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A&rac#-The crystal and molecular structure of the title compound have been determintd by X-ray methods. 
Crystals are monoclinic, space group P2Jn with a =6.076(2), b = 14927(3), c = 13.200(3)~. /I =%.7l(Sy. The 
stn~ture was solved by direct methods and reined by least-squares to a final R value of 0.05 usim 1358 sign&ant 
(I > I&o) rei?cctions out of a total 2095 measured. The molccuk adopts a slightly distorted uneymmetric boat 
conformation. in between two (of three) degenerate perfect C. boat structures which it is proposed are intercon- 
vertibk by a conformational ripple of low energy. 

We have shown recently that octamethyl-l&cyclohex- be noted-that one of the Me.. . Me contacts is 
anedione, unlike IJ-cyclohexanedione itself, exists as a extremely close and that one of the CO groups, lying on 
flattened chair, i.e. with a Czr conformation, in the solid the mirror plane is different from the other two. 
state. Minimization of severe non-bonded Me-Me repul- The molecular structure of 1 as found in the crystal 
sion in the octamethyl derivative was proposed to has retained the basic arrangement of the three CO’s 
explain the deviation from the well-established twist-boat 
conformation of simple 1,4-cyclohexanedione(s).’ 

shown for the perfect boat (i.e. one on one side of the 
ring, two on the other), only the potentially short 

In the further search for unusual conformations of Me . . .Me contact (C(2l)...C(61) in this case) has 
6-membered rings,* the structure of 22,4,4,6,6&x- become 3.40 A, essentially equal to the C(62). . .C(42) 
amethylcyclohexanetrione (1) which has previously been distance which has been reduced from an estimated” 
discussed by Dale” and Le F&vre,” is of interest. We 3.75 A (Fig. 2) to 3.38 A. Examination of Fig. 3(a), a view 
have now determined the crystal structure of this com- of 1 in the direction C(4)+C(l), shows that deviation 
pound by X-ray methods and report that the molecule from the ideal boat form (shown in equivalent view in 
exists in an almost perfect boat conformation in the Fig. 3b) has occurred by a slight movement of atoms on 
solid. one side of the molecule only (C(S), C(6), etc.) leaving 

the other side, the C(lJ-C(2)-C(3)-C(4) fragment, in its 

The molecular structure found is shown in Fig. I; bond 
lengths and angles are given in Table I, some of the more 
important torsion angles in Table 2 and the results of 
some least squares planes calculations in Table 3. 

The molecule is strongly flattened, as can be seen from 
the sum of the six ring torsion angles 36” t 5” t 47“ + 56” 
t 20” t 28” = 192”. By comparison. the corresponding 
torsion angle sum in cyclohexane, which itself is slightly 
flattened, is 3M” (compared with the “ideal” 360% and in 
octamethyl-I J-cyclohexanedione is 272.4”.’ 

The distribution of torsion angles around the ring is 
irregular and clearly corresponds 10 an unsymmetrical 
conformation, unlike any of those considered by Dale.” 
However, despite the irregular torsion angles closer 
examination of our data shows that the actual con- 
formation deviates only little from a perfect boat. The 
nature of the conformation and the way in which it might 
arise are very interesting. The ideal boat form of this 
permethylated Gone has C. symmetry and the ring 
comprises two planar halves, as can be seen in Fii. 2 
which is based on Dale’s representation of the ideal C. 
boat structure. Two points relating to this diagram are to 
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Fig. I. The molecular strucfure of 1. 
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Crystal and mokcular structun and solid state conformation 

Table 3. Least squares planes cakuktions 

Equations of planes are glvcn In the form Ax l By + Cz = D where x. y. L 

correspond to fractional coordinates. Atalc dcvlations Ci) from the plane 

are gfvcn in square brackets 

Plane 1 C(l) c_o.otz]. C(2) @l.ozp. C(3) c-o.023 C(4) D.o13] 

5.424x - 0.039y + 4.529z = 0.665 

Plane 2 C(1) c0.05a. C(4) @.05g. C(5) ~0.10~. C(6) e.104 

4.4103x + 9.7912y + 1.59382 = 0.8063 

Plane 3 C(1) 8.0151, C(4) @.OOq. O(1) ~0.01~. C(41) EO.O08]. C(42) @.004-j 

- 1.3664x l 13.3825~ - 4.65542 = 0.0175 

Angles between Normals to Planes 

Plane 1 Plane 2 42.31 

Plane 1 Plane 3 112.03 

Plane 2 Plane 3 69.77 

Fii. 3. (a) The molecular structure of 1 viewed in the direction of the C(WC(4) trans-annular vector. (b) The 
idealized boat form of 1 in the same direction. 
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Crystal and molecular structure and solid stale conformalion 1971 

mirror). In conclusion, although the structure of 1 mini- 
mizes nonbonded repulsion of Me groups, it remains 
close to that of a C. boat. 

-AL. 

ZJ,4,4,6,6Hcxamethylcyclohexanetrioiom was prepared as 
described.” 

Crydlogmphy. Crystals, obtained from pentane, are mono- 
clinic, space group P2rln. The unit cell parameters, determined 
by least-squares refinement of setting an&s for I5 reflections 
with, I2 < 8 < Is”. automatically centred on a No&s CAD4 
diUractome.tcr are: o = 6.@76(2), 6 = 14.&27(3), c = 13.200(3) A. 
fi =%.71(5)” LI = 1188.9 A.’ The measured density (Rotation in 
aqueous KBr) is l.l6gcm-I; the calculated value is l.l74gcm-’ 
for 2. = 4. 

Intensity data were recorded on tlw CAD4 using an w/26 scan 
mode and MO K, radiation (A = 0.71069 A) in a manner described 
previously.’ Of-the 2095 .unique r&&ions measured, I358 
satisfied the condition I = 1.541) and were considered observed. 
The structure was solved using the automatic direct-methods 
routine in SHELXs and refined by least squares. Hydrogen atom 
positions were located on difference electrondensity maps and 

refined with isotropic temperature factors; the heavier atoms 
were assigned anisotropic temperature factors. Convergence was 
reached at R = 0.053, R. = 0.059 with the wc&htirt9 scheme w = 
l/($(F)+0.0013Fax) giving Rat agreement analyses. The final 
atomic parameters are given in Tabk 4. Lists of Fe and F, are 
available as supplementary material. Computers, programs and 
scattering factor data used are those quoted in Ref. 4. 
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