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The structure of the condensation product of 2-amino-3-ethoxycarbonyl-1-azaazulene and
formamide is proved not to be the expected cyclohepta[2,3]pyrrolo[5,4-d]pyrimidine deriva-
tive, but 5,6-pentamethylene-7H-pyrrolo[2,3-d]pyrimidin-4(3H)-one. The chemical properties
of the obtained pyrrolo-pyrimidine are investigated, and then the tautomerism of the above
compound is discussed.

Many heterocyclic compounds containing

pyrimidines and purines are physiologically very
important substances. Therefore, it is interesting
to synthesize unsaturated seven-membered ring
systems (such as tropolones and azulenes) which
condensed with such heterocyclic nuclei, and to in-
vestigate the chemical and physiological properties
of the resulting new heterocyclic compounds.

For this purpose, we attempted the condensation
reaction of 2-amino-3-ethoxycarbonyl-l-azaazul-
ene (I) with formamide, expecting to obtain a
cyclohepta[2,3]pyrrolo[5,4-d]pyrimidine deriva-
tive such as (A). The condensation reaction was
carried out in excess formamide by means of a
modification of the method of Robins et al.3,4);
this gave an almost colorless substance (II) in a

35-40% yield. II is hard to purify because of its
insolubility in most organic solvents, and it can not
be analyzed well. However, by a consideration
of the results of the analysis of the its monoacetate
(III) and monomethyl derivative (IV), the molec-
ular formula of II is found to be not the expected
C11H7ON3, but C11H13ON3. Neither the results
of elemental analysis nor the ultraviolet spectra
of II and IV show any absorption band longer
than 320mμ, as is shown in Fig. 1, even though

the spectra of azaazulenes and their 2-hydroxy

derivatives show strong absorption bands in the

visible region.5) The shape of the spectrum of II
is analogous to those of 7-azaindole,6) pyrrolo-
[2,3-d]pyrimidine,7) and purines.8) The IR
spectrum of II (Fig. 2) shows strong bands at 2838

Fig. 1

Fig. 2. KBr pellet.
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and 2920cm-1 due to methylene CH stretching,9)
and at 1650cm-1 a broad, strong bands corre-
spond to the carbonyl band of pyrimidin-4-ones,10)
while the three bands at 1478, 1511 and 1588
cm-1 are assigned to the skeltal vibration of such
heterocyclic compounds as pyrimidines.11) It is
known that 1-azaazulenes are sensitive to reducing
reagents and that the reduction of the seven-
membered ring of those compounds takes place
easily to give perhydro-compounds.12) The con-
sideration of the above facts and of the properties
of formamide as a reducing reagent leads to the
conclusion that the seven-membered ring of I is
reduced by formamide during the reaction; there-
fore, the structure of II is 5,6-pentamethylene-
7H-pyrrolo[2,3-d]pyrimidin-4(3H)-one.

Under milder conditions, however, the conden-
sation reaction does not take place and I is recov-
ered. The reason for the low yield of II is the
formation of some intractable powder which is
not soluble in most organic solvents. Although
the molecular weight of the powder could not be
measured because of its insolubility, this powder is

presumably a mixture of the dimers or polymers
formed by self-condensation during the reaction.

The treatment of II with phosphorous oxychlo-
ride afforded 4-chloro-5,6-pentamethylene-7H-

pyrrolo[2,3-d]pyrimidine (V). 4-Methoxy (VI)
and 4-hydrazino derivatives (VII) were derived
when V was treated with sodium methoxide in
methanol and with hydrazine respectively. VI was
also obtained when V was treated with hydrazine
in methanol, but VII was not obtained.

In order to obtain 5,6-pentamethylene-7H-

pyrrolo[2,3-d]pyrimidine, a modified Stevenes-
McFadyen decomposition reaction13) was applied
to VII, but the attempt was unsuccessful. The
dehydrogenation of II by means of chloranil
afforded a dark yellow, gummy substance (VIII)
in a poor yield. Although it was hard to obtain
in an analytically pure state, the ultraviolet and
visible spectra of VIII are analogous to those of

I, as is shown in Fig. 1; VIII is thus probably the
expected cyclohepta[2,3]pyrrolo[5,4-d]pyrimidine
derivative. However, VIII could not be investi-
gated further because of the low yield of VIII
and the lack of the starting material.

It is possible that II exists in such tautomeric
forms as IIA, IIB and IIC. However, the ul-
traviolet spectra of II and IV differ from those of
V and V I as Figs. 1 and 3 show, and the following
investigation of their IR spectra leads to the con-
clusion that II is favorable to the IIA form.

Fig. 3

The strong band at 1650cm-1 and several bands

between 3100 and 3300cm-1 of II in its IR

spectrum can be reasonably explained on the basis

of the IIA form which possess carbonyl and NH

groups. α-or γ-Pyridone makes several different

kinds of inter- and intramolecular hydrogen bonds

between carbonyl and NH groups in the solid

state; this is the reason why II shows a strong broad

carbonyl band and several different kinds of NH

stretching bands. IV shows a strong carbonyl

band at 1655cm-1 in its IR spectrum and so differs

from VI, which does not show a carbonyl band.

The problem of the α-or γ-pyrimidone form can

be solved from the analogy with 4-hydroxypyri-
midines; a consideration of their ultraviolet spectra
and chemical properties shows the tautomeric
form of those compounds to favor a-pyrimidones.14)
Thus the structures of II and IV are 5,6-penta-
methylene-7H-pyrrolo[2,3-d]pyrimidin-4(3H) -one
and 3N-methyl-5,6-pentamethylene-7H-pyrrolo-
[2,3-d] pyrimidin-4(3H) -one respectively.
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The ultraviolet spectrum of VII is rather analog-
ous to that of II, but not to those of V and VI.
VII presumably exists in its tautomeric (hydrazone)
form. The IR spectrum of VII is not very help-
ful in determining its tautomeric form. Other evi-
'dence to support the tautomeric form of VII is

as follows: the ultraviolet spectrum of VII is ana-
logous to that of 4-pyrimidones, but not to that
of 4-chloropyrimidines.4) This relation is parallel
with the relation of II, V, and VII, described
above.

Experimental15)

2-Amino-3-ethozycarbonyl-1-azaazulene (I). In
an autoclave, a solution of 5.0g of 2-chloro-3-ethoxy-
carbonyl-1-azaazulene5) in 50ml of alcohol, which
had been saturated with ammonia, was heated for
5hr at 120℃. After cooling, the alcohol was re-

moved and the residue was washed with water, dried,
and chromatographed on alumina. From the benzene
eluate, 4.5g of yellow needles were obtained, while
recrystallization from cyclohexane afforded yellow scales
of I, mp 150-151℃.

Found: C, 66.89; H, 5.31; N, 13.27%. Calcd for
C12H12O2N2: C, 66.65; H, 5.59; N, 12.96%.

5,6-Pentamethylene-7H-pyrrolo [2,3-d ] pyri-
midin-4(3E)-one (II). A solution of 3.20g of I and
10.0ml of formamide was heated for one and a half
hours at 200C. After the reaction, the solution was
poured into 100ml of cold water, and the precipitate
thus formd was separated by filtration, washed with
water and a small amount of ethyl acetate, and dried
in vacuo. A pale brown powder, 2.40g, was thus
obtained. This powder decomposed near 280℃ when

heated. The powder is hardly soluble at all in benzene,
ether, chloroform, ethyl acetate, acetone, and ethanol,
but soluble in acetic acid and dioxane. It does not
dissolve in aqueous sodium bicarbonate, but it does
dissolve in dilute alkali. However, if the pH of the
solution goes below 9, the precipitate forms immediately.

Finally, the reaction product (3.20g) was dissolved
in a large amount of methanol and chromatographed
on alumina. The first eluate was recrystallized from
methanol to give 1.20g of micro prisms of II, mp
326-328℃ (colored about 260℃, Kloffler block).

Found: C, 62.92; 63.24; H, 6.14; 6.05; N, 20.16;
20.20%. Calcd for C11H13ON3: C, 65.00: H, 6.45;
N, 20.68%.

The methanol-water eluate of the chromatograph
could not be obtained in a pure state and did not show
any clear melting point but it gradually blackened
between 250-300℃.

Acetylation of II (III). A solution of 0.10g of
II in 1.0ml of acetic anhydrided was heated to reflux
for 4hr, and then the excess acetic anhydride was
removed under reduced pressure to give pale yellow
micro needles of III, mp 234-236℃. The recrystal-

lization of this crude product from ethyl acetate and

decolorizing charcoal afforded 0.08g of pale yellow
micro needles of III, mp 237-239℃.

Found: C, 63.24; H, 5.81; N; 17.26%. Calcd for
C13H15O2N3: C, 63.66; H, 6.16; N, 17.13%.

λMeOHmax mμ (logε); 237 (4.10), 265 (3.86) and 308

(3.82).
Methylation of II with Dimethyl Sulfate (IV).

To a solution of 0.10g of II and 0.04g of sodium
hydroxide in 1.0ml of water, 0.07g of dimethyl sulfate
was added, and then the solution was shaken continu-
ously for 5hr. The pH of the solution was adjusted
to about 6 with N hydrochloric acid to form resinous
precipitate. This precipitate was separated by filtration,
washed with water, extracted with ethyl acetate, and
dried over sodium sulfate. After the sodium sulfate
had been filtered off, the ethyl acetate was removed
under reduced pressure to give a crystalline substance.
The crude IV thus obtained was recrystallized from
ethyl acetate with active charcoal to give 0.05g of
colorless scales of IV, mp 318-320℃ (colored about

280℃, Koffler block).

Found: N, 18.91%. Calcd for C12H15ON3: N,
19.34%.

λMeOHmax mμ (logε); 220 (4.19) and 285 (4.00).

4-Chloro-5,6-pentamethylene-7H-pyrrolo[2,3-d]-

pyrimidine (V). A solution of 0.30g of II in 2.0ml
of phosphorous oxychioride in a sealed tube was heated
for 3hr at 100℃, and the excess phosphorous oxychloride

was removed under reduced pressure. The pH of the
residue was adjusted to about 8.5 with diluted aqueous
ammonia, extracted with ethyl acetate, and dried
over sodium sulfate. The sodium sulfate was then
separated by filtration, and the residue was sublimed
under reduced pressure (0.5mmHg at 150℃). The

sublimate was recrystallized from benzene to give 0.14g

of pale yellow prisms of V, mp 228℃.

Found: C, 59.63; H, 5.00; N, 19.00%. Calcd for
C11H12N3Cl: C, 59.59; H, 5.46; N, 18.96%.

λMeOHmax mμ (logε); 234 (4.40) and 316 (3.60).

4-Methozy-5,6-pentamethylene-7H-pyrrolo[2,3-
d]pyrlmidine (VI). A suspension of 0.20g of V and
1.20g of hydrazine hydrate (80%) in 5.0ml of methanol
was refluxed for 4hr, after which the excess methanol
was removed under reduced pressure. The residue
was sublimed under reduced pressure (0.1mmHg at
150℃), and the sublimate was recerystallized from

acetone to give colorless scales of VI, mp 246-247℃;

yield, 0.14g.
Found: N, 19.16%. Calcd for C12H15ON3: N,

19.34%.

λMeOHmax mμ (logε); 234 (4.14), 275 (3.40) and 310

(3.53).
A mixed-melting-point determination of VI with IV

clearly showed a depression. When sodium methoxide
was used instead of hydrazine, VI was obtained in a
quantitative yield.

4-Hydrazino-5,6-pent-ethylene-7H-pyrrolo-
[2,3-d]pyrimidine (VII). A mixture of 0.1g of V
and 1.0ml of hydrazine hydrate (80%) was refluxed
for 5hr, thus the precipitate was formed. The formed
precipitate was then recrystallized from methanol to
give 0.07g of colorless scales of VII, mp 233-235℃

(decomp.).
Found: C, 60.86; H, 6.43; N, 31.81%. Calcd for

C11H15N5: C, 60.80; H, 6.96; N, 32.24%.

λMeOHmax mμ (logε); 216 (4.22) and 294 (3.98).

The Decomposition of VII. A solution of 0.05g
of VII in 1ml of acetic acid was poured into a boiling
solution of 0.50g of cupric sulfate in 1ml of water.15) All melting points are uncorrected.
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The solution turned black with the evolution of gas;
after it had cooled, 10 ml of water were added. The
pH of the solution was then adjusted to about 8 by
means of aqueous bicarbonate and extracted with
ethyl acetate. The organic layer was dried over sodium
sulfate, separated by filtration, and concentrated to
give an intractable, gummy substance.

Dehydrogenation of IL To a solution of 0.50g
of II in 10ml of refluxing isoamyl alcohol, 1.50g of
chloranil were added in five portions over a period of
2hr; refluxing was then continued for 4hr. The amyl
alcohol was removed under reduced pressure, and the
residue was dissolved in ethyl acetate. The ethyl acetate

solution was then chromatographed on silica gel; a

small amount of amorphous powder was thus obtained.

λMeOHmax mμ; 245, 300, 368 and 399.

The powder dissolved in benzene, ethyl acetate,
and acetone, but it formed a gelly substance when
concentrated. Further purification by means of re-
crystallization and other methods failed to produce a
pure substance.
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