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Regioisomeric Formation of Acenaphtho[l,2-¢][1,2,4]triazolo[3,4-c|[1,2,4]triazines
and Their Acyclic C-Nucleoside Analogues
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The oxidative cyclization of the ethylidene derivative of 3-hydrazinoacenaphtho[1,2-€][1,2,4]triazine (2) gave
regioselectively the angular isomer 1-methylacenaphtho[l,2-¢€][1,2,4]triazolo[3,4-¢|[1,2,4]triazine (5). Its linear
isomer 10-methylacenaphtho[l,2-¢€][1,2,4]triazolo[4,3-b][1,2,4]triazine (4) was synthesized by the condensation
of acenaphthenequinone (6) with 3,4-diamino-5-methyl-4 H-1,2,4-triazole. Condensation of 2 with a number
of monosaccharides afforded the respective hydrazones 9 whose oxidative cyclization gave the corresponding
1-(polyhydroxyalkyl)acenaphtho[1,2- €][1,2,4]triazolo[3,4- ¢|[1,2,4]triazine (10). Acetylation of 9 and 10 gave
3-[N-acetyl-N'-(polyacetoxyalkylidene)hydrazinojacenaphtho(1,2-€][1,2,4]triazine (11) and 1-(polyacetoxyalkyl)-
acenaphtho(1,2-¢][1,2,4]triazolo[3,4-c|[1,2,4]triazine (13) respectively. Periodate oxidation of 9e gave 3-(2-oxo-

ethylidenehydrazino)acenaphtho[1,2-¢€][1,2,4]triazine (14).

Among the polyazaindolizine series, the 1,2,4-tri-
azolo[4,3-b][1,2,4]triazines and 1,2,4-triazolo[3,4-|[1,2,4]
triazines are of interest in conjunction with our pre-
vious investigations on their fused ring systems with
indole.!® These two isomeric triazolotriazines may be
formed from the cyclization of 3-hydrazino-1,2,4-tri-
azines via their alkylidene or arylmethylene derivatives,
depending on which nuclear nitrogen is involved in the
cyclization step®'” based on their comparative nu-
cleophilicity. Both isomers have been isolated but,
however, from different substrates. The regioselectiv-
ity was found to be dependent on the substituent ex-
isting on the indole ring in the case of indolotriazine
derivatives.!"?

The interest in biochemical properties of 1,2,4-tri-
azines is high'® 2% because a number of 3,5-disubsti-
tuted 1,2,4-triazines represent aza analogues of pyrimi-
dine bases.

Acenaphthenequinone was shown to be bactericidal
and fungicidal to Pythium ultimum, Alternaria solani,
Sclerotinia americana, and Chactomium globosum.?®
Some substituted acenaphthenequinones showed mod-
erate fungistatic activity against Trichophyton menta-
grophytes.?> Acenaphthenequinone hydrogensulfite had
a narcotic effect on mice and it inhibited the growth of
transplanted tumors.?® It has no estrogenic effect,?”
on ovariectomized rats.?” The antihypoxic activity of 1
was studied in rats.?®’ Amine derivatives of 1 had fungi-
cidal activity and some were active against Escherichia
coli.?® The condensation product of 1 with 2,3-diamino-
pyrazine was used to provoke ataxia by lowering central
nervous system activity.3?)

The goal of the present investigation is the synthe-
sis of compounds compiling the above rings in a fused
manner which it could be of potential biological proper-
ties. The respective C-nucleoside analogues are target
molecules in this study owing to their great value from
the biological point of view.3'—3% Moreover, it is inter-
esting to explore the site of fusion in such ring systems.

Results and Discussion

A ‘model study for the cyclization has been done on
the ethylidene derivative 3 of 3-hydrazinoacenaphtho-
[1,2-€][1,2,4]triazine (2), which was prepared by conden-
sation of 2 with acetaldehyde. Oxidative cyclization of
3 with iron(III) chloride gave a product whose structure
could be assigned as one of the regioisomeric structures
4 or 5. The selection of structure 5 for that product
may be envisioned by an unequivocal synthesis of 4 by
condensing the diaminotriazole 7 with acenaphthene-
quinone 6 (Scheme 1). The latter reaction would give
only one isomer due to the symmetric nature of the qui-
none 6 whatever which amino group in 7 is the reactive
one. The infrared spectra of 4 and 5 are different. The
difference in their 'H NMR spectra is reflected in the
chemical shift of the methyl group.

Condensation of 2 with the monosaccharides D-galac-
tose, D-glucose, D-mannose, D-arabinose, L-arabinose, D-
ribose, and D-xylose, gave the hydrazones 9. Subjection
of these hydrazones 9 to the action of iron(III) chloride
afforded the corresponding 1,2,4-triazolo[3,4-¢|[1,2 4]tri-
azines (10). The selection of the angular structure 10
for these products was based on the above model study
(Scheme 2).

The cyclization may proceed by electrophilic
attack®® of the hard acid iron(III) on the hardest ba-
sic site of the hydrazone moiety followed by electrocy-
clization to cause dehydrogenation and formation of the
triazole ring (Scheme 3).

Acetylation of 9 and 10 with acetic anhydride caused
acetylation of their polyhydroxyalkylidene residues in
addition to the hydrazone residues in case of compounds
9.

IR spectra of 9 showed absorption bands at 3369—
3314 (OH), 3245—3215 (NH), and 1606—1589 cm~!
(C=N). The spectra of 10 showed absorption bands at
1617—1611 (C=N) and 3398—3265 cm~! (OH). The
acetyl derivatives 11 showed bands at 1700—1684 cm™?
(NAc) in addition to bands at 1753—1740 cm ! (OAc),
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whereas 13 showed only the presence of the latter ab-

sorption at 1756—1749 cm™!.

The signals in the 'HNMR, spectrum of 11a were
assigned by decoupling technique. Thus, decoupling
of the double doublet signal (§=4.26) of H-6 caused
a change of the triplet (§=>5.28) of H-5 to a doublet and
the shape of the double doublet (6=3.86) of H-6' was
also changed. On the other hand, decoupling at H-5
caused a change of the two double doublets of H-6 and
H-6" to two doublets. Decoupling of the double doublet
(6=5.65) of H-2 changed the doublet (6=6.55) of H-1
to a singlet and vise versa. However, these assignments
did not give any indication whether the acetyl derivative
had the tetracyclic structure 11 or the pentacyclic one
12 (Scheme 4). On the other hand, NOE experiments
ruled out the pentacyclic structure, since there was no
NOE observed between H-1 of D-galactose residue and
H-5 of the aromatic system. This ruled out the possibil-
ity of the cyclic structure 12. Moreover, the assignment
of the signal of C-1 at 6c=124.90 was a further indica-
tion of the open form.

Assignments (Table 1) of the protons of the triazole
10a were made by sequential decouplings. The values
agreed with the structure. H-1 of the polyacetoxyalkyl
part in 13a appeared at a downfield region as much as
H-1in 11a. The double doublet of H-1 of 10a suffered
from a downfield shift upon acetylation to 13a confirm-
ing the assigned structure.

The ¥*CNMR spectra (Table 2) of 10a, 11a, and
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13a have been studied. The spectra showed resonances
in the high field region corresponding to the sugar car-
bons. The resonance at 6c=124.90 in 11a moved to
6c=149.76 and 149.86 in 13a and 10a, respectively.
The resonances of the heterocyclic ring carbons could
be differentiated by the intensity and the stronger ones
were assigned to carbons carrying a proton.

The acyclic nature of the polyhydroxyalkylidene
residues of 9 was also examined by the oxidation of 9e
with sodium periodata to give the oxoethylidenehydra-
zino derivative 14 (Scheme 5).
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Table 1. 'HNMR Spectra of Several Compounds in CDCl3
Chemical Shifts are Given in § and Coupling Constants in Hz are Given in Parentheses.
Assignment Compound No. Assignment Compound No.
11a 11d 11f 11g 10a 13a 13b 13c
H-1 6.55(d) 6.44(d) 6.66(d) 6.62(d) H-1 5.48(dd) 6.62(d) 6.59(d)  6.60(d)
(J1,2) (351)  (3.0) (3.75) (4.5) (J1,2) (2.46)  (4.5) (7.5) (8.1)
H-2 5.65(dd) 5.58(t) 5.63(t)  H-2 4.20(dd) 5.70(dd)  6.19(dd) 6.18(d)
(J2,3) (2.1) (3.0) (4.0) (J2,3) (2,32) (9.6) (9.0)
H-3 5.36(m)  5.48(m) H-3 3.75(t) 5.82(dd) 5.78(d)
(J3,4) (5.54) (2.5) (7.8)
5.45(m) 5.34(m) 5.25(m)
H-4 5.16(m) H-4 3.85(dd) 5.49(m) 5.19(m)
H-4'
H-5 5.28(t) 4.13(dd) 4.31(dd) 4.31(dd) H-5 4.38(dd)
(Ja,5) (6.7) (4.5) (3.0) (3.0) (Ja,5) (5.1)
3.45(m) 407(m) 4.18(m)
H-5' 3.93(dd) 3.96(dd) 4.09(dd) H-5 4.02(dd)
(Ja,s) (4.5) (6.0) (4.5) (Ja51) (7.3)
(Js.5) (11.2)  (11.1)  (11.0)  (Jss) (11.6)
H-6 4.26(dd)
(Js.6) (5.1)
H-6' 3.86(dd)
(Js.s0) (7.4)
(Jow) (1L.7)
NAc 2.56(s) 2.42(s) 2.57(s) 2.57(s)
OH2 5.57(d)
(JH20H, ) (7.8)
OH3 4.82(d)
(JHs0H3) (6.3)
OH4 4.37(d)
(Ju,om,) (7.8)
OHs 4.33(d)
(Jusoms) (6.3)
OHg 451(t)
(JHe0Hs) (5.0)
OAc 2.01 1.83 1.99 1.82 OAc 2.01 1.89 2.02
2.03 1.93 2.11 2.00 2.04 2.01 2.05
2.08 2.06 2.12 2.10 2.21
2.10 2.10 2.41
2.15 2.43
Aromatic protons
7.92(dd) 7.72(t) 7.87(t) 7.79(t) 8.22(m) 7.79(2dd) 7.83(m) 7.88(m)
8.24(d)  8.13(t) 8.26(t) 8.18(t) 7.82(m) 8.13(d) 8.23(d)  8.19(d)
(8.2) 8.38(t) 8.48(t) 8.41(t) (8.3) 8.34(2d) 8.41(2d)
8.31(d) 8.20(d)
(8.2) (7.0)
8.47(d) 8.28(d)
(7.1) (7.0)
8.58(d)
(7.0)
. 6 scale using tetramethylsilane as a reference. TLC was
Experimental

Melting points were determined on a Meltemp appara-
tus and are uncorrected. IR spectra were recorded with a
Unicam SP 1025 spectrometer. 'H NMR spectra were deter-
mined with a Varian EM-390 spectrometer at 90 MHz except
for compounds 10a, 1la, and 13a which were measured
with a Bruker spectrometer at 500 MHz. The *C NMR
spectra were recorded with the Bruker AM-500 spectrome-
ter at 500 MHz. The chemical shifts are expressed in the

performed on Bakerflex silica gel IB-F (2.5—7.5 cm). Mi-
croanalyses were performed in the unit of Microanalysis at
the University of Cairo.

3- (Ethylidenehydrazino)acenaphtholl,2- €][1,2,4]-
triazine (3). A solution of 2 (1.0 g, 4.26 mmol) in ethanol
(160 ml) was treated with acetaldehyde (0.5 ml, 8.94 mmol)
and the mixture was heated under reflux for 2 h. The prod-
uct that separated out was recrystallized from ethanol to
give 3 as yellow crystals (0.9 g, 85%), mp 218—220 °C;



152 Nagwa RASHED, Mahmoud SHOUKRY, and El Sayed H. EL ASHRY
|
o S e S
Ac “I:HOM)" H N\Ac

CH20Ac (<':HOAc)n

1" CHa0Ac
12

Acp0/Py /
9 10
Acg01Py

B
S
\4:«

(?HOAc)n
CH20Ac
13
~OAc I-0Ac  Ac OJ
| AcO- AcO- Aco AcO
(CHOAc)n AcOA - 0Ac -0Ac OAc
=
CH20Ac L 0Ac -0Ac -0Ac Ac
L.OAc . OAc -0Ac OAc
(a) (b) (c) (d)
-0Ac -0Ac -0Ac
AcO FOAc  AcOH
AcO -0Ac -OAc
Lom: “~0Ac LOM
(e) () (g)
Scheme 4.
—_—T—
%

14
Scheme 5.

Vmax (KBr) 3215 (NH) and 1604 cm™! (C=N).

Found: C, 68.7; H, 4.3; N, 26.6%. Calcd for C15H11Ns:
C, 69.0; H, 4.2; N, 26.8%.

1- Methylacenaphtho[1, 2- €][1, 2, 4]triazolo[3, 4- ¢]
[1,2,4]triazine (5). A solution of 3 (1.0 g, 3.83 mmol)
in ethanol (50 ml) was heated till boiling, and then a 2 M
solution (1 M=1 mol dm™3) of iron(III) chloride in ethanol
(1.0 ml) was added. The mixture was boiled for 10 min,
and the resulting solution was left overnight at room tem-
perature. The product that separated out was recrystallized
from ethanol to give pale yellow crystals (0.6 g, 50%), mp
198 °C; Vmax (KBr) 1597 cm™! (C=N).

Found: C, 69.7; H, 3.7; N, 26.8%. Calcd for C15HgN5: C,
69.5; H, 3.5; N, 27.0%.

10- Methylacenaphtho[1, 2- €][1, 2, 4]triazolo[4, 3- b]
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Table 2. 3C NMR Spectral Data of Compounds 10a,
11a, and 13a
Chemical Shifts are Given in § Scale.

Compound No.

Assignment
10a 1la 13a
Carbons of the sugar part
C-1 124.90
C-2 71.29 70.00 67.83
C-3 69.88 68.20 67.83
C-4 65.15 67.57 67.64
C-5 69.31 67.57 63.62
C-6 62.96 61.95 63.82

Carbons of the heterocyclic rings
Carbons with protons

129.57 139.16 129.92
128.38 131.18 128.35
122.96 126.40 123.16
122.08 129.04 122.37
129.01 129.22 128.70
130.33 133.31 130.74
Carbons without protons
149.86 160.00 149.76
155.09 156.24 155.86
147.35 127.94 143.72
131.19 134.81 138.88
129.21 129.90 129.18
126.35 128.51 126.16
137.98 156.12 131.37
149.02 147.95
Miscellaneous

XOAc 20.51 20.33
20.51 20.33
20.58 20.45
20.58 20.52
20.63 20.57

NAc 21.78
XCO 169.38 169.49
169.54 169.65
169.63 169.78
170.10 170.07
170.34 170.27

172.84

[1,2,4]triazine (4). A mixture of solutions of 3,4-di-
amino-5-methyl-4 H-1,2,4-triazole hydrochloride (7) (0.21 g,
1.36 mmol) in ethanol (5 ml), sodium acetate (0.11 g, 1.36
mmol) in water (2 ml), acenaphthenequinone (0.25 g, 1.36
mmol) in ethanol (30 ml), and two drops of acetic acid was
heated under reflux for 1.5 h. The product was recrystal-
lized from a mixture of ethanol and N, N-dimethylformamide
to give yellowish brown crystals (0.8 g, 71%), mp 236—238
°C; Vmax (KBr) 1602 cm™! (C=N).

Found: C, 69.8; H, 3.7; N, 27.0%. Calcd for C;5HgN5: C,
69.5; H, 3.5; N, 27.0%.

(Acenaphtho[1,2- €][1,2,4]triazin- 3- yl)hydrazones
of Aldoses (9). To a solution of 2 (1.5 g, 6.38 mmol)
in ethanol (100 ml) was added a solution of the respective
aldoses 8 (6.38 mmol) and few drops of acetic acid. The
mixture was heated under reflux for 1.5 h. The solid, which
separated out on cooling, was filtered, washed with water
and ethanol and dried. The yellow product was crystal-
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Table 3. Elemental Analysis and IR Spectral Data of (Acenaphtho[1,2-¢][1,2,4]triazin-3-yl)hydra-
zones of Aldoses (9)

Compound  Yield Mp Molecular Analysis/% Vimax (KBr) /cm™!

% °C formula C H N OH NH  C=N

9a 80 179—181 Ci19H19NsOs Caled 57.4 4.8 17.6 3347 3217 1600
Found 57.2 4.7 175

9b 75 185—187 C19H19N50s Caled 574 4.8 17.6 3314 3239 1589
Found 576 4.6 173

9c 80 193—195 C19H19N50s Caled 574 4.8 17.6 3361 3215 1606
Found 573 49 174

9d 70 180—182 CigHi7Ns04 Caled 58.9 4.7 19.1 3355 3225 1603
Found 59.0 4.5 19.0

9e 75 172—174 C18H17N5O4 Caled 58.9 4.7 19.1 3348 3239 1605
Found 585 4.4 19.5

of 80 168—170 Ci18H17N504 Caled 58.9 4.6 19.1 3341 3227 1602
Found 59.3 4.7 187

9g 70 212—213 CisHi7N504 Caled 589 4.7 19.1 3369 3245 1600
Found 59.2 4.6 193

Table 4. Elemental Analysis and IR Spectral Data of 1-(Polyhydroxyalkyl)acenaphtho[l,2-¢]

[1,2,4]triazolo[3,4-¢][1,2,4]triazines (10)

Compound  Yield Mp Molecular Analysis/% Vmax(KBr) /cm™!
% °C formula C H N OH C=N
10a 75 220—233 Cy19H17N505 Caled 57.7 4.3 17.7 3328 1614
Found 575 4.0 175
10b 50 240—241 Cy9H17N505 Caled 57.7 4.3 17.7 3304 1616
Found 575 4.0 175
10c 65 263—265 Cq19H17Ns50s  Caled 57.7 4.3 17.7 3347 1617
Found 575 4.6 173
10d 70 223—225 CigH15N504 Caled 59.2 4.1 19.2 3350 1613
Found 596 4.3 19.2
10e 70 189—191 Ci18H15N504 Caled 59.2 4.1 19.2 3374 1611
' Found 59.5 4.4 194
10f 60 239—240 Ci18H15N504 Caled 59.2 4.1 19.2 3398 1612
Found 59.0 3.8 195
10g 50 225—227 Cy18H15N504 Caled 592 4.1 19.2 3265 1611
Found 59.5 3.7 19.0
Table 5. Elemental Analysis and IR Spectral Data of 3-[N-Acetyl- N'-(polyacetoxyalkylidene)hy-

drazino]acenaphtho[1,2-¢][1,2,4]triazines (11)

Compound  Yield Mp Molecular Analysis/% Vimax (KBr) /cm™?

% °C formula C H N OCO NCO C=N

11la 70 199—200 C31H31N50;; Caled 57.3 4.8 108 1749 1697 1616
Found 57.4 4.7 10.6

11b 55 110—112 C31H31N503; Caled 573 4.8 108 1753 1699 1616
Found 57.1 4.8 10.5

11lc 50 116—118 C31H31N503; Caled 57.3 4.8 108 1749 1700 1616
Found 57.0 4.8 10.9

11d 75 210—212  C2gH27N509 Caled 58.2 4.7 12.1 1749 1695 1614
Found 58.3 4.7 11.7

1le 75 206—208 C2sH27N509 Caled 582 4.7 12.1 1740 1698 1613
Found 579 4.6 120

11f 70 169—170 Ca2sH27N509 Caled 58.2 4.7 121 1746 1693 1614
Found 584 4.4 118

11g 50 108—109 CasH27N509 Caled 58.2 4.7 12.1 1745 1684 1614
Found 58.0 4.5 12.0

153
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Table 6.
[1,2,4]triazolo[3,4-¢][1,2,4]triazines (13)

[Vol.67, No.1

Elemental Analysis and IR Spectral Data of 1-(Polyacetoxyalkyl)acenaphtho[l,2-¢]

Compound  Yield Mp Molecular Analysis/% Vmax(KBr) /cm™?
% °C formula C H N 0CO C=N
13a 75 202—203 Co9H27N5019 Caled 575 4.5 11.6 1753 1617
Found 57.8 4.5 12.0
13b 75 190—191 C29H27N5O19 Caled 575 4.5 11.6 1754 1616
Found 57.2 4.6 113
13c 70 197—199 Cy9H27N5010 Caled 575 4.5 11.6 1756 1615
Found 57.6 4.7 12.0
13d 75 208—210 Cg6H23N50s  Caled 585 44 131 1749 1614
Found 58.7 4.5 133
13e 70 175—177  Ca6H23N50g Caled 585 4.4 13.1 1751 1616
Found 58.7 4.3 135
13f 75 120—122  C6H23N50s  Caled 58.5 4.4 131 1750 1615
Found 58.9 4.2 129
lized from a mixture of ethanol and N,N-dimethylformamide
(Table 3).
References

1- (Polyhydroxyalkyl)acenaphtho[1, 2- €][1, 2, 4]tri-
azolo[3,4-¢][1,2,4]triazine (10). A 2 M solution of
iron(III) chloride in ethanol (1.0 ml) was added dropwise to
a boiling solution of 9 (1.0 g) in ethanol (150 ml). Heating
was continued for 10 min, and the mixture was then kept
overnight at room temperature. The pale yellow precipi-
tates were filtered and then washed with water and recrys-
tallized from a mixture of ethanol and N, N-dimethylform-
amide (Table 4).

3- [N- Acetyl- N'- (polyacetoxyalkylidene)hydrazi-
noJacenaphtho[1,2-€][1,2,4]triazine (11). A cold so-
lution of 9 (0.5 g) in dry pyridine (5.0 ml) was treated with
acetic anhydride (5.0 ml). The mixture was kept for 24 h, at
room temperature with occasional shaking. It was poured
onto crushed ice and the product that separated out was
filtered, washed repeatedly with water, dried and recrystal-
lized from the suitable solvent as colorless crystals (Table 5).

1- (Polyacetoxyalkyl)acenaphthol[l, 2- €][1, 2, 4]tri-
azolo[3,4-][1,2,4]triazine (13). A cold solution of
10 (0.5 g) in dry pyridine (5.0 ml) was treated with acetic
anhydride (5.0 ml) and the mixture was kept overnight at
room temperature and then processed as above. The prod-
ucts were recrystallized from ethanol as pale yellow crystals
(Table 6).

3- (2- Oxoethylidenehydrazino)acenaphtho[l, 2- €]-
[1,2,4]triazine (14). A suspension of 9e (1.7 g, 4.62
mmol) in distilled water (100 ml) was treated with a solution
" of sodium periodate (3.0 g, 13.86 mmol) in distilled water
(40 ml). The mixture was stirred for 1 h, and then left in the
dark at room temperature for 4 d with occassional shaking.
The product was filtered off and recrystallized from a mix-
ture of ethanol and N,N-dimethylformamide (0.97 g, 76%),
mp 228—230 °C; vmax (KBr) 3215 (NH), 1693 (CHO), and
1606 cm ™! (C=N).

Found: C, 65.8; H, 3.5; N, 25.5%. Calcd for C15HoN5O:
C, 65.5; H, 3.3; N, 25.4%.

The authors thank Professor J. Krepinsky, Univer-
sity of Toronto for spectral measurements and valuable
discussions.
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