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Abstract — Oxidation of 4-methylpyrrole-2-carboxylates with DDQ in the
presence of a glycol proceeded smoothly on the methyl group at the C4 position
regioselectively to afford the corresponding pyrrole-2,4-dicarboxylates directly.
Direct oxidation of a methyl group of 2,4,6-trimethylphenol and
3-methyl-9H-carbazole into carboxylates was also demonstrated.

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) is a highly effective oxidant widely used in organic
synthesis and its mgjor functions include dehydrogenation, such as aromatization of hydroaromatic
compounds, introduction of a double bond into carbonyl compounds, and oxidation of alcohols.
Benzylic oxidation with DDQ in the presence of oxygen nucleophiles gives the corresponding
oxygen-functionalized compounds.  Furthermore, aternative oxidative cyclization and coupling
reactions have been also reported.™?

During our investigation on the syntheses of phytochromobilin (P®B), phycocyanobilin (PCB), biliverdin
(BV) and their analogs including sterically locked derivatives toward elucidation of the structure and
function of phytochromes,’® oxidative functionalization of pyrroles by the use of quinones was explored.
In the case that DDQ was used as an oxidant, the a-position of the alkyl substituent at the C4 position
was regioselectively oxidized in the presence of AcOH to afford 4-(1-acetoxyalkyl)pyrrole derivatives.
In contrast, the corresponding 4-acylpyrroles were produced when MeOH was used instead of AcCOH as a
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nucleophile (Scheme 1).*  The oxidative transformation of 4-methylpyrrole-2-carboxylates with DDQ
and MeOH was successfully applied to the convergent synthesis of sterically locked 5Zal5Ea-BV
derivative.>® Herein we describe a regioselective direct oxidation of  t-butyl
4-methylpyrrole-2-carboxylates with DDQ in the presence of a glycol as a nucleophile to afford the
corresponding 2,4-dicarboxylates.
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First, oxidation of t-butyl 3-[2-(allyloxycarbonyl)ethyl]-4-methyl-1H-pyrrole-2-carboxylate (1A), which
isauseful synthon for the B- and C-ring components of bilin chromophores,® was examined by the use of
4.0 equiv of DDQ in the presence of 15 equiv of ethylene glycol (2a) in CH,CI, in order to trap the
oxidation product as an acetal form. To our surprise, a desired 1,3-dioxolane 6Aa was not obtained but
the corresponding 2-hydroxyethyl ester 3Aa was obtained in 50% yield (Table 1, Entry 1). The
2-hydroxyethyl ester 3Aa might be produced as follows: Oxidation of 1A with DDQ occurred at the C4
position to afford an intermediate 5Aa via nucleophilic attack of the glycol 2a to an intermediary
azafulvene 4A.* The second oxidation of 5Aa with DDQ furnished 6Aa, which was subjected to the
third oxidation, followed by hydrolysis resulting in the formation of 3Aa as shown in Scheme 2, since the
acetal 6Aa might be more easily oxidized by DDQ than 5Aa. Then propylene glycol (2b) instead of
ethylene glycol (2a) was used as a nucleophile for the present oxidation. The corresponding
3-hydroxypropyl ester 3Ab was obtained in slightly enhanced chemical yield (Entry 2). The oxidation
in the presence of 1,4-butanediol (2d) instead of ethylene glycol (2a) also proceeded to give the
corresponding ester 3Ac, but in lower yield along with the formation of aldehyde 8A (Entry 11). The
oxygen atom of the resulting ester carbonyl might be originated from H,O. When the oxidation was

carried out in the presence of 1 equiv of H,O, the chemical yield was AllylO,C

improved as expected (Entry 3). When the amount of H,O was COLAllyl
increased, the chemical yield was decreased (Entries 4 and 5) and the I\

adehyde 8A was obtained (Entry 5). In the present oxidation, the BuOC N T
production of a small amount of a dimeric compound 9 was often o N CO,Bu

observed.” In order to suppress the production of the dimer, the pyrrole



Table 1. Oxidation of 4-methylpyrrole-2-carboxylate 1A with DDQ in the presence of aglycol

COLAllyl CO,Allyl
DDQ (7 equiv) HO'Xb 0
HO-X-0H2 (m equiv)
]\ H,0 (n equiv) _ 1\
N~ COBu  CHLCI, t, Time N~ ~CO,Bu
H H
Entry HO-X—OH 2 | m n TI/rr:‘le 3A Ylel?()/f))f 3A

1 HO-CH,CH,—OH a 40 15 0 21 Aa 50
2 HO-CH,CH,CH,—OH b 40 15 0 15 Ab 52
3 40 15 1 19 65
4 40 15 5 22 63
5 40 15 10 20 55
6° 40 15 1 16 71
7 40 15 1 20 70
8° 45 15 1 15 68
o° 40 30 1 18 70
10 HOCH,C(Me),CH,OH ¢ 40 15 1 15 Ac 67

11  HO-CH,CH,CH,CHOH d 40 15 0 15 Ad 15

Aldehyde 8A was also obtained in 12% yield. °A solution of pyrrole 1A and H,O in
CH,CI, was slowly added to a mixture of DDQ and glycol 2 in CH,CI, in aperiod of 3 h.
°A solution of pyrrole 1A and H,O in CH,CI, was slowly added to a mixture of DDQ and
glycol 2in CH,Cl, inaperiod of 6 h. “Aldehyde 8A was also obtained in 47% yield.
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1A and H,0O were added to the mixture of glycol 2b and DDQ in aperiod of 3 h to obtain the ester 3Ab in
enhanced 71% yield (Entry 6).° Slow addition of 1A and H,O in a longer period did not improve the
yield any more (Entry 7). Furthermore, increase of the amount of DDQ or glycol was not so effective
(Entries 8 and 9). The use of 2,2-dimethyl-1,3-propanediol (2c) as a glycol realized a similar result
(Entry 10).

Next, the oxidation of other pyrroles with DDQ in the presence of a glycol was examined as listed in
Table 2, together with the results of oxidation of 1A. The reaction of t-butyl
3-ethyl-4-methyl-1H-pyrrole-2-carboxylate (1B) afforded esters 3Bb and 3Bc in 58% and 59% yields by
the use of propylene glycol (2b) and 2,2-dimethyl-1,3-propanediol (2c), respectively (Entries 3 and 4).
3,4-Dimethyl-1H-pyrrole-2-carboxylate (1C) was oxidized regioselectively at the C4 methyl group
(Entries 5 and 6). In this case, chemical yield was enhanced up to 71% by the use of
2,2-dimethyl-1,3-propanediol (2c) as a glycol. In the case of 3-phenyl-substituted pyrrole 1D in the
presence of 1b, the reaction proceeded rather slowly to give the corresponding adehyde 8D as a mgor
product, but the yield of an ester 3Db was poor (Entry 7). In the oxidation using the glycol 2c at 40 °C,
reaction was still sluggish to give the ester 3Dc in 27 % yield along with the adehyde 8D (6%) and an
acetal 6Dc (13%) (Entry 8).

In order to reveal the reaction mechanism of the present oxidation, the 1,3-dioxolane 6Aa (Scheme 2) was
treated with DDQ in the presence of ethylene glycol (2a): The oxidized ester 3Aa was obtained in 63%
yield accompanied with aldehyde 8A (7%) (Eq. 1).° This fact supported that the ester was produced via
oxidation of the intermediary acetal 6Aa. Although the oxidation of the 3-phenyl substituted acetal 6Dc
with DDQ was also examined at 40 °C, the reaction was sluggish and the yield of ester 3Dc was low (Eq.
2). The exact reason for the poor reactivity of the phenyl-substituted acetal 6Dc toward DDQ oxidation
is not yet clear, however, steric hindrance of phenyl group, which prevents the attack of DDQ to 6Dc,
might be a possible reason.

It is well known that DDQ oxidation of methyl group on aromatic ring in the presence of MeOH and/or

1,2h,10

H,O gives the corresponding adehydes. Thus, the present DDQ oxidation using a glycol as a
nucleophile was applied to such substrates.  2,4,6-Trimethylphenol (mesitol) (10)*" was converted to an
ester 11 in 77% yield regioselectively in the presence of glycol 2c (Eq. 3). Carbazole compounds are
intriguing because of containing pyrrole skeleton.'®*®  3-Methyl-9H-carbazole (12) was subjected to the

present DDQ oxidation to afford the corresponding ester 13 in 66% yield (Eq. 4).



Table 2. Oxidation of 4-methylpyrrole-2-carboxylates 1 with DDQ in the presence of a glycol

SR G A
Z_g\ H50 (1.0 equiv) g 7\
N CO,Bu CH,Cly, rt, Time N CO,Bu
1 3
Entry R 1 HO-X-OH 2 Ti/rr?e 3 Yiel/&) of 3
1* CH,CH,COAIllyl A  HO—-CH,CH,CH,~OH b 16 Ab 71
2 HO-CH,C(Me),CH,OH ¢ 15 Ac 67
3 CH,CH, B  HO-CH,CH,CH,~OH b 14 Bb 58
4 HO-CH,C(Me),CH,OH ¢ 14 Bc 59
5 CH, C  HO-CH,CH,CH,—OH b 14 Cb 58
6" HO-CH,C(Me),CHOH ¢ 14 Cc 71
7 Ph D  HO-CH,CH,CH~OH b 15 Db g
g’ HO-CH,C(Me),CH,OH ¢ 88 Dc 27

°A solution of pyrrole 1 and H,O in CH,CI, was slowly added to a mixture of DDQ and
glycol 2 in CH.CI, in a period of 3 h. °A solution of pyrrole 1 in CH,Cl, was added
(without addition of H,O) all a once to a mixture of DDQ and glycol 2 in CH.CI,.
°Aldehyde 8D was also obtained in 43% yield. “A solution of pyrrole 1 in CH,CI, was
slowly added (without addition of H,O) to a mixture of DDQ and glycol 2 in CH,Cl, in a
period of 3 h. °Reaction was carried out at rt for 20 h and at 40 °C for 68 h. 'Aldehyde
8D and acetal 6Dc were also obtained in 6% and 13% yields, respectively.

COLAllyl HO COLAllyl
(\O DDQ (2.0 equiv) \—\ O
0] HO-CH,CH,-OH (2a) (15 equiv) (0]
J H,0 (1.0 equiv) . Y . 8A )
N CO,Bu CH.Cl,, rt,17 h N CO,Bu 7%
H H
6Aa 3Aa 63%

HO
0 2 p
o Ph DDQ (2.0 equiv) (o] Ph

HO-CH,C(Me),CH5-OH (2¢) (15 equiv)
I\ 2C(Me),CH; . Y @

N COQ’BU CH2C|2, 40 °C, 4d N COQtBU
H H
6Dc 3Dc 25%




DDQ (4.0 equiv) o)

HO-CH,C(Me),CH,-OH (2¢) (15 equiv)
H,O (1.0 equiv) N HO/><\O @)

10 11 77%

(slow addition, 3 h)
HO
DDQ (4.0 equiv) />r\
HO-CH,C(Me),CH,-OH (2¢) (15 equiv)
O O H,0 (1.0 equiv) O O (4)
CH,Cl,, 1,20 h

H 12 13 66%
(slow addition, 3 h)

As described above, the regioselective oxidation of t-butyl 4-methyl-1H-pyrrole-2-carboxylate was
achieved with DDQ in the presence of a glycol to give the corresponding pyrrole-2,4-dicarboxylates.™
This method could be aso applied to the DDQ oxidation of methyl groups attached to aromatic rings into
the corresponding esters. The direct oxidation of methylarenes to the carboxylic acids and its
derivativesis very important, since such carbonyl derivatives are versatile building blocks in the synthesis
of pharmaceutical chemicals. A variety of oxometal oxidants have been employed for such oxidative
processes.”  The present reaction would provide an efficient method for metal-free oxidation to produce

useful carboxylic acid derivatives.
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