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A New Synthetic Method of 1-Substituted Isoquinolines

CHEN, Guo-Ying LU, Sheng-Mei ZHOU, Yong-Gui*
(Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023)

Abstract A series of 1-substituted isoquinolines were synthesized through the nucleophilic addition reac-
tion of Grignard reagents to isoquinolines under the activation of benzyl chloroformate and aromatization in
the presence of Pd/C.
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1a~1i 2a ~ 2i
1a: R = Me 2a: R = Me
1b: R = Et 2b: R=Et
1c: R =n-Bu 2c: R=n-Bu
1d: R=Bn 2d: R = Bn
1e:R=Ph 2e:R=Ph

1f: R = 2-MeO-CgHy
1g: R = 3-MeO-CgH,
1h: R = 4-MeO-CgH,
1i: R = 4-CF3-CgH,

2f: R = 2-MeO-CgHy
2g: R = 3-MeO-CgHg
2h: R = 4-MeO-CgHg
2i: R = 4-CF43-CgHy

Scheme 1l

1.2 & 1-BK-2-FEHE-1,2- S R EW

DA AR 1-1F T 38-2- R AR Ik -1,2- AL bk (1)
ol /AR N AE—AS 50 mL KNI, IAEE(86 mg,
3.6 mmol), JURLAL, 10 mL T /K. e T e
(493 mg, 0.38 mL, 3.6 mmol), I, =iEH+E 30 min,
& B s PR 2 . VORGP 1 100 mL S SR
IO SEEIK (315 mg, 2.4 mmol), I 30 mL T4
Lk, IR —T78 CJa, e il A L ) P )3 o 32
SEngEbkeh ) gkEEREEE 10 min, NS R TE (494 mg,
0.42 mL, 2.9 mmol). Ik, 5 min G274, TLC IR
BN, RS KRG, IR S 40 mL, ZTik
(20 mL X 2)ZEHL, oA Eh K Esk, oK B R BN T 4.
BRI, BRI EHT, 3R O HRY) 1c 724 mg
(e 94%). Hoe A WG R H SR ALK B AR 1EAT
AW 1a~10 i G an R

1-F L 2- WA B i -1,2- — & S ek (1a): *H NMR
(CDCl3, 400 MHZ) ¢: 1.30 (d, J=6.0 Hz, 3H), 5.23~5.28
(m, 2H), 5.32, 5.47 (q, J=6.4 Hz, 1H), 5.78, 5.88 (d, J=
8.0 Hz, 1H), 6.80, 6.90 (d, J=8.0 Hz, 1H), 7.02~7.41 (m,
8H).

1- ZHE-2- A B -1,2- AL kR (1b): *H NMR
(CDCl3, 400 MHZ) d: 0.78~0.87 (m, 3H), 1.63~1.73 (m,
2H), 5.16~5.28 (m, 3H), 5.79, 5.91 (d, J=7.8 Hz, 1H),
6.83~7.40 (m, 10H); *C NMR (CDCls;, 100 MHz) &:
10.1, 28.2, 28.8, 57.1, 57.6, 68.0, 109.0, 109.3, 124.7,
124.8, 125.0, 1255, 1265, 126.7, 126.9, 127.7, 127.8,
128.3, 128.4, 1285, 128.8, 130.3, 132.7, 136.3, 153.1,
153.9. HRMS caled for CigHigNO, (M +1) 294.1489,
found 294.1465.

1-1F T HE-2- 4 i dE-1,2- A Mk (1c): 'H NMR
(CDCls, 400 MHZ) ¢: 0.77~0.85 (m, 3H), 1.18~1.25 (m,
4H), 1.61~1.66 (m, 2H), 5.20~5.35 (m, 3H), 5.81, 5.92
(d, J=7.6 Hz, 1H), 6.82~7.41 (m, 10H); *C NMR
(CDCl3, 100 MHz) ¢: 14.2, 22.7, 22.8, 27.7, 34.9, 355,
55.9, 56.4, 68.0, 68.1, 69.9, 109.2, 109.4, 124.6, 124.8,
125.0, 125.5, 126.4, 126.6, 126.8, 127.0, 127.6, 127.7,
128.3, 128.4, 1285, 128.8, 130.3, 133.1, 133.2, 136.3,
153.1, 153.8. HRMS cacd for CyH,sNO, (M + 1)
322.1802, found 322.1774.

1-E R 2- A BRI -1,2- AL Sk (2d): H NMR
(CDClj, 400 MHZ) §: 2.74~2.97 (m, 2H), 4.76~5.16 (m,
2H), 5.37~5.52 (m, 1H), 5.81, 5.97 (d, J=7.8 Hz, 1H),
6.59, 6.84 (d, J=7.8 Hz, 1H), 6.97~7.38 (m, 14H); °C
NMR (CDCls, 100 MHz) d: 41.0, 41.6, 57.4, 58.1, 68.0,
68.1, 108.9, 109.4, 124.4, 124.7, 1250, 125.1, 126.6,
127.0, 127.8, 128.0, 128.2, 128.3, 1285, 128.7, 129.9,
130.1, 1317, 137.2, 152.8, 153.6. HRMS calcd for
CosH1NO, (M™+1) 356.1645, found 356.1620.

1- R 2- R B dE-1,2- A Mk (1e): 'H NMR
(CDClg, 400 MHz) §: 5.16~5.29 (m, 2H), 5.86, 5.92 (d,
J=7.4Hz, 1H), 6.33, 6.52 (s, 1H), 6.89~7.34 (m, 15H).

1-(2- FAURE R ) - 2- W A e - 1,2- & S s ik (1)
'H NMR (CDCl3, 400 MHz) 6: 3.67 (s, 3H), 3.94 (s, 1H),
5.05~5.26 (m, 2H), 5.78, 5.86 (d, J=7.7 Hz, 1H), 6.78~
7.51 (m, 14H); **C NMR (CDCl3, 100 MHz) §: 52.6, 55.4,
55.9, 68.0, 107.6, 107.8, 110.8, 111.3, 121.1, 121.3, 125.1,
125.2, 126.0, 126.6, 126.8, 127.3, 127.5, 127.6, 127.8,
128.1, 128.3, 1285, 128.7, 129.2, 1335, 136.1, 152.9,
154.0, 154.1, 154.9. HRMS calcd for CpyHouNOz (M ™ +1)
372.1594, found 372.1573.

1-(3- FAR AR 2R )- 2- W A B - 1,2- — &Sk (1g):
'H NMR (CDCl3, 400 MHZ) §: 3.68 (d, J=24.2 Hz, 3H),
5.17~5.29 (m, 2H), 5.85, 5.92 (d, J=7.7 Hz, 1H), 6.29,
6.49 (s, 1H), 6.73~7.35 (m, 14H); *C NMR (CDCl;, 100
MHz) d: 55.2, 58.2, 59.3, 68.3, 108.8, 109.1, 112.6, 112.9,
113.3, 119.0, 119.7, 125.0, 125.2, 125.4, 125.9, 127.3,
127.4, 127.5, 128.1, 128.3, 128.5, 128.7, 129.6, 130.3,
131.7, 136.0, 143.6, 144.3, 153.3, 159.7. HRMS calcd for
CoHxNO3 (M ™ +1) 372.1594, found 372.1572.

1-(4- F AR S IR )-2- R AR B I - 1, 2- A R IR (2h):
'H NMR (CDCl3, 400 MHz) d: 3.74 (s, 3H), 5.16~5.29
(m, 2H), 5.85, 5.94 (d, J=7.6 Hz, 1H), 6.29, 6.49 (s, 1H),
6.72~6.87 (m, 2H), 7.05~7.35 (m, 12H); *C NMR
(CDClg, 100 MHz) 6: 55.4, 57.7, 58.6, 68.3, 109.0, 113.9,
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124.8, 125.1, 125.3, 1258, 127.4, 127.6, 128.0, 128.1,
128.3, 1285, 128.8, 130.4, 132.1, 134.5, 136.1, 153.4,
159.2. HRMS caled for CyHxNO; (M*+1) 372.1594,
found 372.1580.

1-(4- = 960 P R DR R )-2- 1 A B AR -1,2- A S M bk
(1i): '"H NMR (CDCls, 400 MHZ) ¢: 5.03~5.18 (m, 2H),
5.74, 5.82 (d, J=7.0 Hz, 1H), 6.24, 6.46 (s, 1H), 6.79~
7.57 (m, 15H); *C NMR (CDCl3, 100 MHz) §: 57.9, 59.0,
68.5, 108.7, 109.0, 124.8, 1254, 125.6, 126.9, 127.2,
127.4, 127.7, 128.4, 1285, 128.6, 128.8, 129.8, 130.0,
130.2, 130.9, 131.2, 135.6, 135.8, 145.7, 146.5, 153.3,
153.5; HRMS calcd for CpsH1gNOF; (M +1) 410.1362,
found 410.1346
1.3 1-BR-2-FEHE-1,2- “ S BEMR LRI 51
WE K 1-keE 5

DA I 1-1E T k- ek (2c) A i Bkt 1-0F ] 2k-2-
WA IRAE-1,2- A Nk 100 mg (0.31 mmol), Pd/C 30
mg, FEEf% 59 mg (0.93 mmol, 3 equiv.) I KN,
PO BRI, TLC BRER SO, 4 50BN K i,
Il RN kg, W BRI, AN, R AW
A& 2¢c 49 mg(eF 86%). e AW R FAH [R5
V. AL &M 2a~2i 1 EIEdE R

1-FA -S4k (2a): 'H NMR (CDCl3, 400 MHz) o
2.97 (s, 3H), 7.51~7.52 (m, J=5.8 Hz, 1H), 7.59~7.70
(m, 2H), 7.81 (d, J=8.2 Hz, 1H), 8.12 (d, J=8.4 Hz, 1H),
8.39 (d, J=5.8 Hz, 1H).

1- K-S0k (2b): 'H NMR (CDCl3, 400 MHz) o
1.45 (t, J=7.6 Hz, 3H), 3.35 (q, J=7.6 Hz, 4H), 7.51 (d,
J=5.8 Hz, 1H), 7.57~7.69 (m, 2H), 7.82 (d, J=8.0 Hz,
1H), 8.17 (d, J=8.4 Hz, 1H), 8.44 (d, J=5.7 Hz, 1H).

1-1F T -5k (20): *H NMR (CDCl5, 400 MHz)
5: 0.98 (t, J=3.6 Hz, 3H ), 1.47~1.55 (m, 2H), 1.81~
1.89 (m, 2H), 3.28~3.32 (m, 3H), 7.50 (d, J=5.6 Hz,
1H), 7.56~7.67 (m, 2H), 7.80 (d, J=8.1 Hz, 1H), 8.16 (d,
J=8.4Hz, 1H), 8.42 (d, J=5.7 Hz, 1H).

1-"F - 2Rk (2d): *H NMR (CDCl3, 400 MHzZ) 6:
4.68 (s, 2H), 7.16~7.18 (m, 1H), 7.23~7.28 (m, 4H),
7.52~7.63 (m, 3H), 7.81 (d, J=8.2 Hz, 1H), 8.15 (d, J=
8.4 Hz, 1H), 8.49 (d, J=5.8 Hz, 1H).

1- K-SRk (2€): 'H NMR (CDCl3, 400 MHz) 6:
7.47~7.55 (m, 4H), 7.64~7.71 (m, 4H), 7.88 (d, J=8.2
Hz, 1H), 8.11 (d, J=8.5 Hz, 1H), 8.61 (d, J=5.7 Hz, 1H).

1-(2- AR AR E) - SR (2f): *H NMR (CDCl 3, 400
MHZz) ¢: 3.69 (s, 3H), 7.05~7.12 (m, 2H), 7.38~7.40 (m,
1H), 7.45~7.49 (m, 2H), 7.65~7.70 (m, 3H), 7.86 (d, J=

8.2 Hz, 1H), 8.62 (d, J=5.7 Hz, 1H).

1-(3- F A BE 2R 3 )- S ek (20): *H NMR (CDCls,
400 MHz) o: 3.87 (s, 3H), 7.24~7.27 (m, 1H), 7.42~7.45
(m, 2H), 7.53~7.68 (m, 2H), 7.87 (d, J=8.2 Hz, 1H),
8.12 (d, J=8.5Hz, 1H), 8.60 (d, J=5.7 Hz, 1H).

1-(4- F A L 20 ) - 52 Ibk (2h): *H NMR (CDCls,
400 MHz) §: 3.89 (s, 3H), 7.05~7.07 (m, 2H), 7.52~7.68
(m, 5H), 7.85 (d, J=8.2 Hz, 1H), 8.14 (d, J=8.5 Hz, 1H),
8.58 (d, J=5.7 Hz, 1H).

1-(2- =9 T L AR IE) - MERR (21): '"H NMR (CDCls,
400 MHz) 6: 7.56~7.60 (m, 1H), 7.70~7.75 (m, 2H),
7.79~7.85 (m, 4H), 7.92 (d, J=8.2 Hz, 1H), 8.03 (d, J=
8.5 Hz, 1H), 8.63 (d, J=5.6 Hz, 1H).

1.4 &R 2-BUR B

K G B - BRI S sk R AR 1 B R (B
3a~3c, 4a~4c s E B W F

2- L FE-L- TR R AR -1,2- A Mk (3a): 'TH NMR
(CDCl3, 400 MHz) &: 0.84 (t, J=7.4 Hz, 3H), 1.34~1.49
(m, 2H), 4.93~4.94 (m, 1H), 5.16~5.28 (m, 2H), 5.96~
6.00 (m, 1H), 6.39 (d, J=9.6 Hz, 1H), 7.00~7.02 (m,
2H), 7.13~7.17 (m, 1H), 7.24~7.59 (m, 6H); *C NMR
(CDCls, 100 MHz) §: 10.0, 26.4, 54.3, 67.8, 124.4, 124.9,
126.3, 127.5, 127.6, 128.1, 128.2, 128.7, 130.0, 134.7,
136.5, 154.6. HRMS calcd for CioHigNO, (M ™+ 1)
294.1489, found 294.1476.

2- W1 AU B FE -1,2- AWK (3b): 'H NMR
(CDCls, 400 MHz) 6: 1.18 (d, J=6.8 Hz, 3H), 5.19~5.39
(m, 3H), 6.02~6.05 (m, 1H), 6.47 (d, J=9.6 Hz, 1H),
7.10~7.11 (m, 2H), 7.24~7.25 (m, 1H), 7.37~7.71 (m,
6H); *C NMR (CDCl;, 100 MHz) 4: 18.7, 49.1, 67.7,
124.2, 124.3, 1245, 126.3, 127.0, 127.5, 128.1, 128.2,
128.3, 128.6, 130.6, 136.3, 154.0. HRMS cacd for
CigH17NO, (M " +1) 280.1332, found 280.1329

2- -1 R IE-1,2- A MR (3c): *H NMR
(CDCl3, 400 MHZ) 6: 5.21~5.33 (m, 2H), 6.14~6.17 (m,
2H), 6.62 (d, J=8.6 Hz, 1H), 7.03~7.54 (m, 14H); **C
NMR (CDCls, 100 MHz) §: 55.9, 68.1, 124.5, 124.7,
125.5, 126.5, 127.2, 127.4, 128.0, 128.2, 128.4, 128.7,
134.8, 136.2, 139.7, 154.7. HRMS calcd for CysHigNO,
(M"+1) 342.1489, found 342.1500

2- 2.1k (4a): '"H NMR (CDCls, 400 MHz) 4t
1.40 (t, J=7.6 Hz, 3H), 3.00 (g, J=7.6 Hz, 2H), 7.29 (d,
J=8.4 Hz, 1H), 7.46 (m, 1H), 7.67 (m, 1H), 7.75 (d, J=
8.0 Hz, 1H), 8.04 (d, J=8.4 Hz, 2H).

2- 1 JE- 14 Ikk (4b): '"H NMR (CDCls, 400 MHz) o:



No. 11

R 9E45% 1B SR & BB 77 VA IR 7 1551

2.73 (s, 3H), 7.25 (d, J=8.5 Hz, 1H), 7.46 (t, J=7.5 Hz,
1H), 7.66 (t, J=7.8 Hz 1H), 7.74 (d, J=8.0 Hz, 1H), 8.01
(t, J=7.3 Hz, 2H).

2- -k (4c): 'H NMR (CDCls, 400 MHz) o:
7.51~7.52 (m, 4H), 7.67~7.71 (m, 1H), 7.76 (d, J=8.0
Hz, 1H), 7.80 (d, J=8.5 Hz, 1H), 8.12~8.18 (m, 4H).

2 HREWE

B, FEAUC T RERRE AL T, RIS S
OO B ROV AT I Bk A5 1 1M -1,2- — 057
IR, LI T A E SR AL AT R, R AT T
TP, (ELIRCRAR (3796). 2% AT I T IR IE T
LB SR AT I B, JH Z BRI, S
HEAT 54, IR T QA% (ERFIOAIE R, Jifb
e SR 1) — L 5 WA A B (R (1, Entries
1~4). 975 [ B 10 2% 1 LS UL BEAE SRRk ok
LA 2 1,2 — LRI, AT A 52
e, AT 53%I0E; 4 TH JRORIN, SR B
FIHEAT, HETEIIBCREntry 5). # F3K, BL THF %
A, 2ol T ARSI 1,2-— AU (Entries 6~
O). FEUHIMIE, ARG NS, AL
SR IR 4P T, WA 1-960E-1,2-—

A STE(EQ. 1).
~
@j\l m\c:b(zn
R
1 G EY 1a~1®

Tablel The synthesisof compounds la~1i

CICOOBN (1.2 equiv.)
RMgBr (1.5 equiv.)

Et,0 or THF, -78 °C-r.t.

Entry R Yield of /%
1 Me 70 (1a)
2 Et 78 (1b)
3 n-Bu 94 (1c)
4 Bn 78 (1d)
5 Ph 80 (1¢)
6 2-MeOCgH,4 78 (1f)
7 3-MeOCgH, 90 (1)
8 4-MeOCgH, 80 (1h)
9 4-CF3CeH, 87 (1i)

2 Et,O was used as solvent in Entries 1~4, while THF was used in Entries 5~
9. In Entries 1 and 6, the Grignard reagents were prepared by the correspond-
ing iodides.

AL 2-1FE T FE-2- N e dt-1,2- SRk (1c) Ay
PRAERSY), BT ORI SON(EQ. 2). T2k, 24 Pd/

CIH 5, I TEEAER, =Y 5 h, A 35%I1) 4
e, I HA e RIS Y E K. BATTHEN S Mk
FETT RS AT PAICIH, A74E T, JelBip fR 4 (1% 4
5, RIEFIRE I Mtk A4S /SRK BT fE 4 Bk
SN EGE R, BT CAERATTR T Hy AR 1 i
TER AR, LLORER R, PAC 5P it A
30%, 5 equiv.ffI R, fERIAET, RN 3 h )5,
TLC i k58 e fl, Wt 85%(3K 2, Entry 1). 24
FFREAESFIN, &N 1 h 5, FREgxaeiki, f
8L . W LA tH, AR 70 B o FE bk, 2
RN AR RS, BTk, DU EEARE R, a2
PP 1) 55 S N S . 2D IR I = & 3
equiv.iif, N 1 h J5, JSURHBRETE A HAL, % 86%.
P PAIZE 2T PAIC H S OV 52, 980 PdIC (1)
B 20%, {t 3 equiv.HRNZ, WEESAMTN, XMV 24 h,
BALR N 75%; 124 PAIC E &K 10%, HikbR H
24%, Pd/C I 50 [ N A BN 52 . d Jo £ PdIC &
b 30%, 3 equiv.f) R IE, AR IR T SE K (B
2).

x x
N Pd/C _N @
Cbz  HCO,NH,, solvent, reflux

n-Bu n-Bu

R2 GHAEY 20 AL ®

Table2 Screen the conditions of the synthesis of compound 2c

Entry Time/h HCO,NH, (equiv.) Solvent Isolateyield of 2¢/%

1 3 5 EtOH 85
2 1 5 MeOH 89
3 1 3 MeOH 86

@ All reactions were performed on a0.31 mmol scale. The ratio of catalyst was
30 wt%.

ECL B AAE N, A5 S T e HARn 1,2
TARMEWR T AL RN (EQ. 3). 4 14 FH I (2a) flI
LHE2b)HARES, SOV AASREREAT 564, BT LAFRATTH
R =) 10 equiv kT RV, 1-HIE-1,2- 4505
MEIRATI AR AN B b 5E 4, AT B1%IISC% (3K 3, Entry 1),
i 1-£,.35-1,2- S ST 80%IKIHCH (Entry 2); 1] LA
B, BREERE, DA NN B AT, Y LR
FEEUAR I S B AR REMARIBEAT (Entry 4). T4 1-07 2 05 %
ICARF, 5 BR 1 HCAR I 1 R 1 2008 6T s A 38K ) 5%
i), A H - R AR IS S WA R (Entries 5~8), T H
THIBARIER SN AH], 57 e CRy BRI, Rl
IR RZ ) 10 equiv., RNVHARESETE4, HH
349 (3 3, Entry 9).
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= Pd/C (30 wt% b
wt
N._ ( ) _N 3
Cbz HCO,NH,4, MeOH, reflux

R R

K3 GG 2a~2°
Table3 The synthesis of compounds 2a~2i

Entry R HCO,NH, (equiv.) Isolated yield of 2/%
1 Me 10 51 (2a)
2 Et 10 80 (2b)
3 nBu 3 86 (2¢)
4 Bn 3 82 (2d)
5 Ph 3 76 (2€)
6 2-MeOCgH,4 3 95 (2f)
7  3-MeOCgH,4 3 74 (2g)
8 4-MeOCgH, 3 80 (2h)
9  4-CFCgH, 10 34 (2i)

& All reactions were performed on a0.31 mmol scale. The ratio of catalyst was
30 wt%b.

AT AR H XI5 ik Al 2- AR b A A=

Yy, B S N AT EAWA AT, S W L e s I P 1%

— U Wb RN SRR 3a, 3b, 3c ASAT LAl %%

AT E H s, (B DEREY) 1,2,3,4- D0 Sk
CICOOBN (1.2 equiv.)

2 1% (Scheme 2).
L
S
(j\/l\lj RMgBr (1.5 equiv.) 'l\l R
THF or Et,0, -78°C Cbz

3a: R =Me, 35%
3b: R=FEt, 60%
3c¢c: R =Ph, 52%

L
P
N R

4a: R = Me, 76%
4b: R = Et, 95%
4c: R = Ph, 54%

Pd/C, HCO,NH,
_ =
solvent, reflux

Scheme 2

3 g

FATHFTL T —Fofr A e s bk 1 O fT A 5 il 1-H0AX S
WEWK (1) 70 SEE S RN EEAAAE ~, M E 515 K%
AR AR SR AT S A% N B, 7381 1-HAR-2- 9 AUk
Fe-1,2- S MW, FH PA/CIHCONH, 1 R it 2 (43
FEITRIAL, A3 1B Sk, X A LA
i, I LR AR g, R, XAt 2
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