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New approach to the synthesis of benzo[e}[1,2,3,4]}tetrazine 1,3-dioxides
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A new approach to the synthesis of benzofe}{1,2.3.4]tetrazine 1,3-dioxides involves the
treatment of ¥-nitroanilines containing an ortho-(rerr-butyl-NNQ-azoxy) group with phos-
phoric anhydride or phosphorus pentachloride. The reaction is supposed to proceed through

an intermediate diazonium oxide cation.

Key words: aromatic A-nitroamines: benzofe}{1.2.3 4]tetrazine 1. 3-divxides: azoxy com-

pounds; lormation of the N—N bond.

Benzofe|{1.2,3.4}tetrazine 1.3-dioxides (BTDO).
which were synthesized for the first time at our
laboratory, b2 are interesting in connection with the
praoblem of heteroaromaticity. In addition. some repre-
semtatives of this class are biologically active.3 viz.. they
activate guanvlate cyclase, a versatile controller of cell
mietabolism.

Previousty.22 BTDO was svnthesized by treating
amines 1 with an excess of nitric anhvdride or nitronium
tetratiuoroborate. However, the use of such strong ni-
trating reagents leads to the formation of nitroarenes as
bv-products, thus revealing a drawback to this method.
Supposedly. the formation of a tetrazine ring occurs
when a diazonium N-oxide cation 3 attacks a distal
nitrogen atom of an azoxy group to give intermediate 4
with subsequent elimination of the rert-butyl cation
(Scheme 1).
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A possible pathway for a diazonium N-oxide cation”
to be formed is the O-nitration of N-nitroamine 2
(derived from amine 1) followed by ionic dissociation
according to Scheme 2 (X—07 = NO;7).
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One can assume that the X—O7 group in this scheme
could be not only nitrate but also other groups capable
of leaving in the form of an anion, thus generating
a diazonium N-oxide cation. In connection with this,
the goal of the present work was to search for new
reagents that can transform nitramines 2 into BTDOs 5
(Scheme 1).

Cyclization was studied with 2-(zerr-butyl-NNO-
azoxv)-N-nitroaniline (2a) and its 4-nitro derivative (2b)
as examples (Scheme 3). Nitramine 2a was obtained by
slow addition of a solution of N,O¢ in MeCN to aniline
1a. Under these conditions, the nitric acid formed dur-
ing nitration binds to the starting aniline la. That is
why, if the reaction mixuire is treated immediately after
mixing the reagents, the vield of nitramine is no more
than -50%; yet it can be-increased to 70% by extending
the reaction time. 4-Nitroaniline 1b is less basic, and
nitramine 2b can be more conveniently obtained with
the use of nitronium tetrafluoroborate at —20 °C (/.
Ref. 4). Mild reaction conditions minimize a possible
rearrangement of N-nitroaniline into C-nitroaniline and

* For a diazonium N-oxide cation see Ref 2b and the reter-
ences cited therein.
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the formation of BTDOs. The structure of N-nitroamines
2a.b was confirmed by '3C and "*N NMR spectroscopic
data. which correfate well with the literature data® con-
cerning this class of compounds.
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The synthesis of the starting aniline 1a was described
carlier.® Aniline 1b was svnthesized by treating with
ammontia chloro derivative 9 prepared from 2-chioro-3-
nitro- ! ~-nitrosobenzene (8) and V. N-dibromo- rerr-butyl-
amine according to the Kovacic method? (Scheme 4).
Nitroso compound 8 was obtained by oxidation of aniline
7 with Caro’s acid. Alternatively, aniline 1b can be
formed upon rearrangement of nitramine 2a in an acidic
medium (¢f. Ref. 4). For example, the rearrangement in
trifluoroacetic acid results in ortho- and para-nitroanilines
6 and 1b in the ratio | : 2.
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It is known that reactions of nitramines with
etectrophiles can involve both oxyvgen and nitrogen at-
oms (sec Ref. 8). At the same time, as implied by
Scheme 2, only O-adducts can vield a diazonium
N-oxide cation. Taking this inte account, phosphorus(v}

compounds were chosen as electrophiles in order to
maximize the probability of an O atom being involved
in the reaction.

The reaction of nitramine 2a with phosphoric anhy-
dride in MeCN closes a tetrazine ring to give BTDO Sa
in 63% vield (Scheme 5). The use of phosphorus
pentachloride affords compound Sa in 87% vyield.
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The presence of an clectronegative nitro group in the
ring strongly affects the course of the reaction. The
reaction of nitramine 2b with P O,, gave BTDO 5b in
83% vield, while the use of PCls decreases the yield of
5b to 31% and leads to the formation of by-products 10
and 11 {Scheme 6). The structure of previously un-
known benzotriazole 11 was established by using a set of
physicochemical methods, including mass spectrometry
(¢f Ref. 9) and "H (¢f Ref 10), '3C. and "N NMR
spectroscopy (¢f Ref 11).
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The mechanism of formation of benzofurazan 10 and
benzotriazole 11 is still unclear. At the same time, the
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formation of triazole V-oxide 12 wouid be reasonabie 1o
suppose. Indeed. when treated with PCls, nitramine
could form an intermediate with an electrophilic nitro-
gen atom directly bonded to the benzene ring. Then,
this electrophile could attack a distal nitrogen atom in
the rerr-butvlazoxy group to give triazole N-oxide 12
with its possible conversion to triazole 11. However, this
sequence of transformations is invahid because an inde-
pendent experiment showed that 12 decomposes under
the action of PCls without forming compound I1. Note
that the ferr-butylazoxy group itsclf is rather stable in the
presence of PCls. For example. compound 9 does not
react with this reagent under the reaction conditions
involved. Hence, it remains to assume that the N-oxide
oxygen atom leaves the azoxy fragment in the course of
an intramolecular reaction resulting in an azo-teri-butyl
group, which further cyclizes to give triazole 11.

Compound 5b is resistant 1o PCls and therefore
cannot be a source of benzofurnzan 10. One of the
possible pathways of formation of 10 is transformation
of nitramine into a diazonium cation with subsequent
intramolecular reaction involving the rerr-butylazoxy
group (¢f. Ref. 12).

Hence. we elaborated a new approach to the synthe-
sis of BTDQ by cyclization of the corresponding
N-nitroamines in the presence of P,0,; or PCls. The
former reagent is the most suitable for preparation of
BTDOs with electronegative substituents, while the lat-
ter is preferred in the case of BTDOs without them. The
method vields no nitroarenes as by-products. which
makes it applicable in the cases where by-products
cannot be separated by commaon techniques (this subject
will be discussed more extensively elsewhere). In addi-
tion. the reaction under study is strong evidence in favor
of the mechanism proposed for the formation of a
tetrazine dioxide ring vig an intermediate diazonium V-
oxide cation?® (sce Schemes | and 2).

Experimental

IR spectra were recorded on a Perkin—Elmer 377 spec-
trometer. Mass spectra were obtained with a Kratos MS-30
instrument (EL, 70 eV). 'H, ¥C. "N, and "N NMR spectra
were recorded on a Bruker AM-300 spectrometer (300.13,
75,5, 21.5. and 30.4 MHz. respectively). N and >N chemi-
cal shifts are referred 1o the 3 scale with nitromethane as a
standard. Signals in '2C NMR spectra were assigned with the
use of techniques for recording spectra with selective decoupling
from individual protons, selective polarization transfer from
protons (SPT), two-dimensional C—H and NOE spectros-
copy. and additive calculations.!3 The course of the reactions
was monitored by TLC (Silufol UV-254). Silica gel was used
for preparative chromatography. V. N- Dibromo-rerr-butylamine '
and 2-(rerr-butyl- VN O-azoay)aniline (1a)® were obtained ac-
cording to the known procedures: N,O5 was prepared! from
conc. HNO; and PyOy, in a flow of dry argon and purified
from N,O, by evacuation (13 Tarr, 0 *C). The procedure for
the synthesis of 2-rert-butyl-6-mitrobenzotriazole l-oxide (12)
will be published elsewhere.

2-{tert-Butyl- VN(-azoxy)- N-nitroaniline (2a). 4. A solu-
tion of N-Os (230 mg. 2.13 mmol) in MeCN {7 mbL) was
cooled to —10 °C and added dropwise over 15 min to a cooled
(=30 =C) solution of 1a (400 mg. 2.07 mmol) in dry MeCN
(S mL). The reaction mixture was stirred at ~20 °C for 30 min.
Then. the temperature was raised o ¢ °C, and CH,Cl,
(13 mL) was added. The resulting solution was washed with
water 10 pH 3 and alkalized with a saturated aqueous solution
of K,COy to an afkaline reaction. The urreacted starting
compound la was extracted with ErO (2 x 7 mL). An
agueous solution of the nitrammonium salt was acidified with
10% HCI, and the precipitate that formed was filtered off.
washed with water, and dried in vacuo to give 2a (330 mg.
67%), colorless crvstals. m.p. 91—92 >C (from pentane). Found
(%) C. 50.22: H, 388: N. 23.27. C;(H;;N,0;. Calculated
(%): C. 50.41: H. 3.92; N. 23.32. IR {KBr), v/em™" 1495
(N{O)=N): 3115, 3180 (both bands. NH). 'H NMR (CDCl5).
S 131 (s 9 H. 3 Mey 7.32 (dr. | H, H(@»: 7.58 (de, | H.
H(3)); 7.99 (dd. 1 H, H(6). 3/ = 8.2 Hz, */ = 1.3 Hz); 3.08
(dd, | H, H(3), 34 = 83 Hz, %/ = 1.5 Hz): 129 (brs. 1 H.
NH). A NOE upon irradiation of the NH proton is observed
on the H(6) signal. while irradiation of the rers-butyl group
results in NOE on the H(3) signal. 13C NMR (CDCl5). 8: 23.7
(Me); 60.5 (CMes): 124.4 {C(3)): 125.2 (C(6)): 126.7 (C()):
129.6 (C(1)): 1318 (Ci3): 137.8 (br. C(2)). Assignment was
performed with consideration for the chemical shifts of 2-(:err-
butyl- VN O-azoxy)aniline (fa).5 N NMR (CDCly). 8 —53
(N(O). Avy ;2 = 60 Hz): =36 (NO~. avy» = 15 Hz). ¥N NMR
ENEPT (CDCly). & —9.9 (NBu')y. MS, m/z 238 {M]*

B. NO,BF, (0.5 g, 3.8 mmol) was added with stirring at
—20 °C to a solution of aniline fa (400 mg, 2.07 mmol) in dry
MeCN (5 mL). Stirring was continued at this temperature for
20 min until the starting compound disappeared (monitoring
by TLC with CHCI; as cluent). Then, without raising the
temperature, the reaction mixture was poured into cold water
(50 mL). and products were extracted with EtOAc (3 x 15 mb).
The extract was washed with a 10% aqueous solution of- K,CO3
(2 x 20 mL) and acidified with 10% HCI to pH 4. The
precipitate that formed was filtered off, washed with water, and
dried in vacuo to give 2a (240 mg, 49%), m.p. 9192 °C (from
pentane). The product is identical with that of method A.

Rearrangement of nitramine 2a. A solution of nitramine 2a
(300 mg. 1.26 mmol) in CH.Cl. (1 mL) was added dropwise
with stirring at 20 *C for 5 min to TFA (5 mi). Then, the
reaction mixture was concentrated to drvness fn vacuo, and the
residue was washed with an aqueous solution of NaHCQ; and
water. The reaction products were separated by preparative
TLC (silica gel. CHCly). The vield of b was 135 mg (43%).
The upper fraction containing nitroaniline 6 was additionally
purified by chromatography (silica gel. hexane—AcOEL (7 : 1}
as eluent) 1o give 6 (63 mg, 22%).

2-(tert-Butyl- VNO-azoxy)-4-nitroaniline (1b). Light vel-
low crystals, m.p. 173—174 °C (from MeOH-—H,0). Found
(%): C. 50.31. H, 5.94; N, 23.37. CgH ;N,0O;. Calculated
(%): C, 50.41; H, 5.92; N. 23.52. IR (KBr pellets), v/iem™":
1340, 1300 (both bands, NO,); 3293, 3430 (both bands. NH;).
'H NMR (acetone-dg). & [.49 (s. 9 H. 3 Me): 7.22 (d, 1 H.
H6). J =88 Hz): 7.7 ¢s. 2 H, N—H); 8.08 (dd. 1 H. H(3)).
$.90 (d. } H. H(3). /=22 Hz). 3C NMR (DMSO-dg), &
25.0 (CH1): 38.5 (CMey): 117.1 (C(6). Sdnn, = 8.2 Hz): 121.0
(C(3). 3J = 5 Hz); 1259 (C(5). J = 6 Hz). 128.8 (br. C(2)).
134.6 (C(4), 3/ = 11 Hz, °J = 4 Hz): 147.6 (C(}), Uy T
5 Hz. 3Juis) = 9 Hz). "N NMR (acetone-dg). & =51 (N(O).
avyn = 30 Hz), —13 (NOy, avyp = 70 Hz). PN NMR
(OMSO-dg). 8: —191.6 (NH;): —50.8 (N(O)); —17.0 (NBu').
~12.8 (NO3). MS. m/z 238 [M]*.
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2-(tert-Butyl- NNQO-azoxy)-6-nitroaniline (6). Brichi vel-
low crystals, m.p. 7473 °C (from EtOH—H.0). Found (%):
C. 30380 HL 5900 NL 23360 CH N0, Caleulated ¢%6): C,
3041 H, 392 N. 23532 IR (KBr peiletsy. viem™ 1360,
1320 (both bands. NOsy: 3300, 3425 (both bands. NHJ).
TH NMR (DMSO-dg), o0 1.46 (s, 9 H. 3 Me); 6.79 «r. { H.
H(H, T/ = 0 Hz): 7.8 (s0 2 Mo N—H): 8.12 (dd. 1 HL H(3),
=80 Hz S = 16 Huzy 826 (dd. | H, H(3), 7/ =89 Hz,
) = 1.6 Hz). Irradiation of the rer-butyl protons results in
NOE on the H(3) signal. '*C NMR (DMSO-d,). & 23.4
(CH4): 394 (CMey); TS (Cedn: 129.1 (C3)): 1315 (C5H):
133.6 br. 136.0 br (C(2Y and C(6))y: 1390 (C(1). "N NMR
(CDCly). 80 =51 (N(OY, Avy 5 = 33 Hzyl =1 A(NO» Avn =
70 Hz). MS. m/z 238 M5

2-(ter1-Butyl- ¥NO-azoxy)-4-nitroaniline (th) from cem-
pound 9. Gaseous NH; was passed through a solution of
compound 9 {3 2. 19.4 mmol) in 60 mL of dry DMSO at
100 2C for ~8 h until 9 had disappeared completely (monitoring
by TLC with CHCI; as eluent). The reaction mixiure was
cooled to ~20 °C and poured into 200 mL of water. The
peecipitate that formed was filtered off and washed with water.
Recrystallization from an aqueous solution of MeOH gave
aniline 7 (3.7 . 80%). m.p. 173174 *C. The product is
identical with that descrived above.

2-(tert-Butyl- NN O-azoxy)- N, 4-dinitroaniline (2b).
NO,BF, (600 mg. 4.5 mmol) was added with stirring to a
solution of aniline 1b (300 mg, 2.1 mmoly in drv MeCN
(10 mL) at =20 *C. Surring was continued at this temperature
for 20 min until the starting compound disappeared (maonitor-
ing by TLC with benzene as clucnt). Without rawsing the
temperature, the reaction mixture was poured into cold water
(100 mL). The precipitate that formed was filtered off and
dried in air. Recrvstallization from hexane gave aniline 2b {360
mg. 61%), m.p. 934—96 °C. Found (%): C. 42.36: H, 4.68: N.
2451 CgH3N<O;. Caleulated (%) C. 42,400 H, 4.63: N,
24.73. IR (KBr pelletsi. v/em ™' 1330, 1330 (both bands,
NO,Y: 1360 (NeOy= N30 3110, 3156 tborh bands, NH). 'H
NMR (DMSO-d,). & 139 (s, 9 H, 3 Me): 7.69 ¢d. 1 H.
H(6)): 8.46 (dd. t H. H(S). 3/ = 8.8 Hz. *J = 2.6 Hz): 858 id.
I H, H(G). "H NMR (CDCly). 80 1.33 (5.9 H, 3 Mey 844
(m. 2 H., H(3) and H{6M: 9.07 (5. t H. HO3N 1580 (bras,
I H, NH). PPC NMR (DMSO-dy). & 252 (CH;): 395
(CMe ) 1204 (CON: 1259 (CE3n: 128.0 (CoN: 132.7 (S,
1433 (br. Ce1: 146.2 (Cd)). BN NMR (CDCly). 6 =36
(N(O). Avyy = 85 Hzyo =4 (N—=NOs. Ay, = 40 Hzy ~18
(NO;. avy,; = 200 Hz). MS, m/z 283 (M|

1-Chloro-4-nitro-~2-nitrosobenzene (8). A solution of Caro’'s
acid was prepared as follows .t A mixture of ammonium
persutfate (38 ) and conc. HLSO, (25 mL) was stirred at 20 °C
for 1 hand poured into ice (1830 g). Finely ground 2-chloro-5-qai-
troaniline (7) ¢3 g. 7.4 mmol) was sticred at 20 °C for t h with
5mib of cone. H.SO, and 10 mL of water. The resulting suspen-
sion was added to a solution of Caro’s acid and stirred at 0 °C
tor 3" h."The precipitate that formed was filtered off, washed
with conc. HC! in order 10 remove the unreacted starting
aniiine 7 and with water, and dried in vacuo over P,O,, 10 give
nitroso compound 8 (3.1 g. 93%), m.p. H§--120 °C (from
EtOH) (see Refl. 17). Found (%) C. 28.81: H, 1.63; N, 1492,
C,H;CIN,O;. Calenfated (%): €. 38.63: H. 1.62: N, 13.02. 1R
{KBr pellets), viem ™' 1350, 1530 (NO,). 'H NMR {CDCly),
5 7.04 (d. 1 H. H(3), M = 2.7 Hz): 803 (d, | H. H(6). °J =
8.6 Hz): 851 (dd. | H, H(G3). MS, my/z 186 [M]*.

2-(tert-Butyl- VNO-azoxy)-1-chloro-4-nitrobenzene (9). A
solution of N AN-dibromo-rerr-butylamine (2.9 g, 12.6 mmol)
in 20 mL of CH.Cl, was added with stirming at 0 *C to a
sofution of nitroso compound 8 (2.3 2, 124 mmol) in 30 mL

of CH,CL, and 30 mL of MeCN. The reaction mixture was
Kept at 20 °C for 4 h and then concentrated in vacuo.
Recrystallization from an agueous solution of McOH gave
compound 9 (2.4 g. 75%). m.p. 106—108 °>C. Found (%) C,
46.63: H, 4.70: Cl, 13.70: N_ 16.19. CoH;CIN,O4. Calculated
(%) C,46.61: H. 469 Cl. 13.76: N, 16.31. {R (KBr pellets).
v/em™! 1335, 1535 (NOs): 493 (N(O)=N). 'H NMR (aceto-
ne-dg). & 149 (5. 9 H, 3 Mey: 791 (4. 1 HL Heoy. 3 = 8.8 Hzy
$.37 (dd. 1 H., H{3M: 847 (d. | H, H(3). Y = 26 Hz).
13C NMR (acetone-~dg), 8: 23.7 (CH3): 61.0 (CMes): 120.8 (C(3):
126.0 (C(5). 3/ = 5.2 Hz): 133.0 (C(6)), 1334 (C(1y, My =
7.8 Ho: 147.9 (slightly brs. C(4), 3/ = 96 Hzy;, 1484 (br.s.
C(2)). "N NMR (acetone-dg), & ~30 (N(O), av;.» = 30 Hz):
—1L{NO,. Avy 5 = 80 Hz). MS. m/z 257, 259 (1 1 0.3) [M]*.

Reaction of nitramine 2a with P;0y4. Phosphoric anhy-
dride (3 g) was added 1o 3 solution of nitramine 2a (300 mg,
1.3 mmot) in dry MeCN (20 mb). The reaction mixture was
stirred for 13 min until the starting compound disappeared
{monitoring by TLC with CHCly as eluent) and then poured
into cold water (200 mb) The products were extracted with
EtOAc and dried with MgSOy, and the solvent was removed i
vacuo. The residue was purtited by chromatography (CHCL; as
eluent) to give benzole]){1.2.3.4|tetrazine 1.3-dioxide (Sa)
(130 mg, 63%). m.p. 170~—172 *C. The product is identical
with an authentic sampie.2?

Reaction of nitramine 2a with PCl;. Phosphorus penta-
chioride (0.8 g) was added to a solution of nitramine 2a (200
mg. 0.8 mmol) in dry MeCN (13 mL}). The reaction mixture
was stirred for 13 min until the starting compound disappeared
(monitoring by TLC with CHCl, as eluent) and then treated as
described above to give 3a (120 mg, 8§87%).

Reaction of nitramine 2b with P4O,;,. Phosphoric anhvdride
(1.7 g) was added to a solution of nitramine 2b (200 myg.
0.71 mmot) in dry MeCN (15 mL). The reaction mixture was
stirred for 40 min untl the starting compound disappeared
{monitoring by TLC with benzene as eluent) and then poured
into cold water (130 mL} The products were exiracted with
EtQAc¢ and dried with MaSO,. The solvent was removed in
vacuo, and the residue was washed with hexane 1o give
7-nitrobenzofe][1.2.3 4]tetrazine  |.3-dioxide (3b) (130 mg,
88%), m.p. 166168 °C. The product is identical with an
authentic sample.?3

Reaction of nitramine 2b with PCl;. Phosphorus penta-
chloride (1.8 g) was added to a solution of nttramine b
(200 mg. 0.7 mmol) in dry MeCN (4 ml). The reaction
mixture was stirred for 10 min unti} the starting compound
disappeared (monitoring by TLC with benzene as eluent) and
then poured into cold water (50 mi). The products were
extracted with EtOAc and dried with MgSO;. The solvent was
removed in vacuo. and the residue was separated by chroma-
tography (benzene as eluent) to give 5h (46 mg, 31%). 11
(34 mg. 22%), and S-murobenzofurazan (10) (25 mg, 21%),
m.p. 63—63 C (from hexane) (¢f Ref. 18 m.p. 64—63 *C).

- The product.is.identical with an authentic sample. '8

2-tert-Butyl-5-nitrobenzotriazole (11). Colorless crystals,
m.p. 110—111 °C. Found (%): C, 54.27: H, 5.31; N, 2531.
CioH 3N4O,. Caleutated (%): C, 34.54: H. 5490 N, 2544 IR
(KBr peliets), v/em™': 1330, 1530 (both bands, NO,).
TH NMR (acetone-dg). & 1.86 (s, 9 H. 3 Me): 811 (d. 1 H,
Hi7)): $.23 (dd, 1 H, H(6). 30 = 8.8 Hz, 4/ =23 Hz): 8.87 (d.
1 H., H(#). *C NMR (acetone-dg), & 29.9 (CH;y): 67.3
(CMe;); 116.8 (C(4)); 1203 (C(7). yay = L3 Hzn 1210
(C(6), My = 48 Hz) 1432 (C3a), Yypyy = 1.6 Hz
Shay = 5.7 Hz) 1469 (C(Ta). 3y = 5.4 Hz): 147.2 (br,
C(5)). "N NMR (acetone-dg). 8: =78 (NBu'. Avy,, =
120 Hz) -2 (NOs. avy o = 110 Hz). MS. m/z 220 {MT*.

#t3
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