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The synthesis of 1 H-indazoles is achieved from  o-aminobenzoximes by the selective activation of the oxime in the presence of the amino
group. The reaction occurs with a variety of substituted o-aminobenzoximes using a slight excess of methanesulfonyl chloride and triethylamine
at 0-23 °C and is amenable to scale-up. The synthesis of 1  H-indazoles under these conditions is extremely mild compared with previous
synthetic approaches and affords the desired compounds in good to excellent yields.

The diverse pharmacological properties exhibited bi 1 Condensation reactions ad-fluorobenzaldehydes and
indazoles have sparked the emergence of novel methodexcess hydrazine provide a metal-free synthesis of 1H-
toward their synthesis. The use oH4ndazoles as anti- indazoles; however, the method is limited in scope and
cancer, -inflammatory, and -microbial agents has beenrequires the use of the-fluoroarenes. The palladium-
documented in recent patents and publicatioAéthough catalyzed synthesis ofHktindazoles from aryltosylhydrazones
many new methodologies have been reported to synthesizeequires high catalyst loadings and only provides tosyl-
1H-indazoles, a mild, general method still remains an protected indazolesOther recent metal-catalyzed routes to
ongoing challenge. 1H-indazoles employ low catalyst loadings of CuO but give
Classical routes toH-indazoles typically require harsh  N-methylindazoles in moderate yieltland an iron-catalyzed
or inconvenient conditions such as diazotizations and nitro- route to H-indazoles fromo-nitrooximes requires 15¢C
sation reactions.The large number of recently published and a high pressure of COMost recently, Yamamoto
methods that aim to improve the traditional routes -1 reported the synthesis oHlindazoles via the 1,3-dipolar
indazole signifies the importance of these compounds. cycloaddition of arynes and diazoalkarie¥ve report a
simple, metal-free synthesis of substitutédtibdazoles that
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the use of carbanions as nucleophfleEhe idea to use
electrophilic amination to synthesize indazoles was inspired tpje 1. Synthesis of 1H-Indazoles from Oximes
by a report from Hassner in 1962, which described the

synthesis of a pyrazole ring via NN bond formation fy OH 1.2 equiv MsCl A
between an amine and an oxime frofi-aminooxime using R—@N 20 oquv NEG R—@\/\éN
DCC? We hypothesized that selective activation of an oxime NH, DCM, 0-23 °C N

can occur over an arylamino group, which would then prompt entry oxime indazole yield(%)?
an intramolecular attack onto this activated oxime by the CHs CH,

amino group and produce the desirdd-ihdazole (eq 1). 70
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Activating Agents Tested:
acetyl chloride, Boc,O, methyl chloroformate, MsCl, TsCl N -OH
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We attempted to isolate protecteeaminophenyl oxime
compounds by combining a number of activating agents and
bases in the presence of the oximesedmino acetophenone
(eq 1). Initial experiments toward this goal involved screen-
ing reagents that could activate the hydroxyl group of the
oxime, while leaving the arylamine untouched. Among this
group,o-aminophenyl oxime protected as the carbonate was 5
isolated. However, the formation of the correspondikty 1
indazole from this compound occurred in low yields in the
presence of various bases. Ultimately, the combination of 6
methanesulfonyl chloride (MsCl) and triethylamine (B)Et
directly formed the desiredHindazole. Initially, the reaction
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occurred in unpredictable yields that ranged from 11% to . N’ @\/QN g2
30%. We soon discovered that the concentration and stoi- NH, H'
chiometry of each reaction component greatly determined CeHy-p-Br CoH,-p-Br
the amount and identity of indazole product. . n-OH @E\(

By adjusting the reagent concentrations of MsCl andsNEt NH, N‘N 81
and the reaction temperature, we found a fast and reliable CeHy-p-F HCBH4-p-F
route to H-indazoles. Table 1 shows the oxime starting -OH

materiald® and correspondingH-indazole products obtained 86

under our conditions. The primary use of oximes occurs in
their formation of amides or nitriles via the Beckmann . ) ) )
rearrangement. The propensity of similar substrates to |nfor'§1°;f}gendfg're('jista‘ﬁfd%’}Oi‘é%rﬁf’ei.‘)f two reactions. Refer to Supporting
undergo this rearrangement was a concern as this reaction

can occur at ambient temperatdtédowever, we observed _ )
little or no Beckmann rearrangement product in entrie§.1— Because of the success of the reactions conducted in Table

Another concern was the use of oximes withprotons 1, we subjected several secondary aniline oxime derivatives

such as entries-14, because similar substrates have been (© the optimized conditionsN-Methylaniline oxime gave
shown to undergo facile Neber rearrangement at thesehigh yields (Table 2, entry 1); however, other substitution
temperature& but products related to this reaction were not ©On the aryl nitrogen provided reactions that gave lower yields.
observed. Despite these potential side reactions, the converln the case of alN-phenyl oxime derivative (not shown), a
sion of oximes to H-indazoles under these conditions is COMPlex mixture of products was observed in theNMR
facile and avoids most of the issues described above. ThisSPectrum. Other aryl anilines, such as entry 3 in Table 2,
method is also amenable to larger scale reaction$, g of provided a low yield of the desired indazole. Upon treatment

o0-aminoacetophenone oxime was converted to the corre-Of 0-aminobenzaldoxime (Table 2, entry 4) using our

sponding 3-methylindazole in 70% yield. optimized conditions, we recovered 69% of o-aminobenzo-
nitrile, whereas alternative reagents such as TsCl/pyridine
(8) Campbell, M. J.; Johnson, J. Srg. Lett.2007,9 (8), 1521—1524. provided a mixture of products. However, exposure of the

(9) Hassner, A.; Michelson, M. J. Org. Chem1962,27, 298—301. _ami i i _
(10) Starting ketones and aldehydes were bought or prepared by the0 aminobenzaldoxime to 2.0 equiv of MsCl and hEt—20

addition of a Grignard reagent maminobenzonitirile or Friedel—Crafts ~C gave the mesylated indazole in 52% yield.
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acyll:’iltioCS OfOLnit[r)O_benzoyl CTII_Orid?SP(Sei Sdlépporting InfOLmation)-Z The mechanism of this reaction is thought to proceed via
o tuca, L. D.; Giacomelli, G.; Porcheddu, 8. Org. Chem2002, initial mesylation of the oxime, followed by the nucleophilic
(12) Taber, D. F.; Tian, WJ. Am. Chem. So@006,128, 1058. attack of the arylamine at the %pitrogen center. Thus, for

1022 Org. Lett, Vol. 10, No. 5, 2008



Table 2. Synthesis of H-Indazoles from Oximes Scheme 1

Ry N Zoxime(%) brod (o0
@N,OH 1.2 equiv MsCl i %\H’; NHz NPOH 1.2 equiv MsCl }-0 M
NHR 2.0 oduy N N \O/ 2O eadvNEts W oae by
dl DCM, 0.05 M N 752 59.1
entry oxime indazole yield(%)? (E),(2)-oxime 0-23°C H 100.0 86.0
CH; CHs

1 n" ©\/\<N 87
NH N The reaction containing 100% of thE)toxime gave less
CHg CHs than 5% of the corresponding 1H-indazole, whereas the
©Hs o CHg increase of (Foxime corresponded to an increase in the

5 N’ N 70 desired product. Under these conditions, it is unlikely that
NTNF N the oximes are isomerizing, since partial isomerization of
'éH3 ~/ch, oximes has been shown to occur under acidic conditions or

§-OH { N at elevated temperaturés.

8 NH [ I N~N In summary, we report a facile strategy toward the
s Ts synthesis of 1Hndazoles. This mild method affords a broad
< -OH CN range of substitutedH-indazoles and is amenable to scale-

4 C(\ C[ 69 up. The application of this strategy toward the synthesis of
NHz NHz otherN-heterocycles is currently being explored. Additional

] @f\\N.OH ©\/\\N sob future studies will employ monoarylated anilines, which
NH, N WOUId_ provu_je an alternative route to the metal-catalyzed

Ms arylation of indazoles.

a|solated yields are an average of two reactidrReaction conducted )
at —20 °C with 2 equiv of MsCI. Acknowledgment. This work was generously supported
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this intramolecular nucleophilic substitution mechanism to  gypporting Information Available: Experimental pro-

be plausible, the geometry of the oxime would have to be cequres and characterization of all compounds. This material

consistent with the hydroxyl group of the oxime distal t0 s gyajlable free of charge via the Internet at http:/pubs.acs.org.
the amino group, which is thezj-isomer in this case. To

investigate this hypothesis, isomeric mixtures of (2-amino- ©L800053F
phenyl)(furan-2-yl) methanone oxime were subjected to our
standard reaction conditions (Scheme 1). (13) Doridot, G.; Joullie, M. MOrg. Lett.2007,9, 977.
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