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General: All reactions were performed under an atmosphere of argon unless otherwise noted.
Dichloromethane (CH,Cl,) and dimethylformamide (DMF) dehydrated were purchased from Kanto
Chemical Co., Inc.. Acetonitrile and diethyl ether dehydrated were purchased from Wako Pure
Chemical Industries, Ltd.. All reactions were monitored by thin layer chromatography (TLC), glass
plates pre-coated with silica gel Merck KGaA 60 F,s4, layer thickness 0.2 mm. All the starting
materials are commercially available and were used after purification. The products were visualized
by irradiation with UV light or by treatment with a solution of phosphomolybdic acid or by treatment
with a solution of p-anisaldehyde. Flash column chromatography was performed using silica gel
(Merck, Art. No. 7734). 'H NMR (400 MHz or 300 MHz) and *C NMR (100 MHz or 75 MHz)
spectra were recorded on Varian Inova-400 or Mercury-300 spectrometer. Chemical shifts are
reported as § values (ppm) relative to internal tetramethylsilane (0.00 ppm) in CDCl;. Melting
points were measured on a Yanaco MP-J3 and not corrected. Elemental analyses were measured on a
Yanaco CHN CORDER MT-6. Optical rotations were performed with a JASCO P-1030 polarimeter at
the sodium D line (1.0 ml sample cell). Enantiomeric excesses were determined by
high-performance liquid chromatography (HPLC) analyses with a JASCO GULLIVER using Daicel
CHIRALPAK or CHIRALCEL columns.

1. Preparation of Ru(II)-phenyloxazoline complexes [2a and 2b].
Synthesis of 4,5-dihydro-4,4-dimethyl-2-phenyloxazole (dm-Pheox ligand) [1a].

@_40 HaN 1. EtzN (4.0 equiv.), CHCIg, 0 °C - 1.t NI
/4
j\ 2. SOCI, {5.0 equiv.}, CHCIg, 0 °C - 1.t @OT
3. 2.5N NaQH (5.0 equiv.}, CH,CH,
(1.1 equiv.) 0°C -rit

1a

To a mixture of 2-amino-2-methyl-1-propanol (784.4 mg, 8.8 mmol) and triethylamine (4.5 ml,
32 mmol) in dichloromethane (20.0 mL) was added a solution of benzoylchloride (928.6 ml, 8.0
mmol) in dichloromethane (15.0 mL) at 0 °C. After stirring for 10 h at room temperature, the
reaction mixture was concentrated under reduce pressure. The residue was dissolved in CHCI; (20.0
mL) and was treated with SOCl, (3.0 mL, 40 mmol) at 0 °C. After stirring for 24 h at room
temperature, the solvent and SOCIl, were removed under reduce pressure. Saturated NaHCO; (aqua,
50 mL) was added to the residue with stirring for 5 min. The organic product was extracted with
dichloromethane (3x50 mL), dried over anhydrous Na,SO4 or MgSQO,, filtered, and concentrated
under reduced pressure. Subsequently, to a solution of the previous reaction residue in methanol (20.0
mL) was added 2.5N NaOH(aqua) (16.0 mL, 40 mmol, ca. 2.5 M) at 0 °C.  After stirring for 12 h at

room temperature, the solvent was removed under vacuo, followed by addition of water (30.0 mL) and
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dichloromethane (3x25 mL) for extraction. The organic layer dried over anhydrous Na,SO,, filtered,
and evaporated under vacuo. The crude product was purified by column chromatography on silica
gel (EtOAc/hexane = 10/1 v/v) to afford 4,5-dihydro-4,4-dimethyl-2-phenyloxazole (dn*Pheox) 1a
(1340.7 mg, 1.65 mmol) in 92% yield for 3 steps as a colorless oil. IR (NaCl, cm™) 3064, 2968,
1650, 1451, 1320, 1061, 967. 'H NMR (400 MHz, CDCl;) & 1.38 (s, 6H), 4.11 (s, 2H), 7.37-7.47
(m, 3H), 7.91-7.95 (m, 2H). "*C NMR(100 MHz, CDCl3) § 28.5, 67.6, 79.2, 128.1, 128.3, 128.4,
131.2,162.1. Anal. C;;H3NO-0.25H,0, Found: C 73.79, H 7.33, N 7.81%; Calecd: C 73.51, H 7.57,
N 7.79%.

Synthesis of [4,5-dihydro-4,4-dimethyl-2-phenyloxazole Ru(CH3;CN)4]PFs complex
(Ru(IT)-dm-Pheox complex) [2a].
[Ru Cls(benzene}]. (0.5 equiv.)

i KPFg (4.0 equiv.) (II\ICCH3)4
], 1N NaOH (1.0 equiv.) RU\ -
<: :>——< N-_Z
CHZCN, reflux 80 °C @—(/ r
o -

PFg
1a

A two necked round bottom flask (100 mL) fittted with a magnetic stirring bar and a reflux
condenser was charged with a mixture of 1a (52.5 mg, 0.3 mmol), [RuCl,(benzene)], (75.0 mg, 0.15
mmol), and KPF¢ (220.9 mg, 1.2 mmol). The reaction flask was evacuated and backfilled with argon.
Through the side arm CH;CN (5.0 mL, degassed) and NaOH (aqua)(0.3 mL, 0.3 mmol, ca. 1.0 M)
was injected. The suspended reaction medium was refluxed for 24 h at 80 °C. The solvent was
removed under reduced pressure and the residue was purified by silica gel column chromatography
with CH3;CN/CH,Cl, (1/20-1/10 (v/v)) to furnish the desired complex 2a in 89% yield (155.5 mg,
0.266 mmol) as a yellow solid. Mp 89-90 °C. IR (KBr, cm™) 3039, 2978, 2936, 2271, 1625, 1452,
843. "H NMR(400 MHz, CDCl3) d 1.36 (s, 6H), 2.01 (s, 3H), 2.15 (s, 3H), 2.52 (s, 3H), 2.54 (s, 3H),
4.39 (s, 2H), 6.94 (dd, J = 7.3, 7.5 Hz, 1H), 7.16 (dd, J = 7.3, 7.5 Hz, 1H), 7.41 (d, J = 7.5 Hz, 1H),
7.86 (d, J = 7.5 Hz, 1H). 'H NMR(400 MHz, CD5CN) § 1.40 (s, 6H), 1.98 (s, 3H), 2.12 (s, 3H),
2.19 (s, 3H), 2.52 (s, 3H), 4.46 (s, 2H), 6.91 (dd, J=17.5, 7.6 Hz, 1H), 7.13 (dd, J = 7.5, 7.6 Hz, 1H),
737 (d, J=17.5 Hz, 1H), 7.93 (d, J = 7.6 Hz, 1H). "*C NMR(100 MHz, CDsCN) § 3.7, 4.3, 27.4,
66.8, 82.3, 121.0, 122.5, 123.2, 126.0, 129.6, 136.5, 139.1, 173.0, 186.4. Anal. C;9H,4F¢NsOPRu,
Found: C 39.11, H 4.20, N 11.90%; Calcd: C 39.05, H 4.14, N 11.98%.
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Figure 1. X-ray crystal structure of 2a. Selected bond lengths (A) and angles (°): Rul-N1 =
2.088A(3); Rul-N2 = 2.147A(4); Rul-N3 = 2.032A(4); N2-C12 = 1.132A(4); C12-C13 = 1.446A(7);
NI1-Rul-Cl =79.4°(2); N2-Rul-C1 =176.3°(1); C1-C6-C7 = 112.5°(4); Rul-C1-C6 = 114.3°(3).

Synthesis of ($)-4,5-dihydro-2,4-diphenyloxazole (Ph-Pheox ligand) [1b].

0 HzN Ph 1. Et3N (4.0 equiv.), CHCl, 0 °C - rt
Q—q ]/ 2. 80Cl, (5.0 equiv.), CHCIl;, O ©—< j
3. 2.5N NaOH (5.0 equiv.), CHSOH
(1.1 aquiv.) 0°C -rt

Compound 1b was synthesized from (S)-2-amino-2-phenylethanol in 86% yield for 3 steps by the
same procedure as that for 1a and was obtained as a yellow oil; [a]*’p = —37.2° (¢ 1.02, CHCl; for
>99% ee). IR (NaCl, cm™) 3062, 3030, 2898, 1646, 1495, 1358, 1065, 951. '"H NMR(400 MHz,
CDCl;) 6 4.28 (dd, J= 8.2, 8.2 Hz, 1H), 4.80 (dd, J = 8.2, 10.1 Hz, 1H), 5.39 (dd, J = 8.2, 10.1 Hz,
1H), 7.27-7.55 (m, 8H), 8.03-8.08 (m, 2H). °C NMR(100 MHz, CDCl;) § 70.2, 75.0, 126.8, 127.6,
127.7, 128.4, 128.5, 128.8, 131.6, 142.5, 164.8. Anal. C;sH3NO, Found: C 80.76, H 6.02, N 6.26%;
Calced: C 80.69, H 5.87, N 6.27%.
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Synthesis  of  [(S5)-4,5-dihydro-2,4-diphenyloxazole = Ru(CH3;CN)4]PFs complex

(Ru(IT)-Ph-Pheox complex) [2b].
[Ru Cla{benzene)]. (0.5 equiv.)

KPFS (4 0 eqUiV ) (NCCHSM
N 4N NaOH (1.0 equiv. Ru
Oy ™ e -
CHaCN, reflux 80 °C $ ]/
o

b PFe
Complex 2b was synthesized from 1b in 82% yield by the same procedure as that for 2a and was
obtained as a yellow solid. Mp 92-93 °C. IR (KBr, cm™) 3034, 2936, 2272, 1621, 1396, 846. 'H
NMR (400 MHz, CDCI3) 0 2.00 (s, 3H), 2.17 (s, 3H), 2.20 (s, 3H), 2.48 (s, 3H), 4.54 (dd, /=7.3, 8.5
Hz, 1H), 5.09 (dd, /= 8.7, 9.9 Hz, 1H), 5.24 (dd, /= 7.3, 9.9 Hz, 1H), 6.83 (dd, /= 7.3, 7.7 Hz, 1H),
7.19 (dd, J = 7.3, 7.7 Hz, 1H), 7.28-7.35 (m, 5H), 7.52 (d, /= 7.7 Hz, 1H), 7.83 (d, / = 7.3 Hz,
1H). "“CNMR(100 MHz, CDCI3) 6 2.9,3.8,3.9, 4.1, 67.6, 77.9, 120.1, 120.3, 120.4, 121.0, 121.4,
1259, 127.8, 128.1, 128.2, 1293, 1343, 138.0, 1414, 1749, 186.0. Anal.
CxHF¢NsOPRu-1.0H,O, Found: C 42.20, H 3.95, N 10.42%; Calcd: C 42.47, H 4.03, N 10.77%.

2. General Procedure for 2b catalyzed intermolecular cyclopropanation of styrene with

succinimidyl diazoacetate.

O
L
9 Y /N
. Nz\)l\ cat. 2b (1 mol%) WG
CH,Clj, rt, <1min gv o

3 (5 equiv.) N2CHCOZSu) 5

To the solution of succinimidyl diazocetate (36.6 mg, 0.2 mmol) and styrene (114.6 pL, 1 mmol) in
CH,Cl; (2.0 mL) was added Ru(II)-Pheox catalyst 2b (0.002 mmol) at room temperature. After that
we checked the TLC in less than 1 min, and we noticed the disapperance of the diazo compound. The
residue was purified by column chromatography on silica gel (eluting with hexane/ ethyl acetate = 3/1).
The diastereomeric ratio was determined by 'H NMR of the crude product.

Note: Succinimidyl diazoacetate 4 was prepared by using the previously reported literature

1
procedure.
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3. Analytical data for cyclopropanation products.

2,5-dioxopyrrolidin-1-yl 2-phenylcyclopropanecarboxylate (5a)° was obtained as a white solid

o (50.9 mg, 98% yield). trans/cis = >99/<1, TLC (R, = 0.45

O-N (hexane/ethyl acetate=1/1). [a]*'p= -251 (¢ = 0.62, CHCl;). 'H

o NMR (300 MHz, CDCl;) § 7.21-7.39 (m, 3H), 7.11-7.17 (m, 2H),
o]

2.85 (bs, 4H), 2.69-2.79 (m, 1H), 2.11-2.19 (m, 1H), 1.75-1.83 (m,
1H), 1.55-1.64 (m, 1H). *C NMR (100 MHz, CDCI3) § 18.7, 21.2, 25.9, 28.6, 126.7, 127.4, 128.9,
138.6, 169.1, 169.5. IR (NaCl, cm™) 3031, 2948, 1810, 1787, 1741. Anal. C1,H,3NO,, Found: C 65.29,
H 5.28, N 5.08%; Calcd: C 64.86, H 5.05, N 5.40%.

2,5-dioxopyrrolidin-1-yl 2-p-tolylcyclopropanecarboxylate (5b)° was obtained as a white solid

HsC o (52.1 mg, 95% yield). trans/cis = >99/<1. TLC (R;) = 0.50
o_N (hexane/ethyl acetate=1/1). [a]*'p= -272 (c = 0.47, CHCl3). 'H
NMR (300 MHz, CDCI3) & 7.12 (d, J = 7.8 Hz, 2H), 7.03 (d, J =
o]
o]

7.8 Hz, 2H), 2.83 (bs, 4H), 2.67-2.76 (m, 1H), 2.33 (s, 3H),
2.07-2.15 (m, 1H), 1.81-1.87 (m, 1H), 1.53-1.62 (m, 1H). '*C NMR (100 MHz, CDCI3) 5 18.61,
21.11, 21.31, 25.86, 28.38, 126.59, 129.58, 135.59, 137.12, 169.13, 169.51. IR (NaCl, cm™) 2925,
1799, 1753. Anal. C;sH;sNO4, Found: C 66.32, H 5.83, N 4.83%; Calcd: C 65.92, H 5.53, N 5.13%.

2,5-dioxopyrrolidin-1-yl 2-m-tolylcyclopropanecarboxylate (5¢) was obtained as a white solid (53

(o] mg, 97% yield). trans/ci s=>99/<1. TLC (Ry) = 0.3 (hexane/ethyl
acetate=3/1). [a]**p= -251 (c= 0.43, CHCl;). 'H NMR (300
HsC O-N
I MHz, CDCI3) & 7.20 (t, J = 15 Hz, 1H), 7.06 (d, J= 7.7 Hz, 1H),
o}

6.90-7.01 (m, 2H), 2.84 (bs, 4H), 2.67-2.76 (m, 1H), 2.34 (s, 3H),
2.10-2.18 (m, 1H), 1.73-1.81 (m, 1H), 1.55-1.64 (m, 1H). *C NMR (100 MHz, CDCI3) & 18.67,

21.14, 21.64, 25.85, 28.56, 123.57, 127.12, 128.17, 129.11, 138.59, 169.12, 169.60. IR (NaCl, cm™)
3076, 3030, 2960, 1799, 1776, 1741. Anal. C,sH;sNO,4, Found: C 65.96, H 5.57, N 4.96%; Calcd: C
65.92, H 5.53, N 5.13%.

2,5-dioxopyrrolidin-1-yl 2-0-tolylcyclopropanecarboxylate (5d) was obtained as a white solid (50.3

o mg, 92% yield). trans/cis = >99/>1. TLC (R;) = 0.4 (hexane/ethyl

O—N acetate=3/1). [a]*p = -209 (c = 0.57, CHCl;). 'H NMR (300 MHz,

CH; S CDCI3) & 7.16-7.25 (m, 3H), 6.94 (d, J = 12.5 Hz, 1H), 2.85 (bs, 4H),
o]

2.67-2.76 (m, 1H), 2.34 (s, 3H), 2.10-2.18 (m, 1H), 1.73-1.81 (m, 1H),

S6



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

1.55-1.64 (m, 1H). "C NMR (100 MHz, CDCI3) & 16.69, 19.81, 25.88, 27.59, 126.23, 127.66,

130.39, 136.53, 138.78, 169.54.

IR (NaCl, cm™) 3076, 3019, 2972, 1810, 1787, 1753. Anal.

C5sH5sNOy, Found: C 66.32, H 5.54, N 5.07%; Calcd: C 65.92, H 5.53, N 5.13%.

2,5-dioxopyrrolidin-1-yl 2-(4-methoxyphenyl)cyclopropanecarboxylate (5e)° was obtained as a

H;CO 0 white solid (56.7 mg, 98% yield). trans/cis = >99/<1. TLC (Ry)
0—N = 0.20 (hexane/ethyl acetate=3/1). [a]*”p= -260 (c = 0.46,
CHCl;). 'H NMR (300 MHz, CDCI3) & 7.08 (d, J = 8.8 Hz,

°© o

2H), 6.84 (d, J = 9.0 Hz, 2H), 3.79 (s, 3H), 2.83 (bs, 4H),

2.67-2.76 (m, 1H), 2.03-2.10 (m,

1H), 1.70-1.80 (m, 1H), 1.51-1.60 (m, 1H). *C NMR (100 MHz,

CDCl3) 6 18.34, 20.96, 25.86, 28.09, 55.61, 114.36, 127.92, 130.6, 159.07, 169.12, 169.5. IR (NacCl,

cm™) 3065, 2925, 2844, 1810, 1787, 1741 cm™. Anal. C;sH,sNOs, Found: C 62.76, H 5.35, N 4.54%;

Calcd: C 62.28, H 5.23, N 4.84%.

2,5-dioxopyrrolidin-1-yl 2-(4-chlorophenyl)cyclopropanecarboxylate (5f)* was obtained as a white

Cli fo)
@m/ONb
O o

solid (54 mg, 92% yield). trans/cis = >99/<1. TLC (Ry) = 0.3
(hexane/ethyl acetate=3/1). [a]*’p= -210 (¢ = 0.52, CHCl;). 'H
NMR (300 MHz, CDCI3) 6 7.28 (d, J = 9.5 Hz, 2H), 7.08 (d, J =
8.5 Hz, 2H), 2.85 (bs, 4H), 2.67-2.76 (m, 1H), 2.07-2.15 (m, 1H),

1.81-1.87 (m, 1H), 1.53-1.62 (m, 1H). *C NMR (100 MHz, CDCI3) & 18.6, 21.2, 25.8, 27.8, 128.11,
129.06, 133.19, 137.16, 168.85, 169.47. IR (NaCl, cm™) 3076, 2995, 2948, 1810, 1787, 1741. Anal.
C14H,CINO,, Found: C 56.96, H 4.28, N 4.45%; Calcd.: C 57.25, H 4.12, N 4.77%.

2,5-dioxopyrrolidin-1-yl 2-(9H-carbazol-9-yl)cyclopropanecarboxylate (5g) was obtained as a

Hopt

white solid (69 mg, 99% yield). trans/cis = >99/<1. TLC (Ry) =
0.20 (hexane/ethyl acetate=3/1). [a]**p=-234 (c= 0.89, CHCl;). 'H
NMR (300 MHz, CDCI3) & 8.07 (d, J = 7.7 Hz, 2H), 7.63 (d, J = 8
Hz, 2H), 7.50 (t, J = 7.7 Hz, 2H), 7.28 (t, J = 8.2 Hz, 2H),
3.92-3.99 (m, 1H), 2.91 (bs, 4H), 2.46-2.57 (m, 1H), 2.16-2.25 (m,

1H), 2.02-2.12 (m, 1H). *C NMR (100 MHz, CDCI3) § 17.79, 20.02, 25.87, 35.07, 110.05, 120.34,

120.66, 123.53, 126.51, 140.78,

167.9, 169.3. IR (NaCl, cm™) 3066, 2357, 1782, 1743. Anal.

C20H16N204, Found: C 68.93, H 4.81, N 7.58%; Calcd: C 68.96, H 4.63, N 8.04%.
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2,5-dioxopyrrolidin-1-yl 2-butoxycyclopropanecarboxylate (Sh) was obtained as a colorless oil (48

o mg, 94% yield). trans/cis = >99/<1. TLC (Ry) = 0.4 (hexane/ethyl
WOWO_N acetate=3/1). [a]*p= -74 (¢ = 0.815, CHCl;). 'H NMR (300
o d MHz, CDCI3) & 3.71-3.77 (m, 1H), 3.53-3.66 (m, 2H), 3.79 (s,

3H), 2.82 (bs, 4H), 1.95-2.09 (m, I1H), 1.43-1.61 (m, 4H),
1.28-1.42 (m, 2H), 1.51 (t, J= 7.5 Hz, 3H). °*C NMR (100 MHz, CDCI3) § 14.09, 17.71, 18.64, 19.46,

25.85, 31.6, 62.75, 71.8, 168.18, 169.63. IR (NaCl, cm") 2960, 2867, 1787, 1741. Anal.
C12H17NO5+0.2CH,Cl,, Found: C 55.30, H 6.54, N 5.39%; Calcd: C 55.26, H 6.61, N 5.28%.

2,5-dioxopyrrolidin-1-yl 2- iso-butoxycyclopropanecarboxylate (5i) was obtained as a colorless oil

0 (48 mg, 94% yield). transicis = >99/<1. TLC (R;) = 0.30
/l\/o 0N (hexane/ethyl acetate=3/1). [a]*’ b= -75 (¢ = 0.565, CHCl;). 'H
W NMR (300 MHz, CDCI3) & 3.71-3.78 (m, 1H), 3.28-3.43 (m, 2H),

Q

2.81 (bs, 4H), 1.94-2.02 (m, 1H), 1.77-1.93 (m, 1H), 1.43-1.57 (m,
2H), 1.51 (d, J = 2.5 Hz, 6.9 Hz, 6H). *C NMR (100 MHz, CDCI3) & 17.86, 18.64, 19.49, 25.86,
28.48, 62.89, 78.66, 1682, 169.65. IR (NaCl, cm') 2960, 2879, 1787, 1741. Anal.
C1,H7NO5+0.05CH,Cl,, Found: C 55.81, H 6.62, N 5.43%; Caled: C 55.77, H 6.64, N 5.40%.

4. General procedure for synthesis of cyclopropylmethanols.
O

O ‘\\
”\OD LiAIH4 (2.0 equiv.) R/v‘ OH
o)

N Et,0,0°C, 2 h
5 6

To the solution of succinimidyl cyclopropyl carboxylate derivatives 5 (0.2 mmol) in Et,O (3.0 mL)
was added lithium aluminium hydride (15.2 mg, 0.4 mmol) at 0 °C. After stirring for 2 h at same
temperature, the reaction solution was quenched with water (0.5 mL), filtered, and evaporated under
vacuo. The crude cyclopropylmethanol product was purified by flash column chromatography on
silica gel (hexane/ethyl acetate = 2/1) to the desired cyclopropylmethanol product. The diastereomeric
ratio was determined by 'H NMR of the crude product and the enantiomeric excess of the frans

product was determined by chiral HPLC analysis.
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5. Analytical data for cyclopropylmethanol products.

2-phenylcyclopropylmethanol (6a) was obtained as a yellow oil (80% yield). trans/cis = >99/<1,
trans ee = 98%. TLC (Ry) = 0.50 (hexane/ethyl acetate=1/1). [a]®p=-82 (c
=0.485, CHCl;). 'H NMR (300 MHz, CDCI3) & 7.26 (t, J = 8.8 Hz, 2H),
7.16 (t, J = 7.4 Hz, 1H), 7.08 (d, J = 7.5 Hz, 2H), 3.57-3.69 (m, 2H),
1.79-1.87 (m, 1H), 1.40-1.53 (m, 2H), 0.89-1.02 (m, 2H). "“C NMR (100 MHz, CDCI3) & 14.18,

OH

21.63, 25.66, 66.95, 126.0, 126.15, 128.69, 142.74. IR (NaCl, cm™) 3274, 3030, 2925, 1706. HPLC
condition: Daicel CHIRALPAK OD-H, UV Detector: 254 nm, Flow rate: 0.5 ml/min, Eluent:
hexane/2-propanal= 9/1. Anal. C,yH,0°0.45H,0, Found: C 77.97, H 7.84%; Calcd: C 77.61, H
8.04%.

2-p-tolylcyclopropylmethanol (6b) was obtained as a colorless oil (81% yield). trans/cis = >99/<1,
HsC trans ee = >99%. TLC (R;) = 0.50 (hexane/ethyl acetate=2/1). [0]®p=
-71 (c = 0.41, CHCI3). '"H NMR (300 MHz, CDCI3) 8 7.08 (d, J = 7.9
Hz, 2H), 6.97 (d, J = 7.3 Hz, 2H), 3.55-3.67 (m, 2H), 2.31 (s, 3H),
1.76-1.84 (m, 1H), 1.37-1.49 (m, 2H), 0.86-0.98 (m, 2H). °C NMR (100 MHz, CDCI3) & 13.94, 21.27,

OH

21.29, 25.41, 67.01, 126.10, 129.36, 135.53, 139.61. IR (NaCl, cm™) 3355, 3019, 2920, 2871, 1729.
HPLC condition: Daicel CHIRALPAK OD-H, UV Detector: 254 nm, Flow rate: 0.5 ml/min, Eluent:
hexane/2-propanal= 9/1. Anal. C;;H400.1CH,Cl,: Found: C 77.79, H 8.21%; Calcd: C 78.09, H
8.38%.

2-m-tolylcyclopropylmethanol (6¢) was obtained as a colorless oil (87% yield). trans/cis = >99/<1,
trans ee = 91%. TLC (R;) = 0.40 (hexane/ethyl acetate=2/1). [a]®p =
-62 (c = 0.88, CHCl;). 'H NMR (300 MHz, CDCI3) § 7.15 (t, J =
14.8 Hz, 1H), 6.97 (d, J = 7.1 Hz, 1H), 6.85-6.91 (m, 2H), 3.62 (d, J =
6.6 Hz 2H), 2.31 (s, 3H), 1.77-1.83 (m, 1H), 1.40-1.48 (m, 1H), 0.88-1.00 (m, 2H). *C NMR (100
MHz, CDCI13) § 14.07, 21.55, 21.73, 25.52, 66.94, 123.11, 126.76, 126.99, 128.60, 138.26, 142.67. IR

H,C OH

(NaCl, cm'l) 3378, 3019, 2925, 2867, 1729 cm™. HPLC condition: Daicel CHIRALPAK OD-H, UV
Detector: 254 nm, Flow rate: 0.5 ml/min, Eluent: hexane/2-propanal= 9/1. Anal. C;;H4,0+0.3H,0,
Found: C 78.76, H 8.55%; Calcd: C 78.81, H 8.78%.
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2-o-tolylcyclopropylmethanol (6d) was obtained as a colorless oil (73% yield). trans/cis = >99/<1,
trans ee = 91%. TLC (Ry): 0.50 (hexane/ethyl acetate=2/1). [a]®p =-55(c =
0.77, CHCI3). '"H NMR (300 MHz, CDCI3) § 7.08-7.17 (m, 3H), 6.98-7.01

OH
CH; (m, 1H), 3.74 (dd, J = 6.7, 11.1 Hz, 1H), 3.63 (dd, J = 6.9, 11.3 Hz, 1H),

2.42 (s, 3H), 1.80-1.86 (m, 1H), 1.35-1.45 (m, 1H), 0.86-0.98 (m, 2H). “C
NMR (100 MHz, CDCI3) & 11.96, 19.70, 20.04, 23.54, 67.13, 126.03, 126.19, 126.29, 130.02, 137.92,

140.09. IR (NaCl, cm'l) 3355, 3019, 2925, 2867. HPLC condition: Daicel CHIRALPAK OD-H, UV
Detector: 254 nm, Flow rate: 0.5 ml/min, Eluent: hexane/2-propanal=20/1. Anal. C,;H,,0°0.1CH,Cl,,
Found: C 77.85, H 8.38%; Calcd: C 78.09, H 8.38%.

2-(4-methoxyphenyl)cyclopropylmethanol (6e) was obtained as a white solid (81% yield). trans/cis
H1CO =>99/<1, trans ee = 92%. TLC (R,) = 0.30 (hexane/ethyl acetate=2/1).
[0]*p =-63 (c = 0.72, CHCl3). "H NMR (300 MHz, CDCI3) & 7.08 (d,
J = 8.0 Hz, 2H), 6.98 (d, J = 8.2 Hz, 2H), 3.78 (s, 3H), 3.64 (dd, J =
4.6, 8.9 Hz, 1H), 3.58 (dd, J = 6.9, 11.3 Hz, 1H), 1.77-1.83 (m, 2H), 1.37-1.48 (m, 1H), 0.87-0.97 (m,
2H). IR (NaCl, cm™) 3309, 2995, 2925 2832, 1891. °C NMR (100 MHz, CDCI3) § 13.67, 20.91,
25.05, 55.65, 67.00, 114.14, 127.30, 134.66, 158.07. HPLC condition: Daicel CHIRALPAK OD-H,

OH

UV Detector: 254 nm, Flow rate: 0.5 ml/min, Eluent: hexane/2-propanal= 30/1. Anal. C;;H40,,
Found: C 73.67, H 8.0%; Calcd: C 74.13, H 7.92%.

2-(4-chlorophenyl)cyclopropylmethanol (6f) was obtained as a colorless oil (81% yield). trans/cis =
Cl >99/<1, trans ee = >99%. TLC (Ry): 0.2 (hexane/ethyl acetate=4/1).
[a]*p = -69 (c= 0.495, CHCl3). 'H NMR (300 MHz, CDCI3) & 7.22 (d,

OH

J = 8.8 Hz, 2H), 7.00 (d, J = 8.8 Hz, 2H), 3.62 (d, J = 6.6 Hz, 2H),
1.76-1.84 (m, 1H), 1.36-1.48 (m, 2H), 0.91-0.98 (m, 2H). *C NMR (100 MHz, CDCI3) & 14.19, 21.09,

25.70, 26.69, 127.54, 128.73, 131.57, 141.30. IR (NaCl, cm™) 3378, 3007, 2925, 2867, 1787, 1741,
1706. HPLC condition: Daicel CHIRALPAK OD-H, UV Detector: 254 nm, Flow rate: 0.5 ml/min,
Eluent: hexane/2-propanal= 95/5. Anal. C,,H;,Cl0+0.14CH,Cl,, Found: C 62.89, H 5.82%; Calcd: C
62.60, H 5.84%.

2-(9H-carbazol-9-yl)cyclopropylmethanol (6g) was obtained as a white solid (90% yield). trans/cis
O = >99/<1, trans ee = 98%. TLC (R;) = 0.3 (hexane/ethyl acetate=4/1).
[a]*p =-62 (c=0.78, CHCl;). 'H NMR (300 MHz, CDCI3) 8 8.07 (d,J =

O NV\’OH 7.9 Hz, 2H), 7.72 (d, J = 8.2 Hz, 2H), 7.47 (t, J = 7.7 Hz, 2H), 7.25 (t, J =
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7.4 Hz, 2H), 4.04 (dd, J = 11.6, 5.5 Hz, 1H), 3.74 (dd, J = 11.5, 7.9 Hz, 1H), 3.19-3.24 (m, 1H),
1.79-1.90 (m, 1H), 1.31-1.37 (m, 1H), 1.22-1.29 (m, 1H). >C NMR (100 MHz, CDCI3) & 12.02, 22.66,
29.29, 65.01, 110.41, 119.57, 120.49, 123.26, 125.98, 141.52. IR (NaCl, cm™) 3320, 3052, 2937, 2867,
1729. HPLC condition: Daicel CHIRALPAK OD-H, UV Detector: 254 nm, Flow rate: 1 ml/min,
Eluent: hexane/2-propanal = 9/1. Anal. C;4H5NO+0.2H,0, Found: C 79.63, H 6.35, N 5.57%; Calcd:
C79.77, H 6.44, N 5.81%.

2-butoxycyclopropylmethanol (6h) was obtained as a colorless oil (70% yield). trans/cis = >99/<1.
\/\/OV‘\/OH TLC (Ry) = 0.4 (hexane/ethyl acetate=4/1). [0]”p = -31 (c = 0.53,
CHCl;). 'H NMR (300 MHz, CDCI3) & 3.41-3.50 (m, 4H), 3.10-3.14

(m, 1H), 1.80-1.56 (m, 2H), 1.25-1.40 (m, 3H), 0.91 (t, J= 7.3 Hz, 3H), 0.77-0.84 (m, 1H), 0.44-0.50
(m, 1H). °C NMR (100 MHz, CDCI3) & 10.84, 14.20, 19.65, 21.82, 31.95, 57.85, 64.66, 70.95. IR
(NaCl, cm™) 3431, 2959, 2929, 2868, 1732. Anal. CsH;40,0.48CH,Cl, Found: C 55.28, H 9.09%;
Caled: C 55.06, H 9.24%.

2-isobutoxycyclopropylmethanol (6i) was obtained as a colorless oil (86% yield). trans/cis = >99/<1.

TLC (R)): 0.3 (hexane/ethyl acetate = 2/1). [a]”p=-46(c = 0.17, CHCl;).
)\/OV\’OH 'H NMR (300 MHz, CDCI3) & 3.37-3.49 (m, 2H), 3.25 (d, J = 6.6 Hz,
2H), 3.10-3.14 (m, 1H), 1.82 (sept, 1H), 1.24-1.35 (m, 1H), 0.89 (d, J =
6.9 Hz, 6H), 0.78-0.85 (m, 1H), 0.43-0.51 (m, 1H). *C NMR (100 MHz, CDCI3) & 10.90, 19.72,
21.90, 28.59, 58.00, 64.72, 78.11. IR (NaCl, cm™) 3401, 2959, 2868. Anal. CsH s0,+0.4CH,Cl,,
Found: C 56.48, H 9.34%; Calcd: C 56.62, H 9.5%.

6. General procedure for acylation of cyclopropylmethanol products.

(0]
R Et;N (2 iv. R
V\/OH + cl N (2 equiv) V\/O
CH,CI,, 0 °C, 2h o
(1.2 equiv.)
6h; R= n-BuO 7h; R= n-BuO
6i; R= i-BuO 7i; R= i-BuO

To the solution of cyclopropylmethanol 6h or 6i (0.1 mmol) and triethylamine (30 pL, 0.2 mmol)
in CH,Cl, (1.0 mL) was slowly added benzoyl chloride (0.12 mmol) at 0 °C. After stirring for 2h at
same temperature, the residue was purified by silica gel column chromatography on silica gel (hexane/

ethyl acetate = 10/1) to give the desired product.
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2-butoxycyclopropylmethyl benzoate (7h) was obtained as a colorless oil (83% yield). trans/cis =
>99/<1, trans ee = >99%. TLC (R;) = 0.4 (hexane/ethyl

\/\/OV\’O acetate=10/1). [a]"*p = -8 (¢ = 0.515, CHCl;). '"H NMR (300
o MHz, CDCI3) & 8.06 (d, J = 7.9 Hz, 2H), 7.57 (t, J = 7.4 Hz,

1H), 7.45 (t,J = 7.2 Hz, 2H), 4.23 (dd, 11.8 Hz, 6.9 Hz, 1H), 4.05 (dd, 11.3 Hz, 8.3 Hz, 1H), 3.49 (t,J
= 6.5 Hz, 2H), 3.23-3.30 (m, 1H), 1.24-1.62 (m, 5H), 0.86-0.99 (m, 4H), 0.59-0.69 (m, 1H). °C NMR
(100 MHz, CDCl3) 6 11.48, 14.19, 18.33, 19.65, 31.87, 58.13, 66.72, 71.01, 128.70, 129.93, 130.64,
133.29, 167.00. IR (cm™) 2964, 2936, 2870, 1726. HPLC condition: Daicel CHIRALPAK OK, UV
Detector: 254 nm, Flow rate: 0.3 ml/min, Eluent: hexane/2-propanal= 400/1. Anal. C,5H»,053°0.3H,0,
Found: C 71.24, H 7.88%; Calcd: C 71.01, H 8.18%.

2-isobutoxycyclopropylmethyl benzoate (7i) was obtained as colorless oil (75% yield). trans/cis =

)\/ >99/<1, trans ee = >99%. TLC (R¢): 0.4 (hexane/ethyl
OVVOT(Q acetate=30/1). [0]"p= -16 (¢ = 0.26, CHCl;). 'H NMR (300

) MHz, CDCI3) & 8.06 (d, J = 7.1 Hz, 2H), 7.57 (t, J = 7.6 Hz,

1H), 7.45 (t, J= 7.4 Hz, 2H), 4.22 (dd, 11.8 Hz, 7.1 Hz, 1H), 4.06 (dd, 11.3 Hz, 8.3 Hz, 1H), 3.26 (d,
2H), 1.84 (sept, 1H), 1.39-1.50 (m, 1H), 0.90-0.96. (m, 1H), 0.88 (d, 2.2 Hz, 3H), 0.86 (d, 2.0 Hz, 3H),
0.59-0.67 (m, 1H). >C NMR (100 MHz, CDCI3) & 11.58, 18.36, 19.68, 28.45, 58.23, 66.72, 78.13,
128.70, 129.93, 130.65, 133.29, 167.00. IR (cm™) 2964, 2870, 1726. HPLC condition: Daicel
CHIRALPAK OK, UV Detector: 254 nm, Flow rate: 0.3 ml/min, Eluent: hexane/2-propanal= 800/1.
Anal. C5sH,,050.2H,0, Found: C 71.20, H 7.85%; Calcd: C 71.51, H 8.16%.
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7. Linear effect.

To explore the behavior of Ru(Il)-Pheox complex in the catalytic asymmetric cyclopropanation of
succinimidyl diazoacetate with olefins, we examined the correlation between the optical purities of the
ligand with the optical purities of trans product. As a general method, we adjusted the optical purities
of the ligand 1b to be 30% ee, 70% ee, and
under basic condition to form Ru(Il)-Pheox complexes 2b. After using these catalysts in the
cyclopropanation of p-methyl styrene with succinimidyl diazoacetate, we observed the linear
correlation between the optical purities of the ligand and the trans product as shown in Figure 2.

Therefore, the catalyst proceeded by 1:1 with substrate as a molecular catalyst.

100
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Figure 2. Linear correlation of PA-Pheox ligand ees with #rans-product ees.
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8. Catalytic symmetric cyclopropanation by using 2a.

0
o)
cat. 2a (1 mol%)
X + N [
R 2\)L p CHoClo, 1t, <1min LOD
RV 0
3 (5 equiv.) NZCHCOQSu
Entry R yield(%)® trans:cis®
1 ©/ 99 >99:<1
2 O/ 90 >99:<1
H3C 'Z‘_L
3 ©/ 94 >99:<1
CHs "
4 C]f 95 >99:<1
CHs
5 /©/ 84 >99:<1
H,CO :
6 ©/ 84 >99:<1
Cl
A
7 ‘i' 91 >99:<1
8 /\/\O/‘z'l 91 >99:<1

9 Y\O/ * 95 >99:<1

@ Reactions were carried out in CH,Cl, for 1 min on a 0.2 mmol scale with
a molar ratio of cat/succinimidyl diazoacetate/styren= 0.01/1/5. © Isolated
yield. ° Determined by "H NMR analysis.
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9. NMR and HPLC Spectral data.

'H NMR and "*C NMR (dm+Pheox ligand) 1a.
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'H NMR and "*C NMR [Ru-dn+Pheox(CH3CN),]PF 2a.
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'H NMR and "*C NMR (PA-Pheox ligand) 1b.
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'H NMR and "*C NMR [Ru-PA-Pheox(CH3CN)4]PF¢ 2b.

wdd @

YY)

nzz

002

08T

091

ovT

02t

007

08

08

ov

02

wdd

|

o
F/
N
~ ny
Y(EHQON)

P

y
_%id




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

oL
|

S19



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

002
L

O?L

00l
|

Ndd

S20



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

HO

Fo -

Wdd

S21



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

002
1

0‘|3L

05
l

Ndd

S22

HO



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

HPLC of 2-phenylcyclopropylmethanol (Racemic product).

HPLC condition

Column: Daicel CHIRALPAK OD-H
OH UV Detector: 254 nm
Flow rate: 0.5 ml/min

racemic
Eluent: hexane:2-propanol= 9:1
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HPLC of 2-phenylcyclopropylmethanol (Table 1, entry 9 or Table 2, entry 2).

HPLC condition

Column: Daicel CHIRALPAK OD-H
OH UV Detector: 254 nm

Flow rate: 0.5 ml/min

trans ee: 98%

Eluent: hexane:2-propanol= 9:1
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HPLC of 2-phenylcyclopropylmethanol (Table 1, entry 11).

g = 2 1o
UELH HoUE min
p——
13 TeT
o o Bttt §
Be et e _

 Co O ATION RESILT —

= 8 X SCatE FACTOR = 1.080648 PEakK AREES
Ib# RTimin: MEME ARER i SRESY
i 1664957 EEE

HPLC condition

Column: Daicel CHIRALPAK OD-H

OH
UV Detector: 254 nm

Flow rate: 0.5 ml/min

trans ee: >99%
Eluent: hexane:2-propanol= 9:1
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HPLC of 2-p-tolylcyclopropylmethanol (racemic).

eee foente

Led bl i

s

HPLC condition
HsC
Column: Daicel CHIRALPAK OD-H

OH

UV Detector: 254 nm

_ Flow rate: 0.5 ml/min

racemic

Eluent: hexane:2-propanol= 9:1
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HPLC of 2-p-tolylcyclopropylmethanol (Table 2, entry 4).

HPLC condition

H3C
Column: Daicel CHIRALPAK OD-H

OH UV Detector: 254 nm
Flow rate: 0.5 ml/min

frans ee: >99%
Eluent: hexane:2-propanol= 9:1
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HPLC of 2-mrtolylcyclopropylmethanol (Racemic).

oo

N

B R Y O I T

HPLC condition

Column: Daicel CHIRALPAK OD-H

H3C OH UV Detector: 254 nm

) Flow rate: 0.5 ml/min
racemic

Eluent: hexane:2-propanol= 9:1

S36



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

HPLC of 2-mtolylcyclopropylmethanol (Table 2, entry 6).

-

HPLC condition

Column: Daicel CHIRALPAK OD-H

HaC OH UV Detector: 254 nm

Flow rate: 0.5 ml/min

trans ee: 91%
Eluent: hexane:2-propanol= 9:1
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HPLC of 2-o-tolylcyclopropylmethanol (Racemic).

HPLC condition

Column: Daicel CHIRALPAK OD-H

OH UV Detector: 254 nm
CHs

) Flow rate: 0.5 ml/min
racemic

Eluent: hexane:2-propanol= 20:1
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HPLC of 2-o-tolylcyclopropylmethanol (Table 2, entry 8).

(]

HPLC condition

Column: Daicel CHIRALPAK OD-H
OH

CHs UV Detector: 254 nm

trans ee: 91% Flow rate: 0.5 ml/min
. (]

Eluent: hexane:2-propanol= 20:1
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Column: Daicel CHIRALPAK OD-H
Eluent: hexane:2-propanol= 30:1

UV Detector: 254 nm
Flow rate: 0.5 ml/min

HPLC condition
OH
S48
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HPLC of 2-(4-methoxyphenyl)cyclopropylmethanol (Table2, entry10).

HPLC condition

H5;CO
Column: Daicel CHIRALPAK OD-H

OH UV Detector: 254 nm

Flow rate: 0.5 ml/min

trans ee: 92%
Eluent: hexane:2-propanol= 30:1
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HPLC of 2-(4-chlorophenyl)cyclopropylmethanol (Racemic).

I8 SR Y T T

HPLC condition
Cl
Column: Daicel CHIRALPAK OD

OH UV Detector: 254 nm
Flow rate: 0.5 ml/min

racemic
Eluent: hexane:2-propanol= 95:5
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HPLC of 2-(4-chlorophenyl)cyclopropylmethanol (Table 2, entry 12).

Full e

HPLC condition

Cl
Column: Daicel CHIRALPAK OD

OH UV Detector: 254 nm
Flow rate: 0.5 ml/min

trans ee: >99% Eluent: hexane:2-propanol= 95:5
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HPLC of 2-(9H-carbazol-9-yl)cyclopropylmethanol (Racemic).

racemic

HPLC condition

Column: Daicel CHIRALPAK OD-H
UV Detector: 254 nm

Flow rate: 1 ml/min

Eluent: hexane:2-propanol= 9:1

S60



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

HPLC of 2-(9H-carbazol-9-yl)cyclopropyl methanol (Table 2, entry 14)

i

HPLC condition
Q Column: Daicel CHIRALPAK OD-H

O NV\/OH UV Detector: 254 nm

Flow rate: 1 ml/min

trans ee: 98% Eluent: hexane:2-propanol= 9:1
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HPLC of 2-butoxycyclopropylmethyl benzoate (Racemic).

HPLC condition

0 Column: Daicel CHIRALPAK OK
NN 0
V\/ UV Detector: 254 nm

Flow rate: 0.3 ml/min

racemic
Eluent: hexane:2-propanol= 400:1
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HPLC of 2-butoxycyclopropylmethyl benzoate (Table 2, entry 16).

HPLC condition
0 Column: Daicel CHIRALPAK OK
N N 0
V\/ UV Detector: 254 nm

Flow rate: 0.3 ml/min
trans ee: >99%
Eluent: hexane:2-propanol= 400:1
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HPLC of 2-isobutoxycyclopropylmethyl benzoate (Racemic).

I3.805
»0.817
48,155
44,783
o s

i
4 4

% CALCULATION RESULT —

SEaLE FACTOR

FiN# 142

STRRTED AT

{
& (111

CHART SPEED
ATTENUATION 256 mY |

1. 0060 PEAK GRES

e — . I . N i R
Eok#d RETimin: GRES HEIGHT fik GRES

1 PR X iG@id %.E%é}

> IE.885 TESd i 19.7252

3 I6.817 £219 i 28,3573

o 17T STET il 20 ST

4 48, 133 SEEE 1 h?,_:h_

5 44, 7ES 5457 i 22.7241

racemic

S76

ied

e

e
i

HPLC condition

Column: Daicel CHIRALPAK OK
UV Detector: 254 nm

Flow rate: 0.3 ml/min

Eluent: hexane:2-propanol= 800:1
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HPLC of 2-isobutoxycyclopropylmethyl benzoate (Table 2, entry 18).

L O L

HPLC condition

)\/O Column: Daicel CHIRALPAK OK
o
\VV UV Detector: 254 nm

O

Flow rate: 0.3 ml/min
trans ee: >99%

Eluent: hexane:2-propanol= 800:1
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