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Heterocycles. CXVIIIL. A Novel Method of Annelation of the 1,2,4-Triazole
Ring of the N2-Cs Bond to Azines!
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Several examples of formation of triazoloazines by a novel synthetic procedure are described. 2-Aminoazines
were transformed into the corresponding N,N-dimethylaminomethyleneamino derivatives, which reacted with
hydroxylamine to afford the hydroxyiminomethyleneamino compounds. In the presence of polyphosphoric acid,
these were cyclized to give triazoloazines. Several other transformations involving these ring systems are de-

scribed.

In a short communication we have described a new
route to s-triazoloazines in which the triazole ring is fused
to the azine ring through the N2-Cs bond.2 We wish now
to report the details of this general synthetic method and
its extension to several heterocyclic systems.

2-Aminoazines react readily with N, N-dimethylamino-
formamide dimethyl acetal to give the corresponding
N,N-dimethylaminomethylene derivatives (2) (Table I).
These reacted further with hydroxylamine with displace-
ment of the dimethylamino group to give the correspond-
ing hydroxyiminomethyleneamino derivatives (3 vs. 4)
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(Table II). Besides hydroxylamine, O-methylhydroxyl-
amine reacted similarly, whereas no reaction occurred with
N, O-dimethylhydroxylamine. There are some reports con-
cerning the hydroxyiminomethyleneamino compounds and
their structure, i.e., the possibility to exist either in the
hydroxylamino or hydroxyimino form.3:¢ In the heterocy-
clic series such compounds result from the action of hy-
droxylamine on quinazoline, with cleavage of the pyrimi-
dine ring, and similar transformations were recorded in
the case of 4-hydroxy-6-methylpteridine.® Nmr studies on
our 1N compounds revealed that these compounds are
best represented as formamidoximes (4).7 It was also
shown that they exist in the anti (Z) form. This is certain-
ly due to hydrogen bonding, since for the majority of ali-
phatic,® aromatic,® or six-membered heterocyclicl® aldox-
imes the E configuration is thermodinamically more sta-

ble. T'hey react with phenyl isocyanate to give the corre-
sponding O-acylamino derivatives which are unstable.
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With acetic anhydride or isopropenyl acetate dehydra-
tion took place and the oxime 4a (R; = H) was trans-
formed into the known!! 2-cyanoaminopyridine. However,
treatment with polyphosphoric acid afforded in good yield
the corresponding s-triazoloazines (5) (Table III). In this
manner, at position 2 unsubstituted representatives of s-
triazolo[1,5-a]pyridine  (6),  s-triazolo[1,5-b]pyridazine
(7),12 s-triazolo[1,5-a]pyrimidine (8), s-triazolo[1,5-a}pyra-
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Table I
Dimethylaminomethyleneamino Heterocycles®
RN=CHNMe,
Registry Mp, Crystallized Yield, Mass
no. Compd °C from A spectrum M+ Nmr spectrum,
51519-06-3 2a, R, = NO; 159-160 Ethanol 98 194 DMSO-ds: 3.24 (d, Hj), 1.86 (dd
H,), 1.13 (d, He), 1.42 (s, CH)
6.86 and 6.96 (s, NMey); J3,4 =
9.0, Jys = 3.0 Hz
51519-07-4 2b, R; = H; Ry = Me; 87 n-Hexane 82 198 CDCl;s: 1.41 (s, N==CH), 2.99 (q,
;s = Cl H;), 6.90 and 6.92 (s, NMe,),
7.71 (4, 5-Me); Js5me = 0.7 Hz
51519-08-5 2b, R, = R, = Me; 90 n-Hexane 82 212 CDCl;: 1.64 (s, CH), 6.92 (s, NMe,),
R; = Cl 7.71 (s, 4-, 5-Me)
6578-34-3 2¢, R; = H 104-106 Chloroform and 93 150 DMSO-dg: 1.57 (d, H. and Hg), 3.15
petroleum ether (t, Hs), 1.45 (s, CH), 6.89 and
6.98 (S, NMeg); Jus = Jss =
5.0 Hz
51567-39-6 2¢, R, = Me Distilled at 90 CDCl: 3.43 (s, Hs), 1.41 (s, CH),
120-130° 7.63 (s, 4-, 6-Me), 6.87 and 6.91
(2 mm) (s, NMe,)
51519-09-6 2d,R;, = R; = H Distilled at 92 150 CDCl: 2,00 (s, H;), 1.80 and 1.99
130-140° (d, Hy and Hy), 1.64 (s, CH), 6.92
(5 mm) (s, NMey); J56 = 1.0 Hz
51519-10-9 2d,R, = C; R, = H 97-99 Ethyl acetate 89 184 and 186 DMSO-d: 1.72 and 2.03 (d, H; and
and petroleum Hs), 1.49 (s, CH), 6.89 and 6.98
ether (s, NMe»); J3,6 = 1.5 Hz
51519-11-0 2d,R; = H; R, = Cl 60-62  Chloroform and 87 184 and 186 CDCl;: 1,89 and 1.97 (s, H; and Hs),
n-hexane 1.55 (s, CH), 6.86 and 6.89 (s,
NMeg)
51519-12-1 2e, R, = morpholino 203-205 Chloroform 93 321 CDCl:: 1.21 (s, CH), 6.88 (s,
and n-hexane NMe,), 6.23 (broad s, 4- and 6-
morpholino group)
51519-13-2 2g, R, = Cl 172-173 Ethyl acetate 97 235 and 237 DMSO0-dq: 0.63 (dd, H,), 1.95 (dd,
H,), 1.15 (dd, H), 1.18 (s, CH),
6.68 and 6.75 (s, NMey); Jo3 =
4.5, J3,4 = 80, J2,4 = 1.5 HZ
51519-14-3 2h, R, = Cl 152-154 Chloroform and 98 235 and 237 DMSO-ds: 0.62 (dd, H,), 1.94 (dd,

n-hexane

« Satisfactory analytical data were obtained for all compounds listed.

Table II

Hydroxyiminomethyleneamino Heterocycles®

RNHCH=NOH

H,), 1.43 (dd, H,), 1.40 (s, CH),
6.74 and 6.79 (s, NMey)

Registry Crystallized Yield Mass
no. Compd Mp, °C from %  spectrum M~ Nmr spectrum, 7
21881-75-4 d4a, R; = NO, 218 Ethanol 90 182 DMF-d;: 2.75 (d, H;), 1.68 (dd, Hy),
1.06 (d, Hg, 2.15 (deg. 4, CH),
—0.13 (broad, NH), —0.50 (broad,
OH), J3,4 = 9.5, J4,(; = 3.0,
Jecane = 8.0 Hz
51519-15-4 4b, R, = R, = H; 190-194 Methanol and 88 172 DMSO-ds: 2.40 and 2.65 (d, Hs, Hj),
R; = Cl diethyl ether 2.17 (d, CH), 0.27 (d, CHNH),
—0.38 (S, OH), J4,5 = 9.0, JCHNH =
10.5 Hz
51519-16-5 4b, R; = H; R; = Me; 200-203 Methanol 97 186 DMSO-ds: 2.72 (s, Hj), 7.74 (s,
R; = Cl 4-Me), 2.19 (d, CH), 0.47 (d, NH),
—0.25 (s, OH); Jxucr = 9.2 Hz
51519-17-6 4b, R, = R, = Me; 190 Methanol 87 200 DMSO-ds: 2.11 (s, CH), 7.69 and 7.76
R; = Cl (s, 4- and 5-Me), —0.41 (broad, NH
and OH).
51519-18-7 4¢, R, = H 198-200 Ethanol 88 138 DMSO-ds: 1.45 (d, H; and Hg), 3.00
(t, Hy), 2.17 (s, CH), 0.95 (broad,
NH), —0.40 (broad, OH); Ju5 =
J5,s = 5.0 HZ
51519-19-8 4¢, R, = Me 269-270 Methanol 90 166 DMSO-ds (124°): 3.39 (s, Hs), 2.34
(s, CH), 7.73 (s, 4- and 6-Me)
51519-20-1 4d, R, = R, = H 202-204 Ethanol 91 138 DMSO-ds: 1.53 (d, Hs), 1.85 (q, Hs),

1.95 (d, Hy, 2.20 (d, CH), 0.30
(d, NH), —0.25 (broad s, OH);
oS58 3.0, Juse 1.0, JxucE
9.0 Hz
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Table II
(Continued)
Registry Crystallized Yield Mass
no. Compd Mp, °C from %  spectrum M ™ Nmr spectrum, 7

51519-21-2 4d, R, = Cl; R, = H 217-218 Methanol 80 172and 174 DMSO-ds: 1.70 (s, H; and Hy), 2.25
(broad, CH), 0.05 (broad, NH),
—0.40 (broad, OH)

51519-22-3 4d, R, = H; R, = Cl 214-216 Ethanol 76 172and 174 DMSO-de: 1.61 and 1.92 (s, H; and Hs),
2,38 (deg. d, CH), 0.05 (broad, NH),
—~0.50 (broad, OH); Jxmor =
2.0 Hz

51519-23-4 4e, R; = morpholino 238-242 Ethanol 71 309 DMSO0-ds: 2.836 (d, CH), 6.40 (broad
s, 4-, 6-morpholino), 1.86 (d, NH),
—~0.25 (s, OH); Jxuca = 10.5 Hz

51519-24-5 4f? 245-248 Water 81 178 DMSO-ds: 1.47 (5, H,), 1.60 (d, Hj),
2.27 (d, Hy), 2.10 (d, CH), —0.78
(broad, OH), —0.11 (broad, NH);
Jrs = 8.6, Jounu = 9.0 Hz

51519-25-6 4g, R, = Cl 188-189 Methanol 65 223 and 225 DMSO-ds: 0.85 (dd, H,), 2.08 (dd, Hj),
1.05 (dd, Hy), 2.02 (s, CH), 0.15
(broad, NH), —0.40 (broad, OH);
J2.3 = 45, J3,4 = 8.0, Jz,4 = 15 HZ

51519-26-7 4h, R, = Cl 188-190 Methanol and 79 223and 225 DMSO-de: 1.57 (dd, H.), 1.99 (dd, Ha),

n-hexane

0.85 (dd, H;), 1.98 (s, CH), —0.79
(s, OH), 0.85 (broad, NH); ;3 =
4.5, J2,4 = 15, J3,4 = 8.0 HZ

¢ Satisfactory analytical data were obtained for all compounds listed. ® Obtained after 4 hr under reflux.

Table II1
s-Triazoloazines®
Registry Crystallized Yield, Mass
no. Compd Mp, °C from %  spectrum, M T Nmr spectrum, r
31040-14-9 6, R = NO, 204-208> Ethanol 61 164 ¢
42399-79-1 7,R =CI; R; = R, = H 135-138 Ethanol 67 154 c
51519-27-8 7, R = Cl; R, = Me;
R; = 138-142 Water 78 168 CDCl;: 1.66 (s, Hy), 2.11 (q, Hy),
7.47 (d, 7-Me); Jsr-me. = 1.2 Hz
51519-28-9 7,R = CL;R; = R: = Me 108-110 Water 88 182 CDCl;: 1.70 (s, Hy), 7.80 and 7.52
(s, 7- and 8-Me)
275-02-5 8, R =H 140-1414 82 120 c
7681-99-4 8, R = Me 135-137¢ Ethanol 81 148 CDCls: 1.41 (s, Hy), 2.99 (s, Hy),
7.13 and 7.28 (s, 5- and 7-Me)
399-66-6 9, R =R, = H 127 Ethanol 70 120 c
42399-82-6 9, R =CL; R, = H 108-110 Ethanol 61 154 and 156 c
51519-29-0 9,R = H; R; = Cl 140-141 Ethanol 76 154and 156 DMSO-ds: 1.30 (s, Hy), 0.75 (d, Hj)
0.55 (d, Hg); J5s = 1.5 Hz
42399-84-8 10, R = morpholino 218-222 Ethanol 70 291 c
51519-30-3 11, R = Cl 218-220 Ethanol 71 205 and 207 ‘CDCls: 1.64 (s, H,), 0.81 (dd, Hy),
2.12 (dd, H,), 1.14 (dd, Hy);
Jso = 4-5, Jo = 8-0, Joo =
1.5 Hz
51519-31-4 12, R = Cl 224-226 Ethanol 54 205and 207 DMSO-ds: 1.38 (s, H), 1.33 (dd,
H:), 2.08 (dd, Hs), 0.73 (dd, Hy);
J7,g = 8.0, J7,9 = 1.5, Js,g =
4.5 Hz
51519-32-5 14 208-212 Chloroform 67 160 DMSO-ds: 1.36 (s, H,, H;), 1.38
and (s, Hy, Hy)
n-hexane

¢ Satisfactory analytical data were obtained for all compounds listed. ® Lit.> mp 207°, © See ref 2. 9 Lit.® mp 140-142°,

¢ Lit.?® mp 136-137°.

zine (9), s-triazolo(1,5-a]-1,3,5-triazine (10), pyrido[3,2-
d}-s-triazolo[1.5-b]pyridazine (11), and the isomeric py-
rido(2,3-d]-s-triazolo[1,5-b]pyridazine (12), s-triazolo[4,3-
b]-s-triazolo[5’,1’-flpyridazine (13) and bis-s-triazolo[L,5-
b:5’,1’-flpyridazine (14) have been prepared. The last four
are new heterocyclic systems.

s-Triazolo[1,5-a]pyridines (6) have previously been pre-
pared by oxidative cyclization of 2-pyridylamidines.t3
Most of the methyl-substituted 2-hydroxyiminomethy-

leneaminopyridines (4d) did not cyclize in the presence of
polyphosphoric acid. The corresponding oxime derived
from 2-aminopyridine was transformed under the same
experimental conditions into N-pyridyl-2-urea,* indicat-
ing that Beckmann rearrangement took place. In an at-
tempt to cylize the oxime 4a (R; = H) with lead tetraace-
tate, 2-cyanoaminopyridine was isolated, whereas the
same reaction on 2-methoxyiminomethyleneaminopyridine
afforded methyl N-(pyridyl-2)-carbamate.15 A successful
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J0Ca2hml
Experimental Section

General, - Melting polnts were determined on a Kofler micro hot
stoge, JEOL JNM C60-HL spectrometer was used to cbhaln the nmr spectra
(TMS s internal standord), Mass spectra wete taken on o Hitochl Parkin-Elmer
RMU=6L instrument vsing dlrect somple [nsertion. The followlng starting compounds
were prepared according fo the Ifterature: 2-omino~4~chloropyrozlre® 2-amino=5~
24025 1, N-dimethy N’ ~(p and m $-chloro
analog? ; " h . 1, :

Thrwghow vm; paper palyphuphulc acid Fluka, conicining 83 % 7205, wes ued,

60 i1, ine (20, - A
mixture of 6~omino-s=iriazolo{1, 5-b)pyridazine (2.25 g}, N, Nndlmethylformamide
dimethylocetal (2.25 g) and foluene (6 mi} were heatad under reflux for 2 hr.
The solvent was evaporated to dryness and the residue wos crystallized from

mp 145° (yield 98 %); mess specirum M 190;
o (€OCI,) @ 1,52 (s, CHEN), 1,70 {5, Ry)y 211 @, Hy), 2.85 4, 1),
6.85 ond 6,88 (s, th?).

chloroform and n~hexans,

Anal,Celed for CBHWN €, 50.51 H, 5.30; N, 44,19, Found:
C, 50.28 H, 5.12; N, 43.60.

In @ simllar way were prepared compounds which are listed in Table 1.

3-Hydroxylminomethylenaaminopyridlzine (46, R) = Ry = Ry = H)\ -
N, N-Di idaziny| (0,15 g) wos nem: with @
methanalic selution e« hydroxylamine (oroperod from 80 mg of hycroxylamine
hydrochloride erd methanclic sedium methylale, prepored from 25 mg of sodium
and 5 ml of methanof). After standing at room temperature for § hv the solvent

was svaperated fo dryness, some water was odded und the restdua wes flltered
of (yleld 43 %), For analysis the product was erystallized from methanol and
dlathyl ether, mp 194=195%, mass spactrum M 138 nmr (OMSC4,) B 130
(m, Hé)’ 2,60 (m, Hgs H5), 1.90 @, CH), 0,25 (&, NH}, =0.45 (s, OH),

=4.2, JA,é = 2.0, Jd.s =90 J = 10,5 Hz.

Y56 NHCH

£OCm2al
spoctrum MY 238; the ethylidene derivative had m.p. 223-225° (sunlimed ot
170~175%/5 mm}, mess spectum M’ 176,

6-Azldos~triazolall, S-b)pyridazing (7, R = Ny, By = Ry = Hl. = A -
Compound 17 (0,17 g} was susperded in polyghaspheric acid (6 g) and the mixtura
wos heated at 70-80° for 2 hr, Upon oddition of warer, neutrelizetion with NaHCO,,
extraction with chloroform ond evaporation of the solvent the product (0.1 g) was
erystallized from methanal, mp 158-162°,

B. = The hysrazino derivative (7, R = NHNR, &, = 8, = H) (1,5 g) was
dissolved in hydrachiarle acld (20 mi of 10%}, anc 1o the cold 0% selution o
solutlon of sodium niteite was odded dropwite (ledide-ttarch poper). Upon neutra=
lization with NeHCO; the solutian was exiractad with chloraform and the residua,
obined ofter avaporation of the salvent, was arystallized from methano (1.35 ),
mp 158-162° mass spacteum MY 1615 e (oe ref. ).

Ancl. Celed fee CHoNL: €, 37.27) H, 1885 N, 60,86, Found:
Q, 37.30, W, 1.9%; N, 61,20,

hylsminomerk 1,560 [
ENCH = N, R = Ry = H. - A mixture of the cbove czido compound (0.5 g)
and diethylamine (120 ml} was heated under reflux for 3 hr, Lpon evaporation
vo dryness the resldue was dissolvee in chlorcform and purlfied by fic (Fertigplatten,
A1, T - 1,5 mm, Merck, chloroforn and methanol, 501, e solvent). The
product with R, = 0,3 wes eluted ond Idenrified o1 §amino=s=triezolo{l, 5-b}~
pyridatne (25 mg). The other prosuct (7, R = Et)NCH = Ne, R = %) = H) with
Be= 0.9 (0,45 5, 67%) was after olution and svoparation of the solvent dissclved
in chloroform and filtered, The filtrate wes evapereted to dryness and n-hexane
was odded. Upon standing on ice the pure product separated, mp 8% mass
spoctrun M’ 218 amr (DMSO-d) & 153 6, H), 275 @, Hy), 1.8 (@ Hy,
1158 s, CH), 6,50 ond 6,55 (g, CH,CHy), 8,76 and 8.78 (1, CH,CHy),
Jy g7 ek and Jg, = 7.2 He

nol. Caled for €
H, 6.2,

Loty © 5503 B, 6,47, Found: €, 54,95

of methanol) under reflux for 1 hr. The solvent was evaporated o dryness, water
(10 ml) wes added and after 1 hr the residua was filtersd off and erystalllzed
from woter (ylold 65%), mp 150% mass spectum M’ 214; nmr @ncly € 1.7
8 M), 5:32 and 5.86 5, 6and 6-OMe).

Aral, Galed for CH,CIN,Opi C, 89.18; H, 3.29; N, 2611, Founds
C, 89.27; H, 3.63 N, 2639,

&,8-Dimathoxy=-trlazolo(l, S=b)pyridazine (7, R = R, = OMe, R, = H). =
A mixture of the above compound 7, R = R_= OMe, 3, = Cl (0,185 g), mathanel
(31 ml), conc, ammonia (3 mi) ard pailadized carbon (0,25 g of %) was stirred
in an amesphere of hydragan until the required emount wos consumed, Upon
filtration, evaporation of the solvent to drynass the residua wos repeatedly extrached
with chloraform and the solvent evaporated to dryness, The product was sublimed
at 180°/5 mm (yield 72%), mp 189% mass spectrum M 180; nre (DMSO~dy [

166 (&, Hy), 831 6, H.), 5.94 ard 6,02 s, 6= and B-OMe.

Anel. Caled for TN, Oyt N, 31,10, Found: N, 31,29,
i a similar manner were propareds

7-Methyl +-triazetoll, S-b)pyridazine 7, R = By'= H, R, = Moj from Tty
G-chloro analog 7, R = CI, Ry = Ma, R = H) In 52 % yield, mp 127-130°
(aublimed ot 165°/5 mm); moss spectram M 134; nmr (CDCLY) & 1,78 and 177

[ Hz and HJ, 2,25 (m, He), 7.50 (d, 7-CH3), J =1.0 Hz,

5)' 7CH 8H

7,8-Dimethy -s=triazel o1, 5-b)pyridozine { Hy Ry = R, = M) v
abtained from the 8=chloro analog (7, R = CI, R, = R,
137 (sublimed at 120-125%/5 mm); mass spectrum M ue; e (CDCLY & 1.73
and 1.80 G, H, and Hp, 7.43 ard 7.61 , 7~ and Bbe).

Anal. Coled for CHgN,: €, 5874 H, 5,44 N, 37,82, Found:
C, $.,22; M, 5.51; N, 38.14,

= Me) in a ymn, mp

6,7-Dichloro-gimethylari fo{l, 5-b)pyridazine (7, R = & = €I,
= NMai. = A mixture of the trichloro compound (7, R = R.‘ = R; =Cl) ©.5¢
and aqueous dimethylamine (5 ml of 25%) wos heated under reflux for 1 hr. The
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20=2Ln2
Anci,Caled for CdeN‘O C, 43.47; H, 4.38; N, 40,36, Foundi
C, 4378 H, 469 N, 40,45,

In an anclogous way compounds, kisted (n Table 11, were prapared.

. i sl ey . -

60! inometh lo(1, 5=b)pyridozine'® (5.0 g) was meated
with & methanalic solution of hydrosylamine (pcapared from 8,8 g of hydroxylamine
fydrachlorlde and @ solution of sodium methoxide, obtained from 1,26 g sedlum
and 106 ml mathanol) The mixture was laft to stard ot room temperaiure over=

night ond then heated under refiux for 8 hr, reated sgain with the same quantity
of methanolic hydroxylemine and iaft ta stand ot room temperature overnight.
After heating for 3 hr under reflux tha solvant was evaporated to dryness, some
water was addad ond the product wan flitered off (1.95 g, 42%), mp 202~203°
(rwice fram sthanol); mass spactrum M’ 179; nmr (DMSO-déJ & 2326, W),
1,45 (4, HEJ' 2,20 (s, CHNH), 0.6 (brood, CHNH), J = 9.5 Hz,

Anal (Caled for CSH5N7O C, 33,53 H=2, Sl. Found: C, 33,82;
H, 3,28,

If the cbave compound {17) s heoted of 230~240° for 10=15 min
s~aminotetrazolo{1, 5-b)pyridazine Ts formsd. Similarly, upon heating with cestle
onhydride for 20 min 6=acatominatetrazele(l, 5-b)~pyridozine is formed, which
Is in burn prepared from the 6~omino derivative In the same manner, mp 228-232°
(from methanl and diethylather); mess spectrum M’ 178; nmr (cD,00) 1.5
@ K)o 1,30 (@, He)y 7,71 G, CHL Jy g 945 Ha

Anal, Caled for C H N O C, 40.45; H, 3.39; N, 47,18, Found:

818"
C, 40.78; H, .85 N, 47,31

s-Triazole{1, S-b)pyridazine (7, R = Ry = R, = H}. = Compound 4b,

| = Ry = Ry = H) (1.8 ) wes thoroughly mixed with pelyphosphoric acid (54 g}
and the mixture was heated at 70-80° for 2 hr, The cold reachion mixture was
oated with water (100 mi) and neunallzed with solid NaHCOg. Tharsafter it was

repeatedly exirocted with chloroform, the extracts were dried over Nu, 5O, und

s=Trazolo(1, 5-b)pyridazlr=6(SHione (13, R = H, X = O}, - A st
of the chloro compound 7, R =TI, R, = R, = H) 0,3 g) and cquecus potassium
hydrexide (praporad from 0,35 KOH and 10 mi of water) was beatea under reflux
for } br, Uen cooling and neutralization with hydrochloric acid (1:7), the separated
product was filtered off ard for analysts sublimed ot 250~256%/5 mm (yield 63%},
mp 186157% mess spechum M' 136; o (DMSO=, & 1,72 (s, Hy), 1.8
€ H 298 60 ) Jy o= 9.8

Anal.Caled for C,H,N,Ox €, 44,12; H, 2.96; N, 41,17, Found:

544
<, 44.32; H, 3.18; N, 40.98,

6-Mathory-iriczalo(l, 5-b)pyridazine (7, R = OMe, R, =R, = H. =
H) (0.2 g) and methanclic
sedilm mathoxide (preparad from 50 mg sodium and 10 ml methanol) was heared

A mixture of the chloro compeund (7, R = CI, )11 = R2 =

under reflux for 15 min, Upan evapuration to dryness the crude oroduct was
sublimed ot 150-135%/5 mm and then crysicllized from water (ylald 92%), mp
176-180% mass specrum M 1505 e (CDCL) & 1,79 b, Hy), 2.13 @) Hg,
.07 {d, H, 5,94 s, OCHY, J, o= 9.8 Ha

Anel, Celod for CéHéNAO €, 48.00; H, 4,08, Found: C, 47.52;
H, 4,08,

of s-triozalo(l, Sk)pyridazi o = Asclutlon of
compourd 15 (R = H, X = O) (€.5 g) in ethanol (5 m)) and aquacus potassium
hydroxide (0.3 g KOH in 5 ml of water] wes treated with methyl fodide (1.2 g}
and heated under reflux for | hr. The solvent was evaporated in vacuo and the
residue dissolved in methanol and saparoved by He (Merck DC-Fartigplatten
ALy F-254, Typ T, 1.5 rm, rebexane and chlorafam, 111 s soiven]. Elution
with methanel of the compound with R, = D.64 afferded 16 mg af Gmethoxy=s=
Muoleﬂ Seb)pyidezine (7, R = OMe, n, =Ry = H) ond the compousd with

= 0.5 wos identified e : w (15 R = Mo,
X = O} (28 mg), mp 143-144° irom mothanaly mes spectrum A 1505 v
(ODCI) & 202 6, Ky, 2.36 &, Hy, 319 6, Hy), 6.07 b, CHy, 3
9.8 Hz

mixture wes evaporated to dryness and the residue sublimed at 128-133%/5 mm ur:J

crysallized from matharol, mp 140° (yiald 67%); moss spactrum M 232 e

(cncls) € 171G, Hi’ 648 {5, NMa ).
§-Dimthylominom-triczola(l, 5=t} pyridazine {7, & = R, = H, Ry = Niej. -

The coove compound 7, R = R, = CI, R, = NMa,) (0.3 g}, methanel (20 mi), conc.

ammenia (5 ml) and poilacized charcool (0,12 g of $%) ware stimed at raom

temperature in an atmosphers of hydrogen, After the necessary smount of hydregen

fos been corsumed, the reaction mixture was filtersd, evaporated fo dryness, the

residue exiracted wlth chiorofor and the solvent evaporated. The product was

sublimed at 120-125°/5 mm (71% yleld), mp 140% mess spectum M 163; nmr

(CDCH) € 1,79 66, 1), 2,01 6, Ky 401 {8, H)o 6,38 (s, Ny, S,

6.0 .

. Coled for CHyNg: N, 42.92. Founds N, 43.24.

5,6,7,8~Tetrahydra~s<triazolo{1, 5-&)pyridazlne, = The procedure was the
same ot described obove. The product was objoired in 75% yield and wes sublimed
at 90-95°/5 mm, mp 80% mass spectrum M 1245 e €ociy: € 2.4 5, Hy,
6,60 (m, ), 798 (m, M), 7.05 (m, g,

Aru\. Coled for CyHgN,: €, 48.37; H, 6,50 N, 45.13. Foundt

€, 48,19 H, 6.37; N, 45.50,

h 3+ Tazale(§, 1" (13, R = M), ~
h 1, 5k} pyridazine (7, R = CH,CH =
NNH, Ry = Ry = H) (0,6) and dry mothylene chloride (160 ml) wes eated with

lead tetrancetate (1.8 g) ond lefr of room fomperature for 2.5 hr, Upon

A mixture of

ation

the Filtrate was evaporated 1o drynass and the resldue dissolvad in chloroform.
Chercoal was added and the mixture heates ro boll and flltered info n-hexans.
The separated product wes collected and wblimed of 200%/5 mm, mp 222-228°
(0.3 6, 51%); mass spactum M 1745 nme (CDCLY & 1,77 (5, K, 219 end
248 {d, My, Hy .81, CHY, Jg 10 = 105 He.

Anal, Caled for G Ngi C, 48.27; H, 3,47, Found: C, 48.77;
H, .60,

y 3 m-riszolo(s’, 1/ ine (13, R = PH, =
To o mixture of the banzylidens campound (7, R = PHCH = NNH, Ry = Ry = H)

10323
upon evaparation of the solvant the product (0.8 g) wes tublimed ot 145% ond
then crystalllzed from chiorcform and n-hexane, mp 138=142° {yleld 51%); moss
spactrum M’ 120; e (e rof.d).

Aral, Caled for CSH‘N4 C, 49.99; H, 3,36; N, 46.85, Found:

C, 49,99 H, 3.5% N, 46.86,
All cther cyclic products, obtaloed in o likewiss manner, are llsted
in Table NI,

é-Amino-s~riozolal, S-blpyridezine (7, R = NHy &) =R, = H). =
A mixture of the é-chloro compound (7, R = Cl, R, = R = H) (0,5 g) and llquid

ommonto (16 ml) wos piaced in an autoclave and heated at 1387 for 2 hr, The

reaction mixture was mixad wlth water and the product filtered off. It was
crystallized from @ minlmum omount of water (yield 68%), mp 254-25% moss
wectum M 135 wnr (DMSOd) 1,87 G, 1), 210 (@, Hy, 3,10 @ ),
336 (5, NH3, Jo = 9.2 Ha

4

nal . cma for CahgNg:
C, 44.60; H, 4.08; N, 52,04,

C, 44.44; H, 3.73; N, 51.88, Found:

é-Hydrazino-s-friczolall, Sb)pyridezive (7, R = NHNH,, Ry = R,
) = H (1.0 g), ethanof
(25 ml) and hydrazine hydrate (2 ml of B0%) was heated undar reflux for 1.5 hr.
Upon cooling, the product was filtered off and thoroughly washed with ethanol.
The product was crysrallized from N, Nedimethy lformamide and athanol (0.4 g,
41%), mp 253-261% mess specteum M 1503 rme (DMSOd) & 1,86 4, H),

&
3.07 (¢, W), 2,16 (@& Hg, 1.8 (brooa, NENH,), 5.7 (brosd, NHNH),
J, .= 9.5 Hr

7.8

A mixture of the chioro compeund (7, R = Cl, R, = R2

Anal, Coled for CHN,: €, 39.99% B, 4,03 N, 55.98. Fourck
C, 40,08 H, 4.24 N, 56.02,

The compound fermed an lsopropylidene derivative, mp 219°, prepared
in the wsual manner. Moss spectrum M’ 190, Similarly, the benzylidene derivotive,
mp 269-272 (From N, N~dimethylformemide and stharel, 1:1) was prepered; mass

126245

+~Triazalol1, 5-b)pyridazine~6(SHithicne (15, R = H, X = §), = A mixture
o the -chloro campound (7, R = Ch, Ry = R, = H) (0.6 5) ond on sthanclic
solution of potassium hyérosulfide (2 mi of 2 N) was heated under reflux for
1 hr. Upen cooling the product was filtered off and the salt was dissclved in
warm water (20 ml), chorcoaied and #ltered, The filware was acidified with
hydrochieric actd (1:1) end the separared product was collectea (yield 36%), mp
157-160°% moss spectium M 152, e DNSOw ) € 1,46 G, W), 167 @, H),
2190, K, L o= 9.2 e

Anal. Caled for CH,N,S: C, 39,47, H, 2,65 N, 2.8 §, 21,05
Found: C, 39.47; H, 2.98; N, 36.91; 5, 20,99,

The patassium salt upen methylation with methy| iodide cicrded the
Semothylthio compourd {7, R = SMe, R, = R_= H), mp 128=130° {from ethancl
and nehexane, 1:1); mass spectrum M’ 144; e DMSO-d) B 141 &, 1y,

1170 (d, M, 2,38 @ M), 7.85 G, SCHy, Ly o = 9.5 ba.

Anal, Caied for CyH NS5 €, .35 H, 3.8 N, 30715 5, 19,30,

Found: C, 42.94; H, 3.87; N, 33.98; §, 19.20,

6,7,8-Trichloro-s=triazalol’, S-b)pyridozine 7, & = &, = R, = Ch. =
A mixture of compound 7 (R = Cl, R = R, = H) (£.5 g) and phospherous pontachio=
ride (3.4 g wos heated In a sealed tube ot 260-265° for 6 hr. The reaction mixturs
way mixed with Iced woter und exkracted with chloroorm, Upan evaperation of the
solvent he prosuct was purifisd by tls (Merdk DC—Fertigplatien AL,D, Typ E,

0.25 mm, chloroform ane n-hexans, 11, o5 solvent). The product with R =

was sluted and sublimed at 110-115%/5 mm, mp 113° (yleld 87%); mass spectrum

M 222; omr CDC! 6 1.5 (G, Hz).

Anal. cum for CHCIgN,t €, 26.38) H, 048 N, 25.07. Founds
C, 27.15; H, 0.6 N, 2532

7-Chlero=6, B~imethoxy—s=frlazolo(l, S)pyridazine (7, & = R, = OMe,
Cliu = Toe abave Hichloro campound (7, R = Ry = &, = CI) (0,447 g} wes
heated with methanclic sedium methylate (prepared frar 0.092 ¢ sodiun and 10 ml

Pl

0.4 g anc ghacial acetic acid (24 ml) bromize (0.8 ml) was adaed droowise and
the mixture heated under reflux for 10 mir. Upon coeling te 0%, the separated
product was filterad off and washed with glucial acetle aeld (10 mi). The residue
was suspended In water (25 i) ond Filterad after 30 min, The sroduct wos
crystallized from sthehol, mp 206-211° (yield 27%); mess spectrom M 236
e (DMSO~dJt € 158 fs, H), 181 end 212 (4, Hyo Ho, 213 ond 2,43
(70 P, 2y o= 10.0 2.

3~(Pyrazolyl=5") s-trivzale(lo}. = A mixture of e-triczolo(], 5=} ~pyride-
2ne (2,0 g) and hydrazine hydrata (25 ml of 98 %) wera heated uncer reflux for
23 doys. The product was crystallized from ethoral, mp 278-28"° (ylald 58%);
moss spoctium M 235, nmr (DMSO=) € 178 (s, M, 181 19, Myl 3.16

@ Hyls 8,85 Grosd, NH), Jy, 4y = 2.6 iz
Anal, Cated for C5H5N5 N, 51,83, Found: N, 52,09,
iyt fazolo{1, 5-b)p * /+1H=1, 2,3 -Hiczole
(18, - The 6-czido compound {7, R = Ny,= R, = R, = ) (0,25 g), acatylacatons

0.5 i), sthanol {6 ml} o triathylemine (0,3 m) were hactsd undor reflux for

5 mir, Tre separated product was Filtered off ane erystallizec from ethanel {yield

678}, mo 163-164% moss spactrum M7 243; mmr (CDCHS € 1,49 (5, Hp)y 1.65

o Mo 171 e, Hy), 6.9 b5, 4-CHLCO, 7.25 b5, S-CHy), Jy o = 9.0 Ha.
Anal, Caled for € Fgh, 06 N, 40.31, Found: N, 4060,

H (0.1 ) wes
dissoived in methanol (17 m)) and the solution frradicted In @ Rayonst photachemicel

Photochemical cyclization, - Compaund 4a (R =

vaactor with 2357-8 lomps for 1C days, The solvent was avaserared to 2<3 ml and
diluted with chloroform, A Varlan Mode! 1800 temperatura=progremmirg vapor
ghese chromatagraph was employed for ssparation (stairless steel 195 am column
packed wlth 10% OV | on 60/80 mesh Chromotorb A; tomperatura 160%/4 mir,
ther 260% . Three fractlons wers identlflad os 2-ominopytidine (mass spectrum M™
o4y, s-trlozolol1, S=a)pyridine (mass spectrum M 199; identical with on authentlc
Specimen??, yield 5 mg) and 2-farmylaminopyridine (mas spachum A 122
identical with an surhentic spacimen). Tlc of the reaction prodect revealed thot

coout half of the starring material remainod uncharged.



Annelation of the 1,2,4-Triazole Ring

synthesis of the parent compound (6, R = H) was
achieved by irradiation (A 254 nm, 10 hr) of a methanolic
solution of 4a (R, = H). As by-products 2-aminopyridine
and 2-formylaminopyridine were formed and separated by
gle.

In the pyridazine series no difficulties were encoun-
tered. Although we have recently describedi® a synthesis
of s-triazolo[1,5-b]pyridazines (7), 2-unsubstituted deriva-
tives could not be obtained by this method. The cycliza-
tion of the corresponding oximes could be extended to
build two tricyclic systems (13 and 14). Several reactions
have been investigated on the bicyclic system and nucleo-
philic substitutions proceeded as anticipated. The chlo-
rine atom of 6-chloro-s-triazolo[1,5-b]pyridazine is re-
placeable and the corresponding 6-amino (7, R = NHp; Ry
= Rp = H), 6-hydrazino (7, R = NHNHy; R; = Ry = H),
6-oxo (15, X = O; R = H), 6-thiono (15, R = H; X = §)
or 6-methoxy (7, R = OMe; R; = Re = H) compounds
were thus prepared. The 6-azido compound (7, R = Na;
R: = Ry = H) could be prepared either from the corre-
sponding 6-hydrazino compound by nitrosation or from
the substituted tetrazolo{1,5-b]pyridazine (17) by simulta-
neous formation of the triazole ring and tetrazolo-azido
isomerization, as previously applied to related systems.1?
The azido compound reacted with diethylamine to give
6-diethylaminomethyleneamino compound (7, R =
Et;2NCH=N-; R; = Ry = H). This is another example of
this unusual reaction which we have discovered recent-
ly.18 Moreover, the azido compound reacted with acetyl-
acetone to give the cycloaddition product (18) in accor-
dance with our observations on related systems.'? Methyl-
ation of the 6-oxo compound (15, R = H; X = 0) afforded
a mixture of the 6-methoxy (7, R = OMe; Ry = Ry = H)
and N-methyl derivative (15, R = Me; X = 0). Chlorina-
tion of 6-chloro-s-triazolo[1,5-b]pyridazine with phospho-
rus pentachloride afforded the trichloro compound (7, R =
R; = Re = Cl), position 2 of the bicyclic system remain-
ing unaffected. The chlorine atoms at position 6 and 8 of
the trichloro compound reacted readily with sodium
methoxide, but the most reactive is that at position 8 as
evidenced from the reaction with dimethylamine which
gave the monosubstitution product (7, R = Ry = Cl; Ry =
NMe;). Hydrogenolysis over palladium afforded the de-
halogenated products, except in the case of 6-chloro-s-
triazolo[1,5-b]pyridazine, which was transformed into
5,6,7,8-tetrahydro-s-triazolo[1,5-b]pyridazine with simul-
taneous dehalogenation and reduction of the pyridazine
part. On the other hand, hydrazinolysis of the parent
compound cleaved the six-membered ring and recycliza-
tion afforded the pyrazolyltriazole (16). Similar transfor-
mations we have observed with some of the related het-
erocyclic system,20.21

The s-triazolo[1,5-a]pyrazine system (9) has been re-
ported only once,22 and the synthetic approach described
provides only 2-substituted compounds. 2-Unsubstituted
s-triazolo[1,5-a]pyrazines are now readily available by this
new method from the appropriate 2-aminopyrazines.
Many reactions involving this system will be dealt with in
another report.
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