FORMATION OF BROMO-SUBSTITUTED IMIDAZO[l,2-a]PYRIDINES
AND THEIR AZA AND THIA ANALOGS WHEN THE CHICHIBABIN
REACTION IS CARRIED OUT IN DIMETHYL SULFOXIDE

N. 0. Saldabol and 0. E. Lando UDC 547.781'789'83'722.5'853:542.944.1

The reactions of bromomethyl ketones with 2-aminopyridine, 2-aminopyrimidine, 2-
aminothiazole, and 2-aminobenzothiazole in dimethyl sulfoxide lead to bromo-sub-
stituted (with respect to the o position of the imadozole ring) imidazo[l,2-a]
pyridines, imidazo[l,2-a]pyrimidines, imidazo[2,1-b]thiazoles, and imidazo[2,1~b]-
benzothiazoles.

We have previously shown [1] that in dimethyl sulfoxide (DMSO) 2-amino-N-(8-oxoethyl)pyr-
idinium (V), 2-amino-N-(B-oxoethyl)pyrimidinium (VI), and 2-amino-N-(B-oxoethyl)thiazolium
(VII) bromides not only undergo cyclization to, respectively, imidazo[l,2-alpyridine (VIII),
imidaze[l,2-a]pyrimidine (IX), and imidazo[2,l1-b]Jthiazoles (X) but are also brominated in the
o position of the imidazole ring. According to [2], bromination occursas aresult of the forma-
tion of bromine by oxidation by DMSO of the hydrogen bromide evolved in the cyclization step.
The formation of brome-substituted compounds directly from o-bromomethyl ketones I and the
corresponding hetarylamines II-IV, which are incapable of halogenation, has also been noted.

R - R’
Br
/==\¥ coch,~N )
RCOCHBr + Ny} R TN
X X
NH, NH,
H-v v-vil
P B e
N /ﬁ HBr DMSO ™ N %ﬁ
RSN S NN
VI X X1-X11i
IV, VIIL X1 Y=X=CH=CH: 1Il, VI, IX, Xl Y=X=N=CH:

IV.VIE X, X Y=x=s: R and R (see Table 1)

In the present communication we present the results of a further study of the possibili-
ty of the synthesis of VIII-X and their bromo-substituted derivatives XI-XTII and XV in DMSO.

It was established that the only (or predominant) products in the reaction of keto am-
monium bromides V~VIL with DMSO at room temperature for 1-2 days are unbrominated VIII-X
(Table 1, method A). When the reaction mixtures are allowed to stand for a longer time at
room temperature, the amounts of bromo~substituted XI-XIII increase, and in time they become
the only proeducts,

Heating salts V-VII in DMSO on a boiling-water bath (method B) promotes both cyclization
and bromination, particularly when electron-acceptor groups are present. In the case of 2-
amino-1-(2~furoylmethyl)pyrimidinium bromide heating for 30 minled to a mixture of equal
amounts of 2~(2-furyl)imidazo[l,2-a]pyrimidine and its 3-bromo derivative,

Instead of bromides V~VII one can use equimolar amounts of bromomethyl ketones I and the
correspending hetarylamines II-IV; the positions that are capable of halogenation should not
necessarily be substituted in the latter. In these cases the theoretically permissible trans-
formatiens of the a-bromomethyl ketones in DMSO to monosubstituted glyoxylic acids [3] or mix-

Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga 226006,
Tranalated from Khimiya Geterotsiklicheskikh Soedinenii, No. 2, pp. 258-262, February, 1978.
Original article submitted December 7, 1976.

0009-3122/78/1402- 0211$07.50 © 1978 Plenum Publishing Corporation 211



*0.6L2-5/7 dft yIira *srvaplyouou

apruwoIqoIpdy ayz jo wioy 9yl ulq

*0fHYy 4q pe3eoTpur st dnoif TLang MLp

— reg—1eg €20l 090 | 92 | olog—00¢ |162—06G [95'0] 9r'0 g [g0 001—S6 | & H YHDPON-¥ S
wIL1—0L1 |€91—881 |30 2s'0 | L8 - — — - 0| o¥e 9@—05 |V *H)-3| OFH'D-Z-1d-C S
— 00e< [I¥'0| €90 |96 - - — — 0] ¢ o01—s6 | al (Of"D-3)-g| O°H"D-6-°ON-S S
Er8—ovg | ) 001 — — — — 0 |g'0 001—S6 |a .
£16¥6—0¥% mwmlﬁm 09'0| 6¥0 mm 35—0zz | 12808z | 1vo|  e80 A m.ﬁ WE ommiwm m. H | O*H"D-2-*0ONS S
_ . o J1 38 [o(ueedipog<) — - — 0 |s 001—S6 |Q V 19O N- -
o0e< |1g0| g0 {| § R0ES) oe< | ol o 0150 | ‘e | H| 'HOONT| HO=N
_ . . ] oy — — — — 0[S0 001—C6 | Q v
008< |31'0( 600 3 , _
\| 9 . - f| sv| s8¥ 95—03 | D H{OHZONG| HO=N
— _ _ _ 0 1008< 00s<  [280| 820 3| og| ¥z q—0z | D
— 191 ¥e'0f 60 | OF — ¥I1Z—32I15 €10 60 0¥ | S0 001-—G6 g H O°H'D-5| HO=N
. . . 001 — — - - 0 {so 001—¢6 a FI9ZAN-L | Y=
wccz—eze | 166 |e90| 250 {| 90 - — oz oz 19 | =g ey m| meooner| HO=HD
-— - - — 0 §12—€lz |9Le—eLe | L2'0| 890 3s| ¥o g—0% | D 41g-g'9 | O°H'D-3-2ON-¢ | HO=HD
\.mmlwmm 250 n mm _ - By . 4 m_ op g mv O%H'D-3-5 HD
116¥6—8¥%3 | ¥S8-—EST | 58" 910 3| € _ . . 91{¢'0 001—66 . H -3-SON-S =HD
887—162 g | :8%—vse | S8 jO¥O| 960 A 18] to sg—0z | D
- - — — 0 o881—981 |881—/81 [2v'0] 0z0 |q09| 8¥ a@—0% |V 1-9 vO'HYD-g | HO=HD
21ep e3ep g
2IMBIAIT punoj J, P %,m. amyerny punog |, I3 %rm. [}
U v = Y vy =1 q seduro 53
Do ‘dw ) o 5 fduz ) SuIn Do ! W.. A b A=X
PO TISGNS ~OUTUIONG paieurwoIqun )
syonpord uomoeay SUOTITPUOD UOTIOEIY
OSWd UT 3Ino pataaed SUOTIO0BdY JO SITNSaY] ‘T 91dVL

212



tures of glyoxals and methylthio esters of glyoxylic acids [4] are outstripped by the forma-
tion of quaternary salts V-VII and their subsequent transformations. .As shown in Table 1,

if the reaction mixture is not heated (method C), in the first 2 days the only (or major)
reaction products are imidazo compounds VIII-X. Heating accelerates notonly the formation
of quaternary salts and their cyclization but also the formatien of bromine in statum nascen=
di, as a result of which bromo-substituted XI-XIII are obtained in high and sometimes quanti-
tative yields after only 30 min (method D). .

It is known that prolonged heating (up to 30 h) in alcohol is necessary for the prepara-
tion of imidazo[2,1-b]benzothiazoles via the Chichibabin reaction [5], and heating 5-nitro-
2~bromeacetylfuran (XIV).with 2-aminobenzethiazole (XV) in DMSO for 1 h gave 3-bromo-2-(5-
nitre-~2~furyl)imidazo]2,1~b]benzothiazole (XVI) in 35% yield.

N—-r Xy DMSO Br N X
[ ek Nalpwd
NO,” o~ “COCH Br  NH,” g~ NO, SN0 N7 s

X1V XV XVvi

Whed 2~(5-nitro-2-furyl)imidazo[l,2-a]pyridine hydrobromide (XVII) was heated in DMSO
(methed E), the 3~bramo derivative (XVILI) was also obtained.

NO,” g *i\j/ _/ NO, JOI IN/ Z
Br

Xvil Xvii

It is interesting to note that 2-amino-5~iodopyridine (XX), rather than iodo derivative
XIX, is formed along with 2~(5-nitro-2-furyl)imidazo[l,2-a]pyridine (XIX) in the reaction of
J-anitro~2~acetylfuran with iodine and 2~aminopyridine in DMSO for 3 days at room temperature.

2~ DMSO —_— N Zavd

| ] s | A J_E“ ! /L T
NO,” g~ “COCH, NH,” Xy NO, 7N NN NH, RN
XIX XX

The corresponding bromo-substituted compounds were obtained to monitor the course of the
reactions and to identify the products by bromination of imidazo compounds VIII-X. With the
same end in mind, 3~(2-furyl)-6-(5-nitro~2-furyl)imidazo[2,1~b]thiazole (XXI) was synthesized

TABLE 2. Characteristics of the New Compounds

Found, % Cale,, 9% |Yield,

Empirical
Compound mp, °C %
’ clnln formula clulnN
3-Bromo~2-(5-nitro-2- | 5300 |38,5(1,6]18,1 | CicHsBrN,Os 38811,618,1| 76
furyDimidazoll,2-a}-
pyimidine
3=-Bromo=2~(4-nitrophe~| >300 [45,5(2,5{18,0| C;2I{;BrN,O, 45,112,2{17,6] 86

n {)limic‘,lazo[l,Q- al-
p§ inidine
5=Bromo-6~(4-nitrophe=~} 231—234 [40,411,8|12,3 | C,\HsBrN;0,S 40,711,8112,9( 87
nyD)imidazof2, 1-b]thi-
azole
5-Br0mo-3-(2-fu 1)-6- >300 40,6 2,0 10,6 Cm“sBl‘NgO.‘S ‘“,0 ],6 ”,l 96
(5-nitro-2~furylJim-
idazo[2,1-b]thiazole
3=Bromo=2=(5=nitro=2- | 285--287{42,6(1,5 11,0 C;sHeBrN;05S 42911,7111,5| 35
furyDimidazo[2,1-b]
benzothiazole
6-_Iodo-2-é2-fur Dim= | 295—297(32,3(2,1] 6,4} C; Hs;IN,O-HBrx [32,4(2,0{ 6,9 60
idazo[l,2-a ne | X Hy0
hydrobromide hydrate

+ +
3IR spectrum: 1660 (—C = N{), and 2600-2800 cm™* " (NH).
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by reaction of 5-nitro-2-bromoacetylfuran with 2-amino-4~(2-furyl)thiazole. The character-
istics of the new compounds are presented in Table 2.

EXPERIMENTAL

Chromatographic monitoring was accomplished on Silufol UV-254 plates in benzene—dioxane—
acetic acid (20:4:1) (Rf¢') and acetone—chloroform (1:5) (Rf®) systems. The melting points
were determined with a Boetius microheating apparatus and were not corrected. The IR spec-
tra of Nujol (1500-2000 cm™') and hexachlorobutadiene (2000-3400 cm~!) suspensions of the com~
pounds were recorded with a UR~20 spectrometer,

Imidazo Compounds VIII-X and Their Bromo Derivatives XI-XIII (Table 1). A) A solution
of 10 mmole of the bromide (V-VII) in 50 ml of DMSO was allowed to stand at room temperature
for several days, after which the precipitated bromo derivative (XI-XIII) was removed by fil~
tration, washed with DMSO and water, and, where necessary, recrystallized from dimethylfor-
mamide (DMF). Water (50 ml) was added to the filtrate, and the unbrominated compounds (VITI~

X) containing traces of the bromo derivatives were removed by filtration and recrystallized
from DMF,

B) A solution of 10 mmole of the bromide (V-VII) in 50 ml of DMSO was allowed to stand
on a boiling-~water bath for 0.5-2 h, after which the mixture was worked up as described above.

C). A mixture of 10 mmole of bromomethyl ketone (I), 10 mmole of hetarylamine (II-IV),
and 50 ml of DMSO was allowed to stand at room temperature for the length of time indicated
in Table 1, after which it was worked up as described in method A.

D) A mixture of 10 mmole of bromomethyl ketone (I), 10 mmole of the hetarylamine (II-IV),
and 50 ml of DMSO was allowed to stand on a boiling-water bath for 0.5-2 h, after which it
was worked up as described in method A,

E) A mixture of 0.52 g (1,7 mmole) of 2-(5-nitro-2-furyl)imidazo[l,2~a]pyridine hydro-
bromide (XVII) and 5 ml of DMSO was heated on a boiling-water bath for 1 h, after which it
wag cooled and filtered to give 0.34 g of 3—bromo—2-(S—nltro-z—furyl)lmidazo[1 2~a]pyridine
(XVIII), Dilution of the filtrate with water precipitated an additional 0.04 g of the bromo
derivative, The overall yield was 0.38 g (70%).

Bromo~Substituted Imidazo Compounds (XI-XIII). A solution of 5 mmole of bromine in 20
ml of chleroferm was added gradually to a solution of 5 mmole of imidazo compound (VIII-X)
in 80 ml of chlereform, the mixture was allowed to stand for 2 h, and the precipitate was
vemayed by filtration and recrystallized from DMF.

3-Bromo-2~ (5~nitro-2-furyl)imidazo[2,1-b]benzothiazole (XVI). This compound was obtained
by method D from bromo ketone XIV and amine XV by heating the mixture for 1 h.

Reactlion of 5-Nitre-2-acetylfuran with Iodine and 2-~Aminopyridine in DMSO. A mixture
of 1,55 g (10 mmole) of 5-nitre-2~acetylfuran, 2.82 g (30 mmole) of 2-aminopyridine, 2.54 g
(10 mmale) of iodine, and 25 ml of DMSO was allowed to stand at room temperature for 3 days,
after which 25 ml of water was added, and the precipitated 2~(5—n1tro—2-furyl)1m1dazo[l 2-a]-
pyridlne (XIX) was removed by flltration to give 1.14 g (50%) of a product with R¢' 0.26,

0,40, and mp 255°C (from DMF). Found: C.57.9; H 3.0; N 17.9%. C;:H,N305;. Calculated:
C 57.6; H 3.1; N 18.3%. The filtrate was extracted with ether, and the ether was evaporated
from the extract to give 1.1 g of 2-amino-5-iodopyridine (XX) with mp 128-129°C (from ben-
zene), Accarding to thin-layer chromatography (TLC), the product was identical to an authen-
tic sample, Pound: C 27.1; H 2.2; N 12.5%. CsHsIN,. Calculated: C 27.3; H 2.3; N 12.7%Z.

3~(2-~FPuryl)~6—-(5-nitro-2-furyl)imidazo[2,1-b]thiazole (XXI). A mixture of 1.66 g (10
mmole) of 2-amino-4—(2-~furyl)thiazole, 2.34 g (10 mmole) of 5-nitro-2-bromoacetylfuran, and 50
ml of DMF was heated on a water bath for 5 h, after which 150 ml of water was added, and the
precipitate was removed by filtration to give 2.83 g (95%) of a product with mp >300°C (from
DMF), Pound: C 51,3; H 2.6; N 13.8%. C,3H,N30,S. Calculated: C 51.8; H 2.3; N 13.9%.
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INTRAMOLECULAR HYDROGEN BONDING IN 1L-NITRO-
5,10-DIHYDROPHENAZINE DERIVATIVES

I. N. Borukhova, V. F. Gryazev, UDC 547.864.3:541.571.9
E. G. Kovalev, and Z. V. Pushkareva

The formation of free radicals only for derivatives with a nitro group in the 1 po-
sition was observed in the oxidation of a number of 5-substituted 5,10-dihydrophena-
zines with lead dioxide. A long-wave absorption band was observed in the electron-
ic spectra of the derivatives with a nitro group in the 1 position. The assumption
of the formation of an intramolecular hydrogen bond in dihydrophenazines with a ni-~
tra group in the 1 position was confirmed by quantum-chemical modeling of the three
structures of the 1,3-dinitro-5-phenyl-5,10-dihydrophenazine molecule. By compari-
son of the integral intensities of the bands of the stretching vibrations of the
N-H bond in 5-substituted dihydrophenazines it was concluded that this bond is de-
pelarized in derivatives with an intramolecular hydrogen bond.

In the oxidation of substituted S;lo-dihydrophenazines Ia~e and 1la~e with lead dioxide

generation of phenazyl radicals was observed only for compounds with a nitro group in the 1
position. It was assumed that an intramolecular hydrogen bond is formed in these molecules
11, 2]. A similar hypothesis was expressed in [3].

NO,

H H
48! @Iﬁ
X N R Y NO,
R R
1 H
18) R=Clls. R’=H; B) R=COCli;, R’=Il;¢) R=COCsll;, R=11:d) R=CO-(4-NO.Ci1)), R'=1I; @) R=
=Cellz, R'=NOs II N} R=eCidiy b) R cah c} R= 4cnécah d) R=24 ( O:-Cetl; @) R=

(NO.);-CeHz

During a comparison of the electronic spectra of dihydrophenazines Ia-e and IIa-e we ob-

served that a long-wave band with Apax 530-565 nm is characteristic only for the second group

S. M. Kirev Ural Polytechnic Institute, Sverdloysk 620002. Translated from Khimiya Get-

erotsiklicheskikh Soedinenmii, No. 2, pp. 263-265, February, 1978. Original article sub-
nitted April 21, 1977,
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