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The activatior energy ef rimg inversiom (E), may be measured by the nmr techaique,
provided that the relationship 1o'zst5 orTJ < 10, approximately obtninl.l'z The mean
lifetime of a counformer is 7 . ,f or J are the appropriate chemical shift or spia-spin
interactien,respectively.

The value eof S in ﬂg—doetlinj is presumably too small to permit E to be measured but
this problem was overcome by Gerig and Bobortl“ by introduction of fluorine substituents into
the decalin system, thus schieving a considersble increase in g + The values of E they obtained
are abeut 14 kcal/mole for angularly unsubstituted cis-decalins and about 10 kcal/mole for

cis-decalins angularly substituted either is the 9 or in the 10 position.

We repert herein measurements of E in cis-decalins by observing the amr spectira of the
methylene hydrogens of CHZI substituents (E=Br, CN, 602033) in the 9 and 10 poaitions.5 At low
temperature the CH2 bydregens exhibit an AB type spectrum. As the temperature is raised the AB
spectrus €ollapses into a singlet whilst showing the characteristic imntramoleculsr AB exchangs
6,7

pattera. The rates of imversion (1/T ) Were evaluated by comparing the experimental

line~shapes 40 those calculated by using Alexander's oqnutions.s At very high inversion rates
the approximation formula fer fast exchange was uud.l It was assumed that the wvalue ofg or I
does mot vary with temperature. Measurements at low temperature (down to -20°C) Justify this

assumption.

The results are summarigzed in the Table.

1329



1330 No.l4

TABLE

Kmr and Kinetic Parameters for 9,10-disubstituted cis-decalins *)

b) c) c) d) a) ¥ e} 3 e) Tenmp.
Compound § B 3 E log X, As He Range
CH2R {ppm) (cpa) (ical/mole) (eu} (kcal/mele) (°)
CH,R!
R=R--cozcn3 0.83% 12.9 20.6+0.6 15.8+0.6 13.3 15.9 20-80
R=R’=8r PRy Y 10.0 18.7¢1.2 15.5+0.9 11.8 .7 o-60
R=Br 0.670 10.1 18.0+1.4 14.9+1.0 7.9 15.0 0-60
RY=CN 0.502 16.7 18.5%0.7 15.2+0.4 9.3 15.1 0-60

%) A1l measurements were performed em a Varjan AGO Spectrometer equipped with V-604O temperature
control, b) 10% solutiom in CDcla. ¢) Accuracy in g is * 0.006 ppm and in J is + 0.2 eps.

d) From Arrhemius plot. e) Calculated for 30°C.

Gerig and Robertsu have estimated that the barrier for inversion, using poteatial energy
calculations and assuming & particrlar mode) for transition path and sgquilidbrinm, sbeulid bo sdout
17 kcal/mole. Our results are in good agresment with their estimate and model. The changes ia
As¥ in going from the \:uu\nuti.tutod,l+ through the angularly (9- or 10-) IOnOllbltltlf.‘,u to
the 9,10-disubstituted cis~decalins, are worth noting. The value of AS* changes siga and i3
nigative In ¢de aaquliariy adnd—sadsiituted cumgouands. Pils mey d¢ Gadersi¢ood (& terms of tde
T@IRILTE UDCTERIE 3D FYEDRIIY TR TRE RRARIYY WUBLHIDRATEWRG SLve-pmeahy) vumpvesbte wxdhah
traversing their more symmetrical transition state. In the angularly unsubstituted or disubsti-

tuted compounds, the formation of a transition state appears to involve decrease ia symmetry.

It is clear that we have not measured simply the hindered rotation of the amgular

substituents. Had there been hindered rotatior of the CHZR groups we would have expected te
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obtain superposition of an AB spectrum and a singlec. That the observed collapse of the
AB spectrum be attributed merely to librations of the CHZR groups is ruled out because
the energy involved in such & process is much lovora 4han that found; beceuse one would
expect different energies, e.g. for the CHZBr and cqzcn groups (contrary to the results),
and because complex changes with temperature (not reported herein) were concurrently

obaserved fn the resonances of the ring protons.

Asknowledgement: We are grateful to Dr. Z. Silberman for preparing the computer

prograa used in these calculations.
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