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A new type of “‘azaphilic addition’’ reaction of methyl lithium to 3,6-bisalkylthio-1,2,4,5-tetrazines has
been discovered. Methyl lithium adds at the tetrazine nitrogen of 1 affording 4 while nitrogen nucleophiles
displace tetrazine alkylthio groups at carbon affording 3. The structures of the N-alkyl products were deter-
mined by *H- and **C-nmr and uv experiments. Reversing the order of methyl lithium addition caused the
formation of a bicyclic tetrazine 6. Grignard reagents add in the same fashion as methyl lithium.
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Nucleophilic substitution on carbon atoms has been
studied extensively and nucleophilic reaction types are
readily classified. In contrast nucleophilic additions of
alkyl groups via organometallic reagents to heterocyclic
nitrogen atoms are rarely observed [1] and poorly under-
stood. This communication describes a remarkable dicho-
tomy in location of addition of nitrogen nucleophiles in
comparison with methyl lithium to 3,6-bisalkylthio-1,2,4,5-
tetrazines [2]. Nitrogen nucleophiles displace tetrazine
alkylthio groups at carbon whereas methyl lithium adds at
nitrogen.

Initially, 3,6-bisalkylthio-1,2,4,5-tetrazines such as 1
[3,7,8] were treated with a series of nucleophiles to pro-
duce the corresponding monoalkylthiotetrazines substi-
tuted at the tetrazine carbon [9]. This reaction worked par-
ticularly well for amine nucleophiles such as hydrazine
[10,11], N-methylpiperazine, and N-acetyl-l-lysine methyl
ester which yielded the expected unsymmetrical deriva-
tives 3.
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Changing to the harder nucleophile methyl lithium, dis-
placement of the methylthio group at the tetrazine carbon
was expected as before with the amine nucleophiles. Sur-
prisingly, adding a THF solution of 1 to methyl lithium at
—78° gave 4 and a small amount of 5 [12]. This *‘azaphilic
addition’’ [13] reaction is novel for tetrazines; however re-

lated additions have been reported for 1,2,3-benzotri-
azines [1] and azodicarboxylates [14]. In contrast to the ad-
dition of methylmagnesium iodide to 4-methylthio-1,2,3-
benzotriazine, no ring cleavage was observed in the tetra-
zine case.
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To determine the regiochemistry of the product 4
several experiments were conducted. When irradiating the
N-H proton of 4 no NOE of the N-CH, or S-CH; peaks
were observed. Undecoupled *C-nmr specira of 4 showed
the N-CH; to be a sharp quartet while C(3) was a distorted
heptet and C(6) was a quartet. The uv spectra in methanol
for 4 displayed one major peak at 227 nm and a minor
shoulder at 280 nm. Thus the N-CH; is located para to the
NH in the nonconjugated dihydrotetrazine 4. For 3, the uv
spectra in methanol exhibited two peaks at 239 nm and
294 nm indicating that the conjugated dihydrotetrazine
structure with ortho N-CH; groups is formed in the above
reaction.

Confirmation of the nucleophilic addition dichotomy
was then observed by merely reversing the order of addi-
tion of 1 to methyllithium. Adding methyi lithium slowly to
1 afforded 6 [15]. The formation of 6 demonstrates both
nitrogen and carbon modes of addition to the tetrazine
ring in stepwise fashion.
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The “‘azaphilic addition’’ reaction of alkyl lithium rea-
gents with tetrazines was extended to Grignard reagents
[16] shown by the preparation of 8 as shown.
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In summary, a new type of ‘‘azaphilic addition’’ reac-
tion of 3,6-bisalkylthio-1,2,4,5-tetrazines with organome-
tallic reagents has been discovered displaying a dichotomy
of nucleophilic addition locations depending on the nu-
cleophile and conditions employed. Further consideration
of this interesting reaction and possible mechanistic ex-
planations are in progress.

Compounds 3-8 are supported by satisfactory elemental
analyses.
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