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Regioselective Oxidation of 4,5-Disubstituted Pyrazoles:
Controlled by Resonance Stabilization versus Hyperconjugation
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DDQ (2,3-dichloro-5,6-dicyano-1,4-benzoquinone) is one
of the most frequently used reagents to perform several
organic transformations such as dehydrogenation'® or
oxidation of allylic and benzylic alcohols."® DDQ also has
been used for the deprotection of several protecting groups
from alcohols such as allyl, p-methoxybenzyl (PMB), and
dimethoxy benzyl (DMB) groups.'*®

Recently, we reported the synthesis of polysubstituted
pyrazoles® and oxidation of the pyrazoles into indazoles by
DDQ oxidation.” During the oxidation of pyrazole 1a with
DDQ,? we observed an interesting regioselective formation
of 2a (58%) by the moisture in the reaction medium
(Scheme 1). In the reaction we could not find other
regioisomeric alcohol derivatives. Intrigued by the selective
formation of 2a we intended to examine the selective
oxidation of pyrazole derivatives with DDQ. In order to
increase the yields of oxygenated products we used
carboxylic acids and wish to report herein the results.

For the mechanism of DDQ oxidations, initial rate
determining hydride abstraction by DDQ from the substrate
to form the carbocation intermediate is generally accepted.>
Following proton transfer from the carbocation leading to
hydroquinone formation is a rapid process.’> Thus, dehydro-
genation is dependent upon the degree of stabilization of the
incipient carbocation and is enhanced by the presence of
functionality capable of stabilizing the transition state.

The carbon atom of the carbocation (I) is positioned at the
oposition of an enamine-like moiety of pyrazole ring, while
the carbon atom of the carbocation (II) is positioned nearby
the electron-withdrawing imine functionality (Scheme 1). In
addition, carbocation (I) can be stabilized further by the
resonance effect of the phenyl group at the 3-position of
pyrazole ring. Thus, when we consider the resonance stabili-
zation effects, selective formation of carbocation (I) and 2a,
as a result, could be easily understood.

In order to examine the generality of this selectivity we
examined the oxidation of pyrazoles 1a-d with DDQ in the
presence of carboxylic acid as the carbocation quencher. As
expected pyrazole 1a was transformed into 2b (62%) with
acetic acid (Scheme 1 and entry 1 in Table 1). We did not
detect nor isolate the other possible regioisomer. This was
true for most of the other cases as shown in Table 1 (entries
2-5) irrespective of the kinds of carboxylic acids. However,
when we carried out the reaction with 1d, we obtained 2g' as
the major product instead of 2g (entry 6). The two
compounds 2g and 2g' were very difficult to separate and we
determined the ratios (2g/2g' = 1 : 4) based on 'H NMR
spectrum of the mixtures (see, Experimental section). With
propionic acid and 1d, we obtained a mixtures of 2h and 2h'
in a ratio of 1 : 12 (entry 7). Fortunately, the major isomer
2h' could be isolated in pure state after determination of the
ratios in this case. The results can be easily explained when
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Table 1. Selective functionalization of pyrazole derivatives
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Figure 1. Most effective hyperconjugation.

we consider the hyperconjugative stabilization effect.” The
corresponding carbocation of 1d (Figure 1) can be stabilized
by hyperconjugation with the C-H s-bond as shown. From
the results of selective formation of 2g' over 2g and 2h' over
2h, we could conclude that the hyperconjugation effect
surpasses the resonance stabilization effect in these cases. As
depicted in Figure 1, the carbocation of 1a can also be
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Figure 2. NOE results of 2b and 2c.

stabilized via the hyperconjugation effect with the C-CH3 o~
bond. The structures of products 2b-h' were identified with
the IR, 'H and "*C NMR, NOE (Figure 2), and/or mass data.

In summary, we prepared some functionalized pyrazoles
by the selective formation of carbocation intermediate with
DDQ and the following reaction with carboxylic acids. In
the oxidation, resonance stabilization and hyperconjugative
stabilization effects played important roles for the selective
formation of the more stable carbocation.

Experimental Section

Typical procedure for the synthesis of 2b: A stirred
mixture of 1a (151 mg, 0.5 mmol), DDQ (250 mg, 1.1
mmol), and AcOH (81 mg, 1.35 mmol) in benzene (5 mL)
was heated to reflux for 24 h. After removal of the solvent
and column chromatographic purification process (hexanes/
ether, 8 : 1) we obtained pure 2b as clear oil, 112 mg (62%).
Compounds 2c¢-h' were synthesized similarly and the
spectroscopic data are as follows.

Compound 2b: 62%; oil; IR (KBr) 1732, 1504, 1369 cm™;
'H NMR (300 MHz, CDCl3) 6 0.99 (s, 3H), 1.03 (s, 3H),
1.59-1.68 (m, 1H), 1.74 (s, 3H), 1.91-2.01 (m, 1H), 2.73-
2.95 (m, 2H), 5.83 (s, 1H), 7.11-7.14 (m, 2H), 7.19-7.33 (m,
8H); *C NMR (75 MHz, CDCls) & 19.94, 20.68, 24.17,
24.47, 32.43, 34.89, 71.38, 116.05, 124.74, 126.89, 128.37,
128.43, 128.66, 129.51, 129.92, 139.86, 141.16, 149.69,
170.15; ESIMS m/z 361 (M*+H).

Compound 2c¢: 46%; oil; IR (KBr) 2958, 2931, 1739,
1597, 1504, 1381, 1230 cm™'; "TH NMR (300 MHz, CDCl3) §
2.09 (s, 3H), 2.41 (s, 3H), 4.97 (s, 2H), 7.17-7.36 (m, 10H);
C NMR (75 MHz, CDCls) & 11.93, 20.99, 57.05, 113.96,
124.78, 126.99, 128.54, 128.63, 128.73, 129.50, 129.79,
139.69, 143.06, 149.53, 170.93; ESIMS m/z 307 (M™+H).

Compound 2d: 41%; oil; IR (KBr) 2920, 1739, 1597,
1504, 1377, 1230 cm™"; '"H NMR (300 MHz, CDCl;) 62.09
(s, 3H), 2.41 (s, 3H), 4.95 (s, 2H), 7.12-7.35 (m, 9H); *C
NMR (75 MHz, CDCl;) 6 11.94, 21.01, 56.87, 114.24,
124.88, 127.29, 128.01, 128.94 (2C), 131.08, 134.91,
139.49, 141.85, 149.71, 170.88; ESIMS m/z 341 (M™+H),
343 (M*+2+H).

Compound 2e: 47%; oil; IR (KBr) 2978, 2939, 1736,
1597, 1504, 1377 cm™"; '"H NMR (300 MHz, CDCl;) §1.16
(t, J = 7.5 Hz, 3H), 2.36 (q, J = 7.5 Hz, 2H), 2.41 (s, 3H),
4.95 (s, 2H), 7.13-7.34 (m, 9H); "*C NMR (75 MHz, CDCl;)
09.11, 11.93, 27.58, 56.74, 114.35, 124.83, 127.24, 128.01,
128.89 (2C), 131.05, 134.85, 139.46, 141.76, 149.67,
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174.25; ESIMS m/z 355 (M*+H), 357 (M*+2+H).

Compound 2f: 49%; oil; IR (KBr) 2966, 2931, 1736,
1597, 1504, 1381 cm™'; 'TH NMR (300 MHz, CDCl;) §0.96
(t, J=17.5 Hz, 3H), 1.67 (sextet, 2H), 2.31 (t, J = 7.5 Hz,
2H), 2.40 (s, 3H), 4.95 (s, 2H), 7.12-7.34 (m, 9H); *C NMR
(75 MHz, CDCl;) ¢ 11.91, 13.63, 18.47, 36.21, 56.65,
114.35, 124.84, 127.25, 128.02, 128.90 (2C), 131.04,
134.85, 139.47, 141.78, 149.67, 173.48; ESIMS m/z 369
(M*+H), 371 (M™+2+H).

Compounds 2g and 2g' were separated together in a ratio
of 1 : 4 (based on 'H NMR) in 46% yield. IR and mass
spectra were taken as a mixture: IR (KBr) 2981, 2931, 1736,
1597, 1504, 1373, 1242 cm™'; ESIMS m/z 321.2 (M*+H).

Compound 2g: '"H NMR (300 MHz, CDCls) 61.36 (t, J =
7.5 Hz, 3H), 2.08 (s, 3H), 2.80 (q, J = 7.5 Hz, 2H), 4.97 (s,
2H), 7.13-7.37 (m, 10H).

Compound 2g': '"H NMR (300 MHz, CDCl;) §1.73 (d,J=
6.6 Hz, 3H), 2.10 (s, 3H), 2.11 (s, 3H), 6.15 (q, J= 6.6 Hz,
1H), 7.13-7.37 (m, 10H).

Compounds 2h and 2h' were separated together in a ratio
of 1 : 12 (based on 'H NMR) in 49% yield. Pure 2h' was
isolated by column chromatography after checking the ratio
of 2h/2h’.

Compound 2h: "H NMR (300 MHz, CDCl;) §1.16 (t, J =
7.5 Hz, 3H), 1.35 (t, /= 7.5 Hz, 3H), 2.36 (q, J = 7.5 Hz,
2H), 2.80 (q, J = 7.5 Hz, 2H), 4.97 (s, 2H), 7.14-7.35 (m,
10H).

Compound 2h': oil; IR (KBr) 2985, 2931, 1736, 1597,
1504, 1373, 1188 cm™"; "H NMR (300 MHz, CDCl;) 51.18
(t, J=7.5 Hz, 3H), 1.72 (d, J = 6.6 Hz, 3H), 2.10 (s, 3H),
2.40 (q, J=17.5 Hz, 2H), 6.16 (q, J= 6.6 Hz, 1H), 7.14-7.35
(m, 10H); *C NMR (75 MHz, CDCl;) 6 8.47, 9.16, 19.33,
27.78, 66.33, 114.38, 124.77, 126.77, 128.08, 128.40,
128.63, 129.93, 130.44, 140.03, 140.89, 150.82, 173.91;
ESIMS m/z 335 (M*+H).
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