


1. General experimental information

All reactions were carried out in flartltied sealed tubes with magnetic stirriklipless otherwise

noted, all experiments were performed under argon atmosphere. All reagents were purchased from
TCI, Acros orStrem. Solvents were treated with 4 A molecukieves or sodium and distilled

prior to use.The startingketoimine substrated.a-1t were preparedaccording toour previously
reported procedure$! Purifications of reaction products were carried out by flash
chromatography using Qingdao Haiyang Chetini@o.Ltd silica gel (4663 mm). Infrared spectra

(IR) were recorded on a Brucker TENSOR 27 FTIR spectrophotometer and are reported as
wavelength numbers (ci). Infrared spectra were recorded by preparing a KBr pellet containing
the title compound'H NMR and**C NMR spectra were recorded with tetramethylsilane (TMS)

as internal standard at ambient temperature unless otherwise indicated on a Bruker Avance DPX
600 fourier Transform spectrometer operating at 400 MHZHoNMR and 100 MHz for*C

NMR. Chenical shifts are reported in parts per million (ppm) and coupling constants are reported
as Hertz (Hz). Splitting patterns are designated as singlet (s), broad singlet (bs), doublet (d), triplet
(t). Splitting patterns that could not be interpreted or yasdlualized are designated as multiple

(m). Low resolution mass spectra were recorded using a Waters HPLC/ZQ4000 Mass
SpectrometerHigh resolution mass spect(ellRMS) were recorded oan IF-TOF spectrometer
(Micromass).Gas chromatograph mass spewgtsae obtained with a SHIMADZU model GCMS
QP5000 spectrometetrystal data were collected on a Bruker D8 Advance employing graphite
monochromated Me KU r adi ation (& = 0.71073 j¥satan293

mode. The structure was solveddisect methods SHELX97.
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1.1. Table 1. Catalyst screening fointermolecular carbenoid functionaliztion of a-imino
Csp*-H bonds?

N EtOOC
| Catalyst (2.5 mol %)
NT N 6 0 AgCIO, (10 mol %) /N\
I + MOEt -
N, THF, 80 °C, 8 h SN
. |
1a 2a 3a
entry catalyst yield ( )°
1 Pd(OAc) 0
2 Cul 0
3 Cu(OAc) 0
4 [{RuCl,(p-cymene)}] 0
5 [Cp*IrCl ], 21
6 RhCk 0
7 Rh,(COD)Cl, 0
8 [Cp*RhCl]» 27

@ All the eactiors were carried out usingetoimine 1a (0.1 mmol), diazo compouncla (0.2
mmol), catalyst(2.5 mol %), AgClO, (10 mol %) in THF (2.0 mL) at 80°C for 8 h in a sealed
reaction tubgfollowed by flash chromatography on Si®lsolated yield.

1.2. Table 2. The effect ofadditives on the intermolecular carbenoid functionaliztion of a-

imino Csp>-H bonds?

N EtOOC
| [CP*RNCl,], (2.5 mol %)
N7 N o 0 Additive (10 mol %) /N
ot -
N, THF, 80 °C, 8 h NN
. |
1a 2a 3a
entry additive yield ( )"
1 AgCIO, 27
2 AgBF, 31
3 AgNTf, 34
4 AgOAc 29
5 AgSbR 36

& All the eactiors were carried out usingetoimine 1a (0.1 mmol), diazo compounda (0.2
mmol), [Cp*RhCly], (2.5 mol %), additive (10 mol %) in THF (2.0 mL) at 80°C for 8 h in a
sealed reaction tube , followed by flash chromatography opn Sdlated yield.

1.3. Table 3. The effecbf solventson the intermolecular carbenoid functionaliztion of a-

imino Csp®-H bonds®



X EtO0C
| [Cp*RhCl,], (2.5 mol %) =
N" N o 9 AgSbF (10 mol %)
| - A N
OEt .
)\@ N, Solvent, 80 °C, 8 h Z>N
. [
1a 2a 3a
entry solvent yield ( )"
1 THF 36
2 EtOH 23
3 DCE 85
4 Toluene trace
5 Dioxane 52
6 CHsCN 90
7 DMSO 26

& All the eactiors were carried out usingetoimine 1a (0.1 mmol),diazo compounda (0.2
mmol), [Cp*RhCl,], (1.6 mg, 25 mol %), AgSbk (10 mol %) in solvent(2.0 mL) at 80°C for8 h
in a sealed reaction tube , followed by flash chromatography on"3#lated yield.

1.4. Table 4. The effect of thereaction temperature on the intermolecular carbenoid
functionaliztion of a-imino Csp>-H bonds®

N EtOOC
| [CP*RNClyl, (2.5 mol %) &
N" N o AgSbFg (10 mol %)
| + )J\Hk - N
OEt
)\@ N, CH3CN, Temperature, 8 h N
“~ |
1a 2a 3a
entry temp (°C) yield ( )°
1 60 81
2 80 90
3 100 87

@ All the eactions were carried out usingetoimine 1a (0.1 mmol), é¢azo compounda (0.2
mmol), [Cp*RhCL], (2.5 mol %), AgSbk (10 mol %) in CH:CN (2.0 mL) atthe given
temperaturdor 8 h in a sealed redon tube followed by flash chromatography on $i®lsolated
yield.

1.5. Table 5.The effect ofthe reactiontime on the intermolecular carbenoid functionaliztion
of a-imino Csp*H bonds®

A EtOOC
| [CP*RhCl,], (2.5 mol %)
N” N o 9 AgSbF (10 mol %) / N\
| * Moa >
)\© I CH4CN, 80 °C, Time A
NS
1a 2a 3a
entry time (h) yield ( )"
1 6 88
2 8 90
3 12 90

@ All the eactiors were carried out usingetoimine 1a (0.1 mmol), diazo compouncla (0.2
mmol), [Cp*RhCly], (2.5 mol %), AgSbFks (10 mol %) in CHsCN (2.0 mL) at 8CC for the given



timein a sealed reaction tube , followed by flash chromatography on"3#lated yield.

1.6. General procedures forthe preparation of diazo mpounds(2a-2j)

Solvent o)
O SO2N3 Base R2
A — ==
R N,

Method A: To a s o |-ketbesteon b-dikdtonef§l.0 eqiiv.) and4-methylbenzenesulfonyl
azide (1.2equiv.) in CH;CN at0 °C was addedriethylamine (1.2equiv.). The resulting solution
was stirred af °C for 3 h and slowly brought to RUpon completion as indicated by tHayer
chromatographyTLC), the reaction was quenched witlater, extracted with ethyl acetate, and
dried over anhydrouBlgSQ,. The reaction mixturgvasconcentrated under reduced pressure, and

the crudeproductwaspurified bycolumn chromatography

Method B: To a cold suspensioof NaH (1.2 equiv.) in benzene (50 mL) and THF (8 mL) was
addedb-ketoeste 1.0 equiv.) in benzene (20 mL) and the suspension stiatg@’C for 45 min.4-
methylbenzenesulfonyl azidé.2 equiv.) in benzene (10 mL) wadowly addedand the reaction
mixture wasstirred for 2 hthenwarming to room temperatur&€he mixture was then filtered on a
pad of celite and concentratecider reduced pressurand thecrude productwas purified by

column chromatography

Ethyl 2-diazo-3-oxobutanoate(2a)'?

The title compound was prepared according to Methothe product was obtained yellow oil
in 91% yield. *H NMR (400 MHz, CDCJ) U 4J=3.1 Hz( aH), 2.48 (s, 3H), 1.34 {t= 7.1
Hz, 3H) *C NMR (101 MHz, CDCkL) U 2, 1&18, 61.4, 28, 14.3 IR (KBr): 2989, 2876,
2135, 1720, 168, 1469,1375, 1072cm ™.,

O O

N2

2b
Ethyl 2-diazo-3-oxopentanoate(2b) @
The title compound was prepared accordmdylethod A. The product was obtainedyafiow oil
in 88% yield. '"H NMR (400 MHz, CDC}) U 4 =36(® H%, 8H), 2.86 (o = 7.2 Hz, 2H),

1.33 (t,J = 7.0 Hz, 3H), 1.14 (t) = 7.2 Hz, 3H) ®C NMR (10LMHz, CDCk) & 193.5, 161.

61.3, 33.7, 14.38.2 IR (KBr): 2981, 2844, 2138, 1721, 1650, 1458, 1373, 1065 cm™.



o O

OEt
N,

2c
Ethyl 2-diazo-3-oxo-3-phenylpropanoate(2c)?!
The title compound was prepared according to Method A. The product was obtayeddail
in 90% yield. '"H NMR (400 MHz, CDC}) U 7J =675 H¢, @H), 7.52 (t) = 7.4 Hz, 1H),
7.42 (t,J = 7.4 Hz, 2H), 4.24 (q) = 7.1 Hz, 2H), 1.25 (&) = 7.1 Hz, 3H) *C NMR (10L MHz,
CDCly) a4 186. 9, 161. 0, 1 3,71421IR (KBr)33D13,2976, 283821448
1720, 1656,1625, 1448, 1371, 1308, D45cm ™,

O O

OEt
N3

2d
Ethyl 3-cyclohexy}2-diazo-3-oxopropanoate(2d) !
The title compound was prepared according to Method A. The product was obtayeddwail
in 81% yield. 'H NMR (400 MHz, CDC)) U 4 J=36(® H¢%, 8H), 3.32 (tJ = 9.8 Hz, 1H),
1.80 (d,J=7.7 Hz, 4H), 1.69 (d] = 12.3 Hz, 1H), 1.461.38 (m, 2H), 1.37 1.30 (m, 5H), 1.24
(d,J=11.7 Hz, 1H)*®*C NMR (10L MHz, CDCk) U 1 9 661, 46.7, B8125.Z 143. IR
(KBr): 2979, 2856, 2138, 1715, 1651371, 1318, 1146,077,1044cm 1

O O

OEt
Ny

2e
Ethyl 2-diazo-3-oxo-5-phenylpentanoate(2e)?!
The title compound was prepared according to Method A. The pragwscbbtained agellow oil
in 78% vield. 'H NMR (400 MHz, CDC}) U  7J.=38 HZ 4H), 7.19 (d) = 5.5 Hz, 1H),
4.28 (q,0 = 6.8 Hz, 2H), 3.18 (1) = 7.2 Hz, 2H), 2.96 (1) = 7.2 Hz, 2H), 1.31 (1) = 6.7 Hz, 3H)
¥C NMR (101 MHz, CDG)) 191.9, 161.3, 140.8, 128.4, 126.1, 61.4, 41.7, 30.2, IR (KBr):
3011, 2983, 2140, 1714, 1651, 1454, 1374, 1313, 1067.

127.



Ethyl 2-diazo-3-oxohept6-enoate(2f) 1!

The title compound was prepared according to Meth. The product was obtained ylow oil

in 78% yield. *H NMR (400 MHz, CDC}) i 5-.597%2(m, 1H), 5.03 (dd] = 29.0, 13.6 Hz, 2H),

4.30 (q,J = 7.1 Hz, 2H), 2.96 () = 7.3 Hz, 2H), 2.43 2.34 (m, 2H), 1.33 () = 7.1 Hz, 3H) °C

NMR (101 MHz,CDCl) & 192.0, 161.3, 136. R (KB):B®HL,3, 61. 3,
2980, 2930,2136, 1718,1657, 1434, 137, 1050cm ™.

M ethyl 2-diazo-4-methoxy-3-oxobutanoate(2g)

The title compound was preparadcording to Method A. The product was obtainegied®w oil

in 86% yield. *"H NMR (400 MHz, CDC)}) U 4.53 (s, 2H), :"cN8R (s, 3H)
(101 MHz,CDC}) & 188. 7, ,BB3R &Br): 207,.2887 2115, 9713} 1648, 1469,

1375, 1065cm™,

N2

2h
3-Diazopentane2,4-dione (2h)
The title compound was prepared according to Method A. The product was obtayeddail
in 85% vield. '"H NMR (400 MHz, CDC)) U 2 . 4%C NMR (1016VIH3, CDG)) 188.1,
84.5, 28.3IR (KBr): 2960,2875, 214Q 1727, 1463,1365cm .

E\/OMe
OMe
N2
2i
Dimethy! (1-diazo-2-oxopropyl)phosphonate(2i)
The title compound was prepared according to Me®iodhe product was obtained asite oil
in 72% vyield. '"H NMR (400 MHz, CDC}) U 3.87 (s, 3H), ;N8R (s, 3H)
(101 MHz, CDC}) 0 189..8|R (KBB:.2%1, 282672127, 1722 1646, 1439,1369,
1038 cm™.
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2j
1-Diazo-1-tosylpropan-2-one (2j)
The title compound was prepared according to Method A. The product was obtaiyeltbwas
solidin 75% yield; mp 102- 104 €.'H NMR (400 MHz, CDC)) U 7J=8&.3 Hz( 2H), 7.38
(d,J=7.6 Hz, 2H), 2.46 (s, 3H), 2.28 (d, 3H)C NMR (101 MHz,CDCL) U ,145.5,13®.1,
130.1, 127.3, 27.0, 2%.6R (KBr): 3060, 2974, 2923,2119, 1720, 1660, 1593,1432, 1370, 120

cm™,

1.7 General procedure forthe synthesis 6 pyrrole derivatives (3a-3y)

A 10 mL of reaction tubwvas charged witfCp*RhCl,], (1.6 mg, 25 mol%), AgSbFk; (3.4mg, 10
mol %), ketoimines 1 (0.1 mmol) and CH3;CN (1.5 mL) under Ar atmosphereThen dazo
compound2 (0.2 mmol) inCH;CN (0.5 mL) was added in ofot under Arand the mixture was
stiredat 80 € for 8 h The correspondingeactionmixture was cooled to room temperature and
then filtered through gad of Celite and concentrated under reduced presEuegesiduewas
purified by flash chromatography on silical gel uset@yl acetate/petroleum ethas eluento
afford the desiregroduct3.

EtOOC

3a

Ethyl 2-methyl-5-phenyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3a): Yellow oil; 27.5mg,
90% yield. '*H NMR (400 MHz, CDCJ) U 8J=@.2 Hz( 1H), 7.66 (t) = 7.6 Hz, 1H), 7.33
7.28 (m, 1H), 7.14 (d] = 6.3 Hz, 3H), 7.02 (d] = 6.8 Hz, 2H), 6.95 (d] = 7.9 Hz, 1H), 6.78 (s,
1H), 4.32 (qJ = 7.1 Hz, 2H), 2.48 (s, 3H), 1.37 &= 7.1 Hz, 3H) *C NMR (101 MHz, CDG))
0 165. 51494, 1384, 138.1, 133%, 1324, 1281, 1267, 1234, 1134, 1105, 596, 146,
124; HR-MS (ESI) calcd for [M + 1]: CygH1gN,05: 307.144] found:307.1444 IR (KBr): 3062,
2980, 2928, 17011573 148, 1439, 1375, 1228, 10%8n .



3b
Ethyl 2-methyl-1-(pyridin -2-yl)-5-(p-tolyl)-1H-pyrrole -3-carboxylate (3b): Yellow oil; 26.2
mg, 82% yield '"H NMR (400 MHz, CDCJ) U 8J1=&2D HgZ, tH), 7.66 () = 7.7 Hz, 1H),
7.30 (t,J = 5.4 Hz, 1H), 6.98 6.89 (m, 5H), 6.74 (s, 1H), 4.32 @= 6.9 Hz, 2H), 2.47 (s, 3H),
2.25 (s, 3H), 1.37 (] = 7.0 Hz, 3H)"®*C NMR (101 MHz, CDGJ)) U 16 5149.3513B4,1. 6
136.4, 133.6, 129.4, 128.8, 127.9, 123.4, 123.2, 113.2, 110.0, 59.5, 21.0, 14 BRI®IS (ESI)
calcd for [M + 1] : CooH21N,O,: 321.1598 found: 321.1607 IR (KBr): 3130, 2983, 2926, 1702,
1580, 1534, 1469, 1331, 1228, 1076 tm

EtOOC

/ \
N

ZZ N OMe

L

3c
Ethyl 5-(4-methoxyphenyl)}2-methyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3c). Yellow
oil; 24.2 mg, 72% vield 'H NMR (400 MHz, CDC)) i 8J=&23 HZ, tH), 7.67 ()= 7.6
Hz, 1H), 7.33 7.27 (m, 1H), 6.95 (d] = 7.6 Hz, 3H), 6.70 (d] = 4.2 Hz, 3H), 4.32 (q) = 7.1
Hz, 2H), 3.74 (s, 3H), 2.47 (s, 3H), 1.37J& 7.1 Hz, 3H)™*C NMR (101 MHz, CDG)ti 165. 5
158.46,151.5, 149.3, 138.0, 137.8, 133.3, 129.4, 125.0, 123.4, 123.2, 113.6, 113.1, 109.5, 59.5,
55.1, 14.512.3 HR-MS (ESI) calcd for [M + 1]: CygH21N,04: 337.1547 found: 337.1552 IR
(KBr): 3148, 2978, 2927, 1700, 1571, 1535, 1468, 1333, 1376, 1227, 10%6 cm

EtOO0C

/ \
N

Z\| Cl

L

3d
Ethyl 5-(4-chlorophenyl)-2-methyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3d): Yellow oil;
30.9 mg, 91% vyield 'H NMR (400 MHz, CDC)) U 81=63® HZ, IH), 7.71 (t) = 7.7 Hz,
1H), 7.36- 7.32 (m, 1H), 7.12 (d] = 8.3 Hz, 2H), 6.95 (1) = 8.2 Hz, 3H), 6.78 (s, 1H), 4.32 (@,
= 7.1 Hz, 2H), 2.47 (s, 3H), 1.37 {t= 7.1 Hz, 3H) '®*C NMR (101 MHz,CDCJ)) & 165. 3,

151.



149.5,138.6, 138.3, 132.5, 132.3, 130.8, 129.1, 128.4, 123.4, 113.5, 110.8, 59.6, 14 5Rt2.3
MS (ESI) calcd for [M + 1]: C1gH1sCIN,O,: 341.105] found: 341.1054 IR (KBr): 3129, 2986,
1701, 1580, 1473, 1400, 1228, 1082tm

EtOOC
/ \ cl

3e
Ethyl 5-(3-chlorophenyl)-2-methyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3e) Yellow oil;
28.9 mg, 85% vield 'H NMR (400 MHz, CDC}) U 8J1=644 HZ, #H), 7.73 () = 7.6 Hz,
1H), 7.39- 7.32 (m, 1H), 7.1% 7.02 (m, 3H), 6.99 (d] = 7.9 Hz, 1H), 6.82 (dJ = 8.4 Hz, 2H),
4.32 (q,d = 6.9 Hz, 2H), 2.47 (s, 3H), 1.38 (= 7.0 Hz, 3H) °C NMR (101 MHz, CDG)) U
165.3, 151.1, 149.5, 138.8, 138.3, 134.0, 132.0, 129.3, 127.8, 126.6, 125.9, 123.5, 123.3, 113.5
111.2 59.6, 14.5, 12.3HR-MS (ESI) calcd for [M + 1]: CigH1sCIN,O,: 341.1051 found:

341.1057IR (KBr): 3063, 2980, 2932, 1702, 1586, 1523, 1464, 1376, 1228, 1081 cm

EtOOC

3f
Ethyl 5-(2-chlorophenyl)-2-methyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3f): Yellow oil;
21.1 mg, 62% vield 'H NMR (400 MHz, CDCJ) i 8J=&D HZ, iH), 7.66 () = 7.7 Hz,
1H), 7.30 (tJ = 5.4 Hz, 1H), 6.98 6.89 (m, 5H), 6.74 (s, 1H), 4.32 (@ 6.9 Hz, 2H), 2.47 (s,

3H), 2.25 (s, 3H), 1.37 (1 = 7.0 Hz, 3H) *C NMR (101 MHz, CDC)) & 165.5, 151.

138.1, 136.4, 133.6, 129.4, 128.8, 127.9, 123.4, 123.2, 113.2, 110.0, 59.5, 21.0, 1413R12.3
MS (ESI) calcd for [M + 1]: C1gH1gCIN,O,: 341.105] found:341.1068 IR (KBr): 3129, 2984,
2930, 1701, 1576, 1467, 1402, 1333, 1227, 1083.cm

EtOOC

ZZ\ COOMe

6 ’



Ethyl  5-(4-(methoxycarbonyl)phenyl}2-methyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate

(39): Yellow oil; 31.3 mg, 86% yield '*H NMR (400 MHz, CDC)) U 8J.=6.4 Hz( 1), 7.82

(d,J = 7.9 Hz, 2H), 7.71 (t) = 7.6 Hz, 1H), 7.35 (t) = 5.9 Hz, 1H), 7.06 (dJ = 7.9 Hz, 2H),

6.99 (d,J= 7.8 Hz, 1H), 6.90 (s, 1H), 4.33 (@= 7.0 Hz, 2H), 3.86 (s, 3H), 2.49 (s, 3H), 1.38)(t,

= 6.9 Hz, 3H) ®C NMR (101 MHz,CDC)) 4 166.7, 165.2, 151.2, 149.
132.4, 129.5, 127.8, 127.3, 123.5, 123.3, 113.8, 111.9, 59.6, 52.0, 14;51RAES (ESI) calcd

for [M + 1]": CxH21 N0, 365.1496 found: 365.1514 IR (KBr): 3059, 2983, 1712, 1606, 1468,

1435, 1376, 1230, 1106 ¢

EtOOC

-~ "N N02

3h

Ethyl 2-methyl-5-(4-nitrophenyl) -1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3h): Reddishoil;
333 mg, 95% vield. '*H NMR (400 MHz, CDC}) U 8J=&B Hz, tH), 8.01 (dJ = 8.7 Hz,
2H), 7.78 (t,J = 7.6 Hz, 1H), 7.43 7.38 (m, 1H), 7.12 (d) = 8.7 Hz, 2H), 7.05 (dJ = 7.9 Hz,
1H), 6.98 (s, 1H), 4.34 (d,= 7.1 Hz, 2H), 2.49 (s, 3H), 1.39 &= 7.1 Hz, 3H) **C NMR (101
MHz, CDCL) a 164. 9, 1,5140.3,8.38.6,11319,.187,5, 12349512376, 123.1, 114.2,
113.2, 59.8, 14.5, 12.8IR-MS (ESI) calcd for [M + 1]: C1gH1sN304: 352.1292 found:352.1305

IR (KBr): 3125, 2986 2981, 1703, 1594, 1517, 1466, 1338, 1230, 116 cm 1

EtOOC
/N\ O>
Z>N o
. |
3i

Ethyl 5-(benzo[d][1,3]dioxo}l5-yl)-2-methyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3i):

Yellow oil; 213 mg, 61% yield '"H NMR (400 MHz, CDC)) U 8J=64.3 Hz 1H), 7.69 (1)

= 7.7 Hz, 1H), 7.347.28 (m, 1H), 6.97 (d] = 7.9 Hz, 1H), 6.69 (s, 1H), 6.60 @@= 7.9 Hz, 1H),

6.51 (d,J = 9.2 Hz, 2H), 5.88 (s, 2H), 4.31 @@= 7.0 Hz, 2H), 2.46 (s, 3H), 1.37 &= 7.0 Hz,
3H);13CNMR(101MHZ,CD(]33) it 165. 5, 151. 4, 149. 4, 147. 3, 14¢
123.3, 122.0, 113,1.09.9, 108.7, 108.1, 100.9, 59.5, 14.5, 1RR-MS (ESI) calcd for [M + 1:

CooH19N0,4: 351.1339 found: 351.1342 IR (KBr): 3134, 2985, 2898, 1700, 1578, 1532, 1476,

1437, 1346, 1225, 1086 ¢
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o
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3]

Ethyl 5-(furan-2-yl)-2-methyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3j): Yellow oil; 18.0

mg, 61% yield '"H NMR (400 MHz, CDCJ) U 8J=64® HZ, tH), 7.84 (t) = 7.6 Hz,1H),

7.46- 7.39(m, 1H), 7.24- 7.18 (m, 2H), 6.93 (s, 1H), 6.19 @z 1.4 Hz, 1H), 5.49 (s, 1H), 4.31

(q,J = 7.1 Hz, 2H), 2.40 (s, 3H), 1.37 {= 7.1 Hz, 3H) *C NMR (101 MHz,CDG)) U 165. 29,
1512, 149.6, 1465, 141.2, 138.4, 138.1, 124.5, 123.9, 123.2, 113.3, 110.7, 109.7, 105.6, 59.6,
14.5, 12.0HR-MS (ESI) calcd for [M + I} Ci7H17N,05: 297.1234 found: 297.1242 IR (KBr):

3128, 2984 297, 1703, 1587, 1554,1470, 1400, 1376, 123, 1078cm ™.

EtOOC
/\/
N
/NS/
\I
3k

Ethyl 2-methyl-1-(pyridin -2-yI)-5-(thiophen-2-yl)-1H-pyrrole -3-carboxylate (3k): Yellow oil;

18.1 mg,58% vield 'H NMR (400 MHz, CDC)) t 8J1=63® HZ, tH), 7.78 () = 7.6 Hz,

1H), 7.42- 7.36 (m, 1H), 7.15 (d] = 7.9 Hz, 1H), 7.07 (d] = 4.6 Hz, 1H), 6.83 (s, 1H), 6.80 {t,

= 4.2 Hz, 1H), 6.47 (d] = 2.0 Hz, 1H), 4.32 (q] = 7.1 Hz, 2H), 2.42 (s, 3H), 1.37 &= 7.1 Hz,

3H), ®*C NMR (101 MHz,CDG) U 165.2, 150.9, 149.6,123838. 3, 13¢
123.7, 113.2, 110.8, 59.6, 14.5, LHR-MS (ESI) calcd for [M + 1]: Ci7H17N,0,S: 313.1005
found:313.1016 IR (KBr): 3064, 2979, 2929, 1702, 1580, 1468, 1435, 1378, 1232, 1081 cm

Ethyl 2-methyl-1-(5-methylpyridin -2-yl)-5-phenyl-1H-pyrrole -3-carboxylate (3I): Yellow oil;
25.9 mg, 81% vield *H NMR (400 MHz, CDC)) U 8. 43 ( §=7.71Hd,)1H), 729 46 ( d,
7.11 (m, 3H), 7.04 (d] = 7.4 Hz, 2H), 6.85 (d] = 8.0 Hz, 1H), 6.77 (s, 1H4.32 (9,J = 7.1 Hz,

11



2H), 2.46 (s, 3H), 2.38 (s, 3H), 1.37 Jt= 7.1 Hz, 3H) °C NMR (101 MHz, CDCJ) & 165. 5,
149.6, 149.1, 138.6, 138.4, 133.5, 133.1, 132.4, 128.0, 126.5, 122.7, 113.2, 110.3, 59.5, 18.1, 14.5,
12.3 HR-MS (ESI) calcd for [M + I]: CooH2:N,0,: 321.1598 found:321.1607 IR (KBr): 3063,

2977, 2926, 1702, 1570, 1529, 1481, 1400, 1332, 1228, 1075 cm

EtOOC

[\
N

~ "N

<

Cl
3m
Ethyl 1-(5-chloropyridin -2-yl)-2-methyl-5-phenyl-1H-pyrrole -3-carboxylate (3m): Yellow oil;
26.5mg, 78% vield.'"H NMR (400 MHz, CDCf) U 8. 57 ( 8584HH)H), 7.I8(B 1 ( d,
J=6.3 Hz, 3H), 7.02 (dJ = 6.7 Hz, 2H), 6.87 (d] = 8.4 Hz, 1H), 6.77 (s, 1H), 4.32 @= 7.0
Hz, 2H), 2.48 (s, 3H), 1.37 @,= 7.1 Hz, 3H) ®*C NMR (101 MHzCDCkL) U 165. 3, 149. 6,
138.3, 137.8, 133.5, 132.1, 1311%8.3 128.1, 126.9, 124.0, 113.7, 110.8, 59.6, 14.5,; 123
MS (ESI) calcd for [M + 1]: CyoH1sCIN,O,: 341.105] found:341.1056 IR (KBr): 3062, 2980,
2928, 1704, 1568, 1530, 1466, 1400, 1380, 1229, 1074 cm

EtOO0C

Br
3n

Ethyl 1-(5-bromopyridin -2-yl)-2-methyl-5-phenyl-1H-pyrrole -3-carboxylate (3n): Yellow oil;
28.8mg, 75% vield.'"H NMR (400 MHz, CDCf) U 8. 67 ( 8583HH)H), 7.I8(d 6 ( d,
J = 6.8 Hz, 3H), 7.03 (d] = 6.6 Hz, 2H), 6.81 (d] = 8.3 Hz, 1H), 6.77 (s, 1H), 4.32 @@= 7.0
Hz, 2H), 2.49 (s, 3H), 1.37 @,= 7.1 Hz, 3H) ®*C NMR (101 MHz,CDG)) & 165. 3, 150. 4,
140.68 138.2, 133.5, 132.1, 128.3, 128.1, 126.9, 124.5, 120.0, 113.7, 110.8, 59.6, 1419R12.3
MS (ESI) calcd for [M + 1} CigH1sBrN,O,: 385.0546 found:385.0550 IR (KBr): 3141, 2982,
2925, 1703, 1567, 1531, 1464, 1328, 1229, 1078.cm
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EtOO0C

30
Ethyl 1-(5-cyanopyridin-2-yl)-2-methyl-5-phenyl-1H-pyrrole -3-carboxylate (30). Yellow oil;
26.1 mg,79% vield.'"H NMR (400 MHz, CDC}) U 8. 89 ( 8582HH)H),7.20.(86 ( d,
3H), 6.98 (tJ = 6.1 Hz, 3H), 6.79 (s, 1H), 4.33 (@~ 6.6 Hz, 2H), 2.55 (s, 3H), 1.38 &= 6.9
Hz, 3H) *C NMR (101 MHz,CDG)) & 165. 1, 154.1, 152.2, 140.9,
128.2, 127.2, 123.3, 115.8, 114.6, 111.8, 108.9, 59.8, 14.5HR-HIS (ES) calcd for [M + 1]:
CooH18N30,: 332.1394 found: 332.1398 IR (KBr): 3103, 2983, 2929234,1703, 1586, 1478,
1448, 1330, 1231, 1074 ¢

EtOOC

/ \
N

N)\N
N
3p
Ethyl 2-methyl-5-phenyl-1-(pyrimidin -2-yl)-1H-pyrrole -3-carboxylate (3p): Yellow oil; 23.9
mg, 78% yield.’'H NMR (400 MHz, CDCJ) U 8J=748 HZ 2H), 7.30 7.26 (m, 1H), 7.17
(d,J=7.0 Hz, 3H), 7.01 (d] = 7.1 Hz, 2H), 6.77 (s, 1H), 4.32 @@= 7.1 Hz, 2H), 2.59 (s, 3H),
1.37 (tJ=7.1 Hz, 3H)** C NMR (101 MHzCDCl;) &G 165. 4, 158.6, 158. 2,
128.3, 127.8, 126.6, 119.7, 113.8, 111.1, 59.6, 14.5; HR3MS (ESI) calcd for [M + 1]:
C1gH18N30,: 308.1394 found: 308.1397 IR (KBr): 3060, 2978, 2926, 1702, 1564, 1486, 1423,
1375, 1231, 1071 cih

EtOOC

3q
Ethyl 2-ethyl-5-phenyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3q): Yellow oil; 27.8 mg,
87% yield."H NMR (400 MHz, CDC}) U 8. 63 ( b=7.6 HA)H), 7.32 (sf161), .18 ,
(s, 3H), 7.02 (dJ = 6.0 Hz, 2H), 6.96 (dJ = 7.8 Hz, 1H), 6.79 (s, 1H), 4.33 (@= 6.9 Hz, 2H),
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2.93 (q,J = 7.1 Hz, 2H), 1.37 () = 7.0 Hz, 3H), 1.07 () = 7.2 Hz, 3H) **C NMR (101 MHz,

CDCl,) U 165.2, 151.5, 149.3, 144.%®W34 1381105 133. 5,
59.5, 19.2, 14.5, 14, HR-MS (ESI) calcd for [M + 1]: C,oH»1N,0,: 321.1598 found:321.1605

IR (KBr): 3150, 2980, 2932, 1702, 1586, 1524, 1468, 1401, 1376, 1220, 1085 cm

EtOOC

Ethyl 2,5-diphenyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3r): White solid 26.5 mg, 72%

yield, m.p.87-89°C. 'H NMR (400 MHz, CDC}) t 8J1=3% Hz, IH), 7.49 (t) = 7.4 Hz,

1H), 7.19 (ddJ = 18.0, 7.5 Hz, 8H), 7.12 (d,= 7.4 Hz, 3H), 6.94 (s, 1H), 6.87 (@= 7.9 Hz,

1H), 4.18 (q,J = 7.1 Hz, 2H), 1.18 (t) = 7.1 Hz, 3H) °C NMR (101 MHz, CDG)) U 164 . 6,
151.3, 148.9, 139.8, 137.5, 134.8, 132.2, 131.5, 131.2, 128.4, 128.1, 127.8, 127.2, 126.9, 123.7,
122.9, 114.6, 1M.1, 59.6, 14.1HR-MS (ESI) calcd for [M + I]: CoHxN-O.: 369.1598 found:
369.1605IR (KBr): 3103,2983, 295, 17®, 158, 1534, 147/, 138, 123, 1(B1lcm™

EtOOC

[\
N

Z "N
“~ |
3s

Ethyl 2-cyclohexyt5-phenyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3s) White oil; 27.7
mg, 74% vield.'"H NMR (400 MHz, CDCJ) U 8J1=&2 HZ, tH), 7.66 (t) = 7.0 Hz, 1H),
7.34 (d,J = 5.6 Hz, 1H), 7.11 (s, 3H), 7.036.96 (m, 3H), 6.79 (s, 1H), 4.32 @= 7.1 Hz, 2H),
2.86 (t,J=11.4 Hz, 1H), 1.95 (s, 2H), 1.70 (s, 4H), 1.57)¢,11.6 Hz, 1H), 1.39 ({1 = 7.1 Hz,
3H), 1.14 (ddJ = 25.7, 12.4 Hz, 3H)°*C NMR (101 MHz,CDG)) & 165.2, 152.1, 149
137.9, 133.2, 132.4, 128.3, 128.0, 12624.1, 123.6 112.6, 111.5, 59.6, 37.7, 30.0, 27.0, 25.6,
14.5 HR-MS (ESI) calcd for [M + 1]: C,sH2N,0: 375.2067 found:375.2069 IR (KBr): 3100,
2926, 2854, 1704, 1585, 1517, 1465, 1397, 1224, 108% cm
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Ethyl 2-phenethyt5-phenyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3t): Yellow oil; 33.3

mg, 84% vyield.'H NMR (400 MHz, CDCJ) U 8. 66 ( &=7.5H4}H), 7.30.(s51), ( t ,

7.17 (dd,J = 16.6, 7.8 Hz, 6H), 7.02 (s, 4H), 6.82 (s, 1H), 6.70 7.7 Hz, 1H), 4.36 (q] = 6.7

Hz, 2H), 3.21- 3.15 (m, 2H), 2.9% 2.84 (m, 2H), 1.40 () = 6.8 Hz, 3H) **C NMR (101 MHz,

CDCl) U 165. 1, 151. 3, 149. 1,128D0,426.7,8125.81133%, 13,3, 133 . 6,
113.29, 110.7, 59.6, 36.182, 14.6 HR-MS (ESI) calcd for [M + 1]: CpgHasN,O,: 397.1911

found: 397.1917 IR (KBr): 3068, 2979, 2931, 2858, 1701, 1582, 1525, 1442, 1230, 1237, 1080

3u
Ethyl 2-(but-3-en-1-yl)-5-phenyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3u): Yellow oil;
24.6 mg, 71% yield.'H NMR (400 MHz, CDCJ}) U 8. 63 (»=75HAJH), 7.32.(d6 4 (t ,
J=3.3 Hz, 1H), 7.13 (s, 3H), 7.02 @= 5.6 Hz, 2H), 6.93 (d] = 7.7 Hz, 1H), 6.80 (s, 1H), 5.70
(td, J = 14.5, 7.0 Hz, 1H), 4.87 (@,= 13.6 Hz, 2H), 4.33 (q] = 6.5 Hz, 2H), 3.01 () = 7.1 Hz,
2H), 2.25 (d,J = 6.8 Hz, 2H), 1.37 (tJ = 6.7 Hz, 3H) °C NMR (101 MHz, CDG)) & 165. 2,
151.4, 149.2, 142.0, 137.933.6, 132.3, 128.1, 126.6, 123.7, 123.3, 114.6, 113.2,,159.5,
33.9, 25.5, 14.5HR-MS (ESI) calcd for [M + 1]: CyHxN,0,: 347.1754 found: 347.1756 IR
(KBr): 3066, 2979, 2854, 1702, 1569, 1522, 1436, 1371, 1232, 1079 cm

MeOOC

MeO / N\
2\
. |
3v

Methyl 2-(methoxymethyl)-5-phenyl-1-(pyridin -2-yl)-1H-pyrrole -3-carboxylate (3v): Yellow
oil; 29.6 mg, 92% yield.'"H NMR (400 MHz, CDC}) & 8J=56 H4, tH), 7.70 (t) = 7.7
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Hz, 1H), 7.30 (dJ = 5.9 Hz, 1H), 7.17 (d] = 6.1 Hz, 4H), 7.05 (s, 2H), 6.81 (s, 1H), 4.78 (s, 2H),
3.87 (s, 3H), 3.19 (s, 3H*C NMR (101 MHz,CDC)) & 165.3, 151.2, 149.1,
132.0, 128.2, 127.0, 123.3, 115.7, 110.7, 62.9, 57.6; HR2MS (ESI) catd for [M + 1]

CioH1oN,03: 323.1390 found: 323.1387 IR (KBr): 3102, 2942, 2818, 1710, 1586, 1525, 1471,

1402, 1226, 1083 cfh

3w

1-(2-M ethyl-5-phenyl-1-(pyridin -2-yl)-1H-pyrrol -3-yl)ethanone (3w): Yellow oil, 20.9 mg, 76%
yield. '"H NMR (400 MHz, CDC}) U 8J=8+.2 Hz( 1H), 7.69 (t) = 7.2 Hz, 1H), 7.357.30

(m, 1H), 7.16 (d,) = 5.6 Hz, 3H), 7.03 (d] = 6.5 Hz, 2H), 6.99 (d] = 7.9 Hz, 1H), 6.71 (s, 1H),
2.49 (s, 6H)**C NMR (101 MHz, CDCJ) § 154.8, 14%.4, 138.1, 137.7, 133.5, 132.2, 128.1,
126.8, 123.4, 121.8, 110.7, 28.9, IHR-MS (ESI) calcd for [M + 1]: CigH17N,O: 277.1335
found: 277.1340 IR (KBr): 3163, 2923, 2853, 1723, 1659, 1590, 1519, 1471, 1436, 1345, 1231,
1072 cmi™.

MeO

O
MeO’P

-

|\
N

~Z "N
\I

3x

Dimethyl (2-methyl-5-phenyl-1-(pyridin -2-yl)-1H-pyrrol -3-yl)phosphonate (3x): White oil,

18.8 mg, 55% yield.'"H NMR (400 MHz, CDC}) U 8. 63 (3=75HH]}H), BI(5,68 (t,
1H), 7.15 (s, 3H), 7.046.99 (m, 2H)6.96 (d,J = 7.9 Hz, 1H), 6.58 (s, 1H), 3.80 (s, 3H), 3.77 (s,

3H), 2.41 (s, 3H)*C NMR (101 MHz,CDC)) & 151.4, 149.4, 139.5, 139.
128.2, 127.9, 126.8, 123.3, 112.4, 106.1, 103.9, 52.3; HRAMS (ESI) calcd for [M + 1]:
Ci1gH20N05P: 343.1206 found: 343.1215% IR (KBr): 3131, 2951, 2850, 1589, 1516, 1469, 1398,
1240, 1028 crit.
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3y
2-(2-Methyl-5-phenyl-3-tosyl-1H-pyrrol -1-yl)pyridine (3y): White solid 24.4 mg, 63% yield
m.p. 22-124°C."H NMR (400 MHz, CDC}) & 8. 60 ( 857.9HHIH), 7.66(tB=6 ( d,
7.6 Hz, 1H), 7.34 7.27 (m, 3H), 7.15 (s, 3H), 6.98 (s, 2H), 6.91J¢,7.8 Hz, 1H), 6.73 (s, 1H),

2.41 (s, 6H)** C NMR (101 MHz,CDC)) & 150. 8, 149. 434.9,134.3,131.4, 140 .

129.6, 128.2, 127.2, 126.8, 123.7, 123 %.0, 109.3, 21.5, 11,HR-MS (ESI) calcd for [M +
1]": CysHN,0,S: 389.1318 found: 389.1321 IR (KBr): 3133, 3008, 2984, 2924, 2854, 1677,
1590, 1518, 1470, 1438, 1399, 1300, 1237, 1180.c

2. Controlled experiments for mechanism studies

(a). Rh(lll) -catalyzed intermolecular cyclization cascade oN-phenyl ketoimine 1q with

diazo compound 2a

EtOOC
[Cp*RhCl5];, (2.5 mol %)
0 O o I\
N AgSbFg (10 mol %)
| + )J\[HJ\ - N
OEt
CH3CN, 80°C, 8 h @

1q 2a 3z (not observed)

A 10 mL of reaction tube was charged with [Cp*R}€(1.6 mg, 25 mol%), AgSbk (3.4mg, 10
mol%), ketoimine 1q (20 mg,0.1 mmol) andCH;CN (1.5 mL) under Ar. Diazo compounga
(31 mg,0.2 mmol)in CH;CN (0.5 mL) was then added in opet under Ar and the mixture was
stimed at 80 € for 8 h Afterwards,the reactionmixture was cooled to room temperatune
product3z wasobservecby *H NMR and GGMS analysis this resultindicated thathe pyridyl

group played a significarhelationdirecting role irthis transformation

(b) H/D Exchange ofN-(2-pyridyl) ketoimine (1a)

N A
» [CP*RhCL], 25mol %) ||
N N N N

| AgSbFg (10 mol %) |
HsC >
3 )\© CD50D (2.0 equiv) D5C
CH3CN, 80°C, 8 h j .7 .
82% deuterium incorporation
1a d-1a

To the solution of ketoimin&a (20 mg,0.1 mmol) in CH;CN (1.0 mL) were addedCp*RhCl;]»
(1.6 mg, 25 mol %), AgSbk (3.4 mg, 10 mol %) andCD;0D (2.0 equiy under Ar.The reaction
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mixture was stirre@t 80 € for 8 h and thercooled down to room temperatudgter removal of

solventthe resulted crudewas quickly purified by flash column chromatography give the

desred compoundi-1a (51%yield) asoil. '"H NMR (400 MHz, CDC}) 4 8. 46 ( 9, 1H), 8
= 6.7 Hz, 2H), 7.68 (t) = 7.4 Hz, 1H), 7.45 (d] = 7.4 Hz, 3H), 7.02 (s, 1H), 6.84 (@= 7.9 Hz,

1H), 2.25 (s0.55H); °C NMR (101 MHz, CDGJ)) & 167 . 79 139.G 237.3,,130.9,4 8 .

128.3 1275, 1189, 115.2 HR-MS (ESI) calcd for [M + 1]: CiH10DsNp: 200.1262 found:

200.1262

(0): Kinetic isotope effect of this transformation

N EtOOC
| [CP*RNCl,], (2.5 mol %) )

AgSbFg (10 mol %)

N7 N 0O O
| + )H‘)koa >
HsC CH4CN, 80 °C
N
1a 2a

—Z

N EtOOC D(H)
| [CP*RNCl,], (2.5 mol %) /\
AgSbFg (10 mol %

NN e 9 )
| + )J\(\koa -

DsC N, CH4CN, 80 °C SN
d-1a 2a

=z

|
d-3a
A 10 mL of reaction tube was charged with ketoimsi(ea: 20 mg, 0.1 mmol; ord-1a: 20 mg, 0.1
mmol), [Cp*RhCl,], (1.6 mg, 25 mol%), AgSbk (3.4 mg, 10 mol%) andCH;CN (1.5 mL) under
Ar. Diazo compoud 2a (31 mg,0.2 mmol) h CH;CN (0.5 mL) was then added in opet under
Ar and the mixture was stedat 80 €. Aliquots (0.4 mL) wereextractedat lhourintervals for
the first4 hoursof the reactionAfter the solvent ofeach &quot (0.4 mL) was removed under
reduced pressarconditions and analyzenly 'H NMR spectrum (se€igure 1 andFigure 2). A
sample plot of the initial rate data fbre reactiom of bothla andd-1a wasshown inFigure 3.
The reaction progress in the early stagd {bus) indicated a kinetic isotope effe@IE) of 2.3,
d-3a Yellow liquid; '"H NMR (400 MHz, CDC)) & 8. 62 (&57.6HH1H),7.31. 66 (t ,
(d,J= 4.3 Hz, 1H), 7.14 (s, 3H), 7.03 @z 6.3 Hz, 2H), 6.95 (d] = 7.8 Hz, 1H), 6.78 (9.2H),
4.32 (q,d = 6.7 Hz, 2H), 2.48 (s, 3H), 1.37 (= 7.0 Hz, 3H) °C NMR (101 MHz, CDG)) U
165.5 (s), 151.5 (s), 149.3 (s), 138.3 (s), 138.1 (s), 133.438)3 (s), 128.0d, J = 13.8 Hz),
126.6 (s), 123.3d, J = 16.1 Hz), 113.3s), 1D.5 (s), 59.5 (s), 14.5 (s), 12(8). HR-MS (ESI)
calcd for [M + 1]: CygH1gDN,O,: 308.1504 found:308.1512
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3a

/ la
extractedafter 4 h 1 I*
N

™
extractedafter 3 h “‘ - ?
o ~-7,ﬁ,,,,w,A)-'/‘/ "‘\\ o _____7__7__777// N
extractedafter 2 h ‘ 2
— - /A_,// “"\,,, ) o 47_/./" \\\_7 B s

extractedafter 1 h "//L
R Bt N -

82 8.78 8.74 8.70 8.66 8.62 8.58 8.54 8.50 8.46 8.42 8.38 8.34
1 (ppm)

Figure 1, The conversiomf 1awas monitored byH NMR method

d-3a dil a
H4
extractedafter 4 h 1

kv_/\_—‘___/;,
extractedafter 3 h \\.\ ?

e // \\_7777 - \\ - - o
extractedafter 2 h N 2

o S - - - - _/,/’/ N AN o B o

extractedafter 1 h B

8.78 8.74 8.70 8.66 8.62 8.58 8.54 8.50 8.46 8.42 8.38 8.34
f1 (ppm)

Figure 2. Theconversiorof d-1awas monitored byH NMR method
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0 1 2 3 4 5
time (h)

Figure 3, The got of initial rates fo KIE measurements

3.1 Singlerystal structure and crystallographic data for 3r

Figure 1. The Single crystal structure of compound 8

Table 6. Crystal data and structure refinement for3r.

Identification code 3r
Empirical formula Ca4H21N20;
Formula weight 369.43
Temperature 571(2) K
Wavelength 1.54178A

Crystal system, space group  Monoclinic, C2/C
Unit cell dimensions a=29.4790(8) A alpha =90 deg.
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b =12.0530(3) A beta = 108.029(2) deg.
¢ =11.6531(3) A gamma = 90 deg

Volume 3937.17(18\"3

Z, Calculated density 8, 1.246Mg/m"3
Absorption coefficient 0.635mm~-1

F(000) 61560

Crystal size 0.28 x 0.24 x 0.26nm’

Theta range for data collection 5.99 to 62.68leg.

Limiting indices -33<=h<=33,11<=k<=13,-13<=|<=12
Reflections collected / unique 8227 /3109 [R(int) = 0.0228]
Completeness to theta = 27.45 98.3 %

Refinement method Full-matrix leastsquares on F~2

Data / restraints / parameters 3109 /0/ 253

Goodnesf-fit on FA2 0.674

Final R indices [I>2sigma(l)] R1 =0.0396, wR2 = 0.1129
R indices (all data) R1 =0.0439, wR2 = 0.1192
Largest diff. peak anHole 0.172 and0.162e.A™-3

Table 7. Atomic coordinates 10%) and equivalent isotropic displacement parametersi? x
10°) for 3r.
U(eq) is defined as one third of the trace of the orthogonalliZeensor

X y z U(eq)

O(1)  3796(1) 3824(1)  757(1) 75(1)
O(2)  4133(1) 4806(1) -380(1)  65(1)
N(1)  3503(1) 7512(1)  876(1) 43(1)
C(17) 3504(1) 8702(1)  816(1) 44(1)
C(1)  4143(1) 7335(1) -83(1)  47(1)
C(2)  4160(1) 7090(1) -1237(1) 54(1)
C(3)  4504(1) 7563(1) -1658(2) 66(1)
C@)  4831(1) 8287(2) -956(2) 73(1)
C(5)  4820(1) 8541(1)  191(2) 70(1)
C(6)  4479(1) 8065(1)  625(2) 57(1)
C(7)  3780(1) 6840(1)  401(1) 43(1)
C(8)  3675(1) 5752(1)  620(1) 45(1)
C(9)  3334(1) 5789(1) 1246(1)  48(1)
C(10)  3230(1) 6867(1) 1403(1)  44(1)
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C(11) 28850l 7292(1) 1977(1)  45(1)
C(12)  2844(1) 6726(1) 2984(1)  54(1)
C(13)  2502(1) 7019(2) 3507(2)  63(1)
C(14)  2200(1) 7897(1) 3058(2) 62(1)
C(15)  2242(1) 8474(1) 2082(1) 57(1)
C(16)  2580(1) 8177(1)  1538(1)  49(1)
N@2)  3670(1) 9217(1) 1870(1)  57(1)
C(18)  3691(1) 10323(1) 1814(2)  73(1)
C(19)  3563(1) 10921(1)  756(2) 76(1)
C(20)  3386(1) 10362(1) -312(2)  70(1)
C(21)  3350(1) 9220(1) -286(1) 54(1)
C(22)  3870(1) 4701(1)  358(1) 50(1)
C(23)  4331(1) 3804(2) -714(2) 81(1)
C(24)  4620(1)  4134(2) -1495(2)  88())

Table 8. Bond lengths [A] and angles [deg] foBr.

O(1)}C(22)
0(2)}C(22)
0(2)-C(23)
N(1)-C(7)
N(1)-C(10)
N(1)-C(17)
C(17¥N(2)
C(17)}C(21)
C(1)-C(6)
C(1}C(2)
C(1)}-C(7)
C(2-C@3)
C(2)-H(2A)
C(3)-C(4)
C(3}H(3A)
C(4)XC(5)
C(4)H(4A)
C(5)yC(6)
C(5)H(5A)
C(6)-H(6A)

1.2023(18)
1.3290(19)
1.4468(19)
1.3806(17)
1.3904(17)
1.4359(17)
1.3268(18)
1.373(2)
1.389(2)
1.392(2)
1.4812(19)
1.380(2)
0.9300
1.368(3)
0.9300
1.382(3)
0.9300
1.384(2)
0.9300
0.9300
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C(7)C(8) 1.3884(19)
C(8)-C(9) 1.414(2)
C(8)C(22) 1.4618(19)
C(9)-C(10) 1.3597(19)
C(9)H(9A) 0.9300
C(10}C(11) 1.4715(19)
C(11)}C(16) 1.388(2)
C(11)}C(12) 1.3951(19)
C(12)}C(13) 1.377(2)
C(12)H(12A) 0.9300
C(13)}C(14) 1.378(2)
C(13)}H(13A) 0.9300
C(14)yC(15) 1.372(2)
C(14)YH(14A) 0.9300
C(15)}C(16) 1.383(2)
C(15)H(15A) 0.9300
C(16)H(16A) 0.9300
N(2)-C(18) 1.338(2)
C(18)}C(19) 1.375(3)
C(18)yH(18A) 0.9300
C(19)C(20) 1.369(3)
C(19YH(19A) 0.9300
C(20)}C(21) 1.381(2)
C(20}H(20A) 0.9300
C(21)}H(21A) 0.9300
C(23)}C(24) 1.479(3)
C(23)yH(23B) 0.9700
C(23)H(23C) 0.9700
C(24)H(24C) 0.9600
C(24)YH(24D) 0.9600
C(24YH(24A) 0.9600
C(22)0(2)-C(23) 117.38(13)
C(7)N(1)-C(10) 110.08(11)
C(7)N(1)-C(17) 123.80(11)
C(10}N(1)-C(17) 126.12(11)
N(2)-C(17)C(21) 124.95(13)
N(2)-C(17)N(1) 115.33(12)



C(21)}C(17)N(1)
C(6)-C(1}C(2)
C(6)-C(1}C(7)
C(2}-C(1)}C(7)
C(3)-C(2-C(1)
C(3}C(2}H(2A)
C(1}-C(2-H(2A)
C(4)C(3}C(2)
C(4)-C(3)H(3A)
C(2-C(3)H(3A)
C(3)-C(4)C(5)
C(3}-C(4)}H(4A)
C(5)}-C(4)yH(4A)
C(6)-C(5)C(4)
C(6)-C(5)H(5A)
C(4)-C(5)H(5A)
C(5)-C(6)-C(1)
C(5)-C(6)H(6A)
C(1}-C(6)-H(6A)
N(1)-C(7)-C(8)
N(1)-C(7)-C(1)
C(8)-C(7)C(1)
C(7)-C(8)-C(9)
C(7)-C(8)-C(22)
C(9)-C(8)-C(22)
C(10)C(9)-C(8)
C(10)C(9)-H(9A)
C(8)-C(9)H(9A)
C(9)-C(10}N(1)
C(9)-C(10)}C(11)
N(1)-C(10}C(11)
C(16)C(11}C(12)
C(16)C(11)C(10)
C(12)C(11)}C(10)
C(13)C(12)}C(11)

C(13}C(12yH(12A)
C(11)}C(12yH(12A)

C(14)yC(13)C(12)

119.69(12)
118.48(14)
119.66(13)
121.86(13)
120.37(16)
119.8
119.8
120.73(17)
119.6
119.6
119.78(16)
120.1
120.1
119.96(17)
120.0
120.0
120.68(16)
119.7
119.7
106.71(11)
120.14(12)
132.73(12)
107.41(11)
130.96(13)
121.58(12)
108.92(12)
125.5
125.5
106.87(12)
127.50(12)
125.60(12)
118.07(13)
124.11(12)
117.70(13)
120.90(15)
119.5
119.5
120.34(14)
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C(14)}C(13)H(13A)
C(12)}C(13)H(13A)
C(15)-C(14)C(13)
C(15)}C(14)H(14A)
C(13)}C(14)H(14A)
C(14)C(15)}C(16)
C(14)}C(15)H(15A)
C(16)C(15)H(15A)
C(15)C(16)C(11)
C(15)C(16)H(16A)
C(11)}C(16)H(16A)
C(17)}N(2)-C(18)
N(2)-C(18)-C(19)
N(2)-C(18)H(18A)
C(19)}C(18)H(18A)
C(20)C(19)C(18)
C(20)C(19)}H(19A)
C(18)}C(19)}H(19A)
C(19)C(20)C(21)
C(19)C(20)H(20A)
C(21)}C(20-H(20A)
C(17)}C(21)C(20)
C(17)C(21)H(21A)
C(20)-C(21)H(21A)
O(1)}C(22)}0(2)
O(1)}C(22)C(8)
O(2)-C(22)C(8)
O(2)-C(23)C(24)
0(2)-C(23)H(23B)
C(24)C(23)H(23B)
O(2)-C(23}H(23C)
C(24)C(23)H(23C)

H(23B)-C(23)H(23C)

C(23)C(24)yH(24C)
C(23)}C(24)yH(24D)

H(24C)C(24)H(24D)

C(23}C(24)H(24A)
H(24C)C(24)yH(24A)

119.8
119.8
119.40(14)
120.3
120.3
120.78(15)
119.6
119.6
120.47(13)
119.8
119.8
115.51(14)
124.1416)
117.9
117.9
118.62(15)
120.7
120.7
118.69(16)
120.7
120.7
117.98(15)
121.0
121.0
123.09(13)
123.42(14)
113.48(12)
107.38(16)
110.2
110.2
110.2
110.2
108.5
109.5
109.5
109.5
109.5
109.5
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H(24D)}C(24)H(24A) 109.5

Symmetry transformations used to generate equivalent atoms:

Table 9. Anisotropic displacement parameters (A*2 x 1073) fol3r. The anisotropic displacement

2 2 2 1 12
factor exponent takes the form:-2 ‘[h a* U + ... + 2 hka*b*U ]

Uil u22 U33 u23 Ui3 Uiz

O(1) 106(1)  37(1)  94(1) 8(1) 47(1) 8(1)
0(2) 83(1) 45(1)  80(1) 3(1)  41(1) 17(1)

N(1)  54(1) 33(1)  45(1) 1) @ 21(1) 1))
C(17) 54(1) 34(1)  51(1) -2(1) 26(1) -1(1)
C(1)  52(1) 36(1) 55(1)  6(1) 22(1)  7(1)
Cc)  62(1) 48(1) 57(1) 5(1) 27(1) 10(1)
cB)  79(1) 59(1)  75(1) 12(1)  45(1) 13(1)
c@  76(1) 58(1) 103(1) 17(1) 54(1)  7(1)
C(B)  65(1) 48(1) 101(1)  1(1) 33(1) -7(1)
c@)  63(1) 45(1)  67(1) O(1) 27(1)  -1(1)
C(7)  50(1) 38(1)  42(1) 0(1) 16(1)  3(1)
C(B)  54(1) 36(1)  45(1) 1(1) 15(1)  3(1)
CO  59(1) 37(1)  50(1)  5(1) 22(1)  -3(1)
C(10) 54(1) 40(1)  42(1) 2(1) 18(1) -2(1)
Cc@1) 53(1) 41(1)  42(1) -2(1)  17(1)  -5(1)
c(12) 67(1) 50(1)  49(1)  6(1) 24(1)  5(1)
C(13) 82(1) 65(1)  54(1) 3(1) 371  -2(1)
Cc(14) 67(1) 63(1)  64(1) -10(1) 34(1)  -2(1)
C(15) 58(1) 52(1)  63(1) -6(1) 21(1)  4(1)
Cc(16) 57(1) 45(1)  46(1) 1(1) 171)  -1()
N@2)  78(1) 47(1)  54(1) -10(1) 29(1) -11(1)
C(18) 100(1) 48(1)  84(1) -23(1)  49(1) -19(1)
C(19) 107(2) 34(1) 109(2) -2(1)  65(1) -3(1)
C(20) 97(1) 45(1)  80(1) 18(1) 47(1)  14(1)
Cc(1) 73(1) 42(1) 52(1) 5(1) 26(1)  6(1)
C@2) 58(1) 39(1)  50(1) 1(1)  14(1) 4@
C(23) 92(1) 60(1) 96(1) -7(1)  38(1) 29(1)

C(24) 89(1)  105(2) 72(1) -11(1) 27()  36(1)
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Table 10. Hydrogen coordinates(x 1074) and isotropic displacement parametergA”2 x 10"3)

for 3r.

X y z U(eq)

H(2A) 3938 6604 -1726 64

H(3A) 4514 7387  -2427 79
H@4A) 5060 8607 -1251 88
HA) 5042 9032 671 84

H6A) 4474 8236 1400 68
HOA) 3202 5176 1508 57
H(12A) 3051 6143 3307 65

H(13A) 2474 6622 4167 76
H(14A) 1970 8097 3415 74
H(15A) 2041 9072 1782 69
H(16A) 2602 8574 873 59
H(18A) 3798 10714 2536 87
H(19A) 3597 11688 767 91
H(20A) 3291 10744  -1041 84
H(21A) 3227 8815 -993 65
H(23B) 4077 3306  -1146 97
H(23C) 4529 3427 1 97

H(24C) 4757 3486  -1733 133
H(24D) 4870 4626 -1058 133
H(24A) 4420 4505 -2199 133
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3.2 Single crystal structure and crystallographic data for ¥

Figure 2. The Single crystal structure of compound B

Table 11. Crystal data and structure refinement for3y.

Identification code 3y
Empirical formula Cy3H0N-0,S
Formula weight 388.47
Temperature 571(2) K
Wavelength 1.54178A

Crystal system, space group  Monoclinic, P21/C

Unit cell dimensions a =15.4468(4) A alpha =90 deg
b =12.2137(3) A beta =90.313(3) deg
€ =10.5709(3) A gamma = 90 deg

Volume 1994.30(9)A"3

Z, Calculated density 4, 1.294Mg/m"3
Absorption cefficient 1.606mm~-1

F(000) 816

Crystal size 0.26 x 0.22 x 0.2mm’

Theta range for data collection 4.62 to 62.6@leg.
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Limiting indices -17<=h<=17 -14<=k<=13,-12<=I<=6
Reflections collected / unique 5045 /2672 [R(int) = 0.0233]
Completeness to theta = 27.45 83.7 %

Refinement method Full-matrix leastsquares on F 2
Data / restraints / parameters 2672 /0 /254

Goodnesof-fit on FA2 1.023

Final R indices [I>2sigma(l)] R1 =0.0542, wR2 = 0.1537
R indices (all data) R1 =0.0585, wR2 = 0.1591
Largest diff. peak anHole 0.434 and0.386e.A"-3

Table 12. Atomic coordinates 10% and equivalent isotropic displacement parametersi® x
10°) for 3y.
U(eq) is defined as one third of the trace of the orthogonaliZ¢ensor

X y z U(eq)

S(1) 7161(1) 9647(1)  370(1) 51(1)
O(1) 6583(2) 9823(2) 1399(2)  67(1)
0(2) 7851(2) 8868(2)  530(2)  66(1)
N(1) 8794(2) 14207(2)  453(3) 66(1)
N(2) B78(1) 1261(2) -255(2)  40(1)
C(1) 8034(2) 13777(2) -27(3)  42(1)
C() 7338(2) 14341(2) -317(3)  52(1)
C@3) 7382(3) 15427(3) -106(5)  85(1)
C() 8097(3) 15939(3)  362(4) 74(1)
C(5) 8812(2) 15329(2)  647(3) 58(1)
C(6) 8528(2) 12032(2) -1052(3)  42(1)
C(7) 8298(2) 10955(2) -956(3)  45(1)
C(8) 7616(2) 10884(2) -81(3)  44(1)
C(9) 7418(2) 11921(2)  356(3) 42(1)
C(10) 6812(2) 12310(3) 1345(3)  56(1)
C(11) 9204(2) 12510(2) -1849(3)  43(1)
C(12) 9073(2) 13444(2)-2585(3)  49(1)
C(13) 9712(2) 13781(3)-3412(3)  61(1)
C(14) 10484(2) 13216(3) -3511(3)  63(1)
C(15) 10630(2) 12316(3) -2760(3)  60(1)
C(16) 9991(2) 11969(2) -1938(3)  52(1)
C(17) 6543(2) 9225(2) -954(3)  53(1)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)

6760(3)
6256(3)
5542(2)
5335(2)
5828(2)
4991(4)

8287(3)
7952(3)
8528(4)
9459(4)
9806(3)
8149(6)

-1605(4)
-2604(5)
-2984(4)
-2323(5)
-1315(4)
-4079(6)

74(1)
90(1)
83(1)
91(1)
78(1)
128(2)

Table 13. Bond lengths [A] and angles [deg] foBy.

S(1)0(1)
S(1)0(2)
S(1)-C(8)
S(1)}C(17)
N(1)-C(1)
N(1)-C(5)
N(2)-C(9)
N(2)-C(6)
N(2)-C(1)
C(1)}C(2)
C(2-C@3)
C(2-H(2A)
C(3¥C(4)
C(3)H(3A)
C(4xC(5)
C(4)H(4A)
C(5)H(5A)
C(6)-C(7)
C(6)-C(11)
C(7)-C(8)
C(7}H(7A)
C(8)-C(9)
C(9)-C(10)

C(10}H(10A)
C(10)}H(10B)
C(10)}H(10C)

C(11)C(16)
C(11)}C(12)

1.427(3)
1.438(2)
1.734(3)
1.767(3)
1.381(4)
1.386(4)
1.377(3)
1.397(4)
1.440(3)
1.312(4)
1.346(4)
0.9300
1.360(6)
0.9300
1.364(5)
0.9300
0.9300
1.366(4)
1.466(4)
1.409(4)
0.9300
1.383(4)
1.485(4)
0.9600
0.9600
0.9600
1.387(4)
1.396(4)
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C(12)C(13)
C(12)H(12A)
C(13)}C(14)
C(13)H(13A)
C(14)C(15)
C(14)H(14A)
C(15)C(16)
C(15)H(15A)
C(16)H(16A)
C(17)C(22)
C(17)C(18)
C(18)C(19)
C(18)H(18A)
C(19)C(20)
C(19)H(19A)
C(20)}C(21)
C(20)C(23)
C(21)C(22)
C(21)H(21A)
C(22)H(22A)
C(23)H(23A)
C(23)H(23B)
C(23)H(23C)

O(1)S(1)-0(2)
O(1)S(1)}C(8)
0(2)-S(1}C(8)

O(1)}S(1)}C(17)
O(2)-S(1)}C(17)
C(8)S(1)C(17)

C(1}N(1)-C(5)
C(9)}N(2)-C(6)
C(9}N(2)-C(1)
C(6)}N(2)-C(1)
C(2}-C(1)}N(1)
C(2}-C(1}N(2)
N(1)-C(1}N(2)
C(1}C(2)-C(3)

1.384(4)
0.9300
1.383(5)
0.9300
1.374(5)
0.9300
1.384(4)
0.9300
0.9300
1.365(5)
1.378(4)
1.371(6)
0.9300
1.367(6)
0.9300
1.373(6)
1.506(7)
1.374(6)
0.9300
0.9300
0.9600
0.9600
0.9600

118.42(15)
109.52(14)
107.94(13)
108.04(15)
107.30(14)
104.76(14)
116.5(3)
110.6(2)
124.5(2)
124.7(2)
125.5(3)
115.5(2)
119.0(2)
115.9(3)
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C(1}-C(2-H(2A)
C(3}-C(2-H(2A)
C(2}-C(3)}-C(4)
C(2}-C(3}H(3A)
C(4yC(3}H(3A)
C(3}-C(4)C(5)
C(3)-C(4)H(4A)
C(5)-C(4)H(4A)
C(4)-C(5)N(1)
C(4yC(5yH(5A)
N(1)-C(5)-H(5A)
C(7)-C(6)N(2)
C(7)}-C(6)-C(11)
N(2)-C(6)-C(11)
C(6)}-C(7)-C(8)
C(6)-C(7)H(7A)
C(8)-C(7)H(7A)
C(9)}-C(8)-C(7)
C(9)}-C(8)-S(1)
C(7}C(8)-S(1)
N(2)-C(9)-C(8)
N(2)-C(9)-C(10)
C(8)-C(9)-C(10)

C(9)-C(10)H(10A)

C(9)}C(10yH(10B)
H(10A)-C(10)}H(10B)
C(9)}C(10)}H(10C)
H(10A)-C(10)}H(10C)
H(10B)-C(10)}H(10C)

C(16)}C(11)C(12)
C(16)}C(11)C(6)
C(12)C(11)C(6)
C(13}C(12)C(11)

C(13)}C(12yH(12A)
C(11)}C(12yH(12A)

C(14)C(13)}C(12)

C(14)yC(13)H(13A)

122.0
122.0
123.6(3)
118.2
118.2
118.9(3)
120.5
120.5
119.5(3)
120.2
120.2
106.8(2)
127.8(3)
125.4(2)
107.7(2)
126.1
126.1
109.3(2)
128.0(2)
122.7(2)
105.6(2)
122.2(2)
132.0(3)
109.5

109.5
109.5
109.5
109.5
109.5
118.4(3)
118.4(3)
123.0(3)
119.5(3)
120.2
120.2
121.2(3)
119.4

32



C(12-C(13)H(13A)
C(15)C(14)C(13)
C(15)}C(14)H(14A)
C(13)}C(14)H(14A)
C(14)C(15)}C(16)
C(14)}C(15)H(15A)
C(16)C(15)H(15A)
C(15)C(16)C(11)
C(15)C(16)H(16A)
C(11)}C(16)H(16A)
C(22)}C(17)-C(18)
C(22)C(17)S(1)
C(18)}C(17)S(1)
C(19)}C(18)}C(17)
C(19)}C(18)H(18A)
C(17)}C(18)H(18A)
C(20)C(19)C(18)
C(20)C(19)H(19A)
C(18)}C(19)}H(19A)
C(19)C(20)C(21)
C(19)C(20)C(23)
C(21)C(20)-C(23)
C(20}C(21)C(22)
C(20}C(21)H(21A)
C(22)C(21)H(21A)
C(17)}C(22)C(21)
C(17)-C(22)H(22A)
C(21)-C(22)H(22A)
C(20)C(23)H(23A)
C(20)C(23)H(23B)

H(23A)-C(23)}H(23B)

C(20)}C(23)H(23C)

H(23A)-C(23}H(23C)
H(23B)-C(23)H(23C)

C(16)}C(11)C(10)
C(12)C(11)C(10)
C(13}C(12)C(11)
C(13}C(12yH(12A)

119.4
119.6(3)
120.2
120.2
119.5(3)
120.3
120.3
121.7(3)
119.2
119.2
119.4(3)
120.2(3)
120.4(3)
119.6(4)
120.2
120.2
121.8(4)
119.1
119.1
117.8(4)
121.3(4)
120.8(5)
121.3(4)
119.3
119.3
120.1(3)
120.0
120.0
109.5
109.5
109.5
109.5
109.5
109.5
124.11(12)
117.70(13)
120.90(15
119.5
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C(11)}C(12)H(12A)
C(14)}C(13)C(12)
C(14)}C(13)H(13A)
C(12)}C(13)H(13A)
C(15-C(14)C(13)
C(15)}C(14)H(14A)
C(13)}C(14)H(14A)
C(14)C(15)}C(16)
C(14)}C(15)H(15A)
C(16)-C(15)H(15A)
C(15)C(16)C(11)
C(15)C(16)H(16A)
C(11)}C(16)H(16A)
C(17)}N(2)-C(18)
N(2)-C(18)-C(19)
N(2)-C(18)H(18A)
C(19)}C(18)H(18A)
C(20)C(19)C(18)
C(20)C(19)}H(19A)
C(18)}C(19)}H(19A)
C(19)C(20)C(21)
C(19)C(20)H(20A)
C(21)}C(20-H(20A)
C(17)}C(21)C(20)
C(17)C(21)H(21A)
C(20}C(21)H(21A)
O(1)}C(22)}0(2)
O(1)}C(22)C(8)
O(2)-C(22)C(8)
O(2)-C(23)C(24)
O(2)}-C(23)}H(23B)
C(24)YC(23)H(23B)
O(2)-C(23}H(23C)
C(24)C(23)H(23C)

H(23B)-C(23)H(23C)

C(23)C(24)yH(24C)
C(23)C(24)yH(24D)

H(24C)C(24)yH(24D)

119.5
120.34(14)
119.8
119.8
119.40(14)
120.3
120.3
120.78(15)
119.6
119.6
120.47(13)
119.8
119.8
115.51(14)
124.16(16)
117.9
117.9
118.62(15)
120.7
120.7
118.69(16)
120.7
120.7
117.98(15)
121.0
121.0
123.09(13)
123.42(14)
113.48(12)
107.38(16)
110.2
110.2
110.2
110.2
108.5
109.5
109.5
109.5



C(23)C(24yH(24A)  109.5
H(24C)C(24yH(24A) 109.5
H(24D)C(24YH(24A)  109.5

Symmetry transformations used to generate equivalent atoms:

Table 14. Anisotropic displacement parameters (A"2 x 1073) for3y. The anisotropic

2 2 2 1 12
displacement factor exponent takes the form:2 ‘[h a* U + ... + 2 hka*b*U ]

Uil u22 uU33 uz23 Ui3 U1z

S(1) 52(1)  33(1) 67(1) 6(1) 12(1) -1(1)
o) 79(2) 51(1) 722) 4(1) 30(1) -6(1)
O() 65(1)  43(1) 902 16(1)  5(1)  9(1)
N(1) 792 60(2) 602 -2(1) -8(2) -10(1)
N@2) 45(1)  31(1) 45(1) O0@) 3(1)  1(1)
C(1) 492  33(1) 45() 0(1) 1(1)  -4Q)
C@) 41(1) 27(1) 87(2) 11) 72  4Q)
C(B) 732) 43(2) 1394) 22 -23) 15(2)
C(4) 97(3) 35(2) 90(3) -7(2) 13(2) -3(2)
C(B) 76(2)  44(2) 56(2) -9(1) 22 -17(2)
C(6) 49(2)  35(1) 44(2) -1(1) 1) -3(1)
C(7) 522) 34(1) 51(2) -2(1) 91) -1(1)
C() 46(2) 36(1) 50(2) 2(1) 4(1) -5(1)
CO) 42(1) 37(1) 4720 11 21 -1(0)
C@0) 53(2) 49(2) 67(2) -2(2) 12(2) 5(1)
C(11) 50(2)  38(1) 39(2) -3(1) 3(1) -9(1)
C(12) 61(2)  40(1) 46(2) -1(1) -7(2) -12(1)
C(13) 89(3)  49(2) 45(2) 7(1) -4(2) -27(2)
C(14) 63(2) 71(2) 54(2) -10(2) 11(2) -29(2)
C(15) 56(2)  65(2) 59(2) -12(2) 11(2) -10(2)
C(16) 58(22)  45(2) 52(2) -3(1) 6(2) -4(1)
C(17) 44(2)  35(1) 79(2) -5(1) 13(2) -2(1)
C(18) 74(2)  48(2)  99(3) -16(2) 82) 12(2)
C(19) 92(3)  66(2) 114(3) -40(2)  9(3) -4(2)
C(20) 59(2)  89(3) 100(3) -32(2) 13(2) -18(2)
C(21) 51(2) 108(3) 114(3) -25(3) -8(2) 15(2)
C(22) 62(2) 68(2) 106(3) -31(2) -1(2) 18(2)
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C(23) 98(3) 159(6) 127(4) -54(4) -14(3) -21(4)

Table 15. Hydrogen coordinates(x 1074) and isotropic displacement parametergA”2 x 10°3)

for 3y.

X y z U(eq)
H(2A) 6843 14011  -647 62
H(3A) 6897 15850 -291 102
H(4A) 8099 16693 486 89
H(5A) 9307 15664 968 70

H(7A) 8547 10374 -1391 55
H(10A) 6838 13094 1398 84
H(10B) 6972 11998 2146 84
H(10C) 6233 12089 1130 84
H(12A) 8559 13838 -2521 59
H(13A) 9620 14399 -3910 73
H(14A) 10903 13445 -4083 75
H(15A) 11153 11942 -2804 72
H(16A) 10092 11359 -1433 62
H(18A) 7245 7884 -1367 89
H(19A) 6404 7315 -3034 108
H(21A) 4850 9862 -2563 109
H(22A) 5675 10437 -879 94
H(23A) 5229 7487 -4422 192
H(23B) 4980 8705 -4721 192
H(23C) 4412 8014 -3791 192
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5.'H NMR and **C NMR spectrum for all isolated products.
(1) The®H NMR and™C NMR spectrunfor 2a (using CDC} as solvent)
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(2) The®H NMR and™3C NMR spectrunfor 2b (using CDC} as solvent)
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(3) The®H NMR and™C NMR spectrunfor 2c (using CDC} as solvent)
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(4) The®H NMR and™C NMR spectrunfor 2d (using CDC} as solvent)
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(5) The®H NMR and™3C NMR spectrunfor 2e (using CDC} as solvent)
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(6) The®H NMR and™3C NMR spectrunfor 2f (using CDC} as solvent)
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(7) The®H NMR and™3C NMR spectrunfor 2g (using CDC4 as solvent)
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(8) The®H NMR and™3C NMR spectrunfor 2h (using CDC} as solvent)
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(9) The®H NMR and™3C NMR spectrunfor 2i (using CDC} as solvent)
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(10) TheH NMR and**C NMR spectrunfor 2j (using CDC}, as solvent)
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(11) The'H NMR and™*C NMR spectrunfor 3a (using CDC} as solvent)
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(12) TheH NMR and**C NMR spectrunfor 3b (using CDC} as solvent)
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(13) The'H NMR and**C NMR spectrunfor 3c (using CDC} as solvent)
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(14) TheH NMR and**C NMR spectrunfor 3d (using CDC} as solvent)
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(15) TheH NMR and**C NMR spectrunfor 3e (using CDC} as solvent)
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(16) The'H NMR and**C NMR spectrunfor 3f (using CDC} as solvent)
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(17) TheH NMR and**C NMR spectrunfor 3g (using CDC} as solvent)
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(18) The'H NMR and**C NMR spectrunfor 3h (using CDC} as solvent)
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(19) The'H NMR and**C NMR spectrunfor 3i (using CDC} as solvent)
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(20) TheH NMR and**C NMR spectrunfor 3j (using CDC}, as solvent)
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(21) TheH NMR and**C NMR spectrunfor 3k (using CDC} as solvent)
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(22) TheH NMR and**C NMR spectrunfor 3l (using CDC} as solvent)
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(23) TheH NMR and**C NMR spectrunfor 3m (using CDC} as solvent)
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(24) TheH NMR and**C NMR spectrunfor 3n (using CDC} as solvent)
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(25) TheH NMR and**C NMR spectrunfor 3o (using CDC} as solvent)
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(26) The'H NMR and**C NMR spectrunfor 3p (using CDC} as solvent)
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(27) TheH NMR and**C NMR spectrunfor 3q (using CDC}, as solvent)
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(28) TheH NMR and**C NMR spectrunfor 3r (using CDC} as solvent)
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(29) The'H NMR and**C NMR spectrunfor 3s(using CDC} as solvent)
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(30) TheH NMR and**C NMR spectrunfor 3t (using CDC} as solvent)
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(31) TheH NMR and**C NMR spectrunfor 3u (using CDC} as solvent)
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(32) TheH NMR and**C NMR spectrunfor 3v (using CDC} as solvent)
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(33) The'H NMR and**C NMR spectrunfor 3w (using CDC} as solvent)

8.63
8.62

— o > no —
N -
=~ [N SN
= N

—2.49

-
<
K-}
6.0 5.5 50 45 40 35 3.0 25 20 1.5 1.0 0.5 0.0
f1 (ppm)
(=2 <t > oWV Ao en
A AN+ —~ OO0 oo ~ —_ ©
vy — O BN BB AN = D N x
& 53 289885 3 % d
| S e e | |
@]
N
=~ "N
\
3w
| |
I
| I
| i I ‘ ]
S | [ X l
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

69



(34) TheH NMR and**C NMR spectrunfor 3x (using CDC} as solvent)
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(35) TheH NMR and**C NMR spectrunfor 3y (using CDC} as solvent)
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(36) The'H NMR and**C NMR spectrunfor d-1a (using CDC} as solvent)
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(37) The'H NMR and**C NMR spectrunfor d-3a (using CDC} as solvent)
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(38) The crude'H NMR spectrum for calculating KIE value via parallel reactions
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