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Abstract:  Gold-catalyzed oxidative  cross-coupling
reactions of two distinct arenes with one gold carbene
furnish triarylmethane products. Notably, competitive
homo-coupling reactions are efficiently suppressed with a
phosphoric acid as co-catalyst (10 mol%) in THF. These
cross-coupling reactions have a wide scope of applicable
substrates, with respect to indoles, arylamines, and a-aryl
diazo cyanides or esters. Our mechanistic analysis indicates
that the basicity of the arylanilines greatly affects the cross-

coupling efficiency.

Keywords: gold catalysis; oxidative cross coupling; gold
carbenes; a-aryl diazo compounds; indoles; anilines.

Introduction

Metal carbenes are versatile species to react with
various nucleophiles to form new C-Y bonds (Y = C,
O, N).[*2 In the presence of phenols, arylamines and
electron-rich arenes or heteroarenes, metal carbenes
typically afford Y—H insertion products (Y = C, O or
N) over various catalysts including Rh, Au, Ag, Ru, Pd
or Cu (Equation 1).B® In seeking new carbene
reactivity, we developed gold-catalyzed oxidative
couplings of two indoles with one a-cyano gold
carbene to form 2-substituted 2,2-
di(indolyl)acetonitriles efficiently (Equation 2).["
Particularly notable are the dication synthons!® of gold
carbenes to allow a double attack of indole
nucleophiles. However, products of this type could be
alternatively obtained from Lewis-acid catalyzed
condensations of aldehydes with two indoles
(Equation 2), thus rendering these oxidative couplings
less appealing.

Oxidative cross-coupling of two distinct aryl C-H
bonds to form unsymmetric biaryl species is an
inspiring topic in metal catalysis.’®! We sought a new
strategy to enable a cross-coupling reaction of two
distinct arenes with one gold carbene. This task is
challenging because competitive homo-coupling
reactions must be suppressed efficiently with building

Previous work: Hydroarylation of gold carbenes
ArC R Ar-H R
-

H EWG Ar = aryl, M
heteroaryl

ArY-H
X =0,NH H

EWG ArY R
—_—

EWG

M = Rh(ll), Cu(ll), Au(l),Ru(ll) and Ag(l)
Our recent work: Oxidative homo-coupling- reactions

N Au Ar CN

2 ArH + — X
Ar')J\CN oxidant  Ar @

Ar-H = indole Ar
l R
RCHO/L.A. ar” Ar

This work : Oxidative cross-coupling reactions
e Ar"
Ar-H N, Au/additive EWG><
_—
+ F )k oxidant Ar

Ar-H Ar CEWG Ar'

Au/additve Ar-H O ®)
-

“oxidant

£+
0 % yield Ar'-H Ar" "EWG

Ar-H = indoles additive: phosphoric acid
Ar'-H = anilines EWG = ester, ketone and cyanides

a new strategy. With our efforts, this work describes
the first success of catalytic cross-coupling reactions
involving one indole, one arylamine and one gold
carbene (Equation 3). Our new strategy employs
phosphoric acid (10 mol%) in THF to suppress the two
homo-coupling reactions as depicted in Equation 3.
Notably, our experimental data exclude the
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intermediacy of a-cyano aryl ketones that were proved

to be inactive under the running conditions (vide infra).

Result and Discussion

Table 1 shows the conditions and catalysts to optimize
the efficiency of cross-coupling reactions among
indole 1a, N,N-dimethyl aniline 3a and a-phenyldiazo
cyanide 2a in dichloromethane (DCM), aiming at our
target 4a. Among the three phosphine gold catalysts,
L’AuCl/AgOTf (L’= P(t-Bu)z(0-biphenyl), PPhz and
P(OPh)s, entries 1-3), triphenyl phosphite was better
than the other two phosphine ligands to afford
compound 4a in 26% yield; this was encouraging
because the formation of two homo-coupling products
4’ and 4” was greatly suppressed. We thus increased
the loading of AgOTTf to 50 mol%, further improving
the yield of compound 4a slightly to 31% (entry 4).
The chemoselectivity was greatly improved on
changing the solvent from DCM to MeCN, giving
compound 4a in 49% vyield (entry 6). We thus sought
a suitable Brgnsted acid as a co-catalyst because a
protodeauration step was presumably involved in the

Table 1. Cross-coupling reactions under various conditions

i QY
3a
(15 eam) ™ NC Ph_ pH Ph CN
oy O Q7 O “
solvent
18] Ni:,h 2a 25 °C, time '/\‘ O O
a (1.5 equiv)

Entr Catalyst (mol%) Additive ~ Solven  Time Yleld[bl

y (10 mol%) t (h) ta 2 4
10 LAUCI/AgOTf (10/10) - DCM 10 17 26

2 PPhsAuCI/AgOTf (10/10) - DCM 40 21 15

3 (PhO)sPAUCI/AGOTF (10/10) - DCM 10 26 09

4 (PhO)sPAUCI/AgOTf (10/50) - DCM 12 31 11

5l AgOTf (50) - DCM 20

6 (PhO)sPAUCI/AgOTf (10/50) MeCN 15 49 08 11
7 (PhO)sPAUCI/AgOTf (10/50) A-1 MeCN 10 58 - 10
8 (PhO)sPAUCI/AGOTF (10/50) A-l THF 08 69 - 06
9 (PhO)sPAUCI/AgOTf (10/50) A-2 THF 09 62 - 10
10 (PhO)sPAUCI/AgOTF (10/50) A3 THF 06 72 - 08
11 (PhO)sPAUCI/AgOTf (10/50) A-4 THF 06 59 - 17
126 - A-4 THF 24

(Do 0 o
Png Phg” PhO.5” CF43CO,H
SOL

A-1 (pKa 1.14)  A-2 (pKa 2.30) A-3 (pKa 1.12) A-4 (pKa 0.00)
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in THF (entry 8). We also tested diphenylphosphinic
acid A-2 (pK, 2.30) and diphenylphosphoric acid A-3
(PKa 1.12),2which delivered the same product in 62
and 72% vyield, respectively (entries 9 and 10). To
clarify the effect of the acidity, we employed highly
acidic CFsCO:H (pKa = 0.0) to afford the desired
product 4a in a decreased yield ca. 59% (entry 11).
Brgnsted acid such as A-3 with a moderate acidity
(pKa = 1.12) is more appropriate for this cross-
coupling reaction.

We tested these cross-coupling reactions on various
indole derivatives 1b—k to assess the generality of the
reactions (Table 2). For various N-phenyl substituents
as in species 1b—e (X = Me, OMe, CI and Br), the
cross-coupling reactions gave product yields up to 81-
86%, for those bearing electron-donating groups such
as X = Me (4b) and OMe (4c), but the yields decreased
to 74-78% for X = Cl (4d) and Br (4e). This trend
correlates well with the nucleophilicity of the indoles.
The molecular structure of compound 4b was
confirmed by X-ray diffraction.**! For N-meta or -
ortho substituted methoxy indoles 1f and 1g their
resulting products 4f and 4g were obtained in 68 and
75% yield (entries 5 and 6). This reaction also worked
well with unsubstituted indole 1h and N-alkyl indole
1i (R = n-Pr), which delivered coupling products 4h
and 4i in lower yields (41 and 57%, entries 7 and 8).
These oxidative coupling reactions were also
applicable to 2- or 3-thienyl-containing indoles 1j and
1Kk, rendering compounds 4j and 4k in 73 and 82%
yield, respectively (entries 9 and 10).

Table 2. Oxidative coupling reactions with various indoles

10 mol% A-3 h /
BR cN 10 mol%(PhO);PAUCI NC \
_ + + Ph 50 mol% AgOTf
N Ph SN, N X
R <V THF, 25°C, time |
1lal 2a 3a

q /
Ph N / Ph
ETesl L a0
/ o8
Cr, 3 SO
- Me
s >
~::( \:;) \— )\‘OMS
X
(1) 4b, X=Me (9h, 81%, x-Tay) ) ¢ 45 6oy (6) 49, 14 h, 75%
(2) 4c, X = OMe (7 h, 86%)
(3) 4d, X = CI (12 h, 78%) ,
= 9 / Ph
(4) 4e, X = Br (14 h, 74%) Ph N
| NG O N NC \

(7) 4h, R = H (6h, 41%) (9) 4, 10 h, 73% (10) 4k, 11 h, 82%

(8) 4i, R = n-Pr (15 h, 57%)

reaction mechanism. As shown in entry 6, the presence

of phosphoric acid A-1 (10 mol%, pKa 1.14) improved

the yield of species 4a to 58% in MeCN (entry 7), and

further to 69% vyield

[[1a=0.2 M, 2a = 1.5 equiv., 3a = 1.5 equiv.

b1 Product yields are obtained after purification from a silica
column.

€] L = P(t-Bu)2(0-biphenyl).

[91 3a was recovered in 69% yield in entry 5.

(] The amount of 1a and 3a recovered was 67 and 75%,
respectively.

[1¢=0.26 M.
b1 Product yields are obtained after purification from a silica
column.

Table 3 depicts the applicability of these cross-
coupling reactions to various a-diazo species including
cyanides, esters and ketones. For a-phenyldiazo
cyanides 2b-2e bearing para-substituents (X = Me, Cl,
Br and CFs3), their resulting products 5a-5d were
obtained in 72-84% vyields (entries 1-4). For meta-
methoxyphenyl analogue 2f, its corresponding product

2
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5e was produced in 71% yield (entry 5). We performed
the reactions on a-diazo ester 2g and ketone 2h which
afforded cross-coupling products 5f and 5g in 76 and
70% yield, respectively (entries 6 and 7).

Table 3. Cross-coupling reactions with a-diazo species
RZ

N\ 10 mol% A-3
N A N 10 mol%(PhO);PAUCI
w T + | 5omol% AgoTt

S0 mol®% AgOTF

Ar ’ -
R “ > THF, 25°C, time
3

X

1clal
Ar = 4-MeOCgH4

N

OMe

Ar = 4-MeOCgHy
Ar

(5) 5e,(11h,71%)  (6) 5f, X = CO,Et (15 h, 76%)!

(7) 5g, X = COMe (13 h, 70%)(!

1) 5a,X =Me (10 h, 77%)
2) 5b, X =Cl (12 h, 72%)
3) 5c, X =Br(9h, 75%)

(
(
(
(4) 5d, X =CF, (8 h, 84%)

[ 1c = 0.18 M.

bl Product yields are obtained after purification from a
silica column.

] Reactions were carried out at 50 °C.

In Table 4, we prepared various N-substituted anilines
3b-3i to assess the effects of amine functionalities. We
first performed the reactions on N-phenyl substituted
anilines 3b (R = H) and 3c (R = Me), yielding the

cross-coupling products 6a and 6b in 80 and 85% vyield,

respectively (entries 1 and 2). For electron-rich N-
butyl-derived anilines 3d and 3e, their resulting
products 6¢ and 6d were obtained in 74 and 82% vyield,
respectively (entries 3 and 4). Again, for anilines 3f
and 3g bearing a N-(2-methoxyethyl) substituent, we
obtained a yield for N- methyl product 6f (R = Me,
86%), better than that (70%) of compound 6e (R = H
entries 5 and 6). For anilines 3h and 3i bearing less
basic N-bis(2-methoxyethyl) and morpholine, their
corresponding products 6g and 6h were obtained in 82
and 64% vyield, respectively (entries 7 and 8). With
these results, we observed efficiency for R = Me as in
entries 2,4,6 greater than for their unsubstituted
anilines R = H (entries 1, 3, 5). A basic aniline is
expected to diminish the activity of the gold catalyst
when gold is coordinated with aniline; this positive
effect might arise from an increased nucleophilicity of
a basic aniline. According to our subsequent study, a
deprotonation of a basic aniline seems to be more
important to enhance this cross-coupling efficiency
(vide infra).

10.1002/adsc.202000879

Table 4. Cross-coupling reactions with various anilines

X 10 mol% A-3 i
N
\\;} © 10 mol%(PhO)sPAUCI / &
_50mol% AgOTf ( H O R?2
Ar N~

R2 THF, 25°C, time N R
1cla) Ar PCl

Ar = 4-MeOCgH,
Ph
NC
S
‘ N\ /l S
) C ; 0 :
(5) ee(R H 16 h, 70%)

\/\N
)
(6) 6f (R =Me, 9 h, 86%)

(3) 6¢ (R=H, 16 h, 74%)
(4) 6d (R =Me, 11 h, 82%)

(1) 6a(R=H, 14 h, 80%)
(2) 6b (R =Me, 10 h, 85%)

™o
Ph
Ph N/) NC N
NG Mo~ o
~ A
S E/J\N
(8) 6h (11h, 64%)

A N (7) 6g (13 h, 82%) Ar
Ar = 4-MeOCgHy4

[l1¢c =0.18 M.
[®] Product yields are obtained after purification from a silica
column.

We also achieved catalytic cross-coupling reactions
between two distinct indoles and one carbene
(Equation 5). Under the standard conditions (molar
ratio: 1c/ll/2a = 1/1.5/1.5), we obtained desired
product 4l from a cross-coupling reaction, in addition
to compound 4¢’ in a minor proportion. We also
managed to achieve the cross-coupling reactions
among two distinct anilines and one carbene; the result
is depicted in Equation 6. Under the conditions 3a/3g
[2a = 1/2.0/1.5, we obtained the resulting cross-
coupling products 7b in 63% yields. This good yield
was attributed to a large loading (2 equiv) of anilines
3g, that has moderate nucleophilicity.

10 mol% A3

o Ph oN —
10 MoI%(PhO),AUC Ph, ON /
. g (U 0) O T
) . YCN 50 mol% AQOT Y N
N N Nt N N (5)
A h-Bu ! Ar
T a167%)

N R ascan
n "BUiciiza=11515

Ar
Ar = 4-MeOCgH, 4c' (8%)
Ph N2 10 mol% A3
Ph CN
Gt L 10 mol%(PhO),AUC Ph CN
NS e en

50 mol% AgOTf O O

3a 2a _—
I\ THF, 25°C, time b (63%) \
+ Ph=N_ OMe 3ap20i3g = 1/1.52 4a” (10%)
3g OMe MeO
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10 % A3
10% (PhO)sAuCl
50% AgOTf

)
1c + 2a| +
u N THE 25°C, 10

3i 1c/2a/3i= 1/1.5/1.5
Ar = 4-MeOCgH,

Ph CN

Qj)\ ¥
N v
AT am 65%) H

O Ph CN
O
N
Al 4P (57%)
H,S0,, NaNO,
EtOH, 1t, 5 h

H,
10 mol% Pd-C,
MeOH, rt, 22 h

Ph CN
Ph CN KBr Ph_CN Ki Q
p-TSA, NaNO, Q p-TSA, NaNO, ] O
I O ~ MeCN.1L4h | O MeCN, rt, 4 h N I
5 MeCN.t4h !

NH, A/ 40 (92%)

N
A/ 44 (80%) A/ 4N (88%)

Scheme 1. Chemical functionalizations of cross-coupling
products

We performed chemical transformations of one
cross-coupling product im into other
indole/arene/carbene species that could not be
obtained in this catalysis. We prepared N-benzyl
derivative 4m in 65% yield according to our protocol
(Scheme 1). Reductive debenzylation of species 4m
with Pd/C/H; in MeOH vyielded compound 4n in 88%
yield.[*? Treatment of species 4n with p-TSA/NaNO;
yielded a diazonium salt that reacted with KI to form
4-iodophenyl product 40 in 92% yield.*3 With this
diazonium species, compound 4n was further
transformed into an unsubstituted phenyl derivative 4p
and 4-bromophenyl product 4q in 57 and 80% vyield,
respectively. 3] Accordingly, various
indole/arene/carbene coupling products can be derived
from chemical functionalization of their aniline
derivative 4m, further expanding the scope of

applications.
CN
©\/'> Ji 10 mol%(PhO);AuCl " O Qj/\
N
1clza=1/1.5 Q @
OMe 36/) ‘oMo wed 1c-H (21%)

+
Ph CN 50 mol% AgOTf
1c 2a THF, 25°C, 5.5 h

oh N, 10 mol%(PhO);AuC! Ph_CN CN
o

P 50 mol% AgOTF . /@/Kph ©

3a 2 THF, 25°C, 8 h N

a 3aza=115 N N
| 4a" (31%) | 3a-H (26%)
10 molI%(PhO);AUCI
0
e + 3a + 2a| _50mol%AgOT! s+ 4c

THF, 25°C, 11 h 4% 0% (9)
1c/3al2a = 1/1/1.5
n mol% A3
10 mol%(PhO)sAuC!
50 mol% AgOTf
THF, 25°C, 9 h
1cl3al2a = 1/1/1.5

4c + 4c' (10)
n=10 82% 4%
n=20 86% —

1c + 3a + 2a

We performed two control experiments (Equations
7 and 8) to examine the relative rates of reaction of
indole 1c versus aniline 3a toward gold carbenes.
Under the same conditions, an equimolar mixture of
1c/2a and 3a/2a gave rise to homo-coupling and
hydroarylation products 4¢’/1c-H and 4a”/3a-H; their
respective yields were 36 and 31% for species 4¢’ and
1c-H, and 31 and 26% for species 4a” and 3a-H.
According to the duration (5.5 h versus 8 h) of reaction,

10.1002/adsc.202000879

indole 1c is superior to aniline 3a as a nucleophile; this
assessment is evident also with preferable formation of
homo-coupling indole product 4” in Table 1. Notably,
when aniline 1c was present in the indole/diazo
mixture, formation of these four major products
4¢’/1c-H and 4a”/3a-H in Equations 5 and 6 became
so seriously suppressed such that cross-coupling
product 4c was obtained up to 64% yield (Equation 9).
When phosphoric acid A-3 (10 mol%) was present,
this 1c/2a/3a mixture generated desired 4c up to 82%
yield, further to 86% with acid A-3 at a 20 mol%
loading (Equation 10).

CN 10 mol% A-3 4c (0%)
o 10 mol%(PhO)3PAUCI
1e + + 3a _50mMol%AgOTf 1c (62%) an
. THF, 25°C, 14 h M
2i 1ci2il3a= 11515  2i(75%)
10 mol% A-3 CN

10 mol%(PhO);PAuCI
50 mol% AgOTf

©/§O (12)

2i (0%)

wet THF, 25°C, 6 h

10 mol% A-3

10 mol%(PhO)3PAUCI

_50mol% AgOTf
TTHE 25C, 240

1c-H/3a=1/1.5

4c + 1c-H + 3a (13)
0% 60% 95%

10 mol% A-3
10 mol%(PhO)3;PAuCI

0,
_SOMOPRAGOTL 4o +3aH + e (19)
THF, 25°C, 24 h 0% 43% 90%

3a-H1Mc=1/15

To clarify the role of a-cyano ketones as viable
intermediates, we prepared an authentic ketone 2i that
turned out to be robust under the operating conditions,
with a large recovery of all starting materials
(Equation 11). In fact, a-cyano diazo 2a could not be
converted into acyl cyanide 2i with Au(l) and Ag(l) in
wet THF solution (Equation 12). Accordingly,
addition of arenes at gold carbenes is confirmed to be
an initial step. We performed two new experiments
that show that hydroarylation products 1c-H and 3c-H
are inactive species in this cross-coupling process. The
reactions of 1c-H with 3a and 3a-H with 1c failed to
give the desired cross-coupling product 4c (Equations
13 and 14).

Our next task was to clarify the basicity of anilines
in the cross-coupling reaction. As shown in Scheme 2,
we examined the reactions with less basic anilines 3j
(R*=R?=H)and 3k (R* = H, R?= Ac), which showec
no catalytic activity for either cross- or homo-coupling
reactions (entries 1 and 2). We next tested the reaction
of N, N-dimethyl 2,6-dimethylaniline 31 that turned out
to be an ineffective substrate, but we isolated homo-
coupling bis(indole) product 4¢’ (entry 3). Aniline 3l
is highly hindered for a deprotonation reaction, but not
for a para-arylation; the high reactivity of a basic
aniline in the cross coupling is likely to be associated
with a deprotonation.
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1clal

+ 10 mol% A-3 Ph CN
2a 10 mol%(PhO)sPAUCI Q
e SOmo%AQOTE 1eH +
| o
N THF, 25°C, time N A
1 “p2 \ , r
R 1c/2a/3 = 1/1.5/1.5 Ar 60! 4c
i 0,
, , time yield (%)
Entry 3 Ar R R
(h) 6 1cH 1c 3 4c
13 Ph H H 05 - ~ 100 85
2 3k Ph H Ac 14 - 12 5 95
3 3l 26Me;Ph Me Me 10 - - - 90 67
[1c=0.18 M

I Product yield are obtained after purification from asilica
column.

Scheme 2. The role of anilines in cross-coupling reactions

According to our product analysis in Scheme 2,
cross-coupling reactions are operable only with those
anilines bearing sufficient basicity to enable a
deprotonation. Concurrently, phosphoric acid A-3 also
enhanced the efficiency of cross coupling, but its
absence still yielded desired product 4c in 64% vyield
(Equation 9). We postulate a mechanism involving
phosphoric acid A-3, as depicted in conditions A
(Scheme 3). N-aryl indoles 2 are obviously more active
than those N-alkyl anilines to attack gold carbenes to
form gold-containing iminium A, of which the acidic
proton was deprotonated with aniline 2a to form gold-
containing indole B. Intermediate B is further oxidized
by Ag(l) to form radical cation C, in which the cationic
center induces a dissociation of LAu* to generate the
indolium species D and LAu(0); the latter is quickly
oxidized by Ag(l) or other oxidant to regenerate LAuU™.
After this transformation C—D, the phosphoric acid
reacts further with PhNMe; to form a complex pair.
This acid-base pair bears a basic P=0O oxygen which
can be tightly bound to an iminium salt D through an
electrostatic interaction to facilitate the cross-coupling
reaction. According to our results in Equation 7, in the
absence of PhNMe; (conditions B), triflate ion
abstracts the acidic proton of A to form gold-
containing indole B and triflic acid. Intermediate B can
further be oxidized by excessive Ag(l) to form
indolium D which is attacked by another molecule of
indole to get homo-coupling product 4°.
Protodeauration of B can also occur with triflic acid to
produce the hydroarylation product 1c-H.

This mechanism rationalizes well the importance of
the basicity of anilines to affect the cross-coupling
reaction; basic anilines form a tight complex with
phosphoric acid in addition to their strong
nucleophilicity. For various Brgnsted acids (Table 1,
entries 8-11), CFsCO;H (pKa 0.0) is inferior to
phosphoric acid A-3 (pKa 1.12) in this cross coupling
because the less basic CFsCO; anion is not tightly
bound to an iminium species C.

10.1002/adsc.202000879

Condition A: with PhNMe, Ar CN

AuL PhNMez
+ % AuL
N UA L N
\Ar PhNHM92
g(l)
Ag(0

Ar, CN / CN AL
ui
A o, Lo Aw) .
AgO) l r

LAu

RO “oR
Condition B: without PhNMe, (eq 7)

%o Ar_ CN

AuL Ag

HOTf Qi
Ary CN
HOTY ij

Scheme 3. A postulated mechanism

Conclusion

Before this work, electron-rich arenes were well
known to undergo hydroarylations with gold, rhodium
and other carbenes.>® To seek new carbene chemistry,
we have developed oxidative cross-coupling reactions
between two distinct arenes with one gold carbene
over a wide scope of substrates. Our mechanistic
analysis indicates that relatively basic arylamines and
an additional phosphoric acid are crucial to enhance
these cross-coupling reactions, thus providing
mechanistic insight into the reactions.

Experimental Section

%/nthems of 2-(4- dlmethylammo? phenyl)-2-phenyl-2-
E phenyl 1H-indol-3-yl)acetonitrile  phenylacetonitrile

A reaction tube was charged with
(chIorotrlphenoxyﬁhosphoranﬁl)goId(l) (28 mg, 0.052
mmog J:)heny ydrogen phosphate A-3 (13 mg, 0.052
mmol) an

sHver%_) tr|fIuoromethanesulfonate (Ag TQrﬁG
mg, 0.22 mmol). To the above mixture was added a dr

(1 0 mL), and the mixture was stirred at room temperature
under a nltrogren atmosphere for 5 min. To this solution was
added a dry THF solution (2 mL) of N-phenyl Indole la
(1200 mg] 0.52 mmol?\‘ 2-diazo-2-phenylacetonitrile 2a (88
mg, 0.77 mmol) and N, N-dimethyl aniline 3a (94 mg, 0.77
mmol) with syringe in a period of 25 minute. The mixture
was kept stirring at 25 °C for 6 h before it was filtered over
a short celite bed. The solvent was concentrated, and the
crude product was chromatographed through a silica gel
column using ethyl acetate/hexane (10:90) as the eluent to
afford compound 4a 3159 mg, 0.37 mmol, 72% yield) as
light yellow semi-soli

2‘;phenyl-2,2-bis(1-pheny|-1H-indoI-S-yI)acetonitriIe
@):

colorless liquid, *H NMR (600 MHz, CDCls): § 7.62 -7.58
(m, 2 H), 7. 3(d,J=8.2Hz 2 H 746743(m 4H 7.40
-7.36 (m, 5 H), 33- 728(m 6 H),7.22-7.21 (m, 2 H), 1711
édJ 8.0, 0.9 Hz, 2H)658(s )13CNMR(1

DCls): & 139.1, 136.9, 131.1, 129.5, 129.3, 128.6, 128.
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127.8,126.8,124.5,123.0,121.4,121.0,120.8, 116.7, 116.2,
110.8, 44.8; HRMS-ESI+ calcd for CssHzsNsNa (M+H)
522.1946, found: 522.1931.

(2‘,3’-)bis(4—(dimethylamino)phenyl)—2-pheny|acetonitriIe

yellow solid; *H NMR (600 MHz, CDCls): 7 1 7.26 (m
3H), 7.24-7.23 (m, 2 H), 7.03 (d, J = 8.6 Hz, 4 663|_S
J ='8.8 Hz, 4 H), 2.93'(s, 12 H); C NMR (150 MHz,

): & 149.8,'141.6, 129.4, 128.7, 128.3, 128 3, 127.5,
124.2,111.9, 55.8, 40.3; ESI-MS calcd. for CasHasNsNa
(M+Na): 378.1946; Found: 378.1947.

|2_|—)(_4—(dimethylamino)phenyl)-2-pheny|acetonitriIe (3a-

colorless liquid, 50.44 mg, 26%; 'H NMR (600 MHz,
CDCl3): 6 7.33- 726(m 5 ) 715(d J=8.5Hz,2H), 6.66
d, J=8.7 Hz, 2 H), 5.03 (s, 1 H), 2.92 (s, 6 H); 3C'NMR
150 MHz, CDCI3) & 150.2, 136.7, 129.0, 128.4, 127.8,
27.5, 123.2, 120.2, 112.6, 41.7, 40.3: EI-MS calcd.
CisH16N> (M+): 236.1313; Found: 236.1308.

for

2-(1-(4- methoxyphenylth indol-3-yl)-2-
phenylacetonitrile (1c-

colorless liquid, 31.8 m 21%; 'H NMR (400 MHz,
CDCI3): 6 7.50-7.47 (m H ,7.41 (d, J = 8. Hz, 2 H),
7.39-7.30 (m, 4 H), 7. 3719 m 2H),7.12(t,J=7.9Hz,
1H 701(dd JZ'6.8 2.1 Hz, 2H) 42(s,1H),3.85(s,
3 H); **C NMR (100 MHz, CDCI3): 5 158.6, 137.1, 135.3,
132.0,129.1,128.2,127.7,127.6, 127.2, 126.1, 123.0, 120.6,
119.7, 119.0, 114.8, 111.2, 110.8, 55.6, 34.4; EI-MS calcd.
for C23H1sN20 (M+): 338.1419; Found: 338.1416.

2,2-bis(1-(4-methoxyphenyl)-1H-indol-3-yl)-2-
phenylacetonitrile (4¢’):

colorless semi-solid, 90.2 mg, 36%; 'H
CDCl3): 6 7.63 (dd, J=85,1.3Hz, 2 H),
09 Hz, 2 H), 7. 6729(m,7H),719
gtd J=8.0,1.2Hz 2 H), 7.02-6.99 (m, 4H)

68 (s, 6 H): 13C NMR(150 MHz, DCI3)
137.9,130.2,128.7,128.4, 128.0, 128.0, 127.8
122.3,120.7, 120.1, 115.2, 112.3, 111.0, 55 6,
MS calcd. for CasHaoNaNaO; (M+Na) 2.2
582.2150.
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2-(4-(dimethylamino)phenyl)-2-phenyl-2-(1-phenyl-1H-
indol-3-yl)acetonitrile (4a):

yellow semi-sold, 159.2 mg, 72%; 'H NMR (400 MHz,
CDCIZB 6752(d J=8.2 z 1H) 7.47 (d, J = 8.2 Hz, 2
3 1-7.37 (m, 6 H), 7.35-7.28 (M, 4 H), 7.24-7.22 (m. 2
7.09 (t, J =7.3 Hz, 1H)665dJ 8H22H)660
s, 1H),2.94 (s, 6 H); 13CNMR(lOO MHz, CDCls): 6 149.9,
403 1392 370 129.6, 128.9, 128.5, 1281 127.8, 1269
126.8, 126.6, 124.5, 123.9, 123.0, 122.7, 121.2, 120.7, 117.9,
112.0, 112.0, 110.7, 50.3, 40.3; HRMS-ESI+ calcd for
CsoH2sN3Na (M+Na): 450.1946, found: 450.1935.

2-(4-(dimethylamino)phenyl)-2-phenyl-2-(1-(p-tolyl
IS|r(1dol3y)ll)aceton)|tprlle2/42> “phenyl-2-(1-(p-tolyl)-

yellow solid, 172.6 mg, 81%; *H NMR (600 MHz, CDCls)
0747 (d,J=85Hz,1H), 742 (d,J=7.5Hz 2 H), 7.37
d,J=81Hz 1 H), 7.33 (g J=7.7Hz, 2H),7.30-7.28 (m,
H), 7.27-7.23 (m (m, 3 H),7.22 (d, J=9.0 Hz, 2 H), 7.19 (t,
J=69Hz 1 H), 06 t,J=6.9Hz 1 Hg, 6.6 (dé J=85
Hz, 2 H) 6.57 (s, 1 H), 2.93 (s, 6 H), 2.38 (5, 3 H); *C NMR
150 MHz, C CI3) o 149.8, 140.3, 137.1, 136.7, 136.6,
30.1,129.1,128.9,128.5,128.1, 127.7,126.9, 126.4, 124.5,
122.8,122.7,,121.1, 1205, 117.5, 112.0, 111.7, 50.3, 40.3,
21.0; HRMS- ES|+ calcd for C31H27N3Na (M )

464.2103, found: 464.2118.
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2-(4-(dimethylamino)phenyl)-2-(1-(4-methoxyphenyl
IS |r(1dol 3- y>ll) 2- phe%@/lacgtgnltslle(@c) yphenyl)-

yellow semi-solid, 176.2 mg, 86%; 'H NMR (400 MHz,
CDCI3)8743737(7 3H)735728(m 5H),7.22-7.19
gm 3H 705tJ 9 Hz, 1 H),6.96 (d, J=8.9 Hz, 2 H),

6H) Hz, 2 H), 6.53 (5, 1 H), 3.83 (s, 3 H), 2.93
S,

37.7,132.3,129.3,129.0, 1285, 128.2, 127.7, 126.4, 1262,
122.8 122.7,121.1,120.5, 117.4, 114.8, 112.2, 110.6, 55.6,
40.3; ESI-MS calcd. for CaHz7NsNaO (M+Na) 480.2052;
Found: 480.2038.

2-(1-(4-chlorophenyl)-1H-indol-3-y1)-2-(4-
(dimethylamino)phenyl)-2- phenylacetonltrlle (4d):

gellow solid, 158.2 mg, 78%; 'H NMR (600 MHz, CDCl,):
7.45(d, J =8.0 Hz, 1 H), 7.43-7.40 (m, 3 H), 7.37 (d, J =
80Hz 1 H), 734729( 5 H), 7.23-7.18 (m, 4 H), 7.08
t, J=80 Hz, 1H), 6.65(d, J = 8.8 Hz, 2 H), 656 (s, 1H2
13973 7(slgGH 13c IMR (150 MHz, CDCl5): & 149.8, 140

13C NMR(150 MHz, CDCly): 3 158.6, 149.9. 140.5,

132.4,129.8,129.7,128.9, 128.6, 128.5, 128.1,

127.8,126.7,125.7,125.5, 123.2, 1225, 121.3. 121.0, 120.1,

118.5, 112.0, 110.4, 50.3, 40.3; ESI-MS calcd. for
C3oH25CIN3 (M+H): 462.1737; Found: 462.1735.

2-(1-(4-bromophenyl)-1H-indol-3-yl)-2-(4-
(dimethylamino)phenyl)-2-phenylacetonitrile (4e):

gellow solid, 137.7 mg, 74%; *H NMR (700 MHz, CDCl3):
7.45 (d, J = 8.3 Hz, 1H)743740(m4H)737(d J=
80Hz TH 734720( 5 H), 7.24-7.19 (m, 3H)708
t,J=7.4Hz, 1H),6.65 (d, J=8.3Hz, 2 H),6.56 (s, 1 H),

93 (s, 6 H); "3C NMR (175 MHz, CDCl5): $ 149.9, 140.1,
137.6, 136.9, 132.3, 129.

,128.9,128.6,128.5,128.1, 127.8,

126.7,126.6,125.7,123.2, 122 5. 121.3,121.0, 118.4, 112.0,

110.4, 50.3, 40.3; ESI-MS calcd. for CszH24BrNsNa
(M+Na): 528.1051; Found: 528.1057.

2-(4-(dimethylamino)phenyl)-2-(1-(2- methoxyphenyl)
Ij indol-3-yl)-2-phenylacetonitrile (4f):

yellow solid, 139.4 mg, 68%: HNMR(6OO MHz, CDCl,):
5743 (d ,J:72Hz,2H) 7.37 (d, J =8.0 Hz, 1 H), 7.34-
728(m 4H),7.23(d, J=8.5Hz, 2 H), 7.15 (d, J = 4.0 Hz,
2'H), 7. 57 o ,4H3)665(d J=8.9Hz, 2 H) 6.52 (s,
1 3 ( H), 2 (6 H); 3C NMR (150 MHz,
CDCls): 5154. 1498 140.5, 137.9, 130.4, 128.9, 128.8,
1284 1282 12 1,127.6,127.6,127.1,125.9,122.8, 122.4.
120.7, 120.7, 120.2, 116.7, 112.3, 112.0, 111.1, 55.6, 50.3,
40.3; ESI-MS calcd. for CaH2sNsNaO (M+Na): 476.1713:

Found: 476.1724.

2-(4-(dimethylamino)phenyl)-2-(1-(3-methoxyphenyl
Ij |r(1dol 3- y¥) 2- phe)rg/lacg/tgnltf'lle((4f) yphenyl)-

1 36.12

1, 126 8, 126. 6 123. 0,122.6,121.2
112. O 110. 8 110.5, 55.5, 50.3,

031H27N3Nao (M+Na 476.1713;

130. 3 128.9,
120.7, 117. 9 116 7,
40.3; ESI-MS calcd.
Found: 476.1715.

2-(4- (d|methylamlno%phenyl)-z-(lH-indol-3-yl)-2-
phenylacetonitrile (4h):

colorless semi-solid, 122.9 g % 'H NMR (400 MHz,

CDCI98809 (bs, 1 H), 7.38-7 (m 3H 7317268
21715m3H3, 6 .00 §664d
85H22H)68dJ: z, 1 )29 - 13C
NMR (150 MHz, CDClg): & 8, 140.4, 168 291
6
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128.9,128.7,128.4,128.1,127.7,127.0, 125.4, 122.7, 122.6,
120.7,120.2, 117.0, 111.9, 111.2, 50.2, 40.3; EI-MS calcd.
for CaaH21N3 (M+): 351.1735; Found: 351.1738.

2-(4- (dlmethylammol)phenyl) -2-phenyl-2-(1-propyl-1H-
indol-3-yl)acetonitrile (4i):

yellow semi-solid, 140.8 mg, 57%; (6 0 MHz,
CDCI3 $7.37-1.35 m 2 H) 7.32-7. 2 ( ) .20-7.15
gmsH)699tJ H)664d =8.9 Hz, 2 H),

38 (s, 1H 396? = 23H12 I\SIS H), 1.81-
1.75(m, 2 H),0.86 (t,J = 3H 3H) 3C NMR (150 MHz,
CDCl3): o 149 8, 140.7, 137.1, 128.9, 128.4, 128.1, 127.6,
127.4,126.0,123.9,122.0, 120.9, 119.6, 115.1, 112.0, 109.6,
50.3,48.1, 40.3, 34, 11.4; ESI-MS calcd. for Co7H2:NsNa
(M+Na): 416.2103; Found: 416.2119.

2-(4-(dimethylamino)phenyl)-2-phenyl-2-(1-(thiophen-
2)(/I)(1H md%)/ISyI)a)cF()etom){r)lle 4)): yl-2-(1-{thiop

yellow semisolid, 158.8 mg, 73%; 'H NMR (600 MHz,
CDCls): 5 7.51 (d, J = 8.2 Hz, 1 H), 7.42-7.41 (m, 2 H), 7.39
dd, J—52 1.9 Hz, lH)7368d J =8.2 Hz, 2 H), 7.34-

H)723720(m 4 H), 7.08 (td, J = 8.0, 0.8 Hz,
5(d;J =9.0 Hz, 2 H), 6.58 (s, 1 H), 2.94 (s, 6 H);

13c NMR( 0 MHz, CDCl»): 6 149.9, 140.2, 137.7, 137.2,

129.0,128.9, 125.5, 128.1, 127.8, 126.8, 126.3, 126.1, 123.8,

123.1,122.6, 121.1,120.8, 117.7, 115.6, 112.0, 111.8, 50.3,
40.3; ESI-MS calcd. for CagHaaNsS (M+H) 434.1691;
Found: 434.1690.

2-(4-(dimethylamino)phenyl)-2-phenyl-2-(1-(thiophen-
3- §/I)(1H mdgl 3 yl)az:%ton%r)lle 4Kk): yl-2-(1-(thiop

yellow semisolid, 178.3 m 00 MH
CDCIZB 6752(d J=8.2 Hz, 1H) 7.42 (d, J=7.5 Hz,
1-7.36 (m, 2 H), 735729(m 5H), 7.24-7 21(m
H),7.19(,J= 48Hle)708(tJ '5 Hz, 1 H), 6.
,J =88 Hz, 2 H), 6.59 (s, 1 H), 2.94 (s, 6H) BC'NM
175 MHz, CDCI3) o 151.3, 141.6, 139.2, 138.7, 132.
30.8,130.3,129.9,129.5,129.2, 128.2, 127.7,127.6, 1252,
1245 122.6, 122.2,119.1, 1171, 113.4, 1122, 51.7, 47.7
ESI-MS calcd. for CasHasNaNaS (M+Na) 457.1510;
Found: 457.1574.

82%; H NMR (7

2
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6
MR
5,

2-(4-(dimethylamino)phenyl)-2-phenyl-2-(1-(thiophen-
3- §/I)(1H mdgl 3 yl)a)c%tom){r)lle 4K): yl-2-(1-{thiop

yellow semisolid, 152.9 mg, 67%; 'H NMR (6
CDCI£6755 dJ—84 ZZH),7.51(d J=
2(dJ 3Hz, 1 H), 7.35:7.31 (m, 4 )7
1Hz,2H),719(tJ 82H22H, .06
,1H;,702t :72Hzl 5§dd
2(31 6.64 1Hg4 -3.99
H), 1.28-1.24 (m, 2
(7 50 MH z, C ):

l
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ESI-MS calcd. for 035H31N3Na 2.
Found: 532.2378.
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2-(4-(dimethylamino)phenyl)-2-(1-(4-methoxyphenyl
IS |r(1dol 3- y}I/) 2-(p- t?)?yl)age)tom(trlﬁe (5a): yphenyl)-

colorless semi-solid, 162.6 mg, 77%; *H NMR (400 MHz,
CDCl3): 8 7.38 (t,J = 62Hz H 729(t J=7.6Hz 4H),
7.23-7.16 (m, 4 H), 7.12 (d J 76Hz 2H),7.05(t, J=75
Hle)696dJ 7.3 22H 665dJ 78 22H)
6.54 (s, 1H), 3.83 (s, 3H)29356H)232 13C
NMR 5150 MHz, CDCls): 6 158.4, 149.8, 374
132.1, 129.8. 12921291 128.9, 1280 1273 1263 126.1,
125.5, 122.8,122.7, 121.1, 120.4, 117.4, 114.6, 112.0, 110.5,
55.5, 50.0, 40.3, 21.0; ESI-MS calcd. for Cs;H3N3O
(M+H): 472.2389; Found: 472.2388.
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2-(4-chlorophenyl)-2-(4-(dimethylamino)phenyl)-2-(1-
(4(methoxy|?)hen¥/ 1I£| |$1dol 3 y%)aceton)lgrlle% b): a

colorless solid, 158.6 mg, 72%; 'H NMR (600 MHz,
CDCls): 6 7.40 (d, J—8 Hz, 1 H), 7.36-7.35 (m, 3 H),
7.31-7.29 (m, 5 )7 21-7 19m2H)707(tJ 7.1 Hz,
1 H), 6.97 (d, J = 8.8 Hz, 2 H), 665(déJ—86H22H

6.5 13 1H), 3.83 (s, 3 H), 293(s 6 H); lCNMR(150M Z,
CDCl3): 6 158.5, 149.9, 139.0, 137.5, 133.8, 131.9, 129.5,
129.2,128.8,128.6, 126.1, 126.0, 122.9, 122.3, 120.9, 120.6,

1

1,
116.7, 114.8,114.7,112.0, 110.7, 55.5, 49.9, 40.3; ESI-MS
calcd. for CarH27CINGO (M+H): 492.1843; Found: 492.1842.

2-(4-bromophenyl)-2-(4-(dimethylamino)phenyl)-2-(1-
(4- methoxyphenylg I—ﬁ -indol-3-yl)acetonitrile (5c):

colorless solid, 180.2 m 75% 'H NMR (600 MHz,

CDCly): 5 745 (. J = 8.6 ,7.40 (d, J=8.2 Hz, 1
H), 7.35 (d, J = 8.0 Hz, 1H) 31 28 (m ,4H,720717
m. 2 H), 7.07 (t, = 7.4 Hz, 1 H), 6.97 (d, J = 8.9 H

65 (d,9=8.9 Hz, 2 H), 6 351H)383(s,3H) 94(s
6 H); 1°C NMR (150 MHz, CDCls): 8 158.5, 1499, 139.5,
137.5,131.9, 131.6, 1299 £1202 128.8, 126.1, 126.0, 1226,

122.2,121.9,120.8,120.6,116.6, 114.6, 112.0, 111.9, 110.7,
55.5, 49, 9, 40. 2; ESI-MS calcd. for Ca1H27BrNsO (M+H)
536. 1338 'Found: 536.1342.

2-(4-(dimethylamino)phenyl)-2-(1-(4-methoxyphenyl)
Ij mdol 3-yl)-2-(4- (tr|fluoromethyl)phenyl)aceton}lltrlIe

colorless solid, 197.7 mg, 84%; *H NMR (600 MHz,
CDCI7) §7.57 (m, 3 H), 7.42-7.29 (m, 3 H), 7.23-7.18 (m,
07 (t, J=8.0 Hz, lH) 6.97 (d, J =8.8 Hz, 2 H), 6.65
(d J—89Hz 2 H), 6.53 (s, 1H), 3.83 (s, 3 H), 2.94 (s, 6
H); 3C NMR (150 MHz, CDCls): 6 158.5, 150.4 (Jcr= 7.5
Hz) 150.0, 144.4, 1375 131.9, 129.8, 1295 Jcr =314,
6.3 Hz), 1292 1288 1285 1262 1259 125.5, 123.0,
122.0, 120.8, 1207 1201(JCF—46 Hz), 1163 114.7,
112.0, 110.7, 55.8, 50.3, 40.2; ESI-MS calcd. for
ngH27F3N30 (M+H) 526. 2106 Found: 526.2116.

2-(4-(dimethylamino)phenyl)-2-(3-methoxyphenyl)-
(1-(4-methoxyphenyl)-1H- |yndol- -yl)aceton?trlle( e)

colorless solid, 155.1 mg, 71%; *H NMR (600 MHz,
CDCI3) §7.38'(d, J=8.1Hz, 2 H), 7.30 (d, J = 8.8 Hz, 2
H), 725721_$m 2H),7.18(t J=8.1Hz, 1 H), 7.05 (t, J =
78H21H 00-6. 6( H)683(de 7723Hz
,6.64 (d, J = 8.9 Hz, 2 H), 6.56 (s, 1H), 3.83 (s, 3 H),
37 (s, 3 H),2.93 (s, 6 H); *C'NMR (150 MHz, CDCly): &
159.6, 158. 1498 141.9,137.4,132.1,129.4, 1292 128.8,
126.8, 1262 126.1,122.7,122.6, 1210 120.6,120.4,117.1,
114.6, 1143 1128 1120 1105 555 552 50.3, 40.3;
ESI-MS calcd. for Ca;HoN3NaO, (M+Na) 510. 2157,
Found: 510.2134.

ethyl 2-(4-(dimethylamino)phenyl)-2-(1-(4-
methoxyphenyl)-1H- Endol 3-yl)-2- phenyﬁalcetate (5§)'

colorless solid, 171.7 mg, 76%; 'H NMR
CDCls):  7.40-7.32 (m, 4 H), 7.26-7.21 §m 5

400 MHz.
), 7.10 (t, u
=8.1 Hz, 3 H),6.97-6.19 (m, 3 H), 6.76 (s, 1 H), 6.62 (d, J
=8.9Hz, 2 H), 4.27 (q, J = 14.1, 7.0 Hz, 2 H), 3:83 (s, 3H)
3.73 (s, 3H) 2.91 (s, 6 H), 118(t J=7.0 Hz, 3 H);
NMR 5150 MHz, DCI3) o 174.0, 158.0, 1491 432
137.1,132.6,131.1,130.3, 129.6, 129.4, 128.3, 127.5,126.5,
126.0, 122.9, 1218 1201 1194 1145 1116 1101 61.4,
55.5, 40.4, 14.0; ESI-MS calcd. for CssHsN>NaOs (M+Na)
527. 2311 Found: 527.2303.

1-(4-(dimethylamino)phenyl)-1-(1-(4-methoxyphenyl
IS |r(1dol 3- y¥) 1- phe%@/lprgp)an g o(ne (59): yphenyl)-

colorless solid, 148.8 m|g_| 70%; 'H NMR (400 MHz,
CDCls): 8742735(m 4 H), 734731(m 3 H), 7.26-7.22
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dd, J=8.8, 2.0 Hz, 93 (t, J= 7.8 Hz, 1 H), 6.63(d,

8.9 Hz, 2 H), 3.85 ( 5 3H ,291§S,GH),2.16(5,3 );
13C NMR (175 MHz, CDCI3 8207.1,158.2, 149.0,122.5,
137.0, 1325 130.4,129.7,129.6, 129.0, 128.1, 127.8, 127.7,
126.3.126.0,122.2,122.2. 119.8, 118.2, 114.6, 111.8, 110.0,
66.9, 55.5, 40.3; ESI-MS calcd. for CaHauN>0, (M+H):
475.2386; Found: 475.2373.

gm 3 H), 7.18-7.10 (m, 4H) 703(t,J:66Hz,3H),7.00

-(1-(4- methoxyﬁ en%I) -1H-indol-3-yl)-2-phenyl-2-(4-
en

phenylamino)p acetonitrile (6a):

colorless solid, 181.1 mg, 80%; 'H NMR (700 MHz,
CDCI3 §7.44'(d,J=7.3Hz, 2 H), 741 (d, J= 8.3 Hz, 1
8(d, J=80Hz, 1 H), 7.35(t, J=7.0 Hz, 2 H),),

6 33 6.31'(m, 3 H),), 7.29-7.24 (m, 4 H), 7.21 9’ J=7.3Hz,
1 H), 7.09-7.06 (m, 3 H), 7.00 (d, J = 8.5 Hz, 2 H), 6.98 (]d,
J= 88Hz,2H),694 t,J=7.2Hz, 1 H),6.56 (s, 1 H),5.77
bs, 1 H), 3.84 (s, 3 H); ®*C NMR (175 MHz, CDCly): 3
58.5,143.1,142.1,139.9, 137.5, 132.0, 131.3, 129.3, 129.2

120.5, 118.6, 116.8, 116.6, 114.7, 110.6, 55.5, 50.5; ESI-
g/_lz?g ESL%d for CasHz/NsNaO (M+Na) 528.2052; Found:

2-(1-(4-methoxyphenyl)-1H-indol-3-yl)-2-(4-
E(r)%e)thyl(pheny amino)phenyl)-2- phenylacetonltrlle

colorless solid, 217.8 mg, 85%; 'H NMR (700 MHz,
CDCI3%6745 (d,J= 77H22H)74173 (Z 2H8735
1H22H),,633629m H)% 5-7.2 (m3
Hz, 1 H
2 .87

3

\100

H) 7.12(d, J=7.6 Hz, 2 H), 7.08 (t
tJ=6.8 Hz, 1 H), 6.99 (d, J =8.
8 Hz, 2 H),6.59 (s, 1 H), 385(5,
NMR 5175 MHz, CDCl3): & 158
137.5,132.0,130.3,129.3,129.2, 1
125.8,1255 123.2,123.1,122.8, 121.0, 120.5, 117.2, 116.9.
114.7, 114.7, 110.6, 55.5, 50.5, 40.1; ESI-MS calcd. for
CasH20NsNaO (M+Na): 542.2208; Found: 542.2294.

}O
[EEN
N
Q0 g

2-(4-(butylamino)phenyl)-2-(1-(4-methoxyphenyl)-1H-
|n((jol(3 -yl)-2- phe)ngllacégnltﬁlle((Gc) yphenyl)-

colorless semi-solid, 160.9 mg, 74%; *H NMR (400 MHz,
CDCls): & 7.43-7.36 (M, 4 H), 7.35-7.26 (M, 5 % 7.19(t,
=8.1Hz,1H),7.15(dd, J=6.7, 1.8 Hz, 1Hg O tJ:
7.1 Hz, 1 H), 6.96 (dd, J = 6.7, 2.0 Hz, 2 H), 6.54-6.52 (
3H), 3.83 (s, 3 H), 3.65 (bs, 1 H), 3. 7(t,J:71Hz 2
1.61-1,54 (m, 2 H), 1.45-1.35 (m, 2 ),093(t J=73Hz
3 H); °C NMR (100 MHz, CDCl3): 6 158.4, 148.1, 140.4,
137/5,132.1,129.3,129.1,128.5, 128.2, 127.8, 126.3, 126.1,
122.8,122.1,120.5,117.3,114.7, 112.3, 110.6, 55.6, 50.4,
435,316, 20.2, 13.9; ESI-MS calcd. for CasHzN3O
(M+H): 486.2545; Found: 486.2545.

2-(4-(butyl(methyl)amino)phenyl)-2-(1-(4-
Eggt)hoxyphenyl) -1 mdo? 3-yl)-2-phenylacetonitrile

colorless semi-solid, 183.5 mg, 82%; *H NMR (600 MHz,
CDCls): 6 7.43-7.42'(m 2H) ' 40-7.36 (M, 2 H), 7.34-7.27
m, 6 H), 7. 8(d,J=88 z 2H) 7.05(t, J=7.2 Hz, 1 H),
96dJ 8H22H) 66 (d, J =8.8'Hz, 2 H), 6.56 (5
3853&360, = z, 2 H), 2.90 (s, 3 H),
154150m ])1 4-1.2 m,2H,091(t,J:73Hz
3 H); °C NMR (150 Hz, Cls): 6 158.4, 148.7, 140.4,
1374 132.1,129 6 129.2,128.9,128.4,128.1,127.7,126.1,
125.8,125.4,122.7,121.0,120.4,117.3,114.7,114.6,111.5,
1105, 55.5, 52.4, 50.3, 38% 28.8,13.9; ESI-MS calcd. for

'I'ICO

Cs4H3N30 (M+H): 500 27 ound 500 2701.

2-(4-((2-methoxyethyl)amino)phenyl)-2-(1-(4-
Egé’;h(chyphenyl)ylHylr%dol -3 ))/li)) yh)eny acetonitrile

10.1002/adsc.202000879

Yellow semi-solid, 152.8 mg 70%; *H NM
CDCls): § 7.42-7.37 (m, 3 H), 7.35-7.27 (m, 6
g 3H)7053 t,J=8.8 Hz, 1 H), 6.97 (dd. J

H), 6.57 (d :87H,2H),653(s 1H), 3 .
3.59 (bs, 1 H), 3.58 (t, J = 5.3 Hz, 2 H), 3. 6 (s, 3 ),
t, J =5.0 Hz, 2H) 3CNMRéOOMHZ CDCly): 5 158.
47.8140.3,137.5,132.1,129.8,129.3,129.1, 128.9, 128.
128.3, 128. 1,1278 126. 2
112.8, 110.6, 58.7,

CazHaoNaOz(M+) 48

R
H
3,

1,1
,122.8,121.0, 120.5, 117.2,
55.6, 43.3; ESI-MS calcd. for
8.2338; Found: 488.2337.
2-(4-((2-methoxyethyl)(methyl)amino)phenyl)-2-(1-(4-
Enethoxyphenyl{lH indol-3 yI; 2-phenylacetonitrile

colorless solid, 193.2 mg, 86%; 'H NMR 3400 MHz,
CDCls): 6 7.43- 7.38 m, 3 ) 7.36-7.29 (m, 6 H), 7.20-7.17
gm 3H),7.06(tJ= 9Hz 1H),6.97 (d,J=8.9 Hz, 2 H),

65 (d, J =8.9 Hz, 2 H), 6558 1H), 383 s,3H,35
347m4H)333s 7 (s, 3 H); R (100
MHz, CDCls): 6 158.4, 1487 1404 1375 1321 129.3,
1290 128.5,128.1, 1278 1268 1263 1262 122.8,121. 1,
120.5, 1172 1147 1117 1106 701 590 55.6, 52.3,
50.3, 38.8; ESI-MS calcd. for CssHaiNsNaO; (M+Na)
524. 2314 Found 524.2311.

2-(4-(bis(2- methoxyethyl)ammo) henyl)-2-(1-(4-
Ege’ghoxyphenyl) 1H-indol-3-yl)- -phenylacetonltrlle
g

colorless solid, 200.4 m ., 82%:; 'H NMR 8600 MHz,
CDC|3)8744737( , 8735728(m 5H), 7.21-7.17
g 706 th:82, 9Hz, 1 H 697 dd, J=6.7,
2HZ 6.64 (d, J=9.0 Hz, 2H H])383(S
3H), 354 52 (m, 8 H), 3.33 (s, 3 H); 13CN IR (150 MHz,
CDC|3) 0 158.4, 147.7, 140.3, 1375 132.1, 1293 129.1,

128.5,128.1,127.7,126.7,126.2, 122.8,121.0,120.4, 117.3,
116.1, 114.7, 111.7, 1114, 110.6, 70.1, 70.0, 58.9, 55.5,

50.9, 50.8, 50.3; ESI-MS calcd. for CasHasN3sNaOs (M+Na)

568.2576; Found: 568.2584.

2-(1-(4-methoxyphenyl)-1H-indol-3-yl)-2-(4-
m(()rp(holmopheynF;/I) 2yp)henylaceton|¥rgle( h):

yellow semi-solid, 143.2 mg 64%; *H NMR (600 MHz,
CDCls): 8741739(m,2 736723(m 3H)732727
gmGH)719t3272H J?OGtJ 7.1Hz, 1 H),
97 (d,J=89Hz,2H HZ,2H}652(S

84-3.82 (m, 7 H) tJ 4.4 Hz, 4 H); ®C NMR

1 0 MHz, CDC|3) ) 1584 1399 137.4, 131.9, 130.5,
29.2,129. 0 128.5,128.1, 127. 9, 126. 1,122.8,122. 4 120. 9

12.5, 116.8, 115.0, 114.6, 110.6, 67.7, 55.5, 50.4, 48.7; ESI-
%% Z%a}llgd. for CasHzoN3O2 (M+H): 500.2338; Found:

2-(4-((4-methoxybenzyl)amino)phenyl)-2-(1-(4-
Enet;]oxyphenylylH mc%ol 3 ylg 2-phenylacetonitrile
colorless solid, 160.0 mg, 65%; *H NMR (600 MHz,
CDCls): §7.42-7.40 (m, 2 H) .38-7.35 (m, 2 H), 7.33-7.29
m, 5H)7 7.25(d,J=85 z,2H),72 15(m 3 H), 7.0¢
8Hz, 1H),697(d,J=88H 2H)686(dJ—
5H22H 6.57 d,J:87H,2H) (slHé421(s
H), 4.03 (bs, 1 )3 (,3 ),37 (s3H C NMR
150 MHz, CDCl3): 8 158.9, 15 147.7, 140.2, 1375,
32.0,130.9,129.2, 12 9 ,1288,1285 128.2,128.1,127 .8,
126.2,126.1,122.8,122.7, 121. 0, 120.4,117.1,114.6, 114.0,
112.5, 110.6, 55.5, 55.2, 50.4, 47.7; ESI-MS calcd. for

C37H31N3NaOz(M+Na) 572.2314; Found: 572.2394.

2-(4-aminophenyl)-2-(1-(4-methoxyphenyl)-1H-indol-3-
yl)(2 phenyﬁacet)égltrﬁ E4n) yphenyl)-

colorless solid, 68.7 mg, 88% 'H NMR (400 MHz, CDCls):
5742739(m3H) 7-7.33 (m, 2 H), 7.31-7.29 (m, 4
H), 7.19'(t, J= 7.2 Hz, 1 H), 7.15 (dd, J = 6.6, 1.9 Hz, 2 H),

8
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0Hz, 2 H),6.62
1 (bs 2 H) 13C
8.4, 146.0, 140.1, 137.5,
132.0, 128 1, 127, 8,126. 2 126. 1
122.8, 122. 6, 121. 0, 114 9,.114. 6 110. 6 55.5,
50.4; ESI-MS calcd. for ngHnggNaO (M+Na): 452.1739;
Found: 452.1747.

9éde 6.8, 2.
3 (s, 1H), 3.7
.5 158.4,

2-(4-iodophenyl)-2-(1-(4-methoxyphenyl)-1H-indol-3-
yl)-2-phenylacetonitrile (40):

colorless solid, 115.7 mg, 9 % 'H NMR (400 MHz,
CDCly): 6 7.67 (dd, J = 6.6, 1.9 Hz, 2 H), 7.41-3.36 (m, 3
H), 7. 6732(m3H)7 29 (d, J=8.8 Hz, 2 H), 724719
m, 1 H), 7.15 (dd, J = 6.6 19Hz,2H) 7.08 (td, J

9 Hz, 1 H), 6.97 dd J:67,23Hz 2H) 6.49 (s, 1H)
3.83 (s 3H); ®CN 150 MHz, CDCls): 6 158.6, 139.5,
139.0, 137.8,137.6, 131 ,130.1, 129.3, 128.8, 128.6, 128.3,
128.0,126.2.125.9,123.1, 121.8, 120.7, 115.8, 114.7, 110.8,
94.1, 55.6, 50.9; ESI-MS calcd. for CooH211NoNaO (M+Na):
563.0596; Found: 563.0596.

2-(4- bromo;lz)hen yl)-2- fl (4-methoxyphenyl)-1H-indol-3-

yl)-2-phenylacetonitrile (4q):

colorless semi-solid, 91.8 mg, 80%; *H NMR (600 MHz,
CDCls): 8 7.67 (d, J=86Hz 2 H , 7.42-7.38 (m, 3 H),
7.36-7.32 (M, 4 H), 7.31-7.29 (m, 2 H), 7.20 (t, J 3 Hz,

0t J=7.
1H),7.16 (d, J=8.6 Hz, 2 H), 7.08 (t, ] = 8OHz,1H),697
&m 2H) 6.51 (s, 1H), 3.84 (5, 3 H); 13C NMR (150 MHz,
DCls): 8 158.6, 139.6, 139.0, 137.8, 137.6, 130.1, 129.3.
128.8, 128 6,128.3,128.2, 1280, 126.2, 125.9, 123.1, 121.8,
120.9, 120.7, 114.7, 110.8, 94.0, 55.5, 50.9; EI-MS calcd.
for CaoH21BrN2O (M+): 492.0837; Found: 492.0842.

2-(1-(4-methoxyphenyl)-1H-indol-3-yl)-2,2-
diphenylacetonitrile (4p):

colorless I|qU|d 55.0 mg, 57%; H NMR|_$ 00 MHz
CDCly): § 7. 739(m5 1), 7.36-7.31 (m, 7 H), 7.29 (d
J=6.6,2.1Hz H) 7.20 (, 3 =8.1 Hz, 1 H), 7 6(d, =
8.0,0.7H lH) 97 (dd, 3 =6.7, 2.1 Hz, 2H),650(s
383( 3 H); 3C NMR (150 MHZ CDCI3 6 158.5,
13 6 1375 131.9,129.3,128.6,128.2, 1280 1 62 1229
122.3, 120. 9 120.6, 116.5, 114.7, 110.7, 55.5, 51.2; ESI—

MS calcd. for CaeHzN2NaO (M+Na): 437.1630; Found:
437.1625.

2-(4-(bis(2-methoxyethyl)amino)phenyl)-2-(4-
(dgmethylamlno)pheny?/) 2-phenylacetonitrile (7b):

colorless liquid, 230.6 mg, 63%; 'H NMR (600 MHz,
CDCl3): 8 7.31-7.23 (m, 5 H), 7.03 (dd, J = 6.8, 2.2 Hz, 2
H), 6.98 (dd, J = 6.8, 1 Hz, 2H) 6. 3(dd J=6.8,2.2 Hz,
2 H), 6.61 (dd, J = 6.8, 2.1 Hz, 2H) 3.53-3.50 (m, 8 H),
3.3 (s 6 H), 2.93 (s, 6 H); °C NMR’ (150 MHz, DCl3): 6
149.7,147.2, 141.6, 129.7,129.4, 128.6, 128.3,128.2, 127.9,
127.5,124.2. 111.9, 111.3, 70.0, 58.9, 55.8. 50.8, 40.3; ESI-
L\l/zlli 2c(:saslgd. for CasHauN3O2 (M+H): 444.2651, found:
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