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ABSTRACT. The synthesis of pyrrolidone-N-sulfonyl chloride has been carried out by the re-
action of pyrrolidone with sulfuryl chloride in benzene.

It was attempted to study the catalytic effect of pyrroldone-N-sulfonyl chloride as an initiator
for anionic polymerization of pyrrolidone. It was found that as a concentration of initiator decrea.
sed, inherent viscosity of the resulting polymer increased up to 1.8dl/g.

The highest rate of polymerization and equilibrium conversion was observed when mole ratio of
PNSC to KOH was 0. 25.

In general, the observed value of polymerization and equilibrium conversion in circumstances
using PNSC/KOH catalysis system were higher than using CO./KOH catalysis system,
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2.7 (m, 2H, methylene proton of ¢)

4.1 (¢, J=2Hz, 2H, methylene proton of a)
IR (neat)

3535 cm™! (overtone of C=0 stretch)

3010, 2960, 2925, 2910 cm™! (C-H stretch)

1785 cm™t (C=0Ostretch)

1485, 1455cm™1

1407 em™! (SO4 stretch, antisymmetric)

1350, 1290, 1246, 1213, 1193cm™!

1140 cm™1 (SO, stretch, syminetic)

1107, 1084, 1020, 975, 936, 891, 835, 71lcm!

600 cm™1 (S-Cl stretch)

Pyrrolidone-N-sulfonyl chloride 8] 94£%¥4 2
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6 mole ] pyrrolidone-N-sulfonyl chloride 1

Table 1. Elemental analysis of PNSC (unit : %).
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Fig. 1. NMR spectrum of pyrrolidone-N-sulfonyl chloride in chloroform PNSC : CHCl,=1:6 (mole ratia).
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v o e N
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Fgel o
60t X
50F-
a0}
c L
o \
v o | mole% L
< o 2 mole%
530 A 4 mole%
2 X 6 mole%
® 8 mole%%
20
{Op=
0 1

3.l 0.2 0.3 04 05
PNSC/KOH mole ratio _
Fig. 2. Conversion vs. PNSC/KOH mole ratioat

50°C for variant concentrations of KOH: polymeriza-
tion time, 5 days.
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Fig.3. Conversion vs. PNSC/KOH mole ratio at
30°C for variant concentrations of KOH: polymeriza-
tion time, 5 days.
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A0 x 4
30k
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8 20p-
@
w
>
S
[sale] /
o | i 1 1

(o} 0.2 0.3 04 0S5
PNSC/KOH mole ratio
Fig.4. Conversion vs, PNSC/KOH mole ratio at

80°C for variant conentrations of KOH: polymeriza-
tion time, 5 days.
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3.2 PNSC/KOH catalysis 0} 2}2 pyrrolid-
one 2| 20|25t

2-Pyrrolidone o] 9§ KOH Q) ¥55 1, 2, 4
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3] PNSC/KOH mole ratio & 0~0.5 A}e]9]
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o2 aAdgd,

PNSC/EOH Mole Ratio. 2347 592
R-&4 PNSC/KOH mole ratioo] tj§; conver-
sion 2] W& Figs. 2~4 0] =Astg on, PN.
SC/KOH mole ratio 7} 0. 2~0. 32 9 conversion
o) 7t & g ¢ 7 A4 <A KOHe]
FEN AR 2714 %, PNSC/KOH mole
ratio7} 0.25 4o FREE7} 714 whE o, con-
version©] 713 F Zolgte 435 QA HE

20
1.8k
Lef
L4l

Inherent viscosiy(dl/g)

© ©0 O O - -~
E 00 o O ™

I T A ¥

N
T

1 1 1 1
X 0.2 03 o4 0.5
PNSC/KOH mole ratio

]

Fig.5. Inherent viscosity vs. PNSC/KOH mole

ratio at 50°C for variant concentrations of KOH:
polymerization time, 5 days.
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Az}o]t}. PNSC/KOH mole ratio 7} A& %
AAE AJAL Fol Jonz, AAAF F
A% 278 4 9= monomer & & F73E
7} B, BAF] £ nPATE dofAZ in-
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KOH 9] 552 6moled, 8mole%Z § 7
2., Figs. 2,304 2 uts} o], PNSC/KOH
mole ratio €] W 3}el )3 conversion g ¥3}7t
vjzA A3, Figs. 5 6cj4 Hy upst 7ol
PNSC/KOH mole ratio & 7ol wle} inherent
viscosity 7} ZtastE 8¢ RAFx A

18

L6

R

to
v

m O
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'S
T

fel
[o M)
i
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Fig.6. Inherent viscosity vs. PNSC/KOH mole
ratio at 30°C for variant concentrations of KOH:
polymerization time, 5 days.
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Conversion{%)

L | N
72 96 120

1
s Hi
Time {hr)
Fig.7. Conversion vs. Time at 50°C: KOH conce-
ntration 4 mole% for variant PNSC/KOH mole ratios:
0.11 (Q), 0.23 ({0} and 0.35(L).

-~

Conversion{%)
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wely FPEe e e}

Fig. 8 & MAAY $5% 0.48mole¥% =2
AsA 3tz, KOH® ¥EE 2mole%9} 8
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Hals 383 ZAFols, KOHg ¥=7t 8
mole %= FHEE A4 W EE T A
o},

Pyrrolidone 2] $9)& %32, heterogeneous
bulk polymerization©]7] w]Fdl, KOH 9 ¥ k.
7} Z7bEled, monomer 8 diffusion o] AdjA e,
E go|3Al H=z, FFel HYd ==AL
18] conversion & Z7}¥r},

22 KOH 9| Fx7t o= 3k o] o] 54,
conversion & 23| 3 ZFadr} oA Flo]
%eto] E3to] whel monomerd FEb A
5o} diffusiono] oz YA ==Z pyrrolidonate
anion ¢} 7}71e] 2l polymer chain 1 &] amide
bond & FA43 AFHE A2d 754l A
¥, = A5E KOHY ¥z & =24 4% 7
A7 wWEeletz Feidet

80
60+
§
40 ¢
20 : s, KOH, 2 0.2t
: o, KCYH, 2 mola% G.24
: = £, KCt SRTs % 0.0
: 3GEC, KHOH, Eoannie? 0.6
1 L 1 [/ 1 1 ] i
> 4 6 872448 72 96 120
Time(br)

Fig.8. Conversion vs. time for variant polymeriza-
tion conditions. Concentration of initiator: 0. 48 mole%.
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Maximum conversion©] Qo7 KOH ¢ ¥
£ 30, 50°CelAl 4moley, 80°CdA 2
mole %] v} (Figs. 2~4), 33 maximum vis-
cosity 71 dojA AL KOHS ¥%7t 2mole%
Q1 Bl (Figs. 5, 6),

2 = Fgad AA B TSl ¥4d
Aoz gojvty] w e}, & Wil wz=
A7 & AelF B & 9N Fig.7dAx
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FESES M waR g, 239 AAAE
%ol B8 FF 2V FESES v E Aol B
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Ao A7,
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< 0.5mole®% ©| 32 71E AFpAe 30°Cunt
50°C o A conversione] <7t & A2 AT
o+ A%tk (Fig. 8). 80°CelAx AL Fo °1
Fol2]7] ¢gke (Fig.4), o] AL ofvl kg2
7o }A B activating species 7} 7}3] 7] =]
Tojetz FelEd,

SYHTEXRFC] AL FedF FATF My

£ Mark-Houwink equation & 288 A Astgl o},

[p)=Knme

Tuzar &2 m-cresol & L] & def 25°C ¢
A K& azg FA%9 A K=3.98X1074,
a=0.77 % A%t} Table2 o) PNSC/KOH ca-
talysisof €]t 343 poly-pyrrolidone & ¥-
Aekg FA% 439k, H& poly-pyrro-
lidone &9 (0.5g/d)) & 2143l H=E 54
pene [f]=p. 8 T2 ALLEct,

3.3 CO; 3! N-Acyl Type 2] 7{A|H|2} PNSC
2| H|®m

Fig.9 = PNSC/KOH catalysis &} CO,/KOH
catalysis o] &3} pyrrolidone 8] -2-¢0]& F3+&
¥lsgk Aojdl, PNSC & AAAZ 443 2%
o]l FHLEE )l A4 W3 conversion & ¥
Ae 2EE F 9

PNSC & AAAR AH&q Bl FHA
A A= = activating species (V)2 CO, 3 ALE
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3 Ao VAL activating  species (VI)
reactivity & wlzslad, Vi A ¢ #% 2%
229k A AuESo] Lolvted, VY AfE &
oo A A Aukgo] Qdojd 4 glg Aot}

/ ,‘,O
//g Q * -~
{ 9 ﬁ r‘\N—Coz'-_ o
~ Ic') ;)/ ~7
(V) . v

Table2. Weight average molecular wight of poly—
pyrrolidone on various polymerization condition: poly-
merization time, 5days.

Conversion{%)

Polymerization condition
Riah M
Temp. | KOH R i/ w
(°C) | (mole¥)
50 2 0.18 1.85 5. 8X104
50 2 0.30 1.00 2.6x10*
50 4 0.17 1.43 4.1x10%
30 2 0.24 1.52 4.5X10%
30 4 0.29 1.38 4.0X10¢

R: PNSC/KOH mole ratio

80
-
70
80
50
40
30
0: 4 mcle%, PNSC 0.92 mole%
20 ®: KOH 2 mole#, PNSC 0.48 mole%
D: KOH 11 mole%, CO2 4.95 mole?
m: KOH 8 molef, CO2 3.6 mole%
10
| 1 i i 1
24 48 72 96 120
Time(nd
Fig 9. Comparision of time dependant conversion
of PNSC/KOH catalysis (O, @) with COy/KOH

Catalysis® (7, WD at 50°C.
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