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Partially protected 4-amino-1-methylimidazole-2-carboxylic acid derivatives have
been prepared by a convenient route from the corresponding nitro analogue. Such
derivatives, blocked on the amino function with fert-butyloxycarbonyl (4) or formyl
groups (8) and on the carboxy function with benzyl (6) or ethyl groups (2), should
serve as suitable precursors for the synthesis of oligoamides related to distamycin A.
In addition, several intermediates and side-products have been characterized.

Distamycin A (DA, Fig. 1) is a heterocyclic oligoamide
with interesting antibiotic properties, isolated from the fer-
mentation broth of Streptomyces distallicus. Its structure
was elucidated by spectroscopic methods of the parent
compound as well as by its degradation products.!- Several
other structurally related oligoamides such as netropsin,
kikumycin and anthelvencin have also been described and
subsequently studied with respect to pharmaceutical prop-
erties.*’

DA exhibits a broad spectrum of antibiotic properties. In
particular, its antiviral and oncolytic activities have
received considerable attention and over the last two
decades, numerous structure—activity relationship investi-
gations have been carried out.® It appears that this drug,
at least partly, exerts its biological effects by blocking the
template function by binding to specific nucleotide se-
quences in the minor groove of double-stranded DNA. 101!

The structure of DA was confirmed early on by total
synthesis.? In addition, owing to the pharmaceutical poten-
tial of this compound, a wide range of DA analogues was
prepared and screened with respect to antimicrobial activ-
ity. The first derivatives were modified predominantly at
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the aliphatic amidine function or at the formamide end, but
it was soon established that these structural elements were
essential to high potency.® Later synthetic studies also gave
rise to analogues where various aromatic and heterocyclic
moieties such as pyridine, thiophene, thiazole and isoxa-
zole rings were exchanged for the pyrrole ring.>*'%* How-
ever, with few exceptions, the compounds thus prepared
did not display enhanced biological activity in a variety of
different test systems.

Some years ago, we designed a novel efficient synthesis
of DA, in which very mild reaction conditions suitable for
more sensitive structures were used.' This convenient
route was exploited in the preparation of several new ana-
logues. Some of these derivatives lacking a methyl sub-
stituent on one pyrrole nitrogen were found to possess
elevated antiviral activity against herpes simplex virus
type 1 in comparison with DA.!5:16

The preparation of DA congeners containing the corre-
sponding imidazole residue in the pyrrole backbone has
been reported.”” Furthermore, a paper describing the syn-
thesis of 1-methyl-4-nitro-2-trichloroacetylimidazole ap-
peared recently. This compound is claimed to be a suitable
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precursor for obtaining DA related analogues.'® Together
with the assumption that the interaction of DA analogues
with DNA could be facilitated by a stabilizing hydrogen
bond to additional azole nitrogens in the DA molecule,”
these interesting studies led us to consider the incorpora-
tion of imidazole moieties in DA. In order to adhere to
our earlier synthetic scheme, various specifically protected
aminoazolecarboxylic acids (4, 6 and 8) would be required
as building blocks.

Results and discussion

The preparation of key compounds 4, 6 and 8 is outlined in
Scheme 1. Thus, the preferential reduction of the nitro
group of 17 was accomplished by catalytic hydrogenation in
EtOH, the yield being essentially quantitative. Apparently,
this reduction method is superior to procedures involving
Sn/aq. HCI which are known to give chlorinated side-prod-
ucts in a similar case.'”?

The amine 2 was readily tert-butyloxycarbonylated with
Boc-F/Et;N in Et,0-MeCN and 3 was isolated in an excel-
lent yield. The use of Boc,O in CH,Cl,, THF, MeCN or
DMF was less efficient. The reaction proceeded slightly
faster in pyridine but in this case, an impure product was
obtained. However, the reaction took a different course
when 2 was subjected to Boc,O/Et;N in MeCN maintaining
similar conditions and 10 (Fig. 2) could be isolated as the
main product. Only small quantities of the desired 3,
severely contaminated with 2 and other substances could be
found in the remaining fractions. The reason for the forma-
tion of 10 is not well understood. Presumably the more

basic conditions in this case favoured the formation of the
intermediary isocyanate to which a second molecule of
amine is then finally added.

It is also worth emphasizing the importance of working
with rigorously purified 1 in this synthesis. When 1
contaminated with ethyl 1-methyl-4,5-dinitroimidazole-2-
carboxylate'” was used, minor amounts of 9 (Fig. 2) could
be collected in the chromatographic work-up of 3. The
formation of this compound from the dinitroimidazole de-
rivative could be given a rational explanation. It is well
known that a substituent in disubstituted imidazoles can be
displaced by nucleophiles, when one or both of them are
electron-withdrawing. Furthermore, in 4,5-disubstituted
derivatives, the S-substituent is preferentially exchanged
under such conditions.?! In this case EtOH, used as a
solvent, could serve as nucleophile to furnish the 5-ethoxy
analogue of 1. Subsequent reduction and tert-butyloxy-
carbonylation would then give rise to 9.

Alkaline hydrolysis of the ethyl ester 3 afforded the
pivotal acid 4 in good yield after a simple work-up. This
compound is, however, rather unstable when stored under
normal laboratory conditions (see the Experimental).
Thus, spontaneous decarboxylation occurred even at room
temperature and furnished 12a (Fig. 2) as the sole decom-
position product. The 4-nitro analogue was reported to be
sensitive to decarboxylation under similar conditions."”
When the Cs salt of 4 was subjected to reaction with BzIBr
in DMF under anhydrous conditions, the corresponding
benzyl ester 5 was produced in satisfactory yield.'*?? This
esterification method appears to be very suitable in this
case as no side-products due to alkylation of azole nitro-
gens were observed.
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Scheme 1. Reagents: i, H,(Pd/C), 3 h; ii, Boc-F/NEt;, MeCN/Et,0O, 30 h; iii, ag. NaOH (1.2 equiv.); iv, 1: Cs,CO,, aq. EtOH; 2: BzIBr
(1.0 equiv.), DMF, 20 h; v, 80 % agq. CF,COOH, 1 h; vi, HCOOC4F5, CHCl,, 2 h; vii, HCOOH, 26 h; viii, a: Hy(Pd/C), DMF/EtOH, 2 h;

b: as for iii.

68



Boc-NH CO[NH CF4CO-NH
A )
|
N/k N
CHO | COOCHs | COOC,Hs
H
CH; CHy 2
9 10
Boc :R,=Ry=H
AN a:Ry=Hh,y
N b: R, = COOC,Hsg; Ry = H Boc,N
r/ N ¢; R, = R, = COOC,Hs
N d: R, = Boc; Ry = H
| R e: R, = R, = Boc
CH; t: R, = Boc; R, = COOC,H;
12 a-t

Treatment of 5§ with 80% aq. CF;COOH at ambient
temperature removed the Boc group to give the corre-
sponding amine 6.2 Preliminary investigations indicated
that significant amounts (>10 %) of the trifluoroacetamide
analogue 11 (Fig. 2) were formed together with other sub-
stances when neat CF;COOH or mixtures with CH,Cl,
under anhydrous conditions were used as the deprotecting
agent.

Initial attempts employing 2 indicated that the formyla-
tion of such aminoimidazole derivatives could be accom-
plished with HCOOH/dicyclohexylcarbodiimide (DCC) ac-
cording to a standard method.?* Although an acceptable
yield of 7b was achieved under these conditions, the re-
moval of the simultaneously formed dicyclohexylurea
required time-consuming chromatography. Explorative
small-scale experiments also revealed that 2 was slowly
converted into 7b when dissolved in 99 % HCOOH at room
temperature. This reaction proceeded significantly faster
when pentafluorophenyl formate in CHCl, was used as
acylating agent.” Thus, the transformations of 6 and 2 into
7a and 7b, respectively, were readily accomplished in a
very high yield without noticeable formation of by-
products. This efficient and practical formylation is
the method of choice when more acid-sensitive amino de-
rivatives are involved. It was also discovered that 7a could
be obtained in excellent yield by a one-pot procedure from
the Boc analogue 5. Excess HCOOH at ambient temper-
ature efficiently removed the Boc group and the inter-
mediate 6 was then formylated to give 7a of high purity. It
is interesting to note that such direct formylations were not
reported when Boc amino acid derivatives were subjected
to this deprotection procedure.?

The cleavage of the ester function in 7a and 7b
was readily achieved with only one problem. Catalytic
hydrogenation of the former compound smoothly removed
the benzyl group but, due to the low solubility of the acid 8
in most organic solvents, complete recovery of the product
from the solid catalyst support was rather difficult. How-
ever, the alkaline hydrolysis of 7b was more practical and 8
was obtained in quantitative yield after a convenient
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work-up. Obviously, no detectable cleavage of the forma-
mide moiety occurred with this procedure. Paralleling the
behaviour of 4, 8 also lost CO, on attempted recrystal-
lization from EtOH and the expected 4-formylamino-1-
methylimidazole was isolated from the mother liquor.
Alternative approaches for the synthesis of suitably
designed 4-amino-1-methylimidazole-2-carboxylic acid de-
rivatives were also sought but none of these have so far
been successful. In one sequence of experiments, the
introduction of the 2-carboxy function was attempted as
the final step; conventional nitration of 1-methylimidazole
furnished a product mixture from which the 4-nitro isomer
was isolated.” The reduction of the nitro group was ef-
fected by catalytic hydrogenation and the resulting unstable
4-amino-1-methylimidazole was immediately treated with
Boc-F/K,CO; under inert conditions to give 12a in moder-
ate yield. When 12a was allowed to react for an extended
period of time with a large excess of EtOCOCVEtN in
MeCN, essentially mimicking the conversion of 1-methyl-
imidazole into ethyl 1-methylimidazole-2-carboxylate,” a
complex mixture resulted from which 12b and 12¢ could be
isolated in low yields. Evidently, the urethane nitrogen is
more susceptible to electrophilic attack than the 2-position
in the imidazole nucleus as no trace of 3 could be detected.
Therefore, the blocking of this reactive nitrogen site
seemed desirable. Exhaustive tert-butyloxycarbonylation
using Boc,O in the presence of catalytic amounts of
4-dimethylaminopyridine (DMAP) afforded 12d in accept-
able yield.”® Although 12d was the main product in this
reaction, traces of 12e were also formed under these condi-
tions as judged from the 'H NMR spectrum of a chroma-
tographed fraction. Similar DMAP-catalysed electrophilic
substitution reactions of imidazoles have been observed
recently.” In a preliminary experiment using MeOCOCI as
the electrophile and the fully protected 12d as the sub-
strate, only traces of the methyl analogue of 12f were
formed as could be judged from the 'H NMR spectrum of
the reaction mixture before work-up. A 'H NMR study
also revealed that reaction between 12d and MeOCOCI in
CD,CN in the absence of base furnished a transient adduct
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to which was tentatively assigned the structure 13 (a gen-
eral discussion of various aspects of such imidazolium de-
rivatives has been published®). Migration of the N-3 sub-
stituent to the 2-position would give rise to the methyl
analogue of 12f but instead this imidazolium salt slowly
reverted to 12d with the concomitant release of MeCl and
CO,. This decomposition also appeared to be facilitated by
the presence of organic bases such as DMAP and Et;N.
The reference substance 12f was synthesized by exhaustive
tert-butyloxycarbonylation of 3 according to a standard pro-
cedure.®

Perspectives

An exploration of the synthetic potential of the new
imidazole derivatives has been initiated and preliminary
results indicate that these compounds fit well into our pre-
vious scheme. Thus, the condensation of acid 4 with amine
2 using DCC/DMAP in CH,Cl, by analogy with a known
procedure,' afforded the corresponding dimeric amide
fragment in satisfactory yield (84 %). Furthermore, the
formylated analogue 8 has been successfully incorporated
into a novel DA related compound.

Experimental

All melting points were measured on a Gallenkamp
melting point apparatus and are uncorrected. All solvents
used as reaction media were of analytical grade unless
otherwise stated and dried over molecular sieves (4A,
activated at 320°C/0.01 mmHg for 10-15h). TLC
analyses were performed on 0.25 mm thick precoated UV-
sensitive silica plates (Merck DC-Fertigplatten Kieselgel 60
F,5;) and the mobile phases used were CH,Cl,:MeOH 9:1
(A); toluene:MeCN 2:1 (B); petroleum ether (b.p.
40-65°C):Et,0 2:1 (C); CH,Cl,:Me,CO:HOAc 40:10:1
(D); EtOAc:Me,CO:HOAc:H,0 5:3:1:1 (E) and
CH,Cl1,:Me,CO 4:1 (F). TLC spots were visualized by in-
spection under UV-light at 254 nm or, preferentially, after
brief heating, by exposure to Cl, followed by dicarboxidine
spray (violet-blue spots).’! Preparative chromatography
was carried out using silica gel 60 (70-230 mesh). NMR
spectra were routinely recorded with a JEOL FX90Q or a
JEOL FX100 instrument at 90/100 MHz (*H) or 22.5/25
MHz (*C). The 'H NMR signals were tentatively assigned
by comparison of chemical shifts and peak multiplicities.
Elemental analyses were carried out by Mikro Kemi AB,
Uppsala, Sweden. Yields, melting points, spectroscopic
data and other information about most compounds dis-
cussed are compiled in Table 1.

Ethyl 4-amino-1-methylimidazole-2-carboxylate (2). Finely
ground 1Y (299 g, 15.0 mmol, recrystallized from
CCl,:CHCl,4 7:1, 40 ml g™, until free from ethyl 1-methyl-
4,5-dinitroimidazole-2-carboxylate) was suspended in 99 %
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EtOH (150 ml) and hydrogenated at atmospheric pressure
and ambient temperature in the presence of Pd (5% on C,
0.30 g). After 5 h, TLC (A, B) indicated complete reaction
and the catalyst was removed by filtration. The ethanol was
evaporated off at room temperature and the remaining pale
yellow solid was thoroughly triturated with dry Et,O and
the solvent was stripped off at reduced pressure. This pro-
cedure was repeated once. After removal of the last Et,0
portion, the crispy residue was again treated with dry cold
Et,0 (25 ml). The insoluble part was collected by filtration
and carefully rinsed with small portions of cold Et,0O
(3%x10 ml) and meticulously dried under high vacuum. The
yield of crude chromatographically pure (A) 2 was 2.51 g.
This pale yellow powder which was suitable for further
work darkened slowly on exposure to air.

Ethyl 4-tert-butyloxycarbonylamino-1-methylimidazole-2-
carboxylate (3). Finely ground, dried 2 (1.35 g, 8.00 mmol,
freshly prepared) was suspended in dry MeCN (20 ml)
containing Et;N (1.67 ml, 12.0 mmol, freshly distilled from
CaH,). A solution of Boc-F* (1.0 M in Et,0, 10 ml,
10 mmol) was slowly introduced with rapid stirring under
N, at room temperature over a period of 10 min. The
reaction mixture was heated gently with agitation (40°C,
10 min) until a clear, yellow solution was obtained and the
stirring was continued at ambient temperature. The reac-
tion was monitored by TLC (B) and after 5 h more Et;N
(0.84 ml, 6.00 mmol) was added followed by Boc-F so-
lution (5 ml, 5 mmol). After a further 20 h reaction, TLC
still indicated traces of 2 and a final portion of Boc-F
solution (2.5 ml, 2.5 mmol) was added and the resulting
mixture was stirred 4 h at 40°C. The solvent was stripped
off at reduced pressure below 35°C and the resulting dirty
yellow solid residue was partitioned between Et,O (300 ml)
and 1 M aq. NaHCO, (150 ml). The bright yellow aqueous
phase was discarded and the pale yellow Et,O extract was
washed with NaHCO, and satd. NaCl (3x75 ml each),
dried over MgSO, and treated with decolourizing carbon.
Removal of the solvent afforded chromatographically pure
(B, C) 3 as a colourless solid weighing 2.02 g and suitable
for further work. An analytical specimen was obtained by
chromatography in CH,Cl,:Et,O 15:1 and crystallization of
the chromatographed material. Pure 3 precipitated as white
glittering flakes.

When 2 was treated with excess Boc,O/Et;N in MeCN by
analogy with the above procedure until all starting material
was consumed, a dark reaction mixture resulted. Removal
of the solvent and addition of Et,0/1 M aq. NaHCO, gave
a slurry from which essentially pure 10 (B) could be col-
lected by filtration. Thus from 2 (592 mg, 3.50 mmol), a
white solid weighing 320 mg was obtained after rinsing with
H,O and Et,O and vacuum drying. The Et,0O phase in the
combined filtrate contained 3 together with impurities.

* For the preparation of Boc-F: See Ref. 14, footnote 19.



Table 1. Properties of imidazole intermediates.

IMIDAZOLE-2-CARBOXYLIC ACIDS

Comp. Formula (mol. wt.)? Yield (%)®  Solvent for M.p./°C "H NMR (CDCl;, 8/ppm rel. TMS)
recrystallization®
2 C;H,;N;0, (169.18) 99 -d -° 6.37 (s, 1 H, H-5), 4.38 (q, 2 H, CH,CH,),
3.91 (s, 3H, NCHjy), 3.69 (br s, 2 H, NH,),
1.40 (t, 3 H, CH,CH,)
3 C,,HoN;O, (269.30) 94 Hexane—Et,0 6:1 138-138.5 7.21 (s, 1 H, H-5), 7.06 (br s, ca. 1 H, NH),
(30mig™) 4.40 (q, 2 H, CH,CHy), 3.97 (s, 3 H, NCH;),
1.50 (s, 9 H, Boc CH,), 1.41 (t, 3 H, CH,CH,)
4 C,oHisN3O, (241.25) 94 CClI,—CH,CI, 3:1 201-202 10.98 (s, 1 H, COOH), 7.17 (s, ca. 2 H, H-5,
30mig™) (decomp.) NH), 4.14 (s, 3H, NCHj), 1.55 (s, 9H, BocCH,)
5 C;7HN;O, (331.37) 89 Hexane—EtOAc 3:1 174175 7.27-7.48 (complex signal, 5 H, CH,C¢Hs),
(80mig™) (decomp.) 7.22(s, 1 H, H-5), 7.06 (br s, ca. 1 H, NH),
5.37 (s, 2H, CH,C¢H;), 3.95 (s, 3 H, NCH,),
1.49 (s, 9 H, Boc CH,)
6 C;oHy3N;O, (231.26) 89 - - 7.25-7.53 (complex signal, ca. 5 H, CH,C¢H;),
6.34 (s, 1 H, H-5), 5.35 (s, 2 H, CH,C¢H:s),
3.88 (s, 3 H, NCH,), 3.58 (br s, 2 H, NH,)
7a Ci3HiN0, (259.27) 951 CCl,—CH,Cl, 4:1 195-196 10.79 (br s, ca. 1 H, NH), 8.28 (d, 1 H, Jyuuco
(989 (50 mig™) 1.5 Hz, HCO), 7.57 (s, 1 H, H-5), 7.39
(perturbed signal, ca. 5 H, CH,CgHs), 5.37 (s,
2 H, CH,C¢Hs), 3.98 (s, 3 H, NCH,)
7b CgH,1N;0; (197.19) 97! Hexane—-CH,Cl, 3:1 230-230.5 10.41 (brs, ca. 1 H, NH), 8.45 (d, 1 H, Jxpco
(300 mig™") (decomp.) 1.6 Hz, HCO), 7.58 (s, 1 H, H-5), 4.42 (g, 2 H,
CH,CH,), 4.01 (s, 3 H, NCH;3), 1.41 (t, 3 H,
CH,CH;)
8 CgH;N,O; (169.14) 100"7(52) ca. 155 10.65 (br s, ca. 1 H, NH), 8.18 (d, 1 H, Jux neo
(decomp.) 1.6 Hz, HCO), 7.52 (s, 1 H, H-5), 3.90 (s, 3 H,
NCH,)*
9 C,HxNyOs (313.35) -~ Hexane—CCl, 5:1 76-76.5 6.18 (brs, ca. 1 H, NH), 4.36 (q, 2 H,
(30mig™) CO,CH,CHj3), 4.29 (q, 2 H, 5-OCH,CH,), 3.77
(s, 3 H, NCH,), 1.46 (s, 9 H, Boc CHj,), 1.38 {t,
3 H, CO,CH,CH,), 1.37 (t, 3 H, 5-OCH,CH;)
10 CysHxNgOs (364.36) 50 EtOH (30 mig™") 225-226 9.20 (br s, 2 H, NH), 7.30 (s, 2 H, H-5), 4.20 (q,
(decomp.) 4 H, CH,CH,), 3.96 (s, 6 H, NCH,3), 1.19 (t, 6 H,
CH,CH,)
11 C,4H,F3N;O; (327.26) —™ Et,0 (20 ml g7") 121-121.5 9.95 (br s, ca. 1 H, NH), 7.55 (s, 1 H, H-5),
7.30-7.46 (complex signal, 5 H, CH,C¢Hs),
5.34 (s, 2 H, CH,C¢Hs), 4.01 (s, 3 H, NCH;)"
12a CoH,sN;0, (197.24) 61 Et,0 (10 mi g™") 196-198 9.24 (br s, ca. 1 H, NH), 7.14 and 6.98 (2xd,
(decomp.)  together 2 H, J,5 ca. 1 Hz, H-2, H-5), 3.63 (s,
3 H, NCH;), 1.52 (s, 9 H, Boc CH;,)
12d C,sHsN;0, (297.38) 87 Et,0 (30 mig™") 118-118.5 7.34 and 6.79 (2xd, together 2 H, J,5 1.2 Hz,
H-2, H-5), 3.67 (s, 3 H, NCH,), 1.48 (s, 18 H,
Boc CH,)
12f C,7H;N;Og (369.42) 96 Hexane-Et,O0 10:1 134.5-135 6.95 (s, 1 H, H-5), 4.40 (q, 2 H, CH,CH,),

(100 mi g~)

4.00 (s, 3 H, NCH,), 1.47 (s, 18 H, Boc CH,),
1.40 (t, 3 H, CH,CH,)

aGatisfactory microanalyses obtained for recrystallized specimens: C + 0.4, H+ 0.2, N £ 0.3. ®Crude, essentially pure by TLC or

'H NMR. °Decolourizing carbon if necessary. “Not recrystallized. Decomposes slowly on standing. °Not recorded. /Formylation with
pentafluorophenyl! formate. 9One-pot procedure. "Alkaline hydrolysis of 7b. ‘Catalytic hydrogenation of 7a. /Sparingly soluble in all
common solvents. “DMSO-dg. Minor resonances (<10 %) at & = 8.58 (d, HCO, Jyuuco 11.1 Hz) and 7.12 (s, H-5) indicated the
presence of trans conformers. For a brief discussion see the following paper and references therein. ‘Isolated in small amounts by
chromatography of crude 5 when impure 3 containing ethyl 1-methyl-4,5-dinitroimidazole-2-carboxylate was used as the starting
material. "Small amounts formed in the preparation of 6. "'*F NMR: § (CF,CO) —76.05 [8(CFCl,) = 0].
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4-tert - Butyloxycarbonylamino- 1 - methylimidazole-2 - car-
boxylic acid (4). Recrystallized, finely ground 3 (2.69 g,
10.0 mmol) was suspended in water (15 ml) and 1.00 M
NaOH (12 ml, 12 mmol) and the resulting slurry was
heated to 60 °C for 15 min with vigorous stirring whereupon
all solid material dissolved completely. The resulting pale
yellow solution was stirred for 1 h at room temperature and
cautiously acidified to pH ca. 2 with 3 M HCI whilst being
cooled in ice. The resulting jelly was diluted with ice-water
(20 ml) and after ca. 1 h, the gelatinous solid was collected
by filtration, rinsed with ice-water (3%5 ml) and dried in
vacuo. The crispy solid weighing 2.27 g was sufficiently
pure for synthetic work. TLC (D, E) gave one spot. Re-
crystallisation caused partial decarboxylation and 12a could
be detected in the mother liquor. The crystallized material
also decomposed when allowed to stand. Thus, a very pure
sample contained ca. 10 % of 12a after 2 months at room
temperature. Compound 4 was even more unstable in so-
lution and about half remained in a 5% solution in
DMSO-d; after 2 weeks.

Benzyl 4-tert-butyloxycarbonylamino-1-methylimidazole-2-
carboxylate (5). Crude 4 (1.04 g, 4.31 mmol) was converted
into the corresponding Cs salt according to a previous
procedure.' The dried salt was suspended in dry DMF and
treated with BzIBr essentially as described earlier.” When
the reaction was complete, most of the solvent was stripped
off at room temperature (oil pump) and the semi-solid
residue was taken up in Et,0:EtOAc 4:1 (200 ml). The
extract was washed and dried as described above for 3.
Removal of the solvent left a white solid weighing 1.27 g
after repeated trituration with small portions of cold
petroleum ether. TLC (B, C) showed one spot. Recrystalli-
zation gave an analytical specimen as white fluffy crystals.

Benzyl 4-amino-1-methylimidazole-2-carboxylate (6). Re-
crystallized § (1.66 g, 5.00 mmol) was dissolved in 80 % v/v
aq. CF;COOH (25 ml) and the resulting almost colourless
solution was stirred under N, for 1 h at room temperature.
The reaction mixture was then quenched in an ice-cold
mixture of 30 % aq. K,CO; (300 ml), brine (100 ml) and
CH,Cl, (100 ml) in a stream of N, and the pale yellow
organic layer was separated. The aqueous phase was ex-
tracted with CH,Cl, (2x50 ml) and the combined extracts
were washed with satd. NaCl (2x50 ml), dried over
Na,SO, and evaporated to complete dryness. The yellow
semi-solid residue was taken up in dry Et,0 (25 ml) and
again taken to dryness. This was repeated once. The partly
solidified residue was again triturated with dry Et,0O
(10 ml) and the suspension was left in the cold overnight.
The yellow insoluble powder was collected by filtration,
rinsed with cold dry Et,O (3X2 ml) and throroughly dried.
This crude material weighing 1.03 g was pure enough for
further work. TLC (A, B) gave one spot. [From the yellow
ether washings, minor amounts of 11 could be isolated by
chromatography in CH,Cl,:Me,CO 6:1].
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Benzyl 4-formylamino-1-methylimidazole-2 - carboxylate
(7a). (A) Formylation of 6. A solution of crude 6 (1.03 g,
4.44 mmol) in dry CHCI,; (13 ml) was treated with penta-
fluorophenyl formate® (1.89 g, 8.91 mmol) in one portion
with rapid stirring at ambient temperature with exclusion of
moisture. After a few minutes, the reaction mixture be-
came dark and turbid and soon a thick precipitate ap-
peared. TLC (B) indicated complete reaction after 2 h and
the solvent was removed at reduced pressure. The brow-
nish oily residue was treated with dry Et,0O (50 ml) and
again evaporated to dryness. This was repeated once to
remove the last traces of CHCl; and the remaining solid
was triturated with dry Et,O (30 ml). After being chilled
overnight, the tan, fine-grained product was collected by
filtration, rinsed with cold dry Et,O (3x5 ml) and dried at
reduced pressure. The yield of crude, chromatographically
pure (A, B) product was 1.09 g. Recrystallization afforded
an analytical sample as small white needles.

(B) One-pot procedure from 5. Recrystallized 5 (994 mg,
3.00 mmol) was dissolved in 99 % HCOOH (25 ml) and the
clear solution was stirred under N, overnight. Complete
reaction was ascertained by TLC (A) and the solvent was
stripped off at room temperature. The remaining light
yellow solid was redissolved in dry CH,Cl, (25 ml) and
again taken to dryness. This was repeated until the smell of
HCOOH was no longer detectable. The solid residue was
treated with dry ether and worked up as described in the
previous procedure, thus yielding 761 mg of crude 7a in all
respects identical with the sample obtained above.

Ethyl 4-formylamino-1-methylimidazole-2-carboxylate (7b).
Crude 2 (1.18 g, 7.00 mmol) was formylated with penta-
fluorophenyl formate according to the procedure for 7a
from 6. Thus crude, chromatographically pure (A, B) 7b
weighing 1.34 g was obtained after a similar work-up.

4-Formylamino-1-methylimidazole-2-carboxylic acid (8).
(A) Hydrogenolysis of 7a. A solution of 7a (380 mg,
1.47 mmol) in DMF:EtOH 4:1 (40 ml) was stirred under
H, at atmospheric pressure and room temperature in the
presence of Pd (5% on C, 75 mg). After 2 h, TLC (E)
indicated complete reaction and the catalyst was filtered
off and the filter was thoroughly washed with DMF
(1510 ml). Evaporation of the combined washings at
room temperature left a greyish solid which was treated
with dry Et,0 (25 ml) and again taken to dryness. The
residue was thoroughly triturated with dry Et,O (5 ml) and
the insoluble grey powder was collected, repeatedly rinsed
with dry Et,O and dried in vacuo. The crude product,
essentially pure by TLC (E), weighed 130 mg.

(B) Hyadrolysis of 7b. Finely ground 7b (986 mg, 5.00
mmol) was suspended in 30% aq. EtOH (15 ml) and
1.00 M NaOH (6.0 ml, 6.0 mmol), was added. The mixture
was stirred at 45°C for 20 min whereupon all of the solid



dissolved completely and the stirring was continued for 30
min at ambient temperature. After filtration, the clear
solution was cautiously acidified with 3 M HCl to pH ca. 2.
A white precipitate appeared and after several hours in the
cold, the fine-grained solid was filtered off, rinsed with
ice-water (5X3 ml) and sucked dry. The powder was re-
peatedly washed with dry Et,O (5%3 ml) and meticulously
dried in vacuo. The crude, chromatographically pure (E) 8
weighed 846 mg. Attempted recrystallization from hot
EtOH caused extensive decarboxylation and essentially
pure (E) 4-formylamino-1-methylimidazole could be iso-
lated by filtering the cooled solution and evaporating the
filtrate. '"H NMR (CDCl,): & 11.15 (br s, ca. 1 H, NH),
8.32 (s, 1 H, HCO), 7.35 and 7.24 (perturbed signals,
1H + 1 H, H-2, H-5), 3.68 (s, 3 H, NCH,).

4-tert- Butyloxycarbonylamino - 1 - methylimidazole (12a).
Recrystallized, finely ground 1-methyl-4-nitroimidazole?’
(1.27g, 10.0 mmol) in 99% EtOH (100 ml) was
hydrogenated at 1 atm over Pd (5% on C, 0.40 g). The
reaction was monitored by TLC (A, B) and after 4 h only
traces of the nitro compound remained. A solution of
Boc-F (1.0 Min Et,0, 20 ml, 20 mmol) and K,CO, (2.76 g,
20.0 mmol) was added in portions with rapid stirring under
N, over a period of 3 h and the stirring was continued
overnight. TLC then indicated essentially complete re-
action and the catalyst was removed by filtration. After
evaporation, the dark semi-solid residue was partitioned
between EtOAc (160 ml) and 1 M NaHCO; (40 ml). The
pale yellow organic extract was washed with 1 M NaHCO,
(2x20 ml) followed by 0.2 M agq. citric acid (3%20 ml). The
combined bright yellow citric acid phase was washed with
Et,0 (20 ml) and then made alkaline (pH ca. 11.5) with
30% aq. K,CO; (ca. 40 ml). The resulting milky suspen-
sion was extracted with EtOAc (3xX60 ml) and the com-
bined yellow extract was washed and dried as for 3.
Evaporation left a pale yellow solid weighing 1.21 g after
trituration with a small portion of cold ether. TLC (A)
displayed one spot. Recrystallization furnished an ana-
lytical specimen as tiny white crystals.

Reaction of 12a with EtOCOCI/Et;N. A suspension of 12a
(196 mg, 1.00 mmol) in dry MeCN (5 ml) was treated with
9 equiv. of EtOCOCLE;N in three portions over a period
of 24 h whilst being stirred at room temperature under dry
conditions. The resulting brown mixture was left for two
days and then worked up essentially as described above.
The dark viscous mass thus obtained (ca. 0.3 g) was sub-
jected to column chromatography in CH,Cl,:Me,CO 9:1.
First eluted was 12¢ as a yellow oil (40 mg) 'H NMR
(CDCl,): 86.96 (s, 1H, H-5), 4.41 (q, 2 H, ester CH,CH,),
4.22(q,2 H, NCO,CH,CHs), 4.02 (s, 3 H, NCH,;), 1.47 (s,
9 H, Boc CH,), 1.41 (t, 3 H, ester CH,CH;), 1.25 (t,3 H,
NCO,CH,CH;). Continued elution with CH,Cl,:Me,CO
4:1 afforded a brown oil consisting of 12b (75 mg),
'H NMR (CDCL,): 8 7.32 (d, 1 H, H-2), 6.79 (d, 1 H, J,5
1.6 Hz, H-5), 4.23(q, 2 H, CH,CH,), 3.68 (s, 3 H, NCH,),
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1.47 (s, 9 H, Boc CH,), 1.26 (t, 3 H, CH,CH,). Both
fractions gave one spot on TLC (F).

4- [Bis((tert - butyloxycarbonyl) amino] - 1 - methylimidazole
(12d). A suspension of recrystallized, well dried 12a
(1.07 g, 5.43 mmol) and DMAP (66 mg, 0.54 mmol, re-
crystallized from EtOAc) in dry CH,Cl, (8 ml) was treated
with Boc,0O (1.48 g, 6.80 mmol) and the resulting mixture
was stirred at ambient temperature with exclusion of at-
mospheric moisture. After 2 h, all of the solid had dis-
solved completely and stirring was continued overnight.
TLC (A, B) indicated incomplete reaction and the brow-
nish solution was taken to dryness at reduced pressure. The
semi-solid residue was redissolved in dry CH,Cl, (5 ml) and
more Boc,O (370 mg, 1.70 mmol) was added. The result-
ing mixture was refluxed gently until TLC only showed
traces of 12a. Removal of the solvent afforded a dirty
yellow semi-solid residue which was partitioned between
Et,0 (200 ml) and 1 M aq. NaHCO; (100 ml). The pale
yellow ether extract was washed and dried as described for
3. Removal of the solvent afforded a waxy solid which was
chromatographed using CH,Cl,:Me,CO 4:1 as the mobile
phase. First was eluted a small quantity of 12e (ca. 80 mg of
a yellowish oil). '"H NMR (CDClL,): § 6.90 (s, 1 H, H-5),
3.95 (s, 3 H, NCH,), 1.60 (s, 9 H, C-Boc), 1.48 (s, 18 H,
Boc CH;). Continued elution gave chromatographically
pure (A, B) 12d weighing 1.13 g. Recrystallization gave an
analytical specimen as pale yellow flakes.

Reaction of 12d with MeOCOCI. (A) 'H NMR experiment.
A 0.2 M solution of 12d in CD,CN was treated with a slight
excess of MeOCOC! (1.2 equiv.) and the reaction was
studied by '"H NMR at room temperature. After 6 min, a
new set of signals indicating compound 13, appeared in the
spectrum: § 10.82 (dd, 1 H, J,5 1.7 Hz, J5,cn,0.7 Hz, H-2),
7.83(d,1H, J,51.7 Hz, H-5), 4.15(d, 3 H, J2,cu, 0.7 Hz,
NCH,), 4.11 (s, 3 H, OCHs,), 1.42 (s, 18 H, Boc CH;). Gas
was evolved when the reaction was allowed to stand at
ambient temperature and after 5 h 'H NMR spectroscopy
showed that 13 had completely reverted to 12d. 'H NMR
(CD4CN). 8 7.27 and 6.83 (2xd, J,5 1.5 Hz, 2 H, H-2,
H-5), 3.63 (s, 3 H, NCH3;), 1.43 (s, 18 H, Boc CH,) and a
new peak at 6 3.02 indicating MeCl emerged in the spec-
trum.

(B) Small-scale preparative experiment. To a solution of 12d
(99 mg, 0.33 mmol) in dry MeCN (2.5 ml) was added dry
Et;N (0.10 ml) and the mixture was chilled to —25 °C. With
exclusion of moisture, MeOCOCI (45 ul, 0.58 mmol) was
introduced dropwise with rapid stirring over a period of
10 min and the resulting light brown solution was allowed
slowly to reach room temperature. A precipitate appeared
briefly but this redissolved within a few minutes with
concomitant evolution of gas. The brownish mixture was
stirred overnight at ambient temperature and worked up as
described in the procedure for 12d. A white solid (100 mg)
was obtained and 'H NMR of this crude product showed
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that it largely consisted of 12d. Minor peaks at & 6.97 (s,
1H, H-5), 4.01 (s, 3H, NCH,), 3.92 (s, 3H, OCH;)
indicated 2-3 % of the methyl analogue of 12f.

Ethyl 4-[bis(tert-butyloxycarbonyl)amino] - 1-methylimid-
azole-2-carboxylate (12f). To a solution of recrystallized 3
(49.2 mg, 0.182 mmol) and DMAP (2.3 mg, 0.018 mmol)
in dry MeCN (1.0 ml) was added Boc,0O (50 mg, 0.23
mmol) and the resulting mixture was stirred at ambient
temperature with exclusion of moisture. After 1 h TLC
(B) indicated complete reaction and stirring was continued
overnight to decompose excess Boc,0. The solvent was
removed at reduced pressure and the remaining yellow oil
was taken up in Et,O (30 ml). The extract was washed in
turn with 0.2 M citric acid, 1 M NaHCO; and satd. NaCl
(3x10 ml each) and dried over MgSO,. Evaporation to
complete dryness left chromatographically pure (B) 12f
(65.1 mg) as a white solid. Recrystallization gave an ana-
lytical specimen as tiny colourless needles.

Acknowledgements. L.D. was a recipient of a scholarship
from the Government of the P. R. China. Grants from the
Swedish Natural Science Research Council and Stiftelsen
Sigurd och Elsa Goljes Minne as well as access to the NMR
instrument at the Swedish National Board of Health and
Welfare, Department of Drugs, Uppsala, are gratefully
acknowledged.

References

1. Arcamone, F., Penco, S., Orezzi, P., Nicolella, V. and Pirelli,
A. Nature (London) 203 (1964) 1064.

2. Arcamone, F., Orezzi, P. G., Barbieri, W., Nicolella, V. and
Penco, S. Gazz. Chim. Ital. 97 (1967) 1097.

3. Penco, S., Redaelli, S. and Arcamone, F. Gazz. Chim. Ital. 97
(1967) 1110.

4. Arcamone, F., Penco, S. and Delle Monarche, F. Gazz. Chim.
Ital. 99 (1969) 620.

5. Bialer, M. In: Becker, Y., Ed., Antiviral Drugs and Inter-
feron: The Molecular Basis of Their Activity, Martinus Nijhoff
Publishing, Boston 1984, p. 143 (review).

. Chandra, P. Top. Curr. Chem. 32 (1974) 99 (review).

. Hahn, F. E. Antibiotics III. Mechanism of Action of Anti-
microbial and Antitumor Agents, Springer, Berlin 1975,
pp- 79-100 (review).

8. (a) Gale, E. F., Cundliffe, E., Reynolds, P. E., Richmond,
M. H. and Waring, M. J. The Molecular Basis of Antibiotic
Action, 2nd ed., Wiley, New York 1981, p. 345; (b) Hahn,F. E.
In: Sarin, P. S. and Gallo, R. C., Eds., Inhibitors of DNA and

N AN

74

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.
24.
25.
26.
27.
28.
29.

30.

31

RNA Polymerases, Pergamon Press, Oxford 1980, p. 225 (re-
views).

. Arcamone, F., Lazzari, E., Menozzi, M., Soranzo, C. and

Verini, M. A. Anti-Cancer Drug Design 1 (1986) 235.
Zimmer, C. Prog. Nucleic Acid Res. Mol. Biol. 15 (1975) 285
(review).

Gursky, G. V., Tumanyan, V. G., Zasedatelev, A. S., Zhuze,
A. L., Grokhovsky, S. L. and Gottikh, B. P. In: Vogel, H. J.,
Ed., Nucleic Acid-Protein Recognition, Academic Press, New
York 1977, pp. 189-217 (review).

Bailly, C., Houssin, R., Bernier, J.-L. and Henichart, J.-P.
Tetrahedron 44 (1988) 5833.

Arcamone, F. M., Animati, F., Barbieri, B., Configliacchi, E.,
D’Alessio, R., Geroni, C., Giuliani, F. C., Lazzari, E., Me-
nozzi, M., Mongelli, N., Penco, S. and Verini, M. A. J. Med.
Chem. 32 (1989) 774.

Grehn, L. and Ragnarsson, U. J. Org. Chem. 46 (1981) 3492.
Grehn, L., Ragnarsson, U., Eriksson, B. and Oberg, B.
J. Med. Chem. 26 (1983) 1042.

Grehn, L., Ragnarsson, U. and Datema, R. Acta Chem.
Scand., Ser. B 40 (1986) 145.

Krowicki, K. and Lown, J. W. J. Org. Chem. 52 (1987) 3493
and references cited therein.

Nishiwaki, E., Tanaka, S., Lee, H. and Shibuya, M. Hetero-
cycles 27 (1988) 1945.

Grokhovskii, S. L., Zhuze, A. L. and Gottikh, B. P. Bioorg.
Khim. 8 (1982) 1070; Sov. J. Bioorg. Chem. (Engl. Transl.) 8
(1983) 567.

A brief survey of reductions of nitroimidazoles has been pub-
lished: Boyer, J. H. Nitroazoles. The C-Nitro Derivatives of
Five-Membered N- and N,O-Heterocycles, VCH, Deerfield
Beach, Florida 1986, p. 146.

The nucleophilic displacement reactions of polysubstituted
imidazoles have been discussed recently. See Ref. 20, p. 129.
Wang, S.-S., Gisin, B. F., Winter, D. P., Makofske, R.,
Kulesha, 1. D., Tzougraki, C. and Meienhofer, J. J. Org.
Chem. 42 (1977) 1286.

Schnabel, E., Klostermeyer, H. and Berndt, H. Liebigs Ann.
Chem. 749 (1971) 90.

Thomas, J. O. Tetrahedron Lett. (1967) 335; Olah, G. A,
Ohannesian, L. and Arvanaghi, M. Chem. Rev. 87 (1987) 671
(review).

Kisfaludy, L. and Otvés, L. Jr. Synthesis (1987) 510.
Halpern, B. and Nitecki, D. E. Tetrahedron Lett. (1967) 3031.
Takeuchi, Y., Yeh, H. J. C., Kirk, K. L. and Cohen, L. A.
J. Org. Chem. 43 (1978) 3565 and references therein.
Grehn, L., Gunnarsson, K. and Ragnarsson, U. Acta Chem.
Scand., Ser. B40 (1986) 745 and references therein.
Whitten, J. P., McCarthy, J. R. and Matthews, D P. Synthesis
(1988) 470.

Schofield, K., Grimmet, M. R. and Keene, B. R. T. Hetero-
aromatic Nitrogen Compounds. The Azoles, Cambridge Uni-
versity Press, Cambridge 1976, p. 241.

Svahn, C. M. and Gyllander, J. J. Chromatogr. 170 (1979)
292.

Received June 9, 1989.



