ORGANIC
LETTERS

Release of Nitrosating Species in the T

Course of Reduction of 3227-3229
Benzo-1,2,3 4-tetrazine 1,3-Dioxides

Maxim O. Ratnikov, Dmitry L. Lipilin, Aleksandr M. Churakov,*
Yuri A. Strelenko, and Vladimir A. Tartakovsky

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 119991 Moscow, Russian Federation

churakov@ioc.ac.ru

Received June 28, 2002

ABSTRACT

? 0
15 15
N"N‘ll?l \N~T\\{ HN”:{

N__ NayS,04 N H0
c _--
- H'"®NO,

N02 N02 N02
1c’ 3c’ 2c

The reduction of benzo-1,2,3,4-tetrazine 1,3-dioxides (BTDOs) 1 with Na,S;0, or SnCl, is suggested to proceed via intermediate
N-nitrosobenzotriazoles 3 to afford benzotriazoles 2. The 15N-labeling experiments exhibit that the N-3 atom of the tetrazine ring is incorporated
into the nitroso group of 3 that is ultimately released into solution. It is possible that the biological activity of BTDOs is due to their ability
to release nitrosating species, i.e., N-nitrosotriazol 3 or HNO,, in the course of reduction.

Benzo-1,2,3,4-tetrazine 1,3-dioxides (BTDOs) represent aexamine this question in terms of the chemistry of BTDOs.
fairly new class of heterocyclésand their chemistry is  Itis possible that NO/N® species could arise in the course
hitherto insufficiently studied. Interest in these compounds of reduction of BTDOs. Herein we have confirmed this
has increased sharply since they were found to exhibit aassumption.

broad spectrum of biological activiti@dn particular, they BTDOs la—c were selected as model compounds for
proved to be the effective thiol-dependent activators of studies® It has been found that these compounds are readily
soluble guanylate cyclase and inhibitors of ADP-induced reduced with the same reagents that are usually used for
aggregation of human platelétdt was suggested that the  reduction of the nitro groli(NaS,0s, SNCh, Fe/HCI) with
biological activity of BTDOs (5-N@BTDO among them)  the difference that the investigated reaction takes place in
was due to their ability to release NO (nitric oxide) or its milder conditions. The reduction reached completion within
redox forms?: and BTDOs were considered as a new class 2—3 min at room temperature to afford the appropriate
of NO-donors! At the same time, the pathway of NO/NO  penzotriazole2a—c (Scheme 1). The reduction of BTDO
generation has remained unclear. This fact stimulated us toic afforded 5-nitrobenzotriazole (2c); hence the 1,2,3,4-
tetrazine 1,3-dioxide ring (TDO-ring) was reduced faster than
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a Reagents and conditions: p&O, (4 equiv), EtOAc/HO, 24
°C, 3 min,1a—2a(90%); 1b—2b (84%),1c—2c (66%); SnC}-2H,O
(4 equiv), EtOAC/EtOH,1la—2a (97%); 1b—2b (95%), 1c—2¢c
(98%).

structuresB and B'. The calculations at the RHF/6-31G*
level of theory show that moleculés andB could exist in
equilibrium with each other (structufeis 1.7 kcal/mol more
favorable than structuré®). Then, compoundB could
irreversibly cyclize intd\-nitrosotriazole3a (more favorable
by 21.3 kcal/mol) followed by hydrolysis to give benzo-
triazole 2a.
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the nitro group. The structures of benzotriaz&as-cwere
confirmed by comparison with those of authentic samples.

The plausible pathway of the transformation of the TDO-
ring into the triazole ring is shown in Scheme 2.
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This pathway involves two-electron reduction &b
accompanied by elimination of J@ resulting in benzo-
1,2,3,4-tetrazine 2-oxidé (pathway 1). The latter could

However, one can suggest the alternative pathway (path-
way 2) for 1a—3a transformation. The anietradical C,
which is formed as a result of one-electron transfer, could
open the tetrazine ring after protonation to give radi@al
The diazene oxide moiety of the latter could easily turn into
the diazonium groupwith formation of E. The following
one-electron reduction of could afford the open-chain
structureB.
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Interestingly, the reduction of BTDOs does not involve
the intermediate formation of benzo-1,2,3,4-tetrazine 1-oxides
(compound- in Scheme 2). The decomposition of the latter
compounds is known to proceed via ring-opening to afford
ortho-azido-nitroso-benzenes followed by evolution of the
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N, molecule to finally give benzofurazatfswhich were not MS data. At the same time, reduction in the presence of

observed in the reactions under investigation. These observaexcess morpholine afforded-nitrosomorpholined’ (29%

tions enable pathway 2 to be considered the most probableyield), the!>N-labeled nitrogen being entirely transferred into
Both pathways involve the formation of the intermediate theN-nitroso group as judged from M&(z117 [M]*) and

N-nitrosotriazole3a. However, we failed to isolate this !N NMR spectrum (@ = —154.0; lit!* —153.6).

compound due to its easy hydrolydisNevertheless, the In conclusion, the reduction of BTDOs is accompanied

formation of a nitrosating species was confirmed when by the formation of a nitrosating species. It is possible that

reduction of BTDOla with N&,S,0, was carried out in the  the biological activities of BTDOs are due to these species

presence of excess morpholine to affbkaiitrosomorpholine  and/or products of their transformation. Alternatively, these

4in 20% yield?? activities might be caused by the intermediate radicals of
The following confirmation of the mechanism was gained the C type or related ones.

by the labeling experiments. The reduction of BTOO
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