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Abstract: Two new pyrrolo[2,3-d]pyrimidines (7-deazapu-
rines) were synthesized in high yields by the reaction of
2-amino-1-methyl-4,5-diphenyl-1H-pyrrole-3-carbonitrile
with triethyl orthoformate followed by cyclocondensa-
tion with methyl or benzyl amine in refluxing glacial
acetic acid or using ultrasonic irradiation containing a
catalytic amount of glacial acetic acid at 60°C. For each
product, the correct structural isomer was identified using
the FT-IR, '"H NMR, BC NMR, 2D nuclear Overhauser effect
spectroscopy spectral and microanalytical data together
with comparison of the experimental and calculated
chemical shifts at the B3LYP/6-31+G(d,p) level of theory.
Furthermore, the synthesized compounds were evaluated
for their antibacterial activity against Gram-positive bac-
teria (Staphylococcus aureus and Micrococcus luteus) and
Gram-negative bacteria (Escherichia coli) by the agar dilu-
tion method using 24-well microtiter plates.

Keywords: 7-deazapurines; antibacterial; DFT; pyrrolo[2,3-
d]pyrimidines; ultrasonic irradiation.

1 Introduction

One of the important heterocyclic systems with high struc-
tural resemblance to purine (I) is pyrrolo[2,3-d]pyrimidine
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(II) in which the N-7 of purine (in purine numbering) has
been replaced by a CH group and is named as 7-deazapu-
rine (in this paper, the numbering of type II is used)
(Fig. 1). These compounds have attracted organic chemists
very much because of diverse and interesting biological
activities such as antitumor [1], antifungal [2], antibacte-
rial [3], antiangiogenic [4], antiviral [5], antiinflammatory
[6], and anti-HCV [7] activities. Several pyrrolo[2,3-d]pyri-
midines exhibit high inhibitory activities toward human
tumor cell lines and enzymes such as KB [8], SW620 [8],
A549 [8], cryptosporidium hominis thymidylate syn-
thase [9], tumor necrosis factor-o. [10], Janus kinase 2 [11],
Bruton’s tyrosine kinase [12], glycinamide ribonucleotide
formyltransferase [13], 5-aminoimidazole-4-carboxam-
ide ribonucleotide formyltransferase [8, 13], and protein
kinase B [14]. Also, a number of these compounds have
been shown to induce neurogenesis in murine embryonic
stem cells [15]. Furthermore, various derivatives of these
compounds have been substantially investigated as a part
of the synthesis of new C-nucleosides with potential bio-
medical interest, since they have been found to exhibit
pronounced growth inhibitory activity to several leukemic
cell lines [16-18].

On the other hand, ultrasonic irradiation is used as a
convenient method for accelerating organic reactions [19,
20]. Compared with traditional methods, the attractive
features of this technique include short reaction times,
high selectivity, high yields, reduced energy consump-
tion, and clean reaction with an easy work-up [21-25].

Inspired by these facts and due to our interest in
the synthesis of heterocyclic compounds with potential
biological activities [26-35], and in continuation of our
previous works in the synthesis of new pyrrolo[2,3-d]pyri-
midines [36-39], herein we report a convenient ultrasonic-
assisted synthesis of two new pyrrolo[2,3-d]pyrimidines
in high yields (Scheme 1). These new compounds were
also evaluated for their antibacterial activity against two
strains of Gram-positive bacteria, Staphylococcus aureus
(S. aureus, PTCC 1112) and Micrococcus luteus (M. luteus,
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Fig. 1: Purine core (I) and its 7-deaza analogue (II).

PTCC 1110), and one strain of Gram-negative bacteria,
Escherichia coli (E. coli, PTCC 1330), by the agar dilution
method using 24-well microtiter plates (PTCC=Persian
Type Culture Collection).

2 Results and discussion

Initially, the condensation reaction of 2-amino-1-methyl-
4,5-diphenyl-1H-pyrrole-3-carbonitrile (1) [40] with excess
triethyl orthoformate under reflux gave the condensed
compound 2 in high yield [33]. This compound was then
allowed to interact with methyl or benzyl amine in the
presence of glacial acetic acid under ultrasonic irradiation
at 60°C. Monitoring of the reactions with thin-layer chro-
matography (TLC) showed the formation of a product in
each case which was isolated from the reaction mixture, as
described in the Experimental section. The same products
were also obtained under conventional heating in reflux-
ing glacial acetic acid. The results, however, show that the
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Scheme 1: Synthesis of new pyrrolo[2,3-d]pyrimidines.
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ultrasonic irradiation approach is faster and the yields are
higher than by the conventional heating method.

The structural elucidation of the isolated products
was based upon spectral and microanalytical data. The
'H NMR spectrum of the compound isolated from the reac-
tion of methyl amine and compound 2 in CDCI, showed two
singlets at 0 =3.52 and 3.64 ppm for two methyl groups, a
sharp singlet at 6 =770 ppm belonging to the CH in the
pyrimidine ring and the characteristic signals at  =7.18-
7.31 ppm for the aromatic protons and the NH group. The
FT-IR spectrum was devoid of the CN absorption band of
the precursor 2, which shows the inclusion of the nitrile
moiety in the cyclocondensation process. Furthermore,
the C NMR spectrum showed the characteristic signals
at 0=29.9, 35.6, 103.2, 117.4, 126.8, 127.9, 128.3 (two carbons
at 128.30 and 128.34), 130.5, 130.7, 130.8, 132.8, 134.1, 143.2,
145.6, and 156.2 ppm for two methyl groups as well as the
aromatic carbons. Also this compound gave satisfactory
elemental analysis data corresponding to the molecular
formula C, H,N,. In accord with these data, two struc-
tural isomers 3 and 3’ are possible for the isolated product
(Scheme 1). However, based on the above-mentioned spec-
tral and microanalytical data, the structure of the product
cannot be assigned. For finding the correct structure of the
isolated product, the 2D nuclear Overhauser effect spectro-
scopy (NOESY) spectrum was also prepared. As shown in
the expanded view of the 2D NOESY spectrum in Fig. 2, the
interaction between pyrimidine CH at d =7.70 ppm and the
methyl group at 6 =3.52 ppm indicates that these groups
are close together, and therefore the correct structure is 3.

_CH,Ph

&
(Not formed)
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Fig. 2: The expanded view of the 2D NOESY spectrum of compound 3.

Surprisingly, as shown in Fig. 3, the 'H NMR spectrum
of the isolated product from the reaction of benzyl amine
and compound 2 in CDCl, showed a doublet for the CH

2
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group at 0 =4.70 ppm with a coupling constant (J value)
of 5.7 Hz. Such splitting is in accord with structure 4, and
not 4/, which in the CH, group can be split via vicinal
coupling with the NH group in an A X splitting pattern.
Such splitting is expected when the proton exchange
in the NH group is slow. On the other hand, the pyrimi-
dine CH signal is also seen as a doublet at 6 =8.54 ppm
with a coupling constant of 3.6 Hz. We believe that this
is due to a long-range coupling across five bonds with
the NH group. For the NH group, however, because of
the nitrogen electric quadrupole moment effect, a rela-
tively broad signal at 6 =5.38 ppm is observed which was
removed on deuteration. Other signals contain a singlet
at 0 =3.37 ppm for the methyl group and the characteris-
tic signals at 0 =7.17-7.42 ppm for the aromatic protons. In
the 2D NOESY spectrum, there is no interaction between
pyrimidine CH at 6 =8.54 ppm and the methylene group
at 0 =4.70 ppm, which indicates that these groups are not
close together and confirms structure 4. Furthermore,
the FT-IR, ®C NMR, and elemental analysis data confirm
the formation of compound 4 (Experimental section and
Supplementary Information).
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Fig. 3: The 'H NMR spectrum of compound 4 in CDCL, and its expanded view.
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Table 1: The comparison of selected calculated (Cal.) *H and 3C NMR chemical shifts data (3, ppm) with those obtained from the experimen-

tal (Exp.) spectroscopy.

Compound Position of H 'H NMR

Calcd. Exp.

Deviation Position of C BCNMR Deviation
Ioexp _6calcd|

Calcd. Exp. Ioem =0

3 N=CH 7.66 7.70
3 N=CH 8.53 -
3 NH 6.72 7.18-7.31
3 NH 4.91 -
4 N=CH 8.68 8.54
4 N=CH 7.80 -
4 NH 5.05 5.38
g NH 6.79 -

0.04 N-CH, (on pyrrole) 30.6 29.9 0.7
0.83 N-CH, (on pyrrole) 31.0 - 1.1

0.46-0.59 N-CH, (on pyrimidine) 37.7 35.6 2.1
2.27-2.40 N-CH, (on pyrimidine)

28.9 - 6.7
0.14  N-CH, 303 29.9 0.4
0.74  N-CH, 31.2 - 1.3
033  CH, 45.9 446 1.3
141 CH 50.5 - 5.9
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Fig. 4: The optimized geometries of compounds 3 and 4.

The experimental '"H NMR and #C NMR chemical shifts
were also compared with the density functional theory
(DFT)-calculated ones. The obtained results for selected
atoms are given in Table 1. As can be seen, the observed
chemical shifts are closer to the calculated values for com-
pounds 3 and 4 than 3’ and 4’. Based on the good con-
sistency and less deviation between the experimental and
DFT chemical shifts of compounds 3 and 4, it seems likely
that the isolated isomers are structurally similar to com-
pounds 3 and 4 not to 3" and 4’. Optimized geometries of
compounds 3 and 4 are shown in Fig. 4.

The synthesized compounds 3 and 4 were screened
for the antibacterial activity against reference strains
of S. aureus, M. luteus, and E. coli bacteria. The growth
of tested bacteria was inhibited at the concentration of
6 mg mL™* of compounds 3 and 4. The minimum inhibi-
tory concentration (MIC) of these compounds against
S. aureus and E. coli was 5 and 6 mg mL, respectively. The
MIC values of compounds 3 and 4 against M. luteus were 3
and 4 mg mL, respectively.

3 Conclusions

We have reported the synthesis of two new pyrrolo[2,3-d]-
pyrimidines 3 and 4 by the reaction of 2-amino-l-methyl-
4,5-diphenyl-1H-pyrrole-3-carbonitrile ~ with  triethyl
orthoformate followed by cyclocondensation with methyl
or benzyl amine in refluxing glacial acetic acid or using
ultrasonic irradiation containing a catalytic amount of
glacial acetic acid at 60°C. The results showed that the
classical approach is a tedious method affording rela-
tively lower yields with much longer reaction times. From
the spectral, especially 2D NOESY and 'H NMR, and also
microanalytical data, it is confirmed that while the reac-
tion with methyl amine gave the 3-methyl-4-imine deriva-
tive 3, the 4-benzylamino derivative 4 was obtained when
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benzyl amine was used as the respective amine. The theo-
retical 'H NMR and *C NMR chemical shifts of compounds
3 and 4 are in good agreement with the experimental ones,
confirming the structure of these compounds as isolated
products of the reaction. The new synthesized compounds
3 and 4 have growth-inhibiting effects on S. aureus, M.
luteus, and E. coli bacteria. While the MIC of two new com-
pounds 3 and 4 against S. aureus and E. coli were 5 and
6 mg mL, respectively, the MIC of the compounds against
M. luteus were 3 and 4 mg mL™, respectively.

4 Experimental section

4.1 Chemicals and apparatus

All chemicals were purchased from Merck and Aldrich
and used without additional purification. Ultrasonication
was performed by Soltec sonicator (Italy, 2200ETH S3) at
a frequency of 40 kHz and a nominal power of 260 W. IR
spectra were obtained with KBr pellets using a Tensor 27
Bruker spectrophotometer. The 'H and ®*C NMR spectra
were recorded with a Bruker 300 FT spectrometer at 300
and 75 MHz frequencies for 'H and *C, respectively, using
tetramethylsilane (TMS) as an internal standard. Elemen-
tal analysis was performed on a Thermo Finnigan Flash
EA microanalyzer. Melting points were recorded on a
Stuart SMP3 melting point apparatus.

4.2 General experimental procedure for
the synthesis of compounds 3 and 4

4.2.1 Method A (using ultrasonic irradiation)

A mixture of ethyl N-3-cyano-1-methyl-4,5-diphenyl-1H-pyr-
rol-2-ylformimidate (2) (1 mmol) and methyl or benzyl
amine (1.1 mmol) in the presence of a few drops of glacial
acetic acid was sonicated at 60°C for 50 min. The reaction
was monitored by TLC. After the completion of the reaction,
the mixture was cooled to room temperature, cold ethanol
was added, and the precipitate was filtered off. The crude
product was recrystallized from ethanol to give the pure
compounds 3 and 4 in 90 and 85 yields, respectively.

4.2.2 Method B (using conventional heating)

A mixture of ethyl N-3-cyano-l-methyl-4,5-diphenyl-
1H-pyrrol-2-ylformimidate (2) (1 mmol) and methyl or

S. Vazirimehr et al.: Pyrrolo[2,3-d]pyrimidines = 485

benzyl amine (1.1 mmol) in glacial acetic acid (5 mL) was
heated under reflux for 4 h. The reaction was monitored by
TLC. After the completion of the reaction, the solvent was
evaporated in vacuo and the residue crude product was
recrystallized from ethanol to give the pure compounds 3
and 4 in 85 and 81 yields, respectively.

4.3 Spectral and microanalytical data

4.3.1 3,7-Dimethyl-5,6-diphenyl-3H-pyrrolo[2,3-d]-
pyrimidin-4(7H)-imine (3)

M.p. 231-233°C. — IR (KBr disk): v=3318, 3026, 2949,
1632, 1565, 1502, 1325, 1181, 1077, 791, 758, 703 cm™.. — 'H
NMR (300 MHz, CDCIS, 25°C, TMS): 0=3.52 (s, 3H, CH3),
3.64 (s, 3H, CH,), 718-7.31 (m, 11H, arom-H and NH), 7.70
(s, 1H, pyrimidine CH). - ®C NMR (75 MHz, CDCl,, 25°C,
TMS): 0 =29.92, 35.56, 103.19, 117.43, 126.85, 127.86, 128.30,
128.34, 130.52, 130.66, 130.84, 132.79, 134.06, 143.22, 145.59,
156.25. — C,H.N, (314.4): calcd. C 76.41, H 577, N 17.82;

found C 76.12, H 5.69, N 1791. (See also Supplementary
Information.)

4.3.2 4-Benzylamino-7-methyl-5,6-diphenyl-7H-
pyrrolo[2,3-d]pyrimidine (4)

M.p. 173-175°C. IR (KBr disk): v=3429, 3025, 2910, 1660,
1584, 1454, 1412, 1334, 1265, 1180, 1134, 1071, 825, 795,
766 cm™. — 'H NMR (300 MHz, CDC13, 25°C, TMS): 6 =3.37
(s, 3H, CHS), 4.70 (d, 2H, J=5.7 Hz, CHZ), 5.38 (br, 1H, NH),
7.17-742 (m, 15H, arom-H), 8.54 (d, 1H, J=3.6 Hz, pyrimi-
dine CH). - 3C NMR (75 MHz, CDCIS, 25°C, TMS): 6 =29.88,
44,61, 101.80, 113.30, 127.03, 12715, 12717, 128.14, 128.37,
128.53, 128.58, 130.57, 130.87, 134.47, 134.61, 138.82, 150.15,
15197, 156.27. - C,.H,)N, (390.5): calcd. C 79.97, H 5.68, N
14.35; found C 80.27, H 5.57, N 14.21. (See also Supplemen-
tary Information.)

4.4 Computational details

In this work, all of the calculations have been performed
using DFT methods as implemented in the GAUSSIAN 03
program package [41]. The B3LYP functional [42] and the
6-31+G(d,p) basis sets were used. First, the geometry of the
compounds was fully optimized, which was confirmed to
have no imaginary frequency of the Hessian. Then, the
optimized geometries were employed to compute the
chemical shifts. The 'H and ®C NMR chemical shifts were
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predicted with respect to TMS, where the gauge-independ-
ent atomic orbital method was used [43].

4.5 Biological

Bacterial strains including S. aureus (PTCC 1112) and M.
luteus (PTCC 1110) as Gram-positive and E. coli (PTCC
1330) as Gram-negative bacteria were obtained from the
Iranian Research Organization for Science and Techno-
logy in Iran. Antimicrobial assay was examined by the
agar dilution method in 24-well microtiter plates. Every
well was filled with 500 pL of molten Mueller Hinton agar
(QUELAB, Canada) at a double concentration, 150 uL of
every synthesized compound stock solution (0.04 g of
compound in 1 mL distilled water), and 350 uL distilled
water, so that the concentration in the well was 6 mg mL™".
After the mixing and solidification of the media, 0.01 mL
of every bacterial suspension, equivalent to McFarland
tube No. 0.5 (10® CFU mL™") was inoculated on the agar
of every well. The culture plates were then incubated at
37°C for 24 h. All tests were repeated three times with con-
trols. For compounds 3 and 4 with antibacterial activity in
6 mg mL, tests were conducted at lower concentrations
(1-5 mg mL™) to determine the MIC.

5 Supplementary information

FT-IR, 'H NMR, C NMR, and 2D NOESY spectra are given
as Supplementary Information available online (DOI:
10.1515/znb-2017-0004).
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