCI5). [lit.

OEt [a]**p —=31.7 (¢ 1.2, CHCI3), S enantiomer]. 'H NMR (400 MHz, CDCls)

8 7.37-7.30 (m, 4H), 7.29-7.23 (m, 1H), 4.69—4.59 (m, 1H), 4.09 (q, J =
7.2 Hz, 2H), 2.40 (s, 1H), 2.30 (t, J=7.2 Hz, 2H), 1.84-1.69 (m, 3H), 1.68-1.52 (m, 1H), 1.23 (t, J=7.2
Hz, 3H). 1*C NMR (100 MHz, CDCls) § 173.62, 144.49, 128.37, 127.46, 125.77, 73.96, 60.26, 38.28,
33.92, 21.11, 14.14. HPLC conditions: Chiralcel OD-H column (25 cm X 0.46 cm ID); n-hexane/2-
propanol = 95:5; temp, rt; flow rate = 1.0 mL/min; 220 nm UV detector; tr (R) = 16.07 min and tg (S) =

17.39 min.

(S)-1-Phenylpentane-1,5-diol (3j)®

OH Colorless oil, 0.4 h, 47% yield, 95% ee, [a]*°> —41.2 (¢ 1.0, CHCL). [lit.8
OH [a]*p —41.9 (¢ 1.0, benzene)]. HPLC conditions: Chiralcel OD-H column
(25 cm % 0.46 cm ID); n-hexane/2-propanol = 90:10; temp, rt; flow rate

= 1.0 mL/min; 220 nm UV detector; tr (S) = 12.45 min and tr (R) = 13.44 min.

Kinetic study of the kinetic resolution of rac-2a.

Kinetic study of the kinetic resolution of rac-2a was performed according to the general procedure
for the asymmetric hydrogenation of rac-2. The hydrogenations were performed in parallel and stoped
after 15, 30, 45, 60, 90, 120 min and the conversions or yields and ee values were determined by'H NMR
and HPLC, respectively. The data and the plot are outlined in Table 1 and Figure 1, respectively.

Table 1 The data of asymmetric hydrogenation of rac-2a®.

Time (min) 2a 3
yield (%) ee (%) yield (%) ee (%)
0 100 0 0
15 74 31.7 26 97.3
30 54 77.3 46 95.5
45 51 91.7 49 94.6
60 50 93.7 50 94.2
90 46 100 54 90.6
120 45 100 55 85.4

@ IH NMR showed that the reaction mixture contained less than 2% 8-lactone, which was calculated to the yield

of 2a in this table.
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Figure 1. The plots of hydrogenation of rac-2a with (R)-1.

Kinetic resolution of rac-2a at S/C = 100000.

)Oi/\)OL Ha (17 atm)/(R)-1 /Qi/\)oL . oH
OEt 'BUOK, EtOH, 25-30 °C OEt /k/\/\OH
rac-2a 24h 2a 3a

(S/C = 100000)

To a 100 mL hydrogenation vessel in an autoclave was added rac-2 (8.0 g, 50 mmol), a solution of
iridium catalyst (R)-1 in EtOH (0.0005 mmol/mL, 1.0 mL, 0.0005 mmol), a solution of t-BuOK in EtOH
(0.2 mmol/mL, 9 mL, 1.8 mmol), and 20 mL of anhydrous EtOH under N, atmosphere. The autoclave
was purged with hydrogen by pressurizing to 10 atm and releasing the pressure. This procedure was
repeated three times and then pressurized to 17 atm of H,. After the reaction mixture was stirred at room
temperature (25 °C) for 24 h, saturated NH4Cl (20 mL) was added. EtOH was removed in vacuo and the
residue was extracted with EtOAc (20 mL x 3). The combined extracts were washed with brine, dried
over MgSO, and concentrated in vacuo to afford a crude product, which was purified by flash column
chromatography on silical gel with petroleum ether/ethyl acetate (3:1 to 1:3) as the eluent to afford 3.52
g (44% yield) (S)-2a with 97% ee and 2.71 g (46% yield) (R)-3a with 93% ee. The analytic data and

HPLC conditions see above.

Kinetic resolution of 8-methyl-&-valerolactone (rac-4) at S/C = 1000.

o o H, (10 atm) OH o) OH
U 0.1 mol% (R)-1 /\/\)}\ )\/\A
_ MR .
tBuOK, EtOH, rt, 1 h OEt OH

(S)y2a (R)-3a
41% yield, 99.4% ee 48% yield, 90.2% ee

rac-4
53% conversion

To a 20 mL hydrogenation vessel in an autoclave was added racemic 5-methyl-6-valerolactone
(rac-2, 114 mg, 1.0 mmol), a solution of iridium catalyst (R)-1 in EtOH (0.002 mmol/mL, 0.5 mL, 0.001
mmol), a solution of t-BuOK in EtOH (0.08 mmol/mL, 0.5 mL, 0.04 mmol), and 1.0 mL of anhydrous
EtOH. The autoclave was purged with hydrogen by pressurizing to 5 atm and releasing the pressure. This
procedure was repeated three times and then pressurized to 10 atm of H,. The reaction mixture was stirred
at room temperature (25—-30 °C) until the hydrogen pressure bled down to 9.5 atm (1 h). The solvent was
removed in vacuo and the residue was purified by flash column chromatography on silical gel with

petroleum ether/ethyl acetate as an eluent to afford (S)-2a in 41% yield with 99.4% ee and (R)-3a in 48%
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yield with 90% ee (53% conversion, determined by '"H NMR). The analytic data and HPLC conditions

see above.

(C) Asymmetric synthesis of (+)-civet and (R)-lisofylline.

The asymmetric synthesis of (+)-civet was outlined below.

o) 1) DIBAL-H, DCM
U TSOH )—78 °C.1h M

OEt  benzene, rt, 24 h O 2) PhsP=CHCO,Et "okt

(S)-2a (96.8% ee) 90% yield Tol, 80°C, 6 h (S)-6
(S)>-4 83% yield
1) 'BUOK, 'PrOH, rt, 5 h p\/
2) LiOH, MeOH/H,0, it, 1 h o COOH
68% yield (+)-civet

50.8% overall yield (5 steps)

Synthesis of (S)-4
To a solution of (S)-2a (528 mg, 3 mmol) in benzene (10 mL) was added TsOH (114 mg, 0.6 mmol)

at room temperature. After the reaction mixture was stirred for 24 h, saturated NaHCO; (5 mL) was
added. The layers were separated and the aqueous layer was extracted with EtOAc (5 mL x 3). The
combined organic layers were washed with brine, dried over MgSOj4 and concentrated in vacuo to afford
a crude product, which was purified by chromatography on silica gel column (petroleum ether/ethyl
acetate = 3:1) to provide the desired product (S)-4 (308 mg, 90% yield) as a colorless oil. [a]*’p —31.1 (C
1.0, EtOH). [lit.? [a]*°p —30.2 (c 1.3, EtOH)]. '"H NMR (400 MHz, CDCl5) 8 4.48-4.37 (m, 1H), 2.64—

2.51 (m, 1H), 2.50-2.37 (m, 1H), 1.99-1.77 (m, 3H), 1.60-1.43 (m, 1H), 1.36 (d, J = 6.4 Hz, 3H).

Synthesis of (S)-6'°
To a solution of (S)-4 (228 mg, 2 mmol) in DCM (5 mL) was added dropwise DIBAL-H (1.0 M in

hexane, 2 mL, 2 mmol) at —78 °C over 30 min. After the reaction mixture was stirred for 0.5 h at this
temperature, saturated sodium potassium tartrate (Rochelle salt, 5 mL) was added. The mixture was
allowed to warm to room temperature and vigorously stirred for 1 h. The layers were separated and the
aqueous layer was extracted with DCM (5 mL x 3). The combined organic layers were washed with
brine, dried over MgSQO4 and concentrated in vacuo to afford afford (S)-5 (215 mg, 93% yield) as a crude
product..

To a solution of the crude lactol in Tol (10 mL) was added (carbethoxymethylene)-

triphenylphosphorane (1.04 g, 3 mmol), and the mixture was stirred at 80 °C for 6 h. The solvent was
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evaporated and the remaining crude product was purified by chromatography on silica gel column
(petroleum ether/ethyl acetate = 3:1) to provide the desired product (S)-6 (308 mg, 83% yield over two
steps) as a colorless oil. [a]*’p +9.1 (¢ 1.0, CHCl3). '"H NMR (400 MHz, CDCl3) § 6.95 (dt, J=15.6, 6.8
Hz, 1H), 5.81 (dt,J=15.6, 1.6 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.85-3.74 (m, 1H), 2.26-2.17 (m, 2H),
1.66-1.39 (m, 5H), 1.27 (t, J = 7.2 Hz, 3H), 1.18 (d, J = 6.4 Hz, 3H). *C NMR (100 MHz, CDCl3) &
166.69, 148.87,121.51, 67.74, 60.16, 38.54, 32.02, 24.15, 23.54, 14.22. HRMS (ESI) Calcd for C0H ;303

(IM + HJ*): 187.1329, Found: 187.1327.

Synthesis of (+)-civet
To a solution of (S)-6 (186 mg, 1 mmol) in 'PrOH (5 mL) was added ‘BuOK (22.4 mg, 0.2 mmol) at room

temperature. After the reaction mixture was stirred for 5 h, the solvent of the reaction mixture was slowly
removed under reduce pressure and the residue was dissolved with methanol (5 mL). 1 N LiOH (5 mL,
5 mmol) was added to the mixture and the reaction mixture was stirred for 1 h. After acidified with 2 N
HCI to pH 1, the solution was extracted with EtOAc (5 mL x 3), dried over anhydrous MgSQO,, and
concentrated in vacuo to yield a crude product, which was purified by flash chromatography on silica gel
column (petroleum ether/ethyl acetate = 1:1) to provide the desired product (+)-civet (107 mg, 68% yield
over two steps) as a colorless oil. [a]*’p +22.0 (¢ 1.0, CHCLy). [lit. ' [a]*’p +22.4 (¢ 0.25, CHCl3)]. 'H
NMR (400 MHz, CDCl3) 8 9.40 (s, 1H), 3.81-3.71 (m, 1H), 3.56-3.45 (m, 1H), 2.56 (dd, J = 15.6, 7.6
Hz, 1H), 2.46 (dd, J=15.6, 5.2 Hz, 1H), 1.86-1.77 (m, 1H), 1.67-1.46 (m, 3H), 1.30-1.19 (m, 2H), 1.16
(d, J = 6.4 Hz, 3H). *C NMR (100 MHz, CDCl3) 8 175.72, 74.41, 73.93, 41.23, 32.71, 30.72, 23.16,

21.94.

The asymmetric synthesis of (R)-lisofylline was outlined below.
OH 1) MsClI, NEt3 OAc 1) NaH, theobromine(8)

/k/\/\ DCM, -20°C, 2 h /k/\/\ DMSO0, 60°C, 7 h
Me OH Me OMs

2) Ac,0, NEts, DMAP 2) K,CO3, MeOH, 1t, 4 h

(R)-3a (91% ee) THF, 1, 3 h (R)-7 o)
’ 63% yield 77% yield
/O'i/\/\ i Me i Me
' H
N < N
Me NJ\/|E ) 48.5% overall yield j\)l\/lE )
0)\N N (4 steps) o '}‘ N
Me Me
(R)-lisofylline 8

Synthesis of (R)-7



To a solution of (R)-3a (730 mg, 5 mmol) in DCM (10 mL) was added Et;N (555 mg, 5.5 mmol) and
MsCl (570 mg, 5 mmol) at —20 °C under N, atmosphere. The reaction mixture was stirred at the same
temperature for 2 h and quenched with saturated NH4Cl (15 mL). The layers were separated and the
aqueous layer was extracted with DCM (15 mL x 3). The combined extractes were washed with saturated
NaHCOs3 (20 mL) and brine, dried over anhydrous MgSO4and concentrated in vacuo to afford a crude
product, which was purified by flash chromatography on silica gel column (petroleum ether/ethyl acetate
= 3:1) to provide the desired product (R)-5-hydroxyhexyl methanesulfonate (672 mg, 69% yield) as a
colorless oil. [a]*’p —9.6 (¢ 1.0, CHCl;). '"H NMR (400 MHz, CDCl3) § 4.24 (t, J = 6.4 Hz, 2H), 3.87—
3.77 (m, 1H), 3.01 (s, 3H), 1.83-1.73 (m, 2H), 1.68 (s, 1H), 1.58-1.42 (m, 4H), 1.20 (d, J= 6.0 Hz, 3H).
BC NMR (100 MHz, CDCl3) § 69.92, 67.63, 38.37, 37.31, 29.03, 23.56, 21.64. HRMS (ESI) Calcd for
C7H1704S (M + H]%): 197.0843, Found: 197.0841.

A mixture of (R)-5-hydroxyhexyl methanesulfonate (390 mg, 1.74 mmol), Ac;O (673 mg, 6.6 mmol),
NEt; (707 mg, 7.0 mmol), DMAP (61 mg, 0.5 mmol) and THF (10 mL) were stirred at room temperature
for 4 h. After removing of THF in vacuo, the residue was diluted with EtOAc (10 mL). The solution was
washed with saturated NaHCO; (10 mL) and brine, dried over anhydrous MgSO, and concentrated in
vacuo to afford a crude product, which was purified by flash chromatography on silica gelcolumn
(petroleum ether/ethyl acetate = 3:1) to provide the desired product (R)-7 (426 mg, 92% yield) as a
colorless oil. [a]*p —1.8 (¢ 1.0, CHCL3). '"H NMR (400 MHz, CDCI3) 6 4.94-4.83 (m, 1H), 421 (t, J =
6.4 Hz, 2H), 3.00 (s, 3H), 2.02 (s, 3H), 1.81-1.70 (m, 2H), 1.66—1.39 (m, 4H), 1.20 (d, J = 6.4 Hz, 3H).
3C NMR (100 MHz, CDCls) & 170.71, 70.39, 69.67, 37.32, 35.15, 28.85, 21.33, 21.31, 19.87. HRMS

(ESI) Caled for CoH100sS ([M + H]*): 239.0948, Found: 239.0950.

Synthesis of (R)-lisofylline

To a solution of NaH (38.4 mg, 1.6 mmol) in DMSO (10 mL) was slowly added the theobromine 8
(288 mg, 1.6 mmol) under N, atmosphere. The reaction mixture was heated to 60 °C and added slowly a
solution of (R)-7 (288 mg, 1.6 mmol) in DMSO (2 mL). After stirring 20 h and cooling to room
temperature, H,O (10 mL) was added to the reaction mixture. The solution was extracted with EtOAc
(10 mL x 3), and the combined extractes were washed with brine, dried over anhydrous MgSQO4 and
concentrated in vacuo to afford a crude product.

The obtained crude product was dissolved in MeOH (20 mL) and K,COs (1.1 g, 8 mmol) was added
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to the solution at room temperature. After stirring 10 h, HO (10 mL) was added to the reaction mixture.

The solution was extracted with EtOAc (10 mL x 3), and the combined extractes were washed with brine,

dried over anhydrous MgSO4 and concentrated in vacuo to afford a crude product, which was purified

by flash chromatography on silica gel column with ethyl acetate as the eluent to provide the desired

product (R)-lisofylline (375 mg, 77% yield) as white solid. m.p. 123-125 °C, [a]*°p —5.0 (¢ 1.0, CHCL).

"H NMR (400 MHz, CDCL) 8 7.50 (s, 1H), 4.00 (t, J = 7.6 Hz, 2H), 3.97 (s, 3H), 3.83-3.75 (m, 1H),

3.55 (s, 3H), 1.73-1.62 (m, 2H), 1.56-1.35 (m, 5H), 1.17 (d, J = 6.0 Hz, 3H). 3C NMR (100 MHz,

CDCl3) 6 155.33,151.47, 148.71, 141.39, 107.64, 67.79, 41.10, 38.73, 33.55, 29.66, 27.86, 23.46, 22.87.

HRMS (ESI) Caled for Ci3HaN4Os ([M + H]*): 281.1609, Found: 281.1613.
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(D) NMR spetra of new compounds

(S)-Ethyl 5-hydroxyheptanoate (2b)
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(S)-Ethyl 5-hydroxyoctanoate (2

c)
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(S)-Ethyl 5-hydroxynonanoate (2d)
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(R)-Ethyl 5-hydroxy-7-methyloctanoate (2e)
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(S)-7-Methyloctane-1,5-diol (3e)
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(R)-Ethyl 5-hydroxy-6-methylheptanoate (2f)
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Frequency
Spectral Width 35714.3
Lowest -7796.8
Frequency
T T T
150 120 110 70 60 Nucleus 13C
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(S)-6-Methylheptane-1,5-diol (3f)

BIATTIRLE O IRANSRTWE Parameters
wwinmnmmmmy M ©Winwn S moeRg o
monononononomn oo ~N -~ OO Parameter Value
e e N
Data File Name| Z:/ Data/
NMR/ 2013-3/
yxh-8-41-2/ 1/
OH pdata/ 1/ 1r
Title yxh-8-41-2
OH Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer |spect
Solvent CDCI3
Temperature |293.2
Pulse Sequence zg30
Number of 8
Scans
Receiver Gain |33
Acquisition 2.4999
Time
Acquisition 2013-03-21T2
Date 1:53:04
Spectrometer |400.13
Frequency
‘ Spectral Width | 8012.8
| b Lowest -1535.0
l A L Frequency
‘ -+ Nucleus 1H
&z L3
— - ~ o
T T T T T T T T
7.0 6.5 6.0 55 5.0 3.0 1.5 1.0
0 O N < w1 0
< ™ NS R
o N} Ev RN INEEN Parameters
~ ©o oM mnm N o~ -
I ~ /N Parameter Value
OH Data File Z:/ Data/
Name NMR/
2013-3/
OH yxh-8-41-2/
2/ pdata/ 1/
1r
Title yxh-8-41-2
Origin Bruker BioSpin

GmbH

Owner nmr
Site

Spectrometer | spect
Solvent CDCI3
Temperature |293.7
Pulse zgpg30
Sequence

Number of |33
Scans

Receiver Gain | 23
Acquisition 0.8999
Time

Acquisition 2013-03-21T2
Date 1:54:46
Spectrometer | 100.61
Frequency

Spectral Width 35714.3

Lowest -7796.8
Frequency
Nucleus 13C

S-20




(R)-Ethyl 5-cyclohexyl-5-hydroxypentanoate (29)

NSO OO 0 wn O N ML OO WO WM S
MNO® MmN M= ONWLOMLONL T N o O w© Parameters
HHH0O mmmm mmaAo ORNLVLVANNNOSO OO RO
EFETTT mononmn NN L e I e B B B B B M= =) Parameter Value
R N L
Data File Name| Z:/ Data/
NMR/ 2013-3/
OH 0] wk-1-19/ 1/
b pdata/ 1/ 1r
OEt Title wk-1-19
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer |spect
Solvent CDCI3
Temperature |295.9
Pulse Sequence zg30
Number of 8
Scans
Receiver Gain |57
Acquisition 2.0447
Time
Acquisition 2013-03-27T1
Date 117:21
Spectrometer |400.13
Frequency
Spectral Width | 8012.8
| Lowest -1553.6
A Frequency
Nucleus 1H
A S &
~ — N
T T T T T T T T T T T T T T T T
75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 20 1.5 1.0 0.5 0.0
o
- 3 Q RETEARERAER P
© 5 S DY M AN GO oS arameters
- ~ ©o SO MANNNNNN A
|\ === Parameter Value
Data File Z:/ Data/
Name NMR/
OH @] 2013-3/
< wk-1-19/ 2/
OEt pdata/ 1/ 1r
Title wk-1-19
Origin Bruker BioSpin|
GmbH
Owner nmr
Site
Spectrometer | spect
Solvent CDCI3
Temperature |296.7
Pulse zgpg30
Sequence
Number of 108
Scans
Receiver Gain | 111
Acquisition 0.4588
Time
Acquisition 2013-03-27T1
Date 1:20:53
Spectrometer | 100.61
Frequency
Spectral Width 35714.3
Lowest -7796.8
Frequency
Nucleus 13C




(S)-1-Cyclohexylpentane-1,5-diol (3g)

O <t © W THONONDHO P.
GEER HEREEE3EEEE arameters
Mmoo A A~ OO Parameter Value
SN S SN
OH Data File Name| Z:/ Data/
NMR/ 2013-6/
yxh-8-44-2H/
OH 1/ pdata/ 1/ 1r
Title yxh-8-44-2H
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer |spect
Solvent CDCI3
Temperature |296.2
Pulse Sequence zg30
Number of 8
Scans
Receiver Gain |174
Acquisition 2.0447
Time
Acquisition 2013-06-22T0
Date 8:52:43
Spectrometer |400.13
1 Frequency
Spectral Width | 8012.8
Lowest -1554.0
J Frequency
= Nucleus 1H
o o
~N —
T T T T T T T T T
8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25
0 < < — O ™Mo 000 T
=] N < ST HOI N O
v IN] o BNDIN OGO N Parameters
~ [t < MM ANNNNNN
I I SYOSN -~ Parameter Value
Data File Z:/ Data/
Name NMR/
OH 2013-3/
yxh-8-44-2/
2/ pdata/ 1/
OH 1r
Title yxh-8-44-2
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer | spect
Solvent CDCI3
Temperature |295.3
Pulse zgpg30
Sequence
Number of 19
Scans
Receiver Gain | 119
Acquisition 0.4588
Time
Acquisition 2013-03-28T1
Date 2:29:46
Spectrometer | 100.61
Frequency
Spectral Width 35714.3
Lowest -7796.8
T T T T T T T T T T T T Frequency
95 9 8 8 75 70 65 60 55 50 45 40 35 30 Nucleus 13C
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(R)-Ethyl 5-hydroxy-8-methoxyoctanoate (2h)

DEHONNADOWULOT M NOVNOWNMO TN OON
NN OVOONXN © NOXIITDARLVONWLMAHOT N Parameters
HHOoQouS MMM N MMANROYOVOINT T IMANN
SN NN N SN
Data File Name| Z:/ Data/
OH O NMR/ 2013-6/
st yxh-9-41B-1/
i 1/ pdata/ 1/ 1r
MeO\/\/\/\)J\ - P
OFEt Title yxh-9-41B-1
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer | spect
Solvent CDCI3
Temperature |296.3
Pulse Sequence zg30
Number of 8
Scans
Receiver Gain |61
Acquisition 2.0447
Time
Acquisition 2013-06-06T1
Date 7:18:09
Spectrometer |400.13
Frequency
Spectral Width | 8012.8
Lowest -1554.0
Frequency
Nucleus 1H
wn
x 2% 8% 349 393 ,
Q JS o SYT oo arameters
— ~~ O wn m on m NN
W N/ SO0 S Parameter Value
Data File Z:/ Data/
Name NMR/
2013-6/
yxh-9-41B-1/
2/ pdata/ 1/
1r
Title yxh-9-41B-1
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer | spect
Solvent CDCI3
! Temperature |296.7
! Pulse zgpg30
Sequence
I Number of 55
| Scans
Receiver Gain | 133
Acquisition 0.4588
Time
Acquisition 2013-06-06T1
Date 7:20:06
Spectrometer | 100.61
Frequency
Spectral Width 35714.3
Lowest -7796.8
T T T T T T T T T T T T T T T T T T Frequency
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 | Nucleus 13C
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(S)-8-Methoxyoctane-1,5-diol (3h)

2L e RS ER RS SRES 383382958 P
CBRRARIAMMHTREEILARRIIITAR arameters
mmmmnmnmnmnmnonon o N A A A e A A A A A Parameter Value
PR SRR

Data File Name| Z:/ Data/
OH NMR/ 2013-6/
yxh-9-41B-2/
MeOMOH 1/ pdata/ 1/ 1r
Title yxh-9-41B-2
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer |spect
Solvent CDCI3
Temperature |296.3
Pulse Sequence zg30
Number of 8
Scans
Receiver Gain |57
Acquisition 2.0447
Time
Acquisition 2013-06-06T1
Date 7:25:33
Spectrometer |400.13
Frequency
Spectral Width | 8012.8
Lowest -1554.1
Frequency
Nucleus 1H
N o o o 00 00 WO ©o o
ISE S NS =
o ¥ oo e o Parameters
Vo [ [ I I Parameter Value
OH Data File Z:/ Data/
Name NMR/
MeO\/\/'\/\/\ 2013-6/
OH yxh-9-41A-2/
2/ pdata/ 1/
1r
Title yxh-9-41A-2
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer | spect
Solvent CDCI3
Temperature |297.1
Pulse zgpg30
| Sequence
Number of 115
Scans
Receiver Gain | 33
Acquisition 0.8999
Time
Acquisition 2013-06-06T1
Date 7:29:56
Spectrometer | 100.61
Frequency
) g ARy 012! W1 35714
Lowest -7796.8
T T T T T T T T T T Frequency
95 90 8 8 75 70 65 60 55 35 30 -5| Nucleus 13C
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(R)-Ethyl 5-hydroxy-9-methyldec-8-enoate (2i)

I8 R R EMR A NSRRI ARNAISORBR
= HHd O MMEO0XRRNOEOYININIT T T NNN
v fFEFFomomaNaNNNN AT A A A A A A AA A A Parameters
~- R Y SRS SIS PR
Parameter Value
Data File Name |Z:/ Data/ NMR/
2013-9/
yxh-10-22-1/ 1/
pdata/ 1/ 1r
OEt Title yh-10-22-1
Origin Bruker BioSpin
GmbH
Owner common
Site
Spectrometer | spect
Solvent CDCI3
Temperature 2914
Pulse Sequence |zg30
Number of 8
Scans
Receiver Gain | 203
Acquisition Time 2.9999
Acquisition Date| 2013-09-23T21:
34:00
f Spectrometer | 400.13
Frequency
Spectral Width |8223.7
|
‘ ‘ Lowest -16496
] ‘ Frequency
}“\» A | ‘ Nucleus 1H
i Y
< & S SSEninl
- o~ — NANWLMA o
T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
O < (=3
~ o o ~ wn N 0o meN o
o [N < N NRHOMNoO O
[ Ju - R8 I PN Parameters
‘ ‘ NONLL S Parameter Value
Data File Name |Z:/ Data/ NMR/
2013-9/
yxh-10-22-1/ 2/
pdata/ 1/ 1r
OEt Title yxh-10-21
Origin Bruker BioSpin
GmbH
Owner nmr
! Site
: Spectrometer | spect
Solvent CDCI3
Temperature 296.0
Pulse Sequence | zgpg30
Number of 54
Scans
Receiver Gain | 203
Acquisition Time 0.4588
Acquisition Date| 2013-09-23T15:
18:00
Spectrometer | 100.61
Frequency
Spectral Width |35714.3
Lowest -7796.3
Frequency
Nucleus 13C
T T Wk ith L vl i I i “m‘ i il il
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 a0 0 70 60 50 40 30 20 10 0
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(S)-9-Methyldec-8-ene-1,5-diol (3i)

o~ O =1 NNO=Hrdrd O WL
[22] N O s oy MeE N NOD O
~ 0 VoY HHOO0CcVVYINT I
w L N N NaNNNS A A A Parameters
e ) N
Parameter Value
Data File Name | Z:/ Data/ NMR/
2013-9/
OH yxh-10-22-2H/
1/ pdata/ 1/ 1r
NS -
OH Title yxh-10-22-2H
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer | spect
Solvent CDCI3
Temperature 295.8
Pulse Sequence |zg30
Number of 8
Scans
Receiver Gain | 203
Acquisition Time 1.9999
Acquisition Date| 2013-09-24T09:
19:00
Spectrometer | 400.13
Frequency
Spectral Width |8223.7
| Lowest -1650.3
| Frequency
| Nucleus 1H
T T R
< < N = o
- o N~
T T T T T T T T T T T T T T T T T T T
R0 75 70 A5 A0 55 50 45 40 35 30 25 20 15 10 05 00 05 -10
— ~
o o o ~ osmn oS
o < wn < MO o~
Ju IN 3 hes QARG Parameters
‘ ‘ ‘ NS Parameter Value
Data File Name |Z:/ Data/ NMR/
OH 2013-9/
yxh-10-22-2/ 2/
_ pdata/ 1/ 1r
OH Title yxh-10-22-2
Origin Bruker BioSpin
GmbH
Owner common
Site
Spectrometer | spect
Solvent CDCI3
Temperature 2914
Pulse Sequence | zgpg30
Number of 52
Scans
Receiver Gain | 203
Acquisition Time 0.5506
Acquisition Date| 2013-09-23T21:
40:00
Spectrometer | 100.61
Frequency
Spectral Width | 29761.9
Lowest -4820.2
Frequency
Nucleus 13C

140 130 120 110

S-26




Compound (S)-6

OO0 == AN NOWLL MO WO m W 0 O N I~ N 0 MNeEOOANN MAO 0= MO N P
ORNMNLONOMANN O O D ORINT A NOO NNOOOWS O MO®OIMN LN arameters
N NRNRMRONNN AdddONNN NNNTAH S LN NN A A Paraneter Value
~NWOWWOWWOWOWOWLWLWLWLWLWLWN TN Nn oM aNANANANNA A A A A A A AA Data File Name 7:/ Data/ NNR/
B e e == N\ T NSNEe——— ) 2014-01/
yxh-20140801C-2
/ 1/ pdata/ 1/
1r
Title yxh-20140801C-2
Comment PROTON
Origin Bruker BioSpin
GmbH
Owner common
Site
Spectrometer spect
Author
Solvent CDC13
Temperature 292.7
Pulse Sequence | zg30
Experiment 1D
Number of Scans |8
Receiver Gain | 128
Relaxation 1..0000
Delay
Pulse Width 13. 5000
Acquisition 2.9999
Time
Acquisition 2014-08-01123:2
ate 7:00
Modification 2014-08-01723:2
Date 8:00
Spectrometer 400. 13
Frequency
Spectral Width 8223.7
Lowest ~1643.9
h Frequency
| Nucleus 1H
I Acquired Size 24670
Spectral Size 32768
1 ! .
& & & & ‘D th
S S N o< — Mo
— o — — o n AN M
T T T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
% ) — Mmoo~ no ;N Paranctors
() < o~ ~N~SWOUNS O ON < MN < Parameter Value
- - - N~ wo Mmoo - Data File N; Z:/ Data/ NMR/
| | | ="/ FN =) | 2014-077
yxh-20140801C-
2/ 2/ pdata/
OH o) i
- Title yxh-20140801C-
- 2
o Et Comment C13CPD
| Origin Bruker BioSpin
| GmbH
Owner common
Site
Spectrometer spect
Author
Solvent CDC13
Temperature 292.8
Pulse Sequence | zgpg30
Experiment 1D
Number of 120
Receiver Gain 203
Relaxation 1. 0000
Delay
Pulse Width 12. 5000
Acquisition 0. 5506
Time
Acquisition 2014-08-01T23:
Date 29:00
Modification 2014-08-01T23:
Date 32:00
Spectrometer 100. 61
Frequency
Spectral Width |[29761.9
Lowest -4820. 2
Frequency
Nucleus 13C
Acquired Size 16384
Spectral Size | 32768
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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(+)-civet

< o HTOYTDOMO!OLWm N LS T 0! b
= © ONTONONNTMORN O ARNWLMONIMIN LA arameters
< N NSNS S i NS~ paraneter Value
o ~ e R I e N W e I W) NN - P -
N Data File Name |Z:/ Data/ NMR/
I I == fr— — 2014-08/
yxh-20140803-2/
1/ pdata/ 1/ Ir
Title yxh-20140803-2
Comnent PROTON
COOH Origin Bruker BioSpin
O GubH
Owner comnon
Site
Spectrometer spect
Author
Solvent CDC13
Temperature 292.5
Pulse Sequence | zg30
Experiment D
Number of Scans |8
Receiver Gain |51
Relaxation 1.0000
Delay
Pulse Width 13. 5000
Acquisition 2.9999
Time
Acquisition 2014-08-03T17:3
Date :
Modification 2014-08-03T17:3
Date 7:00
Spectrometer 100. 13
Frequency
Spectral Width |8223.7
Lovest -1642. 4
Frequency
Nucleus 1H
Acquired Size | 24670
Spectral Size | 32768
|
‘é; 4
]
=]
T T T T T T T
12 11 10 9 8 6 5
~
~ NOW—HMmM N — N O <
w MOV oK~ Poranetors
~ ~N~NO < om I NO M Parameter Value
! ISR RN Data File N Z:/ Data/ NMR/
ata File Name |Z:/ Data/ NMR/
I /e S0~ 2014-08/
yxh-20140803-2
/ 2/ pdata/ 1/
Ir
COOH Title yxh-20140803-2
O Comnent C13CPD
Origin Bruker BioSpin
Gubll
| Owner common
' Site
, Spectrometer spect
[ Author
Solvent cDC13
Temperature 292.6
Pulse Sequence |zgpg30
Experiment )
Number of 33
Scans
Receiver Gain | 203
Relaxation 1..0000
Delay
Pulse Width 12. 5000
Acquisition 0.5506
Time
Acquisition 2014-08-03T17:
Date 38:00
Modification 2014-08-03T17:
Date 39:00
Spectrometer | 100. 61
Frequency
Spectral Width |29761.9
Lovest -1820. 2
Frequency
Nucleus 13C
Acquired Size |16384
Spectral Size | 32768
T T T T T s e L T T T
230 200 170 140 110 80 60 40 20 0 -20
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(R)-5-Hydroxyhexyl methanesulfonate

wn o N Ne=HOANO NNONOTOMO WO
n oo MANOOOMNRO NHWINSTNONMOONMd = O
NANN 000N~ PO QNN WOWNWNWINS TSN
S mommmem A A A A A A A A A A A A A Parameters
) | e o s
— (——
Parameter Value

Data File Name |Z:/ Data/ NMR/

OH 2013-11/

yxh-10-42H/ 1/
/‘\/\/\ pdata/ 1/ 1r
OMs

Title yxh-10-42H

Origin Bruker BioSpin
GmbH

Owner common

Site

Spectrometer | spect

Solvent CDCI3

Temperature 292.6

Pulse Sequence | zg30

Number of 8
Scans

Receiver Gain | 203

Acquisition Time, 2.9999

Acquisition Date| 2013-11-27T09:
12:00
Spectrometer | 400.13
Frequency
Spectral Width |8223.7
| Lowest -1648.2
‘ Frequency
I | Nucleus 1H
A g
[
AR & SRy
o~ — m NS m
T T T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 20 25 20 15 10 05 00
oN M ~ o o O <
o © 0 m =] n ©
D~ 0 I~ o o
i oo Noaa Parameters
I 4 I Vo
Parameter Value

Data File Name |Z:/ Data/ NMR/

OH 2013-11/

yxh-10-42-2/ 2/
pdata/ 1/ 1r
OMs

Title yxh-10-42-2

Origin Bruker BioSpin
GmbH

Owner common

Site

Spectrometer | spect

Solvent CDCI3

Temperature 292.7

Pulse Sequence | zgpg30

Number of 57
Scans

P Receiver Gain | 203
Acquisition Time 0.5506
Acquisition Date| 2013-11-26T22:

20:00

Spectrometer | 100.61
Frequency
Spectral Width |29761.9
Lowest -4820.2
Frequency
Nucleus 13C
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Compound (R)-7

TONNSANMNNS W VO EH NI NOVONMOOMAON NN WO
NOONOTN-HO AANDOIN=HOVONOTHO XN = O
Q) 0 Q 0 @ & NN e T MmN A
TESF S S N B R B L N R e P R e Parameters
o ——,— e
Parameter Value
Data File Name |Z:/ Data/ NMR/
2013-11/
OAc yxh-10-43C-2/
/‘\/\/\ 1/ pdata/ 1/ 1r
OMS Title yxh-10-43C-2
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer | spect
Solvent CDCI3
Temperature 2949
Pulse Sequence | zg30
Number of 8
Scans
Receiver Gain |64
Acquisition Time, 2.4999
Acquisition Date| 2013-11-27T17:
37:45
Spectrometer | 400.13
Frequency
Spectral Width |8012.8
Lowest -1538.2
Frequency
1
! 1y Nucleus 1H
IR L J
J’L L J
& < & hha
- o~ o0 MmN ™
T T T T T T T T T T T T T T T T T T
20 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 .05
o
~ o~ N WMo
S m© M ommo
N 23 SHYLES Parameters
‘ N SN Parameter Value
Data File Name | Z:/ Data/ NMR/
OAc 2013-11/
yxh-10-43C-2/
OMS 2/ pdata/ 1/ 1r
Title yxh-10-43C-2
Origin Bruker BioSpin
GmbH
Owner nmr
Site
Spectrometer | spect
Solvent CDCI3
Temperature 295.1
Pulse Sequence |zgpg30
Number of 81
Scans
Receiver Gain | 196
Acquisition Time 0.8999
Acquisition Date| 2013-11-27T17:
1! 38:46
. Spectrometer | 100.61
Frequency
Spectral Width |35714.3
Lowest -7796.8
Frequency
Nucleus 13C
T T Ry T R A T T S T M“ A m T I
T T T T T T T T T T T T T T T T T T T T
90 180 170 160 150 140 130 120 110 100 a0 20 70 60 50 40 20 20 10 0 =10
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(R)-Lisofylline

~ O MO NDIFTONL ONTNSDNDO T O oSN
o NOWWOUNHNDOOWNIL ORNMMOAOAADAOVNINNON O
~ QOO MNMNMNNY RO Mmmnm A
~ g mommmnmmmnmnmonm Ard A A A A AAAAAAA Parameters
| e NS e
Parameter Value
Data File Name |Z:/ Data/ NMR/
OH 0] 2013-11/
/ yxh-10-46/ 1/
N N pdata/ 1/ 1r
| /> Title yxh-10-46
)\ N Origin Bruker BioSpin
O N GmbH
| Owner common
Site
Spectrometer | spect
Solvent CDCI3
Temperature 2926
Pulse Sequence | zg30
Number of 8
Scans
Receiver Gain | 144
Acquisition Time, 2.9999
Acquisition Date| 2013-11-28T21:
08:00
Spectrometer | 400.13
Frequency
Spectral Width |8223.7
Lowest -1642.5
Frequency
{ )}\ Nucleus 1H
|
A ‘ | A
3 N RVt
o NmM e~ M N m
T T T T T T T T T T T T T T T T T
’5 20 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
oS = (o2 S
oM oS m o oMW WYY
w6 o ~ ~ =~ Y
EHEHR = & TRAARNAN Parameters
(RN ‘ ‘ SESSY N Parameter Value
Data File Name |Z:/ Data/ NMR/
O H 2013-11/
/ yxh-10-46/ 2/
/k/\/\ pdata/ 1/ 1r
N N Title yxh-10-46
| /> Origin Bruker BioSpin
N GmbH
O l\ll Owner common
Site
Spectrometer | spect
Solvent CDCI3
Temperature 292.6
Pulse Sequence |zgpg30
Number of 362
Scans
Receiver Gain  |203
Acquisition Time 0.5506
| Acquisition Date| 2013-11-28T21:
A 10:00
| Spectrometer | 100.61
| Frequency
Spectral Width |29761.9
Lowest -4820.2
Frequency
Nucleus 13C
kvt Ll e " "
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 a0 20 70 60 80 40 30 20 10 0
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(E) HPLC charts for hydrogenation products

(S)-Ethyl 5-hydroxyhexanoate (2a)

mAU ]

400

300

200

DAD1 C, Sig=220.4 Ref=360,100 (D:\DAD\2012-10-18 DAD\YXH\YXH-8-34A-1RA28.D)

9.780

10.423

14 min|

25

DAD1 C, Sig=220.4 Ref=360,100 (D:\DAD\2012-10-18 DAD\YXH\YXH-8-34A-10P29.D)

1]

T
8

9721
2
10.373

Peak RetTime Type Width

#

[min]

9.721 BV
10.373 VB

[min]

0.1865
0.2032

Area
[mAT*s]

1294 .39648
41.93449
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(mAU]

109.01040
3.15144

96.8620
3.1380



(R)-Hexane-1,5-diol (3a)

DAD1 C, Sig=220,4 Ref=360,100 (D:\DAD\2012-10-18 DAD\YXH\YXH-8-34B-2RA31.D)

mAU 7]
2000
3
1500—_
1000—_
500
: . .
0 1 2 3 a 5 6 7 8 g i
DAD1 C, Sig=220,4 Ref=360,100 (DADAD\2012-10-18 DAD\YXH\YXH-8-34A-20P32.D)
mAU 7]
400 -
300 |
200 |
100;
3
. 2
-100 ] T T T T T T T T T
0 1 2 3 4 5 7 8 9 miin|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*=s] [mAlT] %
——— | = e | === | === | ===
1 5.949 BB 0.1266 106.81757 13.17145 2.8980
2 7.133 VB 0.1614 3579.13965 343.96564 97.1020
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(S)-Ethyl 5-hydroxyheptanoate (2b)

DAD1 C, Sig=220,4 Ref=360,100 (YXH\YXH-8-32RAC0021.D)
mAU 7]
175 OH (@]
- \)\/\)J\ 2
150 OEt g %
| 7
125 I
||
- I .\
i |
||
50+ | | 1
|
25-_ | |]| |I
E Sy
R S R T T
DAD1 C, Sig=220 4 Ref=360,100 (YXH\YXH-8-320PT0022.D)
mAU ]
] OH O
700°] B
] OEt
00 2
] 1
500 ||
] h
400 1 . |
0] ‘l
] |
2004 ‘ |
| |
| 8
0 ”ll \yg T
5 10 15 20 25
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

S e e B R | ——— - R |
1 19.764 BV  0.3696 1.35525e4  561.50873 97.6858
2 20.805 VB 0.4243 321.06604 11.07391  2.3142
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(R)-Heptane-1,5-diol (3b)

mAU ]

700

DAD1 C, Sig=2204 Ref=360,100 (YXH\YXH-8-22RAC0005.D)

OH
(ﬂ'\\/l\//\v/\
OH

5.486

6.424

— MR WL A A LR |
0 1 2 3 4

en—

[ —

~i=]
oo
.

mAU ]
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(S)-Ethyl 5-hydroxyoctanoate (2c)

DAD1 C Si-g=22ﬂ,-4 Rd=3601{10 {Y)(H'\YX}-I-B—-;}—1RHE;1D}- -
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e e s s e [ msesinss [ e |
1 7.056 VWV 0.1378 3422.46973 384.66495 97.8780

2 15671 VB 0.1686 74.19841 6.43255 21220
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(R)-Octane-1,5-diol (3c)

DAD1 C, Sig=220.4 Ref=360,100 (YXH\YXH-8-42-2RA016.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
! o s e [ e | j |
1 5.125 BB 0.1129 113.29285 15.20423 1.9829
2 9 TFT WV 0.1316 5600.14697 656.08356 98.0171
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(S)-Ethyl 5-hydroxynonanoate (2d)

DAD1 C. Sig=220.4 Ref=360,100 (YXH\YXH-8-43-1RA026.D)
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1 5..279 BV 0.1015 3005.33545 452.35345 97.5633
2 5.687 VB 0.1255 75.06156 8.79686 2.4367
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(R)-Non

ane-1,5-diol (3d)

DAD1 C, 5ig=220 4 Ref=360,100 (YXH YXH-8-43-2RA012.0)
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A: 4.902 BB 0.1138 190.20189 25.28094 2.0403
2 5.469 BB 0.1273 9132.16992 1118.46399 97.9597
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(R)-Ethyl 5-hydroxy-7-methyloctanoate (2e)

DADA C, Sig=220 4 Ref=350,100 (D\DAD2012-10-18 DAD\YXH\YXH-8-5-1RADD22 D)
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1 6.556 BV 0.1547 2833.94897 288.37079 94.8235
2 6.965 VB 0.1721- 154.70706 13.26401 5.1765
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(S)-7-Methyloctane-1,5-diol (3e)

DAD1 C, Sig=220.4 Ref=360,100 (YXH\YXH-9-5-2RA0009.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
i et | | | e Imiraarin I
5 | 4.714 BB 0.1315 176.74823 20.72272 2.0671
2 5.257 BB 0.1296 8373.62305 1043.19067 97.9329
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(R)-Ethyl 5-hydroxy-6-methylheptanoate (2f)

VWD1 A, Wavelength=220 nm ICHY\YXH-B-;1-1RA[K)-4.DJ
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Sl L eSS rnes [SSeRrnanEs [ S=imasiicns j S |
1 9.406 BV 0.1896 3559.61450 290.33862 98.7224
2 9.853 VB 0.2012 46.06656 3:29123 1.2776
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(S)-6-Methylheptane-1,5-diol (3f)

DADT C, 51g=220.4 Ref=360, 100 (YXFNYXH-841-2RA031.0)
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s | e gl i e yn iy [FSeae = | S S |
1 4.987 BB 0.1123 70.71246 9.33830 1.6819

2 5.746 VV 0.1302 4133.60889 490.93378 98.3181
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(R)-Ethyl 5-cyclohexyl-5-hydroxypentanoate (29)
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(S)-1-Cyclohexylpentane-1,5-diol (3g)

DAD1 C, Sig=220.4 Ref=360,100 (YXH\YXH-8-44-2RA024.D)
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R R e s Jrom e [ Jimmem e I
1 6.037 VB 0.1547 350.45425 35.65987 .2938
2 6.853 BB 0.1746 1.02894e4 919.31409 96.7062
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(R)-Ethyl 5-hydroxy-8-methoxyoctanoate (2h)

DAD1 C, Sig=220 4 Rel=360,100 {YXH'LY‘)(H‘—Q—‘-‘HA—1R:‘H39.D}
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1 17.460 EB 0.3280 1.41655e4 677.35382 98.6268
2 18.434 BB 0.3148 197.22646 9.96923 1.3732
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(S)-8-Methoxyoctane-1,5-diol (3h)
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(R)-Ethyl 5-hydroxy-9-methyldec-8-enoate (2i)

DAD1 B, Sig=210,4 Ref=360,100 (W\YXH-10-22-1RAC2.D)
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(S)-9-Methyldec-8-ene-1,5-diol (3i)

DAD1 B, 5ig=210,4 Ref=360,100 (YXH\YXH-10-22-2RAC4.D)
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1 6.894 BB 0.1476 255.36989 26,22133 37374
2 7.597 BB 0.1589 6577.53223 645.47601 96.2626
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(R)-Ethyl 5-hydroxy-5-phenylpentanoate (2j)

DAD1 B. Sig=210.4 Ref=360,100 (YXH\YXH-8-48-1RAC20.D)
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1 16.074 BV 0.3803 8046.26318 327.85928 96.8679
2; 1i1.389 NB 0.4156 260.16528 9.61762 31320

S-50



(S)-1-Phenylpentane-1,5-diol (3j)
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