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Highly Selective Synthesis of 2-Substituted Pyrido[2,3-b]indole
Derivatives Catalyzed by Iron Salts
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Abstract Polycyclic aromatic nitrogen-containing heterocyclic compounds are an important class of nitrogen-containing
heterocyclic compounds, which have been widely used in drugs and materials, and indole-fused pyridine compounds are one of
them. At present, the methods for the synthesis of these compounds were less reported. Based on previous work, a new route to
2-substituted pyrido[2,3-b]indole derivatives was developed, which employed 2-(2-aminophenyl)acetonitrile derivatives and
N,N-dimethyl enaminones as the reaction substrates. The reaction provided the desired product with high selectivity and effi-
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R = 3-indolyl (2)
R = p-hydroxyphenyl (3)
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Figure 1 Natural products and bioactive molecules containing
pyrido[2,3-b]indole skeleton
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Scheme 1 Route for synthesis of pyrido[2,3-b] indole
LGS 3-(Z F G EE)-1-(4- FAEU R ORI 9 -2- - 1- B A
LR RIR T A TERBLRER 110 C, #)
REIRFAMET, B RIRTOA R B AR 12 B 1) 52
Wi, MSCESZE FRTE, Bk R A0 2k R LU A 25 80 5T+
R 4F, TAEAS TR Rk 2k, = 960 PR R R ik 1) 208 SR e e
SN PR 81%(F 1, Entries 1~7). 'B4EE AT T XA
FVEFITELE, 2R 1,2- =& 4kt NN-"HEH
il (DMF). — FIJEEA(DMSO). ZfE(CHCN). fitj 3k
Lt (CHsNO,) 1,4- NI FERPERIET, SLie s
AR SNEAERE /NI 2 v S SRR SE4F, AR F R
2ef, RelE A3 B AR A 86% MR (3% 1, Entries 8~
14). [FEIRHR BEREAT 1 e, 7RSI 80 CH&AMFT,
R, 28 EATR, 49 H i 1 2 A 2 R =9

Chin. J. Org. Chem. 2021, 41, 4444~4449

© 2021 Chinese Chemical Society & SIOC, CAS

FRR R A AL, AR, IRZAE 110 °C.
R M S BUENEIF[2,3-b15IRATAE I SRS AR AL @

Table 1 Screening on the reaction conditions for synthesis of
pyrido[2,3-b]indole derivatives by iron salts catalysis

©€0N . /@MT/ Iron salts
NHCH; 0 Solvent, 110 °C
1a | 2a
-
CL-
N
\ 3a
Entry Catalyst Solvent Yield?/%
1 FeCl3 PhCl 71
2 FeCl3*6H20 PhCl 55
3 FeCl PhCl 42
4 Fe(OTf)s PhCl 81
5 Fex(S0a4)3 PhCl 71
6 Cu(OTf) PhCl 32
7 TfOH PhCl 45
8 Fe(OTf)s CICH2CH2Cl 61
9 Fe(OTf)s DMF 43
10 Fe(OTH)s DMSO 55
11 Fe(OT1)s CH3CN 57
12 Fe(OTf)s CH3NO2 42
13 Fe(OTf)s 1,4-Dioxane 67
14 Fe(OTHf)s Toluene 86

@ Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), catalyst (10 mol%),
solvent (1 mL), 110 ‘C, 8 h. Isolated yields of 3a.
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Table 2 Scope of substrates for synthesis of pyrido[2,3-b]indole derivatives by iron salts catalysis
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4 Reaction conditions: 1 (0.2 mmol), 2 (0.3mmol), Fe(OTf); (10 mol%), toluene (1 mL), 110 °C, 8 h. Isolated yields.
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SRR INZK 15 mL, DA 2R ZBRZEEL(10 mL X 3),
WCERA LA, ToKBRBREA T, S5 e TV, M=
F T2 EREEAT AL 2 JE AT (i 4y B FR 4L

2-(4- F UL O L )-9- R L -9 H- itk g I [2,3-b] 5] Wk
(3a): FEAEA, mp. 158~160 ‘C; 'H NMR (400 MHz,
CDCl;) &: 8.18 (d, J=8.0 Hz, 1H), 8.05 (d, J=8.7 Hz,
2H), 7.94 (d, J=7.7 Hz, 1H), 7.46 (d, J=8.0 Hz, 1H), 7.40
(dd, J=13.2, 5.9 Hz, 1H), 7.33 (d, J=8.0 Hz, 1H), 7.22~
7.14 (m, 1H), 6.93 (d, J=8.7 Hz, 2H), 3.90 (s, 3H), 3.78
(s, 3H); 3C NMR (101 MHz, CDCly) §: 160.28, 153.74,
152.00, 140.64, 132.91, 128.58, 128.40, 126.24, 120.73,
120.57, 119.71, 114.12, 113.91, 111.41, 108.97, 55.41,
27.52. HRMS (ESI) caled for CioH;7N,O [M+H]'
289.1341, found 289.1348.

2-(4- F L FE)-9- FE BE -9 I g FH[2,3-5]75] W (3b):
WO [E A, mp. 143~146 C; 'H NMR (400 MHz,
CDCLy) d: 8.23 (d, J=8.0 Hz, 1H), 8.01 (d, J=8.1 Hz,
2H), 7.96 (d, J=7.7 Hz, 1H), 7.53 (d, J=8.0 Hz, 1H), 7.42
(dd, J=11.2, 4.0 Hz, 1H), 7.35 (d, J=8.1 Hz, 1H), 7.25~
7.20 (m, 2H), 7.19~7.15 (m, 1H), 3.92 (d, J=7.4 Hz,
3H), 2.34 (s, 3H); *C NMR (101 MHz, CDCls) d: 154.03,
151.99, 140.70, 138.56, 137.42, 129.47, 128.57, 127.05,
126.35, 120.82, 120.51, 119.72, 114.27, 111.83, 109.00,
36.10, 27.56, 21.34. HRMS (ESI) caled for CioH7N,
[M+H]" 273.1391, found 273.1395.

2-(5-ZRFF[d][1,3] = A3 M 54)-9- H B -9 -t g
F[2,3-b]1M5 Wk (3e): B L [E 4K, mp. 175~177 C; 'H
NMR (400 MHz, CDCL3) 6: 8.30 (d, J=8.0 Hz, 1H), 8.04
(d, J=7.7 Hz, 1H), 7.75 (s, 1H), 7.68 (dd, J=8.1, 1.2 Hz,
1H), 7.52 (dd, J=16.0, 7.7 Hz, 2H), 7.44 (d, J=8.0 Hz,
1H), 7.31~7.22 (m, 1H), 6.93 (d, J=8.1 Hz, 1H), 6.03 (s,
2H), 4.01 (d, J=8.0 Hz, 3H); 3C NMR (101 MHz,
CDCI3) d: 160.30, 153.79, 152.03, 140.67, 133.36, 132.94,
128.54, 128.39, 126.22, 120.70, 120.59, 119.70, 114.12,
113.92, 111.41, 108.94, 55.39, 27.51. HRMS (ESI) calcd
for C19H1sN20, [M+H]" 303.1133, found 303.1136.

2-(9- F FE-O - I 3 [2,3-b]15] W) A Ty (3d): # (4 ]
14, 163~166 C; '"H NMR (400 MHz, CDCl;) d: 14.15 (s,
1H), 8.40 (d, J=8.3 Hz, 1H), 8.05 (d, J=7.7 Hz, 1H), 7.93
(d, J=8.0 Hz, 1H), 7.77 (d, J=8.3 Hz, 1H), 7.55 (t, J=7.7
Hz, 1H), 7.46 (d, J=7.9 Hz, 1H), 7.32 (t, J=7.5 Hz, 2H),
7.07 (d, J=8.1 Hz, 1H), 6.96 (t, J=7.5 Hz, 1H), 3.95 (s,
3H); *C NMR (101 MHz, CDCly) &: 159.25, 154.07,
140.40, 134.48, 130.99, 129.77, 126.88, 120.78, 120.47,
120.36, 119.58, 119.17, 118.57, 118.37, 114.58, 110.67,
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109.24, 28.01. HRMS (ESI) calcd for CisH;sN,0O [M+H]"
275.1184, found 275.1187.

9- FH 5L -2- IR B -9 H-ME g FF[2,3-b]M5] Wk (3e): 35 A [F]
&, m.p. 138~141 ‘C; 'H NMR (400 MHz, CDCl3) o:
8.36 (d, J=8.0 Hz, 1H), 8.24~8.18 (m, 2H), 8.08 (d, J=
7.8 Hz, 1H), 7.66 (d, J=8.0 Hz, 1H), 7.58~7.49 (m, 3H),
7.49~7.40 (m, 2H), 7.30 (t, J=7.4 Hz, 1H), 4.04 (s, 3H);
3C NMR (101 MHz, CDCls) J: 153.96, 152.02, 140.80,
140.21, 128.71, 128.60, 128.57, 127.18, 126.49, 120.89,
120.46, 119.78, 114.56, 112.08, 109.02, 27.56. HRMS
(ESI) caled for CigHisN; [M+H]"™ 259.1235, found
259.1235.

2-(4- G A HE)-9- 1 F-O - I 3 [2,3-b] 15 W (3): B
EEA, mp. 193~196 C; '"H NMR (400 MHz, CDCls)
J: 8.35 (d, J=8.0 Hz, 1H), 8.15 (d, J=8.5 Hz, 2H), 8.08
(d, J=7.8 Hz, 1H), 7.61 (d, J=8.0 Hz, 1H), 7.54 (t, J=7.3
Hz, 1H), 7.47 (dd, J=8.5, 2.1 Hz, 3H), 7.30 (t, J=7.4 Hz,
1H), 4.02 (s, 3H); 3C NMR (101 MHz, CDCl3) d: 151.57,
150.93, 139.84, 137.61, 133.61, 127.82, 127.61, 127.35,
125.65, 119.92, 119.34, 118.87, 113.80, 110.75, 108.04,
26.53. HRMS (ESI) caled for CjoHisCIN, [M+H]"
293.0845, found 293.0852.

2-(4-JR A )-9- F -9 ML g 7 [2,3-b]W5 Wk (3g): &
EE A, mp. 213~215 C; '"H NMR (400 MHz, CDCls)
J: 8.34 (d, J=8.0 Hz, 1H), 8.12~8.02 (m, 3H), 7.62 (dd,
J=11.3, 4.8 Hz, 3H), 7.58~7.51 (m, 1H), 7.46 (d, J=8.1
Hz, 1H), 7.34~7.27 (m, 1H), 4.02 (s, 3H); 3C NMR (101
MHz, CDCls) 6: 152.59, 151.94, 140.85, 139.07, 131.81,
128.70, 128.66, 126.71, 122.96, 120.97, 120.34, 119.91,
114.88, 111.75, 109.09, 27.57. HRMS (ESI) calcd for
CisH 14BN, [M+H]" 337.0340, found 337.0342.

4-(9- F FE-OH-ME g 3 [2,3-b]W5 W) 45 2.5 (3h): ¥ (T
[, m.p. 186~188 ‘C; '"H NMR (400 MHz, CDCl;) &:
8.31 (t, J=6.8 Hz, 1H), 8.23 (dd, J=14.9, 8.1 Hz, 2H),
8.11~7.91 (m, 1H), 7.76~7.66 (m, 2H), 7.62 (dd, J=
12.5, 6.1 Hz, 1H), 7.54~7.46 (m, 1H), 7.46~7.37 (m,
1H), 7.31~7.21 (m, 1H), 3.96 (d, J=3.8 Hz, 3H); '*C
NMR (101 MHz, CDCl;) 6: 151.94, 151.24, 144.34,
141.14, 132.51, 128.72, 127.57, 127.21, 125.62, 121.23,
120.14, 115.80, 114.74, 112.38, 111.79, 109.21, 29.72.
HRMS (ESI) caled for CioHiuN; [M+H]" 284.1187,
found 284.1188.

2-(3,4- G A L)-9- FH FL -9 - ML e - [2,3-b 115 Wi (3i):
WO [E A, mp. 223~225 C; 'H NMR (400 MHz,
CDCl;) 0: 8.32 (dd, J=4.7, 2.6 Hz, 2H), 8.08 (dd, J=18.7,

4448 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

7.4 Hz, 1H), 7.99 (dd, J=8.4, 1.6 Hz, 1H), 7.56 (dd, J=
12.1, 6.1 Hz, 3H), 7.45 (d, J=8.1 Hz, 1H), 7.35~7.28 (m,
1H), 4.00 (s, 3H); *C NMR (101 MHz, CDCl;) &: 150.79,
150.00, 139.91, 139.07, 131.87, 131.48, 129.49, 127.88,
127.58, 125.87, 125.05, 120.00, 119.18, 118.96, 114.24,
110.65, 108.08, 26.53. HRMS (ESI) calcd for CisH3N,Cl,
[M+H]" 327.0456, found 327.0459.

9- 32 (2-ME Wy 3)-9 - IE F£[2,3-b] W5 W (3): B
& 44, mp. 125~127 ‘C; 'TH NMR (400 MHz, CDCl;)
0: 8.28 (dd, J=8.0, 1.5 Hz, 1H), 8.04 (d, J=7.8 Hz, 1H),
7.75~7.67 (m, 1H), 7.57 (dd, J=8.0, 1.5 Hz, 1H), 7.52 (t,
J=17.6 Hz, 1H), 7.45 (d, J=8.1 Hz, 1H), 7.40 (d, J=5.0
Hz, 1H), 7.32~7.27 (m, 1H), 7.18~7.11 (m, 1H), 4.00 (d,
J=1.5 Hz, 3H); *C NMR (101 MHz, CDCl;) é: 150.60,
148.20, 145.13, 139.68, 127.47, 126.98, 125.93, 125.40,
123.38, 119.67, 119.55, 118.85, 113.45, 109.73, 108.02,
26.55. HRMS (ESI) caled for CigHisNoS [M+H] '
265.0799, found 265.0801.

2,9- - F O H- I g 3 [2,3-b] W5 W (3K): B (0[] 4k,
m.p. 136~138 C; 'H NMR (400 MHz, CDCl;) o: 8.18
(d, J=7.8 Hz, 1H), 8.02 (d, J=7.7 Hz, 1H), 7.50 (dd, J=
20.2, 12.6 Hz, 1H), 7.42 (d, J=8.1 Hz, 1H), 7.25 (t, J=7.4
Hz, 1H), 7.01 (d, J=7.8 Hz, 1H), 3.94 (s, 3H), 2.71 (s,
3H); *C NMR (101 MHz, CDCls) &: 155.42, 151.82,
140.09, 137.62, 128.26, 125.98, 120.51, 119.60, 114.69,
113.22, 108.93, 27.58, 24.88. HRMS (ESI) calcd for
Ci:Hi3sN; [M+H]" 197.1078, found 197.1081.

6- V-2~ (4- 48 3 2K 3)-9- F -9 H- I g 72,3615
WE@3D): # A 1E, mp. 168~170 C; '"H NMR (400
MHz, CDCl3) 6: 8.25 (d, J=8.1 Hz, 1H), 8.14 (dd, J=5.3,
3.4 Hz, 3H), 7.62~7.54 (m, 2H), 7.30 (d, J=8.6 Hz, 1H),
7.03 (d, J=8.8 Hz, 2H), 3.98 (s, 3H), 3.89 (s, 3H); 1*°C
NMR (101 MHz, CDCly) d: 160.47, 154.56, 152.01,
139.20, 132.57, 128.89, 128.84, 128.45, 123.42, 122.22,
114.15, 112.87, 112.52, 111.82, 110.41, 55.40, 27.59.
HRMS (ESI) caled for CioHisBrN,O [M+H]"™ 367.0446,
found 367.0451.

9- 2, F-(4- F AR FE IR 5)-9- F L 9 - g 2,361
We@Bm): #EGFE AR, mp. 142~145 ‘C; 'H NMR (400
MHz, CDCl;) d: 8.30 (d, J=8.0 Hz, 1H), 8.15 (d, J=8.7
Hz, 2H), 8.05 (d, J=7.7 Hz, 1H), 7.57 (d, J=8.0 Hz, 1H),
7.48 (q, J=8.1 Hz, 2H), 7.26 (dd, J=9.1, 2.6 Hz, 1H),
7.03 (d, J=8.7 Hz, 2H), 4.61 (q, J=7.2 Hz, 2H), 3.88 (s,
3H), 1.51 (t, J=7.2 Hz, 3H); *C NMR (101 MHz, CDCl;)
5: 160.26, 153.67, 151.44, 139.63, 133.01, 128.49, 128.39,
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126.12, 120.84, 120.76, 119.51, 114.09, 113.92, 111.36,
109.09, 55.40, 36.09, 14.08. HRMS (ESI) calcd for
CaoH19N,0 [M+H]™ 303.1497, found 303.1499.

9- £, F -(4- 5K 3 )-9- HH B -9 -tk g FF:[2,3-b] W] e
(3n): % EE A, mp. 128~130 ‘C; 'H NMR (400
MHz, CDCl;) 0: 8.21 (d, J=8.0 Hz, 1H), 8.09~8.04 (m,
2H), 7.96 (d, J=7.8 Hz, 1H), 7.49 (d, J=8.0 Hz, 1H),
7.44~17.36 (m, 2H), 7.21~7.14 (m, 1H), 7.00~6.89 (m,
2H), 4.52 (q, J=7.2 Hz, 2H), 3.79 (s, 3H), 1.42 (t, J=7.2
Hz, 3H); '"H NMR (400 MHz, CDCl;) J: 8.21 (d, J=8.0
Hz, 1H), 8.09~8.04 (m, 2H), 7.96 (d, J=7.8 Hz, 1H),
7.49 (d, J=8.0 Hz, 1H), 7.44~7.36 (m, 2H), 7.21~7.14
(m, 1H), 7.00~6.89 (m, 2H), 4.52 (q, J=7.2 Hz, 2H),
3.79 (s, 3H), 1.42 (t, J=7.2 Hz, 3H). HRMS (ESI) calcd
for C1oH1sCIN, [M+H]" 307.1002, found 307.1008.

- 1F P 2 -(4- FH A 2 2R 2)-9- R 2 -9 -k g JF:[2,3-b)
M5[k(30): wEEIEAK, mp. 134~135 ‘C; 'H NMR (400
MHz, CDCl;) 6: 8.31 (d, J=8.0 Hz, 1H), 8.15 (d, J=8.7
Hz, 2H), 8.05 (d, J=7.7 Hz, 1H), 7.56 (dd, J=17.5, 8.3
Hz, 1H), 7.56~7.41 (m, 2H), 7.36~7.20 (m, 2H), 7.19~
6.90 (m, 2H), 4.52 (t, J=7.1 Hz, 2H), 3.88 (s, 3H), 2.06~
1.93 (m, 2H), 1.01 (t, J=7.4 Hz, 3H); 3C NMR (101
MHz, CDCl3) 6: 160.24, 153.61, 151.91, 144.01, 140.10,
133.02, 128.44, 128.36, 126.07, 120.75, 119.47, 114.08,
113.76, 111.32, 109.28, 55.39, 43.03, 22.32, 11.79. HRMS
(ESI) caled for CyHaN,O [M+H]" 317.1654, found
317.1659.

- s P 2 -(4- F A 2 2R 2 )-9- R -9 -k g JF:[2,3-b)
HWEGEp): E O, mp. 147~149 C; 'H NMR (400
MHz, CDCl:) ¢: 8.30 (d, J=7.9 Hz, 1H), 8.14 (d, J=8.1
Hz, 2H), 8.04 (d, J=7.5 Hz, 1H), 7.58 (d, J=7.9 Hz, 1H),
7.54~17.39 (m, 2H), 7.31~7.18 (m, 1H), 7.02 (d, J=8.0
Hz, 2H), 6.05 (d, J=10.7 Hz, 1H), 5.19 (d, J=10.6 Hz,
4H), 3.87 (s, 3H); *C NMR (101 MHz, CDCl;) é: 160.30,
153.73, 151.55, 139.98, 133.15, 132.86, 128.59, 128.39,
126.17, 120.75, 119.81, 116.88, 114.09, 113.90, 111.61,
109.79, 55.39, 43.72. HRMS (ESI) calcd for Cy1HjoN,O
[M+H]" 315.1497, found 315.1499.

2-(4- F AR FE R JR)- O H- ML g I [2,3-b] 15| B (3r): 35 1
44, m.p. 248~250 C (lit.*71255~256 C); '"H NMR
(400 MHz, DMSO-d) &: 11.78 (s, 1H), 8.51 (d, J=8.1 Hz,
1H), 8.14 (dd, J=8.8, 2.4 Hz, 3H), 7.74 (d, J=8.1 Hz,
1H), 7.53~7.39 (m, 2H), 7.22 (t, J=7.0 Hz, 1H), 7.07 (d,
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J=8.8 Hz, 2H), 3.84 (s, 3H).

i Bh#4 B (Supporting Information) L4 3a~3r [
'H NMR Al *C NMR % &, X LeRpREaT BL 4 2 AT 9
¥ (http://sioc-journal.cn/) b %X,
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