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this shift is -0.7 kcal for Ia and -2.0 kcal for Ib. 
These shifts were reduced to  0.0 for poly(viny1benzo- 
phenone) and -0.7 for I b  when the spectra were 
recorded from iheir films, where all of the spectra are 
about 1-2 kcal lower than in organic glasses. 

Quantum yields for the sensitized photoisomerization 
of cis- and trans-stilbene were measured in degassed 
benzene solutions using light of 366-nm wavelength. 
The results for the monomeric models have been re- 
ported elsewhere.b The results for the polymeric 
sensitizers are reported in Table 111 along with a sum- 
mary of the monomer values. These results show that 
the polymers poly(viny1benzophenone) and poly(p- 
naphthoylstyrene) sensitize the isomerization of stilbene 
with the same eficiency as d o  the corresponding models. 
However, poly(wnaphthoy1styrene) is less efficient than 
are its corresponding models in the case of the trans -+ 

cis process. Furthermore, the inefficiency for the a- 
naphthoyl polymer is related to  the chain length of the 
polymer. Thus, when polystyrene of molecular weight 
4700 was treated with a-naphthoyl chloride, the result- 
ant  polymer had a & of 0.45 + 0.01 while the polymer 
prepared by naphthoylation of a polystyrene with 
molecular weight 900 had +t of 0.49 * 0.01. 

The inefficiency of the a-naphthoylated polymers in 

sensitizing the trans -+ cis isomerization of stilbene 
could be explained on  the basis of the steric require- 
ments of the a-naphthoyl group. Such steric require- 
ments could force the polymer into a configuration 
which would bury the internal chromophores and make 
them inaccessible to  acceptor molecules. However, 
& is normal for poly(a-naphthoylstyrene) and this 
implies that all of the excitation energy in this polymer 
is available for sensitization. Thus, it appears that 
the inefficiency in pt must be due to  a n  induced ineffi- 
ciency in the use of the excitation energy by the sensi- 
tized molecule of trans-stilbene. We believe this is the 
result of the positive volume of activation noted by 
Fischer4 for the trans -+ cis process. Accordingly we 
envision the excited trans-stilbene molecules to  be 
confined for a time in a polymeric cage which restricts 
their rotation. Thus, some of the excited stilbene 
molecules would decay to  the ground state before pro- 
ceeding to the twisted triplet, which is responsible for 
isomerization. The fact that & i s  not lower for poly(a- 
naphthoylstyrene) may be explained by the lack of a 
volume of activation for the cis + trans process. I t  is 
believed that this explanation is more than just a local 
visocisty effect since the /3-naphthoyl polymer would 
also be expected to  show such an  effect. 

Aminimides. VIII.’” Synthesis and Homo- and Copolymerization 
Studies of 1 , l  , 1-Trimethylacrylylhydrazinium Chloride and 
1 , 1 , 1 -Trimethylmethacrylylhydrazinium Chlorideib 

B. M. Culbertson* and R.  E. Freis 

Research Center, Ashland Chemical Companj,, Minneapolis, Minnesota 55420. 
Receiced June I O ,  1970 

ABSTRACT: The monomers l,l,l-trimethylacrylylhydrazinium chloride (11) and l,l,l-trim:thylmethacrylyl- 
hydrazinium chloride (111) were synthesized and shown to readily homo- and copolymerize with a variety of other 
vinyl monomers to produce copolymers containing pendent quaternary residues (-CONHNR3-X-). The re- 
sultant polymers were treated with base to provide “reactive polymers” with pendent aminimide groups (CON-- 
N-R3). Since molecules with aminimide residues suffer a carbon-nitrogen migration reaction on heating, the 
aforesaid aminhide polymers were thermolyzed both in solution and the solid phase to provide unique, “reactive 
polymers” with pendent secondary or tertiary isocyanate groups. The reactivity ratios of each monomer (M,) 
with styrene (MY) were determined: monomer 11, r, = 0.46, r? = 0.58; monomer 111, rl = 0.23, r2 = 0.51. 
The Alfrey-Price Q and e values were also calculated: Q = 0.69, e = 0.34 and Q = 0.61, e = 0.66, respectively. 

tudies in several laboratories have shown that both S aliphatic and aromatic compounds with ammo- 
nium acylimine residues of the type -CON-NaR3 suffer 
a carbon-nitrogen migration reaction during pyroly- 
sis,”-I yielding tertiary amines and isocyanates. In  a 

* To whom correspondence should be addressed. 
( I )  (a) Presented in part to the Polymer Division at the 2nd 

Columbus, Ohio, June 5, 1970; (b) for paper IV in this series, 
see B. M.  Culbertson and R. c. Slagel, J .  POb’m. .%is, Parr A - 1 ,  
6, 363 (1968). 

prior publication, Ih we described the preparation and 
polymerization properties of trimethylammonium-N- 
methacryloylimine (I, trimethylamine methacrylimide). 
The cited work demonstrated that monomers such as I 

CH3 
I 

CH%=CCON-N+(CH3)3 
I 

are highly useful for preparing a wide variety of reactive 

Central Regional Meeting of the American Chemical Society, 

(2) S. Wawzonek and R. G. Gueldner. J .  Om. Chem.. 30. polymers. 
3031 (1965). 

C h ~ w ,  45, 261 3 (1967). 

The present work was undertaken t o  prepare and t o  

acteristics of 1,1,1 -trimethylacrylylhydrazinium chloride 

(3) M. S. Gibsor and A. W. Murry, J .  Chem. SOC., 880 (1965). 
(4) W. J. McKillip, L .  M .  Cleniens, and R .  Hnugland, Can. J .  study Of the homo- and copolymerization char- 
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(TI) and l,l,l-trimethylmethacrylylhydrazinium chloride 
(111) and to compare the polymerization behavior of 
monomers I1 and I11 with I. 

R 
I 

CH*=CCONHN(CH,),+ C1- 

11, R = H 
111, R CH, 

Since molecules with residues of the type -CONH- 
NR:,+X- may be treated with base t o  obtain compounds 
with the aminimide moiety (-CON-N+R8),2-r i t  is 
readily apparent that  monomers such as  IT and  111 
should also have utility in the preparation of reactive 
polymers with pendent quaternary, aminimide, or iso- 
cyanate groups. 

Experimental Section 

The nmr spectra were obtained on a Varian A-60A 
spectrometer using tetramethylsilane as an internal standard, 
except with deuterium oxide as a solvent where 3-trimethyl- 
silyl-1-propanesulfonic acid was used as a standard. The 
infrared spectra were recorded on a Perkin-Elmer 237B 
grating spectrophotometer. The melting points are uncor- 
rected. Elemental analyses were determined by Huffman 
Laboratories, Jnc., Wheatridge, Colo. Differential thermal 
and thermogravimetric analyses were obtained on the Du 
Pont 900 DTA and 950 TGA units, under nitrogen at a 
heating rate of 5"/min. Gel permeation chromatography 
(gpc) results were obtained on a Waters Model 200 unit 
using tetrahydrofuran solvent at room temperature and 4-ft 
columns of 106, 5 X lo4, 103,250, and 60 A porosity Styragel 
resins. Inherent viscosities (Tinh) were determined at 30" 
using 0.5 g of polymer/100 ml of solvent. The thin layer 
chromatography (tlc) method employed silica gel coated 
plates, methanol solvent, and I* developer. 

The basic ion exchange resin used was prepared from 
Fischer Scientific's Rexyn 201-resin. The resin, as received 
from Fisher, was treated with aqueous potassium hydroxide, 
washed with water until washings were neutral, and washed 
several times with the same solvent used in the ion exchange 
work, i.e., acetone, methanol, tetrahydrofuran, or N,N- 
dimethylformamide. The expression wet acetone, wet 
methanol, etc., means the solvent used contained cn. 5 %  
by weight of water. 

The per cent isocyanate determinations were accomplished 
in the following manner. A polymer sample of known 
weight was treated in solution with an excess of alkylamine. 
After reaction at room temperature for a few minutes, 
during which time the amine reacted with the isocyanate 
moiety, the excess amine was titrated with a standard HCI 
solution, using bromocresol green indicator. Knowing the 
weight of polymer used, equivalents of amine added, and 
equivalents of HCl used, the weight per cent of NCO on 
the polymer birckbone was calculated. 

I. Monomers. l,l,l-Trimethylacrylylhydrazinium Chlo- 
ride (11). Methyl acrylate, 344 g (4.0 mol), was added with 
stirring to a 3-1. round-bottomed flask containing 900 ml of 
deionized water and 240 g (4.0 mol) of unsymmetrical 
dimethylhydrazine. The considerable exotherm was con- 
trolled by reflux condensers. After stirring for 12 hr the 
solution was evaporated to a pale yellow solid which was 
recrystallized from acetone-methanol to give a 437 g (92 %) 
yield of 1,l-dimethylpyrazolinium 3-oxide ( l ) ,  mp 89.5-90.5 
(1it.j mp 90.5-91 "). The carbonyl absorption in the infrared 

( 5 )  N. P. Zapevalova, L. A. Ovsyannikova, and T. A. 
Sokolova, 126. Akud. Nuirk S S S R ,  Srr.  Khim., 12, 220 (1966). 

spectrum at 1585 cm-' was consistent with reported6 absorp- 
tion for cyclic aminimides. The nmr spectrum (DMSO-d) 
showed a singlet at 6.85 ppm, triplets a t  7.39 and 6.20 ppm 
in a ratio of 3 : 1 : 1, respectively, 

Compound 1, 114 g (1.0 mol), was placed in a flask and 
heated iiz cacuo at 250". The material distilled at 120" 
(1.4 mm) and solidified upon cooling to afford a 70 g (62%) 
yield of 1 ,l-dimethyl-2-acrylhydrazine (2), mp 84" (lit,: 
mp 84"). Ir analysis showed absorption bands at 3220, 
1675,1640, and 1555cm-I. 

A 2-1. glass-lined Parr bomb was charged with 650 ml of 
methyl alcohol, 100 g of 2; and cu. 100 ppm of 2,2-diphenyl-l- 
picrylhydrazyl. Methyl chloride was charged until the 
bomb pressure was 55  psi. The bomb was heated overnight 
at 70", cooled, and the volume reduced to ca. 200 ml. The 
product was precipitated with chloroform, washed with ether, 
and dried to obtain a 73 g (52%) yield of 3 (section 11), mp 
194-195" (lit.' mp 195-196'). Ir analysis (mineral oil 
mull) showed absorptions at 3140, 1680, 1630, and 1555 
cm-l. The nmr spectrum (DzO) showed a singlet at 6.22 
ppm and multiplets at 4.01 and 3.60 ppm in a ratio of 9:2:  I ,  
respectively (the nitrogen proton exchanged with D,O). 
l,l,l-Trimethylmethacrylylhydrazinium Chloride (111). To 

a solution of l,l,l-trimethylammonium-N-methacryloylim- 
ine (I) in absolute methyl alcohol was added excess hydrogen 
chloride cia a gas dispersion tube. The solution was stirred 
during the addition of the gas and the temperature main- 
tained below 40' by an ice bath. The solution was reduced 
to nonvolatiles on the flash evaporator, redissolved in chloro- 
form, and precipitated with benzene. Nearly quantitative 
yields of 111 were obtained: mp 139-139.5" (lit.* mp 139- 
139.5"); ir absorption bands at 3130, 1635, 1670, and 1550 
cm-1. 

Comonomers. The monomers styrene and methyl meth- 
acrylate were purified by distillation under nitrogen through 
a 12-in. Vigreux column immediately before use. The 
monomers butyl acrylate and hydroxyethyl acrylate were 
used as received from Rohm and Haas and Dow Chemical. 

11. Solvents and Initiators. All of the solvents used were 
purified according to standard procedures. Azobisiso- 
butyronitrile (AIBN) was purified by recrystallization from 
methyl alcohol. 

111. Polymerization. A. Polymerization of l,l ,l-Tri- 
methylacrSlylhydrazinium Chloride (11). 1. Homopoly- 
merization. A 60-ml serum bottle was charged with 5.0 g 
of 11, 10 ml of anhydrous methanol, and 5.0 mg of AIBN. 
The bottle was flushed with nitrogen, sealed. and placed in a 
shaker bath at 70 =t 1" for 20 hr. The viscous, alcoholic 
solution was poured into 300 ml of vigorously stirred acetone. 
The white precipitate was collected and washed several 
times with acetone to obtain a 3.5 g ( 7 0 z  yield) of polymer. 
After dissolving in methanol, reprecipitating with acetone, 
and drying iii CUCIIO,  the polymer was shown to be free of 
monomer by tlc. The polymer exhibited an inherent vis- 
cosity of 1.56 in methanol. The infrared spectrum (film) 
exhibited the expected strong amide absorption bands at 
3400,1700, and 1560 cm-'. 

A small sample of the polymer was dissolved in wet 
methanol and the solution fed through a column of basic 
ion exchange resin. The infrared spectrum (film) of the 
recovered and dried polymer exhibited the typical strong 
aminimide absorption band at 1570 cm-l and no bands 
at 3400, 1700, and 1560 cm-1. After heating in air at 150" 
(30 min), the infrared spectrum of the polymer exhibited a 
new strong band at 2260 cm-l and no band at 1570 cm- I. 

(6) W. J. Wadsworth, Jr., J .  Org. Chem., 31,1704 (1966). 
(7) L. A. Svsyannikova, T. A. Sokolov'i, and N. P. Zapr- 

(8) T. A. Sokolova, L. A. Ovsyannikova, and N .  P. Zape- 
valova, Zh.  Org. Khim., 4 (3). 459 (1968). 

valova, ihid., 2 ( 5 ) ,  818 (1966). 
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TABLE I 
REACTIVITY STUDY OF MONOMER 11 

~ _ _  _ _  
Mol % of I1 Mol % of 11 in F = M I / M 2  mole 

Run no. Mol of I1 Mol of styrene monomer feed N, Z polymer ratio of polymer 

0.01 
0.02 
0.03 
0.04 
0.06 
0.08 
0.12 
0.15 
0.17 

0 .19  
0.18 
0 .  I7 
0 .  I6 
0.14 
0.12 
0.08 
0.05 
0.03 

5 .0  
10.0 
15.0 
20.0 
30.0 
40.0 
60.0 
75.0 
85.0 

2.58 
4.71 
5.80 
6.23 
9.15 

10.29 
12.43 
14.46 
16.09 

9.79 
18.27 
22.66 
24.75 
36.88 
41.93 
51.72 
61.25 
78.78 

0.108 
0.224 
0.293 
0.329 
0.584 
0.722 
1.071 
1 ,580 
3.712 

Ditkrential thermal analysis and TGA curve also showed 
that the polymer lost 47% of its weight from 125-200' 
(theory, 46.1 ;<). 

2. Copolymer of I1 and Styrene. A 60-ml serum bottle 
was charged with 2.2 g of monomer 11, 15 g of styrene, 0.2 g 
of AIBN, and 30 g of acetonitrile. The bottle was flushed 
with nitrogen, sealed, and placed in a shaker bath at 70 f 
1" for 20 hr. The viscous polymer solution was poured 
with stirring into 400 ml of ether. The precipitated polymer 
was collected and washed several times with ether to obtain 
a 13 g ( 8 0 z )  yield of crude polymer. The polymer was 
purified by dissolving it in methanol, precipitating into 
ether, washing with water, and drying i/r CLICUO. Thin layer 
chromatography indicated the polymer to be free of mono- 
mer. The infrared spectrum (film) exhibited strong bands 
attributable to the styrene residue and additionally strong 
bands at 3400, 1700, and 1560 cm-l attributable to amide 
monomer 11. The polymer exhibited an inherent viscosity 
of 0.12 in chloroform. On the basis of nitrogen (2.68%) 
and chlorine (4.3 1 z) analyses the polymer consists of 8.5 
styrene units anc. 1.5 monomer I1 units (calcd N, 2.69%; 
C1, 4.66jd). 

A sample of the polymer was dissolved in wet tetrahydro- 
furan and fed through a basic ion exchange column. The 
infrared spectrum (film) of the recovered polymer exhibited 
a strong absorption band at 1570 cm- and no amide bands. 
On the basis of nitrogen analysis (3.78 %) the polymer checks 
for 8.5 styrene units to 1.5 aminimide units (calcd N, 3.90%). 
The infrared spectrum (thin film) of the polymer after 
thermolysis, 160" (30 min), exhibited a strong band at 2260 
cm-' and no band at 1570 cm-I. The DTA curve exhibited 
a strong endotherm centered at cu. 172". The TGA curve 
exhibited an 8.5:', weight loss from 125 to 200'' [calcd for 

3. Copolymer of I1 and Butyl Acrylate. A reaction 
flask was fitted with a stirrer, thermometer, nitrogen tube, 
and reflux condenser and charged with 57.6 g of n-butyl 
acrylate, 8.2 g of 11, I .O g of AIBN and 75 ml of 95 % ethanol. 
The polymerization was run at reflux for 20 hr under a slow 
nitrogen stream. The viscous polymer solution was diluted 
with tetrahydrofuran and fed through a basic ion exchange 
column. After removal of some solvent, a small sample of 
the polymer was isolated and purified. The sample polymer 
solution was added to ether and the precipitated polymer 
collected and w,ashed several times with water. After 
drying, tlc indicated the polymer to be free of monomers, 
The infrared spectrum (film) of the polymer exhibited the 
expected strong band at 1730 and 1570 cm-l and the polymer 
exhibited an inherent viscosity of 0.36 in chloroform. The 
TGA curve showed a 6.25% weight loss [(CH&N evolution] 
from 125 to 200" and this indicates the polymer contains 
cu. 8.6 butyl acrylate units to 1.4 aminimide units [calcd for 
N(CH& loss, 6.45%]. The infrared spectra of thin films 
of the polymer heated at 160 ' for 30 min exhibited a strong 
absorption band at 2260cm-l and no band at 1570cm-l. 

N(CHa)3 IOSS, 8.2;!%]. 

A 500-ml flask was fitted with a stirred. thermometer, 
nitrogen tube, condenser, and distilling receiver and charged 
with 300 ml of xylene and the concentrated aminimide 
polymer solution. Under a slow nitrogen stream, 150 ml 
of mixed solvent was distilled from the reactor and the reactor 
temperature reached the reflux temperature of xylene. Dis- 
tillation was discontinued and the contents of the flask were 
heated at reflux under a slow nitrogen stream for 3 hr. 
During thermolysis copious amounts of (CH&N evolved 
from the reactor. The solution was cooled and the per 
cent nonvolatiles and isocyanate determined. The solution, 
with 24% solids, contained polymer with 2.76% NCO 
(calcd for 8.6 butyl acrylate to 1.4 vinyl isocyanate units, 
4.20% NCO). 

4. Copolymer of Methyl Methacrylate and 11. Under a 
nitrogen atmosphere, 22.5 g of methyl methacrylate, 4.11 g 
of 11, 0.4 g of AIBN, and 30 ml of ethyl Cellosolve were 
combined and sealed in a 100-ml serum bottle. After 
polymerization at YO' for 5 hr, the viscous polymer solution 
was cooled and poured into a large volume of ether. The 
precipitated crude polymer was dissolved in acetone, pre- 
cipitated into water, collected, and dried it2 cucuo to obtain 
22-g (83 z) yield of purified polymer. The infrared spectrum 
(film) exhibited bands at 3440, 1730 (with shoulder at CN.  

1700), and 1560 cm-l, attributable to the two monomer 
residues. The polymer inherent viscosity was 0.12 in 
chloroform. On the basis of nitrogen analysis (1.67%) the 
polymer consists of cu. 9.4 methyl methacrylate units to 0.6 
unit of I1 (calcd N, 1.63 %). 

A sample of the polymer was dissolved in wet acetone 
and the solution fed through a basic ion exchange column. 
The infrared spectrum (film) of the isolated polymer showed 
a strong band at 1570 cm-l and 110 bands at 3440, 1700, and 
1560 cm-l. After thermolysis, 150" (30 min), the infrared 
spectrum of the film exhibited a strong band at 2260 cm-1 
and no band at 1570 cm-1. On the basis of nitrogen analysis 
(1.62%) the polymer was again shown to contain CCI. 9.4 
methyl methacrylate units to 0.6 aminimide unit (calcd N, 
1.65 %). 

The DTA curve exhibited a reasonable sharp endotherm 
centered at CN. 172'. The TGA curve exhibited a 2.90% 
weight loss from 125 to 200" [calcd for N(CH& loss, 2.77:<]. 

Monomer 11-Styrene Copolymerizations for the Alfrey- 
Price Q and e Values (Table I). The monomers, 70 ml of 
solvent mixture and AIBN initiator ( 1  by weight based on 
monomers total weight) were charged into 100-ml serum 
bottles. The solvent mixture was a 1 : 1 mixture of methyl 
alcohol and ethyl Cellosolve. After a brief nitrogen spargd, 
the bottles were sealed and shaken for a few minutes at room 
temperature to achieve homogeneous solutions. All poly- 
merizations were run for 1 hr at 70 * 1"  to give 10% or 
less conversion. 

The copolymers were isolated by pouring the solutions 
into a large excess of a 1 : 1 solvent mixture of diethyl ether 
and Skelly B. The polymers were washed several times 

5. 
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with ether. Samples 1-5 were washed several times with 
warm water. Run 6 sample was treated with aqueous base 
(0.1 N )  and washed with water until neutral. The aforesaid 
was performed on run 6 because the aminimide polymer was 
water insoluble and the quaternary polymer was water 
soluble. In runs 7-9 both the quaternary and aminimide 
polymers were soluble in water. 

All quaternary polymers were converted to aminimide 
polymers prior to purification. Samples 1-5 were dissolved 
in wet acetone and fed through a column of basic ion ex- 
change resin. The acetone solutions were filtered, concen- 
trated, and poured into water, to precipitate the polymers. 
After collection and washing with water, the polymers were 
dried if1 racuo to give analytical samples. The samples 
from runs 6-9 were also dissolved in wet methanol and fed 
through basic ion exchange columns. The filtered and con- 
centrated solution from run 6 was poured into water to 
precipitate the polymer. After collection and washing 
with water, the purified polymer was dried iiz cucuo. All 
polymers from runs 1-6 were found free of monomer by tlc. 
The solutions for runs 7-9 were filtered, evaporated to dry- 
ness, and the polymers were purified by dialysis. For dialy- 
sis, the polymers were dissolved in 50 ml of distilled water, 
sealed in Visking seamless, regenerated cellulose tubing, 
and immersed at room temperature into 1 1. of distilled 
water, Periodically each polymer solution was checked 
for monomer by tlc. After ca. 3 hr, tlc indicated all four 
samples were free of monomers. The solutions were evapo- 
rated to dryness and the polymers dried irz cucuo to obtain 
analytical samples. The infrared spectra (films) of the nine 
purified polymers exhibited strong bands at 1570 cm-' and 
no amide bands. 

6. Use of Monomer I1 to Prepare a Thermosetting Resin. 
Styrene (4.2 g), N-butyl acrylate (3.1 g), hydroxyethyl 
acrylate (1.0 g), monomer I1 (1.3 g), rz-butyl alcohol (20 ml), 
and AIBN (0.15 g) were combined and polymerization 
achieved under nitrogen for 4 hr at 90". Approximately 3 
ml of the polymer solution was poured into ether, the pre- 
cipitated polymer collected, washed several times with water, 
and dried irz cacuo to obtain an analytical sample. Nitrogen 
analysis (3.70 %) indicated the isolated polymer contained 
more than the expected amount of monomer I1 (calcd 2.33 % 
N). The infrared spectrum (film) of the polymer exhibited 
bands attributable to the various monomer residues. 

The remainder of the polymerization solution was diluted 
with wet tetrahydrofuran and the solution fed through a 
basic ion exchange column. After filtration and concentra- 
tion, the solution was poured into ether to precipitate the 
polymer. The polymer was collected, dissolved in methanol, 
and again precipitated into ether. After collecting and 
washing with water, the polymer was dried irz cmuo to obtain 
an analytical sample. Again, nitrogen analysis (3.62 %) 
indicated more than the expected (2.35%) aminimide con- 
tent. The infrared spectrum (free film) exhibited the ex- 
pected strong absorption band at 1570 cm-' (aminimide). 
Differential thermal and TGA indicated the polymer started 
losing (CH&N at cu. 125" with the maximum rate at cu. 
170". The TGA curve exhibited a 7.50% weight loss from 
125 to 200" [predicted (CH&N weight loss from nitrogen 
determination 7.60 %I. 

The aminimide polymer, with an inherent viscosity of 0.51 
in chloroform, was dissolved in acetone (50% solids) and the 
solution was used to coat glass plates. The air-dried films 
(24 hr) were cu. 3 mil thick and exhibited an average Sward91 la 

of 26 and T ~ k o n ~ , ~ ~  of 5.7. Heating the films for 30 min 
at 60' caused evolution of (CH&N; the resulting films were 

(9) H. A. Gardner and G. G. Shard, "Paint Testing Manual," 

(10) P. Fink-Jrnsen, Pure Appl.  Chem., 10 (3), 24 (1965). 
12th ed, Gardner Laboratory, Inc., Bethesda, Md., 1962. 

found to have an average Sward of 18 and Tukon of 12.7. 
The infrared spectrum of the thermolyzed films exhibited a 
weak band at 2260 and cn. 1700 cm-l, indicative of isocya- 
nate and urethan residues and no band at 1570 cm-'. The 
baked films were insoluble in chloroform, acetone, xylene, 
etc., and exhibited good adhesion to the glass. 

B. Polymerizations of l,l,l-Trimethylmethacrylylhydra- 
zinium Chloride (HI). 1. Homopolymerization. Monomer 
111, 5.0 g, was homopolymerized with AIBN in methanol 
and the polymer was isolated according to the same pro- 
cedure used for monomer I1 (see section 111.1). The poly- 
mer, which was obtained in a 4.2 g (80%) yield, exhibited 
an inherent viscosity of 0.39 in methanol. The infrared 
spectrum showed strong bands at 3400, 1700: and 1560 cm-'. 
The polymer, after being dissolved in wet methanol and 
being treated with basic ion exchange resin. exhibited the 
expected strong band at 1565 cm-' in the infrared spectrum. 
The TGA curve showed the polymer started losing (CH&N 
at ea. 125" and that the theoretical amount of amine was 
lost from 125 to 200". 

2. Copolymer of 111 and Styrene. Styrene (20 g), 
monomer I11 (5.0 g), N,N-dimethylformarnide (40 ml), and 
AIBN (0.2 g) were charged into a 100-ml serum bottle. After 
a brief nitrogen sparge. the bottle was sealed and placed in a 
shaker bath for 20 hr at 70 f 1". A small sample of the 
polymerization solution was poured into water. the polymer 
was collected. washed with water, and was dried in caciio. 
The infrared spectrum contained strong bands indicative of 
the two monomer residues. The remainder of the viscous 
polymerization solution was divided into ca. two equal 
portions which were treated as follows. 

The first portion of the polymerization solution was poured 
slowly into vigorously stirred, aqueous potassium hydroxide 
solution (0.5 N) and the precipitated polymer was collected, 
washed with water until neutral, and air dried to obtain a 
12 g yield of crude polymer. The polymer was dissolved 
in acetone, filtered. precipitated into water, collected, and 
dried i/r caciio to obtain purified polymer A with an inherent 
viscosity of 0.18 in chloroform. On the basis of nitrogen 
analysis (3.00z) the copolymer consists of ca. 8.8 styrene 
units to 1.2 aminimide (I) units. The infrared spectrum 
(film) of the polymer. with an inherent viscosity of 0.20 in 
chloroform, showed a strong band at 1565 cm-l. After 
thermolysis (150'/30 min) the infrared spectrum of the film 
exhibited a strong band at 2260 cm-l and no band at 1565 
cm-l. The DTA and TGA curves showed the polymer 
starts losing amine at CN. I25 ' and the TGA curve addition- 
ally showed a 6.62% weight loss from 125 to 200" (theory 
6.52%). 

The second half of the polymerization solution was diluted 
with wet N,N-dimethylformamide and the solution fed 
through a basic ion exchange column. After filtration, the 
solution was poured into water to precipitate the polymer. 
The precipitate was collected, washed with water. and dried 
in L'UCLIO to obtain a 11.0 g yield of polymer B. The infrared 
spectrum, DTA. and TGA studies showed polymer A and 
B were identical. 

Polymer A and B were combined and thermolyzed in 100 
ml of refluxing xylene for 4 hr under a strong nitrogen stream. 
During thermolysis, copious amounts of amine evolved from 
the solution. The gpc curve for the polymer in solution, 
with AW = 732 and A w / A x  = 1.98, was sharp and without 
any indication of bimodal distribution. The infrared 
spectrum of a film of the polymer cast from solution showed 
a strong band at 2260 cm-l and no band at 1565 cm-'. 
The polymer in solution (28.5% solids) was titrated with 
amine and shown to contain 4.72% NCO (theory 4.96% 
NCO). A sample of the solution was concentrated and 
poured into Skelly B to precipitate the polymer. After 
collecting. washing with Skelly B: and drying Oz Cuciio, 
the isolated polymer exhibited an inherent viscosity of 0.23 
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TABLE 11 
REACTIVITY STUDY OF MONOMER 111 
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Mol z 
of I11 Mol % of 111 Mol 111 in F = M,/M2 

Mol of monomer ( C H ~ ) Z N , ~  in polymer polymer from mol ratio of 
Run no. Mol of 111 styrene feed N, % lost % from % Nb % (CH&,Nc polymerd 

I 0.01 0.19 5.0 2.53 5.30 9.78 9.85 0.108 
2 0.02 0.18 10.0 4.24 8.27 16.69 16.20 0.200 
3 0.03 0.17 15.0 5.57 12.02 22.38 22.10 0.288 
4 0.04 0.16 20.0 6.82 13.50 27.95 26.50 0.387 
5 0.06 0.14 30.0 7.67 16.75 31.10 32.50 0.451 
6 0.08 0 .12  40.0 9.42 19.65 40.11 39.20 0.686 
7 0 .12  0.08 60.0 11.49 23.14 50.55 47.50 1.022 
8 0 .15 0.05 75.0 12.73 27.36 57.02 57.00 1.327 
9 0 .17  0.03 85.0 14.76 32. I O  68.50 70.00 2.174 

Determined by TGA (per cent weight loss from 125 to 200“). Values used to determine r I ,  r2, and Q and e values. l’ De- 
termined from column 6 [(CH&N loss] values. d Calculated frcm per cent N data, column 5.  

in chloroform. On the basis of nitrogen analysis (1.75%) 
the polymer contains cu. 8.8 styrene to 1.2 isopropenyl 
isocyanate residues (theory N 1.66%). The xylene solution 
of the poly(styrene-co-isopropenyl isocyanate) exhibits excel- 
lent shelf stability on storage in metal containers. 

3. Copolymer of I11 and Methyl Methacrylate. Methyl 
methacrylate (1 1 . 3  g) and monomer 111 (2.25 g) were copoly- 
merized in 20 ml of ethyl Cellosolve, using 0.2 g of AIBN 
initiator and the same procedure and conditions used to 
prepare the copolymer in section IIIA.4. After purification 
in the same manner (11IA.4). the polymer was collected in a 
12 g ( 8 8 7 3  yielc. The infrared spectrum of the polymer 
exhibited bands ;at 3440, 1730 (shoulder at cu. 1700), and 
1560 cm-l, attributable to the two monomer residues. The 
polymer inherent viscosity was 0.14 in chloroform. On the 
basis of nitrogen analysis (2.47%) the polymer consists of 
ca. nine methyl methacrylate units to each unit of 111 (calcd 
N 2.60 2;). 

The polymer was dissolved in wet acetone, fed through a 
basic ion exchange column, and isolated, The infrared 
spectrum (film) exhibited a strong band at 1565 cm-I. 
After thermolysis ( 1  503/30 min), the infrared spectrum 
(film) exhibited a strong band at 2260 cm-l and no band 
at 1565 cm-I. On the basis of nitrogen analysis (2.46%) the 
polymer was again shown to contain cn. nine methyl meth- 
acrylate units to aminimide units (calcd N 2.76%). The 
TGA curve exhibited a 5.50% weight loss from 125 to 200‘ 
[calcd for N(C:H3)3 loss 5.66%]. 

4. Monomer 111-Styrene Copolymerizations for the 
Alfrey-Price Q and e Values (Table 11). All copolymeriza- 
tions were run at 70’ in 70 ml of ethyl Cellosolve by the 
same procedure iised for monomer I1 (see section IIIA.5) 
and conversions for all runs were <lo%. 

All polymerization solutions were poured into a large 
excess of a I : 1 solvent mixture of diethyl ether and Skelly 
B and the collected crude polymers were washed several 
times with ether. 

The quaternary polymers were converted to aminimide 
polymers prior to purification. conversion determinations, 
and analyses. The crude polymers from runs 1-8 were 
washed several times with 0.1 N sodium hydroxide solution 
and water until the washings were neutral. Infrared spectra 
indicated that all polymers still contained some quaternary 
residues. The polymers were dissolved in acetone (runs 
1L6) or methanol (runs 7-8) and the concentrated solutions 
poured into vigorously stirred 0.1 N sodium hydroxide 
solution. The precipitated polymers were collected, washed 
with water until neutral, dried, and were shown to be free of 
monomer by tlc. Within detectable limits, the infrared 
spectra indicated that the quaternary residues were absent 

from all eight polymers. i.e., all spectra exhibited only 
aminimide absorption band at 1565 cm-I. The crude 
polymer from run 9 was dissolved in wet methanol and the 
solution fed through a basic ion exchange column. The 
acetone solution was filtered, evaporated to dryness, and the 
product was rubbed with acetone. The fine divided by 
product was collected, washed several times with acetone, 
air dried. and was shown to be free of monomers by tlc. 
All polymers (runs 1-9) were dried iu cuciio (0.1 mm) at 
65 before nitrogen and data of thermogravimetric analyses 
were obtained. 

Results and Discussion 

I1 was prepared according to  eq 1 and 2. 
A. Monomer Synthesis and Properties. Monomer 

HzO CHJ=CHCOZCH, + NH,N(CH,), - 
CH,\  CHI+^ -0 (l) 

1 
0 
II C H S I  1 A CH,=CHCNHN(CH,), - 

250 70-  
2 

0 
II + 

CH2 =CHCh”N (CH,), ( 2 )  
CI- 

3 (11) 

Briefly, the reaction scheme employs the  fact that  
methyl acrylate will react with1 ,I-dimethylhydrazine in  
polar solvents t o  give an excellent yield of 1,l-dimethyl- 
pyrazolinium 3-oxide 1.j When heated, cyclic com- 
pounds of type 1 ring to give fair to  good yields 
of the corresponding linear cqp-unsaturated hydrazines 
(2). Compound 2 (l,l-dimethyl-2-acryIhydrazine) may 
be quaternized readily with methyl chloride to obtain 
excellent yields of monomer 11.7 

Monomer I11 was readily prepared in  approximately 
quantitative yield by dissolving trimethylamine meth- 
acrylimide (I)lb in absolute methanol and saturating the 
solution with hydrogen chloride gas.8 

Both monomers I1 and I11 have similar solubility 
characteristics, i .e. ,  they are both soluble in alcohols, 
water, acetonitrile, N,N-dimethylformamide, ethyl 
Cellosolve, and chloroform. They are insoluble in 
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Figure 1.  Infrared spectrum (film) of poly[styrene-co- 
(1,l ,l-trimethyl-2-methacrylylhydrazinium chloride)] con- 
taining cu. 12 mol % of monomer 111. 

acetone, benzene, dioxane, carbon tetrachloride, and 
ether. The thermal stability of each monomer is good 
up to  a t  least 100'. The shelf stability seems to  be fair 
when the monomer is pure and when stored in the dark 
in sealed containers. Both monomers are strongly 
acidic and very hygroscopic. 

B. Polymerizations of 11. The homopolymerization 
of I1 was carried out  in  methanol, using AIBN as 
initiator, to  obtain high molecular weight polymer. 
The infrared spectrum exhibited the expected amide 
absorption bands. A sample of the polymer was dis- 
solved in  methanol and treated with basic ion exchange 
resin to  obtain the respective poly(trimethy1amine 
acrylimide). The infrared spectrum with a strong 
absorption band a t  1570 cm-1 and no  amide bands 
supported the polymer structure. Differential thermal 
analysis and T G A  indicated that the aminimide polymer 
starts losing trimethylamine a t  ca. 125'. Further, 
elimination of amine approached the theoretical amount 
when the polymer was heated from 125 to  200". The  
infrared spectrum of the heat-treated polymer showed 
a strong isocyanate band a t  2250 cm-l. 

I n  this initial work, it was demonstrated that mono- 
mer I1 can be copolymerized with styrene, butyl acry- 
late, and methyl methacrylate to  low molecular weight 
polymers. The presence of the quaternary [-CON"- 
(CH& + CI--] and other monomer residues in the 
copolymers were well established by elemental and infra- 
red analysis. 

The three copolymers of I1 and styrene, butyl acry- 
late, and methyl methacrylate were dissolved in tetra- 

hydrofuran o r  acetone and treated with a basic ion 
exchange resin to  obtain the respective copolymers with 
pendent aminimide [-CON-N+(CH3)a] residues. Ele- 
mental analysis, DTA, TGA,  and infrared spectra 
studies confirmed the fact that the pendent quaternary 
residues were converted to  aminimide moieties. Dif- 
ferential thermal analysis curves showed that all the 
copolymers started losing trimethylamine at ca. 125' 
and that the maximum rate of amine evolution occurs 
a t  ca. 170". The T G A  curves showed that the amini- 
mide copolymers lost approximately the theoretical 
amount of amine when heated from 125 to  200'. The 
infrared spectra of the three copolymers exhibited the 
strong aminimide carbonyl absorption band. In ccn- 
trast, the infrared spectra of the polymer films after 
thermolysis, 150" (30 min), exhibited only the strong 
isocyanate absorption band. 

It was demonstrated that the c3polymers with pen- 
dent aminimide residues could also be heated in sdut ion  
to  obtain soluble polymers with pendent secondary 
isocyanate moieties. F o r  example, poly(buty1 acrylate- 
co-trimethylamine acrylimide) was heated in refluxinp 
xylene to  obtain poly(buty1 acrylate-co-vinyl isscyanate). 

Monomer I1 was used to  prepare a thermosettin2 
resin. The fsrmulation consisted of monomers 11, 
styrene, butyl acrylate, and hydrsxyethyl acrylate in the 
polymerization mixture. The polymer was treated with 
base to  convert the quaternary residues to  aminimide 
moieties. Infrared analysis indicated that the base- 
treated polymer contained all four monomer residues. 
Further, nitrogen analysis and T G A  also demonstrated 
the presence of the aminimide functional group. It was 
shown that the polymer could be deposited as a coating 
and cross-linked with heat. Changes in the infrared 
spectra of the heated films supported the assumpticn 
that cross-linking occurred by formation of urethan 
bonds. The same type of approach was used earlier to  
demonstrate that the aminimide derived from monomer 
111 (I, trimethylamine methacrylimide) could be used to  
prepare thermosetting resins. 11> 

C. Polymerization of 111. Monomer 111 was ho- 
mopolymerized with AIBN in methanol to a high 
yield of a low molecular weight polymer. The infrared 
spectrum exhibited absorption bands indicative of the 
monomer 111 residue. After being dissolved in meth- 
anol and being treated with a basic ion exchange resin, 
the isolated polymer was shown to be identical by 
infrared studies, DTA. TGA,  etc.. with the Dreviousiy 
prepared poly(trlmethylaminemethacry1imidej. Ib Ther- 
mogravimetric analysis and D T A  showed the polymer 
started losing trimethylamine a t  ca. 125" and the T G A  
curve also showed the polymer lost theoretical amount 

Monomer 111 was copolymerized with styrene in 
high conversion to  a low mdecular  weight copolymer. 
The infrared spectrum (film) of the purified polymer 
gave evidence that the copolymer contained both 
monomer moieties (see Figure 1). I n  contrast, tri- 
methylamine methacrylimide (I) will not copolymerize 
with styrene. lb It was found that poly[styrene-co- 

FREQUENCY I C M - ' ,  (1,1,1-trimethylmethacrylylhydrazinium chloride)] could 
Figure 2. Infrared spa t rum (film) of poly(styrene-co- be treated with aqueous base or  passed over a basic ion 
trimethylamine methacrylimide) containing CCI. 12 mol % exchange resin t o  obtain the corresponding pobfstyrene- 
of monomer I. co-trimethylamine methacrylimide). The infrared spec- 
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tra of the two polymers treated in this way were identi- 
cal, containing a strong absorption band indicative of 
the monomer I residue (see Figure 2).  Nitrogen 
analysis and T G A  indicated the polymer consisted of 
ca. 8.8 styrene units t o  1.2 monomer I units, in excellent 
agreement with the 9 : 1 ratio of monomers charged for 
polymerization. The infrared spectrum of a free film, 
after thermolysis at  150" for 30 min, showed that the 
new polymer was poly(styrene-co-isopropenyl isocya- 
nate). 

A sample of' the poly(styrene-co-trimethylamine 
methacrylimide) was heated in refluxing xylene to  ob- 
tain poly(styrene-co-isopropenyl isocyanate) (see Figure 
3). The xylene solution of isocyanate polymer, which 
was free of any gel particles, exhibited excellent shelf 
stability. Gel permeation chromatography studies 
indicated that the isocyanate polymer was of low mo- 
lecular weight and had a narrow molecular weight dis- 
tribution. The results of nitrogen analysis and per cent 
NCO determinations were in good agreement with the 
values calculated for a copolymer containing 8.8 styrene 
units to 1.2 isopropenyl isocyanate units. 

Monomer I11 was copolymerized with methyl meth- 
acrylate and the analytical results of the purified poly- 
mer were in good agreement with the moles of mono- 
mers charged for the polymerization. The low molec- 
ular weight copo'lymer was also readily converted with 
base to  poly(methq1 methacrylate-co-trimethylamine 
methacrylimide). The infrared spectrum, per cent 
nitrogen, and TCiA results were in excellent agreement 
with the structure proposed for the aminimide polymer. 
Infrared spectra indicated that poly(methy1 methacry- 
late-co-isopropenyl isocyanate) was formed when thin 
films of the polymer were heated at  150" for 30 min. 

From these brief studies, it is clear that both mono- 
mers I1 and 111 have potential for modification of vinyl 
polymers to  prepare a wide variety of polymers with 
pendent quaternary, aminimide, secondary, or tertiary 
isocyanate residues. The aforesaid potential use of 
these monomers for preparing "reactive vinyl polymers" 
may be represented schematically as 

R R 

C-ONCN(CH3)3 ---f NCO 
+I- + A t--+ 

D. Determination of Momoner Reactivity Ratios. 
The reactivity ratios of I1 and I11 were determined in the 
same manner as previously reported for monomer I .  l b  

The compositions of the monomer feeds and the 
copolymers obtained for the styrene-I1 or styrene-I11 
system are summarized in Tables I and 11. From 
these results the monomer reactivity ratios were ob- 
tained by the method of Fineman and ROSS:" rl = 
0 . 4 6 , ~  = 0 .58fo I I I andr l  = 0 . 2 3 , ~ ~  = 0.51forIII .  

In  Figure 4 the mole fraction of I1 and 111 in the 
monomer feeds are plotted against the corresponding 

( 1  I )  M.  Finemati and S. D. Ross, J .  P0lj .m. Sci., 5, 269 
( 19 50). 
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Figure 3. Infrared spectrum (film) of poly(styrene-co- 
isopropenyl isocyanate) containing ca. 12 mol of iso- 
propenyl isocyanate. 

mole fraction of I1 and 111 in the copolymer. Strong 
alternation occurs in the 11-styrene and 111-styrene 
copolymers predicted by the rl and  r2 values and sup- 
ported by the cross-over on the copolymer composition 
curves. This is expected for two monomers, one of 
which can give rise to a radical of high electron density 
and one having a double bond of low electron density. 

The Alfrey-Price Q and e values12 for I1 and 111 
were obtained from the monomer reactivity ratios: 
Q = 0.69, e = 0.34 for I1 and Q = 0.61, e = 0.66 for 
111. The Q and e values of styrene used in the calcula- 
t ionswereQ = 1 . 0 a n d e  = -O.80.l3 

From the Q and e values of trimethylamine meth- 
acrylimideIb (I, Q = 0.18; e = 0.60), 1,l-dimethyl-l-(2- 
hydroxypropy1)amine methacrylimide (Q = 0.12; 
e = 2.45), and 1 ,l-dimethyl-l-(2,3-dihydroxypropyl)- 
amine methacrylimide (Q = 0.24; e = - 1.24) previ- 
ously determined," one can see that the quaternary 
monomers I1 and 111 are much more reactive than the 
same general class of aminimide monomers. The 
switch from a negative e value for monomer I t o  a plus 
e value for monomer I1 and I11 is in the direction one 
would predict for substituted acrylamide or methacryl- 
amide monomers. 1 3  

MONOMER 33 
r l  ~ 0 4 6 5  r 2 i  0 58 
01=0 69 en: 0 34 

MONOMER IU 
r I  : 0 23 r 2  = O  51 
Qm=061 em:066 ,I' 
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0 
- 
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0 2 0  0 4 0  0 6 0  0 8 0  

M a l e  Fraction D and m In Monomw Mixture 

Figure 4. 
merization of I1 (0) and I11 (A) with styrene. 

Copolymer composition curves for the copoly- 

(12) T. Alfrey, Jr., and C. C. Price, ibid., 2, 101 (1947). 
(13) L. J. Young, ibid., 54,444(1961). 
(14) B. M.  Culbertson, E. A. Sedor, and R .  C. Slagel, Mucro- 

molecules, I ,  254 (1968). 
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The marked change in the copolymerization char- 
acteristics of monomers such as I and 111 is highly useful 
for preparing a variety of polymers with either the 
quaternary, aminimide, or isocyanate pendent groups. Acknowledgment. The authors are indebted to  
This was readily demonstrated in this work when it was M. R. Hallwachs, P. J. Menardi, and D. L. Gregerson 
shown that monomer I11 readily copolymerizes with for excellent technical assistance during this work. 

styrene and by earlier work which had demonstrated 
that monomer I would not copolymerize with styrene. 

Syntheses of Ladder Polymers. 11.’ 
Poly ( isoindoloquinazolinediones ) 

M. Kurihara 

Pioneering Reseurcli und Deoeloliment Luborufories, Tom)! Industries Inc., Otsu, Jupun. 
Receiced April 27, 1970 

ABSTRACT : Two thermally stable isoindoloquinazolinedione polymers have been prepared by the cyclo- 
polycondensation reaction of the aromatic diaminodiamides and 5,5’-bis(2-aminobenzamide) and 5,5’-methylene- 
bis(2-aminobenzamide) with pyromellitic dianhydride in N-methylpyrrolidone at 22“. All of the polymers 
obtained were completely soluble in fuming nitric acid and concentrated sulfuric acid. TGA weight losses of less 
than lo:< at 550” in nitrogen and at 530” in air were observed. The structure and polymerization route of poly- 
(isoindoloquinazolinedione) were studied by the infrared spectral and ultraviolet spectral method, and it was 
established that the polymerization proceeded through the formation of tractable poly(amic acid amide) of high 
molecular weight (qjnh = 2.9), followed by cyclodehydration, yielding poly(imide amide); on subsequently being 
heated, this undergoes intramolecular rearrangement along the polymer chain, giving the thermodynamically 
stable poly(isoindo1oquinazolinedione) with the structure of isoindolo[ 1,2-b]quinazoline-l0,12-dione. In previous 
publications,1a2 it was shown that polymer containing the isoindoloquinazolinedione ring has the thermody- 
namically stable structure with the isoindolo[l,2-b]quinazoline-l0,12-dione ring and the model reaction of antliranil- 
amide with phthalic anhydride afforded the kinetically stable isoindolo[2,1-a]quinazoline-5,ll-dione and the 
thermodynamically stable isoindolo[l,2-b]quinazoline-10,12-dione. 511-Dione is thermally rearranged to 10.12- 
dione. In this paper? the detailed syntheses and structure of poly(isoindoloquinazo1inediones) by the cyclopoly- 
condensation reaction of aromatic diaminodiamides with pyromellitic dianhydride are disclosed. 

Discussion 
The preparation of a new type of ladder polymer, 

poly(isoindoloquinazo1inediones) with an  isoindolo- 
quinazoline[2,1 -b]quinazoline-10,12-dione ring was first 
reported by Gaudemaris, et In  a previous paper’ 
the structure of thermodynamically stable poly(is0- 
indoloquinazolinedione) with an  isoindolo[l,2-b]quin- 
azoline-10,12-dione ring was reported. 

In  order t o  confirm the possibility of the formation 
of the kinetically stable poly(isoindoloquinazo1ine- 
dione) and the correct structure of thermodynamically 
stable poly(isoindoloquinazolinedione), new model 
compounds were synthesized as described in Scheme I. 
The reaction of anthranilamide with pyromellitic 
dianhydride in  N-methylpyrrolidone (NMP) affords 
bis(o - carbamoylphenylcarbamoyl)benzenedicarboxylic 
acid (I) quantitatively a t  room temperature. When I is 
heated a t  140-210”, the first intramolecular cyclo- 
dehydration takes place to  afford bis(carbamoyl-2- 
phenyl)-N,N’-pyromellitimide (11) in quantitative yield. 
7H,16H - Benzo[l”,2” : 3,4 :4”,5 ’ ’ : 3 ’,4’]dipyrrolo[?,l- 
b :2’,1 ’-b’]diquinazoline-7,9,16,18-tetrone (IV) is ob- 
tained by heating I1 a t  230-400’. The changing of I 
by heating was followed by ir (Figure l),  uv (Figure 2), 

( I )  M. Kurihara and N. Yoda, J .  Pol) n7. Sci., Part B, 2 (6), 

(2) M. Kurihara, J .  Org. Cheni., 34,2123 (1969). 
(3) G .  Rabilloud, B. Sillion, and G. de Gaudemaris, Makromol. 

875 (1968). 

Cheni., 108, 18 (1967). 

and elemental analyses. Compound I had a strong 
carbonyl absorption band due to  the carboxyl group 
a t  1715 cm-l, a n  amide carbonyl absorption band at 
1660 cm- l, N H  stretching vibration bands a t  3450 and 
3350 cm-’ (A in Figure l) ,  and A,,, at 260, 303, and 
315 mp (A in Figure 2). The ir spectrum B in Figure 1 
and the uv spectrum C in Figure 2 are interpreted as 
being due t o  compound I1 because of the imide carbonyl 
absorption bands a t  1780 and 1720 cm-I, the amide 
carbonyl absorption band at 1650 cm- the characteris- 
tic absorption of the imide ring at 720 ern-', and further 
the A,,, at 250 and 310 mp. The possibility of the 
formation of 111 was followed by observing the changes 
in the ir (Figure 1) and uv (Figure 2) spectra. Spectrum 
C in Figure 1 shows carbonyl absorption bands a t  1780 
cm-1 (five-membered ring carbonyl), 1700 cm-1 (six- 
membered ring carbonyl), and 1650 cm-1 (amide 
carbonyl), which are  explained as a mixture of I1 and 
IV. The distinct spectral change of the uv spectrum 
due t o  the change from I1 to  I11 was not observed in 
Figure 2. The formation of IV was confirmed by the 
appearance of new strong carbonyl absorption bands 
at 1780, 1700, and new absorption band a t  1640 cm-l 
(C=N double bond), and the disappearance of NH 
absorption peaks (3450,3350 cm-l) and amide carbonyl 
peaks (1650 crn-I). New A,,,  absorption peaks 
appear a t  320 and 390 mp due to  the isoindoloquinazo- 
linedione ring (Figure 2). Although Gaudemaris, 
~t ul., have reported that I11 was obtained by heating 


