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414. Infrared Absorption of Heteroaromatic and Benzenoid Six-membered
Monocyclic Nucles. Part VIII* meta-Disubstituted Benzenes.

By A. R. Katritzky and P. SiMMONs.

Absorption due to the meta-disubstituted benzene ring is recorded and
discussed for 43 compounds.

ForLLowING work on para-disubstituted benzenes,! we now report on 43 meta-disubstituted
compounds (Table 1). The object of the work, the conditions of measurement, the regions
of the spectrum investigated, and the arrangement of the tables are discussed in the preced-
ing paper,! and the notes therein on substituent bands and experimental details also apply
to this work.

Ring Stretching Frequencies at ca. 1600—1400 cm.? (Table 1, cols. 1—4).—The first
band occurs at 1622-—1610 {1616 4 4] cm.™ for compounds containing a strongly electron-
attracting group (Nos. 22—43 t), at 1580—1572 cm.™ when two halogens are present

L D oA

8, (1) A, B,

(Nos. 9, 10), and at 1611—1597 [1603 + 4] cm.™! for the other compounds. A second band
occurs at 1595—1575 [1586 4 5] cm.™! except for the dinitro-compound (No. 43). The
third band is at 1460 cm.? when two halogens are present (Nos. 9, 10); the position is
1495—1471 cm.™? for the other compounds, but tends to lower frequencies as the electron-
attracting ability of the substituents increases:

B o R P PPN 1—8, 11—19 20—35 36—43
RaNge ..ocovviiiiiiiiiiiiiiiiiiiiiiiiiiiennns 1495—1479 1483—1475 1478—1471 cm.™!
Mean and deviation .........ccccoiieiiiaen. 1489 4 5 1480 4+ 3 1475 + 3 cm.!

The intensities of these bands depend on the substituents present (Table 2).

The fourth band in this region occurs at 1467—1447 [1458 4 7] cm.™ for compounds
containing a donor group, a halogen atom, or two weak groups (Nos. 1—8 and 11—27),
and at 1443—1430 {1437 4 6] cm.™? for other compounds (Nos. 28-——43), except that the
dihalides (Nos. 9, 10) absorb at 1413—1410 cm.”l. This band is frequently obscured, and
the intensities are irregular (5—65) [(35 4 20)].

Randle and Whiffen 2 reported these bands at [1611 + 9 (s), 1590 + 7 (s), 1499 4 7
(vs), and 1447 + 15 (m)] cm.™; these positions are in reasonable agreement with our
results except for the third band. Our assignment of the bands to vibrations (I}—(IV),
respectively, although slightly different from the previous one,? appears to explain the
intensity variations better (see below).

Alterations in the charge density of a ring by the mesomeric effect of a substituent are

t Except No. 33 where the low frequency is probably partly due to overlap with a heterocyclic
nuclear band.

1 Katritzky and Simmons, preceding paper.

2 Randle and Whiffen, Paper No. 12, Report on Conference of Molecular Spectroscopy, 1954,
Institute of Petroleum.
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greatest in the ortho- and para-positions. Thus, meta-substituents of the same and opposite
type respectively reinforce and lessen charge disturbance. Vibrations (I) and (II) (Table 1,
cols. 1 and 2) should show intensities proportional to the amount of charge disturbance in
the ring,® and this is so (Table 2) (donor groups appear to disturb the charge symmetry more
than acceptor groups,® and weak groups are weak electron donors). For monosubstituted
compounds the vibration analogous to (III) is intensified by electron-donor substituents,3
and this is also true in the present series (Table 1, col. 3; Table 2). The intensity of
the fourth band (Table 1, col. 4) shows little dependence on the substituent type, as
expected.3

In-plane Hydrogen Deformation Modes (Table 1, cols. 5—8).—A band which occurs at
1297—1262 cm.™? (5--50) [1278 + 12 cm.™? (30 + 15)] for 13 compounds is absent for four
others, and the region is obscured by substituent absorption for the remainder.

A band or shoulder at 1192—1181 cm.™ for nine compounds {for Nos. 1—6 and 12—14,
respectively: 1181 (35) 1192 (35), 1183 (190), 1190 (70), 1180 (285), 1185* (85), 1186 (55),
1190* (25), 1182 (65)} appears to be a subsidiary of the band at 1157 4+ 5 cm.>. The
intensity of the band at 1166—1149 [1157 4 5] cm.™? (col. 6) is enhanced by the presence
of strong electron-donor groups, particularly alkoxyl and hydroxyl:

NOS. vvvivnennns 4,5, 6 2,3 12, 13, 14 1 7, 8,11 9, 10, 15—43

Subst. ......... OR, OR OR, NH, OR, Me NH,, NH, NH, with Me, others
Cl, or Br

€A ceereniineinens 310—440 165—280 150—155 110 2550 <25

Compounds with a strong electron-attracting group, two weak groups, or two halogen
atoms (Nos. 9, 10, 20—43) show a band (col. 7) at 1109—1082 cm.? (10—75) [1096 + 7
cm.™ (30 4+ 15)]. Another band (col. 8) is found at 1091—1061 [1076 + 7] cm.™X. The
intensity is high (60—135) for compounds containing two nitro-, ethoxycarbonyl-, or
methoxycarbonyl-groups (Nos. 34, 35, 37, 38, 43) and moderate (20—50) [(30 4 10)] for
compounds containing one of these groups (Nos. 22—33, 36, 39—42); the band appears
(<{45) for five of the ten other compounds in which the region is not obscured by
substituent absorption.

Randle and Whiffen 2 expected, but did not find, the first BCH frequency (Table 1,
col. 5) at >1200 cm.™; they reported other bands at [1165 + 6 (var.), 1081 4 10 (m), and
1045 4 7 (m) cm.™]. Agreement with the present work is good for the first and the second
band, but instead of the band near 1045 cm.?!, we find absorption near 1096 cm.™l.
McMurry and Thornton report 4 bands at 1200—1155 cm.™ (10), 1185—1150 cm.? (10),
1120—1085 cm.™ (10), and 1060—1030 cm.™ (10) for mefa-dialkylbenzenes.

Ring-breathing Frequency (Table 1, col. 9).—Twenty-five of the compounds absorb at
1002—990 cm. (5—70) [995 4 3 cm.? (20 4 15)], and the band is absent for nine com-
pounds; it was previously reported 2 at [999 + 5] cm.™? (var).

Out-of-plane Hydrogen Deformations (Table 1, cols. 10—12).—Compounds with two
strong donor groups absorb in the 950 cm.™ region {for Nos. 1-—6 respectively 952 (25),
940 (25), 960* (10), 920* (15), 977* cm.? (20), (—)}. A band at 930--903 [914 4 8]
cm.™? is shown by most compounds with an electron-attracting group and some others.
The intensity is (5—45) [(20 4 10)], except for the dinitro-compound (No. 43). Another
band occurs at 841—828 [836 4 5] cm.™ for donor-donor compounds (Nos. 1—86) and at
903—862 [880 + 11] cm.™ otherwise; the intensity is (10—95) [(40 + 25)]. Absorption
is sometimes shown just above the solvent cut-off at 805 cm.™.

These bands were previously reported 2 at [964 4 10 (w), 904 + 13 (var), 876 & 10 (vs),
and 782 + 9 (vs)] cm. ], respectively. The second and the third band were found 4 for
meta-dialkylbenzenes at 930—880 cm. (10) and 895-—860 cm.? (20). An attempt has

3 Katritzky, J., 1958, 4162.
4 McMurry and Thornton, 4nalyt. Chem., 1952, 24, 318.
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been made ° to correlate a band at 906—838 cm.™ with the sum of Hammett’s meta-sigma
constants for the substituents.

THE DyvsoN PERRINS LABORATORY, OXFORD.

THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, November 17th, 1958.]

5 Bellamy, J., 1955, 2818.




