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Abstract

The work presented in the current research is concerned with the synthesis of four new
compounds containing 1,3-oxazepine and 1,3,4-oxadiazole [1-4] by microwave assisted organic
synthesis method through the condensation reaction of 2-[4-(arylidene) phenyl-1,3,4-oxadiazole-5-
thiole] with maleic anhydride under variable microwave power (180, 510) watt. The structure of the
synthesized compounds was characterized using available spectroscopic methods (H-NMR, FTIR)
and the results obtained are agreement with the proposed structures assigned to these compounds.

The photostabilization of poly (methyl methacrylate) PMMA films by of 1,3-Oxazepine
compounds [1-4] was investigated. The PMMA films containing concentration of [1-4] 0.5% by
weight were produced by the casting method from chloroform solvent. The photostabilization
activities of these compounds were determined by monitoring the hydroxyl index with irradiation
time. The changes in viscosity average molecular weight of PMMA with irradiation time were also
tracked (using benzene as a solvent). The quantum vyield of the chain scission (®.) of these
compounds in PMMA films was evaluated and found to range between 4.20x10™ and 8.76x107.
Results obtained showed that the rate of photostabilization of PMMA in the presence of the additive
followed the trend:

[11> [2]> [3]> [4]

According to the experimental results obtained, several mechanisms were suggested depending on
the structure of the additive. Among them, UV absorption, peroxide decomposer and radical scavenger
for photostabilizer mechanisms were suggested.

Keywords: Microwave synthesis, 1,3-oxazepine, 1,3,4-oxadiazole, photochemistry, PMMA,
photostabilizer, UV absorber

1. Introduction resulting smaller fragments do not contribute

Microwave assisted organic reaction effectively to the mechanical properties and
enhancement (MORE) is now days a well the polymeric article because brittle. Thus the
established technique for synthesis of various life of thermoplastics for outdoor applications
heterocyclic ~ compounds  ¢®  through becomes limited due to weathering!”. Almost
cycloaddition reactions, especially in the cases all synthetic polymers require stabilization
where high temperature are required, these against the adverse effect with the
synthesis can be carried out safely in development of synthetic resins it became
microwave reactor with remarkable rate necessary to look for ways and means to
enhancement, these mainly due to the super prevent, or at least reduce, the damage caused
heating effect. The ability of microwave to by the environmental parameters, light, air and
rapidly heat the reaction much above the heat. This can be achieved through addition of
boiling points of the solvent™®®. There is a special, chemicals, light stabilizers or UV
great interest at present in the photo-oxidative stabilizers, that have to be adjusted to the
degradation of polymeric materials because nature of the resin and the specific application
macromolecules have increasingly widespread considered. The photostabilization of polymers
commercial applications. Polymeric synthetic, may be achieved in many ways. The following
semi synthetic and natural are when exposed stabilizing systems have been developed.
to the environment®. All commercial organic Which depend on the action of stabilizer :- (1)
polymers degrade in air when exposed to Light screeners, (2) UV absorbers, (3) excited
sunlight as the energy of sunlight is sufficient state quenchers, (4) peroxide decomposers,
to cause the breakdown of polymeric C-C and (5) Free radical scavengers, of these it is
bonds as a consequence of degradation. The generally believed that types 3, 4 and 5 are the

1%



most effective®. Most or, indeed all stabilizers
are believed to be multifunctional in their
mode operation. This view is complicated by
the fact that mechanism involved in photo-
oxidation and these, in turn depend on the
polymer structure and other variables, such as
manufacturing, operation, processing,
conditions, etc.®.

As part of our on-going research on the
photostabilization of polymers, the
photostabilization of PMMA was studied
using a new four heterocyclic compounds
containing 1,3-oxazepine and 1,3,4-oxadiazole
and we hope that the incorporation of these
two heterocyclic units may enhance the
photostability of PMMA.

2. Experimental
2.1 Organic synthesis part:

Melting points were measured on an
Electro thermal melting point apparatus
sartorius BL - 210S and were uncorrected. The
IR - spectra were recorded on Perkins-Elmer
Fourier—Transforme Infrared Spectro-
photometer (FR-IR) as potassium bromide
pelts.

H-NMR spectra were performed on a
Bruker — NMR, ultra shield (300) MHz,
Switzerland spectrometer using D®-DMSO as
solvent and TMS as internal standard. All the
chemicals used in this research (solid, liquid)
were obtained from Merck, GCC, Fluka and
BDH companies. Compounds (A-D) namely:
5-(4-arylidene)-phenyl-1,3,4-oxadiazole  was
synthesized using a published methods“?. The
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1,3-Oxazepine compounds were all prepared
by the method previously described®?.

X

where X = -OH, -N(CH3)2, -H , -ClI
1. 2, 3l [4
2.1.1 General procedure for the synthesis of
compounds (1-4). (Z)-2,3-dihydro-(5-
mercapto-1,3,4-oxadiazol-2-yl)-
phenyl-2-(substituted)-1,3,4-
oxazepine- 4,7-dione.

Recently a new method which has been
discovered involves direct addition of maleic
anhydride to the (C=N) double bond of Schiff
base, and according to this method four new
compounds were synthesized having the above
general name using microwave approach
instead of refluxing method®?.

A mixture of (0.001 mole) of compounds
(A-D) and (0.001 mole) of maleic anhydride
were ground with a mortar, mixed, dried and
subjected to microwave irradiation for (2-3)
minutes, after completion the reaction mixture
was cooled to room temperature and the solid
obtained was recrystallized twice from
absolute ethanol, some of physical data for
these four compounds are listed in Table (1).

Table (1)
Physical properties of 1,3-oxazepine-4,7-dion compounds (1-4).

/

O—CH

\ N—N
o N / )—SH
o
X
o

Molecular
formula

C19H13N305S

Reaction
time (min.)

245-248

C21H18N4O4S

250-254

C19H13N304S

200-202

C19H13N304SCI

229-231
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2.2 Photostabilizing part

2.2.1 Films preparation

Commercial PMMA was re-precipitated
from chloroform solution by alcohol several
times and finally dried under vacuum at room
temperature for (24) h. Fixed concentrations
of PMMA solution (5 g/100 ml) in chloroform
were used to prepare polymer films with
(40)um thickness (measured by a micrometer
type 2610 A, Germany). The prepared
comppounds (0.5% concentrations) were
added to the films starting at 0 concentrations
(blank). It was necessary to control the
hygrometry and the rate of evaporation of
solvent during casting to maintain good optical
quality and very limited turbidity. The film
transmission should be greater than 80% in the
near-UV range. The films were prepared by
evaporation technique at room temperature for
24 h. To remove the possible residual
chloroform solvent, film samples were further
dried at room temperature for (3) h under
reduced pressure. The films were fixed on
stands especially used for irradiation. The
stand is provided with an aluminum plate
(0.6 mm in thickness) supplied by Q-panel
company.

2.2.2 Irradiation experiments

2.2.2.1 Accelerated testing technique

Accelerated weather-meter Q UV tester
(Q panel, company, USA), was used for
irradiation of polymers films. The accelerated
weathering tester contains stainless steel plate,
which has two holes in the front side and a
third one behind. Each side contains a lamp
(type Fluorescent Ultraviolet Lights) 40W
each. These lamps are of the type UV-B 313
giving spectrum range between 290 and
360 nm with a maximum wavelength 313 nm.
The polymer film samples were vertically
fixed parallel to the lamps to make sure that
the UV incident radiation is perpendicular on
the samples. The irradiated samples were
rotated from time to time to ensure that the
intensity of light incident on all samples is the
same.
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2.2.3 Photodegradation measuring methods

2.2.3.1 Measuring the photodegradation
rate of polymer films using infrared
spectrophotometery

The degree of photodegradation of
polymer film samples was followed by
monitorin? FTIR spectra in the range 4000—
400 cm™ wusing FTIR 8300 Shimadzu
Spectrophotometer. The position of hydroxyl
absorption is specified at 3430 cm ™.

The progress of photo-degradation during
different irradiation times was followed by
observing the changes in hydroxyl peak. Then
hydroxyl index (lon) was calculated by
comparison of the FTIR absorption peak at
3430 cm™ with reference peak at 1450 cm™,
respectively. This method is called band index
method which includes:

where (As) is the absorbance of peak under
study, (A)) is absorbance of reference peak,
and (ls) is the index of group under study.
Actual absorbance, the difference between the
absorbance of top peak and base line (A Top
Peak — A Base Line) is calculated using the
Base Line method %),

2.2.4 Determination of average molecular

weight M,) using viscometry method
The viscosity property was used to
determine the average molecular weight of

(poly)mer, using the Mark—Houwink relation
13,14

where [n] is the intrinsic viscosity, K and o
are constants depend upon the polymer—
solvent system at a particular temperature.
The intrinsic viscosity of a polymer solution
was measured with an Ostwald U-tube
viscometer. Solutions were made by dissolving
the polymer in a solvent (g/100 ml) and the
flow times of polymer solution and pure
solvent are (t) and (to) respectively. Specific

viscosity (nsp) was calculated as follows:
i
H. =—

L0 oooeeeeeeeeeeeeeeeeesseeseseessesssesessessensnsnnnnees 3)

where nre is the relative viscosity.



Hyp = e = 1

.................................................... (4)

The single—point measurements were

converted to intrinsic viscosities by the
relation (2).

= (¥2/c)(n,,

where C is the concentration of polymer
solution (g/100 ml). By applying Eq. (5), the
molecular weight of degraded and undergirded
polymer can be calculated. Molecular weights
of PMMA with and without additives were
calculated from intrinsic viscosities measured
in benzene solution using Eg. (2). The
quantum yield of main chain scission (®¢s) **
was calculated from viscosity measurement
using the following relation:

bes = (CA/M,) | (Inol /)" = 1|/ 1o

................ (6)
where C is the concentration, A is Avogadro’s
number, Myo) is initial viscosity—average

molecular weight, [n] is intrinsic viscosity of
PMMA Dbefore irradiation, (lo) is incident
intensity, and t is the irradiation time in
second.

3. Results and Discussion

In the present work four new compounds
of 1,3-oxazepines, general naming: (Z)-2,3-
dihydro-3-[4-(5-mercapto-1,3,4-oxadiazole-2-
yl)-phenyl-2-(substituted)-1,3-oxazepine-4,7-
dione] [1-4] were prepared in good yields
through the cycloaddition reactions of
compounds (A-D), 2-(4-arylidene)-phenyl-
1,3,4-oxadiazole-5-thiol with maliec anhydride
under microwave irradiation using a domestic
microwave oven. All of the products obtained
in good vyields (70-87) % and the optimum
period of reaction time was found to be
(2-3) min.

N—N

)—SH

Ar H
O—CH

\ )\ @
U =L
Y
(o] (o) —

-4

?‘_'\\‘
/ |
N—N Ar—c—N@o}sH
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The structures of these four compounds
were characterized by spectral data, the
IR-spectra of these compounds shows the
appearance of the absorption bands at (1704-
1610) cm* characteristic to (C=0) of (lactone
—lactam), and the disappearing the two
absorption bands at (1950-1800) cm™* of pure
maleic anhydride. Table (2) shows the most
IR-spectral data.

The H-NMR spectrum of compound (1)
showed the following characteristic signals:
one broad singlet in the region (9.8) ppm
integrating for one proton which assigned to
(-O-H) being broad and shifted to the low
field, this probably due to intermolecular
hydrogen bonding. Also the spectrum showed
one singlet in the region (10.5) ppm
integrating for one proton which assigned to
(N—H). The proton of (S—H) group exhibited
singlet in the region (2.8-3.0) ppm and thus
explain the occurring of the tautomerism
phenomena in this compound:

N—N N—NH

S

The two protons of cis olefine (CH=CH) —
for oxazepine ring exhibit signals at (6.49-
6.94) and appeared as doublet—doublet. The
resonance peaks appeared at (7.4-7.7) ppm
doublet—doublet could be assigned to benzene
ring attached to oxazepine and oxadiazole
rings.

The collection of spectral data (IR,
H'-NMR) gave good evidence for structures
given to these compounds. Table (3) showed
H'-NMR spectral data for [1-4] compounds.
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Table (2)
The IR characteristic bands and their locations of the 1,3,4-oxadiazole-1,
3-0xazepine compounds [1-4].
Ar

O—CI{ N—N
© \N / )—SH
(@)
A
O
IR spectral data (cm™)
Comp. -
Ar C=0 str. e C-0-0 i
No. Lacton, | c=N| $T¢CO Sym., Sin Others
Str. cyclic Arom.
Lactam Asym.
3035(0-H) str.
Overlapped :
1 O 1689,1660 | 1598 | with C=O | 1066,1166 | 3060 be'”%béoad due
for lacton to hy rogen
bonding
2 WNO 1704,1640 | 1598 i 1163,1066 | 3076 | 2927 (C-H aliph.)
1691,1610 740 (C-H
3 Q (overlap |1598| 1610 | 10291174 | 3087 | bending, out of
with C=N) plane for p-sub.)
4 O 1703,1660 | - 1517 | 1179,1068 | 3078 | 690 (C-CI)

Table (3)
The H*-NMR spectra data (6, ppm) of the 1,3,4-oxadiazole-1,3-oxazepine compounds [1-4].

Proton values (6, ppm)
N-H O-H| S-H

Structure C-H
(aromatic)

6.60-7.70 | 6.49-6.94

6.60-7.01 | 6.42-6.90

6.60-7.19 | 6.42-6.94

6.60-7.20 | 6.43-6.94

o)
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3. Photodegradation mechanism of PMMA. 1. Formation free radicals (A;) and (A2) which
The photochemical degradation steps for were produced through the homolytic
PMMA may be outlined as follows: cleavage of (C-CH3) and (C-COOCH;)
bonds respectively
CHs
H, o H, | °

CHj CH3 T OCH3;  OCH;3
Hp | Hy |—
Cc —C—C —?—— radical (Ay)
C=0 c=0dn
CHj CHs
OCH;  OCH3; Hy | “Hy | Q
c —C.Z—C —C + eC—OCH;
o
OCH3
radical (Ay)

2. The reaction of free radicals type (A1, Ay)
with oxygen molecules to produce peroxy
radical type (B1, B) respectively.

Ho | **Hy |
C —?—c —?
(|3=O (|:=O n
J’ OCHs  OCHs
radical (A1) + o, hv radical (B,)
radical (A5)
\ CHs CHs
Hy | Hy |
%c —<|:—c —?
0-Os ?=o n
OCHg
radical (B»)
3. Abstraction of hydrogen atom from (P-H) (B1, By) afforded hydroperoxide polymers
polymer chain by the peroxy radicals type type (C4, Cy).

polymer (Cy)

CHgj CHj

Hy | Hy |

C —Cll—C —(l:
O-OH C|:=O n

OCH3;
polymer (C5)

radical (By)

I
—/ OCHj OCHs
radical (By) P-H
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4. Homolytic cleavage of (O-OH) of the free radical polymers (polymer oxy radical)
hydroperoxy polymer (C;, C,) formed new type (Dy, Dy)
(.) CH
Hy | Hy |

/ | |
hydroxyperoxide homolytic OCHg OCHjs
polymer (C;) cleavage

D
hydroxyperoxide O-OH
polymer (Cy)

5. Alkoxy radical (D1, D;) undergo a number 5A) Abstraction of hydrogen atom to produce

of other reactions such as: polymeric alcohols (Ej,Ey).
OH CHg CH;  CHs
Hy o | Hy o | -‘ Hy | Hy |
C —? C —? C —?—c —?
C=0 ?=0Jn OH ?=o n
OCHj OCHj OCHg
E; Ez

5B) B — scission reaction to produce ketonic
polymers (F1, F,), respectively.

B) CHs o) CHg
H> Hy | B scission [ Ho, [ H, |
c —C c —T > c —C c —C
Gro gron | Lo
OCHg OCHj (|DCH3
Dl Fl
CH3 CH3 CH3
H2 (-l H2 -| H2 H2 |
c{c—c'—c J > C —ﬁ—c —(l:
é ?=O n o) c=oln
p, OCHs F, OCHs
The formation of ketonic group in polymeric chain through the cleavage of main
polymeric chain play an important role in chain to produce acyl radical.
further mechanism of oxidative degradation of
o] CHs o] CHs
e 1 ] I
C —C—HrC —C > —C ,C—
T T
c=04n (|:=O n
|
OCHs [4] OCHs

oy



The oxazepine—oxadiazole compounds
were used as additives for the photo-
stabilization of PMMA films. In order to study
the photochemical activity of these additives
for the photostabilization of PMMA films,
the hydroxyl index was monitored with
irradiation time using IR spectrophotometry.
The irradiation of PMMA films with UV light
of wavelength, A = 313 nm led to a clear
change in the FTIR spectrum. Appearance of
bands in 3430 cm™ was attributed to the
formation of the hydroxyl group. The
absorption of the hydroxyl group was used to
follow the extent of polymer degradation
during irradiation. This absorption was
calculated as hydroxyl index. It is reasonable
to assume that the growth of hydroxyl index
is a measure to the extent of degradation.
However, in Fig. (1), the lon of [4], [3], [2]
and [1] showed lower growth rate with
irradiation time with respect to the PMMA
control film without additives. Since the
growth of hydroxyl index with irradiation time
is lower than PMMA blank, as seen in Fig. (1),
it is suitable to conclude that these additives
might be considered as photostabilizers of
PMMA polymer. Efficient photostabilizer
shows a longer induction period. Therefore,
the [1] is considering as the most active
photostabilizer, followed by [2], [3] and [4]
which is the least active.

4.1. Variation of PMMA molecular weight
during photolysis in the presence of by
1,3-Oxazepine-1,3,4-oxadiazole
compounds.

Analysis of the relative changes in

viscosity average molecular weight M) has
been shown to provide a versatile test for
random chain scission. Fig. (2) shows the plot

of M,) versus irradiation time for (PMMA)
film with and without 0.5% (wt/wt) of the
selected additives, with absorbed light

intensity of 1.052 x 10°® ein.dm3s?. MV js
measured using Eq. (3) with benzene as a
solvent at 25 ° C. It is worth mentioning that
traces of the films with additives are not
soluble in chloroform indicating that cross-
linking or branching in the (PMMA) chain
does occur during the course of photolysis. For
better support of this view, the number of

o¢
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average chain scission (average number cut

h . (16) .
per single chain) (S)*™ was calculated using
the relation:

g — M, o I
Mot e 7
M M., o
where "'ve and t are viscosity average

molecular weight at initial (0) and t irradiation
time respectively. The plot of (S) versus time
is shown in Fig.(3). The curve indicates an
increase in the degree of branching such as
that might arise from cross-linking occurrence.
It is observed that insoluble material was
formed during irradiation which provided an
additional evidences to the idea that cross-
linking does occur. For randomly distributed
weak bond links®” which break rapidly in the
initial stages of photodegradation, the degree
of deterioration (o) is given as:

where m is the initial molecular weight. The
plot of o as a function of irradiation time is
shown in Fig.(4). The values of a of the
irradiated samples are higher when additives
are absent and lower in the presence of
additives compared to the corresponding
values of the additive free PMMA. In the
initial stages of photodegradation of PMMA,
the value of (o) increases rapidly with time,
these indicators indicates a random breaking of
bonds in the polymer chain. Another way of
degradation reaction characterization is the
measurement of the quantum yield of the chain
scission (@g)™®. The quantum vyield for chain
scission was calculated for PMMA films with
and without 0.5 % (wt/wt) of additive
mentioned above using relation (6). The
®cs values for complexes are tabulated in
Table (1).
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Table (1) The ®. values for PMMA films in the

Quantum yield (®s) for the chain scission presence of additive are less than that of

for PMMA films (40 gm) thickness with and additive free PMMA (blank), which increase
without 0.5 (wt/wt) additive after 250 hrs. in the order: [1] > [2]> [3]> [4].

irradiation time.

e Quantum yield of
(g‘ g%'/;'vwi) main chain){scission
' (Pes)
PMMA +[4] 4.40E-05
PMMA +[3] 7.24E-05
PMMA +[2] 7.58E-05
PMMA +[1] 8.76E-05
PMMA (blank) 4.54E-04
0.18
0.16 4
P
0.14 4 ~B=PMMA+(2]

—f— PMMAH[3]
—— PMMA+[4]
8- PMMA

0 50 100 150 200 250 300
Irradation Time (hrs)

Fig.(1) The relationship between the hydroxyl index and irradiation time for PMMA

films (40 pum thickness). Containing different additives, concentration of additives
are fixed at 0.5% by weight.

250000

== PMMAH(1]
== PMMAH2)]
200000
=0 PMMAH(3]
—0— PMMA{4]

== PMMA

150000 A

>
2
100000 A

50000

0 50 100 150 200 250 300

Irradiation Time (hrs.)

Fig.(2) Changes in the viscosity average molecular weight
during irradiation of PMMA films (40 zm).
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3.50
3.00 1 =6= PMMAH[1]
~A=PMNIA+[2)
n - PMNIA+[3]
Z 2.50 =0~ PNIMAH{4]
o &= PMVA
»
92,004
0
0}
c
‘T 1.50
c
0
c
‘T 1004
>
0.50
0.00 — ‘ ‘ ‘ ‘
0 50 100 150 200 250

300

Irradiation Time (hrs.)

Fig.(3) Changes in the main chain scission (S) during irradiation of
PMMA films (40 gm) (control) and with
0.5 wt% of additives.

0.009
0.008
0.007 == PMIMAH[1]
=X=PMMA+[2]
| = PNIMAH[3]
0.006 =0~ PMINA+4]
- PNIMA

o o o

S S f=1

28] = 3]
. .

Degree of Deterioration (Alfa)
2
S

0.001 -

0.000

150
Irradiation Time (hrs.)

200 250 300

Fig.(4) Changes in the degree of deterioration during irradiation of
PMMA films (40 um) (control) and with
0.5 wt% of additives.

4.2 Suggested mechanisms of
photostabilization of PMMA by 1,3-
Oxazepine compounds
Through the overall results obtained, the

efficiency 1,3-Oxazepine compounds as

photostabilizers for PMMA films can be
arranged according to the change in the

o1

hydroxyl concentration as a reference for the
comparison as shown in Fig.(1). as follows:

[1] > [2]> [3]> [4]

1,3-Oxazepine  stabilize PMMA by
different mechanisms such as UV absorber,
screener or by radical scavenger. These
stabilizers provide very good long-term
stability and are usually referred to these
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mechanisms. The most probable mechanisms
involved in a photostabilization is the The
hydroxyl group of the additive might acts as
radical scavenger for photostabilization
process. Therefore this Schiff bases, besides
acting as UV absorber they may also act as
radical scavenger additives ¥, Scheme (1).

The rings of oxazepine play a role in the
mechanism of the stabilizer process by acting
as UV absorber. The UV light absorption by
these additives containing 1,3,4-thiadiazole
dissipates the UV energy to harmless heat
energy Scheme (2).

Thering of 1,3,4-oxadiazole in this
compound plays a role in the mechanism
of the stabilizer process by acting as UV
absorber. The UV light absorption by
these additives containing 1,3 ,4 -oxadiazole
dissipates the UV energy to harmless heat
energy scheme (3), which sug)port these
compounds as photostabilizer %%,

N—nN

HS%)\@\O
"\

H
(e]

HO .
1 PO"/"OH

N—nN

HS/< )\@\ K
N \ +POH / H,0

H

[¢]

alt

H
(e)

Scheme (4) The suggested mechanism of

photostabilization of PMMA by compounds
[1] as radical scavenger.
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;’@j\% hv \N)i\% \N)z
Scheme (5) Suggested mechanism of

photostabilization of 1,3-Oxazepine ring as
UV absorber.

N—N hy N—N * N—N
4O>_—><4 >_>_>4>—+heat
0 0

Scheme (5) Suggested mechanism of
photostabilization of 1,3,4- oxadiazole ring as
UV absorber.

5. Conclusions

In the work described in this paper,
the photostabilization of PMMA films
using 1,3-Oxazepine compounds were studied.
These additives behave successfully as
photostabilizer for PMMA films. The additives
take the following order in photostabilization
activity according to their decrease in hydroxyl
index for PMMA films.

[11> [2]> [3]> [4]

These additives stabilize the PMMA
films through UV absorption or screening,
peroxide decomposer and radical scavenger
mechanisms. The [1] compound was found to
be the more efficient in photostabilization
process according to the photostability
and mechanisms mentioned above. These
mechanisms support the idea of using
1,3-Oxazepine compounds as commercial
stabilizer for PMMA.
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