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Highly Pyramidalized Tricyclo[3.3.0. 03, 7]0ct 1(5)-ene
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Abstract: The geometries, olefin strain energies, heats of hydrogenation and relative

HOMO/LUMO epergies of tricyclo [3.3.().03’7]0ct-1(5)-ene and related compounds
have been obtained by ab initio calculations using different basis sets. Tetracyclo-
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anggng has been generated and trapped as different Dicls-Alder adducts; in the absence
of a trapping agcnt it gives the cxpeCted dimeric derivatives in a non-stereoselective way
and in low yield. For the first time, good yield cross-coupling reactions among highly
pyramidalized alkenes have been carried out. The structure of a tetrasecododecahedrane
diepoxide derived from a cross-coupled product has been established by X-Ray

diffraction analysis. © 1998 Elsevier Science Ltd. All rights reserved.
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o, we described the synthesis, chemical trapping and dimerization of 3,7-dimeth
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13.3.0.03:oct-1(5)-ene.! 2. a dimethyl derivative of the most pyrimidalized member of a series ot
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tricyclo[3.3.n. 03.71alk-1(5)-enes, several members of which had been previously prepared by Borden et al.*™
(Figure 1). Later, we published the preparation and corresponding reactions of the parent alkene,'' 1, the X-ray
diffraction analyses of the cyclobutane dimer 4, and its [242] retrocycloaddition product, 6, as well as a DSC
analysis of the conversion of 4 to 6."> Moreover, the hyperstability and some reactivity of dienes 5 and 6 were

also published."
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Several years ago, Hrovat and Borden™ carried out ab initio quantum mechanical calculations on a series of
tricyclo[3.3.n.03.7}alk-1(5)-enes for n = 0, 1, 2 and 3. In addition to the energies of HOMO / LUMO, they
computed the olefin strain energies (OSE's) and relative hydrogenation energies, which were determined by
single point calculations at the HF/6-31G* and TCSCF/6-31G* levels using the HF/3-21G optimized

geometries.

In this paper we describe ab inirio calculations of the highly pyramidalized alkene 1, its 3,7-dimethyl
derivative, 2, and their bis-ethano and mono-cthano bridged-compounds 7 and 8, respectively. Bis-ethano
derivative 7 had been previously described,”” while the synthesis and trapping of alkene 8 and some cross-
coupling reactions among 1 or 2 and 7 are herein described for the first time.

Ab initio calculations were performed with the Gaussian 94 program'® on an IBM SP/2 computer. Geometry
optimizations of pyramidalized alkenes and their corresponding hydrogenation products were carried out at the
HF, MP2 and B3LYP levels using the 3-21G and 6-31G* basis sets. The minimum-energy nature of the
optimized structures was verified from vibrational frequency analysis. HOMO/LUMO two-configuration
TCSCF/6-31G* calculations were also performed.

A. Geometries

Tables 1-5 show the carbon-carbon lengths for the ring bonds and the pyramidalization angles of the olefinic
carbon atoms of the tricyclo[3.3.0.03:7]oct-1(5)-ene derivatives 1, 2, 7 and 8 and the model bicyclic compound
9, optimized at the different levels of theory. In the case of 7, the harmonic vibrational frequencies could not be
obtained using the MP2/6-31G* method due to computer limitations. For a given compound, taking the HF/6-
31G* results as the reference, slightly overestimated carbon-carbon single bond lenghts (0.007-0.026 A) and
essentially the same value for the carbon- carbon double bond lenghts and pyramidalization angles were observed
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by using the HF/3-21G method. It is well-known that the MP2 method usually underestimates the single carbon-

s
carbon bond lengths and overestimate the double and triple ones. In the case of tricyclo[3.3.0.0 03.7]oct-1(5)-ene

derivatives, longer carbon-carbon double bond lenghts (about 0.045 A) and pyramidalization angles (1.5-1.7 9
were calculated using this method, but only small deviations were observed for the carbon-carbon single bonds.
Using the B3LYP/6-31G* calculations, the values obtained for the carbon-carbon double bond lengths and

pyramidaliztion angles were intermediate among those obtamed by using HF and MP2 methods, while the
carbon-carbon single bond lenghts were slightly overestimated (0. 006-0.026 A) Recently, Allinger ef al. 7 found
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that the B3LYP method, in general, gives slightly better results than the MP2 for molecules containing only first-

row elements and hydrogen.
Two features of the optimized geometries of alkenes 1, 2, 7 and 8 are the very similar: a) pyramidalization
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angies, and b) carbon-carbon doubie bond lengths (about i.35 A for the HF, 1.41 A for the MP2 and 1.38 A for
615

AL e Al . P 4 " 2.
the B3L‘u-' methods, rcspecuvc:y) Worthy of note, the a bond of these alkenes is quite long (> 1.615 A),
especially in the case of 2 (about 1.68-1.70 A, depending on the method). These longer bonds may be due to the

strain of the tricyclo{3.3 .0.03:7Joct-1(5)-ene substructure present in all of these compounds. The increased

lencht in the case of 2 can be associated with a reduction of the interaction between the eclinsed methy! arouns
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Experimental values for the corresponding carbon-carbon bond lengths in 4, 6 and a Diels-Alder adduct derived

from 2 were obtained by X-ray diffraction analysis,"'> which were in good agreement with calculations.
Moreover, the TCSCF procedure of Gaussian 94 provides the coefficients of the two configurations for the
carbon-carbon double bond, from which the following percentages of diradical character were deduced: 1
(11.0%), 2 (10.5%), 7 (10.7%) and 8 (10.9%). These results show that these alkenes, in spite of their high
degree of pyramidalization, are stronger than anti-Bredt alkenes, like some homocubenes™" and
dehydroquadricyclanes,” which show much higher percentages of diradical character. A similar percentage of
diradical character was calculated for two dehydroprismanes.”

Table 1 Table 2
Calculated optimized geometriesl2] of alkene 1. Calculated optimized geometries[2] of alkene 2.
Method Bonda Bondb Bondc Bondd @ Method Bonda Bondb Bondc Bondd @
HF/3-21G 1.673 1590 1.546 1355 612 HF/3-21G 1.691 1.590 1.542 1355 61.3
HF/6-31G* 1.649 1570 1.531 1352 613 HF/6-31G* 1.678 1.574 1.526 1351 61.2
MP2/6-31G* 1.648 1.528 1.529 1.406 629 MP2/6-31G* 1.676 1.571 1.525 1.406 62.8
B3LYP/6-31G* 1.667 1577 1.537 1380 619 B3LYP/6-31G* 1.704 1583 1,532 1380 61.7
[alBond lengths (A) and pyramidalization angles @ (°) [alBond lengths (A) and pyramidalization angles @ (°)
Table 3 Tabie 5
P R PR T IR SUUNISPICIUN || IV I Molonlatad antimizad ganmatriacd] of 2l ac. 0
waitulawy Upu iviety E\-‘ TEGUIOUDY 72 UL alRU1IC 7. vaivuiatvu vpuiing ECULLITUICSS UL dlRCIIC 7.
Method Bonda Bondb Bondc Bondd Bonde Bondf @ Method Bonda Bondb Bondc @
HF/3-21G 1.641 1.599 1.542 1357 1529 1555 61.8 HF/3-21G 1.572 1.511 1315 3.8
HF/6-31G* 1.615 1.581 1.530 1353 1.522 1542 619 HF/6-31G* 1.553 1.504 1317 5.0
B3LYP/6-31G* 1.625 1.592 1.537 1.382 1528 1545 624 MP2/6-31G*  1.551 1501 1344 179
B3LYP/6-31G* 1.561 1.505 1.337 59
[alBond lengths (A) and pyramidalization angles @ (°).
[a]Bond lengths (A) and pyramidalization angles ® (°).

Table 4

Calculated optimized geometries[2] of alkene 8.

Method Bonda Bondb Bond b’ Bondc Bondc’ Bondd Bonde Bondf &b

HF/3-21G 1.657 1587 1.602 1.545 1544 1356 1528 1553 615

HF/6-31G* 1.632 1567 1.584 1.529 1.532 1352 1521 1539 616
MP2/6-31G* 1.632 1.565 1.583 1.528 1.529 1.407 1520 1.541 63.1
B3LYP/6-31G* 1.645 1.574 1.595 1.536 1.534 1381 1526 1.548 623
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B. Olefin Strain Energies (OSE)

Since ab initio methods do not allow to obtain in a straightforward manner the strain of a compound as in
Molecular Mechanics methods, the relative olefin strain energies’? of alkenes 1, 2, 7 and 8 were computed
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hydrogenation derivatives (Table 6), and applying equation 1, the OSE of 1, 2, 7 and 8 were obtained (Table 7)
for each method.

Equation 1 OSE(alkene) = [E(alkene) - E(alkane)] - [E(9) - E(9-H2)]

As can be seen from Table 7, HF/3-21G and HF/6-31G* results are very similar and differ by about 15 kcal
mol-! from the OSE values computed at the TCSCF, MP2 and B3LYP levels. For a given method, the OSE's of
all of these compounds are very similar as expected taking into account the presence in all of them of the
tricyclo[3.3.0.03:7Joct-1(5)-ene substructure. Very recently, Eaton ef al.?* described the experimental OSE value
of cubene (63 * 4 kcal mol-1) which was in good agreement with the value (58.9 kcal mol-1) previously

ey

calculated Dy Hrovai and DOI'OSH wiih a [WO‘COIIIlgUIBUOIl wave function ( TCSCF/6-31G*//HE/ 5-1,](1) The
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reasonable agreement between the experimental and calculated values, the calculated ones should be taken with

care since the reference compound 9 may not be a good model in this case.™

Table 6
Calculated energies (hartrees) of alkenes 1, 2, 7, 8 and 9 and their hydrogenation products.

Compound ~ HF/3-21G HF/6-31G* TCSCF/i6-31G+[3] MP2/6-31G* B3LYP/6-31G*
1 -306.8577 -308.5606 -308.6092 -309.6217 -310.6854
1-H» -308.1863 -309.8850 - -310.9324 -312.0304
2 -384.5054 -386.6376 3866868 -387.90704  -389.3229
2-Hp -385.8299  -387.9588 - -389.2772 -390.6638
7 -459.8417 4623929 -462.4414 - -465.5428
7-H)2 -461.1672 ~403./143 - - -466.8832
8 -383.3501 -385.4773 3855264 3867979  -388.1145
8-Hy -384.6771 -386.7992 - -388.1066 -389.4574
9 -308.1980  -309.9185 -309.9438 -310.9503 -312.0633
9-Hy 3093884 -311.1026 - -312.1469 3132892

—

a] The TCSCF/6-31G* energies were calculated by using the HF/6-31G* optimized geometries.

or alkenes 1.2 7 and 8 as the difference

Q:XC0CS 2, &, 7 all Q& a8

d
between the hydrogenation energy of each alkene and that of the reference compound 9.

1 86.7 88.0 73.4 71.6 74.7
2 84.1 86.0 71.0 69.1 72.2
7 84.8 84.9 70.3 - 73.4
8 85.7 86.5 715 70.3 73.4
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C. Heats of Hydrogenation.

The heats of hydrogenation of the highly pyramidalized alkenes 1, 2, 7 and 8 as well as the reference
compounds 9, cyclopentene, 10, and cubene, 11, (Table 8) were calculated as the difference between the heats
of formation of each alkene and its corresponding alkane taking into account the heat of formation of hydrogen.
All the energy values were corrected with the zero-point energy and thermal (298 K) corrections.

In order to check the results, the heat of hydrogenation of cyclopentene, 10, was also calculated using the
different caicuiation methods, which were compared with the experimental value.”® The best results were
obtained by using the MP2/6-31G* and B3LY1P/6 31G* methods (-26.2 and -27.7 kcal mol-1, respectively, vs

P it imamanbnl ernliaa £ AL OLN D L1 a1 N oawelella sl MAOCATIL D1L/IRINNITNIL 1% oL 1 JE, 11
dil C)&pﬁ INCIEA VAIUE 01 -40.010.2 KCal IMOI * ) WIIIE W€ 1ULDLr/0-01U7/nr/0-310™ me oa gave a mgmy
nndaractimatad vahia .12 2 kool mal-1v Al of tha OE mathode gave overechmated valing  slihoob e
unGorCsiimaniia vai -12.0 RLar iy 7). Aa G uli€ 0 Meuibas gdave OVCICSUIMaiCa vaiues, aiuiOougn uidi
obtained with the HE/§-311G* methad (-29 Q kcal mol-1) was anlv cliohtlv highar than the exnerimental gne
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The heats of hydrogenation of the model alkene 9 using the different methods were very close to those

obtained for 10, although in this case no experimental datum is available.

However, hydrogenation of strained alkenes is not an ideal process due to the considerable changes that
experience the implicated bonds. Wiberg ef al.”’ found that the HF calculated enthalpies of hydrogenation of a
series of strained alkenes were overestimated by 6 + 2 kcal mol-! using the HF/6-31G* method. The errors
were similar when other basis sets were used. Recently, Eaton et al.* reported the experimental value of the heat
of hydrogenation of cubene, 11, a highly strained alkene, which may serve as a better model than 10 to check
our results. The calculated heats of hydrogenation of 11 (Table 8) show that HF/6-31G* method gave slightly

overestimated values which are comprised within the limits established by Wiberg et al. for other strained
alkenes, while the HF/3-21G results are clearly overestimated. The rest of methods gave highly underestimated

sialisac T alal ___ 1 = =L _ cesaL 1 Tl . 10N AADVYV /L D13k .1 DAY UNIL B Vol JENU R B -y

vaiues. 1nus, aith ign 107 € unsrainéd alkene 1v, Mrz/0-31U7 and piLYr/0-310U™ meoas glVC morc
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Table 8
Heats of hydrogenation (kcal mol‘l) calculated for alkenes 1, 2,7, 8 and 9.

Compound HF/3-21G HF/6-31G* TCSCF/6-31G* MP2/6-31G* B3LYP/6-31G*
JHE/6-31G*[al

L2133

1 121.0-116.0 85.5 968 -99.1
2 1183 -113.9 831 944 965
7 -119.2-112.9 825 - -96.3
8 -120.1 -114.6 -83.7 957 978
g 348 -28.5 127 258 248
10(b] 324 -299 133 262 277
11lel 1092 947 712 707 774

[al The TCSCE/6-31G*//HF/6-31G* energies of alkenes and the HF/6-31G*//HF/6-31G* energies of alkanes were used.
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than that of 1. The lower heat of hydrogenation of 7 and 8 vs 1 may reflect a relative stabilization of these

alkenes due to the ethano bridges which can contribute to release part of the strain. However, the lower heat of
hydrogenation of alkene 2 vs 1 may reflect the relative destabilization of 2-H2 vs 2 in comparison with 1-H?2
vs 1, due to the approaching of the eclipsed methyi groups in Z-H?2. The caiculated C3-C7 bond distance in 2
(Table 2, bond a) varies from 1.676 to 1.704 A depending on the level of calculation. The corresponding

experimental bond distance (X-ray diffraction analysis) in a Diels-Alder adduct derived from 2,'?> which contains
the tricyclo[3.3.0.03:7]octane substructure present in 2-H2, was 1.622 A. Consequently, a greater steric

imtnrn~tinn hatisans tha anlinooad arnIng Y. LA oo ~pnrnnarard M2 SO | ha vrnntad Ao s Ny
HICr UV DRAWRALT UG Wuyﬂﬂl llmllyl BIUUPD in ~=Ed g ad L/Ullll.)dlcu Wil &« lllu’l e C/\pcblm O W ux
chrmtamiome ~fatln £ VT b d mn cmdrranbing af tha 71 08 dassle g |
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D. Relative HOMO and LUMO Energies.

Pyramidalized alkenes show long wavelength UV absorptions.” % It is well-known that this bathochromic shift
is due to an important decrease of the LUMO and a small increase of the HOMO energies on increasing
pyramidalization."* The calculated HOMO and LUMO energies of the strained alkenes 1, 2, 7 and 8 relative to
the corresponding energies of the model compound 9 are collected in Table 9.

Table 9
Orbital Energies (kcal mol-1) for the HOMO and LUMO of alkenes 1, 2, 7 and 8 relative to the energics of the

HOMO and LUMO of the reference compound 9 [a]

Method Orbital 1 2 7 8

HF/3-21G HOMO 6.4 104 9.7 8.1
LUMO -67.1 -63.2 -65.5 -66.2

HF/6-31G* HOMO 9.6 12.4 1.7 10.7
LUMO 64 4 .60.9 633 638

AAIVERT “Uv.y =0y 033 =03,

(a] The energies of the HOMO / LUMO (kcal mol-1) orbitals for 9 are: -197.8 / 130.0 and -197.3 / 128.4, by using
the HF/3-21G and HF/6-31G* methods, respectively.

As can be seen, the HF/6-31G* method gave values for the HOMO/LUMO relative energies of a given
compound, which are usually 2 - 3 kcal mol-1 higher than the corresponding HF/3-21G values. However, in
both methods, for all of these alkenes, the difference between the HOMO and LUMO energies give essentially
the same value. From these differences, a rough estimate of the UV absorption maxima corresponding to the
HOMO/LUMO transition in these compounds give values as high as about 300 nm, much higher than those
observed in the less strained alkenes, tricyclo[3.3.3.03,7]undec-1(5)—ene (217 + 5 nm)® and
tricyclo[3.3.2.03:7)dec-1(5)-ene (245 + 15 nm).°
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Scheme 1. Generation, trapping and dimerization of the highly pyramidalized alkene 8.

Alkene 8 was generated from the diiodo compound 14, which was obtained from the known diester 12.%°
Hydrolysis of diester 12 with 10% potassium hydroxide in methanol gave, after acidification, diacid 13 in high
yield. Iododecarboxylation of this compound by using the Moriarty™ modification of the Sudrez® procedure,
which had been used by our research group to prepare related 1,2-diiodo derivatives,"'" let us obtain 14 in 54%

isolated yieid. Reaction of 14 with ¢-butyilithium in anhydrous THF at -78 °C in the presence of diene 20** gave

- r1

after column cnromatograpny, ine expeaea Dieis-Alder adduct 25 which was isoiaied in 48% YICIO Whe
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two stereoisomeric syn- and anti-adducts, 16 and 19 respectively, was obtained in 77% yield, after column
chromatography and crystallization. Althongh this mixture could not be separated by column chromatography,
crystallization from isopropanol gave a mixture slightly enriched in 16. From the 1H and 13C NMR spectra of
this mixture with the aid of the !H/1H homocorrelation and 'H/I3C heterocorrelation spectra, the signals
corresponding to each stereoisomer could be completely assigned, taking advantage of their different ratio. When
14 was reacted with sodium in boiling dioxane in the absence of a trapping agent, it was obtained a mixture
containing (GC/MS), in order of elution, compounds with molecular masses corresponding to: a) a product (M-+
= 134) derived from the dihydrodeiodination of 14, b) a product (M-+ = 220) derived from the addition of 8 and
dioxane, c) a dihydrodimer of 8 (M-t = 266) whose structure must be related to that of 29 (see later on) and d)
two products (M-+ = 264) in a ratio close to 1:1, whose molecular mass corresponded to dimers of 8. According

to our previous <=,)qaerie:nce“1'12 these dimers must be the diene dimers 21 and Z2Z, since the corresponamg

ac traatad wat
was ucalld Wil
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dimethyldioxirane,” a reagent able to easily epoxidize highly substituted alkenes.” Column chromatography of
this new mixture gave in low yield (14%) a mixture of epoxides 23 and 24 which could be spectroscopically
characterized. Taking into account the different ratio of both epoxides, the signals of the 13C NMR spectrum of
the mixture couid be fully assigned to one or the other stereoisomer although it was not possibie to differentiate
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Ofig lime we considered that dimerization o ifii 1
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which diene dimer 21, atetrasecododecahedradlene coul be formed. The results herein described s owcd that
this hypothesis was not true. A possible explanation of this fact may be that the highly strained alkene 8 is so
reactive that does not discriminate among the transition states leading to the syn- and anticyclobutane dimers, in
spite of the great expected steric differences, as it is also the case in the Diels-Alder reaction of 8 with diene 15.
Another possible explanation, according to Eaton,” may be that dimerization of highly pyramidalized alkenes
such as 8 can take place via diradical intermediates, which may explain not only the lack of selectivity but also the
formation of partially hydrogenated dimers. Also, according to Borden et al.,® under the used conditions, the
formation of radical anions by electron-transfer from sodium to the alkene 8, has to be taken into account. The
formation of such an intermediate will be favoured by the low-energy LUMO of 8 (see HOMO / LUMO
calculations) and may explain the formation of the dihydrodimer and the dihydrodeiodination product. Moreover,
the formation of an addition product of 8 and dioxane couid be easily explained taking into account the diradical
character of 8, which was calculated to be about 11% (see above under geometries). Much work will be required
in the near future to elucidate the mechanistic pathways involved in the reactions of highly pyramidalized alkenes.

Cross-coupling reactions of tricyclo[3.3.0.03’7]oct-1(5)-ene, 1, and its 3,7-dimethyl
derivative 2, with pentacyclo[6.4.0.02a10.03’7.04’9]dodec-8-ene 7.

As an alternative route to tetrasecododecahedrane derivatives which obviates the problem of the syn / anti
dimerization observed with alkene 8, we planned the cross-coupling reaction of the highly pyramidalized tricyclic
alkenes 1 or 2 and the pentacyclic alkene 7 (scheme 2). Much work has been done on the synthesis, trapping and

2718 <7

dimerization of highly pyramidalized alkenes."***"** Worthy of note is the recent generation and dimerization of

1o'S PP

CUbCIlC which is Iormauy followed Dy two [ Z+2] retrocycmaaamon reactions. l‘lOWGVCI‘ to the best of our
L
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een
Alkene 7 was previously generated from diiodide 26 b

ly pyre niidalized alkenes has 1ot been described ycl
reaction with #butyllithium and trapped as a Diels-

y
dimerization of alkene 7 has not been described vet.

Alder a.dduct ‘v‘v’l{h 1 3_dtn anvlicahenzofuran > However
,3-diphenylisobenzofuran.”™ However, 124l alkene 7 has not been described ye
Diiodide 26 was pr eviously obtained bv iodo decarboxylation of the cm’remondmg diacid with red mer cury (II)

oxide and iodine." In this work, this transformation was better carried out (61% yield) by reacting this diacid
with iodosobenzene diacetate and iodine following the Moriarty® modification of the Suérez procedure.”
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Scheme 2. Cross-coupling reactions of alkenes 1 or 2 and 7. Synthesis of tetrasecododecahedrane diepoxides
33 and 34.

Dimerization of alkene 7 to a cyciobutane or diene product, as in the case of alkenes 1 and 2, must be very

difficuit due to the great sieric interaction between the ethylene bridges of both halves. In our hands, reaction of

diiodide 26 with sodium in boiling dioxane gave a complex mixture of products, where several products whose
s corresponded to dimers of 7 T were detected hv GC/MS althou
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Cav symmetry of the usual cyclobutane or diene dimers ( 13¢ NMR). The steric hindrance for the dimerization of
7, could favour its cross-coupling reaction with ur .!1 nd ed pyramidalized alkenes such as 1 or 2.

Reaction of a mixture of diiodides 26 and in the molar ratio 26/31 of 1:5 with excess of sodium in
refluxing dioxane gave a mixture containing dlene 6 as the main component (55% relative area by GC/MS) and
minor amounts of a dihydrodimer, 29, (15% relative area) and the desired cross-coupling diene 30 (16% relative
area). Compound 29 had been previously obtained as a minor by-product in the reaction of diiodide 31 with
sodium in the absence of a trapping agent. Knowing the NMR signals of 6 and 29, all of the 13C NMR and
some significant |H NMR signals of 34 could be obtained from the spectra of the mixture. An attempt to isolate
the cross-coupling product from this mixture by silica gel column chromatography led to its disappearance,
isolating instead a small amount of a compound for which the structure of alcohol 32 was proposed on the basis
of its 1H, 13C, 1H/1H homocorrelation, 1H/!3C heterocorrelation NMR and MS spectra. The formation of this
alcohol can be easily explained from diene 34 through a transannular hydration. Related transannular reactions

arm woall Lo e a1 alaca Alanac 393 Ak asiagh diamac &1 Al £L13 oon £00000 ciahla cammnonnde '

are well-known in spatially close dienes,” ™ although dienes 5 6" are fairly stable compounds. However,
the steric intcraction between the ethylene bridges of the tetracyclic part and the B-methylene protons of the
hingunlin mniafur o actalils :

bicyclic moiety must destabilize dienes 33 or 34.

led product, these reactions were better carried out by using an excess
the more readily available diiodide 26. Reaction of a mixture of 26 and 31 in the molar ratio 26/31 of 4:1

with excess of sodium in refluxing dioxane gave a mixture in which the relative area of diene 6 by GC/MS was
only 2%. Similarly, when a mixture of 26 and 30 in the molar ratio 26/30 of 5:1 was reacted with excess
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sodium under similar reaction conditions no diene dimer 5 was observed by GC/MS. To avoid hydration of these
dienes during isolation, these reduction mixtures were treated with an excess of an acetone solution of
dimethyldioxiranc (DMD). The new mixtures thus obtained were submitted to silica gel column chromatography

........ SRy T e 1t
Wllltll a.uuwcu ulc lW!dUUll UI UIC ulcpwuuca JB unu J:, in lamy g d )’ICidS Of

L0 and KAOL crmartsual #hen nfireviineg tha farmiantinem ~F Alamac 2A aemd 22 ceenb LI, .. .l.,. s o AT
J7 ana oW, IeSpRlU vun], uiis wuuuuuls uic 10TNanon O Jienics 54 U oo, provavly vid uic COImeIpUIKIIE
cvclobutane derivatives 28 and ” farmed by crogg-counline of the highly nvramidalized intermediate alkanac 7
T VAU UG LRRIw MR L Y eeta ¥ VIRERS APy EWAIANWAL WY WAVIOTWUMPIIE VL WV Mgy Y Lu.uuuuul.vu LIV 1IN IV GALERD 7

and 1 or 2. These tctrasecododecahedranc diepoxides were fully characterized spectroscopically and by elemental
analysis and, in the case of 35, by X-Ray diffraction analysis#3 (Figure 2). The 13C NMR spectra of these
compounds clearly show their C2y symmetry.
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11 CONCIusion, ao wiilio CarCuiauGiis Sndw uidar ui® uo CHCIEIES O1 WilYCiGa.5.u.u-57 jOC-1J)-Ciic
derivatives 1.2 7 and 8 are hicher than those nf manv nthar hiochlv nuramidalized alkenac inchndina suihene A
MUULIVALLYWD A, &, 7 dilu U i ll&ll\d.l CALEAAR RLINAON /K lll“ll] SSLL AW lll&l J.J yJA“llllum‘AUu QBINRVEIVO, lll\/luulll WwRAUINIEIN. 4

low (about 11%) diradical character and low-energy LUMO's have also been calculated for these alkenes, which
may explain some aspects of their reactivity. The non-concerted nature and the formation of diradicals in the
dimerization of 8 may explain the formation of partially hydrogenated dimers and the lack of stercoselectivity in
these reactions. The cross coupling reaction of highly pyramidalized alkenes, herein described for the first time,
opens an enormous potential in the synthesis of cage compounds. Work is in progress to obtain dienes 33 and
34 in pure form in order to study their transannular and photochemical reactivity. Also, the synthesis of a
derivative of 26 functionalized at the ethylene bridges and its cross coupling reaction with 1 or 2 will be started

soon.

General. Melting points were determined on a MFB 595010 M Gallenkamp melting point apparatus. 500 MHz
IH NMR spectra were performed on a Varian VXR 500 spectrometer, while 300 MHz IH and 75.4 MHz 13C
NMR spectra on a Varian Gemini 300. Except where otherwise stated, IH NMR spectra were recorded at 500
MHz and 13C NMR spectra at 75.4 MHz, in CDCI3. Chemical shifts (8) are reported in ppm related to internal
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tetramethyisiiane. Assignments given for the NMR spectra are based on DEPT, !H/IH and 1H/13C COSY

experiments (HMQC sequence). IR specira were recorded on a FI/IR Perkin-Eimer spectrometer, model 1600.
Silica gel SDS 60 (60-200 pm) was usually utilized for the column chromatography. GC/MS were performed on

= EOON ©_ " _

a Hewicti-Fackard gas cnruumugrdpu, modei 5390 Series Ii, connecied io a Hewieti-Packard mass spectrometer
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min (conditions B) or 15 °C / min (conditions C) , then isothermic] electron impact, 70 eV. Elemental analyses
were carried out at the Microanalysis Service of the Centro de Investigacion v Desarrollo (C.1.D.), Barcelona,
Spain. For ab initio calculations the Gaussian 94 (Rev. A. 1) program, run on an IBM SP/2 computer from
Centre de Supercomputacio de Catalunya was used. The systematic names for 16, 19, 23, 24, 25, 32, 35, and

36 were obtained by using the POLCYC program.*

ot

Tetracyclo[5.2.1.02,6,03,8]decane-7,8-dicarboxylic acid (13). A mixture of diester 12 (112 mg,
0.45 mmol) and a 10% methanolic solution of KOH (5 mL) was heated under reflux for 3 h. Water was added (5
mL) and heating under refiux was continued for 3 h more. The cold mixture was made acidic with conc. HCI and
evaporated to dryness in vacuo. The solid residue was extracted with refluxing dlethyl ethcr (5 x 20 mL). The

ramhined Araanis extracts werse Al‘l‘l‘ Ilutl\ gn]-nrr‘rnnc' NTQ'\Q(\A and rancoentratand 1A Annnu-l 1
\.o\uuuluuu VLRI WA GRS A% UL ua LRy L anQG CONCCNuUawl it vacuo 51 Vllls DUHU WUl 11U L J

N NN AANN 7Y -1 1x S,
(50 mg, $1% yield), m.p. 220 °C {(dec.). IR (KBr) v: 3600-2200 (OH st), 1696 (C=G si) cm*. *H NMR, &
1.50 [m, 2 H, 4(5)-Ha], 1.91 [m, 2 H, 9(10)-HP), 1.98 [m, 2 H, 9(10)-Ha], 2.10 [m, 2 H, 4(5)-HB], 2.38
. ww ww. o as w ~wr xww  m ew e A T mvn s9n O o ~ ramww U

(m, 1 H, i-H), 2.41 [m, 2 H, 3(6)-H], 2.47 (m, 1 H, 2-H). 1°C NMR, 6: 22.0 [CH2, C4(5)], 34.7 (CH, C1),
N N Fevy Y. ra s YA Yare] I Yol BT o & Y ol 2N 277 O Iy rab¥oa%} &0 7T M LFITTFONY 177N O /M ™ Y

50.06 {CH3, C5(10)], 50.7 (CH, C2), 57.8 [CH, C3(6)], 58.7 [C, T7(8)], 175.8 (C, COOH). Anai. Caicd. for
MNanAl¥s afMNae £ £A QK. LT £ 2€ Lrunnd. O £AQOMMN- 1T £ A1

CiZnnjgugl u, G%.09, 1, U.0J. COUIIG, «, 7.0V 11, U1,

7T Q@ Nitndatatranuvalal€ 2 1 082.6 03.8140cana (14Y A anenancinn of diacid 12 7182 meo 0 25 mrmall
I’U AFEEVFUAV LW LA -‘:‘.vli’iﬂ.‘t" *F v \ATTf. I ')l.l’tl\tllﬂl\lll Vi VMAVIAL R W \IUU IIIE, V.0 llull\n],
iodosohenzen e 540 mg, 1.67 mmol) and iodine (425 mg, 1.67 mmol) in anhydrous benzene (55 ml)

was irradiated under reflux with two 100 W tungsten-lamps for 4 h. The mixture was allowed to cool to room
temperature, more iodosobenzene diacetate (540 mg, 1.67 mmol) and iodine (425 mg, 1.67 mmol) were added
and irradiation under reflux was continued for 18 h more. The cold (room temperature) solution was washed
with 10% aqueous solution of sodium thiosulfate (3 x 25 mL) and brine (3 x 25 mL), dried with anhydrous
Na2S04 and concentrated in vacuo to give an oily residue (405 mg), mixture of iodobenzene and 14, which was
submitted to column chromatography (silica gel, hexane) affording pure 14 (176 mg, 54% yield), m.p. 165-168
°C (hexane). IR (KBr) v: 2948, 2861, 1454, 1278, 1110, 923 cm-l. 1H NMR, &: 1.62 [m, 2 H, 4(5)-Ha],
1.80 [m, 2 H, 4(5)-HP], 2.00 (m, 1 H, 2-H), 2.16-2.24 [complex signal, 7 H, 1-H, 3(6)-H, 9(10)-Hf} and
9(10)-Ha]. 13C NMR, &: 24.8 [CH3, C4(5)], 37.9 (CH, Cl1), 44.9 (CH, C2), 55.7 [C, C7(8)], 58.0 [CH2,
C9(10)], 63.1 [CH, C3(6)]. MS, m/z (%): 386 (M-t, 2), 259 (87), 217 (50), 133 (11), 132 (100). 131 (53),
117 (53), 116 (11), 115 (18), 104 (31), 91 (59), 79 (16), 78 (24), 77 (21), 67 (23), 66 (11), 65 (28), 53 (11),
51 (19). Anal. Calcd. for C1pH1212: C, 31.12; H, 3.13, 1, 65.75. Found: C, 31.15; H, 3.12, 1 65.66.
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and a sotution of -butyllithium (1.7 M in pentar
30 min at this ternperatyurc methanol (5 mIS and water 25 mL) ere added and the mixture was extracted with
diethyl ether (5 x 30 mL). The combined organic phases were dried with anhydrous Na2SO4 and concentrated in
vacuo to give a residue (253 mg), which was submitted to column chromatography (silica gel, hexane/ethyl
acetate in the ratio of 39:1) to give pure 25 (126 mg, 48% yield). The analytical sample was obtained by
crystallization from isopropanol, m.p. 182-183 °C. IR (KBr) v: 2939, 2870, 1455, 735 cm-!. 1H NMR, &: 0.80
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[m, 2 H, 6(7)-HP], 1.05 [m, 2 H, 6(7)-Ha] 1.10 [m, 2 H, 11(28)-HB], 1.50 [m, 2 H, 11(28)-Ha], 1.71 [m, 2
H, 5(8)-H], 2.10 (dt, J = 3.5 Hz, J' = 2.5 Hz, 1 H, 10-H), 2.18 (dt, J = 3.5 Hz, J' = 3.0 Hz, 1 H, 9-H), 2.34
[s, 4 H, 3(13)-H2], 4.75 [s, 2 H, 1(15)-H], 6.91-6. 94 [complex signal, 4 H, 18(19)-H and 24(25)-H], 7.22-

7.27 [complex signal, 4 H, 17(20)-H and 23(26)—H] C NMR, 3: 21.7 [CH2, C6(7)], 29.8 [CH72, C3(13)],
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34.2 (CH, C10), 48.5 [C, C4(i2)}, 51.4 (CH, C9), 52.0 [CHp, C11(28)], 56.6 [CH, C1(15)], 58.8 [CH,

Lb(B)J, 122 2 (uu and 122.3 (CH) [C17(20) and C23(26)], 124.1 ILH (,18(19) and C24(25)], 142.4 [C,
20), 362 (M

+
S

5 &
l=
]
:»
5

ho —

lb .\

-
o

¢

¢
agQ
~—r

3

3

N

After stirring for 30 min at this temperature, mcthanol (5 mL) and water ( 25 mL) were added and the mixture was
extracted with diethyl ether (3 x 30 mL). The combined organic phases were dried with anhydrous NapSO4 and
concentrated in vacuo to give a residue (90 mg), which was submitted to column chromatography (silica gel,
hexane/ethy] acetate in the ratio 95:5) to give a mixture of 16 and 19 (59 mg) in a ratio of 1:1. On crystallization
from isopropanol, a mixture of 16 and 19 partially enriched in the first one (48 mg, 77% yield) was obtained,
m.p. 198-204 °C. IR (KBr) v: 2952, 2867, 1592, 1496, 1448, 1299, 1279, 977, 918, 881, 748, 700 cm-1.
MS, m/z (%); 402 (19) [M]-+, 335 (27), 334 (68), 325 (10), 319 (10), 318 (22), 298 (20), 297 (76), 271 (30),
270 (55), 257 (14), 253 (11), 251 (14), 241 (26), 240 (10), 239 (23), 231 (24), 229 (38), 228 (13), 226 (11),
215 (21), 203 (11), 202 (17), 194 (10), 193 (23), 178 (10), 165 (30), 131 (10), 117 (22), 115 (14), 105 (100),
91 (31), 78 (10), 77 (60), 67 (30), 51 (i0).

NMR data of 16 obtained from the spectra of the mixture. H NMR & 6 [m, 2 H, 4(5)—H(x] 1.52 [m, 4 H,

9(19) Hoc and 9(19)5H‘B], 1. 67 {m, 2 H 4(5) Hﬁ] 2. 24 (m, 1 H, 8 H), 2 [pseudo q, J = 2.5 Hz, 2 H, 3(6)-

34
"""" 55Hz,J' = 3.0, 2 H, 14(15)-H], 7.05 [dd, /= 5.5
7.4 =
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Hmeta), 7.57 (dd, J = 7.5 Hz, J'= 1.5 Hz, 4 H, Hortho). ~C NMR, 8: 23.5 [CH2, C4(5)], 33.9 (CH, C8),
48.1 [CH2, C9(i9)], 54.8 {CH, C3(6)], 56.8 (CH, C7), 64.9 [C, CZ(i0)], 88.4 [C, Ci(i1)], 121.2 [CH,
C14(15)], 125.6 (CH, Cortho), 125.9 [CH, Ci3(i6)], 127.2 (CH, Cpara), 128.2 (CH, Cmera), 138.6 (C,

QM T

Cipso), 148.2 [C, Ci2(17)].

NMR data of 19 obtained from the spectra of the mixture. 1H NMR, &: 0.96 [m, 4 H, 4(5)-HB and 9(19)-Hp],
1.16 [m, 2 H, 4(5)-Ha], 1.75 [dd, J = 8.0 Hz, J' = 2.5 Hz, 2 H, 9(19)-Ha], 2.28 [pseudo q, / = 2.5 Hz, 2 H,
3(6)-H], 2.31 (m, 1 H, 8-H), 2.42 (pseudo q, J = 3.0 Hz, 1 H, 7-H), 6,85 [dd, /= 5.5 Hz, J'=3.0, 2 H,

14(15)-H1, 7.03 [dd, J = 5.5 Hz, J' = 3.0 Hz, 2 H, 13(16)-H], 7.33 (broad t, J = 7.5 Hz, 2 H, Hpara), 7.4
. 13 A« )

(pseudo t, J = 7.5 Hz, 4 H, Hmeta) 7.61 (dd, J = 8.0 Hz, J' = 1.0 Hz, 4 H, Hortho). ~C NMR, &: 22.9
[CH2, C4(5)], 38.2 (CH, CB8), 47.1 [CH2, "9"")] "40 (CH, C7), 55.4 [CH, C3(6)], 65.5 [C, C2(10)],
87.5 [C, Ci(iD)j, 119.8 [CH, Ci4(i5)], 125.6 Cortho), 126.1 [CH, Ci3(i6)], 127.2 (CH, Cpara),

(C
128.3 (CH, Cmeta), 138.5 (C, Cipso), 149.5 [C, C12 17)]
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Then, 14 (740 mg, 1.92 mmol) was added at once and the mixture was heated under reflux for 4 h. The cold
mixture was fiitered and concentrated in vacuo to give an oily residue (230 mg). GC/MS analysis of this residue
(conditions A) showed the presence of five main components:

27 Ar PV (et I K min 100, valatiun avaen) sle (L) DRE (D1Y VKA (1OMN TRAT.4 991 711 ANT 719\ 10& 7173)
Lk Ul bde \IL 40T LMLy L7 /U SVAGREVR GUVR), TRML \ /U ). LUJ (&1 ), &UT (1UU) |1Vl s L&l \11), LUJ (14), 170\ 1),
193 (1Y 181 (1N 169 (15) 18R (1) 167 (22) 165 (13) 1585 (19) 153 (12). 142 (12) 141 (21} 111 (14
LT0 Nddyy 202 (27 )y aVT ATy AUV 23y AV (S, 100 (1D, 0D 1T, 150 \14), 1T \14&), 171 \Lij, 151 15,
130 (11), 129 (24), 128 (21), 117 (18), 115 (21), 105 (12), 91 (38), 79 (19), 77 (23), 67 (17)

22 or 21 (rt 23.4 min, 24% relative area), m/z (%): 265 (21), 264 (100) [M]-+, 196 (24), 181 (16), 169 (13),
168 (16), 167 (18), 165 (10), 155 (16), 153 (11), 143 (10), 141 (14), 131 (10), 129 (20), 128 (19), 117 (13),
115 (21), 105 (19), 95 (10), 93 (13), 91 (42), 83 (10), 81 (14), 79 (25), 78 (11), 77 (28), 69 (34), 67 (29), 65
(16), 57 (17), 55 (23), 53 (12), 51 (10).

Dihydrodimer of 8 (rt 17.9 min, 26% relative area), m/z (%): 267 (3), 266 (20) [M]-+, 237 (11), 211 (15), 200
(22), 199 (32), 198 (85), 197 (15) 183 (i0), 170 (i1), 169 (17), 157 (i4), 156 (15), 155 (17), 145 (10), 144
(15), 143 (29), 142 (11); 141 (18), 133 (17), 132 (17), 131 (48), 130 (54), 129 (36), 128 (21), 120 (13), 119

AY Fa%s) 7

Addition product of 8 and 1,4-dioxane (rt 12.0 min, 10% relative area), m/z (%): 221 (6), 220 (49) [M]-+, 162
(14), 158 (10), 153 (11), 152 (12), 151 (24), 145 (13), 135 (16), 134 (12), 133 (20), 132 (10), 131 (14), 129
(14), 120 (16), 119 (16), 117 (29), 112 (18), 108 (12), 107 (15), 106 (12), 105 (33), 104 (14), 99 (10), 96
(10), 95 (15), 94 (18), 93 (29), 92 (44), 91 (84), 87 (63), 86 (65), 81 (22), 80 (38), 79 (77), 78 (20), 77 (41),
73 (20), 68 (12), 67 (100), 66 (25), 65 (30), 59 (20), 58 (21), 55 (16), 53 (20), 51 (12).

Dihydrodeiodination product of 14 (1t 3.3 min, 17% relative area), m/z (%): 135 (1), 134 (11) [M]-+, 119 (33),
106 (16), 105 (27), 93 (31), 92 (70), 91 (55), 80 (85), 79 (70), 78 (21), 77 (30), 67 (75), 66 (100), 65 (19), 53

&1 1A

(i), 51 (i2).

The above mixture was dissolved in CH2Cl2 (5 mL), cooled in an ice-water bath and treated with an excess of
an acetone solution of dimethyldioxirane (DMD) (90 mL, 0.16 M, 14.4 mmol) and stirred at room temperature
for 15 h. Evaporation of the solvents at reduced pressure gave an oily residue (235 mg) which was submitted to
column chromatography [silica gel (40 g), hexane / ethyl acetate mixtures). On elution with an hexane / ethyl
acetate mixture in the ratio of 95:5, a mixture of diepoxides 24 and 23 (40 mg, 14 % total yield) was obtained.
This mixture could not be separated by crystallization from diethyl ether, hexane / ethyl acetate or chloroform.
Flash column chromatography of this mixture [silica gel (13 g), hexane / ethyl acetate in the ratio of 39:1] gave a
mixture of 23 and 24 (17 mg), enriched in one of them.

GC/MS anaiysis of this mixture (conditions C):

|38

—~ e~ o~
N - 2
(=)

24 or 23 (1t 24.1 min, 70% relative area), m/z (%): 297 (1), 296 (5) [M]-+, 229 (11), 228 (24), 175 (10), 162
(16), 160 (21), 159 (17), 157 (10), 149 (12), 148 (13), 147 (13), 145 (12), 144 (11), 133 (21), 132 (14), 131
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(10), 123 (15), 121 (19), 120 (17), 119 (20), 118 (10), 117 (55), 116 (11), 115
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), 128

8

), 129 (1

30 (11

41), 1

(

~

=

o~~~ -~

MR data of 24 or 23 obtained from the spectra of the mixture, o:

13 1 arsens
C

C1(3,11,13)].

—~
’

[

~

3,3',7,7'-Tetramethyl-1,1’-bi(tricyclo[3.3.0.03"]octyl) (29). A mixture of sodium (230 mg, 10.0

1

*YC NMR data of 23 or 24 obtained from the spectra of the mixture, &: 27.6 [CH2, C5(6,18,19)], 30.1 [CH,
The “H NMR spectrum of the mixture consist of a complex absorption at § 1.5-3.2 ppm.

I3

mmol) in anhydrous I,4-dioxane (10 mL) was heated under reflux till sodium melted. Then, 31 (388 mg, 1.00

2

mmoi) was added at once and the mixture was heated under refiux for 4 h. The coid mixture was filtered and

(32).

Sodium (3.7 g, 160 mmol) in 1,4-dioxane (25 ml) was melted in an argon atmosphere by heating the mixture
under reflux. A mixture of diiodides 26 (0.55 g, 1.34 mmol) and 31 (2.60 g, 6.70 mmol) was added at once

(55% relative area) and 34 (16% relative area) and dihydrodimer 29 (15% relative area). Column

1

~

N

mg). On crystallization from pentane, diene

~an
U

N
1

concentrated in vacuo to give an oily

1

Mo}

concentrated in vacuo and the residue (780 mg) was analyzed by GC/MS. The main components were dienes 6

and the mixture was heated under reflux for 4 h. The mixture was allowed to cool to room temperature and
filtered, washing the solid material with 1,4-dioxane (2 x 5 mL). The combined filtrate and washings were

16,17-Dimethyloctacycle[14.2.1.114,17 01,13 02,9 03,7 06,13 08,12)icosan-2-01*

chromatography of this mixture (silica gel, mixtures hexane / ethyi acetate) gave 6 (480 mg, 53% yield). Severai

]

~

contained a minimum amount of a new compound

5

95

f

]

o

fractions eiuted wiih hexane / ethyi acetate in the ratio o

*

.

data from the spectrum of the mixture, o:

o~

1

which was characiterized as

1
+

g

1

]
v

condiiions

o
AS {

Y

;

s

N

s

(12), 145 (29), 144 (18), 143 (48), 142 (26), 141 (35), 133

N

52
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), 127 (11), 121 (10), 119 (32), 118 (14), 117 (38), 116
), 103 (i7), 95 (31), 94 (17), 93 (33), 92 (i5), 91 (89),
27), 57 (13), 55 (39), 53 (23), 51 (13).
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9], 80.6 (C, C2). GCMS
(39), 159 (11), 143 (10), 91

e

1

(
(conditions B, rt 15.8 min), m/z (%): 310 (6) [M]-T, 254
(10), 67 (12).
gyrln{lﬁ 2.1 116.19'91,3.03,10'94,8.97,14.99,13.914,16}‘1‘!969500‘ 44 {35

o Y
........ ’ ane ).
! , 200 mmol) in 1,4-dioxane (75 mL) was melted in an argon atmosphere by heating the mixture
under reflux. A mixture of diiodides 26 (8.24 g, 20.0 mmol) and 30 (1.44 g, 4.00 mmol) was added at once
and the mixture was heated under reflux for 4 h. The mixture was allowed to cool to room temperature and
filtered, washing the solid material with diethyl ether (3 x 10 mL). The combined filtrate and washings were
concentrated in vacuo and the residue (4.08 g) was analyzed by GC/MS. The above residue was taken in
CH2Cl3 (40 mL), the solution was cooled in an ice-bath and treated with an excess of an acetone solution of
DMD (210 mL, 0.19 N, 40 mmol). After stirring for 15 h at room temperature, the solvent was eliminated at
reduced pressure and the residue (3.76 g) was analyzed by GC/MS and submitted to column chromatography
(silica gel, hexane / ethyl acetate mixtures). On elution with hexane / ethyl acetate in the ratio of 95:5, 35 (758
mg, 64% yield) was obtained. The analytical sample was prepared by crystallization from diethyl ether, mp 224-

226 °C (dec.). IR (KBr), v: 3066, 2966, 2926, 2894, 1477, 1412, 1311, 1104, 1040, 975, 950, 895, 848 cm™
I; IH NMR, 8: 1.63 [m, 4 H, 5(6,11,12)-Hal, 2.05 [dd, J = 13.0 Hz, J' = 8.0 Hz,4 H, 17(20,21,22)-Hal,
2.16 [d, J = 13.0 Hz, 4 H, 17(20,21,22)-Hp], 2.30 [m, 4 H, 5(6,11,12)-Hp], 2.70 [m, 2 H, 18(19)-H], 2.74
[m, 2 H, 8(9)-H], 3.00 [m, 4 H, 4(7,10,13)-H]; 13C NMR, 8: 25.6 [CH2, C5(6,11,12)], 33.9 [CH, C18(19)],
38.3 [CHp, C17(20,21,22)], 47.5 {CH, C8(9)], 53.8 [CH, C4(7,10,13)], 73.3 (C) and 76.8 (C) [Ci(16) and
C3(14)]. MS, m/iz (%): 296 (8) [M]-T, 278 (9), 239 (9), 190 (24), 169 (10), 157 (13), 145 (24), 143 (21), 141
(11), 133 (i4), 131 (28), 130 (21), 129 (35), 128 (21), 123 (12), 122 (13), 121 (12), 120 (23), 119 (20), 118
(11), 117 (36), 115 (27), 108 (18), 107 (40), 106 (19), 105 (31), 104 (11), 103 (10), 96 (25), 95 (54), 94 (49),
02 /22 Q2 /12) 01 (RKRY Q2 11V Q1 71RY N (D8Y 70 (10N R (I 77 (A8 60 A 7 (28 KA (A7) AS
TINLI ), 7L 1), 71 \00OJ, QI k1), U1 \1U), OU LI}y, /7 \1UYUJ, TG \ui), 11T \TTJJy UJ (JITJy UM \OU), UU (77 ), UJ
(31), 55 (37), 53 (19), 51 (11). Anal. calcd. for C2gH2407: C 81.04, H 8.16; Found: C 81.05, H 8.16.

X-ray Crystal-Structure Determination of 35.
A prismatic crystal was selected and mounted on a Enraf-Nonius CAD4 four-circle diffractometer. Unit cell

parameters were determined by automatic centering of 25 reflections (12 < 6 < 21°) and refined by the least-
squares method. Intensities were collected with graphite-monochromatized Mo-Ka radiation, using w/20 scan
technique. 1473 reflections were measured in the range 2.91 < 8 < 29.94. 1428 reflections were assumed as
observed by applying the condition I = 2 ¢ (I). Three reflections were measured every two hours as orientation
and intensity control; significant intensity decay was not observed. Lorentz polarization but no absorption
corrections were made. The structure was solved by Direct methods, using the SHELXS computer program®
and refined by the full-matrix least-squares method with the
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Table 10
Experimentai data of the X-ray crystai structure determination of 35.

Molecular formula Ca20H2407 F(000) 1280
Molecular mass 296.39 d(calcd) [Mg m‘3] 1.356
Temperature 293(2)K Size of crystal [mm] 0.1x01x0.2
Crystal system Orthorhombic Measured reflections 1473
Space group Pbca Independent reflections 1473
Cell parameters[al Observed reflections 1744
a[Aj 8.288(2) i(Mo-Ker) [mm-1][b] 1.481
b[A) 13.478(9) R 0.065
clA) 25.993(8) Rw 0.125
al’] 90 Diff. Four. Apyy,[€] (eA-3) 0.165
B[] 90 Apinld) (€A3) -0.159
Y[°] 90 Refined parameters 273
V[AY) 2904(2) Max. shift / e.s.d. 2.9

Z 8

[a] Determined by automatic centering of 25 reflections (12 €8 <£21°),
(b] p(Mo-Ka), Linear absorption coefficient. Radiation Mo-Ko (A = 0.71069A).
(¢ Maximum and (9] minimum peaks in final difference synthesis.

oTITY v 46t 1 AT oLl bl fiin P L VL PO L. \ T
OIS A~ y) com putcr pr g airi USIIE 14/5 TeleClons (v JET ”Cg LIVE HIRCIISILUCS WEIC NHOL assuIined). 1nc
PSS U R o 12w 212 b s o Tl mn1aArm?2 4 AN 749D1-1 ama D _ e 12 "
TUICLon “"lllllllwu wdd L lrol- - e T, wiclic W= 1 \U.Ul“f.)r) T AV./FLAD | Y, allU = QI + £

oy

was 0.0000 (i). All H atoms were located from a differe

ca €t 2 N O Fam 211 Al
tcmperdlure 1acCtor. U()()ullﬁbb Ul lll Ol r+< = v.04% 101 4ll ODSC

IFCIZ) /3.1, f and " were taken from International Tables of X-
ce yntnesis and refined with an overall isotropic

S

e | ,_01 e lifle f o 3 nnt
YEa ICl Ll.lUllb 1vxc¢u Snirt/ €.5.4. = U.Ul.

18,19-Dimethyl}-2,15-
dioxanonacycle[16.2.1,116,19,01,3,03,10 04,8 ¢7,14 9,13 014,16]gocosane* (36). A

similar procedure to that described for 35 was followed, except for the use of a ratio 26/31 of 4:1. Starting from
26 (2.47 g, 5.99 mmol) and 31 (0.58 g, 1.50 mmol), a mixture (1.22 g) was obtained which was reacted with
DMD to give a new mixture (1.0 g) which on column chromatography gave 35 (286 mg, 59 % yield).
Crystallized from diethyl ether showed m.p. 168-170 °C (dec.). IR (KBr): v = 3055, 2938, 2892, 1472, 1418,
1258, 1162, 1092, 978, 899, 836 cm~1; 1H NMR, &: 1.17 [s, 6 H, 18(19)-CH3], 1.63 [m, 4 H, 5(6,11,12)-
Hal, 1.92 (d, J = 12.5 Hz, 4 H) and 2.28 (d, J = 12.5 Hz, 4 H) [17(20,21,22)-Ho. and -HB], 2.30 [m, 4 H,
5(6,11,12)-HP], 2.73 [m, 2 H, 8(9)-H], 2.99 [m, 4 H, 4(7,10,13)-H]; 13C NMR, &: 24.5 [CH3, 18(19)-
CH3], 25.6 [CH2, C5(6,11,12)], 42.9 [C, C18(19)], 47.1 [CHp, C17(20,21,22)], 47.5 [CH, C8(9)], 53.8
[CH, C4(7,10,13)], 73.8 (C) and 74.6 (C) [C1(16) and C3(14)]. MS, m/z (%): 324 (4) [M]-+, 268 (14), 267
(10), 202 (18), 190 (18), 173 (10), 157 (11), 147 (10), 146 (10), 145 (18), 143 (13), 135 (47), 134 (15), 133
(14), 131 (16), 130 (20), 129 (27), 128 (17), 123 (15), 121 (18), 120 (16), 119 (59), 118 (11), 117 (34), 115
(23), 110 (18), 109 (16), 108 (19), 107 (68), 106 (21), 105 (42), 96 (15), 95 (96), 94 (92), 93 (54), 92 (24),
91 (82), 81 (19), 80 (19), 79 (100), 78 (15), 77 (45), 69 (16), 68 (12), 67 (82), 66 (12), 65 (25), 55 (44), 53
(20). Anal. calcd. for CpH2802: C 81.43, H 8.70; Found: C 81.40, H 8.69.
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