This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Chemoenzymatic Synthesis of Epoxidized Methacrylamides Involving

Glucoseoxidase/Glucose

Christian Goretzki*; Helmut Ritter*

* Bergische Universitdit GH Wuppertal, FB 9, Macromolecular Chemistry and Organic Chemistry,
Wuppertal, Germany

To cite this Article Goretzki, Christian and Ritter, Helmut(1995) 'Chemoenzymatic Synthesis of Epoxidized
Methacrylamides Involving Glucoseoxidase/Glucose', Journal of Macromolecular Science, Part A, 32: 1, 237 — 245

To link to this Article: DOI: 10.1080/10601329508020332
URL: http://dx.doi.org/10.1080/10601329508020332

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601329508020332
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 05 24 January 2011

Downl oaded At:

MACROMOLECULAR REPORTS, A32(SUPPLS. 1&2), 237-245 (1995)

CHEMOENZYMATIC SYNTHESIS OF
EPOXIDIZED METHACRYLAMIDES INVOLVING
GLUCOSEOXIDASE/GLUCOSE

Christian Goretzki, Helmut Ritter*
Bergische Universitdt GH Wuppertal, FB 9, Macromolecular Chemistry and Organic
Chemistry, Gaufstr. 20, D-42097 Wuppertal, Germany

INTRODUCTION

Recently, increasing interest has been spent on the use of suitable enzymes as catalysts for
the synthesis of vinylmonomers, some oligomers and for the construction and modification of
synthetic polymers'. in this field of research, mainly condensation reactions have been
successfully performed in the presence of enzymes that are esterase's, lipase’'s or
peptidases. The enzymatic generation of hydrogenperoxide in midures containing
glucoseoxidase/glucose just has been applied for the initiation of free radical potymerization
and for the degradation of some water-soluble polymers’®. Usually, the enzyme
glucoseoxidase is used in medical diagnostic devices for a quantitative determination of
glucose content in human blood® .

Up to now, it has not been described to use of this enzymatically produced hydrogenperoxide
to epoxidize unsaturated monomers containing propenone functions in a preparative scale.
Thus, in the present paper some results are presented dealing with the synthesis and
chemoenzymatic epoxidation of chalcon moedified methacryimonomers.

RESULTS AND DISCUSSION
Synthesis of monomers
Reaction of methacryloyl chloride (1) with 4-aminoacetophenone (2) in methylene chioride at
0°C gave the intermediate N-methacryloyl-4-aminoacetophenone (3) that was further
condensed with benzaldehyde and 4-fluorobenzaldehyde yielding the polymerizable chalcon
derivatives 4a and 4b. As a typical example, the 'H-NMR spectrum of 4a is shown in Fig.1
that illustrates also an extended region from 6,5 to 8,0 ppm. The spectrum proves the trans-
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Fig.1: 1H-NMR-spectrum of 4a, extended region from 7,0 to 8,4 ppm (250 MHz, CDCls)
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configuration of the chalcon function, because the *J coupfing constant of the olefinic
protons of the chalcon function appears to be above 15 Hz.

Chemoenzymatical epoxidation of the chalcones 4a and 4b

In principle, the chemical epoxidation of chalcones with hydrogenperoxide or with {-butyl-
hydroperoxide is well know and has been described in many papers’. As expected, the
methacrylic monomers 4a and 4b can also be epoxidized with H,O: yielding the
corresponding oxirane derivatives 5a and §b. Both substrates still contain the unmodified
methacrytic function. From NMR study it is demonstrated that the epoxidized chalcon is still
in a trans-configuration, because the coupling constant of the oxirane-protons is below 2
HZ .

As a new approach, the giucoseoxidase/glucose in a weakly alkaline alcohol/water-mixture
was used to produce epoxidizing hydrogenperoxide in situ. it was clearly shown that this
biological mixture is indeed able to produce the same epoxidized monomers 5a and 5b in a
preparative scale. However, the speed of epoxidation is much slower than the above
described chemical method. This indicates that the enzyme catalyzed hydrogenperoxide
formation is relatively slow under the applied conditions.

The epoxidized chalcones 5a and 5b can be polymerized by free radical mechanism with
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Fig. 2: '"H-NMR-spectrum of 5a (250 MHz, CDCls)

AIBN as initiator yielding the corresponding homopolymers 6a and 6b. The obtained
polymers were characterized spectroscopically and by viscosity measurements.
The epoxidized chalcones §a and 5b can be polymerized by free radical mechanism with
AIBN as initiator yielding the corresponding homopolymers 6a and 6b. The obtained
polymers were characterized spectroscopically and by viscosity measurements.

EXPERIMENTAL PART
Materials
Methacryloyl chloride (1), 4-aminoacetophenone (2), hydrogenperoxide solution (30%), 2,2"-
azoisobutyronitrile (AIBN), tetrahydrofuran (THF), chloroform-d (CDCl;) and dimethyl
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sulfoxide-ds (DMSO-dgjare commercially available (FLUKA).
The solvents were purified by standard methods’

Measurements

The NMR spectra were recorded with Bruker AC 250 and Bruker ARX 400, IR spectra with
Perkin-Elmer 1420 and the mass spectra with Varian MAT 311 A (70 eV). The elemental
analyses were performed with a Perkin-Eimer 204 B elemental analyser, the melting points
with a Bdchi Melting Point Determinator 510. The DSC measurements were carried out with
a Perkin-Elmer DSC 7 differential scanning calorimeter, the TG measurements with a Mettler
TA 300 in air and the viscometric measurements with an Ostwald viscometer in THF at 25 °C
thermostated by Haake W 13.

Synthesis of monomers

N-Methacryloyl-4-aminoacetophenone (3)

To a mixture of 5,0 g (36,99 mmol) 2, 6,0 mL of triethylamine and 30 mL of methylene
chloride was; added at 0 °C a solution of 3,7 mL (37 mmol) of 1 in 5 mL methylene chloride.
The solution was stirred at room temperature for 3h, poured into 250 g of ice and then
neutralized with 2N hydrochioride acid. The precipitated material was filtered off, washed
three times with 30 mL of water and recrystallized from 40 mL of ethanol, vielding a
colourless solid product. Yield: 6,80 g {90%), m.p.: 137 °C.
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IR (KBr): v = 3320 (NH), 2990 (CH), 1680 (-C=0 amide i), 1630 (C=C, alkene)
1610,1595 (aromat.),1520 (NH ,amide i), 1410 (CH-def.), 840 cm* (1,4-disubst. aromat.).
*H-NMR (CDCls, 250 MHz): & = 2,06 (s, 3H, H,C=C(CHa)), 2,57 (s, 3H, -C(O)CHa),
5,52; 5,82 (ps, 2H, H,C=), 7,66-7,96 (M, 4H, ~CgHs-), 7,81 (s, 1H, ~C(O)NH-CgH4-).
BC{*H}-NMR (CDCls, 100,6 MHz): 5 = 19,03 (C3), 26,75 (C10), 119,76 (C6),
120,91 (C1), 129,98 (C7), 133,21 (C8), 140,99 (C2), 142,93 (C5), 167,45 (C4), 197,55 (CY).
MS (70 eV): miz(%) = 203(7) [M"]

C12H13N02 (203,24) Calc. C 70.92 H 6,45 N 6,89
Found C70,75 H6,61 N680

N-[4-(3-Phenyl-acryloyl)-phenyl-methacrylamide (4a)

A mixture of 2,0 g (9,84 mmol) of 3, 0,99 mL (9,84 mmol) of benzaldehyde and 12 mL of an
basic methanolic solution (0,5 g KOH/100 mi methanol) was vigorously stirred 3d at room
temperature in the absence of light. After neutralization with 2N acetic acid, the precipitation
was filtered off, washed three times with 50 mL of water and recrystallized from 15 mL of
ethanol yielding a pale yellow, crystalline product. Yield: 2,50 g (87%), m.p.: 162-163 °C.

IR (KBr): v = 3340 (NH), 3060,3020 (=CH, arom.), 2820 (CH), 1680 (-C=0 ,arom.
ketone),1645 (-C=0, amide [), 1630 (C=C, alkene), 1600,1570 (arom.), 1515 (NH, amide Il),
1405 (CH-def.), 970 (=CH-def., (E)-ethene), 830 (1,4-disubst. arom.}, 760,690 cm™®
{monosubst. arom.).

"H-NMR (CDCl,, 250 MH2): 5 = 2,06 (s, 3H, H,C=C(CH,)), 5,49; 5,84 (ps, 2H,
HaC=), 7,40-7,65 (m, 5H, —CeHs), 7,52 (d, J=15,68 Hz, 1H, -C(O)CH=CH-), 7,79 (d.
3J=15,68 Hz, 1H, ~C(O)CH=CH-), 7,82-8,C4 (m, 4H, —-CsH¢-), 8,15 ( s, 1H, —C(O)NH-
CeHy-).

BC{'HI-NMR (CDCl;, 62,88 MHz): 5 = 18,55 (C3), 119,23 (C6), 120,46 (C1),
121,51 (C10), 128,28 (C13), 128,78 (C15), 129,73 (C14), 130,37 (C7), 133,57 (C8), 134,66
(C12), 140,43 (C2), 142,08 (C11), 144,45 (C5), 166,75 (C4), 188,87 (C9).

MS (70 eV): m/z(%) = 291(10) [M"],

C1oH17NO; (291,35) Calc. €C7833 H588 N481
Found €7805 HS589 NS§507

N-{4-[3-(4-Fluoro-phenyl)-acryloyl}-phenyi}-methacrylamide (4b)
The synthesis and isolation was performed analogously to 4a.
A mixture of 2,0 g (9,84 mmol) of 3, 1,05 mL (9,84 mmol) of 4-fluorobenzaldehyde and 12
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mL of an basic methancl solution was stirred for 3d yielding colourless needles. Yield: 2,75 g
(90%), m.p.: 175-176 °C.
IR (KBr): v = 3280 (NH), 3060 (=CH, arom.), 2820 (CH), 1660 (-C=0, amide 1),
1630 (C=C, alkene), 1610,1590,1490 (arom.), 1530,1520 (NH, amide If), 1410 (CH-def.),
1220 (C-F), 980 (=CH-def., (E)-ethene), 830,810 cm’* (2x1,4-disubst. arom.).
'H-NMR (CDCl;, 400 MHz): & = 2,08 (s, 3H, H,C=C(CHz)), 551; 5,84 (ps, 2H,
H,C=), 6,60-7,94 (m, 4H, -CgH,F), 7,48 (d, >J=15,64 Hz, 1H, -C(O)CH=CH-}, 7,78 (d,
*J=15,68 Hz, 1H, -C(O)CH=CH-), 7.73-8,04 (m. 4H, ~CeH¢—), 7.90 ( s, 1H, ~C(O)NH-
CeHam).
BC{'H}-NMR (CDCly, 100,6 MH2): 5 = 19,04 (C3), 116,46 (C14, d, 2Jer = 21,6 Hz),
119,73 (C6), 120,85 (C1), 121,90 (C10), 130,27 (C12), 130,68 (C13, d, *Jcr = 88 Hz),
131,58 (C7), 134,19 (C8), 141,10 (C2), 142,53 (C11), 143,59 (CS), 164,42 (C15,d, "Jer =
251,7 Hz), 167,11 (C4), 189,10 (C9).
MS (70 eV): m/z(%) = 309(17) [M’]

C1sH1sNOoF (309,34) Calc. C7377 H521 N45S3
Found C7362 H522 N493
Chemoenzymatical epoxidation

2,3-Epoxy-1-oxo-3-phenyl-1-(4-methacryloylamino-phenyl)-propane (5a)
A mixture of 300 mg of 4a in 6 mL ethanol/water (5:1; wv), 300 mg of glucoseoxidase in 1 mL
water and 450 mg of S-D-glucose was stirred at room temperature. 0,15 mL of an 1N NaOH
solution were added subsequently. The activity of enzyme was proved by KJ starck paper.
After addition of 0,10 mL of an 1N NaOH, the solution was stirred 3d at room temperature
and poured in 10 mL of water. The precipitate was fittered off, washed four times with 10 mL
of KJ solution (3%) and recrystallized twice from 4 mL of ethanol/water (4:1; v/v) obtaining a
colourless solid.
Yield: 210 mg (66%), m.p.: 93-95 °C.

IR (KBr): v = 3300,3260 (NH), 3060 (=CH, arom.), 2970 (CH), 1660 (-C=0, amide
1), 1620 (C=C, alkene), 1590 (arom.), 1520 (NH, amide If), 1405 (CH-def.), 885 (C-O-C
def.), 820 cm’? (1,4-disubst. arom.), 755,695 cm? {monosubst. arom.).

"H-NMR (CDCh, 250 MHz): § = 2,06 (S, 3H, H,C=C(CHy)), 4,07 d; 4,26 d (\J=1,80
Hz, 2H, -CH-O-CH-), 5,52; 5,82 (ps, 2H, H.C=), 7,38 (m, 5H, ~C¢Hs), 7,70-8,02 (m, 4H,
—CeHy-), 7,75 (s, 1H, -C(O)NH-C¢H4-).
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3C{*H}-NMR (CDCl5, 62,89 MHz): 5 = 18,55 (C3), 59,23 (C11), 60,73 (C10),
118,17 (C6), 120,60 (C1), 125,68 (C12), 128,65 (C13), 128,93 (C15), 128,79 (C14), 131,07
(C7), 135,38 (C8), 140,46 (C2), 142,88 (C5), 166,50 (C4), 191,51 (C9).

MS (70 eV): m/z(%) = 307(20) (M"]

C1sH47NO; (307,35) Calc. C7425 H558 N4,56
Found C7406 H559 N422

2,3-Epoxy- 1-oxo-3-(4-ﬂuoro-phen yl)-1-(4-methacryloylamino-phenyl)-propane (5b)
The synthesis and isolation was performed analogously to 5a.
To a stirred mixture of 350 mg of 4b in 6 mL ethanoliwater (5:1; viv), 350 mg of
glucoseoxidase in 1 mL water and 450 mg of f#-D-glucose 0,15 mL of an 1N NaOH solution
was added subsequently.
Yield: 250 mg (68%), m.p.: 126-128 °C.

IR (KBr): v = 3300,3240 (NH), 3060 (=CH, arom.), 2970, (CH), 1660 (-C=0, amide
I, 1620 (C=C, alkene), 1600,1580 (arom.), 1510 (NH, amide Il}, 1415, (CH-def.), 890 (C-O-
C def), 845,815cm’’ (2x 1,4-disubst. arom.),

'H-NMR (CDCls, 400 MHz): 5 = 2,07 (s, 3H, H.C=C(CHs)), 4,07 d: 4,23 d (*J=1,76
Hz, 2H, -CH-0O-CH-), 5,53; 5,84 (ps, 2H, H,C=), 7,07-7,36 (m, 4H, —C¢H4F), 7,72-8,01 (m,
4H, -CgH4-), 7,93 (s, 1H, —-C(ONH-CgHq-).

BC{’H}-NMR (CDClh, 100,6 MHz): 5 = 19,00 (C3), 59,07 (C11), 61,18 (C10),
116,20 (C14, d, Ucr = 22,0 Hz), 119,80 (C6), 121,05 (C1), 127.92 (C12), 128,01 (C8),
130,23 (C7), 131,68 (C13, d, e = 85 Hz), 140,97 (C2), 143,37 (C5), 163,42 (C15, d,
'Jor = 248,1 Hz), 167,11 (C4), 191,85 (C9).

MS (70 eV): m/z(%) = 325(6) (M']

C1H16NO3F (325,36) Calc. C 70,14 H49 N431
Found C69,96 H497 N4,19
Synthesis of the polymers

Poly-{2,3-Epoxy-1-oxo-3-phenyl-1-(4-methacryloylamino-phenyl)-propane] (6a)

A solution of 0,90 g (2,88 mmol) of 5a and 24,0 mg (5 mol%) of AIBN in 6 mL of THF was
stirred 2d at 60 °C under nitrogen. The viscous suspension was diluted with 5 mL of THF
and dropped into 150 mL of diethyl ether. The resulting polymer was filtered off, washed with
25 mL of diethyl ether and dried i. vac. at 50 °C.

Yield: 0,85 g (94%), dec. p.: 255 °C (TG)
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IR (KBr): v = 3380 (NH), 3060 (=CH, arom.), 2990 (CH), 1680 (-C=0, amide 1),
1590 (aromn.), 1520 (NH, amide iI), 1405 (CH-def.), 890 (-C-O-C- def.), 820 cm’ (1.4
disubst. arom.), 755, 695 cm™* (monosubst. arom.).

*H-NMR (PMSO-dg, 400 MHz): 6 = 0,8-1,5 (br,CH3), 1,8-2,4 (br,CH,), 4,1, 4.6 (br,
~CH-O-CH-), 7,3 (br.CeHs-), 7,5-7,9 (-CeHs-), 9,3 (br, NH).

mifc = 23,47 [10° Lg]; ¢ = 2,5 g/L; THF, 25°C

(C19H17NOs), (307,35), Calc. C7425 HS558 N456
Found C7256 HS502 N4,12

Poly-[2,3-Epoxy-1-oxo-3-(4-luoro-phenyl)-1-(4-methacryloyl-amino-pheny!)-propane] (6b)

A solution of 1,00 g (3,07 mmol) of 5b and 25,2 mg (5 mol%) of AIBN in 8 mL of THF was
stirred 2d at 60 °C under nitrogen. The viscous suspension was diluted with 5 mL of THF
and dropped into 200 mL of diethyl ether. The resuiting polymer was filtered off, washed with
25 mL. of diethyl ether and dried i. vac. at 50 °C. Yield: 0,90 g (90%), dec. p.: 264 °C (TG)

IR (KBr): v = 3300 (NH), 3060 (=CH, arom.), 2980, (CH), 1650 (-C=0, amide I},
1600-1580 (arom.), 1510 (NH , amide [I), 1420, (CH-def.), 885 (-C-O-C- def.), 830 cm’
(2x 1,4-disubst. arom.),

'H-NMR (DMSO-dg, 400 MHzZ): § = 0,8-1,4 (br,CHs), 1,6-2,4 (br,CHy), 4,0; 4.6 (br,
~CH-0-CH-), 7,1-7,3 (br,CgHsF-}, 7,5-8,1 (-CeH4-), 9.4 (br, NH).

mlc = 2351 [10° LUg}, ¢ = 25 git; THF, 25°C

{C19H16NO3F)q (325,36), Calc. C70,14 H4,96 N 431
Found C6789 HS526 N424
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