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A number of 3-acetyl substituted pyridinium derivatives have been prepared and the addition reactions with 
KCN have been followed by uv spectroscopy. Nmr studies show that the CN adducts have 4-cyano-l,4-
dihydropyridine structures, and the influence of the 3-Ac group upon the ring-proton shielding is discussed. In 
these systems the 3-Ac group is found to be a more effective electron-withdrawing entity than a 3-carbamoyl 
group. From the absorption spectra, equilibrium constants for the CN addition reactions have been estimated 
and the values related to the electronic effects exerted by the 3-Ac and 4-Me substituents. The significance of 
these results to the design of potentially effective coenzyme inhibitors is given and results of tumour growth 
inhibitory tests upon two of the 3-acetylpyridinium compounds are also presented. 

In part I I I l a equilibrium constants for the addition 
reactions between cyanide ions and 4-Me substituted 
quaternary nicotinamide salts were calculated and it 
was shown that the constants for CN addition to 4-
methylnicotinamide salts were much lower (0.05-
0.09%) than when the 4-Me groups were absent. A 
desirable condition of the present chemotherapeutic 
approach is that the rate of hydride addition to a 4-
substituted NAD should be at least comparable with, 
or greater than, the rate of hydride transfer to the 
natural coenzyme NAD. The equilibrium constant 
for the reaction between C N - and NAD was deter
mined in the present work and found to be 258 mol - 1 at 
25° in aq solution (Walter and Kaplan2 reported k = 
243 mol"1 at 20° in aq MeOH solution and Wallenfels 
and Dieckmann3 gave k = 250 mol-1)- The corre
sponding value for 4-methyl-NAD was calculated to be 
0.20 mol - 1 at 25° in aq solution. 

Walter and Kaplan2 gave a value of 0.95 mol - 1 for 
4-methyl-NAD in aq MeOH media, and found that the 
CN complex in aq solution had a maximum absorption 
at 340 m/u compared with 322 m,u in the MeOH solution. 
They commented that these wavelength differences 
were difficult to explain as the NAD-cyanide spectra 
as well as the spectra of the other coenzyme analogs are 
not as greatly altered by the change in the dielectric 
constant of the medium.4 They considered that be
cause of this "abnormal" spectral shift with CN~ it was 
possible that the reaction may not proceed in the usual 
way, but that addition to other positions besides the 
4 position may have occurred. In the present work it 
has been found that whereas small changes in the di
electric constant of the medium have little effect upon 
the wavelength position of C N - addition complexes of 
nicotinamide derivatives (shown in the preceding part 
of this series111 to be 4-cyano-l,4-dihydronicotinamide 
derivatives), larger changes give rise to appreciable 
differences in wavelength. Thus for C N - concentra
tions of 0.5 M and 2.5 M, the absorption maxima for 
the cyanide complex of 4-methyl-NAD are situated at 
323 and 332 m/n, respectively, compared with 323 and 
329 rmi for 3-carbamoyl-l,4-dihydro-4-cyano-4-methyl-

(1) (a) A. C. Lovesey, / . Med. Chem., 12, 1018 (1969); (b) address 
correspondence to Marie Curie Memorial Foundation, Research Department, 
Limpsfield Chart, Surrey, England. 

(2) P. Walter and N. O. Kaplan, J. Biol. Chem., 238, 2823 (1963). 
(3) K. Wallenfels and H. Dieckmann, Justus Liebigs Ann. Chem., 621, 

166 (1959). 
(4) M. R. Lambourg, R. M. Burton, and N. O. Kaplan, J. Amer. Chem. 

Soc, 79, 6173 (1957). 

l-(tetraacetyi-/3-D-glucopyranosyl)pyridine (I, R = 
tetraacetyl-/3-D-glucopyranosyl), and 327 and 332 nu* 
for the propoxymethyl analog (I, R = propoxymethyl). 
With all the pyridinium salts studied in this work and 
previouslyla'5 as well as for NAD and 4-methyl-NAD 
similar such effects have been observed. Indeed, the 
wavelength position for the absorption of a 4-cyano-
1,4-dihydropyridine derivative at the 300- to 360-rmt 
region should be affected by the dielectric constant of 
the medium, since the excitation of bonding electrons 
in dipolar functions conjugated with nitrogen hetero
cyclic ring systems is known to be markedly influenced 
by the nature of the medium.6,7 

The equilibrium constant values for the coenzymes 
are in accordance with those obtained previously for 
the model compounds1* (see Table II for fccoNHj values), 
the value for 4-methyl-NAD being about 0.08% of that 
for NAD. Some improvement in the anionic affinity 
of the 4-substituted NAD is clearly required, and might 
be effected by either of two possible ways: (1) intro
duction of ring substituents which activate the 4 posi
tion of the nicotinamide ring toward addition of anions, 
e.g., Wallenfels8 has shown that the equilibrium con
stant for cyanide addition to the nicotinamide deriva
tive II is increased 3000-fold by incorporation of a 5-
carbamoyl group; (2) substitution of existing groups in 
the 4-methylnicotinamide ring, e.g., the use of electron-
withdrawing substituents in the 3 or 4 positions should 
affect the anionic affinity of the 4 position. Suitable 3 
substituents would be those such as -CHO, -COCH3, 
-CSNH2, which when incorporated into 3-substituted 
NADs, provide enzymically active coenzymes.9 Now 
it is known that 3-acetylpyridine is converted into 3-
acetyl-NAD in tissues in vivo or when incubated in 
vitro with NADase10 and can act as a nicotinamide 
antagonist.11 Moreover, Wallenfels8 has shown that 
the C N - equilibrium constant is increased about 140-
fold when the 3-carbamoyl group in II is replaced by 

(5) A. C. Lovesey and W. C. J. Ross, J. Chem. Soc. B, 192 (1969). 
(6) E. Kosower, "Molecular Biochemistry," McGraw-Hill, New York, 

N. Y., 1962, p 166. 
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(1968). 
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Ltd., London, 1959, p 10. 
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(10) S. R. Humphreys, J. M. Vendetti, C. J. Ciotti, I. Kline, A. Goldin, 

and N. O. Kaplan, Cancer Res. Suppl., 22, 483 (1962). 
(11) N. O. Kaplan, A. Goldin, S. R. Humphreys, M. Ciotti, and J. 
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TABLE II 

CYANIDE AUDITION REACTIONS 
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3-Acetyl quaternary salt in EtOH. 

3-acetyl (k for acetyl compound = 2,300 mol - 1 ) and 
has obtained equilibrium constants of 250 m o l - 1 for 
N A D , and 29,000 mol" 1 for 3-acetyl-NAD.3 Both 
Cilento12 and Kaplan and coworkers,13 have demon
strated tha t 3-acetyl-NAD is more efficient than N A D 
a s a H ~ acceptor by the use of transhydrogenation ex
periments. In addition, 3-acetyl-l-benzylpyridinium 
chloride has been reported as having some ant i tumor 
properties against the Yoshida sarcoma in rats,1 4 al
though the 3-carbamoyl analog was inactive. I t was 
decided therefore to prepare some model 3-Ac-sub-
st i tuted pyridinium salts, to study the C N - addition 
reactions, and to test two of the compounds (3-acetyl-l-
benzylpyridinium bromide I I I , R = H, and the 4-
methyl analog I I I , R = Me) for possible ant i tumor 
properties against the Yoshida sarcoma. 

Nmr Spectra.—The nmr spectra of NAD, 4-
methyl-NAD, and various 3-Ac-substituted pyridinium 
salts (IV; Y = Me) are presented in Table I, together 
with a number of 3-carbamoyl analogs (IV; Y = 
NH2) for purposes of comparison. 

I t has been shown previously l a tha t addition of C N ~ 
to nicotinamide derivatives leads to 1,4-addition, the 
reaction products being 4-cyano-l,4-dihydropyridine 
derivatives. In the present work various CN adducts 
were prepared from the 3-acetylpyridine salts (IV; 
Y = Me) . The assignments for some of these com
pounds (17, 18, 20) are presented in Table I together 
with those for some model 3-carbamoyl-4-cyano-l,4-
dihydropyridine derivatives (16, 19), and show that , as 
expected, the structures of the products correspond to 
3-acetyl-4-cyano-l,4-dihydropyridine systems (see pre
vious par t in this series l a). I t is noteworthy tha t for 
the two pairs, 16 and 17, and 19 and 20, the correspond
ing chemical shifts of the pyridine ring protons do not 
differ greatly except in the case of the 2 protons, the 
3-acetyl derivatives giving much higher resonance 
values than the 3-carbamoyl analogues. The 2,3-
double bond in 4-cyano-l,4-dihydropyridine systems 
is conjugated with the carbonyl of the 3 substituent, 
and any difference in the inductive properties of group 
Y of the 3 substi tuent should markedly affect the shield
ing of the 2 proton. The 4, 5, and 6 protons which are 
not conjugated to the CO of the 3 substi tuent are much 
less affected, as expected. I t appears therefore, tha t 
the 3-Ac group is more effective as an electron-with
drawing entity in these systems than the 3-carbamoyl 
group, in accordance with the C N - equilibrium con
stant data obtained by Wallenfels.8 Further evidence 

(12) G. Cilento, Arch. Biochem. Biophyx., 88, 353 (1960). 
(13) N. O. Kaplan, M. Ciotti, and F. W. Stolzenbaeh, J. Biol. Chew... 

221, 833 (1956). 
(14) R. Milder, M. Jamra, and G. Cilento, Arzeneim. Forsch.. 16 (1), 

1-1 (1966). 

is provided from the nmr spectra of the pairs of quat
ernary salts (1-12). All the protons in the acetyl 
series of compounds are resonating at higher field values 
than those for the corresponding 3-carbamoyl deriva
tives the relative shift differences being greatest for the 
2 and 4 protons adjacent to the 3 substi tuent. Aniso
tropic shielding by the carbamoyl bonding electrons 
will also effect the pyridine ring proton shifts, although 
the effect is less important for the 5 and 6 protons than 
for the 2 and 4 protons, due to the at tenuation with 
distance. 

The proton assignments for the quaternary deriva
tives (IV; Y = Me) conform to the general pat tern 
established by previous workers for 3-acetyl15 and 3-
carbamoyl16 pyridine systems. The 3-carbamoyl 
pyridinium salts form a useful model series on which to 
base the assignments for the pyridine ring protons of 
4-methyl-NAD. The nmr spectra of N A D have been 
extensively studied by other workers17 '18 and our as
signments for N A D agree well with those of Kaplan and 
coworkers.18 The pyridine ring of 4-methyl-NAD was 
analysed in terms of an A B X system to a first approxi
mation and it is seen from Table I tha t both the chem
ical shifts and the coupling constants of 4-methyl-NAD 
closely resemble those for the model 4-methylnicotin-
amide nucleosides (11, 13). The inductive effect of the 
4-Me group in all these compounds upon the ring charge 
is clearly reflected in the lower field resonances com
pared to the corresponding analogues lacking the 4-Me 
group. 

Cyanide Addition Reactions.—The results for the 
cyanide addition reactions are given in Table I I . 

In each case the 3-acetyl-4-methyl compounds have 
values of k which are between 0.05 and 0.06% of the 
values for the corresponding 3-acetyl derivatives lacking 
4 substituents, analogous to the results obtained for the 
3-carbamoyl series13 (see Table I I ) . Any increase in 
the electrophilicity of the 4 position caused by a change 
in the nature of the 3 substituent, should affect the ratio 
of equilibrium constants to a greater extent in the ben
zyl compounds than in the other derivatives, consistent 
with the differing electronic effects of the 1 substi tuents. 
Propoxy methyl, tetraacetyl-/3-D-glucopyranosyl, and 

(15) H. Dieckmann, G. Englert, and K. Wallenfels, Tetrahedron. 20, 
281 (1964); V. J. Kowaleivski and D. G. de Kowalewski, ./. Chem. Phys.. 
36, 266 (1961). 

(16) R. F. Hutton and F. 11. Westheimer, Tetrahedron. 3, 73 (1958); 
H. E. Dubb, M. Saunders, and J. H. Wans, •/• Anvr. Chem. Hoe.. 89, 1767 
(1958): W. S. Cauehey and K. A. Sphellenbera. ./. Org. Chem., 31, 1978 
(1966). 

(17) O. Jardetzky and N. G. Wade-.Iardetzky, J. Biol. Chem.. 241, 85 
(1966); O. Jardetzky, N. G. Wade, and J. J. Fischer, Nature (London). 
197, 183 (1963); R. U. Lemieux and J. W. Lown, Can. J. Chem., 41 889 
(1963); R. H. Sarma and N. O. Kaplan. J. Biol. Chem.. 244, 771 (1968). 

(18) R. H. Sarma. V. Ross, and N. O. Kaplan, Biochemistry, 7, 3052 
(1968). 
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dibenzoylribofuranosyl groups are electron-withdraw
ing entities, whereas the benzyl group, by virtue of its 
electron-repelling properties, tends to dampen the posi
tive charge (on the 1-N) which affects the reactivity of 
the 4 position.19 In agreement with this, the equilib
rium constants for the derivatives with electron-with
drawing 1 substituents are increased by approximately 
the same ratio (98- to llo-fold) by the substitution of 
3-acetyl for 3-carbamoyl, whilst there are larger changes 
in ratio for the benzyl compounds. 

By Wallenfels' method* the approximate mathe
matical relationships between the values for the com
pounds with electron-withdrawing 1 substituents may 
be utilized to estimate approximate equilibrium con
stant values for other derivatives. On this basis the 
value for 3-acetyl-NAD should be between 258 X 98 
and 258 X 115 or 25,300-29,700 mol-1, which compares 
very favourably with the value of 29,000 mol"1 ob
tained by Wallenfels and Dieckmann.3 This encour
ages one to put forward a tentative suggested value for 
the cyanide addition constant for 3-acetyl-4-methyl-
NAD, which is at present under preparation,'20 of 20-33 
mol -1, which would be a substantial improvement com
pared with the constant for 4-methyl-NAD. 

3-Acetyl-l-benzyl-4-methylpyridinium bromide (III ; 
R = Me) caused 48% inhibition of the tumor weight of 
rats bearing the Yoshida sarcoma, at a dose of 25 mg/ 
kg, whilst 3-acetyl-l-benzylpyridinium bromide (III; 
R = H) gave 14% inhibition at a dose of 30 mg/kg. 
The 4-Me appears therefore to contribute a favorable 
effect upon the carcinostatic properties of such pyridin-
ium compounds. 

Experimental Section 

Absorption spectra were recorded on a Unicam SP 800A spec
trophotometer linked to an SP 21 slave-recorder. The tempera
ture was maintained at 25.0° by a Shandon K2 ultrathermostat. 
CN~ equilibrium constants were obtained by the method of 
Wallenfels.3'8 Melting points were determined in open capillary 
tubes and are corrected. Compounds whose elemental analyses 
are indicated only by symbols showed values within 0.4% of the 
theoretical values. Evaporations were carried out under re
duced pressure. 3-Acetyl-l-benzylpyridinium bromide was pre
pared by the method of Van Eys.21 

3-Acetyl-l-benzyl-4-methylpyridinium Bromide.—A solution 
of 1 g (0.008 mol) of 3-acetyl-4-methylpyridine22 and 3 g of 
benzyl bromide in 50 ml of E tOH was heated under reflux for 1 
hr, cooled, and E t 2 0 (100 ml) added. The solid was filtered off, 
and recrystallization of this precipitate from EtOH gave 2 g 

(19J R . A. Barnes , F . B rody , a n d P . I t . R u b y , " C h e m i s t r y of H e t e r o 
cyclic C o m p o u n d s , " In te rsc ience , N e w York , N . Y., 1960, C h a p t e r I . 

(20) W. C. J . Ross and F . Sear le , unpubl i shed work. 
(21) J . Van E y s . J. Biol. Chem.. 233 , 1203 (1958). 
(22) J . M . Bobb i t a n d D, A. Scola, J. Org. Chem.. 25 , 560 (1960). 
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(90%) of colorless needles, nip 144-14.-)". Anal. (.CuHiaBrNO'i 
C , H , N . 

3-Acetyl-l-propoxymethylpyridinium Chloride. -Freshly dis
tilled chtoromethyl-7i-propyl ether23 (7.5 ml) was added to a solu
tion of 5 g (0.04 mol) of 3-acetylpyridinein 100 ml of AcMe. After 
1 hr at room temperature, the solid was collected and recrystalliza
tion from AcMe-MeOH gave 8 g (88%) of pale brown needles, 
mp 20-22°. Anal. I C H H I 6 C 1 X 0 2 ) C, H, X. In a similar way, 
3-acetyl-4-methyl-l-propoxymethylpyridinium chloride was pre
pared from 1 g (0.008 mol) of 3-acetyl-4-me(hylpyridine,22 and 
gave 1 g !.").V() of cream needles, mp 31-32°. Anal. ('(VIIis,-
CIXO,)C, H, X. 

3-Acetyl-l-(tetraacetyl-/i-D-glucopyranosyl)pyridinium Bro
mide.-—A solution of 7 g of acetobromo-/3-D-glucose2,1 in 50 nil 
of .MeC'X was added to a solution of 5 g (0.04 mol) of 3-acetyl-
pyridine, and the mixture was heated under reflux for 30 min. 
After leaving the mixture for 4 days at room temperature, MeOX 
was evaporated off and 100 ml of EtOH was added. Upon 
cooling in ice, a cream precipitate appeared and was collected. 
Recrystallization from EtOH gave 5 g (22%) of cream needles, 
mp 158-159°. Anal. (CjiH26BrNOi„) C, H, X. In a similar 
way, 3-acetyl-4-methyl-l-(tetraacetyl-fi-D-gIucopyranosyl)pyridi-
nium bromide was prepared from 5 g (0.04 mol) of 3-acetyl-4-
methylpvridine,22 and gave 5.5 g (27%) of colorless needles, mp 
198-199°. Anal. (C22H.8BrXOi„) C, H , X . 

3-Acetyl-l-benzyl-4-cyano-l,4-dihydropyridine.--A solution of 
3 g of KCX in 50 ml of H 2 0 at 0° was added to a solution of 1 g 
(0.003 mol) of 3-acetyl-l-benzylpyridinium bromide in 50 ml 
of H20 ai 0°. A bright yellow oil formed and subsequently 
solidified. Recrystallization from MeCX"-Et20 gave 0 5 g 
102%j of yellow needles, mp 89-91°. Anal. ( C I 6 H H X 2 0 . I C, H, 
X. Similarly, 3-acetyl-l-benzyl-4-cyano-l,4-dihydro-4-methyl-
pyridine was prepared from 1 g (0.003 mol) of 3-acetyl-l-benzyl-
4-methylpyridinium bromide and gave 0.2 g (25%,) of orange 
plates, 'mp 95-98". Anal. (CieHisX-.O) C, H, X. Also, from 
1 g (0.002 mol) of 3-acetyl-l-(3',5'-di-0-beiizoyl-D-ribofuranosyli-
4-methylpyridinium chloride26 there was prepared the 3-acetyl-4-
cyano-1,4-dihydropyridine derivative as 0.5 g (55%) of rose-
colored prism.-, mp 80-«2°. Anal. (C26II26X207) C, H, X. 
Also, l-(3',5'-di-0-benzoyl-D-ribofuranosyl-3-carbamoyl-4-cy-
ano-4-methyl-l,4-dihydropyridine was prepared from 5 g (0.01 
mol) of l-i'3,5-di-0-benzoyl-i>ribofuranosyl)~3-carbamoyl-4-
uiethvlpyridinium chloride26 and gave 2 g ('49%) of cream 
needles, mp 72-74°. ,1 rial. «%7.H2(,X30,) C, II, X. 
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