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Abstract—A combination of InCl3 and R3SiCl provided a strong Lewis acid catalyst for such reactions as allylation, hydrosilation and
Friedel–Crafts alkylation. Especially, catalytic Sakurai–Hosomi-type allylation was accomplished with high yield and selectivity. The
silicon atom is assumed to be the acidic center of the combined system, and the catalytic activity largely depends on the substituents on the
silicon center. q 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

In the area of synthetic chemistry, main group XIII metal
salts have long been used as prominent Lewis acids. For
example, aluminum and boron salts are known to be
excellent promoters for the Friedel–Crafts, Diels–Alder
and Mukaiyama-aldol reactions, rearrangement and so on.1

On the other hand, less attention has been focused on indium
salts, because of their low Lewis acidity compared with that
of aluminum or boron salts.2

In this decade, the utilization of indium salts has been
dramatically expanded due to their characteristic properties:
(i) they easily provide carbon nucleophiles by transmetalla-
tion,3 and (ii) can be used in water.4 – 6 The low Lewis
acidity of the indium salts, however, considerably limits the
scope of applicable substrates.

We have recently reported several indium-catalyzed reac-
tions such as reductive Friedel–Crafts reaction,7 deoxy-
genative allylation,8 Clemmensen-type reduction9 and
deoxygenation of alcohols10 using chloro-hydrosilanes. In
these reactions, the interaction between chlorosilanes and
indium(III) chloride (InCl3) is assumed to play an important
role in the C–O bond cleavage as shown in Scheme 1.
Mukaiyama also reported that the InCl3– t-BuMe2SiCl and
InCl3–Me3SiCl systems affected the Mukaiyama-aldol
reaction and nucleophilic addition toward S–O acetals.11

In this context, we felt that an InCl3–chlorosilane system
could possess high Lewis acidity. Here we wish to report on

the enhancement manner of Lewis acidity and synthetic
applications of the combined InCl3–chlorosilane catalyst to
various nucleophilic additions and Freidel – Crafts
alkylation.

2. Results and discussion

2.1. Catalytic Sakurai–Hosomi reaction

Lewis acid-promoted allylation of carbonyl compounds
using allyltrimethylsilane (Sakurai–Hosomi reaction) is an
important method for C–C bond formation and has been
extensively studied.12 Although valuable methods have
been reported,13 the catalytic modification of this reaction is
still a challenging target because the catalyst is hardly
regenerated from the produced homoallylic metaloxide A
by transmetallation with Me3SiCl (Scheme 2).

We have recently demonstrated that the Sakurai–Hosomi
reaction is promoted by a catalytic amount of the InCl3–
Me3SiCl combined system.14,15 The allylation of p-
chlorobenzaldehyde (1a) was investigated under various
conditions, and the results are summarized in Table 1.
Neither Me3SiCl nor InCl3 alone is active (Table 1, entries 2
and 3). The combination of Me3SiCl and InCl3 increased the
yield of the adduct 2a up to 87%. The direct bonding
between silicon and chlorine is virtually essential because
the employment of the chloromethyl moiety only minimally
enhanced the yield (entries 3 and 7). Consequently, others
than the chlorine atom showed no effect (entries 7–9).
Tributyltin chloride could not take its place (entry 10). Even
the use of equimolar amounts of InCl3 resulted in the
recovery of 1a (entry 11). This result clearly reveals the low
Lewis acidity of InCl3. Then we rule out the possibility that
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Me3SiCl works merely as the assistant for the catalyst
regeneration by trapping indium alkoxide A (Mt¼In in
Scheme 2). Equimolar amounts of Me3SiCl also gave no
reaction (entry 12).

2.2. Investigation of interaction between InCl3 and
Me3SiCl

The relationship between the yield of homoallyl alcohol 2a
and reaction time under five varying types of chorosilanes is
illustrated in Fig. 1. The yield apparently depends on the
size of substituents on chlorosilane. The reaction of 1a with
allyltrimethylsilane was complete after 5 min when Me3-

SiCl or Et3SiCl was used with InCl3. On the other hand,
bulkier chlorosilanes gave lower reaction rates; in the case
of Ph3SiCl, 180 min was required for completion, and t-
BuPh2SiCl gave only 34% yield after 180 min.

To investigate the Lewis acidity of the combined catalyst,
the chemical shifts d (13C) of carbonyl carbon of
benzaldehyde (1b) in CDCl3 in the presence of InCl3
and/or Me3SiCl were measured and the results are shown in
Fig. 2.16 When no InCl3 was used, almost no shift was
observed by varying the amounts of Me3SiCl. In contrast, a
low-field shift was detected by increasing InCl3 in the
absence of Me3SiCl. It is noted that the degree of low-field
shift was enhanced when Me3SiCl was loaded, and this
enhancement showed saturation at the point of [InCl3]/
[Me3SiCl]¼1 (marked by circles in Fig. 2). These results
clearly show that (i) the Lewis acidity of InCl3 is stronger
than that of Me3SiCl (ii) the combined use of InCl3 and
Me3SiCl activates carbonyl compounds more effectively
than their sole use and (iii) the combined catalyst readily
forms active intermediate from 1:1 ratio of InCl3 and
Me3SiCl with aldehydes.17

Among three types of activation of carbonyl moieties shown
in Fig. 3, type E in which indium-coordinated oxygen
interacts with Me3SiCl can be easily excluded from the
candidates because Me3SiCl hardly accepts the direct
coordination from the oxygen even in the absence of
InCl3 as shown in Fig. 2. The possibility of type C cannot be
ruled out. However, we think type D would be the most
plausible because (i) substituents on the silicon atom
strongly affected the reaction rate and (ii) chlorosilylether
is activated by the coordination of chlorine on the silicon

atom toward InCl3 as shown in Scheme 1. Unfortunately, no
direct proof for the formation of type D was obtained by 29Si
NMR in any combinations between InCl3, Me3SiCl and
benzaldehyde.

The participation of an allylindium species by the
transmetallation between InCl3 and allyltrimethylsilane
can be ruled out by the fact that no Me3SiCl was detected
by 29Si NMR when InCl3, allyltrimethylsilane and t-
BuMe2SiCl were mixed in dichloromethane.18 In addition,
the use of an allyltributylstannane instead of allyltrimethyl-
silane gave no adduct (Eq. (1)),19 in which facile formation
of allylindium species from the allystannane is plausible.7

ð1Þ

2.3. Allylation of imines

This catalyst system is also found to be applicable to the
allylation of imines in nitromethane solvent in preference to
dichloromethane (Table 2).20 While the allylation of N-
benzylideneaniline (3a) resulted in low yield (entry 1),
active amines bearing a sulfonyl group furnished the
corresponding homoallylamine in satisfactory yields
(entry 3). N-Sulfonyl aliphatic imine 3c also afforded the
homoallyl amine 4c in high yield.

2.4. Chelation-controlled allylation of benzoin and its
derivatives

Benzoin (5a) was allylated with the combined catalyst
system to afford only syn-diol 6 selectively (Table 3).
However, side products 8 and 9, which are formed by
phenyl rearrangement of the allylation adduct and its
successive allylation, were increased in a period over 6 h,
so that the yield of 6 could not be improved by prolonged
reaction time (entries 3 and 4). In the allylation of a-
hydroxypropiophenone (5b), stereoselective formation of
the syn-product took place without rearrangement,21,22 to
give bis-trimethylsilylether 7 even after treatment with
TBAF (entry 5). From this result, the selective allylation is
suggested to follow the silation of the hydroxy group.23

Scheme 1. Plausible Si–Cl–In interaction in the key-step of deoxygenative reactions.

Scheme 2. Concept scheme of Lewis Acid promoted Sakurai–Hosomi reaction.
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In fact, benzoin trimethylsilyl ether (10a) afforded syn-diol
6 in a higher yield without rearrangement even after 6 h
(Table 4, entries 2 and 3).24 It was a little surprising that no
allylation of benzoin methyl ether (11) took place although
effective chelation had been expected by the methoxy
moiety (Eq. (2)). Furthermore, the allylation of benzoin
trimethylsilyl ether (10a) was completely suppressed by the
addition of 11, where both 10a and 11 were unreacted as

shown in Eq. (3). It is apparent that 11 disturbs the allylation
of 10a. The stronger coordination of the methoxy moiety
perhaps impedes effective interaction between InCl3 and
Me3SiCl.25 This result did not conflict with the suppression
by using THF as the solvent. On the other hand, the
triethylsilyl moiety hardly coordinates due to its steric
hindrance (Table 4, entry 4). Two possible chelation models
are illustrated in Fig. 4, in which the nucleophilic attack of
allyltrimethylsilane from the less hindered site gives syn-
isomers. Chelation of two oxygens toward silicon atom of
the combined catalyst (type F) is plausible. However, we
cannot exclude the possibility that the silicon atom of the
silylether moiety is coordinated by carbonyl oxygen (type
G).

ð2Þ

Table 1. Combined effect of indium and silicon on catalytic Sakurai–
Hosomi reaction

Entry Catalyst (mol%) Yield (%)a Recovery (%)a

1b None 0 99
2 Me3SiCl (5) 0 98
3b InCl3 (5) 9 84
4b InCl3 (5)þMe3SiCl (5) 87 0
5 InCl3 (5)þHSiMe2Cl (5) 91 0
6 InCl3 (5)þMe2SiCl2 (5) 80 0
7 InCl3 (5)þMe3SiCH2Cl (5) 12 82
8 InCl3 (5)þMe4Si (5) 0 99
9 InCl3 (5)þMe3SiOEt (5) 5 85
10 InCl3 (5)þBu3SnCl (5) 5 84
11 InCl3 (100) 0 95
12 Me3SiCl (100) 0 91

Reactions were quenched by TBAF.
a Determined by GLC.
b Previously reported data in Ref. 14.

Figure 1. Effect of the size of chlorosilanes on the reaction rate of 1a with
allyltrimethylsilane.

Figure 2. Chemical shift d (13C) of carbonyl carbon of 1b in the presence of
InCl3 and/or Me3SiCl.

Figure 3. Carbonyl activation by InCl3–Me3SiCl system.
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2.5. Allylation of ketones

The results of allylation of simple ketones are summarized
in Table 5. Cyclohexanone (1c) gave the corresponding
Sakurai–Hosomi product 2c in 47% yield (entry 2).
However, acetophenone (1d) gave diallylation product
12d predominantly (entry 3). The allylation of carbocation
species G, which is generated via leaving of the OSiMe3

group from the silylether 13, is a plausible course to 12, in
which the stability of the tertiary benzylic cation is essential
for the second allylation.26 The yield of 12d was improved
to 64% by increasing the amount of allyltrimethylsilane to
3 equiv. (entry 4). Propiophenone (1e) and p-chloroaceto-
phenone (1f) afforded the corresponding diallylated pro-
ducts in 49 and 55% yields, respectively, under similar
conditions (entries 5–7).

2.6. Friedel–Crafts reaction

We applied this system to Friedel–Crafts benzylation
(Table 6). Similar to the Sakurai–Hosomi reaction, catalytic
activity was observed only when InCl3 and silyl halides or
triflate were combined (entries 6–8). The sole use of InCl3
showed no activity, while good yield was observed by a
representative Friedel–Crafts catalyst, AlCl3. This is also a
proof of the low Lewis acidity of InCl3. The effect of the
combined system, however, is comparable to that of AlCl3,
and in particular, with Me3SiOTf as the most effective
partner. Lewis acidity enhancement of the silicon compound
by AlCl3 was not observed (entries 9 and 10).

2.7. Reduction of a,b-unsaturated ketone

The reaction of triethylsilane with a,b-unsaturated ketone
was found to be promoted by the combined catalyst, InCl3–
Me3SiCl (Scheme 3). This type of hydrosilation is well

Table 2. Allylation of imines 3 with allyltrimethylsilane

Entry R R0 Time (h) Yield (%)a

1 Ph Ph (3a) 24 24b

2c Ph Ph (3a) 24 0d

3 Ph PhSO2 (3b) 6 74e

4c Ph PhSO2 (3b) 24 56e

5 n-C5H11 p-TolSO2 (3c) 3 87

Reactions were quenched by TBAF.
a Determined by NMR.
b Benzylphenylamine was obtained in 24% yield.
c Dichloromethane was used as solvent.
d Benzylphenylamine was obtained in 19%.
e Homoallylalcohol was obtained in 8% yield.

Table 3. Diastereoselective allylation of a-hydroxyketones

Entry R Time (h) X Product Yield (%)a Recovery (%)a

1 Ph (5a) 2 H 6 31 64
2 Ph (5a) 4 H 6 55b 20
3 Ph (5a) 6 H 6 56c 16
4 Ph (5a) 24 H 6 29 0
5d Me (5b) 4 SiMe3 7 51 0

Reaction was quenched by saturated NaHCO3 aq.
a Determined by 1H NMR.
b Byproducts 8 and 9 were obtained in 4 and 9% yields, respectively.
c Byproducts 8 and 9 were obtained in 3 and 22% yields, respectively.
d Reaction was quenched by TBAF.

Table 4. Effect of trialkylsilyl group on allylation of 10a–b

Entry R Time (h) Yield (%)a Recovery (%)a,b

1c Me (10a) 3 0 77
2 Me (10a) 3 53 (.95:5) 28d

3 Me (10a) 6 73 (.95:5) 15d

4 Et (10b) 3 9e 80

Reaction was quenched by saturated NaHCO3 solution.
a Determined by 1H NMR.
b Recovered as 5a.
c Without Me3SiCl.
d Trace amounts of 8 was detected.
e Diastereoselectivity was not exactly determined owing to low yield (syn-

predominantly).

Figure 4. Chelation controlled allylation.
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promoted by transition metal catalysts.27 No effect was
observed by the sole use of InCl3 in this case, too. When
chlorodimethylsilane was employed instead of triethyl-
silane, no addition of Me3SiCl was required. Dimethyl-
chlorosilane can act as both hydride donor and a catalyst
partner to give the ketone 16 from chalcone (15), although it
is a weaker hydride donor than triethylsilane. This result
again indicates the importance of the combination of InCl3
and a silyl chloride.

3. Conclusion

We have found the combination of InCl3 and a silyl chloride
catalytically promoted some useful and basic reactions such
as allylation of aldehydes, ketones, imines, Friedel–Crafts
alkylation and conjugate reduction. 13C NMR studies
revealed effective interaction between the combined

catalyst and a carbonyl moiety. We expect that this mild
and efficient catalyst system will be applied to other Lewis
acid-promoted reactions.

4. Experimental

4.1. General information

IR spectra were recorded as thin films on a HORIBA FT-
720 spectrophotometer. 1H and 13C NMR spectra were
obtained with a JEOL JNM-GSX-270 (270 and 67.9 MHz)
spectrometer, respectively, with TMS as internal standard.
Mass spectra were recorded on a JEOL JMS-DS303
spectrometer. GLC analyses were performed on a Shimadzu
GC-14A with FID using a 15 m£0.25 mm column packed
with TC-1701. Column chromatography was performed on
silica gel (Fuji Silysia BW 200). Bulb-to-bulb distillation
(Kugelrohr) was accomplished in a Sibata GTO-250RS at
the oven temperature and pressure indicated. Yields were
determined by GLC or 1H NMR using internal standards.

Dichloromethane was distilled after the removal of H2O by
CaH2. Benzene was distilled after the removal of H2O by

Table 5. Allylation of ketones

Entry R R0 Allylsilane (equiv.) Conditions Yield (%)a

2 12

1 –(CH2)5– (1c) 1.5 rt, 24 h 0b 0
2 –(CH2)5– (1c) 1.5 2208C, 2 h 47 (2c) 0
3 Ph Me (1d) 1.5 rt, 2 h 0 47 (12d)
4 Ph Me (1d) 3.0 rt, 2 h 0 64 (12d)
5 Ph Et (1e) 3.0 rt, 1.5 h 0 49 (12e)
6 p-Cl–C6H4 Me (1f) 3.0 rt, 72 h 0 24 (12f)
7c p-Cl–C6H4 Me (1f) 3.0 rt, 12 h 0 55 (12f)

a Determined by GLC.
b Dehydrated product 14 was obtained in 11% yield.
c Reaction was carried out under 10 mol% of InCl3 and 20 mol% of Me3SiCl.

Table 6. Friedel–Crafts reaction catalyzed by indium–silicon combined
system

Entry Catalyst (mol%) Yield (%)a

1 None 0
2 Me3SiCl (10) 0
3 HSiMe2Cl (10) 0
4 Me3SiOTf (10) 0
5 InCl3 (10) 4
6 InCl3 (5)þMe3SiCl (10) 58
7 InCl3(5)þHSiMe2Cl (10) 79
8 InCl3(5)þMe3SiOTf (10) 90
9 AlCl3 (5) 79
10 AlCl3 (5)þMe3SiOTf (10) 77

a Determined by GLC. Scheme 3. 1,4-Reduction of chalcone.
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sodium metal. Nitromethane was purchased from Aldrich
and used without purification. InCl3, Me3SiCl, HSiMe2Cl,
Me2SiCl2, Me3SiCH2Cl, Me4Si, Me3SiOEt, Me3SiOTf,
allyltrimethylsilane, Bu3SnCl, allyltributyltin, carbonyl
compounds 1a–1f, functionalized carbonyl compounds
5a, b, 11 and 15, imines 3a and b, benzyl chloride,
NaHCO3 and TBAF (1.0 M solution in THF) were
commercially available reagents.

4.1.1. Preparation of N-hexylidene-4-methylbenzenesul-
fonamide (3b). 1-Heptanal (1.5 g, 15 mmol), sodium p-
toluenesulfonate (2.67 g, 15 mmol) and formic acid
(22.5 mmol) were dissolved in water (45 mL). To this
solution was added p-toluenesulfonamide (2.57 g,
15 mmol), and the solution was stirred at ambient
temperature for 16 h under N2 stream. After removing the
liquid phase by filtration, the resulting white solid (6.1 g)
was then dissolved in saturated NaHCO3 aqueous solution,
and the mixture was extracted with dichloromethane
(2£50 mL). The organic layers were combined, dried over
MgSO4 and concentrated under reduced pressure. The crude
residue was subjected to recrystallization to afford white
solid 3b (1.8 g, 47% yield).

4.1.2. Preparation of 2-hydroxy-1-phenyl-1-propanone
(5b). To a solution of propiophenone (45 mL) and sodium
hydroxide (450 mmol) in methanol (90 mL) was added
iodobenzenediacetate (45.3 mmol), and the mixture was
stirred at 08C for 4 h under N2 stream with irradiation of
ultra sonic wave. After being quenched with aqueous HCl
solution, and the mixture was extracted by chloroform
(2£100 mL). The organic layers were combined, dried over
MgSO4 and concentrated under reduced pressure. The crude
residue was subjected to chromatography (eluted by
hexane/ethylacetate¼4:1 solution) to afford 5b (1.5 g,
22%).

4.1.3. Preparation of benzoin trimethylsilylether (10a).
To a solution of Me3SiCl (13.0 g, 120 mmol) in benzene
(60 mL) was added dropwise a benzene (40 mL) solution of
pyridine (11.0 g, 155 mmol) and benzoin (17.0 g, 80 mmol)
for 40 min, and the mixture was stirred at 508C for 4 h. The
resulting pyridinium salt was filtered off and concentrated
under reduced pressure. The crude residue was subjected to
recrystallization to afford 10a (15.84 g, 70%).

4.1.4. Preparation of benzoin triethylsilylether (10b). To
a solution of benzoin (4.24 g, 20 mmol) and pyridine
(2.51 g, 31 mmol) in benzene (20 mL) was added dropwise
a benzene (20 mL) solution of Et3SiCl (3.82 g, 25 mmol) for
30 min, and the mixture was stirred at 808C for 4 h. The
resulting pyridinium salt was filtered off and concentrated
under reduced pressure. The crude residue was subjected to
distillation (0.11 mm Hg, 1208C) to afford 10b (3.75 g,
55%).

4.1.5. General procedure for catalytic Sakurai–Hosomi
reaction. To a mixture of dried InCl3 (0.1 mmol), Me3SiCl
(0.1 mmol) and allyltrimethylsilane (3.0 mmol) in the
solvent (4 mL) was added carbonyl compounds
(2.0 mmol). After stirring for representative hours, reaction
was quenched by 1 M solution of TBAF (tetra-n-butyl-
ammonium fluoride) in THF (2 mL, 2 mmol) or saturated

NaHCO3 solution, after confirming the disappearance of the
carbonyl compounds by GLC. The homoallylic alcohols
were isolated by silica gel column chromatography
followed by distillation.

4.1.6. 13C NMR study on the interaction with benzal-
dehyde (1b) with catalysts. As a typical treatment; to a
mixture of dried InCl3 (0.044 g, 0.2 mmol), chlorotri-
methylsilane (0.022 g, 0.2 mmol) in chloroform-d (4 mL)
was added benzaldehyde (1b, 0.106 g, 1.0 mmol) at ambient
temperature. After stirring for 1.5 h, 0.75 mL of the solution
was sampled with a needle for 13C NMR measurement at
room temperature. The chemical shift of the carbonyl
carbon of benzaldehyde was monitored.

4.1.7. Typical procedure for Friedel–Crafts reaction.
Benzylchloride (0.25 g, 2.0 mmol) was added to a solution
of InCl3 (0.011 g, 0.1 mmol) and Me3SiCl (0.022 g,
0.2 mmol) in benzene (10 mL). The reaction was quenched
by saturated aqueous NaHCO3 after stirring for 14 h at
ambient temperature. Products were extracted by ether and
the organic layer was dried and concentrated in vacuo.
Diphenylmethane was obtained by silica gel column
chromatography followed by distillation.

4.1.8. Typical procedure for 1,4-reduction of chalcone
(15). Triethylsilane (0.26 g, 2.2 mmol) was added to the
solution of InCl3 (0.011 g, 0.1 mmol), Me3SiCl (0.011 g,
0.1 mmol), chalcone (15, 0.42 g, 2.0 mmol) in dichloro-
methane (4 mL) and stirred for 2 h at ambient temperature.
Products were extracted by ethylacetate and the organic
layer was dried and concentrated in vacuo. The correspond-
ing ketone 16 was obtained by silica gel column
chromatography followed by distillation.

4.2. Product data

The spectroscopic data of the products 2a,28 2c,28 4a,29 6,30

8,31 12e,32 1433 and 1634 are in excellent agreement with the
reported data. Diphenylmethane was the commercially
available product.

4.2.1. N-(1-Phenyl-3-butenyl)benzenesulfonamide (4b).
Prepared by the typical procedure from N-benzylidene-
benzenesulfonamide (4 mmol) and allyltrimethylsilane
(6 mmol) in the presence of InCl3 (0.2 mmol) and
chlorotrimethylsilane (0.2 mmol) in dry CH3NO2 (8 mL).
A white solid 4b (0.45 g, 40%) was obtained, after
chromatography (hexane/EtOAc, 8:2) and recrystallization.
Mp 1508C. 1H NMR (270 MHz, CDCl3): 7.69–7.66 (m, 2H,
aroma), 7.44–7.39 (m, 1H, aroma), 7.32–7.25 (m, 2H,
aroma), 7.14–7.03 (m, 5H, aroma), 5.69 (d, J¼7.33 Hz, 1H,
NH), 5.60–5.44 (m, 1H, 3-H). 5.04–4.98 (m, 2H, 4-H2),
4.40 (dt, J¼7.33, 7.33 Hz, 1H, 1-H), 2.50 (dd, J¼7.33,
7.33 Hz, 1H, 2-Ha), 2.40 (dd, J¼7.33, 7.33 Hz, 1H, 2-Hb).
13C NMR (67.9 MHz, CDCl3): 140.40 (s, 1-Ph), 140.09 (s,
1-Ph), 133.06 (d, C-3), 132.13 (d, 4-Ph), 128.55 (d, aroma-
CH), 128.20 (d, aroma-CH), 127.24 (s, 4-Ph), 126.92 (d,
aroma-CH), 126.45 (d, aroma-CH), 118.85 (t, C-4), 57.43
(d, C-1), 41.73 (t, C-2). IR (KBr): 3270 (NH), 1643 (CvC).
MS (CI, 70 eV): 288 (Mþþ1, 100), 246 (Mþ2allyl, 33.8),
131 (Mþ2PhSO2NH, 11.6). HRMS (CI, 70 eV): calculated
(C16H18O2NS) 288.0980 (Mþþ1); found 288.1060.
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Elemental analysis: C16H17O2NS (287.37); calculated
C 66.87, H 5.96, N 4.87; found C 66.79, H 5.95, N 4.85.

4.2.2. 4-Methyl-N-(1-pentyl-but-3-enyl)-benzenesulfona-
mide (4c). Prepared by the typical procedure from
N-hexylidene-4-methyl-benzenesulfonamide (3 mmol) and
allyltrimethylsilane (6 mmol) under InCl3 (0.3 mmol) in dry
CH3NO2 (6 mL). A colorless liquid 4c (0.63 g, 79%) was
obtained, after chromatography (hexane/EtOAc, 8:2) and
distillation. Bp 1508C/1.1£1021 mm Hg. 1H NMR
(270 MHz, CDCl3): d¼7.77 (d, J¼8.31 Hz, 2H, aroma),
7.29 (d, J¼8.31 Hz, 2H, aroma), 5.66–5.51 (m, 1H, 3-H),
5.02–4.92 (m, 2H, 4-H2), 4.83 (d, J¼8.30 Hz, 1H, NH),
3.32–3.12 (m, 1H, 1-H). 2.42 (s, 3H, CH3), 2.12 (t,
J¼6.35 Hz, 2H, 2-H2), 1.45–1.12 (m, 8H, alkyl-H2), 0.81 (t,
J¼6.83 Hz, 3H, terminal-H3). 13C NMR (67.9 MHz,
CDCl3): 143.06 (s, 4-Ph), 138.18 (s, 1-Ph), 133.38 (d,
C-3), 129.44 (d, aroma-CH), 127.03 (d, aroma-CH), 118.47
(t, C-4), 53.26 (d, C-1), 39.12 (t, C-30), 34.28 (t, C-10), 31.33
(t, C-30), 24.90 (t, C-20 or C-40), 22.36 (t, C-20 or C-40), 21.40
(q, CH3), 13.83 (q, C-50). IR (neat): n¼3278 (NH), 1643
(CvC). MS (EI, 70 eV): 295 (Mþþ1, 0.2), 254 (Mþ2allyl,
100), 155 (Tsþ, 55.9), 91 (PhCH3

þ, 50.2). HRMS (CI,
70 eV): calculated (C16H26O2NS) 296.1606 (Mþþ1); found
296.1675. Elemental analysis: C16H25O2NS (295.44);
calculated C 65.05, H 8.53, N 4.74; found C 65.07, H
8.67, N 4.64.

4.2.3. 4,5-Bis(trimethylsiloxy)-3-phenyl-hexene (7). Pre-
pared by the typical procedure from 2-hydroxy-1-phenyl-
propan-1-one (2 mmol) and allyltrimethylsilane (6 mmol)
under InCl3 (0.2 mmol) and chlorotrimethylsilane
(0.4 mmol) in dry nitromethane (4 mL). A colorless liquid
7 (0.12 g, 36%) was obtained after chromatography
(hexane) and distillation. Bp 1158C/1.1£1021 mm Hg. 1H
NMR (270 MHz, CDCl3): 7.33–7.14 (m, 5H, aroma), 5.57–
5.42 (m, 1H, 2-H), 4.92–4.85 (m, 2H, 1-H), 3.94 (q,
J¼6.35 Hz, 1H, 5-H), 2.99 (dd, J¼15.13, 6.35 Hz, 1H,
3-Ha), 2.45 (dd, J¼15.13, 7.32 Hz, 1H, 3-Hb), 0.78 (d,
J¼6.35 Hz, 3H, 6-H), 0.23 (s, 9H, OSiMe3), 0.18 (s, 9H,
OSiMe3). 13C NMR (67.9 MHz, CDCl3): 145.09 (s, 1-Ph),
134.71 (d, C-2), 127.70 (d, aroma-CH), 126.11 (d, 4-Ph),
125.90 (d, aroma-CH), 116.91 (t, C-1), 83.42 (s, C-4), 74.88
(d, C-5), 42.96 (t, C-3), 17.70 (q, C-6), 2.88 (q, OSiMe3),
0.39 (q, OSiMe3). IR (neat): 1643 (CvC). MS (CI, 70 eV):
337 (Mþþ1, 2.9), 295 (Mþ2allyl, 52.1), 247
(Mþ2OSiMe3, 100). HRMS (CI, 70 eV): calculated
(C18H33O2Si2) 337.1941 (Mþþ1); found 337.2001.
Elemental analysis: C18H32O2Si2 (336.62); calculated C
64.23, H 9.58; found C 64.08, H 9.44.

4.2.4. 5,5-Diphenyl-octa-1,7-diene-4-ol (8). Prepared by
typical procedure from benzoin (2 mmol) and allyl-
trimethylsilane (6 mmol) under InCl3 (0.1 mmol) in dry
CH3NO2 (4 mL). A pale yellow liquid 8 (0.17 g, 30%) was
obtained, after chromatography (hexane/EtOAc, 19:1) and
distillation. Bp 1208C/1.1£1021 mm Hg. 1H NMR
(270 MHz, CDCl3): d¼7.34–7.16 (m, aroma, 10H), 5.87
(dddd, J¼6.43, 7.33, 10.49, 16.80 Hz, 1H, 2-H), 5.41 (dddd,
J¼6.92, 6.93, 9.89, 16.81 Hz, 1H, 7-H), 5.01 (dd, J¼0.98,
16.81 Hz, 1H, 8-Hcis), 5.01 (dd, J¼0.99, 16.80 Hz, 1H,
1-Hcis), 4.94 (dd, J¼0.99, 10.49 Hz, 1H, 1-Htrans), 4.94 (dd,
J¼0.98, 9.89 Hz, 1H, 8-Htrans), 4.43 (ddd, J¼1.49, 6.43,

10.25 Hz, 1H, 4-H), 3.07 (dd, J¼6.93, 13.85 Hz, 1H, 6-Ha),
2.87 (dd, J¼6.92, 13.85 Hz, 1H, 6-Hb), 2.47 (ddd, J¼1.49,
6.43, 14.84 Hz, 1H, 3-Ha), 1.54 (ddd, J¼7.33, 10.25,
14.84 Hz, 1H, 3-Hb), 1.52 (d, J¼6.43 Hz, 1H, OH; D2O
exchange). 13C NMR (67.9 MHz, CDCl3): d¼144.19 (s,
1-Ph), 135.90 (d, 2-C), 134.61 (d, 7-C), 127.65–127.61 (d,
2-Ph, 3-Ph), 126.23 (d, 4-Ph), 117.74 (t, 1-C), 117.35 (t,
8-C), 72.84 (d, 4-C), 55.21 (s, 5-C), 42.74 (t, 6-C), 37.69 (t,
3-C). IR (neat): n¼3563 (OH), 1639 (CvC). MS (EI,
70 eV): 278 (Mþþ1, 0.13), 237 (Mþ2allyl, 6.29), 208
(Mþ2C4H7O, 55.9), 91 (PhCH3

þ, 50.2), 77 (Phþ, 8.65).
HRMS (CI, 70 eV): calculated (C20H23O) 279.1749
(Mþþ1); found 279.1722.

4.2.5. 4-Methyl-4-phenylhepta-1,6-diene (12d). Prepared
by the typical procedure from acetophenone (3 mmol) and
allyltrimethylsilane (9 mmol) under InCl3 (0.15 mmol) and
(CH3)2ClSiOSiCl(CH3)2 (0.2 mmol) in dry CH3NO2

(3 mL). A colorless liquid 12d (0.21 g, 38%) was obtained,
after chromatography (hexane) and distillation. Bp 408C/
1.1£1021 mm Hg. 1H NMR (270 MHz, CDCl3): 7.33–7.26
(m, 4H, aroma), 7.21–7.14 (m, 1H, aroma), 5.60–5.45 (m,
2H, 2,6-H), 5.01–4.92 (m, 4H, 1,7-H2), 2.51 (dd, J¼13.67,
6.35 Hz, 1H, 3,5-Ha), 2.29 (dd, J¼13.67, 7.81 Hz, 1H, 3,5-
Hb), 1.27 (s, 3H, CH3). 13C NMR (67.9 MHz, CDCl3):
147.06 (s, 1-Ph), 135.05 (d, C-2,6), 127.99 (d, aroma-CH),
126.39 (d, aroma-CH), 125.59 (s, 4-Ph), 117.14 (t, C-1.7),
46.93 (t, C-3,5), 40.59 (s, C-4), 24.12 (q, CH3). IR (neat):
1639 (CvC). MS (CI, 70 eV): 187 (Mþþ1, 12.1), 145
(Mþ2allyl, 100), 109 (Mþ2Ph, 23). HRMS (CI, 70 eV):
calculated (C14H19) 187.1409 (Mþþ1); found 187.1472,
187.1487, 187.1481. Elemental analysis: C14H18 (186.29);
calculated C 90.26, H 9.74; found C 78.63, H 9.08.

4.2.6. 4-Methyl-4-(4-chlorophenyl)hepta-1,6-diene (12f).
Prepared by the typical procedure from p-chloroaceto-
phenone (6 mmol) and allyltrimethylsilane (9 mmol) under
InCl3 (0.3 mmol) and chlorotrimethylsilane (0.3 mmol) in
dry ClCH2CH2Cl (12 mL). A colorless liquid 12f (0.22 g,
22%) was obtained, after chromatography (hexane) and
distillation. Bp 738C/1.1£1021 mm Hg. 1H NMR
(270 MHz, CDCl3): 7.29–7.21 (m, 4H, aroma), 5.58–5.43
(m, 2H, 2,6-H), 5.00–4.94 (m, 4H, 1,7-H2), 2.47 (dd,
J¼13.67, 6.34 Hz, 1H, 3,5-Ha), 2.28 (dd, J¼13.67, 7.81 Hz,
1H, 3,5-Hb), 1.26 (s, 3H, CH3). 13C NMR (67.9 MHz,
CDCl3): 145.56 (1-Ph), 134.58 (C-2,6), 131.37 (4-Ph),
128.08 (aroma-CH), 127.93 (aroma-CH), 117.52 (C-1,7),
46.88 (C-3,5), 40.48 (C-4), 24.07 (CH3). IR (neat): 1639
(CvC). MS (EI, 70 eV): 220 (Mþ, 0.4), 179 (Mþ2allyl,
100). HRMS (EI, 70 eV): calculated (C8H17Cl) 220.1019
(Mþ); found 220.1030. Elemental analysis: C14H17Cl
(220.74); calculated C 76.18, H 7.76; found C 75.97, H 7.87.
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