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The synthesis and chemical trapping of a highly pyramidalized pentacyclo[
Its cross-coupling reaction with 3,7-dimethyltricyclo[3.3.0.08"Joct-1(5)-ene fol
access to functionalized tetrasecododecahedradienes.
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6.4.0.0210,037.049]dodec-8-ene containing ketal functions is reported.
lowed by a [2 + 2] retrocycloaddition reaction gives a straightforward

The highly symmetrical hydrocarbon dodecahedrafe,
remains a source of fascination to chemis®aquette et &l.
and Prinzbach et dlcompleted two landmark syntheses of
7a. Moreover, Prinzbach et al. showed that suitably func-
tionalized pagodanes could be transformed into substituted

still remains an attractive synthetic challerigeo this end,

we studied the dimerization of highly pyramidali2edkene

2 which gave directly in low yield a mixture of theyn- and
anti-diene dimers5 and6, in a ratio of about 1:1 that could

dodecahedranes in excellent yiefds.
Nevertheless, completion of a convergent synthesi&of
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not be separatedDienes5 and6 were formed by [2+ 2] Sch 2
retrocycloaddition of the corresponding cyclobutane precur- cheme
sors3 and4, respectively. Then, we carried out the first cross- a R
7 2 , €

coupling reaction of two highly pyramidalized alkenes. Con _ — .
Reaction of the diiodide8a or 9b and diiodide8 with melted 17 GO 18 G )to

sodium afforded the corresponding tetrasecododecahedra- o
dienesl5aand15bvia the corresponding cyclobutane cross- ><O'O 0>< d >(o . — 1. O
productsl3aand13b. These dienes could not be separated \w " °><
from other hydrocarbons formed in the cross-coupling 19 oSSaH o 7 8' 1o
reaction due to their instability toward silica gel or aluminum 20

oxide column chromatography and also the similar polarity —
of other components of the mixture, such as diehésor e ><——o

14bwhen an excess &aor 9b was used. When an excess ~ O@'&b
of 8 was used, different £H,s unidentified products, not

separable froni5aor 15b, were also observe@Dienesl5a A

and 15bwer_e converted to the corre_spon_ding d_iepoxma aReagents and conditions: (a) A, reflux, 1 h, 86%; (b) NMO,
and16b, Wh'Ch were fU||y ChaI’aCterlzed, InC|UdIng an X-I‘ay KZOSQ-ZHZO,t_BuoH/HZO/acetone (111)’ room temperature’ 23
diffraction analysis ofl6a (Scheme 1j2 h; (c) acetone, concentrated$0y, reflux, 18 h, 84% overall b, c;

In this Letter we wish to report the preparation of the (d)IBDA, I, benzenelw, 22 h, 33%; (e) 1,3-DPIBR;BuLli, THF,
functionalized highly pyramidalized alker#d, its trapping —78°C, 30 min, 63%.
with 1,3-diphenylisobenzofuran (1,3-DPIBF), and its cross-
coupling reaction with the known alkerdd b, leading to the
functionalized cyclobutane derivativ&7 or diene26, de-
pending on the reaction conditions. Further functional group

and a catalytic amount of dipotassium osnfdi@|owed by
acetonide formation with simultaneous anhydride hydrolysis

manipulation from27 led to the functionalized tetraseco- PY reaction with acetone and concentrated sulfuric acid.

dodecahedradienetetroB8, via the cyclobutane derivatives ~°dodecarboxylation of diaciti9 was carried out by reaction
30 and 29. with iodosobenzene diacetate (IBDA) and iodine following

Compound20 was prepared as shown in Scheme 2. the Moriarty'® modification of the Suarez procedure.
Anhydride 18, obtained by reaction of the known diacid Despite extensive experimentation, this reaction proceeded
178 with acetic anhydride, was transformed iri®in 84% in moderate yield (33%), although diacl® was recovered
global yield by a one-pot sequence that involved bis- in 49% vyield, being reused without further purification.
dihydroxylation using\N-methylmorpholineN-oxide (NMO) Reaction of20 with tert-butyllithium in anhydrous THF
at —78 °C in the presence of 1,3-diphenylisobenzofuran
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aReagents and conditions: (a) Na, 1,4-dioxane, reflux 231(4.3%),24 (1.2%),25 (19%), 14b (37%), 26 and27 (55%); (b) Na (Hg),
1,4-dioxane, room temperature overnigh8 (5.3%), 25 (48.5%)12b and 14b (41.5%),27 (52%) (yield of compound&3, 24, 12b, and
14bwas calculated from startin@p, while yield of25, 26, and27 was calculated fron20, with a ratio20/9b of 1:3); (c) hv, cyclohexane,
6 h, quantitative yield; (d) 1,4-dioxane, reflux, 24 h, quantitative yield; (e) 2 N aq. HCI, methandG,78 h, 99%; (f) DMSO, TFAA,
dichloromethane;-60 °C, 2 h, then BN, —60 °C, 90 min, 60%; (g) 1,4-dioxane, reflux, 3 h, quantitative yield.

expected Diels—Alder addu@2, derived from the highly Isolation of compound®3, 24, and25 provides further

pyramidalized alken@1, that was isolated in 63% yield. evidence for the formation of radical intermediates in the
Reaction of a mixture of diiodide0 and9b in the molar [2 + 2] cycloaddition of highly pyramidalized alken&s.

ratio 20/9b of 1:3 with excess of melted sodium in refluxing Irradiation of the mixture 026 and27in a quartz reactor

1,4-dioxane for 4 h gave a mixture of products which could using a 125 W medium-pressure mercury lamp allowed us
be separated by column chromatography (alumina, hexaneto obtain pure27 in quantitative yield, after alumina column
ethyl acetate mixtures) and were isolated in the following chromatography. Compour¥ was shown to be stable for
order of elution: dihydrodime23 (4.3% yield), diene dimer  extended periods of time at room temperature, although it

14b (37% vyield), compoun®4, derived from alkend 1lb was completely converted &6 after being heated to reflux
and 1,4-dioxane (1.2% yield), a mixture of the cross-coupled in a 1,4-dioxane solution for 24 h.
diene 26 and its isomeric cyclobutane precursdr in the Acid hydrolysis of27 gave quantitativel\80 which also

approximate ratio of 4:1'*H NMR) (55% combined yield), shown to be stable for extended periods of time at room
and the reduction produc@5 (19% vyield). Under these temperature. Swern oxidation 8D gave the tetron@9 in
conditions (great excess @b) dimers of alkene1 were 60% isolated yield. We could purif§9 by column chroma-
not observed as been the case in the cross-coupling reactiongography (alumina, hexane/ethyl acetate mixtures) and fully
of 8 and9a or 9b. Contrary to our previous experience in characterize it. However29 underwent slow [2+ 2]
the cross-coupling of alkené®and1laor 11b, whose diene  retrocycloaddition at room temperature to die2@ with
or cyclobutane reaction product could not be isolated, the complete conversion &9 to 28 being observed after being
polarity differences among the products of the above reaction, heated to reflux in a 1,4-dioxane solution for 3 h.
due to the presence in several of them of acetal functions, |t is worth noting the greater relative stability of the
allowed us to separate the polar cross-coupling pro®@ts  cyclobutane derivative27 and30 when compared wit29.
and27 from the less polar diene dimé@ab and byproducts  This fact can be qualitatively understood on the basis of the
23 and24 and from the more polar produ2b. strain energy involved in the cyclobutane opening of
When the cross-coupling reaction2land9b was carried  compound®7 and30to their corresponding more spherical
out using 0.45% sodium amalgam at room tempera®ife,  dienes. The strain energy due to the approach of the 4H/
was isolated in 52% yield, and the formation2& was not 18H;, 5H/20H;, 10H/19H;, and 11H/15H pairs of protons
observed (Scheme 3). This observation suggests that then the opened compounds may partially compensate the strain
product initially formed in the cross-coupling dfib and  release associated with the opening of the cyclobutane. This
21is the cyclobutane derivative7 which under refluxing  type of interaction is not present in the conversior2eto
1,4-dioxane is thermally transformed into die@é. Also,
the formation of dimer2b was observed. (12) Lukin, K.; Eaton, P. EJ. Am. Chem. S0d.995,117, 7652—7656.
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28 due to the absence of hydrogen atoms on theé sp All of the new compounds herein described have been
hybridized C4, C5, C10, and C11 carbon atoms of these fully characterized on the basis of their spectral data (IR,

compounds. H and®C NMR, COSY H/*H, COSY 'H/**C, NOE, and
Molecular mechanics calculations (MM2 prografar- MS spectra) and elemental analyses. Worthy of note, in the
ried out on cyclobutane derivativeg and29 and diene®6 MS spectra of dieneg6 and 28 the molecular ions are the

and 28 gave the formation enthalpies (AHcal/mol) and base peaks; this is not the case for the cyclobutane derivatives
strain energiesHsy, kcal/mol) shown in Table 1. From these 27 and 29. This fact may be ascribed to the formation of
highly stable cyclobutyl radical-cations similar to those

I, e n he pagodane famiy.

Table 1. Formation Enthalpies and Strain Energie26{ 27 In conclusion, the cross-coupling of functionalized highly
. i ies i gi , o h
28, and29 (kcal/imol) pyramidalized alkenes appears to be a valuable synthetic tool,

a matter which is under study. Also, work is in progress to

27 26 29 28 obtain the experimental enthalpies and the activation energies
AH¢ —~108.4 —129.4 —34.2 —70.4 for the conversion of compound®’ and 29 to the corre-
Estr 144.5 85.4 134.7 60.4 sponding dienes.
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