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The Raman and the infiared specira o f  metl~yi 2, 2-dimefhyl 3-ketocyclohu~j~l 
acetate and methyl 2, 2-dimethyl-3-J?ydroxy-rycIobu1yI acefafe have been srudied 
and the observed frequencies have been analysed in terms of  characteristic group 
freqnencies. The keto ester ( I )  shows two frequencies in the carbonyl stretching 
frequency region while the hydroxy ester ( I I )  shows only omze. A comparison has 
been made with the available data for cyc/oburam7e compounds and the possible 
characteristic .ti equeneies for these  compound^ are discursed. 

During an investigation on some transformation reactions of a-pinene, 
the keto-(I) and the hydroxy-(11) cyclobutane compounds were obtained. 
The method of preparation and the properties of these compounds have been 
reported elsewhere'. Since the Rrman and the infrared spectra can help in 
the eluciddtion of molecular slructure, especially in the case of heavy organic 
molecules, they were recorded and analysed for these compounds. While 
many infrared investigations are available on the cyclobutane compounds, 
there are only a few Ramnn effect studies on these compounds. Lord and 
Nakagawa2 analysed the vibrational spectrum of cyclobutane. Kohlrausch 
and Skraba13 reported the Ranan spectra of cyclobutane carboxyllc acid and 
its esters. Frei and Gunthard4 also recorded the vibrational spectra of 
cyclobutanone and cr, a, a', a'-d,-cyclobutanone. Durig and Morrissey5 
obtained the vibrational spectra of 2-bromocyclobutanone and 2-bromo 2, 4, 4- 
trideutero cyclobutanone. In an attempt to locate possible characteristic 
frequencies for the cyclobutane ring, Ulery and ~ c ~ l e n o n ~  studied 191 
cyclobutane derivatives and suggested some characteristic frequencies. 



Recently Conia and his c o - w o r k e r ~ ' ~ ~ ~ ~ ~  syn ihcs i . d  a large number of bromo. 
cyclobutanones and aualysed their conformational properties by s t~dying the 
ultravioiet, infrared and nuclear magnetic resonance spectra of these 
compounds. In this paper we present the results obtained from a Rnman and 
infrared investigation on the tirle compounds. 

The Raman Spectra were recorded with n H i k e r  two prism spectrograph 
and with the mercury 4358 A radiation obtained from a Toronto iype helical 
arc as the exciting line. A saturated solution o f  sodium nitrite was used to 
cut OK the lower wave-length radiations. With  a slit width of 0.05mm and 
Iiford AsLra III plates good spectra were obtained with an  exposure time of 
about iwelve hours. The Raman speclra were nlicrophotometered using a 
Mo!l microphotometer. The infrared speclra wcre recorded In the region 
400-4000 an - '  with the Carl Zeiss UR-10 autonlalic recording spectrometer 
e q u i ~ p e d  with LiF, NaCl and KBr prisms. The substances were used as 
ne li smears. 

Plates 1 and I1 give the Raman specrra and the microphotometer 
tracings of the keto ester (I) and the hydroxyester (11) respectively. The 
:nfrarcd ahsorption spectra of these two compounds are reproduced in 
figures 1 and 2 respect~vcly. The Raman shifts (in cm-I, vacultm corrected) 
along with the visually estimated intensities and the IR absorption frequencies: 
( i n  cm-I) are given in Table 1. The structures of the two molecules are 
shown in figure 3. 

Methyl 2, 2-dimethyl-3-ketocyclobutyl acetate and methyl 2,2-dimetyl-3- 
bydroxycyclobutyl acetate contain a large number of atoms and functional 
gro~ips and have no symmetry which can help in the vibrational analysis of 
the molecu!e as a whole. Thus we see rrom Table 1 that a large number of 
frequencies appear both in the Raman and the infrared spectra of these 
compounds. Any assignment of these frequencies can therefore only be 
tentati\'e and wiih some uncertainties arising parlicularly 1x1 the most activ.: 
region, namely, 700-1500 cm-I. 

3.1. C-H s~retching modes : Only 3 strong and broad hands occur in 
the C-H stretching region, both in the Raman and the infrared speclra. 
There is presumably an overlap between the symmetric stretching modes of 
the CH2 groxps and the asymmetric stretching modes of the CH, groups. 

3.2. The C = O  strefcliing modes : The keto ester (I) has two frequencies 
(at - 1740 and - 1780 cm'" both in the Raman and the infrared. In cyclo- 
butanone and in bromocyclobutanone the C - 0  frequency occurs at 
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I n  Frared 

540 (vw) 
195 (w) 
637 (m) 
635 (sb) 
652 (w) 
690 (w) 

770 (w) 
792 (vw) 

842 (vn)  
865 (w) 
882 (w) 

1304 (m) 

1023 (m) 

Observed Raman and lnfrs led F requemes  ot the keto ! I )  a n d  the llydrony ((I) esters 
- -- - -- 

keto ester Frequency c m  ' Nydroxy ester Frcqucncy cm-I 
-- - .- - -- . -- -- Asrlgnment 

C -C -C bendins 
C -~ 0 (lrzto) bending 

462 (w) 
535 (w) 
555 (w) 
595 (w, br) 

645 (w) 

702 (w) Ring vihl-ation 

792 (w) 
810 (w) 
845 (w) 
865 (w) King vibration 
888 (w) 

923 (w) Ring vibration 
942 (w) 
965 (w) 
1005 (s) CH3 rocking 
1020 (sh) 

1045 (s) 

* Numbers in brackets give the visually estimated iotensities for the Raman lines. 
vs : Very Strong, s : Strong, sh : Shoulder, m : Medium, w : Weak, vw: Yrry 
Weak, br : broad. 



1074 (s) 

1082 (sh) 

1120 (w) 

1 150 (w) 

1181 (s) 

1202 (s) 

1242 (w) 

1272 (s) 

1327 (c) 

1388 (s) 

1405 (w) 

1428 (vw) 
1445 (s) 

1474 (m) 

1745 (vs) 

1785 (vs) 

2875 jm) 

2915 (s) 

2968 (s) 

1061 (s) 

1105 (s) 

1 135 ( s )  

1) 82 ( s )  

1202 (s) 

1232 (s) 

1265 (s, br) 

1320 (s) 

1372 (s) 

1385 (sh) 

1424 (m) 

1445 (s) 

1471 (m) 

1650 (w) 

1740 i,vs, br) 

2874 (m) 
2935 (sh) 

2965 (vs) - 3450 (s, br) 

Assignment 

- - -  - 
C-OH bending 

C-1-1 bending 

CH, twisting 

CW, twisttng 

CHg bending 

gem dimethyl bending 

CH, bending 

CH, bending 

0 -H bending 

C = 0 stretching (ester) 

C=Q stretching (ketone) 

C-N stretching 

C-H stretching 

C-H stretch~ng 

0 -H stretching 

-17XOcm". Hence it is to be concluded that the higher frequency ( i s ,  
1780cm-I) is the one corresponding to  the keto group and Lhe other 
frequency (i.e., 1740 cm-I) is due to the ester C=O.  The hydroxy ester (If) 
shows only one frequency both in (he inirared and the Raman (at - 1740 cm-'). 
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Vibrarionul Spectra of Cyclobufyl Acetates 

The structure of rnerhyi 2, 2-dimethyl-3 
ketocycPohutyl acetate (1) and methyl 
2,2-dimethyl-3-hydroxycyclobutyl 
acetate (ll) 

3.3. CR,, CH, deformation fr~quencies : The bending frequencies for 
these groups normally occur in the range 1440-1480cm-'. In this range 
there are two strong bands both in the infrared and the Raman riz., at 
:445cm-I and 1465 cm-\ The former is I~kely to be due to the CH, bending 
and the latter due to the CtJ, bendings. In addition, there occurs at - 1390 ern-' a strong band in the infrared only which is likely to be due to 
gem. dimethyl group8. The rocking, twisting and wagging modes of the CH, 
and CH, groups are very sensitive to the nature and the types of the 
neighbouring bonds. Hence il is difficull lo say exactly where these 
frequencies occur, Ulery and McClennon6 suggest that the frequency at 
1235 cm-' may be characteristic of the CH, twist in thc ring. Since in the 
present case the molecules contain a large number of CH, and CH3 groups. 
it is possible that there is considerable interaction between the varlous groups 
leading to a splitting and/or a change in the frequency values. 

3.4. Ring ~ibrurions : In ~ h c  cyclobutanc molec.ulc. Lord and NakagawnZ 
assign the frequencies a t  895, 926 and 1001 cm-I to the ring vibrations. In 
cyclobutanone4 the frequencies at 675, 850, 958 and 1124 cm-' are assigned 
to the ring vibrations, while in bromocyclobutanonc Duns  ci aiS ideniify 
these as occurring a t  686, 892, 892, 964, 1029 and 1063crn-'. Ulery xnd 
McClenon6 suggest the frequency at 750cm-' to be characteristic of the 
inplane bending of the cyclobutnne ring. All these authors agree that the ring 
breathing vibration occurring at - 940--980 cm-I 1s strongly Raman active and 
is characteristic of the cyclobutane ring. However, in heavily substituted 
molecules it is very difficult to identify and distinguish the ring vibrations 
h m  those of the twisting, rocking and wagging modes of the CH, groups. 

3.5. Other low frequency vibrations : In the Raman spectra of the keto 
and the hydroxy esters, in the present case, ihere occur two strong vibrations 
at 303 and 373 cm-'. 'The keto C = O  bending frequency in cyclobuta~~one 
and bromocyclobutanoi~e oczurs at 403 cm-' and 379cm-I rcspec~ively and is 
Strong. Hcnce in the present case the frequency occurring at 373 cm" is to 
be identified with the keto C = O  bending and the one that occurs ar 303 cm'' 
is probibly a C-C-C deformation frequency. 



The Rnrnan and Lhe infrared spectra of methyi 2, 2-dimethyl-3-ketocy& 
buty! acetate and mcLhy1 2,2-dimethyl-3-hydroxycyclobutyl acetate 
recorded and the observed frequencies were interpreted. A comparison 
t h e  :ivnilablc data for the cyclobuiane compo~inds :ins been made and the 
possible characrerisiic frequencies for these compounds were discussud. 

The authors wish to express their sincere thanks to Prof. R. S .  Krislinan, 
Prof. P. S .  Narayanau and Prof. D. K. Banerjee for their encouragement 
and interest. 
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