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Abstract

Ultraviolet and visible spectra zze reported for 28 N-benzylidine-
anilines with their molar absorptivities given in absoluze ethanol, and
in isobctane when feasible, Infrared studies in the 2-15 micron region
are reported for these compounds and also for three newly synthesized
N-d-benzylidineanilines. With the aid of these deuterated benzal-
anilines, infrared assignments are given for the frequencies character-
istic of the center — CH=N-2zomethine group. The ultravioler and
infrared specctra are compared in relation to the reported basicity of
their azomethine groups.

Introduction

The spectral resules presented here are part of an ana-
Iytical study on aromatic azomethines with regard to the

*Present Address: Hughes Rescarch Laboratories, Malibu, California
{Contribution from the Pioneering Research Division of the Quarter-
master Research and Engineering Center, Natick, Massachusetts)

effect of substituents on the resonance interaction of the
—HC—=N—group. Aside from a preliminary report by
Clougherty, Sousa, and Wyman (1), little besides tenta-
tive assignments have been reported on the infrared char-
acteristics of aromatic azomethines {2). Ultraviolet spectra
have been reported previously for some benzalaniline de-
rivatives, notably the work of XKiss and Pauncz (3) on
hydroxy and methoxy derivatives, and data on a few ad-
ditional benzalanilines by others (4, 7). However, some
of the spectra in the literature appear to be actually
those of the hydrolyzed products (6). Both ultraviolet
and infrared spectra are reported here for several families
of substituted benzalanilines in correlation with their
relative basicity as measured by Weinstein and McIninch

(7)-
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Elemental Aualyses - .

Found Caled.
No. Compound M.p.°C* M.P.°C(Lit) C H N C H N
1 - N-benzylidineaniline ji-52 52P
id N-d-benzylidineaniline 51.5-52 86.0 7.63 83.7 7.69
I N-benzylidine- (p-chloze) aniline 61-61.5 §2°
11d N-d-benzylidine- (p-chloro) aniline 61-61.5 —_ 71.7 6.40 721 6.46
I N-benzylidine-p-anisidine 70-70.5 sot
ind N-d-benzylidine-p-anisidine 69.5-70 79.4 874 79.2 6.60
v N-benzylidine- (p-btome) aniline 64.5-63.7 §7°
v N-benzylidine- {p-aminc) aniline 72.0 _— 79.1  6.00 79.6 616
VI N-benzylidine-p-toluidine 33-34 35°¢
VII N-benzylidine- { p-dimechylamine) aniline in4 104°¢
VIII N-benzylidine- (p-nitre} aniline 117-118 117-118%
X N-{p-chloro) benzylidineaniline 64-65 65.5-66°
X N-p-anisylidineaniline 63-63.5 §3°
X1 N-{p-bromo) benzylidineaniline 72.5-73 59.9 376 60,0 3.88
XIf N-p-tolylidineaniline 45-46 46.5-48%
XII1 N-{p-dimethylamino) benzylidineaniline 99-95.5 1go"
XV N-(p-nitre) benzylidineaniline 91.0-91.5 20-93"
XV N-(p-hydroxy) benzylidineaniline 194-195 19¢°
HVT N-{p-acetoamino) benzylidineaniline 139.5-140 75.7  5.81 756 5.92
XNTT N-(p-dimethylamino) benzylidine- (p-chloro) aniline 149.5-150.5 —_— 9.4 5.70 69.6  5.84
KVIIT N-p-anisylidine-p-anisidine 145-144 146-147"
XIX N-({p-chloro) benzylidine- { p-chloro} aniline 110.5-111 e
XX N-{p-nitro) benzylidine- { p-dimethylamino) aniline 220-221 220°
XXI N-p-anisylidine-p-toluidine 91.5-92 92-93"
XXII N-{p-dimethylamino) benzylidine- (p-dimethylamino) aniline 229-230 229-230¢
XXIIT N- {p-dimechylamino) benzylidine- (o-hydroxy) aniline 118-119 119%
XXIV N-p-anisylidine-o-anisidine $9.5-60 _ 747 610 747 627
XXV N-(o-nitro) benzylidineaniline 63-64 68.8 414 69.0  4.46
HEVI N-salicylidineaniline $0-51 51t
XXVII N-benzylidine- (o-hydroxy) aniline 94.95 9¢*
XXVHI  N-salicylidine- (o-hydroxy) aniline 185 185°

*Uncorrected. " L. A, Bigelow and H. Eatnough, “Organic Syntheses,” Coll. Vol. 1, John Wiley and Sons, Inc., New York, N. Y., i541, p. $0.

“A. Hantsch and O. Schwab, Ber., 34, 822 (19201).
Chem. (U.S.SR.), 17, 1774 (1947},
25, 2020 (1392}.
R. B. Forster, J. Chem. Soc., 1168 (1917).

Experimental and Results
Preporation of Benzalanilines

Each benzalaniline was prepared from the correspond-
ing amine and zldehyde by refluxing equimolar amounts
of purified material for 30 min, cooling to precipitaze,
and recrystallizing from absolute ethanol to a constant
melting point and ultraviolet molar absorptivity. Infra-
red analyses were used to check for the presence of the
azomethine group and the absence of the starting ma-
terials. The identity of the product was established by
melting point and/or elemental analysis. These are sum-
marized in Table ¥, which gives the elemental analyses
for those compounds where no melting point was found
in the literature.

The deuterated benzalanilines (compounds Id, IId
and I1Id) were prepared by condensing the appropriate
amine with benzaldehyde-d;, which had been prepared
with LiAID, using the method of Wiberg (8).

Ultraviolet-Visible Region

Absorption measurements were made on a Cary model-
11 spectrophotometer .in 1 ¢m matched silica cells using
absolute ethanol and dry spectral grade isobctane as sol-
vents. Samples of different concentrations were measured
and the molar absorptivities shown in Table II were found
to be reproducible within 0.4%.

The benzalaniline spectra shown in Figures 1, 2, and
3 are arranged as families of curves, depending upon
which aromatic ring is substituted. The spectra in these
figures are arranged in order of decreasing base strength

9B. A. Porai-Keshits, E. M. Poznankaya, U. 5. Shevchenko and L. A. Pavolova, J. Gen.
®G. Smets and A. Delvaux, Bull. soc. chim. Belg., 58, 104 {1947}.
¥E. J. Wayne and J. B. Cohen, J. Chem. Soc., 460 {1925).

T, V. Miller and J. Pléchl, Ber,,
% F. Sachs and Wolewin, Ber., 35, 3569 (1902). ' A. Senier and

I F. Bender, Ber,, 28, 109 (1897). *Moblau, Adam, Ztschr. fir Farbenindusirie, 5, 410 (1906).

with the strongest base at the top. Benzalanilines with
visible absorption bands, mainly hydroxy compounds, are
shown in Figure 4. Their basicities have not been meas-
ured, but they are probably all stronger than compound
XX, which is a comparatively weak base.

Qualitative observations were made on the effect of
acid and base on the spectra of benzalanilines in ethanol.
Hydrolysis was found to occur readily in the presence of
water, and the rate is particularly rapid in the presence
of strong acids (9). In contrast to previous reports (6)
only irreversible spectral changes were found upon addi-
tion of HCl, even as an anhydrous gas. Some reversible
changes were observed using alcoholic potassium hydrox-
ide and glacial acetic acid. For example, N-salicylidine-
aniline (XXVT1) formed the phenoxide type ion (maxima
at 385 and 278 mp) in the presence of ethoxide and then
reverted to its initial form when acetic acid was added.
On the other hand, N-benzylidine-o-anisidine showed
virtually no spectral change when ethanolic potassium
hydroxide was added.

Infrared Region

Absorption measurements were made on a Beckman
model IR-3 infrared spectrophotometer with sodium chlor-
ide optics, and on a Perkin-Elmer model 112 spectrometer
with a calcium fluoride prism. The §,000-2,600 cm™
region was scanned with the PE-112 using carbon tetra-
chloride solutions in 0.1 cm cells, except in cases of low
solubility where tetrachlorethylene was used (compounds
XTX, XX, XXIH, and XXVI). The 2,000-714 cm™ re-
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TarLE Il WAVELENGTH (MILLIMICRONS) AND MOLAR ABSORPTIVITIES OF PROMINENT
ULTRAVIOLET AND VISIBLE ABSORPTION BaNDs

Coiti- M M

pound  Nymax Egnax  Ronax  eamax Asmax  Egttax hpmax  ggieax Asmrax Exmax  AAMEX  EIX  Agmiax  egiax
1 262 17,800 310 8,530 — — — — 262 17,300 310 4,900 — —
1I 22t 14,300 265 17,800 315 10,500 — — {a) — — — — —
I 235 12,400 266 12,600 332 12,400 — — 235 14,400 269 13,400 335 11,700
v 220 14,500 265 18,300 315 10,900 — — 222 14,400 265 18,200 320 9,650
v 247 14,200 355 13,800 - — — — (a) — — — — —
VI 264 15,600 318 10,200 — — — — 262 15,908 320 8,300 — —
VI 255 18,400 375 16,300 — — — — 250 19,460 370 17,600 — —
VIH 328 17,100 — — — — — — 285 17,800 315 15,500 - o
X 270 19,000 310 9,650 - — — — 269 20,700 310 8,750 — —
X 223 17,500 290 18,300 314 7500 — -— 221 19,100 280 20,900 315 13,500
XI 271 20,800 315 10,700 — — — — 271 22,000 320 9,600 — —
XII 220 15,200 268 18,200 310 10,960 — — 267 19,600 310 8,720 — m
XITE 239 12,400 355 32,400 — — — — 234 15,006 340 31,160 — —
XV 240 10,700 290 11,900 340 8,410 — — 230 12,200 238 15,600 344 10,200
Xv 226 17,400 295 18,400 31§ 19,408 417 34,30 (a} — — — — —
XVI 225 16700 305 22,500 - — — — (a) —_ — — — —
XVII 240 13,600 360 36,000 — — — —_ 240 15,806 353 33,5060 — —
XVII 282 18,400 331 19,200 — — -— — 280 19,400 330 15,100 — —
XIX 265 19,600 320 11,800 — — — — 271 21,260 320 11,200 - —
XX 275 17,800 442 17,500 — — — — (a) — — — — —
XXI 222 15,606 285 18,100 320 17,800 — — 221 12,200 280 20,500 320 14,800
KX 239 12,900 325 13,500 378 26,600 — — 233 11,480 319 14,600 370 19,300
XX 242 12,100 346 26,400 — — — — 240 11,900 323 24,900 368 18,300
XXIV 280 17,200 325 9,870 — — — — 276 22,400 330 9,450 — —
XXV 260 14200 325 6,180 — — — — 223 18,000 263 14,600 330 8,600
XXVI 225 19,500 278 12,808 339 11,600 435 §2.9¢ 225 20,600 268 13,400 340 11,200
XXVII 265 12,900 346 8,970 — - — — 273 12,100 355 10,700 — —
AXVIIT 269 10,800 350 12,800 448 1.390 — — {a) - — - — -

{a} Not measured quantitatively due to low solubility,

gion was scanned with the IR-3 using mineral oil mulls
between rocksalt plates separated with a lead spacer.

Figures § and 6 show solution spectra in the 6 micron
region for a more detailed examination of the C=N
stretching frequency. They were recorded with the PE-
112 using carbon tetrachloride as a solvent execpt that
tetrachloroethylene was used for the nitro-compounds and
ethanol was used for the hydroxy compound. These infra-
red curves are arranged in order of increasing base strength
with the strongest base at the bottom of each family of
curves.

Discussion

Ultraviolet and Visible Spectra

All of the spectra are presumed to be of the Frans
form of the benzalanilines. Dipole moment studies (10,
11} indicate that the #rams structure exists at room tem-
perature, and photoisomerization studies (12) add sup-
porting evidence that the sterically hindered cis-benzal-
anilines can be expected to isomerize rapidly to the #rans
form except at low temperatures. If there were no reso-
nance interaction of the aromatic rings through the
C=N linkage, the spectrum of benzalaniline (I) would
be like that of a composite spectrum obtained by adding
together those of N-benzylidinemethylamine (4} and
N,N-dimethylaniline (13). This composite spectrum was
caleulated to have maxima at 292 millimicrons (& ca.
2300} and 248 millimjcrons (e ca. 30,000), and this
probably corresponds roughly to the spectrum of cfs-
benzalaniline in which resonance interaction is limited by
the nonplanarity caused by steric hindrance. In compari-
son, T actually has broad maxima shifted to 310 milli-
microns and 262 millimicrons with & more intense = of
8530 for the former as a result of the resonance inter-
action that is possible in the more planar #frems-configura-
tion,

The spectral effects of para-substicuents on two fami-
lies of benzalanilines are shown in Figures 1 and 2 in re-
Iation to their decreasing base strength from the top
curves down (7). Shifts of the spectral bands and of
basicity are greatest for those derivatives in which reso-
nance interaction is involved. The striking effect in these
complex spectra is that the apparent result of para-substi-
tution on the benzal side is mainly to shift the 262 milli-
micron benzalaniline band, while p-substiution on the
aniline side primarily shifts the band initially at 310 milli-
microns. According to molecular orbital assignments (14},
the spectrum of 1 consists primarily of the combination 2
w1 —>x1¥ band at 310 millimirons and ¢; — T* and
¢z —> m™ bands at 269 and 255 millimicrons. If chis
applies, then the electron donating p-benzal substituents
seemn to increase the wavelength position of the ¢ — =¥
bands while the same p-aniline substituents increase both
the intensity and wavelength of the = — =% band,

In general there is an exhancement of the long wave-
length absorption hand at the expense of the next lower
band in changing solvents from isoSctane to ethanol.
However, the total integrated absorption for both bands
remains approximately constant. The solvent effect, as
well as the intensity and the effect of substituents, indi-
cates that the 310 millimicron band of benzalaniline is
clearly not an n —> =% transition although this has been
suggested (15}. The o-and p-hydroxybenzylidineanilines
have a weak visible absorption band in ethanol, as shown
in Figure 4. The disappearance of this band in iscéctane
shows that it also is probably not an n — 7% transition.
Since the phenoxide form of XXVY in the presence of
KOH has a band at 385 millimicrons rather than the
435 millimicron peak shown in curve D, this band does
not arise from equilibrivm with an ionized form, Kiss
and Pauncz (3} have observed similar visible absorption
bands in cthanol for a number of hydroxy-substituted
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Fig. 1. ULTRAVIOLET SPECTRA OF N-{p-SUBSTITUTED)}-

BENZYLIDINEANILINES, Compounps XIII, XVI, X, XII,
I, IX, XI, axp XIV

absolute ethanol, ----- -- isofcrane, X X X X X qualitative

i isodctane.

benzalanilines and have interpreted them as due to reso-
nance contributions of a guinone-methine structure. Al-
ternatively, since the hydroxybenzalaniline derivatives
have a basic azomethine nitrogen, the visible bands may
be due to an eguilibrium with a small amount of a keto
tautomeric form which has the hydrogen on the nitrogen.
Such a red-colored photochromic form of XXVI has been
reported by Hirshberg (16} to be stable at —80°.

Infrared Spectra

The C=N stretching frequencies for the solid benzal-
anilines (Nujol mulls) fall in the 1616-1631 em™ range,
as indicated by the assignments in Table I, This cor-
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roborates the preliminary report from this laboratory in
which the assignments were checked by hydrogenation of
the C=N (1). Another check on this C==N assignment
is given by the average 13 ¢cm™ decrease found for this
band when deuterium replaces hydrogen in the azomethine
group. Further confirmation has been found by the shift
of this band in the boron trichloride-azomethine complex
of L In KBr the 1627 cm™ band of I is decreased to
1610 em™ for the T *BCly complex.

The benzalaniline absorption bands in the C=N re-
gion are shown for solution spectra in Figures § and 6,
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where the spectra are listed from top to bottom in order
of increasing base strength. These 15 compounds all have
C=N stretching frequencies in the 1624-1633 cm™
range, and they show a striking correlation with basicity.
The C=N band (near 1629 cm™) of the p-benzal de-
rivatives in Figure § decreases in relative intensity with
increasing basicity. However, another band appears in the
1605-1612 cm™ region and increases in relative intensity
with increasing basicity. The p-aniline derivatives in
Figure 6 all maintain a strong band near 1629 e¢m™,
but also show 2 new band at 1605 cm™ with increasing
basicity. The possibility that two bands might arise from
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intermolecular associations due to the increased basicity
of the azomethine group was checked by examining com-
pound X in a range of concentrations (0.01 to 0.23 M)
and in more polar solvents, including ethanol, dioxane, and
tetrachloroethylene containing & per cent acetic acid.
Compound X has strong bands at both 1628 and 1608
cm™® which changed only slightly in position and in the
ratio of their intensities under these various conditions.
Thus, there is no evidence that either of these bands is
due to association. It has been concluded that in Figures
5 and 6 the higher frequency band (1624-1633 cm™) is
the C=N stretch and the 1605-1612 cm™ band is an
aromatic band that is intensified as the basicity of the
nitrogen is increased. This was checked by noting that in
the p-benzal derivatives the C=—N intensity remains about
the same while its ratio to the intensity of the first
aromatic band below 1600 cm™ decreases from 1.2 for I,
to .51 for X, and to 0.23 for XML (A similar resulc
was found for the intensity ratios of the C=0 to the
1602 em™ aromatic band of the corresponding benzalde-
hydes, where the ratioc decreased from 8.6 for benzalde-
hyde to 0.9 for p-methoxybenzaldehyde and down to 0.5
for p-dimethylaminobenzaldehyde.)

There are two bands in the C-—H stretching region
which are directly associated with the central —CH—=N—
group of the benzalanilines. One of these is near 2890 cm™
(in the 2878 to 2907 c¢cm™' range) and the other is near
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2865 cm™ (in the range 2849 to 2868 cm™). Both dis-
appear on deuteration, and a single C—D stretch shows
up at 2151 em™. One of the two bands in the C—H
region may be a combination band or an overtone such
as Pinchas assigned to one of a similar pair of bands in
aromatic aldehydes (17). While the 2890 cm ™ is the more
prominent 6f the two bands in most of the benzalanilines,
there is insufficient evidence to rule out either band as
the C~~H stretching vibration.

Nearly all of the benzalanilines (25 of the 28) have
a band in the 872-888 cm™ region, which is absent in
the three deuterated compounds. This is a reasonable posi-
tion for the C—H out of plane deformation of the
—CH=N— group and is assigned as such in Table IIL
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