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Catal yzed Synthesis of Heterocycles. Novel Dom no

Two- and Three-conponent Synthesis of Indoles
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Experimental procedures and spectroscopi c data

'H NMR and *C NMWR spectra for conmpounds 4 and 8a-m

Experi mental procedures and spectroscopic data

General Considerations: Al reactions were carried out under nitrogen
at mosphere in a RR98030 12 pl ace Carousel Reaction Station™ from

Radl eys Di scovery Technol ogi es, equi pped with gas-tight threaded caps
with a valve, cooling reflux head system and digital tenperature
control l er. Dioxane was continuously refluxed and freshly distilled
from sodi um benzophenone under nitrogen. NWR spectra were recorded at
400 or 300 MHz for 'H and 100.6 or 75.45 M4z for 3C, with

tetranethyl silane as internal standard for 'H and the residual sol vent
signals as standard for *C. Chenmical shifts are given in ppm Mass
spectra were obtained by EIl (70eV). Pd,(dba)s; was purchased from Strem
Chenmical co. and used without further purification. Al phosphine
ligands used are commercially available fromStremor A drich and were
used without further purification. Conmmercial NaOBu and Cs,CO; were
used after |yophilization. Non-comercial imnes la, 1b, 1lc, 1d, 1j
and 1k were prepared according to literature procedures.? Imnes le-i
were prepared by refluxing in a Dean-Stark apparatus a mxture of the
correspondi ng ketones and primary amines in toluene, in the presence
of a catalytic amount of p-TsCH
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Pal | adi um cat al yzed a-arylation of ketinmine 1 with aryl brom de 2.
Synt hesis of N-(2,2-bis(3-nethoxyphenyl)-1-phenylvinyl)benzenam ne 4:
A reaction tube under nitrogen atnosphere was charged with XPhos (19.6
ng, 0.04 mol, 4 mol %, tris(dibenzylideneacetone)dipalladium (0)
(18.3 nmg, 0.02 nmml, 2 nol %, sodiumtert-butoxide (268 ng, 2.8 nmol,
2.8 eq.) and dioxane (3 nL). After 1 min 3-bronoanisole (374 ng, 2
nmol ) was added under nitrogen and heated to 110° C. After 5 min the
imne 1 (1 nmvol) was added under nitrogen with stirring for 14 h. The
m xture was allowed to cool to roomtenperature, taken up in hexanes
(15 nm.), and filtered through Celite. The solvents were evaporated
under reduced pressure. Purification by flash chromatography (Si O,
Hex/ Et CAc, 9:1) afforded 310 ng (76% of 4.

OMe 'H NMR (CDO 5, 300 MHz): d= 7.41-7.38 (m 2H), 7.26-7.15
Ph (m 4H), 7.10-7.01 (m 4H), 6.92-6.74 (m 4H), 6.68-6.60
(m 2H), 6.57-6.54 (m 2H), 5.83 (s, 1H), 3.63 (s, 3H
3.57 (s, 3H).BC-NWR (CDO 5, 75 MHz) 159.6, 158.8, 144.4,
143.4, 143.2, 137.8, 137.0, 130.6, 129.4, 128.7, 128.4,
128.0, 127.5, 126.2, 124.2, 122.3, 119.6, 117.4, 116.8,
114.8, 112.9, 111.9, 54.9 ppm

OMe

General Procedure for the synthesis of indoles 8a-lI by palladium
catal yzed reaction of imnes la-k with o-di hal oarenes 5a-d — Method A:
A reaction tube under nitrogen atnosphere was charged with XPhos (19.6
ng, 0.04 mol, 4 mol %, tris(dibenzylideneacetone)dipalladium (0)
(18.3 nmg, 0.02 mml, 2 nol %, sodiumtert-butoxide (268 ng, 2.8 nmol,
2.8 eq.) and dioxane (3 nmL). After 1 min the dihalide 5 (1 nmol) was
added under nitrogen and heated to 110° C. After 5 min the inmne 1 (1
mol ) was added under nitrogen with stirring until conpletely

di sappear of dihalide 5 determined by GC. The mixture was allowed to
cool to roomtenperature, taken up in hexanes (15 niL), and filtered
through Celite. The solvents were evaporated under reduced pressure.
Purification by flash chronatography (Si O, Hex/EtOAc, 20:1) afforded
i ndol es 8a-1.

Using this procedure were prepared:

1, 2- Di phenyl indol e 8a:

From N-( 1- phenyl et hyl i dene) benzenani ne 1a (195 ng, 1

mPh nol ) and 1, 2- di bronobenzene (146 pL, 1 nmol), follow ng
N

8a  Ph t he general procedure and after 14h of reaction 239 ny
(86 % of 8a were obtained. H NV\R (CDO ;, 400 MHz) 7.67-



7.65 (m 1H), 7.38-7.25 (m 2H), 7.31-7.13 (m 11H), 6.78 (s, 1H) ppm
13C NWR (CDO 5, 100.6 MHz) 140.6, 138.9, 138.4, 132.5, 129.2, 128.8,
128.2, 128.1, 128.0, 127.2, 127.1, 122.3, 120.6, 120.4, 110.5, 103.6
ppm ElI HRMS cal cd for GCyHisN, 269.1204; found, 269.1203. Spectroscopic

data in agreement with those reported in the literature. 2

1- benzyl - 2- phenyl i ndol e 8b:

From phenyl - N- (1- phenyl et hyl i dene) net hanam ne 1b (209 ng, 1

@E}*Ph mmol ) and 1, 2-di bronobenzene (146 pL, 1 mmol), following

\

Bn t he general procedure and after 20h of reaction 158 ng (56
% of 8b were obtained. H NVR (CDO ;, 400 MHz) 7.76-7.74 (m
2H), 7.55-7.50 (m 3H), 7.44-7.42 (m 4H), 7.35-7.21 (m 5H), 6.73 (s,
1H), 5.43 (s, 2H ppm *C NMR (CDCl;, 100.6 MHz) 141.8, 138.2, 138.0,
132.7, 129.2, 128.8, 128.6, 128.4, 128.0, 127.2, 126.0, 121.9, 120.6,
120.2, 110.6, 102.4, 47.7 ppm ElI HRMS cal cd for CyHiyN, 283.1361;
found, 283.1361. Spectroscopic data in agreement with those reported in

8b

the literature.? 3

1- (2-chl or ophenyl) - 2- phenyl i ndol e 8c:

From 2-chl oro- N- (1- phenyl et hyl i dene) benzenani ne 1c (229 ny,

mph 1 mmol ) and 1, 2-di bromobenzene (146 pL, 1 nmmol), follow ng

N the general procedure and after 14h of reaction 233 ng (77

C'\Q 9% of 8c were obtained. *H NVR (CDO 3, 400 MHz) 7.65-7.62 (m
8¢ 1H), 7.47-7.44 (m 1H), 6.25-6.11 (m 10H), 6.94-6.91 (m
1H), 6.77 (s, 1H ppm **C NMR (CDCl;, 100.6 MHz) 141.3, 138.8, 136.4,
133.6, 132.3, 131.1, 130.5, 129.4, 128.3, 128.2, 127.6, 127.4, 122.3,

120.7, 120.5, 110.7, 103.3 ppm ElI HRWVS cal cd for GCyuHi,CO N, 303.0815;
found, 303.0813.

1- (4- met hoxyphenyl) - 2- phenyl i ndol e 8d:

From 4- net hoxy- N- (1- phenyl et hyl i dene) benzenani ne 1d (225
mph ng, 1 mmol) and 1, 2-di bronobenzene (146 pL, 1 nmol),

following the general procedure and after 24h of reaction

239 ng (80 % of 8d were obtained. *H NVR (CDd ;, 400 MHiz)

OMe 7.76-7.74 (m 1H), 7.37-7.23 (m 10H), 7.00-6.97 (d, 2H,

8.8 Hz), 6.86 (s, 1H), 3.89 (s, 3H ppm C NWR (CDO; 100.6 M)
158.6, 140.9, 139.4, 132.6, 131.3, 129.2, 128.9, 128.2, 128.1, 127.3,
122.2, 120.6, 120.5, 114.5, 110.7, 103.2, 55.5 ppm ElI HRMS cal cd for
CiHi7NO, 299. 1310; found, 299.1304. Spectroscopic data in agreenent with

8d

those reported in the literature.*



2- (4- met hoxyphenyl ) - 3- net hyl - 1- phenyl i ndol e 8e:

From N-( 1- (4- met hoxyphenyl ) propyl i dene) benzenani ne

le (239 ng, 1 mmol) and 1, 2-di bronobenzene (146
O N O OMe uL, 1 nmol), followi ng the general procedure and
: after 14h of reaction 206 ng (66 % of 8e were

obt ai ned. *H NMR (CDO 5, 400 MHz) 7.70-7.68 (m

1H), 7.40-7.33 (m 3H), 7.31-7.27 (m 1H), 7.24-7.20 (m 4H), 7.18-
7.15 (d, 2H, 8.5 Hz), 6.86-6.84 (d, 2H, 8.5 Hz), 3.82 (s, 3H), 2.44
(s, 3H ppm C NWR (CDd; 100.6 MHz) 158.6, 138.7, 137.4, 136.7,
131.7, 129.0, 127.9, 126.5, 124.4, 122.2, 120.0, 118.7, 113.5, 110.2,
110.1, 55.2, 9.6 ppm El HRWMS calcd for GCy»HoNO 313.1467; found,
313. 1466.

8e

4-phenyl -1, 2, 3, 4-t et rahydr ocycl opent a[ b] i ndol e 8f:

From N-cycl opentyl i denebenzenani ne 1f (159 ng, 1 mmol) and

@E@ 1, 2- di bromobenzene (146 uL, 1 mmol), follow ng the general
N procedure and after 14h of reaction 200 ng (86 %of 8f were
gt Ph obtai ned. 'H NMR (CDO 3, 400 MHz) 7.57-7.50 (m 5H), 7.41-

7.37 (m 1H), 7.21-7.18 (m 3H), 3.01-2.95(m 4H), 2.65-2.58 (m 2H)
ppm C NMR (CDCl;, 100.6 MHz) 145.7, 141.0, 139.0, 129.5, 126.2,
125.1, 124.8, 120.9, 120.4, 120.1, 118.7, 110.8, 28.4, 26.3, 24.6 ppm
Spectroscopic data in agreenent with those reported in the

literature.>®

9- phenyl -6, 7, 8, 9-t et r ahydr o- 5H car bazol e 8g:

From N-cycl ohexyl i denebenzenani ne 1g (173 ng, 1 mmol) and
1, 2-Di bronmobenzene (146 pL, 1 mmol), follow ng the general
procedure and after 14h of reaction 163 ng (66 % of 8g
h were obtained. H NVR (CDO 3, 400 MHz) 7.59-7.53 (m 3H),
7.45-7.41 (m 3H), 7.29-7.27 (m 1H), 7.18-7.13 (m 2H),
2.86 (m 2H), 2.66 (m 2H), 1.95 (m 4H ppm *C NWR (CDC ; 100.6
MHz) 138.0, 137.1, 135.8, 129.3, 127.2, 127.0, 124.2, 121.3, 119.6,
117.7, 110.9, 109.8, 23.4, 23.3, 23.2, 21.1 ppm El HRMS calcd for
CisHi7N, 247. 1355; found, 247. 1352. Spectroscopic data in agreenent with
those reported in the literature.®®

A\
N
SgP

5- phenyl -5, 6, 7, 8, 9, 10- hexahydr ocycl ohept a[ b] i ndol e 8h:
From N-cycl oheptyl i denebenzenani ne 1h (187 ng, 1 mol)

N and 1, 2-di bronobenzene (146 pyL, 1 nmol), follow ng the
N general procedure and after 14h of reaction 208 ng (80
Ph 8h % of 8h were obtained. H NVR (CDCl;, 400 MHz) 7.63-7.56



(m 3H), 7.50-7.46 (m 1H), 7.39-7.37 (m 2H), 7.22-7.14 (m 3H), 2.99
(m 2H, 2279 (m 2H), 1.99 (m 2H), 1.90 (m 2H), 1.78 (m 2H) ppm
13C N\R (CDO 3, 100.6 MHz) 139.5, 138.2, 136.6, 129.3, 128.4, 128.2,
127.4, 120.9, 119.6, 117.6, 115.0, 110.1, 32.0, 28.4, 27.4, 27.2, 24.6
ppm ElI HRMVS cal cd for CgHigN, 261.1512; found, 261.1507. Spectroscopic
data in agreement with those reported in the literature.®®

2-pentyl - 1- phenyl i ndol e 8i

mc y From N- (hept an- 2-yl i dene) benzenami ne 1i (189 ng, 1 mmol)
N > and 1,2-di bronobenzene (146 pL, 1 mmol), follow ng the
Ph general procedure and after 14h of reaction 208 ng (73

%of a 5 1 mixture of 8i and 3-butyl-2-nethyl-1-
phenylindole 8i’ were obtained. 8i: H NWR (CDO 3, 300 MHz)7.69-7.15
(m 9H), 6.52 (s, 1H), 2.70 (t, 2H, 7.7Hz) 1.67 (m 2H), 1.36 (m 4H),
0.93 (t, 3H, 7Hz) ppm C NWR (CDO 5 75.45 MHz) 144.0, 140.3, 140.1,
131.4, 130.3, 130.1, 129.8, 123.0, 121.9, 121.6, 112.0, 102.1, 33.4,
30.3, 29.1, 24.4, 16.0 ppm GC LRMS (El)8i: 263(33) M, 206(100) (M
57)*. 8i': 263(30) M, 220(100) (M 43)*. EI HRMB cal cd for CpoHbiN,

263.1668; found, 263.1664.

8i

2-net hyl - 1- phenyl i ndol e 8j:

From N- (propan-2-ylidene)benzenam ne 1j (133 ng, 1 mmol)

m and 1, 2-di bronobenzene (146 pyL, 1 nmol), follow ng the

_ NiDh general procedure and after 14h of reaction 147 ng (71
8 % of 8 were obtained. *H NVR (CDCl 5, 300 MHz) 7.64-7.62
(m 1H), 7.60-7.57 (m 2H), 7.53-7.51 (m 1H), 7.43-7.41 (m 2H),
7.19-7.16 (m 3H), 6.48 (s, 1H), 2.37 (s, 3H) ppm B¥C NWR (CDd 3,
75.45 MHz) 137.8, 137.6, 136.6, 129.0, 127.8, 127.6, 127.3, 120.6,
119.6, 119.2, 109.6, 100.9, 13.0 ppm Spectroscopic data in agreenent
with those reported in the literature.’

1-tert-butyl - 2- phenylindol e 8k:

From 2- net hyl - N- (1- phenyl et hyl i dene) pr opan- 2- ani ne 1k (175
mph ng, 1 mmol) and 1, 2-di bronobenzene (146 uL, 1 nmol),
N following the general procedure and after 14h of reaction
8k BU 179 4y (72 %of 8k were obtained. 'H NVR (CDOl s 400 M)
7.80-7.78 (d, 1H, 8.4 Hz), 7.65-7.63 (d, 1H, 8.2 Hz), 7.49-7.40 (m
5H),7.27-7.14 (m 2H), 6.37 (s, 1H), 1.66 (s, 9H ppm *C NWVR (CDC s,
100. 6 MHz) 141.83, 138.20, 137.29, 130.20, 129.06, 127.56, 127.43,

120. 67, 120.53, 119.37, 115.06, 106.19, 58.93, 32.09 ppm EI HRMVS
cal cd for CigHigN, 249.1512; found, 249.15009.



6- (benzyl oxy) - 2- (4- net hoxyphenyl ) - 3- et hyl - 1- phenyl i ndol e 8I.

From N (1- (4- net hoxyphenyl ) propyl i dene

O N O oMe benzenamine le (239 ny, 1 nmmol) and 1-((4-
BnO N A br ono- 3- chl or ophenoxy) et hyl ) benzene 5d (297
P

8l ng, 1 mmol), follow ng the general procedure
and after 14h of reaction 293 ng (70 %of 8l were obtained. 'H NWR
(CDA 3, 400 MHz) 7.56-7.54 (m 1H), 7.47-7.45 (m 2H), 7.41-7.33 (m
5H), 7.30-7.26 (m 1H), 7.17-7.12 (m 4H), 6.99-6.96 (m 1H), 6.93-
6.92 (m 1H), 6.84-6.82 (m 2H), 5.08 (s, 2H), 3.80 (s,3H), 2.40 (s,
3H) ppm C NMR (CDd 3, 75.45 MHz) 158.5, 155.9, 138.7, 138.1, 137.5,
135.9, 131.6, 129.1, 128.5, 127.8, 127.6, 126.5, 124.6, 123.8, 119. 3,
113.5, 110.2, 110.0, 95.8, 70.7, 55.2, 9.7 ppm El HRMS cal cd for

CooHsNG,, 419. 1879; found, 419.1878.



Ceneral Procedure for the Pd-catal yzed three-conponents synthesis of

i ndol es from primary am nes, bronoal kenes and di hal obenzenes — Met hod
B

A reaction tube under nitrogen atnosphere was charged with XPhos (19.6
ng, 0.04 mol, 4 mol 9%, tris(dibenzylideneacetone)dipalladium (0)
(18.3 nmg, 0.02 nmml, 2 nol %, sodiumtert-butoxide (403 ngy, 4.2 nmol
4.2 eq.) and dioxane (4 nL). After 1 min the bronoal kene (1 mmol) and
the amine (1 mvol) were added under nitrogen and heated to 110°C.
After 5 min the dihalide (1 mMmvl) was added under nitrogen wth
stirring until conpletely disappear of starting naterials determ ned
by GC. The mixture was allowed to cool to roomtenperature, taken up
in hexanes (15 nL), and filtered through Celite. The solvents were
evapor at ed under reduced pressure. Purification by flash

chromat ography (Si Q, Hex/EtQAc, 20:1) afforded indoles 8a, 8b, 8§ and
8m

Using this procedure were prepared:
1, 2- Di phenyli ndol e 8a

Fromaniline (93 ng, 1 nmol), a-Bronostyrene (183 ny, 1
[::j:;?*‘Ph nmol ) and 1, 2-di bronobenzene 5a (146 pyL, 1 mmol),
8a Ph

followi ng the general procedure and after 20h of

reaction 204 ng (76 % of 8a were obtained.
1- benzyl - 2- phenyl indole 8b
[::j:i%*—Ph From N-benzyl ami ne (107 ng, 1 mmol), a- Bronostyrene (183
N ng, 1 mmol) and 1, 2-di bronobenzene 5a (146 uL, 1 nmol),
8b Bn following the general procedure and after 20h of reaction
184 nmg (65 % of 8b were obtained.

2-net hyl - 1- phenyli ndol e 8j:

Fromaniline (93 ng, 1 mmol), 2-bronopropene (121 ng, 1
nol ) and 1, 2- di bronobenzene 5a (146 pyL, 1 nmol). foll ow ng

R RN

h the general procedure and after 20h of reaction 141 ng (68
% of 8] were obtained.

6- (benzyl oxy) -1, 2-di phenyl i ndol e 8m

Fromaniline (93 ng, 1 mmvl), a-Bronostyrene (183 ng, 1
. /[:::[;§>—Ph nol ) and 1- ((4- brono- 3-chl or ophenoxy) net hyl ) benzene
no Ph 5d (297 ng, 1 mmol), follow ng the general procedure
and after 20h of reaction 214 ng (57 % of 8mwere
obt ai ned. *H NMR (CDO 5, 400 MHz) 7.61-7.59 (d, 1H, 8.5 Hz), 7.48-7.35



(m 8H), 7.29-7.25 (m 7H), 6.98-6.96 (m 1H), 6.91 (s, 1H), 6.78 (s,
1H), 5.08 (s, 2H ppm C NMR (CDCl 5, 75.45 MHz) 155.7, 139.9, 139.6,
138.5, 137.2, 132.6, 129.2, 128.5, 128.4, 128.0, 127.8, 127.8, 127.6,
127.1, 126.9, 122.7, 121.0, 110.9, 103.5, 95.9, 70.6 ppm El HRVB

cal cd for CyyH;NO, 375.1617; found, 375.1611.
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