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Scme observations on ocoupling constants extracted from the proton
magnetic resonsros (p.m.r.) spectra of Y-lactones have been previously
reported (1). In the assumption that vicinal ooupling oonstants were
related to dihsdral angle by Karplus-type equations (2) it was conoluded
that seversl 2,2-disubstituted bButyrolactones were undergoing inversion
in solution at 40° between two “envelope® conformations of the type
found in orystalline Y-lactones (3).

Table 1 shows vicinal coupling oonstants extraoted from the pem.x.
spectira of & selected sexries of substituted butyrolactones. We interpret
these values in terms of an envelope conformetion, possibly slightly
distorted (4), in which #, the gis-dihedral angle for vioinal rroions
(2,3~ or 3,4-), is 35-40°, arrived at as followss in first approximation,
we take all projected geminal angles as 120° and the proportionality
constants (_f ) of modified Karplus equations (2) for a given pair of
vicinal positions as equal for dihedral angles greater than or less than
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Table 1

Substituente™

2,2'-Yo,

2-Fb-4,4'-¥e,
4'-Ne-2,4- 11,
4-Ne-2,4'-Ph,
2,4-Fn,
4-Ne—-2-Fh
2,4'-Pn,
4'-Ne~2-Fh

3-oprE

3aact

-
4,4' N ,=3-Pn
2-0B-2'-Ne-3-F1n>
2-0B-2'-Ne-3'-Fh
2-40

2-00 e

2-Ppe

2-8r2

aaanﬁﬁﬁnunaﬂa<=EuH

2 golvent: GDC13

Vicinal Coupl

AN

8.6
8.6
7.6
8.2
8.4
Te3
6.7
5¢5
6.6
Te5
T.2

6.5
7.68
8.7
3.08

AY
12,2
12.1
131
13.0
12.7

97

97

8,98
9.1&
10,48
6,78

*

at 35;5" except 4 and o,

ing Constants® (o/s)
. | b1 |

6.3

5¢5
5e2
746
6.9
41
4.6
746

6.9
8.3

N B =

9.9

10.9
10.3
5¢5
5.6

N . N W

D 4 prime indicates that the substituent is tzaps to substituents at

unprimed positions; the first-pamed 2-substituent is arbitrary reference.
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2 me 2-, 3, and 4-msthylens groups are labelled AB, NN, and IT,
respectively; 4, M, and X are the downfield or only members of the
respective pairs.

[

ﬁnmd&qmwlmofmsudowuﬁ%ld 30°.

Solvent s OJH.N at ©°.

[ T

Long-range couplings (o/s) as fellows: IX, ;g-vo.y; X, g!!av 0.93
n’ &!‘\I 0.3, hlv 005.

£ mese valuss are splittings in the A quartet; the smaller value is
arbitraxily assigned to 1’!.

? Analyses of the 5-spin spectra to give these values have not been
conpleted.

a right angle (and negleot the small additive constant), Then
28/ £004? §/%008% (120 + §)

Yor lactones I-VI, _.133~ 1402-14.6, .-’.34"’ 10,8-11.4,

and § ~ 39-46° if the smaller vioinal coupling is 312
or § ~ 21-14° 42 the smaller vicinal ooupling 1s FE8,

Bach of these lactones hes gis-2,4 substitnents whose non-bonded intersction
in the conformation with both pseydo-axial should lead to a fixzed
conformation with both peeudo-equatorial. For lastones V and u,S! - 0.68
and O,T7 D+Poms, Tespectively, whereas for lsotones VII and VIII, S! = 0.14
and 0.18 pepem., Tespectively. These values ani the magnitudes of the
vicinal ooupling constants suggest that VII and VIII are inverting repidly
between the alternative envelope conformations with one pgpeudo-exial and
one paguio-equatorial substituent. Examination of models suggests that
¢2'3~ ¢3’ 4 18 either conformstion, roughly in agreement with the above
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results, With the sssumptions alveady stated (5), we write time-awers.-a
wmmmmw,@gﬂ,_{!,ggnﬁ

£ = 27. 0f the pessible srrengements for lactone VII, 1f X is gis to X
and X is gig to A, formal selution gives § ~ 39°, 1;3 = 16.0, g;‘ - 12,5,
vhereas if M is gis to A and ¥ is gis te X, the formal solution is §~v 50°,
dp3 = 18:0, 33, = 13.6. In either case, there are sppreximately equal
(£ 26) amounts of the two conformers present, which ssems reascnable for
this ocompound. lLaoctone VIII gives similar results. We therefore choose

§ ~ 40° rather than ~20° or 50° for all the above lastones. This angle
is however to be adjusted dowmwards to allow for the obsexrvation that J 7)
f. The ratio, ir/f s is olearly not the same for the 2,3~ and 3,4~positions
but, with the reascnable aversge value, 1.25 (5), § becomes 35-40°.

In lactones IX and X, long-range ocoupling between just one of the 2-
protons and one of the 4~ protons, presumably through bonds in the familiar
near-planar ¥ arrangemsnt with both ooupled pretons equatorial (although
they are the upfield members of their respective pairs) reveals that the
conformation may be fixed by a single polar substituemt at the 3~ position,
The magnitudes and ratio of the vicinal ocoupling constants are only
oonsistent with an axial pesition for the polar-2-substituent and a gis-
dihedral angle near 50°. This is also probably the case for 3-~ecetoxy—3-
methylbutyrolactons in which the downfield 2- and 4~ protons are long-range
ooupled (g£~o.8 c/a); there are of course no vicinal oouplings. The
energy of .intemt:l.on of the dipole of the substituent-C2 bond with dipoles
in the plane of the lacstone group will be lower in this conformation than
in the altermative, and the earlier suggesiion (1) that pelar repulsion
between trans- disxial bromine atoms was Tesponsible for the fixed
conformation of 3,4-dibromo-Y-valerolactons appears not to be necessary.
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The effect may not be attributed to absence of axially opposed substituents
at C1 and the ring-0 atom, because vicinal and long-range coupling constants
in 3~phenylbutyrolactone (XI) show that it is a rapidly inverting system
with equatorial Ph: axial Ph ~ 1,6, (whence & G°~ 300, probadbly + 150
cal/mole). Its 2,2- and 4,4-disubstituted derivatives (XII-XIV) also appear
to be inverting systems, as do the 2-monosubstituted lactones (XV-XVIII),
but we are unable at present to assess the proportions of conformers. Both
2,2-dimethyl-3~phenyl- and 3,3-dimethyl-2-phenylbutyrolactone show 5xy =0

so for the former we are able to cbserve only the average value of iXM and
po- (7.9 c¢/s); the latter shows no sign of 2,4-long-range coupling v-h_i.ch
ma—y indicate that the 2-phenyl group is largely pseudo-equatorial.

Details of syntheses and characterization of new compounds will be
reported in our full comminication. Several spectra were kindly measured
for us on a Varian A60 spectrometer by Mr. D.C. Dehlsen and Mr. W.J,.
Davidson under the supervision of Dr. A.V. Robertson and Dr., S. Sternhell
at the University of Sydney. More recently we have measured spectra on a
Varian HA~60-IL spectrometer purchased with & grant from the Australian

Research Grants Committes.
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