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The hydrogen-transfer polymerization of N-acryloyl-N'-p-tolylsulfonylurea (1) prepared by the reaction of p-tolylsul-
fonyl isocyanate with acrylamide, was carried out at 80 °C for 24 h in N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), acetonitrile (MeCN), and toluene containing N-phenyl-2-naphthylamine (1 mol%) as a radical inhibitor using
t-BuOK or 1,3-diazabicyclo[5.4.0Jundec-7-ene (DBU) (3 mol%) as an initiator. Polymers obtained by ~BuOXK in polar
solvents were composed of the hydrogen-transfer polymerization unit selectively, while those afforded by +-BuOK in less
polar solvents or by DBU were composed of both the hydrogen-transfer and the vinyl polymerization units. Although N-
acryloyl-N-methyl-N’-p-tolylsulfonylurea (2) prepared by the reaction of p-tolylsulfonyl isocyanate with N-methylacryl-
amide, gave low molecular-weight compounds (6—8) via the generation of the sulfonyl isocyanate, N-acryloyl-N'-methyl-
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N'-p-tolylsulfonylurea (3) underwent the selective hydrogen-transfer polymerization.

Activated isocyanates such as N-acyl isocyanates and N-
sulfonyl isocyanates are known to be much more reactive
toward nucleophiles than common isocyanates. For exam-
ple, sulfonyl isocyanates readily react with various weak
nucleophiles such as amides under mild conditions without
any catalysts to afford the corresponding adducts.'— We
have developed the syntheses of novel polymers based on
N-acyl isocyanates and N-sulfonyl isocyanates.*— For in-
stance, poly(N-acryloyl-N'-p-tolylsulfonylurea) have been
prepared by the radical polymerization of N-acryloyl-N’'-p-
tolylsulfonylurea (1) (an adduct prepared easily from acryl-

amide and p-tolylsulfonyl isocyanate).” The resulting poly-
mer has the -CO-NH-CO-NH-SO;— repeating unit in the
side chain and has been demonstrated to exhibit a unique
hydrolytic character.

Since monomer 1 has two acidic protons on the ni-
trogen atoms, its anionic polymerization may involve the
hydrogen-transfer process reported previously for acryl-
amide, methacrylamide, a-substituted acrylamide, 3-substi-
tuted acrylamide, N-substituted acrylamide, etc.'*¥ Based
on the characteristics of the hydrogen-transfer polymeriza-
tion, unique functional groups (i.e., -CO-N (CONHTSs)- or
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~CO-NH-CO-N(Ts)-) may be incorporated into the main
chain of the polymers produced. Accordingly, we commu-
nicated briefly on the hydrogen-transfer polymerization of 1
with 7-BuOK or DBU as an initiator in DMFE.!® The polymer
obtained by +~-BuOK in DMF was found to be composed of
the selective hydrogen-transfer polymerization unit, while
those afforded by DBU in DMF was composed of both the
hydrogen-transfer and the vinyl polymerization units. In or-
der to clarify solvent and initiator effects on the hydrogen-
transfer polymerization of 1 and to understand the contri-
bution of the two active hydrogens with different acidities,
we wish to describe here the detailed anionic polymerization
behavior of 1 and that of monomers (2 and 3) in which either
one of the two active hydrogens of 1 is masked with a methyl
group (Scheme 1).

Experimental

Materials. 1,3-Diazabicyclo[5.4.0]undec-7-ene (DBU), N,N-
dimethylformamide (DMF), dimethy! sulfoxide (DMSO), and ace-
tonitrile (MeCN) were dried over CaH,, distilled, and stored under
nitrogen. Toluene was dried over sodium metal and distilled un-
der nitrogen. Potassium #-butoxide (--BuOK) was prepared from
t-butyl alcohol and potassium. N-Acryloyl-N'-p-tolylsulfonylurea
(1) was prepared by our reported procedure.” Other commercially
available reagents were used without further purification.

Measurements. IR spectra were measured on a JASCO FT/IR-
5300 spectrometer. 'HNMR and *CNMR spectra were recorded
on a JEOL INM-EX90 ('HNMR: 90 MHz, *C NMR: 22.4 MHz)
or a JEOL JNM-EX400 ('HNMR: 400 MHz, '*C NMR: 100 MHz)
spectrometer.

Number- (M,) and weight-average M) molecular weights and
molecular weight distributions (M../M,) were estimated by gel per-
meation chromatography (GPC) on a Tosoh Co. HLC-8020 system
equipped with polystyrene gel columns (TSK® gel G60OOHXL,
TSK® gel G5000HXL, TSK® gel G4000HXL, and TSK® gel
G2500HXL) using DMF containing LiBr (5.8 mM) as eluent, a
flow rate of 1.0 mL min~", polystyrene calibration, and an ultravi-
olet (UV) detector.

Fast atom bombardment mass spectra (FAB/MS) were recorded
by using a JEOL JMS-700 spectrometer, whereby a mixture of a
sample and m-nitrobenzyl alcohol on a standard FAB target was
subjected to a beam of xenon atoms produced at 6 keV, 2 mA.

Synthesis of N-Acryloyl-N-methyl-N’ -p-tolylsulfonylurea (2).
To a 20 mL round-bottomed flask containing a benzene (8 mL)
solution of p-tolylsulfonyl isocyanate (1.40 g, 7.09 mmol) was
added N-methylacrylamide (0.59 g, 6.88 mmol). The mixture was
stirred at room temperature for 29 h, subsequently heated at 40 °C
for 4 h under nitrogen. The resulting mixture was evaporated to
dryness and the residue was purified by chromatography on silica gel
with chloroform as eluent to isolate the N-methylated monomer 2,
which was further purified by recrystallization from benzene. Yield
87% (1.69 g, 5.99 mmol), mp 110.0—110.5 °C. IR (KBr) 3414
(NH), 1715 (C=0), 1664 (C=0) 1618 (C=C), 1449 (-CH»-), 1358
(-S0,-), 1175 (-S0,-), 548 cm ™' (N-C=0); 'HNMR (CDCl3, 90
MHz) 6 =2.44 (s, 3H, CHs— CeHs-), 3.26 (s, 3H, CH3;-N-), 5.97
(dd, J=7.61 and 4.32 Hz, 1H, CH,=CH-), 6.58 (d, J=4.32 Hz, 1H,
CH,=CH- cis), 6.60 (d, J=17.61 Hz, 1H, CH,=CH- trans), 7.33
(d, J=8.37 Hz, 2H, CsH4), 7.98 (d, J=8.37 Hz, 2H, C¢Ha), 12.11
(bs, 1H,~CONHSO;-); *C NMR (DMSO-ds, 22.4 MHz) § =21.2,
31.2,127.5,128.7,129.5,133.8, 135.9, 144.8, 150.1, 170.0. Found:
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C, 50.99; H, 4.96; N, 9.87; S, 11.30%. Calcd for C12H;4N,04S: C,
51.05; H, 5.00; N, 9.92; S, 11.36%.

Synthesis of N-Acryloyl-N’-methyl-N'-p-tolylsulfonylurea (3).
To a 100 mL round-bottomed flask containing a DMF (20 mL)
solution of -BuOK (2.03 g, 18.09 mmol) and N-phenyl-2-naphthyl-
amine (65.4 mg, 0.30 mmol) was added 1 (5.27 g, 19.64 mol) under
nitrogen. After the mixture was stirred at room temperature for 15
h, methyl iodide (5.68 g, 40.02 mmol) was added and the mixture
was stirred at ambient temperature for 5 d. The resulting mixture
was treated with water and extracted with chloroform. The organic
phase was washed with water three times, dried over MgSQOa, and
evaporated to dryness. The residue was purified by chromatography
on silica gel with chloroform as eluent to isolate the N'-methylated
monomer 3, which was further purified by recrystallization from
hexane—chloroform. Yield 45% (2.48 g, 8.78 mmol), mp 85—
86 °C. IR (KBr) 3410 (NH), 3113 (C=C), 1725 (C=0), 1694
(C=0), 1630 (C=C), 1460 (-CH2-), 1356 (-SO,-), 1152 (-SO,-),
546 cm™' (N-C=0); '"HNMR (CDCl;, 90 MHz) & =2.46 (s, 3H,
CH3-CgNy-), 3.16 (s, 3H, CH3-N-), 5.89 (dd, J=9.60 and 2.00
Hz, 1H, CH,=CH- trans), 6.46 (dd, J=19.60 and 2.00 Hz, 1H,
CH»=CH- cis), 6.80 (dd, J=19.60 and 9.60 Hz, 1H, CH,=CH-),
7.37 (d, J=8.30 Hz, 2H, CsHy), 7.74 (d, J=8.30 Hz, 2H, CeH,),
10.13 (bs, 1H, -CONHCO-); *CNMR (DMSO-ds, 22.4 MHz)
8 =21.6, 324, 127.1 129.9, 130.4, 131.0, 134.3, 145.9, 148.8,
164.7. Found: C, 50.99; H, 4.96; N, 9.86; S, 11.12%. Calcd for
C12HiuN>04S8: C, 51.05; H, 5.00; N, 9.92; S, 11.36%.

Synthesis of Potassium Salt of 1. To a 100 mL round-
bottomed flask containing an acetonitrile (20 mlL) solution of
t+-BuOK (0.21 g, 1.87 mmol) was added 1 (0.50 g, 1.86 mmol)
under nitrogen. After the mixture was stirred at room temperature
for 24 h, the resulting suspension was evaporated to dryness to
give an essentially pure form of the potassium salt. IR (KBr) 3451
(NH), 1716 (C=0), 1664 (C=0), 1624 (C=C), 1321 (-SO,-), 1142
(=S80,-),556 cm ™" (N-C=0); "HNMR (CDCl3, 400 MHz) § =2.46
(s, 3H, CH3—CsHs—), 5.89 (d, J=10.80 Hz, 1H, CH>=CH-~ cis),
6.49 (d, J=17.20 Hz, 1H, CH,=CH- trans), 6.76 (dd, J=10.80 and
17.20 Hz, 1H, CH,=CH-), 7.38 (d, J=8.00 Hz, 2H, CsH.), 7.73 (d,
J=8.00 Hz, 2H, CsH.), 10.14 (s, 1H, -CONHCO-).

Hydrogen- Transfer Polymerization (Typical Procedure).
The monomer (1, 2, or 3) (1.0 M, 1 M=1 moldm ™), -BuOK
or DBU (3 mol%), and N-phenyl-2-naphthylamine (1 mol%, an in-
hibitor for radical polymerization) were dissolved in DMF, DMSO,
MeCN, or toluene in a test tube under nitrogen atmosphere. After
heating at 80 °C for 24 h, the resulting mixture was poured into
diethyl ether and the isolated polymer was dried in vacuo.

Polymer 4 Obtained from 1 (Run 1 in Table 1). Yield
10%; IR (KBr) 3436 (NH), 2924 (-CH,-), 2855 (-CH,-), 1769
(C=0), 1692 (C=0), 1476 (-CH,~), 1383 (-SO,-), 1159 (-SO,-),
766 (-CH,-), 550 cm™! (N-C=0); 'HNMR (CDCls/ CF;COOH
4/1 viv, 400 MHz) 8 =2.46 (s, 3Hx0.9, CH3—CgHy—), 2.72—3.07
(m, 2H, -CH,CH,—CO-), 3.23—4.37 (m, 2H, -N-CH,—-CH,-),
7.27—7.48 (m, 2Hx0.9, CH3—-CsH4—), 7.60—7.80 (m, 2Hx0.47,
~C¢H4—SO,—in x unit), 7.80—7.97 (m, 2Hx0.43, -C¢Hs—SO,— in
y unit), 10.48 (bs, 1H, -CONHCO-); *CNMR (DMSO-ds, 100
MHz) 6 =21.0, 30.9, 31.4, 34.8, 35.9, 36.8, 37.7, 40.7, 125.5,
126.5,128.0, 129.6, 135.3,137.3, 142.7, 144.8, 145.8, 148.6, 149.6,
150.0, 168.9, 172.8.

Polymer 4 Obtained from 1 (Run 5in Table 1). Yield 9%; IR
(KBr) 3449 (NH), 2928 (-CH;-), 2857 (-CH,-), 1769 (C=0), 1701
(C=0), 1451 (-CH3-), 1352 (-SO2-), 1161 (-SO,-), 764 (-CH,-),
550 cm ™' (N-C=0); 'HNMR (CDCls/ CF3COOH 4/1 v/v, 400
MHz) 6 =1.00—2.74 (m, 3H, ~CH,—CH-), 2.46 (s, 3Hx0.94,
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Table 1. Hydrogen-Transfer Polymerization of N-Acryloyl-N'-p-tolylsulfonylurea ®?

Run Initiator  Solvent Conv. (%)” Yield (%)° M. (Mo/My)® x/ylZ®
1 +BuOK DMF 75 10 4300 (1.07) 52/48/0
2 +BuOK® DMF 100 39 4700 (1.18) 8/21/71
3  £BuOK DMSO 69 18 3100 (1.38) 61/36/0
4  BuOK MeCN 84 10 5200 (1.13) 32/41/27
5 +BuOK PhMe 31 9 3200 (1.20) 3/3/94
6 DBU DMF 95 25 3700 (1.37) 36/41/23
7 DBU DMSO 89 36 3600 (1.28) 42/28/30
8 DBU MeCN 87 26 4300 (1.13) 30/39/31
9 DBU PhMe 97 30 3600 (1.11) 30/41/29

a) Conditions: [1]=1 M, initiator (3 mol% unless otherwise noted), N-phenyl-2-naphthylamine

(1 mol%), 80 °C, 24 h. b) Determined by 'HNMR spectra.

c) Diethyl ether-insoluble part.

d) Estimated by GPC, based on polystyrene standards, eluent: DMF containing LiBr (5.8 mM).

e) Initiator (300 mol%).

CHs-CgHy4-), 2.72—3.07 (m, 2Hx 0.07, -CH,—CH,~CO-), 3.23—
437 (m, 2Hx0.07, -N-CH,~CH,-). 7.00—7.64 (m, 2H,
CH;3-CeHu-), 7.64—7.82 (m, 2Hx0.03, —C¢Hs—SO,— in x unit),
7.70—8.20 (m, 2Hx0.97, -C¢H4—SO, in y and z unit), 9.70
(bs, 1Hx0.55H, -CONHCO-); *CNMR (DMSO-ds, 100 MHz),
8=21.0, 30.9, 33.8, 34.9, 36.0, 44.7, 125.6, 126.5, 127.7, 129.3,
135.3,137.2, 141.3, 141.9, 144.6, 167.8, 170.3.

Polymer 9 Obtained from 3 (Run 3 in Table 2). Yield
14%; IR (KBr) 3449 (NH), 2961 (-CH,-), 2926 (-CH,-), 1746
(C=0), 1701 (C=0), 1458 (—CH-), 1366 (-SO,-), 1165 (-S0O,-),
756 (<CH,-), 548 cm™! (N-C=0); 'HNMR (CDCls/ CF;COOH
4/1 viv, 400 MHz) 6 =2.46 (s, 3H, CHs—CsHs-), 2.55—3.55
(m, 5H, -N-CHs, and —CH,—~CH,—CO-), 3.60—4.50 (m, 2H,
~N-CH,—CHy-), 7.27—7.50 (m, 2H, CH3-CsH,-), 7.50—7.90
(m, 2H, ~C¢Hs—S02-); *CNMR (DMSO-ds, 100 MHz) 8 =21.0,
32.8, 34.3, 37.8, 45.3, 46.8, 126.7, 127.3, 128.3, 129.7, 1304,
133.8,136.2, 142.6, 143.4, 146.0, 164.5, 171.6.

Results and Discussion

Hydrogen-Transfer Polymerization of 1. = The poly-
merization of 1 was carried out at 80 °C for 24 h using
t-BuOK (3 mol%) as an initiator in various solvents con-
taining N-phenyl-2-naphthylamine (1 mol%) as a radical
polymerization inhibitor (Scheme 2). As a result, polymer
4 was obtained in 9—18% yield as a diethyl ether-insoluble
part (Table 1, Runs 1 and 3—5). 'HNMR spectra of the
obtained polymers support the conclusion that the hydrogen-

transfer polymerization proceeded selectively in DMF and
DMSO (Runs 1 and 3), while both the hydrogen-transfer and
the vinyl polymerization took place in MeCN and toluene
(Runs 4 and 5). When the polymerization of 1 was carried
out with a large excess amount of +~BuOK (300 mol%) as
an initiator in DMF, the polymer was obtained in 39% yield.
The polymer consisted of 77% of the vinyl polymerization
unit and 23% of the hydrogen-transfer unit.

The '"HNMR spectrum of the polymer obtained in Run 1
is shown in Fig. la, in which two peaks attributable to the
methylene protons adjacent to the nitrogen atom and those
adjacent to the carbonyl group were observed at 6 =3.23—
4.37 (e, f) and 2.72—3.07 (g, h), respectively. The assign-
ments of the peaks at 6 =7.27—7.98 (b, ¢) were carried
out on the basis of the spectra of model compounds (i.e.,
N-propionyl-N'-methyl-N'-p-tolylsulfonylurea and N-pro-
pionyl-N-n-butyl-N’-p-tolysulfonylurea for x and y units,
respectively)'® and the ratio of x to y units in Scheme 2 was
determined by the integral ratio between these peaks. Be-
cause both of two possible hydrogen-transfer units could be
observed in the produced polymers, both of the N-H moi-
eties in 1 should participate in the hydrogen-transfer process.
In the ! NMR spectrum of the polymer obtained in Run 5
(Fig. 1b), the signals due to the methylene protons (e, f, g, h)
of the hydrogen-transfer polymerization unit were negligi-

Table 2. Hydrogen-Transfer Polymerization of N-Acryloyl-N'-methyl-N'-p-tolylsul-
fonylurea (3)

Run Initiator Solvent Conv. (%)® Yield (%)° M, (M /MY  x/y?
1 -BuOK DMF 75 11 7200 (1.51) 100/0
2 +-BuOK  DMSO 69 19 5300 (1.86) 100/0
3 +-BuOK  MeCN 84 33 8600 (1.42) 100/0
4 t+-BuOK  PhMe 85 14 9600 (1.75) 100/0
5 DBU DMF 68 14 9900  (1.39) 55/45
6 DBU DMSO 97 22 8200 (1.25) 56/44
7 DBU MeCN 76 28 7700 (1.41) 67/33
8 DBU PhMe 74 21 7900 (2.09) 61/39

a) Conditions: [3]=1 M, initiator (3 mol%), N-phenyl-2-naphthylamine (1mol%), 80 °C, 24 h.
b) Determined by 'HNMR spectra. c¢) Diethyl ether-insoluble part. d) Estimated by GPC,
based on polystyrene standards, eluent: DMF containing LiBr (5.8 mM).
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ble, while those attributable to the methylene protons of the
vinyl polymerization unit were observed as major peaks at
6=1.00—2.74 (j, k). However, in some cases, the peak areas
of the aromatic protons were smaller than expected (Table 1:
Runs 1—5, by 0—22%).'” However, low molecular-weight
compounds which consisted of the eliminated aromatic parts
from the monomer or the polymer were not detected in the
diethyl ether-soluble part, while a 6-membered cyclic com-
pound (5) was isolated in 30% yield (Scheme 3 and Table 1,
Run 3).1®

As for the initiation process, two possibilities might be
speculated: the nucleophilic addition of the initiating anion
(+-BuO™) toward the unsaturated bonds in 1 and subsequent
transfer of the amide proton or the hydrogen abstraction from
the N-H moieties in 1 by #-BuOK. To clarify which process is

correct, 1 was reacted with an equimolar amount of +-BuOK
at room temperature for 24 h in acetonitrile. The 'HNMR
spectrum of the reaction mixture indicated that a potassium
salt of 1, i.e., CH,=CHCONHCON~TsK*, was produced al-
most quantitatively by deprotonation with ~-BuOK. When
the hydrogen-transfer polymerization of 1 was carried out at
80 °C for 24 h using the potassium salt of 1 (3 mol%) as
an initiator, the polymer having the same structure as that
prepared by ~BuOK was obtained. Therefore, the poly-
merization most probably proceeds via the potassium salt (i)
(Scheme 3). In the propagation process, hydrogens of NH
groups may transfer to the anion (ii) generated by the nucleo-
philic attack of (i) to the -carbon of 1 to form two kinds of
N-anions ((iii) and (iv)) and the hydrogen-transfer polymer-
ization units should be produced by the nucleophilic attack
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Scheme 3.
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Fig. 1. "HNMR spectra (CDCl;/CF;COQH) of 4 prepared in Run 1 of Table 1 (a) and that prepared in Run 5 of Table 1 (b).

of these N-anions toward 1. The lower yield of the polymers
isolated by precipitation with diethyl ether, in comparison
with the high monomer conversion, may be explained by
considering that the present polymerization undergoes via
the frequent hydrogen-transfer process, which is regarded
as the chain-transfer reaction. In fact, basides the cyclic
product(s), oligomeric products were detected in the diethyl
ether-soluble fraction.

As mentioned above, the selectivity between the hydro-

gen-transfer and the vinyl polymerization was affected by
the solvent and the concentration of the initiator. In the
presence of an excess amount of +~BuOK, more than one
proton might be abstracted from 1 and the resulting di- (or
tri-) anions attack another monomer or its deprotonated form.
In this case, the vinyl polymerization process might proceed
predominantly, because the nucleophilicity of the carbanion
should be higher that that of the N-anions. This might be
the reason for the higher vinyl polymerization content of the
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polymer produced in the presence of excess -BuOK. When
the polymerization was carried out in less polar solvents
such as toluene, 1 did not dissolve enough in the solvents,
due to which the relative concentration of ~-BuOK to the
dissolved monomer becomes higher. Consequently, the same
mechanism might work also in less polar solvents, although
3 mol% of the initiator was employed.

When DBU (3 mol%) was used as an initiator for the
polymerization of 1, the high conversion of monomer 1 was
observed irrespective of the solvents. By precipitation with
diethyl ether, polymer 4 (M, =3700—4300) was obtained in
25—36% yield. From the structural elucidation of polymer 4
by 'HNMR spectra, the obtained polymers were composed
of both the hydrogen-transfer and the vinyl polymerization
units whose ratio was not effected significantly by the sol-
vents used for the polymerization.'” Compared to the cases

Polymerization of Acrylamide Derivatives

of +-BuOK, the counter cation (the protonated form of DBU)
may be less interactive toward the propagating anion regard-
less of the solvent. By this process, the nucleophilicity of
the carbanion (ii) might become strong enough to induce the
vinyl polymerization.

Hydrogen-Transfer Polymerization of 2 and 3. The
monomers (2 and 3), in which either one of the two active
hydrogens of 1 was masked with a methyl group, were sub-
jected to the polymerization under the same conditions. In
the case of N-acryloyl-N-methyl-N'-p-tolylsulfonylurea (2),
the polymer was not produced and low molecular-weight
products were obtained from the diethyl ether-insoluble part.
The detailed analyses of the products showed that their struc-
tures were dependent upon the solvents used for the reaction.
In DMF, a single product was obtained in 44 or 42% yield (by
using +-BuOK or DBU, respectively) as a diethy! ether-insol-

i DMF Me
\/u\ H —=N— . _n N
N+ O=C=N-Ts » Me—N-C=N—Ts
| -CO, H
Me
J 6
DMSO N ","e_
_ C02 Me—S—N—Ts
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/

O O
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NNeTs

Me H
2
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in MeCN or PhMe
[o]
/Me
Path A Y o
N [o] Me
SN cor (O
L X ~ s -
Ny I
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Path B \/lL;'qe 0:C=N-Ts 8
Me

Scheme 4.
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uble part which was identified as N,N-dimethyl-N'-p-tolyl-
sulfonylformamidine (6) by comparing the melting point and
the FAB/MS spectrum with those of the authentic sample.?”
In DMSO, a compound identified as S,S-dimethyl-N-p-tolyl-
sulfonylsulfimine (7)*? was obtained in 55 or 59% yield (by
using +-BuOK or DBU, respectively). In MeCN or toluene, a
product (36—57% yield) was supported to be a cyclic prod-
uct (8) by the FAB/MS spectra (m/z 436 [M+H]") as well as
'H and ®C NMR spectra.?” The formation of these products
(6—8) might be explained by assuming the decomposition
of 2 into p-tolylsulfonyl isocyanate and N-methylacrylamide
(Scheme 4). It is known that sulfonyl isocyanates react eas-
ily with amides and sulfoxides via the elimination of CO,.20
Thus, the products (6 and 7) obtained in DMF and DMSO
might be regarded as the adducts of the isocyanate with the
solvents. When the reaction was carried out in less nucleo-

o o
\/IJ\ /U\ -BuOK or DBU (3 mol%)
N
H Me 80°C,24h
3

Bull. Chem. Soc. Jpn., 71, No. 5 (1998) 1143

philic solvents such as toluene or MeCN, the product (8)
might be produced by the base-catalyzed intramolecular con-
Jjugate addition of 2, and the subsequent condensation with
the isocyanate. The decomposition of 2 rather than the poly-
merization might be due to the unstable character of 2 in
comparison with 1. That is, 2 does not have the imidic pro-
ton on the nitrogen atom, by which the stabilization by the
enol form might be less than the case of 1.

The hydrogen-transfer polymerization of N-acryloyl-N'-
methyl-V'-p-tolylsulfonylurea (3) was also carried out under
the same conditions. In this case, polymer 9 was obtained as a
diethyl ether-insoluble product in moderate yield (Scheme 5
and Table 2). In contrast to 1, monomer 3 could be dis-
solved in all the solvents used and the polymer produced by
t-BuOK constantly had the specific hydrogen-transfer units
which were independent of the solvents (Runs 1—4). In

l hydrogen-transfer polymerization unit I [ vinyl polymerization unit

9
Scheme 5.
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Fig. 2. '"HNMR spectrum (CDCI3/CF3COOH) of 9 (Run 3, Table 2).
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Fig. 2, the '"HNMR spectrum of the polymer obtained in
Run 3 is shown as a typical example. No methylene protons
attributable to the vinyl polymerized structure were observed
at 6 =1.00—2.74, while those adjacent to the nitrogen were
observed at & =3.60—4.50 as a result of the hydrogen-trans-
fer process. By using DBU (3 mol%), the polymerization
proceeded both by the hydrogen-transfer and the vinyl poly-
merizations, whose ratio was determined as x:y=55:45—
67 :33. Similar to the case of monomer 1, the peak area of
the aromatic protons observed in the 'H NMR spectrum of
polymer 9 was smaller than those expected from the peak
intensities of the protons of the main chain (Table 2: Runs
1—4, by 0—10%; Runs 5—38, by 39—71%).” In this case,
the eliminated N-methyl-p-toluenesulfonamide® was iso-
lated from the diethyl ether-soluble part (43% yield in Run
5), which may indicate that side reactions accompanying the
elimination of N-methyl-p-toluenesulfonamide from the side
chain of the vinyl polymerization unit of polymer 9 takes
place under the polymerization conditions.

Summary

The anionic polymerization behavior of monomers (1—3)
derived from p-tolylsulfonyl isocyanate and acrylamide was
examined in detail under various conditions. Although 2
decomposed to give rise low molecular-weight products pre-
sumably via the generation of the p-tolylsulfonyl isocyanate,
monomers (1 and 3) were found to undergo the polymer-
ization accompanying the hydrogen-transfer process. The
selectivity between the hydrogen-transfer and the vinyl poly-
merization was affected by the initiators and by the solvents
used for the polymerization.
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