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The pyrazolo[4,3][1,2,4]triazine ring system has the distinction =~ Scheme 1. Synthesis of Proposed Structure of Pseudoiodinine
of being one of only two naturally occurring ring skeletons
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reassignment for pseudoiodinine. That structure reassignment is @
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The synthesis of pseudoiodinine was undertaken first, in part 14 5 ©
because we suspected that the structure was incorrectly assigned. H Me 15a=15-HCI
N N N
. . . - N N” _ TMSCHN; (3 x 0.6 eq),
The original structure assignment was based heavily on the X-ray NI W o+ | “NH
crystallographic characterization of a degradation product of I\N/ Y kN/ MeOH:MeCN  (4:9)
pseudoiodinine named normethylpseudoiodinine and assigned ( )OMe 2%
o . - : 3(18% o
structure3. Pseud_0|o_d!n|ne undergoes facile demethylatlo_n to give Identical to fluviol A Identical to
normethylpseudoiodinin€Two or so decades later, a newly isolated and normethyl- nostocine A
natural product, fluviol A, was also assigned struct@eOur pseudoiodinine
suspicions regarding the correctness of struciuveere largely a
consequence of our skepticism tHatvould suffer preferential N- might seem dubious, but reaction dft with the oxophilic,
(rather than O-) demethylation to gi&® commercially available (trimethylsilyl)diazomethane afforde2l

The synthesis of structuieis summarized in Scheme 1. Reaction in 8% yield (3C NMR clearly distinguishes O- versus N-
of diethyl aminomalonate with dimethylformamide dimethyl acetal methylation). Structurd? is the structureX) previously assigned
gave amidine5;® condensatioh of 5 with hydrazine afforded to pseudoiodinine, but spectra of the yellow syntheti are
dihydrotriazinone6. The latter could be oxidized to triazinoie decidedly different from those of the red natural product. The

with iodobenzene diacetatd reatment of7 with POCEk under the inescapable conclusion is thatis not the structure of pseudo-
conditions of Robinsdelivered chlorotriazin® which was reacted iodinine.
with the Boc-protected methylhydrazin@'® to give 10. Boc With the demonstration that pseudoiodinine does not possess

protection of methylhydrazine was necessary because otherwise thestructurel, the next question was whether the pivotal struct@je (

methylated nitrogen in methylhydrazine is the more nucleophilic of normethylpseudoiodinine (supposedhfluviol A) is correct!?

of the two nitrogenS (a property of methylhydrazine that is  To that end, synthesis & was undertaken (Scheme 2). Chloro-

exploited to prepare the Boc derivatigdtself). triazine 8 was reacted with Boc-hydrazite(13) to give 14.
Cleavage of the Boc group b0 with trifluoroacetic acid and Treatment ofl4 with CRCOOH followed by basification proceeded

basification of the crude product leads directly to the bicyclic in analogy to Scheme 1, delivering bicyclic hydrazidg conve-

pyrazolonell O-Methylation with accompanying tautomerization niently manipulated as its hydrochloride sal56). Exposure of

of 11 should producel. The prospects of achieving selective 15ato (trimethylsilyl)diazomethane (3 cycles @ 0.6 edfjigave

methylation of a single oxygen in the presence of five nitrogens primarily two products, an O-methylated and an N-methylated
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Figure 1. Possible methylation products 8f(other thanl).

species. The O-methylated species is identical to normethyl-
pseudoiodinine/fluviol A 8), thereby providing independent con-
firmation of their structures. The N-methylated species was an
unplanned bonus since it proved to be identical to nostocine A.
The structure of nostocine &) was originally assigned by X-ray
crystallographic analysis, and the location of the methyl group in
natural 2 was confirmed by NMR (heteronuclear multiple bond
correlation, i.e., HMIBC) spectroscopy. HMBC studfesn synthetic
nostocine A certified the earlier assignments.

While the synthesis ofl2 reported above establishes that the
structurel (= 12) of pseudoiodinine is wrong, the original workers
provided one further piece of information: reaction of normeth-
ylpseudoiodinine ) with diazomethane gives pseudoiodinine in
approximately 12% vyield. With the hope that spectroscopic
techniques had advanced sufficiently in thet3@ears since the
structure of pseudoiodinine was originally examined and that they
might help clarify the situation, we react@with diazomethane
and obtained a 7% vyield of synthetic material with properties
essentially identical to those reported for pseudoiodinine. It
remained only to locate the position of the newly installed methyl
group.

Apart from1, there are five possible methylation product3pf
16—20 (Figure 1). ThelH NMR spectrum of synthetic pseudo-
iodinine contains a resonance for an aromatic hydrogen, eliminating

16 as a possible structure. HMBC spectroscopy reveals that the

hydrogens on the two methyl groups in pseudoiodinine each
correlate with only one-but different-ring carbon, neither of which
bears a hydrogen. That finding exclude® and 18 as possible
structures for pseudoiodinine.

To determine whethefl9 or 20 is the correct structure for
pseudoiodinine, we again turned to synthesis. The synthe&8 of
(eq 1) was begun by reaction of chloro esevith methylhydrazine
to give the bicyclic21 directly (shown to be different from its
previously synthesized regioisomdrl). Reaction of 21 with
(trimethylsilyl)diazomethane is capable of delivering only one
O-methylated produc®(), which it does in 60% yield. The spectra
of yellow synthetic20 show that it is not pseudoiodinine.
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By process of eliminationl9 must be the structure of pseudo-
iodinine. Nonetheless, it was desirable to positively affirm the
identity. That was done: O-methylation of nostocine2) (vhich

we had already synthesized, with ethereal diazomethane gives

pseudoiodinine, identical with the material produced (as described

above) by reaction of3 with diazomethane. The structure of
pseudoiodinine is thus revised fratrto 19 and confirmed by total
synthesig$

In conclusion, these first-reported syntheses of any members of
the naturally occurring pyrazolo[4&f1,2,4]triazine family verify
the structures of nostocine A and fluviol A aand3, respectively,
and lead to the revision of the structure of pseudoiodinine ftom
to 19. Structuresl and19 were also established by total synthesis.
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