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1H AND 13C NMR SPECTRA OF

9H-PYRIMIDO[4,5-b]INDOLES

V. P. Borovik, M. M. Shakirov, O. P. Shkurko, and N. N. Vorozhtsov

Based on analysis of 1H and 13C NMR spectra of 9H-pyrimido[4,5-b]indole and its 4-phenyl-2-
substituted derivatives, we have made assignments for the signals from the 1H and 13C atoms of these
compounds.
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Derivatives of pyrimido[4,5-b]indole are of considerable interest as biologically active compounds
[1-4]. A large number of medicinal drugs of the 2,4-diamino-9H-pyrimido[4,5-b]indole series have been created
based on the products of the reaction of 2-bromocyclohexanone with substituted triaminopyrimidines [3, 4].
Earlier one of us, together with coauthors, proposed a method for synthesis of 2-substituted 4-phenyl-9H-
pyrimido[4,5-b]indoles from the fluoroborate of (3-arylidene)-2-ethoxyindolenine and amidines, guanidine,
urea, and also thiourea [5]. Other routes are also known for obtaining derivatives of the indicated heterocyclic
system [6-17]. Despite the use of 1H NMR spectra for confirming the structures of the synthesized compounds
(mainly the NH group in the indole moiety), in the overwhelming number of publications a correct assignment
of the aromatic proton signals was not made due to their partial or complete overlap. A correct assignment could
be made only in the case of 6-substituted 2,4-dioxo-1,2,3,4-tetrahydro-9H-pyrimido[4,5-b]indole [13, 14]. The
13C NMR spectra were generally not considered in the indicated papers, despite their considerably greater
information content compared with 1H NMR spectra. Such data are only given for some 9-benzyl- and 9-phenyl-
substituted pyrimido[4,5-b]indoles [18].

In this paper, we give the 1H and 13C NMR spectra for unsubstituted 9H-pyrimido[4,5-b]indole (1),
2-substituted 4-phenyl-9H-pyrimido[4,5-b]indoles 2a-c, and 2-methyl-4,9-diphenyl-9H-pyrimido[4,5-b]indole (3).
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1 R = H; 2 a R = Me, b R = Ph, c R = NH2
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In the 1H NMR spectra of the pyrimido[4,5-b]indoles 1, 2a-c unsubstituted at the 9 position (Table 1),
the protons of the NH group appear as somewhat broadened singlets in the 11.5-12.5 ppm region, which is
typical of condensed systems including an indole moiety [1, 8, 9, 11, 13, 19-21]. The presence of substituents on
the pyrimidine ring of the molecule of pyrimidoindoles does not have a substantial effect on the position of this
signal, but the chemical shift is appreciably affected by electronic substituent effects.

The pyrimidine ring protons in the unsubstituted pyrimidoindole 1 appear downfield as two separate
singlets. Based on the spectra of its 2-substituted [12] and some 4-substituted [9] derivatives, the singlet furthest
downfield at 9.431 ppm should be assigned to the 4-H proton and not to the 2-H proton, as was done earlier in
analogy to the spectra of compounds in the pyrimidine series [7]. The resonance of the benzene ring protons in
pyrimidoindole is observed further upfield. No difficulties are encountered if we assign the doublet signal at
8.219 ppm to the 5-H proton, and we made this assignment according to the data in [10, 12, 13, 17]. The
remaining three benzene ring protons resonate in a rather narrow region (7.3-7.6 ppm) and give an overall
multiplet signal, which made its analysis difficult previously. Recording the spectrum of compound 1 on a
spectrometer with a frequency of 500 MHz allowed us to separate the signals from the 6-H, 7-H, and 8-H
protons. The 8-H signal appears as an asymmetric doublet with fine structure, while the signals from the other
two protons are triplets of doublets with spin–spin coupling constants typical of aromatic protons (all the
3J values are within the range 7.1-8.1 Hz, while 4J ~ 1.0 Hz). The assignments of the signals we made were
confirmed by recording the spectrum for compound 1 under double resonance conditions with alternating
decoupling of these signals.

The 1H NMR spectra of 2-substituted 4-phenylpyrimidoindoles 2a-c are complicated by the presence of
signals from aromatic protons of the phenyl substituent. And although the signals from protons of the condensed
benzene ring of the pyrimidoindoles are observed further upfield than the multiplets for the phenyl groups, they
sometimes partially overlap. The presence of well resolved signals for amino derivative 2c allowed us to
correctly analyze the spin–spin coupling for the 5-H, 6-H, 7-H, and 8-H protons in a 1st order approximation. In
this case, we took into account the nature of such coupling in pyrimidoindole 1 and the degree of distortion of
the symmetry of the signals. The two doublet signals with spin–spin coupling constants 3J5,6 ~ 3J8,7 ~ 7.7 Hz at
7.47 ppm and 7.36 ppm were assigned to the 5-H and 8-H protons, while the two triplet signals with spin–spin
coupling constants 3J6,7 ~ 3J7,8 and 3J5,6 ~ 3J6,7 at 7.26 ppm and 6.99 ppm were assigned to the 7-H and 6-H
protons respectively. The assignments of the downfield signal to the 5-H proton and the upfield signal to the
6-H proton are consistent with our data for the unsubstituted pyrimidoindole 1. Furthermore, all four of these
signals have fine structure due to long-range spin–spin coupling, and for both triplet signals of 6-H and 7-H the
spin–spin coupling constants are 4J5,7 ~ 4J6,8 ~ 1.1 Hz.

The spectrum of methyl-substituted 2a is similar to the spectrum of the amino derivative 2c, but all the
signals from the indole protons (compound 2a) are shifted downfield by ~0.2 ppm compared with the analogous
signals for compound 2c. This leads to the fact that the furthest downfield signal from the 5-H proton proves to
be between the multiplet signals of the phenyl group protons in the position 4. In the spectrum of the 2-phenyl-
substituted 2b, the signals from the 7-H and 8-H protons prove to be completely obscured by one of the
multiplets of the phenyl group.

Introducing an N-phenyl group into the molecule of methyl-substituted 2a (compound 3) causes a
different shift of the resonance signals from the indole protons. Thus signals from the 5-H, 6-H, 7-H protons are
shifted downfield by ~0.1 ppm, while the signal from the 8-H proton is shifted upfield by 0.16 ppm (Table 1).
The reason for such a shift may be magnetic shielding of this proton under the influence of the ring current induced
in the aromatic ring of the N-phenyl group, which because of steric requirements is turned in such a way that the
8-H proton is located above the plane of this ring and falls within the diamagnetic shielding zone. We can also
note that both multiplet signals of the aromatic protons of the NPh group itself also are shifted in different
directions in the spectrum: the multiplet corresponding to the resonance of the ortho protons is shifted more
downfield than the multiplets for the 4-phenyl group, while the second multiplet signal is shifted upfield and
overlaps the signals from the two indole protons. (The 13C NMR spectra of compounds 1-3 are given in Table 2.)
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TABLE 1. 1H NMR Spectra of 9H-Pyrimido[4,5-b]indoles

Chemical shift, δ, ppm (spin–spin coupling constant, J, Hz)Com-
pound 5-H, d 6-H 7-H 8-H, d C6H5, m 2-R NH, s

1* 8.219*2 (J = 7.8) 7.310 (td,
J = 7.8, 7.1, 1.1)

7.525 (td,
J = 8.1, 7.1, 1.2)

7.577*2

(J = 8.1)
 12.317

2а 7.73 (J = 8.0) 7.14 (td,
J = 8.0, 7.2, 1.2)

7.46 (td,
J = 8.0, 7.2, 1.0)

7.56
(J = 8.0 )

7.65-7.70 (3Н),
7.85-8.00 (2Н)

2.73 (s) 12.22

2b 7.82 (J = 8.0) 7.19 (t, J = 8.0) —*3 —*3 7.65-7.75 (3Н),
8.00-8.10 (2Н)

7.45-7.65 (m, 3Н),
8.50-8.65 (m, 2Н)

12.51

2c 7.47 (J = 7.7) 6.99 (t, J = 7.7, 7.3 ) 7.26
(t, J = 7.7, 7.3 )

7.36
(J = 7.7)

7.53-7.67 (3Н),
7.75-7.90 (2Н)

6.67 (br. s) 11.66

3 7.81 (J = 8.0) 7.26 (td,
J = 8.0, 6.9, 1.2)

7.51 (td,
J = 7.7, 6.9, 1.0)

7.39
(J = 7.7)

7.56-7.75 (3Н),
7.85-7.97 (2Н)

2.69 (s)

_______
* Compound 1: 8.936 ppm (2-H, s); 9.431 ppm (4-H, s).
*2 Doublet has fine structure.
*3 Signal in the region of the multiplet for the 2-phenyl group (7.45-7.65 ppm).



TABLE 2. 13C NMR Spectra of 9H-Pyrimido[4,5-b]indoles

Chemical shifts, δ, ppm*Com-
poun C(2) C(4) C(4a) C(4b) C(5) C(6) C(7) C(8) C(8a) C(9a) Ci /Ci' Co /Co' Cm /Cm' Cp /Cp'

1 154.44 148.51 113.86 118.80 121.67 120.93 127.71 111.87 138.44 155.11 — — — —
2a*2 163.09

[163.1]
158.90
[156.7]

107.41
[108.9]

118.75 121.53 120.36 126.97 111.74 138.41 156.97
[156.4]

138.41 128.59 128.46 129.67

2b 159.10
[159.6]

159.37
[157.3]

108.89
[111.0]

118.80 121.81 120.67 127.43 111.88 138.55 157.19
[156.6]

138.06,
138.09

128.78,
128.64

128.47,
127.61

130.16,
129.95

2c 161.59 160.37 102.54 120.31 119.82 119.90 124.76 111.02 138.61 159.07 137.75 128.38 128.34 129.50
3*3 163.62 159.53 108.14 118.72 121.73;

121.65
128.30 110.53 139.49 156.59 138.14 /

134.80
128.62 /
129.64

128.62 /
127.58

129.91 /
127.58

_______
* In square brackets we give the values calculated according to an additive scheme.
*2 Signal from the CH3 group, 25.79 ppm.
*3 Signal from the CH3 group, 25.92 ppm.
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TABLE 3. JC–H Constants for 9H-Pyrimido[4,5-b]indole (1)

Spin-spin coupling constants, JC–H, HzCon-
stant C(2) C(4) C(4a) C(4b) C(5) C(6) C(7) C(8) C(8a) C(9a)

1JC–H
201.8 181.6 — — 161.6 160.5 159.8 162.8 — —

2JC–H — — — — ~1 1.9 2.3 ~2 3.4 2.1
3JC–H 10.7 10.3 br. 7.8 br. 5.5,

5.5
8.0 7.2 7.8 8.2 8.9,

8.9
5.8,
9.8

We studied in detail the unsubstituted pyrimidoindole 1 and its aminophenyl-substituted 2c, and we
recorded their single resonance spectra and their spectra with complete proton decoupling under J-modulation
conditions. Furthermore, the correctness of the assignment of the signals for compound 1 was confirmed by
recording the two-dimensional heteronuclear COSY [13C][1H] spectrum (the spin–spin coupling constants for it
are given in Table 3). In compound 1, the most deshielded nuclei prove to be the carbon atoms bonded to the
two heterocyclic (pyrimidine and indole)  nitrogen atoms (the C(9a) atom) and to the two pyrimidine nitrogens
(the C(2) atom). The signals from these atoms are significantly shifted downfield (to 155 ppm), while the signal
from the C(4) atom, which is bonded to only one pyrimidine nitrogen atom, is shifted to the 148 ppm region. The
signals from the carbon atoms of the benzene ring of the indole moiety are located further upfield (111-127 ppm
or more); the chemical shifts of the C(5), C(6), and C(8) atoms are quite consistent with the shifts of the carbon
atoms in the corresponding positions of indole [22]. Thus it becomes possible to predict the changes in the
13C NMR spectra under the influence of substituents in the 9H-pyrimido[4,5-b]indole molecule independently
for the pyrimidine and indole moieties. We used this conclusion to test the assignments in the spectra of the
pyrimidinoindole derivatives.

The 13C NMR spectrum of aminophenyl-substituted 2c has a more complex pattern than the spectrum of
the heterocyclic system itself, which is more likely explained not by the presence of signals from the phenyl
substituent but rather by the proximity of the signals from the C(9a), C(2), and C(4) atoms and also the C(6) and C(5)

atoms. Therefore for this compound, we additionally recorded the 13C NMR spectrum while applying the
frequency at 8.3 ppm (1H) for selective proton decoupling. The characteristic multiplicity of the signals, the
values of the spin–spin coupling constants 1JCH, and the observed changes in the signals with such proton
decoupling allowed us to identify the signals from atoms of the indole moiety and the phenyl group. Assigning
(Table 2) the two signals at 119.8-119.9 ppm to the C(5) and C(6) atoms is based on the larger Overhauser effect
for the first one. Assignment of the group of signals to carbon atoms of the phenyl substituent that are bonded to
protons is based on their relative intensity (Co ~ Cm > Cp) and the larger Overhauser effect for ortho carbon
atoms than for meta atoms.

The two signals at 138.6 ppm and 137.8 ppm in the spectrum of compound 2c of approximately equal
intensity, belonging to C atoms not bonded to protons, are respectively assigned to the junction C(8a) atom of the
heterocycle and the ipso atom of the phenyl group, since the second signal, in contrast to the first, is symmetric
and is a doublet of triplets with typical long-range spin–spin coupling constants (2JCH = 3.7 Hz, 3JCH = 8.9 Hz).
Assignments of the two low-intensity signals (the doublet at 102.5 ppm (3JCH = 8.9 Hz) and the doublet of
triplets at 120.3 ppm (2JCH = 3.7, 3JCH = 8.9 Hz)) to the junction C(4a) and C(4b) atoms respectively are consistent
with the data for analogous junction atoms in the spectra of the above-indicated 9-phenylpyrimido[4,5-b]indoles
[18].

The three downfield signals in the spectrum of compound 2c do not belong to C atoms of the pyrimidine
ring that are bonded with protons. The furthest downfield signal at 161.6 ppm is a singlet and we assigned it to
the C(2) atom, and we assigned the adjacent triplet at 160.4 ppm (3JCH = 8.9 Hz) and doublet at 159.1 ppm
(2JCH = 3.0 Hz) to the C(4) and C(9a) atoms respectively. A direct comparison of the spectral data for compound 2c
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and 4-amino-9-phenyl-substituted isomer [18] is apparently not valid due to the different effect of the 2- and
4-amino groups on the chemical shifts of the C atoms of the heterocycle.

For the other two 2-substituted pyrimido[4,5-b]indoles (compounds 2a and 2b), the assignments of the
resonance signals from the carbon atoms of the phenyl group and the benzene ring of the indole moiety
(Table 2) are made based on the data for compound 1, taking into account the substituent effect. In this case, we
used an additive scheme for calculating the chemical shifts for the C(2), C(4), C(4a), and C(9a) atoms, introducing
increments for the methyl and phenyl groups according to the 13C NMR data for the corresponding derivatives
of pyrimidine [23] and quinazoline [24, 25]. In the case of compound 3, the presence of the 9-phenyl group has
practically no effect on the position of all the resonance signals of the heterocyclic system, while the signals for
this group itself are consistent with the data for 4-amino-9-phenylpyrimidoindole [18].

EXPERIMENTAL

The NMR spectra of compound 1 were recorded on a DRX-500 spectrometer (500 MHz for 1H nuclei
and 125 MHz for 13C nuclei), the spectra for compounds 2a-c and 3 were recorded on a Bruker AC 200
spectrometer (200 MHz and 50 MHz), solvent DMSO-d6 (concentration of solutions, 1-2%). As the internal
standards, we used the signals from the solvent at 2.50 ppm (1H) and 39.50 ppm (13C). The 13C NMR spectra
were recorded with complete proton decoupling and under conditions with J-modulation of induction decay.
Compound 1 was obtained as described in [26]; its derivatives 2 and 3 were obtained by the familiar procedure
in [5].

We would like to thank V. I. Mamatyuk for assistance with this work.
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