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Construction of Indole- and Isoquinoline-fused Nitrogen-containing Heterocycles
through Copper-catalyzed Multi-component Reaction
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A copper-catalyzed synthesis of 2- (aminomethyl) indole through domino three-component coupling-cyclization has
been developed. This reaction proceeds through Mannich-type coupling of 2-ethynylanilines, aldehydes, and secondary
amines, followed by hydroamination. This indole formation was applicable to the synthesis of 4-methylene-2,3,4,9-
tetrahyro-1H-pyrido [3,4-b] indoles and 5,6,7,8-tetrahydrobenzo [e] indolo [2,3-c] azepines via palladium-catalyzed C-H
functionalization at the 3-position of indole. A combination of the three-component indole formation with nucleophilic
cyclization promoted by #~-BuOK or MsOH provides an effective access to -carboline scaffolds. Indole-fused 1,4-diaze-
pines were also synthesized through deprotection/N-arylation at the nitrogen atom of indole by one-pot addition of
MeONa after the formation of 2- (aminomethyl) indoles. In relation to the three-component indole formation, a novel
four-component synthesis of isoquinolines has been developed. This isoquinoline formation includes Mannich-type
reaction of 2-ethynylbenzaldehyde with (HCHO) , and secondary amine, imine formation with #-BuNH,, isoquinoline
formation, and elimination of z-butyl group to directly afford 3- (aminomethyl) isoquinolines in good yields. By the use
of an alkane diamine instead of --BuNH,, fused 3- (aminomethyl) isoquinoline derivatives were obtained by cascade cy-

clization and oxidation.
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Scheme 1. Domino Three-Component Coupling—Cyclization
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EZA, BHDOA > R=ILTO N T1% DK THES
7z (Entry 1). CuBr @ &% 10 X3 1 mol% 2 %
TIPS B THRONTHEPNITHETL, KRB E
37/~ (Entries 2 and 3). 723 Entry 4 DABRICRT
£, EGNIZBERBRNWZ ENHE MR 72,
LWL s, NIHRIVATIVTE REEE T2
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Table 1. Optimization of Reaction Conditions Using
Ethynylaniline 1a and Piperidine 3b¢

4 condltlons
+ (HCHO), + dloxane

DTS 1.1 equlv 80°C
1a 2a 3b
entry CuX (HCHO) n additive time yield?

(mol%) (equiv) (equiv) (h) (%)
1 CuBr (100) 2.0 Et;N(2) 0.25 71
2 CuBr (10) 2.0 Et;N(2)  0.25 84
3¢ CuBr(1) 2.0 Et;N(2)  0.25 92
4 CuBr (1) 2.0 — 0.25 87
5 CuBr (1) 1.5 — 1 75
6 CuBr (1) 1.1 — 12 70
7 CuBr, (1) 2.0 — 0.25 79
8 CuClI(1) 2.0 — 0.25 87
9 Cul (1) 2.0 — 0.25 83

@ Unless otherwise stated, reaction was carried out with 1a (0.18 mmol,
1 equiv), 2a (equiv shown), 3b (1.1 equiv), and a copper salt (catalyst
amount shown) in 1,4-dioxane (3ml) at 80°C. ?Yields of isolated
products. ¢ The reaction was conducted on 1.25 mmol scale.

Table 2. Reaction with Various Substituted Ethynylanilines
and Secondary Amines

it o)

Ts H H Ts H H
7c: 98% 7d : 80%

QO @3@ @;Yo

n-Pr $  Ph(o-Br)
7e: quant 7f: 70% 79 : 65%

TS H H TS H H
7h : 78% (R = Me) 7k : 61% (R = CF3)
7i:90% (R = CF3) 71:77% (R = CO,Me)
7j:91% (R = CO,Me)

XD Entry 4 ZHaESFE LT, SlEhEAE—
WBEOME 2Tz, FORERE, AIEITEE 2 IRE )
IFIIVT7ZU 2, TIVTER, Y I ITHEA
AR TH D I MBS N LRz (Table 2).
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9, Z 1 > R=IVERKEZE AW TERL
H22(7XAFI) 412 8=)Te ZHWT, Pd
(OAc), (10mol%), PPh; (20mol%), CsOAc (2
YE) &&HIZDMF (dimethylformamide) 1,
100°C T30 s S Bz & 2T A HEDMEERE A
PR=)l 8a it 47% DINE T 5N/ (Table 3,
Entry 1). ##iEE LT DMA (dimethylacetamide)
EHWEEZANRIT 65% ICtEI N (Entry
2). ULihLians, XTI AfillEs L TP
(PPhy)s Z W/ EZANRPFEEITK T L &
(Entry 3)., FE/2HESU N> ROBEOBRE 21T
STHNRZIHKEINRN > ENS, Entry 2
D&M ZEANTUROME 217> 72, HERLICE
FHREECKBIEEREZAETS1 > F—)L Tm-
Tq 2 ANWTRIE&EIT> 72 & 25, MRFENICH
D N HETT L 7z (Table 4).

FWT, VIO ELTTYY =) 7032 K 3¢
ZHWTERLUZA > F—)L 7d Z T, 20mol
% @ Pd (OAc),& 40 mol% O PPhy 771£ K TRt %
1ol h, ROXT7YE UMEERAEA > R—=)L 9

Table 3. Palladium-catalyzed C—H Olefination¢

Pd (10 mol %)

Br ligand (20 mol %)
base (2 equiv)
\ No —_— \ N~n-Bu
'n-Bu solvent

Ts 100°C, 0.5 h Ts

entry catalyst ligand  base solvent yield(%)?

1 Pd(OAc), PPh; CsOAc DMF 47
2 Pd(OAc), PPh; CsOAc DMA 65
3  Pd(PPhy), — CsOAc DMA 7
4 Pd(OAc¢), PPh; KOAc DMA 35
5 Pd(OAc), dppm¢ CsOAc DMA 32

« Reactions were carried out with 2- (aminomethyl) indole 7¢, palladium
catalyst (10 mol%), ligand (20 mol%), and base (2 equiv) in solvent (2
ml) at 100°C for 0.5h. ?Yields of isolated products. <dppm: 1,1-bis
(diphenylphosphino) methane.

WEBRICE SN/ (Scheme 2). X 51T DR s
ELFINTZU 2 1aMmb T iRy NTiFo 7z,
DED, 22(FXAFI) 42 R=)LDOEK%E
TLC THEz#%, Pd(OAc),, PPh;, DMA %l A &
SIZRINSIB2ET S, 84%DINRT I NG SN~
2-3. 1,234-FhZERO-B-HLKY - BIED
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TER» 3R EEERIEEZET2DONL < FE
L, REMEROHHAKEL THHEHATH S, 24
1,2,3,4-7 b & RO-B-A)VRY BT, Pictet-
Spengler X2 DB E NI K> THEI NS Z
EMFEALETH DD, THITH D TRO D EK
TEEE DBATENE, ZRRIEFRMN G Z1T D L THIER
WWEETHS.

Bosch 53 2 fZiIZ N-E ROF o ZFILERY P
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Table 4. Palladium-catalyzed C—H Olefination?

Pd(OAc), (10 mol %)
R! - PPhs (20 mol %) R\
1 CsOAc (2 equiv) {
RZ —_— R2 N~ -B
Nepgu  DMA e

Ts 100°C, 0.5 h Ts
7 8
entry R! R? indole product yield(%)?
1 CF; H Tm 8b 64
2 CO,Me H Tn 8¢ 54
3 CH; H To 8d 62
4 H CF; Tp 8e 62
5 H COMe 7q 8t 77

@ Reactions were carried out with 2- (aminomethyl) indole 7, Pd (OAc),
(10 mol%), PPh; (20 mol%), and CsOAc (2 equiv) in DMA (2ml) at
100°C for 0.5 h. ? Yields of isolated products.

S CuBr
+ (HCHO), + "
N\, g, dioxane

NHTs

(80%)
1a 2a 3c
/ one-pot
(84%)
Pd(OAC), (20 mol %)
PPhy (40 mol %)
CsOAc (2 equiv) Br
-~
O, e — QD
N -bu N
Ts (quant Ts
9

Scheme 2. Palladium-catalyzed C—H Arylation and One-pot
Formation of Polycyclic Indoles from Ethynylaniline
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L +-BuOK Z{EH &% &, indolo [2,3-a] quinoli-
zine N HNDTEEHREL TWDE. W £z, TX
TIERETL7IIFIVEICKD 2NEHRINL
N-7IVFIA > R=)WZ, #@ERAICEL> T3
BT DRSO HETT L, 4-oxotetrahydro-f-car-
boline 52 % Z LIXLA<HIHN TS, ¥ 1
52DDORINEBEI, EFFIIFZIL T >
la, 7))l R2 Z#H7=3>3 (R*=CH,0H or
COR) ZHWE=MARIBICEDHESND 2-(V
SIAFI) A R=)L 11, 142 R=)L 30T
B BRALKENIC K 5 T B-carboline 12 X1 3-4F
VAR 13 I RRETH % & & X 7= (Scheme 3),
X9, N-bINVIFDIT U > 1a, T F—
JV2b, NNAFI)IVLH /=)L 7 2 2 3d Z 5mol% D
CuBr Z{E F 80°C IZBNWT VA F Y > TRIE S
', 22(FI/AFI) 42 =)L 11a DERZE
TLC THER%, -BuOK ZMATI SIS ®
. TORER, 3BT HRIEICNEITL, H
oD 1,2,3 4—tetrahydro-ﬁ-carboline FER 12a % 31
OJLIK*T WER DD U724, N-BRILAK 14a
71)3 69 % L% bihf: (Table 5, Entry 1). BR{bAL
ﬂ?ﬁ"li%ﬂk%@‘é?’: . EFITET, 1>
“v-)lz%??@ﬁ“%&% I)%ﬂ:@}im 2 &iE LT %
ZE&El/ 20 HORILIZBIT D EHOMmM:Z T
270 REEORFETT>RET A, ELO %
HAWEBIERMERL S 2 RBEREI NN, 2o
INRII ARG T LU= (Entry 2). — 5 TATH >

R _R* cat. Cux
+ R
NHR® dioxane

base + R3 = CH,0H
R*=H

Q_QN‘R‘* Y N-R®
N
H R?

Scheme 3. Two Direct Routes to 1,2,3,4-Tetrahydro-S-carbo-

line Derivatives

%buzt 56, IR 53% THRO 3 (LER{LIK 12a
=145 WCEIh U7z (Entry 3). 512, 1>
“v—)b%??@{ﬂwxﬁ@*ﬁd’éﬁo =& Z% (En-
tries 4-10), /N7 OOX> ¥ > 2R ZIVEED R
bRIFSHRE AT, ARHFITBVTY v E
IR DRI ER L R HETT U 7z 2,3-ME &L D N-
T U=V ZIVEKRZIVA > R=)VEIER & LT
SN2, ROGEEZ 50°C & LT 11a DARRE,
t-BuOK ENFH > TUB L 72 EZANET5% T
12a 215% Z &I L7z (Entry 11).

i l U724 (Table 5, Entry 11) IZBWT,
HEOT7ILTERZHWTAT >Ry b g-HIVR
U EBHEELEERG L (Table6). (KU AT
W) EZIVESD, RODIIAFIAF)IHEE
BIT27ITE R 2,24 2HNTH KIS ER
<HEFTL, FREEONETHMNOD B-1IVEKRY &
EAK 12b, 12¢ 257~ (Entries 1 and 2). /NI 7KL

Table 5. One-pot Three-component Synthesis of Tetrahydro-
f-carbolines Using -BuOK ¢

Z + n-PrCHO  CuBr H
(D\/ 2b dloxane
NH 4 Medl /\/OH condltlons

R1 H
+-BuOK n-Pr
co solvent Q_Q’“Me . @/(N—Me
0 °C tort
0.5h
12a 14a

C3-cyclization N-cyclization

.. yield (%)?
entry R! conditions co-solvent
12a 14a
1 Ts(1a) 80°C, 1h — 31 69
2 Ts(1a) 80°C, 1h Et,0 23 20
3 Ts(1a) 80°C, 1h hexane 53 33
4 Ms(1b) 80°C, 2 h hexane 29 35
5 Mits(1c) 80°C,2h  hexane 19 43
6 SO,Ph(1d) 80°C, 1.5h hexane 63 25
7 SO,C¢H,(4-Br) (1e) 80°C, 0.5h hexane 58 14
8 SO,CeH,(4-Cl) 1f) 80°C, 0.5h hexane 65 18
9 SO,C¢H,(4-F) (1g) 80°C, 0.5h hexane 48 20

—
[=)

SO,C¢H, (4-NO,) (1h) 80°C, 0.5h hexane 23 10
11 SO,C¢H,(4-CD) (1f) 50°C, 1.5h hexane 75 25

« Ethynylaniline 1 (0.18 mmol), n-PrCHO 2b (2 equiv), and 2-(N-
methylamino) ethanol 3d (1.1 equiv) in dioxane (2 ml) were treated with
CuBr (5 mol%) under the conditions shown in the Table. After the indole
formation was completed (monitored by TLC), co-solvent (2 ml) and ¢-
BuOK (3 equiv) were added at 0°C and the reaction mixture was stirred at
0°C for 5 min and rt for an additional 30 min. ® Isolated yields.
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Table 6. Synthesis of Tetrahydro-f-carbolines Using Several
Aldehydes*

entry  aldehyde conditions? product (yield) <4
° NM
MS Ao S0°C 20 \ e an
1 then N (8%)
2c 100°C, 0.5h H = °

12b (48%) TMS

BnO”~CHO 50°C, 2h \ NMe 1de
2 then N (16%)
2d 100°C, 0.5 h H OBn °

12c (55%)
(HCHO), . o, <::2 g::Nme 14d
2a o N 0%)¢

12d (45%)

R

N 14b: R = (E)-CH=CHTMS
N NMe 14c:R=CH,0Bn
N} 14d:R=H

« Ethynylaniline 1f (0.18 mmol), aldehyde 2 (2 equiv), and 2-(N-
methylamino) ethanol 3d in dioxane were treated with CuBr (5 mol%)
under the conditions shown in the Table. Then hexane (2 ml) and +-BuOK
were added at 0°C and the reaction mixture was stirred at 0°C for 5 min and
rt for an additional 30 min. ® Conditions for the initial indole formation.
¢ Isolated yields. ¢ Structures of 14b—d are shown below. ¢ Not isolated.

L7 ITE R2a 2 HWESEES, LY O & W
D= DOFEHNDPPREE T H > 720%, FREEDOINET
12d 27%57= (Entry 3).

KIZ, EHWET7 I /BT AT )L 16a-h T
212 L 5 4-oxotetrahydro-B-carboline & #& 5 5L D
BiEtZfro 7 (Table 7). ZORBICHBNTIE,
RV BTHRESEEM ESES20I1Z,
N-AFNITFZI 72U 15 2H0We, 1470
WHKNEMGT, 15,2, N-AFI)IV T UL > TFI)IVL
Z5) 16 % S5mol% @ Cul OFEE F TGS &
22(7 2 AFI)) 4> R=)L 17T D4Rk % TLC T
MalE, AZ AR CBET >Ry NTMATSE
SIS ®SZEICLD, HMYD 4-0x0-1,2,3,4-
tetrahydro-B-carboline 18a % 70% D INER TH 3 Z
EIZR U7z (Entry 1). [FRIZ, N-AF)b,
N-X>2), N-7UNT YT 16b—d Z2HNTDH
FOSIEH#EST L, ®HRd 5 B-71)VR U > 18b—-d 23%)
RIS AERR L (Entries2-4)., £/-2D 7 >Ry
N B-FIVRY CEBIEZFIINERTY I JBRICHE
HrlgEChHo/. Ihabb, Y7, a1,
KOT 227 Sk e N TRIRZETTD Z
LKy, FREONETHROD 18e-g & 15/

Table 7. Preparation of 4-Oxo-tetrahydro-f-carboline by
Domino Three-component Coupling-indole Formation and
Successive MsOH-induced Cyclization?

CuX
HCHO), 2 Q
L (HCHO), 2a RO,C.__R* R*
Z A T
RO,C” “NHRS NR® | MsOH \ NRS
= N —
NHMe dioxane Me N
MW Me
15 17 18
entry amino acid conditions? product yield¢
Q
n-Buq A~
N~ ~CO,Et .
1 H A Q_QN‘"-EM 18a : 70%
16a N

Me
o]
Me,
2 N Cokt A \ Newe 18b:72%
16b N
Me
Q
Bn., ~\,
3 N “COzet B A Mg, 18¢:57%
16c N
Me
allyis ~co,e 3
4 R =t A ( Neay 184 :77%
16d N

vew L. 18¢ : 63%
5 N7 cooMe C (95% ce)
16e
Me
C -
. )
6 weo Ko c @—QN-MG 18F : 37%
H Me
16f
Bn Q B
7 Me‘u"\coznne C Q—g\bwe 18g : 46%
169 Ne
o
8 SN come c Q—m 18h : 29%
16h Me

@ The mixture of ethynylaniline 15 (0.19 mmol), paraformaldehyde 2a
(2 equiv) , and amino ester 16 (1.2 equiv) in dioxane was stirred with CuX
(5 mol%) under microwave irradiation (300 W). After indole formation
was complete on TLC, the reaction mixture was treated with MsOH at 80
°C for 30 min. ® Condition A: Cul, 170°C, 1 h; condition B: CuBr, 120°C,
15 min, then 140°C, 15 min; condition C: CuBr, 120°C, 15 min. ¢ Isolated
yields.

(Entries 5-7). XY T X5 )L 16h Z /=
B, RINRENS b —RITURIE L EmESD 2
EWEh L 7= (Entry 8).

244. 42 R IERE 14-C7FE L BIRIER
EDERFR % 27 LI, TR USROS AR T
< DO A1 7 )VITB G U THEE O SOR Z filt i
T5D, FTHEONENFEEL TLIT TR
<, HTHROT =T IARN—OBANS D
FEHZEEDTVWS, i C-CHEE> C-NESE
78 ERE A ISR BT B8 ARl Th %7290,
EFIRICHE DY > 7 Ll & U T ORERE 2 T
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LT, BROEEIERIINI KD EMIZERREK
D—2EREEISDOMIEZEE L=, 9725, fib
D=Rsr 2-(7 2 AFI) A > K=V E RIS
BNT2-TOERIVNT I Ie2HNEI LI
X019 2B L, RNTA > RV EHEENRE
THIENTENUL, FISRFITHFIET 2 HlHE O @
ZIZKOD N-7 Y =MD ETL, 1> F—)b
fREBRAL 1,4- 7 EE ALEW 20 AR T 5 EE X
7= (Scheme 4).

9, N-AYINWNIZFZILT7 =Y > 1b, NTHRIL
LAT7IVTER2a, 2-7JOEXRCIIIT I3 ES
mol% @ Cul OFFEF ML 6 iR S ® 5
ZEIZKD, 22(FTIAFI) A2 R=)L 1994
R U722 & 2R, AT IIVEOMREREEL T
AVTLANFT RET Ry NTHAZ. 0Ok
B, ADINEOBRE, N-7 U — )L IS —2
ICHEFTL, A > R—I)L#ERAE 1,4-27 P E > FHEA
202 % 43% DUNE THS Z &ITkIh L7z (Table 8,
Entry ). AV OFREREORFT 27072 &

Z %, MeONa & HlW/=356, NN 51% £ CTikE
&7z (Entries 2 and 3). $AfBIC IS 1 > F—
WDGFH N-7YU—=)UMERIED U T > RTH S
(%) -trans-N,N’-dimethylcyclohexane-1,2-diamine3®

=
n-Buy cat. CuxX
+ (HCHO), + H E—
NHP Br

Mannich-type

1 2a 3c reaction
X—Cu \ '.7 Bu
P N N
=z | —_— N
n-Bu P Br
Br’ indole formation
19

n-Bu \
ol N
iti N
additive N N-R
— H g —_—
deprotection A N-arylation

Scheme 4. Copper (I) -catalyzed Domino Three-component
Coupling—cyclization—N-arylation Reaction

Table 8. Screening of Reaction Conditions Using Ethynylaniline 1b and Secondary Amine 3e?

1.(HCHO),, 2a

copper salt
= solvent \
mBuNHIj conditions A N N\ohsu
" e
NHMs Br 2. additive
1b 3c conditions B 20a
catalyst conditions additive conditions yield¢
entry (mol %) solvent Ab (equiv) BY (%)
reflux reflux
1 Cul (5) toluene 6h MeOK (6) 1h 43
reflux reflux
2 Cul (5) toluene 6h t-BuOK (6) 05h 38
reflux reflux
3 Cul (5) toluene 6h MeONa (6) 3h 51
reflux MeONa (6) 80°C
4 Cul (5) toluene 6h ligand (0.1)4 4h 34
reflux reflux
5 CuBr (5) toluene 6h MeONa (6) 1h 49
MW, 170°C MW, 170°C
6 Cul (5) toluene 20 min MeONa (6) 20 min 64
. MW, 170°C MW, 170°C
7 Cul (5) dioxane 20 min MeONa (6) 20 min 81
. MW, 170°C MW, 170°C
8 Cul (1) dioxane 20 min MeONa (6) 20 min 77
. MW, 170°C MW, 170°C
9 Cul (2.5) dioxane 20 min MeONa (6) 20 min 88

@ After the reactions with 2-ethynylaniline 1b, 2a (2 equiv), and 3¢ (1.1 equiv) was completed (monitored by TLC),
additives were introduced. * MW =microwave irradiation. ¢ Isolated yields. ¢ Ligand= (=) -frans-N,N’-dimethylcyclo-

hexane-1,2-diamine.
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Table 9. Construction of Tetracyclic Compounds Using Sub- cat. CuX
stituted Ethynylanilines and o-Bromobenzylamines (H(13H20)n (2a) X—Cu
R'R?NH (3) ’, B
NR'R
y 4 R3NH, (22) ~ 7
\ B R N Rl
N CHO ZNgs
f N-Me N—Bn | —allyl o 2H,0 23

20b (51%) 20c (83%) 20d (81%)
R
\ FsC \
N
Nf N—allyl | N=allyl
20e (R = CO,Me, 23%) 20h (53%)

20f (R = CF3, 81%)
20g (R = Me, 85%)

@ All reactions were conducted with ethynylaniline, paraformaldehyde
(2 equiv), and secondary amine (1.1 equiv) in the presence of Cul (2.5
mol%) in 1,4-dioxane at 170°C for 20-40 min under microwave irradia-
tion. After the indole formation was completed (monitored by TLC),
MeONa (6 equiv) was added and the mixture was heated at 170°C for 20
min under microwave irradiation.

D= (Entry 4), CuBr Offiffl (Entry 5) %R
BT, WRIZHEINRh>., — KT, 17
OIS R CEIR (170°C) TRIGZITD 2 EITX
D, 64% DINHET 20a 2355 N7z (Entry 6). VA
ELTOFFH U EHNWD ENRIISISITHESN
7= (Entry 7). &5} %ﬁE%ZSmm E95%5Z
EIZ&D, INEK88% T 20a 2155 Z EITHINL 7=,

JRiZ Table 8, Entry 9 D5HT, & N-A )L
IFZIINT7ZI >, o-7OEXRVINT I EHAN
THRE 2Rt L7z (Table 9). o-7 OE-N-A
FINRNNTIERHWEZEZA, HRO KN

% DNKTHITLZ., N-XPILXIWEN-7 Y )L
HEEEITLMT I 205 & 20c & 20d A2
TN 83%, BIBWERTHSNE., ¥/ HDONT
I ATINEETAHIF I T EHNTK
E{To/E A 2% EMMNETH 7=, &
WEIMETHS MY 7)LF 0 AF)V DB TG E
HEHETH B AFINENNIMITHEET 25512,
BINETHMO 20f & 208 V55072, 517
WFEZONIFMIZ N TIIVAOAFINEEEFET ST
FINTZ) EHWTK R EZIT>ZEZA, 53%
DILER T 20h 734 RL L 7=,

3. SAMEIC X DMANRIGE AW fREREA )
/) DE7

31. I /BOARD DY TV F-RIERKIC
EB3-(TI/AFL) 4A)F /) DEK 3

R ] A NR'R?
; X ZN
+
R® 24

Scheme 5. Construction of 3-(Aminomethyl)isoquinolines
by Copper-catalyzed Four-component coupling-cyclization

Table 10. Optimization of N-1 Synthon 4¢

&  (HCHO), 1) Cul (10 mol %)
, 2 DMF @C(\N(i-w)z
= -
cHo  (FPM2NH - 2) N-1 synthon (22) ZN
3

21a a 24a
entry N-1 synthon yield (%)%

1 NH,NO, (22a) decomp.
2 NH,CIO, (22b) decomp.
3 28% NH,OH (22¢) trace
4 HCO,NH, (22d) trace
5 NH,CI1(22e) trace
6 (NH,) ,SO, (221) trace
7 AcONH, (22g) 42
8  NH,HCO;(22h) 53
9 2,4,6-(MeO) ;PhCH,NH, HCI (22i) 82

10 #BuNH,(22j) 83

@ After a mixture of 2-ethynylbenzaldehyde 21a, paraformaldehyde 2 (2
equiv), amine 3a (2 equiv) and Cul (10 mol%) in DMF was stirred at rt
for 1 h, and N-1 synthon 22 (6 equiv) was added. The resulting mixture
was stirred for 5 h at rt and additional 45 min at 140°C. ? Isolated yield.

FEZD 2- (72 AFI)) A > R=)VE R
& Larock 5D A F J U 2 HRES 2 25351,
WAV F U CAaBREORFEZ R L. /&
Db, 2-TFZI)IT7IF e R21, NIHRIVLT I
STk K2, “H7I3IICLBIY vy
7U>ﬁ,#ﬁ73>&®45y%m,ﬁﬁtﬁm
RIGIZED, —Z2I23-(F/JAFIV) 4VF /Y
>t bhé &#& Z 7= (Scheme 5).

FINIT R ELTHEEY DY A
=87 2 > DOtREt 217> /= (Table 10). 2-T
FZNUTIVTFER21, NTIERIVATIVTE R 2a,
T I3, KMUNN-1 22 RO S B —EIC
RET5HE, HHNORKIRNINEXLSETLRENS
2. ZDOZ&EE, 2007 )V b RERALARNIC 3
HFIHOICEIEPHET LI LITLBEE X,
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RIZY >y BRSO EfT 2 TLC THERL 121
IZ N-1 2> I\‘/%Jmié«_&tbfc. CiiRE] /e
EZUL 22, BEERT CEZTUL 2, 28%7
CEZT K22, FBET EZTL 224, BT >
EZUA e, MY >EZUL2IZIFEAEH
Wz 5 Z2laho 725 (Entries 1-6), Fifig 7 > &
TN 23g EIREEAKET CEZTL 22 EH N
BE, PEEONERTAYF /U > 24a KL
7. £, 246-bUARFIRVIVT I 22i
ERAWREEZAGNERT 242 2155 EMNTE.
I 517, Larock 5OM|EEF U T FILT I > 22
ERVWSENED 8% THWOA Y F /U NE
L7z, IRTFNROE NS 22 Nk ENT N-1
ORTHBHEHMEL, UBOBREETTo 2.
BRATIRZIRTY 2 D HWT, RS F
U ARG ERE L7z (Table 11). XY

Table 11. Synthesis of Various 3-(Aminomethyl)isoquino-
lines®

1) Cul (10 mol %)

4
©\/ (HCHO), (2a)  DMF, conditions (:CI/\NR;)
‘ _ et condltions
cho  FeNH@) 2) £BUNH, (22)) 2N

21a 24
. S yield
entry amine conditions product (%)4
1 (i-Pr) ,NH t m\N(i—Pr)z
3a 1h ~N
24a
,  BmNH 100°C @(?ANB”Z 0
3t 1h 2
24b
e . X A
3 PhJ\H Ph 100C @O“/j\ P73
3g z Ph
24c
4 (allyl) ,NH it ©::|\I/\N(anyl)z 6
3h 1 he
24d
@ g
5 N lrli 4 2N 88
H
3b 24e
Q. OO0
6 N Uhe _N 79
3i 24f

« After the three-component reaction of 21a, 2a (2 equiv), and 3 (2 eq-
uiv) in the presence of Cul (10 mol%) in DMF was completed (monitored
by TLC), -BuNH, (22§, 6 equiv) was added and the reaction mixture was
stirred for 5 h at rt and additional 45 min at 140°C. ® Conditions for the
three-component coupling. ¢ Before 21a was added, a mixture of 2, 3 and
Cul in DMF was stirred for 30 min at rt. 9 Isolated yield.

WY I3 2N ERE, >y Ay 7Y
TR T B RIEIMEN © 2728, RISV EHE]
ic#H o 7278 (Entry 2), KOS AKREEDKE W
EXT7xxFINTIV3gEHNWEEZA, 3% D
WERTHND3- (Y AFIV) AVF /12 24
NESN (Entry3), 7YY I 3h EXRY
P23, EOUPXIiEHWESS, Y Zvk
RN BN THEMBEN G oNE. £ I T,
F9 2 LK MTI VRN EAI DRI TR
Zla Z2MAEZAT 2y BERIRINIEEI I
HEITL, TR ETFIVTY 22 22§ TAUHET S &
&0, 1VF /2 24dt 25D EITRLT
(Entries 4-6).

AR BN 1w 7)) 2 T -BRIERIBIC
AVF Y CEBEEKNE, HER R ;EE@%%
BTHIFZINNXTIVTE R 21b-e %L:Jﬂblfﬁ
o7z (Table 12). KV I)VFED /N FALIT &l
ﬁﬁﬁfﬁ?ézm%mmt&_5,5%®fv
F V> 24g % 83 % INE 6’&733"6‘%7‘: (En-
try 1). 2le DX D1 I?prﬁaw\7uA )4
SIEEND HLEHITBNTH, MER < KR iJ_ﬁ
L7z (Entry 2). REfRICZINS OMEICE 5%
HEHFTD2d, 2le ZHNTRINEITD/EDA,
24i, 24j = HINERTH S Z LMW TE - (Entries 3

Table 12. Reactions with Various Substituted 2-Ethynylben-
zaldehyde?

entry substrate product yield (%)?
i
F Z N(i-Pr),
1 83
CHO
21b
S
7 N(i-Pr),
2 79
F CHO
21c
.
Me 4 N(-Pr)
3 87
21d
/O:/\(\N(/ Pr)y
4 84
MeO
21e

@ After the three-component reaction of 21, 2a (2 equiv), and 3a (2 eq-
uiv) in the presence of Cul (10 mol%) in DMF was completed on TLC, ¢-
BuNH, (22j, 6 equiv) was added and the reaction mixture was stirred for 5
h at rt and additional 45 min at 140°C. ? Isolated yield.
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and 4).

32, RAU3-(TI/AFIL) A)F/ )5
HEFELORRE®  fiEONMKSTVF /U F
e REEL L (Scheme 5) 13X, WBIC t- 7 FIVHEM
BT H5ZEICE>TAIYF /U DRI NS, £
ZTEHRI, +7FNVT7I>oRDOIZ, TV
PYI2BDEDITHTNITKEMERT 5K
7RV, 1V F U MR SRR
N —HIZESNDIDOTIERBRWhEEZR . Tk
e, ECEAVF/ UZTLAF 2T D C=N
AL, TIVFILVEOBBEZMES Z &l <k
TN T 5 T LT & 0 ERH BRI SR HEST
5 =ML 7= (Scheme 6).

AVF Y CEBBENBROEYI VYV EKE
GRS 5 2 &2 ML T, £TEFIT 13-
P72 70N 25a & AW E G ERE RS O fRET
#{7> 7z (Table 13). 10 mol% ® Cul £/ K DMF
HTIZFoINARZTIVTE R21a, NXTIHRIVAT
7 R2a, ROPAYTOBNTI>3az7 )
IHFHA FERICBWTIKGS®EEZ, ¥ =2vE
RIS D#ETT 2 TLC THERRE, 27 2 > 25a &2
A, THIT120°C TGS /2. ZO#E, HHO
R AL SO T I A ML BOS 23 HETT U, pyrimido
[2,1-a] isoquinoline k&4 30a & 38% DINR TH
L LTI U (Entry 1), INRO%EEHIFL
T, HRb5MMmitaEirolk. P72 28a&MA
7, XA 7 OISR 2000C TRIGZEIT> T
HINRIFISLES NN o2 (BEntry 2). SRS ORE
MM 2o/ & 25 (Entries 3-8), CuCl 23
bRFENZEEZE 27~ (Entry8). Y73 25 &
EBICELFa2T5—3—TRA4AZMA D ENE
2% FTCkEINS (Entry9). /-, BX
INEE S E 5 HI TRASFHIL T ICTBW T RLZE
15 &, RINRFHOEHREZE> T 72% OINETH
M4 30a 255 Z SRk L7z (Entry 10). Ak
i, FERECEREOSZTF NN XTIVT
E R, o7 I ICH L THEAAETH -
7z,

RIZ, TIVHZPT IV 2DAFL VHOES
EEEIELHIEICKD, HRARBREERERRNE
BLEFTIJAFI) AVFJURERTE
% EEz it EfTo/z (Table 14), 1,2-Y 73/ T
& 25b EHWREEZA, HEBRBMHRLEZAY

F /U230 % 56%NETHDZEITHRIL
(Entry 1). F7/z, 1,3-O73I /7452 25¢ 2Nz
EZA, BERMHEERLEZAAYF /U 2 30c 78 50
%WNETESN (Entry3)., LarL7ans, 1,4-
PV I IRUE 2 ER WSS, INBRNHE
RUZ3AIIADELNMESNEN > (Entry 5).

R1
Rl A 3
®\/ ooy @) _coc - (Y YN
+ NS N
NNcho R%NH(3)  on :

N\ Nu
21 HNu  NHy
25 28
Mannich reaction Nucleophilic H*, (Hp)
2H,0 “% and imine formation cyclization

X=Cu

2 H
R! F NR?;  jsoquinoline R
N | formation N | A B NR?,
—_— P
NS /N> H* X /N)
HNu HNu

26 27

Scheme 6. Four-component Construction of an Isoquinoline-
fused Tricyclic Ring System

Table 13. Optimization of Reaction Conditions Using 1,3-
Diaminopropane?

&= CuX, DMF
@( (HCHO),, (2) Condition A
+ >
CHO (-Pr)oNH (3a)  4hen H2N/\/\NH2

21a 25a
Condition B
NYN(-Pr, YNGR,
N [O] I N
HN\J N\)
29a 30a
entry CuX condition A condition B yield (%)
1 Cul rt, 0.5h 120°C, 15h 38
2 Cul rt, 0.5h MW, 200°C, 0.33 h 29
3 CuBr rt, 1.5h 120°C, 15 h 42
4 CuBr, rt, 1.0h 120°C, 15 h 38
5 CuCl, rt, 2.3 h 120°C, 10 h 42
6 CuF, 100°C, 0.5h 120°C, 16 h 27
7 Cu(OAc¢), rt,2.5h 120°C, 12 h 20
8 CuCl rt, 1.5h 120°C, 12 h 43
9b CuCl rt, 1.5h 120°C, 20 h 52
100 CuCl rt, 1.5h 120°C, 1h 72

@ After the Mannich-type reaction of 21a, 2a (2 equiv) and 3a (2 equiv)
in the presence of copper salt (10 mol%) was completed under conditions
A (monitored by TLC), 25a (3 equiv) was added. The reaction mixture
was stirred under conditions B. » 25a with MS 4 A was added. ¢ Under oxy-
gen atmosphere. ¢ Isolated yields.
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Table 14. Synthesis of Fused (Aminomethyl)isoquinolines?®

entry diamine atmosphere?  product (yield) ¢
YNGR
HNTS N2 o
N
1 25b O, 30b(56%)
2 25b Ar 30b(53%)
NG
HZN/\/\/ NH2 I N
N
3 25¢ 0, 30¢(50%)
25¢ Ar 30c¢(63%)
| XY NP,
N
HNT NN, 7
N
5 25d 0, 30d(12%)
6 25d Ar 30d(5%)
NH, | Ny N(-Pr),
X "
O
7 25¢ 0, 30e (44%)
8 25e Ar 30e (58%)

« After the Mannich-type reaction of 21a, 2a (2 equiv) and 3a (2 equiv)
in the presence of CuCl (10 mol%) in DMF under O, was completed (rt,
within 1.5 h, monitored by TLC), 25 (2 equiv) and MS 4 A were added
and the reaction mixture was stirred at 120°C for 1 h. ? The reaction under
argon required 15 h for the cyclization/oxidation step. ¢ Isolated yields.

TIZ L2V T7I2B8e mfnizET A, —2icm
BRI EY 30e 3554 7- (Bntry 7). FHEFND
FOGE#E I 7 VT P FEATICBWT T 2
M, RINZE TR TZIVI S TOAENLD XNLHE
%5 % /- (Entries 4 and 8).

4. &HYIC

EFE, BREEA) R OB E 2R RS ZE R L
72, 2-(F2AFI)) A2 E=)IV&3- (T AF
W) AVF ) CEREBEEEZRELL. 50
Fikwme e LT, 2Ry MR E AW HEER
BAR=), A1VF /) ERELEEZRIET S
ZEWTRI L. 205 DEE T REREBEK
N, AEPITETERAY OGP R D20 D%
FRPEFR MG RICEI T 5 B D EiIfFE N 5.

BEE  AMREERTIDICHRD, RIRTHRY
CTHIEZRD O R U s R TR - IR EE
FHRITOLE DL L BT £, AR ITHE

CTHRE 20 R U AR AR EER - REE
IR, ROBEMEEMICRELHAL BIFET. £
e, AMEEHET DITHZD LRI Z2H->
T EEESEH, AMRHEKEEZMRD &9 25U RS
REFEGEHE AW IER A LG 0 B O RIT O K
DEHLE L BT RT. ABFREO—ES, SCHRRHEE
FLEmtse gemilh e CRepIRFZE B5ERNE) o THRENC
Lo TTONEDBDOTHD, HFETEHL £
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