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Consider two adjacent methylens groups in s systea undergoing
conformational inversion Detween two arrangements in each of which the
nethylens protons form an ARXY spin-group as follows:
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We assume that vicinal ocoupling constiants in each conformation are

l

given by a Karplus-type relation (1,2)

.Jg = !.o °°'2 ¢u -L
where ﬂg is the dihedral angle subtended by paotons i and ], f is the
value of the coupling constant for ¢£ =0ir 0% ¢u(1r/z and is to be
veplaced by J" = J°(1+¢) where ¢ is & constant if /2 <¢!.1 {w, and g
is a small constant which for present purposes will be neglected. Provided
the rate of inversion is large ocompared with the difference of resonance
frequencies for the two sites available to each protom, the observed
spectrum will be time-everaged. Let (1-oc) be the mole fraction of I and e
that of IT at equilibrium (i.es the system has no appreciable residence
time in any other conformation) where K = of/(1-oc).
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Ie ¢£ has the same value PT/6 in both gonformations and all projected
gonimal angles are 2R/3, three independent equations commect the observed
coupling oonstants and the four unknewns, 3°, §, «, and ¢, yis

Iy = Igg = & oond

37 = LTO-=)14e)oos?(20/345) + oes’(2/3-9)]

Iy = LL(1-)oos(21/3-§) + {14¢)o0s’(20/34)]

Individual coupling constants often cannot be readily extracted from

the ARXY analysis (3), but values of (B-R) and (M+R) where

T-igriy  Btigtig
usually can be from the AB part alons. Insertion of the above expressions
and expansion give

2(B-R) = 3°(1-2<)[2c - ¢ cos 2§ + 3(2+¢) sin 2§)/4

2(4R) = J°[(8+2¢)+(2~c) com 2 + .3 sin 2§1/4
Por 0 € ¢ € 0.6, (E-R) passes through a flattish maximum in the rangs, 45°¢
# 49°, given by cot 2§ = —¢/.|3(2+¢), and depends directly on I°(1-2x).
The sum of the ooupling constants, 2(M+R), depends on J°, but is independent
of o, Dependence on I° may be eliminated by taking the ratie

z = (BR)/(@R) = (1-2<)F(d,c)

The function ¥ pesees through a flattish maximum given by

sin 2§ = [~¢3 & [240+7442+903¢%5042%+108c4)/ 4 (4s6es3¢%)
which, for 0 {c € 0.6, 1ies in the range, 52° { # < 55%

A value of §# near 50° is expeoted for seversl inverting ring systems
such as oyolohexenes (4) or § -1actones (5), but not including idesl chair-
rings. The range of values of ¢ quoted cover the arbitrary situation,

2 = 37, through that (0.12) correspending to Karplus's original equations (1)
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up to that (0.,6) suggested for some systems by Johneon and Willismeon (2).
Expressions for o« and K are not very sensitive to exact values of § in the
range 40-55° or of c. We therefore take § = 50°, ¢ = 0.25 as reasonable
average values, and obtain

«u 0,5~ 0,98 2

K = (1=1.97 2)/(1+1.97 )
These expressions mey not of ocourse be used without other evidence that
the system satisfies the stated oonditionsj; there are an infinity of
solutions (e« and J) of the basio equations, Where they are applioable, the
value of AG° given by|RT1n K[may be taken ss an approximstion to the
free-energy difference of the two rapidly inverting conformetions represented
by T and II. It does not direectly tell which is the more stable oonformation,
for the sign of (F38) is arbitrary; further, X and Y may be interchanged
without affecting calculated values of (E-B) and (MR) utﬁough (E-R) is

then equal to(._rg-gﬂl. This is also the value of (I+T) extrscted along

with (l4R) from the XY part alone of the AEKY speotrumj the sub-group labels,
AB and XY, are of course arbitrary. If the observed spectrum is better
described as ABCD and is able to be analysed, the same expressions for o
and K apply with 2(J+R) replaced by the sum of the four viocinal ocoupling
oconstants, and 2(¥-R) replaced by the difference of the two trans ooupling
constants. For sn AJX system there are no convenient functions of the
ooupling constants having stationary rroperties of the above kind and
comparable approximations cannot be made.

By this method we have cbtained ressonsble valuss of Ag° in a series
of substituted valerolactones (5). As an example, the AEXY spectrum of the
;9- and 5~ methylene protons of 2,2-dimethyl-3-phenylvalerolaotons in
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deuterochloroforn at 30° gives
ER-28 BR - 11,5

Then K = 0,32 and Ag° (30°) = 680 oal/mole, This valus mey mot be very
acourate (it changes by 20 cal/mole for 0.1 ofs change in J-R), but it
seems reasonsble that a half-chair conformation with the phenyl group
axial should be less stable than that with the phenyl group equatorial by
& quantity of this oxder,

The speotrum was measured by Mr. R.,N. Jobnson on s Varian EA-60-IL
speotrometer purchases with a grant from the Australian Research Grants
Commitiee.
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