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The S y n t h e i s  and charactcriza tion of several polyma- 
mine lrctwcJ arc discussed wherein conjugated diacety- 
lenic diketoncs and aromatic diamines are used as a 
route to the formation of high molecular weight 
poiyenamine ketones which exhibit good mechanical 
properties and can be cast into creasible films. Typical 
polymerization conditions involved the reaction of stoi- 
chiometric amounts of 1.4- or 1,EPPPO and a diamine 
at 60'-1M' C. in m-cresoi at (w/w) solids content of 
&26% for a specifid period of time under a nitrogen 
atmosphere. Novel p o l y d e  ketones were prepared 
with inhcrent viscosities as high as 1.99 dVg and tough, 
clear amber films with tensile strengths of 12.400 psi and 
tensik moduli of 397,000 psi were cast from solutions of 
the polymen in chloroform. The polymers exhibited 
Tps as high as 235' C. and weight losses of 14% after 

2809-2815 (1978). 
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a&g at u2. C. in circulating & for sixty hours. The 
specific conditions for the preparation of the various 
poiyenaminc ketones arc presented in Table I. In most 

3,242215 3/1966 Heitmilkr ........................... 528/229 cases, the elemental analyses for the wlvnamine ke- 
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tones, shown in Table II,-agrcc within' 20.3% of the 
theoretical values. 
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POLYENAMINES FROM AROMATIC 
DUCETYLXNIC DIKJTTONES AND DIAMINES 

ORIGIN OF THE INVENTION 5 

The invention described herein was made jointly in 
the performance of work under NASA Grant NSG 
1-239 with Viginia Commonwealth University em- 
ployees and an employee of the United States Govern- ,o 
ment. In accordance with 35 USC 202, the contractor 
elected not to retain title. 
This is a division of application Ser. No. 734,366, filed 

May 15, 1985, now US. Pat. No. 4,663,483. 
1s mm OF I W r n O N  

This invention relates to novel polyenamine ketones 
and a prous8 for preparing same to yield polymers 
having Mizrcnt chemical structuru and improved 
physical properties over those previously prepared. 

BACKGROUND OF THE INVENTION 

20 

As part of an effort on high performancehigh tem- 
perature polymers for functional and aerospace struc- 
hval applications, the reaction of aromatic diacetylenic 
dikctcma with various monomers is under investiga- 
tion. 
Thm arc several reports in the literature on the prep 

amtion of polycnamine ketones. Ueda and co worken 
pfepsrrd polyenaminc ketones from the reaction of 
dumlnn with 1.6-diethoxy-l.S-huradiene-3,~one w. 
Ucda, K. Otaira and Y. I d  A hlym Sci Po&m 
Chem Ed 16, 2809 (1978)land 2.2'disubstituted bis(4- 
ethoxymcthylene-5-oxIone w. Ued4 K. Kino, T. 
Hirono and Y. Imai, 1. hlym Sci hlym Chem Ed 14, 
931 (1976)) T h e  low molecular weight p o l y d e  
ketones exhibited initial onset of weight loss by thermo- 
gravimetric analysis (TGA) in a nitrogen atmosphere at 
200'-30(r C. PavlisLo and co workers reported the 
prqmmtion of polyerrrrmine ketones for the reaction of 
bis(l.3-diones) and d k e s  [J. A. PavlisLo, S. J. 
Hum& and B. C. Benicewicl. L Polym Si h l y m  
Chem Ed 20, 3079 (1982)). These polymers were pre- 
pared in N-methylpyrrolidone Using an acid catalyst 
with inherent viscosities in the range of 0.25-0.36 dL/g. 
Polyenamine ketones are not at present commercially 
available. 

P o l y ( d e u t c r s )  comprise a second type of poly- 
mer containing the cnaminocarbonyl system. The prep- 
aration and characterization of a number of such sys- 
tems including some containing siloxnnc unita han been 
reported by Moore and co-workers. [J. A. Moore and J. 

Moore and T. 0. Mitchell J. hlym Sci h&m Chem 
Ed 18, 3029 (1980) and 21, 1305 (1983)l. 

It is therefore an object of the present invention to 
provide novel polymamine ketones having improved 
physic;ll property characterisria. 

Another object of the pnsent invention is to provide 
hi% molecular weight polyenamhe ketones that can be 
solution cast to form film having improved mechanical 
properties. 

A further object of the present invention is a process 
for preparing high molecular weight polyenamine ke- 
tones. 

Another subject of the present invention is a process 
for Preparing solution of polyenamine ketones that can 

E ~ o ~ t ~ a w m k i  ~ a c r o m o l e c u l ~  a, 121 (297s); J. A. 
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be directly used to prepare prepregs, adhesive t a p ,  
film and coatings. 

BRIEF DESCRIPTION OF THE INVENTION 
According to the present invention, the foregoing 

and additional objects are attained by employing a 
novel process to achieve novel soluble high molecular 
weight polyenamine ketones. These polyenamine ke- 
tones have glass transition temperatures and thermal 
stabilities much higher than those previously prepared. 
In addition, the polymamine ketones of this invention 
can be solution cast to form films having high mechani- 
cal properties. No mechanical properties have bem 
reported on previous palyenamine ketone films presum- 
ably due to the low molecular weights which prohibited 
film formation. 

Polyenamine ketones of this invention are readily 
prepared from the reaction of aromatic diacetylenic 
diketones and diamincs as depicted in the following 
equation: 

0 0 (1)  
II II 

nR-CEC-C-Ar-C-CEC-R + nHZN-X-NHz 

I 

where n= 10-500 
R=H or Cd5 
Ar=aromatic such as 

X=aromatic such BS 
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polymers would have different properties than those in 
the first equation since the polymers from the substi- 
tuted amines could not engage in hydrogen bonding to 
form a fkmembend ring. In addition, other nucleophiles 
may add across the activated acetylene to yield other 
classes of polymers, as example, synthesis of polymers 
from the reaction of aromatic diacetyIenic diketones 
and dimercaptam (dithio compounds). 
A more complete appreciation of the invention and 

the specific process involved will be more clearly ap- 
parat from the following Tables and specltic Exampla 
illustrathg the addition polymaization of two diacety- 
lenic dilrctonq 1,1'( I,3-phenylcnc)bis(3-phenyl-2- 
propyn-lolre) (1.3-PPPO) and l,l'-(1,4-phenylene)- 
bh(3-phmyl-2-proPyn- l a )  (1,4-PPPo)* with various 
amnutic dtmina as a facile route to novel polyena- 
minekaoDg 

The synthesis a d  charoctaivtion of these poiyena- 
miae lretona is set forth in Table I. 

TABLE I 
Syathar . a d ~ d P d Y ~ K c t O = S  

Polymer PPPO Dprmnc T i , h  Soiidr(w/w) Tanp..'C. W g  RctmuonTimcC. Mm 

t 1.4 F'DA 4 8 100 Illsol. 10501. 
II 1.4 MPDA 6 13 I 3 0  0.65 37 5 
rn 13 MDA 7 13 la, I .09 36.6 
Iv 1.4 MDA 4.5 13 la, 1.26 35.2 
V 1.3 ODA 5.75 13 100 1.29 36.4 
VI 1.4 ODA 3.75 13 100 1.99 35.0 
vn 1.3 MSDA 43 26 12s 0.64 35.8 
Mn 1.4 MXDA ? IS 60 0.34 InSol. 
rx 1.3 MXDA 3.75 15 60 0.22 I Inrol. 
bCloolrdvd. 

m Q 3 d v e W  nba-Wl@ ( l ~ @ , l o ? l d  A). 

M o m m a  Rmmm Coot. Rstron qdb.  GPC 

-3- aapC Of& h -fm 1.3-KyI~Qe$p.lllh -as% (W/V) 

whcre I& R Arand x afethesrmcsrdiac~herein- 
before in refacacetothetintequuion. 60 
Tbe polymcn in the latta equation have a major 

portion ofthema unit aspendent groups WhaesrthOsC 
in the first equation have these groups within the poly- 
mer backbone. 

NHR) catl be used in place of the unsubstituted di- 
amines (primary amines, HzN-X-NH2). The R group ' 
would be alkyl (e.& CH3, C2H5, ea). The resulting 

Also, substitutal amines, RHN-X- 65 

The Elemental Analyses, NMR Spectral Data and 
Thermal- . tion for Polymers I-IX of Table I 
are sct forth, respectively, in Tables 11. 111, and IV. 

TABLE I1 
Elcmmtd Alyi~ns of Polycnmnu~ Ketones 

Pol- M o r o a ~ r  Elemend AcUlys9 (%) 
C H  ymr PPPODtmine Fnmul. 

I 1.4 PDA C m H n N e  81.17 5.24 6.05 
(81.43) (5.01) (6.33) 

II 1.4 MPDA C m H n N e  79.02 5.07 6.28 
(81.43) (5.01) (6.33) 

III 1.3 M D A  C 3 7 H a m  83.41 5.44 5.17 

N 

(83.43) 

(83.43) 
v 1.3 ODA c ~ z a ~ 3  8o.s 

(8o.w 

Iv 1.4 M D A  CnHz@lm 8261 

VI 1.4 ODA C&2$Jfi 80.62 

(5.30) (5.26) 
5.50 5.22 

(5.30) (5.26) 
4.75 5.15 
(4.90) (5.24) 
5.05 5.12 

73.96 4.68 4.57 VI1 1.3 

VI11 1.4 M W A  C32Hzfl-& 80.38 5.60 5.63 

M 1.3 MXDA C3zH2&2O2 81.19 5.58 S.82 

(8o.88) (4.90) (5.24) 

MSDA cd2a204sb (74.21) ( 4 3 )  (4.81) 

(81.68) (5.57) (5.95) 
~~ ~ 

(81.68) (537)  (5.95) 

-7heomnain luampucnthaa .  
bs: found. 5.41%: e&. 5.60%. 
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TABLE 3 product. Recrystallization twice from methyl ethyl 

ketone gave pale yellow needles of pure 1,CPPPO: 
yield 32.7 g (52.6%); mp 192.5'-193.5' C. (lit mp 

1, 1'-( 1 ,3-Phenylene)bis( 3-phenyl-2-propyn- 1 -one) 

NMR Spectral Data For Polyenamine Ketones 

18Y-187' C.). 
5 

1,3-PPPO. 
Crude 1.3-PPPO from isophthalaldehyde (25.0 g, 

0.186 mole, Sigma Chemical Company) was obtained 
10 using the procedure described for the preparation of 

1,CPPPO. Recrystallization of the crude product from 
2-propoY95% ethanol gave cream colored crystals of 
pure 1,3-PPPO: yield 28.5 g (47.7%); mp 119'-121' c. 
IR(KBr) 2212cm-1 (C-C), 1702 cm-1 (C=OhlH 

I1 MPDA 97.s l5 NMR 69.13-7.24 (14H.m.Ar-H): I3C NMR 176.7 ppm 
::: ' = %<=Ab :G.: 95.s :::.: 6.;; LA,' 

IV i:: M D A ~  188.6 97.1 161.9 am 12.96 (-1. 94.2 ppm (=C-CO), 86.7 ppm (-C-Ph) Anal. 
V 1.3 ODA 188.9 96.7 1621 6.14 12.93 Calcd. for c2&1402: C, 86.21%; H, 4.22% Found: C, 

H O  
O H  

NMRa 
M- w 'H 

Polyma PPPO Di.minc C1 Ck CJ H(Cz) H(N) 

VI 1.4 ODA 188.6 96.9 1621 6.10 12.98 86.08%; H, 4.27%. 
VI1 1.3 MSDA 1893 98.5 160.9 6.23 12.90 

IX 1.4 MXDAd 188.0 94.4 167.1 S.83 11.73 
VI11 1.3 MXDAd 188.3 94.2 167.1 5.86 11.68 20 Diamines and Reagents 

4.4'9xydianiline (ODA), 4,4'-methylenedianiline 
(MDA), and 3,3'-sulfonyldianiliie (MSDA), obtained 
from Aldrich Chemical Company, were purified by 
recrystallization from THF, benzene, and 95% ethanol, 

25 respectively. 1,3-Xylylenediamine (MXDA) and m- 
cresol (97% pure) provided by Aldrich Chemical Com- 

Thelmdchurrenu ' tion of PoIyenuninc mmu pany, were used as received. 1.3-Phenylenediamine 
(MPDA), 1,4-phenylencdiie (PDA) and other re- 

MoaOtiMW T 'C. Tz& 3o quired reagents were obtained commercially and used 

'All qaIn w m  olnuned ia CHCly and are rrponed in ppn. 

'C-2 appears P doublet in SFOR spectrum. 
%4ethykn urboll RIY 48.4 ppm P tripkt in SFOR spectrum. 

%ethylene carbon a p p a n  nor 40.5 ppm P triplet in SFOR spectrum. 

TABLE 4 

TGA 

polymer p p m  D w  -Ab Air Nitme without further purification. 
I 1.4 PDA 235 - 300 380 Polymerizarion Example 
I1 1.4 MPDA 218 - 300 390 
111 1.3 MDAC 198 2OX2Or) Mo 390 Polvmerization and film makinn of all the molyma- 
IV 1.4 MDAC 209 210(220) 29s 38s 35 mine ketones discussed herein wire conducted by es- 

sentially the same procedure and the details of all are V 1.3 ODA 211 - 
VI 1.4 ODA 218 217(222) 300 390 
VI1 1.3 MSDA 202 203(207) 29s 360 omitted in the interest of brevity with one representa- 
'After heam. to 275. C. ut Y.IIC i r .  tive sample being given for the polymerization and one 

30' 

- .  ~ ~ ~~~~~. ~ 

bvmiuaio pkthamwm 0bl.imrd rfta haciaiu, EO* C. in ma-. for the r'h m&g. 
A typical example of polymerization is the synthesis 

of polycnamine ketone VI (Table I) from ODA and 
1.4-PPPO. To a solution of 1,CPPPO (2.5000 g, 7.476 
mmol) in m c m o l  (26.7 g) was added ODA (1.497 g, 
7.476 mmol). The solution was stirred at loo' C. for 

as described above. Tereph- 45 three and three-fourth hours under a nitrogen atmo- 

Company) j,, THF (150 ml) was added dropwise red as the polymerization proceeded. me highly vis- 
ta minutes to the phmylwetyfide solution -- cous solution was poured into methanol (200 ml) in a 
wg the temperature below 5- C. ne reaction slurry high speed blender to precipitate the polyenamine key- 
was (200 ml) and then 50 tone (Vl). The polymer was collected by filtration, 
dowed to warm to room temperature ovef forty-five washed r e ~ e a d l ~  with methanol, and dried at 90' C. 
minut& r a t i o n  wa 4th The yield of V1 was 3.922 g (98%). The inherent vis- 
20% aqueous sulhuic =id (100 ml) and & or- COSitY. qinh, at 25' c. of the rCSultant polymer in chloro- 
l aye  twice with warn (200 ml) and the form was 1.99 dVg, measured at a concentration of 
solvent removed in V Z U O  (<50* c.) to yield an oil. A 55 0.5% (w/v). IR(KBr) 1593cm-I (c---o). 160% 1568, 
solution of the oil in -tone (200 ml) wu then mw 1497, 1478, 1445cm-I (c=c); 1209cm-1 ( C 4 h  'H 
dropwise over fifteen minutes with chromic anhydride NMR 612.97 (2H.s.N-H); 68.01-6.74 (22H.m.Ar-H) 
(26.0 g, 0.26 mol) in sulfuric acid (22.4 ml) and water 66.10 (2H.qvinyl H); 13C NMR 188.9 ppm (w), 
(75.0 ml) while maintaining the temperature b l o w  20' 161.9 ppm (-C=CH-CO), 96.8 ppm ( S - C O ) .  

F i i  C. The solution was then allowed to warm to room 60 
temperature while stirring was maintained for thirty 
~ ~ W C S .  The -tion mixture was poured onto cracked A chloroform solution (10% solids, w/v) of polymer 
ice (750 g) to isolate the crude product. After fdtration V, Table I, was centrifuged and subsequently cast using 
and air drying, the 1,CPPPO was dissolved in a m- a doctored blade onto plate giass. The wet film was 
amount of hot chloroform and the solution was filtered 65 dried to a tack-free state in a dust proof chamber. The 
through a 5 cm bed of silica gel (mesh size 60-220, film on glass was further dried to 200' C. in air. The film 
Davidson Chemical Corporation) to remove chromium was removed from the glass and mechanical tests were 
salts. Removal of the solvent in vacuo provided the performed according to ASTM D882. 

40 
I O r  k 14% II*r 60 h M 232'C 

1.1'-(1,CPhenylene)bis(3-phenyl-2-propyn- l-one) 
1,CPPPo. 

A solution of lithium phenylacetylide (0.41 mol) was 
in THF (200 

tu&ehyde (25.0 g, 0.186 mol, Aidrich chemical sphere. The SOhtiOn Color changed from Yeb.v to dark 

additional 

I 

I 
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d ~ u t e s  and SbaJdaS at 28.8.31.8, .Id 41.8. Thc GPC 
peak rrtmtiOn timn rrported in Table I for the wious 

ity data (lower viscosity, longer retention time). 
polymrrmincLaonescompuewellwithtbe~ilfh~ 

in tcmls of inherent viscosity of the resulting polymer, 
when employing stoichiometric quantities of starting 
materials at 13% solids (w/w) in mcresol at 100' C, 

The rate of polymaisatiOn of ODA with 1.4-PPPO, 6s 

indicated that Tjmh i n t ~ 4  sWadily O V ~  time until 

The polymcritntion of aromatic diacetylmic dike- 
gclationoccurs 

tones with ather ODA or MDA in mcrcsol gave ho- 
mogenous, Viscous reaction mixtures from which hgh 
polymers were obtained. Freshly prepared polymen 
from MXDA were found to exhibit lower viscosihes m 
the range from 0.22 to 0.38 dyg in mcrcsol (0.5% 
w/v). The poiymers from MXDA w m  also insoluble 
in chloroform and exhibited poor stability as ewdenccd 
by the decrrsK in the inhcrrnt viscoSities for samples 
M a t  90' c. in air for five to men days. 

gave 4 cldincd s e c o n d o r d a ~  in the rangc 
Th DSC CPNU for the p~lyarrmine kctoms EM 

from 198' to 235' C. Th 8pp.rrnt Tgs arc reported 
Tabk IV. In the two polyenamk ketones 
from 4.4'43- tht Tg was lower for the more 
tkibkl$-isama. 
The TBA curves for the polyammine ketones gave 

Tgs which campared favorably with those daamined 
by DSC. After heating samples to 3 W  C. in the TBA, 
the cool-dorm curves for the same samples ehb i t ed  an 

in the Tg values @rrsumably due to cr~ss-link- 
indiated in Tabk IV. All of the d u b k  poly-- ing) 

from -78' to -92' C. 
mine kaona exhibited a strong &i-tmusiaon in the range 

-* allalysa for the polyenamtae 
kaoller wen Pafonned in both nitrogen and flowmg 

m i a e k a o n c s ~  "ntrmpcrPrurrsinnitrogcn : 
rad air of appr0-y 390- c. and u)o' c., rrspec- 
tively. 

Thin film of two polyenrUnim ketones, 1.3- 
PPPO/ODA(V) and 1,4-PPPO/MPDA(II), were aged 
at232'c.incircnl.tm ' g air. After eightecn hours, the 
films embrittled. turned darker and exhibited a weight 
loss of 5%. After a total of sixty hours at 232' C., weight 
losses of 14% were rccordd The polymaminc ketone 
film fram 1.4-PPPO aad 1.3-phayl- ' eexhibited 
a Tg of 238' C. (hitid 218' C.) after aging for sixty 
hounat232.c. 

mine ketones wacobtaiwd forthe polymer from 1,4- 
PPPO/ODAo.  The film exhi- the following 
properties: tensile strength, 12.400 psi at 26' C. and 

and 329,000 psi at 93' C.; and elongation to break ap- 
proximately 4% at both temperatures. 

'Thw - g to the present mva~tiou, high molec- 
ular waght polyenrmine ketones may be readily pre- 
pared from thc solution pol- of the activated 
bb.cctyleaq 1.3- and 1.4-PPPO with various diamines. 
Although the invention h&s km descrikd relative to 
specitic ucmphry Example, it is to k u n m  that 
t kse  Eumphs arc merdy to illustrate the present in- 
VaItion a d  ut aot intaKw or to be i n t e r p w  as 
exbmtivr 

Thm various - and valiatiom of the 
present invention will beapprumt to those skilled in the 
art in the light of the above t e r c h i n g s .  It is therefole to 
be undentood that, within the scope of the appended 
claim% tbt invention may k prscticed otherwise than 
as s @ d y  described. 

Letters Patent of the United States is: 

air. TGA showed a twxxmgc brakdown with poly- 

* 

* 

Thin mm propaties f c p f u c n ~ v e  of the polyma- ," 

9.1 10 psi at 93' c.; tensile modulus, 397,000 psl at 26' c. 

What is claimed as ncw and desired to be secured by 

1. A hgh molecular weight polyenamine ketone hav- 
ing the general formula of: 
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10 9 

0 0  

2. A high molecular weight polyenamhe ketone hav- 
ing improved mechanical properties and formed as the 
reaction product of: 

(a) 
5 

0 0 

R-C-C=C-Ar-C= C-C- R 
II I I  

wherein n- 10-500; 10 and 
R is selected from the group consisting of H and (b) H2N-x--"2 

R is selected from the group consisting of H and 

Ar is selected from the aromatic group consisting of 

where C6H5; 
Ar is selected from the aromatic group consisting of w5; 

15 

25 

and, and. 
X is selected from the aromatic group consisting of X is selected from the aromatic group consisting of 

35 

45 

55 

60 

65 

and the aliphatic group consisting of 
+E-, 4 5 H l 0 - ,  -c6H12-. 

* * I * *  


