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A new type of donor —acceptor cyclopropane has been prepared from commercially available cyclopropane-1,1-diesters. This cyclopropane
reacts with triflic anhydride to produce an isolable tristrifloxy intermediate which when treated with primary amines gives 6-trifloxy-7-azaindolines
which in turn can be dehydrogenated to the azaindoles. The 6-trifloxy substituent can be used to introduce diversity at this position via a
variety of cross-coupling reactions thus preparing potentially interesting compounds based on the important 7-azaindole pharmacophore.

The importance of the indole moiety in both natural products inhibitors investigated by Johnson and Johrisstand as
and pharmaceutical chemistry is well understood, due in no examples of unnatural bioactive 7-azaindoles (Figure 1).
small part to the vast number of bioactive natural products
as well as medicinally important unnatural compounds based
on the benzopyrrole skeletdrSome of the drawbacks of
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been replaced by a nitrogen aténi-Azaindoles, in par-
ticular, are of interest because the proximity of the two

nitrogen atoms allows this ring system to mimic purines in

its role as a hydrogen-bonding partner. Although a relatively RN NTR NH

few natural products contain the 7-azaindole motif (variolin Variolin B BMS-378806 GSK-3p inhibitors
B is one of the fewd), it is the subject of pharmaceutical Figure 1. Representative 7-azaindoles.

patent literature too extensive to reference here, although the
HIV attachment inhibitor BMS-37880@6and the kinase
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Scheme 1. Proposed Synthesis of a Nakadomarin A
Substructure

to us, namely, nakadomarin A (4). We were disappointed to
discover that these cycloadditions which had proceeded so

smoothly with other substrates, failed with this cyclopropane.

We were, however, able to activate this cyclopropane toward

nucleophilic ring opening with various amines under the
influence of triflic anhydride. This communication describes
this chemistry and a novel, flexible, and efficient synthesis
of 7-azaindoles.

Cyclopropanel was prepared from the commercially
available 1,1-dicarbomethoxy cyclopropahim the manner

which had served us so well previously for the activation of
cyclopropane diesters, led to no reaction at ambient tem-
perature and decomposition at higher temperatures. Stronger
Lewis acids such as BFetherate or TiClled to decomposi-
tion.

At this time, we turned to an alternative activation via
triflic anhydride? Treatment ofl with Tf,O and pyridine in
CH.CI; led to relatively clean formation of the tristriflate
11 (Scheme 4). In the absence of pyridine, the reaction

Scheme 4. Reaction ofl with Triflic Anhydride
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produced in a near 1:1 mixture @flL and the dihydrofura-

shown in Scheme 2. Monoammonolysis of the diester moiety Nopyridine12.

Scheme 2. Preparation of Cycloproparte
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followed by DIBAL reduction produces amido aldehy6le
in 54% overall yield. HornerEmmons olefination of the

aldehyde followed by a base-induced ring formation produces o

the target cyclopropang.

Our initial attempts to activatd toward ring-opening
reactions with Lewis acids were met with unequivocal failure.
We had envisioned an activated complex such7 as 8
(Scheme 3) which would, in the presence of a suitable

Scheme 3. Proposed Ring Opening of Cyclopropahe
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nucleophile, open to form an aromatically stabilized anion
such a® or 10. Lanthanide triflates and magnesium iodide,
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The synthetic utility ofl1 with its three potential elec-
trophilic sites was immediately obvious. It was felt that
treatment of11 with a nucleophile capable of a double
displacement would first react with thé tiflate via an &2
process followed by an intramoleculag/8 reaction. To this
end,11 was treated with a variety of°’lamines in CHCl..
The result was the clean formation of 6-trifloxy-7-azaindo-
lines in 76-88% yields (Scheme 5). The adducts could be

Scheme 5. Synthesis of 7-Azaindolines and 7-Azaindoles
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dehydrogenated with Mngn benzene to yield the 7-aza-
indoles in 79—91% vyields. It is interesting, but not totally
unexpected, that a secon@/8 reaction of the other aryl
triflate moiety did not occur. Clearly, the intramolecular S

Ar reaction was faster, and moreover, the replacement of
one trifloxy group with an amino group deactivated the ring
toward subsequent nucleophilic attack.
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references therein.
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With the aim of preparing more substituted 7-azaindoles,
we investigated the preparation of the cyclopropde
(Scheme 6). Diazo transfer i® using 2-azido-3-ethylben-

Scheme 6. Preparation of Cycloproparte
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zothiazolium tetrafluoroborate resulted in the preparation of
16 in 73% yield. A rhodium-catalyzed carbenoid insertion
to styrene resulted in the formation of the target compound
albeit in low yield® All attempts to employl7 in ring-
opening chemistry met with failure.

With 7-azaindolesl4a—f in hand, we sought to utilize
the remaining trifloxy group toward the installation of
diversity via either SAr or cross-coupling reactions. Treat-
ment of 6-trifloxy-7-azaindoles such a4 with a variety of
nucleophiles under even forcing conditions failed to produce
substitution products. Cross-coupling reactions, however,
were far more productive. Table 1 shows a variety of cross-
coupling reactions of trifloxy-7-azaindole$4a or 14c.
Suzuki, Sonogashira, Stille, Heck, and carbonylation reac-
tions were all successful in the installation of functionality
at position-6. This cross-coupling study is only a survey, and

Table 1. Cross-Coupling of 7-Azaindoles

one may imagine that, considering the advances in cross-

coupling chemistry, an enormous degree of molecular
diversity may be installed.

In conclusion, we have prepared a new deracceptor
cyclopropane and probed its reactivity in ring-opening
reactions. Triflic anhydride was effective in activating the
cyclopropane toward ring opening. The product of ring

handle for building molecular complexity via a variety of
cross-coupling reactions.

(8) One of the reviewers has suggested the use of a bulkier rhodium
catalyst to suppress suspected carbenoid dimerization side reactions. Thi
will be explored in future studies.
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o Z gy |
Ph 6} Bn
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Pd(PPh,),Cl, al N
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4 14a CH,=CHSnBu;4 21 N
DMF/ LiCl | N
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Me N \
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