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Gold-catalyzed Carboalkoxylations of 2-Ethynylbenzyl 

Ethers to Form 1- and 3-Substituted 2-Methoxy-1-H-

indenes: Brønsted Acid Versus Gold Catalysis 

Chun-Hao Chen, Chiou-Dong Wang, Yi-Feng Hsieh and Rai-Shung Liu* 
,  

Selective synthesis of 1- and 3-substituted 2-methoxyindenes from the carboalkoxylations of 2-

ethynylbenzyl ethers is described; the former is obtained efficiently with  P(t-Bu)2(o-

biphenyl)AuCl/NaBARF in DCM/MS 4Å  whereas the latter is produced preferably with P( t-

Bu)2(o-biphenyl)AuCl/AgNTf2 in pre-dried DCM. Both 1- and 3-substituted 2-indenyl ethers 

are subjected to ozone oxidations to afford two distinct carbonyl products. Our new data 

indicate that 1-substituted 2-indenyl ethers are generated from gold catalysts whereas their 3-

substituted analogues arise from Brønsted acid.  

 

 

Introduction 
The Au- and Pt-catalyzed carboalkoxylations of alkynes 

are powerful tools to access 1,2-difunctionalized molecules as 

both C-C and C-O bonds can be introduced onto the alkyne 

functionality.1-4 Toste and co-workers reported the 

carboalkoxylations of 2-alkynylbenzyl ethers bearing internal 

alkynes, to generate carbocation-like intermediates I, ultimately  

 

 

 

 

 

 

 

 

 

Scheme 1. Carboalkoxylations of 2-ethynylbenzyl ethers 

giving 1-indanone products.4a,b With their terminal alkyne 

analogues, we reported the selective synthesis of 1- and 2-

indanones through the modifications of gold catalysts and 

reaction solvents.4c Herein, P(C6F5)3AuCl/AgSbF6 in CH3NO2 

preferably produced 1-indanones whereas P(t-Bu)2(o-

biphenyl)AuCl/AgNTf2 in dichloromethane (DCM) gave 

mainly 2-indanones;4c both 1- and 2-indanones were postulated 

to derive from initial gold- -alkyne species via 5-exo-dig and 

6-endo-dig cyclizations respectively. Such chemoselective 

synthesis is highly dependent on the phosphine ligands and 

solvents.5 In this work, we demonstrate the effects of water and 

the MX as in P(t-Bu)2(o-biphenyl)Cl/MX, to control the 

regioselective formation of 1- or 3-aryl-2-methoxy-1-H-indenes 

from the same 2-alkynylbenzyl ethers; the two 2-indenyl ethers 

are subjected to the ozone oxidations6 to afford two distinct 

carbonyl products to highlight the synthetic utility. 

     Scheme 2 depicts a postulated mechanism to rationalize the 

formation of 2-indanones using LAuCl/AgNTf2 [L= P(t-Bu)2(o-

biphenyl)] in DCM according to our previous data.4c An initial 

6-endo-dig cyclization of gold-π-alkynes A generates benzylic 

cations B to achieve an intramolecular carbocyclization, 

yielding gold carbenes C. In dichloromethane, this 

carbocyclization provides 2-indanones 3 together with 1- or 3-

aryl-2-methoxyindenes 2 and 2’. We tentatively postulate that 

gold carbenes C undergo a 1,2-hydride shift to form new 

oxonium species D that likely lose a proton from the two 

adjacent C-H moieties to yield two 2-indenyl ethers 2 and 2’ 

respectively. To gain insight into this mechanism, we sought 

optimized conditions to generate the two 2-indenyl ethers 2’ 

Page 1 of 6 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

2 | J. Name., 2012, 00, 1-3 This journal is ©  The Royal Society of Chemistry 2012 

and 2 chemoselectively. The counter anion sources (MX) of 

P(t-Bu)2(o-biphenyl)AuCl/MX7 (MX = AgNTf2, NaBARF) and 

the presence of water8,9 are found to be the major factors to 

affect the reaction chemoselectivity. These optimized 

conditions enable us to revise the mechanisms more accurately. 

More importantly, two indenyl ethers 2 and 2’ seem to arise 

from Brønsted acid8,9 and Au(I) complexes respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2. Postulated routes to regioisomeric 2-indenyl ethers 

Results and Discussions 
Our previously investigation4c disclosed that the use of 

LAuCl/AgNTf2 [L = P(t-Bu)2o-biphenyl] in DCE or DCM 

provides 2-indanones 3 with optimized yields. Here, we 

examine the effects of counter anions in DCM at 280C to yield 

1- or 3-phenyl 2-indenyl ethers 2a and 2a’ efficiently. The 

workup of solution followed immediately after initial 1a had 

just disappeared; a protracted period in the solution led to the 

formation of 2-indanone 3a slowly due to presence of residual 

water. After isolation, the two 2-indenyl ethers were stable on a 

silica chromatograph. As shown in entry 1 (Table 1), with the 

use of AgNTf2 as the anion source, we obtained 3-phenyl-2-

indenyl ether 2a’ and 2-inanone 3a in 71% and 20% 

respectively, and 1-phenyl-2-indenyl ether 2a in 5% yield. 

AgOTf and AgSbF6 gave a mixture of desired 2a’ in 20-40% 

yields, together with 1- and 2-indanones 3a (33-39%) and 4a 

(19-35%) in appreciable amount. In contrast, a mixture of P(t-

Bu)2(o-biphenyl)AuCl/AgBF4 in DCM preferably gave 1-

indanoe 4a as the major product (69% yield). We aimed to 

decrease the formation of 2-indanone 3a; MS 4Å  was 

introduced to the DCM solution containing LAuCl/AgNTf2, 

seriously inhibiting the reaction seriously to give unreacted 1a 

and 2-indanone 3a in 70% recovery and 19% yield (entry 5). 

Starting 1a was recovered in 82% if the reaction was run in 

toluene in which water was present in a trace proportion. This 

observation suggests that both water and P(t-Bu)2(o-

biphenyl)AuCl/AgNTf2 were essentially required to complete 

the carboalkoxylation reaction of substrate 1a. A distinct 

behavior was observed for NaBARF (BARF = tetrakis[3,5-

bis(trifluoromethyl)phenyl]borate) as the anion source. The 

mixture of LAuCl/NaBARF in DCM gave a mixture of  

Table 1. Effects of counter anions in various solvents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a[1a] = 0.1 M. bWater is present in trace amount for those solvents without 

MS 4Å   cProduct yields are reported after separation from a silica column. 

2-indenyl ethers 2a (47%) and 2a’ (23%) in addition to 2-

indanone 3a (22%). Surprisingly, the presence of MS 4Å  in this 

DCM solution yielded only 1-phenyl-2-methoxyindene 2a with 

a yield up to 90% (entry 9). Excellent chemoselectivity was 

also achieved in DCE/MS 4Å , in which the same 2a was 

isolated in 85% yield (entry 10). When toluene/MS 4Å  was the 

solvent; a 60% conversion was attained after 1.5 h, yielding 

unreacted 1a and desired 2a in 40% and 48% yields 

respectively (entry 11).  

   We tested the feasibility of such regioselective syntheses over 

additional 2-ethnylbenzyl ethers 1b-1l under the optimized 

conditions A and B. Condition A refers to the use of P(t-Bu)2(o-

biphenyl)AuCl/NaBARF in DCM/MS 4 Å  whereas B involves 

the use of P(t-Bu)2(o-biphenyl)AuCl/AgNTf2 in dried DCM. In 

condition B, water is required to initiate the reaction, thus 

leading to the partial hydrolysis of indenyl ethers 2’ or 2 to 2-

indanones 3. These starting substrates exclude X = OMe or 

Y=OMe, which tend to form undesired 1-indanone 4 products 

preferably.4c For ethers 1b and 1c bearing X= F or Y= F, their 

1-phenyl-substituted ethers 2b and 2c were formed exclusively 

in 93 and 92% yields under condition A. In contrast, only ether 

1b (X = F) gave a 82% yield of desired 3-phenyl-2-

methoxyindene 2b’ whereas ether 1c (Y = F) gave a mixture of 

2c (40%) and 2c’ (25%), together with 2-indanone 3c in 30% 

yield (entries 1-2). For substrates 1d and 1e, conditions A and 

B gave desired indenyl ethers 2d-2e and 2d’-2e’ in 84-91% and 

50-60% yields respectively (entries 3-4). For unsubstituted 

ether (X= Y = H), their corresponding indenyl ethers 2f and 2f’ 

were obtained in 94% and 89% yields respectively (entry 5).  
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Table 2. Formation of two indenyl ethers. 

 

 

 

 

    

 

 

 

 

 

Condition A : P(t-Bu)2(o-biphenyl)AuBARF (BARF = B[3,5-(CF3)2C6H3]4)/ 

DCM, MS 4Å  Condition B : P(t-Bu)2(o-biphenyl) AuNTf2/ DCM.a[1] = 0.1 

M, 5 mol % catalyst. bWater is present in trace amount in Condition B. 
cProduct yields are reported after separation from a silica column.  

We tested also the two conditions on alkyl-substituted benzyl 

ethers 1g-1j (X = Me, t-Bu or Y = Me, t-Bu); condition A 

afforded 1-phenyl-2-methoxyindenes 2g-2j in 82-89% yields 

whereas condition B provided their 3-phenyl regioisomers 2g’ 

Table 3. The ozonolysis of 1-aryl-2-methoxyindenes 

 

 

 

 

 

 

 

 

 

 

 

a[2] = 0.2 M DMS (1.5 equiv). bProduct yields are reported after separation 

from a silica column. 

-2j’ in 62-82% yields (entries 6-9). For benzylethers 1k and 1l 

bearing varied aryl groups (Ar = 4-Cl and 4-MeC6H4), their 

corresponding indenyl ethers 2k-2l and 2k’-2l’ were obtained 

in 88-89% and 66-68% yields respectively (entries 10-11). For 

most substrates, two indenyl ethers can be selectively prepared 

under two optimized conditions, manifesting the utility of these 

reactions. 

We employed ozone oxidations6 of 1- and 3-aryl 

methoxyindenes 2 and 2’ to afford distinct aldehyde and ketone 

derivatives 5 and 6 to highlight their synthetic utility; the results 

are summarized in Tables 3-4 respectively. For 1-aryl-2-indenyl 

ethers 2a-2e bearing X = F, Cl or Y = F, Cl and Br, as shown in 

Table 3, the oxidative cleavage of these ethers with O3 in cold 

DCM at -78 0C (3 h) delivered aldehyde derivatives 5a-5e in 

77-86% yields (entries 1-5, Table 3). This ozonolysis was also 

extendible to unsubstituted indenyl ether 2f to give the desired 

aldehyde 5f in 91% yield. Such ozone oxidations were 

compatible with 2-indenyl ethers 2g-2j bearing X or Y = Me or 

t-Bu, affording the corresponding aldehyde derivatives 2g-2j in 

57-88% yields (entries 7-10, Table 3). For indenyl ethers 2k 

and 2l with Ar = 4-MeC6H4 or 4-ClC6H4, their ozonolysis 

reactions provided expected aldehydes 5k and 5l in 79-80% 

yields respectively (entries 11-12). 

Table 4. The ozonolysis of 3-aryl-2-methoxyindenes 

 

 

 

 

 

 

 

 

 

 

 

a[2'] = 0.2 M DMS (1.5 equiv). bProduct yields are reported after separation 
from a silica column. 

Table 4 shows the same ozone oxidations on 3-aryl-2-

methoxyindenes 2’, but yielding distinct ketone products 6 

instead. The reactions were amenable to indenyl ethers 2a’-2e’ 

bearing X = Cl, Br or Y = F, Cl and Br, yielding the ketone 

derivatives 6a-6e in 77-81% yields respectively (entries 1-5). 

The ozonolysis of unsubstituted indenyl ethers 2’f yielded the 
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desired ketone 6f in 82% (entry 6). These oxidative cleavage 

reactions were compatible with those indenyl ethers 2g’-2j’ 

bearing X or Y = Me, t-Bu, giving ketone derivatives 6g-6j in 

62-77% yields. (entries 7-10). For ethers 2k’ and 2l’ bearing 

varied aryl groups, their ozone reactions delivered ketone 

compounds 6k and 6l in 58% and 61% yields respectively 

(entries 11-12). 

With new data in Table 1, we revise the reaction mechanisms 

more precisely to rationalize chemoselectivity toward 2 and 2’, 

as water is required to activate the reaction for P(t-Bu)2(o-

biphenyl)AuCl/AgNTf2. Herein, LAu+ and its anion NTf2
- will 

greatly increase the acidity of water as in LAu(H2O)+ via a 

Lewis-acid activated Bronsted acid model.9  Accordingly, we 

postulate that LAu(H2O)+ is likely the active species in the 

initial carbocyclizations (path a), as depicted in Scheme 3, 

forming an intermediate C’ that undergoes Pinacol-type 1,2-

hydride shift10-11 to generate an oxonium species D’. The CHPh 

proton of species D is more acidic than that of the methylene 

protons, thus giving 3-phenyl-substituted 2a’ as the major 

product, consistent with our results. In contrast, the use of 

LAuCl/NaBARF provides a gold-π-alkyne intermediate to 

initiate the carbocyclization reaction (path b), generating gold-

carbene intermediate C” that undergoes a well known 1,2-

hydride shift11 to form 1-phenyl-substituted d1-2a as the major 

or exclusive product. 

 

 

 

 

 

 

 

 

 

Scheme 3. Revised mechanisms for the effects of counter anions. 

Conclusions 

   In summary, we have found two optimized conditions to 

obtain 1- and 3-aryl-2-methoxyindenes 2 and 2’12-14 from the 

carboalkoxylation reactions of 2-ethynylbenzyl ethers 1 using 

LAuCl/NaBARF and LAuCl/AgNTf2 respectively. These two 

indenyl ethers are further oxidatively cleaved with ozone in 

cold DCM to yield two distinct aldehyde and ketone products. 

The new data together with our re-analysis of previous 

deuterium experiments reveal that 1-aryl-2-methoxy- indenes 2 

are produced from gold-π-alkyne species whereas 3-aryl-2-

methoxy- indenes 2’ are catalyzed mainly from Brønsted acid, 

presumably in the form of LAu(H2O)NTf2.
13,14 

Experimental 

General procedure 

Unless otherwise noted, the preparations of the substrates were 

performed in oven-dried glassware under nitrogen atmosphere 

with freshly distilled solvents. Catalytic reactions were 

performed under an argon atmosphere. DCE and DCM were 

distilled from CaH2 under nitrogen. THF and toluene were 

distilled from Na metal under nitrogen. Commercial reagents 

were used without further purification. 1H NMR and 13C NMR 

spectra were recorded on a Varian 400 MHz, Bruker 400, 

Bruker 500 and 600 MHz Spectrometers using chloroform-d 

(CDCl3) as the internal standards. 

Typical Procedure for the synthesis of 1-phenyl-2-
methoxyindene (2a):  

After adding 4 Å  molecular sieves (60 mg), a dichloromethane 

(1.0 mL) solution of AuCl(t-Bu)2P(o-biphenyl) (6.2 mg, 5 mol 

%) and NaBARF (10.3 mg, 5 mol %) was stirred at rt for 10 

min, and to this solution was slowly added a dichloromethane 

(1.3 mL) solution of 4-chloro-1-ethynyl-2-(methoxy(phenyl) 

methyl)benzene (1a) (60 mg, 0.2 mmol) at rt. The solution was 

stirred for 0.5 h before it was filtered over a Celite bed. The 

solvent was evaporated under reduced pressure, and the residue 

was purified on a flash silica-gel column to give compound 2a 

(54 mg, 0.2 mmol, 90% yield) as a yellow oil. 1H NMR (600 

MHz, CDCl3): δ 7.27~7.30 (m, 2H), 7.23~7.26 (m, 1H), 

7.05~7.14 (m, 4H), 6.98 (br, 1H), 5.69 (s, 1H), 4.45 (s, 1H), 

3.75 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 170.1, 143.4, 

142.3, 137.7, 128.8, 128.5, 128.1, 127.3, 127.2, 124.0, 119.8, 

98.4, 57.7, 54.7. HRMS(EI) calcd. for C16H13ClO: 256.0655, 

found 256.0654. 

Typical Procedure for the synthesis of 3-phenyl-2-
methoxyindene (2a’):  

A dichloromethane (1.0 mL) solution of AuCl(t-Bu)2P(o-

biphenyl) (6.2 mg, 5 mol %) and AgNTf2 (4.4 mg, 5 mol %) 

was stirred at rt for 10 min; to this solution was slowly added a 

dichloromethane (1.3 mL) solution of 4-chloro-1-ethynyl-2-

(methoxy(phenyl)methyl)benzene (1a) (60 mg, 0.2 mmol) at rt. 

The solution was stirred for 3.5 h before it was filtered over a 

Celite bed. The solvent was evaporated under reduced pressure; 

the residue was purified on a flash silica-gel column to give 

compound 2a’ ( 42.6 mg, 0.17 mmol, 71% yield) as yellow oil 

and 3a (14.2 mg, 0.06 mmol, 25%) as a yellow oil. 1H NMR 

(600 MHz, CDCl3): δ 7.51~7.53 (m, 2H), 7.41~7.44 (m, 2H), 

7.28~7.31 (m, 1H), 7.22~7.25 (m, 2H), 7.03 (dd, J = 7.8, 1.8 Hz, 

1H), 3.82 (s, 3H), 3.55 (s, 2H); 13C NMR (150 MHz, CDCl3): δ 

161.7, 147.1, 133.6, 133.1, 132.8, 128.7, 128.4, 126.9, 124.2, 

122.5, 118.5, 116.4, 57.9, 34.8. HRMS(EI) calcd. for 

C16H13ClO: 256.0655, found 256.0648. 
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Procedure for ozonolysis of 1-phenyl-2-methoxy 
indene (5a):  

A dichloromethane (2.3 ml) solution of compound 2a (60 mg, 

0.2 mmol) was cooled to -78 ℃ , and to this solution was 

introduced with a stream of O3/O2 (~ 1 mmol/min of O3) for 1.0 

min. The solution was stirred at rt for 1 h. The resulting mixture 

was cooled to -78 ℃ and carefully quenched by addition of 

dimethylsulfide (21.8 mg, 0.4 mmol). After 1 h, the solvent was 

evaporated under reduced pressure; the residue was purified on 

a flash silica-gel column to give compound 5a (54.7 mg, 0.19 

mmol, 81% yield) as a yellow oil.  1H NMR (600 MHz, CDCl3): 

δ 10.05 (s, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.44 (dd, J = 7.8, 1.8 

Hz, 1H), 7.35~7.38 (m, 2H), 7.30~7.33 (m, 1H), 7.23~7.24 (m, 

2H), 7.15 (d, J = 1.8 Hz, 1H), 6.00 (s, 1H), 3.73 (s, 3H); 13C 

NMR (150 MHz, CDCl3): δ 192.0, 172.3, 141.9, 140.5, 136.8, 

136.2, 132.1, 130.8, 129.1, 129.0, 128.0, 127.8, 52.5 (CH3×1, 

CH×1). HRMS(ESI) calcd. for C16H13ClNaO3
+ (M+Na)+ 

311.0445, found 311.0446. 

Procedure for ozonolysis of 3-phenyl-2-methoxy 
indene (6a):  

A dichloromethane (2.3 ml) solution of compound 2a’ (60 mg, 

0.2 mmol) was cooled to -78 ℃ , and to this solution was 

introduced with a stream of O3/O2 (~ 1 mmol/min of O3) for 1 

min. The solution was stirred at rt for 1 h. The resulting mixture 

was cooled -78 ℃  and carefully quenched by addition of 

dimethylsulfide (21.8 mg, 0.4 mmol). After 1 h, the solvent was 

evaporated under reduced pressure; the residue was purified on 

a flash silica-gel column to give compound 6a ( 52.6 mg, 0.18 

mmol, 78% yield) as a yellow oil. 1H NMR (600 MHz, CDCl3): 

δ 7.79 (dd, J = 8.4, 1.8 Hz, 2H), 7.58~7.61 (m, 1H), 7.45~7.48 

(m, 2H), 7.43 (dd, J = 8.4, 2.4 Hz, 1H), 7.35 (d, J = 2.4 Hz, 1H), 

7.29 (d, J = 8.4 Hz, 1H), 3.82 (s, 2H), 3.53 (s, 3H); 13C NMR 

(150 MHz, CDCl3): δ 196.5, 171.2, 139.9, 137.0, 133.4, 133.1, 

132.7, 132.2, 130.8, 130.3, 129.6, 128.5, 52.0, 38.0. HRMS(ESI) 

calcd. for C16H14ClO3
+ (M+H)+ 289.0626, found 289.0627. 
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