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The infrared spectra of 2-chlorocyclobutanone and 2-chloro-2.4,4-trideutero~ 
ryclobutauone in the liquid and vapor phases have been recorded from 4000 to 
250 rm-1. The far-infrared spectrum of 2-chlorocyclobntanone vapor has been 
recorded from 33 to 600 cm-l. The Raman spectra of the two isotopic species ill 
t,he liqllid state have also been measured. An assignment of the fundamental 
vibrational frequencies is presented. The ring-puckering mode gave rise to 
lines at 178 and 170 cm-1 in the Raman spectrum of 2-chlorocyclobutauonc 
and 2-rhloro-2,4,4-trideuterocyclobutanone, respectively, and the qualitn- 
tive nature of the potential function governing this vibration is discussed. 
The NBZR spectra of both isotopic species have likewise been recorded. From 
the interpretation of the data, t,he 2-chlorocyclobutanone molecule appears 
to be essentially planar with only one geometrical configuration which is in 

marked rnntrast to the conformers previously reported for this molecxde. 

INTRODUCTION 

The assignment of the t,hirty fundamental modes of chlorocyclobutanc was 
presented by Durig and Morrissey (1). A vibrational assignment has also been 
given for the cyclobutanone molecule by Frei and Giint,hard (2). A microwave 

study has shown t)he chlorocyclobutane molecule to be puckered with an average 
dihedral angle of 20 f 1” [Ref. (3)]. A n infrared investigation has present,ed 
st,rong evidence of a (‘near-planar” conformer which is believed to have :m 
appreciable abundance (-20 ‘3) at room temperature (d)-(6). On the other hand, 
cyclobutnnone has been shown to have an average dihedral angle of 0” and is 
therefore considered planar (7). The potential functions governing the ring- 
puckering fundamentals of chlorocyclobutane and cyclobutanone are sub- 
stantially different, as expected. A single-minimum, asymmet’ric, potential func- 

* The previous article on this subject appeared in J. Chem. Phys. 47, Nov. 15 issue (1967). 
t Based on the thesis presented by W. H. Green to the Department of Chemistry in 

partial fulfillments of the requirements for the Ph.D. degree. 
$ Present address: IT. S. Naval Research Laboratory, Washington, 11. C. (Code lil10). 
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tion has been found to govern the ring-puckering vibration of chlorocyclobutane 

(I), (8), whereas the ring-puckering vibration of cyclobutanone has been shown 
to be Kell described by a pure quartic potential function (9). 

To facilitate a study of the combined effects of chlorine substitution along 
with a carbonyl group upon the fundamental vibrations of the four-membered 

ring, we have investigated the vibrational spectra of 2-chlorocyclobutanone and 

2-chloro-2,4,4-trideuterocyclobutanone. Additional interest in this molecule 

arises from a recent publication by Conia and Gore (10) who proposed the exist- 
ence of the conformers for 2-chlorocyclobutanone. 

EXPERIMENTAL 

‘LChlorocyclobutanone was prepared by the reaction of sulfuryl chloride with 
cyclobutanone (10). The procedure of Conia and Gore was modified by allowing 
the reactants to stir for 30 hours instead of 15 hours at room temperature, and 
by using a l-to-l equivalent ratio of cyclobutanone to S02C12. After the Ccl, 
solvent was removed by distillation, the reactants were separated on a 20-ft. 

Carbowax vpc column at a column temperature of 150°C. The desired product 
was passed through the column a second time to assure high purity. The sample 
of 2-chloro-2,4,4-trideuterocyclobutanone was prepared as above by the reac- 
tion of cyclobutanone-dd with S02C12. The preparation of 2,2,2’, 2’-tet,radeutero- 

cyclobutanone has been reported previously (2). Isotopic purity of the partially 
deuterated 2-chlorocyclobutanone was shown by the nmr spectrum to be >99 7%. 

Infrared spectra of the two isotopic species, in both the liquid and vapor phases, 
were measured from 4000 to 250 cm-l with a Perkin-Elmer Model 521 spectro- 
photometer which was purged with nitrogen and calibrated by the usual proce- 

dure (11). Vapor and liquid phase spectra were recorded with cells which had 
CsI windows. Infrared spectra of the pure solid phases were obtained by means 
of a liquid-nitrogen cryostat with a sample temperature of approximately 
-185°C. Since no new data were obtained from the solid, the spectra are not 
reproduced. Original tracings of the infrared spectra of 2-chlorocyclobutanone, 
and 2-chloro-2,4,4-trideuterocyclobutanone are shown in Fig. 2, the frequencies 
of the observed bands are listed in Tables I and II. 

FIG. 1. Drawing illustrating notation used to distinguish carbon atoms. 
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E’rc. L’. Top: Infrared spectrum of 2.chlorocyclobutnnone liquid recorded between 
CsI plates. Bot,tom: Infrared spectrum of 2-chloro-2,4,6trideuterocyclobutanone liqllid 
recorded neat between CsI plates. 

The far infrared spectrum of 2-chlorocyclobutanone w-as measured with a 
Beckman Jlodel IR-11 spectrophotometer which was calibrated with atmos- 
pheric I\-ater vapor and the assignments of Randell et al. (12). The spectrum of 
t,he vapor was recorded at, a sample pressure of 5 mm in an 8.2-m cell equipped 
wit#h polyethylene windows. A reproduction of the original spectrum is illus- 
trated in E’ig. 3 and the frequencies obtained are listed in Table I. 

Raman spectra of the liquid phase samples were recorded with a Cary i\lodcl 
81 Spectrophotometer equipped with a helium-neon laser.’ Data taken from 
original tracings of the Raman spectra of 2-chlorocyclobutanone and Z-chloro- 
2,4,&trideuterocyclobutanone are listed in Tables I and II. A11 reported fre- 
quencies are believed to be accurate to within ~t2 cm-‘. 

The nmr spectra of 2xhlorocyclobutanone and 2-chloro-2,4,4-trideutero- 
cyclobutanone are reproduced in Fig. 4. A Varian Model A-60 nmr spectjrometor 
was used. The samples were st’udied in Ccl, solutions w&h TMS and CHCI, as 
internal standards. 

The basic structural paramebers of t,he cyclobutanone molecule (3) were cm- 
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Table I. Infrared and Raman Cata of 2-chlorocyclobutanone Liquida 

Infrared (cm-l) Rel. Int. Rawm (cm-l) Rel. Int. Assipnent 

3646(b) VW '4 
+ u21 = 3&l 

v3 + Y21 = 3654 

3582 Y 2~6 = 3598 

3013(sh) Y 3020(sh) 

2995(sh) 

2967 m 2965(sh) 

2954(sh) 

294O(sh) VW 2940 

2874(sh) vu 

2777 

2485 

2132 

1968 

189O(sh) 

1799 

175O(sh) 

1620 

I.448 

1394 

1251(sh) 

1225;(sh) 

1204 

2~7 = 2896 

VW '6 + '17 = 2774 

VW ‘b + = 21186 "21 

VW y7 + "21 = 2135 

Y "10 + = 1971 y20 

vu ?1 l "21 = 1891 

ws 1800 n y6 

vu '16 + v20 = 1748 

Y 

ill I.447 w 
Y 

S 1394 w '5 

u 1254 w 
'9 

m "10 

5 1205 u "11 

1188(sh) vu "12 

llbS(sh) vu "13 

1096(sh) VW y21 + v24 = 1099 

1069(b) VS 
“lit 
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Table I. (continued) 

Infrared ( cmml) Rel. Int. Raman (cm-l) Rel. Int. Assignment 

103h(sh) m 1036 " 
"15 

1002(sh) w 1000 VW 
"16 

975 s 971r m 
vl7 

893(sh) m 89ii s 
v18 

a72 s 873Csh) w 
"1Y 

7h6 w 7L7 m 
"20 

7lO(sb) VW 
"23 

+ v27 = 710 

687 s 689 s 
"21 

598(b) s 600 m 
v22 

531r m 53L m 
"23 

h12 m lrll m 
"2h 

307 m 306 m 
% 

277 vu 270 w 
v26 

172 m 178 s 
57 

a s, m, w, v, sh, and b denote strong, medium, weak, very, shoulder and broad, 
respectively. 

ployed in the product rule calculations. Although these parameters are on13 

approximate for t’he 2-chlorocyclobutanone molecule, t,he product rule thus 
obt,ained fits the observed data quite well. 

DISCUSSION AND ASSIGNMENT OF FUNDAMENTALS 

The Zchlorocyclobutanone molecule contains no elements of symmetry, and 

is therefore described by point group Cl. Each of its 27 fundamental vibrations is 
both infrared and Raman active. No information may be gained from depolar- 
izat’ion measurements because of the absence of molecular symmetry-all lines 
will be polarized. The absence of symmetry has also limited the number of US’- 
ful vapor-band contours, yet a comparison of the observed data with those oh- 
tained for other similar molecules (I), (%‘), (IS), along with isotopic shifts make :I 
reliable vibrational assignment possible. 

The nomenclature illustrated in Fig. 1 is utilized to distinguish the carbon 

at’oms and it, will be initially assumed that the carbon ring is planar to facilitat#c 
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Table II. Infrared and F&man Lata of 2-chloro-2,~,lr-trideuterocyclobutanone,a 

Infrared (cm-l) Rel. Int. Raman (cm-') Rel. Int. Assignment 

36&O(b) 

3567 

3013(sh) 

2966 

291s(sh) 

2867(sh) 

22&7(sh) 

2213 

21a5(sh) 

2159(sh) 

1797 

1720(sh) 

llrlr7 

1253(sh) 

12211 

lU3 

lllO(sh) 

1085(sh) 

1075 

1052(sh) 

1037 

973 

952(sh) 

a93 

a35 

798 

7h5 

3Oti 

2968 

221r6 

22l.L 

21ab(sh) 

1796 

1447 

1225 

1075 

1035 

973 

a34 

791r 

7hh 

m 

S 

” 

m 

Y 

w 

w 

u 

v1 + v21 = 3b32 

2v6 = 359h 

"1 

y3 

v +v 
6 a 

= 2907 

Y +v 
6 

rt = 2872 

y2 

'l! 

Y 

y6 + y2JJ 
= 2157 

yb 

"11' "17 + "20 
= 1718 

Y 

"10 + "2h = 1253 

v9 

"13 

'8 

y7 - "2b 
- 1087 

"lJ4 

y6 - v20 
= 1052 

"15 

k "17 

"12 

ylo 

"la 

"16 

"20 
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Table II (continued) 

Infrared (cm-l) Rel. Int. Raman (cm-l) Rel. 1nt. Assignment 

101 

6h9(sh) 

638(sh) 

619 

55tJ 

1188 

3UJ 

301 

u 650(o) 

Wu 

m 618 

s 5% 

m b35 

VW 362 

s 301 

263 

170 

w 

u 

s 

m 

5 

VI4 

vu 

vs 

“19 

“21 

“22 

‘23 

y2h 

‘25 

v26 

y27 

a 
s, m, w9 vJ sh, and b denote strong, medium, weak, very, shoulder, and broad, 
respectively. 

l I I I I 1 

142 126 110 

FlrsQ”ENCY (Gi“) 

Fru. Y. Redrawn far-infrared spectrum of 2-chlorocycloblltanone vapor revordrd at 
a sample pressure of 5 mm in an 8.2-m path cell at 80°C. 

the discussion of the sssignmenk However, in a latter section it will be shown 
that this assumption is valid, The topics of discussion will be covered in the fol- 
lowing order: CH stretching vibrat)ions, CH bending vibrations, carbonyl and 
CC1 vibrations, a,nd ring deformations. 
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FIG. 4. Top: NMR spectrum (expanded scale) of complex triplet arising from the 
a-proton of 2-chlorocyclobutanone. Bottom: A. NMR spectrum of 2-chloro-2,4,4-trideu- 
terocyclobutanone; B. NMR spectrum of 2-chlorocyclobutanone. 

CARBON-HYDROGEN STRETCHING MODES 

There are five CH stretching fundamentals for the 2-chlorocyclobutanone 
molecule and two CH stretching modes in the oc,y-deuterated isomer. The two 
CH stretching modes which these isotopic species have in common are the in- 
phase and out-of-phase stretching of the /3-methylene group. The bands resulting 
from these vibrations are found at 2966 and 3013 cm-l, respectively, in the in- 
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Table III. Vibrational Assignments for Z-chlorocyclobutanone 

and 2-chloro-2,L,&trideuterocyclobutanone. 

Approximate Description 2-chlorocyclobutanone 2-chloro-2,4,h-trideutero- 

of Vibration (cm-l a ) cyclobutanone(cm-l)a 

"1 P-CH2 out-of-phase 
stretching 3013 3013 

“2 a-CH stretching 2995* 22L7 

v3 p-M2 in-phase stretching 2967 2966 

"lr 
y-CH2 out-of-phase 

stretching 29511* 2213 

"5 
y-CK2 in-phase stretching 29&O 2185 

"6 C=O stretching 1799 1197 

? 
P-CH2 deformation lw liiL7 

'a U-CH2 deformation 139h 1llG 

yY 
,+CH2 twisting 1251 122L 

?O 
a-CH (I) bending 1225 893 

?1 
y-CH2 wagging 12OL (975) 

?2 
y-CH2 twistink 1188 952 

?3 
p-CH2 wag&, 1x5 lU3 

"ill 
ring deformation 1069 1075 

US 
ring deformation 103fJ 1057 

"16 
G-CH (II) bending 1002 798 

"17 
rind deformation 375 973 

"18 
ring "breathit@ 893 535 

y19 
y&H2 rockin,: 872 61rY 

*20 $-C'i2 rocking 7Ld 7t5 

y21 ring deformation 687 019 

y22 C-Cl stretching 598 550 

"23 
C ~0 (Ii) bending 53ir lr88 

"2L C=O (I) bending u2 3d2* 
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Table III (continued) 

Approximate Description Z-chlorocyclobutanone 

of Vibration 
-1 a 

(cm ) 

"25 
C-X (1) bending 307 

vz6 C-X (11 ) bending 275+ 

57 
ring-puckerin& 178* 

2-chloro-2,h,&trideutero- 

cyclobutanone(cm-l)a 

301 

253* 

170* 

a Numbers in parentheses are estimated values. 

*Asterisk denotes Raman frequencies - all other values are infrared frequencies of the 
liquid. 

frared spectrum of 01, y-trideuterocyclobutanone liquid. The analogous absorp- 
tions of the light compound were located at 2967 and 3013 cm-l, respectively. 
The (Y-CHCI stretching mode is assigned to the Raman line at 2995 cm-’ and 
shifts to 2247 cm-l upon deuterium substitution. The similar CHCI stretching 
fundamental of chlorocyclobutane, with a frequency of 3005 cm-l, supports 
this assignment (1). The in-phase and out-of-phase stretching modes of the 
y-methylene group are assigned to the Raman lines at 2940 and 2954 cm-‘, 
respectively; deuterium substitution results in shifts to 2186 and 2214 cm-‘, 
respectively. The distinction between in-phase and out-of-phase stretching of 
each methylene group has been made on the basis of relative intensity considera- 
tions. Namely, the in-phase mode is expected to exhibit greater intensity in the 
Raman spectrum than in the infrared spectrum, and further, the out-of-phase 
vibrations normally occur at higher frequencies than do their in-phase counter- 
parts. 

CARBON-HYDROGEN BENDING VIBRATIONS 

Each of the two methylene groups contributes a deformation, a wagging, a 
twisting, and a rocking mode to the CH bending fundamentals. The band posi- 
tions of analogous modes of the p- and y-groups, however, are expected to be 
separated somewhat due to the differences in their immediate environments. 
The bending modes associated with the /3-methylene group should absorb at the 
same relative frequencies in the two isotopic species; whereas bands arising from 
the y-group shift to lower values with deuteration. The deformation, twisting, 
wagging, and rocking of the P-group are assigned to bands at 1448, 1251, 1165, 
and 746 cm-l, respectively, in the infrared spectrum of 2-chlorocyclobutanone. 
The corresponding values observed for the deuterated molecule are 1447, 1224, 
1143 and 745 cm-l. The wagging and twisting modes of the light molecule appear 
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to be coupled slightly with other modes which have nearly the same energy as is 
evidenced by their small shift with deuteration; the deformational and rocking 
modes, however, appear to be fairly “pure” and not mixed. 

The deformation, wagging, tn-ist’ing, and rocking fundamentals of the r-group 
are assigned to infrared bands at 1394, 1204, 1188, and 572 cm-l, respectively. 
Deuterium substitution causes these bands to shift t)o 1110, 973, 952, and 639 

cm-‘. 
The t,wo wCH bending modes are assigned to bands at 1225 and 1002 cm--’ 

in the infrared spect#rum of the liquid, and shift, to 893 and 79s cm-l upon deu- 

teration. Once again, a correspondence is found with the values of 1263 and 975 

cm-’ measured for t’he similar vibrations of the a-CHCI group in chlorocyclo- 
butane.’ The 1225 cm-’ band corresponds to a CH bending which is perpendic- 
ular to t)he assumed molecular plane of the ring, whereas the 1002 cm-l h:u~~l 
result#s from a CH motion that is parallel t)o t’his plmc. 

CARBONYL ANl> CHLORINE \‘IBRATION;S 

The C=O stret,ching fundamental gives rise to the very intense infrared baud 
at -1800 cnrl in t’he spect’rum of bot)h isotopic species. The two carbonyl hid- 

ing vibrations are assigned to the infrared bands at, 534 (parallel to the pl:mr,~ 
and 412 cm-’ (perpendicular t)o t’he plane) (2) ; t,hese bands shift to 485 and X0 

cm-’ with dcuteration. The C--Cl st’retching fundament,al is assigned to t,hc irl- 
tense, broad infrared band at 598 cm+ (the corresponding Raman line is found 
at, 600 cm-l) in the spectrum of L’- chlorocyclobut~nnone liquid and shifts t.o .i.i(i 

cm-’ with tleuterat,ion. The t’\\o CXl bending vibrations give rise to Raman 

lines at 307 and 270 cm-‘; deuterium substitution produces very slight shifts to 
301 and 263 cm-l, respectively. The line of higher frequency is assigned to tlrcs 
perpendicular bending mode, whereas the 370 cm-’ line is assigned to the parull~~l 
bending mot’ion. The perpendicular and parallel bending motions of the halogtltl 
showed very strong and peak Raman lines, respectively, in t,he hnloc~clobrl 

tams (11, (fg, (13). 

RING DEFORMATIONS 

There are six fundamental vibrations which arc associated with the carboll- 

ring skeleton of the molecule. If one assumes that the ring is planar or nearly so, 
then five of t)hese modes can be t’hought of as oscillat,ions within t,he plane, and 
the sixth as an out-of-plane bending mode. The five intraplanar fundamentals 
are assigned to the bands at 1069, 1034, 975, S93, and BS7 cm-l in the infrared 
spect,rum of the liquid. The corresponding bands of the deuterium-subsGtut(ad 
molecule are located at 107.5, 1037, 973, 835, and 619 cm-‘. The analogous vibra- 
tions of t)he 7-bromocyclobutane molecule were found at very nearly the sarn(’ 

1 The helium-neon laser was purchased with funds from II National Science I”~>~~ndat iota 
(+rant. (+P-7079. 
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frequencies (14). The 893- and 687.cm-’ bands shift more than might be expected 
of ring modes, but it is suggested that these two modes are coupled with the 
bending vibrations of the methylene groups. The mixing of these two ring modes 
has been reported previously in the deuterated analogs of the halocyclobutanes 
(I), (13). It should also be pointed out that the intensity of the corresponding 
Raman lines leaves little doubt in the assignments of these two frequencies. 

The out-of-plane ring-bending mode is the most interesting vibration of 2- 
chlorocyclobutanone and it is normally referred to as the ring-puckering vibra- 
tion. The ring-puckering fundamental of several four-membered ring systems 
has been studied in the past (I), (4), (6), (8), (9), (IS), (IS), and it is expected 
to be the band of lowest frequency. It is thus assigned to the strong Raman 
line at 178 cm-’ and the corresponding band in the infrared spectrum of the vapor 
is centered at 172 cm-‘. The band contour resembles a Type-A envelope with P 
and R branches at 165 and 179 cm-‘, respectively (see Fig. 3). There are no appar- 
ent “hot bands” on either side of the fundamental transition. Therefore, it ap- 
pears that the ring-puckering vibration for 2-chlorocyclobutanone is harmonic 
or nearly so. The deuterated compound displays the corresponding Raman line 
at 170 cm-‘. The shift is much smaller than expected for the ring-puckering 
vibration, since for other four-membered ring molecules, the corresponding 
vibration showed a marked shift with isotopic substitution (9), (IS). However, 
the shift is consistent with that found for the corresponding vibration in 2- 
bromocyclobutanone (14) where it was postulated that this vibration consists 
of a large motion of the /%CHt group compared to the motion of the remaining 
part of the molecule. 

SUMMARY AND CONCLUSIONS 

Recently Conia and Gore published a lengthy report dealing with the chemis- 
try of substituted cyclobutanones (10). In this report the data presented were 
interpreted as resulting from two equilibrium configurations, equatorial and ax 
ial, of the 2chlorocyclobutanone molecule. Their evidence was based on infra- 
red, ultraviolet, and NMR spectra, as well as measurements of dipole moments 
in different solvents. 

In the infrared study of Conia and Gore, the position of the carbonyl stretch- 
ing vibration was measured in solvents of varying polarity. Cyclobutanone, 
as well as 2-chlorocyclobutanone, was studied. It was proposed that there exists 
a dynamic equilibrium between axial and equatorial conformations of the 2- 
chlorocyclobutanone molecule; the equilibrium shifted to the favor of the axial 
conformation in non-polar solvents at the expense of the equatorial form, and in 
polar solvents the opposite was the case. The carbonyl stretching frequency was 
found to increase as the polarity of the solvents decreased and this evidence was 
taken to mean that the axial form was becoming predominant. A total increase 
of 13 cm-l was observed for the carbonyl stretching frequency of 2-chlorocyclo- 
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butanone in solvents ranging from dimethyl sulfoxide to cyclohexane; however, 
t,he frequency increase observed for cyclobutanone, using the same solvent,s, was 
2-t cm-‘. It is well established that cyclobutanone is planar (?‘), (9), so the authors 
feel that such an increase in the carbonyl frequency for the 2-chlorocyclobutanone 

molecule, which is less than that observed for cyclobutanone itself, does not con- 

firm the presence of two conformers and evidently may be the result of simple 
solvent interaction. Similar considerations may be applied to the ultraviolet, 

absorption data reported. Also reported were the NMR spim-spin coupling con- 
stants bctneen the LY- and P-protons of 2-chlorocyclobutanone. It n-as stated 
t,hat the coupling constant#s of the a-proton were 9 cps (cis) and 7 cps (trans) ; 
this was given as evidence for the nonplanarity of the molecule since the values 
obtained for cyclobutanone were 8.2 cps (cis) and S.2 cps (b~_~ns). The IYMR 

spectra of %chlorocyclobutanone and its deuterated isomer have been recorded 

in this laboratory (see Fig. 3). 
NMR spectra were also recorded with a Varian HA-100 high-resolution in- 

strument at temperature intervals up to 70°C. It is interesting to note that the 

shoulders on t,he lines near 283 and 300 cps merged closer to Dhe line centers with 
increasing t’emperatures, although relative line intensities appeared to be in- 
sensitive to the changes of the sample temperature. This merging effect is prob- 
ably the result of a steadily changing environment of the a-proton. One explana- 

tion could be that t,he average dihedral angle of the ring is slightly alt,ered as 
excited st,atcs of the ring-puckering fundament’al become increasingly thermally 
populated. Recent workers (15), (16) have reported the vicinal cis and frans 
coupling constants of cyclobutanone to be approximat,ely 10 and 6 cps, respeo- 
Gvely, so that the comparison of 2-chlorocyclobutanone to cyclobutanone which 
was previously made (10) seems to be incorrect. It is evident that t,he N%lFt 
spectrum of L’-chlorocyclobutanone cannot be treated as one of first order, and 
that, coupling across t,he ring appears to add a great deal of complexity to t,hc 

dut,a. linmbert and Roberts (I?) have recently commented that the similarit,!: 
in coupling constants (6.4-9.7 cps), found by Conia et al., is very different, from 
the wide range of hydrogen-fluorine couplings for cyclobutanes which are known 
to be puckered. Roberts and Lambert indicat,e that it is impossible to distinguish 
b&z-een stat,istical and dynamic planarity by coupling-constant considerations 
alone, and they suggest that t,he deviation from planarity in the cyclobutanones 
is expect,ed to be small. The dipole moment evidence of conformers reported b) 
(:onia is bnscd upon differences which seem to be as large as the experimental 
uncertainties involved with such measurements. For example, the precision of 
dipole-moment measurements in solution is altered by solvent effects, which 
introduce an absolute error up to 10% or more (19). 

If the 2-chlorocyclobutanone molecule were substantially puckered as is the 
case for the chlorocyclobutane molecule, one might expect the ring-puckering 
fundamental to produce a broad band which resembles the 1.59 cm-l band 
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found for chlorocyclobutane. Also, evidence for the existence of two conformers 

should be indicated. The harmonic appearance of the band assigned to the ring- 

puckering vibration, along with the absence of gross differences between the 
liquid and low-temperature solid phase spectra of 2-chlorocyclobutanone, how- 
ever, lead to the conclusions that there is but one equilibrium conformation of 

the molecule and that the ring is planar or very nearly so. The proximity of the 
C-Cl vibrations (especially the bending modes) to the ring-puckering funda- 
mental, along with the absence of molecular symmetry, make a great amount 
of mixing between these LLnormal” modes very probable. As a result, the ring- 
puckering mode can have substantial contributions from the C-Cl motions and 
may not be adequately described as a “pure” ring-puckering vibration. Because 

the C=O bending motions show coupling with the a-CH and r-CH2 modes by 
shifting with deuteration, and the C-Cl bending and ring-puckering modes do 
not, it is felt that the latter modes are not coupled appreciably with those of the 
a-CH and /NH2 groups, or the C=O bending motions. The negligible shift of 

the ring-puckering frequency with trideuteration supports the hypothesis that 
the CPCH and r-CH2 groups do not contribute any significant vibrational ampli- 
tude to the resultant motion of the ring-puckering mode. The actual oscillations 
taking place during the ring-puckering vibration are believed to be composed 
mainly of motions of the /3-CH2 group with contributions from motions of the 
chlorine substituent. A normal coordinate calculation should be of value to de- 
termine the relative motions of the atoms during the normal vibrations. 
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