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ABSTRACT

R R’ =

Thermal decarboxylation converts 1,2-dimethylindazolium-3-carboxylate into indazol-3-ylidene, which reacts in situ with ketones to form stable
1:1 adducts. When the reaction is conducted with aromatic aldehydes in alcohols, redox esterifications to benzoates are observed. Model
reactions such as redox esterifications of aromatic aldehydes with sodium alcoholates in the presence of 1,2-dimethylindazolium salt and
oxidations of sodium benzylates by 1,2-dimethylindazolium salt to aldehydes lend support to a Cannizzaro-type mechanism of this reaction.

N-Heterocyclic carbenes (NHC) have attracted considerabletransesterificatiorfsbut also for C—C bond cleavages in
attention in the past few years from both a synthetic and aredox esterifications of chiral formylcyclopropafesnd
theoretical point of view. In the chemistry of carbonyl syntheses offf)-S-unsaturated esters starting from alkynyl
compounds, they have been utilized not only as organocata-aldehydes$,saturated esters fromS-unsaturated aldehydeés,
lysts for the benzoin condensatibrgtetter reactiod,and or a-haloaldehydesand of 5-hydroxy esters from epoxy-
aldehydes. A literature survey on heterazolium-catalyzed

*To whom correspondence should be addressed. He49-(0)5323-

722858. Tel: +49-(0)5323-723861. (3) (a) Grasa, G. A,; Kissling, R. M.; Nolan, S. Prg. Lett.2002,4,
T Clausthal University of Technology. 3583. (b) Nyce, G. W.; Lamboy, J. A.; Connor, E. F.; Waymouth, R. M.;
* University of Bielefeld. Hedrick, J. L.Org. Lett 2002,4, 3587. (c) Nyce, G. W.; Glauser, T.; Connor,

(1) Some representative papers are as follows: (a) Gerhard, A. U.; Leeper,E. F.; Mock, A.; Waymouth, R. M.; Hedrick, J. b. Am. Chem. So2003
F. J. Tetrahedron Lett1997,38, 3615. (b) Dvorak, C. A.; Rawal, V. H. 125, 3046. (d) Burstein, C.; Glorius, Angew. Chem., Int. EQ004,43,

Tetrahedron Lett1998,39, 2925. (c) Knight, R. L.; Leeper, F.J.Chem. 6205.

Soc., Perkin Transl 1998, 1891. (d) Enders, D.; Kallfass, Ahgew. Chem., (4) Sohn, S. S.; Bode, J. WAngew. Chemnt. Ed. 2006,45, 6021.

Int. Ed. Engl 2002,41, 1743. (e) Tachibana, Y.; Kihara, N.; TakataJT. (5) Zeitler, K. Org. Lett.2006,8, 637.

Am. Chem. SoQ004,126, 3438. (6) (a) Sohn, S. S.; Bode, J. W@rg. Lett.2005,7, 3873. (b) Chan, A;;
(2) (a) Stetter, HAngew. ChemlInt. Ed. Engl.1976,15, 639. (b) Stetter, Scheidt, K. A.Org. Lett.2005,7, 905.

H.; Kuhlmann, H.Org. React.1991,40, 407. (c) Enders, D.; Breuer, K.; (7) Reynolds, N. T.; Read de Alaniz, J.; Rovis, J.Am. Chem. Soc.

Runsink, J.; Teles, J. HHelv. Chim. Actal996,79, 1899. (d) Kerr, M. S; 2004,126, 9518.

Rovis, T.J. Am. Chem. So2004,126, 8876. (8) Chow, K. Y.-K.; Bode, J. WJ. Am. Chem. SoQ004,126, 8126.

10.1021/0l0713739 CCC: $37.00  © 2007 American Chemical Society
Published on Web 08/02/2007



reactions appeared recentlivloreover, interesting stoichio-

metric reactions between NHCs and various substrates have

been reported? In the majority of these reactions, NHCs
are generated by deprotonation of cationic precursors.
Alternative approaches for the generatiorN\bheterocyclic
carbenes are thermal eliminations, either starting from
2-alkoxy-substituted imidazolidines or 2,3-dihydrbHmi-
dazole&! or from pseudo-cross-conjugated heterocyclic me-
someric betaines (PCCMB). Thus, pyrazolium-3-carbox-
ylates!? indazolium-3-carboxylate$;*imidazolium-2-carbox-
ylates'® pyridinium-2-carboxylate& and quinolinium-2-
carboxylate¥’ undergo thermal decarboxylations -

heterocyclic carbenes, whereas indazolium-3-amidates ex-

trude isocyanates to NHG%.We report here unexpected

reactions between the NHC of indazole and aldehydes as

well as ketones.

In situ generation of theN-heterocyclic carben@ by
thermal decarboxylation of 1,2-dimethylindazolium-3-car-
boxylate1!*in acetone resulted in the formation of the stable
1:1 adductdain 80% yield (Scheme 1). We assume that the
carbene deprotonates the acetoni€,(p6.5)¢ and that the
resulting enolate adds to the iminium bond of the indazolium
cation 3. This is in accord with the observation that
indazolium salts can be silylated withBuPhSiLi or
methylated with methyllithium at C-3.

This reaction was also applied to cyclic ketones such as
cyclopentanone (pK25.8), cyclohexanone (pK26.4), and
2-cyclohexylcyclohexanone, which gave the adddisd,
respectively’® Under the reaction conditions applied, the
latter mentioned ketone formed a 1:1 mixture of isomers,
resulting from deprotonation of eithex-hydrogen atom.
Acetophenone (g, 24.7) gavede in 87% vyield. Acetyl-
acetone (pK13.3) reacted via the terminal methyl group to
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Scheme 1. Reaction of NHC2 with Ketones
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give the adductif, 83% of which exists in its enol form in
CDCl; solution at rt. To the best of our knowledge, no
analogous reaction have been observed with kndvn
heterocyclic carbenesl-Alkoxycarbonyl-substituted imida-
zolium, thiazolium, and benzothiazolium salts, however, are
able to add in situ generated silyl enol ethers to 2-substituted
imidazolines and thiazoline$.0n performing similar reac-
tions with aromatic aldehydes in alcohols, oxidative esteri-
fications were observed. Thus, heating a mixture of meso-
meric betainel and the aldehydésa—f in ethanol n-propanol,
and n-butanol, respectively, resulted in the formation of
benzoatesa—i (Scheme 2%2 Unreacted aldehydes were
recovered.

In order to gain information about the mechanism of this
redox esterification, we carefully analyzed the reaction
mixtures and performed ab initio calculatiéhas well as
model reactions. Tetrahedral intermediates sud¢h(@sheme
3) are formulated in essentially all-heterocyclic carbene
catalyzed transformations of aldehydes, and a common
premise in the additions of umpolung species to aldehydes

(21) Itoh, T.; Miyazaki, M.; Nagata, K.; Ohsawa, Aetrahedror2000,
56, 4383.

(22) Typical procedure: The mesomeric betain@®.25 mmol, 48 mg)
and benzaldehyde (0.25 mmol) were dissolved in 10 mL of alcohol. The

off under reduced pressure, and the residue was chromatographed (silicamixture was then heated over a period of 3 h. After evaporation of the

gel, petroleum ether/ethyl acetate 4 / 1). Thus, 2-(1,2-dimethyl-2,3-
dihydro-1H-indazol-3-yl)cyclopentanori was obtained as a yellow olil,
yield 30 mg (30 %).
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solvent, the mixture was chromatographed on silica gel with petroleum
ether/ethyl acetate (30:1) to separate ethyl benzéat€13 mg) from
unconsumed benzaldehyde (34 mg).
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Scheme 2. Redox Esterifications of Aldehydes
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(benzoin reaction) and conjugate acceptors (Stetter reaction)

is its conversion to a “Breslow intermediaté”2* However,
in the reaction described here, no traces of benzbinsre

Scheme 3. Breslow Intermediates and Tautomers
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found. On performing the reaction with 2-methylbenzalde-
hyde, however, we were able to isolate the 3-acyl-2,3-
dihydro-1H-indazole8 as a representative of a rather rarely
described class of compounds. Indaz8lis a tautomer of
Il and was isolated in 22% yield. This finding proves the
nucleophilic properties of NHQ toward aldehydes.

Taking the basicity of carben2 into consideration, a

Scheme 4. Proposed Mechanism
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We propose that the in situ generated NRi@eprotonates
the alcohols to form indazolium satand alcoholates which
is an endothermic process (+9.3 kcal/mol) according to the
ab initio calculationg® The alcoholate then attacks the
carbonyl group of the benzaldehydes to intermedides
(—3.0 kcal/mol). Hydride transfer to a second molecule of
aldehyde was excluded from consideration in view of results
of model reactions (vide infra) and the fact that we never
detected benzylic alcohols in our reaction mixtures. Although
this step was calculated to be exothermi(4 kcal/mol),
the disproportionation of the indazolium saland interme-
diate lll to 2,3-dihydro-1H-indazol® and the esteb is
indeed energetically strongly favored (—34.7 kcal/mol).

To prove this mechanistic proposal, we reacted indazolium
salt 3 successfully with benzaldehydes in the presence of
stoichiometric amounts of sodium ethanolate to the benzoic
acid ester$b,c,e(Scheme 5). This is a model reaction for
the oxidation of Cannizzaro-intermedidté

The indazolium salt3 is also able to oxidize freshly
prepared sodium benzylates under inert and anhydrous
atmospheres to benzaldehydes, forn8invghich was detected
by GCMS (Scheme 6). As examples, the reaction was applied

Cannizzaro-type reaction mechanism can be proposed undefg sodium 2,4-dichlorobenzylate, 4-ethylbenzylate, and 2-meth-

the reaction conditions applied (Scheme 4).

(23) Reaction energies for all pathways in consideration have been

calculated at DFT level of theory using the B3LYP functional and the
6-311+G(d, p) basis set. All calculations include zero-point vibrational

energy and account for solvent effects by the self-consistent reaction field

method, utilizing the polarizable continuum model with a dielectric constant
of e = 24.55 for the solvent ethanol. All calculations have been performed
with the program Gaussian 03.

(24) (a) Chan, A.; Scheidt, K. AJ. Am. Chem. SoQ006,128, 4558.
(b) Breslow, R.J. Am. Chem. S0d. 958,80, 3719.
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ylbenzylate, respectively, which gave the corresponding
aldehydesbb,c,ein up to 75% isolated yield (Scheme 5).
Benzylic alcohols, if formed at all in Cannizzaro-type
processes, obviously oxidize to aldehydes under these
reaction conditions. Indeed, the calculation predicted that
protonation of benzylate by the solvent EtOH is disfavored

(25) All calculations were performed for benzaldehyde and ethanol.
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Scheme 5. Model Reactions
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(+2.4 kcal/mol) in comparison to the redox reaction of
indazolium salB8 to 9 and benzylate to benzaldehyde26.3

kcal/mol).
In another model reaction, the indazolium saliwas

reduced by LiAlH, in ether to give9 in 85% vyield as a
yellowish liquid. In accordance with our findings, the

3518

resulting 2,3-dihydro-1,2-dimethylH-indazole 9 decom-
poses on treatment with bases as well as in the presence of
alcohols and silica gel on warming under reconstitution of
indazolium salB. Indeed, this salt could easily be separated
from all reaction mixtures of the series of reactions described
here by simple silica gel filtration.

Scheme 6
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In summary, we can conclude that the pseudo-cross-
conjugated heterocyclic mesomeric betaine 1,2-dimethylin-
dazolium-3-carboxylatd decarboxylates thermally in the
presence of carbonyl compounds to &hheterocyclic
carbene2 which obviously acts as a strong base. Its
protonation gives the corresponding indazolium 3althich
plays either a crucial role as electrophilic iminium salt toward
enolates, or as oxidizing agent in redox esterifications of
aromatic aldehydes in alcohols as well as of benzylates to
aldehydes. Thus, the reactions described here differ from
reactions of otheN-heterocyclic carbenes.
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