
the precipitate was removed by filtration, washed with cold water, and, where necessary, 
was recrystallized from a suitable solvent as, for example, from alcohol or acetic acid 
diluted with water (in both cases). 

The characteristics of the rearrangement products are presented in Table i. 
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ELECTRONIC STRUCTURES AND SPECTRAL AND ACID--BASE PROPERTIES 

OF PYRROL-, THIOPHEN-, AND FURANANTHRONES 

T. A. Mikhailova, R. A. Alimova, N. I. Nesterova, 
A. L. Shakhnovich, and M. V. Gorelik 

UDC 541.65:543.422:547.728, 
2~736'759 

The IR spectra, electronic absorption and luminescence spectra, solvatochromism, 
and basicities of compounds of the 6H-dibenz[cd,g]indol-6-one, 6H-anthra[9,1- 
bc]thiophen-6-one, and 6H-anthra[9,l-bc]furan-6-one groups were studied. The 
interrelationship between the indicated properties and such structural factors 
as the 1,10-anthraquinoid structure, the presence of a T-surplus heteroring, 
and the presence of substituents was examined. 

Compounds with compositions that include an anthrone ring annelated with a he~eroring in 
the peri positions and are arbitrarily called heterocyclic derivatives of anthrone occupy a 
prominent position in the chemistry of intermediates and dyes [i]. We have previously used 
spectral methods to study the electronic structures of anthrone derivatives with a six-mem- 
bered heteroring in the case of their most important representatives, viz., pyridonanthrones 
(2-hydroxyazabenzanthrones) [2, 3]. The recently accomplished [4, 5] synthesis of the unin- 
vestigated group of anthrone derivatives of the I type with five-membered pyrrole, thiophene, 
and furan rings, which have a formally 1,10-anthraquinoid distribution of bonds, makes it 
possible to examine their spectral properties as compared with the previously known 9,10- 
anthraquinoid isomers, viz., pyrrol- and thiophenanthrones of the II type. 
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R I t  
X . . . . .  ~ " . . . .  X 

~a-k n a - c  

Ia,C IIa, b X=NMe; lb,d X=NC6H2Me3-2,4,6; l,e--g., l lc X=S; lh--k X=O; la,  b,c 
R=R~=H; I c , ~ h - j ,  l ib  R=CO2Me; Id,g R=NO2, k R=Ph; lla,e R=H; le,  d , f - h , k  

RI=H, i RI=~HMe, j RI=NMe2 

In analyzing the electronic structures of heterocyclic derivatives of anthrone one should 
take into account the various variants of the ~-electron interaction due to peri annelation of 
the heteroring and the anthrone ring. Depending on which structural factors one considers to 
be the determining ones, the heterocyclic derivatives of anthrone of the I type canbe regard - 
ed as intramolecular donor-acceptor systems, heteroanalogs of benzophenalenone Cbenzanthrone}, 
1,10-anthraquinone-l-methides, or benzoylene derivatives of s benzo[c]thlophene, and 
benzo[c]furan. Consequently, the electron-donor character of the heteroring and the elec- 
tron-acceptor character of the anthrone ring and the specific characteristics of the phen- 
alenone, 1,10-anthraquinone, or indicated benzo[c]heterocycle systems came to the fore as re- 
gards the selected model. A combined analysis of the IR spectra and the electronic absorption 
and luminescence spectra, the solvatochromlsm, and the acid-base properties makes it possible 
to draw definite conclusions in this regard as applied to the g=ound and excited states. 

N-Methyl- and N-mesltylpyrrolanthrones la,b (6H-dihenz[cd,g]indol-6-ones) and their 2- 
methoxycarbonyl and 2-nltroderivatives Ic,d, thiophenanthrone le (6H-anthraIg,l~hc]=hlophen- 
6-one) and its 2-substltuted derivatives If,g, 2-methoxycarbonylfurananthrones lh-j, and 2- 
phenylfurananthrone Ik (6H-anthra[9,l-bc]furan-6-ones) served as the chief subjects of our 
investigation. For comparison, we used the isomeric N-methylpyrroloanthrones l la,h (6H- 
naphth[l,2,3-cd]indol-6-ones), thiophenanthrone llc (6H-anthra[l,9-bc]tIL~ophen-6-one), and 
some other compounds. 

According to the IR spectral data, the frequency of the stretching vibrations of the 
keto group is most informative. The decrease in the frequency of the vihratlons of the C--O 
bond is an argument in favor of the similarity of pyrrolanthrones [6] and thiophenanthrone 
[7] of the II type to phenalenone. A characteristic sign of the latter is considered to he 
the polarization, which is due to the tendency to form a thermodynamically favorable phen- 
alenium cation structure [8]. 

It is apparent from Table i that, just as in the case of pyrrolanthrone lla and thio- 
phenanthrone llc, in the IR spectra of pyrrolanthrones la,b and tb_iophenanthrone le with an 
unsubstituted 2 position the frequency of the vibrations of the carbonyl group is s~fted to 
1645 cm-X as compared with the 1'normal" value for anthrone and 9,10-anthraqulnone. Phen- 
alenone and 2,4,9-trichloro-l,10-anthraquinone have the same depressed vCO values. The in- 
troduction of a methoxycarbonyl group into the heteroring in the case of pyrrolanthrone does 
not change the frequencies of the vibrations of the C--O bond (la and Ic, Table I), whereas 
in the case of thiophenanthrone it increases it greatly (le and If). 2-Methoxycarbonylfuran- 
anthrone lh and 2-phenylfurananthrone Ik also have vCO values that are elevated up to the 
"normal" value. However, the introduction of a strong electron acceptor, viz., a nitro group, 

TABLE I. Frequency o f  the Stretching Vibrations of the C--O Bond 
in the IR Spectra (in CIICIn) of la-k and lla-c 

Compound vco, cm -I Compound vco, cm -I 

I a  

Ib 
Ic  
td 
le 
I f  

Ii 

1644�9 
1644 

1645, 1685 
1664 
1645 

1675, 1740 
1660 

1662, 1705 
1660, 1705 

I{ 
I la  
I'lb 
,IIc 

Phenalenone 
2,4,9-Trichlom-1, 
10-anthraquinone 
Anthrone 

9,10~Anthraquinone 

1660, 1705 
1670 
1645 

1648, 1718 
1645 [71 
1643 [9] 

1647 (inKBr) [10] 

1663 [111, 
1670 (inCC1D [12] 

1677 1121 
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TABLE 2. 
atlves of Anthrone (la-k and lla-c) 

.,, .,, i 

I ~max, nm Cora- l 
pound I hexane benzene 

la 

lc 
Id 

I,e 
If 
Ig 
lh 
li  

lj 

Ik 
IIa 
l ib 
IIc 

Electronic Absorption Spectra of Heterocycllc Derlv- 

520, 510, 484, 455 sh 
520, 484, 455 sh 
486, 456, 435 sh 
493, 460, 435 

496~ 486, 467, 463 sh 
492, 485, 4668h 
Not dissolve}s h 
502 468, 440 
557:543 sl~ 520, 
488 sh 
548, 538, 509, 4808h 

534, 505 sh 
531, 505 sh 
500, 473 
495, 465, 4408h 

486 
494, 4728h 
520, 490 
510, 480 
563, 523, 492sh 

546, 517 

588, 555 sh 
430, 412 
434, 418 
389, 375 sh 

576, 539, 500sh 
419, 396 
425, 405 
381. 365 

~,max,nm (lg e) 
(ethanol) 

552 (4,10) 
550 (4,12) 
495 (4,27) 
494 (4,48), 465 (4,23), 4408h 
(3,8~) 
492 (4,02) 
488 (3,36) 
515 (4,38), 4908h (4,25) 
494 (4,28), 463 sh (4,15) 
552 (4,38), 514 (4,25), 486 sh 
(3,90} 
541 (4,20), 510 (4,18), 475 sh 
(3,86) 
588 (3,94) 
430 (4,04) 
434 (4,18) 
390 (4,06} 

leads to an increase in the frequency of the vibrations of the carbonyl group both in the 
case of thiophenanthrone (Ig) and in the case of pyrrolanthrone (Id). A similar pattern is 
observed in the pyrrolanthrone series of the II type. When a strong electron-acceptor sub- 
stltuent -- a nitro or diazonium group -- is introduced into the heteroring of N-methylpyrrol- 
anthrone lla, the vCO frequency increases from 1645 cm-* to 1660 cm-* [6], although the 
change is insignificant when a methoxycarbonyl group is introduced (lib, Table i). 

Consequently, in the ground state of heterocyclic derivatives of anthrone of the I and 
II type there is a shift of the electron density toward the keto group that is suppressed 
when an electron-acceptor substituent is introduced into the heteroring, and this occurs 
more readily, the lower the degree of T-surplus character of the heteroring. Hence it may be 
concluded that polarization in the ground state is due mainly to the electron-donor effect of 
the annelated heteroring rather than to the "phenalenone-like" or 1,10-anthraquinoid structure. 

The character of the effect of an amino group in the peri position on the vCO frequency 
of compounds of the I type proved to be unexpected. As a rule, when there is an amino group 
that has a hydrogen atom and is located in the peri position relative to the carbonyl group, 
one observes the formation of an intramolecular hydrogen bond (IHB) and, as a consequence, a 
decrease in the vCO frequency in the IR spectrum. The introduction into the 5 position of 
furananthrone of a methylamino (li, Table i), cyclohexylamino, or phenylamino group [4] has 
virtually no effect on the vCO valu=, and this serves as a sign of the absence of an IHB. 
However, a band of vibrations of an isolated N--H bond does not appear in the IR spectra. This 
contradiction requires additional study. Galushko and Dokunikhin [13, 14], who observed a 
similar pattern in the IR spectra of 5-aminoisoxazolanthrones, proposed the presence of a 
strong IHB. We consider more likely the assumption of its absence, which is confirmed by 
data on the basicities of 5-amlnofurananthrones (see below). The reason for the disadvantage- 
ousness of an IHB may be the increase in the distance between the peri-oriented atoms as a 
result of distortion of the angles in the case of annelatlon of a five-membered ring, similar 
to the increase in the distance between the peri positions in acenaphthene [15] or 5H-benz- 
[cd]indol-5-one [16]. 

The existence in the ground state of polarization due to the electron-donor character of 
the heteroring poses a problem regarding the role of intramolecular charge transfer on pass- 
ing to the excited state. The color of most organic dyes, including anthraquinone dyes, is 
determined by the so-called charge-transfer band -- an electron transition in which electrons 
of the donor are shifted in the direction of the acceptor part of the molecule. The excited 
state in this case is characterized by usually greater polarity than the ground state, and 
the compounds display positive solvatochromism. Tying up of the electrons of the donor, which 
excludes charge transfer, leads to the disappearance of the band. 

The heterocyclic derivatives of anthrone (I) are characterized by intense absorption in 
the near-UV region at about 300 nm and in the visible region at about 500 nm, which is re- 
sponsible for their color. Data on the positions of the maxima in the visible region in vari- 

405 



TABLE 3. Spectral-Luminescence Characteristics of Heterocyclic 
Derivatives of Anthrone (la,c,e,f,h,i and lla-c) 

Ia  
IC 
I.e 
If 
lh 
l i  b 

[Ja 
l ib  
IIc  

Toluene Ethanol a 
�9 Com- 
pound 

absorption 

530 
495 
485 
~90 
505 

555. 515 
~30 
435 
B90 

luminescence 

580 
530 
565 
528 
538 

6t0. 570 
480 
485 

Absent 

a,14 
0.59 
0,53 
0h12 
0.46 
0,80 
0,50 
(%32 

luminescence Xma x, [ 
nm 

630 
587 
604 
565 
593 

600, 565 

457 

0~17 
0.59 
0,40 
0,40 
O,26 
0,77 

0,12 

a) See the absorption Imax in Table 2. 
b) According to the data in [6], in CHCIa. 

ous solvents are presented in Table 2. Of IS-h, only pyrrolanthrones la,b with an unsub- 
stituted 2 position have clearly expressed solvatochromism. However, theyabsorb in the 
longest-wave region. 

The introduction of an electron-acceptor substituent into the pyrrole ring (Is and Ic,d 
in Table 2) leads to a hypsochromlc effect and a loss of solvatochromism, which constitutes 
evidence for the absence of charge transfer on passing to the excited state, A decrease in 
the polarity of the excited state occurs under the influence of not only a nitro group but 
also a methoxycarbonyl group which, according to the IR spectral data, does not affect the 
polarity of the ground state. The hypsochromic shift that takes place simultaneously with 
the decrease in solvatochromism shows that charge transfer makes a definite contribution to 
the lowering of the energy level of the excited state of pyrrolanthrones la,b. However, the 
retention of the long-wave band in the spectra of 2-substituted pyrrolanthrones Ic,d, thio- 
phenanthrones le-g, and furananthrone lh, during passage of which to the excited state, charge 
transfer does not occur, Judging from the absence of solvatochromism, constitutes evidence 
that it does not play a decisive role. It may he assumed that the color of heterocyclic de- 
rivatives of anthrone of the I type is associated with their l,lO-anthraquinold structure 
and, as for 1,10-anthraquinone derivatives (%max - 470 nm), i~ due to a ~,~* transition Ii, 17j, 

An increase in the ~ system through the introduction of an aryl residue into the hetero- 
ring or conjugation with the unshared pair of electrons of an amino group in the anthrone ring 
leads to a long-wave shift with deepening of the color. Thus replacement of the methozycarh- 
onyl group in the 2 position of furananthrone by a phenyl group gives rise to a 70-~un batho- 
chromic shift (lh and Ik, Table 2), and the introduction of an amino group into the 5 posi- 
tion of furananthrone leads to a 50- to 60-nm shift (lhand li, j). 

Heterocyclic derivatives of anthrone of the I type display yellow-orange luminescence in 
solutions. As in the absorption spectra, in the luminescence spectra(Table 3) one observes 
a short-wave shift and a decrease in the effect of the solvent when an electron~-acceptor ~ah- 
stituent is introduced into the heteroring, but the sensitivity of the luminescencespectrum 
to a change in the structure is higher in a number of cases, For example, the presence of a 
2-methoxycarbonyl group in thio~henanthrone (le and If), which has little effect on the posi- 
tion of the maximum in the absorption spectrum (Table 2), leads to a short~ave shift (about 
40 nm) of the maximum in the luminescence spectrum (Table 3). Passing from toluene to ethanol 
for thiophenanthrone le and 2-methoxycarbonyl derivatives !c,f,h cause~ little change in the 
positions of the absorption maxima, whereas in the luminescence spectra it gives ri~e to a 40- 
to 55-nm long-wave shift (Tables 2 and 3), as a consequence of which the Stokesian shift in- 
creases from 35 nm to about i00 nm on passing from toluene to ethanol. The quantum yield and 
the very capacity for luminescence depend on the character of the substitution. The intro- 
duction of a methoxycarbonyl group into the 2 position of pyrrolanthrone (la and Ic, Table 3) 
increases the quantum yield to 0.6, whereas the introduction of a methylamino group (!h and 
ll) or a cyclohexylamino group [4] into the 5 position of furananthrone increases the quantum 
yield to 0.8; the introduction of a dimethylamino group (lj) or a phenylamino group 14] leads 
to disappearance of luminescence. 
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The isomeric anthrone derivatives of the II type are much more highly colored than the 
corresponding derivatives of the I type. In their ahsorption and luminescence spectra the 
maxima are shifted 100-150 nm to the shorter-wave region [Tables 2 and 32, In contrast to 
the spectrum of pyrrolanthrone la, the absorption spectrum of the isomeric pyrrolanthrone 
lla is not sensitive to the proton-donor character of the solvent [no shift is observed on 
passing from benzene to ethanol and acetic acid), and the introduction of a methoxycarbonzl 
group (lla and lib) leads to a bathochromic rather than a hypsochromic shift [Table 2). 
From this it may be concluded that charge transfer during excitation does not play a role in 
the formation of the electronic spectrum in this case. 

Cations that are more deeply colored than the bases are formed by the action of strong 
acids in pyrrol-, thlophen-, and furananthrones la-h. After protonation, N-methylpyrrolanth- 
tone la and, at a slower pace, thlophenanthrone le, are converted to 2,2~-dehydro dimers [5]; 
the protonated forms of the remaining compounds are stable. The significant bathochromic 
shift upon protonatlon (Table 4) indicates the addition of a proton to the carbonyl oxygen 
atom to give cation III, inasmuch as, in the case of addition of the proton to the e-carbon 
atom of the heteroring (IV), as in isoindole [18], one should have expected a similarity to 
the spectrum of protonated 9,10-anthraquinone, i.e., a hypsochromic effect. Similarly, the 
isomeric pyrrol- and thiophenanthrones of the II type are protonated at the oxygen atom to 
give more deeply colored cations V. 

OH 0 OH 

Ill IV V 

Whereas bases I and II differ with respect to the position of the heteroatom and the dis- 
tribution of the bonds, conjugate acids III and V differ only with respect to the position of 
the heteroatom. Proceeding from the lower thermodynamic stability of 1,10-anthraquinone as 
compared with 9,10-anthraquinone [I] or, in a different way of examining the structure, the 
o-quinoid isolndole and benzo[c]thiophene as compared with indole and 5enzolh]tb~ophene, one 
might have expected a large gain in energy on passing to the protonated form of derivatives 
of the I type. Another reason for the increased basicities of ! may he the m~re favorable 
conditions for charge delocallzation in cation III, in which the electron-donor hydroxy group 
and the cationic center are attached to the same central ring, whereas in cation ? they are 
attached to different rings. 

To compare the basicities of the heterocycllc derivatives of enthrone of the I and II 
type we determined the constants of the acid-base equilibria in acetic acid by spectrophotom- 
etry. Data for three pairs of compounds are presented in Table 4: pyrrmlanthrones Ib and 
lla (~pKa = 0.46), methoxycarbonylpyrrolanthrones Ic and llb (~pKa - 1.12, and thlophenanth- 
rones le and llc (ApKa = 0.5). In the first pair nonidentical substituents attached to the 
nitrogen atom do not introduce substantial distortions into the dpKa value, since the mesityl 
residue in pyrrolanthrone Ib, because of steric hindrance, deviates from conjugation, and the 
methyl group in pyrrolanthrone lla has no effect, and its replacement By a hydrogen atom does 
not change the pK a value. In the second pair the excessive increase in the ~pKGvalue is 
probably a consequence of the great proximity of the methoxycarbonyl group to the protonation 
center in pyrrolanthrone lib. Thus the difference in the 5asicitles of isomers I and !I, 
which is due to the difference in the distribution of the bonds, does not exceed one pK unit. 
Taking into account what we stated above regarding the better conditions for charge delocaliza- 
tion in the V cations, almost nothing remains for the fraction of the gain in energy due to 
rearrangement of the 1,10-anthraquinoid structure of bases I upon protonation. A comparison 
of the acid-base equilibria does not show that 1,10-anthraquinoid pyrrol- and ths 
rones of the I type, which are benzoylene derivatives of isoindole and henzolc]thiophene, are 
energically substantially less favorable than the 9,10-anthraquinoid isomers of the !I type, 
which are henzoylene derivatives of indole and benzo[b]thiophene. The additional stabiliza- 
tion energy is possibly provided by the greater uniformity of the bonds in I as compared with 
1,10-anthraquinone and the corresponding benzo[c]heterocycles. In contrast to furananthronea 
[4], pyrrol- and thlophenanthrones [5] do not undergo the Diels-Alder reaction; this serves 
as an indirect indication of the uniformity of the 5onds. 
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TABLE 4. Basicities and Electronic Spectra of Heterocyclic De- 
rivatives of Anthrone (Ib,c,e,h,i,j and lla-c) in Acetic Acid 

Com. 
pound 

lb 
Ie 
.Ie 
Ih  
Ii 
ij 

Ila 

I Ib  
ll.c 

~'max, n m  (lg s) 

base 

555 (3,92) 
500 (4,17) 
500 (3,97) 
500 (4,13), 470 sh (4,00) 
557 (4,23), 516 (4,13) 
552 (4,14), 520 (4,12) 
444 (4,02) 

442 (4,07) 
390 (4,00,) 

conjugate acid 

635 sh (3,70), 601 (3,73) 
635 (4,02) 
637 (4,00) 
632 (3,90) 
520 (3,92), 500 (3,91) 
500 (3,92) 
539 (4,04), 513 (4,03) 

543 (4,12) 
493 (4,12) 

pK~ 

- 0,22 • 0,05 a 
- 1,40• 

-3,1 • 
--4,5• 
0,42 • 0,05 a 
0,67 • 0,05 a 

-- 1,30 • 0,05 
--0,68• �9 

-2,5-_+_0,1 
-3,5• 

a) in 90% acetic acid. 

Replacement of the heteroatom on passing from pyrrolanthrone to thiophen- and furananth- 
rone gives rise to a decrease in the basicity of ~3 pK units (Ib and le, Ic and lh; Table 4), 
introduction of a methoxycarbonyl group into the heteroring leads to a decrease of ~i pK unit 
(Ib and Ic, lla and lib), and the introduction of an amino group into the 5 position of furan- 
enthrone increases the basicity by ~5 pK units (lh and li,J). 

One's attention is directed to the similarity in behavior with respect to acids of 5- 
methylamino- (li) and 5-dimethylaminofurananthrone (lj). Whenthey are protonated, the long- 
wave absorption band is shifted hypsochromically, and the band at 400 nm, which is absent in 
the spectrum of furananthrone lh, is retained. The spectra of the protonated forms are similar 
to one another and do not coincide with the spectrum of 2-methoxycarbonylfurananthrone lh, 
suggesting, as it were, that the proton is bonded to the amino group. Consequently, in both 
cases, i.e., li and lj, the proton is attached to the carbonyl oxygen atom, and the structure 
is described by hydroxyimmonium structure VI. 

~a,j 

O 

7C02 ~[e ~N/]~[e 

OH NRMe 1 
vxa.b + vn, a,b 

V i a  R = H ; b  R=Me; V l l a  RRI=CsHt,o; b R = R t = H  

The basicities of amino-substituted li and lJ differ by only 0.25 pK unit (Table 4). At 
the same time, in the series of 9,10-anthraquinone compounds with a tertiary amino group in 
the peri position relative to the carbonyl group the basiclties exceed by several orders of 
magnitude the basicities of compounds with a primary or secondary amino group, and they fre- 
quently have a different protonation center. Thus, 6-piperidinopyridonanthrone ~lla with 
pKu = 5.03 (in bO% ethanol) is protonated directly at the amino nitrogen atom, whereas 6- 
aminopyridonanthrone Vllb with pK u = 0.76 (in 90% acetic acid) is initially protonated at the 
oxygen atom of the heteroring and then at the oxygen atom of the carhonyl group [2]. The spe- 
cial properties of compounds with a tertiary amino group are due chiefly to the gain in energy 
as a consequence of the formation of an Intramolecular hydrogen bond (IHB) upon protonation 
[19]. The lack of exaltation of the basicity of 5-dimethylamino-substituted lJ compels one 
to assume that an IHB is absent in its protonated form Vlb. In conJunctlonwlth the IR spec- 
tral data regarding the absence of an IHB in 5-methylamino-substltuted li (see above), th/s 
indicates the disadvantageousness of an IHB in 5-amlnofurananthrones. 

It follows from the analysis presented above that polarization of the molecules of hereto- 
cyclic anthrone derivatives of the I type in the ground and excited states is due to the pres~ 
ence of a ~-surplus hateroring and does not have a substantial effect on the nature of the 
electronic transition. The 1,10-anthraquinoid structure does not have an appreciable effect 
in the ground state of pyrrol- and thiophenanthrones but does play a decisive role in the 
formation of the electronic spectra. 
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EXPERIMENTAL 

The IR spectra were measured with a UR-20 spectrometer. The electronic spectra were re- 
corded with Specord UV-vls and Perkln-Elmer 552 spectrophotometers. The lumlnesqence spectra 
were recorded with an apparatus consisting of a ZMR-3 mirror monochromator, an FEU-18 optical 
emission detector, and an M-95 microammeter. The photoluminescence was excited with a DRSh- 
500 lamp, from the spectrum of which light with a wavelength of 365 nm was Isolated by means 
of a DMR-4 monochromator; the quantum yields (n) were determined by the method of equal ab- 
sorption. 

The spectrophotometrlc determination of the ionization constants was carried out in 100% 
and 90% acetic acid with the addition of HaSO~ By the method in [2]. The series of spectral 
curves had distinct isobestlc points. The Ho values, which correspond to half protonatlon, 
were taken as the pK a values. The maximum in the spectrum of the base served as the analytlc- 
al wavelength in the case of Ic,e,h-j, the long-wave maximum in the spectrum Of the conjugate 
acid served this purpose in the case of IIa-c (Table 4), and the maximum at 420 nm served 
this purpose for Ib. 

The synthesis of pyrrol- and thiophenanthrones Ia-g was described in [5], and the synth- 
esis of furananthrones Ih-j was described in [4]. 2-Phenylanthrone Ik was synthesized by the 
method in [20], and thiophenanthrone IIc was synthesized By the method in [21]. The synth- 
esis of pyrrolanthrones IIa,h was presented in [22], the authors of which kindly provided us 
with the compounds. 
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