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Abstract -1n1egrated intcnsittes and frequcnclcs arc gtvcn for the d~aro and carbonyl bands of a few 

aromatic diarohydrucarbons and psubstitutcd draroacetophcnonw The rr7iults. compared wth 

prcwous rclatcd infra-red and photochemical data, arc discussed In terms of the rclcvant resonance 

structure in the dtffercnt cases. Tentative argumcnrs arc given fur a possible assignment of the -CNF; 

grouping symmetrical srretchmg mode. apparently strongly coupled to the carbon skclctal of rhc 

molcculc. 

‘1‘11~ spectroscopical and photochemical study of diazocompounds has recently been 
developed. In the case of diar.omcthane’ the vibrational spectra have been well 
investigated and intcrpretcd but this investigation for diazohydrocarbons and diazo- 
ketones is limited to the stretching frcquencics of NN and CO groupings’ and to the 
study of possible interactions with solvent medium .!’ The electronic spectra appear to 

have hcen examined’ only at an introductory level. mainly in connexion with photo- 
chemical mcasurcments, which on the other hand have given interesting information 

concerning structural intluenccs on the quantum yield of the photolysis and the 

reactivity of the carbenc fragments produced in the primary photolytic act, both in 

ordinary conditions5 and in a matrix6 In connexron with spcctroscopic-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 diarohydrocarbons and for p-substituted diazoacetophcnones; a 

vibrational study for a few parent molcculcs of this group, particularly diarocyclo- 
pcntadicnc and diazoacctone. is in progress. 

EXPIlKlMESTAL 

A Pcrkm-Elnw Model I I2 spcctronwcr unh C‘aF, opts was used throughout; the NaCI cells 

had a rhtckncss of 0. t 2 I and I .ooO mm. The data in Table t arc for CCI, soln unless o~hcnvisc noled. 

those in ‘I‘ablc 2 for CCI, soln in the case of NN and (I)* bands, for C,Cl, soln m the case of CO band; 

Ccl, and C,CI, were purified hy reflux over P,O, and K,CO, respectively. and disttllatton. Tbc 

frcqucncy values for the 4.8 jr. range now ohtainrd arc on an average IS cm ’ higher than those 

rcportcd by Ya~r- and Shapiro*‘, the ddfcrcnce being due IO bc11cr expcrimcntal conduions with a 

’ cl. L. Crawford. W. Ii. Fletcher and 1) A. Ram-v. J. (‘hem. Phrc. 19, 4M (19(l); W. H. 1+1chsr and 
T. 

I* 1’ 
P. Garrclr. fhtd. 2% SO (1956): J. M. Mills and Ii. W. Thompon. Trans. Forudu,v Sk. $0. 1270 (1954). 
Yatm and 1.. B. Shnpwo. J. Amer. (‘hem. Sac-. 79. 5756 (19S7); * I? Fahr. Ltchi~s Ann. 617, II (1958); 

’ tf. N. Ikck. fhss. Ahrrr. 18. 1250 (lY58). 
” I’. Fahr. Chcm. ikr. 92, 398 (1959): b 1:. A. M~llcr. 1. Amer. Chrm. S’oc. 79. 5974 (19S7). 
’ A. J. Ulth and J. B. J. Soon%. Rtr. ‘liar. Chrm. 71. 565 (1952): <i. Korlum. 1. Phvs. Chrm. 30. 379 (1941). 
’ W. Ktrmsc. I.. Homer and 1f. HofTmann. fMq.r Ann. 614. 19 (1958); W. Ktr& and I.. ltorner. Ihttf. 

625, 34 (1959). 
* G. Plmcnlcl. I). It. Mllllgan and T. I). Goldfarb. J. Chrm. Ph.vs. 29, 140s (19581; 1. Amrr. (‘hem. Ser. 82. 

1865 (1960); G. W. Hobtnron and M. McCarty. Jr.. fhlk 82. 1859 (1960); W. IS. Ik Morcand N. Dawd\on. 
I&J. 81. 5869 (19SY). 

’ A. FofTanl. I.. Salvagnml and C. Pcc~lc. Ann. C’him. /rd. 49, 1677 (1959). 
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murc efficient standardization through the 4 6/r CO band. The data here rcportsd arc. thercfurc. more 

accurate than the previous ones. wth an csllmatcd accuracy of :! 2 cm I. 

The mtcgrated mtcnsiks. in units mole ’ lirrc cm *, uere nwasurcd with rhc Wkon Wells mccthcxi 

;I\ previously dcscribcd;” the cstlmawd spectral slit-wrdth was 54 4.1 cm I. The mtcgratcon was 

exrcndcd over an inrcnal of about 100 cm I, the ovcrlappmg with ncighbourmg bands often king 

ncellgiblc and. uhcn ncccssary, being corrccwd for graphically. The concentration of the solutrons 

& In rhc rang 5.10 * 3.10 ’ molcs.‘lwc for the h’N band. %I0 * 6.10 ’ molru,‘hrre for CO band. 

AI IC;N four indcpcndcnr inrcnsify dctcrminarwns wcrc performed on any band of any single corn- 

pound All compounds wcrc carefully purified during prsparatton.’ 

KtSUI.TS ASI> I)ISCUSSION 

‘I‘ablcs I and 2 6ik.c frcqucncy, 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 diazomcthane, it was of interest to cxaminc first the powiblc position of the 

(pseudo)-symmetrical stretching mode of the .CSK triatomic group which charac- 
terizes thcsc compounds. In the follouing footnote + the a\cragc frcqucncy ranges arc 
_eiben for other organic molecules with triatomic group \ibrationally corrclatcd IO 

diazocompounds, implying a (pseudo)-asymmetrical stretching frcqucncy located in 

the range characteristic of triple bonds or of cumulated double bonds. In the cast of 
diazomethanc this is correctly assigned at 852 cm I,1 but for other aliphatic diazo- 
hydrocarbons thcrc is no indication, while the spectra for aromatic dia/ohydro- 

carbons do not indicate a rcliablc position. 
On the other hand, diazokctone9 and diazocsters show a strong band at I.735 

14lOcm I. not obsencd in diazohydrocarbons with the cxccption of diazocyclo- 
pcntadicncl’ti which shows a strong band at about 1300 cm l not present in cyclo- 

pcntadicne. E* Such a band can not correspond to a Ct 1 deformation mode for mono- 
substituted diazokctoncs, as it is also obscr\,ed in the disubstitutcd compounds. In 
addition the carbonyl skclctal vibration (vJ .. 1225 cm- ’ for acctonP) and the 10~ 
aromatic ring mode should bc ass&cd to a lower frcqucncy interval, falling for 

example around 1255 cm l for acctophenoncs and most probably. around 1225 cm ’ 
for diazoacctophcnoncs, with shape and intensity clearly ditfcrcnt from those of the 
band being discussed (WC b4ow ). ‘I’hcsc arguments seem to support the possible 

l RN,. RC’ON,. I340 I I80 cm I; RtG(:O. -13SOcm I; RNCS. RSCN. -68Ocm I; rllcnc. 1070cm ‘; 
(‘tI,CO. I I24 cm ‘.I0 Addmona cxamplcs may bc drwn from Dada avatlablc also for triatomlc molecules 
and Inorganic amons: Ch’,*-. 1234 cm ‘. S(‘0. 859 cm’ ‘: Ir;CS., 7SO cm-l; NCO-. 1300 cm-l; h, . 
1344 cm-’ and so forlh.” 

’ A. Foffani. <‘. Pccilc and F. PlcIra. h’uow <‘immtu 13. 213 (I959); D. A. Ramsay. J. .4mw. Cltrrrt. SM. 
74. 72 (1952). 

* C,ti,C‘tlN,: A. Hanrlrch and $4. t.chmann. (‘hem. Rrr. 35. 897 (1902); <‘,tl:CN,: 1.. I. Smlfh rnd 
K. 1.. Houard. Orgonrr .S,vnrhrsr> C-011. Vol. 111. p. 351 (IY:J); C,tI,C‘OC(C,H,)S,: c‘. I). F;cnlI~xU 
nnd I:. SolomonIca. fhtd. Coil. Vol. II. p. 496 (1943): CH,COC’HS,: F. AmdI and J. Amcndc (‘hem. 
Be. 61, I I22 (lY28): Dlazoaccrophcnones: A. L. Wilds and A. 1.. Mcadcr. J.0r.c. Chcm. 13, 763 (IY48); 
W. Bradcly and Ci. Schwancnbach. J. Chcm. Ser. 2904 (lY28); I.. Canomca. Gu::. Chmt. /to/. 80. 412 
(IYJO): DlamcyclopcnIadww: W. van I<. Docrmg and C‘. H. Ik Puy. J. Amrr. C’hrm. Sot. 75. SY55 (IY53). 

1’ Yu. N. Shemkcr and Y;r. K. Syrkm. I:(.. Akad. SarJ; S.SSR. S.F. 14,478 (IYSO); N. S. Ham ;rnd 1. H. 
WIIIIS. Sprcrro~-htm. Acru 16. 27Y (lY60); J. l..ecomrc. liattdbuch dtr Ph.vrik Bond XXVl. pp. sY5. 4W. 
409. Sprtngcr. Berlin (IY58). J. Goubcau and J. Rcyhmg. 1. Anw~. Clrm. 294. Y6 (1958). 

II S. K. Dch and A. D. Yoffc. ‘lions. Furoduv Sot. 55. 106 (IY59); J. I.ecomIc. /UC. CU. pp. 747. 748: 
‘I’. C. Waddmgton. 1. Ckmr Ser. 2WO (lY5<): P. Gray and T. C. Waddington. Tr<zn~. Fizru&v .%I. 53. 
YOI (IYS7). 

Iti W. bon E. Docrlng and <‘. H. Ik Puy. luc. c~f.; b American Petroleum lnsl~rute research ko)ccl 44. 
Sarmnal Burrau of SIandards (IJ.S.A.) Catalog ol Infra.rcd Speclral IMa. serial h’. 458; J l.ccomIc. 
Hull. SM. Chim. 13. 4IS (lY46). 

US. A. FrancIs. 1. C‘hcm. f’hw. 19. 942 (lY51). 
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assignment of the band 1300 1400 cm l to the symmctrica~ stretching mode of c .CNN 
grouping, strongly raised in its frequency for compounds showing a high degree of 
conjugation implying a relevant electron shift from diazogroup and an increasing 
degree of coupling of the triatomic -CNN grouping to the skeletal of the molecule. 
giving this symmetrical mode a higher character of skeletal mode. In order to clarify 
this problem, a structural study is clearly necessary. 
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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 
thcrc is a gradual frequency dccrcasc of this band by increasing the number of sub- 
stitucnts at carbon, independent in a first instance of the type of substitucnt. The 
aromatic diazohydrocarhons 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 paru carbon atom. This is 
also supported by the high frequency value of the : .CNN asymmetrical stretching 
mode for diazocyclopentadicne (2089 cm I. to be compared with the corresponding 
average figure 2040 cm ’ for disubstituted aromatic dia~ohydr~arb~~ns~, where such a 
competitive effect of conjugated structures is not operative, there being only the strong 
mcsomeric electron donating effect of diazogroup towards the cyclopentadienc ring, 

* 
apparently owing to the prcvalcnce of a structure of the type C!,);,---(N!SN. Pre- 
sumably thi;cfiect might cause for this molecule, as distinct from aromatic diazohydro- 
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 z-carbonyl causes a frequency incrcasc of the _ -CNN asymmetrical 
stretching mode by an average of 40 cm I, through the intervention of a structure of 

o( ) 
typ : 

R.--C C&N!- N 
involving diazogroup-carbonyl conjugation; the effect 

is further cnhanccd by addition of a second xcarbonyl group. It is of interest IO note. 
that in diazoacctonc and diazoacctophenone (SW Table I). although aromatic sub- 
stitution does not appreciably e!Tect the . .CNN asymmetrical stretching mode frc- 
quency. it lowers the corresponding carbonyl stretching frequency by 25 cm”‘. a 
lowering almost equal to the 24 cm 1 obscrvcd in acetone and acetophenone. This is 

due to the intervention of the normal carbonyl phcnyl conjugative structure, which in 
this case is of the type: 

O(. ) ‘L 
( i.) /’ 

\ ._-1 
&. CH ‘;: (I\i’ 

/ 

involving on diazo-band a partial compensation of the diazo carbonilic conjugative 
cffcct, while enhancing this very effect on the carbonyl stretching frcqucncy. with an 
additional contribution for an amount almost equal IO the one observed for other 
conjugated carbonyl compounds. Similarly the quantum yield of the photolysis* is 
lowcrcd by about O-2 units on going from diazobutanone to diazoacetophcnone. 

The parallelism kctoncs.diazokctones as to aryl-substitution is also reflected on 
the substitucnt effects to aromatic ring on the carbonyl stretching frequency, which arc 
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 etTect on the intensity is very small.* Other 
couples which may bc compared arc for example ethyl acctatc’cthyl bcnzoatc and 
phcnyl acetate .phenyl bcnzoate, with carbonyl frequency lowerings 22 and 25 cm ’ 
rcspectivcly and similar p-substitution effects on frequency and intensity.r’“*b In this 
conncxion it may bc noted that the quantum yield for the photolysis of diazoaccto- 
phcnonc show@ a tendency IO decrease for every type of orrho- or pare-substitution, 
an effect not yet understood. 

As IO the-absolute values of the intensities it may be observed instead that for 
diaroacctone and diazoacctophenonc the aryl-substitution causes a strong intensity 
decrease for I molt ’ htre cm”?. compared Idosb with an increase of about 0.5 units for 

the couple acetone acctophenonc. while for the couples ethyl acetate-ethyl benzoatc 
and phcnyl acetate-phcnyl benzoate there are only small variations. which are withm 
the limits of cxpcrimcntal error. The apparently anomalous effect on the intensity of 
carbonyl band is probably due to the strong mesomcric ctTect of the diaro group, as is 
rctlected in the exceptionally low value of the carbonyl frequency for the compoundst 

l ‘Table 2 report\ itl~ the fryucncy of the band at 1215-1230 cm ’ for the p-substlwzd dlazoaccto- 
phcnoncs. compared wth the one at 1240 1265 cm-’ for the acctophenoncs; as bcforc mentioned. the 
Intcnsrty and shape of rhc two bands, thcrr poslrlon and the paralkl trend of the submucnt efkf strongly 
support Iherr common assrgnmcnt IO the ru, aromatlc ring m-plane skeletal mode. well known for bcmg 
suhslltucnt scnvtlvc and which m the prcscnt CLU.C perhaps is also partakmg, al Icasc partially. the character 
of ~hc zarbonyllc skcklal mode (v, I225 cm-’ for awlone) fallmg in the s*mc range. 

+ For cxampla: Y‘Y) (aatonc)+<o(diazoaatonc) -’ S6 cm I; r&acctophcnonc)-rc(dmzoaatophcnon) 
S7 cm-‘; r&cthyl aarate~rc~crhyl dlazoaatatc) .- 47 cm *. 

U II. W. Thompson and D. A. Jamcson. .~prcrroc~rm. Arfo 13. 236 (1958); b fbrd. 9. 208 (19J7); ’ R. N. 
Jones, Cuwd. 1. Chrm. 35. SO4 (19S7); ‘ R. P. Susc and I’. Chalandon. Hrlr. Chtm. Arro 41, 1338 (19%). 
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and in the particularly high value of the frequency of the -CNN asymmetrical 

stretching mode for diar.ocyclopcntadienc. ‘I‘richloro and trifluoro-diazoacctonc*+ls 

arc unusual due to the superposition of the strong inductive ckt of the CHCI, 

grouping. the carbonyl band shift being 80 cm l for CCI,COCH, and CCI,C0CHN2 

and II2 cm 1 for the trifluoro-dcrivativcs. 
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 effects on the frc- 

qucncy. with a strong influence of the substitution at carbon atom on the degree of 

coupling within the :aCNN grouping: the intensity increases strongly on going from 
phcnyl- to diphcnyl-diazomethane but the bchakiour of diazocarbonyl compounds is 

less clear, presumably owing to the competitive action of carbonyl- phcnyl conjugation, 
difficult to evaluate in its effect on the diazoband intensity. 

1’ I.. J. Bellamy and R. 1.. Williams. 1. C‘hrm. SUG-. 4304 (1957) 


