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The mass spectra of several isomeric monosubstituted pyridines were investigated. The compounds studied in- 
clude methyl and ethyl esters of isomeric pyridinecarboxylic acids, pyridinecarboxamides, pyridylacetic acids, and 
pyridylacrylic acids. The mass spectra of 2-substituted pyridine compounds reported in this study are different 
from those of their corresponding 3 or 4 isomers. The differences are attributable to the interaction of the side chain 
in the 2 isomers with the ring nitrogen. This interaction generally results in a hydrogen transfer to the ring nitrogen 
and elimination of a neutral molecule. The hydrogen transfer can be a six-membered as well as five- or seven-mem- 
bered transition state. 

It is often difficult to differentiate between isomers from 
their mass spectra. In a number of benzenoid aromatic iso- 
mers, however, the differentiation can be made as a result of 
ortho effects1 or peri effects.2 In the case of isomeric mono- 
substituted pyridine derivatives, distinction is sometimes 
possible due to the interaction of the 2-substituted side chain 
with the pyridine ring n i t r ~ g e n . ~ - ~  In the present study the 
mass spectra of several sets of isomeric pyridine compounds 
were investigated to determine if the ring nitrogen is involved 
in the electron impact induced fragmentation. The partici- 
pation of the ring nitrogen may be useful for identification 
purposes in differentiating the 2 isomer from the 3 and 4 iso- 
mers. 

Methyl Esters of Pyridinecarboxylic Acids. The mass 
spectra of methyl picolinate (l), methyl nicotinate (2), and 
methyl isonicotinate (3) are shown in Figure 1. While mass 
spectra of 2 and 3 are very similar, large differences are o b  
served between the mass spectrum of 1 and those of 2 and 3. 
The 3- and 4-substituted pyridines exhibit strong molecular 
ion peaks and strong fragment ion peaks due to simple bond 
cleavage a to the carbonyl. In contrast, the mass spectrum of 
the 2 isomer shows that the molecular ion and an ion due to 
a-cleavage (mle 106) are weak. Cooks and co-workers3 also 
reported very low molecular ion abundances for the %sub- 
stituted pyridines. 

The formation of a relatively strong ion a t  mle 107 in the 
spectrum of the 2 isomer is likely initiated by the interaction 
of the ring nitrogen with the substituent at  the 2 position. The 
similar reaction product ion is absent or insignificant in the 
spectra of the 3 and 4 isomers. The relatively weak m/e 107 
ion in the spectra of these two isomers is essentially attributed 
to the natural isotope abundance of the strong mle 106 ion. 
The formation of the m/e 107 ion from the ionized 2 isomer 
1 can be explained by a transfer of a methyl hydrogen to the 
ring nitrogen and elimination of formaldehyde to give an ion 
a in a McLafferty rearrangement. Similar elimination of 
formaldehyde has been shown in the spectrum of %me- 
thoxycarbonylimidazole.6 Ion a further loses a CO to yield a 

l+. 1 f. 

'CH2 a 
1 m/e 107 

very strong ion b (mle 79) which is very weak in the spectra 
of the 3 and 4 isomers, The elemental compositions of ions a 
and b have been substantiated by high-resolution mass 
measurements. The fragmentations from m/e 137 to mle 107 
and mle 107 to mle 79 as well as other major fragmentation 
pathways shown in Figure 1 were confirmed by the presence 
of an appropriate metastable peak (denoted by an asterisk) 
determined by scanning in the metastable mode (see the Ex- 
perimental Section). 

Ethyl Esters of Pyridinecarboxylic Acids. The mass 
spectra of ethyl picolinate (4), ethyl nicotinate (5), and ethyl 
isonicotinate (6) are shown in Figure 2. As in their methyl ester 
homologues, the mass spectra of the 3- and 4-pyridine isomers 
are very similar, whereas striking differences are observed 
between the spectrum of the 2-pyridine compound and those 
of the 3 and 4 isomers. High-resolution mass measurements 
show that the strong mle 123 peak in the spectra of the 3 and 
4 isomers is due to the McLafferty rearrangement ion c by 
elimination of an ethylene molecule from the molecular ion 
5. Similar elimination of ethylene from the molecular ion is 
not in operation in the spectrum of the 2-pyridine compound. 
Instead, a McLafferty rearrangement involving a hydrogen 

5 c,  m/e 123 
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Figure 1. Mass spectra (70 eV) of methyl picolinate (l), methyl nic- 
otinate (2), and methyl isonicotinate (3). 
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Figure 2. Mass spectra (70 eV) of ethyl picolinate (4), ethyl nicotinate 
(5), and ethyl isonicotinate (6). 

transfer to the ring nitrogen yielding ion d (mle 107) is ob- 
served in the spectrum of the 2-pyridine compound 4. Similar 
McLafferty rearrangements with a hydrogen transfer from 

-l +* 1 f. 
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Figure 3. Mass spectra (70 eV) of picolinamide (7), nicotinamide (S), 
and isonicotinamide (9). 

rn /e 

the 2-substituted side chain to the pyridine ring nitrogen have 
been reported by Cooks et al.,3 Tomer and Djerassi: Moser 
and and Lightner et a1.8 Deuterium labeling of the 
methylene hydrogens of compound 4 confirmed that the hy- 
drogen which transfers to the ring nitrogen originates from 
the a hydrogens of the ethoxy group. The transfer of this hy- 
drogen is facilitated by a six-membered transition state in 
addition to being a secondary hydrogen. 

The mass spectrum of the 2-pyridyl ethyl ester 4 exhibits 
a base peak at  mle 79. The spectra of the 2-pyridyl methyl 
ester 1 (see Figure 1) and several other 2-substituted pyridine 
compounds investigated in this study also show a base peak 
or a strong peak at  mle 79. A strong peak at  mle 79 generally 
results from a hydrogen transfer from the 2 substituent to the 
ring nitrogen followed by a cleavage of the bond attached to 
the 2 position. The presence of a strong peak at  mle 79 and a 
weak molecular ion peak may be of diagnostic value in iden- 
tifying the 2-substituted pyridine compounds. 

Picolinamide, Nicotinamide, and Isonicotinamide. As 
shown in Figure 3, the difference between the spectrum of 
picolinamide (7) and those of nicotinamide (8) and isonico- 
tinamide (9) is evident. The difference is primarily due to the 
interaction of the ring nitrogen with the side chain in picoli- 
namide. This interaction results in a hydrogen transfer to the 
ring nitrogen in a five-membered transition state and elimi- 

ai -Q* 

I f. 

H 
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7 

nation of isocyanic acid to yield the base peak ion e (mle 79). 
The expulsion of isocyanic acid from 7 is analogous to the loss 
of COz from 2-pyridinecarboxylic acids.7 The other major 4 
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Figure 4. Mass spectra (70 eV) of 2-pyridylacetic acid (10) and 3- 
pyridylacetic acid (11). 

fragmentations are shown in Figure 3. The spectra of nico- 
tinamide and methyl nicotinate have been reported else- 
where.g 

Pyridylacetic Acids. The striking differences between the 
mass spectra (Figure 4) of 2-pyridylacetic acid (10) and 3- 
pyridylacetic acid (11) are the following: 10 has a very weak 
molecular ion and a very strong M - C02 ion (mle 93), 
whereas 11 has a strong molecular ion and a very strong M - 
COOH ion (mle 92). The weak molecular ion and the facile 
loss of carbon dioxide from the molecular ion in the spectrum 
of 10 are attributed to the interaction of the substituent a t  the 

2 position with the ring nitrogen. The interaction is initiated 
by a transfer of the carboxylic hydrogen to the ring nitrogen 
in a six-membered ring transition state and expulsion of car- 
bon dioxide yielding ion f (mle 93). Moser and Brown7 have 
reported earlier the loss of carbon dioxide from a number of 
substituted 2-pyridinecarboxylic acid molecular ions and 
attributed this loss to an interaction of the ring nitrogen and 
the carboxyl group. 

A metastable peak measured by scanning in the metastable 
mode was observed for the transition from mle 137 (M) to mle 
93 (M - C02) for compound 10. This indicates that a t  least 
part of M - COz is due to elec'tron impact. The chemical 
ionization mass spectrum of 10 shows an intense M + 1 peak 
at  rnle 138. This suggests that a t  least a substantial part of 10 
is not thermally decomposed prior to. ionization. 

Pyridylacrylic Acids. The mass spectra of 25pyrid$acrylic 
acid (12) and 3-pyridylacrylic acid (13) are shown in Figure 
5. Again differences are evident between the spectra of the two 
isomers. The major fragmentation pathways of 12 are illus- 
trated in Scheme I. Note that the elimination of C02 to yield 
a strong ion g (mle 105) is initiated by a seven-membered ring 
hydrogen transfer to the pyridine nitrogen. The corresponding 
peak (mle 105) is weak in the spectrum of 13. The possible 
involvement of the side chain in the cyclization to the ring 
nitrogen to give an ion h (see Scheme I) may contribute to the 
formation of a very strong ion at  m/e 104 (M - COOH). 

The mass spectrum of 3-pyridylacrylic acid displays two 
strong peaks at mle 121 and 120 corresponding to the loss of 
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Figure 5. Mass spectra (70 eV) of 2-pyridylacrylic acid (12) and 3- 
pyridylacrylic acid (13). 
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CO and HCO from the molecular ion, respectively. The ele- 
mental compositions of these two ions have been substan- 
tiated by high-resolution mass measurements. Other frag- 
mentation pathways are shown in Figure 5. 

In summary, mass spectra of 2-substituted pyridine com- 
pounds investigated in this study are different from those of 
their corresponding 3 or 4 isomers. The differences are at- 
tributable to the participation of the ring nitrogen in the 
fragmentation of the 2 isomers. 

Experimental Section 
All the compounds except methyl picolinate, picolinamide, and 

2-pyridylacrylic acid were purchased from Aldrich Chemical Co. 
Methyl picolinate and picolinamide were obtained from Chemicals 
Procurement Laboratories. 2-Pyridylacrylic acid was purchased from 
Research OrganidInorganic Chemical Corp. 2-Pyridylacetic acid was 
obtained as its hydrochloride salt. It was converted to free base and 
its mass spectrum was obtained without storage of sample. Ethyl- 
1,l-d2 picolinate was prepared from ethyl-1,l-dz alcohol and picolinic 
acid by a method similar to the procedure used by Badgett et al.IO for 
octyl nicotinate. The purity of samples was checked by GC, ir, or 
NMR. In the cases where impurities were found, the samples were 
purified by either recrystallization or gas chromatography. 

Mass spectra were obtained on a CEC 21-104 mass spectrometer 
a t  70 eV, 10 PA, and 2400 V ion accelerating voltage. Samples were 
introduced via the direct insertion probe. The accurate mass mea- 
surements were done on a CEC 21-llOB mass spectrometer with a 
resolution of about 10 000. The metastable peaks were measured by 
the accelerating voltage scan method similar to the one used by 
Schulze and Burlingame.ll The chemical ionization mass spectrum 
was obtained on a Du Pont 21-490 mass spectrometer using isobutane 
as the reagent gas. 
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The kinetics of the reduction of hexachloroacetone by 3-substituted l-benzyl-1,4-dihydropyridines is first order 
in each reactant. The rate of reduction is sensitive to the electron-withdrawing power of the 3 substituent. Attach- 
ment of an indole moiety a t  either the 3 or the 1 position of the dihydropyridine ring resulted a t  most in a small de- 
crease in the rate. Activation energies for reduction by the 3-carbamoyl- and 3-cyanodihydropyridines are low (5-7 
kcal mol-I) and the entropies of activation are very negative (-46, -47 eu). Reduction by the 3-carbamoyl deriva- 
tive proceeds 33 times more rapidly in acetonitrile than in benzene. The isotope effect ( h ~ l h ~ )  in the product-form- 
ing step in reactions of hexachloroacetone, pentachloroacetone, and sym-tetrachloroacetone with 1-benzyl-3-car- 
bamoyl-1,4-dihydropyridine-4-d is essentially invariant with the nature of the halo ketone. Changes in the ultravio- 
let-visible spectra are observed when dihydropyridines and halo ketones are mixed, suggesting the possible inter- 
vention of intermediate complexes in the reduction. Although electron spin resonance studies indicated the lack 
of detectable radicals in these reactions, one-electron transfer occurs from N,N,N’,N’-tetramethyl-p -phenylenedi- 
amine to hexafluoroacetone to yield the cation radical of the amine. Pentachloroacetone is the product from hexa- 
chloroacetone and the diamine. 1,4,4-Trimethyl-1,4-dihydropyridine in acetonitrile gives highly colored solutions 
when mixed either with hexachloroacetone or chloranil. It was not possible to identify products from these reac- 
tions. 

The efficient, nonenzymic reductions of thiobenzophe- 
nones1 and halo ketones2 by 1-substituted 1,4-dihydronico- 
tinamides are approximations to the biological reductions of 
simple carbonyl groups by the coenzyme, NADH. Electro- 
negative halogen atoms enhance the ease of reduction of the 
carbonyl group in the halo ketones, a finding consistent with 
the increase in the rate of reduction of the thiocarbonyl groups 
in thiobenzophenones when electron-withdrawing substitu- 
ents are present1 and in the reduction of electron-deficient 
nitro and nitroso groups by NADH  model^.^,^ Recently, 
Creighton and Sigman found that complexation of the car- 
bonyl group of l,l0-phenanthroline-2-carboxaldehyde by zinc 
ions allows its efficient reduction by l-n-propyl-1,4-dihy- 
dr~nicotinamide.~ Metal ions also facilitate the reduction of 
pyridoxal phosphate,6 the reduction of a-hydroxy ketones, 
and the stereoselective reduction of esters of pyruvic and 
benzoylformic acids7 by NADH models. In none of the model 
systems for the biological reduction of a carbonyl group by 
dihydronicotinamides has a simple, unactivated carbonyl 
group been reduced efficiently: metal ions or highly electro- 
negative carbonyl compounds are required. 

These above examples involve hydrogen transfers from 
NADH models to a substrate. The NADH models are capable 
also of electron donation,s and one-electron transfers to tet- 
ra~yanoethylene,~ quinones,1° N-methylphenazinium 

methosulfate,ll and pyocyanine11 have been observed. The 
kinetic isotope effects in the reduction of trifluoroacetophe- 
none by various 1-substituted 1,4-dihydronicotinamides have 
been explained on the basis of an intermediate, possibly of the 
charge transfer type, in which partial electron transfer may 
have occurred.2e Charge transfer interactions of trifluo- 
roacetophenone with aromatic electron donors are especially 
important in the photoreductions of that ketone as compared 
with acetophenone.12 The possible intervention of charge 
transfer complexes in hydrogen transfers from NADH has 
been suggested,13 and the possible involvement of the halo 
ketones in such complexes prior to their reduction by NADH 
models has been noted.2b An oriented complex has been sug- 
gested to account for the regioselectivity of the addition of a 
halomethyl anion produced in a haloform-like cleavage of the 
product of reduction of 1,1,3-trichloro-1,3,3-trifluoro-2-pro- 
panone by l-benzy1-3-cyan0-1,4-dihydropyridine.~~ 

Reduction of Hexachloroacetone by Dihydropyridines. 
The reduction of hexachloroacetone in acetonitrile by 1- 
benzyl-1,4-1jihydronicotinamide is first order in both reac- 
tants, the kinetics being followed by noting the decrease in 
absorbance of the dihydro compound. No change in rate was 
observed when the reaction was done in a degassed cell; and 
the addition of tert- butylcatechol, a free-radical inhibitor, had 
little effect. For convenience, excess ketone was used so that 


