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Abstract: 6,12-Diaryldibenzo[ b,f][ 1,5 ] diazocines(2a ~2d) were obtained by two molecules cy-
clizative condensation, using 2-aminobenzophenones as raw material. 6,12-Diaryl-5,6,11, 12-tetra-
hydrodibenzo[ b,f][ 1,5 ] diazocines(3a ~3d) were achieved by LiAlH,-reduction of 2a ~2d. A se-
ries of novel multi-substituted Troger’ s base derivatives(4a ~4d and 5a ~7a) were synthesized by the
reaction of 3a ~ 3d with different alydehydes or ketones. The structures were characterized by
'"H NMR, "C NMR, HR-MS (ESI) and X-ray single crystal diffraction. The splitting of protons of
NCH and substituents in bridge in '"H NMR was well explained by analyzing crystal structures of 3a
(CCDC: 1498564 ) and 6a( CCDC: 1498555) , which further confirmed that 4 ~7 adopted non-C,-ax-
isymmeltric structure.
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Troger’ s base fij4: 4 (4a ~4d il 5a ~7a, Scheme
1), H45#%4 H NMR, "C NMR, HR-MS(ESI) f1
X-SF R B G AT S A o 38 3 XF FL A M AR T S
3a Fil 6a i ARSI H NMR, 05T 7% 2404
YIS FREEH



#
&

ZEIE XA H R Z U Troger” s base fiT MR & 0B H A IR 21

— 631 —

1 SLIeERsy

1.1 AUE L5 A

SGW X4 #U 5 14# 15 1% ; AVANCE 300 MHz
ARG IR (CDCL, i ), TMS R INAR ) 5 Agi-
lent 6540 B T4 .

JIr 538 kg o3 A i

1.2 &%

(1) 2a~2d fAEL(LL 2a A1)

FERR B P AR W A 1a 5,92 g (30
mmol ) , To/K G ALEE 2. 24 g(16.8 mmol) FIGE K 45
mL, FIERN 7 ~8 h, ¥R, R ZEBRE
R R ] — S BE (40 mL) 3 i, WU #i
NaOH ¥ /i FI A A £R 7K R, To/K B R B 1%
g WA IR G ER LA =V(Z&AH
Fe) V(L) =1 :5] 845545 2a5.01 g,

HZEIR 7 A R 2b ~ 2d.,

6,12- ZFRFEZATF[ b, /][ 1,5] ZHIRHF
PUsfi(2a) . B EAEAR, % 85% , m. p. 185 ~ 187
C (191 ~193 C'*'); '"H NMR §; 7.78 ~7.75
(m, 4H), 7.40 ~7.25(m, 8H), 7.05 ~ 6.95
(m, 6H); “"C NMR §: 169.6, 159.9, 138.0,
131.1, 129.7, 129.4, 128.2, 127.6, 126.9,
123. 4, 120.9,

6,12- " (3-HIHEA L) 5 (b, /]1[1,5] =
RAFAEV0ME (2b) B EAEA, JLH 76% , m. p.
190 ~ 191 °C (190 ~ 191 «C™); '"H NMR §:
7.13~7.10(m, 2H), 6.98 ~6.95 (m, 2H),
6.88 ~6.85(m, 4H), 6.78 ~6.73 (m, 8H),
4.51(s, 2H), 2.14(s, 6H); "C NMR §: 150. 8,
138.4, 136.2, 134.4, 129.0, 128.0, 124.6,
119.7, 109.9, 82.7, 20.9,

2,8- 56, 12- KBTI (b, f1[1,5]
RAFAEVU (2¢) « BEEA K, IR 79% , m. p.
216 ~ 218 °C (217 ~ 219 € ); '"H NMR §:
7.74 ~7.71 (m, 4H), 7.46 ~7.29 (m, 8H),
6.99 ~6.95(m, 4H); "C NMR §; 168. 8, 150. 2,
137.2, 131.6, 130.1, 129.4, 129.1, 128.4,
128.1, 127.2,122.5,

2,8-Z4H6,12-Z (2-90 R ) R IF (b, f]
(1,5 ] ZRA UM (2d) o A [, fog
70% , m.p.219 ~220 °C; '"H NMR §: 7. 86 ~7. 80
(m, 2H, ArH), 7.48 ~7.40 (m, 2H, ArH),

7.32~7.28(m, 2H, ArH), 7.24 ~7.18(m, 2H,
ArH), 7.07 ~6.91(m, 6H, ArH); “C NMR §:
165.9, 163.0, 159.6, 148.3, 133.1, 131.3,
130.1, 129.6, 126.0, 124.2, 122.7, 116.9,
116. 6; HR-MS(ESI) m/z: Caled for C,,H N, F,
CL{[M+H]"}463.058 0, found 463.057 2,

(2) 3a~3d &R LL 3a 1)

PRI BE TP AR O A 2a 5. 01 g (14
mmol ) , SR 0. 66 g(17.4 mmol) 1 Z, fiF 60
mL, B[N 12 ~ 16 h, B Z =, Wk ZE B
R, K 10 mL, A CHCL A H, A AU I TE /K Bt
FREE T8, T 08, DB WV 45 5 FIR GV 7 A 45
fuf58 32 3.85 g,

AN T :5 1 3b ~ 3d,,

6,12- 55,6, 11, 12-PUA I3[ b, /[ 1,
517U (3a) . HAREA, H 76% , m. p.
225 ~226 °C; '"H NMR §: 7.34 ~7.21 (m, 10H,
ArH), 7.07 ~7.01(m, 2H, ArH) , 6.82 ~6.72(m,
6H, ArH) , 5.66(s, 2H, CH) , 4.46(s, 2H, NH) ;
“C NMR §: 150.9, 141.3, 134.1, 129.1, 128.1,
127.2, 126.8, 124.6, 119. 8, 110. 1, 83. 1; HR-MS
(ESI) m/z; Caled for C) Hy N, {[M + H] ™ |
363.186 1, found 363. 186 8,

6,12- " (3-HFRLHKIH)S5,6, 11, 12-PUH — 2
FELb 11,5 ] ZAA ¢ (3b) . HAaREA, I
67% , m.p.203 ~204 °C; '"HNMR §: 7. 19 ~7. 10
(m, 8H, ArH), 7.07 ~7.01 (m, 2H, ArH),
6.82~6.72(m, 6H, ArH), 5.64(s, 2H, CH),
4.55(s, 2H, NH), 2.32(s, 6H, CH,); "C NMR
5: 147.0, 140.4, 136.6, 131.2, 130.8, 129.1,
127.8, 127.3, 122.3, 121.1, 64.6, 21.1; HR-
MS(ESI) m/z; Caled for C,yHyy N, {[M + H] 7 |
391.217 4, found 391.216 5,

2,8-T4-6,12-— -5 6,11, 12-PU S — 2
LIS ] ZA I E(3e) : A ENA, I
72% , m.p.227 ~228 °C; '"HNMR §: 7.36 ~7.23
(m, 10H, ArH), 7.03(dd, J=8.4 Hz, 2.4 Hz,
2H, ArH), 6.79 ~6.72(m, 4H, ArH), 5.59(s,
2H, CH), 4.57 (s, 2H, NH); “C NMR §&.
145.0, 142.1, 132.4, 130.5, 128.7, 128.1,
127.6, 127.2, 126.3, 123.8, 64.5; HR-MS
(EST) m/z; Caled for Cy Hy N,ClL, { [M + H] ™}
431.108 2, found 431. 107 3,
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2,8-4-6,12-— (2-5 A H)-5,6,11,12-4
Ao T01,5 ] R (3d) . H A fE
&, % 69% , m. p.219 ~220 °C; 'H NMR §:
7.43 ~7.27 (m, 10H, AtH), 7.15 ~7.14 (m,
2H, ArH), 6.91(d, J =2.1 Hz, 2H, ArH),
5.33(s, 2H, CH), 4.85(s, 2H, NH); "C NMR
5: 144.9, 142.3, 137.4, 130.4, 130.1, 129.1,
128.9, 128.4, 127.9, 127.6, 127.5, 72.0; HR-
MS(ESI) m/z: Caled for C,s Hg N, F,ClL, { [ M +
H]*}466.081 5, found 466. 082 1,

(3) 4a ~4d F15a f95 (L 4a Jfi)

TERA TR A m A 3a 1. 81 g (5 mmol),
37% W 5 mL F1H 2 30 mL, [B] 30 52 ) 28 2% 6
(TLC #a, JEFF57) : B = 4P S BR/ A Tk = 1/6,
V/V) o RHEZRNR, WEZERE R, oK 15 mL,
FH CH,C, (3 x25 mL) 28, 5 IFAHLAHE, oK
TRBREE T, Tk, DR 4 )5 IR B 0 (A =
1/6) H4hhfs 4a 1.72 g,

FHZEAARY 5 %45 L 4b ~ 4d F1 Sa( L 37% &
RERAC 37 % W)

6,12-— K IL-6H  12H-5,11-F 3£ — I3[ b,
SIU,5 ] ZRZRRE (da) . AR, R 92% ,
m.p.171 ~173 °C; '"H NMR §: 7.77(d, J =5.7
Hz, 1H, ArH), 7.49 ~7.28 (m, 9H, ArH),
7.02 ~6.91(m, 4H, ArH) , 6.83(d, J=7.8 Hz,
IH, ArH), 6.73 ~6.67(m, 1H, ArH), 6.24(d,
J=6.6 Hz, 1H, ArH), 5.95(s, 1H, CH), 5.65
(d, J=8.1Hz, 1H, ArH), 5.49(s, 1H, CH),
4.40(q, J=12.9 Hz, 2H, CH,); “C NMR &:
149.4, 143.6, 143.4, 140.2, 132.7, 131.5,
130.6, 129.5, 129.22, 129.19, 129.1, 129.0,
128.3, 128.2, 127.8, 127.4, 127.3, 125.4,
125.2, 123.8, 123.6, 70. 3, 70.0, 62.8; HR-MS
(EST) m/z: Caled for C,, Hy N, {[M + H] "}
375.186 1, found 375. 187 2,

6,12-—(3-H LRI -6H, 12H-5  11-H 3£ —
BIFLb 11,5 ] A A (4b) . AR, i
% 92% , m.p.213 ~214 °C; '"H NMR §: 7.65(d,
J=6.3 Hz, 1H, ArH), 7.43(d, J=7.8 Hz, 1H,
ArH), 7.27 ~7.25(m, 4H, ArH), 7.17(d, J =
7.8 Hz, 2H, ArH), 6.95 ~6.80(m, SH, ArH),
6.75~6.69(m, 1H, ArH), 6.10(d, J=6.9 Hz,
1H, ArH), 5.91(s, 1H, CH), 5.70(d, J=8.1

Hz, 1H, ArH), 5.45(s, 1H, CH), 4.39(q, J =
12.9 Hz, 2H, CH,), 2.38(s, 3H, CH,), 2.36
(s, 3H, CH;); “C NMR §. 149.4, 143.7,
140.6, 137.9, 137.11, 137.08, 132.6, 131.4,
130.8, 129.4, 129.3, 129.2, 129.0, 128.9,
128.0, 127.7, 125.3, 125.2, 123.7, 123.5,
70.1, 69.8, 62.7, 21.3, 21.1; HR-MS ( ESI)
m/z; Caled for C,oH,, N, { [M + H] ™ 1 403.217 4,
found 403. 216 7,

2,8-46,12-— 2K FL-6H 12H-5,11-F 3L —
FIFLO SIS ] ZRARE (de) : AR, I
#85% , m.p.172 ~173 °C; '"HNMR §: 7. 73(d,
J=6.3 Hz, 1H, ArH), 7.41 ~7.32 (m, 9H,
ArH), 7.10 ~7.24(m, 1H, ArH), 6.92(d, J =
2.4 Hz, IH, ArH), 6.85 ~6.84(m, 1H, ArH),
6.68(dd, J=8.7 Hz, 2.4 Hz, 1H, ArH), 6.28
(d, J=6.6 Hz, 1H, ArH), 5.88(s, 1H, CH),
5.55(d, J=9.0 Hz, 1H, ArH), 5.38 (s, 1H,
CH), 4.33(q, J=12.9 Hz, 2H, CH,); "C NMR
5:147.7, 147.2, 142.3, 142.0, 141.5, 139.0,
132.7, 132.1, 131.2, 130.53, 130.45, 129.4,
129.31, 129.29, 128.8, 128.7, 128.6, 128.5,
128.3, 127.9, 127.8, 126.6, 126.5, 125.9,
70.2, 69.8, 62.7; HR-MS(ESI) m/z: Caled for
C,H,, N,Cl, {[M + H]" | 443.108 2, found
443.108 8,

2,8-"4-6,12-—(2-FAKIL)-6H,12H-5,11-
R Z2TF[0,/1[1,5] “HIRHFE(4d): HE
44, % 82% , m. p. >300 C; 'H NMR §:
7.55(dd, J =8.7 Hz, 3.0 Hz, 1H, ArH),
7.42 ~7.26(m, 8H, ArH), 7.24 ~7.17(m, 1H,
ArH), 7.04(t, J=7.5 Hz, 1H, ArH), 6.95 ~
6.82(m, 2H, ArH), 5.64 (s, 2H, CH), 5.31
(d, J=7.8 Hz, 1H, CH), 3.99(d, J=15.9 Hz,
2H, CH,); "C NMR §: 163.3, 160.0, 147.6,
147.5, 147.3, 141.5, 130.8, 130.1, 130.04,
129.95, 129.92, 129.4, 129.3, 129.04,
128.97, 128.92, 128.89, 128.75, 128.69,
128.5, 128.2, 127.9, 126.6, 126.50, 126.45,
123.90, 123.85, 123.82, 116.0, 115.7, 69.9,
64.1, 64.0, 63.74, 63.71, 55.2; HR-MS(ESI)
m/z; Caled for C,,H,N,FCl, {[M +H] " {478.081 5,
found 478. 081 1,



% 8 1]

ZEIE XA H R Z U Troger” s base fiT MR & 0B H A IR 21

— 633 —

13-FH 36, 12-— 2K $L-6H , 12H-5, 11-F %t —
BIELb 11,5 A/ (5a) : AR, UL
#71% , m.p.169 ~171 °C; 'H NMR §: 7.77 ~
7.68(m, 3H, ArH), 7.48 ~7.24(m, 7H, ArH) ,
7.14(d, J=7.5 Hz, 1H, ArH), 7.01 ~6.89(m,
3H, ArH), 6.80 ~6.69(m, 2H, ArH), 6.06(d,
J=7.8 Hz, 1H, ArH), 5.94 (s, 1H, NCH),
5.77(d, J =8.1 Hz, 1H, ArH), 5.53 (s, 1H,
NCH), 4.72(q, J=6.9 Hz, 1H, NCHN), 0.99
(d, J=6.9 Hz, 3H, CH,); "C NMR §: 152.6,
143.1, 140.2, 132.8, 131.7, 131.3, 131.0,
129.5, 129.4, 128.5, 128.2, 128.1, 128.0,
127.7, 127.3, 127.1, 126.7, 125.7, 125.0,
123.6, 123.3, 71.9, 71.2, 66.9, 20.5; HR-MS
(ESI) m/z; Caled for Cpe Hys N, {[M + H] ™}
389.201 8, found 389.201 0,

(4) 6a F1 7a (A5

FER OB A 3a 1.50 g(4 mmol) , P45
PSR 3.4 g (12 mmol) FIPYHEA 30 mL, 8] 3 52 )i
B (TLC KD, JBFFHI:B) . BHI =R, W
JEZEBRVE R, 5R AT — & H Be (40 mL) I5 R,
UM NaOH 5 130 RN 1R FN B 3R 7K Y %, JC/K B IR
BT, U8, DB WOk 46 5 28 RE A JZE AT (B
#:B) zlifkis 6a 1.37 g,

DI SR AN B, SR 6 il Ta.

13,13- " H 36, 12-— F K 6H  12H-5,11-H
BRI Lo 101, 5] AR (6a) ;[ {4 fH
A&, 0% 85% , m. p. 196 ~ 198 °C; 'HNMR §:
7.72(d, J=7.5 Hz, 3H, ArH), 7.49 ~7.41(m,
2H, ArH), 7.37 ~7.25(m, 5H, AtH), 7. 14(d,
J=7.5 Hz, 1H, ArH), 7.01 ~6.88 (m, 3H,
ArH), 6.77 ~6.64(m, 2H, ArH), 5.99(d, J =
7.8 Hz, 1H, ArH), 5.88(s, 1H, CH), 5.76(d,
J=8.1Hz, IH, AtH), 5.63(s, 1H, CH), 1.56
(s, 3H, CH;), 1.01(s, 3H, CH,); "C NMR §:
151.4, 143.9, 143.8, 140.8, 132.9, 132.5,
131.4, 130.9, 129.5, 128.7, 128.2, 128.04,
128.00, 127.9, 127.83, 127.80, 127.2, 126.5,
126.2, 125.3,123.5,123.2, 71.5, 69.2, 65.9,
29.4, 27.3; HR-MS(ESI) m/z; Caled for CyH,,
N,{[M+H]"}403.217 4, found 403. 218 2,

6',12"- K6 H, 12 HHZ [ 3 1% k-1, 13-
(S, ATELb /11,5 ] ZAAHF(Ta) .

P (o A, U % 84% , m. p. 214 ~ 215 C;
'"HNMR §: 7.75 ~7.68(m, 3H, ArH), 7.50 ~
7.28(m, 5SH, ArH), 7.26 ~7.23(m, 2H, ArH) ,
7.14(d, J=7.2 Hz, 1H, ArH), 6.98 ~6.87(m,
3H, ArH), 6.75(d, J =7.8 Hz, 1H, AtH),
6.64(t, J=7.8 Hz, 1H, ArH), 5.99(d, J=7.8
Hz, 1H, ArH), 5.87(s, 1H, CH), 5.78(d, J =
8.1 Hz, 1H, ArH), 5.60(s, 1H, CH), 2.21 ~
1.79(m, 2H, CH,), 1.76 ~1.63(m, 2H, CH,) ,
1.58 ~1.00(m, 4H, CH,); "C NMR §: 151.9,
144.8, 143.8, 141.0, 132.8, 132.14, 132.05,
130.7, 129.5, 128.9, 128.4, 128.2, 127.94,
127.91, 127.7, 127.6, 127.2, 126.5, 126.0,
125.1, 123.4,123.0, 82.3, 69.2, 66.6, 36. 83,
36.76, 22.08, 22.05; HR-MS(ESI) m/z; Caled
for C;; Hy N, {{ M + H]" | 429.233 1, found
429.232 4,

1.3 @bk #ml e

4350 3a(0.22 mm x0.19 mm x0. 18 mm)
F6a(0.32 mm x0.28 mm x0.27 mm) [FJ 25 EH
TR b, & S ik iy MoKa Sk (A =
0.071 073 nm) , T 296 K LI w-20 4477 Rtk
ST (13 022 S F1 11 201 A, Horbopd <7 737 5 45
2 178 A1 3 810 4~) o 3a Hl 6a 145 H R ] B %
VAR B A M /N IR B I, AR T
BRI AL E

2 ZER5ITE

2.1 A&

e, UL 1a ~ 1d g J50RE, S ), 75
K =AML R B2 XU K 45 4 BRK RN
il 2a ~2d(70% ~85% )7 s AR5, R Li-
AL ZEZBEH#% 2 B9 C = N if J5U ] 754 3a ~ 3d
(67% ~76% ) ; feJ7,3a ~3d 5K R R s
BRAEAT AR 4 45 B2 R, 5 805 i T 4a ~ 4d A
Sa~7a(71% ~92% ) .

TESS 3 LR N i A B RS 3 iR
ST, LA 3a SRR , P PR AR 2
RN, B 2 RS 1 IR (37% ) 5 R, T
TATARIAE AL, 78 4 o [0 3 B2 7 BT 45 0 4a
(92% ) F1 5a(71% ) . (B2 15 1 R T kg B 11 A 24
AFRERF, Eh R 1 527 345 A e A3 L2 i) A7 L ¢
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R 75 ZE LU B B VR0, [ A AR AL
SR LA 3a 55 PNHR I SR R A AL SN, 73-531)
FELT VSR NIEER O K S AR R DY SR AR BR ) i
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Table 1  Crystal data of 3a and 6a
Comp 3a 6a
CCDC 1498564 1498555
Empirical formula CyHyy N, CpoHyo N,
Formula weight 362.47 402.53
Temperature/K 296 296
Crystal system monoclinic monoclinic
Space group P2,/c C2/¢
a/nm 8.947 7(12) 16.315(4)
b/nm 11.429 2(15) 7.820 2(14)
¢/nm 11.168 8(11) 34.198(6)
o/ (°) 90 90
B/(°) 123.190 95.775(8)
v/ () 90 90
V/nm’ 955.8(2) 4341.1(15)
7 2 8
De/g + em ™ 1.259 1.232
w/mm ™" 0.074 0.072
F(000) 384 1712
26 range/(°) 5.42 ~47.34 4.58 ~59.72
-T7<h<l1l -9<h<19
Limiting indices -l4<k<l14 -9<k<9
-14<i<13 -40<!<39
Reflections 6 190/2 178 11 591/3 810

collected/unique [ R(int) =0.053 4] [R(int) =0.071 8]

Data/restraints
2 178/0/127 3 810/0/280
/parameters
GOF on F* 1.016 0.961
R,, wR," 0.0621,0.1907 0.0626,0.1533
R,, wR," 0.1123,0.2422 0.1148,0.1854

[I>20(1)]; "[all data],
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