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Abstract: The synthesis of pure 3 has been achieved by deiodination of 1 with Na-K alloy at r... and
by [2+2] photocyclization of diene 4. X-ray diffraction analysis at -30°C of the thermally unstable 3
shows the cyclobutane ring to be highly rectangular with large central and short lateral bonds. Also, the
C4-C5 and C10-C11 bonds in 3 and diene 4 are very Jarge. A clear neat DSC conversion of 3 to 4
allowed us to obtain the AH and the Ea values for this transformation. AH is in good agreement with
MM2 «alculations, while Ea compares well with kinetic measurements in CDCI3 solution.
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Last year, we published! the first synthesis of 3,7-dimethyltricyclo{3.3.0.03.7Joct-1(5)-ene, 2, by reaction
of diiodo derivative 1 with ¢-butyllithium in THF or with melted sodium in dioxane under reflux. This highly
reactive pyramidalized alkene was trapped with 1,3-diphenylisobenzofurane and with 11,12-dimethylene-9,10-
dihydro-9,10-ethanoanthracene and, in the absence of a trapping agent, cyclobutane dimer 3 or diene 4 were
formed depending on the reaction conditions. Diene 4 was cleanly obtained in high yield as the only reaction
product when deiodination was carried out with sodium in refluxing dioxane, whereas we were unable to obtain
pure 3 in the reaction of 1 with r-butyllithium at low temperature due to the formation of by-products derived
from the reaction of 2 with the reagent.

Recently Borden? published a review on pyramidalized alkenes of a series of which 2 is a dimethyl
derivative of its consummate member, what prompt us to publish our results on both 2 and its demethylated
analogue in this and the following paper.

In this paper, we describe the preparation of pure cyclobutane dimer 3 by two alternative procedures. The
first one implies the reaction of diiodo derivative 1 with sodium-potassium alloy (22/78)3 in anhydrous THF
(Scheme 1). Since this alloy is liquid at room temperature and more reactive than sodium alone, deiodination of 1
under these conditions takes place smoothly at room temperature, thus preventing the [2 +2] retrocycloaddition
of 3 to diene 4. Purification of the product was easily carried out by crystallization of the crude product from
chloroform, avoiding at any moment heating of the solution. Alternatively, compound 3 was obtained
quantitatively from diene 4 by photocyclization in cyclohexane solution, using a quartz photoreactor and a low-
pressure 125 W mercury lamp. Compound 3 has shown to be stable for extended periods of time at low
temperature (-30 °C). However, in CDClj solution at 20 °C, 3 transforms into 4, 50% conversion being attained
after 50 h, a percentage conversion which is attained in only 2 h at 50 °C. Complete conversion of 3 into 4 is
observed after 3 h refluxing in dioxane solution.
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Scheme 1. Preparation and reactions of cyclobutane dimer 3.

In spite of the fact that 3 is thermally unstable, we have been able of fully characterize this compound?,
including an X-ray diffraction analysis performed at -30 °C (Figure 1)3:6. As can be seen from Figure 1, the
cyclobutane ring of 3 is quite rectangular with large central (1.594 + 0.004 A) and short lateral bonds (1.535 £
0.004 A). Also, large C4-C5 and C10-C11 bonds (1.649 + 0.004 A) (systematic numbering) are observed. The
large values of the central cyclobutane and C4-C5 (C10-C11) bonds seem to be partly due to their position into
the tricyclo[3.3.0.03.7]Joctane subunit, as it is the case for the same kind of bonds in the Diels-Alder adduct of 2
with 11,12-dimethylene-9,10-dihydro-9,10-ethanoanthracene!. The short lateral cyclobutane bonds of 3 together
with the large central ones is in accord with the easy conversion of 3 to diene 4. X-ray diffraction analysis of
diene 4 (Figure 2)67 also shows large C4-CS (C10-C11) bonds (1.622 + 0.004 A), a fact that must contribute to
reduce the crowding around these bonds.

Figure 1. Crystal structure (ORTEP) of cyclobutane dimer 3. The numbering is that used for the X-ray analysis.
Selected distances [A]: C1-C2 1.649(4), C4-C5 1.594(4), C5-C4* 1.535(4).

Figure 2. Crystal structure (ORTEP) of diene 4. The numbering is that used for the X-ray analysis. Selected
distances [A]: C2-C3 1.622(4), C5-C6 1.336(3), C5/C6* 2.989(3).

The neat thermally induced conversion of 3 into 4 could be nicely followed by Differential Scanning
Calorimetry® working in both dynamic and isothermal modes? in closed capsules which allowed us to evaluate
the reaction enthalpy, the activation energy and the Arrehnius preexponential factor.

The dynamic experiments were carried out at different heating rates (5, 7.5, 10 and 15 K min-!) using
similar amounts of sample (around 0.4 mg). Rather small amounts of products were used in the DSC
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experiments in order to minimize temperaturc gradients inside the sample. In a typical experiment, when 3 was
heated at a heating rate of 10 K min-!, two exothermic processes around 375 and 431 K were observed prior to
the endothermic melting process around 460 K which was preceded by another much less endothermic process
at around 440 K (Figure 3a). When heating was stopped just after the first and more exothermic process and the
sample thus obtained was analyzed by 'H NMR spectroscopy, the only observed product was diene 4 as it was
the case after the melting process. When solid diene 4 was submitted to similar DSC conditions, only the second
exothermic process and the two endothermic ones were observed (Figure 3b). The second exothermic process
was not observed, when a sample of cyclobutane dimer 3 or diene 4 was submitted to DSC analysis, after having
been melted in a DSC experiment and then allowed to solidify. This second exothermic process and the first
endothermic one might be associated to changes in the crystalline form.
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Figure 3. A) DSC diagram? of cyclobutane dimer 3. B) DSC diagram? of diene 4.
aHeating rate: 10 K min-!; Reaction heat: W g-1.

The heat of the reaction was determined from the integration of the heat flow signal over the studied
temperature range (Table 1). Since the heat capacity change during the reaction is small, the heat of the reaction
can be identified with the enthalpy of reaction. A mean value of -45.6 £ 1.1 kcal mol-! for AHy was obtained. By
applying the isoconversion method of Vyazovkin!0, in which no kinetic model is assumed, to the data arising
from the dynamic experiments, an activation energy of 24.4 + 0.5 kcal mol-! was obtained. Following Ozawa's
method!! and assuming a first order kinetic model, an almost coincident activation energy value of 24.9 £ 0.5
kcal mol-! and a logarithmic Arrehnius preexponential factor of 29.1 were obtained.

Moreover, three isothermal runs were performed at 373, 368 and 363 K. Blank curves were determined
by using the same sample after reaction had taken place. This approach ensures an optimum result since a
sample with exactly the same mass and very similar heat capacity is used as the blank. A mean value of - 44.4 +
0.5 kcal mol-! was obtained in this way for AHy in the isothermal runs (Table 1). By applying a first order
kinetic model to the corresponding data sets, an activation energy of 25.9 + 4.2 kcal mol-! and a logarithmic
Arrehnius preexponential factor of 30.7 + 5.8 were obtained. As can be seen from Table 1, a very good
agreecment between the data obtained from the dynamic and the isothermic experiments has been found.

Dynamic experiments Isothermic experiments
Heating rate (K min'!) { ArH (kcal mol-!) Temperature (K) AH (kcal mol-1)
5 -45.2 363 -44.3
7.5 -45.7 368 -44.0
10 -44.5 373 -45.0
15 -47.1 - -

Table 1. Enthalpy of the conversion of 3 to 4, obtained by DSC under dynamic and isothermic conditions.
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These results are in good agreement with force-field calculations carried out with the MM2 (91) program,
which predicts a AHf = -1.35 kcal mol-! and a Eg¢r = 48.07 kcal mol-! for diene 4 and a AHf = 41.81 kcal mol-!
and a Egqy = 129.35 kcal mol-! for cyclobutane dimer 3, being thus AAHf = AHy = -43.16 kcal mol-! and AAEgy
= -81.28 kcal mol-! for the retrocycloaddition process.

The kinetic of this transformation was also followed by !H NMR in CDCl3 solution at 20 and 50 °C.
The ratio 3:4 was easily obtained by integration of the clearly resolved methylene signals of both compounds.
The plot of In[3] vs time for both temperatures gave straight lines (first order kinetics) (12 = 0.990, n = 9 for the
process at 20 °C and r2 = 0.998, n = 16 for the process at 50 °C) with rate constant values of Ky = 1.43 min!
and K50 = 5.29 min'!. From these rate constant values, by using the Arrehnius equation, an activation energy of
22.7 keal mol! was calculated, in good agreement with the value obtained by DSC for the conversion of 3 to 4 in
the solid state.

In the following paper, the synthesis, chemical trapping and dimerization of the demethyl derivative of 2,
the consummate member of this series of pyramidalized alkenes is described, the cyclobutane dimer being much
unstable in this case.
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