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Abstract A formal [3+2] cycloaddition of triphenylcarbenium tetraflu-
oroborate with structurally different styrene derivatives has been devel-
oped. A combination of benzophenone and Et3N is key for promoting a
formal [3+2] cycloaddition of triphenylcarbenium tetrafluoroborate
with styrenes affording 1,1-diphenyl-3-arylindanes in moderate to
good yields. The reaction mechanism of this transformation is also dis-
cussed.
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The indane ring system is an important structural motif
found in many naturally occurring compounds. In addition,
a large number of them have significant biological activi-
ties,1 such as the antihypertensive drug (+)-indacrinone,1a

the antidepressant indatraline,1b the HIV protease inhibitor
indinavir,1c and the acetylcholinesterase inhibitor donepez-
il.1d Moreover, compounds 1, 2, and 3 were developed and
used as precursors of polymers of intrinsic microporosity
materials (PIM), which display enhanced solubility and mi-
croporosity in the solid state (Figure 1).2 Additionally, such
PIM have been developed for potential applications as
heterogeneous catalysts,3 hydrogen storage materials,4 and
polymer membranes for gases.5

There is a large number of methods to access the indane
framework, including intermolecular [3+2] cycloaddition of
benzylic cations with alkenes,6 intramolecular Friedel–
Crafts reactions of alkanols,7 cyclodimerization of alkenes,8
and other approaches.9

In the course of our investigation on the formal [3+2]
cycloaddition of benzylic cations with alkenes, we envis-
aged that with commercially available triphenylcarbenium
tetrafluoroborate (5), a stable triphenylmethyl cation inter-
mediate Ph3C+, could be possible, initiating a formal [3+2]
cycloaddition with alkenes 4 to give indane products 6
(Scheme 1).

Scheme 1  Synthetic strategy to access the indane framework 6

Figure 1  Structures of synthetic indane monomers
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A literature search revealed that a formal [3+2] cycload-
dition of triphenylmethyl cation with alkenes is rare and
has limitations. For instance, in 1984, Ducharme and co-
workers10 demonstrated the transfer of hydrogen from the
carbon–hydrogen bond of tris[(triphenylstannyl)meth-
yl]methane (7) to triphenylcarbenium hexafluorophos-
phate, in which isobutylene was generated in situ under the
reaction conditions followed by a formal [3+2] cycloaddi-
tion with the triphenylmethyl cation Ph3C+ (A) to give 1,1-
dimethyl-3,3-diphenylindane (8) in 56% yield (Scheme 2).
In 1993, Wu and co-workers11 reported a study of carbon–
carbon bond formation and its subsequent cyclization in
the reaction of triphenylmethyl cation (A) with the tung-
sten propargyl complex 9 for the synthesis of two polyaro-
matic compounds; each of which contain a new six-mem-
bered ring (Scheme 2). In 1997, Acar and co-workers12 re-
ported the use of triphenylcarbenium tetrafluoroborate as a
cationic initiator for vinyl ether polymerization affording
trityl-terminated poly(butyl vinyl ether) (14, Scheme 2).
This trityl-terminated polymer 14 was further used to initi-
ate free radical polymerization of methyl methacrylate for
the preparation of a block copolymer. In 2002, Auricchio
and co-workers13 reported their study on the cycloaddition
reaction between the stable nitrile oxide 15, used as 1,3-di-
pole, and triphenylcarbenium tetrafluoroborate to give
benzoxazine 16 in 20% yield (Scheme 2). In addition, the 2π
electrons of the triphenylmethyl cation and the 4π elec-
trons of nitrile oxide 15 participate in a stepwise cycloaddi-
tion process. Herein, we report a successful synthesis of
1,1-diphenyl-3-arylindanes via a formal [3+2] cycloaddi-
tion of triphenylcarbenium tetrafluoroborate 5 with struc-
turally different styrene derivatives promoted by a combi-
nation of benzophenone and Et3N. To the best of our knowl-
edge, this is the first example for the synthesis of 1,1-di-
phenyl-3-arylindanes via a formal [3+2] cycloaddition of
triphenylcarbenium tetrafluoroborate with styrenes.

To test our hypothesis, our preliminary investigations
commenced by considering a formal [3+2] cycloaddition re-
action between triphenylcarbenium tetrafluoroborate 5
(1.5 equiv) and styrene 4a (1 equiv) in toluene at room tem-
perature for 48 hours (Table 1, entry 1). Unfortunately, the
desired cycloaddition product 6a was not observed; only
styrene polymerization products were detected. Serendipi-
tously, we observed that a formal [3+2] cycloaddition of
triphenylcarbenium tetrafluoroborate 5 with styrene 4a
could be achieved by using benzophenone as an additive.
The results showed that the desired product 6a was ob-
tained in 40% yield when 30 mol% of benzophenone were
employed as the additive (Table 1, entry 2). Further screen-
ing revealed that : decreasing the loading of benzophenone
to 20 mol% or increasing the loading of benzophenone to 40
mol% did not significantly affect the reaction (Table 1, entry
3); neither did increasing the amount of triphenylcarbeni-
um tetrafluoroborate 5 from 1.5 equivalents to 3 equiva-
lents significantly improve the yield of the desired product
6a (40% yield, Table 1, entry 2). A number of solvents, such
as benzene, CH2Cl2, EtOAc, THF, DMF, DMSO, and MeCN was
examined, but they gave inferior results (Table 1, entries 4–
10), except for benzene, affording 6a in a comparable yield
(40% yield, Table 1, entry 5). Subsequently, the effects of
other heteroatom-containing additives such as methylphe-
nylsulfide, EtOAc, acetone, DMSO, DMF, and Et3N were in-
vestigated, yielding the desired product 6a ranging from
13–36% yield (Table 1, entries 11–16). Increasing the
amount of Et3N from 0.3 equivalents to 1 equivalent was
found to be effective to produce the desired product 6a in
46% yield (Table 1, entry 16). No reaction was observed
when an inorganic base such as K2CO3 was employed (Table
1, entry 17). To our satisfaction, when a combination of
benzophenone (0.3 equiv) and Et3N (1.0 equiv) was used,
the desired product 6a was obtained in 58% yield (Table 1,
entry 18). The effect of the reaction temperature was fur-

Scheme 2  Reported reactions of Ph3C+ (A) under different conditions
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ther investigated, and the best result was achieved when
the reaction was performed at 80 °C for 48 hours to give the
cycloaddition product 6a in 77% yield (Table 1, entry 20). In-
ferior yields were observed when the reaction was per-
formed at 100 °C for three hours affording the cycloaddition
product 6a in 49% yield (Table 1, entry 21). Finally, a mix-
ture of styrene 4a (1.0 equiv), triphenylcarbenium tetraflu-
oroborate (5, 1.5 equiv), benzophenone (0.3 equiv), and
Et3N (1.0 equiv) in toluene at 80 °C for 48 hours was estab-
lished as the optimal conditions (Table 1, entry 20).

After established the optimal conditions, we next evalu-
ated the scope and limitations of this transformation, and
the results are summarized in Scheme 3. Firstly, a variety of
styrene derivatives was investigated. Good results were ob-
tained when styrene derivatives bearing an electron-with-
drawing substituent at the para position including p-bro-
mostyrene (4b), p-chlorosytrene (4c), and p-fluorostyrene
(4f) were employed as substrates. The cycloaddition prod-
ucts 6b, 6c, and 6f were obtained in high yields ranging
from 62–78% yield. In comparison, ortho-substituted chlo-

Table 1  Optimization of Reaction Conditionsa

Entry Additive 
(0.3 equiv)

Base 
(1 equiv)

Solvent 
(2.5 mL)

Temp 
(°C)

Yield 
(%)b

 1 - – toluene r.t.  0

 2 Ph2CO – toluene r.t. 40, 40c

 3 Ph2CO – toluene r.t. 32d, 40e

 4 Ph2CO – hexanes r.t. 27

 5 Ph2CO – benzene r.t. 40

 6 Ph2CO – CH2Cl2 r.t. 24

 7 Ph2CO – MeCN r.t. 26

 8 Ph2CO – DMF r.t.  0

 9 Ph2CO – DMSO r.t.  0

10 Ph2CO – THF r.t.  0

11 PhSMe – toluene r.t. 13

12 EtOAc – toluene r.t. 28

13 Me2CO – toluene r.t. 34

14 DMSO – toluene r.t. 30

15 DMF – toluene r.t. 26

16 – Et3N toluene r.t. 46, 36f

17 – K2CO3 toluene r.t.  0

18 Ph2CO Et3N toluene r.t. 58

19 Ph2CO Et3N toluene 60 73, 67g

20 Ph2CO Et3N toluene 80 77

21 Ph2CO Et3N toluene 100 49h

a Reaction conditions: 4a (1.0 mmol), 5 (1.5 mmol), additive (0.3 mmol), 
and base (1.0 mmol) in toluene (2.5 mL) at 80 °C for 48 h.
b Isolated yield.
c Conditions: 3 equiv of 5 were used.
d Conditions: with 0.2 equiv of benzophenone.
e Conditions: with 0.4 equiv of benzophenone.
f Conditions: with 0.3 equiv of Et3N.
g Reaction carried out under anhydrous conditions under argon atmosphere.
h Reaction was completed in 3 h.
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Scheme 3  Synthesis of 1,1-diphenyl-3-arylindanes via a formal [3+2] 
cycloaddition of triphenylcarbenium tetrafluoroborate with styrenes 
a Reaction was carried out in the absence of benzophenone and stirred 
at 80 °C under argon for 144 h. b Anhydrous conditions.c Reaction was 
performed at r.t. for 120 h.
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rostyrene (4e) gave a relatively lower yield compared with
its meta- or para-substituted analogue, probably due to ste-
ric hindrance. 3-Vinyl benzaldehyde (4g) was also compati-
ble with the reaction conditions to give the corresponding
product 6g in 41% yield. In the case of m-nitrostyrene 4h,
an inseparable mixture of the desired product 6h, benzo-
phenone, and unidentified products was obtained. To over-
come this problem, the modified reaction conditions were
carried out in the absence of benzophenone, and the mix-
ture was stirred at 80 °C under an argon atmosphere for
144 hours, providing the cycloaddition product 6h in 45%
yield along with 28% yield of recovered m-nitrosyrene 4h.
Lower yields were obtained when styrenes with electron-
releasing substituents were subjected to the optimal condi-
tions. For instance, p-methylstyrene (4i) and p-acetoxysty-
rene (4j) were converted into the desired products 6i and 6j
in 44% and 30% yields, respectively. When p-methoxysty-
rene (4k) was employed as a substrate, the desired product
6k was not obtained. In the case of 1-(chloromethyl)-4-vin-
ylbenzene (4l), traces of the desired product 6l were detect-
ed. Gratifyingly, the yield of 6l was improved to 53% yield
when the reaction was conducted at 30 °C for 120 hours.
Furthermore, α-methylstyrene (4m) was found to undergo
the reaction, producing the corresponding product 6m in
50% yield. Unfortunately, only traces of an inseparable mix-
ture of the corresponding target compounds 6n, 6o, and 6p
were produced under these reaction conditions, presum-
ably due to the influence of the steric hindrance of the sub-
strates.

In an attempt to extend the scope of this transforma-
tion, cyclohexenylbenzene (4q), 3,4-dihydro-2H-pyran (4r),
allyl benzylether (4s), n-butyl vinylether (4t), methyl acry-
late (4u), acrylonitrile (4v), and 2-vinylpyridine (4w) were
screened under the standard reaction conditions (Scheme
4). Unfortunately, the desired cycloaddition products were
not observed.

In order to gain more insight into the reaction mecha-
nism of this transformation, a possible electron-transfer
process induced by the triphenylmethyl cation Ph3C+ as re-
ported by Morkovnik and co-workers in 199514 was investi-
gated. To probe the possible electron-transfer process, a
radical-scavenging experiment was carried out. Addition of
single-electron-transfer inhibitor 1,3-dinitrobenzene15 (1.0
equiv) to the reaction of triphenylcarbenium tetrafluorobo-
rate and styrene under standard reaction conditions led to
slightly lower yield of 6a (from 77% yield to 60% yield)
(Scheme 5). This result implies that the mechanistic path-
way of the present reaction is ionic and that it is not an
electron-transfer process.

Based on the experimental results, the reaction mecha-
nism of this transformation is proposed to proceed via a
cation-induced formal [3+2] cycloaddition of triphenylcar-
benium tetrafluoroborate with styrene. A key step of this
transformation involves an unshared electron pair from a
heteroatom, such as oxygen or nitrogen, coordinating to the
triphenylmethyl cation resulting an intermediate A′. The in-
termediate A′ could then be trapped by styrene to afford a
new benzylic cation providing intermediate B, that would
benefit carbocation stabilization, slowing down polymer-
ization, and facilitating ring closure by intramolecular Frie-
del–Crafts reaction. Finally, aromatization by proton ab-
straction provides the corresponding product 6a (Scheme
6).

In conclusion, we have developed an experimentally
simple, one-pot synthesis of 1,1-diphenyl-3-arylindanes
promoted by benzophenone and Et3N via formal [3+2] cyc-
loaddition reaction between triphenylcarbenium tetrafluo-
roborate and structurally diverse styrene derivatives to give
1,1-diphenyl-3-arylindanes in moderate to good yields.16
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Scheme 4  A formal [3+2] cycloaddition of triphenylcarbenium tetra-
fluoroborate with alkenes
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silica gel. The final product 6a was obtained in 77% yield as a
white solid, mp 111.5–112.5 °C. Analytical TLC on silica gel: Rƒ =
0.40 (hexanes–EtOAc = 9.9:0.1). IR (KBr): νmax = 3080, 3061, and
3025 (aromatic), 2966, 2928, and 2862 (CH of aliphatic), 1596,
and 1491 (aromatic), 1470, 1454, and 1444 (CH of aliphatic)
cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.35–7.16 (m, 17 H), 7.1 (d,
J = 6.8 Hz, 1 H), 6.92 (d, J = 6.8 Hz, 1 H), 4.2 (dd, J = 6.4, 11.1 Hz, 1

H), 3.2 (dd. J = 6.4, 12.6 Hz, 1 H), 2.90 (dd, 11.1, 12.6 Hz, 1 H). 13C
NMR (75 MHz, CDCl3): δ = 149.41 (C), 148.05 (C), 146.66, (C),
145.83 (C), 143.88 (C), 128.61 (3 CH), 128.54 (3 CH), 128.52 (2
CH), 128.03 (2 CH), 127.99 (2 CH), 127.19 (CH), 126.72 (CH),
126.62 (CH), 126.28 (CH), 126.08 (CH), 126.04 (CH), 125.03
(CH), 60.84 (C), 54.13 (CH2), 49.01 (CH). HRMS (ESI-TOF): m/z
[M + Na]+ calcd for C27H22Na: 369.1619; found: 369.1531.
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2016, 27, A–F


