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1 General Information

All catalytic reactions were performed using the standard Schlenk technique under an argon
atmosphere. Reagents obtained commercially were used without further purification unless
indicated otherwise. Anhydrous toluene and dichloromethane (DCM) were freshly distilled
with Na/benzophenone and CaHo, respectively. TLC analysis was performed on silica gel 60
F2s4 pre-coated plates. 'H, '*C and '"F NMR spectra were measured on a Bruker DPX-600,
DPX-500 or DPX-400 spectrometer. Chemical shifts (6 ppm) were determined with
tetramethylsilane (TMS) as internal reference or referenced to nondeuterated solvent residual
signal, and coupling constants (J) were reported in Hertz (Hz). The following abbreviations
were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, ¢ = quartet, m =
multiplet, br = broad. GC MS experiment was conducted using 7890B-5977A (Agilent). High
resolution ESI-MS experiment was conducted using Q Exactive Mass Spectrometers (Thermo
Fisher). HPLC measurements were carried out on an Agilent 1260 HPLC system with
Chiralcel® AD-H, OD-H, OJ-H, IE or IG. tz(minor) corresponds to the retention time of the

minor isomer and tg(major) corresponds to the retention time of the major isomer.

2 Synthesis

2.1 Preparation of Iron Catalysts

All chiral iron porphyrin catalysts were prepared according to our previous description in the

literature.!
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2.2 General Procedure for Synthesis of Alkenes

Alkenes studied in this work

1h R = NMey;
1i R = Bu;

1j R =Ph; o
1k R =CN;

11 R = NOy; <::§:
1m R = CF3; R
1n R = CO,Me;

10 R =F;
1p R=CI;
1g R =Br
1r R = Me;
1s R = OMe;

Br
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1tR=F;
1uR =Cl;
1v R = Br;
1w R = Me
1x R = OMe;
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To a solution of methyltriphenylphosphonium bromide (1.2 equiv.) in freshly distilled THF

(0.5 M) was slowly added n-butyllithium (2.5 M solution in hexanes, 1.2 equiv.) at room

temperature. The resulting yellow suspension was stirred for 2 h at room temperature. A
solution of aldehyde (5.0 mmol, 1.0 equiv.) in dry THF (5.0 mL) was added dropwise to the

suspension and the reaction mixture was stirred for 4 h at room temperature. After the reaction

was completed, the reaction mixture was quenched with sat. NH4ClI aq. (20 mL) and extracted
with AcOEt (30 mL % 2). The combined organic layer was dried over Na;SO4 and concentrated

under reduced pressure. The residue was purified by silica-gel column chromatography to give

the corresponding alkene derivatives.

A // 2-Vinylbenzofuran (1x).2 'TH NMR (500 MHz, CDCl3) § 7.56 (d, J=7.7 Hz,
o 1H), 7.48 (d, /J=8.2 Hz, 1H), 7.28 (t,J=7.6 Hz, 1H), 7.23 (t, /= 7.5 Hz, 1H),

6.65 (dd, J=17.5, 11.2 Hz, 1H), 6.60 (s, 1H), 6.00 (d, J= 17.4 Hz, 1H), 5.42
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(d,J=11.2 Hz, 1H). BC NMR (126 MHz, CDCl3) & 154.84, 154.75, 128.82, 125.29, 124.66,
122.80, 121.00, 115.74, 111.03, 104.77.

Spectral data were in accord with the literature values.?

A // 2-Vinylbenzo[b]thiophene (1y). 21TH NMR (500 MHz, CDCl3) § 7.79 - 7.71
S (m, 1H), 7.71 = 7.63 (m, 1H), 7.33 — 7.25 (m, 2H), 7.16 (s, 1H), 6.91 (dd, J =

17.3, 10.8 Hz, 1H), 5.66 (d, J= 17.2 Hz, 1H), 5.30 (d, J= 10.7 Hz, 1H). 13C
NMR (126 MHz, CDCI3) 6 143.10, 140.01, 138.86, 130.60, 124.79, 124.42, 123.57, 123.07,
122.28, 115.96.

Spectral data were in accord with the literature values.?

D_// tert-Butyl 2-vinyl-1H-pyrrole-1-carboxylate (1aa).®’ 'TH NMR (500 MHz,
N CDCls) 8 7.31 — 7.18 (m, 2H), 6.44 (s, 1H), 6.16 (t, J = 3.4 Hz, 1H), 5.54 (dd, J =

Boc 17.6, 1.7 Hz, 1H), 5.14 (dd, J = 11.1, 1.6 Hz, 1H), 1.62 (s, 9H). '*C NMR (126
MHz, CDCl) 6 149.42, 134.49, 128.04, 121.87, 113.36, 110.79, 110.75, 83.86, 28.03.

Spectral data were in accord with the literature values.?

S 3-Vinylthiophene (1ai). *H NMR (500 MHz, CDCls3) 6 7.27 (dd, J = 5.1, 2.9 Hz,
@/ 1H), 7.24 (dd, J = 5.1, 1.3 Hz, 1H), 7.17 (dd, J = 2.9, 1.3 Hz, 1H), 6.71 (dd, J =
17.5, 10.8 Hz, 1H), 5.58 (dd, J = 17.5, 1.1 Hz, 1H), 5.19 (dd, J = 10.9, 1.1 Hz, 1H). *C NMR
(126 MHz, CDCI3) 6 140.53, 130.98, 125.99, 124.73, 122.34, 113.63.

Spectral data were in accord with the literature values.®

o) 3-Vinylbenzofuran (1aj). *H NMR (500 MHz, CD,Cl») 5 8.16 (d, J = 6.8 Hz,
W 1H), 8.00 (s, 1H), 7.81 (d, J = 7.3 Hz, 1H), 7.65 (td, J = 7.7, 1.6 Hz, 1H), 7.61
(td, J = 7.4, 1.3 Hz, 1H), 7.12 (dd, J = 17.8, 11.3 Hz, 1H), 6.17 (dd, J = 17.9,

1.2 Hz, 1H), 5.68 (dd, J = 11.3, 1.2 Hz, 1H). 13C NMR (126 MHz, CD.Cl) § 155.82, 143.70,
126.45, 125.74, 124.65, 123.03, 120.82, 119.62, 114.82, 111.55.

Spectral data were in accord with the literature values.*

J=7.4Hz, 1H), 7.96 (d, J = 7.8 Hz, 1H), 7.76 (s, 1H), 7.45 (td, J = 7.2, 1.2

Hz, 2H), 7.40 (td, J = 7.6, 0.9 Hz, 2H), 7.08 (dd, J = 17.7, 11.2 Hz, 1H), 5.89
(dd, J = 17.6, 1.3 Hz, 1H), 5.38 (dd, J = 11.1, 1.4 Hz, 1H). 3C NMR (126 MHz, Acetone-ds)
5 140.45, 137.69, 134.39, 129.21, 124.58, 124.41, 122.87, 122.70, 121.89, 114.99.

@SJ\/ 3-Vinylbenzo[b]thiophene (1ak). 'H NMR (500 MHz, Acetone-ds) 6 8.01 (d,
—

Spectral data were in accord with the literature values.*
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}\1 1-Methyl-3-vinyl-1H-indole (1al). *H NMR (600 MHz, DMSO-ds) & 7.82 (d,
@J\/ J=7.9Hz, 1H), 7.48 (s, 1H), 7.44 (d, J = 8.2 Hz, 1H), 7.20 (t, J = 7.6 Hz, 1H),
= 7.10 (t,J = 7.5 Hz, 1H), 6.84 (dd, J = 17.8, 11.3 Hz, 1H), 5.61 (dd, J = 17.9,

1.6 Hz, 1H), 5.05 (dd, J = 11.3, 1.6 Hz, 1H), 3.76 (s, 3H). 13C NMR (151 MHz,

DMSO-ds) 6 137.69, 130.17, 129.92, 126.01, 122.14, 120.18, 120.12, 113.43, 110.52, 109.60,
32.91.

Spectral data were in accord with the literature values.®

/~ 1-Vinyl-1H-indole (1ag). "H NMR (600 MHz, CDCl3) & 7.60 (d, J = 7.9 Hz,

©/\N) 1H), 7.44 (d, J= 8.3 Hz, 1H), 7.40 (d, J= 3.3 Hz, 1H), 7.24 (t, J= 7.7 Hz, 1H),

7.19(dd, J=15.7, 8.9 Hz, 1H), 7.14 (t, J="7.5 Hz, 1H), 6.61 (d, J= 3.3 Hz, 1H),

5.15 (d, J= 15.7 Hz, 1H), 4.73 (d, J = 8.9 Hz, 1H). *C NMR (151 MHz, CDCl) § 135.51,
129.67, 129.16, 123.38, 122.73, 121.21, 120.81, 109.54, 104.97, 96.44.

Spectral data were in accord with the literature values.®

/= 5-(Benzyloxy)-1-vinyl-1H-indole (1am). *H NMR (500 MHz, DMSO-

/@1"‘) de) & 7.78 (d, J = 3.3 Hz, 1H), 7.62 (d, J = 8.9 Hz, 1H), 7.48 (d, J = 6.6
B0 7" Hz,2H), 7.43 (dd, J = 15.7, 6.6 Hz, TH), 7.40 (t, J = 7.5 Hz, 2H), 7.33 (tt,
J=7.4, 1.4 Hz, 1H), 7.18 (d, J = 2.5 Hz, 1H), 6.93 (dd, J = 8.9, 2.5 Hz, 1H), 6.56 (d, J = 3.3
Hz, 1H), 5.34 (dd, J = 15.6, 1.2 Hz, 1H), 5.12 (s, 2H), 4.72 (dd, J = 9.0, 1.1 Hz, 1H). 3C NMR
(126 MHz, DMSO-ds) & 153.78, 138.03, 130.80, 130.62, 129.58, 128.86, 128.15, 128.10,

125.08, 113.21, 111.30, 104.94, 104.64, 96.41, 70.11. HR-MS (ESI): calcd. for Ci7H1sNO
([M+H]*) 250.1226, found 250.1223.

3 Experimental  Procedure for (+)-D4-(por)FeCl Catalyzed
Cyclopropanation Reactions

Alkene (0.2 mmol), (+)-D4-(por)FeCl (1 mol%, 2 umol) and 1-methimidazole (1 mol%, 2 umol)
were added in a reaction tube with a stirrer under argon atmosphere, followed by addition of
degassed DCM (0.5 mL). Aminoacetonitrile hydrochloride (36.8 mg, 0.4 mmol) and sodium

nitrite (53.4mg, 0.6 mmol) were dissolved in degassed H>O (2.0 mL), respectively. The solution

of aminoacetonitrile hydrochloride was transferred into the reaction tube and cooled down to

0 °C in the cold trap, followed by adding the pre-cooled solution of sodium nitrite. After 4 h

stirring, a new batch of aminoacetonitrile hydrochloride (36.8 mg, 0.4 mmol) and sodium nitrite

(53.4 mg, 0.6 mmol) powders were added. The reaction mixture was stirred for 14 h at 0 °C.

The reaction tube was moved out and 0.5 mL CDCl3 was added, followed by extracting with

CDCI; (0.5 mL, 3 times), and then CHBr3 was added as internal standard in the crude product

mixture for 'H-NMR determination of production yield and the ratio of trans/cis diastereomers.

After drying over Na>SO4 and concentrated under reduced pressure, the crude product was

purified by column chromatography with PE/EA (2% to 30% EA) as eluent.
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4 Mechanism Studies

General experimental procedure of preparing iron-carbene intermediate

Anhydrous and degassed solvents like THF, n-hexane and benzene were used throughout the
experiments. Freeze-thawing method (at least 3 cycles) was used to degas the aforementioned
solvents. For UV-vis experiments, air-tight UV cells with a quick-fit side arm were used
whereas air-free J Young NMR tubes were used for 'H NMR spectroscopy. ATR-FTIR
spectroscopy was performed on all iron complexes as powdered solid samples, while
diazoacetonitrile was analyzed in film form. All the glassware should be dried for at least 48 h
at 100 °C prior to use.

Synthesis of Fe(II) carbene (—)-D4-chiral porphyrin

In a well-circulated glovebox with Oz and H>O both < 1 ppm, an oven-dried seal tube was
sequentially added with 10 mg of (—)-D4-(por)FeCl (8.11 pmol), 10 equiv. of Zn dust (<10 pm,
98%, Merck) and 3 mL of degassed THF. The reaction was stirred for 24 h, followed by dilution
with degassed n-hexane by 50% and filtration with a filter made of PTFE. The purple solution
was then evaporated to dryness under high vacuum. Subsequently, a vial containing a benzene
solution of [(—)-D4-(por)Fe(THF)2] (8.11 umol) was added with 1 equiv. of diazo compound
(0.07 M in PhMe). Within a minute, the generated red-orange solution was rapidly evaporated
to dryness under high vacuum, affording [(—)-Ds-(por)Fe(:CHCN)]. The Fe(Il) carbene
intermediate was observed to undergo decomposition in air, as evidenced by the signal decay
via monitoring by UV-vis spectroscopy (Figure S2). After adding styrene into the solution of
iron(Il) carbene intermediate in benzene, the reaction was monitored by UV-vis spectroscopy
(Figure S3), It was found that the Fe(II) carbene was consumed by styrene and [(—)-D4-(por)Fe
(THF);] was regenerated.

UV-vis spectrum of [(—)-D4-(por)Fe(THF):] in THF: 438, 547 nm; (Figure S1);

UV-vis spectrum of [(—)-D4-(por)Fe(THF):] in benzene: 423, 448, 539 nm. (Figure 3 shown in
main-text);

UV-vis spectrum of [(-)-D4-(por)Fe(:CHCN)] in benzene: 417, 518 nm (Figure 3 shown in

main-text).

'"H NMR spectrum in C¢Ds (key peaks shown here): 17.8 (s, 1H), 8.77-8.82 (d x 2, 8H) and
7.30 (s, 4H) ppm (Figure 4 shown in main-text);

HR ESI-MS (positive-ion mode) in DCM: calculated 1235.5523 m/z, found 1235.5517 m/z
(Figure 4 shown in main-text);
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ATR-FTIR of [(-)-Ds-(por)Fe(:CHCN)](v(C=N)): 2178 cm! (reference of diazoacetonitrile,

2100 cm™) (Figure 5 shown in main-text).

3 5

422

N
|

Absorbance (a.u.)

[
1

430

[Fe"(D,-Por)(CH(CN))] in THF
—— [Fe'(D,-Por)(THF),] in THF

400

600 800
Wavelength (nm)

Figure S1. UV-vis absorbance specturm of [(—)-Ds-(por)Fe(THF);] and [(-)-Ds-

(por)Fe(:CHCN)]
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[(-)-D4-(por)Fe”(CHCN)]: open to air (in benzene)

400 600
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Figure. S2. UV-Vis absorbance specturm of Fe carbene decayed under air atmosphere.
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1.2
l E— (—)—D4—(por)—Fe”(CHCN) (in benzene)

, (-)-D4-(por)-Fe”(CHCN) + styrene(<2 min) (in benzene)

_— (-)-D4-(por)-Fe”(THF)2 (in benzene) (for reference)

5 09-
s
NC H
9 N + styrene THF
c
s 1 r.t. under Ar :
S
§ 0.6 -
1
< THF
(-)-D4-porFe(CHCN) (-)-D4-porFe(THF,)
o™
0.3 1 98% yield

>99:11d.r.
(-)82% ee

0.0 T T T T 1
400 600 800

Wavelength (nm)

Figure. S3. UV-Vis absorbance specturm of process of (—)-Ds-(por)Fe(:CHCN) reacted with
styrene. From black line to red line referred to monitoring after adding styrene within 2 min.
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Stoichiometric reaction of Fe(II) carbene (-)-Ds-chiral porphyrin with styrene:

In a typical experiment, a vial containing a deuterated benzene solution of (—)-Ds-
(por)Fe(:CHCN) (8.11 umol) was charged with 20 equiv. of freshly distilled styrene, followed
by stirring at room temperature for overnight. The product yield was determined by 'H-NMR
with addition of trimethoxybenzene as an internal standard (Figure S4), and % ee was
determined by HPLC (retention time confirmed by racemic mixture). (Figure S5).

i AN r.t. CGDG! Ar \“'ACN
(-)-D4-(por)Fe(:CHCN) + -

20 equiv. 98% yield
>99:1 dr, (-)82% ee

A VANWAN
- I
# = (-)-D4-(por)Fe(THF), ©\“ACN
A = styrene # o I ~ A,
oy J #1L# # PrOdU(’JIt,' ”
------- % %
H H
517.8'(s, 1H) *e
I # % sk * M
i i # || *
- } 1 e # #0010 #
‘ |- ,,,,JH,L |V R O | DLV RV O YO
20 19 18 17 16 15 14 13 12 11 10 z(ppm)s 7 6 5 4 3 2 1 0 -1 -2

Figure S4. 'TH-NMR monitored stoichiometric reaction of Fe(II) carbene (—)-Da-chiral
porphyrin with styrene.
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HPLC: With (-)-D4-(por)FeCl as catalyst: -82% ee (Chiral 1A, 2% isopropanol-hexane, rate
1.0 mL/min): tz (minor) = 8.528 min., tz (major) = 9.021 min.

[e2]
8 g
@ S
o))
s e & ®& & o ® @& ® 8
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 8.569 BV ©.1358 601.32690 68.93520 49.9163
2 9.070 VB 0.1408 603.34418 65.90099 50.0837

Totals : 1204.67108 134.83619

8 =4 3 9] B8 9 je4 o) ) B i
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 8.528 MM 0.1688 64.71913 6.39188 9.0091
2 9.021 MM 0.1757 653.655780  62.01051 90.9909

Totals : 718.37483  68.40238
Figure 5. HPLC analysis for % ee determination of stoichiometric reaction.
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(-)-D4-porFe(:CHCN)(Melm)
HRMS(ESI) (m/z) [M*]: Calcd. for CooHg3sFeN7 1317.6054, found 1317.6057.

1318.6081

100 1317.6057
© ]
g 804
@© 4
g ]
5 607 1319.6109
2
g 40
3 20 1317.1966 1320 6147
x 1
ol 13156101 13166122 1317.9488 13190307 [\ e ol 200!
3176054
100+ 1318.6087
80
60
] 1319.6121
404
204 1320.6155
E 1315.6101 1315J5134 | 13216188 1322
LIS A WA IR RARS NARL RAME Ml M DA RARS RARS MR BAAS MRS MMM RAAE RARS MR RAAY RARE MMM RAAS RAME RASE RS RAME RAME NARL RASE RAAS MRS RAAS RAAE MAR! RARE MRS AR
1315 1316 1317 1318 1319 1320 1321 1322

m/z

Figure S6. HR ESI-MS of (-)-D4-porFe(: CHCN)(Melm) intermediate.

5 Characterization of Products

(1S,2S)-2-Phenylcyclopropane-1-carbonitrile (2a). '"H NMR (400 MHz,

“CN  CDCls) § 7.36-7.22 (m, 3H), 7.16-7.07 (m, 2H), 2.63 (ddd, J=9.2, 6.7, 4.7

Hz, 1H), 1.66-1.59 (m, 1H), 1.57-1.52 (m, 1H), 1.45 (ddd, J= 8.6, 6.7, 5.0

Hz, 1H). ¥C NMR (101 MHz, CDCls) § 137.60, 128.80, 127.44, 126.35, 121.07, 24.93, 15.25,

6.63. GC-MS m/z (% relative intensity): 143.1(92.1), 142.1(22.7), 116.1(86.7), 115.1(100),
89(18.7), 77(15.2).

Spectral data were in accord with the literature values.’

With (+)-D4-(por)FeCl as catalyst: 97% ee (Chiral 1A, 2% isopropanol-hexane, rate 0.8
mL/min): tz (major) = 8.41 min., tz (minor) = 8.89 min. [a]p*° = +304.53 (c =1.00, CHCl5).

With (-)-Ds-(por)FeCl as catalyst: -95% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (minor) = 7.12 min., tg (major) = 7.52 min. [a]p>’ = -288.47 (¢ =1.0, CHCI3).

.icN  (1S,25)-2-(4-Fluorophenyl)cyclopropane-1-carbonitrile (2b). 'H NMR
(600 MHz, CDCls) 8 7.09 (dd, J = 8.6, 5.3 Hz, 2H), 7.00 (t, J = 8.6 Hz, 2H),
2.62 (ddd, J=9.3, 6.6, 4.7 Hz, 1H), 1.62 (dt, J = 9.2, 5.5 Hz, 1H), 1.51 (dt, J
= 8.8, 5.2 Hz, 1H), 1.43 — 1.40 (m, 1H). 3C NMR (151 MHz, CDCls) §
162.09 (d, J=246.3 Hz), 133.29 (d, J = 3.3 Hz), 128.16 (d, J = 8.1 Hz), 120.89,
115.72 (d, J = 21.4 Hz), 24.30, 15.10, 6.55. *°F NMR (376 MHz, CDCls) § -114.63. GC-MS

F
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m/z (% relative intensity): 162(10.5), 161.1(90.8), 160.1(18.6), 135.1(12.1), 134(70.5),
133(100), 109(25.9), 107(20.6).

Spectral data were in accord with the literature values.’

With (+)-D4-(por)FeCl as catalyst: 98% ee (Chiral TA, 2% isopropanol-hexane, rate 0.8
mL/min): tg (major) = 10.75 min., tg (minor) = 11.34 min. [a]p? =+302.33 (¢ =0.50, CHCl;).

.ncN  (1S,2S)-2-(4-Chlorophenyl)cyclopropane-1-carbonitrile (2c). *H NMR
(600 MHz, CDClz) 6 7.28 (d, J = 8.5 Hz, 2H), 7.05 (d, J = 8.5 Hz, 2H), 2.61
(ddd, J=9.2, 6.6, 4.6 Hz, 1H), 1.63 (dt, J = 9.2, 5.5 Hz, 1H), 1.53 (dt, J =
8.9, 5.1 Hz, 1H), 1.42 (ddd, J = 8.9, 6.7, 5.5 Hz, 1H). 1*C NMR (151 MHz,
CDCI3) 6 136.07, 133.31, 128.95, 127.78, 120.70, 24.35, 15.20, 6.72. GC-
MS m/z (% relative intensity): 179(10.7), 177(32.2), 142.1(71), 140.1(18.4), 116.1(16.2),
115.1(100), 114.1(8.6).

Cl

Spectral data were in accord with the literature values.’

With (+)-D4-(por)FeCl as catalyst: 93% ee (Chiral 1A, 2% isopropanol-hexane, rate 0.8
mL/min): tg (major) = 11.87 min., tg (minor) = 12.02 min. [a]p* = +264.73 (c =0.50, CHCl5).

..cN (1S,2S)-2-(4-Bromophenyl)cyclopropane-1-carbonitrile (2d). *H NMR
(500 MHz, CDClz) 6 7.44 (d, J = 8.5 Hz, 2H), 6.99 (d, J = 8.5 Hz, 2H), 2.62
(ddd, J=9.1, 6.6, 4.7 Hz, 1H), 1.66 (dt, J = 9.2, 5.5 Hz, 1H), 1.55 (dt, J =
8.7, 5.1 Hz, 1H), 1.45 (ddd, J = 8.9, 6.6, 5.4 Hz, 1H). 3C NMR (126 MHz,
CDClIs) 6 136.61, 131.90, 128.11, 121.29, 120.71, 24.42, 15.20, 6.73. GC-
MS m/z (% relative intensity): 223(17.7), 221(18), 142.1(64.1), 141.1(9.2), 140.1(18.4),
116.1(18), 115.1(100).

Br

Spectral data were in accord with the literature values.’

With (+)-Da-(por)FeCl as catalyst: 95% ee (Chiral IA, 2% isopropanol-hexane, rate 0.8
mL/min): tr (major) = 12.85 min., tr (Minor) =13.39 min. [o]p? = +219.10 (c =0.50, CHCls).

.cN  (1S,2S)-2-(4-Tolyl)cyclopropane-1-carbonitrile (2€). *H NMR (500 MHz,
CDClI3) 6 7.12 (d, J = 7.9 Hz, 2H), 7.00 (d, J = 8.1 Hz, 2H), 2.60 (ddd, J =
9.2,6.7,4.7 Hz, 1H), 2.32 (s, 3H), 1.59 (dt, J = 9.2, 5.2 Hz, 1H), 1.50 (dt, J
=8.7,5.1 Hz, 1H), 1.42 (ddd, J = 8.8, 6.7, 5.2 Hz, 1H). 3C NMR (126 MHz,
CDCls) 6 137.20, 134.55, 129.44, 126.28, 121.23, 24.70, 21.05, 15.14, 6.50.

GC-MS m/z (% relative intensity): 157.1(98.8), 156.1(100), 142.1(73.6), 140.1(23.5),

129.1(44.7), 128.1(25.7), 116.1(21.8), 115.1(99.5), 91.1(30.5).

Me

Spectral data were in accord with the literature values. ’
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With (+)-D4-(por)FeCl as catalyst: 87% ee (Chiral IA, 2% isopropanol-hexane, rate 0.8
mL/min): tz (Major) = 7.78 min., tr (Minor) =8.21 min. [a]p® = +299.67 (¢ =1.00, CHCl5).

.cN  (1S,2S)-2-(4-Methoxyphenyl)cyclopropane-1-carbonitrile  (2f). H
NMR (500 MHz, CDClz3) & 7.04 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.7 Hz,
2H), 3.79 (s, 3H), 2.59 (ddd, J=9.2, 6.6, 4.7 Hz, 1H), 1.59 — 1.56 (m, 1H),
1.47 (dt, J = 8.8, 5.0 Hz, 1H), 1.40 (ddd, J = 8.8, 6.7, 5.1 Hz, 1H). 13C
NMR (126 MHz, CDCI3) 6 158.93, 129.51, 127.64, 121.28, 114.15, 55.34,

24.41, 14.93, 6.32. GC-MS m/z (% relative intensity): 173.1(77.8), 172.1(29.1), 158.1(41.2),

131.1(26.8), 130.1(100), 121.1(20.9), 115(18.8), 103.1(40).

MeO

Spectral data were in accord with the literature values.’

With (+)-Ds-(por)FeCl as catalyst: 87% ee (Chiral 1A, 2% isopropanol-hexane, rate 0.8
mL/min): tz (major) = 11.91 min., tz (minor) =12.90 min. [a]o? = +293.87 (c =0.50, CHCl5).

.cN (1S,25)-2-(4-(Benzyloxy)phenyl)cyclopropane-1-carbonitrile (2g). *H
NMR (500 MHz, CDClz) 6 7.48 — 7.39 (m, 4H), 7.39 — 7.32 (m, 1H), 7.03
(d, J =8.7 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 5.08 (s, 2H), 2.62 (ddd, J =
9.2,6.7, 4.7 Hz, 1H), 1.57 (dt, J = 9.2, 5.3 Hz, 1H), 1.50 (dt, J = 8.8, 5.0
Hz, 1H), 1.42 (ddd, J = 8.8, 6.7, 5.1 Hz, 1H). 3C NMR (126 MH z, CDCls)
0 158.13, 136.78, 129.83, 128.66, 128.08, 127.68, 127.46, 121.28, 115.15, 70.10, 24.44, 14.97,
6.36. GC-MS m/z (% relative intensity): 249.1(7.5), 158(6.9), 103.1(7.2), 92.1(8.7), 91.1(100).

BnO

With (+)-D4-(por)FeCl as catalyst: 87% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) = 15.99 min., tz (minor) =16.95 min. [a]o? = +199.57 (c =0.50, CHCls).

-ioN - (1S,25)-2-(4-(Dimethylamino)phenyl)cyclopropane-1-carbonitrile (2h).

'H NMR (600 MHz, CDCl3) 6 6.99 (d, J = 8.2 Hz, 2H), 6.66 (d, J = 8.2 Hz,

2H), 2.93 (s, 6H), 2.59 — 2.54 (m, 1H), 1.53 (dt, J = 9.6, 5.0 Hz, 1H), 1.42

—N (dt, J=9.7,5.0 Hz, 1H), 1.40 — 1.34 (m, 1H). 3C NMR (151 MHz, CDCls)

0 0 149.97,127.36, 125.02, 121.60, 112.67, 40.58, 24.53, 14.72, 6.08. GC-MS

m/z (% relative intensity): 187.1(11), 186.1(88.3), 185.1(100), 144.1(10.8), 143.1(13),
142.1(13.8), 134.1(21.4), 118.1(12.8), 115.1(20.9).

With (+)-D4-(por)FeCl as catalyst: 87% ee (Chiral 1A, 2% isopropanol-hexane, rate 0.8
mL/min): tr (major) = 12.05 min., tr (Minor) =13.16 min. [o]p? = +276.20 (c =0.50, CHCls).

.ieN  (1S,2S)-2-(4-(tert-Butyl)phenyl)cyclopropane-1-carbonitrile  (2i). H
NMR (500 MHz, CDCl3) 6 7.33 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.3 Hz,
2H), 2.61 (ddd, J =9.2,6.7, 4.7 Hz, 1H), 1.59 (dt, J = 9.2, 5.3 Hz, 1H), 1.54
—1.51 (m, 1H), 1.43 (ddd, J = 8.7, 6.7, 5.1 Hz, 1H), 1.30 (s, 9H). 13C NMR
(126 MHz, CDCls) 6 150.54, 134.55, 126.06, 125.69, 121.21, 34.51, 31.27,

tBu
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2457, 15.14, 6.48. GC-MS m/z (% relative intensity): 199.1(12.8), 185.1(14.3), 184.1(100),
156.1(19.7), 144.1(16.6), 143.1(21.9), 128.1(15.7), 117.1(15.9), 116.1(19.3), 115.1(27.4).

Spectral data were in accord with the literature values. ’

With (+)-Da-(por)FeCl as catalyst: 63% ee (Chiral 1A, 2% isopropanol-hexane, rate 0.8
mL/min): tr (major) = 7.35 min., tr (Minor) =7.74 min. [a]o®® = +176.00 (c =0.50, CHClIs).

""CN (1S,25)-2-([1,1'-Biphenyl]-4-yl)cyclopropane-1-carbonitrile  (2j).

'H NMR (500 MHz, CDCl3) 6 7.50 — 7.45 (m, 4H), 7.37 (t, J = 7.7 Hz,

O 2H), 7.26 — 7.20 (m, 1H), 7.10 (dt, J = 8.4, 2.3 Hz, 2H), 2.60 (ddd, J =

O 9.2,6.7,4.7 Hz, 1H), 1.58 (dt, J = 9.2, 5.4 Hz, 1H), 1.52 (dt, J = 8.9,

4.8 Hz, 2H), 1.42 (ddd, J =8.7, 6.7, 5.2 Hz, 1H). *C NMR (126 MHz,

CDCl3) 6 140.63, 140.57, 134.23, 128.80, 128.44, 127.38, 127.34, 127.10, 119.47, 22.96, 13.11,

6.54. GC-MS m/z (% relative intensity): 220.1(18.6), 219.1(100), 218.1(38.5), 217.1(23.1),
192.1(11.3), 191.1(21.2), 178.1(15.4), 165.1(33), 152(17.3).

With (+)-Ds-(por)FeCl as catalyst: 89% ee (Chiral AS-H, 10% isopropanol-hexane, rate 0.8
mL/min): tr (minor) = 11.43 min., tr (Major) =18.86 min. [0]p? = +267.00 (c =1.0, CHCIs).

.icN  4-((1S,2S)-2-Cyanocyclopropyl)benzonitrile (2k). *H NMR (400 MHz,
CDCl3) 6 7.62 (d, J = 8.3 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 2.68 (ddd, J =
9.3, 6.6, 4.7 Hz, 1H), 1.74 (dt, J = 9.2, 5.6 Hz, 1H), 1.64 (ddd, J = 8.9, 5.7,
4.7 Hz, 1H), 1.51 (ddd, J = 8.9, 6.6, 5.4 Hz, 1H). 3C NMR (126 MHz,
CDCl3) 6 143.06, 132.61,127.02,120.11, 118.39, 111.37,24.69, 15.75, 7.48.
GC-MS m/z (% relative intensity): 168.1(100), 167.1(19.9), 142(15.5), 141.1(84.2), 140.1(70),
114.1(32.8).

NC

Spectral data were in accord with the literature values.

With (+)-Da-(por)FeCl as catalyst: 85% ee (Chiral IA, 5% isopropanol-hexane, rate 0.8
mL/min): tz (major) = 35.13 min., tr (Minor) =37.34 min. [0]p? = +353.33 (c =0.10, CHCls).

.icN  (1S,25)-2-(4-Nitrophenyl)cyclopropane-1-carbonitrile (21). *H NMR
(500 MHz, CDCls) 6 8.19 (d, J = 8.9 Hz, 2H), 7.27 (d, J = 8.9 Hz, 2H),
2.73 (ddd, J = 9.2, 6.6, 4.6 Hz, 1H), 1.78 (dt, J = 9.2, 5.7 Hz, 1H), 1.69
(ddd, J = 8.9, 5.7, 4.6 Hz, 1H), 1.55 (ddd, J = 8.9, 6.7, 5.6 Hz, 1H). 13C
NMR (126 MHz, CDCl3) 6 147.19, 145.14, 127.08, 124.08, 120.01, 24.52,
16.02, 7.71. GC-MS m/z (% relative intensity): 188.1(42.7), 158.1(28.9), 142(38.8),
141.1(59.5), 140.1(40), 116.1(35.2), 115.1(100), 103(33.7).

O,N

Spectral data were in accord with the literature values. °
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With (+)-Ds4-(por)FeCl as catalyst: 85% ee (Chiral IA, 5% isopropanol-hexane, rate 0.8
mL/min): tz (minor) = 47.82 min., tr (Major) =52.64 min. [o]p? = +298.00 (c =1.00, CHCls).

CN (1S,2S5)-2-(4-(Trifluoromethyl)phenyl)cyclopropane-1-carbonitrile
(2m). *H NMR (500 MHz, CDCls3) § 7.60 (d, J = 8.2 Hz, 2H), 7.25 (d, J =
8.1 Hz, 2H), 2.71 (ddd, J = 9.2, 6.6, 4.7 Hz, 1H), 1.73 (dt, J = 9.2, 5.6 Hz,
1H), 1.64 (ddd, J = 8.9, 5.6, 4.7 Hz, 1H), 1.52 (ddd, J = 8.9, 6.7, 5.5 Hz,
1H). BC NMR (126 MHz, CDCls) & 141.66, 129.77 (q, J = 32.6 Hz),
126.69, 125.78 (q, J = 3.8 Hz), 123.93 (d, J = 271.9 Hz), 120.45, 24.55, 15.51, 7.10. F NMR
(376 MHz, CDCls3) ¢ -63.76. GC-MS m/z (% relative intensity): 211.1(99.5), 192.1(46.7),
191.1(27), 190.1(47.6), 151.1(27.8), 142.1(100), 141.1(39.9), 140.1(55.8), 116.1(23.4),
115.1(127.4).

FsC

With (+)-Da-(por)FeCl as catalyst: 83% ee (Chiral AS-H, 1% isopropanol-hexane, rate 0.8
mL/min): tg (minor) = 24.17 min., tz (Major) =27.14 min. [o]o? = +144.80 (c =1.00, CHCls).

.wcN  Methyl 4-((1S,2S)-2-Cyanocyclopropyl)benzoate (2n). 'H NMR
(500 MHz, CDCl3) 6 8.01 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H),
3.94 (s,3H), 2.69 (ddd, J = 9.2, 6.7, 4.7 Hz, 1H), 1.72 (dt, J = 9.1, 5.5
Hz, 1H), 1.65 (dt, J = 8.7, 5.2 Hz, 1H), 1.53 (ddd, J = 8.8, 6.6, 5.3 Hz,
1H). C NMR (126 MHz, CDCl3) 8 166.58, 142.80, 130.08, 129.31,

126.19, 120.54, 52.21, 24.78, 15.71, 7.24. GC-MS m/z (% relative intensity): 201.1(22),

171(12.7), 170.1(100), 169.1(13.2), 142.1(27.5), 140.1(17), 116.1(24), 115.1(53.1).

MeOOC

With (+)-Da-(por)FeCl as catalyst(-15 <C): 90% ee (Chiral 1A, 2% isopropanol-hexane, rate
1.0 mL/min): tr (minor) = 27.58 min., tr (Major) =29.21 min. [o]p?® = +344.17 (c =0.10,
CHCIsy).

..cN (1S,25)-2-(3-Fluorophenyl)cyclopropane-1-carbonitrile (20). 'H NMR
(500 MHz, CDCl3) 6 7.28 (td, J = 8.0, 6.0 Hz, 1H), 6.96 (tdd, J = 8.4, 2.6, 0.9
Hz, 1H), 6.91 (ddt, J = 7.7, 1.5, 0.7 Hz, 1H), 6.79 (dt, J = 9.8, 2.1 Hz, 1H),
2.63 (ddd, J=9.2, 6.6, 4.6 Hz, 1H), 1.65 (dt, J = 9.1, 5.5 Hz, 1H), 1.57 (ddd,
J=8.9,5.6,4.7 Hz, 1H), 1.45 (ddd, J = 8.8, 6.7, 5.4 Hz, 1H). 1*C NMR (126
MHz, CDCl3) 8 163.00 (d, J =247.0 Hz), 140.16 (d, J = 7.7 Hz), 130.38 (d, J = 8.5 Hz), 122.17
(d, J=3.0 Hz), 120.66, 114.45 (d, J = 21.2 Hz), 113.31 (d, J = 22.2 Hz), 24.55 (d, J = 2.2 HZ),
15.37, 6.91. F NMR (376 MHz, CDCl3) & -112.40. GC-MS m/z (% relative intensity):
162.1(9.4), 161.1(87.6), 160.1(14.9), 140.1(9), 135.1(12.2), 134.1(75), 133.1(100),
109.1(15.4), 107.1(16.6).

F

Spectral data were in accord with the literature values.
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With (+)-D4-(por)FeCl as catalyst: 86% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) = 8.06 min., tr (Minor) =8.35 min. [a]o® = +144.80 (c =1.00, CHCl5).

.icN (1S,2S)-2-(3-Chlorophenyl)cyclopropane-1-carbonitrile (2p). 'H NMR
(500 MHz, CDClz) 6 7.29 — 7.21 (m, 2H), 7.08 (s, 1H), 7.03 — 6.99 (m, 1H),
2.61 (ddd, J=9.2, 6.7, 4.7 Hz, 1H), 1.65 (dt, J = 9.2, 5.5 Hz, 1H), 1.61 — 1.53
(m, 1H), 1.45 (ddd, J = 8.8, 6.7, 5.4 Hz, 1H). 3C NMR (126 MHz, CDCls) &
139.63, 134.74, 130.06, 127.68, 126.52, 124.75, 120.62, 24.47, 15.25, 6.81.
GC-MS m/z (% relative intensity): 179(9), 177.1(27.4), 142.1(53.6), 140.1(17), 116.1(15.5),
115.1(100).

Cl

With (+)-D4-(por)FeCl as catalyst: 86% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) = 7.92 min., tz (minor) =8.40 min. [a]po® = +255.37 (c =1.00, CHClI5).

-icN  (1S,2S)-2-(3-Bromophenyl)cyclopropane-1-carbonitrile (2g). *H NMR
(500 MHz, CDCl3) 6 7.39 (ddd, J = 8.0, 1.9, 1.0 Hz, 1H), 7.25 (t, J = 1.9 Hz,
1H), 7.19 (t, J = 7.9 Hz, 1H), 7.05 (d, J = 7.6 Hz, 1H), 2.60 (ddd, J = 9.2, 6.7,
4.7 Hz, 1H), 1.64 (dt, J = 9.2, 5.5 Hz, 1H), 1.61 — 1.53 (m, 1H), 1.45 (ddd, J =
8.8, 6.7, 5.4 Hz, 1H). 3C NMR (126 MHz, CDCls) & 139.89, 130.62, 130.32,

129.45, 125.23, 122.87, 120.60, 24.41, 15.23, 6.81. GC-MS m/z (% relative intensity):

223(18.2), 221(18.4), 142.1(65.6), 140.1(18.1), 116.1(18.9), 115.1(100), 114.1(8.5).

Br

With (+)-D4-(por)FeCl as catalyst: 85% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) = 8.21 min., tr (Minor) =8.80 min. [a]o? = +216.50 (c =1.00, CHClI5).

.wcN  (1S,2S)-2-(3-Tolyl)cyclopropane-1-carbonitrile (2r). *H NMR (500 MHz,
CDClz) 6 7.20 (t, J = 7.6 Hz, 1H), 7.07 (d, J = 7.6 Hz, 1H), 6.94 — 6.87 (m,
2H), 2.60 (ddd, J = 9.2, 6.7, 4.7 Hz, 1H), 2.33 (s, 3H), 1.60 (dt, J = 9.2, 5.3
Hz, 1H), 1.56 — 1.51 (m, 1H), 1.44 (ddd, J = 8.7, 6.7, 5.1 Hz, 1H). *C NMR
(126 MHz, CDCls) 6 138.53, 137.52, 128.67, 128.17, 127.11, 123.29, 121.15,
24.88, 21.36, 15.20, 6.55. GC-MS m/z (% relative intensity): 157.1(46.1), 156.1(100),
142.1(30), 130.1(13.2), 129.1(33.1), 128.1(17.4), 115.1(58.6), 91.1(14.8).

Me

Spectral data were in accord with the literature values.

With (+)-D4-(por)FeCl as catalyst: 85% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tr (Major) =5.73 min., tr (Minor) =5.94 min. [o]p? = +282.17 (¢ =1.00, CHCls).

N (1S,25)-2-(3-Methoxyphenyl)cyclopropane-1-carbonitrile (2s). 'H NMR
(500 MHz, CDCl3) 6 7.23 (t, J = 7.9 Hz, 1H), 6.79 (dd, J = 8.3, 2.6 Hz, 1H),
6.68 (d, J = 7.7 Hz, 1H), 6.65 (t, J = 2.1 Hz, 1H), 3.80 (s, 3H), 2.61 (ddd, J =
9.2,6.7,4.7 Hz, 1H), 1.61 (dt, J = 8.2, 4.8 Hz, 1H), 1.57 — 1.53 (m, 1H), 1.44
(ddd, J=8.7,6.7,5.1 Hz, 1H). *C NMR (126 MHz, CDCl3) § 159.90, 139.22,

OMe
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129.86, 121.05, 118.48, 112.58, 112.46, 55.29, 24.94, 15.27, 6.67. GC-MS m/z (% relative
intensity): 173.1(81.4), 172.1(18.1), 142.1(17), 131.1(34.4), 130.1(100), 115.1(26.9),
103.1(46.5).

With (+)-Da-(por)FeCl as catalyst: 84% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tr (major) =9.73 min., tr (Minor) =10.15 min. [a]o® = +246.67 (c =0.50, CHCl5).

.cN  (1S,2S)-2-(2-Fluorophenyl)cyclopropane-1-carbonitrile (2t). *H NMR

(500 MHz, CDCl3) 6 7.29 — 7.21 (m, 2H), 7.12 — 7.02 (m, 2H), 6.98 (td, J =

F 7.6, 1.7 Hz, 1H), 2.77 — 2.69 (m, 1H), 1.69 — 1.61 (m, 2H), 1.54 — 1.46 (m,

1H). 13C NMR (126 MHz, CDCls) 6 161.71 (d, J = 247.2 Hz), 129.03 (d, J =

8.2 Hz), 127.28 (d, J = 3.6 Hz), 124.74 (d, J = 13.8 Hz), 124.31 (d, J = 3.6 Hz), 120.90, 115.70

(d, J = 21.4 Hz), 19.27 (d, J = 4.1 Hz), 14.22 (d, J = 1.8 Hz), 5.51 (d, J = 2.3 Hz). 1°F NMR

(376 MHz, CDCl3) 6 -118.06. GC-MS m/z (% relative intensity): 161.1(100), 160.1(14),
140.1(14.5), 135.1(13.4), 134.1(73.7), 133.1(99.8), 109.1(24.6), 107(19.1).

Spectral data were in accord with the literature values.

With (+)-Das-(por)FeCl as catalyst: 88% ee (Chiral AD-H, 2% isopropanol-hexane, rate 1.0
mL/min): tr (Major) =6.98 min., ts (Minor) =7.28 min. [o]p? = +258.00 (¢ =1.00, CHCls).

..cN (1S,25)-2-(2-Chlorophenyl)cyclopropane-1-carbonitrile (2u). 'H NMR

(500 MHz, CDCl3) 6 7.45 — 7.37 (m, 1H), 7.27 — 7.11 (m, 2H), 7.01 (dd, J =

Cl 6.8, 2.2 Hz, 1H), 2.81 (ddd, J = 9.2, 6.8, 5.0 Hz, 1H), 1.68 (dt, J = 9.2, 5.1 Hz,

1H), 1.55 — 1.41 (m, 2H). 13C NMR (126 MHz, CDCls) & 135.94, 135.27,

129.67, 128.85, 127.45, 126.97, 120.93, 23.34, 14.25, 5.82. GC-MS m/z (% relative intensity):
179(11.2), 177(34.2), 142.1(60.6), 140.1(29.9), 116.1(15.2), 115.1(100), 114.1(14.5).

With (+)-Ds-(por)FeCl as catalyst: 88% ee (Chiral AD-H, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) =7.31 min., tz (Minor) =7.66 min. [a]p?® = +140.02 (c =1.00, CHCls).

cN (1S,25)-2-(2-Bromophenyl)cyclopropane-1-carbonitrile (2v). 'H NMR

(500 MHz, CDCl3) 6 7.60 (dd, J = 7.9, 1.3 Hz, 1H), 7.26 (t, J = 6.7 Hz, 1H),

Br  7.16 (td, J=7.7, 1.7 Hz, 1H), 7.01 (dd, J = 7.7, 1.7 Hz, 1H), 2.81 — 2.73 (m,

1H), 1.69 (dt, J = 9.4, 4.6 Hz, 1H), 1.55 — 1.43 (m, 2H). 23C NMR (126 MHz,

CDCl3) 6 136.94, 132.92, 129.14, 127.88, 127.58, 126.39, 120.95, 25.96, 14.54, 6.18. GC-MS

m/z (% relative intensity): 223(21.4), 221(21.7), 142.1(61.1), 141.1(9.9), 140.1(31.4),
116.1(17.8), 115.1(100), 114.1(14.3).

With (+)-Ds-(por)FeCl as catalyst: 88% ee (Chiral AD-H, 2% isopropanol-hexane, rate 1.0
mL/min): tr (Major) =7.77 min., tr (minor) =8.11 min. [o]p? = +123.83 (¢ =1.00, CHCls).

S17



..cN  (1S,2S)-2-(2-Tolyl)cyclopropane-1-carbonitrile (2w). *H NMR (500 MHz,

CDCl3) 6 7.23 — 7.15 (m, 2H), 7.14 (m, 1H), 6.96 (d, J = 7.5 Hz, 1H), 2.61 (dt,

Me  J=9.1, 6.0 Hz, 1H), 2.45 (s, 3H), 1.66 — 1.60 (m, 1H), 1.49 — 1.40 (m, 2H).

13C NMR (126 MHz, CDCl3z) & 138.25, 135.65, 130.20, 127.64, 126.13,

125.94, 121.44, 23.65, 19.60, 13.96, 5.12. GC-MS m/z (% relative intensity): 157.1(72.1),

156.1(71.2), 142.1(47.2), 130.1(29), 129.1(48.1), 128.1(21.4), 117.1(20.2), 116.1(28.6),
115.1(100), 91.1(32.8).

Spectral data were in accord with the literature values.

With (+)-D4-(por)FeCl as catalyst: 85% ee (Chiral IA, 1% isopropanol-hexane, rate 1.2
mL/min): tz (minor) =6.85 min., tr (Major) =7.24 min. [a]p?® = +199.67 (c =1.00, CHCls).

cN  (1S,2S)-2-(2-Methoxyphenyl)cyclopropane-1-carbonitrile (2x). *H NMR

(500 MHz, CDCl3) 6 7.27 — 7.20 (m, 1H), 6.93 — 6.84 (m, 3H), 3.87 (s, 3H),

OMe 2.76 (ddd, J =9.1, 6.9, 5.0 Hz, 1H), 1.55 (dt, J = 9.3, 4.8 Hz, 1H), 1.52 — 1.48

(m, 1H), 1.45 (ddd, J = 8.4, 6.9, 4.5 Hz, 1H). 13C NMR (126 MHz, CDCls) &

158.48, 128.54, 126.40, 125.87, 121.74,120.41, 110.38, 55.46, 20.50, 13.89, 5.25. GC-MS m/z

(% relative intensity): 173.1(81.7), 158.1(97.9), 131.1(57.8), 130.1(100), 115.1(33.2),
103.1(47.5).

With (+)-Da-(por)FeCl as catalyst: 90% ee (Chiral IA, 1% isopropanol-hexane, rate 1.2
mL/min): tg (minor) =13.57 min., tz (Major) =15.19 min. [a]o® = +127.90 (c =0.50, CHClIs).

>-icN (1S,25)-2-(Naphthalen-1-yl)cyclopropane-1-carbonitrile  (2y). H

C NMR (500 MHz, CDCls) & 7.84 — 7.75 (m, 3H), 7.57 (s, 1H), 7.48 (dtd, J

Q =7.9,6.9,5.3Hz, 2H), 7.21 (dd, J = 8.5, 1.8 Hz, 1H), 2.80 (ddd, J = 9.2,

6.7,4.8 Hz, 1H), 1.74 — 1.67 (m, 1H), 1.67 — 1.63 (m, 1H), 1.58 (ddd, J =

8.5, 6.7, 4.9 Hz, 1H). 3C NMR (126 MHz, CDCls) & 134.95, 133.25, 132.62, 128.66, 127.72,

127.53, 126.64, 126.10, 125.22, 124.33, 121.10, 25.22, 15.23, 6.66. GC-MS m/z (% relative

intensity): 193.1(63.5), 192.1(30.9), 190.1(12.3), 166.1(36.6), 165.1(100), 153.1(43.5),
152.1(45.1), 151.1(12.9), 139.1(18.5), 115.1(12.6).

Spectral data were in accord with the literature values.

With (+)-Das-(por)FeCl as catalyst: 91% ee (Chiral 1A, 0.5% isopropanol-hexane, rate 1.2
mL/min): tr (major) =52.22 min., tz (Minor) =61.61 min. [a]o® = +112.00 (c =1.0, CHCls).

O (1S,2S)-2-(Ferrocenyl)cyclopropane-1-carbonitrile (2z). '"H NMR (500
|
Fe / MHz, CDCl3) 6 4.17 (s, 5H), 4.14 — 4.07 (m, 3H), 4.01 — 4.00 (m, 1H), 2.29
|

€= ©N (ddd, J=9.1,6.6, 4.6 Hz, 1H), 1.50 (dt, J = 9.1, 5.3 Hz, 1H), 1.41 (ddd, J =
8.7, 5.5, 4.6 Hz, 1H), 1.23 (ddd, J = 8.7, 6.6, 5.0 Hz, 1H). 3C NMR (126
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MHz, CDCl3) 6 121.28, 86.12, 68.75, 67.94, 67.68, 67.06, 66.40, 20.99, 16.06, 6.81. HR-MS
(ESI): calcd. for C14H13NFe ([M]") 251.0392, found 251.0388.

GC-MS m/z (% relative intensity): 252.1(18.1), 251.1(100), 186(66), 185(45.3), 159(15.9),
158(16.7), 121(22.9), 104.1(9.6), 103.1(18.7).

With (+)-Das-(por)FeCl as catalyst: 48% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tr (major) =9.75 min., tr (Minor) =11.29 min. [a]o® = +68.67 (c =0.50, CHClI5).

(1R,2R)-2-Bromo-2-phenylcyclopropane-1-carbonitrile (2aa). ‘H NMR
“CN (500 MHz, CDCl3) 6 7.41 — 7.37 (m, 2H), 7.32 — 7.24 (m, 3H), 1.97 — 1.88 (m,

3H). 13C NMR (126 MHz, CDCls) § 140.16, 129.35, 129.05, 128.40, 118.43,

34.05, 24.03, 14.19. GC-MS m/z (% relative intensity): [M-Br]142.1(82.2),
141.1(9.9), 140.1(24.6), 116.1(21.1), 115.1(100), 102.1(10), 89.1(14.5).

Br-,

With (+)-D4-(por)FeCl as catalyst: 77% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) =8.89 min., tr (minor) =9.15 min. [o]p® = +162.05 (¢ =1.00, CHCl5).

(1S,2S)-2-Methyl-2-phenylcyclopropane-1-carbonitrile (2ab). 'H NMR

gﬂ"/w (500 MHz, CDClz) 6 7.36 — 7.29 (m, 2H), 7.28 — 7.23 (m, 3H), 1.67 (dd, J =

9.1, 5.5 Hz, 1H), 1.66 (s, 3H), 1.57 (dd, J = 9.3, 5.3 Hz, 1H), 1.31 (t, J = 5.3

Hz, 1H). 3C NMR (126 MHz, CDCl3) 8 142.71, 128.79, 127.41, 127.37, 120.31, 28.73, 23.50,

21.30, 11.28. GC-MS m/z (% relative intensity): 157.1(40.1), 156.1(46.2), 142.1(100),
129.1(35.8), 116.1(17.4), 115.1(84), 103.1(18.8), 78.1(19.6), 77.1(30.5), 51.1(25.3).

Spectral data were in accord with the literature values.

With (+)-D4-(por)FeCl as catalyst: 79% ee (Chiral 1A, 1% isopropanol-hexane, rate 1.2
mL/min): tz (minor) =6.20 min., tr (Major) =6.49 min. [a]p?® = +40.00 (c =0.10, CHClIs).

(1S,2R)-2-(Bromomethyl)-2-phenylcyclopropane-1-carbonitrile (2ac). *H
“cN NMR (500 MHz, CDCls3) 8 7.33 — 7.25 (m, 5H), 3.71 (g, J = 11.0 Hz, 2H),

1.94 (dd, J = 8.9, 5.9 Hz, 1H), 1.69 (dd, J = 8.9, 5.6 Hz, 1H), 1.50 (t, J = 5.7

Hz, 1H). *C NMR (126 MHz, CDCls) & 138.36, 129.25, 128.77, 128.46,
118.93, 39.33, 34.38, 22.01, 13.58. GC-MS m/z (% relative intensity): [M-Br]156.1(89.6),
142.1(28.6), 129.1(100), 128.1(34.8), 116.1(23.2), 115.1(81.2), 103.1(32), 102.1(31.7),
77.1(41.2).

With (+)-Ds-(por)FeCl as catalyst: 67% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) =7.91 min., tz (minor) =8.87 min. [a]p?® = -43.51 (c =0.20, CHClIs).
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IH NMR (500 MHz, CDCl3) § 7.52 — 7.49 (m, 2H), 7.46 — 7.43 (m, 3H), 2.30
(dd, J = 9.6, 6.1 Hz, 1H), 1.95 (dd, J = 9.6, 5.8 Hz, 1H), 1.75 (tq, J = 6.0, 1.7
Hz, 1H). 3C NMR (126 MHz, CDCl3) § 131.41, 130.00, 129.70, 129.00, 124.16 (q, J = 275.2
Hz), 116.99, 34.76 (q, J = 34.3 Hz), 16.22 (q, J = 2.4 Hz), 8.28 (g, J = 3.5 Hz). 1°F NMR (376
MHz, CDCls) & -71.16. GC-MS m/z (% relative intensity): 211.1(41.7), 161.1(12.2),
143.1(12.2), 142.1(100), 140.1(23), 116.1(19.7), 115.1(97.3), 77.1(10.5), 63.1(11.9), 51.1(14).

Spectral data were in accord with the literature values.

F3C,. :] (1S,2R)-2-phenyl-2-(trifluoromethyl)cyclopropane-1-carbonitrile (2ad).

With (+)-D4-(por)FeCl as catalyst: 89% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) =6.89 min., tz (minor) =7.31 min. [a]p?® = +101.67 (c =1.00, CHCls).

iPr 2-isopropyl-2-phenylcyclopropane-1-carbonitrile (2ae) *H NMR (500

MHz, Chloroform-d) & 7.33 — 7.27 (m, 3H), 7.26 — 7.22 (m, 2H), 1.70 (dd, J =

cN  8.9,5.3 Hz, 1H), 1.64 (p, J = 6.8 Hz, 1H), 1.43 (dd, J = 8.9, 4.7 Hz, 1H), 1.28

(t,J=5.1Hz, 1H), 1.03 (d, J = 6.8 Hz, 3H), 0.98 (d, J = 6.9 Hz, 3H). 3C NMR

(126 MHz, CDCl3) 6 138.20, 131.09, 127.99, 127.59, 120.65, 39.10, 35.19, 21.15, 19.93, 19.38,

10.56. GC-MS m/z (% relative intensity): 185(5.1), 143(14.2), 132(100), 131(13.6), 117(85.6),
115(55.7),102(10.3), 91(32.7), 77(16.5), 63(11.6), 51(17.7).

With (+)-Ds-(por)FeCl as catalyst: 60% ee (Chiral AS-H, 1% isopropanol-hexane, rate 1.0
mL/min): tz (major) =9.77 min., tz (Minor) =11.36 min. [a]o? = +132.44 (c =0.50, CHCl5).

-icN  (1S,2S)-2-(2,3-Dihydrobenzofuran-4-yl)cyclopropane-1-carbonitrile

(3a). H NMR (600 MHz, CDCls) § 6.98 (t, J = 7.9 Hz, 1H), 6.63 (d, J =

O 8.0 Hz, 1H), 6.30 (d, J = 7.7 Hz, 1H), 4.56 (t, J = 8.8 Hz, 2H), 3.26 — 3.17

(m, 2H), 2.46 (ddd, J=9.1, 6.8, 4.8 Hz, 1H), 1.57 — 1.50 (m, 1H), 1.47 (dt,

J = 8.4, 5.1 Hz, 1H), 1.39 (ddd, J = 8.6, 6.7, 5.1 Hz, 1H). 3C NMR (151 MHz, CDCl3) §

160.14, 134.21, 128.62, 126.99, 121.06, 116.09, 108.54, 71.17, 28.53, 22.87, 14.46, 5.58. GC-

MS m/z (% relative intensity): 185.1(100), 184.1(70.2), 156.1(27.5), 129.1(29.8), 128.1(26.1),
127.1(30.1), 117.1(25.2), 115.1(54.2).

Spectral data were in accord with the literature values. 1°
With (+)-Das-(por)FeCl as catalyst: 90% ee (Chiral IE, 2% isopropanol-hexane, rate 1.0
mL/min): tr (major) =18.08 min., tz (Minor) =18.97 min. [a]o® = +170.00 (c =0.10, CHClIs).

N tert-Butyl - 2-((1S,2S)-2-cyanocyclopropyl)-1H-pyrrole-1-carboxylate

BocN (3b). 'H NMR (500 MHz, CDCls) § 7.24 (dd, J = 3.6, 1.8 Hz, 1H), 6.05 (t,
N ) J = 3.4 Hz, 1H), 6.06 — 5.89 (m, 1H), 3.00 — 2.92 (m, 1H), 1.64 (s, 9H),
1.55 (dt, J =9.0, 5.2 Hz, 1H), 1.46 (dt, J = 8.7, 5.1 Hz, 1H), 1.37 (ddd, J =

8.7, 6.8, 4.9 Hz, 1H). 1¥3C NMR (126 MHz, CDCl3) & 149.05, 131.86, 122.48, 121.17, 111.13,
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109.77, 84.47,28.07, 27.98, 19.24, 14.30, 5.87. GC-MS m/z (% relative intensity): 232.2(15.3),
176.1(18.9), 159.1(15.3), 132.1(100), 131.1(64.7), 105.1(30), 104.1(29.1), 80.1(16.2).

With (+)-Da-(por)FeCl as catalyst: 89% ee (Chiral 1A, 1% isopropanol-hexane, rate 1.2
mL/min): tz (minor) =6.00 min., tz (Major) =6.38 min. [a]o® = +150.30 (c =0.10, CHCl5).

(1S,2S)-2-(Thiophen-2-yl)cyclopropane-1-carbonitrile (3c). tH NMR (500
S MHz, CDCl3) 6 7.16 (dd, J = 5.2, 1.2 Hz,1H), 6.93 (dd, J = 5.2, 3.5 Hz, 1H),
N \ 6.86 (d, J = 3.5 Hz, 1H), 2.80 (ddd, J = 9.1, 6.5, 4.9 Hz, 1H), 1.67 (dt, J = 9.0,
5.4 Hz, 2H), 1.64 — 1.57 (m, 1H), 1.47 (ddd, J = 8.8, 6.6, 5.2 Hz, 1H). °C NMR (126 MHz,
CDCI3) 6 141.36, 127.11, 125.02, 124.31, 120.54, 20.33, 16.21, 7.66. GC-MS m/z (% relative
intensity): 149(100), 148(42.2), 122(72.7), 121(37.1), 104.1(13.2), 97(44.4), 96(17.2),
69(19.9).

Spectral data were in accord with the literature values.

With (+)-D4-(por)FeCl as catalyst: 83% ee (Chiral 1A, 2% isopropanol-hexane, rate 0.8
mL/min): tz (Major) =8.77 min., tz (minor) =9.98 min. [o]p? = +338.33 (¢ =0.10, CHCl5).

(1S,2S)-2-(Thiophen-3-yl)cyclopropane-1-carbonitrile (3d). 'H NMR

— (500 MHz, CDCl3) 6 7.29 (dd, J =5.0, 2.9 Hz, 1H), 6.93 - 6.92 (m, 1H), 6.86

S~ (dd, J=5.0, 1.4 Hz, 1H), 2.64 (ddd, J = 9.1, 6.6, 4.6 Hz, 1H), 1.64 — 1.56 (m,

1H), 1.52 (ddd, J = 8.7, 5.5, 4.6 Hz, 1H), 1.40 (ddd, J = 8.7, 6.6, 5.2 Hz, 1H). 3C NMR (126

MHz, CDCls) 6 138.77, 126.68, 125.87, 121.06, 120.98, 20.70, 15.28, 6.35. GC-MS m/z (%

relative intensity): 149.1(100), 148.1(39.6), 123.1(11.7), 122(75.4), 121(40.5), 104.1(12.7),
97.1(38.6), 69(16.3).

With (+)-Da-(por)FeCl as catalyst: 86% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) =8.99 min., tz (minor) =9.63 min. [a]p?® = +290.00 (c =0.10, CHCls).

Spectral data were in accord with the literature values. !*
\N (1S,2S)-2-(1-Methyl-1H-indol-3-yl)cyclopropane-1-carbonitrile (3e). *H
\ NMR (500 MHz, CDCls) § 7.72 (d, J = 7.9 Hz, 1H), 7.40 — 7.27 (m, 2H),
@}W 7.23-7.20 (m, 1H), 6.85 (s, 1H), 3.77 (s, 3H), 2.76 — 2.71 (m, 1H), 1.63 (dl,
CN 3=9.2,4.8Hz 1H), 1.53 - 1.48 (m, 1H), 1.46 (ddd, J = 8.6, 6.6, 4.5 Hz, 1H).
13C NMR (151 MHz, CDCls) & 149.05, 131.86, 122.47, 121.14, 111.12, 109.76, 84.46, 28.06,

19.23, 14.30, 5.86.GC-MS m/z (% relative intensity): 196.1(100), 195.1(80.4), 181.1(16.6),
168.1(21.6), 154.1(17.7), 144.1(73.8), 143.1(15.1), 128.1(14.7), 127.1(16.6), 115.1(19.6).

With (+)-Das-(por)FeCl as catalyst: 76% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tr (major) =10.71 min., tz (Minor) =11.17 min. [a]o® = +95.00 (¢ =0.10, CHCls).
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0 \ (1S,2S)-2-(Benzofuran-3-yl)cyclopropane-1-carbonitrile (3f). 'H NMR

(500 MHz, CDClz) 6 7.55 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.1 Hz, 1H), 7.35

&N (d, J = 1.2 Hz, 1H), 7.27 (td, J = 8.3, 7.8 Hz, 1H), 7.23 (td, J = 7.4, 1.1 Hz,

1H), 2.55 — 2.51 (m, 1H), 1.59 (dt, J = 9.0, 5.2 Hz, 1H), 1.55 — 1.48 (m, 1H),

1.40 (ddd, J = 8.6, 6.7, 5.0 Hz, 1H). *C NMR (126 MHz, CDCls) & 155.43, 141.80, 127.19,

125.09, 123.05, 120.95, 119.34, 118.42, 111.85, 15.17, 13.38, 4.47. GC-MS m/z (% relative

intensity): 184.1(13.6), 183.1(100), 182.1(48.4), 156.1(20.8), 155.1(17.5), 154.1(46),
131.1(37.6), 128.1(28.7), 127.1(29.2), 115.1(19), 102.1(16.6).

With (+)-D4-(por)FeCl as catalyst: 86% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) =10.66 min., tz (Minor) =11.16 min. [a]p® = +61.00 (¢ =0.10, CHCls).

.cN (1S,28)-2-(Benzofuran-2-yl)cyclopropane-1-carbonitrile (3g). *H NMR
o (500 MHz, CDCl3) 5 7.48 (dd, J = 7.5, 1.6 Hz, 1H), 7.36 (d, J = 8.0 Hz,
1H), 7.27 — 7.17 (m, 2H), 6.57 (s, 1H), 2.73 (ddd, J = 9.3, 6.6, 4.5 Hz, 1H),
1.91 (ddd, J = 8.9, 5.9, 4.5 Hz, 1H), 1.72 — 1.67 (m, 1H), 1.66 — 1.61 (m,
1H). 3C NMR (126 MHz, CDCls) § 154.31, 153.25, 128.32, 124.26,
123.12, 120.65, 120.29, 110.93, 103.88, 18.76, 13.98, 5.50. GC-MS m/z (% relative intensity):
183.1(100), 182.1(39.5), 156(16.1), 154.1(36.5), 131(40.9), 128.1(21.9), 127(19.7),
115.1(16.4), 102(18.6).

With (+)-D4-(por)FeCl as catalyst: 64% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (Major) =7.17 min., tz (minor) =7.93 min. [o]p® = +281.67 (¢ =0.10, CHCl5).

S \ (1S,2S)-2-(Benzo[b]thiophen-3-yl)cyclopropane-1-carbonitrile (3h). H

NMR (500 MHz, CDClz) 6 7.96 (d, J = 7.9 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H),

&N 7.50 (td, J = 7.2, 1.3 Hz, 1H), 7.44 (td, J = 7.5, 1.4 Hz, 1H), 7.10 (s, 1H),

2.80 —2.78 (m, 1H), 1.73 (dt, J = 9.1, 4.4 Hz, 1H), 1.60 — 1.49 (m, 2H). BC

NMR (126 MHz, CDCls) *C NMR (126 MHz, CDCls) § 140.41, 138.75, 133.05, 125.09,

124.61, 123.04, 122.56, 121.68, 121.09, 77.32, 77.07, 76.81, 19.11, 13.61, 4.76. GC-MS m/z

(% relative intensity): 200.1(15), 199.1(100), 198.1(33.3), 172(47.2), 171(42.2), 147.1(28.4),
115.1(11.5).

With (+)-D4-(por)FeCl as catalyst: 87% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tz (Major) =8.76 min., tr (minor) =9.19 min. [a]p?® = +104.67 (c =1.0, CHCls).

en (18,28)-2-(Benzo[b]thiophen-2-yl)cyclopropane-1-carbonitrile (3i). H
s NMR (500 MHz, CDCl3) 6 7.75 (d,J =7.7 Hz, 1H), 7.70 - 7.64 (d, J = 7.0
Hz, 1H), 7.34 (td, J = 7.4, 1.4 Hz, 1H), 7.30 (td, J = 7.5, 1.5 Hz, 1H), 7.09
(s, 1H), 2.91 - 2.83 (m, 1H), 1.76 — 1.67 (m, 2H), 1.58 — 1.49 (m, 1H). 13C
NMR (126 MHz, CDCl3) 6 141.88, 139.46, 138.78, 124.72, 124.56, 123.29,
122.28, 121.67, 120.32, 21.08, 16.25, 7.65. GC-MS m/z (% relative intensity): 200.1(15.9),

S22



199.1(100), 198.1(30.4), 173.1(10.3), 172.1(55.5), 171.1(37.1), 147.1(30.7), 145.1(9.4),
115.1(8.4), 102.1(7.7).

With (+)-Das-(por)FeCl as catalyst: 87% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tr (major) =9.26 min., tz (Minor) =9.76 min. [a]o? = +320 (c =0.10, CHCl5).

iCN  (1S,2S)-2-(1H-Indol-1-yl)cyclopropane-1-carbonitrile (3j). 'H NMR

NV (600 MHz, CDCl3) 6 7.55(d,J =7.9 Hz, 1H), 7.43 (d, J = 8.2 Hz, 1H), 7.22

©/\/) (t, J=7.7Hz, 1H), 7.11 (t, J = 7.5 Hz, 1H), 6.94 (d, J = 3.3 Hz, 1H), 6.42

(d, J = 3.3 Hz, 1H), 3.89 — 3.86 (m, 1H), 1.81 — 1.79 (m, 1H), 1.77 — 1.73

(m, 2H). 3C NMR (151 MHz, CDCls) & 137.01, 128.96, 126.42, 122.68, 121.40, 120.81,

119.17, 109.75, 103.07, 34.26, 14.40, 5.94. GC-MS m/z (% relative intensity): 182.1(100),
156.1(18.8), 155.1(15.1), 154.1(37.8), 130.1(18.4), 116.1(24.1).

With (+)-Da4-(por)FeCl as catalyst: 87% ee (Chiral IE, 2% isopropanol-hexane, rate 1.0
mL/min): tz (major) =11.10 min., tz (Minor) =12.46 min. [a]o® = +78.67 (¢ =0.10, CHCl5).

CN (1S,2S)-2-(5-(Benzyloxy)-1H-indol-1-yl)cyclopropane-1-

Y carbonitrile (3k). *H NMR (500 MHz, CDCl3) & 7.40 (d, J = 7.0 Hz,

N 2H), 7.33 -7.30 (m, 3H), 7.25 (t, J = 7.4 Hz,1H), 7.08 (d, J = 2.4 Hz,

/@/7 1H), 6.96 (dd, J = 8.8, 2.4 Hz, 1H), 6.91 (d, J = 3.1 Hz, 1H), 6.32 (d, J

BnO = 3.1 Hz, 1H), 5.03 (s, 2H), 3.86 — 3.83 (m, 1H), 1.81 — 1.75 (m, 1H),

1.75 - 1.70 (m, 2H). 13C NMR (126 MHz, CDCl3) & 154.10, 137.46, 132.38, 129.39, 128.61,

128.58, 127.87, 127.66, 127.53, 127.04, 119.20, 113.50, 110.41, 104.79, 102.74, 70.86, 34.36,

14.39, 5.92. GC-MS m/z (% relative intensity): 289.2(10.1), 288.1(44.3), 198.1(14.2),
197.1(100), 169.1(16.8), 168.1(10.9), 142.1(8.1), 103.1(9.1).

With (+)-D4-(por)FeCl as catalyst: 90% ee (Chiral AS-H, 10% isopropanol-hexane, rate 1.0
mL/min): tr (Major) =19.576 min., tz (Minor) =22.543 min. [a]o®® = +90.00 (¢ =0.10, CHCls).

.ieN (1S,2R)-2-((E)-Styryl)cyclopropane-1-carbonitrile (4). *H NMR (600

_ MHz, CDCl3) & 7.24 — 7.23 (m, 3H), 7.19 — 7.15 (m, 2H), 6.52 (d, J =

15.7 Hz, 1H), 5.62 (dd, J = 15.9, 8.2 Hz, 1H), 2.20 — 2.17 (m, 1H), 1.45

—1.41 (m,1H), 1.38 — 1.34 (m, 1H), 1.16 — 1.13 (m, 1H). 3C NMR (126

MHz, CDCls) & 136.25, 132.25, 128.70, 127.82, 127.24, 126.05, 120.95, 24.08, 14.64, 5.11.

GC-MS m/z (% relative intensity): 169.1(36), 168.1(53.5), 142.1(100), 141.1(51.8),
129.1(77.7), 128.1(76.7), 127.1(30.2), 116.1(66.9), 115.1(97.7).

Spectral data were in accord with the literature values. 2
With (+)-Das-(por)FeCl as catalyst: 65% ee (Chiral 1A, 2% isopropanol-hexane, rate 1.0
mL/min): tg (major) = 8.65 min., tr (minor) = 9.57 min. [a]p? = +145.00 (¢ =0.10, CHCl5).

523



(1S,25)-2-(3,4-Difluorophenyl)cyclopropane-1-carbonitrile (6). H

“CN NMR (500 MHz, CDClI3) 6 7.05 — 7.00 (m, 1H), 6.87 — 6.82 (m, 1H),

F 6.81—6.78 (m, 1H), 2.52 (ddd, J =9.2, 6.7, 4.7 Hz, 1H), 1.56 (dt, J = 9.2,

F 5.5 Hz, 1H), 1.48 — 1.46 (m, 1H), 1.34 (ddd, J = 8.9, 6.7, 5.5 Hz, 1H). 13C

NMR (126 MHz, CDCl3) 6 150.98 (dd, J = 91.7, 12.7 Hz), 149.00 (dd, J = 91.0, 12.6 Hz),

134.65 (dd, J = 5.8, 3.9 Hz), 122.73 (dd, J = 6.3, 3.6 Hz), 120.54, 117.63 (d, J = 17.3 Hz),

115.54 (d, J = 18.0 Hz), 24.06 (d, J = 1.7 Hz), 15.19, 6.77. °F NMR (376 MHz, CDCls) & -

136.85 (d, J = 21.1 Hz), -139.19 (d, J = 21.1 Hz). GC-MS m/z (% relative intensity):

179.1(85.2), 178.1(11.4), 158(12.4), 152.1(61.5), 151.1(100), 133.1(12.1), 127.1(24.9),
125(16.4).

With (+)-Ds-(por)FeCl as catalyst: 88% ee (Chiral AS-H, 2% isopropanol-hexane, rate 1.0
mL/min): tg (minor) =14.12 min., tz (Major) =16.04 min. [a]o® = +224.63 (c =1.00, CHClIs).
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6 Crystallographic Data

Table S6 Crystal data and structure refinement for 2g.

Identification code 29
Empirical formula Ci7Hi1sNO
Formula weight 249.30
Temperature/K 100.0(2)
Crystal system orthorhombic
Space group P212124
a/A 6.1916(8)
b/A 7.5616(9)
c/A 27.676(3)
o/° 90
pB/° 90
v/° 90
Volume/A® 1295.7(3)
Z 4
Pealcg/cm’ 1.278
w/mm?! 0.396
F(000) 528.0
Crystal size/mm? 0.4 x0.18 x 0.1

Radiation

20 range for data collection/°

Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c ()]
Final R indexes [all data]

Largest diff. peak/hole / e A

Flack parameter
CCDC

GaKa (1 = 1.34138)
10.552 to 146.53
8<h<8,-10<k<10,-39<1<37
25804
3919 [Rin = 0.0668, Reigma = 0.0373]
3919/0/172
1.039
Ri = 0.0425, wR> = 0.1111
R = 0.0439, wR, = 0.1119
0.43/-0.21
-0.01(12)
2349759




Table S7 Crystal data and structure refinement for 21.

Identification code 21
Empirical formula C20H16N40O4
Formula weight 376.37
Temperature/K 100.0(2)
Crystal system monoclinic
Space group P2,
a/A 9.2102(14)
b/A 6.6977(10)
c/A 14.702(2)
o/° 90
pB/° 98.797(4)
v/° 90
Volume/A? 896.3(2)
Z 2
Pealeg/cm’ 1.395
pw/mm’! 0.528
F(000) 392.0

Crystal size/mm?
Radiation
20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A~
Flack parameter
CCDC

0.2 % 0.12 x 0.08
GaKa (A = 1.34138)

5.292 to 121.124
11<h<11,-8<k<8,-19<1<19
20517
3991 [Rint = 0.0538, Reigma = 0.0531]
3991/1/253
1.060
R, = 0.0396, wR, = 0.1060
R, = 0.0399, wR, = 0.1064
0.33/-0.31
0.07(6)

2349760
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Table S8 Crystal data and structure refinement for 2z.

Identification code 2z
Empirical formula CasHaeFeaNo
Formula weight 502.21
Temperature/K 100.0(2)
Crystal system monoclinic
Space group P2,
a/A 10.4077(10)
b/A 7.4147(8)
c/A 14.8363(16)
o/° 90
pB/° 92.504(4)
v/° 90
Volume/A? 1143.8(2)
Z 2
Pealeg/cm’ 1.458
pw/mm’! 7.123
F(000) 520.0
Crystal size/mm? 0.2 x0.18 x 0.14
Radiation GaKa (A =1.34138)
20 range for data collection/° 5.186 to 146.89
Index ranges -14<h<14,-10<k<10,-21 <£1<20
Reflections collected 25521
Independent reflections 6412 [Rint = 0.0407, Rsigma = 0.0373]
Data/restraints/parameters 6412/1/308
Goodness-of-fit on F? 1.083
Final R indexes [[>=2c (I)] R1=10.0376, wR2 = 0.0961
Final R indexes [all data] R1=10.0416, wR> = 0.0990
Largest diff. peak/hole / e A 0.76/-0.48
Flack parameter 0.128(12)
CCDC 2349761
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Table S9 Crystal data and structure refinement for 2aa.

Identification code 2aa
Empirical formula CioHsBrN
Formula weight 222.08
Temperature/K 100.00
Crystal system orthorhombic
Space group P212124
a/A 7.0173(4)
b/A 9.8390(06)
c/A 12.9563(8)
a/° 90
/e 90
v/° 90
Volume/A? 894.54(9)
Z 4
Pealeg/cm’ 1.649
pw/mm’! 3.812
F(000) 440.0
Crystal size/mm? 0.2 x0.1x0.1
Radiation GaKa (A =1.34138)
20 range for data collection/° 9.82 to 142.244
Index ranges 9<h<9,-13<k<13,-18<1<18
Reflections collected 20294
Independent reflections 2614 [Rint = 0.0781, Rsigma = 0.0490]
Data/restraints/parameters 2614/0/110
Goodness-of-fit on F? 1.120
Final R indexes [[>=2c ()] R1=0.0332, wR> =0.0560
Final R indexes [all data] R1=10.0427, wR> = 0.0586
Largest diff. peak/hole / e A 0.56/-0.56
Flack parameter 0.00(2)
CCDC 2349764
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Table S10 Crystal data and structure refinement for 2ad.

Identification code 2ad
Empirical formula CnHsFsN
Formula weight 211.18
Temperature/K 100.0(2)
Crystal system orthorhombic
Space group P212124
a/A 7.1860(6)
b/A 10.3981(8)
c/A 12.9161(10)
o/° 90
pB/° 90
v/° 90
Volume/A? 965.10(13)
Z 4
Pealeg/cm’ 1.453
pw/mm’! 0.703
F(000) 432.0
Crystal size/mm? 0.22 x 0.08 x 0.06
Radiation GaKa (A =1.34138)
20 range for data collection/° 9.5 to 146.656
Index ranges -10<h<9,-14<k<13,-18<1< 17
Reflections collected 19415
Independent reflections 2901 [Rint = 0.0843, Rsigma = 0.0476]
Data/restraints/parameters 2901/0/137
Goodness-of-fit on F? 1.079
Final R indexes [[>=2c ()] R1=0.0416, wR> =0.1063
Final R indexes [all data] R1=10.0433, wR>=0.1077
Largest diff. peak/hole / e A 0.43/-0.25
Flack parameter 0.18(17)
CCDC 2351894
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7 Diversification of Arylcyclopropanyl Nitriles

Preparation of 9

Alcoholysis of 3a afforded the corresponding cyclopropyl carboxylic ester 8 with a yield of
98%.2 In the presence of excess guanidine (free base) in DMF, 8 can be converted into 9
according to the reported procedure.

y g . NH
‘cN H2S04, MeOH ‘COOMe Ref 14 '/H/N\\( 2
g g O NH,
98%
0 o) o)
3a 8 9

Preparation of arylcyclopropyl carboxylic ester 8

A mixture of 3a (23 mg, 0.128 mmol), 98% H2SO4 (100 pL) and MeOH (0.5 mL) was heated
to reflux for 3 h. After cooling down to room temperature, NaHCOj3 (aq) was added dropwise
until pH = 7. Then the mixture was extracted by ethyl acetate, dried over Na>SO4 and
concentrated under reduced pressure. The crude product was purified by column
chromatography with PE/EA (2%-5% EA) to afford 8 as pale-yellow oil, yield 98%.

Methyl (1S,2S)-2-(2,3-dihydrobenzofuran-4-yl)cyclopropane-1-
““cOOMe carboxylate (8). *H NMR (600 MHz, CDCls) § 7.03 (t, J = 7.8 Hz,

1H), 6.67 — 6.63 (m, 1H), 6.41 (dt, J = 7.8, 0.7 Hz, 1H), 4.59 (t, J =
8.7 Hz, 2H), 3.73 (s, 3H), 3.24 (t, J = 8.7 Hz, 2H), 2.42 (ddd, J = 9.2, 6.6, 4.2 Hz, 1H), 1.91
(ddd, J=8.4,5.2, 4.3 Hz, 1H), 1.58 (ddd, J = 9.4,5.2, 4.4 Hz, 1H), 1.32 (ddd, J = 8.4, 6.6, 4.4
Hz, 1H). 3C NMR (151 MHz, CDCls) & 174.01, 159.86, 136.57, 128.30, 126.64, 116.22,
107.61, 71.10, 51.98, 28.57, 24.05, 22.61, 16.19. GC-MS m/z (% relative intensity):
218.2(91.8), 159.1(100), 158.1(80.3), 157.1(52), 144.1(78.1), 132.1(74.4), 131.1(68.3),
129.1(51.4), 115.1(88), 91.1(70.1).

7.1 Compounds in Figure 2

Preparation of S 17092, 11 and VU359595

According to the literature method,*® phenyl cyclopropyl carboxylic acid (1R,2R)-11 can be
obtained via hydrolysis of (1R,2R)-2a under basic conditions in high yield. In the presence of
SOCl;, (1R,2R)-11 can be converted into phenylcyclopropanecarbonyl chloride.*® Coupling
phenylcyclopropanecarbonyl chloride with the corresponding amines affords the desired
product S17092,1" and VU359595 (using (1S,2S)-2a as starting material).®
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@k&CN Ref15 “"ACOOH Ref16_ ‘W%(CI
( j 0

(1R,2R)-2a (1R,2R)-11 phenylcyclopropanecarbonyl chloride
N
YN 0
(0] = J(
N N™ NH
o\

S 17092 VU0359595 Br

(Ref 17) (Ref 18)

Preparation of ST-161

Reaction of (1R,2R)-11 with methanol affords the methyl ester,'® followed by reaction of the
ester with hydrazine hydrate to give phenylcyclopropane-1-carbohydrazide.?’ ST-161 can be
obtained by coupling the carbohydrazide with the corresponding ketone according to the

reported procedure.?

A A .
@ cooH Ref19 @ COOMe  Ref20 @\\VNN—NHZ
0

(1R,2R)-11
=
Ref 21 H
\\"%/N_N O
Y

ST-161

7.2 Compounds in scheme 4 and figure 2

Preparation of phenylcyclopropylamines

Alkaline hydrolysis of 2a, 2g, 21, 2p and 6 affords the corresponding carboxylic acids,'® which
can be further converted into the related t-butoxy carbamates via reaction with
diphenylphosphoryl azide and t-butanol.?? Hydrolysis of the t-butoxy carbamates with 6 M HCI
afford the corresponding phenylcyclopropylamines (as HCI salt).??

General Procedure for Hydrolysis of Cyclopropyl Nitriles to Cyclopropyl Carboxylic
Acids

To a solution of KOH (50% wi/w, 0.5 mL) and dioxane (0.1 mL) at room temperature was
added cyclopropyl nitrile (2g, 21 or 6) (0.08 mmol). The mixture was heated to 90 °C. After
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the reaction was completed as monitored by TLC. The reaction was cooled down to room
temperature and neutralized by 3 M HCI. The crude product was extracted by ethyl acetate,
dried over Na>,SQO4, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel with ethyl acetate/hexanes to afford the product as solid.

.wcooH  (1S,2S)-2-(4-(Benzyloxy)phenyl)cyclopropane-1-carboxylic  acid
(11a), 82% yield. *H NMR (500 MHz, CDCls3) & 7.47 —7.35 (m, 4H),
7.35-7.27 (m, 1H), 7.04 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 1H),
5.04 (s, 2H), 2.56 (ddd, J =9.2, 6.7, 4.1 Hz, 1H), 1.82 (ddd, J = 8.3, 5.2,
4.1 Hz, 1H), 1.62 (dt, J = 9.5, 4.9 Hz, 1H), 1.35 (ddd, J = 8.3, 6.7, 4.6

Hz, 1H). C NMR (126 MHz, CDCls) & 179.63, 157.64, 136.93, 131.77, 128.59, 127.97,

127.49, 127.44, 114.93, 70.07, 26.61, 23.71, 17.23. HR-MS (ESI): calcd. for C17H1603 ([M-

H]) 267.1016, found 267.1020.

BnO

wcooH (1S,2S)-2-(4-Nitrophenyl)cyclopropane-1-carboxylic acid (11b), 95%
yield. 'H NMR (600 MHz, CDCls) 6 8.16 (d, J = 8.7 Hz, 2H), 7.24 (d,
J=8.7 Hz, 2H), 2.68 (ddd, J = 9.9, 6.5, 4.1 Hz, 1H), 2.01 (dt, J = 9.1,
4.8 Hz, 1H), 1.79 (dt, J = 9.8, 5.2 Hz, 1H), 1.50 — 1.47 (m, 1H). 3C
NMR (151 MHz, CDCls) & 178.21, 147.36, 146.79, 126.89, 123.89,
26.47, 24.69, 18.18. GC-MS m/z (% relative intensity): 207(16.6), 190.1(28.1), 162.1(9.2),
160.1(9.7), 136(9), 116.1(69.9), 115.1(100), 103.1(9.6). HR-MS (ESI): calcd. for C1o0HgNO4
(IM-H]) 206.0448, found 206.0449.

O,N

(1S,2S)-2-(3,4-Difluorophenyl)cyclopropane-1-carboxylic ~ acid

'COOH (11c), 98% yield. *H NMR (500 MHz, CDCl3) 6 11.70 (s, 1H), 7.10

F —7.02 (m, 1H), 6.91 - 6.86 (m, 1H), 6.85 —6.82 (m, 1H), 2.55 (ddd, J

F =9.3,6.6,4.1 Hz, 1H), 1.85 (dt, J = 8.9, 4.7 Hz, 1H), 1.65 (dt, J =9.7,

5.1 Hz, 1H), 1.34 (ddd, J = 8.5, 6.6, 4.8 Hz, 1H). *C NMR (101 MHz, CDCls) § 179.62,

150.99 (dd, J = 105.9, 12.7 Hz), 148.53 (dd, J = 104.9, 12.7 Hz), 136.59 (dd, J = 5.9, 3.7 Hz),

122.44 (dd, J = 6.2, 3.5 Hz), 117.25 (d, J = 17.3 Hz), 115.23 (d, J = 17.7 Hz), 26.05 (d, J = 1.6

Hz), 23.94, 17.30. °F NMR (376 MHz, CDCls) 6 -136.13 (d, J = 21.2 Hz), -137.84 (d, J =

21.3 Hz). GC-MS m/z (% relative intensity): 198.1(58), 180(23.1), 153.1(100), 152.1(50.8),

151.1(87), 143(17.2), 134.1(11.9), 133.1(77.3), 127.1(58.6), 125.1(13), 101.1(14.4). HR-MS
(ESI): calcd. for C1oHgF202 ([M-H]") 197.0409, found 197.0409.

Spectral data were in accord with the literature values.?*
Preparation of cyclopropyl amine 14. ?

A mixture of 11¢ (0.13 mmol, 25.9 mg), diphenylphosporazidate (0.15 mmol, 41.5 mg), and
triethylamine (0.18 mmol, 20.6 mg) in dry fert-BuOH (1.3 mL) was stirred at 90 °C under

argon atmosphere for 48 h. The solution was concentrated and poured into 10% aqueous
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NaxCOs (5 mL) and extracted with Et;O three times. The combined organic phase was dried
over NaySOq, filtered, and concentrated. The resulting fert-butyl carbamate was dissolved in a
mixture of MeOH (1 mL) and 6 M aqueous HCI (2 mL). The solution was maintained at reflux
for 12 h. After concentration under reduced pressure, the residue was washed with Et,O three
times, and the white solid was obtained as the product as HCI salt.

(1S,2R)-2-(3,4-Difluorophenyl)cyclopropan-1-amine

“NHHCI hydrochloride (14), 92% yield. *H NMR (500 MHz, CDs0D) &

F 7.20 (m, 2H), 7.12 (m, 2H), 7.00 (m, 2H), 2.85 (m, 2H), 2.38 (ddd, J

F =10.2, 6.5, 3.6 Hz, 2H), 1.43 (ddd, J = 10.2, 6.8, 4.5 Hz, 2H), 1.34

(dt, J=17.9, 6.7 Hz, 2H), 1.29 (s, 1H). *C NMR (126 MHz, CDs0D) & 150.63 (dd, J = 127.3,

12.9 Hz), 148.68 (dd, J = 126.4, 12.8 Hz), 136.03 (d, J = 9.5 HZz), 122.75 (dd, J = 6.4, 3.4 Hz),

117.05 (d, J =17.7 Hz), 115.14 (d, J = 18.1 Hz), 30.57, 20.38 (d, J = 1.7 Hz), 12.48. 1°F NMR

(376 MHz, CD30D) 6 -136.09 (d, J = 21.1 Hz), -137.80 (d, J = 21.1 Hz). GC-MS m/z (%

relative intensity): 168(36.9), 153.1(36.1), 152.1(100), 151.1(73.3), 148(16.4), 140(18.8),

139(14.9), 132.9(17.7), 127(26.3), 125(12.2), 119(16.8), 114.1(18.3), 101(19.2). HR-MS
(ESI): calcd. for CoH10CIF2N ([M-CI]*) 170.0776, found 170.0775.

Spectral data were in accord with the literature values.?

Diversification of aryl cyclopropyl nitriles to bio-active cyclopropyl carboxamides.

According to the reported procedures, coupling of phenylcyclopropylamine with the
corresponding carboxylic acid affords Diprovocim-1.%7

}"’NH o v

Ph ) 2
1., HN
O/ N
0 Oo
N "//
NH A

Diprovocim-1
(Ref 27)

Alkylation of tert-butyl ((1R,2S5)-2-(4-(benzyloxy)phenyl)cyclopropyl)carbamate, which can
be prepared from 11a-enatniomer, with 2-chloro-1-(4-methylpiperazin-1-yl)ethan-1-one in the
presence of NaH affords tert-butyl ((1R,25)-2-(4-(benzyloxy)phenyl)cyclopropyl)(2-(4-
methylpiperazin-1-yl)-2-oxoethyl)carbamate. Further deprotection of the Boc-group by
ethereal HCI solution gives RN-1 as a water soluble HCI salt.?®
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/©\WACQOH Ref 28 - NWN\)
o J@ Hol «2HC|
0

11a-enantiomer ©/\ RN-1

(1R,2S)-2-(4-(benzyloxy)phenyl)cyclopropan-1-amine can be easily prepared from 1la-
enantiomer,?® then coupling with tert-butyl (5-(chloromethyl)-1,3,4-oxadiazol-2-yl)carbamate
under alkaline condition and followed by deprotection of the Boc group under acidic conditions
affords ORY-2001.2°

A AN 0
\\w ' N
/@ COOH  Ref28,29 /@ H/\Nf )—NH2
_— > i:/\ =N
©/\O (0]
11a-enantiomer ORY-2001 (Vafidemstat)

According to the reported procedures, reducing the nitro group of tert-butyl ((1R,25)-2-(4-
nitrophenyl)cyclopropyl)carbamate, which can be prepared from 11b-enantiomer,® followed
by coupling with corresponding carboxylic acid affords N-Boc MC2580. Further deprotection
of the Boc-group in the presence of 6 M HCl yields MC2580.%°

O »" YNH, eHClI
o__N

W ~COOH Ref 30 \n/ ”
0]
O,N

11b-enantiomer
MC2580

According to the reported procedures, coupling of (15,2R)-2-(3-chlorophenyl)cyclopropan-1-
amine, which can be prepared from 2p,*! with 3-((tert-butoxycarbonyl)amino)-3-
methylbutanoic acid affords amide tert-butyl (4-(((18,2R)-2-(3-
chlorophenyl)cyclopropyl)amino)-2-methyl-4-oxobutan-2-yl)carbamate. After deprotection of
the Boc group under acidic condition and followed by coupling with (2S,45)-1-(2-
bromoacetyl)-4-fluoropyrrolidine-2-carbonitrile, 13 is obtained.?

F
ol Ref 31, 32 O
o ————= C N
Y
2p

13
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2 coupling  of  (1R,25)-2-(3,4-
difluorophenyl)cyclopropan-1-amine (14-enantiomer) with 7-chloro triazolopyrimidine and
followed by deprotection of the ketal group affords Ticagrelor (AZD6140).

According to  the  reported  procedures

F ‘\‘-ANH
j@ 2 Ref33 3 0
F H

14-enantiomer HO OH

Ticagrelor (AZD6140)

According to the reported procedures,®* reaction of tert-butyl ((1R,25)-2-(3,4-
difluorophenyl)cyclopropyl)carbamate (prepared from 14-enantiomer) with propargyl bromide
in the presence of NaH affords tert-butyl ((1R,25)-2-(3,4-difluorophenyl)cyclopropyl)(prop-2-
yn-1-yl)carbamate. Deprotection of the Boc group under acidic condition affords (1R,25)-2-
(3.,4-difluorophenyl)-N-(prop-2-yn-1-yl)cyclopropan-1-amine, which react with 2-azido-1,4-
dimethoxybenzene to give 7 via “Click Chemistry” reaction.

FANY

FQ\ H, Ref34_ J@ M

F

14-enantiomer
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9 NMR Spectra

"H NMR spectrum of 1x in CDCls.
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"H NMR spectrum of 1aa in CDCl;
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"H NMR spectrum of 1ak in Acetone-d6

v0°C

LE'S
LE'S /
6€’S

e
3
N
C

CH,

001

201

Fge0
0°1
10°1
4560
Mh“:._
60

5

£1 (ppm)

13C NMR spectrum of 1ak in Acetone-d6

66'v11
68°IT1 /
oLzl W
L8TTL
vt
8S¥CIL
17671 *
6€PEL \
69°LEL \
SYovL

CH,

6T°SHT

-10

£1 (ppm)

543



"H NMR spectrum of 1al in DMSO-d6
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"H NMR spectrum of 1ag in CDCl;

Ly —

wr~
vy
PIS~
Lrs”

1L

vy'L
09°L
19°L

o1

o

=760

_ 01

3 = ww...
60
o
As6'0

A\
<
v,

£1 (ppm)

13C NMR spectrum of 1ag in CDCl;

vr96 —

L6'VOT —
PS601 —

18°021
[ fa ¥ V
€Lt
8E°€TI \

L96T1
Is'sel \

.,

WWMMWWWWWWW

T
100

£1 (ppm)

110

130

140

210

545



"H NMR spectrum of 1am in DMSO-d6
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"H NMR spectrum of 2a in CDCl;
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13C NMR spectrum of 2e in CDCls
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13C NMR spectrum of 2f in CDCl;
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13C NMR spectrum of 2h in CDCls
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13C NMR spectrum of 2i in CDCls
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13C NMR spectrum of 2j in CDCls
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13C NMR spectrum of 2k in CDCls
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13C NMR spectrum of 21 in CDCls
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13C NMR spectrum of 2m in CDCl3
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"H NMR spectrum of 20 in CDCl;
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13C NMR spectrum of 2p in CDCls
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"H NMR spectrum of 2v in CDCl;
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"H NMR spectrum of 2w in CDCl;
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"H NMR spectrum of 2x in CDCl;
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"H NMR spectrum of 2y in CDCl;
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"H NMR spectrum of 2z in CDCls
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"H NMR spectrum of 2aa in CDCl;
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"H NMR spectrum of 2ab in CDCls
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"H NMR spectrum of 2ac in CDCls
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"H NMR spectrum of 2ad in CDCls
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9F NMR spectrum of 2ad in CDCls
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13C NMR spectrum of 2ae in CDCls

98701 —

BE6T N\
£6°61 —~
sIIT

61'SE —
0r6e —

$9°071 —
65°LTI~
66°'LT1 7
6011 "

0T8E1 —

Pr

CN

I [ .

£1 (ppm)

"H NMR spectrum of 3a in CDCl;

L2 3
6€°1
6€°1
6€°T 1
[Uah
A%
SP°I
9T
LY'1
8V°1
€571
€571
ST
PSTIA
SS' 17
9¢°1 /
ST

9T
9T
L'z

Lre
.ﬂ.m/
0Te
0Te
e
we
€TE
€T°E
vTe
9Te
130
vSy
9s'y
LSV

0€'9~
1£97
99~
v997
L6'9
86'9

00’y

61°L

“1CN

- JLO'L
- Mﬂm:.—
4 19°1

—_— 70

e

JU

=001

60

J

)

u =01
3

4

e}

£1 (ppm)

580



13C NMR spectrum of 3a in CDCl;
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13C NMR spectrum of 3b in CDCls
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13C NMR spectrum of 3¢ in CDCls
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13C NMR spectrum of 3d in CDCls
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13C NMR spectrum of 3e in CDCls
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13C NMR spectrum of 3f in CDCls
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13C NMR spectrum of 3g in CDCl;
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13C NMR spectrum of 3h in CDCls
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13C NMR spectrum of 3i in CDCls
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13C NMR spectrum of 3j in CDCls
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13C NMR spectrum of 3k in CDCls
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13C NMR spectrum of 4 in CDCl;
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13C NMR spectrum of 6 in CDCl;
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"H NMR spectrum of 8in CDCls
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"H NMR spectrum of 11a in CDCls
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"H NMR spectrum of 11b in CDCls
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"H NMR spectrum of 11¢ in CDCl;
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9F NMR spectrum of 11¢ in CDCls
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13C NMR spectrum of 14 in CD30D
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10 HPLC Spectra

DuBSZ0 OB aD A 2T

:
58 O
8843

ol rac

Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
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spectrum 8)’:
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7260 min. ||
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uv ]
spectrum 15
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7.513 min. ]
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.252 BV R 0.1092 218.77281 30.68597 90.3355
2 7.485 VB E ©0.1109 23.40534 3.29465 9.6645

Totals : 242 .17815 33.98062
DADL, 728(R8mAU - ) of (0BP2BLETHG4 RAVOHRCRD
mAU
D
uv 5?
spectrum 20*
of the ]57
peak at ]
7.258 min. 10+
5
o
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
20 20 X0 20 30 30 30 gss) €30) m
DADY, 748(36mA - ) of O3 P2RBLE-THC4-R-OMOHRCRD
mAU
uv 25
spectrum 2;
of the
peak at 15?
7.498 min. 1
05-
0
\ \ \ \ T \ \
220 20 X0 2 J0 30 30 X0 30 m
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.066 BV 0.1122 6735.76709 932.75519 57.1676
2 7.468 VB 0.1165 5046.71436 665.38782 42.8324

Totals : 1.17825e4 1598.14301

2

uv
spectrum
of the
peak at
7.258 min.

8B &8 8 8

o

uv
spectrum
of the
peak at
7.498 min.

o B B 8888 2
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ﬁignal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
5 [min] [min] [mAU*s ] [mAU] %
B R P e | <=emeeee |<-mne |
1 7.115 BV 0.1183  46.00865 6.07749  2.6219
2 7.515 VB ©.1245 1708.79126 210.87675 97.3781
Totals 1754.79991 216.95425
DADL, 7221 (72mAU - ) df THS5 2 STYRENE(-) DIFCRAEL- TRANSX3. (B 1020:0642D
AU
6
5
uv ]
spectrum 47
of the 3
peak at 2,
7.121 min. 1
1
0
W ow a@ o W W 3 B B m
DADL, 7508(25nAU - ) d THG525 STYRENE()DIFCREL- TRANSIZB3 B I0BAL2D
s
-
175
uv -
e |
peak at ]mi
7515min. || >
D-
5-
0
W oW @ ®» W W 3 W B m
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %

1 10.774 BV 0.1630 1156.28296 111.52898 50.3171
2 11.356 VB 0.1692 1141.71021 104.74861 49.6829

DAL 1070 (126 - ) & (P2 2221126 THG3644-RHIA.D
iU ]
1m-
uv o
spectrum of 1
the peak at a;
10.760 min. £
D
0
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
20 20 X0 .3 30 30 30 3D B m
DADY, 11.307(SB0NAU - ) of A6 P2B6 221126 THS36A4RRACHA.D
mAU |
8-
uv -
spectrum of ]
the peak at 20
11.307 min. ]
-
o
\ \ \ \ T \ \
20 20 p:) 2 30 K20) 330 3] B m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.749 BB 0.1611 2249.52563 216.78615 99.1958
2 11.336 BB 0.1629 18.23635 1.78959 0.8042

rJ
i3
uv B
spectrum of | | 1p
the peak Fat 5

10.699 min.
B
pol
0
T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T
d) 2 i) B i) D 3D K:)] ® n
DADL, 11.32(25mA - ) of Q06P2B5- 2221126 THC31064R-ENANTIQLD

mAU|

2

uv 15

spectrum of !

the peak at 14

11.332 min. ]
05-

0-

T \ \ T \ |
20 20 X0 2 30 30 30 Ksl) 30 m
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU ] 4

1 12.854 BV 0.2054 795.13135 60.78931 49.7781
2 12.555 VB 0.2112 806.51440 59.18839 50.2299

Totals : 1605.64575 119.88978

uv

spectrum of
the peak at
12.051 min.

o BB 8 & 8 8 o2

uv

spectrum of
the peak at
12.558 min.

o BB 8 58 8 d
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.865 BV R ©.1752 1364.97131 121.40476 96.7389
2 12.364 VB E 0.1865 46.01299 3.76718 3.2611

DADL, 11.8B(1H5nAU - ) d AP211TATHE3 1A SIYRENEQCOIA 222 11-17 206D
AU
%oy
10
uv 100
spectrum of EI%
the peak at o
11.868 min.
4
A5
&
\ \ \ \ T ] \ \
20 20 i) 2 30 £20) 30 K3l) B m
DL, XI0EA /) SOOI TP FEIBATAMNID
nAJ]
B
Kl
uv s}
spectrum of ™
the peak at
12020 min. || &,
1]
LY
0]
™ I I \ T I \ \ I
) 20 B B K1) D 30D i) B m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.929 BV 0.1917 247.64742 20.10974 49.8365
2 13.455 VB 0.1982 249.27260 19.36331 50.1635

DAY, 12956(239nA - ) d 2NTATHE3 AAERSTYREINERAH|A 22211-17 317D

0
spectrum of 1
the peak at 10
12.966 min.
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0
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T
2 20 ys) e 30 £20) 30 ki) FHD m
DADL, 133D(A8MAU -) d 0BP2B AR5 THG3 A4BRSTYRENERACD
mAU -
-
uv 1
spectrum of 157:
the peak at ]O:
13.330 min. ]
5-
0-
1 \ \ T T ] \ \ \ ‘
220 20 X0 2 J0 30 30 Ksl) 30 m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
SORIEREEEE R | <-mmm e | <mmme e |<-- oo |
1 12.848 BV R ©0.1940 3699.18579 295.65503 97.7488
2 13.390 VB E 0.2047 85.19280 6.34462 2.2512
DAL 129563l - ) d 22N THE31BAERSIYRENEQOGIA 22211-1721-1099D
AU |
=
uv a0
spectrum of ]
the peak at ]Hk
12.905 min. 100
D
0
T \ \ T | \ T
2 20 st ) J0 £20) 30 3D FHD m
DADY, 13299(37mAU - ) of QO1IP2 B72221115 THG39-BRSTYRENED
AU}
3
UV 25—2
spectrum of 2
the peak at 15
13.299 min. ]
H
Q5
SRR R I U I P
2 20 X0 st 30 K%0) 30 30 3D m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.745 BV 0.1148 458.16516 61.58786 49.9986
2 8.167 VB 0.1212 458.19089 58.61942 50.0014

DAL, 770BE39nA - ) d 222118 THE3 AAMESTYRENERNH|A A2211-181A45B10D
miJ ]
5
uv 4}
spectrum of 3}5
the peak at ]
7.72 min. Lo
o
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T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
20 20 ) el 3D 3D 3D 3D I m
DADL, 8180(BL5MAU - ) of 2218 THS3 ISAMESTYRENERACHIA) A12-11-18 1746:10D
mAU |
o
uv o
spectrum of 1
DA
the peak at ]
8.160 min. 20
10
0
\ \ \ \ T \ \
22 20 0 2 30 K20) 30 KRS 0 my
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.782 BV

0.1180 4873.56152 646.07538 93.6428

2 8.211 VB 0.1264 330.85565 40.90814 6.3572

uv 40

spectrum of

the peak at 33}
7.763 min. 1

DAY, 7.763(633n - ) & 2PN THEIIBHAMESTYRENH]A 22211:-1817-3654D

T ‘ T T T ‘ T T T
20 20 st sy 30 30 30 D B

m

uv
spectrum of
the peak at
8.209 min.

DADL, 820(433mAU - ) f 2221118 THG3 IOAAMESTYRENH|A) 22211:-1817-36H54D
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min]

[min] [MAU*s ] [mAU] %

1 11.898 BB 0.1782 1092.20374  94.97186 560.1159
2 12.883 BB 0.1932 1087.15002 87.32882 49,8841

DAOL, 1N80(1BmAU - ) d 2B THG3 AAMESTYRENERAH|A 2211-18160615D

AU |

160

140

uv 0
spectrum of 10
the peak at &
11.890 min. &
o

D

D W B B W W B E m
DALY, 1280161 mAU - ) o 2221118 THG3 754OMESTYRENERACH|A) 222-11-18160615D

mAU-

140

120

uv |
spectrum o ]
tkl?epeakat 837
12.890 min. | @7
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20

0

S115




DUOBSGZOF TG F 21T o=n Z=5)

MeO

| UV W |

12899

T T T T T
2 a 6 8 D

Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [ mAU ]

1 11.906 BB 0.1789 2638.82642 228.16277 93.7862

2 12.899 BB ©.1930 174.83577 14.06879 6.2138

D, DA ) RIS PRI6 TBTHE R B RRNRA T2 TR BAED
mJi
B
Kl
uv
spectrum of )
the peak at n
11.904 min. || B
1
B
¢
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
2 2 B ) K{) D 3D KiY) B m
DADL, 22904 (282mAl - ) o 2221118 THE3AOAAOVESTYRENH(A) 222-11-18 164448D
mﬁui
D
uv ]
spectrum of 15’:
the peak at ]
12904 min. || ¥
5
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20 20 i) p3) 30 0 30 K30) F m
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %
L B R s s <= -me |
1 15.888 BB 0.2578 1183.47192  71.23291 50.0959
2 16.835 BB 0.2726 1178.93958 67.21091 49.9041
Totals : 2362.41150 138.44382
DADY, 1580 (L14mAU -) & (2P2D4 THGA 166 ACENAR-RACETRANSD
AU |
10
UV o
spectrum of -
the peak at !
15.870 min. A
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20 20 2 2 I W W L L m
DADY, 16837 (109mA - ) of O:P2-D4 THG4 166 4CENAR-RACE TRANSD
U |
100
83;
uv ]
spectrum of ol
the peak at ]
16.837 min. || 47
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20 20 X 2 I W W D L m
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R EEEEE R <= mme e <= mme e R |
1 15.993 BB 0.2601 868.77472 51.69202 93.7621
2 16.947 BB 0.2668 57.79848 3.35882 6.2379
Totals 926.57320  55.05084
DADL, 15977(29nAU - ) o (0BP206 THG41674CENAR-ENANTIGTRAD
ITAJ,
0
-
uv ]
D
spectrum of ]
the peak at 4)?
15977 min. || -
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0
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20 20 XM XM I W W N B m
DADL, 1690 (E5MA -) 6 (0BP205 THG4167-4CENAR-ENANTIGTRAD
mAU |
5
4]
uv ]
spectrum of 3
the peak at ]
16.950 min. 21
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0
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
s [ mee e P R | «mmmeee |<mmmm e |<one e |
1 12.053 BB 0.1859 545.90417 45.53460 50.0171
2 13.154 BB 0.2013 545.53186 42.06537 49.9829
Totals 1091.43604  87.59996
DAY, 22CR2 (198 mAU -) f QOIP2BeXP2 1115 THG3 75 AVENSTYRENERD
-
175
15-
uv 15
spectrum of E
the peak at KD§
12052 min. || 1
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L L L N I A N
20 20 X 2 3 W W D F m
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70V 15,
spectrum of 100-
the peak at 757
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<
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Signal 1: DAD1 B, Sig=220,4 Ret=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 12.053 BB 0.1858 537.00049  44.82771 93.5647
2 13.162 BB 0.2021 36.93428 2.83232 6.4353

Totals : 573.93477 47.66003
DADY, 2209 (185mAU - ) f CPP2BICA21115 THG3 T3AVENSTYRENE D
AU
-
v 15
spectrum of || 1m0
the peak gt 5
12.029 min. :
0
5
0
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spectrum of 6£
the peak at ]
13.149 min. 4
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0
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20 20 3] ) 30 30 30 K31] 0

5120




- “CN

= tBu rac

Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.177 BV ©0.1217 1.57375e4 2045.77515 49.7779
2 7.563 VB 0.1258 1.58779e4 1973.96167 50.2221

Totals : 3.16155e4 4019.73682
DALY, 7.157 (1996 mAU - ) of Q0P2BBR21115 THG 3 5 4TBUSTYRENERAD
mAU-
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150
v 125-
spectrum of ]
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the peak at ]
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uv ]
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spectrum of ]
the peak at m?
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.348 BV 0.1258 1.61877e4 2014.08997 81.1857
2 7.745 VB 0.1256 3751.38818 467.62555 18.8143

Totals : 1.99391e4 2481.71552
D, 739220A ) ) RESEIEG BRI 2TE THEIBARAMNID
mJ|
B
uv 5
spectrum of )
the peak at || @
7.349 min. B
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spectrum of
thepeakat »
7.742 min.
1
0
™ I \ \ T \ I I I
2 2 B B K{) D 3D Ki)) B n

S122




8.8
o
| ﬁ>
o
Z
18815

T T T T T T T T T
2 a S 8 D e =4 n B B

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.414 BB 0.2145 3785.87866 275.20950 49.9679
2 18.815 BB 0.3579 3790.74463 165.06760 50.6321

Totals : 7576.62329 440.277160
DADI, 11.30(3BmA -)  THG3 184 BFHRAEXR30415164649D
AU |
|
uv 2
spectrum of 20
the peak at 15
11.390 min. ]
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spectrum of | | 15
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0
5
o
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5123




5 15 21
| Y G 7

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.428 BB 0.2063 27.93940 2.08539 5.1449
2 18.861 BB ©.3513 515.11182 22.825604 94.8551

Totals : 543.05122 24.91042
DADL, 1142431 mAl - ) d THG3 18O BPHENANTIOPZP3 (4 15152231.D
mAU ]
25
uv 2
spectrum of 155
the peak at ]
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uv D
spectrum of ]
the peak at 15?
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 35.134 BV 0.5748 901.77655 24.42255 49.7761
2 37.195 VB 0.6009 909.88953 23.23388 50.2239
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spectrum of A
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D
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spectrum of 4)7
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min]

[min] [mAU*s ] [mAU] %

1 35.134 BV 0.5806 2123.56812 56.74883 92.3736
2 37.335 VB 0.6254 175.32161 4.32044 7.6264
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mAU |
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spectrum of 5%
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o
D
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spectrum of 4)7
the peak at 3D
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R EERE R e sl Lttt
1 48.031 BB ©.7834 163.74664 3.27465 45.3782
2 52.969 BB ©.8719 167.87690 2.98595 50.6218
DU ARE0A ) REB RGBT ZITTFHEIBNRE D
|
5
uv 4
spectrum of 3
the peak at
48.030 min. 2]
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uv
spectrum of 3
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52970 min. || 2
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min]

[min] [MAU*s ] [mAU] %

1 47.816 BB 0.7588 55.11494 1.10329 7.7482
2 52.640 BB 0.8405 656.21204 12.10418 92.2518
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52.758 min.
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 24.386 BB 0.4175 1250.55371 46.83601 45.9815
2 26.906 BB 0.4954 1251.48120 39.74575 50.0185

Totals : 2502.03491 86.58176
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 24.169 BB 0.5718 2.35248e4 650.73853 91.5108
2 27.135 BB 0.6005 2182.33496 57.54416 8.4892

Totals : 2.57071e4 708.28269
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spectrum of
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 27.816 BB 0.4482 703.97186 24.13935 49.9870
2 29.471 BB 0.4895 704.33820 22.11845 50.0130

Totals : 1408.31006 46.25780
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s | [mAU] %
i RRCEEE -] e |<-mmemee s <= mme |
1 27.582 MM ©0.4803  22.32240 7.74545e-1 5.0776

2 29.214 BB 0.4713 417.30176 13.25626 94.9224

Totals : 439.62416 14.03081
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min]

[min] [mAU*s ] [mAU] %

1 8.064 BV 0.1216 443.10165 56.41275 49.8390
2 8.349 VB 0.1271 445.96466 54.69624 50.1610
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.061 BV R ©0.1226 1868.47803 235.39308 93.2476
2 8.348 VB E 0.1248 135.30270 16.65599 6.7524
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height

# [min] [min] [mAU*s ] [mAU]

1 7.911 W R 0.1240 2307.95044 292.69135
2 8.388 VW R 0.1291 2323.29663 277.31989

49.8343

50.1657
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 7.916 BV 0.1244 2705.49512 341.52234 93.0210
2 8.398 VB 0.1301 202.98412 24.13394 6.9790
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spectrum of || 2=
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.224 VB R ©0.1261 2181.67310 264.82584 50.1396
2 8.814 BB 0.1338 2169.52197 248.52733 49.8604
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spectrum of ]
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.210 VW R 0.1367 1.20178e4 1359.58752 92.6660
2 8.798 VB 0.1419 951.14648 102.85929 7.3340

Totals : 1.29689e4 1462.44682
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 5.744 BV 0.0886 534.45844  93.59595 49,9108
2 5.955 VB 0.0932 536.36884 90.37561 50.0892

uv
spectrum of
the peak at
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 5.733 BV R 0.0895 1473.93152 254.60228 92.7164
2 5.944 VB E ©.0915 115.78822 19.44386 7.2836
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.743 BV ©.1519 720.48077 73.78410 49.8485
2 10.137 VB ©.1557 724.86090 71.82605 560.1515
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uv D
spectrum of
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.732 BV R 0.1546 2749.81689 275.22052 91.8887
2 10.146 VB E 0.1561 242.73505 23.98028 8.1113

DADL 9741 (435U - ) d QI3 P2R2 2PN THE31IS3IMERNANTLD
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spectrum of
the peak at ZD*
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Signal 3: DAD1 G, Sig=270,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.953 BV 0.1245 150.14729 18.92816 49.9093
2 7.264 VB 0.1285 150.69302 18.20991 50.0907

Totals : 300.84032 37.13807
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Signal 3: DAD1 G, Sig=270,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %

1 6.975 BV R 0.1263 2101.94922 259.91483 94.0511
2 7.284 VB E 0.1314 132.95180 15.60615 5.9489

Totals : 2234.90102 275.52098
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Signal 2: DAD1 B, Sig=220,4 Ref=360,1080

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.281 BV 8.1216 1©36.61121 131.95013 45.8448
2 7.638 VB 8.1284 1843.10153 126.22614 50.1560

Totals : 2879.71313 258.21627
DADY, 7.266(150mAU - ) f OB FP2E3 THG3 12420 -RACETRANSD
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s | [mAU] %

1 7.316 VW R 0.1266 1.35633e4 1668.44995 93,7907
2 7.660 VB E 0.1301 897.94684 106.74031 6.2093

Totals : 1.44612e4 1775.19026
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AU
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spectrum of | | 1000+
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spectrum of 0.
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

1 7.772 BV 0.1302 3797.23901 451.33765 49.8960
2 8.104 VWV 0.1363 3813.06665 434.938/5

Totals : 7610.30566 886.27640
DALY, 7.7 (671 mA -) df Q1-P2EL-THG3 118 2BRRACETRANSD
AU
a0,
50"
uv |
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spectrum of ]
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spectrum of 1
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s | [mAU] %

1 7.774 BV R 0.1304 6005.46777 712.33051 93.9152
2 8.105 VB E ©.1353 389.09775 44 ,83159 6.0848

Totals : 6394.56552 757.16210
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&
uv ]
spectrum of 60
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spectrum of ]
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.840 BV 0.1071 697.29077 100.31239 49.5165
2 7.204 VB 0.1144 710.90729 96.02797 50.4835
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mAU |
1-
8);
uv ]
spectrum of aj{
the peak at ]
6.812 min. 0
D
0]
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
20 20 0 3] 30 2] 30 K30 B m
DADL, 7212 (128 - ) of 222124 THG3 NS AVERACH|A) 222 120407-B32D
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spectrum of ]
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7.212 min. 0
D
0
\ - \ \ T T |
20 20 X0 2 30 30 30 Ksl) 30 m

5149




3

B.8. 8.6 .6.6.0

Me
2w

6.852

T
a

T
2 3 a 5 6 7 8 j=) [}

Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min]

[min] [mAU*s ] [mAU] %

1 6.852 BV 0.1125 48.29411 6.66576 7.3775
2 7.239 VB 0.1144 606.32281 81.86349 92.6225
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spectrum of ]
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spectrum of 60-
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 13.430 BB 0.2050 3101.74609 233.49612 50.1144
2 14.800 BB 0.2323 3087.57983 206.67609 49.8856
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uv ]
spectrum of 15)7
the peak at ]
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spectrum of ]
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Signal 3: DAD1 G, Sig=27©,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S R R |- mmmeee |-mmmmmeee |--nmnee |
1 13.566 BB 9.2677 127.73721 7.31752 4.9328
2 15.187 BB 0.3283 2461.809088 114.76523 9S5.0672
Totals : 2589.54629 122.88275
DADY, 13561 (R6NAU - ) f P21 THGA 163 2OVEAR- ENANTICRD
U
.
5
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spectrum of ]
the peak at 157
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spectrum of 31),
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height

# [min] [min] [mAU*s ] [mAU]

1 51.903 BB 1.6606 4571.13867 35.87472
2 57.485 BB 1.8160 4487.68945 28.99006 49.5394

50.4606

Totals : 9058.82813 64.86478
DI 39BE0A ) RES ARG TRP2R A RBS VENNEMR-RD
mJ)
D
uv D
spectrum of
the peak at D
51.903 min.
D
O
I \ \ A \ \
2 2 B ) Ki) D ) m
DI A0 ) RESERCEI B (BP2R AR VENNIMR-HFXD
mJ]
K3
uv 5,
spectrum of D
the peak at 5
57.483 min.
D
5]
O
™ I \ T \ \ I *
2 2 B B K{) D 30 n
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min]

[min] [mAU*s ] [mAU]

2 61.613 MM 2.5277 872.90637 5.75550

Totals

1.92911e4  109.44102

uv

spectrum of
the peak at
52.220 min.

o BN & 8 & B BE

DR 220 12nA ) RESE A RP2ER RS KB ANNEMR-ED

1 52.218 MM 2.9606 1.84182e4 103.68552 95.4751

uv

spectrum of
the peak at
61.613 min.
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.759 BB

0.1628 2127.03174 202.09837 49.9156

2 11.294 BB ©.1891 2134.22119 176.49176 50.0844
Totals : 4261.25293 378.59013
DADL 976556 - ) d Q0L-P2E5 THoA 67 FERROCENERACE TRANGD
"
a0
uv ]
spectrum of || 30
the peak at ]
9.765 min. Caly
1m-
0
A S L S R IO B
20 20 X0 20 30 30 30 X0 K20) m
DADY, 11.311 (4BmAU - ) of Q1-P2ES THCA46/-FERROCENERAETRANSD
AU
4D~
uv W
spectrum of ]
the peak at a0
11.311 min. ]
1m-
o
B B T T T ] T T ] T
20 20 2 30 30 30 30 0] m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %

1 9.745 BB 0.1598 2874.11719 280.00967 73.9844
2 11.293 BB 0.1855 1010.64520 84.50397 26.0156

Totals : 3884.76239 364.51364
DADL, 973H(72mA - ) of QP2E6 THCA /8 FERROCENEENANTIO TRAD
ITAJ7
@
uv 0
spectrum of | | 401
the peak at 10-
9.735 min. ]
A0
o
0
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
220 200 20 20 J0 30 30 X0 C20) m
DALY, 11.275(219mAU - ) of QP2 B THC4 7B FERROCENEENANTIOTRAD
i
a0~
1%
uv =0
spectrum of || 15°
the peak at 100
11.275 min. I3
-
5
0
\ \ \ | T \ \
220 20 X0 2 J0 30 F0 3D 30 m

5156




o 8.5 8.5 6.8 3k
<::E§f
o
4
8887
9142

T
2 a 6 8

o

Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

1 8.887 BV 0.1381 484.47955 54.32221 49.5650

2 9.142 VB 0.1444 492.98447 53.04028 50.4350
Totals : 977.46402 107.36248
DADL, 8873(34mAU - ) of OO4P2-A5 THC3ABA FHABRRACEISPD
mAU |
50
o
uv ]
spectrum of D
the peak at ]
8.873 min. ]
0
0
L L B L L B A N L
22 20 p.sl) 2 30 C20) 30 Ksl)
DADL, 9133(360mA - ) of O4P2-A6 THC3ASBAL RHABRRACEIS2D
mAU -
50
o
uv ]
spectrum of D
the peak at ]
9.133 min. D]
0
0
I I I T T I I
20 20 X0 e 30 30 30 0
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [MAU*s ] [mAU] %
R ERRTERE e P R R <= mee |
1 8.894 BV R ©0.1394 579.69989 64.16592 88.8201
2 9.153 VB E 0.1344 72.96787 8.31648 11.1799
Totals 652.66776  72.48240
DADL, 882 (667U -) of (BFP2A6 THG3 180 A FHAERENANTIGIS2D
mAU |
@,
o]
v o
spectrum of 1
the peak at D
8.882 min. Z)f
0
L L L L N
2 20 ®» ®» IV D IV P W m
DADL, 9148(Q1mAU -) f COBP2A6 THG3 180A FHAERENANTIGIS2D
mh
8
7
uv 6-
spectrum of 5-
the peak at 4-
9.148 min. 3-
2]
1
o
T I T I I I I T
20 20 X sy 30 30 30 0 D m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type

# [min]

1 6.153 BV
2 6.441 VB

Width Area Height Area

[min] [ mAU*s ] [mAU] %
e B [<mmmme e R o meee

©0.0960 1647.75720 266.89063 50.2155

©.1013 1633.61365

246.65681 49.7845

Totals 3281.37085 513.54744
DADY, 6151 (BBMAU - ) d 2221204 THS3120A HAVERACH|A) 22120408(619D
U
4D
uv ]
31),
spectrum of ]
the peak at ]
ZD,
6.151 min. ]
100+
0
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
20 20 X0 20 30 30 30 X0 K20) m
DADY, 6431 (456 mA - ) of 2221204 THS 3 TOA FHAVERAH|A 2221204 (B3B-19D
mAU |
40-
uv 0
spectrum of ]
the peak at a0
6.431 min. 1
10+
0]
T ‘ T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
20 20 i) p3) 30 0 30 K31 F m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %
e BT R e S R |
1 6.203 BV E 0.0977 43.11644 6.82424 10.2652
2 6.487 VB R 0.0998 376.90762 58.01847 89.7348
Totals 420.02407 64.84271
DADYL, 619%6(127mAU - ) f 2221204 THS3 T20A FHAMVEERNANTIQIA) 2221204 (851-20D
mAU
10-
uv 8
spectrum of
the peak at 6’:
6.196 min. 4
2
0-
L I L A R A A A R
20 20 X0 el 30 30 30 X0 3 m
DADY, 6476 (106rAU - ) of 2221204 THS3120A FHAVEENANTIQIA) 2221204 (B51-20D
AU
&0
uv ]
spectrum of 60
the peak at ]
6.476 min. s
-
0
L A A
20 200 ) st 30 30 30 0 0 m
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R R R | <-mmmee e | <mmmme e | <mm e
1 7.901 BB 0.1270 2108.15820 258.87531 49.4894
2 8.864 MM 0.1543 2151.65820 232.36948 50.5106
Totals 4259.81641 491.24478
DADL 782 (651 AU - ) of Q01-P2A1- 202304 THG3 182 A FHAERVERD
mAU
.
)
o |
spectrum of ]
the peak at 30~
7.892 min. ZD%
o
0]
L L L N I A N
20 20 X 2 3D W W D I m
DADL, 8832 (5RnMAU -) df Q01-P2AL- 2023404 THG3182-A FHAERVERD
mAUJ
5D
Y, AD-
spectrum of :mj
the peak at ]
8.852 min. 20
10
0
I I I T T T I I I T
20 20 X0 2 30 30 30 X0 0] m

S161




) 5
O‘/x/\/\/K ac /\

4c

Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e EORTE |---- - R R == - |
1 7.908 BB 0.1265 863.15405 106.60487 83.1257
2 8.870 BB ©0.1412 175.21829  19.42529 16.8743
DADL 7.89B(ZPmAU - ) of C0RP2A2 023104 THG4- DA HAERVEEND
mAU

uv
spectrum of
the peak at
7.893 min.

20
15-
10
-
o

21)2&)330@%

0

0

m

uv
spectrum of
the peak at
8.853 min.

DADL, 8853(458m°u ) of ORP2-A2 23044 THCA DA FHABRVEEND

o
>
)
0
o
W W ®» @ W W W W B m
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %

1 6.883 BB 0.1145 46.13209 6.22356 50.1792
2 7.301 BB 0.1215 45.80258 5.84057 49.8208

Totals : 91.93467 12.06414

|
%

uv
spectrum of
the peak at
6.883 min.

o g B B B M e WE

uv
spectrum of
the peak at
7.303 min.

o g B BB W8 2
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 6.887 BB 0.1155 363.06436  48.38609 94.4647
2 7.307 BB 0.1156 21.27419 2.83213 5.5353

Totals : 384.33855 51.21822

uv
spectrum of
the peak at
6.884 min.

o8 B B B B 2

‘\\\ T T T —T —
»n 2 ®»H B B D BN B B
), 7T ) R R AR O 2R R T CAAT A

uv
spectrum of
the peak at
7.304 min.

oM. s 0B R BE
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %

1 9.784 BB 0.2184 693.74658 49.82636 49.7728
2 11.405 BB 0.2504 700.07880  43.35533 50.2272

Totals : 1393.82538 93.18169
*DADL, 972 (U7 - ) RE=94R8102/6¢ (RFP2E5 THGO 1B AIFRENEQNRACED
U
4
m,
uv e
spectrum of ol
the peak at o]
9.782 min.
4),
Z),
0,
D W ®m W @ W M B E®
“DA0L, 114 (18U -) REEI0RR & 119Bd (P25 THGOIBAIFRENEQNRED
U
]Z),
lm,
uv 0l
spectrum of
the peak at &
11.402 min. o
m,
0,
D w  m W A W 3 ®E®
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
Sl EEE R B L R R
1 9.771 BB 0.2271 1271.04102 87.68533 79.0813
2 11.359 BB 0.2509 336.21808 21.20934 20.9187
Totals 1607.25909 108.89466
DAL, 97/(2BLN -) REQ4BR 10660 BR2EZ THGOIBZAIFRENEQN(DHD
s
m,
uv
spectrum of | | 7
the peak at
9.778 min. ||
5),
0,
w  w  m  ®m @ WD W W B m
D0 NFR(E0n -) RE=INIBEALEBA (BF2E-THGIIBZAIFRENEQN(HDHD
U
K),
uv D
spectrum of
the peak at o
11.352 min. 0]
]o,
O,
@m  w  m  ®m @ @D WM W B m
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 17.872 BV 0.2768 1407.23340 79.38653 49,9152
2 18.699 VB 0.2907 1412.01355 76.02368 50.0848

Totals : 2819.24695 155.41021
DADL, 17.829(280mAU - ) of OB P2-A9 THG3ABMNML-2HBENAICH RAD
]
zol
uv ]
spectrum of 150’:
the peak at ]
17.849 min. || 7
-
o

L B B B BB R
ZD 28) EII) &) 30 K2y m

DﬁDl, 18112(254m°u ) d QBP2A0THG31BAMNM.- 2+EEI\ZL,0:LRAD

-
uv ]
spectrum of Ef
the peak at 1(1)7
18.702 min. ]
-
0-
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘
220 20 X0 2 J0 30
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
S R PR | =mmmmnees |==mmmemee | =-mmeee |
1 18.075 BB 0.2816 1757.06409 96.85848 954.9425
2 18.968 BB 0.2850 93.59703 5.17640 5.0575
Totals : 1850.66112 102.03488
D0, 18CAL (LA - ) d (+P2AIDTHG3 1S MNYL-2HEENAICRLRD
AU
»
uv 0]
spectrum of
the peak at || 1307
18.091 min. 1M
0
U R I U S I P
2 20 X 2 30 3 30 30 30 m
DADY, 18964(17.7mAU -) of Q4P2A10- THG3 19 MNYL-2HBENAICALRD
]
5.
14*;
uv 12-
spectrum of 10
the peak at 8-
18.964 min. 6
4]
2
0
SRR R U I P
20 20 X0 st 30 £%0) 30 30 30 m

5168




w
)
3]

599

6.367

T T T T T T T T T
o 1 2 3 4a 5 [S] 7z 8

Signal 2: DAD1 F, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Sl SRR |- omm e [ --e e <= mme e <= e |
1 5.997 BV 0.1363 787.65656 89.80572 48.9098
2 6.367 VB 0.1444 822.77008 86.94878 51.0902
Totals : 1610.42664 176.754560
DADL, 594 (1B -) & QOL-P2AL- THG3 173 MNYL-NBOGPYRROLED
AU
-
120
v 10
spectrum of ]
the peak at 8)5
5.994 min. o
o
2.
0
U L L N W
20 20 A 2B®» I W W D W m
DADL G367 (154mA - ) of Q01-P2AL- THG3 173 MN-NBOGPYRROED
mAU |
10+
o
uv 100+
spectrum of 0
the peak at (Df
6.367 min. :
o
2
0]
I I I T I I I T T
20 20 X X I W W D W m
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Signal 2: DAD1 F, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [MAU*s ] [mAU] %

1 6.004 MM 0.1283 137.46602 17.86091 5.3750
2 6.378 VB 0.1340 2420.02856 282.32422 94.6250

DADL, 6006(R4mA - ) of C-P2-A2- THE3 A2 2MNYL-NBOCPYRROE D
mAU |
D
5
uv D
spectrum of 1
the peak at 157
6.005 min. 10-
5
0]
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
20 20 0 ) 30 2] 30 K30 D m
DADL, 63R(BDMAU -) df CP2-A- THE3 172 2MNL-NBOGPYRROLED
4D
uv ]
30
spectrum of ]
the peak at 0
6.379 min. ]
100
0-
\ \ \ \ T \ | \
20 20 X0 2 30 30 30 Ksl) 30 m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [MmAU] %

1 8.746 BB ©0.1325 3515.72974 408.13284 50.0248
2 9.941 BB 0.1514 3512.23926 361.39297 49.9752

Totals : 7027.96899 769.52582
DADL, 8757 @6 -) d QOL-PLF7-ZR30I07- THG3 13 MNYTHOD
AU
.
.
uv 600~

spectrum of E{Df
the peak at 40-
8.757 min. 30-

L e B B O B B I B L B
20 25 i) 25 30 H s 35 m

DADL 994 (778mA - ) d Q1-PL-F-20230107- THG 3123 2MNYL-THQD

uv 50-
spectrum of ]
the peak at
9.924 min.
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 8.765 BB ©.1310 1686.91882 198.83720 91.6297
2 9.983 BB 0.1500 154.09937 16.04809 8.3703

Totals : 1841.01819 214.88529
DAL 8 0@ Al ) G (R PLFB AP0 TFC 3 B AMNLTHOD
.
.
oV 304
2

spectrum of ]
the peak at A0~
8.750 min. 130

L e B B O B B I B L B
20 25 i) 25 30 H s 35 m

DADL 9%7 (R5mAU - ) PR 20230107 THG 3 128 2MNL-THQD

uv

spectrum of ]
the peak at 157
9.957 min. 104
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R B P R R R
1 9.229 BB 0.1404 226.80244 24 .87332 50.0527
2 9.856 BB 0.1518 226.32446 23.20526 49.9473
Totals : 453.12691 48.07858
mJ|
0
@/
uv 5
spectrum of o
the peak at
9.229 min. || ¥
D
D
o
U I I
3D ki) » m
(%
uv &Y
spectrum of ¥y}
the peak at 7
9.856 min.
D
D
0
D Hm ®H BH B D N ® B
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.986 BB 0.1428 1400.42358 152.91766 92.9485
2 9.630 BB 0.1505 106.24218 11.02199 7.0515

Totals : 1506.66576 163.93965
"D, 8B(IUNA ) RESSHI 246 T A TOHMNERNEAF D
mJ|
()
uv o
spectrum of &
the peak at
8.984 min. D
D
O
\ \ \ \ R \ \
2 2 B D 3 D 3D KiY) B m
DL 9RENA J) G246 FeA TOHDHNC R TRD
mJ]
K3
5
uv
spectrum of || D
the peak at B
9.630 min.
D
5
O
T \ I T \ \ \ \
2 2 B B K{) D 3D Ki)) B n
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type

# [min]

1 10.736 BV
2 11.177 VB

Width Area

[mAU*s ]

Height

0.1984 1.00800e4  781.74933

0.1875 9851.07129 812.37018 49.4258
50.5742

Totals 1.99310e4 1594.11951
DADL 10718(83nmAl - ) o THCASBNVEINDO ECENERACE TRANSA3 (B(BIS5/-30D
.
-
60-
uv ]
50+
spectrum of ]
the peak at 4DE
10.718 min. || 3D
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spectrum of ]
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type

# [min]

1 10.713 BV R ©0.1818 9219.45605
2 11.174 VB E

Width Area

[mAU*s ]

Height

780.82458 87.8113
0.1907 1279.71216 103.15018 12.1887

Totals 1.04992e4  883.97477
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AU
-
uv @]
50-
spectrum of ]
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&
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spectrum of a0
the peak at ]
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 10.635 BV 0.1680 558.58093 51.70343 495.8343
2 11.121 VB 0.1771 562.29523  49.27409 50.1657

Totals : 1120.87616 100.97752
DADY, 106%6@BnAU - ) d Q0L-P2ES THG 462 BENACHLRANCEENERACE D
AU -
1%
uv EDE
spectrum of 1257
the peak at 1007
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uv 5
spectrum of 1m0
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0.
5
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type
#  [min]

1 10.659 BV R 0.1697 5706.90332

Width
[min]

Area
[mAU*s ]

Height
[mAU]

521.55060 92.8005

2 11.158 VB E 0.1744 442.74252 39.02752 7.1995
Totals 6149.64584 560.57811
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uv EDE
spectrum of 1257
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10.626 min. o
5-
5
-
D W W ®m W W W @ @ m
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spectrum of 1m0
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]
SR EEEEE R R s e |« -msmee |
1 7.184 BB 0.1172 3062.05566 400.50577

2 7.930 BB

50.0264
0.1290 3058.82422 367.93192 49.9736

Totals 6120.87988 768.43768
DADL, 71742l - ) o OOL-P2AL- THG4 L7-BENACFURANCENERACEDD
mAU-
40-
-
uv 0-

spectrum of | | 20-
the peak at 20
7.174 min. 190-

2 20 X0 st 30 30 30 30

0

m

DADL, 7.934(413mA - )  Q1-P2AL-THS4-171-BENACRURANCZENERACED

uv

spectrum of
the peak at 1
7.934 min. -
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Area

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]
s eme e R | <omemeeee R <= mee o |
1 7.172 BB 0.1195 2873.82666 374.43591 81.8649

2 7.925 BB 0.1320 636.62195

75.78748 18.1351

Totals : 3510.44861 450.22340
DADY, 7172421 mA - ) of QOP2-A2- THC 41 76 BENACHURANCENEENAND
AU -
-
uv 0
s
spectrum of ]
the peak at ZDE
7.172 min. 10~
10
o
0
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DADY, 7922349~ - ) f OC-P2 A2 THCA 176 BENACHRANCENEENAND
rTAJ 4
o
uv mﬁ
spectrum of a)f
the peak at ‘D’;
7.932 min. -
2
0
0
\ \ \ T \ \ | T
20 20 3] ) 30 30 30 K31 F m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

1 8.750 BV 0.1476 9314.12109 991.08868 49.7556

2 9.174 VB 0.1530 9405.60645 954.40765 50.2444
Totals : 1.87197e4 1945.49634
DADL, 870 (1ABMAU - ) df OB P2 THS 466 BENOTHCHHENECENERD
U]
-
uv a0
spectrum of 61)*
the peak at ]
8.730 min. 40
a0~
0
RN R
20 20 X0 el 30 30 30 X0 K20) m
DADY, 9177 (123mAU - ) of Q0B P21 THG 465 BENFOTHCHHENECENERD
mAU ]
10m
uv 800
spectrum of ]
the peak at &D?
9.117 min. 40
-
0-
\ \ \ T \ \ | T
20 20 i) p3) 30 30 30 K30) D m
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Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.759 BV R 0.1452 1.02474e4 1095.24194 93.4769
2 9.194 VB E ©0.1518 715.09003 72.05999 6.5231

Totals : 1.09625e4 1167.30193
DADL, 8738(1315mAU - ) df O4HP2R2 THS4 B EENOTHCORHENECENEED
mAU |
1200+
1000+
uv an-

spectrum of ]
the peak at 600
8.738 min. ]
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2 20 X0 st 30 30 30 30 K0 m

DADL 9185(R3mAl - ) of O4P2R2 THG4 78 BENZOTHCHHENECENEED

uv -
spectrum of ]
the peak at 20
9.185 min. ]
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
i RREEEE -] e |- mmemee s | --- -
1 9.227 BV 0.1466 992.39050 104.64063 49.9302

2 9.753 VB 0.1548 995.16687 99.44022 50.0698

Totals 1987.55737 204.08086
DADL, 920(236mA - ) of OB P2-A3 THC4-171-BENVOTHCORHENECENE D
"
20-
uv D7
spectrum of 15),:
the peak at ]
9.209 min. 100
50-
0
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20 20 X0 el 30 30 30 0 3 m
DADY, 9736(ZAmA - ) o 03 FP2A3 THC4171-BENZOTHCRHENECENE.D
mAU ]
20-
20
uv 1
spectrum of 150
the peak at ]
9.735 min. 10
SR
0-
\ \ \ \ T T \ | \
20 20 3] ) 30 30 30 K30) D m
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %
e RESEE R e < -mme e |- -meemeee- |- -me oo |
1 9.259 BB 0.1468 430.47971 45.33131 9S3.3520
2 9.788 BB 0.1554 30.65653 3.09949 6.6480
Totals 461.13623 48.43080
DADL, 920 (128AU - ) f COAP2A4 THC A1 /6 BENZOTHCRHENECEN\E.D
mAU
100
uv D
spectrum of ]
the peak at 6}:
9.249 min. 204
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20 20 X0 22 30 30 30 30 30 m
DADL, 97%(80mAU - ) of QO4-P2-A4- THGA-1 /6 BENOTHCRHENECHN\ED
U]
7
6
uv 5-
spectrum of 4j
the peak at 3;
9.755 min. :
2.
L
0
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20 20 X0 ) 30 30 30 0 L) m
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.169 BB 0.1680 1056.21240 97.78936 50.0959
2 12.512 BB 0.1900 1052.17053 86.44945 49.9041

Totals : 2108.38293 184.23881
D NTOEA ) REDEBNGRGUBERES THEBANTENIERED
mJ|
1)
uv D
spectrum of o
the peak at
11.170 min. y.i))
1y
0
\ I I \ S R \ \
2 2 B B K{) D 3D KiY) B
DU, PR0EDA ) REZIDS AR (RS THE BANTENIDHRETDD
)
4D
uv
spectrum of »
the peak at
12510 min. || 2
1,
¢
™ I \ I T T T T \ I I
) 2 B B ki) D 3D » B
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.099 BB

0.1696 4089.52930 373.85950 93.4586

2 12.457 BB 0.1882 286.23572 23.81979 6.5414
Totals 4375.76501 397.67929
DADL, 11.106 (2049 mAl, - ) of 006-P2-B6- THC-3-172-N-ENE-INDOLE-ENANTIOD
rTNJ7
1750
=
uv 1250
spectrum of ]
the peak at m?
11.106 min. || 707
0
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2 M % A A B W B I m
DADL, 12453 (144 mAU, - ) of 006-P2-B6 THC-3-172-N-ENE-INDOLE-ENANTIOD
n’NJ7
120
uv 104
spectrum of 8-
the peak at e
12.453 min. ]
40
20-
0-
R . - R R
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %

1 19.938 BB ©.3883 391.51315 15.62528 49.6507
2 23.008 BB 0.4507 397.02155 13.35999 50.3493

Totals : 788.53470 28.98527

(OB IHLA]

DR, SeBOA ) REOBIIBIGIR

uv

spectrum of
the peak at
19.938 min.

oMo BRed 2

|
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uv

spectrum of
the peak at
23.011 min.

N A2 BB BB %
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Signal 1: DAD1 A, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 19.576 BB 0.3703 68.54966 2.73560 4.8589
2 22.542 BB 0.4564 1342.24390  45.74011 95.1411

Totals : 1410.79356 48.47571
D1 2663 ) RERIBEZH0 2B HADE NN
A
3
uv =
spectrum of 2
the peak at 15
19.576 min.
1,
(03]
0]
™ \ \ \ T \ \ \ T
Kid) m
A
LY
uv D]
spectrum of
Ky
the peak at
22.543 min. )
D
0
] \ \ \ T \ \ \
2 2 B B K1) D 3D Ki)) B |
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
i RESEE |- eme e R R R
1 8.647 BB 0.1382 808.08203 90.43688 49.9581
2 9.560 BB 0.1519 809.43829 82.91582 50.0419
Totals 1617.52032 173.35270
DU, BV J-) RESBRARGIDPPE HEEBIREAESID
|
&
uv ®
spectrum of
the peak at Vs
8.647 min.
D
0
L L L A U I
2 2 B D 3 D 3D ®
"D BN J-) RESZS000 (R HESIRNEAESID
mJ]
0
uv ®
spectrum of D
the peak at D
9.560 min. D
D
D
0O
D wm ® ®m B D DB
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.652 BB 0.1387 2818.75977 314.14737 82.4277
2 9.572 BB 0.1524 600.91553 61.25808 17.5723

Totals : 3419.67529 375.40545

D1 8&E0A ) RESIAPBS AP THESAIREIMNIGS 1D

uv
spectrum of
the peak at
8.652min.

o 8 B B B B g2

uv
spectrum of
the peak at
9.572 min.
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.184 BB 0.2554 5940.68115 362.05548 49.9788
2 16.100 BB 0.2922 5945.72949 317.89932 50.0212

Totals : 1.18864e4  679.95480
DADL 1415348 - ) d THoA53340RRACE TRANSIB 04 27123613D
AU |
B
-
v -
spectrum of ]
the peak at ZD?
14153 min. || 5
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e
o
uv 0
spectrum of | | ap]
thepeakgt -
16.093 min. ]
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A0 25 ) 25 J0 35 Ks0) 35 m
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Signal 2: DAD1 B, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.123 BB 0.2475 189.45961 11.91333 5.1897
2 16.035 BB 0.3030 3461.21533 177.87962 94.8103

Totals : 3650.67494 189.79296
DADY, 14151 (172mAU - ) o THSA 74-34DRENANTIO TRANSAR3 04-27140444D

AU
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0
uv 8
spectrum of 6
the peak at 4]
14.151 min. 2
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L L L B B ) B B B
20 25 <) 25 30 35 K:0) 35 m

DAY, 160%6(2PmAU -) d THG4 7434 DFENANTIC TRANSAR3.04-271404-44D

uv

spectrum of
the peak at ]
16.045 min. 5
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