Quaternized 2- and 4-Aminonicotinamides 1009

STRUCTURE AND PROPERTIES OF QUATERNIZED
2- AND 4-AMINONICOTINAMIDES

Svatava SMRCKOVA-VOLTROVA, Jaroslav RIHA and Viktor PRUTIANOV

Department of Organic Chemistry,
Prague Institute of Chemical Technology, 166 28 Prague 6, The Czech Republic

Received May 5, 1995
Accepted May 25, 1995

Compounds 2- and 4-aminonicotinamide were quaternized with eight 4-substituted 1-bromomethylbenzenes
to form 1-(4-substituted benzyl)-3-carbamoyl-1,2(1,4)-dihydropyridin-2(4)-iminium bromides. The optimal
reaction conditions were found and the resulting iminium salts were characterized by *H and C NMR
spectra. No transmission of electronic effect of the substituent at the benzene ring on the spectral
properties of dihydropyridine moiety was observed. The possible reason is discussed.

In our previous communication* we have found 3C NMR spectroscopy as a suitable
tool for the proof of the structure of aminopyridine quaternary salts. We concluded that
salts derived from 2- and 4-aminopyridine occur exclusively in the iminium form with
dihydropyridine structure. This fact may be important from the biological point of
view: dihydropyridiniminium structure behaves rather as an 1,4-dihydropyridine deri-
vative than as a pyridinium quaternary salt and the hydride-donor properties are lost.
This fact can be a reason of both the CNS activity of the alkaloid clitidin? and the
powerful competitive inhibition of NAD by aminonicotinamide, which is by NADase
catalyzed base-exchange reaction transformed into a coenzyme analog®. The chance to
be therapeutically useful let us to the synthesis of 2- and 4-aminonicotinamides sub-
stituted in the position 1 with modified benzyl group. These compounds are interesting
also from the chemical point of view, regarding the study on the substituent effects.

The starting 2-aminonicotinamide was prepared from nicotinamide by oxidation to
its N-oxide, chlorination with a mixture of phosphorus pentachloride and phosphorus
oxychloride to 2-chloronicotinonitrile, reaction with alcoholic ammonia at 180 °C and
hydrolysis according to the described procedure®. 4-Aminonicotinamide was obtained
from the 3-methylpyridine-1-oxide by its nitration®, oxidation® to 4-nitronicotinic acid
1-oxide, catalytic hydrogenation’ to 4-aminonicotinic acid and amide preparation via
the anhydride intermediate®. The 1-substituted 2- and 4-aminonicotinamides | and |1
were prepared by reaction of the base with the corresponding 4-substituted 1-bromo-
methylbenzene in dimethylformamide or acetonitrile.
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The physico-chemical characteristics of prepared compounds are given in Table I,
the 'H NMR and 3C NMR spectra of compounds | and |1 in Tables |-V, respectively.

The aim of our work was to find how is the electronic structure of dihydropyridin-
iminium moiety influenced by arelatively remote substituent. In continuation of a sys-
tematic study®™! of substituent effects of pyridine derivatives carried out earlier in our
laboratory we tried to detect any relationship between the substituent on the benzyl
group and the pyridine moiety. Although the mentioned studies were focused mainly on
the polarographic reduction, the *H NMR signals given show some dependences on the
nature of the substituent, e.g. in the case of the 1-(4-substituted phenyl) derivativest®
the difference of the chemical shifts of H-2 is Ad = 0.60 ppm (Table VI); in our com-
pounds Il the value is only 0.20 ppm (Table V), for H-4 Ad = 1.0 ppm (in our case —
compounds | — Ad = 0.05 ppm; Table Il), for H-5 Ad = 0.5 ppm (0.05 and 0.07 ppm),
and for H-6 Ad = 0.44 ppm (0.05 and 0.08 ppm, see Tables VI, Il and 1V, respectively).
Also in the 1-(4-substituted benzyl) derivatives®’ the substituent effect is more promi-
nent when no amino group is present. The isolation of the aminopyridine moiety is
even more obvious from the 33C NMR spectra (Tables |11 and V) where, even the Ad
value of C-4' being both in compounds | and in compounds Il more than 35 ppm,
almost no change in chemical shifts is observed. As a plausible explanation for the
absence of electronic substituent effect transfer in quaternized 2- and 4-aminopyridine
derivatives we suggest their dihydropyridine-like structure, which lacks aromaticity of
pyridinium compounds and thus does not possess the pronounced electron-acceptor
properties. Absence of these properties causes probably the powerful inhibition of NAD
in the respiratory chain, and thus the biological activity of aminopyridine derivatives.
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TaBLE |

Characteristic data for the compounds | and 11

o Calculated/Found
Compound M.p., °C Formula
Yidd, % M.w.)

% C %H %N

la 246-250  CasH14BrNszO 50.67 4.58 13.64
67 (308.2) 49.84 4.54 13.38

Ib 238-240  Ca3H13Brz2NsO . H20 38.55 3.74 10.37
41 (405.1) 38.53 3.94 1043

Ic 222226  CiaH13BrFsNsO . 1.5 H20 41.70 4.00 10.42
85 (403.2) 41.57 3.78 1041

Id 289292  CuaH14BrNsOs . 0.5 H20 46.57 4.19 11.60
95 (361.2) 46.97 4.13 11.10

le 238-242  CusH13BrN4O . 0.5 H20 49.14 412 16.37
72 (342.2) 48.94 4.08 15.81

If 245-247  Ci3H13BrN4Os . H20 42.07 4.07 15.09
55 (371.2) 42.14 4.05 14.69

Ig 208-211  Ci7H22BrNsO . C3H7NO? 54.92 6.68 12.81
72 (437.4) 54.80 6.90 12.78

lh 234236  Ci3H13BrFNsO . 2 H20 4311 4.70 11.66
52 (362.2) 43.37 4.30 12.15

Ila 231-232  Ci3H14BrNzO . 0.5 H20 49.18 4.73 13.24
65 (317.2) 49.05 4.94 13.35

I1b 186-190  CisH13BraNsO . H20 38.55 3.74 10.37
66 (405.1) 38.06 3.86 10.31

Ilc 190-192  CusH13BrFsNszO . H20O 42.66 3.84 10.66
75 (394.2) 42,91 3.94 10.34

Id 319-320  Cu4H14BrN3Os . 2 H20 43.31 4.67 10.82
56 (388.2) 43.16 4.33 1047

lle 194-195  Cu4H13BrN4O . 0.5 H20 49.09 4.09 16.36
81 (342.2) 49.22 4.29 16.09

If 255-256  CasHi13BrN4Os 44.21 371 15.86
39 (353.2) 44.01 3.89 15.62

Ig 252-253  Ca7H22BrNsO . H20 53.41 6.33 10.99
60 (382.3) 53.55 6.19 10.62

Ith 234236  Ci3H13BrFNsO . 1.5 H.0 44.16 4.53 11.89
71 (353.2) 44.02 4.18 11.56

2 Solvate with one molecule of dimethylformamide.
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EXPERIMENTAL

The melting points were determined on a Boetius block and are uncorrected. The NMR spectra (9,
ppm; J, Hz) were measured on a Gemini-300HC instrument in hexadeuteriodimethyl sulfoxide.
Experimental parameters; for *H 300.075 MHz, digital resolution 0.3 Hz/point; for 13C 75.462 MHz,
digital resolution 0.6 Hz/point; APT technique. The thin layer chromatography was performed on the

TaBLE I
'H NMR spectra of iminium bromides |

Compound H-4 H-5 H-6 2-NH, H; H, CH, o m J65) J45 Jom) J(mo)

la 845 7.12 855 933 809 859 561 740 7.28 76 6.5 7.3 7.1
Ib 843 7.12 853 932 809 858 557 724 762 7.6 6.7 8.6 8.4
Ic 846 7.16 855 935 810 859 571 745 779 7.7 6.6 8.2 7.7
Id 844 7.14 854 932 810 858 567 733 79 7.2 6.6 8.2 8.2
le 847 7.15 857 935 810 860 573 742 789 7.7 6.7 6.7 7.5
If 848 7.17 857 938 810 860 577 749 826 75 6.6 6.9 8.7
Ig 845 7.14 854 930 808 858 557 721 742 76 6.7 7.7 7.1
Ih 843 7.12 852 933 809 858 557 738 726 7.1 6.1 7.0 8.8

@ Signal dd, 3 H (m+p).

TaBLE Il
13C NMR spectra of iminium bromides |

Compound C-2 C3 C4 C5 C6 CO CH, C1 C-2 C3 C4 Subst.

la 153.2 1157 143.6 1120 1430 167.0 55.6 1329 1274 1289 1284 -
Ib 153.2 1159 1436 1122 1430 167.0 551 1218 129.7 1319 1323 -
Ic 1534 1159 1439 1122 1432 1670 552 1286 1256 1281 137.7 -2
Id 153.3 1158 1438 1121 1431 166.8 554 130.7 127.3 129.7 137.8 167.0
le 153.4 1159 1438 1121 1431 1669 553 1183 1281 1327 1385 1111
If 153.4 1160 143.8 1122 1432 1669 552 1405 1238 1284 1473 -
Ig 1531 1156 1436 1120 1429 1669 553 129.9 127.3 1256 151.0 34.1°
Ih 153.2 1157 1435 1120 1430 1669 549 1291 130.1 1157 1636 —

2 Signal not found. ® Chemical shift of the methyl group: 30.1 ppm.
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Silufol plates (Kavalier, The Czech Republic); al products had R- 0.0 in the mixture 2-propanol—
aqueous ammonia-water (90 : 5 : 5). Starting 4-substituted 1-bromomethylbenzenes were purchased
from Fluka. Dimethylformamide was purified by drying over potassium hydroxide, twice vacuum
distilled and stored over molecular sieves. Traces of dimethylamine were removed by evacuation im-
mediately before reaction. Acetonitrile was five times rectified from phosphorus pentoxide.

TABLE IV
'H NMR spectra of iminium bromides 11

Compound H-2 H-5 H-6 4NH, H, H, CH, o m J56) J®65 Jom) J(mo)

Ila 9.16 7.04 829 893 7.90 832 541 745 745 73 7.7 - -
I1b 9.01 700 823 891 7.89 824 536 742 764 1.2 6.6 8.1 8.1
llc 9.01 702 826 894 7.89 826 550 765 781 73 6.0 8.1 8.2
Id 910 7.04 827 895 7.89 829 550 754 797 7.1 7.2 8.2 8.1
e 916 7.05 829 897 7.90 828 554 765 791 74 6.2 8.3 8.1
If 911 705 827 898 7.90 828 558 771 829 75 8.4 8.6 8.8
Ig 89 699 823 887 7.88 82 531 736 743 73 7.6 8.3 84
ITh 9.15 698 821 882 7.85 857 538 757 725 59 4.9 8.0 8.2

Multiplet (5 H).

TABLE V
13C NMR spectra of iminium bromides II

Compound C2 C3 C4 C5 C6 CO CH, C1 C2 C-3 C4 Subst.

Ila 1445 110.7 157.7 1125 1423 1664 60.0 1351 1283 129.0 1288 —
I1b 1445 1108 1577 1125 1423 1663 59.2 1221 1306 1319 1343 -
llc 1446 1111 1577 1125 1424 1662 59.4 1290 1258 1289 1395 -*
Id 1446 1109 1577 1125 1425 1663 59.6 131.0 128.2 129.8 139.6 166.8
e 1447 1109 157.7 1125 1424 1663 59.2 1182 129.0 1328 1403 1114
If 1447 111.0 1578 1125 1425 1663 59.1 1423 1240 1295 1476 -
Ilg 1444 1106 157.7 1125 1423 1664 59.8 1321 1280 1257 1513 343"
ITh 1443 111.0 158.0 1129 142.0 1664 59.0 1314 130.7 1158 1639 -

2 Signal not found. ® Chemical shift of the methyl group: 30.9 ppm.
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1-(4-Substituted Benzyl)-3-carbamoyl-1,2-dihydropyridin-2-iminium Bromides |. General Procedure

The solution of 2-aminonicotinamide (0.1 g, 0.73 mmol) and corresponding 4-substituted 1-bromo-
methylbenzene (0.5 g) in dimethylformamide (2 ml) was left at 15 °C for 20 days. Toluene (20 ml)
was then added and the resulting white precipitate was isolated by filtration. To remove the residual
dimethylformamide, the solid was dissolved in methanol—toluene (1 : 1, 60 ml) and methanol was
evaporated under reduced pressure at 15 °C. The suspension formed was then filtered, the solid sub-
stance washed with acetone and dried. Yields and physical characteristics of the compounds | are
given in Table I, H and 3C NMR spectra in Tables Il and |11, respectively.

1-(4-Substituted Benzyl)-3-carbamoyl-1,4-dihydropyridin-4-iminium Bromides Il1a-lld, IIf, Ilg.
General Procedure

The solution of 4-aminonicotinamide (0.1 g, 0.73 mmol) and corresponding 4-substituted 1-bromo-
methylbenzene (0.5 g) in dimethylformamide (2 ml) was refluxed to the complete conversion of the
starting base (TLC). The solvent was then evaporated under reduced pressure and the remaining oily
product was co-distilled with toluene. The solid precipitate was washed with ether and dried.Yields
and physical characteristics of the compounds Ila-lId, I11f and Ilg are given in Table |, 'H and 3C
NMR spectra in Tables IV and V, respectively.

1-(4-Cyanobenzyl)-3-carbamoyl-1,4-dihydropyridin-4-iminium Bromide (Il€) and
1-(4-Fluorobenzyl)-3-carbamoyl-1,4-dihydropyridin-4-iminium Bromide (I1h)

The solution of 4-aminonicotinamide (0.1 g, 0.7 mmol) and 4-bromomethylbenzonitrile or 1-bromo-
methyl-4-fluorobenzene (0.5 g) in dry acetonitrile (20 ml) was refluxed for three days. The resulting
white solid was filtered and dried. Yields and physical characteristics of the compounds Ile and I1h
are given in Table |, *H and 3C NMR spectra in Tables IV and V, respectively.

TaBLE VI
'H NMR spectral data of the nicotinamide moiety for 1-(4-substituted phenyl)-3-carbamoy!pyridi-
nium perchlorates (taken from ref.'°)

Substituent
Proton

(CHs),N OH OCH; CH; NHCOCH; H Cl Br COOH NO,

H-2 9.36 942 940 944 9.50 950 958 946 996 9.73
H-4 8.88 894 892 898 8.95 902 910 830 930 923
H-5 8.20 826 822 828 8.20 832 840 800 850 848
H-6 9.22 928 928 930 9.27 938 944 930 966 943
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