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Recent work on the catalytic hydrogenation of basketane (l)‘l prompts us to

la demonstrat-

report our results and interpretations, Sasaki, Zunker end Musso
ed that tha C3-C4 bond of 1 is cleaved (not the C4-C5 bond as suggested by Masa-
mune)z. resulting in an unsymmetrical structure (2) for dihydrobasketans,
Masamunaz noted that his sample of dihydrobaskstane was “slightly contaminated
with tetrahydrobasketane as evidenced by its mess spectrum,” Since 2 contains a
blcyclo[2.2.0]hexans unit known to undergo ready hydrogenolysis.3 we expected
that Purther hydrogenation af 2 should cleave the CS5-C6 bond and give twistane(3).
Hydrogenation of basketane (1)4’5 over 5 % Pd/C in hexane-methanol using a
Parr apparatus with an initial hydrogen pressure of 3,3 atm at room temperature
for one night gave waxy product in 70 % yield after sublimaticn. Glec analysis
revealed a predominant component (70 %) contaminated with at least three minor
components (10, 8 and 12 % in increasing order of glc retention time on Carbowax
20m), Although we have not fully characterized the minor products, the major
component, mp 160-162° (separated by glc on 10 % FFAP), was identical in every

respact with twistane (g).’b'6 4,5

Since basketane is not readily accessibls,
the present twistane synthesis does not provide any advantage over the known
mathods.6 Nevertheless, the remarkebly high selectivity of this and related
single bond hydrogenolyses deserves further discussion,

Musso1 suggested the importance of C-C bond lengths as a criterion for
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Strafn snergy
determining which bond should undergo hydrogenolysis, For example, the basketa-

ne C3-C4 bond (1.55 2) is significantly longer than the C4-C5 bond (1.52 R). and
thus should be more strained and more reactive. However, if the product-deter-
mining step involves a transition state closer to product than to initial state,
then the relative thermodynamic stabilities of the possible products, rather than
the distribution of strain in the initial state, should govern the course of
reaction.

Scheme 1 summarizes calculatad7 heats of formation (AHFZSQ) and strain
energies of all possible structures resulting from hydrogenolyses of each type of
cyclobutane bond in basketane (1) and in dihydrobasketane (2). The difference
ir\AHf betwsen starting material and hydrogenated product gives the heat of
hydrogenation (JHH) and affords a measure of relative sase of reaction, The
differences in strain enaergies (dStrain) can be compared similarly., From 2,

both 4H, and AStrain for the reaction leading to twistane (3) is by far the
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largest among the seven possibilities of ring opening. Likewise, 2 is the most
stable isomer which can be produced from 1, Thus, the results of calculation
and experiment are in good agresment.

Recently, Hirao and his group8 found additional examples of selective
catalytic hydrogenolysis of related strained cage hydrocarbons:s 1,3~homocubane

(4) and psntacyclo[6.4.0.02'5.03'12.04'9

1'02,6.04,8

Jdodecans (5) give only tetracyclo(5.2.-
Jdecane (6)° and [8]ditwistane (7)'C, respectively (Schems 2). In
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order to study the thermodynamic stability of 6, a small sample was treated with
seven times its weight of anhydrous aluminum bromide in carbon disulfide under
reflux for 20 hours. No significant change occurred as judged by glc analysis
of the reaction mixture. further heating under nitrogen at 100° C for 1.5 hour
in a glass pressure bottle resulted in complete decomposition of 6, giving a dark
coloured residue, from which the disproportionation product, adamantane, was
detected by glc. From these results, we conclude that 6 is the most stable
isomer among the CwH14 hydrocarbons, and this is indicated by force field calcu-
lations as well, Therefore, the hydrogenolysis of 4 also proceeds to relievs
the largest amount of strain; 7 should be more stable than any other possible
products from S,

Ring opening reactions other than hydrogenolysis also proceed by thermodyna-
mic control. Klunder and Zwanenbarq11 showed that the first ring opening step

of a homocubane system (8) undergoing homoallylic (X = EHCN)11a or Wagner-Meerwein

116

+*
rearrangements (X = CHZ) invariably involve the cleavage of the C3-C4 bonds,
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Celculation of AH, and AStrein for all the possible C-C bond cleavage reactions
of homocubane itself confirm that opening of the C3-C4 bond should be much more
favorable than the alternatives,

Since the central bond of bicyc[z.z.ﬂ]hexane is known to be extraordinarily

12 those bonds of 2, 4 and 5§ which cleaved upon hydrogenolysis are very

long,
likely to be the longest bonds in these molecules. Thus, the two methods of
prediction have so far found the same answers. However, there may be cases
where they do not agree, and experimental tests should reveal which fector is

more important.
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