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'H and 3C NMR of enaminone substrates and all products

G8c6’L
ovve’L
9096°L
cleoe
8Ge0°¢C
LLv0'T
9€90°¢C
ocgee
8.62°¢€
zelee
PAZ R
1695°¢€

2589°€

160476~
66267
€€82°9
mmow.ow
1128'9
§806'9
2626'9 7

€10a0 €v9T'L

whz-69. 1. fid

LeLe’s
ole’L
6€ee’L
81G€’L
LySEL
v2cl9'L
€269°L
L¥S0'8
€¥80°8

Lyeovl —

OH

Mooum

20
=16°1L

3660

60
“g6°0
=0}
¥860

f1 (ppm)

"H NMR spectra of 1q (CDCl3, 400 MHz)

€L'sz
t.mmv

6L Ly —
LLes —

€10a0 82'9L \
€10ad00L°LL w
€10a0 Wil

806 —

S6LLL
8Ll >

L£°02L 4

9z'8TL —
18eeL —

87051 —

€629 — D

o
OH

60161 —

Tty-240-c. 1. fid

10

30 20 10

60 40

190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

200

BC{'H} NMR spectra of 1q (CDCls, 100 MHz)

S2



€8¢
L00v'L
byl
oszy'L
8€05°L
LLLSTL
sies'L
G9ES’L
6199¢C
0s.9¢C
06892
0€0L2
SsLLe
SZL0€
60€0°€
o€
£€850°€
LLL0€
1G56'Y

SLL69
98669
€002
1220°L
25v0°L
Si8vL
€581 L
92052
€025°L
L¥2s'L
1988°L
1688°L
1506°L
1806°L

1. fid

Tty-265-c.

w.[

i

/

w

0T
0V

Fooz
002z

M/cod
00}
H\hm,o

£1 (ppm)

"H NMR spectra of 1r (CDCl3, 400 MHz)

S6'€C—

86'88 —

00°EhL ~
€6°LIL

61811 A
ovozk
9T'sTh >
og'szl %
oLzl

egeeL -

Sr'ESL ~
€€°G5L

187291 —

LLeL—

1ty-265-c/<

O
OH

e

40

90

110

150

£1 (ppm)

BC{'H} NMR spectra of 1r (CDCl3, 100 MHz)

S3



€10a20 Lv9T'L m

whz-68-1. 1. fid

Leev'e
m.nv.n.m/
89G¥'€ —
ce9L’e
wmhh.mw

8/8L°¢

69166\
8/v6'c 7
28629
29189
09€8'9 ¢
58.@&
8056'9

eLre L]
ovve L]
¥29e'L
66.£L
€€8¢°L |
¥259°2 1
§2L9'2 1
€208°L |
eees’s

L6LLel —

OH

=o'y
=20'v

L

£1 (ppm)

"H NMR spectra of 1s (CDCls, 400 MHz)

9299 —

£2°06

81 €61 —

967291 —

261 —

5-c. 1. fid

Tty-1

OH

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

BC{'H} NMR spectra of 1s (CDCls, 100 MHz)

s4



Zt-93'|'ﬂd i‘;‘ v——'OOO\(:I(\IVI\\’JlﬁCOCMM v >~ <t ®
3 2825 ATE8 kxR B& i ad
- NENNNNNNG O Q88 nn e oen —_—
| e ~- v
o]
= N/\CH3
OH k<:H3
[l
|
[ | I
ool
| “ ﬂ\
A |
T SLLLy g & J
o FSa&a X & S
(=1 S — O oSO (=1 o el
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 -1 -2 -3
£1 (ppm)
1
H NMR spectra of 1t (CDCls, 400 MHz)
1ty-1-4-c-1.10. fid g 8 5 I 2 325 - - o .
[ T IYY, Lo I
[0
= N/\CHS
OH kcH3
]
I [}
, .
2‘I0 2‘0(\ 1‘90 1‘80 1‘70 11'30 1‘50 I‘10 1‘30 I‘ZO 1‘10 1‘00 G;ﬂ 8‘0 T‘O (‘l{) %O /lO f"‘ﬂ 2‘0 I‘ﬂ 10

£1 (ppm)

BC{'H} NMR spectra of 1t (CDCl3, 100 MHz)

S5



€000 029z 2 f

-1. 1. fid

-7

whz:

82160
98260
21960
2€86°0 7
cEVE'L
v656'L
1616°L %
2266°) 7|
18002
Lz
€451°C ﬁ
GeLLT
2061°C 1
¥902Z |
6280°€
zLoLe
LEZL'E
yiyled

18186~
L1v8'6 7
£96.'9

miw.m/
LPE8'9 —+

85.@\
16£6'9 /f

eeLe L
Lzee L]
YOVE'L
6.5€L
719€2 |
12€9°L
€079Z |
0592
2009°2 |
/88 ]
1806 )

CHy

CH,

Of

CH,

F20Ch-

[
N 0
S o

= v0'y

500

= ¥0 KL

-

o

£1 (ppm)

"H NMR spectra of 1u (CDCl3, 400 MHz)

2861~
8802~
080z —
1082 —

g

V8 vo —

20706 —

26 ve1 —

¢
3

1. fid

1ty-245-c.

-10

30 20 10

60 40

130 120 110 100 90 80
£1 (ppm)

140

200 190 180 170 160

210

BC{'H} NMR spectra of 1u (CDCl3, 100 MHz)

S6



OQH €465°} —

Tty-248. 1. fid

6607 ¥
€Sy VW
9LLS Y

96509,
20609~
v8sL9

1209 —
vo6L9 /[

86269 —
90569 —
zLT L

609Z2 .
srze s
zzee L
oove L]
105€°2 ]
8z5e L ]
m%m.ﬁ
veees |
02952
29952
zz8s'L

59852 \ /
v6£28 |
L02z'g” \=—=

€8 eL —

OH

2661
=00z

=0}

JZo'L
o
oo
0L
o

0L

£1 (ppm)

"H NMR spectra of 1v (CDCl3, 400 MHz)

£2°98 —

0z

1ty-248-c. 1. fid

c16

IRV

OH

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

BC{'H} NMR spectra of 1v (CDCl3, 100 MHz)

S7



1ty-233-1. 1. fid

Cl
Cl

TOORDIAOIVAROWAR @ ©
COOURMAONRIINT® O 3
QOROOORRVOOO AN @ N
QOO MINHIN- o0 O ~
NNNNNNNNNNNNNNN o

£1 (ppm)

BC{'H} NMR spectra of 3a (CDClz, 100 MHz)

S8

CH,
|
)
ELED g g
-« - ©
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 -1 -2 -3
£1 (ppm)
1
H NMR spectra of 3a (CDCls, 400 MHz)
1ty-233-c. 1. fid A % g R g g 8 . © ©
] @ ~ 9o adrNo ~ = -
® 0 © N N ~ < -
- - - - = Y ) <
Y
[e]
Cl
Cl
CHy
o ‘N/
CHy
] |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10



Tty-236. 1. fid WO o~ © © ©
0O QO® © N
0y INO <] e
B 3D & 83
NN ©o© < o
VN I
o
Cl
Cl
CHy
H,C o N
on /
|
!
l__l_J
| R . AL
g g 3 22
- o - © ™
T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3
£1 (ppm)
! f 1
H NMR spectra of 3b (CDCl3, 400 MHz)
1ty-236-c. 1. fid 000
[SRONE]
[afagal
3 < 0 RN 000
< S S o oN I w oY o © )
o @ @ SONT ~ w0 oon - <
5] I < SR ~ I NNG < o
: - < cEFE > RN < «
PIANS N
[e]
Cl
Cl
CH;
H,C o ‘N/
CH,
‘ } { ‘ " i .
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

£1 (ppm)

BC{'H} NMR spectra of 3b (CDCl3, 100 MHz)

S9



1ty—235. 1. fid N T~ 00— el o o
o M AN ST T O - ~ -
o QOO O~ O ~ ~ -
5% 8GO0 D % © ~
NN © OO Ooo < el o
Voo
[0
Cl
Cl
G cHy
o o ‘N/
oty | [

-

1.00~

1.01

©71.00= =

o 1.00=
3.00—
6.00=

£1 (ppm)

"H NMR spectra of 3¢ (CDCl3, 400 MHz)

1ty-235-c. 1. fid o)
[SRSNS]
[ayayal
< ~ o = om ™ [SRENE]
© o @ @ @ o [t © 395 o ~
I N o <o cC S oo © -
~ © © ® == S ¥ NN O 0 <
- - = < R -0 LN N 0 <
I [ N Vol [N
[e]
Cl
Cl
HiC_ )
[¢] o) |
CH,
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

£1 (ppm)

BC{'H} NMR spectra of 3¢ (CDCl3, 100 MHz)

S10



€50LC—

1800°G —

9€9.°9
€899
v.8.°9
1€6.°9
19289
0ze89
LL¥8°9
18989
vv.89

Ly86°L
€1008
29008

82208

Cl

1ty-244. 1. fid

cl
cl
N/Ha

CHy

o

}‘L

=009

=10

10.0

12.0 11.5 11.0 10.5

12.

£1 (ppm)

"H NMR spectra of 3d (CDCl3, 400 MHz)

60'Ly —

£10Q0 2L'9L~,
€1000 ¥0'LL N
€100 9€'2L

1ty-244-c. 1. fid

sees

86 ~
v9'v0L
68'¥0L
L0°LLL
0ELLL
Ly ELL T

8LLEL
06 vmrv.

€191

05191 7
06'99L —
8v'691L -~

LS'6LL —

Cl

W e

CHy

-10

20 10

30

60

100 90 80

£1 (ppm)

110

200 190 180 K( 160 150 140 130

210

BC{'H} NMR spectra of 3d (CDCls, 100 MHz)

S11



1ty-237. 1. fid QO OW— MW~ ©® =
TO-ON® N 0 o
OTOADON~© 2 IS
R R NN @ ©
NNNNNNNN < o

o e |
b

1.00=
1.00,_
1.00%
1.00=
6.00~ —

T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
£1 (ppm)

"H NMR spectra of 3e (CDCl3, 400 MHz)

1ty-237-c. 1. fid oo
[SRON}
[syaya)
0 ~ © =¥ O 00O
@ ~ LRI ~ © Vo o
o @ 00w @ 0 MO~ S
~ 0 BN © O NN O <
= < 2288F > © NN~ <
I N [N
[¢]
Cl
Cl

e

CH,

T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
£1 (ppm)

BC{'H} NMR spectra of 3e (CDCl3, 100 MHz)

S12



-YovToonN o 0
~NOSTN~NNW T o @ o
NN NOO - O < N ©
o COO®n®Hn© @ ©
c NNNNNOO < o o
" o e R
CHy
o Tl/
CHy
bid
222 z S
T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 -1 -2 -3
£1 (ppm)
1
H NMR spectra of 3f (CDCl3, 400 MHz)
1ty-232-c. 1. fid w00
000
[ayaya]
~ (2] byl n N coo
«© © M - © O N o 0w ~Nnom (2] -
o ~ © o © N © © Q mon S <
g B 338 Lt I R z 2
- - - - ) @~~~ < «
NN N [N
[e]
Cl
Hy cl
CHy
o ‘»/
CH,
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 -10

£1 (ppm)

BC{'H} NMR spectra of 3f (CDCl3, 100 MHz)

S13



1ty-241.1. fid

Cl

HyC

4.8918

1.00=

3.8250

3.00=

2.7167

T T
0 6.5 6.0

3.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 5.5 5.0 4.5 4.0 3.5 2. 0 1.5 -0.5 -1
£1 (ppm)
H NMR spectra of 3g (CDCl3, 400 MHz)
1ty-241-c. 1. fid ooo
[SESRS]
ooo
el < 0 © 0o 2] 000
© @® ™ ~ N < © < N N0 ® © n
o < ¥ 8 o0 9 © © o~ « N
@ o) I - - o ~ ¥ NNO 0 -
= - - - -5 - 1) © I~~~ 0 <
N [ [N
o]
Cl
Q. Cl
e
H,C
CH,
o N
CHy
!
[
|
™ ‘ Lo e A " " " L o " Al A
§ L L l W LA W y
210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 30 20 10 -10

f1 (ppm)

BC{'H} NMR spectra of 3g (CDCl3, 100 MHz)

S14



[134°K4

2658y —

.86'9
1.669
00L0°Z
€020°L
08LzL
852CL
2LETL
vy L
L6STL
SL9T°L
20€5°L
6LES L
2055 'L
8LSS°L

1ty-243.1. fid

cl
cl
T‘/Ha

CHy

Cl

=009

oL
=00'L
=00'L

0.5 -1.0 -1.5 -2.0

0.5 0.0

1.0

5

1.

2.5 2.0

3.0

3.5

4.0

9.0

5

5 12.0 11.5 11.0 10.5 10.0 9.

2.

£1 (ppm)

"H NMR spectra of 3h (CDCl3, 400 MHz)

8Ly —

€10a0 2L'9L \

€10a0 v0'LL 7

€10a0 9¢LL
90v8 —

0626 —

v8ELL
wo.vi/
oL LLL
w_.NCV
89611
mn.m:\.

vmvmr\“
60621

[CX TN
St'osL —
188517

0L08L —

1ty-243-c. 1. fid

o

-10

20 10

30

60

180 7 160 150 140 130 120 110 100 90 80
f1 (ppm)

190

BC{'H} NMR spectra of 3h (CDCl3, 100 MHz)

S15



1ty—234. 1. fid NONTW0O Y YT O o o
ONOMIN T~ O T « (2]
WYTOWMM®O O (] N
BHITILR G @ ©
NNNNKNNNOO < N
[0
Cl
C Cl
CHs
o N
oty I

1.00/"
1.00=
1.0
o 100,

97100= b
T

‘ ‘
16 15 14 13 12 11 10 9 8 6 4 3 2 1 0 -1 -2 -3
£1 (ppm)
! f 3i 1
H NMR spectra of 3i (CDCls, 400 MHz)
1ty-234-c. 1. fid oo
[SEENS]
ooo
o~ o~ T wo —u 00o
~ - o N o © v - MW oON N
o o NGO~ oN - LR -
~ 0 © AN = © M NN O -
- - - - =+ o @ NN~ <
[ Y N
[e]
Cl
Cl ]
CHs
o N
CH,
|
|
\ |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

£1 (ppm)

BC{'H} NMR spectra of 3i (CDCl3, 100 MHz)

Si6



1ty-246. 1. fid

0034
9976
5939
5879
5719
5658
9295
9074
4.8957
2.6259

Cl
Br. Cl

b I J

©71.00= —m o

6
£1 (ppm)

"H NMR spectra of 3j (CDCl3, 400 MHz)

1ty-246-c. 1. fid oon
000
[syajs]

© @ o ~ - < ¢ 000
v ] @ ) 500 o 8o )
o © o - by 4 -
~ 0 @ © 2e © GINN© <
- - g < sF ) © NN~ <

I I I N/ N

[e]

Cl
Br, Cl
CHy
o N
CHy
|
| i | }
. |
"
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

£1 (ppm)

BC{'H} NMR spectra of 3j (CDCl3, 100 MHz)

S17



1ty-247.1. fid Voo N—®m v © ~ o
O O WwoNW N o <
~NOSTONT < - ~ -
DOTY YT K = ~
0 00 0 0 0 © ~~ (o] o~

o
II cl
§ cl
-
o

b [ / r

T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 50 45 40 3.5 30 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0
£1 (ppm)

"H NMR spectra of 3k (CDCl3, 400 MHz)

1ty-247-c. 1. fid oo

000

ooo

= ~ 0 O-0o 000
2] wn © O~ < ow s N D
@ @ o C8 66 < OO I
~ © < MO AN~ — (] M~ N O o
- - - e > © I~ N~ <

<SS N =

o
I, cl
cl
-
o
CHy
o N
CH,
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ~10
£1 (ppm)

BC{'H} NMR spectra of 3k (CDCls, 100 MHz)

S18



1ty-249. 1. fid

7.6983

6.8795

4.9068

26954

2.3052
L 2.2435

[0
Cl
HyC cl
Chy
e i | ”
CHy
I I
U . JJ
d 4 4 das
Q S S Qo
-~ - - ©mMmon
16 15 14 13 12 11 10 9 8 7 6 5 4 3 -1 -2 -3
f1 (ppm)
1
H NMR spectra of 31 (CDCls, 400 MHz)
1ty-249-c. 1. fid oo
000
[aNala)
8 § 5% 2% g ©88y 8 93
3 5 uva -8 23 ~ ¥ NNO - oo
8 5 ¢ 28 2% 5 3EKe 3 ge
\ N | \7
o)
Cl
Hy cl
CHg
HyC o ‘N/
CH,
I
210 200 190 180 170 160 150 140 130 120 110 100 80 60 20 ~10

BC{'H} NMR spectra of 31 (CDCl3, 100 MHz)

f1 (ppm)

S19



1ty-239. 1. fid

7.8296
6.9136
4.8747
— 26139
—2.3381

Cl

H,C [0 N/ e / [ I
cHy

1.00=
1.00=
1.00=
6.00=
3.00=

T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 4.0 3.5 3.0 25 2.0

1. 0. ¢ -0.5
£1 (ppm)
! f 1
H NMR spectra of 3m (CDCl3, 400 MHz)
1ty-239-c. 1. fid ooo
000
ooo
~ = 3 -~ 00 000
wn o © ~ o © < © O sTN < [o2d
o ~ © D o 0w = 2225 - P
~ 0 < o - - @ T NNO - o
- - - - - 5] ® N~~~ < «
Vo |
[e]
Cl
Cli Cl
CHy
H,C o ‘N/
CHy
|
| ‘ |
|
r .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
£1 (ppm)

BC{'H} NMR spectra of 3m (CDCls, 100 MHz)

S20



1ty—242. 1. fid M N MmN [Te] (]
©© o wuwom © o
MmMmoON o ™
© O NI~ S ©
NN~~~ [e] o
[0
Cl
C Cl
CHs
o N
o oty Il J
£ 4 d
88 8 S
g . ©
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 [ -1 -2 -3

£1 (ppm)

"H NMR spectra of 3n (CDCl3, 400 MHz)

1ty-242-c. 1. fid omn
000
[afalal
< o = - o ¥ o 000
o ~ © o~ N o Il N WD M~ ~
g < [0} @~ © 3 o ™ O~ =
~ w Ll NN - (2] ™ I~ SO -
- - - - - = o @~ NI <
o
Cl
Cl Cl

Cl
P
Br CH,

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)

BC{'H} NMR spectra of 3n (CDCl3, 100 MHz)

S21



T
o
LS 1
i3 =
| - 3
o
Le 1
© =
Lo =
E
R i
Le 3
Fo =
=
ye0gT—————————— 2009 [ o 3
[ N 651y — -
I =
o
[ S
< . (=}
e <t
-
o o)
e — €100 €292~
9681'G — — —— Fool (@) £1000 80°LL
Lw D €000 L£'LL
© 6078 —
£1000 §252°2 . Q
9BLY'L Le =
€L05°L - o
0LL5°L e
196G L e Mm 0066 —
9L 5 5
: o
e R
S0LLL—
9669'L 3 ot = erzzL
€518°L — = FOOL Q 5622k
mmmw.n% — = S0k o ov'szl
iz = = ﬁo.r L2 o LeveL—
66682 oL »n sueek 7
ﬂmmm.w > T = =00’} | ° R WWHNMW
. M 08261 —
oz
©
Ha i
—
o
% = €€'85L — o
5]
©
5w : s %
9] L 5
o o =
o 12081 — o 0
o
re
© =
z bl <
L) - -
- o ¢
& re 2
3 3
L o L
= Fol =

-10

20 10

30

60

90 80

100
f1 (ppm)

S22

110

BC{'H} NMR spectra of 30 (CDCl3, 100 MHz)

210




1825°L —

eveee —

Lv06'S —

0v0ZL
L€2TL
VAR <AVX

€8S L
1285°L
S¥09'L
6,092
€2C9L
1929°L
8LLLL
l2eLL
§2.0'8
80808
€608
90048

Cl

1ty-258. 1. fid

c
‘N/ Hy
CH,

o

Hsc)[\ oHy
CH,

L

=009

=g

60

£1 (ppm)

"H NMR spectra of 3p (CDCl3, 400 MHz)

9182 —

S6'LY —

€10a0 €292
€10a0 S0°LL

€10a0 9eLL

1ty-258-c. 2. fid

va

breg~
7

LLv8
mm.mm\

0€°1Zh ~
09'v2h

v veL 7
srezL "
€951 —

seerlL —

PAR 1

¥508L —

Cl

e

CH,

o

H:sc)[\ cHy

CH,

T
90

100
f1 (ppm)

110

T
140 130

150

170

T
200 190

210

BC{'H} NMR spectra of 3p (CDCls, 100 MHz)

S23



5658°L
§898°L

LS.8°) -_

0gs8’L
12681
olLglLe
S96L°€

0zoz'e -

8/12¢€
LEETE
€0sz'e
v.92°€
sLice
888C°¢€

0z6L'S — —

LLS0L
12L0°L
0880°L
8L0L°L
9/2L'L
12SS°L k —

2955 'L
8€.G°L
0L6SL
05652
18962
€2TL6L
58862
0266°L

O

Cl

1y-251. 1. fid

Hﬂo.r
0'L
oot
=660

Lo

£1 (ppm)

"H NMR spectra of 3q (CDCl3, 400 MHz)

88'¥vC —

89'8Y —

€10a0 ¥2'9L \
€10a0 90°2L 7
€10a0 8¢LL

1ty-251-c. 1. fid

68 —

06'¥6 —

z9'9LL ~
soglL
18221 —
ze'62) —

€0°LEL —

£8'651 —

€218 —

Cl

Cl

o

W

BC{'H} NMR spectra of 3q (CDCls, 100 MHz)

-10

20 10

30

60

100 90 80

£1 (ppm)

110

200 190 180 K( 160 150 140 130

210

S24



LSLEL
288€'L
£20%'}
ZoLy'L
20ev'L
68|
508"}
zELS'h ;V
85251
89€S '}
905"+
2599
16297 V‘.
8269'Z 7
6902 i.
00z
0020°€
16€0°€
9Lv0°€
£290°€ u
1s20°€
vesev

2969
€.66'9
9500°Z
¥S20'L
8EV0°L
8LV L
ze8y L
96612
€LLSL
0LesL
6v88°L
888~
Ly06°L
2806°L

1ty-266. 1. fid

- =

Cl

Cl

F00C
002

Yooz
=00}
J00'L

£1 (ppm)

"H NMR spectra of 3r (CDCl3, 400 MHz)

2072 ~
86'G2

LLos —

€10a0 €292 \
€10a0 S0°LL 7
€000 LeLL

1ty-266-c-1. 1. fid

LEY8 —

y266 —

Z8oLL ~
ogziL "
czzzL —

oLezt —

eLLeL —

L2651 —

908 —

Cl

Cl

-10

20 10

30

60

100 90 80

£1 (ppm)

110

180 170 160 150 140 130

190

BC{'H} NMR spectra of 3r (CDCl3, 100 MHz)

S25



£vS8°T
9£98'C
9,98
9188
vre8'c
1906°C
6.62°€
Lo9z'e
zeize
658Z°€
606Z°€
L662°€
coeL'e
LyvLe
80SL°€
vesLe
S65L°E
€89L°€
6eL6Y

2L80°L
2801 'L
€0CLL
corLL
00942
9€85°L
11852 k
€509°2
mNNwNN
99292
2LL6L
8V.6°L
0166L
9v66°L

1ty-250. 1. fid

Cl

o

F60'C
Foale

=00}
=00}

£1 (ppm)

"H NMR spectra of 3s (CDCls, 400 MHz)

1ty-250-c. 1. fid

6167 —

7899 —

€10a0 €292 \
€10a0 S0°LL 7
€10a0 9¢LL

80¥8 —

896 —

89941 N
98211

orzzL
92621~

9z LEL —

YEBSL —

908l —

-10

10

20

30

60

90 80

100
f1 (ppm)

S26

110

BC{'H} NMR spectra of 3s (CDClz, 100 MHz)

200

210




8990'L
wvwo.vv
veoL'L

or06°C
ozzeT
96€6'C

€562
8v.6C
2266'C
25v0°e
2€90°€
2180°€
8860°€
99LL’e
oveEL'e \
LL06¥
2¢L96'9
1886'9
£600°Z
18202
(VA
269b°L
82LYL
L06%°L
62052
20152
LE68L
9968°L
SEL6L
L916°L

1ty-260. 4. fid

CHy
CHy

Cl

o

2002
002

0
=00}

4660

£1 (ppm)

"H NMR spectra of 3t (CDCl3, 400 MHz)

1ty-260-c. 1. fid

0L —

09vy —

€10a0 €292 \
€10a0 S0°LL 7
€000 LeLL

S¥'S8 —

68'96 —

LS9LL ~

orei
€ezel —

8€'62L —

£6°9€L —

S6'65) —

6v'18L —

-10

10

20

30

60

90 80

100
f1 (ppm)

S27

110

150 140 130

CHy

160

BC{'H} NMR spectra of 3t (CDCl3, 100 MHz)

chy

170

Cl
180

o
190

200

210




2€68°0
66060

€LOL
9.20°L W

mmwh._.
Noow._./
TLI8L ~:
Pres’L
S158°L
£898°L
6v88°L

€Lez—

6268 —

6490°L
6880°L
001 L

v8LLL
SOELL 4
LLSS°L
2195,
181G,
09652
00092
98.6°L
1286°L
¥866°L
61008

1ty-254-1. 1. fid

=009
=009

3.5

4.0

£1 (ppm)

"H NMR spectra of 3u (CDCl3, 400 MHz)

€502
9,02 >

vSLC—

8209 —

€10a0 2L'9L \
€10a0 v0'LL 7
€10a0 9¢LL

6968 —

2T96 —

8yoLL —
66217
svzeL —

orect —

06'9¢L —

¥0°09L —

8r'18L —

1ty-254-1-c. 2. fid

CHy

o

-10

20 10

30

60

100 90 80

f1 (ppm)

110

180 170 160 150 140 130

190

BC{'H} NMR spectra of 3u (CDCl3, 100 MHz)

S28



€10a0

1ty-253. 1. fid

YELE'E
o6’
1800y 7
evary
29867 —
200L°2
SSLLL
00212
29812
L9822
LvT L
65522
02222~

e

S —
wooeZ L ——

681eL
99€e€L ]
ezLrL]
L0evL
9LL5L
9185°2
06652 1
so19L ]
50292 |
oev6 L |
NNvm.L
9c96'2 |
10962

Cl

Cl

)do.N
=00C

m\do._.

02
002
10y
N/ 0%
10°L
0}

Lo

£1 (ppm)

"H NMR spectra of 3v (CDCl3, 400 MHz)

6T¥S —

€10a0 €292 \
€10a0 S0°LL 7
€000 LeLL

1ty-253-c. 1. fid

L£68 —

LL€6—

og'oLL
S8'LLL V
zLTe)
vg'L2L
mvwmr%
6921 7
05'62L

(VIR
orser”

€565 —

1,08L —

Cl

Cl

-10

0 40 30 20 10

5

60

100 90 80

f1 (ppm)

110

200 190 180 170 160 150 140 130

210

BC{'H} NMR spectra of 3v (CDClz, 100 MHz)

S29



€10a0 2052'L

1ty-264. 1. fid

689Z°L
18922 ]
12082
18652 ]
vmom.&
1519°L
S619°L
0£e9'L
69€9°L
eLv9'L
12208
vie0
oLv0'8

1508

Cl

Cl

NH

=00}

CEEEL

£1 (ppm)

"H NMR spectra of 3w (CDCl3, 400 MHz)

€10a0 S92 \
€000 L0°LL 7
€10a0 8¢LL

1ty-264-c-1.10. fid

0S¥8 —
6,88 —

86 WL\
69°9LL ~
6v'glL —
ovizr
vreet
£v'6Z) >
voser
SLLEL—

LEerL —

SE'85L —

or08L —

Cl

Cl

NH

-10

20 10

30

60

100 90 80

f1 (ppm)

110

200 190 180 K( 160 150 140 130

210

BC{'H} NMR spectra of 3w (CDCl3, 100 MHz)

S30



1ty-275-1. 1. fid TONONOO® - — © o
DONTMO—O O ~ N
M- NOWWO O T — D o -
©HBBT=0500 N ©
NNNNNNNNNO < o

Br
Br

" | J

 _

0.91=

T T T T T T T T T
6 5 4 3 2 1 0 -1 -2
£1 (ppm)

"H NMR spectra of 4a (CDCl3, 400 MHz)

1ty-275-1. 2. fid o 0 [} - v - o
o) < @ o Yo~ © o o
I o 0 @ = ©ow N N b
~ 0 ® A Ne I~ o} =}
- - - v =% Y © <
[¢]
Br
Br

CH,

1 | ’Hll | a A

T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)

BC{'H} NMR spectra of 4a (CDCl3, 100 MHz)

S31



1ty-276. 1. fid

Br

76757

N\7.5721
~7.1928

4.8426

— 2.5901
—2.2652

CHy
1 !
| ]
45 d 4 dd
858 s CE]
- - N - © ™
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ; ‘ ‘ ‘ ‘
16 15 14 13 12 11 10 9 7 6 5 2 1 -1 -2 -3
£1 (ppm)
! f |
H NMR spectra of 4b (CDCls, 400 MHz)
1ty-276-c. 2. fid 0 © o - o -~
« © 2 - o o « b3 a ~ INt
3 3 3 @ g 2 g 3 3 = q
) w0 < ® — - [ < - o
2 2 I 28 5 > © < «
| (. [
o]
Br
Hy Br
CHy
o Tl/
CHy
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ~10

BC{'H} NMR spectra of 4b (CDCl3, 100 MHz)

f1 (ppm)

S32



€19

(42224
10929
LS9L'9
6€8L9
¥68L9
£€8189
ovzg'9
20v8'9
[125°8°)
20989
65989
1%00°8
€020'8
09208
o8

LTY-281. 1. fid

\

?

Br

Br

o

CHy

=00}

Lo

£1 (ppm)

"H NMR spectra of 4¢ (CDCl3, 400 MHz)

€0y —

G€'G9 —

28 LEL
v6'LEL >

9CT'L9L

6€°191 7
G8'99L —
zr'e9L

9L6LL —

LTY-281. 2. fid

Br

Br

o

cHy

10 -10

30

T
90 80 70

100
f1 (ppm)

110

140 130

150

170

T
200 190

210

BC{'H} NMR spectra of 4¢ (CDCl3, 100 MHz)

S33



1ty-282.1. fid

Br

4.8281

2.6722

CHy
A 1 | A‘ A A
dsg 2 g
- - ©
16 15 14 1s 12 11 1o 5 ‘ 6 5 2 0 I A 5
f1 (ppm)
"H NMR spectra of 4d (CDCl3, 400 MHz)
1ty-282. 2. fid g S g 3 g % g . ~ »
2 8 g 8 2t 8 8 3
RN
]
Br
Cl Br

CHy

T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)

BC{'H} NMR spectra of 4d (CDCls, 100 MHz)

S34



1ty-283.1. fid DOOONT DD © ~
ANOON =N 9] ~
OCOWWL MM IS [v} ©o
000000 @ ©
WONNNNOO < N
[¢]
Br
Br, Br

b [ J

1.01=
1.01=
- 1.01=
0.99x —
6.00=

T
6
£1 (ppm)

o
=
=
@
s
o
©
o
o
'S
w
0
o
|
I
©
Il
©w

"H NMR spectra of 4e (CDCl3, 400 MHz)

1ty-283.2. fid 'g e % g '? m g ~ o ©
2 8 8 5 gug w e <
- - - - - o © <
I [ N
o
Br
Br. Br

chy
o N

CH,

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)

BC{'H} NMR spectra of 4e (CDCl3, 100 MHz)

S35



whz—65. 1. fid

— 7.1987 CDCI3

_-7.8369
~ 7.7065
—4.8985
—2.5916

o
Br
Cl Br
CHy
o N
Br CHy
|
| J
M ] L L
go o S
p ©
T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
£1 (ppm)
1
H NMR spectra of 4f (CDCls, 400 MHz)
whz-65-1. 1. fid R R}
[CRONS)
[agajal
© < @ 2 o« @ 000
- © 2] Q© © © S ~NOSY O 0 -
o < o) ~ N o o ®oN N~ o o
~ ) 2] N - = s} ~NN©O o - <
- - i - -+ - NN~ © < o
| | | | [ | ~ | [
]
Br
Cl Br
CH,
o ‘N/
Br CH,
I}
I
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10

f1 (ppm)

BC{'H} NMR spectra of 4f (CDCl;, 100 MHz)

S36



Procedure for the single crystal preparation

Pure product 3k was dissolved in dichloromethane, and filtered to removed any
unsolved solid. The solution was then moved to a test tube. Afterwards, petroleum
ether was added slowly to the tube and led to the formation of two-phase liquid
mixture. Subsequently, the tube was then sealed with plastic membrane in the head.
After digging some hole in the membrane with needle, the tube was then located in
restful atmosphere. The slow evaporation of the solvent at room temperature provided

the single crystal sample proper for analysis.

Information of X-ray crystallography analysis

Suitable single crystal of 3k was selected under a stereo microscope and fixed with
epoxy cement on respective fine glass fiber, and the structure of single crystal was
determined by X-ray single crystal diffraction with graphite-monochromated Mo Ko
radiation (A = 0.71073 A). The reflection intensity in the  range 3.1-25.1° for 1 was
collected at 295(2) K using the wscans technique. The employed single crystal
exhibits no detectable decay during the data collection. The data were corrected for Lp
and absorption effects. The direct method employing the SHELXS-2016 program
gave the initial positions for part of non-hydrogen atoms, and the subsequent
difference Fourier syntheses using SHELXL-2016 program resulted in initial
positions for the rest non-hydrogen atoms. The hydrogen atoms on the organic ligands
were geometrically generated. The full-matrix least-squares technique was applied for
refinement of positions and anisotropic displacement parameters of all the
non-hydrogen atoms, as well as the positions of the hydrogen atoms using riding
mode with isotropic displacement parameters set to 1.2 or 1.5 times of the values for
C atoms. Detailed information about the crystal data and structure determination is

summarized in Table S1.
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Figure S1 X-ray crystal structure of 3k (with thermal ellipsoids at 45 % probability)
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Table S1 Typical crystal structure data for 3k

Compounds 3k
Empirical formula C11H10C2N204
Formula weight 305.11

Description

Crystal size (mm)

colorless, platelet
0.49 x 0.38 x 0.15

Temperature (K) 295(2)
Crystal system Triclinic
Space group P-1

a(A) 12.349(2)

b (A) 24.445(5)
c(A) 8.811(2)

a(®) 90

B(°) 101.89(3)

@ 90

Volume (A%) 2602.5(1)

Z 8

Dealc (g cm™) 1.557

F(000) 1248

4 (mm) 0.510

frange (deg) 3.1-25.1
Reflections collected 20281

Unique reflections (Rint) 4588 (0.050)
Data,restraints, parameters 2737,0, 0.051
Goodness of fit on F? 1.171

hkl range +14, £28, £10

Ri, wR2 [1 2 20(])]*
R1, wR> (all data)?
A, B values in w?

5,0max, 5,Dmin (G'A73)

0.0405, 0.0869
0.0728, 0.1277
0.0354, 2.3886
0.319,-0.476

YR = X (|Fo| —|Fe|)/ X |Fo|, wR2 = [ Z w(Fo™—F)/Ew(Fo*)*]'?
Dy = [G*(Fo?) + (AP)? + BP] ! with P = (Fo* + 2F%)/3
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