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tert-Butylhydroperoxide mediated radical cyanoalkylation/
cyanoalkenylation of 2-anilino-1,4-naphthoquinones with
vinylarenes/arylalkynes and azobis(alkylcarbonitrile)s
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Procedure for gram-scale synthesis of 4-(1,4-dioxo-3-(phenylamino)-1,4-

dihydronaphthalen-2-yl)-2,2-dimethyl-4-phenylbutanenitrile (4aaa):

To a solution of 2-(phenylamino) naphthalene-1,4-dione (1a, 4.01 mmol, 1.0 g),
styrene (2a, 8.02 mmol, 0.835 g) and AIBN (3a, 8.02 mmol, 1.32g) in chloroform (40 mL)
was added TBHP (8.02 mmol). The reaction mixture was stirred at 80 °C for 12 hours. After
completion of the reaction (as monitored by TLC), water was added to the reaction mixture
and extracted with ethyl acetate (3x30 mL). The organic layer was washed with brine (1x20
mL) and dried over anhydrous sodium sulfate. The organic layer was concentrated under
reduced pressure and purified by column chromatography on silica gel (ethyl acetate : hexane

=10 : 1) to yield the pure product 4aaa (1.22g, 72%)).

Procedure for the preparation of 4-(3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-
2,2-dimethyl-4-phenylbutanenitrile (12):

To a solution of 2-hydroxynaphthalene-1,4-dione (11, 0.20 mmol), styrene (2a, 0.40
mmol) and AIBN (3a, 0.40 mmol) in chloroform (1.5-2 mL) was added TBHP (0.40 mmol).
The reaction mixture was stirred at 80 °C for about 12 hours. After completion of the reaction
(as monitored by TLC), water was added to the reaction mixture and extracted with ethyl
acetate (3x10 mL). The organic layer was washed with brine (1x10 mL) and dried over
anhydrous sodium sulfate. The organic layer was concentrated under reduced pressure and
purified by column chromatography on silica gel (ethyl acetate : hexane =1 : 4) to yield the
pure product 12 (44 mg, 64%).
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I3C-NMR (100 MHz, Chloroform-d)
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I3C-NMR (100 MHz, Chloroform-d)
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I3C-NMR (100 MHz, Chloroform-d)
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TH-NMR (400 MHz, Chloroform-d)
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TH-NMR (400 MHz, Chloroform-d)
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TH-NMR (500 MHz, Chloroform-d)
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TH-NMR (400 MHz, Chloroform-d)
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TH-NMR (400 MHz, Chloroform-d)

0000 —

8LTT~
82z T~
bH0'Z
9502
180°Z
260°C
99T
wmm.L
€17
seLTy
SP6°E
956°€ |
£96°€
8L6°€ |
£8'9 1
6£8'9 1
168'9
058'9
958'9
198'9 1
+98'9 1
898'9 1
289
2489
68' 1
568'9 1
668'9 1
1069
06'9 1
£06'9 1
606'9 1
2169
876°9
026'9 |
¥26'9 1
1£6'9
769
€69 1
6v6'9 1
0569
$56'9 1
856'9
0969
996'9
896°9
269y
S50°
090°Z
$90°,
890,
€£0°L
€922~
6L
s892\
wmw.ny
€49 \m

149t
269°2
969°L
esss

RV

el

osL'L
164°L
64
£80°8
0608
901'8
o118
8v1'8
esT'8
8918
18

[

4aha

<
o
\n
o
e
= —
R — 1 o &
T00E |
1
J [
<
= ro0t1 [ "
—=
\n
e
= Foo1r |
<
o
1
o
. =}
== d
F00'T Fa
\
[ <
~
[ £
=%
o
L=
51
s
\n
[
e
o
b
o
<
r~
\
r~
<
[ o
1
[ ©
<
o
\n
o
<
£o
—

I3C-NMR (100 MHz, Chloroform-d)

+¥90°'LC —
0€L'LT s
186° 1€ —

m“,

£SO T —

FRAATS T W

Tws'Sy —

MHL:

L

)

ey

o) bt

90

Wk

v

f

f1|(ppm

6L PTT v

200°STT

904021

i U L

110

ToL€eT
6T6vCT #
199°S2T —

svarr

62921 )

F

T
13p

©68C6CT

=

Z£0°0€T

TTT0€ET

-

SHZOET
se/'7€1

.

bl

T
140

0€L°EET

TS6° P! rg
mwo.mmﬁ;
S60°LET

T
150

S6C0PT ]
¥8E'SHT

092°09T —
969°C9T —

9€5°78T —
£08°¥8T —

4aha

bR (Ui e L L i Gt )

o

T T
170 160

T
180

T
9

L

T
200

S-23



MHz, Chloroform-d)

S

40

N’

TH-NMR

U
et 4/
0827

812
861°Z 1
22T ]
YETT ]
008°Z 1
282 1
1£82
0982 1
5T 1
¥ST
99 1
ias
889 1
6889 1
689 1
006°9
5069 1
606°9 1 ﬁ
9€6'9
6°9 |
€069 1
8569 1
8560 1

——

€969
996'9
€269
9269
086'9
86'9
886'9
S66°9 1
1669
860°L
€01°L
0z1°L
vers
192°2
12h'L
Lzv'L
TEV'L
vev'L
65b°L
Stb'L
69b° 1
8v9' 1
099° 1
v99' 1
0£9'
609'
289'
¥69' 1
869' 1
T0L°L 1
90£°L
o1L'L
8T/,

—

0.5

1.0

1.5

2.0

2.5

3.0

4.0

5.0
f1 (ppm)

5.5

Noh.hw
voL'L
89L°L
YLL LA

7.0

0827
v8L L\
£8L°L A

3087 —~=
9808
060’8 T
so1'8 \
6018
618
1618

y1C8
L7128

4aia

T
8.0

8.5

9.0

I3C-NMR (100 MHz, Chloroform-d)

606'97 —
sv18z
160'2€ —

69€' Ty —

6L vy —

o

" A Lol
o

60

70

HETTTO EIATRY

L L YTy

80

6b1°LTT
9bS LT

8eeTT
¥60°5CT
18€°STT
ozLiser
£40°9CT
£0S°9CT
42891
£v6°LTT

e

100 90
f1 (ppm)

110

120

0Z078CT
£67°6CT

mHN.NMH/

ObL'TET N\

130

BECEET
cLeeT
8L8'VET “
¥S8'8ET \
EbP 0PT
68C°GHT —

140

150

160

17

daia

1857787 —
bL8P8T —

7/ \\
U \

180

T

T

’,

200

S-24



0. Lo
0000 — - FS
o
wn v~
ro
J . e
_J T
beTT — - =00'€ 198'52 — [
cre T — - =00'€ 756'8C — LR
w L2 £bbTE~ ”
lw F
6v6'T L»
. o
Nwm.ﬁ == Foor L M 28E Y ~ <
et 7 86T —
n ; L2
e =
6T ] °
o o
866\ == [960 [m m v
y sooe/ 1 1
m 20 m - 3
- o
[ ey |1 Rt FR
8zTh 3
. “ (=] E
Q sviv 3 |
S 05TH 0. ! _
Q €699 ° = 3
e 60£°9 FS ; Fe
Q €689 Too (=] 3
p— 5060 0T hl r
= 57691
500° 1 ) 3 S
020°2 A
« PE0°L e £
N 2v0°21 £ N 3 o E
H 050° 1 o8 H =8
. L2 e S<
wwm M. "z M 7€8'8TT i bal
2 1 3 L
M sz PbSTT 3
Tves n 969°221 E o
S cor Fu S $02'ST 3 o
& piesA — T RBT97T
) s1e \am 8bb°92T 3 3
N’ 0£€°L s 768°9¢T I S
R £€€° o R mwm”nﬁ 1 B N
v05°L 3
mom.L ezt — = t
AT £b0°62T & H\mrrUHH o
sTs'L L M N LYEOET ~O - — Lo
N 857, n 990°TET {
[RE = H/a Sﬁﬁ\ = L
6£9°L _ 6'1 C Sb6°TET
IH 6592 4 \Ium Rz |2 en 2orveT I, & | 2
cros = oz [ — TOUSET~/ 2
99 LW _ _ 4 70T ¥19°6€T E L
6892 'ﬂ =0T $06'SHT — = ——3
al ST |0 E g
sue ! M 0z [N o 3 A
8LL —== 201
— = L
omn.n%" o m
€08°, o 4 o
0018~ Fos I 8, 3 Lo
STIg— - =50'T ©
wes 7 = F00'T < : L
8ce's —
n o
| N
© (\I/ \J.\ Al
i
o 3 2
LS = =
6£5°28T — -—3
F- b
€£9'S8T — __4
n E S
ro - ]
< E o
4 E O
NBa I

S-25



S-26

-

|

1 (ppm),

11

120

150 140 130

160

170

180

o
:
: o
0000 — —= Fo
10
o
b <
Rl
6611~ e g0t Mwm.ww -
T — | ot
B bE6'TE —
—H "
3 ]
L
=
166°1 .
556'1 = Tye0 L2 SEH=—
961 \ = [ £Eb'Sh —
v86'T i
wn
TosT e
osr\ T
68LC 7
m 608 7 L3 m
= S
[=] | 1<)
= i 5
o 96€ m
vE6'E )
+— o
= mqm.mw. e 12 =
o csse Q
«
o "
93 |~ \m) m
Z Q
H 968'9 &
M 5689 x=0J. -
006°9
116'9 1 S 285611
= 569 (=) SE0°bzl
= L0 o 668bTT
660" 1 N  bI6'STIA
W s £h:0z%
N="co0°¢ & o] |
R 120 68t°87T
280°. socser |
860°2 1 91Z'621
M €112 N 8E€67T \F
N €21 1 96T'0ET ~E
6ET'L Q RSN
1 cors STL€ET
H £0£°2 | < erecer
. =
—9TE'L A = »S.ﬁ 696 PET
6E€°L To'e 021°0vT —
s, — H/m . SL9EVT ~
. L 0 .
€99 =l =201 092'SbT ~
89 50
MMWM T 0T
= Foo't
8L~ = A
€602
608~ .
438 Bt © = g0t
£91'8 S
£91'8 ©
8/1'8 <
o
Lo VAR
8TH'Z8T — \—/
Ui 8T
0
o
Q
o
—
J

190

200



TH-NMR (500 MHz, Chloroform-d)
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TH-NMR (400 MHz, Chloroform-d)
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TH-NMR (400 MHz, Chloroform-d)
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TH-NMR (500 MHz, Chloroform-d)
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TH-NMR (400 MHz, Chloroform-d)
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TH-NMR (500 MHz, Chloroform-d)
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I3C-NMR (100 MHz, Chloroform-d)
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TH-NMR (500 MHz, Chloroform-d)
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» NOESY- 6oda: No NOE observed between H, and H,, rather there was visible interaction only
between H, and H;,, H;, and H..
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» HRMS data of the control experiment for the TEMPO-adduct (7)

File Edit View Process Help

o nez & M 0 X

Single Mass Analysis

Tolerance = 100.0 mDa / DBE: min =-15, max =500
Element prediction: Off |
Number of isotope peaks used for i-FIT = 3

Wonoisotopic Mass, Even Eleciron lons

677 formula(e) evaluated with 88 results within imits (all results (up to 1000) for each mass)

i,

Elements Used: =
Mass Calc. Mass | mDa [ PPM | DBE [ Formula i-fIT [ i-ATNorm [FitConf% [ ¢ [ H [ n [0 -
N2 O A B 1 ]

309258 12 -35 05 C6 H2 NI4 02 290 2518 159 6 20 W 2

302553 33 100 25 16 H33 N4 O3 2829 6503 015 6 B 4 3

329.2625 -39 -118 15 Cl0 H33 N8 04 2812 4855 0.78 0 3 8 4

319268 52 158 35 Cll H N2 294 3068 465 u »x B

29256 60 182 35 C12 HO NIO O 207 4.8 136 2 ®» 1 1

302512 74 25 15 Cl1 H3 NG OS 819 550 041 u B 6 -
17102022_149_12582
WE-538_17102022_022 450 (3.914) AW2 (A7,30000.0,556.27 0.00LS 1) 1:TOF MSES+
o 3202586 389¢+006

3302612

205.1002
5}34 2738

7
900524 1280037 1o o1 [206.1083 5g0 0356 320.1924 RECRTC 3963287 446 2000 5253049541 3185 590.3480 625.3574 657.4603 7147133 758.5269789.5663 E’gassr;‘a‘o“m 898.4769 9357670 973.5094
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For Help, press F1

» HRMS data of the control experiment for the diphenylethylene-adduct (8)

File Edit View Process Help

H weE & M o X

Single Mass Analysis

Tolerance = 100 0 mDa / DBE: min =-1.5, max =500
Element prediction: Off |
MNumber of isotope peaks used fori-FIT = 3 5‘

Monoisotopic Mass, Even Electron lons
71 formula(e) evaluated with 18 results within limits (all results (up to 1000) for each mass)

Elements Used 2
N
1
3521998 58 16.5 115 C17 H22 N9 1448 2583 155 17 2 9
I8 27 BL 75 CIO H2 NIS W50 283 55 0 2 15
IR0 194 551 105 CI9 HE T 148 2616 731 v oK 7
I N2 BT 155 CHH2 N3 W50 284 582 u 2 3
BHT N9 BT 125 C15 W8 NIl M8 25% 146 5 18 U
3522434 <378 1073 65 (12 H26 Ni3 1450 2778 622 12 % 13 S
17102022_149_12584
MB-540_17102022_024 452 (3.931)AM2 (Ar,30000.0,556.36,0.00LS 1) 1: TOF MS ES+
21064005
i 3522056
%
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2481733 370.2213 Y 1526.4053
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