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Light Absorption of p-~Nitrophenylhydrazone in
Alkaline Dimethylformamide.

(Faculty of Pharmaceutical Sciences, Hokkaido University*?)

Bathochromic and hyperchromic absorption of p-nitrophenylhydrazones in alkaline di-
methylformamide (DMF), that was shown in the colorimetric procedures for some steroids,
was studied using several model compounds in various solvents. The color was ascribed
mainly to the formation of quinoidal anion (I). The solvent effects of DMF as a dipolar
aprotic solvent was discussed from the point of view of the cationic solvation and the increase
in activities of hydroxide anion added as well as carbanion (I) formed was regarded as_res-
ponsible for the hyperchromic absorption. The bathochromic effect of DMF was explained
to be shown as a probable result of shielding the -anion (I) from the cationic field by the
solute-solvent interaction.

(Received September 28, 1966)

In the previous papers™® of this series, the present authors reported the novel
methods for the colorimetry of some steroidal compounds, basing on the principle® that
p-nitrophenylhydrazones in alkaline dimethylformamide (DMF) can afford the intensive
colors having maximum absorptions in the region between 500 and 600 mp. Another
advantage of these methods is the favorable indifference of the hydrazine reagent
employed, which in an alkaline DMF solution undergoes the base-catalyzed and oxidative
decomposition to nitrobenzene and molecular nitrogen” so that the reagent blank becomes
almost negligible. The reagent, p-nitrophenylhydrazine, gave p-nitrophenol when the
solvent system was changed to methanol from DMF.” Although Isherwood, ef @l.®
presented the possible structure of cyclohexadienide complex (II), the quinoidal form (I)
would more reasonably be accepted as responsible for the bathochromic color of 2,4-
dinitrophenylhydrazone in an alkaline solution.” Some of p-nitrophenylhydrazones
have been reported as the pH indicator for strongly alkaline regions.!»» The present
paper deals with bathochromic absorption of p-nitrophenylhydrazone caused by alkali
and the role of DMF playing on the above-mentioned colorimetric procedures.

Structure of Anion Responsible for Bathochromic Absorption

The cenversion of p-nitroaniline to p-nitrophenol has well been known to proceed
quite easily in the presence of alkali, contrary to the m-isomer.'® When the methanolic
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solution of p-nitrophenylhydrazine was made alkaline at room temperature, p-nitrophenol
" was obtained in the yield of about twenty per cent.” Parker' and other group' have
recently studied on the behaviors of anions in the dipolar aprotic solvents such as
DMF under the consideration of interactions between them. The rates of the nucleo-
philic reactions are generally higher in these solvents than in the protic ones.”® The
cyclohexadienide complex anions (I, I, ¥ and V) have been proposed®'*™" and some
salts of such anions, for instance (I, VI, and Wl), have been isolated when the nitro-
benzene derivatives were treated with alkali.®*2® The quinoidal structure (I), however,
has generally been considered as responsible for the bathochromic color of p-nitro-
phenylhydrazones in an alkaline solution.” Thus, it should not be of little worth to
examine whether the possible contribution of the structure (I) might be acceptable or
not.

When different amounts of alkali were added to the DMF solution of cholest-4-en-3-
one p-nitrophenylhydrazone, an isosbestic point was observed on the absorption curves
similarly to the case of benzophenone as shown in Fig. 1 and 2; these color reactions
thus seemed to be in a category of acid-base reaction.  In a previous study,® more
bathochromic shifts were observed on the p-nitrophenylhydrazones of «,fB-unsaturated
ketosteroids than those of the corresponding saturated ones; that increased further with
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increase of conjugation in steroids as have also been observed on some 2,4-dinitro-
phenylhydrazones.”?>?» The quinoidal structure (I) formed by the elimination of imino-
hydrogen has ever been postulated'®?® from the fact that no N-methylated nitrophenyl-
hydrazone gave color with alkali. The model reactions were, therefore, reinvestigated
on several hydrazones and nitroanilines, as well as their behaviors in DMF as a
dipolar aprotic solvent and ethanol as a protic one. As summarized in Table I, none
of these N-methyl derivatives was capable of giving such bathochromic absorption and
the presence of intact imino-hydrogen was thus evidently indicated to be essential.
The same table indicates that p-nitrophenol showed red-shift only under the presence
of alkali in ethanol, in contrast to that in DMF which can act as a base. On the
other hand, p-nitroanisol lacking in the dissociable proton was incapable of giving color
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even in alkaline DMF, with the same result also on acetone m-nitrophenylhydrazone to
form the quinoidal structure. It might thus be concluded that the dissociation of this
hydrogen from p-nitrophenylhydrazone is mainly responsible for the bathochromic color
caused by alkali forming the quinoidal structure (I) and that the nitrobenzene derivatives
which are insufficiently activated with hydroxide ion are, in contrast to some polynitro
compounds such as 1,3,5-trinitrobenzene and methyl picrate,’” incapable of forming the
cyclohexadienide complex (II). Recently, Crampton, et al.?» reported also the elimination
of imino-hydrogen by alkali such as sodium hydroxide and methoxide in dimethyl
sulfoxide (DMSO), from the basis of nuclear magnetic resonance (NMR) studies on poly-
nitro aniline derivatives. =

0.20 ml.

0.0 ml.

0.2r

00500 50 s TR0 T 500600 me
Fig. 1. Effect of Alkali Concentration €)H)] Fig. 2. Effect of Alkali Concentration (2)

Cholest-4-en-3-one p-nitrophenylhydrazone
in DMF - '

The respective volume of 10% tetraethyl
ammoniumhydroxide solution was added to
each 5ml, of DMF solution containing 20 ug.
of cholest-4-en-3-one p-nitrophenylhydrazone.

Benzophenone p-nitrophenylhydrazone in
‘methylcellosolve

The respective volume of 25N NaOH was
added to each 5.0ml. of methylcellosolve
solution containing 29.3ug. of benzophenone
p-nitrophenylhydrazone.

It was of interest that contrary to the situation in alkaline alcoholic solution o-nitro
derivatives of phenylhydrazones and aniline in DMF showed light absorption at longer
wave lengths than those of the corresponding p-isomers (Table I); that is likely to be
due to the ease of hydrogen bonding between o-nitro and amino groups.

Solvent Effects of DMF

The searches for the solvents having bathochromic and/or hyperchromic effects
have long been carried out in the studies on colorimetry and the effects of dipolar
aprotic solvents on the light absorptions of hydrazones as well as nitrobenzene derivatives
have been observed.'®? Dipolar aprotic solvents such as DMF, DMSO, and dimethyl-
acetamide clearly showed larger bathochromic and hyperchromic effects on cholest-4-en—
3-one p-nitrophenylhydrazone than the ordinary solvents, as summarized in Table IT.
1. Activity of Anion related to Hyperchromic Effect :

In the presence of alkali, the spectrum of benzophenone p-nitrophenylhydrazone
varied with different amounts of alkali in the same solvent keeping the initial maximum,
and with difference in the solvents employed, as are shown in Fig. 2 and 3, respectively.
It might thus be considered in the case of some solvents that there still exists non-
ionized hydrazone under the presence of highly excess alkali so that the additional
peaks due to the contribution of the anion (I) formed are superimposed to give the
resultant absorption curves. In other words, sufficient activities of alkali which was
even of hundreds times in molar concentration than that of the hydrazone, might not
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Tasie I. Maximum Absorptions of Nitroaniline Derivatives and Nitrophenylhydrazones
in Ethanol and Dimethylformamide

EtOH DMF
Amax _3 Amag ~s 42 Amax -3 Amez -3 42
(mpy 07 Gpy 2107 Gy Gy 1O @) 0 ()
p-Nitroaniline 374 17.1 378 17.1 4 384 19.7 467 18.7 83
N-Methyl-p-nitroaniline 385 21.4° 390 20.3 5 395 21.8 485 25.5 90
N-Dimethyl-p-nitroaniline 389 20.4 395 20.7 6 402 22.1 405 23,2 3
o-Nitroaniline 406 5.7 408 6.1 2 413 6.1 505 6.9 92
N-Dimethyl o-nitroaniline 418 2.6 423 3.1 5 428 3.1 432 3.1 5
p-Nitrophenol 320 11.4 403 23.8 83 433 22.4 427 312 —6
316

p-Nitroanisole 306 8.7 308 8.7 2 313 316 3
p-Nitrophenylhydrazone

Cyclohexanone 395 24.7 488 26.4 83 407 24.5 520 36.4 113

Acetone 392 22.1 488 22.9 8 403 23.4 520 34.8 117

Benzaldehyde 403 35.8 535 38.0 132 414 34,7 557 55.8 133

392 24.3
Benzophenone 402 32.6 540 18,1 138 415 35,5 570 49.2 155
408 20.0
" a-Methyl-a-p-nitrophenylhydrazone

Benzaldehyde 400 31.7 403 34.9 3 414 31.6 415 3l.4 1

Benzophenone 420 25.5 423 26.8 3 430 25.6 430 27.6 ¢
a~Methyl-a-2,4-dinitrophenylhydrazone

Cyclohexanone 380 17.5 382 20.8 2 395 17.2 420 15.0% 25

Acetone 380 17.6 382 28.0 2 394 17.1 393 1129 1
o-Nitrophenylhydrazone

Cyclchexanone ‘ : 443 7.1 420 8.1 —23 452 7.1 565 7.7% 113

Acetone ‘ 440 6.8 420 5.6 —20 450 5.7 560 6.9 110
m~Nitrophenylhydrazone

Acetone e — — —_— — —_— — — — _

a) unstable
Alkaline solutions were made by adding 0.2ml. of 2.56N NaOH.

Tasre . Solvent Effect of Cholest-4-en-3-one p-Nitrophenylhydrazone

Neutral Alkalined
N N
Amax (M) Index® Amax (M) Index®

Carbontetrachloride 387 76
Benzene 397 70
Chlorobenzene 403 68
Chloroform 405 69
Methylcellosolve 415 79 530 . 62
Ethanol 418 76 510 73
Acetone 410 79 535 92
Pyridine 424 70 )
Dimethylformamide 425 75 540 100
Dimethylacetamide 425 76 540 100
Dimethylsulfoxide 430 76 540 ‘ 101

a) The relative extinction value at maximum was represented as DMF-Alkaline
index, when the observed value with an equimolar amount of cholest-4-en-3-
one p-nitrophenylhydrazone in alkaline DMF was taken as 100.

b) Alkaline solutions were made by adding 0.2ml. of 256N NaOH.
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be available in these solvents to release the
conjugate base (I) entirely., Table Il sum- -
marizes the differences within each pair of
wave lengths at the maximum absorptions in
neutral as well as alkaline solutions, measured
on several p-nitrophenylhydrazones and other
related compounds using different kinds of
solvent. The rates of formation in these
solvents containing a definite amount of alkali
were calculated on the conjugate bases released
from these nitro compounds, as summarized

in Table V. As has been reported by Murto,?® 700 500 600 my

it may, therefore, be concluded from these Fig. 3. Effects of Different Solvents

results that the activity of alkali added was Benzophenone p-nitrophenylhydrazone

fairly higher in the dipolar aprotic solvents, ,‘ §291‘°\’,ffo§m;) ‘ﬁzlt‘h‘i,‘ilc‘;ﬁﬁ;\{via(;Fb%gﬁl')
particularly in DMF, contrary to the protic 4. MesCO 5. DMF

solvents such as methanol.

Kornblum, ef al.*® found that the O-alkylation proceeded to a larger extent than
that at carbon atom when the reaction of S-naphtholate with alkyl chloride was carried
out in the dipolar aprotic solvents such as DMF and DMSO, and this was ascribed to
the larger solvation fo the cation by them as the cationic solvent, the extent of which
was dependent on the species of this ion. As is shown in Fig. 4 and as might be
expected, the absorption curves in DMF were varied with the difference in cations,
that were measured with different alkalis on N-methyl-p-nitroaniline as a suitable model

Tasie [I. Maximum Absorptions of Some p-Nitrophenylhydrazones
and Related Compounds in Different Solvents

DMF Acetone MC® Ethanol = Methanol  Water

— — — —— —— Feaumatnun
Amax Amax Amax Amax Amax Amax
4 A2 42
. mp) A mp) gy A ey A @) A ()
p-Nitrophenylhydrazone
Acetone N 403 390 396 393 392 405
B 520 M7 519 120 5p3 107 499 97 " — g3 38
Cyclohexanone N 408 395 398 395 395 . 402
B 520 113 515 120 59 112 9y 95 T — 430 28
Benzaldehyde N 414 400 408 402 402
B 560 147 550 150 543 185 535 188 0 — — —
Benzophenone N 415 404 405 402 402
B 570 19° 563 159 50 195 540 188 2 — — —
Cholestan-3-one N 407 396 400 396 396
| B 520 M3 516 M9 54 104 g 102 T — — —
" Cholest-4-en~3-one N 425 414 420 414 413
B 545 120 549 126 535 115 55 10 70 — — —
p-Nitrophenol N 316 415 316 314 314 320
B 427 M1 T — o3 87 o1 87 304 80 4o 82
p-Nitroaniline N 384 o, 368 _ 386 _ 374 _ 34 _
B 469 — - _ —_—
N-Methyl p-nitroaniline ~ N 395 o, 395 390 _ 385 38
B 485 - — = — =
a) Methylcellosolve
N: Neutral B : Basic solution containing 0.2ml. of 2.5V NaOH,

26) J. Murto: Acta Chem. Scand., 18, 1043 (1964).
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Tase V. Per Cent Ionization of Some p-Nitrophenylhydrazones
and Related Compounds in Alkaline Solvents

DMF Acetone MC® Ethanol ~ Methanol

p-Nitrophenylhydrazone

Benzaldehyde 100 90 79 81 16

Cyclohexanone 100 82 60 69 23

Acetone 100 79 50 : 68 10

Benzophenone 100 70 45 45 4.4

Cholestan-3-one 100 81 61 67 19

Cholest-4-en—3-one 100 83 64 70 12
p-Nitrophenol © 0100 — 100 100 100
p-Nitroaniline ‘ - 80 0 0 0 0
N-Methyl-p-nitroaniline 89 0 0o 0 0

a) Methylcellosolve
" All solutions were made alkaline by adding 0.2 ml. of 25N NaOH.
Per cent was calculated as follows :

9= Brontrel—Balxaline 109
Eneutral
Salkatine ¢ Molar extinction coefficient in alkaline solution observed at Aneuiral,

«compound instead of too much chromogenic p-nitrophenylhydrazone. Thus the activity
«of hydroxyl anion in DMF may reasonably be considered to decrease in the following
-order of decreasing cationic solvation : (Et),N*>K*>Na*>Li*, that agreed closely with
the results already reported.'®%?" In the ethanolic solution of benzophenone p-nitro-
phenylhydrazone, on the contrary, nothing was observed on such differences, probably
indicating the far less cationic solvation and consequently the far smaller activity in
hydroxide anion.

Most anions are much more weakly solvated in aprotic dipolar solvent; the reverse
is true of polarizable, charged transition state.?® The activity of the carbanion is
increased by coordination of the solvent with the cation.?® ‘In addition to the activity
of hydroxide anion described above, it may, therefore, be reasonable to consider that
p-nitrophenylhydrazone would become more acidic in dipolar aprotic solvents than in
protic ones, as has been discussed on the ionization in various solvents.?%%%%) The
activity of the ambifunctional anion®® of p-nitrophenylhydrazone (I) might thus be
increased in DMF also giving the resultant hyperchromic absorption.

2. Bathochromic Effect :

A pronounced red shift (100 mp) of the absorption maxima for the charge-transfer—
transition (X) occurred in the change from a protic to a dipolar aprotic solvent.'®
‘The marked blue shift of aryl oxide ion absorption in going from aprotic to hydroxylic
solvents® was ascribed by Parker and Brody®® to a general hydrogen bonded stabili-

O_/

X M: Group VI atom
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zation®*® of the ground state by the protic solvent. It was reported that the cation
interacts more strongly with the ground than with the excited state.’®*" The spectral
shift was considered to be produced primarily by the perturbation of the molecular
energy levels of the anion due to the cationic field which is reduced in the magnitude
by the solvation of cation with polar aprotic solvents; the direct anion solvation®® was
thus regarded as secondary.?» Gompper®® reported, on the contrary, that the aniondipole
interaction due to mutual polarization leads to a sh.i_eldmg of the atoms with the
highest electron density against attack by ca-
tions and the reactivity of the whole resonance
system of the shielded anions in dipolar aprotic
solvents .thus approaches to that of the free
compound. The solvent-separated carbanion
pair® was also proposed as one of the possible
state.

Cholest-4-en-3-one  p-nitrophenylhydrazone
showed bathochromic absorption in polar aprotic
solvents as summarized in Table Il. As is shown
in Fig. 4 and was found similarly on the various
p-nitrophenolates®”, the wave-length of maxi-
mum absorption did not alter with the differ-
ence of cations in DMF. The bathochromic effect

100 500 T
Fig. 4. Effects of Different Alkalis

of DMF might thus be due highly to the sol- Dy it doen oo ooty /10"
vation of the cation and/or quinoidal anion (I) 1. None 2. LiOH (f=1.14)

. . . 3. NaOH (£=1.06) 4, KOH (f=1.17)
so that the shielding of the latter ion from the 5. TEAH (f=0.64)

cationic field might subsequently be occurred.
More detailed experiments should be required for further discussion.

Experimental

Materials and Apparatus——All samples of hydrazones and aniline derivatives were prepared by~
the authors following the known methods or commercially available. Solvents were used with further-
purification.

Absorption spectra were measured using a Hitachi Model EPS 2U recording spectrophotometer.

Measurement Procedures in Tables I~IV——An aliquot of 0.5 ml. containing a known quantity between.
20~30 pg. of sample in EtOH were pipetted into a glass-stopperd 15i. d. x 200 mm. tubes and evaporated under-
reduced pressure. For measuring absorption spectra, the dried residues were dissolved in 10 ml. of various.
solvents.  Spectra of alkaline solutions which were prepared by adding 0.2 ml. of 2.5N NaOH to the above-
solutions were also taken. Molecular extinction and per cent of ionization were calculated as an average of”
several determinations that showed generally good agreement with each other at-the wave-length of maximum:.
absorption for each sample.
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