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One-Pot Synthesis of 2-Benzyl-3,4-dihydro-2H-isoquinolin-1-ones
Catalyzed by CuCl,
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(School of Perfume and Aroma Technology, Shanghai Institute of Technology, Shanghai 201418)

Abstract An facile, effective, copper-catalyzed one-pot approach to 2-benzyl-3,4-dihydroquinolin-1-ones has been success-
fully developed. The compounds were achieved by the reaction of tetrahydroisoquinoline, benzyl azide and benzaldehyde in
one-pot fashion via nucleophilic addition reaction followed by oxidation. The desired products were afforded in the high yield
of 50%~70%. Moreover, The effects of different catalyst, additives, reaction temperature and proportion of substrates on the
reaction were also investigated. The results showed that the optimizing conditions of reaction were CuCl, as catalyst,
CH;3COOH as additive and toluene as solvent. A series of 2-benzyl-3, 4-dihydro-2H-isoquinolin-1-ones can be efficiently ob-
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tained under the optimizing conditions.
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Table 1 Optimization of reaction conditions

_0 N3
+ + —_—
NH Toluene N
3 (6]
1 2a 4a

Entry Catalyst Temp./C Yield/%
1 Cul 100 31
2 CuBr 100 23
3 CuCl 100 21
4 CuBr, 100 41
5 CuCl, 100 60
6 FeCl;6H,0 100 23
7 Fex(SO.); 100 19
8 Cu(OTf), 100 0
9 Ag(OTf) 100 42
10 Bi(OT1); 100 14
11 Ce(OTh); 100 9
12 Yb(OTH); 100 0
13 CuCl, 100 41%, 46¢, 524
14 CuCl, 80 46
15 CuCl, 60 43
16 CuCl, 110 52
17 CuCl, 120 50

“ Reaction condition: 1 (1.4 mmol), 2a (1.4 mmol), 3 (1 mmol), cat. (10
mol%), toluene (5 mL), CH;COOH (12 pL), 100 ‘C, 3 h. The molar ratio:
b1:2a:3=1:1: 1;1:2a:3=12:12: 1;"1 c2a:3=18:18 1.

e, LT A FEATIN SO 2, S &k
F WA TR & & AL XS [ B = RS2 ANl (R 1, En-
tries 1~12). 7E—M4AfE4LTRH, CuBr A CuCl FIfHEILAL
REAHFE, M Cul FIHEA SR E 4T CuBr A1 CuCl HY
AR (R 1, Entries 1~3); £ M #ifE{L7IH, CuCl,
AR B 247 T CuBry, 7=%i5E] 60%(3K 1, Entry
5). TEERIMEALTIF, MWE T FeCly6H,0 5 Fey(SO,);
PO A R, 38 I ok b R B 7 3 P R A S8 SR AN R
T ELAE AR B AR T A A6 7R 1, Entries 6~
7). [, EXHE . AR B Bl BRI =T REER 2E 1
A RCR AT E, R =5 PR IR A 5 — 4 I R 68
TR EXNZ R BIBA AR (R 1, Entry 8, 12), =
FF i T R — 5 FR T Tl P A SR AR B 5, 7= %670 T
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1UH 9%(% 1, Entry 11)H1 14%(3 1, Entry 10), {H =5 H
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Wi T IAERCRIEL R, AW AT TR R R BT
PR AR, AR e N 1401401, BE
5AEEREIREE, 2351 60.80.110 A1 120 °C(# 1, Entries
14~17), LR EZHF 100 “C(F 1, Entry 5). 7] LLG H
BEEREM 60 CTFE] 80 C, HE| 100 C, f*RizH
PErm, 15 100 CH A SR IE 2 i 4. (H BB TS gk 4k
T, MR SOZ T PRI LI 2 a1, &
LHELE CuCly FEMEARTTR, 1% N ) e S BE L A
100 C.

T AR S N ORI T, B T BRI S N A A DY
R EMR(L, 1.4 mmol). K HE(2a, 1.4 mmol). RIS
%3, 1 mmol). CuCl, (10 mol%)F1 CH;COOH (12 pL),
DU 2N, FEIIA 4 A 43 F(50 mgemL ™), 100 C
NRBE 3 he FEUARAGEAE T, 1 T — RABR AR
FA A5 DS ST AN 5 B AT “— 8" OB,
IR EE R 2.
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PR FHUAR I A F R, Qo) R R B0t 2, 368 2 FR RS T b
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Applicability study of “one-pot” synthesis
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Toluene, CH3COOH

Entry 2 Product Yield/%
CHO
1 (j/ 4a 60
Cl
2 [f:]/CHO 4b 53
Cl CHO
3 ~T:T dc 50
CHO
4 II:T 4d 58
(¢]]
Br
5 [i:j/CHO de 62
(¢]]
6 /©/CHO 4f 70
(¢]]
Br
7 /J:i:I/CHO ag 60
(¢]]
Br
CHO
8 4h 65
F
CHO
9 /[:f 4i 52
CHO
10 r[:r 4j 56
Br
11 CHO 4K 58
12 @CHO 41 54
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Figure 1 Reaction mechanism of “one-pot” synthesis

VCAEE) @ (OB CB8)=10 © 1], HJa13E]0.14 g%
B ERAR 2- R 53, 4- A SR K- 1-iF (4a), 77EEN 60%.
'H NMR (500 MHz, CDCly) 6: 8.18 (d, J=7.6 Hz, 1H),
7.45 (t, J=6.9 Hz, 1H), 7.39 (d, J=7.5 Hz, 1H), 7.36 (d,
J=4.5Hz, 2H), 7.31 (s, 1H), 7.19 (d, J=7.4 Hz, 1H), 4.83
(s, 2H), 3.51 (s, 1H), 2.96 (s, 1H); >C NMR (125 MHz,
CDCly) d: 164.6, 138.1, 137.5, 131.7, 129.4, 128.6, 128.5,
128.1, 127.4, 127.1, 126.9, 50.5, 45.4, 28.1; HRMS calcd
for C1¢H gNO [M+H]" 238.1984, found 238.1986.

2-(2-FA R HE)-3,4- A R - 1- i (4b): TR
1, F=# 53%. '"H NMR (500 MHz, CDCl3) d: 8.14 (d, J=
7.5 Hz, 1H), 7.44 (t, J=7.5 Hz, 1H), 7.40~7.34 (m, 3H),
7.25~7.20 (m, 2H), 7.18 (d, J=7.0 Hz, 1H), 4.92 (s, 2H),
3.55 (t, J=6.5 Hz, 2H), 2.99 (t, J=6.5 Hz, 2H); °*C NMR
(125 MHz, CDCly) §: 164.8, 138.1, 134.8, 133.6, 131.9,
129.6, 129.5, 129.2, 128.7, 128.5, 127.2, 127.1, 126.9,
48.1, 45.9, 28.1; HRMS caled for C;¢H;sCINO [M+H]"
272.0836, found 272.0839.

2-(3-F R HE)-3,4- A R IR 1- i (4): VR (I
%, #2#%J9 50%. '"H NMR (500 MHz, CDCL3) : 8.14 (d,
J=8.0 Hz, 1H), 7.44 (t, J=7.0 Hz, 1H), 7.37 (t, J=17.5
Hz, 1H), 7.32 (s, 1H), 7.25 (t, J=7.0 Hz, 4H), 7.18 (d, J=
7.5 Hz, 1H), 4.77 (s, 2H), 3.50 (t, J=6.5 Hz, 2H), 2.97 (t,
J=17.0 Hz, 2H); °C NMR (125 MHz, CDCl;) 6: 164.7,
139.6, 138.0, 134.6, 131.9, 129.9, 129.2, 128.5, 128.1,
127.7, 127.2, 127.0, 126.2, 50.1, 45.6, 28.1; HRMS calcd
for C1¢HsCINO [M+H]" 272.0836, found 272.0841.
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2-(4-F R HE)-3,4- A - 1-BH (4d): R A
&, P2#% N 58%. "H NMR (500 MHz, CDCl;) d: 8.13 (d,
J=7.5 Hz, 1H), 7.46~7.40 (m, 1H), 7.36 (t, J=7.5 Hz,
1H), 7.32~7.25 (m, 3H), 7.17 (d, J=7.5 Hz, 1H), 4.75 (s,
1H), 3.48 (t, J=6.5 Hz, 1H), 2.94 (t, J=6.5 Hz, 1H); °C
NMR (125 MHz, CDCly) d: 164.7, 138.0, 136.0, 133.3,
131.9, 129.5, 129.2, 128.8, 128.5, 127.2, 127.0, 49.9, 45.5,
28.1; HRMS caled for CigH,sCINO [M—+H]" 272.0836,
found 272.0840.

2-(2-VR-F3E)-3,4- A S - -1 (de): PR LRI,
PN 62%. 'TH NMR (500 MHz, CDCl;) 6: 8.13 (d, J=
7.6 Hz, 1H), 7.44 (dd, J=13.0, 8.0 Hz, 3H), 7.36 (t, J=7.5
Hz, 1H), 7.22 (d, J=8.0 Hz, 2H), 7.17 (d, J=7.5 Hz, 1H),
4.74 (s, 2H), 3.48 (t, J=6.5 Hz, 2H), 2.94 (t, J=6.5 Hz,
2H); *C NMR (125 MHz, CDCl;) 6: 164.2, 164.0, 138.2,
136.4, 132.9, 131.9, 129.3, 128.9, 128.5, 127.8, 127.2,
127.0, 123.7, 50.6, 459, 28.2; HRMS calcd for
C16HsBrNO [M+H]" 316.0331, found 316.0339.

2-(2,4- A - )3, 4- A SR MR- 1- T (4): B (D
A, 7238 70%. m.p. 95~98 ‘C; 'H NMR (500 MHz,
CDCly) 0: 8.12 (d, J=8.0 Hz, 1H), 7.44 (t, J=7.5 Hz, 1H),
7.40 (d, J=1.5 Hz, 1H), 7.38~7.34 (m, 2H), 7.23~7.17
(m, 2H), 4.87 (s, 2H), 3.56 (t, J=6.5 Hz, 2H), 2.99 (t, J=
6.5 Hz, 2H); *C NMR (125 MHz, CDCl;) J: 164.9, 138.1,
1342, 133.8, 133.6, 132.0, 130.5, 129.37, 129.1, 128.5,
127.5, 127.2, 127.0, 47.8, 46.2, 28.2; HRMS calcd for
C1sH14CLNO [M+H]" 306.0446, found 306.0451.
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2-(2-VR-4-5—E )3 4- A MR- 1- (4g): HE A
BAA, P=3F N 60%. mp. 98~100 C; '"H NMR (500
MHz, CDCl;) 6: 8.13 (d, J=7.5 Hz, 1H), 7.59 (d, J=2.0
Hz, 1H), 7.45 (t, J=7.5 Hz, 1H), 7.37 (t, J=7.5 Hz, 1H),
7.32 (d, J=8.0 Hz, 1H), 7.28~7.24 (m, 1H), 7.19 (d, J=
7.5 Hz, 1H), 4.86 (s, 2H), 3.55 (t, J=6.5 Hz, 2H), 3.00 (t,
J=6.5 Hz, 2H); °C NMR (125 MHz, CDCl;) 6: 164.9,
138.1, 135.2, 133.9, 132.5, 132.0, 130.3, 129.1, 128.5,
128.0, 127.2, 127.0, 123.8, 50.1, 46.1, 28.2; HRMS calcd
for C,¢H,4BrCINO [M+H]" 349.9941, found 349.9959.

2-(2-VR-5-FR 5 HE)-3 4- A S - 1 - (4h): v
tE R, 723N 65%. mp. 108~110 C; 'H NMR (500
MHz, CDCl3) 6: 8.14 (d, J=7.5 Hz, 1H), 7.52 (dd, J=9.0,
5.0 Hz, 1H), 7.48~7.43 (m, 1H), 7.38 (t, J=7.5 Hz, 1H),
7.20 (d, J=7.5 Hz, 1H), 7.10~7.05 (m, 1H), 6.87 (td, J=
8.5,3.0 Hz, 1H), 4.86 (s, 2H), 3.58 (t, J=6.5 Hz, 2H), 3.03
(t, J=6.5 Hz, 2H); >C NMR (125 MHz, CDCl;) J: 164.9,
161.4, 138.7, 138.1, 134.1, 132.0, 129.0, 128.6, 127.2,
127.1, 117.4, 116.2, 116.0, 50.8, 46.3, 28.2; HRMS calcd
for C,¢H4BrFNO [M+H]" 334.0237, found 334.0239.

2-(4- LR E)-3,4- 0 5 MR K- 1- T (4i): VR T 10
WA, F2FRN 52%. 'H NMR (500 MHz, CDCl5) o: 8.14
(d, J=7.5 Hz, 1H), 7.41 (t, J=7.0 Hz, 1H), 7.35 (t, J=7.5
Hz, 1H), 7.22 (d, J=8.0 Hz, 2H), 7.14 (t, J=7.5 Hz, 3H),
475 (s, 2H), 3.47 (t, J=6.5 Hz, 2H), 2.93 (t, J=6.5 Hz,
2H), 2.33 (s, 3H); °*C NMR (125 MHz, CDCl3) §: 164.6,
138.1, 137.1, 134.4, 131.7, 129.5, 129.3, 128.5, 128.1,
127.1, 126.9, 50.2, 452, 28.1, 21.1; HRMS calcd for
C17H,;sNO [M+H]" 252.1382, found 252.1386.

2-(4- L FH-KHE)-3,4- A R ENR-1-FF (4)): KA
Wik, 7% K 56%. 'H NMR (500 MHz, CDCl;) §: 8.17
(d, J=8.0 Hz, 1H), 7.44 (t, J=7.5 Hz, 1H), 7.38 (t, J=7.5
Hz, 1H), 7.28 (d, J=8.0 Hz, 2H), 7.19 (d, J=8.0 Hz, 3H),
4.79 (s, 2H), 3.51 (t, J=6.5 Hz, 2H), 2.95 (t, J=6.5 Hz,
2H), 2.66 (q, J=17.5 Hz, 2H), 1.25 (t, J=7.5 Hz, 3H); "°C
NMR (125 MHz, CDCL) d: 164.6, 143.5, 138.1, 134.6,
131.7, 129.5, 128.5, 128.1, 127.1, 126.9, 50.2, 45.3, 28.5,
28.1, 15.58; HRMS caled for C;gH,)NO [M + H] *
266.1539, found 266.1541.

2-(2-TR-4-F RN IE)-3 4- A IRk - 1 (4K): V&
FOWAK, F2FN 58%. 'H NMR (500 MHz, CDCLy) o:
8.17 (d, J=17.5 Hz, 1H), 7.43 (t, J=7.5 Hz, 1H), 7.40 (s,
1H), 7.36 (t, J=7.5 Hz, 1H), 7.25 (s, 1H), 7.18 (d, J=7.4
Hz, 1H), 7.08 (d, J=8.0 Hz, 1H), 4.88 (s, 2H), 3.53 (t, J=
6.5 Hz, 2H), 2.97 (t, J=6.5 Hz, 2H), 2.31 (s, 3H); "°C
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NMR (125 MHz, CDCly) d: 164.7, 139.1, 138.2, 133.3,
131.8, 129.4, 129.3, 128.6, 128.5, 127.1, 127.0, 123.5,
45.7, 28.2, 20.7; HRMS calcd for C;;H;BrNO [M—I—H]+
330.0488, found 330.0494.

2-PR R -2- . FH -3, 4- — S e PR K- 1 - (4): A K
&, P23 N 54%. "H NMR (500 MHz, CDCl;) d: 8.13 (d,
J=7.5 Hz, 1H), 7.43 (t, J=7.5 Hz, 1H), 7.40~7.33 (m,
2H), 7.18 (d, J=7.5 Hz, 1H), 6.37~6.32 (m, 2H), 4.79 (s,
2H), 3.61 (t, J=6.5 Hz, 2H), 3.00 (t, J=6.5 Hz, 2H); "*C
NMR (125 MHz, CDCl3) d: 164.4, 151.0, 142.3, 138.1,
131.8, 129.3, 128.5, 127.0, 126.9, 110.4, 108.4, 45.7, 43.3,
28.1; HRMS caled for C4H;sNO, [M+H]" 228.1019,
found 228.1021.

#HBh#4 8 (Supporting Information) HFrLEY) 4a~
411 'H NMR, "“C NMR i#&. iXeppkln] Lh b 3 A
F1J 3k (http://sioc-journal .cn/)_E %K.
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