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Abstract—The reaction of 3-oxabicyclo[3.3.0)oct-1(5)-¢cne-2,4-dione, 2, with cyclopentadiene, 3, §,5-
diethoxycyclopentadiene, 4, and 6,6-dimethylfulvene, 8, is studied. Reaction of 2 and 3 yields the cxpected
endo-adduct, while resction of 2 and § gives a mixture of the endo- and exc-adducts whose ratio is
slightly dependent on the reaction conditions. Attractive clectrostatic interactions in the transition state
leading 1o the exo-adduct can explain the absence of endo stereoselectivity in the last reaction. Steric
factors seem to be responsible for the absence of reaction between 2 and 4. The analysis of the '’C NMR
spectra of these adducts and some derived compounds confirms the tentative configuration assignment
carried out on the basis of PMR data. Also, the synthesis of dimethyl(1R,2S,6R,7S)-10-oxotricy-
clo[5.2.1.0**}decane-2,6-dicarboxylate, 1, from the endo-adduct of the reaction of 2 and 5, is described.

In connection with our work on the synthesis of
poliquinanes we needed a method to prepare di-
methyl(1R, 25, 6R,7S)- 10-oxotricyclo-[5.2.1.0*¢]de-
cane-2,6-dicarboxylate, 1, on a fairly large scale. The
retrosynthetic analysis of this compound shows that
it could be synthesized, among other procedures,
through a Diels-Alder reaction between an appro-
priate cyclopentadiene derivative and a synthon
equivalent to a cyclopent-1-ene-1,2-dicarboxylic acid
(Scheme 1).

Since cyclopentadienone, the most obvious diene,
is a very unstable compound that rapidly dimerizes,!
other dienes, such as a 5,5-dialkoxycyclopentadiene
or a fulvene, in which the ketonic function of cy-
clopentadienone is masked, would be required.
Among the easily accessible 5,5-dialkoxycyclopenta-
dienes, the S,5-dicthoxy-derivative is advantageous
over the 35,5-dimethoxy- or $,5-ethylenedioxy-
derivatives because of its greater stability towards
dimerization.? Among fulvenes, those 6,6-disubstituted
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tDedicated to Mr. C. Cosin for his kindness in making
possible this work.
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with equivalent alkyl® or aryl* groups are easily
prepared, quite stable towards dimerization, and
generally react as dienes in the Diels-Alder reaction.
As the active dienophile, possessing the carbon skel-
eton of cyclopent-1-ene-1,2-dicarboxylic acid, we
chose 3-oxabicyclo[3.3.0Joct-1(5)-ene-2,4-dione, 2,
which can be easily prepared® in a large scale, and
discarded cyclopent-1-ene-1,2-dicarbonitrile because
it does not offer advantages over 2 as dienophile, and
its low yield preparation® is very tedious. Thus we
have studied the Diels—Alder reaction between an-
hydride 2 and cyclopentadiene, 3, 5,5-diethoxy-
cyclopentadiene, 4, and 6,6-dimethylfulvene, S, the
first one as reference reaction.

The reaction of anhydride 2 with cyclopentadiene,
in CH,Cl, at room temperature for 32 h, gave a single
compound, m.p. 153-5° (ether), in 88.0% yield, that
was tentatively characterized as the endo-adduct 6,
through the comparison of the PMR spectra of its
derived compounds, anhydride 7 and diester 10,
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prepared by standard methods as described in the
experimental (see Fig. 1).

Using double irradiation experiments, the chemical
shifts for the Hygyng, and Hyy,,, protons of anhydride
7 and diester 10 were obtained from the correspond-
ing 200 MHz PMR spectra, on the basis that, accord-
ing to the Karplus equation, the coupling constant
Ju.@mu-m) must be clmly greater than Jl'll(’)ﬂb—m(l)'
Although the values for these coupling constants
could not be determined, irradiation of the Hggexn
protons made the adsorption of the H, protons to
become sharper, while irradiation of the Hypyspme
protons left this absorption practically unchanged.
The chemical shifts for the Hygyq, protons of 7 and
10 among those of other related compounds are
collected in Table 1.

As can be seen, the change of the rigid anhydride
function of compound 7 by the freely rotating me-
thoxycarbonyl groups of diester 10, deshields the
Hgppnss Protons by ca. 0.3 ppm, a fact that points to
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Table 1. Chemical shifis for the Hyy,,,, protons of anhy-
drides 7, 13 and 16 and their corresponding dimethyl esters
10, 15 and 18, respectively

Compound 7 10 13 15 16 18

138 166 142 1.74 160 162

s H'(’)n&

the endo-configuration for these compounds, the
contribution of conformations of diester 10 in which
the carbonyl oxygen atoms are close to the Hyppus
protons accounting for the observed effect.” Con-
sequently, compound 6 must also have endo-
configuration. This was later confirmed through the
analysis of the *C NMR data.

Reaction of anhydride 2 with 5,5-diethoxy-
cyclopentadiene,? 4, in an ether/pentane: 1/5 mixture
at room temperature for 6 h, did not yield the desired
Diels-Alder adduct, instead, the starting anhydride 2
was recovered unchanged by crystallization from the
reaction mixture. The oily residue obtained by evap-
oration of the mother liquors of crystallization must
correspond to the Diels—Alder dimer of 4, because its
PMR spectrum closely resembles that of the product
obtained by evaporation of the solvent from a pen-
tane solution of diene 4 that has been allowed to
stand at room temperature for 24 h.? Since, in our
hands, diene 4 gave a Diels-Alder adduct with N-
phenylmaleimide, under similar reaction conditions
in 77% yield (lit.* 54%), the failure of the former
reaction must be due to the severe steric interactions
that must exist in both of the transition states leading
to the exo- or endo-adducts, between one of the
ethoxy groups of diene 4 and the furanic or cyclo-
pentenic ring of anhydride 2, respectively, making
the dimerization of diene 4 the preferred reaction.
Such an interaction is not present in the transition
state leading to the endo-adduct of diene 4 and N-
phenylmaleimide.

Reaction of 6,6-dimethylfulvene, 8, with anhydride
2, in xylene at 130° for 1h, gave a mixture of the
endo- and exo-adducts, 11 and 12, respectively, in
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which one of them slightly predominated (92.1%
isolated yield). Fractional crystallization from xylene
led to a high yield separation of a compound, m.p.
172-4°, that was characterized as the exo-adduct 12,
and another compound, m.p. 134-5°, that was char-
acterized as the endo-adduct 11. The assignment of
the configuration to these adducts was carried out as
described for compound 6, through the preparation
of anhydride 13 and diester 15, from adduct 11, and
anhydride 16 and diester 18, from adduct 12 (see
Experimental).

The comparison of the chemical shifts for the
Hyg)easr protons of compounds 13, 18, 16, and 18 (see
Table 1) shows a deshielding effect of approximately
0.3 ppm in going from anhydride 13 to diester 15,
while no similar situation is found in going from 16
to 18. As described before for compound 6, these
facts let us tentatively assign the exo-configuration to
12 and the endo-configuration to 11, and this was
later confirmed through the analysis of the )C NMR
data.

A study on the effect of the reaction conditions on
the stereoisomeric ratio in the reaction of 6,6-di-
methylfulvene and anhydride 2 (see Table 2) showed
that under kinetic control a mixture 11/12 in the
approximate ratio 1/1 was formed, while under ther-
modynamic control the ratio 11/12 was 9/11. Heating
the exo-adduct 12 without solvent in a nitrogen
atmosphere at 180° for 10 min, a mixture 11/12 in
the ratio 9/11 was obtained in high yield. Formation
of 6,6-dimethylfulvene in this reaction was shown by
the reflux of a yellow liquid. This fact shows that the
equilibrium must be attained, at least partially, by
cycloreversion® of the adducts to the components.
Degradation of the adducts can be explained by
cycloreversion and oligomerization of the fulvene
component.®

The results herein described about the reaction of
6,6-dimethylfulvene and anhydride 2, closely parallel
those described by Craig® and Alder™ about the
reaction of the same fulvene and maleic anhydride,
since under kinetic control a mixture of both adducts,

Table 2. Stereoisomeric ratio in the reaction of anhydride 2 and diene 5 under various reaction

conditions, and some related processes. “Adducts yield ca. 90%,. *Most of the starting products

remained unchanged. ‘Partial degradation of the adducts and formation of other by-products

was observed. “Total degradation of the adducts took place. ‘High yield if carried out in an
inert atmosphere

Starting Reaction 11/12
products Solvent Temperature time ratio
Benzene Reflux 1h 1/1¢
Benzene Reflux 3h 1/1¢
Toluene Reflux 1h 1/1*
2+5 Toluene Reflux 3h 1/1°
Xylene Reflux 1h 9/11¢
Xylene Reflux 3h 9/11°
Benzene 20°C 7 days 1/1¢
Benzene —20°C 10 days 1/1®
11/12 Xylene Reflux 24h 9/11°¢
1/1 ratio Xylene Reflux 72h -
12 None 180°C 10 min 9/11¢
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in which the endo-adduct slightly predominated, was
obtained. Under equilibration conditions the mixture
contained the endo- and exo-adducts in the ratio
1/7% (1/8.9).* In this case, however, the relative sta-
bility of the exo-adduct seems to be greater than in
our case, and consequently, its formation under
equilibration conditions more preferred. Other ful-
vene derivatives, such as 6,6-diphenylfulvene* and
6,6-pentamethylenefulvene®™ gave endo-adducts on
reaction with maleic anhydride under kinetic control,
that easily rearrange to give mainly the more stable
exo-adducts under equilibration conditions. The ab-
sence of endo-stereoselectivity in the reaction of
6,6-dimethylfulvene and maleic anhydride was taken
by Craig* as a probe for a step wise ionic mechanism.
However, the same type of mechanism could be
operative in the reactions of diphenylfulvene or pen-
tamethylenefulvene with maleic anhydride where the
rule of endo-stereoselectivity does apply. The appro-
priate balance among the secondary orbital
interactions'® favouring the formation of the endo-
adduct and the electrostatic interactions' favouring
the formation of the exo-adduct (Fig. 2) in the
transition states of these reactions must account for
the observed kinetic stereoselectivity, since steric fac-
tors in these transition states should be slight due to
the trigonal hybridization of the fulvene carbon
atoms."

As mentioned before, the analysis of the *C NMR
spectra of the compounds (anhydrides and dimethyl
esters) prepared in this work let us assign clearly their
configuration. The chemical shift for the carbon
atoms of these compounds, together with the refer-
ence compounds endo- and exo-tricyclo{5.2.1.0%%}
decane, 22 and 23, respectively, isodihydroalbene, 24,
and dihydroalbene, 25, are collected in Table 3 (see
also Fig. 3).

The assignment of the *C NMR signals was car-
ried out on the basis of their multiplicity and in-
tensity, and by comparison with the values reported
for related compounds.'>!* Since the spectra of these
compounds were all obtained using CDCI, as solvent,
while those of the acids 8, 14, and 17, using DMSO-
d,, the values of these acids have not been considered,
although the discussion that follows could be extrap-
olated to them.

The comparison of the chemical shifts for the
different carbon atoms of the reference compounds
22 and 23 shows that the greater differences corre-
spond to C,o(46p .13 = —11.1 ppm), Cys
(Adp.n=+56ppm), and Gy n-1=
+ 5.8 ppm). These differences can be easily explained
because in the endo-compound 22, the steric inter-
action between the pairs of methylene groups at the
39 and 5-8 positions (y-effect) shields the Cy;5) and
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Csy atoms compared with 23. Moreover, in the
exo-compound 23, such a type of interaction but
small in magnitude' exists between the methylene
groups at the 3-10 and 5-10 positions, shielding the
C,, atom with respect to 22. A similar situation is
found in the compounds 24 and 25. In this case,
however, the chemical shift difference for the Cgy,
atoms is smaller (48, ..s= —1.9 ppm) and of op-
posite sign. The steric interaction between the meth-
ylene groups at the 3-9 and 5-8 positions in the
endo-compound 24 is replaced in the exo-compound
25 by a similar or even greater interaction between
the methylene at the 8 and 9 positions and the methyl
groups. In accord with these facts, the Cy s, atoms are
shielded by 5.1 ppm, while the methyl carbon atoms
are deshielded by 5.1 ppm, in going from 25 to 24.

On similar grounds, the comparison of the chem-
ical shifts for the carbon atoms of anhydrides 13 and
16 and their dimethyl esters 15 and 18 clearly shows
that 13 and 15 are related to 23 and 25, while 16 and
18 are related to 22 and 24, thus confirming the
assigned configuration. The chemical shift differences
for all the carbon atoms of 11 and 12 are equal or less
than 1.6 ppm. The greatest difference corresponds to
the shielding that the C,, atoms experience in going
from 11 to 12, thus showing that the introduction of
the C;~C, double bond drastically reduces the steric
interaction between the groups at the 3-9 and 5-8
positions.

Since we have only one stercoisomer, to assign the
configuration to 6 and derived compounds, we can
compare their chemical shifts with those predicted
starting from 11, 12, or their corresponding derived
compounds, by introducing a correction for the
change of the isopropylidene substituent at C,q by
two hydrogen atoms. Since in benzonorbornene and
9-isopropylidenebenzonorbornene,'* the chemical
shifts for the common carbon atoms, except C,, differ
by 0.4 ppm or less, we can effect a direct comparison.
Thus, comparing the chemical shifts for the annular
carbon atoms, except C,,, of 6 with those of 11 and
12, although the differences are not too large the
better correlation between 6 and 11, points to the
endo-configuration for 6. In the same way, the better
correlation between 7 and 13 as compared with 7 and
16 confirms clearly the assigned configuration to 7.
Similar results are obtained by comparing 10 with 15
and 18. Thus, compounds 6, 7, 9, and 10, must all
have endo-configuration.

Having established the configuration of the anhy-
drides and dimethy! esters collected in Table 3, it is
noteworthy the shielding effect observed for the C,
atoms of the compounds derived from the endo-
compounds 6, 9, and 11, on saturation of the Cz-Cy
double bond (Ade—r=—40 ppm, Aby_j40=

Fig. 2.
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Tabie 3. Chemical shifts for the carbon atoms of compounds containing the tricyclofS.2.1.0*jdecane skeleton.
“Taken from Ref. 13; “Taken from ref. 14. In all cases the solvent was CDCl, and the chemical shifts are given
in ppm with reference to internal TMS, except for compound 25 where the reference is CDCl, (8 = 77.02)

Carbon atom

Compound I(7) 26) X5) 4 809) 10

G=0 OCH, =CMe; =C(CHy), |
— G—CH,

137.4
25.0
136.6
45
137.4
137.3
242
236
217
23.0
23.1
289
249
23.0

48.9
378
452
356
145.6
145.8
138.3
139.8
139.5
143.1
433
322
39.5
M1

674
66.3
68.5
64.2
66.5
67.8
64.7
63.2
63.9
65.1
45.5
484
50.9
48.9

4.6
36.1
38.0
395
339
323
359
393
2.3
33.2
270
326
385
43.6

29.6
25.6
29.0
259
2.5
28.7
25.3
25.6
29.2
28.2
28.7
274
26.2
23.0

48.5
43.7
514
46.8
489
49.2
43.7
47.0
433
45.3
41.5
40.8
50.7

6

7

9
10
11
12
13
15
16
18
22°
2y
r’
2% 47.8

175.0
175.7
175.7
175.6
174.6
175.5
175.6
1754
176.8
176.3

116.3
115.3
1224
118.2
1213
116.1

19.8
19.2
208
20.6
204
20.5

513
51.8

25.7
20.6

—3.1ppm, and 46,, 3= —4.2ppm). This effect
seems to be independent on the nature of the carboxyl
functions (anhydride or dimethyl esters), and is ab-
sent in the compounds derived from the exo-adduct
12. Since molecular mechanics calculations'® show
that for the compounds 6, 7, and 11, the envelope
conformation for the C, to C, cyclopentanic ring in
which the C, atom is as far as possible from C,,, is
clearly preferred, this shiclding effect cannot be attri-
butable to a conformational change due to the satur-
ation of the Cg—-C; double bond. On the other hand,
since this bond is too far from C,, its saturation
cannot be responsible for such a large effect in a
direct manner. A possible partial explanation might
be related to the greater interaction that must exist
between the methylene group at the 4 position and
the substituents at C; and C,, as a consequence of
the greater interaction between these substituents and
the methylenes at the 8 and 9 positions, in a sort of
buttressing effect.

Knowing the configuration of the Diels—-Alder
adducts in the reaction of 6,6-dimethylfulvene and
anhydride 2, the synthesis of oxodiester 1 could be
achieved in a straightforward manner. Ozonolysis of
anhydride 13 gave a 2/1 mixture of oxoanhydride 19
and epoxyanhydride 20, from which 19 was separated
by crystallization. Alkaline hydrolysis of 19 followed
by esterification of the corresponding diacid with
ethereal solution of diazomethane gave oxodiester 1.
The epoxyanhydride 20 was shown to be identical
(GLC) to the unique epoxide obtained by reaction of
anhydride 13 with perbenzoic acid. The configuration

 dp

R
22, R*H 23, R*H
24, ReMe 25, ReMe

Fig. 3.

shown for this epoxyanhydride was assumed on the
basis that epoxidation takes place by the less hindered
carbon—carbon double bond face. Work is in progress
to develop an alternative synthesis of oxodiester 1, by
an entirely different approach, to overcome the ex-
perimental drawbacks found in the separation of the
mixtures 11/12 and 19/20 of the synthesis herein
described, when it is carried out on a large scale.

EXPERIMENTAL

Infrared spectra were recorded on a Perkin-Elmer, model
1310 spectrometer. The PMR and *C NMR spectra, unless
otherwise stated, were taken at 200 and 50 MHz, re-
spectively, on a Varian XL 200 spectrometer, while 80 MHz
PMR and 20 MHz "C NMR spectra were recorded on a
Bruker, model WP80SY. Chemical shifts are given in ppm
relative to internal TMS (6 scale). GLC analyses were
carried out on a Perkin-Elmer, model Sigma 3B, chro-
matograph using a 2m x 1/8” ¢ OV-1 column, oven tem-
perature: 160°, 25 ml N,/min as eluent, and FID detection.
Melting points were determined on a Kofler hot-stage and
are corrected. For medium pressure hydrogenations, a Parr
apparatus, model 3911, was used. Calculations were carried
out at the Computing Center of Hokkaido University,
Sapporo, Japan, on a HITAC M-200H system.

(1R, 28, 6R, 18)-Tricyclo{5.2.1.0*%)dec - 8 - ene- 2,6 -
dicarboxylic anhydride 6. A mixture of 10.0 g anhydride 2
(72mmol) and 11g freshly distilled cyclopentadiene
(166 mmol) in 200ml CH,Cl, was stirred at room tem-
perature for 10 min and allowed to stand at this temperature
for 32 h. Evaporation of the volatile products left 16.3 g of
a solid that crystallized from diethy] ether gave 13.0 g of 6,
m.p. 153-5°, 88.0% vield. IR(KBr), 1850 (m), 1820 (m),
1775(s) cm~}; PMR(CDCl,), 1.60-1.90 (m, 3H), 1.93 (m,
2H, H,,,,, and H,o,,,,) 2.10 (m, 1H), 2.36~2.50 (m, 2H), 3.11
(m, 2H, Hyp) 635 (t, J=18Hz 2H, Hy); I’c
NMR(CDCI,) 29.6 (t, C,), 34.6 (¢, Cy5), 48.5(d, C,

(1, Cio), 674 (s, Cyy), 137.4 (d, C-m) 175.0 (s, 00—)
Found: C, 70.44; H, 6.15. C,,H,,0, requires: C, 70.58; H,
5.92%.

(1R, 2R, 6S, 78)-Tricyclo[5.2.1.0*decane - 2,6 - di-
carboxylic anhydride 7. A mixture of 1.00 g anhydride 6
(4.9 mmol), 100mg 107, Pd on charcoal, and 20 ml ethyl
acetate was hydrogenated in a medium pressure hydro-
genation apparatus at 4.2 atm for 30 min. Filtration of the
mixture and evaporation of the solvent from the filtrate left
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1.00 g anhydride 7, m.p. 140-2° (ethyl acetate), 99.0%; yield.
IR(KBr), 1860 (m), 1820 (m), 1775 (s) cm~'; PMR(CDCl,),
1.22-1.93 (m, 10 H), 2.38-2.52 (m, 2 H), 2.56 (m, 2 H, H,;));
BC NMR(CDCly), 25.0 (t, Cygy, 25.6 (t, C)), 36.1 (1, Cy5),
37.8 (t, Cyp), 43.7 (d, C)7)), 66.3 (s, Cyg)), 175.7 (s, -COO-).
Found: C, 69.99; H, 7.87. C,;H,,0, requires: C, 69.89; H,
6.84%.

(IR, 2S, 6R, 78) - Tricyclo[5.2.1.0*)dec - 8 - ene - 2,6 -
dicarboxylic acid, 8. A mixture of 4.0g NaOH (0.1 mol),
8.16 g anhydride 6 (0.04 mol) and 30 m] water was heated
under reflux for 4h. While the starting 6 was coming into
solution another solid precipitated. The mixture was cooled
to 5° and 10 ml concentrated HC1 (0.12 mol) was added. The
voluminous white precipitate that appeared when the me-
dium became acidic was filtered and dried in vacuum
(0.05 Torr) to give 8.23 g of 8, m.p. 173-5° (dec.)Xwater),
92.7% yield. IR(KBr), 1690 cm~'; 80 MHz PMR(DMSO-
dg, 1.2-2.4 (m, 8 H), 2.7 (broad s, 2H, H,3), 6.1 (broad s,
2H, H,y), 11.8 (broad absorption, 2}8; 20 MHz “C
NMR(DMSO-dy), 28.3 (C), 379 (Cys), 44.7 (Cyp), 50.7
(Ci)» 676 (Cyg), 136.2 (Cyy). Found: C, 64.73; H, 6.29.
C,H,,0, requires: C, 64.85; H, 6.35%.

Dimethyl (1R, 28, 6R, 1S) - tricyclo[5.2.1.0*%ldec - 8 - ene-
2,6 - dicarboxylate, 9. An cthereal solution of diazomethane,
prepared from 10.3g N-nitroso-N-methylurea (0.1 mol),
30 ml of 50% aqueous KOH and 250 ml ether, was distilled
over a mixture of 5.0g diacid 8 (22.5mmol) and 250 ml
cther kept at 0° with an ice bath, and allowed to stand at
this temperature for 2 h. Evaporation of the solvent gave
5.76 g of crude product that was crystallized from 25ml
ether to give 5.56 g of 9 as a white solid, m.p. 59-60°, 98.7%
yield. IR(KBr), 1722cm~'; PMR(CDCl), 1.52 (dt,
J=9.5Hz,J' = 1.7Hz, 1 H, Hy,,,), 1.58-1.70 (m, 2 H), 1.80
(broad d, J=9.5Hz, 1H, Hy,), 185202 (m, 1H),
2.03-2.27 (m, 1 H), 2.33-2.47 (m, 2 H), 2.81 (m, 2H, H,;),
359 (s, 6H), 626 (t, J=16Hz, 2H, Hy);
NMR(CDCly), 29.0 (t, C.), 3‘85;) (t, Cys), 45.2 (1, C(.io), 51.4
(dv Cl )y 516 (C, _OCHS)v ‘5 (39 (6)/» ]366 ( ] )’
175.7 ((79)3, —COOMe). Found: C, 67.106? gl, 7.19. C.,g::?),
requires: C, 67.18; H, 7.25%,.

Dimethyl (1R, 2R, 6S, 71S) - tricyclo[5.2.1.0)decane - 2,6-
dicarboxylate, 10. A mixture of 3.00 g diester 9 (12 mmol),
0.41g 10°, Pd on charcoal, and 50 m! ethyl acetate was
placed in a 100 ml flask that was connected to an atmo-
spheric pressure hydrogenation apparatus. After filling it
with hydrogen, the mixture was magnetically stirred until
hydrogen uptake ceased (60 min). The mixture was filtered
and the filtrate evaporated to give 2.96 g of 10, m.p. 63-5°
(cthyl acetate), 97.9% yield. IR(KBr), 1725cm"};
PMR(CDCl;), 1.18 (dt, J=100Hz, JV=16Hz, 1H,
Higp), 1.34-1.94 (m, 9H), 2.24 (m, 2H, H,;;), 2.28-2.42
(m, 2 H), 3.62 (s, 6 H); "C NMR(CDCl,), 24.5 (1, C.(?), 25.9
(t, C)), 35.6 (1, Cy), 39.5 (t, Cyy), 46.8 (d, C,7), 51.3 (s,
~OCH)), 64.2 (s, Cag). 175.6 (s, -COOMe). Found: C,
66.79; H, 7.92. C,,H,,0, requires: C, 66.65; H, 7.99%.

(1R, 2R, 6S, 71S)- and (1R, 2S, 6R, 71S) - 10 - isopro-
pylidenetricyclo[5.2.1.0*%)dec - 8 - ene - 2,6 - dicarboxylic
anhydride, 11 and 12. A mixture of 45g anhydride 2
(326 mmol), 35g freshly distilled 6,6-dimethylfulvene, S,
(330 mmol), and 600 m! xylene was heated under reflux for
1 h. Evaporation of a sample of this solution at reduced
pressure (20 Torr) gave a residue consisting essentially of a
9/11 mixture of the corresponding endo- and exo-adducts
(PMR). The solution was kept at 0° for 48 h and filtered to
give 32 g prismatic crystals, m.p. 172-4°, corresponding to
the exo-adduct 12. By cooling the filtrate at —78° for 2h,
more product crystallized. Filtration of the mixture gave
28.2g of a white solid, m.p. 133-5° corresponding to
endo-adduct 11. The filtrate was concentrated at reduced
pressure (20 Torr) to a volume of 200 ml, cooled at —78° for
1 h, and filtered to give 10.3 g of a product, m.p. 112-5°,
consisting of a mixture of 11 and 12 in the approximate ratio
3/1. By addition of 300 ml pentane to the filtrate and cooling
at —78° for 1h, 2.8 g of 12, slightly contaminated with 11
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(m.p. 168-70°) was precipitated. Evaporation of the filtrate
gave an oily residue that was discarded. The total yield of
isolated adducts was 92.1% (45.1% yield of 11 and 47.0%,
yield of 12).

Analytical and spectroscopic data 0of12. GLC, r.1. 6.54 min;
7.02 min; IR(KBr), 1845 (m), 1820 (m), 1782 (s) cm~";
PMR(CDCl,), 1.30-1.56 (m, 2H), 1.56-1.84 (m, 1.65 (s),
total 7 H), 1.88-2.04 (m, 1 H), 2.32-2.42 (m, 2H), 3.57 (t,
J=2Hz, 2H, H,y), 647 (1, J=2Hz, 2H, Hg); “C
NMR(CDCl,), 19.8 (c, -CH}), 29.5 (t, CJ), 33.9 (t, Cyy),
489 (d, C,3), 66.5 (s, Cyg), 116.3 (s, =<C(CH,),), 137.4 (d,

, 145.6 (s, C,,), 174.6 (s, -COO-). Found: C, 73.78; H,
6.60. C,,H,,0, requires: C, 73.75; H, 6.60%,.

Analytical and spectroscopic data of12. GLC, r.t. 6.54 min;
IR(KBr), 1826 (m), 1765 (s) cm~*; PMR(CDCl,), 1.18-1.44
(m, 2 H), 1.50-1.75 (m, 1.55 (s), total 7H), 1.75-1.92 (m,
1 H), 2.14-2.28 (m, 2H), 3.72 (t, ] = 2Hz, 2 H, H,;;)), 6.48
(t,J=2Hz2H, H”i); 3C NMR(CDCl,), 19.2 (-CH,), 28.7
(C, 32.3 (Cys), 49. (C'"’é)’ 67.8 (Cyg), 115.3 (=C(CH;),),
137.3 (C.g,), 145.8 (Cyq), 175.5 ( ). Found: C, 73.52;
H, 6.88. C,;H, O, requires: C, 73.75; H, 6.60%.

Pyrolysis of the exo-adduct 12. In a | liter flask fitted with
a reflux condenser, 34.8 g of 12 was placed without solvent,
and the flask immersed in an oil bath at 180° for 10 min
keeping the reaction mixture in a nitrogen atmosphere. The
cold residue was crystallized from 100 ml isopropanol to
give 30.1 g of a product, m.p. 105-7°, consisting of a mixture
approximately 9/11 of 11 and 12, respectively (PMR).
Evaporation of the filtrate left a residue consisting majorly
of degradation products (PMR).

(1R, 2R, 6S, 78) - 10 - Isopropylidenetricyclo-
(5.2.1.0%Ydecane - 2,6 - dicarboxylic anhydride, 13. A mix-
ture of 3.9g adduct 11 (16 mmol), 0.39g 105, Pd on
charcoal, and 50 m! cthyl acetate was hydrogenated at
atmospheric pressure in 45 min, being most of the hydrogen
consumed in the first 15 min. The suspension was filtered
and the solvent evaporated from the filtrate to give 3.95g
of 13, as a solid, m.p. 140-2° (ethyl acetate), quantitative
yield. IR(KBr), 1850 (m), 1818 (m), 1770 (s) cm~';
PMR(CDCl,), 1.28-1.50 (m, 5H), 1.54-1.77 (m, 1.71 (9),
total 9H), 2.34-247 (m, 2H), 295 (m, 2H, Hyy); *C
NMR(CDCl,), 20.8 (c, -CH,), 24.2 (t, , 253 (t, C)),
359 (1, Cys), 43.7 (d, Cip), 64.7 (5, Cyg)y 1224 (s,
=C(CH,),), 138.3 (s, C,9), 175.6(s, -COO-). Found: C, 73.13;
H, 7.34. C;H,,0, requires: C, 73.15; H, 7.37%,.

(IR, 2R, 65, 78) - 10 - [Isopropylidenetricyclo-
[5.2.1.0*)decane - 2,6 - dicarboxylic acid, 14. A mixture of
1.43 g anhydride 13 (5.81 mmol) 2 g NaOH (0.05 mol), and
25ml water was heated under reflux for 3h. While the
starting product was coming into solution another solid
precipitated. The solution was cooled to 5° and 4.9 ml
concentrated HCl was added. A voluminous white precip-
itate appeared when the solution became acidic. The mixture
was cooled at 0° for 30 min and filtered. The solid was
washed with a small volume of cold water and dried in
vacuum (0.05 Torr) giving rise to 1.53 g of diacid 14, m.p.
192-5° (dec.)water), 99.7%, yield. IR(KBr), 3400 (m), 3200
(m), 1720 (s), 1690 (s) cm~!; 80 MHz PMR(DMSO-d)),
1.1-1.9 (m, 1.6 (s), total 14 H), 2.1-2.3 (m, 2H), 2.5(m, 2 H,
Hy;), 119 (broad absorption, 2H), 20MHz “C
NMR(DMSO0-dy, 20.2 (-CH,), 23.2 (Cgl), 249 (C,), 39.0
(Cys): 46.3 (C,7), 62.2 (C%,), 116.6 (=C(CH,),), 140.2 (C,0),
175.4 (-COO-). Found: C, 68.56; H, 7.18. C,;HxO, re-
quires: C, 68.16; H, 7.63%.

Dimethyl(1R, 2R, 6S, 1S) - 10 - isopropylidenetricyclo-
[5.2.1.0%%}decane - 2,6 - dicarboxylate, 18. An cthereal solu-
tion of diazomethane, prepared from 5.0g N-nitroso-N-
methylurea (48.5 mmol), 4ml 509, aqueous NaOH, and
100 ml ether, was distilled over a mixture of 1.53 g diacid 14
(5.8 mmol) and 150 ml ether kept at 0° with an ice bath, and
allowed to stand at this temperature for 2 h. Evaporation of
the solvent gave 1.68 g of crude product that was dissolved
in methanol, decolorized with active charcoal, and crys-
tallized to give 1.31 g of prismatic crystals, m.p. 50-51°
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(methanol). Evaporation of the solvent from the filtrate gave
0.34g more product. Total yield 97.5%. IR(KBr),
1720cm~!; PMR(CDCl,), 1.35-1.80 (m, 1.70 (s), total
14 H), 2.24-2.37 (m, 2 H), 2.70 (m, 2 H, H,;), 3.64 (s, 6 H);
3C NMR(CDCl,), 20.6 (¢, <C(CH,),), 23.6 (t, , 25.6 (t,
C). 393 (1, Cyy), 47.0 (d, C(p)), 51.3 (¢, “OCH,), 63.2 (s,
Cauey), 1182 (s, = C(CHy)), 1398 (s, Cio), 1754 (s,
-COOMe). Found: C, 70.07; H, 8.31. C,;H,,0, requires: C,
69.84; H, 8.27%.

(IR, 28, 6R, 7S) - 10 - [Isopropylidenetricyclo-
[5.2.1.0*}decane - 2,6 - dicarboxylic anhydride, 16. A mix-
ture of 1.00 g anhydride 12 (4.1 mmol), 0.1 g 10% Pd on
charcoal, and 50 ml ethyl acetate was hydrogenated at
4.2 atm in 30 min. After the appropriate working up, 0.96 g
of 16 was obtained, m.p. 200-202° (isopropanol), 95.2%,
yield. IR(KBr), 1840 (m), 1812 (m), 1770 (s) cm™';
PMR(CDCl,), 1.50-1.70 (m, 1.63 (3), total 10 H), 1.72-2.04
(m, 6H), 3.03 (m, 2H, H,y); *C NMR(CDCl,), 204 (c,
—CH;,), 21.7 (t, Cyo), 29.2 (1, Ca), 29.3 (1, Cx5)). 43.3(d, Ci),
63.9 (s, Cyq), 121.3 (s, =C(CH,),), 139.5 (s, Cyp), 176.8 (s,
—COO0-). Found: C, 73.08; H, 7.10. C,;H,,0, requires: C,
73.15; H, 7.37%.

(IR, 2S, 6R, 7S) - 10 - [Isopropylidenetricyclo-
[5-2.1.0%)decane - 2,6 - dicarboxylic acid, 17. A mixture of
3.0 g anhydride 16 (12.2 mmol), 4.0 g NaOH (0.1 mol), and
50 ml water was heated under reflux for 3 h. The solution
was cooled at 5°, acidified with 10 ml concentrated HCl, and
allowed to stand at 0° for 30 min. The voluminous white
precipitate was filtered, washed with 10 ml cold water, and
dried in vacuum (0.05 Torr) giving nise to 3.21 g of 17, m.p.
160-163° (dec.water), 99.7% yield. IR(KBr), 3220 (s), 1725
(s), 1695 (m) cm~'; PMR(DMSO-dy), 1.2-2.0 (m, 1.59 (s),
total 14H), 2.0-2.3 (m, 2H), 2.85 (m, 2H, H,?), 11.6
(broad absorption, 2H), C NMR(DMSO-dy), 20.8 (c,
—CH,), 22.9 (t, G;), 28.0(t, C)), 33.3(t, Cyq), 45.1 (d, Cy 7)),
64.2 (s, Cyq), 114.1 (s, =C(CH,),), 144.2 (s, C,y), 176.8 (s,
-CO00-). Found: C, 67.96; H, 7.91. C,;H,O, requires: C,
68.16; H, 7.63%.

DimethyK1R, 2S, 6R, 1S) - 10 - isopropylidenetricyclo-
[5.2.1.0*%)decane - 2,6 - dicarboxylate, 18. An cthereal solu-
tion of diazomethane, prepared from 10g N-nitroso-N-
methylurea (97 mmol), 80ml 50% aqueous NaOH, and
200 ml cther, was distilled over a mixture of diacid 17
(3.20 g, 12.1 mmol) and 300 ml cther kept at 0° with an ice
bath, and allowed to stand at this temperature for 2 h.
Evaporation of the solvent gave 3.55 g of crude product that
was dissolved in methanol, decolorized with active charcoal,
and crystallized to give 3.10 g of 18, m.p. 57-8° (methanol).
Evaporation of the solvent from the filtrate gave 0.44 g more
product, quantitative yield. IR(KBr), 1734 (s), 1720 (s)
cm™'; PMR(CDCLy), 1.38-1.50 (m, 2 H, Hy,,,.), 1.56-1.68
(m, 1.66 (s), total 8 H, 2-CH; and Hyg,n,,), 1.78-2.04 (m,
4 H), 2.10-2.32 (m, 2H), 2.88 (m, 2H, H,;;)), 3.56 (s, 6 H);
BC NMR(CDCly), 20.5 (¢, =C(CH,),), 23.0 (t, Cy)), 28.2 (8,
C, 33.2 (, Cyy), 45.3 (d, C(), 51.8 (c, -OCH,), 65.1 (s,
Cxe) 1161 (s, =C(CH,),), 143.1 (s, C,), 1763 (s,
-COOMe). Found: C, 69.81; H, 8.34. C|;H,,0, requires: C,
69.84; H, 8.27%,.

(IR, 28, 6R, 78) - 10 - oxotricyclo[5.2.1.0*%)decane - 2,6-
dicarboxylic anhydride, 19. Through a solution of anhydride
13 (5.0 g, 20.3 mmol) in 250 ml CH,Cl, at —78° (acetone-
CO, bath), an ozone stream (generated as described in Org.
Synth.,"” using a flow of 0.25 1/min oxygen and 85 V, what
approximately corresponds to an ozone concentration of
3.4%,) was bubbled. After 3.5h the solution became blue-
violet (ozone in solution). The solution was poured in a
500 ml flask containing 5 g powdered Zn and 50 ml glacial
acetic acid, and the mixture was magnetically stirred at
room temperature for 3 h. The material corresponding to
six batches like the one described was combined, the mixture
was filtered, and the solid was washed with CH,Cl,. Evap-
oration of the volatile products from the filtrate at reduced
pressure (first at 20 Torr and then at 0.1 Torr) left 26.3 g of
a white solid, whose GLC analysis showed to be a mixture
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of 19 and epoxyanhydride 28 in the approximate 2/1 weight
ratio (657, yield for the conversion 13— 19). Crystallization
from benzene (50 ml) gave 10.35 g of pure 19, m.p. 178-80°
(isopropanol). IR(KBr), 1865 (m), 1775 (vs) cm™;
PMR(CDCly), 1.32-1.68 (m, 5 H), 1.78-1.92 (m, 1 H),
1.96-2.10 (m, 2 H), 2.45 (m, 2 H, H,(3), 2.52-2.61 (m, 2
H); "C NMR(CDQ1y), 19.0 (t, Cus)), 24.8 (1, CJ), 36.1 (t,
Cyxs). 46.0 (d, Cy7)), 58.6 (s, Cxg), 173.6 (s, —COO—),
206.6 (s, C,0). Found: C, 65.36, H, 5.45. C,;H,,0O, requires:
C, 65.45; H, 5.49%.

(IR, 28, 6R, 78, 10S) - 3,3 - Dimethylspiroftricyclo-
[5.2.1.0%)decane - 10,2’ - oxirane] - 2,6 - dicarboxylic
anhydride, 20. One gram of anhydride 13 (4.06 mmol) was
added over 10 ml of a cold (0°) chloroform solution contain-
ing 0.7g (Smmol) of perbenzoic acid. The mixture was
stirred at this temperature for 30 min and allowed to stand
in the refrigerator for 12 h. The solution was washed with
aqueous NaOH, water, and dried over anhydrous Na,SO,.
Evaporation of the solvent gave 0.98 g of epoxide 28, m.p.
158-60° (isopropanol), 927 yield. IR(KBr), 1870 (m), 1855
(m), 1830 (m), 1775 (s) cm~'; PMR(CDCl,), 1.30-1.74 (m,
1.43(s), total 11 H), 1.82-1.94 (m, 1 H), 2.00-2.14 (m, 2 H),
2.22(dd,J=3Hz,J' =2Hz2H, H,(,g), 2.42-2.54 (m, 2 H);
BC NMR(CDCl,), 23.0 (¢, -CH,), 23.8 (t, Cyy), 25|.4 t, C),

35.4(t, Cysy), 43.0(d, Cy7)), 62.9 (s, Cye)), 63.8 (5, —C(CHs)y),
81.7 (s, Ciu), 174.8 (s, —COO—). Found: C, 68.69; H, 6.88.
C,sH O, requires: C, 68.69; H, 6.92%.

(1R, 28, 6R, 7S) - 10 - oxotricyclo[5.2.1.0*)decane - 2,6
dicarboxylic acid, 21. A mixture of 4.4g anhydride 19
(20 mmol), 2g NaOH (50 mmol), and 20m! water was
heated under reflux for 3 h. The solution was cooled to 0°,
acidified with concentrated HCl to pH 1, and kept at 0°
for 1 h. The precipitate was filtered and dried in vacuum
(0.05 Torr) to give 4.48 g of 24, m.p. 192-4° (dec.)water),
94.19, yield. IR(KBr), 3160 (s), 1750 (s), 1700 (s) cm~";
80 MHz PMR(DMSO-dy), 1.3-2.4 (m). 20 MHz '*C NMR
(DMSO-dy), 18.0 (t, Cy5), 24.0 (t, C), 38.8 (1, Cyq), 49.3 (d,
Ciy)s 58.1 (5, Cyq)), 173.9 (8, -COO0-), 212.1 (s, C,g). Found:
C, 60.46;, H, 6.14. C,,H,,0; requires: C, 60.50; H, 5.92%.

DimethyK1R, 25, 6R, 15) - 10 - oxotricyclo-
[5.2.1.0%)decane - 2,6 - dicarboxylate, 1. An cthereal solu-
tion of diazomethane, prepared from 9.1 g N-nitroso-N-
methylurea (88 mmol), 7.2ml 50% aqueous NaOH, and
160 ml ether, was distilled over a mixture of 2.32 g diacid 21
(10 mmol) and 240 ml ether kept at 0° with an ice bath, and
the mixture was allowed to stand at this temperature for 2 h.
Evaporation of the volatile products gave 2.65 g of crude
product, that was crystallized from methanol to give 2.55 g
of purc 1 as white crystals, m.p. 82-4°, 95.9% yield.
IR(KBr), 1770 (s), 1725 (s) cm~!; PMR(CDCl,), 1.62-1.93
(m, 6 H), 1.94-2.08 (m, 2H, H"?{"")' 213 (m, 2H, H;),
2.32-2.52 (m, 2 H), 3.70 (s, 6 H); “C NMR(CDCl,), 18.5(t,
Cusps 24.7 (£, C), 39.0 (t, Cyy), 499 (d, C(7)), 519 (c,

CH;), 59.1 (s, Cyg), 173.5 (s, -COO-), 212.1 (s, C,p).
Found: C, 63.35; H, 7.05. C,,H,,0; requires: C, 63.15; H,
6.81%.
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