Electronic supplementary materials Mendeleev Commun., 2025, 35, 639-641

Synthesis of 3-imino-1-benzazepines by the cyanide-incorporating
heterocyclization of (2-benzylaminobenzylidene)malonates
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Figure S1 Representative biologically active 1-benzazepine derivatives.
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Scheme S1 Literature syntheses of some 1-benzazepines vs. those of the current work

S1. Reagents and methods.

'H and 3C NMR spectra were acquired on Bruker Avance 111 (700 and 176 MHz, respectively), Bruker
Avance 11l 800 (800 and 201 MHz, respectively), and Bruker Fourier 300 (300 and 75 MHz,
respectively) spectrometers in DMSO-ds (TMS or the residual solvent signals (2.50 ppm for *H nuclei,
39.5 ppm for 3C nuclei) served as internal standard) or CDCls (the residual solvent signals served as
internal standards (7.26 ppm for *H nuclei, 77.2 ppm for C nuclei)). High-resolution mass spectra
were recorded on a Sciex TripleTOF 5600+ instrument, electrospray ionization. The infrared
absorption spectra were registered using an FT-801 Fourier IR spectrometer (Simex, Russia) in the
range of 500-4000 cm™ using ATR technique (ATR = attenuated total reflection). Spectra were
recorded with a scan number of 36 with a resolution of 4 cm™. The results were presented as an
averaged (or levelled) spectrum. ZalR 3.5 software (Simex) was used to carry out baseline correction
and normalization of FTIR spectra. A background measurement was taken for every sample processed.
Peaks corresponding to CO2 were not removed (663-674 cm™ and 2290-2390 cm™1).The absorption
bands are reported as follows: vs. = very strong, s = strong, m = middle, w = weak, vw = very weak.
Melting points were determined on an SMP 30 instrument. Reagents supplied by Acros Organics were
used without additional purification; freshly distilled solvents were used for the reactions. Compounds
la-f, 2a-f, 2'a, 2"'a were obtained from commercially available reagents using a literature method.S*
The spectral characteristics of compounds 1a-b,%? 1¢,5! 1d,%2 1e,%2 1h,%® 2a,%* 2b-g,5! 2'a, 2"a,% 25!
coincided with the literature data.
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S2. General synthetic procedure for 3-imino-1-methyl-2-phenyl-1,2,3,5-tetrahydro-4H-
benzazepine-4,4-dicarboxylates 3a.

RO,C_ _CO,R CO,R
| BF;-Et,0 N COR
N then TMSCN R'—- NH
R’—: > F N
Z SN ph DCE, 25°C /' Ph
1\|/[ Me
€
2a-g 3a-g

The corresponding 2-[2-(N-benzyl-N-methylamino)benzylidene]malonate 2 (0.5 mmol) dissolved in
1,2-dichloroethane (2 mL), BFs-Et2O (177 mg, 1.25 mmol, 154 uL) was added, and the mixture was
stirred for 12 h (overnight) at 25 °C. Then Me3SICN (99 mg, 1 mmol, 125 ulL) was added, and the
mixture was stirred for 30 min at 25 °C. The reaction progress was monitored by TLC (eluent hexane —
EtOAc, 3:1). After the disappearance of substrate 2, the reaction mixture was diluted with 50 mL of
EtOAc, treated with a mixture of 15 mL of sat. ag. NaHCOs solution and 15 mL of sat. ag. KCI
solution, then 2x30 ml of sat. aq. KCI solution, dried over Na>SOs, evaporated. The product was
isolated by flash chromatography (gradient eluent hexane — EtOAc 9:1 vol, then 3:1 vol). In the case of
the impurity’s 4 presence, the product was additionally purified by flash chromatography (eluent
hexane — CHxCl 1:1 vol, then 1:3 vol).

Dimethyl 3-imino-1-methyl-2-phenyl-1,2,3,5-tetrahydro-4H-1-benzazepine-4,4-dicarboxylate
(3a).

/1 Ph

Yield 161 mg (88%), pale yellow oil (R = 0.35 for eluent hexane — EtOAc 3:1 vol). *H NMR (800
MHz, DMSO-dg) 6: 7.55 — 7.51 (2H, m, Ph), 7.50 — 7.47 (2H, m, Ph), 7.44 — 7.41 (2H, m, Ph, H-6 Ar),
7.29 - 7.26 (1H, m, H-8 Ar), 7.16 — 7.13 (1H, m, H-7 Ar), 7.03 — 7.00 (1H, m, H-9 Ar), 5.66 (1H, s, N-
CH-Ph), 3.93 (6H, s, COOCHs3), 3.62 — 3.58 (2H, m, Ar-CHy), 2.58 (3H, s, N-CHs). 13C NMR (201
MHz, DMSO-ds) §: 173.2 (COOMe), 148.3 (C-10), 135.6 (C-11), 133.8 (C=NH), 128.9 (m-C Ph),
128.8 (p-C Ph), 127.9 (0-C Ph), 127.7 (C-9), 127.0 (C-8), 125.7 (C-7), 122.5 (C-6), 117.3 (i-C Ph),
78.3 (C(COOMe),), 60.3 (N-CH-Ph), 56.1 (COOCHs), 37.6 (br. s., N-CHs), 21.7 (Ar-CHz). HRMS
(ESI), m/z: 366.1655 [M+H]*, (calc. for CaiH23N204%, m/z: 367.1652). 'H-**C HSQC (the most
important cross peaks): H°-C% 'H-*C HMBC (the most important cross peaks): H>-C3. IR (ATR
diamond, vicm™): 529, 627, 671, 696, 718, 731, 758, 774, 799, 916, 941, 1036, 1076, 1121, 1186,
1225, 1277, 1339, 1377, 1391, 1447, 1503, 1607 (C=NH), 1734 (C=0), 2851, 2952, 3033, 3064.

Dimethyl 8-chloro-3-imino-1-methyl-2-phenyl-1,2,3,5-tetrahydro-4H-1-benzazepine-4,4-
dicarboxylate (3b).
CO,Me
CO,Me
NH
Cl N
vl Ph
Yield 120 mg (86%), colorless oil (Rt = 0.30 for eluent hexane — EtOAc 3:1 vol). *H NMR (800 MHz,
DMSO-dg) d: 7.53 — 7.51 (2H, m, o-H Ph), 7.50 — 7.47 (2H, m, m-H Ph), 7.45 — 7.42 (1H, m, p-H Ph),
7.41 (1H, d, J = 2.2 Hz, H-9 Ar), 7.21 (1H, dd, J = 8.3 Hz, 2.2 Hz, H-7 Ar), 7.07 (1H, d, J = 8.3 Hz, H-
6 Ar), 5.74 (1H, s, N-CH-Ph), 3.93 (6H, s, COOCHg), 3.58 — 3.52 (2H, m, Ar-CH), 2.57 (3H, s, N-
CHgs). 3C NMR (201 MHz, DMSO-dg) 6: 173.1 (COOMe), 149.6 (Ar), 134.8 (Ar), 133.4 (C=NH),
131.0 (Ar), 129.8 (Ar), 129.0 (Ar), 129.0 (Ar), 127.7 (Ar), 125.6 (Ar), 122.7 (Ar), 117.1 (Ar), 78.0
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(C(COOMe)y), 59.9 (COOCHs), 56.1 (N-CH-Ph), 38.0 (ymr. c., N-CH3), 21.5 (Ar-CH,). HRMS (ESI),
m/z: 401.1261 [M+H]", (calc. for C21H22CIN2O4*, m/z: 401.1263).

Dimethyl 8-bromo-3-imino-1-methyl-2-phenyl-1,2,3,5-tetrahydro-4H-1-benzazepine-4,4-
dicarboxylate (3c).

CO,Me

CO,Me
NH
Br N
vl Ph

Yield 172 mg (77%), colorless oil (Rr = 0.30 for eluent hexane — EtOAc 3:1 vol). *H NMR (800 MHz,
CDCl3) 0: 7.62 — 7.54 (3H, m, Ar), 7.49 — 7.40 (3H, m, Ar), 7.29 — 7.26 (1H, m, Ar), 6.88 (1H, d, J =
8.3, H-6 Ar), 5.16 (1H, s, N-CH-Ph), 3.95 (6H, s, COOCH3), 3.65 — 3.52 (2H, m, Ar-CHz), 2.65 (3H, s,
N-CHjs). C NMR (75 MHz, CDCls) 6: 173.9 (COOMe), 150.0 (Ar), 134.4 (C=NH), 133.1 (Ar), 129.7
(Ar), 129.5 (Ar), 129.4 (Ar), 129.2 (Ar), 127.8 (Ar), 126.4 (Ar), 120.8 (Ar), 116.3 (Ar), 77.9
(C(COOME)y), 61.3 (COOCH?3), 56.0 (N-CH-Ph), 37.4 (Ar-CH»-C), 22.3 (N-CH3). HRMS (ESI), m/z:
445.0757 [M+H]*, (calc. for C21H22BrN204", m/z: 445.0757).

Dimethyl 6-chloro-3-imino-1-methyl-2-phenyl-1,2,3,5-tetrahydro-4H-1-benzazepine-4,4-
dicarboxylate (3d).
Cl CO,Me
CO,Me
NH
N
md
Yield 124 mg (62%), white solid, m. p. 95°C (Rs = 0.35 for eluent hexane — EtOAc 3:1 vol). *H NMR
(800 MHz, DMSO-dg) o: 7.33 — 7.29 (3H, m, Ar), 7.13 — 7.10 (1H, m, Ar), 7.02 — 6.99 (2H, m, Ar),
6.72 (1H, d, J = 7.9 Hz, Ar), 6.62 (1H, d, J = 8.4 Hz, Ar), 5.12 (1H, s, N-CH-Ph), 3.67 — 3.65 (2H, m,
Ar-CHy), 3.60 — 3.57 (6H, m, COOCHzs), 2.88 (3H, s, N-CHs). *°C NMR (75 MHz, CDCls) 6: 173.5
(COOMe), 148.8 (Ar), 135.5 (C=NH), 133.6 (Ar), 129.3 (Ar), 129.1 (Ar), 128.3 (Ar), 127.8 (Ar), 127.5
(Ar), 126.1 (Ar), 122.8 (Ar), 116.8 (Ar), 78.7 (C(COOMe).,), 65.5 (COOCHs3), 61.8 (COOCH?3), 37.2
(N-CH-Ph), 22.3 (Ar-CHy), 14.4 (N-CHs3). HRMS (ESI), m/z: 401.1263 [M+H]", (calc. for
C21H22CIN204*, m/z: 401.1263).

Ph

Dimethyl 3-imino-8-methoxy-1-methyl-2-phenyl-1,2,3,5-tetrahydro-4H-1-benzazepine-4,4-
dicarboxylate (3e).
CO,Me
CO,Me
NH
MeO N
NTE
Yield 186 mg (94%), colorless oil (R = 0.20 for eluent hexane — EtOAc 3:1 vol). *H NMR (800 MHz,
CDCl3) 0: 7.63 — 7.60 (2H, m, o-H Ph), 7.47 — 7.43 (2H, m, m-H Ph), 7.43 — 7.40 (1H, m, p-H Ph), 7.06
(1H, d, J = 2.6 Hz, H-9 Ar), 6.92 (1H, d, J = 8.5 Hz, H-6 Ar), 6.70 (1H, dd, J = 8.5, 2.6, H-7 Ar), 5.19
(1H, s, N-CH-Ph), 3.94 (6H, s, COOCH?3), 3.82 (3H, s, OCHg), 3.66 — 3.52 (2H, m, Ar-CH,), 2.64 (3H,
s, N-CHs). C NMR (75 MHz, CDCls) §: 173.9 (COOMe), 159.1 (Ar), 149.8 (Ar), 133.6 (C=NH),
129.3 (Ar), 129.1 (Ar), 128.9 (Ar), 127.8 (Ar), 127.0 (Ar), 116.8 (Ar), 111.4 (Ar), 109.2 (Ar), 78.7
(C(COOMEe)2), 61.5 (N-CH-Ph), 55.8 (COOCHs3), 55.5 (Ar-OCHgs), 37.3 (Ar-CH2), 21.8 (N-CHs).
HRMS (ESI), m/z: 397.1760 [M+H]", (calc. for C22H2sN20s", m/z: 397.1758).
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Diethyl 3-imino-1-methyl-2-phenyl-1,2,3,5-tetrahydro-4H-1-benzazepine-4,4-dicarboxylate (3'a).

CO,Et
CO,Et
NH
N
wl

Yield 158 mg (79%), pale yellow oil (Rf = 0.40 for eluent hexane — EtOAc 3:1 vol). *H NMR (800
MHz, CDCls) 6: 7.65 — 7.60 (2H, m, Ar), 7.50 — 7.48 (1H, m, Ar), 7.47 — 7.44 (2H, m, Ar), 7.43 — 7.40
(1H, m, Ar), 7.28 — 7.26 (1H, m, Ar), 7.16 — 7.14 (1H, m, Ar), 7.05 — 7.02 (1H, m, Ar), 5.21 (1H, s, N-
CH-Ph), 4.41 — 4.36 (4H, m, COOCH2CH3), 3.72 — 3.62 (2H, m, Ar-CH,), 2.66 (3H, s, N-CHz), 1.26
(6H, t, J = 7.1 Hz, COOCH,CHs). **C NMR (75 MHz, CDCls) §: 173.5 (COOMe), 148.8 (Ar), 135.5
(C=NH), 133.6 (Ar), 129.3 (Ar), 129.1 (Ar), 128.3 (Ar), 127.8 (Ar), 127.5 (Ar), 126.1 (Ar), 122.8 (Ar),
116.8 (Ar), 78.7 (C(COOMe).), 65.5 (COOCH2CH3), 61.8 (N-CH-Ph), 37.2 (Ar-CH>), 22.3 (N-CHs3),
14.4 (COOCH2CHz). HRMS (ESI), m/z: 395.1965 [M+H]", (calc. for C23sH27N204", m/z: 395.1965).

Dibenzyl 3-imino-1-methyl-2-phenyl-1,2,3,5-tetrahydro-4H-1-benzazepine-4,4-dicarboxylate
(3"a).
CO,Bn
CO,Bn
NH
N
vl Ph

Yield 210 mg (81%), pale yellow oil (Rf = 0.40 for eluent hexane — EtOAc 3:1 vol). *H NMR (800
MHz, CDCl3) ¢: 7.44 — 7.38 (4H, m, Ar), 7.36 — 7.33 (3H, m, Ar), 7.32 - 7.29 (2H, m, Ar), 7.29 — 7.27
(3H, m, Ar), 7.25 — 7.23 (2H, m, Ar), 7.16 — 7.13 (4H, m, Ar), 7.10 — 7.07 (1H, m, Ar), 6.98 — 6.95
(1H, m, Ar), 5.32 (4H, m, COOCH.Ph), 4.82 (1H, s, N-CH-Ph), 3.64 (2H, m, Ar-CH,-C), 2.42 (3H, s,
N-CHs). 3C NMR (75 MHz, CDCls) §: 173.4 (COOMe), 148.9 (ym. c., Ar), 135.5 (C=NH), 133.6
(Ar), 133.5 (Ar), 129.3 (Ar), 129.1 (Ar), 128.9 (Ar), 128.6 (Ar), 128.3 (Ar), 127.7 (Ar), 127.4 (Ar),
126.2 (Ar), 122.8 (Ar), 116.8 (Ar), 79.6 (C(COOMe)2), 71.0 (COOCH:Ph), 61.5 (N-CH-Ph), 37.0 (Ar-
CH>-C), 22.0 (N-CHs). HRMS (ESI), m/z: 519.2278 [M+H]" (calc. for C33H31N204", m/z: 519.2278).

S3.  General synthetic procedure for dimethyl 2-{2-[N-(1-cyano-1-phenylmethyl)-N-
methylamino]benzyl}malonates 4.

CO,Me MeO,C CO,Me
COzMe HCI
NH —— CN
R N THF,H,0, PN
vl Ph 25°C R N°Ph
Me
3a-c 4a-c

The corresponding 3-imino-1-methyl-2-phenyl-1,2,3,5-tetranhydro-4H-1-benzazepine-4,4-dicarboxylate
3a—c (0.2 mmol) was dissolved in THF (2 mL), 3 M ag. HCI (2 mL) was added, and the mixture was
stirred for 6 h. The reaction progress was monitored by TLC (eluent CH.Cl>). After the disappearance
of substrate 3a—c, the reaction mixture was diluted with 50 mL EtOAc, treated with 2x30 mL saturated
aq. KCI, dried over Na2SO4 and evaporated. The product was isolated by flash chromatography (eluent
hexane — DCM 1:1 vol., then 1:3 vol.).
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Dimethyl 2-{2-[N-(1-cyano-1-phenylmethyl)-N-methylamino]benzyl}malonate (4a).
MeO,C._ _CO,Me

CN

A

N~ >Ph
Me

Yield 64 mg (87%), colorless oil (Rf = 0.35 for eluent hexane — CH,Cl 1:3 vol). *H NMR (800 MHz,
DMSO-ds) d: 7.55 — 7.52 (2H, m, o-H Ph), 7.50 — 7.47 (2H, m, m-H Ph), 7.46 — 7.42 (2H, m, p-H Ph
and Ar), 7.34 — 7.31 (1H, m, Ar), 7.25 - 7.22 (1H, m, Ar), 7.19 — 7.16 (1H, m, Ar), 5.70 (1H, s, N-CH-
Ph), 4.00 - 3.96 (1H, m, CH(COOMe).), 3.63 (3H, s, COOCHp3s), 3.58 (3H, s, COOCHg3), 3.35 — 3.31
(1H, m, Ar-CH2-CH), 3.13 (1H, dd, J = 14.3, 8.6, Ar-SH»-CH), 2.53 (3H, s, N-CH3). 1*C NMR (201
MHz, DMSO-ds) o: 168.9 (COOMe), 148.9 (Ar), 134.1 (Ar), 133.6 (Ar), 130.3 (Ar), 128.9 (Ar), 128.9
(Ar), 127.9 (Ar), 127.6 (Ar), 125.9 (Ar), 123.2 (Ar), 117.0 (CN), 60.9 (CH-CN), 52.4, 52.3, 51.3, 37.3
(N-CHg), 29.9 (Ar-CH»). HRMS (ESI), m/z: 367.1652 [M+H]" (calc. for C21H23N204", m/z: 367.1652).
IR (ATR diamond, v/cm™): 505, 519, 544, 602, 631, 654, 696, 731, 749, 762, 777, 841, 914, 940, 1024,
1046, 1078, 1117, 1150, 1196, 1227, 1264, 1294, 1337, 1372, 1433, 1449, 1493, 1599, 1678, 1730
(C=0), 2849, 2952, 3031, 3064.

Dimethyl 2-{4-chloro-2-[N-(1-cyano-1-phenylmethyl)-N-methylamino]benzyl}malonate (4b).
MeO,C._ _CO,Me

CN

A

Cl ITI Ph
Me

Yield 66 mg (82%), colorless oil (Rf = 0.35 for eluent hexane — CH2Cl, 1:3 vol). *H NMR (800 MHz,
DMSO-dg) 6: 7.54 — 7.48 (4H, m, 0-H u m-H Ph), 7.47 — 7.44 (1H, m, p-H Ph), 7.42 (1H, d, J = 2.2, H-
9 Ar), 7.30 (1H, d, J = 8.3, H-6 Ar), 7.26 (1H, dd, J = 8.3, 2.2, H-7 Ar), 5.76 (1H, s, N-CH-Ph), 4.01 -
3.98 (1H, m, CH(COOMe)z), 3.63 (3H, s, COOCHBa), 3.59 (3H, s, COOCHBa), 3.29 — 3.25 (1H, m, Ar-
CH2-CH), 3.16 — 3.10 (1H, m, Ar-SH2-CH), 2.52 (3H, s, N-CH3). 3C NMR (75 MHz, DMSO-ds) ¢:
168.9 (COOMe), 150.2 (Ar), 133.2 (Ar), 131.9 (Ar), 131.8 (Ar), 129.1 (Ar), 129.0 (Ar), 127.6 (Ar),
125.9 (Ar), 123.3 (Ar), 116.8 (CN), 60.6 (CH-CN), 52.5, 52.4, 51.1, 37.3 (N-CHs), 29.3 (Ar-CHy).
HRMS (ESI), m/z: 401.1262 [M+H]" (calc. for C21H22CIN204*, m/z: 401.1263).

Dimethyl 2-{4-bromo-2-[N-(1-cyano-1-phenylmethyl)-N-methylamino]benzyl}malonate (4c).
Me0,C.__CO,Me

CN

A

Br Il\l Ph
Me

Yield 80 mg (90%), colorless oil (Rf = 0.35 for eluent hexane — DCM 1:3 vol). NMR *H NMR (800
MHz, CDCIs) ¢: 7.63 (1H, d, J = 2.0, H-9 Ar), 7.62 — 7.59 (2H, m, o-H Ph), 7.46 — 7.40 (3H, m, p-H
and m-H Ph), 7.31 (1H, dd, J = 8.2, 2.0, H-7 Ar), 7.09 (1H, d, J = 8.2, H-6 Ar), 5.17 (1H, s, N-CH-Ph),
3.87 (1H, dd, J = 9.0, 6.8, CH(COOMe).), 3.73 (3H, s, COOCHpg), 3.66 (3H, s, COOCHz), 3.31 (1H,
dd, J = 14.3, 6.8, Ar-CH2-CH), 3.23 (1H, dd, J = 14.3, 9.0, Ar-CH2-CH), 2.63 (3H, s, N-CHz).
13C NMR (75 MHz, DMSO-ds) &: 169.2 (COOMe), 150.5 (Ar), 133.1 (Ar), 132.8 (Ar), 132.1 (Ar),
129.8 (Ar), 129.5 (Ar), 129.2 (Ar), 128.0 (Ar), 127.5 (Ar), 121.8 (Ar), 116.2 (CN), 62.00 (CH-CN),
52.9, 52.8, 51.8, 37.4 (N-CHs), 30.4 (Ar-CH,). HRMS (ESI), m/z: 445.0757 [M+H]" (calc. for
C21H22BrN204*, m/z: 445.0757).
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