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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 I and 6 position s 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- 
pyridone. 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 z 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). 

o 
R~ [ ~ N / R 2  

O R ~ 

I t  h a s  b e e n  shown t h a t  a n t h r a p y r i d o n e  (X) t o  a c e r t a i n  d e g r e e  r e t a i n s  t h e  p r o p e r -  
t i e s  o f  a n t h r a q u i n o n e  and c L - p y r i d o n e  [ 1 ] .  P r o c e e d i n g  f r o m  t h i s ,  one  s h o u l d  e x p e c t  
t h a t  t h e  amino  g r o u p  i n  t h e  6 p o s i t i o n  o f  a n t h r a p y r i d o n e  w i l l  i n t e r a c t  w i t h  t h e  a n -  
t h r a p y r i d o n e  s y s t e m  i n  a m a n n e r  s i m i l a r  t o  t h e  i n t e r a c t i o n  i n  ~ - a m i n o a n t h r a q u i n o n e  
[4] and s h o u l d  b e  t i e d  up i n  an i n t r a m o l e c u l a r  h y d r o g e n  bond ( IHB) .  The amine  n i t r o -  
gen  atom will be close to an sp 2 state, which will create favorable conditions for 
electron transition with charge transfer from the 2pz 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 = O, NH), that participate in the formation of the IHB and in the 
Pz § ~* charge-transfer band in the electronic spectra. 

It is seen from Table i that one band at 1649 cm -I 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 (")CO)" The certain decrease in the 9CO frequency in I 
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as compared with N-methylanthrapyridone (IX, 1667 
cm -~) can be explained by conjungation of the amino 
group with the aromatic system. The ~CO 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 ~CO 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 l- 
aminoanthraquinones [6], and Fermi resonance. The 
keto group is tied up in the formation of an IHB in 
II and III, while the amide C = 0 group is free. Inas- 
much as the intensity (Aco) of the band of the amide 
group is higher by a factor of almost 3 than the in- 
tensity of the keto band [i], the high-frequency ~CO 
band should be more intense. However, the reverse 
ratio of the intensities is observed in the spectra 
(Fig. i). The redistribution of the intensities of 
the components of the C = 0 band is possibly explained 
by Fermi resonance. 

The stretching vibrations of the primary amino 
group of II give two bands (Vs and VasNH~) in the 
spectrum, while the secondary amino group of III 
gives one diffuse VNH band. On subsequent dilution, 
the position and intensity of these bands are re- 

[, 
3500 3400 3300 ~7oo ~6ooi~oocm "Itained, and new bands do not appear. The deviation 

in the experimentally found 9sNH= values from the 
Fig. i. IR spectra of anthra- 

values calculated from the empirical expression be- 
pyridone derivatives in chloro- 

low [7] may be a criterion of the association of the 
form: i) 6-piperidino-3-methyl- amino group (in particular, through IHB): 
anthrapyridone (I); 2) 6-amino- 
3-methylanthrapyridone (ii); 3) vsxH~=345:5+0.876vas~H~. (i) 

6-n-hexylamino-3-methylanthra- These deviations are 95 cm -I for 6:amino-3-methylan- 
pyridone (III); 4) l-amino-3- thraphyridone (II) and 42 cm -I for l-aminoanthrapy- 
methylanthrapyridone (IV); 5) ridone. It has been pointed out [8] that the AVNH 2 = 
l-n-hexylamino-3-methylanthra- 
pyridone (VI); 6) 4-isopropy- Vas -- Vs value increases as the strength of the IHB 

of the amino group increases. The A~NH 2 value in 
lanthrapyridone (VII). the spectrum of II is twice that in the spectrum of 

2-aminoanthraquinone and ii cm -x larger than in the 
spectrum of l-aminoanthraquinone (170 cm-X). It must therefore be assumed that the 
energy of the IHB in II is greater than in l-aminoanthraquinone. 

The anomalous behavior of the VNH band in the IR spectrum of 6-n-hexylamino-3- 
methylanthrapyridone (III) should be noted. A diffuse band at 3150-3500 cm -~ (Fig. 
i) 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 (Avl/2NH2) 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 ~-aminoanthraquinone. The chief difference 
consists in the increase in ANH 2 and A~/2NH2 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 vCO and VNH2 absorption bands and the 
experimentally found spectral characteristics in dilute CHCI3 solutions, it can be 
concluded that the amino group in the 6 position of anthrapyridone forms a strong 
IHB with the adjacent keto group; this bond has a higher energy than in the case of 
a-aminoanthraquinone. 
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TABLE i. Frequencies, Integral Intensities, and Half-Widths 
of the Bands of the Stretching Vibrations of CO and NH 

Com- 
pound 

Groups in the IR S 

R 

It 

III 

IV 

V 

VI 

VII 

VIII 

R2=CHa 
R 4 = Call ioN 
R ~ = R a = H  

R2=CHa 
R4=NH= 
R 1 = R a = H  

R2=CHa 
R 4 = C6H1aNH 
R 1 = R a = H  

R2=CHa 
R4=Ra=H 
R I =NH2 

R2=R4=Ra=H 
R 1 = C6HIaNH 

R2=CHa 
R4=Ra=H 
R' = C6H LaNH 

R 2 = R 4 = R ' = H  
Ra=CH(CHa)2 

R2=CHa 
R4=R 1 =C6HIaNH 
Ra=H 

mctra of Aminoanthrapyridones in CHCI3 

A. 10 -4 Prepar-  �9 
v ,  c m ' l  l i t e r s /  av,hl Assignment  a t tve  

l m o l e ,  c m "  methods  
crn~ 

8,3 23,7 1649+_.2 

1662-+2 (CC14) 

1636-+ 1 
1653+_3 * 
3301-+3 
3482 -+ 3 

1652-+2 
1623_+3 
3150--3500 

1661-+1 
1643" 
3363_+ 2 
3485-+ 2 

1651 ---2 
1659+-2 (CC14) 
3340 +- 3 
3393 _-_ 3 

1633_+2 
3338_+ 3 

1,3 
1,8 

5,7 
6,1 
1,8 
1,0 

10,0 
10,2 

1,9 
1,4 

7,8 
1,7 

9,8 
1.4 

9,9 

1,7 

42,1 
28.8 

23,5 

29,4 
32,5 

26,1 

42,5 
27,5 

40,0 
42,5 

vCO 'amide + 
+ Ketone  

vCO ketone  
vCO amide  
v~NH2 
v.~NH2 

vCO amide  
vCO ketone 
~NH 

vCO 

v~NH2 
v~,NH2 

vCO 

vNH amine  
vNH amide  

vCO 
v(,NH . . . O C )  

1663___2 
3385~4 

1626--+2 
1660 T 
3305-+3 

15,0 vCO 
20,5 vNH 

24,7 vCO 

45,0 �9 vNH 

*Overlaps with the pand of ~NH2 deformation vibrations. 
%Shoulder. 

o 
II 

O-..HJN H 

I1 

12 

13 

12 

12 

1 

12 

An asymmetric ~CO band at 1661 cm -I with a shoulder at 1643 cm -I and two bands 
of symmetrical and asymmetrical vibrations with A~NH2 = 122 cm -~ are observed in the 
IR spectrum of l-amino-3-methylanthrapyridone (IV) (Table i) in CHCIs. 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. In 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 A~NH 2 values in the series B-aminoanthraquinone (90 cm-~), which does 
not form an IHB, 2~chloro-3-aminoanthraquinone (i01 cm -I) [9], which forms a weak IHB 
of the NH...CI type, IV (122 cm-~), and II (181 cm-~), it can be concluded that the 
strength of the IHB increases in the indicated order. The AsNH2 integral intensity 
in the spectrum of IV is approximately twice that of AasNH=, while the &9~/aNH= half- 
widths are approximately identical. 

One ~CO band of the amide and carbonyl groups is observed in the IR spectrum of 
a solution of V in CHCI3 and in CC14. The absence of a distinctly expressed splitting 
of the ~CO band in the spectrum can be explained by the rather weak IHB (H...O=C). 
The following two bands are observed in the ~NH region of l-n-hexylaminoanthrapyridone 
(V) in CHCI3 solution: 3340 cm -I, which is related to ~NH of the amino group, and 3393 
cm -~, which is related to ~NH of the cyclic gmide group (Table i). This is confirmed 
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4.5 \ 3 

4,0 \ 

3,5 

3,0 

2,5 . . . . . . . . . . .  II . . . . . . . .  ~ .  x ' , n m  
2~0 280 320 360 400 ,:;40 480 520 560 600  

Fig. 2. Electronic spectra (c 5" 
10-~M): i) 3-methylanthrapyridone 
in chloroform; 2) 6-amino-3-methyl- 
anthrapyridone (II) in chloroform; 
3) II in concentrated H2S04. 

by the observation of a band at 3385 cm -I 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 
(VI), which has only an amine NH group. It should 
be noted that the ~CO band in the spectra of V 
and VII, which contains an amide NH group, is -i0 
cm -z higher than in the spectra of compounds that 
have a methyl group attached to the ring-nitrogen 
atom. The ACO integral intensities in the spectra 
of V and VII lie within the limits of i0 units. 

The position of the ~CO 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 ~CO in the spectra of the monoamino 
derivatives (Table i). This can be explained by 

the formation of an IHB and by the electron-donor capacity of amino nitrogen atoms. 
One distinct band with an intensity of 1.7 units, which is close to AN H in the spectrum 
of VI (Table I), is ohserved in the spectrum of VIII in the ~NH 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 III. The observed diffuse character of the ~NH band in the spectrum of 6-n- 
hexylamino-3-methylanthrapyridone (II), in analogy with vOH...X, for example, in the 
spectrum of ~-hydroxyanthraquinone, may be explained by the symmetrical orientation of 
the proton with respect to the nitrogen and oxygen atoms. 

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

A shoulder of medium intensity at 1655 cm -z and an intense band at 1630 cm -I, 
which is probably overlapped with the band of the vibrations of the aromatic rings 
(Table 2), are observed in the spectrum of II in the crystalline state. The closeness 
of the ~CO 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 2 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 (IIl) 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 
Pz § 7*. The assignment of this band is proved by its disappearance when the com- 
pounds are protonated in concentrated H2SO~ (Fig. 2). As pointed out above, the ap- 
pearance of a Pz § ~* band is possible if the amine nitrogen atom is close to the sp 2 
state. The formation of an IHB of the NH...O=C type promotes transition of the amine 
nitrogen to the sp 2 state. 
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TABLE 3. Electronic Spectra of Amino Derivatives 
of Anthrapyridone in Chloroform 

Com- 
pound kmax,  nm 

I 260, 342, 392, 410, 530 
II 294, 340, 360, 483, 511 

lII  260, 300, 350, 520, 550 
VIII 250, 371, 423, 520 

log 

4,53; 4,01; 3,36; 3,30; 3,97 
4,14; 4,53; 4,56; 4,49; 4,50 
4,60; 3,99; 3,99; 4,07; 4,13 
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 Pz § ~* transition bands with ~%max 40 nm 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 s-amino- 
anthraquinone [i0], while the character of the interaction of the amino group in the I 
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 -3 M. The layer thicknesses of the solutions ranged from 0.i-i.0 cm. The ac- 
curacy in the measurement of the frequencies of the absorption maxima in the range of 
an NaCI prism was • cm -I, while the accuracy in the range of an LiF prism was • cm -:. 
The accuracy in the measurement of the integral intensities of the absorption bands was 
• 

The electronic spectra were measured with an SF-4A spectrophotometer in quartz 
cuvettes with a layer thickness of 1 cm with 5-10 -4 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 

i. 

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 7.9%. 
C22H2oN202. Calculated: N 8.1%. 
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