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Figure S1. X-ray structure of 6d.

HOMO and LUMO energies and coefficients for carbonyl ylide and dipolarophiles.
Molecular orbital calculations were performed by Workspace, FUIITSU-SCIGRESS
2.3.0 version after geometry optimization using MM2 (molecular mechanics) followed
by MOPAC with AM1 parameters. From frontier molecular orbital (FMO) analysis for
these reactions in the absence of a catalyst, the chemo- and regiocontrol observed can be
readily rationalized in terms of maximum overlap of the LUMO of carbonyl ylides
derived from 4a—c¢ and the HOMO of arylallene dipolarophiles Sa—d and 5f-i. FMO
analysis, however, fails to explain the same regiochemistry encountered with a strongly
electron-deficient p-(trifluoromethyl)phenylallene (Se). The calculations suggest that the
favored cycloadduct should be the result of interaction between the HOMO of carbonyl
ylides derived from 4a-c and the LUMO of Se rather than the dipole
LUMO-dipolarophile HOMO interaction. One possible explanation for the exclusive
formation of 6e, 6m and 6q is that association of Rhy(S-TCPTTL)s with the carbonyl

ylide leads to a significant lowering of the LUMO energy level compared with the
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catalyst-free carbonyl ylide and facilitates the interaction between its LUMO and the

HOMO of 5e, which predicts the regiochemistry exactly as observed.
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Fig. S2 Frontier orbital energies of carbonyl ylide derived from a-diazo-p-ketoester (4a) and arylallenes 5.
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Fig. S3 Frontier orbital energies of carbonyl ylide derived from a-diazo-p-ketoester (4a) and arylallenes 5.
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Fig. S4 Frontier orbital energies of carbonyl ylide derived from a-diazo-p-ketoester (4a) and arylallenes 5.
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Fig. S5 Frontier orbital energies of carbonyl ylide derived from a-diazo-B-ketoester (4b) and arylallenes 5.
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Fig. S6 Frontier orbital energies of carbonyl ylide derived from a-diazo-B-ketoester (4b) and arylallenes 5.
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Fig. S7 Frontier orbital energies of carbonyl ylide derived from o-diazo-p-ketoester (4¢) and arylallenes 5.
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o PD 5.0000 sec
PW1 6.25 usec
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DFILE 2jk038 c13-1.als
COMNT  2k038 c13
DATIM 02-09-2011 12:54:39
OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 99.55 MHz
OBSET 5.13 KHz
OBFIN 0.98 Hz
POINT 26214
FREQU 24999.62 Hz
SCANS 2000
ACQTM 1.0486 sec
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DFILE 2jk189-1.als

(=2 =3 o) o
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© L « C DATIM 26-01-2013 10:22:02
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
POINT 13107
FREQU 5938.15 Hz
SCANS 16
ACQTM 2.2073 sec
PD 5.0000 sec
PW1 6.25 usec
IRNUC 1H
CTEMP 189 ¢
SLVNT CDCL3
- EXREF 7.26 ppm
2 BF 0.12 Hz
- RGAIN 38
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DFILE 2jk189 c13-1.als
COMNT  2jk189 c13
DATIM 26-01-2013 12:13:26

OBNUC 13C

EXMOD single_pulse_dec
OBFRQ 99.55 MHz
OBSET 5.13 KHz
OBFIN 0.98 Hz
POINT 26214
FREQU 24999.62 Hz
SCANS 2148
ACQTM 1.0486 sec
PD 2.0000 sec
PW1 3.33 usec
IRNUC 1H

CTEMP 204 c
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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DFILE 2jk169-1.als

o
S COMNT  2jk169
© DATIM  18-04-2012 10:41:55
OBNUC  1H
EXMOD single_pulse.ex2
OBFRQ 395.88 MHz
e OBSET 6.28 KHz
< OBFIN 0.87 Hz
POINT 13107
FREQU 5938.15 Hz
X SCANS 16
2 ACQTM 2.2073 sec
PD 5.0000 sec
PW1 6.25 usec
IRNUC  1H
CTEMP 406.6 ¢
SLVNT ~ CDCL3
EXREF 0.00 ppm
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RGAIN 38
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DFILE 2jk169 c13-3.als
COMNT  2jk169 c13
DATIM 28-04-2012 13:17:31

OBNUC 13C

EXMOD single_pulse_dec
OBFRQ 99.55 MHz
OBSET 5.13 KHz
OBFIN 0.98 Hz
POINT 26214
FREQU 24999.62 Hz
SCANS 2000
ACQTM 1.0486 sec
PD 2.0000 sec
PW1 3.33 usec
IRNUC 1H
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SLVNT CDCL3
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RGAIN 60
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DFILE 2jk151-1.als

0

= COMNT  2jk151

o DATIM 26-03-2012 11:19:51
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
POINT 13107
FREQU 5938.15 Hz
SCANS 16
ACQTM 2.2073 sec
PD 5.0000 sec

o PW1 6.25 usec
o IRNUC  1H

CTEMP 406.9 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 36
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DFILE 2jk151 c13-1.als
COMNT  2jk151 ¢13
DATIM 26-03-2012 12:52:34

OBNUC 13C

EXMOD single_pulse_dec
OBFRQ 99.55 MHz
OBSET 5.13 KHz
OBFIN 0.98 Hz
POINT 26214
FREQU 24999.62 Hz
SCANS 1788
ACQTM 1.0486 sec
PD 2.0000 sec
PW1 3.33 usec
IRNUC 1H

CTEMP 4071 ¢
SLVNT CDCL3

EXREF 77.16 ppm
BF 0.12 Hz
RGAIN 60
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DFILE 2jk135-1.als

o

S COMNT  2jk135

© DATIM 28-02-2012 10:51:10
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
POINT 13107
FREQU 5938.15 Hz
SCANS 16
ACQTM 2.2073 sec
PD 5.0000 sec

PW1 6.25 usec
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SLVNT  CDCL3
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DFILE 2jk135 c13-1.als
COMNT  2jk135 c13
DATIM 28-02-2012 13:06:31

OBNUC 13C

EXMOD single_pulse_dec
OBFRQ 99.55 MHz
OBSET 5.13 KHz
OBFIN 0.98 Hz
POINT 26214
FREQU 24999.62 Hz
SCANS 2625
ACQTM 1.0486 sec
PD 2.0000 sec
PW1 3.33 usec
IRNUC 1H

CTEMP 183 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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DFILE 2jk050 HNMR-1 jdf
COMNT  2jk050 HNMR
DATIM 06-02-2013 15:00:59
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
POINT 16384
FREQU 7422.80 Hz
SCANS 16
ACQTM 2.2073 sec
PD 5.0000 sec
PW1 6.25 usec
IRNUC 1H
CTEMP 195 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40
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DFILE 2jk050 c13-1.als
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DATIM 16-09-2011 12:00:27
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EXMOD single_pulse_dec
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EXREF 77.00 ppm
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1H
single_pulse.ex2
391.78 MHz
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0.00 ppm
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2jk146 c13-1.als
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24-03-2012 13:25:21
13C
single_pulse_dec
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1.0486 sec
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3.33 usec
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DFILE 2jk164b-1.als

o

@ COMNT  2ik164b

3 DATIM 06-04-2012 10:50:04
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
POINT 13107
FREQU 5938.15 Hz
SCANS 16
ACQTM 2.2073 sec
PD 5.0000 sec
PW1 6.25 usec
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DFILE 2jk164b c13-1.als
COMNT  2jk164b
DATIM 06-04-2012 13:02:33
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EXMOD single_pulse_dec
OBFRQ 99.55 MHz
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POINT 26214
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SCANS 2557
ACQTM 1.0486 sec
PD 2.0000 sec
PW1 3.33 usec
IRNUC 1H

CTEMP 188 ¢
SLVNT CDCL3
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DFILE 2jk160—1.als
COMNT  2jk160
DATIM 27-03-2012 16:00:13

~ OBNUC 1H

Q EXMOD  single_pulse.ex2

£ OBFRQ 395.88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
POINT 13107
FREQU 5938.15 Hz
SCANS 16
ACQTM 2.2073 sec
PD 5.0000 sec
PW1 6.25 usec
IRNUC 1H
CTEMP 406.9 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 36
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DFILE 2jk160 c13-1.als
COMNT  2jk160 c13
DATIM 28-03-2012 13:32:05

OBNUC 13C

EXMOD single_pulse_dec
OBFRQ 99.55 MHz
OBSET 5.13 KHz
OBFIN 0.98 Hz
POINT 26214
FREQU 24999.62 Hz
SCANS 1000
ACQTM 1.0486 sec
PD 2.0000 sec
PW1 3.33 usec
IRNUC H

CTEMP 406.8 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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—— 2jk032 - CH1

300000

100000

— 2jk033 - CH1

300000

6a (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
18.89 2232515 50.02
2 20.50 2231163 49.98
6a
Peak No. Time (min) Area [m V. Sec] Area %
18.92 62494 0.46
2 20.43 13630440 99.54
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—— 2jk184 - CH1

300000

— 2jk183 - CH1

6b (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
1 10.10 6397673 49.78
2 11.69 6455430 50.22
6b
Peak No. Time (min) Area [m V. Sec] Area %
1 10.17 468262 3.73
2 11.65 12070046 96.27
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===IEE§!E§HH§H!

6¢ (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
1 11.36 3722059 49.82
2 14.49 3748501 50.18
6¢
Peak No. Time (min) Area [m V. Sec] Area %
1 11.35 201688 1.21
2 14.38 16437045 98.79

S30




300000

200000

100000

400000

200000

6d (racemate)
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—— 2jk150 - CH1

—— 2jk141 - CH1

PeakNo. Time (min) Area [m V. Sec] Area %
1 15.00 8998222 50.45
2 18.10 8836777 49.55
6d
Peak No. Time (min) Area [m V. Sec] Area %
1 14.75 303835 1.82
2 17.56 16421881 98.18
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100000

15.0
Retention Time [min]

—— 2jk133 - CH1

200000

100000

15.0
Retention Time [min]

6e (racemate)

PeakNo. Time (min) Area [m V. Sec] Area %
16.14 2868587 49.87
2 20.29 2882971 50.13
6e
Peak No. Time (min) Area [m V. Sec] Area %
15.67 121816 1.29
2 19.45 9351901 98.71
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20.49
23.550

20.0 25.0
Retention Time [min]

20.0
Retention Time [min]

—— 2j188-CH1

6f (racemate)
Peak No. Time (min) Area [m V. Sec] Area %
1 20.49 3448649 50.40
2 23.55 3394032 49.60
6f
Peak No. Time (min) Area [m V. Sec] Area %
1 20.92 186421 3.94
2 24.12 4541731 96.06
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6g (racemate)
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—— 2jk039 - CH1

—— 2jk038 - CH1

Peak No. Time (min) Area [m V. Sec] Area %
1 17.00 6337363 50.04
2 21.96 6326718 49.96
6g
Peak No. Time (min) Area [m V. Sec] Area %
1 16.83 20196325 99.50
2 22.06 100717 0.50
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—— 2jk190 - CH1

25.0 30.0 35.0
Retention Time [min]

> | 2jk189-CH1

25.0 30.0 35.0
Retention Time [min]

6h (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
1 42.03 5155910 48.21
2 51.90 5539394 51.79
6h
Peak No. Time (min) Area [m V. Sec] Area %
1 43.13 125346 0.88
2 53.06 14052844 99.12
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—— 2jk170 racemic- CH1

200000

10.0 12.0
Retention Time [min]

—— 2jk169b - CH1

800000

600000

400000

200000

8.0 10.0
Retention Time [min]

6i (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
7.39 6191561 49.62
2 10.60 6285867 50.38
6i
Peak No. Time (min) Area [m V. Sec] Area %
7.40 8823821 91.41
2 10.66 828683 8.59
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—— 2jk042 - CH1

—— 2jk044 - CH1

Peak No. Time (min) Area [m V. Sec] Area %
1 13.46 11051558 50.85
2 35.40 10683895 49.15
6j
Peak No. Time (min) Area [m V. Sec] Area %
1 13.50 115663 1.83
2 35.23 6221161 98.17
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—— 2jk172 -CH1

6k (racemate)

—— 2jk045 - CH1

Peak No. Time (min) Area [m V. Sec] Area %
1 10.57 5468442 49.67
2 17.08 5540672 50.33
6k
Peak No. Time (min) Area [m V. Sec] Area %
1 10.56 262316 1.96
2 17.00 13089585 98.04
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—— 2jk152 - CH1

—— 2jk151 - CH1

6l (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
1 15.75 15960713 50.12
2 44.77 15884190 49.88
61
Peak No. Time (min) Area [m V. Sec] Area %
1 15.98 1086556 3.90
2 45.09 26755657 96.10
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—— 3j064-CHL

300000

200000

10.0
Retention Time [min]

—— 2jk135-CH1

400000

200000

10.0
Retention Time [min]

6m (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
6.94 5033203 49.61
2 14.35 5112898 50.39
6m
Peak No. Time (min) Area [m V. Sec] Area %
6.82 155091 1.23
2 13.73 12417622 98.77
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—— 2jk178 - CH1

2jk050 - CH1

= ‘

6n (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
1 9.82 4178429 50.25
2 35.40 4136677 49.75
6n
Peak No. Time (min) Area [m V. Sec] Area %
1 9.85 51425 0.37
2 18.20 13715375 99.63
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—— 2180 - CHL

15.0
Retention Time [min]

15.0
Retention Time [min]

60 (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
17.57 2421147 49.53
2 24.37 2467064 50.47
60
Peak No. Time (min) Area [m V. Sec] Area %
17.34 9582901 98.73
2 24.33 123547 1.27
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—— 2jk171 -CH1

—— 2jk164 - CH1

150000

100000

6p (racemate)

Peak No. Time (min) Area [m V. Sec] Area %
18.92 461628 49.68
2 20.89 467632 50.32
6p
Peak No. Time (min) Area [m V. Sec] Area %
18.87 3639288 97.23
2 20.50 103719 2.77
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—— 3jk066 aryst - CH1

20.0
Retention Time [min]

—— 3jk065b - CH1

20.0
Retention Time [min]

6q (racemate)

PeakNo. Time (min) Area [m V. Sec] Area %
1 28.60 5576543 50.00
2 33.88 5575944 50.00
6q
Peak No. Time (min) Area [m V. Sec] Area %
1 28.60 5157113 99.34
2 34.20 34507 0.66
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6r (racemate)
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—— 2jk179 - CH1

—— 2jk160 - CH1

Peak No. Time (min) Area [m V. Sec] Area %
1 7.22 2436267 49.54
2 12.43 2481294 50.46
6r
Peak No. Time (min) Area [m V. Sec] Area %
1 7.23 2727910 99.62
2 12.75 10306 0.38
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