Supporting Information

Desymmetrizing Asymmetric Ring Expansion of Cyclohexanones with
a-Diazoacetates Catalyzed by Chiral Aluminum Lewis Acid

Takuya Hashimoto, Yuki Naganawa, and Keiji Maruoka*

Department of Chemistry, Graduate School of Science, Kyoto University
Sakyo, Kyoto 606-8502, Japan

General Information. Infrared (IR) spectra were recorded on a Shimadzu IRPrestige-21
spectrometer. 'H NMR spectra were measured on a JEOL JNM-FX400 (400 MHz)
spectrometer. Data were reported as follows: chemical shifts in ppm from tetramethylsilane
as an internal standard, integration, multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, dd = double-doublet, ddd = double-double-doublet, dt = double-triplet, m
multiplet, br = broad, and app = apparent), coupling constants (Hz), and assignment. **C
NMR spectra were measured on a JEOL JNM-FX400 (100 MHz) spectrometer with
complete proton decoupling. Chemical shifts were reported in ppm from the residual
solvent as an internal standard. High performance liquid chromatography (HPLC) was
performed on Shimadzu 10A instruments at 210 nm using 4.6 mm x 25 cm Daicel chiral
columns. High-resolution mass spectra (HRMS) were performed on Brucker microTOF.
For thin layer chromatography (TLC) analysis throughout this work, Merck precoated TLC
plates (silica gel 60 GFys4, 0.25 mm) were used. The products were purified by flash
column chromatography on silica gel 60 (Merck, 230-400 mesh).

In experiments requiring dry solvent, toluene was purchased from Kanto Chemical Co. Inc.
as “Dehydrated” and further purified by passing through neutral alumina under nitrogen
atmosphere. Simple ketones were purchased and used after distillation or column
chromatography on silica gel. Other cyclic ketones were synthesized according to the
literature.*
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-Preparation of (S)-3,3’-bis(trimethylsilyl)-1,1°-binaphthyl-2,2-diol ((S)-1a).*

™S ™S
COL o 280 sy O CC
OoMoM TMEDA (5 eq) TMSCI (6 eq) oMom  HCI (M) OH
OMOM Et,0 rt, 16 h OMOM  THF OH
OO rt, 30 min OO 60 °C, 24 h OO
™S T™S

i i (S)-1a

To a stirred solution of (S)-1,1’-binaphthyl-2,2°-diol derivative i (2.0 g, 5.34 mmol) in
Et,O (100 mL), TMEDA (4.0 mL, 26.7 mmol) and n-BuLi (1.6 M solution in hexane, 13.4
mL, 21.4 mmol) were added dropwise at room temperature under Ar atmosphere. After
stirring for 30 min, TMSCI (4.0 mL, 32.0 mmol) was added dropwise to the resulting
suspension at room temperature, and the mixture was stirred at the same temperature for
additional 16 h. The reaction mixture was quenched with saturated aqueous NH4Cl and
extracted with ethyl acetate. The combined organic layers were dried over Na,SO,4 and
evaporated. The residue was purified by flash column chromatography (eluting with
hexane/ethyl acetate = 100:1) to afford the compound ii in 83% yield (2.3 g, 4.43 mmol).

To a stirred solution of the compound ii (2.3 g, 4.43 mmol) in THF (100 mL), 6 M HCI
(100 mL) was added at room temperature. The solution was kept stirring at 60 °C for 24 h.
The resulting mixture was cooled down to room temperature and extracted with Et,O. The
combined organic layers were dried over Na,SO4 and evaporated. The residue was purified
by flash column chromatography (eluting with hexane) to afford (S)-1a as a white solid in
64% yield (1.2 g, 2.79 mmol).

'H NMR (400 MHz, CDCls) §8.07 (2H, s), 7.88 (2H, d, J = 8.0 Hz), 7.24-7.39 (4H, m),
7.09 (2H, s), 5.23 (2H, s), 0.41 (18H, s). The detailed spectral data of (S)-1 were reported in
the literature.?

-Preparation of a-alkyldiazoacetates (2)."*

R'X (1.1 eq) O O p-ABSA (1.5 eq) 0
o O NaH (1.3 eq) DBU (3 eq) R
OR  THF, 40°C R MeCN, 0 °C to r.t. N,
2

To a stirred suspension of NaH (60 % dispersion in mineral oil, 1.04 g, 26 mmol) in THF
(20 mL), acetoacetate (20 mmol) was added dropwise at room temperature under Ar
atmosphere. After the formation of a clear solution, the corresponding alkyl halide (22
mmol) was added dropwise, and the mixture was stirred at 40 °C for 10 h. The resulting
mixture was quenched with saturated aqueous NH4Cl and extracted with ethyl acetate. The
combined organic layers were dried over Na,SO,4 and evaporated. The residue was purified
by flash column chromatography to afford the corresponding a-alkyl-p-ketoesters.
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To a stirred solution of thus-formed o-alkyl-B-ketoester (5 mmol) and
p-acetamidobenzenesulfonyl azide (p-ABSA) (1.92 g, 7.5 mmol) in MeCN (10 mL) was
added DBU (2.2 ml, 15 mmol) at 0 °C. The reaction mixture was then allowed to warm to
room temperature. After stirring for 12 h, the resulting mixture was quenched with 1N HCI,
and extracted with hexane. The combined organic layers were washed with saturated
aqueous NaHCO3 and brine, and dried over anhydrous Na,SO,. The solvent was removed
under reduced pressure and purified by flash column chromatography to give the
corresponding a-alkyldiazoacetates 2.

Methyl 2-diazo-3-phenylpropanoate (2a).
o CO,Me 'H NMR (400 MHz, CDCls) & 7.21-7.36 (5H, m), 3.79 (3H, s), 3.63 (2H,
ﬁN( s). The detailed spectral data were reported in the literature.*®
2

Benzyl 2-diazo-3-phenylpropanoate (2b).
o CO,Bn 'H NMR (400 MHz, CDCl3) & 7.21-7.42 (10H, m), 5.23 (2H, s), 3.65
/T (2H, s). The detailed spectral data were reported in the literature.*’
2

tert-Butyl 2-diazo-3-phenylpropanoate (2c).
co,t-u H NMR (400 MHz, CDCly) & 7.21-7.36 (SH, m), 3.56 (2H, s), 1.48
Ph/\fN( (9H, s). The detailed spectral data were reported in the literature.*
2

Methyl 2-diazo-3-(o-tolyl)propanoate (2d).
Me 'H NMR (400 MHz, CDCl3) § 7.11-7.22 (5H, m), 3.79 (3H, s), 3.63
COMe o 5), 2.31 (3H, s); °C NMR (100 MHz, CDCl) 5 167.6, 136.4,
N> 134.7, 130.6, 129.1, 127.4, 126.3, 56.2, 52.0, 26.9, 19.3; IR (neat)
2081, 1686, 1435, 1344, 1300, 1265, 1192, 1171, 1117, 1096 cm'l; HRMS (ESI) exact mass
calcd. for C11H1oN»O,: m/z 227.0791 ([M + Na]¥), found: m/z 227.0781 ([M + Na]").

Methyl 2-diazo-3-(m-tolyl)propanoate (2e).
Me CO,Me 'H NMR (400 MHz, CDCls) & 7.20 (1H, m), 6.98-7.10 (3H, m),
m 3.78 (3H, s), 3.59 (2H, s), 2.33 (3H, s); *C NMR (100 MHz,
CDCl3) 6 167.6, 138.5, 137.1, 129.0, 128.7, 127.9, 125.3, 56.9,
52.0, 26.2, 21.3; IR (neat) 2079, 1690, 1609, 1437, 1344, 1308, 1273, 1190, 1179, 1109
cm™; HRMS (ESI) exact mass calcd. for C1,H1oN,02: m/z 227.0791 ([M + Na]*), found:
m/z 227.0788 ([M + Na]").

S3



Methyl 2-diazo-3-(p-tolyl)propanoate (2f).
co,Me ‘H NMR (400 MHz, CDCl3) & 7.09-7.16 (4H, m), 3.78 (3H, s),
m 3.59 (2H, s), 2.33 (3H, s); *C NMR (100 MHz, CDCls) & 167.6,
Me 136.7, 134.0, 129.5, 128.2, 57.0, 52.0, 28.9, 21.0; IR (neat) 2081,

1694, 1437, 1346, 1317, 1298, 1192, 1175, 1117, 1103 Cm'l; HRMS (ESI) exact mass calcd.
for C11H12N20,: m/z 227.0791 ([M + Na]™), found: m/z 227.0784 ([M + Na]™).

Methyl 2-diazo-3-(4-methoxyphenyl)propanoate (29).
co,Me "HNMR (400 MHz, CDCls) & 7.15 (2H, m), 6.85 (2H, m), 3.79
N, (3H, s), 3.78 (3H, ), 3.57 (2H, s); *C NMR (100 MHz, CDCl5)
MeO 0167.6, 158.7, 129.4, 129.1, 114.2, 57.0, 55.2, 51.9, 28.5; IR
(neat) 2081, 1690, 1512, 1437, 1346, 1302, 1246, 1177, 1117, 1034 cm™; HRMS (ESI)
exact mass calcd. for C1;H1,N203: m/z 243.0740 ([M + Na]™"), found: m/z 243.0744 ([M +
Na]").

Methyl 3-(4-bromophenyl)-2-diazopropanoate (2h).
co,Me ‘HNMR (400 MHz, CDCl3) § 7.44 (2H, d, J = 8.4 Hz), 7.12 (2H,

m d, J = 8.4 Hz), 3.78 (3H, s), 3.58 (2H, s). The detailed spectral
Br

data were reported in the literature.*

Methyl 2-diazo-3-(2-naphthalenyl)propanoate (2i).
CO,Me 'H NMR (400 MHz, CDCls) & 7.81-7.83 (3H, m), 7.68 (1H, m),
OO N 7.46-7.49 (3H, m), 7.38 (2H, m), 3.82 (3H, s), 3.81 (2H, s). The
2

detailed spectral data were reported in the literature.*

Methyl 2-diazopropanoate (2j).
co,Me 'H NMR (400 MHz, CDCls) & 3.70 (3H, s), 1.94 (3H, s). Synthesized
T according to the literature®® and the detailed spectral data were reported
2
therein.

Methyl 2-diazo-4-methylpentanoate (2k).
CO,Me 'H NMR (400 MHz, CDCls) & 3.76 (3H, s), 2.17 (2H, d, J = 7.2 Hz),
W 1.82 (1H, septet, J = 7.2 Hz), 0.96 (6H, d, J = 7.2 Hz). The detailed
2 spectral data were reported in the literature.*

-General procedure for the chiral aluminum Lewis acid catalyzed desymmetrizing
asymmetric ring expansion of substituted cyclohexanones 5  with
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a-alkyl-a-diazoacetates 2.

0 (S)-1a (20 mol%) O i
R'. _CO,Me MesAl (40 mol%)
j( + ) 1CO,Me
N TR toluene
2 X 78 °C, 48 h X—"R2
2 5 6

To a solution of (S)-1a (17.2 mg, 0.040 mmol) in degassed toluene (2 mL) was added
dropwise a 0.5 M toluene solution of trimethylaluminum (160 uL, 0.080 mmol) at room
temperature under Ar and stirred for 60 min. Cyclohexanone 5 (0.20 mmol) was then added
to the resulting solution at the same temperature, and the solution was cooled to —-78 °C.
Methyl a-alkyldiazoacetate 2 (0.22 mmol) was added to this solution, and the stirring was
maintained at the same temperature for 48 h. The mixture was quenched with 1N HCI,
extracted with ethyl acetate and dried over Na,SO,4. After concentration under reduced
pressure, the residue was purified by column chromatography on silica gel (eluting with
hexane/ethyl acetate = 40/1) to give the desired product 6.

Methyl (S)-1-benzyl-2-oxocycloheptanecarboxylate (4a).

O _Ph 'H NMR (400 MHz, CDCl3) & 7.18-7.30 (3H, m), 7.05-7.11 (2H, m),

3.69 (3H, s), 3.36 (1H, d, J = 14.0 Hz), 2.97 (1H, d, J = 14.0 Hz), 2.61
(1H, ddd, J = 12.8, 9.6, 3.2 Hz), 2.30 (1H, ddd, J = 12.8, 10.0, 3.6 Hz),
2.05 (1H, ddd, J = 14.8, 8.8, 1.2 Hz), 1.81 (1H, ddd, J = 15.2, 10.8, 1.6
Hz), 1.38-1.75 (6H, m); *C NMR (100 MHz, CDCls) & 209.3, 172.3, 136.7, 130.3, 128.2,
126.8, 64.3, 52.2, 42.3, 40.8, 31.5, 29.8, 25.4, 24.4; IR (neat) 2934, 2359, 1734, 1711, 1454,
1445, 1234, 1200, 1173, 1146 cm™; HRMS (ESI) exact mass calcd. for C16H2003: m/z
283.1305 ([M + Na]"), found: m/z 283.1297 ([M + Na]"); [a]a = —43.8 (¢ = 1.0, CHClI3;
90% ee).
The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALCEL OJ-H, hexane/isopropanol = 97/3, flow rate = 0.5 mL/min, retention time;
28.3 min (major) and 33.1 min (minor)). The absolute configuration of this product was
established to be S by comparison with the literature.”

-1CO,Me

Benzyl 1-benzyl-2-oxocycloheptanecarboxylate (4b).

o _Ph 'H NMR (400 MHz, CDCl3) & 7.16-7.41 (8H, m), 6.99-7.05 (2H, m), 5.14
(1H, d, J = 12.0 Hz), 5.09 (1H, d, J = 12.0 Hz), 3.37 (1H, d, J = 14.0 Hz),
2.98 (1H, d, J = 14.0 Hz), 2.56 (1H, ddd, J = 12.8, 9.2, 3.6 Hz), 2.30 (1H,
ddd, J = 12.0, 8.8, 3.2 Hz), 2.05 (1H, ddd, J = 14.8, 8.8, 1.6 Hz), 1.80 (1H,
ddd, J = 15.2, 10.4, 1.2 Hz), 1.34-1.74 (6H, m); *C NMR (100 MHz, CDCls) & 209.1,
171.6, 136.7, 130.4, 128.5, 128.4, 128.3, 128.1, 126.7, 67.0, 64.3, 42.3, 40.7, 31.5, 29.7,
25.3, 24.4; IR (neat) 2932, 2859, 1732, 1709, 1497, 1454, 1231, 1213, 1194, 1167, 1144
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cm™; HRMS (ESI) exact mass calcd. for CaoH»4O3: m/z 359.1618 ([M + Na]*), found: m/z
359.1621 ([M + Na]").

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK AD-H, hexane/isopropanol = 95/5, flow rate = 0.5 mL/min, retention time;
17.0 min and 21.9 min).

tert-Butyl 1-benzyl-2-oxocycloheptanecarboxylate (4c).

o _Ph 'H NMR (400 MHz, CDCls) & 7.12-7.27 (5H, m), 3.29 (1H, d, J = 14.0
Hz), 2.98 (1H, d, J = 14.0 Hz), 2.62 (1H, ddd, J = 12.8, 8.4, 3.2 Hz),
2.30 (1H, ddd, J = 12.8, 10.0, 3.6 Hz), 2.00 (1H, ddd, J = 14.4, 8.8, 0.8
Hz), 1.18-1.82 (7H, m), 1.42 (9H, s). The detailed spectral data has been
reported in the literature.”® The enantiomeric purity of the product was determined by
HPLC analysis (Daicel CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5
mL/min, retention time; 15.3 min and 17.9 min).

COzt-BU

Methyl (S)-1-(2-methylbenzyl)-2-oxocycloheptanecarboxylate (4d).

Me '"H NMR (400 MHz, CDCl3) & 7.05-7.16 (3H, m), 6.94 (1H, m), 3.69 (3H,
s), 3.38 (1H, d, J = 14.8 Hz), 3.09 (1H, d, J = 14.8 Hz), 2.60 (1H, ddd, J =
12.4, 10.4, 3.6 Hz), 2.37 (1H, ddd, J = 12.4, 8.8, 3.2 Hz), 2.26 (3H, s),
2.04 (1H, dd, J = 15.2, 9.6 Hz), 1.83 (1H, ddd, J = 15.2, 10.4, 1.2 Hz),
1.33-1.79 (6H, m); *C NMR (100 MHz, CDCl3) & 209.3, 172.7, 137.3,
135.2, 130.5, 130.4, 126.7, 125.6, 64.2, 52.2, 42.1, 36.1, 30.8, 30.0, 25.9, 24.6, 19.9; IR
(neat) 2947, 2932, 2860, 1732, 1713, 1495, 1456, 1202, 1173, 1146 cm™; HRMS (ESI)
exact mass calcd. for Ci7H,03: m/z 297.1461 ([M + Na]®), found: m/z 297.1463 ([M +
Na]®); [a]s =—48.9 (c = 0.5, CHCI3; 71% ee).
The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK IC, hexane/isopropanol = 30/1, flow rate = 0.5 mL/min, retention time; 23.6
min (major) and 27.8 min (minor)).

o 'COzMe

Methyl (S)-1-(3-methylbenzyl)-2-oxocycloheptanecarboxylate (4e).

'H NMR (400 MHz, CDCls) & 7.13 (1H, m), 7.02 (1H, m), 6.83-6.91
(2H, m), 3.69 (3H, s), 3.32 (1H, d, J = 13.6 Hz), 2.93 (1H, d, J = 13.6
Hz), 2.60 (1H, ddd, J = 12.4, 9.2, 3.6 Hz), 2.33 (1H, ddd, J = 12.0, 8.8,
3.2 Hz), 2.30 (3H, s), 2.04 (1H, ddd, J = 15.2, 9.2, 1.2 Hz), 1.81 (1H,
ddd, J = 15.2, 10.4, 1.6 Hz), 1.37-1.76 (6H, m); **C NMR (100 MHz,
CDCl3) 6 209.3, 172.4, 137.6, 136.6, 131.1, 128.0, 127.5, 127.3, 64.3, 52.1, 42.3, 40.7, 31.4,
29.8, 25.4, 24.4, 21.4; IR (neat) 2930, 2860, 1732, 1711, 1454, 1443, 1233, 1200, 1171,
1146 cm™; HRMS (ESI) exact mass calcd. for C17H2,05: m/z 297.1461 ([M + Na]"), found:
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m/z 297.1467 ([M + Na]"); [a]5 =—39.7 (c = 1.0, CHCl3; 81% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALCEL OD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time;
20.3 min (major) and 26.1 min (minor)).

Methyl (S)-1-(4-methylbenzyl)-2-oxocycloheptanecarboxylate (4f).

Me H NMR (400 MHz, CDCl3) & 7.05 (2H, d, J = 8.0 Hz), 6.96 (2H, d, J
= 8.0 Hz), 3.70 (3H, s), 3.31 (1H, d, J = 14.0 Hz), 293 (1H, d, J =
14.0 Hz), 2.60 (1H, ddd, J = 12.8, 9.6, 3.6 Hz), 2.33 (1H, ddd, J =
12.0, 8.8, 3.2 Hz), 2.30 (3H, s), 2.04 (1H, ddd, J = 14.8, 9.2, 1.2 Hz),
1.81 (1H, ddd, J = 15.2, 10.4, 1.6 Hz), 1.38-1.75 (6H, m); *C NMR

(100 MHz, CDCl3) 6 209.4, 172.4, 136.3, 133.5, 130.2, 128.9, 64.3, 52.1, 42.4, 40.3, 31.4,

29.8, 25.4, 24.4, 21.0; IR (neat) 2930, 1734, 1711, 1514, 1443, 1233, 1198, 1171, 1146,

1117 cm™; HRMS (ESI) exact mass calcd. for C17H2,05: m/z 297.1461 ([M + Na]*), found:

m/z 297.1465 ([M + Na]"); [o]5 =—37.9 (c = 1.0, CHCl3; 84% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel

CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time;

24.0 min (major) and 25.7 min (minor)).

Methyl (S)-1-(4-methoxybenzyl)-2-oxocycloheptanecarboxylate (49).

oMe ‘HNMR (400 MHz, CDCls) § 7.00 (2H, m), 6.78 (2H, m), 3.77 (3H,
s), 3.69 (3H, ), 3.29 (1H, d, J = 14.4 Hz), 2.93 (1H, d, J = 14.4 Hz),
2.59 (1H, ddd, J = 12.8, 9.2, 3.2 Hz), 2.32 (1H, ddd, J = 12.0, 8.8,
3.2 Hz), 2.04 (1H, ddd, J = 15.2, 8.8, 1.2 Hz), 1.81 (1H, ddd, J =
15.2, 10.4, 1.6 Hz), 1.37-1.75 (6H, m); **C NMR (100 MHz, CDCl5)

6 209.5, 172.4, 158.4, 131.3, 128.6, 113.6, 64.4, 55.1, 52.1, 42.5, 40.0, 31.6, 29.8, 25.4,

24.5; IR (neat) 2932, 1732, 1709, 1512, 1456, 1443, 1248, 1200, 1179, 1034 cm™; HRMS

(ESI) exact mass calcd. for C17H2,04: m/z 313.1410 ([M + Na]*), found: m/z 313.1408 ([M

+ Na]"); [a]5 =-29.6 (c = 1.0, CHCI3; 84% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel

CHIRALCEL OD-H, hexane/isopropanol = 97/3, flow rate = 0.5 mL/min, retention time;

19.6 min (major) and 22.2 min (minor)).

Methyl (S)-1-(4-bromobenzyl)-2-oxocycloheptanecarboxylate (4h).

Br 'H NMR (400 MHz, CDCls) § 7.37 (2H, m), 6.97 (2H, m), 3.68 (3H, s),
3.30 (1H, d, J =13.6 Hz), 2.92 (1H, d, J = 13.6 Hz), 2.62 (1H, ddd, J =
12.8, 9.2, 3.6 Hz), 2.35 (1H, ddd, J = 12.0, 8.8, 3.2 Hz), 2.05 (1H, m),
1.34-1.82 (7H, m); *C NMR (100 MHz, CDCls)  208.9, 172.1, 135.8,
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132.1, 131.2, 120.8, 64.1, 52.2, 42.4, 40.2, 31.8, 29.7, 25.3, 24.5; IR (neat) 2932, 1732,
1709, 1487, 1443, 1233, 1200, 1171, 1146, 1013 cm™; HRMS (ESI) exact mass calcd. for
C16H19BrOs: m/z 361.0410 ([M + Na]"), found: m/z 361.0410 ([M + Na]"); [a]a =—25.8 (c
= 1.0, CHCl3; 89% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK AS-H, hexane/isopropanol = 97/3, flow rate = 0.5 mL/min, retention time;
14.2 min (minor) and 16.1 min (major)).

Methyl (S)-1-(naphthalen-2-ylmethyl)-2-oxocycloheptanecarboxylate (4i).
'H NMR (400 MHz, CDCls) & 7.69-7.84 (3H, m), 7.55 (1H, s),
7.39-7.49 (2H, m), 7.20 (1H, dd, J = 8.4, 1.6 Hz), 3.69 (3H, s), 3.52
COMe (1H, d, J = 13.6 Hz), 3.16 (1H, d, J = 13.6 Hz), 2.62 (1H, ddd, J =
. 13.2, 9.6, 4.0 Hz), 2.34 (1H, ddd, J = 12.0, 8.8, 3.2 Hz), 2.09 (1H,
ddd, J = 14.8, 8.4, 1.2 Hz), 1.86 (1H, ddd, J = 15.2, 10.8, 1.6 Hz),
1.39-1.76 (6H, m); *C NMR (100 MHz, CDCl3) & 209.3, 172.4, 134.3, 133.3, 132.3, 129.1,
128.5, 127.6, 127.5, 125.9, 125.6, 64.4, 52.2, 42.5, 41.0, 31.7, 29.8, 25.3, 24.5; IR (neat)
2932, 2859, 1732, 1709, 1454, 1443, 1217, 1198, 1171, 1148 cm™; HRMS (ESI) exact mass
calcd. for CyH,,03: m/z 333.1461 ([M + Na]*), found: m/z 333.1461 ([M + Na]*); [a]s =
—31.4 (c = 1.0, CHCI3; 80% ee).
The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK AD-H, hexane/isopropanol = 95/5, flow rate = 0.5 mL/min, retention time;
18.9 min (minor) and 20.0 min (major)).

Methyl (R)-1-methyl-2-oxocycloheptanecarboxylate (4j).

0\ 'H NMR (400 MHz, CDCls) & 3.71 (3H, s), 2.73 (1H, ddd, J = 12.4, 10.4,
ﬁco ve 2:8H2), 251 (1H, ddd, J = 12.8, 8.8, 2.8 Hz), 2.16 (1H, dd, J = 13.2, 9.2

2
Hz), 1.49-1.87 (6H, m), 1.41 (1H, m), 1.35 (3H, s); **C NMR (100 MHz,

CDCl3) 6 210.3, 174.0, 58.8, 52.3, 42.0, 35.4, 30.1, 25.8, 24.7, 21.5; IR
(neat) 2936, 1740, 1728, 1705, 1447, 1261, 1234, 1192, 1153, 1105 cm™; HRMS (ESI)
exact mass calcd. for CigH1603: m/z 207.0992 ([M + Na]®), found: m/z 207.0993 ([M +
Na]®); [a]5 =10.5 (c = 1.0, CHCls; 14% ee).
The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK IC, hexane/isopropanol = 50/1, flow rate = 0.5 mL/min, retention time; 35.4
min (major) and 41.8 min (minor)).

Methyl (S)-1-isobutyl-2-oxocycloheptanecarboxylate (4K).
'H NMR (400 MHz, CDCls5) & 3.71 (3H, s), 2.61 (1H, m), 2.49 (1H, m),

2.20 (1H, dd, J =14.8,9.6 Hz), 1.97 (1H, dd, J =14.4, 7.2 Hz), 1.41-1.80
-1CO,Me
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(9H, m), 0.89 (3H, d, J = 6.4 Hz), 0.83 (3H, d, J = 6.4 Hz); *C NMR (100 MHz, CDCl5)
8209.5, 173.4, 62.8, 52.0, 43.5, 41.6, 32.7, 29.8, 25.8, 24.7, 24.6, 24.5, 23.3; IR (neat)
2953, 2868, 1732, 1711, 1454, 1223, 1150 cm™; HRMS (ESI) exact mass calcd. for
C13H2,03: m/z 249.1461 ([M + Na]"), found: m/z 249.1468 ([M + Na]"); [a]s =—-14.9 (c =
1.0, CHCl3; 43% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALCEL OD-H (triple), hexane/isopropanol = 50/1, flow rate = 0.3 mL/min, retention
time; 49.6 min (minor) and 51.5 min (major)).

Methyl (R)-4-benzyl-5-oxooxepane-4-carboxylate (4l).

O _Ph 'H NMR (400 MHz, CDCls) & 7.19-7.31 (3H, m), 7.03-7.14 (2H, m),
3.80 (1H, ddd, J = 12.8, 6.4, 4.4 Hz), 3.73-3.78 (2H, m), 3.72 (3H, s),
3.62 (1H, ddd, J =124, 8.4, 3.6 Hz), 3.31 (1H, d, J = 14.0 Hz), 3.08 (1H,

o d, J = 14.0 Hz), 2.82 (1H, ddd, J = 14.8, 6.8, 3.6 Hz), 2.63 (1H, ddd, J =
14.8, 8.8, 4.4 Hz), 2.13 (1H, ddd, J = 15.6, 3.6, 2.8 Hz), 1.89 (1H, ddd, J = 15.6, 7.2, 6.0
Hz); *C NMR (100 MHz, CDCl;) & 206.0, 171.9, 136.0, 130.4, 128.3, 127.0, 68.2, 65.8,
63.5, 52.3, 45.7, 41.6, 34.0; IR (neat) 2953, 1707, 1441, 1287, 1256, 1198, 1180, 1148,
1132, 1103 cm™; HRMS (ESI) exact mass calcd. for C1sH1504: m/z 285.1097 ([M + Na]*),
found: m/z 285.1099 ([M + Na]*); [a]s =—29.2 (c = 1.0, CHCIs; 80% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK IA, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 51.6 min
(major) and 61.2 min (minor)).

B 'COzMe

Methyl (R)-4-benzyl-5-oxothiepane-4-carboxylate (4m).

O _Ph 'H NMR (400 MHz, CDCl3) & 7.19-7.30 (3H, m), 7.02-7.08 (2H, m),
3.69 (3H, s), 3.37 (1H, d, J = 14.0 Hz), 3.11 (1H, ddd, J = 13.6, 6.4, 3.2
Hz), 2.99 (1H, d, J = 14.0 Hz), 2.89 (1H, ddd, J = 15.6, 11.2, 2.0 Hz),

S 2.74-2.86 (2H, m), 2.54-2.66 (2H, m), 2.45 (1H, ddd, J = 14.8, 6.0, 2.4
Hz), 1.87 (1H, ddd, J = 14.8, 11.6, 2.8 Hz); *C NMR (100 MHz, CDCls) & 205.7, 171.9,
136.1, 130.1, 128.2, 127.0, 64.3, 52.1, 44.7, 41.9, 36.0, 28.8, 26.0; IR (neat) 2949, 2926,
1711, 1495, 1267, 1240, 1200, 1175, 1082 cm™; HRMS (ESI) exact mass calcd. for
C15H1805S: m/z 301.0869 ([M + Na]*), found: m/z 301.0870 ([M + Na]*); [a]Z = -71.9 (c
= 1.0, CHCl3; 77% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK IA, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 28.0 min
(minor) and 30.4 min (major)).

B 'COzMe

Methyl (1S,5R)-1-benzyl-5-methyl-2-oxocycloheptanecarboxylate (6a).
S9



o _Ph 'H NMR (400 MHz, CDCls) & 7.18-7.30 (3H, m), 7.02-7.11 (2H, m),
3.68 (3H, s), 3.51 (1H, d, J = 14.4 Hz), 2.81 (1H, d, J = 14.4 Hz), 2.68
(1H, ddd, J = 12.8, 11.2, 2.4 Hz), 2.39 (1H, ddd, J = 11.6, 7.2, 2.8 Hz),
1.97-2.14 (2H, m), 1.90 (1H, m), 1.59-1.75 (2H, m), 1.21 (1H, m), 0.95
(1H, m), 0.90 (3H, d, J = 6.4 Hz); *C NMR (100 MHz, CDCls) & 208.5,
171.6, 137.1, 130.2, 128.2, 126.7, 64.8, 52.4, 40.1, 38.5, 36.6, 35.0, 31.7, 28.4, 22.5; IR
(neat) 2951, 2928, 1730, 1711, 1454, 1238, 1196, 1173, 1148, 1020 cm™; HRMS (ESD)
exact mass calcd. for Ci7H2,03: m/z 297.1461 ([M + Na]®), found: m/z 297.1465 ([M +
Na]®); [a]5 =-79.8 (c = 1.0, CHClI3; 86% ee).
The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time;
22.0 min (major) and 24.9 min (minor)).

B 'COZMe

Me

Methyl (1S,5R)-1-benzyl-5-isopropyl-2-oxocycloheptanecarboxylate (6b).

o _Ph '"H NMR (400 MHz, CDCl3) & 7.17-7.32 (3H, m), 7.03-7.12 (2H, m),
3.67 (3H, s), 3.50 (1H, d, J = 14.4 Hz), 2.81 (1H, d, J = 14.4 Hz), 2.65
(1H, m), 2.44 (1H, ddd, J = 11.6, 7.6, 2.4 Hz), 2.02-2.11 (2H, m), 1.83
(1H, m), 1.69 (1H, m), 1.54 (1H, m), 1.25-1.42 (2H, m), 0.89 (1H, m),
0.82 (6H, d, J = 6.8 Hz); *C NMR (100 MHz, CDCl3) § 208.7, 171.6,

137.1, 130.2, 128.2, 126.7, 64.6, 52.4, 47.8, 40.1, 38.5, 32.6, 29.6, 28.7, 26.3, 19.5, 19.3; IR

(neat) 2955, 2934, 1728, 1711, 1454, 1443, 1252, 1236, 1196, 1173 cm™; HRMS (ESI)

exact mass calcd. for CigHp603: m/z 325.1774 ([M + Na]"), found: m/z 325.1771 ([M +

Na]®); [o]5 =—82.2 (c = 1.0, CHCl3; 93% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel

CHIRALCEL OD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time;

16.9 min (major) and 18.8 min (minor)).

i-Pr

Methyl (1S,5R)-1-benzyl-5-tert-butyl-2-oxocycloheptanecarboxylate (6c).

o _Ph 'H NMR (400 MHz, CDCls) & 7.18-7.30 (3H, m), 7.02-7.12 (2H, m),
3.67 (3H, s), 3.51 (1H, d, J = 14.2 Hz), 2.80 (1H, d, J = 14.2 Hz), 2.64
(1H, ddd, J = 12.4, 11.2, 2.4 Hz), 2.43 (1H, ddd, J = 10.8, 6.0, 1.6 Hz),
1.94-2.16 (3H, m), 1.87 (1H, m), 1.16-1.37 (2H, m), 0.84 (9H, s), 0.72
(1H, m); *C NMR (100 MHz, CDCls) §208.7, 171.6, 137.1, 130.2,

128.2, 126.7, 64.6, 52.4, 40.1, 38.2, 33.2, 28.83, 28.80, 28.6, 27.6, 24.3; IR (neat) 2955,

1732, 1711, 1454, 1441, 1240, 1229, 1196, 1175 cm™; HRMS (ESI) exact mass calcd. for

CaoH2s03: m/z 339.1931 ([M + Na]"), found: m/z 339.1921 ([M + Na]"); [a]% =-80.1 (c =

1.0, CHCI3; 90% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
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CHIRALPAK AD-H, hexane/ethanol = 97/3, flow rate = 0.5 mL/min, retention time; 14.2
min (major) and 15.8 min (minor)).

Methyl (1S,5R)-1-benzyl-2-0x0-5-phenylcycloheptanecarboxylate (6d).

o _Ph 'H NMR (400 MHz, CDCl3) & 7.15-7.34 (6H, m), 7.03-7.15 (4H, m),
3.71 (3H, s), 3.57 (1H, d, J = 14.4 Hz), 2.87 (1H, d, J = 14.4 Hz), 2.83
(1H, ddd, J = 13.6, 11.2, 2.4 Hz), 2.73 (1H, app ddt, J = 12.4, 4.8, 2.4
Hz), 2.52 (1H, ddd, J = 11.2, 6.8, 2.4 Hz), 2.04-2.31 (3H, m), 1.92 (1H,
m), 1.70 (1H, m), 1.38 (1H, m); *C NMR (100 MHz, CDCls) & 208.2,

171.4, 146.3, 137.0, 130.2, 128.5, 128.3, 126.8, 126.6, 126.4, 64.8, 52.5, 48.9, 40.4, 38.2,

35.0, 31.0, 28.9; IR (neat) 2949, 1728, 1709, 1493, 1452, 1234, 1196, 1173 cm™; HRMS

(ESI) exact mass calcd. for CoH»405: m/z 359.1618 ([M + Na]™), found: m/z 359.1618 ([M

+ Na]"); [a]s =-15.0 (c = 1.0, CHCI3; 91% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel

CHIRALPAK AD-H, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 42.1

min (minor) and 43.9 min (major)).

1CO,Me

Ph

Methyl (1S,5R)-1-benzyl-5-(tert-butyldimethylsilyloxy)-2-oxocycloheptanecarboxylate
(6e).
O _Ph 'H NMR (400 MHz, CDCls) & 7.18-7.30 (3H, m), 7.04-7.13 (2H, m),
3.83 (1H, br), 3.70 (3H, s), 3.36 (1H, d, J =14.0 Hz), 2.98 (1H, d,J =
14.0 Hz), 2.83 (1H, ddd, J = 12.4, 10.8, 2.4 Hz), 2.48 (1H, dd, J =
15.2, 10.0 Hz), 2.18 (1H, ddd, J = 11.6, 8.8, 2.4 Hz), 1.58-1.83 (4H,
m), 1.42 (1H, ddd, J = 14.4, 10.0, 1.6 Hz), 0.87 (9H, s), 0.02 (6H, s);
3C NMR (100 MHz, CDCls) § 209.2, 172.0, 136.8, 130.3, 128.2, 126.8, 69.4, 64.1, 52.3,
40.0, 36.8, 34.6, 32.1, 25.8, 23.7, 18.0, —4.8, —4.9; IR (neat) 2951, 2928, 2857, 1736, 1711,
1441, 1252, 1206, 1080, 1043 cm™; HRMS (ESI) exact mass calcd. for CyH3,0,Si: m/z
413.2119 ([M + Na]"), found: m/z 413.2128 ([M + Na]"); [a]5 = —31.4 (c = 1.0, CHCl3;
88% ee).
The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALCEL OD-H, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 13.6
min (major) and 17.1 min (minor)).

11CO,Me

TBSO

Methyl (1S,5S)-1-benzyl-5-methyl-2-oxo0-5-(trimethylsilyloxy)cycloheptanecarboxylate
(6f).

o _Ph 'H NMR (400 MHz, CDCls) § 7.20-7.28 (3H, m), 7.05-7.09 (2H, m),

3.68 (3H, s), 3.48 (1H, d, J = 14.0 Hz), 2.95 (1H, ddd, J = 12.4, 12.0,

11CO,Me
2.4 Hz), 2.84 (1H, d, J = 14.0 Hz), 2.62 (1H, m), 2.18 (1H, ddd, J =
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12.0, 7.6, 2.4 Hz), 1.86 (1H, ddt, J = 14.8, 7.6, 2.4 Hz), 1.63-1.79 (2H, m), 1.49 (1H, ddd, J
=14.4,12.4, 2.0 Hz), 1.23 (3H, s), 1.19 (1H, m), 0.11 (9H, s); *C NMR (100 MHz, CDCls)
6209.1, 171.6, 137.1, 130.2, 128.2, 126.7, 73.7, 64.7, 52.4, 41.1, 38.7, 37.2, 36.7, 30.9,
23.1, 2.4; IR (neat) 2955, 1732, 1713, 1443, 1250, 1196, 1134, 1082, 1045, 1005 cm™;
HRMS (ESI) exact mass calcd. for CyoHz004Si: m/z 385.1806 ([M + Na]®), found: m/z
385.1798 ([M + Na]"); [a]a =—39.3 (c = 1.0, CHCls; 60% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time;
14.9 min (minor) and 16.3 min (major)).

Methyl (1S,4S,6R)-1-benzyl-4,6-dimethyl-2-oxocycloheptanecarboxylate (69).

o _Ph 'H NMR (400 MHz, CDCl3) & 7.17-7.32 (3H, m), 7.02-7.12 (2H, m),
3.68 (3H, s), 3.48 (1H, d, J = 14.0 Hz), 2.84 (1H, d, J = 14.0 Hz),
2.51 (1H, dd, J = 11.6, 10.8 Hz), 2.32 (1H, m), 1.99 (1H, dd, J =
15.2, 9.6 Hz), 1.64-1.88 (3H, m), 1.26 (1H, m), 1.01 (3H, d, J = 6.8
Hz), 0.97 (1H, m), 0.93 (3H, d, J = 6.8 Hz); *C NMR (100 MHz,
CDCls3) 6 206.7, 171.6, 137.1, 130.3, 128.2, 126.7, 64.1, 52.4, 48.8, 48.6, 38.3, 37.2, 35.1,
29.1, 24.9, 23.6; IR (neat) 2953, 2928, 1711, 1454, 1263, 1200, 1184, 1169, 1150, 1045
cm™; HRMS (ESI) exact mass calcd. for C1gH2403: m/z 311.1618 ([M + Na]*), found: m/z
311.1617 ([M + Na]*); [a]5 =-65.5 (c = 1.0, CHCI3; 58% ee).
The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK AD-H, hexane/ethanol = 99/1, flow rate = 0.5 mL/min, retention time; 18.6
min (major) and 19.8 min (minor)).

1CO,Me
Me'"

Me

Methyl (1S,5R)-1-(4-methoxybenzyl)-2-oxo-5-phenylcycloheptanecarboxylate (6h).
OMe ‘H NMR (400 MHz, CDCls) § 7.23-7.33 (2H, m), 7.19 (1H, m),
7.08-7.14 (2H, m), 6.99 (2H, m), 6.79 (2H, m), 3.76 (3H, s), 3.71
(3H, s), 3.51 (1H, d, J = 14.4 Hz), 2.84 (1H, d, J = 14.4 Hz), 2.82
(1H, ddd, J = 14.0, 11.6, 2.8 Hz), 2.73 (1H, ddt, J = 12.0, 4.4, 2.0
Hz), 2.51 (1H, ddd, J = 11.2, 6.4, 2.4 Hz), 2.03-2.30 (3H, m), 1.91
(1H, m), 1.69 (1H, m), 1.38 (1H, m); *C NMR (100 MHz, CDCl3)
6208.3,171.5, 158.5, 146.4, 131.1, 128.8, 128.5, 126.6, 126.4, 113.7, 64.8, 55.2, 52.5, 48.9,
40.4, 37.4, 35.0, 31.1, 29.0; IR (neat) 2951, 1709, 1512, 1452, 1441, 1248, 1196, 1179,
1113, 1034 cm™; HRMS (ESI) exact mass calcd. for Co3Ho04: m/z 389.1723 ([M + Na]™b),
found: m/z 389.1727 ([M + Na]*); [a]5 =-3.0 (c = 1.0, CHCls; 91% ee).
The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK AD-H, hexane/ethanol = 95/5, flow rate = 0.5 mL/min, retention time; 31.9
min (minor) and 34.9 min (major)).

1CO,Me

Ph
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Methyl (1S,5R)-1-(4-bromobenzyl)-2-oxo-5-phenylcycloheptanecarboxylate (6i).

Br 'H NMR (400 MHz, CDCls) §7.37 (2H, m), 7.15-7.32 (3H, m),
7.07-7.13 (2H, m), 6.96 (2H, m), 3.70 (3H, s), 3.51 (1H, d, J = 14.0
Hz), 2.84 (1H, d, J = 14.0 Hz), 2.82 (1H, ddd, J = 14.0, 11.6, 2.4 Hz),
2.73 (1H, ddt, J = 12.0, 4.0, 2.0 Hz), 2.53 (1H, ddd, J = 11.2, 6.4, 2.0
Hz), 2.28 (1H, dd, J = 15.6, 10.8 Hz), 2.05-2.17 (2H, m), 1.91 (1H,
m), 1.69 (1H, m), 1.36 (1H, dt, J = 14.8, 11.2 Hz); *C NMR (100

MHz, CDCl3) 6 207.9, 171.3, 146.2, 136.0, 131.9, 131.4, 128.6, 126.6, 126.5, 120.9, 64.6,

52.6, 48.9, 40.4, 37.8, 35.0, 31.1, 29.3; IR (neat) 2949, 1730, 1709, 1489, 1450, 1250, 1196,

1173, 1111, 1013 cm™; HRMS (ESI) exact mass calcd. for Co,H»3BrOs: m/z 437.0723 (Im

+ Na]"), found: m/z 437.0719 ([M + Na]"); [o]? = 3.2 (c = 1.0, CHCI3; 90% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel

CHIRALPAK AD-H, hexane/ethanol = 95/5, flow rate = 0.5 mL/min, retention time; 21.3

min (minor) and 25.0 min (major)).

Ph

Methyl (1S,5R)-1-isobutyl-2-oxo0-5-phenylcycloheptanecarboxylate (6j).

'H NMR (400 MHz, CDCls) & 7.23-7.33 (2H, m), 7.10-7.23 (3H, m),
3.72 (3H, s), 2.79 (1H, ddd, J = 13.2, 12.0, 2.8 Hz), 2.75 (1H, m), 2.47
COMe (11, ddd, J = 11.2, 6.4, 2.4 Hz), 2.41 (1H, dd, J = 13.2, 11.2 Hz),
2.11-2.27 (2H, m), 2.06 (1H, m), 1.93 (1H, dd, J = 14.8, 8.8 Hz),
Ph 1.61-1.75 (2H, m), 1.52 (1H, dd, J = 14.8, 5.2 Hz), 1.39 (1H, dt, J =
14.8, 11.6 Hz), 0.92 (3H, d, J = 6.4 Hz), 0.85 (3H, d, J = 6.4 Hz); *C NMR (100 MHz,
CDCl3) 6 208.9, 172.9, 146.5, 128.5, 126.7, 126.4, 62.8, 52.4, 48.9, 41.2, 40.2, 35.0, 31.2,
30.4, 24.7, 24.4, 23.1; IR (neat) 2955, 2870, 2361, 1711, 1456, 1227, 1206, 1155, 1123
cm™; HRMS (ESI) exact mass calcd. for C19H»603: m/z 325.1774 ([M + Na]*), found: m/z
325.1776 ([M + Na]"); [a]5 =—52.6 (c = 1.0, CHCls; 66% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time;
19.0 min (minor) and 23.3 min (major)).

Methyl

(1S,5S)-5-(tert-butyldimethylsilyloxy)-1-(4-methoxybenzyl)-2-oxocycloheptanecarboxy

late (6k).

oMe H NMR (400 MHz, CDCls) & 6.98 (2H, m), 6.76 (2H, m), 3.79
(1H, br), 3.75 (3H, s), 3.67 (3H, br), 3.25 (1H, d, J = 13.6 Hz),
2.91 (1H, d, J =13.6 Hz), 2.79 (1H, ddd, J = 12.8, 10.8, 2.8 Hz),
2.43 (1H, dd, J = 14.8, 9.6 Hz), 2.14 (1H, ddd, J = 11.6, 8.8, 2.8
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Hz), 1.58-1.77 (4H, m), 1.40 (1H, m), 0.84 (9H, s), 0.01 (6H, s); *C NMR (100 MHz,
CDCls) 6209.4, 172.2, 158.5, 131.3, 128.6, 113.6, 69.6, 64.2, 55.2, 52.3, 39.4, 37.0, 34.5,
32.2, 25.8, 23.9, 18.0, —4.8; IR (neat) 2951, 2930, 1736, 1711, 1512, 1250, 1206, 1179,
1076, 1036 cm™; HRMS (ESI) exact mass calcd. for CsHssOsSi: m/z 443.2224 ([M + Na]™),
found: m/z 443.2216 ([M + Na]*); [a]5 =-23.0 (c = 1.0, CHCI3; 78% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK IC, hexane/isopropanol = 30/1, flow rate = 0.5 mL/min, retention time; 31.9
min (major) and 35.3 min (minor)).

Methyl
(1S,5S)-1-(4-bromobenzyl)-5-(tert-butyldimethylsilyloxy)-2-oxocycloheptanecarboxyla
te (61).

Br ‘H NMR (400 MHz, CDCls) & 7.37 (2H, m), 6.98 (2H, m), 3.84
(1H, br), 3.69 (3H, s), 3.29 (1H, d, J = 14.0 Hz), 2.93 (1H, d, J =
14.0 Hz), 2.86 (1H, ddd, J = 12.8, 11.6, 2.8 Hz), 2.51 (1H, dd, J =
15.6, 9.6 Hz), 2.19 (1H, ddd, J = 12.0, 8.4, 2.8 Hz), 1.52-1.84 (4H,
m), 1.37 (1H, m), 0.87 (9H, s), 0.03 (6H, s); *C NMR (100 MHz,
CDCl3) 6208.9, 171.9, 135.9, 132.1, 131.3, 120.9, 69.2, 64.0,

52.4, 39.4, 36.8, 34.6, 32.1, 25.8, 23.8, 18.0, —4.82, —4.84; IR (neat) 2951, 2930, 2857,

1736, 1711, 1489, 1254, 1207, 1074, 1013 cm™; HRMS (ESI) exact mass calcd. for

C22H33BrO,Si: m/z 491.1224 ([M + Na]"), found: m/z 491.1229 ([M + Na]*); [a]s =—28.3

(c=1.0, CHCls3; 88% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel

CHIRALPAK AD-H, hexane/isopropanol = 99/1, flow rate = 0.5 mL/min, retention time;

14.6 min (minor) and 15.7 min (major)).

TBSO

-‘Procedure for synthesis of optically active 4-phenylcycloheptanone 9 via traceless
catalytic desymmetrizing asymmetric expansion.

(S)-1a (20 mol%) CO,Bn

H\[(COZB” MesAl (40 mol%) LiCl (1 eq)
* _—
N2 toluene DMSO 54% yield
-78°C, 24 h 160 °C, 3 h (2 steps)
7 i , Ph Ph 97% ee
8 9

To a solution of (S)-1a (17.2 mg, 0.040 mmol) in degassed toluene (2 mL) was added
dropwise a 0.5 M toluene solution of trimethylaluminum (160 pL, 0.080 mmol) at room
temperature under Ar and stirred for 60 min. 4-Phenylcyclohexanone (34.8 mg, 0.20 mmol)
was then added to the resulting solution at the same temperature, and the solution was
cooled to —-78 °C. Benzyl diazoacetate 7 (42.3 mg, 0.24 mmol) was added to this solution
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and the stirring was maintained at the same temperature for 24 h. The mixture was
quenched with 1IN HCI, extracted with ethyl acetate and dried over Na,SO,. After
concentration under reduced pressure, the residue was used for the next step without further
purification.

To a solution of thus-obtained ethyl 2-oxo-5-phenylcycloheptanecarboxylate 8 in DMSO
(2 mL) was added lithium chloride (8.5 mg, 0.2 mmol) at room temperature. The mixture
was stirred at 160 °C for 3 h. The resulting solution was poured into brine and extracted
with Et,O. The combined organic layers were dried over anhydrous Na,SO,4 and removed
under reduced pressure. The residue was purified by column chromatography on silica gel
(eluting with hexane/ethyl acetate = 30/1) to give 4-phenylcycloheptanone 9 in 54% yield
in 2 steps (20.4 mg, 0.11 mmol) with 97% ee.

'H NMR (400 MHz, CDCls) § 7.24-7.34 (2H, m), 7.15-7.23 (3H, m), 2.65-2.75 (2H, m),
2.55-2.64 (3H, m), 2.14 (1H, m), 1.98-2.08 (2H, m), 1.71-1.94 (2H, m), 1.63 (1H, m); *C
NMR (100 MHz, CDCl3) 6 214.7, 147.5, 128.5, 126.5, 126.2, 48.7, 43.8, 42.9, 38.4, 31.8,
23.8; IR (neat) 2926, 2860, 1699, 1493, 1452, 1342, 1252, 1163 cm™; HRMS (ESI) exact
mass calcd. for C13H160: m/z 211.1093 ([M + Na]"), found: m/z 211.1097 ([M + Na]*); [a]5
=-138.0 (c = 1.0, CHCl3; 97% ee).

The enantiomeric purity of the product was determined by HPLC analysis (Daicel
CHIRALPAK AD-H, hexane/isopropanol = 97/3, flow rate = 0.5 mL/min, retention time;
17.7 min (major) and 29.9 min (minor)).
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‘Preliminary NMR experiments of (S)-la/MesAl complexes using no-D NMR
spectroscopy.®
(S)-1a/MesAl 1:2 complex (1)

Si Si
OO OH MesAl (2 eqUiV) OO O\ Me

———= | Al

OH  CH,Cl,, rt, 1 h o/ _Me
OO \AI\

OO . I "Me
Si Si Me

Si=TMS

Si Q Si
OO o P° OO o

AN
AL or >AIMez
(e Me O
AN AN
. AlMe3 AlMez
Si Si \\
(0]

To a stirred solution of (S)-1a (34.4 mg, 0.080 mmol) in CH,CI, (1.0 mL) was added a 1M
CH,CI; solution of MesAl (160 uL, 0.16 mmol). After stirring for 1 h, the sample was taken
to low pressure/vacuum (LPV) sample tube (Wilmad) and subjected to no-D *H and *C
NMR studies (JEOL JNM-FX500 (500 and 125 MHz) (see Charts 1-4). The NMR spectra
at room temperature showed the peaks assigned to be a symmetrical structure having only 5
peaks at the aromatic region in accordance with Yamamoto and co-workers observation.’
On the other hand, the VT-NMR spectroscopy at —78 °C resulted in the appearance of the
unsymmetrical structure. From these studies and the previous X-ray study by Rothwell,® we
assumed the formation of dinuclear aluminum complex | whose Al-Me moieties were in
rapid equilibrium at room temperature.

(S)-1a/MesAl /cyclohexanone 1:2:1 complex (I1)

To this solution was added cyclohexanone (8.3 pL, 0.80 mmol) and this sample was
subjected to no-D NMR studies (Chart 5-8). The symmetrical peaks of the complex I
(Charts 1 and 2) varied apparently to provide new unsymmetrical peaks (Charts 5 and 6) at
room temperature. Although VT NMR experiments at —78 °C led to the slight shift of some
peaks and the splitting of the peaks assigned to cyclohexanone, the fundamental structure
seems to be retained (Charts 7 and 8). In consideration of these facts, we propose two
possibilities as below, both of which constitute Lewis acid-assisted Lewis acid as an active
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species.’

(S)-1a/MesAl 1:1 complex (111)

o)
Si é Si
OO oy MesAl (1 equiv) OO O _Me

amm—— | | Rl "/ Al

OO OH CH,Cl,, rt,1h  CHCl, OO o’ O
Si si D

Si=TMS

To a stirred solution of (S)-1a (34.4 mg, 0.080 mmol) in CH,CI, (1.0 mL) was added a 1M
CH,Cl, solution of MezAl (80 uL, 0.080 mmol). After stirring for 1 h, the sample was taken
to low pressure/vacuum (LPV) sample tube (Wilmad) and subjected to no-D *H and *C
NMR studies (JEOL JNM-FX500 (500 and 125 MHz) (see Charts 9-12). These
experiments clearly showed the formation of an unsymmetrical structure which could not
be superimposed with the free ligand (S)-1a or (S)-1a/MezAl 1:2 complex. The elucidation
of this complex needs to await further investigation.

(S)-1a/MesAl/cyclohexanone 1:1:1 complex (1V)

To this solution was added cyclohexanone (8.3 pL, 0.80 mmol) and this sample was
subjected to no-D NMR studies (Charts 13-16). Addition of cyclohexanone immediately
led to the formation of new species having a C2-symmetry and this symmetry was retained
even at —78 °C. In addition, one sharp peak assignable to the Al-Me group appeared at
—78 °C. Based on these observations, this complex is assumed to be a monomeric
BINOL-AI complex coordinated by cyclohexanone.
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Chart 1. *"H NMR spectra of the complex I at rt
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Chart 2. *C NMR spectra of the complex | at rt
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Chart 3. *H NMR spectra of the complex I at —78 °C

3T

|
Had

\\— 033

S20




Chart 4. *C NMR spectra of the complex | at =78 °C
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Chart 5. *H NMR spectra of the complex 11 at rt
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Chart 6. *C NMR spectra of the complex 11 at rt
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Chart 7. *H NMR spectra of the complex 11 at =78 °C
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Chart 8. *C NMR spectra of the complex 11 at —78 °C

e

150,
1z5.
133,
133,
1z1.
1z0.
1z
1z5.
1E5.
124,
1za.
1z3.
13,
1E3.
1=z
-E28

&5

e
o7
an
55
25
a3
53
a5
21
52
et
il
&0

AN S AN

249,

Z3.
Z5.
Z1.
Z1.

-0,
-0,
-1
-2,
=&,
-3,
-10.
=10

&0

5g
32
55
15

a3

an
az
a7
a2
24
4

S25




Chart 9. *H NMR spectra of the complex I11 at rt
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Chart 10. *C NMR spectra of the complex 11 at rt
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Chart 11. *H NMR spectra of the complex 111 at —78 °C
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Chart 12. *C NMR spectra of the complex 111 at —78 °C
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Chart 13. *H NMR spectra of the complex IV at rt
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Chart 14. *C NMR spectra of the complex 1V at rt
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Chart 15. *H NMR spectra of the complex IV at —78 °C
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Chart 16. *C NMR spectra of the complex IV at —78 °C

05T
l

F
|

Had

— - — 1572
11562
115.55
135.45

_ .~ 112,16
- 12506

3 _,;; 127,67
12556

—- 12545

A _\_ 125.25

1 _\_ 12163
7.5z

:

g S

e

— - — 483

S — 7.1

- — Z2.50

]

—

L

= -

- — -7l

]

—— — -liGl

S33




-References.

(1) Hashimoto, T.; Naganawa, Y.; Maruoka, K. J. Am. Chem. Soc. 2009, 131, 6614.

(2) a) Fernandez-lbanez, M. A.; Maci4, B.; Minnaard, A. J.; Feringa, B. L. Org. Lett. 2008,
10, 4041. b) Maruoka, K.; Itoh, T.; Araki, Y.; Shirasaka, T.; Yamamoto, H. Bull. Chem.
Soc. Jpn. 1988, 61, 2975.

(3) a) Peng, C.; Wang, Y.; Wang, J. J. Am. Chem. Soc. 2008, 130, 1566.

(4) a) Taber, D. F.; Sheth, R. B.; Joshi, P. V. J. Org. Chem. 2005, 70, 2851. b) Evans, D. A.;
Britton, T. C.; Ellman, J. A.; Dorow, R. L. J. Am. Chem. Soc. 1990, 112, 4011. c) Tsoi,
Y.-T.; Zhou, Z.; Chan, A. S. C.; Yu, W.-Y. Org. Lett. 2010, 12, 4506. d) Walsh, C. T,
Erion, M. D.; Walts, A. E.; Delany, J. J. lll.; Berchtold, G. A. Biochemistry 1987, 26,
4734. e) Garcia, J.; Gonzalez, J.; Segura, R.; Vilarrasa, J. Tetrahedron 1984, 40, 3121.

(5) Georg, G. U.; Guan, X. Tetrahedron Lett. 1992, 33, 17.

(6) Hoye, T. R.; Eklov, B. M.; Ryba, T. D.; Voloshin, M.; Yao, L. J. Org. Lett. 2004, 6, 953.

(7) Ishihara, K.; Kobayashi, J.; Inanaga, K.; Yamamoto, H. Synlett 2001, 394.

(8) Son, A. J. R.; Thorn, M. G.; Fanwick, P. E.; Rothwell, I. P. Organometallics 2003, 22,
2318.

(9) Yamamoto, H.; Futatsugi, K. Angew. Chem., Int. Ed. 2005, 44, 1924.

S34



Me
CO,Me
N2

PTE 7 —— 956 — —

- o
98L7E OSE 2 3
15T &
£5T 4
09T & - =
59T 4 !'
SLT L

FFM

S35




| I

BEZ TET -
e
L
[
LEETTS —— }
6195 — -
=
1
L2 T92T _\\ L
PR T———
935 0T
L
TOL "FET f E
02E "98T k
[ 4
935 LT — -

PFM

EZE

ko

Tk

100

12k

1E0

17k

S36

za



cEET

LETT

7z —

g —

A

TEE

2T0°
EE0°
2407
32T
FOZ°
aFZ°

[

L=

OLE "2

TTEe "2

I

LZ20°T ‘§I

FFM

S37




FFM

[y N

L

=18

Foe

g —— -
T9E "

TTE

5ET —\

o R FY

=
T=0
550
TLF

=79

LET —— - -

TBET "

_:::[':/

EzT

AT T -

ZE

Ed

78

100

125

1E0

17k

S38




mCOQMe
N
Me 2

QZE 2 —— B0 &
LU TTEE T i
ELL T oon &
SETE TR —,

FFM

S39




ETO

Iz — -

L1IE

Q58
ToO

=]

5 ——
Ly T

BEE

“8AT

0sF
920
FoL

ET9

B2T
RET
ecT

AT ——

o

FFM

ZE

Ed

75

o0

12k

1E0

17k

S40

20



TLS ™2 7
SLL

2

/@/\H/C02Me
N
MeO 2

ooo-z

S84

oFa”
SFs"
2987
zoa°
0aa”
ZFT°
LFT
£3T"
£9T°

g

| ma S A N Y n LY B A}

.
[T ]

FeE T :}
STe T

..JL_JL

PEM

S41




525

2FE
0Fz
SEE

g —— -

=k

TS T——

gy T -

aLl

oS0

Fll

B2 T

|J|.

e0F

LTL

229

B2T

85T —

AT ———

FFM

b

EO

7E

100

1k

1&0

17k

S42

Z00



TeE"
Fal-”
ni=fA
FELT
L0E"
oTe"
LTE"
TZ8"
FE2-
SFS
TzZ0°
Fa0”
ZF0°
SF0-
250"
Te0”
oe0”
cen”
EEZ"
LOEs

nzZe”
B8
LEET
T5E"
£95°
A
2857
LEST
F09°
ET9"
956"
TEE "
o
LigT
ogs”
So0-”
£90°
3e0°
=
L0zZ°
FIZ2°
0zZ-"
Fz2”
=2
Elora
oFZ"
052"
£32°
5027
282"

—_ S62°T :%
FEETE

?
|

[na AT e A A A ST n Y AT S A At Al N o O N L T o I Y T o O o ¥ IO Y I ¥ T e I Y T ot o I I Y T I o ¥ Y o O Y I o I Y T o I Y e I B B O O B B B I |

S43




FEF
S0¥F
ZEL
15

EFE

29T°

LTE

FE e

S —
B2 T —
e

554"
2

oF —

=

FPM

154
05T
I=E
£04

2L

Flz

BET
82T —— .

nET
et T

LT T

en T

o

1zk

1E0

17k

S44




SR
=l
LodL”
OLL”
SELT
FOS"
a0s”
TS
FZ0°
ZF0°
FEPOC
T90"
Zan”
Foz”
F82°
FeL°
e0c”
LTES
BETC
T95°
1A
=
FEE"
2387
LB
QLo”
LOT°
22T
25T
Soo”
TTO"
T20°
oeo”
ZLTT
28T
28T
QeT"
=1
POz
257
goz°
Lez2°
osz”
L
&TE"
B2
TEL"
El
SFLC
oge”
EET
£9L -

Sl S S S A AT n N A S Sl it S S n O ST e S Y S Y S S n B T T R B e Y ot I ¥ T o ¥ I o I Y ot I ¥ It o ¥ I o It I B I B B B R B |

I T o e N oy

505 T 3

(0] Ph
COan
EFo L
E2Z2°E -

S45




2o
82
FE9
BZ25
LED
T82

g0

e —

oL

B A
.5,,2 e
ez ——
“TE

mnmE
T =

P2

2047
FET
BEE T
Fog -
5¥5°
BEE T
2539 °

S¥o -

230

el —

PN

zk

ko

1:zE

1E0

17k

S46




5L5°
FO5 T
TE5"
Z09°
0TS "
5TS"
Z0L"
ZTL”
0zd"
SZL”
EELT
ThL"
§54°
564"
=N
£eE”
955"
£S5 "
E00°
TE0"
S¥0°
E90°
goz-
ol
SPEC
85E"
LOET
SLET
695"
E6E"
565"
TLS"
955"
z05°
go0°
50T"
zog"
E6E"
ZE9°
=
EEE"
TSE"
L5007
Eo0°
B0
s80°
£60°
£0T"
1T
FZT"
BZT"
CFT-

AA A A AAAAAAAAAAAAA A

- 0~ -0 0~ -0~ -0~ - W0 WDD0 00 00 0 00 0 0 i ] 00 ] s 0 s i) s

Me

11CO,Me

Qo579

FEE "2 -

S47




&FE
PLT
Qo3
TE&
]
F0T
T30

&TZ

)

BT
=
52
B2
at=
oo
ZF

VAN

2§ —

2Fo
ot
93
LET
20z
Lz

)

8527

AT 2,

82T ———

TOET 7—

0T

‘SET f

LET

AT T

g0z ——

PN

zk

ko

1zk&

1E0

17k

S48




5927
5547
FLLT
£0s”
15"
5187
LEET
TFE"
=100
ZE0°
SE0°
2%0°
os0°
oLo”
2087
0zs”
EZ5”
LEET
T52°
ESE

EESL

T00°T

SEE

E95°
LAST
LEST
09"
e09°
ETe"
LFET
S02°
EEET
LEDT

058"
=rA=h
TT0°
oz0”
ETT
ZET
T5T"
ESZ”

Lo B T s T o N I ¥ T ¥ [ N I I Y I o I T N I o T ¥ I I N T o I Y Tt I e O O B B B B B I |

[~ 0~~~ [~ 'OW

oo
=T

cu:u:u‘?‘::'j
LYy

DBE'TE

FFM

S49




TeE
2T
SO¥
ZEL
Z2ZF
2L
LZT

FOT -

TOE

T2
P2
52
BZ
L=
“oF
ZF

VN

o —

FFM

eTE
ZEF
oTo
50T
s
TZS

oie

oFe

LET
LET E}}=
82T

TET
OET
TLET

AT T

Bl ——

zE

1zkE

1E0

17k

S50




ZLET
oss”
SLLT
QLT
EELT
2087
aTss
FIE-
Qo2
oFs”
200°
LzZ0°
os0-
ZF0°
SFO°
Fo0-
L90°
BEL"
aTL”
B25°

05F "9

Me

. 'COQMe

E
ases
25L-°
Fo5”
SLTT
2a5”
LETT
F09°
297
LTE"
Z56°
FeL°
osg”
Fe9°

SPE”
Qo5 "
ZF0°
Zo0-°

Lar I o Tt I e I Y I ot ¥ T o O o DLt I Y Il Y ¥ I % T oo L ¥ I Y I I ¥ I ot I Y DN I I B B I B R B I R |

N Ty

- - o \n

TZE°Z

oo
T
—

PFM

S51




11O
QEF
F0F
ooz
ZZF
oFE
202

E2T

g0

T2
P2
“§E
=
“TE
“OF
ZF

WS

rmy ——

233
FeT
oeF
gLZ

SBE

S0F

BET —
oET ——
e —

OET

TELT T

el T

PFM

100

1zk5

1&0

17k

S52




=k
SFL°
ZLLT
oLL”
EELT
2087
E0s"
£TE"
Se8°
ELST
£T0°
TE0C
FEOC
ZF0°
LFOC
os50°
E50°
407
Tez"
EEZ”

£00 "4

218
zzE"
nse”
FREC
Z5E°
Zo5°
TeS®
qg5°
FES”
ICh
519"
ECh
o -
gFE"
Loz"
£0g”
0gs”
£0L°
ELL”
SELT
Lad”
FoL”
BLL”
0ed”
SEL”
£0s°
nss"
g85°
£E5"
s00°
aTo”
LT0°

[ na T L RN N w LN w LY o I w Y w LY o I Y w T Y o Y e T L Y e Y N 8 T s TN I I Y N ¥ T 8 T I s TN I I N I | I 8 T o I N T o I Y T Y T o 8 I N I N T B R B IR B B B B B |

RO
20 F

FFM

S53




SLF
o5t
e03
og5
ut ]
Qo

LET
&FT

ESE

i
“52
BT
“TE
“oF
“ZF

“Z5
°55

i

oo5

OLs
Fez

SFF

SFF

505 el —

TETT

2ET
TET

TB5T

TELT

PFM

loo

1zt

1&0

17k

S54




TOF -
E0F "
ETF"
oog-”
£Z5°
oF5°
2F5°
595°
QES”
Z0e”
219"
Tz29°
SEQ°
SFS”
£99°
ELA
EED”
FOLT
TIL

LELT
=l
Qs
LELT
LZ0°
SF0°
TS0°
3207
21E"
EEET
EFET
L35
TeE"
ELET
LB5T
LETT
219"
oze-”
£29°
Z0E "
SEET
FEZ°
ETE"
2297
0eg”
296"
SLET
2387
=t
=t
Fig”
ELET
588"

-0~ -0 0~ 0 W0 WD0 00 00 00 ] ] ] 0 ] ] 0 i o) 49 4 4 A HAA A4 4444 A 444 A4 A A A A

LED T

£a0”

FFM

S55




LOF
R
ZES
L84
OLT
S0

o2

SET

BT e
‘52
.EZ _'_,.:-‘_
I
0 ——
op

gy ——

Fos

5¥Z
T50
Bt

ZET

LEE

TET
ZET —

5ET

02T ———

ZAT T

anE ——

PPM

zk

L]

75

100

12k

1E0

175

S56




PSP
FLFS
FEF-
LEFT
ZETT
£09°
2297
2F9°
2F9°
£o9”
£go”
ZEDT
LEDT
TE:"
FEE”
gog”
2487
SES°
EEST
£o0°
TE0°
SE0°
TOT"
5287
S
L5E7
SE5°
27197
EET
FLTS
EEF”
ZETT
ZEDT
ZeT
SET"
=127
LT2°
T52°
ETF"
5Z2F°
FLF
EFF°
EFF”
£55°
TTLS
ZELT
054"
CLl
SLLT
OgL”
8847
LEL "

- -0~ 0000~~~ 0C- 0060 0C-0C 06000 0000 0000 00 e 0] ] 0 il sl 6o 4 A A A A A A A4 A4 AA A A AA A+

209

ETE "2

PPM

S57




205
CZE
ETA
ot
200
(I

QaT

TES "

BLS
¥
£E5
EES

2 e
5z —

gz ——
T
T T—
ZF

B

52T
52T
LT
2T

21T
LED
Qog
ESZ
282

=oF

(150

82T j/_’_

2T

TEET
eeT
FET

ZAT T

BlE —

FFM

100

1zk5

1&0

17k

S58




SFEC
Z0F°
1=
£95°
ZETT
25T
29T
TET"
SLF
FEF
EEF”
e05°"
915"
TE5°
2E5°
FESD”
Z0L°
Tz

[t I o % T o T T % T o T e O Y T o O e T Y T O I B B |

Me
11CO,Me

ek o

=it

ZELT
Z587
ESL°
ZTL”

[ I o I Y I Y |

B

ETOE

.

PFM

10

S59




TZ5
LFL
E 8]
2ET
ZEF

i

21
0Ld

T2
P2
‘52
o
‘58

TF

)
BT

oo " FLT —

FPCOTE ——

FPM

EE

1zk

1E0

17k

S60




TZ2"
BEE°
Edsich
2627
SFF-
QoF "
=i
ZEF°
Z05°
2257
TF3°
F53°
A
E2T7
&T9°
FE8°
15
597
£o9°
oge”

"

! 'COzMe

OTL B

LEST
oL
LEL°
OFL”
F5L°
8L
TFE"
2567
QLE"
FEE"
FLT
FeT"
2027
28z
&5F°
FLFT
DEF-
&03°
nzZ3-°
2897
FES™
ToS"
ET9°
£29°
FFO-
ST

0o bl ] s s s sy {41 141 41114141 A1 H A A A A A A A A A A A A4 A0

I g

Ll

_':'.‘

FFM

S61




DEZ
FeF
EEk
LFL
E£3L
03
LED
Q2T
0Z3

LEE

2L

“EE
F2
P2
=
52
Be
“ZE
TF
“EF

TS

“29

IS

Qo ELT —

9F5 E0Z T

FFM

ZL

ko

TE

100

12k

1E0

17k

S62




ESE"
906"
226"
Z0T"
TTT-
ETT"
EFT"
TST"
529"
E29°
0Fs -
T59°
Zoo°
98"
564"
zZ0g"
TTE"
BEE"
£on”

Ph

1CO,Me

LEE D
FEE -

)

Fo0-°
Zo0°

TEE ©
ooo-

=

gE0-T

2e0”
ZEZ°
LZET
QB5°"
Los”
LT9°
LZ9°
==l
2F0°
ST
9L
EFLT
054"
E5L°
ETL°
==l
oel-”
Fal-”
JEL T
ooa-”
T8
ERE-
Feo-
Lan”
Ze0”
Se0”
0Zz°
ZE2°
Chora
TF2°
E52°
TLZ"
TLE -

- [~ [0 -~ 000000000 o0 00 0 001 0000 0 00 00 00 00 00 00 00 00 00 (00 ] 0] 0] 0] is] ] i ] s ] s i ) o+ A

e

FLT 2

£95°E

086 °T

PPM

10

563




(=251

£5T
oL

gz

oz

I1=
Q2T

"EE

TF
“5F

TZ5

“Eo

5o
=

\Y

FFM

BEL T
ge2°
=l
FE0-”

SZE

ZE0

TTAT —

a0 —

Zk

ko

7L

loo

lzk

1E0

17k

S64




Fos°
zae”
Ta2"
Z0E°
oTe"
2EF°
2EF°
FFF-
FLFC
TaF"
TS
A
FEST
=l
LTS
£29°
ZF9°
FoL°
T2

o 'COzMe

Te0°T

24072

Bl Tr

ooo-T

il

Toz"
FT12°
Eich
sEET
&F3"
F5e°
Toz"
227
o
=E=ich
FE2”
&05°
FOO-
Ze0"
2e0°
&0T"
51T

Yo

BB
EEE
LEST
oE0-”
PE0”
&F0°
PS0O°
=
EZ2Z2°
ogz”
LFZ”
Po5z”
927
E9Z

l""-l""-l'"‘-f"‘-l""-l""-l?"-I?"-l""-l""-FNWWWWNWWNNWNNNNNNNNNNNN\JNNNNNNNNNNNNNHHHHH

_
Tz20"2

-

A

rr———t

FFM

565




FTO"

82—

£Ta

200

Qo3
LED

FOT -

oLz

9 ——

-gg _—
'Tﬁ ——

B

O

FFM

T=0
Fig
ZFT
22T

2598

=)

LET T
22T — = -
"0eT
2ET —

TTAT —

g0 T

£k

1zk

1t0

17k

S66




FEE"
oTe "
TEE"
2567
ZeT"
2Tz
g2z7
&59°
PLET
SEST
EE9°
0L
os0”
sen”
os0-
ToO"
aa0”
Foc”
LI

LET B

T50°2
-1CO,Me
Q95 °T

Me

E00°T o
000" T

=i
RS
FEC”
aoF-”
%
ETF
FFO-
T59°
PLET
LLgT
oso”
Fao”
Q0L”
2T
TELT
nss”
T&F"
L2537
FLe°
FRO-
ToO"
Fo0-°
FOZ"
1Tz
LTZC
1227
SEZ°
Tz
FF2°
&Fs”
aoz-”
Foz°
Ti2”

- [~ [~ [~ - [~ [ [0~ 0= [~ 0= 0= 0= 00 00 00 0] 0l sl (0] el 0] 0 0] ] 0 ] ] ] ] 0 ] s sl A A A A A A OO O O

B e e S A S N P P PR

Fot=] ] ]

_—

99 T
T55°¢

PPM

10

S67




LoF
TO0F
Je9
o1
0E5
205
SFT

ESE

F5L

04
£BT
TET
220

ZzZ9

ZF5

‘ZZ
2L
1=
5
=
‘aE
oF

‘25

FO

Sl

PFM

92T —._
92T ——

0ET
wET T

TAT ——

et ——

ZE

Ed

1zk5

1E0

175

568




ZTE"
ozgs
FasT
BES°
2T "
SEET
ETE"
&TL"
FRPLCT
LoL”
925"
FE5°
ZF5°
§55°
200°
2887
LEST
T50°
Qo0

o
QZE LT

-1CO,Me

AT
1%
LTF
QsF "
FEFC
TFF"
SFF°
S3F°
For-
ozZe°
PP
&F9°
TELT
TEE"
ZEF°
ET5°
A
£50°
&o0°
A
FOZ”
TTZ"
2Tz
T22°
9zz”
2827
FEz”
LEZT
Z5Z°
&52°
Foz°
e92°
27"

| macl S At S AT A ST AT S T ST Sl Sl ST sl L T L T N ¥ Tt ¥ It I o Lt I Nt Il N ¥ I o I Y I8 I VI Y T e I I B I B R I B I I N N s O e e e o

SBTE

0~z

FFM

569




22T
BZT
0Lz
FIL
229
oFo
LOF
=)
cEs
T5%

LET

BT
BT
"oz
‘2z
=
“ZE
2R
“OF
LF
"Z5

PO

VS Y

204
28T
TET
12T

s

(]3]

92T —_
22T ——

OET
LET T

TTAT —

a0z ———

PN

zk

ko

1zk&

1E0

17k

S70




FOLT
TFLS
LIS
FEET

w e —ry

L=

F2°
) o
82527
JLZ2°
Te2°
L0
£TE"
o
Too”
soo”
FEOC
0s0°
oz0°
FE0°
£OT
LTRC
DZF°
LERT
SER°
SFF°
95F "
=l
z09°
E09°
ozo”
FEo”
se9”
2997
SLLT
FI2°
ZEF”
L2537
FLOT
F50°
oLo”
FLO°
ooZ"
ETZ"
tZ2”
LZ2”
LEZT
oFz”
T52°
ESZ°
LoZ2”
L
942"

- [~ [~ - [~ [~ [~ [~ 0~ [ 0~ -0 00000 00 0l is] s ] 0 s 0] 0l 0] ] ] 0 ] 0 0 ] s i A A A A A A A O OO

292°T L‘“‘—_::J

Z5% 6 3
IPLE IH_“-‘Z{
(@] Ph :
.1CO,Me BROCT
LETE
oy T
0zZ0° T
t-Bu ET0 T
oo0°T
g50°T T
B = 1

i —  OFET :&
a3

PEM

10

S71




FFE
=00
FLT
F3s
L3Z
FFZ
ETT

=2

£og

FZ
LE
87
82
£E
‘BE
‘0F

2T

PO

RN

2047

EET
FLT
LET

oss

FodL

92T — _

BET T —
nET
el ———

TAT ——

| —

FFM

zE

k0

TE

100

1zkE

1E0

17k

S72




TOF"
T55°
ETLT
587"
LET"
a0z"
E0Z°
FEZC
noz-
Z05°
ETS"
FZ5°
0E5"
T6L"
BEL”
0zg"
528"
TEg"
LLET

Ph

Ph

o 'COzMe

SFZ "L

=Te"
955"
ZET T
2T
F50°
250"
90"
FLO”
=fAn
20T
STT
0T
EEZT
BET"
FET"
Foz”
a0z-"
1=
Tz
nzZz”
g2z°
2827
ogz”
9%z
os5z-”
Po5z”
8527
29z
qoz-”
FLz”
Liz”
FEZ°
=] =

-0~~~ 0-r-0-0r-0-~- 00000606 060606 0~ 0 0~ 00 0~ 0= 0~ 0~ 0= 0 00 00 00 0 Jid il 0 0 sl 0 0] ] ] 0 0] ] 0] ] 0 A A A

e 0 L

FTO L

[N =

102 °F

w BEODT '_ﬁ

PFM

S73




SEE
L20
200
nZ2
T5&

oz
515

0L

=k
TR
T§E
=i
“oF

“2F
"Z5

PO

AN

FFM

S0F
FFo
ZEL
L3Z
BZ2T
FLT

SLE T
OFT —

LFE

FiF

55T

ozZT
9zT i
azT

52T :7-
52T f

0eT
o=T

TTAT ———

a0z ———

Zk

lzk

1E0

17k

S74




aoo-
TZ0°
58"
nos”

LF3T

oas

T95°
Fo5”
T2
559°
go9°
oss-”
2087
ZTL
T5L°
B5L°
LoL”
LT
LT
F5T°
E9T°
SLT
FET
TozZ"
O5F "
SLF”
&2F "
P15
z0s°
&0z
TEE"
FE2”
oFs”
2567
ZEE "
BELT
FLET
oos-”
TZ8°
oes”
sEET
I An
gE0°
Se0”
&0z "
22z
9iz”
28z
2527
&52°
Foz”
S0z
SLE

- 0~ [~ [0~ [~ [~ 0~ [~ 0~ 0= 0~ 0= 00 00 00 00 00 00 0 i ] sl 0 B ] s 0 ] i i il 49 d A A4 A A A A A A A4 A3 00 o0

e 10

TBSO

BLETZ

22F°C :E

FFM

S75




2F8 "P-
P2 P

Y

OF0 8T
£99 "EZ

PPM

BS54 752
LEDTZE
285 "FL
ZT8 "5&
00 0F

NI

Q22 T2

ST "F9
0zZ% 62

£S5 92T
TeT 22T
TEE 02T
EEL 02T

NI

520 2L T —

PET 602 ——

I
100

I
150

I
z00

S76




ooo-

H

01T
aeT"
L22"
68F°
FEFC
525"
LEST
Fa9°
Lig”
LEe”
ZES"
Z0L”
LOL”
ETL”
£aT"
£za”
618"
£58°
FPEC
EFG"
ToF"
SEF"
zge”

Lg0”
AT
LA
20e”
N
nzZe”
FZz”
BZZ"
FFe-
SFZ°
&5Z°
oLz”

Lon I o N e AN I Y T T I I e T T I B I T I B B I I O ]

-0 -0~ -0 - -

A RSB

EFZE
O Ph
1CO,Me
Me™ -,
OTMS

. 9FE T ‘—;]
ZLZTS a

ST7




=

LTT

P38
FIL
EFz
224
TFT

E5E

oo

TFL

“EZ
“os
=
TLE
=
“TF

)

PO

TEL

= -

NSA

204
£ET
P2z
EZT

955"

FET

92T
EET
OET
TLET

NG

el —

PFM

I
100

I
1t0

I
Z00

S78




&0E "
ZZE°
BEET
TLET
LEE"
FTIO-
To9zZ"
205"
BLE°
FEo°
&1L
Toz"
BEE"
2087
LBET
Too"
F20°
o0z

BZE°
pd

FFM

FPPS*ET

(0] Ph

11CO,Me
Me'"”

gZz ¢

2LF°
o03°
205°
FE5°
228"
6537
=i
SEF°
TE9°

FS0O°
aLos
PLOC
LOzZ”
1227
g2z2°
EZ2Z2°
ogz”
LEZ”
g5z
£52°
lra
2Lz
Liz”

O 00 00 e s s e A A A AA A A A AA D OO OO

-0 -0~ 006~ 0066~ - -~

LL.EJ%&;I%%%-_LJ—J

e ) g

£0T £ K

R0~
=} S

S79




P55
T
T50
Fe0
o1z
EFE

£Z9
FOS
T

=0T

T
¥z
‘B2
1
LE
‘aE
‘B
=i
)

PO

WO

FFM

Q2L

TeET
Z8Z
SFT

2EQ

2R

92T

BeT ——
0ET -

werT T——

TAT —

a0 T

zL

ko

T8

100

1zk5

1&0

17k

S80




Foc”
Z0F°
1A
&0L°
oF0-
Lio”
281"
2027
FZz”
asz”
FET "
FO5°
aTse”
aTs”
e <7
2857
TELT
TELT
BELT

a1s”
ozZs"
ZFE°
&FS°
938"
TE&F"
L2357
S0L°
Fol”
FLLT
BLL”
ZELT
LBl T
FOs"
=l
QLE”
T2~
SEE T
=1
FOT-
22T
QZT
QLT
28T
ZET"
20e”
Qoz”
F3e”
L5E°
oLz”
oez”
Fez”

%

L

OMe

o 'COZMe

Ph gzo T T ——

cE0TZ

Lot I Lo I Y ot N ¥ ot I oot Y L o B I B B |

z
z
z
- 66670

PEE T 1
£86°T ;
—£05°T -

L= =)

0gs "2 E

4

- - -0 - >0C- 00000 WD WD WD DD MD DD 00 0000 ] ] ]

FFM

S81




FEE

oFF
FEF

(==l
FLF
L5T

1=

=

nl=nly _\i_

=
g ——

“OF

a/F

e —

PE —_—

2§ T——

5§ —

g ——

FIM

(=]

£3C
FEo
023
323
22T

oge

SLF

225

=0z

szt -\
_BET :j?:

TETT

92T
82T

22T

TET

OFT T

BT ————

TAT ———

el T

ZE

ko

1zk5

1E0

175

S82




LEET
FLET
&F3"
FLO”
F0L°
FOE"
QLo”
£a0-°
Qe0"
1T
21T
FET”
25T
T52°
2Lz
nez”
F03°
aTs”
€28
8237
FEST
FPI-
nss-”
FEL”
1]t
QEL”
&T2"
Elich
T58°
Zog°
JeF°
oes-”
Z0L”
T56°
ZLET
LEDT

et

QLT
FET™
EET"
E0z”
2Tz
LIZ”
2827
=z
ooz-”
F5E°
2057
ooz
SLET
=100

E"‘-l’"‘-l""-["‘-E"‘-l""-l'"‘-l?"‘-l""-FFPFFPWFPWWNNWNNNNNNNNNNN

! B

T r

T

T (@]

T 1CO,Me

T

z

z

z Ph

z

< ¥60 T

z

z

Z -

- 0

z

z

z

£a-
_\:kl_ 0LE T . = i
— PEE"T p—-
i —
ZT0°2 .

PFM
I
]

S83




FLZTEZ
T 12
198 "FE
LOLTLE
Fag OF

£9E EF
0E5 25

S

FO3F0 —

FLE 02T j\_

BLF 92T
BT "9ET
8L TEET — _
202 7IET

525 °TET f
EBOSET
TET 9FT ——

282 TTLT ——

FEE L0 T

FFM

£k

EO

Tk

oo

1zk

1t0

17k

S84




BEET
F58°
LOE"
S26°
LOF"
=1
TT5"
FE5°
LFIC
Fo9°
LE9°
EED T
921
PP
29T
T
nzZz"
ZFZ°
SLET
S0E-

Ph

23074 -

B 'COZMG

FEFF-
T5LT
B5L°
oss”
LaLT
O&dl”
FTLT

02T
LET
aeT"
PET
&6l
Z0z°
Qoz-”
F52°
E5Z°
2827
FLz”
ZEL°
FeL°

[ur B o I ot Tt I It I Y L I ¥ I ¥ T o I Y I I O B B I I Ny N s o Y o

-0 - -0 -0~ - - k-

T — e N

L
oLT ©

JL

PRE"L —.

2EFE

-
-

PPM

S85




QL0
0o
599
goC
T&eT
T9:
£oz
T&eT
192
ESE

L2

“EZ
FL
“FZ
“oc
“TE
i
“oF
TF
“EBF
25

29

NS Y

ZLE
£99
025

9%

o2

TLE

9T
BIT — —
TBET

9FT

LT —

20z ——

PFM

loo

1zt

1&0

17k

S86




00" 0-

TF2"
2257
5197

oLt

Lze"
LE9”
SH9°
£5a°
EL8°
PTLT
7L
0fL"
ZRLT
ZPT"
EFT"
SEE"
0ZF"
o
L5F"
LaL”
ZEL"
PES"
626"
TEE"
597"
BLO"
8hL"
EaL"
EBL”

00 00 0 00 0 el ] s s s N A A A A A A A A A A O

EFL”
o04L"
TS
2447
FOE-
=R

LYY Y N s Y w LY ]

A

S

00 oOT

TBS

O,

.1CO,Me

)

2T F

L= —-—

PET "2
R

S87




ZER -

SF0 2T
EEE TEX
294 52
FOZ 28
oT5 "FE
LLAE TOE
55E "B

928725
L5T 55

98T "F0
585 60

NIRTERNTAT

I
1oo

OT9 "ETT — -

DE0 82T —— -
oTE "TET — -

I
150

Z9F "85T —— - L

59T "Z2LT — -

I
200

o0F 602 — - r

S88




LZ0°
A
SLE”
03s°
0Ls-”

¥5L°8

SES

g09”
cES”
559°
£99°
Qgo”
T3L°
T9L”
F84L7
ZLLT
LELT
FOT"
TLT
F2T°
FET™
2027
912"
Fiv-
SEF”
=157
LETT
gZ8°
ZEET
o5a°
£95°
z0a°
Fes”
TTe"
oFe "
LT
2187
cEQ”
FEE”
EE5°
=l
2387
998"
=l
Fag”
=l
FoE°
LLET
Tes"
2287

i e

O,

TBS

[= 0= 0= [~ 0= 00D 00 00 00 00 00 00 00 G ] ] O ] ] 0 ] ] s ] i 4 A A A A A A A A A4 A0 O

Br 5Z&°F

o 'COzMe

9FT "2

Tel 2

S89




0Fs -
F25 P

Y

2P0 2T
204 TEF
£ T52
550 °ZE
285 PR
Bl TOC
50F "B

ENIAT

ZEF 25

POE RS ——
59T &89 —

258 02T —

Z0STET
go0 - zeT —
048 "SET

295 TTAT —

LEE TR0 ——

PFM

I
100

I
1to

I
Z00

S90




oog-
AN
Ak
gT9-
AR
79
Tog
TEa
LE3
ooo-
Fo0-
aTo-
S0
0z0-
520
TEQ
oF0-
PEO-
AL
z50°
£50°
£95°
LLET
385
LES
oog-
aTe-
ata-
pze
§99°
gLa
Lg9
FE9°
£OL
TTL
ZaT
TET

H

Ph

FSE 2

F8T°
BET"
2eT"
ooz-
F0z°
S
2Tz
2227
osz”
2827
Cl v
TOZ"
F0c°
gL
&TC "

- - -0 [~ [~ - [0 [ 0= [0 0= [0 0 cd oo g i s ] 0 0] 0l ] ] s 0] 0 0] 0 ] 0 ] ] o i i ) o H oA d o o o A O

2o B - ﬁ

FPM

S91




2882 T

P2 "TE

09s "88
FES 2T
SLL TEF
oFL BT

Po2 TO2T

TiF 92T

LES TEET

8F5 LFT —

ELOTRTE ——

PPM

100

1:E

1E0

17k

S92




2011/01/08 22:07:11 1 / 1

==== Shimadzu LCsolution S#LR—p ===

C:¥LabSolutions¥Data¥Project 1%k #¥1106-OJH-3%Pr0.5.1cd

SR : yuki

¥ 7LD :

RA7ZNLES : 69 ,
EAR :Tul

T—HIF7MN : 1106-0JH-3%Pr-0.5.lcd . —
AYRI7AN : 0J—H iPr3% flow0.5 60min.lcm / S
INYFIPALIL : #AIE->B.Icb Q - ,
Lik—kJ74L : Default.lcr :

SH B :2011/01/08 20:01:50

AT 5L>
C:¥LabSolutions¥Data¥Project 1%k #8%1106-0JH-3%iPr-0.5.1cd
mAU
150 ; PDA Multi 1
100 M
50— 2
=3
7 3
4 ~
|
0 I M
— T
T T T et
35.0 375 40.0 425 45.0 475 50.0 52.5 55:0
min
1 PDA Multi 1/210nm 4nm
<E—ILR—b>
C:¥LabSolutions¥Data¥Project 1%k #8%1106-0JH-3%iPr-0.5.lcd
PDA Ch1 210nm 4nm _
E=0#] GEEN_ it ]
42.393 16208807 95.191
2 48.711 818882 4.809
a5t 17027689 100.000 i
o b
O _Ph " (0te
"'COzMe

C:¥LabSolutions¥Data¥Project 1%k $#8%1106—-0JH-3%iPr0.5.lcd

S93



2011/02/09 11:49:07 1 / 1

==== Shimadzu LCsolution S"#HrLAR—k ===

C:¥LabSolutions¥Data¥Project 1%k #8%1207-1C-30iPr-0.5.Icd

YoINE :1207-1
Y TLID : 1207-1
INTIES 1=
AR :lulL
T—H27140 : 1207-1C-30iPr-0.5.lcd N
AJYRTFAIN : Method 120 min (190-360).lcm Ja S
NYF 7ML : LAVARY ’ \ )
LiR—b,J7PAL : Default.ler
S A : 2011/02/09 11:07:58
<HavkISL>
C:¥LabSolutions¥Data¥Project1¥%7k #8%1207-I1C-30iPr-0.5.lcd
mAU
2 PDA Multi 1
5001 i
250

)
-

k-
> 27812 7 14.361

N
~
o
w
=4
o

T T

20.0 22.5 25.0
1 PDA Multi 1/210nm 4nm

<E—=ILR—b>

C:¥LabSolutions¥Data¥Project1¥7k #8%1207-1C~30iPr-0.5.1cd
SPD-M20A Ch1 210nm 4nm

E=O#| RREEM | @K ot O]
23575 16439730 85.639
27.812 756800 14.361
&t 19196531 100.000
Me
(@]
"'COzMe

C:¥LabSolutions¥Data¥Project 1%k #%1207-1C-30iPr-0.5.lcd

S94



2011/01/07 20:09:48 1 / 1

Shimadzu LCsolution 24Tl 1HR—

C:¥LabSolutions¥Data¥Project 1%k #8¥1104-3-ODH-1%iPr-0.5.Icd

HoTNA : yuki
$> 7LD :
NA7ILES : 69
AR sl R ~ 5
F—R2IP4I : 1104-3-ODH-1%iPr—0.5 lcd = >
AYYEITPALIL : OD-H iPr 1% flow=0.5 60min before30min.lcm \\// Vi
INYFIT7FAIL : {AIE-oB.cb
LR—kT7/10L : Default.lcr
SHTEEF :2011/01/07 18:33:04
<HavEISL>
C:¥LabSolutions¥Data¥Project 1%k #8%1104-3—-ODH-1%iPr—0.5.lcd
mAU
] 2 PDA Multi 1
1 ]
— 150+
100+
1 “
1 2
50 N
] 8
J <
ol . i ‘r/\‘L
e s e B S S AR R B S B
15.0 175 20.0 225 25.0 215 30.0
min
1 PDA Multi 1/210nm 4nm
<E—HLHR—b>
C:¥LabSolutions¥Data¥Project 1%k #8¥%1104-3-ODH-1%iPr0.5.Icd /k/ { (/
PDA Ch1 210nm 4nm
— [E=2#] GKEHM % _[¥-5
20.025 8401435 90.365 O
2 25.308 895738 9.635 ,.,»K/r
ait 9297173 100.000 j | / -
Oz (”E’
O
Me
1CO,Me

C:¥LabSolutions¥Data¥Project 1%k #¥1104-3-ODH-1%iPr-0.5.lcd

S95



2011/01/12 15:30:17 1 / 1

==== Shimadzu LCsolution ¥ LHR—k ===

C:¥LabSolutions¥Data¥Project 1%k #8%1109-ADH~1%Pr-0.5.lcd

HUTINE : yuki

H2 7D :

N(PLES : 69

gAl :1ul

TR : 1109-ADH-1%iPr-0.5.lcd

AVIRIPALIL : AD-H iPr 1% flow=0.5 60min before30min.lcm

NYFIPAN : HAE>B.Icb

LR—kI71L : Default.fcr O
o=l :12011/01/12 14:38:40

HavwhISLy
C:¥LabSolutions¥Data¥Project 1%k #8¥1109-ADH-1%Pr0.5.Icd
mAU
1 S PDA Multi 1
400
300-|
200
: g
1 Ny
100 g
] 9
] . .I.T/&
T T T T T [ T T T T T T T T T T T
20.0 225 250 215 30.0
min

1 PDA Multi 1/210nm 4nm
<E—ILR—k>
C:¥LabSolutions¥Data¥Project 1%k #%1109-ADH-1%Pr-0.5.Icd

PDA Ch1 210nm 4n

E—5#] FREEM I i1t ]
24.048| 14486074 92.200
2 25.690 1225578 7.800
=% .18 15711652 100.000
Me
(@]
1CO,Me

C:¥LabSolutions¥Data¥Project 1%k #¥%1109-ADH-1%iPr-0.5.Icd
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==== Shimadzu LCsolution 3#rL ~"—

C:¥LabSolutions¥Data¥Project 1%k #8¥%1105-ODH-3%iPr-0.5a.icd

2011/01/08 09:30:46 1 / 1

HoINE : yuki ,
H 7LD : f
NAPLES : 69 o —
EAR slul N I
F—H774N : 1105-ODH-3%Pr—0.5a.lcd \ N VA
)‘:}"JI~774 n : OD-H iPr 3% flow=0.5 60min before30min.lcm ’ | Y,
NyFIPALNL :
LR—bI271L :
S BE :2011/01/07 23:08:44
i=k4{ VTN
C:¥LabSolutions¥Data¥Project 1 ¥k #¥1105-ODH-3%Pr-0.5a.lcd
mAU
300 PDA Multi 1
200+
100+ g
1 ~
-
1 &
1 o
(}_ 4 'r 4
S — .
15.0 175 225 250
min

1 PDA Multi 1/210nm 4nm

<E—ILR—b>

PDA Ch1 210nm 4nm

C:¥LabSolutions¥Data¥Project 1%k #¥1105-ODH-3%iPr-0.5a.lcd

E=o# 1 PIEa)
19.675| 14979542 91.993
Z 22.294 1303743 8.007
=318 16283285 100.000
o
AR
OMe
(@]
1CO,Me

— (u&\‘{b

C:¥LabSolutions¥Data¥Project 1%k #¥1105-ODH-3%iPr—0.5a.lcd
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Shimadzu LCsolution $#TL7R—

2011/01/12 19:19:56 1 / 1

C:¥LabSolutions¥Data¥Project 1%k #8%1109-2-ASH-3%Pr—0.5.lcd

YoILE : yuki
H2TNID :
N(PILES : 69
FAR :lul
F—RI74IL : 1108-2-ASH-3%Pr-0.5.cd
)‘:/“JF774 17 : AS-H iPr 3% flow=0.5 60min before30min.lcm 3
NYFIFAN : AT Ieb A
LR—F274L  Defaulticr Ul DL
SRR :12011/01/12 18:50:12
i=k4 b TN
GC:¥LabSolutions¥Data¥Project 1%k #8%1109~-2~ASH-3%Pr-0.5.lcd
mAU
] 2 PDA Multi 1
300 3
200
] 3
100 e
4 ~
] 2
] ¥
&—/\/_g_*_A . )
71 T T T T | T T T T T T T T T T T T
100 125 150 175 200
min

1 PDA Multi 1/210nm 4nm
<E—oLH—k>

C:¥LabSolutions¥Data¥Project 1%k #8%1109-2-ASH-3%iPr-0.5.Icd
PDA Ch1 210nm 4nm

%
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14.195

554

28

Py

16.125

9433

04
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=118

9987

34

5.5
94.4
100.0
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o 'COzMe

C:¥LabSolutions¥Data¥Project 1%k #8¥%1109-2-ASH-3%Pr-0.5.Icd
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2011/01/12 22:36:09 1 / 1

==== Shimadzu LCsolution 3#TL 7 K—k ===

C:¥LabSolutions¥Data¥Project 1%k #¥1109-3-ADH-5%iPr—0.5a.lcd

HYoINE : yuki
42D :
IMTPILES : 69
%Al :1Tul
T—R2774IL : 1109-3-ADH-5%iPr-0.5a.lcd
*AIIETPAI : AD-H iPr 5% flow=0.5 60min before30min.lcm
NIFI7LI :
LiR—kJ71L :
SHAR :2011/01/12 22:08:42
<HavrISL>
C:¥LabSolutions¥Data¥Project 1%k #8%1109-3-ADH-5%iPr—0.5a.lcd
mAU
g E PDA Multi 1
300-]
200
1 8
] s
4 ~
100 g
] ]
R AVERW
—_— e ————————— ———
150 175 200 225 250
. min
1 PDA Multi 1/210nm 4nm
<KE—o2LR—k>
C:¥LabSolutions¥Data¥Project1¥7k #8%1109-3-ADH-5%Pr0.5a.lcd
PDA Ch1 210nm 4nm -
P—5#] GREM | EX | mEE [ - /
18.896] 1039940 10.155 O 0 ‘ 3
2 19.994 9201097 89.845 ~. i
Skt 10241037 100.000 | - S~
"~ hY
(/ Co QM@
. I
1CO,Me

C:¥LabSolutions¥Data¥Project 1%k #¥1109-3-ADH-5%iPr—0.5a.lcd

S99



A=y 11

E6 LR— bk
T -377400 4 - C:¥Data¥naganawa¥1225-Me-1C-50iPr-0. 5. dat ; .
MIF 14 C:¥Data¥Shirozu¥Method 120 min.met eov i
1-¥ -4 System ANV
SHAR: 2011/03/02 15:51:56
R BE: 2011/03/02 17:55:02
30 TR - 30
20 F20
% |
104 F10
0 T I Lo
32 34 3% 3 40 4 4 4 48 50
min
&Hiﬁ %ﬁi £l % ©_a54va-}
A*-25{Y1-
1 B T e g —
2 41.80 348820 43.232 MM
3%
r | | | 806859 | 100. 000 | |
@)
Me o
r |C02Me . /,’L“ — //
T e

S100

mAU



A=y 11

MW LR— b
T -9714ME C:¥Data¥naganawa¥1225-iBu-0DHtr iple~50iPr-0. 3. dat
b 710 C:¥Data¥Shirozu¥Method 120 min. met
14 -F: System
ﬁﬁEﬁE 2011/03/01 17516319 . - ~ ™
Sl R 2011/03/01 19:36:04 %])de/

20 20

f/\v
2 9/ \\
z 104 ’;‘ \\ 10
/\ [
0 k ro
40 4r2 4I4 4:6 4I8 5|D 5‘2 5'4 5'6 5'8 60
min
ﬁﬂﬂpﬂk %ﬁi & HN % *_x5{va-b
Eﬁﬁl% it A -23{73-
1 49. 64 331705 28.534
2 51.53 830794 71.466 NN
377
1162499 100. 000
l | vieess|  so0.0m]

o) N
T\
cl COzMe A /
[: \i>\~(oot\e‘

S101

mAU



A=y N

mM| LAR—
T =571V 4 - C:¥Data¥naganawa¥1119-2-|A-1%Et-0. 5. dat
Y IV C:¥Data¥Shirozu¥Method 120 min. met
14" -4 System A I
S AR 2011/01/22 15:25:36 AN | Y
MBI 2011/01/22 16:46:40 AN
501 50
/’A\
) A
3 251 /A 25
// \\
/N 1
0- [ — -0
40 45 50 55 60 65 70
min
BHE 28R .
Pk # £ 5 o % A’ -25{¥a-}
1 . R
2 61.24 441106 10.026 MM
I35
] | [ 4399618 I 100. 000 |
(0] Ph
o 'COzMe
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2011/02/09 13:28:191 / 1

==== Shimadzu LCsolution ¥ L HR—pk ===

C:¥LabSolutions¥Data¥Project 1%k #%1207-2-1A-100iPr-0.5.lcd

HUTINR 1 1207-2

Y7 NID 1 1207-2

NP LES =1

AR :1ulL

T—=RIFAN : 1207-2-1A-100iPr0.5.lcd o

)QJ‘JF?T*{ 17 : Method 120 min (190-360).lcm / ] /T/g%
NIFIPAN : YAVRV) /S’ -
LiR—k274L : Default.lcr fe

AR :2011/02/09 12:18:49

<HavrISL>
C:¥LabSolutions¥Data¥Project 1%k ##%1207-2-IA-100iPr0.5.Icd
mAU
2 PDA Multi 1
3
{00
200
3
100 S
1 &
M
0 r/\‘ﬁ
LA A B A R T T T T [ v T T [ T T T T
20.0 225 25.0 215 30.0 325 35.0 3715 40_.0
min
1 PDA Multi 1/210nm 4nm
<E—HLR—b>
C:¥LabSolutions¥Data¥Project 1%k #8¥1207-2-1A-100iPr-0.5.lcd
% k]
27.956 743782 11.641
p 30.374 13235532 88.359
31 14979314 100.000 o ,B
\ Aa)
— (o0
(o) Ph
"'CO2Me 5 T~
S

C:¥LabSolutions¥Data¥Project 1 ¥k #%1207-2-1A-100iPr0.5.Icd

S103



2011/01/25 11:20:31 1 / 1

==== Shimadzu LCsolution LR —k ===

C:¥LabSolutions¥Data¥Project 1%k #8%1122-ADH-1%iPr-0.5.Icd

HoINE : yuki

¥ 7LD : , P
1M7L ES : 69 N
AR ttul \/ N '6
F—HIFAN : 1122-ADH-1%iPr-0.5.lcd / o
AYYETFPAN : AD-H iPr 1% flow=0.5 60min before30min.lcm

NYFIPALI : ¥RIE>5.Icb

LiR—ko710 : Default.ler

S AR :2011/01/25 10:28:17

HavhISL>

C:¥LabSolutions¥Data¥Project 1%k #8¥%1122-ADH-1%iPr—0.5.lcd
mAU

] 2 PDA Multi 1

25551 / 7.084

T T T T
20.0 225 25.0 275 30.0
min

1 PDA Multi 1/210nm 4nm
<E—HLHR—p>
C:¥LabSolutions¥Data¥Project 1 %K #8%1122-ADH-1%iPr-0.5.lcd

PDA Ch1 210nm 4n

E—2#] FEEM Tk % -7
22.811 12550228 92.916
p 25.551 956868 7.084
=318 13507095 100.000
(e} Ph
" 'COzMe

Me

C:¥LabSolutions¥Data¥Project 1%k #ll¥1122-ADH~1%iPr-0.5.lcd

S104



2011/02/18 09:29:101 / 1

==== Shimadzu LCsolution S3#LR—k ====

C:¥LabSolutions¥Data¥Project 1%k #¥1215-2-ODH-1%iPr-0.5.Icd

HoTNE : yuki
H7LID :
NAP7LES : 69
AR (lul
F—8IF7(N : 1215-2-ODH-1%Pr—05.lcd ‘
AYYEIPA I : OD~H iPr 1% flow=0.5 60min before30min.lcm ’\) 3 C\ 2 —
I F oA  AIIZob cb ]
LR—k,D7ML : Default.ler
SH A :2011/02/18 2:13:45
HavwhgshL>
C:¥LabSolutions¥Data¥Project 1 %5k #8%1215-2-ODH-1%Pr—0.5.lcd
mAU 450
| B PDA Multi 1
] 8
“©w
100 -
50+ 3
i o
~
g
©
o F S e
150 175 20,0 225 250
min

1 PDA Multi 1/210nm 4nm
E—ILR—b>
C:¥LabSolutions¥Data¥Project 1%k #%1215-2-ODH-1%iPr-0.5.lcd

PDA Ch1l 210nm 4nm
—0#

=—% R mi% 37—
16.925 609919 96.453
. 18.808 2243 3.547
ak 6323515 100.000
O Ph
! 'COZMe
i-Pr

C:¥LabSolutions¥Data¥Project 1%k #¥1215-2—-ODH-1%iPr-0.5.lcd
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==== Shimadzu LCsolution 4#fLH—

2010/11/17 10:58:02 1 / 1

C:¥LabSolutions¥Data¥Project 1%k #8¥0Y 16-3-ADH-3%Et-0.5.lcd

HoTNE : yuki
HTLID :
M7 LES : 69
x b 4 :1ul
FT—RI7AIN : 0Y16-3-ADH-3%Et—0.5.Icd
)‘?‘)F?T'f 1% : AD-H Et 3% flow=0.5 60min before30min.lcm
IYFI74N : #AIE-BUch ,
LR—k2711L : Default.lcr
S B FE :2010/11/17 10:27:08 -/ 3)
S <
<HaTRISL>
C:¥LabSolutions¥Data¥Project 1 ¥k #8¥0Y 16-3-ADH-3%Et-0.5.lcd
mAU
] 2 PDA Multi 1
400+ @
300
200
1 o
1004 N
4 @
o
0
N
] Ll ¥
e e ——————————
100 125 150 175 200
' min
1 PDA Multi 1/210nm 4nm
<KE—HILR—M>
C:¥LabSolutions¥Data¥Project 1%k #8%0Y 16-3-ADH-3%Et-0.5.Icd
PDA Ch1 210nm 4nm
E—9# K % -7
14.178 7909674 94.869
15.818 427768 5.131
akt 8337442 100,000
&
O _Ph L B
1CO,Me Co > M@
t-Bu

C:¥LabSolutions¥Data¥Project 1 %7Kk #B¥0Y 16-3-ADH-3%Et-0.5.lcd

S106



2011/01/31 13:23:41 1 /1

==== Shimadzu LCsolution ¥ LR—k ===

C:¥LabSolutions¥Data¥Project 1%k #8¥1127-ADH-1%Et-0.5-2.Icd

HoINE : yuki
Yo7 LID :
INMPLER : 69
ZEAR tlul
F=EI74N : 1127~ADH-1%Et-0.5-2.Icd
)‘.‘J“Jl‘77‘f )7 : AD-H Et 1% flow=0.5 60min before30min.lcm
NYFIFPLIL : {RAIE->B.Icb
LHE—kI740L * Defaulticr ] /
SHEE £ 2011/01/31 11:35:51 N
HavwkgshL>
C:¥LabSolutions¥Data¥Project 1 %5k #8¥%1127-ADH-1%Et-0.5-2.lcd
mAU
250 5 PDA Mutti 1
200 =
4 @
] g
150
100
N d
] ©
: 4
g :
] g
0 ¥ e i
L S———————————
400 425 450 415 50.0
min
1 PDA Multi 1/210nm 4nm
KE—HLHR—b>
C:¥LabSolutions¥Data¥Project 1%k #¥1127-ADH-1%Et-0.5-2.Icd
736344 4673 7
43.921] 15021157 5.321 < Egp\
&5 15757501 100.000 [ /
Coo M(
(0] Ph
———
:1CO,Me /
Ph

C:¥LabSolutions¥Data¥Project 1%k #8¥%1127-ADH-1%Et-0.5-2.Icd
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2010/12/03 22:38:01 1 / 1

R T Y
==== Shimadzu LCsolution 3#LHR—k ====

%’gg/ \\\,)L\

C:¥L§bSolutions¥Data¥Prqjectl¥ﬁ<ﬂ¥0202-0DH—I%iPr—O.Sa.ch

HYoINE : yuki
47D :
NA7ILES : 69
AR :1ub
T—RIFAN : 0202-ODH-1%iPr0.5a.lcd
AIYFTPAIL : OD-H iPr 1% flow=0.5 60min before30min.lcm
NyFIPAIN :
LR—kI710L : -
SHAH : 2010/12/03 22:07:03 \ 3 l "ﬁj \
\‘\; \J s
<HavTrISL>
C:¥LabSolutions¥Data¥Project 1 ¥k §##%0202—-ODH-1%iPr—0.5a.lcd
mAU
150 ] PDA Multi 1
] o
100+
i 2
50 2
1 ~
_ 2
] s
1 o T
0 T )
T T T T T T T T T T T T T T T T T T
10.0 125 15.0 I7|.5 20.0
min
1 PDA Multi 1/210nm 4nm
<KE—HLR—M>
C:¥LabSolutions¥Data¥Project 1%k #8¥0202-ODH-1%iPr—0.5a.lcd
PDA Ch1 210nm 4nm
E—2#] FEREEHN |k % ¥
13.151 6425817 94.142
2 16.143 399820 5.858
ait 6825638 100.000 N -
1D
o , ,
\\\‘ [67 ) 146
O _Ph \ -
/
11CO,Me o
§ T
N : o %
TBSO v

C:¥LabSolutions¥Data¥Project 1%k #8¥%0z02-ODH-1%iPr-0.5a.lcd
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2011/02/16 22:08:41 1 / 1

==== Shimadzu LCsolution 3# L HR—k ===

C:¥LabSolutions¥Data¥Project1¥7k #8¥1214~ADH-1%iPr-0.5.lcd

HoTIA < yuki

YT :

RNAPLES : 69

EAR :1uL

T—HIFAIN : 1214-ADH-1%Pr—0.5.lcd 0
AYYRTPLN : AD-H iPr 1% flow=0.5 60min before30min.lcm N Vel
NYFIPAI : #AIEoB b \/ VAR
LiR—k27/0L : Default.lcr \ {
SR :2011/02/16 21:03:22

AT SL>
C:¥LabSolutions¥Data¥Project 1%k #8%1214-ADH-1%iPr-0.5.lcd
mAU
150 ,‘! PDA Multi 1
] 2
100 >
1 J
4 ~
2
] b4
50+
- ‘Tf
0
: . . . , : . . . T . . . . r . . T T
10.0 125 15.0 175 20.0
min
1 PDA Multi 1/210nm 4nm
KE—=HLHR—r>
C:¥LabSolutions¥Data¥Project 1 %7k #8%1214-ADH-1%iPr-0.5.Icd
PDA Ch1 210nm 4nm _
E—=2#] GREM % 3=
14.857 1031614 19.988
16.274 4129513 80.012
.18 5161127 100.000 ~ R
~— W
|
— (0 Q/L'fi
(@] Ph ”
" |Cone /// \“_‘
’ /\ _T'!L,A
Ve MS
OTMS

C:¥LabSolutions¥Data¥Project 1%k #¥1214-ADH-1%iPr—0.5.lcd
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2011/02/17 09:25:46 1 / 1

==== Shimadzu LCsolution S#LHR—k ===

C:¥LabSolutions¥Data¥Project1¥7k #%1214-2-ADH-1%Et-0.5.lcd

YT NE : yuki

HFNID :

IRAT7NES : 68

EAR :1ul

F—EI7AI : 1214-2-ADH-1%Et-0.5.Icd

AYIRITPAIL : AD-H Et 1% flow=0.5 60min before30min.lcm )
INYFIPAI s #AIESB Icb i je
LR—F2741L : Default.lcr \ o /
SHTERE :12011/02/16 23:50:35 ) '

i E4 /& VNY

C:¥LabSolutions¥Data¥Project 1%k #8%1214-2-ADH-1%Et-0.5.lcd
mAU

250+ S PDA Multi 1

200-]
150-]

100-]

@
©
«
=
N
~
©
I
~
=)

o—

T T T "
15.0 115 20.0 225 25.0

1 PDA Multi 1/210nm 4nm
E—HLR—k>
C:¥LabSolutions¥Data¥Project 1 ¥k #8%1214-2-ADH-1%Et-0.5.lcd

PDA Ch1 210nm 4nm
iclil

E=2# it | k% __[3-9
18.594 6542924 79.137
: 19.756 724902 20.863
8% 8267826 100.000
O Ph Tl w
| \ S
.1CO,Me ;’ \
. - K\
Me"' .
4 AN
Me

C:¥LabSolutions¥Data¥Project 1%k #8¥1214-2-ADH-1%Et-0.5.lcd
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2011/02/10 15:02:24 1 / 1

==== Shimadzu LCsolution 3#TL 7 R— ===

C:¥LabSolutions¥Data¥Project 1%k §8%1208-ADH-5%Et-0.5.Icd

YT 4 - yuki

$2INID :

IMT7LES : 69 )
AR :tul TR
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