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The quaternary pyridinium salts la - Ie relct with alkaline w luli on of pOla s~ium fcrricyanide 
10 give the condensed heterocyclic derivatives IlIa, b, 1 V,whe reas the sails Id - /j give Ihe pyrrole 
de ri vatives Ila - Ilc under the same conditions. The diaza heterocycle IlIa reacls with methyl 
iod ide to give methoiodide JI, whereas by action o f bromine it produces two Jl1onobromo deri­
\,!li ves VIa, b. The pyrrole derivatives Ila , b give monobromo derivatives lId, I' on bromination. 
A probable mechanism of formation of the he terocyclic deriva ti ves is discussed. 

Oxidation of I-substituted-2,4,6-triphenylpyridinium salts with aliphatic or aromatic 

J-substituent by action of alkaline solution of potassium ferricyanide gives high 
yields of substituted pyrrole derivatives t

,2 type Il. In the context of a systematical 

study of oxidation of substituted quaternary pyridinium salts it was interesting 
to find the oxidation course in the case of the quaternary sa lts I a - If having hetero­

cyclic substituent at l-position. The obtained results are dealt with in the present 

communication. It was found that the ferricyanide oxidation of quaternary salts 
la-Ie gave the compounds IlIa ,b, IV which differ considerably in their spectra 

from the pyrrole derivatives Ila -Ile formed from the salts Id - If (Fig. 1) . 

la, R ~ 2-pyridyl 
Ib, R = 3-mcthyl -2-pyridyl 

Ie, R = 2-chinolyl 
Id, R = 3-pyridyl 
Ie, R = 4-pyridyl 

1/, R = 3-chinolyl 

Ila, R = 3-pyridyl, Rt = H 
lIb , R = 4-pyridyl , t = H 
IIc, R = 3-chinolyl , R t = H 
lId, R = 3-pyridyl , R t = Br 
Ill' , R = 4-pyridyl, Rt = Br 
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It is presumed generally3 ,4 that, in the ferricyanide oxidation of quaternary salts, 
the primary substrate beir.g oxidized is the 2-hydroxy-l ,2-dibydro derivative (pseudo­
base) formed by addition of OH - ion to IX position of the pyridinium cation, Fol­
lowing this presumption, we assigned structure IlIa to the reaction product formed 
from salt la , and its formalion through the intermediate VIla is explained by the 

I V' I ' He. X = Y= H, Z = Br 
Viti, X= Z= H. Y = Br 
Vic. Y = Z= H, X = Br 

mechanism given in Scheme 1. The nitrogen atom of the I-substituent acts here as 
a nucleophilic centre enabling subsequent cyclization of the intermediate VI/fa to the 
heterocycle I X a which gives compound II/a on deprotonation. In the same way 
we also explain formation of the other condensed derivatives and assign to them 
the structures II I b and IV A different situation is encountered in the oxidation 

/el 

1'1 /<1 VII/ a 

IlI a 

IXa 

SCHEME 1 
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of the quaternary salt ld. From Scheme 2 it is obviolls tbat tbe distance between 
nitrogen atom of the I-substituent and the electrophilic centre in the intermediate 

Villb is so great that the intramolecular cyclization analogous to the tran sformation 

1 (I -+ III a cannot take place. Therefore, another mechanism makes itself felt in which 
nitrogen atom of the original pyridiniulll ion acts as the nucleo philic centre in the 

C6 HS C6 HS 

~ 
6 C•H, 

+2Fc(CN)l-
12kc.", 

C6 HS N OH C6H~ N '-" O~(CN)t Jd ~ I -H+, -Fe(CN):~ 6, 01 
VJlb VJ/Jb 

~~C.H' ~(+I H 
-Fe(CN):-.. C6HS COC6 Hl ~ 6, Jla 

IXb 

SCHEME 2 

1001r---"--,-----,---------. 

FIG . I 

Ultraviolet spectra of compounds Ila (1) and 
IlIa (2) in ethanol, c = 2·5. 10- 5 moll- 1 

T,% 

50 
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recyclization giving thus the pyrrole derivative lIa via the intermediate IXb. For 
similar reason s, the quaternaJY salts Ie,! give the expected pyrrole derivatives JIb,c 
on oxidation. 

Compound II J (/ reacts with methy 1 iodide to give the quaternary salt to which we as­
cribe the structure V. Thi s assignment is supported by the presumption that the at­
tacked homolluclear nitrogen atom in compound lIla is one of pyridine type with 
Ilonconjugated electron pair, and, hence, it can represent the nucleophilic centre 
in the reaction with alkylating agent. On the contrary, the other nitrogen atom 

TAlllE I 

The oxidation products of sa lts la - I} 
--,-------.----~.--.- ---_._.- ------- -

Compound Formula Calculated / Found I'(C= O), cm- 1 J, ppm 
M_p., oC (mol. mass) 

- ---~-.~.------

% C % 1-1 % N 
(CI-ICI 3) CZl-lCI 3 

--------

lIa C2sH20N20 83·97 5·03 6·99 I 630 6·60 s (1 H). 
194- 196 (400'5) 83'96 5-36 6-71 7-0-8-4 m (191-1) 

lIb C1S1-120NzO 83-97 5'03 6·99 I 630 6·59 s (11-1). 
200 - 202 (400'5) 84·13 5·29 6·81 6,9-8'6 m (191-1) 

lIe C31H22N20 85'31 4·92 6-22 I 625 6-(54 s (I H). 
212- 214 (450'5) 85-07 4-92 6'07 7-0- 8'7 m (211"1) 

Ild C2S1-119BrN20 70·16 3·99 5·84 1 635 7-0- 8·5 m (19 H) 
2(U- 203 (479'4) 70-33 HI 5-76 

lie C2sHI9BrNzO 70'16 3'99 5-84 I 635 6-9-8'5 m (19 1-1) 
225 - 226 (479-4) 70·45 4'30 5'89 

lIla C28H20N20 83-97 5-03 6-99 I 655 6-65 t (11-1) 
163 - 165 (400-5) 84-15 5-05 6'92 7-0- 7'7 m (19 1-1) 

IIIb C29H22NzO 84-03 5-35 6-76 1 655 2-62 s (CI-I 3 ). 6'67 t 
68 - 70 (414-5) 83-71 5-30 6-83 (I 1-I).6-8-7-7m(18 1-1) 

IV C 31 1-122NzO 85'31 4-92 6-22 1660 7-0 - 8-2 m (22 H) 
218-219 (450-5) 85-31 4-99 6-22 

V C19Hz3INzO 64-21 4-27 5-16 1660 4-9 s (CI-I 3 ). 

185-186 (542-4) 64-02 4-25 4-81 7-2-7'5 m (201-1) 

VIa" ClsHI9BrN20 70-16 3-99 5-84 1 665 6-75 t (I H). 
182-184 (479-4) 70-10 4-07 5-78 7-0-7-5 m (18 H) 

VIb" C18H19BrN20 70-16 3-99 5-84 1 665 7-04 t (I H), 
189 - 191 (479-4) 70·23 4'22 5-90 7-13-7-8 m (18 1-1) 

<I Measured in hexadeuteriodimethyl sulphoxide_ 
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o f the ll a molecule is involved in dclocalization of it s free e lectron pair by int er­

action with p-orbitals of the adjacent ca rbon a tom s (pyrro le type) , which sho uld 

suppress it s nucleophilicity and , hence , a lso its reacti vit y to methyl iodide. Action 

of bromine on the pyrro le deriva tives /J a,b produces exc lu sively the monobrol11i na ted 

derivatives 1 [d ,e substituted in the pyrrole J ing. On the contrary , bromina tio n 

of IlIa gave two monobromo d eri va tives VIa ,b which we ascribe a probable structure 

corresponding to two o ut of th ree possible formulae J'I e,d, e. Propellies of a ll the 

co mpo un ds prepared are given in Tabl e I. 

Comparison of IHNMR s pectra of compo un ds II/ a,h measured at 3()OMHz 
in hexadeuteriodimcthyl su lphox id c made it pm,ible to assign the six-line signal 

at (j = 6·65 ppm of spectrum of Ill a to the pro ton /-I II. The splitting of each co m­

ponent of the HB tripl et by interaction with HD pro ton (JIID = IA Hz) cannot take 

place in compound IlIb (R = CH 3 ) , and, accordingly , the Hil signal in spectrum 

of Illb is only a triplet formed by interaction with the HA and HC protons. T he spec­

trum of lIla also shows a singlet a t /) = 7·8 ppm corresponding, by its integral 

intensity, to one HE proton . Al so the 13C NM R spectrum of Ill a in deuteJiochloJo­

form agrees with the suggest ed structure (Table 11). As in the 200 MHz spectra 

of compo und s VIa,b (measured in dimethyl sulphox ide) the one-proton signa l /-Ill 

shows the same multiplicity as tha t of compo und l/la , it is concluded that the brom i­

na ti on did not take place in the six-membered ring of the bicyclic molecule Ilia. 
Altho ugh the measurement s of the mentioned t H NM R spectra of compounds IlI a, 
Vla ,b were carried out at the same cond iti ons, none of the derivatives Vla ,b shows 

a one-proton signal analogou s to that of HE of compound lIla. Besides the reso lved 

HB signal, the spectra of compounds Vla ,b co nsist of a multiplet of 18 protons. 

In the mass spectra of the derivatives Vla ,b bro mine is on ly conta ined in the 11101e-

TABLE ]I 

DC NMR spectrum of the derivative lIla 
---------, --,-----'-- -- .. 

C>, ppmG 
2 J CH ' Hz Atom iJ, ppm" 2 J e ll' Hz Atom 

112'4, d 45 C( IO) 133·1i. s quart. C6HS at CO) 
117'4, d 47 C(8) 137-7, S CO) 
124'6, d 50 C(9) 138'0, S quart. C6 H sCO 
125'0, d 45 C(II) 141 '6, s C(5) 

127'6 - 129'2, m tert-C6 H s 145 '7, s C(2) 
130-4, s qu art. C6Hs at CO) 146'1, S C(7) 
132-3, d 45 C(4) 190'9, S C= O 

G d doublet, s ~in g let, m multiplet; b it coul d not be determined due to overlapped absorptions. 
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cular ions with mJz 478 and 480. The fragments with lowel ratios mJz contain no 
bromine. As the base peak of the mass spectra of compounds Vla,b is the ion 
mJz = 105 (C6H sCO+), it is presumed that bromination of llla could take place 
at the HE atom or at some of the adjacent phenyl groups. 

The obtained results show that the previously described 1,2 oxidation of 1,2,4,6-sub­
stituted pyridinium salts with ferricyanide can lead to heterocyclic systems type III 
and IVin the cases of suitable choice of the l-substituent. 

EXPERIMENTAL 

The temperature data are not corrected. The melting points were measured with a Boetius appa­
ratus. The UV spectra were measured with a Specord UV-VIS apparatus, the IR spectra were 
measured with a Perkin- Elmer 325 apparatus, the mass spectra were measured with an LKB 9000 
apparatus at 70 eV, the NMR spectra were measured with a Varian XL-IOO and XL-200 and 
with a Bruker HX-360 apparatus. 

Quaternary Salts I 

1-(2-Pyridyl)-2,4,6-triphellylpyridillilil/l tetraj!lIoroborate (la): Mixture of 5·7 g 2,4,6-triphenyl­
pyrylium tetrafluoroborate, 1·7 g 2-aminopyridine, and 15 ml ethanol was stirred at 20°C 4 h, 
After standing overnight and addition of 75 ml ether, 6·5 g (96%) salt fa was collected by suction, 
m.p. 227- 228°C (ethanol). For C2s H z1 BF 4N2 (472-1) calculated: 71'24% C, 4-48% H, 5'93% N; 
found: 71'04% C, 4'3% H, 6'02% N. IH NMR spectrum, CDCI 3, c5(ppm): 7'0-8'2 m, 21 H. 

1-(3-Metliyl-2-pyridyl)-2,4,6-tnj)henylpyridinillnl tetraj!lIorcborate (1b): Mixture of 2'5, g 2,4,6-
-triphenylpyrylium tetrafluoroborate, 2·0 ml 2-amino-3-methylpyridine and 40 ml chloroform was 
boiled 8 h. After evaporation in vacuum, the residue was recrystallized from ethanol-ether mixtu­
re. Yield 0'4 g (13%), m.p. 132- 134°C. For Cz9 H23 BF 4N2 (486'1) calculated: 71'65% C, 4'77% H, 
5·76% N; found: 71'63% C, 4'67~;'; H, 5'81% N. IH NMR spectrum, heptadeuteriodimethylfor­
mamide, c5(ppm): 2·02 s CH 3 , 7'3-8,6 m 18 H, 8·86 s 2 H. 

1-(2-QlIinolyl)-2,4,6-lrip/ienylpyridinilllll lelraj!lIoroborale (Ie): Mixture of 0·4 g 2,4,6-triphenyl­
pyrylium tetrafluoroborate, 0·2 g 2-aminoquinoline, and 10 1111 toluene was boiled 2 h. The 
separated oil waw removed , washed with ether, and crystallized from ethanol. Yield 0'37 g 
(70/~)' m.p. 242- 244°C. For C3zH23BF4N2 (522'4) calculated: 73'58% C, 4'44% H, 5'36% N; 
found: 73'50% C, 4'44% H, 5'55% N. I H NMR spectrum, CDCI 3, c5(ppm): 7,0-8,0 m 21 H, 
8·06 s 2 H. 

1-(3-Pyridyl)-2,4,6-lriphenylpyridiniulII lelraj!lIoroborate (Id): Mixture of 5·0 g 2,4,6-triphenyl­
pyrylium tetrafluoroborate, 2·0 g 3-aminopyridine, and 30 ml ethanol was boiled 8 h. The crystal­
line solid precipitated on cooling was collected by suction, washed with ether, and recrystallized 
from methanol. Yield 4'0 g (67~~), m.p. 284-286°C. For C2s H 21 BF 4N2 (472'1) calculated: 
71'24 /,~ C, 4'48% H, 5'93% N; found: 71'40% C, 4'60% H , 5'86% N. 1 H NMR spectrum, hepta­
deuteriodimethylformamide, c5(ppm): 7,2-8,9 m 19 H, 8·76 s 2 H. 

1-(4-Pyridyl)-2,4,6-triphellylpyridinillm tetraj!lIoroborate (Ie): 50 ml ether was added to a mix­
ture of 2·5 g 2,4,6-triphenylpyrylium tetrafluoroborate and 1·0 g 4-aminopyridine. After 24 h 
stirring with exclusion of moisture, the precipitated solid was collected by suction and recrystallized 
from methanol. Yield 2·5 g (84%), m.p. 310-3 13°C. For C2sH21BF4N2 (472'1) calculated: 
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7 1 ' 24 ~~ C, 4 '48% H, 5'93% N; found: 71 '1 5:' ;; c. 4'35~ " H . 5'71 ~ ;' N. 11-1 NMR ~pcc trul1l. hcpta­
dc uteri od imethylformamide, .)(ppm): 7'4 - 8,(' m (19 H). 8·79 s (21-1) . 

1-(3-QlliIlO/y/)-2,4,6-triphelly/pyridillilllll t('tra/llIorol>oJ"(Jtl' (If): Mixture of 4'0 g 2.4,6-triphCllyl­
pyry lium tetrafiuoroborate, 2·5 g 3-aminoquinllline. and 30 ml ethano l was boiled 2 h. The solid 
~cpa rated on standing overnight was collected by sucti on. wa shed with ether, and rccry, talli zed 

from ethanol. Yield 3'5 g (66~'~ ). m.p. 345 - 348°C. For C321-113BF4N2 (522-4) calculated: 
73 '58 % C, 4'44% H, 5'3!)% N; found: 73'50 / :, c. 4 ' 44 ~:' 1-1.5 '55'::, N. I H NMR ~pectrul1l. hcpta­
deuteriodimethylformamide, .) (ppm): 7·2 - ')·1 III (21 11).8'86 s (21-1). 

Oxidation of the Salts I 

la: Solution of 5 g salt 10 in 200 ml etha nol was boiled and treated with solution o f 10 g potassium 
ferricyanide and 2·5 g potassium hydroxide in 50 ml water. After 5 min boiling. the mixture was 
diluted with 400 ml water and extracted with 3 A 50 ml chloroform. The solvent was evaporated, 
and the residue was rec rystallize from ethanol. Yie ld 3·0 g (71 ;:' ) lila. orange cry,tals. 

II>: Solutio n of 0·6 g potassium ferricyanide a nd O·} g pota ssium hydrox ide was added to the 
bo iling solution of 0·3 g salt Ib in 20 ml e than o l. After 5 min boilin g. thc mixtue was diluted 
with 100 ml water and extracted with 3 50 ml chloroform. The solvent wa, evaporated. and the 
evapo ration residue was submitted to column chromatography (,ilica ge l. benzenc -I 5% metha­

nol) to give 0'18 g (70%) Illb . 

Ie: Solution of 4'0 g potassium ferricyanidc and 1·0 g pota,sium hydroxide in 201111 water was 
added to solution of 2'0 g salt Ie in 80 ml ethanol. After 5 min boiling. the mixture was diluted 
with 300 ml water and extracted with 3 >, 50 ml chloroform. The extract was evaporated in 
\acu um, and the residue was recrystallized from ethanol to give 1'3 g (75~:,) crystalline 111. 

Id : Solution of 5·0 g potassium ferricyanide and 2·5 g potassium hydroxide in 250 ml water was 
added to a boiling solution of 3·0 g salt Id in 250 ml ethanol. After 10 min boi ling, the mixture 
was diluted with 250 ml water, cooled, and the precipitated yell ow ~ o lid wa s collected by suct ion. 
Recrystallization from ethanol gave 2·5 g (98%) I/a. 

Ie: Similar to above procedure (salt Id), we obtained 1·1 g (87 :%,,) lIb from 1·5 g Ie in 150 ml 
ethano l and 3·0 g potassi um ferricyanide with I· 5 g pota ss ium hyd roxide in 150 ml water. 

1/: Solution of 3'0 g potassium ferricyanide and 1·5 g pota s~ium hydroxidc in 90 ml watcr wa ~ 

added to boiling solution of 1·5 g I/ in 90 m l ethanol. After 30 min boiling, the mixture wa~ 
diluted with 200 ml water, extracted with 3 X 50 ml chloroform , the ext ract wa s evapo rated, a nd 

the residue was recrystallized from ethanol to give 1·0 g (77%) flc. 

Reaction of 1110 with Methyl Iodide 

M ixture of 0 ·5 g 1110,2 mlmethanol , and 5 ml meth yl iodide was bo iled II h . After evaporat io n 
in vacu um, the residue was recrystallized from methanol to give 0·4 g (59% ) V. 

Reactions with Brom ine 

flo: Bromine was added to solution of 0· 8 g lIa in 101111 chloroform until permanent brown 
colouration. After 1 h standing at room temperature, th e mixture was evaporated in vacuum. 
The evaporation residue was dissolved in 30 ml chloroform, the soluti on was washed with sodium 
hydrogen carbonate and with water and evaporated in vacuum. The evaporation residue was 
recrystallized from ethanol to give 0·5 g (52%) lId. 

/fb: The same procedure as with Jla was applied to 0· 8 g JIb to give 0·8 g (E4/~: ) lie. 
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1110: I III I bromine wa s added to so lu ti on o f 1·5 g lila in 30 Illi chl o roform. After 2 h , tandin g al 

roo mt c m peratu rc , the mix ture wa s e vapo rated in Va CU UIll, and the res id ue wa s di ;so h ed in 20 1111 

c hl o l·u fo rm . The so luti (l n wa s cxtractt:d "ith 5" :, sod iu m hyd rogen .s ulphite . wa shed wilh \\at c r. 

and evapo rated. The rc, iliu c wa s p uril icd by coluilln c hromatog raphy (s il ica ge l , be nzene with 

5~;, e th y l ace tat e). to g ive (J ' 4 g s tarting Ilia . (J·SS g (42::,,,) Uo, anci (H O g (20~ ,,) Vi ii. 

Mass spectra , 111 / 7. ( :~": r.i . ): 110: 401 (ICO). 3~4 (5 ). 372 (4), 323 (2~), 2lJS (5). 19 1 ( 14 ), lOS ( 3~), 

77 (24) . IIh: 401 ( 100 ),400 (20), 384 (2), 37 2 (5),324 (10), 323 (3lJ), jOn (4),295 (3) . IlJ l ( 17), 

105 On) , 77 (22 ) Ilia: 401 (19),400 (4), 322 (1 3). 2lJS ( 100), 21 8 (7), 200 (4). 19 1 (7) . 105 U O). 

77 (33) IIII! 415 (27), 398 (I J. 3~7 (I). 33H (X). 300 ( 100 ), 208 (n) , lOS (13), 77 (12 ). /I ': 45 1 (~()) . 

374 (12), 34 5 (100) , 322 (13), 26 7 ( 17),204 (13) , 12H (32) , 105 (39).77 (':;0). 1/0: 4bO (8). 4 78 (X) , 

40() (25 ).399 (25).346 (H), 32 1 ( il) . 294 (10) , 293 (10). 292 ( 10). 29 1 ( 10), lO S (ICO ), 77 (2 5) lib: 
4XO ((i), 4 78 ((\), 4()() (25), 39 <) (22), .\2 1 ( I I ). 294 ( (i ). 293 (I I ). 2<)2 ( I (i). 2<) I (19). 105 ( 1(0), 77 (39) . 

TIJe a liI/wI'S are illllehl ed 10 IIJe It'orkers of Ceil lro l Laboralories of l!r eir IIISlilllll'S for spec l rll l 

III1'OSllrelll £' IIIS alld c/elll(,1I1l11 alia lyses. 
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