TfOH/Fe(OTf); cocatalyzed reaction of arylallenes with alcohols for
structurally diverse indene derivatives
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The indene moiety is an important unit because of its presence in many chemical catalysts, functional materials and biologically relevant molecules.
Herein we report a facile reaction of arylallenes with benzylic or allylic alcohols through TfOH/Fe(OTf); cocatalyzed cleavage of sp3 carbon-oxygen. In the
presence of 5 mol% TfOH and 5 mol% Fe(OTf)s, a range of arylallenes undergo carbocation initiated cyclization reaction with alkyl alcohols to give
structurally diverse polysubstituted indenes in good to excellent yields. H,0 is the sole byproduct that makes this transformation high atom economy and

environmentally benign.
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Introduction

The indene moiety is an important unit because of its
presence in many natural products and drug candidates,m such as
enzyme inhibitors, reuptake blocking, biogenic transporters and
anti-arrhythmic  activity. The function of indene-related
compounds has been found applications as ligands for
metallocene complexes,m which are widely utilized in various
catalytic reactions. In addition, indene derivatives have also been
found applications in material science as discotic liquid crystals,
conducting polymers, coating materials for steel and so on.®l so
developing efficient synthetic approaches to construct differently
substituted indene derivatives is one of the most exciting topics in
organic synthesis.[‘” Recently, Roy described a useful method for
the formation of indene derivatives via heterobimetallic Ir-Sn
catalyzed reaction of propargylic alcohols.

Foregoing their past as structural oddities and molecules of
only fundamental interest, allenes have proven themselves as
valuable synthetic building blocks and reaction intermediates over
the last decades.” The higher reactivity of this type of cumulated
systems compared to that of simple alkenes, offers a number of
unique opportunities for the development of novel synthetic
transformations.” There are several reports about arylallens to be
used in cyclization to form indenes.'* *™ %I Tian and coworkers
reported an efficient method for the synthesis of indene
derivatives via FeCl; catalyzed electrophilic cyclization of allenes
with N-benzylic or N-allylic sulfonamides. Bml However, The
sulfonamides can’t be available directly and the yields are not
very high. Furthermore, the byproduct is TsNH,, the relative
molecular weight of which is 171 that leads to low atom economy.
Ma’s group reported a useful method for the formation of indene
erivatives via equivalent ZnCl, catalyzed reaction of allenes and
Icohols. 4k But only terminal allenes and
1,3-Diarylprop-2-en-1-ols or diarylmethanols are suitable
substrates and a stoichiometric amount of cycalysts is needed. So
there remains room for the development of electrophilic
cyclization of allenes that can expand the scope, employ plentiful
and easily available substrates , use catalytic amount of catalyst
and improve the atom economy. Here, we reported a
TfOH/Fe(OTf); cocatalyzed electrophilic cyclization of allenes with
alcohols for structurally diverse indene derivatives. In sharp
contrast to the reported methods, in our reaction, both 1,3-di and
1,1,3-trisubstituted arylallenes react smoothly with benzylic or
allylic alcohols to afforded structurally diverse indene derivatives
with good to excellent yield, and a catalytic combination of TfOH
(5 mol %) and Fe(OTf); (5 mol %) is employed which is powerful
for the reaction (Scheme 1).[7] The unique by product is H,0,
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which makes the transformation environmentally benign and high
atom economy. To our knowledge, for the first time, the highly
efficient catalytic combination of TFOH and Fe(OTf), is used for
the synthesis of indene derivatives and electrophilic cyclization of
allenes .
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Results and Discussion

To get the optimized reaction conditions, we evaluated a
number of Brgnsted acids and Lewis acids (5 mol %) in the
model reaction of benzhydrol (1a) with arylallene (2a) in
1,2-dichloroethane at 70 °C for 12h (Table 1, Entries 1-11). The
use of Fe(OTf); resulted in the formation of indene 3a in 47%
yield (Table 1, Entry 6). Doubling the amount of Fe(OTf); improved
the yield to 60% (Table 1, Entry 12) and more excitingly, a higher
yield (85%) was reached cocatalyzed by Fe(OTf); (5 mol %) and
TfOH (5 mol %) in 1,2-dichloroethane (Table 1, Entry 13). The
reaction efficiency was significantly affected by the solvent, and a
survey of common solvents revealed that the use of nitromethane
improved the yield to 96% (Table 1, Entry 18). The yield of using
Fe(OTf); or TfOH as single catalyst in MeNO, was lower than that
of the combination of Fe(OTf); and TfOH (Table 1. Entries 19-20).
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Table 1 Optimization of reaction conditions®

TsO

oH cat (5 mol %) TsO. (CH2)7|S: ¢

o e e 0%
(CHp)7CHg Ph
la 2a Nz, 12h 3a
Entry Catalyst (mol %) Solvent Yield b

1 TfOH (5) DCE 39

2 PhCOOH (5) DCE 0

3 TsOH (5) DCE 22

4 Bi,(SO4); (5) DCE 15

5 Fe,(S04)s (5) DCE trace

6 Fe(OTf); (5) DCE 47

7 FeCls (5) DCE 35

8 SnCly (5) DCE 34

9 BiCl; (5) DCE 29

10 AlCl5 (5) DCE 33

11 ZnCl, (5) DCE 21

12 Fe(OTf); (10) DCE 60

13 Fe(OTf); (5)/TfOH (5) DCE 85

14 Fe(OTf); (5)/TfOH (5) DMF 42

15 Fe(OTf); (5)/TfOH (5) MeCN 69

16 Fe(OTf); (5)/TfOH (5) Dioxane 27

17 Fe(OTf); (5)/TfOH (5) DMSO 38

18 Fe(OTf); (5)/TfOH (5) MeNO, 96

Fe(OTf); (10) MeNO, 81
20 TfOH (10) MeNO, 67

¢ Reaction conditions: benzhydrol 1a (0.2 mmol), arylallene 2a (0.24
mmol), catalyst (5 mol %), solvent (1.0 mL), 70 °C, 12 h. ®|solated yield.

The scope of this TfOH/Fe(OTf), cocatalyzed reaction was
expanded to a variety of alcohols (Table 2). In the presence of
TfOH (5 mol %) and Fe(OTf); (5 mol %), bisbenzylic, monobenzylic
and allylic alcohols smoothly underwent this kind of
transformation, generating structurally diverse indenes 3 in good
to excellent yields (Table 2, 3a-3n). Notably, this protocol proved
useful for the construction of indene containing polycycles such as
3d-g (Table 2, entries 4-7). This reaction was not applicable to less
reactive alkyl alcohols such as cyclohexanol.
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Table 2 Synthesis of polysubstituted indenes from arylallene 2a and
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“ Reaction conditions: alcohol 1 (0.20 mmol), arylallene 2a (0.24 mmol),
Fe(OTf); (5 mol %), TfOH (5 mol %), nitromethane (1.0 mL), 70 °C. b
Isolated yield. © dr 47:53. ¢ dr 43:57. © dr >1:99. 7 dr 37:63. ¢ dr 50:50. " dr

44:56.

Substrate scope is also broad with respect to the allenes. A
range of 1,3-di- and 1,1,3-trisubstituted arylallenes were found to
be able to react with benzhydrol 1a in the presence of 5 mol % of
TfOH/Fe(OTf); (1 : 1) to afford the corresponding indenes in good
to excellent yields (Table 3). The reaction is slower when the
allene contains an electron-withdrawing group (Table 3, 3q-3s,
3v-3w). As demonstrated by the results summarized in tables 2
and 3, a variety of heteroatoms and alkyl groups were successfully
introduced into the indene derivatives by employing
functionalized arylallenes and benzylic /allyl alcohols.
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Table 3 Synthesis of polysubstituted indenes from different arylallenes 2
and alcohole 1a*’
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“ Reaction conditions: alcohole 1 (0.20 mmol), arylallene 2a (0.24 mmol),
Fe(OTf); (5 mol %), TfOH (5 mol %), nitromethane (1.0 mL), 70 °C. b
Isolated yield.

To gain insight into the reaction mechanism, we examined the
reaction of allene 2a with an optically active alcohol (R) - 1i. As
demonstrated by Equation 1, the reaction of alcohol (R) — 1i (96%
ee) with allene 2a proceeded smoothly in the presence of TfOH (5
mol %) and Fe(OTf); (5 mol %) to afford corresponding indene 3i
in nearly racemic form (3% ee). This result suggests that
carbocation 4 is generated from alcohol 1 via a acid — promoted
SP® C-O bond cleavage (scheme 2). (481 Elactron-rich arylallene 2
acts as an nucleophile to couple with carbocation 4 to give
intermediate 5. Friedel-Crafts cyclization of carbocation 5
followed by aromatization affords indene 3.
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Conclusions

In summary, we have developed a facile raction of alcohols
with arylallenes under acidic conditions. a catalytic combination
of TfOH and Fe(OTf); to afford the corresponding indene
derivatives in high yield with extremely high regioselectivity. It is
the first time such catalytic system has been used in the reactions
of allenes. In our system, both 1,3-di and 1,1,3-trisubstituted
arylallenes serve as suitable substrates to afford the
corresponding indene derivatives in high to excellent yield.
Furthermore, H,0 is the sole byproduct that makes this
transformation high atom economy and environmentally benign.
This method presents a novel example of efficient cooperative
catalysis. Current efforts are directed toward further
methodological refinement and synthetic applications.

Experimental

Flash chromatography was performed with Merck silica gel 60
F254 plates, and the products were visualized by UV detection. 'y
and C NMR Spectra were recorded on a Bruker AC-400 FT
spectrometer (400 MHz and 100 MHz, respectively) using
tetramethylsilane as internal reference. Chemical shifts (6) and
coupling constants (/) were expressed in ppm and Hz, respectively.
IR spectra were recorded on a Perkin-Elmer 2000 FTIR
spectrometer. High resolution mass spectra were recorded on a
LC-TOF spectrometer (Micromass). the UV detection was
monitored at 254 nm. Melting points wereuncorrected. Allenes
2a-2g and 2h-2k were prepared according to literature
procedures.[gl The rest of chemicals were purchased from the
Sinopharm Chemical Reagent Co., Meryer, Acros, and Alfa Aesar,
and used as received. Solvents were dried over MgSO, before use.

General Procedure for the TfOH/Fe(OTf); Coatalyzed coupling
reaction of Arylallenes: To a solution of alcohol 1 (0.20 mmol) in
dry nitromethane (1.0 mL) were added allene 2 (0.24 mmol) and
TfOH (1.5 mg, 0.010 mmol), Fe(OTf); (5.0 mg, 0.010 mmol)
subsequently under N,. The resulting mixture was stirred at 70 °C
until no further transformation was detected by TLC analysis. The
mixture was cooled to room temperature, and purified by silica
gel column chromatography, eluting with petroleum ether/ethyl
acetate (100:0 to 10:1), to give indene derivative 3.
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