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The adduct of benzene and p-benzoquinonedibenzenesulfonimide has been shown to be 2-phenyl-p-phenylenedibenzene-
sulfonamide by an unequivocal synthesis. 2-Piperidino- and 2-morpholino-p-phenylenedibenzamide, formed from p-benzo-
quinonedibenzimide and piperidine and morpholine, respectively, were synthesized by another route. Aniline adds 1,6 to
p-benzoquinonedibenzimide as shown by the preparation of the benzoy!l derivative from 4-amino-4’-nitrodiphenylamine.
Methylaniline and dimethylaniline add to p-benzoquinonedibenzimide with the carbon atom para to the amine function
taking part in the reaction and becoming attached in the 2-position. i

The reactions of quinone imides with secondary
aliphatie, alicyclic, and aliphatic aromatic amines
and with primary aliphatic and aromatic amines fol-
low various pathways, depending on the reaction
conditions, the nature of the quinonoid system, and
the substituent on the imide nitrogen. Thus p-
benzoquinonedibenzenesulfonimide and morpho-
line? may lead to any or all of several different prod-
ucts, including 2-morpholino- and 2,5-dimorpho-
linodibenzenesulfonamide and p-benzenesulfon-
amidophenylmorpholine. The addition of aniline
follows a comparably complex course resulting
mainly in benzenesulfonamide, N,N’-diphenyl-p~
phenylenediamine, and 2,5-dianilino-p-benzoqui-
nonedianil. Methylaniline and dimethylaniline,?
however, yield only single products, the 2-substi-
tuted diamides, in which addition was postulated to
involve the carbon atom of the aromatic ring para
to the amine function.

In the case of 1,4-naphthoquinonedibenzene-

* This paper is a contribution in honor of Lyndon F.
Small, former Editor of the Journal,
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sulfonimide,?~¢ on the other hand, morpholine,
aniline, and methylaniline all add to form single
products which were assumed to have the nitrogen
of the reagent attached to the 2-carbon atom of the
diamide. The structures were assigned merely on
the basis of the non-reactivity of dimethylaniline,
the addition of p-toluidine, and spectroscopic evi-
dence.

Morpholine was found to react with p-benzo-
quinonedicarbethoxyimide and p-benzoquinone-
dicarbobenzoxyimide,® piperidine with o-benzo-
quinonedibenzimide and 4-chloro-e-benzoquinone-
dibenzimide,® and aniline, morpholine, and piperi-
dine with p-benzoquinonedibenzimide’ to form ad-
ducts, which presumably are diamides with the
nitrogen atom of the reagent attached in the 2-
position. However, no proofs of structure were in-
cluded in the investigation.

The addition of aniline to 2,3,5,6-tetrachloro-p-
benzoquinonedibenzenesulfonimide’ resulted in a
product for which the chemical and spectroscopic
evidence indicated formula I to be the correct
structure.
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5869 (1952).
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This investigation suggested the desirability of a
restudy of the structures of the products obtained
from addition not only of the aromatic and alicyclic
amines but also of aromatic hydrocarbons in the
presence of anhydrous aluminum chloride to p-
benzoquinone diimides.

The product of addition of benzene to p-benzo-
quinonedibenzenesulfonimide was assumed?® to have
structure II in spite of the fact that lead tetra-
acetate oxidation of the adduct resulted in deg-
radation with formation of p-benzoquinonedi-
benzenesulfonimide.

NHS0,CeH; NHSO,CeH;
CeH;

NHSOngHs C6H5_N_SO2CQH5

I III

Structure III for the adduct, which involves 1,6-
addition, was not considered as a possibility in the
initial paper. Therefore, synthesis by an unequivo-
cal method of structure IT was undertaken, 2-p-
Toluenesulfonamidobiphenyl (IV) was nitrated to 5-
nitro-2-p-toluenesulfonamidobiphenyl (V). Detos-
ylation with hydrobromic acid and phenol (VI),
followed by reduction and benzenesulfonation re-
sulted in a product (II) identical with the adduct
of benzene to p-benzoquinonedibenzenesulfonimide.

NHTs NHTs
CeH5 CGH5 \ CaHs
2 steps
NO,
v v VI

The structures of the adducts of amines to p-
benzoquinonedibenzimide were next considered.
Unequivocal syntheses of 2-morpholino-, 2-piperi-
dino-, and 2-anilino-p-phenylenedibenzamide in
which the nitrogen atoms of the amines were at-
tached to the 2-positions in the rings were success-
fully completed. 3-Chloro-4-nitroaniline was ben-
zoylated (VII) and then treated with morpholine,
piperidine, and aniline, to replace the chlorine atom
and provide the three amine derivatives. Subse-
quent reduction of the products followed by ben-
zoylation gave the desired diamides (IX.)

(8) R. Adams and K. R. Eiler, J. Am. Chem. Soc., 73,
1149 (1951).
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NO; NO, NHCOC:H;
VII VIII X
= (a) piperidino
(b) morpholino
(¢) anilino

The piperidine and morpholine compounds were
identical with the piperidine and morpholine ad-
ducts of p-benzoquinonedibenzimide, thus estab-
lishing the constitutions of the latter. But the ani-
line compound was different. Therefore, the adduect
of aniline to p-benzoquinonedibenzimide was as-
sumed to have one of the two structures X or XI,

NHCOCeH; NHCOCH;
CoHNH;p

NHCOCng P'HzNCeH.;‘N - COCsHs

X XI

Either structure satisfies the infrared spectrum and
accounts for the presence of a primary amino group
as shown by diazotization and coupling with 8-
naphthol and preparation of tosyl and benzoyl deriv-
atives.

Structure XI was shown to be the correct one by
comparison of its benzoyl derivative (XII) with a
compound synthesized by an unequivocal route.
N-p-Nitrophenyl-p-phenylenediamine (XIII) was
reduced and the resulting triamine (XIV) benzoyl-
ated to give compound XII.

NH, NH,
6 — 0 —

p-NO;C:H,—NH p-HNCeH,—~NH
XIiI XIvV
NHCOC.H;
| A
2

P‘HzNCJ’L "N"COCGI‘I5
XII

Thus a second example of 1,6-addition to p-benzo-
quinone diimides has been established and for the
first time this mode of addition has been conclu-
sively substantiated by chemical evidence.

The adduets of methylaniline and dimethylani-
line with p-benzoquinonedibenzimide were assumed
to have structures similar to those postulated for
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the analogous p-benzoquinonedibenzenesulfonimide
adducts, as indicated by type formula XV. If,

NHCOCeH; NHCOCH;

CeH:A

NHCOCH; AC¢H,—N-COC¢Hs

XV XVI

A = (a) p-N(CH,).
(b) p-NHCH,

however, 1,6-addition had occurred the structures
would be those shown by type formula XVI. The
analogy in structure of the monomethylaniline
and dimethylaniline adducts was determined in
the dibenzenesulfonamide series by conversion of
the former to the latter by methylation with
methyl iodide in dimethylformamide.® Similar re-
sults now have been obtained in the dibenzamide
series by effecting methylation with formaldehyde
and formic acid. The selection of type formula XV
for the adducts was indicated by active hydrogen
determinations on the dimethylaniline adducts of
the dibenzenesulfonimide and dibenzimide. Both
compounds possess two active hydrogens whereas
only one should have been found if type structure
XVI were correct.

The dimethylaniline adduct of p-benzoquinone-
dibenzimide showed a wide melting range and a
mixture was suspected. However, a similar melting
point was observed for the same product when
prepared by methylation of the sharp-melting
monomethylaniline adduct. The wide melting
point is apparently a function of the crystallinity
of the material.

The yields of the adducts of methylaniline and
dimethylaniline to p-benzoquinonedibenzenesulfon-
imide and p-benzoquinonedibenzimide were ex-
cellent and only single entities were obtained.
In contrast, aniline added to give mixtures from
which the chief products were sometimes difficult
to isolate in pure form. On the other hand, all the
amines added to 1,4-naphthoquinonedibenzene-
sulfonimide in good yield through the nitrogen
function and hence no reaction occurred with
dimethylaniline.

In attempting to prepare 2-chloro-1,4-dinitro-
benzene from 2-chloro-4-nitroaniline by means of
oxidation with peroxytrifluoroacetic acid,® an in-
teresting red crystalline by-product was obtained
which appears to be a triphenylamine derivative
(XVII) formed by condensation of one mole of 2-
chloro-4-nitroaniline with two moles of the product,
2-chloro-1,4-dinitrobenzene.

(9) W. D. Emmons, J. Am. Chem. Soc., 76, 3470 (1954).
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EXPERIMENTAL

All melting points are corrected. .

5-Nitro-2~p-toluenesulfonamidobiphenyl (V). A mixture
of 2.5 g. of 2-p-toluenesulfonamidobiphenyl,®® 25 ml. of
water, and 25 ml. of yellow fuming nitric acid was warmed
on a steam bath for 13 hr. On cooling, a deep orange solid
mass resulted. This was powdered, filtered, and recrystal-
lized from acetic acid to yield 1.5 g. (53%) of product, m.p.
170-172° (lit.® m.p. 169°).

2-Amino-6-nitrobiphenyl (VI). A mixture of 1 g. of 5-
nitro-2-p-toluenesulfonamidobiphenyl, 2 g. of phenol, and
15 ml. of commercial 48% hydrobromic acid!! was heated
under reflux for 1.5 hr. After cooling and pouring into 100
ml. of water the solution was made basic with 15%, aqueous
sodium hydroxide. The yellow precipitate which formed was
filtered and recrystallized from ethanol, yielding 0.32 g.
(56%) of yellow crystals, m,p. 124.0-125.5°,

Anal. Caled. for CsH;0N;O,: C, 67.28; H, 4.71; N, 13.08,
Found: C, 67.07; H, 4.70; N, 13.01.

2,6-Dibenzenesulfonamidobiphenyl (I1), In a 100 ml. three-
neck round bottom flask equipped with stirrer, dropping
funnel, and reflux condenser was placed a solution of 1 g. of
2-gmino-5-nitrobiphenyl in 20 ml. of absolute methanol,
and approximately 0.5 g. of a water slurry of Raney nickel.
The stirrer was started and a solution of 0.3 g. of 100%
hydrazine hydrate in 8 ml. of methanol was added dropwise.
Gas evolution occurred. After the addition was complete the
mixture was heated under reflux on the steam bath for 45
min. The catalyst was removed by filtration, and the pale
purple filtrate evaporated to dryness. The resulting dark
purple liquid was dissolved in 25 ml, of pyridine and 3.3 g. of
benzenesulfonyl chloride added. After the heat generated
had dissipated, the solution was poured into iced hydro-
chloric acid: The resultant pink solid was filtered and dried
to yield 1.87 g. of crude diamide, m.p. 189-191° (86.4%
based on nitro amine). It was purified by three crystalliza-
tions from ethanol; white crystals, m.p. 202-203°,

Anal. Caled. for CpHyN:0,8:: C, 62.05; H, 4.34; N, 6.03.
Found: C, 62.29; H, 4.27; N, 6.02.

N-Benzoyl-3-chloro-4-nitroaniline (VII), To a solution of
5.3 g. of 3~chloro-4-nitroaniline!? in pyridine was added 4.9
g. of benzoyl chloride, The mixture was warmed for 3 hr. on
the steam bath, cooled, and poured into iced hydrochloric
acid. The resultant precipitate weighed 7.85 g. (91.3%).
Crgstallization from ethanol yielded yellow needles, m.p.
163-164°.

Anal. Caled. for Cp3HoCIN:O;: C, 56.43; H, 3.28; N, 10.13.
Found: C, 56.74; H, 3.36; N, 10.00.

N-Benzoyl-3-anilino-4-nitroaniline (VIIIe). In a 50 ml.
side-arm flask fitted with a reflux condenser and nitrogen
inlet tube was placed 1.9 g. of N-benzoyl-4-chloro-4-nitro-
aniline and 25 ml. of aniline that had been distilled over
zinc dust. The mixture was heated at 185° for 3 hr. under a
nitrogen atmosphere, cooled, and poured into 100 ml. of
water and steam-distilled to remove excess aniline. Upon
cooling a black-orange solid remained in the container.

(10) F. Bell, J. Chem. Soc., 2773 (1928).
(11) H. R, Snyder and R. E, Heckert, J. Am. Chem. Soc.,
74,2006 (1952).

(12) H. H. Hodgson and A. Kershaw, J. Chem. Soc.,
2919 (1929).

NO;

NO;
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This was filtered and treated with 25 ml. of ethanol, resulting
in 1.2 g. of orange solid, m.p. 216.5-218° (52.4%). The melt-
ing point was unchanged by recrystallization from ethanol.

Anal. Caled. for CioHysN3Os: C, 68.46; H, 4.54; N, 12.61.
Found: C, 68.51; H, 4.28; N, 12.61.

2-Anilino-p-phenylenedibenzamide (IX). To a solution
of 0.4 g. of N-benzoyl-3-anilino-4-nitroaniline in approxi-
mately 75 ml, of methanol was added a small scoop of Raney
nickel, followed by 0.4 ml. of 1009, hydrazine hydrate. An
exothermic reaction occurred and bleaching of the original
color was noted. The mixture was heated on the steam bath
for 1 hr., the catalyst removed by filtration, and the filtrate
evaporated to dryness. The resultant brown gum was taken
up in pyridine and treated with 0.2 ml. of benzoyl chloride.
The solution was heated for 1 hr. on the steam bath, cooled,
and poured into a slurry of ice and hydrochloric acid. The
precipitated violet solid weighed 0.3 g. (32.4%). It was
purified by recrystallization from dilute ethanol; white
crystals, m.p, 248-249°,

Anal. Caled. for CoyHnuN3Os: C, 76.64; H, 5.20; N, 10.31.
Found: C, 76.52; H, 5.21; N, 10.45.

N-Benzoyl-3-morpholino-4-nitroaniline (VIIIb). A mix-
ture of 0.7 g. of N-benzoyl-3-chloro-4-nitroaniline and 2 ml.
of morpholine was heated under reflux for 1.5 hr., cooled
and poured into ice and water. The oil which formed solidified
upon standing to yield 0.83 g. (quant.) of bright yellow solid.
Recrystallization from dilute ethanol afforded yellow crys-
tals, m.p. 150-151.5°,

Anal. Caled. for C;yHyNsO4: C, 62.37; H, 5.24; N, 12.84.
Found: C, 62.59; H, 5.57; N, 12.85.

2-Morpholino~p-phenylenedibenzamide (IXb). To a solu~
tion of 0.25 g. of N-benzoyl-3-morpholino-4-nitroaniline in
15 ml. of methanol was added a small amount of Raney nickel
and sufficient 1009, hydrazine hydrate (about 1 ml,) to
bleach the color. Evolution of heat caused the methanol to
boil. The mixture was heated on the steam bath for 25 min.,
filtered, and evaporated to dryness. The gummy residue
was taken up in pyridine and 0.3 ml. of benzoyl chloride
added. After heating on the steam bath for 1.5 hr. the mix-
ture was poured into ice and hydrochloric acid. The pinkish
solid that resulted weighed 0.2 g. (65.3%). Recrystalliza-
tion from dilute ethanol gave white crystals, m.p. 213.5~
214.5°.

Anal, Caled. for CoHyN;05: C, 71.80; H, 5.77; N, 10.47.
Found: C, 72.08; H, 5.90; N, 10.27.

N-Benzoyl-3-piperidino-4-nitroaniline (VIIIa). This ma-~
terial was prepared analogously to the morpholine -.com-
pound. Yellow crystals were obtained in yield of 78.5% and
were purified by recrystallization from a mixture of benzene
and eyclohexane, m.p. 117.5-118.5°,

Anal. Caled. for C;3HsN,0;5: C, 66.45, H, 5.89; N, 12.92,
Found: C, 66.56; H, 5.91; N, 12.79.

2-Piperidino-p-phenylenedibenzamide (IXa). This ma-
terial was prepared analogously to the morpholine com-
pound. A quantitative yield of white, feathery solid, m.p.
180-181°, resulted. It was purified by recrystallization from
dilute ethanol.

Anal. Caled. for CoHosN3Oa: C, 75.16; H, 6.31',’ N, 10.52.
Found: C, 75.11; H, 6.37; N, 10.55.

p-Toluenesulfonamide of adduct of aniline and p-benzo-
quinonedibenzimide: ~N-benzoyl-4-benzamido-4'~p-toluenesul~
fonamidodiphenylamine. A solution of 0.1 g. of the adduct
of aniline and p-benzoquinonedibenzimide in pyridine was
treated with 55 mg, of p-toluenesulfonyl chloride and heated
on the steam bath for 3 hr., cooled, and poured into ice and
hydrochlorie acid. The white solid weighed 0.15 g. (quant.).
Purification was effected by recrystallization from ethanol;
white plates, m.p. 260.5-262.5°.

Anal. Caled. for CuHxN3048: C, 70.57; H, 4.85; N, 7.48.
Found: C, 70.20; H, 5.05; N, 7.40.

Addition of benzene to p-benzoquinonedibenzenesulfonimide.
Attempted duplication of the preparation of the benzene
adduct of p-benzoquinonedibenzenesulfonimide according
tojthe original directions? disclosed that the reaction did not
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always proceed with the facility indicated. A crude brown-
green solid which was obviously a mixture was sometimes
obtained from the reaction. It could not be purified by
crystallization so was subjected to chromatographic sep-
aration on a column of aluminum oxide. The solid was sus-
pended on top of the column. Elution with 2:1 ethyl ace-
tate-acetone produced 2-phenyl-p-phenylenedibenzenesul-
fonamide, followed by p-phenylenedibenzenesulfonamide
and 2-chloro~-p-phenylenedibenzenesulfonamide, Melting
points of mixtures of these materials, after recrystallization
respectively from ethanol, glacial acetic acid, and benzene,
with authentic samples showed no depression.

Addition of anviline to p-benzogquinonedibenzimide. Repeti-
tion of this preparation according to the original directions®
indicated that the reaction was not always a simple one.
Although a good yield of amorphous solid was formed,
only 8.5% of pure adduct could be isolated by the recom-
mended purification techniques.

Addition of methylaniline to p-benzoguinonedibenzimide;
2-(p-methylaminophenyl)-p-phenylenedibenzamide (XV). A
golution of 2 g. of p-benzoquinonedibenzimide in 20 ml. of
chloroform was treated with 0.69 g. of redistilled methyl-
aniline in 20 ml. of chloroform. The mixture was allowed to
stand for 24 hr. and then poured into approximately 300
ml. of petroleum ether (b.p. 80~100°). The product precipi-
tated as a grey solid (quant.). Recrystallization from dilute
ethanol afforded white plates, m.p. 209.5-211.5°.

Anal. Caled. for CuHayN30p: C, 76.94; H, 5.50; N, 9.97.
Found: C, 76.95; H, 5.43; N, 9.84.

Addition of dimethylaniline to p-benzoquinonedibenzimide;
2-(p-dimethylaminophenyl)-p-phenylenedibenzamide  (XV).
The reaction was conducted in a manner exactly analogous
to . the monomethylaniline addition. A quantitative con-
version resulted. The product was purified by recrystalli-
zation from ethanol, m.p. 230°.

Anal. Caled. for CpHyN30p: C, 77.22; H, 5.79; N, 9.65.
Found: C, 77.26; H, 5.83; N, 9.83. v

The pure dimethylaniline adduct recrystallized from etha-
nol melted mainly at 230° but a small portion always re-
mained unmelted up to about 244° (capillary). Similar re-
sults were obtained when the material was crystallized
from benzene-cyclohexane. However, the melting point on a
micro hot stage was sharp, m.p. 226.5-228.5°.

Conversion of monomethylaniline adduct to the dimethyl-
aniline adduct. A solution of 0.5 g. of monomethylaniline
adduct in 15 ml. of 909, formic acid and 140 mg. of 359,
formaldehyde was heated on the steam bath for 8 hr.
After cooling and pouring onto ice it was made basic with
159, aqueous sodium hydroxide. The resulting solid weighed
0.49 g. Recrystallization from dilute ethanol gave white
crystals, m.p. 230.5° (except for a small amount which did
not melt until 243°).

Anal. Caled. for CosHasN30s: C, 77.22; H, 5.79; N, 9.65.
Found: C, 77.45; H, 6.07; N, 9.33.

N,N',N"-Tribenzoyl-4,4'-diaminodiphenylamine (XII). 4.
To 0.2 g. of the adduct of aniline and p-benzoquinonedi-
benzimide in pyridine was added 0.1 ml. of benzoyl chloride.
The mixture was warmed on the steam bath for 1 hr., cooled,
and poured into ice and hydrochloric acid. The white solid,
weighing 0.24 g. (95%), was recrystallized from ethanol;
white plates, m.p. 310-312°,

Anal. Caled. for CyuHasN3iOs: C, 77.48; H, 4.93; N, 8.21.
Found: C, 77.54; H, 5.09; N, 8.07.

B. A solution of 0.2 g. of 4-amino-4’-nitrodiphenylamine
in methano! was treated with a pinch of Raney nickel and
approximately 0.1 ml. of 100% hydrazine hydrate. After
the vigorous bubbling had subsided the suspension was
warmed on the steam both for 1 hr. and filtered, yielding a
violet solution which darkened quickly. The solution was
evaporated rapidly to dryness. The crystalline solid which
resulted was taken up in pyridine and heated under reflux
for 4 hr, with 0.3 ml. of benzoyl chloride. The solution was
then cooled and poured onto a mixture of ice and hydro-
chloric acid. The resulting solid was formed in quantitative
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yield., Recrystallization from ethanol gave white plates,
m.p. 309-311°, _

Anal. Caled. for CuHsN05: C, 77.48; H, 4.93; N, 8.21.
Found: C, 77.46;H,5.01; N, 8.13.

The melting point of a mixture of this material with that
prepared in A by the benzoylation of the aniline adduct was
not depressed.

Peroxytrifiuoroacetic acid oxidation of 2-chloro-4-nitroani-
line. Into a 200-ml. three-neck round bottom flask equipped
with stirrer, reflux condenser, and dropping funnel was placed
65 ml. of trifluoroacetic acid. The liquid was heated to
boiling (71°), and 5 g. of 2-chloro-4-nitroaniline was dis-
solved in the hot acid. To the refluxing solution was added
17.3 ml. of 309, hydrogen peroxide dropwise during a 30
min, period. The color of the solution bleached at first and
then became deep red. The solution was heated under reflux
for 1 hr. after the addition was complete, cooled to room
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temperature, and poured into ice water. The orange solid re-
moved by filtration weighed 4.0 g. One gram of this material
when extracted with petroleum ether (b.p. 80-100°) gave
0.17 g. of deep red insoluble material. The ether sol ble
material melted at 57-59° and was undoubtedly the desired
2-chloro-1,4-dinitrobenzene, The red insoluble material was
recrystallized from benzene, m.p. 280-281°.

Anal, Caled. for CH CINgO,: C, 42.83; H, 1.80; N,
16.65. Found: C, 42.88; H, 1.82; N, 16.26.
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Infrared Absorption and Structure of Certain Derivatives of Cyclopropane*
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The infrared absorptions of twenty derivatives of cyclopropane, mostly with carbony! or other functional groups adjacent
to the ring, have been obtained. Neither the 2.3u nor the 9.8 region, previously suggested for characterizing the Cs ring,
affords a clear indication of either the presence or absence of this group.

The infrared spectrum of unsubstituted ecyclo-
propane has been studied in detail and most of the
fundamental modes of vibration have been identi-
fied.!-? In studying the spectra of cyclopropane
derivatives which were mostly hydrocarbons, a
number of workers?—¢ have reported that a charac-
teristic absorption near 9.8u (1000-1020 e¢m.™?Y) is
invariably present. Another strong absorption
near 11.6x (866 cm.—!) found in some derivatives
does not occur consistently.® These absorption
bands are also found in cyclopropane itgelf and
have been assigned to a ring deformation and to a
CH, wagging vibration.?

In more recent work,”~? questions have been
raised as to the reliability and usefulness of these

* This paper is a contribution in honor of Lyndon
F. Small, former Editor of the Journal.
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bands at longer wave lengths. While Wiberley and
Bunce’ confirmed the 9.8x band in nine non-
hydrocarbon cyclopropyl derivatives, they con-
cluded that absorptions in this region were too
common to provide a clear identification of the
ring structure and suggested the use of C—H
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containing the cyclopropyl ring also showed?® this
pair of bands, whereas Cole® reported only a single
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isocholestane and two other natural products.
No such band was reported for 3-carene, where
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propyl ketone, -carbinol, and -methane,® the two
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In a recent summary of spectral-structure cor-
relations for cyclopropane derivatives,!! fourteen
references are cited to support the use of a band
between 9.8 and 10.0x (1000-1020 cm.—?) as indica-
ting a cyclopropyl ring. The presence of a band in
this position in the spectra of substances of un-
known structure has also been interpreted as sup-

(10) H. Hart and O. E. Curtis, Jr., J. Am. Chem. Soc.,
78, 112(1956).

(11) L. J. Bellamy, The Infrared Spectra of Complexr
Molecules, Methuen and Co., Ltd., London, 1954, pp. 27-28.



