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STRUCTURE OF AMIDOMALONALDEHYDES

AND SOME RELATED COMPOUNDS*
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A set of amidomalonaldehyde derivatives la to fo was examined by means of 1H-NMR, IR, and
UV spectra; in the case of compounds containing an enol group, the pK, values were also deter-
mined. The detailed structure and behaviour of these compounds in various media was discussed.
In the case of amidomalonaldehydes (and probaly also compounds // and o) a slow interconver-
sion takes place of two equivalent forms characterised by a seven-membered hydrogen bond.

The first amidomalonaldehydes were reported in 1948 by Cornforth'. Nevertheless,
a simple and convenient synthesis of this type of compounds has been developed
in this Laboratory quite recently®. In the present paper, we wish to report on the
physico-chemical behaviour of amidomalonaldehydes and some related compounds
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1660 Samek, Hapala, Fiedler, Arnold :

The amidomalonaldehydes Ib to Id, the dimethylamino derivatives Il and I'm,
and the p-toluenesulfonamidomalonaldehyde II were obtained by the earlier reported
procedure?. The formamido derivative Ia was prepared by reaction of the crude
sodium salt of aminomalonaldehyde with formyl acetyl anhydride and the derivative
le resulted from treatment of the alkaline solution of aminomalonaldehyde with
ethyl chloroformate. In the latter case, the intermediate If with a protected acidic
hydroxylic function can be isolated under certain work-up conditions; compound
If readily decomposes with the formation of the derivative Ie. In the preparation
of the two N-methylamidomalonaldehydes Ig and Ih and of the dimethylamino
derivative In, the formylation product of sarcosine, namely, N,N-dimethyl-N-
-(2-N-methyl-N-dimethylaminomethyleneammonio-3-dimethylamino)prop-2-enylide-
neammonium diperchlorate® (I1I), was used as the starting material. The dimethyl-
amino derivative In and the formamido derivative Ig were obtained by a gradual
hydrolysis of the salt IIT; in the preparation of the N-acetyl derivative Ih, the salt IIT
was completely hydrolysed in aqueous sodium hydroxide to the salt of the parent
N-methylaminomalonaldehyde which was then acetylated with acetic anhydride.
The acidic hydrogen of amidomalonaldehydes may be readily replaced by a methyl
group on treatment with ethereal diazomethane. By this route, the O-methyl deriva-
tives Ii, Ij, and Ik were obtained. Compound Io was prepared by reaction of the
O-methyl derivative Ij with benzylamine.

SR (CHy)aN—CH=C—CH=N(CH: [
P~ CH;CgH,SO;NH—C CH,—N=CH—N(CHy), .
CH=0
s i

In the course of the preparation of compounds Ia to Io some peculiarities were
observed. 1) When chromatographed in various solvent systems, the O-methyl
derivatives Ii and Ij travel more slowly than the starting dialdehydes Ib and Ie.
As indicated by such an unexpected increase of polarity due to replacement of the
acidic hydrogen by a methyl group, a stabilizing interaction preferring the less
polar undissociated form asserts itself in the starting hydroxy derivative. In accordance
with this idea, the free dialdehydes sublime considerably more readily than the cor-
responding O-methyl derivatives. 2) The extraction of N-methylamidomalonaldehydes
Ig and Ih with organic solvents from aqueous media is strikingly more difficult than
extraction of the corresponding NH derivatives Ia and Ib. These two types of com-
pounds differ in their distribution coefficient values between dichloromethane and
water by more than one order of magnitude. Both the N-methyl derivatives Ig
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Structure of Amidomalonaldehydes 1661

and Ih exhibit an increased acidity and their chromatographic behaviour suggests
a strong polarity. Contrary to the above anomalous observations, replacement
of the acidic hydrogen in the dialdehyde Ih by a methyl group with the formation
of the O-methyl derivative Ik results in the usual decrease of polarity as shown by
chromatography. It may be thus inferred from the above qualitative results that the
presence of a methyl group on the nitrogen atom of compounds Ig and Ih removes
the interaction by which the less polar form is stabilised in the case of dialdehydes
with a NH group.

O/H' 0 h(H N\
H H é Il CeHs— \ /C—H
é é H %C/C\H N=C
o7 \Eé ~o [L \CHzo
w % vI

As concluded some time ago from physico-chemical investigations on malonal-
dehyde and some further compounds of this type, the spatial arrangement depends
not only on the substitution but also on the medium. Thus for example the unsub-
stituted malonaldehyde, the IR and 'H-NMR spectra of which led in the earlier
papers to contradictory conclusions®*#, exists in an aqueous solution mainly in the
trans configuration IV according to a later paper® while in nonpolar media a form
is preferred with the six-membered ring containing an intramolecular . hydrogen
bond (formula V), characteristic of many 1,3-dicarbonyl compounds. Structure V
is also ascribed to some alkylated malonaldehydes (e.g. to 1- and 2-adamantyl deriva-
tives") while in the case of tert-butylmalonaldehyde such a structure predominates
only in highly dilute solutions or at low temperatures’. On the other hand, the cyclo-
alkyl derivatives® (R = cyclopropyl to cyclohexyl) prefer (as inferred from 'H-NMR
spectra) the trans structure IV stabilised by intermolecular hydrogen bonds. The same
structure IV is ascribed to halomalonaldehydes (R = F, Cl, Br, 1) on the basis of the
X-ray analysis of the bromo derivative® and confrontation of 'H-NMR and IR
spectral®~ 12, By the absence of any dialdehydic or hydrated form, these malonal-
dehydes markedly differ from other 1,3-dicarbonyl compounds as demonstrated
e.g. on comparison of malonaldehyde with the structurally closely related acetyl-
acetaldehyde®. The exclusive existence of the dialdehydic form stabilised by a strong
hydrogen bond (formula VI) could be regarded as an exception in the case of phenyl-
azonaldehyde'. However, this form more likely represents the phenylhydrazone
of mesoxalic dialdehyde, i.e., the derivative of a 1,2,3-tricarbonyl compound. From
1,3-dicarbonyl compounds substituted at position 2 by an amino function, the amido
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1662 Samek, Hapala, Fiedler, Arnold :

derivatives of 5,5-dimethyl-1,3-cyclohexanedione and 1,3-cyclopentanedione!*'*
are closely related to the present compounds of type I. In the amides mentioned,
the existence of a seven-membered ring with a hydrogen bond was established and the
stability of this structure (VII) was examined"”.

vii
In order to obtain a detailed knowledge on structures of compounds Ia to fo and
explain the above mentioned observations, the 'H-NMR, IR, and UV spectra
of compounds Ia to Io were examined and dissociation constants of compounds
with a free enolic hydroxylic functions (formula I, X = OH) were measured.*

*H-NMR Spectra

The examined compounds can be divided into three structural types differring also
in the character of 'H-NMR spectra: type 4, amidomalonaldehydes Ia to Id with
- OH and —NH— groups (I, R* = H, X = OH); type B, N-methylamidomalonal-
dehydes Ig and Ih with —OH and —N(CH,)— groups; and type C, derivatives
in which the enolic hydroxyl of malonaldehydes is replaced by —OCH3, —N(CH,),,
and the like.

The 'H-NMR spectra of the type A compounds exhibit characteristic signals
shown in Table I. To our opinion, the structure of these compounds is best represented
by an equilibrium between two (chemically identical) structures ViIIa and VIIIb with
a seven-membered hydrogen bond structure and trans configuration of the malonal-
dehyde grouping. The 'H-NMR spectra depend on the rate of the interconversion
(from the standpoint of the NMR time scale). When the interconversjon is slow,
well resolved spectra are obtained whereas more or less averaged spectra result
in the case of a rapid interconversion. This conclusion is based on a) 'H-NMR
spectra in various solvents and b) double resonance saturation experiments. The
spectra of compounds of the type A are exemplified by the *H-NMR spectrum of the

* While this work was in progress, Professor C. Reichardt from the Phillipps-Universitit,
Marburg/Lahn, kindly informed us on the thesis of K. Schagerer'® describing a different synthesis
and an independent examination of compounds /6 and Id also involved in our investigations.
In principle, the observations and conclusions given in the above Thesis are in accordance with
our findings.

Collection Czechoslov. Chem. Commun. [Vol. 42] [1977]



Structure of Amidomalonaldehydes 1663

first member, the N-formyl derivative Ia (Fig. 1). The spectrum is formed by signals
of five different protons and the figure shows not only their positions and shapes
but also the observed interactions between these protons. The lowest signal of the
enolic H, proton (signal centered at 12-59 ppm) is split by interaction with the H,
methine proton (J, . = 12-7 Hz) as well as with the H, proton on the nitrogen atom
(Jo.. = 1 Hz). The aldehyde group H, proton (8-98 ppm) interacts with the N-formyl
group Hy proton (J, 4 = 09 Hz) and with the nitrogen atom H, proton (J,, =
= 0-3 Hz). The nitrogen atom H, proton forms a broad signal centered at about
8-25 ppm. The signal of the N-formyl group H, proton forms a broadened singlet
at 8-:08 ppm with a distinct interaction with the H, proton. The methine H, proton
signal lies in the double bond region (signal centered at 6-89 ppm) and, in addition to the
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FiG. 1

"H-NMR Spectrum of Formamidomalonaldehyde (Za) in Deuteriochloroform (Varian HA-100
apparatus). The carbon atom carrying the Hy, atom is not shown in the formula.

Collection Czechoslov. Chem. Commun. [Vol. 42] [1977]



1664 Samek, Hapala, Fiedler, Arnold :

TaBLE 1
TH-NMR Spectra of Amidomalonaldehyde Derivatives

The spectra were measured on-a Varian HA-100 instrument; data from first-order analysis;
tetramethylsilane as internal standard; chemical shifts in the & scale, splittings in Hz; muitiplicity
given as follows: dd, doublet of doublets; bs, broad singlet; bd, broad doublet and the like.

Com- CHO CHX 1 2
Solvent X (H R* (H, R” (H Note
sound Hy H) (Hy) R*(H,)

Ia CDCl, 8-98dd 6:83dd 12:59dd 808bs 825vbs P
(CDy),SO 821 —- 8ol 9-62 c
CD,;CN 8:97bs 695bs 1259  8-0lbs 850vbs ¢
CD;CN 7-97 - 802 - ce
H,0 8-37 - 818 9-00 bs 4
H,0, Na salt 8-50 d — 813 - I9

848 - 79 -

Ib cocly” 892 685dd 1321d 224  8l16bs "I
cpcl,d 892 685 1311 224 7-81 bs i
(CD,),S0 8-13 bs - 210 9-24 bs i
CF;COOH 817 — 248 8-61 bs ok
CD,CN, D,0 795 -~ 216 — c
H,0 832 - 214 877 I
H,0, Na salt 8-45 - 228 — S

8-49 — 185 -

Ie CDCl, 9-05 696 1147bd  —  87vbs "

1d cDCly 9-02 694 13-41d  74—8m 852bs "
(CD,),S0 8-38 bs —  73—8m 907 °

Ie DLy’ 8-85 670dd 1198d 132t  713bs op

424 q
CDCly" 885 668 12:00 —  704bs T
(CD,),S0 8:25 bs — 118t 771 ¢
401 q

if cDCly® 9-23 7-68 » u 644 bs
CDClyf 9-30 7-64 - —  624bs t

Ig CDCl, 832 — 786 2:98 v

830 - 809 310 y
CD;CN 837 - 779 2-88 d v
829 - 807 303 ¥
Ih CD,CN 8:31 - 77 2:87
821 - 212 3-07 :
Ii CDCl, 912 691 403 2:09 693 bs
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Structure of Amidomalonaldehydes 1665

TaBLE 1
(Continued)
Com- CHO CHX 1 2
Solvent X (H) R!(Hy) R2(H Not
pound (H,) (Hp (Hp) (Hy) (H,) ote
I CDCly 910 684 402 125t 606
4154
n CDCl, 8-74 682 317 830 7-47 aa
8-88 672 314 830 —
Im CDCl, 8-72 673 315 2413 7-55bs
In CDCly 8:92 681 313 794 3-01 v
8-81 686 310 820 3-14 bb
Io CDCly 861 642d  759b 125t 682 ce
412q
1 879 698bd  925bd  — 655 bs dd.ce

Cpe = 12T Iy o= 12,0, g = 0:9; J, . = about 1; J, , = 0-3. b Decrease of intensities in satu-
ration experiments (irradiated proton given in brackets): Hy — {Ha} 50%; H, — {Hc} 35%.
¢ Hexamethyldisiloxane as internal standard; § = 0-06. 4 Jy,, = 12; saturation experiments: Hy, —
— {Hu} 100%;; H, — {HDO} 100%; signal corresponding to HDO: 2:17 bs. ¢ One drop of
deuterated pyridine was added. J Sodium 2,2-dimethyl-2-silapentane-5-sulfonate as internal
standard. ¢ The major conformer to which the conformation E is tentatively ascribed. B 10%;
solution of compound /b. "J,,’c = 125 J, . = 1:3. 7 10% solution of compound /6 in CDCls
was diluted in the ratio 1:9. * Correction for hexamethyldisiloxane in CF3;COOH, 0-49 ppm.
! The major conformer to which the conformation Z is tentatively ascribed. o= 135"y =
= 12:25; J, , = 0-95; saturation experiment: Hy, — {H,} 28%; when the 10% solution was diluted
to a 1% solution, the signals did not change. ® 109 solution. P J, . = 12:4; J, . = 1-3. " 10%
solution of compound Je diluted in the ratio 1: 9 (deuteriochloroform). * 12% solution. * 12%
solution diluted in the ratio 1: 9 with deuteriochloroform. ¥ Signals of two ethoxy groups; the
signal in the higher field (4-18 g, 1-28 t) is ascribed to the N-(ethoxycarbonyl) group; the signal
in the lower field (4-36 q, 1-40t) is attributed to the O-(ethoxycarbonyl) group. ” Form E;
Je cz—n = 0°6. ¥ The minor form Z, 17%. * The minor form Z, 11%. 99 The spectrum indicates
the presence of two forms, obviously E and Z. An unambiguous determination was not performed
(approximate ratio, 80 : 20). ®* Form Z; content, about 20%. “° J, . = 13-0; signals of the benzyl
group: CH, 445 d (2 H); J, ey, = 6, CeHs 7:20—7-40 m (5 H).  J, . = 12:0. *° Signals of the
p-toluenesulfonyl group: CHj 2:42s; CgH, (AA'XX’) 7-70 (2 H), 7-30 (2 H).

above mentioned interaction with the enolic H, proton, is split by the H, proton
(Jy,e = 1-2 Hz).

The structure VIII is mainly based on a vicinal interaction, the value of which
(e = 12-7) is characteristic of the trans configuration of the appropriate protons.
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1666 Samek, Hapala, Fiedler, Arhold :

Despite similar relations of these protons, the structure V (R = —NHCH=0)
is regarded as less probable since in such a case both signals would be rapidly averaged
due to a ready shift of the proton in the six-membered ring. The structure VII1
is to our opinion also supported by the observed long-range couplings indicating
the optimum coupling paths; these paths can be of the ,,zigzag” type for J, 4 =
= 09 Hz, “W” with J,, =12 Hz). Further arguments for structure VIII and
against structure V may be inferred from considerations on the conformational
forms of the formamido group. In structure VIII, the formamido group is a part
of a cycle and consequently the shape and motion of this group depend on this
fact; one the other hand, the formamido group is almost free in structure V. Most
formamido derivatives are known'” to be a mixture of conformational isomers.
The conformational homogeneity indicated by the 'H-NMR spectrum of compound
Ia is in accordance with structure VIII whereas structure V would with a great
probability require the occurrence of Z and E forms. These forms virtually assert
themselves when the hydrogen bond is removed by conversion of compound Ia into
an alkali metal salt (vide infra). The *H-NMR spectrum of compound Ia in dry
trideuterioacetonitrile is also well resolved and exhibits signals analogous to those
observed in the spectrum taken in deuteriochloroform (Table 1).

Regarding the state of molecules of compound Ia in solutions applied to measure-
ments of *H-NMR spectra, the saturation experiments are worth of mention. These
experiments were performed in non-degased solutions under amplitudinal conditions
usual with the Nuclear Overhauser Effect (NOE) measurements. Irradiation of the
position of the aldehyde H, proton results (in CDCl,) in a decreased intensity of the
methine Hy, proton by about 50% (without decoup]ing); irradiation of the NH proton
position was accompanied by a 35% decrease of the —OH group signal. In the aceto-
nitrile solution there was observed a 1009 saturation of the methine proton signal
and also a complete saturation of the signal corresponding to the —OH group
after irradiation of the signal belonging to the HOD molecule. These experiments
confirm the existence of a distinct VIIIa = VIIIb interconversion in both solvents
under the conditions stated. For the above mentioned saturation effects two proces-
ses are responsible. The first one is the interconversion (V[II, a b) transforming
the irradiated aldehyde protons (H,) into the methine protons (Hy), raising in this
manner the population on the higher level at this position and bringing about satura-
tion of the observed H, signal. On the contrary, the relaxation processes of the
methine protons tend to eliminate the effect of the first process. Now, if the rate
of the interconversion is slow in comparison with that of the relaxation processes
mentioned, the saturation of the observed signal (H,) may be only partial (or even
neg]igible). In the opposite case, when the rate of the interconversion becomes
dominating (but when the slow exchange conditions still exist) the relaxation processes
are no more able to eliminate the saturation so that this process can be complete.
According to our opinion, the partial saturation observed in the chloroform solu-
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tion corresponds to the former case while the complete saturation in the aceto-
nitrile solution holds for the Jatter one. As the rate of the interconversion is sensitive
to the base-catalysis (see be]ow), we ascribe the different degree of saturation to the
different basicity of the two solvents used.

A good structural resolution of *H-NMR spectra of compounds of the type A
depends on the anhydrous state and purity of solvents since even small admixtures
of water and some other substances (hydrogen chloride and the like) result in more
or less averaged spectra (Figs 2—4). This effect is characteristic of the exchange
process and may be readily interpreted in terms of the interconversion
VI, a < b. This idea is supported by an experiment consisting in addition of water
from a graduated capillary in increasing portions (Fig. 3) into a solution of the sample
in anhydrous acetonitrile. While the position of the signal of the N-formyl group
H, proton remains almost intact during this gradual addition of water, the other
signals are broadened to such an extent that they are difficult to observe. A further
addition of water results in an averaged signal of H, and H, protons which first
coincides with the Hy signal but then gradually shifts downfield; the resulting spec-
trum finally resembles the spectrum of compound Ia in pure water. The spectrum
of the aqueous solution of compound Ia (Fig. 4a) is markedly changed when this dial-
dehyde is transformed to the alkali metal salt (Fig. 4b). Two signals may be identified
in the region of the N-formyl group proton. These signals are ascribable to conforma-
tional isomers differring in the geometry on the formamido group (Z and E forms,
see also Table 1).

N\WWJKMW \MWJMWJ_

——

T msy 59 897 695

dirms)
Fi1c. 2

"H-NMR Spectrum of Formamidomalonaldehyde (fa)
a In trideuterioacetonitrile; b after the addition of a trace of pentadeuteriopyridine.
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1668 Samek, Hapala, Fielder, Arnold ¢

According to our idea, the addition of water to the anhydrous solution of com-
pound JIa catalyses the interconversion (VIII, a == b) resulting in averaged
signals of H, and H, protons. A further shift of the averaged signal in the course
of the progressing dilution is ascribed to a different process, namely, to the advancing
dissociation of the dialdehyde. However, the formamido group does not appear
quite “free”” even in the aqueous solution of the concentration stated. The formamide
group becomes conformationally independent when the dialdehyde is transformed
to the alkali metal salt, i.e., by removal of the proton which is capable to form the
hydrogen bond. The picture on the nature of compound Ia is completed by an ex-
periment consisting in addition of a droplet of deuteriopyridine to the acetonitrile

) S

‘;"J/\Pj«\:jJH, IHG Hy

7259 897 801 sy 695

FiG. 3
Dependence of the 'H-NMR Spectrum of Formamidomalonaldehyde (Ia) in Acetonitrile on the
Content of Water

The lowest trace (@) is the spectrum taken in dry acetonitrile with the use of the CH ;-signal as
a lock. The shifts indicated correspond to those in Fig. 2a. The upper traces (6— /) were measured
after the addition of the following amounts of water to 0:5ml of a 5% solution of compound /a in
dry acetonitrile: 4 1 mg, ¢ 5-5 mg, d 25-5 mg, e 45-5 mg, f 85-5 mg, g 185-5 mg, and h 4855 mg.
The signal marked with an asterisk probably corresponds to some decomposition products.
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solution of compound Ia. This addition results in an instantaneous collapse of signals
of H, and H, protons (Fig. Zb) and the position of the resulting signal very exactly
corresponds to the averaged values of the original chemical shifts of H, and H,
protons. The extremely rapid formation of averaged signals is ascribed in this case
to the catalytic effect of pyridine as the base on the rate of the interconversion. The
'H-NMR spectra of other compounds of the type A, the amidomalonaldehydes
1b—1e, exhibit signals analogous to those of the formamido derivative Ia. In aprotic
solvents (CDCl;, CD;CN), the —OH group protons formed doublets in the 1147 to
13-21 ppm region (J,, = 12:25—-13-0 Hz), the methine group protons formed
doublets in the 6:69—6-94 ppm region with the same splitting (this splitting is remo-
ved by replacement of the enolic proton by deuterium), and the aldehyde group
protons formed singlets in the 885—9-05 ppm region. Protons of the NH group
form a broad signal centered in the 8-16—8:-52 ppm region except for the urethane
type derivative Ie, the distinct upfield shift (7-11 ppm) of which is obviously due to the
presence of the alkoxyl group exhibiting the electron-donor mesomeric effect. All
compounds of the type 4 obey the Scheme 1 with the indicated interconversion which
was also established by saturation experiments with compound Id. On the basis
of the 'H-NMR spectrum of p-toluenesulfonamidomalonaldehyde (IT), this com-
pound is ascribed a structure analogous to that (VIII) proposed for amidomalonal-
dehydes of the type 4 except for the role of the proton-acceptor in the seven-membered
hydrogen bond which is taken over by the oxygen atom of the sulfonyl group.

a b

H H, H(E)
ot H,,H{2)
HE)
2 He
B
o

B u {k HZ)
‘ A J &
E) 837 818 85, 2E7%

Fic. 4

'"H-NMR Spectrum of Formamidomalonaldehyde (/a)

a In an aqueous solution; A4 expanded signal of H,, Hy: B after irradiation of the position
of Hy. b the sodium salt of formamidomalonaldehyde in an aqueous solution; A4 expanded signal
of H,, Hy; B after irradiation of the position of Hy (the E form tentatively).
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The interconversion of forms VIIIla and VIIIb may proceed by various mechanisms.
Nevertheless, the final result must correspond to the rotation of the formamido
group around the central C—N bond and to the shift of the hydrogen bond proton
(v, a= ). An averaging of signals of methylene groups adjacent to carbonyls
(see formula VII) was observed by Tschesche and coworkers’® in the case of 5,5-
dimethyl-1,3-cyclohexanedione 2-acylamino derivatives at increased concentra-
tions; this effect is ascribed to reorganisation of the molecule occurring in the stage
of intermolecular associates. The relatively low solubility of compound Ia did not
permit investigations in a wider concentration range; the investigation was therefore
performed with the use of the acylamino derivatives Ib and Ie, but the effect of con-
centration on chemical shifts of signals in question was poorly significant (Ta-
ble I). To our opinion, the interconversion of the type A compounds in aprotic
solvents is mainly intramolecular, the most probable transition state of the slow un-
catalysed interconversion being the dipolar structure IX. The formation of this
structure IX consists in an intramolecular shift of the proton from the original
hydrogen bond to the formamide group and forcing of this protonated group by 90°
out of the plane of the malonaldehyde anion. The base-catalysed interconversion
could proceed analogously except for the acceptance of the proton by another
acceptor; consequently, the planes of the negatively charged anion and of the neutral
formamido group would be forced from each other. In this case, the rotation should be
easier than with the dipolar structure IX which is obviously prevented from such
a rotation by attractive forces. The base-catalysed interconversion must be there-
fore expected to be always faster. This idea is in full accordance with experimental
observations. The above considerations on the behaviour of compounds of the type 4
are also supported by measurements in some other solvents such as hexadeuterio-
dimethyl sulfoxide and trifluoroacetic acid (Tab]e I) affording typical averaged
spectra.

o

/&\ N
(o] (f [e}}

N
o—C

-

X

The *H-NMR spectra of both compounds of the type B, the N-methylamido-
malonaldehydes Ig and I'h, markedly differ from those of the type A4 compounds.
Under all conditions, the *"H-NMR spectra of compounds Ig and Ik exhibit identical
chemical shifts of both aldehydic protons and the presence of Z and E forms which
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differ in configuration on the amido group. The assignment of signals to the Z and E
forms was unambiguously effected in deuterioacetonitrile. In both cases (Ig and Ih),
the same distribution was observed of chemical shifts of aldehydic protons (6H, =
= 6Hy); < (6H, = 6H,); and N-methyls (§(N—CHj;)); > (§(N—CH,))e and rela-
tive signal intensities of Z and E forms (with a minor proportion of the Z form:
17%, in compound Ig about 11% in compound Ih). The assignment of signals of the
N-methyl group was performed on the basis of the finding that the major signal
was split by the corresponding proton with the coupling constant J = 0-6 Hz which
is indicative (analogously to known amides) of the transoid configuration of the
N-methyl group and the N-formyl proton, i.e., of the E configuration. The marked
preference of the E form is in accordance with the analogous situation in the case
of N-methylated N-acylanilines!® in which the plane of the acylamine grouping
is considerably forced out of the plane of the aromatic system, sometimes by as much
as 90°. With both N-methyl derivatives Ig and Ih, the preference of the E form
and equivalence of chemical shifts of both aldehydic forms indicate the absence
of the intromolecularly stabilised form VIII which is characteristic of all compounds
of the type A. The plane of the N-methylated acylamino group in compounds Ig
and I'h thus appears to be markedly forced out of the plane of the rest of the molecule.
However, no information can be inferred from ‘H-NMR spectra on the shape
of the malonaldehyde grouping; it cannot be therefore determined if this portion
of molecule exists in the trans form of the type IV with a rapid prototropic exchange
on both oxygen atoms or in the chelate structure of the type V. It cannot be excluded
that both these structures may assert themselves in dependence on the medium as
it was proposed for the case of the unsubstituted malonaldehyde.

Lol il
?/ \C/ N Q/ N .
O 1 N/
/ "H \ / H

0= o0—C
R
X XI

It is a question whether the striking differences between structures of compounds
of the type 4 and the two N-methyl derivatives of the type B can be explained by steric
effects only, i.e., by forcing of the amide group out of the plane due to methylation
of the nitrogen atom or if another interaction was interrupted in which the proton
of the NH group was specifically engaged. In the approximately planar arrangement
of the seven-membered hydrogen bond structure present in compounds of the type 4,
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the proton of the NH group is located in the neighbourhood of the aldehyde group.
An additional five-membered hydrogen bonding could thus result with the formation
of the bicyclic structure X capable of interconversion into the tautomer XI. In order
to obtain experimental foundation for the above considerations, chemical shifts
of NH protons in 'H-NMR spectra of compounds Ib, Id, and Ie were examined
under various concentrations (Table I). It has been observed that this signal
(positions of the other signals did not practically change) is shifted by dilution
(1 : 10) to a higher field; this shift is rather significant with compound Ib (about 0-35
ppm) and considerable less marked in the case of the derivative Ie (0-1 ppm) while
the benzamido derivative Id does not exhibit any appreciable shift. Depending on the
nature of the substituent R, an intermolecular hydrogen bonding can be thus formed
in the case of compounds of the type 4 (compare with the same conclusion on the
basis of IR spectra); notwithstanding, an involvement of the bicyclic structure X
cannot be excluded. The data of Table I also allow to confront the spectra of com-
pounds of the type A with derivatives (If, Ii, Ij) in which the formation of an intra-
molecular hydrogen bond is made impossible by a covalent substitution of the enolic
proton. Since these derivatives display in principle a similar distribution of signals,
their structures cannot be expected to be too different. A marked difference is observed
only with signals corresponding to the NH group in view of a shift to a higher field
by about 1 ppm with respect to the type 4 compounds. Since the position of this
NH signal was found to depend on the nature of the R' substituent (compare the
above comparison of compound Ie with other compounds of the type 4), the en-
countered shift could be also in this case attributed to the different electronic effect
of the group X (i.e. the intramolecularly bound hydroxylic group with compounds
of the type A on the one hand, and the methoxyl group with derivatives Ii, Ij, and
the like on the other hand).

Another group of our set of compounds consists of substances I/, Im, and In
derived from the corresponding amidomalonaldehydes on replacement of the enolic
hydroxyl by the dimethylamino group. With both formamido derivatives I! and In,
the presence of two forms was indicated by *H—NMR spectra. As inferred on the
basis of identification by long-range coupling of the N-methyl group and confronta-
tion of chemical shifts and signal intensities with the appropriate data of the above
discussed dialdehyde Ig, these two forms were concluded in the case of compound
In to represent most likely the conformational isomers Z and E differring in con-
figuration on the formamido group, the Z form being less abundant (20% with the
derivative In and 179 with the dialdehyde Ig). In the case of the acetamido derivative
Im, only one form was identified; this case might be analogous to that of acetani-
lide'”"*® in which the Z form is extremely favoured. A free rotation of the amido
group in all the three 3-dimethylaminoacrolein derivatives I1, Im, and In is assumed.

The benzylamino derivative Io contains an enamine proton which may form
a six-membered or seven-membered hydrogen bonding analogously to the enolic
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proton. The 'H-NMR spectrum indicated a single form with a broad signal of the
enamine proton at 7-59 ppm and a relatively sharp doublet of the methine proton
(Inm,on = 13°0 Hz). A vicinal interaction of this kind convincingly indicates the
trans configuration of the appropriate protons and simultaneously, a very slow ex-
change of the NH proton. For the broad NH signal, there is obviously responéible
life-time broadening by quadrupol relaxation of **N. Conclusively, compound Io
is assumed to exhibit with a great probability a seven-membered hydrogen bonding
analogous to that in structure VIII.

IR Spectra

Most measurements of IR spectra were performed in chloroform solutions (Tables 1T
and III) and with some selected compounds, the effect of the solvent was examined
in detail (Table IV). A majority of compounds was also measured after the exchange
of hydrogen in —OH and —NH— groups by deuterium in order to verify the shape
of the broad band of the—OH group after removal of the interfering effect of v(CH)
submaxima and furthermore, in order to examine participation of bending vibra-
tions (NH) or f(OH) on absorption bands in the carbonyl region. The IR spectra
were confronted with conclusions based on 'H-NMR spectra as well as with the
reported data mentioned in introduction®8:%:10:14:15

The IR spectrum of amidomalonaldehydes Ia—Ie (compounds of the type A)
exhibits a very broad v(OH) band. Position, nature (shape), and concentration
independence of this band indicates the presence of an intramolecularly bound —OH
group. Such a bond would suggest structures expressed by formula V(R = —NH.
.COR?) as well as VIII. By removal of the free proton from the hydroxylic group
by methylation (i.e., by conversion of compounds Ib and Ie into the methoxy deriva-
tives Ii and Ij, resp.), the frequency of the amide-I band (Av about 65 cm™?) is mar-
kedly increased. This effect indicates to our opinion that the amide carbonyl of com-
pounds Ja and Ie is a component of the intramolecular hydrogen bonding as exempli-
fied by formula VIII.

A further information on the behaviour of compounds of the type 4 in chloroform
solutions was inferred from the concentration dependence of bands belonging to the
NH bond. The data shown in Tables were obtained from dilute (0-003M) solutions
free of any marked association in all cases. In more concentrated (2%) solutions,
two compounds (Ia and Ib) exhibit a markedly high association. The v(NH)qoc.
band of compound Ia (3298 cm™") and compound Ib (3305 cm™?) is shifted by about
60 cm ™! downwards with respect to the y(NH) band observed in more dilute solu-
tions. In 2% chloroform solutions, the content of associated forms amounts tens
of percents with compounds Ja and Ib while the percentage of those forms in other
compounds of the type A is almost negligible. It may be inferred from comparison
of some data shown in Tables II and TIT that the v(NH) band of compounds Ia
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and Ie is shifted with respect to that of the corresponding methoxy derivatives Ii
and Ij to lower wavenumbers by about 50 cm™!; on the other hand, the amide-IX
band (in principle an in plane bending vibration of the NH bond) is shifted to higher
wavenumbers by about 30 cm™?. This difference between NH data belonging to the
ring system VIII and open-chain structure of the methoxy derivatives could be ascribed
to the different electronic effect of the residue X in formula I (i.e., to the intramole-
cularly bound hydroxylic group in the case of compounds of the type 4 and to the
methoxy group in compounds Ii and Ij). However, it cannot be excluded that this
difference indicates in the case of compounds of the type A4 a weak interaction between
the remaining aldehydic group and the NH bond; the character of such an interaction
would suggest a weak intramolecular hydrogen bond (as present in the bicyclic
structure X) which would be in equilibrium with a stronger intermolecular hydrogen
bond. The explanation of the above observation must™be therefore adjourned.

With planar molecules of amidomalonaldehydes (type A), a strong coupling of the
in plane vibrations of the whole skeleton must be expected. It appears nevertheless
advisable for practical reasons to assign the observed bands to particular vibrations.
Thus, in accordance with interpretation of the IR spectrum of bromomalonaldehyde
(George and Mansell'®), the band located in the 1670— 1690 cm ! region in spectra
of compounds Ia to Ie (similar to compound o, vide infra) was attributed to WC=C)
despite a different assignment in the case of related P-methoxy-o,B-unsaturated
ketones by Dabrovski and Tencer!®. This band is markedly less intensive than the
v(C=0) band (1620— 1640 cm™*) and is more sensitive towards the exchange of free
protons by deuterium (contribution of B(NH) or B(OH)) and towards the change
of the substituent R*. The amide-I band of these compounds either overlaps with the
malonaldehyde v(CO) band or lies at higher wavenumbers as an isolated band
(R' = CF,, OC,H;). With compound Ib, dependence of IR spectra on the polarity
of the solvent and on the state was examined (Table IV). Since the character of the
spectrum in the ¥(CO) and v(C=C) region does not markedly change in protic
solvents or in the solid state, the trans form of the malonaldehyde grouping which
is also incorporated into the cyclic structure VI, remains intact in the media stated.

A seven-membered intramolecular hydrogen bonding analogous to that of com-
pounds of the type A is also assumed on the basis of the IR spectrum (in accordance
with interpretation of ' H-NMR spectra) in the case of p-toluenesulfonamidomalonal-
dehyde (II) in which the role of the proton acceptor is taken over by oxygen atom
of the sulfonamido group. Also compound Io apparently forms a seven-membered
intramolecular hydrogen bonding, the proton donor being the benzylamino group
(X = C¢HsCH,NH). However, as indicated by wavenumber values of the v(NH)
and amide-I band, this hydrogen bond is considerably weaker than with compounds
of the type A4.

The IR spectra of N-methylamidomalonaldehydes Ig and Ih (compounds of the
type B) also support the occurrence of a strong intramolecular hydrogen bond, but
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bands in the carbonyl region are dependent (contrary to the IR spectra of compounds
of the type 4) upon the solvent. The acetamido derivative Ih (Table 1V) exhibits
in chloroform the strongest band in the carbonyl region at about 1600 cm™*
whereas in dimethyl sulfoxide and protic solvents, this strongest band is considerably
shifted to higher wavenumbers and the spectra strikingly resemble those of the
corresponding type A compounds. To our opinion, it may thus be inferred that the
malonaldehyde moiety of the N-methyl derivatives Ig and Ih probably exhibits
the trans form in protic solvents while the cis form is preferred in nonpolar solvents
analogously to the proposal of George and Mansell® for the case of the unsubstituted
malonaldehyde.

While the H-NMR spectra and IR spectra of the above discussed derivatives
allowed of an about identical interpretation, a somewhat different view is offered
in the case of the remaining group of compounds (type C) in which the enolic group
of malonaldehydes is replaced by a methoxy or dimethylamino group.

With the methoxy derivatives Ii and Ij, the compound If, and the dimethylamino
derivatives Il and Im, the IR spectra exhibit marked inflexes on the v(NH) bands
or this band is at-least strikingly broadened (compound Ij); this shape does not
change even in dilute solutions (0-003m and 0-0015m). Also the amide-I or amide-II
bands of these compounds are doubled or broadened. The attempted separation
of the v(NH) bands of compounds I! and Im (Table 1II) indicated that these bands
may be split into two components, the integrated absorption intensities of which
are approximately in an 1 : 1 ratio. Bands at lower wavenumbers exhibit a roughly
twofold half-width. At concentrations above 0-01M, compounds I/ and I'm strongly
associate. Bands due to stretching vibrations of associated NH groups exhibit
a shape similar to that of v(NH) bands of free NH groups, i.e., with an inflex
at lower wavenumbers. The structure of the v(NH) band in the methoxy derivative Ii
is even more complex; the shape of this band corresponds to superposition of three
components. In tetrachloromethane solutions, the complex structure of all these
bands is somewhat different.

The difference between the IR and 'H-NMR spectra consists in the fact that the
latter spectra (taken of course in more concentrated solutions) indicated the existence
of conformers with the formamido derivative only (a different content of the minor
component, about 20%, was recorded) while the two acetamido derivatives i and
Im appeared homogeneous from the standpoint of conformation. Consequently
we assume that the above mentioned shape of the v(NH) bands does not suggest
the occurrence of conformational forms on the acylamino groupings, inter alia
because the amide-1I bands are known to occur at about 1500cm ™" in the case of the
Z-conformers only. With the open-chain structures of compounds of the type C,
the IR spectra thus probably indicate a mixture of geometrical forms differring for
example in stereochemistry on the double bond or conformation of functional groups
(ref.*®), these forms being in a rapid equilibrium from the standpoint of the NMR
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time scale. It cannot be excluded that some of these forms exhibit a weak intramole-
cular hydrogen bonding between the amide portion and the acrolein portion of the

molecule.

UV Spectra

The UV spectra of all the amidomalonaldehyde derivatives examined in the present
work are summarised in Table V. The amidomalonaldehydes (compounds of the

TABLE V

Ultraviolet Spectra of Aminomalonaldehyde Derivatives, 4, (€. 1073

Compound  H,0 0-01M-NaOH 0:01m-HCI C,H;OH
la 267 (309) 267 (297) 251 (151 260 (241)
ib 267 (32:1) 267 (31°5) 251 (18-8) 269  (262)
Ie 265 (36-4) 267 (28-7)" 249 (22:1) 266 (289)

226 (17-4) 226 (16:9) 226 (186)
d 267 (30-7) 267 (30-T) 248 (20:8) 269 (274
Ie 267 (27-6) 267 (29-3) 251 (159) 268 (23-4)
Ig 266 (30-0) 266 (25-6) 252 (158) 266 (233)
Ik 268 (30-0) 268 (30-0) 252.(158) 269 (292)

228 (15-8) 226 (14-5) 21203 227 (158)
” 267 (23-9) 269 (19-4) 250 (15-1) 267 (sh) (153)

Acetonitrile Cyclohexane
Ia 243 (11-2) 264 (11-4) 248 (8-9) 268 (10-5)
1b 246 (8-8) 270 (10-8) 250 (96) 270 (11-8)
Iy 245 (10-9) 263 (119)
Ih 244 (12-1) 266 (93)
Ethanol

I 252 (98) Jii 287 (30-5) o 287 (351)°
Ii 253 (17:0) Im 288 (30-4)
i 257 (21-0) In 286 (30-4)

“ A slow saponification with the formation of aminomalonaldehyde takes place, resulting in
a new band at about 300 nm. In 1M-NaOH, this saponification is completed in the course of about

30 min as indicated by 1 299 nm (28-7). b The same values were obtained in aqueous, alkaline,

and acidic solutions.

max
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types A and B) exhibiting an enolic group, were examined in four solvents, namely,
in an aqueous solution, on 0-01M-NaOH, in 0-01M-HCI, and in ethanol. In all these
media, identical positions of maxima as well as identical extinction coefficient values
were recorded. The fundamental chromophoric group, the malonaldehyde system,
is therefore the same in all the above compounds and is not affected by different
amido groups as substituents. It may be inferred from accordance of band positions
and extinction coefficient values in water and alkaline aqueous solution that com-
pounds of the types 4 and B are in aqueous media completely dissociated under
the measurement conditions (concentration, about 2.107°). The spectra taken
in ethanol differ only a little from those recorded in aqueous and alkaline solutions,
the bands being somewhat broadened and the extinction coefficient values being
consequently somewhat lower. On the other hand, all the spectra measured in acidic
media exhibit a shift of bands towards about 250 nm and a marked decrease of inten-
sity. Under conditions when the dissociation of the enolic proton is suppressed,
there are obviously measured the spectra of undissociated forms that do not differ
from each other to any considerable extent. The behaviour of p-toluenesulfonamido-
malonaldehyde(ZI) in all the above mentioned solvents was analogous to that of the
other compounds of the types 4 and B.

Two compounds of the type A4 (Ju and Ib) and the corresponding derivatives
of the type B (Ig and Ih) were also examined in an aprotic solvent, namely, in aceto-
nitrile. In this medium, all the four derivatives exhibit two broad overlapping bands,
the band at the higher wavelength being most likely attributable to the dissociated
form. Concerning the UV spectra of the above four compounds in cyclohexane,
the measurement of compounds of the type B (Ig and Ih) failed because of the in-
sufficient solubility of the test substances in this solvent; the UV spectra of com-
pounds Ia and Ib (type A) resembled those taken in acetonitrile (Table V).

Compounds of the type C were measured in ethanol. The UV spectra of oxygen-
-containing compounds of the type C (If; Ii, Ij) lacking the enolic proton of the cor-
responding dialdehydes because of a covalent substitution, resembled the UV spectra
of dialdehydes in the undissociated form (i.e., taken in acidic media). The almost
identical UV spectra of the dimethylamino derivatives I7, Im, and In unambiguously

TABLE VI
pK, Values of Amidomalonaldehydes

Ia 3-46 Ig 2-86 phenylmalonaldehyde?! 440
b 355 Ih 288 methylmalonaldehyde®!  4-99
Ic 2-97 Ie 3-66 lriformy]methame22 2:01

Id 3-56 n 3-61

Collection Czechoslov. Chem. Commun. [Vol. 42} [1977]



Structure of Amidomalonaldehydes 1681

point out the 3-dimethylaminoacrolein system as the responsible chromophoric
group. Also the UV spectrum of the benzylamino derivative o, differring slightly
in the extinction coefficient value, indicates the same type of the chromophoric
group.

pK, Values

Table VI shows pK, values of the present aminomalonaldehyde derivatives and some
related compounds. The pK, values of amidomalonaldehydes Ia to Ie, i.e., com-
pounds containing the —NH— group (type A4), vary in the range 3-66 — 345 except
for the trifluoracetamido derivative Ic (2:97). Their acidity is higher than that of me-
thylmalonaldehyde or phenylmalonaldehyde but lower than that of triformyl-
methane. The influence of the substituent R' is in a qualitative accordance with
expected results (CFy > C¢Hs > H > CH; > C,H;0); a similar value (3-61)
is also shown by p-toluenesulfonamidomalonaldehyde (I1). It is of great interest
to note the increased acidity of the N-methyl derivatives Ig and Ih. As it may be
seen from comparison of the formyl derivatives (Ia vsIg) and the acetyl derivatives
(b vs Ih), the introduction of the N-methyl group results in a markedly increased
acidity (by 0-60 and 0-68 of the pK, unit, resp.).

According to the UV spectra, compounds Ia and Ib are in aqueous solutions
completely dissociated and it cannot be thus assumed that the lower acidity of com-
pounds Ia and Ib (when compared with the corresponding N-methyl derivatives)
could be due to intramolecular hydrogen bonds as shown in structures VIII or X.
As observed in connection with investigations on the electronic effect of amido groups
on the benzene ring?, the amido groups become more acidic by introduction of the
N-methyl. We ascribe this effect to the formation of an angle between the plane
of the aromatic ring and the plane of the amide system; the interferred conjugation
results in a weaker mesomeric (electron-donor) effect while the induction (electron- -
-accepting) effect remains in principle intact. An analogous situation is also assumed
in the case of N-methylamidomalonaldehydes. The forcing out of the plane results
in an increased acidity and occurrence of both conformers.

EXPERIMENTAL

Melting points were taken on a heated microscope stage (Kofler block). The UV spectra were
measured on a Unicam SP 8000 apparatus.

The IR spectra were recorded in chloroform solutions on a Zeiss UR-20 apparatus; v(NH)
bands: ¢ = 0-003m, d = 1 cm; other bands: ¢ = 2%, d = 0-1 mm. The v(NH) bands separated
on a HP-9830 computer, were measured in concentrations ¢ = 0-0015M (d = 4 cm) on a Perkin-
-Elmer 621 apparatus. Deuterations were performed by repeated additions of one drop of D,O
to chloroform solutions of the test substances and subsequent removal of the azeotropic mixture
by distillation. In the case of substances sensitive to hydrolysis, CH;OD was used instead of D, 0.
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The thermodynamic, dissociation constants were determined by potentiometric titration on
a Beckman Research pH-Meter. The weighed substances were dissolved in 15-19 ml of redistilled
carbon dioxide-free water and the resulting 0-05—0-01M solutions were titrated with 0-1M-KOH
under a stream of purified, water-saturated nitrogen. The potassium hydroxide solution (free of
potassium carbonate) was added in 0-1 to 0-05 ml portions (manostat Digi-Pet piston burette)
and the pH value of the solution was recorded. From the above data (15 to 30 points), the pK,
value was calculated?® for each point according to the standard computer procedure. Several
independent runs were made for each test substance (general reproducibility, +-0-02 pK,).

Determination of distribution coefficients between dichloromethane and water. The weighed
amount of the test substance was distributed at 22-5°C between the two phases and the concen-
tration of the test substance in the aqueous solution was determined spectrophotometrically:
Ia 020, Ib 0-46, Ig 0-01, 11 0-01. -

Thin-layer chromatography on ready-for-use Silufol UV,s, (Kavalier Glassworks, Votice,
Czechoslovakia) silica gel sheets afforded the following Ry values (acetone as eluant): 16 0-65,
1i 015, Ie 07, [j 0-57, 1h 01, Ik 0-47.

Formamidomalonaldehyde ({a)

N,N-Dimethyl-N-(2-dimethylaminomethyleneamino - 3 - dimethylamino)prop - 2 -enylideneammo-
nium perchlorate2 (6 g; 0-02 mol) was added into 2M-NaOH (50 ml), the whole heated at 60°C
for 4 h, and evaporated under diminished pressure. The residue was dried (80°C at 0-2 Torr),
powdered, and introduced with stirring and ice-cooling into formic acetic anhydride obtained
by a dropwise addition (with cooling) of 98% formic acid (30 ml) into acetic anhydride (60 ml),
heating of the mixture at 50°C for 15 min, and cooling down. The whole mixture was stirred for
30 min with cooling and for 30 min without cooling, the acids removed at max. 40°C/0-2 Torr,
and the residue dissolved in a small volume of water in the presence of sodium hydrogen carbonate.
The aqueous solution was made alkaline to phenolphthalein with 2M-NaOH and the impurity
removed by extraction with dichloromethane. The aqueous layer was filtered, the filtrate acidified
to Congo paper with 1 : 1 sulfuric acid, and the product extracted with fifteen 30 ml portions of
dichloromethane. The extracts were combined, the solvent evaporated, the residue dried in a de-
siccator over sodium hydroxide pellets, and then subjected to sublimation (the first small portion
of the sublimate was removed). The sublimate was crystallised from benzene (16 ml) and resubli-
med. Yield, 12 g (52%) of compound Ja, m.p. 121-5—122-0°C. For C,HsNO; (1151) calculated:
41-75% C, 4:38% H, 12:17% N; found: 41-80% C, 4-29% H, 12:06% N.

Ethoxycarbamidomalonaldehyde (/e)

The aqueous solution of the crude sodium salt of aminomalonaldehyde obtained by heating N,N-
-dimethyl-N-(2-dimethylaminomethyleneamino-3-dimethylamino)prop-2-enylideneammonium

perch]ora’te2 (15 g; 0-05 mol) with 2mM-NaOH (125 ml) at 60°C for 4 h and evaporating the liberated
dimethylamine under diminished pressure, was treated with 4M-NaOH (75 ml) and chloroform
(150 ml). A solution of ethyl chloroformate (75 ml) in chloroform (150 ml) was then added drop-
wise at 0°C to 5°C over 30 min. The whole mixture was stirred for 30 min, the organic layer sepa-
rated, and the aqueous layer extracted with two 100 ml portions of chioroform. The organic solu-
tions were combined, washed with about 20 ml portions of aqueous sodium hydrogen carbonate
and water, dried over anhydrous magnesium sulfate, filtered, and the filtrate evaporated under
diminished pressure. The residue was washed with light petroleum, dissolved in lukewarm ether
(130 ml), the solution filtered with a small amount of active charcoal and anhydrous magnesium
sulfate, the filtrate concentrated to the volume of about 50 ml, and the concentrate allowed to
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deposit crystals. Yield, 3-8 g (48%) of compound fe, m.p. 81 —83°C. The sample for analysis was
recrystallised from ether; m.p. 81 —83°C. For CeHoNO, (159-1) calculated: 45-28% C, 5:70% H,
8-80% N; found: 45-37% C, 5-72% H, 8-89% N.

2-Ethoxycarbamido-3-ethoxycarbonyloxypropenal ({f)

The procedure was analogous to the preparation of compound Ie but the combined chloroform
extracts were not washed with water; the dried (anhydrous magnesium sulfate) extracts were then
filtered, the filtrate was evaporated under diminished pressure, the residue dissolved ‘in boiling
ether, the solution filtered with a small amount of active charcoal, the filtrate concentrated, and
the concentrate allowed to deposit crystals at 0°C. Yield, 40% of compound If, m.p. 85—86:5°C
(subl). For CgH, ;NO¢ (231-2) calculated: 46:75% C, 5:67% H, 6:06% N; found: 46-85% C,
5:70% H, 6:05% N.

2-N-Methylformamido-3-dimethylaminopropenal (/i)

A mixture of the diperch]orate2 117 (411 g; 0-01 mol), potassium carbonate (15 g), water (75 ml),
benzene (40 ml), and ethanol (20 ml) was heated at 65°C under a reflux condenser on a steam bath
for 30 min with stirring, cooled down, and treated with saturated aqueous potassium carbonate
(75 mlyand 2 : | benzene-ethanol solvent mixture (50 ml). The inorganic salts were filtered off and
the organic layer of the filtrate was set aside. The aqueous layer was extracted with five portions
of the above solvent mixture. The organic solutions were then combined, dried over anhydrous
potassium carbonate, filtered, and the filtrate evaporated under diminished pressure. The residue
was dissolved in hot benzene, the solution filtered with active charcoal while hot, and the filtrate
evaporated. Yield, 125 g (80%) of compound In, m.p. 88:5—91-0°C. For C,H,,N,0, (156-2)
calculated: 53-83% C, 7-74% H, 17-94% N; lound: 54-12%; C, 7-84% H, 17-89% N.

N-Methylformamidomalonaldehyde (/g)

The derivative In (1:25 g; prepared from 4-11 g of the diperchlorate 1/7) was dissolved in 2M-NaOH
(20 ml) and the mixture heated with stirring at 60°C for 30 min. The liberated dimethylamine
was evaporated under diminished pressure, the solution neutralised with hydrochloric acid and
acidified with conc. hydrochloric acid (0-85 ml) in water (3 mi). The whole mixture was taken
down on a rotatory evaporator under diminished pressure, the residue extracted with boiling
benzene (300 ml), the solution filtered with active charcoal, the filtrate concentrated, and the con-
centrate allowed to deposit crystals. Yield, 260 mg (20%) of compound /g, m.p. 95—98°C. The
analytical sample was recrystallised from benzene; m.p. 98:5—100-5°C. For CsH;NO; (129-1)
calculated: 46-51% C, 5-46% H, 10:85% N; found: 46:29% C, 5-45% H, 10-55%; N.

N-Methylacetamidomalonaldehyde (//1)

A stirred mixture of the diperchlorate 117 (2-05 g; 0-05 mol) and 8M-NaOH (30 ml) was heated
at 80°C for 2 h, diluted with water (50 ml), and the liberated dimethylamine removed under di-
minished pressure. The remaining solution was neutralised to phenolphthalein with dilute (1: 1)
hydrochloric acid, taken down on a rotatory evaporator, the residue dried, and stirred overnight
with a mixture of acetic acid (10 ml) and acetic anhydride (10 ml). The acidic portion was removed
under diminished pressure at max. 50°C, the residue diluted with water (20 ml), made alkaline
to phenolphthalein with 8v-NaOH, acidified with 1: 1 aqueous sulfuric acid, and treated with
2.\4~HZSOA (1 ml). The mixture was exhaustively extracted with dichloromethane and the inorga-
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nic salts were repeatedly filtered off. Yield, about 70 mg (10%) of compound 74, m.p. 130—132°C,
For CgHgNO; (143-1) calculated: 50-35% C, 6:34% H, 9-79% N; found: 50-05% C, 6-31% H,
9-50%, N.

2-Acetamido-3-methoxypropenal (Ii)

Ethereal diazomethane was added to a solution of compound 76 (126 mg; 1 mmol) in acetonitrile
(10 ml), the mixture kept at room temperature for 10 min, evaporated, and the residue subjected
to sublimation (the first small portion was removed). Yield, 97 mg (68%) of compound i, m.p.
115—116-5°C (acetone). For CgHoNOj; (143-1) calculated: 50-35% C, 6:34% H, 9:79% N; found:
50-55% C, 6:38% H, 9-73% N.

2-Ethoxycarbamido-3-methoxypropenal (1)

The dialdehyde Je (1-59 g; 0-01 mol) was processed analogously to the preparation of compound
1Ii. Yield (after crystallisation from tetrachloromethane and sublimation), 1-3 8 (75%) of compound
Ij, m.p. 91:5—93-0°C, For C;H;;NO, (173-2) calculated: 48-55% C, 6-40%; H, 8:09% N; found:
48:62%, C, 6:46% H, 8-14%, N.

2-N-Methylacetamido-3-methoxypropenal (7k)

The reaction product of compound 74 (5 mg) with diazomethane was isolated in a sublimation
apparatus as an oil and identified by mass spectroscopy on an A.E.J. MS 902 apparatus (high
resolution measurements). The observed molecular ion value 157-07415 corresponds to the for-
mula C;H;;NO; (calculated: 157-0739). For the chromatographic behaviour vide supra.

2-Ethoxycarbamido-3-benzylaminopropenal (Jo)

Benzylamine (120 mg) was added with cooling to a solution of the methoxy derivative j (173 mg;
1 mmol) in methanol (5 ml). The mixture was evaporated and the residue was crystallised from
benzene. Yield, 190 mg (75%) of compound o, m.p. 127-5—129-5°C. For C,3H¢N,0; (248-3)
calculated: 62-89% C, 6-50% H, 11:28% N; found: 62-65% C, 6-45% H, 11-30%, N.

The authors wish to thank Dr A. Vitek of this Institute for refi nt of the comp ion procedure
concerning the pK, determination.
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