Tetrahedron Letters No. 13, pp 1245 - 1247, 1972, Pergamon Press. Printed in Great Britain.

PROTON MAGNETIC RESONANCE ASSIGNMENTS IN
DICHLOROKETENE-OLEFIN ADDUCTS BY LANTHANIDE-INDUCED SHIFTS'
Robert M. Cory and Alfred Hassner*
Department of Chemistry, University of Colorado, Boulder, Colorado 80302

(Received in USA 17 January 1972; received in UK for publication 21 February 1972)

Since the discovery2 that dichloroketene adds readily in situ to reactive ole-
fins to yield a,a-dichlorocyclobutanones, the reaction has found use in a large
number of synthetic and mechanistic studies3. In spite of these developments, no
method for determining the reqiochemistry4 of the adducts directly, without resort
to chemical dearadation, has been available. Although tentative assignments have
been made to the nmr resonances of the two methine protons on the cyclobutanone
ring in a number of these systems, these assianments do not, in general, rest on a
firm basis in experiment.

In the course of our investigations with dich]oroketené, we have synthesized

5

several of its adducts” with olefins in which the nmr absorptions of the afore-

mentioned protons may be assigned unequivocably from analysis of coupling constants
or from knowledge of regtochemistry gained by chemical methods. We now find that
shifts in the nmr resonances of these protons induced by Eu(fod)a, tris (1,1,1,-
2,2,3,3-heptafluoro-7,7-dimethyloctane-4,6-dionato)europium (III),6 are most use-
ful 1in strycture assignment, obviating chemical transformations.

7

It is now well established’ that the magnitudes of the paramagnetic shifts

induced by lanthanide compliexes in the pmr spectra of molecules containing polar
functional groups (X) arise from pseudo-contact interactions and thus depend upon
the distance (r) of a proton from the metal atom and the internuclear angle (8=<X-

2 8

Eu-proton) according to the relationship AEu«(3 cos e-])r'3. In a study® of
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endrin, dieldrin, and photodieldrin, compounds containing only epoxide and chlorine
functional groups, Eu(thd)3 was found to complex only with the epoxide oxygen atoms.
One would, therefore, expect that, in the case of a,a-dichlorocycliobutanones, the
shift reagent would complex through the lone pairs of electrons on the carbony]l

oxygen. That this indeed occurs, may be deduced from the data in the accompany-
ing table. Using this method we have assigned the structure of ketone 5 to one of

the products resulting from cycloaddition of dichloroketene to 3,3-dimethylcyclo-
pentene.

For every compound examined, the proton o to the carbonyl is shifted farther
downfield than the B-proton and Ao/AR ranges from 1.5 to 1.9.9 Although in some

cases the shifts are relatively small, they are reproducible and accurate to within

+1 Hz.
Table. Downfield Shifts (AEu)® Induced by Eu(fod)3a in (2(?1_,,r
Comgoundb a-H g-H Aa/AB
{cet,)d AEu(Hz) t(cc1,) AEu(Hz)
1 5.75 (m) 23 5.98 (m) 12 1.9
2 6.33 (d) 12 5.80 (ddd) 8 1.5
3 6.37 (d of m) 9 6.68 (m) 5 1.8
g3 6.07 (m) 24 7.08 (ddd) 14 1.7
5 6.45 (d) 21 6.66 (m) 13 1.6
6 6.10 (m) 31 7.05 (d) 18 1.7
7 6.12 (m) 21 7.08 (m) 1 1.9

(a) ca. 0.3 (b) ca. 0.5M (c) AEu=t1 in CC1,-t in CC1, after addition of Eu(fod),
(d) m=multiplet, d=doublet, ddd=doublet of doublet of doublets.
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It is important to note that assignment cannot be made by assuming that the
a-proton will always appear downfield from the B-broton absorption. Thus, in
compound 2, the a-proton resonance is upfield, presumably as a result of shield-
ing by the cyclopropane ring. This method is rapid and should be applicable to
assignment and structure determination of other ketene adducts.
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Assuming a geometry for complexation in which the average position of the
europium atom lies og the line formed by extending the C=0 boand, and a Eu-0
distance of 2.5-3.5 Ao/AB was calculated from model parameters to be in
the range 1.6 to 1.8. The observed ratios are in good aqreement with this.



