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Bicyclo[3.3.0]octa-2,6-diene-2,6-dicarboxylates

The enolized p-oxo ester 9 is reduced by NaB(CN)H; in weakly
acidic methanol solution to afford an almost quantitative yield
of a mixture of diastereomeric B-hydroxy esters 10. On treat-
ment with phosphorus oxychloride in pyridine, 10 is converted
into a mixture of the (-chloro esters exo-11, endo-11,
ex0-12, endo-12, and 13 which is separated in part by chro-
matography. Sodium methoxide in methanol eliminates hy-
drogen chloride from the crude mixture of f-chloro esters pro-
ducing the o,B-unsaturated ester 7a in 84% yield based on
9. — Acid-catalysed equilibration of the known vinyl sul-
phides C,- and Cs-15 is carried out on large scale furnishing
a 73:27 ratio of C,- and Cs-15. This mixture is oxidized to the
sulphones C,- and Cs-16 which are allowed to react with so-
dium cyanide supported on aluminium oxide affording the «,f3-
unsaturated dinitrile 17 which is isolated by chromatography.
Thus, 17 is now available on a 30-g scale. Methanolysis of 17

by a prolonged treatment with hydrogen chloride in methanol
followed by hydrolysis of the Pinner salt leads to 7b. — Both
o,B-unsaturated esters 7a and b are readily brominated at the
allylic positions by N-bromosuccinimide to yield the vy,y’-di-
bromo esters 19a and b. Zinc-copper couple in tetrahydrofuran
converts 19a and b into the semibullvalenedicarboxylates 2a
and b. While 2a is persistent only in dilute solutions, thus
frustrating all attempts at its isolation, 2b exhibits consider-
able stability in solution and forms lemon-coloured crystals.
The semibullvalenedicarboxylates 2a and b undergo a very
rapid degenerate Cope rearrangement in solution. In addition,
2b exhibits reversible thermochromism in both solution and
solid state. The structures of the new compounds are based on
spectroscopic evidence, including mass, IR, and NMR spectra.
The configurations of exo-11, exo-12, 19a and b are established
by X-ray diffraction analyses.

The predicted accelerating effect of m-acceptor substitu-
ents on the degenerate Cope rearrangement of bridged ho-
motropilidenes, e.g. bullvalenes, barbaralanes, and semi-
bullvalenes'®, was demonstrated for the first time in the bar-
baralane series, with 2,6-dicyanobarbaralane as the
candidate™¥, Shortly afterwards, the 2,6-dicyanosemibull-
valene 1b has been synthesized”~" which not only corrob-
orated this result'¥ but also stimulated new interest by ex-
hibiting exceptional properties, such as being yellow in the
absence of a chromophor, showing reversible thermochrom-
ism'™, and, in the solid state, a rapid non-degenerate Cope
rearrangement between valence tautomers non-equivalent
only by virtue of their environment in the crystal lattice.,
The interesting colour and thermochromism of 1b are
shared by the 1,5-bridged semibullvalene-2,6-dicarbonitrile
1c**Y but not by the 3,7-dicyanosemibullvalene 4al>—
nor the corresponding dimethyl 3,7-dicarboxylate 4b!>*,
Grohmann’s series of tetramethyl semibullvalenetetracarb-
oxylates 3 seems to exhibit properties similar to those of
the dinitriles 1. Unfortunately, an investigation of the ther-
mochromism of 3 is still lacking, and the determination
of the Cope barrier is hampered, apparently, by confor-
mational ambiguities due to the proximity of the ester
groups'®., Surprisingly, the more simple semibullvalene-2,6-
dicarboxylates 2 have not been addressed so far. Therefore,

we embarked on a study aimed at their synthesis in order
to assess the influence of ester groups on the Cope barrier,
to find out wether two such groups suffice to induce the
extraordinary properties mentioned above, and, finally, to
contribute to an understanding of the structural features
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common to the group of degenerate bridged homotropili-
denes possessing unusual properties. Some results are re-
ported here.

The dimethyl bicyclo[3.3.0]Joctadienedicarboxylate 7a is
required as the starting point for the synthesis of 2a on the
most reasonable route to semibullvalenes pioneered by As-
kani as early as some twenty years ago'”. The o,p-unsat-
urated ester 7a has been obtained by the isomerization of
the B,y-unsaturated ester 6 which is the product of trapping
dilithium semibullvalenediide by carbon dioxide followed by
esterification with diazomethane. Because this sequence,
which has been disclosed only in a short communication!®],
is obviously difficult to adapt to a larger scale, we resorted
to a strategy based on the enolized B-oxo ester 8 which is
readily available by the Weiss reaction!™?¥ of dimethyl 3-
oxoglutarate with glyoxal'".

MeO,C MeO,C
1. Li MeOH
—_— —
2. CO, NaOMe
3. CH;N,
CO,Me CO,Me
5 6 7a

The tetraester 8 has been reported to be decarbalkoxy-
lated by sodium methoxide in dimethyl sulphoxide to afford
the diester 9 in 90% yield™. In our hands, the yield of this
reaction was only modest, unfortunately. Increasing the
amount of the reagent, monitoring the course of the reaction
by thin-layer chromatography, and improvements of the
work-up procedure eventually resulted in a 52% yield on a
0.1-mol scale. Thin-layer chromatography revealed an in-
termediate which, apparently, is the triester formed in the
first decarbalkoxylation step.

Several cyclic -oxo esters have been reduced to B-hy-
droxy esters by NaBH,”*, by NaBH, in the presence of
bis(triphenylphosphane)palladium(Il) chloride®!, or by
NaB(CN)H; in weakly acidic solution®., When the latter
procedure was applied to the B-oxo ester 9, the acidity of
the reaction medium was maintained by addition of a so-
lution of hydrochloric acid in dry methanol such as to keep
methylorange, employed as an indicator, in its acidic form.
The course of the reaction was again monitored by thin-
layer chromatography. In this way, an almost quantitative
yield of a mixture of diastereomeric B-hydroxy esters 10 was
obtained which had neither to be separated nor to be pu-
rified for the next step. Dehydration of 10 was attempted
by a treatment with phosphorus oxychloride in pyridine™.
The unexpected result, however, was a complex mixture of
B-chloro esters containing only tiny amounts of the o,p-
unsaturated ester 7a. Some of the major components of the
mixture were separated by flash chromatography followed
by preparative medium-pressure liquid chromatography®”
involving automatic recycling®. Thus, exo-11 and exo-12
were obtained in pure form while the attempted separation
of 7a and endo-11, and of endo-12 and 13 as well, were frus-
trated by very similar chromatographic properties. Never-
theless, the gross structures of the isolated products, two of
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which, viz. exo-11 and 7a, exhibited C, symmetry, could be
elucidated by a combination of IR, proton and carbon-13
NMR spectroscopy (Tables 2—7, 9). In particular, the pres-
ence of nonconjugated ester groups, as in exo-11, endo-11,
and 13, or an o,B-unsaturated ester functionality, as in 7a,
or both ester types, as in exo- and endo-12, was immediately
evident from a cursory inspection of the IR and carbon-13
data. The configurations, on the other hand, were difficult
to assign on the basis of the available spectroscopic evidence.
Therefore, X-ray diffraction analyses of exo-11 and exo-12
have been performed which not only revealed the configu-
ration of the investigated compounds (Figure 1) but also
provided the clue for the determination of the other struc-
tures by a comparison of NMR data.

MeO,C CO,Me MeO,C
HO OH —» HO OH
MeO,C CO,Me COMe
MeO,C /
10 HO OH
COMe
|
l l l
MeO,C H MeO,C H MeO,C H
Cl Cl c1 Cl
H CoMe H coMe H coMe
exo-11, endo-11 exo-12, endo-12 13
MeO,C
Ta
CO,Me

With the results of the phosphorus oxychloride-pyridine
treatment of the B-hydroxy ester 10 at hand, it became im-
mediately obvious that a stronger base would convert all
compounds formed to the desired o,p-unsaturated ester 7a.
Towards this end, the product mixture of the phosphorus
oxychloride-pyridine reaction was treated with a solution of
sodium methoxide in methanol. It was gratifying to achieve
a 84% yield of 7a in this way without more elaborate work-
up than simple flash chromatography. Thus, the o,B-unsat-
urated ester 7a is available from the B-oxo ester 8 in four
steps and an overall yield of 43%.
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2,6-Dimethyl Semibullvalene-2,6-dicarboxylates 2615

Table 1. Experimental details and results of the X-ray diffraction analyses of the chloro diestérs exo-11 and exo-12 and the dibromo
diesters 19a and 19b. For atomic parameters see Tables 8, 10—12

Cpd. exo-11 exo-12 19a 19b
Molecular formula C;,H;6CL,0, CpH,5CI0, C,,H,,Br,0, C,4H,¢Br,0,
Molecular mass 295.16 258.70 380.04 408.10
Crystal system monoclinic monoclinic monoclinic orthorhombic
Space group Pa P2/ P2,/c Pbca
a [pm] 1219.7(2) 2048.6(4) 1567.1(2) 1479.7(2)
b [pm] 646.9(1) 698.8(2) 978.0(2) 1824.8(2)
¢ [pm] 874.5(1) 625.2(1) 929.2(1) 1141.1(1)
B[] 93.17(1) 92.88(1) 106.86(1)
V[pm] . 107¢ 688.9(2) 1239.0(5) 1377.5(4) 3081.1(6)
A 2 4 4 8
d(calcd) [g cm™) 1.423 1.387 1.832 1.759
Size of crystal [mm] 0.5x0.8x0.2 0.8x1.7x0.3 0.4x0.75x0.2 0.25x0.65x0.2
Range (h) 0-15 0-26 0-20 0-19
(k) 0- 8 0-12 0-12 0-23
() -11-11 8- 8 -12-11 0-14
No. of measured reflections 1803 3104 3487 3977
Symmetrie-independent reflections 1651 2849 2977 3537
Observed reflections F>30(F) 1617 2509 2268 2151
Linear absorpt. coeff. [mm™] 0.87 0.30 5.83 522
Absorption correction y-Scan y-Scan y-Scan y-Scan
Ratio F ;. /[parameters 9.92 16.19 13.83 11.82
R 0.033 0.057 0.059 0.061
Ry 0.033 0.058 0.050 0.042
Diff. Four. At €A 27.08 0.32 0.83 0.62
Appinl™ 1.62 0.21 0.77 0.69

] Maximum and '**! minimum of the remaining electron density in the final differential Fourier synthesis.

C62

Figure 1. Perspective drawing of the dichloro diester exo-11 with  Figure 2. Perspective drawings of the chloro diester exo-12 with the
the numeration of the atoms corresponding to Table 9 numeration of the atoms corresponding to Table 7
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Table 2. Yields, melting points, and spectroscopic data of some

bicyclo[3.3.0Joctadiene derivatives and the semibullvalene-2,6-di-

carboxylate 2b. Except for the compounds 9 and 10, the reported
yiclds werc obtained after flash chromatography

Cpd. Yield M.p. IR [cm™1] (KBr)
[%] [°C] C=0 Cc=C
9 43-52 108 - 109 1670 1635lal
{90 110)(221

10 97 -99 oil 1718
1661141

exo-11 28 159 1733

7a, endo-11 4 7388 1734 1625

1:1) 1713

exo-12 13 87 — 88 1731 1623
1710

endo-12,13 4 oil 1740 1615l

(1:10) 1725

7a 34 108 - 109 1710 1625

7b 37 80 - 81 1712 1626

17 50 - 61 173

[45- 55 173]M

181 10 3235 1717 1623
1709

19a 63 139 - 140 1724 1620

19b 77 85-86 1708 1625

2b 90 94 - 95 1706 1571
1705

)l Recorded from a solution in tetrachloromethane, 10-mm Infrasil
quartz cell: ¥ = 3240 cm ™' (broad). — ™ Recorded from a solution
in tetrachloromethane, 0.5-mm KBr cell: 10-mm Infrasil quartz cell:
¥ = 3600, 3450 cm ™' (broad). — ! Recorded from a solution in
tetrachloromethane, 0.5-mm KBrecell. — ¥ C=N: ¥= 2216cm™".

The sequence leading to the a,B-unsaturated ester 7a can
be envisaged, in principle, to be suitable for the synthesis of
the homologous ester 7b by degradation of the correspond-
ing 1,5-methylated B-oxo ester. Difficulties arose, however,
because methyl groups at the bridgeheads of the bicy-
clo{3.3.0]Joctane system severely encumber the other ring
atoms. Several attempts at the decarbalkoxylation of the 1,5-
methylated B-oxo ester™! under the conditions optimized
for 8 met with failure. Therefore, we resorted to the well-
known a,B-unsaturated dinitrile 17 as the precursor to 7b.

The dinitrile 17, being the key intermediate on the route
to the 2,6-dicyanosemibullvalene 1b”*~" and a nortriaster-
ane™, has been synthesized from 1,5-dimethylbicy-
clo[3.3.0]octane-2,6-dione™® and, more recently, from the
isomeric 3,7-dione 14 as well™. The drawback of the former,
seemingly straightforward procedure is that only multi-step
routes lead to the diketone precursor. The latter synthesis,
starting from the readily available diketone 14, has now been
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improved and adapted to a 30-g scale. The first improve-
ment involved the preparative acid-catalysed equilibration
of the 1:1 mixture of the vinyl sulphides C,- and Cs-15
obtained from 14 and 4-chlorothiophenol in the presence of
titanium tetrachloride and triethylamine™. Thus, a 73:27
ratio in favour of the only useful isomer C,-15 is achieved.
This ratio is preserved in the oxidation step effecting the
umpolung of the system (— C,- and Cs-16). Secondly, the
chromatographic system that allows isolation of 17 from the
complex mixture of nitriles, obtained from C,- and Cs-16
and potassium cyanide supported on aluminium oxide, has
been scaled up such as to separate portions of 7—8 g of the
crude product affording a total of 6—7 g of 17 in a single
experiment.

14 Ar=4-CICH,
—

ArS —{::}— SAr *—%— ASS —C@— SAr

Cy15

I ¢

Arsoz~<::>— SO,Ar ArSOz—C :>~ SO,Ar

I C,16 Cs-16
NC Me0,C
/ . /
/ /
CN COMe
17 )

NC

COZMC
18

The dinitrile 17 turned out to be quite reluctant towards
methanolysis, as expected on the basis of the encumbering
vicinity of the cyano groups. Thus, a prolonged treatment
of 17 with hot methanol in the presence of hydrochloric
acid® followed by the hydrolysis of the intermediate Pinner
salt resulted in an only modest yield of the diester 7b besides
some of the cyano ester 18 which was separated by flash
chromatography (Table 2).

Both unsaturated esters 7a and b were readily brominated
at the allylic positions by N-bromosuccinimide in refluxing
dichloromethane yielding the vy,y’-dibromo diesters 19a and
b (Table 2). NMR spectroscopy indicated C, symmetry for
19a and b as well (Tables 3 and 4). The exo configuration
of the bromine atoms, which is a prerequisite to the reduc-
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2,6-Dimethyl Semibullvalene-2,6-dicarboxylates

tive ring clos~ . wrording a semibullvalene, was confirmed
wi xra and b by X-ray diffraction analyses (Figure 3, Ta-
ble 1).

MeO,C ¢ MeO,C g Br

—_—
R coMe Br R CoMe
7 / 19

R R

CO,Me
M602C
2

Figure 3. Perspective drawings of the dibromo diesters 19a (above)
and b (below) with the numeration of the atoms corresponding to
Table 3 and 4
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Numerous examples attest to the usefulness of the zinc-
copper couple for the reductive cyclization of bicy-
clo[3.3.0]octa-2,6-diene and bicyclo[3.3.1]nona-2,7-diene di-
bromides to semibullvalenes®~ 7“1 and barbaralanes?,
Therefore, it came as no surprise that the zinc-copper couple
turned out to be the reagent of choice also for the cyclization
of the dibromo diesters 19a and b. In refluxing tetrahydro-
furan, both were converted into the corresponding semi-
bullvalenes, 2a and b, in a smooth reaction as monitored
by high-performance liquid chromatography. Though dif-
fering seemingly only very little, viz. by virtue of the sub-
stitution pattern at the bridgehead positions C1 and CS5, the
dimethyl semibullvalenedicarboxylates 2a and b showed a
dramatic difference in their persistence in solution. While 2b
was quite stable, to a certain extent even towards molecular
oxygen, thus allowing convenient isolation and handling,
the lower homologue 2a, devoid of bridgehead methyl
groups, disappeared on concentration of its solutions, no
matter how strictly molecular oxygen and moisture had
been excluded. Most probably, the disappearance of 2a from
more concentrated solutions is caused by a strong tendency
to oligomerize or polymerize. This property has been re-
ported for 1,5-dimethyl-3-phenyl-"¥ and 1,5-dimethyl-3,7-
diphenylsemibullvalene®™ and was recently found in the
case of 2,6-dicyanosemibullvalene (1a)!'Y! which, like 2a,
lacks the bridgehead methyl groups. Although the mecha-
nism of the polymerization can only be speculated about in
the absence of experimental evidence, the addition of a re-
active species to the m acceptor-substituted semibullvalenes

200
4.5

222 250 286 333 400 500
| d { 1 |

A [nm] ——»

4.0y

3.54

3.0

2,01

1.5

<« V[0 em Y

1.0+
— T T Ty

50 40 30 20

Figure 4. UV-spectra of the diester 7b and the semibullvalene 2b
(solvent acetonitrile, 296 K)
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1a and 2a with concomitant cleavage of the C2— C8 cyclo-
propane bond may well be the initial step. This hypothesis
is corroborated by the tremendous increase in persistence
when methyl groups are attached to the bridgehead atoms
C1 and C5, as in 1b and 2b, because such methyl groups
shield the double bond against addition reactions. Further-
more, when the cyano group of both 1a and b or the ester
functionalities of 2a and b are formally replaced by phen-
ylsulphonyl groups, significantly more persistent semibull-
valenes result'*”. This observation may serve to support the
hypothesis that, besides the lack of bridgehead substituents,
the presence of m-conjugating groups is a prerequisite for
the polymerization responsible for the disappearance of 1a
and 2a. Be that as it may, 2a persisted long enough in
solution to allow characterization by NMR spectroscopy,
which left no room for any doubts about the structure, in
particular when the data were compared to those of the
homologue 2b. This was isolated after flash chromatography
without any problems in 90% yield as lemon-coloured crys-
tals melting at 94 —95°C.

As in the case of the 2,6-dicyanosemibullvalene 1b, the
dimethyl semibullvalenedicarboxylate 2b absorbs at a sig-
nificantly longer wavelength (A, = 254 nm, Figure 4) than
its precursor, viz. the bicyclo[3.3.0]octa-2,6-diene-2,6-dicar-
boxylate 7b (An.x = 215 nm, Figure 4). The yellow colour
of 2b stems from a long-wavelength shoulder round 360 nm
which closely resembles that of the 2,6-dicyanosemibullva-
lene 1b. The yellow crystals of 2b, and its solutions as well,
become colourless on cooling, hence 2b exhibits reversible
thermochromism like 1b which is independent of the liquid
or solid state. Down to temperatures as low as —95°C, both
dimethyl semibullvalenedicarboxylates 2a and b exhibit av-
erage NMR spectra in solution (Tables 3 and 4) which arise
from equivalent, rapidly exchanging valence tautomers. A
study of the degenerate Cope rearrangement and the re-
versible thermochromism will be reported elsewhere.

We thank Mrs. E. Ruckdeschel and Dr. D. Scheutzow for record-
ing NMR spectra and Dr. G. Lange and Mr. F. Dadrich for meas-
uring the mass spectra. Financial support by the Fonds der Chem-
ischen Industrie, Frankfurt am Main, is gratefully acknowledged.

Experimental

Yields, melting points, and IR: Table 2. - *C NMR: Table 3.
— 'H NMR: Tables 4—7, 9. — Molecular formulae and masses,
and elemental analyses: Table 13. — Melting points: Sealed capil-
lary tubes, Biichi, Flawil, Switzerland. — IR: Perkin-Elmer 1420.
— 'H NMR: Bruker AC 200 (19a 0.150 Hz/pt.), AC 250 (7b, 19b
0.305 Hz/pt.) and WM 400 (0.101 Hz/pt.). In order to resolve close
signals and small long-range couplings, we carried out a Lorentz-
ian-to-Gaussian line-shape transformation™. Spectra of higher
order were analysed by standard methods®?. — '3C NMR: Bruker
AC 200 and AC 250. — 70-eV MS: Finnigan MAT 8200. — UV:
Hitachi U 3200, (¢] = (I mol™' cm~'].

High-Performance Liquid Chromatography (HPLC): Chromato-
graph Waters M-6000A equipped with UV detector 440 (A =
254 nm) and RI detector R401, (250 x 4.6) mm stainless steel col-
umn packed with LiChrosorb Si60, 5 pm (Merck), 1.5 mi/min pe-
troleum ether (boiling range 50—70°C) (PE)/ethyl acetate (EA)
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(95:5), retention times tx [min] = 6.0 (2b), 7.0 (7b), 9.8 (19b), 10.0
(18), 18.2 (17); PE/EA (90:10), t = 10.4 (2a), 132 (7a), 16.0 (19a);
PE/EA (80:20), 1z = 8.6 (7a, endo-11), 11.2 (endo-12, 13), 12.6 (exo-
12), 30.4 (exo-11). — Chromatograph Bruker LC 21 A equipped
with a UV detector Knauer No. 87.00 (A = 254 nm) and an Rl
detector Erma ERC 7512, (250 x 4.6) mm stainless steel column
packed with Nucleosil 100, 3 pm (Knauer), 2.0 ml/min PE/EA
(90:10), tx = 5.5 (17), 11.5 (16); PE/EA (80:20), tx = 4.8 (7a, endo-
11), 6.0 (endo-12, 13), 6.3 (ex0-12), 14.5 (exo-11). — Preparative Me-
dium-Pressure Liquid Chromatography™" with Automatic Recycling
(MPLC )™ UV detector Knauer No. 87.00 (A = 254 nm) and RI
detector Bischoff 8110, (70 x 7) cm glass column packed with
LiChroprep Si60, 15—20 pm (Merck), 70 ml/min PE (30—50°C)/
EA (80:20), 15 bar, tg = 56 (7a), 57 (endo-11), 65—72 (17), 74 (endo-
12, 13), 78 (exo0-12), 134—150 (16). — Flash Chromatography: UV
detector Knauer No. 87.00 (A = 254 nm), (45 x 4) cm glass column
packed with silica gel 32—63 pm (ICN-Biomedicals), PE/EA,
1.8 bar. — Thin-Layer Chromatography (TLC): Aluminium sheets
precoated with silica gel 60 F,s, (Merck).

Ether and tetrahydrofuran were distilled under Ar from sodium-
potassium alloy. Dimethyl sulphoxide was distilled under vacuum
from calcium hydride. Under N,, 2-methyl-2-butanol and pyridine
were distilled from calcium hydride, dichloromethane and trichlo-
romethane from diphosphorus pentoxide, and methanol from mag-
nesium methoxide. — Sodium hydride was freed from paraffin oil
by repeated washings with PE (30—50°C) and dried in a stream of
N,. Phosphorus oxychloride was distilled under N, immediately
before use. — The starting materials 8*!), 14" and potassium cy-
anide supported on basic aluminium oxide!™>* have been prepared
according to literature procedures. — The mixture of C,- and Cg-
15 (1: 1) was obtained after 24 h from 14 (0.30 mol in 0.7 1 of
tetrahydrofuran), titanium tetrachloride (0.63 mol), and a mixture
of 4-chlorothiophenol (0.65 mol), triethylamine (1.26 mol), and te-
trahydrofuran (0.5 1), kept at 45°C. Recrystallization of the crude
product from ethanol (0.45 1) yielded pale yellow crystals (86%),
m.p. 103—106°C (87 —93%, 101 —106°C).

Acid-Catalysed Equilibration C-15= Cs-15: Trifluoroacetic an-
hydride (3.6 ml, 26 mmol) and trifluoroacetic acid (1.1 ml, 14 mmol)
were added to a solution of C,- and Cg-15 (1:1, 106.6 g, 0.25 mol,
recrystallized from ethanol) in trichloromethane (0.5 1). After stir-
ring for 2 d, potassium carbonate (100 g, 0.73 mol) and a saturated
aqueous solution of potassium carbonate (1 1) were added. The
organic layer was extracted with water (0.5 1) and dried with po-
tassium carbonate. Vacuum distillation of the solvent afforded pale
yellow crystals of C,- and Cs-15 (73:27, 103.7 g, 97%), m.p.
107 —112°C (75:25, 91%, 102—117°C™),

3,7-Bis(4-chlorophenylsulphonyl )-1,5-dimethylbicyclo[ 3.3.0 Jocta-
2,6-diene (C,-16) and 3,7-Bis(4-chlorophenylsulphonyl )-1,5-dimethyl-
bicyclo[3.3.0]octa-2,7-diene (Cs-16): Oxidation of the mixture of C,-
and Cs-15 (73:27, 0.25 mol) with sodium perborate tetrahydrate
(1.48 mol) in acetic acid (2.5 1) at 55°C was performed as described
for the 1:1 mixture!” yielding a colourless powder, m.p. 265 —272°C
97%, Cr-/Cs-16 = 73:27, '"H NMR) (Lit.["? 81 —94%, C,-/Cs-16
= 75:25, m.p. 265—272°C).

Dimethyl 3,7-Dihydroxybicyclof3.3.0]octa-2,6-diene-2,6-dicarb-
oxylate (9). Methanol (200 ml, 6.25 mol) was added dropwise with
stirring under N, to a suspension of sodium hydride (71.7 g, 2.50
mol) in dimethy] sulphoxide (1.5 1) while the temperature was kept
at 20°C by cooling with ice/water. After the gas evolution had
subsided, the colourless suspension was heated to 55°C, and 8
(46.6 g, 125 mmol) was added. Stirring at 55°C for 54 h gave rise
to the formation of a colourless precipitate. — To the samples of
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2,6-Dimethyl Semibullvalene-2,6-dicarboxylates

the reaction mixture (0.5 ml) was added 2 M hydrochloric acid (0.1
ml) and dichloromethane (0.5 ml), and the progress of the reaction
was monitored by TLC with PE/acetone (7:3) containing formic
acid (1%). The B-oxo esters 8 (R; 0.37), 9 (R; 0.57), and the inter-

Table 3. Chemical shifts (8 values) in carbon-13 NMR spectra of

some bicyclo[3.3.0]octadienes and semibullvalenes recorded from

[D]trichloromethane solutions. Chemical shifts of carbon-13 atoms

that are equivalent in virtue of symmetry or a rapid degenerate
Cope rearrangement are given only once

Cpd. c-1 c-2 Cc3 Cc4 Cc=0 OMe Me
C-5 c6 ' CT C8

7a 412 1379 1427 38.5 1653 51.4
[47.2 1379 142.6 38.6 165.3]1181

7> 51.3 140.8 142.5 420 164.8 51.0 20.4

exo-11 417 58.4 64.9 022 170.5 52.3

endo-11 41.3 58.7 64.3 415 170.5 52.03
445 59.7 60.4 429 1727 52.27

exo-12 413 1383 141.8 317 164.9 51.4
40.8 58.6 63.3 2.4 1708 52.0

endo-12 410 138.4 141.1 382 164.6 51.4
408 58.3 60.3 418 1730 52.0

13 2mn 56.68 62.6 429 170.8 50.9
2.7 5701 1278 1355 1739 51.9

1808 56.4 140.7 141.0 420 164.2 51.2 20.02
58.8 123.0 145.5 4.8 20.16

192l 527 137.1 141.6 58.2 1634 515

1% 60.9 1410 142.1 59.6 164.2 52.3 20.3

Semibullvalenes

2alcl 55.0 98.6 125.7 95.1 1647 51.4

2 66.1 101.1 1253 99.4 167.8 51.7 121

B C=N: § = 115.8. — P Recorded from a solution in [Dg]ben-
zene. — ! Recorded from a solution in [Dgltetrahydrofuran/
[Dgltoluene (9:1).

Table 4. Chemical shifts (8 values) and coupling constants (absolute

values [Hz]) in proton NMR spectra of some bicyclo[3.3.0]-

octadienes and semibullvalenes recorded from [D]trichloromethane

solutions. Chemical shifts of protons that are equivalent in virtue

of symmetry or a rapid degenerate Cope rearrangement are given
only once

Cpd. 1H 3Hy 4H, 4Hp OMe Me ap Wax *px
2al*b 348 585 4.70 3.65 4.1
2b 584 479 377 126 4.1
7aM 357 654 261 250 340 196 2.6 27
To 667 299 229 368 121 193 21 31
19all 412 642 488 3.34 2.6
19b 674 546 374 152 2.8

] Recorded from a solution in [Dg]tetrahydrofuran/[Dg]toluene
9:1). — ™ 400 MHz, 0.101 Hz/pt. — ) Recorded from a solution
in [Ds]lbenzene.
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mediate triester (R; 0.46) were detected with a solution of iron tri-
chloride hexahydrate (1.0 g, 3.7 mmol) in a mixture of ethanol
(200 ml), water (50 ml), and concentrated hydrochloric acid (2 ml).
— The suspension was cooled to 20°C and acidified to pH 4 with
4 M aqueous hydrochloric acid (0.8 1). The resulting orange-col-
oured solution was saturated with sodium chloride and continu-
ously extracted with ether (2 1) for 8 h in a stirred extractor®, The
ether solution was extracted with a saturated aqueous solution of
sodium chloride (3 x 0.31) and dried with sodium sulphate.
Vacuum distillation of the solvent and repeated recrystallization of
the residue from ethanol yielded a colourless powder (16.3 g, 52%),
m.p. 106 —108°C (Lit.” 90%, m.p. 110°C, *C NMR).

Dimethyl 3,7-Dihydroxybicyclof3.3.0 Joctane-2,6-dicarboxylate
(10), Mixture of Diastereomers: A solution of hydrogen chloride in
methanol (2.5 M, 180 ml, 450 mmol) was added dropwise with stir-
ring under N, within 3.5 h to a suspension of 9 (18.5 g, 73 mmol)
and NaB(CN)H; (11.3 g, 180 mmol) in methanol (250 ml), contain-
ing a small amount of methylorange as indicator, at such a rate
that protonation of the indicator was maintained. After the gas
evolution had subsided, a second portion (50 ml) of the 2.5 M hy-
drogen chloride solution in methanol was added. After stirring for
2 h, the solvent was distilled under vacuum and the oily, pink res-
idue triturated with dichloromethane (150 ml). The colourless pre-
cipitate (sodium chloride) was filtered and washed with dichloro-
methane (50 ml). Vacuum distillation of the solvent afforded a pink
oil (18.6 g, quant.), with slowly solidified. Attempts to separate the
diastereomers by TLC on silica gel with trichloromethane/methanol
(80:20, R, 0.33) or by flash chromatography with EA or PE/EA
(50:50) met with failure. The absence of B-oxo ester groups in the
crude product, which was suitable for the next step, was proved by
3C-NMR spectra. — *C NMR ([D]trichloromethane): 8§ = 39.3,
40.4, 40.6, 41.0, 41.2, 41.7, 42.2 (CH, CH,), 50.8, 51.5, 51.7 (OMe),
58.0, 58.3, 58.5 (CH—CO,Me), 75.1, 75.7, 76.5 (CHOH), 173.5, 173.7,
174.6 (C=0).

Reaction of 10 with Phosphorus Oxychloride and Pyridine (— 7a,
exo-11, endo-11, exo-12, endo-12, 13). Phosphorus oxychloride

Table 5. Chemical shifts (8 values) and coupling constants (absolute
values [Hz]) in proton NMR spectra (400 MHz) of endo-11 re-
corded from a solution in [D]Jtrichloromethane!®

1-H 2-H 3-H 4H, 4H, 5H 6H 7H 8H, 8H,

1-H bl g7 7.1 8.2

2-H 3.14 39

3-H 47520 45

4-H,_, 249 141 82

4H,,, 219 8.3
5-H v 83
6-H 275 80
7-H 446 87 6.4
8-H,,

8-Hengo

176 13.6
2.68

= OMe: 8 = 3.74, 3.75. — ™ Hidden under the signals of the
methoxy groups.
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(12.3 g, 80 mmol) was added dropwise with stirring under N, at
0°C within 10 min to a solution of 10 (5.17 g, 20 mmol) in pyridine
(125 ml). The mixture was heated to 70°C for 2 h. Vacuum distil-
lation (1072 Torr) of the solvent yielded a brown-black, viscous
residue which was dissolved in dichloromethane (200 ml). Aqueous
sulphuric acid (2 M, 70 ml) was added cautiously at 0°C. The or-
ganic layer was extracted with aqueous sulphuric acid 2 M, 3 x
50 ml) which was reextracted with dichloromethane (2 x 50 ml).
Drying with sodium sulphate and vacuum distillation of the solvent
produced a brown oil (3.7 g) which was separated into 3 fractions
(A, B, C) by flash chromatography with PE/EA (80:20). — Attempts
to separate fraction A by MPLC failed. As many as 7 recycling
steps afforded only a colourless solid (166 mg, 4%, melting range
73 —88°C) which consisted of 7a and endo-11 in equal proportions
(‘"H NMR).

Fraction B consisted largely of two components (HPLC). After
three passages through the MPLC column, a colourless oil (200 mg,

Table 6. Chemical shifts (6 values) and coupling constants (absolute
values [Hz]) in proton NMR spectra (400 MHz) of 13 recorded
from a solution in [D]trichloromethane®

1-H 22H 3-H 4H, 4H, 5H 6H 7-H 8H

1-H 333 75 22 24

2-H 2.85 42
3.H 4.62 42

4H,, 253 135 81

4-H,y, 183 9.0
5-H 3.46
6-H 3.88
7-H 566 5.5

8-H 5.86

Bl OMe: 8 = 3.71, 3.76.

Table 7. Chemical shifts (5 values) and coupling constants (absolute
values [Hz]) in proton NMR spectra (400 MHz) of exo-12 recorded
from a solution in [D]trichloromethane!

1-H 3H 4H, 4H, 5H 6H 7-H 8H, 8H,
1-H W® 22 28 86 7.6
3-H 663 24 2.8

4H,, 287 197 92

4-H,,4, 233 28

5-H 344 938

6-H 2.80 4.2

7-H 464 1.4 47
8-H,, 2.63 147
8-H,.4 1.96

Bl OMe: 8§ = 3.74, 3.75.
methoxy groups.

— ™ Hidden under the signals of the
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4%) was obtained which was shown by 'H NMR to be a mixture
of endo-12 and 13 (1:10). The second MPLC fraction yielded a
colourless powder (650 mg, 13%, m.p. 85 —87°C). Recrystallization
from PE/dichloromethane (1: 1) furnished exo-12 as colourless crys-
tals, m.p. 88 —89°C. — MS: m/z (%) = 260, 258 (3, 9) [M*], 228,
226 (26, 73) Mt — MeOH], 163 (67), 162 (65), 103 (100), 77 (48),
59 (46).

On recrystallization from PE/dichloromethane (1:1), fraction C
yielded exo-11 as colourless crystals (1.66 g, 28%), m.p. 159°C. —
MS: m/z (%) = 267, 265, 263 (2, 11, 16) [M* — OMe], 261, 259
(15,44) [M* — CI}, 222 (42) M+ — 2 HCI], 201, 199 (12, 35), 163
(82), 162 (100), 105 (63), 59 (43).

Table 8. Atomic parameters ( x 10%) ans isotropic thermal displace-

ment parameters Uquy (X 10™") [pm?] for the dichloro diester exo-

12. The parameters U,q,, are defined as one third of the trace of
the orthogonalized U;; tensor

X y z U, a
CI(3) 6379  3959(1) 3941 60(1)
CI(7) 5163(1) 8738(2) 9453(1) 63(1)
C(1) 5657(3) 8053(5) 5839(3) 42(1)
C(2) 5812(3) 8073(5)  4096(4) 43(1)
C(3) 5375(3) 5989(5) 3507(4) 46(1)
C4) 4378(3) 5644(6) 4457(4) 51(1)
C(5) 4744(3) 6421(5)  6070(4) 43(1)
C(6) 3851(3) 7521(5) 6938(4) 45(1)
C(7) 4423(3)  9426(5)  7685(4) 48(1)
C(8) 5218(3) 10089(5) 6498(4) 51(1)
C(20) 6965(3) 8581(5) 3639(4) 44(1)
O(20) 7706(2) 9161(5) 4489(3) 62(1)
O(21) 7042(2) 8351(5) 2140(3) 64(1)
C(22) 8074(4) 8855(7) 1520(5) 73(2)
C(60) 3269(3) 6183(5) 8048(4) 53(1)
O(60) 3475(3) 4407(5) 8330(4) 97(2)
O(61) 2470(2) 7232(4) 8669(3) 62(1)
C(62) 1852(4) 6144(7) 9786(6) 86(2)

Table 9. Chemical shifts (§ values) and coupling constants (absolute
values [Hz]) in proton NMR spectra (400 MHz) of exo-11 recorded
from a solution in [D]trichloromethane®™. Chemical shifts of pro-
tons that are equivalent in virtue of symmetry are given only once

1'-H 2H 3H 4H,, 4H,,,
1-H 353

2-H 2.88 42

3H 471 20 45

4H,, 254 139

4-H,,4, 1.87

B OMe: 8 = 3.75.

Dimethyl Bicyclof3.3.0 Jocta-2,6-diene-2,6-dicarboxylate (7a): Re-
duction of 9 (17.5 g, 69 mmol), as described above, yielded 10
(16.8 g, 98%) as an oil which was treated with phosphorus oxy-
chloride (29.9 g, 195 mmol) and pyridine (275 ml) to afford a brown
oil (9.5 g) consisting mainly of 7a, exo-11, endo-11, exo-12, endo-12
and 13 (HPLC). The oil was dissolved in dichloromethane (75 ml)
and the solution filtered through silica gel (40 g, 32— 63 um) which
was eluted with dichloromethane (250 ml). The clear yellow solu-
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2,6-Dimethyl Semibullvalene-2,6-dicarboxylates

Table 10. Atomic parameters ( x 10%) and equivalent isotropic dis-
placement parameters Ueqyy (% 10~ ") [pm?], as defined in Table 8,
for the chloro diester exo-11

x y z U, q
C(7) 2274(1) 314(1) 1572Q1) 65(1)
C(1)  3730(1) 563(3) 4253(5) 54(1)
C(2)  4262(1) 969(3)  5892(5) 59(1)
C(3) 4215(2) 345(4)  7749(6) 71(1)
C(4) 3660(2) -659(4) 7733(6)  70(1)
C(5) 3280(2) -355(3) 5585(5) 56(1)
C(6) 2661(1) 516(3) 5802(4) 48(1)
C(7)  2601(1) 1376(3) 3761(5) 51(1)
C(8) 3304(1) 1777(3) 3371(5) 57(1)
C(20) 4766(2) 2002(4) 5335(6) 66(1)
0O(20) 4783(1) 2581(3) 3668(5) 87(1)
O(21) 5193(1) 2214(3) 7011(4) 85(1)
C(22) 5692(2) 3215(5) 6675(7) 94(2)
C(60) 2064(2) -332(3) 6283(5)  S55(1)
0O(60) 2063(1) -1516(2) 6723(4)  75(1)
0O(61) 1524(1) 465(2) 6178(4)  66(1)
C(62) 922(2) -261(5) 6542(7) 89(2)

tion was concentrated under vacuum to 30 ml. A solution of sodium
(1.15 g, 50 mmol) in methanol (100 ml) was added under N,. The
yellow suspension was stirred for 1.5 h, cooled to 0°C, and acidified
with 2 M sulphuric acid (20 ml, 40 mmol). After addition of di-
chloromethane (50 ml) and water (80 ml), the aqueous phase was
extracted with dichloromethane (3 x 50 ml). The combined
organic layers were extracted with a saturated aqueous solution of
sodium chloride (2 x 40 ml) and dried with sodium sulphate. Vac-
uum distillation of the solvent afforded a beige powder (6.6 g)
which, after flash chromatography with PE/EA (90: 10), yielded col-
ourless crystals (5.7 g, 76%), m.p. 108 —109°C (111 °C"#) and a light
brown powder (0.67 g). Recrystallization of the powder from PE/
EA (1:1) furnished colourless crystals (0.58 g, 8%), m.p.
107—108°C. — MS: m/z (%) = 222 (88) [M*], 190 (100) [M* —
MeOH], 162 (83), 103 (88), 77 (37), 59 (29).

1,5-Dimethylbicyclof 3.3.0 Jocta-2,6-diene-2,6-dicarbonitrile (17): A
4-1 three-necked flask equipped with a heavy-duty stainless steel
stirrer (Juchheim, W-5550 Bernkastel-Kues) and a reflux condenser
protected by a drying tube was charged with a mixture of C,- and
Cs-16 (73:27, 58.0 g, 0.12 mol), potassium cyanide supported on
aluminium oxide (370 g, 0.1 g KCN/g, 0.57 mol KCN) and 2-
methyl-2-butanol (1.4 1). The suspension was stirred and heated
under reflux for 60 h, while the conversion was monitored by
HPLC. After cooling to 20—25°C, the solid material was filtered
and washed with dichloromethane (5 x 0.4 1). The filtrate was ex-
tracted with an aqueous solution of sodium chloride in water (10%,
3 x 12 1) and dried with sodium sulphate. After vacuum distillation
(15—1072 Torr) of the solvent, the solid dark-brown residue was
dissolved in dichloromethane (0.2 1). The solution was filtered
through a pad of silica gel (80 g, 32— 63 pm) which was eluted with
dichloromethane (0.5 1). Distillation of the solvent yielded a brown
solid (28 —34 g). On MPLC of four portions (7.5—8.0 g dissolved
in dichloromethane, 15—25 ml), 17 (6.0—7.1 g, 50—61%), m.p.
171 —173°C, was eluted as the first fraction. The pale yellow crystals
were sublimed at 80°C bath temp./S - 10~2 Torr to furnish colour-
less crystals, m.p. 173°C (173°C™). From five experiments employ-
ing 224 g of Cp- and Cs-16 (73:27, 0.464 mol), a total of 32.5 g
(52%) of 17 was obtained after sublimation.

Dimethyl 1,5-Dimethylbicyclof 3.3.0 Jocta-2,6-diene-2,6-dicarboxy-
late (Tb) and Methyl 6-Cyano-1,5-dimethylbicyclof3.3.0 Jocta-2,6-
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diene-2-carboxylate (18): A solution of 17 (4.46 g, 24 mmol) in meth-
anol (150 ml) was saturated with dry hydrogen chloride and heated
under reflux, while the conversion was monitored by HPLC. Every
24 h, methanol (20 —40 ml) was added, and the colourless solution
was saturated again with hydrogen chloride. After 80 —90% con-
version of 18 (5—6 d), concentrated hydrochloric acid (50 ml), water
(50 ml), and dichloromethane (150 ml) were added to the pale yel-
low solution at 20—25°C, and the mixture was stirred for 4 h. The
aqueous layer was extracted with dichloromethane (3 x 70 ml).
The combined organic layers were extracted with a saturated aque-
ous solution of sodium hydrogen carbonate (2 x 50 ml) and dried
with sodium sulphate. Vacuum distillation of the solvent afforded
a brown oil (2.9—3.4 g) which, on flash chromatography with PE/
EA (96:4), yielded 7b (1.46 —2.10 g, 29 —35%) as colourless crystals,
m.p. 80—81°C, and 18 (0.44 —0.49 g, 8 —~10%) as a colourless pow-
der, m.p. 35—39°C. — 7b: UV (acetonitrile, Figure 4): Ay, [nm]
(lg &) = 215 (4.228). — MS: m/z (%) = 250 (38) [M*], 218 (100)
[M* — MeOH], 203 (20) [M* — MeOH — Me], 190 (20), 186
(14), 159 (36), 158 (15), 131 (41).

Dimethyl exo,ex0-4,8-Dibromobicyclo[3.3.0 Jocta-2,6-diene-2,6-di-
carboxylate (19a). A mixture of 7a (2.20 g, 10 mmol), N-bromosuc-
cinimide (3.78 g, 22 mmol), and dichloromethane (125 ml) was
heated under reflux and stirring, and irridiated with a 250-W day-
light lamp (Philips ML), while the conversion was monitored by
HPLC. After 7.5 h, the solution was allowed to cool to 20—25°C,
extracted with an aqueous solution of sodium hydroxide (0.5 M,
2 x 70 ml) and a saturated aqueous solution of sodium chloride
(2 x 80 ml), and dried with sodium sulphate. Vacuum distillation
of the solvent afforded a solid, orange-red residue which yielded a
colourless powder after flash chromatography with PE/EA (95:5).
Colourless crystals crystallized from dichloromethane (2.31 g,
62%), m.p. 139 —140°C. — MS: m/z (%) = 382, 380, 378 (5, 10, 5)
[M™*], 301, 299 (97, 100) [M* — Br], 220 (40) [M " — 2 Br], 219
(57 [M* — HBr — Br], 160 (40), 102 (45), 59 (32).

Table 11. Atomic parameters ( x 10%) and equivalent isotropic dis-
placement parameters U,y (X 1077) [pm?], as defined in Table 8,
for the dibromo diester 19a

x y z Ueq
Br(4) 5472(1) -764(1) -2781(1) 64(1)
Br(8) 9008(1) 946(1) 1220(1) 64(1)
C(1) 7417(4) 1253(6) -1227(6) 41(2)
C(2) 6853(4) 2195(6) -2409(7) 41(2)
C@3) 6342(4) 1519(6) -3553(7) 46(2)
C4) 6491(4) 5(6) -3365(7) 45(2)
C(5) 7340(4) -140(6) -2111(6) 39(2)
C(6) 8163(4) -117(6) -2627(7) 41(2)
(o)) 8742(4) 813(6) -1929(6) 47(2)
C(8) 8400(4) 1610(6) -837(6) 46(2)
C(20) 6875(5) 3689(6) -2175(7) 46(2)
0O(20) 7288(3) 4258(4) -1075(5) 64(2)
O(21) 6373(3) 4338(4) -3388(5) 55(2)
C(21) 6347(6) 5826(6) -3288(8) 75(4)
C(60) 8304(5) -1099(6) -3766(7) 44(2)
O(60) 7841(3) -2075(4) -4189(5) 61(2)
O(61) 9020(3) -784(4) -4217(5) 58(2)
C(61) 9203(6) -1683(7) -5336(8) 76(4)

Dimethyl exo,ex0-4,8-Dibromo-1,5-dimethylbicyclo[3.3.0]octa-
2,6-diene-2,6-dicarboxylate (19b). According to the procedure de-
scribed for 19a, an orange-coloured solution was obtained after
1.5 h from a mixture of 7b (1.00 g, 40 mmol), N-bromosuccinimide
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(1.66 g, 9.3 mmol), and dichloromethane (150 ml). Work-up as de-
scribed yielded a pale brown powder which furnished colourless
crystals (1.25 g, 77%), m.p. 85—86°C, after flash chromatography
with PE/EA (94:6). — MS: m/z (%) = 410, 408, 406 (18, 37, 18)
[M*], 329, 327 (83, 86) [M ™ — Br], 297, 295 (99, 100) [M* — Br
— MeOH], 248 (42) [M* — 2 Br], 216 (56), 188 (63), 157 (41), 129
(79).

Table 12. Atomic parameters ( x 10%) and equivalent isotropic dis-
placement parameters Uequiv ( X 10" [pm?], as defined in Table 8,
for the dibromo diester 19b

x y z Ueq
Br(4) 2789(1) 2205(1) 1606(1)  67(1)
Br(8) 6756(1) 936(1) 815(1)  71(1)
C(1) 5173(3) 1958(3) 863(5)  35(2)
C(2) 4953(3) 2736(3)  480(5) 37(2)
C(3) 4104(3) 2814(3) 127(5) 44(2)
C(4) 3591(3) 2117(3)  207(5)  45(2)
C(5) 4339(3) 1518(3) 363(5)  38(2)
C(6)  4690(3) 1297(3) -840(5)  39(2)
C(7) 5575(3) 1395(3) -950(5)  48(2)
C(8) 5984(3) 1701(3) 120(5)  44(2)
C(10) 5302(4) 1916(3) 2188(5)  52(2)
C(20) 5645(4) 3329(3)  540(5) 42(2)
0(20) 6329(3) 3284(2) 1097(4)  61(2)
0O(21) 5403(3). 3907(2) -98(4) 57(2)
C(22) 6024(4) 4519(3) -75(7)  80(3)
C(50) 4066(4)  834(3) 1072(5) 53(2)
C(60) 4171(4)  963(3) -1820(5)  48(2)
0O(60) 4509(3) 738(3) -2699(4)  T3(2)
O(61) 3288(2) 941(2) -1618(3)  53(1)
C(62) 2727(4) 659(3) -2541(6)  69(3)

Dimethyl Tricyclo[3.3.0.07% Jocta-3,6-diene-2,6-dicarboxylate (2a):
On a high-vacuum line, a suspension of a small amount of sodium
hydride in a mixture of [Dg]tetrahydrofuran (0.9 ml), [Dg]toluene
(0.1 ml), and one drop of tetramethylsilane was stirred under Ar
for 24 h and carefully degassed at 10~° Torr (3 x). Under Ar, a
(6 x 1) cm glass tube, equipped with a small glass sinter filter,
which was connected to an NMR sample tube, was charged with
zinc-copper couple (65 mg, 0.54 mmol) and 19a (95 mg, 0.25 mmol)
and evacuated to 10~ Torr. Under high vacuum, the solvent mix-
ture (0.7 ml) was transferred into the glass tube which was cooled
with liquid N,. The apparatus was flame-sealed at 10~ Torr and
heated to 70°C for 10 min. The suspension was allowed to cool to
20—25°C and filtered to yield a clear, yellow solution, which was
sealed in the NMR sample tube. The NMR spectra indicated a
complete conversion of 19a to 2a. Numerous attempts to isolate
2a by concentrating solutions prepared similarly gave rise to the
disappearance of 2a as monitored by NMR and HPLC.

Dimethyl 1,5-Dimethyltricyclof3.3.0.0°¢ Jocta-3,6-diene-2,6-di-
carboxylate (2b): A mixture of 19b (1.11 g, 2.7 mmol), zinc-copper
couple (2.50 g, 19.4 mmol), and tetrahydrofuran (30 ml) was heated
under Ar and reflux for 20 min, while the conversion was monitored
by HPLC. The mixture was filtered through silica gel (50 g,
32—63 pm) which was eluted with dichloromethane (70 ml). Drying
with sodium sulphate and vacuum distillation of the solvent af-
forded a solid which yielded lemon-coloured crystals (0.61 g, 90%),
m.p. 94—95°C, after flash chromatography with PE/EA (90:10). —
UV (acetonitrile, Figure 4): Ay [nm] (Ig €) = 254 (3.775), 355 (sh)
(1.977); Amin [nm] (Ig €) = 233 (3.604). — MS: m/z = 248(72) (M *],
216 (79) [M* — MeOH], 189 (86) [M+ — CO,Me], 188 (90), 157
(74), 129 (100), 128 (39).
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Table 13. Molecular formulae, masses and elemental analyses for
some bicyclo[3.3.0]Joctadienes and the semibullvalene-2,6-dicarb-

oxylate 2b
Cpd. Molecular Elemental Analysis
Mass
C H N
2b C14H160, 248.3 Calcd. 6773  6.50
Found 68.05 6.67
7a CoH 404 2222 Calcd. 6485 635
Found 6486  6.48
7b C14H50, 250.3 Calcd. 6718  7.25
Found 6743 744
exo-11 CpHisCLO,  295.2 Calcd. 48.83 546
Found 49.12  5.59
exo-12 C15H;5C10,4 258.7 Calcd. 5571 584
Found 5602 591
endo-12,13181  C,H,sClO, Found 5593 594
18 C,3HsNO, 217.3 Calcd. 7187 696 645
Found 7189 698 6.89
19a C,H;,Br,O4  380.0 Calcd. 3793 318
Found 3810 3.17
19b C4Hy¢Br,O,  408.1 Calcd. 4120 395
Found 4149 400

® endo-12:13 = 1:10.

X-Ray Diffraction Analyses were performed from colourless,
transparent crystals. The cell parameters were determined on the
basis of 22 reflections. The numbers of reflections reported in Table
1 were obtained with Mo-K, radiation and 2@,,, = 55° (graphite
monochromator, Wyckoff scan). Measurements were carried out
with the system Nicolet R3m/V. Computations were performed on
a computer Micro-Vax II. The programme SHELXTL-PLUS®?
was employed. The structures were solved by direct methods and
refined anisotropically by the least-squares method. The weighting
scheme for R, is 1/c% The positions of hydrogen atoms were cal-
culated and included in the refinements with isotropic des-
cription®,

" The results are part of the projected Dissertation by A. Witzel,
Universitit Wiirzburg.
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