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After removal of most of the solvent a t  reduced pressure, the 
residue was distilled to give a mixture of 9 and 10: 6.48 g (36.2 
mmol, 75%); bp 55-70 "C (1 torr). Since the 'H NMR spectrum 
showed that this material still contained a few percent of 7, a 
portion (3.50 g) was redistilled to give a purer sample of 9 and 
10 (1.74 9): bp 50-55 "C (0.5-0.7 torr); 'H NMR (360 MHz, CDC13) 
6 -1.11 (c, HA of 9 and lo), 1.130 and 1.136 (sand s, CH3s of 9), 

Hz, Hc of lo), 2.97 (d, JAB = 7.6 Hz, HB of 9), 3.67 and 3.75 (each 
a d  of d, Jm = 6.2 Hz, JAE = 8.2 Hz, JDE = 11.6 Hz, HD and HE 
of 9), 3.55 and -3.72 (each a d of d, J m  = 8.0 Hz, J A E  = 13.8 
Hz (?), J D E  = 11.4 Hz, HD and HE of 10); mass spectrum, m / z  
(M+ too weak for high-resolution mass determination) 146.9787 
and 148.9803 (M+ - CH,OH), calcd for C5H8Br 146.9799 and 
148.9779. The composition of this mixture was determined from 
the relative areas of the 'H NMR absorptions of HB of 9 and Hc 
of 10 to be 74% 9 and 26% 10 (these figures are probably accurate 
to *2%). 

Reaction of 8 and Zinc: Preparation of 9 and 10. Zinc 
powder (J.T. Baker, 40 g, 612 mmol) was added in small portions 
over a 2-h period to a stirred and heated (47 "C bath) solution 
of 7 (8.0 g, 31.0 mmol) in glacial acetic acid (250 mL) that was 
under an argon atmosphere. The mixture was maintained in the 
47 "C bath and stirred for 42 h. Then the mixture was cooled 
to ambient temperature and filtered, and the solids were washed 
with diethyl ether. Most of the diethyl ether and some of the 
acetic acid were removed from the filtrate a t  reduced pressure. 
Water was added to the remainder, and aqueous sodium hydroxide 
solution (6 M) was added until the solution was strongly alkaline. 
The solution was extracted with four 50-mL portions of diethyl 
ether, and the combined extracts were washed with water (25 mL) 
and dried (Na2S04). The ether was removed at  reduced pressure 
and the residue distilled to give a mixture of 9 and 1 0  2.59 g (14.5 
mmol,47%); bp 30-60 "C (1 torr). A 'H NMR spectrum (CDC13) 
of this material and also of material collected from the gas 
chromatograph (85 "C) showed the composition to be 8 0 4 5 %  
9 and 10-15% 10 (the determination of composition was less 
accurate than in the experiment above since 60-MHz 'H NMR 
spectra were used). 

Formation and Hydrolysis of a Metalated Grignard 
Reagent from 9 and 10. A diethyl ether solution of methyl- 
magnesium bromide (Ventron Corp., 4.76 M, 3.52 mL, 16.8 mmol) 
was added dropwise over a few minutes to a stirred solution of 
9 and 10 (74% 9 and 26% 10,1.50 g, 8.4 mmol) in diethyl ether 
(60 mL, dried over sodium wire) under an argon atmosphere. The 
solution was allowed to stir for 1 h, and then magnesium (Johnson 
Matthey Chemicals Limited Puratronic, 0.204 g, 8.4 mmol) and 
ethylene bromide (-0.1 g) were added. After the resulting mixture 
had been stirred for 3 h, most of the magnesium had disappeared. 
A portion of the solution (20 mL) was transferred to another flask 
and DzO (1 mL) was added. Then the ether solution was decanted 
from the solid and filtered through a plug of glass wool and the 
filtrate was dried (Na2S04). The remainder of the reaction was 
refluxed for 16 h. Then one-half of the solution was hydrolyzed 
as above with DzO and the other one-half in the same manner 

1.141 (s, CH3s of lo), 2.28 (s, OH of 9 and lo), 2.69 (d, J A C  = 4.0 

but with H20. Most of the ether was removed from each portion 
under reduced pressure. GC analysis (50 "C) of each residue 
showed only one significant peak past that due to the solvent. 

The material resulting from H20  hydrolysis was collected and 
found to be 11: 'H NMR (360 MHz, CDC13) 6 0.13 (d of d, 1, J A C  
E 4.9 Hz, JBc N 4.9 Hz, Hc), 0.48 (d Of d, 1, JAB = 8.5 Hz, JBC 
= 4.3 Hz, HB), 0.91 (m, 1, HA), 1.08 and 1.12 (sand s, 3 each, CH,s), 
1.40 (s, 1, OH), 3.52 and 3.69 (each a d of d, 1 each, Jm = 6.7 Hz, 
JAE = 11.3 Hz, HD and HE). 

The two samples resulting from DzO hydroysis were collected 
and found to exhibit virtually identical 'H NMR spectra (360 
MHz, CDC13) that showed them to be mixtures principally of 12 
and 13. Most of the absorption of HB was a doublet ( J A B  = 8.3 
Hz) due to 12 and for Hc also principally a doublet (JAc = 5.2 
Hz) due to 13. The relative areas of the HB and Hc absorptions 
were 74:26 for the first sample and 70:30 for the sample taken 
after the reaction mixture had been refluxed (the relative areas 
are probably accurate to &2 units). The HB absorption of 12 and 
the Hc absorption of 13 were shifted upfield (-0.015 ppm) from 
those of 11, so that the peak at  lowest field both in the HB 
multiplet and in the Hc multiplet of 11 was visible.25 From the 
areas of these downfield peaks, it can be estimated that 11 was 
about 6% of both of the 11-13 mixtures obtained from DzO 
hydrolysis and therefore contributed 6 units to both the HB and 
Hc absorptions. If this contribution is substracted from the area 
ratios above, then the relative compositions of 12 and 13 are 77:23 
for the first sample and 73:27 for the second sample. 

In another experiment similar to that above, a sample of 9 and 
10 was used that was approximately 8590% 9 and 10-15% 10. 
After the reaction mixture had been allowed to stir a t  ambient 
temperature for 4 h, most of the magnesium had disappeared. 
One portion of the solution was removed and hydrolyzed with 
D,O; the remainder was stirred for an additional 16 h and then 
hydrolyzed with D20. GC analysis of each sample showed only 
one signifcant peak past that due to the solvent. 'H NMR spectra 
(200 MHz, CDC1,) of the collected samples were virtually identical. 
Determining the relative amounts of 12 and 13 was somewhat less 
accurate than for the reaction above since more 11  was present 
and the spectra were taken at 200 MHz rather than at 360 MHz. 
However, the relative amounts of 12 and 13 were about 85:15. 
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The title compound is easily prepared from 1-(2-bromoethyl)pyridinium bromide and sodium hydroxide. 
1-Vinylpyridinium and l-vinyl-2,4,6-triphenylpyridinium cations add N, S, and C nucleophiles in Michael-type 
reactions. 

Several N-vinyl heterocycles are of considerable com- 
mercial importance as monomers for polymerization, e.g., 

N-vinylimidazoles,' N-vinylcarbazoles, and N-vinyl- 
pyrrolidones2 are in widespread use. Surprisingly, despite 
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their potential practical importance and theoretical in- 
terest, little work has been done on N-vinylpyridinium 
cations. 

There are two early references to the simple l-vinyl- 
pyridinium cation (I): Coppola3 first reported in 1885 the 

R 
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system 1 has been its inaccessibility, preparation neces- 
sitating the use of Ag20. By an application of our proce- 
dure previously reported for the 2,4,6-trisubstituted ana- 
logues, we now describe a convenient route to l in good 
yield together with a study of its chemistry, and in par- 
ticular, concrete evidence for considerable mutual inter- 
action between the pyridinium ring and the vinyl group 
in both 1 and the triphenyl analogue 2. 
1-(2-Bromoethyl)pyridinium bromide (6) is readily 

R 

I R z H  

2 R = P h  
- 

5 - 3 5 d - 
platinichloride that he obtained from l-(2-iodoethyl)- 
pyridinium iodide and silver oxide. In 1913, Schmidt4 
prepared cation 1 from 1-(2-bromoethyl)pyridinium 
bromide and silver oxide. Then, in 1962, Duling and Price5 
improved the method (overall yield 26% from pyridine) 
and proved the structure by UV and IR spectroscopy and 
by hydrogenation to 1-ethylpiperidine and briefly exam- 
ined the reactivity of 1. It  was concluded that the rate of 
addition of thiosulfate ion was not significantly greater 
than that of trimethylvinylammonium salts and hence that 
resonance interaction of type 3 was not very important. 
However tritium-hydrogen-exchange experiments on 1- 
allylpyridinium cations were interpreted as indicating in- 
teraction between a pyridinium ring and a N-vinyl group. 

Duling and Price5 showed that N-vinylpyridinium per- 
chlorate polymerized readily with ionizing radiation or 
free-radical initiation to give polyelectrolyte polymers. 
Surprisingly, 1-vinylpyridinium copolymerized poorly or 
not a t  all with negative e monomers such as styrene or 
vinyl acetate but comparatively readily with positive ones 
such as methyl methacrylate or acrylonitrile. 

Cationic quaternary polyelectrolytes are of considerable 
importance,6 and the work of Duling and Price has been 
frequently cited;' however, the only further experimental 
work on these compounds has been copolymerization 
studies with styrenea and an examination of the mass 
~ p e c t r a . ~  N-(Substituted-viny1)pyridinium cations are 
much more common, particularly arylvinyl derivatives. 
N-(P-Arylviny1)pyridinium salts of 4 have been extensively 
investigated by Krohnke,lo and N-(a-arylviny1)pyridinium 
salts of 5 are available by the method of Relles." We have 
previously studied 2,4,6-trisubstituted 1-vinylpyridinium 
salts which can be prepared from pyrylium salts with (@- 
chloroalky1)aminesl2 or advantageously from (P-hydroxy- 
alky1)amines followed by conversion of the l-(2-hydroxy- 
alky1)pyridinium successively into the 2-chloroalkyl and 
vinyl  derivative^.'^ 

A considerable barrier to the study of the fundamental 

(1) Salamone, J. C.; Taylor, P.; Snider, B.; Israel, S. C. J. Polym. Sei., 
Polym. Chem. Ed. 1975,13, 161. 

(2) Bawn, C. E. H. "Molecular Behaviour and the Development of 
Polymeric Materials"; Ledwith, A., North, A. M., Ed.; Wiley: New York, 
1975. 
(3) Coppola, F. Gazz. Chim. Ital. 1885, 15, 333. 
(4) Schmidt, E. Arch. Pharm. (Weinheim, Ger.) 1913, 251, 206. 
(5) Duling, I. N.; Price, C. C. J.  Am. Chem. SOC. 1962, 84, 578. 
(6) Hoover, M. F. J. Macromol. Sci., Chem. 1970, A4(6), 1327. 
(7) See: Science Citation Index. 
(8) Iwatauki, S.; Kokubo, T.; Motomatau, K.; Tsue, M.; Yamashita, Y. 

(9) Ellingsen, P.; Huistendahl, G. Org. Mass Spectrom. 1980, 15, 18. 
(10) Krohnke, F. Angew. Chem., Int. Ed. Engl. 1963, 2, 225. 
(11) Relles, H. M. J.  Org. Chem. 1973, 38, 1570. 
(12) Katritzky, A. R.; Bapat, J. B.; Claramunt-Elguero, R.; Yates, F. 

S.; Dinculescu, A.; Balaban, A. T.; Chiraleu, F. J .  Chem. Res., Miniprint 
1978, 4783-90; J.  Chem. Res., Synop. 1978, 395. 
(13) Katritzky, A. R.; Rubio-Teresa, 0.; Patel, R. C. Chem. Scr. 1982, 
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available from pyridine and 1,2-dibromoethane in 56% 
yielda5 We now find that treatment of 6 with 10 M sodium 
hydroxide at  -10 "C (reaction a t  0 "C forms polymeric 
materials) gives the 1-vinyl cation 1, which can be isolated 
as the perchlorate (65%) or as the tetrafluoroborate (53%). 

Conjugation of Vinyl Group and Pyridinium Ring. 
It is wel l -kno~nl~ that the pyridinium ring positive charge 
stabilizes an adjunct carbanion center in pyridinium ylides 
of type 7. Whereas such ylides have previously been 
prepared by depr~tonation, '~ it is expected that addition 
of a nucleophile by Michael addition to an N-vinyl- 
pyridinium cation (1 - 8) should be facilitated by stabi- 
lization of the intermediate 10. This possibility has pre- 
viously been discussed by Duling and Price5 with no firm 
conclusion (see above). However, we now find that 1- 
vinylpyridinium cation (1) and its triphenyl analogue 2 
both readily add a variety of N, S, and C nucleophiles in 
Michael-type reactions. 

Reactions with Nucleophiles. Addition of the sec- 
ondary amines piperidine and pyrrolidine to l-vinyl- 
pyridinium salt (1) in methanol led to rapid polymeriza- 
tion. However, if acetic acid was added to the methanolic 
solution of 1 prior to the amine addition, the adducts 8a 
and 8b could be isolated as bidperchlorate) salts (33-34%). 

Piperidine and pyrrolidine added readily, with no com- 
plications from polymer formation, to l-vinyl-2,4,6-tri- 
phenylpyridinium cation to give the expected products 9a 
and 9b in good yields. Primary alkyl primary amines such 
as n-propyl-, n-butyl-, and benzylamine behaved quite 
differently: ANRORCI5 reaction occurred to form the 
corresponding 1-n-alkyl- or benzylpyridinium salts. Iso- 
propylamine gave a complex mixture, and tert-butylamine 
did not react.16 

Aromatic amines such as aniline and N-methylaniline 
did not react with the triphenyl cation 2 a t  20 "C or on 

(14) (a) Krohnke, F. Angew. Chem. 1953, 65, 605. (b) Ratts, K. W.; 
Howe, R. K.; Phillips, W. G. J.  Am. Chem. SOC. 1969,91, 6115. 

(15) Nucleophilic substitution by addition of nucleophile, ring opening, 
and ring closure. Cf.: van der Plas, H. C. Acc. Chem. Res. 1978,11(12), 
462. 

(16) For full details, see: Rubio-Teresa, 0. Ph.D. Thesis, University 
of East Anglia, Norwich, England, 1982. 
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heating in ethanol or tetrahydrofuran. However, when 2 
was refluxed with N-methylaniline, cyclization of the vinyl 
group to an a-phenyl ring took place to give the pyrido- 
[2,1-a]isoindolium tetrafluoroborate (14) (Scheme I). This 
type of compound (cf. 19) has been previously synthes- 
ized17 by photodehydrohalogenation of 1-benzyl-2-halo- 
pyridinium salts (17) or 1-(0-halobenzy1)pyridinium salts 
(18). The structure of 14 is supported by 'H and '3c NMR 
and MS, where the base peak at  m l e  333 probably cor- 
responds to the pyrido[ 2,1-a]isoindole radical cation 1517 
and the peak at  m l e  322 (97.5%) to the benzo[a]- 
quinolizinium cation 16.18 The formation of 14 from 2 
probably involves an intermediate addition product 11 that 
is in equilibrium with 12, ring closure to 13, and rearo- 
matization to form product 14. 

Sulfur nucleophiles also reacted readily. Thus, thio- 
phenol with the l-vinylpyridinium salts of l and 2 gave 
the expected adducts 8c and 9c. Benzenesulfinic acid 
reacted only slowly with 1 (80% of 1 recovered after 40 
h). By contrast, benzenesulfinic acid reacted rapidly with 
2 to give the adduct 9d. However, relatively easy subse- 
quent nucleophilic substitution of 9d also formed 2,4,6- 
triphenylpyridine and 1,2-bis(phenylsulfonyl)ethane as 
deduced from the 'H NMR spectrum of the crude product 
(e.g., singlet a t  6 3.4 due to CHzCHz). 

The anions derived from nitroethane, 2-nitropropane, 
and diethyl malonate each afforded with 1-vinylpyridinium 
cation (1) the expected adducts: 8e, 8f, and 8g. 
l-Vinyl-2,4,6-triphenylpyridinium tetrafluoroborate 

2.BF4- gave adducts with 2-nitropropane and diethyl me- 
thylmalonate anions. However, only 2,4,6-triphenyl-lH- 
pyridinium tetrafluoroborate could be isolated from the 
reaction of 2 with nitroethane and diethyl malonate anions; 
evidently further reaction had occurred on the initially 
formed adducts. 

Spectra. Duling and Price5 observed that although 
1-vinylpyridinium salt of 1 absorbed more strongly (log t 
= 3.92) than 1-(2-bromoethyl)pyridinium bromide (log E 

= 3.66), there was no change in the absorption maximum 
(Ama 258 nm). The spectra of 1-vinyl-2 and l-ethyl- 
2,4,6-triphenylpyridinium tetrafluoroborate are similar, 
both as regards position and intensity of the absorption 
maximum: A, 310 nm (log t = 4.48) and A, 302 nm (log 
E = 4.451, respectively (in MeOH). This all indicates little 
additional conjugation in the N-vinyl compound 2 con- 
sistent with twisting of the vinyl group out of the pyri- 
dinium ring plane. 

The lH NMR spectra for the adducts (Tables I and 11) 
display the expected patterns: the pyridinium C-3 and C-5 
protons resonated as singlets in adducts 9 and as multiplets 
in adducts 8. The multiplicity of the aliphatic region 
ranges from triplets (-A,Xz) to multiplets (ABXY). A 
shielding effect due to the a-phenyl rings is observed on 
the Me groups of 9f and 9h: in 9f, Me appeared at 6 1.1, 
while in 8f a t  6 1.7. 

Conclusions. The Michael reactions described above 
do not necessarily indicate much interaction of type 3, but 
they do support the importance of stabilization in the 
intermediate ylides of type 10. This is consistent with the 
similar behavior of the unsubstituted 1 and substituted 
series 2. 

Experimental Section 
Melting points were determined with a Kofler hot-stage mi- 

croscope and are uncorrected. Spectra were recorded with the 
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(17) (a) Tozard, A.; Bradsher, C. K. J. Org. Chem. 1967,32,2966. (b) 
Portlock, D. E.; Kane, M. J.; Bristol, J. A.; Lyle, R. E. Ibid. 1973,38,2351. 

(18) Synthesis of 16 has been reported: Katritzky, A. R.; Burgess, K.; 
Patel, R. C. Heterocycles 1981, 15, 1175. 

5 

E 

"0 

Y 

I 2 
s: 

5 a 
Eo 
0 

hh 

E E  

? t - w l ?  

3 u u  
Y Y Y Y  Y Y  

Fl 

a - w w w  w 

Q 
Q W 5 5  € 5  

$ 2  
E @ 



4020 J. Org. Chem., Vol. 48, No. 22, 1983 Katritzky and Rubio 

following instruments for IR a Perkin-Elmer Model 283B grating 
spectrophotometer (solutions in bromoform) and UV spectra with 
a Pye-Unicam 8-200 spectrophotometer; for 'H NMR either a 
Varian Model A-MA, a Varian Model EM 360L, or a JEOL Model 
JNM-PMX 60-MHz spectrometer, Me4Si was the internal 
standard; for 13C NMR a JEOL Model JNM-FX 100 spectrometer 
operating a t  25.05 MHz, and for mass spectra an AEI MS 30 
spectrometer. Elemental analyses were carried out by Atlantic 
Microlab. Inc., Atlanta, GA. All reactions with perchlorate salts 
were carried out in a fumehood and with appropriate safety 
precautions. 

The following compounds were prepared by literature methods: 
1-(2-bromoethyl)pyridinium bromide (56%), mp 122-124 "C (lit.5 
mp 126-128 "C), l-vinyl-2,4,6-triphenylpyridinium tetrafluoro- 
borate hemihydrate (80%), mp 143-146 "C (lit.13 mp 143-146 "C), 
and l-ethyl-2,4,6-triphenylpyridinium tetrafluoroborate (85%), 
mp 163-164 "C (lit.I9 mp 164-165 "C). 

1-Vinylpyridinium Perchlorate ( 1.C104-). Aqueous sodium 
hydroxide (10 M, 5.7 mL) and 1-(2-bromoethyl)pyridinium 
bromide (15 g, 56.6 "01) in ethanol-methanol (21,375 mL) were 
kept at -10 "C for 12 h. After addition of hydrobromic acid (48%, 
1 mL), the solvent was removed a t  25 "C (20 mmHg). Sodium 
perchlorate (7.0 g, 57.0 mmol) in water (20 mL) was added to the 
residue in EtOH (100 mL). On cooling, the product separated. 
Crystallization from acetone-ether yielded the perchlorate (7.5 
g, 65%), which formed needles (from ethanol): mp 94-95 "C (lit.5 
mp 95.5-97.5 "C); 'H NMR (TFA) 6 9.0-8.3 (3 H, m), 8.1 (2 H, 
m), 7.4 (1 H, dd, J = 8, J = 16 Hz), 5.7-6.3 (2 H, m); 13C NMR 

(d, r-CH), 147.5 (d, a-CH). 1-Vinylpyridinium tetrafluoroborate 
was obtained after addition of fluoroboric acid (48%, 15 mL) to 
an ethanol-methanol solution of the crude bromide. The solution 
was refluxed for 15 min. On cooling the tetrafluoroborate crys- 
tallized as needles (53%), mp 70-72 "C (lit.5 mp 75.5-76.5 "C). 

1- (2-Piperidinioet hy1)pyridinium Bis( perc hlorate) (8a). 
Piperidine (0.22 g, 2.6 mmol) was added dropwise to l-vinyl- 
pyridinium perchlorate (0.3 g, 1.5 mmol) and acetic acid (0.17 g, 
2.9 mmol) in methanol ( 5  mL). After standing at 20 "C for 14 
h, the solvent was removed a t  25 "C (20 mmHg). The residue 
was extracted with methylene chloride (3 X 10 mL), and the 
methylene chloride solution was evaporated at 25 "C (20 mmHg) 
to 1/3  volume. 70% Aqueous perchloric acid (0.2 mL) was added, 
followed by ether (10 mL). The bis(perch1orate) separated (0.195 
g, 34%) and formed needles (from acetone-ether): mp 260-263 
"C; IR 1633 (m), 1490 (s), 1060 (s, b) cm-'. Anal. Calcd for 
C12H20C12N208: C, 36.82; H, 5.15; N, 7.16. Found: C, 36.86; H, 
5.12; N, 7.10. 

1-(2-PyrroIidinioethyl)pyridinium bis(perch1orate) (8b) 
(0.18 g, 33%) was prepared similarly, microcrystals (from ethanol): 
mp 165-167 "C; IR 1638 (m), 1490 (s), 1060 (s) cm-'. Anal. Calcd 
for CllH18C12N208: C, 35.01; H, 4.77; N, 7.43. Found: C, 34.94; 
H, 4.81; N, 7.42. 

1-(2-PiperidinoethyI)-2,4,6-triphenylpyridinium Tetra- 
fluoroborate (9a). l-Vinyl-2,4,6-triphenylpyridinium tetra- 
fluoroborate (0.3 g, 0.7 "01) and piperidine (2 d) in methylene 
chloride (3 mL) were stirred for 16 h at 20 "C. The solid formed 
was filtered and washed with water and ether to give the salt 1 la 
(0.250 g, 72%), which formed needles (from ethanol): mp 166-167 
"C; IR 1625 (s), 1600 (w), 1050 (s, b) cm-'. Anal. Calcd for 
C30H31BF4N2: C, 71.17; H, 6.13; N, 5.53. Found: C, 70.96; H, 
6.20; N, 5.47. 

1-(2-Pyrrolidinoethy1)-2,4,6-triphenylpyridinium tetra- 
fluoroborate (9b) (0.24 g, 70%) was prepared similarly (except 
that methylene chloride was not used and the excess amine was 
evaporated at 25 "C (20 mmHg), needles (from ethanol): mp 
172-175 "C; IR 1625 (s), 1600 (m), 1050 (s, b) cm-'. Anal. Calcd 
for C2gH2eBF4N2: C, 70.76; H, 5.90; N, 5.69. Found: C, 70.63; 
H, 5.96; N, 5.63. 

1-(n -Propyl)-2,4,6-triphenylpyridinium Tetrafluoroborate. 
l-Vinyl-2,4,6-triphenylpyridinium tetrafluoroborate (0.225 g, 0.5 
mmol) and n-propylamine (1.5 mL) were stirred a t  20 "C for 1 
h (solid formation was observed from the first minute). The solid 
was filtered off and washed with water and ether to give the salt 

(19) Katritzky, A. R.; Liso, G.; Lunt, E.; Patel, R. C.; Thind, S. S.; Zia, 

(D2O) 6 116.3 (t, =CH2), 128.6 (d, P-CH), 137.4 (d, =CH), 142.05 

A. J. Chem. SOC., Perkin Trans. I 1980, 849. 
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the salt (0.255 g, 70%), needles (from ethanol): mp 150-154 "C; 
IR 1622 (s), 1600 (w), 1050 (s, b) cm-'. Anal. Calcd for 
C3'HEBF4NS: C, 70.08; H, 4.90; N, 2.64, S, 6.02. Found C, 70.02; 
H, 4.94; N, 2.62; S, 5.99. 

l-[2-(Phenylsulfonyl)ethyl]-2,4,6-triphenylpyridinium 
Tetrafluoroborate (9d). To a solution of benzenesulfinic acid 
(0.25 g, 1.8 mmol) in water (10 mL) at  90 "C was added 1- 
vinyl-2,4,6-triphenylpyridinium tetrafluoroborate (0.25 g, 0.6 
mmol). The heterogeneous solution was heated and stirred for 
20 h. The solution was extracted into methylene chloride (3 X 
15 mL), the organic extracts were evaporated at  25 mmHg, and 
the residue was triturated with ether (15 mL) containing fluo- 
roboric acid (48%, 0.2 mL). Several recrystallizations from ethanol 
of the solid obtained gave the adduct (80 mg, 24%) as needles: 
mp 147-149 "C; IR 1625 (s), 1600 (w), 1315 (s, SOz), 1050 (s, b) 
cm-'. Anal. Calcd for C31HEBF4NOzS: C, 66.09; H, 4.62; N, 2.49 
S, 5.68. Found: C, 65.96; H, 4.66; N, 2.46; S, 5.73. 

1-(3-Nitrobutyl)pyridinium perchlorate (8e) (0.19 g, 46%) 
was prepared as adduct 8c (from nitroethane (1.5 mL) and a 
reaction time of 2 h), microcrystals (from ethanol): mp 784'9 "C; 
IR 1638 (m), 1550 (s, NOz), 1060 (s, b) cm-'. Anal. Calcd for 
CgHl3C1NzO8: C, 38.50; H, 4.63; N, 9.98. Found: C, 38.39; H, 
4.67; N, 9.91. 

1-(3-Methyl-3-nitrobutyl)pyridinium perchlorate (80 (0.26 
g, 60%) was prepared similarly (reaction time was 16 h), needles 
(from ethanol-ether): mp 109-111 "C; IR 1630 (m), 1533 (s, NOz), 
1050 (s, b) cm-'. Anal. Calcd for C,&15ClNz06: C, 40.75; H, 5.09; 
N, 9.50. Found: C, 40.84; H, 5.15; N, 9.48. 

1-(3-Methyl-3-nitrobutyl)-2,4,6-triphenylpyridinium 
Tetrafluoroborate (9f). Sodium ethoxide [sodium (0.01 g, 0.4 
"01) in ethanol (3 mL)] was added to a stirred solution of 2*BF4- 
(0.2 g, 0.5 mmol) in 2-nitropropane (2 mL). The reaction mixture 
was refluxed for 16 h. The separated solid was filtered off and 
washed with water and ether, the solvent from the filtrate was 
evaporated to dryness at 40 "C (20 mmHg), and the residue was 
triturated with water to give further product, total yield 0.19 g 
(81%), yellow needles (from ethanol): mp 248-249 "C; IR 1620 
(s), 1600 (m), 1540 (5, NOz), 1350 (s, NOz), 1050 (9, b) cm-'. Anal. 
Calcd for CzsHZ7BF4NzOz: C, 65.91; H, 5.30; N, 5.49. Found: C, 
65.97; H, 5.33; N, 5.47. 

l-[3,3-Bis(ethoxycarbonyl)propyl]pyridinium perchlorate 
(8g) (0.16 g, 30%) was prepared similarly as 8f, viscous oil: IR 
1720 (s), 1630 (s), 1060 (s, b) cm-'. Attempts to crystallise the 
adduct failed. 

1-[ 3 ,3-Bis (e thoxycarbonyl )  bu ty l ] -2 ,4 ,6- t r ip  heny l -  
pyridinium Tetrafluoroborate (9h). Sodium ethoxide [sodium 
(0.016 g, 0.7 mmol) in ethanol (5 mL)] was added to a stirred 
solution of 1-vinylpyridinium (2, 0.3 g, 0.7 mmol) and ethyl 
methylmalonate (1.5 mL). The reaction mixture was refluxed 
for 16 h. On cooling to 25 "C, fluoroboric acid (48%, 0.5 mL) was 
added. The solvent was concentrated at 40 "C (20 mmHg), and 
the residue was dissolved in methylene chloride (20 mL) and 
extracted with water (3 X 10 mL). The methylene chloride so- 
lution was dried (MgSO,) and concentrated at  30 "C (20 mmHg). 
Trituration of the residue with ether gave the salt 9h (0.17 g, 41%), 
needles (from ethanol): mp 141-143 "C; IR 1728 (s), 1622 (s), 
1600 (m), 1050 (s, b) cm-'. Anal. Calcd for C33H34BF4N04: C, 
66.57; H, 5.72; N, 2.35. Found: C, 66.43; H, 5.62; N, 2.41. 
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(0.15 g, 66%), needles (from ethanol): mp 132-134 "C (lit.19 mp 
136 "C) .  

The following were similarly prepared: 1-(n -butyl)-2,4,6- 
triphenylpyridinium tetrafluoroborate (53 % ), needles (from 
ethanol), mp 195-197 "C (lit.19 mp 201-202 "C) and 1-benzyl- 
2,4,6-triphenylpyridinium tetrafluoroborate (12 % ), needles 
(from ethanol-ether), mp 192-194 "C (lit.19 mp 196 "C). 
6-Methyl-2,4-diphenylpyrido[ 2,l-a Iisoindolium Tetra- 

fluoroborate (14). A solution of 1-vinylpyridinium tetra- 
fluoroborate (0.5 g, 1.2 mmol) and N-methylaniline (3 mL) was 
refluxed for 17 h. After standing at  25 "C, ether (10 mL) was 
added to give the salt 14 (0.42 g, 86%), microcrystals (from 
acetone-ether): mp 290-295 "C; IR 1630 (s), 1600 (m), 1050 ( 8 ,  
b) cm-'; 'H NMR (MezSO-d6) 6 9.1 (1 H, d, J = 1.9 Hz), 8.1 (1 
H, m), 8.0-7.7 (14 H, m), 6.2 (1 H, q, J = 6.9 Hz), 1.3 (3 H, d, 

144.7 (s), 134.0 (s), 133.4 (d), 130.0-128.45, 123.7 (d), 123.1 (d), 
116.0 (d), 68.2 (d), 17.6 (q); MS, (relative intensity) m / e  335 (3.6), 
334 (25.5), 333 (100.0), 332 (97.5), 331 (19.8), 329 (33.7). Anal. 
Calcd for C&&F4N C, 71.29, H, 4.75; N, 3.33. Found C, 70.98; 
H, 5.03; N, 3.28. 

1-[2-(Phenylthio)ethyl]pyridinium Perchlorate (8c). So- 
dium methoxide [sodium (0.034 g, 1.5 "01) in methanol (3 mL)] 
was added to a stirred suspension of 1-vinylpyridinium perchlorate 
(0.3 g, 1.5 "01) and thiophenol(O.5 mL) at  50 "C. The solution 
was refluxed for 16 h. The solvent removed at  25 "C (20 mmHg), 
the residue dissolved in acetone, and perchloric acid (70%, 0.2 
mL) added. The inorganic salts were filtered off. Precipitation 
with ether (10 mL) at 0 "C gave the adduct phenylthioethane (0.25 
g, 55%) as needles (from ethanol-ether): mp 78-79 "C; IR 1632 
(s), 1580 (s), 1060 (s, b) cm-'. Anal. Calcd for C13H14C1N04S: 
C, 49.44; H, 4.44; N, 4.44. Found: C, 49.44; H, 4.47; N, 4.41. 

1-[2-(Phenylthio)ethyl]-2,4,6-triphenylpyridinium Tetra- 
fluoroborate (9c). To a stirred solution of 2.BF4- (0.25 g, 0.58 
mmol), and thiophenol(1 mL) in 2-propanol (2 mL) at  20 "C was 
added potassium carbonate (0.1 g, 0.75 mmol). The stirring was 
continued for 2 h. Methylene chloride (10 mL) was added, and 
the inorganic salts were extracted into HzO (2 X 20 mL). The 
organic layer was acidified with HBF4 (48%), extracted into HzO 
(1 x 20 mL), and dried over MgSO,. The solvent was removed 
at  30 "C (20 mmHg) and the residue triturated with ether, to give 

J = 6.9 Hz); 13C NMR (Me@O-d& 6 155.7 (s), 153.6 (s), 152.6 (s), 


