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a b s t r a c t

An efficient and selective method for methoxymethylation of alcohols and phenols with formaldehyde
dimethyl acetal (FDMA) catalyzed by electron deficient tin(IV)tetraphenylporphyrinato trifluorometh-
anesulfonate, [SnIV(TPP)(OTf)2], is reported. A variety of primary, secondary and tertiary alcohols as well
as phenols were converted to their corresponding methoxymethyl ethers with FDMA in the presence of a
high-valent tin(IV) porphyrin. This catalyst can be used for selective methoxymethylation of primary,
secondary and tertiary alcohols in the presence of phenols or tertiary alcohols. The present method offers
several advantages such as short reaction times, high yields, simple procedure, selectivity and applicabil-
ity for both alcohols and phenols.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

Hydroxyl group is a versatile functional group and a wide vari-
ety of methods such as trimethylsilylation, tetrahydropyranyla-
tion, acetylation and methoxymethylation have been used for
protection of hydroxyl groups [1,2]. Methoxymethyl ethers
(MOM) are synthesized by the reaction of a hydroxyl compound
with chloromethyl methyl ether. Due to the high carcinogenicity
of this methoxymethylating agent [3], MOM-ethers are prepared
by the reaction of alcohols or phenols with formaldehyde dimethyl
acetal (FDMA) [4]. FDMA is a cheap and commercially available
compound and its handling is easy which has poor methoxymethy-
lating power in the absence of a suitable catalyst and needs force-
ful conditions. To overcome this limitation, a number of catalysts
such as P2O5 [5], p-toluenesulfonic acid [6], Nafion-H [7], TMSI
[8], BF3 [9], Envirocat [10], NaY-zeolite [11], expansive graphite
[12], sulfated metal oxides [13], silica sulfuric acid [14], Sc(OTf)3

[15], Bi(OTf)3 [16], ZrCl4 [17], MoO2(acac)2 [18], H3PMo12O40 [19],
anhydrous FeCl3 dispersed on 3A molecular sieve [20], TiO2/
SO4

2� [21], H3PW12O40 [22] and H3PW12O40 supported on silica
and zirconia [23] have been reported.

Electron-deficient metalloporphyrins have been used as mild
Lewis acids catalysts [24–29]. Suda group has reported the use of
ll rights reserved.
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chromium and iron porphyrins in organic synthesis. They used
Cr(tpp)Cl for regioselective [3,3] rearrangement of aliphatic allyl
vinyl ethers and for Claisen rearrangement of simple aliphatic allyl
vinyl ethers, Fe(tpp)OTf for rearrangement of a,b-epoxy ketones
into 1,2-diketones and Cr(tpp)OTf for highly regio- and stereose-
lective rearrangement of epoxides to aldehydes [30–33].

Recently, we reported the use of tin(IV)tetraphenylporphyrin-
ato perchlorate [34,35], tin(IV)tetraphenylporphyrinato trifluoro-
methanesulfonate [36,37], and tin(IV)tetraphenylporphyrinato
tetrafluoroborate [38,39] in organic transformations.

In this paper, an efficient method for methoxymethylation of
alcohols and phenols with FDMA catalyzed by high-valent
[SnIV(TPP)(OTf)2] at room temperature is reported (Scheme 1).
2. Experimental

Chemicals were purchased from Merck chemical company. 1H
NMR spectra were recorded in CDCl3 solvent on a Bruker AM
80 MHz or a Bruker AC 500 MHz spectrometer using TMS as an
internal standard. Infrared spectra were run on a Philips PU9716
or Shimadzu IR-435 spectrophotometer. All analyses were
performed on a Shimadzu GC-16A instrument with a flame ioniza-
tion detector using silicon DC-200 or Carbowax 20M columns
and n-decane was used as internal standard. The tetraphenylpor-
phyrin was prepared and metallated according to the literature
[40,41].
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2.1. Preparation of the catalyst

To a solution of [Sn(TPP)Cl2] (1.03 g, 1 mmol) in 100 mL of THF,
AgCF3SO3 (0.54 g, 2 mmol) was added and the solution was stirred
Table 1
Protection of alcohols with FDMA catalyzed by [SnIV(TPP)(OTf)2] at room temperature.

Entry Alcohol MOM-ether

1
OH O

2
OH

Me3C Me3C

3
OH

MeO MeO

4
OH

Cl Cl

5
OH

Br Br

6
OH

O2N O2N

7

OH

8

OH

9 OH

Me

O

Me
at 55 �C for 30 min. The AgCl precipitate was filtered through a
0.45 lM filter. The resulting solution was evaporated at room tem-
perature. Then, the [SnIV(TPP)(OTf)2] was extracted with CH2Cl2.
The [SnIV(TPP)(OTf)2] crystals obtained by evaporation of solvent
at room temperature [37] (see Table 1).

2.2. General procedure for the methoxymethylation of alcohols and
phenols

The catalyst, [SnIV(TPP)(OTf)2] (10 mg, 0.01 mmol), was added
to a mixture of alcohol or phenol (1 mmol) and FDMA (7 mmol),
and stirred at room temperature for appropriate time (Table 2).
Time (min) Yield (%)a

CH2OCH3

10 95

OCH2OCH3
15 96

OCH2OCH3
20 96

OCH2OCH3
15 97

OCH2OCH3
15 98

OCH2OCH3
20 95

OCH2OCH3
15 96

OCH2OCH3
15 95

CH2OCH3
15 95



Table 1 (continued)

Entry Alcohol MOM-ether Time (min) Yield (%)a

10 OH OCH2OCH3
15 93

11 OH

MeMe

OCH2OCH3

MeMe

20 96

12 C OH

Me

Me

Me C OCH2OCH3

Me

Me

Me 20 93

13

OH OCH2OCH3

25 95

14 OH OCH2OCH3 15 94

15 OH OCH2OCH3 15 93

a Isolated yields.

Table 2
Protection of phenols with FDMA catalyzed by [SnIV(TPP)(OTf)2] at room temperature.

Entry Phenol MOM-ether Time (min) Yield (%)a

1 OH OCH2OCH3
20 94

2 OHCl OCH2OCH3Cl 20 96

3
OH

Cl

OCH2OCH3

Cl

25 95

4
OH

OMe

OCH2OCH3

OMe

25 95

5 OHO2N OCH2OCH3O2N 20 97

(continued on next page)
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Table 2 (continued)

Entry Phenol MOM-ether Time (min) Yield (%)a

6 OH

CH3

OCH2OCH3

CH3

25 96

7
OH

CH3

OCH2OCH3

CH3

20 94

a Isolated yield.
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Scheme 2.

Table 3
Selective methoxymethylation of alcohols and phenols catalyzed by [SnIV(TPP)(OTf)2].

Row ROH MOM-ether

1 CH2OHCl CH2Cl

OH

MeMe

OCH2OC

MeMe

2 CH2OHCl CH2OCl

OH OCH2OCH3

3 CH3

OH

CH3

OCH2OCH
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The progress of the reaction was monitored by GC or TLC. After
completion of the reaction, the solvent was evaporated, Et2O
(15 mL) was added and then the catalyst was filtered. The filtrates
were washed with brine and dried over Na2SO4 and concentrated
under reduced pressure to afford the crude product, which was
confirmed by 1H NMR and IR spectral data.

3. Results and discussion

3.1. Methoxymethylation of alcohols and phenols with FDMA
catalyzed by [SnIV(TPP)(OTf)2]

Although metalloporphyrins are widely used as redox catalysts,
there have been few studies on their catalytic activity as Lewis
acids [24–39]. Since the metalloporphyrins are mild Lewis acids,
we decided to explore their ability in the methoxymethylation of
hydroxy compounds. First, in order to choose the appropriate cat-
alyst, different metalloporphyrins were applied as catalysts in the
methoxymethylation of 4-chlorobenzyl alcohol with FDMA. The
catalytic activity of these catalysts in this reaction was appeared
in the following order: [SnIV(TPP)(OTf)2] (97%)� [FeIII(TPP)(OTf)]
(45%) > [MnIII(TPP)(OTf)] (40%) > [SnIV(TPP)Cl2] (30%) > [FeIII(TPP)-
Cl] (15%) > [MnIII(TPP)Cl] (8%) > [Cu(TPP)] (3%). The results which
Time (min) Yield (%)

OCH2OCH3
97

H3
15 0

CH2OCH3
15 97

0

3

15 95



Table 3 (continued)

Row ROH MOM-ether Time (min) Yield (%)

OH OCH2OCH3

0

4 OH

MeMe

OCH2OCH3

MeMe

20 96

OH OCH2OCH3
0
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obtained in the case of tin porphyrins clearly indicated that intro-
ducing of OTf instead of Cl has increased the electron deficiency of
[SnIV(TPP)(OTf)2] which in turn increases its catalytic activity.

Therefore, [SnIV(TPP)(OTf)2] was used as catalyst for
methoxymethylation of different alcohols with FDMA at room
temperature. The optimized conditions which obtained for
methoxy- methylation of 4-chlorobenzyl alcohol were alcohol,
FDMA and catalyst in a molar ratio of 1:7:100. Under the optimized
reaction conditions, which obtained for methoxymethylation of 4-
chlorobenzyl alcohol, a wide variety of primary, secondary and ter-
tiary alcohols were subjected to methoxymethylation with FDMA
in the presence of catalytic amounts of [SnIV(TPP)(OTf)2] and at
room temperature. The results, which are summarized in Table 2,
showed that all primary, secondary and tertiary alcohols including
aromatic, aliphatic and cyclic ones were completely converted effi-
ciently to their corresponding methoxymethyl ethers in 10–
25 min. In the case of aromatic alcohols, the nature of substituents
has no significant effect on the methoxymethylation yield. No
dehydration product was observed in the case of tertiary alcohols.

In order to show the role of catalyst, a probable mechanism has
been proposed in Scheme 2. On the basis of this mechanism, FDMA
is activated by [SnIV(TPP)(OTf)2] and produces 1. The alcohol at-
Table 4
Comparison of the results obtained for the methoxymethylation of benzyl alcohol catalyz

OH Catalyst

Entry Catalyst Catalyst (mol%)

1 SnIV(TPP)(OTf)2 1
2 NaY-zeolite 27 mg
3 Expansive graphite 20 mg
4 Sulfated metal oxides 50 mg
5 Silica sulfuric acid 200 mg
6 Sc(OTf)3 5
7 Bi(OTf)3 5
8 ZrCl4 10
9 MoO2(acac)2 2
10 H3PMo12O40 5
11 Anhydrous FeCl3 @ 3A molecular sieve 90
12 TiO2/SO4

2� 20
13 H3PW12O40 0.4
14 H3PW12O40 @ Silica 0.4
15 H3PWo12O40 @ Zirconia 0.4
tacks 1 to give 2 which in turn produces the methoxymethyl ether
3 and releases the catalyst for the next catalytic cycle.

The successful application of this catalyst in the methoxyme-
thylation of alcohols with FDMA, prompted us to investigate its
catalytic activity in the methoxymethylation of phenols. Under
the same reaction conditions obtained for alcohols, different phe-
nols were subjected to methoxymethylation with FDMA and the
corresponding ethers were obtained in excellent yields in 20–
25 min.

The chemoselectivity of the present method was investigated in
a set of competitive reactions which was conducted between pri-
mary or secondary and tertiary alcohols or phenols (Table 3). The
results indicated that the present protocol is potentially applicable
for the chemoselective conversion of primary and secondary or ter-
tiary alcohols to their MOM-ethers in the presence of phenols and
alcohols.

Table 4, shows the effectiveness of this method in comparison
with some of those reported in the literature for the methoxyme-
thylation of hydroxyl compounds. The results, which are for the
methoxymethylation of benzyl alcohol, show that our method is
superior in terms of catalyst amount or reaction time or product
yield.
ed by SnIV(TPP)(OTf)2 with those obtained by the recently reported catalysts.

OCH2OCH3

Temperature Time (h) Yield (%) Ref.

R.T. 0.16 95
Reflux 6 80 [11]
Reflux 6 91 [12]
R.T. 3 91 [13]
Reflux 1.5 85 [14]
Reflux 3 98 [15]
Reflux 1 95 [16]
R.T. 1 97 [17]
Reflux 4 85 [18]
Reflux 3 90 [19]
R.T. 1 90 [20]
Reflux 6 92 [21]
R.T. 3 91 [22]
R.T. 1 94 [23]
R.T. 2.5 84 [23]
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4. Conclusion

In conclusion, different primary and secondary as well as
tertiary alcohols and phenols efficiently converted to their
corresponding methoxymethyl ethers (MOM-ethers) with formal-
dehyde dimethyl acetal (FDMA) in the presence of catalytic
amounts of [SnIV(TPP)(OTf)2] at room temperature. Short reaction
times, easy preparation of catalyst, high product yield, solvent free
conditions and applicability for both alcohols and phenols are the
advantages of this catalytic system.
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