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1',3'-Dioxo-1',3'-dihydrospiro[cyclopropane-1,2'-indene]-2,2,3,3-tetracarbonitrile (1)
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Dimethyl 2,3-dicyano-1',3'-dioxo-1',3'-dihydrospiro[cyclopropane-1,2'-indene]-2,3-dicarboxylate (2)
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Potassium 1,1,3,3-tetracyano-2-(2'-(methoxycarbonyl)benzoyl)prop-2-en-1-ide (3a)

| Formula C H KN O_ FW 3423512 (303.2534+39.0978) |
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| Formula C_H KN O_ |FW 3423512 (303.2534+39.0978)
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Potassium 1,1,3,3-tetracyano-2-(2'-(ethoxycarbonyl)benzoyl)prop-2-en-1-ide (3b)

Formula C_H KN O | Fw 356.3778 (317.2800+39.0978)
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Formula C _H KN O_ \ Fw 356.3778 (317.2800+39.0978)
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Potassium 1,1,3,3-tetracyano-2-(2'-(propoxycarbonyl)benzoyl)prop-2-en-1-ide (3¢)

| Formula ©,;H, KN O, Fw 370.4043 (331.3066+39.0978)
| Acquisition Time (sec) 0.9961 I Date 03 Oct 2015 17:30:24 Date Stamp 03 Oct 2015 17:30:24
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Sweep Width (Hz) 8222.68 Temperature (degree C) 24.760
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‘ Formula CmHHK'\'P3 ‘ FwW 370.4043 (331.3066+39.0978)
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Potassium 1,1,3,3-tetracyano-2-(2'-(isopropoxycarbonyl)benzoyl)prop-2-en-1-ide (3d) and rubidium 1,1,3,3-tetracyano-2-(2'-(isopropoxycarbonyl)benzoyl)prop-2-en-1-ide
(3d_Rb) 'H NMR and *C NMR data for 3d_Rb are completely analogously for 3d.
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[ Acquisition Time (sec) 0.9961 | Date 27 Sep 2015 05:48:32 | Date Stamp 27 Sep 2015 05:48:32
Frequency (MHz) 400.17 Nucleus 1H
‘ Number of Transients 32 Origin spect Original Points Count 8192 Owner nmr Points Count 8192
Pulse Sequence zq Receiver Gain 88.88 SW(cyclical) (Hz) 8223.68 Solvent DMSO-d6 Spectrum Offset (Hz) 3201.3608
| Spectrum Type STANDARD | Sweep Width (Hz) 8222.68 Temperature (degree C) 21.415
o CH,
3d
Ch-Az-297.001.esp Water a8
— I~
0.45-
0.40
0.35-
£ 030
c ]
o =
< 3
- 0.25
(] |
N 3
w® E
£ 0.20+
<) 3 f
=z - |
0.15-= - e
E (5
0.10- 8% [ <3 o
] N~ I~ ~ T
E = g DMSO
0.05-4 1 //
) J | | Y \
0.33 0.08 0.240.23
L | ! J | I
AL B e B L B IR B B A B e R A o B R  RE
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 1.5 1.0 0.5 0

Chemical Shift (ppm)

10



| Formula C H KN O | Fw 3704043 (331.3066+39.0978)
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Potassium 1,1,3,3-tetracyano-2-(2'-(butoxycarbonyl)benzoyl)prop-2-en-1-ide (3e)
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| Formula C_H KN O | FW  384.4309 (345.3332+39.0978)
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Potassium 1,1,3,3-tetracyano-2-(2'-(isobutoxycarbonyl)benzoyl)prop-2-en-1-ide (3f)
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Chemical Shift (ppm)
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Potassium (2)-2,4-dicyano-1,5-dimethoxy-3-(2'-(methoxycarbonyl)benzoyl)-1,5-dioxopent-3-en-2-ide (4a)
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0.25 0.18 0.31
E— ] U
TR o B e B B L LA B B B e A I 20 e e e M
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Chemical Shift (ppm)

Formula C H KN O W 408.4044 (369.3067+39.0978)
Acquisition Time (sec) 0.6816 Date 06 Oct 2015 00:54:08 | Date Stamp 06 Oct 2015 00:54:08
) Frequency (MHz) 100.62
Nucleus 13C Number of Transients 2000 Origin spect Original Points Count 16384
Owner nmr Points Count 16384 Pulse Sequence zapg Receiver Gain 189.90
| SW(cyclical) (Hz) 24038.46 Solvent DMSO-d6 | Spectrum Offset (Hz)  11521.3105 Spectrum Type STANDARD
Sweep Width (Hz) 24036.99 Temperature (degree C) 21.609
o
No. Atom Exp. Shift (ppm) . ? -
12 50.82 s”/ ‘\\1|/ “igi
2 17 50.82 : 4a
I 4 2 0
3 | 18 51.30 O\sf g o
4 | 14 51.30 ho 3 /!3 177 _cH
5 9 52.04 R S
6 | 22 117.50 e Lo L
7 25 117.50 Il
T N 28 N
8 | 6 126.87 23 2
Ch-Az-287_C.esp 9 | 5 129.12
10 4 129.34 S
1.00- 11 3 131.45
12 1 132.41 -
13 | 2 133.68 =
= 14 | 13 163.51 &
4075 15 19 165.23 S
= 16 | 15 165.23 3
? — 17 | 7 170.21 >
N S o | =3
% 0.50~ & ~3 & 18 | 10 191.82 o
E - SR N b
5] o QAL s
=z _ AT s e ) =]
= -~ g2 NTH TS 2
025 & S g 2eT &Y =
= 8 8¢ R T
2 e |2 22 ‘ w
192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16
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Potassium (Z)-2,4-dicyano-1,5-dimethoxy-3-(2'-(ethoxycarbonyl)benzoyl)-1,5-dioxopent-3-en-2-ide (4b)

 Formula C_H KNO_ FW  422.4310 (383.3332+39.0978) |
‘ Acquisition Time (sec) 0.9961 I Date 27 Sep 2015 07:28:48 Date Stamp 27 Sep 2015 07:28:48
Frequency (MHz) 400.17 Nucleus 1H
Number of Transients 32 Origin spect Original Points Count 8192 Owner nmr Points Count 8192
Pulse Sequence zg Receiver Gain 106.79 SW(cyclical) (Hz) 8223.68 Solvent DMSO-d6 Spectrum Offset (Hz) 3201.3608
Spectrum Type STANDARD | Sweep Width (Hz) 8222.68 Temperature (degree C) 21.127
(o]

4b
Ch-Az-290.esp Water + 2 OMe
0.45-
0.40
0.35-
,é‘ -
€ 0.30-
E 3
Eozsj .
T 3 | 9
E 3 i
5 0.20-
z E
E | )
0.15- ; N
E @ L&
0.10- N o o
3 | 2N o~ DMSO
= ~S2noow
: | SR E:
0.057 —
0 - J\
0.35 0.19 0.25I
L | L J
e —
8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0

Chemical Shift (ppm)
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Formula C_H KN O | Fw 422.4310 (383.3332+39.0978)

Acquisition Time (sec) 0.6816 ‘ Date 10 Oct 2015 00:45:36 Date Stamp 10 Oct 2015 00:45:36
Frequency (MHz) 100.62
 Nucleus 13C Number of Transients 4000 Origin spect Original Points Count 16384
Owner nmr Points Count 16384 Pulse Sequence zgpg Receiver Gain 189.90
SW(cyclical) (Hz) 24038.46 Solvent DMSO-d6 Spectrum Offset (Hz)  11521.3105 Spectrum Type STANDARD
Sweep Width (Hz) 24036.99 Temperature (degree C) 22.745
o]
i
No. Atom Exp. Shift (ppm) 5/5%1/’\0/9\(}‘
1 10 13.82 H | 8 w0 °
2 18 50.79 a2 4b
3 22 50.79 95\ | é%
4 15 51.27 H3%\0/1G\15_{l‘!§19/ZU\_O/%Hs
5 19 51.27 17 o 21
6 9 60.54 M«
7 23 117.53 NOEN
CH-AZ-290_C ESP s 2 17.53
i St lad 9 6 126.89
10 4 129.22 - DMSO.
11 5 129.22 & &
E 12 3 131.42 =
& 3 13 1 132.78 2
== e g [
@ 3 & 14 2 133.67 )
g ] < 15 14 163.53
L= | N
5 0473 & 16 20 165.23 5
Q = o] - =)
L = & g 17 16 165.23 = -
g 0.3 ] § %) o 18 7 169.64 I ,\ =
s 4 8 S| 8 @ 19 11 191.71 S 2 e
024 = < Q3 8 s g " 5
i Z 83 s T 5
015 3 g 13 < | o
EE T |7 y J
= - PR NS I S, AN h ’ - —— W«WJ . SRUPNURINY B——
T A T T T

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (oppm)
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Potassium (2£)-2,4-dicyano-1,5-dimethoxy-3-(2'-(propoxycarbonyl)benzoyl)-1,5-dioxopent-3-en-2-ide (4¢)

Formula C,H_KN O

Acquisition Time (sec) 0.9961

Number of Transients
Pulse Sequence
Spectrum Type

Ch-Az-292 esp

0.40

0.35

0.30

0.25

0.20

Normalized Intensity

@2
i)
o

o
S
=)

0.05

8.0

Fw 436.4576 (397.3598+39.0978)
Date 03 Oct 2015 15:01:04 Date Stamp 03 Oct 2015 15:01:04
Frequency (MHz) 400.17 Nucleus 1H
9 Origin spect Original Points Count 8192 Owner nmr Points Count 8192
zg | Receiver Gain 74.28 . SW(cyclical) (Hz) 8223.68 Solvent DMSO-d6 Spectrum Offset (Hz)  3201.3608
STANDARD Sweep Width (Hz) 8222.68 Temperature (degree C) 20.632
o]
CH
0/\/ 3
o]
H4C > Z° CHg
3 ~o O/
N N
Water + 2 OMe
o™
(=2}
=]
|
2
q:
32
‘ DMSO T
O‘ «©Q
|~ © ©
8 3|3 e |
g T g ol (l"-) L I E | 8 [
P~ 0n @ | aT - ‘
Ll S I | N~ 8 |
= |~
0.31 0.15 0.15 0.23
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

Chemical Shift (ppm)
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Formula C,H KN O | FW  436.4576 (397.3508+39.0078)
‘ Acquisition Time (sec) 0.6816 ‘ Date 06 Oct 2015 00:05:04 Date Stamp 06 Oct 2015 00:05:04
Frequency (MHz) 100.62
Nucleus 13C Number of Transients 2000 Origin spect Original Points Count 16384
Owner nmr Points Count 16384 Pulse Sequence zZgpg Receiver Gain 189.90
SWcyclical) (Hz) 24038.46 Solvent DMSO-d6 Spectrum Offset (Hz) 11521.3105 Spectrum Type STANDARD
Sweep Width (Hz) 24036.99 Temperature (degree C) 21.396
No. Atom Exp. Shift (ppm) 0
1 11 10.35 U -
2 10 21.33 Eil/ %wl/ \?/ T
3 19 50.76
4 23 50.76 N 4c
5 16 51.36 e A /1‘; /2/% oH,
6 20 51.36 Yoo \*lﬂ \To o B
7 9 66.17 * A =
8 24 11751 w » w
9 27 117.51 25 28
0.7~ CH-AZ-292_C.ESP 10 0 1260
- - 11 5 129.22 =
06— 12 4 129.22 g-
E 13 3 131.41 et
0.55 14 1 132.76 g = o
2 3 15 2 133.70 o = =
E " 4_; 5 16 15 163.59 Q ;"5",
e ST o 17 21 165.22 . N =
- o = 18 17 165.22 5",:3
E 03— E a& = :. 19 7 169.78 o -
E = & 313 S 20 12 19171 ]
Z 025 © 5 S 8 5|s 0 g
ERES ~ N2 s T8 = g
E T Do a | - o
01§ ¥ o T o
0 :M i J WJ, S T WIWhWMWWWWWWWWW A
'I|T"""|l|H“H'“"H‘\IIHH"’I!H\HI||‘V"UIII‘HH|""[H\|‘\|"'\|||H\|‘ \\\'I‘H' T||‘HHI|I"HH|IIH“""!H\‘\l‘l'\‘H‘III\\\IH 'H\I‘II‘H ‘Il\‘H|||""‘T|I|HHW|||H\H"l""\‘l‘l‘\‘E""IH‘I\IH\""T||\H‘
192 184 176 168 160 152 144 136 128 120 112 104 88 80 72 64 56 48 40 32 24 16

Chemical Shift (ppm)
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Potassium (2)-2,4-dicyano-1,5-dimethoxy-3-(2'-(isopropoxycarbonyl)benzoyl)-1,5-dioxopent-3-en-2-ide (4d)

| Formula C, H_KN O | FW  436.4576 (397.3598+39.0978) |
‘ Acquisition Time (sec) 0.9961 l Date 27 Sep 2015 02:28:00 Date Stamp 27 Sep 2015 02:28:00
Frequency (MHz) 400.17
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 8192
Owner nmr Points Count 8192 Pulse Sequence zg9 Receiver Gain 74.28
SW(cyclical) (Hz) 8223.68 Solvent DMSO-dé Spectrum Offset (Hz)  3201.3608 Spectrum Type STANDARD
Sweep Width (Hz) 8222.68 Temperature (degree C) 21.288

Ch-Az-293.esp Water + 2 OMe
“

0.45— & o
<N
i
0.40 o
0.35
=
§ 030
=
8025
T
£
5 0.20
z E
0.15-
0.10 !E
T
© S pn o
et e
L,j'lﬂr_,_J J
- R J
0 S X
0.24 0.06 0.36
= L
L 1 o = T . e R o T2 T
8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 05 0

Chemical Shift (ppm)
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' Formufa C,H KNO |FW  436.4576 (397.3598+39.0078)
‘ Acquisition Time (sec) 0.6816 ’ Date 06 Oct 2015 01:41:04 Date Stamp 06 Oct 2015 01:41:04
Frequency (MHz) 100.62
Nucleus 13C Number of Transients 2000 Origin spect Original Points Count 16384
Owner nmr Points Count 16384 Puise Sequence zgpg Receiver Gain 189.90
SW(cyclical) (Hz) 24038.46 Solvent DMSO-d6 Spectrum Offset (Hz) 11521.3105 Spectrum Type STANDARD
Sweep Width (Hz) 24036.99 Temperature (degree C) 21.803
0 CH,
No. Atom Exp. Shift (ppm) 6 ;‘3 ;34
1 14 21.44 T\/ *1‘/ \g/ \%Hs 4d
2 10 21.44 4\3¢2\”;?2
3 19 50.76 96 %%
i 17 15 2
s T wn oSy g B
6 20 51.23 = 24yt "
7 9 67.79 w ® |N|
8 24 117.55 = =
Ch-Az-300_C=293.esp 9 27 117.55 =)
_, 10 6 126.90 ¥
08~ 11 4 129.09 T
E 12 5 129.09 = i
073 13 3 131.39 &
= 0.6 14 1 133.11 =,
A 15 2 133.61 (S
S 057 = 16 15 163.57 s
g - 2 17 21 165.22
‘T 0.4 — & — 18 17 165.22
£ 033 = sga S 19 7 169.06 _
& E e < %E D §‘-§ % 20 11 191.63 %
Y 8 <D ST T 5 |
0.17 T e |2 - | |
- T— 1 N—_—— - J'.JQWJ\ | ’ " J TR s SO N -
T T T T I T T T LR S P "HH|"M-‘"Hw"w""w"w‘m-'ww:"lw MR LR R LR RN R LR Ry LA RN A RAs RAR RN RRR RN R RY AR
192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8

Chemical Shift (ppm)
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Potassium (2£)-2,4-dicyano-1,5-dimethoxy-3-(2'-(butoxycarbonyl)benzoyl)-1,5-dioxopent-3-en-2-ide (4e)

Formula C,H KN O Fw 450.4842 (411.3864+39.0978)
Acquisition Time (sec) 0.9961 Date 18 Sep 2015 09:24:00 Date Stamp 18 Sep 2015 09:24:00
. Frequency (MHz) 400.17
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 8192
Owner nmr Points Count 8192 Pulse Sequence zg9 Receiver Gain 60.56
_SW(cyclical) (Hz) 8223.68 | Solvent DMSO-d6 Spectrum Offset (Hz)  3201.3608 Spectrum Type STANDARD
Sweep Width (Hz) 8222.68 Temperature (degree C) 19.747
CH-AZ-295.ESP Water + 2 OMe
0.40 2
=}
0.35—
|
0.30
= -
= @
S 0.25 S
E: & %
o < =}
[¢}]
N 0.20
: |
S | DMSO
<015 & ¥l o | L
n N 7.9 o))
~ o ‘ | wE @
> | ©T N —®
[Tl - . i
010 2B e | | > g |
I~bho T | ‘ | r\|‘ |2
e ! Sllg m|— ;
! ~ O~ | —|| © <l e |
0.05— ‘ | \ | I~ il
0 ‘
0.22 0.1 01 01 0.16
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

Chemical Shift (ppm)
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Chemical Shift (ppm)

| Formula C, H KN O, | Fw 450.4842 (411.3864+39.0978)
Acquisition Time (sec) 0.6816 \ Date 18 Sep 2015 16:13:36 Date Stamp 18 Sep 2015 16:13:36
) Frequency (MHz) 100.62
Nucleus 13C Number of Transients 1200 Origin spect Original Points Count 16384
Owner nmr Points Count 16384 Pulse Sequence zgpg Receiver Gain 189.90
SW(cyclical) (Hz) 24038.46 Solvent DMSO-dé Spectrum Offset (Hz) 11521.3105 Spectrum Type STANDARD
Sweep Width (Hz) 24036.99 Temperature (degree C) 20.942
o]
No. Atom Exp. Shift (ppm) 15
1 12 13.59 B W L
2 11 18.52 [| | 8 2
3 10 29.97 F S de
(e} (o]
4 20 50.74 o TN /L; _iPm e,
5 24 50.74 320\0/ S Ea T SN
6 17 51.21 ® [ .| 2
% KB
7 21 51.21 el
N N
8 9 64.30 NN
Ch-AZ.295 G 9 25 117.51
-AZ-295_C.esp 10 28 117.51 DMSO
11 6 126.87 £
1 12 4 129.20 g
4 13 5 129.20 S
E 14 3 131.41 4 =
g 04 15 1 132.73 g a8 =
S | : 3 =) §
2 3 16 2 133.70 | = ©® 5
£ | _— ~ - B
g 034 n 17 16 163.59 o [,
o E o e ) 18 22 165.21 = X T
E f 2 o o 19 18 165.21 z ==
£ 3 P DO ~ : Q ™~
g027 _ 8 P = 20 7 169.83 = ~
] o —~ T © o : g © o
= < e S5 S ~ 21 13 191.70 -
~ — 0 — ~ -~ (o]
o 0 oD T - — — ks
013 s X~ % | | | o
1 = =2 | o - q
e o o 5 |
o - ﬁ
e VS WWWMWJ%WWWM ——— ithabiprbngaH R
RARSRRRE T T [T [ T [T [ T T T [T [ [T T T [ T T [ [ T [ [ [T T e [ e [T T [T [T [ e [ T F R T e [ [ T T [T [T [T [ T T [T T T[T [ T T T[T [ Trr T TooT
192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
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Potassium (Z)-2,4-dicyano-1,5-dimethoxy-3-(2'-(isobutoxycarbonyl)benzoyl)-1,5-dioxopent-3-en-2-ide (4f)

Formula C, H KN.O_

Acquisition Time (sec) 0.9961

. Number of Transients 32

| Fw

] Date

Origin

450.4842 (411.3864+39.0978)

27 Sep 2015 04:57:20

spect Original Points Count

l Date Stamp

27 Sep 2015 04:57:20

Frequency (MHz)

400.17 Nucleus 1H

8192 Owner

nmr Points Count 8192

Pulse Sequence zg

Receiver Gain

74.28 SW(cyclical) (Hz)

8223.68 Solvent

Spectrum Type STANDARD

Sweep Width (Hz)

8222.68

Temperature (degree C) 21.394

Ch-Az-301.esp
1.0

0.9-

o
™
ulul

e
~

o
o

bl
w
|

Normalized Intensity

e
=
1

o bt
%] w
[FETTH T

r7.58

0.1-

17.50
L7.37
7.35

[nge{r +2 OMe]

[

—4.02
4.00

0.11

DMSO-d6 Spectrum Offset (Hz)  3201.3608

o}

0.93

0.91

4f

: ‘ : R : cee
6.5 6.0 55 5.0 4.5

E :
4.0 3.5 3.0

Chemical Shift (ppm)
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| Formula C, H KN O | Fw 450.4842 (411.3864+39.0978)
Acquisition Time (sec) 0.6816 l Date 27 Sep 2015 05:01:36 Date Stamp 27 Sep 2015 05:01:36
Frequency (MHz) 100.62 Nucleus 13C
‘ Number of Transients 2000 Origin spect Original Points Count 16384 Owner nmr Points Count 16384
Pulse Sequence zgpg Receiver Gain 189.90 SW(cyclical) (Hz) 24038.46 Solvent DMSO-d6 Spectrum Offset (Hz) 11521.3105
| Spectrum Type STANDARD Sweep Width (Hz) 24036.99 Temperature (degree C) 21.516
%
No. Atom Exp. Shift (ppm) & s 9 CH
1 15 18.99 T\/ %1/ \2/ \TO/N 3
2 11 18.99 i 3 o CH
3 10 27.11 N NF D B0 4f
4 20 50.74 %\,8 " _ =% i
- H,C 3
5 24 50.74 320\0/ \1|7./4_ 2 T1/2KO/24
6 21 51.34 il * 2 =
7 17 51.34 Ij\5 31 I:EI
8 9 70.27 26 29
CH-AZ-301_C.ESP 1% ;g ] 1;-28 =
R [T}
11 6 126.92 DMSO) 5
12 5 129.22 VS o
0.7 13 4 129.22 il
> 14 3 131.39 . )
© 0673 15 1 13273 3 =
£ 552 16 2 133.73 8 i
5 17 16 163.62 = !
% 0.4= 18 22 165.21 2
E & s = |19 18 165.21 |
203= _ o L B 7 168.88 & Q)
3 ¢ < =@ Sog8E 8|2 12 19167 N =
o2s 5 g Ny ol 3 S g
3 < o 8 g sheT & K= | o)
E (=)} © T o N — -— — —
0tg T L —? o
&= - i )
. 5 ‘I.,J‘J“ : JLJ_,J_ l_ . — \ ’ -
7\\|||\\u||‘uw||w‘ul||\u‘||‘ AR R R R R N L R NN N RN R RN RN RRRE R B L L N RN R R R R R AR LR AR RS R L T[T T[T T[T T [ IT T[T T[T T i)
192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 40 32 24 16 8

Chemical Shift (ppm)
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