Fluorescence and Structure of Methylated Acridin-9-ylthioureas
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Fluorescence and structure of acridin-9-ylthioureas with primary amino rest and their S-
methylated products have been studied. The synthesized 1-(acridin-9-yl)-3-alkyl-S-methylisothiuro-
nium iodides exhibit about one order increased fluorescence in comparison with corresponding
thioureas. The structure of products obtained by methylation reactions was confirmed by NMR
techniques including PDQF-COSY, selective INEPT, NOE difference experiments, and quantum-
chemical calculations (AM1, ab initio). A free rotation of 9-substituents in relation to acridine
skeleton has been found. The conformers of acridinylisothioureas are in E-configuration relative to
the C=N bond with more favourable imino (C-9=N) tautomeric structure.

Acridine derivatives are characterized by interest-
ing biological activity [1], intercalation effect[2], and
intensive fluorescence [3]. In continuation with the pre-
vious results regarding fluorescence of acridinyl deriva-
tives, namely 9-isothiocyanatoacridine I, thioureas I1,
and iminothiocarbonates IIT [4, 5], it was of interest to
study quaternary acridinium salts as a new prospec-
tive class of fluorogenes.

In the present work, methylation reactions, struc-
ture and spectral properties of acridin-9-ylthioureas
have been studied to obtain simple acridinium deriva-
tives as compounds with expected fluorescence prop-
erties which have not been described as yet.

The starting thioureas IVa—IVf have been ob-
tained via the reaction of primary amines with 9-
acridinylisothiocyanate [6]. Thioureas reacted readily
with methyl iodide to produce S-methylisothiuronium
iodides Va— Vfwhich were deprotonated by K;COj3 in
acetone to yield corresponding free isothiourea bases
VIa—VIf (Scheme 1).

The NMR data of synthesized compounds are
shown in Experimental. The assignments have been
based on 'H and *C NMR spectra of model com-
pounds Va, Ve, VIa, Vic applying PDQF-COSY [7],
selective INEPT [8] technique, and NOE difference ex-
periments. The equivalence of corresponding proton
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and carbon chemical shifts of both acridine side rings
evidenced a free rotation of 9-substituent in relation
to the acridine skeleton. Quantum-chemical optimiza-
tion (AM1) confirmed unscrewed orientation of acri-
dine and thiourea (isothiourea) planes.

NMR has also been successfully applied to recog-
nize localization of two NH protons at three possible
basic sites of iodides V. In Ve, their signals were ob-
served at § = 13.81 and 9.40. NOE irradiation of NH
protons proved not to be very useful, because NOE en-
hancements have been spread over the neighbourhood
of other NH group due to a fast chemical exchange.
For example, irradiation of NH proton at 6 = 13.88
caused 28.4 % enhancement of H-4, H-5 signal at ¢
= 7.98, while irradiation of NH at § = 9.40 enhanced
the same signal by 20.1 %. However, this indicated
the acridine nitrogen as a target of protonation. Re-
ally, we have found significant differences between po-
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sitions of carbon signals C-4, C-5 and C-4a, C-10a in
iodides V and corresponding free bases VI. By dehy-
droiodination of Va (Ve) to free base VIa (VIc), the
resonance signals of carbons C-4a, C-10a adjacent to
acridine NH-10 were shifted markedly downfield from
0 = 140.28 (139.83) to § = 149.58 (148.97). The same
tendency was observed for those of C-4, C-5 being
shifted from § = 119.64 (118.83) in Va (Ve) to § =
129.32 (128.88) in VIa (VIc). The downfield shift of
bz about § = 3 due to dehydroiodination was recorded
for chemical shifts of C-8a, C-9a together with upfield
shift by about § = 4 of C-9. All these facts point to
the acridine N-10 nitrogen as a main target of proto-
nation by HI released during methylation. The other
homonuclear NOE of Ve, VIc listed in Tables 1 and
2 confirmed assignments done by INEPT and corre-
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lation methods. The irradiation of the NH of the free
base VIcat § = 6.98 manifested the intensity enhance-
ment of SCH3 protons by about 14.6 %, of CH by 5.0
%, and of 2 x CHz by 9.4 %, but did not influence
protons of acridine skeleton.

To explain the methylation of thioureas I'Va—
IVf we have also studied their tautomeric structures
(Scheme 2) by theoretical methods. As the thiol tau-
tomeric structure can be excluded [9], reaction took
course according to Scheme 1 [10]. This fact is also in
accordance with quantum-chemical calculation of en-
ergy. For IVa, the energy of a thiol structure VII is by
about 50.71 kJ mol~! more advantageous than that
of the thiol structure IX obtained by B3LYP/6-311 G
(d, p) calculation [11—13]. For comparison, the AM1
calculations [14] give energetic differences from 6.91
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Table 1. NOE Enhancements in S-Methyl-1’-(acridin-9-yl)-3’-isopropylisothiuronium Iodide ( Vc)

1H Chemical shifts § and NOE enhancements/%®

Irradiated 2.25 7.98 7.66 8.16 9.40 13.88 4.10
signal SCH3 H-4,5 H-2,7 H-1,8 NH H-10 CH
H-1,8 1.2 9.1 1.9
H-2,7 8.6
H-3,6 7.2 3.7
H-4,5 20.1 28.4
SCH3 1.0
2 x CHs 1.2 6.1
CH 1.0 1.9
NH-10 1.4
NH-3/ 0.7
a) Relative to the irradiated spin (set to — 100 %).
Table 2. NOE Enhancements in S-Methyl-1’-(acridin-9-yl)-3’-isopropylisothiourea (VIc)
'H Chemical shifts § and NOE enhancements/%%
Irradiated 2.25 6.98 7.46 7.95 8.01
signal SCH3 NH H-2,7 H-1,8 H-4,5
H-1,8 0.9 15.1
H-2,7 12.8
H-3,6 11.3 10.8
CH 5.0
2 x CHs 9.4
SCH3 14.6
NH 0.8
a) Relative to the irradiated spin (set to — 100 %).
S HS
N, R )kN/R N)\N/R
HN N\ y N N H N H

Vil Vil X

Scheme 2

to 37.15 kJ mol~! for the possible tautomeric struc-
tures (VII, IX). According to calculations of thiones
VII and VIII, the structure VII with amino nitro-
gen N-1' is more favourable than the imino struc-
ture VII for 5.58 kJ mol~!. Among possible struc-
tural isomers, those with hydrogen on N-3' are the
most stable. The reason is the stabilization of these
isomers by intramolecular interaction of the N-3' pro-
ton with a m-orbital of the aromatic ring [9, 15] for
IVa (AM1: AH; = 16.00 kJ mol~!, B3LYP/6-311 G
(d, p): AE = 34.21 kJ mol™!). The results of men-
tioned calculations for acridine isothioureas X—XIIT
show the conformers with E-configuration of a C=N
bond (X, XI) as the most stable isomers compared to
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those with Z-configuration (XII'). Moreover, for these
molecules a structure X with 9-acridinylimino rest is
more energetically preferred in comparison with the 9-
iminoacridine structure XIIT by 7.91 kJ mol~! (AM1).
Due to the above-mentioned interaction of hydrogen
on N-3’' with the acridine skeleton the structure X is
more preferred than structure XI by 4.44 kJ mol~!
(AM1), or by 7.24 kJ mol~! (B3LYP/6-311 G (d, p)).
Isothiourea iodides Va— Vf exhibit similar structural
features as previously mentioned acridine derivatives
1V and VIe—VIf. Among possible tautomeric struc-
tures, the most stable are structures XIV, XV with a
low energetical difference (ca. 12.31 kJ mol~! — AM1)
(Scheme 3).
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Table 3. UV VIS and Fluorescence Properties of Synthetized Acridine Derivatives IVa, IVc—IVe, Va—Vf

Absorbance Fluorescence
Comp. Amax /nm £410 nm Amax/nm Sensitivity Efficiency
¢/(dm® mmol~! ecm~!) &/(dm® mmol~! cm™1) F/a.u. (F/Fy) Fmax * €410 nm Frmax /€410 nm

IVa 420.0 0.92 465.6 0.34 0.40
1.01 0.37  (0.06)

IVe 420.3 3.50 463.2 2.56 0.21
3.82 073 (0.12)

1vd 419.0 0.56 462.4 0.34 1.07
0.59 0.60 (0.10)

IVe 423.0 0.63 458.0 0.43 1.09
0.65 0.68  (0.11)

Va 422.2 9.55 468.0 204.52 2.24
10.62 21.42  (3.47)

Vb 420.8 8.85 467.2 312.26 3.99
9.25 353 (5.71)

Ve 423.2 9.74 469.2 282.40 2.98
11.45 29.0 (4.69)

Vd 423.4 9.85 467.2 301.90 3.11
11.20 30.65  (4.69)

Ve 422.8 9.90 463.0 4.95 0.05
11.01 050  (0.08)

%3 425.7 8.74 459.6 10.75 0.14
10.34 1.23 (0.20)

F, refers to maximum intensity fluorescence of 9-isothiocyanatoacridine at Aem = 446 nm at 1.0 X 10~ % mol dm™3 in acetonitrile.

Electronic absorption spectra of acridine thioureas
IVa, IVc—IVe and S-methylisothiuronium iodides
Va—Vf measured in acetonitrile exhibit absorption
maxima near 420 nm. Extinction coefficients of acri-
dinium iodides Va—Vf are considerably higher than
those of acridinethioureas IVa, IVc—IVe (Table 3,
Fig. 1). Analogously, the higher intensity of fluores-
cence is revealed by the S-methyl-9-acridinylisothiuro-
nium iodides Va— VJ, with more than 2 orders of mag-
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nitude greater values of fluorescence compared to the
starting derivatives IVa—IVf (Table 3, Fig. 2). This is
probably caused by an enhanced conjugation of their
NHR amino rests with the acridinium skeleton [16].
On the other hand, the reversed polarization oriented
from acridine skeleton to C=S group of thioureas IV
diminished the electron density on a heteroatom N-10,
and decreased the intensity of fluorescence (Formulae
1V, V). Unlike the previous acridine derivatives, the
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Fig. 1. Electronic absorption spectra of acridine derivatives Va
(solid thick line), Vb (dashed thick), Ve (dotted thick),
Vd (solid thin), Ve (dashed thin), Vf (solid intermediate
thick).

acridine isothioureas VIa— VIf show no fluorescence.
It is interesting that in the case of ethyl and propyl
derivatives Va, Vb, the fluorescence exponentially in-
creases at low concentrations (=~ 10 pmol dm~3) (the
relation should be linear) and sharply decreases at
high concentration (>100 gmol dm~3) due to inner fil-
ter effect. Nonlinear concentration dependence of flu-
orescence most likely indicates a change in oligomeric
state of a fluorogen. Most common oligomeric form of
fluorogens — J-aggregates and excimers — would man-
ifest itself by sharpening of absorbance spectra and
broad red-shift fluorescence, respectively. There is ob-
served only slight red shift at high concentration of flu-
orogens without any perturbation in their absorbance
spectra (data not shown). This most likely indicates
the formation of excimer-like structures. However, one
may speculate that the observed nonlinear dependence
of fluorescence is not due to interaction of fluorogens
in excited states but in the ground state as a result
of hydrophobic effect between hydrophobic side chains
of the acridine derivatives. More exact explanation of
this phenomenon would require a deeper study of the
problem, which is out of the frame of this work.

In conclusion, we can summarize that among
synthesized compounds IV—VI only acridine isothi-
uronium iodides Va—Vf exhibit remarkable fluores-
cence. The results obtained from the spectral measure-
ments and quantum-chemical calculations allowed us
to characterize the spectral features and energetically
favourable stereoisomers of compounds under study.

EXPERIMENTAL

Melting points were determined on a Kofler hot-
stage apparatus. IR spectra were measured on a
Specord 75 IR spectrophotometer (Zeiss) in chloro-
form or KBr discs. NMR spectra were obtained on a
Tesla BS 5287 A (80.018 MHz) (*H, IVa—IVf, Va—
Vf, VIa—VIf), Varian VXR (300.131 MHz) (*H, 13C,
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Fig. 2. Fluorescence emission spectra of acridine derivatives Va
(solid thick line), Vb (dashed thick), Ve (dotted thick),
Vd (solid thin), Ve (dashed thin), VJf (solid intermedi-
ate thick). Inset: Concentration dependence of fluores-
cence of the derivatives Va (solid circle) and Vb (empty
circle).

Va, Ve,VIa,VIe) at room temperature in deuterochlo-
roform or a mixture of deuterochloroform and hexa-
deuterodimethyl sulfoxide. NMR spectra of the com-
pounds Ve and Ve were acquired at 25°C on a Jeol
JNR-L-400 spectrometer operating at 399.78 MHz for
'H (internal standard tetramethylsilane, §(TMS;y)
= 0) and 100.54 MHz for 3C (6(TMSiy) = 0) in
hexadeuterodimethyl sulfoxide. Spin analysis was per-
formed using PERCH software [17] for the extraction
of chemical shifts and coupling constants. The spectral
width of two-dimensional spectra was optimized from
one-dimensional spectra. All spectra were produced
by using standard pulse sequences. Quantum-chemical
calculations of totally optimized structures were car-
ried out by both semiempirical (AM1) and nonempir-
ical (RHF using the 6-311G (d, p) basis sets) methods
and density functional theory (BSLYP/6-311G (d, p)).
An elemental analysis was done on a Perkin—Elmer
analyzer CHN 2400. Absorption spectra of 9-acridinyl
derivatives were obtained using UV-3000 Shimadzu
spectrophotometer at concentrations 1.5—2.0 x 107°
mol dm~? in acetonitrile. Extinction coefficients are
expressed in dm® mmol~! em~! (Fig. 1, Table 3).
Fluorescence measurements were performed on a Shi-
madzu RF-5000 spectrofluorometer. Emission spectra
were recorded in the region A = 420—600 nm at the
excitation wavelength. Obtained fluorescence spectra
are averages of 3—6 subsequent scans at the excita-

Chem. Pap. 58(4)268—275 (2004)
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tion wavelength. Fluorescence intensities expressed in
arbitrary units (a.u.) (Fig. 2, Table 3) correspond to
emission of compounds at concentration 1.0 x 1076
mol dm ™3 in acetonitrile. All measurements were per-
formed at 25°C. F, refers to intensity of fluorescence
maximum of 9-isothiocyanatoacridine at Aey, = 446
nm at the same conditions.

Substituted 1’-(Acridin-9-yl)-3’-alkyl/aryl-
thioureas I'Va—IVFf

To a solution of I [18] (572 mg; 0.4 mmol) in a
mixture of dichloromethane (5 cm?) and diethyl ether
(15 cm?®), the corresponding amine (0.4 mmol) diluted
with a small amount of diethyl ether was added drop-
wise and the mixture was stirred for about 4 h. The
reaction course was followed by TLC plates monitor-
ing (eluent benzene—acetone, ¢, = 5 : 2), whereby
the products remain on the start. The precipitated
product was washed with diethyl ether, filtered off and
dried.

IVa: Yield 67 %, m.p. = 193—194°C. For C1H1s-
N3S (M, = 281.4) wi(calc.): 68.30 % C, 5.37 % H, 14.93
% N; w;i(found): 68.38 % C, 5.15 % H, 14.78 % N. IR
spectrum (KBr), 7/ecm™!: 3195 (NH), 1620 (C=N),
1405 (NHCS). 'H NMR spectrum, 4: 6.80—8.60 (m,
8Haeridiny), 3-16 (q, 2H, J = 7.1 Hz, NCH,), 1.24 (t,
3H, J = 7.1 Hz, CHj).

IVb: Yield 85 %, m.p. = 182—183°C. For C17Hy7-
N3S (M, = 295.4) w(calc.): 69.12 % C, 5.80 % H,
14.22 % N; w;(found): 69.30 % C, 5.62 % H, 14.07
% N. IR spectrum (KBr), #7/cm~!: 3210 (NH), 1622
(C=N), 1405 (NHCS). 'H NMR spectrum, d: 8.68 (s,
1H, NH), 6.80—8.38 (m, 8Hacridingl), 3.25 (t, 2H, J =
7 Hz, NCH,), 1.49 (m, 2H, CH,), 0.98 (t, 3H, J = 7.5
HZ, CH3)

Thioureas IVe—IVf were described previously in
the literature [6, 19].

IVe: Yield 73 %, m.p.= 195—196°C (m.p. = 197—
199°C [6]).

IVd: Yield 79 %, m.p. = 196—198°C (m.p. = 192—
194°C [6]).

IVe: Yield 86 %, m.p. = 182—184°C (m.p. = 178—
180°C [19]).

IVF Yield 96 %, m.p. = 180—182°C (m.p. = 184—
186°C [6]).

Substituted S-Methyl-1'-(acridin-9-yl1)-3’-
alkyl/arylisothiuronium Iodides Va—Vf

To a stirred suspension of thioureas IVa—IVf (0.4
mmol) in acetone (15 cm®) methyl iodide (3 cm?) was
added dropwise at room temperature during 3 h. The
reaction mixture became clear, after a short time the
precipitated product was filtered off, washed with di-
ethyl ether and dried.

Va: Yield 77 %, m.p. = 163—166°C. For Cy7H;s-
IN5S (M, = 423.3) wi(calc.): 48.23 % C, 4.29 % H, 9.93
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% N; wi(found): 48.41 % C, 4.10 % H, 9.74 % N. IR
spectrum (KBr), 7/cm~!: 3200 (NH), 1622 (C=N),
1350 (NCS). 'H NMR spectrum, §: 7.20—8.86 (m, 9H
NHacridinyl)7 3.70 (q, 2H, J=T71 HZ, NCHQ), 2.36 (S,
3H, SCH;), 1.48 (t, 3H, J = 7.1 Hz, CH;). 13C NMR
spectrum, ¢: 160.97 (C-9), 154.40 (N=C), 135.40 (C-
3, C-6), 126.15 (C-1, C-8), 125.13 (C-2, C-7), 119.64
(C-4, C-5), 140.28 (C-4a, C-10a), 117.24 (C-8a, C-9a),
39.65 (NCH,), 15.03, 14.65 (SCH;, CH,CHy).

Vb: Yield 93 %, m.p. = 160—164°C. For C1gHyo-
IN3S (M, = 437.3) wi(calc.): 49.43 % C, 4.61 % H, 9.61
% N); wi(found): 49.70 % C, 4.54 % H, 9.75 % N. IR
spectrum (KBr), 7/cm~!: 3220 (NH), 1620 (C=N),
1360 (NCS). 'H NMR spectrum, d: 7.10—8.80 (m, 9H,
NHacridinyl)7 3.59 (t, 2H, J=171 HZ, NCHQ), 2.84 (m,
2H, CH,), 2.30 (s, 3H, SCHy), 1.05 (t, 3H, J = 7.5 Hz,
CHj;).

Ve: Yield 64 %, m.p. = 205—206°C. For ClgHgo—
INsS (M, = 437.3) wi(calc.): 49.43 % C, 4.61 % H,
9.61 % N; wi(found): 49.30 % C, 4.78 % H, 9.72
% N. IR spectrum (KBr), 7/cm~!: 3185 (NH), 1620
(C=N), 1350 (NCS). 'H NMR spectrum (DMSO-dg),
§:13.88 (br, 1H, NH-10), 8.16 (ddd, 3Ju.1 g2 = 8.5
Hz,*Jy.1 w3 = 1.4 Hz, 5 Jy.1 gog = 0.6 Hz, 2H, H-1 and
H-S), 8.08 (ddd, 3JH_3 H-4 = 8.6 HZ, 3JH_3 H-2 = 6.8
Hz, *Ju3 n1 = 1.4 Hz, 2H, H-3 and H-6), 7.98 (ddd,
3JH_4 H-3 — 8.6 HZ, 4JH_4 H-2 — 1.1 HZ, 5JH_4 H-1 — 0.6
Hz, 2H, H-4 and H-5), 7.66 (ddd, 3Jio 11 = 8.5 Hz,
3 JH.2 n.3 = 6.8 Hz, *Jy.0 .4 = 1.1 Hz, 2H, H-2 and H-
7), 9.40 (br, 1H, NH), 4.05 (br, 1H, CH), 2.25 (br, 3H,
SCH3), 1.3 (br, 6H, 2 x CH3). *C NMR spectrum
(DMSO-dg), 6: 162.44 (C=N), 157.99 (C-9), 139.83
(C-4a, C-10a), 135.59 (C-3, C-6), 126.23 (C-1, C-8),
124.64 (C-2, C-7), 118.83 (C-4, C-5), 116.09 (C-8a,
C-9a), 46.98 (d, CH), 21.63 (2 x CHs), 14.23 (SCHs).

Vd: Yield 81 %, m.p. = 168—171°C. For 021H24—
IN5S (M, = 477.4) wi(calc.): 52.83 % C, 5.07 % H, 8.80
% N; wi(found): 52.86 % C, 4.86 % H, 8.51 % N. IR
spectrum (KBr), 7/em™!: 3250 (NH), 1620 (C=N),
1420 (NCS). 'H NMR spectrum, §: 7.00—8.96 (m,
8Hacridiny), 3-39—4.22 (m, 1H, NCH), 2.19 (s, 3H,
SCH;), 1.00—1.98 (m, 10H, CHa).

Ve: Yield 95 %, m.p. = 207—210°C. For Cnglg—
IN5S (M, = 471.4) wi(calc.): 53.51 % C, 3.85 % H, 8.92
% N; w;(calc.): 53.38 % C, 3.76 % H, 9.01 % N. IR
spectrum (KBr), 7/em~!: 3190 (NH), 1610 (C=N),
1415 (NCS). 'H NMR spectrum, §: 6.76—8.39 (m,
13Hacridingl, ArH), 2.29 (s, 3H, SCH3). 13C NMR spec-
trum, 0: 159.46 (N=—C), 158.70 (C-9), 139.20 (C-4a
and C-10a), 134.81 (C-3, C-6), 125.29 (C-1, C-8),
124.36 (C-2, C-7), 121.48 (Cortho); 136.84 (Cipso),
128.03 (Crneta); 125.13 (Cpara), 118.35 (C-1, C-4),
115.83 (C-8a, C-9a), 14.18 (SCH;).

Vf: Yield 82 %, m.p. = 198—201°C. For CyoHyo-
IN3S (M, = 485.4) wi(calc.): 54.44 % C, 4.15 % H,
8.66 % N; w;(found): 54.32 % C, 4.28 % H, 8.57 %
N. IR spectrum (KBr), 7/cm~!: 3210 (NH), 1623
(C=N), 1420 (NCS). 'H NMR spectrum, &: 6.76—
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880 (II], 12Hacridinyl,ArH)7 230 (S, 3H, CH3), 225 (S,
3H, SCH3).

Substituted S-Methyl-1'-(acridin-9-yl1)-3'-
alkyl/arylisothioureas VIa—VIf

A suspension of thiourea IVa—IVf (0.6 mmol) and
K>CO3 (0.5 g; 8 mmol) was treated at room tempera-
ture with excess of methyl iodide (0.5 cm?, 8 mmol) in
10 ecm? of acetone. The reaction course was followed
by TLC plates monitoring (eluent benzene—acetone,
5 : 2). After 4 h stirring the reaction was finished, the
product poured into water and three times extracted
with 15 ecm?® of ethyl acetate. The extract was con-
centrated and the product precipitated by addition of
diethyl ether to form crystals.

Vla: Yield 70 %, m.p. = 185—190°C. For Cy7Hq7-
N3S (M; = 295.4) wi(cale.): 69.12 % C, 5.80 % H, 14.22
% N; w;i(found): 69.05 % C, 5.73 % H, 14.18 % N. IR
spectrum (KBr), 7/em™!: 3220 (NH), 1600 (C=N),
1402, 1068 (NCS). 'H NMR spectrum, J: 7.12—8.14
(Hl, 8Hacridiny1); 3.58 (q, 2H, J =171 HZ, NCHQ),
2.30 (s, 3H, SCHj), 1.34 (t, 3H, J = 7.1 Hz, CHg3).
13C NMR spectrum, §: 155.17 (N=C), 153.28 (C-9),
149.58 (C-4a, C-10a), 130.22 (C-3, C-6), 129.32 (C-4,
C-5), 124.62 (C-1, C-8), 124.10 (C-2, C-7), 119.23 (C-
8a, C-9a), 38.42 (NCHy), 15.22 (CH3), 14.21 (SCHjs).

VIb: Yield 94 %, m.p. = 185—188°C. For CigHjg-
N3S (M; = 309.4) wi(calc.): 69.87 % C, 6.19 % H, 13.58
% N; wi(found): 69.62 % C, 6.17 % H, 13.49 % N. IR
spectrum (KBr), 7/ecm™!: 3220 (NH), 1600 (C=N),
1410, 1080 (NCS). 'H NMR spectrum, 4: 7.00—8.26
(m, 8H,cridiny1), 3.38(t, 2H, J = 7.0 Hz, NCH,), 2.38
(s, 3H, SCH3), 1.60 (m, 2H, CH), 0.92 (t, 3H, J =
7.5 Hz, CH3).

Vic: Yield 63 %, m.p. = 185—187°C. For C1gHyo-
N3S (M; = 309.4) wi(calc.): 69.87 % C, 6.19 % H, 13.58
% N; wi(found): 69.75 % C, 6.13 % H, 13.42 % N. IR
spectrum (KBr), 77/cm~!: 3248 (NH), 1603 (C=N);
1418, 1070 (NCS). 'H NMR spectrum (DMSO-ds),
d: 8.01 (ddd, 3JH_4 H-3 — 8.7 HZ, 4JH_4 H-2 — 1.2 HZ,
SJuani = 0.5 Hz, 2H, H-4 and H-5), 7.95 (ddd,
3 Ji1 o= 8.6 Hz, 4 T g3 = 1.5 Hz, 5 114 = 0.5
Hz, 2H, H-1 and H-8), 7.74 (ddd, 3Ju.3 g4 = 8.2 Hz,
3JH_3 H-2 — 6.5 HZ, 4JH_3 H-1 — 1.5 fIZ7 2H, H—3 and H-
6), 7.46 (ddd, 3JH_2 H-1 = 8.6 HZ, 3JH_2 H-3 — 6.5 HZ,
5 Jio Ha = 1.2 Hz, 2H, H-2 and H—7), 6.98 (d, 3 JNH cH
= 7.3 Hz, 1H, NH), 4.33 (dq, *Jou nu = 7.3 Hz,
3Jcu cus = 6.5 Hz, 1H, CH), 2.25 (s, 3H, SCH3), 1.35
(d, 3Joms cu = 6.5 Hz, 6H, 2 x CH3). *C NMR spec-
trum (DMSO-ds), 6: 153.48 (C—SCHs), 153.37 (C-9),
148.97 (C-4a, C-10a), 129.88 (C-3, C-6), 128.88 (C-4,
C-5), 124.55 (C-1, C-8), 123.72 (C-2, C-7), 118.95 (C-
8a, C-9a), 44.61 (CH), 22.03 (2 x CHs), 13.85 (SCH3).

VId: Yield 94 %, m.p. 183—186 °C. For Ca1Ha3N3S
(M, = 349.5) wi(calc.) 72.17 % C, 6.63 % H, 12.02 %
N; wi(found): 72.21 % C, 6.58 % H, 12.04 % N. IR
spectrum (KBr), 7/cm~!: 3190 (NH), 1610 (C=N),
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1402, 1100 (NCS). 'H NMR spectrum, 4: 7.12—8.29
(0, 8Hacriding1), 4.04—4.69 (m, 1H, NCH), 2.32 (s, 3H,
SCH;), 1.00—2.88 (m, 10H, CHa).

Vie: Yield 78 %, m.p. = 176—180°C. For Cy1Hy7-
N3S (M, = 343.4) wi(calc.): 73.44 % C, 4.99 % H,
12.23 % N; wi(found): 73.40 % C, 5.02 % H, 12.15
% N. IR spectrum (KBr), 7/cm~!: 3208 (NH), 1600
(C=N), 1405, 1090 (NCS). 'H NMR spectrum, &:
6.60—8.50 (m, 13HArH,acridinyl)7 2.32 (S, 3H, SCHg)

VIf: Yield 77 %, m.p. = 178—180°C. For CyoHg-
N3S (M, = 357.5) wi(calc.): 73.92 % C, 5.36 % H, 11.75
% N; wi(found): 73.79 % C, 5.23 % H, 11.67 % N. IR
spectrum (KBr), 7/cm~!: 3165 (NH), 1615 (C=N),
1408, 1075 (NCS). 'H NMR spectrum, §: 6.76—8.38
(m, 12HArH,acridinyl)7 2.25 (S, 3H, CH3), 2.23 (S, 3H,
SCH3).
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