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Abstracs—The calculations reveal that the oquilibria of 1,2,34.5.6-hexamethylicyciof{2.2.0)bexanes with four or

three endo-Me

groups shift completely 10 the invertomers with four or three exo-Me groups. The strain introduced

by the Me substitution of bicyciof2.2.0)hexsnc is rather low for the Eagler force Beld. Geometrical details of the

Al

, skeletal inversions of 1,2,3,4,5,6-hexamethyl-
bncychlz.z.om were reported from this labora-
tory.” In spite of the increase of the number of pairs of
almost ectipsed Me groups, isomer 2 is more stable than
vertomer 1 and 4 is more stable than 3 (Scheme 1).
Apparently, the steric interactions of endo-Me groups
mmhctunfavoumble.Anextcnsxvemdyloem-

ibria is prevented by thermal cleavage
reactions and hauoffonmnonm _bot determined

5

The heats of formation and the strain energies of
cyclobutane and of bicyclo{2.2.0}bexane and its seven
1,2,3,4,5,6-hexamethy! derivatives were calculated using

The two force fields give similar heats of formation for
the bicyclic compounds except for compounds 2 and §.
In both force fields the all-endo compound 1 has by far
the highest enthalpy and the 1,2-ex0,3-endo4,5-¢x0,6-endo
isomer 7 is the most stable. The reative energies of the
compounds 1 and 2 and 3 and 4 are in accord with the
experimental course of the inversion reactions and the
energy differences point to very minor amousts of the
luuuabkinvmominthecaeofequﬂbnﬁou.h
estimate of the enthalpy difference between the
coumndslmdlanbeobwnedfmmtheexpm-

proceed via a common intermediate (e.g. the 1.4-w-

41

bonded intermediate A depicted in Ref. 2%). This
difference amounts to 8.92 0.5 kcal mole™’ as compared
mthdﬂmbetmmcbauoﬂmnonoflmd
20f 5.7 and 7.1 keal mole™' culcnhtedwuhtheEASmd
MM1 force fields, ively.*

The strain energies of the hexamethyl derivatives can
be compared directly with that of cyclobutane and bicy-
clof{2.2.0Jhexane. The latter differences reflect the strain
due to the additional Me groups. The strain energy of the
unsubstituted bicyclic system is almost twice that of
cyclobutane and the Me substitution gives a further
increase of the strain. This increase, however, is rather
low. For instance, three times the interaction of two
almost eclipsed Me groups in compound 7 gives a rise in
the calculated strain energy of only 2.5 kcal mole ™' using
the EAS force field as compared with a difference be-
tween the strain energies of eclipsed ethane and n-
butane’ of 2.0 kcal mole™"'.

Most notable on the geometries of the minima is that
both force fields give bicyclo{2.2.0}hexane a structure
with two planar 4-membered rings, although they also
yield a puckered cyclobutane with ring torsion angles of
3.6° (EAS) and 10.9° (MM1), respectively. The experi-
mental value of the torsion angle CyC,C,Cq in bicy-
clo{2.2.0Jhexane amounts to 8.1°" The valency angies
C:CiCe and CyCCs at the bridgehead C atoms differ
about 5* from the experimental value and the HCH
valency angles about 6°. It seems therefore proper to
look at the geometries of the hexamethyl derivatives in a
comparative way only. None of the minima of the
derivaﬁveshuaphw#mubaedﬁm;ﬂnring
torsion angles are generally less than 1S°. The
comparison of the C;C,C, and C,C.C; valency angles is
interesting (Table 2). A refatively small value (about 1157)
is calculsted if two H atoms are preseat in the adjacent
endo-positions, an intermediate value (about 119%) is
found for one H atom and one Me group and the largest
value (sbout 125") is cakculated in the case that two
endo-Me groups flank the bridgehead C atom. The value
at ooe bridgehead is almost indepeadent from that at the
other one. These values demonstrate the repulsive intes-
actions between the groups on 2- and 6 (or 3- and $-)
endo-positions. The fact that this valency angle with two
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Table 1. Heats of formation and strain esergics (kcal mole™')

. lto 2S° qas strain mrqyb
%o. Compound
s i =AS o1
Cyclabutane 5.7 s.e6?| 26.25° 25.80°
Bicyclo[2.2.0)hexane 25.78%| 27.42 | so0.62° $0.23
1 1,25,3n,4,%,60-m@mcu | -7.02 | -7.48 | 62.52 :9.41) | 60.66 (8.22)
2 1,2x,3%,4,5%,6x-0@CE | -12.70 | -14.57 | $6.84 (3.74) | 53.57 (139
3 1,2x,30,4,%.60-D8CH | -11.94 | -11.71 | $7.60 (4.49) | 56.43 (3.99)
4 1,20,3x,4,52,6x-m@CE | -14.60 | -15.33 | 54.86 (1.76) | 52.81 (0.37
s 1,22,3x.4,50,60-memcH | -12.69 | -13.84 | $6.85 (3.73) | 54.31 (1.8M)
6 1,2x,1n,4,50,6x-DBCE | -14.00 | -13.85 | $5.54 (2.44) | 54.30 (1.86)
7 1,2x,30,4,5%,60-0@c8 | -16.44 | -15.71 | 53.10 (0.00) | 52.44 (0.00)

*HMBCH = bexamethyiicyclo{2.2.0lbexase, 0= -endo, x=-exo, sumbers according (0 Scheme 1.
*Differences with respect to the most stable isomer betweea parcatheses. “Ref. 3: 5.78 and 26.30, respectively. ‘Ref.
& 6.16 and 258, respectively, the former value possibly incheding 0.3 kcal mole™' for the conteat of the
excitation of the peeudo-rotation emergy levels at room temperature. “Red. 3: 2543 and 50.67. respectively.

adjacent exo-Me groups is much smabler than that in the EXPERDMENTAL
unsubstituted compound illustrates that unfavourable The calculaticas were performed using aa IBM 370/1S8
steric interactions between a bridgchead Me group and  computer. Each emergy mimimum was characterized by six

the adjacent exo-Me groups are also operative. cigeavalues from the final force comstant matrix oqual to zero.’
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Table 2. Data on the geometries of the coergy minima

o A -l
Compound Point group
< Czclc6 < CJC‘Cs < <:2<:’c6 < CJCCCS
m” ch 110.) 110.3 110.4 118.4
1 c, 126.5 126.5 125.0 125.0
2 <, 114.8 114.8 115.7 118.7
2 (:l 119.5 126.0 119.7 124.3
4 cl 119.2 114.9 118.9 116.0
3 <, 119.1 119.6 118.9 119.)
& < 115.0 128.7 116.4 123.6
2 <:2 119.1 119.1 118.9 118.9

*Sce note 2 of Tabie 1. "Experimental valwe (Ref. 8): 113.5".

are oot gives because of the fact that the force fieids wsed are not
designed 10 reproduce this information.’
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