ELECTRONIC STRUCTURE AND PROPERTIES OF PTERIDINES AND
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P. A. Torgashev, I. V. Kazantseva, UDC 547.859.2:541.67:543.422.25:519.25
0. N. Chupakhin, V. N. Charushin,
and A. V. Belik

The electronic structure of pteridines and N-methylpteridinium cations
was calculated in terms of the CNDO/2 approximation. The obtained data
on the electron density distribution in the molecules of pteridines and
also the energy characteristics of the pteridinium cations make it possi-
ble to predict the outcome of quaternization. The results from the cal-
culations are compared with the experimental data. It is shown that the
direction of nucleophilic attack in N-alkylpteridinium cations correlates
with the total charge of the fragment of the covalently bonded atoms.

The pteridine structure enters the composition of many compounds of plant and animal
origin and also a whole series of biologically active substances, and this explains the
increased interest of chemists in compounds of this type [1]. An enormous number of papers
have been devoted to uncharged pteridine substrates, whereas the data on pteridinium quater-
nary salts have until recently been fragmentary. It is sufficient to say that in reviews
on the quaternization of nitrogen heterocycles there are hardly any data on N-alkylpteri-
dinium salts [2, 3], while the first communication on the production of a l-methyl-4-di-
methylaminopteridinium salt only appeared in 1960 [4]. Quite recently we showed that 4-
morpholinopteridine and also 2,4-substituted pteridines (I) under the influence of power-
ful alkylating agents (triethyloxonium. fluoroborate or methyl fluorosulfonate) form two
series of derivatives, i.e., the quaternary N(1)-alkylpteridinium (11, III) and N(g)-alkyl-
pteridinium (IV, V) salts [5-7].

K 2
o N /i; N - N
N7 CH,0S0,F NZT Ty NE e
D= B N
N N N (C,H),0 N N T B et
R NN i R Y R NNy
BF, | . X~ [
R® ° R’
1 1, m v, v
3_ v . . 3_ .
I, IV R*=Cll,, X=FS0,; Il V R*=C,H,, X=HF,

In the present work we give new data on the quaternization of pteridines, and we also
discuss the results from quantum-chemical calculations for a series of pteridines and the
pteridinium cations which they form. These make it possible to predict the direction of
the quaternization of pteridines and also the behavior of pteridinium substrates in reac-
tions with nucleophiles.

The quantum-chemical calculations were conducted by the CNDO/2 method [8], which even
with "averaged' geometry gives a quite satisfactory picture of the electron density distribu-
tion in the molecules [9, 10}. The geometric parameters of pteridine were selected on the
basis of the data from x-ray crystallographic analysis [11], and the mean values of the
bond lengths and bond angles were used as parameters of the substituents; the charges in
the pteridines (Ia-i) are given in Table 1.

The quaternization of pteridines can, in principle, take place at any of the four
nitrogen atoms of the pteridine system, while for the dialkylamino derivatives it can also
take place at the exocyclic nitrogen atom. In each specific case the direction of attack
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‘b Fig. 1. The PMR spectra of mixtures
of unsubstituted pteridine (Ia) with
methyl fluorosulfonate: a) The spec-
trum of the precipitate produced
preparatively during the reaction in
methylene chloride; b) the spectrum

e of the reaction solutions in DMSO-d,,
recorded immediately after mixing;
¢) the spectrum of the reaction solu-
tions in DMSO-d;, recorded 1 h after
mixing.
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will be determined both by the basicity of the atoms and by the steric hindrances. Analysis
of the calculated data (Table 1) shows that the basicity of the nitrogen atoms in the pyri-
midine ring is higher in all cases than in the pyrazine ring. This relationship is preserved
even with the introduction of such a strong electron acceptor as the ethoxycarbonyl group

at position 4.

There are no steric hindrances in the molecule of unsubstituted pteridine. The direc-
tion of electrophilic attack by the alkylating agent will therefore be determined only by
the charges at the nitrogen atoms. According to the data on the distribution of charges
in the molecule of pteridine (Ia) (Table 1) it is seen that the most likely centers of
quaternization are the N(;) and N(3) atoms, which have approximately identical negative
charge. The N(5) and N(4) atoms can also undergo quaternization although with smaller proba-
bility. Thus, the formation of a mixture of isomeric cations must be expected as a result
of the quaternization of unsubstituted pteridine. This suggestion is confirmed by experi-
ment. The quaternization of unsubstituted pteridine (Ia) actually takes place ambiguously
and gives a complex mixture of products. If methyl fluorosulfonate is added to a solution
of pteridine (Ia) in methylene chloride, a crystalline precipitate is formed. However,
the PMR spectrum of this precipitate in DMSO-d, does not reveal any signs of the formation
of N-alkylpteridinium cations (Fig. 1). In addition to the absorption of the unreacted
pteridine (Ia) in the region of 9-10 ppm, the spectrum contains signals which can be as-
signed to the resonance of the C(,)-hydrated forms of the N(;)- and N(j)-methylpteridinium
cations, i.e., the signals of 4-H at 6.2-6.3 ppm, the singlets of 2-H at 8.8-9.0 ppm, and
two sets of doublets for the 6-H and 7-H protons at 8.5-8.8 ppm (Fig. 1). Such an assign-
ment of the signals for the protons agrees well with the published data [12, 13] on the
PMR spectra of the hydrates of protonated pteridines. The variation of the PMR spectra
of the reaction solutions of pteridine and methyl fluorosulfonate with time in DMSO-d, (Fig.
1b, c) also indicates gradual conversion of the pteridine into compounds for which the
structure of the hydroxyl adducts of the N(;)- and N(3)-methyl cations with respect to the
C, atom is most probable.

According to [12, 13], the introduction of donating substituents into the pyrimidine
ring hinders the hydration of pteridines. However, the direction of quaternization in 2-
and 4-substituted pteridines in this case will no longer be determined only by the charges
at the nitrogen atoms but also by the steric effect of the substituents. According to the
data from the calculations and also in view of the blocking of the neighboring nitrogen
atom by the bulky substituent the N(,)-alkylpteridinium salts must be formed preferentially
as a result of the quaternization of 4-substituted pteridines (Ib-d), since the charge at
the N(,) atom is higher in absolute value than at the N(;5) and N(,4) atoms (Table 1), while
the formation of the N(4)-alkyl salts must predominate in the case of the 2- and 2,4-sub-
stituted pteridines (Ie-i). These data agree well with experiment on the quaternization
of pteridines (Ii-o) (Table 2) if account is taken of the fact that the dimethylamino group
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TABLE 2. The Quaternization of Pteridines in Methylene

Chloride
Alkyl- | B Reac~ Reaction product
onnd N w ating |'9 | tion |_(vield, %
agent™ | © ; repara-
3 Hs-a © time, h PMR giv,g
la {H H A 20 0,3 Complex —
.mixture
a | H H B 20 03 |Complex | Complex
i mixture mixture
fc | H SCH, A 20 | 03 x TITE(30)
Ii { N{CHs), CH;, B 20 0,3 — IVi (86)
1j | Piperidino | CH, A 20 0,3 — Vi (81)
I N{(CHa)» COOCHs A 35 0.3 vk (100) -
I2 | Morpholino | H A 35 0,3 v L (100) -
1% | Morpholino | H B 20 0,3 IV £ (100) —
m | H Morpholino| 40 3 — im (77) +
+V m8)
In | SCH; Morpholino| A 40 1 [11n(33) 4| 1111 (28) +
+Vn (67) | +V0 (51)
In | SCH, Morpholino.| B 20 1 — 1In (63)
lo | Morbholino | CH, B 20 0,3 — Vo (94)
Jo | Morpholino | CH; A 20 0,3 — Vo (67)

*A = Triethyloxonium fluoroborate, B = methyl fluorosul-
fonate.

in the calculations replaces the morpholine and piperidine residues in the real molecules.
In the absence of a substituent at position 4 [the 2-morpholinopteridine (I2)] and also in
the case of 2-methylamino-4-ethoxycarbonylpteridine (Ik) the obtained pteridinium salts
(Vk, %, IV%) are unstable and cannot be isolated from the solution. However, they are
recorded in the PMR spectra (see the experimental section), and their structure was estab-
lished reliably on the basis of familiar relationships for pteridinium salts [5, 13].
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As test for the relative thermodynamic stability of the isomeric pteridinium cations
it is possible to use the calculated values of the total resonance energy of the covalently
bonded atoms (ZERP). The N(1)-alkyl salts of the 4-substituted pteridines (IIIb, IIc, d)
are more stable than the isomeric N(z)-alkylpteridinium cations (Vb, IVc, d) (Table 1),
while in the case of the 2- and 2,4-substituted pteridines the 8-methylpteridinium salts
(IVe, i) are more stable with the exception of the 2-methylthio derivatives (Table 2). The
difference in energy between the 1- and 8-alkylpteridinium salts amounts to 4-15 kcal/mole.*
The stability of the isomeric pteridinium cations is also one of the factors which deter-
mines the yield of the respective salts. In fact, the l-ethyl-4-methylthiopteridinium salt
(I1Ic) was isolated as a result of the reaction of 4-methylthiopteridine (Ic) with triethyl-
oxonium fluoroborate (Table 2). The PMR spectrum of (IIIc) in trifluoroacetic acid corres-
ponds to the proposed structure (see the experimental section). In other solvents, however,
the salt (IIIc) is unstable on account of the high mobility of the methylthio group at the

C(,) atom and is extremely sensitive to moisture, forming l-ethylpteridin-4-one (VI) under
the influence of water.

The quaternization of 4-morpholinopteridine (Io) by the same alkylating agent leads
to a mixture of the isomeric N(,)- and N(s)-ethylpteridinium salts (IIIm) and (Vm), while
the introduction of a methylthio group at position 2 hinders the alkylation of the N(y)
atom, and this naturally affects the yields of the 1- and 8-ethylpteridinium salts (1IIn)
and (Vn) (Table 2). If there are bulky dialkylamino groups, which block the N(;) and N(g)
atoms of the pyrimidine ring, at position 2, quaternization takes place exclusively at the
N(g) atom with the formation of the salts (IVi, %, o) and (Vj-%, o) (Table 2). The

*1 au = 627.52 kcal/mole.
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Fig. 2. The PMR spectrum of 4-methyl-2-morpholino-8-ethyl-
pteridinium fluoroborate (Vo) in DMSO-dg.

structure of the obtained pteridinium cations was established on the basis of the PMR data
(see the experimental section, Fig. 2), which were analyzed in detail in [5, 13].

The electron density distribution in the N-methylpteridinium cations (II-V) (Table 1)
makes it possible to predict the direction of nucleophilic attack in the reactions of
pteridinium salts with various nucleophiles. Comparison of the data in Tables 1 and 3
shows that in the transition from the pteridines to the cations (II-V) there is a signifi-
cant increase in the positive charge at the a-carbon atom in relation to the N-alkyl group.
In the 1l-alkylpteridinium salts (II, III) the positive charge is also increased at the re-
maining carbon atoms of the pteridine system, while for compounds (IV, V), on the other
hand, a decrease in charge is observed at the C(¢) atom [C(g)] compared with the uncharged
pteridines (Ib-i). The maximum positive charge both in the pyrimidinium cations (II, III)
and in the pyrazinium cations (IV, V) is at the C(2) atom [with the exception of the cations
(I1d, f) and (IVd, f), in which the maximum charge is at the C(4) atom on account of the
inductive effect of the nitrogen atom of the amino group] (Table 1).

In order to determine the direction of nucleophilic attack we will consider the 4-sub-
stituted pteridinium salts (I1Ib, Vb, ITc, d, IVe, d). In these compounds there are only
two alternative centers for the addition of the nucleophile, i.e., the C(,) and C(;) atoms.
The C(s) atom is not considered on account of the small charge (smaller than in the un-
charged pteridines). We will treat the molecule as a system of point charges. It seemed
quite reasonable to suppose that at distances significantly exceeding the covalent radii
the nucleophiles will be directed not at an individual point charge but at a group of
charges of some fragment of the molecule, and only at distances commensurable with the
covalent radii of the atoms will the nucleophile interact with a specific atom of this
fragment, carrying the largest positive charge. Such an approach formed the basis of the
electrostatic potential method [14]. In the present situation, however, there is no need
to construct an electrostatic potential map; it is sufficient to consider the values of
the total charges of the covalently bonded atoms for each reaction center. As such frag-
ments it is logical to select the centers of possible addition of the nucleophile with
their closest environment. Thus, the fragment ¢, with center C(,) includes C(,) and the
atoms covalently bonded to it H(;), N(;), and N(3), while the ¢, fragment with center at
C(;) includes the atoms C(;), H(;), C(g)» and N(g). On ¢, and ¢, in the l-alkylpteridinium
cations (II) and (III) we have charges of 0.191 and 0.105, respectively, for (IIIb), 0.183
and 0.122 for (IIc), and 0.076 and 0.78 ecu for (IId). 1In the l-alkyl cations (IIIb) and
(IIc) the charge at &, is larger than at ¢, and the nucleophile will consequently be direct-
ed toward the ¢, fragment in reactions with these pteridinium salts and will react with
the C(,) atom. For compound (IId) the total charges at ¢, and &, have similar values, but
the positive charge at the C(,) atom is larger than at C(,). Addition of the nucleophile
at the C(,) atom will therefore be preferred. For the 8-alkylpteridinium cations (IV) and
(V) we have the following distribution of charges at &, and ¢,: =0.039 and 0.245 for (Vb);
—0.075 and 0.310 for (IVc); —0.129 and 0.217 ecu for (IVd). As we see, in spite of the
fact that the C(¢,) atom in the 8-alkyl cations (IV) and (V) carries the largest positive
charge, the overall charge of &, is negative. Thus, the nucleophile will be directed
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TABLE 3. The PMR Spectra (the aromatic region)%

Chemical. shifts Chemical shifts, ppm

Com- ; JETN Com- et .
pound|P2™ (QE¥ Yo He | (QE)” , o Hz
6-H 7-H 4-H (QE) 6-H 7-H 4-H (QE)
Ik 8,48 8,83 — 1,9 1% 8,62 8,81 9,24 1,9
IVk (g,gg) (9,08 — (3,5 Vg 8,81 8,97 9,38 3,3
} 0,25) 1,6) (0,29) [(0.16)] (0.14) (1,6)
Vk | 889 8,99 35 Vg | 891 891 9,44 -
(0:41) | (0,16) (1,6) (0,39) [(0,10)[ (0,20

*The spectra of the pteridines (Ik, £) and the salts (IVk,
%) and (Vk, %) formed by them were obtained with the addi-
tion of 1 eq of methyl fluorosulfonate and triethyloxonium
fluoroborate in a solution in methylene-D, chloride at
20°C.

*%(Tk, IVk, Vk) R! = N(CH3)2, R? = CCOC,H;, (IVk) R3® =
CH;, (Vk) R3® = C,Hg; (I2, IVR, VL) R* = morpholino, R? =
H, (IVL) R® = CH,;, (VL) R® = C,H,.

*%%QE = Quaternization effect.

toward ¢,, and the addition of the nucleophile will take place at the C(;) atom, which has
the largest positive charge in &,.

The results from the analysis can be extended to the 4-morpholinopteridinium cations
(IIlo) and (Vo), for which compounds (IId) and (IVd) are models, since the replacement of
the dimethylamino group by the morpholine residue will not lead to appreciable changes in
the electron density distribution in the pteridine system. The experimental data on the
addition of O0-, N-, and C-nucleophiles to the isomeric 1- and 8-ethyl-4-morpholinopteri-
dinium cations (IIIo, Vo) [5] correspond fully to the results from the quantum-chemical
analysis.

For the 2,4-disubstituted pteridinium cations addition at position 2 becomes steri-
cally hindered. The most likely center for nucleophilic attack therefore remains position
C(7), and this is observed in the experiments with the 2-dialkylamino-4-methyl-substituted
8-ethylpteridinium salts (IVi, o, Vj, o) [6].

EXPERIMENTAL

The calculated data were obtained on an EC-1022 computer by the CNINDO program [15],
modified by the authors, with a minimal basis set of 140 AOs and a memory of not more than

250 X. The total energy was divided among the components according to Fisher and Kollmar,
[16]. '

The unsubstituted pteridine (Ia) was obtained by the method in [17].

4-Methylthiopteridine (Ic) was synthesized by the condensation of the respective 4,5-
diaminopyrimidine with an aqueous solution of glyoxal or dioxane-2,3-diocl with heat in
ethanol according to the procedure in {18]; 2-dimethylamino- and 2-piperidino-4-methyl-
pteridines (Ii) and (Ij) were obtained according to the method in [7]; 2-dimethylamino-4-
ethoxycarbonylpteridine (Ik) was obtained according to [19]; 4-morpholinopteridine was ob-
tained according to [5]; 2-methylthio-4-morpholinopteridine and 2-morpholino-4-methylpteri-
dine were obtained according to [6].

The 4-methyl-2-piperidino-8-ethylpteridinium fluoroborate (Vj) was obtained according
to [7]1, and 4-morpholino-8-ethylpteridinium (Vm) and 4-morpholino-l-ethylpteridinium (IIIm)
fluoroborates were obtained according to [5]; 2-methylthio-4-morpholinc-l-ethylpteridinium
(IIIn), 2-methylthio-4-morpholino-8-ethylpteridinium (Vn), and 4-methyl-2-morpholino-8-
ethylpteridinium (Vo) fluorcborates were obtained according to [6]; 2-dimethylamino-4,8-
dimethylpteridinium fluorosulfonate (IVi) was obtained according to [7].

The elemental analysis for C, H, and N agreed with the calculated compositions.

4-Amino-2-morpholino-5-nitropyrimidine (C;H,,N:0;). A mixture of 3.5 g (20 mmole) of
4-amino-5-nitro-2-chloropyrimidine {17] in 30 ml of ethanol and 5.0 ml of morpholine was
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boiled for 7 h. The mixture was then cooled, and the precipitate was filtered off. The
yield was 4.1 g (92%). The product formed yellow crystals from ethanol; mp 202-203°C. PMR
spectrum (DMSO-d.): 3.5-4.0 (8H, m, protons of morpholine ring); 8.08 (2H, bs, NH,); 8.92
ppm (1H, s, 6-H).

4,5-Diamino-2-morpholinopyrimidine (CgH,;N:0). A mixture of 2 g (8.9 mmole) of 4-amino-
2-morpholino-5-nitropyrimidine, 7 g of (59 mmole) of granulated tin, and 20 ml of concen-
trated hydrochloric acid was boiled for 1 h. The reaction mass was made alkaline to pH 10,
and the precipitated tin hydroxide was filtered off. The mother solution was extracted
with ether (3 x 100 ml), and the ether extracts were dried with potassium hydroxide and
evaporated to dryness. We obtained 0.6 g (327) of 4,5-diamino-2-morpholinopyrimidine; mp
189-190°C (from ethanol). PMR spectrum (DMSO-dg): 2.85 (2H, bs, NH,); 3.7-4.1 (8H, m,
protons of morpholine ring); 4.63 (2H, bs, NH,); 8.67 ppm (1H, s, 6-H).

2-Morpholinopteridine (I2) (C,,H;;Ns0). A solution of 1.4 g (7.2 mmole) of 4,5-dia-
mino-2-morpholinopyrimidine and 4 ml of 40% aqueous glyoxal in 35 ml of water was heated
on a water bath for 30 min. The reaction mass was then extracted continuously with chloro-
form for 3 h. The chloroform extracts were dried with calcined sodium sulfate and evaporat-
ed to dryness. The residue was recrystallized from petroleum ether; bp 80-100°C. The
yield was 1.3 g (84%); mp 138-139°C. PMR spectrum (deuterochloroform): 3.6-4.3 (8H, m,
protons of morpholine ring); 8.54 (1H, d, 6-H %Js , = 2.0 Hz); 8.86 ppm (1H, d, 7-H).

The quaternization of the pteridines was conducted in methylene chloride at 20-40°C
with a 1.3-1.5 excess of triethyloxonium fluoroborate or methyl fluorosulfonate.

Quaternization of 4-methylthiopteridine (Ic) (C.H,,N,BF,S). To a solution of 0.75 g
(5.1 mmole) of (Ic) in 15 ml of dry methylene chloride we added a solution of 1.2 g (6.1
mmole) of triethyloxonium fluoroborate in 3 ml of dry methylene chloride. The precipitate
of the salt (IIIc) which formed after a few minutes as fine yellow needles was filtered
off and washed with methylene chloride and absolute ether. After drying under vacuum we
obtained 0.9 g (60%) of (IIIc); mp 137-139°C. "PMR spectrum (trifluorocacetic acid): 1.54
(3H, t, CHy); 2.78 (3H, s, SCH,); 4.80 (2H, q, N—=CH,); 9.06 (1H, d, 6-H, 3J,, = 2.0 Hz);
9.15 (1H, s, 2-H); 9.19 ppm (1H, d, 7-H). The compound was unstable; during recrystalliza-
tion of the salt from ethanol the fluoroborate of l-ethylpteridin-4-one was formed; its
treatment with an aqueous solution of sodium acetate gave l-ethylpteridin-4-one (VI) (C,4-
HgN,0); mp 230-231°C. PMR spectrum (DMSO-dg): 1.37 (3H, t, CH3); 4.35 (2H, q, N—CH,);
8.84 (1H, s, 2-H); 8.92 ppm (2H, s, 6-H and 7-H). Mass spectrum, m/z (I > 10%Z): 40 (25),
41 (12), 52 (18), 57 (11), 66 (21), 67 (14), 68 (11), 69 (13), 79 (32), 80 (22), 83 (13),
93 (28), 120 (100), 121 (31), 148 (27), 176 (76, M}).

4,8-Dimethyl-2-morpholinopteridinium Fluorosulfonate (IVo) (C,,H;¢FN:0,S). To a sus-

pension of 3 g (13 mmole) of 4-methyl-2-morpholinopteridine in 2.5 ml of dry methylene chlor-
ide we added 1.95 g (17 mmole) of methyl fluorosulfonate in 1 ml of methylene chloride.

When the initial pteridine had dissolved, the mixture was cooled to 0°C and kept for 15

min. The precipitate was filtered off and washed well with methylene chloride and with
ether. The yield was 4.2 g (94%); mp 137-139°C. PMR spectrum (DMSO-d¢): 2.88 (3H, s,

CH;); 3.72 and 4.07 (8H, m, protons of morpholine ring); 4.20 (3H, s, N—CH;); 8.86 (1H,

d, 6-H) and 9.10 ppm (1H, d, 7-H, 3J¢, = 3.6 Hz).

Quaternization of 2-Methylthio-4-morpholinopteridine (In) by Methyl Fluorosulfonate.
To a solution of 1 g (3.8 mmole) of 2-methylthio-4-morpholinopteridine (In) in 4 ml of
absolute methylene chloride we added dropwise a solution of 0.48 g (4.2 mmole, 0.35 ml)
of methyl fluorosulfonate in 2 ml of absolute methylene chloride while heating the mixture
to boiling. The mixture was kept for 1 h, and the precipitate was then filtered off, washed
with methylene chloride and with ether, and recrystallized from ethanol. We obtained 0.9
g (63%7) of l-methyl-2-methylthio-4-morpholinopteridinium fluorosulfonate (IIn) (C,,H; FN;-
0,5,); mp 203-204°C. PMR spectrum (DMSO-d¢): 2.76 (3H, s, SCH;); 3.97 (3H, s, N—CHj;);
3.84-4.32 and 4.93 (8H, m, protons of morpholine ring); 8.98 (1H, d, 6-H); and 9.09 ppm
(1H, d, 7-H, 3J., = 2.1 Hz).

The formation of the 8-methyl-2-morpholinopteridinium (IV4), 2-morpholino-8-ethyl-
pteridinium (VL), 2-dimethylamino-8-methyl-4-ethoxycarbonylpteridinium (IVk), and 2-di-
methylamino-4-ethoxycarbonyl-8-ethylpteridinium (Vk) cations was detected in the PMR spec-
tra of the reaction mixtures (Table 3). Their structures were established on the basis
of the changes in the chemical shifts of the ring protons and the spin-spin coupling con-
stants as a result of quaternization [13].
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