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In connection with another study,! we required sub-
stantial amounts of imidazole-2-carboxaldehyde (6, Scheme
1) as an intermediate. Several syntheses of this com-
pound have been reported?® and it is commercially
available (Aldrich). None of the published syntheses is
convenient to carry out on a large scale, and the com-
mercial material is very expensive (>$25/g). It occurred
to us that 6 ought to be preparable by hydrolysis of
2-(dichloromethyl)imidazole (§) which, in principle, should
be obtainable by a Cornforth—Huang’ type of synthesis
from aminoacetaldehyde dimethyl acetal (3) and the
imidate 2 derived from dichloroacetonitrile (1). The
generation of 8 in this way is precedented by the facile
conversion of the remarkably stable 2,3,6,6-tetrachloro-
1,3-diazafulvene® into 4,5-dichloroimidazole-2-carboxylic
acid and various esters thereof® as well as by an analo-
gous series of reactions with 2-(trifluoromethyl)imida-
zoles,'0!! including 2-(trifluoromethyl)imidazole itself.!!
In addition, intermediates closely related to the amidine
4 have been utilized in the synthesis of the aldehyde 6*
and ethyl imidazole-2-carboxylate (11).}2 This publica-
tion describes significant improvements in the synthesis
of imidazole-2-carboxaldehyde (6), imidazole-2-carboxylic
acid (10), and ethyl imidazole-2-carboxylate (11) based
on the above precedents. It also discusses the tempera-
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ture dependent 'H NMR spectra of these compounds in
dipolar aprotic solvents.

When an equimolar mixture of the crude imidate 2 and
aminoacetaldehyde dimethyl acetal (3) was heated neat
at 80 °C for ca. 2 h, the crystalline amidine 4 was isolated
in high yield. This amidine, upon heating at 70—80 °C
(20 h) in formic acid solution and subsequent aqueous
hydrolysis, was converted into imidazole-2-carboxalde-
hyde (6) in essentially quantitative yield (85—87% over-
all). The use of trifluoroacetic acid (TFA) at reflux
temperature in the cyclization reaction gave 6 in ca. 70%
yvield. It is assumed that 6 is formed by hydrolysis of
the primary cyclization product 5, but no attempt was
made to establish the intermediacy of this compound.
This is the most efficient and convenient synthesis of 6
reported to date. It has the additional advantage that
both starting materials are relatively inexpensive (ca.
$0.5/g).18

The efficient generation of 6 described above, encour-
aged us to reexamine the reported cyclization!? of the
trichloroacetamidine 8 which was prepared in nearly
quantitative yield merely by mixing equimolar amounts
of trichloroacetonitrile and aminoacetaldehyde dimethyl
acetal. After 24 h in neat TFA at room temperature, the
amidine 8 is no longer present (Scheme 2). Evaporation
of the solvent in vacuo gave a glassy residue which
consisted mainly of 2-(trichloromethyl)imidazole (9) as
determined by mass spectrometry (no incorporation of
trifluoroacetate). It has not yet been possible to purify
9, but its reactions leave no doubt about its identity. For
example, heating the crude material with ethanolic
sulfuric acid gave the ethyl ester 11 in 65% yield.* It
was much more convenient, however, to simply add
excess ethanol or water to the TFA solution of 9, and after
heating at reflux temperature (1—4 h) ethyl imidazole-
2-carboxylate and imidazole-2-carboxylic acid were ob-
tained in 78 and 93% yields, respectively. This is the
most expeditious and efficacious synthesis of 10 and 11
reported to date.

(13) English and Berkelhammer4 have described a closely related

" synthesis of 6 based on the much more costly diethoxyacetonitrile ($13/

g, Aldrich) which, however, proceeded in only about 50% overall yield.
(14) Berkelhammer, et al.!? reported a 33% yield of 9b using
concentrated sulfuric acid in the cyclization step.
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The 'H NMR spectra of 6 and 11 are interesting in that
they show significant solvent and temperature depen-
dence. For example, in CD3;0D or CDC]; H-4 and H-5 of
the ester 11 appear as temperature independent (at least
in CDCl;) singlets at 6 7.25 and 8.03, respectively. The
equivalence of H-4 and H-5 under these conditions must
be a consequence of a rapid intermolecular proton
exchange between N-1 and N-3 of the imidazole nucleus.
In contrast, in dipolar aprotic strong H-bond accepting
solvents such as DMSO-d¢ or DMF-d; H-4 and H-5
appear as a pair of equiintense singlets which coalesce
to a single absorption on heating. For example, for the
aldehyde 6 these protons appear as two broad singlets
in DMSO-d¢ at 6 7.36 and 7.43'% and two sharp singlets
at 4 7.32 and 7.60 in DMF-d;. Similarly, the ester 11
showed two broad singlets at 6 7.14 and 7.35 in both
solvents.!® Under these conditions of slow exchange!” the
inherent dissymmetry present in 6 and 11 becomes
visible and the rotational barriers about the imidazolyl—
CO bond can be measured. In DMF-d; 6 and 11 have
coalescence temperatures T, of 361 and 329 K with AG*
= 16.9 and 15.4 kcal/mol, respectively. These rotational
barriers are significantly higher than for N-substituted
pyrrole-2-carboxaldehydes (ca. 11 kcal/mol)!® but are not
unreasonable for such compounds. An analogous phe-
nomenon has been reported by Papadopoulos and Hol-
stein'® who showed that the 13C NMR spectra of imidazole-
2-carboxylic acid and various imidazole-2-carboxamides
in DMSO-ds show distinct absorptions for C-4 and C-5
which coalesce to a singlet on warming.

Experimental Section

Proton magnetic resonance spectra were recorded at 200, 300,
or 500 MHz and are reported in ppm (8) downfield from internal

(15) For the aldehyde 6, H-4 and H-5 have been reported5616 to
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was recorded® at 100 MHz at which field strength the singlets we
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dg (100). When we added a small amount of D;O and a trace of CFs-
COOD to the DMF-d; solution of 11, the two singlets of 6 7.14 and
7.35 collapsed to a sharp singlet at § 7.26.
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tetramethylsilane. See Antonio et al.?? for general information
regarding the instrumentation used to obtain the physical
constants of the compounds described herein.

N-(2,2-Dimethoxyethyl)dichloroacetamidine (4). A1 M
sodium methoxide solution (20 mL, 20 mmol) was added drop-
wise to a stirred solution of dichloroacetonitrile (13.7 g, 124.5
mmol) in anhydrous methanol (20 mL) cooled in a dry ice—
acetone bath. After 1.5 h at —78 °C and 1 h at room tempera-
ture, the solvent was removed in vacuo at ambient temperature
to give the crude imidate (15 g) as an oil; IR (CHCl3) 3330, 1670
cem~l; 'H NMR (200, CDCl;) 6 3.87 (s, 3H), 5.97 (s, 1H), 8.27
(bs, 1H, exchanged with D;0).

A mixture of the above imidate and aminoacetaldehyde
dimethyl acetal (11.1 g, 105.7 mmol) was heated in an oil bath
at 80 °C (internal temp) for 1.45 h. The crude product was taken
up in ethyl acetate and subjected to purification by column
chromatography on Florisil using ethyl acetate to elute the
crystalline product 4 (20.1 g, 88% yield): mp 85-89 °C; IR
(CHCly) 3494, 3328, 1638, 1601 cm~!; 'H NMR (200, CDCly)
3.33 (4, 2H, J = 5.3 Hz), 3.44 (s, 6H), 4.56 (t, 1H, J = 5.3 Hz),
6.12 (s, 1H). Anal. Calced for CgH12CloN2Og: C, 33.50; H, 5.62;
Cl, 32.96; N, 13.02. Found: C, 33.34; H, 5.50; Cl, 32.73; N, 12.71.

Imidazole-2-carboxaldehyde (6). A solution of the amidine
4 (5.00 g, 23.2 mmol) in 95—97% formic acid (10 mL) was heated
in an oil bath at 70—80 °C for 20 h. The solvent was removed
in vacuo, benzene was added to the residue, and the mixture
was evaporated to dryness (repeated three times). The residue
was dissolved in water (9 mL), and solid sodium bicarbonate
was added to raise the pH of the solution to 8. The aldehyde
precipitated immediately, The mixture was cooled in the
refrigerator overnight, and the product was collected by filtration
and dried in vacuo. The imidazole-2-carboxaldehyde obtained
in this way (2.21 g, 99% yield) was pure by {H NMR spectros-
copy. A small amount on sublimation at 80—90 °C/2 mm gave
the analytically pure aldehyde, mp 204—205 °C, lit.8 mp 206—
207 °C.

N-(2,2-Dimethoxyethyl)trichloroacetamidine (8). Ami-
noacetaldehyde dimethyl acetal (10.9 mL, 10.5 g, 100 mmol) was
added dropwise to a stirred solution of trichloroacetonitrile (14.4
g, 100 mmol) in THF (25 mL) at —35 to —40 °C (argon
atmosphere). The cooling bath was removed and when the
temperature reached ambient, the reaction mixture was diluted
with ethyl acetate, and the solution was washed with water and
dried over anhydrous sodium sulfate. Removal of the solvent
in vacuo gave an oil (24.55—24.7 g, 98—99% yield) which was
pure and which crystallized spontaneously: mp 44—-45 °C; IR
(CHCls) 3442, 3343, 1671, 1643 cm™!; 'H NMR (200, CDCl3) 6
3.45 (s, 6H), 3.50 (d, 2H, J = 5.3 Hz), 4.57 (t, 1H, J = 5.3 Hz),
5.47 (bs, 1H, lost with D20), 7.35 (bs, 1H, lost with D20). Anal.
Calcd for CeH;11Cl3N2Q2: C, 28.87; H, 4.42; Cl, 42.62; N, 11.22.
Found: C, 28.95; H, 4.49; Cl, 42.53; N, 11.02.

2-(Trichloromethyl)imidazole (9) and Ethyl Imidazole-
2-.carboxylate (11). The amidine 8 (2.00 g, 8.0 mmol) was
added at 0 °C to TFA (2 mL). The solution was then left at room
temperature for 24 h. The solvent was removed in vacuo,
benzene was added to the residue, and the mixture was
evaporated to dryness in vacuo (repeated once) to give impure
9 as a glass: 'H NMR (200, DMSO-dg) & 7.83 (s); m/e (rel
intensity) 188 (2), 186 (4), 184 (5), 153 (12}, 151 (69), 149 (100),
86 (49), 69 (78), 51 (72), 45 (58), 35 (54).

A solution of crude 9 obtained as described above, in absolute
ethanol (20 mL) containing concentrated sulfuric acid (2 mL),
was heated at reflux temperature for 24 h. The ethanol was
removed in vacuo and 5% aqueous NaHCO; was added to the
residue to give a pH 6 solution. Ethanol (50 mL) was added,
and the solution was evaporated (repeated twice). The residue
was slurried with hot ethyl acetate, the mixture was filtered
through a pad of Celite and Florisil, and the filtrate was
evaporated in vacuo giving ethyl imidazole-2-carboxylate (11)
as a solid (0.73 g, 65% yield) which was pure by !H NMR
spectroscopy and was identical to the material obtained as
described below.

Absolute ethanol (20 mL) was added to the TFA solution of 9
(prepared from 2.00 g of 8), and the solution was heated at reflux

(20) Antonio, Y.; De La Cruz, M. E.; Galeazzi, E.; Guzman, A.; Bray,
B. L.; Greenhouse, R.; Kurz, L. J.; Lustig, D. A.; Maddox, M. L,;
Muchowski, J. M. Can. J. Chem. 1994, 72, 15,
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temperature for 4 h. The solvent was removed ir vacuo, ethyl
acetate was added to the residue, and the solution was filtered
through a pad of Act. I neutral alumina. Evaporation of the
filtrate in vacuo gave 11 as a solid (0.87 g, 78% yield) which
was pure by !H NMR. Crystallization of a specimen from ethyl
acetate gave material with mp 175~177 °C, lit.2! mp 178—179
°C.

(21) Kirk, K. L. J. Org. Chem. 1978, 43, 3403.

Notes

Imidazole-2-carboxylic Acid (10). Water (5 mL) was added
to a TFA solution of 9 (prepared as described above from 2.00 g
of 8), and the solution was heated at reflux temperature for 1 h.
The solvent was removed in vacuo, benzene was added to the
residue, and the mixture was evaporated to dryness in vacuo
(repeated twice). The solid residue was crystallized from 2-pro-
panol—THF to give pure 10 (0.84 g, 94% yield), mp 166—167
°C, lit. mp!! 163—164 °C.
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