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1. Optimization of reaction conditions for the Suzuki-Miyaura cross-coupling reaction of
brominated-TRAMs 10a-h with arylboronic acids 11a-d catalyzed by Pd(PPhs)a4

We commenced our search by choosing the reaction of TRAM 10a with phenylboronic acid
11a as a model to identify the best experimental reaction conditions (Table 1). Our initial
assessments showed the efficiency of Pd(PPhs)4 for promoting this coupling reaction. Thus,
several experiments were carried out to optimize the reaction parameters such as solvent,
temperature, molar ratio of reactants, base, as well as catalyst loading, and the results are
summarized in Table 1. The effect of various solvents including CH3CN, MeOH, toluene,
DMF, benzene, CHCl», and 1,4-dioxane were ascertained on the reaction of 10a (1 mmol)
with 11a (1.0 mmol) in the presence of Pd(PPhs)s (5 mol%) and K>COs (2 mmol) under N>
atmosphere. The highest yield of the desired product 6a was obtained in THF under reflux
conditions (entry 1). When the reaction was performed at a lower temperature, inferior yield of
6a was obtained (entry 2). To improve the progress of the reaction, the molar ratio of 10a to
11a was changed to 1:1.2 and the product 6a was isolated in 87% yield (entry 3). Using lower
molar ratio of reactants resulted in lower yield (entry 4), while higher molar ratios of 10a:11a
did not improve the reaction yield (entries 5 and 6). The model reaction was also studied in the
presence of various amounts of Pd(PPhs)s to find the appropriate amount of catalyst loading.
Maximum yield of 6a was obtained with 5 mol% of the catalyst (entry 3). Increasing the
amount of Pd(PPhs)s to 7 mol% did not affect the yield of 6a significantly (entry 7), while
using lower amounts of catalyst led to lower yields (entries 8 and 9). Finally, the effect of
various bases was examined on the model reaction (entries 3 and 10-12). The results revealed
that both K.CO3 and Cs,CO3 were effective bases for the Suzuki-Miyaura coupling reaction of
10a with 11a. Hence, Ko.COs, which is a cheaper base than Cs>CO3, was selected for the model
reaction. In addition, further trials showed that the optimal loading for the K.CO3 was 2 mmol

(1 mL of a 2M solution in water). Accordingly, TRAM 10a (1 mmol), 11a (1.2 mmol),



Pd(PPh3)s (5 mol%), and K.CO3 (ImL, 2M) in refluxing THF (5 mL) under N2 atmosphere

were selected as the optimized reaction conditions.

Table 1

Optimization of reaction conditions for the Suzuki-Miyaura cross-coupling reaction of TRAM

10a with phenylboronic acid 11a catalyzed by Pd(PPhs)..?

Ve Ve
>—6—Br + [ Ph—BOH), — > th
Ve

Ve

10a (1 mmol) 11a Ve ~ 3,4-(MeO),CgH; (6a)

Entry 11a (mmol) Pd(PPhs)s (Mol%) Base Solvent T (°C) Yield %°
1 1.0 5 K2COs THF reflux 58¢
2 1.0 ) K2COs3 THF 50 35
3 1.2 5 K2COs3 THF reflux 87
4 11 5 K2COs THF reflux 71
5 1.3 5 K2COs THF reflux 87
6 14 5 K2COs THF reflux 87
7 1.2 7 K2COs3 THF reflux 87
8 1.2 3 K2COs THF reflux 51
9 1.2 4 K2COs THF reflux 72
10 1.2 5 Cs2CO3 THF reflux 87
11 1.2 5 EtsN THF reflux 60
12 1.2 5 NaOH THF reflux 51

2 All the reactions were run for 12 h. ® Isolated yield © Carrying out the reaction under the same

conditions in solvents including CH3CN, MeOH, toluene, DMF, benzene, CH2Cl, and 1,4-

dioxane afforded 6a in yields ranging from 21 to 36%.



2. Optimization of reaction conditions for the Mizoroki-Heck cross-coupling reaction of
brominated-triarylmethanes with olefins

Initially, TRAM 10d and methyl acrylate 12a were chosen as model substrates. According
to the conditions reported by Qian and co-workers, the reaction between TRAM 10d and 12a
resulted in only 31% vyield of product 13a (Scheme 1). To enhance the reaction yield, we set
out to employ PdCI>(PPhs)2 as precatalyst for the model reaction. Heating a DMF solution of
reactants, PdClI> (5 mol%), PPhz (10 mol%), LiBr (10 mol%) and EtsN (2 mmol) to 140 °C for
24 h provided coupling product 13a in 58% yield. However, continuing the reaction for 12
additional hours did not considerably improve the yield (Scheme 2). Given these results, we
followed the reaction at 140 °C for 36 h, after heating a reaction mixture for a short period of
time at 140 °C. Surprisingly, the product 13a was achieved in 62% yield when a 30 minute of
time was considered for modification of catalyst (Scheme 3). We therefor postulated that the
presumable decomposition of substrates due to the high temperature can be avoided through a
one-pot two-step reaction. So, we designed a protocol which in the first step PdCI2(PPhz)2 (5
mol%) was prepared in situ by vigorously stirring a 1:2:2 mixture of PdCl», PPhs, and LiBr, at
140 °C in DMF (2 mL) under N2 atmosphere for 30 min. In the second step, a mixture of 10d,
12a, and EtsN in DMF (3 mL) was added and the resulting mixture was heated at 100 °C for
36h. To optimize the experimental conditions, the effect of various parameters including the
molar ratio of reactants, catalyst loading, base, and solvent was studied on the model reaction
according to the above-mentioned protocol (Table 2). First, the model reaction was carried out
in various solvents such as MeOH, THF, 1,4-dioxane, toluene, and DMF. The maximum vyield
of product 13a was obtained in DMF (Entry 1). Thus, DMF was chosen as the reaction medium.
The progress of the model reaction was also explored with different molar ratios of substrates
(Table 2, entries 1-4) and the best result was obtained with 1:2 molar ratio of TRAM 10d to

methyl acrylate 12a (Entry 3). To find the optimal amount of catalyst, the reaction was



performed in the presence of different amounts of PdCl, along with the proportional amounts
of PPhz and LiBr (Entries 3, 6, and 7). The maximum yield of 13a was achieved with 5 mol%
of PdCl, (Entry 3). However, the reaction did not work in the absence of PdCl, (Entry 5). The
effect of base was also evaluated on the model reaction (Entries 3, 8 and 9), and EtsN was
realized more effective than other used organic and inorganic bases (Entry 3). Finally, the
influence of temperature was explored on the second step of the model reaction (Entries 3, 10
and 11) and we found that 100 °C is the optimal temperature (Entry 3). Therefore, the optimal
conditions for the one-pot two-step Heck coupling reaction of TRAM 10d with 12a was
involved as following: initially a mixture of PdCI2 (0.05 mmol), PPhs (0.1 mmol), and LiBr
(0.2 mmol) in DMF (2 mL) was heated at 140 °C for 30 min. After addition a solution of DMF
(3 mL), TRAM 10d (1 mmol), 12a (2.0 mmol), EtsN (2 mmol) to the former, the resulting

mixture was stirred at 100 °C for 36 h.

Pd(OAc), (0.1 mmol) y/
10d (1 mmol) PPh; (0.3 mmol)

+ L MeOzC /
12a (4 mmol)  Et;N (1.5 mmol) MeO O

CH4CN, N,
90 °C, 12h 13a (31% Yield)

Scheme 1. Mizoroki-Heck coupling reaction of 10d with 12a in the presence of

Pd(OAC)2/PPhs.



PdCl, (0.05 mmol)

PPh3 (0.1 mmol)
10d (1 mmol) + 123 (1.5 mmol)

> 13a
EtsN (2.0 mmol)
LiBr (0.1 mmol) 58% yield after 24 h
DMF, N,, 140 °C 60% vyield after 36 h

Scheme 2. Mizoroki-Heck coupling reaction of TRAM 10d with 12a using PdCl2/PPhs

catalytic system.

PdCl, (0.05 mmol)
PPh; (0.1 mmol) DMF (5 mL), N,

. 140 °C, 36 h
LiBr (0.1 mmol) 120°C T - > 13a
» 11
Ezso't(aomr?nrgﬁl) T, =15 min, Yield: 53%
- I 1 - 0,
12a (1.5 mmol) T4 =30 min, Yield: 62%

T4 =40 min, Yield: 62%
Scheme 6. The effect of pre-modification of [pd]-catalyst on the yield of Mizoroki-Heck
coupling reaction of TRAM 10d with 12a.



Table 2

Optimization of the reaction conditions for the one-pot two-step Mizoroki-Heck coupling

reaction of 10d with 12a.

PdCI, + PPhs + LiBr DMF@mb) 10d + 12a - (13a)
Ny, 140 °C, 30 min. Base (2.0 mmol)
Solvent (3 mL), N,, T (°C), 36 h
Entry  PdCl; PPhs LiBr 10d 12a Base Solvent T (°C) VYield
(mmol)  (mmol) (mmol) (mmol) (mmol) %?
1 0.05 0.1 0.1 1.0 15 EtsN DMPF® 100 68
2 0.05 0.1 0.1 1.0 1.8 EtsN DMF 100 73
3 0.05 0.1 0.1 1.0 2.0 EtsN DMF 100 89
4 0.05 0.1 0.1 1.0 2.2 EtsN DMF 100 89
5 - - - 1.0 2.0 Et:N DMF 100 NR
6 0.04 0.08 0.08 1.0 2.0 EtsN DMF 100 63
7 0.06 0.12 0.12 1.0 2.0 EtsN DMF 100 89
8 0.05 0.1 0.1 1.0 2.0 K2CO3(Cs2CO3) DMF 100  19(20)
9 0.05 0.1 0.1 1.0 2.0 DBU(DABCO) DMF 100  25(30)
10 0.05 0.1 0.1 1.0 2.0 EtN DMF 80 60
11 0.05 0.1 0.1 1.0 2.0 EtN DMF 120 78

3 Isolated yield. ® Carrying out the reaction under the same conditions in solvents

including MeOH, toluene, THF, and 1,4-dioxane afforded 13a in yields ranging from 21

to 24%.

3. NMR spectra of halogenated triarylmethanes
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230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

oSUP G/8h'Z
osup 1166
osup 15662
OCH ThIEE~
80E9E~
6889°€—

oswp 108y'C
osup. mmwv.mw

62259
8925'9
zLosof
£1189 4
b258'94
s39894
£966'91
1820
0881
11672
0E0z L]
zo0z'L
STICL
6E1ZL
1972
zoezL
887zt
0zezL
zseTL
60K
PEbTL
pObT'L
L80E'L
bb2s'L]
P6EEL ]
€2
SoLb'L
906b'L
0£2S'L
95/9'¢
98(9L
L0691
869

BEEESY
wem.mw

80€9'E—

6889'c—

68E6'S—

5905°91
YOTS 9
622591
892591
zL08'9
1189
25891
88989
£966'91
18201
bELTL
£9LT'L
08811
11674
0£02'L
z90z'L
ST1ZL
6€12¢
19721
20224
8822'L1
02ET' LA
25E2LA
60bC L
bEPTLA
pObT'L

|

:

L

e
oc}
™~
75}

380 375 370 3.65 3.60 3.5
f1 (ppm)

3.85

.

F

(808 L~
Pb2s L

PEEE'L

€29v L
EHAS
8@1“
€25 L

9SL9'L
98L9'L

L069L N.

8E69'L

=

)
f

sy

€60

S6'7

6T
344

80T

SE'E]

{444

P81
8T

T

T

T

T

77 76 75 74 73 72 71 70 69 68 6.7 66 6.5 64 63 62 6.1 6.0 59
f1 (ppm)

M

€60
56T
6’1
%q.m
80'T
Mwm.m
=2p'T
b8’
Hmm.ﬁ
b0

6 5
f1 (ppm)

b4
H NMR of (E)-4,4'-((2-(4-chlorostyryl)phenyl)methylene)bis(1,2-dimethoxybenzene) (13i)

12 1 10

13

36



68E6'S—

Fset

ol
8Z'1

T

70 6.9.68 67 66 65 64 63 62 6.1 6.0 5!

73

f1 (ppm)

'H NMR expanded of (E)-4,4'-((2-(4-chlorostyryl)phenyl)methylene)bis(1,2-dimethoxybenzene) (13i)
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'H NMR expanded of 3-(4-(bis(3,4-dimethoxyphenyl)methyl)phenyl)acrylonitrile (Mixture of E and Z Isomers)
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13C NMR of 3-(4-(bis(3,4-dimethoxyphenyl)methyl)phenyl)acrylonitrile (13i)
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