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We have previously reported’ that the reaction of the 
3-cyan4-methylpyridinium iodide (la) with aqueous 
solutions of aliphatic amines can follow two competiog 
pathways, namely a heterocyclic ring opening aad a 
redox process. The former yields imino derivatives of 
type 9 or aldellydes of type 11, the latter gives the 
dihydropyridines &6a and pyridones 7r and sa, in 
eqtitnolar amounts. While both reactiott pathways 
require the initial addition of the nucleophile (i.e. the 
amine or the hydroxide ion) to the hekrocyclic cation, in 
the systems so far studied’ no direct evidence on the 
formation of the amina&n adducts of pseudobases could 
be obtained. 

It should be noted that only a few cases, where 
amination adducts have been isolated or detected, are 
reported in the literature. For instance. Z&ewicz d a/? 
have found that l&disubstituted pyridinium ions 
undergo reversible covalent amination in liquid ammonia, 
the addition site depend@ on the nature of the sub 
stituentattheCatom.Ithaslxenalsorepoftedthe 
isolation of 1-benzyl-3-ca&Mmyl4diethylam&l*iS 
dihydropykline’ from lf and diethylamine, and of l- 

methyl-%&o-4-piperidino-l&dihydropyridine’ from l- 
methyl-3-nitropyridikn iodide and piperidiae. 

Astothepseudobases,onlyinafewcaseshastheir 
isolation has been accomplished,’ despite their generally 
postulated occurrence io the akaline solutions of pyfi- 
dinium salts, iu equiliium with the correspondent qua- 
ternary hydroxides. 

In the present paper we report the results obtainfxl 
from the study of the reaction between piper&e and 
pyridinium salts substituted at position 3 with electron- 
withdrawing groups. Addition of pip&dine to an 
aqueous solution of la under suitable conditions, causes 
the immediate formation of a precipitate, identikd as 
k-l-methyl4-p~l&dihydropyridine (3a) 
on the basis of the data reported in Tables 1 and 2 3a 
can be also obtained in good yields from the reaction 
between la and neat piperidiue. Analogous adducts have 
been obtained from the salts lb-f on reaction with 
piperidk. ‘Ik. structure of the adducts 3b-f has been 
assigned on the ground of the data shown in Tables 1 and 
2. 

While 304 are stable in the solid state under vacuum, 

Tabk l.‘HNMRdataforadducts3 

compd (solv) H-2 H-S HXi 0tbel protons 

6.99. d 
J,=15 

7.05, d 
Ju= 15 

7.30. d 
J,=lS 

7.48, d 
Ju=l.S 

3@ (CWW 7.11, d 
Ju=15 

7.21, d 
JU=lJ 

6.15, dd 5.05, dd 
Ju=105 Jsc=45 

6.16. dd 
J4> = 105 

5.Q dd 
J3& = 45 

6.71, dd 
J,,=lOS 

4.99, dd 
Jsb=4.5 

6.74, dd 
J,,=lO5 

499. dd 
J,$=45 

6.10, dd 
Ju=75 

4.77, dd 
Jl.6’4.s 

6.16. dd 
J,,=9.0 

4.85 dd 
J,*=45 

4.80, d 

4.75, d 

4.76, d 

4.66, d 

4X3. d 

4.17, d 

3.06 (a, 3, N-CH& Pipeid& H: 
2.7-2.3 (bs, 4), and 1.7-1.3 (bs, 6). 

7.47.1 (group of signals, 5, aromatic IQ, 
4.66 (d, 1, bcnxylic H. J = lS)), 4.25 (d, 1, 
bcnxylic H, J = 15). Pipcidh H: 2.7-23 
@s, 4). and 1.8-1.2 (ba, 6). 
3.13 (s, 3, N-CH,), 2.00 (s. 3, CWH,). 
W@?)26-23 (bs, 4) and 

7z7.1 @&p*or signals, 5, aromatic II), 
4.7l (d, 1, hxytic H, J=l5)). 4.27 (d, 1, bcn- 
xylic H, J= 15)). 2.00 (s. 3, COCH3. Pipcridinc 
H: 2tX.3 (Im. 4). and 1.7-1.3 (bs, 6). 
3.07 ((I, 3. N-CH,). Pip&he H: 29-26 
(bs, 4). and 1.61.2 (bs, 6). An& 
lMOtO!UlmdernodcUtUilUOeX~ 

i.6-7.3 @IQap_of signals, 5. aroma& H). 
4.47(s.2benxvlicH1.l’hidi~H: 

785 
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Tsbk 2 Meltiog points and spwbwopic properties of adducts 3 

Compd. Proced. Yield 96 ap. “c 9 i cm-’ uvmilx,Ml m/c 

f 

a or b 

a 

a 

a 

a 

C 

80 

85 

m 

80 

m 

80 

t 

89-91” 

9!MOl” 

118-m 

113-15” 
@=I 

2190,1650 
1585 
2190,164O 
157s 
1650.1610 
1580 
164.5,1610 
157s 
3280.3120 
168s. 1650 

g 3mO 
1700: 1655 
1600.1555 

33wJ4) 
245,317@0H) 
335(CClJ 
245,318@0H) 
34o(CcU 
ns, 32s(JztoH) 
34o(CcU 
ns,3300=w 
33wcL) 

203 

279 

220 

2% 

221 

$ 

Wiius, not crystallizable oil, containing minor amounts of the isomcric addition products at 
positions 2 and 4. 

#c m/c value could not be measured. since tk product i.3 &rmally unstable. 

theii stabiity in solution depends on the nature of both 
the sub&tent group at C-3, and the solvent. In general, 
they are stable in apolar solvents such as CCL, while in a 
protic solvent such as 95” EtOH, only 3ed are stable. 
Fast decomposition of all addocts occurs in water. For 
instance, the W spectrum of a freshly prepared aqueous 
solution of 3a displays only the typical absorption max- 
imum of the pyridinium cation at co 27Omn, while on 
standing other absorptions appear in the 3Mnm 
region. A similar behaviour is displayed by the other 
adducts. 

In order to study the nature of the chemical changes, 
3a has been dissolved in water and the solution extracted 
with CH& From the organic phase have been isolated 
the dihydropyridines e the pyridones 7a,8a, the im- 
inoaldehyde 90, the pyridinaldehyde ids, and the pen- 
tadienenitrile 11, whereas 12~ has been recovered from 
the aqueous solution. 

Because of its insolubility in water, 3h has been dis- 
solved in a H&-EtOH 1: 1 mixture. After removal of the 
ethanol, the compounds 4blOb and 11 have been 
extracted with CH&lz from the aqueous solution. By 
evaporation of the latter, a residue is obtained that yields 
2-formyl-S-methoxy-2&pentadienenitrile (14) on Sio2 
column chromatography f&OH-AcOEt 1: 1 as eluent). 

Compound 36, also insoluble in water, has been dis- 
solved in to a HJMtOH 1:l mixture, and the solution 
evaporated to give one product, IS, identical in every 
respect to the compound obtained by Anderson d eL6 
from Id and NaOH, to which these Authors have assig- 
ned the Z~oxybis(lacetyl-I-btnzyl-12_dihy- 
dropyridine) structure. Likewise, evaporation of an 
aqueous solution of 3c yields a product 16, whose W 
spectrum is quite similar to that of l8.16 can be obtained 
as well from the reaction of lc with NaOH, and, as 
reportedd for Is, could not be crystallixed, or o&t-wise 
futher puritied, owing to its lack of stability, especially in 
solution. In particular, no meani&l ‘H NMR spectrum 
on the sample could be recorded. While formation con- 
ditions and similar properties suggest that 16 could 
represent the N-Me analogue of 15, the available data are 
nevertheless too meagre to support any conclusion on its 
ShlKhU& 

Finally, aqueous solutions of 3e and 3f have been 
extracted with CH&12 to yield minor amounts of the 
compounds 17 and 18. respectively, while the betaines 12a 

and 12b have been recovered from the aqueous solutions. 
18 is identical in any respect to the product obtained by 
Dittmer et al.’ from If and NaOH, to which these authors 
have assigned the 4,4’+xybis( I-bcnxyl-3carbamoyL1,4- 
dihydropyridine) structure. The W spectrum of 17, that 
can be obtained as well from the treatment of le with 
NaOH, is quite similar to that of 18. As reported’ for 1817 
could not be crystallixed or otherwise further puri6ed 
owing to its lack of stability, especially in solution. In 
particular, no meaningful ‘H NMR spectra on the sample 
could be recorded. While formation conditions and similar 
properties suggest that 17 may represent the N-Me analo- 
gue of 18, the available data fail to support any tlrm 
conclusion concert@ its structure. 

The reported results clearly suggest that adducts 3 are 
invariably mcapable of surviving in aqueous or hydroal- 
coholic solutions, owing to their immediate dissociation 
back into pyridinium cations and piperidine, and that the 
subsequent reactions must be regarded as typical of 
these pytidinium cations in the alkaline environment 
produced by the pip&line. Thus the products from the 
solutions of the adducts 3a,h are throughly correspon- 
dent to those obtained from the two competing reaction 
channels that, as mentioned above, occur when 3- 
cyanopyridinium salts are treated with aqueous amine 
solutions. The formation of dihydropyridines and pyri- 
dorms has been easily traced to a redox process involving 
the pyridinium cation and the pseudobases, while no 
univocal pathway could be postulated concerning the 
ring+pening reaction.’ In fact, the results could be in- 
terpreted assuming initial formation of either pseudo- 
bases or of amination adducts as well. From the recog- 
nized lack of stabihty of the adducts 3 in aqueous 
solution, it is now suggested that the pseudobases are 
key interme&tes in the ring-opening process as well. 
Formation of the products 411, W can be therefore 
illustrated as in Scheme 2. 

It can be further noted that when the reaction of the 
salt la with piperid& occurs under conditions where 
precipitation of the addoct 3a is prevented, the rea&ity 
pattern of the same adduct in water is duplicated, except 
for the fact that in the aqueous solution, after extraction 
with organic solvent, the nicotinamide salt le replaces 
the betaine l2a. As previously mentioned, products such 
as l2b or II, arising from the saponification of the cyano 
group of the cation lb, are not obtained from the hydro- 
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alcoholic sohdion of 3b. In fact, by working up this 
solution, after isolation of the products &lob and 11.14 
has been obtahd, which ckady npn.3ent.s an artefact 
fanned on the SiG colomn dming elution with the 
MeOH-AcOEt mixture. Formation of 14 can be plausi- 
bly traced to the reaction between methanol and the 
ring+pened enolate W? 

It is evident that all products from the hydroalcoholic 
solution of 3b arise from the correspondent pseudobases, 
via either a redox process, or a riug+pening reaction. 
ThislindingalnberationalizedtakingintoaccouIlttlK 
fact that the position of the quiliiom between the 
pseudobases and the qukmary hydroxides depends on 
the polarity of the solvent. In fact, covalent adduct from 
heteroaromatic cations are stab&d by moderately 
polar sol~ents.~ This would explain the shift of the 
quiliium between the quatemary hydroxides and the 
pseudobases in favour of the latter in hydroalcoholic 
medium. According to this view, when 3a is dissolved 
into a strongly polar medium, e.g. water, the betaine l2a 
is formed in good yield, while in a solvent of lower 
polarity, e.g. the H&-E1OH I:1 mixture, the enolether 14 
replaces the betaine l2a. 

As to the 3d and 3f adducts, the pseudobases arising 
from these products exhii a particular reactivity pat- 
tern, since only the ethers 15 and 18 are formed. It 
should be noted that the nicotinamide cation undergoes 
predominantly hydrolysis of the carbamoyl group, show- 
ing that this ion is scarcely prone to the ring addition of 
the hydroxide ion. 

-AL. 

Them.psweretakeoonaTottoliapparatus,aadare~- 
rected.TheWspcctrawerereconMonaPaki+Elmer4O2 
spectrophotometer and the IR spectra, as Nujol mulls or liquid 
mms, on a Perkill-Elmer 177 gIting qnztropbotometer. The ‘H 
NMR spectra were recohd 00 a Varian EM-390 spectrometer, 
theche&calsbiftsarereportedas6unitsfromTMSasintemal 
standard.amltheconoIi~~coastants(J)inHertx.’hem/cvahes 
wm mrhred with-a Ihwiett-Packard 589OA low rcdution 

mass spcictmmctcr. coluoul c lmmwog&ywaaauriedouioo 

Merck silica gel 70-23Omesb. pyridinium salts la-f were 
0btainedfromthcomJpondent &stituted py-ridhes and 
methyl icdide or benxyl chloride, according to Standard pm 
cehes. Ali known compounds were. identified by comparison 
with authentic sampks. AU ww compounds gave elemental 
analyses (C, H, N) within *0.3% of the theoretical values. 

synthesis of compowdr 3 
(a) The pyridiuium salt (O.OlSmoI) was added to neat piperi- 

diae(#)ml),andUlcmixhtnstimd2hratroomtemp.Thcsolid 
was filtered off, and the tiltrate diluted with Ii&t petrokum ctha. 
The ppt formed was colkcted by suction, washed with h&t 
petroleum ether. and dried under vacuum ovec P&. 

(b) Piperidinc (0.03 mol) was added to a sob of pyridinium 
salt (0.01 mol) in H&l (35 ml). The ppt was wlkcted by suction, 
dried under vacuom over Pa, and crystalliked from light 
petrokum ether. 

(c) The pyridinium salt (0.014mol) was added to a soln of 
piperiaiac(6oml)inanhydrousbenzene(6oml).Tbemixtracwas 
stimd2hratroomtemp.,thesolid~off,aadtbe~ 
diloted with light pctmleiol ether. Tke ppt formed was wlkcted 
bysuction,wasbedwithlightpetrokumetber,anddriedundcr 
vacuum over P&. 

Reactivity of adducts 3 
conpovnd 3a in HzO. A suqcnsioo of h (1.5g) in Ha 

(5Oml)wasstirredatroomtemptocompletedissolution,and 
then extracted with CH& The aqueous layer was evaporated 
under vacuum to give a residue (O&3& wbkb was further 
puritkd by crystaUhth from 2-propa~ol, and id&Red as Ih, 

by comparison w?~ p autbeotic sample prepared from ethic 
acid, via quatermr&oo with Mel and debydrow with 
triethykunine in benzene. Tbc CHfi sola was dried (Na#&), 
and evaporated under vacuum to give a residue (0.7Og) aml 
resolved by cuhnu~ chromatogmphy @ii MO& By using a 
mixture CH&AcOEt 9: 1, the following fractions were ehUed 
intbeorder:(i)amixturcoflcdr(0.04s);(ii)101(0.04g);(~~a 
mixture of 7r and 8a (O.Mg). Compound 11 (0.26g) was eluted 
witha~CH2ClrAcOE11:1.Finnlly,A(0.14g)waselutcd 
withamixtureH~AcOH1:1,andrecoveredfromtheacidic 
soln by careful alkalihtion with Na#&. followed by sevaal 
extra&ions witb CH+&. 

Compound 11. Mp. 15657” (2propanol); mol wtz talc 190.24. 
Pouud19O(frommassspccMm);UVmax@tOH)257,386nm; 
IR I 2200, 1610, 1565, 1555, lslocm-‘; NMR (CDCIJ 8 9.23 (s. 
1, CHO), 7.60 (d, 1, H-S, J,.,=135), 7.33 (d, 1, H-3, J,“=12). 5.80 
(dd, 1, HA), 3.70-3.30 (bs, 4. CHrN-CH3, and 1.90-15Oppm 
[bs. 6, l CHr)rl. 

C~~inH~~H.AsdlnofJr(15g)inH~EtOH 
(21i25ml)wasstimd2hratroomtcmp,EtOHeveporatedunder 
vacuum,andtheequeousphaseextractedwithCH2Cl*.Theorganic 
layawasscparetcd,driad~a~,)andevapolatedundavecuum. 
C4hM chromatography (94, lsog) of tbe residue (0.75& 
usiag the above elucnts, gave: (i) a mixture of h-6a (0.03 6% (ii) 
lb (0.03 g): (iii) a mixture of 71 and t?a (O.Mg); (iv) ll(O.15 g); 
(v) k (0.14 g). The aqueous layer ~a.9 evaprakd under vacmoo, 
and tbc residue (0.60 d cluumatoaraDhed 00 SQ column (120 & 
MeDH-AcOEt i: : 1 as&eat) to ,&e-14 (0.30 g), W max (@tOFh 
265, 358om; IR i 2210. 1650, MlOcm-‘: NMR (DWO4J d 
9.10 (6 1. H-S. JSc=9), 8.82 (s, 1. CHO). 7.42 (d, 1, H-3, 
J,c=i3b,‘S.52 &id, 1, H-4). sod 3.52 (s, 3, CH3. The mass 
~~~ and q .p. could not be determiwd, since 14 is thermally 

cOm&nd 3b in HzO-&OH. A soln of 3b (1.6 g) in HzO-BIOH 
(25+25ml) was stirred 2hr at room temp, EtGH evapo- 
ratedunderthevacuum,andtbeaqueousphaseextractedwitb 
CHIC&. The organic layer was separated, dried (Na#Ch), aod 
evaporated under vacuum. Column cbromatogmphy (Sia, 200 G) 
of the residue (1.0 g). usiag the above eluents, gave: (i) a mixture of 
e (0.03 g); (ii) Mb (0.05 9); (iii a mixture of 7b and tTb (0.04 g); 
2:3&&%z.?g). The aqueous layer was evaporated 

vacuum, and the residue (0.15 g) chroma- 
tographed on Si01 and (30 g, MeGH-AcGEI 1: 1 as eluent) to give 
14 (O.lOg). 

Compovnd36inH20_EtOH.AsolnofJd(O~~inH~ 
EtGH (15tlS ml) was stirred 2hr at room temp, the solvent 
evapomted under vacuum, and the residue dried over Pa, 
(0.17g). The solid 15 was identical to the product othined from 
the reaction of Id with NaOH, carried out in the described 
WIldithP 

Compound k in H@. A suspension of Jc (l.Jg) io HP 
(5Oml) was stirred at room temp to compkte dissolution the 
solvent evaporated under vacuum, and the re-siduc dried over 
P& (O.%g). lRe solid 16, UV max (JWXr) 27533onm, was 
ideoticaltotbeproductwehaveobtainedfromthereacthoflc 
with NaOH, carried out in the co&ions descrii for the 
reach of ld with NaOH! 

Compound 3I in Ha. A suspension of 3f (0.8Sg) in Hz0 
(4Oml) was shed at room temp to complete dissolution and 
then extracted witb CH&. The aqueous layer was evaporated 
under vacuum to give a residue (O&g). further poritkd by 
crvshdhtion from Z-mwa~m. I andidentiliedasl%Tbe 
C&C!& soln was drkd @Ia&). and evaporated u&r vacuum 
toeiveansidueM(0.123idcnticaltotbcproductisolatedfrom 
the reaction of lf with NaOH, tied out in the deacrii 

Comporbrd3einH~.Asuspeaskmof3e(O.#)g)ioH~ 
(1Oml) was shed at room temp to complete dissohIt@ and 
then exhacted with CHfi. ‘he aqueous phase was evaporated 
under vacuum to give a residue (O.lle). further pmifkd by 
crvstalliEation from 2+rooanol. and identilled as l2a. Tbc 
CHfi solo was dried (ha&G& sod evaporated under vacuum 
to give a residue 17 (0.01 g). UV max @OH) 270, Monm, 
idcoticaltotheproductwehaveoMainedfromtbertactionotle 



with NaOH, carried out ia the sass codiom dcscrii for the 
mxtionoflfwithNaOH.’ 

RcPctbnoftrwitkpipnldirrcPiperidine(l.?&O.Mmol)was 
added to a 8ohl of la (2.46& O.OlaKd) ill I&o (5OOml). the 
mixture stimxi 2hr at room temp. and extracted CHZCI, The 
~~p~~~~~~ togivearcsiduc 
(Zig) identitkd as the salt le. The CHfi soln was dried 
N2Swandeworalodunder- to give a residue (0.3 e). 
molvcd by cohtmn chromatography (Sii, 6og) in the following 
~:(i)omixtunofIc(r(0.03g);(ii)inamixturrof7aaml 
Ik (0.04p); (iii ll(O.18 8); (ii) 9~ (0.02 8). 
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