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&9} ! Dusocyanate®} diamine®.2 H& Z3¥ polyureaE * 3 polyparabanic acidE 43}
E o] AEgirt. 2duke 0 Z NN -dimethylurea®t N,N’ -diphenylurea& pyridine&x)
8}oll oxalyl dichloride®} ¥F2-A1A Z+zF NN’ -dimethylparabanic acid2} N,N’ -diphenylpar-
abanic acidg §432 IR,'H-NMR, Mass 20 ERT} Yr¥ 07 728 #151%c). Hexa-
methylene diisocyanate (HDI)$} aliphatic ®E= aromatic diamine2 DMF Zoj|A] A2 812-A)
A TF3t 729 polyureaE FAJE}Rich. olul §49% polyureaE F4= (k) dichloroethaneg
ojo A H2)dL &2 oxalyl dichloride$} ¥H-A|# polyparabanic acidE FA45Ac}. IR A
HEYoA polyurea®) 3300 cri’ (NH)$} 1650 cni? (C=0)9) F4h7} 9% Alg}x| 1 par-
abanic acid®] 54 F4th7} 1730 cm! ¢} 1780 eni! oA UElU= R 0.2 Ho} polyparabanic
aicd7} 4 BAES &l & 4 U2dth. Polyparabanic acid= diamined] 730l wle} EAA %
7} 0.15~0.48 dL./goli o™ TGA EAAE= 10% 04 £57) 370~458C AlojoA|
=it

Abstract : Synthetic routes and properties of polyparabanic acid were studied. As model
compounds, N,N" -dimethylparabanic acid and N, N’ -diphenylparabanic acid were prepared
by the reaction of N, N" -dimethyl urea and N, N’ -diphenyl urea, respectively, with oxalyl di-
chloride in the presence of pyridine as a catalyst. The N-substituted parabanic acids were
characterized by IR, 'H-NMR, Mass spectroscopy and elemental analysis. Various polyureas
were synthesized via polyaddition reaction of 1,6-hexamethylene diisocyanate with aliphatic
or aromatic diamines in DMF solution. Then, the polyureas were treated with oxalyl dichlo-
ride to yield polyparabanic acids. Formation of polyparabanic acid was confirmed by the ap-
pearance of IR absorption at 1730 cm™* and 1780 cm™! which were assignable to the carbonyl
stretching peaks of 5-membered ring in polyearabanic acid. Inherent viscosities of the ob-
tained polyparabanic acids were in the range of 0.15~0.48 dL./g and the TGA data revealed
10% weight losses at 370~458°C whereas those of polyureas were in the range of 0.29~0.
71 dL/g and 235~ 301 C respectively.

Keywords : polyparabanic acid, polyurea, thermal resistance.
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Polyparabanic Acid®] @47 240 B3k J7

A &

3709] carbonyl groupd} 27§2] AAQAZ o)

£0]x = parabanic acid ringg 7}X|& poly-

parabanic acid= 2] polymero] H7MA 2 A&
5] 2 polymer matrix7} A4S 24 skAY
FE£EH IR AV)HAPE Y A=
. 53] A9 9 EE polymero] H7IAZ A
£ = euls 200Col4e 2xME FAA
A71HAR R 8 €Y S A4 AR

AxtAQl polymerdAd] Ao et Zo] polyp-

arabanic acid®] Z L= D) eI =
FEHel wet HEF $X9) BHol aAAEE
oEl® 245E WHAA THFR polymer A
g 7hgsa ek~

Polyparabanic acid®] AW Hol= 24 4714
7} e, dEAZ P Ay FHshe s
1) parabanic acid®} formaldehydeE AH &-&
BAA LEAE e W 2) WA parabanic
acid®} formaldehyde & HIEA|AA =S T
| N-hydroxymethylparabanic acid == N,N’ -
dihydroxymethylparabanic acidg &4 2Z|3E
F &3t polyparabanic acidg $gste ol
Utk v ol d APFE TS GFAWY
parabanic acid ring®] €A /W& polymerd
el 2 727t YA HEe Al Uth

Diisocyanate 2 78 @Adte= B oA HA
3) diisocyanate®} HCNE ¥FZ-A]# cyanoamide
£ ¥43F thA] B2 diisocyanate?} ¥HE-A)7| 11
Ateo 2 x2]8te] polyparabanic acidE FHAds=
Z 024 isocyanateZ} ¥Hg-AJo] I7| w o) Bl
gol Wol WAahs BE0] wuso) SIohd

O W did B ddE 29 B
Aol ekt AHE B Y AER
diisocyanate®} diamineg ¥F-A]H urea group
€ Z':= linear polymer®ej o] polyuread FAJ3H
Z o] polyurea®} oxalyl dichlorideE WH-A]H
polymer¢d 4o parabanic acid ring& ¥4 A7)
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Polyurea®] & thefgt #2} +2& e
rabanic acid®] A7} 7tEsithe AE
BHH polyurea®d] Ex}7Zo| wlg} oxalyl dichlo-
ride9t2] ¥hgAdo] JFFE WA ot mepa B
=& parabanic acid ring?] ¥4 %
HEg-Ajoll gl polyureatlle] aliphatic group®
aromatic group?] AL FAlE7) 95l =Y
HHe& AlE gt ZEdkSo] AMES ER=EE
N,N" -dimethylurea®} N,N’ -diphenylureag& 41
Asled oxalyl dichloride®} ®F2-A]# parabanic
acid®d FEAE st FY F2EAE Y3}
At

o)L ¥ eE 7223l diamine? TRE
W3l AFIHA] 7F9] polyuread @AEHL o]
polyurea?} oxalyl dichlorideE ¥F&-A)# polypa-
rabanic acidg& ¥4 stgoen Fxo wa Eg

5 43¢ zAsg
4 ¥

Ajek, muukgo)] A}83F N,N’ -dimethylurea(A]
oF 13, 98%, b.p. 268-270C, m.p. 105-1087C,
Merck#] &)} N,N’ -diphenylurea(A]2F 13, 98
%, bp. 262°C, mp. 239-241°C, Aldrich®=)
 AA AF T AT

Polyurea §4JA] A}£3 hexamethylene dii-
socyanate (HDI) &= 30 cm vigreux distillation co-
lumng ARgste] 7Sk stellAl FRIRL 1,2-
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diaminoethane(A1eF 1&, 99%, b.p. 118C, Al
drich®]£), 1,3-diaminopropane(A]¢t 13, 99
%, b.p. 140°C, Janssen#|&), 1,2-diaminopro-
pane(Al2F 14, 99%, b.p. 119-129C, Aldrich
A= ), 1,6-diaminohexane(A]eF 17, 99%,
Junsei®| &), 4,4’ -methylenedianilide(A]2¥ 13,
99%, m.p. 89-91°C, Aldrich#| =), 1,4-diamin-
97%, FlukaAl&), 1,3-
diaminobenzene(A|2F 13, 98%, Fluka#|Z)%
& AA g AT

Polyparabanic acid@dA] AFE3F oxalyl di-
chloride( A2t 13, 98%, b.p. 62-63°C, Fluka
AE) = A SR AR A, &ol dichlor-
oethane® N,N’ -dimethylformamide= CaH,&
ALES] 2% & FFSt] ARESITh

2Uyhg.

N,N’ -dimethylparabanic Acid 84 : 50 mL
two-neck round flask®] N,N’-dimethylurea
930 mg(11 mmol)S 3} =3 dichloroetha-
ne 25 mL& #H7IPE drying tube’} £&=E re-
flux condenser& 3% 3}gth. Flaskdl] &uj=z
g 5¥E HAEE VIREE wkeldA] oxalyl
dichioride 1 mL(12 mmol)& &H7}s}3 50T oil-
batholl 4] 6417 30& Bt WHEAIAT. ¥Hgo] &
Y& 74QtslolA] dichloroethane& A AsIe A4
ES 1.39g(FE 89%)LA L WL E AFA 3
Aok IR(KBr) 2950, 1780, 1730, 1480, 1390,
1270, 1180 cm™! TH-MNR(CDCly) 43.3(s, 6H)
Anal.Cald. for CsH¢N,O; : C(42.26), H(4.25), N
(19.71). Found : C(42.61), N(19.63). MS(m/e)
142(M*)

N,N’ -diphenylparabanic Acid ¥4 : Dry-
ing tubeZ X213 reflux condenser’} FX¥
50 mL two-neck round flaskel] N,N’ -diphenyl-
urea 478 mg(5.3 mmol) & Y% T (4&EK) di-
chloroethane 25 mL& 7} sttt 22 ARE
3 32l & 588 A 7138k oxalyl dichloride 0.8
mL(9.0 mmol) & A7}3+E 60°C oil-bath djA} 6

obenzene(A|2F 13,
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A9

AlE HREAIZTH WSS ST o H3le] o] Bt
rea§ s & 793tel A dich-
loroethane & AAsle] YAHE 1.23 g(5& 88%)
= 43t oluf doiF A AHES wELR
ANZEA sttt

IR(KBr) 3050, 1785, 1735, 1490, 1210cm™!
H-NMR(CDCl,) 87.7(s,10H) Anal Cald, for C
1sH1oN,0, ¢ C(67.73), N(10.53). Found : C
(67.99), H(3.73), N(10.66) MS(m/e) 266(M*)

Polyurea 4. Polyurea:= hexamethylene
diisocyanate (HDI)2} o}efe} & 7289 di-

amined ¥HEA1A HFBIATHS

o =
% u

. 1,2-diaminoethane

! 1,3-diaminopropane

: 1,2-diaminopropane

: 1,6-diaminohexane

: 4,4" -diaminophenylmethane

. 1,4-diaminobenzene

S5 s < 2 B B

: 1,3-diaminobenzene

Table 1. Reaction Mole Ratio and EA Results of

Polyureas from HDI and Diamine

Polyurea  Diamine Yield EA%

Sample No. No. g{mmol) g(%) C H N
PU-T 1 15'0) 433096) (s @l angy
PUTL I 18QDA%E) G o1 i
PU-II I 17*(20) 479(98) (gizgg) (gj’é) (géﬁ‘é)
PU-N N 254(21) 545(%6) ég:‘fg) (gzgg) dg:gg)
PU-V v s s ot T
PU-W VI 2.47(23) 545(98) (ggzig) (;:gg) (;gzgg)
PUAL W 22100 54608) @40 75 (0

HDI : 3.2 mL{20mmol} is used 1o react with diamine.

*: mL instedad of g *( ) : calculated value.
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Polyparabanic Acid9] 433 E4o) B3 97

Table 2. Inherent Viscosity and Decomposition
Temperature of Polyurea

Decomposition

Sample No. 7an(dl/g) Temp.(‘C)*
PU-1 0.71° 251
PU-1I 0.39° 268
PU-II 0.47¢ 245
PU-IV - 325
PU-V 0.37¢ 296
PU-VI 0.29¢ 265
PU-VI 0.58¢ 301

*: m-Cresol, * . Sulfuric acid, ©: 2% LiCl DMF.
* : Temperature of 10wt% loss.
34 AL to7 2o

a2¥7] (mechanical stirrer) ¢} dropping fun-
nele] A% 500 mL three-neck round flask
o] DMF 80 mL.& % i hexamethylene diisocy-
anate 3.2mL(20 mmol) & 7}3t5 k. DMF 20
mLol] diamine(Table 1)& =% dropping
funnel & Apgste] 2 myshH A ALo)A 208
o dej A7} st Diamined7b7F Bd%  2-
6417 ALeolA mske] WS BT 4% n-
propylamine 489 250 mL-& & 7}ste] poly-
urea 2 FAAAIZ}. o] polymerE o3} ar 400
mLZFFTE 30 A fasE= 71 AFs)
Arh. AFOIA 2447 AZBE PUE VE
ThAl 6A17HEE O] AERAIRTH
Polyparabanic Acid $4. Drying tube’} %
2] % reflux condenser& 50 mlL two-neck ro-
und flaskel] Fxstar &) AP A T3 pol-
yureaE ¥ 1 T4 dichloroethane 25 mL& 7}
st} SAAIRTH Zojz 2] NPWYL S
JuRsPH A oxalyl dichloride 0.4~0.5mLE A
7} 3l (Table 2). 718 &83%F 60C oil-
bath of4] 6~8A]7t ¥H-&AIZTH REgo] Euu
WS ES AR W Al E dRgS AHrtele
3+ polyparabanic acid& A ARG, A
¥ polymer§ S#H3t1 HBHEE AHTFT 42,
FAgAA Az ARG

#F2io A199 A2F 19954 34

5484,

'H-NMR 2®Eq :TMS7} IR Qe
CDCl;ol A8 & £3)3to] Varian EA-360
(60MHz) 'H-NMR spectrometer& Al&3sle] 2
A ek,

Mass 2®EY ! Mass ABEZH FRrEMO S
himadzu A} ¥ Q-2000 mass spectrometer&
AHg8te] Asqitt.

IR 29E¥ ! A|§&= KBr pellett§o g ZH|s}
o] Perkin ElmerA} 1430 Ratic Recording In-
frared spectrophotometer & o] &8l 122 &
4 &3et.

¥2¥4 : Perkin ElmerA} model 240C Ele-
mental Analyzer& o] 83} C, H, Nej] i3+ ¢
AR Yt

AdEH I FEAY EHYA S Yolrr] st
DupontAle] General V4.1CEd 2100 DSC (Di-
fferential scanning calorimeter)9} Fd 2100
TGA (Thermogravimetric Analyzer)& A3}
of @EAE A% Sk DSC ZFAME 10T/
min, TGA Z4& 20 C/ming 7IEdEEE §
3tHA DSCe o 400°C7H®|, TGAE: Ax
800C7HA &4 Hirh.

43X : Solubility test plateol] A% (2F1-2 mg)
9 AREE 1 4204 8ulE droppingdle] &
AEE 2 stglon] Aedld EXgE AlE:
oFZt 7VE st ZARSIATE olwf ALEE Brje F
43} 034 B 97

A SEAY 22 FAEE 0CE fAH=
g2z &ojr] oz 2% LiCI DMF, DMSO,
sulfuric acid, dichloroethaneg& A}&3sle] 0.5 g/
dLe} FEadA &4 sk, ol HxAle Can
non-Fenske & & A& 3%}

z

=

A7 g 33

E9ul2 2 Polyurea®) ¥4d. Polyparabanic
acid9] 72X F¥H = polyureasd) FHEH
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Fig. 1. IR Spectra of N,” -dimethylurea and N,N’ -
dimethyl parabanic acid.
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Fig. 2. NMR Spectra of N, -dimethylurea and N,
N’ -dimethyl parabanic acid.
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Fig. 3. Mass Spectra of N,” -dimethylurea and N,N’

-dimethyl parabanic acid.

7} "84 2 parabanic acid ring9] ¥4& &<l
317] 91804 model reactiong A= 3Th. IR
spectrumol| A= Fig. 194 B Hl9F Zo] NN
-dimethylurea ©] -NH stretching ¥ =<1 3340
em! Fulel 1650 cm™'9) carbonyl E4tH7)
ulexg s -NHESW7} ARl 5-membered
ring]e] symmetric 2 asymmetric stretching
peakel 1780 cm iz} 1730cm™ E4TN7F ZsHA

150

2220

Fig. 2= N,N’ -dimethylparabanic acide} 'H-
NMR ~# Eglo|t}, methyl protong] 3127} para-
banic acid®] Q3o 2 3.3 ppmoiA] singleto ® 1}
ERgt}. Fig. 39 Mass spectrumolAi= m/e=
142004 B2 13E 55 AU 0|4 ~¥E
Ho] Aot Y4 AFAANE v|Fo] ureaR
Bg] parabanic acid ring3 A& 1% 4 Jic).

Polyurea &= aromatic ¥} alipaticAl&] t}3h
diamine€ Z%7} AlH FAAFIH. Table. 19
polyurea®} F3 AFZFRE Jehigic. dAE
REE diaminedH & & &S doy Ui
B4 Ade g4 5ol 43 gto] olEgrn
ek 1~2% %A YeEPdoZA g7 g9 7}
A€ AARsEaL 3ot Polyurea®] 294 472
Be= -NH 2 C=0 FsuUes Zz 3300¢%
1640 cm™tojl Al Q1% 4= U3dTh.

Table 204 &= polyurea?] inherent
viscosity®} G €8] =& YR BFS di-
amined] polyurea59] A9 Aoz 2L
21g @ A=E RE /4358 w0 g8
2xdME 238 o ¥ @S EYSEA
aromaticAle] ¢ THE AE T+ UM

Polyparabanic Acid9] ¥ 43. Diiso-
cyanate2+= hexamethylene diisocyanate (HDI)
£ Ag3la th3t diamineo 2 %% polyur-
eaES-& oxalyl dichloride®} WHg-3le] H| w3 &
+&&2 PPAZ 84=th. Table. 30l= 8%
Az 948 ZARE Jehict. HDIgE 1,6-
diaminohexane & WH&A|AH A% PU-IVE 18
A} AE7H] FAZT o To|Qto} Hhg-gule] &
S E7F o} ¥gtoem oxalyl dichloride®} ¥HgA]
A d& PPA-NVE £3lE7} o}F Wit RE
PPAS] IR A EH| A= model ¥HEolAet 2
o] polyurea®] -NH, -C=0 F<U7} AR
Al = Fti7E 1775-1780 ecm™1e} 1730
-1735 cm™lelA] PPAS} carbonyl peaks® WE}
Wt (Fig. 4). €3l A A= HFE2 poly-
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Polyparabanic Acide} @43 40 B3 I7

Table 3. Reaction Mole Ratio and EA Results of Polyparabanic Acid from Polyurea and Oxalyl Dichloride

PPA No. Polyurea Oxalyl Dichloride Yield EA(%)
Sample No. mg(mmol) mL(mmol) mg(%) C H N

PPA-1 PU-1 614(2.7) 0.4(4.7) 746(80) 49.65(50.00)* 4.82(4.79)  16.72(16.66)
PPA-1I PU-1II 605(2.5) 0.4(4.7) 710(81) 50.12(51.42)  5.23(5.14)  14.81(16.00)
PPA-II PU-1II 654(2.7) 0.5(5.9) 700(74) 49.28(51.42)  5.15(5.14)  14.54(16.00)
PPA-V PU-V 738(2.6) 0.4(4.7) 856(84) 54.08(55.10)  6.15(6.12)  13.73(14.28)
PPA-V PU-vV 968(2.6) 0.5(5.9) 936(75) 60.90(63.22)  4.94(4.67)  11.55(11.80)
PPA-VI PU-1 698(2.5) 0.4(4.7) 844(88) 55.31(56.25)  4.54(4.17)  14.33(14.19)
PPA-VI PU-VI 772(2.8) 0.5(5.9) 370(90) 51.74(56.25)  4.63(4.17)  12.51(14.58)

Reaction Temperature : 60°C.
*( ) calculated value.

Table 4. Inherent Viscosity and Decomposition
Temperature of PPA

Sample No. 7mn(dl/g)* Decomposition
Temp.(C)**
PPA-1 0.48¢ 412
PPA-II 0.15¢ 432
PPA-1II 0.25¢ 438
PPA-NV 0.272 458
PPA-V 0.29° 401
PPA-VI 0.24¢ 370
PPA-VI 0.40° 412
*: Sulfuric acid.  *: 2% Licl DMF.

¢ . DMSO. ¢ . Dichloroetheane.
* . measured at 30C.
** . Temperature of 10wt% loss by thermal degree.

parabanic acid= DMSO¢ DMFo| &3] ZHglo
U PPA-IV9] 7%dls H,SO0 T &3 =AUt
A AR £8lE = polyurea®th F& H o]glo
U BS54 gufddls i 53 43ttt Table 4
o4 PPA Z+Zte] 2AMZ 83 28 &
Al 30ColA FAH EFF=E 0.15~0.
48 dL/gH 919] 3t& BAISIYTE. Table 4 32} &
28l 2= Fig. 5ol Yepd PPAC] digt TGA
thermogram-& #4gACE Y7 PPAE £
g7F 360 CAAFE ARE] F& 2E2HH Wl
N A ool Ax ULL L 4 Atk
Aliphatic diamine& AM&3lod 34§ PPA-1 ~
Ve TGA ~HEZHE ¥H A3} diamined) +
4 dagrt FUMgdumE 2 2EE FHES

Eolof A199 A25 19954 34

Reaction Solvent : Dichloroethane.

)

-{ kn&oﬁlﬁ!, |.-un!un-|cn,i,«]»
n

TRANSMITTANCE (%

WAVENUMBER (CM )
Fig. 4. IR spectra of (HDI+1,3-diaminopropane)
PU and PPA.

—Low Weight(%) High—

L

o 200 <00 o (L1

Temperature( C)

Fig. 5. TGA thermograms of polyparabanic acids.

& 4= glo}. whAdl aromatic diamine¥ A oll&
gBag7t Balekd A 4TS viAR REiu

A ¢ % ot
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&3 Table 404 ¥ polyparabanic acid®] 10
% FBFL 2 &E & 370~450°C Z polyuread) 10
% EF7A LE 240~301°C Bt} 105~193C
=7 VEel} parabanic acid ring9] &4l 23]

Gl A F718e & 5 o

YVkA © Z aromatic groupo] ExhHel] =z
3hd FerAAol &7l doy polyparabanic
acid9] 9ol 238 B0l * AlHE=

BEE UE AT
4 &

Urea unit®] Y243} urea® FE] polypara-
banic acid®] ¥4& &7 sl zEHtes-&
AlEsltt. 2duk-golA= NN’ -dipheny! urea
2} N, N’ -~dimethyl ureaZ oxalyl dichloride®}
Hwre-A)1#A z+zr N,N’ -dimethyl parabanic acid$}
N,N’ -diphenyl parabanic acidE &Ast T+
g I s

ol9lge TWurge] AnE EUE hexameth-
ylene diisocyanate?} oj2] 2F<] diamined yt

S A1#H polyureag I3 311 ©] polyureas}

152

oxalyl dichloride ¥F-&-A)# polyparabanic acid
& Y ot 4% FEAQ E¥HEE
polyurea7} 0.29-0.71dL/g ©]%l i1 polyparaba-
nic acid7} 0.15-0.48 dL/ge|ith. 10% =874
7} doji}= 25 = polyurea Y73-$ 235-301°C
o]¢l 31 polyparabanic acid7} 370-458CEA4] 5-
membered ringT?%EE 7}X 1 ¢l parabanic
acide] E¢rg FHE IRIT & + UM
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