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Two new methods for the synthesis of orthoesters and compounds containing an orthoester moiety
(dihydroisoxazoles) are presented. Mixed orthoesters of general formulas RC(OR1)(OR2)2 and RC(OR1)-
(OR2)(OR3) were prepared via addition of ROH (R = Bu or m-methylphenyl) to O-allyl acetals (acrolein
acetals: diethyl or cyclic, i.e., 2-vinyl-1,3-dioxanes or dioxolanes). The catalytic systems for these reac-
tions were generated from [RuCl2(PPh3)3] and Na2CO3; {[RuCl2(COD)]x} or {[OsCl2(1,5-COD)]x}, PPh3,
and Na2CO3. Compounds containing an orthoester moiety (dihydroisoxazoles) were prepared via tandem
isomerization of O-allyl acetals (to O-vinyl acetals) catalyzed by ruthenium complexes followed by cyclo-
addition to in situ-generated 2,6-dichlorophenylnitrile oxide.

� 2009 Elsevier Ltd. All rights reserved.
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Scheme 1. Synthesis of mixed orthoesters via addition of 1-butanol or m-cresol to
O-allyl acetals catalyzed by 1% mol [RuCl2(PPh3)3] and 5% mol Na2CO3.
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Orthoesters are well-known compounds, and have many appli-
cations. They are used in organic synthesis as protected forms of
carboxylic acids,1–3 as endosome permeation agents,4,5 as deter-
gents,6,7 and in polymer synthesis.8 The synthesis of symmetric
orthoesters (formally, acetals of esters) is simple and well known.
A selective synthesis of mixed orthoesters of the general types
RC(OR1)(OR2)2 and RC(OR1)(OR2)(OR3) has not been described pre-
viously. The synthetic methods described in the literature always
lead to the formation of a mixture of all the possible symmetric
and mixed orthoesters. Herein, we describe two routes for the syn-
thesis of mixed orthoesters from O-allyl acetals (particularly, cyclic
or acyclic acetals of acrolein). The first route for the synthesis of
mixed orthoesters involves the addition of ROH (1-butanol or
m-cresol) to acrolein acetals, for example, acrolein cyclic acetal,
Scheme 1. The most effective catalysts for this transformation were
ruthenium complexes and an osmium complex generated in situ
from {[OsCl2(1,5-COD)]x} and PPh3.

Conversion of the allylic systems was practically quantitative,
and reaction selectivity was excellent. All possible stereoisomers
of the orthoesters were formed. The structures of the orthoesters
prepared from 2-vinyldioxanes and 2-vinyldioxolanes (acrolein
cyclic acetals) are presented in Figure 1.

Previously, we found that the catalytic systems generated
in situ from Ru or Os complexes, external ligands (particularly,
phosphines), and base (Na2CO3, t-BuOK) were very effective for
the addition of ROH to allyl ethers.9 It is worth emphasizing that
ll rights reserved.

+4832 2599978.
, robert.penczek@gmail.com
the precursors (for example, [Ru3(CO)12], {[RuCl2(COD)]x}) used
without additives were active, while the addition of base increased
the selectivity by suppressing transacetalization. In the present
work, we investigated the activity of several catalytic systems
studied previously for the synthesis of acetals9 in the model
addition reaction of m-cresol to 5,5-dimethyl-2-vinyl-1,3-dioxane
(see Scheme 2 and Table 1).
R = butyl (82%; 3 h)

Figure 1. The structures of the orthoesters synthesized from 2-vinyldioxanes and
2-vinyldioxolanes according to Scheme 1 (isolated yields and reaction times are
given in parentheses).
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Scheme 4. One-pot tandem isomerization (of O-allyl acetals to O-vinyl acetals)—
1,3-dipolar cycloaddition (nitrile oxide to O-vinyl acetals).
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Figure 2. Structures of the dihydroisoxazoles containing an orthoester moiety
synthesized according to Scheme 4 (isolated yields in parentheses).20,21
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Scheme 5. 1,3-Dipolar cycloaddition of 2,6-dichlorobenzonitrile oxide to O-allyl
acetals.

Table 1
Catalytic systems for the addition of m-cresol to 5,5-dimethyl-2-vinyl-1,3-dioxane.
COD—1,5-cyclooctadiene (120 �C, 3 h, without solvent)

Entry [M]a Yieldb (%)

1 [RuCl2(PPh3)3] 94
2 {[RuCl2(1,5-COD)]x} 0
3 {[RuCl2(1,5-COD)]x} + PPh3 94
4 {[RuCl2(1,5-COD)]x} + rac-BINAP 0
5 {[OsCl2(1,5-COD)]x} 0
6 {[OsCl2(1,5-COD)]x} + PPh3 96
7 [Ru3(CO)12] 44
8 [Ru3(CO)12] + 3PPh3 0

a All catalytic systems contained 5 mol % Na2CO3.
b Yield determined by 1H NMR spectroscopy.
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Scheme 2. Addition of m-cresol to 5,5-dimethyl-2-vinyl-1,3-dioxane catalyzed by
ruthenium and osmium complexes ([M]) with Na2CO3.
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The results were quite different from those obtained in the
addition of ROH to allyl ethers leading to acetals.9 The polymeric
complexes of Ru and Os (entries 2 end 6) were highly active in
the synthesis of acetals, but in the synthesis of orthoesters they
were inactive unless triphenylphosphine was added. Furthermore,
the system {[RuCl2(1,5-COD)]x}/rac-BINAP/Na2CO3 was not active
for orthoester synthesis, while it catalyzed the acetalization of allyl
ethers very effectively.9 In contrast to the polymeric precursors,
[Ru3(CO)12] catalyzed the addition poorly, and the system
[Ru3(CO)12]/3PPh3/5Na2CO3 was not active at all. On the other
hand, both [Ru3(CO)12] and [Ru3(CO)12]/3PPh3/base were very ac-
tive catalysts in the addition of ROH to allyl ethers.9 We conclude
that the addition of ROH to cyclic acrolein acetals is much more
sensitive to steric hindrance than the synthesis of acetals from allyl
ethers. It seems that the polymeric complexes of Ru and Os and the
complexes formed from {[RuCl2(1,5-COD)]x} and rac-BINAP or
[Ru3(CO)12] with PPh3 are too bulky, hence the reaction does not
take place.

We carried out a test reaction in order to prove our hypothesis
of steric hindrance as a limiting factor, which involved the addition
of n-BuOH to the diethyl acetal of acrolein. This reaction proceeded
quantitatively at 80 �C, Scheme 3. Replacement of the rigid 2-vinyl-
dioxane or dioxolane cyclic systems with a much more flexible
acyclic acetal eliminates steric hindrance, thus lowering the activa-
tion energy.

Using the same O-allyl acetals, we synthesized a series of dihyd-
roisoxazoles containing an orthoester moiety via tandem isomeriza-
tion (O-allyl acetals to O-vinyl acetals) cycloaddition (nitrile oxide to
O-vinyl acetals), see Scheme 4. This novel approach enables the
synthesis of new functionalized dihydroisoxazoles. Many isoxazo-
lines10–13 and their aromatic homologs and analogs, that is, isoxaz-
oles14,15 serve as drugs or as potential drugs with, for example,
anti-inflammatory,16 antiplatelet17, or antidepressant18 activity.
EtO OEt

OBu
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80 °C; 3 h

Scheme 3. Addition of 1-butanol to acrolein diethyl acetal catalyzed by 1 mol %
[RuCl2(PPh3)3] and Na2CO3 (80 �C, 3 h without any solvent).
It is important to note that as in the cycloaddition of nitrile oxi-
des to O-vinyl ethers,19 the reaction is completely regioselective:
orthoesters are the only products. The alternative regioisomer,
the acetal did not form at all. The structures of the 4,5-dihydrois-
oxazoles synthesized according to Scheme 4 are presented in
Figure 2.

We checked whether the appropriate O-allyl systems would
cyclize; however the dihydroisoxazoles formed do not belong to
the orthoester class.

New possibilities of the application of O-allyl acetals for the
synthesis of dihydroizoxazoles are described. In the tandem
reaction: isomerization of O-allyl acetals (to O-vinyl acetals)—1,3-
cycloaddition (of a nitrile oxide to the O-vinyl acetals), dihydroxaz-
oles, which are formally orthoesters, are formed. On the other
hand, in the 1,3-cycloaddition of a nitrile oxide to O-allyl acetals,
dihydroisoxazoles containing an acetal group are formed (see
Scheme 5).
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