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Abstract - A number of N,.N'-methylenebispyridinium halides have been

synthesized and characterized. The toxicological properties, mass spectra

and NMR spectra of this unusual group of compounds containing a reactive

methylene group flanked by twoe positively charged nitrogen atoms have

been examined.
Methylenebisazonium compounds have attracted considerable attention in vecent yearsl-12,
Although the first example of the reaction of dibromomethane with alkylamines was reported at the
turn of the century, no methylenebisazonium derivatives were characterized until laterl3, stable
methylenebisazonium compounds derived from tertiary amines had not been reported until 19707,
Since then several such compounds, including the cyclic derivatives (1-3}, have been described14-
Y7, Krohnkel8 was the first to synthesize methylenebispyridinium bromide (4a.R=H) via the
decomposition of l-phenacylpyridinium bromide (g}. This served as the principal procedure for
the preparation of N,N'-methylenebispyridinium derivatives19-20, Pyridine itself underwent bis-
quaternization smoothly to yield (4a,R=H) when heated with methylene todide?l. The methylene
protons of 4 are highly reactive and mobile2Z, The Krohnke synthesis has been extended to the
preparation of high isotopically pure l-deutero- and 1-tritiobenzaldehydesZ3-25, Thus, the
“bisiminium cation" (6) exchanged with D20 via the ylide(7). Because of the considerable "steric
inaccessibility" of the nucleophilic center, the ylide failed to act as an alkylating agent.
Our own interest in the chemistry of the methylenebispyridinium compounds stemmed from our
efforts to identify and characterize the products obtained from the reaction of 4,4'-bipyridyl,
4-dimethylaminopyridine and 4-aminopyridine with 8r-{CH),-Br. It was reported that the reaction
of Br(CHz)nBr with 4,4'-bipyridyl in N-methyipyrrolidinone at 110 to 120°C for 24 h gave liguid
crystalline polymers containing the 4,4'-bipyridyl backbone26, Under these conditions, we were
unable to isolate any solid compound. When the reaction time was shortened, an inseparable
mixture of three or more compounds was obtained.2/ The formation and the composition of the

mixture depend on the time and the temperature of the reaction.
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In this context, it was considered desirable to examine the behavior of 4-dimethylamino-
pyridine under similar conditions. Thus refluxing a solution of equimolar amounts of
4-dimethylaminopyridine and dibromomethane in dry acetonitrile gave a solid in quantitative
yield within a couple of hours. The mass spectra and elemental analysis indicated the
melecular formula of the compound to be CqigHpaBralg. Although the NMR spectrum of this
cempound showed the product to be homegeneous, the chemical shift of the methylene protons

was not consistent with that expected from the bisquaternization of the ring nitrogen
[4b,R=N{CH3)2], in that the chemical shift of the methylene protons was dramatically shifted
upfield by more than 1.2 ppm as compared with that of the unsubstituted parent compound
{4a,R=H). Similar anomaly was observed with the compound {(4c,.R=NHp). Even assuming the
possibility of solvent-solute interaction, the observed displacement of the NMR signal of

the methylene protons of these compounds (4b,c) seemed highly unusual. Also, conspicuously
absent from the NMR spectra of 4b and ¢ was the low field shift of the e-protons usually
observed on quaternization of the pyridine nitrogen. The chemical shift and splitting patterns
of the a-pyridylhydrogens of a mono-substituted pyridine are characteristics for the position
of the substituent28.29, Well defined changes occur on quaternization, The e-protons are
easily recognizable by their downfield position in the salt in comparison with the free
base30-32, Tnhis is because the proton chemical shifts are related to the m-electron density

in aromatic molecules, The presence of a nitrogen atom causes a pronounced downfield shift

of the ring protens, especially the a-pr0t0n533. Quaternization produces a positively charged
rnitrogen, which generally leads to lower screening for the neighboring protons. This results
in the observed downfield displacement of the NMR signal due to the a-protons, This charac-
teristic feature has often been used as a positive indication of quaternization of the nitrogen
of the pyridine ring. In addition, compounds (4b and c) are electrochemically inert as
compared with compounds (4d,g and k)34. Compounds 4b and ¢ did not show any cathodic peak
potentials, (Ep)c, vs Ag/AgCl reference electrodes of cyclic voltammograms of the compounds in
0.1 N HC1 at a hanging mercury drop electrode; whereas compounds {4d, g. and k) did show them.
To understand the basis of this large displacement of the methylene proton signal, a series of
methylenebispyridinium derivatives (4d.e,f.g.h,i.j. and k) were synthesized, Our attempts to
prepare the title compounds from 4-nitropyridine, 4-formylpyridine and 4-hydroxpyridine failed.
The latter gave the 0-alkylated product. The melting points, the chemical shift difference of
the methylene protons, the mass spectral data and the elemental analysis of compounds (4a-k)are

given in Table 1.
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Careful examination of the NMR spectra of (4a-k revealed the subtle effect of the p-substi-

tuents on the chemical shift of the methylene protons in question. This effect has been
attributed to synergistic exhaustive interaction3®.

Mass Spectrometry of Bispyridinium Salts.

Due to the Jow volatility of organic quaternary salts, their structure elucidation by mass
spectromerty has proved to be a difficult process. Vaporization of the quaternary salts
generally results in their degradat10n35. The structure of the molecular ion must then be
deduced from the products of degradation. The electron impact or chemical jonization3Z, field
desorpti0n37 and laser desorpticm38 techniques have been applied to improve the analysis of
the mass spectra of quaternary salts., However, these technigues produce polymers of salts and
thereby cause further complications. A recently introduced innovation involves heating salt
coated wires inside the ion source to produce the molecular fon and the fragmentationof ions by
direct thermal decomposit10n39‘42. Diguaternary salts produce dication. Intact dications of
diquaternary ammonium salts are rarely observed when secondary ion, fast atom bombardment and
laser desorption techniques are used#3-45. As in the case of monocationic salts, decomposition
products of dications dominate their mass spectra. Recently, thermospray mass spectrometry
has been applied to diquaternary salts and MZ* dication was observed to form the base peak of
the mass spectrum?2,

We have applied conventional mass spectrometric, secondary jon and fast atom bombardment (FAB)
techniques to study the structures of the methylenebispyridinium compounds for the first time.
We were unable to observe the peak corresponding to the parent ion. However, the FAB gave
{M+H)* peak in the case of 4b. Ions corresponding to the "benzylic type" cleavage of the
methylenebispyridinium mofety was noted in all cases (c¢f.§). These ions were then further
degraded according to the fragmentation pattern common to the pyridine ring system. Nonethe-
less, valuable information was obtained from the peaks formed due to the cleavage. This
enabled the deduction of the structure of the molecular ions.

Toxicelogical Testirg.

Although diguaternary azonium salts showed no observable antitumor activity46, dipyroxided’,
and 5248>49 and 3250 did exhibit enhanced cholinesterase activity and chemisterilant properties
respectively. The preliminary screening of compounds (4a-d, i-k) showed them to be slightly
toxic to Daphnia, Salmonella and yeast; the lowest ECgg befng 62.5 mg/titer. Even though ne
rigorous structure-activity relationship was observed, the presence of the nitro group appears

to enhance the toxicity.
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EXPERIMENTAL

General Remarks. A1l melting points were taken on a Thomas-Hoover Capillary melting point
apparatus and are uncorrected. The infrared spectra were obtained as potassium bromide disks on
a Perkin-Elmer Model 1420 spectrophotometer. The NMR spectra were obtained on a Varian EM-390
NMR spectrometer in Dp0 at the probe temperature (34°C}. Each reading is quoted to the nearest
0.05 ppm. The chemical shifts were relative to the internal standard, TSP {sodium 3-trimethyl-
silylpropionate). A1l signals were downfield from the reference and the values were obtained

by direct measurement on 10 ppm sweep width. The chemical shift of the methylene protons of the
unsubstituted parent compound (4a) occurred at 7.60 ppm downfield from the reference peak.
According to the convention, the upfield displacements in comparison with the parent compound

are indicated by a -ve sign, while the Jow field shifts by a +ve sign. Only those jons that
correspond to the cleavage betwsen the two positively charged nitrogens are given in Table 1.

The solvents used to crystallize the compounds are indicated at the bottom of Table 1. The
elemental anaiyses were obtained through the Analytical Division, Research Directorate, U.S.

Army Chemical Research, Development and Engineering Center, The parent compound, namely
N,N'-methylenebispyridinium halide has been described in the Titeraturel®=20_ The 4-(p-nitro-
phenyl)pyridine and p-nitrostyrylpyridine required for the synthesis of 4h and 4i were themselves
prepared by the nitration®l of 4-phenylpyridine and by the base catalyzed reaction52 of 4-pice-
line and p-nitrobenzaldehyde respectively. Bisquaternization of the substituted pyridines
occurred smoothly within a short time, less than 30 min, when electron-donating substituents were
present in the p-position. The yields of the expected products were generally guantitative. On
the contrary, when electron-withdrawing groups were present on the pyridine ring, prolonged
refluxing was necessary. The yields in this case were usually poor. The experimental procedure
simply consisted of refluxing a solution of equimolar amounts of the substituted pyridines and
dihalomethanes in dry acetonitrile or ethanol. The solvent was removed on the rotary evaporator,
the residue triturated with ether or acetone, the resulting solid was filtered off and washed
with excess ether or actone to remove the unreacted starting materials. The apalytical samples
were crystallized from the solvents indicated.

Toxicological Testing Protocol.

First instar Daphnia magna reared from at least third generation post acclimation adults were
used as the experimental animals. Culture techniques were those described by Goulden et 2153,
Ten neonates were placed in each 250 ml glass beaker containing 100 m] of the sample. Two
repiicates of each concentration were used for each test. A1l biocassays conformed to current

Organization of Economic Cooperation and Development and Y.S. Emvironmental Protection Agency
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guidelines. Public drinking water which had been passed through particle filters, activated
charcoal filters, and aged a minimum of 58 h in a 200 gallon polyethylene holding tank was used
as a diluent. A 20 *1°C temperature and 16:8 light-dark cycle were employed throughout the
bicassay regime. Water hardness between 50-65 ppm CaC03 and a pH range of 6.1-7.0 were observed
during testing. Seven of the title compounds (4a-d, i-k) were tested according to the above
protocel. The results are summarized in Table 2.
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Compound

4a

Test Pericd
{in hours)

24
48

24
43

24

24
24

24

24

24
48

Table 2

(EC50 Datal

EC5p (mg/liter)

12.
70.

182.
84.

62.

107,
98.

60.

208.

94,
40.

7
7

Lower Limit*
103.9
64.56

161.9

77.6

53.5

1.5
62.3

44.0

127.9

g2.5

31.5

* 5% confidence limits from Probit analysis.

—18%0—

Upper Limit*
122.2
77.4

205.3
98.1

77.9

162.5
156.9

82.6

340.9

108.6
51.2
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