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Figure S1: 'H NMR spectrum (400 MHz, CDCl;, RT) of 3

7 oar
7340
7260
7234
G 336
GET
4287
4244
3373

_——— 7105
—— 437
~

T 3330

0oE L
GE | L
1 @il
ite F
o0oe €

KEL F
1 [z


mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in
mailto:prabu@iith.ac.in

Supporting Information

Figure S2: 13C NMR spectrum (100 MHz, CDCl;, RT) of 3
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Figure S3: '"H NMR spectrum (400 MHz, DMSO-dg, RT) of 5
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Supporting Information

Figure S4: 13C NMR spectrum (100 MHz, DMSO-dg, RT) of 5
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Figure S5: '"H NMR spectrum (400 MHz, DMSO-dg, RT) of 6
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Figure S6:3C NMR spectrum (100 MHz, DMSO-d;, RT) of 6
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Figure S7:'"H NMR spectrum (400 MHz, DMSO-d;, RT) of 7
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Figure S8:13C NMR spectrum (100 MHz, DMSO-d;, RT) of 7
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Figure S9:'"H NMR spectrum (400 MHz, DMSO-d;, RT) of 8
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Figure S10:3C NMR spectrum (100 MHz, DMSO-d;, RT) of 8
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Figure S11:'"H NMR spectrum (400 MHz, DMSO-dg, RT) of 9
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Figure S12:13C NMR spectrum (100 MHz, DMSO-d;, RT) of 9
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2D NMR Spectrums

Figure S13: HSQC of 3 (400 MHz, CDCl;, RT)
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Figure S14: HSQC of 3 expansion
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Figure S15: HSQC of 3 expansion
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Figure S16: HMBC of 3 (400 MHz, CDCl;, RT)
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Figure S17: HMBC of 3 expansions
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Figure S18: HMBC of 3 expansions
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Figure S19: HMBC of 3 expansions
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Figure S20: HMBC of 3 expansion
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Figure S21: HSQC of 5 (400 MHz, DMSO-d;, RT)
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Figure S22: HSQC of 5 expansion

Supporting Information

19
_\ +6
I N \17
15 / X 18
] 12 11 N14
12 N 10510
2
13
4] 4aN 6a . 8
N7 5 6
("
N 5
+\
I_
6 endo
| {
i |1| f\ ﬁ'
UL S\ \ ppm
35
® " 40
45
50
caop [EX=) F
55
60
65
T T T T T T T T T T T T
4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm

22



Supporting Information

Figure S23: HSQC of 5 expansion
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Figure S24: HMBC of 5 (400 MHz, DMSO-d;, RT)
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Figure S25: HMBC of 5 expansion
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Figure S26: HMBC of 5 expansion
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Figure S27: HMBC of 5 expansion
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Figure S28: HMBC of 5 expansion
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Figure S29: HSQC of 6 (400 MHz, DMSO-d;, RT)
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Figure S30: HSQC of 6 expansion
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Figure S31: HSQC of 6 expansion
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Figure S36: HMBC of 6 expansion
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Figure S37: HSQC of 7 (400 MHz, DMSO-d;, RT)
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Figure S38: HSQC of 7 expansion
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Figure S39: HSQC of 7 expansion
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Figure S40: HMBC of 7 (400 MHz, DMSO-dg, RT)
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Figure S41: HMBC of 7 expansion
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Figure S42: HMBC of 7 expansion
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Figure S43: HMBC of 7 expansion
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Figure S44: HMBC of 7 expansion
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Figure S45: HSQC of 8 (400 MHz, DMSO-d;, RT)
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Figure S46: HSQC of 8 expansion
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Figure S47: HSQC of 8 expansion
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Figure S48: HMBC of 8 (400 MHz, DMSO-dg, RT)
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Figure S49: HMBC of 8 expansion
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Figure S50: HMBC of 8 expansion
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Figure S51: HMBC of 8 expansion
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Figure S52: HMBC of 8 expansion
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Figure S53: HSQC of 9 (400 MHz, DMSO-dg, RT)
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Figure S54: HSQC of 9 expansion
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Figure S55: HSQC of 9 expansion
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Figure S56: HSQC of 9 expansion
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Figure S57: HMBC of 9 (400 MHz, DMSO-dg, RT)
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Figure S58: HMBC of 9 expansion
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Figure S59: HMBC of 9 expansion
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Figure S60: HMBC of 9 expansion
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Figure S61: HMBC of 9 expansion
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Figure S62: HMBC of 9 expansion
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Figure S63: HMBC of 9 expansion
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Compound Table
Diff
C d Label RT Mass Abund Formula Tgt Mass | (ppm) MFG Formula DB Formula
Cpd 1: CZL HIB NG|  0.118]  354.1579) 098 21 H1B NE 3541593  -3.82 C21 H1B N§ CZ1HIE N6
MS Spectrum Peak List
Compound Label miz RT Algorithm Mass m/fz z |Abund Formula Ton
Cpd 1: C21 H18 N6 377.1472 0.118 | Find By Formula 3541579 355.1651] 1 | 37Seis.0s|cziHisne (M)
356.1686] 1 75762.84[C21H18NE (M)
«10 5 [Cpd 1: C21 H18 NB: +E5I EIC(354.1587, 355.1666, 372.1931, 377.1486 ...) Scan Frag=150.0V G._ 37,1716 1 8268.2 | C21H1BNG (M)
0118 1
7410000
64
54
44
3
24
14
01 02 03 04 05 06 07 08 08 1 11 12 13 14 15 16 17 18 18
Counts ws. Acquisition Time (min}
MS Spectrum
x10 5 |Cod 1: C21 H18 NB: + FBF Spectrum (0.095-0.186 min) GP-AS-182-1-00.d Subtract
359
3
2.5
24
1.5
1]
0.59 377.1472
([C21H1BNE]+Naj+
358 360 362 364 366 368 370 372 374 376 378 380 382 384 3W6 388 360 392 394
Counts vs. Mass-lo-Charge (miz)
M5 Zoomed Spectrum
w10 5 |Cpd 1: G271 H18 NE: + FRF Spactrum (0.095-0,186 min) GP-AS-182-1-00.d Subtract
354 355.) 651
X ([C21HNE]+H)+
2.5
24
154
1 377.1472
0.5 ([C21H18NE|+Na)+
a

b n
330 335 340 345 350 355 360 365 370 375 3E0 AR5 300 395 400 405 410 415 420
Counts vs, Mass-lo-Charge (m/,

Figure S67: HRM spectrum of 5

66




Supporting Information

Compound Table
Dift
Compound Label RT Mass Abund Formula Tgt Mass | (ppm) MFG Formula DB Formula
Cpd 1: C23 H24 I N6 0.14] 511.1086 19428 C23 H24 I N6 511.1107| -1.14 C23 H24 I N6 C23 H24I N6
Compound Label m/z RT Algorithm Mass .
Cpd1: C23H24IN6 511108  0.14  Find By Formula 511.1086 MS Spectrum Peak List
myz z |(Abund Formula Ion
<10 4 [CPd 1: €23 H24 | NB: +ESI EIC(511.1102, 512.1180, 529.1445, 534.0999 .. ) Scan Frag=150.0V... S1L108] 1 19428, 18| C23H24ING M
o ’ 51211 1 5272.58| C23H24INS M+
51" 16d 00 513.1138] 1 553.64| C23H24ING M+
a 514.1218] 1 | 22.77] c23H24ME [+
; |
34 |
1
29 |
| — End Of Report —
1 \
04—~ R e e B —— :
01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 1.8 13
Counts vs. Acquisition Time (min)
MS Spectrum

w10 4 [Cpd 1: C23 H24 | N&: + FBF Spectrum (0.106-0.209 min) GF-ASI1-038-1-00.d Subtract
1.751
1.5
1.251
14
0.754 512.1110
o8 [C23H24IN6]+
=
5] 513.1139
023 [C23H24IN6]+
.

511.2 511.4 511.6 511.8 512 5122 512.4 5126 512.8 513 5132 5134 5136 513.8 514
Counts vs. Mass-te-Charge (miz)

M5 Zoomed Specirum
%10 4 [Cpd 1: ©23 H24 | NE: + FBF Spectrum (0.106-0.209 min) GP-ASI1-038-1-00.d Subtract
175 511.080
759 [C23H34INE]4
1.5+
1.254
14
0.754
0.5
0.254
0 ; ; ; ; T T L
485 490 495 500 505 510

sis 530 535 530  sis '
Counts vs. Mass-to-Charge (miz)

Figure S68: HRM spectrum of 6

67




Supporting Information

Compound Table
it
Compound Label RT Mass Abund Formula TgtMass | (ppm) MFG Formula DB Formula
Cpd 1: C27 H32 I N6 0.12 567.1708 59875 27 H3Z I N6 567.1733 4.35| C27 H3Z I N6 27 H3IZI N6
Compound Label m/z RT Algor'rthm. Mass MS Spectrum Peak List
Cpd 1: C27H32IN6  |567.1703 0.12_|Find By Formula 567.1708 e % TAbund P— Tom
567.1703| 1 55875.1| C27H32ING M+
x10 5 Cpd 1: C27 H32 | NE: +ES| EIC(567.1728, 68,1757, 568.1806, 5691835 ..) Scan Frag=150.0V.. 5681731 1 19133.39| C27H32ING M+
10.120 1 569.1762| 1 2504.67| C27HIZING M+
1.5710¢.00 s704784] 1 202.14| C27H32ING M+
1.254
14
0.75
0.5+
0.25
0 T T T O O O O O O T O O O O O O O O O O
01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 1.8 19
Counts vs. Acquisition Time (min)
MS Spectrum
x10 4 |Cpd 1: €27 H32 | N6: + FBF Spactrum (0.087-0.177 min) GP-ASI1-075-1-01.d Subtract
54
44
3 568.1731
2 [C2THIZING]+
1 569.1762
[C2TH32ING]+
1
5674 567.6 5678 568 568.2 5684 5686 568.8 569 5692 569.4 5696 569.8 570
Counts vs. Mass-to-Charge (mfz)
MS Zoomed Spectrum
x10 4 [Cpd 1: €27 H32 | N&: + FEF Spectrum (0.097-0.177 min) GF-AS(I-075-1-01.d Subtract
567,703
5l [C27H2INB]4
4
34
24
14
W] [

540 545 550 555 560 580 s5&5 550 595

565 570 575
Counts vs. Mass-to-Charge (miz)

Figure S69: HRM spectrum of 7
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Compound Table
Dt
Compound Label RT Mass Abund Formula Tgt Mass | (ppm) MFG Formula DB Formula
Cpd 1: C33 H28 N8 0.128 536.2413 207118 33 H28 N8 536.2437| —4.45| 33 H2B N8 (33 H28 N8
Compound Label myz RT Algorithm Mass
Cpd 1: C33 H28 N8 537.2479 0.128 |Find By Formula 536.2413
MS Spectrum Peak List
%10 5 |Cpd 1: C33 H28 N8: +ESI EIC(536.2431, 537.2460, 537.2510, 538.2538 ...) Scan Frag=150.0V G.. myz z |Abund [Formula Ion
10,128 1 537.29479| 1 207117.88| C33H28NS (M+HH
5 10fo0 538.2514] 1 668,34 C33H28N8 (M+H}+
4 539.2543| 1 12865.21| C33H28NE (M+HH
540.2571| 1 1610.24|C33H28NS (M+HMH+
3 575.2236| 1 5224.53| C33H28N8 (MHK)+
2 576.2248| 1 1874.42| C33H28NE (MK)+
; 577229 1 291.32|C33H28N8 (MHE)+
578241 1 36.66(C33H28N8 (MHE)+
0
01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 1.8 19
Counts vs. Acquisition Time (min)
MS Spectrum

x10 5 Cpd 1: C33 H2E N&: + FBF Spectrum (0.093-0.196 min) GP-ASII-080-1-01.d Subtract
2

1.75
15
1.25
1
0.75
05
0.25
| L
540 542 544 546 548 550 552 554 556 558 560 562 564 566 568 570 572 574 576
Counts vs. Mass-to-Charge (m/z)

MS Zoomed Spectrum
%10 5 |Cpd 1: ©33 H28 N8: + FBF Spectrum (0.093-0.196 min) GP-ASI1-080-1-01.d Subtract

2 537 pa79
5 ([C33H24NE]+ H)+

1.7
15
1.25
1
0.75
05 &75.2236
0.25 ([C33H2BNB]+K)+
510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 5590 595 GO0
Counts vs. Mass-lo-Charge (miz)

Figure S70: HRM spectrum of 8
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Compound Table
Dift
Compound Label RT Mass Abund Formula Tgt Mass | (ppm) MFG Formula DB Formula
Cpd 1: 27 H32 I N6 0.152 567.1708 140445 27 H32 I N6 567.1733 449 C27 H32Z I NG 27 H32ZI NG
Compound Label m/z RT Algorithm Mass
Cpd 1: C27 H32 I N6 567.1702 0.152 | Find By Formula 567.1708
%10 & |Cpd 1: C27 H32 | NB: +ES| EIC(567.1728, 568.1757, 568.1806, 569.1835 ..) Scan Frag=150.0V.. MS Spectrum Peak List
11 0152 1 myz z |[Abund Formula Ion
4] 1op00 567.1702] 1 140444.5| C27H32ING M+
568.1733[ 1 38573.97| C27H32ING M+
3 569.1766( 1 6100.02 C27H32ING M+
5 5701791 1 623.26| C27H3Z2ING M+
] 4
D T T T T T T T T T T O T O O O O O O O O
01 02 03 04 05 06 07 08 09 1 11 1.2 13 14 15 16 1.7 1.8 1.9
Counts vs. Acquisition Time (min)
MS Spectrum
%10 5 |Cpd 1: C27 H32 | N&: + FBF Spectrum (0.107-0.301 min) GP-ASI-121-1-00.d Subtract
1.2
14
0.8+
0.6 568.1733
0.4 [C27TH32ING]+
0.2 569.1766
[C2TH32INE]+
1
5674 567.6 567.8 568 5682 5684 5686 5688 569 569.2 569.4 5696 569.8 570
Counts vs. Mass-to-Charge (miz)
M5 Zoomed Spectrum
%10 5 |Cpd 1: €27 H32 | N6&: + FBF Spectrum (0.107-0.301 min) GP-ASI1-121-1-00.d Subtract
] 567,702
1.2 [C2THI2INE]+

14
0.8
0.6+
0.4
0.2

0

540 545 550 555 560 565 570 575 580 585 580 545
Counts vs. Mass-to-Charge (miz)

Figure S71: HRM spectrum of 9
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Compound Table
Diff
Compound Label RT Mass Abund Formula Tgt Mass | (ppm) MFG Formula DB Formula
Cpd 1: C33H2BNB|  0.165 536.2411 1975 33 H28 N8 5362437 4.88] 33 H28 N8 C33 H28 N8
Compound Label m/z RT Algorithm Mass
Cpd 1: C33 H28 N8 537.2485 0.165 | Find By Formula 536.2411
MS Spectrum Peak List
«10 3| Cpe 1: €33 H28 N8: +ESI EIC(536.2431, 537.2460, 537.2510, 538.2539 ...) Scan Frag=150.0V G.. m/z z_|Abund [Formula Ion
20 : 537.2485 1 1975.08|C33H2BNS (M+HM+
. 165 538.252] 1 884.58| C33H26NS (M+H}+
1 1to.oo 539.2535 1 221.35|C33H2BNE (M+HM
51 554.2545| 1 51.82|C33H28N8 (MENH)+
49 575.2181] 1 64.73[C33H28NE (M+K)+
3
24
1
ol 000000 VT ¥ v M MY MY Y T T
01 02 03 04 05 0.6 07 08 09 1 11 _12 1.3 1.4 15 16 1.7 1.8 19
Counts vs. Acquisition Time {min)
MS Spectrum
x10 3 |Cpd 1: C33 H28 N8: + FBF Spectrum (0,108-0.280 min) GP-ASII-124-1-01.d Subtract
1.754
1.5
1.25
1
0.75
0.5
554.2545
0.251 ([C33H28ME)+NHA)+
1
540 542 544 546 548 550 552 554 556 558 560 G562 564 566 568 570 572 574
Counts vs. Mass-to-Charge (m/z)
MS Zoomed Spectrum

%10 3 |Cpd 1: C33 H28 N&: + FEF Spectrum (0.108-0.290 min) GP-ASII-124-1-01.d Subtract

1.754
1.54
1.254
1
0.75
0.5
0.25+
0

537 pass
([C33H24NE]+H)+

554.2545 5752181
([CIIHZENE[+NH4 )+ ([CIZHZBNS]+K)+
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Table S1: Known 4,10-dihalogen and imidazole substituted methano dibenzo-diazocines.

NH, X \
@/X (HCOH),/ CF3COOH w
=
N
X
Entry X Yield% Reference
1 F 27 [1]
2 Cl 19 [1]
3 Br 9,10 [1]
4 I 6? [3]
5 Imidazole  79% This work

a) Isolated an impure product
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Table S2: Known 4,10-di substituted methano dibenzo-diazocines with substituents at 2,8-

positions.
NH, X
X" (HCOH),/ CFsCOOH Nw R
>
R N
R X
Entry R X Yield% Reference

1 Me Br 85, 98 [1]

[5]
2 Me Cl 77 [1]
3 Me F 75 [1]
4 Me 30 [1]
5 Bu! Br 30 [6]
6 Me NO, 36 [2]
7 OMe CO,Hexyl 16 [7]
8 Me CO,Hexyl 16 [7]
9 Br Br 33, 60, 72 [8]

[9], [4]
10 Br Cl 86 [4]
11 CF; CF; 5 [6]
12 CO,Et Br 48 [7]
13 CO,Hexyl Br 88 [7]
14 NO, Br 28 [2]

73



Supporting Information

Table S3: NMR comparison of 4,10-dihalo Triger’s base analogues with 3.

No. 1/7 2/8 3/9 4/10 4a/l0a  6/12 6/12 13 6a/l2a
X endo exo
'H Br® 691- 691- 746 - - 4.37 4.62 439 -
NMR 6.96 6.96 (d,d) 9(d) (d) (s)
(m) (m) J=6.7, =173 J=17.3
2.6 Hz Hz Hz
Cl@  6.90 6.99 7.27 - - 4.35 4.63 438 -
(dd (® (d,d) (d) (d) (s)
=17, =170 )=, J=17.6 J=17.6
0.8 Hz Hz 0.8 Hz Hz Hz
F@  6.76 6.90- 690- - - 4.23 4.63 432 -
(d) 7.00 7.00 (d) (d) (s)
J=73  (m) J=17.1 J=17.1
Hz Hz Hz
Im®  6.82 7.09 7.04 - - 3.33 4.26 432 -
(d) (d) ® (d) (d) (s)
J=7.6 J=7.6 J=7.6 =172 J=17.2
Hz Hz Hz Hz
13C Br® 126.47 125.76 131.69 120.27 144.92 55.6 67.72 131.06
NMR  CI® 125.79 125.10 128.49 129.45 143.67 54.97 67.69 130.59
F@ 12254 124.54 114.06 156.32 145.23 55.38 67.42 130.30
Im® 126.80 123.77 124.50 129.59 131.59 54.18 66.79 140.94

a) Listed spectral values are taken from: A. Hansson, J. Jensen, O. F. Wendt and K.
Wérnmark, Eur. J. Org. Chem., 2003, 3179.

b) Present work.
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Table S4. Crystallographic data, details of data collection and structure refinement

parameters for compounds 3-7.

parameters 3a 3b 4 5 6 7

Empirical formula Cs2sHsN 50025  CsosHasNys  CoHNg CpHplpNg  Cg7sHgNyslps  CiesH sN4ClOg s
Formula weight 372.43 372.43 354.42 638.30 694.40 625.56
Temperature/K 150 150 150 298 150 150

Crystal system monoclinic monoclinic  monoclinic  monoclinic  monoclinic triclinic
Space group P2,/c P2,/c C2/c P2,/c C2/c P1

a/A 12.8104(4) 12.9360(5)  25.140(4)  10.9300(2) 10.1807(5)  8.3442(10)
b/A 9.7998(2) 9.8962(3) 5.5409(5) 16.8443(3)  13.9648(7) 12.5633(12)
c/A 15.3326(4) 15.4643(5)  13.9897(17) 14.0472(3)  20.5397(9) 15.0779(16)
a/° 90 90 90 90 90 84.154(8)

B/ 113.436(3) 113.922(4)  122.157(19) 107.695(3) 101.629(5)  79.178(10)
y/° 90 90 90 90 90 87.113(9)
Volume/A3 1766.04(9) 1809.63(12) 1649.8(5) 2463.83(10) 2860.2(2) 1543.7(3)

Z 4 4 4 4 4 2
Peacmg/mm> 1.4006 1.3669 1.4268 1.7206 1.6125 1.3458
w/mm! 0.734 0.717 0.712 20.220 17.468 2.223

F(000) 786.4 786.4 746.2 1242.1 1370.3 655.2
oo eme eSS R NS meme
Reflections collected 6629 7054 2878 10257 5536 8560
pnsotns SRS O (S0 o TR S
Data/restraints/parameters  3321/0/263 3405/0/253  1547/0/122  4654/0/282  2707/0/162 5183/0/401
Goodness-of-fit on F? 1.053 1.044 1.040 1.045 1.021 1.090

Largest diff. peak/hole /e ¢, > 0.70/-0.65  0.23/-0.30  1.40/-2.08  0.71/-0.76  0.54/-0.51

A3
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Rl = Rl = Rl =
Final R indexes [[>=2c R, =0.0400, 0.0578, 0.0410, 0.0520, R;=0.0325, R;=0.0723,
@] wR, =0.1079 wR, = wR, = wR, = wR,=0.0838 wR,=0.2241
0.1571 0.1152 0.1422
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Table SS. The bond distances and angles comparison of 3-7.

3a 3b 4 5 6 7
Bond lengths (A)
N.-C, 1.471(17) 1.471(2) 1.467(18) 1.461(7) 1.473(4) 1.471(6)
Ny—C, 1.464(17) 1.463(3) 1.467(18) 1.469(7) 1.473(4) 1.461(7)
Bond angles (°)
N,—C,-N, 111.90(11) 112.00(16) 111.45(18) 111.6(4) 111.1(5) 111.4(5)
Ne—Cip—Nyg 111.79(13) 112.4(2) 112.26(15) 108.4(4) 109.2(4) 109.2(6)
N—Ci—N¢ 112.01(12) 112.2(2) 112.26(15) 108.7(5) 109.2(4) 107.8(5)
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Table S6: Single Crystal X-Ray Parameters of 10.

Crystal system monoclinic
Space group P2,/b11

a/A 18.3095(7)
b/A 9.4486(2)
c/A 36.0558(11)
a/° 90

p/e 90

v/° 90
Volume/A3 6237.6(3)
Reflections collected 10885
Independent reflections 6946[R(int) = 0.1001]
Data/restraints/parameters 6946/0/597
Largest diff. peak/hole / e A3 4.35/-5.34
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