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TABLE I

Model Reaction of Active Esters with Amines
in NMP at Room Temperhture

Benzoic acid Reaction Product?®)
ester of ' Amine time yield, %
1-Hydroxybenvotriazole Aniline 20 min II 99
Enydroxysuccinimide Boneylamine 90 min I 95v
N-Hydroxysuccinimide Aniline ‘ 2 hr .~b)
E—Hydroxypipefidine Benzylamine 72 hr I 82
N-Hydroxypiveridine Aniline 72 hr © o)
2,4—Dinitro§henol ' Benzylamine 24 hr I 82
2,4-Dinitronhéﬁol Beunzylamine 5 minc)'}A_I 88
2,4~Dinitrophenol Aniline 2 hr TIX S5
2,4-Dinitrophenol " Aniline 30 min®) II 94

a) I: N-Benzylbenzamidc, and II: Dbvenzanilide.:

b) The unreacted ester was recovered almost quantitatively.

¢) Triethylamine was added to the reaction mixture_as'a proton
acceptor. o S E |
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Polycondensation of Active Diesters with Dismines2)

Conditions Polymer
v - [«
Diester Diamine Solvent Timn‘ Time, vield, 7, b) Appaérani
C day %

ABBT  HMDA  HmPA 20 2 96 0.40 " g
"o HMDA HMPA 60 1 97 ;_ o,safii ”:G"
" MXDA P 20 1 96 = 0.51 g
" MDA DMAg 20 1 9o.fff 0.43 P

o MDA NMP 0 1 99'f»[‘0.77 : Y o
"o MDA  HuPA 20 2 99 .. 0.95 s
’ 0DA DAe 20 oz 99 o488 b
z oDA NP 6 2 ' 93 . 95,92 g
" ODA HIAPA 20 1 99 a7 g

IBBT HVDA  Nwp 20 1. . 98"  0.74 P
" MXDA HMPA 20 2 g9 " g8 S
" MDA DMAc 0 . '-_-'99  ' 0.40
" MDA 'NMP ‘ 20 .0 f‘499‘1f4 0.44 5.

" MDA NMP 60 1 g9 " 6,90 S
" WDA  mMea 20z g . 0.68 s
" MDA LHSO 60 .4 1 99 . 0,35 e
" MDA Pyridine 20 'j; S 99 .17 . H
" MDA Ebhyl acetate 20 F} S 94 o.10 H
" MDA Chloroform  -20 ' 2 g5 414 H
" MDA n-Cresol 20 2 92 0.10 H

~continued..
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—continued-
IBBT ° ODA . LMac 22 1 ; 99-7t,31.11:-];'>sl
- ODA NifP 27 1 99ffff11.83ljﬁﬁi23‘;
K ODA NP + Hp0%) 27 1 ‘99I;f“'1.1o'f;§j s .
" ODA HMPA 20 1 | 99Tﬁf;~o.9o;‘ s
" ODA LSO 29 1 99 T 0.53 s
w ' ODA  Acetone 20 2. 98 ' 0.14 CH
" ODA THF 20 2 99-}}} 0.17'.{.~'H .
“ . ODA  m-Cresol 20 T2 95:% 0.10 v
DDPI MXDA HMPA 20. i;z - ' 97,;3f Q.2olv‘;x:s
DDPI  MXDA  HMPA +3A®) 20 Y1 997 0.2 s
DDPI DA HMPA 20 1 99]';i-o.40‘if  s
DDPI  ODA  DMPA 20 .1 97 . 0.53 - s
DDPI ODA HMPA + Tua®) 20 1 99 . 0.51 s

a) Polymerization was carried out with 2.5 mmold of the
reactants at the concentration of 20 wi-~% in the solvent.

b) Measured @t a concentration of O. 5. g/dl in concentrated
sulfuric acid at 30°¢C. ‘

¢) Apnearance of the polymerization mixture'-s' homogeneous
solutlon, H: heterogeneous slurry, P: polymer pre01b1uatlon,'
and (G: aprarent gelation. - o '

d) To the reaction mixture was added 5 mmole of water.

e) To the mixture was added 5 mmole of urlethylamlne (;EA)
as & proton acceptor. B R

. st
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Fig.l.
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Polycondensation of Active Diesters with ODA in HMPA

(A) reaction of ABBT; (B) reaction

at room temperature:

of IBBT; (C) reaction of DDPI.
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k2 IBBPpeyT::oaBHALREIEIT kg
| polycondensation @) polymer

- __Diamine  Solvent Cat Time(day) Yield() 2inhb)
. =(CHp)g NMp — 1 95 0.69
| ’e HMPA  — 1 99 022
" HMPA — 3 99 016
-©)ro<0~ nMP — 99 012

Z NMP TEA 2 99 0.29

sulturic acid at 30C.

a) polycondensation was carried out with 2mmol ot

reactants in 5ml ot the solvent.

~ b)Measured at a concentration of 05.g/d! in concentrated
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TABLE I

Model Reaction of Active Thiolestefs with Amines&)

Product
Reaction

Thiolester  Amine time Typeb) Yield, %
BTB Benzylamine 10 min I 93

BTB Aniline 10 min 11 94
NPTB Benzylamine 10 min I 83
NPTB Aniline 10 min 11 o)
NPTB Aniline 5 hr o II 28
NPTB Aniline 12 hr | II 73
NPTB Aniline 18 hr 11 84

a) Reaction was carried out with 2.5 mmole of the reactants
in 5 ml of NMP at room temperature.
b) I: Efbenzylbenéamide; II: Dbenzanilide.
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TABLE IT

' . . . o s e a
pPolycondensation of Active Di-thiolesters with Diamineés )

Conditions Polymer

i-thiol- Diamine Solvent  Temp, Time, Yield, "y, b) Appear-
ester . °c day % ance

DBB HMDA DMAc 20 90 - 0.67

1 P

DBB HNDA NMP 20 1 95 0.55 6
DEB HNDA "HMPA 20 1 96 0.69 5
HIDA DMSO 20 1 95 0.42 p
ADBB MXDA NMP 20 1 99 0.52 P
DBB IXDA HMPA 20 1 99 0.42 5
DBB MDA NMP 20 1 99 0.98 S
DB3 ODA NIMP 20 1 ;99 1.20 G
3 . ODA NuP+Ho08) 20 1 99 1.34 o
DB3 ODA . HMPA 20 1 99 0.74 5
IDBB HMDA DMF 20 2 99 0.40 P
IDBB HMDA NP 20 2 95 0.45 P
IDB3 HNDA HMPA 20 2 99 0.35 5
IDBR HMDA HMPA 60 1 95  0.54 3
IDBR HMDA DMSO 20 2 97 0.35 p
1DER MATA NMP 20 2 96 0.26 P
IDBB MDA NM 20 2 97 0.46 P
8B MDA HMPA 20 2 99 0.69 s
1083 0DA DNF 20 2 99 0.49 s
IDB3 0DA NMP 20 2 98 0.81 5
IDEB 0DA NP 60 1 97 0.59 3

~continued-
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TABLE II

~continued-

ODA HMPA 20 0 99 0.61 S
ODA © PMSO: 20 2 g8 0.57 S
HMDA NMP 20 1 96 0.94 P
ODA EMPA 20 o 97  0.54 P

Polymerization was carried out with 2.5 mmole of the
reactants at the concentration of 20'wt~% in the solvent.
Measured at a concentration of 0.5 g/dl in conceatrated
sulfuric acid at 30°C.

Appearance of the polymerization mixture: G, apparent
gelation; P, polymer precipitation; S,.homogeneous solution.
To the reaction mixture was added 5 mmole of water.
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Table 1. Reaction of O-benzoyloximes with amines
Reaction conditiona> Procuct

zoyl-

me Amine Solvent Temp. Tire Type Yield

‘ (°c)  (ar) (%)
Benzylamine NMP 29 20 I 80
Benzylamine THF 20 23 I 37
Bunzylamine Ethanol 20 28 I 80
Aniline N 80 72 iI 76
Benzylamine NMP & 24 I 34
Benzylamine THE 20 32 I G3
3enzylamine ithanol 20- 7 I 35
Aniline NVP 30 96 ) -
Benzylamine NMP 20 23 I S4
Benzylamine THF 20 31 I 93
Benzylamine Bthanol 20 6 I 95
Aniline NMP 80 96 b) -

~0of the solvent.

.

The O-benzoyloxime was recovered.
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Fzg.i. Polycondensation of isophthaloylbisoximes with HMDA

at voom tewpevature : A, veaction of IPBP in DMSO;

B, reaction of IPBA in NMP,



“'S“”'

reactants in 5 ml of the solvent.

The monomer was recovered,

Table 2. Polycondensation of C,0'-isophthaloylbis—
oximes with diamines
Polycondensation®) Polymer
Monomer  Diamine  Solvent  Temp. Time Yield ’?inhb)
(°c)  (day) (%)

IPBA HMDA =~ NMP 20 3 99  0.13
IPBA HMDA DMSsO 20 3 96 0.16
IPBA HMDA HMPA 20 43 95 0.08
IPBA HEDA m-Cresol 20 3 92 0.11
IPBA MXDA D¥so 20 3 92 0.12
IPBA MXDA HMPA 20 3 98 0.09
IPBA 0ODA DMSO 80 3 91 0.14
IPBA ODA HMPA 80 3 95  0.14
IPBP 'HMDA AP 20 4 99  0.33
IPBP HMDA DNMSO 20, 4 99 0.506
IPBP HIVDA HVPA 20 4 | 99 0.14
IPBP HMDA m-Cresol 20 4 93 0.16
IPBP MXDA DMSO 20 4 91 0.25
IPBP MXDA HiPA . 20 4 92 0.28
IPBP o19): DMSO 30 4 c) -
IP3P CDA - m-Cresol 80 4 c) -
2)

Polycondensation was carried out with 2.5 mmol of the

Measured at a concentration of 0.5 g/dl in concentrated
sulfuric ecid at 30°C.
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TABLE I

-'sS'!"(—

Model Reaction of N-Benzoyl-2-benzothiazolone with Amines®)

, Reaction conditions Product
Amine Solvent Time Type Yield, %
Benzylamine THF 30 min I 90
Benzylamine NMP 30 min I 9S4
Aniline - THF 30 min II 5
Aniline THF 3 hr II 46
Aniline THF 17 hr IT 79
Aniline THF 24 hr II g1
Aniline NMP 24 hr II 87

a) Reaction was carried out with 2.5 mmole of the
reactants in 5 ml of the solvent at room temperature.
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TABLE IT el

Polycondensation of Active Bisamides with Diaminesd)

Polymerization conditions Polymer ‘
Appear-
Diamine Solvent Temp., Time, Yield, '?inhb) ‘ancec)
°C day %
HMDA HMPA 20 1 99 0.63 P
HMDA HMPA 80 1 95 1.50 G |
 MXDA HMPA 20 1 99 0.61 P
MDA HMPA 20 2 99 0.77 S
ODA DMAc - 20 2 92 0.27 P
ODA NMP 20 2 98 0.20 P
0DA HMPA - 20 2 99 1.01 3
HMDA DMAc 20 1 go 0.07 P
HMDA NMP 20 1 96 1.25 P
HMDA HMPA 20 1 85 1.59 S
HMDA  DMSO 20 1 94 1.34 G
MXDA  NMP 20 1 91 1.08 s
MDA HMPA 20 2 99 0.87 S
0DA NMP 20 2 99 0.68 S
ODA NNMP 80 2 99 0.94 S
0DA HMPA 20 2 99 1.13 S

.Polymerization was carried out with 2.5 mmole of the reactants
at the concentration of 20 wt~% in the solvent.

. Measured at a concentration of 0.5 g/d1 in concentrated
sulfuric acid at 30°C.

Appearance of the polymerization mixture: G, apparent
gelation; P, polymer precipitaiion; S, homogeneous solution.
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Reaction
Lactone Solvent Temn,°C Time, dmys FProduct vield, %
P3 Dioxane 80 4 I _ 03
P3 NMP 50 4 I 63
P3 Methanol 65 4 I 54
PB sthanol 80 4 I 33
P3 m-Cresol 30 4 I 52
033 mthanol 80 6 II =9
0BB" m-Cresol 80 6 1T 33
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Polymerization of Bislactoae with Diamines

J - - a)
Polvmerizeticn®/ Solymer
S . . Q M2 - 7 . \’._}>
Diamine  Solvent Tern,C  Time, <ays Vinh
HIDA Methanol o5 20 5,33
HMDA Iithanol 80 e D.27
HMDA Diethylene glycol 30 20 3. 31
MZDA Methanol 65 20 0,49
NXDA Ethenol 39 20 DL
M XDA Benzyl alcohol 82 20 5.11
MADA Diethylene glyccl 30 20 DLLE
a) TPolymerization wes corried out with 2.5 mmole oL Tae mONOILT
in % ml of the solvent.
b) Measured at a concentration of 0.5 2/81 in Nemethyl-7~

pyrrolidone at 30°¢.
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Model Rescetion of Butenolide vitk
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Rezction

Solvent Tewn. , °C Time, hr yield, o
i

Tetruhydrofuran 20 2 84
Dioxane 2D 2 G4
Anisole 20 24 S4
Methanol 20 24 49
Ethanol 20 , 24 70
Benzyl alcohol 20 24 63
m-Cresol 20 24 75
Nitrobenrene 20 24 g3
Pyridine 20 24 73
DMF 20 24 e
NMP 2 24 e
a) A mixture of undefined products and a small wnount. of

amide I was obtained.
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TABLE I

Reaction of Butenolides with Benzylaminea)

Reaction conditions Product

; Butenolide' Solvent Temp, Lime, Type = Yield,

3 °c day %
BPB m-Cresol 20 4 I 99
BPB n-Cresol 80 1 I 99
BPB m-Cresol 160 1 IT 99
BPB Ethanol 80 1 I 68°)
BPB Dioxane 80 1 I 840)
BPB Benzene 80 1 T 70b)
BPB Nitrobenzene 80 1 I 70b)
BPB NIMP 80 1 I 29b)
BPB Pyridine 80 1 I 24b)
DMB m-Cresol 80 1 11T 99
DB m-Cresol 160 1 IV 98
DeB m-Cresol 160 1 v 89

a) Reaction was carried out with 5 mmole of the reactants
in 10 ml of the solvent, with the exception of the
reaction with bisbutenclides (2.5 mmole).

b) The crude product conteined some impurity, and the yield
given is that after purification. '
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TABLE II

-\.(?2~

Polymerization of 2,2'-Disubstituted-bis(3-buten-4~olides)

with Diamines®)

; ‘ Conditions Polymer

. Bisbuten- Diamine Temp, Time,b) tructure Yield, Pipp¢)

~ olide e day %
DMB HMDA 20 7 VIac 99 0.76

- DMB HMDA 80 1 | VIac+VIIac -~ 0.24

 Dum HNDA 80 2 VIac+VIlac - 0.41
DB HMDA 80  1+1(H3803) VIIac 99 ~4)
DIS HI/DA 160 1 VITac 99 -4)
DVMB MXDA 20 7 VIad 96  0.36
DMB MXDA 80 1 VIad+VIIad -  0.28
DMB MXDA 80 2 VIad+VIIad -~ 0.43
DB MXDA. 80  1+1(EC1) VITad 99  0.30
DMB MXDA 80  1+1(H3B03) VII2d 96  0.35
DB MXDA 80  1+1(CH3CO0H) VITad 99 0.33
MB MXDA 160 1 VITad 99  0.58
DPB HMDA 160 1 VIIbe 99 -4)
DPB MXDA 160 1 VIIbd 99  0.47
a) Polymerization was carried out with 2.5 mmole of the

b)

c)
a)

monomers in 5 ml of m-cresol.

A 5-mg portion of the catalyst given in parentheses was

added.

Measured at a concentration of 0.5 g/dl in m-cresol at 30°C.

Insoluble in m-cresol.
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TABLe IV
Solubility of Polymersa)

p—

3 Polymer

5501vent VIac VIad VITac VIIad VIIbce VIIbd
}95% Sulfuric acid + ++ - + - -
fﬁfMethyl-E—pyrrolidone ++ ++ + + + +
;Dimethylformamide ++ ++ + + + +
%Q¢Cresol ‘ + ++ & + + +
;Nitrobenzene' + + £ - + +
?86% Formic acid + £ - - - -
;Dioxane - + + + - +

jMethyl ethyl ketone - - - - - -
{Ethanol - - - - - -

a) Solubility: (++) soluble at room temperature; (+)
soluble on heating; (+) partially soluble or swollen;
(-) insoluble.
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TABLE III

Elemental Analyses of Polymers

Calculated

Found
Polymer C,% H,% N,% c,% H,% N, %
VIac 76.38 6.41 5.24 T76.37 6.84 5,68
VIad 77.96 5.45 5.05 78.02 5.75 5,40
ViIac 81.90 6.06 5.62 81.71 6.13 5.94
VIIad 83.38 5.05 5,40 82.96 46 5.90
VIIve 81.90 6.06 5.62 81.99 &.30 5.60
VIIbd 83.38 5.05 5.40 83.63 5.06 W32
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Reaction of Dibenzylidenebenzodifurandiones

TABLE T

-..l!o"

with Benzylarmine

Reaction condition@d)

: Product
Bislactone Temp., °C Time, hr yield, %
MDBD 20 24 I 99
" 80 5 I 96
PDBD 20 24 I1 86
" 80 5

II 95

a) Reaction was carried out wit

in 10 ml of NMP.

h 2.5 mmoleof thezreactants

i
i
|
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TABLE IT

Polymerization of Dibenzylidenebenzodifurandiones with Diamines

Polymerization®) Polyamide

Bislactone Diamine Solvent Temp., Time, Yield, ,?inhb)

oc day %o
MDBD HMDA NMP 20 1 99 0.52
n " mMP 20 7 99  0.60
" noo NMP 80 0.2 99 0.56
" " DMAc 20 7 99 0.55
" " HMPA 20 7 79 0.13
R " DMSO 20 7 99 1.05
" " Cresol 80 0.2 97 0.28
MIBD MXDA NMP 20 1 99 0.31
" L DMSO 20 7 94 0.35
PDBD HMDA NMP 80 2 99 0.63
" "o DMAc 80 5 99 0.45
M n HMPA 100 2 97 0.18
" " . DHSO 100 2 99 0.79
w | " Cresol 100 2 99 0.39
PDBD MXDA NMP 80 1 99 0.32
" " DMSO 100 1 92 0.32

a) Polymerization was carried out with 2.5 mnole of the
reactants in 5 ml of the solvent.
b) Measured at a concentration of 0.5 g/dl in NMP at 30°C.



TABLE IIX

— k-

Thermal Trcatment of Polyamides and Decomposition Temperature
of Polybenzodipyrrolediones

Before tfeatment

After treatment®)

Decomposition
temperature of

PA Minnd) PBP 73000 ppd), °¢
PA—6MD 0.55 PBP- 6D 0.40 400
PA-6PD 0.79 PBP-6PD 0.92 405
PA-MXMD 0.31 PBP-NMXMD  0.28 430
PA-NMXPD 0.32 PBP-MXPD  0.30C) 430

&) Thermal treatment was carried out at 240“C for % hr

under nitrogen.

b) Measured at a concentration of 0.5 /31 in NWP at 30°C.

c) Measured in concenirated sulfuric acid.

d) A 10% weight loss temperature observed by TGA under
nitrogen.
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TABLE I

Polymerization of Bisisomaleimides with Diamines®)

Monomer
Reaction
Bisisoimide Diamine time (hr) Polyumide ,?inhb>
BI HMDA 1¢) . EUB 0.70
" MXDA 24 MX3 0.54
" MDA 72 MDB 0.51
" ODA 72 0D3 0.56
HBI MDA 3¢) MDHB 0.43
X 0DA oc) OLH3 0.61
0BI MDA 3¢) MLCB. 0.26
w QDA ¢, CLO 0.25

a) Polymerization was carried out at room temperature with
5 mmole or 2.5 mmole of the monomers at & monomer
concentration of 20 wt% in NNP.

v) Measured at a concentration of 0.5 g/dl in NMP at 30°¢C.

¢) Some gelation of the solution occurred during the poly-
merization. '
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Solubility of Polyamides

TAB!

- 133~

Polymer solubility®)

Solvent
MXB MDB ODHB OLCB

95% Sulfuric acid ++ " t it
Dimethylsulfoxide. ++ +o +F +
Dimethylacetamide ++ + + +
m-Cresol + ++ o+ +
86% Formic acid ++ + + +
Tetrahydrofuran - - + + Y
Acetone - - + -
Ethanol - - + -

a) ++, Soluble at room terverature; +, soluble on heating;

+, partially soluble or swelling; -,

insoluble,
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TABLE T0

Polymerization of Bisphthalisoimides with Diamines

Monomers Polymerizationa)
Bisisoimide Diamine Solvent Time, Polysmide PinnP)
day

HBP HMDA NMP 1¢)  memEp 9.03
L MXDA NMP 1¢) MXHP 0.17
" ODA we  19) . cowp 0.19

.OBP HMDA . NMP 1 HMOP 0.26
" HMDA HMPA 1 HMOP 0.21
n MXDA NMP 1 MEOP . 0.15
L MDA NMP 3 MDCP 0.03
wo MDA HMPA 3 DOP 0.15
" MDA DNT 3 MDOP 0.03

a) Polymerization was carried out at room temperature with
2.5 mmole of the monomers a2t & monomer concentration of
20 wt% in a solvent.

b) Measured at a concentration of 0.5 g/dl in NMP at 30°C.

¢) Precipitation of the polymer occurred during the poly-
merization.
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TaBLE II

Solubility of Polyphthalamides®)

Polymer
Solveﬁt HMHP MXHP HMOP MXOP MLoP
(=0DHP)
95% Sulfuric acid o+ ++ o " 4
Dimethylsulfoxide ++ ++ ++ ++ ++
Dimethylacetamide ++ ++ ' ++ ++ ++
m-Cresol ' 4 " ++ ++ ++ .++
86% Formic acid ++ ++ . + +
Pyridine + ++ ++ : ++ ++
Dioxane ' + + + + i -
Ethénol + + + + -
Tetrahydrofuran ﬁ - + - - -

Acetone ’ - - - - -

a) Solubility: (++) soluble at room temperature, (+)

soluble on heating, (+) partially soluble or swelling,
(-) insoluble.
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TABLE TIXI

phermal Behavior Data of Polyphthalamides

Polymer—melt&> Decompositionb)
Polymer temperature, °C temperature,  C
HMHP 120-129 : 160
MXHP | 135-149 | 200
HMOP (=ODHP) 178-187 270
MXOP 168~172 280
MDOP 220-225 ' 310

a) Determined by hot-stage microscope.
b) A 10% weight loss temperature observed by TGA under
nitrogen. ‘
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Model Reaction qf Azlactones with Amines

TABLE I

~ (50~

Reaction condition

100

Azlactone Amine - Adduct
(R™) Solvent - Temp. Time Yield
(°c) (hr) (%)
BMO ~CH~D) | THF 25 1 86
" 0w o NMP 25 1 93
. BPO ~n—C4Hg + CHC14 - 25 1 90
" n NMP 25 1 99
BMO = 0) THF 25 72 83
" " NMP 25 72 76
BP0 e NP 25 72 53
K n NMP 24 84
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TABLE IX

Polymerization of Bisazlactones with Diamines®)

Monomers Reaction condition Polyamide

Azlactone Diamine Solvent MNonomer Temp. Time Yield %jn,P)

cone. (%) (°C) (hr) (%)

PBMO HIMDA IMAc 20 25 24 95 - 0.31

" HMDA - NMP 20 25 24 86  0.36

" MXDA NMP 20 25 24 - 99 0.32

" MDA NP 20 25 120 91  0.17

no . ODA DMAc 20 o5 120 88  0.23

" ODA NMP 20 25 120 95  0.22

" ODA NP 20 60 24 97 0.37
PBPO = MXDA NMP 20 25 0.2¢) g5 -

" MXDA NMP 10 25. . 0.4°) 98 -

" MXDA = NMP 5 25 .24 99 0.41¢)

"  MXDA w208 25 24 99 0.51¢)
X MDA NP 20 100 24 99 0.37

" ODA NMP 20 . 100 24 99  0.42

e) Polymerization was carried out with 2.5 mmol of the monomers.
b) Meesured at & concentration of 0.5 g/dl in NMP at 30°C,

¢) Gelation of the solution occurred during the polymerization. -
d) Lithium chloride (0.69 g) was added to the rezction mixture.

e) Measured in m-cresol at 30°C,
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Solubility of the Polyamides®)

TABLE IIX

— 5T

Polymer

PBMO PBMO PBMO PBMO PBPO PBPO PBPO

~HMDA -MXDA -MDA ~-0DA ~-MXDA -MDA -0DA
, Sulfuric acid +4 o+ +4+ T4+ + - ++
@thylformamide ++ ++ | ++ ++ i R e+
lethyl-2-pyrrolidone  + + +4+ 4+ =" 4 ++
resol o+ ++ ++ + + + +
iFormic acid ++ ++ ++ ++ - - -
rahydrofuran - - - - - - -

a) Solubility (++) soluble at room temperature; (+) soluble by
heating; (+) pertially soluble or swelling; (-) insoluble..
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Fig. 3. DTA and TGA curves of the polymers under nitrogen:

(A) the polysmide from PBMO and HMDA;
(B) the polyamide from PBMO and ODA.
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PABLE I

Remction of 3-Chloro-3-Phenylphthalide (I) with
n-Butylamine-

Solvents Acid acceptors iii:?i;? Yield (%)
Chloroform  None 1 T4
Chloroform Triethylamine 1 68
NMP None ' 1 43
NMP Triethylamine 1 89
" NMP Triethylamine 2 97
Pyridine  None 1 75
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PABLE II

Preparation and Properties of Polyamides from Pseudo

Dibenzoylphthalayl Chlorides (IV)'andﬂDiamines

: o : Decompositionb3
Chlorides Diamines Polyamides ninha) temperature (°C)
' ' in Air in N2

BI¢ .  EDA oBT . 0.21 350 385
o  'HMDA  6BT © 0.53 310 385
! NKDA  MXBT . 0.57 360 370

 BIC ~ EDA . 2BI’ 0.22 320 360
" HMDA 6BI 0.23 300 375
n MXDA MXBI 0.61 375 390

. TIC EDA 2T - 0.29 265 410
" . HMDA 67T 0.42 340 370
o mmamm 0.23 360 415

g) Mesured at a concéntration of 0.5 g/dl in NNMP at 30°C.

b) 10% Weight loss temperature observed by TGA.

¢) The abbreviétion'2,6 and MX, respectivély; indicated
ethylenediamine; hexamethylenediamine (HMDA) and
m-xylylenediamine(MXDA) and BT,BI and T1, respeciively,
BTC, BIC and TIC. o
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Solubility of Polyamides®)

TABLE

III

-/ 1=

Polymer Solubiiity

Solvents 2BT BT MXBT MBI 61T
95% Sulufuric‘acid' 4 ++ ++ e o
Dimethylacetamide  ++ ++ o ;+ 4
Dimethylsulfoxide  + + ++ o+ o
Tetrahydrofuran ++ + ++ ++ +
m-Cresol ++ + + ++ ++
86% Formic acid 4 - + - -
Chlorofornm s - + - -
bAcetone + - - - -
Ethénol - - - - -

a) ++, Soluble at room temperatuvre;

+, soluble on heating;

+, partially sdluble or éwelling; ~, insoluble.

14—
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TABIE I

Model Reaction of 2,3-Benzoxazin-l-ones with Amines

Benzoxazinone Amine

Condition

. Adduct
Solvent Temp,°C Time, day Yield, %

97

A

PBO n-Butylamine NMP 20 1
PBO Benzylemine  NMP 20 1 98
PBO Benzylamine  Ethanol  2Q 1 98
PBO Benzylemine  THF }20 1 99
PBO Aniline NMP 20 5 o2)
PBO Aniline NMP 80 1 02)
MBO Benzylamine  NMP 20 4 0a)
MBO Benzylemine  NMP 80 1 oe)
a) The unreacted benzoxazinone was recovered in high yield.
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TABLE II

Polymerization of Benzobis(l,2]oxazinediones with
Aliphatic Diamines

Polymerizationa) Polymer

Benzobis-
olymer oxazinedione Diamine Solvent Temp., Time, Yield, Pinn®’
‘ °c day %
ITT MBBO . HMDA NVP 20 3 99 0.38
III MBBO - HMDA NMP SQ 2 99 Q.12
ITI MBBO " HMDA DMF 20 3 98 0.23
III MBBO CHMDA  DMAc 20 3 98 0.26
III _ MBBO HMDA DMSO 20 3 59 0.19
Iv MBBO MXDA NMP 20 3 99 0.21
PBBO HMDA ~ NMP ~ 20 2¢) 99 0.17
v PBBO HMDA NMP 80 2 99 0.12
v PBBO HIDA DMAc 80 2 97  0.12
\'f PBBO HMDA DMSO | 80 2 93 0.23
VI 'PBBO MXDA NMP 20 3 99 0.12
a) Polymerization was carried out with 5 mmole of the monomers &t
a reactant concentration of 20 wit% in the solvent.
b) Measured at a concentration of 0.5 g/dl in NMP at 30°C.

c)

Apparent gelétion of the solution- occurred during the poly-
merization.
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TABLE IIT

Thermal Behavior Data of Oxime-containing Polyamides

Decompositicon temperature, °¢

Polymer-softing

Polymer temperaturea), °c DTAD) | | 7GAC)
ITT 165 | 245 215
Iv | 170 240 230
v 170 245" 235
VI 185 250 235

a) An endothermic peak temperature determined by DTA in air.
b) An éxothermic peak temperature by DTA.

¢) A 5% weight loss temperature observed by TGA under nitrogen.
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