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Abstract-Reactions of 2-(vinyloxy)ethyl methacrylate with diols [ethyleneglycol, diethylene glycol,tri-
ethylene glycol,oligoethylene glycol-400,Z-2-butene-1,4-diol, 2-butyne-1,4-diol, 1,1,3,3-tetramethyl-1,3-
bis(3-hydroxypropyl)disiloxane, 2,2-bis(4-hydroxyphenyl)propane] and polyols(glycerol, pentaerythritol)
under electrophilic conditions (1 wt% of CF3COOH, 20360oC, 133 h) result in quantitative formation of
functional acetal methacrylates.

Oligomeric acrylates find wide application as
adhesives, sealants, and binders [2, 3].From co-
polymers of oligomeric methacrylates of various
structures are prepared membranes permeable for
urea and water [2, 4] or used for separation of cations
[5], contact lenses and other materials for medicinal
applications [6311]. Themost common procedure for
preparation of acrylic esters is based on esterification
of compounds containing two and more hydroxy
groups witha,b-unsaturated monocarboxylic acids or
derivatives thereof[2].

Vinyloxyorganyl methacrylates are highly reactive
bifunctional monomers and semiproducts possessing
both properties of vinyl ethers [12] and methacrylates
[2, 4]. They are promising building blocks for creat-
ing new types of acrylatemonomers.

Vinyloxyorganyl methacrylates under mild condi-
tions (132% of CF3COOH, 20340oC, 0.532 h)
undergo addition of alcohols of various structures at
the vinyloxy group giving rise to a new type of poly-
functional acetal methacrylate monomers [1] where
the vinyloxy group plays the role of an[anchor]
function. Thespecific role of trifluoroaceticacid in
electrophilic addition to the vinyloxy group was first
demonstrated by the example of alcohols reaction
with functional vinyl ethers: 1-(vinyloxyethoxy)-
propylen-2,3-oxide, 3-(2-vinyloxyethoxy)propylene
1,2-carbonate,2-vinyloxyethyl isothiocyanate. There-
with acyloxy group is selectively substituted in the
intermediately formed acylal [13316].
ÄÄÄÄÄÄÄÄÄÄ
* For communication II, see[1].

In order toextend the synthetic potential of vinyl-
oxyalkyl methacrylates as[anchor] methacrylates
and aiming at preparation of new bis- and polyacetal
methacrylate monomers we investigated the reaction
of an available 2-(vinyloxy)ethyl methacrylate [173
20] with various diols and polyols. Weused here an
approach developedearlier and systematically applied
as an example to the new strategy of epoxy resins
preparation by electrophilic addition ofdiols, polyols,
di- and polycarboxylic acids and the other polyfunc-
tional reagents to the[anchor] vinyloxyepoxides, for
instance, to vinyloxyethoxymethyloxirane ([vinylox])
[21324].

Scheme 1.

R = (CH2)2 (IIa, IIIa ); (CH2)2O(CH2)2 (IIb, IIIb );
(CH2CH2O)2(CH2)2 (IIc, IIIc ); (CH2CH2O)n(CH2)2

(n ; 7) (IId, IIId ); Z-CH2CH= CHCH2 (IIe, IIIe );
CH2C=CCH2 (IIf, IIIf ); [(CH2)3SiMe2]2O (IIg, IIIg );
Me2C(C6H4)2 (IIh, IIIh ).
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Table 1. Yield and characteristics of acetal methacrylatesIIIa 3h, IVa, b
ÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Compd. ³ Yield, %a
³

nD
20

³ Found, % ³
Formula

³ Calculated, %
³ ³ ÃÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄ´ ÃÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄ

no. ³ ³ ³ C ³ H ³ ³ C ³ H
ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄ

IIIa ³ 94 ³ 1.4552 ³ 57.38 ³ 8.13 ³ C18H30O8 ³ 57.74 ³ 8.07
IIIb ³ 96 ³ 1.4578 ³ 57.67 ³ 7.92 ³ C20H34O9 ³ 57.40 ³ 8.18
IIIc ³ 94 ³ 1.4574 ³ 57.41 ³ 8.28 ³ C22H38O10 ³ 57.15 ³ 8.28
IIId ³ 98 ³ 1.4590 ³ 56.45 ³ 8.64 ³ C32H58O15 ³ 56.29 ³ 8.56
IIIe ³ 96 ³ 1.4620 ³ 59.59 ³ 8.42 ³ C20H32O8 ³ 59.98 ³ 8.05
IIIf ³ 94 ³ 1.4668 ³ 59.95 ³ 7.96 ³ C20H30O8 ³ 60.29 ³ 7.59
IIIg b ³ 95 ³ 1.4478 ³ 55.62 ³ 9.26 ³ C26H50O9Si2 ³ 55.48 ³ 8.95
IIIh ³ 92 ³ 1.5152 ³ 68.54 ³ 7.09 ³ C31H40O8 ³ 68.87 ³ 7.46
IVa ³ 97 ³ 1.4532 ³ 58.65 ³ 8.10 ³ C27H44O12 ³ 58.84 ³ 7.91
IVb ³ 98 ³ 1.4644 ³ 58.61 ³ 8.01 ³ C37H60O16 ³ 58.41 ³ 7.95

ÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄ
a Preparative yield isreported.b Found, %: Si9.63.Calculated, %: Si9.98.

Ethylene glycol, diethylene glycol, triethylene
glycol, oligoethylene glycol of molecular weight400,
Z-2-butene-1,4-diol, 2-butyne-1,4-diol, 1,1,3,3-tetra-
methyl-1,3-bis(3-hydroxypropyl)disiloxane, 2,2-bis-
(4-hydroxyphenyl)propane] quantitatively, regio- and
chemoselectively react with 2-(vinyoxy)ethyl
methacrylate at molar ratio 1 : 2 under mild conditions
(1 wt% of CF3COOH, 20360oC, 133 h) furnishing
the corresponding bisacetal methacrylatesIIIa 3h
(Scheme 1, Table 1).

The monitoring of the reaction progress was per-
formed by IR and1H NMR spectra of the reaction
mixture. In the IR spectra gradually changed the
pattern of the characteristic absorption bands of
the vinyloxy group: the low- and high-frequency

components of the triplet bandfrom the stretching
vibrations of C=C bond(1620, 1645 cm31), from
= C3H bond (3046, 3080 cm31) disappear, and the
absorption bands in the region of the bending vibra-
tions of =CH and =CH2 bonds undergo considerable
redistribution (815,960, 1320 cm31) [12, 25]. The
intensity of the middle component of the triplet band
at 1637 cm31 coinciding with the band of stretching
vibrations of the C=C bond in the methacrylate
group is somewhatreduced. In the region10403
1170 cm31 appears a characteristic group of five
bands belonging to acetals[26].

In the 1H NMR spectra of reaction mixtures an
only quartet of methine proton (d 4.735.4 ppm) and
an only doublet of the methyl group (d 1.231.3 ppm)

Scheme 2.
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Table 2. Spectral characteristics of adducts of diols and polyols with 2-(vinyloxy)ethyl methacrylateIIIa 3h, IVa, b
ÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Compd.³ IR spectrum, cm31

no. ³
ÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

IIIa ³519, 594, 655, 815, 858, 878, 944, 963, 1005, 1045, 1078, 1098, 1139, 1170, 1246, 1297, 1320, 1339, 1385,
³1405, 1454, 1638, 1719, 2882, 2930, 2957, 2987,3106

IIIb ³516, 598, 656, 815, 859, 944, 962, 1004, 1043, 1078, 1103, 1139, 1170, 1247, 1297, 1320, 1339, 1385, 1402,
³1454, 1637, 1719, 2877, 2929, 2987,3107

IIIc ³517, 537, 596, 654, 719, 815, 859, 941, 961, 1004, 1043, 1078, 1103, 1140, 1170, 1247, 1297, 1319, 1341,
³1384, 1402, 1454, 1637, 1720, 2868, 2928, 2937,3104

IIId ³520, 656, 718, 816, 857, 956, 1004, 1043,1077 sh,1106, 1138, 1166, 1248, 1297, 1320, 1348, 1384, 1405,
³1453, 1637, 1718, 2875, 2984,3100

IIIe ³518, 602, 655, 815, 881, 938, 960, 1041,1080 sh,1098, 1137, 1170, 1245, 1297, 1321, 1342, 1387,1400 sh,
³1453, 1638, 1720, 2882, 2929, 2988,3105

IIIf ³517, 604, 655, 815, 864, 883, 936, 958, 1024, 1043,1070 sh,1094, 1138, 1170, 1246, 1297, 1320, 1339,
³1388, 1402, 1453, 1638, 1720, 2882, 2928, 2988,3105

IIIg ³518, 535, 658, 705, 796, 812, 840, 939, 958, 1048, 1073, 1099, 1137, 1169, 1254, 1297, 1320, 1340, 1387,
³1403, 1453, 1638, 1721, 2874, 2932, 2955, 2987,3107

IIIh ³555, 579, 602, 653, 737, 814, 835, 942, 1013, 1055, 1083, 1104, 1133, 1169, 1239, 1296, 1319, 1345, 1386,
³1453, 1507, 1581, 1607, 1637, 1719, 2875, 2930, 2965, 3036,3100

IVa ³517, 603, 654, 815, 865, 940, 961, 1006, 1043, 1076, 1097, 1118, 1140, 1170, 1245, 1297, 1319, 1339, 1385,
³1405, 1453, 1638, 1719, 2879, 2930, 2957, 2988,3105

IVb ³519, 595, 654, 815, 883, 940, 960, 1002, 1045,1072 sh,1097, 1139, 1169, 1246, 1297, 1319, 1342, 1382,
³1402, 1453, 1504, 1638, 1720, 2885, 2930, 2957, 2987,3105

ÄÄÄÄÄÂÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Compd.
³ 1H NMR spectrum, CDCl3, d, ppm (J, Hz)
ÃÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

no. ³ OCHO, q³ Me, d ³ =CH2
³Me3C = ,³CH2OC(O),³ CH2O, ³ R³ (3J) ³ (3J) ³ ³ br.s ³ m ³ m ³

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
IIIa ³ 4.79 ³ 1.30 ³5.55 d.q (trans, 2J,³ 1.93 ³ 4.26 ³ 3.71, 3.80 ³3.60 m, 3.69 m

³ (5.4) ³ (5.4) ³4J 1.6), 6.10 br.s (cis) ³ ³ ³ (1H each)³(1H each, OCH2)
IIIb ³ 4.79 ³ 1.30 ³5.54 d.q (trans, 2J, 4J1.6),³ 1.93 ³ 4.26 ³ 3.70, 3.77 ³3.58 m, 3.69 m

³ (5.4) ³ (5.4) ³6.09 br.s (cis) ³ ³ ³ (1H each)³(2H each, OCH2)
IIIc ³ 4.78 ³ 1.30 ³5.55 d.q (trans, 2J, 4J1.6),³ 1.93 ³ 4.26 ³ 3.69, 3.78 ³3.5 m, 3.69 m

³ (5.2) ³ (5.2) ³6.09 br.s (cis) ³ ³ ³ (1H each)³(3H each, OCH2)
IIId ³ 4.78 ³ 1.30 ³5.55 br.s (trans), ³ 1.93 ³ 4.26 ³ 3.70, 3.80 ³3.65 m, 3.70 m

³ (5.2) ³ (5.2) ³6.10 br.s (cis) ³ ³ ³ (1H each)³(8H each, OCH2)
IIIe ³ 4.80 ³ 1.32 ³5.57 br.s (trans), ³ 1.94 ³ 4.29 ³ 3.70, 3.79 ³4.13 d.t (2H, OCH2,

3J
³ (5.2) ³ (5.2) ³6.12 br.s (cis) ³ ³ ³ (1H each)³11.6, 3J 3.9), 5.67 t
³ ³ ³ ³ ³ ³ ³(1H, CH=, 3J 3.9)

IIIf ³ 4.92 ³ 1.34 ³5.58 br.s (trans), ³ 1.95 ³ 4.29 ³ 3.78 ³4.25 m (2H, OCH2)
³ (5.4) ³ (5.4) ³6.12 br.s (cis) ³ ³ ³ ³

IIIg ³ 4.74 ³ 1.30 ³5.56 br.s (trans), ³ 1.94 ³ 4.28 ³ 3.74, 3.81 ³0.05 m (6H, Me), 0.56 m
³ (5.3) ³ (5.3) ³6.12 br.s (cis) ³ ³ ³ (1H each)³(2H, CH2Si), 1.60 m
³ ³ ³ ³ ³ ³ ³(2H, CH2), 3.40 m,
³ ³ ³ ³ ³ ³ ³3.57 m (1H each)

IIIh ³ 5.45 ³ 1.38 ³5.57 br.s (trans), ³ 1.90 ³ 4.20 ³ 3.72, 3.81 ³1.57 br.s (3H, Me),
³ (5.2) ³ (5.2) ³6.02 br.s (cis) ³ ³ ³ (1H each)³6.88 d (2H, arom,
³ ³ ³ ³ ³ ³ ³3J 8.6), 7.09 d (2H,
³ ³ ³ ³ ³ ³ ³arom, 3J 8.6)

IVa ³ 4.81 ³ 1.30 ³5.57 br.s (trans), ³ 1.93 ³ 4.1234.18³ 3.73, 3.79,³3.4133.91 m
³ (2H, 5.2),³(6H, 5.2),³6.11 br.s (cis) ³ (9H) ³(1H each),³ (3H each)³(5H, OCH2, CHO)
³ 5.01 ³ 1.36 ³ ³ ³ 4.28 (4H) ³ ³
³ (1H, 4.8)³(3H 4.8)³ ³ ³ ³ ³

IVb ³ 4.68 ³ 1.25 ³5.56 br.s (trans), ³ 1.94 ³ 4.27 ³ 3.71, 3.80 ³3.53 m (2H, OCH2)
³ (5.2) ³ (5.2) ³6.10 br.s (cis) ³ ³ ³ (1H each)³

ÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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of the acetal fragment was observed indicating that
dimethacrylatesIIIa 3h are the only products and
form in the quantitativeyield.

The rate of the electrophilic addition of alcohols to
a definite vinyl ether depends on the inductive and
steric effects of the substituent of thealcohol, and
also on the characteristics of the medium (association
of the alcohol, polarisability etc.)[27, 28]. In these
reaction no significant influence of diol structure on
the reaction duration was observed. Most of diols
added to etherI within 131.5 h.

All other factors being equal the complete conver-
sion of 2,2-bis(4-hydroxyphenyl)propane (IIh ) into
bisacetal methacrylate was attained only in 3 h. It
might however be caused by the fact that diolIIh
formed a suspension with etherI . Therefore the
homogenization of the reaction mixture was attained
by adding 1,2-dimethoxyethane assolvent. Thesame
solvent was used with acetylene diolIIe .

Besides diols we involved into reaction with the
vinyloxyethyl methacrylate also glycerol and penta-
erythritol. The exhaustive electrophilic addition of
these polyols to the vinyloxy group of etherI
occurred in the presence of 1 wt% of CF3COOH at
the molar ratio etherI3glycerol 3 : 1 and ether
I3pentaerythritol 4 : 1 (60oC, 1,2-dimethoxyethane)
and completed in 3 h affording the corresponding
methacrylatesIVa, b in quantitative yield (Scheme2).

Note that the disproportionation of target acetals
observed at electrophilic addition of aliphatic alcohols
to vinyloxyalkyl methacrylates [1] is not character-
istic of acetalsIIIa 3h, IVa, b.

The acetal methacrylates synthesizedIIIa 3h,
IVa, b are colorless moderately viscousfluids, well
soluble in most organic solvents and insoluble in
water. They are light-sensitive monomers and are
capable of spontaneous polymerization yielding high-
melting (>300oC) polymers. Therefore the storage
of the acetals obtained is possible only with inhibitors
(hydroquinone, ionol) preventing the spontaneous
polymerization. The neutralization of the catalyst
after completion of the synthesis was performed by
addition to the reaction mixture of calcined K2CO3,
and after standing for 132 h the mixture was filtered.
The other way of catalyst neutralization consisted in
passing the reaction mixture through a small bed of
basic alumina using ethyl ether aseluent. The
qualitative test of neutralization was disappearance in
the IR spectrum of an absorption band at 1780 cm31

(n C=O in CF3COOH).

The composition and structure of methacrylates
synthesized are in agreement with the elemental ana-
lyses, IR and1H NMR spectra (Tables 1, 2). In the
IR spectra of acetalsIIIa 3h, IVa, b the absorption
bands of the methacrylate groups are virtually
independent of R structure (in the series of diols and
polyols), and they appear at 8593883, 9563963,
140031405 (d CH2=) , 163731638 (n C=C),
171831721 (n C=O), 300033107 (n =CzH2) cm31.
Similar conclusion follows from the analysis of
1H NMR spectra: The protonchemical shifts cor-
responding to the methacrylate groups in compounds
IIIa 3h, IVa, b are virtually constant and equal to
6.0236.12 (cis-H), 5.5135.58 (trans-H), 1.903
1.95 ppm (Me). Thesignals from groups OCHO and
CH3 in acetalsIIIa 3d appear respectively at4.783
4.79 and 1.30 ppm,whereas the quartet of the
methine proton shifts downfield inacetalIIIe by DdH
~0.13 ppm, inacetalIIIh by 0.67 ppm, and intetra-
kisacetal IVb the signal is displaced upfield by
0.1 ppm.

EXPERIMENTAL

IR spectra were recorded on spectrometer Bruker
JFS-25 from thin film. 1H NMR spectra were
registered on spectrometer Bruker DPX-400
(400 MHz) in CDCl3 solutions, internal reference
HMDS.

The initial diols and polyols were commercial
products subjected to thorough drying before syn-
thesis by known methods (distillation or recrystalliza-
tion. Their physical constants were consistent with
published data.

2-Vinyloxyethyl methacrylate (I ) was prepared and
purified as described in [19].

Addition of diols to 2-(vinyloxy)ethyl methacry-
late. To a mixture of 1.56 g (0.01mol) of vinyl
etherI and 0.31 g (0.005mol) of ethylene glycol was
added 0.02 g (1 wt%) of trifluoroacetic acid. The
mixture was stirred for 1.5 h till the absorptionbands
of vinyl ether I completely disappeared from the IR
spectrum of the reactionmixture. Thecatalyst was
neutralized by addition to the reaction mixture of
0.1 g of calcined K2CO3. The precipitate was filtered
off after standing for 2 h. We obtained1.75 g (94%)
of bisacetal methacrylateIIIa .

Bisacetal methacrylatesIIIb 3e, g were obtained in
the sameway.

Addition of 2-butyne-1,4-diol to 2-(vinyloxy)-
ethyl methacrylate. To a solution of 0.43 g
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(0.005 mol) of 2-butyne-1,4-diol in 2 ml of 1,2-di-
methoxyethane was added1.56 g (0.01mol) of vinyl
etherI and 0.02 g (1 wt%with respect to the reagents
weight) of trifluoroacetic acid, The mixture was
stirred for 1 h at room temperature till the absorption
bands of vinyl etherI completely disappeared from
the IR spectrum of the reactionmixture. Thecatalyst
was neutralized with K2CO3. After the precipitate was
filtered off and the solvent was removed in a vacuum
we obtained1.87 g (94%) ofbisacetal methacrylate
IIIf .

Addition of 2,2-bis(4-hydroxyphenyl)propane to
2-(vinyloxy)ethyl methacrylate. To a solution of
1.15 g (0.005 mol) of 2,2-bis(4-hydroxyphenyl)-
propane in 3 ml of 1,2-dimethoxyethane was added
1.56 g (0.01mol) of vinyl etherI and 0.03 g (1 wt%
with respect to the reagents weight) of trifluoroacetic
acid. The mixture was stirred for 3 h at roomtempera-
ture till the absorption bands of vinyl etherI
completely disappeared from the IR spectrum of the
reaction mixture. Thecatalyst was neutralized with
K2CO3. After the precipitate was filtered off and the
solvent was removed in a vacuum we obtained 2.5 g
(92%) of bisacetal methacrylateIII h .

Addition of glycerol to 2-(vinyloxy)ethyl meth-
acrylate. To a solution of0.28 g (0.0033mol) of
glycerol in 3 ml of 1,2-dimethoxyethane was added
1.56 g (0.01mol) of vinyl etherI and 0.02 g (1 wt%
with respect to the reagents weight) of trifluoroacetic
acid. The mixture was stirred for 3 h at 60oC till the
absorption bands of vinyl etherI completely dis-
appeared from the IR spectrum of the reaction mix-
ture. The catalyst was neutralized by passing the
reaction mixture through a thin bed of basic Al2O3
using ethyl ether as eluent. On removing the solvents
in a vacuum we obtained1.78 g (97%) oftrisacetal
methacrylateIVa .

Similarly from 0.3 g (0.0025 mol) ofpenta-
erythritol in 3 ml of 1,2-dimethoxyethane and1.56 g
(0.01 mol) of vinyl ether I in the presence of0.02 g
(1 wt% with respect to the reagents weight) oftri-
fluoroacetic acid we obtained1.86 g (98%) oftetrakis-
acetal methacrylateIVb .
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