Chemistry of Heterocvelic Compounds, Vol. 36, No. 4, 2000

SYNTHESIS OF NEW HETEROAROMATIC
SYSTEMS: NAPHTH]2,1-e]IMIDAZOI5,1-c]-
1,2,4-TRIAZINES AND BENZ[e]IMIDAZO-
[5,1-c]-1,2,4-TRIAZINES

M. A. Bezmaternykh, V. S. Mokrushin, and E. V. Sadchikova

Cyclization of azo compounds, synthesized from 5-diazoimidazoles and 2-naphthol or p-substitured
phenols, into  naphth{2,1-e]imidazo[5,1-c]-1.2,4-triazines and bhenzfe]imidazol5,1-c]-1.2.4-triazines
occurs only in the presence of p-toluenesulfonic acid. Imidazo{4.,5-d]-1,2 3-triazines are also formed in
this reaction when an amide substituent is present in the imidazole ring.

Keywords: azo coupling, cyclization, p-toluenesulfonic acid. diazoimidazole, naphthimidazotriazine.
benzimidazotriazine. imidazotriazine, phenols.

Diazoazoles couple with -naphthol and p-substituted phenols to give the corresponding azo compounds.
Some of these have been cyclized to naphthazolotriazines and benzazolotriazines [1-4]. The cyclization of
analogous azo compounds obtained from derivatives of 5-diazoimidazoles has not been reported in the literature.

The objective of the present work was to synthesize new heteroaromatic systems: naphth[2,1-¢]-
imidazo|5.1-c)-1,2,4-triazines 1 and benz|e)imidazo[5.1-¢]-1.2,4-triazines 2, which are of interest as potential
biologicully active compounds.
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1aR =COOEL bR =NO.. ¢ R = CONH.. d R = CONHMe. e R = CONHPh;
2a-cR=COOEt,aR’=Me.bR' =NH,.¢R'=Cl, d,e R=NO.dR =Me, eR =Cl,
f,g R’ = Me, fR = CONH,, g R = CONHMe

To complete the aim the known 4-R-5-(2-hydroxynaphthylazo)imidazoles 4a,b have been synthesized by
the previously described method (5, 6]. In addition the new substituted hydroxynaphthylazoimidazoles 4b,d,e and
4-R-5-(5-R"-hydroxyphenylazo)imidazoles 7a-g were prepared by the coupling of the 5-diazoimidazoles 3a-e with
B-naphthol 5 and the p-substituted phenols 6a-c respectively in acetic acid.
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Azo derivatives of pyrazole cyclized into the corresponding naphthopyrazolotriazines on boiling in acetic
acid, whereas the azo derivatives of triazoles and tetrazoles cyclized only in concentrated sulfuric acid or in its
presence [4]. Under these conditions the imidazolylazo compounds 4 and 7 remained unchanged or were
destroyed. Cyclization of these compounds was successfully achieved only with the addition of a catalytic amount
of p-toluenesulfonic acid. It was found that substituents at position 4 of the imidazole ring atfected the direction of
the cyclization reaction. The azo compounds 4a,b and 7a-e containing an ester or nitro group in the imidazole
moiety cyclized in adequately high yield to give only naphthimidazotriazines 1a,b and benzimidazotriazines 2a-e
respectively. When cyclization of the azo compounds 4c¢c-e and 7f,g was attempted the expected
naphthimidazotriazines Ic-e and benzimidazotriazines 2f,g were obtained. but in addition the completely
unexpected imidazo[4.5-d]-1,2,3-triazines 8 and B-naphthol § or the corresponding phenols 6 were isolated by
chromatography. Imidazo[4,5-d]-1.2,3-triazines 8a,b,c were identical to samples synthesized by an independent
method (7, 8] (mp, R IR and 'H NMR spectra).
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3,4aR =COOEt. bR =NO.. ¢ R=CONH,, d R = CONHMe, e R = CONHPh:
6aR =Me, bR =NH, cR =Cl,7a-cR=COOEt,aR =Me.bR'=NH, ¢ R'=Cl,
d,e R=NO,.d R'=Me.eR = CL f-h R’ = Me, f R = CONH,. g R = CONHMe;
8aR'=H.bR'=Me.cR'=Ph

The formation of compounds 1 and 8 in one case and 2 and 8 in the other is the result of reversal of C-azo
coupling. The yield of products 1c-e and 2f,g was only 14-17%, but of compounds 8 was 70-80%. Methylamide
1d was obtained in 90% yield by treatment of naphthimidazotriazine ethyl ester 1a with methylamine.

The structures of the synthesized naphthimidazotriazines 1, benzimidazotriazines 2, and the azo
compounds 4b,d,e and 7 were confirmed by IR and 'H NMR spectroscopy.

It has therefore been established that, in contrast to o-hydroxyarylazoazoles, cyclization of azoimidazole
derivatives occurs only on the addition of p-toluenesulfonic acid. When an amide group is present at position 4 of
the imidazole ring two concurrent cyclization reactions of azo compounds 4 and 7 occur to give
naphthimidazotriazines 1 and benzimidazotriazines 2 (but principally to imidazotriazines 8). When ester or nitro
groups are present cyclization of the azo compounds gives exclusively the heteroaromatic systems 1 and 2 under
these conditions.
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TABLE [. Characteristics of the Compounds Synthesized

c Empirical Found. % Yield

om- Emipirica = o jeld.

pound fornr:ulﬂ Calculated, "y * R (eluent) mp. °C oL"

C H N

la CioHi:NO: 66.0 43 20.0 0.54 (a) 2R9.29]) 85
6575 41 19.2

1b C:H-NO- 58.6 26 264 0.44 (b) ~300 9l
5R9 26 264

lc CHaNO 64.1 34 206 0.44 (a) 295-297 (]
63.9 34 20.6

1d C«HNO 635.1 4.08 RATh] 0.49 (a) 2K6-289 16
65.0 1.0 253

le CwH N0 70.95 40 20.7 0.33 (b) 276-277 17
70.8 I8 20.6

2a CiaHiNLO: 6115 4.8 213 0.56 (c) 208-211 65
60.9 4.7 219

2b C:HNOs 56.13 44 27.6 0.60 (d) 249-250 43
56.0 43 27.2

2¢ Cy:HuN,C10, 52.3 33 21.0 0.43 (¢) 217-219 68
521 13 20.25

2d CoH-NO; 52.0 3.05 30.57 0.6 {¢) 275-278 75
52.40 3.1 30.60

2e CuHNCIO: 437 1.7 28.5 0.7 (¢) 247-249 70
43.3 1.6 281

2f C i HWNO 58.6 4.0 30.6 0.67 (a) 295-300 20
S8.15 4.0 30.8

2g C:H,\NO 60.2 44 29.6 0.77 (a) 225-226 18
39.75 4.0 29.05

4b C3HuN:Ox 555 31 239 0.75 (b) <300 65
55.1 3.1 237

4d C«H ;N2 61.45 43 23.2 0.43(b) 276-27% 84
6l.1 44 237

de CHi:NO> 67.75 4.1 2001 0.24 (b) 216-217 75
67.2 4.2 19.6

Ta CiHuNLOy 571 4.8 20.5 0.26 (¢) 189-192 L0
56.9 il 204

7h C:HiNOs 52158 44 25.6 0.34(d) 167-169 65
524 4.8 254

¢ CH N,CIOy 489 s 19.2 0.43 (¢) 217-219 68
4R8.9 38 19.0

7d CoHuN:Ox 48.95 3.65 28.3 0.24 () 168-170 82
48.6 37 2R3

Te CuHNCIO: 40.7 22 20.5 0.30 () 187-190 70
40.4 23 26.2

7f CH\N<O- S3.6 4.6 289 .31 @) 164-167 03
539 4.5 2R.6

g C:H;NO> 558 5.2 27.6 0.27 () 195-196 64
55.6 5.05 27.0

* Found/Calculated, Cl, %: 13.0/12.8 (2¢), 14.4/14.2 (2e), 12.6/12.0 (7¢).
13.3/13.25 (Te).

EXPERIMENTAL

IR spectra of the compounds synthesized were recorded on a Specord IR-75 spectrometer (KBr discs).
'HNMR spectra of DMSO-d, solutions with TMS as internal standard were recorded on a Brucker WR-80
spectrometer {80 MHz). The course of reactions and the purity of compounds synthesized were monitored by TLC
on Silufol UV-254 and Sorbfil UV-254 strips (silica gel CTX-1A) with the tollowing eluents: (a) chloroform-
ethanol. 10:1; (b) chloroform—ethanol, 5:1; (c¢) ethyl acetate, (d) butanol—acetic acid—water. 4:1:1. Column
chromatography was carried out on a 700 x 12 column filled with silica gel L 40/100. eluent 10:1 chloroform-—
ethanol. 5-Diazoimidazoles 3a-e were synthesized by methods [9-13]. Characteristics of the compounds
synthesized are given in Table | and spectroscopic data ('"H NMR and IR spectra) in Table 2.

467



CHYSTHO R THH-6 '8 T=7/"PHD LT

CHNOD S 99D 96°L XH-R 0L R T= PP ETR Q10 0L =P HD TU6 H-1 'S HD L€ Oty 0r91 0591 1.X4

H6"LC=PHDELCHR 0L LT=7"PPHID LUK CH-LS THD $06 419 °0L =/ "D HID 6 0891 [ VAY] 3T
CHY S HO FLT

6" 9T=PHOOS R TLST=LPP O LU M-S HD 006 -9 ' TL =P HD V6 0r91 0FS1 0RE | 14
CHY'LCL=1VHOOC LU CHY UL =D HD T

AHO ' ST=r P HDRCLH-RTLOT=/PP HD LTR U1 S THD s0'6 UH9 0L =P HI #E6 «OF91 neLt "

CHYRL=UHO 1 TCHY R =D HD TR CHN S 29 HI) 0879
HH6 S T="PHI LY L TLST=PP HO LURAH LS THD 006 U9 TL =P HD 6 STtt 0£91 sl qz
CHYOR=/"1VHO O I S THY 68 TICHD 08 =7 D HD e

HH-6tC= P HDECL QR OLET=TP HD LUK -9 0L =P HD TO6 -1 'S "HD €26 0£91 ScLl ey
CH™D WHS) 9T L86°L HH6 "8 =L =9 "¢ "W HS) 16 LLE R 01 6L =P HID FE6 SOH-E 'S HD 056 OsYY 09l 0591 21
CHI6F =/ PTHE) LNE
6 R L9 g WHS) U LOF R MIN = £D T HI RT6 01 LL = £ P THD RE6 L S THID €6 0ste 091 0991 Pl
(H6 -8 "L =9 "= "WEHE) TY'L-H9'R (CHNOD 'S 1 HD OR HH-¢ S HID 2876 01 6L =7 'P HI TH6 orte 0yl 0991 2]
(H6"8"L9"~¢ "W HS) TOL-+TR AH-01 R L =P HU +T6 HH€ S THI 6 0591 0FST 08t q1
CHY P8 = FVHO
CHI TR = 7D H) LTE 6 -8 L9 =6 WOHS RS L1 UH-0 LR L = 2P HD LT6 (H-€ S THD 0876 091 SeLl rl
9 s f t < }
2] ") umsued Aundnea tudd e winnsads YIAN 11, HN N=2 "ON 0=J punodo.y

wa A winnads )

pazisayukg spunodio) oy Jo sousLIvoeLRy ) [8033dS 7 914V L

468



“(BL) . wd 0LFE PUL ‘UL) 09P€ "(AL) OSHE (PL) OSTE “(AL) 0SHE (3'P*IP) OTHE 18 PIALISQO IO SUOLBIQIA FUIYNINS HO %
(AL) WD OZ6 Pur *(3L) 0C6 (3T 0006 “(PT) 006 18 POAISSQO d1am suoneIqia Fulynons [H- «

CHY 'S THEOR'T
CH) O =P HO SKEHEY LT = S P HD 0L LT = PP HD HER TS T L9

UHAE L= P HD O R UINT6E = DD £€6 (01O ™S THD §€01 HHN S 4Q°H D ¢6'¢ 0588 0TEY 0F9 1 0991 3
CHD 'S HEO FLTHHA9 9T = P HD LU CHNOD 'S 34 HD 99°L HHSF TL9TL PP HID +'R
HH-OS HD YR H-E ' TL= 7P HD 016 HHO 'S TH1 08701 HHN 'S 19 "] £6'E ] 0888 T0CEe 091 091 i
-9 ST=r"P D ELL W TLST=rPPHIN LY
AH-TS HD SR UHAETL =S THD 06 HHO S THD 0S°01 HHN'S 19 °H1) 90°t 1 o wOTEY 0ty L

CHY S HEO L9 9T= P HD 09 L HAE L 9T= PP HD LT

HH-T'S THD SR UL F L=/ P HIY 006 HHO 'S THIY IO HHN 'S 9 HI 9g°() A0TEY 0ol OFS T ORE L PL

(FHY 'L =11 HE 08

CHY R =D HO CEF -9 T =7 P THD RELUSE TLST= PP HD LO'R

HUT S HD SLRUH-CTL =P HU R0 HO 'S THD 08701 WHN S 19 HD 9t°E ] AL

CHY UL =71V HE)

CHY ' CL =P HD KT ICANTS 2D SEOMHA9 ST =P HD 9L TLET=rPPHD LR
HH-T S THD LR TL=r"P HO TU6 HO S THIN L0 NS I HIT 9 e [ #0888 "$TEY orul STLl qL

CHY'O8 =1 HO R

U S THO RTCHY 6L =L D HD EFE 9 C= P HDEULWSE UL FT=PPHD LER

(H-C U=/ "PID 06 TH-T'S T 988 HHO S THD 06'01 UIN 'S 19 HI1) 98¢l oFte or91 0TLl BL
CHPD WS STL-96°L HHA8 =L =9 "8 S WOHS) 9L 1R
HHT S THD SRSHAE L= P HD TOHHO S G HD 6 1T NS THI §°E1 SOREE0SEE 0F91 0991 i

CHY'6't=7"P'HE) t6'E
UL =9 8 WO 9 Lm0 L WA L WSSV D) $6°9 067 TS THD £

AH-R L= PPHO SER N o F =/ "0 1D £$6 HO ™S 3D THETUHNS 'HD o'y | 0r91 099 pt
(HL 9 708 O 987 LR M T8 RISAs- gy THT TLY 'To'L
AHTSTHD B L8 €L =7"PP HD 998 MHO 'S 94" HI To't 1 WHN 'S "H D 6§ AOCEY 0g91 OFST0LE ] qar
(DS THO LR TICTIDHN 6t = P HY) LLEH-6 " LT=7 P HILYL
NH-R'ELLT=LPPHD ESRH9 0= P D 968 (H-1'S HI) L0760 (CHYHN '6'F =/ P HD +E'6 sty 0r1 0991 az
9 S t t < |

(panunuod) 7 314v1L

469



1-R-Naphth[2,1-eJimidazo[5,1-c]-1,2,4-triazines (la,b). 4-R-5-(2-hydroxynaphthylazo)imidazole 4a,b
(3.23 mmol) and p-toluenesulfonic acid (0.58 mmol) were added to concentrated acetic acid (25 ml), the mixture
was boiled for 12 h, cooled, the precipitate was filtered off. crystallized from dimethylformamide and washed with
a small amount of ether.

1-R-Naphth{2,1-e]imidazo[5.1-c]-1.2,4-triazines (lc-e) and 3-R'-Imidazo{4,5d]-1,2,3-triazin-4-ones
(8a-c). Hydroxynaphthylazoimidazole 4¢,e (3.6 mmol) and p-toluenesulfonic acid (0.29 mmol) were added to
concentrated acetic acid (15 ml), the reaction mixture was boiled for 12 h. and the precipitate containing products
1c-e and 8a-c was filtered off. The filtrate was evaporated to dryness in vacuum and 2-naphthol was separated by
column chromatography (70% yield). Compounds lc-e and 8a-¢c ~ were separated by column chromatography.
The fraction containing compounds lc-e was evaporated to dryness in vacuum and the solid residue recrystallized
from dimethyltormamide. The fraction containing compounds 8a-¢ was evaporated to dryness in vacuum and the
solid residue was recrystallized from ethanol. The known imidazo[4.5-d]-1.2,3-triazin-4-ones 8a-c, obtained in
74-80% yields. were identical to samples synthesized by methods [7, §].

1-Methylcarbamoylnaphth([2,1-e]imidazo[S,1-c]-1,2,4-triazine (1d). A solution of naphthimidazo-
triazine la (I g, 3.43 mmol) in 30% methylamine (30 ml) was stirred tfor 6 h at 40°C. cooled to 5°C. the
precipitate was filtered off and crystallized from ethanol. Yield 0.85 g (90%).

3-R-Benz[el]imidazo[5,1-c]-1,2,4-triazines  (2a-e). 4-R-5-(5—R:—hydroxyphex1)'lazo)imiduzole Ta-e
(3.65 mmol) and p-toluenesulfonic acid (0.58 mmol) were added to concentrated acetic acid (20 ml). the reaction
mixture was boiled for 8 h and evaporated to dryness in vacuum. The residue was crystallized from ethanol. the
crystals were filtered off and washed with ether.

3-R-Benz[elimidazo[5,1-c]-1,2,4-triazines (2f,g). p-Cresol (6a). 3-R'-Imidazo[4.5-d])-1,2.3-triazin-4-
ones (8a,b). Hydroxyphenylazoimidazole 7€,g (3.65 mmol) and p-toluenesulfonic acid (0.58 mmol) were added to
concentrated acetic acid (15 ml), the reaction mixture was boiled for 6 h and then evaporated to dryness in
vacuum. The dry residue. which contained compounds 2f,g. 8a,b. and 6a. was dissolved in 10:1 chloroform—
ethanol mixture and separated by column chromatography (see synthesis of compounds lc-e). The known
imidazotriazines 8a,b obtained were identical to samples synthesized by methods [7, §] and also to compounds
obtained at isolation of compounds le.d (mp, R, IR and 'H NMR spectra). Product 6a. obtained in 70% yield, was
identical to the sample of phenol 6a used in the coupling reactions (R, mp. IR spectrum).

4-R-5-(2-Hydroxynaphthylazo)imidazoles (4b,d,e). B-Naphthol (5.16 mmol) was added to a solution of
5-diazoimidazole 3b,d,e (4.6 mmol) in acetic acid (10 ml) with vigorous stirring at a temperature not exceeding
5°C. The stirred reaction mixture was kept at this temperature for 2 h. The excess of acetic acid was evaporated in
vacuum and the residue was crystallized from 50% ethanol.

4-R-5-(5-R’-Hydroxyphenylazo)imidazoles (7a-g). Phenol 6a-c (6.6 mmol) was added with vigorous
stirring at a temperature not exceeding 5°C to a solution of 5-diazoimidazole 3a-e (6.0 mmol) in acetic acid
(10 ml). The stirred reaction mixture was kept at this temperature for 2-3 h. The excess of acetic acid was
evaporated in vacuum, the dry residue was crystallized from 50% ethanol and washed with ether.
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