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Malondialdehyde (MDA) is a secondary product of in vitro and in vive lipid peroxida-
tion. Reactions of MDA, prepared by acid hydrolysis of malonaldehyde bis(dimethyl-
acetal), with methylamine were performed at 37° under various pH conditions (pH 1—S8).
Two major fluorescent compounds, 1,4-dimethyl-1,4-dihydropyridine-3,5-dialdehyde (1)
and 1-methyl-4-(dimethoxyethyl)-1,4-dihydropyridine-3,5-dialdehyde (2), and two non-
fluorescent UV-absorbing by-products, f-methylaminoacrolein (3) and 2,6-dimethyl-2,6-
diazabicyclo[3.3.1]3,7-nonadiene-4,8-dialdehyde (4), were isolated. The structures of these
products were elucidated by analysis of their 1*C and *H NMR spectra, mass spectra and
UV absorption spectra. Compounds 1 and 2 were produced in the best yields at pH 6—38,
3 was produced at every pH, and 4 was produced at pH 2—5. The 1,4-dihydropyridine-
3,5-dialdehyde fluorophore in 1 and 2 may have been formed vie a Hantzsch-type reaction
of MDA and methylamine. The fluorescence spectrum of 1 with a maximum at 460 nm was
the same as that of a conjugated Schiff base of MDA and amino acid or those of aging
or lipofuscin pigments accumulated in the cells.

Keywords malondialdehyde; 1,4-dimethyl-1,4-dihydropyridine-3,5-dialdehyde; 1-
methyl-4-(dimethoxyethyl)-1,4-dihydropyridine-3,5-dialdehyde; f-methylaminoacrolein;
2,6-dimethyl-2,6-diazabicyclo[3.3.1]3,7-nonadiene-4,8-dialdehyde; Hantzsch reaction;
lipofuscin pigments

Lipid peroxidation has been said to be of basic importance in aging, in damage to cells
by air pollution, in some phases of atherosclerosis and in oxygen toxicity. It is generally
regarded as being involved in the formation of aging or lipofuscin pigments that accumulate
in the cells of certain organs with age, and these pigments exhibit a characteristic fluorescence
spectrum with a maximum at around 460 nm.2-® Malondialdehyde (MDA) has been recog-
nized as one of the secondary products of peroxidation of polyunsaturated fatty acids on the
basis of its thiobarbituric acid coloration.!®) Fluorescent compounds are formed ¢n vifro
by interaction of MDA with amino acids,'® and this has led to the suggestion that the ﬁuoro-
phore of lipofuscin pigments is a conjugated Schiff base of MDA.59

Reactions of MDA, prepared by acid hydrolysis of malonaldehyde bis(dialkylacetal),!3
with amino-containing compounds have generally been performed under strongly acidic or
severe conditions. Thus, the reactions with amino acids giving Schiff bases4:1% and fluorescent
conjugated Schiff bases,'® with aromatic amines giving fluorescent dianils,'6:*” Wwith guanidines
giving 2-aminopyrimidines,'®% with ureas giving 2-hydroxypyrimidines,2-?» and with
hydrazines giving pyrazoles,? have been described. In the previous paper, we described
the reactions of MDA with secondary amines to yield N-disubstituted aminoacroleins under
mild pH conditions. This time, the reaction of MDA with methylamine under mild conditions
was investigated, and it was found that the reaction afforded compounds bearing a new fluoro-
phore and exhibiting a fluorescence spectrum similar to those of conjugated Schiff bases or
lipéfuscin pigments.

Results

A. Reaction Profiles of Malondialdehyde and Methylamine -

Malondialdehyde (MDA) was treated with an excess of methylamine at 37° for 23 hr
under various pH conditions (pH 1—8.3). Fluorescent compounds were gradually produced,
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Fig. 1. 1Increases in Fluorescence of the Fig. 2. Excitation and Fluorescence

Spectra of a 1: 125 Dilution with
Water of the Reaction Mixtures of
MDA and Methylamine at 37° for
23 hr

Reaction Mixture of 43 mm MDA and 87
mm Methylamine at 37° under Various
pH Conditions

At various times, an aliquot was withdrawn from
the reaction mixture and diluted with water (1:125),
then the fluorescence at 460 nm with excitation at
365 nm was measured. Relative intensity was ex-
pressed as a percentage of the intensity of 6 um 1.

and the rate of increase in fluorescence intensity at 460 nm decreased in the following order:
pH 4.4>6.2>>8.3>>2.5>>1.1 (Figure 1). The control experiments with MDA alone did not
yield any fluorescent compounds under the conditions used. Excitation and fluorescence
spectra of the reaction mixtures at pH 4.4, 6.2 and 8.3 after 23 hr are illustrated in Figure
2; identical excitation maxima at 365 and 403 nm were seen with all three reactions, though
slightly different fluorescence maxima appeared
at 453 nm with the pH 4.4 reaction and at 460
nm with the pH 6.2 and pH 8.3 reactions.

When the reaction mixtures were extracted
with chloroform after alkalization, the recovery
of the fluorescent products in chloroform was
relatively high with the reactions at pH 6.2 and
8.3, but it was much lower with the reaction at
pH 4.4 (Table I). The results indicate that
the pH 4.4 reaction yielded water-soluble pro-
ducts, while the pH 6.2 and pH 8.3 reactions
yielded chloroform-soluble products. Patterns
of excitation and fluorescence spectra of the
chloroform extracts were quite similar to those
before extraction. When the reaction mixtures
were extracted with n-butanol instead of chlo-
‘roform, similar results were obtained. The
UV-absorption spectra of the reaction mixtures,
as well as the control mixture with MDA alone,

solvent: CHCl;-MeOH (9 : 1)

RS value
0
0
0
O
0

I | bg { 1
1.1 25 44 62 83
pH of

reaction mixture
Fig.3. TLC of the Chloroform Extracts of
the Reaction Mixtures of MDA and Me-
thylamine treated at 37° for 23 hr
UV-absorbing spots (irradiated at 254 nm) (@)

and fluorescent spots (irradiated at 365 nm) (O)
are indicated.

showed complex spectra, but the chloroform
extracts showed rather simple spectra. The
extract of the pH 6.2 reaction exhibited a char-
acteristic absorption maximum at around 400 nm
with an absorbance value of 15 (see “Experimen-
tal” for the reaction conditions).

NII-Electronic Library Service



No. 5 1425

TaBLe I. Recovery of the Fluorescent Products in Chloroform Extracts from
the Reaction Mixtures of MDA and Methylamine at 37° for 23 hr

Fluorescence (relative intensity)

pH of the
reaction mixture g, ction mixture CHCly-extract Recovery (%)
1.1 21.8 20 92
2.5 65.0 20 31
4.4 249 50 20
6.2 203 179 88
8.3 72 57 79

TLC of the chloroform extracts (Figure 3) revealed two major blue fluorescent spots (Rf
0.45 and 0.40) corresponding to compounds 1 and 2 and two non-fluorescent UV-absorbing
spots corresponding to compounds 3 and 4. Compound 1 was produced at every pH value,
the yield being the highest at around neutral pH values (6.2 and 8.3). Compound 2 was formed
at pH values higher than 4.4. Compound 3 was produced at every pH value, the yield being
the highest at pH 8.3. The formation of compound 4 was significant only at pH 2.5 and 4.4.
Direct TLC of the reaction mixtures gave chromatograms similar to those of the chloroform
extracts, except for the presence at the origins of a fluorescent spot in the case of the reaction
at pH 4.4 and a UV-absorbing spot with all the reactions.

Since MDA was prepared by acid hydrolysis of malonaldehyde bis(dimethylacetal)®
the preparation was not always homogenous MDA, but contained a small amount of the bis-
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(dimethylacetal) and the partially hydrolyzed acetal. When the bis(dimethylacetal) and
methylamine were treated at pH 6.2 and 8.3, neither fluorescent nor UV-absorbing compounds
were produced. Thus, the formation of the fluorescent and the UV-absorbing products was
attributed to MDA and in part to the partially hydrolyzed acetal.

B. Structure of the Products

The products (1, 2, 3 and 4) were isolated from the reaction mixtures by the use of silica
gel columns. Compounds 1 and 2 were isolated as fluorescent yellow crystals in yields of 39,
and 2.39,, respectively, after reaction at about pH 8.

Elemental analysis and high resolution mass spectroscopy showed the empirical formula
of 1 to be C4H;;NO, with a molecular weight of 165. The noise-decoupled 3C NMR spectrum
taken in CDCl; of 1 revealed six 13C signals. From the 13C chemical shifts, together with one-
bond carbon-proton couplings observed by the off-resonance decoupling technique, the signals
were identified as follows. The signal at 188.68 ppm, split into a doublet, was assinged to a
conjugated aldehyde group (=C-CHO); the signals at 146.97 (doublet) and at 123.84 (singlet)
ppm were at sp? regions (-CH= and =C(); the signal at 41.71 ppm, split into a quartet, was
assigned to NCHj; and the signals at 22.87 (doublet) and at 22.22 (quartet) ppm were at sp3
regions (CH and —CH;). The *H NMR spectrum taken in CDCl, revealed 11 protons and
these were identified as follows: a singlet at 9.27 ppm was due to two equivalent uncoupled
protons of CHOj a singlet at 6.68 ppm was due to two equivalent uncoupled protons of -CH=;
a singlet at 3.33 ppm was due to three protons of NCH;; and signals at 3.90 and 1.09 ppm ap-
peared as a quartet (1 proton) and a doublet (3 protons,) respectively, coupled with a coupling
constant of 6.5 Hz and thus indicating the presence of a )CH-CH, group. The structure
1,4-dimethyl-1,4-dihydropyridine-3,5-dialdehyde accounts for the spectral data of 1.

Mass spectral fragmentations of 1 indicate that
the fragmentation processes involved the formation
of aromatic pyridinium ions by loss of a hydrogen
(mfe 164, M+—1) or a methyl radical (mfe 150,
M+—15) at the 4-position and by successive loss of
an aldehyde radical (m/e 121, 122) at the 3 or 5
position. These fragmentation processes are charac-
teristic of 1,4-dihydropyridines.?® An intense
peak at mfe 150 corresponds to the stable pyri-
dinium cation with loss of a methyl radical at the
4 position. The UV-absorption spectrum of 1

Fig. 4. Excitation and Fluorescence showing three maxima at 236, 264 and 399 nm re-

Spectrum of 1 sembled the spectrum of 1,4-dimethyl-8,5-diacetyl-
1,4-dihydropyridine.?® The IR spectrum indicated the presence of aldehyde. The results
support the proposed structure of 1.

100

Fluorescence (rel intensity)

Wavelength (nm)

TasLe II. Excitation and Fluorescence Intensities of Compounds 1 and 2

Relative molar

max, nm intensity
Corrlxpound Solvent —
(1 um) Ex, Ex, Fl Ex, Ex, Fl
(at,nm) (at,nm) (at,nm)
Quinine sulfate 0.1 H,SO, . 365 450 100 100
(450) (365)
1 H,0 365 403 460 71.5 51 68
(460) (460) (365)
2 H,0 365 403 460 50.6 33 52.3

(460) (460) (365)
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The excitation and fluorescence spectrum of 1 exhibited excitation maxima at 365 nm
and 403 nm and a fluorescence maximum at 460 nm (Figure 4). The relative molar intensity
of fluorescence with respect to quinine sulfate was about 70%, (Table II), and it was higher than
that of a conjugated Schiff base produced by the reaction of MDA and amino acid.’® The
excitation and fluorescence spectrum of 1 was identical with those of the reaction mixture of
MDA and methylamine at pH 6.2 and 8.3, as well as with those of their chloroform extracts.

The elemental composition of 2 was found to be C,,H;;NO, with a molecular weight of
239. UV-absorption maxima, and excitation and fluorescence maxima of 2 were very close
to those of 1, suggesting that 1 and 2 have the same chromophore and fluorophore. Mass
spectral fragmentations of 2 gave the same intense peak at m/e 150 (M+—89) and the same
peaks at m/e 121 and 122 as in the case of 1, and indicated the presence of two methoxy groups
(mfe 207 and 176). The '3C and 'H NMR spectra revealed the presence of a 1-methyl-1,4-
dihydropyridine-3,5-dialdehyde moiety (CgHgNO,) in 2. The residual substituent (C,Hg0,)
must be a dimethoxyethyl group (-CH,CH(OCHj),) attached to the 4-position of the chro-
mophore. Thus, the signal at 52.5 ppm in the *C NMR spectrum and the signal at 3.22 ppm
in the 'H NMR spectrum revealed two CH,O groups; the signals at 102.7 and 38.2 ppm in
the 13C NMR spectrum and at 4.39 and 1.72 ppm in the *H NMR spectrum corresponded to a
~CH,CH{ moiety; and 'H NMR coupling (5.5 Hz) between the 4-proton of the chromophore
and the adjacent CH, protons of the substituent indicated that the attachment was at the 4
position. The structure of 2 was thus elucidated as 1-methyl-4-(dimethoxyethyl)-1,4-dihydro-
pyridine-3,5-dialdehyde.

Compound 3 was obtained as a non-fluorescent UV-absorbing yellow oil in a yield of 2.4%,
from the reaction at around pH 8. The mass spectrum showed the molecular ion peak at
mfe 85, and the spectral fragmentations gave fragment ions at m/e 84 (M+—1), 68 (M+—17)
and 56 (M*—29), as were observed in the case of f-dimethylaminoacrolein.? The UV-absorp-
tion spectra showed maxima at 279 nm in water, at 271 nm in chloroform and at 302 nm in
cyclohexane. The large differences in maximum wavelength depending on solvent are chara-
cteristic of p-alkylaminoacroleins in equilibrium between frans-s-trans and cis-s-cis confor-
mations.?”>?® The 'H NMR spectrum of 2 taken in dimethylsulfoxide-d, revealed AMX
system signals of an aldehyde proton and two olefinic protons with coupling constants of
Jap=14 Hz and Jopo,.=9 Hz, indicating that the conformation was trans-s-trans, while the
spectrum taken in deuterochloroform showed two AMX system signals of #rans-s-trans and
cis-s-cis (Jop=8 Hz and Jowo,.=3 Hz) conformers in a ratio of 2:1.2939  Similar solvent-
dependent equilibrium between the two conformers has been demonstrated by 'H NMR spectro-
scopy of B-benzylaminoacrolein and f-anilinoacrolein.®%3)  The results supported the identi-
fication of 3 as f-methylaminoacrolein.

Compound 4 was isolated as non-fluorescent UV-absorbing colorless crystals in a yield
of 0.7% from the reaction at pH 2.5. The elemental composition was found to be C;,H;,N,O,
with a molecular weight of 206. The UV-absorption spectrum, showing a maximum at 283
nm in water, was similar to that of 3. The ¥C NMR and !H NMR spectra indicated
the presence of two CH;NCH=C-CHO moieties (CgH,N,O,) in the molecule, and the residual
composition (CzH,) could be readily ascribed to a YCHCH,CH{ moiety with two equivalent
>CH~ groups, since the signals at 46.8 and 25.1 ppm in the 3C NMR spectrum, split into a
doublet and a triplet, respectively, were in sp® regions, and the signals at 4.57 and 1.81 ppm
in the 'H NMR spectrum appeared as coupled triplets. Thus, the structure of 4 was assumed
to be 2,6-dimethyl-2,6-diazabicyclo[3.3.1]3,7-noadiene-4,8-dialdehyde, in which two methyl-
aminoacrolein moieties are symmetrically bridged through a three-carbon moiety without
any conjugation between the acrolein moieties. Mass spectral fragmentations showing the
loss of a methyl radical (m/e 191, M*—15) and an aldehyde or a methylamino radical (m/e
177, M+—29) and suggesting the formation of a stable aromatic pyridinium cation with an
intense peak at m/e 122 and another pyridinium cation with a peak at m/e 146 supported the
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C. Stability and TBA Reaction of the
Products

. Compounds 1 and 4 were stable at

SN M2 (m/e 177 /e 122 pH 1 and pH 7 at 37° overnight. While

OHC - 2 was stable at pH 7, it was readily
N /~CHO transformed into another fluorescent

| M*-29 (m/e 177) OHC\(]_—_H compound and a UV-absorbing neither

CHs of which was identified. ~Compound 3

A ll\l+ was rather stable at pH 7, but was

CHs gradually converted at pH 1 into a

m/e 146 strongly UV-absorbing compound and

Chart 2

two fluorescent compounds, one of

, which corresponded to 1. Compound
3 was more readily changed into the same two fluorescent compounds when it was adsorbed
on a silica gel plate and exposed to the air. When 3 was treated with MDA in the neutral
range, two fluorescent compounds corresponding to 1 and were produced.

Color formation of compounds 1, 2 and 4 in the thiobarbituric acid (TBA) test was studied,
asit has been demonstrated that, as well as MDA, MDA-adducts such as Schiff bases of dianils!®
and N-disubstituted aminoacroleins!’ give a pink coloration in the test. While the raction
of MDA with TBA showed an absorption maximum at 532 nm with a shoulder at 502 nm,
those of compounds 1 and 2 with TBA showed slightly different spectra; 1 showed a maximum
at 526 nm with a shoulder at 505 nm, and 2 showed maxima at 500 and 530 nm. Compound
4 remained uncoupled, as did the blank. The ratios of the color yields at 532 nm of 1, 2 and 4
against that of MDA were very low (0.03, 0.004 and 0.00, respectively).

Discussion

MDA, a secondary product of lipid peroxidation,0:1D is labile » wvivo, and reacts with
biomaterials, disappearing from the serum.33% The 1n vitro reaction of MDA with amino
acid under acidic conditions gave a Schiff base (N-monosubstituted aminoacroleins)4:15 and a
conjugated Schiff base (N,N’-disubstituted 1-amino-3-iminopropenes) which give a fluorescence
spectrum with a maximum at 460 nm.'» The fluorophore of lipofuscin pigments which
are formed in vivo and can be extracted with organic solvents is considered to be this type
of conjugated Schiff base.®® The conjugated Schiff base, however, has been produced in the
strongly acidic region,'®!®) and the reaction under conditions close to physiological has not
been investigated. It was shown in the present experiments that MDA reacted with methyl-
amine to produce fluorescent compounds of a new type under mild conditions. Unidentified
water-soluble fluorescent compounds (s) were formed in the acidic region, but no fluorescent
and chloroform-soluble compounds other than 1 and 2 were produced in the neutral region.
The fluorescent compounds 1 and 2 were identified as 1,4-dihydropyridine-3,5-dialdehyde
derivatives.

Since Hantzsch3® demonstrated the synthesis of a 1,4-dihydropyridine derivative by the
reaction of ammonia, acetoacetate and acetaldehyde, various derivatives of 1,4-dihydropyridine
has been prepared from amines, f-dicarbonyl compounds and aldehydes by the so-called
“Hantzsch dihydropyridine synthesis™.?®» MDA bearing f-dialdehyde functions may undergo
this type of reaction in the presence of an appropriate amine. The reaction may, however,
be rather complex because the MDA preparation used in the experiment was not homogeneous
and contained a small amount of partially hydrolyzed acetals as active reactants. The
mechanisms of formation of 1 and 2 might be as follows. Reaction of methylamine or the
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Schiff base 3, initially produced in the reaction, with MDA may give an intermediate compound
(5 or 6), which is sufficiently labile to be converted into a stable compound 1 by elimination
of a one-carbon unit. Reaction of methylamine with 2 mole of MDA and 1 mole of malonalde-
hyde mono(dimethylacetal), a partial hydrolysis product of the starting bis (dimethylacetal),
may give a relatively stable compound 2. The fact that the formation of 2 was not significant
in the acidic region may indicate that the mono (dimethylacetal) was absent in the acidic
reaction mixtures due to its complete hydrolysis into MDA. It is unlilely that 1 was produced
via 2 because treatments of 2 at pH 1 and 7 did not give 1.  Although 2 may be formed by a
reaction involving MDA and the mono (dimethylacetal), 1 may be produced by the reaction
of MDA alone or MDA and its reaction product with methylamine.

Non-fluorescent UV-absorbing compounds 3 and 4 were isolated as chloroform-soluble
by-products in the reaction under acidic or neutral conditions. Compound 3, a 1:1 Schiff
base of MDA and methylamine, tended to transform into fluorescent compounds depending
upon the conditions. Compound 4 was a unique adduct of MDA and methylamine in a ratio
of 3: 2. Three moles of MDA and 2 mol of methylamine may be condensed into a Schiff base
to produce the symmetrical intermediate shown in Chart 4, which was in turn transformed
into a stable symmetrical compound 4.

CH,
NH, CHs CH;
Hy 20/ \0 s rN N
OHC\CH I (lle OHC._ - CH \U\ OHC v
[ e ScHo T ) CHO —— CHO
i ¢ CHO " .
H'Y0 o7 CH CH
~ l\’THz" 3 3
CH; 4

Chart 4

The reaction of MDA and methylamine under conditions close to physiological did not
afford a conjugated Schiff base but afforded a fluorescent 1,4-dihydropyridine-3,5-dialdehyde
derivative 1. The derivative 1 exhibited the same fluorescence spectrum, with a maximum
~at 460 nm, as a conjugated Schiff base of MDA and amino acid. In contrast, 1 showed an

excitation spectrum with two maxima at 365 and 403 nm, but the Schiff base exhibited a
single maximum at 865 nm.!® The relative molar intensity of fluorescence of 1 was higher
than that of the Schiff base.l® The fluorescence spectrum of 1 resembled those of lipofuscin
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pigments, Showing a fluorescence maximum at 420—470 nm with an excitation maximum
at 840—380 nm.2® Compound 1 was almost inert to the TBA reaction, whereas the
conjugated Schiff base was as active in the reaction as MDA.19

It is conceivable that fluorescent 1,4-dihydropyridine-3,5-dialdehyde derivatives may
be produced by interaction of MDA with biogenic amines with primary amino functions under
neutral conditions. Such derivatives are structurally related to nicotinamide adenine
dinucleotide coenzymes and might possess some pharmacological activity, since certain deriva-
tives of 1,4-dihydropyridine have been studied and developed as clinically useful vasodil-
ators.35:36)

Experimental

Methods A solution of 1 M malondialdehyde (MDA) was prepared by acid hydrolysis of malonaldehyde
bis(dimethylacetal) (Tokyo Kasei Kogyo Co., Ltd.) according to the method described previously.? '

Melting points are uncorrected. TLC was performed on Wako gel B-5F (Wako Pure Chemical Industries,
Ltd.) with CHCl,-MeOH (9: 1) as a solvent. Silica gel column chromatography was performed by the use
of silica gel for column chromatography (100 mesh, Kanto Chemical Company, Ltd.). UV-absorbing spots
and fluorescent spots were located by UV irradiation at 254 and 365 nm, respectively. Absorption spectra
were measured with a Shimadzu UV-200S double beam spectrometer. Excitation and fluorescnce spectra
were measured with a Hitachi 204A fluorescence spectrophotometer. **C NMR spectra were taken in CDCl,
on a JEOL JNM-FX-60 Fourier-Transform NMR spectrometer with Me,Si as an internal standard, utilizing
both noise decoupling and off-resonance decoupling techniques. H NMR spectra were taken in CDCl; or
Me,SO-d; on a JEOL PS-100 machine with Me,Si as an internal standard. Mass spectra were obtained with
a Hitachi RMU-7L double focusing mass spectrometer. IR spectra were taken with a Hitachi 215 grating
infrared spectrophotometer.

Reaction of MDA with Methylamine under Various pH Conditions——A mixture of 43 mm MDA and
87 mM methylamine was treated at 37° under various pH conditions. Thus, 0.90 ml of 1 m MDA solution
and 1.80 ml of 1 M methylamine hydrochloride were added to 18.0 ml of each of the following solutions: 0.1 N
HCI, 0.2 M sodium citrate-HCI buffer (pH 3.0), 0.1 M acetate buffer (pH 5.0), 0.1 M phosphate buffer (pH 7.0)
and 0.05M sodium borate (pH 9.5). Each of the mixtures was incubated at 37° for 23 hr. The pH values
of the reaction mixtures were maintained at 1.1, 2.5, 4.4, 6.2 and 8.3, respectively, during the incubation.
The control experiments, incubations of MDA alone and incubations of malonaldehyde bis(dimethylacetal)
with methylamine, were similarly performed. A (.20 ml aliquot of each reaction mixture was withdrawn
at the indicated time and made up to 25.0 or 150 ml with water, and its fluorescence spectrum was recorded.
At the end of the reaction TLC of the reaction mixtures was performed.

A 10 ml portion was withdrawn from each reaction mixture at the end of the reaction, mixed with 5.0 ml
of 1 N NaOH and 2.0 g of NaCl, and extracted with 20 ml of CHCl;. The chloroform extracts were evaporated
to dryness and made up to 10.0 ml with EtOH. The ethanolic solutions (3 ul) were subjected to TLC. The
UV-absorption spectrum of the ethanolic solutions between 200 and 500 nm was measured after 125-fold
dilution with 0.1 8 HCl. The fluorescence spectrum was recorded after 125- or 750-fold dilution with water.
Extraction with #-BuOH instead of CHCI; was similarly performed and the extracts were examined in the
same way.

1,4-Dimethyl-1,4-dihydropyridine-3,5-dialdehyde (1) and 1-Methyl-4-(dimethoxyethyl)-1,4-dihydropyri-
dine-3,5-dialdehyde (2) A solution of 100 ml of 1M MDA (0.10 mol) and 90 ml of 1M methylamine (0.09
mol) in 2.0 1 of 0.05 M borate buffer (pH 9.5) was treated at 37° for 48 hr. The reaction mixture was saturated
with NaCl and extracted with 1.51 of CHCl, in several portions. The extracts were evaporated to dryness
and applied to a column of silica gel (30 g). The column was eluted with CHCl;-MeOH (19: 1) ; the fractions
(75—150 ml) were evaporated to dryness to yield 650 mg (dry weight) of a mixture of 1 and 2 as yellow needles.
The crude mixture was again applied to a column of silica gel (15 g) and eluted with benzene-MeOH (49: 1).
The early fractions (50—230 ml) gave pure yellow leaflets of 1 (230 mg) the intermediate fractions (230—410
ml) gave a crystalline mixture of 1 and 2 (270 mg) and the later fractions (410—620 ml) gave pure yellow
needles of 2 (169 mg).

Recrystallization of 1 from CHCly-n-hexane gave yellow leaflets melting at 144—147° (145 mg, 2.94%
yield based on MDA). TLC: Rf 0.45. *H NMR (Me,SO-d;): ppm; 9.30 (2H, s), 7.30 (2H, s), 3.63 (11, q),
3.39 (3H, s), and 0.93 (3H, d). UV: %2 nm (¢): 236 (21000), 264 (6800), 399 (10900); Anl * 236 (21000),
264 (7000), 399 (10600); A% ™% 236 (18600), 264 (6800), 308 (3000), 399 (9800). IR 13% cm~*; 1640 (C=0),
2750 and 2850 (aldehyde C-H). MS m/e (rel intensity): 165 (37), 164 (10), 151 (34), 150 (100), 136 (6), 122
(12), 121 (11), 106 (6), 94 (13), 93 (12). High resolution mass spectroscopy showed the empirical formula
of the molecular ion peak to be C,H,;NO,. Anal. Caled for C,H;NO,: C, 65.44; H, 6.71; N, 8.48. Found:
C, 65.27; H, 6.86; N, 8.60.

NII-Electronic Library Service



No, 5 1431

Recrystallization of 2 from CHCl;—»-hexane gave yellow needles melting at 121—123° (145 mg, 2.34%,
yield based on MDA). TLC: Rf0.40. 3C NMR (CDCl,): ppm; 188.55 (d, 3,5-CHO), 147.36 (d, C, ¢), 121.63
(s, Cs,5), 102.66 (d, —CH), 52.50 (q, 20-CHj,), 41.71 (q, N-CHj,), 38.20 (t, -CH,-), and 24.43 (d, C,). H
NMR (CDCl,): ppm; 9.29 (2H, s, 3,5-CHO), 6.77 (2H, s, H, ¢}, 4.39 (1H, t, -CH{, J=5.5 Hz), 4.06 (1H, t,
H,, /=5.5 Hz), 3.36 (3H, s, N-CH,), 3.22 (6H, s, 20-CH,), and 1.72 (2H, t, -CH,~, J=5.5 Hz). H NMR
(Me,SO-dg) : ppm; 9.27 (2H, s), 7.35 (2H, s), 4.20 (1H, t), 3.73 (1H, t), 3.37 (s), 3.10 (s), and 1.50 (2H, t). UV:
A0 nm (¢); 237 (18500), 263 (6000), 395 (10000); A%:% ™' 238 (21000), 262 (6400), 396 (8400); A%LY ¥0% 938
(15000), 264 (8000), 302 (6300), 392 (7900). IR :3icm~!: 1640 (C=0), 2810 and 2890 (aldehyde C-H). MS
mle (rel intensity): 239 (very low), 207 (13), 176 (10), 151 (16), 150 (100), 121 (5), 75 (8). Awnal. Calcd for
C,,H,,NO,: C, 60.24; H, 7.16; N, 5.85. Found: C, 60.27; H, 7.21; N, 5.95.

B-Methylaminoacrolein (3) A mixture of 90 ml of 1M MDA and 180 ml of 5M methylamine hydro-
chloride in 2.01 of 0.05M borate buffer (pH 9.5) was treated at 37° overnight. The reaction mixture was
saturated with NaCl and extracted with 1.51 of CHCl,. The extracts were evaporated to dryness then the
residue was applied to a column of 30 g of silica gel and eluted with CHCl,-MeOH (19:1). The fractions
containing 3 were evaporated to dryness. The residue was rechromatographed in the same way, and 3 was
isolated as a slightly yellow-colored oil, 187 mg (2.4%, based on MDA). TLC: Rf 0.22. H NMR (CDCl,):
ppm; 9.03 (2/8H, d, CHO, J=9 Hz), 9.01 (1/3H, d, CHO, J=3 Hz), 7.25 (1/3H, d, Hs, =8 Hz), 7.17 (2/3H,
d, Hp, /=14 Hz), 5.23 (2/3H, dd, Ha, /=9 Hz, J=14 Hz), 4.97 (1/3H, dd, Ha, /=38 Hz, /=8 Hz), 3.02
(3/3H, d, N-CH,), 2.82 (6/3H, d, N-CH;). *H NMR (Me,SO-dg): ppm; 8.90 (1H, d, CHO, J=9 Hz), 7.33
(1H, 4, Hp, J=14 Hz), 4.97 (1H, dd, Ha, /=9 Hz, /=14 Hz), 2.65 (3H, d, N-CH,, /=5 Hz). UV: i
nm; 279; ARLTY 268; AnXMOT 279; A 271; Agsienerne 302, MS mfe (rel intensity): 85 (35), 84 (21),
70 (6), 68 (26), 56 (15), 55 (8), 54 (6), 43 (14), 42 (100).

2,6-Dimethyl-2,6-diazabicyclo[3.3.1]3,7-nonadiene-4,8-dialdehyde (4) A mixture of 162ml of 1Im
MDA (0.162 mol) and 324 ml of 1M methylamine hydrochloride (0.324 mol) in 3.24 1 of 0.2m citrate buffer
(pH 3.0) was treated at 37° overnight. The mixture was saturated with NaCl, adjusted at pH 9 by addition
of 5§ NaOH, and extracted with 6 1 of CHCI, in several portions. The extracts were concentrated in vacuo
to obtain a brown gummy residue. The residue was applied to a column of 90 g of silica gel, and the column
was eluted stepwise with 1.0 I of CHCI; followed by CHCl;~MeOH (39: 1). The fractions (1.0—1.15 1) were
evaporated to dryness. The residue was further purified by passage through a column of 15 g of silica gel
with elution by CHCl;-MeOH (39: 1). The fractions containing 4 were evaporated to dryness. Crystalliza-
tion and recrystallization from EtOH-zn-hexane gave pure colorless prisms decomposing at 200° (72 mg,
0.729, yield based on MDA). TLC: Rf 0.35. 13C NMR (CDCl,): ppm; 185.17 (d, 4,8-CHO), 155.55 (d, C;.,),
113.83 (s, Cy4), 46.78 (d, Cy,5), 42.62 (q, 2,6-NCHj,), 25.08 (t, C;). H NMR (CDCl,): ppm; 8.96 (2H, s, 4,8-
CHO), 7.01 (2H, s, H, ;), 4.57 (2H, t, H, 5, /=3 Hz), 3.26 (6H, s, 2,6-NCH,), 1.81 (2H, t, H,, /=3 Hz). UV:
A%9 nm (e); 283 (57800); AnX ™ 270 (50100), 287 shoulder; A% ™" 283 (56200); Avcitex*m 274, IR K3t
cm~t: 2720 and 2790 (aldehyde C-H). MS m/e (rel intensity): 207 (23), 206 (84), 205 (11), 192 (5), 191 (32),
178 (9), 177 (52), 176 (14), 163 (9), 162 (8), 150 (10), 149 (9), 148 (16), 147 (11), 146 (21), 136 (12), 134 (7),
123 (15), 122 (100), 120 (8), 118 (8), 108 (14), 98 (10), 94 (15), 93 (5), 80 (5). Amal. Calcd for C;;H,,N,O,:
C, 64.04; H, 6.84; N, 13.58. Found: C, 64.12; H, 6.84; N, 13.71.

Stability of Compounds 1, 2, 3 and 4 Each of the compounds 1, 2, 3 and 4 was treated in 0.1 5 HCI
and 0.1 M phosphate buffer (pH 7.0) at 37° overnight. Compounds 1 and 4 were unaffected by the treatments
when checked by TLC. Treatment of 2 in the acid gave two spots, a fluorescent spot having a lower Rf
value of 0.30 and a UV-absorbing spot (Rf 0.0). The maxima of the UV-absorption spectra of 2, after treat-
ment in the acid, were shifted to 264 and 400 nm (neutral and H*) and to 300 and 364 nm (OH-). Treatment
of 3 in the acid gave three spots, Rf 0.45 (faint fluorescence), 0.42 (faint fluorescence) and 0.05 (strongly UV-
absorbing), besides the spot corresponding to 3 (Rf 0.22). The UV-absorption spectra of 3 changed to show
maxima at 245 nm (H*) and 267 nm (OH-).

Compound 3 became fluorescent when it was adsorbed on a silica gel plate and exposed to the air for up
to 1 week or heated at 90° for 2—3 hr. TLC, after 3 had been treated on the plate at 90° for 3 hr, revealed
two fluorescent spots having Rf 0.45 and 0.42, both of which exhibited the same absorption maxima as 1
after chloroform extraction.

Reaction of 3 with MDA A mixture of 0.45 ml of 1 MDA and 0.9 ml of 1 M 3 in 9.0 ml of 0.1 M phos-
phate buffer was treated at 37° for 42 hr, then 5.0 ml of 0.1 ¥ NaOH and 2.0 g of NaCl were added, and the
solution was extracted with 10 ml of CHCl;. The extract was evaporated to dryness and made up to 10 ml
with EtOH. The absorption spectrum of the 1: 250 dilution of the ethanolic solution with 0.1~ HCI showed
the same characteristic absorption maximum at 400 nm as 1 (absorbance at this maximum: 0.12). TLC
of the ethanolic solution revealed two fluorescent spots corresponding to 1 (Rf 0.45) and 2 (Rf 0.40) besides
the spot corresponding to 3.

Thiobarbituric Acid Test of Compounds 1, 2 and 4 To a mixture of 1.0 ml of glacial acetic acid and 1.0
ml of 20 mm 2-thiobarbituric acid was added 0.1 ml of one of the following solutions; water (blank), 20 mm
malonaldehyde bis(dimethylacetal) (control), 20 mm 1, 20 mum 2 and 20 mm 4. The mixture were heated on a
water bath for 30 min and then made up to 25 ml with water to record the absorption spectra between 400

and 600 nm.
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