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

Syntheses of Polymeric Azasulfonium Salts and Iminosulfuranes
Keiji Yamashita®;, Yasuhito Inagaki*; Muneaki Tomiyama®; Shuji Kondo* Kazuichi Tsuda®
* Nagoya Institute of Technology Gokisocho, Showa-ku, Nagoya, Japan

To cite this Article Yamashita, Keiji , Inagaki, Yasuhito , Tomiyama, Muneaki , Kondo, Shuji and Tsuda, Kazuichi(1983)

'Syntheses of Polymeric Azasulfonium Salts and Iminosulfuranes’, Journal of Macromolecular Science, Part A, 20: 4, 441
— 452

To link to this Article: DOI: 10.1080/00222338308060792
URL: http://dx.doi.org/10.1080/00222338308060792

PLEASE SCROLL DOWN FOR ARTICLE

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

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan 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
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary 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/10.1080/00222338308060792
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 55 24 January 2011

Downl oaded At:

J. MACROMOL. SCL-CHEM., A20(4), pp. 441-452 (1983)

Syntheses of Polymeric Azasulfonium Salts
and Iminosulfuranes

KEIJI YAMASHITA, YASUHITO INAGAKI, MUNEAKI TOMIYAMA,
SHUJI KONDO, and KAZUICHI TSUDA

Nagoya Institute of Technology
Gokisocho, Showa-ku, Nagoya 466 Japan

ABSTRACT

Polymeric azasulfonium salts were synthesized by the reaction of
sulfide polymers with such N-halo compounds as N-chloroacetamide,
N-bromoacetamide, and ethyl N-chlorocarbamate. These polymers
are soluble in CH,Cl;, CHCls, DMSO, and DMF, but insoluble in ben-
zene, acetone, and water. The treatment of these polymeric aza-
sulfonium salts with triethylamine afforded polymers containing the
iminosulfurane structure in high yields. On the other hand, these
iminosulfurane polymers were also synthesized by the reaction of
sulfide polymers with nitrene which was generated from the photol-
ysis of ethyl azidoformate.

INTRODUCTION

Sulfur-containing polymers have recently been attractive as func-
tional polymers since the sulfur atom has high nucleophilicity, the
ability to stabilize adjacent carbanions, and can exist in several oxida-
tion states which show various interesting behaviors. Polymeric sul-
fonium salts have been used in such fields as ion-exchange resins,
polymer supports of peptide synthesis, polymeric reagents, and poly-
electrolytes [1]. In a series of studies of sulfur-containing polymers,
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we previously synthesized several polymeric sulfonium salts such as
poly (vinyl-sulfonium salts) [2], the copolymer of vinylsulfonium salt
with styrene [3], and poly (dimethyl-4-vinylphenylsulfonium tetrafluo-
roborate [4]). However, there has been no investigation of the syn-
thesis of a polymeric sulfonium salt containing hetero atoms adjacent
to a sulfur atom.

Monomeric azasulfonium salts were first isolated by Swern et al.

5, 6] as an intermediate of iminosulfurane synthesis. Corey et al.

7] also reported the production of an unstable azasulfonium salt from
the reaction of dimethyl sulfide and N-chlorosuccinimide, and they
succeeded in oxidizing alcohols by the use of this azasulfonium salt
under mild conditions. Their papers indicate that polymeric azasul-
fonium salts are interesting as polymeric reagents, but their synthetic
method is limited to dialkyl sulfides. Further, most of these azasul-
fonium salts are not stable.

We have now found that stable azasulfonium salts could be obtained
by the reaction of alkyl or aryl sulfides and N-haloacetamide in high
yield.

We therefore applied this reaction to the syntheses of polymeric
azasulfonium salts. Next, the conversion of these polymers to poly-
mers containing the iminosulfurane structure was attempted.

Iminosulfurane has also been prepared by the photolysis of azide in
alkyl sulfides [8]. Therefore, this reaction was also applied to pre-
pare the iminosulfurane polymer.

EXPERIMENTAL
Reagents

Poly (ethyl vinyl sulfide), poly(methyl 4-vinylphenyl sulfide), and
poly (methyl 4-vinylbenzyl sulfide) were prepared by the methods de-
scribed previously [4].

N-Chloroacetamide (NCA) was prepared by the reaction of acet-
amide and t-butyl hypochloride: yield, 47%; mp 109.0-109.5°C (Ref. 9,
109.0-109.5°C). Ethyl N-chlorocarbamate (NCC) was prepared by the
reaction of ethyl carbamate and chloride: yield 66%; bp 44-46°C/7
torr (Ref. 10, 44.0-45.0°C/0.2 torr). Ethyl azidoformate was prepared
by the reaction of ethyl chloroacetate and sodium azide: bp 30°C/7
torr (Ref. 11, 28°C/20 torr). N-Bromoacetamide (NBA) was commer-
cially available.

Preparation of Model Compounds of Polymeric

Azasulfonium Salts

All azasulfonium compounds were prepared by treatment of the cor-
responding sulfide and N-halo compounds. For example, N-acetyl-
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iminobenzylmethylsulfonium chloride was prepared as follows. NCA
(0.28 g, 3 mmol) was added slowly to a solution of benzyl methyl sul-
fide (0.83 g, 6 mmol) in CH;Cl, (20 mL) at 0°C. The solution was
further stirred for 2 h at that temperature, The reaction mixture was
poured into ether (50 mL) to precipitate a white solid. The solid was
filtered and recrystallized with absolute ethanol and ether. The yield
was 0.31 g (45%). All other azasulfonium salts were prepared by the
same method. However, azasulfonium halides prepared by the use of
NCC are not stable at room temperature and the structure was con-
firmed only by IR and NMR spectra (in CDCls).

N-Acetyliminobenzylmethylsulfonium chloride
Yield: 45%; mp, 110.0~112.0°C

. - -1 _ -1 _ -1
IR : YN-H = 2700 em™°, Yoo = 1710 em~™", Vo_N = 690, 580 cm

NMR: 6 = 1,98 (d, 3H), 3.30 (s, 3H), 4.84 (d, 2H), 7.4~7.6 (m, 5H)
ppm

Calcd. for C,oH,4CINS: C, 51.83; H, 6.09; N, 6.04; S, 13.83%

Found: C, 51.21; H, 6.48; N, 5.80; S, 13.46%

N-Acetyliminomethylphenylsulfonium chloride
Yield: 68%; mp, 96.0~97.5°C

. _ -1 _ -1 _ -1
IR: YN-H = 2680 cm™ 7, Yoo = 1690 ecm™", Vo N = 680, 580 cm

NMR: 6 = 2.14 (d, 3H), 3.30 (d, 3H), 7.2~8.3 (m, 5H) ppm
Calcd. for CoH,, CINS: C, 49.65; H, 5.56; N, 6.43; S, 14.73%
Found: C, 49.12; H, 5.95; N, 6.27; S, 14.52%

N-Acetyliminobenzylmethylsulfonium bromide
Yield: 56%; mp, 91.0-92.0

. _ -1 _ -1 _ -1
IR: UN-H = 2750 cm™ ", Yo=0 = 1715 em™ ", VN = 690, 650 cm

NMR: 6 = 2.03 (s, 3H), 3.27 (s, 3H), 3.5-4.2 (b, 1H), 4.85 (d, 2H),
7.3~1.6 (m, 5H) ppm

Calcd. for C10H,4BrNS: C, 43.49; H, 5.11; N, 5.07; S, 11.61%

Found: C, 42.47; H, 5.38; N, 5.26; S, 11.54%

N-Ethoxycarbonyliminobenzylmethylsulfonium chloride
Yield: 20%

. _ -1 _ -
IR: -l = 3400 em™", Yo=0 = 1735 em

NMR: 6 = 1.27 (s, 3H), 3.62 (s, 3H), 4.05 (q, 2H), 5.40 (b, 2H),
7.38 (8, 1H), 7.6~17.8 (m, 5H) ppm

1

N-Ethoxycarbonyliminomethylphenylsulfonium chloride
Yield: 56%

. - -1 _ -1
IR: YN-H = 3410 cm™ ", Yo=0 = 1730 cm

NMR: 6 = 1.20 (t, 3H), 2.80 (s, 3H), 4.06 (q, 2H), 5.98 (s, 1H),
7.2~7.8 (m, 5H) ppm



19: 55 24 January 2011

Downl oaded At:

444 YAMASHITA ET AL.

Preparation of Polymers with Azasulfonium

Salt Structure

Poly(N-acetyliminomethyl-4-vinylbenzylsulfonium chloride) was
prepared as follows. A solution of poly(methyl 4-vinylbenzyl sulfide)
{0.187 g) in methylene chloride (4 mL) was added with stirring to a
solution of NCA (0.189 g) in methylene chloride (20 mL) at 0°C. The
solution was further stirred for 7 h at that temperature. Then the
reaction mixture was poured into a large amount of ether to precipi-
tate a white solid. The solid was filtered and washed with absolute
ethanol. The yield was 0.281 g.

Other polymeric azasulfonium salts were prepared by essentially
the same method.

Poly(N-acetyliminomethyl-4-vinylbenzylsulfonium chloride)
IR: 660, 830, 990, 1105, 1210, 1360, 1420, 1510, 1605, 1710, 2750,
3400 cm”™

Poly(N-acetyliminomethyl-4-vinylphenylsulfonium chloride)
IR: 550, 590, 830, 1000, 1080, 1220, 1420, 1490, 1590, 1690, 2800,
3400 cm™

Poly(N-ethoxycarbonyliminomethyl-4-vinylphenylsulfonium chloride)
IR: 550, 820, 955, 1040, 1140, 1300, 1405, 1595, 1715, 3320 cm™*

Poly(N-ethoxycarbonyliminomethyl-4-vinylbenzylsulfonium chloride)
IR: 660, 840, 1020, 1260, 1420, 1510, 1605, 1700, 2920, 3400 cm™*

Preparation of N-Ethoxycarbonyliminobenzyl-
methylsulfurane

N-Ethoxycarbonyliminobenzylmethylsulfurane was prepared by the
method described previously [12].
IR: 1610 cm™' (C=0), 820 and 780 cm™' (8=N)
NMR: & = 1.27 (t, 3H), 2.50 (s, 3H) 4.06 (q, 2H), 4.21 (q, 2H), 733
(s, 5H) ppm

Preparation of N-acetyliminobenzylmethylsulfurane

To a solution of N-acetyliminobenzylmethylsulfonium bromide
(0.460 g, 1.7 mmol) in methylene chloride (15 mL) was added triethyl-
amine (0.253 g, 2.5 mmol) at 0°C. The solution was stirred for 2 h
at that temperature, and further for 2 h at room temperature. Then
the reaction mixture was poured into ether and the precipitated tri-
ethylamine hydrochloride was filtered off. The solvent was removed
under reduced pressure to afford an oily compound (0.209 g, 65%).
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N-Acetyliminobenzylmethylsulfurane
Yield: 65% . . .
IR: Yoo = 1570 cm YVonN © 1310 em™ ", Vg N = 790 cm
NMR: 6 = 2.00 (s, 3H), 2.40 (s, 3H), 4.20 (q, 2H), 7.3 (s, 5H), ppm

Calcd. for C,0H;sNS: C, 61.51; H, 6.71; N, 7.117; S, 16.42%
Found: C, 61.21: H, 6.88; N, 7.19; S, 16.89%

N-Acetyliminomethylphenylsulfurane
Yield: 91%
IR: vo_q = 1570 cm™?, Ve = 1310 cm™?, vg N = 800 cm™?!
NMR: 6 =2.10 (s, 3H), 2.80 (s, 3H), 7.3~7.9 (m, 5H) ppm
Calcd. for CoH;;NS: C, 59.64; H, 6.12; N, 7.73; S, 17.69%
Found: C, 59.39; H, 6.38; N, 7.31; S, 17.53%

Preparation of Poly(N-acetyliminomethyl-4-

vinylbenzylsulfurane)

To a solution of poly(N-acetyliminomethyl-4-vinylbenzylsulfonium
chloride) (0.187 g) in methylene chloride (25 mL) was slowly added
triethylamine (0.152 g, 1.5 mmol). The solution was stirred for 2 h
at 0°C and further stirred for 2 h at room temperature. The reaction
mixture was poured into a large amount of ether to give a solid. The
solid was washed with absolute ethanol (50 mL). The yield was 0.124 g.

Poly (N-acetyliminomethyl-4-vinylbenzylsulfurane)
IR: 660, 820, 1110, 1260, 1360, 1420, 1510, 1560, 1610, 1700, 2920,
3400 cm~™

Poly (N-acetyliminomethyl~4-vinylphenylsulfurane)

IR: 550, 720, 820, 1040, 1140, 1300, 1490, 1560, 1590, 1680, 2900,
3450 cm”

Preparation of Poly(N-ethoxycarbonyliminomethyl-

4-vinylbenzylsulfurane)

To a solution of poly(methyl-4-vinylbenzyl sulfide) (1.04 g) in
chloroform (20 mL) was added slowly NCC (1.20 g, 9.7 mmol) at 0-5°C,
and further allowed to react for 2 h with stirring. Then triethylamine
(1.0 g, 10 mmol) was added slowly to the solution at that temperature.
After stirring for 2 h, about half of the solvent was removed in vacuum
and the reaction mixture was poured into ether (50 mL) to precipitate
a white solid, triethylamine hydrochloride. The solid was filtered off
and the filtrate was poured into a large amount of petroleum ether to
give a polymer in 0.77 g yield. The IR spectrum of this compound is
shown in Fig. 3.
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Preparation of Poly(N-ethoxycarbonyliminomethyl-

4-vinylbenzylsulfurane) by Photochemical Method

A solution of poly(methyl-4-vinylbenzyl sulfide) (1.78 g) and ethyl
azidoformate (1.13 g, 12,4 mmol) in benzene (10 mL) was placed in
a quartz tube, Under nitrogen atmosphere the solution was irradiated
for 8 h with a high pressure mercury lamp (RIKO-100 W). After the
reaction the solvent was distilled off under reduced pressure and the
residue was reprecipitated three times with chloroform and petro-
leum ether. The yield was 1.25 g. The IR spectrum of this polymer
is shown in Fig. 3.

Instrument

IR spectra were recorded on a JASCO IRA-2 spectrometer. NMR
spectra were recorded in CDCl; on a 60 MHz HITACHI R-20B spec-
trometer using tetramethylsilane as the internal standard.

RESULTS AND DISCUSSION

Preparation of Polymers with Azasulfonium
Salt Structure

Azagulfonium polymers (2a, 2b) were prepared from the reaction
of N-chloroacetamide (NCAJ with the corresponding sulfide polymers
at 0°C as shown in Eq. (1). The sulfide polymers used here were pre-
pared from the radical polymerization of the corresponding vinyl
monomers.

4CH,-CH+ 4CH,-CH+¥
1) 2 Ly
R R
[ 1
s + NHCICOCHy —  CI®S®-NHCOCH,
|
RZ RZ
| 2 (1)
lg: R = - ~CH,-, R? = ~CH, 29
Ib. l - 2 -
b:R = - - . R? = —CH, 2b
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The structure of these polymers was confirmed by IR and NMR spec-
tra in comparison with those of authentic model compounds which
were prepared according to Saika's method [6]. These polymers
showed a characteristic absorption band of carbonyl group at 1690-
1710 cm™* and N-H stretching at 2750-2800 cm™*. IR spectra of 2a
and acetyliminobenzylmethylsulfonium chloride as a model compound
of 2a are shown in Fig. 1. The conversion of divalent sulfur to tri-
valent sulfur was measured by the integral of the NMR spectrum.

Other types of azasulfonium salt polymers were prepared by the
reaction of la with several N-halo compounds such as N-bromoacet-
amide (NBA) and ethyl N-chlorocarbamate (NCC) by the same method
as in the case of 2a and 2b.

+CH,—CHY +CH,-CH?
|
R
7
CH, +  X=N_o — 7 @9“2 R
S S S-N\ 2
I X7 R
CHy CH,

(2)
2¢ : R' = H, R? = COCHy. X = Br

24 - R' 2

u

I

2
'

= CO,C,Hs. X = Cl

These polymers are very hygroscopic and soluble in chloroform, di-
methylgulfoxide, and dimethylformamide.

Conversion of Polymeric Azasulfonium Salts to
Polymers with Iminosulfurane Structure

Swern et al. [5] reported that the treatment of azasulfonium salts
with triethylamine gave iminosulfuranes in good yield. We altered
this to aryl sulfides or other N-halo compounds by changing the re-
action condition [12]. These reactions were adopted to polymer re-
actions.

The polymer prepared from la and NCA was allowed to react with
triethylamine and gave a polymer with iminosulfurane structure (3a).
The IR spectrum shows a characteristic absorption band at 820 em="*
(S=N) and 1560 cm™" (C=0). However, a weak absorption band at
1700 cm™* based on the carbonyl group of the azasulfonium salt is
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FIG. 1. IR spectra of poly(N-acetyliminomethyl-4-vinylbenzyl sulfo-
nium chloride) (2a) and N-acetyliminobenzylmethylsulfonium chloride.
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FIG. 2. IR spectra of poly(N-acetyliminomethyl-4-vinylbenzylsul-
furane) (3a) and N-acetyliminobenzylmethylsulfurane.
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observed. The IR spectra of this polymer and acetyliminobenzylmeth-
yl sulfurane as the model compound are shown in Fig. 2.

Similarly, an iminosulfurane polymer was obtained by the use of
NBA and NCC:

4CH,-CH% 4CH,-CH
(CoHg)sN
C|:H2 CI:Hz
OS-NH- Bs-NLR
OFS-NH-R :
CH, CHy (3)
2a © R 8 COCH,, X = Cl 3q
2c 1 R = COCH,, X 8 Br 3¢
2d 1 R = CO,CoHg, X = Cl 3d

Preparation of Iminosulfurane Polymers by
Photochemical Method

Ando et al. [8] reported that photodecomposition of methyl azido-
formate in dialkyl sulfides gave iminosulfuranes in 40-60% yield.
This method is excellent for the preparation of sulfilimine because of
the ease of the work-up procedure. Therefore, we adopted this reac-
tion to the preparation of polymeric iminosulfurane and compared the
polymer with that obtained through an azasulfonium salt intermediate.

A solution of polymer (1a) and ethyl azidoformate in benzene was
placed in a quartz tube and irradiated by a high pressure mercury
lamp as the light source. The polymer obtained has a characteristic
absorption band at 1630 cm~!, based on the carbonyl group of this
kind of ylide. The IR spectrum is shown in Fig. 3. As can be seen,
the IR is in good agreement with that of 4a. However, conversion of
iminosulfurane was only 17%. o

On the other hand, the reaction of poly(ethyl vinyl sulfide) with
nitrene derived from photolysis of ethyl azidoformate gave an imino-
sulfurane polymer (5a) in 30% yield (Fig. 4).

The utilization of these azasulfonium salt and iminosulfurane
polymers will be reported in the near future.
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FIG. 3. IR spectra of poly(N-ethoxycarbonyliminomethyl-4-
vinylbenzylsulfurane) ( 4_a) and N-ethoxycarbonylimino methyl-

benzylsulfurane.
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FIG. 4. IR spectra of poly(N-ethoxycarbonyliminoethylvinyl-
sulfurane) (5a) and N-ethoxycarbonylimino diethylsurfurane.
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