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ABSTRACT: A novel and efficient protocol for the synthesis
of benzofulvene derivatives from easily available diary-
lacetylenes has been developed. The reaction proceeds
through rarely reported carboxylate-assisted alkyne-directed
ortho-C(sp*)—H palladation followed by insertion of another
diarylacetylene.

B enzofulvene and its derivatives have attracted growing
attention due to their extensive utility in the fields of
material science’ and medicinal chemistry.” In the past few
decades, many different synthetic approaches to benzofulvene
derivatives have been reported.” Among numerous accesses to
benzofulvene derivatives, transition-metal-catalyzed C—H
activation followed by cyclization is an interesting and efficient
route as it obviates the needs for prior activation and reduces
byproduct and cost. Before long, Shibata, Glorius, and
Jeganmohan, respectively, reported Ir-, Rh-, and Ru-catalyzed
ortho-C—H activation of aryl ketones followed by coupling with
internal alkynes to give benzofulvenes (Scheme 1a).*”® All of
them used carbonyl, which has been demonstrated to be
suitable for ortho-C—H functionalization as a directing group.”

In the past decades, acetylene chemistry experienced a
renaissance due to not only its versatility for organic synthesis
and broad applications in material science but also its low price

Scheme 1. Synthesis of Benzofulvenes via Transition-Metal-
Catalyzed C—H Activation
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and hypotoxicity.® Within alkyne chemistry, the direct
functionalization of alkynes represents an ideal and highly
desired reaction, especially the direct cyclopolymerization of
alkynes. Although various elegant pioneering work on
transition-metal-catalyzed cycloaddition of acetylenes has
been published, most of them focused on access to multi-
substituted benzenes via [2 + 2 + 2] cyclotrimerization of
various alkynes.” Meanwhile, Kisch reported the rhodium-
catalyzed cyclodimerization of diarylacetylenes to give multi-
substituted naphthalenes,'’ and Miura even realized highly
chemoselective synthesis of multisubstituted naphthalene
derivatives through cross-cyclodimerization of two different
internal alkynes."

However, an efficient and simple approach to benzofulvenes
through direct cyclodimerization of alkynes has still not been
established. In view of our continuing interest in transition-
metal-catalyzed C—H activation and alkyne chemstry,'” herein
we report a new protocol to benzofulvenes through direct
cyclodimerization of diarylacetylenes via Pd-catalyzed alkyne-
directed ortho-C—H activation followed by cyclization (Scheme
1b). It is worth noting that using alkynyl as the directing group
(DG) is very rare.”?

Our initial investigation was carried out by treating
diphenylacetylene 1a using Pd(OAc), (10 mol %), LiBr (1.0
equiv), and NaOAc (1.0 equiv) in DMAc at 120 °C for 30 h,
but no desired product was observed (Table 1, entry 1). We
repeated the reaction using HOAc (1.5 equiv) to replace
NaOAc and found it still did not work (Table 1, entry 2).
However, when we added NaOAc (1.0 equiv) and HOAc (1.5
equiv) together in the system, the reaction afforded the product
of (E)-1-benzylidene-2,3-diphenyl-1H-indene (2a) in 21% yield
with high regioselectivity (Table 1, entry 3), and the structure
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Table 1. Reaction Optimization for the Synthesis of 2a“

Ph Ph
Z Pd(OAc)2
" acid, base OQ Ph
additive, solvent
1a 2a
entry additive acid base temp (°C)  yield (%)

1 LiBr NaOAc 120 0
2 LiBr HOAc 120 0
3 LiBr HOAc NaOAc 120 21
4 LiBr PrCOOH NaOAc 120 35
S LiBr PhCOOH NaOAc 120 0
6 LiBr HOPiv NaOAc 120 56
7 LiBr TFA NaOAc 120 0
8 LiBr HOPiv LiOAc 120 33
9 LiBr HOPiv KOAc 120 40
10 LiBr HOPiv Na,CO, 120 0
11 LiBr HOPiv Li,CO; 120 0
12 LiBr HOPiv NaOPiv 120 62
13 LiBr HOPiv NaOPiv 80 70
14 LiBr HOPiv NaOPiv 60 24
15 LiCl HOPiv NaOPiv 80 0
16 NaBr HOPiv NaOPiv 80 44
17 Nal HOPiv NaOPiv 80 0
18 CuBr, HOPiv NaOPiv 80 39
19 NBu,Br HOPiv NaOPiv 80 27
20° LiBr HOPiv NaOPiv 80 68
219 LiBr HOPiv NaOPiv 80 trace
22° LiBr HOPiv NaOPiv 80 25
23 LiBr HOPiv NaOPiv 80 0

“Reaction conditions: 1a (0.4 mmol), Pd(OAc), (10 mol %), additive
(0.4 mmol), acid (0.6 mmol), base (0.4 mmol), DMAc (2 mL), 30 h.
DMAc: N,N-dimethylacetamide. bIsolated yield. “PdCl, instead of
Pd(OAc)2 9pd(PPh,), instead of Pd(OAc),. “DMF instead of DMAc.
IDCE, toluene, 1,4-dioxane, or DMSO instead of DMAc.

was clearly confirmed by X-ray crystallography (see the
Supporting Information). We then investigated a variety of
acids instead of HOAC in this reaction (Table 1, entries 4—7). It
was found that both PrCOOH and PivOH could improve the
yield to some extent, and PivOH led to a higher yield of 56%;
however, stronger acids, such as PhCOOH and TFA, hindered
the occurrence of the reaction. Therefore, we chose PivOH as
the acid to screen different bases instead of NaOAc (Table 1,
entries 8—12). It was found that sodium pivalate (NaOPiv) was
the most efficient base, which could increase the yield to 62%
(Table 1, entry 12). On the other hand, some inorganic bases
were totally ineflicient, and these results strongly indicated that
carboxylate is key factor for promoting the activation of C—H
bonds (Table 1, entries 10 and 11).'* In addition, when the
reaction temperature decreased to 80 °C, the yield was further
improved to 70% (Table 1, entry 13), but the yield of 2a
declined at lower temperature (Table 1, entry 14).

We also screened additives (Table 1, entries 15—19). The
results implied that other metal halides, except metal bromides
like LiCl and Nal, were invalid for this transformation. Other
metal or organic bromides such as NaBr, CuBr,, or NBu,Br
could promote the reaction but were less efficient compared
with LiBr. Other palladium(II) salts such as PdCl, had almost
the same activity for the reaction (Table 1, entry 20), but
palladium(0) seemed inactive for the conversion (Table 1,
entry 21). In addition, we screened some other solvents (Table
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1, entries 22 and 23) and found that DMAc was almost the only
efficient solvent for this transformation.

With the optimized conditions in hand, we turned our
attention to the substrate scope of the reaction. We first
investigated the substitution effect on the benzene ring of 1.
The substrates bearing electron-withdrawing groups (EWGs)
such as halide (Table 2, entries 2—4), acetyl (Table 2, entry S),

Table 2. Scope of Diarylacetylenes for Benzofulvene
Synthesis®
R

O
W OQO
‘ =

Pd(OAc), (5-10 mol%)
LiBr (1.0 equiv)
HOPiv (1.5 equiv)
NaOAc (1.0 equiv)
DMAc, 80-100 °C

0

R

entry substrate yield (%)b

1 la R=H 2a 70
2 1b R=F 2b 61
3 1c R=Cl 2¢ S5
4 1d R =Br 2d 48
N le R = COMe 2e 66
6 1f R = CF, 2f 47
7 1g R = COOMe 2g 81
8¢ 1h R = Me 2h 68
9° 1i R = Et 2i 54
1057 1j R = Bu 2 43
1199 1k R = OMe 2k 39

“Reaction conditions: 1 (0.4 mmol), Pd(OAc), (10 mol %), additive
(0.4 mmol), acid (0.6 mmol), base (0.4 mmol), DMAc (2 mL), 80 °C,
30 h. “Isolated yield. “PdCl, instead of Pd(OAc),, 100 °C. “40 h.

or even trifluoromethyl (Table 2, entry 6) were effectively
transformed to the expected benzofulvenes in moderate to
good yields. Notably, the acid-labile functional group COOMe
was tolerant under the reaction conditions to give desired
product 2g in high yield (Table 2, entry 7, 81%). Subsequently,
we tried to apply our protocol to substrates with electron-
donating groups (EDGs), but the conversion of the reactant
was very sluggish, even at an elevated temperature of 120 °C.
Therefore, we tried more active palladium catalyst PdCl,
instead of Pd(OAc), and increased the temperature to 100
°C at the same reaction time. To our delight, the substrates
with methyl (2h, 68%) and ethyl (2i, 54%) could undergo the
transformation smoothly under the modified conditions. and
‘Bu (2j, 43%) and OMe (2k, 39%) were also compatible for the
system with a prolonged reaction time (40 h).

The scope of the investigation illustrated that the electronic
effect was dramatic in the catalytic system. EWGs could activate
the alkynes, but on the contrary, EDGs could inactivate the
starting materials. Inspired by the unique electronic effect, we
could realize cross-cyclodimerization of two different diary-
lacetylenes. As shown in eq 1, we employed diarylacetylene
bearing EWG 1b (0.3 mmol) or 1d (0.3 mmol) with 1,2-bis(4-
methoxyphenyl)acetylene 1k (0.6 mmol), which was had an
EDG in one pot under the optimized conditions. The cross-
dimerization products 3bk or 3dk could be isolated,
respectively, in 32 and 25% (based on 1b and 1d) yield.
Unfortunately, even though 1k was twice as much as 1b, the

DOI: 10.1021/acs.joc.5b01304
J. Org. Chem. 2015, 80, 84308434


http://pubs.acs.org/doi/suppl/10.1021/acs.joc.5b01304/suppl_file/jo5b01304_si_002.cif
http://dx.doi.org/10.1021/acs.joc.5b01304

The Journal of Organic Chemistry

R OMe
O O Pd(OAc), (10 %)
LiBr 1 equiv
HOPiv 1.5 equiv
| | + ‘ [ NaOPiv 1 equnv OQ O OQ O OMe (1)
DMAc, 80 °C
30h
1 1k
R

OMe

0.3 | .
mmol 0.6 mmol R=F 2b18% 3bk 32

R=Br 2d 14% 3dk 25

homodimerization product 2b could not be suppressed
efficiently."

In order to figure out the mechanism of the reaction, we did
a series of condition-controlled experiments. The deuterium-
labeling experiment (eq 2) indicated that the ortho-C—H

D. D Pd(0OAc), (10 mol%)
O LiBr (1.0 equiv)
D HOPIv (1.5 equiv)
| | NaOPiv (1.0 equiv) | | . | ‘

D Ar,
D /

+ OQ Ar
DMAc, 80 °C, 2 h D
D O D
D D

D O D b g D Ar
D D p D Ar=phenyl-d5
D

D
D 1a-10d 1a-9d 2a-19d
1a-10d 74 % not observed 13%
0.4 mmol

activation was irreversible, as no scrambling of ortho-deuterium
atoms (1a-9d) was observed in the reactant. As noted in the
discussion of optimizing reaction conditions, the starting
material 1a could barely convert to the product 2a when we
used Pd(PPh,), instead of Pd(OAc), (Table 1, entry 21). We
assumed that Pd(II) was the efficient catalyst and Pd(0) was
invalid. Therefore, we added 40% PPh; to our standard
conditions in order to reduce Pd(II) to Pd(0). As we had
expected, it gave the product in a low yield of only 15%
(Scheme 2a). To avoid the influence of oxygen in the air, the
same experiment under the protection of nitrogen atmosphere
was carried out and the desired dimerization was not observed
at all (Scheme 2c). It was found that the conversion would be

Scheme 2. Condition-Controlled Experiments
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seriously inhibited under nitrogen atmosphere even without
reductant (Scheme 2b). The result implied that a certain
amount of oxygen was crucial for the formation of 2a. In
addition, the result from another controlled experiment, as
shown in Scheme 2d), can exclude the possible mechanism for
the formation of 2a via palladium-catalyzed carbonyl-directed
ortho-C—H bond functionalization. In this case, both 4b and 1k
were recovered completely.

Although the detailed mechanism remained unclear, we
proposed a plausible mechanism for the formation of
benzofulvenes based on previous studies of palladium
catalysis'® and our experimental results (Scheme 3): (a)

Scheme 3. Proposed Mechanism
Ph
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irreversible ortho-C—H palladation of aryl via carboxylate-
assisted C—H bond cleavage, (b) intermolecular insertion of
the other diarylacetylene to the generated arylpalladium species,
(c) intramolecular alkyne insertion, (d) proton exchange to
give product 2a and palladium(II), or (e) reductive elimination
to produce 3a'’ and regenerate palladium(0). A similar
mechanism was reported by Segawa and Itami for the PdCl,-
catalyzed dehydrogenation oxidation coupling of diarylacety-
lenes, except for step (d) proton exchange.'*

In conclusion, we have developed an eflicient and concise
protocol to synthesize benzofulvenes from easily available
diarylacetylenes with high atom economy and high regiose-
lectivity. The transformation occurs through a novel cascade
process including carboxylate-assisted Pd-catalyzed alkyne-
directed ortho-C—H activation followed by intermolecular
insertion of the other diarylacetylene and intramolecular alkyne
insertion.

B EXPERIMENTAL SECTION

General Methods. All commercial reagents are analytically pure
and used without further purification. Nuclear magnetic resonance
(NMR) spectra were recorded using CDCly as solvent at 298 K. 'H
NMR (400 MHz) chemical shifts (§) were referenced to internal
standard tetramethylsilane (for 'H, § = 0.00 ppm). *C NMR (101
MHz) chemical shifts were referenced to internal solvent CDCI, (for
1BC, § = 77.16 ppm). HRMS experiments were performed on a high-
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resolution magnetic sector mass spectrometer. The melting points are
uncorrected.

Typical Experimental Procedure for the Synthesis of
Benzofulvene 2a from Diphenylacetylene 1a. A mixture of
diphenylacetylene (1a, 71.2 mg, 0.4 mmol), Pd(OAc), (9.0 mg, 0.04
mmol, 10 mol %), PivOH (61.2 mg, 0.6 mmol, 1.5 equiv), NaOPiv
(49.6 mg, 0.4 mmol, 1.0 equiv), LiBr (34.7 mg, 0.4 mmol, 1.0 equiv),
and DMAc (2.0 mL) was heated at 80 °C (oil bath temperature) with
stirring in a 25 mL screw-capped thick-walled Pyrex tube under air
atmosphere for 12 h. After removal of the solvent under reduced
pressure, purification was performed by flash column chromatography
on silica gel with petroleum ether/DCM (gradient mixture ratio from
100:0 to 96:3) as eluent to give (E)-1-benzylidene-2,3-diphenyl-1H-
indene 2a in 70% yield (50.0 mg).

(E)-1-Benzylidene-2,3-diphenyl-1H-indene (2a):'® orange red solid
(50.0 mg,70% yield); mp 176—178 °C; 'H NMR (400 MHz, CDCl,)
5 7.59—7.47 (m, 2H), 7.46—7.10 (m, 13H), 7.05—6.97 (m, 1H); *C
NMR (101 MHz, CDCL,) & 143.9, 141.6, 140.6, 139.9, 137.2, 1352,
134.9, 134.7, 134.6, 131.4, 129.7, 129.4, 128.6, 128.3, 128.1, 128.1,
127.4, 127.1, 125.4, 123.4, 120.2; HRMS (APPI-Orbitrap) m/z [M +
H]" caled for CyH,; 357.1637, found 357.1624.

(E)-5-Fluoro- 1-(4-fluorobenzylidene)-2,3-bis(4-fluorophenyl)-1H-
indene (2b): orange red solid (52.0 mg,71% yield); mp 184—186 °C;
'H NMR (400 MHz, CDCL;) § 7.52—7.43 (m, 3H), 7.23—7.16 (m,
4H), 7.24-7.16 (m, 2H), 7.05—6.95 (m, 6H), 6.72 (td, ] = 8.7, 2.4 Hz,
1H); *C NMR (100 MHz, CDCl;) 6 163.3 (d, 'Jc_p = 246.6 Hz),
162.8 (d, Jo_p = 249.0 Hz), 162.3 (d, 'Jc_r = 247.2 Hz), 162.3 (d,
Ye_p = 247.5 Hz), 146.0 (d, *Jc_p = 8.7 Hz), 140.6, 140.5, 139.1 (d,
Yoo = 1.4 Hz), 133.5,132.7 (d, *Jc_p = 7.9 Hz), 132.6 (d, Jc_p = 32
Hz), 131.3 (d, ¥Jc_g = 8.0 Hz), 131.1 (d, }Jo_r = 7.9 Hz), 130.4 (4,
YJeor = 3.1 Hz), 130.0 (d, ¥Jc_g = 2.7 Hz), 1244 (d, ¥Jc_r = 8.9 Hz),
115.8 (d, *Jo_g = 21.5 Hz), 115.7 (d, Jo_g = 21.4 Hz), 115.4 (d, *Jc_¢
= 21.3 Hz), 112.0 (d, *Jc_¢ = 22.8 Hz), 107.6 (d, ¥Jc_g = 24.0 Hz);
HRMS (APPI-Orbitrap) m/z [M + H]" calcd for C,gH,F, 429.1261,
found 429.1263.

(E)-5-Chloro-1-(4-chlorobenzylidene)-2,3-bis(4-chlorophenyl)-1H-
indene (2c): orange red solid (54.0 mg, 55% yield); mp 204—206 °C;
'"H NMR (400 MHz, CDCL;) § 7.47—7.38 (m, SH), 7.34—7.28 (m,
4H), 7.25 (m, 1H), 7.18=7.12 (m, 4H), 7.05-7.00 (m, 2H); C
NMR (101 MHz, CDCl;) & 145.1, 140.8, 140.2, 139.2, 134.8, 134.8,
134.47, 134.2, 133.9, 133.8, 132.7, 132.4, 132.4, 132.3, 130.8, 130.8,
129.0, 129.0, 128.7, 125.6, 124.3, 120.5; HRMS (APPI-Orbitrap) m/z
[M + HJ* caled for C,gH,;,Cl, 493.0079, found 493.0085.

(E)-5-Bromo-1-(4-bromobenzylidene)-2,3-bis(4-bromophenyl)-
1H-indene (2d). orange red solid (64.0 mg, 48% yield); mp 210—212
°C; '"H NMR (400 MHz, CDCly) 6 7.56 (d, J = 8.2 Hz, 2H), 7.49—
7.43 (m, 4H), 7.40—7.33 (m, 4H), 7.17 (m, 1H), 7.09 (t, ] = 8.1 Hz,
4H), 7.03 (s, 1H); *C NMR (101 MHz, CDCl,) § 145.3, 140.8,
140.0, 139.2, 135.2, 134.4, 133.0, 132.8, 132.7, 132.0, 131.7, 131.0,
128.6, 124.6, 123.4, 123.1, 122.7, 122.1, 122.09; HRMS (APPI-
Orbitrap) m/z [M]* caled for C,gH,¢?Br, 667.7980, found 667.7986;
[M]* caled for CygH,4”°Brs®'Br 669.7959, found 669.7965; [M]* calcd
for CygH,¢"°Br,*'Br, 671.7939, found 671.7944.

(E)-5-Acetyl-1-(4-acetylbenzylidene)-2,3-bis(4-acetylphenyl)-1H-
indene (2e): orange red solid (69.0 mg, 66% yield); mp 206—208 °C;
"H NMR (400 MHz, CDCl;) & 8.06 (d, ] = 8.2 Hz, 2H), 7.94 (dd, ] =
8.3,3.1 Hz, 4H), 7.91 (s, 1H), 7.70 (dd, ] = 8.0, 1.4 Hz, 1H), 7.65 (d, ]
= 8.2 Hz, 2H), 7.58 (d, ] = 8.0 Hz, 1H), 7.38 (t, J = 8.0 Hz, 4H), 7.25
(s, 1H), 2.68 (s, 3H), 2.62 (s, 6H), 2.58 (s, 3H); >*C NMR (101 MHz,
CDCly) 6 197.8, 197.71, 197.68 197.5, 143.6, 141.5, 141.0, 140.9,
140.5, 139.1, 138.6, 138.4, 137.3, 137.2, 136.5, 136.4, 136.0, 131.3,
129.7, 128.8, 128.5, 127.0, 123.5, 119.8, 26.9, 26.8, 26.7; HRMS
(APPIL-Orbitrap) m/z [M + H]" caled for CysH,,0, 525.2060, found
525.2050.

(E)-5-Trifluoromethyl-1-(4-trifluoromethylbenzylidene)-2,3-bis(4-
trifluoromethylphenyl)-1H-indene (2f): orange red solid (59.0 mg,
47% yield); mp 172—176 °C; '"H NMR (400 MHz, CDCl;) § 7.74 (d,
] = 8.2 Hz, 2H), 7.69—7.61 (m, 6H), 7.53 (d, ] = 7.4 Hz, 2H), 7.39 (m,
SH), 7.23 (s, 1H); *C NMR (100 MHz, CDCL;) § 143.6, 141.5,
140.5, 1404, 139.8, 137.6, 137.1, 135.8, 131.4, 131.1 (q, ¥Jc_p = 32.8
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Hz), 130.9 (q, JJo_p = 32.4 Hz), 130.4 (q, ¥Jc_p = 32.6 Hz), 130.7 (q,
Yeor = 32.9 Hz),129.8, 129.7, 125.9, 125.63, 125.59, 124.3 (q, Jcr =
272.5 Hz), 124.18 (q, Jo_r = 272.1 Hz), 124.13 (q, YJo_ = 272.2 Hz),
124.09 (q, Je_p = 272.3 Hz), 1234, 123.3, 117.1, 117.0; HRMS
(APPI-Orbitrap) m/z [M + H]* caled for Cy,H;,F;, 629.1133, found
629.1138.
(E)-5-Methoxycarbonyl-1-(4-(methoxycarbonyl)benzylidene)-2,3-
bis(4-methoxycarbonylphenyl)-1H-indene (2g): orange red solid
(950 mg, 81% yield); mp 254—256 °C; 'H NMR (400 MHpg,
CDCl,) 6 8.13 (d, ] = 8.2 Hz, 2H), 8.01 (dd, J = 8.3, 1.1 Hz, 4H), 7.96
(d,J = 1.1 Hz, 1H), 7.78 (dd, ] = 8.0, 1.5 Hz, 1H), 7.62 (d, ] = 8.2 Hz,
2H), 7.56 (d, ] = 8.1 Hz, 1H), 7.35 (d, ] = 8.4 Hz, 2H), 7.33 (d, ] = 8.4
Hz, 2H), 7.24 (s, 1H), 3.97 (s, 3H), 3.92 (s, 6H), 3.89 (s, 3H); *C
NMR (101 MHz, CDCl;) § 167.0, 166.8(2), 166.7, 143.3, 1414,
140.9, 140.8, 140.4, 139.0, 138.5, 138.3, 136.0, 131.1, 130.4, 130.2,
130.0, 129.9, 129.64, 129.57, 129.49, 129.45, 127.8, 123.3, 121.2, 52.4,
52.3; HRMS (APPI-Orbitrap) m/z [M + HJ" caled for C;qH,004
589.1857, found 589.1840.
(E)-5-Methyl-1-(4-methylbenzylidene)-2,3-bis(4-methylphenyl)-
1H-indene (2h): orange red solid (56.0 mg, 68% yield); mp 188—190
°C; 'H NMR (400 MHz, CDCl,) 6 7.52 (d, ] = 7.8 Hz, 1H), 7.43 (d,]
= 7.9 Hz, 2H), 7.24—7.12 (m, 4H), 7.11-7.07(m, 4H), 5.05(s, 1H),
6.82 (d, ] = 7.8 Hz, 1H), 2.40 (s, 3H), 2.34 (s, 6H), 2.32 (s, 3H); *C
NMR (101 MHz, CDCl,) § 144.4, 141.2, 140.0, 139.9, 138.1, 137.9,
136.8, 136.5, 134.4, 133.7, 132.4, 132.2, 132.1, 131.2, 129.6, 129.6,
129.2, 129.0, 128.8, 125.8, 123.1, 120.9, 21.8, 21.6, 21.5, 21.4; HRMS
(APPI-Orbitrap) m/z [M + H]* caled for Cy,H,y 413.2263, found
413.2249.
(E)-5-Ethyl-1-(4-ethylbenzylidene)-2,3-bis(4-ethylphenyl)-1H-in-
dene (2i): orange red solid (50.0 mg, 54% yield); mp 114—116 °C; 'H
NMR (400 MHz, CDCl;) § 7.57 (d, ] = 7.8 Hz, 1H), 7.47 (d, ] = 8.0
Hz, 2H), 7.25—7.19 (m, SH), 7.13 (m, 6H), 7.07 (s, 1H), 6.86 (d, ] =
7.8 Hz, 1H), 2.73—-2.58 (m, 8H), 1.28 (t, ] = 7.5 Hz, 3H), 1.25 (t, ] =
7.5 Hz, 3H), 124 (t, ] = 7.5 Hz, 3H), 1.20 (t, ] = 7.5 Hz, 3H); *C
NMR (101 MHz, CDCl,) § 144.5, 144.4, 143.0, 142.8, 141.1, 140.0,
139.8, 134.7, 133.8, 132.7, 132.4, 132.3, 131.3, 129.7, 129.6, 127.9,
127.7,127.5, 124.6, 1232, 119.8, 29.4, 28.9, 28.8, 28.7, 16.2, 15.6, 15.5,
15.4; HRMS (APPI-Orbitrap) m/z [M + H]" caled for CyHy,
469.2889, found 469.2882.
(E)-5-(tert-Butyl)-1-(4-(tert-butyl)benzylidene)-2,3-bis(4-(tert-
butyl)phenyl)-1H-indene (2j): orange red solid (50.0 mg, 43% yield);
mp 232—234 °C; 'H NMR (400 MHz, CDCl,) 6 7.63 (d, J = 8.1 Hg,
1H), 7.50 (m, 2H), 7.43 (m, 3H), 7.30 (m, 4H), 7.25 (m, 2H), 7.15
(m, 2H), 7.09 (dd, J = 8.1, 1.7 Hz, 1H), 7.06 (s, 1H), 1.37 (s, 9H),
1.33 (s, 9H), 1.32 (s, 9H), 1.31 (s, 9H); "*C NMR (101 MHz, CDCl,)
5 151.3, 151.3, 149.8, 149.6, 144.0, 141.1, 140.1, 139.9, 134.5, 133.8,
132.5, 132.1, 132.1, 131.0, 129.4, 125.3, 125.1, 124.8, 122.9, 122.1,
117.3, 35.1, 34.9, 34.7, 34.7, 31.6, 31.5; HRMS (APPI-Orbitrap) m/z
[M + HJ]* caled for C,Hg; 581.4141, found $81.4124.
(E)-5-Methoxy-1-(4-methoxybenzylidene)-2,3-bis(4-methoxy-
phenyl)-1H-indene (2k): orange red solid (37.0 mg, 39% yield); mp
162—164 °C; 'H NMR (400 MHz, CDCl;) 6 7.60 (d, ] = 8.4 Hz, 1H),
7.48 (d, ] = 8.5 Hz, 2H), 7.21 (d, ] = 8.0 Hz, 2H), 7.16 (d, ] = 8.0 Hz,
2H), 6.97 (s, 1H), 6.93 (d, J = 8.2 Hz, 2H), 691 (d, ] = 1.6 Hz, 1H),
6.84 (d, ] = 8.0 Hz, 2H), 6.83 (d, J = 8.0 Hz, 2H), 6.57 (dd, ] = 8.3, 1.5
Hz, 1H), 3.86 (s, 3H), 3.80 (s, 3H), 3.79 (s, 3H), 3.78 (s, 3H); *C
NMR (101 MHz, CDCL,) § 160.0, 159.6, 158.64, 158.60, 146.0, 140.4,
1402, 138.7, 132.4, 132.4, 131.1, 130.8, 129.6, 127.7, 127.4, 127.4,
124.0, 113.9, 113.8, 113.5, 110.0, 1062, 55.6, 55.4, 55.3; HRMS
(APPIL-Orbitrap) m/z [M + H]" caled for C3,H,,0,4 477.2060, found
477.2052.
(E)-5-Fluoro-1-(4-fluorobenzylidene)-2,3-bis(4-methoxyphenyl)-
1H-indene (3bk): orange red solid (43.0 mg, 32% yield); mp 198—200
°C; '"H NMR (400 MHz, CDCL,) § 7.50 (d J = 8.5, 1H), 749 (d ] =
8.4, 1H), 7.42 (m, 1H), 7.21 (d, ] = 8.6 Hz, 2H), 7.18 (d, J = 8.6 Hz,
2H), 7.13 (t, ] = 8.7 Hz, 2H), 7.08—7.03 (m, 2H), 6.88 (m, 4H), 6.70
(td, J = 8.8, 2.4 Hz, 1H), 3.826 (s, 3H), 3.822 (s, 3H); *C NMR (101
MHz, CDCLy) 6163.3 (d, YJe_g = 246.1 Hz), 162.7 (d, YJc_r = 248.4
Hz), 159.0, 158. 9, 146.6 (d, }J_p = 8.8 Hz), 141.0, 140.5, 139.0, 133.0
(d, Yor = 3.4 Hz), 132.6, 132.3, 131.3 (d, }Jo_ = 8.0 Hz), 130.7,
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1302 (d, ¥Je_p = 2.4 Hz), 127.0, 126.7, 1242 (d, 3Jc_r = 8.9 Hz),
115.7 (d, ¥Jc_g = 21.4 Hz),114.0, 113.7, 111.4 (d, }Jo_g = 22.7 Hz),
107.6 (d, ?Jo_p = 23.9 Hz), 55.3; HRMS (APPI-Orbitrap) m/z [M +
H]* caled for Cy,H,3F,0, 453.1660, found 453.1652.

(E)-5-Bromo-1-(4-bromobenzylidene)-2,3-bis(4-methoxyphenyl)-
1H-indene (3dk): orange red solid (43.0 mg, 25% yield); mp 218—220
°C; 'H NMR (400 MHz, CDCl;) 6 7.55 (d, J = 8.4 Hz, 2H), 7.45 (d, ]
= 1.7 Hz, 1H), 7.37 (d, ] = 8.3 Hz, 2H), 7.33 (d, ] = 8.2 Hz, 1H), 7.19
(d, ] = 8.8 Hz, 2H), 7.15 (d, ] = 8.7 Hz, 2H), 7.14 (dd, ] = 8.1, 1.9 Hz,
1H), 7.05 (s, 1H), 6.87 (d, ] = 8.7 Hz, 2H), 6.86 (d, ] = 8.8 Hz, 2H).
3.81 (s, 6H); *C NMR (101 MHz, CDCl;) § 159.0, 158.9, 146.3,
141.4, 140.0, 139.3, 135.8, 133.2, 133.1, 132.3, 131.9, 131.1, 130.8,
127.9, 126. 8, 126.5, 1244, 123.3, 122.6, 122.5, 114.0, 113.8, 55.4;
HRMS (APPI-Orbitrap) m/z [M + H]* caled for CiyH,;Br,0,
573.0059, found 573.0046.
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