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HISTORICAL

Since tertiary amines do not ordinarily combine with anhydrides of
carboxylic acids, the observation in these laboratories that a vigorous
exothermic reaction takes place betwsen pyridine and maleic anhydride was
unexpected and theoretically interesting. A search of the literature
showed that the phenomenon had been previously noted but.. little studied,
Both Smith, Bryant, and Mitchell (1) and Mullen and Pacsu (2) observed
that the reaction is violent, almost explosive; the former authors
suggested that a Diels—_alder reaction was involved. /4-Vinylquinoline,
lepidine, and pyridine were all found to react with maleic anhydride at
1000 C. with rapid evolution of carbon dioxide (3); this was taken as
evidence that the reaction of 4-vinylquinoline inwlves the gquinoline
nucleus rather than the conjugated system ending in the unsaturated side
chain, Salminen (4) was unable to obtain a crystalline compound from dry
pyridine and an equimolar amount of maleic anhydride let stand overnight in
benzene at room temperature. In ether, the reaction gave a white precipitate
that proved to be pyridinium hydrogen maleate, m.p., 95° C. and 172° C.
Quinoline and gquinaldine gave similar salts, Hutcheson (5) made a few
trials with pyridine and maleic anhydride in various organic solvents but
likewise could obtain no definite product,

Since the possibility that the reaction is of Diels-Alder type has been
mentioned, and acetylenedicarboxylic acid derivatives often aect like those
of maleic acid, the description of reactions (6) between dimethyl acetylene-
dicarboxylate and such heterocyclic substances as pyridine, ot~picoline,
quinoline, isoquinoline, and quinaldine is of interest. Very remarkable



dipolar structures, with a tricovalent carbon atom as anion, have been
suggested for some of these products, These products can either change into
polynuclear heterocyclic addition products or split out the heterocyclic
molecule, add another unsaturated unit, and end ss trimers., Thus dimethyl
acetylenedicarboxylate with pyridine yields an unstable product (I),
caucH;
Oﬁﬂ j—ca ocHy
~€00CH;3
caoc H-’

(1)
which can go to either the quinizoline (II) or the mellitic ester (III).

OOCHB OO‘-H3
/H LOOCH'} HBCO(.O ooc,H
coac‘_‘; H}co COOC.H-,
oOCH} c::c:n:M3
(11) (III)

The case of quinones has been studied by Diels and coworkers (7, &, 9).
The first intermediate here is illustrated by the red pyridine-p-benzoguinone

complex, hydroquinone pyridinium betaine (IV), which was actually isolated.

©

(1)



Two molecules of this are concsived to gssociate wilth another molecule of

p-benzooulnone, yielding o further intermediate (V).

» P Y [ SN VU S DU
pehydroxyphicnoxy j-p=-benzoguinons



SCOPE OF NEACTIOH

Studies were [irst instituted to determine what compounds could replacé
maleic anhydride in tﬁis'reaction. Phthalic anhydride, which has structure
similay to that of maleic anﬁydride, was tried, but gave no such reaction
ss maleic anhydride did. . Maleic acid, phthalic scid, succinic aeid, and
succinic anmhydride also did not give the reaction with pyridine. Methyl
maleate was tested for reaction with pyridine in methyl alcohol, benzene,
or excess methyl maleate solution, in the hope of avoiding decarboxylation
which evidently complicates the reaction when the anhydride is used. The
only signifliecant reaction was found to be the change of the coufiguration
of methyl maleate into methyl fumarate, A search of the literature showed
that pyridine does catelyze the lsomerization of methyl maleate into methyl
fumarate (10).

Efforts wers also made to {ind oul uwhat compounds could be used instead
of pyridine as catalysts for the polymerization of maleic anhydride,
A-Picoline, L-ethylpyridine, quinoline; isoguinoline, cuhaldine, and
nicotine could replsece pyridiné, but qﬁinolin@, isoquinoline, amd guinsldine
were not as effective as pyridine. Hicotinic acid, a compound having the
pyridine nucleus but no basiéity, pyrrole, a hetero¢yclic but neubral
nitrogen compound, diﬁethylaniline, a tertiary but:nqn-heseiocyclic amine,
and nitrobenzene and m-dinitrobenzene, compounds héving behaviOf like
pyridine toward ring substitution, were found not effective aﬁ all in
polymerizing msleic anhydride. WNear the close of tﬁe experimental work,
it became quite certain that the reaction between maleic anhydride and
pyridine is & polymerization of maleic anhydride itself, the pyridine

serving only as a catalyst,



PREFARATIVE WORK

Preparation and purification of reagents.

Pyridine. Ordinafy pyridine was dried over quicklime for a weeck and
distilled. The portien boiling at 114-6° C. was collected and used,

Maleic anhydride. ¥astman Kodak white~label maleic anhydride was
used. It melted at 56-7° C. and was 99.4% pure as shown by & titration
with standard sodium hydroxide solution using phenolphthalein ss imdicator,

Methyl maleate. Two hundred forty-five grams of maleic anhydride and
300 g. (375 ml,) of methyl alcohol were refluxed for four hours with a
small amount of concentrated sulfuric acid., The reaction mixture was
washed with several liters of water, then with 107 sodium carbonate
solubtion, and then with wabter agein, The ester thus obtained was dried with
anhydrous calcium chloride overnight and distilled under ordinary pressure.
The portion which boiled at 203-5° G. was collected. It weighed 177 Ees
which corresponds to L9% of the theoretical yield,

-Picaline, Eastman Kodak: yellow-label o-picoline was distilled under
l ordinary pressuré until a constant boiling temperature of 128° ¢. was reachead,
The last few drops of fhe distillate were used;

L-Ethylpyridine, L-Ethylpyridine used in the experiment was prepared by
Mr. T. B. Rice in Che,.v620. It had 2 boiling point of 160-3° ¢,

Cuinoline. Technical-grade guinoline was distilled under ordinary
pressure, The portion boiling at 235—60 C. was used.

Dimethylaniline. Technlecal-grade dimsthylaniline was distilled under
ordinary pressure. The portion boiling at 190-2° C. was collected and used,

The following were uséd without purification: maleic acid (C.P.),
succinic acid (C.P.), phthalic acid (analytical), phthalic anhydride

(analytical), succinic anhydride (BKC white-label), isoguinoline (TKC



white-label) nitrobenzene (TKC white-label), quinaldine (BKC yellow-lsbel),
nicotinic scid (TKC yellow-label), pyrrole {ZKC yellow-lzbel), nicotine
(coumercial), and m~dinitrobenzene (student preparation).

eaction of pyridine and substituted pyridines with molten maleic

anhydride. Yen to fifty grams of malele anhydride was melted in a small
beaker on a waler bath, Pyridine was then dropped in from a medicine dropper
while the molten maleic anhydride was stirved vigorously with :  lass rod,

The mollen mass turned deep browa and becamne viscous after the addition of

the fivst drov of pyridine., After three drops of pyridine bad been added,

a vigorous reactlon sterted. The reaction wmixture bolled and foamed, and

zas was evolved, The amount of heat svolved was so large that a considersble
part of the material was charred, Similar reactions happened when o~pieoline,
k-cthiylpyridine, or nicobine was used, vﬁeactions were also obbained when
cuincline, isocuinoline, ov guinaldine was used instead of pyridine, bubt
the reactions were not so violent. After the addition of 5-7 drops of cuinoline,
isoouinoline, cr guinaldine, the mixtwre became a thick brown paste, which,
upon cooling, becams a solid mass and wuld not crystallize from any solwvent,
Wo similar reactlion could be detected when nicetinic acid, nitrobenzene,
np-dinitrobenzene, dimethylaniline, or pyrrole was used under the sawe con-
ditions.

Geaction of pyridine with some other dicarvoxylic scids and their

anhydrideg., leo reaction happened when pyridine was added to molten
phthalic snhydride, succinic esnmhydride, waleic acid, phthalic acid, or

guccinie acid,
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Leaction of mebhyl msleate with pyridine. Methyl meleate (56 g.) and

pyridine (32 g.) were refluxed in a round-botitom flask for 12 hours. The
reaction mixture was cooled. Thz solid methyl fumarate was filtered off and
the filtrate was fractionated. After the removal of pyridine and methyl
maleate, only a very small amount of brown, tarry substance was left in the
flask. 7The methyl fumsrate was récz ystallized from 50% acqueous methyl
alcohol., ihite leaflets were obtained, m.p. 102° ¢. & part of the methyl
fumsrate was hydrolyzed by 103 sodium hydroxide solution. The solubtion was
then made acidic with sulfuric acid. Fine crystals of fumaric acld were
obtainaed. They decomposed al a tempersture above 280° ¢. In several trials,
methyl alcohol or benzene was used as solvent. Less mebthyl maleate was then
converted into msthyl fumsrate during the refluxing, After filtration,methyl

alcohol or benzene snd pyridins was recovered by distillation and the remsining

solution was fractionated in a Todd fractionating columm. A part of the melhyl

maleats was recovered but a part of 1t was converted into methyl fumarate during

&

the fractionation., A 1little tarry substance was arain left in the flask,

fleaction of pyridine wilh maleic anhydride in benzene. 4 three-neck

{%

round-bottom flask, fitted with a dropping fuonel, a mechanical stirrer, and

)

a condenser, was used., MHalelc anhydride (80 g.) was dissolved in 250 ml, of

~

benzene by warming over a waber bvath., A solution of 32 g, of pyridine in
50 ml. of benzene wos added to the maleic anhydride solution slowly through
the droyping Tunnel., The solution was refluxed and stirred during the
addition of pyridine., After all the pyridine had been added, the solution

n

was reflaxad § half an hour or more. Brown amorphous powder formed

during the addition of pyridine, After it had been cooled to room bemperature,



the solution was filtered and the brown powder collected. The powder was
extracted several times with ethyl ether and then dried., A Soxhlet extractor
wes used sometimes for ﬁhé extraction, In some runs, the ratio of maleic
anhydride and pyridine was different. As little as 3 ul. of pyridine was
used with 50 g, of maleic anhydride ih one run. The products were always
giwilar, The brown amorphous powders from different runs were slightly
different in color and solubility, but in general ihey were soluble in polar
solvents and insoluble in non-polar solvents, The saluﬁions_were always
fluorescent, The powdervmelted with decoemposition at sbout, 110° C., evolving
gas, and changed. into a watéréin501uble substaﬁce.ﬁﬁén baked at 1300 c. It
.shcwedino positive test for nitrogen by the sodium fusion method. Its dark-
colored aqueous solution, wh9n>repeatedly'treated with éctive_charcoal,
became coloriess; but when the colorless solution wjé,evaporéted to dryness,
only traces of crysﬁais wére‘left. Its agqueous soiﬁ#ion_dgcéigrized bromine
in carbOﬂ‘tetrachloride, and was oxidized by alkaligg.pdtassium permanganate
_solution, EecrystalliZation from water, alcohol,vﬁcétone, ethyl acetate,
glacial acetic acid, or a mixture of any of theée¥solﬁents with benzene

or ether always gave a gumny substance. An effort at purification was also
made by pouring an alcoholie, acetone, or sthyl acetate sélution of the
powder into ether or benzene. A brown gelatinous precipitate formed, which
‘upon filtration shrank into = deep~brown gum. A part of the powder was also
esterified by boiling with excess alcohol, A small amount of concentrated
sulfuric acid was used as catalyst. ,This treatment did reduce itg solubility
in water, but sttempts to isolate the resultant compound by pouring the

alcoholic selution into wabter or distilling off the alcehol gave only a gummy



suostance., The reacltion was also tried successively in acetone, sther,
glacial acetic acid and acetic anhydrids solutions sl the boiling points of
these solvents, Theiboiling points of scetone and ebher are apparently too
low to cause reaction; a violent resction occurrad only after nearly all of
the solvent had been removed, The reaction in glacial acetic zcid or acetic
aniydride solution gave a deep—brown solution. Vhen the solvent was
distilled off, a thick brown paste was left in the flask,  If the solution
was poured into benzene, & brown gelabinous precipitate formed whieh, upon
filtration, again, shrank and gave deep-brown-colored gum. The amorphous
powder gave a positive ketone test with 2,/-dinitrophenylhydrazine reagent

in agueous acid,
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QUANTITATIVE DATA

Cetermination of molecular welight of the amorphous powder. DBeckmann's

method of determimation of molecular welight was used, with water as the

solvent, The results are shown in Table 1.

Table I

Yiolecular Veight of the Powder Determined
by Freesing-Foint Lowering.

Powder used, g. 0.1197 0.6824, 0.2519
water, ml., . 50 50 50
F., P. (yrbsu.mn, °c.  ©.015 0.08 0.025
Mol, b, 270 300 380

Determination of neutralization scuivalent. A weighed sample of the
amorphous powder was dissolved in 100 ml. of water by vigorous stirring.
Sometimes the solution was warmed to about 500 C. over a water bath.

Owing to the deep color‘of the solubtion, potentiometrie titration was
adopted, Standard sodium hydroxide solullon was added %o the solution a
little at a time from a burette., The pH value was msasured by a Beckmann
o meter after esach additioﬁ of the sodium.hydroxide.v The end point was
found by plotiing the pH values against the milliliters of sodium hydroxide

added. ‘The neutralization equivalent was calculated by the equations:

N, 5§, = &% 1000
M mlL x W

where g = weight of the sample in granms
wl = ml. of sodium hydroexide used in the titration
¥ = normality of the sodium hydroxide used

The results are shown in Table II,
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Table 11

Heutralization Zequivalent of the Powder Determined
by Wlectretitration Method

Sampla, g. 0.2904 0.2673 0.,1197
Sodium hydroxide used, ml, 2.40 2.30 0.95

Sodium hydroxice, normality 1.045 1.045 1.0L5
Heutralization equivalent 116 111 121

Disappearance of pyridine in the reaction. A weighed amount (0.3-3.6 g.)

of maleic anhydride was placed in a 250-ml. round-bottom flask. Pyridine
(5-10 g.) was weighed and delivered into the [lask through s weighing pipette,
The mixture was warmed to start the reaction, and then refluxed for half an
hour to one hour after the spontaneous reaction was oﬁer, The reaction
miiture was then ecooled ahd 150 ml; of water containing 5 g. of sodium
hydroxide was introduced into the flask, The solution was immediately
distilled Kjeldahl-fashion into a beaker containing excess standard

sulfuric acid solubion until 100 ml. of disﬁillate was collected, The
excess acid was backbitrated with standard sodium hydroxide solution using
methylxorange as indicatof. Ground-glass~joint apparatus had ¥ be used

as rubber stoppers absorb pyridine badly. The results, in Table III, show
that the amount of pyridine disappearing in the reaction was fairly constant
and was only a little higher than in a blank run, rezardless of the amount
of maleic anhydride wed. This can have only two meanings., First, pyridine
was serving only as a catalyst, ov second, the reaction product was easily
hydrolyzed during the distillation. Accor&ing to the reaction of pyridine
with molten maleic anhydride and the widely different amounts of pyridine
used in preparing the brown amorphous powder, the last interpretation seems

very improbable,
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FEun

Number anhydride

W ~ O~ o W

2
Maleic:

used, g.

0.3320
0,2902

0.5676

0.4927

1.0634
1.5724
3.6363
0..000C

Table 11X

Disappearance of Pyridine During Deaction
with JMaleie Anbydride at About 11L° C.

2
A

Haleic
anhydride
used,
milliequiv,
3.39
2.96
5.79
5.02
10.48
16.03
37.08

6.00

L 5 6
Pyridine Pyridine Acid used
used, g. used, to titrate

nilliequiv. recovered

pyridine,

milliequiv.

6.0805  76.9 - 69.6
10,1581  128.,  122.3
5.6652 71.6 68.8
7.0151 88.7 - 82.6
87416 110.4 104.8
9.6753 22.3 115.%
6.078L 76.8 Thohy

12

7

Pyridine
consumed
(column 5
minus column
6), milliequiv., .

7.3

6.1

2.8

6.1

5.6
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Decrease in acidity during the reaction. Maleic anhydride (0.2 g.)

was weighed and dissolved in 10 ml, of Eenzene in a test tube, and a small
azount {0,05-0.7 ml.) of pyridine was added. The test tube was fitted with
a small reflux condenser. After refluxing for a measured time, the
solution was cooled and poured into 100 ml. of water. The mixture was
vigorously stirred for fivzminutes and then titrated against standard
sodiwm hydroxide solution with continued stirring, A Beckmann pH meter
was used. The end point w@s again found by plotting the pH values

against milliliters of sodium.hydroxide solution used. In one cése, b og.
of maleie anhydride'was.dissolved in 200 ml, of benzene, and a 10 mi. -
aliquot was used for each detérmination, along with 0.1 ml., of pyridine,
added from a Mohr pipette. The resulis were calculéted as the percentage
of maleic anhydride remaining after reaction. fThe results are shown in
Table 1V,

Appearance of carbon dioxide during the reaction. A 200-ml, three-

neck round-bottom flask wes fitted with s soda-lime tube, a dropping
funnel, and a condenser. The condenser was comnected successively to

two washing towers, a U-tube, a suction flask and a water pump. The
washing towers were filled with concentrated sulfuric acid whils the
U-tube was filled with Ascarite. A weighed sample of maleic anhydride
was‘dissolved in 50 ml. of toluene in the flesk. Pyridine was alse
dissolved in 10 ml, of teolusne and added to the maleic anhydride sclution
slowly through the dropping funnei. The whole mixture was kept refluxing
gently. Gentle suction was applied so that -anycarbon diexide evolvéd
woul& be absorbed by Ascarite in the U-tube. In severszl runms, aliquots
of maleic anhydride in benzmene like those prepared for the detsrmination

. of decrease of acidity were used. One-tenth of a milliliter of pyridine



Table IV

Decrease of Acidity During Reaction of Pyridine
and Maleic Anhydride at 80° C. in Boiling Benzene

Run Maleic anhydyride Pyridine used, Time, Acid left after

Humber used, £. ml, min, reaction (calcu~
lated as maleic
anhydride), %

1 0.3100 0.00 0 100.8
2 0.22,1 0.05 15 - 102.5
3 0.2853 0.05 30 97.0
L 0.1964, 0.05 60 97.0
5 0.2588 0.05 120 93,2
) 0.1938 0.05 240 82.4
7 0.208% 0.10 15 97.8
8 0.2337 0.10 30 92,4
9 0.2812 : 0.10 60 88,3
10 0.2196 _ 0.10 120 : 85.0
11 0.2255 0.10 2L0 7.6
12 0.2501 - 0.15 5 97.3
13 0.2077 0.15 15 98,7
14 0.2082 0.15 30 ' 93.5
15 0,2L35 0.15 L5 88,k
16 0.1596 0.15 5 83.7
17 0.1573 0.15 105 81,2
18 0.2238 0.15 135 78.0
19 0.2932 0.15 165 Thals
20 0.2132 0.15 215 75,7
21 £.2030 0.15 200 Thols
22 0.2840 0.00 KO 59.0
23 0.2463 0.15 360 5
21 0.1832 : 0.15 , 600 75.5
25 0.3012 - 0.15 1290 7h.0
26 0.1989 0.30 15 ; 92.7 .
27 0.3361 0.30 30 87.7
28 0.3032 . 0.30 60 76,0
29 0.2068 0.30 180 81,6
30 0.4076 ‘ 0,30 1260 5643
31 0,2237 0.50 36 81.1
32 0.2127 . U50 60 75.4
33 0.2022 0.50 120 63,7
3 0.2362 _ 0.70 30 7.9
35 0.2154 ' 0.70 60 71.6
36 0.2303 0.70 120 61,.3
37 0.2032 0.10 15 95.3
38 0.2032 0,10 30 91.4
39 0.2032 0.10 60 85.6
L0 0.2032 : 0.10 120 73.1

41 0.2032 0.10 240 62,7
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was added from a lMohr pipette. The {lask was heated with a water bath.
After refluxing for a certain time the Flask was cooled but suction was
~continued for {ive more minutes to assure that all carbon dioxide cvolved
during the reaction was absorbed by the Ascarite ih the U~-tube, The
amount of carbon dioxide svolved was found by welghing the U-tube belore
and after the reaction., The resulls were again converted inte percentage
of maleic anhydride unreaeted and are shown in Table V. The percentages
of maleic anhydride left, found by the titration and the ameunt of carben
dioxide evolved, agree fairly well., Therefore it is believed thai ihe

decrease of acidity during the reaction is due only to the decarboxylation,
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Table V

Rate of Appearance of Carbon Dioxide During Heaction
of Maleic anhydride with Pyridine

Huns in Boiling Tolucne

1 2 3 L 5 6
Run Haleic anhydride Pyridine used, Time, Carbon dioxide Maleic anhydride
Number uged, g. £ hrs.  evolved, g. left after reaction

{calculated from
column 5), %

1 0.7721 3.505 3 0.0086  97.5

2 1.4K93 . h.265 A 0.0551 91.5
3 5.0366  7.980 7 0.4225 - 81.3
. Runs in Bolling BEenzene
1 2 3 L 5 6
Run Haleie anhydride Pyridine used, Time, Carbon dioxide Haleic anhydride
Nunber used, g. G min, evolved, g. loft after reaction

{calculated from
column 5), %

1 .2032 0410 15 0.0030 96,7
2 0.2032 0,10 30 0.0057 93.7
3 0.2032 .10 60 0.0087 90.5
4 0.2032 - 0.10 120 0.0227 75.1
5 0.2032 0,10 240 0.0348 61.8

% Results of these runs are considered less reliable.
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DISCUSSION OF RESULTS

Polymeric nature of the reaction. We know that:

1. A vigorous reaction 6céurs vhen only btwo or three drops of pyridine is
added to as much as 50 grams of molten malelc anhydride,

2. Degardless of how much p&ridine is used teo react with maleic anhydride
in bhenzene solution{ the products are always similar,

3. Regardless of how much maleic anhydride is used, the amount of pyridine
lost through the reaction is nearly constant and is only a little higher
than in a blank run.

4. The amorphous powder gives a nepgative test for nitrogen by the sodium
fusion method,

Hence the main reaction is not between msleic mnhydride and pyridine as has

been suggested (1, 3). It is almost certain that it is essentially o

polymerization of maleic anhydride itself. The homopolymerization of

maleic snhydeide is unugual although copolymerization with various other

unsaturated substances is well known (11-18). Hevertheless, maleic anhydride

has been polymerized by benzoyl peroxide (19, 20); the product was not
described. Maleie anhydride was also reported to glve a dark-red compound

when reacted with Z,A—dimethylbenzo(g)quinoline in beanzene sclution (21).

The product melted with decompesition at 110—300 C., and could not be

purified. From this methed of preparation and these préperties it is

very lik@l?‘that it wes the same type of polymer of maleilce anhyﬁride that
we have obtained., The brown color of copolymers rich in maleic anhydride

was noted by Tong and Kényan (22), and fluorzscence is reported as a

property of products reéulting from the addition of m&leig anhydride to

disrylethylenes (23).



Structure of the polymer. The neutralization equivalents of different

preparations of the amorphous powder vary scmewhat. This can be due teo:

1. variation in the amounts of malelc anhydride left unreacted and
unseparsted in different products,

2, the difference in degree of decarboxylation, due in turn to the difference
in smount of pyridiﬂe‘used and the time of resction, or

3. experimental error due_%é the small titers involved.

Holecular-welght determination‘should give some ides of the size of the

molecule of the pclymer, ‘But it is slso complicated by the pféSeﬁce‘af

unreacted maleic snhydride and furthermdre by the ionization of ths acid

G

sroups (already present or produced by hydrolysis) of the polymer in agueocus
solution., Such a difficulty was noted by Bartlett and Hozaki (19) in the
determination of molecular weight in water of e copolymer of maleic anhydride
and allyl acetate. They overcame the problem by determwining the molscular
welght in acetone solutibn; some such procedure is desirable for our polymers
also. ‘ |

As already noted, the decreagse of acidity during the reaction as measured
by titration and the amount of carbon dieoxide cvolved agree fairly well., This
suggests that the dééfease of aeidity is due to decarboxylation and not due
to polymerization. The possible polymerization of maleic anhydride, without
loss of acidiby, can lead to the following twolstructures:

—0—C—CH=LH—-&—0 —t—CcH=CtH——0—
] 1l 1
(o] fo) (]

—eH —H—CH—CH — CH —CH—

R

o=C C=0 o=C =Q 0= =0
' NN
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The first structure is bound together in part by anhydride linkages, which
ghould be broken during esterification, Either.ethyl maleate or ethyl
fumerate would be the product. But the esterification of the amorphous
powder only deggeased the solubllity of the powder and gave a gummy product;
no ethyl maleate or ethyl fumarate could be isclated. The second formula
agrees with the postulated structure of the maleic anhydride unit in copoly-
mers, and probably is representabive of the peroxide-produced polymer of
mzleic anhydride made by Bartlett and Hozeki (19). BHut the positive ketone
test given by our product, its unsaturation as shown by the alkaline perman-
ganate and the bromine tests, and & neutralization equivalent of about 110,
can not be explained by this formula; furthermore the decarboxylation of an
anhydride is mosl unusual,

By analogy with the action of pyridine upon guincnes, the following

mechanisu and products of its reactlon with maleic anhydride may be writtent

.;— o

((‘_OOH
=0
= ~C —C—C
T >
QH“CQO
(v1)

By repetition of the above steps, compound (VII) can yield the unsymmetrical

trimer (VIII) and higher polymers.
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I:OH OOH !
s R T
: 2 ~=g
(VIII)
Or compound (VII) may react with the simple betaine in reverse manner gilving

the symmetrical trimer (IX) which camnot polymerize further, at least not

by the same mechanism,
HOE—Q'I-"—"-"I—_E:{T;LT E'—Cﬂw——i—o H

(IX)

A1l these structures for the polymer, (VII), (VIII), and (IX),
account for many of the observed properties of our product., The multi-
conjugated double-bond structure explains the color and the unsaturation
of the polymer., All these structures are either g-ketonic acids or
vinylogs of A-ketonic acids which will give ketone tests and lose carbon
dioxide readily. But all these structures would have acidity substantially
less than the original maleic anhydride, even without any decarboxylation,
and no such loss has been observed, as already mentioned, We must therefore
assume that these keto-acid units are cleaved apart by alkali so readily as
to be titratable as dibasic acids,

By analogy with the behavior of quinones neither structure (VIII) or
(IX) seems very probable, because the polymerization of quinones is not
known to go farther than trimers. Yet the molecular weight, the equi-
valent weight, and the extent of decarboxylation are all too low to
suggest structure (VII). The observed molecular weight of about 300 and

the equlvalent weight of 110 msan reughly three acid groups per molecule.
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Even if these are only slightly ionized, the true molecular weight must be
definitely in excess of 300. This is evidence for structure (VIII) and
higher polymers, Again structure (IX) can lose only one-third of its
original acidity through decarboxylation (assuming dibasicity of keto-acid
units); while observed loss of acidity (see Table IV) went as high as 4L4%
in 21 hours. Thus the weight of evidence is in favor of compound (VIII)
and higher polymers,

Catalytic influence of pyridine bases. We have supposed that pyridine

bases catalyze the polymerization of maleic anhydride through the betaine
salts, This satisfactorily explains the failure of nicotinic acid as a
catalyst because it already exists in betaine structure. The only basic
derivative of pyridine that does not polymerize maleic anhydride is
2,4,10-trimethylbenzo(g)quinoline, which undergoes a Diels~Alder reaction
instead (21). There is no good explanation of the failure of dimethylaniline,
a base of about the same strength as pyridine, to act as a catalyst unless
it is the much greater reactivity of some hydrogens on this benzene ring,
Certainly, more work should be done to clarify all the points, but the
author spent most of his time in fruitless trials of isolation and purifi-
cation of the powder before he realized that it is a polymer and therefore
very difficult to purify by standard organic procedures.

Suggestions for further work. The writing of the thesis in order to

fulfill a part of the requirement for a master's degree does not mean that
the experimental work is complete. Polymaleic anhydride might be prepared
by the method of Bartlett and Nozaki (19) in order to study its properties
and compare it with the polymer obtained in the present work. A quantitative
determination of carbon and hydrogen will certainly throw some light on the



structure of the polymer, but unfortunately the powder is by no means pure,
especially since it has been more or less decarboxylated even when prepared
at minimum temperatures. The analogous polymers of p-benzoquinone are of
course not subject to decarboxylation. Determination of pyridine liberatsd
(if any is present) from the polymer by sodium hydroxide would measure the
amount associated with aecid groups, and total nitrogen content less the
nitrogen of such pyridine would establish the extent to which the pyridine
nucleus is permanently involved in the polymerization. Measurement of
carbonyl groups in the polymer, either gravimetrically with 2,4-dinitro-
phenylhydrazine or volumstrically with hydroxylamine hydrochloride, would
contribute further evidence on structure. Reasoning by analogy from the
behavior of methyl acetylendicarboxylate, maleic anhydride, and p-benzoguinone,
maleimide and esters of azodicarboxylic acid will undergo this type of poly-
merization. The chief value in such extension ol the reaction would be the
possibility of finding polymers easier to purify and characterize than the

one from maleic anhydride.
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SUMMARY

The reaction between maleic anhydride and pyridine has been studied,
and found to be easentiaj.ly & polymerization of maleic anhydride. Pyridine,
L-ethylpyridine, e(-picoline, nicotine, quinoline, isoquinoline, and
quinaldine act as catalysts for the polymerization while nicotinic acid,
pyrrole, dimethylaniline, nitrobenzene, and m-dinitrobenzene do not.
Phthalic anhydride, maleic acid, phthalic acid, succinic acid, and succinic
anhydride do not polymerize under the same conditions. Although completely
satisfactory purification of the polymer was not achieved, its molecular
weight and eguivalent weight were determined. The quantitative relationship
between decrease of acidity and decarboxylation during the reaction was
also studied. A tentative structure for the polymer and mechanism for its

formation are proposed.
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