SPECTROSCOPIC STUDY OF HYDROGEN BONDING IN AMINOANTHRAPYRIDONES#*

B. E. Zaitsev, T. A. Mikhailova, UDC 668.8:547.837:6:543.422,4:541.571.9
and M. V. Kazankov

By an analysis of the IR spectra of solutions of aminoanthrapyridones in
chloroform it was demonstrated that the primary and secondary amino groups

in the 1 and 6 positions form an intermolecular hydrogen bond with the CO
groups; the amino groups in the 6 position form a stronger hydrogen bond.

An anomalous form of the absorption band of the stretching vibrations of

the NH ‘group was detected in the IR spectrum of 6-n-hexylamino-3-ethylanthra-
pyridene. The long-wave band in the electronic spectra of aminoanthrapyri-
done is related to the band of charge transfer of the unshared pair of elec-
trons of the amino nitrogen atom to the 7 system of the rings.

Aminoanthrapyridone derivatives have long been used as dyes, and they have re-
cently found application as luminophores [2]. However, up until now the dependence
of the spectral characteristics of anthrapyridone derivatives on their structure has
remained practically unstudied. There are only a few studies of descriptive charac-
ters [2-5]. In the present paper we examine the IR and electronic absorption spectra
of amino derivatives of anthrapyridone (I~VIII, Tables 1-3).

0 R¢

It has been shown that anthrapyridone (X) to a certain degree retains the proper-
ties of anthraquinone and a-pyridone [1]. Proceeding from this, one should expect
that the amino group in the 6 position of anthrapyridone will interact with the an-
thrapyridone system in a manner similar to the interaction in a-aminoanthraquinone
{4] and should be tied up in an intramolecular hydrogen bond (IHB). The amine nitro-
gen atom will be close to an sp” state, which will create favorable conditions for
electron transition with charge transfer from the 2p, orbital of the nitrogen atom to
the anthrapyridone system; this transition is responsible for the color of the dye.
The indicated character of the interaction should show up in the vibrations of the
functional groups (C = 0, NH), that participate in the formation of the IHB and in the
pz & T* charge—transfer band in the electronic spectra.

It is seen from Table 1 that one band at 1649 cm~' is observed in the spectrum
of a solution of 6-piperidino-3-methylanthrapyridone (I) in the region of the stretch-
ing vibrations of the CO bonds (vgg). The certain decrease in the vgg frequency in I

*Communication VI from the series "Structures and Properties of Dyes." See [1] for
communication V.
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as compared with N-methylanthrapyridone (IX, 1667
em~') can be explained by conjungation of the amino
group with the aromatic system. The vgp bands in
the spectra of solutions of 6-amino- and 6-n-hexyl-
amino~-3-methylanthrapyridone (II, III) are split in-
to two components. The splitting of the vgg band
may be due to the formation of an IHB between the
amino group and the adjacent keto group, which is
characteristic for the previously investigated 1-
aminoanthraquinones [6], and Fermi resonance. The
keto group is tied up in the formation of an IHB in
IT and III, while the amide C=0 group is free. Inas-
much as the intemnsity (Agg) of the band of the amide
group is higher by a factor of almost 3 than the in-
tensity of the keto band [1], the high-frequency vcg
band should be more intense. However, the reverse
ratio of the intensities is observed in the spectra
(Fig. 1). The redistribution of the intensities of
the components of the C=0band is possibly explained
by Fermi resonance.
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The stretching vibrations of the primary amino
group of II give two bands (Vg and v,gNg,) in the
spectrum, while the secondary amino group of III
gives one diffuse vyg band. On subsequent dilution,
the position and intensity of these bands are re-
3500 3400 3300 1700 1600 moocm I tained, and new bands do not appear. The deviation
"in the experimentally found Vo, values from the
values calculated from the empirical expression be-
low [7] may be a criterion of the association of the
amino group (in particular, through THB):

Sl

Fig. 1. IR spectra of anthra-

pyridone derivatives in chloro-
form: 1) 6~-piperidino-3-methyl-
anthrapyridone (I); 2) 6-~amino-
3-methylanthrapyridone (II); 3) v xH,= 3455+ 0.876v4s Nu . '¢h)
6-n-hexylamino-3-methylanthra-
pyridone (III); 4) l-amino-3-

methylanthrapyridone (IV); 5)

1-n~hexylamino-3-methylanthra-
pyridone (VI); 6) 4-isopropy-

lanthrapyridone (VII).

These deviations are 95 cm™! for 6-amino-3-methylan-
thraphyridone (II) and 42 cm™' for l-aminoanthrapy-
ridone. It has been pointed out [8] that the Avyy, =
Vags — Vg value increases as the strength of the IHB
of the amino group increases. The Avyg, value in

the spectrum of II is twice that in the spectrum of
2-aminoanthraquinone and 11 cm~! larger than in the
spectrum of l-aminoanthraquinone (170 em—*). It must therefore be assumed that the
energy of the IHB in II is greater than in l-aminoanthraquinone.

The anomalous behavior of the vyg band in the IR spectrum of 6-n-hexylamino-3-
methylanthrapyridone (III) should be noted. A diffuse band at 3150-3500 cm™' (Fig.
1) is observed in the region of stretching vibrations of the NH bond in place of a
distinct absorption band. .

The integral intensities (A) and half widths (Av;/2yg,) of the absorption bands
of the stretching vibrations of the amino groups in the IR spectrum of II differ from
the values observed in the spectra of a-aminoanthraquinone. The chief difference
consists in the increase in ANy, and Av,/2NH, of the band of the asymmetrical vibra-
tion by a factor about two in the spectrum of II.

Thus, on the basis of the behavior of the vgp and vyy, absorption bands and the
experimentally found spectral characteristics in dilute CHCls solutions, it can be
concluded that the amino group in the 6 position of anthrapyridone forms a strong
THB with the adjacent keto group; this bond has a higher energy than in the case of
a—-aminoanthraquinone.
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TABLE 1. Frequencies, Integral Intensities, and Half-Widths
of the Bands of the Stretching Vibrations of CO and NH
Groups in the IR Spectra of Aminoanthrapyridones in CHCI;

- - Ae1074 . Prepar-
Com-| R v, em™ liters/ | AVie: | Assignment ative
pound | mole. -1 methods

. cm? i

1 | R2=CH, | 16492 | 83 | 237 | vCOamide+ | —

i R*=CsH(N ‘ . g +Ketone :

 R=Ré=H 16622 (CClY) | — | — |

1 Re=cH, 16361 ; | vCOketone
R*=NH, | 1653:=3% ; | vCOamide @ 11
' RI=R3=H 3301+3 .13 | 421 | w.NH,
1 34823 | 18 | 288 | veNH;
I | R?=CH; ' 16522 | [ vCO amide

| Rt=CgHsNH . 1623x3 { | vCO ketone | 12

| R'=R°=H 3150—3500 | | WNH A

' |

IV | R2=CH;, 1661 =1 | 57 | 235 ~CO
| R'=R3=H . 1643 L6l 13
" R'=NH, . 3363x2 |18 1 294 w.NH, |
3485i2 t 1,0 32,5 j VasNHQ
V | RE=R'=R®=H . 1651=2 | 100 | 26,1 ~CO

~ R'=CgH;sNH 16592 (CCl) | 102 ; . 12

: i 3340+3 ] 425 . vNH amine

‘ . 33933 | 14 | 275 vNH amide

VI | R?=CH, ©1633x2 ;7.8 | 400 ~CO D19

. R*=R8=H i 3338%3 L7 | 4250 v(NH...0Q)

! R]=CGH1§NH ; 1 ‘

Vil | R*=R‘=R!'=H ' 1663=2 | 98 | 150 ~CO

| R*=CH(CHy); @ 33854 . 14 | 205 | wNH P
Vil | Re=CH, | 16262 | 99 | 247! wCO |

- R*=R!=CgH;3NH 1660 T : : i 12

| R®=H | 33053 | L7 | 450 . wNH ;

i i i
*Overlaps with the band of Syy, deformation vibrations.
tShoulder.

i

l N/CH3
1
0., ,,-NH

An asymmetric vpg band at 1661 cm™' with a shoulder at 1643 cm™* and two bands
of symmetrical and asymmetrical vibrations with Avyy, = 122 em~' are observed in the
IR spectrum of l-amino-3-methylanthrapyridone (IV) (Table 1) in CHCls. The difference
in the frequencies of the indicated absorption bands in the spectra of IV as compared
with the spectra of II is explained by the different position of the amino group in
the molecule and the different possibilities of formation of an IHB. 1In II the amino
group may form a 6-membered ring, while in IV the amino group may form a 5-membered
ring, which is usually characterized by a weaker IHB than the six-membered ring [8].
Comparing the Avyg, values in the series B-aminoanthraquinone (90 cm~'), which does
not form an IHB, 2+chloro-3-aminoanthraquinone (101 cm~') [9], which forms a weak IHB
of the NH...Cl type, IV (122 em~'), and II (181 em~'), it can be concluded that the
strength of the IHB increases in the indicated order. The AgNH, integral intensity
in the spectrum of IV is approximately twice that of Aygnp,, while the Av./2yg, half-
widths are approximately identical.

One vgo band of the amide and carbonyl groups is observed in the IR spectrum of
a solution of V in CHCl; and in CCl,. The absence of a distinctly expressed splitting
of the vgp band in the spectrum can be explained by the rather weak IHB (H...0=C).
The following two bands are observed in the vyy region of l-n-hexylaminoanthrapyridone
(V) in CHCls solution: 3340 cm"l, which is related to vNg of the amino group, and 3393
cmfl, which is related to vyyg of the cyclic amide group (Table 1). This is confirmed

1187



*JapInoys ST
ys pue ‘yeom A19a ST MA “jesm ST M ‘wnipaw ST w ‘3uoils sT s -“Buoxls Aisa ST sSA :9TqEI BY3 UL poidope
819M SUOTIBTADIqQE SurmoTToy 9yl ‘*suopraddeayjue sT X oTTuym ‘ouopraideayiuelfulsuw-¢ ST XI punodwody

MIgel W gFel | UIQYE M g8 weogl | _
w 8631 M SHgl . Mmog., wrggl ‘1661 M Gopl ; 910¢ | .096E—009% |
Mo1el M 6811 S6LL S €0L wr st w Skl g9l $90€ 0oge—or1e. X
M zier ;
MgeEl M QLEl a8 , :
MA B9T1 €LL W 3ZL TMGEIT M 00S1 ] M GF63
0Gel sA g1l 628 W QiL MGO9T Tt 08¥1 L M 0687
gzel M 9811 98, W g69 IUIEp] . ys 0Lyl $A 0991 M G783 MOLOE X1
M 69g] Ul 0863
s G¥El MG88 w 863
w zr1ei M 8E8 ur 0683
W 0651 g8 1 0883
M gezl WL 881 £563 M 990¢ SAGIEE
M 6Z51 w g0 weey] SA 2791 MG/82 G808 saQzee| IHA
urgoe] M gRET | M 088 ys09%1 S96G1 w 962
Mogrer | 589L MIEL useeel  Mgigl sglvl $89G1 £991 w9262
M 0831 M 8611 Wzyiz Mze9 | MeeEl MELTT wroghi s €ISl 50591 U168 sgoee! IA
M6 86¥1- 9662
TLETCORI SPET | MB6L M¥BL 69%1 MGZ6G ‘
2IE1 M /pg1 | UwIgy, wge) "6GV1 2983
8vgl Mgeal | WIIL %www MZEY1 - $66g] Sp8% MoIEE) A
208
s G8gl ~  wgg
w 0ge1 'S 68L U G68 ,
$ G6G1 MB8GL MOY8 | SG8E1 MOgEl uregspg $Gig] M 0963 ‘ W GE6E MGG0E
$ 2931 MGZL| wCegl w189gI USCHPI| M ELFT m GhP]| 0991 *SAGZO1! ~ M 8687 ‘ LUGI8T mgpoe | 00se—ogie| 111
M O6ET M TYET M 668
M 8181 | ‘W08 MEES _ wSHGI $0g91 SOFVE
weesl M gzl S8L W 8GL Losrl  mcgrl 99%1 ‘8h¥1 UsGG91: . S 0G63 ‘T 0BRE ME60e | mO60E ‘s9lel 11
M Rl1E1 W 7871 wgl6 | M0031 W GETl w g9rl | : _
wehgl W 053! weeL MEIL| w§Lgl w G651 ‘wr k1| s89G1 M G081 SAgG9l| uig0sg ,E@mwm_ 080€ ‘090¢ I
. L L. (
spueq 1aY1Q Dy N-D4 THOQ “HO g D0, 0Dy, “HOa  “HOa HiV4, HNjp .wm”mm

S@ATIBATIS(Q SuopTiiddeiyjuy Jo waloadg uorizdiosqy I 2yl uIl SuoTIeAqIA 94yl JO saTousnbaag

93B3g QUTTTEISAI) oYl Uuf

ARCYELAR

1188



log ¢

by the observation of a band at 3385 em™' in the

spectrum of a solution of 4-isopropylanthrapyri-
done (VII), which has only an amide NH group, and
by the presence of a group at 3338 cm~' in the
spectrum of l-n-hexylamino-3-methylanthrapyridone
(V1), which has only an amine NH group. It should
be noted that the vgg band in the spectra of V

and VII, which contains an amide NH group, is ~10
cm~' higher than in the spectra of compounds that
have a methyl group attached to the ring-nitrogen
atom. The Acp integral intensities in the spectra
of V and VII lie within the limits of 10 units.

240 280 320 360 400 440 480 520 560 800 X, M
The position of the vgg band, which is due
to vibrations of amide and ketone CO groups, in
the IR spectrum of 1,6-di{n-hexylamino)-3~methyl-
anthrapyridone (VIII) is markedly reduced as com-
pared with vg0 in the spectra of the monoamino
derivatives (Table 1). This can be explained by
the formation of an THB and by the electron—donor capacity of amino nitrogen atoms.
One distinct band with an intensity of 1.7 units, which is close to ANg in the spectrum
of VI (Table 1), is observed in the spectrum of VIIT in the vyg region. Consequently,
this band can be assigned to vibrations of the NH group in the 1 position. The vibra-
tion of the NH group in the 6 position is manifested as a diffuse band, as in the spec-
trum of TIT. The observed diffuse character of the vyg band in the spectrum of 6-n-~
hexylamino-3-methylanthrapyridone (Il), in analogy with VOH...X, for example, in the
spectrum of a-hydroxyanthraquinone, may be explained by the symmetrical orientation of
the proton with respect to the nitrogen and oxygen atoms.

Fig. 2. Electronic spectra (¢ 5°
10-*M): 1) 3-methylanthrapyridone
in chloroform; 2) 6-amino-3-methyl-
anthrapyridone (II) in chloroform;
3) II in concentrated H,S0,.

The vgo values in the spectra of crystalline samples change only slightly in pas-
sing to the spectra of solutions. The vNy absorption band in the crystalline samples
appears as a complex system of bands at 3100-3440 cm~' with several maxima (Table 2).

A shoulder of medium intensity at 1655 cm~' and an intense band at 1630 cm~?,
which is probably overlapped with the band of the vibrations of the aromatic rings
(Table 2), are observed in the spectrum of Il in the crystalline state. The closeness
of the vgg values in the spectra of II in the crystalline state and in solution attest
to the similarity of the character of the interaction of the ketone group and the NH
bond in the different states.

A broad absorption region is observed in the region of the stretching vibrations
of the amino group in the spectrum of crystals of II. The complication in the region
of absorption of the NH, group is due to strong intermolecular hydrogen bonds. Just
as in the spectrum of a solution, a diffuse band is observed in the spectrum of 6-n-
hexylamino-3-methylanthrapyridone (III) in the region of the stretching vibrations of
the NH group; this provides evidence for the identical character of the hydrogen bond-
ing in the crystalline state and in solution.

A characteristic feature of the electronic spectra of 6-aminoanthrapyridones as
compared with the spectra of unsubstituted anthrapyridone is the intense band at 510-
550 nm (Fig. 2 and Table 3).

Proceeding from the assumption that anthrapyridones to a certain extent have the
properties of anthraquinones and benzathrones, the long-wave band can be assigned to
transfer of the charge of the unshared pair of electrons of the amine nitrogen to the
vacant orbitals of the aromatic anthrapyridone system, which are usually designated’
py > 7*. The assignment of this band is proved by its disappearance when the com-
pounds are protonated in concentrated H,SO. (Fig. 2). As pointed out above, the ap-
pearance of a p, > 7% band is possible if the amine nitrogen atom is close to the sp?

state. The formation of an IHB of the NH...0=C type promotes transition of the amine
nitrogen to the sp? state.
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TABLE 3. Electronic Spectra of Amino Derivatives
of Anthrapyridone in Chloroform

Com-=

pound ! Amaxe BM ) log &
U S
I ! 260, 342, 392, 410, 530 ! 4,53; 4,01; 3,36; 3,30; 3,97
1 ' 294, 340, 360, 483, 511 4,14; 4,53; 4,56; 4,49; 1.50
1 | 260, 300, 350, 520, 550 4,60; 3,99; 3,99; 4,07; 4,13
VIIIL 250, 371, 423, 520
1

3,86; 3,07; 3,28; 3,36

Inasmuch as protonation of the investigated compounds is realized only in concen-
trated sulfuric acid, it must be assumed that the amine nitrogen atom interacts strong-—
ly with the aromatic rings, and this sharply reduces the basicity of the amino group.
It should be noted that two p, » 7% transition bands with Alpgy 40 om are observed in
the long-wave region of the spectra of 6-aminoanthrapyridones.

Thus the character of the interaction of the amino group in the 6 position with the
benzene rings is basically similar to the interaction of the amino group in a-amino-
anthraquinone [10], while the character of the interaction of the amino group in the 1
position differs substantially.

EXPERIMENTAL

The IR spectra of crystalline samples (KBr pellets) and chloroform solutions of
the compounds were recorded with a UR-20 spectrometer. The integral intensities of the
absorption bands were measured by the Bourgin method [7]. The solutions were diluted
to 1.10~®* M. The layer thicknesses of the solutions ranged from 0.1-1.0 cm. The ac-
curacy in the measurement of the frequencies of the absorption maxima in the range of
an NaCl prism was #2 cm™ ', while the accuracy in the range of an LiF prism was 4 cm”t.
The accuracy in the measurement of the integral intensities of the absorption bands was
*+10%.

The electronic spectra were measured with an SF-4A spectrophotometer in quartz
cuvettes with a layer thickness of 1 cm with 5+10~* M chloroform solutions. The meas-
urements were made through each 5-nm interval, and the positions of the maxima were
additionally refined.

The citations to the methods for the preparation of II-VIII are indicated in Table

6-Piperidino-3-methylanthrapyridone (I). A 5-g sample of 6-bromo-3-methylanthrapy-
ridone and 50 ml of piperidine were refluxed for 30 min, after which the mixture was
diluted with water, and the precipitate was removed by filtration and washed with water
to give a product with mp 225-226° (from white spirit) in 95% yield. Found: N 7.97%.
C22H20N20,. Calculated: N 8.17.

LITERATURE CITED

1. B. E. Zaitsev and T. A. Mikhailova, Khim. Geterotsikl. Soedin., 812 (1974).

2. B. M. Krasovitskii, D. G. Pereyaslova, Yu. M. Vinetskaya, and M. V. Kazankov, Zh.
Prikl. Khim., 42, 956 (1969).

3. M. A. Lukin, P. M. Aronovich, and G. P. Brin, Zh. Obshch. Khim., 20, 2219 (1950).

4, T. S. Simon and J. B. Rogers, J. Org. Chem., 26, 4352 (1961).

5. B. M. Krasovitskii, P. G. Pereyaslova, B. A, Zadorozhnyi, Yu. M. Vinetskaya, N. S.
Pivnenko, and M. V. Kazankov, Zh. Prirodn. Soedin., 15, 461 (1971).

6. B. E. Zaitsev, V. M. Allenov, L. B. Preobrazhenskaya, and B. N. Kolokolov, Zh. Fiz.
Khim., 45, 2132 (1970).

7. D. A. Ramsay, J. Amer. Chem. Soc., 72, 74 (1952).

8. G. M. Badger and A. G. Moritz, J. Chem. Soc., 3437 (1958).

9. L. J. Bellamy and R. L. Williams, Spectrochim. Acta, 9, 341 (1957).



10. B. E. Zaitsev and V. M. Allenov, Zh. Fiz. Khim., 45, 1333 (1971).

11. M. V. Kazankov and G. I. Putsa, Khim. Geterotsikl. Scedin., 830 (1973).

12. M. V. Kazankov and V. N. Ufimtsev, Khim. Geterotsikl. Soedin., 373 (1972).

13. M. V. Kazankov, G. I. Putsa, and L. L. Mukhina, Khim. Geterotsikl. Soedin., 1651
(1972).

1191



