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Abstract -Integrated intensities and frequencics are given for the diazo and carbonyl bands of a few
aromatic diazohydrocarbons and p-substituted diazoacetophenones. The results, compared with
previous rclated infra-red and photochemical data, are discussed in terms of the relevant resonance
structure in the different cases. Tentative arguments are given for a possible assignment of the -CNN
grouping symmetrical stretching mode, apparently strongly coupled to the carbon skeletal of the
molecule.

THE spectroscopical and photochemical study of diazocompounds has recently been
devecloped. In the case of diazomethane! the vibrational spectra have been well
investigated and interpreted but this investigation for diazohydrocarbons and diazo-
ketones is limited to the stretching frequencies of NN and CO groupings? and to the
study of possible interactions with solvent medium.® The clectronic spectra appear to
have been examined! only at an introductory level, mainly in connexion with photo-
chemical measurements, which on the other hand have given interesting information
concerning structural influences on the quantum yield of the photolysis and the
reactivity of the carbene fragments produced in the primary photolytic act, both in
ordinary conditions® and in a matrix.® In connexion with spectroscopic-photo-
chemical and electrochemical” investigation on diazocompounds, we have given some
results of frequency and intensity measurements on the NN and CO stretching bands
for a few simple diazohydrocarbons and for p-substituted diazoacetophenones; a
vibrational study for a few parent molccules of this group, particularly diazocyclo-
pentadiene and diazoacetone, is in progress.

EXPERIMENTAL

A Perkin~-Elmer Model 112 spectrometer with CaF, optics was used throughout; the NaCl cells
had a thickness of 0-121 and 1:000 mm. The data in Table 1 are for CCl, soln unless otherwisc noted,
those in Table 2 for CCl soln in the case of NN and @4 bands, for C,Cl, soln in the case of CO band;
CCly and C,Cl, were purified by reflux over POy and K,CO, respectively, and distillation. The
frequency values for the 4-8 s, range now obtained are on an average 15¢m ! higher than those
reported by Yates and Shapiro®, the difference being due to better experimental conditions with a
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T. P. Garrett, Ibid. 28, 50 (1956): J. M. Mills and H. W. Thompson, Trans. Faraday Soc. 50, 1270 (1954).

ta P Yates and L.. B. Shaptro, J. Amer. Chem. Soc. 19, 5756 (1957); ® E. Fahr, Liebigs Ann. 617, 11 (1938);
“H. N. Beck, Diss. Abstr. 18, 1250 (1958).
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more cfficient standardization through the 4-6 4 CO band. The data here reported are, therefore, more
accurate than the previous ones, with an estimated accuracy of 2 2cm ',

The integrated intensitics, in units mole ! litrecm *, were measured with the Wilson Wells method
as previously described;* the estimated spectral slit-width was 5-4 4-1 ¢cm . The integration was
extended over an interval of about 100 cm ', the overlapping with neighbouring bands often being
negligible and. when necessary, being corrected for graphically. The concentration of the solutions
was 1n the range 510 * 3-10 * moles/litre for the NN band, 810 * 6:10 ? moles litre for CO band.
At least four independent intensity determinations were performed on any band of any single com-
pound. All compounds were carcfully purified during preparation.®

RESULTS AND DISCUSSION

Tables 1 and 2 give frequency, integrated intensity and half-width values for the
NN and CO stretching bands of the compounds examined. As only limited informa-
tion is available concerning the assignment of bands in the spectra of diazocompounds
other than diazomethane, it was of interest to examine first the possible position of the
(pseudo)-symmetrical stretching mode of the  -CNN triatomic group which charac-
terizes these compounds. In the following footnote® the average frequency ranges are
given for other organic molecules with triatomic group vibrationally correlated to
diazocompounds, implying a (pscudo)-asymmetrical stretching frequency located in
the range characteristic of triple bonds or of cumulated double bonds. In the casc of
diazomethane this is correctly assigned at 852 cm 1! but for other aliphatic diazo-
hydrocarbons therc is no indication, while the spectra for aromatic diazohydro-
carbons do not indicate a reliable position.

On the other hand, diazoketones? and diazocsters show a strong band at 1335
1410 cm ', not observed in diazohydrocarbons with the exception of diazocyclo-
pentadiene'® which shows a strong band at about 1300 ¢cm ! not present in cyclo-
pentadiene.’® Such a band can not correspond to a CH deformation modc for mono-
substituted diazoketones, as it is also observed in the disubstituted compounds. In
addition the carbonyl skeletal vibration (v, -~ 1225 cm=! for acetone’®) and the o,
aromatic ring mode should be assigned to a lower frequency interval, falling for
example around 1255 cm ! for acctophenones and most probably. around 1225 ¢cm !
for diazoacetophenoncs, with shape and intensity clearly different from those of the
band being discussed (see below). These arguments seem to support the possible

* RN, RCON,, 1340 1180cm *'; RNCO, ~1350cm !; RNCS, RSCN, ~680cm !; allene, 1070 cm *;
CH,CO. 1124 cm 1.'° Additional examples may be drawn from data available also for triatomic molecules

and inorganic anions: CN,*-, 1234 cm ', SCO, 859 cm !, NCS-, 750 ¢m=3; NCO-, 1300 cm~'; N, |
1344 cm-? and so forth.!
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K. L.. Howard, Orgamc Syntheses Coll. Vol. 111, p. 351 (1955); C,HCOC(CgHgIN,: C. D). Nemitzescu
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assignment of the band 1300 1400 cm * to the symmetrical stretching mode of _-CNN
grouping, strongly raised in its frequency for compounds showing a high degree of
conjugation implying a relevant clectron shift from diazogroup and an increasing
degree of coupling of the triatomic . -CNN grouping to the skeletal of the molecule,
giving this symmectrical mode a higher character of skeletal mode. In order to clarify
this problem, a structural study is clearly necessary.

TAaBLE 1. DHAZOHYDROCARBONS AND DIAZOKETONES

Compounds "‘"" Ay ~ 10* Ay, f"'“| Aco 1081 Ay,
cm cm
CH;N, 20882
CHCH N, 2062 42
CCH N, 2042 7-3,
Diazocyclopenta- .
diene 2089 S8 ’
CH,COCHN, 2107 37, 1659 28 15
CyH,COCHN, 2108 58, 14 1633 18 1"
CoH,COUICH)N, 2072 $-4, 14 1636 2.7 14
CHOOCCHN, 2117 16957

¢ Ethereal soln.; ¥Corrected for the contribution of 2 weaker band at 2090 cm !; ¢ from Yates™; van
corrected by - 16 cm™! (sec Experimental).

TABLE 2. DIAZOACETOPHENONES®

; R — CHN, | R — CH?
X -CgHy CO—R' P . l . . ‘
I "NX JAyy ¥ 10 Aryny ‘ c;‘j' !A('n x 10 Argy C;’:‘ : “'“, Acg % 10 c‘;! N
X = p OCH, 081 60 BT 1631 24 12 1227 1682 21, 125 s
pOHy 208 . %4 Doz e 1228 1 1687 24, 1269 5
pH 2108 , S 8, , 14 1634 | EN 10 1M | 1691 22 1260 s
pCl 2109 46, 13 1632 20 13 1218 ' 1692 22, 125914
P NO, 212 54, 14 1642 16, 13 1215 1700 1y, 1238

* Data for NN and @y band as COiy soln, for €D band as C4Clysoln, aezd. € as CHOI soln™, €7 - lig 1 o swolid 18

In this connexion it may be mentioned that similar frequency shifts of the asym-
metrical vibration® have been observed. In the case of aliphatic diazohydrocarbons
there is a gradual frequency decrease of this band by increasing the number of sub-
stituents at carbon, independent in a first instance of the type of substituent. The
aromatic diazohydrocarbons behave similarly, apparently through some kind of
compensation of the effects of the two structures due to diazogroup-aromatic ring
conjugation with either positive or negative charge at the para carbon atom. This is
also supported by the high frequency value of the | -CNN asymmetrical stretching
mode for diazocyclopentadiene (2089 cm !, to be compared with the corresponding
average figure 2040 cm ! for disubstituted aromatic diazohydrocarbons), where such a
competitive effect of conjugated structures is not operative, there being only the strong

mesomeric electron donating effect of diazogroup towards the cyc!opcnlddicnc ring,
b ->
apparently owing to the prevalence of a structure of the type C S Hy—N-=N. Pre-

sumably this effect might cause for this molecule, as distinct from aromatic dmzohydro-
carbons,® a relevant lowering of the quantum yield for the photolysis.
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In aliphatic x-diazocarbonyl compounds containing the same number of substitu-
ents, a single x-carbonyl causes a frequency increase of the .-CNN asymmetrical

stretching mode by an average of 40 cm !, through the intervention of a structure of
o) : L Lo
type: : () involving diazogroup-carbonyl conjugation; the effect
R-C CH—N:- N

1s further enhanced by addition of a second x-carbonyl group. It is of interest to note,
that in diazoacctone and diazoacctophenone (see Table 1), although aromatic sub-
stitution does not appreciably effect the ~-CNN asymmetrical stretching mode fre-
quency, it lowers the corresponding carbonyl stretching frequency by 25cm™!, a
lowering almost equal to the 24 cm ! observed in acetone and acctophenone. This is
due to the intervention of the normal carbonyl phenyl conjugative structure, which in
this case is of the type:
o)

P | () ()
(=-)/\ >=c- CH N: N

involving on diazo-band a partial compensation of the diazo carbonilic conjugative
effect, while enhancing this very effect on the carbonyl stretching frequency, with an
additional contribution for an amount almost ¢qual to the one obscrved for other
conjugated carbonyl compounds. Similarly the quantum yield of the photolysis® is
lowered by about 0-2 units on going from diazobutanone to diazoacetophenone.

The parallelism ketones- diazokctones as to aryl-substitution is also reflected on
the substituent effects to aromatic ring on the carbonyl stretching frequency, which are
in the same direction and of the same order of magnitude for the frequency as well as
for the intensity (see Table 2), although the ¢flect on the intensity is very small.®* Other
couples which may be compared arc for example ethyl acctate-cthyl benzoate and
phenyl acetate -phenyl benzoate, with carbonyl frequency lowerings 22 and 25 cm !
respectively and similar p-substitution cffects on frequency and intensity.’*.* In this
connexion it may be noted that the quantum yield for the photolysis of diazoaceto-
phenone shows® a tendency to decrease for every type of ortho- or para-substitution,
an effect not yet understood.

As to the absolute values of the intensities it may be observed instead that for
diazoacctone and diazoacctophenone the aryl-substitution causes a strong intensity
decrease for 1 mole ! litre cm#, compared’®.* with an increase of about 0-5 units for
the couple acetone acctophenone, while for the couples ethyl acetate-ethyl benzoate
and phenyl acetate-phenyl benzoate there arc only small variations, which are within
the limits of experimental error. The apparently anomalous cffect on the intensity of
carbonyl band is probably due to the strong mesomeric effect of the diazo group, as is
reflected in the exceptionally low value of the carbonyl frequency for the compoundst

* Table 2 reports also the frequency of the band at 1215-1230 ¢m ! for the p-subsuituted diazoaceto-
phcnoncs, compared with the onc at 1240 1265 cm~! for the acetophenones; as beforc mentioned, the
intensity and shape of the two bands, their position and the parallcl trend of the substituent effect strongly
support thcir common assignment to the w, aromatic ring in-planc skelctal mode, well known for being
substituent sensitive and which in the prescnt case perhaps is also partaking, at lcast partially, the character
of the carbonylic skeletal mode (v, - 1225 cm~! for acctonc) falling in the same range.

+ For cxample: veo (acetone)—vco(diazoacctone) -: 56 cm ! reo(acetophenonc)-roo(diazoacctophenonc)

- 57 cm~}; weo(ethyl acetate)-veo(cthyl diazoacetate) -- 47 cm 1.

¢ 1. W. Thompson and D. A. Jameson, Spectrochim. Acta 13, 236 (1958); * Ibid. 9, 208 (1957); * R. N.
Jones, Canad. J. Chem. 38, 504 (1957); ¢ B. P. Susz and P. Chalandon, Helr. Chim. Acta 41, 1338 (1958).
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and in the particularly high value of the frequency of the ' -CNN asymmetrical
stretching mode for diazocyclopentadiene. Trichloro and trifluoro-diazoacctone® !
are unusual due to the superposition of the strong inductive effect of the -- CHCI,
grouping, the carbonyl band shift being 80 cm ! for CCi;COCH, and CCI,COCHN,
and 112 cm ! for the trifluoro-derivatives.

As to the intensity of the :-CNN grouping asymmetrical stretching mode in
diazohydrocarbons and diazocarbonyl compounds, the situation appears to be more
involved and difficult to interpret due to the limited data presently available. There
seems to be a rough parallelism with the characteristic structural cffects on the fre-
quency, with a strong influcnce of the substitution at carbon atom on the degree of
coupling within the >-CNN grouping: the intensity increases strongly on going from
phenyl- to diphenyl-diazomethane but the behaviour of diazocarbonyl compounds is
less clear, presumably owing to the competitive action of carbonyl- phenyl conjugation,
difficult to evaluate in its effect on the diazoband intensity.

18 1., J. Bellamy and R. .. Williams, J. Chem. Soc. 4304 (1957).



