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ABSTRACT

Silica chloride (SiO2-Cl), as a heterogeneous reagent, has been used

for the efficient dehydration of tertiary alcohols under mild reaction

conditions. For comparison, we have also used trimethylsilyl chloride

(TMSCl) as a homogeneous reagent for this purpose. We have found

that silica chloride is a more efficient reagnet than trimethylsilyl

chloride for this purpose. Handling of SiO2-Cl is much safer and

easier than TMSCl, especially for large-scale operation. The

selectivity of the method is also demonstrated by several competitive

reactions. Ether formation, rearranged products, and polymerization

have not been observed in the reactions.
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Solid supports have found wide applications in organic reactions from
different views.[1,2] They mostly facilitate the work-up of the reaction
mixtures and usually high selectivity accompanied with high yields of
the products is observed. Silica gel is one of the extensively used supports
for different purposes in organic chemistry.[3–6] Modified silica supports
for functional group transformation is also of interest. Silica chloride has
been reported to be an efficient reagent for the transformation of sulfoxides
to thioethers.[7] Recently, we have reported that silica chloride could also
be conveniently used for the conversion of acetals to thioacetals.[8]

Conversion of alcohols to olefins is an important reaction in organic
chemistry and a vast number of methods are documented in the literature
for this purpose. These methods include conventional protic acid catalysis
(H2SO4, H3PO4)

[9] in which the major drawback is the formation of rear-
ranged products and ether by products. Anhydrous CuSO4,

[10] Al2O3,
[11]

FeCl3/silica gel,[4] TosOH/silica gel,[5a] H2SO4/silica gel,[5b] BF3�OEt2,
[12]

POCl3/pyridine,
[13] HMPA,[14] Ph3BiBr2/I2,

[15] metallic sulfates/silica
gel,[6] CH3ReO3,

[16] CF3COCCl3,
[17] sulfuranes.[18] Triflates have found

useful applications in organic synthesis.[19] Copper(II) triflate has been
used for dehydration of alcohols.[20] These methods suffer more or less
from one of the following drawbacks: (1) unavailability of the reagent,
(2) sometimes elevated temperatures are required, (3) fairly large amount
of the catalyst or the reagent is needed, and (4) some of the reagents are
expensive. Therefore, introduction of a new mild and inexpensive method
for this aim could be a useful contribution in organic synthesis. In this
article we have demonstrated a new application of silica chloride (SiO2-Cl)
as a cheap and an easily available reagent and trimethylsilyl chloride
(TMSCl) for efficient dehydration of tertiary benzylic alcohols.

Preparation of silica chloride is reported in the literature.[21] We have
modified this preparation in order to increase the capacity of the
reagent.[8,22] According to this modification, the reagent can be prepared
by the reaction of thionyl chloride (SOCl2) and silica gel under reflux
conditions for 48 h in a quantitative yield. SiO2-Cl is a grayish and stable
powder that should be stored in the absence of moisture.

Now in this article we report selective and efficient dehydration of
tertiary benzylic alcohols to their corresponding olefins in CHCl3 at room
temperature with excellent yields (Sch. 1, Table 1). Saturated tertiary
alcohols remained intact after prolonged reaction times. Surprisingly,
4-hydroxy-4-methyl-2-pentanone (Table 1, Entry 1k) was dehydrated to
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R3R3

R1 = Ph,Cyclohexyl,  R2 = H, Me, n-Pr, R3 = H, Ph, Cl

CHR2

R1CHCl3, rt

SiO2-Cl (1g)
OH

R2

R1

Scheme 1.

Table 1. Dehydration of tertiary benzylic alcohols with SiO2-Cl and TMSCl

in CHCl3.

Entry

substrate

Timea (h)

Product

Yieldb (%)
1H-NMR

(olefinic H)e �
(CDCl3, ppm)

SiO2-Cl,

TMSCl

SiO2-Cl,

TMSCl

OH

1a

0.75, 1 95, 95 5.83

HO

1b

1, 1.25 89, 88c 5.82

OH

1c

0.66, 1.16 94, 92 6.16

HO

1d

1.16, 1.1 95, 94 6.13

OH

1e

CH3
0.5, 0.75

C CH2
93, 94 5.51

CH2CH3

OH

1f

0.75, 1 CHCH3C 91, 90 6.15

n-Bu
OH

1g

1.2, 1.33
CHPrC

89, 88 6.12

(continued )
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Table 1. Continued.

Entry

substrate

Timea (h)

Product

Yieldb (%)
1H-NMR

(olefinic H)e �
(CDCl3, ppm)

SiO2-Cl,

TMSCl

SiO2-Cl,

TMSCl

n-Bu

CH3

OH

Ph1h 3, 4

CPh
CH3

CHPr 78.3, 79.2d 5.85

CPh
CH3

CHPr 11.7, 8.7 5.85, 5.30f

n-Bu

CH3

OH

Cl
1i 4, 5:4

CH2

Cl C
n-Bu

31.5d, 25.4d 5.18, 5.42f

CCl
CH3

CHPr 87.5, 52.6 5.70

OH

1j CH3
3, 4

C

CH2 50, 44.9d 4.97, 5.08f

CH3

C

37, 41.1 —

OH

1k CH3
CH3

5, 5 CH2

CH3

78d, 25d 6.02

OOH

CH3CH3

H1l 3C

5, 6

CH3

OH3C

H3C

87d, 80d 5.07, 5.36f

OH
1m

CH3 12, 12 N.R — —

OHH
1n

3C 12, 12 N.R — —

aSubstrate/SiO2-Cl 1mmol/1.0 g/1 h and substrate/TMSCl 1mmol 1/2mmol.
bIsolated yields.
c10% of the exo-isomer has also been formed.
dReactions were performed in refluxing CHCl3.
eSome of the spectral data of the olefins produced in the reactions are given in

Ref.[24]

fTwo different olefinic protons.
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its corresponding conjugated enone after a prolonged reaction time. We
believe the extension of conjugation by dehydration reaction provides the
driving force for this reaction to occur.

We have also used trimethylsilyl chloride (TMSCl) as a homogenous
reagent for this purpose in CH2Cl2. Dehydration of tertiary benzylic
alcohols proceeded with TMSCl at room temperature and in some
cases, refluxing of the reaciton mixture was obligatory for the completion
of the reaction. In general, SiO2-Cl is more reactive reagent than TMSCl
for the dehydration of the tertiary alcohols in this study. Handling of
SiO2-Cl is easy and is a suitable reagent for the heterogeneous large-scale
operation. The results are tabulated in Table 1.

In order to show the selectivity of SiO2-Cl for the dehydration of
structurally different tertiary alcohols, several competitive reactions
proceeded (Sch. 2).

In conclusion, in this study we have shown new and useful applica-
tions of silica chloride (SiO2-Cl) and trimethylsilyl chloride (TMSCl) for
dehydration of tertiary benzylic alcohols. Solid silica chloride is a cheap
reagent and its handling is much easier than highly reactive liquid
trimethylsilyl chloride (TMSCl). Laboratory large-scale operation, even
at elevated temperatures, can be conducted easily in the presence of solid
silica chloride. Reactions are not time-consuming and the yields of the
olefins are excellent.

     +         + 
0.5 h

      98%  89%

   +      + 
   0.5 h 

98% 90%  

    +    + 
1.16 h  

       98% 95%

OH

CH3
C CH2Si-Cl (1g)

OH

CH3

OH

CH3

n-Bu

CH3

OH

Cl

OH

n-Bu

CH3

OH

ClSi-Cl (1g)

OH OOH

CH3CH3

H3C

OOH

CH3CH3

H3C
Si-Cl (1g)

Scheme 2.
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EXPERIMENTAL

General

Silica chloride (SiO2-Cl) was prepared according of the reported
procedure.[8] IR spectra were recorded on a Perkin-Elmer 781 spectro-
photometer. 1H-NMR and 13C-NMR spectra were run on a Bruker
Avance DPX 250MHz instrument.

Typical Procedure for Dehydration of Tertiary Alcohols

To a solution of 1,1-diphenylpropanol (Entry 1f, 5mmol, 1.06 g), in
CHCl3 (25mL), silica chloride (5 g) was added and the resulting hetero-
geneous mixture was stirred at room temperature. After completion of
the reaction (0.75 h, TLC, n-hexane/EtOAc, 10/1), silica gel (5 g) was
added to the reaction mixture and the solvent was evaporated under
reduced pressure. The resulting powder was applied on a silica gel pad
(5 cm thick) and washed with petroleum ether (100mL). Evaporation of
the solvent afforded 1,1-diphenylpropene in excellent yields (0.88 g, 91%,
white crystals from methanol, m.p. 48–50�C, Lit.[23] 48–49�C, 1H-NMR
(CDCl3, 250MHz) �: 1.77 (d, 3H), 6.18 (q, 1H), 7.16–7.36 (m, 10H),
13C-NMR (CDCl3, 62.89MHz) �: 15.70, 124.14, 126.71, 126.82, 127.19,
128.05, 128.13, 130.05, 140.03, 142.43, 142.96 ppm.
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