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1. General.

Unless otherwise stated, all the reactions were performed in flame-dried glassware under a nitrogen
atmosphere using dry solvents. Commercial reagents were used as received. 'H and >C NMR spectra
were recorded on a JEOL spectrometer ECS-400, ECS-600 and AL-400. Data for "H NMR spectra are
reported as follows: chemical shift (& ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, dd = doublet of doublets, ap = apparent, sex =sextet, sep = septet), integration, coupling
constant (Hz) and assignment. The enantiomeric excesses were determined by GC or HPLC analysis
employing a chiral stationary phase column specified in the individual experiment, by comparing the
samples with the appropriate racemic mixtures. GC analysis was carried out using Agilent GC 6850 series
II equipped with InertCap CHIRAMIX Column (length 30 m, i.D. 0.25 mm, df. 0.25 pum) from GL
Sciences Inc. and CHIRASIL-DEX CB (length 25 m, i.D. 0.25 mm, df. 0.25 um) from Varian using
helium as a carrier gas. GC yields were determined by employing HP-1 (length 30 m, i.D. 0.320 mm, df.
0.25 pm) or HP-INNOWAX (length 30 m, i.D. 0.320 mm, df. 0.25 pm) column from Agilent
Technologies using helium as a carrier gas. FAB-MS analysis was performed with an Ultrahigh
Performance Mass Spectrometer JMS-HX110A in Institute for Materials Chemistry and Engineering
(IMCE). HPLC analysis was performed on a JASCO LC-2000 Plus Series equipped with a variable
wavelength detector using chiral stationary columns (Chiracel AD-H, 0.46 cm x 25 cm) from Daicel.
Optical rotations were measured on a JASCO DIP-1000 digital polarimeter. Chromatography was
performed on silica-gel (Kanto Chemicals, Silica gel 60N, spherical, neutral; particle size 40—-100 pm).
Abbreviations; Bn = benzyl, conversion = conv, enantiomeric excess = ee, €q = equiv, er = enantiomer
ratio, DMAP = N,N-dimethylaminopyridine, MTPACI = Methoxy-1-(trifluoromethyl)phenylacetyl
chloride, piv = pivaloyl, product = pro, RT = room temperature, substrate = sub.

2. Material.

CDCl;, CD3;OD and C¢Dg were used as solvents for NMR analyses. Chloroform was purified prior to use
following the guidelines of Perrin and Armarego'. Pyridine (anhydrous), CH,Cl, (anhydrous) and THF
(anhydrous, stabilizer free) were used as anhydrous solvents. N-9-anthracenylmethyl-cinchonidinium
chloride (1a, Sigma-Aldrich), N-benzylcinchonidinium chloride (1d, TOKYO CHEMICAL INDUSTRY
CO., LTD.), N-benzylcinchoninium chloride (1e, TOKYO CHEMICAL INDUSTRY CO., LTD.) and
cinchonidine (Wako Pure Chemical Industries, Ltd.) were used as received. All other chemical reagents
were used in commercial grade. Catalyst 1b? 1c’, 2-isopropyl-cycloheptanone’ (3h), 2-allyl-4,4-
dimethyl-cyclohexanone® and 2-cycloheptylidene-1,1-dimethylhydrazine® were prepared according to the
reported procedures.

3. Preparation and Characterization of enolesters
3-1. Synthesis of 2-substituted ketones
4,4-dimethyl-2-propylcyclohexanone’ (3d)

O 2-allyl-4,4-dimethylcyclohexanone (570 mg, 3.43 mmol, 1 equiv) in ‘butanol (3.43 mL)
was placed in a glass tube with a magnetic stirring bar. RuCly(PPhs); (16.4 mg, 0.017
mmol, 0.5 mol%) was added and the tube was placed in an autoclave. Hydrogen was
introduced into the autoclave at a pressure of 2 MPa after hydrogen replacement, then
stirred for 11 h at 30 °C. The resultant solution was purified by silica-gel column

chlomatography (Hexane : Et,0 = 10:1) to give 3d (566 mg, 3.36 mmol, 98%) as yellow oil. "H NMR
(400 MHz, CDCl3): 6 =2.44 (td, J = 6.4, 14.2 Hz, 1 H), 2.36 (dt, J = 6.0, 6.0 Hz, 1 H), 2.22 (dt, J = 3.2,
14.2 Hz, 1 H), 1.80-1.55 (m, 4 H), 1.34-1.22 (m, 3 H), 1.19 (s, 3 H), 1.06 (tq, 6.9, 6.9 Hz, 1 H), 0.99 (s, 3
H), 0.87 (t, J= 7.4 Hz, 3 H). >C NMR (100 MHz, CDCls): & = 214.1, 46.8, 45.8, 40.2, 38.6, 31.6, 31.2,
30.9,24.7,20.3, 14.3. Anal. Calcd (%) for C,;H,,0: C, 78.51; H, 11.98. Found: C, 78.24; H, 11.98.
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2-propylcycloheptanone *(3f)

o) BuLi (1.67 M in hexane, 5.25 mmol, 3.14 mL, 1.05 equiv) was added dropwise to a
stirred solution of 2-cycloheptylidene-1,1-dimethylhydrazine (771 mg, 5.0 mmol, 1
equiv) in THF (anhydrous, 20 mL) at — 5 °C under a nitrogen atmosphere and stirred
for 1 h. After that, propyl iodide (893 mg, 512 uL, 5.25 mmol, 1.05 equiv) was added
dropwise to the solution, and then the resulting solution was allowed to warm to RT

and stirred for 4 h. Distilled water was added to the resultant solution and cooled to 0 °C. Then the
solution was acidified with IN HCI aq to reach pH 1-2 (The mixture was homogenized by adding THF
and methanol). After stirring at 45 °C for another 2 h, the solution was extracted with diethylether. The
organic extracts were combined, dried over Na,SO4 and concentrated. The resultant crude product was
purified by silica-gel chromatography (hexane:Et,O = 20:1) to give 3f (560 mg, 3.63 mmol, 73%) as
pale yellow oil ?C NMR was in agreement with the literature®. "H NMR (400 MHz, CDCls): & = 2.54-
2.34 (m, 3 H), 1.89-1.76 (m, 4 H), 1.68-1.48 (m, 2H), 1.40-1.17 (m, 6 H), 0.86 (t, J= 7.4 Hz, 3 H). °C
NMR (100 MHz, CDCl;): 6 =216.8, 52.3, 42.7, 34.6, 31.3, 29.7, 28.5, 24.8, 20.5, 14.2. Anal. Calcd (%)
for C1oH50: C, 77.87; H, 11.76. Found: C, 78.01; H, 11.83.

2-butylcycloheptanone’’ (3g)

BuLi (1.67 M in hexane, 5.25 mmol, 3.14 mL, 1.05 equiv) was added dropwise to a

o stirred solution of 2-cycloheptylidene-1,1-dimethylhydrazine (771 mg, 5.0 mmol, 1

equiv) in THF (anhydrous, 20 mL) at — 5 °C under a nitrogen atmosphere and stirred

for 1 h. After that, butyl bromide (719 mg, 564 pL, 5.25 mmol, 1.05 equiv) was

added dropwise to the solution, and then the resulting solution was allowed to warm

to RT and stirred for 4 h. Distilled water was added to the resultant solution and cooled to 0 °C. Then the

solution was acidified with 1N HCI aq to reach pH 1-2 (The mixture was homogenized by adding THF

and methanol). After stirring at 45 °C for another 2 h, the solution was extracted with diethylether. The

organic extracts were combined, dried over Na,SO4 and concentrated. The resultant crude product was

purified by silica-gel chromatography (hexane:Et,O = 20:1) to give 3g (643 mg, 3.82 mmol, 77%) as

pale yellow oil. "H NMR (400 MHz, CDCls): & = 2.53-2.32 (m, 3 H), 1.90-1.77 (m, 4 H), 1.68-1.50 (m,

2H), 1.38-1.14 (m, 8 H), 0.86 (t, J = 6.9 Hz, 3 H). °C NMR (100 MHz, CDCL): & =216.9, 52.5, 42.7,

32.2,31.3,29.7,29.5, 28.5, 24.8, 22.9, 14.1. Anal. Calcd (%) for C;1H,00: C, 78.51; H, 11.98. Found: C,
78.44; H, 11.96.

3-2. Synthesis of enolesters

Procedures: A typical experimental procedure for the preparation of enolesters is described below.
Aqueous HCIOy solution (60%, 106.8 uL, 5 mol%) was added to a mixture of 2-propylcyclohexanone
3¢ (2.80 g, 20 mmol, 1 equiv) and chloroacetic acid anhydride (6.84 g, 40 mmol, 2 equiv) in CCly (12
mL) and CH,Cl, (12 mL) under air. The reaction mixture was stirred for 14 h at 30 °C. Then, Et,O (50
mL) and saturated NaHCOs aq (50 mL) were added to the reaction mixture and stirred for a few minutes.
After that, the organic layer was separated and the aqueous layer was extracted with Et,O (50 mL x 3).
Organic layers were combined and dried with Na,SO4 followed by evaporation. The resultant crude
product was purified by silica-gel column chromatography (Et,O/Hexane) to give 2¢ (3.73 g, 17.2 mmol,
86%) as pale yellow oil.
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2-ethylcyclohex-1-en-1-yl 2-chloroacetate (2b)

85% yield, yellow oil (4 equiv of 2-chloroacetic anhydride was used.)

CI\)(i '"H NMR (400 MHz, CDCL3): § = 4.12 (s, 2 H), 2.15-2.12 (m, 4 H), 1.93 (q, J = 7.9
(@]

Hz, 2 H), 1.74-1.66 (m, 2 H), 1.65-1.57 (m, 2 H), 0.92 (t, J= 7.8 Hz, 3 H). °C NMR

(400 MHz, CDCls): 6 = 165.7, 141.4, 126.7, 40.9, 27.3, 26.9, 23.2, 23.1, 22.4, 12.0.
Anal. Calced (%) for CioH;5ClO;: C, 59.26; H, 7.46. Found: C, 59.49; H, 7.47.

2-propylcyclohex-1-en-1-yl 2-chloroacetate (2c)
86% yield, yellow oil (2 equiv of chloroacetic anhydride was used.)

o) '"H NMR (400 MHz, CDCls): & = 4.11 (s, 2 H), 2.18-2.08 (m, 2 H), 2.08-2.00 (m,
2 H), 1.89 (t, 7.4 Hz, 2 H), 1.74-1.66 (m, 2 H), 1.66-1.56 (m, 2 H), 1.36 (sex, 6.0

a
Hz, 2 H), 0.85 (t, 7.4Hz, 3 H). *C NMR (100 MHz, CDCls): § = 165.7, 142.2,
125.2, 40.9, 32.1, 27.8, 26.9, 23.1, 22.4, 20.5, 14.1. Anal. Calcd (%) for
C11H17Cl0O,: C, 60.97; H, 7.91. Found: C, 61.25; H, 8.00.
4,4-dimethyl-2-propylcyclohex-1-en-1-yl 2-chloroacetate (2d)

94 %yield, pale yellow oil (3 equiv of 2-chloroacetic anhydride was used.)

0 '"H NMR (400 MHz, CDCl3): 6 =4.12 (s, 2 H), 2.18-2.11(m, 2 H), 1.90-1.80 (m, 4
C|\)J\ H), 1.49-1.42 (m, 2 H), 1.39-1.28 (m, 2 H), 0.97-0.92 (m, 6 H), 0.88-0.80 (m, 3 H).
o BC NMR (100 MHz, CDCl3): 6 = 165.8, 141.2, 123.9, 41.8, 40.9, 35.6, 32.1, 29.4,
27.9 (2 carbons), 24.5, 20.4, 14.0. Anal. Calcd (%) for C;3H,;CIO;: C, 63.79; H,

8.65. Found: C, 64.06; H, 8.79.

[1,1'-bi(cyclohexan)]-1-en-2-yl 2-chloroacetate (2¢)
82% yield, yellow oil (2 equiv of chloroacetic anhydride was used.)
0 'H NMR (400 MHz, CDCls): & = 4.11 (s, 2 H), 2.34-2.27 (m, 1 H), 2.13-2.10 (m,
Cl\)J\O 2 H), 2.03-2.00 (m, 2 H), 1.73-1.55 (m, 7 H), 1.46-1.40 (m, 2 H), 1.29-1.03 (m, 5
H). °C NMR (100 MHz, CDCls): & = 165.8, 140.8, 129.7, 41.0, 38.1, 30.3 (2
carbons), 27.0, 26.6 (2 carbons), 26.2, 23.8, 22.9, 22.5. Anal. Calcd (%) for
Ci14H1Cl105: C, 65.49; H, 8.24. Found: C, 65.64; H, 8.29.
2-propylcyclohept-1-en-1-yl 2-chloroacetate (2f)
84% yield, pale yellow oil (4 equiv of chloroacetic anhydride was used.)

0 '"H NMR (400 MHz, CDCl3): & = 4.09 (s, 2 H), 2.30-2.28 (m, 2 H), 2.11-2.08 (m,
CIQKO 2 H), 1.92 (t, ] = 7.3 Hz, 2 H), 1.72-1.50 (m, 6 H), 1.34 (tq, 7.4 Hz, 7.4 Hz, 2 H),

0.84 (t, 7.3 Hz, 3 H). °*C NMR (100 MHz, CDCLy): & = 165.9, 146.6, 129.9, 40.9,
34.5,33.0,31.5, 31.1, 26.4, 25.3, 20.5, 14.0. Anal. Calcd (%) for C1,H;4ClO,: C,

62.47; H, 8.30. Found: C, 62.51; H, 8.26.
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2-butylcyclohept-1-en-1-yl 2-chloroacetate (29)
85% yield, pale yellow oil (4 equiv of chloroacetic anhydride was used.)

o 'H NMR (400 MHz, CDCls): & = 4.10 (s, 2 H), 2.33-2.27 (m, 2 H), 2.13-2.07

a (m, 2 H), 1.95-1.88 (m, 2 H), 1.73-1.65 (m, 2 H), 1.65-1.57 (m, 2 H), 1.57-1.49

o) (m, 2 H). 1.34-1.29 (m, 4 H), 0.90-0.83 (t, 6.9 Hz, 3 H) °C NMR (100 MHz,

CDCly): 8= 166.0, 146.3, 130.2, 40.9, 33.0, 32.1, 31.5, 31.1, 29.5, 26.4, 25.3,

22.6, 14.1. Anal. Calcd (%) for Ci3H,,ClO,: C, 63.79; H, 8.65. Found: C,
64.04; H, 8.62.

g

2-isopropylcyclohept-1-en-1-yl 2-chloroacetate (2h)
56% yield, yellow oil (2 equiv of chloroacetic anhydride was used.)

"H NMR (400 MHz, CDCls): 6 = 4.12 (s, 2 H), 2.69 (sep, 6.9 Hz, 1 H), 2.32-2.24
(m, 2H), 2.08-2.01 (m, 2 H), 1.75-1.65 (m, 2H), 1.65-1.55 (m, 2 H), 1.55-1.45 (m, 2
H), 0.88 (d, 6.9 Hz, 6 H). BC NMR (100 MHz, CDCls): & = 165.9, 144.9, 134.8,
40.9, 33.2, 32.0, 28.2, 26.9, 25.2, 25.1, 20.0(2 carbons). Anal. Calcd (%) for
CpH4Cl10;: C, 62.47; H, 8.30. Found: C, 62.58; H, 8.28.

O

2-cyclohexylcyclohept-1-en-1-yl 2-chloroacetate (2i)
66% yield, yellow oil (2 equiv of chloroacetic anhydride was used.)

"H NMR (400 MHz, CDCl;): 8 = 4.11 (s, 2 H), 2.30-2.27 (m, 3 H), 2.09-2.06 (m, 2
H), 1.73-1.58 (m, 7 H), 1.50-1.40 (m, 4 H), 1.29-1.03 (m, 5 H). C NMR (100
MHz, CDCl;): & = 166.0, 145.3, 134.5, 40.9, 39.4, 33.2, 32.0, 29.9 (2 carbons), 26.8,
26.37(2 carbons), 26.35, 26.1, 25.3. Anal. Calcd (%) for C;sH»3CIO;: C, 66.53; H,
8.56. Found: C, 66.70; H, 8.59.

5

2-benzylcyclohept-1-en-1-yl 2-chloroacetate (2j)
96% yield, pale yellow oil (5 equiv of chloroacetic anhydride was used.)

'"H NMR (400 MHz, CDCl3): & = 7.30-7.23 (m, 2 H), 7.22-7.13 (m, 3 H),
4.11(s, 2 H), 3.30 (s, 2 H), 2.39 (m, 2 H), 2.06-2.01 (m, 2 H), 1.72-1.62 (m, 4
H) 1.45-1.36 (m, 2 H). BC NMR (100 MHz, CDCl3): 6 = 166.1, 147.5, 138.9,
129.0 (2 carbons), 128.6, 128.5 (2 carbons), 126.3, 40.9, 38.2, 33.1, 31.3, 30.8,
26.3, 25.2. Anal. Calcd (%) for CicH19ClO,: C, 68.93; H, 6.87. Found: C,
69.06; H, 6.89.

Cl

Y
O

2-(4-methylpentyl)cyclohex-1-en-1-yl 2-chloroacetate (2k)
96% yield, pale yellow oil (4 equiv of chloroacetic anhydride was used)

'H NMR (400 MHz, CDCl3): § = 4.10 (s, 2 H), 2.16-2.09 (m, 2 H), 2.11-2.07
(m, 2 H), 1.90 (t, ] = 7.8 Hz, 2 H), 1.75-1.65 (m, 2 H), 1.65-1.56 (m, 2 H),
1.50 (sep, 6.4 Hz, 1 H), 1.36-1.27 (m, 2 H), 1.15-1.07 (m, 2 H), 0.84 (d, 6.4
Hz, 6 H). >C NMR (100 MHz, CDCl3): & = 165.7, 142.0, 125.5, 40.9, 38.9,
30.3, 27.88, 27.85, 26.9, 25.1, 23.1, 22.7 (2 carbons), 22.4. Anal. Calcd (%)
for C14H»;Cl10,: C, 64.98; H, 8.96. Found: C, 61.12; H, 7.89.

Cl

il
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4. General procedure for asymmetric hydrolysis of enolesters catalyzed by PTC

Procedures: A typical experimental procedure for asymmetric hydrolysis of enolesters is described
below. A round-bottomed screw cap tube (¢13x100 mm) equipped with a magnetic stir bar is charged
N-9-anthracenylmethyl cinchonidinium chloride (6.1 mg, 0.01 mmol, 10 mol%) and CHCl; / Mesitylene
(267 pL / 133 pL) solution under air, followed by the addition of 2-chloroethanol (6.7 uL, 0.10 mmol, 1
equiv) and 50 % KOH aq (100 uL). Then, the mixture was stirred at — 40 °C for 10 min followed by the
addition of enolester 2¢ (21.6 mg, 0.10 mmol, 1 equiv). The efficiency of agitation has an effect on the
yield and enantioselectivity. The reaction mixture was stirred for 13 h at — 40 °C. Then, the reaction
mixture was immediately passed through a thin pad of silica-gel and the resultant crude product was
purified by silica-gel column chlomatography to give (R)-3c (13.9 mg, 99% yield, 92 : 8 er) followed by
Chiral GC analysis (Conditions: InertCap CHIRAMIX, length 30 m, i. D. 0.25 mm, df. 0.25 pm;
Detector: FID; Temperature; injector 200 °C, detector 240 °C, oven 40-180 °C, program 3 °C/min, tmajor
= 34.7 min, tpinor = 35.6 min). In case of 1 or 2 mmol-scale and 5 mmol-scale reraction, a 20-mL
Schlenk flask and a 50-mL recovery flask were used for an alternative reaction container respectively.

5. Preliminary results of asymmetric hydrolysis of the acetyl enolate (2a).

Procedures: To the stirred solution of 1a (6.1 mg, 0.1 mmol, 10 mol%) and solid KOH (85% purity, 9.9
mg, 0.15 mmol, 1.5 equiv) was added 2a (18.2 mg, 0.1 mmol, 1 equiv) at RT. After the 1-14 h, the
reaction mixture was directly passed through a short silica-gel pad. Resultant solution was analyzed by
GC (according to general procedure for asymmetric hydrolysis of enolesters catalyzed by PTC.).
Obtained preliminary results are shown below.

Table S1 Preliminary results of asymmetric hydrolysis

OAc catalyst 1la10 mol% O
KOH 1.5 equiv
solvent, rt
entry  time (h) solvent yield (%)? er
1 1 toluene 20 70:30
2 14 toluene 65 64:36
b)

3 1 CHClg 10 79:21

a) GC yield. b) Less than 1% of EtOH was contained in the solvent.
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6-1. Effects of alcohols

Procedures: N-9-anthracenylmethyl cinchonidinium chloride (6.1 mg, 0.01 mmol, 10 mol%) was added
to the CHCIl; (400 pL) under air, followed by the addition of an alcohol (0.05 mmol, 0.5 equiv) and 50%
KOH aq (200 pL). Then, the mixture was stirred for 10 min at — 40 °C followed by the addition of
enolester 2¢ (21.6 mg, 0.10 mmol, 1 equiv). The reaction mixture was stirred for 1 h at — 40 °C. Then,
the reaction mixture was immediately passed through a thin pad of silica-gel. Resultant solution was
analyzed by GC (according to general procedure for asymmetric hydrolysis of enolesters catalyzed by
PTC.). Obtained results are shown below.
Table S1 Preliminary results of asymmetric hydrolysis

O
(0] catalyst 1a 10 mol%

alcohol 1 equiv

CHCl3, 50% KOH aq

—-40°C,1h

entry alcohol yield (%)? er entry alcohol yield (%)? er

1 none 30 85:15 6 PhOH 35 83:17
2 MeOH 64 85:15 7 FsC._OH 73 89:11
3 EtOH 66 87:13 8 -\ OH 42 87:13
4 IPrOH 44 84:16 9 cr™-OH 48 90:10
5 'BUOH 2 76:24 10 B~ OH 12 75:15

a) GC yield

6-2. Confirmation of mass balance of reaction products

Asymmetric hydrolysis of 3¢ was performed according to the general procedures. After 19.5 h, 1 N HCI
aq (2 mL) was added to the reaction mixture in order to neutralize KOH aq in the solution. After that,
internal standard (diglyme) was added to the solution. The resultant mixture was homogenized by
addition of MeOH followed by GC analysis.

Table S3. Analysis of reaction products

components yield (%) components  yield (%)?
cr 7
o o
o C'\)]\o/\/ a 0 ijj/\/ 99
a P
o Chiral PTC 10 mol% C'\)J\OH 99

2-Chloroethanol 0.5 equiv Substrat
CHCly: Mesitylene = 2:1, Ho/\/C' 88 ubstrate 0
50% KOH ag, — 40 °C, 19.5 h

a) GC yield.

6-3. Asymmetric hydrolysis of enolesters with the in situ generated stoichiometric Q*OH™ reagent.

Reaction in homogenious system (CHCI3): N-9-anthracenylmethyl cinchonidinium chloride (61 mg,
0.10 mmol, 1 equiv) in MeOH solution in 1-neck recovery flask (50 mL) was passed through a column
filled with an anion exchange resin (Amberlyst A-26 OH form, 233 mg, 10 meq). MeOH of the eluate
was distilled away under reduced pressure at 0 °C. The resultant dried residue was dissolved with CHCl3
(0.5 mL) and repeatedly dried in vacuo for 15 min at 0 °C. Then, chloroform (1 mL) was added to the
dried residue. The mixture was cooled down to — 40 °C and stirred for 5 min. An enolester 2¢ (21.7 mg,
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0.10 mmol, 1 equiv) was added to the solution and stirred for 4 h at the same temperature. After that,
the reaction mixture was immediately passed through thin pad of silica-gel and an internal standard
(tridecane) was added to the eluate. Then, the resultant mixture was analyzed by GC ((R)-3c, 99%,
89:11 er).

Reaction in biphasic system (CHCI3/H,0): N-9-anthracenylmethyl cinchonidinium chloride (61 mg,
0.10 mmol, 1 equiv) in MeOH solution was passed through a column filled with an anion exchange
resin (Amberlyst A-26 OH form, 233 mg, 10 meq). MeOH of the eluate was distilled away under
reduced pressure at 0 °C. The resultant dried residue in 1-neck recovery flask (50 mL) was dissolved
with CHCl; (0.5 mL) and the solution was transferred to a screw vial using MeOH as a solvent. Solvents
were removed under reduced pressure at 0 °C. The resultant dried residue was dissolved with CHCls
(0.5 mL) and removed repeatedly. Then the dried residue was further dried in vacuo for 15 min at 0 °C.
Then, CHCI; (400 pL) and distilled water (100 uL) was added to the residue. The mixture was stirred
for 2 min at 25 °C. An enolester 2¢ (21.7 mg, 0.10 mmol, 1 equiv) was added to the solution and stirred
for 4 h at the same temperature. After that, the reaction mixture was immediately passed through thin
pad of silica-gel and an internal standard (tridecane) was added to the eluate. Then, the resultant mixture
was analyzed by GC. (R)-3c (77%, 77:23 er).

6-4. Asymmetric hydrolysis of enolesters with the in situ generated stoichiometric Q*CF3CH,O™
reagent.

N-9-anthracenylmethyl cinchonidinium chloride (61 mg, 0.10 mmol, 1 equiv) in MeOH solution was
passed through a column filled with an anion exchange resin (Amberlyst A-26 OH form, 233 mg, 10
meq). 2,2,2-Trifluoroethanol (125 mg, 1.25 mmol, 90 pL, 5 equiv) was added to the elution and stirred
for 15 min at RT. The solvent was removed under reduced pressure, then added CHCI; and the solution
was transferred to a screw vial. Solvents were removed by evaporation and dried in vacuo for 6 h. To
the resultant solid was added CHCIl; (400 pL), distilled water (100 pL). Then the mixture was stirred for
2 min at 25 °C. An enolester 2¢ (21.7 mg, 0.1 mmol, 1 equiv) was added to the solution and stirred for 4
h at the same temperature. After that, the reaction mixture was immediately passed through thin pad of
silica-gel and an internal standard (tridecane) was added to the eluate. Then, the resultant mixture was
analyzed by GC. (R)-3c (55%, 69:31 er).

6-5. Preparation method for a sample of NOE experiment of N-9-anthracenylmethyl cinchonidinium
2,2,2-trifluoroethanoxide.

N-9-anthracenylmethyl cinchonidinium chloride (130 mg, 0.25 mmol, 1 equiv) in MeOH solution was
passed through a column filled with an anion exchange resin, Amberlyst A-26 OH form (10 meq). 2, 2,
2-Trifluoroethanol (125 mg, 1.25 mmol, 90 uL, 5 equiv) was added to the eluate and stirred for 15 min.
The solvent was removed under reduced pressure, then added CDCl; (0.5 mL) and removed the solvent
again. After that, CDCI; (1.0 mL) was added to the residue and 600uL of the solution was transferred to
a NMR tube. D,O (50 pL) was added to the sample. After that, it was subjected to two freeze-pump-
thaw cycles followed by keeping in refrigerator for 12 h. Then, NMR experiments were performed.'H
NMR (600 MHz, CDCls): 8 =8.79 (d, /= 8.9 Hz, 1 H, Hy9), 8.64 (d, J=3.4 Hz, 1 H, H,), 8.61 (d,J =
8.3 Hz, 1 H, Hs), 8.39 (d,J =89 Hz, 1 H, Hy), 8.14 (s, 1 H, Hz4), 7.95 (d, I =3.4 Hz, 1 H, H»), 7.75 (d,
8.2 Hz, 1 H, Hx), 7.70 (d, J= 8.2 Hz, 1 H, Hz), 7.47 (d, J= 8.3 Hz, 1 H, Hg), 7.40-7.28 (m, 3 H, Hy +
Hy; + Hag), 7.28-7.23 (m, 1 H, Hyy), 7.06 (t, J = 6.8 Hz, 1H, Hg), 6.99-6.94 (m, 1 H, Hy), 6.98 (s, 1H,
Hy), 6.46 (d, J=13.7 Hz, 1 H, Hie), 6.41 (d, J=13.7 Hz, 1 H, Hj¢,), 5.36 (ddd, J= 6.6, 11.0, 17.2 Hz,
1 H, H33), 5.01 (d, J=17.2 Hz, 1 H, Hi4,), (d, J=11.0 Hz, 1 H, Hi4), 4.76-4.66 (m, 1 H, H;s,), 4.76-
4.66 (m, 1 H, Hjsp), 4.49-4.43 (m, 1 H, Hy;), 4.05-3.93 (m, 3.1H, H3s + excess), 3.92-3.83 (m, 1 H, Hs),
2.61 (t, J=12.4 Hz, H3u), 2.65-2.57 (m, 1 H, H3z,), 2.40-2.31 (m, 1 H, Hys,), 1.66-1.61 (m, 1 H, Hs,),
1.90-1.72 (m, 2 H, H14b + Hle): 1.66-1.61 (I’Il, lH, H13), 1.11-1.02 (m, 1 H, H14a), 0.95-0.87 (m, 1 H,
Hiza).
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'H and 2D-NOESY chart
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2d-ROESY Chart

6-6. Kinetic resolution of an aryl ester bearing binaphthyl backbone
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6-6-1. Synthesis of the catalyst and substrate

Ph

Ph

0]

Ph

Ph

gz
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91%
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quinine 1 equiv
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Synthesis of 1-bromomethyl-2,3,4,5-tetraphenyl benzene (8)

To a stirred solution of tetraphenyl cyclopentadienone (3.85 g, 10 mmol, 1 equiv) in toluene (10 mL)
was added propargyl bromide (3.01 mL, 40 mmol, 4 equiv). After stirring for 8 h at 110 °C the reaction
mixture was allowed to cool down to RT. Resultant white precipitate was filtrated and washed with
hexane to give 8 (4.36 g, 9.1 mmol, 91%) as white solid. 'H NMR (600 MHz, CDCls): & = 7.64 (s, 1 H),
7.20-7.11 (m, 10 H), 6.92-6.88 (m, 3 H), 6.86-6.81 (m, 3 H), 6.81-6.77 (m, 2 H), 6.76-6.72(m, 2 H),
4.40 (s, 2 H). C NMR (150 MHz, CDCls): & = 142.2, 141.5, 141.4, 140.9, 140.6, 139.8, 139.6, 138.7,
135.1, 131.5, 131.4(2 carbons), 131.2 (2 carbons), 130.3 (2 carbons), 129.9 (2 carbons), 127.7 (2
carbons), 127.6 (2 carbons), 127.0 (2 carbons), 126.8, 126.7 (2 carbons), 126.5, 125.8, 125.6, 32.8. Anal.
Calcd (%) for C3;Hy3Br: C, 78.32; H, 4.88. Found: C, 78.29; H, 4.86.

Synthesis of catalyst 1g

A stirred solution of quinine (1 mmol, 324 mg, 1 equiv) in DMF:EtOH:CHCl; (9:7.5:1, 200 pL)
solution was added 1-bromomethyl-2,3,4,5-tetraphenyl benzene 8 (1 mmol, 475 mg, 1 equiv). The
mixture was allowed to warm up to 100 °C. After 2 h, the reaction mixture was cooled to RT. The
resultant solution was evaporated and purified by Silica-gel column chromatography to give 1g (344 mg,
0.43 mmol, 43%) as pale pink powder. '"H NMR (400 MHz, CD;0D) ¢ =8.73-8.67 (m, 1 H), 7.97 (d, J
=9.2 Hz, 1 H), 8.00-7.95 (m, 2 H), 7.77 (d,J=4.6 Hz, 1H) 7.48 (dd, J=2.3, 9.6 Hz, 1 H), 7.31-7.10 (m,
8 H), 6.91-6.71 (m, 12 H), 6.49 (s, 1 H), 5.63-5.52 (m, 1H), 5.59 (d, /= 12.4 Hz, 1 H), 4.96-4.84 (m, 3
H), 4.05 (s, 3 H), 3.95-3.85 (m, 1 H), 3.78 (t, /= 11.4 Hz, 1 H), 3.64-3.55 (m, 1 H), 3.55-3.44 (m, 1 H),
3.28 (s, 1 H), 3.04-2.94 (m, 1 H), 2.76 (s, 1 H), 2.16-2.24 (m, 2 H), 1.98 (s, 1 H), 1.95-1.84 (m, 1 H),
1.31-1.20 (m, 1 H). >C NMR (100 MHz, CDCls): & = 158.7, 146.9, 144.5, 144.0, 143.6, 143.3, 143.1,
141.7, 140.8, 139.6, 139.2, 138.6, 137.5, 135.6, 131.6, 131.4, 131.04, 131.00, 130.94, 130.6, 129.7,
128.1, 128.0, 127.6, 127.1, 126.8, 126.6, 125.9, 125.6, 124.4, 121.4, 120.2, 115.8, 101.4, 68.4, 64.9,
61.8, 61.1, 55.4, 53.5, 51.6, 37.6, 26.3, 24.5, 21.2. HRMS (FAB+) m/z calculated for Cs;H47N,0;
719.3632 found 719.3641 [M-Br]

Synthesis of 2'-acetoxy-[1,1'-binaphthalen]-2-yl pivalate (7)

To a mixture of 2'-hydroxy-[1,1'-binaphthalen]-2-yl pivalate (1.14 g, 4.0 mmol) and
OO acetyl chloride (310 puL, 4.4 mmol) in CH,Cl, (10 mL) was added Et;N (610 pL, 4.4
OAc mmol) at 0 °C and the mixture was stirred at RT for 20 h. The reaction was quenched
OPiv by adding HCI (1IN, 30 mL) and extracted with AcOEt. The resulting extracts were
OO washed with brine, and dried, and concentrated under reduced pressure. The crude
product was purified by silica-gel column chromatography to give 6 (1.63 g, 3.96
mmol, 99%) as white solid. 'H NMR (600 MHz, CDCl;) 8 = 7.99-7.95 (m, 1 H), 7.93-7.89 (m, 1 H),
7.46-7.37 (m, 4 H), 7.31-7.22 (m, 6 H), 1.76 (s, 3 H), 0.76 (s, 9 H). >C-NMR (100 MHz, CDCl3) & =
176.6, 169.2, 147.0, 146.9, 133.5, 133.4, 131.6, 131.5, 129.5, 129.4, 128.1, 128.0, 126.8 (2 carbons),
126.2, 126.1, 125.8, 125.7, 123.7, 123.6, 122.0, 121.9, 38.8, 26.5 (3 carbons), 20.6. elemental analysis

calcd (%) for Cy7H2404: C 78.62, H 5.86; found: C 78.60, H 5.86.

6-6-2. Asymmetric hydrolysis of the acetate ester
A mixture of the catalyst 1g (0.01 mmol, 10 mol%) and IN K,COj; aq (200 pL, 0.2 mmol, 2 equiv) in
toluene (200 pL) was stirred at 20 °C. After 20 min, the rac-7 (0.1 mmol, 1 equiv) was added and the
mixture was stirred at the same temperature. Silica-gel column chromatography (Hexane: CHCl;: Et,0
= 20:6.5:1) was carried out to give (5)-8 (15% yield, 78:22 er) and (R)-7 (80% yield, 43.5:56.5 er);
HPLC analysis: CHIRALPAK AD-H (+), hexane/2-propanol = 20/1, flow rate = 1.0 mL/min, 25 °C, 7:
tmajor = 7.9 TN, tminor = 17.4 Min, 8: tumgjor = 10.6 Min, tminor = 16.5 min)(S)-7: [a]p”> = + 35.1, (c 0.5,
CHCly), (R)-8: [oc]]324'5 =—3.63, (c 1.0, CHCL). ks = 4.1 (The k. value was calculated from eeg,, and
eepro With equations as follows.: conv = eegp/(€€subT€€pro), krel = In[(1 — conv (1 + eeyro)] /In[(1 — conv (1

— €€pro)])
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Recovered substrate (S)-7

(m, 4 H), 7.31-7.22 (m, 6 H), 1.76 (s, 3 H), 0.76 (s, 9 H). 13C-NMR (100 MHz,
OAC  CDCI3) & = 176.6, 169.2, 147.0, 146.9, 133.5, 133.4, 131.6, 131.5, 129.5, 129.4,
OPiv 128.1, 128.0, 126.8 (2 carbons), 126.2, 126.1, 125.8, 125.7, 123.7, 123.6, 122.0,
121.9, 38.8, 26.5 (3 carbons), 20.6. elemental analysis calcd (%) for C,7H404: C

O '"H NMR (600 MHz, CDCI3) & = 7.99-7.95 (m, 1 H), 7.93-7.89 (m, 1 H), 7.46-7.37
! 78.62, H 5.86; found: C 78.60, H 5.86.

Product (R)-8

'H and *C NMR were in agreement with the literature''. "H NMR (400 MHz,

OO CDCl3) 6 =8.06 (d,/J=6.0 Hz, 1 H), 7.97 (d, /= 5.5 Hz, 1 H), 7.87 (d, J= 6.0 Hz,
OH 1H),7.81(d,J=5.5Hz 1H), 7.50(t, J = 5.5 Hz, 1H), 7.39-7.28 (m, 5H), 7.26-7.21

OPiv (m, 1 H), 7.05 (d, J=5.5 Hz, 1 H), 5.14 (s, 1 H), 0.78 (s, 9 H). *C NMR (150 MHz,

OO CDCls) 6 = 177.9, 151.8, 148.4, 133.7, 133.6, 132.3, 130.8, 130.4, 129.1, 128.4,
128.0, 127.5, 126.7, 126.3, 125.7, 124.6, 123.6, 123.1, 121.9, 118.3, 114.3, 38.8,

26.5(3 carbons). elemental analysis caled (%) for C,sH2,05: C, 81.06; H, 5.99; found: C, 81.11, H, 5.99.

HPLC chart of rac-7

OAc
OPiv

HPLC chart of rac-8 N

OH
OPiv

Htaum
Mo Raimind bt

:::::::

HPLC chart of recovered substrate (S)-7 and product (R)-8
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7. Formal synthesis of the biologically-active natural product
7-1. Synthesis of catalyst 1f

N
/% 'BuLi 3 equiv

. 9-bromomethylanthracene
Et,0, — 25 °C, 10 min

1.05 equiv
"y, then, rt, 1 h
OH o CHCI3:THF = 1:1
I, oxidative work up 80°C. 05 h

64% 95%

Synthesis of amine 9

To the stirred solution of (—)-cinchonidine (883 mg, 3 mmol, 1 equiv) in dry Et;0 (15 mL) at -25 °C
was added ‘BuLi (1.57M in pentane, 5.73 mL, 9 mmol, 3 equiv) in one portion and stirred for 10 min.
Then, the reaction mixture was allowed to warm up to RT and stirred for another 1 h. Reaction was
monitored by TLC analysis (toluene:MeOH:Et;N = 10:1:1, ‘Bu adducts turn blue under the UV
irradiation). AcOH was added to quench the residual basic reagents in cool bath, then EtOAc (30 mL)
and H,O (30 mL) was added followed by the addition of I, until strong brown color persists. After that,
Na,S,05 aq was added to quench residual I,. The reaction mixture was extracted with EtOAc. The
organic layer was dried with Na,SO4 and evaporated. The crude mixture was purified by silica-gel
column chromatography (toluene:MeOH:Et;N = 20:1:1) to give the product 9 (704 mg, 1.92 mmol,
64%) as white solid. Analytical sample was prepared by the PTLC purification (CH,Cl,:MeOH = 4:1)

'H NMR (400 MHz, CDCLy): & = 8.07 (d, J = 8.2 Hz, 1 H), 7.90 (d, J = 8.7 Hz , 1 H), 7.72, (s, 1 H),
7.63 (t, J = 7.8 Hz, 1H), 7.39 (t, J =7.4 Hz, 1H), 5.71 (ddd, J =7.8, 10.1, 17.4 Hz, 1 H), 5.66 (s, 1 H),
493 (d,/J=17.4Hz, 1 H),4.88 (d,J=10.1 Hz, 1 H), 3.53-3.43 (m, 1 H), 3.12-3.00 (m, 2 H), 2.70-2.59
(m, 2 H), 2.29-2.20 (m, 1 H), 1.80-1.65 (m, 4 H), 1.50-1.40 (m, 11 H). C NMR (150 MHz, CDCl5): &
=169.0, 148.3, 147.7, 142.0, 130.4, 128.7, 125.9, 123.9, 122.6, 115.2, 114.4, 72.4, 60.3, 57.2, 43 .4, 40.1,
38.3, 30.2 (3 carbons), 28.1, 27.7, 21.4.  FABMS m/z calculated for C,3H3oN,O 351.24 found 351.29
[M+H] Anal. Caled (%) for C,3H3oN,O: C, 78.82; H, 8.63; N, 7.99 Found: C, 78.38; H, 8.63, N; 7.89.

Synthesis of 1f

To the stirred solution of amine 9 (73 mg, 0.2 mmol, 1 equiv) in CHCIl;-THF (1:1) was added 9-
bromomethylanthracene (57 mg, 0.21 mmol, 1.05 equiv) followed by concentration with nitrogen gas
stream down to a volume 0.2 mL. The mixture was stirred at 80 °C for 10 min. Then, the solution was
allowed to cool down to RT. After that, resultant precipitate was dissolved with CHCI3, To the solution
was added Et,O dropwise to solidify the product. The resulting solid was filtrated and washed with Et,O
to give the product (118 mg, 0.19 mmol, 95%) as pale yellow powder. Analytical sample was prepared
by the PTLC purification (EtOAc:MeOH = 4:1). "H NMR (600 MHz, CDCls): & = 8.81 (d, J = 8.9 Hz, 1
H), 8.68 (s, 1 H), 8.60-8.54 (m, 1 H), 8.54-8.48 (m, 1 H), 8.16-8.09 (m, 4 H), 7.82-7.70 (m, 4 H), 7.60-
7.52 (m, 2 H), 7.01 (s, 1 H), 6.36 (d, J =13.7 Hz, 1 H), 5.86 (d, J = 13.7 Hz, 1 H), 5.66 (ddd, /= 7.6, 9.6,
17.2 Hz, 1 H), 5.00 (d, J=17.2 Hz, 1 H), 4.92 (d, /= 9.6 Hz, 1 H), 4.66-4.59 (m, 1 H), 4.48-4.40 (m, 1
H), 3.90-3.84 (m, 1 H), 3.13 (t, J=11.7 Hz, 1 H), 2.76-2.66 (m, 1 H), 2.36 (br s, 1 H), 2.24-2.14 (m, 1
H), 2.12-2.00 (m, 1 H), 1.87 (s, 1 H), 1.66-1.20 (s, 9 H), 1.45-1.37 (m, 1 H), 1.35-1.20 (m, 1 H). *C
NMR (150 MHz, CDCl): 6 = 169.0, 147.5, 145.1, 137.5, 133.4, 133.3, 132.3, 131.60, 131.55, 129.8,
129.7,129.6, 129.2, 127.93, 127.88, 126.9, 125.2, 124.5, 123.9, 123.1, 122.7, 118.0, 117.0, 116.3, 78.2,
68.6, 66.2, 62.3, 55.4, 51.9, 38.3, 38.0, 29.2 (3 carbons), 26.0, 24.9, 21.8. FABMS m/z calculated for
C38H41N20+ 541.32 found 541.38 [M]
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Synthesis of (R)-3k from cyclohexanone (4)
BuLi 1.0 equiv

—NM
O Me,NNH, 1.05equiv. N7 Ve Brw °
TFA 1.4 mol% 1.0 equiv
Toluene, reflux THF, - 5°C -
idi 3k

acidic work up
4 5 2 steps, 80%

To a stirred solution of cyclohexanone (4.91 g, 50 mmol, 1 equiv) and N, N-dimethyl hydrazine (3.16 g,
52.5 mmol, 1.05 equiv) in toluene (40 mL) was added trifluoroacetic acid (80 mg, 0.7 mmol, 1.4 mol%).
The mixture was refluxed for 5 h. After that, the resulting solution was cooled to RT. Then, distilled
water was added to the solution and extracted with Et,O. The organic layer was dried over Na,SO4. The
solution was evaporated and purified by distillation under reduced pressure to give colorless oil (yield of
7: 6.13 g, 43.7 mmol, 87%) laced with toluene (molar ratio = 10 : 1). This was used without further
purification. BuLi (1.67 M in hexane, 10.5 mmol, 6.30 mL, 1.0 equiv) was added dropwise to a stirred
solution of 7 (1.47 g, 10.5 mmol, 1 equiv) in THF (anhydrous, 20 mL) at -5 °C under a nitrogen
atmosphere and stirred for 1 h. After that, 1-bromo-4-methylpentane (1.733 g, 10.5 mmol, 1 equiv) was
added dropwise to the solution, and then the resulting solution was allowed to warm to RT and stirred
for 5 h. The resultant solution was added water and cooled to 0 °C. Then the solution was acidified with
concentrated HCI aq to reach pH = 1-2. After stirring at 45 °C for another 3 h, the solution was extracted
with Et,O. The organic extracts were combined, dried over Na,SOj, and concentrated to give yellow oil.
Silica-gel column chromatography of the crude residue by eluting with diethylether/hexane (1:30-1:20)
afforded 3k (1.76 g, 9.66 mmol, 92%) as a colorless oil and '"H NMR was in agreement with the
literature'>. "H NMR (400 MHz, CDCl3): & = 2.40-2.32 (m, 1 H), 2.32-2.18 (m, 2H), 2.13-2.04 (m, 1 H),
2.04-1.92 (m, 1 H), 1.88-1.79 (m, 1 H), 1.79-1.57 (m, 3 H), 1.51 (sep, J = 6.4 Hz, 1 H), 1.42-1.31 (m,
1H), 1.31-1.08 (m, 5 H), 0.84 (d, J= 6.9 Hz, 6 H). °C NMR (100 MHz, CDCls): & = 213.8, 50.9, 42.1,
39.1, 33.9,29.7, 28.1, 27.9, 25.0, 24.9, 22.71, 22.66. Anal. Calcd (%) for Ci,H»,0: C, 79.06; H, 12.16.
Found: C, 79.03; H, 12.12.

O

HCIO, aq cat. I\)J\O Chiral PTC 10mol% i
Chloroacetic acid 2-Chloroethanol 1 equiv
é/\/\( anhydride 4 equiv @/\/Y CHCl3:Mesitylene = 2:1 M
CCI4 rt 50% KOH aqg, — 40 °C (R)-3k
96% 2k 96%, 92 : 8 er

2k was synthesized according to the general method (pale yellow oil, 96% yield). Asymmetric
hydrolysis of 2k was performed according to the general method of Asymmetric hydrolysis of
enolesters (cat. 1f was used in place of cat. 1a). (R)-(+)-2-(4-Methylpentyl)cycloheptanone was obtained
in 96% yield and 92: 8 er as a colorless oil.

8. Derivatization of ketones to the corresponding alcohol and Mosher’s esters

o)
FSC//,,
o) OH (R-MTPACIZeq O,'Hko
R R pyridine 6 eq e R
NaBH, 2.5 eq DMAP 5 mol%
EtOH, rt, 24 - 48 h CH,Cly, 1t, 48 h
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General procedure: reduction of ketones

A typical experimental procedure for the reduction of ketones is described below. To the stirred solution
of a ketone (0.01 mmol, 1 equiv) in absolute EtOH (0.5 mL) was added NaBH4 (9.5 mg, 0.25 mmol, 2.5
equiv) followed by stirring at RT for 24-48 h. The reaction mixture was monitored by TLC. After the
substrate was completely converted, the reaction mixture was quenched with water and 1N HCl aq. The
resultant solution was extracted with Et,O (x 3). After that, the organic layer was combined and dried
over Na,SO4. The crude product was concentrated and purified by silica-gel chromatography to give
the corresponding alcohol.

2-propyl-cycloheptanol (10f)"

0.0758 mmol (11.7 mg) of 2-propylcyclohepanone 3f (Table 2, entry 5) was used.
The product (diastereomeric mixture) was obtained as colorless oil (11.5 mg, 0.0736
mmol, 97%). '"H NMR (600 MHz, CDCl;): & = 3.94-3.89 (m, 0.66 H), 3.49-3.44 (m,
0.34 H), 1.80-1.15 (m, 16 H), 0.93-0.86 (m, 3H). *C NMR (150 MHz, CDCl;):

major isomer, 0 = 73.4, 44.2, 35.6, 35.2, 28.3, 27.2, 26.8, 22.0, 21.0, 14.5. minor
isomer, 0 = 73.4,47.2,36.8, 36.5, 29.1, 28.7,26.9, 22.3, 20.2, 14.6.

9,14

2-butyl-cycloheptanol (10g)

0.097 mmol (16.3 mg) of 2-butylcycloheptanone 3g (Table 2, entry 6) was used.
The product (diastereomixture) was obtained as colorless oil (O 0916 mmol, 15.6
mg, 94%). '"H NMR (600 MHz, CDCls): & = 3.94-3.89 (m, 0.7 H), 3.71-3.20 (m,
0.3 H), 1.80-1.10 (m, 18 H), 0.95-0.80 (m, 3 H). °C NMR (150 MHz, CDCl;):

major isomer, & = 73.4, 44.5, 35.6, 32.6, 30.2, 28.3, 27.2, 26.85, 23.1, 22.0, 14.2.
minor isomer, 8 = 73.4, 47.4, 36.5,34.2, 29.4,29.1, 28.8, 26.91, 23.2, 22.3, 14.2.

2-isopropyl-cycloheptanol(10h)"

OH 0.097 mmol (15 mg) of 2-isopropylcycloheptanone 3h (Table 2, entry 7) was used. The
product was obtained as colorless oil in 93% yield (major isomer: 10.8 mg, 0.0691
mmol, 71%, minor isomer: 3.3 mg, 0.0211 mmol, 22%). '"H NMR of major isomer
(600 MHz, CDCl3): 6 = 4.13-4.09 (m, 1 H), 1.76-1.67 (m, 3 H), 1.67-1.49 (m, 5 H),
1.48-1.35 (m, 3 H), 1.19-1.13 (m, 2 H), 0.95 (t, J = 5.5 Hz, 6 H). >C NMR of major

isomer (100 MHz, CDCl;): & = 71.5, 50.2, 36.9, 31.4, 28.2, 27.9, 24.1, 22.2, 21.1. Anal. Calcd (%) for
CioH200: C, 76.86; H, 12.90. Found: C, 76.44; H, 12.64.

Mosher’s esterification

(2R)-2-propylcycloheptyl 3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (11f)

o To the stirred solution of an alcohol (0.0644 mmol, 1 equiv) in dry CH,Cl, (0.5

FsC, mL) was added (R)-MTPACI (32.5 mg, 0.129 mmol, 2.0 equiv), dry pyridine

MeO” o (20.4 mg, 0.258 mmol, 4 equiv) and N,N-dimethyl aminopyridine (1 mg, 4
Ph

umol, 6 mol%) followed by stirring at RT for 48 h. The reaction mixture was
monitored by TLC. After the substrate was completely converted, the reaction
mixture was diluted with Et,O. The crude was washed with saturated CuSQOy
aq and extracted with Et,O (x3). The resultant solution was was concentrated and purified by silica-gel
chromatography (Hexane/Et,0 = 50:1-40:1) to give the corresponding ester (93%) as colorless oil. 'H
NMR (600 MHz, CDCls): 6 = 7.56-7.49 (m, 2 H), 7.41-7.35 (m, 3 H), 5.32-5.29 (m,0.335 H), 5.29-5.24
(m, 0.335 H), 4.96-4.88 (m, 0.33 H), 3.57-3.50 (m, 3 H), 1.95-1.00 (m, 15 H), 0.90-0.71 (m, 3 H).
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(2R)-2-butylcycloheptyl 3,3,3-trifluoro-2-methoxy-2-phenylpropanoate(11g)

0 To the stirred solution of an alcohol (0.059 mmol, 1 equiv) in dry CH,Cl, (0.5

FBC”}HJ\ mL) was added (R)-MTPACI (29.8 mg, 0.118 mmol, 2.0 equiv), dry pyridine

MeO Q (18.7 mg, 0.16 mmol, 4 equiv) and N,N-dimethyl aminopyridine (1mg, 4
Ph

pmol,.7 mol%) followed by stirring at RT for 48 h. The reaction mixture was
monitored by TLC. After the substrate was completely converted, the reaction
mixture was diluted with Et,O. The crude was washed with saturated CuSOy4
aq and extracted with Et;O (x3). The resultant solution was was concentrated and purified by silica-gel
chromatography (Hexane/Et,O = 50:1-40:1) to give the corresponding ester (99%) as inhomogeneous
colorless oil. "H NMR (600 MHz, C¢Dg): & = 7.71-7.63 (m, 2 H), 7.08-7.01 (m, 2 H), 7.01-6.95 (m, 1 H),

5.28-5.22 (m, 0.72 H), 4.96-4.93 (m, 0.14 H), 4.92-4.88 (m, 0.14 H), 3.43-3.39 (m, 3 H), 1.83-0.74 (m,
20 H).

9. Analysis of hydrolyzed products

o) The product ((S)-(+)-2-ethyl-cyclohexanone) was obtained as a colorless oil and 87: 13

er . 'H and °C NMR were in agreement with the literature'®. '"H NMR (400 MHz,

ij/\ CDCl3): 6 =2.40-1.90 (m, 5 H), 1.90-1.54 (m, 4 H), 1.44-1.29 (m, 1 H), 1.29-1.15 (m, 1
H), 0.86 (t, ] = 7.3 Hz, 3 H). °C NMR (100 MHz, CDCl;): & = 213.6, 52.4, 42.1, 33.5,

28.1, 24.9, 22.5, 11.8. Anal. Calcd (%) for CsH40: C, 76.14; H, 11.18. Found: C, 76.30; H, 11.21.
Enantiomeric ratio (er) was determined by GC with a CHIRASIL-DEX CB column (conditions, starting
temperature: 60 °C [hold 10 min.], rate of temperature increase: 2 °C/min up to 120 °C), t, (major) = 27.6
min., t, (minor) = 28.3 min.[a]p>® = + 36.1, (¢ 0.5, CHCls) The absolute configuration was established

by comparison of the optical rotation to the literature value for (R)-(—)-2-ethylcyclohexanone: [o]p> =—
23.6 (c 431, MeOH) ',
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o) The product ((S)-(+)-2-propylcyclohexanone) was obtained as a pale yellow oil and

ij/\/ 92: 8 er. 'H and >C NMR were in agreement with the literature'. '"H NMR (400
MHz, CDCl3): 6 = 2.39-2.2.31 (m, 1 H), 2.31-2.20 (m, 2H), 2.12-1.92 (m, 2 H),
1.86-1.56 (m, 4 H), 1.42-1.08 (m, 4 H), 0.87 (t, J = 6.9 Hz, 3 H). >C NMR (100
MHz, CDCls): 8 = 213.7, 50.6, 42.0, 33.9, 31.7, 28.1, 24.9, 20.4, 14.3. Anal. Calcd (%) for CoH,c0O: C,
77.09; H, 11.50. Found: C, 77.01; H, 11.50. Enantiomeric ratio (er) was determined by GC with a
InertCap CHIRAMIX Column (conditions, starting temperature: 40 °C [hold 0 min.], rate of
temperature increase: 3 °C/min up to 120 °C [hold 15 min.]), t, (major) = 37.5 min., t, (minor) = 38.7
min.[a]p™>” = + 33.5, (¢ 1.0, CHCl3) The absolute configuration was established by comparison of the
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optical rotation to the literature value for (R)-(-)-2-propylcyclohexanone: [a]p®” = —25.7 (¢ 0.82,
MeOH)™.
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o) The product’ ((+)-4,4-dimethyl-2-propylcyclohexanone) was obtained as a pale

yellow oil and 92: 8 er. "H NMR (400 MHz, CDCl3): 6 =2.44 (td, J=6.4, 14.2 Hz, 1

H), 2.36 (dt, /= 6.0, 6.0 Hz, 1 H), 2.22 (dt, J=3.2, 14.2 Hz, 1 H), 1.80-1.55 (m, 4 H),

1.34-1.22 (m, 3 H), 1.19 (s, 3 H), 1.06 (tq, 6.9, 6.9 Hz, 1 H), 0.99 (s, 3 H), 0.87 (t, J =

7.4 Hz, 3 H). °C NMR (100 MHz, CDCL): & = 214.1, 46.8, 45.8, 40.2, 38.6, 31.6,
31.2,30.9,24.7, 20.3, 14.3. Anal. Calcd (%) for C;1H,00: C, 78.51; H, 11.98. Found: C, 78.24; H, 11.98.
Enantiomeric ratio (er) was determined by GC with a InertCap CHIRAMIX Column (conditions,
starting temperature: 40 °C [hold 0 min.], rate of temperature increase: 3 °C/min up to 120 °C [hold 15
min.]), t; (major) = 42.9 min., t, (minor) = 44.1 min. [a]p>" =+ 26.6, (¢ 1.0, CHCl5)
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The product ((R)-(+)-2-cyclohexylcyclohexanone) was obtained as a colorless oil

0 and 87: 13 er and 'H and *C NMR were in agreement with the literature'*. "H NMR

(400 MHz, CDCls): 6 = 2.39-2.29 (m, 1 H), 2.28-2.18 (m, 1 H), 2.11-2.01 (m, 1 H),

1.98-1.45 (m, 12 H), 1.33-1.18 (m, 2 H), 1.16-0.80 (m, 3 H). °C NMR (100 MHz,

CDCl): 6 =213.8, 56.6, 41.9, 36.1, 31.6, 29.42, 29.37, 28.0, 26.6, 26.5, 24.0. Anal.

Calcd (%) for CjHy00O: C, 79.94; H, 11.18. Found: C, 79.78; H, 11.27. Enantiomeric ratio (er) was
determined by GC with a CHIRASIL-DEX CB column (conditions, starting temperature: 40 °C [hold 1
min.], rate of temperature increase: 2 °C/min up to 160 °C), t, (minor) = 55.1 min., t,(major) = 55.3 min.
[a]p”*® = + 46.1, (c 1.0, CHCls) The absolute configuration was established by comparison of the
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optical rotation to the literature value for (S)-(—)-2-cyclohexylcyclohexanone: [a]p**” =— 38.1 (¢ 1.58,
MeOH) .
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The product (2-(+)-propylcycloheptanone) was obtained as a pale yellow oil and
O 94.5: 5.5 er and °C NMR was in agreement with the literature®. '"H NMR (400 MHz,

©/\/ CDCl3): 6 = 2.54-2.34 (m, 3 H), 1.89-1.76 (m, 4 H), 1.68-1.48 (m, 2H), 1.40-1.17 (m,
6 H), 0.86 (t, J = 7.4 Hz, 3 H). *C NMR (100 MHz, CDCL): & =216.8, 52.3, 42.7,
34.6, 31.3, 29.7, 28.5, 24.8, 20.5, 14.2. Anal. Calcd (%) for C,oH;50: C, 77.87; H,
11.76. Found: C, 78.01; H, 11.83. [a]p>" = + 49.7 (¢ 1.0, CHCl;). Enantiomeric ratio (er) was

determined by '"H NMR after the product was reduced and esterified to the corresponding mosher’s
ester (600 MHz, CsDs, major isomer : 6 = 5.33-5.29 ppm, minor isomer : = 5.29-5.25 ppm).

e X 5 3 HJEOL SJEOL
% b >
Faclz}Hj\ o I | : ", — —
i MeO Y W g ? x
= Ph e

n

“““““““““““““““““ e oo s o
B e
0 The product’ (2-(+)-butylcycloheptanone) was obtained as a pale yellow oil and

95: 5 er. '"H NMR (400 MHz, CDCl3): 8 = 2.53-2.32 (m, 3 H), 1.90-1.77 (m, 4 H),

©/\/\ 1.68-1.50 (m, 2H), 1.38-1.14 (m, 8 H), 0.86 (t, J = 6.9 Hz, 3 H). °C NMR (100
MHz, CDCl): 6 =216.9, 52.5, 42.7, 32.2, 31.3, 29.7, 29.5, 28.5, 24.8, 22.9, 14.1.

Anal. Calcd (%) (%) for C;1Hy0O: C, 78.51; H, 11.98. Found: C, 78.44; H, 11.96.

[a]p>>? =+ 49.7 (¢ 1.0, CHCls) Enantiomeric ratio (er) was determined by '"H NMR after the product

was reduced and esterified to the corresponding mosher’s ester (600 MHz, C¢Ds major isomer : & =
4.97-4.92 ppm, minor isomer : d = 4.92-4.87 ppm).
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The product ((R)-(+)-2-benzylcycloheptanone) was obtained as a colorless oil
and 89.5: 10.5 er and *C NMR was in agreement with the literature”’. '"H NMR
(400 MHz, CDCls): 6 = 7.29-7.22 (m, 2 H), 7.21-7.11 (m, 3 H), 3.06 (dd, J =
6.0, 13.8 Hz, 1 H), 2.86-2.75 (m, 1 H), 2.54 (dd, J = 8.7, 13.8 Hz, 1 H), 2.48-
2.40 (m, 2H), 1.90-1.70 (m, 4 H), 1.68-1.54 (m, 1 H), 1.38-1.22 (m, 3 H). °C
NMR (100 MHz, CDCly): 6 =215. 7, 140.1, 129.2, 128.4, 126.1, 53.7, 43.3, 38.0, 30.4, 29.4, 28.7, 24.3.
Anal. Calcd (%) for C14H;30: C, 83.12; H, 8.97. Found: C, 82.87; H, 8.88. Enantiomeric ratio (er) was
determined by HPLC with a Chiracel AD-H column (conditions, Hexane : EtOH = 100 : 1, flow rate = 1
mL / min, 25 °C ), t, (minor) = 8.9 min., t; (major) = 9.7 min. [a]p’*’ = + 54.1, (¢ 1.0, CHCl3) The
absolute configuration was established by comparison of the optical rotation to the literature value for
(R)-(+)-2-benzylcyclohexanone: [a]p=+ 41.4 (¢ = 5, MeOH, 88% ee)'""'*.
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o) The product ((+)-isopropylcycloheptanone) was obtained as a pale yellow oil and 95: 5

er, and 'H and "C NMR was in agreement with the literature®. "H NMR (400 MHz,

CDCl3): 6 =2.49 (td, J=3.2, 12.8 Hz, 1 H), 2.40-2.30 (m, 1 H), 2.19-2.10 (m, 1 H),

2.00-1.80 (m, 5 H),1.60-1.42 (m, 1 H), 1.42-1.12 (m, 3 H), 0.87 (dd, J = 6.4, 12.8 Hz, 6

H). °C NMR (100 MHz, CDCls): 8 =217.2, 59.8, 42.9, 30.6, 30.1, 28.2, 27.8,25.5, 21.1,
19.6. Anal. Calcd (%) for CoH;30: C, 77.87; H, 11.76. Found: C, 77.81; H, 11.89. Enantiomeric ratio
(er) was determined by GC with a CHIRASIL-DEX CB column (conditions, starting temperature: 60 °C
[hold 10 min.], rate of temperature increase: 2 °C/min up to 120 °C) after the product was reduced to the
corresponding alcohol (major isomer). t; (major) = 48.2 min., t, (minor) = 48.4 min. [a]p’ "=+ 95.5, (¢
1.0, CHCl3).
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The product ((R)-(+)-2-cyclohexylcycloheptanone) was obtained as a colorless oil

0 and 94: 6 er, and °C NMR was in agreement with the literature™®. "H NMR (400
MHz, CDCl;): 6 =2.52 (dt, J =3.2, 12.4 Hz, 1 H), 2.35-2.28 (m, 1 H), 2.21-2.14 (m,

1 H), 1.98-1.79 (m, 4 H), 1.75-1.40 (m, 7 H), 1.40-1.07 (m, 6 H), 1.17-0.84 (m, 2 H).

BC NMR (100 MHz, CDCls): 8 = 217.4, 59.3, 42.8, 40.7, 31.4, 30.2, 30.0, 27.9,

27.8, 26.47, 26.44, 25.8. Anal. Calcd (%) for C3H»0: C, 79.94; H, 11.18. Found: C, 79.98; H, 11.25.
Enantiomeric ratio (er) was determined by GC with a CHIRASIL-DEX CB column (conditions, starting
temperature: 60 °C [hold 1 min.], rate of temperature increase: 1 °C/min up to 160 °C). t, (major) = 85.3
min., t, (minor) = 85.6 min. [a]p>* = + 78.3, (¢ 1.0, CHCl;) The absolute configuration was
established by comparison of the optical rotation to the literature value for (R)-(+)-2-

cyclohexyleycloheptanone: [a]p™’ =+ 87.3 (¢ 0.284, CH,Cly) '
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o The product ((R)-(+)-2-(4-methylpentyl)cycloheptanone) was obtained as a

colorless oil and 92: 8 er, and '"H NMR was in agreement with the literature'?. 'H

ij/\/\( NMR (400 MHz, CDCls): 6 =2.40-2.32 (m, 1 H), 2.32-2.18 (m, 2H), 2.13-2.04 (m,

1 H), 2.04-1.92 (m, 1 H), 1.88-1.79 (m, 1 H), 1.79-1.57 (m, 3 H), 1.51 (sep, J = 6.4,

Hz, 1 H) 1.42-1.31 (m, 1 H), 1.31-1.08 (m, 5 H), 0.84 (d, J = 6.9 Hz, 6 H). °C

NMR (100 MHz, CDCl3): & = 213.8, 50.9, 42.1, 39.1, 33.9, 29.7, 28.1, 27.9, 25.0, 24.9, 22.71, 22.66.
Anal. Calcd (%) for C,H2,0: C, 79.06; H, 12.16. Found: C, 79.03; H, 12.12. Enantiomeric ratio (er)
was determined by GC with a CHIRASIL-DEX CB column (conditions, starting temperature: 60 °C
[hold 10 min.], rate of temperature increase: 2 °C/min up to 120 °C). t,(major) = 51.1 min., t, (minor) =
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52.0 min. [a]p>** =+ 20.1, (¢ 1.0, CHCls). The absolute configuration was established by comparison
of the optical rotation to the literature value for (R)-(+)-2-(4-Methylpentyl)cycloheptanone: [a]p™ = +
18.4 (¢ 3.75, Et,0) 2.
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10. Reactivity of enolesters bearing chloroacetyl group and PNP amino acid esters

The pKa values of products (alcohols and acids) are described below (Fig. S1). The pKa value of
cyclohexenol is 4.55 point larger than p-nitrophenol, although chloroacetic acid is more acidic than N-
benzoylglycine by 0.75 point. Therefore, enolesters bearing chloroacethyl group seem to be less
reactive compared to PNP esters derived from N-benzoyl aminoacids.

CI\)OJ\OJ;> i CI\)OJ\OH ' HOQ

pKa = 2.86%%) pKa = 11.70%4
NO, 0
0 H NO,
H
n AT =i, -y
DO Ho
o o)
pKa = 3.612% pKa = 7.15%°)

Fig. S1 Comparison of pKa values between product acids and alcohols (in water)
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———— PROCESSING PARAMETERS ——
FALSE

de balance : 0
sexp : 0.2[Hz]

trapezoidd : D[&]

zerofill : 1
fft : 1 ; TRUE :
machinsphase
PEm

e}

.0[=]

BO[E] : 100[%]

TRIFE

Derived from: E¥403=1.3df

.0

X : parts per Million : 1H

Filaname
Author
Experiment
Sample_id
Selvent
ﬂ.ﬂmﬁﬁ.HOﬂ_lﬂH_ﬂm
Revision_time
Current Time

Comman
Data_fermat
Dim size
bim title
Dim_units
Dimensicns
Site
Spectrometer

Field_strength
X_acq_duration
X _domain

xz BECANS
._resolution
X_swaep
Irr domain
Irr freg
Irr offset
Tri_domain
Tri_frag
Tri_offset
Clipped
Hod return
Scans
Total_scans

% 90 width
X _acg_tima

Tri_moda
Dante_preaat
Initial waik
Recvr gain
Relaxation delay
Repetition_time
Temp_get

E¥403-4, jaf

delts

single pulse. ex?
E¥Y403 F
CHLOROFQRM-D
26=JAN=-2010 23:39:00
26=0CT-Z2010 10:22:44
26—0CT-2010 10:23:25

single_pulss

ECS 400
JHM-EC5400

$.389766(T] (400 ([MHz]
2.18365852 [s8]

1H

395 T8219838 [MHz]

0.45754685 [Hz]
7.5030012 [kHz]

1H

395 TEZ19836 [MHz]
Slppal

1H

39% . THZ19838 [MEZ]
5[ppal

FALZE

1

8

8

10.2 [us]
2.18365952 5]
45 [dag)

1[dB]

5.1[u=s]

DEf

DEff

FALSE

1[=]

40

S[s]
T.18365552 (8]
18[4C]
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——-— PROCESEING PARAMETERS ——

de balance : D -

sexp : 2.0[Hz]

traperoidld : D[%]

zerofill @ 1
££t ; 1 ; TRUE :
machinephase
PP

FALSE
- 0.0[=]

BO[®] : 100[%]

TRUE

Derived from: EY403 C-1.3jdf

Filanama
Author
Experiment
Sample_id
Solvent
Creation_time
Revision time
Current time

Commant

Data format
Dim_size
Dim_title
H.mi”ﬁj»ﬂ.i
Dimensions
Site
Spectrometer

Field strength
E_acqg_duratien
X domain

x BECANS

. resolution
X_swaep
Irr_domain
Ier_freq
Irr ocffset
Clippad
Mod return
Scans
Total scans

x_90_width
X _acq time
X _angle

i atn
X_pulse
IFr_atn_dec
HWH'DH:‘:S
Irr noise
Decoupling
Initial wait
Noa

Hoe time
Recvr gain

Relaxation delay

Repetition_time
Temp_get

E¥403 C-3.3df

delta

single_pulse dec
E¥403

CHLORDFORM-D
27-JAR-2010 00:05:36
26=0CT=Z010 10:24:13

26—-0CT-2010 10:24:57

aingle pulse decouple
10 COMPLEX

26214

13c

[ppm]
X

ECE 400
JHM-BEC5400

$.389766[T] (400 [MHz]
1.04333312[8]

132
10052530333 [MHz)
100 [pp=]

32768

q

0._95B4E6ES [Hz]
31, 40703518 [kHz]
1H

39%. 78219638 [MAz)

8.4 [us]
1.04333312([8)
30 [deg]
4._3[dB]
2.8[us]

22 (dB]

22 [dB]

WALTZ

2(s]
304333212 (8]
18.3[dC]
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———— PROCESSING PARANETERS —--=
de_balance @ 0 1 FALSE
gasp 3 D.2[Hz] : 0.0(s=]

trapezeidd : 0[%]

zarofill : 1
£fft = 1 = TRUE 1
machinaphaoo
rem

: BO0[%] ¢ 100(%]

TRUE

Darived from: EV634-1,354E

Creation_time
Revision_time

I—gup-2010 10:38:04
J=JUH-Z010 19:58:24

Filenams = B¥E34=-3_jar
Author = dalta
Bxperiment = aingle_pulae.sxld
Sample_id = EYG24
Bolvant = CHLORCFORM-T

=

=

S27

=
- Currant_tima I-JUN-Z010 195804
Comment = gingle_pulsa
Data_format = 1D COMPLEX
Dim_smice = 13107
Dim_kitle = 1H
Dim_unica = [ppm]
Dimensions = K
Bite = ECE 400
SpecLromatar = JMM-ECE400
& Field_strength = 9.389766(T] (400[mmHz])
i X_ncg duration = 2.1836559532[s]
X_domain = 1K
X _froeg = 399.782L3838 [MHx]
X_affaet = 5[ppm]
X _points = 16384
m X_proscans = 1
i i_rosclution = 0,45T94685 [Hz]
X_Awaap = T.5030012[kHz]
Irr_domain = 1H
Irr_frog = 399.THIL9638 [MHEz]
Irr_ofizet = 5 [ppm]
Tri dAomain = 1H
Tri_freg = 399, TRILIEIE [ME=]
Tri_offaet = 5[ppm]
Clippad = FALSE
Hod_return =1
Hoans =8
Total scang = 8
X_90_wideh = 10.5[as}
£ neg tlma = 3.18365551[=]
X_angle = 48 [dog]
E_atn = 1[4m]
E_pulae = 5. 25[us]
Irr_modo = of £
f Tri_mode = Off
Danta_prassc = FALSE
Initial_wait = 1[=&]
Resvyr_gain = 34
A — . Rolaxaticn delay = 5(=]
K Ropotition_tims = 7.18365952([=a]
1 T L] = 21.2[4C]
9.0 &0 7.0 &0 0 4.0 a0 i 4 | _ Hb_f. 0 wmp_ge
i
e ———— =
& R e DO EEC e DR LT B PR L e F
i FEMITR S e e PR LR R L R
B S P ] P P P e o e e
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Serp 1 3.a0Ne) : Do0il
soxp 1 2. z .0[s
Au.n zgm crapezoidd @ 0[ : BO[%] : 1000%] -
zarafill @ 1
fft : 1 : TROE TRUE
machinsphasa
= Pom
Derived from: EYE3I4C-1.4dF
=
o=
Filanama = EYG34C-2.58F
Author = delta
s Exporiment = fingle pulse doc
= Sampla_£d = EYE34C
Salvant = CHLOROFORM-D
Creation_time = 3=JUN=2010 15:52:35
Revigion_tima = 3-JUN-2010 20:10:03
Currant_tima = I-TUN-2010 20:10:08
~
= Commmant = pingle pulse decouple
Data format = 1D COMPLEX
Dim smize = 26214
Dim_titla = 13iC
= Dim units = [ppm]
= Dimonsions = X
Hikta = ECS 400
SPAcLTomaLar = JNM-ECS400
Field_ strength = B_3IBFTEE[T] (400([HHz]
! %_mog duration = 1.04333312([s]
e ¥_domain = 13¢
X_freg = 100,52530333 [HEE]
X _offsat = 100 [ppm]
¥_points = 32768
X_prescans - 4
b ¥%_resolution = ©0.95B46665 [xz]
X_swoop = 31.40703518 [kHz]
Irr_domain = 1lH
Irr_freqg = 3159.78215838 [MH=z]
Irr offoob = S[{ppa]
d Clipped = FALSE
U._ Mod_raturn =1
Scang = 203
Total scans = 203
¥_90_width = B.d[us]
= ¥_acg tims = 1.0£333312(s]
= K_magle = 30[deg]
X_atn = 4.5[dB]
¥_pulsa = I.8[us]
Irr_atn_dac = I1.8[48]
Izr_abtn_noa = I1.8[d8]
Irr noias = WALTE
Decoupling = TRUE
Initisl_wait = 1[a]
Woa = TRUE
Moo _time = Z[a]
RecvE_galn = B0
| Aelaxation_delay = Z[#]
Repetition_time = 3.04333312([s]
Tasp_gat = 21.5[dc)
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———= PROCESSING PARAMETERE ----—
do_balance : 0 : FALSE

maMp 1 0.2[H=] 3 0.0[=]
craparcidld @ of%] @ G00%] : 100[%]
zerofill : 1

fft 1 1 i TRUE : TRUE
machinephasa

PEm

Darived from: EYE3IS-1.547

E¥639-3.jatr

Filoname -

Kuehar = dolta

Expariment = pingle_pulas.axl
Sampla_id = E¥§33

Salvent = CHLOROFOBRH-D
Craation_timo = 3-JUn-2010 20:00:12
Revioion_time = 3I=JUN=2010 20:15:26
Current_time = IA=JUH-1010 Z0:15:5@
Commont = ginglea_pulaa
Data_format = LB COMPLEX
Dim_alza = 13167

Dim Eitle = 1H

Dim_unites = [ppa]

Dimansions =X

Site = ECE 490
Epactromater = JHM=ECS400
Flala_strangth = 9.38%7660T] (400 [MH=z]
¥_acg duration = 2.1E365852([8]
X_domain = 1H

X _frag = 399, TH219036 [NH=]
X _offset = S[pps=]

X _poainta = 1631B4

¥_prascans = 1

X_resolution = 0,457I4685 [Hz]
A_awaap = 7.5030012 [kH=z]
Irr_domain = 1H

Irr_frag = 390,TA21933IB[HHz]
Irr_offaat = S[ppm]
Tri_domaln = 1H

Tri frag = 190, TA21503@ (M=)
Tri_offset = 5[ppm]

Clipped = FALSE

Mod_raturn =1

Bcans = B8

Total _scans = g

X_30_width = 19.5[us]

X _acg time = R.1BIELF5A[s] d
X_angle = 45 [deg]

X_atn = 1[dB]

X _pulas = 5.325[ua]
Ire_moda = Off

Tri_ mode = Off

Dante_prasat = FALSE

Imftiml wailt = 1[a]

Roocvr_gain = 32

Relaxation dalay = S5[a]

Raepatition time = 7.1B365952([s]
Tamp_get = 21.204]
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-——=— FROCESSING PARRMETERS ----
dc_balanco 1 0 1 FALSE
aaxp ¢ 2L.0[H=z] 1 D.0[s]
trapezofdl : DI%] : BO[%]
zerofill ¢ 1

£t 2 1 1 TRUE 1 TRUE
rmachinaphasa

pp

1 100 (%]

perived fromr EY63ISC-1.5df

I-OUN-2010 2013891350
I-0UN-2010 20:30:13

Filenams = E¥Y&35C-3.jdf

Auchor = delta

Expariment = aingle pulse_dac

Samplae_id = E¥&IGC

Salwvant = CHLOROFCRM-D

Croation_time = 3=0UN=-2010 20:12:49
=

Revialon time
current_time

CosrraT = single pulse deccuple
Data_format = 10 COMPLEX
Dim_mize = 25214

Dim_titla = 13C

Pim_unita = [ppm]

Dimensions =X

Sitm = ECE 400
Spectromatar = THM-ECS400

Field strength = J.380766[T] (400([MHEz]
X_scg duration = 1.04333312(s]

¥ fomain = 13C

X_freq = 100,52530333 [HHz]
K_offaat = 100 [ppm]
¥_points = I2THE

X_prescans = 4

X_resoluticn = 0. 95B466ES [Hz]
X_swWaap = 3140703518 [kiz]
Irr_domain = 1H

Irr_£req = 3%9,782198348 [HHz]
Irr_olfaac = 5[ppm]

Clipped = FALSE

Mod_retarn = 1

Seans = 207.0

Toktal scans = FOT.0

¥_90_width = B.d[us]

¥ _mog timo = 1.04335312[x]
X_mngle = I0[deg]

X_mtn = 4.3[dB]

X _pulsa = ZX.8[us]
Irr_atn_dec = F.B[dB]
Irr_akn_nos = I1_B[d48]

Irr _nolisa = WALTZ

Docoupling = TRUE
Initial_wait = 1l[a]

Moo = TEUE

Hoo_time = Z[a]

Recvr_gain = 50
Relaxation_delay = I{s]
Repetition_time = 3.04333312[a]
Tamg_gat = 31.4[4C]
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mese PROCESSING FARMMETERS =-==
2 H NMR _.H dc balamce 1 0 1 FALSE
- - saxp 1 0. MEF 1 0. n.m

cl trapezoldl %] « @0C%] = 2000%)
= zapefill ¢ 2
- £ft 1 1 1 TRUR : TRUR
= machinephase

=

-

5 Dari TOm: 2= L)
..__l.__ ved £ 2 =sthylcyclohaxanone le
= 2b
=
= - Filenaze = 2-sthyleyclobaxancos
- H Auther - _n!._..n“_ axt

Experiment = single pulss.
= Sample i1d = 2=sthylcyclobexancoe
] Solwent CHLOROFORM-D
Creation time 2-0ov-2010 12.18.50
Revision Time 2-WOV-2010 12:51:51
= Currant_Eime 1=MOV=2010 1325230
Commant = single
pata_format - 1D
b= Dim_size = 13107
= pim title T
Dim units - [ppal
Dimensicos = X
site = ECE 400
Spectrometer = JHM-ECEA00
Field st - B.I09T6E 1400 DGR
H .—n_ﬂ nﬂn.ﬂﬁ = 2.10365552 [&] ez
- 1N
ﬂ uﬂ_-n - :ﬁ TRILFEIE D)
X offsst - Hﬂﬂu
X points - 16384
K prescans = 1
X resclution = 0. 45754ER5 [Hx]
X mwesp -7 n._.._ua_n__.u;-u__
Irr_demain -
Irr freq - uuu TRI1LHRIR MEL]
Irr offset = 5 [ppal
Tri_domain = 1R
Tri freq = IFR.THILFRIN (MEEX]
Tri offset = 5 [ppal
Clipped = FALER
Mod return =1
Scans -8
Total scans -0
X 50 width = 10.5[us]
u--nmnﬂ..l_ - 2. 10365552 1m)
X angle - 45 ideg]
X atn - 10dE]
X pulss = 5.25 [us]
ITr_mode - 0L
Tri mode =- off
pante presat = FALSE
Initial wait = 181
A Recvr gaim = 38
Miarl Y - Relaxation delay - 58]
Eepatition time = 7.10065951(:)
Tesp_get - 22.5040]
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dc balance : 0

t FALSE

saxp @ 2.0[HE] :« 0.0[=)
crapezoldd o 0% o SOC%) « 200(%)

zarofill & 1

fft : 1 : TRUE : TRUE

zachinsphase
Ppa

Derived from: 2-sthyleyclobexancne encle

A b A Pl e ik

X 1 parts per Million : 13C
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X “u._lu..ﬂ

X fr

X _uﬂmm-_ﬂ

“l_uﬁu.nﬂ-
SECARS

Hl.wmuoucn_&ﬁ

X mweep

Irr domain

Irr freq

Irr offset

Scans
Total scans

X 90 wideh
X acq time

X atn

X pulse

Irfr atn dsc
Irr atn moe
irr molse
Decoupling
Initial waie
N

Hoa time
Recvr gain

Relazation delay

Repetition time
Temp get

RN

1-athylcyclohaXanone
n.!_..r“ 1 dec

[ 25 & Be
u-ﬂﬂ!ﬂhﬁd«ﬂug
CHLOROFORM-D
2-MOv-2010 12:41.47
2-NOV-2010 13101126
1=H0¥=2010 13:01:58

single pulse decouple
1D COMFLEX

26214

13c

[ppe]

X

BCE 400

THM-ECE400

$.IWSTEE [T (400 aEz)
1.94333313 (8]

13c

100.5253021] [MEz)

1400 1

3%

4

0.95846665 [Hx]
J1.40700518 [(kNz]

1R
395.79215030 patz)

§ [ppa)
FALSE

1
202
202

0.4 [us)
1.04333312 [s]

2(8)
3.04333312 (8]
12.91dc)
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o .__._ NMR b...:E.-.M.nm_ O e “Eﬁ

BRXD v 4 [RE] +» 0.0[8]
cl trapazoidl w_f_ P m_:_-_ 1 100 %]
zarofill : 1
ffc 1« 1 1« TRURE 1 TRUR
machinephase
2]
Darived from: EY140-1.44f
2 1
Filsname = EY140=-1.9df
Trperinen T ingle pulse.ax
r e - & & FEN

sample id - uq»ﬂu e
Bolvent = CHLOROPORM-D
Craation time = 15-TUM-2006 10:30.:18
Eevision time = 1-MOW=-2010 12:213:5%
Currant_Eime = 2-H0V-2010 12.24.54
Comment = single pulse
Data format = 1D COMFLEX
Di= size - 13107
Dim citle - 18
Dim units = [ppal]
Dimansicns - X
Give - ECE 400
Epsctrometer - JHM-ECE400
Fisld str = §.IRFTEEIT] (400 MmZ)
X _acq duration - u,__.wuwwvmu =1
X_domain -1
X freq - IFF.TRI1F0I0 MGE]
X offsst - m_nw_ﬂ“_
I points = 16364
X prescans -1
X resclution = ﬂ.nwwwum.www_“”u
I swesp = T. [kRz]
Irr_domaln = n
Irr Ireqg - IFR.TRIVERIL DMGE]
Irr offsst = S[ppal
Tri domain = 1H
Tri_ freg = JFF.TRILFEIN [(MEE]
Tri offset = E[ppal
clipped = FALZE
Mod return -1
SCADE - B
Total scans =&
X 00 wideh - 10.2 fus]
x time = 2.103855532 8]
X angle = 45 [deg]
X atn - 1[dB)
X pulss = E.1[us]
Irr_mode - Dff
Tri_mode = off
Dante presat = FALSE
Initial wait = 1l[s]
Eecvr gain - 40
Relaxation delay = 5(s]

Repetition time = 7.18365552[s]

Te=p get = 20.6 1)
ERRg=EzEs - EEE TATAY 1] - 3=1 4 =
2 e R R Er F R
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# 0 (&= s
nuﬁopﬁn. m___._; ' m___“__r__ + 100 %)
zearofill 1 1

fft : 1 :+ TRUE : TRUE

zachinephase
Ppm

perived from: EY140Re C-1.3df
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=100 =200

Filename = EYL4dRe C=3.3df
Author - delta
Experiment = single pulse dec
Sa=ple id - EY1dlRs C
Solvent = CRLOROFORM-D

= 2-BOV-2010 11:56:49
- Z-WOW-2010 12:17.31
= I=-ROV=2010 12:19:12

Creation tims
Reviplon time
Currant Eime

e = sifgle pulss decouple
Data format = 10 COMFLEX
Dim size = 26314
Dim citle = 13C
Dim units = [ppm]
Dizmenslong - X
site - BCE 400
Spectrometer = JHM=-ECE400
Field st th = S.3RSTEErT] (400 DEz)
X sog duration - 1.04333312(s)
X dsmaln - 132
X _freq = 100.52530333 mEzx]
X offsat = 100 [ppa)
X points - mnqnn
X _prascans -
X_rescluticn - 0.55946665 (R2)
I mweep = 31.40703518 (kEx]
Irr_domain - 1R
irr freq = IFF.TRILFRIG (MEZ)
Irr offset = E[ppm]
¢l = FALSE
return =1
Scans = 13§
Total scans =- 135
X G0 width - §.4[us)
X cime - wmu“wwwwuun!_
X angle = [deg]
X atn - 4.31dB]
X pulss = 2.0 [us)
H.-........-.F.D....wn.n. = 21.08[dR]
Irr Aatn_noe = 21.0[dB)
Irr noife = WALTE
Decoupling - TRUE
Initial wait - 18]
Kow = TEUE
Boe time - 18]
Rec¥r gain - &0

UO__.En"_.oﬂna—o__.!u. = 2[=)
Repatition time = 3.04333311(m)
Tesp_get = 11.5[dc)
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—--- PROCESSING PARAMETERS ----
dc balance 1 § 1 FALSE
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trapezoidl . m_ L
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ffr : 1 : TROR : TROE

machinephase
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Filename
Aathor
Expariment
Sample 14
Salvent
Creation time
Revision time
current time

Comment

Data format
Di= size
Dim title
Ddm units
Dimanslons
fite
Spectrometer

isld stres
L] TAaTion
2 dcsatn

X freq

X offset

Irr freg
Irr_offset
Tri domain
Tri freq
Hnuunn-iu
Mod return
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cllpped = FALEE
Mol _relurs = 1
Foans = 183
Tetal scans = 142
X_¥o_width w Bkl
X_mo tims = 1.043000130s)
x_angls = M [dsgl
E_atm = &, [d8]
X_pules = 3.0[ua]
| Irr_ste_dss = 11[dB]
IFT_stn nos = 13[dn]
irr nod s = wWALETE
T & TRUE
| Initial waic s Lisl
| s = TATE
7 F _ : Bt Lk = A=l
A Ravr_gain ﬂ ’
L]

Hlu.l.-._.nw.nl_rn__.l-. "
Tanp_get -
M0 MO0 N0 IR0 1RLD 1700 A0 1SA0 1800 1MLD IMUD 1000 1008 W0 00 TAD e00  S00 400 M0 0 100 [ [T T

| i L

T
TeEAD

1AM

i

IS

1747
(LR ] Y
iR
IR
IRATON
oh TERY

L]

X : parts per Millioa : 100

S48



B ¢ gy s smaed oy

L] [E ] Lo L] am 1] mil it L i wan 1. 1L

b [4

HINN H,

B

1
L_—
S— L%
E.— LS
! YT
ik
0.9nxs e m
[E et ] S
0sTE  = -
oaiwm [ &i?
R
08112
IS T
[IF% %)

FL ”
L e ]
Augep unyiemerey Ty

ATEA TRTARE]

upEl Lajey
ELLL R

Lt
| DR AR

Bl TeRARAN remay Pl Aeg

§s -
lllllllllllllllllllllllllllllll W@ @AW EEEE lillll-;l Ef;qi‘
HeogZFRRessrs TeVEEziTziasczzgors gRNGEESE rripares 22
e I PR *shg': %H§=§=§ =
“E T E PEE OGEG 1EEEE L g .
: PEiE ii I g
- B ZEE 2
o "1

S49



ahandance

30

0

1o

'H NMR
OH

10f

2.0

X ¢ parts per Million @ 11

RO

TA159
T.2481

TOT06

6,965

174

b1 |
== . —d
- I e B wmn P
2 2398 g ERSINES
5 & ©E BE§EARE
5 333 mxmmumtl.m

1r99

:

LJEOL

==== PROCESSTNG PARAMETERS ----
de _balance ¢ 0 1 FALSE

saxp ! 0.2[Hz] « 0.0(s)
trapazoldd @ Of%) : BO(%] @ 100[%]
marofill ¢ 1

£ft ¢ 1 1 TRUE : TRUE
aschinaphass

pem

Derived from: EYBL18-4-<1.j4f

Filoanase = EYE18-4=3.jdf

Auther = delta

Exporiment = gingle_pulse.axl
Fasple_lda = EY@i0-4

Solvent = CHLOROFOREN-D
Croation tis=as & F1=-0CT-2010 18160 ld

= J=0CT=2010 LE:I5el7
= 21-0CT=2010 18:36:11

Ravislon_tisa
Current_time

Commant = single_pulse
Trata_format = 10 COMPLEX
Dim_@lze = 13187
Dim title = 1H
Dim units = [ppa)
Diimana ions - X
Site = ECA 00
Spectromater = JHM-ECAEDD
Fiald_strangth = 14.09636920(T] (600[M
X_acg duration = L.4548992 (]
x_domain = 1H
X_freg = 6001723046 [HHz]
X_offsot = & [pp=]
¥ _polnts = LEINd
X_preacans =1
x_resolution = 0.68733284 [He]
X_mwaap = 11.26L26126 [kHz]
Irr_domain = 1M
Irr_freg = 600.1733048 [HHz)
Irr_offset = 5[ppm]
Tri_domain = 1H
Tri_freq = §O0.1723046 [HHE]
Tri_offsat = 5[ppm)
clipped = FALSE
Hod_raturn =1
Soana - @
Total_scans -8
X_90_width = 13.5[uas)
X_acqg_tine = 1.4548532(8)

. X_mngle = 45 [dag]
X_atn = 1.5 ([dR)
X_palee = £.T5(us)
Irr_mode = Off
Tri_mode = Off
Dante_presat = FALSE
taitial_walt = L[m]
Recve_gals = dd

Rolaxation_delay = 5([al
Repatition_ time = £.4348332[s]

Temp_get = 23.8[4€)
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100
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BHJEOL

mme= PROCESSEING PARAMETERS ----
de _balance : 0 ¢ FALSE

sexp 1 F.0(Hs) = G.0(s)
trapezoldd : O0%) : BO[%] @ 100[%)
serafill ¢ 1

Eft ¢ 1 : TRUE : TRUE
machinaphass

ppm

Dorived from: EY8LEC_copy-5.jaf

Filenams = EYB1BC_copy=7.jdf

Author = delta

Exparimant = pingle_pulse_des
Sa=ple_id = EYBLEC

Solvent = CHLOROFORM=T
Croation_tise = 21-0CT=2010 18:30:5%

= 31-0CT-2010 18:37:13
= IL-OCT-2010 18137130

Revision_time
Current _time

Cosnant = singls pulss dscoupla
Data_format = 1D COMPLEX
Dim_size = 26214

Dim_title = 138

Oim unite = [ppm]
Dimansions =X

Sice = ECA 400
Spectromater = JHH-ECAE00
Fleld_stremgth = l4.08636928[T) (600([H
¥_acg duration = 089306016 (0]

¥ _doxaln & 13

¥_frog = 150.9134303% [HHz)
X_offset = 100 [ppe]
®_polnts = 31768
X_DTeECAnE = 4

¥_rasolution = L.44496109 ([Hz)
X_sweap = 4734048405 (knz)
Irr_domain = 1K

Izr_freg = B00.1723046 (HHzx)
Irz_offset = 5[pp=l

Clipped = FALSE
Incomplete_copy = TRUE

Hod_returs = 1

Scans = 120

Total_scans = 130

*_90_wideh = §.04[as]

X_acg _time m B, 89206016 (a)

% _angle = 10 [dagl

X_atn = G.5[48]

E_pulse = 3.01333333[us]
Irr_atn_dec = 17.91(dm)

IFg _aLn_noe = 17.91[am)
Irr_nolss & WALTZ
Pecoupling = TRUE

Inltial walt = 1[a)

Ros = TRUE

Koo_time = 2[m]

Recve_gain =- 56

melaxation delay = 2(s)
mepetition time = 2.69206016(s]
Tasp_got = 24.504C)
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==== PROCESSING PARAMETERNS ====
de balancs ¢ 0 ¢ FALSE

sexp ¢ D.2[Hx] : D.0([s]
erapazoldd ¢ O[%) ¢ 00[%] : 100(%)

rarofill ¢ 1

ffrt 1 1 @ TRUE ; TRUE

machinephass
e

Pberived from: EY8L®-1,f4%

Filenans
Author
Exparimant
Sasple_La
Solwant
Creation_time
Revision_ tLma
Current_time

Commant
Data_formar
Dim_size
Dim_title
Dim unite
Dimansions
Site
Spectromatar

Fisld_strength
X_agg duration
X _domain
X_freg

Xk _offeet

X _pointe
X_prescans
x_resclution

X swasp
Irr_donain
Irr_freg
Irr_offsat
Tri_domain
Tri_freg
Tri_sffser

Total_scans

X_90_width
E_acq thma
| %_angle
X_atn
E_pulss
Irr_moda
Tri_mode
DAALE_PrEasaT
Initial walin
o Reovr_gain
Ralaxatlion_delay
¥ Repetition_time
= Tamp get

EYE19-3.j4f

dalta
single_pulsa.axd
EYELS

CHLORDFORM-D
IL=0CT=-2010 18045150
31=-0CT=-2010 18352031
21=-0CT=2010 18:52:5]3

elngle_pulse

ECA E00
JEH=-ECASDD

1400636928 [T] (600w
1.4348993 (0]
1R

§00. 1723046 [MHa]
5 [ppm]

16384

1

9. 68733304 [Hz]
1126136126 [kMz]
1"

§00. 1723046 [pHE]
5 (ppm]

in

E00. 1723046 [MHz]
3 [ppm]

FALEE

)

]

]

13.5[us]
1.454B592 [m]
45 [deg)

1LY
6. 4548992 [a]
3.7 [4c]
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M Q/\/ ==== PROCESSING PARAMETERS ----
dg_balance 1 @ 1 FALSE
saxp 1 2.0([Hz] = 0.0[a)
eraposoldd @ O0%] ¢ BO[N] 1 10Q0%)

serofill & 1

10g £€E 1 1 1 TRUE 1 TRUE
machinephasse

pom

Derived fromi EY8LSC copy-23.j4f

o7

rilenass = EYEL9C_copy-4.jd4f
Author = dalta
Exporiment = single_pulse_dec
Sample_id = EYE19C
Solvent = CHLOROFORM=D

M Creation_time = 21-0CT=2010 18:58:16

Revialon_time = IL=-00T=-2010 19:04:12
Curreant_tims = JL-DCT-2010 19:04:25

Coament = slegle pulse decouple
Data_format = LD COMPLEX
Dim_size = IETL4
p Dim titls = 130
Dim_units = [pp=]
Dimansions =X
site = ECA 600
SpectroRatar = JHH-ECAG00

Field_strength = 14.09636928([T] (€00(M

o X_acq duration = 0.63206016([a)
X_domain = 13C
X_freg = 150.91343009 [HHz)
X_offaat = 100 [ppm]
X_poinca = 3XITER
X_prascans = 4
- X_resoclution = 1.48496109[HE]
) E_mwaap = 47, JBLR40E [kaz)
Irr_domain = 1IH
Ire_freqg = GO0, 173046 [HMz)
Ire offaat = 5([ppm]
Clipped = FALSE
Incomplate_copy = TRUE
- Hed_return =1
= | Hoans = 21L&
_ Total scans = ILB
it ¥_90_width = 9,04 [us)
X acg time = Q.69306016[=)
¥ _angle = 30 [deg]
I X_atn = 6.5[48]
AR A A AN A o *puise I 3lnaa03(ue)
irr_atn_dec = 17.91[48]
Irr_atn_noe = 17,.91[48)
23L0 2000 200 19000 15000 1700 1600 1500 1400 1300 12000 1100 1000 SO0 R00 TOO 600 500 400 M0 M0 100 0 =100 =200 Irr_ncise = WALTZ
1 1 Dacoupling = TRUE
Initlal walt = 1[8]
I
Maos_t - "
mﬁnr..h I%mﬁmmmmm ..Hm. Racvr_galn = 54
ReSR  a3dadgdndand S -
-5 =3 A - - L 3 on_ - a L]
EEER 4HM5JN 4 F el = -"hln!... = 34.8[dC]

X : parts per Million : 130
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==== PROCESSING PARAMETERS ----
de_balance i 0 1 FALIE
Pt PR 1 O
' trapsE 1 ] '
authentic 11f Cerofill 1 1
fft 1 1 1 TRUE : TRUE
machinephaie
b
Darived from: EY®21 W-3-1.j4f
rilanama = EY#21 H=2=%5.5df
| At hor = dalta
Ewpariment = single_pul is.axd
Saaple_id = EY811
|| Salvent CHLOROFORM-D
|| Creation_tims 13=DEC-2010 17:00:48
|| Revision_time 13=DEC-2010 17:ld:d1
|| Carrent_tims 13-DEC-2010 1Vidd 54
| Commant = single sulse
|| Data_format = 1D COMPLEX
|| Dim_size = 13107
|| Dim_title = 1H
Dim units = [paa]
|| Diménaeions - X
| sice = ECA &00
|| Spectrometer & Je-ECAE0
| Fisld_strength = 14.09638528(T) (€00[M
|| X_mog duration = 1.4540892(s)
X_domaln = 1IN
X_frag = §00.172304 6 (HHx)
|| %_offaet = S[ppm]
| E_polnta = 16304
| X_prescans - 1
¥ _rescluotion = 0.68TINI0G [Hz)
x_Eweap w 11.2612613&[kHz])
_ Irr_dosain = 1K
_ * || Irr_freq = §00.1723046 (MHz)
ﬂm o Irr_offaat = 3[pgm)
b M | _ Tri_domain = 1AM
| Trl_freg = §00.173304 8 [¥Hz)
1 || Tel_offmet = 5[ppm)
-4 I || Clipped = FALSE
- ._ F || Mod_return = 1
|| Boans = @
ﬁ_ i || Toral_scans =8
- 1
- = | || XS0 _width = 1).5[ua)
= 82 ._,1- “ﬁ ) i | Xoace_time = 1.4548992(s]
B Mgl I . [ T * — ] X_angle = 45 [dag)
X_atn = J.5([ds)
| X_pralse = §.75(us)
w0 B0 740 (] u‘ﬂ A An u.J_ — _-lb Iz _mode = OfL
1 n- | ni Tri_moda - Off
; Dante_prosat = FALSE
Inltlal_walt - WMI-
— Recvr_gain =
el B = MH" = ﬂﬂ = HM Relaxation delay = 5([me]
mﬂmm z mf iz ﬁwm ﬂﬂmmumﬂ m Repetition time = 6.4548952(s]
e M - T ehekes 0000000000000 el = Tazp get = 20.6[4C)

X : parts per Millios = 1H
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---- PROCESSING PARAMETERS ----

do_balance : 0 : FALSE

R S - e
i FAPEES : : :

authentic 11g trapezsidd : 0[V) ] (%]

hh.ﬂr_.. 1 W TROE : TRUE

machinephase

PR
Darived from: EYB22-1, j4f

19 0 L] LI Rk} 14 15 14

L2 16 1.7 1%

14

L. 13

LS s 07 0K 09 1A

0 nl o0 0l 04

Filename = EYATI-4. jdi
Author = delta
Expariment = single_pulse.and
Sample id = E¥BI2
Solvent = BENLENE-DE
Creation time = I5=-0CT=2010 19:08:47
Ravision_ time = I5=-0CT-2010 19:18:21
Current_time = 25-OCT-2010 19:18:43
Commant = aingle pulse
Dats format = 1D LEX
Dim_siza = 16384
Dim_titls = 1H
Dim_units = [ppm)
Dimsnsions =X
Bite = ECA &0D
Spactromatar = JEM=-ECAE0D
Field strength = 14 .09636528(T] (600[M
X -ﬂﬁln_..nnl.n.rnu = 1.81%5%3472([a]
¥ domain = 1H
X freq = E00, 1723046 [MHE]
X offsat = %[pp=)
X _points = 16364
X_prescans =1
X resclution = O 543 TO2E [H]
¥X_swaep = 5. 00252071 [kHe]
Ire_domain = 1H
Ige_freqg = E00.1723046 [HHz]
Irr_offmet = 5[ppa]
Tri_domain = 1H
(™ u..h_.lnh.-.ﬂ = 00, 1723046 [MHz]
Hn_.lnu.ull.n = 5[ppa]
Clipped = FALSE
Mod retusn =1
Scans = @
Total scans = B
K 90 width = 13.5%[us]
N X acqg time = 1.B1993472 [a]
. ¥ angTe = 45[deg]
X_atn - m “W._“ui“___
L X (1] = . us
a0 Lo Hm_n:_.plun_- = off
I L L TEL mode = Off
DAnEE presAT = FALSE
H....u.ﬂn.u.|ﬂi.rd = “.h'“_
el W - L] — - . — iqﬂlﬂi L] =
333 #3833 HEET] 144 § 8FEsiffii Rslaxation_dslay = 5[s]
o o 8 r &= uH = A - )y e H“. u.l__u.-.n.-..n....u:Jn.__..ll = & B15%3472 (8]
[ A ﬂ -y o i e ———— sSddd Temp gt = 23 _@[ac)

X £ paris per Million : 1H
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==== FROCESHING FARAMETERS ----

S56

R0

70

4.0

abundance

do_balance 1 0 1 FALSE

sexp ¢+ Q.3[ME)] : 0.0(a)
toapesoldld @ 0[%] 2% ¢ 100[%]
sarefill 3 1

fft ¢ 1 3 TRUE : TRUE
machinephane

eE

Derived from: EYTI¢ RED 400-1.j4af

Filanasa = EYTIE REZ £00-3.j4f
Author = delta
Experlsent = pingle_pulse.axd
Sample_lda = EYTIE REI £00
Bolvent = CHLOROFORM=D
Creaclion_time = J0-MOV-Z010 12:38:46
Eeviglon time = J0-MOw-2010 13:35:09
Current_time & 0=-NOV-2010 1236127
Commarnt = alaglie_pulse
Data_ format = 1D CONFLEX
Dim_siza = 13197
Dim_Eitle = 1N
Dim units = [ppm)
Disenslons - K
Sice = ECA §00
BEpectromatar = JNM-ECAERD
Fleld_strength = 14.09636328(T]) (600(M
X_acqg duratien = 1.45485%1([a]
x_domain = 1N
Z freq = G00.173I046 Moiz]
i _offset = 5(ppm]
I_points = 16384
I_prescans = 1
% resclutlon = 0.68733304 [H=]
E_aweep = 11.36128126 [kHz)
Irr_deomain &= 1H
Irr_freg = 600.1723046 [MHz]
Irr_offsst = 5(ppm]
£ = Tri_domain - 18
- = Tri_freg & §00.1723046 [HHE]
Tri_offsat = S[ppa)
= Clipped = FALSE
| Hod_return - “
= Scans -
2 % .“ Total scans = @
Sg8% s
| = % _50_width m 13, 8 [ua)
ERIN e X acq time s 1.4548392(s]
0 X anglae = 451dag]
X_atn = 1.9[4m]
X _pulss = G.75%(un)
.0 s 40 Irr moda & Off
Tri_mode =- DEE
Dante_pre = FALHT
Initial wait = 1[m]
T — -, - Racvr _gals = 46
.s,_u”mmmmm 1= 548 22L M =t ! pelaxatlon_delay = 5([s]
EExr35AA s EE ede FE Fepatition time = 6.4548992[s]
PP Partpana " i Held == Temp_get = 21.9(ac)

X : parts per Milllan : 1H



Overall picture of HMQC (compound 9)
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Expanded figure 1 of HMQC (compound 9)
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Expanded figure 2 of HMQC (compound 9)
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Expanded figure 3 of HMQC (compound 9)
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Overall picture of HMBC (compound 9)
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Expanded figure 1 of HMBC (compound 9)
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Expanded figure 2 of HMBC (compound 9)
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Expanded fiaure 3 of HMBC (compound 9)
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Expanded fiaure 4 of HMBC (compound 9)
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Expanded fiaure 5 of HMBC (compound 9)

l=szlat o
[wm] §
[sm] g ey
TSN

F0

[en] 06
(Lo k]
[*=]gEBLL"®

(®lpzsetat o

oRIOL =

or =

T =

AETYL =

(wdd]g =
[THH)9POEELT " 005 =
WL =

s SPOGEPBL LD =
[ZH] S6CEEHTE"LIT =
o=

S%C =

[wdd] 0T =

" IEHM]GEOERETECOST =
LT =

[Fux] SETHETTIHE"TT =
[=R]CLEosnEr"s =

(=] apOfELT 00G =

HT =

[elpzoaTat 0o =

Hloo®) [Z)CE9CHE0°PT =

GONIT-RND =

oo VOR =

ix =

[wdd] [wdd] =

JET HT =

Z16 "BEIT =

TVad IYId 4 =

o0 PeIUEHNe JUSTONIS =

S5 €5 T0 OTOE-AON-TE =
BEEESITE OTOE-AON-OE =
FECERITIE OTOE-AON-OE =
O-Fd0I0HOTHD =

I JULRT =

ree-03d ooy =

wITep =

"E=DENH 009 EXH SCLRT =

uv ™~y pean
T pean
witeq

peddyTD
ARNZFOTIL
Baiy TIn
Qpw=op FIL
desar %
WOTINTOEST X
sumasesd &
Fyuged R

ELI A

eIz

U5 - 4
deans X
TCOTINTOEST X
sumzeesd ¥
sjuped X
LT
beIz"%
oIy X
ESTI0Ing BOW X
yibusle pIeTd

Isyemorioedy
LEi
[
s3fun wia

eTIFI mya -

ez T Wil
IVEIO]TWINT
E

ST IUeIIND
PUTI T UDFRTARY
W1 UOFITRID
AWBATOE

P17 eTdums
JuemIedxny
IogInyg
e=EERTTL

[erodEaRal]
g
wdd

ANEL ¢ AOME ¢ T ¢ 333

[w]oot & [w)os @

T 1 TITF03eE

wls ¢ fpjozedull

0RT ' DF- ' RITRQUTE

[eacdeuwai]
-l

ENEL ¢ AOML ¢ T f 333

[=]g°Q ¢

T ! TITF03eE
oIne TTeaquETe

[zHlg G * eenwd

cmm= SEELAKYEVE ONISSIOOHS ----

03PV

souEpungs

(& ] 0L 1T F1 ST %1 L1 K1 61 0T 1T OTT OET FT ST O¥T LT FT 6T 0 T Y 00 FY §Y 9

&

(i

W

HI § ooy sad aoed § x

0

ik

oo

0os

LY

ool

vl

DET 2 ey ad sped 1 g

IMIEPUTH]E

S66



Expanded fiaure 6 of HMBC (compound 9)
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