RESEARCH IN THE IMIDAZOLE SERIES
LXVII.* SYNTHESIS OF NAPHTH[1',2' : 4,5]IMIDAZ0{2,1-b]THIA ZOLE
DERIVATIVES FROM 2-MERCAPTONAPHTH [1,2-d]IMIDAZOLE

E. G. Knysh, A. N. Krasovskii, UDC 547.785.5'789.07
and P. M. Kochergin

Alkyl(aryl)~substituted naphth(1',2' : 4,5]imidazo[2,1-b]thiazoles were synthesized by the reaction
of 2-mercaptonaphth[1,2-d]imidazole with a-halo ketones. The intermediate 2-acylalkylthionaphth[1,2-d]-
imidazoles were isolated, and the conditions for their cyclization to naphth{1',2' : 4,5]imidazo[2,1-b]thia-
zole derivatives were studied.

Continuing our earlier research [2, 3], we have established that 2-mercaptonaphth[l,2-d]imidazole
(I) reacts readily with @-halo ketones. Depending on the conditions used to carry out the reaction and the
structure of the halo ketone, 2-acylalkylthionapthth[1,2-d]imidazoles (II-XIV, Table 1) or their dehydration
products — naphth[1',2' : 4,5]imidazo[2,1-b]thiazolet derivatives (XV-XXVII, Table 2) — are formed. Thus
four-ring compounds (XV, XVI, XX, and XXI) were obtained when I was refluxed with aliphatic halo ketones
in ethanol or dimethylformamide (DMF), while in contrast to the reaction of 2-mercaptobenzimidazole
with the indicated halo ketones [4], with aliphatic-aromatic halo ketones and bromopinacolone under the
same conditions the process stops at the 2-acylalkylthionaphth [1,2~-d]Jimidazole (IV, IX, and XI) stage. In
the case of aliphatic halo ketones, the intermediate compounds (for example, II) can be isolatedonly when I
is heated no higher than 50°.

The case of closing the thiazole ring in the reaction of T with halo ketones of the aliphatic series is
explained, as in the synthesis of imidazo[2,1-b]thiazole [5] and thiazolo[3,2-a]benzimadazole derivatives
[4], by the catalytic effect of the hydrogen ions due to the hydrogen halide liberated in the reaction. Thus
I is not changed when refluxed in ethanol, while when this compound is heated under the same conditions
in the presence of HCI, it is almost quantitatively converted to XV. TFurther evidence of the catalytic ef-
fect of acids on the closing of the diazole ring is the fact that only 2-acylalkylthionaphth[1,2-d]imidazoles
(II-1V, VII, VIII, XIII, and XIV) are formed when I is heated with o-halo ketones, regardless of their struc-
ture, in ethanol in the presence of sodium ethoxide or alkali.

A study of the IR spectra of II-XIV showed that the absorption band of a CO group at 1650-1780cm™1
is practically absent for some of the compounds in this series (II, V, VI, VIII, and XIII), while there is a
band at 3070-3270 em™1, which is probably related to the stretching vibrations of the OH group. ILike 2-
formylalkylthionaphth[1,2-d]imidazoles [2], these compounds in the solid state can apparently exist as
tautomeric forms — 8-hydroxy derivatives of naphth[1',2' : 4,5]imidazo[2,1-b]thiazoline.

In order to obtain naphth[1',2' : 4,5]imidazo[2,1-b]thiazole derivatives that contain various substit-
uents in the 8 and 9 positions of the compounds, we made a detailed study of the cyclization of II-XIV. It

*See [1] for communication LXVI.

+The numbering of the atoms of the four-ring system in this paper is given in conformity with the ITUPAC
rules. The numberingofthe four-ring systemin [2, 3] started with the sulfur atom and proceeded counter-
clockwise.
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TABLE 1. 2-Acylalkylthionaphth[l,2~d]imidazoles (II~XIV)
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Br 20.1%. f) Found: Br 16.6%. Calculated: Br 16.8%. We thank Yu. N. Shéinker, V. V. Kolpakova, and their co-workers for record-

c) Found: Cl 11.0%. Calculated: Cl 11.0%. d) The 2,4-dinitrophenylhydrazone of IX had mp 194-196° (dec., from aqueous dioxane).
ing the IR spectra and performing the microanalyses of the compounds.

a) The IR spectra of mineral oil suspensions were recorded with a UR-10 spectrometer. b) Found: Cl 10.3%.

Found: C 59.7; H 3.6; N 16.8; S 6.4%. Calculated for C,H3N;O,S: C 60.2; H 3.6; N 16.9; S 6.4%.

was established that compounds of this series that con-
tain aliphatic ketone residues (excpet for pinacolone)

are readily converted to alkyl-substituted naphthf1',2' :
4,5]imidazo[2,1-blthiazoles (XV, XVI, and XVIII-XXI)
when they are heated inorganic or mineral acids (HCOOH,
CH3;COOH, HCI, and H;PO,) and also under the influence
of dehydrating agents (POCl, and H,SO,). 2-Pinacolonyl-
thio- and 2-acylalkylthionaphth[1,2-d}limidazoles that
contain aliphatic~aromatic ketone residues (IV and IX~-
XIV) cyclize to tert-butyl(aryl)-substituted naphth[1’,

': 4,5limidazo[2,1-blthiazoles (XVII and XXII-XXVID)
only on refluxing in POCl; or 85-89% H3;PO,. In confor-
mity with the known data regarding the stepwise charac~
ter of the mechanism of the closing of the thiazole ring
[4, 5], we assume that, in this case, II-XIV are initially
converted to 8-hydroxynaphth{1',2' : 4,5]imidazo[2,1-b]-
thiazolines, which are then dehydrated to form XV~

XXVII.
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X=Cl, Br; Ri=H, Alk, Ar; R2=Alk, Ar

The purity of the naphth[1',2' : 4,5]imidazo[2,1-b]-
thiazole derivatives was confirmed in a number of cases
by chromatography, and their structures were confirmed
by IR spectroscopy (absence of absorption bands of CO
and NH groups) and by reductive desulfuration of 8-
methylnaphth{l',2' : 4,5]imidazo[2,1-blthiazole (XV) un~
der the influence of Raney nickel [2] to 3-isopropylnaphth-
[1,2~d}imidazole (XXX).

EXPERIMENTAL

2-Acylalkylthionaphth{1,2-dlimidazoles (II-XIV,
Table 1), A) A solution of 0.01 mole of I {6], 0.01 mole
of a~halo ketone (chloroketones were used to synthesize
IT and XIV, while the corresponding bromo ketones were
used in the remaining cases), and 0.01 mole of sodium
ethoxide in 30-50 ml of ethanol was stirred at 60-65°
for 1h (at 50° for 1 h in the preparation of XII). The
mixture was cooled, and the precipitate (V, XIII) was re-
moved by filtration and washed with water. An additional
amount of substance was isolated by evaporation of the
alcohol mother liquor to a small volume. Compounds IT~
Iv, VII, VIII, XIII, and XIV were isolated by pouring the
reaction mass into water, and the precipitate (I1, VI,
VIII, XIII) was removed by filtration or extracted with
chloroform (III, VII, and XIV). Compounds X and XI




TABLE 2. Naphth[1',2' : 4,5]imidazo{2,1-b]thiazole Derivatives

(XV-XXVII)
‘ - - Found, alc, N
Com- Mp, Empirical i 7‘7* | Cale, % =
1 2 o : ' =
pound | R R C(dec.)| formula e luln ‘ slc uln|s|S
I >
XV |H CH, 179—180 | C14HoN,S2 70,8/4,3/11,4 13,9#70,6 4,2111,9(13,5(92
XVI |H C,Hq 166166 | Ci7H1sN2S  |72,6]5,7] 9,7111,6(72,815,7|10,0{11,4 |75
XVII jH C(CHs); 154156 | C-HeNoS, {72,5/5,6110,0(11,6(72,8] 5,7(10,0(11,4|90
XVIIT [CH; [CHj 220221 | CysH2N,SY 71,2|4,8{11,4(13,0(71,414,8)11,1]12,7(92
99
XIX |CH; [CyHs 201—202 | CgH(4N2S€ 72,1|5,4110,2|12,2(72,115,3110,5/12,0198
XX |CHs |CH, 137138 CmHI]_id\gSX 67,8(5,71 9,5(10,8'67,615,7] 9,8/11,2/88

X Hy
XXI |C3H7 |CHy 148149 | Ci7H;gN.S.  [73,0(5,9; 9,6|11,5(72,8/5,8/10,0111,4171
XXII {H CeHs 201 —203 Clex?gIIg_ISé)( 69,8|5,2| 84| 9,6(69,7,4,8] 8,5/ 9,8/63
Xy 2! ;

XXII |H  |p-BrCeH, 199—200 | C;oH,;BrN,S%50,0{3.0| 7,1{°8,1160,212.9| 7.4] 8,484
XXIV |H p-OsNCgH,y | 242243 | C1oH; N3OS 166,2]3,3/12,6| 9,2,66,113,2112,2] 9,3|80
XXV |CH; |CeHs 2265227 | CooHuNoS  76,214,31 8,5110,1(76,414,5] 89]10,2/94
XXV1 [C¢Hs |CH, 214—215 | CooH,NoS  [76,4]4,5| 8,5] 9,976,4(4,5/ 8,9110,2/84
XXVII |CeHs [CeHs 201202 | CosHigNoS  179,3]4,4| 7,7] 8,5\79,714,3| 7,4 8,5(74

a) The hydrochloride of XV had mp 225-227° (dec., from ethanol).
Found: Cl 12.7%. Calculated: Cl 12.9%. b) Ry 0.90 [dioxane—
dichloroethane (2.5 : 1)]; 0.92 [CCl;—CHCly—dichloroethane (2.5 :
1:1)].c) Ry 0.93 [dioxane—dichloroethane (2.5 : 1)]; 0.92 [CCl,~
CHCl3—dichloroethane (2.5 : 1 : 1)]. d) Found: Br 20.9%. Cal-
culated: Br 21.1%.

were similarly obtained, with the difference that the reaction was carried out in alcohol in the presence of
KOH or NaOH, the reaction mass was poured into water, and the precipitate was removed by filtration.

B) A solution of 0.01 mole of I and 0.01 mole of a~bromo ketone in 50-100 ml of ethanol was heated
at 45-50° for 4 h (in the preparation of II) or refluxed for 2 h (in the preparation of 1V, IX, and XI). The
mixture was cooled, poured into water, and neutralized with sodium carbonate. The precipitate was re-
moved by filtration and washed with water. The yields of II, IV, IX, and XI were 73, 92, 93, and 94%, re-
spectively. Compounds IX and XI (91% and 969 yields, respectively) were also isolated when the reaction
was carried out in refluxing DMF (4 h).

Compounds I1-XV are colorless or yellow (XI) crystalline substances of basic character that give
qualitative reactions for the carbonyl group. In UV light they have a blue-violet fluorescence. The com~
pounds were purified for analysis by crystallization from methanol (III), ethanol (V, IX, and XIV), aqueous
ethanol (II, IV, VI, and VIII), propyl alcohol (X), butyl alcohol (XI), or aqueous acetone (XII and XIII).

Napth[1',2' : 4,5]imidazo[2,1-b]thiazole Derivatives (XV-XXVII, Table 2). A) A solution of 0.01 mole
of I and 0.01-0.011 mole of @-bromo ketone in 30 ml of DMF was refluxed for 4 h and cooled. The mixture
was neutralized with ammonium hydroxide and poured into water. The precipitate was removed by filtra-
tion to give 90, 88, and 71% yields of XVI, XX, and XXI, respectively. Compound XV (82% yield) was ob-
tained by refluxing I with chloroacetone in ethanol (4 h).

B) A mixture of 0.01 mole of 2-acylalkylthionaphth[l,2-d]imidazole (IV, VI, IX, X, XII, and XIII) and
30-50 ml of POCl; was refluxed for 2h (VI), 10 h (IV, IX, XII, and XII), or 25 h (X). The POCl; was re-
moved by vacuum distillation, and the residue was decomposed with water. The mixture was neutralized
with ammonium hydroxide, and the precipitate was removed by filtration and washed with water to give XVII,
XIX, XXII, XXIII, and XV.

C) A solution of 0.01 mole of XI or XIV in 20 ml of 85% H3;PO, was refluxed for 1 h and cooled. The
cold mixture was poured into water and worked up as described above to give 80 and 74% yields of XXIV
and XXVII, respectively. Compound XVIHI (99% yield) was obtained in the same way, with the difference
that the reaction was carried out at 95-100°,

D) A solution of 0.01 mole of V in 10 ml of concentrated H,SO, was allowed to stand at 18-20° for
24 h. It was then poured into water and worked up as described in experiment B to give 97% of XVIII.
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E) A solution of 0.005 mole of IT and three drops of concentrated HCI in 200 ml of ethanol was re~
fluxed for 4 h and worked up as in experiment B to give 96% of XV. Compound XVIII (95% yield) was simi-
larly obtained by refluxing V in concentrated HCI.

F) A solution of 0.01 mole of V in 20 ml of 859 HCOOH was refluxed for 4 h and worked up as de-
scribed in experiment B to give 95% of XVIII. Compound XV (92% yield) was similarly obtained, but the
reaction was carried out in glacial CH;COOH.

Compounds XV~-XXVII are colorless or yellow (XXIV) crystalline substances of basic character that
have a blue-violet fluorescence in UV light. The compounds were purified for analysis by crystallization
from aqueous methanol (XV1), ethanol (XV, XVIII, and XIX), aqueous ethanol (XVII, XX, XXI, XX, and
XXII), ethanol—dioxane (1 : 1) {XXVI), ethanol—DMF (1 : 1) (XXVID), or aqueous dioxane (XXIV and XXV).

2-Isopropylaminonaphthalene (XXVII). A solution of 40 g (0.28 mole} of f-naphthylamine and 49 g
(6.29 mole) of isopropyl iodide in 100 g of anhydrous ethanol was refluxed for 2 h, cooled, and poured into
water. The mixture was neutralized with sodium carbonate and then acidified to pH 3 with dilute H,S0,.
The precipitated f-naphthylamine sulfate was removed by filtration. The filtrate was made alkaline with
NaOH and extracted with CHClg. The extract was washed with water and dried over CaCl,. The solvent
was removed by vacuum distillation to give 32 g (58%) of technical XXVIII as a viscous, oily substance that
was soluble in organic solvents and insoluble in water. The hydrochloride of XXVIII had mp 205-206°
(from aqueous dioxane). Found: C 70.5; H 8.5; Cl 16.3; N 6.3%. Cy3Hy;N * HCl. Calculated: C 70.5; H8.5;
Cl 15.8; N 6.29.

1-Phenylazo-2-isopropylaminonaphthalene (XXIX). A solution of benzenediazonium chloride [pre-
pared from 13.5 g (0.145 mole) of aniline, 10.4 g (0.15 mole) of NaNO,, and 40 ml of concentrated HC1] was
added gradually with stirring to a cooled (to 5°) solution of 27.6 g (0.124 mole) of the hydrochloride of
XXVII in 300 ml of ethanol. The precipitate was removed by filtration and washed with water to give 27 g
(60%) of red prisms of XXIX with mp 94-95° (from ethanol). Found: C 78.6; H 6.2; N 14.2%. CygHgN;3.
Calculated: C 78.9; H 6.6; N 14.5%.

3-Isopropylnaphth[1,2-d]imidazole (XXX). A) An alcohol paste of Raney nickel (10 g) was added to a
solution of 0.5 g of XV in 10 ml of ethanol, and the mixture was refluxed for 8 h. The catalyst was removed
by filtration, and the solvent was removed by distillation to dryness to give 0.1 g (23%) of XXX with mp 105~
106° (from aqueous dioxane). Found: C 80.1; H 6.6; N 13.3%. Cy,Hy3N,. Calculated: C 80.3; H 6.3; N 13.4%.

B) Zinc dust was added in small portions to a refluxing solution of 15 g of XXIX in 100 ml of 30% ace-
tic acid until the dark-red color of the solution changed to light-yellow. The hot solution was filtered,
cooled, and neutralized with ammonium hydroxide. The mixture was extracted with chloroform, and the ex-
tract was washed with water and dried over CaCl,. The solvent was removed by vacuum distillation, and
90 ml of 85% HCOOH was added to the residue (9 g) of crude 1-amino~2~isopropylaminonaphthalene. The
solution was then refluxed for 2 h (with charcoal near the end) , filtered, and neutralized with KOH. The
precipitate was removed by filtration and washed with water to give 8 g (73%) of XXX with mp 105-106°
(from agueous dioxane). This product did not depress the melting point of the substance obtained via ex~
periment A.
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