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1. The spectra of the temperature-dependent NMR dynamic experiment of 3a’1
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3. The *'P NMR tracing spectra of the CO, insertion reaction

To a stirred solution of compound 1a (0.5 mmol) in CH;CN (3 mL), CCl, (1.0 mmol), Et;N (1.0
mmol) and K,CO; (1.5 mmol) were successively added at room temperature in air atmosphere. The
reaction mixture was stirred and the *'P NMR of reaction solution was determined at different reaction
time. If the reaction proceeded in CO, atmosphere, no byproduct 4 was produced. However, the

intermediate 2 transformed to the CO, insertion product so quickly that it could not be observed in the
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tracing spectra. Therefore, the *'P NMR tracing spectra in air atmosphere is

shown to prove the

existence of intermediate 2. After the intermediate 2a was isolated, the reaction between the

intermediate 2a and diethyl amine in CO, atmosphere was also performed and the CO, insertion

product 3a’1 could be obtained.

4. NMR Spectra for compound 2a, 2b, 2¢’

The NMR spectra were determined in CDCl; and IR spectra were measured by KBr pellets.
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3C NMR of 2a
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H-H COSY of 2a
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Y H NMR of 2b
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3P NMR of 2b
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'H NMR of 2¢’
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3¢ NMR of 2¢?
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5. NMR and IR Spectra for compounds 3a’1-3a’11
'H NMR of carbonyl-"*C-labeled 3a’1
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1H NMR of 32’1
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3P NMR of 3a’1
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H-H COSY of 3a’1
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HMBC of 3a’1
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IR of 32’1
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13C NMR of 3a°2
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DEPT 135 of 3a’2
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IR of 32’2
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13C NMR of 3a’3
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HSQC of 3a’3
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IR of 33’3
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13C NMR of 32’4
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H-H COSY of 3a’4
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IR of 32’4
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13C NMR of 3a’5

™
« ™
oo
©© 0
- -

-

eryidingan guozhu
CNMR CDC13

o
®r

0
o

T T

T

T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
31 )
P NMR of 3a’5
T T (| T T T T T T ] T T  § T T
-25 -30 =35 -40 -45 -50 -55 -60 -65 -70 =75 -80 -85 ppm

- $24 -



ppm
15
20
25
30
35
40
45
50
55

60

65
70
ppm

)

1.0

1.5

>

2.0

25

>

3.0

hu 1

¥4

3.5

quo

4.0

eryidingan
C-H HSQC CDC13

HSQC of 3a’5

IR of 3a’5

19 888
L5806

£4°F90T
£E79STT
3124921
TL'69ET pg-gmet

T002RT
68 "S9FT

SS08AT

66 "ELED

PEIEEEE g1 zagr

TT 20EE

201

T T T T T S T T T T
= = = = = = = = = = =
o (2] - w L = o o — <,|.

20U TWSTIRT]§

1000

2000

Wavernmbers (cm-1)

- S25 -

3000

4000

=301
a0 !




000°0
£98°0
61870
068°0
90670
256°0
6960
L00°T
P20 T ~N=
692°1T
126°1
L6T°2
802°2
v1z°2
122°2
1€2°¢
€90°€
£80°€
00T"€
LIT°¢
LET"€
79T E
08T € ~\&
86T°c —#&
[12°€

9€Z°€

gsz ¢

0LZ"€

682°€
6vS°€
88G°¢€
§26°¢€
626°¢€
£E6°%
9€6°¢
SP6°€
876°€
€66°€

69C°L

/

/! e

/%

1H NMR of 32’6

< o
O=0 ©
0 (4]
ﬁuumM\hU//W\
o= z zZ C
I T

&l
(;Ill‘l

vy
<
ol

0
h

«
<
o

3C NMR of 32’6

02°09
5209 —

0L 9L
T0°LL
T2°LL
€ELL

6T°06T
72°0ST

vZ2° 691
96 69T —

=
|

0 pom

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

- 526 -



3P NMR of 32’6
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'H NMR of 32’7
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3P NMR of 32’7
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3P NMR of 3a’8
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' H NMR of 32’9 (cis-trans isomers since the restricted rotation of C(O)-N bond)
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3P NMR of 32’9
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Y H NMR of 32’10 (cis-trans isomers since the restricted rotation of C(O)-N bond)
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3P NMR of 32’10
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' H NMR of 32’11 (cis-trans isomers since the restricted rotation of C(O)-N bond)
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3P NMR of 32’11
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6. NMR and IR Spectra for compounds 3b’1-3b’5
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3P NMR of 3b’1
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DEPT 135 of 3b’1
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IR of 3b’1
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3C NMR of 3b°2
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H-H COSY of 3b°2
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HSQC of 3b’2
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1H NMR of 3b°3

206"
806"
126°
926"
176"
096°
900"
vzo-”
LSZ®
sLe”
€62°
11€e”
CEE"
16€"°
GGE”
vLE"
£6€°
610"
T€7°
LED®
670"
98k °
89%"
8%
687"
70S*
24N
£¥S”
196°
L68"
206"
806"
16"
061"

€60°
00tT"
611"
621"
81"
€GT"
g9T1°
€8T1°
102°
612"
ove”
662"
8LZ"
vez-”
€TE"
265"
2E9°

SL6”
086"
£86°
S66°

ppm

1.0

NS\l

25

3.0

3.5

MEOOOMOOMOOONMEM®O©On

4.0

WOW

3C NMR of 3b°3

Vo NS\

Mmm;m

Ile(5)sandingan P-N

HNMR CDC13

z8°11
L ET e
S8°€T

L ST —
06°6T

66" 6T —

6E VT —
LL 6T ——_
€LT0E—
19°LE

89°LE

99°L¥
2L Ly

vZ 05T
627051 —

6£°69T
To 69T —

60 50 40 30 20 10  ppm

70

160 150 140 130 120 110 100 90 80
- 545 -

170




3P NMR of 3b’3
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DEPT 135 of 3b’3
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IR of 3b°3
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13C NMR of 3b’4
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IR of 3b’4
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' H NMR of 3b’5
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13C NMR of 3b°5

6L°TT

TL*S

6E° YT —

pET09
0% °0¢S
0L 69
€L°6S

EL*9L
S0°LL
LeLL

perLel
69°LTT
L8 LTI
217821
2878721
€1°9€T
79°9€T

<t
LT

ST
ST

—

P2 691
9€°691

VY

\
“
—

-

C13CPD

e-erbianan

1l

’n 7n AN &an an an on in

an

170 1RN 1RN 140 120 190 140

180

3P NMR of 3b’5

19" LS~

nnm

~20n

—~1R0

~1nn

-&n

L0l

inn

160

-S51-



IR of 3b’5
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13C NMR of 3c’1
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IR of 3¢’1
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13C NMR of 3c1
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IR of 3cl
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13C NMR of 3¢’2
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IR of 3c’2
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13C NMR of 3¢2
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13C NMR of 3¢’3
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IR of 3¢’3
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13C NMR of 3¢3
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IR of 3c3
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13C NMR of 3¢c’4
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IR of 3¢’4
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13C NMR of 3¢’5
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IR of 3¢’5
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13C NMR of 4a
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IR of 4a
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13C NMR of 4b
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