Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2020

Supporting Information

Peroxide-mediated synthesis of
benzimidazo[2,1-a]isoquinoline-6(5H)-ones via cascade

methylation/ethylation and intramolecular cyclization

Changduo Pan,* Cheng Yuan and Jin-Tao Yu*

E-mail: panchangduo@jsut.edu.cn; yujintao@cczu.edu.cn

1. MechaniStiC StUIES...cveiuiriieiiieierniieieiiiieiaiiietaritesasnrsesascsesasess S2
2. Copies of *H NMR and **C NMR spectra of the unknown substrate......S6

3. Copies of 'H NMR and ** C NMR spectra of the products.................. S10

S1



1. Mechanistic Studies

1.1 Methyl Radical Capture Experiments
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Figure S1 GC-MS spectra of the 3a

Standard Procedure + TEMPO (2.0 equiv):
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Figure S2 GC-MS spectra of the methyl radical capture results by TEMPO
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Standard Procedure + BHT (2.0 equiv):
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Figure S3 GC-MS spectra of the methyl radical capture results by BHT

1.2 The detection of acetone and tert-butanol
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Figure S4 GC-MS spectra for detection of acetone
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75 consistent with pure tBuOH, see Figure S6
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Figure S5 GC-MS spectra for detection of tert-butanol
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Figure S6 GC-MS spectra of pure tert-butanol
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Copies of *H NMR and ** C NMR spectra of the unknown substrate
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Copies of *H NMR and ** C NMR spectra of the products

3.

E 19" c\
98EL'L
L686" _/
PrL0°ZY
1SP0ZA
6680'T
LPRO'T
LLRE'TE
zelve
99€k°T
028k T
5905

FOLT 'L
FOOE'L
GSEP'L
DERP'L
LLOS'L
8pSSL
9FRS Ly
LOL9'L
CLIR'L
LLLR'L
FLER'L
SLFRL
90sE'8
FE9E'8
9SLER
EFOETS
EPLE'8
00088
L90S 8-

0

3a

_ Lo's
Fzon

00l
860

o
o

8.5

a.0

LSo—

L8 —

198 —

8005 —

F9' 9L
a0 hm.v
GFLL

69511y
9L'61 1y
mm.mmL‘r
£S°6T1Y
E8'CT1
a8'sTl

09'Lpl—
90 bpL"
L6'6h1~

gLl —

Ja

40

=
i

70

80

110 100

120

200 190 180 170 160

210

f1 (ppm

S10



8995°0
S Em.cw
19190
LEEL'L
F096°1
TORG'L
6G600°¢
FoE0E
Z850°T—=
ccxc.m.\
ZRLET
920¥T
LLZpe
08FPT
CELPT
9ERF'T

TLOT'L
98LT L
900€°L
SLZEL
FLEE LY
leae'L
LE1FLy
L8LF'L
0ZER Ly
SShr'L
QOLE LA
8118 .mL__
9SIRL
mmm.x.ﬁw
SIPR'L
9LSER
€698
SERE'R
FOGE'R
I81F8

N

3b

Fooe

hepe
Fort
(IR
80°€

oLl
Mcc.—
0T

Foot

Feat

5

10.0

10.5

o

1L

f1 (ppm

09'6—

20—
EERT—

8F 90—

F0 05—

P9 9L
PG,K\W
GFLL

#9114
PrLLY
TE0TI
41 6?
%.WNJ//
mm.mm_\
15921
mx.xm_\
[ANES
[ANRIEN
99°Zp1-T
19'€rl
SLnst”

sFeLl—

N
o}

3b

-

=)

1 (ppw

T
200 190

T
210

S11



\diL'; Clyf‘lf
SO —

740"
BGo-
60
Mg
Frs-
6265 '8
G816 8

Et

3c

oo i ed od

0.0

§

6Y

1.0

i

BE
LS

2.0

0z

3.0

4.0

a6

£5

9.0 8.0 6.0
f1 (ppm)

10.0

0L

11.0

06"

L6~

1

RE7
.mm\
e

05—
AY

9l
LL
.E.\.

ENA b

Et

3c

20

70

180 17 160 150 140 130 120 110 100 90
f1 (ppm)

190

200

S12



GF85 70
6204 .oW
F1E9 0

9E7L ]
N_Tm._/
8666 T
#Thm._#
12102
60207/
BLRE E
%oTﬁM
VObY E
9851 24
6925 2’

0816 6—

9676 97
266 "9
68202
)
206672
FOG0 L1
bELE L7
LLBE "1
L0682 ﬁ
5607 "2

zveh i
LEVh L
L6LL L

GROF '8

OMe

0.0

GL 6~

2.0 1.0
E
|

3.0
-
5

4.0
oy
™~ &
S
-

f1 (ppm)

9.0 8.0 6.0

10.0

11.0

OMe

Cr

3d

el L L

170 150 130 110 90 80 70 60 40 30 20 10

190

210

f1 (ppm)

S13



SLLE0
Nﬁ_m.cW
0290

zs6e'l
cmﬁ._y

ccom.— f
L0Z0T
Zlr0e
0990°¢
990% T~
11EFT
0ZskT
FOLPT

SOLE'L
PE6E'L
PSOrL
€61t L]
STEH'L
T65r'L
T95KL,
919 'L
6R0S°L
0515°L
99£5°L,
8ZPS'L
S9RL'L
SROL'L
90Z8 'L

0LZ8'L
GRIR'L
9ESER
LSSE'S
£296°8
0SRE'S
LELP'S

tBu

Je

Fasz

w%.m
Bopprg
FOET

H_}.c._

66'C
€0l
Foot

Fast

65'6—

TR~
1716~
0€'5E~
9p g

ST 05—

F9'9L
ﬁc,hﬁv
mw,nn

Z9°s1L
:;:/
mm.g;ﬁ
092l
S05T1"
Lzl
095l
?.2_\
LTIl
LTl
91pp1
£Losl—
1S'$51~

E9ELL—

N

tBu

*l

3e

L

AN

i

La
in

70

T
200

T
210

f1 (ppm

S14



G952 LY
w09 LY
PEG8 "Ly

F6O8 "L
FPL8 7L
BGOF '8
GTT%°8
292k '8
£RET "8
G195 "8

GL8G Bl

Ph

L

3f

| W

00 ¢

Ay
L0
7E0°T

%go.m
y107%

001

Fib
LR

0.0

3.0 2.0 1.0

4.0

6.0

10.0

11.0

f1 (ppm)

86—

; R7—

o
ey

LY 9E—

Tt 05—

8 "tL1

Ph

.‘.LJMJML.__L..,.J__U.MLW

180

190

200

30 20 10

40

90 80 70 60

110 100

160 130 140 130 120

17

f1 (ppm)

S15



o0 &6 o0 8 90 o8 90 80 90 = b= b b b b [ [ b B e [ O

Foo

E30Y
L0

207

| PP
00 '8
®og

06
T6 "

=]
15

10.5

11.5

f1 (ppm)

ELS6—

90Z '8 —
0Lp'9¢—

26208
FlLE0S

159°9L
mwc.E\W
86FLL

NS S e

FEFEILT
F8L991"
899 TLL~

=)
in

110

120

180 180 170 160

200

1 (ppm

S16



6LLSD
920905
TLZ90
8ZEL'
8EZ6'L

98p6'1
zels'l
06L0°e
8ERD'T
$98€°7
oLiye
695+
£18r°C
85062

~

YN

L1
Lo
061F'L
6TTF'L
TSTP'L
68FF'L
Shib'L
LI8P'L
008L 'L
006L°L
S96L "L
£908°L

G0ZR "L
LPER'L
98EC'
RISE'R
SE9E'R
966E8
RITA
PATA

Cl

N

3h

Lotk

|

Fooe

FL0E
FLrt

Feot

Feov
Fiot

Fest

=
=

10.5

1.0

986—
FL8E—
tFog—
9108 —
mc,oﬁ/

LO'LL-F
mv,hm..\

89611

mm.chﬁ
gLzl
LeszL
zzi1el
60'8EL
zeerl
LeEpld
L0'6¥L

FSTLL—

Cl

3h

"
Ll

L

=)
in

190 180 170 160 150 140 130 120 110 100 a0
f1 (ppm)

200

S17



3i

3.0

4.0

10.0 9.0 8.0

11.0

f1 (ppm)

6L 76—
12 8-
BG 98—
47 06—
0602

zz .EW
£g "L

&8

eLl—

Br

3i

210 200

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

140

160 130

190 180 17

f1 (ppm)

S18



pas G
(=
s
o Fooq
0820 °0 = S
GL8L Ty <
0110 "2 o
9620 % L 887 "0¢
6LTD "2 5
Zran 2 vod o
178077 Rgy| hoe 0o
210128 JL0 2604
18572
12LY E -
£06Y 2 -
8905 2
0525 "2 L
PEVG E
(=
(=
[
=2
_ et
(=]
M
\O
£0°g
L Hjo._.
00T
B LB0 oo
LRE Tosq
i90% 1o
3 . X w | ©
. ) °
sisghd
(=
Fo 858 ZLT—
S
-
=""=" "0 i
[=]
]
i

30 20 10

40

CF4
3
170 160 5 140 130 120 110 100 90 80
f1 (ppm)
S19

180

190




oFBY 0
G208 70
018970
649271
164671
106671
9800 2
L520°¢
o0
Fa0 g
90LF "2
BEOF 0
2 i
100578

14

G

G*

CN

3k

7007
FL6 T
Egge
Fes-
Fige

3.0 2.0 10 0.0

4.0

6.0

10.0 9.0 8.0

11.0

f1 (ppm)

69 65—

2t

eLl—

N

CN

3k

30 20 10

90 80 70 60 40

110

130

170

190

210

f1 (ppm)

S20



615G "

G246 "
L0067
G500 °

1860 "
IBLE "

o

0L6e "
8r1%°
188"
L0GF

0
0
0
1
1
1
4
4
LTF0 8
4
G
4
4
14
0L9F "2

e e e e e ol o

3l

Foo

¥ob

0.0

3.0 2.0 10

4.0

6.0

10.0 9.0 8.0

11.0

68

12
Y

f1 (ppm)

2
.EW
LL

ENA

3l

10

30

40

190 180 170 160 130 140 130 120 110 100 90 80

200

f1 (ppm)

S21



o]
3m
Fer e it [
[ralide] L) — ™ = o0 (=]
w0 oy [sERe Rl a] (=] (=3 = [=]
. — s s _— —= S
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)
[Ep)
oo = < < =
. N oo — = [ar] =
= [l ] =] -T- ] .
o [~ [~ [ ra) =] o oy
| B e e I | | |
Br
N
N
L,
0
3m
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10

f1 (ppm)

S22



BIBE .m\.
G60S "8Y

Cl

Fe6
26
86"

a6

96

't

3.0 2.0 1.0 0.0

4.0

6.0
f1 (ppm)

11.0 10.0 9.0 8.0

12.0

69 6—
Bt BE—
Ly 98—
a1 05—
B8 .mt./

02 °LL
16 .E.u.

68 "EL1—
o

20

30

190

210 200

10

60 50 40

70

80

170 160 130 140 130 120 110 100 90

180

f1 (ppm)

S23



GpOG "
6ERG
P08 "

=ik~

St ]

3o

Fooe

520 ¢
oo’

O
£l5°

& N

001
hag
¥

L6
Wmm.

10.5

11.5

f1 (ppm)

G

B8

16

98

L6~

Bl
0e"

Rr—

we—

Bl —

DN

'L
HNN

ENA R

3o

g

130 140

160

180

190

200

40 30 20 10

a0

100 90 R8O 70 60
f1 (ppm)

120 110

130

17

S24



BI85 "0y
mmam.om

B

L1661y
e010 "2

oFor "2
088V "2

0G40 76—

10.5

f1 (ppm)

6L

08 Te—
Ll BE

G6 98—

B0 05—

06 92

Pe 'Ll

ﬂx.m__#
0 081y
TO.NN_W
80 P21

TL 52T~

85 087
r@.om_w
LR~
I8 Zh1—
ve 1Y
1% 01~

B9 ELT—

140 130 120

150

190 180

200

30 20 10

40

90 B8O 70 60

110 100

170 160

f1 (ppm)

S25



St | el —

8666 "
0268 "
L90F "
6F1% "

e e S e e e o

Cl

166
‘86
800 1
756"

10.5

11.5

f1 (ppm)

99 °6—

67 BG—

00 "L~

ar 05—

HE " \

9.
02 °LL
Y .EN

19°2L1—

Cl

80 70 60 50 40 30 20 10

130 120 1100 100 90

130 140

180 170 160

190

210 200

f1 (ppm)

S26



-

I

[tk

o0 00 00 00 00 O 0= 0= 0= 0= 0= 0= 0 0= 0 0 0 0= 07 0= 0= 0 0= 0= 0= 0
I

00"

g0
Rgg
700"

66"

3.0 2.0 10 0.0

4.0

11.0 10.0 9.0 8.0

12.0

f1 (ppm)

9% 05—

09 "€L1—

190

200

30 20 10

40

90 80 70 60

100
f1 (ppm)

160 150 140 130 120 110

17

180

S27



06"
BIT
et
£06Y
BOWG "
BBHGS
IBLG "
6565 "
8paT”
9gLY "
Le6k "

Foo

=]

0 W I

==

3s

St
& o
—ipd

3.0 2.0 1.0 0.0

4.0

6.0

10.0 9.0 8.0

11.0

f1 (ppm)

8

&9
B9

ob

68

24

96—
0%
.ONV
BE—

e

9L
.EW
LL

0L

3s

20 10

30

70

180 17 160 150 140 130 120 110 100 90
f1 (ppm)

190

200

S28



L6Ps'0
xm,wm.cw
FROS0
Nmm_n.:_
169619
RE66'L
810
LF90°g
0680°T—
LEIE T~
L8RET
LEEPT
L8SPE
9Z8F'T

9692 'Ly
L19r'L
£69°L]
LiBF'L
aLIS L
6sleL
zescL
09L5°L
108S'L
£885°L |
6866°L
L509°L
rzloL
1929
10t

LILL8

CogL 5
mgm.xw
£622'8

£LIY8

£95%87

N

Joue

3t

H/hc.m

Tmc.—
w_.—c.—

e
one

Foot
FO0'l

0.0

=)
=

)

0.0

10.5

o

1L

f1 (ppm

9ES6—
LBL'BT—
sk 9E—
80L°05—
xmc.ﬁ./

TS0'LL—F
qu.nw\.

98870
909'%0

N

F

EL8sIl
sor9glL
€589zl
6LE9EL
zos9gl
Ex,bm,..\‘

aReZeEl—

GTF6EEL
FoFGEL
FOSHEL
oS GEL
ﬁmm,:i.\.

ﬁmsi
ammt:/
06L'LEL-&
s108p1~
9905~
$88°051F
180'151
eist
062’151
S0E'1s1

3t

T
140
fl (ppm)

I
T

110

o
I

60

190 180 170 160 150 140 130 120

200

f1 (ppm

S29



BRGS0y
1LL5 .owr.

GG6G 0

3u

Cl
Cl

00

4

el

~

=]

0.0

3.0 2.0 1.0

4.0

6.0

10.0 9.0 8.0

11.0

f1 (ppm)

69 6—

14 °8L1—

Cl

Cl

3u

el g L

40 30 20 10

a0

70 60

1200 110 100 90 8O

140 130

150

190 180 170 160

210 200

f1 (ppm)

S30



.ﬁ::d_J.

001
revy

=001

Fese

3.0 2.0 1.0 0.0

4.0

11.0 10.0 9.0 3.0

12.0

f1 (ppm)

0996

08 Le—

L8 G8—

M”s.sm
90 .EW
By L.

o6 ELT—

210 200

90 80 70 60 30 40 30 20 10

110 100
f1 (ppm)

170 160 130 140 130 120

180

190

S31



970V .m_
D6L7 "8

Me

N

Fos-

11.0

12.5

f1 (ppm)

95 'B1
0261

6L LE—

68 Fi—

79 " \

9l
WO Ll
Ly .E\.

Me

120 110 100

140 130

170 160 150

210 200

70 60 a0 40 30 20 10

80

90

190 180

f1 (ppm)

S32



|0
< 6 "6
212L 0\ k_ L
PEEL 0 F00 ¢
s6.0) e
907 2 RO £E—
P [=}
.u. .u \n/m
iy 2 Foo1
o | =
5697 °6- Fesd ™ 5% 'BG—
|0
= 8.9
i o_.tw
1% L2
[=]
M
- B
(=N
o B
e
(=]
_J =
3901
foz g
Roo
0071 o
whb "
001t
[=]
[ o
(=
- e B TLT—
& S
z7z"%0 x =
s -
[ o

60 50 40 30 20 10

70

100 90 80

S33

f1 (ppm)

110

150 140 130 120

160

O Ph Me
3x
190 180 17

200




- RS

R N

9129 ”

L1G5 "
002G

9ror "L
6187 "L
GT0G "2y

i

Me

OBn
3y

Foo-

Fro-
Feo-

0.0

1.0 0.5

3.6 3.0 2.5 2.0 1.3

4.0

f1 (ppm)

¥

oL

81"
it

9L

[tig

96—

Me

OBn
3y

B T

190 180

200

150 140 130 120 110 100 90 B8O 70 60 50 40 30 20 10
f1 (ppm)

160

17

S34



Me
o]
4
ey e .
(=] o = o o - (=]
[=] [srNerN o) — [=] [=]
. ; . el . : . : . : — —3
10.5 9.5 8.5 7.8 6.5 5.5 4.5 3.9 2.5 1.5 0.5
f1 (ppm)
=H [or]
= == L [=] [ 3
. K HOWw o [=r] — w
i £ T o S © =
— — = U =~ ~H [=p] ™ [or]
| I [ - I
N
E\
N
Me
0
4
—— \HI | L
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10

f1 (ppm)

S35



o
516
IS

ri6 "

-1.0

2.0 L0 0.0

3.0

4.0

6.0

10.0 9.0 8.0

11.0

f1 (ppm)

a0
Ay

B9

94

Ay

b9
L0
17

aF

T1-
BI—

G
B —

0L

90 80 70 60 40 30 20 10

110

130

170

190

210

f1 (ppm)

S36



Et

Et

=a1

10.5

f1 (ppm)

1496
06¥

04

126"
LeL”
6G L

g1-
"BI—

BE—

G
6
.a_\v.

T I|H| . \“ .

10

30

60

70

190 180 170 160 150 140 130 120 110 100 90

200

f1 (ppm)

S37



N
N F
N
Et
O
6c
P e g b
o b= W — MmO
oo, oo M SMNOONNM™NO
; ; : = ; —_— B e e —
10.5 9.5 8.5 7.8 6.5 5.5 4.5 .5 .5 1.5 0.5 -0.5
f1 (ppm)
E Q0w M w = =L — o0 =
- O W o [ i) nno
= el oS o5 S W
— o~ O = = = [N TR R it R
| [ S SN
N
N F
N
Et
e}
6¢c
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10 0
f1 (ppm)

S38



