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would be achieved within the interior of helices if the
hydrogen bonds were displaced to the side of the C=0
group. Distortions of this kind have been observed
in certain regions of lysozyme'* and in myoglobin!® and
have also been predicted theoretically, !4

In summary the ORD and CD spectra of ribonu-
clease indicate that its helical contributions are at
lower wavelengths than those in polypeptide models and
in many proteins. Most of the literature on optical
rotation has emphasized the role of conformation on
the magnitude and sign of Cotton effects. We are
here dealing as well with the effect of conformation and
solvation on the energy of the transition which produces
the Cotton effect. Hydrogen bonds involving the n
orbitals produce such changes, and it is suggested that
the n,7* Cotton effects of helices which are very short or
badly distorted will be displaced toward lower wave-
lengths as in ribonuclease.!®
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Microwave Spectrum, Structure, and
Dipole Moment in Cyclopropanone
Sir:

Various substituted cyclopropanones react with
dienes such as furan to give cycloadducts;!~® the ad-
ducts are formally ascribable to either a 4 + 2 cyclo-
addition of diene across the C,—C; single bond of the
cyclopropanone (I) or a 4 + 3 addition of diene and
an acyclic dipolar reactive intermediate (II). Both
reaction modes would be, according to orbital sym-
metry conditions, thermally allowed for cis cyclo-
additions.”

0 0°
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/’® )
H--75a"-H H H
H H
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Extended Hiickel calculations® have suggested that
the ring-closed form I may be unstable relative to the
oxyallyl acyclic dipolar structure II. In fact, the ap-
proximate calculations give no stability for cyclo-
propanone with respect to conversion to oxyallyl.?

We now report clear-cut spectroscopic evidence for
ring-closed cyclopropanone (I). Microwave transi-
tions for the compound thought to be cyclopropanone,
prepared from ketene and diazomethane® in fluorotri-
chloromethane, were observed in several microwave
absorption cells. The microwave spectrograph has
been described before.!*!! Considerable difficulty
was experienced in maintaining the quality of the
spectra above Dry Ice temperatures. Known rota-
tional transitions for acetone,!? ketene,!® and fluoro-
trichloromethane!* were observed. No transitions
were observed for cyclobutanone,!s acrolein,'* or
diazomethane.”” Rotational transitions of the new
molecule were identified by the Stark effect. Only
transitions excited by the dipole moment along the
axis of least moment of inertia (a, principal inertial
axis) were observed. The assigned a-type transitions,
rotational constants, and calculated transitions are
listed in Table I. The wu,- and p-type rotational

Table I. Observed and Calculated Rotational Transitions
in Cyclopropanones

Frequencies ————

Transition Obsd Caled
0(0,0)-1(0,1) 13,338.6 13,338.4
1(1,1)-2(1,2) 25,082.1 25,082.1
1(1,0)-2(1,1) 28,271.6 28,271.4
1(0,1)-2(0,2) 26,535.8 26,535.7
2(0,2)-3(0,3) 39,458.0 39,458.1
2(2,1)-3(2,2) 40,014.8 40,015.1
2(1,2)-3(1,3) 37,538.7 37,538.6
3(1,3)-3(1.2) 9,560.4 9,560.0
6(2,5)-6(2,4) 8,623.6 8,623.0
6(1,6)-6(1,5) 32,847.6 32,847.6
7(2,6)-7(2,5) 14,329.8 14,329.5
9(2,8)-9(2,7) 30,697.0 30,697.5

s The calculated transitions are for 4 = 20,153.8 = 1.0 MHz,
B = 7466.50 &= 0.05 MHz, and C = 5871.87 = 0.05 MHz which
were obtained by a least-squares fit of the observed frequencies.
Experimental errors are estimated to be 0.1 MHz.

transitions were also predicted, and a careful search was
made to find these lines. No u, or u. transitions were
observed, which indicates the molecule has C,, sym-
metry, The Stark effect was observed with high
precision as a function of electric field for the 1, — 21
and Qg — 1y transitions. The above Stark effect
gives an electric dipole moment in this molecule of
te = 2.67 = 0.10 D which is intermediate between the
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values of 2.93 and 2.34 in acetone!? and formaldehyde, '8
respectively.

The moments of inertia are easily determined from
the rotational constants in Table I, giving I, = 25.1
amu Az, I, = 6770 amu A? and I, = 86.10 amu
A2, These moments indicate that most of the mass
is contained in a plane. The combination of moments,
., + I, — I,), leads to the value of 2Zm,c;* = 6.70
where m, is the mass of the ith nucleus and ¢, is the
distance of the jth particle along the ¢ axis (axis of
largest moment of inertia). The values of (I, + I, —
1) are listed in Table II for several molecules with
known out-of-plane protons. There seems to be no
doubt that the present molecule has four out-of-plane

protons. Note the similarity in Table II for the values
Table IN. (I, + I, — 1.) for Several Molecules®
No. of
out-of-plane
Molecule (I + I, — I;) protons Ref

trans-Acrolein 0.0212 0 16
1,2,5-Oxadiazole 0.0707 0 b
Furan —0.0481 0 ¢
Cyclopropene 3.31 2 d
Cyclopentadiene 3.11 2 e
Ethylene oxide 6.83 4 f
B-Propiolactone 6.50 4 g
Cyclopropanone 6.70 4 h

o In atomic mass units dngstroms squared.
A. P. Cox, J. Chem. Phys., 43, 166 (1965). <M. H. Sirvetz, ibid.,
19, 1609 (1951). 4P. H. Kasai, R. J. Myers, D. F. Eggers, Jr.,
and K. B, Wiberg, ibid., 30, 512 (1959). ¢V. W, Laurie, ibid., 24,
635 (1956). /G. L. Cunningham, Jr., A. W. Boyd, R. J. Myers,
and W. D. Gwinn, ibid., 19, 676 (1951). ¢ N. Kwak, J. H. Gold-
stein, and J. W. Simmons, ibid., 25, 1203 (1956). * This work.

b E, Sagebarth and

of (I, + I, — I,) in ethylene oxide and the present
molecule. If we assume Zmqc,? isocaused by four
hydrogen atoms we get ¢y = 091 A. If we further
assume that the molecule has two identical HCH
structural subunits_as in ethylene oxide with a H-C
distance of 1.085 A, we obtain a HCH angle of 115
+ 3°, which is again close to the result in ethylene
oxide or the cyclopropanes. Thus, this simple anal-
ysis points strongly toward a simple ring-closed struc-
ture of cyclopropanone with three carbon atoms and
one oxygen atom in a plane and four protons out of the

plane (I). Another possible structure, allene oxide
(III), is ruled out: only two protons are out of the
H H
- 0
H
IIL

plane, and two dipole components would have been
observed as in methylcyclopropene. !¢

Further manipulation with the moments of inertia
shows that the C,—C; distance is larger than the C-C,
and C—C; distances.?® A structure which fits the ob-

(18) J. N. Shoolery and A. H. Sharbaugh, Phys. Rev., 82, 95 (1951);
R. B. Lawrence and M, W. P. Strandberg, ibid., 83, 363 (1951).

(19) M. K. Kemp and W. H. Flygare, J. Am. Chem. Soc., 89, 3925
(1967).

(20) R. Desiderato and R. L. Sass, Acta Cryst., 23, 430 (1967), have
uncovered a long C-C bond in cis-2-butene episulfone, We thank R.
Hoffmann for bringing this work to our attention,
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Table III.  Structural Parameters for Cyclopropanones

Bond Length, A Angle
C-0O 1.18 CiCiCy, 64°
Ci-Ci,s 1.49 HCH, 117° 35’
C-C; 1.58
Cy,o-Hi—4 1.085

¢ The HCH plane bisects the CCC angle. The molecule has Cy
symmetry. Calculated moments of inertia (amu A?): I, = 25.060,
I, = 68.040, I, = 86.155. Experimental moments of inertia (amu
AY: I, =251, 1, = 67.70, I. = 86.10.

served moments is listed in Table III. Further
work on this molecule, including a complete isotopic
structure analysis, is in progress.

There appears to be little doubt that cyclopropanone
(D) has been isolated and identified. There is also no
doubt that the molecule identified herein is in a singlet
ground state. The observed spectrum shows no mag-
netic hyperfine structure as is characteristic of radicals.
In addition, we have observed the 2,; — 3., transitions
(Table I) in a high magnetic field (11,000 gauss).?!
The zero-field line was 300 kHz at half-height. No
additional splitting or broadening was observed at the
high magnetic field.
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Mass Spectral Fragmentation of Aniline-1-13C!
Sir:
The major electron impact fragmentation pathway

of aniline is that shown in eq 1,? as demonstrated by
studies with aniline-'*N.? In view of the well-docu-

—HCN
C:HN-+ ———— C;H,-+ (D
mle93 ™ mle 66

mented rearrangement of toluene in its mass spectral
fragmentation (eq 2), most readily explained by a

—C:Hs

—H.
CHs -t —> CGH;t ——— C;H,* (2)
mje 92 m/e 91 mle 65

tropylium ion intermediate (I),%4° we have examined
the possible intermediacy of an analogous azepinium
ion (IIa) in the fragmentation of aniline® by studying

(1) Presented in part at the 154th National Meeting of the American
Chemical Society, Chicago, Ill., Sept 11-15, 1967, Paper No. S-85.

(2) J. Momigny, Bull, Soc. Roy. Sci. Liege, 22, 541 (1953).
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N. Y., p 516.
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lines. 10
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