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MANY examples are available concerning the effects of steric hindrance to
the planarity of organic molecules on their absorption spectra. A common
influence of such steric hindrance is a reduction in the intensity of maximum
absorption, usually but not invariably accompanied by a hypsochromic
shift in the long wavelength absorption. Changes in the absorption spectra
as a result of steric hindrance to planarity can be related to its interference
with the resonance of the molecule either in the ground or excited states.
Steric hindrance in the excited state decreases the resonance stabilization
of that state and increases the transition energy, leading therefore to a
hypsochromic shift in the absorption spectrum. On the other hand, steric
hindrance in the ground state decreases the energy of transition because of
the reduced resonance stabilization of the ground state, and the consequence
is a bathochromic shift in the absorption spectrum. Brooker et al., while
studying the effects of steric hindrance to planarity of dye molecules, have
discussed two distinct types of behaviour. In the great majority of cases
the compounds studied are characterized by a single low energy resonance
structure. As a rule the crowding substituent does not affect this single
dominant structure, which is usually benzenoid contributing principally
to the ground state, but affects other higher energy structures, which contribute mostly to the excited states of the molecule, resulting in a hypsochromic
shift of the spectrum. But in cases where the molecule can be represented
by two identical structures of low energy, the effect of steric hindrance will
be to decrease the contribution of these identical structures to the ground
state of the molecule, thereby leading to a bathochromic shift. 1
The effect of steric hindrance to the planarity of an aromatic ring system
may be of varied character. In the simplest o-disubstituted benzene derivatives, the benzene nucleus, due to its high energy of resonance stabilization,
will remain planar and the substituent groups will twist about the connecting
bond to attain a state of least strain within the molecule. This destruction
of the planarity of the whole molecule because of steric strain between the
ortho substituents has been mentioned by Remick as one of the factors that
contribute to the ortho effect in o-disubstituted aromatic ring systems. 2
O'Shaughnessy and Rodebush have determined the absorption spectra
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of acetophenone and a few methyl substituted acetophenones and conclude
that, when two methyl groups are in the o: o'-positions, coplanarity of the
molecule is not possible because of steric hindrance between the adjacent
methyl groups, leading to a striking decrease in absorption, at least at longer
wavelengths, a
Remington4 has studied the effects of steric hindrance on the absorption
spectrum of dimethylaniline. He has suggested that any substituent group
in the 2- or 6-position of dimethylaniline tends to oppose the coplanar configuration of the resonance structure (I), which he assumes to contribute

.\_/-

(I)
most to the excited state of the molecule. This nonplanarity increases the
energy of the excited state more than that of the ground state, leading to
absorption at higher frequencies. Further, the probability of the molecule
to assume a strained planar form decreases, leading to a decrease in the
absorption intensity. Working on similar dimethylaniline derivatives, Platt
and Klevens have suggested that the loss of planarity by a " c r o w d i n g "
substituent causes the C ----N linkage to twist and that the changes in the
spectrum are quantitatively related to the angle of twist. 6
The effect of steric factors on the absorption spectra of diphenyl derivatives has been thoroughly investigated. 3 ~-12 The effect of substitution at
the o : o'-positions in diphenyl is to twist the molecule around the C - - C bond
connecting the two benzene rings, in contrast to the twisting around the bond
connecting the substituent group to the benzene ring in the case of the odisubstituted benzene derivatives. The absorption of diphenyl is attributed
to contributions made by structures such as (II), principally to the excited
state of the molecule. Since this involves a double bond character for the
C - - C bond connecting the two phenyl residues, a planar configuration is
necessary for the resonance to be effective. It follows from quantum mechanical considerations that the maximum amount of interaction is possible
when the rr orbitals are exactly parallel to each other and perpendicular to
Me

(ii)

Me

Me

Me

(HI)

the plane of the ring. If the overlap of the van der Waals radii of the o : o'substituents is large, the molecule is twisted out of planarity with a resultant
decrease in the contribution made by structures such as (II); the absorption
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will then correspond roughly to that of two molecules of the corresponding
benzene derivatives. Thus when the two benzene rings are forced into different planes as in dimesityl (III), the absorption corresponds to that of mesitylene (E× 2) and not to that of a diphenyl derivative.
In the disazo dyes derived from benzidine increased insulation at the
1: l'-(diphenyl) bond appears when non-coplanarity is induced by substitution of methyl groups in the 2: 2'- and 2: 2 ' : 6 : 6'-positiorts. x3 The
non-linearity of the 2 : 2'-dihydroxybenzalazine molecule results in a splitting
of the main absorption band of the 4: 4'-isomer into two bands, one of shorter
and the other of longer wavelength. 14
Friedel et aL have discussed the effects of steric hindrance on the
spectra of the three dinaphthyls, on 1- and 2-phenylnaphthalene, and on
diphenyl derivatives. They detected short wavelength peaks in the 205-12 mt~
region for compounds containing two aromatic ring systems conjugated
without steric hindrance; these bands and the longer wavelength bands
appeared to converge towards each other when the coplanarity of the system
was hindered by interfering groups. Because of the effect of steric hindrance
the spectrum of 1: l'-dinaphthyl was very similar to that of naphthalene,
except for the relative absence of fine structure; the spectrum of 2 : 2 '
dinaphthyl dearly indicated conjugation and freedom from steric hindrance;
1 : 2'-dinaphthyl gave an intermediate spectrum. Comparing the spectra of
2-methyl-, 2-methoxy- and 2-hydroxydiphenyl, they found that steric
hindrance was in the given decreasing order, as indicated by the hypsochromic shift in the 284 mtz band of diphenyl; however, the difference between
the curves for 2-methoxy- and 2-hydroxydiphenyl was small, and the intensity
of absorption in the 250-310 mtz region was less in the case of the phenol. 1~
Anthracene, 9-phenylanthracene and 9: 10-diphenylanthracene have
very similar spectra, I~ although the latter two compounds have one and two
phenyl rings attached to the meso positions of the anthracene nucleus. The
reason for this similarity is that the phenyl groups in the meso positions
are not coplanar with the anthracene ring system because of steric hindrance;
resonance as in diphenyl across the C - - C bond connecting the anthracene
and phenyl rings is therefore inhibited.
Smakula and Wassermann compared the absorption spectra of cis- and
trans-stilbenes and observed that the cis isomer absorbs at a higher frequency
and lower intensity than the trans. 17 The trans isomer has been proved to
be planar, 18 while coplanarity is prevented in cis-stilbene by the interference
of the ortho hydrogen atoms. Here again, as in the example of diphenyl,
the effect of substituting a crowding group in the ortho positions of the two
A4
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phenyl residues is to twist the molecule around the bonds connecting the
CH = CH group to the phenyl residues. As a result, the optically important
resonance is weakened, decreasing light absorption. 19 A similar decrease
in the absorption intensity and a slight decrease in the wavelength of maximum absorption have been found in cis-azobenzenes in comparison with
the trans isomers.2° While considering the stereochemistry of the carotenoids
Zechmeister has drawn attention to the differences in the absorption of
cis and trans isomers. " T h e
hydrogen atoms of the = CH-- groups
adjacent to a double bond overlap somewhat in the cis configuration and
the consequent interatomic repulsion tends to push the cis isomers out of
ptanarity. This interference in conjugation shifts the spectral bands to
shorter wavelengths. ''~1
Brunings and Corwin have cited an example of steric hindrance to
planarity in a dye molecule resulting in a shift of the longest absorption
maximum to longer wavelength. The ion (IV) has ;~ max at 470 m/z and (V)
at 510 m~; (IV) can be coplanar with a slight bending of the NH bonds,
but the methyl groups in (V) preclude coplanarity of the two pyrrole rings.
The effect of the crowding substituents is to twist the molecule around the
bonds connecting the - - C H = group to the two pyrrole residues. This
departure from planarity raises the potential energy of (V) in the ground
state so that the difference in the energies of the ground and excited
Me

O/V\

Me

Me

Me

t+) IIA / %I / \I+
Me

Me

(iv)
(v)
states becomes smaller and absorption occurs at longer wavelength, z~
Brooker et al. 1 have given a number of examples in which the crowding of
the two nuclei of a cyanine out of a common plane leads to absorption at
longer wavelength. These compounds belong to the class of molecules
which have two identical low energy structures, the effect of steric hindrance
to planarity being to increase the wavelength of maximum absorption.
In all the cases so far reported, the effect of introducing two substituent
groups in such positions as to make them sterically hinder each other is to
twist the substituent group around the bond connecting the group to the
parent nucIeus, or to twist two parts of the molecule around a bridging linkage.
In the present work the effect of introducing two crowding substituents in
vicinal positions in a polynuclear aromatic ring system, which has an overriding tendency to remain planar, has been studied.
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Fig. 1 shows the absorption spectra of dibenzanthrone (Violanthrone;
VI) and three of its derivatives (16: 17-dihydroxy-, 16: 17- and 3: 12-di-
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~o. 1. Absorption spectra of (1) dibenz~mthrone; (2) 16: 17-dihydroxy-dibenzamhrone;
(3) 16:17 dim©thoxydibenzant~one; and (4) 3: 12-dimethoxydlben~nthrone in o-chlorophenoL
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methoxydibenzanthrone; VII, VIII and IX) in o-chlorophenol; and Table I
gives the wavelengths and intensities of the absorption maxima.
TABLE I

The Wavelengthsand Intensities of Absorption Maxima of Dibenzanthrone
and other Compounds
Compound

A max
in m~

e max

k max
in m/*

• max

Dibenzanthrone

642
594

63,810
44,810

365
355

15,540
15,540

16 : 17-Dihydroxydibenzanthrone

647

47,600

395

16,000

16 : 17-Dimethoxydibenzanthrone ..

685

37,000

400

15,380

3 : 12-Dimethoxydibenzanthrone

650

23,160

472
462

28,800
28,800

B enzanthrone*

394

10,000

306
285
276

8,510
7,940
8,130

254
220

20,890
34,670

9-Methoxybenzanthrone

420
364
361
365.5

7,760
3,310
3,390
3,310

315

9,330

260
231

25,120
34,670

3 : 3"-Dibonzanthronyl

415

54,950

307
288
276

38,020
42,660
40,740

253
230
213

83,180
162,200
177,800

411

69,500

323
313
284

46,770
54,480
37,840

255
228
214

126,500
195,000
214,900

i : 4'-Dibenzanthronyl

* R e a d from Ref.
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The spectrum of 16: 17-dihydroxydibenzanthrone shows a slight decrease
in the intensity and a very insignificant increase in the wavelength of maximum
absorption, whereas the 16: 17-dimethoxy compound exhibits a considerable
decrease in intensity and a large bathochromic shift in comparison with the
spectrum of dibenzanthrone. The bathochromic shift of the spectrum as
we pass from dibenzanthrone to 16: 17-dimethoxydibenzanthrone may be
due to two reasons. The first obvious reason is the introduction of the two
auxochromic methoxyl groups; but the methoxyl groups can exercise their
normal auxochromic effect only if they can enter into electronic interaction
with the dibenzanthrone ring system, which in turn is contingent on the
coplanarity of the meth0xyl groups and the dibenzanthrone system. Since
there is no pronounced shift of the spectrum on the introduction of two
hydroxyl groups in the same 16: 17-positions, the shift in the spectrum of
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the 16: 17-dimethoxy compound may be mainly due to the effect of steric
hindrance of the vicinal methoxyl groups.
We have no data on the planarity of dibenzanthrone and its derivatives.
However, the larger the number of benzene rings in a polynuclear aromatic
ring system, the larger is the resonance stabilization energy of the molecule
and one effect of this increased resonance will be an increased tendency for
the ring system to retain coplanarity. It is therefore reasonable to assume
that the dibenzanthrone molecule is planar. Disubstitution at the 16: 17positions of dibenzanthrone will lead to steric interference between the two
substituent groups. A scale drawing of the 16: 17-dimethoxydibenzanthrone molecule is given in Fig. 2, and the overlap of the van der Waals radii
of the vicinat methoxyl groups is clear. If the molecule is constructed with

Fro. 2. Scale drawing of the 16:17 dimethoxydibenzanthrone molecule.

Fisher-Hirschfelder-Taylor models, the interference is obvious, but as Jones
has pointed out, 23 very great care has to be taken in making deductions
from these models in border line cases.
One effect of steric hindrance between the two substituent methoxyl
groups in the 16 : 17-positions of dibenzanthrone can be to twist the methoxyl
groups out of the plane of the aromatic ring system around the bonds connecting the subst;.'ueht groups to the ring system. If this happened, the
absorption spectrum of the dimethoxy compound must be similar to that
of dibenzanthrone, because of the absence of resonance interaction between
the ring system and the substituent groups. However, this is not true since
the spectrum of the dimethoxy derivative is markedly different from that of
the parent dibenzanthrone. A second possibility, that the methoxyl groups
tend to twist the whole molecule out of planarity, is highly improbable as
the high energy of resonance stabilization of the dibenzanthrone molecule
will not allow such distortion. The most probable explanation seems to be
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that, on account of the high energy of resonance stabilization, the polynuclear ring system of dibenzanthrone undergoes a slight adjustment of the
bond angles and remains coplanar with the two methoxyl groups. Extra
energy is needed to force the methoxyl groups into the same plane as the
ring system in this manner. Westheimer and Mayer 1~ have made theoretical
calculations regarding the rate of racemization of sterically hindered (optically
active) diphenyl derivatives. They assume, as suggested by Hill, that the
energy of a strained molecule is distributed among many bonds and by no
means concentrated in the energy of repulsion of the groups. 1~ On this
basis they calculate the activation energy of racemization which is the excess
energy of the sterically hindered planar configuration over the nonhindered
planar configuration. This excess energy, they show, depends upon the
angle between the hindered substituent and the phenyl ring. However they
find that the true activation energy can be found by substracting the resonance
energy from the calculated energy of activation. Since it is assumed that
the 16: 17-dimethoxydibenzanthrone molecule remains planar by adjustments in bond lengths and angles, the true activated complex state may be
identified with the ground state, the ground state thus being raised from its
normal level. The small decrease in the intensity, as well as a small increase
in the wavelength of maximum absorption in the spectrum of I6: 17-dihydroxydibenzanthrone, as compared to the greater reduction in absorption
intensity and a large bathochromic shift of the longest wavelength band of
dimethoxydibenzanthrone, clearly indicates the more pronounced effects
of steric hindrance in the dimethoxy compound in comparison with the
dihydroxy analogue.
Among the spectra of the alkyl derivatives of various polycyclic aromatic
hydrocarbons reported so far, it is only the data for the methylchrysenes
that provide a similar example. Brode and Paterson 24 have shown that
among the methylchrysenes the greatest bathochromic shift is found in the
4- and 5-methylchrysenes, although by analogy with l:2-benzanthracene
the greatest bathochromic shift was predicted for 5- and 6-methylchrysenes, ~5
and they suggest that this shift is due to steric hindrance between the methyl
groups and the hydrogen atoms in the 4- and 5-positions and consequent
distortion of the planar nature of the molecule. Such hindrance will be
grately enhanced in 4: 5-dimethylchrysene (X), the absorption spectrum
of which shows changes of greater magnitude. ~s From a scale drawing
of the 4: 5-dimethylchrysene molecule, Newman has suggested three alternatives for the location of the methyl groups in such aromatic ring systems •
(I) the methyl groups are coplanar with the ring system, but bent away
from one another; (2) the aromatic rings are distorted; or (3) the ring
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system and the methyl groups are not in the same plane. Newman considers
the last as the most prabable explanation. ~ However, in the light of the
present treatment of the absorption spectrum of dimethoxydibenzanthrone,
it is suggested that the dimethylchrysene molecule as a whole, by adjustments in the bond lengths and angles, is coplanar, and since the energy required
for achieving coplanarity decreases the energy of resonance stabilization,
the potential energy of the molecule is increased resulting in a greater bathochromic shift in 4: 5-dimethylchrysene in comparison with the isomeric
dimethylchrysenes which were examined by Jones. 25
The spectrum of 3: 12-dimethoxydibenzanthrone (IX) shows a small
bathochromic shift and a considerable decrease in the intensity of maximum
absorption in comparison with dibenzanthrone. In the case of 16: 17dihydroxy- and dimethoxydibenzanthrone, the decrease in the intensity of
maximum absorption has been associated with the steric hindrance between
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the vicinal substituent groups; but no such hindrance occurs in the 3: 12dimethoxy compound, and the decrease in the intensity of absorption must
be due to the specific effect of substitution in the 3- and 12-positions. Fig. 3
shows the absorption spectra of benzanthrone and 9-methoxybenzanthrone
(XI). Here again the methoxy substituent effects a bathochromic shift of
the benzanthrone spectrum, simultaneously with a considerable decrease
in the intensity of maximum absorption.
In connection with the present study of dibenzanthrone and its derivatives the spectra of the 3:3'-and 4: 4'-dibenzanthronyls (XII and XIII)
were determined (Fig. 4). There is a remarkable degree of resemblance
between the spectra of the 3 : 3'- and 4: 4'-derivatives; comparing them with
benzanthrone there is no change at all in the nature of the curve and the
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bathochromic shift with respect to benzanthrone is of the order which an
alkyl substituent may effect. A comparison of the intensities of the absorp-
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tion maxima indicate that the values of benzanthrone have been approximately doubled. The complete similarity between the spectra of benzanthrone and the two dibenzanthronyls indicates that there is no new chromophoric system formed and that there are no possibilities of extended
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conjugation across the C - - C bond connecting the two benzanthronyl residues
because of the effect of steric hindrance of the hydrogen atoms in the 4: 4'
or 3:3'-positions. These two dibenzanthronyls can be considered to be
derivatives of 1: l'-dinaphthyl which is known to exhibit steric hindrance
due to the 8: 8'-hydrogen atoms interfering with each other, z°

4-1

2Jo

25"0

3oo

~5"o

4~"

FIG. 4. Absorption spectra of (1) benzanthrone (EX2); (2) 3:3' dibenzanthronyl; and
(3) 4:4' dibenzanthronyl in ethanol.
EXPERIMENTAL

All the compounds, except benzanthrone for which the spectrum was
taken from Friedel and Orchin, 27 were kindly supplied by Dr. P. N. Pandit
of this laboratory, and were reported by him. 2s Dibenzanthrone and its
derivatives were found to be homogeneous when chromatographed on a
column of cellulose powder in the form of their leuco salts, obtained by
reducing with tetraethylenepentamine and sodium hydrosulphite. 9Methoxybenzanthrone and 3 : 3'- and 4 : 4'-dibenzanthronyls were found to be
homogeneous when their benzene solutions were chromatographed on alumina.
o-Chlorophenol (I.C.I.) was distilled and the fraction boiling between
175-76 ° was redistilied twice before use. This was found to be transparent
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in the ultraviolet region beyond 330m/z. Absolute ethanol (Government
Central Distillery, Nasik Road) (1 1.) was refluxed with silver nitrate (5 g.)
and potassium hydroxide (10 g.) for 24 hours and distilled. The fraction
boiling at 78 ° was collected and was found to be transparent beyond 210 rn/z.
The absorption spectra were all determined on a calibrated Beckmann
Model DUV spectrophotometer. The spectra of dibenzanthrone and its
derivatives were determined in o-chlorophenol, and because of the low
solubility of these compounds, the values for optical density obtained were
all below 0.3 with a 5 cm. cell. Saturated solutions of 3:3'- and 4 : 4 ' dibenzanthronyls were prepared and the spectra determined by taking
density readings with both 1 cm. and 5 cm. cells. The concentrations of
9,methoxybenzanthrone in alcohol were so chosen that density readings
within 0-4 to 0"8 were obtained using a 1 cm. cell.
SUMMARY
The absorption spectra of dibenzanthrone,
16 : 17-dihydroxydibenzanthrone, 16: 17- and 3 : 12-dimethoxydibenzanthrone have been determined in o-chlorophenol. The bathochromic shift of the dibenzanthrone
spectrum on substitution of two methoxyl groups in the 16: 17-positions of
dibenzanthrone is ascribed to the over-riding tendency of the dibenzanthrone
ring system to remain planar and hence force the methoxyl groups also to
be coplanar with the ring system.
The absorption spectra of 3:3'- and 4: 4'-dibenzanthronyls have been
reported and discussed.
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