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2 ¢ 3-(N-Carbonylpyrrolidone)-propanoic acid & potassium-salt 8} 3-N-carbonyrrolidone)-
propenoic acid 2] potassium-salt & ¥4 sz o] A& 2-pyrrolidone Fo] 2F T AAAZ A}g-3)4
2 5% zAEgH,

50°Col A KOH® 5% 2mole¥% 2 A A 2, AAAE 1.5 1.0, 0.5mole% 2 ARAAL
= 1.O0mole% A F& AAE & T A

3- (N-Carbonylpyrrolidone) propenoic acid K-salt/KOH catalysisoll 9|3te] A $ nylon 49
inherent viscosity ¥ 2. 3dI/g 0|9l = 3-(N-carbonylpyrrolidone)-propancic acid K-salt 7§ A} 4| o) 2}
3t #4945 849 inherent viscosity = 1.2dI/g o] %o}

ABSTRACT. 3-(N-Carbonylpyrrolidone)-propanoic acid potassium-salt and 3-(N-carbonyl-
pyrrolidone) propenoic  acidpotassium-salt were synthesized by the reaction of 2-pyrrolidone
potassium-salt with succinic anhydride and maleic anhydride in acetone and in benzene.

The anionic polymerization of 2-pyrrolidone with 38-(N-carbonylpyrrolidone)-propanoic acid
potassium-salt or 3-(N-carbonylpyrrolidone)-propenoic acid potassium-salt as an initiator and
potassium hydroxide as a catalyst was studied.

It was found that 2.0 and 1. 0 mole%, concentration of catalyst and initiator, and temperature
of 50°C was the optimum condition obtaining highest conversion and viscosity of polymer. The

inherent viscosity of nylon 4 was measured to be 1.2d//g and 2.3di/g.
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1. A ¥ 3

Nylon-4 & 1951 Ney, Nummy, =2z
Barnes 9| 98 poly(vinyl pyrrolidone) ¥
Fof] WA= 19533 F3L A Ed ol ¥
< $AEQ] FY dfgo]*t g niatelr),

22 AGAAAHE lactam 9] Lol Fiol
3 B 4FE st $hedr1?, olel 4 3-(N-
carbonylpyrrolidone)-propanoic acid & K-salt
(I) 8} 3-(N-carbonylpyrrolidone) ~propenocic acid
8] K-salt(I) & FA4 stz o] AL 2-pyrrolidone

Lol 2% AANAME Algslgd o ZHE 2
Arst e,
° o /T
K*o‘—'d—c:-ig—c.»:z—:—n\ | m

Q [¢]
+a- T
K'O-C—-CH=CH~C-N an
i

AQutF o 2 G4 7 BH carbonyl lactam 3}
€ F571& JHd A lactam o] 2539
F MAAZE 48 YeseR 28 5 25
7} N-carbonate anion 22 =gl A$ N-
acyl type 8} 2&] trans-initiation 3 LA ¥ ¢
A7 Ao B EFEAY] F @A LA
<dl%! 2 mechanism ol WA & oFF FA43
A QA e

Benson # Cairns!* & phthalic anhydride 2}
caprolactam & kA # (), ADYEH vk
3} N-o-carboxybenzoyl caprolactam (‘III)% 34
Wb 2 udgch

g -

COOH

Prochazka'® &= 742wt e 2 N, N'-phthaloyl
~bis-~caprolactam(IV) & T4 Wtz S T3 o,

SeveS

av)

Van der Want'é = o|«] 345 3}$EE 4
g4 Frsdeyog FAY A} e-phthal
imido-caproic acid(V)g & #<l3kdr},

O:Q(n—tcaznscooa v)

(o]

7d% Taub, Leipold 2} Hino'’ & phthalic
anhydride 2} caprolactam 9] ¥]-&& w}q 7HH A
A& F3 van der Want ol &3l Algks]
Z2(V)7F &84 #ejleo N-o-carhoxy-
benzoyl-caprolactam (III) 2} bis-amide (V)& 4
A=A G FAFAH.

Succinic anhydride ¢} 2-pyrrolidone & #-&
Yoo wgAAA 2 T2F AT At 4
succinimido-z-butanoic acid(VI)7} A= 49 &
< 4 F ANF (Fig. 1),

l\/"“c"'zlg.—com i

%

Succinic anhydride & pyrrolidone K-salt &
—30~—25°C acetone oA WLAA 3-(N-
carbonylpyrrolidone) -propanoic acid ¢ K-salt
(D& FA 3=t

Maleic anhydride & AF83t9 3-(N-carbon-
ylpyrrolidone)-propenoic acid 8] K-salt(ID%
T4 s,

Lactam 8| 2o &F3e dgel F5olvt 2
£9 Fagol vt gty EAlstdl wgE FA
AFl e AANAE 71ge e st o o3
t} 218

Yumoto, Ogata'® = NaCNQ, NaOH, Na,SO;,
HCOONa, KOH, K,CO;7l¢ul KOH, NaOH
7} F30 A A 7 wkEde] vtz Bt
%,

AZ7AR «#HRA AAHEE acyl com-
pound®?, lactones®#%, amide®, s-thiolac-
tones?, CO,M, SO, CS;'2, cryptate® F-of glut,

Wittner, Gerren®® & 2-pyrrolidone £9¢] 2%
Fo) HH =7 51°C Y& Wil
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£ dFe e KOH & &) 2 2¢&0), D
E AAAR AL A 2-pyrrolidone Fol&&
gL AA 9 FHAL viscosity F 374 ¥l
g ot

2. WEx=z WYY

2.1 AEAME W FX

AYAE R FA = B 4o,

22 4 ¥

2.2.1 MAIH|I2] &AM

3- (N-Carbonylpyrrolidone)-propanocic Acid
K-Salt 2] g, 60g¢ 2-pyrrolidonee] 0.1
mole 8| potassium hydroxide (6.6g)% 7% *
Zdste] & 443 AA 477 S8 147
< b s

0-1mole ¢ succinic anhydride(10g)-2 ace-
tone 750 cc o) HQ X o] T E 2-pyrrolidone
potassium-salt (10 wt. %) & 43} Z2=47) & %3
o] A3 "Hojmzie}

427 dryice EZFHLZ YELEE -5

~—30°C 2 FAAFEAAN 6~8A7 UgAHA
A AAEL AP ¥ acetone &2 5~6 A
Hete] 2189 5% AZEE A% (¢#

90%).

8- (N-Carbonylpyrrolidone)-propeneic Acid
K-Salt 2] $4, 0.1mole ® maleic anhydride
(10g)-& benzene 1000cc o] =< 3 10wt. %2
2-pyrrolidone potassium salt & ¥} Zws &
T8 A3 "o =}

d¢F3goz WFLEEF 5~6°CE FA4
71T A 6~8 A7 wEAAN PYFE A#d
F acetone, ethanol, acetone £ 2 AA ko
1989 =58 JAEE A (TF 87%).

4-Sucecinimido-n-butanoic Acid 8} 4, 2-
Pyrrolidone(42. 5§ g) 3} succinic anhydride(50¢)
B 160~170°C el A 18~24hrs WA NF 7}
4 Z23 )L ethanol 7} benzeno .2 A A A A
7| 7489 5% AAE] LAY (5F
80%).

2.2.2 St A MYy

FH R E4 e Anve Fe yyer
PR o},

3 #Hat W W
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Fig.1. IR Spectrum of 4-sucoinimido-n-butanoic acid.
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7 N-acylpyrrolidone & 4 sisict, o= 4
(VI e Fukgo] doirty Aol #EH
g} (Fig. 1),

2-Pyrrolidone K-salt 9} succinic anhydride &

HgANE 3 B ol deldeh.

w+ 0,
/ 2 ;
St O oo
[¢) . o]

{vi}

+ [ NHCH)sCO00TKT  tvim

(VID3 (VIID¢ #R7]gHad EH 9
# 44 TEHE 4 Jed JFEAE oLy
proton 2 ¥ €% F& 4 ek

Benzene %ol A 5~6°Col 4 2 ARE A%
(VID)o] 90% (VII)o] 10% A= & vielxkon,
258 9o uteg} (VIIDY ¥ gol F7H85
. Acetone Fo] | —25~—30°C o)A yk¥A
71| (VIDe] 99% A= A4HR

Maleic anhydride 5 Al£8 7 $= v]x% 2
b Ve

K+
=5 NC o o
= o W
C/LO)%O + \j — K'O'C‘CH=CH-|C-V
N

(X} 4

+ [ NeHpzcookt  (x)

ol B2 & ethanol & A¥FE (X)o] A
Aoz 44 £498 + IRk

(A A 2] 84021)
(1) 2-pyrrolidone

a NH d
b c
NMR (Neat) Fig.2: (unit: 8)
3 2.2 ltiplet)

b 2.2
¢. 3.4 (triplet)

d. 7.7 {singlet)
IR (solution, KBr)%: (unit: cm™)
1680: amide C=0 stretching
(2) Succinic anhydride
NMR (solvent: CDCl;)6: (unit:d} 3. O(singlet)
IR (unit:cm=t)2® 1790 ¢ 1860 anhydride C=0
stretching
(3) Maleic anhydride
NMR (solvent:CDCls)2: (unit:5) 7. 1(singlot)
IR (unitiem1)? 1780 ¢ 1850 anhydride
C=0 streiching
(4) 3-(N-Carbonylpyrrolidone)-propanoic acid
9] K-salt

Q
0 0 N
_ | e
K"—O—C—CH=CH—!C—N/\\'.
@ b \_d

NMR (solvent:D;0) Fig.3: (unit:d)
a. 3.1 (iriplet)
b. 2.5 (triplet)
¢. 3.9 (triplet)
d. 2.1 (multiplet)
e. 2.75 (triplet)

IR (KBr pollet) Fig.4: (unit: cm™)
2060 ¢ 2900: C-H Stretching
1730 ¢ 1700: imides C=0O stretching
1570 ¢ 1410: carboxylate unsym.

¢ sym. stretching

anion

(5) 3-{N-Carbonylpyrrolidone)-propenoic acid

&} K-8alt
}\ e

oo | _
Kto—C —CHp—CHo— C—N
a

b N\
c
NMR (solvent: D,Q) Fig.5: (unit: &)
a. 6.75 (doublet)
b. 6.35 {doublet)
J(CH=CH)=12Hz {(cis)

¢. 3.9 (triplet)

d. 2.1 {multiplet)
e. 2.75 (triplet)
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Lactam $1 3¢ (H 6 )

IR (KBr pellet) Fig.6: (unit: 3)
2000~3000: C-H stretching
1690~-1710: imide 2] C=0 stretching
1580~1430: carboxylate anion unsym.

& sym. streching
(6) 4-sucoinimido-n-butanoic acid

N—CHg =~ CHz —CHz—COOH
c d e f

K-8alt ] NMR (solvent:D;0) Fig.7:(unit:é)
a,b 2.45 (singlet)
c. 8.1 (triplet)
d. 1.78 (multiplet)
e. 2,2 (triplet)
IR (KBr pellet): (unit:em™?)
2000~3400: acid 2] O-H stretching
1760 £ 1730: imide & C=O stretching
1660: acid &) C=0O stretching
&e] 7 EH FAE g Zo] AHg
At
(1) 3~(N-Carbonylpyrrolidone)-propanocic A-
cid K-Salt: NMR 2] ¢ amide 2] N-H proton
9] peak 7} gloJ A = 2-pyrrolidone ring &) NZF

159
7} down fielde|l 4 vehd Aoz ol Neoj
carbonyl groupe] AP A& & F Ak

Anhydride o] F methylene proton 2] peak 7}
singlet 2 el Q71 F9 triplet 2
vdehvte ez Bel gl 83 & 4 Ak,

IR 9] A-¢ anhydride 2} amide &} C=O stre-
tching©] glo) A = imide 8] C=0 stretching 3}
carboxylate anion & unsym. & sym. C=0 stre-
tching o] et}

(2) 3-(N-Carbonylpyrrolidone)-propenoic A-
cid K-Salt: Maleic anhydride &) vinylic proton
2| pesk 7} singlet @1t} o} 7] &= AB interaction
o &8 59 doublet = ehile Aoz B
of A Aol & A ¢ + U+t

(3) 4~Succinimido-n-butanoic Acid: Anhydri
de 2] ¥ methylene proton 2] peak 7} singlet
2 e Aoz dol o] dA dkSS
44 1z 2-pyrrolidone 9 methylene proton 9
chemical shift 7} (1)9] A% ¥} up field o) 4]
vehd Hez det A Rol HA-EE ¢ 4 At

= imide carbonyl stretching band 7} ring
strain o] 93 (DY A2}t 0em™ AL 7
el #otzich

3.2 2-Pyrrolidone 2] S0l =8t

3} C=0 % methylene proton 2] chemical shift

2~Pyrrolidone o] g KOH 4 #EE 2mole

r— T

1

b.
87
o
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1 ! " |

I
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H
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f

e
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Fig.2. NMR spectrum of 2-pyrrolidone (neat).
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Fig.3. NMR spectrum of 3-(N-carbonylpyrrolidone)-propanoicacid potassium-Salt (solvent D;0).
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Fig. 4. IR spectrum of 3-(N-carbonylpyrrolidore)-propanoic acid potassium-salt.

%2 3 AMAAY € 1.5 1.0, 0.5mole® 9 wgITFE AARA, 4FAA, BAIAZ
2 HIAAL 9 50°Co A uAZ 7g ihro] A ogst 2
2859 A= E A5, o} Z#&-2 nucleophilic reactionol7| Wi Fdj
3.2.1 SEtE7|+¢ Zvj] & 2-pyrrolidone 3} potassium hydroxide ¥
3-(N-Carbonylpyrrolidone) ~propanoic acid ¢} w244 £& A A% 2-pyrrolidone potassium-
K-salt & 7] 2] #) 2%t 2-pyrrolidone Lo} 2% salt o] o},
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T 1
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Fig.5. NMR spectrum of 3-(N-carbonylpyrrolidone)-propenoic acid potassium-salt (solventD;0).
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Fig.6. IR spectrum of 3~(N-carbonylpyrrolidone)-propenoic acid potassium-salt.

ZEIHAITHA, Lactamate 2] N° & AAY =7} © g % ﬁi;:o
A £ imide ring carbonyl carbon & FH 314 7| KO- CHg-CHz =4~ r -
2E¢ D€ AL 9 K o8 n
S YA U N GIAE B Fx \L_‘L/i et

o K
B #2239 amidert Hz Foiql lactamate (fK+°;@_( wz)z_g_N%Hz;s_S_,;j + /L ¥°
anion o] A4 ()R},
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Fig.7. NMR spectrum of 4-succinimido-n-butanoic acid potassium-salt.
SEOYFE. AdE 2 oA imide 9
o
ring carbonyl carbon €& FA3%o AVEFFE —°

(3 AFAAG, 282 ()Y dgez Fo07)

A% At oot 2 wh-go] AF
A m¥A2) nylon 47+ A=

4HE- of

+o*c {CHz)z- é M(CHgaa-& N\/ go_..
? 9 K o ‘
K+O“G—{CH2)2 ¢- NH—tcuglz,é-we:Ha)z, \,-g\/, (3)

K
&g Rogh
= KO~ CHz)2 ~ -!\H—(C"lzig,la-c N

SRNRICH. 3% k&) protic solvent
£, G4, ¢4EE)E It Sl g F438
Aoz FF wso] AA (B,

Q

9 e Q /)ﬁ
-—[NPHCHg)s—C—}-n—N—(CHZB—C—N\ PR
; 0 b

{M(CHz)s-E;~NH(CH2)3~g—N}\‘ i o ()

(4)

HY —»

322 Btz

KOH 2 F#5% 2.0mole% 2 =A%}z A4
A9 FxE AMARE A FHAZ} g2
€ %3FEE =2 AAE Fig8 Fig.9%

o
2 f —
< a0} ———
£ O
4 T
: |l
Ao © 15 mole %
20 510
® 05
1 3. Il 1
z 4
Time{hrs) 8

Fig. 8. Percent conversion of 2-pyrrolidone {(Initiator:
3-(N-carbonylpyrrolidono) ~propanoic  acid potassium-
salt, KOH 2.0mole%].

2,

3-(N-Carbonylpyrrolidone) -propenoic acid &
ARAE Argste] ZL 2AdA vt A
& AAAY FE7F L.Omole% RS = S} F
& conversion & AT}t (Fig.9)

3-(N-carbonylpyrrolidone)—propanoic acid K-
salt & AR 2 AHg-3ted 50°C A4 2-pyrroli-
done & % A7 A7} induction period & A 9
% ¢ = 27 $ESEENAAY Fx
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Lactam 2} 4 (4 6 1)
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Time (krs)

Fiz.9. Percent conversion of 2-pyrrolidone (Initiator:
3-(N-carbonyprrolidone) -propenoic acid potassium-salt,
KOH 2.0 molefy].

:i.". ‘_ % . :
3 08
-l
= i
9
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04k 010 ' |
®i5 l
‘ 3 A 3 5
Time (hrs)

Fig.10. Inherent viscosity of nylon 4 {Initiator: 3-
(N-carbonylpyrzolidone) ~propanocic acid potassium-sal,
KOH 2.0 mole%).

]2l kg = (Fig. 8).

323 3 =

3-(N-Carbonylpyrrolidone) ~propanoic acid K
salt & AAAZ gkl FHA7A nPA 9
inherent viscosity & 23 ¢ A e Fig. 103
Bt ZVAH T AAAL o) A glo] u
sttg oy AAAY $ET & A A7)
Azt gol et TR A= doAE 4
= 2R YUk

3-(N-Carbonylpyrrolidone) -propenoic acid &
Yol. 24, No.2, 1980
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////_’;::"’/’Q ‘
20 / } ‘
.___—_______,._—————‘.
2 15f
v
=
2
é 1or 4 0,5 mole%
°10
o.5r ®is
) z 5 ﬁ"‘
Time {hrs)
Fig.11. Inherent viscosity of nylon 4 [(Initiator: 3-
(N-Carbonylpyrrolidone) ~propenoic acid potassium-salt,

KOH 2. 0mole%).

AAAZ A S de FEEolA 3ot
Az MAA L X7 1. Omole¥dw A x7) 7
A 23} (Fig.11).

3.2.4 7HAIHIC] Ul

3~(N-Carbonylpyrrolidone) —-propenoic acid K
-salt A A &) A 3-(N-carbonylpyrrolidone) -
propanoic acid¢ K-salt 4 A4 o}t we£z7)
ahgko} (Fig. 12). = o] & vhg-sh 7o) 2| ¢
T At

3-(N-Carbonylpyrrolidone)-propenoic acid K
-salt9] A%, 2l pyrrolidone K-salt o &}4
A (6)o] 3-(N-carbonylpyrrolidone)-pro-
panoic acid K-sait7} Zd}¢l pyrrolidone K-
Salt o) 9j& AL (DEh FA ol 23
S—N—"% ti S A8 AzdRAer AZsm
2 445 E 3-(N-carbonylpyrrolidone)~pro-
penoic acid K-salt 7} w2},

. 2

( 0 X ?
K‘*o-€~cn=c&4-€—§-tcnznré-r{ﬁ;
N

E ? 4 o fa
K*O{-tﬁg{l-lg-é—%—ccuglyé-t -.ij

3-(N-Carbonylpyrrolidone) -propenoic acid K
-salt A A}l 3-(N-carbonylpyrrolidone)~
propanoic acid K-salt | A A)2] 3% acyl-
type HAAE R4 E polyamide o] Az 6.9.13

{s)

(T
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(~1.0d/g) Bv} Sk} (Fig.13).
3-(N-Carbonylpyrrolidone)~propenoic acid K
-salt A A A2 #$4E nylondd ZFF AES
WA Eed 2 o] HE ©]F A jo] conjugation
(8)5] ¢} floxuz F%y wde] amide carbonyl
carbon & ¢t 3t A# transinitiation & ¥k=) 3}

7 Wgolehz AL,

FhaiE - RET - B2

0 ¢ L
(=

(8)

3.2.5 HelM AHEH

Nylon4 ¢} nylon6 9] A4 2¥ed & 915
~1010cm™! &] WA Fol§t Ae)E Rolzm
9ltt. Nylon4 @ 7 $- 945cm=! o] 4] absorption

0 band 7} Vet 1ot nylon 6 22 W4
® 201 a
. o
o
€ B 5F
z | 3
b3 | p- ®
£ = ./
8 ! 3 1OF ./”
O 3-INrCarbsny'symralidone-propencic £ /a/
acid : ¢ © 3{N-Carborylpyrrolidone}-propenoic
® 3-(N-Carbonylpyrrolidone-propanoic | O acid
ccid ) @ 3-(N-Carbony!pyrrolidone)-propcnoic
. . . ) acid
¢ Ti:le (hrs) 6 & Z ) ) &
Time(rrs}
Fig.12. Percent conversion of 2-pyrrolidone (Initia- Fig.13. Inherent viscosity of nylond (Initiator: 1.0
tor: 1.0mole %, KOH Zmole%). mole%, KOH 2mole%).
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Fig.14. IR spectrum of nylon 4.
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A o}%-il absorption band & & ¢ i
(Fig.14). ©]722 ¢ nylon4 o} A & five membered
ring ¢] polymer &] & 25irld] 2 deol Q)
7 W-Eof] A7 band 2tz A2}E iz nylon 6
o] A% % band = ¥ & g, A @
=}7]) 7} seven~membered ring 0] 7] = Eof A
Aukg Ao A A Sto] Joiitr] = Eolztam
A7,

4 @A B

A EF carbonyl lactam 7§ A) A & 4] Efod 2-
pyrrolidone 20 £.& %9 A AA 2 ALl F
FAH o F3H e B4} percent conversion
of "t zAsE,

Succinic anhydride £} 2-pyrrolidone potassium
-salt & acotone Fol| 4 —25~—30°Cell A u}
LA A A 3-(N-carbonylpyrrolidone) -propanoic
acid K-salt & ¥4 3},

Maleic anhydride & 2-pyrrolidone K-salt &
benzene &0 A 5~6°C ol A w2 A A4 3-(N-
carbonylpyrrolidone) -propenoic acid K-salt &
TR, oA E MAAE A E3tz KOHE
Zd| 2 3ted 50°Coll A 2-pyrrolidene So] &%
#e Az

Z]2] ¥2E 2mole% 2 2AAA D AAR
% 1.5 1.0, 0.5mole%2 WHARE = 1.0
mole% el X F& ZAHEF Aqlct

3-(N-Carbonylpyrrolidone)-propanocic acid K
-salt/KOH catalysis o} 2|8] 4% nylon 4 &
2HAEE dF 1.2di/ge)Hx, 3-(N-carbon-
ylpyrrolidone)-propenoic  acid K-salt/KOH
catalysisof 2|8 343 nylon 49 z$A=
+ W #F 2.3dl/goldr},

o} g & Aol FEA Lo amide carb-
onyl carbon o] o] &7 §2] conjugation o] 2]
ot7 8} =] ol transinitiation & & ¢ 7] &
ol gt 4zl

o] A A EL N-acyl type HAAE et u
40l Tz F¥AY HEx EUH, oA
k7] carboxylate anion 9] electronic effect o

gl Fase gl EIA Lo
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H ol Ao}

lactam 8] Fo] 2F YL Lol
carboxylate anion & salt 7} glemE wl&A
# Az & Ao ¥olinitiator 7} N-acyl
typer} salt 8] A 9rt 6 Fo8et: Ae o

% Q9ie,

Cyclic
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