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General

The 10% Pd/C was purchased from Aldrich Chemical Co. (product number; 20569-9, 50 g, Lot.
0581713C) and the 5% Pd/C(en) was obtained from Wako Pure Chemical Industries, Ltd.
(product number; 169-21443, 5g, Lot. 12021716). DO (>99.9 % D atom) was obtained from
Cambridge Isotope Laboratories, Inc. or Spectra Gases, Inc. All other reagents were purchased
from commercial sources and used without further purification. Analytical thin-layer
chromatography (TLC) was carried out on pre-coated Silica Gel 60 F,s4 plates (Merck, Art 5715)
and visualized with UV light and/or stain (10% phosphomolybdic acid in EtOH). Flash column
chromatography was accomplished using a Silica Gel 60 (Merck; 230—400 mesh) or Silica Gel
60N (Kanto Chemical Co., Inc.; 63—-210 um, spherical, neutral). The 'H, ’H and "C NMR spectra
were recorded by a JEOL AL 400 spectrometer or a JEOL EX 400 spectrometer (400 MHz for
'H NMR, 60.7 MHz for “H NMR, 100 MHz for *C NMR). The chemical shifts (8) are expressed
in ppm and are internally referenced to trimethylsilane or residual solvents (4.75 ppm/H,0, 7.26
ppm/CHCl;, 3.30 ppm/MeOH and 3.58 ppm/THF for “H NMR). Elemental analyses were
performed using a YANACO CHN CORDER MT-5 instrument. The EI and FAB mass spectra
were taken by a JEOL JMS-SX102A instrument at the Mass Spectrometry Laboratory of the Gifu
Pharmaceutical University. In Mass spectra data, M(d,) indicates the molecular ion peak of
deuterated substrate with two deuterium atoms, and M(d) indicates the peak of non-deuterated
substrate. Heating reactions were carried out using a personal organic synthesizer,
ChemiStation™ (Tokyo Rikakikai Co., Ltd.) or Chemist Plaza (Shibata Science Technology,
Ltd.). Unless otherwise noted, the deuterium content (D content) was determined by 'H NMR on

the basis of the integration of the aromatic protons.
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Synthesis of Substrates

Carboxylic acid sodium salts (6, 7 and 27)

NaO,C CO,Na

6 7 27

4-Ethylbenzoic acid sodium salt (6), 5-phenyl-n-valeric acid sodium salt (7) and ibuprofen sodium salt
(27) were prepared from the corresponding carboxylic acid as follows: carboxylic acid (5 mmol) and
sodium hydroxide (0.18 g, 4.5 mmol) were each added to H,O (10 mL) and the reaction mixture was
stirred at room temperature for 6 h, washed with ethyl acetate (2 X 10 mL), and then concentrated in vacuo

to give the corresponding carboxylic acid sodium salt in quantitative yield.

4-Phenylbutylamine hydrochloride (11)

b~ NHzHCl
11

4-Phenylbutylamine (1.49 g, 10.0 mmol) was added to conc. hydrochloric acid (10 mL) and the mixture
was stirred at room temperature for 10 min, concentrated in vacuo, and then dried under reduced pressure
with sodium hydroxide tube to give 4-phenylbutylamine hydrochloride (1.85 g, 100%) as a colorless solid:
'H NMR (D,0) § 1.56-1.58 (m, 4H), 2.55-2.58 (t, J = 6.4 Hz, 2H), 2.88 (m, 2H), 7.15-7.29 (m, 5H, Ph);
MS (EI) m/z (%): 149 (16) [M'—HCI], 91 (100); Anal. calcd for C,oH;sCIN: C 64.68, H 8.68; found C
64.40, H 8.80.
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N-Ethyl phenethylamine (12)
N
Ph” >
12

2-Chloroethylbenzene (1.41 g, 10.0 mmol) was added to ethylamine (1.60 mL, 25.0 mmol). The
reaction mixture was stirred at room temperature for 24 h and then concentrated in vacuo. The residue was
partitioned between CHCI; (50 mL) and 10% Na,CO; aqueous solution (25 mL), and the organic layer
was dried over Mg,SO, and evaporated in vacuo. The residue was purified by flash column
chromatography (CHCI; : MeOH = 100 : 1) to give N-ethyl phenethylamine (0.283 g, 19%): 'H NMR
(CDCly) 6 1.09 (t, J = 7.2 Hz, 3H), 2.66 (q, J = 7.2 Hz, 2H), 2.77-2.91 (m, 4H), 7.19-7.31 (m, 5H, Ph);
MS (Gly, FAB) m/z (%): 150 (27) [M™+H], 105 (5). '"H NMR spectrum was identical with that in the

literature.'

N,N-Diethylphenethylamine (13)

g

ph” >N~
13

N,N-Diethylphenethylamine (13) was synthesized according to the literature.” After vacuum/H, cycles to
replace air in the reaction flask with hydrogen, the stirred mixture of diethylamine (0.731 g, 10.0 mmol),
10% Pd/C (146 mg, 10 wt % of the amine) and phenylacetonitrile (3.51 g, 30.0 mmol) in MeOH (10 mL)
was hydrogenated at ordinary pressure (balloon) and room temperature for 24 h. The reaction mixture was
filtered using celite and the filtrate was concentrated under reduced pressure. The residue was purified by
flash column chromatography (hexane : Et,;0 = 1 : 3) to give 13 (0.284 g, 16%) as a yellow oil: '"H NMR
(CDCl3) 81.06 (t, J = 7.2 Hz, 6H), 2.61 (q, J = 7.2 Hz, 4H), 2.67-2.76 (m, 4H), 7.17-7.30 (m, 5H, Ph); °C
NMR (CDCls) 8 11.8, 33.5, 46.9, 55.0, 125.9, 128.4, 128.7, 140.8; MS (NBA, FAB) m/z (%): 178 (100)
[M"+H]. '"H NMR spectrum was identical with that in the literature.?
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1-Benzyloxy-3-phenylpropane (29)
P "0 Ph
29

A suspension of 3-phenyl-1-propanol (1.36 g, 10.0 mmol) and NaH (60% W/W in mineral oil, 480 mg,
12.0 mmol) in DMF (20 mL) was stirred at 0 °C for 2 h. To the reaction mixture was added benzyl
bromide (1.31 mL, 11.0 mmol) and the mixture was stirred at room temperature for 9 h and then
concentrated in vacuo. The residue was partitioned between Et,0O (100 mL) and water (100 mL). The
ethereal layer was washed with water (100 mL) and brine (50 mL), dried over MgSQO, and evaporated in
vacuo. The residue was purified by flash silica gel column chromatography (hexane : Et,0O = 20 : 1) to
give 1-benzyloxy-3-phenylpropane (2.11 g, 93%) as a colorless oil: 'H NMR (CD;OD) & 1.88 (m, 2H),
2.67 (t, J = 7.6 Hz, 2H), 3.46 (t, J = 6.3 Hz, 2H), 4.47 (s, 2H, -OCH,Ph), 7.11-7.33 (m, 10H, Ph); °C
NMR (CD;OD) 6 33.5,34.2, 71.4,74.8, 127.7, 129.6, 129.8, 130.2, 130.3, 130.4, 140.7, 144.1; MS (NBA,
FAB) m/z (%): 227 (4.2) [M'+H], 91 (69); HRMS (NBA, FAB): m/z: calcd for C;H,90: 227.1436, found
227.1428 [M*+H]. "H NMR spectrum was identical with that in the literature.

3-0O-Benzyl-1,2:5,6-di-O-isopropyridene-a-gulcofuranose (31)

xoqgh
o o]
@]
31 O\\Y-

3-0O-Benzyl-1,2:5,6-di-O-isopropyridene-a-gulcofuranose (31) was synthesized according to the
literature.” To a solution of 1,2:5,6-di-O-isopropyridene-a-gulcofuranose (3.50 g, 10.0 mmol) in THF (20
mL) were added successively powdered potassium hydroxide (1.01 g, 18.0 mmol), 18-crown-6 (106 mg,
0.400 mmol) and benzyl bromide (1.31 mL, 11.0 mmol). The reaction mixture was stirred at room
temperature for 3 h and then concentrated in vacuo. The residue was partitioned between Et,0 (100 mL)
and water (100 mL). The ethereal layer was washed with water (100 mL) and brine (50 mL), dried over
MgSO, and evaporated in vacuo. The residue was purified by flash silica gel column chromatography
(hexane : Et,0 =5 : 1) to 31 (4.01 g, 85%) as a colorless oil: 'H NMR (CD;0D) & 1.29 (s, 3H), 1.33 (s,
3H), 1.38 (s, 3H), 1.44 (s, 3H), 3.91 (dd, J = 8.5, 6.0 Hz, 1H, H-6), 3.97 (d, J=3.1 Hz, 1H, H-3), 4.04 (dd,
J=28.5, 6.3 Hz, 1H, H-6’), 4.13 (dd, J = 7.0, 3.1 Hz, 1H, H-4), 4.33 (m, 1H, H-5), 4.57 (d, J = 11.6 Hz,
1H, -OCH,Ph), 4.66 (d, J = 3.6 Hz, 1H, H-2), 4.68 (d, J = 11.6 Hz, 1H, -OCH,Ph), 5.86 (d, J=3.6 Hz, 1H,
H-1), 7.27-7.36 (m, 5H, Ph); °C NMR (CD;OD) § 25.4, 26.2, 26.8, 26.9, 67.7, 73.0, 73.9, 82.2, 82.8,
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83.4,106.4,109.8, 112.6, 128.6, 128.7, 129.1, 138.9; MS (NBA, FAB) m/z (%): 351 (9) [M'+H], 91 (52);
HRMS (NBA, FAB): m/z: calcd for C1oH,60¢: 351.1808, found 351.1815 [M'+H]. '"H NMR spectrum was

identical with that in the literature.’

1-Benzyloxy-1,2,3,4-tetrahydronaphthalene (34)

o Ph

CO

34

A suspension of 1,2,3,4-tetrahydronaphthol (2.96 g, 20.0 mmol) and NaH (60% W/W in mineral oil, 960
mg, 24.0 mmol) in DMF (20 mL) was stirred at 0 °C for 1 h. To the reaction mixture was added benzyl
bromide (2.61 mL, 22.0 mmol) and the mixture was stirred at room temperature for 12 h and then
concentrated in vacuo. The residue was partitioned between ethyl acetate (100 mL) and water (200 mL).
The organic layer was washed with water (200 mL) and brine (100 mL), dried over MgSO, and
evaporated in vacuo. The residue was purified by flash silica gel column chromatography (hexane : ethyl
acetate = 100 : 1) to give 1-benzyloxy-1,2,3 4-tetrahydronaphthalene (1.69 g, 35%) as a yellow oil: 'H
NMR (CD;0D) 6 1.64 (m, 1H), 1.80-1.97 (m, 3H), 2.61 (m, 1H), 2.71 (m, 1H), 4.42 (t, J = 4.6 Hz, 1H),
4.48 (d, J = 11.6 Hz, 1H, -OCH,Ph), 4.57 (d, J = 11.6 Hz, 1H, -OCH,Ph), 6.96-7.29 (m, 9H, Ph); °C
NMR (CDs;OD) 6 20.0, 29.2, 30.2, 71.7, 76.3, 126.8, 128.8, 129.3, 129.5, 130.0, 130.7, 137.9, 139.0,
140.3; MS (EI) m/z (%): 147 (66) [M-Bn]", 131 (59), 91 (100); Anal. calcd for C,;H;30:0.28 H,O: C
83.90, H 7.69; found C 83.93, H 7.46.
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N-Boc-O-benzyl-L-serine methyl ester (35)

>LO)LN O._Ph
H
35

To a solution of N-Boc-O-benzyl-L-serine (1.48 g, 5.00 mmol) in DMF (5 mL) were added N,N-
dimethylformamide dimethylacetal (3.30 mL, 25.0 mmol). The reaction mixture was stirred at room
temperature for 61 h and then concentrated in vacuo. The residue was partitioned between Et,O (50 mL)
and water (50 mL). The ethereal layer was washed with water (50 mL) and brine (25 mL), dried over
MgSO, and concentrated in vacuo. The residue was purified by flash silica gel column chromatography
(hexane : Et;0 =1 : 1) to give N-Boc-O-benzyl-L-serine methyl ester (1.13 g, 73%) as a yellow oil: 'H
NMR (CD;0D) 6 1.43 (s, 9H), 3.68 (dd, J = 9.5, 3.9 Hz, 1H), 3.70 (s, 3H), 3.78 (dd, J=9.5, 4.9 Hz, 1H),
4.36 (m, 1H), 4.47 (d, J =12.2 Hz, 1H, -OCH,Ph), 4.53 (d, J = 12.2 Hz, 1H, -OCH,Ph), 7.24-7.34 (m, 5H,
Ph); *C NMR (CD;0D) & 29.2, 55.3, 55.9, 71.2, 74.6, 81.4, 129.3, 129.4, 129.9, 139.7, 158.4, 173.2; MS
(NBA, FAB) m/z (%): 310 (19) [M'+H], 254 (37), 210(25), 91 (53); HRMS (NBA, FAB): m/z: calcd for
C16H24NOs: 310.1654, found 310.1671 [M'+H]. 'H and *C NMR spectra were identical with those in the

literature.®
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3p-Benzyloxycholestane (36) (containing a small amount of 3a-benzyloxycholestane)

Ph
36

To a solution of B-cholestanol (containing a small amount of a-cholestanol) (1.94 g, 5.00 mmol) in THF
(30 mL) were added successively powdered potassium hydroxide (0.500 g, 9.00 mmol), 18-crown-6 (52.9
mg, 0.200 mmol) and benzyl bromide (0.650 mL, 5.50 mmol). The reaction mixture was stirred at room
temperature for 22 h and then concentrated in vacuo. The residue was partitioned between Et,0 (100 mL)
and water (100 mL). The organic layer was washed with water (100 mL) and brine (50 mL), dried over
MgSO, and evaporated in vacuo. The residue was purified by flash silica gel column chromatography
(hexane : Et,0 = 60 : 1) to give 3-benzyloxycholestane (1.34 g, 56%) as a diastereomixture at the 3-
position (3o : 3p =1 : 2) as a colorless solid: "H NMR (THF-dg, 3B-isomer) & 0.69 (s, 3H, H-18), 0.84 (s,
3H, H-19), 0.88 (d, J= 6.8 Hz, 3H, H-26 or 27), 0.88 (d, J = 6.3 Hz, 3H, H-26 or 27), 0.94 (d, J = 6.8 Hz,
3H, H-21), 3.31 (m, 1H, H-3), 4.49 (d, J = 12.1 Hz, 1H, -OCH,Ph), 4.52 (d, J = 12.1 Hz, 1H, -OCH,Ph),
7.16-7.34 (m, 5H, Ph) (The existence of 3o-isomer was confirmed by the peak of 4.53 ppm which
corresponds to the benzylic signal.); BC NMR (THF-dg, 30/3p-mixture) & 11.6, 11.6, 11.8, 11.8, 18.3,
21.2,22.1,22.3,23.9,24.2,28.1,28.2, 28.3, 28.9, 32.2, 35.0, 35.6, 35.7, 35.9, 36.2, 37.1, 39.5, 40.2, 42.6,
44.9, 54.7, 56.5, 56.6, 69.3, 69.3, 69.3, 71.8, 71.8, 71.8, 77.8, 77.8, 126.8, 127.0, 127.1, 127.3, 127.9,
128.0, 138.9, 139.9; MS (EI) m/z (%): 478 (4) [M'], 387 (100), 355 (10), 91 (31); HRMS (EI): m/z: caled
for C34Hs40. 478.4175, found 478.4168 [M']; Anal. calcd for C34Hs4O: C 85.29, H 11.37; found C 85.08,
H 11.17. "H NMR spectrum was identical with that in the literature.’
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6-O-Benzyl-1,2:3,4-di-O-isopropyridene-a-galactopyranose (37)

o

o O
37 \b

6-O-Benzyl-1,2:3,4-di-O-isopropyridene-a-galactopyranose (37) was synthesized according to the
literature.” To a solution of 1,2:3,4-di-O-isopropyridene-a-galactopyranose (1.30 g, 5.00 mmol) in THF
(20 mL) were added successively powdered potassium hydroxide (0.500 g, 9.00 mmol), 18-crown-6 (52.9
mg, 0.200 mmol) and benzyl bromide (0.650 mL, 5.50 mmol). The reaction mixture was stirred at room
temperature for 40 min and then concentrated in vacuo. The residue was partitioned between ethyl acetate
(50 mL) and water (50 mL). The organic layer was washed with water (50 mL) and brine (25 mL), dried
over MgSO, and evaporated in vacuo. The residue was purified by flash silica gel column chromatography
(hexane : ethyl acetate = 10 : 1) to give 36 (1.12 g, 69%) as a colorless oil: 'H NMR (CD;0D) & 1.32 (s,
3H), 1.32 (s, 3H), 1.38 (s, 3H), 1.50 (s, 3H), 3.57 (dd, J = 10.4, 7.1 Hz, 1H, H-6), 3.65 (dd, J =10.4, 5.1
Hz, 1H, H-6"), 4.02 (m, 1H, H-5), 4.25 (dd, J=7.9, 2.2 Hz, 1H, H-4), 4.34 (dd, J =5.0, 2.2 Hz, 1H, H-2),
4.52 (d, J=12.0 Hz, 1H, -OCH,Ph), 4.56 (d, J = 12.0 Hz, 1H, -CH,Ph), 4.61 (dd, J =7.9, 2.2 Hz, 1H, H-
3), 5.48 (d, J = 5.0, 1H, H-1), 7.26-7.35 (m, 5H, Ph); °C NMR (CD;OD) & 24.6, 25.1, 26.3, 26.3, 68.3,
70.3, 72.0, 72.0, 72.6, 74.3, 97.8, 109.8, 110.4, 128.7, 128.9, 129.3, 139.6; MS (NBA, FAB) m/z (%): 351
(26) [M'+H], 91 (100); HRMS (NBA, FAB): m/z: caled for CjoH»O4: 351.1808, found 351.1816
[M'+H]; Anal. calcd for C1H,c06: C 65.13, H 7.48; found C 65.02, H 7.43.
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3-O-(p-Methoxybenzyl)-1,2:5,6-di-O-isopropyridene-o-gulcofuranose (38)

3-O-(p-Methoxybenzyl)-1,2:5,6-di-O-isopropyridene-a-gulcofuranose (38) was synthesized according to
the literature.® 18-crown-6 (10.0 mg, 0.0378 mmol) was added to a suspension of NaH (60% W/W in
mineral oil, 0.400 g, 10.0 mmol) and tetrabutylammonium iodide (92.3 mg, 0.250 mmol) in THF (25 mL)
and the suspension was stirred for 10 min. To the mixture at 0 °C was added a solution of 1,2:5,6-di-O-
isopropyridene-a-gulcofuranose (1.30 g, 5.00 mmol) in THF (5 mL) dropwise. The mixture was stirred at
room temperature for 1 h and then cooled to 0 °C. p-Methoxybenzyl chloride (0.610 mL, 4.50 mmol) was
added and the reaction mixture was stirred for a further 87 h at 50 °C before being poured slowly into
water (100 mL) and extracted with ethyl acetate (2 x 50 mL). The organic layers were washed with brine
(50 mL), dried over MgSQO4 and evaporated in vacuo. The residue was purified by flash silica gel column
chromatography (hexane : ethyl acetate = 10 : 1) to give 38 (0.760 g, 44%) as a yellow oil: '"H NMR
(CD;0D) 6 1.19 (s, 3H), 1.24 (s, 3H), 1.28 (s, 3H), 1.34 (s, 3H), 3.68 (s, 3H, -OMe), 3.81 (dd, J = 8.7, 6.3
Hz, 1H, H-6), 3.85 (d, J =2.9 Hz, 1H, H-3), 3.93 (dd, J=8.5, 6.3 Hz, 1H, H-6"), 4.03 (dd, J = 7.0, 2.9 Hz,
1H, H-4), 4.21 (m, 1H, H-5), 4.40 (d, J = 11.1 Hz, 1H, -OCH,Ph), 4.50 (d, J = 11.1 Hz, 1H, -OCH,Ph),
4.53 (d,J=3.7 Hz, 1H, H-2), 5.74 (d, J = 3.7 Hz, 1H, H-1), 6.79 (d, J = 8.7 Hz, 2H), 7.17 (d, J = 8.7 Hz,
2H); C NMR (CD;0D) & 25.6, 26.4, 27.0, 27.1, 55.7, 67.9, 73.0, 74.2, 82.4, 82.7, 83.7, 106.7, 110.0,
112.9, 114.8, 130.6, 131.1, 161.0; MS (EI) m/z (%): 380 (2) [M'], 121 (100); HRMS (EI): m/z: calcd for
Cy0H2307: 380.1835, found 380.1829 [M']; Anal. caled for C,0Hy05: C 63.14, H 7.42; found C 63.27, H
7.29. 'H and ">C NMR spectra were identical with those in the literature.®
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3-O-Benzyloxymethyl-1,2:5,6-di-O-isopropyridene-o-gulcofuranose (39)

XO@A%
o -0
OO

39 \\—
18-Crown-6 (10.0 mg, 0.0378 mmol) was added to a suspension of NaH (60% W/W in mineral oil, 0.400
g, 10.0 mmol) in THF (25 mL) and the suspension was stirred for 10 min. To the mixture at 0 °C was
added a solution of 1,2:5,6-di-O-isopropyridene-a-gulcofuranose (1.30 g, 5.00 mmol) in THF (4 mL)
dropwise. The mixture was stirred at room temperature for 1 h and then cooled to 0 °C. Benzyloxymethyl
chloride (0.890 mL, 6.50 mmol) was added and the reaction mixture was stirred for a further 42 h at room
temperature before being poured slowly into water (100 mL) and extracted with ethyl acetate (2 x 50 mL).
The organic layers were washed with brine (50 mL), dried over MgSO, and evaporated in vacuo. The
residue was purified by flash silica gel column chromatography (hexane : ethyl acetate =20 :1 — 10 : 1)
to give 3-O-benzyloxymethyl-1,2:5,6-di-O-isopropyridene-a-gulcofuranose (1.66 g, 87%) as a colorless
oil: "H NMR (CD;0D) § 1.27 (s, 3H), 1.27 (s, 3H), 1.36 (s, 3H), 1.44 (s, 3H), 3.92 (dd, J = 8.5, 5.6 Hz,
1H, H-6), 4.06-4.11 (m, 3H, H-4, H-6), 4.24 (d, J = 2.9 Hz, 1H, H-3), 4.30 (m, 1H, H-5), 4.56 (d, J =
11.6 Hz, 1H, -OCH,Ph), 4.59 (d, J = 3.7 Hz, 1H, H-2), 4.76 (d, J = 11.6 Hz, 1H, -OCH,Ph), 4.81 (d, J =
7.2, 1H, -OCH,0OPh), 4.86 (d, J = 7.2, 1H, -OCH,OPh), 5.82 (d, J = 3.7 Hz, 1H, H-1), 7.27-7.35 (m, 5H,
Ph); °C NMR (CD;OD) & 26.1, 27.0, 27.7, 27.7, 68.8, 71.4, 74.4, 80.6, 82.9, 84.7, 95.3, 107.2, 110.8,
113.6, 129.3, 129.6, 130.0, 139.9; MS (FAB, NBA) m/z (%): 381 (10) [M'+H], 91 (53); HRMS (FAB,
NBA): m/z: caled for C,0H2007: 381.1913, found 381.1907 [M'+H]; Anal. calcd for C,0H»07: C 63.14, H
7.42; found C 62.99, H 7.27.
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Typical procedure for Benzylic Site Selective H-D Exchange Reaction Using
Pd/C-D,0-H, System

A suspension of the substrate (1.00 mmol) and 10% Pd/C (10 wt % of the substrate) in D,O (0.5
mL) was stirred for at room temperature or 50 °C in a sealed test tube filled with hydrogen gas.
After the appropriate time, the mixture was diluted with Et;O (10 mL), and then filtered using a
membrane filter (Millipore Millex®-LH, 0.45 pum) to remove the catalyst. The filtrate was
partitioned between ethereal and aqueous layers. The aqueous layer was extracted with Et,O (2 x
20 mL). The combined ethereal layers were washed with brine (30 mL), dried over MgSQOs,,
filtered, and concentrated in vacuo to give the corresponding deuterated substrate at the benzylic

site.

Typical Procedures for Benzylic Site Selective Deuteration of O-Benzyl

Protective Group Using Pd/C-D,0-H, System

A suspension of substrate possessing the O-benzyl protective group (0.250 mmol) and 5%
Pd/C(en) (20 wt % of the substrate) in D,O (1 mL) was stirred at 50 °C in a sealed test tube filled
with hydrogen. After the appropriate time, the mixture was cooled to room temperature, diluted
with ethyl acetate (10 mL), and then filtered using a membrane filter (Millipore Millex®-LH, 0.45
um) to remove the catalyst. The filtrate was partitioned between ethyl acetate and aqueous layers.
The aqueous layer was then extracted with ethyl acetate (2 x 20 mL). The combined organic
layers were washed with brine (30 mL), dried over MgSOQ,, filtered, and concentrated in vacuo.
The residue was purified by flash silica gel column chromatography (hexane/ethyl acetate) to

give the corresponding deuterated substrate at the benzylic site.

Method for Determining Deuterium Content of Labeled Molecules

Unless otherwise noted, deuterium content was determined on the basis of the integration of the

aromatic protons in the '"H NMR spectrum.
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Characterization Data
Diphenylmethane-d, (1-d, Table 6, Entry 1)

(92% D)
D D

X

1-d

Ph Ph

'"H NMR (CD;0D) 5 3.88 (s, 0.17H), 7.10-7.23 (m, 10H); *’H NMR (60.7 MHz, CH;0H) & 3.87 (br s);
MS (EI) m/z (%): 170 (100) [M(d>)]", 169 (93) [M(d)]", 168 (30) [M(do)]".

n-Hexylbenzene-d, 2-d, Table 3, Entry 2)
Ph 4
2-d
'H NMR (CDCly) & 0.94 (t, J = 6.8 Hz, 3H), 1.30-1.65 (m, 6H), 2.62 (s, 0.053H), 7.20-7.35 (m, 5H); MS
(ED) m/z (%): 164 (33) [M(dy)]", 163 (4) [M(d))]", 162 (0) [M(do)]", 93 (100).

4-Ethylanisole-d, (3-d, Table 3, Entry 3)
(96%D) D

Meo/@)‘\

3-d

"H NMR (CDCL3) & 1.32 (m, 3H), 2.73 (m, 0.083H), 3.92 (s, 3H), 6.97 (d, J = 8.6 Hz, 2H), 7.25 (d, J = 8.6
Hz, 2H); MS (EI) m/z (%): 138 (28) [M(d>)]", 137 (4) [M(d))]", 136 (1) [M(do)]", 123 (100).

4-Ethylbenzoic acid-d, (4-d, Table 3, Entry 4)
(22%D) D

H02C/©>l\
4-d

'H NMR (CD;0D) & 1.23 (t, J = 7.7 Hz, 3H), 2.68 (q, J = 7.7 Hz, 1.57H), 7.28 (d, J = 8.4 Hz, 2H), 7.92 (d,
J = 8.4 Hz, 2H); *H NMR (CH;0H) & 2.63 (br s); MS (EI) m/z (%): 152 (23) [M(dy)]", 151 (12) [M(d))]",
150 (79) [M(do)]", 135 (67), 105 (100).
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4-Ethylbenzoic acid methyl ester-d, (5-d, Table 3, Entry 5)
(74%D) D

Meozc/©}\

5-d
"H NMR (CDCly) § 1.25 (t, J = 7.6 Hz, 3H), 2.70 (m, 0.521H), 3.90 (s, 3H), 7.27 (d, J = 8.0 Hz, 2H), 7.96

(d, J = 8.0 Hz, 2H); MS (EI) m/z (%): 166 (37) [M(dy)]", 165 (27) [M(d))]", 164 (6) [M(do)]", 135 (100),
134 (67).

4-Ethylbenzoic acid sodium salt-d, (6-d, Table 3, Entry 6)
(98%D) D

Naozc/©)l\

6-d

'"H NMR (D,0) & 1.02 (m, 3H), 2.47 (m, 0.032H), 7.13 (d, J = 8.1 Hz, 2H), 7.67 (d, J = 8.1 Hz, 2H).

5-Phenyl-n-valeric acid sodium salt-d, (7-d, Table 3, Entry 7)
(90%D)

P[I:>|\/\/COZN3

7-d

"H NMR (D,0) § 1.60 (m, 4H), 2.21 (t, J = 6.6 Hz, 2H), 2.64 (m, 0.148H), 7.24-7.39 (m, 5H).

Phenethylamine-d, (8-d, Table 6, Entry 2)
(73%D)

D NH
Ph 2

8-d

'"H NMR (CD;0D) & 2.63 (t, J = 7.0 Hz, 0.54H), 2.75 (m, 2H), 7.06-7.20 (m, 5H); "H NMR (CH;OH) 5
2.78 (br s); MS (EI) m/z (%): 123 (12) [M(d»)]", 122 (12) [M(d)]", 121 (5) [M(do)]", 105 (100), 93 (36).
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Phenethylamine hydrochloride-d, (9-d, Table 6, Entry 3)

77%D
(
D
o NH,-HCI
9-d

'"H NMR (CD;0D) § 2.94 (m, 0.46H), 3.16 (m, 2H), 7.23-7.36 (m, SH); "H NMR (CH;OH) & 2.92 (br s);
MS (EI) m/z (%): 123 (49) [M(d,)-HCI]", 122 (14) [M(d,)-HCI]", 121 (5) [M(do)-HCI]", 93 (100).

4-Phenylbutylamine-d, (10-d, Table 6, Entry 4)
(91% D) D

Pﬁ>‘\/\/NH2

'H NMR (CD;0D) & 1.38 (m, 2H), 1.52 (t, J = 7.5 Hz, 2H), 2.52 (t, J = 7.2 Hz, 2H) 2.52 (m, 0.19H),
7.01-7.15 (m, 5H); ’H NMR (CH;0H) & 2.56 (br s); MS (EI) m/z (%): 151 (100) [M(d,)]", 150 (53)
[M(d)]", 149 (8) [M(do)]", 93 (78).

4-Phenylbutylamine hydrochloride-d, (11-d, Table 3, Entry 11)
D (78% D)
D
oh NH,HCI
11d
'H NMR (D,0) § 1.56 (m, 4H), 2.56 (m, 0.436H), 2.86 (m, 2H), 7.15-7.27 (m, 5H); MS (EI) m/z (%): 151

(100) [M(d,)-HCI]", 150 (40) [M(d,)-HCI]", 149 (6) [M(do) —HCI]", 105 (63), 93 (70).

N-Ethyl-phenethylamine-d, (9-d, Table 3, Entry 12)
(0% D) p

pj H
Ph>l\/ N~

12d
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N,N-Diethylphenethylamine-d, (13-d, Table 3, Entry 13)TK7-153
(trace)
>
D
Ph>K/N\/
13d
'H NMR (CD;0D) & 0.98 (t, J = 7.2 Hz, 6H), 2.54 (q, J = 7.2 Hz, 4H), 2.58-2.67 (m, 4H), 7.04-7.18 (m,

5H); H NMR (CH;0H) & 2.72 (br s); MS (NBA, FAB) m/z (%): 180 (2) [M(d,)+H]", 179 (16)
[M(d))+H]", 178 (96) [M(do)+H]".

2-Benzylanline-d, (14-d, Table 6, Entry 5)

(92% D)
NH, D

D
©/l<Ph
14-d

'"H NMR (CD;0D) § 3.83 (m, 0.16H), 6.66 (td, J = 7.5, 1.1 Hz, 1H), 6.70 (dd, J = 7.5, 1.1 Hz, 1H), 6.93
(dd, J=17.5, 1.7 Hz, 1H), 7.00 (td, J = 7.5, 1.7 Hz, 1H), 7.13-7.25 (m, 5H); ’H NMR (CH;0H) 5 3.82 (br
s); MS (EI) m/z (%): 185 (100) [M(d>)]", 184 (54) [M(d)]", 183 (15) [M(do)]".

5,6,7,8-Tetrahydro-1-naphthylamine-d; (15-d, Table 6, Entry 6)

(93% D)

NH, D
27D

D

D (92% D)

15-d
"H NMR (CD;0D) § 1.70 (t, J = 5.6 Hz, 2H), 1.80 (t, J = 5.6 Hz, 2H), 2.43 (m, 0.15H), 2.65 (m, 0.16H),
6.44 (dd, J = 7.6, 1.2 Hz, 1H), 6.52 (dd, J = 7.6, 1.2 Hz, 1H), 6.81-6.84 (m, 1H); >H NMR (CH;OH) &
2.41 (br s), 2.62 (br s); MS (EI) m/z (%): 151 (83) [M(ds)]", 150 (48) [M(ds)]", 149 (26) [M(d»)]", 148
(16) [M(d))]", 147 (11) [M(d)] "
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Phenethyl alcohol-d, (16-d, Table 6, Entry 7)
(5% DI; D
Ph OH

16-d

'"H NMR (CD;0D) § 2.70 (t, J = 7.0 Hz, 1.90H), 3.63 (t, J = 7.0 Hz, 2H), 7.04-7.17 (m, 5H); °’H NMR
(CH;0H) & 2.77 (br s); MS (EI) m/z (%): 124 (1) [M(d»)], 123 (9) [M(d)]", 122 (36) [M(do)]", 93 (36),
92 (74), 91 (100).

Phenylethyl methyl ether-d, (17-d, Table 6, Entry 8)
(1% D[g 5
Ph N
17-d
'H NMR (CD;0D) § 2.73 (t, J = 7.0 Hz, 2H), 3.21 (s, 3H), 3.48 (t, J = 7.0 Hz, 2H), 7.06-7.17 (m, 5H); °"H
NMR (CH3;0H) § no peak; MS (EI) m/z (%): 136 (48) [M(dy)]", 91 (70).

3-Phenyl-1-propanol-d, (18-d, Table 6, Entry 9)
(93%D) |
D
Ph>|\/\OH
18-d
'H NMR (CD;0D) & 1.80 (t, J = 6.5 Hz, 2H), 2.64 (m, 0.14H), 3.55 (t, J = 6.5 Hz, 2H), 7.11-7.25 (m,

5H); 2H NMR (CH;OH) & 2.61 (br s); MS (EI) m/z (%): 138 (41) [M(d»)]", 137 (5) [M(d))], 136 (2)
[M(dy)]", 118 (83), 93 (100).

7-Phenyl-1-octanol-d, (19-d, Table 6, Entry 10)
(95% D)

D
D>LM/\
Ph” /7 “OH
19-d

'H NMR (CD;0D) & 1.19-1.25 (m, 8H), 1.47-1.59 (m, 4H), 2.56 (m, 0.10H), 3.52 (t, J = 6.6 Hz, 2H),
7.09-7.15 (m, 3H), 7.20-7.24 (m, 2H); H NMR (CH;0H) & 2.53 (br s); MS (EI) m/z (%): 208 (37)
[M(d>)]", 207 (5) [M(d))]", 206 (1) [M(do)]", 105 (64), 93 (100).
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2-Benzylphenol-d, (20-d, Table 6, Entry 11)

0,
oH D D(95/o D)

Ph
20-d

'"H NMR (CD;0OD)  3.90 (brs, 0.11H), 6.71 (td, J = 7.4, 1.1 Hz, 1H), 6.79 (dd, J = 8.2, 1.1 Hz, 1H), 6.98
(m, 1H), 7.10 (m, 1H), 7.16-7.19 (m, SH); >H NMR (CH;OH) & 3.88 (br s); MS (EI) m/z (%): 186 (100)
[M(d2)]", 185 (38) [M(d))]", 184 (7) [M(dy)]".

Phenylcyclohexane-d, (21-d, Table 6, Entry 12)
(98% D)

D
)

'"H NMR (CD;OD) § 1.21-1.34 (m, 5H), 1.72-1.82 (m, 5H), 2.46 (m, 0.05H), 7.08-7.24 (m, 5H); ’H
NMR (CH;0H) & 2.45 (br s); MS (EI) m/z (%): 161 (100) [M(d;)]", 160 (6) [M(d,)]", 118 (72), 105 (73),
92 (38).

sec-Butylbenzene-d, (22-d, Table 3, Entry 22)

(93%D) o
D
Ph

22-d

Me

"H NMR (CDCls) 5 0.82 (t, = 7.3 Hz, 3H), 1.23 (s, 3H), 1.59 (q, J = 7.3 Hz, 2H), 2.59 (m, 0.14H), 7.15~
7.31 (m, 5H); MS (EI) m/z (%): 135 (23) [M(d))]", 134 (3) [M(do)]", 106 (100), 84 (45).
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4-Phenylbutyric acid methyl ester-d, (converted 23-d into the corresponding methyl ester, Table 4,
Entry 4)
(95% D) D

D
Ph>l\*/\COZMe

Methyl ester of 23-d
* The deuteration slightly proceeded.

'"H NMR (CD;OD) & 1.87 (t, J = 7.4 Hz, 2H), 2.29 (t, J = 7.4 Hz, 2H), 2.58 (m, 0.10H), 3.62 (s, 3H),
7.12-7.16 (m, 3H), 7.22-7.26 (m, 2H); *H NMR (CH;OH) 5 1.85 (br s), 2.56 (br s); MS (EI) m/z (%): 180
(25) [M(d)T", 179 (4) [M(d)]T", 178 (2) [M(do)]", 105 (100) 93 (70).

p-Tolylacetic acid ethyl ester-d; (24-d, Table 7, Entry 3)
(93% D)

D,C
8 0

o ™
91%D) D'
24-d
'H NMR (CD;0D) § 1.12 (t, J = 7.2 Hz, 3H), 2.17 (m, 0.26H), 3.44 (m, 0.14H), 4.01 (q, J = 7.2 Hz, 2H),
6.99-7.05 (m, 4H); ’H NMR (CH;O0H) & 2.20 (m), 3.46 (br s); MS (EI) m/z (%): 183 (29) [M(ds)]", 182
(16) [M(d,)]", 181 (3) [M(d3)]", 179 (1) [M(d>)]", 179 (0) [M(d))]", 178 (0) [M(d,)]", 110 (100).

p-Toluic acid ethyl ester-d; (25-d, Table 7, Entry 5)
(90% D)

D,;C
\©\H/O\/

O
25-d

'"H NMR (CD;0D) § 1.28 (t, J = 7.1 Hz, 3H), 2.27 (m, 0.21H), 4.24 (q, J = 7.1 Hz, 2H), 7.18 (d, J = 8.2
Hz, 2H), 7.80 (d, J = 8.2 Hz, 2H); "H NMR (CH;0H) § 2.34 (m); MS (EI) m/z (%): 167 (24) [M(d3)]", 166
(8) M(d)T", 165 (1) [M(d))T", 164 (0) [M(do)]", 139 (23), 122 (100), 94 (28).
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4-Phenyltoluene-d; (26-d, Table 7, Entry 8)
(93% D)

26-d

'"H NMR (CD;OD) & 2.20 (m, 0.22H), 7.10 (dt, J = 8.2, 2.0 Hz, 2H), 7.17 (m, 1H), 7.27 (m, 2H), 7.35 (dt,
J=8.2,2.0 Hz, 2H), 7.44 (m, 2H); ’H NMR (CH;0H) & 2.76 (br s); MS (EI) m/z (%): 171 (100) [M(d3)]",
170 (864) [M(dy)]", 169 (29) [M(d))]", 168 (13) [M(do)]".

Ibuprofen sodium salt-d; (27-d, Table 8, Entry 3)

WD (90% D)
D D CO,Na

(92%D) 574

"H NMR (D,0) & 0.72 (m, 3H), 0.74 (m, 3H), 1.25 (d, J = 6.8 Hz, 3H), 1.68 (m, 1H), 2.31 (m, 0.16H),
3.47 (m, 0.10H), 7.07 (dd, J = 8.0, 1.7 Hz, 2H), 7.13 (dd, J = 8.0, 1.7 Hz, 2H); >H NMR (H,0) & 2.41 (br
s), 3.56 (br s); MS (EI) m/z (%): 209 (50) [M(Ibprofen-ds)]", 208 (14) [M(Ibprofen-d,)]*, 207 (1)
[M(Ibprofen-d,)]", 206 (0) [M(Ibprofen-do)]*, 164 (100), 122 (41), 93 (37).

Estrone-d; (28-d, Table 8, Entry 7)
@)
(99% D)

HO D
D ~ (92% D)
28-d
"H NMR (CDCL) § 0.91 (s, 3H), 1.38-1.68 (m, 6H), 1.92-2.19 (m, 4H), 2.33 (m, 0.01H), 2.37 (m, 1H),
2.51 (m, 1H), 2.85 (m, 0.16H), 6.59 (d, J = 2.8 Hz, 1H), 6.64 (dd, J = 8.4, 2.8 Hz, 1H), 7.15 (d, J = 8.4 Hz,
1H); >H NMR (CHCL) 5 2.16 (br s), 2.78 (br s); MS (EI) m/z (%): 273 (100) [M(ds)]", 272 (22) [M(d>)]",
271 (2) [M(d)]T", 270 (1) [M(do)] "
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1-Benzyloxy-3-phenylpropane-d, (29-d, Table 9, Entry 2)
(60% D) (95% D)

D
S
Ph o/kph
29-d

"H NMR (CD;0D) § 1.83 (m, 2H), 2.62 (m, 0.81H), 3.41 (t, J = 6.3 Hz, 2H), 4.40 (br s, 0.10H, -OCH,Ph),
7.09-7.30 (m, 10H, Ph); ’H NMR (CH;0H) & 2.62 (br s), 4.43 (br s); MS (NBA, FAB) m/z (%): 231 (10)
[M(ds)+H]T", 230 (9) [M(d:)+H]", 229 (5) [M(dy)+H]", 228 (7) [M(d))+H]", 227 (4) [M(do)+H]", 93 (84)
[Bn(dy)].

3-Phenyl-1-propanol-d, (30-d, Table 9, Entry 5)

D J (91%D)
Ph)v\OH

30-d

'H NMR (CD;0D) § 1.76 (t, J = 6.4 Hz, 2H), 2.60 (m, 0.19H), 3.51 (t, J = 6.4 Hz, 2H), 7.07-7.22 (m, 5H,
Ph); ’H NMR (CH;OH) & 2.64 (br s); MS (EI) m/z (%): 138 (40) [M(d,)]", 137 (9) [M(d))]’, 136 (2)
[M(do)]", 119 (62), 118 (83), 93 (100) [Bn(d,)].

3-0-Benzyl-1,2:5,6-di-O-isopropyridene-a-gulcofuranose-d, (31-d, Table 10, Entry 2)

o (96% D)
D

xgqgh
o]
a0

"H NMR (CD;OD) & 1.20 (s, 3H), 1.24 (s, 3H), 1.29 (s, 3H), 1.34 (s, 3H), 3.82 (dd, J = 8.5, 6.0 Hz, 1H,
H-6), 3.87 (d, J = 3.2 Hz, 1H, H-3), 3.94 (dd, J = 8.5, 6.3 Hz, 1H, H-6), 4.04 (dd, J = 7.2, 3.2 Hz, 1H, H-
4, 4.23 (m, 1H, H-5), 4.46 (bs, J = 12.0 Hz, 0.04H, -OCH,Ph), 4.56 (d, J = 3.7 Hz, 1H, H-2), 4.56 (d, J =
12.0 Hz, 0.04H, -OCH,Ph), 5.76 (d, J = 3.7 Hz, 1H, H-1), 7.18-7.25 (m, SH, Ph); >H NMR (CH;OH) &
4.54 (br s), 4.64 (br s); MS (NBA, FAB) m/z (%): 353 (14) [M(d,)+H]", 352 (2) [M(d,)+H]", 351 (3)
[M(do)+H]", 93 (100) [Bn(d,)].
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Benzyl isoamyl ether-d, (33-d, Table 11, entry 4)

(93% D)

Ph>k0
33-d

'"H NMR (CD;0D) 5 0.78 (s, 3H), 0.79 (s, 3H), 1.37 (q, J = 6.7 Hz, 2H), 1.61 (m, 1H), 3.38 (t, J = 6.7 Hz,
2H), 4.33 (m, 0.14H, -OCH,Ph), 7.12-7.21 (m, 5H, Ph); ’H NMR (CH;OH) 5 4.43 (s); MS (EI) m/z (%):
93 (100) [Bn(d,)], 92 (12) [Bn(dy)], 91 (8) [Bn(dy)].

1-Benzyloxy-1,2,3,4-tetrahydronaphthalene-d, (34-d, Table 12, Entry 1)

b (98% D)

D
0,
(71% B) O)<Ph

D
D (76% D)
34-d
'H NMR (CD;OD) & 1.58 (m, 1H), 1.72-1.95 (m, 3H), 2.54 (m, 0.02H), 2.65 (m, 0.46H), 4.38 (t, J = 4.6
Hz, 0.29H), 4.43 (s, 0.01H, -OCH,Ph), 4.51 (s, 0.02H, -OCH,Ph), 6.94-7.28 (m, 9H, Ph); 2H NMR
(CH;0H) & 2.63 (br s), 2.74 (br s), 4.47 (br s), 4.52 (br s), 4.61 (br s); MS (EI) m/z (%): 151 (2) [M(d4)—
Bn]’, 150 (21) [M(d;)-Bn]’, 149 (51) [M(d,)-Bn]", 148 (33) [M(d,)-Bn]", 147 (2) [M(d,)-Bn]", 93 (100)
[Bn(dy)].

N-Boc-O-benzyl-L-serine methyl ester-d, (35-d, Table 12, Entry 3)
>L 0 OO
M I/O Ph
o] H jD<D
35-d (96% D)
'H NMR (CD;0D) & 1.34 (s, 9H), 3.58 (dd, J = 9.7, 3.9 Hz, 1H), 3.60 (s, 3H), 3.67 (dd, J =9.7, 4.8 Hz,
1H), 4.26 (m, 1H), 4.36 (br s, 0.03H, -OCH,Ph), 4.42 (br s, 0.05H, -OCH,Ph), 7.14-7.24 (m, 5H, Ph); *H

NMR (CH;O0H) § 4.48 (br s); MS (NBA, FAB) m/z (%): 312 (23) [M(d,)+H]", 311 (2) [M(d,)+H]", 310
(1) [M(do)+HT", 93 (34) [Bn(d,)].
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3p-Benzyloxycholestane-d, (36-d, Table 12, Entry 6)

(93% D)
o]
Ph (e}
36-d
"H NMR (THF-ds) § 0.64 (s, 3H, H-18), 0.79 (s, 3H, H-19), 0.82 (d, J = 6.6 Hz, 3H, H-26 or 27), 0.83 (d,
J = 6.6 Hz, 3H, H-26 or 27), 0.88 (d, J = 6.6 Hz, 3H, H-21), 3.25 (m, 1H, H-3), 4.43 (br s, 0.075H, -

OCH,Ph), 4.45 (br s, 0.075H, -OCH,Ph), 7.11-7.29 (m, 5H, Ph); >H NMR (THF) & 4.49 (br s); MS (NBA,
FAB) m/z (%): 480 (5) [M(d»)+H]", 479 (1) [M(d,)+H]", 478 (1) [M(do)+H]", 93 (34) [Bn(d,)].

6-O-Benzyl-1,2:3,4-di-O-isopropyridene-a-galactopyranose-d, (37-d, Table 12, Entry 9)

Ph

o)
\éD
0\ oD (93% D)
(e)
o)

O
sa O

"H NMR (CD;0D) § 1.21 (s, 3H), 1.22 (s, 3H), 1.28 (s, 3H), 1.40 (s, 3H), 3.47 (dd, J = 10.4, 7.0 Hz, 1H,
H-6), 3.55 (dd, J = 10.4, 5.1 Hz, 1H, H-6"), 3.92 (m, 1H, H-5), 4.15 (dd, J = 7.7, 1.9 Hz, 1H, H-4), 4.24
(dd, J=4.8, 2.4 Hz, 1H, H-2), 4.41 (br s, 0.07H, -OCH,Ph), 4.4 (br s, 0.07H, -CH,Ph), 4.51 (dd, J = 7.7,
2.4 Hz, 1H, H-3), 5.38 (d, J = 4.8 Hz, 1H, H-1), 7.14-7.25 (m, 5H, Ph); ’H NMR (CH;0H) & 4.51 (br s);
MS (NBA, FAB) m/z (%): 353 (17) [M(do)+H]", 352 (4) [M(d)+H]", 351 (2) [M(do)*H]", 93 (54)
[Bn(dy)].

-S23 -



3-0O-(p-Methoxybenzyl)-1,2:5,6-di-O-isopropyridene-o-gulcofuranose-d, (38-d, Table 12, Entry 11)

(87% D)

"H NMR (CD;0D) & 1.19 (s, 3H), 1.24 (s, 3H), 1.28 (s, 3H), 1.34 (s, 3H), 3.68 (s, 3H, -OMe), 3.91 (dd, J
=8.5, 6.0 Hz, 1H, H-6), 3.97 (d, J = 3.0 Hz, 1H, H-3), 4.04 (dd, J = 8.5, 6.3 Hz, 1H, H-6"), 4.13 (dd, J =
6.8, 3.0 Hz, 1H, H-4), 433 (m, 1H, H-5), 4.39 (d, J = 12.6 Hz, 0.10H, -OCH,Ph), 4.49 (d, J = 12.6 Hz,
0.16H, -OCH,Ph), 4.53 (d, J = 3.7 Hz, 1H, H-2), 5.74 (d, J = 3.7 Hz, 1H, H-1), 6.79 (d, J = 8.7 Hz, 2H),
7.17 (d, J = 8.7 Hz, 2H); >H NMR (CH;OH) § 4.46 (br s), 4.56 (br s); MS (EI) m/z (%): 382 (2) [M(d»)]",
381 (1) [M(d)]", 380 (0) [M(do)]", 123 (100) [PMB(d,)], 122 (37) [PMB(d))], 121 (5) [PMB(d,)].

3-0O-Benzyloxymethyl-1,2:5,6-di-O-isopropyridene-a-gulcofuranose-d, (39-d, Table 12, Entry 12)

o (93%D)
D

<0 o/\okph
0
0
39-d Aw

'"H NMR (CD;0OD) & 1.18 (s, 3H), 1.18 (s, 3H), 1.27 (s, 3H), 1.35 (s, 3H), 3.82 (dd, J = 8.6, 5.3 Hz, 1H,
H-6), 3.96-4.00 (m, 3H, H-4, H-6"), 4.15 (d, J = 2.9 Hz, 1H, H-3), 4.21 (m, 1H, H-5), 4.45 (br s, 0.06H, -
OCHLPh), 4.50 (d, J = 3.7 Hz, 1H, H-2), 4.64 (br s, 0.08H, -OCH,Ph), 4.72 (d, J = 7.0 Hz, 1H, -
OCH,OPh), 4.76 (d, J = 7.0 Hz, 1H, -OCH,OPh), 5.72 (d, J = 3.7 Hz, 1H, H-1), 7.17-7.28 (m, 5H, Ph);
H NMR (CH;OH) § 4.53 (br s), 4.72 (br s, [H); MS (NBA, FAB) m/z (%): 383 (10) [M(d,)+H]", 382 (2)
[M(d))+H]T", 381 (1) [M(do)+HT", 93 (54) [Bn(dy)].
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1-Phenyl-1-pentanol-d; (40-d, Scheme 1)

(89%D) on
D

40-d

A suspension of 1-phenyl-1-pentanol (82.1mg, 0.500 mmol) and 5% Pd/C(en) (16.4 mg, 20 wt % of the
substrate) in D,O (3 mL) in a 50 mL flask filled with hydrogen (75 mL) was stirred for at 50 °C. After 72
h, the mixture was cooled to room temperature, diluted with Et,0 (10 mL), and then passed through a
membrane filter (Millipore Millex®-LH, 0.45 pm) to remove the catalyst. The filtrate was partitioned
between ethereal and aqueous layers. The aqueous layer was extracted with Et,0O (2 x 20 mL). The
combined ethereal layers were washed with brine (30 mL), dried over MgSQ,, filtered, and concentrated
in vacuo. The residue was purified by flash silica gel column chromatography (hexane : Et,O = 15: 1) to
give 1-phenyl-1-pentanol-d, (63.6 mg, 77%) as a colorless oil: 'H NMR (CD;0D) & 0.88 (t, , J = 7.2 Hz,
3H), 1.17-1.40 (m, 4H), 1.70 (m, 2H), 4.57 (t, J = 6.7 Hz, 0.11H), 7.19-7.33 (m, 5H); “*H NMR (CH;OH)
3 4.56 (br s); MS (EI) m/z (%): 165 (8) [M(d))]’, 164 (1) [M(do)]", 108 (100), 80 (32).

Amylbenzene-d, (41-d, Scheme 1)

(91% D)
@;D;\/\/
41-d

A suspension of 1-phenyl-1-pentanol (164 mg, 1.00 mmol) and 5% Pd/C (32.9 mg, 20 wt % of the
substrate) in D,O (3 mL) in a 100 mL flask filled with hydrogen (160 mL) was stirred for at 50 °C. After
24 h, the mixture was cooled to room temperature, diluted with Et,O (10 mL), and then passed through a
membrane filter (Millipore Millex®-LH, 0.45 pm) to remove the catalyst. The filtrate was partitioned
between ethereal and aqueous layers. The aqueous layer was extracted with Et,0O (2 x 20 mL). The
combined ethereal layers were washed with brine (30 mL), dried over MgSQ,, filtered, and concentrated
in vacuo. The residue was purified by a preparative TLC (hexane) to give amylbenzene-d, (104 mg, 70%)
as a colorless oil: '"H NMR (CD;0OD) 6 0.89 (t, , J=17.0 Hz, 3H), 1.25-1.39 (m, 4H), 1.58 (t, J = 7.0 Hz,
2H), 2.55 (m, 0.18H), 7.09-7.15 (m, 3H), 7.22 (m, 2H),; *H NMR (CH;0H) & 2.54 (br s); MS (EI) m/z
(%): 150 (41) [M(d,)]", 149 (9) [M(d))]", 148 (1) [M(do)]", 93 (100), 92 (28).
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1-(4-Hexylphenyl)ethanol-d; (43-d, Scheme 2)

D 0
5. D (93% D)

Me

D

(92% D) OH

43-d

A suspension of p-hexylacetophenone (102 mg, 0.500 mmol) and 5% Pd/C(en) (20.4 mg, 20 wt % of the
substrate) in D,O (3 mL) in a test tube filled with hydrogen (125 mL) was stirred for at 50 °C. After 24 h,
the mixture was cooled to room temperature, diluted with ethyl acetate (10 mL), and then passed through a
membrane filter (Millipore Millex®-LH, 0.45 pm) to remove the catalyst. The filtrate was partitioned
between ethyl acetate and aqueous layers. The aqueous layer was extracted with ethyl acetate (2 x 20 mL).
The combined organic layers were washed with brine (30 mL), dried over MgSQO,, filtered, and
concentrated in vacuo. The residue was purified by flash silica gel column chromatography (hexane : ethyl
acetate = 10 : 1) to give 1-(4-hexylphenyl)ethanol-d; (92.0 mg, 89%) as a colorless oil: '"H NMR (CD;OD)
6 0.88 (m, 3H), 1.30-1.34 (m, 6H), 1.41 (m, 3H), 1.57 (m, 2H), 2.55 (t, J = 7.7 Hz, 0.15H), 4.77 (q, J =
6.3 Hz, 0.16H), 7.12 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H); *H NMR (CH;OH) & 1.39 (br s), 2.53
(br s), 4.75 (br s); MS (EI) m/z (%): 209 (18) [M(d3)]", 208 (4) [M(d,)]", 207 (1) [M(d))]", 206 (1)
[M(do)]", 194 (100).
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1-Ethyl-4-hexylbenzene-d, (44-d, Scheme 2)

5 D (93%D)
Me
D
D 44-d
(93% D)

A suspension of p-hexylacetophenone (102 mg, 0.500 mmol) and 5% Pd/C (20.4 mg, 20 wt % of the
substrate) in D,O (3 mL) in a test tube filled with hydrogen (125 mL) was stirred for at 50 °C. After 24 h,
the mixture was cooled to room temperature, diluted with ethyl acetate (10 mL), and then filtered using a
membrane filter (Millipore Millex®-LH, 0.45 pm) to remove the catalyst. The filtrate was partitioned
between ethyl acetate and aqueous layers. The aqueous layer was extracted with ethyl acetate (2 x 20 mL).
The combined organic layers were washed with brine (30 mL), dried over MgSO,, filtered and
concentrated in vacuo. The residue was purified by flash silica gel column chromatography (hexane) to
give 1-ethyl-4-hexylbenzene-d, (91.5 mg, 96%) as a colorless oil: 'H NMR (CD;0D) 8 0.79 (t, J = 6.5 Hz,
3H), 1.07 (m, 2H), 1.20-1.23 (m, 7H), 1.46 (m, 2H), 2.40-2.47 (m, 0.27H), 6.93—7.00 (m, 4H); "H NMR
(CH30H) & 0.80 (br s), 1.12 (br s), 1.52 (br s), 2.51 (br s); MS (EI) m/z (%): 194 (32) [M(d4)]", 193 (12)
[M(d5)]", 192 (6) [M(dy)]", 191 (4) [M(d))]", 190 (2) [M(do)]', 123 (100).

-S27 -



References

1. O. Phanstiel, Q. X. Wang, D. H. Powell, M. P. Ospina and B. A. Leeson, J. Org. Chem., 1999, 64,
803-806.

2. H. Sajiki, T. Ikawa and K. Hirota, Org. Lett., 2004, 6, 4977—4980.

3. A.R. Katritzky, J. Chem. Soc., Perkin Trans. 1, 1989, 225-232.

4. S. Torii, S. Takagishi, T. Inokuchi and H. Okumoto, Bull. Chem. Soc. Jpn., 1987, 60, 775-776.

5. M. Bessodes, J. Shamsazar and K. Antonakis, Synthesis, 1988, 560-562.

6. J.R.Luly, J. F. Dellaria, J. J. Plattner, J. L. Soaerquist and N.Yi, J. Org. Chem., 1987, 52, 1487-1492.

7. (a) J.C. Sarma, M. Borbaruah, D. N, Sarma, N.C. Barua and R. P. Sharma, Tetrahedron, 1986, 42,
3999-4006. (b) Y. Peter and S. Shirley, Can. J. Chem., 1987, 65, 2203-2216.

8. (a) A. Chen, E. J. Thomas and P. D. Wilson, J. Chem. Soc., Perkin Trans. 1, 1999, 3305-3310. (b)
Raunak, B. R. Babu, M. D. Sgrensen, V. S. Parmar, N. H. Harrit and J. Wengel, Org. Biomol. Chem.,
2004, 2, 80—-89.

- S28 -



i

(TR ,

ALl '3k —

BE9 3k — ! )

T 1 —

DI G s

=

Ph™ " NH;-HCI
9

=au

ey

|-

-S29-



L3

=

T ... ..- e

W TTELE —

0if PLEAY— \ w

W9 BEEGI —

A0F* ARAGHE ——

\ 1
- — \
— . |.|p L §

12

T
2.9

-S30-




—-150-11NON_E3_FT.als

F¥NMR 2007-6 A ¥TK7

TK7-150-1

0000———

L81'L
BNN)/\
957L

€971 —

omw.m\
00€’L

13

006

600

0

\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\
5

PPM

|
0

1

2

3

4

6

7

8

9

-S31-



—-150-12BCM_E3 FT.als

F¥NMR 2007-6 A ¥TK7

TK7-150-1

81811

6EY'EE

¥0L9L

9VeLL

808°0v |

- A D

PPM

25

50

75

200

-S32-



J:\1-16\TK5-/9-FT.als
TK5-79

X'
—4.868
_4.527
- ~—4.468
WA
~\
e
Ry
o
ke

N
©
10.00

76

2.01
82
84
7

1
!
1.31
1

G
=
~0.01

1 U

BN R R R N R R R
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.¢

* dibenzyl ether (diagnostic singlet: 4.53 ppm, 4H) s33



J:I\1-16\TKb-/92BCM_E4 FT.als

PPM

S EE —~

122°ve —

V.2 6V

881" 61 W

20L"6¥ _

916" 61 B

621705

SYE 05

/G5 0S

TLE°TL —3
M

9€8 V. — -
8697121

855°62T
ovo-mmﬁw/| i

Tc8 62t

TvZ"0cT

V.2 0€T

68€°0€T N
8T.L 0VT -
T0T" Sw._n\

O
29

TK5-79

25

150

175

200

-S34-



J:\TK5-80-CD30D-FT.als
TK5-80

omoac»mmc\lcnooc\lLowcooHmI\ooor\oo«:omoocomcnﬁooc\u\ﬁwvﬁcoomvo«m\\—ioom
OFTITNANAAOOOD O DN~ O © LN S I NOMAdAdDOODNDM®OM O
DO OO OHOONHNO®OAIANNNN®D® HHHHOO CODONOOM®MmAT MM
I\l\l\l\l\l\l\l\l\l\l\l\l\l\mm N MmN MMM mm Mo oo o
%/ JJJJJJJ/

T 00
T

<o OS)
(6] _0o OO
L

31
|
d
CI
)
|
|
| ‘ 8%
Al N 3
< N ! “
1 S
(i o
|
] ; L M
PPM
BN R N N R R R R R RN R R R
9 8 7 6 5 4 3 2 1 0

-S35-




J:\TK5-80-13C NMR-FT.als
TK5-80-13C NMR

< O o - N~ O W0 OO O LW LW MOWANMO S NLWO
(o] < O o ™M 00 NN~ O WA OO 00ONLSSM OO O
(0] H@@ O~ < MM~ 00 O M~ < HO N M A OMN~NNM
[0 0] o 00 N O © N AN AN MAN N o) O) 00 0O 00 00O O O O O L
o N N N — O O 0O 00 W N~IMN O S IS I TS T NNANN
— — ol — -

V] N ﬁ% N

J L) ) L
PPM

AR R R R AR R R LR R R R R R LR A AR
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

-S36-



D:\My Documents\eU“Y”A My Document\NMR DATA\NMR 2006”N\NMR 2006.7\TK6-21NON _E3 FT.als

TK6-2
NOANMNMNMOSNMITANSSOAMOdMINOAdOONNTOTO A0 AT OVOOOOT AN I O
NS OMN A0 OULITOHOANANLLTOULOOOOMNMANOdTOOOOMOONMAdONOLULMOONTSTMOOMMAN
NNNNNNNHHOOOOO@@I\LOLD#<|'ﬁ'ﬂ'ﬂ'(\l(\l(\l(\lNN@@@(DLOO)C’O’CDCD@CO@@@NLO@@@
MNNMNMMNMMMMMMMNMNMNMNMNOO (Y)OOO’)(")C\INNNN(\I(\IHHHH HHHHHHH\—I
B o N AP YYIILLY M%/%JJJ,J
O/\@
o
o
(@)]
34
|
| b —
[Te) —
‘ © ™
If N
(b | ™
‘ > ®
\ 2
| TRt -
[ o
t JLJL b,
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.(

-S37-



~22BCM_E3_FT.als

D:\My Documents\eU-y”A My Document\NMR DATA\NMR 2006 °N\NMR 2006 . /\TK6

TK6-2

£00°0¢

00¢-6¢
€re-oe

91G"8Y
0EL"8Y
vv6° 87
=296V
18€ 61
¥65° 6V
8086V

269°TL
vEE"9L

108°9¢1T
108°8¢1
€42 6c1

TN
_

T

eSS 62T
Y0~ 0ET
V69°0€T
9€6°LET
996 °8€T
V.2 ovl

34

PPM

25

50

75

100

125

200

-S38-



D:\My Documents\eU“{”A My Document\NMR DATA\NMR 20U6”N\NMR 2006 .12\TK5-54-FT.als

TK5-54
O NOOMMNMNEANO A< O(DLOI\LO(V)LOOO\—IQOO#OO#O@ g
M AN 1O 0000 WL LW O OO NMNLOOOON OO OO
O’)O’)O’)O’)C\IC\IC\INNN O’JI\I\I\I\(D(DLC:LC:OOIO’)I(\! <I:
X 0
>LOJLH o )
35 9
S =~
i To
‘\
g ]
L
PPM
\HHH\‘H\HHH‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘HHH\H‘HHHH\‘H\HHH‘HHHH\‘
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.(

-S39-



D:\My Documents\eu“f”A My Document\NMR DATANNMR 2006”N\NMR 2006.12\TK5-54-13C NMR-FT.als

TK5-54-13C NMR

20(

129.920
129.352
129.319

(e}
o
N
™
N
|

——139.701

e
N

LIS D

35

—— 81.356

_— 74.638
~_71.205

I\I\OQ'O}%NOOQ' (@]
O N O L N O O -
O M—aAO0O NI M- 0 N
nNMoOo o @O O (o]
LTI I IS N

PPM

AR RN AR AR RN RN RN LR R R AR R R R R R R AR R IR AR AR
D.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

-S40-




\TK6-511NON_E6_FT.als

J

TK6-51

o B s I I IO B |

[N NS NS NG N N N .

%LLLLL

36

ich

LU ¢ J

PPM

0

1

2

3

4

5

6

7

8

9

-S41-



\TK6-512BCM_E6_FT.als

J

TK6-51

68G°TT
0€9° 1T
18L°TT

618°TT —
08¢°8T —~__
GECIC — =

990°¢¢
S0£°22
£68°€Z
£80°1Z
95T ¥Z
0s2° V2
oSy bz
vE9 V2T
65812
990°82
902 "8
/€782
96782
852728
56" vE
629°GE
98/ °Gg
526°GE
9vz"9g
£60° /€
J¥S" 68
£12 0V
265°2v
06" 7
169" 15
9/7°95
6v9°95
950799
82799
00599
221799
vv6°99
282769
£26°69 —
008°T. —|
261°11

528711

0927021 |
8G66°92T

65T 22T
S62° /2T
£98° /2T
8207821
Sv6° 65T

o WJWLWM\JM‘JL Al

w

36

J

PPM

25

50

75

|
100

|
125

|
150

200

-S42-



D:\My Documents\eU“T”’A My Document\NMR DATANNMR 2006”N\NMR 2006.8\TK6-3-FT.als

TK6-3
\—ILOHOI\C\Iml\OQ'LOwl\LOLONON@NCOOO@G’CO@OHI\(\II\LDNH@LONONQ‘(DOOQ’\OLONLDOLOLO
0N M m OCDOOI\OLO(I)I\HC\I\—IO OO T M NS MON  OST OO0 OO0 0N
mmmmmmmmNNNNq-voo (\IC\I(\IN @om@mmmmmm‘mcﬂ(\lﬁ-mmm
MNNMNMNMMMMMMMNMMMNOD W mmmmmmmmmmmmmx—lﬁ\—i\—l
D
N
N
bk
(e}
iy
<. O
(6]
37
‘\
q
8
N
—
/ o
I (92] /
O
(@))
‘H‘ o ™
i o
5 ELN °
¥ i
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-543-



D:\My Documents\=U-Y"A My Document\NMR DATA\NMR 2006 °N\NMR 2006 .8\TK6-3-13C NMR1BCM_E1_FT.als
TK6-3-13C NMR

A 00%0’) 0 <t O ANMAdO NS00 A OWN
Lo <t (@)] N o I O OO MAN 1 d) 0N
n oM oy O ™M o0 N~ NLOOCD(\IO’)LOQ‘NI\LO
o O W oo N~ T ANNAO OO O g O
™ AN N N — O (e)} MNMNMNMMMOS SISO SS
HHH/H H\/H \\\W

48.358

26.335
26.302

Va
X

25.133
24_.557

|
200 175 150 125 100 75 50




J:\TK6-52-1H NMRINON_E1 FT.als

TK6-52-1H NMR

O/
(o]
S
0 @ 1%
< r
0
081\
38
‘\
S g N
AN r; CDH © %
(@)} - '
o
B ; k
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.C

-S45-



D:\My Documents\eU“f”A My Document\NMR DATA\NMR 2006’N\NMR 2006 .12\TK6-52-13C NMR-FT.als
TK6-52-13C NMR

<t 0 < NO O M #HNNCOCOOONCOQ‘S@NCO O© 0O <

Tg] AN ™M O OO - O = O N O 0O 00 < N - 0O N~ LW — O O O

(@) — O N O O © N O S<S NO OO << NONMN~NLL M - O < O

o A O <t N O © M AN AN ANANNLL O OO O 00 0 N~ O O W1

O Mm om - - A O OO0V OMMNMOU I NSNS IT I AN N AN N

7 H\/H H\W? \\/ \\ \\ﬁ% \//
|

PPM

LR R RN R AR RN AR RN R R AR AR AR R R R A AR A AR
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

-S46-



J:\TK6-127-1H NMR-FT.als
TK6-127-1H NMR

N A NM<TO A MNMTO ATULUNOOOULOOANNNCALL S <ONO O O O
MO NMNMNANTdOLULANONMNSOONS OO AN OMOANAOO O gmxm
M MO AN ANDVDWOWMOMOVDOVOMNMNLLULLOLLOUOMOMANANNCAAOOOOOOO OOM ™M N N
NNNMNNMNL LW MmO MmHOMmMmom —
\\\ J T T 0 \\

(g
o
><o 0" o ‘b
(6] _o
OO
39
O
3
o
/
{ |
O [e0]
8 3
I OI o —
S
= Mo 4
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.d

-S47-



J:\TK6-12/-13C NMR-FT.als
TK6-127-13C NMR

oo O O — 1O N < O N OISO @NOO%N(D# o < I~
N~ M n M N (@] NOXOMNMMm MONO N~ o0 < N~ o<
0 O O m O 0 N (90] MNOWOLMSTO NOOWM—AOo © o -
N OO M O I~ Lo S NOIFTHWO OO0 OO ™ ~ © ©
M N NN — - O ()] WOWWAONMNMNMO LT I T N N N

PPM

T T T O T T T T[T T IO [T TT I T T [T T O T I I T T T[T T T T [T TTTITTT
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

-548-



D:¥Data¥NMR 20074E¥NMR 2007-4 B ¥TK7-371NON_E2 FT .als

TK7-37
NOWLMI~TPO VWO OMm [ce] (=2 DO O ©
NN =0T MAN—OO [T ~ el N
NNNAN= === x « BB
[ S S i Tl i o N < ™ mmm™
(92% D) %% W%
D D
Ph™ “Ph
1-d
=]
<
=
i
|
~ <
=} <}
J f o
S
PM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-549-



D:¥Data¥NMR 20074 ¥NMR 2007-4 H ¥2H NMR 4-15%¥TK7-37-2H NMR-CH3OH-FT .als

TK7-37-2H NMR-CH30H

2 g2 288
(92%40) Vo
D D
Ph Ph
1-d
hd
b
8
|
JUL
PPM
H\HHH‘HHHH\‘HHHH\‘\HHHH‘HHHH\‘HHHH\‘\HHHH‘HHHH\‘HHH\H‘\HHHH‘
9 8 7 6 5 4 3 2 1 0

-S50-




3 rEny =
£r-37/C0CL3

D

D (87%D)

.

2-d

4. 67

o.053

3=

B.195

.000

e

-S51-




s-BB/C0CLE

(96% D) , D S :
o '
Mal
3-d
| f
|
|
|
Ji‘ i_i Fi/J e
] ] I ] [
9 [F] 7 [ 5 q

& .083

— 2m

-S52-




F¥NMR 2007-5 3 ¥TK7-1161NON_E2_FT als

TK7-116
AN~MO LN < AT OO — MO LO O ‘OO
MmO ANAN—OO Yol [eNoNoNo N Bl ol NNyl ™ —
RN HSR o DNANN~O©Q N
s~~~ < mMmMmoMmMm AN — —

-
y .
__—1.249
N

w00 7 T ¥

HO,C
4-d

3.01

8 5
N N
[
|
~
i
2
[=]
(55
(=]
‘\
o
o
ﬂ g
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S53-



F¥NMR 2007-5F ¥2H NMR 5-28¥TK7-116-CH30H-2H NMR-FT .als
TK7-116-CH30H-2H NMR

2 g 2
(22%D)DD
HO,C
4-d =
<
8

PPM
HHH\H‘HHHH\‘HHHH\‘HHH\H‘HHHH\‘HHHH\‘H\HHH‘HHHH\‘HHH\H‘HHH\H‘
9 8 7 6 5 4 3 2 1 0

-S54-



¥-86/C00L3

(74% D) ) D

jon

MeO,C

5-d

1. R

R

‘h":-\' ——

0, Be

112

£ —

)
'

e

-S55-




| K- 138000

FEL'E \
— ||||”|,_ )
ZEQTD —_— ,
)
£0a-e —_— _. ...__—
.|.|M__| )
Wae - - | Mﬁ
|!!!-Iq”.n.m.l.
N
]
]
8 3
3=
3

Na0,C

—riy

L

-S56-



AR D]

Dy

—

- - -
£ = 5
= - o
_ =1 -
|
r
!
|
!
1
i
|
[} 1
|
I
|
|
.
-
e,
— i _| i —
| !
~Ih Ny R




D:¥Data¥NMR 20074E¥NMR 2007-4 B ¥TK7-36 INON_E3_FT .als
TK7-36

IO — ©© DD O g DD — O~ O
D~ OO DX~ O© —oO0 0SS
mmTmTmTmeooQ ) NANNAN—~~
[ e pat S N Y S D < MmMMmMmMMMmANN
73% D
73%0) o
NPT
Ph z
8-d
o
S
1)
P
5
™
i
|
|
9
g <
To)
I o
<
- N
© <
J . o -
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S58-




D:¥Data¥NMR 20074 ¥NMR 2007-4 H ¥2H NMR 4-15%¥TK7-36-2H NMR-CH3OH-FT .als

TK7-36-2H NMR-CH30H

(73%D)

D
o L NH
8-d

4.867

— 33300

1.00

(.

9

PPM
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘

8 7 6 5 4 3 2 1 0

-S59-



D:¥Data¥NMR 20074 ¥NMR 2007-4 § ¥TK7-66-FT.als
TK7-66

4.868

(77% D)

D
D
PhﬂvNHz-Hu
9-d

5.00

3.52

100
I

090

6
0.52

e

C
\\\Oﬂ
K\10%

P
FTTTTTTT ‘ FTTTTTTTI ‘ FTTTTTTTT ‘ FTTTTTTTI ‘ FTTTTTTTI ‘ FTTTTTTTT ‘ FTTTTTTTI ‘ FTTTTTTTI ‘ FTTTTTTTT ‘ FTTTTTTT ‘
9 8 7 6 5 4 3 2 1 0

-S60-



D:¥Data¥NMR 20074 ¥NMR 2007-4 H ¥2H NMR 4-28¥TK7-66-2H NMR-CH3OH-FT .als
TK7-66—-2H NMR-CH30H

) 289 o o~
1) © - ~ ® o
) S = o © ¥ N
< ™ P » N —_ - -
(T7%D)
>
NH,-HCI 0
Ph 2 3
9-d g
>
o
<
T
0
<
[=e)
i
[ ® o+
3 | TS
PPM
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S61-



D:¥Data¥NMR 20074E¥NMR 2007-4 B ¥TK7-391NON _E4 FT .als
TK7-39

NMO LD ©N LD ®© 0 ~ —~NoOY ©®o ©WON— NS
LON—~~ S N & —o0O® ®m—O OO o~ WO
m—mTmTmeeQQQeQ T NANN== 10010 LU TOM®
NNNNNNNNNN < el Rae Ko Koe) a0 memeEe e

91% D
©1900)
MNHZ
Ph
10-d
=)
S
I
<
S
<
~
o
N
I &
q
|
|
|
| J{
j )
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S62-



D:¥Data¥NMR 20074 ¥NMR 2007-4 H ¥2H NMR 4-15%¥TK7-39-2H NMR-CH3OH-FT .als
TK7-39-2H NMR-CH30H

5 $8 €
(91%D)D \
D
Phj\/vNHz
10-d
=
<
8
PPM
H\HHH‘HHHH\‘HHHH\‘\HHHH‘HHHH\‘HHHH\‘\HHHH‘HHHH\‘HHH\H‘H\HHH‘
9 8 7 6 5 4 3 2 1 0

-S63-



-E5¢DE T e B
K ¥ @ 2 B
(78% D) = " N - =
ol | |
11d
| |
'*' —/ | H
A ot AL AR
T | U | U I T T T - T - -
) ' ? g : 4 3 2 1

-S64-




oLl
L

OFU IEE  ——

[AIH AR —

JLd Lk

el Gk

N._-~

D
>
12d

D
Ph

(0% D)

=
“”ul
o
t=ev1
[
[

|
.ﬂ
N
” -
-

-S65-




F:¥TK7-1531NON_E2_FT.als
TK7-153

D
o8 [

13-d

7.182

0
<
—
~

2

5.00

7.098

7.081

4.748

152

8.03

L, 0.02

1006

508

i

S

9

8

7

6

5

4

3

2

\\\\\\\\\‘
1

PPM
FTTTTTTT T ‘
0

-S66-



F:¥NMR 2007-6 A ¥TK7-153-2H NMR-CH3OH-FT .als
TK7-153-2H NMR-CH30H

[=2] 0
S 2 =
<t o oN
(trace)
D (
Dj\/N
Ph ~
13-d 7
™~
<
S
N
[ee]
3
~
[=2]
@
o]
o~
A
PPM
\HHH\‘H\HHH‘HHHH\‘HHHH\‘HHHH\‘H\HHH‘HHHH\‘\HHHH‘HHHH\‘H\HHH‘
9 8 7 6 5 4 3 2 1 0

-S67-



E2-FT.als

&3 F)¥TMR1011NON

A

a

L
AL

D:¥Data¥/K &A¥TMR NMR Data (R <)L 4

TMR101

LLT'}
96¢°1

100 |

N_.oj

e T
PPM

D (92% D)

NH,

Ph

006

14-d

|
3 2 i 0

4

8 7 6

9

\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\
5

-S68-



D:¥Data¥7K AR¥TMR NMR Data (R ¥ )L 553X F)¥TMR101-CH30H-2H NMR-FT .als
TMR101-CH30H-2H NMR

3 = 59
92% D
NH, D 92%P)
Ph 8
-
14-d
PPM
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S69-



D:¥Data¥NMR 20074E¥NMR 2007-4 B ¥TK7-871NON_E1_FT.als

TK7-87
TTOOOONM—M— O 0N 0 f DT O W — o o™ LM~ —~ AN
TOAN—OMMN—r— O MAN [oNoNoNe>Ne>) <t ™ N™—ODr— O 00D
XRDRRBBBRRIEII T = Readl © ¥ QuRRREA
O WO W WWWWIWWW©W©ooo <t MmMMmMMmMmMm N &N 7
93% D
NH, D ( )
D
D D
(92% D)
15-d =
S
e}
&
N
[y
|
2 |
1
|
| |
[ |
q
-t [«
$
<}
o
o o S
| o) 3
AN J N
PPM
L O I Y I R IR IR
9 8 7 6 5 4 3 2 1 0

-S70-



F¥NMR 2007-5F ¥2H NMR, 5-13¥TK7-87-2H NMR-CH3OH-FT .als
TK7-87-2H NMR-CH30H

o = 2 ©8RY o S 02
0 < © <~ |- © ~ N
© © < ™D M ™ N N — ~—
93% D
NHZD( )
D
%
DD 3
(92% D)
15-d
©
w0
<
N
[Te)
2]
2
e
PPM
HHH\H‘HHHH\‘HHHH\‘HHH\H‘HHHH\‘HHHH\‘HHH\H‘HHHH\‘HHH\H‘HH\HH‘
9 8 7 6 5 4 3 2 1 0

-S71-



D:¥Data¥NMR 20074E¥NMR 2007-4 B ¥TK7-351NON_E1_FT.als

TK7-35
O O N OO 0 LO D Chg @ O N D ~o N
~NLO MO~ M < N — (2] - O
m—mTm e ooQQ T © Qo - ~©©
[ e el e o N A A <t mMmom ™ N NN
(5% D)
D
OH |
Ph
16-d
I
I
i
g
S :
"
oN
A
-
b
<] =)
A j L T -
L,AMJ‘LA_A—t;
PPM
HHHH‘HHHH\‘HHHH\‘\HHHH‘HHHH\‘HHH\H‘\HHHH‘HHHH\‘HH\HH‘HHHH\‘
9 8 7 6 5 4 3 2 1 0

-S72-




D:¥Data¥NMR 20074 ¥NMR 2007-4 H ¥2H NMR 4-15%¥TK7-35-2H NMR-CH3OH-FT .als
TK7-35-2H NMR-CH30H

2 © g S
@ <@ ~
O/D < ™ om N
(SOSD
OH
Ph
16-d
=
S
| /_[
jk Al =
PPM
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S73-



D:¥Data¥NMR 20074 ¥NMR 2007-4 § ¥TK7-411NON_E4 FT.als

TK7-41
© 0™ OO ~ wV—N(’Q‘N oM<
O MO LW < D0 O —0O oM r—
—_————0Q ~ <+ <5 < NN NN~
(l%D) NNNNNN < MmO mmo ISNENEN
D
° o
Ph ~
17-d
o
S
Te]
oG
<
™}
[}, D
< i
I
g \
i | ‘ N
o
l wl‘ ] N
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S74-



D:¥Data¥NMR 20074 ¥NMR 2007-4 A ¥2H NMR 4-15¥TK7-41-2H NMR-CH30H-FT .als
TK7-41-2H NMR-CH30H

5 g
(l%D)D < [5ed
D
jvo\
Ph
17d
8
r
8
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S75-



D:¥Data¥7K &A¥TMR NMR Data (X2 ¥ JL{3L 5% 3C F)¥TMR431NON_E3-FT als
TMR43

FTOOANNNRMMNRMOMMNOO—OOTOMO — 0 COMT O © O © ™~ — <
LOMAN—OOOMN~NROOTOMAN——O D; OO MOO ™ 0w m - O 0
NANANNN— === «© WO MMOAN © © 0 O r~
[ S S e S e e e o S e e N il <+ [N Ko Ko Ko Kor) o~ N ——
(93% D) &w&\% \\\ W \/ \//
D
Dj\/\
Ph OH
18-d
o
(=}
[f9)
|
|
+ d‘
\" oN
| - [
|
I
I
1Ml
s
o
5 ; ] / %
) .
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S76-




D:¥Data¥7K &A¥TMR NMR Data (R ¥ )L 553 F)¥TMR43-CH30H-2H NMR-FT .als
TMR43-CH30H-2H NMR

(93%D) |
D
Phj\AOH
18-d
=
<
3
PPM
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S77-




_E1_FT.als

-167-11NON_E1

F:¥NMR _2007-7 B ¥TK7

TK7-167-1

PPM

1070

0¢E 1

€6€ 1

A

06171 56+
806 |~

G251 —

gm._%

766G |

€6¢ ¢— o_.o;M
0L0"

¢6¢"
96¢
00€~
v0€
60€ "
€0G"

61G
Gea”

6v8 — - ¢0°¢C J
¢60°

G60°
660
801
141}
Gl1
81l
vel
9¢1
8¢l
0¢l
€l
Vel
6€1
Gyl
6v1
861
10¢
€0¢
L0¢
61¢
0¢¢
€¢¢
Lce
9€¢
6€C"
e

ancp S~ = \L

—_UU T

OH

19-d

&NM
_

[ e e S A A S S A A A o e T o ) oy A A A A A S A A A NS
(95% D)

Ph

|
0

|
1

-S78-




F:¥NMR 2007-7 A ¥TK7-167-1-CH30H-2H NMR-FT. als
TK7-167-1-CH30H-2H NMR

o
D
58]
o

4. 891
—3.475
—3.119
—2.534

(95% D)

[EY
O
&
ﬁs.m

08
1.00

PP
H\\H\H‘H\H\HH‘\HH\\H\‘\H\\H\H‘H\H\HH‘\HH\\H\‘\\H\H\H‘H\H\HH‘\\H\H\H‘H\H\HH‘

9 8 1 6 5 4 3 2 1 0

-S79-



&3 FH)¥TMRI81NON_E1-FT.als

o)

D:¥Data¥7K A¥TMR NMR Data (R <)L 1

TMR98

GEL'L
G9¢C'1
L6E")

G291

668 ¢—

168'Y

006

800 f

9’0 \ _

200 |

00 |

A

Lo

€T _VL
—

(95% D)

OH D
20-d

PPM

0.0

1.0

20

3.0

4.0

5.0

6.0

7.0

8.0

-S80-



D:¥Data¥7K &R¥TMR NMR Data (R ¥ )L 4 553 F)¥TMR98-CH30H-2H NMR-FT .als
TMR98-CH30H-2H NMR

™ [=2] C)‘CO AN O <
S P> SIS 28 3
< ™ oo;: TT —
95% D
oH p (9%D)
D
Ph =
20-d
- ]
g ™
N
X
o~ 8
«—\/\\/\
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
8 7 6 5 4 3 2 1

-S81-



D:¥Data¥7K &A¥TMR NMR Data (X2 ¥ JL{L %3 F)¥TMR451NON_E2-FT als

TMR45
CCE8REBLI5S S S LT IR
(98% D) QNNCCEERERR e e e BRI
D
PhA< )
|
21-d
<
N
-
D
o]
d
|
|
|
2
il 8 S
- - = Z
PPM
HHHH‘HHHH\‘HHHH\‘\HHHH‘HHHH\‘HHH\H‘\HHHH‘HHHH\‘HHHH\‘HHHH\‘
9 8 7 6 5 4 3 2 1 0

-S82-



D:¥Data¥7K AR¥TMR NMR Data (R ¥ )L 4 553 F)¥TMR45-CH30H-2H NMR-FT .als
TMR45-CH30H-2H NMR

5 g 8
(98% D) 2 2 N
D
)
21-d
3
8
PPM
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S83-



Cx4-119/C0CL3

(83%D) .

D
Ph i

22-d

g = = | & i
i = ru & = |
1 ol [a'} m "'- !
i
| 1 I |
1 1 |
: ! !. b l I
|
|
| |
! !
| |
!
.
I = liiu.’j
- e — e !
PPH
-:| | ] T I T T T 'I I L I I
7 & 3 4 i £ 1 a |




D:¥Data¥{£7FAR My Document¥NMR DATA¥NMR 2004-20054E¥NMR1¥TK2-158-1-FT als

TK2-158-1
O ANMOVDOODOI~—O ©LO — < i o O™ OO r— ~o N
LOTONOAN—LOLOOMMNN — o O I~ @ © L ~ W<
NANNNNNQY— = = =~ < «® @ M NN @ -
[ o N N N _l\l\l\l\l\l\ <+ wm ™ NANN —+— — ——
95%D = VYO
(95%D)
D
Ph » CO:Me
Methyl ester of 23-d
* The deuteration vely slightly proceeded.
g
g
™3

2.01
2.01

L o4
E%ow
ij
ﬁ

L8

\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\
9.0 . .

PPM
‘\\\\\\\\\‘

‘\\\\\\\\\
. 1.0

6.0

\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\
5.0 X . .

0.0

-S85-



D:¥Data¥{R7FAR My Document¥NMR DATA¥NMR 2004-20054E¥NMR1¥TK2-158-1-D-NMR-FT.als

TK2-158-1-D-NMR

95% D
(95%D) |

D
Phj\ACOZMe

*

Methyl ester of 23-d

* The deuteration vely slightly proceeded.

4.861

ncac
ZJ0V

) 6439

—1.853

o
-
™

\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\
9.0 8.0

‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\
7.0 . . X

‘\\\\\\\\\
2.0

1.0

PPM
\\\\\\\\\‘

0.0

-S86-




D:¥Data¥NMR 20074E¥NMR 2007-3 B ¥TK7-101NON _E5 FT.als

TK7-10
coaNMM~NLOOODO =} ~ooOoOoOMm N —O© N o [Tp] < ogoocn
ST ON—OOD © M — O Nr—=r— OO0 ™ © o [Te} -
[eNeoloNoNeNeNele) ~ [« NeNeN) <t AN ANANAN — — (7] - — O
(93%D) NNNNNNN© < FEFELTH BB OO® N — — -
DsC %% \\// \W \\/
3 o
o ™
91%D) D'
24-d
o
(S}
<t
| D
¢
| o
|
st
)
&
A
q.
.
[e)
3
|
|
‘\
< &
— Og
e /o‘ |
L igJ LJ
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 7 4 3 2 1 0

-S87-



D:¥Data¥NMR 20074 ¥NMR 2007-4 H ¥2H NMR 4-3¥TK7-10-2H NMR-CH3OH-FT .als
TK7-10-2H NMR-CH30H

(93% D) < ™ | N N
DsC ) \
o™

91%D) D'
24-d

- 502

2.88

PPM
FTT T T TTTT ‘ FTTTTTTT T ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTT T ‘ FTTTTTTTT ‘ FTTTTTTTT ‘
9 8 7 6 5 4 3 2 1 0

-S88-



D:¥Data¥NMR 20074 ¥NMR 2007-4 § ¥TK7-45-11NON_E1_FT.als

TK7-45-1
[To T < ™M # ~NOAN < O~ MO LW — ™ O
o o D~ O oM r— tr 00O D~ 1o
@R~ - T NN NN NNNNNY NN
M~ r~ ~r~ <+ < < < < mMmMMmMmMmm ——
(90%D) \/ \/ \\// \«/% \//
DsC
O\/
O o
N
25-d i
™
ey
[ee]
™
S
o™
8 5 S
o~ — N
|
$‘ - I 5
o g o
J e In
J A L
PPM
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 T[T T T T T T[T T T T T[T T TTITrTT]
9 8 7 6 5 4 3 2 1 0

-S89-



D:¥Data¥NMR 20074 ¥NMR 2007-4 H ¥2H NMR 4-15%¥TK7-45-2H NMR-CH3OH-FT .als
TK7-45-2H NMR-CH30H

g g 23
(90% D) v
DsC
O\/
o -
25.d [3
9 S
3 2
PPM
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S90-



-151NON_E1_FT.als

D:¥Data¥NMR 20074 ¥NMR 2007-3 § ¥TK7

TK7-15

00¢'¢

PPM

o

A8

(93% D)
DsC

26-d

| |
8 7 6 5 4 3 2 i 0

9

-S91-



D:¥Data¥NMR 20074 ¥NMR 2007-4 H ¥2H NMR 4-3¥TK7-15-2H NMR-CH3OH-FT .als
TK7-15-2H NMR-CH30H

[{e] D @8@0 <
— ~— N Ot — [{e)
> « SANN o~
| I NI
(93% D)
26-d o
8
«©
o]
3
i
D
S
~
T
| o~N
o' [«>)
! ¢ ~ =
< N
s
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S92-



D:¥Data¥NMR 20074E¥NMR 2007-2 B ¥TK6-197-D20-FT als

TK6-197-D20
oMo MmMrsSMm V‘O —Mm O N < —< S~ L1000 — DO N
<t AN~ W 0w O O A O — M~ O SIS MM AN AN
——==99QQ9 Q|19 << « B ~NOoooAN NS
'\'\\&w J K?m C\\‘? %/PP—\— cgpo
|
D (90% D) |
D D CO,Na
(92%D)  ,74
Q
T
o
S
<
q
g
- o]
<
| N
| L
|
w S
|
98 g |
° o
j P! A ‘ J
M, ) M
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S93-



D:¥Data¥NMR 20074 ¥NMR 2007-2 F ¥2H 2-21¥TK6-197-H20-2H NMR-FT .als
TK6-197-H20-2H NMR

8 2 5
® s} <
D (90% D)
DD CO,Na
(92%D) 574

PPM
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9.0 8.0 7.0 . . . X 20 1.0 0.0

-594-




—-27-CDCI31NON_E1_FT .als

D:¥Data¥NMR 20074 ¥NMR 2007-4 § ¥TK7

TK7-27-CDCI3

(2]
N
V-

PPM

D)

(92%

D
28-d

(99% D)
HO

| |
3 2 1 0

4

8 7 6

\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\
5

|
9

-S95-



F¥NMR 2007-5F ¥2H NMR 5-19¥TK7-27-2H NMR-CHCI3-FT.als
TK7-27-2H NMR-CHCI3

g ® 2
0O
(99% D)
HO o)
D d
D ~ (92% D)
28-d
8
A Ay N A DB Pl A
PPM
(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 T T T T T [T T T T [T T T T T [T T TTTT
9 8 7 6 5 4 3 2 1 0

-S96-



D:\My Documents\eU“J”’A My Document\NMR DATA\NMR 2006”N\NMR 2006.1\TK4-197INON_E2 FT.als

TK4-197
N AdO ONTNNOTMOITIT D N o N~ O < OMO M MOANLULONMNMNNMNMOAWN
OO0 OO IO NOOOONOOO® L0 - O T ANOOOLUL MdHdOTANOOOLIL M
MO AN AN ANANANNANNAAAAO o] < ™M T T T OO MO O O 00O MAAA
“%%% 7 V MQ\V/M\N\/MQQ\/HT\?/H
(60% D) (95% D) |

o

o

o

i

D D
D D
O
29-d

i
o
o

1y C\!\ g! q‘

i ° e |
PPM
HH\H\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘
7 6 5 4 3 2 1 0

* dibenzyl ether (diagnostic singlet: 4.42 ppm, 4H)
-S97-



D:\My Documents\eU“T”A My Document\NMR DATANNMR 2006”N\NMR 2006.1\TK4-197-2H NMR-FT.als
TK4-197-2H NMR

- ~ DO I
> N NSO o A
© N, Noem- ©
T W
(60% D) (95% D)
D g
D D
o -
29-d
3
o
™ ™
Y R
o o
|
A
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S98-




D:¥Data¥{R7FAR My Document¥NMR DATA¥NMR 2004-20054E¥NMR 2005.12¥TK4-191-2-FT.als

TK4-191-2
N~ OMOONANNON—NT WO © 0O O N I~ © tSowox ©w©
FErOORNYTTONN—OO DD X~ DO © © L 1= O~NOST OM®
NNN— === 00009 T NANN 1o Mmoo
L N e N S T e e e e e e N Tl MmO OO o® (] —_——— =

7.072
7.068
—4.820
3.527
3.510

i_
~
s
<

D
o (91%D)

Ph OH
30-d

———— 500

n
203

105

PPM
‘ FTTTTTTT T ‘
1.0

L
L
e
— oot
=~ _0.19
Ll

—0.13

\ 0.06

\\\\\\\\\‘
9.0 8.0 .

\\\\\\\\\‘\\\\\\\\\‘
7.0 . .

\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\
6.0 5.0 X . .

0.0

-S99-



D:¥Data¥{R7FAR My Document¥NMR DATA¥NMR 2004-20054E¥NMR 2005.12¥TK4-191-2-2H-NMR-FT.als
TK4-191-2-2H-NMR

e 218 ™
D 0 \
D(91/oD)
Ph OH
30-d »
-
=
- 8
PPM
HHH\H‘HHHH\‘HHHH\‘HHH\H‘HHHH\‘HHHH\‘HHH\H‘HHHH\‘HHH\H‘HH\HH‘
9 8 7 6 5 4 3 2 1 0

-S100-



F:¥NMR 2007-4 H ¥TK7-33-11NON_E3 FT.als
TK7-33-1

(96% D)

4 259
4.243
4.226

4210
4.052
4.043
4.033
4.025

1.342

—1.237
1.196

0O

1283

>
0
|
|
|
I
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S101-



F:¥2H NMR 4-15¥TK7-33-1-2H NMR-CH30H-FT als
TK7-33-1-2H NMR-CH30H

3:300

4.855
4.638
4.542

(96% D)

ofe)
(@)
—— 3.33

1.00

0.57

PPM
FTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTTT ‘ FTTTTTTT T ‘
9 8 7 6 5 4 3 2 1 0

-S102-



D:¥Data¥fR7FhR My Document¥NMR DATA¥NMR 20064 ¥NMR 2006. 6¥TK5-150-FT. als

TK5-150
N— QLD © <+ <+ N o OO NN O MO DNLD O — <t LO N LO —
—OO OO ST ™ ™ S~OOo > FNO RN~ DM~ ©
NN — — — —— ~ NN —— COOLOO MMM ™A~~~
[ o A A A < ek ko koc ko) ———— e ———— coo
(93% D) %\% \\\ W &\%\\ /// /
du
ey
<@
- [
)
1o
/
<t
s
7
~ < &
i . . s b=y
I S o s
¥ _
A 4 I (
PP
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9.0 8.0 7.0 5.0 4.0 3.0 2.0 1.0 0.0

-S103-



D:¥Data¥{R#FiR My Document¥NMR DATA¥NMR 2006£E¥NMR 2006. 6¥TK5-150-2H-NMR-FT. als

TK5-150-2H-NMR
Lo (2] N O
Lo ™ — 1O
(oo} < [apNap]
< < ™
(93%D)D
P A/k
Ph>l\0
33-d ‘
o ~
o fm
o
<
\HHH\‘HHHH\‘HHH\H‘HHHH\‘HHH\H‘HHHH\‘HHHH\‘\HHHH‘HHHH\‘HHHH\‘
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

-S104-



D:\My Documents\eU“f”’A My Document\NMR DATA\NMR 2004-2005”"N\NMR 8\TK4-104-11NON_E10 FT.als
TK4-104-1

(o] N0 MN~O MO OONODITANNNOOLWLISTWULNANDNOLW

N~ SIS OM NN OO VOV OLULINIT A TONDNWOMOLO LW OO O

NN ANNNNNNNNN OCD@O)OUCDO’OUI\GOCDOOCOOOGJI\I\I\LOLOLO

[T D D D D D O T D I\(DLOKJ@(D@@ H\—IHH\—I\—IHH\—IHHH\—I
B I I e

D (98% D)
D
(71% D)
o)
D

D
D  (76% D)

2.651

34-d

4.03

.46

. 0.37

)

PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘

9 8 7 6 5 4 3 2 1 0

-S105-



D:\My Documents\eU“f”’A My Document\NMR DATA\NMR 2004-2005N\NMR 8\TK4-104-1-2H-NMR-FT.als
TK4-104-1-2H-NMR

[IpRNco R~ N e)] 8 o -
0 O N © ™M M
KLYws *® ~ <
1 T; | ?7
D (98%D) ®
~
(11%D) ™
D
8 .
™
D
D  (76% D)
34-d
o
<
—
‘\
|
L
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S106-




D:\My Documents\eU“T”’A My Document\NMR DATA\NMR 2006’N\NMR 2006.8\TK6-231NON_E3 FT.als
TK6-23

MO - OO
S NANNOO
NNNNNSAAAAA
NNNNNNSNNNNNS

.188

86

.178

64

48

- 4_707
__—4.264
3.668
j&’» .656
f?’ .599
~—3.582
XfB .567
\3 557
3.204
1.337
0.000

L0
>L)LI .
[e)
(96%D)
35-d
[{e
o N
< Te
LN
O
N
N
‘\
! N
B §
PPM
H\H\\\‘H\\HH\‘HH\\H\‘\\HH\\\‘HHHH\‘HH\\H\‘HHH\\\‘H\\HH\‘HH\\H\‘\\HH\\\‘
9 8 7 6 5 4 3 2 1 0

-S107-



D:\My Documents\eU“f”’A My Document\NMR DATANNMR 2006”N\NMR 2006.8\TK6-23-2H NMR-FT.als

TK6-23-2H NMR

N~ To) Q9,0
™ N~ o N~
N a1\
7- T | ;
NN D
o
ﬂ\JLI/o
(@) N
H D (
D 96% D)
35-d
g &
- —
|
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 3 2 1 0

-S108-



D:\My Documents\eU“YA My Document\NMR DATA\NMR 2006”N\NMR 2006. 11\TK6-1U8-FT.als

TK6-108
(Y)CDHMCDHOOG)OOLOI\O’)\—lHN(Y)HLOOOC\Il\@ﬂ'ﬂ'LO(\I(\ILDOLOCD(‘O@OI\O’)OLDLOOON(D(DLOC\J%LOON
LOQ‘#O’)NNOO)G)#NNN@LO#HO)I\LO#(")NOOI\(D#NHOO?I\I\#O’)C\IOCD(I)I\OI\LOOO(Y&SHCD?
NANANNNNNAAAAT OO OCOCOITITITNNMHOOHOANNNNNAAOOOOOOOO O OO O A Q0 N~ ©
l\l\l\l\l\l\l\l\l\l\I\N\—|HH\—IHHHHHH\—I\—I\—IHHHHHH\—I\—IHHHHHOOOOOOOC?BOOO
TR TR T B
\
|
(93% D)
D
D
o]
36-d
|
|
|
\\“
ab ‘
LI [
l|d I
‘\\
f 0’2 J \‘\ ‘H‘ ‘u‘ |
N~ | I
N~ '
el ~ N -
° %
L F
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.

-S109-



D:\My Documents\eU“Y”A My Document\NMR DATA\NMR 2006”N\NMR 2006.12\TK6-108-2H NMR-THF-d8-FT.als
TK6-108-2H NMR-THF-d8

3-580
1717

—4.490

N ™
— o
— —
A —
(93% D)
D
D

36-d

1.00

PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.(¢

-S110-



D:\My Documents\eU“f”’A My Document\NMR DATA\NMR 2006”N\NMR 2006.8\TK6-131NON_E5 FT.als
TK6-13

MNMOULOMIN-
MM ANOO MM
NN ANANANNAAA

N~

[N NS NG NG NG N N

3
0
4
1
4
6
7
7
1
5
8
8
3

7.161
7.153
7.145
5.390

378

|
%
&

3.204
1.398
1.283
1.224
1.215

D
D

(93% D)
ol
q\o
(6]
37-d \\\

129 L0
i 401V

0]

1.35

1.01

AN ]

PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘

9 8 7 6 5 4 3 2 1 0

-S111-



D:\My Documents\eU“f”’A My Document\NMR DATA\NMR 2006”N\NMR 2006.8\TK6-13-2H NMR-FT.als
TK6-13-2H NMR

3.300
- -3.282

——4.849
——4.512

D

‘718T12

D
O~ (93%D)
ol
q\o
(6]
37-d \\\

5.67

1.00

PPM

9 8 7 6 5 4 3 2 1 0]

-S112-



J:\NMR  2007-1E2\TK6-159-FT .als
TK6-159

ﬂ'CDNOLDCOl\OOOOHI\@OOOI\Nﬂ'LOI\I\\—l
OCLUOUOOOMNNTOMITMAN S M Q
HH\—IG)I\I\I\I\I\LOLDQ'NNH\—IO @070'

00000"

7.181
7.176

D
(87% D)

O
><s

-0
Y

38-d

2.00
2.00

1o

%%%t& Ma / P&

(002

PPM

9 8 7 6 5 4 3 2

1

0

-S113-



J:\NMR 2007-1E£\TK6-159-2H NMR-FT.als

TK6-159-2H NMR

O

(87% D)

——4.873
__—4.554
———4.457

2.24

3-300

PPM

9

8

7

6

5

4

3

2

1

0

-S114-




J:\NMR 2007-1E£\TK6-1581NON_E2_FT.als

TK6-158
#OCDNNLOOQ‘C’)LOO’OCOLOI\(DOONNH@\—II\HNQ‘NOOOOO’@OQ‘NCOO@I\(’OLO’\II\
®COLO<I'NOOOUCOLONNI\ N <t o - DWW OO OTANNOO O~
NNNNNNC\IHHHI\I\ \—IHOO QOOOQOOG)OOCONMNHH
“%T&%%WWWM
L
93% D) D o))
D O
m
><O O/\O SO in
~r
(0] _o < < -
O
0\1\
39-d
\\‘\\\‘\\\‘\
D 4 4. 4.4
8 8 6
K] -
| (o)
/ (el
i
(e}
o ™
1 o' -
[ — o o™
| S S
I o j o
1
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S115-



J:\NMR  2007-1E2\TK6-158-2H NMR-FT.als
TK6-158-2H NMR

_—4.879
—4.716
—4.530

fo =ye

——3.475
2 2

10
(93%D) D o
D ~
:><0 0" N (/*f
o) 0
%
39-d
o
<
i
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S116-



F:¥NMR 2007-4 § ¥TK7-64-2-FT als

TK7-64-2

PPM

-S117-



F¥NMR 2007-4 A ¥2H NMR 4-28¥TK7-64-2-2H NMR-CH3OH-FT .als
TK7-64-2-2H NMR-CH30OH

2 8 g
(89%D) oy
D
&8
40-d (,Ifi
5 =
PPM
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S118-




—-84-11NON_E1_FT.als

F¥NMR 2007-4 A ¥TK7

TK7-84-1

41-d

00°G

1€y

o

+

o

gLo ~~=

PPM

-S119-



F¥NMR 2007-4 A ¥2H NMR 4-28¥TK7-84-1-2H NMR-CH30H-FT .als

TK7-84-1-2H NMR-CH30H

[Tl u‘)gm —
© ~ o <
! < Qo= 0
< ™ P ™ N
(91%D) p
D
41-d 5
@
<
[=2]
[=2]
o
(3]
3¢d
J.
L T
PPM
HH\H\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘HHHH\‘HHH\H‘\H\HH\‘HHH\H‘HHHH\‘
9 8 7 6 5 4 3 2 1 0

-S120-




D:¥Data¥{R 77kt My Document¥NMR DATA¥NMR 2006 ¥NMR 2006.7¥TK5-1911NON_E7_FT.als
TK5-191

GEIS 2 g €3838g 2¢
N4 *' ”' N
b D (93%D)
|
I
Me
D
OH
0,
(92% D) 43-d
by
b
|
|
P
g 39 i
O’CF S
D 4JS S
BN ' P
PPM
H\HH\‘HHH\\\‘\\\\\\H\‘HHHH\‘\\\\\\\\\‘HHHH\‘H\\\\\\\‘\\HHH\‘HHH\\\‘\H\HH\‘
9.0 8.0 7.0 . 5.0 40 3.0 . ) 0.0

-S121-




D:¥Data¥{R 77kt My Document¥NMR DATA¥NMR 2006 ¥NMR 2006.8¥TK5-191-2H NMR-FT .als
TK5-191-2H NMR

g8 g & E:
< o N —
b D (93%D)
Me >
D (
OH
0
(92% D) 43.d
<
8
PPM
LN L O L B O R L L B I L I R B I B B B I I B R
9 8 7 6 5 4 3 2 1 0

-S122-



D:¥Data¥{R 7£ kil My Document¥NMR DATA¥NMR 2006 ¥NMR 2006.8¥TK6-171NON_E6_FT.als

TK6-17
LO‘I‘(X)‘N("JI\ © -~ < N DM~ OO ONT D o
SO SO ™ — O O < LO DI~ O 0 © o
] ~ NN < <N—goQa~~ S
D (93% D)
D
Me
>
D )
D 44-d -
(93% D)
e
@
<
r
E |
(= ~
N
o
i X 1
AN
PPM
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘
9 8 7 6 5 4 3 2 1 0

-S123-



D:¥Data¥{R 77kl My Document¥NMR DATA¥NMR 2006 ¥NMR 2006.8¥TK6-17-2H NMR-FT .als
TK6-17-2H NMR

° 3 2 N I 3
3 $ < S T
DD(93%D)
Me 2
D N
D 44-d
(93% D)
. 3
|
PPM
HH\H\‘HHHH\‘H\HHH‘HHHH\‘HH\HH‘HHHH\‘HHH\H‘\HHHH‘HHHH\‘HHHH\‘
9 8 7 6 5 4 3 2 1 0

-S124-



