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Pyridinium salts have been prepared by nucleophilic substitution reaction of 5-halogeno-2-furane
derivatives with pyridine and its 3- and 4-substituted derivatives, where R = 3-methyl, 3-ethyl,
3-amino, 3-methoxycarbonyl, 3-ethoxycarbonyl, 3-aminocarbonyl, 4-amino, 4-aminocarbonyl,
4-phenoxy, and 3,4-dimethyl, and structure of the derivatives prepared has been confirmed
by their 'H NMR and '3€ NMR spectra.

Nucleophilic substitution reactions of furane derivatives become increasingly signifi-
cant for preparation of furane compounds. In the previous papers' ~* we studied
the nucleophilic substitutions of halogen or other suitable leaving groups in 2-furane
derivatives with primary and secondary amines, thiolate anions, rhodanide anion, etc.

The present paper deals with a study of the nucleophilic substitution reaction
of 5-halogeno-2-furane derivatives as e.g. 5-halogeno-2-furfurylidenemalononitrile,
methyl 3-(5-halogeno-2-furyl)-2-propenoate, and 3-(5-halogeno-2-furyl)-2-propen-
amide with tertiary amines of pyridine type. Pyridinium salts of five- and six-membered
heterocycles are little known in literature. Pyridinium salts of tetrahydro- and di-
hydrofurane®, pyridine, pyrimidine, 1,3,5-triazine, benzimidazole, benztriazole,
benzoxazole®~7 have been prepared so far.

The quaternization was carried out in a series of solvents: benzene, toluene, ethyl
acetate, methyl acetate, 1,2-dimethoxyethane, dioxane, acetone, methanol, ethanol.
Ethyl acetate was found to be the most suitable, the reaction being fast enough in it
(the quaternization is finished within several hours to several days at room tempera-
ture), and the pyridinium salt produced being not contaminated by any products
of subsequent reactions. In polar solvents, as e.g. ethanol, methanol, N,N-dimethyl-
formamide, and sulfolane, the quaternization time is shortened, but the pyridinium
salt formed is contaminated probably with products of subsequent pyridine ring
opening. Similarly impure pyridinium salts are formed by the quaternization at en-

* Part CLXXXI in the series Furane Derivatives; Part CLXXX: This Journal 49, 2141
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hanced temperatures as well as by the reactions in sealed tubes. In non-polar solvents,
as e.g. benzene, toluene, hexane, heptane, efc., the obtained pyridinium salts do not
contain side products, but the quaternization is very slow (several days) especially
with pyridines containing electron-acceptor substituents (several weeks). Pyridines
with electron-donor substituents give the respective pyridinium salts at room tempera-
ture already, whereas those with electron-acceptor substituents give very low yields
of the pyridinium salts at room temperature. At enhanced temperatures the quater-
nization time is shortened, and the deactivated pyridines give 75—809; yields of the
pyridinium salts. With the activated pyridines the corresponding yields are 90 —95%;
(Table I).

The respective 5-chloro- and 5-iodo-2-furane derivatives were used in the nucleo-
philic substitution reactions. The quaternization rate was higher with the 5-chloro-
-derivative than with the 5-bromo-derivative, whereas the 5-iodo-derivative reacted
slowly and gave low yields. 2-, 3-, and 4-Cyanopyridines, 2-bromo- and 2-chloro-
pyridines did not react in the nucleophilic substitution reaction. Low reactivity
of these pyridines is due probably to their low basicity and (in case of the 2-substituted
pyridines) sterical effects.

The 'H NMR spectra of the pyridinium salts prepared (Table I1) show 6 or 7 main
resonance signals. In the region 8-56—7-89 6 there is a singlet signal which was as-
signed to the H,, proton. Typical furane doublet signals in the regions 7-21 —7-846
and 7-97 — 7-798 with the coupling constant 3J = 4-0 Hz indicate the presence of a 2,5~
-substituted furane nucleus, which confirms the substitution of the halogen at 5-posi-
tion of the furane ring. The pyridinium protons H,, Hg, H, of the pyridinium salts I,
XI1, XV; Hyy, Hy,, Hpy, H, of the 3-substituted pyridinium salts 11, I11, IV, VI, V11,
XIII, X1V; and H,, H; of the 4-substituted pyridinium salts VIII, X, IX were ascribed
to the values of the chemical shifts given in Table II. The pyridinium salts I, XII, XV
show three types of the pyridinium protons in their spectra. From their multiplicity
and values of chemical shifts followed the assignments: H, = 9-46—9-475 (d),
H; = 842-8'443 (d,d), and H, = 8-87—8:845 (t). In case of the 3-substituted
pyridinium salts I1, IV, V, VI, VII, XII, and XIV the chemical shifts and multiplicities
enabled the assignment of the chemical shift of the H,; proton whose singlet signal
is found in the region 8:51—9-528 (for the electron-donor substituents) or 9-63 to
9-838 (electron-acceptor substituents). The H,, proton gives a doublet-doublet
signal with the coupling constants 3J = 8:0 Hz, *J = 1-5 Hz in the region 9-29 to
9-838. The doublet signal of the H, proton lies in the region of 8-:02—8:726 (electron-
-donor substituents) or 9:16—9-205 (electron-acceptor substituents). The typical
doublet-doublet signal with the coupling constants *J = 8-0 Hz, *J = 7-0 Hz which
lies in the region of 7-88—8-568 was assigned- to the Hy, proton. The spectra of
4-substituted pyridinium derivatives exhibit two types of the pyridinium protons,
viz in the regions of 8:44—9-566 and 7-05—8-685. The protons found in the former
region were ascribed to the H, protons, those in the latter to the H, protons. The
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TABLE [

Physico-chemical data about the pyridinium salts synthetized

Calculated/Found

R? Formula M.p..°C
Salt mol.wt. ield, 7
(mol.wt.) wC  %H % o g Vel
1 C,3HgBrN;0 51-58 2:67 13-91 2645  255—260°
H (302-1) 51-46 2-59 13-41 26:05 88-5
i C14H,oBrN;0 53-19 3-19 13-24 2529 245-—247°
3-CHj, (316:2) 5327 3-24 13-32 25-46 89-0
ui C,;5H,,BrN;0 54-57 3-66 12:73 2420 224228
3-C,Hy (330-2) 54-41 3:51 12:81 24-09 91-4
v C14H,(BrN,0, 49-74 3-34 1160 22:06  201—204
3-COOCH, (348-2) 49-61 3-28 11-42 22:03 74-1
12 C;sH;,NIN,0,4 48:30 2-90 12:07 2295  212-2I5
3-COOC,Hs (362-2) 48-21 2-83 11-83 22:91 7-40
Vi C,3HyBrN,O 49-23 2:86 17-67 2520 191—195°
3-NH, (317-1) 48-60 3-00 17-34 2513 945
vil C,;4HoBrN,O, 48-72 2:63 1623 2315 210—210°
3-CONH, (345-2) 48-66 2:59 16:16 23-48 7-41
Vi C;3HyBrN,O 49-23 2-86 17-67 2520 235—240°
4-NH, (3171 49-26 2:90 17-47 25-11 98-5
IX C,oH,,BrN;0, 57-89 307 10-66 20-27 c
4-C¢H;0 (394-2) 57-72 311 10-67 20-34 79-4
X C,4H,BrN,O, 48-72 2:63 16-23 2315 c
4-CONH, (345-2) 48-93 2:60 16-87 23-23 77-8
X1 C,sH,,BrN;0 5457 3-66 12:73 24-20 c
3,5-(CH,), (330-2) 5395 3-79 12:85 23-39 92-3
X1 C,4H,,BrN,0, 50-17 331 8-36 23-84 217219
H (321-2) 50-01 315 812 23-67 77-9
X1 C,sH,3BrN,0, 51-60 375 8-02 22-88 c
3-CH, (335-2) 51-46 3-68 811 22:93 91-2
X1v C,sH;,BrN,0, 49-47 3-32 7-69 21-94 €
3-CONH, (364-2) 49-41 3-28 7-82 22-03 713
xv C,3H,(BrN;0, 48-77 315 1313 24-96 ¢
(3201) 48-64 3-18 1379 25-10 753

9 R is the substituent in the pyridine ring, ¥ decomposition, ¢ the compound does not melt below

300°C.
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pyridinium salt XI exhibits two singlet signals in its spectrum: at 9-236 and 8-:601 which
were ascribed to the H, and H, protons, respectively.

In the '*C NMR spectra (Table III) of the pyridinium salts prepared there are
13 signals in each basic spectrum. All the signals were assigned on the basis of the
off resonance spectrum and NOE spectrum. The !3C NMR spectra of the starting
5-halogeno-2-furane derivatives are given in ref.®.

EXPERIMENTAL

The melting points were determined with a Kofler apparatus and were not corrected. The IR
spectra were measured by the KBr technique using a UR 20 Zeiss Jena apparatus with the ac-
curacy of -1 cm~'. The UV spectra were measured in water with a Specord UV VIS (Zeiss,
Jena) apparatus with the accuracy 4-1 nm. The 'H NMR spectra were measured with an 80 MHz
apparatus Tesla BS 487 C in hexadeuteriodimethyl sulphoxide at 25°C, using tetramethyl-
silane as internal standard. The '>C NMR spectra were measured with a FT-NMR JEOL 100
MHz apparatus at the frequency of 25-05 MHz.

TaABLE I
H NMR spectra of the pyridinium salts I— XV

Salt® 6 Hgy(s) Hs(d) Hy(d) H,(s) H,(d) Hg,(dd) H,t) Other protons
» 851 780  7-84 9-46(d) 8-42 8-87 —
I 849 778 781 940 923 830 871  SCHj = 2:62(s)
- 856 7719 789 939 931 847 878  SCH, = 1-34(q)
6CH, = 2:98(t)
vV 852 179 793 966 975 853 921 8CH, = 4:52(q)
6CH, = 1-42(t)
v 855 779 797 9:63-9:83(m) 856 918 SCH, = 4-04(s)
vi 789 752 775 851 851 788 8-02 -
vir 852 781 795 980 960 850 920 —
var - 822 121 761 8-44(d) 7-05 — —
X 848 764 775 9-24(d) 7-84 —  5C4Hs =
= 7-50—7-29(m)
X 854 780  7-88 9-56(d) 868(d)  — —
XI 855 778 7185 9-23(s) - 860s SCH, = 2-58(s)
Xt 837 7-83(s) 9-47(d) 8-44 886  SOCH; = 3-94(s)
Xur 836 781 788 951 929 834 872 SOCH; = 3-89(s)
6CHy = 2:63(s)
XIv 837 784 796 981 954 855 916  SOCH; = 3-89(s)
Xv 818 766 779 946 8:42 8-84 ~

? i = 40 Hz, *Jyp yp = 7080 Hz, *Jy, 4, = T0—80Hz; “Jy,, 4, = 15 Hz;
®3 ey = 65 Hz, Sy, 4, = 8:0 Hz, *Jyy, y, = 15 Hz
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1-(5-(2,2-Dicyanovinyl)-2-furyl)-3- or -4-X-pyridinium Bromides

Solution of 10 g (44:8 mmol) 5-bremofurfurylidenemalononitrile in 200 ml ethyl acetate (benzene)
was treated with 44-8 mmol pyridine or 3-, 4-substituted pyridine. The mixture was refluxed

TaBLE I

'3C NMR spectra of the pyridinium salts

4 3
CN
R*-3 / \NL@&":C{ Brt™
p—i N
13 14 Xy

Salt* R} R?2 X C, C, C, Cs Cq

1 H H CN 146-58 127-35 106-82 149-31 144-11
11 CHj H CN 146-58 127-35 106-69 149-31 144-11
v COOC,H; H CN 147-32 126-49 107-30 148-20 143-11
71 NH, H CN 146-15 123-68 106-08 149-25 143-75
Vil CONH, H CN 146-58 126:59 107-39 148-77 143-75
Vi H NH, CN 143-45 128-59 101-51 150-71 144-51
X H CONH, CN 148-31 126-20 107-30 149-95 143-40
X1 H H COOCH; 14679 125-50 106-25 148-26 138-16
Xl CHj H COOCH; 14673 126-08 116-19 148-48 138-49
X1V CONH, H COOCH; 147-14 126-02 106-95 148-37 138-43
XV H H CONH, 147-90 122-57 105-96 147-90 134-45
Salt C, Csg Co Cio Cyy Ci2 Cis Cia
1 78-49 113-83 113-18 141-92 129-24 148-62 — —
7 78:62 112-96 113-44 143-22 138-24 148-22 128-44 139-62
v 78-80 113-10 112-63 142-62 129-74 147-82 126-94 143-92
44 7811 113-45 113-45 130-02 150-49 134-42 130-14 131-12
viI 78-98 113-80 113-20 133-72 134-64 149-42 129-94 143-32
VIII 74-77 114-36 113-62 142-82 115-44 168-22 — —

X 79-05 113-10 112-57 142-54 126-39 153-77 — —
X1 100-17 114-91 161-70 141-92 129-24 148-62 — —
X 99-99 115-38 161-94 143-22 138-24 148-22 128-44 139:62
X1V 100-34 115-26 161-94 144-72 134-64 149-42 129-94 143-32
XV 104-91 115-73 161-54 141-92 129-24 148-62 — —

“ Other chemical shifts: I ¢y, = 1806 (q); IV dgcy, = 62:61 (1); doyy, = 13:41(q), dcooc,ns =
= 16054 (s); VII dconp, = 16188 (s); X Jconm, = 16230 (s); XII Socy, = 53:25(q); XIF
dcn, = 17°91(q); ocp, = 5353 (@); XIV Sconn, = 162:12(s), docn, = 53:60 (q).
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several hours or days (depending on the nature of the substituted pyridine). The separated pyridi-
nium salt was filtered off, washed several times with ether, and dried. The raw product was re-
crystallized from a methanol-ether mixture. By the procedure described the compounds I— X7
were prepared. ’

1-(5-(2.2-Dicyanovinyl)-2-furyl)pyridinium bromide (I), 10 h. UV spectrum, A,  (nm) loge
(m? mol™1)): 370 (3:30). IR spectrum (cm™ '): 960, 981, 1 020, 1 040, 1 052, 1 108, 1 217, 1 285,
1371,1479,1575,1614,2232,2984,2998, 3061.

1-5-12,2-Dicyanovinyl)-2-furyl)-3-methylpyridinium bromide (1I), 8 h. UV spectrum, A,  (nm)
(log ¢ (m? mol~')): 369 (3-31). IR spectrum (cm™'): 943, 657, 1025, 1058, 1 121, 1 275, 1 478,
1555,1575,1606,1 618, 2 224,2 233,3 038, 3051, 3 109, 3 044, 3 101, 3 118.

1-{5-(2,2- Dicyanovinyl)-2-furyl)-3-ethylpyridinium bromide (III), 8 h. UV spectrum, 4_.. (nm)
(log ¢ (m? mol™ ")): 370 (3-37). IR spectrum (cm ™ '): 947, 969, 1 025, 1 058, 1 123, 1 271, 1 281,
1317,1452,1492,1549,1571,1602,2 227, 2 229.

1-(5-(2,2-Dicyanovinyl)-2-furyl)-3-ethoxycarbonylpyridinium bromide (I1V), 30 h. UV spectrum,
Amax (nm) (log & (m? mol ~1)): 475 (2:76), 379 (3-15), 346 i (3:02), 252 (3-02). IR spectrum (cm ™ !):
969, 1 020, 1 106, 1 151, 1 263,1312,1446,1494,1553,1609, 1 731, 2 231, 2876, 2939, 2 964.

1-:5-(2,2-Dicyanovinyl)-2-furyl)-3-methoxycarbonylpyridinium bromide (V), 35 h. UV spectrum,
Amax (nm) (log & (m? mol™1)): 468 (2:76), 377 (3-16), 345i (3-04), 251 (3-00). IR spectrum (cm ~1):
931, 975. 1 025, 1 049, 1 133, 1 231, 1267, 1 306, 1 333, 1429, 1454, 1 614, 1 634, 1 739, 2 233,
2 873, 2908, 2 964, 3 043, 3 061, 3 085, 3 124,

1-(5-(2,2-Dicyanovinyl)-2-furyl)-3-aminopyridinium bromide (V1), 6 h. UV spectrum, 4. (nm)
(log & (m? mol~1)): 372 (3-36), 257 (3:13), 231 (3:30). IR spectrum (cm~1): 933, 969, 982, 1 019,
1043, 1271, 1322, 1354, 1462, 1507, 1557, 1579, 1606, 1 634, 2232, 2996, 3 029, 3 044,
3069, 3 145, 3 273, 3 424.

1-/5-(2,2-Dicyanovinyl)-2-furyl)-3-aminocarbonylpyridinium bromide (VII), 24 h. UV spectrum,
Amax (nm) (log & (m? mol~1)): 375 (3-22), 341i (3-05), 324i (2-98), 249 (3-03). IR spectrum (cm ~!):
955, 979, 1022, 1 045, 1 116, 1273, 1 388, 1476, 1 550, 1 603, 1 673, 1 689, 2230, 3013, 3063,
3123.

1-(5-(2,2-Dicyanovinyl)-2-furyl)-4-aminopyridinium bromide (VIII), 2 h. UV spectrum, 1., (nm)
(log.c(m2 mol ™ 1)): 400 (3-23), 230 (2-79). IR spactrum (em™1): 925, 975, 1025, 1 043, 1082,
1212,1349,1496,1570,1622,1667,2231,2942,2 987, 3066,3 107, 3 273, 3 361.

1-(5-(2,2-Dicyanovinyl)-2-furyl)-4-phenoxypyridinium bromide (IX), 18 h. UV spectrum, A_ ..
(nm) (log ¢ (m?® mol~1)): 379 (3:31), 264 (2-89). IR spectrum (cm™'): 930, 972, 1025, 1046,
1077, 1 153, 1179, 1195, 1295, 1279, 1329, 1401, 1475, 1560, 1605, 1634, 2223, 2227,
2963, 2016, 3 031, 3 068, 3 121.

1-{5-(2,2-Dicyanovinyl)-2-furyl)-4-aminocarbonylpyridinium bromide (X), 24 h. UV spectrum,
Amax (nM) (log & (m? mol~1)): 388 (3-26), 347i (3-07), 333i (3-04), 272 (2:95), 242 (2-94).

1-(5-(2,2-Dicyanovinyl)-2-furyl)-3,5-dimethylpyridinium bromide (XI), 4 h. UV spectrum, 1 .
(nm) (log & (m? mol~™1)): 371 (3-30). IR spectrum (cm™'): 966, 1 005, 1 039, 1 130, 1 278, 1 319,
1386,1471,1559,1593,1 605, 2233, 2 858, 2903, 2954.

1-{5-(2-Methoxycarbonyl-2-cyanovinyl)-2-furyl)-2-X-pyridinium Bromides

Solution of methyl 2-cyano-3-(5-bromo-2-furyl)-2-propenoate (10 g, 39-0 mmol) in 150 ml ethyl
acetate was treated with the corresponding 3-substituted pyridine (39-0 mmol). The mixture
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was refluxed 8— 30 h. The separated salt was recrystallized from a methanol-ether mixture. This
procedure was used for the preparation of compounds XII— XIV.

1-(5-(2-Methoxycarbonyl-2-cyanovinyl}-2-furyl)pyridinium bromide (XII), 14 h. UV spectrum,
J s (nM) (log & (m? mol ™ 1)): 371 (3-28), 338i (3-11), 320i (3-00), 262 (2-85). IR spectrum (cm ™~ !):
932. 985. 1020, 1037, 1099, 1219, 1259, 1267, 1285, 1433, 1475, 1492, 1572, 1 612, 1 725,
2232.2990, 3015, 3 045, 3 056, 3 079, 3 119.

1-(5-(2-Methoxycarbonyl-2-cyanovinyl)-2-furyl)-3-methylpyridinium bromide (XIII), 8 h. UV
Spectrum, A, (nm) (log & (m? mol ™ 1)): 371 (3-35), 338i (3-18), 321i (3-05), 263 (2:87), 237 (2:96).
IR spcctrum(cm_’): 953, 982, 1021, 1036, 1100, 1196, 1 217, 1258, 1279, 1427, 1473,
1 SG0. 1613, 1723, 2219, 2983, 3036.

i-{5-(2-Methoxycarbonyl-2-cyanovinyl)-2-fu;vl)-3-aminocarbonylpyridinium bromide (XIV), 36 h.
UV spectrum, 2., (nm) (log e (m? mol™')): 377(3:33), 339i(3-15), 326i(3-13), 248(3:19).
IR spectrum (cm"l): 954, 979, 1020, 1043, 1098, 1175, 1196, 1282, 1390, 1402, 1611,
1704, 1725, 2 223,3001, 3061, 3 228.

I-(5-(2-Aminocarbonyl-2-cyanovinyl)-2-furyl)pyridinium Bromide (XV)

A colution of 10g (415 mmol) 2-cyano-3-(5-bromo-2-furyl)-2-propenamide in 150 ml 1,2-di-
methoxyethane was treated with 3-28 g pyridine. The mixture was heated at 80°C 40 h. The sepa-
rated salt was filtered off, washed with ether several times, dried, and recrystallized from a me-
thanol-ether mixture. UV spectrum, 4 .. (nm)(loge (m? mol™ 1)): 370 (4-25), 335i(4-08),
259 (3-83), 242 (3-93). IR spectrum (cm ™~ '): 930, 970, 1017, 1047, 1133, 1157, 1229, 1273,
1401, 1 480, 1 575, 1 620, 1 684, 2 225, 2 998, 3 028, 3 049, 3 101.
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