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General Information. All melting points are uncorrected. IH and 13C NMR
spectra were recorded with chloroform (in chloroform-d) as internal standard. Thin
layer chromatography was performed on Wakogel B5F.  All reactions were carried
out under argon atmosphere in dried glassware. Diethyl ether was distilled from
sodium/benzophenone immediately prior to use. All reagents were purchased from
Tokyo Kasei Kogyo Co., Ltd. (TCI), Kanto Chemical Co., Inc. or Aldrich Chemical Co.,
Inc., and used without further purification unless otherwise noted.
2,2-Dimethylpropanoic anhydride (Piv20), diphenylacetic acid, and (R)-BTM were
purchased from TCI.

Typical Procedure: Asymmetric esterification of racemic pantolactone ((x)-1a) with
diphenylacetic acid by using Piv,0 in the presence of (R)-BTM was described (Scheme
2): To a solution of racemic pantolactone ((x)-1a) (28.1 mg, 0.216 mmol) in diethyl
ether (1.1 mL) at room temperature were successively added diphenylacetic acid (22.9
mg, 0.108 mmol), diisopropylethylamine (45.1 pL, 0.259 mmol), (R)-BTM (2.7 mg,
10.7 pumol), and Piv,0 (26.3 pL, 0.130 mmol). The reaction mixture was stirred for 12
h at the same temperature and then it was quenched with saturated aqueous NaHCOs.
The organic layer was separated and the aqueous later was extracted with ethyl acetate.
The combined organic layer was dried over NapSO4. After filtration of the mixture
and evaporation of the solvent, the crude product was purified by preparative thin layer
chromatography on silica to afford the corresponding optically active ester (R)-2a (33.3
mg, 48% vyield, 98% ee) and the recovered optically active alcohol (S)-1a (14.3 mg,
51% yield, 98% ee) [s = 384].



(Opticaly Active 2-Hydroxylactones)

OH

(S)-1a

(S)-Pantolactone ((S)-1a) [Scheme 2, 98% e€]: 1H NMR (CDCl3): § 4.11 (s, 1H, 2-H),
4.03 (d, J= 9.0 Hz, 1H, 4-H), 3.94 (d, J = 9.0 Hz, 1H, 4-H), 2.66 (br s, 1H, OH), 1.24 (s,
3H, Me), 1.08 (s, 3H, Me); 13C NMR (CDClg): § 177.9, 76.4, 75.6, 40.8, 22.8, 18.8.

o

% LOH
o)
Et
Et
(S)-1b

(9)-3,3-Diethyl-2-hydr oxy-y-butyrolactone ((S)-1b) [Table 1, Entry 1, 99% e€]: 1H
NMR (CDCl3): 6 4.20 (d, J=4.0 Hz, 1H, 2-H), 4.08 (d, J = 9.5 Hz, 1H, 4-H), 3.82 (d, J
= 9.5 Hz, 1H, 4-H), 3.45 (d, J = 4.0 Hz, 1H, OH), 1.64-1.40 (m, 4H, CH,CH3), 0.91 (t,
J = 7.5 Hz, 3H, CHCH3), 0.84 (t, J = 7.5 Hz, 3H, CH>CH3); 13C NMR (CDCl3): &
178.7, 74.5, 73.1, 46.4, 28.0, 21.5, 8.3, 8.0; HR MS: calcd for CgH1403Na (M+Na*)
181.0835, found 181.0830.

Analytical data on racemic compound: Mp: 49-50 °C (MTBE/hexane = 1/1); IR (KBr):
3433, 1774, 1196, 1111, 1011 cm1.

Enantiomeric excess of (S)-1b has been determined after converting into the
corresponding benzoate.

OH

n-Pr
n-Pr

(S)-1c



(S)-2-Hydr oxy-3,3-di-n-propyl-y-butyrolactone ((S)-1c) [Table 1, Entry 2, >99% es]:
IR (neat): 3433, 1774, 1119, 1003 cm~L; 1H NMR (CDCl3): § 4.15 (d, J = 3.5 Hz, 1H,
2-H), 4.09 (d, J = 10.0 Hz, 1H, 4-H), 3.82 (d, J = 10.0 Hz, 1H, 4-H), 3.28-3.23 (m, 1H,
OH), 1.50-1.13 (m, 8H, n-Pr; CH,CHy), 0.92-0.83 (m, 6H, n-Pr; CH3); 13C NMR
(CDCl3): 8 178.6, 74.8, 73.8, 46.3, 38.4, 31.9, 17.3, 17.0, 14.7, 14.6; HR MS: calcd for
C10H1803Na (M+Nat) 209.1148, found 209.1154.

Enantiomeric excess of (S)-1c has been determined after converting into the

corresponding benzoate.

OH

(S)-1d

(S)-5-Hydr oxy-7-oxaspir o[ 3.4] octan-6-one ((S)-1d) [Table 1, Entry 3, 96% es]:

IH NMR (CDCl3): 8 4.41 (d, J = 9.0 Hz, 1H, 8-H), 4.19 (d, J = 3.6 Hz, 1H, 5-H), 4.10
(dd, J = 0.9, 9.0 Hz, 1H, 8-H), 3.22-3.06 (m, 1H, OH), 2.61-2.46 (m, 1H, cyclobutyl),
2.39-2.22 (m, 1H, cyclobutyl), 2.05-1.86 (m, 3H, cyclobutyl), 1.85-1.73 (m, 1H,
cyclobutyl); 13C NMR (CDCl3): & 177.4, 75.4, 72.9, 46.4, 26.1, 24.9, 15.5; HR MS:
calcd for C7H19O3Na (M+Nat) 165.0522, found 165.0524.

Analytical data on racemic compound: Mp: 62-63 °C (EtoO/hexane = 1/1); IR (KBr):
3464, 2939, 2893, 1751, 1419, 1296, 1188, 1119, 980 cm—1.

Enantiomeric excess of (S)-1d has been determined after converting into the

corresponding benzoate.

OH

(S)-1e

(S)-2-Hydr oxy-4,4-dimethyl-y-butyrolactone ((S)-1€) [Table 1, Entry 4, 93% e€]: IR
(neat): 3479, 1759, 1458, 1303, 949 cm1; 1H NMR (CDCl3): & 4.65 (dd, J = 8.7, 9.9
Hz, 1H, 2-H), 3.36 (br s, 1H, OH), 2.50 (dd, J = 8.7, 12.9 Hz, 1H, 3-H), 2.06 (d, J = 9.9,
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12.9 Hz, 1H, 3-H), 1.50 (s, 3H, Me), 1.40 (s, 3H, Me); 13C NMR (CDCl3): & 177.7,
82.3, 68.6, 42.7, 28.9, 27.4; HR MS: calcd for CgH1003Na (M+Nat) 153.0522, found
153.0519.

Enantiomeric excess of (S)-le has been determined after converting into the

corresponding benzoate.

0]

&OH
o)
(S)-cis-1f

(2S,39)-2-Hydr oxy-3-methyl-y-butyrolactone ((S)-cis-1f) [Table 1, Entry 5, 90% ee€]:
IR (neat): 3456, 1643 cm~1; IH NMR (CDCl3): & 4.52 (d, J = 7.2 Hz, 1H, 2-H), 4.32
(dd, J = 5.4, 9.0 Hz, 1H, 4-H), 4.02 (dd, J = 2.1, 9.0 Hz, 1H, 4-H), 2.80-2.64 (m, 1H,
3-H), 2.12 (br s, 1H, OH), 1.07 (d, J = 7.2 Hz, 3H, Me); 13C NMR (CDCl3): & 178.0,
71.9, 69.9, 349, 11.4; HR MS: calcd for CsHgO3Na (M+Nat*) 139.0366, found
139.0371.

Enantiomeric excess of (9-cis-1f has been determined after converting into the

corresponding benzoate.

OH
0

(S)-trans-1f

(2S,3R)-2-Hydr oxy-3-methyl-y-butyrolactone ((S)-trans-1f) [Table 1, Entry 6, 98%
ee]: IR (neat): 3487, 1774, 1628, 1342, 1211, 1003 cm—L; 1H NMR (CDCl3): & 4.38 (dd,
J=7.8,9.3Hz, 1H, 4-H), 4.22 (br s, 1H, OH), 4.04 (d, J = 10.5 Hz, 1H, 2-H), 3.77 (dd,
J =93, 10.5 Hz, 1H, 4-H), 2.60-2.41 (m, 1H, 3-H), 1.20 (d, J = 6.6 Hz, 3H, Me); 13C
NMR (CDCl3): 8 178.2, 73.6, 70.7, 38.6, 14.1; HR MS: calcd for CsHgO3Na (M+Na)
139.0366, found 139.0370.

Enantiomeric excess of (§-trans-1f has been determined after converting into the

corresponding benzoate.



(S)-endo-1g

(3S,3aR,6aR)-3a,4-Dihydr o-3-hydr oxy-3H-cyclopental b]fur an-2(6aH)-one
((S)-endo-1g) [Table 1, Entry 7, 99% e€]: [o]pl8 = —90.6 (c 0.5, CHCIl3), [a]pl8 =
—87.6 (c 0.5, benzene), (IitY) [o]p28 = —94 (c 1.0, CHCl3), (>98% e€)); 1H NMR
(CDCl3): 6 6.26 (ddd, J=2.4, 2.7, 5.4 Hz, 1H, 6-H), 5.93 (ddd, J = 2.4, 5.1, 5.4 Hz, 1H,
5-H), 5.33 (ddd, J = 2.4, 2.4, 6.3 Hz, 1H, 6a-H), 4.74 (d, J = 9.3 Hz, 1H, 3-H), 3.56 (br s,
1H, OH), 3.22 (dddd, J = 5.7, 6.3, 9.0, 9.3 Hz, 1H, 3a-H), 2.76 (ddd, J =5.1, 5.7, 18.2
Hz, 1H, 4-H), 2.49 (ddd, J = 2.7, 9.0, 18.2 Hz, 1H, 4-H); 13C NMR (CDCl3): & 177.5,
141.2, 127.5, 86.6, 69.2, 40.5, 30.8; HR MS: calcd for C7HgO3Na (M+Nat) 163.0366,
found 163.0363.

Analytical data on racemic compound: Mp: 61-63 °C (Et,O/hexane = 1/1); IR (KBr):
3425, 1751, 1620, 1419, 1196, 1134, 987 c1.

Enantiomeric excess of (S-endo-1g has been determined after converting into the
corresponding benzoate.

OH

(S)-exo-1g

(3S,3aS,6a9)-3a,4-Dihydr 0-3-hydr oxy-3H-cyclopenta[ b]fur an-2(6aH)-one
((S)-exo-1g) [Table 1, Entry 8, 95% e€]: [a]p26 = +72.8 (c 1.0, CHCI3), [a]p?6 =
+103.6 (c 1.0, benzene), (IitY) [o]p28 = +70.9 (c 1.0, CHCl3), (93.2% e€)) ; IR (neat):
3433, 1774, 1612, 1188, 1119, 987 cm2; 1H NMR (CDCl3): § 6.90-5.97 (m, 1H, 6-H),
5.83 (ddd, J = 1.8, 3.9, 5.7 Hz, 1H, 5-H), 5.54-5.42 (m, 1H, 6a-H), 4.42 (br s, 1H, OH),
4.12 (d, J=7.2 Hz, 1H, 3-H),

3.00 (ddt, J = 1.8, 7.2, 7.2 Hz, 1H, 3a-H), 2.77-2.60 (m, 1H, 4-H), 2.59-2.44 (m, 1H,
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4-H); 13C NMR (CDCl3): § 178.2, 136.8, 129.1, 87.4, 74.2, 44.1, 36.5; HR MS: calcd
for C7HgO3Na (M+Na*) 163.0366, found 163.0359.

Enantiomeric excess of (§-exo-1g has been determined after converting into the
corresponding benzoate.

(S)-endo-1h

(3S,3aR,7aR)-3,3a,4,5- T etr ahydr 0-3-hydr oxybenzofuran-2(7aH)-one ((S)-endo-1h)
[Table 1, Entry 9, 89% ee]: 1H NMR (CDCl3): 6 6.30-6.19 (m, 1H, 7-H), 5.99-5.87 (m,
1H, 6-H), 4.79-4.61 (m, 2H, 3-H, 7a-H), 3.23 (br s, 1H, OH), 2.80-2.61 (m, 1H, 3a-H),
2.31-2.13 (m, 1H, 5-H), 2.11-1.81 (m, 2H, 4-H, 5-H), 1.30-1.10 (m, 1H, 4-H); 13C
NMR (CDCl3): & 177.3, 136.6, 121.5, 71.8, 71.5, 39.1, 23.1, 17.2; HR MS: calcd for
CgH1003Na (M+Na*) 177.0522, found 177.0514.

Analytical data on racemic compound: Mp: 100-102 °C (Et,O/hexane = 1/1); IR (KBr):
3402, 1766, 1651, 1435, 1203, 1142, 1111, 980 cmL,

Enantiomeric excess of (§-endo-1h has been determined after converting into the
corresponding benzoate.

OH

(S)-exo-1h

(3S,3aS,7a9)-3,3a,4,5-Tetrahydr 0-3-hydr oxybenzofuran-2(7aH)-one  ((S)-exo-1h)
[Table 1, Entry 10, 84% e€]: 1H NMR (CDCl3): & 6.30-5.95 (m, 1H, 7-H), 5.76 (dd, J =
2.5, 10.0 Hz, 1H, 6-H), 5.00 (dd, J = 2.5, 7.5 Hz, 1H, 7a-H), 4.31 (dd, J = 3.5, 9.5 Hz,
1H, 3-H), 3.56 (d, J = 3.5 Hz, 1H, OH), 2.77-2.65 (m, 1H, 5-H), 2.28-2.06 (m, 2H, 5-H,
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3a-H), 2.05-1.91 (m, 1H, 4-H), 1.90-1.80 (m, 1H, 4-H); 13C NMR (CDCl3):  177.8,
132.7, 124.2, 74.2, 68.5, 40.6, 20.13, 20.09; HR MS: calcd for CgH19O3Na (M+Nat)
177.0522, found 177.0522.

Analytical data on racemic compound: Mp: 98-99 °C (EtoO/hexane = 2/1); IR (KBr):
3463, 1782, 1651, 1335, 1188, 1126, 1095, 995 cmL,

Enantiomeric excess of (§-exo-1h has been determined after converting into the
corresponding benzoate.

OH
Ly

(S)-1i

(9)-2-Hydroxy-y-butyrolactone ((S)-1i) [Scheme 3 (eq 2), 89% e€]: IH NMR
(CDCl3): 6 4.52 (dd, J=5.4, 8.4 Hz, 1H, 2-H), 4.41 (dt, J= 1.8, 9.0 Hz, 1H, 4-H), 4.22
(ddd, J = 6.0, 9.0, 10.5 Hz, 1H, 4-H), 4.07 (br s, 1H, OH), 2.65-2.53 (m, 1H, 3-H),
2.35-2.18 (m, 1H, 3-H); 13C NMR (CDCl3): 8 178.4, 67.3, 65.3, 30.8.

Enantiomeric excess of (§-1i has been determined after converting into the
corresponding benzoate.

(Optically Active Benzoates Derived from Alcohols)

OBz

(S)-1a-benzoate

(S)-2-Benzoyloxy-3,3-dimethyl-y-butyrolactone ((S)-1a-benzoate) [Scheme 2, 98%
eg]: HPLC (CHIRALPAK AD-H, i-PrOH/hexane = 1/49, flow rate = 1.0 mL/min): tr =
33.9 min (0.9%), tr = 39.4 min (99.1%); IR (neat): 1790, 1728, 1265, 741, 710 cm;
IH NMR (CDCl3): 8 8.14-8.07 (m, 2H, Ph), 7.66—7.58 (m, 1H, Ph), 7.52—7.44 (m, 2H,
Ph), 5.63 (s, 1H, 2-H), 4.14 (d, J = 9.0 Hz, 1H, 4-H), 4.10 (d, J = 9.0 Hz, 1H, 4-H), 1.29



(s, 3H, Me), 1.24 (s, 3H, Me); 13C NMR (CDCl3): § 172.3, 165.3, 133.7, 130.0, 128.7,
128.5, 76.2, 75.4, 40.5, 23.1, 20.0; HR MS: calcd for C13H1504Na (M+Na*) 258.0863,
found 258.0864.

O

& .,OB
o z
Et
Et
(S)-1b-benzoate

(S)-2-Benzoyloxy-3,3-diethyl-y-butyrolactone ((S)-1b-benzoate) [Table 1, Entry 1,
99% ee]: HPLC (CHIRALPAK AS-H, i-PrOH/hexane = 1/9, flow rate = 0.5 mL/min):
tr = 32.0 min (99.3%), tr = 34.8 min (0.7%); IR (neat): 1790, 1736, 1466, 1373, 1265,
1157, 1126, 949, 818, 710 cmrL; 1H NMR (CDCl3): & 8.11-8.04 (m, 2H, Ph),
7.64-7.57 (m, 1H, Ph), 7.51-7.43 (m, 2H, Ph), 5.77 (s, 1H, 2-H), 4.24 (d, J = 9.0 Hz,
1H, 4-H), 4.08 (d, J = 9.0 Hz, 1H, 4-H), 1.76-1.57 (m, 4H, CH>CH3), 1.01 (t, J = 7.5
Hz, 3H, CH2CH3), 0.93 (t, J = 7.5 Hz, 3H, CH2CH3); 13C NMR (CDCl3): § 172.8,
165.1, 133.7, 129.9, 128.8, 128.5, 73.6, 72.9, 46.1, 27.9, 23.9, 8.22, 8.16; HR MS: calcd
for C15H1804Na (M+Nat) 285.1097, found 285.1087.

OBz

n-Pr
n-Pr

(S)-1c-benzoate

(S)-2-Benzoyloxy-3,3-di-n-propyl-y-butyrolactone ((S)-1c-benzoate) [Table 1, Entry
2, >99% ee]: HPLC (CHIRALPAK AD-H, i-PrOH/hexane = 1/9, flow rate = 0.75
mL/min): tgr = 16.6 min (0.03%), tr = 20.5 min (99.97%); IR (neat): 1797, 1728, 1458,
1265, 1119, 1011, 741, 710 crrL; 1H NMR (CDCl3): & 8.07 (d, J = 7.5 Hz, 2H, Ph),
7.61 (t, J= 7.5 Hz, 1H, Ph), 7.48 (t, J = 7.5 Hz, 2H, Ph), 5.74 (s, 1H, 2-H), 4.25(d, J =
10.0 Hz, 1H, 4-H), 4.08 (d, J = 10.0 Hz, 1H, 4-H), 1.66-1.22 (m, 8H, n-Pr;
CH>CH»CH3), 0.99 (t, J = 7.5 Hz, 3H, n-Pr; CH,CH>CH3), 091 (t, J = 7.5 Hz, 3H,
n-Pr; CHoCH,CH3); 13C NMR (CDCl3): & 172.9, 165.1, 133.7, 129.9, 128.9, 128.6,
74.1, 73.6, 45.9, 38.3, 33.7, 17.3, 17.2, 14.8, 14.6; HR MS: calcd for C17H2204Na

SO



(M+Na') 313.1410, found 313.1396.

) OBz

(S)-1d-benzoate

(S)-7-Oxa-6-oxospir o[ 3.4]oct-5-yl benzoate ((S)-1d-benzoate) [Table 1, Entry 3, 96%
ee]: HPLC (CHIRALCEL OD-H, i-PrOH/hexane = 1/9, flow rate = 1.0 mL/min): tgr =
10.3 min (1.9%), tr = 11.6 min (98.1%); IR (neat): 1797, 1728, 1450, 1265, 1187, 1111,
995, 710 cmr1; 1H NMR (CDCl3): 8 8.14 (d, J = 7.5 Hz, 2H, Ph), 7.62 (t, J = 7.5 Hz,
1H, Ph), 7.49 (t, J = 7.5 Hz, 2H, Ph), 5.70 (s, 1H, 5-H), 4.50 (d, J = 9.0 Hz, 1H, 8-H),
4.28 (d, J = 9.0 Hz, 1H, 8-H), 2.70-2.45 (m, 1H, cyclobutyl), 2.42-2.29 (m, 1H,
cyclobutyl), 2.12-1.80 (m, 4H, cyclobutyl); 133C NMR (CDCl3): & 171.8, 165.5, 133.8,
130.0, 128.7, 128.6, 75.3, 73.0, 45.9, 27.0, 26.5, 15.8; HR MS: calcd for C14H1404Na

(M+Na*) 269.0784, found 269.0783.

0]

OB
o z

(S)-1e-benzoate

(S)-2-Benzoyloxy-4,4-dimethyl-y-butyrolactone ((S)-1le-benzoate) [Table 1, Entry 4,
93% e€]: HPLC (CHIRALPAK AD-H, i-PrOH/hexane = 1/9, flow rate = 1.0 mL/min):
tr = 10.6 min (3.6%), tr = 11.9 min (96.4%): IR (neat): 1790, 1720, 1581, 1450, 1373,
1257, 1111, 710 cm1; 1H NMR (CDCl3): § 8.14-8.00 (m, 2H, Ph), 7.60 (tt, J=1.5,7.5
Hz, 1H, Ph), 7.52-7.38 (m, 2H, Ph), 5.29 (dd, J = 8.7, 9.3 Hz, 1H, 2-H), 2.72 (dd, J =
8.7, 12.9 Hz, 1H, 3-H), 2.20 (dd, J = 9.3, 12.9 Hz, 1H, 3-H), 1.58 (s, 3H, Me), 1.51 (s,
3H, Me); 13C NMR (CDCl3): & 172.0, 165.4, 133.7, 130.0, 128.8, 128.5, 82.3, 69.7,
41.3, 29.1, 27.9; HR MS: calcd for C13H1404Na (M+Nat) 257.0784, found 257.0786.
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OBz

(S)-cis-1f-benzoate

(2S,39)-2-Benzoyloxy-3-methyl-y-butyr olactone ((S)-cis-1f-benzoate) [Table 1, Entry
5, 90% ee]: HPLC (CHIRALCEL OD-3, i-PrOH/hexane = 1/9, flow rate = 0.5
mL/min): tgr = 27.3 min (4.9%), tr = 30.3 min (95.1%); IR (neat): 1797, 1728, 1450,
1265, 1180, 1126, 710 cm~L; I1H NMR (CDCl3): § 8.17-8.02 (m, 2H, Ph), 7.67—7.56 (m,
1H, Ph), 7.54-7.40 (m, 2H, Ph), 5.74 (d, J = 7.8 Hz, 1H, 2-H), 4.79 (dd, J = 5.7, 9.3 Hz,
1H, 4-H), 4.16 (dd, J = 2.1, 9.3 Hz, 1H, 4-H), 3.12-2.95 (m, 1H, 3-H), 1.15(d, J = 7.2
Hz, 3H, Me); 13C NMR (CDCl3): § 172.3, 165.3, 133.8, 130.0, 128.6, 128.6, 71.6, 70.8,
33.8, 12.4; HR MS: calcd for C1o0H1204Na (M+Nat) 243.0628, found 243.0630.

o

o
(@)

(S)-trans-1f-benzoate

(2S,3R)-trans-2-Benzoyloxy-3-methyl-y-butyr olactone ((S)-trans-1f-benzoate)
[Table 1, Entry 6, 98% ee]: HPLC (CHIRALPAK AS-H, i-PrOH/hexane = 1/9, flow
rate = 1.0 mL/min): tgr = 25.8 min (1.0%), tr = 30.9 min (99.0%); IR (neat): 1805, 1728,
1604, 1458, 1265, 995, 733, 710 cm~1; I1H NMR (CDCl3): & 8.15-8.02 (m, 2H, Ph),
7.66—7.55 (m, 1H, Ph), 7.54-7.41 (m, 2H, Ph), 5.48 (d, J = 9.9 Hz, 1H, 2-H), 4.54 (dd, J
= 8.1, 9.0 Hz, 1H, 4-H), 3.95 (dd, J = 9.0, 9.9 Hz, 1H, 4-H), 2.94-2.76 (m, 1H, 3-H),
1.29 (d, J = 6.9 Hz, 3H, Me); 13C NMR (CDCl3): § 172.5, 165.5, 133.7, 130.0, 128.7,
128.5, 73.8, 70.6, 37.0, 14.6; HR MS: calcd for C1oH1204Na (M+Nat) 243.0628, found
263.0625.
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(S)-endo-1g-benzoate

(3S,3aS,6aR)-3,3a,4,6a-T etr ahydr 0-2-o0xo-2H-cyclopenta[ b] fur an-3-yl benzoate
((S)-endo-1g-benzoate) [Table 1, Entry 7, 99% e€]: [a]p?4 = +37.8 (c 1.0, CHCl3),
[a]p24 = =38.1 (c 1.0, benzene); HPLC (CHIRALCEL OJH, i-PrOH/hexane = 1/4,
flow rate = 1.0 mL/min): tgr = 24.2 min (0.6%), tr = 26.7 min (99.4%); IR (neat): 1782,
1728, 1597, 1450, 1358, 1265, 1103, 710 cmL; 1H NMR (CDCl3): § 8.09 (dd, J = 1.2,
8.4 Hz, 2H, Ph), 7.65-7.54 (m, 1H, Ph), 7.52—7.40 (m, 2H, Ph), 6.22 (ddd, J = 2.4, 2.4,
5.4 Hz, 1H, 6-H), 5.98 (ddd, J = 2.4, 4.8, 5.4 Hz, 1H, 5-H), 5.87 (d, J = 9.3 Hz, 1H,
3-H), 5.46 (ddd, J = 2.4, 2.4, 6.6 Hz, 6a-H), 3.50 (dddd, J = 6.3, 6.6, 9.0, 9.3 Hz, 1H,
3a-H), 2.64 (ddd, J = 4.8, 6.3, 18.0 Hz, 1H, 4-H), 2.47 (ddd, J = 2.4, 9.0, 18.0 Hz, 1H,
4-H); 13C NMR (CDCI3): § 172.0, 165.3, 140.0, 133.7, 133.5, 129.9, 128.5, 128.4,
128.0, 86.4, 70.0, 39.3, 31.6; HR MS: calcd for C14H1204Na (M+Nat) 267.0628, found
267.0633.

OBz

(S)-exo-1g-benzoate

(3S,3aR,6a9)-3,3a,4,6a-T etr ahydr 0-2-o0xo-2H-cyclopenta[ b]fur an-3-yl benzoate
((S)-exo-1g-benzoate) [Table 1, Entry 8, 95% e€]: [a]p26 = +76.1 (c 1.0, CHCI53),
[a]p26 = +108.1 (c 1.0, benzene), (litY) [o]p28 = +78.4 (c 1.0, CHCI3) (99.3% eg)), ;
HPLC (CHIRALPAK IA, i-PrOH/hexane = 1/49, flow rate = 1.0 mL/min): tr = 27.0
min (2.5%), tr = 30.3 min (97.5%); IR (neat): 1782, 1728, 1604, 1358, 1265, 1189,
1026, 710 cm~L; IH NMR (CDCl3): & 8.13-8.03 (m, 2H, Ph), 7.66-7.54 (m, 1H, Ph),
7.53-7.39 (m, 2H, Ph), 6.21-6.10 (m, 1H, 6-H), 5.94 (ddd, J = 2.1, 4.2, 5.7 Hz, 1H,
5-H), 5.72-5.62 (m, 1H, 6a-H), 5.31 (d, J = 6.6 Hz, 1H, 3-H), 3.28-3.13 (m, 1H, 3a-H),
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2.87-2.77 (m, 2H, 4-H); 13C NMR (CDCl3): § 172.6, 165.6, 137.0, 133.7, 130.0, 129.2,
128.7, 128.5, 87.4, 75.5, 42.8, 37.0; HR MS: calcd for C14H1204Na (M+Nat) 267.0628,
found 267.0615.

(S)-endo-1h-benzoate

(3S,3aS,7aR)-2,3,3a,4,5,7a-Hexahydr o0-2-oxobenzofur an-3-yl benzoate
((9)-endo-1h-benzoate) [Table 1, Entry 9, 89% ee]: HPLC (CHIRALPAK AD-H,
i-PrOH/hexane = 1/9, flow rate = 1.0 mL/min): tgr = 20.7 min (5.5%), tr = 24.0 min
(94.5%); IR (neat): 1790, 1736, 1604, 1450, 1265, 1172, 1126, 957, 733, 710 cmL; 1H
NMR (CDCl3): § 8.01 (d, J = 7.5 Hz, 2H, Ph), 7.53 (t, J = 7.5 Hz, 1H, Ph), 7.39 (t, J =
7.5 Hz, 2H, Ph), 6.09-5.98 (m, 1H, 7-H), 5.82-5.71 (m, 1H, 6-H), 5.61 (d, J = 8.5 Hz,
1H, 3-H), 5.02 (d, J = 7.5 Hz, 1H, 7a-H), 2.86 (ddd, J = 2.5, 7.5, 8.5 Hz, 1H, 3a-H),
2.44-2.29 (m, 1H, 5-H), 2.17-2.03 (m, 1H, 5-H), 1.90-1.76 (m, 2H, 4-H); 13C NMR
(CDCl3): 6 172.3, 165.7, 133.7, 133.2, 130.0, 128.7, 128.5, 123.8, 73.8, 69.6, 39.6, 20.5,
20.4; HR MS: calcd for C15H1404Na (M+Nat) 281.0784, found 281.0777.

OBz

(S)-exo-1h-benzoate

(3S,3aR,7a9)-2,3,3a,4,5, 7a-Hexahydr o0-2-oxobenzofur an-3-yl benzoate
((S)-exo-1h-benzoate) [Table 1, Entry 10, 84% ee]: HPLC (CHIRALPAK AD-H,
i-PrOH/hexane = 1/9, flow rate = 1.0 mL/min): tr = 12.0 min (8.0%), tr = 14.1 min
(92.0%); IR (neat): 1790, 1728, 1597, 1450, 1265, 1180, 1126, 957, 764, 710 cmL; 1H
NMR (CDCl3): & 8.08 (d, J = 7.0 Hz, 2H, Ph), 7.58 (dd, J = 7.0, 7.5 Hz, 1H, Ph), 7.44
(dd, J = 7.5, 85 Hz, 2H, Ph), 6.23 (dd, J = 5.0, 9.5 Hz, 1H, 7-H), 6.01-5.92 (m, 1H,
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6-H), 5.87 (d, J = 7.5 Hz, 1H, 3-H), 4.78 (dd, J = 4.0, 5.0 Hz, 1H, 7a-H), 3.20-2.89 (m,
1H, 5-H), 2.10-1.90 (m, 2H, 5-H, 3a-H), 1.77-1.63 (m, 1H, 4-H), 1.38 (dddd, J = 5.0,
12.8, 12.8, 13.5 Hz, 1H, 4-H); 13C NMR (CDCl53): § 171.7, 165.4, 136.1, 133.7, 130.0,
128.6, 128.5, 121.6, 72.2, 71.4, 37.9, 23.0, 17.8; HR MS: calcd for C15H1404Na
(M+Nat) 281.0784, found 281.0778.

O

OBz
(@) 7’

(S)-1i-benzoate

(S)-2-Benzoyloxy-y-butyrolactone ((S)-li-benzoate) [Scheme 3, (eq 2)], 89% e€]:
HPLC (CHIRALPAK ID, i-PrOH/hexane = 1/4, flow rate = 0.5 mL/min): tgr = 69.8 min
(5.6%), tr = 74.3 min (94.4%); IR (neat): 1790, 1720, 1450, 1265, 1111, 1018, 710
cm; 1H NMR (CDCl3): & 8.07 (d, J = 8.5 Hz, 2H, Ph), 7.59 (t, J = 7.5 Hz, 1H, Ph),
7.45 (dd, J = 7.5, 8.5 Hz, 2H, Ph), 5.65 (dd, J = 8.5, 9.5 Hz, 1H, 2-H), 4.53 (ddd, J = 2.5,
8.5, 10.0 Hz, 1H, 4-H), 4.36 (ddd, J = 6.0, 9.5, 10.0 Hz, 1H, 4-H), 2.82 (dddd, J = 2.5,
6.0, 8.5, 13.0 Hz, 1H, 3-H), 2.43 (dddd, J = 8.5, 9.5, 9.5, 13.0 Hz, 1H, 3-H); 13C NMR
(CDCl3): 6 172.6, 165.4, 133.7, 129.9, 128.5, 128.4, 68.1, 65.1, 29.0; HR MS: calcd for
C11H1004Na (M+Nat) 229.0471, found 229.0465.

(Opticaly Active 2-Acyloxylactones)

o

~OCOCHPh,
O Y

(R)-2a

(R)-2-Diphenylacetyloxy-3,3-dimethyl-y-butyrolactone ((R)-2a) [Scheme 2, 98% e€]:
HPLC (CHIRALPAK AD-H, i-PrOH/hexane = 1/9, flow rate = 0.5 mL/min): tr = 33.5
min (98.8%), tr = 45.1 min (1.2%); IR (neat): 1790, 1720, 1581, 1720, 1581, 1450,
1373, 1257, 710 cmrL; 1H NMR (CDCl3): & 7.32-7.18 (m, 10H, Ph), 5.36 (s, 1H, 2-H),
5.12 (s, 1H, 2'-H), 3.91 (s, 2H, 4-H), 1.02 (s, 3H, Me), 0.78 (s, 3H, Me); 13C NMR
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(CDCl3): & 172.0, 171.5, 137.9, 137.9, 128.8, 128.7, 128.6, 128.5, 127.6, 127.4, 76.1,
75.3, 56.7, 40.3, 23.0, 19.5; HR MS: calcd for CogH2004Na (M+Nat) 347.1254, found
347.1257.

O

O_ _OCOCHPh
80 S
Et O

Et
(R)-2b

(R)-2-Diphenylacetyloxy-3,3-diethyl-y-butyrolactone ((R)-2b) [Table 1, Entry 1, 98%
eg]: HPLC (CHIRALPAK AD-H, i-PrOH/hexane = 1/9, flow rate = 0.5 mL/min): tgr =
28.8 min (99.1%), tr = 37.9 min (0.9%); IR (neat): 1797, 1743, 1597, 1458, 1188, 1142,
1080, 1011, 741, 702 cm~L; 1H NMR (CDCl3): & 7.33-7.15 (m, 10H, Ph), 5.47 (s, H,
2-H), 5.09 (s, 1H, 2'-H), 4.02 (d, J = 9.0 Hz, 1H, 4-H), 3.87 (d, J = 9.0 Hz, 1H, 4-H),
1.34 (g, J=7.5Hz, 2H, CH>CH3), 1.20 (dg, J = 15.0, 7.5 Hz, 1H, CH>CH3), 1.14 (dq, J
=15.0, 7.5 Hz, 1H, CH>CH3), 0.66 (t, J = 7.5 Hz, 3H, CH2CH3), 0.64 (t, J= 7.5 Hz, 3H,
CHoCH3); 13C NMR (CDCl3): & 172.6, 171.1, 138.0, 137.8, 128.74, 128.74, 128.71,
128.5, 127.5, 127.3, 73.7, 72.9, 57.0, 45.9, 28.0, 23.1, 8.1, 8.0; HR MS: calcd for
CooH2404Na (M+Nat) 375.1567, found 375.1578.

O

.OCOCHPh
o~y 2
n-Pr

n-Pr
(R)-2¢c

(R)-2-Diphenylacetyloxy-3,3-di-n-propyl-y-butyrolactone ((R)-2c) [Table 1, Entry 2,
>99% eg]: HPLC (CHIRALPAK AD-H, i-PrOH/hexane = 1/9, flow rate = 0.75
mL/min): tr = 12.4 min (0.02%), tr = 15.2 min (99.98%); 1H NMR (CDCl3): 6

7.38-7.17 (m, 10H, Ph), 5.47 (s, 1H, 2-H), 5.12 (s, 1H, 2'-H), 4.06 (d, J = 9.3 Hz, 1H,
4-H), 3.90 (d, J = 9.3 Hz, 1H, 4-H), 1.37-1.22 (m, 2H, n-Pr; CH,CH,CH3), 1.16-0.90
(m, 6H, n-Pr; CHoCH2CH3), 0.84-0.62 (m, 6H, n-Pr; CH,CH>CH3); 13C NMR
(CDCl3): 6 172.6, 171.0, 137.9, 137.7, 128.74, 128.74, 128.71, 128.4, 127.5, 127.3,
74.0, 73.7, 57.0, 45.6, 38.2, 33.2, 17.0, 16.9, 14.5, 14.5; HR MS: calcd for Co4H2804Na
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(M+Na*) 403.1880, found 403.1876.
Analytical data on racemic compound: Mp: 103-104 °C; IR (KBr): 1782, 1736, 1496,
1458, 1227, 1157, 1080, 995, 748, 702 cmrL.

O

.OCOCHPh
o~ Ny 2

(R)-2d

(R)-7-Oxa-6-oxospir o[ 3.4]oct-5-yl 2,2-diphenylacetate ((R)-2d) [Table 1, Entry 3,
97% ee]: HPLC (CHIRALCEL OD-H, i-PrOH/hexane = 1/9, flow rate = 1.0 mL/min):
tr = 15.2 min (1.3%), tr = 19.4 min (98.7%); IR (neat): 1797, 1743, 1597, 1496, 1373,
1142, 1072, 1003, 741, 702 cm~L; 1H NMR (CDCl3): § 7.37—7.12 (m, 10H, Ph), 5.41 (s,
1H, 5-H), 5.15 (s, 1H, 2'-H), 4.26 (d, J = 10.0 Hz, 1H, 8-H), 4.04 (d, J = 10.0 Hz, 1H,
8-H), 2.18-1.90 (m, 2H, cyclobutyl), 1.87-1.77 (m, 1H, cyclobutyl), 1.72-1.55 (m, 2H,
cyclobutyl), 1.45-1.32 (m, 1H, cyclobutyl); 13C NMR (CDCls): & 171.54, 171.51,
137.91, 137.90, 128.8, 128.7, 128.6, 128.5, 127.6, 127.4, 75.2, 72.9, 56.8, 45.5, 26.7,
26.0, 15.3; HR MS: calcd for C21H2004Na (M+Nat) 359.1254, found 359.1263.

0]

.OCOCHPh
o R 2

(R)-2e

(R)-2-Diphenylacetyloxy-4,4-dimethyl-y-butyrolactone ((R)-2e) [Table 1, Entry 4,
87% e€]: HPLC (CHIRALPAK AD-H, i-PrOH/hexane = 1/9, flow rate = 1.0 mL/min):
tr = 14.5 min (93.6%), tr = 16.4 min (6.4%); IR (neat): 1782, 1743, 11496, 1450, 1373,
1273, 1188, 1142, 741, 702 cm~L; I1H NMR (CDCl3): & 7.33-7.14 (m, 10H, Ph), 5.56
(dd, J = 8.7, 9.3 Hz, 1H, 2-H), 5.07 (s, 1H, 2'-H), 2.46 (dd, J = 8.7, 12.9 Hz, 1H, 3-H),
1.92 (dd, J = 9.3, 12.9 Hz, 1H, 3-H), 1.35 (s, 3H, Me), 1.34 (s, 3H, Me); 13C NMR
(CDCl3): 6 171.6, 171.3, 137.82, 137.77, 128.7, 128.5,3 128.53, 128.51, 127.4, 127.4,
82.2, 69.8, 56.4, 40.7, 28.7, 27.8; HR MS: calcd for C15H1804Na (M+Nat) 285.1097,
found 285.1084.
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0]

& .OCOCHPh
o N 2

(R)-cis-2f

(2R,3R)-2-Diphenylacetyloxy-3-methyl-y-butyrolactone ((R)-cis-2f) [Table 1, Entry 5,
97% ee]: HPLC (CHIRALPAK AD-3, i-PrOH/hexane = 1/9, flow rate = 0.5 mL/min):
tR = 42.9 min (98.6%), tr = 45.6 min (1.4%); IR (neat): 1797, 1728, 1496, 1450, 1373,
1265, 741, 702 cmL; 1H NMR (CDCl3): & 7.41-7.24 (m, 10H, Ph), 5.57 (d, J = 7.5 Hz,
1H, 2-H), 5.18 (s, 1H, 2'-H), 4.38 (dd, J = 6.0, 9.5 Hz, 1H, 4-H), 4.02 (dd, J = 2.5, 9.5
Hz, 1H, 4-H), 2.89-2.79 (m, 1H, 3-H), 0.82 (d, J = 7.5 Hz, 3H, Me); 13C NMR
(CDClg): 6 172.0, 171.4, 137.8, 128.8, 128.63, 128.61, 128.58, 128.57, 127.6, 127.5,
71.6, 70.7, 56.6, 33.6, 11.9; HR MS: calcd for C1gH1804Na (M+Nat) 333.1097, found
333.1112.

O

% .OCOCHPh
9) N 2

(R)-trans-2f

(2R,39)-2-Diphenylacetyloxy-3-methyl-y-butyrolactone ((R)-trans-2f) [Table 1,
Entry 6, 83% ee]: HPLC (CHIRALCEL OD-H, i-PrOH/hexane = 1/9, flow rate = 1.0
mL/min): tgr = 17.8 min (91.1%), tr = 24.0 min (8.9%); IR (neat): 1790, 1651, 1466,
1265, 1157, 1126, 949, 741, 710 crrL; 1H NMR (CDCl3): & 7.39-7.24 (m, 10H, Ph),
5.28 (d, J=11.0 Hz, 1H, 2-H), 5.15 (s, 1H, 2'-H), 4.42 (dd, J = 8.5, 8.5 Hz, 1H, 4-H),
3.85(dd, J = 8.5, 10.0 Hz, 1H, 4-H), 2.69-2.56 (m, 1H, 3-H), 1.13 (d, J = 7.0 Hz, 3H,
Me); 13C NMR (CDCl3): § 172.0, 171.6, 137.93, 137.88, 128.7, 128.64, 128.59, 128.59,
127.51, 127.4, 73.8, 70.5, 56.6, 36.6, 14.4; HR MS: calcd for C19H1804Na (M+Nat)
333.1097, found 333.1084.
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o

.OCOCHPh,
O AN

H H

(R)-endo-2g

(3R,3aR,6a9)-3,3a,4,6a-T etr ahydr 0-2-oxo-2H-cyclopenta[ b]fur an-3-yl
2,2-diphenylacetate ((S)-endo-2g) [Table 1, Entry 7, 89% e€]: [a]pl8 = +33.2 (c 1.0,
CHCl3), [a]p18 = +15.8 (c 1.0, benzene); HPLC (CHIRALPAK 1D, i-PrOH/hexane =
1/1, flow rate = 0.5 mL/min): tr = 29.5 min (94.4%), tr = 35.9 min (5.6%); IR (neat):
1779, 1739, 1601, 1495, 1451, 1359, 1077, 741, 700 cm1. 1H NMR (CDCl3): §
7.34-7.14 (m, 10H, Ph), 6.02-5.95 (m, 1H, 6-H), 5.84-5.77 (m, 1H, 5-H), 5.64 (d, J =
9.5 Hz, 1H, 3-H), 5.24 (d, J = 6.0 Hz, 1H, 6a-H), 5.12 (s, 1H, 2'-H), 3.37-3.16 (m, 1H,
3a-H), 2.17-1.97 (m, 2H, 4-H); 13C NMR (CDCl3): 6 171.6, 171.3, 140.0, 137.8, 137.7,
128.7, 128.58, 128.56, 128.46, 127.7, 127.5, 127.3, 86.2, 70.0, 56.5, 39.1, 31.1; HR MS:
calcd for C21H1g804Na (M+Na*) 357.1097, found 357.1112.

0]

.OCOCHPh
e) N 2

Heo—{H

(R)-exo-2¢g

(3R,3aS,6aR)-3,3a,4,6a-T etr ahydr 0-2-oxo-2H-cyclopenta[ b]fur an-3-yl
2,2-diphenylacetate ((R)-exo-2g) [Table 1, Entry 8, 85% e€]: [a]p26 = +15.1 (c 1.2,
CHCl3), [a]p26 = +53.5 (c 1.2, benzene); HPLC (CHIRALPAK AD-H, i-PrOH/hexane
=1/9, flow rate = 0.5 mL/min): tgr = 30.2 min (7.6%), tr = 33.2 min (92.4%); 1H NMR
(CDCl3): 6 7.33-7.13 (m, 10H, Ph), 6.05-5.96 (m, 1H, 6-H), 5.81 (ddd, J=1.8, 4.2, 5.7
Hz, 1H, 5-H), 5.50-5.42 (m, 1H, 3-H), 5.07 (s, 1H, 2’-H), 5.05 (d, J = 6.6 Hz, 1H,
6a-H), 2.96-2.83 (M, 1H, 3a-H), 2.74-2.52 (m, 2H, 4-H): 13C NMR (CDCl3): & 172.2,
171.7, 137.82, 137.79, 136.8, 129.1, 128.7, 128.60, 128.57, 128.51, 127.49, 127.43,
87.4, 75.7, 56.4, 42.3, 37.0; HR MS: calcd for C21H1804Na (M+Na*) 357.1097, found
357.1093.
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Analytical data on racemic compound: Mp: 120-122 °C (CH>Cly/hexane = 1/2); IR
(KBr): 1781, 1743, 1604, 1496, 1450, 1381, 1196, 1149, 1026, 987, 748, 702 cmrL,

O

.OCOCHPh
o - 2

H H

(R)-endo-2h

(3R,3aR,7a9)-2,3,3a,4,5,7a-Hexahydr 0-2-oxobenzofuran-3-yl  2,2-diphenylacetate
((R)-endo-2h) [Table 1, Entry 9, 90% ee]: HPLC (CHIRALPAK AD-H, i-PrOH/hexane
= 1/9, flow rate = 0.75 mL/min): tr = 30.2 min (94.8%), tr = 45.3 min (5.2%); 1H
NMR (CDCl3): & 7.36-7.13 (m, 10H, Ph), 6.14-6.09 (m, 1H, 7-H), 5.87-5.77 (m, 1H,
6-H), 5.66 (d, J = 7.0 Hz, 1H, 3-H), 5.11 (s, 1H, 2'-H), 4.64-4.56 (m, 1H, 7a-H),
2.74-2.62 (m, 1H, 3a-H), 2.05-1.90 (m, 1H, 5-H), 1.84-1.68 (m, 1H, 5-H), 1.24-1.10
(m, 1H, 4-H), 1.02 (dddd, J = 5.0, 13.0, 13.0, 13.0 Hz, 1H, 4-H); 13C NMR (CDCl3): &
171.4,171.3, 137.86, 137.85, 136.0, 128.7, 128.62, 128.58, 128.50, 127.5, 127.4, 121.5,
72.1, 71.2, 56.5, 37.6, 22.8, 17.3; HR MS: calcd for CooH00O4Na (M+Nat) 371.1254,
found 371.12609.

Analytical data on racemic compound: Mp: 161-162 °C (CH>Cly/hexane = 1/1); IR
(KBr): 1790, 1743, 1496, 1450, 1180, 1149, 987, 748, 702 cm1,

.OCOCHPh,
o

(R)-exo-2h

(3R,3aS,7aR)-2,3,3a,4,5,7a-Hexahydr 0-2-oxobenzofuran-3-yl  2,2-diphenylacetate
((R)-exo-2h) [Table 1, Entry 10, 81% ee]: HPLC (CHIRALPAK AD-H, i-PrOH/hexane
= 1/9, flow rate = 0.5 mL/min): tgr = 27.0 min (90.3%), tr = 29.0 min (9.7%); 1H NMR
(CDCl3): & 7.45-7.20 (m, 10H, Ph), 6.08-5.97 (m, 1H, 7-H), 5.81-5.70 (m, 1H, 6-H),
5.48 (d, J = 85 Hz, 1H, 3-H), 5.13 (s, 1H, 2'-H), 4.93 (d, J = 7.0 Hz, 1H, 7aH),
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2.74-2.63 (m, 1H, 3a-H), 2.38-2.20 (m, 1H, 5-H), 2.16-2.10 (m, 1H, 5-H), 1.84-1.62
(m, 2H, 4-H); 13C NMR (CDCl3): & 171.9, 171.7, 138.0, 137.9, 133.1, 128.8, 128.61,
128.61, 128.55, 127.53, 127.45, 123.8, 73.7, 70.0, 56.6, 53.4, 39.2, 20.4; HR MS: calcd
for CooHopO4Na (M+Nat) 371.1254, found 371.1267.

Analytical data on racemic compound: Mp: 114-116 °C (CH»Clo/hexane = 1/1); IR
(KBr): 1790, 1751, 1496, 1450, 1187, 1157, 1080, 964, 748, 702 cmrL,

O

% OCOCHPh,
O Ay

(R)-2i

(R)-2-Diphenylacetyloxy-y-butyrolactone ((R)-2i) [Scheme 3 (eq 2), 86% e€]: HPLC
(CHIRALPAK IC-3, i-PrOH/hexane = 1/1, flow rate = 0.35 mL/min): tr = 45.7 min
(6.9%), tr = 55.0 min (93.1%); 1H NMR (CDCl3): § 7.33-7.15 (m, 10H, Ph), 5.40
(dddd, J = 0.6, 0.6, 8.7, 9.3 Hz, 1H, 2-H), 5.07 (s, 1H, 2'-H), 4.34 (dddd, J = 0.6, 2.7,
9.1, 9.3 Hz, 1H, 4-H), 4.19 (dddd, J = 0.6, 6.3, 9.3, 9.3 Hz, 1H, 4-H), 2.60 (dddd, J =
2.7, 6.3, 8.7, 12.9 Hz, 1H, 3-H), 2.15 (dddd, J = 9.1, 9.3, 9.3, 12.9 Hz, 1H, 3-H); 13C
NMR (CDClg): & 172.3, 171.5, 137.8, 128.7, 128.60, 128.58, 128.58, 128.53, 127.5,
127.4, 68.2, 65.0, 56.4, 28.5; HR MS: calcd for C1gH1604Na (M+Na*) 319.0941, found
319.0929.

Analytical data on racemic compound: Mp: 97-98 “C (EtOH/hexane = 1/1); IR (KBr):
1790, 1736, 1496, 1227, 1188, 1080, 1003, 748, 702 cmr;

Lit) MacKeith, R. A.; McCague, R.; Olivo, H. F.; Roberts, S. M.; Taylor, S. J. C;;
Xiong, H. Bioorg. Med. Chem. 1994, 2, 387.
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(Cartesian Coordinates of (R)-1li-tsand (S)-1i-ts)

All calculations were performed with the program package Spartan '10 1.1.0 of
Wavefunction Inc. (http://www.wavefun.com). All structures were optimized and
subjected to frequency analysis with the B3LY P/6-31G* method, followed by single
point B3LY P/6-31G* calculation to provide the thermodynamic properties at 298.15 K.

Transition state ((R)-1i-ts)

Transition Structure (R)-1i-ts

(vis = 1391 cmr 1)

E(B3LYP/6-31G*) = -2429.991809 au
(Erel = 0 kcal/mol)

Cartesian Coordinates (Angstroms)
Atom X Y Z

6 -0.138136619 0.433114585 1.283825481
6 1.221736770 1.109862739  1.144452264
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OFRPRRFRPPFPOFRPPFRPPFRPOFRPPPOFRPORPROFRPROFRPROODODODMODOOOODOR,PFPPFPOFRPO0OOOOODORFPPFPOONONO®LEPE

1.554833738
-0.687586302
-1.034364927
-2.302329010
-2.897910061
-1.886400612
-0.674077808

0.237120086
-1.673829523
-2.226108298

0.575009422

0.018204144
-1.095263916
-1.114914463
-1.885271458
-0.470130234

0.937395756

1.496550438

1.648994569

1.548333640

2.316002011

2.665938349

3.762724832

2.187444982
-3.318869638
-4.212028983
-4.635908422
-5.930011925
-6.260786661
-5.066356794
-4.730116822
-6.360288425
-7.043852163
-6.790262236
-7.803794525

3.294104230

4.072094503

2.384497837

3.081082480

5.037871058

5.837834830

4.847680223

5.398363495

4.044354917

4.835622141

4.362213115

3.149866048

2.290017712

0.972597642
0.184090257
0.566969621
0.178881055
-0.032743237
-0.077092204
0.640495673
0.060265451
-1.126988518
0.454258554
-1.452270731
-2.482520639
-3.233285561
-4.537982426
-2.788390811
-2.081562168
-3.651056727
-3.445345120
-3.867029988
-1.868964997
-2.304469506
-1.510617736
-2.093226142
-0.386396726
-0.113208563
-0.482315608
-0.550073614
-0.953161511
-1.010232941
-0.819074363
-0.771741604
-1.225704970
-1.498622024
-1.288854252
-1.606973489
-3.460045607
-3.898530711
-3.358047370
-4.153876805
-2.287292102
-2.719502563
-2.955253494
-1.329187434
-1.127885720
-1.531413368
-0.147924543
-0.973572139
0.489597156

0.113840458
2.353629729
0.143721216
0.254343179
-0.925745904
-1.991385569
-1.311608437
-1.467526987
-2.210674977
-2.881599309
0.511645546
1.225220708
0.468565145
0.835818462
-0.337724657
2.138351568
1.650201667
2.566235556
0.847326876
-0.366744072
-1.016309610
-1.996038363
-2.907155874
-2.179658314
1.621012477
-0.842399564
0.496506278
0.810466151
1.843035813
-1.890329628
-2.921103235
-1.568399261
-2.366517640
-0.236638232
-0.012596452
-3.450052872
-4.087139698
-4.054644444
-2.632455910
-2.056879161
-2.670282495
-1.212023744
-1.662768079
-4.067721351
-4.710957946
-3.698701212
-4.680572544
2.044529279
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4.355748758
3.474909384
2.154229119
3.177083272
4.502240336
3.587924179
1.244273899
3.053408086
5.412943582
5.153106494
1.099245449
1.028142070
0.226599080
1.932594866
1.901095372
0.191781481
-0.430073804
2.612241625
2.555968467
-0.492249801
1.000637360
-0.064904692
0.335217370
-0.526362828
-2.021416148
-1.291938220
0.624858530
-1.140936344
-0.486990554
0.481207768
-0.186756336
-1.764369075
1.132916229
-0.069095709
1.381481162

-0.568754145
0.025495209
0.424422678

-0.107748352

-0.497551122
0.068884772
0.779632375

-0.156090466

-0.855023262

-0.977543597
2.621684907
5.398430487
3.167583298
3.487926023
4.862958631
4.546019145
2.514393233
3.077595237
5.516589757
4.952128379
6.470786526

-4.795162285

-5.788214480

-4.809293986
2.956849740
3.119942750
3.581657581
4.396406241
2.062896650
2.303622251
4.628944982
5.210398398
1.493694070
5.624382258
3.759119923

3.632937619
1.461614666
3.437014143
4.222763942
2.247411172
0.381837521
3.907051488
5.301947357
1.773522061
4.248447206
1.399214537
1.851333592
2.349946483
0.678011118
0.902258007
2.572048601
2.915482872
-0.064173523
0.331889697
3.313180812
2.026794997
1.809703022
1.592512023
2.804635809
-0.578011351
-1.366817637
-3.337599325
-1.906894004
-1.809903930
-2.794074371
-2.899380323
-1.547043776
-3.109092976
-3.319406824
-4.097408759

Reguested basis set is 6-31G(d)
There are 265 shells and 785 basis functions
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Transition Structure (S)-1i-ts

(vts = 1591 cmr 1)

1.046 A

E(B3LYP/6-31G*) = —2429.983640 au
(Ere = +5.13 kcal/mol)

Cartesian Coordinates (Angstroms)

Atom X

Y Z

6 0.029519899
7 0.855107583
6 2179922974
7 2.811409135
6 3.245971921
6 1.843075053
6  0.496353807
1 -0.259142759
6 -0.002060516
6 0.605045712
6 0.165237163
6 -0.885125632
6 -1.494870388

0.337271572
-0.595641497
-0.539967273
-1.026192564

0.041712398
-1.197292265
-1.263554392
-0.660538355
-2.688474708
-3.576298579
-4.895410449
-5.345129090
-4.466299325

1.107818311
0.296915326
0.391487599
-0.690387185
1.620991802
-1.784314702
-0.997460868
-1.500076429
-0.810051834
0.088366373
0.184865876
-0.618416229
-1.513447074
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PRPRRPRPRPOODDOODRRORPRORORODRPR DD ORRPRPRRPOOODNOORORRPRRPRPRRREO®

-1.058291264
-1.544469966
-2.321654071
-1.230746869
0.637460618
1.408457730
1.900163503
2.033702207
-1.452965738
-1.831731282
0.657998250
-0.263230994
0.409624882
1.940791504
2.498683447
2.609056379
0.138063517
-0.177155116
-0.645668595
0.182917462
-1.338056379
-2.030216549
-2.414096558
-3.432671276
-2.004970968
4.626207737
4.197227119
5.979462898
6.314786379
5.107170093
4.767949148
6.894652412
7.954554086
6.461743347
7.190053069
1.484221964
1.508446361
1.778097856
-1.643953656
-2.186358062
-0.820844672
-2.735952446
-3.009218819
-1.090644782
0.035390874
-3.380078969
-3.862748769
-0.440121304

-3.143332514
-2.452724850
-4.805196123
-6.372611404
-5.569667235
-3.235658087
-0.317150504
-2.112638918
-0.057964702
-0.239113256
0.870281192
1.582529015
2.802183775
2.638604703
3.347475510
1.975602097
3.758116744
4.741141917
3.360608714
3.321065760
1.715206416
1.971935254
0.913767974
1.240342493
-0.224341361
-0.365498270
-0.905597372
-0.155805064
0.275477052
-1.252439338
-1.664930657
-0.498672473
-0.336924507
-1.037816437
-1.290354698
3.857085543
3.228473343
4.877249387
-1.351838296
-3.689434851
-1.729212531
-2.169550759
-3.324722287
-2.890017094
-1.115501320
-1.890935536
-3.941760987
-3.167043690

-1.610204335
-2.292184092
-2.132054950
-0.538351031
0.894276462
0.735134702
-2.432130496
-2.346812916
1.227008094
0.217936547
2.030212706
-0.366012072
-0.337874771
-0.325259216
0.678373222
-1.091726608
0.851602627
0.487665412
1.496331879
-1.284104317
-1.411670490
-2.153181009
-2.844966984
-3.947335061
-2.629169500
0.566999329
-0.658262886
0.812262240
1.750557035
-1.654907984
-2.599682045
-0.184725892
-0.013464444
-1.402723242
-2.167314097
1.586602147
2.478543374
1.844749184
2.025550412
3.498517240
3.094114599
1.701614737
2.430831837
3.822873869
3.356959706
0.870953619
2.161566968
4.648791984
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1 -2.396945727 -4.590698420  4.068500410
6 -2.277612840 1.076272858 1.837674986
6 -3.842997689 3.143014351 2.941704594
6 -3.250160076  1.728747012 1.071053012
6 -2.104415138 1471826869 3.171521274
6 -2.876210435 2498010729 3.716187443
6 -4.027352325 2.752845678 1.615387007
1 -3.388891182 1.451058746  0.031159026
1 -1.358833431 0.980450990 3.785741424
1 -2723698591 2.790501140  4.752149207
1 -4772672939 3.247084213  0.997414012
1 -4.445641974  3.940395089  3.368924423
6 -2.759228647  2.187559857 -4.965395671
1 -3.471875111 2.460698587 -5.752974136
1 -1.898150062 1.706417807 -5.444797521
1 -2.412993806 3.104096997 -4.479436834
6 -4.648074229 1.946008382 -3.308356679
1 -5.389046765  2.184955949 -4.080235025
1 -4.347681705 2.872582574 -2.811982283
1 -5133445261 1.300202498 -2.566615599
6 -3.875153554 -0.056544214 -4.640042859

1 -4598781023 0.170502048 -5.431657943
1 -4.347303488 -0.743394036 -3.929941513

1 -3.022833263 -0.577904061 -5.086059368

Reguested basis set is 6-31G(d)
There are 265 shells and 785 basis functions
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HPLC Analyses of

Racemic Compounds la-benzoate-li-benzoate
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— § ;8673

5.P 209

11.79

5.P 1680

5.FP 3zoa
73 .95
b-2588
METHOD: THE:

FILE: 1 CALC-METHOD: AREAYX

NO . RT ARER

6 37.31 1864888

o442 .,22 1894867
TOGTAL

2159755

PEAK REJ : 180889

XS R——— S S e

168 .808

OBz

rac-1a-benzoate
CHIRALPAK AD-H
-PrOH/hexane = 1/50
flow rate = 1.0 mL/min

1




— -Eggl? o)
f i% é% OBz

0]
Et
Et
rac-1b-benzoate
Ii.lz CHIRALPAK AS-H
33 .42 . i-PrOH/hexane = 1/9
— &‘m}!? flow rate = 0.5 mL/min

B-2589
METHOD: TRG: 4 CH: 1
FILE: @ CRALC-METHOD: RRERX % TABLE: 9
MO . RT ARERA CONC  BC
11 33,08 2868830 50.813 BUY
12 41.66 2866655 49.981 UB
TOTAL

3735489 188 .068
PERAK REJ 3 iesvBa



D-2000 HSM: K Gotoh

YY-2° . No. 3-059

bk -}44 . modified YATh: Sys 1

SHTBEE: 2011/10/14 11:47

D-2000 HPLG YATh v4—¥" ¥ L&E -}

YERCERF: 2011/10/14 12:22
MEARF: 2011/10/14 12:22

F AN 24 G ¥WIN32APP¥D2000HSM¥K _Gotoh¥DATA¥No. 3-059%

T -3 A9 Hr7740: Hex/2-PrOH
YATA (F -4 UREE) - Sys 1

77" Yr-Y3v» (7 -4) : K_Gotoh

¥7° M RESEE001
IAES: 1 of 1

7 hatuh:

I BEREINT, 254 nm

)-3": No. 3-059 o

N AT 1

N 7N347" 2 UNK 2

SEAZ: 10.0 ul Pr
n-Pr

rac-1c-benzoate
CHIRALPAK AD-H

flow rate = 0.75 mL/min

_ % g_ i-PrOH/hexane = 1/9

40 - -
z 30 -
i E
# =
o 20
L .

10

. - AVAY
A M e N A A L R LA A L M R A MR A SR SRAL A

T -3 BESH7740h: Hex/2-PrOH
504 . AD-H
F 77 AGMY) 1 L-2130
®v7°A BEEEA: Hexane
7 A FBEE®C:

EREFFFRE (min)

FIyb YEREE : K_Gotoh

* 22" A JBRE&B: 2-Propanol
NV A BEEED:

SHTITANIVE
ka7 BERKRM, 254 nm
E-yEE: EE
EFEHEAX BHEY
NO RT [iE BEl W BC
1 12. 79 940707 49. 969 BB
2 14. 98 941880 50. 031 1. 0000 BB
1882587 100. 000
V'~ -IDBIFELA L 0
N-ESD 1/



®

D-2000 HSM: K Gotoh Y-2" . NO. 3-082 V' -b£: modified YATh: Sys 2
D-2000 HPLGC YATh 3%-¥"% Vk -}
S>FEEE: 2012/01/20 21:05 YEREBBE: 2012/01/20 21:19
MEEBE: 2012/01/20 21:19
T -3 24 CI¥WIN32APPY¥D2000HSM_2¥K_Gotoh¥DATA¥NO. 3-082¥% 0
T -4 E 9 #7740h: Hexane/2-Propanocl OBz
YATh (5 -4UREE) : Sys 2 YJ-3" : NO. 3-082 0
77°Y5-ay (7 %) © K_Gotoh NATK: 1
Y7 b EEEE001 N ATH47° : UNK
&A‘,@# . . 1 of 1 EIAEZ 10. 0 Ul rao1d_benzoate
$7° hasuh: CHIRALCEL OD-H
.. . ) i-PrOH/hexane = 1/9
IIIk347: HPLC Froh - 1 flow rate = 1.0 mL/min
100 =
80
z 3
" 60 ~
il -
i 0 -
20
. ) IS
l'”|"”| | l”’["”l""]"' I""i""l [ [ | l""l"”l""]”"l ‘]"”I'”]""l""|""|"r['—l
0 1 2 3 4 5 6 1 8 9 10 11 12 13
555650 (min)
7 -9 0ERF 4> #7740 Hexane/2-Propanol
h3h%4: OD-H Myb YERRE:
97" A(M 'J); L-2130
#57°A FBEIRA: Hexane A U2 A BEEEB: 2-Propanol
U7 A BEERC: K U7°A FBEERED:
PHIPANAAD:
b7 . HPLC Fvv4l : 1
IR EH
EEFES L BEY
NO RT iR BT BC
1 10. 23 2477511 50. 079 BB
2 11.63 2469731 49. 921 BB
4947242 100. 000
Uk - - DHIFELA D 0
N EED 1 /1



D-2000 HSM: K_Gotoh YY-2" : No. 3-036 bt -+ modified YATA: Sys 1

D-2000 HPLC YATh %-¥"% VK -}

S BR: 2011/09/22 16:21 YERLBB%: 2011/09/22 16:46
LEERE: 2011/09/22 16:46
T 9N 2% G:¥WINS2APPY¥D2000HSM¥K_Gotoh¥DATA¥No. 3-036¥

T -3nEBR5 47740 Hex/2-PrOH

YATh (F —SUREE) : Sys 1 9" No.3-036 0
77° Y3y (7 -4) . K_Gotoh ’ NATh: 1 o OBz
7 V& REBHE001 N ATH47" . UNK
EABES: 1 of | FAE: 10.0 ul
7 hajsb:
mIMM7 . ERIREIN, 254 mm rac-1e-benzoate
] CHIRALPAK AD-H
50 FPrOH/hexane = 1/9
3 & flow rate = 1.0 mL/min
40 T I
= E
E 30
% 3
[y 20
i E
10 - L L
. IS \
“”I""]""l"”]""l"”l”"l"“]""!"""”']""l"”l““l""l"“l“"l'""”"I““]”“l""""'{”

FEFE R (min)

F -8B RS #7740 Hex/2-PrOH
$944 . AD-H b ERRE : K_Gotoh
97 A L-2130

#7°A BEEBA: Hexane K 97" A BEEEB: 2-Propanol

& U7 A FBEEEC: T U7 A BEEED:
DHTITANIA b

mb47 0 BEEREIMI, 254 i

)i B
EEBEHEAL: @EY
NO RT i BET WE BG
1 10. M 662046 49. 175 BB
2 12.15 684256 50. 825 0. 9998 BB

1346302 100. 000

UE =M - DEIFEIA D 0

N-ES 1 /1



D-2000 HSM: kitajima _ ¥J-2 : 0121 ik -b4: modified YA7h: Sys 1

D-2000 HPLC ¥ATh v&~¥"% LK -}

SHrBaEE: 2013/01/31 18:58 YERLBIRF: 2013/01/31 19:39
WMEERARKE: 2013/01/31 19:39
F -4V 348 . G ¥WIN32APP¥D2000HSM¥k i ta ) ima¥DATA¥0121¥%

7 -S040 test

YAFAG -HUNEE) © Sys 1 -2 0121 O

77 Yhr-yav (5 -4) . kitajima N AT 1 OBz
#7° W4 - RENEH001 N ATHE47° 0 UNK o
FEABSC: 1 of 1 FAE: 10.0 ul

$97° harvh:
M7 HP rac-cis-1f-benzoate
nIM47" - HPLC Frvdb @ 1 I ¢

i-PrOH/hexane = 1/9

35—3_» flow rate = 0.5 mL/min
= \
30 5
'~ 25%::
~ E
X 20 =
i
il 15 <
10 3
OE fm L
T T T T T T T T T T T T T T T T T [ T T T T T T T
0 5 10 15 20 25 30 35

M min)
T 4B RS HI740b: test

1344 : Column Byyb PERRE
SHTITANAIb:
H0vba47° 0 HPLC F4vah - 1
E-hEd: ER
EBFEAE B@EY
NO RT L REL BC
1 27.05 1350012 49. 517 BB

2 30. 31 1376376 50. 483 BB
2726388 100. 000

VE —ME-IDHIEN W 0

NYVESD 1/



D-2000 HSM: K_Gotoh Y-2" . No.2-177 Vi’ -b4A: modified YATh: Sys 1
D-2000 HPLC YATh ¥4-¥" % LE -}
SHTEE: 2011/10/22 19:12 YERBBF: 2011/10/22 20:01

REEEF: 2011/10/22 20:01
F 4N 240 C:¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥No. 2-177¥

F -4 RS #7740 Hex/2-PrOH

YATA(F -HUNEE) - Sys 1 Y-z : No.2-177 o)
77" Yr-%3v (5 -4) : K Gotoh NATH: 1 o8
¥o7° b RENFH001 W ATIE47" . UNK o) z
EAEM: 1 of 1 SEAR: 10.0 ul /

$7 hath:
mIby7 . EEEEIMIL, 254 mm rac-trans-1f-benzoate

. CHIRALPAK AS-H

E -PrOH/hexane = 1/9

12 5 § flow rate = 1.0 mL/min

=3
|
32.14

ESH/E (V)
I

L |
Y I i

:'I‘I'I'l'|'I'[‘|'I‘['I'I'I'I'|‘I’[‘Irl'|'l'l'l‘I‘|’l‘l‘l’l']‘I'I‘I‘I'|'I'I‘I'l‘
0 5 10 15 20 25 30 35
05 (min)

7 -55LEB A2 HTI740h: Hex/2-PrOH

#5344 . AS-H Mybh ERkE . K_Gotoh
w V7T AGMY) : L-2130

#7°A BEERRA: Hexane £ 7' A EBEEB: 2-Propanol

7" A JBHERC: ® U2 A FBREED:
SHTTTANSb

myby(7 0 BEEREIAT, 254 nm

U-pei: mH
EEHEFH X BAHY
NO RT [ BEl 11024 BC
1 25. 58 614364 49.972 1. 0000 MC
2 32.14 615046 50. 028 1. 0000 MC

1229410 100. 000

W - - DRI 0

NYESD 1/



D-2000 HSM: K Ono

Y)-2" . Gotoh—endo-rac

bk -4 modified

YATh: Sys 1

S BEEE: 2013/02/06 22:05

~jt 1

D-2000 HPLC YA7h V4-¥" % VE -}

e BB 2013/02/07 11:26
MR 2013/02/07 11:26

YY-2" . Gotoh-endo-rac

T—9n° 4% C:¥USERSY¥SHIINALABYDOCUMENTS¥=4 7 o JL A ¥HPLC-DATAYK _Ono¥DATA¥Gotoh-endo-rac¥
T3 A0IBFRHT774h: Hex/2-PrOH
YATA(F -4INE) - Sys 1

77" )5-Y3v (7 -%) © K_Ono EAE: 2.0 ul
$7° b4 FREEFFH001 EAEBL: 1 of 1
#$7° harvh: 344 0J-H
0.020
3 rac-endo-1g-benzoate
0.015 — CHIRALCEL OJ-H
_ a ‘ i-PrOH/hexane = 1/4
?, i flow rate = 1.0 mL/min
# 0.010
R 3
= .
0.005 —
0.000 — J\ J , \
I o B B I B L I B B B B B B B B |
0 5 10 15 20 25 30
B R (min)
b4 0 BEKEERIACL, 254 nm
7 -4BAAMIP4N: Hex/2-PrOH
K 7 A(42): L2130
A U7 A FEREEA: Hexane # 7" A 7SEE&RB: 2-Propanol
DI 4VISVb:
E-9%=. BN
EFE2EHEARE @EY
NO RT o EE1 = BC
] 21.93 505656 49. 978 BB
2 24.76 506095 50. 022 BB
1011751 100. 000

b -bE" -IDHFELA L 0




D-2000 HSM: K_Gotoh YY-2": No.2-182

VE" -+ modified

YATA: Sys 1

D-2000 HPLC YATh v4-Y"% UK
YeRC BB 2011/09/30 10:58

SHTERE: 2011/09/30 10:05

~b

EBEEF: 2011/09/30 10:58

F 4N 24 0 CI¥WIN32APP¥D2000HSMYK_Gotoh¥DATA¥No. 2-182¥
F -3 A ATI74): Hex/2-PrOH
YATh (7 -94REE) : Sys 1
77°Yr-v3v (7 -4) : K_Gotoh

7 0 REANEH001

FAEE: 1 of 1

$57° hasub:

W ATh: 1

b7 - BEEEEIMI, 254 nm

N ATIVA47° 0 UNK
FAR: 10.0 ul

YY-2" 1 No. 2-182

OBz

% - rac-exo-1g-benzoate
20 : : CHIRALPAK 1A
E b °° FPrOH/Mexane = 1/49
3 flow rate = 1.0 mL/min
= 15 -
G 3
i E
@ 10 —
ge 3
o .
5
| BN ALY
B S L L R O R R R R R R B R A L R R R R R A A A R AR R AN R A N
0 5 10 15 20 25 30 35 40 45 50

1555/ (min)

7 -4 B R2HI74) . Hex/2-PrOH
hh%&: 10
VA L=2130

K 972" A BEETEA: Hexane

N U7 A BEERC:

»yb 4EREE © K_Gotoh

V7' A 75EgiEB: 2-Propanol
KU A FEBEED:

SHITANIAVE:
mIr47 - BEEREIT, 254 im
t-ER: mH
ERHEAE: EHEY
NO RT EE BEl wE BC
1 27.82 1301639 49. 886 1. 0000 BB
2 32.39 1307565 50.114 1. 0000 BB
2609204 100. 000
Vi~ -9 DHIELA D 0
AN ER 1/



D-2000 HSM: K Gotoh Y-2" : No. 3-097 VE b4 modified YATh: Sys 2

D-2000 HPLC ¥A7h ¥4-Y" % U¥ -}

SHBEF: 2011/11/14 09:45 YeER B 2011/11/14 10:27
AMIBRARF: 2011/11/14 10:26
F -4 240 C:¥WIN32APP¥D2000HSM_2¥K_Gotoh¥DATA¥No. 3-097¥

7 -5 A #774): Hexane/2-Propanol

YATA (G -4 REE) : Sys 2 ¥-2": No. 3-097

77° Yr-Y3v (7°-4) . K_Gotoh N AT 1

7 W48 FRENE#001 N4T7H347° - UNK

AR 1 of 1 FAE: 10.0 ul

7 harvh:

mIts47° : HPLC Fvvdh 1 rac-endo-1h-benzoate
CHIRALPAK AD-H
80 i~PrOH/hexane = 1/9

flow rate = 1.0 mL/min

{5558 (mV)

3 i
—!]Il‘l‘f_i’_l_[]‘l‘l]l‘l]|]r(l]’!]7‘ll]l]l]!]!]l[l]l]l]]]l]l]|]11!]117T1TT|!I![I‘lll}llll

0 5 10 15 20 25 30 35 40
5B (min)

7 -4 PB4 47740 Hexane/2-Propanol
1344 : AD-H Ayb YERE
K97 AGMY) ;L2130

K 27" A FBREARA: Hexane * 97 A BBEEB: 2-Propanol

U7 A BEERC: NV A BEEED:
PETITANIIVE:

mvb447 : HPLC Fvuth : 1
E-)ER: mH
EREEFE @EY
NO RT [GE BE1 BC
1 12. 44 1753417 50. 224 BB
2 14. 72 1737764 49.776 v BB
3491181 100. 000

Wi -bE T DHITEM I 0

N-EED 1 /1



D-2000 HSM: K Gotoh ¥Y-2": No. 3-098 Vi -t45: modified YATh: Sys 2

D-2000 HPLG YATh ¥4-% % UK -}

o4 RrE: 2011/11/14 10:30 YERCBIRE: 2011/11/14 11:20
WMEHEEF: 2011/11/14 11:20
F -3 240 C:¥WIN32APP¥D2000HSM_2¥K_Gotoh¥DATA¥No. 3-098¥

F 4B RS #7740 Hexane/2-Propanol

YAFh (F -§UREE) : Sys 2 yJ-2° : No. 3-098 O
77" Y5-y3v (7 -4) © K_Gotoh NATh: 1 OBz
497 W4 RENSII001 N {747 UNK Q
FAEE: 1 of 1 IAE: 10.0 ul H H
$97° hasvh:
447 0 HPLC Fvvah - 1 rac-exo-1h-benzoate
. CHIRALPAK AD-H
= i-PrOH/hexane = 1/9
3 flow rate = 1.0 mL/min
s -
# E N
iy 20 - x
= E
10 =
0 E“JM / ﬁJ i
R R I N I L L L I L I A L I L L L A A A L R R MR A R R
0 5 10 15 20 25 30 35 40 45
R EFFRE (min)
F -4 0B R4547774): Hexane/2-Propanol
344 : AD-H Ayb ERE
FU7AGMY) : L-2130
K27 A BEEEA: Hexane ' & V2" A BEEHEB: 2-Propanol
7" A FEBHC: \°‘7°A BEt%D:
SISV
hvb847 : HPLC Fvudh : 1
C-)ER: mH
TEHEF L EHEY
NO RT miE BE BC
1 20.70 1615902 49. 965 Mc
2 24.13 1618148 50. 035 MC
3234050 100. 000

V" -bE -G DHTEA B 0

Ny EED 1/



D-2000 HSM: kitajima  ¥J-2": 0127 UK -+44: modified YA7h: Sys 1
D-2000 HPLG YATA ¥3-¥" % V& -}

ST BEE: 2013/02/01 19:02 fER B RF: 2013/02/01 20:31
WEHBF: 2013/02/01 20:30
7 -4\ 345 . C:¥WIN32APP¥D2000HSM¥k i tajima¥DATA¥0127%

F -8B ARSI test o)
YATA(F ~94RER) - Sys 1 Y-z 0127 OBz
77 -3y (G -9 kitajima NATY: 1 0O

¥97° V4 . FRENE$H001 N {7M347° © UNK

FAEH: 1 of 1 AR 10.0 ul

7" Marvh: rac-1i-benzoate

CHIRALPAK ID
Haeba47 : HPLC Fvudlh - 1 i-PrOH/hexane = 1/4‘
flow rate = 0.5 mL/min
25 =
20 =
S £
E 3
) 15 =
=
i 10 =
53 L
—— ']""]""]“”["“I“"]"“l ] T I T l T

EREFEER (min)
7 -SLERRSHTI74): test

h544 : Column Myb YRS
STV
hvr47° : HPLC Fvutb : 1
C-)ed: mH
EEFHEAE Y
NO RT [ 5 RET BC
1 68. 71 2381792 49. 898 BY
2 74. 05 2391536 50. 102 VB
4773328 100. 000

UK - -HDHIEA I 0

NYBESD 1 /1



HPL C Analyses of

Chiral Compounds la-benzoate-li-benzoate

S28



D-2000 HSM: K Gotoh ¥Y-2"* No.3-029 bk -+ modified YATh: Sys 1

D-2000 HPLC YATA ¥4-¥"% Lk -}

SHrHBEE: 2011/09/21 10:33 YERRBEE: 2011/09/21 11:33
MIEERE: 2011/09/21 11:33

F -4 24 0 C:¥WIN32APP¥D2000HSMY¥K_Gotoh¥DATA¥No. 3-029¥%

F -4 BB #7741} Hex/2-PrOH

YATA(F -4INEE) - Sys 1 Y9-2" . No. 3-029

77" Yr-%3v (7" -%) : K_Gotoh N4 1 0
Y7 Ma . RESE001 N ATMA47° 0 UNK OBz
SAEB: 1 of 1 EAE: 10.0 ul 0

¥7° harsh:

mIds47 . BEiRENIS, 254 mm
(S)-1a-benzoate
CHIRALPAK AD-H
-PrOH/hexane = 1/49

15 j
_:f] flow rate = 1.0 mL/min

s E i
E 10
#
#
gp
i

.

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55
FE5EB (min)

+33:49

4 1
T

(=

o
NS TS PR PR SRR |

T -4 774): Hex/2-PrOH

5484 AD-H M9b YEREE . K_Gotoh
F YA 0 L-2130

& V7" A BEEHEA: Hexane ;-ggﬁﬁg 2-Propanol|

wU7°A BEEHC: ih A BEE&D:
SHTITAIIVE:

mIMM7 . BERRMNYS, 254 nn

P-/EE: EH
EREEAZ: mEY
NO RT g BE1 gz BC
1 33.29 181 0.018 BV
2 33.87 8680 0. 867 v
3 39.35 992662 99. 115 0. 9999 VB

1001523 100. 000

V" =M I DFIEA B O

Ny ESD 1 /1




CH. 1 C.5 1.25 ATT 7 OFF5 a8

L_ 7 .94
1@ .48
1838
S 17 .38
19 .87
| 28.91 '
1 .95
b-25886
METHOD: TRGE: Y
FILE: 8 CARLC-METHOD: RARERZ TRE
MO . BT ARER CONC
3 14.83 43303 2.588
7 i?.ss 184648 5.785
18 SBlrge 1647822 31.185
i1 18867 B.681
TOTAL
1883687 148 .988

PERK REJ 3 19580

35,8880

CH: 1

LE:

BC
88
BB
By Q
TBB ©

B

OBz

Et
Et

(S)-1b-benzoate
CHIRALPAK AS-H
i-PrOH/Mmexane = 1/9
flow rate = 0.5 mL/min



D~-2000 HSM: K Gotoh

YJ-2": NO.3-102re Vi -b4&: modified

YATh: Sys 1

D-2000 HPLC YATh %~V ¥ L&k -}
YERLEBS: 2012/09/12 19:40

SHHEEE: 2011/11/10 09:51

T -8 A% C:¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥NO. 3-102re¥
T -5 IB R #7740 Hex/2-PrOH

YATA (F -44NEE) : Sys 1

AIFRREE: 2012/09/12 19:40

Y-2": NO. 3-102re

myre47 0 BEREEMI, 254 nm
T -4 0EBFE 5477740 Hex/2-PrOH

F U7 A(MY) 1 L2130

& V7" A BBEEA: Hexane

77 Jr-y3 (7 -4) : K_Gotoh SEAR: 10.0 ul 0
$97 M RABHA001 EAEH: 1 of 1 o \POBZ
¥o7 WAt h34h4: AD-H
n-Pr
3 n-Pr
0.10 ] %, (S)-1c-benzoate
E S CHIRALPAK AD-H
0.08 — FPrOH/hexane = 1/9
‘ flow rate = 0.75 mL/min
2 0.06 —
g ]
& 0.04 —
0.02 j
000 1 — b . _k
:'1'|*|*1‘]'| LI I I I I I L I L L N I B I B L I B L R B L R I R B
0 5 10 15 20 25 30 35 40
EREFRFM (min)

T V7" A BBE%B: 2-Propanol

SHIPANIIV
E-YEE: ER
TEMHEAE: @EY
NO RT mia Bl HWiE BC
1 16. 63 489 0.032 BB
2 20.50 1545542 99. 968 BB
1546031 100. 000

Vi b =JDHITEA S O



D-2000 HSM: K _Gotoh YY-2": NO. 3-156

b —+45: modified YATh: Sys 2

D-2000 HPLG YATh ¥4-¥" ¥ Uk -}

SRR 2012/01/20 20:24

R BEE: 2012/01/20 21:02
MEBEBEF: 2012/01/20 21:02

F -9 241 C:¥WIN32APP¥D2000HSM_2¥K_Gotoh¥DATA¥NO. 3-156¥

§ -5ALEB R4 #7774h: Hexane/2-Propanol
YATA (7 -JUREE) . Sys 2

77° Y523y (7" -9) - K_Gotoh

7" M REEFH001

FEAES: 1 of 1

Y-2" : NO. 3-156
NATh: 1

N ATIM47° 0 UNK
FAE: 10.0 ul

7 Varvh: o OBz
hnybs47 0 HPLC Fvu3h 1
3 (S)-1d-benzoate
140 3 CHIRALCEL OD-H
3 PrOH/hexane = 1/9
120 — flow rate = 1.0 mL/min
g IOOjf
# 80 —
@
i 602 -
0
3 =] o
0 i A Al N
L I I I S L I I L L L L I L B I L I L O I R L B I I R R B I B
0 5 10 15 20 25 30

BEEE (min)

T -4 B AN HTI74): Hexane/2-Propanol
544 OD-H
w V2 AGMY) 1 L-2130

7" A FBEEEA: Hexane

7" A BEEEC:

i

Yy YERE

xU7°A BEEHEB: 2-Propanol
£ U7°A FBEERD:

PHITANAI VL
. mvr447° 0 HPLC Fouah 1
E-hER: EH
EEFHEAE: @HEY
NO RT G5 BE1 BC
1 10. 33 78268 1.839 MC Q
2 11. 61 4109315 96. 536 MC ©
3 12. 97 69195 1. 626 MC
4256778 100. 000
V"= - DHEITEN B 0
N-YERES 1 /1



D-2000 HSM: K_Gotoh YJ-2": No. 3-090 b -t modified YATh: Sys 1

D-2000 HPLGC ¥27h v4-¥" % LK -}

S BB 2011/10/22 15:49 YRR B/ 2011/10/22 16:33
MIEBEFE: 2011/10/22 16:33
740 24 0 C:Y¥WIN32APP¥D2000HSM¥K Gotoh¥DATA¥No. 3-090¥%

T -4 B RAS>#774): Hex/2-PrOH

YATA(F -5 UNEE) © Sys 1 ¥J-2" : No. 3-090

77° Y53y (" -4) . K_Gotoh NATh: 1

$97° V42 RESIE001 N 47H347° : UNK o
AR 1 of 1 FAE: 10.0 ul OBz

¥97° haivh:
mvr47 - BREREMIE, 254 i

E (S)-1e-benzoate
50 % CHIRALPAK AD-H
3 T -PrOH/hexane = 1/9
40 _ flow rate = 1.0 mL/min
o~ 3
= 3
= 30
i
niﬁ ]
20 3
i ;
10 8
0 % J_}\/\ AI,I_\LJ \ i
-'l‘l‘l'l‘]‘l‘l'l'l‘[‘l']‘I'l']’i’f‘!'l‘]’l’l‘l'l'i‘l'I‘I‘l'""I‘l‘l'"l‘{’l‘l'l‘I‘]'l‘l'I‘
0 5 10 15 20 25 30 35 40
RIS (min)
F -4 A5 #7740 Hex/2-PrCH
k4 . AD-H Xyb ¥ERk®E . K_Gotoh
27 AM2) : L-2130
#57"A FBEEBA: Hexane # 7 A BEEHEB: 2-Propanol
U7 A TEEE®C: 7" A BEEHED:
SHITANAR}:
a7 1 EEIREMI, 254 nm
-y m
EESESE EEY
NO RT [ =E1 PiEE BC
1 10. 55 28859 3. 609 0. 9998 BB
2 11.94 770693 96. 391 1. 0000 BB

199552 100. 000

V" =M -9 DHITEIA D 0

NESD 1 /1



D-2000 HSM: kitajima _ ¥J-2 : 0122 bif" -t modified YATh: Sys 1

D-2000 HPLG ¥ATh 3%~ % LK -}

SHTERE: 2013/01/31 19:37 YRR 2013/01/31 21:29
SLTERBF: 2013/01/31 21:29
F -9 248 ¢ C:¥WIN32APP¥D2000HSM¥k i ta j ima¥DATA¥0122¥

F -3 IBASHT 740 test

YATA(T -5UREE) : Sys 1 9})—x* 0122 O
77 U930 F -4%) : kitajima NATV: 1 OBz
$97° W4 . REN5134001 W 47V347° : UNK Q
FEAES: 1 of 1 JIAHE: 10.0 ul
#7° hasuh:
. (S)-cis-1f-benzoate
havd47° © HPLC F4udih : 1 CHIRALCEL OD-3
. PrOH/hexane = 1/9
100 flow rate = 0.5 mL/min
80 -
S E
E 60
1] 3
§
i _
" -
20 5
= P o
0 J\ N AN
| A I I I S I I B A A S I I e e e B S R I B L B S I B
0 5 10 15 20 25 30 35

B ERE (min)
T -SEBES I test

15448 . Column Myb YERLE
RTINSV
mmIM4{7° : HPLC Fvudh : 1
E-)E8: EE
EEEE A xR @HEY
NO RT i1k BE1 BC
1 27. 31 233992 4. 850 BB
2 30. 25 4590307 95.150 BB

4824299

100. 000 N

U ~M-IDHITEA D 0

N-VEED 1 /1



D-2000 HSM: K_Gotoh ¥Y-2" : No. 3-088 V" —b4: modified YATA: Sys 1

D-2000 HPLC YATh ¥4~ ¥ L& -}

SATEEE: 2011/10/24 19:04 fEfBRF: 2011/10/24 19:55
ME AR 2011/10/24 19:55
¥ -4 24 . C:¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥No. 3-088¥%

5 -4 MBS H7740: Hex/2-PrOH

YAFA G -5UNEE) : Sys 1 W-2": No.3-088
77°Y5-Y3v (7 %) . K_Gotoh NATh: 1
7 ME . FREFE001 N ATM47° 0 UNK o
FAERB: 1 of 1 FAE: 10.0 ul
$7° Bt b Ob,osz
k47 . BIEEERMIL, 254 nm
10 : (S)-trans-1f-benzoate
3 g CHIRALPAK AS-H
E E i-PrOH/hexane = 1/9
g 3 flow rate = 1.0 mL/min
s 3
~ 6 -
# E
= :
4 43
0 ——E 7NI T S
I I I IR L I I I L L T I T L L I L L I I R L I LI I L L L I I I L L N
0 5 10 15 20 25 30 35 40 45
G505 (min)
¥ -4 RS #7740 Hex/2-PrOH
1544 : AS-H Myb ¥ERE: K_Gotoh
i ‘JTBA ({4 ) i [-2130
#U7°A FBREHEA: Hexane K V7" A FBEEB: 2-Propanol
® U7 A BEEC: KU A BREED:
PHITAVAIVB:
myrs47 0 BERE/R, 254 nm

E-yEdR: EH
EEFEAE: BEY
NO RT [CiE i BE B BC

1 25.79 6729 0. 955 MC

2 30. 93 698115 99. 045 1.0000 MC

704844 100. 000

VK" - - DHEIFELN B 0

N-ESD 1/



D-2000 HSM: K_Ono Y- Gﬁf.oh;endo— b -p&: modified YATh: Sys 1
] , chiral

D-2000 HPLC YAFh ¥4-Y" 4 Lk -}

S Ee%: 2013/02/06 23:26 fER BB 2013/02/07 11:29
IBEEE: 2013/02/07 11:28
"-An" 2% C:¥USERSY¥SHIINALAB¥DOCUMENTS¥224 7 o JL A ¥HPLC-DATA¥K_Ono¥DATA¥Gotoh-endo-

.7.
chiral¥
7 -403B 5 HT 7740 Hex/2-PrOH
YATA (5 -9UNEE) - Sys 1 YJ-2" : Gotoh-endo—chiral
77°U5-%3v (7" -%) . K Ono FAE: 2.0 ul
$7° b4 FREEFH001 EAES: 1 of 1
#9727 hArvh: h3h4: OJ-H
0.020 _j
E (S)-endo-1g-benzoate
3 CHIRALCEL OJ-H
0.015 = i-PrOH/hexane = 1/4
R _ flow rate = 1.0 mL/min
=2 -
E 0.010
R E \
= 3 |
0. 005 j
0. 000 ::-,J S A#___lj Nt
B A O U L B L U L L e A I S L S AL L I I L L I A IS IR L B I
0 5 10 15 20 25 30 35
FFEEM (min)
hvba47° 0 BIEE RN, 254 nm
T -4IBR S #T7740: Hex/2-PrOH
it D?ZA(Q"{‘/Z: L-2130
K Y7 A BHEBA: Hexane # v7°A JBBE&B: 2-Propanol
SHITANAAVH:
E-EE: EHE
EEFEAZE @HEYL
NO RT =Tk ;= =E1 fEE BC
1 24.23 3377 0. 560 0.9783 BB
2 26. 65 599737 99. 440 1. 0000 BB
100. 000

603114

Vik =bE" I DFEITEVA B 0



D-2000 HSM: K Ono __

YY-2": 16-061Bz

L' -+ modified YATh: Sys 1

D-2000 HPLC YA7h v4-Y % L& -

SHTEEF 2013/01/22 14:10

YERCBEF: 2013/01/22 21:51
AR 2013/01/22 21:50

7 -4n" 244 C:¥USERS¥SHIINALABY¥DOCUMENTSY¥Z£4 7 JL 5¥HPLC-DATA¥K_Ono¥DATA¥16-061Bz¥

7 -303B A S5 47740 Hex/2-PrOH
YATLA(F -3UREE) © Sys 1

Y)-2" 1 16-061Bz

77" Y5-%3v (77 -%) : K Ono EAE: 2.0 ul o)
¥u7 V& RENFH001 EARB: 1 of OBz
#97° Aivh: W44 1A o)
0.040 = H H
0.035 = :
3 § (S)-exo-1g-benzoate
0.030 E CHIRALPAK IA
a 0.025 i-PrOH/hexane = 1/49
::;5 : ; flow rate = 1.0 mL/min
P 0.020 = o
R E
& 0.015 5
0.010 5 {\
0.005 = s
% \ & & k
0.000 ' Ve
BRI A A I I I R I B B R e B B R R B I I R R S O R R R R R R RR R
0 5 10 15 20 25 30 35 40

hIM47° . BEKERIAL, 254 nm
T 4B 547740 Hex/2-PrOH
f V7T AGMY) T L-2130

#v7° A BEEZA: Hexane

RFFER (min)

V7" A BEE#EB: 2-Propanol

SHITANIAVE:
t-9%E: EE
EEHERE EED
NO RT miE EE1 it 2 BC
1 26. 97 28454 2.505 BB
2 30. 31 1107524 97. 495 BB
1135978 100. 000

Vi -bET I DHELA B 0



D-2000 HSM: K_Gotoh YY-2": NO.3-147 Vi -+44: modified YATA:

Sys 1

D-2000 HPLC YATA v4-¥" % V&K -}

S g 2012/01/21 11:41 {ERB R 2012/01/21 14:23
MEBEBEF: 2012/01/21 14:23

7 -9 2% GIYWIN32APPYD2000HSM¥K_Gotoh¥DATAYNO. 3-147¥

7 -3 AR H774): Hex/2-PrOH

YATh (7 -94REE) : Sys 1 Y- NO.3-147

77" Yr-vay (7 -4) © K_Gotoh NATH: 1
7 V4% FESE001 N 4A7M47° . UNK (S)-endo-1h-benzoate
EAES: 1 of 1 FAE: 10.0 ul CHIRALPAK AD-H
$97° hasvh: PrOH/hexane = 1/9
mIb7 . BEIEREMI, 254 nm flow rate = 1.0 mL/min
20 -
15 -
< =
E =
# 10
# .
e =
g E
5
0 AN k.
L 0 R0 ML ST SR NSRS L) SARA0 LARRY LAY EAAE LAAR) REAM) A AR AL LRI AL
0 2 4 6 8 10 12 14 16 18 20 22 24 26

ERIFEERE (min)

7 -3 B H 47740 Hex/2-PrOH
H344 . AD-H
FU7TAGRMY) 0 L-2130

F U7 A BHEtEA: Hexane

N U7 A BHEC:

»yb ERE: K_Gotoh

K U7°A BEEEB: 2-Propanol
T U7 A FBEkED:

SHTITAVIIVb
M7 0 BEREN, 254

E-)EE: EmH
TEHESE @HEY
NO RT [F R PR BC
1 18. 66 0 0. 000
2 20. 69 43934 5. 531 BB o
3 24. 01 750456 94. 469 MC

794390 100. 000
V' = M-I DHIFEA B O

N ERED 1 /1



D-2000 HSM: K_Gotoh YJ-2" . NO.3-148 bk -+ : modified YATh: Sys 1

D-2000 HPLGC YATh v4-%" % UK -}

SHrABE: 2012/01/21 13:02 YERRBIRE: 2012/01/21 14:20
WFEERF: 2012/01/21 14:19
F -4 21 G:¥WIN32APP¥D2000HSM¥K _Gotoh¥DATA¥NO. 3-148¥

F -4 A9 HI740: Hex/2-PrOH

YATh 5 -44N$E) : Sys 1 Y-2": NO. 3-148 0

77" Yr-Y3v (7 -4) . K_Gotoh NATh: 1 OBz
7 Ma . REFEF001 N 4Th347° 0 UNK 0
FEABEC 1 of 1 FAE: 10.0 ul H H

7 B

hvra47 - EEREIMNT, 254 m
(S)-exo-1h-benzoate

70 = CHIRALPAK AD-H
E -PrOH/hexane = 1/9
60 — ¥ flow rate = 1.0 mL/min

50 —
40 -

30 -

ESHE (V)

20
10 =
I

0 -

I
= 11.97
13,57

|
A N R R N R N e N R R U M NN R UM A BN U R YN Y Y
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
G E56R (min)

F -4 0B A4 4774): Hex/2-PrOH

1744 . AD-H Myb ERkE . K_Gotoh
K57 A 12130

#57°A FBHETRA: Hexane # 57 A BEEEB: 2-Propanol

V7" A BREEC: KU A BREAED:
SHITANUb ‘

mIM7 0 BEEREIRTE, 254 nm
-)E&E: ER
EREHEAE @Y
NO RT [k RE Rz BC
1 11.97 137839 7. 899 1. 0000 BB ©
2 13. 51 30770 1.763 0. 9989 BV
3 14. 05 1576464 90. 338 0. 9985 VB ¢
1745073 100. 000

Ve b I DHIFEIN I 0

N-UEED T/



D-2000 HSM: kitajima  %Y-2": 0126 bt -t44: modified YATh: Sys 1

D-2000 HPLC YATh 4% ¢ LK -}

SHBEE: 2013/02/01 17:32 {YeRk BB 2013/02/01 20:03
JEEREF: 2013/02/01 20:03
F -4\ 2% . C:¥WIN32APP¥D2000HSM¥k i tajima¥DATA¥0126¥

T 4L B SH774b: test o

YAFA(F -5UREE) : Sys 1 YY-2": 0126 OBz

77 Yr-Y3v (7 -4 : kitajima N AT [0}

57 V4 . _%%ué‘ﬂiom " 171347 UNK

%;k E}‘ﬁ': Pofl AAR: 10.0 ul (S)-1i-benzoate

CHIRALPAK ID
MIM47 . HPLC Fvu%h 1 -PrOH/hexane = 1/4
flow rate = 0.5 mL/min
20 = o

g 15

ﬂ

- 10

4 3

5 e
0 L kJ o
T "‘l""]""l""[""l""|""T""]’"'l""['"'l""[""I"”""'I"”[""l"'
0 10 20 30 40 50 60 70 80
GIEF5ME (min)

F LB RASHI74): test

13445 : Column Myb VERLE

ST

MMIM47" . HPLC Fouah : 1

- mH

EREEAE TEY%

NO RT [ BE1 BC
1 69. 76 104344 5.572 BB
2 74. 33 1768228 94. 428 BB

1872572 100. 000

UE =bE =D HIEIN B 0

N-YBEED 1 /1



HPL C Analyses of Racemic Compounds 2a—2i

S29



D-2000 HSM: K_Gotoh

¥J-2": No.1-107

L' -+ modified

YATA: Sys 1

D-2000 HPLGC ¥ATh ¥4-¥"¥% LK -}

SHRFE: 2011/09/22 17:32

F -4 A5 H7744: Hex/2-PrOH
YATA GG ~4UREE) © Sys 1

77" Yr-v3s (5 -4) - K_Gotoh

7 04 FREEFH001
FABRE: 1 of 1

#97° hAryh:

YERL B 2011/09/22 18:33
mEHEE: 2011/09/22 18:33
79N 240 C:¥WIN32APP¥D2000HSM¥K _Gotoh¥DATA¥No. 1-107¥

Y9-2": No.1-107

NATh: 1

N {TW47° © UNK
FAE: 10.0 ul

M7 - BEEEEING, 254 i

OCOCHPh,

rac-2a
CHIRALPAK AD-H
i-PrOH/hexane = 1/9

14 _ flow rate = 0.5 mU/min
12 i N
’?Et 10
% 8
bl
g 6
g
4
: |
0 ——
[T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 45 50 55
R (min)
7 -3 AnE A 5477740 Hex/2-PrOH
1344 . AD-H Myb YERLE : K_Gotoh
x ‘17°°A({{ v L-2130
* 2" A BEEBA: Hexane K 7" A FBEEEB: 2-Propanol
¥ U7 A EEEEC: ¥ UI°A TAREED:
SHRITANIF VL
b7 . BEEREM, 254 mm
E-yER: EE
FEAEAEX BB
NO RT [ BE1 HupE BC
1 32.82 555418 49. 356 1.0000 BB
2 4411 569904 50. 644 BB
1125322 100. 000
k" ~bE ~H DEITEIA B: 0
N-vEBD 1 /1



8.19

- 0
O._OCOCHPh
0 g i
ST Et o
.&m?“fﬁg o
rac-2b

CHIRALPAK AD-H
i-PrOH/hexane = 1/9
flow rate = 0.5 mL/min

b-2588
METHOD: TAG: 3 LOH: 1
FILE: B CALC-METHOD: ARER% THBLE: 5]
N . RT ARER CONC  BC
3 34.35 1888397 J8.128 UB
11 44 .56 tg74g88 49.872 BB
TOTAL

2155277 188 .068
PEAK REJ : 4888080



D-2000 HSM: K _Gotoh YY-2" : No. 3-057 bk* -4 modified YATh: Sys 1

D-2000 HPLG YATh %% % L& -}

S EEF: 2011/10/14 10:15 Yep BB 2011/10/14 11:42
WMEREFE: 2011/10/14 11:41
F -4 A% . C:¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥No. 3-057¥

7 -4 5547740 . Hex/2-PrOH o
YAFh F -4UREE) : Sys 1 yY-2": No. 3~057
77" Yr-yay (F -4) : K_Gotoh WATh: 1 0 OCOCHPh,
$97° 0% FENF 001 N ATM47° 0 UNK o Pr
SEAESC 1 of 1 SEAZ: 10,0 ul W
$57° Jasvh:

4T BEEREMI, 254 mn rac-2c

CHIRALPAK AD-H

5 i-PrOH/hexane = 1/9
E 8 flow rate = 0.75 mL/min
15 - i
s E
E E
" 10—_:
& ]
ae =
i1 -~
“ 5
OEA—"J\\J\—A J It
—'I'l‘l‘l‘]‘T_rT‘l‘I‘]'l‘l'I‘I']'l‘l‘l‘l'l'l‘1'!‘]"'!‘]'I’I’TT1"rf
0 5 10 15 20 25 30

RIS (min)
7 -43LERASHI74h: Hex/2-PrOH

W44 AD-H b ¥EREE D K _Gotoh
K7 A(MY) 1 L-2130

# 7 A FBHEBA: Hexane #v7° A 7B8HEB: 2-Propanol

K U7°A BEEC 77N BEERD:
DHTTTANIH:

H3b447" 0 BEEIREINTE, 254 mm

E-rEE: mR
EREHHEAE TR
NO RT EH BE1 R BC
1 15.99 478647 49. 866 BB
2 18. 96 481212 50. 134 BB

959859 100. 000

VR -bE - DFIEA B 0

N-EED 1/ 1



D-2000 HSM: K Gotoh

¥Y-2": No. 3-078

Ui -b4: modified

YA7h: Sys 1

D-2000 HPLC YATh 49" % Uk -}

SR 2012/01/17 20:52

YERBIRF: 2012/01/17 21:26
JREEERF: 2012/01/17 21:26

T -4 2% C¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥No. 3-078¥%

F -4 A5 7740 Hex/2-PrOH
YATA (7 -HUREE) : Sys 1

77" Yr-Y3 (7 -4) © K_Gotoh

¥7° V& FREFFH001
EABRB: 1 of 1

7" WAsvh:

YJ-2" . No. 3-078
NATh: 1

N AT347° : UNK
FEAE: 10.0 ul

b7 - BEEREIN, 254 i

0]

HP
o OCOCHPh,

rac-2d

CHIRALCEL OD-H
i-PrOH/Mhexane = 1/9
flow rate = 1.0 mL/min

20 ;
- 15 =
= .
il E
N E
- 10 =
e 3
it 3
5
0:: n/\ y I
‘llll‘]'llII'|'l‘I'I‘I‘]'l'l'—l‘l'|‘l'|‘|'l']'l'l[I‘l
0 5 10 15 20 25 30
R I58RE (min)

F -5 EEH7740: Hex/2-PrOH
#5344 . OD-H
KU AGY) L2130

K Y7°A BEETRA: Hexane

£ U7°A BEEHC:

FI9b YeRiE : K_Gotoh

¥ 7" A 78REEB: 2-Propanol

w V7R TEREED:

SHITAIAS V-
myra47 - BEEFEEMIG, 254 mm

E-hEd: mE

EEHEA X @Y

NO RT [EEi BRI i BC
1 12.87 826043 49. 762 BB
2 21.517 833940 50. 238 0. 9944 BB

1659983 100. 000

V" - - DB D 0

N-UESD 1/



D-2000 HSM: K Gotoh YY-2" : No. 3-033-2 Vi -t : modified YATh: Sys 1
D-2000 HPLC YATA v4-%"¥ Lk b

SRR 2011/09/22 14:49 YERE BB 2011/09/22 15:14
WME AR 2011/09/22 15:14
T 4N 24 0 C:¥WIN32APPY¥D2000HSM¥K_Gotoh¥DATA¥No. 3-033-2¥

7 -$SLBASMTITN: Hex/2-PrOH o
YATh (7" -4 UNEE) © Sys 1 ¥W-2" . No. 3-033-2
77° Wr-v3 (7 -8) : K_Gotoh NATh: 1 o7 \OCOCHPh,
77 V48 FREFE001 N ATH47° © UNK
AR 1 of 1 FAE: 10.0 ul
$97° hasuh:
.. o . rac-2e
40 3 PrOH/hexane = 1/9
3 o flow rate = 1.0 mL/min
35 3 % =
wé
2 25 3
# 20 3
it e
mg
4 I N R 1
A RS AR A A A NASEAAA) M BN AAES LS RAME ALY LSS AEAMY AAMAERRA) MARE SAAL AAAM MM AAMS A

0 2 4 6 8 10 12 14 16 18 20 22
EREIFEERE (min)

7 -4 0BRSS 4TI 40 Hex/2-PrOH

4% AD-H My ¥R K_Gotoh
&7 A(M4Y) : L-2130

# 7' A FBEEEA: Hexane # 97" A BEEEB: 2-Propanol

® V7' A BHHC: ® V7" A BE®ED:
SHITAVIUb

mybyd7 . BEREMI, 254
v-yER: EH
EEBEERE BEY
NO RT [ BE Wi BC
1 15. 14 71837178 49. 864 BB
2 17.10 788040 50. 136 BB
1571818 100. 000

bk - D DRITELA N O

N-EED 1 /1



D-2000 HSM: kitajima _ ¥Y-2 : 0120 Vi —b4: modified YATA: Sys 1
D-2000 HPLC YATh 34" % UK -}

ST BEEF: 2013/01/31 15:43 YERCBEF: 2013/01/31 16:42
LI AR 2013/01/31 16:42
T -4 24 0 C:¥WIN32APP¥D2000HSM¥k i ta j ima¥DATA¥0120¥%

T -SBRSHT 7740 test o
YATL(T -HUREE) : Sys 1 W-2": 0120
77 Yr-av (7 -5): Kitajima N ATh: 1 of§\~‘OCOCHP“2
7" V4 1 FRE5 1001 N ATM47 : UNK
ARSI 1 of 1 FAE: 10.0 ul
$97° harvh: _
rac-cis-2f
k47" © HPLG Feutlh © 1 CHIRALPAK AD-3

i-PrOH/hexane = 1/9

3 \ flow rate = 0.5 mL/min
20 — i
E f
15
S E
E .
2 E |
ki) 10 — |
e E
g E
5 =
Oh;:.-—-—————_,\,q " t T:
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50 55
55 E500 (min)

T AEBRE ST test

#3445 Column AR MEREE
SN
meb47° 0 HPLC Fvu4) : 1

E-)Es: EE

EBHE L THEY
NO RT [k EBE1 BC
1 41. 81 979535 50. 426 BB
2 45.22 963002 49 574 BB

1942537 100. 000

W =M -IDHIEWN b2 0

N-YEED T/



D-2000 HSM: K_Gotoh ¥9-2": No.2-170 Ui -b44: modified YATh: Sys 2

D-2000 HPLGC YATh v4-%"% UK -b

SHBERF: 2011/08/08 19:02 e HEF: 2011/08/25 10:38
LI ERF: 2011/08/25 10:38
F -4 24 0 C:¥WIN32APP¥D2000HSM_2¥K_Gotoh¥DATA¥No. 2-170¥

F-4RERAS I method

YATA (F -9 UREE)  Sys 2 =31 No. 2-170 o
77" Yr-y3av 7 -4) : K_Gotoh NAT: 1
¥7° W4 . RENFHA001 N A7W47° © UNK o~ \wOCOCHPh,
SAESB: 1 of 1 FAE: 10.0 ul
7 hafvh:
MIva47 : HPLC Fyvih - 1 rac-trans-2f
CHIRALCEL OD-H
_ -PrOH/hexane = 1/9
5 3 flow rate = 1.0 mL/min
= N
3
L 3 -
ﬁ 3
i 2 = =4
1
iAW =
R R B I L B B I B L L B L B B B B B 0 I I IS LS IS I IS I I e i
0 5 10 15 20 25 30
R0 (min)
7 —mgmmﬁww method )
h344 . OD-H My YERLE
wy A(MJ) L-2130
A7 A FBEEBA: Hexane K V7' A FEREHEB: 2-Propanol
A U7 A BEEEC: & V7N TEEEED:
SHITAIVE:
mmyba47" : HPLC Fvukl : 1
E-Hhes: EmH
EREHEAE: @HY
NO RT ki =mE1 BC
1 16.63 267206 48. 088 e ¥
2 19.29 20776 3.739 MC
3 21.63 260166 46. 821 NC ¥
4 23. 89 7510 1. 352 NC
555658 100. 000

VE - -9 DHIEN B 0

NSRS 1/



D-2000 HSM: kitajima  ¥Y-R": rac—endo-ester LK -}44: modified YAFh: Sys 1

D-2000 HPLC YATh ¥4-Y" ¢ LF -}

SHBE: 2013/01/25 12:29 ek B®F: 2013/01/25 13:22
ERARE: 2013/01/25 13:22
F -4 248 . C:¥WIN32APP¥D2000HSM¥k i ta j ima¥DATA¥rac-endo-ester¥

F-YBRASHIM: test

YAFL(F -4UREE) - Sys 1 Y)-2" . rac—endo-ester
77 V-%av(F %) - kitajima N ATh: 1
¥7° M. FENE #1001 N ATA47 - UNK o
FAES: 1 of 1 AE: 10.0 ul
$7° hasoh: o~ \wOCOCHPh,
HITM47" - HPLC Fyudh - 1 H H
35 rac-endo-2g
30 CHIRALPAK ID
i-PrOH/hexane = 1/1
25 flow rate = 0.5 mL/min
; JE—
E 20
-
15
o
“ 10
5
0 Jo A\ o

T T T T T T T T T T T T O T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45
EREFEFRE (min)

7B RS I test

15445 : Column Myb YERLE
SHTITANAIVL
nvb47° : HPLC F4udl : 1
E-hER: mR
EBFHESEL: @Y
NO RT [k BEL BC
1 30.18 1657081 49. 888 BB
2 36. 06 1664494 50. 112 BB

3321575 100. 000

VE M -IDHIZEN B 0

N-SESD 1/



D-2000 HSM: K_Ono YY-2":.16-062

b -bA: modified YATL: Sys 1.

D-2000 HPLC YATh ¥4-Y" ¥ L& -b

S BE: 2013/01/17 18:22

YERCBEE: 2013/01/17 19:47
RFEREF: 2013/01/17 19:46

T 49N 248 C:YUSERS¥SHI INALABY¥DOCUMENTS¥Z24E T o JL A ¥HPLC-DATA¥K_Ono¥DATA¥16-062¥

T -4BEASHI740: Hex/2-PrOH
YATL(F -9UNEE) - Sys 1

Yy-2": 16-062

77° 11-535 (5 -4) - K Ono SEAZ: 2.0 ul ?
#5977 hB 0 REEF001 EABEB: 1 of 1 o~ \wOCOCHPh,
$U7° hafoh: $344: AD-H
Hes—{H
0.006 A
) T rac-exo-2g
5 s CHIRALPAK AD-H
0. 005 , ¥ g -PrOH/hexane = 1/9
_ . i % flow rate = 0.5 mL/min
=) 0.004 — 2 K
N ] 1 1 .
B oom fJ g
e : . .
0.002 | ,
I .
0.001 - i o _—
l LS J\ _A’J K_//""
0.000 - 7
B T L R L I L R B B e T B B B L B B B S I B I B S o
0 5 10 20 25 30 35

hmIM47 0 BEEREIAIG, 254 nm
7 -480IBRA 27740 Hex/2-PrOH
F U2 AMY) 0 L-2130

V7" A 7BEE%A: Hexane

B F5BER (min)

# V7 A AEERB: 2-Propanol

SHTITANIIVE:
IR ER
EEFERE ®EEY
NO RT [ BEET HtiE BC
1 30. 11 99863 50. 324 BB
2 33.35 98578 49. 676 BB
198441 100. 000

k" -bE" -9 DHIFELA A O



D-2000 HSM: K_Gotoh Y)-2": NO.3-157 V" -+44: modified YATA: Sys 1
D-2000 HPLC ¥aTh %Y % L¥ -b

SHTEREE: 2012/01/20 16:46 YERE BB 2012/01/20 17:46
IEER: 2012/01/20 17:46
T -4 A& G ¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥NO. 3-157¥

7 -30E A Hr7740: Hex/2-PrOH o

YATh (7 -5 UNEE) : Sys 1 “/1}-1': NO. 3-157 ~OCOCHPh,
77" Yr-%3v (7 -4) : K_Gotoh NATH: 1 0 :

$o7 M FREFE001 N A7M47° © UNK H H
SEAMBSEE: 1 of 1 FAE: 10.0 ul

$97 hasvh:
b7 - EEEEIVE, 254 i rac-endo-2h
CHIRALPAK AD-H
PrOH/hexane = 1/9
14 # flow rate = 0.75 mL/min

=3
|
46.31

BSHE @)
1

33.42

o
|

1
_‘I'l]’|'l‘|!]’lll|lilIIIIIIII'IIlllllIllli!ll'Il!]l]l'|]l|l|lilllllll'lIlllil,llill]lIr'lll]lll'l|1'|[!|l|l|l|ll’ll"l‘|’

0 5 10 15 20 25 30 35 40 45 50 55

RIS (min)

7 -4 27740 Hex/2-PrOH
b4 : AD-H *yb ¥ERE . K_Gotoh
K7 A L-2130

U7 A FEEEEA: Hexane A U7°A BEE&B: 2-Propanol

7" A FEBERC: v U7 A BEtiaED:
SHITANSUb:

myksq7 . BEEREMI, 254 nm

E-yed: ms
EEEF X EEY
NO RT [k BE1 i BC
1 30.79 775822 49. 865 MC
2 33. 42 0 0. 000
3 46. 31 780037 50. 135 BB

1555859 100. 000

VA =PE I DHITEW I 0

NESD 1/



D-2000 HSM: K Gotoh YJ-2" - No. 3-094 bk -4 modified

YATh: Sys 1

D-2000 HPLC YAF7h ¥3-¥"% Lk -}

S EBE: 2011/11/10 19:57 YEpiBBF: 2011/11/10 20:32
MmEREF: 2011/11/10 20:32

740 248 . C:¥WIN32APPY¥D2000HSM¥K_Gotoh¥DATA¥No. 3—094¥
F -4 EB RS HT7740: Hex/2-PrOH

YATLA(F -4UNEE) - Sys 1 -2 - No. 3-094
77°r-%3v (7' -%) . K_Gotoh N AT 1

7 V4 . RENEF001 N ATM47° - UNK
SAEH: 1 of 1 FAE: 10.0 ul

$97° hasvh:
myrve47 . BEREMI, 254 nm

OCOCHPh,
oH

rac-exo-2h
CHIRALPAK AD-H
i-PrOH/hexane = 1/9
flow rate = 0.5 mL/min

10 - ;
8
C E
o 65
% 3
i 43
2
B S N A T U UL N N B L L L N B B U L UL N B N I B IR B BN IR R
0 5 10 15 20 25 30

R (min)

F -4 BRASHI740: Hex/2-PrOH
#5344 : AD-H
K7 AMY) - L2130

§v7° A BEEEA: Hexane

£ U7 A BEERC:

yb YERE . K_Gotoh

® V7' A ABE%EB: 2-Propanol
N U7 A JBRERD:

PHITANAIV:
mIryq7 . BEEEINE, 254 nm
C-)ER: mM
ERFTEAE. @HEY
NO RT 1L 3= BE1 i BC
1 26. 23 456614 49. 829 1. 0000 BY
2 28.10 459752 50. 171 1. 0000 VB
916366 100. 000
Uk -bE - DHITEIA L 0
NYESD 1 /1



D-2000 HSM: kitajima  %Y-2": 0108 Uk -pa: modified

YAFh: Sys 1

D-2000 HPLC YATh &% 4 L&k -}

ST EE: 2013/01/29 10:51 fEpc A EE: 2013/01/29 12:04
SLEE R 2013/01/29 12:03
7 -4 245 . C:¥WIN32APP¥D2000HSM¥K i ta jima¥DATA¥0108¥

F 9B S0 test

YATA(F -5UREE) : Sys 1 “/:)-X: 0108
77 W3y (F -%) © kitajima NATh: 1
¥97° M4 . RENEE001 N ATV347" © UNK
FAER: 1 of 1 FAE: 10.0 ul
$57° hatuh:
heba47° . HPLC Fvu%h : 1
]

15
2 10
i B
# 7
o h
i 5—

0 J

BREFR (min)
T -3EBES I ). test

0 5 10 15 20 25 30 35 40 45 50 55 60

0O

CHPh
Ly

rac-2i

CHIRALPAK IC-3
-PrOH/hexane = 1/1
flow rate = 0.35 mL/min

65 70

1544 Column Myb ERRE
RTINS
Havh47° 0 HPLC Fvub 1
t-)ei: mh
EEEHEAE BEY
NO RT [ BT BC
1 49. 60 1077392 49. 937 BB
2 61.85 1080102 50. 063 BB
2157494 100. 000
VE =~ ~9DHIFEN M. 0
NYEE 1 /1



HPL C Analyses of Chiral Compounds 2a—2i

S30



D-2000 HSM: K _Gotoh YY-2" . No.3-027-2. T™M Vi -b4: modified YATh: Sys 1
D-2000 HPLGC YATh %-¥" % L& -}
SETEE: 2011/09/27 10:56 YeRE BB 2011/09/27 12:00
MERRE: 2011/09/27 12:00
F AN 248 . G ¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥No. 3-027-2. TH¥
F -4 H774h: Hex/2-PrOH
YATA (?'—945(%;)2 Sys 1 “/'J;X‘: |1\|o. 3~027-2. ™™ 0]
77° -3y 3 -%) . K_Gotoh N ATh: 0C
$7 148 REHE001 W {747 UNK o~ \wOCOCHPh,
SEAEB: 1 of 1 FAE: 10.0 ul
7" harvh:
M7 . BERERINTL, 264 m (R)-2a
3 CHIRALPAK AD-H
12 = i-PrOH/hexane = 1/9
_ i flow rate = 0.5 mL/min
10 - )
z B -
i 3
i 5
iy E
iz 42
2 . 5 3
, o_‘__“_wJL | g ¢
-'l'l‘l‘l‘]'l‘l‘I'l‘]‘f‘l'I'I']’F‘lrl'l’l'I'l'l‘l"W'l‘]'l'|'l‘l‘l‘l']‘l'l‘l’F‘]‘I’l‘l'l‘[‘l‘I‘l‘l’]'T‘7
0 5 10 15 20 25 30 35 40 45 50
GRIEER (min)
T -4 RLEEFH S #7740 Hex/2-PrOH
1344 AD-H »yb EREE: K_Gotoh

Fv7 A(MY): L-2130

" U7°A BEEHA: Hexane

U7 A BEEERC:

£ U2°A BEE&EB: 2-Propanol

977 A BEtiRD:

AHITAIE:
jovbs(7 D BRIERIAT, 254 rm
C-rEl: B
EREEAER: B
NO RT i RE1 ) BC
1 33. 50 600964 98. 360 BV %
2 39. 97 2567 0. 420 BB
3 4. 05 7451 1.220 BB
610082 100. 000

V" -bE =D DFTEA B O

Ny BE

1/1



.5 1 .23 ATT & OFFS 2]
—585 7.4z
l 1?.9?
1& .42
:‘:__"_:z— :‘E{ .23
1% 159
45 .47
F 58,91
H TRG: 2
B CRLC-METHOR: AREAY TAB
RT ARER CONC
¥ .32 82812 13.818
18 .33 4724 B.783
22 .83 484432 57 447
33 .36 3547 B .392
34 .54 EB11 1 .8682
IV .98 I696 a.515
58 .91 24489 15.745
599631 180 .886

111

J oz 3589

BB BRD

CH: 1
LE:

8L
uB
BB
BB O
BY
uB
BB QO
BB

0

o ‘\‘o\n/oooc:Hth

Et O
Et
(R)-2b
CHIRALPAK AD-H
i-PrOH/hexane = 1/9
flow rate = 0.5 mUmin



D-2000 HSM: K Gotoh

YY-2": NO.3-100.TMre

bt -b44: modified YATh: Sys 1

D-2000 HPLG YATh ¥%-Y" % Lk -}

SR 2011/11/08 18:27

YERC BB 2012/09/12 19:34
MIERHEF: 2012/09/12 19:34

T -9 24 G ¥WIN32APP¥D2000HSM¥K _Gotoh¥DATA¥NO. 3-100. TMre¥

7 -4 mBAS 7740 Hex/2-PrOH
YATA (7 -54R%E) . Sys 1

YJ-2": NO.3-100. TMre

72° U573 (7 -4) : K_Gotoh SEAE: 100 ul 0
¥27° M4 . RAEF001 EAER: 1 of 1 0~ \OCOCHPh,
#7° Basvh: 1544 AD-H
n-Pr
4 n-Pr
: (R)-2¢c
0.04 CHIRALPAK AD-H
: -PrOH/hexane = 1/9
- 0.03 - flow rate = 0.75 mL/min
= ]
id ]
R 0.02 —
B :
:
om?
| N
0.00 S S -
N B A L A A O At RN A RN RALE LA Ay A at R Aanaa 0
0 2 4 6 8 10 12 14 16 18 20 22
REEEEHE (min)

mIry{7 . BEEREIN, 254 nm
T -3 #7774) . Hex/2-PrOH
v AGMY) - L-2130

it U7°A BEE®A: Hexane

* V7" A 7AEt#EB: 2-Propanol

SHITANIAIVb:

CEE: EH

FTE2EHERE: @HEYS

Nq RT | B=E1 £ BC

1 12. 41 124 0.020 BB

2 15.18 614173 99. 980 BB
614297 100. 000

Ui -FE =S DHIEA L 0



Sl

D-2000 HSM: K_Gotoh ¥Y~-3": No. 3-361. TM b -b48: modified YATh: Sys 1
D-2000 HPLC YATA ¥4-¥"% L& -}
SHTBEE: 2012/01/18 15:33 YERCBRBF: 2012/01/18 16:24

WMEREF: 2012/01/18 16:24
F -9 24 C:¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥No. 3-151. TM¥

7 -550E RS HI74h: Hex/2-PrOH

YATh (7" -HUREE) : Sys 1 ¥)-2": No.3-1561. M
77" Y53y (7 -4) . K Gotoh WATh: 1
¥7 04 . RENE$001 N A7W47° : UNK 0
FEABR: 1 of 1 FEAR: 10.0 ul ~OCOCHPh,
¥27° hasvb: O
haebaq7 - BEREIREINE, 254 nm
| ' (R)-2d
14 - g CHIRALCEL OD-H
12 E ) -PrOH/hexane = 1/9
t flow rate = 1.0 mL/min

m« 83
ﬁ 6 -
i E

4

0 —

T T T T T T e O T T T T T T T T T T O T T T T T T
0 5 10 15 20 25 30 35 40 45
fREFEFR (min)
7 -4 7740 Hex/2-PrOH
1544 : OD-H *Jyb ¥ERE - K_Gotoh
) ‘z?A(l&‘/) i éﬁ—gso
97" A FEEERA: Hexane K V7" A BEEEB: 2-Propanol
V7" A BEEKC: " U7°A BEEED:
SHITAIVE:
. Jvbe47 - BEEEERIRIE, 254
E-)ER: EH
ERHESE BEY
NO RT %3 RE1 PR BC
1 15. 22 10129 1.270 BB

2 19. 37 187780 98. 730 1. 0000 BB

797909 100. 000

Wi* M-I DHIFEA L 0

Ny ESD 1/



D-2000 HSM: K_Gotoh YY-2": No. 3-086. TM Vi b4 modified YATh: Sys 1

D-2000 HPLC YATh %% ¥ Uk -}

SHrAEE: 2011/10/22 13:58 B 2011/10/22 14:27
AR 2011/10/22 14:27
F-9n 240 C:¥WIN32APPY¥D2000HSM¥K_Gotoh¥DATA¥No. 3-086. TH¥

F-4BESHTI740: Hex/2-PrOH

YATAL (G -4 UREE) : Sys 1 YW-2": No.3-086. TM
77° Yr-¥3avy (7 -4) : K_Gotoh NATH: 1
$7° A FHFH001 N {7M347° . UNK
SEAES: 1 of 1 SEAR: 100 ul 0
¥7° harvh: ,OCOCHPh,
meby(7 0 BEEREINV, 254 mm o ¥
30 3
3 (R)-2e
25 - CHIRALPAK AD-H
E i-PrOH/hexane = 1/9
F~ 20 flow rate = 1.0 mL/min
E -
) 15 5 -
ﬁ :
T 10
53 S
03 LA ALE
L B R L A RS LA LA LA KA LRt AR A ML AARSY RASAPERSS] M A
0 2 4 6 8 10 12 14 16 18 20 22

EREFERRE (min)
7 -4RE RS #7740 Hex/2-PrOH

5454 AD-H Myb ERkE: K_Gotoh
8 )7;': A (MA‘J);%Q;E—‘Z&‘:O y
7" A FBEERRA: Hexane & V2" A BEE&EB: 2-Propanol
V7 A FBEEEC: V2 A ',eﬁﬁ"&
SHTITANI Vb
. mIMM7 . BEEREMIL, 254 nm
C-)EE: EH
FREEHEAE: @HEY
NO RT EfE BE1 b BC
1 14.53 565886 92. 603 M B
2 16. 41 38798 6. 349 1. 0000 MG %
3 17.76 6406 1.048 0. 9934 MC
611090 100. 000

VE" M-I DHITELA B 0

N ESD 1/



D-2000 HSM: kitajima %)% : 0125 Vi -} modified YATh: Sys 1

D-2000 HPLG ¥ATh ¥4-¥"% L&k -}

TR 2013/01/31 16:40 Yepk BEF: 2013/01/31 18:05
WL RRE: 2013/01/31 18:05
T -9 248 0 C:YWIN32APP¥D2000HSM¥k i taj ima¥DATA¥0125¥

T 4B ATV test

YATh (T -5URER) : Sys 1 “/}J—X': 0125
77 Yr-v3ay (5 %) - kitajima N AT 1
¥7° W& . RHEEF001 N 47h347° 1 UNK o
FABEE: 1 of 1 FAE: 10.0 ul
#97° pafub: Oi]\ ~OCOCHPh,
Hebs47" - HPLC F4u4h - 1
35 = (R)-cis-21
E CHIRALPAK AD-3
30 5 i -PrOH/hexane = 1/9
E flow rate = 0.5 mL/min
25 4
=2 E
*é 20 —E
ap 15 =
iz
10 5
5 5
0 "“E T xq' ‘-/
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50 55

REFEE (min)
T -4EBA I test

#3445 : Column AMyh EREE
SHTITANIIG
havba47° 0 HPLC Fvodh : 1
E-reE: mH
FEFEAL @EY
NO RT [Tk BE1 BC
1 42.85 1944916 98. 646 BV
2 45 56 26690 1.354 BB
1971606 100. 000

U M -IDFIEN D 0

N-YBEE 1 /1



D-2000 HSM: K_Gotoh ¥Y-2" . No.3-084. TM Vik' -+ modified YATh: Sys 1

D-2000 HPLC YATh ¥4-Y"¥ VE -}

o4 EBF: 2011/10/20 19:57 YERCBRE: 2011/10/22 14:34
MEREF: 2011/10/22 14:34
T -4 248 1 C:¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥No. 3-084. TM¥

F 4B 5 #7740 Hex/2-PrOH

YATA (G ~4UREE) . Sys 1
77°Vr-%3y (7 -4) . K_Gotoh
¥7° M . REEAE001

Y-2° . No. 3-084. TM
NATh: 1
N {747 UNK

O

Of ~OCOCHPh,

SEAES: 1 of 1 AR 10.0 ul
7" hasub:
ka7 BREEEIRIS, 254 nm (R)-trans-2f
5 CHIRALCEL OD-H
i-PrOH/hexane = 1/9
8 — flow rate = 1.0 mL/min
s 6
S E
i ]
$# 4 —
g 3
!Eg =
2 8
0 —Ev‘—_—_’J 1 IN ! lk 1
_""l””j”“l“" ""I””]”"l“”]“”!”” ""I””]""I”"]”"i’”’]””l‘”'|"“I”“(“”I T ”"[“"I”"]'”'l '“[‘”
6 2 4 6 8 10 12 14 16 18 20 22 24 26 28

7 -4 H774): Hex/2-PrOH

73454 - OD-H
®v7 A(MY) T L-2130

V7" A BEERA: Hexane

# U7°A BEEEC:

BRI (min)

*yb ¥EREE: K_Gotoh

£ U7°A BEE#EB: 2-Propanol

T V7" A BEEED:

SRV IV
hmvba(7° . ESEREINTS, 254 nm
C-iEsE: |mH
EEBHES X TEY
NO RT [k BE Pz BC
1 17. 80 472330 90. 658 1. 0000 MC ‘?
2 21. 49 2531 0. 486 MC
3 23.96 46141 8. 856 0. 9998 MG ﬁ»
521002 100. 000
U =M -0 DHITEA M 0
N-ES 1/ 1



D-2000 HSM: kitajima _ %Y-2": 0090

VK -b4&: modified

YATh: Sys 1

D-2000 HPLC ¥A7h ¥4-¥"¥ L¥ -}

YER AR 2013/01/25 14:04
MEERF: 2013/01/25 14:04
F 4N 24 . G ¥WIN32APP¥D2000HSM¥k i ta j ima¥DATA¥0090¥%

SHTEEF: 2013/01/25 13:20

7 -30REBRSH774): test

YATh(F ~9UREE) : Sys 1 Y-2": 0090
77° Wr-Yay (7 -%) : kitajima N AT 1 0
$97° B RENEH001 W ATI4T 0 UNK ~OCOCHPh,
SIAEBC 1 of 1 AR 10.0 ul Q
$97° harvh: H H
hvba47° - HPLG Fvoalh : 1 (R)-endo-2g
. CHIRALPAK ID
40 ] FPrOH/hexane = 1/1

‘ flow rate = 0.5 mL/min
N 30
= ]
E B
M ]
& 20
i ]
i 2

10 o
TTTTT T T T T T T T T T O T T T T T T T T T T T T
0 5 10 15 20 25 35 40
28R (min)
F -S4V test )
#3464 : Column Myb YEREE -
SHITANASVL
heM{7° - HPLC Fovth @ 1
e |
FEHE AL EEY
NO RT [Tk BE1 BC
1 29. 47 2084208 94. 356 BB
2 35. 89 124663 5. 644 BB
2208871 100. 000

Vi - -9 b 0

N-yBERD 1/



D-2000 HSM: K Ono  ¥Y-2": 16-061Es = _  L# -t+#: modified _YATh Sys 1
D-2000 HPLC YATh ¥%-%" 4 VK -}

S BB 2013/01/17 19:03 {ERLBB%: 2013/01/17 19:48
AMIFHME: 2013/01/17 19:47
'r -0 2% . C:¥USERS¥SHIINALAB¥DOCUMENTS¥224 J o+ JL A ¥YHPLC-DATA¥K_Ono¥DATA¥16-061Es¥
-35RIB A5 HT774): Hex/2-PrOH

/XTA (7 -5Ungk) - Sys 1 YY-2": 16-061Es o)
77° 53y (3 -4) © K_Ono EAZ: 2.0 ul OCOCHPh
¥57° b RAEH001 EARS: 1 of 1 o7\ 2
#7° baAUL: 1544 AD-H B ony
0.04 4
: & (R)-exo-2g
- #  CHIRALPAKAD-H
0.03 = . ~PrOH/hexane = 1/9
. ; § flow rate = 0.5 mL/min
2 E |
v .02 - N
e 0.02 : 3
B *. |
0.01 ' 2
0.00 +———m—— A
|'|'1||'ll[]|l|||||l|'|ﬁ[‘|‘|'|'l'|‘l‘|‘;’h""‘.'."'7"'
0 5 10 15 20 25 30 35
REFEER (min)
'mW? EE K &I, 254 nm
-4 IBF 547740 Hex/2-PrOH
K7 AGHY) L2130
# 7' A FREBA: Hexane + 27" A BBE&B: 2-Propanol
DHITAVISV:
E-IEE: B
EEFERZ @HED
NO RT i RE1 R BC
; 30.15 67228 7.618 0. 9998 BB

33.23 815220 92. 382 1. 0000 BB
882448 100. 000

V' -bE" -9 DEIELA b 0



D-2000 HSM: K_Gotoh

YY-2" . NO.3-145

Vi -b&: modified

YATh: Sys 1

SRR 2012/01/20 18:36

D-2000 HPLG YATA ¥4-¥" % UK -}

YERLEIRE: 2012/01/21 18:29
MIEBARE: 2012/01/21 18:29

F-3W 24 C:¥WIN32APP¥D2000HSM¥K_Gotoh¥DATA¥NO. 3-145¥%

7 -5 0B FSHI740: Hex/2-PrOH
YATh (F -3UREE) : Sys 1

¥J-2": NO.3-145

77° Yr-vav (7' -4) : K_Gotoh N ATh: 1 Q
77 04 RAEH001 N {TA47° 0 UNK o7 \wOCOCHPh,
SEARS: 1 of 1 EAE: 10.0 ul
¥97° hassh: H H
hmvbs47 0 BEIEEMG, 254 nm
57 (R)-endo-2h
E 1 CHIRALPAK AD-H
4 &£ FPrOH/hexane = 1/9
] it flow rate = 0.75 mL/min
z 3
. =
o] 2 =
o ;
@ =
1 %
oi\J M =
T T T e e RN R A
0 10 20 30 40 50 60 70
R EFEER (min)

7 -SERASHI740: Hex/2-PrOH

b0 AD-H
FU7AMY): L-2130

£ V7" A BEEEA: Hexane

U7 A BEEKC:

*yb 4emE: K_Gotoh

# 57" A BHEEB: 2-Propanol
K7 A BEERD:

SHTITAN Vb
] mery47 . BEERIATE, 264 nm
E-yeR: E@E
ERHEN X ETEY
NO RT [k BE1 b iy BC
1 28. 83 21293 7.233 -0, 5546 MC
i 30.17 258935 87. 953 1. 0000 MC 2
3 45. 26 14173 4.814 M 9
294401 100. 000
VK —hE D DEIFELA L O
N-SERSD T/



D-2000 HSM: K_Gotoh YW-2": NO.3-146 i b2 modified YATh: Sys 1

D-2000 HPLC YAFh ¥4-%" % UK -}

SHTHEF: 2012/01/21 16:02 YEREBIB%: 2012/01/21 16:44
WRERAFF: 2012/01/21 16:44
F AN A% G:¥WIN32APP¥D2000HSM¥K _Gotoh¥DATA¥NO. 3-146¥

7 -4 5 47774): Hex/2-PrOH

YATA (T -HUNEE) : Sys 1 "/jJ-JV : NO. 3-146
77 Yr-93v (7 -4) ;IqK_Gotoh n f’lb; 1 N o)
¥97° V& RENE 001 N ATI347° -
SEABR: 1 of | SEAR: 100 ul ~OCOCHPh,
7" hasoh: Hro—LonH
w7 - BEEERIMIE, 254 nm
30 3 (R)-exo-2h
3 CHIRALPAK AD-H
25 _:3 i-PrOH/hexane = 1/9
3 flow rate = 0.5 mL/min
g 20 -
1 3
& 15
o E
i 10
I
03 )\
L I I I I B L I I I I I L L L I A O L R I L L L L I AR D R IO RN RR R R RS R

0 5 10 15 20 25 30 35 40
ERIFFRA (min)

T -3 BRIV Hex/2-PrOH

5454 : AD-H Myb YEREE: K_Gotoh
57" AGMY) 1 L-2130

97" A FBHEBA: Hexane 7" A BEEEB: 2-Propanol

V7 A BHEEC: U2 A BEkED:
SHTITANIIVE:

myb7 - EEREN, 254 hm

E-7ER: EH
EREEEFE BEY
NO RT [iE BE1 P BC
1 26. 98 1227826 90. 299 0. 9721 BV
2 29. 03 131906 9. 701 VB

1359732 100. 000

Wi —bE I DHIFEIA B O

NYEESD 1/



D-2000 HSM: kitajima  Y-2": 0126 vk -b44: modified YATh: Sys 1

D-2000 HPLC ATh ¥4-¥"4 Lk -}
SHr A 2013/02/01 15:45 fepc BBy 2013/02/01 17:06
LEEEF: 2013/02/01 17:06

F -4\ 24 0 C:¥WIN32APP¥D2000HSM¥k i ta j ima¥DATA¥0126¥

7 5B A7) test

0]
YATAGF -HUIRER) : Sys 1 YY-2": 0126
77 U3y G -%) : kitajima N AT 1 o «OCOCHPh,
$07° b4 . FREE 001 N {TI347°  UNK
FARSBC: 1 of 1 FAR: 10.0 ul
#7° harvb: (R)-2i

TM47° . HPLC Foudlh 1

CHIRALPAK IC-3
i-PrOH/hexane = 1/1
flow rate = 0.35 mL/min

30 3
=
25 3 g
s -
4 3
&ﬁ 15 4
a .
" 10 3 2
0% SN r O
-ﬁ”‘1"”|“"l""l""l""|"“l‘"']""l""]""]"”I"'_‘] | T
0 10 20 30 40 50 60 70
SR EFEER (min)
7 -3 HI74): test
15448 : Column Wb ERRE
SHTITANASUb
. hvM{(7" : HPLC Fvvdh : 1
E-)Es: ms
EEFHEA L BHEY
NO RT [k BE1 BC
1 45. 69 223726 6.876 BB
2 54. 95 3029793 93.124 BB
3253519 100. 000
Ut =M -IDHIEIA B 0
NEES 1/ 1
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