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Equilibria established in reactions between isophthalaldehyde (IPA) and terephthalaldehyde (TPA) on one
side and 2-aminoethanol and hldn the other side were followed in solutions, where these amines acted
both as reagents and as buffers. The equilibrium between TPA and 2-aminoethanol was followed
spectrophotometrically; all others, of reactions of TPA with\#rd of IPA with both NH and HN—CH,-
CH,—OH, were followed by using polarography. Separate limiting reduction currents of the dialdehyde and
its imine enable simultaneous determination of the starting material and the product. The equilibria are shifted
more in favor of the imine in reactions of TPA than those of IPA. Equilibrium constants for reactions of both
TPA and IPA with 2-aminoethanol are 3 orders of magnitude higher than those observed for the reactions of
dialdehydes with Nk even when the kg, values of these two reagents differ only slightly.

Introduction currents were used in most instances. Such application was made
) o ) ) possible in most cases by the presence of well-formed separate
To contribute to the elucidation of processes involved in the \ayes of reductions of carbonyl and azomethine groups. As
reaction of orthophthalaldehyde with amino acids that found has peen reported earliéthe reduction of the azomethine bond
an extensive analytical applicatidrihe reactions of the three ,qally takes place at potentials more positive than that of the
isomeric phthalaldehydes with primary amines are investigated. carhonyl group in the corresponding aldehyde or ketone. When
Such reactions with the 1,2 isomer are complicated by the s condition is fulfilled, a simultaneous determination of the
possibility of formation of an annelled five-membered ring and carbonyl group in a substituted benzalaldehyde and of the

will be dealt with separately. In this contribution, the reactions roquct of its reaction with the amine is possible. This condition
of the 1,3-benzenedicarboxaldehyde (isophthalaldehyde, IPA) a5 fulfilled in this study with a single exception:

and the 1,4-benzenedicarboxaldehyde (terephthalaldehyde, TPA) Eor reactions of both dicarboxaldehydes with ammonia,
are discussed. As reacting nucleophiles, ammonia as thegimilarly as for additions of 2-aminoethanol to IPA, 4-chlo-
structurally simplest representative and 2-aminoethanol were robenzaldehyde, and benzaldehyde, the reduction of the imine
chosen. The latter compound was selected in view of its limited gcours at more positive potentials than that of the parent
volatility, high solubility in agueous solutions, and high reactiv- aldehyde. Similarly, two separated waves were observed in the
ity as a nucleophile. Moreover, the absence of the carboxylate yresence of amines in the reactions of aromatic aldehydes,
grouping, encountered in amino acids, eliminates the role of resyiting in two two-electron reductions in solutions of both
Coulombic interactions. IPA and TPA. Such behavior enabled the use of polarography

All discussed reactions have been followed in solutions for following these reactions by measuring the limiting currents
containing an excess of the amine, compared with the concen-of the resulting imines and of the parent aldehydes.
tration of the dicarboxaldehyde. In most instances, the mixture  Such separation of waves of the reductions of the aldehyde
of the amine and its protonated form served at the same timeand of the imine was not observed for the reaction of TPA with
as a reagent, as a buffer, and as a supporting electrolyte in2-aminoethanol. This was attributed to a compensation of two
electroanalytical investigations. Only at the lowest concentra- opposing structural effects. In this reaction, nevertheless, the
tions of the mixture of the amine and its salt, a solution of a application of spectrophotometry was successful, even when its
buffer was added to control the pH. As borate buffers were use in investigation of the other reactions was limited.
found to react with components of the reaction mixture,  Addition of amines to carbonyl compounds involves forma-
particularly with carbinolamine intermediates, buffers prepared tion of a carbinolamine intermediate. The use of polarography
from 4-hydroxybenzenesulfonic aéidere used. These buffers  has recently been proven useful for the experimental evidence
enabled a constant pH withirkg & 1.0 of the amine used. To  of this intermediate in reaction of benzaldehy@ad tereph-
follow equilibria in reaction mixtures containing the carbonyl thalaldehydewith hydrazine.
compounds and amines, measurements of polarographic limiting . .

Experimental Section

* To whom correspondence should be addressed. E-mail: zumanp@ INStrumentation. A Sargent-Welch Model 4001 polarograph
clarkson.edu. Phone: (315) 268-2340. Fax: (315) 268-6610. was used for recording direct current (DC) currembltage
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Figure 1. Polarographic currentvoltage curves in solution containing 0.1 mM isopthalaldehyde and concentration of 2-aminoethanol varying
from 30 to 0.05 mM at pH 9.5 dilluted with borate buffer pH 9.5: (1) 30, (2) 20, (3) 10, (4) 5, (5) 4, (6) 2.5, (7) 2, (8) 1.5, (9) 2.5, (10) 1.5, (11)
1, (12) 0.5, (13) 0.4, (14) 0.2, and (15) 0.05 mM 2-aminoethanol. Curves recorded-fdosnV.

curves. The electrolysis was carried out in a Kalousek®dall, pH of which was measured to be withir0.05 pH unit of the
which the analyzed solution, containing the dropping mercury chosen value. The glass electrode used was calibrated using
electrode (DME), was separated by a liquid junction from the standard buffers containing 1% acetonitrile similar to the studied
reference cell compartment containing a saturated calomelsolutions.
electrode (SCE). The DME, which was placed in the analyzed  For experiments where the buffer concentration was varied,
solution, had a droptimg = 4 s andm= 2.2 mgs *ath = a solution of potassium chloride was added to keep the ionic
49 cm. strength constant. Polarographic currembltage curves were
UV —vis absorption spectra were recorded using a Hewlett- recorded after purging with Nor removal of oxygen for about
Packard Agilent 8453 U¥vis spectrophotometer with a fused 3 min.
quartz cell with 10 mm path length. For the pH measurements,  For the recording of absorption spectra in the UV region,
a Denver Instruments, model UB-10, pH meter equipped with 9.1 mL of a 0.01 M stock solution was added to 9.90 mL of a
a glass electrode was used. buffer solution.
Materials. Isophthalaldehyde (IPA), terephthalaldehyde (TPA), In all initial experiments, the dependence of the limiting

and 4-chlorobenzaldehyde were purchased from Aldrich and ¢, rrent or absorbance was measured as a function of time, and
benzaldehyde was obtained from J. T. Baker. Acetonitrile, ogiaplishment of equilibria was verified.

supplied by J. T. Baker, was used to prepare 0.01 M stock
solutions of the above listed compounds.

Boric acid, sodium and ammonium chloride, ammonia, and
sodium hydroxide for the preparation of buffers were reagent-  Reactions of Isophthalaldehyde (IPA).In sulfonate and
grade chemicals obtained from J. T. Baker; 2-aminoethanol, borate buffers between pH 8.3 and 10.5, IPA is redlded
2-aminoethanol hydrochloride, and the sodium salt of 4-hy- two two-electron waves denotegdnd p at —1.16 V (1) and
droxybenzenesulfonic acid were purchased from Aldrich. —1.30 V (2). In this pH range, the half-wave potentials of both

Solutions of buffers containing 2-aminoethanol were prefer- waves are practically pH independent, as the reduction involves
ably prepared from the hydrochloride salt, as the 99% ethanol- unprotonated species.
amine Reagent Plus from Aldrich contained zinc ions and

Results and Discussion

another reducible impurity, manifested by reduction waves on GHO GHO
polarographid—E curves.

Solutions.0.01 M stock solutions of TPA, IPA, 4-chloroben- M Eip 116V o
zaldehyde, and benzaldehyde were prepared in acetonitrile. All ere erzon
stock solutions were stored in a refrigerator in the dark for up ¢HO GH,OH
to two weeks. o

To follow the role of the concentration of the basic form of e —— ©\ B =130V @
the amine at constant pH, buffers based on ammonia or CH0H CH,OH

2-aminoethanol were prepared by using the same ratios of the

amine and the ammonium form and varying concentration of  In the presence of 2-aminoethanol (R)ldn additional wave
the amine, mostly at pH 9.3 for ammonia and pH 9.5 for i’ at —0.96 V increased with increasing concentration of the
2-aminoethanol. At low concentrations of the ammonium form, amine (Figure 1). This wave () reached a limiting value,
the pH was kept constant by addition of a borate or 4-hydroxy- corresponding to a two-electron reduction of an imine (4),
benzenesulfonate buffer of the same pH. formed in the reaction of IPA with one mole of RNKB).

For investigation of the role of pH, the concentration of the  With a further increase in the amine concentration, wave i
amine was kept constant, and the concentration of the protonatedvas overlapped by wave'iwith a half-wave potential of-1.03
form of the amine was varied. V. This wave is attributed to the reduction of an imine (6) that

Procedures. To record polarographic—E curves, 0.1 mL is formed in the reaction of the amine (5) with the reduction
of a 0.01 M stock solution of the dicarboxyaldehyde or product resulting in reaction 4. Hence, processes occurring in
benzaldehyde was added to 9.90 mL of the buffer solution, the wave i are described by eqs 5 and 6:



Reactions of 2-Aminoethanol and Ammonia
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The presence of two consecutive reactions of a carbonyl group
with an amine 3 and 5 is supported by the shape of the plot of
(i1[ +i1") as a function of log [RNK] (Figure 2). This shape
clearly indicates the presence of two equilibria, one with an
equilibrium constank; = [monoimine]/[dialdehyde] [RNH
= 4.2 x 1% L mol™?, the other withK, = [substituted imine]/
[substituted benzaldehyde] [RNH= 1.1 x 1(? L mol L
Larger value oK; reflects the larger substituent effect of 3-CHO
(037CHO = 036) than that of 3-CHNHR (0'37CH2NH2 = 0.03,
o3-cHNHst = 0.32), as at pH 9.5 the amine is present half in
the protonated form, SOayerage™ 0.15.

The increases in waveg iand " are accompanied by a
decrease in the most negative wayati—1.30 V. In this wave,
the aldehydic groups in 3-formylbenzyl alcohol (7) and 3-formyl-
benzylamine derivative (8) are reduced in a two-electron step.

+ 2e- + 2H* ®)

CHO

i “CH,OH

CHO

CH,OH

+ 2e-+ 2H* —I>
2

)
CH,OH

H,OH

+
CH,NHR

2e- + 2HY —/—>
2

®)
CH,NHR

Evidently, the substituent effects of 3-@BH and 3-CH-
NHCH,CH,OH are too similar to show a significantly different
effect on the potential of the formyl group. The shape of the
plot of i, on pH is similar to that of the dependence ot f
(pH; Figure 3). But the difference between the two plots supports
the interpretation that in wave ialso the reduction of the
3-formylbenzylamine derivative (8)2'i contributes to the
measured limiting current. A discussion continues for the
reduction path of imines formed by reaction of the amine with
aldol (9) and with the 3-formylbenzalamine derivative (10):

CHO HC=NR

@\ + NHR —/—= @\ + HO (9
CH,OH CH,OH
HO HC=NR
+ NHR —/—= + HO  (10)
CH,NHR CH,NHR

Both these imines are reduced in a single two-electron step
i (11, 12):
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Figure 2. Dependence of the wave'(A) of the reduction of the 0.1
mM solution of monoimine of isophthalaldehyde on logarithm of
concentration of 2-amimoethanol (RNHE).
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Figure 3. Dependence of the decrease of the first reduction wixg i

in solution of 0.1 mM isophthalaldehyde and of wave (M),
corresponding to the reduction of the second wave of isophthalaldehyde
and the reduction of the 3-amino-methylbenzaldehyde, resulting from
the reduction of the monoimine of the isophthalaldehyde on logarithm
of concentration of 2-aminoethanol.

HC=NR CH,NHR
+ 2e- ¥ 2H ——= an
0
CH,OH : CH,OH
HC=NR H,NHR
+ 2e-+ 2H* T> (12)
2
CH,NHR CH,NHR

As in reactions 7 and 8, the difference in potentials of
processes 11 and 12 are too small to result in a separation of
the two waves. Moreover, the potential of the resulting wave
i" at about—1.2 V is too close to the potential of waveat
—1.16 V, and thus wave'ioverlaps waveji This is a result of
two different structural effects: In the addition 3, the reaction
of the first formyl group is facilitated by the presence of a
3-CHO group as a substituent. In reactions 11 and 12, the effect
of substituents 3-CHDH and 3-CHNHCH,CH,OH are too
small, but the replacement of the reduced group=CHin eq
3 by the reduced group GFNR in egs 11 and 12 results in a
shift of these reductions to more positive potentials. As a result
of these different factors, there is an overlap of wavesnd
i". As a result, the sum of currentg ¢+ iy’ + i7" + iz +i2)
remains constant.
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Figure 4. Dependence of the limiting current,icorresponding to a
reduction of the monoimine in 0.1 M solution of isophthalaldehyde on
logarithm of concentration of ammonrtammonium chloride buffer
pH 9.3.1 lonic strength kept constant by addition of potassium chloride;
O ionic strength varied with concentration of the buffer.
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The reduction of imines formed in the presence of IPA in

reactions 9 and 10 is supported by comparison with the behavior
of the imines of other benzaldehydes. Such imines were

Kulla and Zuman

studied at much higher concentration of ammonia than was
possible in solutions containing 2-aminoethanol. As the con-
centration of ammonium chloride was limited by its solubility,

it was not possible to achieve a practically complete conversion
into imine, as was possible with 2-aminoethanol. Thus, instead
of a graphical method, a numerical one with a more restricted
number of useful experimental data (Figure 4) had to be used
for calculation of the equilibrium constant.

In a solution containing 1:63.0 M NHz and an identical
concentration of ammonium chloride, an increase in wave i
was observed at-0.88 V, more positive than the wave of
unreacted IPA at-1.11 V (Supporting Information 1). Using
the expressiolK = ig/(ig — i1") [NH3], an average equilibrium
constantKk = 0.7 £ 0.1 was found. These experiments were
carried out both in solutions where the ionic strength was varied
by variation of [NH;"] from 1.0 to 3.5 and in those where the
ionic strength was kept constant at 3.5 by addition of potassium
chloride, but the difference was not marked (Figure 4), as can
be expected for a reaction between two uncharged species.

Reactions of Terephthalaldehyde (TPA)In the investigated
pH range, in a 4-hydroxybenzenesulfonate buffer, terephthalal-
dehyde (TPA) is reducédn two steps, 4 and b. In the first
step, i, one of the two aldehydic groups in TPA is reduced at
—0.85 V in reaction 13 that involves an overall transfer of two
electrons. In the second wave, the remaining formyl group
undergoes reduction at1.35 V (14).

HO CH,OH

+ 28 + 2HY —— © E,,=-085V (13)

HO CH,OH

+ 2+ 2HY —> © =-135V (14)
CH,OH

CH,OH

CHO

The limiting currents of the first two-electron step, which
actually takes place in two ill-separated one-electron waves, as
well as the half-wave potentials, remain practically unaffected
in the presence of 2-aminoethanol (Supporting Information 2).
As both spectrophotometry (see below) and the behavior of the
second two-electron step proved formation of an imine, it
follows that in the wavejiboth the first formyl group of TPA
is reduced (13) and the reduction of the imine (16) formed in
reaction 15 takes place.

HC=0 HC=NR

+RNH, —— + H,0 (15)

generated in reactions of benzaldehyde and 4-chlorobenzalde-

hyde with 2-aminoethanol. Both of their half-wave potentials
were in the same potential range as those of wgydut the
dependence of their current on log [RNH;] was close to that
of wave p' of OPA.

When the pH was changed in the reaction mixture by varying

the ratio [RNH]J/[RNH3"], but keeping the [RNE] constant,
the ratio of i'/(i1' + i1 + ip) did not change. Hence, the value
of the equilibrium constanK; was confirmed to be pH
independent.

The overall scheme of reactions of IPA in the presence of 2-aminoethanol,

HC=0 HC=0

HE=NR CH,NRH

+ 28" + 2H* —>» ©
HC=0

This behavior is in contrast to that observed for reactions of
other substituted benzaldehydes with ammonia, alkylamines,
or glycing.The imines formed in these

(16)

2-aminoethanol and accompanying reactions is given in Schemereactions, which are reduced in protonated form, undergo

1.
As the ammonia (Nb) is a much weaker nucleophile than
HoNCH3CH,OH, the reaction of IPA with ammonia had to be

reductions at more positive potentials than the parent carbonyl
compounds. The transfer of electrons to e&NXH™ group
requires thus lower energy than the transfer to tfreOQyroups.
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Figure 5. Dependence of absorbance at 288 nm in solution of 0.1 _. c . fthe i . m) with the d
mM terephthalaldehyde on logarithm of concentration of 2-aminoet- Figure 7. Comparison of the increase in waye(ll) with the decrease

hanol, used also as a buffer at pH 95).( in wave b (O) with increasing concentration of 2-aminoethanol (RINH
1, hydration has been observed with species bearing er® C
and one &NH™ group in para position on a benzene ring.

ATPAI2' m 4-CiBzH In the investigation of equilibria involving benzenoid com-

pounds, molar absorptivities of participating species are often
not accessible, and absorption bands of starting materials,
intermediates, and products often overlap. In such cases,
polarography sometimes offers more straightforward informa-
tion. Nevertheless, because of a competition between two
structural effects in the reaction of TPA with amines, in this
case, the use of polarography was more limited than that of
spectrophotometry, when the absorbance at 288 nm was
followed. The changes of absorbances at 315 and 300 nm were
less informative, as at these wavelengths all species bearing a
conjugated carbonyl group contribute to the measured absor-
bance. Then — z* transition can take place not only with parent

: : : ‘ TPA but also with all intermediates bearing a formyl group in

-4 -3 -2 -1 0 addition to a CH=NR, CH,OH, or CH:NH; group.

Log [RNH;] From the plot of the increase of absorbance at 288 nm as a
function of log [RNH] (Figure 5), it was possible to obtain a

Figure 6. Comparison of dependence of waye(ia) in solution of -1 — limi ;
0.1 mM terephthalaldehyde, which corresponds to reduction of 4-CH value of 5x 10° L mol for K = [imine]/[dialdehyde] [RNH].

OH and 4-CHNH; substituted benzaldehydes, formed by reduction of Po!arography C,an' neverthgless, offgr information about
the dialdehyde and its monoimine on logarithm of concentration of reactions of 2-aminoethanol with reduction products of both

2-aminoethanol (RNb) with wave i’ of the imine formed in solution ~ TPA and its imine by following the increase in wav with

of 0.1 mM 4-chlorobenzaldehyd@y. increasing concentration of 2-aminoethanol. The reduction of
TPA (13) yields the 4-formylbenzyl alcohol that of its imine

In this aspect, the reaction of 2-aminoethanol with IPA (16), the 4-formylbenzylamine. These substituted benzaldehydes

(discussed above) follows the general pattern and differs from can react with 2-aminoethanol (17), and the resulting imines

i (uA)

the reaction with TPA. are reduced in reaction 18.
The absence of separation of waves of the imine and the Ho I
carbonyl group in the reaction of TPA is attributed to a
compensation of two opposing effects: Whereas the replacement - RNH, === +H,0 where X= OH or NH, a7
of C=0 by C=NHT in the reducible species favors reduction
of the imine at more positive potential, the interaction between CH,X CHX

the two electron-withdrawing groups in para position has an

opposite effect. Whereas the resonance interaction between two HE=NR GH,NHR

formyl groups in TPA is exceptionally strorfghe interactions

between a carbonyl group and imino group in para position on e T’@ where X = Ottor N o
a benzene ring are much weaker. Such weaker interaction of Chx S

the carbonyl and imino group in the 1,4-position has been

recently observed for the monohydrazone of TPA. From the dependence of the limiting current due to the
The difference between the stronger interaction of tweCC reduction of the imine §l) at pH 9.5 (Figure 6), it is possible

groups and the weaker interaction between &QCand a  to obtain an overall equilibrium constait = [imine]/[all
C=NH" group in para positions on a benzene ring is supported aldehydes] [RNH] = 0.8 x 102 L mol~1. In this relationship,
by a difference in reactivity in other homogeneous reactions. [imine] stands for the sum of concentration of imines derived
Whereas a strong interaction between the two CHO groups infrom benzaldehydes substituted in 4-position by,OH and
TPA results in a higher covalent hydratidmo such unusual ~ CH,NH, groups. Similarly, [all aldehydes] corresponds to the
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SCHEME 2 TABLE 1: Equilibrium Constants of Reactions of Aromatic
cHo cHo HOH oA(I:dehydes with 2-Aminoethanol (RNH,) and Ammonia at 25
s2ee 2 v2es o ——= equilibrium constant (L mot)
compound amine Kq® K2P nc technique
CHO CH,OH CH,OH
oNHR IPAC RNH, 4.1x 1 30 Pof
+NH,R 2 NH3 22x 101 6 Pof
2.8x 107 8
H.0 TPA RNH, 6.2 x 107 11 Speé
NH3 5.0x 107t 6 Pof
HE=NR 45x 1071d 8 PoF
-H,0 red-1PA 1.1x1* 13 Pof
* e o — red-TPA 0.9x 1% 11
: Bz4 09x 1% 13
CH,OH 4-CIBz4 1.2 x 102 11
HE=NR CHO H,0H aK, = [imine]/[dialdehyde] [RNH]. ? [imine]/[monoaldehyde] [RNE].
¢ Polarography? With « = const.® Spectrophotometry, = 288 nm.
r2e e —— + 26+ 2H —— fReduction products of IPA and its iminéReduction products of TPA
! b and its imine ' Benzaldehydé.4-Chlorobenzaldehyde.
CHO CH,NH, CH,NH, He=0 HC=NH
+NH,R
“ FNH, o= © + HO (19)
-H,0 K,
HC=NR HC=0 HC=0
HC=NH CH,NH,

+ 2 + 2H*
B + 26+ 2H —> (20)
CH,NH, iy
HC=0

sum of concentrations of the two benzaldehydes, substituted in He=0
4-position by CHOH and CHNH, groups. HX CH,X
To express the role of the 4-GNH, group at pH 9.5, it is
necessary to consider the role of protonation at a pH close to * N“sK‘_—‘ + H,0 where X =OHor NH, @
its pKa value. ASO'47c;|-12NH2 =-0.11 and04—CH2NH3+ = 0.29, ’
CHO

the average effect of the substituent at pH 9.5 can be expressed HC=NH

as (74—CH2NH2 + 04—CH2NH3+)/2 = 0.08. As the value w—4_CH20H CHX HX

is 0.01, the substituent effects of @H and CHNH, differ

only slightly, and therefore the reduction potentials of both *2em 4 2H — where X = OH or NH, @2)
substituents are not very different. Thus, the limiting current .

i’ depends on the concentration of both imines. Consequently, HC=NH CHNH,

the plot of ' = f (log [RNH]) (Figure 7) does not show any

indication of two equilibria. The value dk = 0.8 x 10° L shifted to somewhat more positive potentials because of the role
mol™ is somewhat smaller thak = 1.4 x 10* L mol™ of the high concentration of Nff and CI ions. This effect of

obtained from the plot ofyf = f (log [RNH2]) (Figure 6) for  the double layer or ion-pair formation is also responsible for
the reaction of 2-aminoethanol with 4-chlorobenzaldehyde. This the shift of the potential of the reduction of the positively
is in agreement with the somewhat larger effect of the 4-Cl charged group €NH* in the reducible form of the imine to
substituent, when compared with that of the 4&Isubstituent.  more positive potentials compared with the situation in the
The linking of electrochemical steps (horizontal) and chemical presence of lower concentrations of 2-aminoethanol buffers. This
reactions (vertical) observed for reactions of TPA with makes it possible from the expressita = i1’/ i1 [NH3] to
2-aminoethanol is summarized in Scheme 2. calculate the value ok; = 0.45. The separation of waves i

As in the reaction with IPA, the reaction of ammonia with  and ' was insufficient to calculate the value K in reaction
TPA could be followed only at a concentration of ammonia 21

higher than about 1.0 M, containing equal concentrations of
ammonium chloride at pH 9.3. In solutions containing high
concentrations of ammonium and chloride ions, the reductionof
TPA takes place in two two-electron waveg:at —0.86 V and As in acid—base equilibria, nucleophilic additions to two
i;at—1.23 V. The waveyl at—0.68 V increases with increasing  identical reaction centers, involving nucleophiles such as water,
concentration of ammonia (Supplemental Information 3). This hydroxide ions, and nitrogen-containing nucleophiles, occur in
wave corresponds to the reduction of the imine (20) formed in consecutive steps rather than in a simultaneous attack. This has
reaction 19. At the highest concentrations of ammonia, this recently been confirmed for the reaction of TPA with hydra%ine
increase is accompanied-al.13 V by an increase of wavg.i and in this contribution for the reactions of both TPA and IPA
This wave corresponds to a reduction (22) of the imine formed with both 2-aminoethanol and ammonia.
from reduction products of TPA in eq 21 and of its imine (20), Under conditions used, the electroreduction also occurs in
formed in reaction 19: two consecutive steps. This applies both for parent dialdehydes
The reduction potentials of individual species are similar to and for their monoimino derivatives. The present study dem-
that found with the imine derived from 2-aminoethanol, but are onstrates the importance of the choice of the most effective

Conclusions
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method, which even among structurally related compounds may effects of other substituents (H, 4-Cl, 4-gbH, 4-CHNH,,

vary. It is shown that for isomeric IPA and TPA the preference 3-CH,OH, and 3-CHNH,) on benzaldehyde on the value of

of the analytical technique used in the determination of the constanK; (Table 1). This indicates a low susceptibility of
components in equilibria may differ, depending on the nucleo- the reactions between these benzaldehydes and amines to effects
phile involved. Thus, for reaction of IPA with 2-aminoethanol, of unconjugated substituents.

measurement of limiting currents in DC polarography offered
a direct possibility to determine simultaneously the dialdehyde ) . . ] . .
and the imine and hence to obtain the equilibrium constant. On Supporting Information Avanable. Reproductions of origr-
the other hand, for the analogous reaction of the same aminenal records of polarographie-E curves and a graph, comparing
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