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Tris(pentafluorophenyl)borane [B(C6F5)3] has been used as an efficient catalyst for reductive alkylation of
alkoxy benzenes using aldehydes as an alkylating agent in the presence of polymethylhydrosiloxane
(PMHS). Various alkylated trimethoxybenzene derivatives have been prepared in good to high yields.
In addition, B(C6F5)3 was also used as a catalyst for the reaction of electron-rich arenes with aldehydes
to obtain triarylmethanes. The use of reductive alkylation protocol for the synthesis of an isochroman
and tetrahydroisoquinoline derivatives has also been demonstrated.

� 2009 Elsevier Ltd. All rights reserved.
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Friedel–Crafts alkylation of aromatic compounds is one of the
important reactions, which has found significant applications in
the synthesis of various biologically active compounds.1 Common
synthetic methods for the alkylation include the reaction of aro-
matic compounds with alkyl halides in the presence of Lewis acid
activators.2 The alternative methods used to obtain the alkylated
aromatics are; acylation followed by reduction,3 alkylation with
alcohol or its derivatives,4,5 and alkenylation with organometallic
reagents.6 Further, reductive alkylation of aromatic compounds
can be achieved by using carbonyl compounds as alkylating agents,7

which are very limited. Hence, there has been a considerable interest
in the development of a mild and efficient method for reductive
alkylation of aromatics.

The efficiency of tris(pentafluorophenyl)borane [B(C6F5)3] cata-
lyst has been revealed in combination with silanes for the various
reduction procedures by us8 and others.9 In our continued interest
in the development of new reduction procedures,8,10 we envi-
sioned that the reductive alkylation of electron-rich aromatics (1)
with aldehydes (2) in the presence of PMHS–B(C6F5)3 would pro-
ceed smoothly to give the alkylated products (3).

With this idea, we first attempted the reaction of trimethoxyben-
zene (1a) with benzaldehyde (2d) in CH2Cl2 using polymethylhy-
drosiloxane in the presence of 5 mol % of B(C6F5)3 and the reaction
was completed in 1 h to give the benzyl trimethoxybenzene (3d)
in 90% yield (Scheme 1 and Table 1, entry 4). Further, the generality
of this reaction was examined by using trimethoxybenzene (1a) as a
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representative aromatic compound. As can be seen from Table 1,
varieties of aldehydes were used as alkylating agents to give the
corresponding alkylated trimethoxybenzene in good yields. Ali-
phatic aldehydes 2a, 2b, and 2c, successfully participated in the
reductive alkylation of trimethoxybenzene under the present reac-
tion conditions to provide the corresponding alkylated products 3a
to 3c (Table 1, entries 1–3) without rearrangement. Further, substi-
tuted aromatic aldehydes such as 2-nitro, 4-fluoro, 3-hydroxy, and
2,5-dimethoxy benzaldehydes, 2e, 2f, 2g, and 2h, were well reacted
with trimethoxybenzene under PMHS–B(C6F5)3 reagent system to
give the corresponding benzylated trimethoxybenzenes, 3e to 3h
(Table 1, entries 5–8). To our delight, furanose aldehyde 2j obtained
from glucose di-acetonide, was also used as an alkylating agent to
obtain trimethoxybenzyl furanose 3j in 89% yield (Table 1, entry
10) which can be mimicked as C-aryl sugar. However, the reaction
of trimethoxybenzene with acetophenone (2k) was unsuccessful
even under reflux temperature and/or for longer reaction time (Ta-
ble 1, entry 11).

The encouraging results described above for the reductive alkyl-
ation of 1,3,5-trimethoxybenzene spurred us to test the reactivity
1a

R = alkyl, aryl

Scheme 1. Reductive alkylation.



Table 1
Reductive alkylation of trimethoxybenzene (1) with aldehydes using PMHS–5 mol % of B(C6F5)3

Entry Aldehyde (2) Time (h) Product (3) Yielda (%)

1 2aCHO 1 3a

OMeMeO

OMe

92

2 2bCHO
1.5 3b

MeO

OMe

OMe

91

3 2c3 CHO 1.5 3c

OMeMeO

OMe

4
91

4 PHCHO 2d 1 3d

OMeMeO

OMe

Ph 90

5 2e

NO2
CHO 1 3e

MeO

OMe

OMe

NO2

88

6 2f
CHO

F
1.5 3f

MeO

OMe

OMe F

88

7
2g

CHOHO
2.5

3g
MeO

OMe

OMe

OH 87

8 2h
CHO

OMe

OMe

2 3h
MeO

OMe

OMe

OMe

OMe

94

9
2i

O
CHO

OMe

2
3i

MeO

OMe

OMe

O OMe

91

10

O

O

OOHC

BnO
2j

1.5

MeO

OMe

OMe

O

O

O

BnO
3j

89

11b
2k

O

12 No reaction —

a Isolated yield.
b Reaction was also carried at reflux temperature.
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of other electron-rich arenes. Thus, the reaction of 3,5-dimethoxy-
benzyl alcohol (1b) and 3,5-dibenzyloxybenzyl alcohol (1c) with
benzaldehyde (2d) in the presence of PMHS and 5 mol % of
B(C6F5)3 was tested, which gave the corresponding alkylated prod-
ucts 3k and 3l in good yields (Table 2, entries 1 and 2). On the other
hand, the treatment of indole (1d) and 2-methylfuran (1e) with
benzaldehyde under the described reductive alkylation conditions
[PMHS–B(C6F5)3] did not provide the expected reductive alkylative
product, instead the triarylmethanes 4a and 4b were obtained
(Table 2, entries 3 and 4). The formation of these products was ob-
served within 15 min. This may be due to the more nucleophilic
nature of indole and 2-methylfuran compared to the PMHS in
the presence of B(C6F5)3.11 To obtain the triarylmethane product
from 1,3,5-trimethoxybenzne (1a), the reaction of 1a was carried
out with benzaldehyde and 5 mol % of B(C6F5)3 in the absence of
PMHS and as expected the triarylmethane 4c was obtained in



Table 2
Reaction of electron-rich arenes with benzaldehyde (2d) using PMHS–5 mol % of B(C6F5)3

Entry Arene Time (h) Product Yielda (%)

1

OMeMeO

1b

OH

2 3k
OMeMeO

OH

Ph

78

2

OBnBnO

1c

OH

2.5 3l
OBnBnO

OH

Ph

73

3

1d
N
H

0.25

4aN
H

N
H

Ph

94

4
1eO

0.25

4bO O

Ph

92

5b

1a

MeO

OMe

OMe

3

4c

PhMeO MeO

OMeOMeMeO OMe
85

a Isolated yield.
b Reaction was also carried out in the absence of PMHS.
c Yield calculated based on indole.

Table 3
B(C6F5)3-catalyzed reaction of electron-rich arenes with aldehydes

Entry Arene Aldehyde Time (h) Product Yielda (%)

1 1a
F

F
F

CHO
2l

3 4c

F
F

[2,4,6-(OMe)3] [2,4,6-(OMe)3]

F

82

2 1a

B2

CHO
OH

2m

2.5

Br

[2,4,6-(OMe)3] [2,4,6-(OMe)3]

OH

4d

78

3 1d 2l 0.5

4eN
H

F F
F

N
H

93

4 1e 2m 0.5 4f

O O

OH

Br

92

a Isolated yield.
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Scheme 2. Intramolecular reductive alkylation.
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85% yield (Table 2, entry 5). This observation of triarylmethane for-
mation12–14 in the presence of B(C6F5)3 prompted us to examine
the diversity in the aldehyde part. Table 3 describes the reaction
of electron-rich arenes 1a, 1d, and 1e with different aldehydes to
obtain the corresponding alkylated products 4c to 4f in good yields
(Table 3, entries 1–5).

Next, we set out to expand this method to application for the
intramolecular reductive alkylation (Scheme 2). Consequently,
treatment of 5a and 5b with PMHS–B(C6F5)3 reagent system
afforded the corresponding intramolecular alkylated products,
isochroman derivative 6a (64%) and tetrahydroisoquinoline deriva-
tive 6b (46%) without effecting the Boc protection. All the products
obtained were fully characterized by 1H, 13C NMR, mass, and IR
spectra.15

In summary, an efficient B(C6F5)3-catalyzed reductive alkylation
of alkoxybenzenes using aldehyde as alkylating agents is success-
fully established in the presence of PMHS. Further, B(C6F5)3-cata-
lyzed reaction of electron-rich arenes with aldehydes to obtain
triarylmethanes has also been demonstrated. The reaction de-
scribed here is mild, efficient, general, and gives good yield of the
product. The utility of the present method was successfully dem-
onstrated for the synthesis of isochroman and tetrahydroisoquino-
line derivatives.

Representative experimental procedure for reductive alkylation:
To a stirred solution of trimethoxybenzene (1a, 1 mmol) in
dichloromethane, benzaldehyde (2d, 1 mmol) was added. To this
stirred solution, polymethylhydrosiloxane (3 mmol) and 5 mol %
of B(C6F5)3 were added at room temperature and the reaction
progress was monitored by TLC analysis. After the completion of
the reaction (1 h), the solvent was evaporated under vacuum and
the residue was purified by column chromatography on silica gel
using ethyl acetate and hexanes (10:90) as eluent to give the ben-
zyl trimethoxybenzene 3d in 90% yield.

Representative experimental procedure for the synthesis of triar-
ylmethanes: To a stirred solution of indole (1d, 1 mmol) in dichloro-
methane, trifluoromethyl benzaldehyde (2l, 0.5 mmol) and 5 mol %
of B(C6F5)3 were added at room temperature and the reaction pro-
gress was monitored by TLC analysis. After the completion of the
reaction (0.5 h), the solvent was evaporated under vacuum and
the residue was purified by column chromatography on silica gel
using ethyl acetate and hexanes (15:85) as eluent to give the triar-
ylmethane 4e in 93% yield.
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1H NMR (CDCl3, 300 MHz): d 7.44–7.27 (m, 5H), 6.12 (s, 2H), 5.92 (d, J = 3.9 Hz,
1H), 4.64 (s, 1H), 4.56 (d, J = 3.9 Hz, 1H), 4.54–4.42 (m, 2H), 3.8 (s, 3H), 3.72 (s,
7H), 3.17–3.02 (m, 2H), 1.44 (s, 3H), 1.29 (s, 3H); 13C NMR (CDCl3, 75 MHz): d
159.6 (2C), 159.2, 138.1, 128.2 (2C), 127.5 (2C), 127.3, 111.1, 107.3, 104.6, 90.6
(2C), 82.4, 82.3, 79.8, 71.7,55.5 (2C), 55.2, 26.7, 26.3, 21.3; HRMS (ESI) calcd for
C24H30O7Na: 453.1879 M+Na+, found: 453.1889 M+Na+; IR (neat): mmax 2932,
2841, 1603, 1458, 1207, 1134, 1076 cm�1; (3k): mp 184.2–186.3 0C; 1H NMR
(CDCl3, 300 MHz): d 7.41–7.24 (m, 5H), 6.56–6.50 (m, 2H), 4.55 (s, 2H), 4.51 (s,
2H), 3.81–3.67 (m, 6H); 13C NMR (75 MHz, CDCl3): d 160.8 (2C), 140.7, 138.1,
128.3, 128.2, 127.8, 127.6, 126.8, 105.4, 100.3, 99.6, 72.0, 55.3 (2C), 29.6; HRMS
(ESI) calcd for C16H19O3: 259.1329 [M+H]+, found: 259.1327 [M+H]+; IR (neat):
mmax 3449, 2924, 2851, 1601, 1460, 1355, 1202, 1153, 1061, 753 cm�1; (3l): mp
208.9–210.3 �C; 1H NMR (CDCl3, 300 MHz): d 7.45–7.24 (m, 15H), 6.65–6.60
(m, 2H), 5.04 (s, 4H), 4.53 (s, 2H), 4.50 (s, 2H); 13C NMR (75 MHz, CDCl3): d
160.8 (2C), 140.7 (2C), 138.1 (2C), 128.3 (3C), 128.2 (2C), 127.8 (4C),127.6 (2C),
126.8, 100.3, 99.6 (2C), 72.0 (2C), 55.3, 29.6; MA (APCI): m/z 411 [M+H]+; IR
(neat): mmax 3450, 2922, 2853, 1600, 1453, 1376, 1217, 1155, 1056, 770 cm�1;
(4c): mp 170–172 �C; 1H NMR (300 MHz, CDCl3): d 6.72–6.59 (m, 2H), 6.12–
6.08 (m, 5H), 3.79 (s, 6H), 3.55 (s, 12H); 13C NMR (75 MHz, CDCl3): d 159.5,
152.0, 151.8, 148.7, 148.6, 142.5, 112.1, 111.5, 111.2, 91.4, 55.8, 55.1, 36.4;
HRMS (ESI) calcd for C25H26F3O6: 479.1676 [M+H]+, found: 479.1675 [M+H]+;
IR (KBr): mmax 2934, 2838, 1593, 1225, 1124 cm�1; (4d): mp 188–189 �C; 1H
NMR (300 MHz, CDCl3): d 7.15–7.05 (m, 2H), 6.65 (d, J = 8.8 Hz, 1H), 6.33 (s,
1H), 6.13 (s, 1H), 6.10 (s, 4H), 3.77 (s, 6H), 3.57 (s, 12H); 13C NMR (75 MHz,
CDCl3): d 159.6, 159.3, 154.7, 132.8, 129.1, 117.3, 111.4, 91.7, 56.0, 55.1, 34.0;
HRMS (ESI): calcd for C25H27BrO7: 519.3817; found: 521.098 [M+2]; IR (KBr):
mmax 2925, 2843, 1596, 1461, 1117 cm�1; (4e): 1H NMR (300 MHz, CDCl3): d
7.97 (s, 2H), 7.44–7.29 (m, J = 4H), 7.28–7.13 (m, J = 2H), 7.11–6.88 (m, J = 4H),
6.67 (s, 2H), 5.82 (s, 1H); 13C NMR (75 MHz, CDCl3): d 136.6, 126.5, 123.5,
122.2, 119.5, 119.52, 118.1, 112.6, 112.3, 111.2, 39.5; MS (ESI): m/z 376.3; IR
(KBr): mmax 3415, 1627, 1523, 1342, 1093, 750 cm�1; (4f): 1H NMR (300 MHz,
CDCl3): d 7.24 (dd, J = 2.4, 8.4 Hz, 1H), 7.19 (d, J = 8.4 Hz, 1H), 6.69 (d,
J = 8.4 Hz,1H), 5.93 (dd, J = 3.0, 14.5 Hz, 4H), 5.57 (br s, 1H), 5.52 (s, 1H), 2.25 (s,
6H); 13C NMR (75 MHz, CDCl3): d 152.7, 152.0, 150.6, 132.4, 131.2, 128.0, 118.2,
112.8, 108.7, 106.2, 77.4, 76.9, 76.5, 39.8, 13.6; MS (ESI): m/z 347.4; IR (KBr):
mmax 3503, 2921, 2853, 1487, 1216, 782 cm�1.


