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REACTIONS OF N-ALKYLAZINIUM CATIONS.
3.% QUATERNARY PTERIDINIUM SALTS.
SYNTHESIS, STRUCTURE, AND REACTIONS
WITH SIMPLE NUCLEOPHILES

I. V. Kazantseva, V. N. Charushin, O. N. Chuapkhin,
A. 1. Chernyshev, and S. E. Esipov UDC 547.859:543.422.25

4—Morpholinopteridine reacts with triethyloxonium tetra-fluoroborate to give two
types of isomeric quaternary salts, viz., l-ethyl- and 8-ethyl-4-morpholinopteri-
dinium tetrafluoroborates. The structures of the pteridinium cations were proved
by the 'H and '°C NMR spectra and also by chemical transformations in reactioms
with simple nucleophiles.

The chemistry of pteridines has undergone significant development because of the important
role of -derivatives of this series in biochemical processes [2, 3]. Reactions of pteridines
with diverse N, 0, S, and C nucleophiles are known [2, 3], and the phenomenon of covalent
hydration of protonated forms of the pteridinium ion has been studied thoroughly [4]; however,
the literature contains no information regarding quaternary pteridinium salts or their reac-
tions with nucleophiles.

The aim of the present research was to obtain-quaternary N-alkylpteridinium salts and to
study their structures and reactivities with respect to simple nucleophiles.

Considering the ease with which protonated forms of pteridine are hydrated in both the
pyrimidine and pyrazine rings [5], the preparation of stable pteridinium cations seemed
possible only when mesomeric~donor substituents, which participate in declocalization of the
positive charge, are present. Alkoxy, alkylmercapto, or dialkylamino groups could have been
substituents of this sort, since the alkylation of pteridines with free hydroxy and amino
groups, even though it does take place at one of the ring nitrogen atoms, leads to uncharged
oxo or imino derivatives as a result of deprotonation of these groupings [6, 7). Starting
from these premises and taking into account the fact that the pyrimidine ring, particularly
the C(4) atom, is most vulnerable to the formation of covalent hydrates, in the present re-
search we investigated the quaternization of 4-morpholinopteridine (I), which was obtained
from 4-methylthiopteridine [8].

Since pteridines have low basicities and attempts to obtain quaternary salts by reaction
with methyl iodide were unsuccessful [9], the quaternization of pteridine I was carried out
with triethyloxonium tetrafluoroborate at 40°C in methylene chloride. Under these conditions
4-morpholinopteridine (I) forms two types of stable pteridinium salts with quaternary nitrogen
atoms in the 1 (II) and 8 (ITII) positions, which were synthesized preparatively in 77% and
3% yields, respectivelv (Tables 1 and 2). It is known [3] that the basicities of the nitro-
gen atoms-in unsubstituted pteridine decrease in the order Ns > N; > Ns > Ng. It is there-
fore not.surprising that alkylation of the sterically accessible and more basic N; atom of
the pyrimidine ring as compared with the Ng atom of the pyrazine ring is the preferred

quaternization pathway.

*See [1] for communication 2.

S. M. Kirov Ural Polytechnic Institute, Sverdlovsk 620002. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 9, pp. 1257-1264, September, 1985. Original article
submitted July 3, 1984.
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TABLE 1. Characteristics of Pteridines I-III and VIa-d

Ry* Found Calculated |
Com- mp, deg Empirical formula Yield,
pound C A |B c H N () c H{Ng) | 7
I 173—1751 0371 0261 55,1 5,1 | 32,2 | CiaH|yNsO 55,31 5,11 32,2 70
1 l49~l:'32 — | — 143.2] 48| 214 | C;oH;eN;sOBF, {433 48| 21,0 77
11 164— 168} — ~ 43,1} 46| 214 | CpH4NsOBF, {43,2] 481 210 8
Via 237-—2391 0431 0,65( 39,11 3,50 § 37,8 | C,;HsNs 5891 3.6 | 37,5 97
VIb 228-—2301 0,46 0631 57,01 491 252 | C3H;3N;0, 57.61 4,81 258 80
Vic 208--301 1 0,111025) 65,11 4.2 1 34,5 | CiH oNgO .5 4.2 1 34,7 o2
Vid 240—2421 02210411 51,41 4,1 | 328 | C;HoNgS 51,21 39 | 32,5 61
(12,4) (12,4)
#*System A was chloroformethyl acetate—ethanol (6:3:1),
and system B was chloroform—acetone (1:1).
TABLE 2. Characteristics of the -*H NMR Spectra of 4-
Morpholinopteridine {I) and Isomeric Quaternary Salts II
and III in d¢-DMSO
Chemical shifts, 8, ppm
Compound morpholine ring protons . s, ;. Hz
2-H 6-H 7-H =N—CyHj
O(CH:), N(CHy):
1} 866s]882d19,06d (3,78 m{440 m — 19
119,135 ]9,11d {9,19d|3.86m {436 m (2H); 1,45 t (3H); 2.1
497m (2H) 454 q (2H)
A(Il—D 047 1029 {003 [0.08 —0,04; 0,57 0.2
111{ 8.80s | 9,30d| 9,484 [ 3,82 m (4,30 m (2H); 1,35 t (3H); 3.0
470m (2H) 490 q (2H)
A(III—-Dj 0,04 1048 0,42 10.04 —0,10; 0,30 1,1

The structures of quaternary pteridinium salts II and IIT were established on the basis
of data from the *H and '°C NMR spectra (Tables 2 and 3 and Figs. 1 and 2) and were also con-
firmed by their chemical transformations in reactions with nuecleophilic reagents.

The data in Table 2 makes it possible to follow the changes in the characteristics of
the 'H NMR spectra of 4-morpholinopteridine (I) as a result of quaternization.
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The greatest shift of the singlet signal of the 2-H proton to weak fields on passing
from base I to salt IT (A = 0.47 ppm) indicates quaternization of the N; atom of the pyrimi-
dine. The doublet signals of the 6-H and 7-H protons of the pyrazine ring, which are in the
para and meta positions relative to the ammonium grouping, are also shifted to weak field
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Fig. 1. 'H NMR spectra of 4-morpholinopteridine (I), iso-
meric quaternary salts II and III (in de-DMSO), and their
methoxy adducts 1IVa and VIIa (in d,-methanol).

but to a considerably smaller extent, viz., 0.29 and 0.13 ppm, respectively (Table 2 and Fig.
1). For III, on the other hand, greater shifts to weak field of the doublet signals of the
6~H and 7-H protons of the pyrazine ring (A = 0.48 and 0.42 ppm, respectively) are observed,
whereas the singlet signal of the 2-H proton is shifted only.0.14 ppm (Table 2 and Fig. 1).
Quaternization of the Ns atom in IIT is also confirmed by the increase in the SSCC of the
protons of the pyrazine ring (3J6,7) from 1.9 Hz (pteridine I) to 3.0 Hz  (the III cation);
as noted in a study of the quaternization of pyrido[2,3-blpyrazines [10], this is one of the
diagnostic signs in the determination of the quaternization center.

All of the characteristics of the '>C NMR spectra of isomeric quaternary salts I and
IIT also correspond to their structures. The assignment of the signals in the **C NMR spec-
trum of pteridine I (Table 3 and Fig. 2) was made on the basis of literature data [11] on
the chemical shifts of unsubstituted pteridine and related compounds and with allowance for
the multiplicities of the signals and the values of the RJ(C-H) constants in the **C NMR
spectra recorded without spin-spin decoupling of the protons. The mutual assignment of the
signals in the 'H and '°C NMR spectra was made on the basis of experiments involving selec-
tive decoupling of the coupling of the 2-H, 6-H, and 7-H protons with the *°C nuclei. The
doublet-doublet signals at § 141.89 and 150.40 ppm are related to the methylidyne C(s) and
C(;) atoms of the pyrazine ring, and the doublet signal at 157.54 ppm is related to the
C(z2) atom of the pyrimidine fragment. Of the three signals of quatermary carbon atoms, the
strongest-field (128.12 ppm) doublet signal with *J[C(.a)~He] = 11.2 Hz is related to the
Cl.a) atom, which is bonded only to one nitrogen atom. The signal at 155.19 ppm shows up
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Fig. 2. Diagram of the changes in the chemical
shifts in the *°C NMR spectra in ds-DMSO on
passing from 4-morpholino~pteridine (I) to
quaternary salts IT and ITII.

in the form of a double doublet with *J = 12.3 and 13.6 Hz and is‘related to the C(,5) atom.
The 'signal of the C(.) atom shows up at 159.73 ppm in the form of a double multiplet .due .to

coupling with the 2-H proton (®J = 10.6 Hz) and four N-methylene protons of the morpholino
substituent (Table 3). :

The assignments of the signals in the '°C NMR spectra of quaternary salts II and TIII
were similarly made (Table 3 and Fig. 2). Considering the closeness of the singlet and
doublet signals of the resonance of the 2-H and 6-H protons in the PMR spectrum of salt II
(the difference in the chemical shifts in 0.02 ppm), experiments involving the observatien
of the "°C resonance with selective spin-spin decoupling of the protons were carried out at
a low reduced power of the decoupling apparatus (yH./2rm = 400 Hz). 1In the case of irradia-
tion of a sample of IT with a frequency corresponding to the resonance of the 2-H proton
(9.13 ppm) the signal of the C(,) atom shows up in the form of a triplet with a residual
constant due to coupling with the methylene protons of the N-ethyl group. The C(;) and C(e)
signals in this case were recorded in the form of doublets with residual 'Jres constants
due to coupling with the 7-H and 6-H protons. Similar experiments involving the decoupling
of the 7-H (9.19 ppm) and 6-H (9.11 ppm) protons led to distinct singlets of the C(;) and
C(s) signals, respectively. Measurement of the long-range SSCC for the bridge C(;a) atom
was hindered because of overlapping of the signal of the C(ia) atom and the strong-field doub-
let component of the Cy»y signal.

Two markedly broadened. signals (Avi/z = 10 Hz) of quaternary (146.70 ppm) and methyli-
dyne (142.39 ppm) carbon atoms are observed in the *3C NMR spectrum of III. In [10] it was
shown that quaternization of pyrido[2,3-b]pyrazines leads. to marked broadening of the
signals of the o-carbon atoms. On the basis of this the above-indicated signals of qua-
ternary salt III were assigned, respectively, to the C(1a) and C(;) atoms. The assignment
of the signals of the methylidyne fragments of the heterocyclic system was made on the basis
of experiments with selective decoupling of the coupling of the protons with the *®C nuclei.
Because of:marked broadening and mutual overlapping of the signals in the '°C NMR spectra of
salt III recorded without suppression of the spin-spin coupling with the protons we were
unable to measure the long-range SSCC for the G(ia) and C(.a) atoms; the *J constants for
the C(¢) and C(,) atoms were measured with an accuracy of + 1 Hz.

Tt is known [10, 12] that quaternization of azines leads to a 6-10 ppm shift to strong
field of the signals of the a-carbon atoms in the -*>C NMR spectra. The observed 9.35 and
4.31 ppm shifts to strong field of the C(;a) and C(2) signals in the 3C NMR spectrum of II
with respect to base I indicate quaternization of the N(,) atom. The conclusion regarding
quaternization of the N{(g) atom similarly follows on the basis of the shifts of the C(ya)
and C(,) signals in the *°C NMR spectrum of IIT with respect to I (Table 3 and Fig. 2). The
increase in the absolute values of the 'J(c_g) constants for the pyrimidine (II) and pyrazine
(III) rings by more than 10 Hz (Table 3) is yet another piece of evidence {10] for the
quaternization of the N(:) and N(s) atoms, respectively.

The *H and .'?C NMR spectra also indicate that structure IIb with a C.=N double bond
makes- a significant contribution to stabilization of the IT cation. Retarded (on the NMR .
time scale) rotation about the C,~N bond is manifested in the presence of two signals of
N-CH, groups in the 'H and '>C NMR spectra of II. By selective decoupling of the spin-spin
coupling of the N—CH, protons with shifts of 4.36 and 4.97 ppm we demonstrated their coupling
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‘TABLE 4.

PMR Spectra of the Covalent Adducts of Pteridinium

Salts with Water, Methanol, Ethyl- and Diethylamines, and

Malonodinitrile
Formation conditions* Chemi)c;lnshifts, & |
Adduct 3, Hz
reagents I solvent 2-H,s |6-H,d }7-H.d
lVa IH4+N(CHs)s, 1:1 CD;OD 8,08 | 7,36 | 5,49 3,2
Vb H14-NH(CyHs)2, 1:1 dg-DMSO 694 | 6,18 | 4,05 3,1
V¥ I D0 8,15 | 7,56 | 5,72 33
Ive HI+N(Colig)s, 111 D,O 8,16 | 7,56 | 5,72 3.3
Ivd Ill ITC}Hz(CN)z+ N{(CyHs)s, dg-DMSO 797 | 719 | 4,72 3,6
Wet  [NT+HNGHs 1:3 dgDMSO | 799 | 717 | 497 | 3.3
Vi HI+HNCoH;, 1:3 dg-DMSO 785 | 5,18 | 4,83 —
Vila H+N(CgHg)s, 1:1 CD3;0OD 595 | 8,26 | 7.95 2,8
Vilb I4+HN(C,Hs)e, 1:1 CDCl, 6,00 | 8,02 | 7,69 29

*At 35°C, except for adducts VIIa,b, which were detected at

—40°C.

+The amount of adduct IVe in the
the IITI cation was 407%.

the remaining cases.
TA mixture of ethylamine IVe and diadduct V in a ratio of

3:1 was formed.

equilibrium mixture with
Complete conversion was observed in

TABLE 5. Characteristics of the 'H NMR Spectra of
Pteridines VIa-d
Com- Chemical shifts, §, ppm
pound Solvent
2-H 6-1&7-H N—C:Hs R
Via | dgDMSO —CDCl;, |859s] 890 s (2H) 440 q (2H); —
1:1 1,46t (3H)
Vib | CF:COOH 891s | 867 d (=2 Hz) 438q (2H); [4,15 @ (2H);
871 d TeHZI pog ¢ (3t1) (109 ¢ (3H)
Vic | dg-DMSO 843s| 878 s (2H) 424q (2H); [9.12br.s  (2H)
135t (3H)
Vig | dg-DMSO 85ls | 88l's (2H) 423q (2H); |9,70br.s  (2F])
136t (3H)

with the methylene carbon atoms, the signals of which are recorded at 48.50 and 50.74 ppm,
An increase in the temperature of the sample to 112°C leads

respectively (Tables 2 and 3).

to coalescence of the.signals of the protons of the N(CH,) groups in the 'H NMR spectrum of

11 at 4.7 ppm.

which was evaluated from the equation K = vV2mAv, is greater than 2-10° Hz.

RN (/ \‘l
/T\ 4N
N N.
N7 ™y g N N
==
A ~
? N N N
!
€ H, C,H,
n B

] ()
1. I

The frequency of rotation of the morpholino substituent at this temperature,

The contribution of resonance structure ITIB is less significant for isomeric sait 1II.
Tn the 'H and *>C NMR spectra of III at 30°C the protons and carbon atoms of the N—CH,
groups are recorded in the form of broad mutually overlapped signals.
evidence for intermediate (on the NMR time scale) exchange rates due to rotation of the

morpholino substituent about the C.,—N bond.

This constitutes

The weaker-field [as compared with the II

cation (8 4.54 ppm)] chemical of the methylene protons of the quaternary N-ethyl group
(8 4.90 ppm) also indicates the smaller contribution of resonance structure I11b.
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Not only the spectral characteristics of quaternary salts II and III but also their reac-
tivities with respect to simple nucleophiles differ. Thus l-ethyl-4-morpholinopteridinium ion
(II) does not undergo covalent hydration, whereas 8-ethyl-4-morpholinopteridinium ion (III)
adds water in the 7 position in the absence of a base to give ¢ adduct IVc; the ratio of the
I1I cation to covalent hydrate IVc is 3:2. 1In the presence of triethylamine the III cation
undergoes complete hydration to give stable adduct IVc. The 4.76-ppm shift to strong field
of the signal of the pyrazine 7-H proton (d, J = 3 Hz) as compared with the IIT cation indi-
cates the formation of ¢ adduct IVe, whereas the signals of the 2-H (s) and 6-H (d, J = 3 Hz)
protons are shifted only 0.65 and 1.74 ppm, respectively, to strong field (Table 4). Similar
changes in the 'H NMR spectra are also observed in the formation of the adduct of salt TII
with methanol (Table 4 and Fig. 1). The chemical shifts and SSCC of dihydropteridines IVa,c
are in good agreement with the data from ‘H NMR spectra of the adducts of the l-methylquino-
xalinium cation with water and methancl [13]. Adducts of the IIT cation with diethylamine
(IVb) and malonodinitrile (IVd) were also detected by 'H NMR spectroscopy (Table 4). 1In
comparing the reactivity of pteridinium cation TII with other 1,4-diazinium salts, parti-
cularly with the quinoxalinium cation, it should be noted that the III cation is, on the one
hand, more electrophilic, since it, in contrast to the quinoxalinium cation, is hydrated by
water in the absence of a base, whereas, on the other hand, the pteridinium-cation has little
inclination to form diadducts involving the pyrazine ring, which is characteristic for the
quinoxalinium salt [13, 14]. A product of diaddition of a nucleophile to the III cation in
the 6 and 7 positions was detected only in the reaction of ethylamine {(diadduct V), and this
diadduct was mixed with monoadduct IVe (Table 4).

The reactions with 0, N, and C nucleophiles such as alcohols, amines, and CH-active com~
pounds proceed via a different pathway in the case of quaternary salt II. The products of
additien of methanol and diethylamine (VIIa,b) in the 2 position of the II cation are un-
stable and are detected in the 'H NMR spectra only at reduced temperatures (from —40 to 0°C)
(Table 4 and Fig. 1). A 9.13 to 5.95-ppm shift of the singlet signal of the 2-H proten to
strong field is observed when salt IT is dissolved in d,-methanol in the presence of triethyl-
amine at —40°C; the doublets of the protons of the pyrazine ring undergo only a small shift
to strong field (Table 4 and Fig. 1). A o adduct of salt II with the malonodinitrile car-
banion would not be detected even at —40°C, since replacement of the morpholine residue to
give pteridine VIa takes place very rapidly even under these conditions. Product VIa was
also obtained when this reaction was carried out at room temperature. Products with a
structure similar to that of VIb-d were also formed in the reaction of salt II with cyano-
acetic ester, cyanothioacetamide.

EXPERIMENTAL

The 'H NMR spectra were recorded with Perkin~Elmer R-12B (60 MEz) and Bruker WH-90 (90
MHZ) spectrometers. The chemical shifts were measured on the 8§ scale with respect to tetra-
methylsilane (TMS) (87mg = 0.00 ppm) and hexamethyldisiloxane (HMDS) (8gMps = 0.05 ppm)
internal standards for solutions in organic solvents and with respect to sodium 2,2-dimethyl-
2-silapentane~5-sulfonate (DSS) (épgs = 0.015 ppm) as the internal standard for D,0 solutions.
The '°C NMR spectra (4-10% solutions in de~DMSO) were recorded with a Bruker WH-90 spectro-
meter (22.62 MHz) at 30°C. The chemical shifts were measured on the § scale relative to the
signal of the solvent (8pMso = 39.7 ppm). The numerical resolution was 0.5 Hz per point,
which corresponded to the accuracy in the measurement of the chemical shifts (0.02 ppm) and
the 8SCC [J(cu) = 0.5 Hz]. Experiments involving selective decoupling of the coupling of
the protons with the *°C nuclei were carried out at a reduced power of the decoupling
apparatus (yH./2m = 400 Hz).

The characteristics of the synthesized compounds are presented in Tables 1-3 and Table 5.

4-Morpholinopteridine (I). A mixture of 5 g (84 mmole) of 4-methylthiopteridime [8]
and 16.5 ml (189 mmole) of morpholine in 125 ml of ethanol was refluxed for 24 h, after which
it was cooled, and the precipitate was removed by filtration and recrystallized from ethanol
to give 5.2 g (70%) of a product with mp 173-175°C.

Quaternization of 4-Morpholinopteridine. A solution of 4.5 g (23 mmole) of triethyloxo-
nium tetrafluoroborate in 10 ml of methylene chloride was added to a solution of 4 g (18
mmole) of 4-morpholinopteridine in 40 ml of methylené chloride, and the mixture was refluxed
for 3 h. The precipitated 8-ethyl-4-morpholinopteridinium tetrafluoroborate (III) was
removed by filtration and recrystallized twice from absolute ethanol to give 0.45 g (8%) of
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salt IIT with mp 164-168°C. The filtrate was evaporated to dryness, and the residue was re-
crystallized from absolute ethancl te give pteridinium tetrafluoroborate II. The yleld of
salt 11, with mp 149-152°C, was 4.3 g (77%).

1,4-Dihydro-4~dicyanomethylene-l-ethylpteridine (VIa). A 0.2-g (3 mmole) sample of
malonodinitrile and 0.83 ml (6 mmole) of triethylamine were added with stirring to a sus-
pension of 1 g (3 mmole) of pteridinium tetrafluoroborate IT in 15 ml of ethanol. Heating
up of the reaction mixture, dissolving of the starting salt, and the formation of a
yellow crystalline precipitate were observed as the triethylamine was added. The mixture
was cooled, and the precipitate was removed by filtration, recrystallized from ethanol,
and air dried to give 0.65 g (97%) of VIa with mp 237-239°C.

Compounds VIb-d were similarly obtained by reaction of the II cation with cyanoacetic
ester, cyanoacetamide, and cyanothioacetamide.
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