
HYDRIDE TRANSFER FROM 1,CDIHYDROPYRIDINES 
TO PYRIDINIUM SALTS 

ASSESSMENT OF STRUCTURAL AND ENERGETIC FACTORS 
WITH HANTZSCH ESTER DERIVED COMPOUNDS’ 

T. J. VAN BEROEN, Tnu Mum. R. A. VAN DER Vt?EN 
and t&HARD M. KU* 

&partment of Organic Chemistry, University of Groniqen, Nijcnborgh, Groningen, The Netherlands 

(Received in UK 16 February 1978: Accepted for publication 9 March 1978) 

Abdrad-Hydride exchange occurs between 3.5 - di@koxycarbonyl) - I.4 - dihydropyridims and their cor- 
nspondiag pyridiium salts. For the case of 12.6 - trimetbyl - 35 - di(etboxycarbonyl) - I,4 - dihydropyridine in tbc 
presence of the structurally comspondi~ pyridinium perchlorate, hydride is transferred to the Cposition of the 
pyridinium salt in a reversible “blind” reaction as rcvcakd by dcuterium labelii experiments and to the 
2,6-positions irreversibly to a&d I.26 - trimethyl - 3.5 - di(ethoxycarbonyl) - 1.2 - diiydropyridine as final 
product. Removal of the methyl groups at the Z,bpasitions, i.e. I - methyl - 3,S - di(methoxyca&nyl) - I.4 - 
dihydropyridinc and its suucmnlly correspomtiag pyridium perchlorate., causes hydride transfer to become 
cocnpktely reversible. Substimtioa of the 4-p&ion with Me. i.e. 13.4.6 - tetramethyl - 3$ - di(methoxyca&unyt) - 
I.4 dihydropyridiae aad its wrrespondii pyridinium pcrchtoratc leads to cessation of hydride transfer: the same 
is true for the analogous 4-phenyl (and substituted pbmyl) compounds. However, these I&diiydropyridincs arc 
capabk of transfcrrirqt hydride at reason&k tcmperaturrs to kss highly substituted pyridinium s&s. Activation 
parameters for some of these hydride transfers have been determined. mechanistic conclusions are presented. and 
the consequences of these observations for experiments with “model” NADH compounds arc discussed. 

An essential biochemical process is the enzyme mediated 
exchange of hydride between NADH and NADP@ (eqn 
I).= 

NADH + NADP@#NAD@+ NADPH (1) 

The chemical transformation involved, transfer of 
hydride from a l&dihydropyridine to a pyridinium salt, 
has been demonstrated by several groups to be also an 
intrinsic organic reaction which proceeds, albeit more 
slowly, in the absence of a catalyst.cb The existence of 
these exchanges raises questions concerning possible 
isomerism in the position of attachment of hydride to the 
dihydropyridine ring. This point is particularly relevant 
because in any reaction wherein a 1,4dihydropytidine 
reduces a substrate, pyridinium salt is formed. The 
presence of the pyridinium salt can have a substantial 
effect on the further course of tbe reaction.’ 

To define the structural features governing this ex- 
change reaction we have investigated a series of di- 
hydropyridine/pyridinium salt mixtures. These. in- 
vestigations have been confined for the most part to 
pyridines available through the Hantxsch di- 
hydropyridine synthesis (eqn 2). The Hantxsch conden- 

sation goes well only with ammonia rather than substi- 
tuted amines as component; this means that to obtain 
compounds structuraUy analogous to NADH and N@ 
(i.e. that loss of hydride from the dibydropyridine affords 
pyridiniam S&S) the N atom of 2 must be alkylated. The 
required methylated pyridinium salts 3a-g (for all 
experiments the counterion was CIOde obtained by pre- 
cipitating the pyridinium salt from saturated NatJO, 
solution), 1.4dihydropyridines 4a-g and 1.2~isomers SI-e 
were obtained oia the routes shown (eqn 3). The choice 
of these Hantxsch ester derived systems is based both on 
the possibility for systematic structural variation and the 
symmetry of these compounds, which greatly simplifies 
the ‘H NMR spectra required for following tbe course of 
hydride transfer reactions. 

In preliminary experiments it was established that the 
pyr&ium salt 3a in catalytic quantities causes 4a to 
isomerixe irreversibly to the 1.2~isomer 5 (qn 4). ‘H 
NMR spectroscopy is extremely useful for following the 
reaction since all absor&ons for $58 can be dis- 
tinguished in mixture~.~ The reaction proceeds quan- 
titatively in CDXN or CLMXCD,. The results shown in 
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cqll (4) arc typical; thin reaction cerried out at 70.2” 
shows sharp imbcstic point.9 at mom, 305 Ml and 
363~1. There is no expcrimcntdy detectable rcar- 
rangunentof4ainthabscnccofpyTidinhsaIt;tbe 
wt shown in qa (4) is also not demonshltly 
nvcrsibk up to IUP (decomposition sets in). Followed 
bycitbcr’HNMRaWspcctrcac.opygoodapparcnt 
6rst-ofdcr kinetics are feud Tbc 5mt-ordcr con!3tants 
am doubled and halved, mpectively, on doubling or 
halvingthecoxentrationof3ahdhtingthatsecond- 
ordcrkin&s(catalyzcd6rstordcrrcaction)areinfact 
followed (qn 5). 

rate = wm4 (5) 

Inordl?rtaexaminc better the mc&anisms of the 

reactions occurring in this system, labeled compounds 
were prepared. A sample of 3r was exchanged 
rcpeaMy with EtoD in F&N; this provided 3a’ 
containing mhimaIly 5.88 deutuium atoms (9896 in- 
corporation) in the 2,Gmethyl groups (qn 6).” Rcduc- 
tion of 3a’ iu Dro with NazSzOI gave 4a’ bearin&MI . 
deutcrons in the 2,CMe groups and 0.8D atoms at the 
4-carbon. 

On being allowed to stand at mom tempcraturo ex- 
tensivechangcsoccurinthe’HNMRspcc@umofan 
quimokr mixture of 3a’ and 00lKkutcxaM c The 
nondcutcfated pyridinium salt C appears and ‘the 
concentration of 4a’ (no dcuterium at the 4poiition) 
increases.Ckaflythercactionofqn(7)totheright 
must be taking place. The reverse reaction was demon- 
strated by aIlowing 4a’ (monodeuterated at 4-positi&$ i6 
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react with 3a; 4a was formed ckanly. Only hydride 
transfer from W could be observed; integration data are, 
however, not sumciently accurate to anow determination 
of the deuterium isotope effect. The individual rate 
constants G and t were derived from soktion of the 
kinetic equation applicable for this type of reversible 
process.” Ignoring any secondary deuterium isotope 
effect with 4a’ K, is 0.84 for the exchange of eqn (7). 
Note that this is an experimentaUy unobservabk %o 
reaction-rea&n” if unlabeled compounds are used. 
Datterium prefers to reside at equiSbrium in the posi- 
tively charged pySnium salt consistent with ar8uments 
for ksser steric teqtirements and possible electron 
donation effects relative to hydrogen for this isotope.‘* 

At 67” isomerixation sets in at a rate competitive with 
that for “blind” exchange. A mixture of 4a (0.3 IMIO~C) 

and h’ (0.3 mmok) dissolved in 1 ml CD$XxD, and 
heldfor lhrat25”andthereafterfor lhrat67”afforde.d 
the product mixture shown in eqn (8). The products were 
identitkd and concentrations determined by analysis of 
the ‘H NMK spectra. The formation of isomerixatkn 
product 51’ bearing deuterium label clearly mdkates that 
hydride transfer is intermokcukr. Nonlabeled !k is 
formed through the “blind” exchange reaction followed 
by reduction of 3a by ti (the reactions of nonlabekd 3r 
and~~bbeled~‘and~‘&ubtksslykadalsoto51 
and 51’. reqkctively). 

Fwher evidence for the intermokcuhu nature of the 
isomerixation is provided from a reaction of unlabeled 3a 

and4ainChODcarrkdoutfor 15hrat6O”.TLrewas 
formed Sa bearing 1.0 protium at the 2-position as ascer- 
tamed from repeated integratkn of the 1oOMHx ‘H 
NMK spectrum:Deuterium incorporation in the 2,6Me 
groups was found but the mass spectrum indicated the 
absence of any 4 specks. The deuterium exchan9e is 
intrinsic to 2,6-Me groups; when allowed to stand in 
CD&D for 15 hr at 600 3 incorporated 2.1 deuterium, 4a 
1.2 deuterium, and 1 no D atoms. 

The kinetic behavior of the system 3-Sa is summari& 
in Scheme 1; “blind” exchange is reversible but 
komerixation to the 1.2dihydro isomer 5 is irreversible 
and leads to eventual cessatioo of exchange. 
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Ranoval of the 2,Gmethyl groups from the (di- 
hydro)pyridine rit18 has a large kinetic e&t; the 
ison.uuiMion reactions become fully reversible as 
exemplitkd in scheme 2 wherein denterhtm lab&d 
compounds are used. The tikd compounds were pre- 
pared as shown in eqn (9). 

(0.033~mob) + (0.1643Zmole) - 
a 

(O.l33&mmole) + (O.O74Zmol@ 

(O.lOEZmole) (0.03Emole) 
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Ihe quilibria of Scheme 2 represent an involved 
kinetic situation that we were only pattiahy able to 
unravel. The assumption is made that any secondary D 
isotope effect involved with N+ideuteriomethyl) 
compounds will be negligiily small, at kast for the 
purpose of these measuremettts. At room temperature 
the quiliium Sa/3a is 0.78 very slightly is favor of 
the Mdihydm isomer in agreement with observations 
on kss heavily sub&uted systems.” The rate constants 
kt for “‘blind 4,4-exc~, kz for 4-*2 isotnetihon, 
and Lq for 2+4 isomerkatkn could be evaluated in- 
dependently and are shown in Scheme 2. Despite 
repeated attempts we were unable to extract a reliabk 
value for La, the rate constant for “blind 2,2+xchan&. 
The rate of 2-4 isomerization was of the same order of 
magnitude as for the blind exchange and we were unabk 
to separate kinetically these two processes. 

It was noted that on mixing l&dihydru isomer Sh with 
pyridii salt 31 in a&&rile (both concentrations co 
5 = lo-‘hi) that the soktkn took on an orange color, 
A, 500 ML This color persisted for several minutes and 
then gradually disappeared. Representative data are 
given in Fu. 1. If this color were to arise from the 
formation of an intermediate in the vent of 
12dihydropyridine to the l&somer, the intermediate 

thereafter decomposing to give l&dihydropyridine, then 
a lag period in the rate of reanaqement would be 
an&ipated. Because of the high concentrations required 
to obtain a reasonabk absorption for the intermediate 
and high extinctkn coefficknts of the dihydropyridines, 
ultra-violet measurements proved impractical. Depend- 
able measurements of the rate of appearance of 1,4- 
dihydropyridine could be obtained from the fluorescence, 
however. As seen from Fu. 1 there is clearly no rela- 
tionship between the rate of appearance of this rear- 
rangement product and the kinetic behavior of the 
colored specks. Moreover, rigid degassing of the solu- 
tions led to appreciable dimiihment of the color. We 
conclude that oxygen is involved in the production of an 
intemkdiate in tbese systems. However, this inter- 
mediate is kinetically unproductive in hydride transfer. 
Analogous formation of transient colors was not noted in 
tbe reaction of 2,6di(substituted) compounds. 

Substitution of the 2.4 and bpositkn of a pyridinium 
salt dihydropyridine combinatkn inhibii hydride ex- 
change. Mixtures of k and 4c failed to undergo any 
detectable reaction up to l#p (hiit temperature in- 
vestigated). I&wise the 1Jdihydropyridines 4% with 
the adogous pydinium salts jae were compktely 
stabk for extended periods at 120”. However, the 1.6 
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dihydropyridines h will donate hydride to less 
hindered pyridinium salts. When allowed to react with 3b 
(bearing no Me groups) StIIOOth hydride transfer to the 2- 
and +positions occurred. No attempt was made to 
determine the ratio 4b/Sb because of the rapid self- 
exchange that occurs at the fairly high temperatures 
used. Moreover, the l&dihydropyridine isomers were 
not investigated as hydride donors. Only the rate of 
appearance of tbe pyridinium salts &+ was followed. 

O/O 
/ 

b-0 
,0-o- 

ultrarlolet (d) degasred 

Activation parameters were determined for a number 
of the reactions described here. The slope of the line is 
-OJ!I consistent with a very mild accelerating effect by 
ekctron donating substituents. The term “4-&ransfer” 
refers to the “blind” process and “4+2-transfer” to the 
isomCriZ&XI process. The V6hOS Of A%, A& and 

TAS& in the temperatme range measured are compiled 
in the Tabk. A mtnimum of four points and usually five 
were used for each activation parameter determination. 
Ihtplicate runs were made. Usually the rates were 
followed by ‘H NMR spectroscopy using a temperature 
regulated probe. Sources of error in this method arise 
from the relatively high concentrations used (cc 0.3 M in 
Mdihydropyridine), tempemture lochrations in the 
probe, lack of sensitivity in integration, and relatively 
narrow tempemture range available owiq3 to the method 
of observation. For 2,4b the rates of the 4&xchange- 
with deuteritun labeled compounds-were determined by 
‘H NMR whereas the isomerixation rate was determined 
by UV spectroscopy. 

For the substituted derivatives 4d-g the rate of hydride 
transfer to 3b was determined and the relative rates have 
been correlated with u,, constants. Electron donating 
Ipoups are found to accelerate the rate of reaction 
modestly, p = -0.99. 

There is precedent for compounds isoelectronic with 
Wtydro)pyrhhnes (with regard to the aromatic system) 
for the hydride exchange reactions studied here. Pyri- 
dinium salts are both aromatic carbonium ions and imin- 
ium ions as emphasii in the resonance structures 6b4. 
The isoelectronic tropyfium cation induces hydride 
scrambling in cyclobeptatriene (eqn IO). Cycle- 

‘&I+*-& 
I k 

ac 

Ii H 

6 1 \ - 
(10) 

Tabk I. Activation puan~ters for hydride exchange between dihydropyridincs end pyridinium salts 

caqmlnd 5et Reactloll 

a/c 4.4~trrmhr 22.5 21.4 -a.1 

. 4.2~transfer 23.1 16.9 -6.2 

2b/lb 4.Ctransfer 15.9 14.1 -1.6 

. 4.2-tramfer 14.9 11.9 -3.0 

&& 4,4+4,btranshr 24.0 17.9 -6.1 

b/lb . 26.4 22.5 -3.9 



heptatriene donates hydride readily to a variety of 
carhonium ions and various carbonium ion promoted 
isomerizations of cycloheptatrienes are known.” That 
hydride transfer reactions also Wcur with di- 
hydropyridme-pyridmmm salt mixtures becomes uuder- 
standable in the light of &hi!3 knowledge. 

The relatively low activation energies for hydride 
transfer and the sensitivity of exchange rate to steric 
effects is consistent with the reacting molecules beii 
closely asso&ted in the transition state. The entropy of 
activation term can determine the position of hydride 
acceptance as illustrated, for example, with the pyridine 
set 2-sa. Although AG& for “blind” 4+4 exchange is 
lower than for 4+2 isomerixation (22.5 compared to 
23.1 kcal/mole) the AH& for the “blind” exchange is 
actually much higher than for isomerixation (21.4 
compared to 16.9 kcal/mole). The rate compensation is 
found in the TAS& contriiution of -1.1 compared to 
-6.2 kcal/mole (Table 1). 

It has recently been shown that the rate of hydride 
donation from dihydropyridines to various pyridinium 
salts and llavins parallels qualimtively the magnkude of 
the difference in redox potential? In the examples 
reported here the overall energy change, at least in the 
“blind” reactions, is zero but the exchange reactions still 
proceed rapidly. 

The simplest mechanistic model consistent with the 
present results is a concerted shift of hydride from the 
dihydropyridine to the pyridinium salt. For the case of 
Mh, the presence of an intermediate was demonstrated 
but this was revealed not be be a kitmtically competent 
species. This is in contrast to recent results with nice 
tinamide systems wherein the presence of kinetically 
competent intermediates has been suggested.” However, 
a “concerted hydride shift” is by no means proved and 
there are many examples of hydride donation from di- 
hydropyridincs that appear to involve a series of one 
electron step~.‘~ 

The results descrii here have in our opinion 
considerable experimental consequences. In any reaction 
wherein an N-substituted 1,4dibydropyridine donates a 
hydride to a substrate. pyridinium salt will-be generated 
andthiswillbecapabk.ofcausingisomeru&nofthe 
1,4dihydropyridiue. If the substrate accepting hydride is 
only moderately reactive then only low conversions can 
be obtained owing to the au&au&tic isomerixation 
caused by pyridinium salt. Gwing to this problem the 
true reactivity of potential hydride acceptors may be 
UldelW.hIlated.” 

An equally serious problem, and one that cannot be 
ignored in the chemistry of NAD(P)H itself, is that the 
I,2 (or 1.6 depending on symmetry) dihydro isomers 
could be hydride donors. Although the 1,2dlhydm 
isomer of 2a represents an energy pit into which hydride 
falls itreversibly, removal of the 2&Me groups (2b) 
causes the l&isomer to become a hydride donor. Even 
more telling is that with N - benxyl - 1.4 - dihydroni- 
cotinamide, it has been shown recently that the N- 
benxylnicotmamide salt causes noasible transformation 
to the 1,tGomer (cqn 12): It is conccivabk that sitnikr 
complications occur with NAD(P)H itself. 

Mm.pswcrcrkteru&dwithacaliim.p.blackorwitb 
II Mettkr automatic q .p. apparatus. W. lR, ‘H NMR, “C NMR, 
andmassspectrawereobtaimXlusingcommon~iu 
StNlUCMS. 

Cbemkals cited without reference were eltber in stock or were 
preparod followinh welldesctil procedures. Reparative 
methods and spectral data are glvea only for those qdl- 
hydro)pyrhl&s that were previously unreported. Elemental 
aMlyseswerecarrkdoutintbeaMlyticalkbnratoryoft& 
university. 

33 - I)l’(&oxyco&&) - 1 - methyl - 2,6 - di(ti- 
deataiomelhyf) pyidinium petrhlomte (3$l was prepared from 
the nondeutaated 3a (208, S.Jmmok), whkh was refluxed for 
2hr ln 4ml EtOH-DD containing three drops of E&N. On 
coollngthopyr&iumsaltaystallkedoutandwasremovedby 
5ltratkn.Thispro&urewasrqkatedthroetimesmore.Atthis 
stage the protons of the 26Me uuntps were 79% exchanued for 
D.ToimprovetbcDcontenttbesaltwurremuedUhrin4ml 
HtDH-DD contain& l&N. The salt was isokted and there&r 
subjected to the same treatmeot ollce more. After recrystrlliu- 
tion tbme was obtained 1.26~ (3.4mmok, 62%) of pyridkkm 
perchlomte. m.p. 1oC105.5°, Aaining at kast J.88 Do atoms in 
the 2.6-Me erouus as &term&l bv ‘H NMR. 

Prepan& if 3,5 - di(ethoxyc&ryl) - 4 - moua&utuio .- 
26 - di(trfdurterfomethyi) - 1,4 - dihyd~~pytid&w (4~9. The 3n’ 
(475 mu, 1.27 mmok) was dissolved 75 ml 40 sammted with 
NaHCD, (210 mg, 2.S mmok). Wbik stirring constantly N&O, 
(1.6Sg. 8.0mmok) was added portionwise. After 2hr stirring 
another5mlDsDwasaddod,stinisgwascontinuu115mkaml 
the ppt was then removed by 6ltratkn. There was obtained 
329 mg (1.20 mmok, 95% yield) of crude U, which was recrys- 
tallkod from 3ml EtOD/Hfi (1:l) mixture to give pure 4a’ 
(215mg, 0.82mmok. 65% yield). m.p. 8S8P (lit.” m.p. 868p 
for noadeuterated mat&al). 

Isomufxatka of Ir’ to the 1,2-dihy&o&ontrt. A sampk of W 
(16Om8. 0.61 m&l) was mixed with deutaDted 3a; (lOm& 
0.039 mmok) in co. 10 ml ClhCDClL. Tba mixture was refluxed 
for43hr.~~nwahwoterkft-c41SOmOrmtaiPlthe1H 
NMR spectrum of which was identical with Se save the ab- 
sorptions for the 2.6Me groups and 4proton were miss&. 

3.5 - D(carbomuhoxy) - 1 - tideutaiometh~l pytidinkm 
perchlomte (4b3 was prcpucd starting from pyridiuc - 35 - 
dkarboxykte (8.4u.SO.3mmok). which as dry powder was al- 
lowed to react with SO& (68 8.0.57 mok). The mixture was 
tber&erallowedtorefluxfor3hrafterwhichtimethesolld 
had nearly compktely gone into soln. The excess SOCl, was 
removed on the vacuum pump. To the residue chilkd in an ice 
bath was added a mixture of MeOH (Uml) and pyridine 
(0.15 mok). The mixture was allowed to come to room temp. The 
solawarmDdcbrsicwithsrtNatC4sqradtbepptformedwu 
taken up in bauene. The benxene layer was d&d; Bltratkn and 
removal of solvent left crude dkster (62g, 31.8mmok, 63% 
YLld). 

Uaders~orsdNIawlnofC~OD(lml)iolSmldry 
etberwss~withMeLi(16mlof5%wolninctba)It(r. 
After standing 1omhl p-tohmtksulfooyl chkruk (4.48, 
23mmok)dissolvalin15mldryetherwasaddeddropwiseand 
tbw&ertbemixtumwasstitrodfor3hratroomtentp.Tbe 
LiCl was removed on a glass tlltq removal of the solvent kft 
crude bideuteriomethyltosykte (4&21.4 mmok, 93% yield based 
on sulfonyl chkrhk). 

crude trhkuterlomethyltosykte (4s) and cnuk 3J 
di(a&nkthoxy)pyAirk (3.78) WCI’C diSOhd in dry pcetoai- 

Wile (15 ml) and retbtxed for 12 hr. The solvent was removed, the 
residue was dissolved in 1Oml water saturated with NaClC& 
After stand& a ppt formed, whkh was removed by 6ltratkn. 
waslkd with a small amount of water, and recrystall&d from 
1: 1 water-MeDH to &e 4b’ (22 &7.03 mmok. 35% yield based 
on pyrtdke). 

SFthcsfs of Cpkyl substuvted 3#5 - dfmuhoxycatfumr0 - 14 
dil*droplridirus (rcl) was carried out with a sl@t 

rmditlcatkn of tlk normal comlhions for comknsatkn. Methyl 
rcetorcctotc (11.6 8,100 mmok) and benxahkhyde or substituted 
benxaMehy& were dissolved in MeOH (80 ml) in which ammonia 
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MeOH. Rmystanization from McOH gave in 604.5% ykkl the 
au& 1,4-&ydropyridiae, which after dryiag was used without 
fultber purihtioll. 

The dihydropyridhe (6Ommok) was mixed intimately with 
wlfur(30mmde).Tbemixturew~beatedinametnlbathtoleOO 
for ca 80 min until evolution of IIs had essentially ceased. The 
1esid~wastakenupin4NHCl(l5Omlandthemafterth~ed. 
The lllhmte was aeubahd with N&a aad theafter cx- 
b$&ul with ethw. After dry& oveFM&TO, and removal of 
solvent the ovridine was recrvstalhd from 80% MeGH:20% 
water; *verf& yield 80%. - 

The pyridioe (3s mmolc) was dissolved in 1OOml dry CHA&; 
methyl horosulfonate (45 mmole) was added by syrinee to this 
sdn (CAUTION: methy&orvrulfonatc must be handid as an 
atmndy danguuur chicat). After stining for 2lu MeGH was 
added to destroy the excess methyl nuomsulfoMte. The solvent 
was removed, t&e residue was taken up in SOml MdlH and 
1Oml sat N&IO, aq was added. After 2-3hr stirring the pyri- 
diaium pachlorate was removed by Wrath and recrystalliA 
#mm 1: 1 M&H-H& ykld 65-7096. 

The pyridihm salt (25 mmok) was suspeodcd in 60 ml water. 
Tbc suspcnsiw was held u&r NI and over 1Omin Na&O, 
(log.57 mmok) was added together with su5cknt sat NaHCO, 
aqtomPintnintbcpHot7-8.Thispointisimportaat:atlowpH 
the dithio& decomposes and the pyridihm salt is demcthyl- 
ated; at hi&r pH the product l.4dibydropyridiae is saponitied. 
After 2hr stiniag at room temp. the solo was extracted witb 
ether aad the crude 1.4dih~dro~vridine was recr~stallhd from 
MeOH. yield M-2096. -Data ior tb; diiydropyridi& 4d-g follow: 
U (R = Cd,). overall yield 5.5%. m.p. 205-2W; IR (KBr) 1690, 
1700 cm-’ (C=O); ‘H NMR (CC&) 6 2.47 (broad s, 6,2,W&), 6 
3.7 (s. 6, OCB,). 8 3.25 (s. 3, C&h 8 5.08 (had s. 1,4Ij), and d 
6.95-720 (compkx 5, C&). (Fouadz C, 68.73; H, 6.74; N, 4.46. 
Cak. for C,&NO,: C. 68.56; H, 6.71; N, 4.44%). 

4e. (R=4-CHSW&), overall yield 25%; m.p. 162-163’; IB 
(KBr) 1695 cm-’ (COO); ‘H NMB (CD$OC~): 8 2.35 (s, 6,2, 
6-W), 6 3.50 (s, 6, GCB,), 8 3.15 (WI&), 8 4.97 (broad s, 1, 
4-g), and 8 657.0 (complex, 4, C&). (hood: C. 65.98; H. 6.69; 
N, 4.04. Calc. for C,&NOS: C, 66.07: H, 6.71; N, 4.0646). 

U, R= 4-CH$& ovuaII yield 1.9%; m.p. l75.>17(p; IR 
(KBr) 1690,170O cm-’ (0); ‘H NMB (CD&N) 6 2.42 (broad s. 
6,2,6-C&). 8 3.62 (broad s, 5. OW,), 3.17 @road s, 3. NC4,h 8 
5.05 (I, 1. CIj), sod 8 7.05 (a. 4, C&L). (Found: C. 69.08; H. 7.10; 
N. 4.22. Cak. for CI&NOI: C, 69.28; H, 7.04; H, 4.25%). 

4. R=CClC& ovwalI yield 2.5%; m.p. 178.S-1805°, IR 
(KBr) 1700cm-’ (C-O); ‘H NMB (CD&N): 8 2.40 (I, 6, 2,6- 
CU,), I 3.62 (broad s. 6, OCIj,), 8 3.17 (broad s.3. NC&). d 5.05 
Is. 1. 4-H). and 8 7.15-7.20 (m. 5. CA). Ipoundz C. 61.51: H. 
j.i&. N.-i.%. Calc. for C&kNi);:SSC: 61.80; Ii, 5.76 N; 
4.00). 

Kinetic maerurements. The isomerkation of 3 pad 5 was 
followed with the aid of UV measurements. Dillydropyridine 
(0.65 mmok) and pyhdhium salt (0.065 mmok) were dissolved in 
2 ml acehit& (Baker Beageot Cm&. distilled from P&). The 
mixture was held ia a water bath witb a temp. contrd of %-O.l’. 
At approprintc time iotervals a 0.100 ml sample was taken, which 
wasdiluted25Oxwitk&xtooitrik.Tln?iwea8e ill absorption at 
283.J mm, which wavekpsth is used to follow the formatioo of 
Se, was measured on a Zeiss PMQ spectrophtometer. 

Kinetic experheots followed by ‘H NMB spectroscopy we= 
doac on a JEOL 6OMHz apparatus provided witb a variabk 
temp. probe. The abs temp was measured ash a MeOH cor- 

rdation chart. 10 a typical isomerhtion experiment pyridihm 
salt (0.078mmde) and dihydropyridiae (0.77mmok) were dis- 
solvedin463~~teriorcetonitrik.Forthecaseofsa,itwas 
posslbk only to measure the total rate of cooversioo to Sb’ 
(“bliod exchauge”) aod 3b’ (1,4dihydroisomer) by measuriag the 
incruse in tbc N-Me absorption at iZ 4.45 for the pyridinium saIt 
4b. 

Nolr .4&d in Proof: Beceotly vao Eikereo and Grkr” have 
offend pro~lmeots that the exchange reaction Weea N-be&- 
1,4dihydro-&ot and its ~adh PM 
chloride is not cmnmtd. Ncih the 15 aor tbc l,aday- 
droisomers ue implicated as intamediates. boweva. 
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