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PREPARATION AND "PROPERTIES OF PHENYLSUCCINIC ACID
DERIVATIVES. IV*, ON THE INFRARED SPECTRA OF SOME
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Zbadano widma w podczerwieni szeregu imidéw i N-alkiloimidéw po-

chodnych kwasu fenylobursztynowego. Przeanalizowano charaktery-

styczny dublet w zakresie drgan rozciggajgcych C=0 i stwierdzono, ze

nie jest on zwigzany z ewentualnym wystepowaniem miedzyczgsteczko-
wych wigzan wodorowych.

UccnenoBaHe! MHMPAaKPACHEIe CIEKTPERI PANA MMUAOB M N-ankuin MMUIOB

TNPOM3BOAHEIX (DEHMIAHTAPHOM KMUCKOTLI, IIpOaHaNM3MPOBAH XapaxTep-

HBIA AyONeT B WHTEPBAJNE BaNEHTHBIX Konebauuit C=0O m yCcTaHOBIEHO,

YTO OH HE CBA33H C BO3MOKHLIM IIPUCYTCTBUEM MHTEPMONEKYJIAPHBIX
BOIOPOAHLIX CBA3EH,

Infrared spectra were investigated in several imides and N-alkylimides

derived from phenylsuccinic acid. The characteristic doublet in the C=0

stretching vibration region is discussed and found to be unrelated to
the possible existence of intermolecular hydrogen bondings.

Infrared spectra of imides have so far been investigated by numerous
authors with particular consideration of maleimidel® and succinimide3—9,

One of the most recent studies concerned with this subject was
presented by Uno and Machida®, who examined and discussed
the infrared spectra of succinimide and maleimide and of their N-deu-
terated derivatives. They recorded two characteristic absorption bands
in the 1700—1772 cm™! region, that is, in the range of the C=0 stretch-
ing vibrations. The high-frequency, moderately intense band at 1772 and
1771 em™! in succinimide and maleimide, respectively, was assigned by
the Japanese authors to stretching vibrations of a free, unbonded carbo-
nyl group; the other, extremely intense band at 1700 ecm™! was attributed
to stretching vibrations of a hydrogen-bonded C=0 function.

In their assignments, Uno and Machida referred to the
structural concept advanced by Mason?. Upon examination of the
structure of succinimide by the method of X-ray diffraction, Mason
suggested the presence of two intermolecular hydrogen bridges. In the
light of Mason’s experiments, crystalline succinimide may be therefore
referred to as a hydrogen-bonded cyclic dimer (I).

To the authors’ knowledge, no attempts have been made so far to
figure out the energy of such hydrogen bonds, even in a rough and ready

* For the preceding paper in this series, see LLange J, Urbanski T,
Venulet J., Roczniki Chem., 36, 1631 (1962).
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does actually exist in cyclic imides — the two C=O0 groups in succin-
imide cannot be exactly equivalent to one another and, consequently,
may differ more or less in their vibration frequencies. What can be
the magnitude of this diff\erence still remains an open question.
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On the other hand, a comprehensive survey of the infrared spectra
of numerous cyclic compounds with C=0 groups, including succinimide
and N-methylsuccinimide, was presented by Hall and Zbinden?®,
They recorded two distinct bands attributable to C=O stretching
vibrations: at 1771 and 1698 ecm™! in succinimide, and 1765 and 1695 cm™!
in N-methylsuccinimide. Splitting of the C=0 band has been explained
by Hall and Zbinden in terms of vibrational interactions of the carbonyl
groups. There is every reason to believe that this explanation is properly
founded, since an almost identical doublet has been moted by the same
authors in three other cyclic N-methylimides as well as in a series of
cyclic anhydrides,

Confrontation of the opinions advanced by Uno and Machida®
on the one hand, and by Hall and Zbinden® on the othér, makes
it clear enough that — even if one takes into consideration o-nly the
reports published within the last few years — two widely different concepts
are advanced to explain the origin of the C=0 band splitting in succin-
imides is due to. It should be positively stressed here that Hall and Zbin-
den did mot engage in any discussion concetned with the possibility of
hydrogen bonding in succinimide crystals. They suggested, however,
that splitting of the C=0 band, as observed in the infrared spectra of
succinimides, might be due to a vibrational interaction of the carbonyl
groups.

It seems also that the suggestions published by Uno and Machida
disregard to a certain extent the ample ‘experimental material made
available by infrared spectroscopic examination of N-methylsuccinimide
and other N-substituted imides of related structure,

In order to obtain some new data that would make it possible to
interpret the C=0 band splitting in succinimides in a more consistent
and unequivocal way, we have carried out recently an infrared examina-
tion of a series of imides and N-alkylimides derived from ring-substituted
phenylsuccinic acids 9.

EXPERIMENTAL

Most of the imides investigated were prepared by pyrolytic decomposition of
the corresponding ammonium or amine salts of various p-halophenylsuccinic acids
as reported earlier . They were purified by recrystallization.

N-Methyl-2,2-dimethylsuccinimide was prepared according to Miller and
Long!® and purlfled by vacuum distillation.
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Coxnmerc_ial samples of succinimide and N-bromosuccinimide were purified by
recrystallization.

A Hilger H-800 double-beam spectrophotometer with rock salt prisms was
used. Except for two N-isohexyl imides (compounds X and XIX) which were molten
and analysed neat, all infrared spectra were taken in Nujol mulls.

DISCUSSION

Frequencies of the absorption bands in the C=0 stretching vibration
region (1530—1800 cm™!) are presented in Tables 1 and 2. In addition,

also frequencies of N—H stretching vibrations in N-unsubstituted imi-
des are given.

Table 1
Succinimides
Rl
o0
l \N—R?
CH,—C0/
Gt R R RO C =0 stretching vibration N—H stretching
) region vibration region

T H H H 1696 vs, 1773 m 3190, 3080

1658 sh, 1696 vs
1723 sh, {763 m

1580 vw,-1642 sh
m H H Br 1656 sh, 1701 vs _
1769 m, 1816 w

v CH, | CH, | CH, 1651 sh, 1697 vs
1768 m

The spectra of compounds (I), (ID, and (III) were taken in Nujol mulls. Compound (IV) was
analysed neat.

In the discussion, no account is taken of the spectral consequences
that may amise from possible conformation differences depending on
the positions of the alkyl and aryl substituents. As a matter of fact,
there is every reason to believe that isomerism of this type, if any, could

. hardly be expected to bring about any substantial changes in the infrared
curves and, furthermore, to be of great interest to the problem we are
concerned with, that is, the problem of C=0 stretching vibrations.

(H) Ph O
C——*C/
N—R
L C/
u’ \o

A characteristic feature of the infrared spectra of the imides inwvest-
igated is that they all have several absorption bands in the C=O0O
stretching vibration region (Tables 1 and 2). In most cases, the spectra
were taken in crystalline compounds, so that their complexity may be

8 Rocezniki Chemii
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Table 2

p-Substituted phenylsuccinimides

R~ \_>—-CIH_CO\)N_Ru
CH,—CO”
Compd.| R! R C=0 stretching vibration region’ \Tb;:llloi:li:;:::\g
A H 1603 s, 1627 m, 1705 vs, 1773 sh, 1815 vw 3129 m, 3057 m
VI T C.H, 1606 \V,];;bh, 1695 vs, 175(-)_sh_, T we | o
VII —Cl— I 1702 5, 1785 m, 1750 sh S e 3_159 m, ;!;)67—\\7
VI E CH, —1597 w, 1696 vs, 1705 vs, 1723 sh, 1773 m i —--:_—
IX | Cl| iso-CH,, 573 \_v' 1593 w, 1646 sh, 1691:;?5;: F o
1771 m
X | C1} iso-CyH,, B 1597 w, 1660 sh, l7670>;7, 1782 m il ——~_—;-
X1 ; H 1598 5, 1649 s, 1696 vs, 1;50 sh, 1785 m _ - 31;5 m__3071:n?
XI1I Be CH, ) 1583 w, 1694 vs, 1729 sh, 1754 sh, 1;;;1 S e
X1 ; C,H, 1590‘w, 1644 sh, 1698 vs, 1770 m —
XIV | Br | iso-CiH,, 1688 sh, 1696 vs, 1750 sh, 1769 w o 7:——
Xv ;‘— is0-C,Hy 1595 w, 1682 s,rgl:)_;h, 1778 w - —_—
XVI | Br allyl 1649 sh, 1694 v.s.,rl750 sh, 1771 m B
XV | I H Ta);sjéz_s s 1705 Vs,‘l785 m 1 usAl_ss 5-4067 m —
XVII I CH, 1694vv;j1;5; sh, 1771 m R R —
XX | 1| iso-Coty, 1588 w, 1703 vs, 1773 m R sy
_;): T allyl 1590 w, 1645 m, 1698 vs, 1771 mﬁ 7 . —~—————A~

Compounds (X) and (XIX) were molten and analysed neat, All other spectra were lnken in
Nujol mulls.

due to crystal forces. Such an explanation does not sustain, however,
confrontation with the results obtained with molten compounds, as was
the case with (X) and (XIX) in. which the infrared absorption patterns
could not reflect the effects of crystal lattices. That the crystalline
structure canmot be considered the only factor responsible for the
complex shape of the infrared curves in the C=O stretching vibration
region is particularly evident from the spectrum of (X).

Although the compounds listed in Table 1 on the one hand and
those making up Table 2, on the other, apparently belong to the same
structural series, they reveal quite substantial differences as far as their
infrared spectra are concerned. Thus, in the case of phenylsuccinimides
(Table 2), the aromatic C=C vibration bands may obscure the picture
of the C=0 stretching vibration bands characteristic of the —CO—NR—
—CO—system, whereas in the purely aliphatic imides (Table 1) there
is mno such possibility. On the other hand, the C—C vibrations in
p-substituted benzenes are kmown to appear in the infrared spectra
approximately at 1600 and 1500 cm™1; the peak appearing near 1600 cm™!
has been recorded in a fairly wide range of 1650—1585 cm™1 depending
on the substituent and on the general character of the compound.
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In conclusion, it seems legitimate to assume that absorption bands
recorded in phenylsuccinimides at frequencies higher than 1650 cm™!
should be assigned to the vibrations of carbonyl groups. Two such bands
are actually observed in the spectra of the imides we have investigated:
a very intense band at 1682—1705 cm™1; and a band of medium or even
low intensity at 1769—1785 cm™L Both bands have been invariably re-
corded in the spectra of all the compounds under investigation, that is,
in N-unsubstituted as well as in N-substituted imides. Moreover, the A»
value for the two bands is in every case almost the same and seems
to be fairly independent of the structure. For example, in succinimide
Ay amounts to 77 em™!, whereas in N-substituted derivatives of that
imide it ranges from 67 to 88 cm™!; similarly, in N-unsubstituted and
N-alkyl phenylsuccinimides, Av amounts to 68—89 and 68—96 cm™1,
respectively.

The experimental results referred to show clearly that the occurrence
of at least two absorption bands in the C=0 stretching vibration region
is unrelated to the possible formation of intermolecular hydrogen bonds.
The same is true for the frequencies of the two bands and for the Aw
value, Hence, splitting of the C=0O band into a doublet canmot be
explained by the presence of hydrogen bondings, as has been suggested
by Uno and Machida®. Similarly, one cannot agree with their
view that one of these bands represents the vibrations of an unbonded
carbonyl group, whereas the other, of a hydrogen-bonded C=0.

In our belief, the two bands should be assigned to C=O stretching
vibrations, the splitting observed being due to a vibrational interaction ®,
The doublet has an almost constant Arv value, which is characteristic of
the pyrrole-2,5-dione- structure and which undergoes but insignificant
- changes on substituting the nitrogen atom with various groups.

We would like to emphasize here that our interpretation is by no
means intended as a denial of the possible existence of intermolecular
hydrogen bonds in succinimides. If the molecules are, however, actually
bonded in such a way, the bond forces are low enough to be considered
not responsible for splitting of the C=0. band und unrelated to the
magnitude of this effect. :

In our investigations, we confined ourselves to the survey of the
700—3500 cm ™! region, so that we could not record the C=0 deforma-
tiom vibrations, usually producing infrared absorption bands at apprecia-
bly lower frequencies. Similarly, we did mot attempt to discuss the
rather complex and imvolved spectral pattern below 1600 ecm™}, as we
realize that our experimental material does not justify even tentative
but reasonably well founded assignments in this region.
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OTRZYMYWANIE I WELASNOSCI POCHODNYCH KWASU
BURSZTYNOWEGO. IV. O WIDMACH W PODCZERWIENI PEWNYCH
IMIDOW POCHODNYCH KWASU BURSZTYNOWEGO

Z. BUCZKOWSKI, J. LANGE i T. URBANSKI

Katedra Technologii Organicznej II Politechniki, Warszawa

Wsér6d opublikowanych ostatnio prac poS§wieconych badaniu i analizowaniu
widm w podczerwieni cyklicznych imidéw, przede wszystkim pochodnych kwasu
‘maleinowego 1 bursztynowego, szczegblows interpretacje uzyskanych wynikéw
podaja Uno i Machida?®, Dla wyjasnienia wystepowania charakterystycz-
nego dubletu w zakresie drgan rozciggajgeych C=O, autorzy ci powolujg sie na
dane Masona?, ktéry na podstawie badain rentgenograficznych przypisal kry-
stalicznemu imidowi kwasu bursztynowego budowe cyklicznego dimeru (I) po-
lgczonego mostkami wodorowymi. Uno i Machida przyjeli wiec, ze §redniej inten-
sywnofci pasmo o czestoSci 1772—1771 cm~! zwigzane jest z drganiami rozcig-
gajacymi wolnej grupy karbonylowej, za$ bardzo intensywne pasmo o czesto$ci
1700 cm~! wyraza drgania rozciggajgce grupy C=0 zwigzane] mostkiem wo-
dorowym. .

Wnioski Uno i Machida nie pokrywajg sie z danymi, jakie opubliko-
-wall wezeSniej Hall 1 Zbinden?®. Autorzy ci obserwowali wystepowanie
identycznego dubletu w niektérych N-podstawionych imidach oraz w cyklicznych
bezwodnikach, a wigc w ukladach wykluczajacych mozliwo§é tworzenia miedzy-
czasteczkowych wigzan wodorowych.

Dysponujgc szeregiem zwigzkéw o podstawowej strukturze imidu kwasu
bursztynowego zbadaliSmy ich widma w podczerwieni. Wyniki pomiaréw w za-
kresie drgan rozciggajacych C=O podane sg w tablicach: tablica 1 obejmuje po-
chodne .imidu kwasu bursztynowego, tablica 2 — pochodne imidu kwasu fenylo-
bursztynowego z podstawnikami chlorowcowymi w polozeniu para. We wszystkich
‘badanych zwigzkach, zaré6wno zawierajgcych wolng grupe imidowg NH — a wiec
mogacych tworzyé wigzania wodorowe — jak i ich N-alkilowych i N-bromowych
pochodnych, nie mogacych tworzyé takiego wigzania, stwierdziliSmy wystepowa-
nie charakterystycznego dubletu: §rednio intensywnego pasma w granicach 1769—
1785 cm~! oraz bardzo intensywnego pasma w granicach 1682—1705 cm~—1L Od-
leglo§¢ obu pasm bylta niemal stala i wynosila 77 em~! w imidzie kwasu burszty-
nowego, 67—88 cm~! w jego N-alkilowych pochodnych, 68—89 cm—! w N-nie-
podstawionych pochodnych imidu kwasu fenylobursztynowego, oraz 68—96 cm™!
w analogicznych pochodnych podstawionych przy atomie azotu.

Uzyskane wyniki wskazujg wyraznie, ze wystepowanie dubletu w zakresie
drgan rozciggajacych C=0Q nie jest w zadnym przypadku zwigzane z ewentualng
obecno$cig wigzai wodorowych. Zgodnie z propozycjami Halla i Zbindena
wigze sie ono raczej z wzajemnym oddzialywaniem drgan. Wnioski te nie wy-
kluczaja w zasadzie mozliwoSci istnienia wigzan wodorowych w badanych imidach.
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