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TAUTOMERISM OF A SERIES OF SUBSTITUTED 9-ACRIDINETHIONES

P. B. Kurapov, A. A. Martynovskii, UDC 547.835.5 + 541.623 +
N. A. Klyuev, A. I. Panasenko, 543.51

N. N. Tigneeva, L. I. Shtoiko,

and I. I. Grandberg

A quantitative estimation of thione-thiol tautomerism in a series of substituted
9-acridinethiones was performed by methods of IR, UV, and mass spectrometry as a
function of the aggregated state, temperature, and solvent. It was shown that the
thione form predominates in the crystal and gas phase; the position of the equi-
librium is ambiguous in solutions.

This work presents the results of a quantitative study of the tautomeric (thione-thiol)
equilibrium in a series of substituted 9-acridinethiones (I-X), depending on the change in
the polarity of the solvent, temperature, aggregated state, and ionic strength of the solu-
tion.

The following compounds were investigated:

ﬁ SH
1
o Hl A P
L == Q3
\ N/ \/ R aad \\/ N( / 3
H . -X1 4
I R=H; II R=2Cl; 11l R=3-Cl; IV R=4-Cl; V R=2-OCH;; VI R=2-OC;Hs; VII
R=4-OCHj; VIII R=4-OC;Hs; IX R=2-NOg; X R=3-NOy; Xl 10-methyl-9- acridinethione
Thione-thiol tautomerism of 9-acridinethione was recorded back in 1944 [1]. Spectral
evidence of the existence of thione—thiol equilibrium in solution for compound I was ob-
tained in [2]. However, the numerated studies and later ones [3, 4] were qualitative; there
is no quantitative estimation of the dynamic tautomeric equilibrium. 1In all the investiga-
tions indicated above, the influence of the nature of the solvent, the electronic effect of
the substituent R, the temperature, and the phase state of the substance on the ratio of the
tautomeric forms in this heterocyclic system were not discussed.

For a quantitative estimation of the position of the tautomeric equilibrium in the ser-
ies of acidinethiones I-X we used UV and IR spectroscopy and mass spectrometry. The use of
UV spectroscopy was due to a difference in the electronic absorption spectra of 10-methyl-
9-acidinethione XI and 9-methylmercaptoacridine [2] (the method of model compounds [5]). The
presence of an absorption band of the thione group (vC=S = 1230 * 5'cm * [2]) in the IR spec-
trum also permits the use of this method for the quantitative determination of the thione
form.

First let us consider the influence of the nature of the solvent on the prototropic
equilibrium in the system of 9-acridinethione (Table 1). The results of the investigation
showed that the polarity of the organic solvent has no significant influence on the position
of the tautomeric equilibrium. Table 1 presents comparative data for nonpolar solvents —
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TABLE 1. Influence of Solvents and the Ionic Strength of the
Solution (a) on the Tautomeric Equilibrium 9-Acridinethione T

9-Mercapteacridine (I) (t = 20°C)

a) According to UV spectra

' €+ 1074 liters/ | Percent of
Solvent Amaxs MM molé’ .cm thione form
1,4-Dioxane 480 2,58 8245
Toluene 480 2,28 73+£5
Chloroform 480 2,16 69+4
Isopropanol 479 3,00 966
Acetone 478 2,88 92+6
Acetonitrile 477 2,58 82+5
Nitromethane 477 2,76 88+6
Water 474 3,37 1002
0,IN KCI (a=0,08) 474 2,95 94+2
02N KCl (a=0,14) 474 2,85 91+2
0,5N KCl (2=0,33) 474 2,65 85+2
10N KCl (a=0,97) 474 2,39 762
2,5N. KCl (a=1,42) 474 1,94 582
Ethanol=water, k 1:1 478 . 3,10 992
b) According to IR spectra
’ ) €, liters Percent of
Solvent vem mole- cr/n thione form
Toluene 1217 430 77+5%
Chioroform 1217 460 83+5*
Isopropanol 1217 — 82+5 ¥

*Calculated by the method of model compounds [5].
tCalculated by the internal standard method [5].

toluene (dielectric permeability e = 2.4) and chloroform (¢ = 4.7) — and polar solvents —
nitromethane (¢ = 38.6), acetone (¢ = 20.7), etc. The content of the thione form is an aver-
age of 80%. In water and aqueous alcohol the equilibrium is shifted in the direction of the
thione form (Table 1). The data obtained by two independent methods (IR and UV spectroscopy)
are in good mutual agreement (Table 1).

Increasing the ionic strength of an aqueous solution of compound I by the addition of
KC1 shifts the position of the equilibrium in the direction of the thiole, which is probably
determined by the strength of the solvates formed.

A change in the temperature of the solution has different effects on the position of
thione-thiol tautomeric equilibrium. Thus, when the temperature of a nonpolar toluene solu-
tion is increased from —40 to +85°C, the percent of the thione form falls from 75 to 57%,
whereas in a polar solvent (in acetone), a change in the temperature has no effect on the
position of tautomeric equilibrium (Table 2).

The electronic nature of the substituent R in the phenyl ring of 9-acridinethiones has
no significant effect on the ratio of the tautomers (Tables 1 and 3). Studying the IR spec-
tra of solutions of this series of compounds in CCl,, for three derivatives of 9-acridineth-
ione we recorded a weak absorption band in the region of 2583 * 3 cm™!, which can be assigned
to vS—H [6]. The band vNH in compounds I-X lies at 3435 = 10 cm *. Let us note that the
introduction both of an electron donor substituent and of an electron acceptor substituent
into various positions of the acridine ring leads to a shift of the band vNH in the low-fre-
quency direction (up to 20 cm™ ') in comparison with the unsubstituted compound I. 1In both
cases the factor determining the position of tautomeric equilibrium is the action of the
solvent, and not the electronic effects of the substituents. It is known that phase tran-
sitiens may lead to a shift of the tautomeric equilibrium [7, 8]. In connectien with this
we made a quantitative study of the influence of phase transitions (crystal Z solution Z
vapor) on the ratioc of the tautomers in substituted 9-acridine-thiones by the methods of
IR, UV, and mass spectrometry.

According to the data of the IR and UV spectra, in a crystal the I molecule is in the
thermodynamically more stable thione form, as evidenced by the optical density ratios of the
bands vC=§ &~ 1230 cm™' and v = 1190 cm™' that we obtained (we selected this band as an inter-
nal standard, Table 4). The ratio Dg=g/Diise is practically constant for the three substi-

1255



TABLE 2. Influence of Temperature on the Tautomeric Equilib-
rium 9-Acridinethione Z 9-Mercaptoacridine (I) (Agng1 = 480

nm)
Solution in toluene Solution in acetone

. e - 104, percent of . £:1074, 14
t,°c lirers /mole - thione formed e Jliters/mole- fl?ir::: fgrfmed
—40 2,34 75+5 —-30 2,88 92+6
—-38 2,34 75+5 -25 291 936
-8 231 74+5 -~10 2,94 94+6

0 2,28 735 0 2,75 88+6

20 2,28 735 20 2,88 92+6

30 2,28 73+5

50 2,06 664

70 1,86 5944

85 1,80 574

TABLE 3. Influence of Substituents on the Tautomeric

Equilibrium in the System 9-Mercaptoacridine Z 9-Acridineth-

ione (t = 20°C)

Com - IR spectrum (in CCly) UV spectrum
€.1074, % of thione
Pound | Nwem | vsm em | Mamal litérs/mole« |formed olvent*
om cm .
1 3444 2580 478 2,88 92+6 a
3,10 9942 e
11 3442 —_ 486 3,10 9943 e
I 3442 —
v 3424 — 480 2,81 8945 a
Vv 3443 —_ 492 2,99 956 a
V1 —_ 488 3,06 9842 e
Vil 3435 —_— 477 3,00 96+6 a
VIII 3435
IX 3435 2585 489 2,79 895 a
X 3433 2582

*q represents acetone; e represents ethanol-water, 1:1.

TABLE 4. Influence of Phase Transitions on the Tautomeric
Equilibrium in the System 9-Acridinethiome (I)

Crystal (KBr tablet) - Vapor (t= 200-300°C)
Come IR specrum | UV spectrum UV spectrum
pound % of thione
vC=S 1Dcos/Dun Amay M Apnax: AN Dyys/Dags formed®*
1 12231 259 [440, 472, 504] 234, 246, 460, 494 | 0,21+0,03 60+8
1 445 475, 500 | 238, 248, 265, 465, 500 0,29 8538
v 435, 461 492 | 235, 253, 200 (mp). 0,35 100+8
430, 458, 494

V1 1220 227 | 370, 438, 465, | 235,265 (mp), 293,358 035 .| 100%8
498 375, 432, 460, 495

IX | 1220| 246 | 400, 420, 485, 236, 400, 500 0,38 100+8
518

X1 1231 2,13 | 345, 364, 420, 0,35+0,02 100

448, 478, 512
x1t | 1218] 251 035002 | 100

*According to the internal standard method.
t8olution in acetonitrile.

tuted 9-acridinethiones that we studied and the compound XI, which is known to exist in the
thione form. In the UV spectra of crystalline samples of compounds I, II, V, VI, IX, and XI,
intense bands were recorded in the region of 500 nm, characteristic of the thione form. We
did not detect absorption bands of the thiol tautomer in the UV spectra of crystals of sub-
stituted 9-acridinethiones.

Thus, the transition from crystal to solution is accompanied by an approximately 20%
decrease in the content of the thione form (Tables 1, 3, and 4).

A study of tautomerism in the gas phase has undoubted advantages, since in this case
there are no intermolecular interactions, solvolysis, and a number of other external fac-
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Fig. 1. Derivatograms (DIG and TG
curves) of compounds I(——) and V
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tors. Only in vapors is the condition of monomolecularity of the system observed [9]. Fac-
tors holding back the wide development of studies of tautomerism in the gas phase are the
low volatility of most of the condensed organic compounds and the possibility of thermal de~
composition of the sample when the temperature of evaporation is increased [10].

Compound I has a rather high melting point (275°C). To obtain a vapor tension suffi-
cient for recording the UV spectra it was necessary to heat this sample to 300°C. An analy-
sis of the derivatogram of compounds I and V (Fig. 1) showed that the thermal decomposition
of compound I begins at the temperature 365-370°C, and that of compound V at 325-330°C (DTG
and TG curves, Fig. 1); consequently, at 300°C we analyzed the individual molecules I and V
in the vapors.

Using the method of UV spectroscopy* (Table 4), we made a quantitative estimate of the
relative content of the tautomers in the gas phase. As it follows from the data of Table 4,
only compounds I and II contain appreciable amounts of the thiol form. For the remaining
compounds the thione form substantially predominates.

It was of interest to compare the quantitative results obtained in the gas phase for a
molecule in the ground state (UV spectroscopy), and for a molecule excited by electron im-
pact (mass spectrometry). The successes achieved at present from the practical use of corre-
lation functions between processes of fragmentation of the molecular ion (M+) and the struc-
ture of the compound do not eliminate the question of the identity of the structure of M' and
the neutral molecule, In the compounds I-X that we studied, factors distorting the picture
of tautomeric conversions in the mass spectrometric investigation (rearrangement processes
{10, 11], the presence of vicinal 1,2-substitution [12], steric interactions, and thermoly-
sis) are absent. We showed experimentally that the ratio of the ions M" and the ions re-
sponsible for the concrete tautomeric form (Im+/J[M-H]+, Im+/J[M-S1+s IM+/J[M-SH]+ for the

*#In this case we also used the internal standard method. The absorption bands at A v 250 nm
of 10-methyl-9-acridinethione (XI) and 9-methylmercaptoacridine are the same in intensity
{2], but 9-methylmercaptoacridine does not absorb at A ~ 500 nm [2], which permits the use
of the quantity D,9s/Dase for an estimation of the relative content of the tautomers.
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TABLE 5. Mass Spectrometric Determination of Tautomers in
the System of Substituted 9-Mercaptoacridines 2 9-Acridine-
thiones (intensity in % of Jpax)

Com Tons eg:centfof
. thiol for thione form thione form,*
pound o form / (A+B)* 100
M - H} M-S} [M-~SHI* M-CS)* M-CSP

1 7.7 58 5,5 379 5.4 70

11 24 3,0 3.3 35,4 3.0 77

111 3.0 3.6 35 575 3.8 83

v 25 — — 52,9 3.5 95

\'A 10,5 — — 289 3,6 76

Vi — —_— — 18,6 3,0 100

VIl —_ 2,2 — 26,0 1,8 93

VI _ —_— 2.4 31,6 2,2 93

1X — 1,3 1,2 34,1 33 93

X — 24 — 27.1 1.5 02

*A = J[M=H]+ + J[M-S]+ + J[M-SH]+. B = J[M-CS]+ + J[M-CS]2+.

TABLE 6. UV Spectra of 10~Methyl-9-Thio-
acridone (XI)*

€+ 104 liters/

Solvent Amax. DM mole* cm
Dioxane 492 2,85
Toluene 493 2,72
Chloroform 492 3,41
Propanol-2 489 3,08
Acetone 491 3,28
Acetonitrile 491 327
Ethanol 490 3,02(2]
Heptane 485 3,55(2]
80% aqueous dioxane 490 3,16{2]

*cay = 3.14 £ 0.2 liters/mole‘cm.

thiol JM+/J[MrCS]+ for the thione) remains constant within a wide range of temperatures of
evaporation of the sample to be analyzed [13, 14}, which is evidence of identity of the
structure of Mt and that of the neutral nolecule and suggests that it is correct to investi-
gate the tautomeric ratios in the gas phase by the method of mass spectrometry. Table 5
presents the results of a mass spectrometric experiment on the quantitative determination of
the ratio of tautomers in the compounds I-X.

The selection of the ions responsible for a concrete tautomer is limited by the primary
processes of fragmentation. Their direct appearance from M' was demonstrated by an investi~
gation of the mass spectra of metastable ions (the DADI technique).

The following ions were responsible for the thiol form of the molecule: [M —-H]+,
(M —s]*, and [M - SH]+. It should be noted that the ion [M — H]%, characterizing the thiol
form, may arise on account of a randomiZed loss of a hydrogen atom from the acridine ring
(this process constitutes 14.0% [15]) and not on account of B-elimination with respect to
the heteryl ring. We considered this fact in a comparison of Table 5. The thione form is
characterized by a process of elimination of a CS particle from M* and the corresponding
doubly charged iom [M — CS]2+. Considering the contribution of these ions to the total ionic
current, performing a standardization, we obtained quantitative results (Table 5) determining
the contribution of each form to the composition of M'. Considering the error of the deter-
mination of tautomeric forms in both methods (in the method of mass spectrometry, 10-15%
relative under the condition of reproduction of the mass spectra [16]), we should consider
the results of the determination obtained in Tables 4 and 5 as identical.

The increase in the contribution of the thiol form to the composition of Mt in the com-
pound V is associated with elimination of a hydrogen atom from the substituent R, which is
confirmed by the total absence of the ions [M — S]% and [M — sH]' in the mass spectra of this
compound and the absence of the ion [M — H]T in the mass spectrum of compound VI.

As a result of our investigation it was shown that crystalline forms of compounds I-X
are represented exclusively by a thione form; in isolated molecules in the gas phase this
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form also predominates, whereas in solutions the position of the tautomeric equilibrium
depends primarily on the nature of the solvent and to a lesser degree on the ionic strength
of the solution and its temperature.

EXPERIMENTAL

Spectral investigations were conducted on a Hitachi ESP-3T spectrophotometer, equipped
with attachments and adaptations for the recording of low- and high~temperature spectra. The
IR spectra were obtained on a UR-20 spectrometer. The UV and IR spectra of the crystals were
obtained in tablets of KBr, and of solutions in quartz cuvettes with d = 1.0 cm (UV spectra)
and 10 ecm (IR spectra), and of gases in a quartz cuvette with d = 10 cm. Organic solvents
were purified in the usual way. Double-distilled water was used to prepare the aqueous
solutions.

The percent content of the tautomers (unless specially stipulated) was determined ac-
cording to the method of model compounds [5]. 10-Methyl-9-acidinethione XI was used as a
model compound with a fixed thione form. The UV spectra of compound XI in various solvents
are cited in Table 6.

A mass spectrometric study of compounds I-X was performed on a Varian MAT-311A instru-
ment by the technique of direct introduction. The conditions of recording of the mass spec-
tra were standard. Energy of the ionizing electrons 70 eV. Temperature intervals in evap-
oration of substances I-X in an ion source from 30 to 200°C.

LITERATURE CITED

0. M. Cherntsov, Zh. Obshch. Khim., 14, 186 (1944).

V. P. Maksimets and 0. N. Popilin, Khim. Geterotsikl. Soedin., No. 2, 191 (1970).

I. Gola and M. Iomescu, Stud. Univ. Babes Bolyai, Ser. Chem., 17, 77 (1972).

I. Panea, I. Coia, and M. Ionescu, Rev. Roum. Chim., 17, 1423 (1972).

I. Ya. Bershtein and Yu. L. Kaminskii, Spectrophotometric Analysis in Organic Chemistry

[in Russian], Khimiya, Leningrad (1975), p. 230.

6. L. Bellamy, Infrared Spectra of Complex Molecules [Russian translation], IL, Moscow

(1963), p. 590.

A. Maquestiau and R. Filammawg, Mass Spectrom. Rev., 1, 237 (1982).

N. A. Klyuev, I. S. Shpileva, L. I. Medvedeva, G. N. Lipunova, and N. B. Bednyagina,

Khim. Geterotsikl. Soedin., No. 11, 1506 (1981).

9. I. S, Zefirov and S. S. Trach, Zh. Org. Khim., 12, 697 (1976).

16. N. A. Klyuev, Yu. V. Shurukhin, V. A. Konchits, I. I. Grandberg, V. L. Rusinov, V. A.
Zyryanov, and I. Ya. Postovskii, Khim. Geterotsikl. Soedin., No. 2, 265 (1980).

11. M. M. Bersey, Mass Spectrom. Rev., 1, 3 (1982).

12. H. Schwarz, Top. Curr. Chem., 73, 231 (1978).

13. N. A. Klyuev, V. M. Adanin, I. “Ya. Postovskii, and Yu. A. Azev, Khim. Geterotsikl.
Soedin., No. 4, 547 (1983).

l4. N. A. Klyuev, V. G. Zhil'nikov, G. G. Aleksandrov, I. I. Grandberg, and G. N. Lipunova,
Zh. Org. Khim., 20, 162 (1984).

15. Catalog of Mass Spectral Data American Petroleum Institute Research, Project 44, Pitts-
burg, No. 637, 639.

16. V. A. Zamureenko, N. A. Klyuev, L. B. Dmitriev, and I. I. Grandberg, Izv. Timiryazevsk.

S§~Kh. Akad., No. 1, 156 (1979).

b we =

1259



