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1. General information 

Unless otherwise noted, reagents were obtained from commercial sources and used without further 

purification. Non-aqueous reaction were conducted under an inert atmosphere of nitrogen in 

flame-dried glassware. Anhydrous solvent were treated as follow: tetrahydrofuran and diethyl ether 

were distilled from sodium under nitrogen atmosphere, dimethylformamide were distilled over calcium 

hydride under reduced pressure, and dichloromethane and toluene was distilled distilled from calcium 

hydride under nitrogen atmosphere. Thin layer chromatography was conducted on Merck 60 F254 

pre-coated silica gel plates. Column chromatography was carried out by normal silica gel (40-60 µm, 

200-400 mesh, Silicycle P60). NMR data including 1H NMR or 13C NMR spectra were recorded on 

Agilent 500 and Agilent 400. 1H NMR Chemical shifts were reported in ppm from the solvent 

resonance as the internal standard (CDCl3: 7.26 ppm, D2O: 4.79). 13C NMR chemical shifts were 

reported in ppm relative to the solvent (CDCl3:77 ppm). Infrared spectra were performed on a Nicolet 

380FT-IR and are reported in terms of frequency of absorption (cm-1). Low mass spectra were 

measured on a Shimadzu LCMS-2010EV mass spectrometer (ESI) and Agilent Technologies 5973N 

(EI). High resolution mass spectra were obtained from IonSpec 4.7 Tesla FTMS mass spectrometer 

(MALDI) ,  Bruker APEXIII 7.0 TESLA FTMS (ESI) and Waters Micromass GCT Premier (EI). 
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2. Reaction conditions optimization 

Table S1. Evaluation of chiral silver phosphate and ammonium salts 

 

entry solvent silver salt 

(equiv) 

additive 

(equiv) 

yielda 

(%) 

eeb 

(%) 

1 DCM L1 (0.1) A1 (0.12) 16 30 

2 DCM L1 (0.1) A2 (0.12) 18 19 

3 DCM L1 (0.1) A3 (0.12) 44 77 

4 DCM L1 (0.1) A4 (0.12) 16 69 

5 DCM L1 (0.1) A5 (0.12) 69 86 

6 DCM L1 (0.1) A6 (0.12) 47 80 

7 DCM L1 (0.1) A7 (0.12) 65 91 

8 DCM L1 (0.1) A8 (0.12) 60 92 

9 DCM L1 (0.1) A9 (0.12) 50 91 

10 DCM L1 (0.1) A10 (0.12) 21 43 

11 DCM L1 (0.1) A11 (0.12) 61 88 

12 DCM L1 (0.1) A12 (0.12) 65 81 

13 DCM L2 (0.1) A8 (0.12) 30 40 

14 DCM L3 (0.1) A8 (0.12) 62 67 

15 DCM -- -- trace ND 

16 DCM L1 (0.1) -- trace ND 

17 DCM -- A8 (0.12) trace ND 

Reaction conditions: To a mixture of silver salt L1 (0.01 mmol), ammonium salt A (0.012 mmol) 

and NIS (0.12 mmol) was added DCM (1 mL) then the reaction mixture was cooled to 0 oC. Allyl 

alcohol 1a (0.1 mmol) in 0.5 mL DCM was added dropwise and the reaction was quenched after 

40 h. aIsolated yield. bDetermined by HPLC using Chiralpak AD column.   
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Table S2. Survey of other organocatalysts. 

 

Reaction conditions: To a mixture of catalsyt L1 (0.01 mmol), NIS (0.12 mmol) was added DCM (1 

mL) then the reaction mixture was cooled to 0 oC. Allyl alcohol 1a (0.1 mmol) in 0.5 mL DCM was 

added dropwise and the reaction was quenched after 40 h. 
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Table S3. Screening of halogen sources   

 

entry solvent silver salt 

(equiv) 

additive 

(equiv) 

halogenating 

reagent 

yielda 

(%) 

eeb 

(%) 

1 DCM L1 (0.1) A8 (0.12) NIS 65 91 

2 DCM L1 (0.1) A8 (0.12) I2 NR -- 

3 DCM L1 (0.1) A8 (0.12) NCS NR -- 

4 DCM L1 (0.1) A8 (0.12) NBS 15 79 

5 DCM L1 (0.1) A8 (0.12) H1 23 8 

6 DCM L1 (0.1) A8 (0.12) H2 46 31 

7 DCM L1 (0.1) A8 (0.12) H3 68 78 

Reaction conditions: To a mixture of silver salt L1 (0.01 mmol), ammonium salt A8 (0.012 mmol) 

and halogenating reagent (0.12 mmol) was added DCM (1 mL) then the reaction mixture was 

cooled to 0 oC. Allyl alcohol 1a (0.1 mmol) in 0.5 mL DCM was added dropwise and the reaction 

was quenched after 40 h. aIsolated yield. bDetermined by HPLC using Chiralpak AD column. 
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Table S4. Effects of additive and temperature. 

 

entry catalyst 

(equiv) 

additive 

(equiv) 

T 

(oC) 

t 

(h) 

yielda 

(%) 

eeb 

(%) 

1 C1 (0.1) -- 0 40 42 83 

2 C1 (0.1) DABCO (0.1) 0 40 45 84 

3 C1 (0.1) (-)-CSA (0.1) 0 40 38 80 

4 C1 (0.1) Ph3P=S (0.1) 0 40 63 90 

5 C1 (0.1) A8 (0.1) 0 40 82 92 

6 C1 (0.1) A8 (0.1) -20 107 99 94 

8 C1 (0.1) A8 (0.1) -40 121 83 94 

Reaction conditions: To a mixture of silver salt C1 (0.01 mmol), additive (0.012 mmol) and NIS 

(0.12 mmol) was added DCM (1 mL) then the reaction mixture was cooled to 0 oC. Allyl alcohol 1a 

(0.1 mmol) in 0.5 mL DCM was added dropwise and the reaction was quenched at indicated time. 

aIsolated yield. bDetermined by HPLC using Chiralpak AD column. 
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Table S5. Screening of solvents. 

 

OH O

I

1a 2a

N N

Br

O

O

P
O

O

Ar

Ar N

N

O

A8: Y = 4-OC6H13

O

Y

R

R = 4-OC6H13C6H4

conditions

Ar = 2,4,6-triisopropylpheny

C1:

 

entry solvent catalyst 

(equiv) 

additive 

(equiv) 

yielda 

(%) 

eeb 

(%) 

1 CH2Cl2 C1 (0.1) A8 (0.1) 82 92 

2 CHCl3 C1 (0.1) A8 (0.1) 62 69 

3 1,2-dichoroethane C1 (0.1) A8 (0.1) 76 19 

4 Ethylene dibromide C1 (0.1) A8 (0.1) 49 55 

5 CH3CN C1 (0.1) A8 (0.1) 59 50 

6 EtOAc C1 (0.1) A8 (0.1) 31 67 

8 THF C1 (0.1) A8 (0.1) 73 85 

9 Hexane C1 (0.1) A8 (0.1) 59 50 

Reaction conditions: To a mixture of  silver  salt  L1  (0.01 mmol), additive  (0.012 mmol) and NIS 

(0.12 mmol) was added Solvent (1 mL) then the reaction mixture was cooled to 0 oC. Allyl alcohol 

1a  (0.1 mmol)  in 0.5 mL DCM was added dropwise and  the  reaction was quenched after 40 h. 

aIsolated yield. bDetermined by HPLC using Chiralpak AD column. 
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Proposed transition states for the observed stereoselectivity. 

 

Figure S1. Rationale for the Observed Stereoselectivity. 

To explain the stereoselectivity of this reaction, putative transition states are proposed based 

on previous working model for the chiral anionic phase-transfer catalyst (Figure S1).[1,2] That is, 

the iodine of NIS may be first transferred to DABCO moiety of the ion-pair organocatalyst, which 

may be accelerated by ammonium A8. Subsequently, alkene exchanges with one of 

DABCO-derived ammonium to produce cyclization precursor. In the transition state, chiral 

phosphate functionalizes as Brønsted base for deprotonation of hydroxyl of allyl alcohol and 

meanwhile is hold tightly with DABCO-derived ammonium by Columbic interaction. Through 

these cooperative interactions, substrate and NIS are simultaneously activated by the ion-pair 

catalyst, which leads to a well-defined transition state for the 3-exo iodo-cycloetherification. As 

shown in Figure S1, iodonium complexing with Re face of alkene in TS1 suffers less steric 

repulsion between substrate and phosphate than that in TS2, which would favorably produce the 

observed stereoisomer (R)-2a. 
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-20 °C as a yellow liquid (20.9 mg, 71% yield, 37% ee). The enantiomeric purity was determined by 

HPLC analysis (ChiralPak AD-H column, hexane/i-PrOH 98:2, 0.7 mL/min, tmajor = 5.87 min, tminor= 
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23.5 = -10.5 (c 0.52, CHCl3). 

  



 

5. 

5.1 

Tab
e

[a] R

indic

8 wa

(S)-2

To a

adde

adde

wash

prep

brow

deter

10.2

Hz, 

15.0

NMR

(neat

([M+

Wagner-M

Wagner-M

ble S6. Opt
entry 

1 BF3
.

2 BF3
.

3 BF3
.E

4 BF3 

5 BF3
.

6 BF3
.

7 BF3
.

 8[b] BF3
.

9 BF3
.

10 BF3
.

11 BF3
.

12 AlE

13 TMS

14 TBS

Reactions wer

cated tempera

as selected as t

 

2-(iodomethy

a stirred soluti

ed boron triflu

ed to the solu

hed with brin

arative colum

wn liquid (29

rmined by HP

1 min, tminor= 

1H), 7.20 (d, 

, 3.0 Hz, 1H)

R (126 MHz,

t) 2939, 1704

+H]+), found: 

Meerwein Re

Meerwein R

timization o
Cat 

.Et2O (1 equiv

.Et2O (5 equiv

t2O (10 equiv
.Et2O (1 equiv
.Et2O (1 equiv
.Et2O (1 equiv
.Et2O (1 equiv
.Et2O (1 equiv
.Et2O (1 equiv
.Et2O (1 equiv
.Et2O (1 equiv

EtCl2 (1 equiv)

SOTf (1 equiv

SOTf (1 equiv

re performed w

ature (0.1 mmo

the optimal co

yl)-2-phenylcy

ion of 2c (31.

uoride etherat

ution, and the

ne, dried ove

mn chromatog

9.1 mg, 93%

PLC analysis 

11.52 min). 1

J = 7.5 Hz, 2

), 2.34-2.25 (

, CDCl3) δ 21

4, 1448, 701 

m/z 315.0247

earrangemen

earrangem

of the rearr
solve

v) DCM

v) DCM

) DCM

v) DCM

v) DCM

v) DCM

v) DCM

v) DCM

v) DCM

v) Tol

v) Hex

) DCM

v) DCM

v) DCM

with 2c in sol

ol). [b] Determ

ondition. 

yclohexanone

4 mg, 0.1 mm

te (10 ul, 0.1 

e resulting mi

r Na2SO4, an

raphy (ethyl a

yield, 93% 

(Lux 5μ cellu
1H NMR (500

2H), 3.61 (d, J

(m, 2H), 1.96

10.2, 138.2, 1

cm-1; HRMS

7; [α]D
23.5 = 10

S28 

nt of epoxid

ment of 2c.

rangement
ent C (m

M 

M 

M 

M 

M 

M 

M 

M 

M 0

l 

x 

M 

M 

M 

lvent at indica

mined by HPL

e (3c) 

mol) in 2ml C

mmol). Two 

ixture was ex

nd evaporated

acetate/petrol

ee for 0.1 m

ulose-4 colum

0 MHz, CDCl

J = 10.0 Hz, 

6-1.87 (m, 2H

129.1, 127.7, 

S (ESI+) exa

04.7 (c 0.44, C

de and one-p

t of 2c[a] 
mmol/ml) T

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.05 

0.05 

0.005 

0.05 

0.05 

0.05 

0.05 

0.05 

ated concentra

LC using Lux

CH2Cl2 under n

hours later, s

xtracted with 

d in vacuo[3b]

eum ether = 

mmol scale).

mn, hexane/i-P

l3) δ 7.37 (t, J

1H), 3.37 (d, 

H), 1.80-1.74 (

126.8, 56.2, 4

act mass calc

CHCl3). 

pot procedu

 

T (oC) t (

0 1.

0 1.

0 1.

rt 1.

-20 2

-78 3

-78 3

0 1.

0 1.

0 1.

0 1.

0 1.

0 1.

0 1.

ation by additi

5μ cellulose-

nitrogen atmo

saturated aque

CH2Cl2. The 

. The residue

1/30, v/v) and

The enantio

PrOH 98:2, 0

J = 7.5 Hz, 2H

J = 10.0 Hz, 

(m, 2H), 1.74

40.2, 36.3, 27

d for C13H16I

ure  

(h) ee (%

.5 91

.5 91

.5 89

.5 90

2 91

3 92

3 92

.5 92

.5 93

.5 90

.5 90

.5 32

.5 92

.5 89

ion of Lewis 

-4 column. [b]

osphere at 0oC

eous NaHCO

organic layer

e was purifie

d gave 3c as 

omeric purity

0.7 mL/min, tm

H), 7.31 (d, J 

1H), 2.81 (dq

4-1.68 (m, 3H

7.8, 21.8, 19.

IO: m/z 315.

%)[b] 

1 

1 

9 

0 

1 

2 

2 

2 

3 

0 

0 

2 

2 

9 

acid at 

] Entry 

C was 

O3 was 

r was 

ed by 

a red 

y was 

major = 

= 7.5 

q, J = 

H).13C 

5; IR 

.0246 



 

 

(S,E

To a

(36.4

stirre

and 

The 

v/v) 

was 

12.5

10.0 

7.5 H

15.0 

(m, 

117.0

(ESI

[α]D
2

Ph

N3

To a 

0.1 m

room

press

ether

purit

tmajor

(m, 

14.4

CDC

mass

1708

Ph

OH

A fla

(31.4

E)-1-(2,4-dinit

a solution of 3

4, mg, 0.12 m

ed at rt for 4 

washed with 

residue was p

to afford the t

determined b

1 min, tminor= 

 Hz, 1H), 8.22

Hz, 2H), 3.84 

 Hz, 1H), 2.0

1H); 13C NMR

0, 50.3, 36.3,

I+)  exact  m
23.5 = 126.4 (c 

5

O3

 

a flask charged

mmol) in 1ml

m temperature

sure[3a]. The r

r = 1:30, v/v)

ty was determ

r = 10.45 min,

1H), 7.22 (d, 

, 2.5 Hz, 1H)

Cl3) δ 211.8, 

s calcd  for 

8, 702 cm-1; [α

OH

6  

ask charged w

4mg, 0.1mmo

 
trophenyl)-2-

3c (31.3 mg, 

mmol, wetted w

h. Then H2O 

saturated NaH

purified by si

title product a

by HPLC ana

11.34 min). 1

2 (d, J = 10.0

(d, J = 10.0 H

09-2.03 (m, 1H

R (126 MHz, 

, 29.7, 26.2, 2

mass  calcd 

0.55, CHCl3)

d with NaN3 (

l DMSO unde

e. Then the 

residue was pu

) and gave 6 

mined by HPLC

 tminor= 11.46 

J = 7.5 Hz, 2

), 2.39-2.26 (

137.9, 129.2,

C13H16N3O: m

α]D
23.5 = 136.1

with AgBF4 (0

ol, in 0.4 mL D

(2-(iodometh

0.1 mmol) in

with 50% wat

(3 mL) was 

HCO3 (aq.), b

lica gel colum

as a yellow so

alysis (ChiralP
1H NMR (500

0 Hz, 1H), 7.3

Hz, 1H), 3.48 (

H), 1.98-1.91

CDCl3) δ 160

25.1, 21.7, 19

 for C19H20O

.  

7.8 mg, 0.12 m

er nitrogen. T

reaction was

urified by pre

as a colorless

C analysis (Lu

min). 1H NM

2H), 3.63 (d, J

(m, 2H), 2.00

127.7, 126.9

m/z 230.1293

 (c 0.34, CHC

0.13 mmol) in

DMF). Then st

S29 

hyl)-2-phenyl

n EtOH/H2O (

ter) and con.H

added. The o

brine, dried ov

mn chromatog

olid (42.9 mg, 

Pak ID3 colum

0 MHz, CDC

8 (t, J = 7.5 H

(d, J = 10.0 H

(m, 2H), 1.85

0.1, 145.6, 13

9.8; IR (neat)

O4N4I:  m/z 

mmol, in 1mL

The mixture w

s washed wit

eparative colu

s liquid (20.3

ux 5μ cellulos

MR (500 MHz,

J = 12.5 Hz, 

0-1.86 (m, 2H

9, 59.9, 58.0, 

3 ([M+H]+), f

Cl3). 

n CH3NO2 (1m

tirred at 40 oC

cyclohexy lid

(1.8 mL/0.6 m

H2SO4 (0.2 mL

rganic layer w

ver Na2SO4, fi

graphy (ethyl 

87% yield, 94

mn, hexane/i-

l3) δ 11.41 (s,

Hz, 2H), 7.32

Hz, 1H), 2.82 (

5-1.78 (m, 1H

9.8, 138.1, 13

) 3323, 2934, 

495.0518 ([M

L DMSO) was

was stirred at 8

th water for 

umn chromato

 mg, 86% yie

se-4 column, h

 CDCl3) δ 7.3

1H), 3.34 (d, 

H), 1.82-1.66 

39.9, 32.8, 2

found: m/z 23

mL) under nit

C for 4.5 h in d

dene)hydrazin

mL), 2,4-dinitr

L) were added

was extracted 

iltered and the

acetate/petrol

4% ee). The e

-PrOH 9:1, 0.

, 1H), 9.17 (s

(t, J = 7.5 Hz

(d, J = 15.0 Hz

H), 1.73-1.66 (

30.3, 129.2, 12

1617, 1336, 

M+H]+), foun

s added a solu

80 oC for 5 ho

3 times, dri

graphy (ethyl

eld, 92% ee). 

hexane/iPrOH

39 (t, J = 7.5 H

J = 12.5 Hz, 

(m, 3H); 13C 

27.9, 21.2; HR

30.1297; IR (

trogen atmosp

dark and filter

ne (4) 

trophenylhydr

d. The mixture

d with ethyl ac

en concentrate

leum ether = 

enantiomeric p

.7 mL/min, tm

s, 1H), 8.39 (d

z, 1H), 7.38 (d

z, 1H), 2.68 (d

(m, 1H), 1.59

27.7, 127.0, 1

7442 cm-1;H

nd: m/z 495.0

ution of 5 (31.

ours and cool

ied under red

l acetate/petro

 The enantiom

H 98:2, 0.7 mL

Hz, 2H), 7.34–

1H), 2.74 (dd

NMR (126 M

RMS (ESI+) 

(neat) 2939, 2

phere was add

red through a 

razine  

e was 

cetate 

ed[1d]. 

1:15, 

purity 

major = 

d, J = 

d, J = 

d, J = 

9-1.57 

123.5, 

HRMS  

0524. 

.2mg, 

led to 

duced 

oleum 

meric 

L/min, 

–7.28 

d, J = 

MHz, 

exact  

2102, 

ded 5 

short 



 

pad 

resid

addit

wate

could

(23.2

cellu

MHz

2.73

NMR

(ESI

(neat

5.2 

Gen
(0.01
-20 o

indic
Afte
colum

(S)-

Prep

(24.8

cellu

prod

2.7m

amm

then 

was 

drop

orga

orga

resid

to af

of celite. The

due was disso

tion of water 

er, brine and d

d be purified 

2 mg, 74% yi

ulose-4 colum

z, CDCl3) δ 7

-2.66 (m, 1H

R (126 MHz, 

I+) exact  ma

t) 3448, 2920

one-pot iod

neral proce
1 mmol), NIS
oC. Allyl alco
cated by TLC
er 2.5 h, the so
mn chromatog

 

-2-(iodometh

pared accordin

8 mg, 79% yi

ulose-4 colum

duct shows no 

mmol scale sy

monium salt A

the reaction m

added dropw

pwise to the m

anic layer wa

anic layer, wa

due was purifi

fford the prod

e filtrate was 

olved in meth

(2 ml), the so

dried over Na2

by chromato

ield, 91% ee)

mn, hexane/iPr

7.31-7.16 (m, 

H), 2.56-2.53 (

CDCl3) δ 213

ass  calcd  f

, 1709, 702, 6

do-etherific

edure F: In
 (0.12 mmol) 

ohol 1 (0.1 mm
C, boron triflu
olvent was rem
graphy (ethyl 

hyl)-2-phenylc

ng to the gene

ield, 93% ee)

mn, hexane/i-P

difference in 

ynthesis of 3

A8 (58 mg, 0.

mixture was c

wise. After 39

mixture at 0 oC

s separated a

ashed with br

ied by silica g

duct (685 mg, 

washed succ

anol, added N

olution was ex

2SO4. Evapora

ography (ethyl

). The enantio

rOH 4:1, 0.7 m

5H), 3.85 (s, 

(m, 1H), 2.26

3.2, 135.3, 130

for C13H16Na

669 cm-1; [α]D

cation/Wag

n a Schlenk tu
and CH2Cl2 (

mol) in 1 mL 
uoride etherate
moved under r
acetate/petrol

cyclohexanon

eral procedure

). The enantio

PrOH 98:2, 0

spectra with t

3c: In a Schl

014 mmol), N

cooled to -20

9h boron trifl

C. After 2.5 h

and organic la

rine, dried ov

gel column ch

2.18 mmol, 8

S30 

cessively with

Na2CO3 and s

xtracted with 

ation of the so

l acetate/petro

omeric purity 

mL/min, tmajor

1H), 3.14 (d, 

6-2.11 (m, 2H

0.0, 128.2, 12

aO2: m/z 227

D
23.5 = 50.0 (c 

gner-Meerw

ube, ion pair c
(1 mL) was ad
CH2Cl2 was a
e (0.1 mmol) 
reduced pressu
leum ether = 1

ne (3c) 
e F with 2c (

omeric purity 

0.7 mL/min, 

those of 3c ob

lenk tube, io

NIS (720 mg, 
oC. Allyl alco

luoride ethera

h the reaction

ayer washed 

ver Na2SO4 a

hromatography

82% yield, 92

h water, brine

stirred at room

DCM. The o

olvent gave th

oleum ether =

was determin

r = 9.14 min, t

J = 13.5 Hz, 

H), 1.91-1.86

27.0, 79.3, 43.3

.1048 ([M+N

0.42, CHCl3)

wein rearra

catalyst C1 (0
dded, then the
added dropwi
was added d
ure, and the re
1:25, v/v) to a

(31.4 mg, 0.1

was determin

tmajor = 10.59

btained by step

on pair cataly

3.2 mmol) an

ohol 1 (500 m

ate (120 mg, 

n was quenche

with CH2Cl2

and evaporate

y (ethyl acetat

2% ee). Enanti

e, and then dr

m temperature

rganic layers 

he correspond

= 1:6, v/v) as

ned by HPLC

tminor= 8.19 m

1H), 2.97 (d,

(m, 2H), 1.69

3, 40.4, 38.6, 

Na]+), found: 

angement r

 

0.01 mmol), a
e reaction mix
se. As the sub
ropwise to th
esidue was pu
fford the prod

mmol) as a 

ned by HPLC

9 min, tminor=

pwise reaction

yst C1 (150 m

nd CH2Cl2 (5

mg, 2.66 mmo

104 ul, 0.9 m

ed with satura

2 for two tim

d under redu

te/petroleum e

iomeric excess w

ried. The obt

e for 1h. Afte

were washed

ding alcohol, w

s a colorless l

C analysis (Lu

min). 1H NMR

, J = 13.5 Hz,

9-1.65(m, 2H

28.0, 22.8; H

m/z 227.1049

reaction 

ammonium sa
xture was cool
bstrate disapp
he mixture at 
urified by silic
duct.  

pale yellow l

C analysis (Lu

= 12.38 min).

n. 

mg, 0.014 m

50 mL) was a

ol) in 5 mL CH

mmol,) was a

ated Na2S2O3

mes. Combine

uced pressure.

ether = 1:100

was found to be

tained 

er the 

d with 

which 

liquid 

ux 5μ 

R (500 

, 1H), 

); 13C 

HRMS  

9; IR 

alt A8 
led to 
eared 
0 oC. 

ca gel 

liquid 

ux 5μ 

. The 

mmol), 

dded, 

H2Cl2 

added 

. The 

d the 

. The 

, v/v) 

e 92% 



 

meas

min,

(S)-2

Prep

92%

hexa

-7.16

2.82

(d, J

27.8

(ESI

0.94

(S)-2

Prep

85%

colum

CDC

Hz, 

2H),

31.3

C17H

(S)-2

Prep

85%

colum

CDC

3H),

(m, 2

130.

HRM

79.7 

sured by chiral 

, tminor= 12.18 

 

2-(4-fluoroph

pared accordin

% yield, 89% ee

ane/iPrOH 98:

6 (m, 2H), 7.

-2.75 (m, 1H)

J = 247.7 Hz),

, 21.8, 19.7; 

I+) exact mass

, CHCl3).  

2-(4-(tert-but

pared accordin

% yield, 86% e

mn, hexane/i-

Cl3) δ 7.36 (d, 

1H), 2.81-2.7

, 1.30 (s, 9H); 

, 27.7, 21.8, 

H24IO
+: m/z 37

2-(iodomethy

pared accordin

% yield, 88% e

mn, hexane/i-

Cl3) δ 7.28 (t, J

, 3.59 (d, J = 1

2H), 1.83-1.7

1, 119.1, 113.

MS (ESI+) exa

 (c 0.92, CHC

HPLC (Lux 5

min). 

henyl)-2-(iodo

ng to the gener

e). The enantio

:2, 0.7 mL/min

08-7.04 (m, 2

), 2.31-2.26 (m

, 134.1 (d, J =
19F NMR (37

s calcd for C13H

 

tyl)phenyl)-2-

ng to the gener

ee). The enan

-PrOH 99:1, 

J = 7.5 Hz, 2

71 (m, 1H), 2
13C NMR (12

19.2; IR (ne

71.0872 ([M+

 
yl)-2-(3-metho

ng to the gener

ee). The enan

-PrOH 99:1, 0

J = 8.0 Hz, 1H

0.0 Hz, 1H), 3

77 (m, 2H), 1.

.2, 112.5, 56.1

act mass calcd

Cl3). 

μ cellulose-4

omethyl)cyclo

ral procedure 

omeric purity 

n, tmajor = 9.96

2H), 3.57 (dd

m, 2H), 1.96-

= 3.4 Hz), 128

76 MHz, CDC

H15FIO+: m/z 

-(iodomethyl)

ral procedure 

ntiomeric purit

0.7 mL/min, 

H), 7.11 (d, J

.35-2.26 (m, 2

26 MHz, CDCl

at) 2933, 169

H]+), found: m

oxyphenyl)cy

ral procedure 

ntiomeric purit

0.7 mL/min, t

H), 6.84 (d, J =

3.36 (d, J = 10

.74-1.63 (m, 1

1, 55.3, 40.2, 3

d for C14H18IO

S31 

 column, hex

ohexanone (3

F with 2ce (2

was determin

min, tminor= 13

d, J = 10.0, 1.

1.68 (m, 5H);

8.7 (d, J = 8.1 

Cl3) δ -114.3;

333.0152 ([M

)cyclohexano

F with 2cb (3

ty was determ

tmajor = 7.79 m

J = 7.5 Hz, 2H

2H), 2.00-1.8

l3) δ 210.2, 15

92, 1447, 683

m/z 371.0876.

yclohexanone

F with 2cc (3

ty was determ

tmajor = 13.31 m

= 8.0 Hz, 1H),

.0 Hz, 1H), 2.

1H).; 13C NM

36.4, 27.7, 21

O2
+: m/z 345.03

xane/i-PrOH 9

d) 

22.3 mg, 0.1 m

ned by HPLC a

3.29 min). 1H 

.5 Hz, 1H), 3

; 13C NMR (1

Hz), 116.1 (d

IR (neat) 294

M+H]+), found

one (3e) 

37.0 mg, 0.1 m

mined by HPL

min, tminor= 9.

H), 3.63 (d, J =

7 (m, 2H), 1.

50.7, 134.9, 12

3 cm-1; HRM

. [α]D
23.5 = 69.

e (3f) 

34.4 mg, 0.1 m

mined by HPL

min, tminor= 16

 6.78 (d, J = 8

81-2.74 (m, 1H

MR (126 MHz,

.8, 19.2; IR (n

351 ([M+H]+)

98:2, 0.7 mL/

mmol) as a wh

analysis (Chira

NMR (500 M

.37 (dd, J = 

26 MHz, CDC

d, J = 21.4 Hz

2, 1721, 1443

d: m/z 333.015

mmol) as a wh

LC analysis (L

.01 min). 1H 

= 10.0 Hz, 1H

82-1.74 (m, 2

26.4, 126.0, 55

MS (ESI+) exa

5 (c 0.97, CH

mmol) as a wh

LC analysis (L

6.75 min). 1H

8.0 Hz, 1H), 6.

H), 2.35-2.27 

, CDCl3) δ 21

neat) 2937, 17

), found: m/z 3

/min, tmajor = 

hite solid (32.2

alPak IF-3 col

MHz, CDCl3) δ

10.0, 1.5 Hz,

Cl3) δ 210.1, 

z), 55.6, 40.1, 

3, 678 cm-1; H

52. [α]D
23.5 = 87

hite solid (31.5

Lux 5μ cellul

NMR (500 M

H), 3.29 (d, J =

2H), 1.74-1.6

5.8, 40.0, 36.2

act mass calc

HCl3).  

hite solid (27.3

Lux 5μ cellul

H NMR (500 M

.74 (s, 1H), 3.

(m, 2H), 1.98

10.0, 160.1, 1

712, 1437, 692

345.0352. [α]D

10.47 

2 mg, 

lumn, 

δ 7.18 

1H), 

162.2 

36.5, 

HRMS 

7.3 (c 

5 mg, 

ose-4 

MHz, 

= 10.0 

4 (m, 

, 34.5, 

cd for 

3 mg, 

ose-4 

MHz, 

80 (s, 

8-1.86 

139.7, 

2 cm-1; 

D
23.5 = 



 

(S)-2

Prep

(27.2

cellu

(500

J = 1

1.96

CDC

1702

m/z 

 

 

 

 
2-(iodomethy

pared accordin

2 mg, 83% yi

ulose-4 colum

0 MHz, CDCl3

10.0 Hz, 1H),

-1.93 (m, 1H

Cl3) δ 210.8, 

2, 1048, 706 c

329.0405. [α]

yl)-2-phenylcy

ng to the gene

ield, 91% ee)

mn, hexane/i-P

3) δ 7.35 (t, J =

 3.54 (d, J = 

H), 1.86-1.81 (

140.5, 128.7, 

cm-1; HRMS 

D
23.5 = 94.7 (c

ycloheptanon

eral procedure

).. The enantio

PrOH 98:2, 0.

= 7.5 Hz, 2H)

10.0 Hz, 1H),

(m, 2H), 1.62

127.7, 126.8

(ESI+) exact 

c 0.53, CHCl3)

 

S32 

ne (3g) 

e F with 2d (

omeric purity 

.7 mL/min, tm

), 7.29 (t, J = 7

, 2.59-2.51 (m

2-1.44 (m, 3H

8, 58.6, 41.6, 

mass calcd fo

). 

(20.2 mg, 0.1

was determin

major = 8.37 mi

7.5 Hz, 1H), 7

m, 2H), 2.35-2

H), 1.27-1.22

33.1, 30.4, 26

or C13H16IO: m

 mmol) as a 

ned by HPLC

in, tminor= 10.5

7.20 (d, J = 7.5

.33 (m, 1H), 2

(m, 1H); 13C 

6.8, 24.2, 19.

m/z 329.0402

pale yellow l

C analysis (Lu

50 min). 1H N

5 Hz, 2H), 3.8

2.23-2.18 (m,

NMR (126 M

.3; IR (neat) 2

2 ([M+H]+), fo

liquid 

ux 5μ 

NMR 

81 (d, 

, 1H), 

MHz, 

2936, 

ound: 



S33 
 

6. References 

[1] (a) Yu, W. Y.; Bensimon, C.; Alper, H. Chem. Eur. J. 1997, 3, 417. (b) Tomioka, T.; Sankranti, R.; 

Yamada, T.; Clark, C. Org. Lett., 2013, 15, 5099-5101. (c) Wang, B.; Wong, O. A.; Zhao, M.-X.; 

Shi, Y; J. Org. Chem., 2008, 73, 9539-9543. (d) Qin, Y.; You, S. L. Org. Lett. 2014, 16, 1810. (e) 

Dabdoub, M. J.; Jacob, R. G.; Ferreira, J. T. B.; Dabdoub, V. B.; Marques, F. A. Tetraheldron. Lett. 

1999, 40, 7159.  

[2] Hamilton, G. L.; Kang, E. J.; Mba, M.; Toste, F. D. Science. 2007, 317, 496. 

[3] (a) Suzuki, T.; Ota, Y.; Kasuya, Y.; Mutsuga, M.; Kawamura, Y.; Tsumoto, H.; Nakagawa, H.; Finn, 

M. G.; Miyata, N. Angew. Chem., Int. Ed. 2010, 49, 6817. (b) Kita, Y.; Matsuda, S.; Inoguchi, R.; 

Ganesh, J. K.; Fujioka, H. J. Org. Chem. 2006, 71, 5191 (c) Abad, A.; Agulló, C.; Cuñat, A. C.; 

Navarro, I.; Synthesis, 2005, 19, 3355. (d) Manas, M. M.; Teixido, M.; J. Heterocycl. Chem. 1988, 

25, 1439. 

 

 

 

  



S34 
 

7. Copies of spectrum 
 

 

 

 

 

   



S35 
 

 

 

   



S36 
 

 

 

 
   



S37 
 

 

 

 

 
   



S38 
 

 

 

 

 

   



S39 
 

 

-0.0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

6
.1

0

1
.1

3

2
.9

0

1
.0

0

1
.0

1

2
.7

3
0

.9
3

1
.4

3

1
.7

6

2
.3

7

4
.9

6

5
.4

2

7
.1

0
7

.1
2

7
.2

0
7

.2
1

7
.2

3
7

.2
6

 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

2
1

.4
7

2
9

.7
1

7
3

.0
1

7
6

.8
0

7
7

.0
6

7
7

.3
1

1
1

2
.3

0

1
2

5
.8

6
1

2
7

.6
5

1
2

7
.7

5
1

2
9

.5
7

1
3

7
.3

1
1

4
1

.4
4

1
5

7
.2

0

 

   



S40 
 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

5
.9

6

1
.3

4

3
.0

0

1
.0

0

1
.0

2

1
.6

6
0

.9
3

0
.8

9

1
.4

2

1
.6

8

3
.8

1

4
.9

8

5
.4

2

6
.8

3
6

.8
5

6
.8

8
6

.8
9

7
.2

1
7

.2
3

7
.2

4
7

.2
6

 

-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

2
9

.6
9

5
5

.1
9

7
2

.9
6

7
6

.7
7

7
7

.0
2

7
7

.2
7

1
1

2
.3

0
1

1
2

.4
9

1
1

4
.8

1
1

2
1

.3
0

1
2

8
.7

5

1
4

2
.8

7

1
5

6
.8

4
1

5
8

.9
7

 

   



S41 
 

 

-00.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

5
.9

4

1
.0

8

1
.0

0

1
.0

1

3
.9

0

1
.4

0

1
.6

4

4
.9

7
4

.9
7

5
.4

3
5

.4
3

7
.2

4
7

.2
6

7
.2

7
7

.2
8

7
.2

9

 

 

0102030405060708090100110120130140150160170180190
f1 (ppm)

2
9

.6
0

7
2

.9
1

7
6

.7
7

7
7

.0
3

7
7

.2
8

1
1

3
.1

9

1
2

7
.9

1
1

3
0

.1
7

1
3

3
.0

3

1
3

9
.9

1

1
5

5
.7

7

 

   



S42 
 

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

6
.0

0

1
.3

4

1
.0

6

1
.1

4

0
.9

0
1

.7
3

1
.1

2

1
.4

1

1
.6

5

5
.0

0

5
.4

4

6
.9

6
6

.9
7

6
.9

8
6

.9
8

7
.0

0
7

.0
0

7
.0

4
7

.0
6

7
.0

7
7

.0
8

7
.0

8
7

.0
9

7
.1

0
7

.2
4

7
.2

6
7

.2
7

7
.2

9

 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

2
9

.6
1

7
2

.8
7

7
6

.7
9

7
7

.0
4

7
7

.3
0

1
1

3
.2

5
1

1
3

.7
9

1
1

3
.9

6
1

1
5

.8
1

1
1

5
.9

8
1

2
4

.5
5

1
2

4
.5

7
1

2
9

.1
4

1
2

9
.2

1

1
4

3
.6

7
1

4
3

.7
4

1
5

5
.8

2
1

6
1

.1
9

1
6

3
.1

5

 

   



S43 
 

 

-116.6-116.3-116.0-115.7-115.4-115.1-114.8-114.5-114.2-113.9-113.6-113.3-113.0

-1
1

3
.9

0
4

-1
1

3
.8

8
7

-1
1

3
.8

7
9

-1
1

3
.8

6
2

-1
1

3
.8

3
8

 

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)

6
.0

5

0
.8

9
4

.2
1

1
.0

0

1
.0

2

1
.9

4
2

.7
2

0
.9

4
0

.9
5

0
.9

7
1

.5
0

1
.6

0
1

.6
1

1
.6

3
1

.6
4

1
.6

6
1

.6
6

1
.6

8
1

.6
9

1
.7

1
1

.7
2

5
.1

4
5

.1
4

5
.3

9
5

.3
9

7
.2

5
7

.2
5

7
.2

6
7

.2
7

7
.2

7
7

.2
9

7
.3

0
7

.3
0

7
.3

0
7

.3
2

 

   



S44 
 

 

-10102030405060708090100110120130140150160170180190200
f1 (ppm)

7
.8

2

3
1

.9
4

7
6

.7
7

7
7

.0
2

7
7

.2
8

7
8

.1
1

1
1

5.
3

7

1
2

6.
9

7
1

2
7.

8
2

1
2

8.
3

8

1
4

1.
8

1

1
5

3.
6

9

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.50.0
f1 (ppm)

2
.8

4
2

.1
7

4
.2

8

1
.0

0

1
.0

5

2
.6

8
1

.7
8

1
.7

0
1

.7
9

1
.8

0
1

.8
0

1
.8

1
1

.8
2

1
.8

5
1

.8
6

1
.8

7
1

.8
9

1
.9

0
1

.9
0

1
.9

1
1

.9
2

5
.0

9

5
.4

5

7
.2

9
7

.3
1

7
.3

1
7

.3
3

7
.3

4
7

.4
0

7
.4

1

 

   



S45 
 

 

0102030405060708090100110120130140150160170180190200210
f1 (ppm)

2
3

.3
0

3
9

.1
8

7
6

.8
7

7
7

.1
2

7
7

.3
7

8
4

.0
9

1
1

3.
2

4

1
2

7.
0

6
1

2
7.

8
2

1
2

8.
5

1

1
4

1.
7

9

1
5

4.
9

2

 

 

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

0
.9

6
1

.8
2

2
.0

7
4

.1
0

2
.9

8

1
.0

0

1
.0

2

0
.8

8
2

.7
2

0
.0

1
1

.4
7

1
.6

4
1

.6
8

1
.6

9
1

.7
8

1
.7

8
1

.7
9

1
.8

6
1

.8
7

1
.8

8
1

.8
9

2
.3

6

5
.0

5
5

.0
5

5
.4

1
5

.4
1

7
.0

9
7

.1
1

7
.1

6
7

.1
8

7
.1

9
7

.2
0

7
.2

6

 

   



S46 
 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

2
1

.4
8

2
3

.2
7

2
3

.2
8

3
9

.2
3

7
6

.7
7

7
7

.0
2

7
7

.2
8

8
4

.0
8

1
1

3.
0

0

1
2

5.
5

2
1

2
7.

6
9

1
2

7.
7

9
1

2
9.

2
2

1
3

7.
3

7
1

4
1.

6
4

1
5

5.
0

1

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

9
.0

8
2

.8
6

2
.0

4
4

.1
1

1
.0

0

1
.0

6

3
.9

6

1
.3

6
1

.3
6

1
.7

0
1

.7
1

1
.7

2
1

.8
1

1
.8

1
1

.8
2

1
.8

3
1

.8
4

1
.8

7
1

.8
8

1
.8

9
1

.8
9

1
.9

0
1

.9
1

1
.9

2
1

.9
3

5
.0

9
5

.1
0

5
.4

2
5

.4
2

7
.2

6
7

.3
5

7
.3

5

 

   



S47 
 

 

-10102030405060708090100110120130140150160170180190200
f1 (ppm)

2
3

.3
5

3
1

.4
1

3
4

.4
7

3
9

.2
7

7
6

.8
5

7
7

.1
1

7
7

.3
6

8
4

.1
5

1
1

2.
8

6

1
2

4.
7

1
1

2
8.

1
5

1
3

8.
6

6

1
4

9.
8

6

1
5

4.
7

5

 

 

 

 

-1-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

0
.9

0
2

.0
1

2
.1

2
4

.0
2

2
.9

9

1
.0

0

1
.0

2

0
.8

8
1

.7
9

0
.9

2

1
.4

9
1

.6
5

1
.6

8
1

.7
0

1
.7

8
1

.7
8

1
.7

9
1

.8
0

1
.8

8

3
.8

1

5
.0

8

5
.4

2

6
.8

2
6

.8
2

6
.8

4
6

.9
4

6
.9

5
6

.9
7

7
.2

1
7

.2
2

7
.2

4

 

   



S48 
 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

2
3

.2
8

3
9

.2
2

5
5

.1
9

7
6

.7
9

7
7

.0
4

7
7

.3
0

8
4

.0
1

1
1

2.
4

3
1

1
3.

2
1

1
1

4.
3

7
1

2
0.

9
7

1
2

8.
7

8

1
4

3.
1

5

1
5

4.
7

1

1
5

9.
0

3

 

 

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

0
.9

6
1

.9
9

5
.9

7

1
.0

0

1
.0

3

0
.9

8
1

.8
1

1
.1

6

-0
.0

1
1

.2
4

1
.4

0
1

.4
2

1
.6

0
1

.6
8

1
.6

9
1

.7
0

1
.7

1
1

.7
4

1
.7

8
1

.7
9

1
.8

1
1

.8
1

1
.8

3
1

.8
6

1
.8

8
1

.8
9

5
.0

9
5

.0
9

5
.4

3

6
.9

4
6

.9
6

6
.9

9
7

.1
2

7
.1

5
7

.1
7

7
.2

3
7

.2
5

7
.2

6

 

   



S49 
 

 

0102030405060708090100110120130140150160170180190200210
f1 (ppm)

2
3

.2
0

3
9

.1
4

7
6

.7
5

7
7

.0
1

7
7

.2
6

8
3

.9
4

1
1

3.
8

3
1

1
3.

9
4

1
1

3.
9

9
1

1
5.

3
9

1
1

5.
5

7
1

2
4.

1
2

1
2

4.
1

5
1

2
9.

1
9

1
2

9.
2

6

1
4

3.
8

7
1

4
3.

9
3

1
5

3.
6

9

1
6

1.
2

9
1

6
3.

2
5

 

-120.0-119.0-118.0-117.0-116.0-115.0-114.0-113.0-112.0-111.0-110.0-109.0-108.0-107.0
f1 (ppm)

-1
1

3
.8

5
-1

1
3

.8
3

-1
1

3
.8

2
-1

1
3

.8
1

-1
1

3
.8

0
-1

1
3

.8
0

-1
1

3
.7

8

 

   



S50 
 

 

-0.0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

1
.0

2
1

.8
9

4
.0

3

1
.0

0

1
.0

2

1
.7

6

1
.7

6

0
.0

0
1

.5
0

1
.6

7
1

.6
7

1
.6

8
1

.6
9

1
.7

0
1

.7
4

1
.7

5
1

.7
6

1
.7

7
1

.7
8

1
.7

8
1

.8
0

1
.8

1
1

.8
1

1
.8

2
1

.8
3

1
.8

4
1

.8
5

1
.8

6
1

.8
6

1
.8

7
1

.8
7

1
.8

8
1

.8
8

1
.8

9
1

.9
0

5
.0

5
5

.0
6

5
.4

1
5

.4
1

6
.9

7
6

.9
7

6
.9

9
6

.9
9

7
.0

0
7

.0
0

7
.2

6
7

.3
6

7
.3

6
7

.3
7

7
.3

7
7

.3
8

7
.3

8

 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

2
3

.2
1

3
9

.1
0

7
6

.7
7

7
7

.0
2

7
7

.2
8

8
4

.0
6

1
1

3
.5

4
1

1
4

.5
2

1
1

4
.6

9

1
2

9
.9

9
1

3
0

.0
5

1
3

7
.6

3
1

3
7

.6
6

1
5

3
.7

8

1
6

1
.1

0
1

6
3

.0
6

 

   



S51 
 

 

-118.0-117.5-117.0-116.5-116.0-115.5-115.0-114.5-114.0
f1 (ppm)

-1
1

5
.8

4
-1

1
5

.8
3

-1
1

5
.8

2
-1

1
5

.8
0

-1
1

5
.7

9
-1

1
5

.7
8

-1
1

5
.7

7

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

1
.1

4
2

.0
4

6
.0

7

0
.9

9

1
.0

0

2
.0

4
1

.8
1

-0
.0

1
1

.4
9

1
.6

5
1

.6
6

1
.6

6
1

.6
8

1
.6

8
1

.7
4

1
.7

4
1

.7
5

1
.7

6
1

.7
7

1
.7

7
1

.7
8

1
.7

9
1

.7
9

1
.8

1
1

.8
1

1
.8

2
1

.8
2

1
.8

3
1

.8
3

1
.8

4
1

.8
4

1
.8

5
1

.8
6

1
.8

6
1

.8
7

1
.8

7

5
.0

5
5

.0
6

5
.4

1
5

.4
1

7
.2

5
7

.2
6

7
.3

2
7

.3
4

 

   



S52 
 

 

0102030405060708090100110120130140150160170180190
f1 (ppm)

2
3

.2
0

3
9

.1
1

7
6

.7
7

7
7

.0
3

7
7

.2
8

8
3

.9
8

1
1

3.
7

6

1
2

7.
9

5
1

2
9.

7
8

1
3

3.
0

2

1
4

0.
1

5

1
5

3.
6

7

 

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

0
.9

3
2

.0
5

6
.0

0

1
.1

2

1
.0

0

1
.7

1
0

.9
2

0
.8

8
2

.6
7

1
.5

6
1

.6
4

1
.7

0
1

.7
3

1
.8

4
1

.8
5

1
.8

7
1

.8
8

1
.8

9
1

.9
0

1
.9

1
1

.9
1

1
.9

3
1

.9
4

5
.2

0

5
.5

2

7
.2

6
7

.4
7

7
.4

7
7

.4
8

7
.4

9
7

.5
0

7
.5

5
7

.5
7

7
.7

8
7

.8
0

7
.8

3
7

.8
4

7
.8

6

 

   



S53 
 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

2
3

.3
0

3
9

.3
2

7
6

.7
8

7
7

.0
4

7
7

.2
9

8
4

.2
6

1
1

3.
7

2
1

2
5.

7
9

1
2

6.
0

6
1

2
7.

0
5

1
2

7.
0

7
1

2
7.

2
1

1
2

7.
5

4
1

2
8.

0
4

1
3

2.
4

8
1

3
3.

0
7

1
3

9.
2

7

1
5

4.
8

6

 

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

1
.1

0
2

.0
9

1
0

.0
0

4
.0

7

1
.0

0

1
.0

5

1
.0

1
1

.9
2

0
.0

2

1
.6

8
1

.7
0

1
.7

9
1

.8
0

1
.8

1
1

.8
2

1
.8

3
1

.8
6

1
.8

8
1

.9
0

1
.9

2
1

.9
3

2
.7

8

5
.0

6

5
.4

0

7
.0

1
7

.0
3

7
.0

9
7

.1
0

7
.1

2
7

.2
8

 

   



S54 
 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

2
3

.2
3

2
3

.3
1

2
9

.0
9

2
9

.4
7

3
9

.2
7

7
6

.7
7

7
7

.0
3

7
7

.2
8

8
4

.1
3

1
1

2.
6

8

1
2

5.
6

4
1

2
8.

5
2

1
2

9.
1

0
1

3
6.

0
1

1
3

6.
5

4
1

3
8.

7
8

1
5

4.
9

3

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

0
.8

6
2

.0
0

7
.9

1

1
.0

4

1
.0

5

4
.6

5

1
.4

4
1

.5
2

1
.5

3
1

.6
6

1
.6

7
1

.6
8

5
.0

1
5

.0
2

5
.4

3
5

.4
4

7
.2

6
7

.2
9

7
.2

9
7

.3
0

7
.3

1
7

.3
1

7
.3

1

 

   



S55 
 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

2
2

.0
9

2
5

.4
9

3
6

.6
8

7
3

.5
7

7
6

.7
7

7
7

.0
2

7
7

.2
8

1
1

3.
3

6

1
2

6.
8

8
1

2
7.

6
6

1
2

9.
0

1

1
4

1.
6

1

1
5

6.
7

4

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.00.5
f1 (ppm)

4
.1

7
0

.9
4

4
.1

9
2

.0
8

2
.0

4

1
.0

0

1
.0

3

4
.6

3

0
.0

1
1

.4
2

1
.4

9
1

.5
0

1
.5

6
1

.6
1

1
.6

2
1

.6
2

1
.6

4
1

.6
7

1
.7

4
1

.7
6

1
.7

6
1

.7
7

1
.7

7
1

.7
9

1
.9

4
1

.9
4

1
.9

6
1

.9
6

1
.9

7
1

.9
7

1
.9

9
1

.9
9

4
.9

7
4

.9
7

5
.4

0
5

.4
0

7
.2

6
7

.2
9

7
.3

0
7

.3
1

7
.3

1
7

.3
1

7
.3

2
7

.3
2

 

   



S56 
 

 

0102030405060708090100110120130140150160170180190
f1 (ppm)

2
2

.3
7

2
9

.2
2

4
0

.6
1

7
6

.7
9

7
7

.0
5

7
7

.3
0

7
7

.4
6

1
1

2.
6

9

1
2

6.
9

0
1

2
7.

6
6

1
2

9.
1

4

1
4

1.
7

7

1
5

7.
5

8

 

 

 

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1
.2

4

2
.0

1

1
.0

0
1

.0
6

0
.9

7
1

.8
9

1
.9

0

1
.7

9

4
.5

5

5
.3

6
5

.4
8

7
.2

6
7

.3
0

7
.3

1
7

.3
2

7
.3

5
7

.3
6

7
.3

8
7

.4
5

7
.4

6

 

   



S57 
 

 

0102030405060708090100110120130140150160170180
f1 (ppm)

6
5

.0
1

7
6

.7
9

7
7

.0
5

7
7

.3
0

1
1

2.
6

1

1
2

6.
0

8
1

2
7.

9
4

1
2

8.
5

2

1
3

8.
5

0

1
4

7.
2

9

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)

4
.9

4
6

.1
5

1
.1

1
5

.9
7

1
.1

2

1
.0

0

1
.1

5

-0
.0

1
1

.1
8

1
.2

1
1

.2
3

1
.2

4
1

.2
4

1
.2

7
1

.2
9

1
.3

3

1
.6

7
1

.7
0

1
.7

3
1

.7
5

1
.9

8
2

.0
1

2
.0

3

4
.8

0

5
.1

1

7
.2

6

 

   



S58 
 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

2
6

.1
8

2
7

.1
3

2
8

.8
0

3
5

.5
0

3
9

.7
4

7
3

.8
1

7
6

.8
0

7
7

.0
5

7
7

.3
1

1
0

5.
7

3

1
6

2.
1

8

 

 

 

 

 

-0.0.00.20.40.60.81.01.21.41.61.82.02.22.42.62.83.03.23.43.63.84.04.24.44.64.85.05.2
f1 (ppm)

2
.8

9

2
.0

0

2
.0

2

7
.8

3

5
.8

5

0
.9

2
0

.9
4

0
.9

5

1
.3

4
1

.3
6

1
.3

7
1

.3
9

1
.7

1
1

.7
2

1
.7

3
1

.7
4

1
.7

5

3
.1

6
3

.1
8

3
.2

0
3

.2
3

3
.2

4
3

.2
5

3
.2

6
3

.2
7

3
.3

7
3

.3
9

3
.4

1

4
.7

9

 

   



S59 
 

 

-10-505101520253035404550556065707580859095
f1 (ppm)

1
2

.6
9

1
9

.0
6

2
3

.0
6

4
4

.0
8

5
1

.9
1

5
1

.9
4

5
1

.9
8

6
4

.3
2

6
4

.3
6

6
4

.3
9

 

0.81.01.21.41.61.82.02.22.42.62.83.03.23.43.63.84.04.24.44.64.8
f1 (ppm)

2
.4

6

1
.8

3

1
.8

9

5
.0

5

0
.9

9

2
.0

0

5
.1

0

0
.7

6
0

.9
0

0
.9

2
0

.9
4

1
.0

8
1

.3
1

1
.3

3
1

.3
5

1
.3

6
1

.3
8

1
.6

4
1

.6
6

1
.6

8
1

.7
0

1
.7

2

1
.9

6
2

.1
5

2
.1

6
2

.1
7

2
.1

7

2
.8

5

3
.0

0
3

.0
7

3
.0

9
3

.1
1

3
.3

5
3

.3
7

3
.3

9

3
.5

5

4
.7

9

 

   



S60 
 

 

051015202530354045505560657075808590
f1 (ppm)

1
2

.6
9

1
8

.9
8

1
9

.0
3

1
9

.1
7

2
3

.2
7

2
3

.3
7

5
4

.4
3

6
4

.0
1

6
4

.0
4

6
4

.0
8

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

6
.0

0

6
.0

2

2
.0

0
1

.0
1

1
.9

3

3
.3

0
3

.3
2

3
.3

3
3

.8
0

3
.8

1
3

.8
3

4
.7

9

7
.6

0
7

.6
2

7
.6

4
7

.7
7

7
.7

7
7

.7
8

7
.8

0
7

.9
8

7
.9

9
8

.0
0

8
.0

0

 

   



S61 
 

 

010203040506070809010011012013014015016017018019020021020
f1 (ppm)

4
4

.0
7

5
2

.9
3

1
2

7.
9

3
1

2
9.

1
0

1
3

4.
0

8
1

3
5.

2
1

1
9

1.
6

6

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

6
.1

5

6
.0

0

2
.1

4
2

.1
3

3
.3

2
3

.3
3

3
.3

5
3

.8
1

3
.8

2
3

.8
4

4
.7

9

7
.9

8
7

.9
8

7
.9

9
8

.1
1

8
.1

2
8

.1
3

 

   



S62 
 

 

-100102030405060708090100110120130140150160170180190200210220230
f1 (ppm)

4
4

.0
4

5
2

.9
4

1
1

6.
7

2
1

1
8.

3
3

1
2

8.
2

3
1

3
3.

0
9

1
3

7.
3

2

1
9

0.
5

0

 

 

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.5
f1 (ppm)

6
.0

0

5
.9

0
2

.9
5

1
.9

6

1
.9

3

1
.2

6
1

.2
8

3
.2

9
3

.3
1

3
.3

2
3

.7
8

3
.8

0
3

.8
1

3
.9

4

4
.7

9

7
.1

2
7

.1
4

7
.9

8
8

.0
0

 

   



S63 
 

 

-100102030405060708090100110120130140150160170180190200210220230
f1 (ppm)

4
3

.9
7

5
2

.8
4

5
5

.5
9

1
1

4.
2

8

1
2

7.
1

2
1

3
0.

5
2

1
6

4.
5

4

1
8

9.
8

3

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

6
.0

0

5
.9

8
3

.0
5

1
.0

4

3
.0

8

3
.2

6
3

.2
8

3
.3

0
3

.7
5

3
.7

7
3

.7
9

3
.8

6

4
.7

9

7
.3

0
7

.3
0

7
.3

2
7

.3
2

7
.4

6
7

.4
8

7
.5

0
7

.5
2

7
.5

4
7

.5
6

 

   



S64 
 

 

-100102030405060708090100110120130140150160170180190200210220230
f1 (ppm)

4
3

.9
7

5
2

.8
2

5
5

.4
9

1
1

2.
4

3
1

2
0.

7
7

1
2

1.
0

8

1
3

0.
2

9
1

3
5.

3
5

1
5

9.
1

5

1
9

1.
1

7

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

2
.8

4

2
.0

0

1
.9

9

6
.2

0

6
.1

6

2
.1

1

2
.1

1

2
.0

0

0
.9

5
0

.9
6

0
.9

8
1

.4
5

1
.4

7
1

.4
8

1
.5

0
1

.7
6

1
.7

7
1

.7
9

1
.8

0

3
.2

9
3

.3
1

3
.3

2
3

.7
8

3
.7

9
3

.8
1

4
.1

8
4

.1
9

4
.7

9

7
.1

0
7

.1
2

7
.9

6
7

.9
8

 

   



S65 
 

 

-100102030405060708090100110120130140150160170180190200210220230
f1 (ppm)

1
2

.9
7

1
8

.4
7

3
0

.2
6

4
4

.0
5

5
2

.9
3

6
8

.6
9

1
1

4.
8

8

1
2

7.
0

7
1

3
0.

6
3

1
6

4.
0

9

1
8

9.
8

5

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.52.0
f1 (ppm)

3
.0

3
6

.1
9

2
.0

9

5
.8

5

6
.0

0
2

.1
8

1
.9

9

2
.0

4

0
.9

1
0

.9
2

0
.9

3
1

.3
0

1
.3

2
1

.3
6

1
.6

3

3
.2

3

3
.7

5
3

.8
8

4
.7

9

5
.1

0

6
.8

3
6

.8
5

7
.8

7
7

.8
8

 

   



S66 
 

 

-100102030405060708090100110120130140150160170180190200210220230
f1 (ppm)

1
3

.7
3

2
2

.3
6

2
5

.3
8

2
8

.7
3

3
1

.4
5

4
3

.9
6

5
2

.7
3

6
8

.3
6

1
1

4.
4

8

1
2

6.
9

5
1

3
0.

7
3

1
6

3.
8

2

1
8

9.
3

5

 

 

 

 

   



S67 
 

1
4
.
0
0

2
2
.
5
4

2
5
.
5
9

2
8
.
9
5

3
1
.
5
1

4
5
.
1
9

5
2
.
8
1

6
5
.
3
3

6
8
.
5
2

7
6
.
8
0

7
7
.
0
6

7
7
.
3
1

1
1
4
.
7
2

1
2
7
.
0
1

1
3
1
.
0
3

1
6
4
.
4
9

1
8
9
.
2
7

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3
.0

3
1

0
.0

6
2

.2
0

6
.0

0

5
.8

6
2

.0
6

2
.0

9

2
.0

5

0
.9

4
0

.9
5

0
.9

6
1

.3
0

1
.3

5
1

.6
1

3
.2

0

3
.7

4
3

.8
4

4
.7

9

6
.8

1
6

.8
2

7
.8

6
7

.8
8

 

   



S68 
 

 

-100102030405060708090100110120130140150160170180190200210220230
f1 (ppm)

1
3

.8
6

2
2

.6
0

2
5

.9
2

2
8

.9
6

2
9

.2
9

2
9

.5
2

3
1

.9
0

4
3

.9
5

5
2

.7
0

6
8

.3
4

1
1

4.
4

4

1
2

6.
9

7
1

3
0.

7
6

1
6

3.
7

9

1
8

9.
3

1

 

0.0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

9
.0

2

6
.0

0

1
.8

1
1

.8
8

3
.3

2
3

.3
3

3
.3

5
3

.8
2

3
.8

3
3

.8
5

4
.7

9

8
.1

2
8

.1
4

8
.2

0
8

.2
2

 

   



S69 
 

 

0102030405060708090100110120130140150160170180190200210220
f1 (ppm)

4
2

.9
3

4
4

.0
4

5
2

.9
5

1
2

7.
7

8
1

2
8.

9
5

1
3

8.
3

4

1
4

3.
7

0

1
9

0.
4

2

 

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

6
.0

0

6
.1

4

2
.1

2

1
.0

8

1
.1

4
1

.0
7

3
.2

8
3

.3
0

3
.3

1
3

.7
7

3
.7

8
3

.8
0

4
.7

9

6
.1

3

7
.0

1
7

.0
3

7
.4

4
7

.6
2

7
.6

4

 

   



S70 
 

 

010203040506070809010011012013014015016017018019020021020
f1 (ppm)

4
3

.9
6

5
2

.8
3

1
0

2.
4

3
1

0
7.

0
9

1
0

8.
3

1

1
2

5.
2

6
1

2
8.

5
8

1
4

8.
1

2

1
5

3.
2

1

1
8

9.
3

2

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

5
.9

7

6
.0

0

1
.0

0
1

.0
1

0
.9

9
1

.9
6

1
.0

7

0
.9

7

3
.3

0
3

.3
1

3
.3

3
3

.7
9

3
.8

0
3

.8
2

4
.7

9

7
.6

5
7

.6
7

7
.6

8
7

.7
2

7
.7

4
7

.7
5

7
.7

5
7

.8
7

7
.8

7
7

.8
8

7
.8

9
7

.9
7

7
.9

8
7

.9
9

8
.0

0
8

.0
5

8
.0

6
8

.4
8

 

   



S71 
 

 

0102030405060708090100110120130140150160170180190200210220
f1 (ppm)

4
4

.0
5

5
2

.9
4

1
2

2.
4

9
1

2
7.

4
3

1
2

7.
7

8
1

2
8.

8
7

1
2

9.
7

7
1

2
9.

8
2

1
3

0.
5

3
1

3
1.

2
9

1
3

1.
7

7
1

3
5.

8
8

1
9

1.
2

0

 

 

 

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)

6
.0

8
7

.4
1

1
0

.8
5

1
1

.2
7

4
.2

6
2

.5
1

1
0

.3
6

2
.3

5

1
9

.8
5

3
.3

5
3

.1
8

2
.4

6

1
.4

7

1
.2

2

2
.0

8
2

.1
0

2
.0

5
1

.9
6

2
.0

0

0
.8

5
0

.8
6

0
.9

1
0

.9
1

0
.9

7
0

.9
9

1
.2

5
1

.2
6

1
.2

6
1

.3
4

1
.3

4
1

.3
5

1
.4

5
1

.4
6

1
.4

7
1

.8
0

1
.8

2
1

.8
4

1
.8

5
2

.6
5

2
.6

7
2

.8
1

2
.8

2
2

.8
9

2
.9

0

3
.4

0
3

.5
1

3
.9

7
3

.9
7

4
.4

0
4

.4
3

6
.0

3
6

.0
7

6
.6

3
6

.6
5

6
.8

4
6

.9
3

6
.9

7
7

.2
6

7
.9

0
7

.9
1

 

   



S72 
 

 

-100102030405060708090100110120130140150160170180190200210220230

1
4

.0
3

2
2

.5
9

2
3

.0
0

2
4

.2
5

2
4

.6
7

2
5

.6
5

3
1

.5
3

4
4

.5
1

5
2

.0
2

6
5

.1
7

6
8

.2
7

7
6

.8
2

7
7

.0
7

7
7

.2
8

7
7

.3
3

1
1

4.
3

6
1

1
9.

4
8

1
2

0.
8

8
1

2
7.

0
1

1
2

8.
0

8
1

2
9.

0
1

1
3

1.
1

6
1

3
2.

0
7

1
3

2.
2

1
1

3
4.

0
1

1
3

5.
8

7
1

4
6.

0
1

1
4

7.
1

0
1

4
8.

2
7

1
6

4.
4

5

1
8

9.
7

9

1520253035

1
4

.0
3

2
2

.5
9

2
3

.0
0

2
3

.0
7

2
3

.3
3

2
3

.5
0

2
3

.9
9

2
4

.2
5

2
4

.6
7

2
5

.6
5

2
6

.1
5

2
7

.7
5

2
9

.0
6

3
0

.3
4

3
0

.7
1

3
1

.5
3

3
3

.9
3

 

-40-30-20-100102030405060708090100110120130140150
f1 (ppm)

2
.4

0

 

   



S73 
 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3
.0

0

2
.9

5

2
.0

9

4
.8

6

1
.0

2

1
.5

4

3
.5

8

7
.2

6
7

.3
1

7
.3

2
7

.3
4

7
.3

5
7

.3
7

7
.3

8
7

.3
9

 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

1
1

.6
1

2
0

.7
7

2
2

.8
2

6
7

.8
3

6
8

.1
8

7
6

.7
7

7
7

.0
2

7
7

.2
8

1
2

7
.2

5
1

2
7

.7
1

1
2

8
.0

2

1
3

8
.5

5

 

   



S74 
 

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

2
.9

2

2
.9

0

2
.9

1

2
.0

0

1
.7

8
2

.2
4

0
.0

0

1
.0

2

1
.5

2

2
.3

5

3
.5

7

7
.1

5
7

.1
7

7
.2

6
7

.2
8

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

-0
.0

0

1
1

.9
7

2
0

.7
7

2
1

.2
2

2
2

.8
1

6
7

.7
7

6
8

.1
3

7
6

.7
6

7
7

.0
1

7
7

.2
7

1
2

7
.1

3
1

2
8

.7
2

1
3

5
.5

2
1

3
7

.3
7

 

   



S75 
 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

2
.8

7
2

.9
7

1
.9

6
2

.9
3

2
.9

3

1
.9

8

2
.0

0

1
.8

7
1

.7
9

0
.0

0

0
.9

1
0

.9
3

0
.9

4
1

.0
2

1
.3

5
1

.3
6

1
.5

2
1

.5
9

1
.6

0

2
.5

9
2

.6
1

2
.6

2

3
.5

7

7
.1

4
7

.1
6

7
.2

6
7

.2
7

7
.2

9

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

1
1

.9
4

1
3

.9
6

2
0

.7
8

2
2

.4
2

2
2

.8
0

3
3

.4
6

3
5

.3
7

6
7

.7
6

6
8

.0
9

7
6

.7
5

7
7

.0
1

7
7

.2
6

1
2

7
.1

1
1

2
7

.9
9

1
3

5
.6

5

1
4

2
.3

5

 

   



S76 
 

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)

3
.0

0
8

.9
6

2
.9

3

2
.0

0

1
.7

8
1

.8
3

1
.0

2
1

.3
2

1
.3

3
1

.5
3

1
.5

6

3
.5

6
3

.5
7

7
.2

6
7

.3
0

7
.3

1
7

.3
4

7
.3

6

 

0102030405060708090100110120130140150160170180
f1 (ppm)

1
1

.8
3

2
0

.8
0

2
2

.7
9

3
1

.3
5

3
4

.5
5

6
7

.6
7

6
8

.0
6

7
6

.7
5

7
7

.0
1

7
7

.2
6

1
2

4
.8

6
1

2
6

.9
1

1
3

5
.3

4

1
5

0
.5

1

 

   



S77 
 

 

-1.-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

2
.9

6

3
.2

8

2
.0

0

0
.8

6
3

.7
4

3
.7

7

0
.0

0

1
.0

7

1
.5

6

3
.6

2
3

.6
2

7
.2

6
7

.3
5

7
.3

6
7

.4
3

7
.4

4
7

.4
5

7
.4

6
7

.4
7

7
.5

8
7

.6
0

7
.6

0
7

.6
2

 

0102030405060708090100110120130140150160170180
f1 (ppm)

-0
.0

0

1
1

.4
7

2
0

.8
0

2
2

.8
5

6
7

.7
4

6
8

.3
1

7
6

.7
5

7
7

.0
1

7
7

.2
6

1
2

6
.7

3
1

2
7

.0
6

1
2

7
.3

7
1

2
7

.6
9

1
2

8
.7

6
1

3
7

.5
5

1
4

0
.5

1
1

4
0

.6
0

 

   



S78 
 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

2
.9

6

2
.8

9

2
.8

0

2
.0

0

0
.8

6
1

.6
9

0
.9

7

0
.0

0

1
.0

3

1
.5

3
1

.5
6

2
.3

7

3
.5

7
3

.5
8

7
.1

1
7

.1
2

7
.1

7
7

.1
8

7
.2

2
7

.2
3

7
.2

6

 

-100102030405060708090100110120130140150160170180190
f1 (ppm)

-0
.0

1

1
1

.7
4

2
0

.7
8

2
1

.4
9

2
2

.8
4

6
7

.8
4

6
8

.1
6

7
6

.7
5

7
7

.0
0

7
7

.2
6

1
2

4
.3

6
1

2
7

.8
2

1
2

7
.8

5
1

2
8

.4
5

1
3

7
.6

8
1

3
8

.4
2

 

   



S79 
 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

3
.0

4

3
.0

1

2
.0

0

3
.0

4

0
.8

9
1

.8
0

2
.1

1

-0
.0

0

1
.0

4

1
.5

2

3
.5

7
3

.8
2

3
.8

3

6
.8

4
6

.8
5

6
.9

3
6

.9
5

6
.9

7
7

.2
4

7
.2

6
7

.2
8

 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

-0
.0

1

1
1

.3
4

2
0

.7
8

2
2

.7
4

5
5

.2
6

6
7

.7
7

6
8

.3
3

7
6

.7
5

7
7

.0
0

7
7

.2
6

1
1

3
.0

5
1

1
3

.2
4

1
1

9
.4

9

1
2

9
.1

1

1
4

0
.1

5

1
5

9
.3

2

 

   



S80 
 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

2
.9

6

2
.9

3

2
.0

0

3
.6

4

-0
.0

0

1
.0

1

1
.5

3
1

.5
6

3
.5

4

7
.2

6
7

.3
3

 

0102030405060708090100110120130140150160170180
f1 (ppm)

1
0

.9
4

2
0

.6
9

2
2

.7
5

6
7

.3
9

6
8

.3
3

7
6

.7
5

7
7

.0
1

7
7

.2
6

1
2

8
.3

1
1

2
8

.6
6

1
3

3
.6

2
1

3
7

.1
3

 

   



S81 
 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

2
.9

2

2
.8

5

2
.0

0

0
.9

2
0

.8
7

0
.9

0
0

.9
8

1
.0

3

1
.5

3

3
.5

5
3

.5
6

6
.9

9
6

.9
9

7
.0

0
7

.0
1

7
.0

2
7

.0
3

7
.1

0
7

.1
2

7
.1

6
7

.1
8

7
.2

6
7

.3
0

7
.3

1
7

.3
2

7
.3

3
7

.3
4

 

-100102030405060708090100110120130140150160170180190200
f1 (ppm)

-0
.0

0

1
0

.5
9

2
0

.7
3

2
2

.6
7

6
7

.4
0

6
8

.5
0

7
6

.7
5

7
7

.0
1

7
7

.2
6

1
1

4
.4

5
1

1
4

.6
3

1
1

4
.6

8
1

1
4

.8
5

1
2

2
.8

4
1

2
9

.6
8

1
2

9
.7

4

1
4

1
.1

7
1

4
1

.2
2

1
6

1
.5

5
1

6
3

.5
1

 

   



S82 
 

 

-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-100102030

-1
1

2
.7

7
2

j 

 

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3
.0

3
0

.3
5

3
.0

0
1

.9
9

1
.0

9
1

.0
4

2
.0

0

0
.9

8
3

.7
5

-0
.0

0
0

.8
1

0
.8

2
0

.8
4

1
.0

9
1

.1
1

1
.1

2
1

.1
8

1
.2

0
1

.2
2

1
.2

3
1

.5
5

1
.7

3
1

.8
9

1
.9

0
1

.9
2

3
.5

9
3

.6
1

3
.6

2
3

.6
4

7
.2

6
7

.3
0

7
.3

1
7

.3
2

7
.3

3
7

.3
5

7
.3

6

 

   



S83 
 

 

-100102030405060708090100110120130140150160170
f1 (ppm)

-0
.0

1

8
.7

5
9

.9
6

1
2

.1
6

2
3

.4
0

2
4

.7
9

6
9

.0
0

7
5

.7
7

7
6

.7
5

7
7

.0
0

7
7

.2
6

1
2

7.
6

2
1

2
7.

9
6

1
2

8.
8

5

1
3

8.
7

6

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1
.1

3
1

.0
2

1
.0

1
2

.9
8

1
.0

5
1

.0
4

1
.0

0

1
.0

0

0
.8

4
3

.6
2

0
.0

0
0

.0
7

1
.2

9
1

.4
1

1
.4

2
1

.5
5

1
.7

2
1

.7
3

1
.7

3
1

.7
4

1
.7

5
1

.7
6

1
.7

9
2

.1
2

2
.1

4
2

.1
5

3
.4

4
3

.4
6

3
.6

9
3

.7
1

7
.2

6
7

.3
0

7
.3

1
7

.3
1

7
.3

2
7

.3
5

7
.3

6

 

   



S84 
 

 

0102030405060708090100110120130140150160
f1 (ppm)

1
2

.0
4

2
5

.0
9

2
5

.3
5

3
0

.7
3

3
2

.6
1

6
6

.2
7

7
6

.7
5

7
7

.0
1

7
7

.2
6

7
9

.9
5

1
2

6.
6

9
1

2
7.

6
9

1
2

8.
0

8

 

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)

1
.1

8
0

.9
8

0
.9

3
3

.0
9

1
.1

4
1

.0
3

2
.9

2

1
.0

0

1
.0

1

0
.8

2
1

.7
9

0
.9

1

0
.0

0
1

.2
6

1
.2

8
1

.2
9

1
.4

2
1

.4
3

1
.5

4
1

.6
0

1
.7

2
1

.7
2

1
.7

3
1

.7
5

1
.7

6
1

.7
7

1
.7

8
2

.1
1

2
.1

3
2

.1
4

2
.3

7

3
.4

3
3

.4
5

3
.6

8
3

.7
0

7
.1

1
7

.1
2

7
.1

4
7

.1
5

7
.2

2
7

.2
4

7
.2

5
7

.2
6

 

   



S85 
 

 

-10102030405060708090100110120130140150160170
f1 (ppm)

1
2

.2
6

2
1

.5
3

2
5

.0
8

2
5

.3
6

3
0

.7
4

3
2

.6
5

6
6

.2
8

7
6

.7
8

7
7

.0
3

7
7

.2
9

7
9

.9
5

1
2

3.
8

1
1

2
7.

2
5

1
2

7.
9

4
1

2
8.

4
6

1
3

7.
7

2
1

3
8.

4
5

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1
.1

5
9

.2
7

1
.1

3
1

.0
8

3
.0

5
1

.0
8

1
.0

1

1
.0

0
1

.0
2

1
.7

2
1

.8
7

0
.0

0
1

.2
8

1
.3

0
1

.3
2

1
.3

3
1

.4
3

1
.4

5
1

.7
1

1
.7

2
1

.7
2

1
.7

3
1

.7
4

1
.7

4
1

.7
5

1
.7

5
2

.1
2

2
.1

3

3
.4

5
3

.4
7

3
.6

5
3

.6
7

7
.2

6
7

.2
7

7
.2

8
7

.3
4

7
.3

6

 

   



S86 
 

 

-10102030405060708090100110120130140150160170180
f1 (ppm)

1
2

.3
1

2
5

.1
1

2
5

.3
7

3
0

.7
8

3
1

.3
6

3
2

.5
6

3
4

.5
5

6
6

.1
1

7
6

.7
8

7
7

.0
4

7
7

.2
9

7
9

.8
9

1
2

4.
9

2
1

2
6.

3
8

1
3

5.
3

5

1
5

0.
4

6

 

 

 

 

 

-1.-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.00.5
f1 (ppm)

1
.1

5
1

.0
0

0
.9

9
2

.9
6

1
.0

3
1

.0
4

1
.0

0
1

.0
1

2
.9

8

0
.9

1
1

.8
4

1
.0

5

-0
.0

0
1

.3
0

1
.3

2
1

.4
2

1
.4

4
1

.7
1

1
.7

2
1

.7
2

1
.7

3
1

.7
3

1
.7

4
1

.7
6

1
.7

7
2

.1
1

2
.1

2
2

.1
3

3
.4

2
3

.4
4

3
.6

8
3

.7
0

3
.8

2

6
.8

3
6

.8
3

6
.8

5
6

.8
5

6
.9

0
6

.9
2

6
.9

3
7

.2
5

7
.2

6
7

.2
7

7
.2

8

 

   



S87 
 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

1
1

.8
6

2
5

.0
9

2
5

.3
5

3
0

.7
5

3
2

.5
5

5
5

.2
6

6
6

.2
5

7
6

.7
9

7
7

.0
4

7
7

.2
9

8
0

.0
8

1
1

2.
4

8
1

1
3.

1
6

1
1

8.
9

5

1
2

9.
1

8

1
5

9.
4

1

 

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1
.0

9
1

.1
0

1
.0

6
3

.1
3

1
.1

6
1

.0
6

1
.0

0

1
.0

2

0
.9

1
0

.9
0

0
.9

4
0

.9
6

-0
.0

0
-0

.0
0

1
.2

9
1

.3
1

1
.3

9
1

.4
1

1
.5

5
1

.7
2

1
.7

2
1

.7
3

1
.7

5
1

.7
6

1
.7

7
1

.7
8

1
.8

0
2

.1
0

2
.1

2

3
.4

1
3

.4
3

3
.6

6
3

.6
8

6
.9

8
7

.0
0

7
.0

1
7

.0
2

7
.0

6
7

.0
7

7
.0

8
7

.0
8

7
.1

3
7

.1
4

7
.2

6
7

.3
0

7
.3

2
7

.3
3

7
.3

3
7

.3
5

 

   



S88 
 

 

 

0102030405060708090100110120130140150160170180190
f1 (ppm)

1
1

.0
5

2
5

.0
9

2
5

.3
1

3
0

.7
4

3
2

.5
0

6
5

.9
1

7
6

.7
7

7
7

.0
2

7
7

.2
8

8
0

.2
7

1
1

3.
8

7
1

1
4.

0
5

1
1

4.
6

5
1

1
4.

8
1

1
2

2.
2

8
1

2
2.

3
1

1
2

9.
7

4
1

2
9.

8
1

1
4

1.
2

7

1
6

1.
6

7
1

6
3.

6
3

 

 

-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-100102030
f1 (ppm)

-1
1

2
.7

4
-1

1
2

.7
2

 

   



S89 
 

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

1
.1

2
1

.0
3

1
.1

9
3

.0
4

1
.0

4
1

.0
3

1
.0

0
1

.0
2

1
.7

6

1
.8

7

-0
.0

0
1

.2
5

1
.2

7
1

.4
0

1
.4

1
1

.7
2

1
.7

2
1

.7
3

1
.7

3
1

.7
4

1
.7

4
1

.7
5

1
.7

6
1

.7
7

2
.1

1
2

.1
2

3
.4

2
3

.4
4

3
.6

3
3

.6
5

7
.0

2
7

.0
4

7
.0

6
7

.0
6

7
.2

6
7

.3
2

7
.3

2
7

.3
3

7
.3

4
7

.3
4

7
.3

5

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

1
1

.9
3

2
5

.0
9

2
5

.3
5

3
0

.6
8

3
2

.6
0

6
5

.8
4

7
6

.7
8

7
7

.0
3

7
7

.2
8

8
0

.0
1

1
1

4
.9

9
1

1
5

.1
6

1
2

8
.4

2
1

2
8

.4
9

1
3

4
.4

1

1
6

1
.2

1
1

6
3

.1
7

 

   



S90 
 

 

-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010
f1 (ppm)

-1
1

4
.2

8

 

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1
.1

6
0

.9
9

1
.1

5
3

.0
2

1
.0

4
1

.0
3

1
.0

0
1

.0
0

1
.7

7
1

.8
1

-0
.0

0
1

.2
6

1
.2

7
1

.3
8

1
.4

0
1

.7
1

1
.7

2
1

.7
3

1
.7

3
1

.7
4

1
.7

4
1

.7
5

1
.7

6
1

.7
8

2
.1

0
2

.1
2

3
.4

1
3

.4
3

3
.6

4
3

.6
6

7
.2

6
7

.2
9

7
.2

9
7

.3
0

7
.3

0
7

.3
2

7
.3

4

 

   



S91 
 

 

0102030405060708090100110120130140150160170180190200
f1 (ppm)

1
1

.4
1

2
5

.0
9

2
5

.3
3

3
0

.7
0

3
2

.5
8

6
5

.8
8

7
6

.7
8

7
7

.0
3

7
7

.2
8

8
0

.1
0

1
2

8.
1

3
1

2
8.

3
8

1
3

3.
5

7
1

3
7.

1
9

 

 

-1.-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1
.1

7
1

.0
2

0
.9

9
1

.9
7

2
.0

2
1

.0
0

1
.0

0

1
.0

0

2
.7

7

3
.7

2

0
.0

1
1

.3
1

1
.3

3
1

.4
2

1
.4

4
1

.5
4

1
.6

0
1

.7
2

1
.7

4
1

.7
4

1
.7

5
1

.7
5

1
.7

7
1

.8
4

2
.1

7
2

.1
9

2
.2

0

3
.5

2
3

.5
4

3
.8

2
3

.8
4

7
.2

6
7

.4
6

7
.4

6
7

.4
8

7
.4

8
7

.4
8

7
.4

9
7

.5
0

7
.5

0
7

.5
1

7
.8

4
7

.8
5

7
.8

6
7

.8
7

7
.8

7

 

   



S92 
 

 

-100102030405060708090100110120130140150160170180190200
f1 (ppm)

1
2

.0
4

2
5

.1
2

2
5

.4
0

3
0

.8
1

3
2

.7
2

6
6

.5
1

7
6

.8
0

7
7

.0
5

7
7

.3
1

8
0

.3
3

1
2

4.
3

6
1

2
5.

9
6

1
2

6.
0

9
1

2
6.

2
7

1
2

7.
7

4
1

2
7.

9
1

1
2

8.
1

0
1

3
2.

8
6

1
3

2.
9

7
1

3
6.

1
3

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1
.2

8
1

.0
6

1
.7

6
6

.0
3

1
.0

2
1

.1
1

3
.8

1

1
.0

0
1

.0
2

2
.7

3

0
.0

0
1

.7
2

1
.7

2
1

.7
3

1
.7

3
1

.7
4

1
.7

5
1

.7
7

1
.7

8
1

.7
9

1
.8

0
1

.8
0

1
.8

1
2

.1
0

2
.7

6
2

.7
7

3
.4

3
3

.4
5

3
.6

6
3

.6
8

7
.0

1
7

.0
3

7
.0

4
7

.0
6

7
.2

6

 

   



S93 
 

 

0102030405060708090100110120130140150160170180
f1 (ppm)

1
2

.5
8

2
3

.1
5

2
5

.0
9

2
5

.3
8

2
9

.1
5

2
9

.4
5

3
0

.7
6

3
2

.6
8

6
6

.1
7

7
6

.7
7

7
7

.0
2

7
7

.2
8

7
9

.8
9

1
2

3.
7

8
1

2
7.

2
3

1
2

8.
7

2
1

3
5.

4
0

1
3

6.
5

4
1

3
6.

8
5

 

 

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

2
.0

3
1

.0
5

2
.9

6
4

.1
3

2
.0

0

4
.5

4

0
.0

0
1

.1
9

1
.1

9
1

.2
0

1
.2

1
1

.2
2

1
.4

8
1

.4
9

1
.5

0
1

.5
0

1
.5

1
1

.5
6

1
.7

5
1

.7
7

1
.7

9
1

.8
5

1
.8

7

3
.5

9
3

.6
1

3
.6

3

7
.2

6
7

.2
9

7
.3

0
7

.3
1

7
.3

2
7

.3
3

7
.3

5
7

.3
6

7
.3

8
7

.3
9

 

   



S94 
 

 

0102030405060708090100110120130140150160170180190
f1 (ppm)

1
1

.4
8

2
4

.3
9

2
5

.2
8

2
5

.4
4

3
0

.8
4

3
2

.5
8

6
8

.7
7

7
2

.8
1

7
6

.7
6

7
7

.0
1

7
7

.2
6

1
2

7.
6

4
1

2
7.

9
5

1
3

8.
4

8

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3
.0

5
2

.0
2

3
.9

4
1

.0
3

1
.0

1
1

.0
2

2
.0

0

0
.8

8
3

.7
2

0
.0

0
0

.0
7

1
.3

6
1

.3
7

1
.3

7
1

.3
8

1
.4

5
1

.4
6

1
.4

6
1

.4
8

1
.5

8
1

.6
0

1
.6

3
1

.6
4

1
.6

5
1

.9
5

2
.0

4
2

.0
4

3
.5

8
3

.6
0

3
.6

3
3

.6
5

7
.2

6
7

.3
0

7
.3

1
7

.3
1

7
.3

2
7

.3
3

7
.3

5
7

.3
6

7
.3

6
7

.3
7

 

   



S95 
 

 

-10102030405060708090100110120130140150160170180190
f1 (ppm)

1
2

.4
6

2
3

.9
9

2
4

.7
4

2
8

.7
8

2
9

.1
5

3
3

.2
0

3
4

.1
7

6
8

.6
9

7
4

.5
5

7
6

.7
7

7
7

.0
3

7
7

.2
8

1
2

7.
1

8
1

2
7.

5
9

1
2

7.
9

7

1
3

8.
8

2

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

0
.9

6

1
.0

0
2

.0
0

0
.8

8
1

.9
6

1
.9

5

0
.0

0

1
.2

6

1
.5

6

3
.5

4
3

.5
7

3
.8

9
3

.9
1

4
.0

3
4

.0
5

4
.0

8

7
.2

6
7

.2
8

7
.2

9
7

.3
2

7
.3

3
7

.3
5

7
.3

7
7

.3
8

 

   



S96 
 

 

-100102030405060708090100110120130140150160170180
f1 (ppm)

1
2

.9
2

6
5

.8
3

7
3

.7
1

7
6

.7
5

7
7

.0
0

7
7

.2
6

1
2

5.
9

5
1

2
8.

1
0

1
2

8.
5

6

1
3

8.
5

3

 

 

 

-2-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)

3
.0

2
7

.1
9

7
.0

5

1
.0

0

1
.0

1

0
9

9
1

.1
4

1
.1

9
1

.2
0

1
.2

1
1

.2
3

1
.2

4
1

.3
3

1
.3

5
1

.3
6

1
.3

7
1

.3
9

1
.4

1
1

.5
0

1
.5

7
1

.5
7

1
.6

0
1

.6
2

1
.6

8
1

.6
9

1
.7

1
1

.7
8

1
.8

2
1

.8
6

3
.0

0
3

.0
1

3
.0

3
3

.0
3

3
.5

5
3

.5
7

7
.2

6

 

 

   



S97 
 

 

-10102030405060708090100110120130140150
f1 (ppm)

2
.5

8

2
0

.2
8

2
2

.2
5

2
6

.3
4

2
6

.4
7

2
7

.0
8

2
8

.6
4

3
1

.3
1

4
3

.5
1

6
6

.0
3

6
6

.6
0

7
6

.7
6

7
7

.0
1

7
7

.2
6

 

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

3
.1

2
2

.0
1

2
.1

3

1
.1

3

1
.0

7

1
.0

9

1
.9

0
1

.0
0

1
.8

7

1
6

3
1

.7
2

1
.7

9
1

.8
0

1
.8

1
1

.8
1

1
.8

7
1

.9
0

1
.9

1
1

.9
2

1
.9

3
1

.9
3

1
.9

4
1

.9
5

1
.9

5
2

.2
8

2
.2

9
2

.3
0

2
.3

1
2

.3
2

2
.8

0
2

.8
0

2
.8

3

3
.3

6
3

.3
8

3
.6

0
3

.6
2

7
.1

9
7

.2
1

7
.2

6
7

.2
9

7
.3

1
7

.3
2

7
.3

6
7

.3
7

7
.3

9

 

 

   



S98 
 

 

-100102030405060708090100110120130140150160170180190200210220230  

 

 

--101234567891011121314

0
.9

1
1

.2
5

1
.1

3
2

.0
3

1
.2

3
1

.0
5

1
.1

3

1
.0

0

1
.0

3

1
.7

5
1

.0
3

1
.8

4

0
.9

4
0

.9
2

0
.8

0

1
.0

2

1
.5

8
1

.6
6

1
.6

8
1

.7
1

1
.7

3
1

.8
0

1
.8

3
1

.9
3

1
.9

5
1

.9
8

1
.9

9
2

.0
3

2
.0

4
2

.0
6

2
.0

9
2

.6
9

2
.8

0

3
.4

7
3

.4
9

3
.8

3
3

.8
5

7
.2

6
7

.2
8

7
.3

0
7

.3
2

7
.3

3
7

.3
7

7
.3

8
7

.4
0

8
.2

1
8

.2
3

8
.3

8
8

.4
0

9
.1

7

1
1

.4
1

 

   



 

 

 

   

S99 

 

 



 

 

 

   

S100 

 

 



S101 
 

 

0102030405060708090100110120130140150160170180190200

1
9

.8
3

2
1

.6
9

2
5

.0
8

2
6

.1
5

3
6

.2
6

5
0

.3
4

7
6

.7
6

7
7

.0
2

7
7

.2
7

1
1

6.
9

6
1

2
3.

4
5

1
2

6.
9

5
1

2
7.

7
0

1
2

9.
1

6
1

3
0.

2
7

1
3

8.
1

1
1

3
9.

8
4

1
4

5.
6

2

1
6

0.
1

1

 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5

1
.9

2
1

.1
1

0
.9

9
1

.0
2

0
.9

8
0

.9
4

1
.0

8

1
.0

1

1
.0

0

1
.7

4
1

.7
9

1
.6

8
1

1
.7

0
6

1
.7

3
1

1
.7

5
7

1
.7

9
1

1
.8

4
2

1
.8

4
8

1
.8

6
9

1
.8

7
7

1
.8

9
5

1
.9

0
3

1
.9

3
6

1
.9

4
1

1
.9

4
8

1
.9

5
4

1
.9

6
0

1
.9

6
4

2
.2

5
7

2
.2

6
8

2
.2

8
2

2
.2

9
4

2
.3

1
1

2
.7

7
2

2
.8

0
0

3
.3

5
7

3
.3

6
0

3
.3

7
8

3
.3

8
1

3
.5

5
8

3
.5

6
1

3
.5

7
9

3
.5

8
2

7
.0

4
2

7
.0

4
5

7
.0

5
9

7
.0

7
6

7
.0

7
9

7
.1

5
7

7
.1

5
8

7
.1

6
9

7
.1

7
4

7
.1

8
4

7
.2

6
0

 

 

   



S102 
 

 

-100102030405060708090100110120130140150160170180190200210220230

1
9

.6
5

4
2

1
.7

5
8

2
7

.8
1

8

3
6

.4
6

4
4

0
.0

5
7

5
5

.6
2

9

7
6

.7
7

8
7

7
.0

3
3

7
7

.2
8

6

1
1

5
.9

1
4

1
1

6
.0

8
4

1
2

8
.5

8
5

1
2

8
.6

5
0

1
3

3
.9

4
0

1
3

3
.9

6
6

1
6

1
.0

8
9

1
6

3
.0

5
9

2
0

9
.9

4
1

 

 

-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-100102030

-1
1

4
.2

9
6

 

   



S103 
 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

9
.2

8

0
.9

9
2

.0
7

2
.1

7

1
.9

3

1
.0

8

1
.0

0

0
.9

9

1
.9

5

2
.0

0

1
.3

0
8

1
.7

8
6

1
.9

1
9

1
.9

3
4

1
.9

4
8

2
.3

0
2

2
.3

1
0

2
.7

4
2

2
.7

7
1

3
.2

8
1

3
.3

0
1

3
.6

2
3

3
.6

4
3

7
.1

0
8

7
.1

2
2

7
.2

6
0

7
.3

5
2

7
.3

6
7

 

 

 

 

-100102030405060708090100110120130140150160170180190200210220230

1
9

.2
1

5
2

1
.8

1
0

2
7

.6
8

9
3

1
.2

6
7

3
4

.4
8

2
3

6
.2

1
3

4
0

.0
3

1

5
5

.7
8

1

7
6

.7
7

3
7

7
.0

2
8

7
7

.2
8

3

1
2

5
.9

9
1

1
2

6
.3

8
7

1
3

4
.9

1
1

1
5

0
.6

5
1

2
1

0
.2

2
2

 

 

   



S104 
 

 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0
1

.1
8

2
.0

1
2

.2
5

2
.1

6

1
.1

6

1
.0

7
1

.0
7

2
.9

6

0
.9

1
0

.9
7

1
.0

0

1
.1

5

1
.6

7
3

1
.6

8
7

1
.6

9
3

1
.7

0
5

1
.7

8
5

1
.7

9
8

1
.8

2
6

1
.8

5
7

1
.8

7
2

1
.8

8
3

1
.8

8
8

1
.8

9
4

1
.9

0
1

1
.9

1
7

1
.9

2
2

1
.9

4
0

1
.9

4
5

1
.9

5
0

2
.3

1
3

2
.3

2
1

2
.7

5
6

2
.7

8
4

3
.3

5
2

3
.3

5
5

3
.3

7
3

3
.3

7
5

3
.5

8
4

3
.5

8
7

3
.6

0
5

3
.6

0
7

3
.7

9
6

3
.7

9
9

3
.8

0
1

6
.7

4
2

6
.7

7
6

6
.7

9
2

6
.8

3
2

6
.8

4
8

7
.2

5
7

7
.2

6
8

7
.2

8
4

 

 

 

 

-100102030405060708090100110120130140150160170180190200210220230

1
9

.1
6

8
2

1
.8

4
4

2
7

.7
3

3

3
6

.3
6

2
4

0
.1

6
9

5
5

.2
8

1
5

6
.1

2
6

7
6

.7
7

1
7

7
.0

2
6

7
7

.2
8

0

1
1

2
.5

4
9

1
1

3
.1

8
2

1
1

9
.1

2
5

1
3

0
.0

5
1

1
3

9
.7

3
6

1
6

0
.0

9
3

2
1

0
.0

0
9

 

 

   



S105 
 

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

1
.2

3
3

.0
3

2
.1

9
1

.1
9

1
.1

4
1

.2
1

2
.0

9

0
.9

9

0
.9

7

1
.7

9
1

.0
0

1
.8

4

1
2

3
1

.2
6

1
.4

6
1

.4
6

1
.5

3
1

.5
6

1
.8

1
1

.8
4

1
.8

5
1

.8
9

1
.9

4
2

.1
8

2
.2

0
2

.2
1

2
.2

3
2

.3
2

2
.3

4
2

.3
4

2
.3

5
2

.5
1

2
.5

3
2

.5
4

2
.5

6
2

.5
7

3
.5

3
3

.5
5

3
.8

0
3

.8
2

7
.2

0
7

.2
1

7
.2

6
7

.2
8

7
.3

0
7

.3
1

7
.3

4
7

.3
6

7
.3

7

 

 

 

-100102030405060708090100110120130140150160170180190200210220230

1
9

.3
2

2
4

.2
0

2
6

.8
2

3
0

.3
8

3
3

.0
8

4
1

.5
6

5
8

.5
5

7
6

.7
8

7
7

.0
4

7
7

.2
9

1
2

6
.8

4
1

2
7

.6
6

1
2

8
.7

0

1
4

0
.5

2

2
1

0
.8

3

 

   



 

 

   

S106 

 



 

   

S107 

 



 

   

S108 

 



 

   

S109 

 



 

   

S110 

 



 

 

   

S111 

 



 

   

S112 

 



 

   

S113 

 



 

 

   

S114 

 



 

   

S115 

 



 

   

S116 

 



 

   

S117 

 



 

   

S118 

 



 

   

S119 

 



 

 

   

S120 

 



 

   

S121 

 



 

   

S122 

 



 

 

   

S123 

 



 

 

   

S124 

 



 

 

 

   

S125 

 



 

 

   

S126 

 



 

 

   

S127 

 



 

 

   

S128 

 



 

 

   

S129 

 



 

   

S130 

 



 

 

 

   

S131 

 



 

 

 

   

S132 



 

   

S133 

 



 

 

   

S134 

 



 

 

   

S135 

 



 

 

 

S136 



 

 

   

S137 

 



 

   

S138 

 



 

 

 

   

S139 

 



 

   

S140 

 



 

 

 

   

S141 

 



 

 

S142 



 

 

   

S143 

 



 

   

S144 

 



 

 

   

S145 

 



 

   

S146 

 



 

 

   

S147 

 



 

   

S148 

 



 

   

S149 

 



 

   

S150 

 



 

   

S151 

 



 

   

S152 

 



 

   

S153 

 



 

   

S154 

 



 

 

   

S155 

 



 

 

   

S156 

 



 

 

   

S157 

 



 

   

S158 

 



 

 

 

   

S159 

 



 

   

S160 

 



 

   

S161 

 



 

   

S162 

 



 

   

S163 

 



 

   

S164 

 



 

 

   

S165 

 



 

 

 

   

S166 

 



 

   

S167 

 



 

   

S168 

 



 

 

 

 

   

S169 

 



 

 

 

   

S170 

 



 

 

   

S171 

 



 

 

   

S172 

 



 

 

  

S173 

 



 

 

  

S174 

 



 

 

 

  

S175 

 



S176 
 

8. VCD and IR experimental of 2c. 

BioTools ChiralIR-2X FT-VCD spectrometer, equipped with a single photoelastic modulation (PEM) 

and a mercury cadmium tellurium (MCT) detector, was used to record the VCD and IR spectra. A 

solution of 2c (79 mg) in CDCl3 (150μL)  was placed in a BaF2 cell with a path length of 75μm. Data 

were acquired at a resolution of 4 cm-1 for 3 h. The racemic sample was measured under the same 

conditions to obtain VCD baseline. 

 

VCD and IR calculations  

Conformational analysis of (R)-2c was performed with Compute VOA (BioTools Inc., Jupiter, FL) 

using the Monte Carlo protocol at the molecular mechanic force field MMFF94 level. Within a 20 

kcal/mol window, four energetically distinct conformers were predicted. Geometry optimization and 

frequencies calculation were carried out using the B3PW91 hybrid density functional and LANL2DZ 

basis set with Gaussian 09 (Gaussian Inc., Wallingford, CT). Boltzmann-population-weighted 

composite VCD and IR spectra were then generated by Compute VOA.  

Comparisons of experimental and calculated VCD and IR spectra can be seen in Figure S2. A 

scaling factor of 0.96, obtained from Compare VOA (BioTools Inc., Jupiter, FL), has been applied to 

the calculated VCD and IR frequencies. The comparisons establish the absolute configuration of 2c as 

(R). 

The assignment was evaluated by Compare VOA. Table S7 shows the related result, including 

spectral similarities and enantiomeric similarity index (the difference between the VCD spectral 

similarity of the correct and the incorrect enantiomers, ESI). The confidence level of the (R) 

assignment is 93%, based on the current Compare VOA database consisting of 105 previous correct 

assignments for different chiral structures.  
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9. X-ray crystallography of 2ac and 4 

 

 

Figure S3. ORTEP drawing of 2ac 
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Figure S5. X-ray crystallography of 2ac 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S180 
 

 

Figure S5. ORTEP drawing of 4 
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Figure S6. X-ray crystallography of 4 

 




