
STRUCTURAL STUDIES BY 'H AND "C DNMR--II+ 

ALTERNATIVE PROTONATION SITES IN CARBOSYL 
COSJUGATED CHAIN ENAMINES OF THE TYPE 

R,-C,O-C,H=C,H-NR,R,. A METHOD OF 
SYNTHESIS OF DISURSTITl_XED PYRIDINIUM SALTS 

Abatrwc-C)_Protonarin of secondary enammo ketones m ‘IT.4 or concenlrarcd mineral acids in various solvents i\ 

~hc kinetically fasourcd course of reactton leading ulumarely IO stable !.!- or !.4disubrtituted pyridinium salts The 

mechanism of formation of the \~II\ involve\ electrophilic attack by the (‘.3 carbon atom on C.! or S.nuclcophilic 
cenlrcs of fhc Oprotonated molecule 

‘The cnamino ketone moiety o=?R’<*H=t!H-NHR’. 1. 
represents a set of five atoms. exhibiting altcrnantly 
nuclcophilic (0. C-2. N) and electrophilic properties (C-I, 

C-3). The chemical reactivity’ and intramolecular 
dynamics’ determine the scope of our systematic studies 
in this field. 

Following our earlier report.’ we have currently carried 

out protonation studies on tertiary and secondary’ 
enamino ketones using ‘H and “C technique. In this paper 

we report a simple. novel method of synthesis of 
pyridinium salts of the type 2. where R: = alkyl or phcnyl. 

R: = hydrogen atom or alkyl, x”’ = anion of carboxylic or 
mineral acid. WC found that compounds 2 arc in- 

R2 

2 

stantaneously obtained in high yields upon dissolving 1 in 

TFA. also. when gaseous HCI is passed through. or 

equivalent amount of other acid is added IO a solution of I 
in ether or methyl cyanide. 

This simple method gives 3-substituted pyridinium salts 
in one process, yielding derivatives which are close 

precursors of compounds having pharmacological im- 
portance in indispositions of the blood circulation system. 

The formation of salt 2 is explained in terms of 
increased charge alternation and the reactivity of the 
olcfinic carbons in a kinetically favored’ (see also review 5 

and references therein) 0-protonated form 3: 

‘H and “C spectra of compounds I taken in kinetic 
condhons! indicate only the prcscncc of O-protonated 
species, while after several hours in a sample warmed IO a 

room temperature, signals corresponding IO 2 and 
methylammonium salts are discernible. 

A consideration of charge distribution in the ion 3 
suggests the ahovc conclusion which finds support in 

quantum-mechanical calculations.” II acknowledges the 

fact, that of the three nucleophilic sites. C-2 in cation 3 is 
the only ccntre susceptible IO clcctrophilic attack. 

Simultaneously. electrophiliciry of C-l and C-35 atoms 
should be enhanced due to acquiring some of the positive 
charge introduced upon protonation. We therefore pro- 

pose salt 2 IO be the product of thermodynamic 

protonafion of 1.‘ formed during the reaction of 3 with a 
like molecule. Consequently. the clcctrophilic attack of 
C-3 carbon on C-2 positton of same molecule yields the 

intermediate 4. 

R’NH -0 
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which stabilires via elimination of CH,SH,X’ and 

cyclodehydrdlalion. One of the interacting molecules 

enters the intermediate 4 in a cir-configuration. which 
according to Meyers PI ol.’ cxhrbits stronger nucleophili- 

city on C-2 than in the frans isomer. Accordingly. we have 
found that cyclic secondary enaminoketones and tertiary 
analogues in a rrans-configuration. do not yield sails 2 hut 

+‘l’hls work IS a part of Polrsh Academy of Sciences programme simply 0-protonated salts Ho-C=CH-CH=h’R,X ‘. Thrs 

for \Iruclural reuarch MR.I.92.4. For Part I. see Rcf 2. 
:Thc cnammo kcrone ddurcd u-trh ClXh’ ua\ added \lowlg IO 

is shown by the isolation of s~al)le salt 3 (enp. So. 14 in 

an CUIC\\ of ‘WA m lhc dr) rcc.acclonc bath tcmpcraturc and 
Table I) in one cast of a tertiary enamino ketone and its 

lhc xpec~ra recorded aI 4@. “C NMR spectrum.’ 

Ilkch Kwcrskr. m Rcf 4. this prtmarily concern\ rhcC-2carbon Quantum-mechanical calculations’ and the contribution 

alom a\ %upported h) thcorerrcal calculations* and ohservcd of form 36 IO the structure of 0-protonated enamino 
dour&Id shaft m “C SStR ketone indicate the substantial loss of nucleophilic 

I365 
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properties of the nitrogen atom. In certain conditions. 
however. specifically with compound I (K, = IC,H,. 
R,=H,) we observed (compare exp. Nos. 9-12) Ihc 
formation of the salt of the type 5: 

5 

and Ls precursor (I-C,H,~(~CH=CH),NCH,. 6. In this 
case electrophilic attack of C-3 carbon atom of the 
@proIonaled species 1 on a nitrogen of a neutral molecule 
yields the inlermcdiate which affords 6 afIer loosing 

0 
CH3H,X’-‘. Consecutive mono-O-protonation of 6 (see 
Exp. h’o. 13) and dehydratation gives the Salk 5. 

Our experiments confirm that clectrophilic attack of 
C-3 on a nitrogen atom is highly sensitive IO reaction 
conditions and electronic and structural properties of the 
cnamino ketone. II proceeds more slowly and requires 
stronger acid that in the cast of the reaction on C-2 
carbon atom. The relevant prolonation experiments arc 
listed in Table I. 

This study reveals Ihal in the presence of strong acids 
the secondary and tertiary enamino ketones undergo 
preferenIial O-prolonalion. 

N-protonation in these conditions is not ohserved in 
any of compounds sIudied. in Contras1 IO established’ 

,+, 
mono-N- and ~.h’dkClyhliOtJ by CH,C=t), in neulral 
conditions, and in the presence of base, rcspccIively. 

The present results parallels our previous’ acelylalion 
studies in that the O-acctylated or 0-proronatcd forms are 
kinetic inlermediatcs of differing stahiliIics in basic and 
acidic media. yielding producrs not ea\ilg acccssihle h) 
other means. 

We have dcmonslraled IhaI Ihc amhidcnt enamino 

keIone group is a highly versatile synthetic intermediate. 
Attempts IO uncover further synthetic uses hy Ihc Iitlc 
method are in progress. 

The protonation of the enammo ketones was carried OUI 
accordmg IO procedures described below. All reagents and 

solvenrs were freshly dried. Reacrmns yields and product rarios 
ucrc dercrmmed from the NMR spccrra of ~hc crude marcrnls m 
CD,OD usmg EM-360 Varian specrromerer. All chemical shill.\ 

arc grvcn in ppm from inrcrnal TMS. All TLC was performed 
using Merck sdica gel (iF,, 

Expoimcnf So. 3. ‘Through the strrrcd solution of ?g (0.017 
mole) of !-merhylamr~penren~~~.3 in IOml of merhyl 

cyanide, dry HCI was parsed durmg several nunures ar room 
remperarure. The solution was allowed IO srand ovcrnighr. 

whcrcafrcr the precipirared methylamine hydrochloride was 
hltrred OR. The filuatc was dilured rw~cc wirh a solvenr and the 
sohd was separared again. The \olvenr was partly removed on a 
rorary cvaporaror and the soluhon left for crysrallirarion. 
Recryslallizarron was repealed several rimes with a rnerhyl 

cyan& or merhanol+rhcr (I :9) minrurc. Tht yield hefore 
recrycrahizarion was flealer than 95%. Complcrc separarion of 

merhylamine hydrochloride was achieved with the use of 

Amberrite IRC.50 fH form) Thvty fold excess (compared IO the 
weighf of the crude producr) of the resin rn a Is md o.d. column 
was equrlrhrafcd wirh an amounf of Ilu’ HCI equal 10 rhrecfold 

volume of the resin suspended in water. The column was washed 
wirh deionucd waler unril pH 7. The crude marerial was resolved 
using usually 250 ml of O.IN HCI IO displace the pyridinmm sah 
from [he column. The eluare was neurralized with aq NAOH. 

cvaporared and rhc sah cxrracred from rhe solid wirh mcrhyl 
cyannie and methanol. ‘The analyrical sampk. melting al 176Y’ 
was ohrarned by chromarography on silica wirh a mrxture of 
merhyl Cyanide-mCthaml (9: I). R, O.u).5. NMR (TFA). 1.4 (3H. 

I. J = 7.g Hr. <(XH:CJ). 1.6 (3H. I. J - 7 R Hc. !-CH,CH,). 
2.9 r!H. q, J = 7.g Hr. 4 (XACH,). 3.4 r!H. q. J = 7 X Hr. 
?.(‘IIICH.I 4.6 r3ti. \. h’-CH.r. x 3 I~H. d. J - g6H1. 3.H). 9.2 

~IH,m.J=g6ffz.J=1.0H~.4H~.9.6~IH.d.J-l.0Hz.bHj 
Kale for C,,H,.NOCl; C. 61.97. H. 7.51. N. 6.5; Found: C. 61.17. 
H. 7 45, N. 6.45%) 

F~ptrimtnr No. X. I g (0.007 mole) of !.!dimerhyl-!.merhy- 

lammopenr~J~cn~!onc uas added IO 10ml of ‘WA and lcfl for 
several hours. 3Oml of merhanol was added and mixrurc was 

boikd unril ir was neurral. S&ems were cvaporared and the 
residue subjccred IO ~hc usual work up wirh ion exchange resin 

and TLC on srlica. The rwcrion yrelded over %I% of salr 2 

Table I. Proronarton of enamino-ketones 

Erp. 
NO Srruclure I 

Reacrron Producr 
condirions’ composirioa Q 

Solvenr Acid 2 5 6 

I (‘H, CH, KzH,):O HClg >90 
2 CH,CN Hlaq >90 
3 C,H, CH. CHSN Hr.1 g. 95 
4 CH,Clr’ ‘WA ,’ 90 
< C.H, CH, CHS’N HCI g 90 

6 CH. H f(‘:H.),O HCI g x5 
7 K’,H,),O HCI g >90 
n TFA ‘f F.4 z 90 

9 K.H. CH, CH,CN TFA M 36 
IO K,H,):O HI aq. 26 42 

II (‘H,OH HI aq.” 60 
I? CHSN HI aq. IO 70 
13 6 CH .CN Hlaq 70 
I4 CH,CO-CH=CH-NrCH,), K,H,),O HCI g. 9o%of3 

‘Csually molar equivaknf of acid was used. reactions were carried OUI ar room 
remperarure and rhe reacrion minfurc &as allowed IO sray several hours before 

work up. 
‘I) 5 qurcalenr of acid was used with rcspecr IO the enamrne 
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Experimmr No. 9. ‘To a stirred solubn of 2 g (0.014 m) of 

2.2-dimerhyl-5-mcthylaminopenr4cn-3-one In IO ml of methyl 

cyanide was slowly added in portions 0 5 ml (0.014 mole) of TF.4 

in 5 ml of ether. The solvenrs were evaporated and restdue 
dissolved in ?Oml of hul mixture of perrokum ether-carbon 

tetrachlomk (3:21. Undissolved oil contained 1.4~ (56% yield) of 
crude producf 2 (R, = r_(I.H.. R, c CH,. X = CF,C(K)). Work up 

on ion exchange resin and chromatography on silica yielded oil of 
2 (X A Cl). SMR (CD,(‘?c). I.35 (9H. s. CM(CH,),). I6 (9H. 5. 
!-C(CH,),). 4 7 t3H. \. SCH,). 8.3 (IH. d. J = 9.0 HI. 3.H). 8.8 
(IH.~.J-~H~.J=!H~,~-H).~.?(IH.~.J=!.OH~.~-HJ~C~~~. 

for C,,H%N(KI: C. 66.91. H. X.92. E. ?.?. Found: C. 66.80, H. 
Ml. S. .‘.I%) The \olullon decanted from rhe oil ahvc yrclded 
on recrystallizafion 0.65 p (36% yKld) of side product 6. mp 17C4. 

SMR ((‘Cl.). I.1 (IRH. s. CCH’tCH,),). 3.1 (3H. I. NCH,). 5.8 
(2H. d. J = I3 Hz. CCM’H-). 7.7 (2H. d. J = I3 Hz. =CH-NJ t&k. 
for (‘,,H,,NO:: C. 70 59. H.9.M. S. 5.49 Found C. 70.61. H.9.85. 
s. S.40%) 

fiprn’menf No. IO. To lhe stirred solution of 2 p. (0.014 m) of 
22-dimethyl-S-me~hylamrnopenr4en-3-onc In 10 ml of ether wa 

ad&d \lowly in pomons equimolar amount of 67% aqueous 
*olullonc of h)dror&dc in ? ml of mcrhanol~ther mlxrurc (I. I) 
II room lempcrature. The mixture was left ovemrghr whereafter 
dcpo\lted crystals were filtered off TIC of the sohd from ~hc 

evaporated rolurron. on silica in a mixture of methyl cyanidc- 
bentrne (2:3) afforded 0.75 g (42% yield) of 6 and 0.638 (26% 

yield) of 5 (R, = C.H.. R: ,- CH,. X = 1) as yellow crystals melting 
JI 231”. SMR m DYS0.d.. I 3 (I8H. \. C@C(CH,). M*(CH,)). 

4.4 (3H. s. N-CH,). 8.7 (IH. s. 2-H). 9 2 (2H. broad s. 5-H. 6-H). 
(Cak. for C,,H,.NOI; C. 49.M. H. 6.65, N. 3.88. Found: C. 49. 2s. 
H. 6.55. N. 3.65%). 
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