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5,12-DI(1-ALKYL)THIOQUINANTHRENEDTIINIUM BIS-SALTS AND  1-ALKYL-

3-ALKYLTHIO-1,4-DIHYDRD-4-THIOGXOQUINOLINES 1

Andrze]j Maélankieuicz' and Andrzej Zieba
Department of Organic Chemistry, Silesian School of Medicine,

ul. Jagielloriska 4, 41-200 Sosnowiec, Poland

Abstract - The preparation of 5,12-di(l-alkyl)thioguinanthrene-
diinium bis-salts and their transformation into 1-alkyl-3-alkyl-

thio-1,4-dihydro-4-thicoxoquinclines are described.

5,12-Di(l-alkyl)thioquinanthrenediinium bis-salts (2) obtained from thioquinan-
threne i.e. 1,4-dithiino[2,3-¢:5,6-c’]diquinoline (1) and alkylating agents (3)
are of interest for us from two points of view. Firstly, they may be expected to
be potentially antibacterial agents taking into consideration the antibacterial
2,3 2,4

activity of several types of l-alkylpyridinium or l=-alkylquinolinium

salts. Secondly, the quaternization of quinoline derivatives activates the 2- or
4-substituents toward a nucleophilic displacement. 3,6 4-Quinolinyl-sulfur bonds
in salts {2) should be, therefore, much more reactive in the nucleophilic substi-

tution reaction, than those in the molecule of parent dithiin (}_).7

RESULTS AND DISCUSSION

We attempted to quaternize thioguinanthrene (1) with several alkylating agents:

R\+/ S
+ 2RY — 3 gl 2 y-
S “+ ™R
2

Y = 0S0,R, OTs, I

3
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Good results in the formation of bis-salts (2) (Table 1) and a high conversion of
thioguinanthrene (1) were obtained only with dialkyl sulfates (R = Me, Et, n-8u)

and alkyl tosylates (R = Me, Et) sppeared to be less effective, the least effect-

8 9

ive being alkyl iodides (R = Me, Et,” n-Bu, n-Hex). The reactivity of alkyla-

ting agents in the quaternization of thioguinanthrene-nitrogen atoms decreased as
related to alkyl-groups in the order Mé> Et > n-Bu>n-Hex, A similar reactivity
was usually observed during the alkylation of heterocyclic tertiary amines with

alkylating agents.10

1 for

Applying a convenient procedure described by W.Schroth and his co-workers
pyrimidinium salts, we were able to achieve an effective exchange of the anion-

rests in bis-salts [ 2a-4, 2b-4, 2c-4 (R = Me, Et, n-Bu) | from alkyl sulfate

ions into chloride and bromide ones (Table 2).

2a-4 (R = Me) 2a-1 or 2a-2 (R = Me)
H,0 20°C
2b-4 (R = Et) + 2 KX z , 2b-1 or 2b-2 (R = Et)
= 67-90 % \ — ==
2c-4 (R = n-Bu) 2c-1 or 2c=-2 (R = n-Bu)}
Y = DSU3R' X = Cl,8r Y = C1- or 8r~

1H Nmr spectra confirmed the structure of bis-salts (2), because of the occurrence

12

of l-alkylquinolinium group signals at & = 4,65-4.70 (N+Me), §=5.12-5.14

(N+-CH2) {Table 4) as well as characteristic shifts of the a-quinolinium-type

proton signal 12

up to &= 9.45-9.49 (as compared to those of thioguinanthrene (1)
8= 8.90) was observed. All bis-salts (2), usually obtained as dihydrates, are
deep yellow to orange-coloured solids, readily soluble in water, yielding acidic
solutions (e.g. 1 % solution of 2a-1 (R = Me, Y = Cl) exhibited pH value 4.5).
Alkalization of water sclution of bis-salts {2) led to a brick-brown pseudobase-
type solid which, if precipitated from concentrated soclution or kept at room tem-
perature for several hours, became extremely insocluble in organic solvents and
did not undergo re-conversion to the starting bis-salts (2) upon acidification.
Similar products were obtained by treating the ethanolic solution of bis-salts (2)
with thiourea. On the other hand, the freshly precipitated pseudo-base solid from

diluted agueous solution underwent solubilization in water and re-conversion to

the starting bis-salts upon acidification.
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Passing hydrogen sulfide through the cold suspension of bis-salts {2) in dry
pyridine led in each case to the complete consumption of bis-salt substrates and
to the fermation of 1-alkyl-1l,4-dihydro-&4-thicoxo-3-quinolinethiols (4) (90-100 %),
which were transformed to stasble final alkylthio products (3) in overall yields

of 70-85 % calculated from the applied bis-salts (2):

: 7
K.S, Py N NaGH/H, N
2 =+ 2 l /,2 2 |cqt
20°C SH R'X SR
S S

| &~
len

Because thioguinanthrene (1) or its hydrochloride did not react with hydrogen sul-
fide in dry pyridine at 0-20°C, the thiones (4) or ($) could be prepared directly
also from the mixture of parent base (1) and bis-salts (2) i.e. without isclatian

of pure bis-salt (2) <(procedure B).

EXPERIMENTAL

All melting points are uncorrected. lH Nmr spectrs were recorded on 3 Tesla BS
487 C spectrometer at BO MHz in deuterium oxide or deuteriochloroform solutions.
Tlc analysis were performed on aluminium exide 60 F neutral (type E) using ethyl
acetate - chlorofarm (10:1 v/v) as an eluent.

Thioquinanthrene (1) was prepared by sulfurizating quinoline with elemental sulfur

and recrystallized from DMF, mp 314-315'8.13

5,12-Di{1l-alkyl)thioguinanthrenediinium bis-(alkyl sulfate) (2a-4, 2b-4, 2c-4).

A suspension of 3.18 g (10 mmol) af thioguinanthrene (1} in 60 mmol of dialkyl
sulfate was heated at B80-85°C while being "“magnetically" stirred for 2-9%¢ h.
Then 20 ml of dry benzene was added. The mixture was boiled for 5 min, and cooled
down to ambient temperature. The solid was filtered off, washed with dry benzene,

then dried under vacuum and weighed to give bis-(alkyl sulfate) (2a-4, 2b-4, 2c-4)

or in some cases the mixture of bis-(alkyl sulfate) (2b-4&, 2c-4) and parent base (1).
The reaction parameters and results have been collected in Table 1. The reactions of

thioguinanthrene (1) with methyl or ethyl tosylates were performed in the same manner.
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Determination of the content of bis-(alkyl sulfates) (2b-4) or (2c-4) in their
mixtures with parent base (1) could be carried out taking inte censideration the
fact that thioquinanthrene (1) is insoluble in water and very poorly soluble in
cold benzene and that bis-salts of type (2) are well soluble in water but inso-
luble in benzene. In order to perform the calculation following cbservations were
used: x) the increase in the weight 0of solid product obtained as compared with the
amounts of the substrate applied - it indicates the amounts of alkylating agent
reacted, i.e. the amounts of bis-salt (2) formed; xx) the decrease in the weight
of splid product after its treatment with water pointing to the amounts of non-
converted thioguinanthrene (1) as well as the amounts of bis-salt (2) dissclved.

1 of the content of

Both type of data as well as quantitative tlc determination
thioguinanthrene (l) in post-reaction solid and determination of the sulfate con-
tent after treatment of agueous solution of bis-salts (2a-4, 2b-4, 2c-4) with

barium chloride led to very close results (+ 1.5 %).

Reactions of thiogquinanthrene with alkyl iodides

A suspension of 3.18 g (10 mmol) of thioquinanthrene (1) in €0 mmol of alkyl io-
dide was heated and stirred under to conditions presented in the Table 1. Then
most of alkyl iodide was removed by vacuum distillation. The residue was then
treated with benzene and worked up as in the case of bis-(alkyl sulfates) to give
in each case the mixture of base (1) and bis-methiodide (2). Fresh prepared mix-

tures of 1 and bis-salts (2a-3, 2b-3, 2d-3) could be effectively applied for

the preparation of quinolinethiones (5). Aqueous solutions of  his-iodides gn
standing at room temperature underwent transformation to water insoluble grange-

colored selids.

5,12-0i{n-alkyl}thioquinanthrenediinium bis-chlorides (2a-31, 2b-1, 2c-1) or bis-

bromides (2a-2, 2b-2, 2c-2).

A solution of bis-(alkyl sulfate) (2a-%4, 2b-4 or 2c-4) (1 g} in 4 ml of water was

prepared. (In the case of non-complete converted thioguinanthrene, it must be
removed by filtrating its suspension with a solution of bis-salt (2b-4 or 2c-4)
in sppropriate amounts of water.) The solution of bis-(alkyl sulfate) was poured
into a saturated solution of potassium chloride (4.2 g) or bromide (7.8 g) in

12 ml of water. Immediately, bis-chloride (2a-1, 2b-1 or 2c-l) or bis-bromide
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(2a-2, 2b-2 or 2c-2) was precipitated. The mixture was kept at 10°C for 30 min and

the solid was filtered off. Bis-chlorides and bis-bromides were 'usually isolated
as di-(or tetra-) hydrate and before analysis they were dehydrated in a vacuum-

exsiccator over phosphorus pentoxide.

1-Alkyl-3-alkylthio-1,4-dihydro-4-thicoxoquinolines (3)

Procedure A

Dry hydrogen sulfide was passed through a suspension of 5 mmol of bis-salt {2) in
B0 ml of dry pyridine at 10-20°C until the mixture was clarified (1.5 h). The
mixture was next poured into four volumes of 5 % sgueous sodium hydroxide. Then
an alkylating agent (20 % molar excess) was added dropwise with stirring (5 -
15 min), and stirring was continued for 15 min. The solid was filtered off, washed
with water, dried over calcium chloride in a wvacuum exsiccator to give pure
thione (5) (one spot in tlc). For analytical purpases thiones (3) were recrystal-

lized from methanol. The results are presented in the Table 3.

Procedure B

The mixture containing 5 mmoles of bis-salt (2) and non-converted thiogquinanthrene
{1) could be used. It was treated with hydrogen sulfide in pyridine suspension as
in procedure A. After pouring it into 5 % aqueous sodium hydroxide, the mixture
uas‘filtered off to remove non-guaternized thioquinanthrene. The resulting solu-
tion of thiolates was then alkylated as in procedure A to give the same yields of

thiones (5) calculated from the content of bis-salts (2) applied.

1-Alkyl-1,4-dihydro-4-thicoxo-3-quinolinethiols (4).

The clear pyridine solution of thiols (3) obtained according to procedure A was
poured into four volumes of water, followed by filtration. The solid obtained was
washed with water and dried in vacuum, to give l-alkyl-l,A-dihydro-4-thiooxo-3-quino-

linethiols (4). Analytically pure samples were obtained in the cases of compounds

207 (100 %, M%)

(ﬂ) (R = ME) and (_._E) (R = Et): ‘_a_’ 100 ," mp 264-267.[:[1&0 . MS (15 ev) lTl/Z

221 (100 %, M5

H

&b, 100 %, mp = 225-227'Cdec s MS (15 eV) m/z

Thiols (4) could be transformed into their 3-alkylthio derivatives (3), as exampli-
fied by means of their methylation in 5 % aqueous sodium hydroxide solution with

10 % molar excess of methyl iodide and then treated as described above.
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Table 4.° {(continued)

Compound 5 [ppm)

); B8.90-9.08(m, 1H, H-5)

5a-1  2.43(s, 34, S-CHy); 3.97(s, 3, N-CHy); 7.27-7.70(m, &H, B .

Y

5a-2  1.13-1.38(t, J=7.5 Hz, 3H, 5-CHy-CHy); 2.67-2.95(n, J=7.5 Hz, 2H, S-CHy-CHy); 3.93(s, 3H, N-CHy); 7.22-7.62(m, 4H, H
8.93(m, 1H, H-5)

rom.

5a-3  0.75-0.97(t, 3=7 Hz, 3H, CHy-CHy); 1.31-1.68(m, 4H, CH~(CHo),

3.91(s, 3H, N-CHy); 7.25-7.68(m, &0, W ); B.86-9.02(m, IH, H-5)

-CH;); 2.63-2.87(t, J=7 Hz, 2H, S-CﬂQ-CHz);

Sa-4  0.81-1.09(t, J=7.5 Hz, 3H, -CHy-CH,); 1.13-1.28(d, J=7.5 Hz, 3H, -CH-CHy); 1.34-1.66(m, 2H, -CH-CH,-CHy);

3.31-3.78(m, IH, S-CH); 3.91(s, 3H, N-CHy); 7.30-7.73(m, &H, H_ = ); 8.94-9.10(m, 1H, H-5)

5a-5  3.73(s, 3, N-CHy); 4.15(s, 2H, S-Ctp); 7.16-7.81(m, 9H, H_ = ); 8.99-9.18(m, 1H, H-2)

2661 'Z 'ON 'PE "10A "§37DAD0H3LAH

S5b-1  1.37-1.70(t, 3=7.5 Hz, 3H, N-CHy-CH;); 2.40(s, 3H, 5-CHy); 4.16-4.50(a, J=7.5 Hz, 2H, N-CHy-CHy);

T.30-7.77(m, 84, H_ 0 )5 8.92-9.10(m, 1M, H-5)

5b-2 1.13-1.38(t, J=7.5 Hz, 3H, S—CHZ-Qﬂa); 1.38-1.72(t, J=7.5 Hz, 3H, N—CHz-Cﬂa); 2,75-3.09(q, J=7.5 Hz, 2H, S-CHZ-QEJ);

4.16-4.53(q, J=7.5 Hz, 2H, N-CHy-CH3); 7.26-7.74(m, 8H, H _ _ ); 8.96-9.09(m, 1H, H-5)

S¢-1  0.83-1.10(t, J=7.5 Hz, 3H, CHy-CHy); 1.20-2.05(m, aH, N-CH,-(CHy),-CHy); 2.35(s, 3, S-CHy); 4.15-4.80(t, J=7.5 Hz, 2H,

N-CHy-CH,) 5 7.28-7.78(m, 4H, H

Hiom.)s B.95-9.12(m, 1K, H-5)

a) 1

H Nmr spectra of compounds (2) were recorded in deuterium oxide solutions, those of compounds (3) in

deuteriochloroform.

152
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