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Abstract Suggestion of new routes in the synthesis of structural units of compounds would be useful in optimization of
existing methods, in terms of cost, availability of materials and other problems. Due to some problems in the synthesis of
derivatives of D -sorbitol, a few studies have been done in this area. In this study, we offer an effective route for synthesis of
a new series of optically and biologically active dimethacrylate-based monomers on isosorbide. Synthesis began with
preparation of monobromo derivatives of ethylene glycols and protection their hydroxyl group as tetrahydropyranyl (THP)
ethers and then followed by reaction of isosorbide with monobromo derivatives of THP-protected ethylene glycols in the
presence of NaH/DMF, deprotection of intermediates in acidic condition to give diol derivatives and finally production of
dimethacrylate monomers contain isosorbide skeleton linked to ethylene glycol moieties from diols. The structures of
obtained monomers were characterized by Fourier transform infrared (FTIR) and *H nuclear magnetic resonance (NMR)
spectroscopy. Since the dental restorative materials are based on various methacrylate monomers and oligomers, these new

obtained monomers are suggested as a dental material.
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1. Introduction

The monomers are the backbone of polymers and
composites. Nowadays, there are a number of methods and
procedures for synthesis most-used monomers for
developing of present polymers[1-3].Various factors affect
the selection of a route or method. For example availability
of the initial materials, cost and toxicity of materials,
utilization cases and so on.

1,4:3,6-Dianhydro-D-glucitol (isosorbide) iscommercially
available in large quantities as an important by-product from
the starch industry and it is obtained by dehydration of
D-glucitol[4-6]. It is thermally stable up to 280°C, of low
cost, and available in large quantities[7]. The compound has
two hydroxyl groups, one at C-2 having the exo-orientation
with respect to the V-shaped molecule, and the other at C-5
having the endo-orientation and involved in intermolecular
hydrogen bonding with the oxygen atom of the neighbouring
tetrahydrofuran ring[8, 9]. Isosorbide has already been
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investigated as a starting material for the synthesis of chiral
promoters in organic synthesis and notably asymmetric
phase transfer catalysis[10, 11]. Isosorbide is a non-toxic
compound, and different reactivity of its two hydroxyl
groups is a useful strategy to utilize in

medical and pharmaceutical applications[10, 12, 13].

Developing new routes in synthesis, can be helped to
remove or reduce existing problems of current methods.
Much less work has been done on derivatives of D-sorbitol,
which is explained by the fact that they contain two hydroxyl
groups of different nature and are difficult to functionalize in
a controlled fashion. It can be expected that further use of
these peculiar compounds largely depends on whether
effective methods of their controlled functionalization with
the aim of design of new structures, including supramolecul
ar, will be developed[14]. In order to eliminate these
disadvantages, some proposals have been made to modify
D-sorbitol derivatives. For this purpose, conversion of
hydroxyl groups to acetyls was suggested itself because this
grouping is not only stable under alkaline condition, but also
is readily cleaved by mild action of aqueous acids with the
regeneration of the hydroxyl group[15]. Dihydropyranylatio
n of the hydroxyl groups has been recognized as the useful
and representative method for the protection of alcohols. To
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dihydropyranylation of alcohols, p-toluensulfonic acid is the
most common catalyst and seems to be superior to other
catalysts such as hydrochloric acid, phosphoryl chloride, and
boron trifluoride etherate[16-18].

Diols play important role in the development of polymeric
materials (including, polyesters, polyurethane, polycarbonat
es, etc.), and today have important applications in the
preparation of biological materials[13, 19-21]. including the
importance of these compounds in the synthesis of crown
ethers, usually using a diol and a two-factor user alkylating
has two sides[21-24]. The diol dimethacrylates and glycol
dimethacrylates are carried out using two main methods. The
first one is transesterification between methyl methacrylate
and the higher diols or glycols with constant evaporation of
the methanol. The second one is the reaction between
methacryloyl chloride and diol or glycol[25, 26].

Developing of new routes in the production of monomers,
introduces new monomers and therefore new polymers and
composites with new properties and perhaps better degree of
usefulness. Dimethacrylate monomers are used in a wide
variety of cross-linked polymer applications, including
adhesives, coatings, dental restoratives, and stereolithograp
hy[27-36]. The dental restorative materials are based on
various methacrylate monomers and olygomers[36, 37].
Investigations into this group of compounds were begun as
early as the 1940s. During these years, methyl methacrylate
was used[28-31, 37,38]. Today, new derivatives of
methacry lates, acry lates and dimethacrylates have biomedic
al applications in bone cements, dental fillings, and hard and
soft contact lenses[39]. Another important dental application
of radically polymerizable crosslinkers is their use as
reactive diluents in filling composites, forexample, to dilute
the highly viscous bisphenol A diglycidyl dimethacrylate
(Bis-GMA), its ethoxylated analog (Bis-EMA) and urethane
dimethacrylates (UDMA) along with low molecular weight
diluents[40-42].

In our previous study, we synthesized the novel diglycidyl
methacrylate-based macromonomers from glycolated
isosorbide derivatives and glycidyl methacrylate via ring
opening reactions[43]. We report here our preliminary
investigations on the synthesis of a new series of
dimethacrylate-based monomers on isosorbide in dental
materials applied as optically active crosslinking agents. To
achieve this objective reaction, isosorbide was reacted with
monobromo derivatives (mono, di, and tri) of ethylene
glycols in which one of the hydroxyl groups is protected, to
obtain the relative intermediate. Then, deprotection of
intermediates under acidic conditions gave diol derivatives.
The resulting diols were reacted with methacryloyl chloride
moiety to vyield dimethacrylate-based monomers of
isosorbide.

2. Experimental

2.1. Material

Isosorbide(1,4:3,6-Dianhydro-D-glucitol), methacryloyl
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chloride, mono, di, and tri- ethylene glycols, phosphorus
tribromide and p-toluensulfonic acid monohydrate were
supplied by Merck (Darmstadt, Germany) and used without
further purification. 3,4-Dianhydro-2H-pyran (DHP) was
supplied by Merck, dried using Na,CO3 and was distilled
(Bp; 84-85°C) before use. Tetrahydrofurane (THF) was
supplied by Merck, dried by refluxing over sodium and
distilled under argon prior to use. All other reagents were
purchased fromMerck and purified according to the standard
methods.

2.2. Bromination of Ethylene Glycol Derivatives

Phosphorus tribromide (23 mmol) was added slowly to the
stirred solution ethylene glycol (200 mmol) at -5°C; this
phase ofthe reactions was exothermic. Then, the temperature
was increased slowly to room temperature and the reaction
mixture was refluxed gently for 2 h. The mixture was
distilled under reduced pressure to give the monobromo
ethylene glycol derivatives (Yield: 79%, 76%, and 72%, for
mono (2a), di (2b), and tri (2c) ethylene glycols,
respectively).

2.3. Protection of Hydroxyl Group of Monobromo
Ethylene glycol Deriwetives

To an ice-cooled solution of monobromo glycol product
(40 mmol) and freshly distilled 3,4-dianhydro-2H-pyran
(DHP) (47 mmol) in dry THF (50 mL) was added
p-toluenesulfonic acid monochydrate (0.68 mmol). The
mixture was stirred at 0°C for 30 minutes. Then, the solution
was stirred at an ambient temperature for another 12 h and
the solvent was removed under vacuum. The residue was
worked up with CH,Cl, and saturated brine. The organic
phase was washed with 2x15 mL saturated sodium
bicarbonate and 15 mL water and dried (using Na,;SO,).
Then, the solvent was evaporated and the product was further
purified with silica-gel column chromatography using ethyl
acetate/n-hexane (30/70 v/v) as the eluent (Yield: 88%, 85%,
and 84%, for mono (3a), di (3b), and tri (3c) ethylene glycols
bromide, respectively).

2.4. Alkylation of Isosorbide

In a tree-neck round-bottom flask equipped with
condenser, dropping funnel, gas inlet/outlet, and a magnetic
stirrer, isosorbide (12 mmol) was dissolved in anhydrous
N,N-dimethylformamide (DMF) (50 mL) and added under
N, atmosphere to 25.4 mmo | hexane washed NaH (from 60%
suspension in oil). The mixture was stirred for about 2 h at
50°C. In a separate container, 25.4 mmol of alky lation agent
(THP-protected monobromo ethylene glycols) was dissolved
in 10 mL DMF and slowly added to the mixture under N,
atmosphere and refluxed for 24 h at room temperature. The
solvent was removed under reduced pressure, and the residue
was extracted with CHCIl3/H,O mixture (/1 v/v). The
organic layer was dried (using Na;SO,), the solvent was
evaporated, and the resulting crude product was further
purified on silica-gel column chromatography using petrole
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um ether /n-hexane (80/20 v/v) as the eluent (Yield: 78%,
75%, and 73%, for THP-protected mono (5a), di (5b), and
tri (5¢) ethylene glycols bromide, respectively).

2.5. Deprotection of Hydroxyl Group of Alkylated
Isosorbide Derivetives

Alkylated isosorbide (6.6 mmol) was completely
dissolved in 12 mL of methanol. Then, 0.3 mL HCI (37%) in
5 mL of methanol was added, and the mixture was stirred at
room temperature for 8 h. After the removal of methanol, to
neutralize HCI, potassium carbonate (K,COs3) was added.
The residue was extracted with chloroform, dried (using
Na,SO,4) and the solvent was evaporated under reduced
pressure to produce a crude product. The obtained diol was
further purified with silica-gel column chromatography
using ethylacetate/methanol (90/10 v/v) as the eluent (Yield:
96%, 93%, and 91%, for THP-protected mono (6b), di (6¢),
and tri (6d) ethylene glycolatedisosorbide, respectively).

2.6. Synthesis of Monomers

Methacryloyl chloride (9.4 mmol) was dissolved in 5 mL
chloroformand was added drop wise to a stirring solution of
diol (4.1 mmol) and triethylamine (9.4 mmol) mixture in 35
mL dry chloroform at 0-5°C. The reaction mixture was
stirred for 24-36 h at room temperature. The solution was
washed successively by the addition of 20 mL water, 2x20
mL NaOH (1 N), and 20 mL water. After drying the organic
phases using anhydrous Na,SO, and evaporation of the

(1) o (2)
s
HOCH, - CH,OFH —
|1 n
n= 1), 2y, 3e)

|:--Ef.'1-|,-f.'H,fJ}H + [ J

solvent, the crude product (dimethacrylate-based monomers
of isosorbide) was further purified by column
chromatography with ethyl acetate/n-hexane (30/70 v/v) as
the eluent (Yield: 77%, 76%, 71%, and 68% for isosorbide
(7a), 7b, 7c, and 7d,respectively).

2.7. Characterization

Fourier transform infrared (FTIR) spectra of the samples
were obtained on a Shimadzu 8101M FTIR (Shimadzu,
Kyoto, Japan). The spectra were recorded at room
temperature. *H nuclear magnetic resonance (NMR) spectra
were obtained at 25°C on an FT-NMR (400MHz) Bruker
spectrometer (Bruker, Ettlingen, Germany). The sample for
'H-NM R spectroscopy was prepared by dissolving about 10
mg of products in 5 mL of deuterated chloroform.

3. Results and Discussion

O-alky lation of glycolic derivatives is based on existence
of a leaving group at one end and a protected hydroxyl group
at the other end of them. Tosylate or bromo derivatives is
often the leaving group of choice as its preparation fromthe
corresponding alcohol takes place under mild conditions,
which avoids the stereochemical uncertainties and skeletal
rearrange ments associated with the conversion of an alcohol
to a halide[38].
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Scheme 1. Bromination of ethylene glycol derivatives and protection of their hydroxyl groups

OH {'I'}

F"::'{ OCH, - 1"!!1_}':

NaH
DRIF

”J_ﬂ_j + Iin-Ec'l-L, E'H,Di—l"t-‘

OH

” ‘EWH:' cH, ] o (6)
i

< [ + 7 o

O

h"\-\.

O-{CH,- CH,0]H
h L

= Ofa), Libd . 20ch , 3id)y

()

HC1
hlethanaol

: -—Er_';|-[= - CH, O ]- PG

n= 1(a), 2b) , 3ic)
[CII'.'HI cFo )
n
Et,N %
Iy { I".
= L

‘ofom,-cmo] |

]
m=0a), 1ib) , 2ic)y, 3idy e ]
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Usage of bromo or tosyl derivatives leaving group in self
glycol compounds has nearly equal preference, though
bromides give better results than tosylate[20]. With regard to
this issue, monobromo glycol compounds such as bromoeth
anol, monobromo diethylene glycol and monobromo
triethylene glycol as reactive alkylation agents of isosorbide
were chosen.

This article consists of five parts: (1) monobromination
of ethylene glycol derivatives using PBr; under free solvent
condition; (2) protection of hydroxy | group of monobromin
ated ethylene glycol derivatives with 3,4- dianhydro - 2H -
pyran (DHP); (3) O-alkylation of sterically hindered
isosorbide by the reaction with the hydroxyl protected
ethylene glycols bromide; (4) deprotection of hydroxyl
group of alkylated isosorbide derivatives in acidic condition;
(5) synthesis and characterization of chiral dimethacrylate -
based monomers on isosorbide by reaction of methacryloyl
chloride with obtained diols.

The methodology followed is shown in Scheme 1 and
Scheme 2.

3.1. Bromination of Ethylene Glycol Derivatives and
Protection of Their Hydroxyl Group

Table 1. Spectral dataof monobromo ethylene glycol derivatives and their
hydroxy| protected derivatives

Samples Spectral Data

FTIR (cm™): 3368 (9), 2951 (s), 2860 (M),
1135 (9), 1055 (s), 572 (m). "H-NMR (CDCk)
d ppm: 4.09-4.14 (m, 2H), 3.42-3.51 (m, 2H),
3.10 (s, 1H, OH).

Bromoethanol (2a)

FTIR (cm™): 3370 (9), 2946 (s), 2851 (m),
1268 (s), 1150 (9), 1065 (s), 576 (m). ‘H-NMR
(CDCI3) & ppm: 3.75-3.93 (m, 4H), 3.59-3.68
(m, 2H), 3.42-3.50 (m, 2H), 3.00 (s, 1H, OH).

Monobromodiethylene
glycol (2b)

FTIR (cm™): 3376 (9), 2942 (s), 2858 (M),
1273 (9), 1128 (s), 1075 (s), 1051 (s), 570 (m).
'H-NMR (CDCL) & ppm: 3.72-3.90 (m, 4H),
355-3.67 (M, 6H), 3.40-3.49 (m, 2H), 3.00 (s,
1H, OH).

Monobromotriethylene
glycol (2c)

FTIR (cm™): 2935 (s), 2865 (m), 1215 (m),
1120 (9), 1050 (s), 572 (m). "H-NMR (CDCl)
J ppm: 4.59-4.65 (m, 1H), 3.82-3.90 (M, 2H),
3.40-3.58 (m, 4H), 1.47-1. 87 (m, 6H).

THP-protected ethanol
bromide (3a)

FTIR (cm™): 2943 (s), 2865 (m), 1210 (m),
1127 (s), 1035 (s), 576 (m). *H-NMR (CDCk)
J ppm: 4.57-4.65 (m, 1H), 3.78-3.86 (M, 2H),
3.37-3.60 (m, 8H), 1.42-1.84 (m, 6H).

THP-protected
diethylene glycol
bromide (3b)

FTIR (cm™): 2945 (s), 2860 (m), 1200 (m),
1125 (9), 1030 (s), 570 (m). "H-NMR (CDCl)
J ppm: 4.55-4.62 (m, 1H), 3.75-3.85 (m, 2H),
3.35-3.65 (m, 12H) 1.45-1.85 (m, 6H).

THP-protected
triethylene glycol
bromide (3¢)

We used mono, di, and tri ethylene glycols, as a starting
compounds and phosphorus tribromide (PBr3) as a
brominating agent to obtain monobromo ethylene glycol
derivatives. After the synthesis of monobromo ethylene
glycol derivatives, because of its side reactions, hydroxyl
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groups of the products were protected. Due to the stability
of ethereal derivatives of tetrahydropyran at higher pH and
also against organometallic nucleophilic attacks conditions,
3,4-dianhydro-2H-pyran (DHP) was used as the protecting
agent. The spectral data (FTIR and H-NMR) of the
products are listed in Table 1. These spectral dataassignmen
ts verify that the monobromo ethylene glycol derivatives
and their hydroxyl protected compounds were successfully
synthesized.

3.2. Characterization of Alkylated Isosorbide Derivatives

We have used an efficient O-alkylation of sterically
hindered isosorbide by the reaction with the THP-protected
ethylene glycol bromide derivatives (3a-c) in the superbasic
medium NaH/DMF during 24 h. To get evidence that the
obtained alkylation reagents were chemically bonded to the
isosorbide (5a-c), FTIR spectroscopy investigation was
firstly used to identify the qualitative composition of
compounds. The FTIR spectra of 1,4:3,6-Dianhydro-D-sorb
itol, 2,5-di-O-(2-ethoxy) bis tetrahydro-2H-pyran (5a)
(Figure 1a), 1,4:3,6-Dianhydro-D-sorbitol, 2,5-di-O-(2-(2"-e
thoxy) ethoxy) bis tetrahydro-2H-pyran (5b) (Figure 2b),
and 1,4:3,6-Dianhydro-D-sorbitol,2,5-di-O-(2-(2"-(2"- ethox
y) ethoxy) ethoxy) bis tetrahydro-2H-pyran (5¢) (Figure 1c)
are shown in Figure 1. The characteristic absorption bands
due to the stretching vibrations of C-H appear in the
2940-2855 cm* region, and C-O-C in the 1050-1250 cm*
region. The bands around 1453 and 1372 cm* are due to the
-CH, groups in the products. Disappearance of the
hydroxyl groups of isosorbide in the FTIR spectrum
verified the comp lete conversion of O-alky lation reaction.
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Figure 1. FTIR spectraof 5a (a), 5b (b) and 5c (c)
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(a)
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Figure 2. *H-NMR spectra of 5a (a), 5b (b) and 5¢ (c)

It is clear from *H-NMR spectra of compounds (5a-c), all
synthetic products show similar chemical shifts with minor
differences. The *H-NMR spectra of 5¢ (Figure 2c) indicate
the chemical shifts at 1.40-1.87 and 4.55-4.62 ppm
represent the -CH, protons (a, b and ¢) and O-CH,-O
protons (I) of tetrahydropyran, respectively. The chemical
shifts at 3.40-3.75 ppm shows the —OCHj, protons (d, e and
f) in this product. Furthermore, the chemical shifts at
3.80-4.35 ppm shows the -CH, protons (h, i and g) of
isosorbide.

3.3. Deprotection of Hydroxyl Group of Alkylated
Isosor bide Derivatives

The protecting groups (THP) can be removed by
reductive method. The obtained dioles were chemically
pure and in high yields (91-96%). The FTIR spectra of

1,4:3,6-Dianhydro-D-sorbitol, 2,5-di-O-(2-Hydroxyl ethoxy)

(6b) (Figure 3a), 1,4:3,6-Dianhydro-D-sorbitol, 2,5- di— O
- (2-(2’-Hydroxyl ethoxy) ethoxy) (6¢) (Figure 3b), and
1,4:3,6-Dianhydro-D-sorbitol, 2,5-di-O-(2-(2"-(2"- Hydroxy
| ethoxy) ethoxy) ethoxy) (6d) (Figure 3c) are shown in
Figure 3. The most distinctive feature of compounds (6b-d),
in comparison with compounds (5a-c), in FTIR spectra is
the presence of a broad hydroxyl band at 3410-3420 cm™.
The chemical structures of the obtained diols (6b-d) were
further examined by *H-NMR. The *H-NMR spectra of the

products are shown in Figure 4. The *H-NMR spectra of the
obtained diols indicates that the protecting groups in the
compounds (5a-c), were removed by reductive method,
because compared with Figure 2 the chemical shifts at
1.40-1.87 and 4.55-4.62 ppm (which is related to -CH, and
O-CH,-0 protons of tetrahydropyran, respectively) complet
ely disappears, and the new peak for the hydroxyl groups
are observed at 2.64 ppm. These new chiral diols containing
isosorbide can be used to obtain the new dimetacrylate -
based monomers on isosorbide of interest in asymmetric

synthesis.
"\
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Figure 3. FTIR spectraof 6b (a), 6¢ (b) and6d (c)
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Figure 4. "H-NMRspectraof 6b (a), 6¢ (b) and 6d (c)
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3.4. Synthesis of Monomers

Monomers are usually referred to as reactive oligomers, (a)
polymers or large molecules in which a polymerizable
functional group is incorporated into the chain end(s). The
use of monomers provides a facile route to control the
mo lecular structure of produces, including crosslinked and
branched compounds[44]. (b)

From the reaction of diols (6b-d) with methacryloyl
chloride, novel dimethacrylate-based macromonomers of
isosorbide can be synthesized. Due to the high reaction rate
of methacryloyl chloride, we choose this reagent as the (¢)
methacrylated agent. Figure 5 shows the FTIR spectra of
1,4:3,6-Dianhydro-D-sorbitol, 2,5-di-O-bis methacrylate ‘_P
(7a) (Figure 5a), 1,4:3,6-Dianhydro-D-sorbitol, 2,5-di-O-

(2-ethoxy) bis methacrylate (7b) (Figure 5b), 1,4:3,6-
Dianhydro-D-sorbitol, 2,5-di-O-(2-(2"-ethoxy) ethoxy) bis _\rr—/‘j

'l‘ransmiﬂancef%

methacrylate (7c) (Figure 5c), and 1,4:3,6-Dianhydro- (d) 2
D-sorbitol, 2,5-di-O-(2-(2°-(2"-ethoxy) ethoxy) ethoxy) bis =
methacrylate (7d) (Figure 5d). The FTIR spectra of the o =
compound (7d), shows the characteristics of the functional €8 §f‘:’

groups present in the synthetic product. The fingerprint e S

characteristic vibrational bands of methacrylate appear at
1712cm*v(C=0) and 1452 cmv(C-0). The characteristic SBo0 SEo8 Sion 2ok 20y INis 180D 3%4
absorption bands due to the stretching vibrations of C-H ’ “,u__n;_mh_r“;‘_, )
appear in the 2952-2876 cm? region, and C=C stretching Figure 5. FTIR spectraof 7a (a), 7b (b), 7c (¢) and 7d (d)
vibrations appear at 1643 cm™. It is clear from Figure 5; all

synthetic products show similar absorption bands with

minor differences.
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Figure 6. 'H-NMR spectraof 7a(a), 7b (b), 7c (c) and 7d (d)
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Additional evidence for the synthesis of the dimethacryla
te - based macromonomers of isosorbide was also obtained
from 'H-NMR data. The *H-NMR spectra of monomers
indicate the chemical shifts at 1.57-1.71 ppm which is
related to the methyl groups (a) of methacrylate and vinyl
methylene (k) protons are observed about 5.05-5.23 and
5.54-5.66 ppm. The chemical shifts at 3.35-3.65 ppm,
which is related to the —OCHj; protons (b and c) of ethylene
glycol segments. The chemical shifts at 3.65-4.10 and
4.20-4.55 ppm shows the -CH, (f and g) and -CH (h and i)
protons of isosorbide, respectively. The chemical shifts of
ethereal protons (I) near the carbonyl group due to influence
of the anisotropy filed appears at 4.55-4.70 ppm.
Furthermore, the *H-NMR spectra of monomers indicates
that all of the hydroxyl groups in the compounds (6b-d),
were converted to methacrylate groups because the
chemical shift of hydroxyl groups at 2.64 ppm comp letely
disappears.

4. Conclusions

In summary, a new series of dimethacrylate - based
monomers on isosorbide were synthesized and characterize
d. Fourier transform infrared (FTIR) and 1H nuclear
magnetic resonance (NMR) spectroscopy studies indicate
that dimethacrylate-based monomers on isosorbide were
successfully synthesized. In this work, better yields of the
complete o-alkylation of isosorbide by reaction in
superbasic medium were obtained compared to previously
proposed o-alkylaton of aliphatic alcohols. The obtained
monomers can be used as diluents in filling composites.
Furthermore these monomers are able to react with other
methacrylate monomers by radical polymerization and
acid-base reaction with the ions leached from the glass used
in dental composites. Therefore, due to these properties,
they can be suggested as dental material. Soon, in our future
work, we will report the synthesis of relative polymers of
this new useful monomers.
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