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have been expected to produce IV exclusively if IV 
were truly significantly more stable, suggested 
that a determination of the equilibration of IV 
and V under acid catalysis be made. The study of 
the equilibration was complicated somewhat by 
the fact that both IV and V rearrange to 4-iso-
propyl-o-xylene (VI), whose identity was proved 
by oxidation11 to 3,4-xylic acid, m.p. 164-165°. 
The pseudo-first order rate constant for conversion 
of either IV or V to VI in 0.25 M toluenesulfonic 
acid in acetic acid at 25.0° was 1.1 X 1O-4 sec."-1. 
Simultaneous with the production of VI, the isomers 
IV and V approach an equilibrium in which the 
ratio of IV: V is about 9. During the early stages 
of the isomerization (the first half-Ufe), the ratio 
IV: V can be determined quite accurately and has 
reached the values of 88:12 (starting from 96% 
pure V) and 92:8 (starting from 97% pure IV). 
Unfortunately the v.p.c. analytical method be
comes highly inaccurate as the substances IV and 
V become minor components of the reaction mix
ture, so the further approach to equilibrium cannot 
be observed. 

When the AF for V <=± IV is calculated using K 
= 9, a value of— 1.3 kcal./mole results. Thismeas-
urement of an equilibrium between two compounds 
of a common skeleton and degree of hydrogenation 
at once eliminates the problems involved in the 
choice of model compounds for use in calculation 
of resonance energies from heats of hydrogenation 
data. Since 1,6-overlap is clearly impossible in V, 
it follows that the stabilization of IV over V, in 
the absence of other effects, will measure directly 
the stabilization effected by 1,6-overlap. 

It is clear, however, that IV is stabilized relative 
to V to some extent in that the olefinic bond in
volved in the isomerization is trisubstituted in IV 
and only disubstituted in V. On the other hand, 
Dreiding models indicate that the strain energy 
involved in making the triene system in IV co-
planar is larger than that involved in making the 
triene coplanar in V, since in this latter case the 
triene system can approximate coplanarity even 
though the seven-membered ring remains strongly 
puckered at the 1 and 7 positions. (The Xmax 
of V at higher wave length than that of IV probably 
reflects this.) It is difficult to assess the relative 
importance of these two opposing effects, so that 
one cannot decide in which direction, or by how 
much, it is necessary to modify the experimentally 
determined value of 1.3 kcal./mole stabilization of 
tropilidene by 1,6-overlap.12 Nevertheless, it is 
clear that 1,6-overlap is by no means the major 
factor in this system that it has been postulated 
to be. 
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LONG-RANGE PROTON SPIN-SPIN INTERACTIONS: 
THE "CH3 SATELLITES IN ACETONE 

Sir: 
Several examples of resolvable nuclear magnetic 

resonance absorption lines arising from the coupling 
between protons separated by four or more bonds 
recently have been reported.1'2'3 We have ob
served such a coupling in acetone which, we believe, 
arises from a coupling mechanism different from 
those operating in the previously analyzed systems. 
The acetone coupling depends upon a mechanism 
related to the one recently proposed by Karplus4 

for unsaturated systems but different in that the 
unsaturated bond is not a link in the connective 
bond chain between the protons. 

The proton resonance spectrum5 of acetone con
sists of a single sharp line, which arises from the 
six equivalent methyl protons, surrounded sym
metrically by two weak satellite groups at ±63.6 
cps., which arise as a result of the 13C-H coupling 
in the 2.2 mole per cent, of acetone molecules con
taining one 13CH3 group. Under high resolution 
the 13CH3 groups each split into a well-resolved 
1:3:3:1 quadruplet with a spacing of 0.54 ± 0.05 
cps. This quadruplet is the result of long-range 
spin-spin coupling of the 13CH3 protons to the non-
equivalent 12CH3 protons four sigma bonds away. 
This spacing is equal to the coupling constant A HH 
between protons on the two methyl groups. 

A coupling of similar magnitude was observed in 
acetoxime, (CH3)2C=NOH, in saturated tetra-
chloroethylene solution; however, the solution 
was relatively dilute and accurate measurements 
were not feasible because of an unfavorable signal-
to-noise ratio. On the other hand, the 13CH3 
satellites of the related alcohol (CH3) 2CHOH show 
no evidence of an appreciable coupling between 
the methyl groups. We estimate a value of 
AHH not greater than 0.2 cps., based on the ob
served line widths. 

Previous examples of resolvable long-range pro
ton-proton coupling through sigma-bonded sys
tems1 have involved compounds in which there are 
fixed or highly favored conformations of the mole
cules with respect to rotation about the carbon-
carbon bonds through which the protons interact. 
This is to be expected in view of the dependence 
of the magnitude of coupling constants on the di
hedral angle between bonding orbitals on adjacent 
carbon atoms.6 In acetone, however, the internal 
rotation frequency about the carbon-carbon bonds 
is very much greater than the proton resonance 
frequencies used, the barrier to rotation being 
approximately 2.8 kcal./mole. Furthermore, the 
C-C-C bond angle differs from 120° by not more 
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than a few tenths of a degree,7 so ordinary sigma-
electron contributions to the observed coupling 
would be expected to be very small.8 

Karplus4 has shown tha t anomalously large spin-
spin interactions between protons on carbon atoms 
which are separated by one or more pi bonds may 
be explained by including contributions from low-
lying 3II states and a-ir interactions9 in the C-H 
bonds. He related the proton-proton coupling 
constant to the isotropic electron-proton splitting 
constants for the pi-radical fragments correspond
ing to the 3II states and the excitation energies for 
the (1II -*• 3II) transitions. 

We wish to point out tha t such 3II states would 
be expected to contribute significantly to pro ton-
proton coupling through sigma systems which are 
geminal to an unsaturated bond, as in acetone or 
in ethylene. 

The coupling constant A HH may be expressed as 

n E0-En 

in the notation used by Karplus.4 We assume tha t 
the only excited state of importance in the calcu
lation of the pi electron contribution to the coupling 
is the triplet (CH3)2C --0" and we estimate an ex
citation energy Air of about 6.3 eV.10'11 We use 
a simple valence bond approach and write the 
ground state ^ 0 and the triplet state ^ 0

T functions 
as 

*0 = #covalent + V l - TjVionio 

( rC(l)0(2) + 0(1)C(2)-| , > 
= H VS J + V l - [̂0(1)0(2)] J 

|-q( 1)0(2) - j3(l)a(2)-] 
L V2 J (2) 

and 
^ T = rC(l)0(2) -_0(l)C(2)-ira(l)/3(2) +J(1M2)~I 

(3) 

where C and O are 2pz atomic orbitals of carbon 
and oxygen, respectively, a and /3 represent elec
tronic spin states with ms = + 1A and — V2, re
spectively, and 1 — T)2 is the ionic character of the 
bond. Overlap integrals of the form (C j O) 
are neglected. We can separate the acetone triplet 
into the fragments (CH3)2C' and 0 ' , and neglect 
the contribution from the latter. Both groups of 
protons then couple with the same pi electron. 
The coupling constant OH for a H 3 C-C fragment is 
known from e.s.r. measurements.5,10 Wi th these 
wave functions and an approach similar to tha t of 
Karplus,4 we obtain 

.4HB(TT) S - ^ W 2 M T T (4) 

where k has the same numerical value as in Kar
plus' expression. This result implies tha t the pi 
contribution to the coupling is negative in sign and 
is related to the long-range methyl -methyl coupling 
observed in the 2-butene system by the expression 
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^HH(acetone) = -y2 ^ = 5 .4 HE (2-butene) (5) 
aire-o 

The observed value of / I H H (2-butene) is about 1.2 
cps.12 and A7rc_c has been estimated5 to be about 
6.0 eV. Values of ^l HH (acetone) and A7rc_o have 
been indicated above. These figures when in
serted into Eq. 5 yield an ionic character 1 — if 
of 0.53, in reasonable agreement with the range 0.42 
to 0.52 given by Pauling13 for the ionic character 
of the C = O bond. The explanation for the 
coupling in acetoxime is similar. 

In acetone the negative value of . 4 H H arises 
because the two groups of protons are both coupled 
directly to the same unpaired electron which orients 
the proton spins parallel to each other. 

I t is of interest to point out tha t this t rea tment 
predicts a pi contribution of about —1.5 cps. to 
the gem proton-proton coupling in the vinyl group 
and in ethylene (assuming Air — 6.0 eV.) in addi
tion to the sigma contribution of + 3.1 cps. esti
mated by Gutowsky, Karplus and Grant8 for a 
120° H - C - H bond angle. I t seems probable tha t 
this effect can account for the fact tha t observed 
values of Amiigem) (1 to 2 cps.) in these systems 
are smaller than previously calculated values by 
small but significantly consistent amounts. 

The long-range proton-proton interactions ob
served by Roberts1 in methacrolein dimer and by 
Fraenkel1 4 in methyl formate also may be due in 
par t to enhanced coupling from the C = O groups in 
these molecules. 
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A NEW SYNTHESIS OF a-u-DINITROALKANES 
Sir: 

We wish to report a new ring opening reaction 
of mono-potassium a,o:'-dinitrocyclanones (I) 
which provides a highly convenient route for the 
preparation of a,ai-dinitroalkanes. 

Hitherto, the only methods which have been 
available for preparing a,co-dinitroalkanes were the 
Victor Meyer reaction1 and a modification of this 
reaction.2 '3 

The new synthesis involves the alkaline nitration4 

of the readily available C5-C7 cyclic ketones, the 
in situ conversion with glacial acetic acid of the 
resulting dipotassium a,a '-dinitrocyclanones to 
I and the hydrolytic cleavage of the lat ter to a,w-
dinitroalkanes. 

Nitrat ion of cyclopentanone4 and acidification 
of the reaction mixture a t 10° with glacial acetic 
acid gave 8 8 % O I I a (n = 2). Acidification of Ia 
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