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Table I. Predicted Singlet-Triplet Separations for 
Trimethylenemethane 

level of theory 

DZSCF 
DZ +central d SCF 
DZ+ d SCF 
DZ4e-CI" 
DZ8e-CI" 
DZ 1Oe-Cl0 

DZ 14e-CI* 
DZMe-CI" 

E(3A2'), 
hartrees 

-154.8295 
-154.8482 
-154.8844 
-154.8787 
-154.9167 
-154.9396 
-154.9871 
-155.0063 

A£( 3 A 2 ' - 1B,), 
kcal/mol 

15.1 
14.9 
14.9 
17.6 
17.3 
14.6 
14.3 

0 Four highest virtual orbitals excluded from CI. b Eight highest 
virtual orbitals excluded from CI. 

slightly, to 14.9 kcal. 
The effects of electron correlation frequently change pre

dicted electronic excitation energies by 10 kcal/mol or more.25 

In the present research, the configuration interaction (CI) 
method was used to describe correlation effects, and the DZ 
basis set was adopted since d functions had little effect on AE 
at the SCF level of theory. All Hartree-Fock interacting26 

single and double excitations were included in the CI, and a 
series of AE values was predicted by respectively correlating 
the 4, 8, 10, and 14 outermost valence electrons. The largest 
calculation included 8723 triplet configurations, spatially 
adapted for the Ci0 subgroup. The predicted singlet-triplet 
separation of 14.3 kcal suggests that electron correlation lowers 
Af(3A2' - 1Bi) by only 0.8 kcal. Combining this with our DZ 
+ d SCF result of 14.9 kcal suggests a "final" prediction of 
14.1 kcal for the singlet-triplet separation. 

One should be cautious about concluding that the theoretical 
prediction of AE(3A2 ' - 1Bi) = 14 kcal is in conflict with the 
7.3-kcal experimental activation energy9 for TMM ring clo
sure. Davidson and Borden have pointed out27 that the 7-kcal 
experimental energy may not refer to the orthogonal singlet 
equilibrium geometry at all. They suggested that the 7 kcal 
might be the height (above the lowest vibrational state for the 
triplet surface) at which the triplet is crossed by one of the two 
singlet surfaces arising from the planar 1E' state. However, 
preliminary calculations28 have not yet provided substantive 
support for this possibility. 
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Optical Rotatory Dispersion Studies. 125.1 

Independent Evidence for Preference of Axial 
Deuterium vs. Axial Hydrogen through 
Variable-Temperature Circular Dichroism Spectra of 
(4S)-2,2-Dimethyl-4-deuteriocycIohexanoneand 
(3S)-3-Deuterio-4,4-dimethylcyclohexanone 

Sir: 

In a recent communication2 we reported on the tempera
ture-dependent circular dichroism spectra of (3/?)-2,2-di-
methyl-3-deuteriocyclohexanone (I) and (5S)-2,2-dimethyl-
5-deuteriocyclohexanone (II) and concluded that the observed 
intensity changes reflect a shift of the equilibrium toward that 
conformer in which the deuterium is in the axial orientation. 

O M » 

o. Me 

The enthalpy differences between both conformations were 
calculated to be -7.2 and -2.1 cal/mol, respectively,3 and 
represent the first quantitative estimates for the slight pref
erence of axial deuterium vs. axial hydrogen. We now present 
independent and additional evidence supporting our earlier 
conclusions2 through the synthesis and variable-temperature 
CD measurements of (4S)-2,2-dimethyl-4-deuteriocyclo-
hexanone (III)—a substance with axial or equatorial deute
rium in a symmetry plane but possessing a gem-dimethyl 
"chiral probe"2—and (35)-3-deuterio-4,4-dimethylcyclo-
hexanone (IV)—a compound in which the gem-dimethyl 
group cannot act as a "chiral probe"2 since it lies in a symmetry 
plane. 

(4S)-2,2-Dimethyl-4-deuteriocyclohexanone (III) was 
synthesized by methylation (Ireland's method4) of (+)-
(2/?,4/?)-2-methyl-4-isopropenylcyclohexanone5 (optical 
purity >95%) to (4/?)-2,2-dimethyl-4-isopropenylcyclohex-
anone, ethylene ketal formation and successive ozonolysis, 
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Figure 1. Circular dichroism spectra of (4S)-2.2-dimethyl-4-dc:utcrio-

cyclohexanone (III) (upper curves) and (3S)-3-deuterio-4.4-dimethyl-

cydohexanone (IV) (lower curves) at various temperatures in EPA (c ~ 

0.05 mol/L). 

Baeyer-Villiger oxidation (m-chloroperbenzoic acid), tosylate 
formation, LiAlD4 reduction, and deketalization.6 (3S)-3-
Deuterio-4,4-dimethylcyclohexanone (IV) was obtained by 
L-Selectride reduction of (5#)-( + )-2,2-dimethyl-5-isopro-
penylcyclohexanone (optical purity >95%),2 column chro
matographic separation of both diastereoisomeric alcohols on 
silica gel, and conversion of the isopropenyl group of (+)-
(l/?,5/?)-2,2-dimethyl-5-isopropenylcyclohexanol7 to acetyl 
as in the above-outlined synthesis of III, followed by mesylation 
of the free hydroxy! group, LiAlD4 reduction, and reoxida-
tion.6 

The CD spectra of 111 and IV at various temperatures are 
given in Figure 1. A significant increase is observed for III by 
lowering the temperature ([tf]293

0bsd = 0.011; [#]77
obsd = 

0.058),8 whereas the rotational strength for IV remains vir
tually unchanged over the same temperature range. The two 
chair conformations involved in the equilibrium and their oc
tant diagrams together with the estimated [R].M and [/?]eq 
values9 are given in Figure 2. In (4S)-2,2-dimethyl-4-deuter-
iocyclohexanone (III) both conformers have large and oppo
sitely signed rotational strengths because of the a,a-dimethyl 
"chiral probe"2 so that even a small shift in the equilibrium will 
result in a measurable change of [R] J,sd. 

The increase of [R] T
obsd with lowering the temperature 

leads to the unambiguous conclusion that the conformer with 
the deuterium in the axial position is energetically preferred-

was calculated to be —3.3 cal/mol.10 Comparing this 
value with those for I (-7.2 cal/mol) and II (-2.1 cal/mol), 
we note that AH0 is dependent on the proximity of deuterium 
with respect to the gem-dimethyl group; i.e., it is largest when 
deuterium is in the 3 and smallest when in the 5 position. 

Qualitatively these results are consistent and in agreement 
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Figure 2. Configuration and their corresponding octant diagrams for 
(4S)-2.2-dimethyl-4-deuteriocyclohexanone (III) and (3S)-3-deuterio-
4.4-dimethylcyciohexanone (IV) (methyl groups are indicated by • ) . 

with the general observation that deuterium is of "smaller size" 
than hydrogen1' originating from the somewhat shorter bond 
length (~0.003 A) and smaller vibrational amplitudes of the 
C-D bond.12 Quantitatively, however, one would have expected 
the largest energy difference in favor of axial deuterium in the 
4 position (III) and equal values for the 3 (I) and 5 (II) posi
tions, since III contains, in addition to 1-3 diaxial deute
rium-hydrogen interaction, one 1-3 diaxial deuterium-methyl 
interaction. Obviously additional factors play a role and we 
expect to cover this aspect in our detailed paper. 

In contrast to III, the [/?]ax and [R]cq values for IV are now 
very small numbers since the methyl groups lie in a symmetry 
plane in both conformations and do not contribute to the ro
tational strength. Even though a small equilibrium shift could 
be expected based on our previous results for I and II,2 the 
associated changes of [R] r

0bsd are well below the accuracy of 
measurement.13 The temperature-independent CD of IV is of 
particular relevance since it excludes the alternative possibility 
that the observed changes of the rotational strength in I, II, 
and III are associated with the presence of twist conforma
tions. '4 
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Evidence for "Naphtharadialene" 
(1,2,3,4,5,6,7,8-Octakis(methylene)-A^octalin)1 

Sir: 

Various precursors have recently been converted by pyrolysis 
to the reactive and theoretically interesting hydrocarbon 
hexaradialene (I).2-4 There is no indication yet that 1 cyclizes 
to the isomeric tricyclobutabenzene (2). We describe here 
novel pyrolysis results which suggest the intermediacy of 
"naphtharadialene" (3),' although the isolated product is a 
cyclized isomer. 

Scheme I 
CH3CI CKfI TH3 7*3 

Pyrolysis5 of either l,4,5,8-tetrakis(chloromethyl)-
2,3,6,7-tetramethylnaphthalene (4)6 or its isomer 5,7 in which 
the relative positions of the methyl and chloromethyl groups 
are interchanged, in a quartz apparatus8 at 620-640 0C and 
10-4 Torr gave the same product, in ~15% yield. The product 
was best separated from the crude pyrolyzate by sublimation 
at 150 0C and 10-3 Torr.9 It is a yellow crystalline compound 
(cubes from benzene) which may be handled at room tem
perature, although samples darken and decompose gradually, 
particularly in solution. Gradual heating gave no melting point 
because of progressive decomposition. However, a sample 
sealed in a capillary and plunged into a bath at 160 0C, and 
then heated rapidly, melted reproducibly at 175-176 0C. 

The product had the following spectral properties. The high 
resolution mass spectrum showed a parent and base peak at 
m/e 232.12509 (calcd for C18H16 232.12520). The 1H NMR 
spectrum (CDCI3, 180 MHz) consisted of two singlets with 
equal intensity at <5 3.24 and 3.26,l0 and the 13C NMR spec
trum (CDCI3) had aliphatic carbon signals at 5 29.12 and 
29.49 and aromatic carbon signals at 5 132.67, 137.39, and 
139.95." 

These NMR data do not permit an unequivocal choice be
tween structures 6 and 7 for the pyrolysis product (Scheme I). 
Both compounds have Du, symmetry and the proton and 
carbon-13 chemical shifts of model compounds are similar.'2-'3 

Consequently it was necessary to carry out an X-ray structure 
determination on a crystal. The correct structure is 7. The 
molecule is essentially planar, with the bond angles and dis
tances shown.14 

The formation of 7 from both 4 and 5 is striking, since it 
requires bond formation between methyl carbons in the pre
cursors. This result strongly suggests the intermediacy of 3, 
since stepwise elimination of hydrogen chloride and ring clo
sure can only lead to 6. Experiments designed to isolate and/or 
trap 3 are under way.15 

In partial support for the intermediacy of 3, pyrolysis of the 
bis(chloromethyl)naphthalene 8'6 at 540 °C and 10~4 Torr 
gave a good yield of the relatively stable radialene type product 
9: 1H NMR 5 2.13 (s, 6 H), 2.31 (s, 6 H), 4.92 (d, 2 H, J = 1.5 

540 C 

Hz), 5.17 (br s, 2 H), 6.30 (br s, 2 H), 5.48 (d, 2 H, J = 1.5 
Hz). 
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