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I 1. General method

AgOTf, 1,10-phenanthroline, and ‘BuOCl were purchased from Wako Pure Chemical
Industries, Ltd., Aldrich, and Tokyo Chemical Industry Co., Ltd. (TCI), respectively, which
were used without any purification. NMR spectra were recorded on JEOL ECX-500 (500.16
MHz for 'TH NMR and 125.77 MHz for 3C NMR), and JEOL ECS-400 (391.78 MHz for 'H NMR,
98.52 MHz for 13C NMR) spectrometers. For 'H and 3C NMR, chemical shifts were reported
in the scale relative to the solvent used as an internal reference (8 = 7.26 and 77.00 ppm
(CDCl3), 2.04 and 29.80 ppm (acetone-ds), 2.50 and 39.52 ppm (DMSO-ds); 'H and 3C NMR
respectively). Infrared (IR) spectra were recorded on a JASCO FT/IR 410 Fourier transform
infrared spectrophotometer. ESI-MS spectra were measured on a Waters ZQ4000
spectrometer (for LRMS), and a JEOL JMS-T100LC AccuTOF spectrometer (for HRMS).
Optical rotations were measured on a JASCO P-1010 polarimeter. HPLC was conducted by
JASCO HPLC systems (pump: PU-2080; detector: UV-2075, measured at 254 nm). Column
chromatography was performed with silica gel Merck 60 (230-400 mesh ASTM). NMR yields
were calculated by 'TH NMR of crude products using CHCl,CHCl; (8 = 5.9 ppm in CDCls) as an
internal standard.

I 2. Preparation of Ag(phen),OTf"

To a stirred mixture of AgOTf (256.9 mg, 1 mmol, 1 eq) in MeOH (5 mL) was added 1,10-
phenanthroline anhydrate (360.4 mg, 2 mmol, 2 eq) in MeOH (10 mL). The colorless solution
turned into yellow suspension on adding a 1,10-phenanthroline solution. After stirring for
three hours the solid was collected on a Kiriyama filter and washed with MeOH, then dried
under vacuum to give Ag(phen),OTf (542.0 mg, 88%) as yellow solid.

H NMR (400 MHz, DMSO-ds) &: 9.17 (4H, dd, J = 4.5 Hz, 1.8 Hz), 8.80 (4H, dd, J = 8.1 Hz, 1.8
Hz), 8.24 (4H, s), 8.02 (4H, dd, J = 8.1 Hz, 4.5 Hz); identical to the reported data.

I 3. Typical C(sp3)-H chlorination procedure

Ag(phen),OTf (0.2 mol%)

H tBuOCI (2 eq or 3 eq) Cl
RlJl\Rz MeCN (2 M), r.t., 48 h RlJz\R2

A) 2 mmol scale reaction

To a stirred mixture of substrate 1 (2 mmol, 1 eq) and Ag(phen).OTf (2.5 mg, 0.004 mmol, 0.2
mol%) in MeCN (1 mL, 2 M to 1) was added ‘BuOCl (678.6 uL, 6 mmol, 3 eq)*, and then a cap
was put on the flask. The color of the reaction mixture turned to brown by adding ‘BuOCl.
After stirring for 48 hours the reaction mixture was passed through a silica gel pad in a
Pasteur pipet (about 4 cm, the eluent was Et,0 or EtOAc) to remove the silver catalyst and
the volatiles were removed by rotavap. The residue was purified by silica gel column
chromatography to obtain the chlorinated compound 2.

*In chlorination of a benzylic C(sp®)-H bond, we used 1) 2 eq of ‘BuOCl to minimize dichlorination and 2)
dry MeCN, and ran the reaction under argon atmosphere to avoid Sx2 substitution of Cl by H,0; otherwise

1 C. Santini, C. Pettinari, G. Gioia Lobbia, D. Leonesi, G. Valle, S. Calogero Polyhedron 1998, 17, 3201-3210.
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significant amounts of acetophenones were produced.

B) 5 mmol scale reaction

The workup procedure was different from that of 2 mmol scale reaction. To a stirred
reaction mixture cooled by ice bath was added NaHSO3 aq and Et,0O. The organic layer was
separated, dried over Na;SOs, filtrated, and evaporated to give a crude mixture. The
following procedure was the same as above.

I 4. Optimization of the reaction conditions

4.1. Chlorination of tert-C(sp®)-H bonds

The chlorination conditions were screened to maximize the yield using 0.2 mmol of 1a. First,
we screened catalysts (Table S1). We found that AgOTf with a bidentate ligand catalyzed the
chlorination in good yield (entry 5-7). Free Ag salts didn’t work well (entry 1-4), and Cu(I)
and Fe(II) salts, which are catalysts for Fenton-type reactions, failed efficient chlorination,
either (entry 8-11). The ligand itself was unable to be the catalyst (entry 13-15), and almost
no reaction proceeded without any catalyst (entry 12). The results suggested that
Ag(phen),OTf was the best among the catalysts tested.

Table S1 The condition screening — catalysts.
catalyst (1 mol%)

Me tBuOCl (2 eq) MeCI
Bzo/\)\Me dist. MeCN (1 M), Ar, r.t., 24 h BzO/\XMe
1a 2a
entry catalyst NMR yield NMR rsm
1 AgOTf 12% 87%

2 AgNO; 7% 92%
3 AgOAc 8% 91%
4 AgTFA 16% 83%
5 Ag(1,10-phen),OTf 76% 23%
6 Ag(2,2'-bpy)OTf 60% 39%

7 Ag(2,2'-bpy),OTf 69% 30%
”””” 8 cuCl(smol%) T 24y T 5y
9 CuCl + 1,10-phen (5+10 mol%) 51% 44%

10 CuCl + 2,2'-bpy (54+10 mol%) 24% 74%

11 Fe(OTf), (5 mol%) < 10% (TLC) -
""" 1277 T(noney T g, T T 930
13 1,10-phen (10 mol%) 5% 94%
14 2,2'-bpy (10 mol%) 13% 86%
15 4,4'-bpy (10 mol%) 1% 99%

Next, we screened the amount of the solvent and the catalyst (Table S2). The yield did not
change a lot as the concentration was changed (entry 1-4), and 2 M should be the most
proper concentration. The amount of the catalyst was able to decrease as low as 0.2 mol%
(entry 6). Even though higher NMR yield was obtained in entry 7, the difference in the yields
is not large considering 2.5 times as much as the catalyst was used.
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Table S2 The condition screening — the amount of MeCN and Ag(phen).OTf.
Ag(phen),OTf (x mol%)

Me tBuOCI (2 eq) MeCI
BzO/\)\Me dist. MeCN (y M), Ar, rt., 24 h Bzo/\*Me
entry Ag cat MeCN NMR vyield NMR rsm
1 1 mol% 0.5M 66% 33%

2 1 mol% 1M 76% 23%
3 1 mol% 2M 77% 22%

4 1 mol% 4 M 71% 28%
"""" 5 oimol%  2m T Use% a3%
6 0.2 mol% 2M 71% 28%

7 0.5 mol%* 2 M 74% 25%

8 1 mol%* 2M 58% 41%

9 2 mol%* 2 M 59% 40%

* Ag(phen),OTf did not dissolve completely in MeCN.

Then we screened solvents and oxidants (Table S3). Ag(phen),OTf did not dissolve well in
the solvents except for MeCN and DMF, which may be one reason for the yield to be
decreased by replacing MeCN with other solvents (entry 1-8). Water contamination did not
affect the yield (entry 1 vs 9), so MeCN without any purification (as purchased) was chosen
as the best solvent. DMSO furiously reacted with ‘BuOCl so that no chlorination occurred on
la. Other oxidants like N-chlorosuccinimide or aqueous NaOCl didn't promote efficient
chlorination.

Table S3 The condition screening — solvents and oxidants.
Ag(phen),OTf (0.5 mol%)

Me tBuOClI (x eq) MeCI
BZO/\)\MG solvent (2 M), Ar, r.t., 24 h - BZO/\*ME
1a 2a
entry tBuOCl solvent NMR yield NMR rsm
1 2 eq dist. MeCN 78% 21%

2 2 eq dry EtOAc 50% 44%
3 2 eq dry CH,Cl, 37% 43%
4 2 eq dry CHCI;5 27% 58%
5 2 eq dry ‘BuOH 49% 49%
6 2 eq dry DMF 0% (TLC) -

7 2 eq dry DMSO N.R. (TLC) -

8 2 eq PhCI 65% 25%

9 2 eq MeCN/water (1/1) 79% 12%
10 2 eq MeCN? 76% 23%
U711 UNCs2eq MecNd T NR. (TLC) B
12 NaOCl 2 eq MeCN? 3% 96%
13 3eq MeCN? 84% 11%
14 4 eq MeCN? 87% 11%
15b 2 eq MeCN? 80% 19%
16° 3eq MeCN? 92% 7%

a neither distilled nor anhydrous 2 48 h

Finally, we tried the chlorination under air or O, atmosphere (Table S4). Oxygen had
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adverse effects on the chlorination process, but aerobic conditions were acceptable if a
small reaction vessel was used.

Table S4 Reaction atmosphere: Ar, O; or air.

Ag(phen),OTf (0.5 mol%)
tBuOCI (2 eq)

/\)M\e atmosphere (1 atm) _ /\)M<ec|
BzO Me ; , > BzO Me
1a 38.5 mg MeCN (2 M2 or 1 MP), rt.,, 24 h 2a
(0.2 mmol)
entry atmosphere NMR yield® NMR rsm? : NMR yield? NMR rsm?
1 Ar 79% 18% 1 79% 20%
2 0, 64% 35% : 53% 46%
3 air 76% 23% : 59% 40%

2 capped tube, 416 mm x 100 mm (12.5 mL) ? test tube with balloon
4.2. Chlorination of benzylic C(sp3)-H bonds

When the optimized conditions above were applied to benzylic C(sp3)-H chlorination, two
problems arose: ketone formation and dichlorination (Scheme S1). To improve the situation,
we further optimized the reaction conditions using 1h.

Scheme S1 Undesirable side reactions.
(a) ketone formation

cl H,0 OH chlorination  HO (I o 0
e or —
R)\Ar R)\Ar RXAr R)\Ar - HCI R)l\Ar

20~30%
(b) dichloride formation
Cl chlorination cl cl

R)\Ar > RXAr

Use of dry MeCN would suppress the ketone formation, and a proper amount of ‘BuOCl
would decrease the dichlorination. Table S5 shows that anhydrous conditions could
suppress the ketone formation (entry 1-4). Use of smaller equivalents of the oxidant did not
result in higher yield of monochloride, even though the dichlorination did decrease (entry
5-7).

Table S5 The condition screening — benzylic C(sp3)-H chloriation.

Ag(phen),OTf (0.5 mol%) cl
Me tBuOCI (x mol%)
» Me
NO dist MeCN (x M), Ar, r.t,, 48 h
g OcM) NO, 0
ih 2h e
Me e w

entry fBuOCI MeCN NMRyield NMRrsm ketone dichloride KA

1 3eq  0.2M 63% 27% 3% 7% ketone 02

2 3 eq 0.5M 65% 21% 2% 11% cl al

3 3 eq 1M 67% 15% 2% 15% N .

4 3eq 2M 67% 10% 2% 20% Me™ “w ™3

5 12eq 2M 53% 41% 1% 5% o,

6 1.5eq 2 M 53% 33% 10% 3% dichloride

7 2 eq 2 M 66% 19% 4% 10%

After all we determined the optimal reaction conditions as below (Scheme S2). As there
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was no problem for secondary C(sp®)-H chlorination under tert-C(sp®)-H chlorination
conditions, no optimization was conducted further.

Scheme S2 The optimal reaction conditions.
Ag(phen),OTf (0.2 mol%)

Me tBuOCI (3 eq) MeCI
BzO/\)\Me MeCN (2 M), air, rt., 48 h BzO Me
la 2a

Ag(phen),OTf (0.2 mol%) cl
Me tBUOCI (2 eq)
» Me
NO, dist. MeCN (2 M), Ar, rt., 48 h
NO,
i1h 2h

I 5. Limitation in the substrate scope

Listed below are compounds that didn’t give satisfactory yields in the C(sp®)-H chlorination.

1. Alot of C(sp3)-H bonds
The optimized chlorination conditions were so reactive that regioselective chlorination of
C(sp®-H bonds was not successful.

OBz

Me complex
—_—
Me -----<M BzO/\)\/\/l\Me mixture
e

2. Nucleophilic attack to ‘BuOCI
Anisole or naphthalene derivatives reacted directly with ‘BuOCl irrespective of the Ag
catalyst.

undesired aryl chlorides:
H ‘ o_H o_H
Yy A X
NC (o] Ac (o]
cl
3. Direct oxidation of amide nitrogen atom by high-valent Ag
Amide nitrogen atoms seemed to be oxidized by a high-valent Ag that had formed from Ag

catalyst and ‘BuOCl. The resulting iminium cations should be attacked by water, giving C-
N-bond-cleaved products.

standard 0
Me. conditions H. Me. _H H
SINTN"Me N Me  + 0 ONTT 4 HJLN’
Bz Bz Bz Bz

H H,O OH

Me. ® 2
NNR —» Mec®@ —» Moy T 5 Mel
Bz -€ B, R Bz 5,

4. Labile functional groups
Compounds listed below gave rather complicated reaction mixtures under the optimized
chlorination conditions.
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I 6. Chlorination of a chiral compound

6.1. Synthesis of 1w from (-)-B-citronellol, and conversion of 2w to 2x

NaClO,
Me NazHPO4

0
/©)LO/\/k/\¢O 2-Me-2- butene /©)L /\/‘\/\“/
fBuOH/water
O,N s2w
(-)-B-citronellol to S1w

To a stirred mixture of (-)-B-citronellol (781 mg, 5 mmol, 1 eq) in pyridine (5 mL) was added
4-nitrobenzoyl chloride (1.39 g. 1.5 eq) at room temperature. HCl in water was added after
8 h, and the mixture was extracted with Et,0. The combined organic layer was washed with
HCl aq, dried over Na,SO4, and filtrated, and volatiles were removed by rotavap. The residue

was purified by silica gel column chromatography (hexane/EtOAc = 20/1) so that S1w was
obtained as yellow liquid (1.37 g, 90%).

S1lw to S2w

A mixture of S1w (663 mg, 2.17 mmol, 1 eq) in CH2Cl» (5 mL, 0.4 M) cooled by acetone/dry
ice bath was treated with a stream of O3/O;. After 5 min, the solution color turned blue, and
then Ar was flushed through the mixture until the color disappeared. Me:S (635 pL, 8.68
mmol, 4 eq) was added, and the cold bath was removed. After 15 h, the reaction mixture
was washed with HCl aq, and the organic layer was dried over Na;SOs. After filtration,
volatiles were removed by rotavap. The residue was purified by silica gel column
chromatography (hexane/EtOAc = 4/1 to 2/1 to 1/2) so that S2w was obtained as yellow liquid
(561 mg, 92%), along with 1w (27.7 mg).

S2w to 1w
To a stirred mixture of S2w (539 mg, 1.93 mmol, 1 eq), 2-methyl-2-butene (2.05 mL, 19.3
mmol, 10 eq), and Na;HPO4 (1.37 g, 9.65 mmol, 5 eq) in ‘BuOH/water (4 mL/4 mL, 0.25 M)
was added NaClOz (655 mg, 5.79 mmol, 3 eq) at room temperature. After 1h, NaCl aq was
added and the mixture was extracted with EtOAc. The organic layer was washed with HCl
aq and dried over Na»SOs. After filtration, the volatiles were removed by rotavap. The
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residue was purified by silica gel column chromatography (hexane/EtOAc = 3/1 to 1/2) so
that 1w was obtained as yellow liquid, which gradually solidified into yellow solid (495 mg,
87%).

[note] Minerals on silica gel sometimes eluted with the carboxylic acid 1w. An Et,0 solution
of 1w was washed with HCl aq to remove the minerals in such a case.

0o Me CI 0 Me Cl
~ P ~
N OH TMS™SN N oM
O/\)\/\Ir 2 > O e
0 toluene/MeOH 0
O,N 2w 0,N 2x
2w to 2x

To a solution of 2w (38.4 mg, 0.11 mmol, 1 eq) in toluene/MeOH (330 puL/110 pL, 0.25 M) was
added 0.6 M hexane solution of trimethylsilyldiazomethane (200 pL, 1.05 eq) at room
temperature under air. After 10 min, AcOH (a few drops) was added to quench
trimethylsilyldiazomethane. The volatiles were removed by rotavap, and the residue was
purified by PTLC (hexane/EtOAc = 4/1) so that 2x was obtained as light yellow liquid (28.1
mg, 74%).

6.2. Chiral HPLC analysis of 2x

We analyzed 2x using a chiral HPLC and the results are shown below. The charts indicated
that the chirality disappeared during the chlorination.

HPLC conditions

column: CHIRALPAK® IC ¢ 4.6 mm x 250 mm
eluent: hexane/2-propanol = 20/1
flow rate: 1.0 mL/min
SM: (-)-1w SM: (2)-1w
@ﬁj’.jﬂm&?dﬂi‘( L 200000 Tozw_diol_1mi_hexiPrOH_20-1 - CH1| L ,
o .1 ]
| 1 i
| B | ,‘
| ] (1l
| !l " 200000 {1 1
s | i i
§ oo i m
: ’ i ]
| m 10000 |
R (111
H Al
] i o
| | \ | \
o J_.ﬁ\,_, S O N S N R Y O - N A S W

30.0 300
Retention Time [min] Retention Time [min]

#] F-9& |cH| R min] | @8 hvsecl @2 V1| @8ix | [#] £—58 [cH] R [min] | @l ivseol [ @& V1 | mdws |
funknown | 1| 46104 7054078  101820f 50009 | ijunknown | 1 | 481759 22451983 295785 48.026]
Aunknown | 1| 48667 7026002] 89041 49901 | Aunknown | 1] s0979 24297273 284276] 51974
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I 7. Procedure for free tert-BuO radical reactions

catalyst
R tBuOCl (2 eq) R cl
BzO/\l)\Me MeCN (0.5 M), Ar, r.t., 24 h Bzo/\ZXMe

A) N-hydroxyphthalimide (NHPI) conditions

To a stirred mixture of the substrate 1 (0.1 mmol, 1 eq) and NHPI (4.1 mg, 0.025 mmol, 25
mol%) in distilled MeCN (200 uL, 0.5 M to 1) was added ‘BuOCl (22.6 pL, 0.2 mmol, 2 eq)
under Ar atmosphere. The color of the reaction mixture turned into yellow first, and into
dark yellow on adding ‘BuOCl. After stirring for 24 h, Na»SO3; and water were added to the
reaction mixture. The mixture was extracted with Et;0 and the volatiles were removed by
rotavap. The NMR vyields were calculated using 1,1,2,2-tetrachloroethane as an internal
standard.

B) photoirradiation conditions

To a stirred solution of the substrate 1 (0.2 mmol, 1 eq) in distilled MeCN (400 yL, 0.5 M to 1)
was added ‘BuOCl (45.2 pL, 0.4 mmol, 2 eq) under Ar atmosphere. The color of the reaction
mixture didn't change on adding ‘BuOCl. Then the reaction was irrradiated with a white
LED lump*. After stirring for 24 h, Na,SO3; and water were added to the reaction mixture.
The mixture was extracted with Et20 and the volatiles were removed by rotavap. The NMR
yields were calculated using 1,1,2,2-tetrachloroethane as an internal standard.

* Irradiations were performed with VBL-SL150-WW as the photon source, white LED lamp for plant science
research purchased from Valore Ltd., Kyoto, Japan.

I 8. Synthesis of authentic samples of 2e and 2j

Authentic samples for 2e and 2j were synthesized to identify the reaction products of 1e
and 1j, because 2e and 2j were not detected in HRMS (ESI, DART, nor EI).

8.1. Synthesis of authentic 2e

NaBH, HCl PBr;
R — I T, — )\/\

ethyl benzoylacetate Sle S2e

A solution of ethyl benzoylacetate (192.2 mg, 1 mmol, 1 eq) in MeOH (2 mL, 0.5 M) was
treated with NaBH4 (113.5 mg, 3 mmol, 3 eq) at room temperature. After 1 h, water was
added to the reaction mixture. The mixture was extracted with EtOAc, and the volatiles
were removed by rotavap. The residue was purified by PTLC (hexane/EtOAc = 1/2) to give
S1e (79.9 mg, 53%).

Sle (188.2 mg, 1.2 mmol, 1 eq) in toluene (2.4 mL, 0.5 M) was treated with HCl aq (12 N,
250 pL, 3 mmol, 2.5 eq) at room temperature. After 15 h, water was added, the reaction
mixture was extracted with Et;0, and the volatiles were removed by rotavap. The residue
was purified by silica gel column chromatography (hexane/EtOAc = 3/1) so that S2e was
obtained as light dark orange liquid (132.3 mg, 64%).

A flask was charged with S2e (132.3 mg, 0.77 mmol, 1 eq) and dry CH2Cl» (1.6 mL, 0.5 M)
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under argon atmosphere. PBr3 (36.7 uL, 0.39 mmo]l, 0.5 eq) in dry CH2Cl; (400 uL) was added
to the flask at room temperature. After 3 h, water and Et,O were added. The organic layer
was washed with water and NaCl aq, dried over Na;SOy, filtrated, and the volatiles were
removed by rotavap. The residue was purified by silica gel column chromatography
(hexane only) so that 2e was obtained as light yellow liquid (58.4 mg, 32%).

8.2. Synthesis of authentic 2j

OH

OH Cl
NaBH, HCl
Me —>» Me —>» Me
Br Br Br
S1j 2j

4'-bromoacetophenone

A solution of 4’-bromoacetophenone (99.5 mg, 0.5 mmol, 1 eq) in MeOH (500 pL, 1 M) was
treated with NaBH4 (28.4 mg, 0.75 mmol, 1.5 eq) at room temperature. After 4 h, water was
added to the reaction mixture. The mixture was extracted with EtOAc, and the volatiles
were removed by rotavap to give S1j (108 mg, containing EtOAc). S1j was used in the next
step without further purification.

$1j was treated with HCl aq (6 N, 1 mL, around 0.5 M to S1j) at room temperature. After
40 h, the reaction mixture was extracted with Et;0, and the volatiles were removed by
rotavap. The residue was purified by PTLC (hexane only) so that 2j was obtained as light
yellow liquid (64.5 mg, 59%).

I 9. Analytical data

TH and '3C NMR data are described for 1, which are known materials except for 1w; full
spectroscopic data for S1w, S2w, 1w and 2 no matter whether they are new or known. HRMS
for 2e and 2j are not described because no appropriate signals were detected. The amount
of the chlorinated products is also described.

isopentyl benzoate (1a)
Me

BzO/\)\Me

colorless liquid, Rs = 0.50 (hexane/EtOAc = 10/1)

H NMR (500 MHz, CDCls) &: 8.04 (2H, d, J = 7.6 Hz), 7.55 (1H, t, J = 7.6 Hz), 7.43 2H, t, ] = 7.6
Hz), 4.36 (2H, t, ] = 6.9 Hz), 1.75-1.85 (1H, m), 1.64-1.71 (2H, m), 0.98 (6H, d, ] = 6.9 Hz)

13C NMR (126 MHz, CDCl3) &: 166.6, 132.8, 130.5, 129.5, 128.3, 63.6, 37.4, 25.2, 22.5

3-chloro-3-methylbutyl benzoate (2a)
Me

Cl
Bzo/\*Me

pale yellow liquid, R¢ = 0.40 (hexane/EtOAc = 10/1)

Yield: 370 mg, 82%; 791 mg (1 g scale), 70%; 853 mg (1 g scale, AgOTf and 1,10-phen as the
catalyst), 75%

TH NMR (500 MHz, CDCl3) &: 8.02-8.05 (2H, m), 7.53-7.58 (1H, m), 7.41-7.46 (2H, m), 4.56 (2H,
t,J=6.8 Hz), 2.25 (2H, t, J = 6.8 Hz), 1.68 (6H, s)

13C NMR (126 MHz, CDCls) &: 166.4, 133.0, 130.1, 129.5, 128.3, 68.4, 62.0, 44.0, 32.9
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IR (neat, cm™) v: 2923, 1720, 1452, 1275, 1114, 712
HRMS (ESI): m/z calcd for C12H15C102Na [M+Na]* 249.0653, Found 249.0644

butyl benzoate (1b)

colorless liquid, R¢ = 0.46 (hexane/EtOAc = 10/1)

TH NMR (500 MHz, CDCl3) &: 8.05 (2H, dd, / = 8.0 H, 1.1 Hz), 7.52-7.57 (1H, m), 7.41-7.46 (2H,
m), 4.33 (2H, t, ] = 6.6 Hz), 1.70-1.79 (2H, m), 1.43-1.53 (2H, m), 0.98 (3H, t, ] = 7.4 Hz)

3C NMR (126 MHz, CDCls) 6: 166.6, 132.7, 130.5, 129.5, 128.2, 64.8, 30.7, 19.2, 13.7

3-chlorobutyl benzoate (2b)
cl

BzO/\)\Me

pale yellow liquid, Rf = 0.34 (hexane/EtOAc = 10/1)

Yield: 152 mg, 35%

TH NMR (500 MHz, CDCls) 6: 8.04 (2H, dd, J = 8.0 Hz, 1.1 Hz), 7.54-7.58 (1H, m), 7.44 (2H, t, ] =
7.7 Hz), 4.43-4.55 (2H, m), 4.20-4.28 (1H, m), 2.18-2.26 (1H, m), 2.07-2.15 (1H, m), 1.60 (3H, d,
J=6.9 Hz)

13C NMR (126 MHz, CDCls) &: 166.3, 133.0, 130.0, 129.5, 128.3, 62.0, 54.8, 39.1, 25.4

IR (neat, cm) v: 2974, 1720, 1452, 1274, 1114, 712

HRMS (ESI): m/z calcd for C11H13C102:Na [M+Na]* 235.0496, Found 235.0491

pentyl benzoate (1c)
B0 Me

colorless liquid, R = 0.58 (hexane/EtOAc = 10/1)

H NMR (400 MHz, CDCl3) &: 8.05 (2H, d, J = 7.4 Hz), 7.55 (1H, t, J = 7.4 Hz), 7.44 2H, t,] = 7.4
Hz),4.32 (2H, t, ] = 6.7 Hz), 1.71-1.84 (2H, m), 1.32-1.49 (4H, m), 0.93 (3H, t, J = 7.0 Hz)

3C NMR (126 MHz, CDCls) &: 166.7, 132.8, 130.5, 129.5, 128.3, 65.1, 28.4, 28.1, 22.4, 14.0

3-chloropentyl benzoate (2c)
cl

Me
BzO

pale yellow liquid, Rf = 0.50 (hexane/EtOAc = 10/1)

Yield: 288 mg (2¢ + 2¢’), 64%

TH NMR (500 MHz, CDCls) &: 8.01-8.05 (2H, m), 7.54-7.59 (1H, m), 7.42-7.47 (2H, m), 4.44-4.58
(2H, m), 4.01-4.09 (1H, m), 2.20-2.28 (1H, m), 2.05-2.15 (1H, m), 1.73-1.92 (2H, m), 1.07 (3H, t,
J=7.4Hz)

13C NMR (126 MHz, CDCl3) &: 166.4, 133.0, 130.1, 129.5, 128.4, 62.1, 61.6, 37.0, 31.6, 10.8

IR (neat, cm™) v: 2970, 1720, 1452, 1274, 1114, 712

HRMS (ESI): m/z calcd for C12H15Cl02Na [M+Na]* 249.0653, Found 249.0661

4-chloropentyl benzoate (2c')

BzO/\/\rlvIe

Cl
pale yellow liquid, Rf = 0.46 (hexane/EtOAc = 10/1)

TH NMR (500 MHz, CDCls) &: 8.02-8.06 (2H, m), 7.54-7.58 (1H, m), 7.43-7.48 (2H, m), 4.32-4.37
(m, 2H), 4.06-4.13 (1H, m), 1.99-2.05 (1H, m), 1.82-1.94 (3H, m), 1.55 (3H, d, J = 6.3 Hz)

13C NMR (126 MHz, CDCls) &: 166.5, 132.9, 130.2, 129.5, 128.3, 64.3, 58.1, 36.8, 26.0, 25.4
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IR (neat, cm™) v: 2964, 1719, 1451, 1274, 1112, 711
HRMS (ESI): m/z calcd for C12H15C102Na [M+Na]* 249.0653, Found 249.0643

3-phenylpropyl acetate (1d)

pale yellow liquid, R¢ = 0.52 (hexane/EtOAc = 5/1)

TH NMR (500 MHz, CDCl3) &: 7.27-7.33 (2H, m), 7.17-7.23 (3H, m), 4.10 (2H, t, ] = 6.6 Hz), 2.70
(2H, t,J = 7.7 Hz), 2.06 (3H, s), 1.94-2.01 (2H, m)

13C NMR (126 MHz, CDCl3) 6: 171.1, 141.1, 128.4, 128.3, 125.9, 63.8, 32.1, 30.1, 20.9

3-chloro-3-phenylpropyl acetate (2d)
cl

Ph)\/\OAc

pale yellow liquid, Rf = 0.46 (hexane/EtOAc = 5/1)

Yield: 319 mg, 75%

TH NMR (500 MHz, CDCls) &: 7.29-7.42 (5H, m), 4.98-5.03 (1H, m), 4.21-4.28 (1H, m), 4.12-4.18
(1H, m), 2.31-2.48 (2H, m), 2.05 (3H, s)

13C NMR (126 MHz, CDCl3) 6: 170.8, 140.9, 128.7, 128.5, 126.9, 61.5, 59.8, 38.6, 20.8

IR (neat, cm™) v: 2961, 1741, 1365, 1237, 1038, 761, 698

HRMS (ESI): m/z calcd for C11H13Cl02Na [M+Na]* 235.0496, Found 235.0504

(3-bromopropyl)benzene (1e)

colorless liquid, R¢ = 0.54 (hexane/EtOAc = 1/0)

TH NMR (500 MHz, CDCls) &: 7.29-7.35 (2H, m), 7.20-7.25 (3H, m), 3.41 (2H, t, ] = 6.6 Hz), 2.80
(2H, t, ] = 7.4 Hz), 2.15-2.22 (2H, m)

13C NMR (126 MHz, CDCls) 6: 140.5, 128.52, 128.47, 126.1, 34.1, 33.9, 33.1

(3-bromo-1-chloropropyl)benzene (2e)
cl

Ph)\/\Br

light yellow liquid, Rf = 0.44 (hexane/EtOAc = 1/0)

Yield: 234 mg, 50%

TH NMR (500 MHz, CDCl3) &: 7.31-7.44 (5H, m), 5.11-5.15 (1H, m), 3.56-3.62 (1H, m), 3.39-3.45
(1H, m), 2.59-2.68 (1H, m), 2.44-2.52 (1H, m)

3C NMR (126 MHz, CDCls) 6: 140.4, 128.8, 128.6, 127.0, 61.1, 42.3, 30.1

IR (neat, cm™) v: 3031, 2967, 1492, 1454, 1258, 757, 697

HRMS (ESI, DART, EI): not detected

1-phenylpropane-1,3-diol (S1e)
OH

Ph)\/\OH

light yellow liquid, Rf = 0.42 (hexane/EtOAc = 1/2)

TH NMR (400 MHz, CDCl3) &: 7.21-7.36 (5H, m), 4.86 (1H, dd, ] = 8.5 Hz, 4.0 Hz), 3.12-4.32 (2H,
m), 3.68-3.80 (2H, m), 1.79-1.98 (2H, m)

13C NMR (100 MHz, CDCls) &: 144.2,128.3, 127.3, 125.6, 73.5, 60.7, 40.3
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3-chloro-3-phenylpropan-1-ol (S2e)
cl

Ph)\/\OH

dark orange liquid, R = 0.77 (hexane/EtOAc = 1/2)

H NMR (400 MHz, CDCl3) &: 7.28-7.43 (5H, m), 5.13 (1H, dd, / = 9.4 Hz, 5.4 Hz), 3.82-3.90 (1H,
m), 3.68-3.76 (1H, m), 2.20-2.39 (2H, m), 2.14 (1H, bs)

3C NMR (100 MHz, CDCl3) &: 141.4, 128.7, 128.3, 126.9, 60.3, 59.6, 42.1

(3-bromo-1-chloropropyl)benzene (2e, authentic sample)
Cl

Ph)\/\Br

light yellow liquid, Rr = 0.44 (hexane/EtOAc = 1/0)

H NMR (400 MHz, CDCls) &: 7.31-7.44 (5H, m), 5.13 (1H, dd, J = 9.0 Hz, 5.4 Hz), 3.54-3.64 (1H,
m), 3.38-3.46 (1H, m), 2.58-2.70 (1H, m), 2.42-2.54 (1H, m)

13C NMR (100 MHz, CDCls) &: 140.4, 128.8, 128.6, 127.0, 61.1, 42.3, 30.1

IR (neat, cm™) v: 3032, 2968, 1493, 1454, 1258, 758, 697

4-phenylbutyronitrile (1f)

colorless liquid, Rt = 0.48 (hexane/EtOAc = 5/1)

"H NMR (400 MHz, CDCl3) &: 7.29-7.36 (2H, m), 7.17-7.28 (3H, m), 2.79 (2H, t, ] = 7.4 Hz), 2.32
(2H, t, ] = 7.2 Hz), 1.94-2.03 (2H, m)

13C NMR (100 MHz, CDClI3) &: 139.6, 128.5, 128.3,126.4, 119.4, 34.2, 26.8, 16.2

4-chloro-4-phenylbutyronitrile (2f)
cl

Ph)\/\CN

yellow liquid; , R¢ = 0.40 (hexane/EtOAc = 5/1)

Yield: 255 mg, 71%

TH NMR (400 MHz, CDCls) &: 7.32-7.43 (5H, m), 4.96-5.01 (1H, m), 2.28-2.64 (4H, m)
13C NMR (100 MHz, CDCls) &: 139.6,128.9, 126.7, 118.4, 61.1, 35.3, 15.2

IR (neat, cm™) v: 2934, 2247, 1492, 1455, 1247, 761

HRMS (ESI): m/z calcd for C10H10CINNa [M+Na]* 202.0394, Found 202.0397

3-phenylpropyl pivalate (1g)

colorless liquid, R = 0.54 (hexane/EtOAc = 10/1)

TH NMR (500 MHz, CDCl3) &: 7.30 (2H, t, ] = 7.4 Hz), 7.20 (3H, t, J = 8.3 Hz), 4.09 (2H, t, ] = 6.6
Hz), 2.71 (2H, t, ] = 7.7 Hz), 1.94-2.01 (2H, m), 1.23 (9H, s)

13C NMR (126 MHz, CDCl3) &: 178.5, 141.2, 128.39, 128.36, 125.9, 63.5, 38.7, 32.1, 30.3, 27.1

3-chloro-3-phenylpropyl pivalate (2g)
Cl

Ph)\/\OPiv

light yellow liquid, Rr = 0.48 (hexane/EtOAc = 10/1)

Yield: 406 mg, 80%

H NMR (500 MHz, CDCls) &: 7.32-7.41 (5H, m), 4.99 (1H, dd, J = 8.6 Hz, 5.7 Hz), 4.20-4.26 (1H,

m), 4.08-4.14 (1H, m), 2.32-2.48 (2H, m), 1.21 (9H, s)
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13C NMR (100 MHz, CDCls) &: 178.2, 140.9, 128.8, 128.5, 126.8, 61.4, 59.9, 38.8, 38.7, 27.1
IR (neat, cm™) v: 2972, 1730, 1479, 1283, 1154, 1035, 759, 698
HRMS (ESI): m/z calcd for C14H19C102Na [M+Na]* 277.0966, Found 277.0956

1-ethyl-4-nitrobenzene (1h)

“CL
NO,

yellow liquid, Rt = 0.65 (hexane/EtOAc = 5/1)

H NMR (500 MHz, CDCls) 6: 8.08-8.13 (2H, m), 7.32 (2H, d, ] = 8.6 Hz), 2.74 (2H, q, ] = 7.7 Hz),
1.26 (3H, t, J = 7.7 Hz)

13C NMR (126 MHz, CDCl3) &: 152.0, 146.1, 128.5, 123.5, 28.7, 14.9

1-(1-chloroethyl)-4-nitrobenzene (2h)
cl

M‘*@
NO,

yellow liquid, R¢ = 0.52 (hexane/EtOAc = 5/1)

Yield: 231 mg, 62%

TH NMR (500 MHz, CDCl3) &: 8.21 (2H, d, J = 8.9 Hz), 7.59 (2H, d, J = 8.9 Hz), 5.13 (1H, q, ] = 6.9
Hz), 1.86 (3H, d, ] = 6.9 Hz);

3C NMR (126 MHz, CDCls) &: 149.6, 147.5, 127.5, 123.9, 56.8, 26.3

IR (neat, cm™) v: 2982, 1606, 1523, 1349, 856, 781, 698

HRMS (ESI): m/z calcd for CgHgCINO,Na [M+Na]* 208.0136, Found 208.0146

4-ethylbenzonitrile (1i)

0
CN

yellow liquid, Rt = 0.60 (hexane/EtOAc = 5/1)

TH NMR (500 MHz, CDCls) &: 7.55 (2H, d, J = 8.3 Hz), 7.28 (2H, d, ] = 8.3 Hz), 2.69 (2H, q,J = 7.4
Hz),1.24 (3H,t,J = 7.4 Hz)

13C NMR (126 MHz, CDCl3) &: 149.7,132.0, 128.6, 119.1, 109.3, 28.9, 14.9

4-(1-chloroethyl)benzonitrile (2i)
Cl

o)
CN

light yellow liquid, R¢ = 0.50 (hexane/EtOAc = 5/1)

Yield: 200 mg, 60%

"H NMR (500 MHz, CDCls) &: 7.64 (2H, d, ] = 8.3 Hz), 7.52 (2H, d, ] = 8.3 Hz), 5.07 (1H, q, ] = 6.9
H), 1.83 (3H, d, J = 6.9 Hz)

13C NMR (126 MHz, CDCl3) &: 147.7, 132.4, 127.3, 118.4, 111.9, 57.2, 26.2

IR (neat, cm™) v: 2981, 2360, 2229, 1922, 1608, 1505, 1415, 1232, 1047, 838, 668

HRMS (ESI): m/z calcd for CoHsCINNa [M+Na]* 188.0238, Found 188.0230

1-bromo-4-ethylbenzene (1j)

e
Br
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colorless liquid, R¢ = 0.66 (hexane/EtOAc = 1/0)

TH NMR (500 MHz, CDCl3) &: 7.41 (2H, d, J = 8.0 Hz), 7.08 (2H, d, J = 8.0 Hz), 2.61 2H, q,J = 7.5
Hz), 1.23 (3H, t,J = 7.5 Hz)

13C NMR (126 MHz, CDCl3) &6: 143.1, 131.3, 129.6, 119.2, 28.3, 15.4

1-bromo-4-(1-chloroethyl)benzene (2j)
Cl

“‘*@
Br

light yellow liquid, R¢ = 0.52 (hexane/EtOAc = 1/0)

Yield: 200 mg, 46%

TH NMR (500 MHz, CDCls) &: 7.47-7.50 (2H, m), 7.29-7.31 (2H, m), 5.04 (1H, q, / = 6.9 Hz), 1.82
(3H,d,J=6.9 Hz)

13C NMR (126 MHz, CDCl3) &: 141.8,131.7,128.2,122.1, 57.8, 26.4

IR (neat, cm) v: 2978, 2926, 1592, 1489, 1406, 1226, 1074, 1011, 825, 786, 717

HRMS (ESI, DART, EI): not detected

1-(4-bromophenyl)ethan-1-ol (S1j)
OH

““e*@L
Br

Light yellow liquid, Rr = 0.42 (hexane/EtOAc = 3/1)

"H NMR (500 MHz, CDCl3) &: 7.46 (2H, d, J = 7.2 Hz), 7.23 (2H, d, J = 7.2 Hz), 4.84 (1H, , ] = 6.7
Hz), 2.09 (bs, 1H), 1.45 (3H, d, ] = 6.7 Hz)

13C NMR (126 MHz, CDCl3) &6: 144.7,131.5,127.1, 121.1, 69.7, 25.2

1-bromo-4-(1-chloroethyl)benzene (2j, authentic sample)
cl

Me*CL
Br

light yellow liquid, Rf = 0.52 (hexane/EtOAc = 1/0)

"H NMR (500 MHz, CDCls) 8: 7.49 (2H, d, J = 8.6 Hz), 7.30 (2H, d, ] = 8.6 Hz), 5.04 (1H, q, ] = 6.9
Hz), 1.83 (3H, d,J = 6.9 Hz)

13C NMR (126 MHz, CDCl3) &: 141.8, 131.7,128.2, 122.1, 57.8, 26.4

IR (neat, cm™') v: 2976, 2926, 1592, 1489, 1406, 1226, 1074, 1011, 825, 785, 717

4’-ethylacetophenone (1k)

Me
Me

0
colorless liquid, Rs = 0.54 (hexane/EtOAc = 5/1)

TH NMR (500 MHz, CDCl3) &: 7.88 (2H, d, J = 8.3 Hz), 7.27 (2H, d, J = 8.3 Hz), 2.70 (2H, q, ] = 7.5
Hz),2.57 (3H, s), 1.25 (3H, t, J = 7.5 Hz)

3C NMR (126 MHz, CDCls) &: 197.8, 150.0, 134.8, 128.5, 128.0, 28.9, 26.5, 15.1
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1-(4-(1-chloroethyl)phenyl)ethan-1-one (2Kk)
Cl

Me
Me

0
light yellow liquid, Rr = 0.44 (hexane/EtOAc = 5/1)

Yield: 274 mg, 75%

TH NMR (500 MHz, CDCl3) &: 7.94 (2H, d, J = 8.3 Hz), 7.50 (2H, d, J = 8.3 Hz), 5.10 (1H, g, ] = 6.9
Hz),2.59 (3H, s), 1.84 (3H, d, ] = 6.9 Hz)

13C NMR (126 MHz, CDCl3) &: 197.4, 147.7, 136.8, 128.7, 126.7, 57.7, 26.6, 26.3

IR (neat, cm) v: 2979, 1685, 1608, 1415, 1359, 1267, 1047, 838, 683

HRMS (ESI): m/z calcd for C10H1:CIONa [M+Na]* 205.0391, Found 205.0397

5-methylhexanoic acid (11)
O Me

HO/U\/\)\Me

colorless liquid, R¢ = 0.52 (hexane/EtOAc = 2/1)

TH NMR (500 MHz, CDCls) &: 10.82 (1H, bs), 2.33 (2H, t, J = 7.4 Hz), 1.60-1.67 (2H, m), 1.51-
1.60 (1H, m), 1.18-1.24 (2H, m), 0.88 (6H, d, ] = 6.3 Hz)

13C NMR (126 MHz, CDCls) 6: 180.6, 38.2, 34.3, 27.7, 22.5, 22.4

5-chloro-5-methylhexanoic acid (21)
HO Me
yellow liquid, R¢ = 0.36 (hexane/EtOAc = 2/1)

Yield: 281 mg, 85%

TH NMR (500 MHz, CDCl3) &: 9.45 (1H, bs), 2.38 (2H, t, ] = 7.2 Hz), 1.73-1.87 (4H, m), 1.56 (6H,
S)

13C NMR (126 MHz, CDCl3) &: 179.5, 70.3, 45.0, 33.8, 32.3, 20.3

IR (neat, cm™) v: 2972, 2667, 1714, 1281, 1115, 938, 826

HRMS (ESI): m/z calcd for C;H13ClO,Na [M+Na]* 187.0496, Found 187.0503

2-butylisoindoline-1,3-dione (1m)

(M~ nphth]|

white solid, Rf = 0.60 (hexane/EtOAc = 3/1)

TH NMR (500 MHz, CDCls) &: 7.80 (2H, dd, J = 5.1 Hz, 3.1 Hz), 7.67 (2H, dd, J = 5.1 Hz, 3.1 Hz),
3.65 (2H, t,J = 7.4 Hz), 1.58-1.66 (2H, m), 1.29-1.38 (2H, m), 0.91 (3H, t, J = 7.2 Hz)

3C NMR (126 MHz, CDCls) &: 168.3, 133.7, 132.1, 123.0, 37.7, 30.5, 20.0, 13.6

2-(3-chlorobutyl)isoindoline-1,3-dione (2m)
cl

Me)\/\NPhth

white solid, Rs = 0.48 (hexane/EtOAc = 3/1)

Yield: 295 mg, 62%

TH NMR (500 MHz, CDCl3) §: 7.79-7.85 (2H, m), 7.67-7.73 (2H, m), 3.98-4.07 (1H, m), 3.76-3.90
(2H, m), 1.99-2.13 (2H, m), 1.54 (3H, d, J = 6.3 Hz)

13C NMR (126 MHz, CDClI3) &: 168.2, 133.9, 132.0, 123.2, 55.5, 38.6, 35.6, 25.2

IR (neat, cm™) v: 2975, 1773, 1712, 1397, 720
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HRMS (ESI): m/z calcd for C12H12CINO2Na [M+Na]* 260.0449, Found 260.0445

methyl 3-(4-acetoxyphenyl)propanoate (1n)

0
OAc

colorless liquid, R¢ = 0.52 for hexane/EtOAc = 2/1; 0.48 for hexane/EtOAc = 10/1 x 4 times

"H NMR (400 MHz, CDCls) &: 7.20 (2H, d, J = 8.5 Hz), 6.99 (2H, d, J = 8.5 Hz), 3.66 (3H, s), 2.93
(2H, t,J = 7.8 Hz), 2.62 (2H, t, ] = 7.8 Hz), 2.28 (3H, s)

13C NMR (100 MHz, CDCls) &: 173.1, 169.6, 149.0, 138.0, 129.2, 121.5, 51.6, 35.5, 30.2, 21.0

methyl 3-(4-acetoxyphenyl)-3-chloropropanoate (2n)
o

MeO

OAc
white solid, Rf = 0.52 for hexane/EtOAc = 2/1; 0.40 for hexane/EtOAc = 10/1 x 4 times

Yield: 30 mg, 58% (0.2 mmol scale)

TH NMR (400 MHz, CDCls) &: 7.42 (2H, dt, ] = 9.2 Hz, 2.5 Hz), 7.08 (2H, dt, J = 9.2 Hz, 2.5 Hz),
5.34 (1H, dd, J = 9.3 Hz, 5.7 Hz), 3.70 (3H, s), 3.16 (1H, dd, ] = 16.2 Hz, 9.3 Hz), 3.01 (1H, dd, ] =
16.2 Hz, 5.7 Hz), 2.29 (3H, s)

13C NMR (100 MHz, CDCls) 6: 169.9, 169.2, 150.6, 137.7, 128.1, 121.9, 57.3, 52.1, 44.6, 21.1

IR (neat, cm™) v: 2954, 1741, 1508, 1437, 1370, 1201, 1016, 910

HRMS (ESI): m/z calcd for C12H13C104Na [M+Na]* 279.0395, Found 279.0394

4-methyl-1-phenylpentan-1-one (10)?
0

Me
Me
colorless liquid, Rr = 0.62 (hexane/EtOAc = 10/1)

TH NMR (400 MHz, CDCl3) &: 7.94-7.98 (2H, m), 7.52-7.57 (1H, m), 7.42-7.48 (2H, m), 2.96 (2H,

t,J = 7.4 Hz), 1.59-1.70 (3H, m), 0.95 (6H, d, ] = 6.3 Hz)
13C NMR (100 MHz, CDCls) &: 200.7, 137.0, 132.8, 128.5, 128.0, 36.6, 33.2, 27.8, 22.4

4-chloro-4-methyl-1-phenylpentan-1-one (20)
0

I
CMe

Me

white solid, R¢ = 0.44 (hexane/EtOAc = 10/1)

Yield: 214 mg, 51%

"H NMR (500 MHz, CDCls) &: 8.00 (2H, d, J = 7.4 Hz), 7.57 (1H, t, ] = 7.4 Hz), 7.48 2H, t,] = 7.4
Hz), 3.24 (2H, t,J = 7.7 Hz), 2.20 (2H, t, ] = 7.7 Hz), 1.64 (6H, s)

13C NMR (126 MHz, CDCl3) &: 199.4, 136.8, 133.1, 128.6, 128.1, 70.4, 39.6, 34.7, 32.6

IR (neat, cm™) v: 2972, 1686, 1448, 1371, 1215, 1110, 742, 689

HRMS (ESI): m/z calcd for C12H15C1IONa [M+Na]* 233.0704, Found 233.0706

2 Liang, Y.-F.; Zhou, X.-F.; Tang, S.-Y.; Huang, Y.-B.; Feng, Y.-S.; Xu, H.-]. RSC Adv. 2013, 3, 7739-7742.
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methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-4-methylpentanoate (1p)

6]
N\./COZMe
o E\l/Me

Me
light yellow liquid, Rt = 0.37 (hexane/EtOAc = 5/1), [a]; =-27.2 (c = 1.08, MeOH)

TH NMR (400 MHz, CDCl3) &: 7.85 (2H, dd, J = 5.5 Hz, 3.0 Hz), 7.73 (2H, dd, J = 5.5 Hz, 3.0 Hz),
493 (1H, dd, J = 11.4 Hz, 4.3 Hz), 3.71 (3H, s), 2.27-2.37 (1H, m), 1.89-1.99 (1H, m), 1.40-1.53
(1H, m), 0.92 (6H, dd, J = 10.5 Hz, 6.5 Hz)

13C NMR (100 MHz, CDCl3) &: 170.2, 167.7,134.1, 131.7, 123.5, 52.7, 50.5, 37.2, 25.0, 23.1, 20.9

methyl (S)-4-chloro-2-(1,3-dioxoisoindolin-2-yl)-4-methylpentanoate (2p)

6]
NYCOZMe
0o 2 _Me
Cl

Me
white solid, Rs = 0.34 (hexane/EtOAc = 3/1), [a]; =-24.7 (c = 0.930, MeOH)

Yield: 585 mg, 94%

TH NMR (500 MHz, CDCl3) &: 7.83-7.90 (2H, m), 7.71-7.76 (2H, m), 5.20 (1H, dd, J = 9.6 Hz, 2.9
Hz), 3.70-3.74 (3H, m), 2.69-2.85 (2H, m), 1.64 (3H, s), 1.55 (3H, s)

13C NMR (126 MHz, CDCl3) &: 169.6, 167.6, 134.2, 131.6, 123.6, 68.1, 53.1, 49.2, 42.8, 33.2, 31.9
IR (neat, cm™) v: 2977, 1746, 1715, 1389, 1271, 1138, 720

HRMS (ESI): m/z calcd for C1sH16CINO4sNa [M+Na]* 332.0660, Found 332.0664

2-methylbenzonitrile (1q)

@Me
CN

colorless liquid, R¢ = 0.65 (hexane/EtOAc = 5/1)

TH NMR (400 MHz, CDCl3) &: 7.58 (1H, dd, J = 7.6 Hz, 0.9 Hz), 7.47 (1H, td, ] = 7.7 Hz, 1.2 Hz),

7.31 (1H, dd, J = 7.9 Hz, 0.6 Hz), 7.24-7.28 (1H, m), 2.54 (3H, s)
13C NMR (100 MHz, CDCls) 6: 141.9, 132.6, 132.4, 130.2, 126.2, 118.1, 112.7, 20.4

2-(chloromethyl)benzonitrile (2q)

Sy
CN

light yellow solid, R¢ = 0.50 (hexane/EtOAc = 5/1)

Yield: 128 mg, 42%

TH NMR (500 MHz, CDCl3) &: 7.67 (1H, d, J = 7.6 Hz), 7.56-7.65 (2H, m), 7.44 (1H, td, ] = 7.4 Hz,
1.6 Hz), 4.75 (2H, s)

13C NMR (126 MHz, CDCls3) &: 140.6, 133.2, 133.0, 130.0, 128.9, 116.7, 112.2, 43.1

IR (neat, cm) v: 3021, 2225, 1597, 1489, 1452, 1271, 1217, 832, 754, 673

HRMS (ESI): m/z calcd for CsHsCINNa [M+Na]* 174.0081, Found 174.0074
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o-tolyl methanesulfonate (1r)

@Me
OMs

colorless liquid, R¢ = 0.50 (hexane/EtOAc = 3/1)

H NMR (500 MHz, CDCl3) &: 7.19-7.30 (4H, m), 3.18 (3H, s), 2.37 (3H, s)
13C NMR (126 MHz, CDCl3) &: 147.8,131.8,131.2,127.2, 122.0, 38.0, 16.5

2-(chloromethyl)phenyl methanesulfonate (2r)

©:\CI
OMs

colorless liquid, R¢ = 0.48 (hexane/EtOAc = 3/1)

Yield: 14 mg, 32% (0.2 mmol scale)

TH NMR (500 MHz, CDCl3) 6: 7.52 (1H, dd, J = 7.6 Hz, 1.7 Hz), 7.37-7.44 (2H, m), 7.33 (1H, td, J

=7.3 Hz, 16 Hz), 4.69 (2H, s), 3.27 (3H, s)

13C NMR (126 MHz, CDCl3) &: 146.9, 131.5, 130.4, 130.2, 127.6, 122.3, 40.5, 38.3

IR (neat, cm-) v: 3030, 2939, 1585, 1490, 1363, 1153, 1090, 970, 876, 805, 670
HRMS (ESI): m/z calcd for CsHyClO3SNa [M+Na]* 242.9853, Found 242.9861

ethyl 2-methylbenzoate (1s)

C[Me
CO,Et

colorless liquid, Rf = 0.56 (hexane/EtOAc = 10/1)

TH NMR (500 MHz, CDCl3) &: 7.91 (1H, dd, J = 8.0 Hz, 1.3 Hz), 7.39 (1H, td, J = 7.5 Hz, 1.3 Hz),

7.22-7.27 (2H, m), 4.36 2H, q, ] = 7.2 Hz), 2.60 (3H, s), 1.39 (3H, t, ] = 7.2 Hz)
13C NMR (126 MHz, CDCls) &: 167.7, 139.9, 131.8, 131.6, 130.4, 129.9, 125.6, 60.6, 21.7, 14.3

ethyl 2-(chloromethyl)benzoate (2s)

CL
CO,Et

light yellow liquid, Rf = 0.42 (hexane/EtOAc = 10/1)

Yield: 177 mg, 45%

TH NMR (500 MHz, CDCl3) &: 7.98 (1H, d, J = 7.4 Hz), 7.49-7.55 (2H, m), 7.37-7.41 (1H, m), 5.04

(2H, 5), 4.40 (2H, q, J = 7.2 Hz), 1.41 (3H, t, ] = 7.2 Hz)

13C NMR (126 MHz, CDCls) 6: 166.7, 138.6, 132.3, 131.0, 130.8, 129.4, 128.3, 61.2, 44.4, 14.2

IR (neat, cm™) v: 2981, 1716, 1602, 1448, 1366, 1269, 1131, 1080, 714, 679
HRMS (ESI): m/z calcd for C10H11Cl10;Na [M+Na]* 221.0340, Found 221.0331

methyl 3-methylbenzoate (1t)

MeOZC\©/Me

colorless liquid, R¢ = 0.52 (hexane/EtOAc = 10/1)
TH NMR (500 MHz, CDCls) &: 7.82-7.87 (2H, m), 7.30-7.38 (2H, m), 3.91 (3H, s), 2.40 (3H, s)
13C NMR (126 MHz, CDCls) 6: 167.3, 138.1, 133.6, 130.1, 130.0, 128.2, 126.7, 52.0, 21.2
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methyl 3-(chloromethyl)benzoate (2t)

MEOZCO/\CI

light yellow liquid, Rr = 0.40 (hexane/EtOAc = 10/1)

Yield: 14 mg, 38% (0.2 mmol scale)

TH NMR (500 MHz, CDCl3) &: 8.07 (1H, bs), 8.00 (1H, d, J = 7.4 Hz), 7.59 (1H, d, ] = 7.4 Hz), 7.45
(1H, t,J = 7.7 Hz), 4.62 (2H, s), 3.93 (3H, s)

13C NMR (126 MHz, CDCls) &: 166.6, 137.8, 133.0, 130.7, 129.6, 129.5, 128.9, 52.2, 45.5

IR (neat, cm™) v: 2952, 1724, 1591, 1434, 1291, 1205, 1108, 990, 759, 708

HRMS (ESI): m/z calcd for CoHoClO,Na [M+Na]* 207.0183, Found 207.0174

tert-butyl 4-methylbenzoate (1u)

o
tBu0,C

colorless liquid, R¢ = 0.48 (hexane/EtOAc = 10/1)

H NMR (400 MHz, CDCls) &: 7.88 (2H, d, J = 8.3 Hz), 7.21 (2H, d, ] = 8.3 Hz), 2.39 (3H, s), 1.59
(9H, s)

3C NMR (100 MHz, CDCl3) &: 165.9, 142.9, 129.4, 129.2, 128.8, 80.6, 28.2, 21.5

tert-butyl 4-(chloromethyl)benzoate (2u)

o
tBUOzC

white solid, R¢= 0.42 (hexane/EtOAc = 10/1)

Yield: 17 mg, 36% (0.2 mmol scale)

TH NMR (500 MHz, CDCls) &: 7.98 (2H, d, J = 8.0 Hz), 7.43 (2H, d, ] = 8.0 Hz), 4.60 (2H, s), 1.59
(9H, s)

13C NMR (126 MHz, CDCls) &: 165.2, 141.7, 132.0, 129.8, 128.3, 81.2, 45.4, 28.1

IR (neat, cm™) v: 2979, 1714, 1612, 1414, 1368, 1294, 1167, 1119, 1019, 849, 713

HRMS (ESI): m/z calcd for C12H15C102Na [M+Na]* 249.0653, Found 249.0652

1-tetralone (1v)
0

CO

yellow liquid, R¢ = 0.38 (hexane/EtOAc = 5/1)

TH NMR (500 MHz, CDCls) &: 8.02 (1H, d, J = 8.0 Hz), 7.45 (1H, td, J = 7.4 Hz, 1.1 Hz), 7.29 (1H,
t,J=7.4Hz),7.24 (1H, d, J = 8.0 Hz), 2.95 (2H, t, ] = 6.3 Hz), 2.64 (2H, t, ] = 6.3 Hz), 2.09-2.16
(2H, m)

13C NMR (126 MHz, CDCl;) 6: 198.3, 144.4, 133.3, 132.5, 128.7, 127.0, 126.5, 39.1, 29.6, 23.2

4-chloro-1-tetralone (2v)
0

Cl
yellow liquid, R¢ = 0.34 (hexane/EtOAc = 5/1)
Yield: 219 mg, 61%
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H NMR (500 MHz, CDCl3) &: 8.05 (1H, d, J = 8.6 Hz), 7.58 (1H, t, J = 8.3 Hz), 7.42-7.51 (2H, m),
5.38 (1H, t, ] = 4.0 Hz), 3.11-3.20 (1H, m), 2.49-2.74 (3H, m)

13C NMR (126 MHz, CDCls) &: 196.3, 142.2, 134.1, 131.0, 129.3, 129.0, 127.3, 56.6, 33.9, 31.8

IR (neat, cm™) v: 2959, 1687, 1599, 1455, 1285, 1234, 921, 881, 777, 720

HRMS (ESI): m/z calcd for C10H9ClIONa [M+Na]* 203.0234, Found 203.0234

(S)-3,7-dimethyloct-6-en-1-yl 4-nitrobenzoate (S1w)

O Me Me
/@)\O/\/'\/\/\Me

yellow liquid, Rt = 0.60 (hexane/EtOAc = 5/1), [a]? =-1.9 (c = 1.45, MeOH)

TH NMR (500 MHz, CDCls) 6: 8.27 (2H, d, J = 8.9 Hz), 8.19 (2H, d, ] = 8.9 Hz), 5.07 (1H, t, J = 7.2
Hz), 4.34-4.46 (2H, m), 1.92-2.07 (2H, m), 1.78-1.87 (1H, m), 1.55-1.71 (2H, m), 1.65 (3H, s),
1.59 (3H, s), 1.34-1.44 (1H, m), 1.19-1.30 (1H, m), 0.97 (3H, d, /] = 6.3 Hz)

13C NMR (126 MHz, CDCl3) &: 164.6, 150.4, 135.8, 131.4, 130.6, 124.4, 123.4, 64.4, 36.8, 35.3,
29.5, 25.6, 25.3,19.4, 17.6

IR (neat, cm) v: 2925, 1726, 1608, 1529, 1349, 1276, 1102, 719

HRMS (ESI): m/z calcd for C17H23sNO4Na [M+Na]* 328.1519, Found 328.1523

(S)-3-methyl-6-oxohexyl 4-nitrobenzoate (S2w)
(@] Me

0}
O)ko/\/k/v
O,N

yellow liquid, Rf = 0.48 (hexane/EtOAc = 2/1), [a]5 =-3.9 (c = 2.17, MeOH)

TH NMR (500 MHz, CDCl3) &: 9.77 (1H, s), 8.26 (2H, d, J = 8.0 Hz), 8.17 (2H, d, ] = 8.0 Hz), 4.36-
4.46 (2H, m), 2.42-2.55 (2H, m), 1.59-1.87 (4H, m), 1.47-1.56 (1H, m), 0.97 (3H, d, J = 6.3 Hz)
3C NMR (126 MHz, CDCls) &: 202.2, 164.6, 150.4, 135.6, 130.6, 123.5, 64.0, 41.4, 35.2, 29.5, 28.6,
19.1

IR (neat, cm) v: 2960, 2723, 1724, 1607, 1528, 1350, 1278, 1104, 875, 720

HRMS (ESI): m/z calcd for C14H17NOsNa [M+Na]* 302.0999, Found 302.0995

(S)-4-methyl-6-((4-nitrobenzoyl)oxy)hexanoic acid (1w)
Me

O
H
/@)\o/\/'\/\n/o

(0]

yellow solid, R¢ = 0.40 (hexane/EtOAc = 1/1), [a]? =0 (c = 1.69, MeOH)

H NMR (400 MHz, CDCl3) &: 8.28 (2H, d, J = 8.5 Hz), 8.19 (2H, d, J = 8.5 Hz), 4.35-4.48 (2H, m),
2.31-2.50 (2H, m), 1.47-1.90 (5H, m), 0.99 (3H, d, J = 6.3 Hz)

13C NMR (100 MHz, CDCls) §: 180.0, 164.7, 150.4, 135.7, 130.6, 123.5, 64.0, 35.1, 31.5, 31.3, 29.3,
19.0

IR (neat, cm™) v: 3112, 2961, 1723, 1608, 1528, 1350, 1277, 1103, 876, 719

HRMS (ESI): m/z calcd for C14H17NOgNa [M+Na]* 318.0948, Found 318.0938

DL-4-chloro-4-methyl-6-((4-nitrobenzoyl)oxy)hexanoic acid (2w)
0 Me ClI

O,N ©

S21



white solid, Rf = 0.32 (hexane/EtOAc = 1/1)

Yield: 38.4 mg (0.3 mmol scale), 37%

TH NMR (500 MHz, CDCls) 6: 8.28 (2H, d, J = 8.6 Hz), 8.20 (2H, d, J = 8.6 Hz), 4.63 (2H, t, ] = 6.3
Hz), 2.59-2.73 (2H, m), 2.10-2.36 (4H, m), 1.64 (3H, s)

13C NMR (126 MHz, CDCls) &: 178.9, 164.5, 150.5, 135.3,130.7, 123.5, 70.3, 62.5, 42.3, 38.7, 29.7,
29.6

IR (neat, cm™) v: 3426, 1724, 1608, 1528, 1413, 1350, 1276, 1104, 874, 719

HRMS (ESI): m/z calcd for C14aH16CINOgNa [M+Na]* 352.0558, Found 352.0566

DL-3-chloro-6-methoxy-3-methyl-6-oxohexyl 4-nitrobenzoate (2x)
0 Me ClI

/@)\OMOMG

light yellow liquid, Rf= 0.50 (hexane/EtOAc = 2/1)

H NMR (500 MHz, CDCls) 6: 8.28 (2H, d, J = 8.3 Hz), 8.19 (2H, d, J = 8.3 Hz), 4.60 (2H, t, ] = 6.6
Hz), 3.68 (3H, s), 2.52-2.63 (2H, m), 2.09-2.34 (4H, m), 1.61 (3H, s)

13C NMR (100 MHz, CDCls) 6: 173.2,164.4, 150.5, 135.3, 130.6, 123.5, 70.4, 62.4, 51.8, 42.2, 39.0,
29.58, 29.55

IR (neat, cm) v: 2953, 1730, 1607, 1530, 1436, 1271, 1102, 874, 718

HRMS (ESI): m/z calcd for C1sH13sCINOgNa [M+Na]* 366.0715, Found 366.0706

I 10. NMR spectra

A 'H NMR spectrum for Ag(phen),OTf, and 'H and '3C NMR spectra for the compounds in 9.
Analytical data are appended below.

S22



RGOTT+ phen
geae e § i
\\H \ w | H| DFILE o0zawa08-002_C.3jdf
COMNT AgOTf + phen
g g § H DATIM 24-08-2015 15:11:50
1 1 1 I‘1 OBNUC 1H
¥ ! f EXMOD proton.3xp
1Y OBFRQ 391.78 MHz
OBSET 8.51 KHz
OBFIN 3.34 Hz
POINT 16384
FREQU 7352.94 Hz
SCANS 8
= Acom 2.2282 sec
! 2D 5.0000 sec
| W1 4.99 usec
IRNUC 1H
CTEMP 21.7 ¢
SLVNT DMSO
EXREF 2.50 ppm
BF 0.12 Hz
RGAIN 44
(. (—_—
TTITTTTTITTT H||1H. ||!|HH|| |\|H||H]||H| ~ L
a0 a0 It s ‘-b,‘-
I fN‘ N :
AgT
'l g'n
o ’ N’ 1
N =~
o~ ~ ~ N b —
(W J PEM |
!H||l|4|‘IIHIHH|HIH|H|i||!|||||[ TTTTTTTITTITT oI T ‘lll\|l\|Il|HillIllllillllllllllilllll TTTTTTTTT]T
1.0 10.0 JS'GJ[ Jslo 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
FRgagses geage 2 3223
SR83835% 88825 3 2288
55558822 22888 3 3332
PO BBRD BO®®D - DESEN

S23



Bz0iAm

DFILE _BzOiAm 1H.3jdf
COMNT BzOiAm
DATIM 2015-08-25 12:38:32
OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
8 OBFIN 6.01 Hz
- POINT 16384
~ FREQU 9384.38 Hz
,1 SCANS 4
i ACQTM 1.7459 sec
i PD 5.0000 sec
s PW1l 5.55 usec
i IRNUC 1H
CTEMP 21.2 ¢
— SLVNT CDCL3
T u.izillswinpuvleu:j‘~ AN IR Hn!!{li:;:\lli E;;REF 7-?5 ppm
| . \ 0. Hz
81 80| 78 75 74 . 3 . 1.8 17 1.0 RGAIN 30

Me

BzO Me

=
3
&
f) o o
g g
I & o
8
[ g
| s |
[
.
I
!
o il L
PP]
L L S L s A T
i i 3 ! i I | I i i
11,0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
[ 7 ) | |
/ \ == N
(e m (i e TN
MITONMONNO 0 W TROMUVWLOOMNW
738388228 22 232228288398
2884932958 20y ReSETacegeny
88883393 aRa 2RBRRRBLEERS
BRI << A R

Bz0iAm I

DFILE _BzOiAm 13C.3jdf

COMNT BzOiAm

DATIM 2015-08-25 12:39:35
13C

OBNUC

EXMOD carbon.jxp

OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 20
ACQTM 0.8336 sec
PD 2.0000 sec
PWl 3.40 usec
IRNUC 1H

CTEMP 2l.4 c
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60

i i
FAN R
/ 71\ |
{ \ 1) ]

i i Pt i
. wow @ © o o
3 ERgE 288 = @ S
=) 06~ © = =~ © 0~
3 resa NS o M o
< O oD FANErS - = 0o
e R NN © N

S24



20Tk _
el < =
LY L g
" D - DFILE ozawa08-072_1H.jdf
\\» | COMNT BzOiAm
'8 DATIM 2015-08-24 12:48:46
@ OBNUC 1H
‘ . ~ EXMOD proton.jxp
{ OBFRQ 500.16 MHz
g 8 OBSET 2.41 KHz
~ 3 OBFIN 6.01 Hz
-~ ~ POINT 16384
! FREQU 9384.38 Hz
i / SCANS 4
I ! ACQTM 1.7459 sec
fi | D 5.0000 sec
i PW1 5.55 usec
Iy i IRNUC 1H
WA i ) A CTEMP 21.2 ¢
~ et B SLVNT CDCL3
T[T AT T[T EXREF 7.26 ppm
! i BF 0.12 Hz
45 23 22 1.7 18 RGAIN 30
2 2a
2
J
>
g = g 5
d o . .
« w o o —-
s
[ 2 ‘ ‘
oA |
| i
]
I A
|
|
|
j | J
L. A Y _—
UL L R LR RN R RN RN R L R LR AR R LR AR RR RN ER N LR AR RN T AR ER AR AN NN
| i i | H |
11,0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 i
== = = 7
; =77 AN VAN T\
!'”ﬁeﬁ?ﬂ' OO (1 (1
VNI LHEANANLYANCTDTO T o~ Y =M -
MANDIOTLNITAHAIADOMNMUAADLNDO = ® T - DR e
RN R e R R 233 8R8 B
28238550 nRRRRRY YIS aah N8y G
B L R T LTSS AN csw ada o

166.4218

132.9518
130.0903 —
129.4989

@
<
<
)
®
~

77.2575
77.0000
76.7520
68.4346
62.0153

S25

44.0165

32.8853

Bz0iAm
DFILE o0zawa08-072_13C.jdf
COMNT BzOiAm
DATIM 2015-08-24 12:49:49
OBNUC
EXMOD carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 32
ACQTM 0.8336 sec
PD 2.0000 sec
PWl 3.40 usec
IRNUC 1H
CTEMP 2l.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60



.jaf

BzOBu_1H

DATIM 2015-09-28 15:14:10
1H

OBNUC

NN
mmz N
moom
O T
~- O ®m
Qe s e .
XONWow
no o
S0 o
o o
o
)
o
a
Q
QOBHZHD
OREIMQ
Shansa
@@ m| O
WOOO A

4
1.7459 sec
5.55 usec

5.0000 sec

SCANS
ACQTM
PD
PWl

22.8 ¢

1H

IRNUC

SLVNT CDCL3
EXREF

BF

CTEMP

7.26 ppm
28

0.12 Hz

RGAIN

ib

Bz0Bu

0
-
=
E o
I
W:S
E =
E o
€T07T 3 mm11h:n
. JE o J
$50°2 - £l
8512 E =
E o
E
E w
= ~
E o
E o
E w
E e
E o
= -
6T0°¢C E o
E e
E o
=
E o
E w
= o
=
= —
=) .
= I~
E $‘
E o -
==
= e/
810°2 oy et -
N N
SN\
L56°1 TE e\
e\
-
= —
E o -
= w
Ea
W o
Fo
E 2
W w0
o
=3
E o
=]
s

2L96°0

- 1286°0

0L66°0

A4 AN

96SV°1

- ShLY'T

6LLYT

- V68V T

£70S°T
Z61S°1
£seL 1
6LEL"T
6E€5L°T
TEIL'T
889L°T
VI8L"T

PETE T
ILee’v
86EE" ¥

BzOBu_13C.3jdf

COMNT BzOBu

DATIM 2015-09-28 15:15:13

13C
EXMOD carbon.jxp

OBNUC

3.40 usec

125.77 MHz
7.87 KHz
4.21 Hz
32767

39308.18 Hz
28

0.8336 sec

2.0000 sec

OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PD
PWl

22.5 ¢

1H

IRNUC

CTEMP

SLVNT CDCL3
EXREF

BF

77.00 ppm
0.12 Hz
60

RGAIN

Bz0Bu

...... ~ ZEIL'ET
V922761

10ZL°0€

6TLL O

o GZYL'9L

: 0000° LL
S 08VZTLL

p67Z 8
EOLV"6C
- 8ILV 0E

- 9T£9°99

S26



Me

7

4 o

T = o

T3 EEs n 008 B (W]

m ML. mﬂ"ﬂ £ n o3 o Qi

[ WA TOITNOW ® WONO

- HTO0OMm WOoOWw + Ne®

S e anLoeT I3M 4 O o

- o~ RONWOT ~own o~ ~o

) [ RY=] ~ @ . ﬂlﬁ

© o o @ o

o o o o

© 31 o ™

g8z 8 8

N NOmn N n a

oMo~ 2 -t Q D

= EUQOHZ Usm O BB z z

A IWOREIMQM Feg H (ui]

HEaEgkaLiELa o g =

ORI MAMOKOO AR HAXmG

AOUAOCOKHOOOAMMAAMHO®IEMK
w0
S
T
o
o
w

L
8
¢

g
K§%'

1
3
P

ZggN

B

BN { ]
S

s -

bif

z0Bu

876 ¢

oLtT”

000°T
7

D

-NHHHHHHHHPHHNUHHHHH“HHQW
| |
0

|
2.0

T

I
3.0

T

[T
3

5.0

h1MlH;HIPIHlHIWIH‘U\
5.5

6.0

T

T
i i i
7.5 7.0 6.5

14!

T

8.0

T

.5

8

o
o

”UHHH

Ty

|

TR

J

11,0 10.5 10.0 9.5

- 9¥0T"T

0685°T
8209°T
zL80°¢
§501°¢

- OLTT T

8ETL T
€Lz e
€GET°T
096172
66172
oroz°C
vL0Z 2
0z1Z°2

- ¥S12°C

9vZz°2
SL¥Z Tz

—~ L0ZZ°¥%
- LBTT Y

EEET ¥

- 06EC"¥
- veveTy

oLvz v
9162° ¥
60GV° b
996¥° ¥
€29%° ¥
6997° ¥
9TLY ¥
E8LY"V
868%° ¥
2T0S° ¥

- LZTIS"Y

0€25° v
SPES" Y

0092° L
920" L
60FP°L
oLSY"L

- PLYSTL
= L6FSTL

€295°L
TLLS L

- 1920°8

¥820°8
2zv0°8
Shv0°8

ozawa08-141_13C.jdf

DATIM 2015-08-29 12:05:09

13C

OBNUC

EXMOD

carbon. jxp

87 KHz
40
0.8336 sec

4.21 Hz
32767
3.40 usec

39308.18 Hz

125.77 MHz
7

2.0000 sec

OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1

21.9 ¢

1H

SLVNT CDCL3
EXREF
BF

IRNUC
CTEMP

77.00 ppm
0.12 Hz
60

RGAIN

Bz0Bu

LITY"GT

G9G0°6€

62E8° PG

Yve0 29

~ GZYL 9L

0000°LL

T 08PTTLL

8¥vE" 8T
68057621
0v10°0€1
0066°Z€1

- GGPET991

S27



Bz0Am
gg (3 3 1 858 8EE LRELLLE]
[ ‘
| I [] I [ /Hl
. .
.
§
|
.
\\_
T [T 7T
1] 1
8
§
N
3 g g
3 E K
g
g
T HIIHiHH\HH'HHHII!IHIHHlI]IHIIHH||!IIH|»\|IIHH‘HIIIHIIIHIIIHIIII!|HIIIH\!|HUllH11H|11!|II|1HHHI;1HHHH\‘IIIIIH'l|.II‘HIHI‘IIHIH-;IIHIIIHI]HIHTTT
14.0 10.5 10.0 9.5 9.0 8.5 50 7.5 7.0 . 6.0 4 3.0 2.5 2.0 o 0.5
1| |L\
\ 7
(\HH\\\ | unadOnn
eo munooco neo aumpaNEenNNTEogneAn
83 0283388 838 gERRRBERINISERRRZRY
IR 333 4a3553333333335%3832
Bz0Am
y | y . il j i
t PTI ik i
il " i il Ly i r i
- T I S | — LI B S L
200 150 50 . o
| L o
I 1]
| [
g 8838

S28

ozawa08-138_1H.als
2

25-09-2015 15:54:13

1

proton. jxp
391.78 MHz
8.51 KHz
3.34 Hz

13107
5882.35 Hz

4

2.2282 sec
5.0000 sec
4.99 usec

20.4 ¢
7.26 ppm

1.20 Hz
40

ozawa08-138_13C.jdf

BzOAm

25-09-2015 16:08:53
3c

98.52 MHz
4.64 KHz
8.74 Hz

30788.18 Hz
128

1.0643 sec
2.0000 sec
3.16 usec

cDcL3

77.00 ppm
1.20 Hz



Me
Cl

2c'

L3df

2.41 KHz

6.01 Hz
16384
8

1.7459 sec
28

9384.38 Hz
5.55 usec

500.16 MHz
5.0000 sec
33.3 ¢
7.26 ppm
0.12 Hz

DATIM 2015-10-03 10:00:22

DFILE ozawa08-147_C
OBNUC 1H

EXMOD proton.jxp
1H

+ BzO

SLVNT CDCL3
EXREF

BF

COMNT BzOAm
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PWl
IRNUC
CTEMP
RGAIN

-0,.5

— 2216°0
\x, 092670
\xe 60760
\\e $196°0
- 6150°T
— 8990°T
-~ L1801
— z8€2°1
~ BLPZ"T
—— 8£9Z°T
LOTET
09LE°T
518" T
~ GEOV"T
W z60v°1
812" 1
€52v°1
z5£5°T
L9v6° T
S0SL°T
G99L°T
€08L°T
€96L°T _h.
558" 1
- €658°1
6€98°1
- 5898°T
- G9L8"1
o188 1
2068° T
6568° T
81861
- TP86°1
— bEED"T
8981°2
L\ — scos ¢
— 0L60°F
60TV
£962° 1
880€° %
9z2€° ¥
§62€ Y
98€€" Y
TZVE Y
108€° Y
[X4: 108 4
656" 7
009" L
VIV L
- 9zTrTL
- g6z L
SLEVTL
GSPY L
- GEGETL
vo9¥% L
- 8925°L
- LT¥S L
L6VS°L
-~ GG§5"L
8596°L
18967 L
€0LS" L
L220°8
£120°8
LOEO"8
€5€0°8
- L970°8
655078
£650°8
z5L0°8

Me

0.0

cl

1.0

\__"‘?m'
T
0.5

SEL'T

o
i
aa]

3.0

3.5

.
TITTTIITTITIITA

LLILLELH

;iHIHI
6.5

Standard conditions

IH NMR of crude mixture.
Me
BzO” TN

7.0

Eiuluili‘Méu’

.5

8.0

L

8.5

I
9.0

m!HH!HrHHIHIH
{

E!H\:!Jil\ﬂ

T
|

11,0 10.5 10.0 9.5

T

[IHD

2c

S29



Bz0Am
— — —
LI .- § § § E §| &
155 BRY RRY wanacivec | Besf ) MajARN G320 Q) aEcRdERAR | \@5d Comr brom <-4t
WL ) { N | X DATIM 01-10-2015 16:54:01
WEISN PSS | U LSSEEEE PSS T L,
OBFRQ 391.78 MHz
1 1 ' 1 [ ll i [ OBSET 8.51 KHz
, " , ' OBFIN 3.34 Hz
[ ! POINT 16384
! A , i FREQU 7352.94 Hz
| IR ‘ SCANS 4
' ! AcoT™M 2.2282 sec
| h ' ! , PD 5.0000 sec
} I ' ) L 4.99 usec
i CTEMP 20.4 ¢
L SLVNT CDCL3
; | w JJ EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 34
H!HHWHH T TTTTTTIT HIIIHI II{I!HHHI'HH[H T {:l
& 2 2 1 1 '
Me
BzO
2c
b=
E
o
o
3 3 i g
- - o
[ / Za
8 8 R
a g 43
| | //
||HI|H\{llHHHIIHiH!lHl!HIHIH|IHI!HH‘\HH!Hl!IH?HH‘||1\!!||H|H]HlIlll||H|HH|HH|IHI|||[[IIIH]HHH\Hlll!)IIIIl‘!HHHH]HIIIHHIHHIHH;HH!HI]IIIIHHl[|ﬂ!!1I[HiH|!|HH‘Hlllmllmlmﬁ
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
i f

Bz0Am

DFILE ozawa08-142a_13C.als
COMNT

BzOAm
DATIM 01-10-2015 16:55:04
13¢

OBNUC
EXMOD carbon.jxp

OBFRQ 98.52 MHz
OBSET 4.64 Kiz
OBFIN 8.74 Hz
POINT 26214
FREQU 24630.54 Hz
SCANS 64
ACOT™ 1.0643 sec
PD 2.0000 sec
PW1 3.16 usec
IRNUC 1H

CTEMP 20.6 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60

200 150 H 100 ’ 50 I 0
| | 1 i
(M N
<ow  oe o o M
E EEE 588 &5 88 §
¢ gs3s g dd EE] g
8 2538

S30



DFILE ozawa08-142b_upper.als
DATIM 2016-01-12 09:47:02

COMNT BzOAm

1H
EXMOD proton.jxp

OBNUC

2.41 KHz

500.16 MHz

OBFRQ
OBSET
OBFIN
POINT
FREQU

7507.51 Hz

4
1.7459 sec
5.55 usec

5.0000 sec

SCANS
ACQTM
PD
PW1

30.3 ¢

7.26 ppm

0.12 Hz
30

IRNUC 1H
SLVNT CDCL3
EXREF

BF

CTEMP

RGAIN

Me

BzO

cl

2c'

Bz0Am

v6L"Z [ ——

S9v°2C

tH\H!H

0.0

T

|
0.5

T

1.5

TITITTITTTTT

U
|
2.0

2.5

3.0

T AT
!

T
|

HIHIH‘P!HIH\WIH‘hIH[HK

thIWIHIHlﬂiﬂﬁhlﬂi
1

[T

8.5

8.0

-0.5

1.0

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5

5

T
1]

7
i

o
o

o
o
=1
0
=3
-
=}
-
-

1€92°1
8962°1
LILZ 1T
282S°1

- EPPS°T

696G° 1
yp8S° 1T
TL28° T
oveE8" T
VLES'T
2Ev8 T
0058° T
9¥S8° 1T
2L98°1
TPL8° 1T
SLL8"T
L988°1
6568°T
¥006° 1T
0506°T
LOT6" T
S9T6°T
9626° 1
¥200°2
1800°¢C
191072
122304
9€¥0°2Z
0ELT T
[24: 1984
°861°C
S85€°2
G99€°¢
LSLE"CZ
VI8E T
906€£°2
EPBO° Y
2160° ¥
1860° 1

- 0S0T° ¥

y80T" ¥
8TTIT ¥
9LIT ¥
o1t ¥
L9217 %
€82€° Y
98EE" P
99¥E Y
00SE" ¥
08SE" ¥
€09€° ¥
90LE" Y
GE6E" T
1907 ° ¥
L8IV ¥
0092° L

- BIEP"L

86EVP°L

- BLFFL
— L¥S¥°L

€65P°L
LZ9v" L

- LOLY L

L6VPS L
9¥9S° L
TLLS L
S6LS°L
61E£0°8
Zye0"8

- €150°8

ozawa08-142b_13C.als

DFILE

BzOAm

COMNT PTLC,

:40:55

07 14

-01-

DATIM 2016

13c

OBNUC

9]

NN 00 o
N N 000
m @ ond

CPEHYTOWVO O
FONHDOMO T

Qe N cHMO .

Xo~w00 ®om

o e .

P v oN

3 -

o ™

Q

5

©

o

QAOHZHD®

QEEHZ O 3

fhanSRga o
MAPMONKDOAE

HOOOHAM®A MM

1H
27.1 ¢

SLVNT CDCL3

IRNUC
CTEMP

77.00 ppm
0.12 Hz
60

EXREF
BF
RGAIN

PTLC, BzOAm

E€LBE"ST
£L00°9C

6708°9€

6ZET"8G

BETIE P9

~— 0TSL 9L

0000°LL

~

S GLGZULL

- 9G¥E"8Z1
88157621
950Z°0€1

S THZ6°ZET

—— 9LEGT991

S31



1-Ph-3-OAc-propane

RRRNRA

T T

th!u
lz1 |

|
TTTTITTTT

N{M\HIJI

19

3.017

e 1.955

S

2.000

1.989

2.869

2.069

RN

TR

i
7.5

TSI TETTTVT eI oI
i |

11,0 10.5 10.0 9.5 9.0 8.5

T T

TV T

AN SN /
(_.r,, 1 }\}\1\\ — (
rFeretrirria
HN A DN A A MO S
CMoRboane o S2
HooPPLoNOOa 38
MRARTINNIRRIA =29
N e N A S S AT <<

1-Ph-3-OAc-propane

171.1242

141.1166

128.3639 —
128.3162 —
125.9316 —

63.7703

S32

32.0936 —
30.1001

20.8860

DFILE

DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1

IRNUC
CTEMP
SLVNT
EXREF

RGAIN

ozawa07-149_1H.jdf
1-Ph-3-OAc-propane
2015-08-26 10:11:46

1H
proton.jxp
500.16
2.41
6.01
16384
9384.38

4
1.7459
5.0000
5.55
1H

21.4

CDCL3
7.26
0.12
30

MHz
KHz
Hz

Hz
sec

sec
usec

ppm
Hz

Ph™ ~""0DAc

DFILE

DATIM
OBNUC

OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PWl

IRNUC
CTEMP
SLVNT
EXREF

RGAIN

id

ozawa07-149_13C. jdf
1-Ph-3-OAc-propane
2015-08-26 10:12:50

13c
carbon.jxp
125.77
7.87
4.21
32767
39308.18
16

0.8336
2.0000
3.40
1H

21.5

CDCL3
77.00
0.12
60

MHz
KHz
Hz

Hz
sec

sec
usec

ppm
Hz



1-0Ac-3-Ph-propane

86C°¢E

86z°g T

TRTTTTT

©
wWom o
- o
e o NN 0o o g ﬂ“U
0 8.5 EEN N g8@ )
ER m om eas O om
[F° %] WHATOITONOWM & VYNO
o'l “SFOo®m Wow . Ad®
meo T Loen 93 & N7
BES foccBe %8s 8 cao T
dha TB TR Aa
898 & s ™~
80T O ®
Fdw » ]
®3w o 33
NTomn A
RS- & ©
© VAQHZHR® QMR Z =
<l mWOREImQ g mmz =1
HEEESRaREEES o o (o
HORMRAMMOMO OO E R B 13 % &
AOAOWOOOAMACMMHO MK MK
w
R =)
E T
E o
E o
E w
E o
= o
-

T T
i

T
| |

L]

n

TR T

T
i

T

5.5

6.0

ﬂ‘N\“‘|h|M5w1H!H1H1th}

|

=)
@

i

8.5

T T ey

=
o

T

HELL

T
|
11.0 10.5 10.0

P6EI"T
¥6%0°C
TIEE T
£€8VE"C

- L6SE'T

£V9E°T
£TLE T
8GLE"T

f o ZTL8E"T
- TS6E°T

L90%°2
yeive

- OLTP 2

6E€2V°C
EGEV°C

- 8TLO"P
— ZTTL°¥

- 9EET"¥
1494
- G961 ¥

089T° ¥
812Z°¥
T2ETY
L9ET ¥

- 9EVT”Y

(412404
06SZ°¥

- 96SC° ¥

669C° 1
6L86° 1
7666V
£€900°G

- LLT0"S

€POT L
£021°L
T6v2°L

- T192°L

T9T€°L
OETE"L

- b9ZETL
- 0TEE™L

PYEEL
S08€° L
TE9E L
G99€° L
LSLE"L
GT8E"L
098€°L
TG6€°L
LE6E™L
T1E€0P°L

133_13C.jdf
OAc-3-Ph-propane

ozawa06:

1
DATIM 2015-09-26 13:01:37

DFILE
COMNT

13C
carbon. jxp

OBNUC

EXMOD

7.87 KHz
4.21 Hz
32767

39308.18 Hz
3.40 usec

125.77 MHz

48
0.8336 sec
2.0000 sec

OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl

22.7 ¢

1H
SLVNT CDCL3

IRNUC

CTEMP

77.00 ppm
0.12 Hz
60

EXREF
BF
RGAIN

1-0Ac—3-Ph-propane

88¢8

979

- G128

LO6Y

Szl

0000

08vZ

- 1998

6916
PShL

z8L8°

0618

‘0z

"8¢

“6S
“19

‘9L
LL
TLL

‘921
°821
"8¢1

coLt

S33



1-Br-3-Ph-propane
r
DFILE _1-Br-3-Ph-propane_lH.jdf
COMNT 1-Br-3-Ph-propane
DATIM 2015-08-28 12:41:51
OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 16384
FREQU 9384.38 Hz
SCANS 4
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 5.55 usec
IRNUC 1H
CTEMP 21.7 ¢
SLVNT CDCL3
T !lH‘HH.!!' TTITTITTTTITT T iHH‘l!lMM.\Hf EXREF 7.26 ppm
| i BF 0.12 Hz
73 34 28 22 2, RGAIN 30
« AN
3 Ph Br
-
o N a2
8 = S 3
< & ~
o~ {
tm
I O -
HTITH‘,I;HHH{!!!H\HHN!HHHIUW-E!HH;AIl:!w‘]l};mml‘»{":lIuHHEW;:IH!‘,HHz!ii!iﬂl!\]t\l'i!“!IMII!HHiH;IIIH:MiU!m‘UIhHHiHHHE%];n;lH}H:Hid"!u T HllHHMH!HIHHHWHx!:{‘
i | | | | i | | | ! | |
11.0 10!.5 10.0 9.5 9.0 815 8.0 7.5 7.0 6.‘5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.0 0.5 0.0 -0.5
) i
7 I
, AT
| I | | (D i rtn
OMEWAOE TBWD ©ow AHNMVEON o
AEMNDO RO TO SO9% Obdwowa® ®
NHHON LT MANN— NHOD A D®HO DN w
aoanaaaaaay SEOoennaatadn 9
e NN AT mom dadddNNa o

1-Br-3-Ph-propane

DFILE _1-Br-3-Ph-propane_13C.jdf
COMNT 1-Br-3-Ph-propane
DATIM 2015-08-28 12:42:53

OBNUC 13C

EXMOD carbon.jxp

OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 20
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.40 usec
IRNUC 1H

CTEMP 21.8 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60

34.1252
33.9345 —
33.0951

40.5062
28.5260 -
28.4688
26.1319
77.2575
77.0000 >
76.7425 —

S34



TTTT

25

34

)
000+ T me—

TTT Ill TT 1I| 1T ’}\ T
27

1-Br-3-Ph-propane

9

HeT o

- NN VOO £ nnu

R k=] mmaﬁ N [T} QN

mwo o o w03 0 [+

18— WA A TOTHOWN o~ wNOo

© Q -HTO®M WO W . N M

o~ O+ + M . O . ™ . .

- oo KO MNWOw ~ ow o~ ~o

Rl —o - . E

@ | O o ” -

S9S § o « ™

Z Hw D e} —_—

@ m o jo3

N Om M o a

0N Q - o

= LQAQOHZ j=N e B z H

me OREIMQ m mm -

EPEEE R R - L o

AODAOCKMOOOAMMNAMMHOMNKMMN

o

=
=
= o
= o
= o
= o
E o
=
M (0]
m -

V«Hknlw
.5 2.0

3.0

.5

JEH!H;WJH!L!H;H!U!H

4.0

qHHTHHiUNHht
5.0 4.5

T
|
.5
1

5

!H!HiW‘HIH!H]HIHIH
6.5 6.0

T
7.0

)H!Hi%!“l”l”
7.5

T
.0

8

ﬁ'”‘”‘w‘”‘“!
9.0 8.5

T
|

T

T

[ L

2

3

|

11,0 10,5 10.0 9.5

LoLet
\JH ¥095°1T
6LYY T
¥657°C
0p9v°2C
80LY"C
A TAMA
LLLv'e
1687°C
LE6Y T
9005°2
2505°¢
9916°2C
2009°¢
- L1197
vLI9 T
1€29°¢C
00€9°2
S1v9°2
Lv9 e
625972
9859°2
- 10L9°2C
9T6E°€
966€°€
- ZhOV"€
0TIF €
A28
gzev'e
- 9TEV"E
TEVY €
0€65°€
8996°€
28LS €
8785 €
¥L8S €
£765°€
8865°€
vE09° €
6V19°€E
9829°€
8LEY"E
- TGTT"§

bS2I°S
— CTTEL"S
- GZYI°S
6612°L
009Z°L
8182°L
99627 L
8S0E"L
- 0£2E°L
0TEE"L
B6LEE"L
STYE"L
9TSE"L
6ESEL
9LIE" L
— LEBE"L
8T6E"L
-~ PLEE"L
~ 680F°L
92V L
192v" L

W ™
el o~
P
T EW
SR R=]
M Qe
- 0o
154
© Q4
o] Q
SN X
A ~
@ 1o .
omno o
@1l o
E MO Q
WM O
NlOMm
0N U
HEZ0AQ
s IWO
PEEEE:
AODAOM

7.87 KHz
4.21 Hz
32767

39308.18 Hz
3.40 usec

125.77 MHz
60
0.8336 sec
2.0000 sec

OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl

77.00 ppm
0.12 Hz
60

23.3 ¢

1H

IRNUC
CTEMP
SLVNT CDCL3
EXREF

BF
RGAIN

1-Br-3-Ph-propane

0180°0€

otLz zw

0TLO"T9

GTYL 9L
0000°LL
GLGT LL

L196°92
712982
9208782

210V "0V

S35



NaBH4

s 3
M g 5 i
. DFILE ozawa09~126_1H.jdf
5111 COMNT NaBH
v sy DATIM 15-08-2016 14:48:01
\H/ OBNUC 1H
) EXMOD proton.jxp
OBFRQ 391,78 MHz
' OBSET 8.51 KHz
", OBFIN 3.34 Hz
\ POINT 16384
FREQU 7352.94 Hz
SCANS 4
ACO™ 2.2282 sec
PD 5.0000 sec
PU1 6.45 usec
IRNUC 1H
CTEMP 460.0 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 22
HJHHIIIHP‘KHH 1‘[H|IIIII| IllllllIlHTﬂT IlHllliHHIHII!HIH
I VK Ly b OH

L
]
H
: .
8 £
£
-
-
3
3
/ ~
<
g
g
- o
g
/ 3
]H||||||THI“IHI||(||||H|HHIHI\lHHHIIIiHlllHIlil\ll|HH|HIl\HII‘|”|IHVI{IHIHIH;HlHIHllHIIHIHW 1||H|]HHHHI“HHI]HJHH ”H‘”HIH||‘H]IHH11|]KHH[|‘H]'IlH|’H\HUH'IIIHI[Hi””
11, 10.5 10.0 o 8.5 8.0 1.5 7.0 6.5 6.0 5.5 . .0 3.0 2.0 1.5 1.0 0.5 0.0
%ﬁ%
vomeumsmoswdaEn  ~ . ®
$832848398385853 g
BN HAHONCLODTTMN 2
ARRARRINASRIIRY @
N N N N N NN
NaBH4
DFILE ozawa09-126_13C.jdf
COMNT JaBH:
DATIM 15-08-2016 14:49:27
OBNUC 13C
EXMOD carbon.3xp
OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 32767
FREQU 30788.18 Hz
SCANS 32
ACQT™ 1.0643 sec
PD 2.0000 sec
WL 3.73 usec
IRNUC 1]
CTEMP 460.0 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
Pl
T I e LI R — [ T T T 1
200 150 100 l 50 1 ‘ 0
< o osna s < e o
2853 3 3 g 3
3 EEH §sgg = H g 3
3 §5% fRéd g < g =
H 858

S36



3 3 CR

g —geggoce cezpmny . DFILE ozawa09-130_lH.als
Ml | G §§§§§§§5 fannng Eiﬁiggafx&?ﬁiiﬁ%ﬁﬁ%i.ﬁ SRrtw 16-0s-2016 15:20:00
1)) 1
S\ || e W SWirirmreer B potonges
‘ L ! . OBSET 5051 iz
OBFIN 3.34 Hz
! POINT 13107
FREQU 5882.35 Hz
: SCANS 4
ACOTM 2.2282 sec
. ¥ BEmE
i IRNUC 1H '
1! ! by, ) gz% cocts 460.0 ¢
| EXREF 7.26 ppm
! ‘ \ BF 0.12 Hz
- N RGAIN 24
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DFILE ozawa09-130_13C.jds

comT
DATIM 18-08-2016 15:29:20
OBNUC 13C

EXMOD carbon.jxp

OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 3276

FREQU 30788.18 Hz
SCANS

ACOTM 1.0643 sec
PD 2.0000 sec
PH1 3.73 usec
IRNUC 1H

CTEMP 460.0 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60

—

__\
76.6757 — |
60.2618 —|
59.6228 —

77.3243
77.0000
42,1406

128.6549 —_|

128.3306 —F

126.8904 — |

141.3778
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PBr3
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OBFRQ 91,78 MHz
' OBSET 8.51 Kz
, , OBFIN 3.34 Hz
\ POINT 16384
! FREQU 7352.94 Hz
SCANS 4
AcCo™ 2.2282 sec
A L PD 5.0000 sec
A L PWL 6.45 usec
i ' ! IRNUC 1H
i i CTEMP 460.0 ¢
! ' SLVNT CDCL3
EXREF 7.26 ppm
BF 0.20 Hz
RGAIN 26

IIIIIHIIIIHHH|V IHHH'IIH !IHH||HH||II]HIIIIIH]I !illHHIUIII!HHIIIHIHIH |
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FPh Br
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DFILE ozawa09-128_13C.jdf

COMNT BB

DATIM 25-08-2016 16:07:52
OBNUC 13C

EXMOD carbon.jxp

OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 32767
FREQU 30788.18 Hz
SCANS 20
acom 1.0643 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H

CTEMP 460.0 c
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.20 Hz
RGAIN 60

128.7884 ——_
—J
—

128.6167 ——]

126.9572 —|

140.3859
77.3243
77.0000

76.6757
61.0724
42.2550
30.0948
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CN-3-Ph-propane
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DFILE ozawa08-082_1H.3jdf
COMNT 1-CN-3-Ph-propane
DATIM 26-08-2015 15:08:17
OBNUC 1H

EXMOD proton.jxp

OBFRQ 391.78 MHz
OBSET 8.51 KHz
OBFIN 3.34 Hz
POINT 16384
FREQU 7352.94 Hz
SCANS 4
ACQTM 2.2282 sec
PD 5.0000 sec
PWl 4.99 usec
IRNUC 1H

CTEMP 21.9 ¢
SLVNT CDCL3

EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 24

Ph™ >"CN
1f
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1.987
2.006
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DFILE ozawa08-082_13C.jdf
COMNT 1-CN-3-Ph-propane
DATIM 26-08-2015 15:09:20

OBNUC 13C

EXMOD carbon.jxp
OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 32767
FREQU 30788.18 Hz
SCANS 16
ACQTM 1.0643 sec
PD 2.0000 sec
PWL 3.16 usec
IRNUC 1H

CTEMP 22.0 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60



L-CN-3-Ph-propane

LRARARRY | EEER SERRSARANELITCINARRLING
) \ . 135 1n.
S| W SIS e ey
- DATIM 26-09-2015 14:59:48
' ' ' 8 OBNUC 1H
- M EXMOD proton.3jxp
OBFRQ 331.78 MHz
. OBSET 8.51 KHz
) OBFIN 3.34 Hz
! POINT 16384
FREQU 7352.94 Hz
SCANS 4
ACOT™ 2.2282 sec
PD 5.0000 sec
PHL 4.99 usec
f IRNUC 1H
CTEMP 20.3 ¢
SLVNT CDCL3
st T g e
J RGAIN ‘28
I\I’I]I[Hill}lHI!HIlilI!l’IIIIIIl I
14 so 25 25 24 2

2f

4.553

DFILE ozawa08-135_13C.jdf
COMNT 1-CN-3-Ph-propane
DATIM 26-09-2015 15:00:50

OBNUC 13C

EXMOD carbon. jxp
OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 32767
FREQU 30788.18 Hz
SCANS 100
ACQTM 1.0643 sec
PD 2.0000 sec
PWL 3.16 usec
IRNUC 1H

CTEMP 20.5 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 1.20 Hz
RGAIN €0
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pPiv
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DFILE ozawa09-197_1H.als
I 13 5 i L TR caaT oPly
DATIM zms 09-27 10:16:50
[ L O T =
R EXMOD pzoton 3xp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
i t [ " 1 POINT 13107
} FREQU 7507.51 Hz
f 1 SCANS 4
' ] Aco™ 1.7459 sec
PD 5.0000 sec
' ' PHL 5.55 usec
! IRNUC 1H
CTEMP 9 c
. ) i SLVNT CDCL3
i EXREF 7.26 ppm
BF 0.12 Hz
L | RGAIN 2.
lll‘llllll—r H!Il IH{II ||IIH TTT]T
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DFILE ozawa09-197_13C.als
COMNT OPiv
DATIM 2016~09-27 10:17:50
OBNUC 13C
EXMOD carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 52428
FREQU 31446.54 Hz
SCANS 16
ACQTM 1.6672 sec
PD 2.0000 sec
PW1 3.40 usec
IRNUC 1H
CTEMP 21.1 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
PPM
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200 150 [ [ 100 50 || l o
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_\
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128.7558 ——_
77.0000

128.5174 ——
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38.8305 —_|
38.7161 ——|

27.1279

DFILE ozawa09-200_1H.als
COMNT ~ OP:

v

DATIM 2016-09-30 17:21:19

OBNUC 1H

EXMOD proton.3xp

OBFRQ 500.16 MHz

OBSET 2.41 KHz

OBFIN 6.01 Hz

POINT 13107

FREQU 7507.51 Hz

SCANS 4

ACQT™ 1.7459 sec
5.0000 sec

PW1 5.55 usec

IRNUC 1H

CTEMP 21.2 ¢

SLVNT CDCL3

EXREF 7.26 ppm

0.12 Hz
RGAIN 28

Ph
29

DFILE ozawa09-200_13C.als

COMNT OPiv

DATIM 30-09-2016 09:35:38

OBNUC 13C

EXMOD carbon.jxp

OBFRQ 98.52 MHz

OBSET 4.64 KHz

OBFIN 8.74 Hz

POINT 52428

FREQU 24630.54 Hz

SCANS 32

ACQTM 2.1286 sec
2.0000 sec

PW1 3.73 usec

IRNUC 1H

CTEMP 460.0 ¢

SLVNT CDCL3

EXREF 77.00 ppm

0.12 Hz
RGAIN €0
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Et-C4H4-NO2
&8
T DFILE _Et-C4H4-NO2_1H.jdf
1:2 COMNT Et-C4H4-NO2
‘; DATIM 2015-08-26 10:20:26
' OBNUC  1H
i EXMOD proton.jxp
/ OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 16384
FREQU 9384.38 Hz
SCANS 4
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 5.55 usec
IRNUC 1H
) CTEMP 21.5 ¢
— SLVNT ~CDCL3
T T} [T (AT EXREF 7.26 ppm
81 28 27 13 12 SeAIN °‘;§ Hz
E ih
B
o a
g 3 e
& N «
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i
L
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Et-C4H4-NO2
DFILE _Et-C4H4-NO2_13C.jdf
COMNT Et-C4H4-NO2
DATIM 2015-08-26 10:22:07
OBNUC 13C
EXMOD carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 12
ACQTM 0.8336 sec
PD 10.0000 sec
PWl 3.40 usec
IRNUC 1H
CTEMP 21.7 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
|
" > . " wore
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Et-C4H4-N0O2

gg DFILE ozawa08-086_lH.jdf
]2 COMNT Et-C4H4-NO2
© DATIM 2015-08-28 12:26:07
| OBNUC 1H
il EXMOD proton.jxp
) OBFRQ 500,16 MHz
N OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 16384
FREQU 9384,38 Hz
SCANS 4
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 5.55 usec
IRNUC 1H
CTEMP 21.5 ¢
SLVNT CDCL3
T T[T g?REF ;-ig gpm
U ! . z
82 1.9 18 RGAIN 30

Me

2.946

2h

2.028
2.064

. 1.000

P LN I L . L (. ll P
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| i | 1

AN 7\
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7.5967
7.5795
N

5.1483
5.1345 —

8.2162 —
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7.2600 ——i—
5.1070 —
1.8627 —
1.8490 —

Et-C4H4-NO2

DFILE ozawa08-086_13C.jdf
COMNT Et-C4H4-NO2
DATIM 2015-08-28 12:28:57

OBNUC 13C

EXMOD carbon.jxp

OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 32
ACQTM 0.8336 sec
PD 10.0000 sec
PW1 3.40 usec
IRNUC 1H

CTEMP 21.8 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60

| /
|

Pt i i i
- 2o woe < <
53 22 288 = 3
53 £2 588 £ 3
g3 22 888 g 3
se S ¥ w <
gz 54 S g g

S44



Et-C4H4-CN
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Et-C4H4-CN
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77.0000
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28.9459

14.9151

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

Me

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PH1
IRNUC
CTEMP
SLYNT
EXREF
BF
RGAIN

Et-C4H4-CN_1H.jdf
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KHz
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sec

sec
usec

ppm
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Et-C4H4-CN
2015-08-26 10:16:11
1H
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2.41
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1H
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Et-C4H4-CN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
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SLVNT
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RGAIN
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ozawa08-087_1H.jdf
Et-C4H4-CN

2015-08-28 12:37:27
1H

proton.jxp

500.16

2.41

6.01

16384

9384.38

4

1.7459
5.0000
5.85

sec
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1H

21.6 c
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ozawa08-087_13C.jdf

Et-C4H4-CN
2015-08-28 12:38:29
13C
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125.77 MHz
7.87 KHz
4.21 Hz
32767
39308.18 Hz
20
0.8336 sec
2.0000 sec
3.40 usec
1H
21.7 ¢
CDCL3
77.00 ppm
0.12 Hz
60
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28.2878
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLYNT
EXREF
BF
RGAIN

_Et-C4H4-Br_lH.jdf

2016-01-12 10:40:32
1H

proton.jxp
500.16

2.41

6.01

16384
9384.38

4

1.7459
5.0000
5.55
1H

32.4

CDCL3
7.26
0.12
28

Me

DFILE
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DFILE
COMNT
DATIM
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EXMOD
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OBFIN
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SCANS
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IRNUC
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i i EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
) ) POINT 13107
i r FREQU 7507.51 Hz
' i SCANS 4
Acom™ 1.7459 sec
PD 5.0000 sec
PH1 5.55 usec
IRNUC 1H
. f 1 CTEMP 21.4 ¢
SLVNT CDCL3
! | EXREF 7.26 ppm
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DFILE ozawa09-124_13C.als
OMNT

c aBH4
DATIM 2016~08-10 15:19:53
OBNUC 13C

EXMOD carbon.3xp

OBFRQ 125.77 MHz
OBSET 7.87 Kz
OBFIN 4.21 He
POINT 52428

FREQU 31446.54 Hz
SCANS 20
ACQTM 1.6672 sec
D 2.0000 sec
PW1 3.40 usec
IRNUC 1H

CTEMP 21.6 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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DFILE ozawa09-125_1H.als
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b EXMOD proton.jxp
OBFRQ 500.16 MHz
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OBFIN 6.01 Hz
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' SCANS 4
ACQTM 1.7459 sec
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DFILE ozawa09-125_13C.als
COMNT HCl aq
DATIM 2016-08-12 14:52:48
OBNUC 13C
EXMOD carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 52428
FREQU 31446.54 Hz
SCANS 20
ACQTM 1.6672 sec
PD 2.0000 sec
PW1 3.40 usec
IRNUC 1H
CTEMP 21.5 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
T I T T I T T I I T T T T
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EO88 8 qs8 5 a
g 8% 8 RRE 585 0 8



~Ac—P!

—— 7.8853
—- 78681 2000

3.042

7.2806

7.2646 2.057
-~ 1.2488

1.2328

™

—— 25692 3131

e 1.2637

3.131
3.042

2.000
2.057
2.077

:HlHHIl‘(HIHHI‘ T ‘llHl I I.HKHH

.0 10.5 10.0 9.5

II!IHIHIIHHM )I\‘M'H‘{ll\”'lh*”tﬂﬂ] [HI! il [HHHHIIH!H“H]\HH'M'IH T 1

‘ VPIHHIHHIH‘HVHF‘*

j'

7.8853 |
7.8681 —
7.2806 —
7.2646 —— S
7.2600 —
2.7181 =
2.7032

2.6883 —
2.6735

2.5692

1.2637 —|
1.2488 —
1.2328 —

4-Ac-Ph

197.831

149.987

134.826 ———

128.474 —-_

127.987 —
77.258 —.
77.000 ——je=r
76.747 —
28.855 —l
26.475 ———
15.144

DFILE ozawal0-046_SM_lH.als
COMNT 4-Ac-Ph

DATIM 2016 11-28 16:02:25
OBNUC

EXMOD proton ixp

OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 4
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.55 usec
IRNUC 1H

CTEMP 2l.3 ¢
SLVNT CDCL3

EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 28
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DFILE ozawal0-046_SM_13C.jdf

COMNT 4-Ac-Ph

DATIM 2016-11-28 16:04:20
13c

EXMOD carbon.jxp

OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 65535
FREQU 39308.18 Hz
SCANS 20
ACQTM 1.6672 sec
PD 2.0000 sec
PW1 3.40 usec
IRNUC 1H

CTEMP 21.3 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 58
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i i [RRR i il EXMOD proton.jxp
OBFRQ 500.16 MHz
' OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 16384
FREQU 9384.38 Hz
SCANS 4
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 5.55 usec
IRNUC 1H
CTEMP 21.0 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 28
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4-Ac-Ph

DFILE ozawal0-046_13C.3jdf
COMNT 4-Ac-Ph
DATIM 2016-11-30 13:22:13

OBNUC 13C

EXMOD carbon.Jjxp

OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 65535
FREQU 39308.18 Hz
SCANS 16
ACQTM 1.6672 sec
PD 2.0000 sec
PWl 3.40 usec
IRNUC 1H

CTEMP 2l.1 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 58

A

77.2528 —
77.0000 -
76.7472 —
26.6090 —_|
26.2895 ——

197.3927
147.6504
136.7671

7. 6515

52



DFILE _S5-methylhexanoic acid_1H.jdf
COMNT 5-methylhexanoic acid
DATIM 2015-08-25 12:34:05
OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 16384
FREQU 9384.38 Hz
SCANS 4
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 5.55 usec
IRNUC 1H

2 CTEMP 21.3 ¢

S SLVNT CDCL3

) EXREF 7.26 ppm
BF 0.12 Hz
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5-methylhexanoic acid

COMNT 5-methylhexanoic acid
DATIM 2015-08-25 12:35:07

DFILE 5-methylhexanoic acid_13C.jdf

OBNUC 13C

EXMOD carbon.jxp

OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 12
ACQTM 0.8336 sec
PD 2.0000 sec
Pl 3.40 usec
IRNUC 1H

CTEMP 2l.4 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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DFILE o0zawa09-065_rsm_lH.jdf
COMNT BuNPhth

DATIM 2015-12-24 17:06:28
OBNUC 1H

EXMOD proton.jxp

OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 16384

FREQU 9384.38 Hz
SCANS 4

ACQTM 1.7459 sec

PD 5.0000 sec
PWl 5.55 usec
IRNUC 1H

CTEMP 33.8 ¢
SLVNT CDCL3

EXREF 7.26 ppm
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DFILE o0zawa09-065_rsm_13C.jdf
COMNT BulPhth
DATIM 2015-12-24 17:07:35

C

OBNUC

EXMOD carbon.jxp

OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 17
ACQTM 0.8336 sec
PD 2.0000 sec
PWL 3.40 usec
IRNUC 1H

CTEMP 30.0 c
SLVNT CDCL3

EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 60
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DFILE ozawa09-016_1H.jdf

COMNT 4-OAc-Ph, CO2Me

DATIM 18-11-2015 17:55:28
1H

EXMOD proton.jxp
391,

OBFRQ 7€ MHz
OBSET 8.51 Kiiz
OBFIN 3.34 Hz
POINT 16384
FREQU 7352.94 Hz
SCANS 4
AcoT 2.2282 sec
PD 5.0000 sec
PW1 4.99 usec
IRNUC 1H

CTEMP 20.1 ¢
SLVNT CDCL3

EXREF 7.26 ppm
BF 0.1z Hz
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in

DFILE ozawa09-016_13C.jdf

COMNT 4-OAc-Ph, CO2Me

DATIM 18-11-2015 17:56:31
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EXMOD carbon.jxp
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A-OAc-Ph, CO2Me
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A-OAc-Ph, CO2Me

DFILE ozawa09-019_13C.jdf
COMNT 4-OAc-Ph, CO2Me
DATIM 18-11-2015 18:02:14

OBNUC 13C

EXMOD carbon.jxp
OBFRQ 98.52 MHz
OBSET 4.64 Kz
OBFIN 8.74 Hz
POINT 32767
FREQU 30788.1€ Hz
SCANS 32
AcoT™ 1.0643 sec
PD 2.000C sec
Pl 3.16 usec
IRNUC 1H

CTEMP 0.2 ¢
SLVNT CDCL3

EXREF 77.0C ppm
BF 0.12 Hz
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FREQU 7507.51 Hz
SCANS 4
ACOTM 1.7459 sec
D 5.0000 sec
PW1 5.55 usec
IRNUC 1H

CTEMP 21.2 ¢
SLVNT CDCL3

EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 30
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EXMOD carbon. jxp
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POINT 52428
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SCANS 20

ACQTM 1.6672 sec
PD 2.0000 sec
PW1 3.40 usec
IRNUC 1H

CTEMP 3ec
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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EXMOD carbon.jxp
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OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 65535
FREQU 30788.18 Hz
SCANS 12
ACQTM 2.1286 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC LH
CTEMP 460.0 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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AcQM™ 1.6672 sec
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