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Abstract

The photochemical transformation of poly-( methacryloyloxyethyl-3-N-n-butylaminocratonate) {PMAC), and its low-molecular-weight
model compound ethyl-3-N-r-butylaminocrotonate (AC). was studied using 313 nm T ic light. The cf s in the IR and UV
spectra of the irradiated PMAC fitm and AC solution correspond to cis-trans isomerization. The reverse dark trans—cis isomerization of

PMAC ard AC is also observed. and the rate constants of the processes are determined.  © 1997 Elsevier Science S.A.
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1. Introduction

The investigation of the properties of enamines is of con-
siderable interest because the enamino group is present in
many complicated natural compounds | 1]. The low-molec-
ular-weight enamines are used in organic synthesis to prepare
heterocyclic compounds and alkaloids which are of impor-
tance inmedicine [ 2]. Polymeric enamines, as biodegradable
materials, have been used as carriers of biologically active
compounds [3]).

The photo-oxidation of low-molecular-weight enamino
ketones. enamino esters and enamino amides has been applied
to synthesize 1.2-diketones, 2-ketoesters and 2-ketoamides
[4]. Singlet oxygen takes part in this process. The reaction
can also proceed in an **autosensitized’’ manner.

In previous work, the photochemical transformations of
poly-( methacryloyloxyethyl-3-N-r-butylaminocrotonate )
(PMAC) and ethyl-3-N-n-butylaminocrotonate (AC) were
studied on irradiation with polychromatic ( A > 300 nm) light
in the presence of oxygen [ 5]. The photoreaction resulted in
irreversible changes. with different reaction paths observed
in the solid film and in solution.

This study deals with the primary photochemical reactions
of PMAC in a polymeric film and the low-molecular-weight
model AC in solution on irradiation with low-intensity mono-
chromatic light at A= 313 nm.
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2. Experimental details
2.1. Chemicals

PMAC and AC were prepared according to Refs. [5.6]).
M, =37 800 and M, = 10 700 of PMAC were estimated by
size exclusion chromatography using polystyrene calibration.
PMAC became insoluble after storing in the dark in air at
room temperature. For example. a completely crosslinked
film of PMAC was obtained under these conditions after 36
days. Crosslinking was not accompanied by changes in the
IR spectrum. Therefore, to prevent crosslinking, PMAC was
stored in CHCI; solution under an inert atmosphere in the
dark at — 20 °C. The solvents used were of analytical purity.

2.2, Equipment

The IR spectra were measured on Specord IR M80 (Zeiss,
Jena, Germany) and FTIR Nicolet 400 (Nicolet, Germany )
spectrometers. UV spectra were measured on a Specord M40
spectrometer (Zeiss, Jena, Germany ). Proton nuclear mag-
netic resonance ('H NMR) spectra were measured on a2
Bruker 300 spectrometer.

2.3. Irradiation

For irradiation at A=2313 nm at 25 °C, a merry-go-round
equipped with a medium-pressure mercury arc withoutaglass
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bulb ( 125 W, Tesla Holesovice. Prague. Czech Republic).
placed in a cylindrical three-walled quartz reactor, was used.
The cooling water circulated in the inner space of the reactor.
A combination of chromate | 7] and Coming glass filters was
used to isolate the monochromatic light at 313 nm. The chro-
mate filter was placed in the outer space of the reactor. A
Corning glass filter N 7-59 (9863) (thickness. 0.5 cm) was
situated in front of the sumple in a metallic rotating holder.
The distance of the sample from the centre of the lamp was
12cm.

The PMAC films were cast from CHCI, (0.5 mi) solution
containing 0.14 mg of PMAC onto quartz glass (2.5 cm X4
cm) or by applying 0.8 mi of CHCI, solution containing 4 or
16 mg of PMAC on a KBr plate (2 cm X 4 em). To secure a
constant position during the measurements. the glass and KBr
plates were fixed in the holder.

The AC solutions were irradiated in quartz cells (d= |
mm} for UV measurements (¢=0.0674 g1 '; and in KBr
cefls (¢ =0.61 mm) for IR measurements (¢=355g1 '),

3. Results and discussion
3.1, Churacterization of aminocrotonate group

The cis and trans isomers of N-substituted 3-enaminoesters
can generatly exist in equilibrium with each other. and also
with the tautomeric imine form (Scheme 1) [8]. The stabil-
ity of the isomers depends on the substituent on the nitrogen
atom and on the polarity of the solvent | 8], For AC. the cis
enamino ester form has been reported 181 to be thermody-
namically most stable. In addition to published data. an equi-
librium between the cis enamino ester (96%) and the
tautomeric imino form (49 ) has been found in this work by
'H NMR measurements in CDCl,. The concentration of the
tautomers can he calculated from the integrals of the chemical
shifts of -NH-CH.— (#=3.25 ppm. enamino form) und =N-
CH,- (8=3.00 ppm. imino form) and also CH,~C=CH-
{8=1.90 ppm, enamino form) and CH,~C=N- (§=2.25
ppm. imino form). The proportions of the cis enamino and
tautomeric imino forms remain unchanged after storage of
the solution for 10 days in the dark at 4-8 °C.

When an AC solution is prepared in wet (8 for HO, 4.80
ppm) deuteromethanot (CD,OD). 'H NMR reveals an
increase in the imino form concentration from 10% ( meas-
ured immediately after the preparation of the solution) to
23.5% (after storing the solution in the dark at 4-8 °C for 10
days) (Fig. 1), At the sume time. a decrease in the signals of
hydrogen-bonded -NH- at §=8.5 ppm. ~-CH=C- a1 6=4.4
ppm and ~CH,~COO- is observed due to equilibration and
replacement by deuterium.

In addition to the '"H NMR spectrum of AC. the abuve
chunges in the tautomeric forms can be followed by UV and
IR in hanol solution. Since the imino
groups formed absorb in the wavelength region 170-200 nm
{9]. i.c. the region which cannot be used for measurements
in methanol salution, the decrease in absorption at 285 nm
has been selected to follow the enamino-imine tautomeri-
zation. Similar to '"H NMR. the UV measurements reveal the
same conversion of the enamino to imino form after the stor-
age of AC in methanol solution in the dark for 10 days. In
addition. the IR spectrum shows. qualitatively. an increase in
the absorption of the iminc group at 1635 cm ' during the
storage of AC in methanol solution in the dark.

The influence of the increased polarity of the solvent ( wet
methanol) is manifested by a shift in equilibrium from the
¢is 1o the imino form and not to trans.

3.2, Irradiation of AC in sohtion

To understand the photachemisiry of PMAC more clearly,
the photochemistry of AC was studied in different solvents.
Significant differences in the 77" absorption band of the
UV spectrum are observed on irradiation of hexane and meth-
anol solutions of AC. On irradiation of AC in hexane solution,
a decrease in absorption at 285 nm and the formation of a
new ahsorption band with a maximum it 267 nm are observed
(Fig. 2). Similarly. the intensity of absorption at 285 nm
decreases and a new absorption band with a maximum at 278
nm is formed on irradiation in methanol solution (Fig. 3).
The new absorption band of AC in methanol solution is more
intense than that in hexane solution. The isosbestic points in
the UV spectra of AC irradiated in hexanc and methanol
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Fig. 1. "H NMR spectrum of AC in wet deateromethanol solution stored in the dark at 4-8 °C for 10 days.

absorbance

. UV spectra of AC (00647 g 1 1) in hexane solution: L. hefore
ion: 00, after 30 min irradiation and 2. 4. 18, 20 and 60 min of reverse
reaction,

solution confirm the specificity of the reaction {Figs. 2
and 3).

The hypsochrormic shift of the maximum UV absorbance
of AC, caused by irradiation with monachromatic light in
hexane (18 nm) (Fig. 2) and methanol (7 nm) (Fiz. 3)
solution, corresponds to cis-trans isomerization. A shnilar
difference in the UV spectra of the cis und trans isomers of
methyl-cyclohexylaminocrotonate was observed by Huisgen
et al. [ 10]. The observed photochemical cis-trans isomeri-
zation is reversible in the dark (Figs. 2 and 3), and the
thermodynamically more stable cis isomer is formed
(Scheme 1)}.

In contrast, only irreversible changes in the UV spectrum
are observed on irradiation of a chloroform solution of AC

(Fig. 4). The same behaviour is found for irradiated solutions
of AC in CCl, and ethyl acetate. According to the IR spectra,
these irreversible photochemical reactions do not correspond
to the creation of the imino form. Comparable irreversible
chunges have been reported for the irradiation of PMAC and
AC with polychromatic light (A>300 nm) [5] and were
caused by phinto-oxidation or photodimerization.

The photochemical reaction of AC in hexane solution was
also studied by IR spectroscopy. A new absorption band
resulting from irradiation is formed. with a maximum at 3448

40 35 30
1%l

Fig. 3. UV speetra of AC (0.0647 g 17') in metharol solution: L. before
irradiation: 0. after 30 min irradiation and 4. 18. 30 and 60 min of reverve
dark reaction.
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Fig. 4. UV spectral changes of AC in chloroform solution (00637 g 1 ')
on irradiation for different times ( no reverse dark reaction).
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Fig. & IR spectra of AC (5521 ') in hexane solution in the region 3500
30D cm ' measured in KBr cells: L betore iradiation: 0, after 30 min
irzadiation and 5. 20 and 30 min of reverse dark reaction.

cm ' (Fig. 5). which comresponds 1o the absorption of the
free amino group, as observed for methyl-cyclohexylamino-
crotonate | 10]. At the same time. th2 decrease in absorption
at 1616 cm ™' and 1658 cm ™' (Fig. 6) is related to the
decrease in the concentration of the cyelic conjugated system.
The newly formed absorption band at 1701 cm ™' (Fig. 6) is
related to the absorption of the free carbonyl group. The
changes observed afier scission on irradiation are reversible.

The above results show that the photochemistry of the
enamino ester chromophore is very sensitive to the
environment.

3.3. Irradiation of PMAC film

The irradiation of a PMAC film (cast on KBr or quartz
plates) by monachromatic light (313 nm) results in signifi-

cant changes in hoth the IR ( Figs. 7and 8) and UV (Fig. 9)
spectra. After irradiation, it is possiblc to observe the dark
reverse reaction for irradiation times of 120 and 15 min
respectively (Figs. 7-9). However, this reversibility disap-
pears at longer exposure times or on polychromatic { more
intense) irradiation [5].

According to the '"H NMR spectra in deuterochloroform,
the structures of PMAC {6] and AC in the ground state are
almost exclusively the enamino form ( Scheme | ). The same

204

° v T >

T

T e vempreeprresva o o ra
1700 1600
(em-1) |

Fig. 6. IR specira of AC (3.5 g1 ') in hexane solution in the region 1750~
1550 em ' measured in KBr cells: 1. before irradiation: 0. alter 30 min
irradiation pud S, 20 and 30 min of reverse dark reaction,
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Fig. 7. IR spectra of PMAC film (4 mg per tilm) on KBr plaie in the region
3500-3200 cm " ': 1, before irradiation: 0, afier 120 min irradiation and 30,
70. 100, 210 and 1200 min of reverse dark reaction.
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Fig. 8. IR spectra of PMAC film (4 mg per film) an KBr plate in the region
1800-1500 cm ;1. before irradiation: 0. after 120 min imdiation and 30,
70. 100, 210 and 1200 min of reverse dark reaction.
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Fig. 9. UV spectra of PMAC film (0.14 mg per film) on guartz plase: L
before irradiation; 0. atter 15 min imadiation and 4, 8 and 24 min of everse
dark reasction.

structure is also presumed in the PMAC film. The structures
of PMAC and AC are stabilized in the cyclic cis form by both
canjugation and hydrogen bonding. As in the similarly sta-
bilized enol form of B-diketones [ 11]. the absorption at 1600
cm ' in the IR spectrum of PMAC (Fig. 8) is assigned to
the ethylene double bond conjugated with carbonyl. The
absorption at 1658 cm ™' corresponds to the carbonyl group.
Both absorption bands belong to the conjugated cyclic cis
isomer of enamine (Scheme 1).

The reversible changes observed in the jrradiated PMAC
film may be related either to cis—trans isomerization or ena-
mine—imine tautomerization (Scheme 1). However. the IR
and UV measurements provide evidence that. in this case, the
latter photoreuction path does not occur.

The weak absorption of the intramolecular hydrogen bond
at 3290 cm ™' is changed during the course of iradiation to
the free. intermoleculurly associated amino group absosbing
in the region 3320-3430 cm ' (Fig. 7). The free amino
group formation cin also be detected at 1530cm ' The weak
absorption a1 1685 cm ™' is due to the formation of free
carbonyl (no hydrogen bond) (Fig. 8). The decrease in the
absorption of the conjugated cyclic sysiem is very pro-
nounced at 1600 and 1650 cm ™' (Fig. 8). In addition, the
increase in the aliphatic ester absorption near 1730 cm ™' is
very small and does not comrespond to imine formation.
Therefore the most probable transformation responsibie for
the primary photochemical reaction in this sy stemiscis—trans
isomerization (Scheme 1).

The changes in the UV spectrum (Fig. 9) are also consis-
tent with cis-trans isomerization [ {0]. The isosbestic point
of the reverse reaction provides evidence for its selectivity.
However, the UV spectrum in Fig. 9 (incomplete intensity
recovery) indicates that irradiation may result in photochem-
ical reactions in addition to cis-trans isomerization {5}. A
similar shift in the UV spectrum was observed for the pho-
tochemical cis~irans isomerization of compounds R-
NHC(R’)=C{COR,){COR.) [ 12]. In this case. the isomer
formed is in the cyclic form and is stabilized by hydrogen
bonding. The rate comstants of the reverse reuction
(3.2%107* s~ for AC in hexane solution and 3.5X 10™°
s ! for the PMAC film) were evaluated from first-order plots
(Fig. 10). The reason forthe lower rate of the reverse reaction
in the polymer film compared with that obscrved in n-hexane
solution is probably the more restricted rotation around the
C=C double bond in the solid polymer film.

The reverse dark reaction ebserved in the polymer film by
UV measurements is faster { Fig. 9) than that observed by IR
spectroscopy (Figs. 7 and 8). Optimum measurement of the
reversible changes in the IR spectra (Figs. 7 and 8) requires
irradiation times nearly ten times longer than in the case of
UV measurements (Fig. 9). The different irmadiation time
(120 min vs. |5 min} is probably the reason for the different
rate of the reverse reaction. One main fuctor affecting the
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Fig. 10. First-order plot of reverse dark reaction for AC in #-hexane (1) and
PMAC film {2). Values taken from Fig. 6 and Fig. 8.
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reverse reaction is the degree of crosslinking. which is
expected to increase with longer irradiation times. Therefore
the degree of crosslinking is higher for the films used for the
IR measurements than for those used for the UV measure-

ents. The crosslinking results in restricted rotation around
ihc C=C bond and therefore a longer time for the reverse
dark reaction. Accordingly, only irreversible changes were
observed when more intense polychromatic light was used
for the irradiation of PMAC {5].

4. Conclusions

The primary photochemical reaction in a PMAC film und
in AC in hexane or methanol solution is cis—trans isomeri-
zation. Reverse trans—cis isomerization proceeds in the dark.
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