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ABSTRACT

A reaction between 2,8-dichloro-4, 10-dinitro-5,11-de-
hydro-5H,11H-benzotriazolo[2, 1-a]-benzotriazole 8
and sodium azide in dimethyl sulfoxide produced 3,9-
diazido - 4,10 - dinitro-5,11-dehydro-5H,11 H-benzotri-
azolo [2,1-a]benzotriazole 10 rather than the 2.8-
diazido isomer 9 expected by direct displacement.
Thermolvtic elimination of nitrogen (2 moles) con-
verted the dinitro diazide 10 to 3,4,9,10-bisfuroxano-
5,11-dehvdro-5H, 11H-benzotriazolo[2, 1-aJbenzotri-
azole 11 that was subsequently nitrated to give the 2,8-
dinitro derivative 12. Similar nitration converted the
dinitro diazide 9 to the trinitro 15 and tetranitro 14
derivatives: thermolysis of the latter gave 1,2,7,8-
bisfuroxano-4, 10-dinitro-5, 11-dehvdro-5H, 11 H-ben-
zotriazolo[2, 1-a]-benzotriazole 16. Nitration (100%
HNO,, CF,SO;H) converted compound 16 to the
3,4, 10-trinitro derivative 17, whereas a similar nitra-
tion (100% HNO, FSO.H) gave the title compound
BTBB, an insensitive high-energy, high-density (d 2.03
g/cc) molecule. © 1995 John Wiley & Sons, Inc.

INTRODUCTION

There is a need for high-energy, high-density mole-
cules with composition restricted to carbon, hydro-
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gen, nitrogen, and oxygen atoms and with significant
insensitivity to heat, friction, and impact [1,2].
Caged, fused-ring, and other high-nitrogen hetero-
cycles are predominant in the limited number of
qualified candidates [1,3]. A review [3] of high-nitro-
gen heterocycles cited 2,6-dipicrylbenzol1,2-d][4,5-
d]bistriazole-4,8-dione 1 dec 430°C [4], calculated
density [5] d 1.8, and 2,4,8,10-tetranitro-5,11-de-
hydro-5H,11H-benzotriazolo[2,1-a]benzotriazole 2
(Tacot) (Scheme), dec 378°C [6,7], d 1.8 g/cc [2] as
examples of heat-resistant, high-density derivatives
of vic-triazole.

Tacot 2, a commercially available insensitive ex-
plosive {7-9] was readily obtained from 5,11-dehy-
dro-5H,11H-benzotriazolo[2,1-u]benzotriazole 5 by
nitration. In turn, the benzotriazolobenzotriazole 5
was obtained from o-phenylenediamine by a
straightforward sequence: oxidation to 0,0'-diami-
noazobenzene, conversion to 0,0'-diazidoazoben-
zene, and thermolysis [6]. Later references incor-
rectly described Tacot as a mixture of isomers [2]
and as the 2,3,8,9-tetranitro isomer 3 [9]}, a com-
pound claimed in a patent [10].

The selection of 1,2,7,8-bisfuroxano-3,4,9,10-
tetranitro-5, 11-dehydro-5H, 11H-benzotriazolo[2,1-
albenzotriazole (BTBB) 4 and/or its positional iso-
mers for investigations on syntheses and properties
was supported by the calculated d 2.06 g/cm? [5],
partially attributed to zero hydrogen content, and by
a favorable oxygen balance revealed by the molecu-
lar formula C,,N,,0,, for self-combustion to carbon
monoxide (12 CO) and nitrogen (6 N,). A thermal
insensitivity shared with Tacot was predicted.
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RESULTS AND DISCUSSION

Chlorination of 5,11-dehydro-5H,11H-benzotria-
zolo[2,1-albenzotriazole 5 produced the new 2-
chloro derivative 6 along with the previously
reported 2,8-dichloro derivative 7 [6] with compa-
rable efficiencies. Nitration (nitric acid, 0-5°C)
converted the dichloride 7 to 2,8-dichloro-4,10-din-
itro-5, 11-dehydro-5H, 11 H-benzotriazolo[2,1-a]ben-
zotriazole 8 (Scheme 1), a structure confirmed by
X-ray crystallographic analysis and shown in the 8
Ortep plot [11]. The preference for 4,10 over 1,3,7,9
positions in electrophilic substitution was in agree-
ment with the nitration of benzotriazolobenzo-
triazole 5 to Tacot 2 [6].

Although the formation of 2,8-diazido-4,10-
dinitro-53, 11-dehydro-5H, 11 H-benzotriazolo|2, 1-a]-
benzotriazole 9 was previously brought about by
treating Tacot 2 with lithium azide [6] and has been
reproduced (Scheme 1), a similar treatment of the
dinitro dichloride 8 with sodium azide failed to pro-
duce the dinitro diazide 9. Instead, the reaction gave
the isomeric 3,9-diazide 10 (Scheme 1), presumably
by an addition-elimination sequence:

- N Cl
N3
8§ —» N;

NO;

Thermolysis of the dinitro diazide 10 gave
3,4,9, 10-bisfuroxano-5, 11-dehydro-5H, 11 H-benzo-
triazolo[2,1-a]benzotriazole 11, thereby confirming
the structure 10 with two sets of contiguous azido
and nitro substituents. Nitration of the bisfur-

oxan 11 presumably gave 2,8-dinitro-3,4,9,10-
bisfuroxano-5, 11-dehydro-5H, 11H-benzotriazolo-
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SCHEME 1

[2,1-a]benzotriazole 12. An expected preference for
electrophilic substitution at the 2,8 positions in the
bisfuroxan 11 was reenforced by the proximity of the
2,8 positions to the furoxan rings [12]. Failure in at-
tempts to bring about further nitration to produce
1,2,7,8-tetranitro-3, 4, 9,10-bisfuroxano-5,11-dehy-
dro-5H,11H-benzotriazolo[2,1-a]benzotriazole 13
was in agreement with resistance toward electro-
philic substitution at the 1,7 positions.

_ In contrast with failure to bring about further
nitration in the dinitro bisfuroxano compound 12 a
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synthesis of BTBB 4, an isomer of compound 13,
from the 2,8-diazido-4,10-dinitro derivative 9 was
brought about in three steps. A difficulty in nitration
at the 1,7 positions, encountered in the attempted
nitration of compound 12, was overcome when ni-
tration [13] of the dinitro diazide 9 gave 1,4,7,10-
tetranitro-2, 8-diazido-5,11-dehydro-5H,11H-benzo-
triazolo[2,1-a]benzotriazole 14 along with a minor
amount of the 1,4,10-trinitro derivative 15. Ther-
molysis of the tetranitro diazide 14 gave the 1,2,7,8-
bisfuroxano-4,10-dinitro derivative 16. Mononi-
tration of the dinitro derivative 16 was brought
about by treatment with a mixture of nitric acid
(100%) and trifluoromethanesulfonic acid [14] to
give 1,2,7,8-bisfuroxano-3, 4, 10-trinitro-5,11-dehy-
dro-5H,11H-benzotriazolo[2, 1-albenzotriazole 17.
Dinitration of the dinitro derivative 16 was brought
about by treatment with a mixture of nitric acid
(100%) and fluorosulfonic acid [14] in nitromethane
to give BTBB 4.

Although the C-nitro substituent was generally
regarded as a “killer of fluorescence,” [15] lumines-
cence in certain nitro derivatives of benzotria-
zolo[2,1-a]benzotriazoles [16] was extended to the
nitro compounds 8, 14.

EXPERIMENTAL

Instruments used included the following: Perkin-El-
mer 1600 FTIR, Varian Gemini 300 NMR, Hewlett-
Packard 5985 (70 eV) GC-MS, Cary 17 (UV), and Per-
kin-Elmer LS-5B luminescence spectrometers and a
Phase-R DLR DL-1100 dye laser with a DL-5Y co-
axial flashlamp. Literature procedures were followed
to prepare 5,11-dehydro-5H,11H-benzotriazolo[2,1-
albenzotriazole 5 and its derivatives 2,8-dichloro-7
and 2,4,8,10-tetranitro- 2[6]. Solvents were removed
by rotary evaporation under reduced pressure unless
otherwise indicated.

"H NMR spectra were run in DMSO-d,, acetone-
d, with tetramethylsilane as an internal standard. 'H
NMR (DMSO-d,) for Tacot 2: § 9.32 (d, 2H, J = 2.1
Hz), 10.01 (d, 2H, J = 2.1 Hz). Each recorded UV
absorption was restricted to the highest wavelength.
Fluorescence quantum yields were determined for
solutions in ethanol or dimethylformamide with ex-
citation at 460, 540, and 570 nm with sulfarhoda-
mine, @ 0.68, and acridine orange, @ 0.46, as refer-
ences. Melting and decomposition points were
determined on a Mel-Temp II apparatus and are un-
corrected. Elemental analyses were obtained from
Midwest Micro Lab, Indianapolis, IN, and Galbraith
Laboratories, Inc., Knoxville, TN.

2,8-Dichloro-5,11-dehydro-5H, 11 H-
benzotriazolo[2, 1-aJbenzotriazole T

The benzotriazolobenzotriazole 5 (1.04 g, 5.0 mmol)
was added to a stirred solution of 0.80 g (11.0 mmol)
of dry chlorine in glacial acetic acid (35 mL). The

mixture was heated at 120°C as half of the solvent
was removed by distillation. The cooled concentrate
was diluted with water (250 mL) and an insoluble
precipitate was isolated. Flash chromatographic pu-
rification [chloroform/hexane (40:60)] yielded the
dichloro derivative 7 as a yellow crystalline solid, mp
298-300°C (Ref. [5], mp 303-305°C), 0.38 g (28%).
'H NMR (DMSO/CDCl,): 6 7.60 (d, 2H), 7.25 (d, 2H),
7.10 (d, 2H).

Further elution [chloroform/hexane (60:40)]
gave 2-chloro-5,11-dehydro-5H,11H-benzotria-
zolo[2,1-a]benzotriazole 6 as a yellow crystalline
solid, mp 223-225°C, 0.37 g (30%). '"H NMR (CDCl,):
J 8.30 (d, 2H), 7.60-7.70 (m, 3H), 7.30 (d, 2H). 3C
NMR (CDCl,): § 144.23, 132.05, 130.27, 125.80,
121.02, 108.53. Anal. caled for C,,H,N,Cl: C, 59.42;
H, 2.89; N, 23.09; Cl, 14.62. Found: C, 59.40; H, 2.70;
N. 23.02; Cl, 14.00.

2,8-Dichloro-4, 10-dinitro-5,11-dehydro-5H, 11 H-
benzotriazolo[2,1-aJbenzotriazole 8

The dichloride 7 (1.10 g, 4.0 mmol) was added in
small portions to nitric acid (90%, 6.50 mL) at 0-5°C
with stirring. The mixture was stored for 2 hours
with stirring and then poured into ice water (250
mL). A brick red precipitate was isolated, dried, and
recrystallized from dimethylformamide as a red
crystalline solid 8, mp 330-335°C (dec), 0.80 g
(55%). IR (KBr) v/em~': 1507, 1359 (NO,). '"H NMR
(DMSO): 6 9.30 (d, 2H), 8.70 (d, 2H). *C NMR
(DMSO-d,): 6 148.00, 144.00, 137.60, 131.60, 128.92,
125.90. UV (DMF) i__. 480 nm, log ¢ 4.69, i; (DMF)
572 nm, @ 0.69. Anal. caled for C,,H,N,O,Cl,: C,
39.28; H, 1.09; N, 22.89; Cl, 19.32. Found: C, 39.20;
H, 1.00; N, 22.71; Cl, 19.11.

2,8-Diazido-4, 10-dinitro-5, 1 1-dehydro-5H, 11 H-
benzotriazolo[2, 1-aJbenzotriazole 9 [17]

Sodium azide (4.00 g, 60 mmol) was added with stir-
ring over a period of 15 minutes at 25°C to the tetra-
nitro derivative 2 (6.30 g, 16 mmol) in dry dimeth-
ylsulfoxide (ca. 130 mL). The mixture was
maintained at 70-80°C for 1 hour as the color deep-
ened. After the mixture had been cooled in ice water,
a precipitate was isolated and washed with ethanol
(10 mL) and with ether (10 mL) to give the diazide
9 as a yellow-orange solid (2.50 g, 42%), mp 187°C
(dec) [Ref. [2], mp 200°C (dec)]. IR (KBr) v/em™":
2134 (N,) and 1597, 1518 and 1353 (NO,).

3,9-Diazido-4, 10-dinitro-5,11-dehydro-5H, 11 H-
benzotriazolo[2, 1-a]benzotriazole 10

Sodium azide (0.65 g, 10.0 mmol) was added (10
minutes) to a stirred solution of the dichloro dinitro
derivative 8 (1.83 g, 5.0 mmol) in dry dimethylsulf-
oxide (125 mL) at 25°C. The reaction mixture was
heated at 130°C for 1 hour as the solution became
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dark brown. The mixture was cooled and poured
into ice water (500 mL). After 24 hours, a precipitate
was isolated, dried, and recrystallized from acetone
to give the dinitro diazide 10 as an amorphous
brown solid, mp 192-195°C (dec), 0.95 g (50%). IR
(KBr) vicm~': 2127 (N,). 1508 and 1351 (NO,). 'H
NMR (DMSO-d,): 6 9.20 (d, 2H), 8.70 (d, 2H). *C
NMR (DMSO-d,):  144.80, 138.10, 137.00, 136.50,
126.00, 122.00. Anal. calcd for C,,H,N;,0,: C, 37.92:
H, 1.06; N, 44.20. Found: C, 37.90; H, 1.00; N, 44.00.

3,4,9,10-Bisfuroxano-5,11-dehydro-5H, 1 1 H-
benzotriazolof2, 1-aJbenzotriazole 11

The dinitro diazide 10 (1.03 g, 2.7 mmol) was added
to glacial acetic acid (100 mL) and the mixture was
heated at 70°C until the solution was complete. The
temperature was raised to 120°C and maintained
there for 45 minutes or until nitrogen evolution
ceased. After concentration (50%), the solution was
diluted with water (200 mL) and filtered. A residue
was recrystallized from acetone to give the bis-
furoxan 11 as a light yellow solid, mp 270-274°C
(dec), 0.50 g (57%). IR (KBr) v/icm~': 1654 (C=N).
HNMR (DMSO-d,): §9.10 (d, 2H), 8.67 (d, 2H). Anal.
calcd for C,,H,N,O,: C, 44.47; H, 1.24; N, 34.56.
Found: C, 44.30; H, 1.20; N, 33.52.

2,8-Dinitro-3,4,9, 10-bisfuroxano-5, 1 1-dehydro-
5H,11H-benzotriazolo[2, 1-aJbenzotriazole 12

The bisfuroxan 11 (0.52 g, 1.6 mmol) was added
slowly to concentrated sulfuric acid (2 mL) at 0°C,
and, after 10 minutes, a mixture of nitric acid (70%,
2 mL) and concentrated sulfuric acid (2 mL) was
added slowly at 0-5°C. The yellow mixture was
stored for 1 hour at 0°C and poured into ice water
(150 mL) to bring about the precipitation of the di-
nitro derivative 12 as a yellow solid. After isolation
and drying, an attempted recrystallization from di-
methylformamide gave an amorphous solid, mp
310°C (dec), 0.33 g (50%). IR (KBr) vicm~': 1654
(C=N), 1500 and 1357 (NO,). 'H NMR (DMSO-d,):
d 9.50 (s). BC NMR (DMSO-d,): 6 141.00, 138.00,
132.00, 128.13, 128.00, 118.00. Anal. calcd for
C,,H,N,,0;: C, 34.81; H, 0.49; N, 33.81. Found: C,
34.52; H, 0.62; N, 32.90.

1,4,7,10-Tetranitro-2,8-diazido-5, 1 1-dehydro-
5H,11H-benzotriazolo[2, 1-aJbenzotriazole 14

Nitric acid (90%, 9.50 mL) was added at 0-5°C to
the dinitro diazide 9 (2.58 g, 6.8 mmol). The mixture
was stirred for 2 hours at 0-5°C and treated with ice
water to bring about the precipitation of a crude
brown solid (2.60 g, 81.5%). Purification by column
chromatography [hexane/acetone (7:3)] gave the
tetranitro diazide 14 as an orange-red solid, mp 260-
261°C (dec), 1.60 g (50%). IR (KBr) vicm~!': 2131
(N3), 1543 and 1361 (NO,). 'H NMR (DMSO-d,): ¢

9.50(s). *C NMR (DMSO-d,): 6 151.80, 131.00,
126.00, 122.22, 117.00, 113.60. UV (C,H,OH): A,..
457 nm, log ¢ 4.52; A (C,H,OH) 532 nm, ¢ 0.10. Anal.
caled for C,H,N,,O,: C, 30.65; H, 0.43; N, 41.69.
Found: C, 30.47; H, 0.71: N, 40.01.

Further elution [hexane/acetone (50:50)] gave
1, 4, 10-trinitro-2, 8-diazido-5, 11-dehydro-5H, 11H-
benzotriazolo[2,1-albenzotriazole 15 as an orange-
red amorphous solid, mp 255-256°C (dec), 0.28 g
(10%). IR (KBr) v/icm~': 2136 (N,), 1558 and 1319
(NO,). '"H NMR (acetone-d,): § 9.94 (d, 1H), 9.45 (d,
1H), 9.40 (s, 1H). *C NMR (acetone-d,): 6 150.80,
131.00, 123.00, 117.00, 112.60, 111.07, 109.00. Anal.
caled for C,,H,N,;O,: C, 33.91; H, 0.71; N, 42.81.
Found: C, 33.80; H, 1.15; N, 42.01.

1,2,7,8-Bisfuroxano-4, 10-dinitro-5, 1 1-dehydro-
5H,11H-benzotriazolo[2,1-aJbenzotriazole 16

The tetranitro diazide 14 (1.03 g, 2.2 mmol) in o-
dichlorobenzene (75 mL) was heated at 110°C for 10
minutes and then at 150°C for 1 hour or until nitro-
gen evolution ceased. A precipitate was produced by
cooling and was recrystallized from dimethylfor-
mamide to give the bisfuroxan 16 as an orange-red
crystalline solid, mp 274-276°C (dec), 0.55 g (60%).
IR (KBr) v/cm~!: 1654 (C=N), 1533 and 1302 (NQ,).
'H NMR (DMSO-d,): 6 9.70 (s). 3C NMR (DMSO-d,):
d 140.00, 136.00, 133.00, 130.00, 126.00, 116.00.
Anal. caled for C,H,N,,Oy C, 34.81; H, 0.49; N,
33.81. Found: C, 34.40; H, 0.71; N, 32.20.

The tetranitro diazide 14 (1.03 g, 2.2 mmol) was
added to nitric acid (90%, 2.5 mL) and the mixture
was heated at 80°C for 2.5 hours, cooled, combined
with ice water (200 mL) and filtered. A precipitate
was recrystallized from dimethylformamide to give
the bisfuroxan 16 as a red-brown amorphous solid,
mp 274-276°C (dec), 0.19 g (21%). IR (KBr) v/icm™!:
1654 (C=N), 1533 and 1302 (NO,). '"H NMR (DMSO-
d,): 6 9.70 (s). *C NMR (DMSO-d,): 6 140.00, 136.00,
134.00, 128.00, 126.00, 116.00. Anal. caled for
C,,H,N, 0, C, 34.81; H, 0.49; N, 33.81. Found: C,
34.60; H, 0.70; N, 33.50.

1,2,7,8-Bisfuroxano-3,4, 10-trinitro-5,11-
dehydro-5H, 11H-benzotriazolo[2,1-
albenzotriazole 17

Nitric acid (100%, 0.38 g, 0.25 mL, 6 mmol) was
added dropwise with stirring to trifluorometh-
anesulfonic acid (1.80 g, 1.01 mL, 12 mmol) under
nitrogen in a flask (25 mL) equipped with a magnetic
stirrer, nitrogen inlet tube, and a dropping funnel. A
colorless crystalline solid separated [14], and, after
10 minutes, the dinitro bisfuroxano derivative 16
(0.41 g, 1 mmol) was added in one portion. The tem-
perature of the oil bath was raised and maintained
at 70-80°C for 2 hours. After the mixture had been
cooled and combined with ice water (150 mL), the
trinitro bisfuroxan 17 (0.18 g, 40%), mp 310-315°C
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(dec), calculated d 2.02 g/cc, D 7.95 mm/us, and P,
286 kbar [5] was isolated and reprecipitated from
acetonitrile. Experimental density: 1.97 g/cc (flota-
tion method in methyl iodide). IR (KBr): v/icm™'
1655 (C=N), 1560, 1534, and 1322 (NO,). 'H NMR
(DMSO-d,): 6 9.66 (s). *C NMR (DMSO-d,): 6 151.07,
140.02, 138.20, 133.02, 131.00, 126.00, 122.22,
118.26, 112.00, 108.32, 104.07, 102.02. Anal. calcd
for C,,H,N,,0,,: C, 31.40; H, 0.22; N, 33.55; O, 34.85.
Found: C, 31.70; H, 0.36; N, 32.60; O, 34.20. Found:
C, 31.20; H, 0.42; N, 32.10; O, 34.60.

BTBB 4

Under an atmosphere of nitrogen, fluorosulfonic
acid (1.35 g, 0.80 mL, 13.5 mmol) was placed in an
rb flask (25 mL) equipped with a magnetic stirrer
and nitrogen inlet tube. Nitric acid (100%, 1.19 g,
0.80 mL, 19 mmol) was added in one portion at 25°C.
After 5 minutes, dry nitromethane (5 mL) was added
over a period of 10 minutes with stirring. The bis-
furoxan 16 (0.35 g, 0.85 mmol) was added in one
portion. The temperature was maintained at 80-
90°C for 2 hours, nitromethane was removed, and
the mixture was cooled and combined with ice water
(150 mL) to bring about the precipitation of impure
BTBB 4. It was recrystallized from acetonitrile and
was triturated with boiling ether for 15 minutes,
then cooled, filtered, and dried to give a red crystal-
line solid, d 2.03 g/cc (flotation in methyl iodide),
calculated D 8.3 mm/us and P, 319 kbar [5], mp
340-341°C (dec) (an irreversible color change from
red to yellow was brought about by heating at 180-
185°C), 0.084 g (20%). IR (KBr) v/cm': 1654 (C=N),
1560 (NQ,), 1482 (NO,), 1364 (NO,), 1072, 1031, 985,
899, 774, 504. 3C NMR (DMSO0-d,): § 166.65, 163.57,
149.41, 137.51, 11391, 103.10. Anal. calcd for
C,,N,,0,,: C, 28.60; H, 0.00; N, 33.33; O, 38.09.
Found: C, 28.59; H, 0.00; N, 31.22: O, 39.19. Found:
C, 28.58; H, 0.00; N, 31.17; O, 39.67. The values
found for N and O were assumed to be in error.
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