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Abstract—An enantioselective method to prepam@ns-fused bicyclo[5.3.0]decane systems is described. This methodology is based on two

key reactions: a [4 3] cycloaddition reaction (to generate the seven-membered ring) and the Nicholas reaction (to insert the five-membered
ring). The application of this methodology to the enantioselective synthesis of the pseudoguaiane carbon skeleton is presented. This
enantioselective strategy for construction of ttems-fused bicyclo[5.3.0]decane system is versatile and could be applied to the preparation

of a wide range of bioactive natural products containing that carbon frame®®2R00 Elsevier Science Ltd. All rights reserved.

The 5,7-fused ring system is found in many natural We have developed a synthetic methodology to construct
products’ In recent reviews on sesquiterpenes it is stated transfused bicyclo[5.3.0]decane carbon skeletons, con-
that of several hundreds new sesquiterpenes isolated fromveniently functionalized and in an enantioselective manner.
natural sources, about 100 possess the 5,7-fused ring frameWe report here the application of this synthetic strategy to
work, P most of them with important biological activify.  the enantioselective synthesis of the sesquiterpenic pseudo-
The availability of methodologies to efficiently synthesize guaiane carbon skeleton, which is the framework of
polycyclic, multifunctional systems, in an enantioselective pseudoguaianolides, a large family of very important bio-
manner, is of great interest in synthetic chemistry. Our active natural products (with important biological activities
major interest and objective was to develop a strategy such as: antitumour, antileukemic, anti-inflammatory, anti-
which would assemble thgansfused bicyclo[5.3.0] ring fungal, antihelminthic, moluscicide, allergenic, ef@) It
system in an early step of a synthetic pathway and thatis a methodology based on two key reactions: & 33
would be sufficiently versatile to allow further transfor- cycloaddition reactich (to generate the seven-membered
mations and functionalization within the rings and/or at ring, see Scheme 1) and the Nicholas react{om electro-
the substituents. philically insert the propargylic C3-entity which will, in
turn, facilitate the construction of the five-membered ring
According to the literature, the major strategy employed for by intramolecular cyclization, see Scheme 2).
the construction of the bicyclo[5.3.0] carbon framework
was the annulation of either the cyclopentane ring or the Moreover, it is a versatile synthetic strategy, because by
cycloheptane ring. The transannular cyclization of appro- choosing an adequate substitution pattern in the propargylic,
priately built and functionalized cyclodecanes, and the furan and dihaloketone (for preparation of the 2-oxyallyl
rearrangements of either bicyclo[4.3.1]decanes or hydro- cation) precursors it is possible to prepare a wide range of
naphthalenes are other strategies to synthesize the 5,7related structure$An active effort in this research field has
fused ring system. Few of the aforementioned methods been carried out in our laboratory.
give the transfused bicyclo[5.3.0]systefnand even less
construct the requisite ring system in an enantioselective The cycloheptane moiety of our bicyclic system is prepared
manner’ by a [4C(4r)+3C(2w)] cycloaddition reaction between
furan and 1,3-dimethyl-2-oxyallyl cation (Scheme 1),
generated in situ by reduction of 2,4-dibromo-3-pentanone
m bicyclo[5.3.0]decane; pseudoguaiane;+[]-cycloaddition; 1.W|th CU/.NaI at 55C° T_hIS reaction aﬁorded a mI.Xture of
Nicholas reaction; enantioselective synthesis. d_lastseb[%0|somer§_a/2b in an 80:20 ratio and in 92%
* Corresponding author. yield (Scheme 3).
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Scheme 1Retrosynthesis of the seven-membered ring of the bicyclo[5.3.0]decane system.

The major diastereoisomeéa has both methyl groups in  The availability of both enantiomers of the chiral base
diequatorial disposition for a boat-like conformation of the allows the preparation of both enantiomers of the silyl
1-oxan-4-one ring, and it is easily separable fr@m by enol ether.

column chromatography. Haloketorfe was obtained in

71% yield by bromination of cheap and commercially avail- The three-carbon subunit, necessary to assemble the five-

able 3-pentanone under acidic catalysBatalytic hydro- membered ring of the bicyclo [5.3.0] system, is introduced
genation of the C6—C7 double bond afforded in 94% vyield by electrophilic attack of methoxypropargylic cation (stabi-
the oxabicyclic compouna. lized as a dicobalt hexacarbonyl complex) on silyl enol ether

4 (Nicholas reaction). This propargylic cation is generated
The optically inactive oxabicycl8 is efficiently converted in situ from cobalt complex7 by treatment with

into the enantiomerically enriched silyl enol etldgin 99% BF;-OE®.**® Compound7 is prepared in 55% overall
yield and 85% ee (see Experimental for details of ee deter-yield starting from acroleitt® (see Scheme 3). The Nicholas
mination), by its treatment at78C with lithium (SS)- propargylation o produced in 75% yield a 1:1 diastereo-
1,17-dimethylbenzylamidé®* in the presence of lithium  isomeric mixture of8a/8b, epimers at C-1 The ratio
chloride!? This chiral base is commercially availablén between both epimers may vary with reaction conditions
both enantiomeric forms but also could be efficiently (temperature and reaction time) but both of them are useful
prepared® by condensation of acetophenone wit§-{- for our synthetic purposes as explained below. In this reac-

phenylethylamine followed by hydrogenation of the result- tion two stereocentres were generated, thus four diastereo-
ing imine. This chirality induction is quite efficient because: isomers could be theoretically formed. However, due to
(a) It affords a good ee, whose optimization and improve- the bulkiness of the organocobalt cluster, the attack of
ment is under study in our laboratory; (b) It is carried out in propargylium cation is only possible on thexo face of

an early step in the synthetic pathway, which has an silyl enol ether4 forming only two diastereoisomers (see
economical advantage; (c) The precur8ads a mesoform Fig. 1).

which does not have any problem of chemioselectivity or

regiochemistry in the attack of lithium amide; (d) The chiral Compounds3a and8b were separated by column chroma-
base can be recovered in 95% yield (by extracting an tography for their physical and spectroscopic character-
ethereal solution of the crude reaction mixture containing ization, but for synthetic purposes both of them were
it, with ag. HCI 0.1 M at 0C), without affecting silyl enol reacted as a mixture. The establishment of the relative
ether4. Thus, the chiral base recovered as amine hydro- configuration in8a and 8b was carried out by a'H
chloride could be recrystallized, if necessary, and convertedand 3C NMR comparative correlation study and NOE
into the amine by treatment with ag. NaOH and reused; (e) experiments?

C02(CO)s

OMe

Scheme 2Retrosynthetic analysis of the five-membered ring generation by the Nicholas reaction.
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Scheme 3Synthetic pathway to prepatensbicyclo[5.3.0]decane synthon, precursor of pseudoguaiane carbon framework; (2)eBuiv.), PBs (cat.),
0°C; (b) Furan, Nal, Cu, 5%, chromatographic separation; (c),HPd/C(10%), EtOH, rt; (d)§S)-1,1'-dimethyldibenzylamine, BulLi, LiCl,-78C, then
TMSCI; (e) Br, then HC(OMe), MeOH; (f) [Bu;N]JOH; (g) Co(CO)s, pentane, rt; (h) BEFOES, CH,Cl,, 0°C; (i) CAN, EiN, acetone, TC; (j) Hg(ll)

p-toluensulfamidate, EtOHA®D (85:15), reflux; (k) Anh. KOH, abs. EtOH, rt; (I) SOLPy, —24°C; (m) HSCHCH,SH, BR;-OEb, 0°C; (n) Raney-Ni, EtOH,
reflux; (0) H,, Pd/C(10%), anh. MeOH, rt, chromatographic separation; (p) PCGCGHt.

Exo attack

8a

Diastereoisomers formed by exo -attack

“Endo attack

Figure 1. Preferential attack of the cobaltcarbonyl propargylium cation orettedace of thew-system of silyl enol ethet.
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Figure 2. X-Ray structure oflOa Thermal ellipsoids are shown at 50% level.

The mixture of cobalt complexe®a/8b was demetallated H3;—C9 and H—-C10 from the diequatorial to the diaxial
with cerium(lV) ammonium nitrate (CAN) and NEin disposition in this type of molecule and related oxabicyclic
acetone as a solvent affording acetylerge#9b in 94% compounds. At this point, it was possible to conclude that
yield. Under these conditions both epimers are config- 10a and 10b were epimers at C1However, because C1
urationally stable and the rati®a:9b=1:1 is identical to belongs to a linear side chain, with high conformational
that of the precursors. In the next step, epinasand 9b freedom, and due to the absence of hydrogen atoms on
were reacted as a mixture but for their characterization were C2, it was not possible to establish by NMR studies the
also separated and purified by column chromatography. If relative configuration at C1 To get this stereochemical
Nicholas coupling and demetallation are carried out in one information, we submitted single crystals of isoni€rato

pot the overall yield of both steps could be improved by up X-ray diffraction analysis, which showed fotOa the

to 10%™ relative configuration: &, 2R, 4S', 5R", 1'R" (see Fig. 2).

Hydration of a triple bond is usually carried out by using Aldolic cyclization of methyl ketonesl10a10b using
H,SOy/H,O/AcOH systems in the presence of Hg(ll) séfts. anhydrous KOH in absolute ethanol formed oxatricyclic
These reaction conditions afforded in our case a low yield of compound11 in 72% vyield, as a unique product. It is
products and propitiated polymerization of acetylenes and worth noting that this aldol reaction is stereo-convergent
epimerization of stereocentres, via enolization of ketones, and both epimer&0a/10bgive the same final product, prob-
among other side processes. To avoid this problem, ably via a keto—enol equilibrium at two possible levels: on
hydration of the triple bond was performed under neutral precursor methylketon¥0b, which could epimerize t&0a,
conditiond®® by using mercury(ll)p-toluenesulfamidafé and at the level of aldol intermediaté’, to evolve to a more

to give diketoned0a10b (1:1) in 82% vyield. Under these  stable Me—C2 versus MeO-Gfansrelationship (Scheme
conditions, moleculed0a and 10b were configurationally  4). To evaluate both possibilities we carried out the aldol
stable and no modification of stereocentres at C4 and C1 reaction on both epimerfaand10b, separately, stopping
was observed. This behaviour was confirmed by performing the reaction at 50% conversion of substrate, in order to
the hydration reaction on separated acetyledeand 9b, detect possible intermediates. In the case of reaction of
obtaining in each case only one produifda and 10b, 10awe exclusively observed unchang&@aand aldol11
respectively. By careful'H and 3C NMR correlation On the other hand, in the reaction mixture coming frbbi
studies, it was concluded that the stereocentre at C4 didwe observed non-reactddb (8%), its epimerlOa (42%),

not undergo epimerization during the hydration reaction. product11 (49%) and intermediat&l’ (1%). According to

If that phenomenon had happened an important deshieldingthese findings both keto—enol equilibria are responsible for
on the H—C10 signal would have been observed in the this interesting thermodynamically controlled isomerization.
hypothetical epimerized compound due to an electrostatic

field effect exerted by the bridging oxygen on that methyl The aldol cyclization reaction generated a new stereocentre
group. This is an effect which has always been observed byat C6 and involved an existing one at C3. A simple obser-
us® when inverting the configuration of methyl groups vation of the molecular structure &fl by Dreiding models
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Scheme 4Possible mechanism of stereo-convergence in the intramolecular aldol reactioadb.

allows one to assume that the new cyclopentanone ringcorroborates thes' configuration on C3. Another way to

should be cisfused to the 8-oxabicyclo[3.2.1]octane

identify the diagnostic hydrogeng4C5 is by observing a

system, due to steric constraints imposed by the tetra-NOE effect® between this hydrogen and Me—C2 by running

hydrofuran ring. Moreover, Me—C2 and MeO-C3 should
be transdisposed to minimize steric repulsions. Both
assumptions are consistent witB"and 6" configurations.

PS-NOESY and ROESY NMR experimerifsOther NOE
effects with stereochemical diagnostic value, shown in Fig.
3, are: HO-C6 on both H3-C12 and;+HC13 (which
confirm anS’ configuration on C6, which is a consequence

This stereochemical assignment was confirmed by a carefulof the cis-joining of cyclopentanone ring) and also NOE

NMR stud}/.
'H and °C signals which was accomplished by
COSY{H-'H) and DEPT and/or HETCORC-'H)

The study required a complete assignment of enhancements of $4C12 on both H3 and §-C5.

At this stage, a pure sample of hydroxyketatie(a very

NMR sequences, respectively. Hydrogens H3 and H2—-C5 stable intermediate) was analysed by chiral chromatography
have important diagnostic value. Diasterotopic hydrogens and *H NMR (using shift reagents and/or chiral deriva-

Hg—C5 and H-C5 (see Fig. 3) appear at different field
due to the deshielding electrostatic effé@xerted by the
oxygen of HO—C6 on E-C5. This effect is only consistent
with a cis-relationship between both groups. HydrogasH
C5 could be easily localized because of its long-range
coupling with H3 0=1.5 Hz), which is only possible for a
W-dispositiof? of both hydrogens through the carbonyl
group on C4. The previous experimental observation

Deshielding
effect

W-Coupling

Figure 3. lllustration of couplings, deshieldings and NOE effects of stereo-
chemical diagnostic value ihl. Other NOE effects observed are not shown
for clarity.

tization reagents) and the ee was observed to be at the
same level as in the case of precur4¢85%ee, see Experi-
mental for details).

The absolute configuration &fl was established by circular
dichroism studies. The carbonyl group on C3 was con-
sidered as the chromophor®,{, n—n"=297 nm) and the
octant rulé® was appropriately applied because the
moleculell has very little conformational freedom. A posi-
tive Cotton effect was observed (see Fig. 4A) and according
to the octant rule, situating the C3 carbonyl group on the
reference plane, it was possible to establish Idrthe
absolute configuration 8 2R, 3S 6S 7S, 8R), as shown

in Fig. 4B, on the basis of bibliographic precedefits.

Regioselective dehydration &fl, with generation of a non-
conjugated C6—C7 double bond, was performed by using
SOCL/Py at —24°C, affording compound.2 in 94% vyield.
Product12 underwent two simultaneous transformations
under treatment with ethanedithiol and BE,O at OC
(see Scheme 3): carbonyl protection as ethanedithioketal
and a concomitant regioselective oxygen-bridge cleavage
to afford in 95% yield a 60:40 mixture of compounds
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Figure 4. (A) Circular dichroism curve (—), optical rotatory dispersion curve (---) and UV curve (- -£L.dB]: molecular optical rotatione: absorption
coefficient. (B) Application of the octant rule fid, which shows positive Cotton effect in circular dichroism.

13d13b, epimers at the carbon bearing the mercapto- Both epimers13a13b, resulting from the attack to both
ethylenethio group. faces of the allyl carbocation (see Scheme 5), are useful
for our synthetic purpose and both of them were used in
This regioselective ring opening could be explained on the the next step. They were separated by crystallization for
basis of an §1 attack of HS—CKCH,—SH at the allylic their physical and spectroscopic characterization, but they
bridgehead induced by co-ordination of 86 the bridging were reacted as a mixture in the next synthetic step.
oxygen and formation of an allyl cation intermediate (see
Scheme 5). Treatment of13a/13b mixture with Raney-nickél under
reflux in ethanol simultaneously reduced both the dithioketal
This mechanism was proposed after several experimentsand the mercaptoethylenethio ether affording bicyclic
were carried out in which this reaction was performed step- compound14, as a unique stereoisomer, in 85% yield.
wise, isolating intermediaté2’ (by using milder reaction = The change of solvent, of the Raney-nickel type, and of
conditions: lower proportion of Lewis acid and shorter the reaction conditions could generate a minor regioisomer
reaction time, 20 min). This intermediate was then reacted of 14, having a C7—C8 double bond, which is also useful for
with excess BEfor 6 h, obtainingl3a/13bin similar ratio. our synthetic purposes.
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C

Scheme 5Proposed mechanism of simultaneous formation of a dithioketal and the regioselective oxygen-bridge cleavage.

Hydrogenation of tetrasubstituted double bond 14 preparation of a precursor of the sesquiterpenic pseudo-
afforded a 95:5 diastereomeric mixture of produtts/ guaiane carbon framework. Other applications of this
15b, respectively (separable by CC). This reaction was methodology to the synthesis of biologically active natural
accomplished with high yield (90%) and good stereo- products are under development in our laboratory.
selectivity (95:5,transcis joining, respectively) by using
Pd/C(10%) as a catalyst in anhydrous MeOH at room
temperaturé® This stereoselectivity could be interpreted Experimental
on the basis of two facts: (a) The disposition of the
C11-methyl group sterically blocks, as an umbrella, one General procedures
side of the double bond; (b) The orientation of hydroxyl
and methoxy groups towards the opposite face of the doubleRaw materialswere obtained from commercial suppliers
bond allows both oxygens to co-ordinate palladium atoms, and used, in general, without further purification. All
which facilitates the delivery of hydrogen atoms on that solvents were purified before u¥ePurity of the chiral
face, generating rans-fused bicyclo[5.3.0]decane system base §S)-1,17'-dimethylbenzylamine was analysed as a
(see Fig. 5). More co-ordinating metal catalysts like Rh, Ru hydrochloride salt by DSC techniques using a Mettler-Toledo
or Ir, solvents with higher dielectric constant and low TA8000 apparatus (purity 98.99%.50710 % mol%;
reaction temperatures could increase diastereoselectivitymp=243.09C, [a]®=-72.4, 3%, EtOH). Infrared
in the hydrogenation proce§$Research on this issue is spectrawere recorded on FT-IR Nicolet 510 and Perkin—
being pursued in our laboratory. Elmer 681 spectrophotometers as thin films or as solutions,
andvmaxWas expressed in cm. NMR spectravere taken in
Alcohol 15was oxidized to keton&6in 95%¥ield by using deuterared chloroform or benzene on spectrometers at
pyridinium chlorochromate (PCC) in GBI,.?° Compound 200 MHz (Gemini-200), 300 MHz (Unity-300) and/or
16is a versatile synthon having two functional groups that 500 MHz (Unity-500) for *H NMR; at 50 MHz or
allow its further derivatization. 75.43 MHz for3C NMR and at 300 MHz for'®F NMR
spectra. All NMR spectra were expresseddirffppm). For
We can conclude that we have developed a methodology to'H NMR tetramethylsilane was used as internal standard.
synthesize in an enantioselective manner, functionalized *C NMR spectra were referenced to the77.0 ppm reso-
transfused bicyclo[5.3.0]decanes, with induction of nance of chloroform. Fol’F NMR CRCOOH was used as
enantioselectivity in an early step of the synthetic pathway. internal standard.Mass spectrawere measured on a
We have exemplified this synthetic strategy for the Hewlett-Packard 5890 mass spectrometer using electron
impact and/or chemical ionization techniques (conditions
and the gas used are specified in each cédelting points
were measured on a Gallenkamp equipm&g. analyses
were performed on a HP-8790 gas chromatograph. Standard
analyses were carried out using a Hewlett-Packard-cross-
linked MePhe-Silicone capillary column =25 m,
i.d.=0.2 mm, #=0.25um) using helium as a gas carrier
and a FID detector T=250C, H,=4.2 psi, aie=2.1 psi).
GC analyses were carried out under different temperature/

Figure 5. Preferential co-ordinating approach of palladium atoms to the fime conditions as follows:Gode initial temperature °C);
C6-C6 double bond in4. initial time (min); rate {C/min); final temperatur€C); final
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time (min)]: [A; 100; 1; 10; 290; 20]; [B; 50; 1; 5; 290; 20];
[C; 50; 1; 10; 290; 20]; [D; 40; 2; 5; 290; 20]; [E; 100; 1; 5;
290; 20]; [F; 40; 2; 5; 200; 20]; [G; 50; 1; 3; 200; 20]. For
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of Mosher acid chlorid& (1 equiv. LDA, THF, 4 h, rt); (c)
'H NMR (observing H3, H5 or Hiprotons) analyses of enol
ester (from carbonyl group on C4) derived frahi by a

chiral GC analyses next capillary columns were used: (a) quantitative, chemo- and regio-selective reaction with

HP-Chirasil-Val|=25 m, i.d=0.25 mm; (b) FS-Lipodex E,
2,6-O-pentyl-3-O-butyric+y-cyclodextrine; (c) Chrompack
I, WCOT (wall coated open tubular) fused silica, cyclo-
dextrineg-2,3,6-M-19.HPLC analysesvere conducted on

(=)-menthyl chloroformate (1 equiv. LDA, THF, 15 h, rt).
Data of ee(%) obtained from all these analyses are repro-
ducible and within the range of 84—86%.

an Hewlett-Packard instrument Model 1050 equipped with a Preparation of 2,4-dibromo-3-pentanone, 1.Dihaloke-

Shimadzu pump, a HP-3395 integrator and an UV detector.

Two types of chiral columns were used with derivatized

tone 1 was prepared in 75% yield according to Ref. 9.
The product was purified by fractional distillation and it

polysaccharide stationary phases (NF102, AS25 andwas percolated, prior to use, through a short column of

AS27) and/or multiple-interaction phases (Pirkle columns
GR1 and TG8): (a) NF132 (cellulose 3,5-dimethylphenyl-
carbamate covalently linked to HPLC allyl-silica), 15 cm
and 0.46 cm i.d.; (b) AS25 (amylose 4-chlorophenylcarba-
mate covalently linked to HPLC allyl-silica), 15 cm and
0.46 cm i.d.; (c) AS27 (cellulose 3,5-dichlorophenylcarba-
mate covalently linked to HPLC allyl-silica), 15 cm and
0.46 cm i.d.; (d) GR1 (covalently derivatized 3,5-dimethyl-
benzoylpropyl HPLC silica, 15 cm, 0.46 cm i.d.); (e) TG8
(covalently derivatized 3,5-dinitrobenzoylcyclohexylalanyl
HPLC silica, 15cm, 0.46 cm i.d.). Heptane and mixtures
heptane/chloroform or heptat@&fOH were used as eluents
in isocratic mode. In all cases a 1 mL/min flow was used.
Dead times t) were calculated by injecting 1,3,5-te+t-

activated neutral alumina. Three steroisomers were formed:
a mesoform and an enantiomeric pair in an 8:2 ratio. The
obtained product was a colourless oil when freshly distilled.

Preparation of 2a and 2b by [4+3] cycloaddition reaction.

(a) Previous treatments: activation of copper powdera
250 mL round-bottomed flask, containing commercial
copper powder (10 g), a solution of iodine in acetone (2%
w/v) (100 mL) was added. The suspension was stirred for
15 min and filtered through a'®Btner funnel. The solid was
washed with 60 mL of a 1:1 mixture of 35% (w/w) aqueous
HCl and acetone, and afterwards with distilled water
(100 mL) followed by acetone (50 mL). Copper powder
with a metallic lustre was obtained, which was dried in

butylbenzene as a standard (non-retained in the column) anchigh vacuum for 30 min and stored under an inert
working under the same chromatographic conditions as for atmosphere (Ar), in darkness, in a desiccator.

the analysed sample&lemental analysesvere obtained
with a Fisons Na-1500 apparatdde optical rotatiorwas
measured in a digital Perkin—Elmer 241C polarimeter,
using a 10cm long and 1 mL cell and using a sodium
lamp. The UV spectravere recorded on a diode array UV/
VIS/NIR VARIAN Model Cary-5E apparatusCircular
dichroism and optical rotatory dispersiostudies were
carried out in a spectropolarimeter Model J-730, working

(b) Activation of Nal.Sodium iodide used in cycloaddition
reactions should be activated (dehydrated) before use. This
activation was carried out by grinding it, followed by its
dehydration in an oven at 18D under vacuum for 24 h. It

is necessary to cool it to room temperature in a desiccator
prior to use.

in the range 200—400 nm and using cells of length specified (c) Procedure for the [4- 3] cycloaddition reaction of furan

in each caseTLC was performed using standard commer-
cial plates (0.25 mm) with fluorescent reagentsFThe

with 2,4-dimethyl-2-oxyallyl cation: preparation of 2,4-
dimethyl-8-oxabicyclo[3.2.1]oct-6-en-3-one, 2a (a2hl).’

mobile phase has been indicated in each case. Product®\ three-necked 1L flask, fitted with a mechanic stirrer

were visualized by UV or by one of the following reagents:
sulfuric_acid/vanillin, sulfuric acid/anisaldehyde or nin-
hydrine®? Column chromatographyas carried out using
silica gel (230—400 mesh), previously dried at aQfor

12 h. In the case of purification of cobalt complexes, nitro-
gen pressure was used to run the coludetermination of
eeChiral GC was applied to compouddo determine its ee
(85%), by using the chiral columns and conditions

and a Dimroth condenser was charged, under nitrogen,
with furan (50 mL, 85 mmol), freshly activated copper
powder (35 g, 550 mmol), activated sodium iodide (150 g,
1 mol) and dry acetonitrile as solvent (350 mL). To the
resulting suspension, 2,4-dibromo-3-pentanone (23 mL,
165 mmol) (freshly passed through a small column of acti-
vated neutral alumina), was added dropwise, at room
temperature. The reaction was maintained 4C5®r 20 h

mentioned before. However, at this level the analyses are(controlled by TLC and/or GC). The reaction mixture was

not very reproducible due to the thermal instability of silyl
enol etherd. To obviate this problem, ee determinations
were performed on the later stable intermediafe(this
approach is possible because to transfdiimo 11 no addi-

tional chiral reagents were used, nor enantiomeric preferen-

concentrated to dryness under vacuum &.0The crude
oily mixture was dissolved in cold methylene chloride
(100 mL), and ice water was added (100 mL) and stirring
was maintained for 15 min. When copper salts precipitated,
they were separated by filtration through acBoer funnel.

tial crystallizations carried out). In this case, ee data were The organic phase (GEl,) was decanted and kept @

obtained from three types of analytical methods: {d)
NMR experiments orll (using Eu(tfc)} as a chiral shift
reagent, in 0—30% molar ratio and observing proton H12
as a set of two resolved methyl singlets); NMR
(observing H3 or H5 protons)®F NMR (observing Ck

meanwhile the aqueous phase was extracted with cold meth-
ylene chloride (&25 mL). All organic extracts were
combined and washed with cold aqueous (25% w/w) ammo-
nia (2x50 mL), followed by cold distilled water (250 mL),

until no blue colour of Cu(NR)3" was observed. The

group) and GC analyses of enol esters (from carbonyl resulting organic solution was dried over anhydrous
group on C4) derived from1 by a quantitative, chemo- and MgSQ,, filtered through neutral alumina and concentrated
regio-selective reaction witR(—) and/or§(+) enantiomers  to dryness under vacuum without heating, obtaining a thick
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colourless oil (23 g, 92% vyield, with respect to haloketone flame-dried under vacuum, fitted with a magnetic stirring
1), formed by a 80:20 diastereoisomeric mixture of cyclo- bar, §5)-1,1-dimethyldibenzylamine (2.92 g, 12.97 mmol)
adduct2a and2b, respectively. The mixture was separated dissolved in anhydrous THF (10 mL) was placed, under an
by flash column chromatography on silica gel (previously argon atmosphere. The solution was cooled-i8°C and
activated at 15T overnight), using mixtures of hexane— 2.5M (in hexane) butyllithium (5.178 mL, 12.97 mmol)

ethyl acetate of increasing polarity. was added by syringe. After addition the reaction mixture
was allowed to reach rt (30 min) and then cooled again to
2a Thick colourless oil. IR (film) 3405, 3085 (H-C9p —78C. At this temperature, lithium chloride (137 mg,

2971, 2876, 1713 (€0), 1449, 1155, 1053 (C-O}H 3.24 mmol) dissolved in anhydrous THF (5 mL) and ketone
NMR (200 MHz, CDC}) 0.96 (6H, d,J=7 Hz, H9, H10), 3 (1 g, 6.48 mmol) dissolved in anhydrous THF (10 mL)
2.78 (2H, qd,J;=7 Hz, J,=4.8 Hz, H2, H4), 4.84 (2H, d,  were added successively and in this order. After 4 h, highly
J=4.8Hz, H1, H5), 6.34 (2H, s, H6, H7)"*C NMR pure (>99%) trimethylsilylchloride (2.86 mL, 22.69 mmol)
(50 MHz, CDCk) 10.1 (C9, C10), 50.3 (C2, C4), 82.7 was added dropwise. The mixture was stirred for 30 min at
(C1, C5), 133.5 (C6, C7), 208.9 (C3). MS [DIP-CI-NH —78C and then at rt for 1 h. Solvent was removed by
70 eV, 150C, m'z (%)] 152 (4, M), 170 (100, M-NH,), vacuum, 50 mL of anhydrous pentane were added and the
183 (38, M+N,H;). EA Calculated for GH,0,: C dissolution filtered out by cannula, in order to remove most
(71.06%), H (7.89%). Found: C (70.88%), H (7.64%). GC of the LiCl. The organic phase was washed with cold
(Type B conditions)tg=17.97 min. TLC (SiQ, hexane/ distilled water (5 mL) and extracted with cold°@) 0.1 M
AcOEt 7:3)R=0.73 (three elutions). HCI (3x10 mL), to separate the chiral base, and then with
cold distilled water again; it was dried over anhydrous
2b: Thick colourless oil. IR (film) 3092 (H-C3p 2975, MgSQ,, filtered and concentrated to dryness under vacuum
2938, 2878, 1711 (€0), 1458, 1180, 1092 (C-O}H (without heating). Silyl enol ethed was obtained as a
NMR (200 MHz, CDC§) 1.36 (6H, d, J=7.5Hz, H9, colourless oil (1.46 g, 99% yield). The chiral amine present
H10), 2.28 (2H, qJ=7.5Hz, H2, H4), 4.65 (2H, s, H1, as a hydrochloride salt in the acidic aqueous phase was
H5), 6.27 (2H, s, H6, H7)}*C NMR (50 MHz, CDCH}) recovered by adding 1 M ag. NaOH up to$B and extract-
17.7 (C9, C10), 49.8 (C2, C4), 82.0 (C1, C5), 133.6 (C6, ing with diethyl ether (%10). The organic phase was
C7), 213.7 (C3). MS [DIP-CI-NK| 70 eV, 150C, m/z (%)] washed with water, dried over MgQ@iltered and concen-
152 (2, M), 170 (100, M-NH,), 183 (45, M+NyH;). EA trated to dryness, obtaining 2.8 g (95% recovery) of a thick
Calculated for GH1,0,: C (71.06%), H (7.89%). Found: C  colourless oil. This amine should be tested for purity prior to
(70.97%), H (7.84%). GC (Type B conditions): use and recrystallized as a hydrochloride salt if necessary.
tr=17.28 min. TLC (SiQ, hexane/AcOEt 7:3)R=0.63 IR (film) 2959, 2869, 1680 (€C), 1460, 1252, 1202, 1122,
(three elutions). 1049 (C-0), 893, 843 (Si—C)H NMR (300 MHz, CDC})
0.18 (9H, s, SiMg), 0.91 (3H, d J=7.2 Hz, H10), 1.52 (3H,
Hydrogenation of 2a: preparation of (2R",4SY)-2,4- d, J=2.2 Hz, H9), 1.83 (4H, m, H6, H7), 2.82 (1H, m, H4),
dimethyl-8-oxabicyclo[3.2.1]Joctan-3-one, 3.In a 1L 4.25 (1H, dd,J;=2.4 Hz, J,=2.7 Hz H1), 4.35 (1H, ddd,
round-bottomed flask fitted with a magnetic stirring bar, J;=4.0 Hz, J,=5.5Hz, J;=1.3 Hz, HD5). 3¢ NMR
an addition funnel and septa, Pd/C (10%, w/w) (3.1 g) was (50 MHz, CDCE) 0.0 (SiMe), 11.6 (C10), 12.3 (C9), 22.6
placed, suspended in 100 mL of absolute ethanol, under a(C7), 32.5 (C6), 39.0 (C4), 76.9 (C5), 78.9 (C1), 126.3 (C2),
nitrogen atmosphere (Pd catalyst is pyrophoric!). The 127.9 (C3). MS [DIP-CI-NH, 70 eV, 150C, m/z (%)]: 226
system was purged three times with hydrogen and (100, M), 227 (24, M-H), 244 (25, M+NH,). EA Calcu-
compound2a (13 g, 85.41 mmol) was added at once, lated for G,H,,0,Si: C (63.68%), H (9.80%). Found: C
dissolved in 200 mL of absolute ethanol. Once the hydrogen (63.71%), H (9.78%). GC (Type C conditiongk=
atmosphere was established, vigorous stirring was initiated15.51 min. TLC (SiQ; hexane/ether, 9:1%=0.28.
and maintained for 2 h, at room temperature, until complete
transformation oRawas observed by GC. The catalyst was Preparation of 3,3-dimethoxypropyne, 6 from 1,2-
filtered through celite, and washed with 200 mL of absolute dibromo-3,3-dimethoxypropane, 5.In a three-neck round-
ethanol. The organic phases were combined and concenbottomed 250 mL flask, fitted with a mechanical stirrer, an
trated to dryness under vacuum, obtaining prod@ct addition funnel, and a Dimroth condenser, tetrabutylammo-
(12.9 g, 94%) as a colourless oil. IR (film) 2973, 2880, nium hydrogensulfate (25 g, 73.6 mmol) and water (25 mL)
1713 (G=0), 1472, 1379, 1155, 1045 (C-0), 1026, 951, were placed. The mixture was vigorously stirred to get a
930. 'H NMR (200 MHz, CDC}) 0.87 (6H, d,J=7 Hz, thick homogeneous paste. From the addition funnel, 1,2-
H9, H10), 1.67 (4H, m, H6, H7), 2.72 (2H, qd;=7 Hz, dibromo-3,3-dimethoxypropanes (7.25¢9, 27.7 mmol)
J,=7 Hz, H2, H4), 441 (2H, m, H1, H5)C NMR dissolved in pentane (30 mL) was slowly added atCLO
(50 MHz, CDCk) 9.6 (C9, C10), 24.8 (C6, C7), 50.3 (C2, Intermediate5 was prepared according to Refs. 9,16. The
C4), 80.9 (C1, C5), 210.2 (C3). MS [DIP-CI-NH70 eV, addition funnel was then charged with a cold solution of
15C°C, m/z (%)] 154 (7, M), 172 (100, M-NH,), 185 (52, NaOH (15 g, 0.375 mol) in 25 mL of distilled water. This
M+N,H;). EA Calculated for gH.40,: C (70.13%), H alkaline dissolution was slowly added during a period of
(9.09%). Found: C (69.98%), H (8.95%). GC (Type C 10 min, and the resulting mixture was vigorously stirred
conditions)tg=12.56 min. TLC (SiQ, hexane/AcOEt 7:3)  for 2 h at 10C. The reaction mixture was cooled down to

R=0.62. 0°C and neutralized with 25% (v/v) sulfuric acid. The
formed sodium sulfate was filtered out by cannula, washing
Preparation of (45)-2,4-dimethyl-3-trimethylsilyloxy-8- it with pentane (%10 mL). The liquid filtrate was

oxabicyclo[3.2.1]oct-2-ene, 4n a 100 mL flask, previously  transferred to an addition funnel and the aqueous phase
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decanted and extracted with pentang§4nL). All organic
phases were combined, dried over anhydrous MgSO
filtered and submitted to a careful fractional distillation (in
a 30cm Vigreux column), at atmospheric pressure,
obtaining 1.7 g (60%) of acetd as a colourless volatile
oil. IR (film) 3276, 2940, 2834, 2128 ¢X), 1358, 1113,
1061 (C—0), 966'H NMR (200 MHz, CDC}) 2.51 (1H, d,
J=1.8 Hz, H3), 3.32 (9H, s, H}, 5.09 (1H, d,J=1.8 Hz,
H1)."*C NMR (50 MHz, CDC}) 52.4 (C1), 74.1 (C3), 78.1
(C2), 92.6 (C1). MS [DIP-CI-NH, 70eV, 150C, m/z
(%)] 69 (100, M-OMe), 118 (3, MFNH,;), 135
(4, M+NyH-). EA Calculated for gHgO,: C (59.97%), H
(8.06%). Found: C (60.01%), H (8.10%). GC (Type D
conditions) tz=4.41 min. TLC (SiQ, hexane/ether 9:1)
R=0.36.

Synthesis of hexacarbonyju-{n*-[3,3-dimethoxypropyne]}-
dicobalt(Co—Co), 7.In a 100 mL flask, previously flame-
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submitted to flash column chromatography on activated
neutral alumina eluting with mixtures of dry pentane and
dry ether of increasing polarity. Dry nitrogen was used to
run the column.

8a Dark red thick oil. IR (film) 2965, 2095, 2053, 2024
(CO), 1717 (G=0), 1653, 1554, 1506, 1472, 1379, 1277,
1178, 1092,1045 (C—O¥H NMR (200 MHz, CDC}) 0.95
(3H,d,J=7.6 Hz, H10), 0.98 (3H, s, H9), 1.80—1.50 (4H, m,
H6, H7), 2.84 (1H, dqJ,=6.0 Hz, J,=7.6 Hz, H4), 3.74
(3H, s, OMe), 4.52 (1H, dJ=7.3 Hz, H1), 4.54 (1H, dd,
J1=2.6 Hz,J,=6.0 Hz, H5), 5.24 (1H, s, H}, 5.74 (1H, s,
H1’). *3C NMR (75.43 MHz, CDCJ) 9.8 (C10), 11.7 (C9),
24.7, 24.9 (C6, C7), 48.8 (C4), 60.6 (§172.5 (C3), 81.6,
81.8 (C1, C5), 83.1 (C), 199.5 (CQ), 209.4 (C3). MS
[DIP-EI, 70 eV, 150C, m/z (%)] 480 (1, M—CO), 452 (6,
M—2CO), 424 (4, M-3CO), 396 (6, M-4CO), 368 (5,
M—5C0), 340 (12, M-6CO), 281 (2, M-6CO—Co), 222

dried under vacuum and purged with argon, was placed (4, M—6CO-2Co), 105 (100). EA Calculated for
dicobaltoctacarbonyl (3.281g, 9.6 mmol) dissolved in CigH1804C0,: C (44.90%), H (3.57%). Found C (45.01%),
50 mL of anhydrous pentane. The system was cooled toH (3.62%). TLC (SiQ, hexane/AcOEt 9:1, two elutions)
0°C and 3,3-dimethoxypropynb (800 mg, 8 mmol) was  R=0.53.

added by cannula. The cooling bath was removed and the

mixture stirred at room temperature for 2 h. CO gas released8b: Dark red thick oil. IR (film) 2964, 2095, 2052, 2024
in the reaction was evacuated via a bubblier to a well-venti- (CO);, 1717 (G=0), 1653, 1554, 1506, 1472, 1379, 1277,
lated lab hood. The reaction mixture was filtered through a 1178, 1092, 1045 (C—-O)*H NMR (200 MHz, CDC})
short column packed with neutral alumina (previously acti- 0.993 (3H, d,J=6.7 Hz, H10), 0.996 (3H, s, H9), 1.80—
vated at 14€C for 2 h), to remove polymeric materials and 150 (4H, m, H6, H7), 3.12 (1H, dq,J;=6.6 Hz,
inorganic compounds, obtaining prodddB g, 100% yield) J,=6.7Hz, H4), 3.48 (3H, s, OMe), 4.49 (1H, d,
as a dark red oil. IR (film) 2934, 2834 (H-C$p2099 J=7.2 Hz, H1), 4.51 (1H, ddJ);=4.9 Hz, J,=6.6 Hz, H5),
(C=C), 2056, 2024 (€0), 1321, 1103, 1078 (C—O}H 5.33 (1H, s, H3), 6.10 (1H, s, HY). **C NMR (75.43 MHz,
NMR (300 MHz, CDC}) 3.47 (6H, s, H1), 5.38 (1H, s, CDCl;) 9.9 (C10), 12.5(C9), 24.4, 24.9 (C6, C7), 47.5 (C4),
H3), 6.04 (1H, s, H1).**C NMR (75.43 MHz, CDC})) 59.8 (OMe), 72.8 (C3, 81.5, 81.6 (C1, C5), 84.9 (O1
543 (C%¥), 71.0 (C3), 103.9 (C1), 199.4, 201.5 199.5 (CO}, 209.2 (C3). MS [DIP-EIl, 70 eV, 15C, m/z
(Coy(CO)g). MS [DIP-EI, 70 eV, 156C, m/z (%)]: 358 (2, (%)] 480 (1, M—CO), 452 (5, M-2CO0), 424 (4, M-3CO),
M—-CO), 330 (2, M-2CO), 302 (3, M-3CO), 274 (3, 396 (6, M—4CO0O), 368 (5, M-5CO), 340 (13, M-6CO),
M—4CO0), 246 (3, M-5CO0), 218 (4, M-6CO), 159 (10, 281 (2, M—-6C0O—Co), 222 (4, M-6CO—2Co), 105 (100).
M—-6CO-Co), 100 (7, M-6CO—2Co0). EA Calculated for  EA Calculated for GH1¢0,C0,: C (44.90%), H (3.57%).
C11HgOsCo0y: C (34.22%), H (2.09%). Found C (34.30%), H Found C (44.88%), H (3.55%). TLC (SiOhexane/AcOEt
(1.98%). TLC (SiQ, hexane/ether 9:1%=0.37. 9:1, two elutions)R=0.44.

Nicholas reaction: preparation of hexacarbonylu-{n*-
[2,4-dimethyl-2-(1-methoxy-2-propyn-1-yl)-8-oxabicyclo-
[3.2.1]octan-3-one]}dicobalt(Co—-Co), 8a/8b.

Preparation of 2,4-dimethyl-2(1-methoxy-2propyn-1-yl)-
8-oxabicyclo[3.2.1]octan-3-one, 9a/9bin a 10 mL flask
fitted with a magnetic stirring bar, a 1:1 mixture of
complexes8a/8b (80 mg, 0.157 mmol), dissolved in 5 mL
In an oven-dried 10 mL flask, fitted with septa and a of dry acetone, was placed. Triethylamine (4,
magnetic stirring bar, cobalt complexr (120 mg, 0.315 mmol) was added and the mixture cooled t€.0
0.311 mmol) dissolved in 1 mL of dry methylene chloride Next, cerium ammonium nitrate (431 mg, 0.787 mmol)
was placed under argon atmosphere. The solution waswas added and the mixture stirred &COfor 1 h (control

cooled to OC and BR-OEL (96 wL, 0.777 mmol) was
added via syringe. After 30 min, silyl enol eth&(58 mg,
0.259 mmol) dissolved in 2 mL of Ci&l, was added via

by TLC until cobalt complex was completely oxidized).
Solvent was removed under vacuum and the residue was
treated with a mixture of ice-water/triethylamine (25 mL/

cannula. The system was stirred under these conditions for0.1 mL) and extracted with diethyl ether X mL) (if

5 min, the cooling bath was removed and the mixture was emulsions are formed they could be resolved by ultrasound
stirred for 1.5 h at room temperature (control by TLC). The in a cleaning bath or by centrifugation). All ethereal extracts
reaction mixture was cooled t6©, quenched with triethyl- ~ were combined, washed with a saturated aqueous solution of
amine (72uL, 0.518 mmol) and percolated through a short sodium hydrogencarbonate (5 mL) and with brine, then
column of activated neutral alumina. Finally it was concen- dried over anhydrous sodium sulfate, filtered and finally
trated to dryness under vacuum (without heating), obtaining percolated trough a short column packed with celite/neutral
a dark red oil of a 1:1 mixture of complex&8s/8b (99 mg, alumina 1:1. Solvent was removed under vacuum, without
75% yield). This product was reacted as a mixture, but in heating, obtaining a 1:1 mixture of diastereoisomeric
order to physically and spectroscopically characterize both acetylenic compound®9a/9b (33 mg, 94% vyield) as a
diastereoisomers an aliquot of the crude mixture was white solid.
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9a: White solid. Mp 128C (diethyl ether). IR (film) 3268,
2940, 2100 (EC), 1715 (G=0), 1092, 1049, 1026 (C-0).
'H NMR (200 MHz, CDC}) 0.94 (3H, d,J=6.6 Hz, H10),
1.05 (3H, s, H9), 1.80—1.45 (4H, m, H6, H7), 2.42 (1H, d,
J=2.2 Hz, H3), 2.83 (1H, dq,J;=6.2 Hz,J,=6.6 Hz, H4),
3.49 (3H, s, OMe), 4.47 (1H, ddl,=6.2 Hz, J,=4.9 Hz,
H5), 4.54 (1H, d,J=7.2 Hz, H1), 4.78 (1H, dJ=2.2 Hz,
H1’). **C NMR (50 MHz, CDC}) 9.9 (C10), 11.8 (C9), 24.7
(C7), 25.0 (C6), 48.6 (C4), 57.6(0OMe), 60.4 (C2), 72.8
(C3), 76.4 (C1), 80.0 (C1), 81.3 (C5), 28.2 (C3). MS
[DIP-CI-NH3, 70 eV, 150C, mz (%)]: 222 (1, M), 223
(15, M+H), 240 (100, M+NH,), 257 (11, M+N,H,). EA
Calculated for GH1505: C (70.24%), H (8.16%). Found: C
(69.93%), H (8.02%).4]3°=5.C° (0.4%, EtOH). GC (Type
C conditions) tgz=16.78 min. TLC (SiQ, hexane/AcOEt
9:1, two elutionsR=0.42.

9b: Thick colourless oil. IR (film) 3255, 2934, 2102£C),
1715 (G=0), 1451, 1379, 1095 (C-0), 1047, 1028. RMN
'H (200 MHz, CDC}) 0.95 (3H, d,J=6.7 Hz, H10), 1.08
(3H, s, H9),1.8-1.4 (4H,m, H6, H7), 2.56 (1H,X:2.2 Hz,
H3"), 2.92 (1H, dqJ;=4.9 Hz,J,=6.7 Hz, H4), 3.36 (3H, s,
OMe), 4.40-4.60 (2H, m, H1, H5), 4.89 (1H, #:2.2 Hz,
H1’). RMN 3C (50 MHz, CDC}) 8.9 (C10), 11.1 (C9), 23.3
(C7), 23.8 (C6), 46.2 (C4), 56.3 (OMe), 58.2 (C2), 74.2
(C3), 75.7 (C1), 80.5 (C1), 80.6 (C5), 208.2 (C3). MS
[DIP-CI-NH5, 70 eV, 150C, nmVz (%)] 222 (1, M), 223
(14, M+H), 240 (100, M-NH,), 257 (10, M+N,H,). EA
Calculated for GzH1g05: C 270.27%), H (8.10%). Found: C
(70.01%), H (8.12%). ¢]5=—8.0° (0.4%, EtOH). GC
(Type C conditions)tz=17.32 min. TLC (SiQ, hexane/
AcOEt 9:1, two elutionsR=0.32.

Synthesis of 2,4-dimethyl-2-(1-methoxy-2-oxopropyl)-8-
oxabicyclo-[3.2.1]octan-3-ona, 10a/10b(a) Preparation
of Hg(ll) p-toluenesulfonamidate. -poluenesulfonamide
(6.7 g, 39.12 mmol) and Hg(ll) oxide (4.24 g, 19.55 mmol)
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(3x10 mL) (to remove TsNp) then washed with brine,
dried over anhydrous MgSQfiltered and concentrated to
dryness, obtaining 1.04 g (82% yield) of a crystalline white
solid. The product was formed by a 1:1 mixture of diastereo-
isomerslOaand10b, which was used as a mixture for next
synthetic step. However, it was possible to separate both
stereoisomers by flash column chromatography on silica
gel, eluting with hexane/ether mixtures of increasing polarity.

10a White solid. Mp 122C (diethyl ether). IR (film) 2963,
1717 (G=0), 1468, 1379, 1354, 1219, 1103, 1047, 1030
(C-0). 'H NMR (500 MHz, CDC}) 0.86 (3H, s, H9),
0.93 (3H, d,J=6.7 Hz, H10), 1.75 (2H, mW,,,=30 Hz,
H6 and H7), 1.6—1.9 (2H, m, H6, H7), 2.16 (3H, s,'H3
3.21 (1H, dqg,J;=4.9 Hz, J,=6.7 Hz, H4), 3.58 (3H, s,
OMe), 4.44 (1H, s, HY), 4.47 (1H, d,J=5.5 Hz, H1), 4.48
(1H, dd, J;=49Hz, J=6.2Hz, H5). ®*C NMR
(75.43 MHz, CDC}) 9.8 (C10), 11.5 (C9), 24.5, 24.8 (C6,
C7), 27.5 (C3), 48.0 (C4), 59.9 (C2), 60.2 (OMe), 80.5,
82.3 (C1, C5), 88.3 (C}, 208.2 (C3), 212.8 (C2 MS
[DIP-CI-NH3, 70 eV, 156C, miz (%)]: 240 (1, M), 241 (4,
M+H), 258 (100, M-NH,), 275 (10, M+ N,H-). EA Calcu-
lated for GsH,0Os: C (65.00%), H (8.33%). Found: C
(65.20%), H (8.30%). ¢]3=-1.3 (0.4%, EtOH). GC
(Type C conditions)tgz=19.08 min. TLC (SiQ, hexane/
ether 1:1)R=0.31.

10b: Thick colourless oil that crystallizes below®@. IR
(film) 2924, 2850, 1713 (€0), 1450, 1375, 1099, 1040,
1030 (C—0)H NMR (500 MHz, CDC}) 0.92 (3H, s, H9),
0.97 (3H, dJ=6.7 Hz, H10), 1.5-1.9 (2H, m, H6, H7), 2.24
(3H, s, H3), 2.92 (1H, qd);=6.7 Hz,J,=5.1 Hz, H4), 3.34
(3H, s, OMe), 4.43 (1H, d]=6.5 Hz, H1), 4.43 (1H, s, H},
4.49 (1H, dd, J;=6.5Hz, J,=5.3 Hz, H5). **C NMR
(75.43 MHz, CDC}) 9.9 (C10), 12.8 (C9), 24.5, 24.6 (C6,
C7), 27.8 (C3), 47.6 (C4), 58.4 (C2), 59.6 (OMe), 80.0,
81.3 (C1, C5), 88.4 (C}, 208.2 (C3), 211.6 (C2 MS

were finely ground until an homogeneous solid mixture was [DIP-CI-NHgz, 70 eV, 150C, m/z (%)] 240 (1, M), 241 (4,
obtained. This mixture was placed in a porcelain crucible M+H), 258 (100, M-NHy,), 275 (9, M+N,H-). EA Calcu-

and heated in an oven at Zunder vacuum for 3 h until

lated for GaH,gOs C (65.00%), H (8.33%). Found: C

orange colour disappeared. The solid was cooled down and(65.15%), H (8.25%). ¢]%=-1.8 (0.6%, EtOH). GC
ground again and it was transferred to a 100 mL flask. Abso- (Type C conditions):tz=19.40 min. TLC (SiQ, hexane/
lute ethanol was added (50 mL) and the system was main-ether 1:1)R=0.24.

tained under reflux for 30 min and filtered when hot. The
solid was dried under vacuum obtaining Hg(btoluene-
sulfamidate (7.3 g, 70% vyield) as a white solid. IR (KBr)
3305 (N—H), 3039 (Csp-H), 2917, 1912, 1653, 1601
(C=C), 1400, 1265, 1229, 11344®), 1088, 1018.

(b) Hydration of9a/9b: preparation of methyl ketone0a/
10b. To a solution of9a/9b (1:1) (1.18 g, 4.23 mmol) in
150 mL of EtOH/water (85:15), Hg(l)p-toluenesulfo-

(1S,2R,3S,6S,7S,8R)-2, 7-Dimethyl-6-hydroxy-3-methoxy-
11-oxatricyclo[6.2.1.6undecan-4-one, 11.In an oven-
dried 250 mL flask fitted with a magnetic stirring bar
and in nitrogen atmospherelOa10b (1:1) (890 mg,
3.712 mmol) dissolved in 30 mL of absolute ethanol was
placed. Anhydrous KOH (2.29 g, 40.837 mmol) dissolved
in 100 mL of absolute ethanol was added, and the mixture
was stirred at room temperature for 10 h. Solvent was

namidate (3.73 g, 6.90 mmol) was added and the resultingremoved by rotatory evaporator, distilled water was added
suspension was refluxed, under vigorous stirring, for 24 h (100 mL) and the solution was treated with 2 M HCI, &€0

(monitoring by TLC and/or GC). The resultant yellowish

to reach pH=6-7. The resultant aqueous solution was

solution was allowed to reach room temperature and excessxtracted with ether (25 mL) and all organic phases

(NH,4),S (6.5 mL, 9.6 mmol) was added to precipitate Hg(ll)

were combined, dried over MgQQfiltered and concen-

salts as black HgS. The black suspension was filteredtrated to dryness, obtaining produtt (623 mg, 72%) as

through a pad of sand—Celite—silica gel using a fritted a white crystalline solid. This product was purified by flash
funnel. The solvent was removed by rotatory evaporation column chromatography on silica gel, using mixtures of
and 200 mL of ether and 30 mL of brine were added. After hexane/ether of increasing polarity as a mobile phase. Mp
shaking vigorously, the aqueous solution was discarded and149C (diethyl ether). IR (film) 3395 (O—H), 2971, 1748
the ethereal solution extracted with 2 M aqueous NaOH (C=0), 1468, 1258, 1150, 1105 (C-0O), 987, 957, 916.
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'H-NMR (500 MHz, CDC}) 0.98 (3H, s, H12), 0.93 (3H, d,
J=7.0Hz, H13), 1.55 (1H, br s, OH), 1.79 (1H, dd,
J;=8.0 Hz, J,=7.5Hz, HY), 1.87 (1H, dd,J;=8.0 Hz,
J,=8.5 Hz, H1@), 1.94 (1H, qd,J;=7.0 Hz, J,=4.0 Hz,
H7), 2.03 (1H, dJ=19.5 Hz, H5), 2.1-2.2 (2H, m, Hg,
H104), 2.49 (1H, dd,J;=19.5 Hz,J,=1.5 Hz, H%), 3.63
(3H, s, OMe), 4.03 (1H, dJ=8.0 Hz, H1), 4.13 (1H, dd,
J=7.5Hz, 1;=4.0 Hz, H8), 4.37 (1H, dJ=1.5 Hz, H3).

¥C NMR (75.43 MHz, CDCJ)) 9.9 (C12), 12.3 (C13),
23.9 (C9), 24.7 (C10), 41.3 (C7), 48.9 (C5), 49.6 (C2),
60.6 (OMe), 72.9 gC6), 77.3 (C1), 79.0 (C8), 87.2 (C3),
213.2 (C4). COSY'H-'H (500 MHz, CDC}) couplings:
H7-H13, H8-HQ, H1-H1Q}, H3-H% (W-coupling),
H9,—H%, H10,—H10;, H95,—H10,, H9y—H10;, H%—
H10,, H9—H10;, H5,—H5. NOESY (500 MHz, CDG)):
H1-H12, H8—H13, H12-OH, H13-0OH, g5H13, H3-
H5g, H3—HY, H9%—H13, H1g@—H12, H3—-H12. MS [DIP-
CI-NHgz, 70 eV, 150C, m/z (%)] 240 (2, M), 241 (1, M-H),
258 (100, M+NHy), 275 (32, M+-N,H-). EA Calculated for
Ci13H2004: C 565.00%), H (8.33%). Found: C (65.30%), H
(8.30%). ]&=+20° (1%, CHCL). UV [ may NM, (€)] 297
(14), 257 (7), 246 (8). CD A, nm, (Ae), 1=0.02 cm,
€=6.25x102M, CHCl: 308 (1.229), 220 {0.708).
ROD (Amaw NmM, [a], 1=0.02cm, ¢=6.25x1072 M,
CHCly): 329 (1.33x1(®), 282 (—3.38x10°). GC (Type C
conditions)tz=20.68 min. CCF (SiqQ hexane/ether 1:1, 2
elutions)R=0.15.

Synthesis of (B,2R,3S,8R)-3-methoxy-2,7-dimethyl-11-
oxatricyclo[6.2.1.0"9undec-6-en-4-one, 12In a 25 mL
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The mixture was cooled t0°G and BR-OEt (38 uL,
0.311 mmol) was added at once by syringe. Stirring was
maintained under these conditions for 6 h (monitoring by
TLC and/or GC). The reaction mixture was dissolved in
ether (50 mL) and washed with saturated aqueous solution
of sodium hydrogencarbonatex2 mL). The organic phase
was dried over anhydrous MgSQiltered and concentrated

to dryness under high vacuum for 5h (to remove excess
ethanedithiol), obtaining produds (50 mg, 95% yield) as

a thick stinking oil. Productl3 was a 60:40 mixture of
diastereoisomerd3a13b, epimers on C5. Both isomers
were useful from the synthetic point of view (because
stereocentre on C5 disappeared in next synthetic step)
and they were reacted as a mixture. However, both isomers
were separated for their characterization by flash column
chromatography on silica gel, using pentane/ether mixtures
of increasing polarity as eluents.

13a Malodorous white solid, Mg126—127C (ether). IR
(film) 3488 (O—H), 2923, 2546 (S—H), 16994C), 1439,
1420, 1204, 1117 (C—O3IH NMR (300 MHz, CDC}) 1.31
(3H, s, H11), 1.75 (3H, dJ=1.5 Hz, H12), 1.50-1.80 (2H,
m, H3), 2.13-2.51 (2H, m, H4), 2.70-2.75 (4H, m,’'H1
H2), 2.88 (1H, d, J=18.6Hz, H8), 3.12 (1H, d,
J=18.6 Hz, H8), 3.2-3.4 (4H, m, H1H2"), 3.42 (1H, dd,
J;=8.4 Hz,J,=3.5 Hz, H5), 3.71 £3H, s, OMe), 3.66-3.73
(1H, m, H2), 454 (1H, s, H10)"*C NMR (75.43 MHz,
CDCly) 20.2 (C12), 22.7 (C11), 23.9 (C3), 24.8 (C4), 25.7
(C2), 37.1 (C1), 38.3, 41.1 (C1, C2"), 51.2 (C8), 52.1
(C5), 54.7 (C1), 61.7 (OMe), 70.1 (C9), 70.5 (C2), 89.3

flask fitted with a septum, an argon atmosphere and a(C10), 129.9, 137.2 (C7, C6). MS [DIP-CI-NH70 eV,

magnetic stirring bar, substratel (150 mg, 0.62 mmol),

150C, mz (%)]: 299 (10, M-C,H.S), 316 (20,

dissolved in dry pyridine (10 mL) was placed. The system M—C,H;,S;+NH,), 393 (56, M—H), 394 (21, M), 395

was cooled to-24°C and freshly distilled (from quinoline)
thionyl chloride (91uL, 1.25 mmol) was added by syringe.
The mixture was stirred at24°C for 2 h (control by TLC

(20, M+H), 410 (100, M+-16), 411 (35, M-NH,), 412
(18, M+NH,). EA Calculated for GH»0,S,: C
(52.84%), H(5.74%), and S (33.13%). Found: C (52.86%),

and/or GC). Aqueous 1 M HCI (100 mL) was added and the H (5.81%), and S (33.02%)a[%=36.78 (1.15%, CHC}).

aqueous phase extracted with ethexZ8 mL). All organic
phases were combined, dried over MgS@ltered and
concentrated by rotatory evaporation, obtaining prodact
(130 mg, 94% vyield) as a colourless oil. IR (film) 2961,
2830, 1757 (€0), 1445, 1211, 1101, 1076, 1011 (C-0),
962.'H NMR (300 MHz, CDC}) 0.93 (3H, s, H12), 1.70
(3H, d, J=1.8 Hz, H13), 1.8-2.2 (4H, m, H9, H10), 2.75
(1H, dd, J;=20.5Hz, J,=1.8 Hz, H5), 2.88 (1H, d,
J=20.5Hz, H5), 3.64 (3H, s, OMe), 3.87 (1H, s, H3),
4.25 (1H, d,J=6.6 Hz, H1), 4.36 (1H, dJ=6.2 Hz, H8).
3C NMR (75.43 MHz, CDCJ)) 15.4 (C12), 16.6 (C13),
25.5, 30.7 (C9, C10), 37.2 (C5), 48.4 (C2), 60.1 (OMe),

TLC (SiO,, hexane/ether 4.6x=0.37.

13b: Stinking colourless thick oil, IR (film) 3444 (O—-H),
2925, 2546 (S—H), 1699 (€C), 1420, 1375, 1273, 1204,
1119 (C—O)*H NMR (300 MHz, CDC}) 1.24 (3H, s, H11),
1.72 (3H,s, H12), 1.80-2.40 (4H, m, H4, H3), 2.70-2.80
(4H, m, HY, H2"), 3.02 (1H, d,J=18.3 Hz, H8), 3.11(1H,
d, J=18.3 Hz, H8), 3.20-3.30 (4H, m, H1H2"), 3.30—
3.42 (1H, m, H5), 3.69 (3H, s, OMe), 3.60-3.80 (1H, m,
H2), 4.37 (1H, s, H10)**C NMR (75.43 MHz, CDCJ) 16.8
(C12), 20.3 (C11), 24.3 (C3), 28.2 (C4), 29.5 (£&B5.5
(C1), 38.5, 41.2 (C1, C2"), 50.4 (C5), 51.4 (C8), 54.5

76.7 (C1), 77.1 (C8), 88.7 (C3), 125.2 and 137.6 (C6 and (C1), 61.7 (OMe), 69.5 (C9), 72.1 (C2), 89.3 (C10),

C7), 213.5 (C4). MS [DIP-CI-NK 70 eV, 150C, m/z (%)]:
222 (1, M), 223 (2, M-H), 240 (100, M+NH,), 257 (14,
M+N,H;). EA Calculated for GH1g0s: C (70.23%), H
(8.17%). Found: C (69.84%), H (7.99%)xp>=+171.7
(1.6%, CHC}). GC (Type C conditions)z=18.84 min.

Preparation of 1,6-dimethyl-9,9-(1,2-ethylendithio)-10-
methoxy-5-(2-mercaptoethylenthio)-bicyclo[5.3.0]-dec-
6-en-1-ol, 13a/13b.Compound12 (30 mg, 0.135 mmol)

128.6, 136.6 (C7, C6). MS [DIP-CI-Ni 70 eV, 150C,
m'z (%)]: 299 (13, M—C,H,S,), 316 (16, M-C,H,S,+
NH,4), 393 (44, M—H), 394 (10, M), 395 (9, M-H), 410
(100, M+16), 411 (22, MrNHz), 412 (20, M+NH,). EA
Calculated for G;H»0,S,: C (52.84%), H(5.74%), and S
(33.13%). Found: C (52.79%), H (5.69%), and S (33.21%).
[]¥=—14.6T (1%, EtOH). TLC (SiQ, hexane/ether 4:6)
R=0.44.

dissolved in anhydrous benzene (2 mL) was placed in an Synthesis of (R,2S,10R)-1,6-dimethyl-10-methoxy-bicyclo
oven-dried 10 mL flask fitted with a septum and a magnetic [5.3.0]dec-6-en-2-ol, 14A 25 mL round-bottomed flask,
stirring bar. The system was purged with argon and 1,2- fitted with a magnetic stirring bar and a rubber septum,

ethanedithiol (0.75 mL, 9.92 mmol) was added by syringe.

was charged with 1.1 g of “wet” W-2 type Raney-Ni



A. M. Montdra et al. / Tetrahedron 56 (2000) 425-439 437

(taken from a suspension in aqueous NaOH oHiHl). The 3.86 (2H, m, H2, H10)**C NMR (75.43 MHz, CDCJ) 12.6
Raney-Ni was washed four times with absolute ethanol by (C12), 19.1 (C4), 22.2 (C11), 25.6, 26.5 (C5, C8), 34.3 (C9),
cannula under nitrogen and dried under vacuum, resulting in34.8 (C6), 35.9 (C3), 42.5 (C7), 49.9 (C1), 57.5 (OMe), 72.7
0.98 g of “dry” Raney-Ni. Absolute ethanol (10 mL) was (C2), 83.9 (C10). EM [CG/EM, DIP-CI-NK} 70 eV, 150C,
added by syringe and to the resulting stirred suspension, am/z (%)]: 195 (50, M—17), 213 (90, MrH), 230 (100,
solution of13a/13b (6:4) (50 mg, 0.126 mmol) in 5mL of M+NH,). EA Calculated for GH,,0,: C (73.52%), H
absolute ethanol was added by syringe. The septum was(11.40%). Found: C (73.60%), H (11.38%)]p=—16°
replaced by a Dimroth condenser and the reaction mixture (1%, EtOH). GC (Type C conditiongy=17.94 min. TLC
was refluxed under nitrogen for 12 h (monitoring by TLC). (SiO,, hexane/ether 4:6%=0.33.
When conversion was complete, the system was cooled to
room temperature and the alcoholic solution was filtered out Preparation of (1S,6S,7S,10R)-1,6-dimethyl-10-meth-
by cannula. The Nickel powder was washed four times with oxy-bicyclo[5.3.0]decan-2-one, 16To a suspension of
ethanol in order to recover the adsorbed product. All alco- 73 mg (0.34 mmol) of pyridinium chlorochromate in 5 mL
holic extracts were combined and concentrated to dryness,of anhydrous methylene chloride, was add&®a (40 mg,
resulting in a crude oil, which was re-dissolved in ether and 0.19 mmol) was added, dissolved in 2 mL of anhydrous
filtered through a pad of neutral alumina. Solvent was CH,Cl,. The reaction mixture was vigorously stirred
removed and produdt4 (22.5 mg, 85% yield) was obtained under anhydrous conditions at room temperature for 2 h,
as a colourless oil. IR (film) 3477 (O—H), 2930, 1452, 1379, turning from orange into dark brown. The resulting black
120, 1165, 1115 (C-0), 1028 NMR (500 MHz, CDC}) gummy crude mixture was extracted with dry ether
0.97 (3H, s, H11), 1.39-1.48(1H, m, K9 1.52—-1.59 (2H, (3%20 mL), and the upper phase was decanted. The residue
m, H4), 1.64 (3H, s, H12), 1.86-1.92 (3H, m, §3H5), was re-suspended in ether and sonicated for 15 min three
1.95-2.0 (1H, m, H8), 2.02-2.08 (1H, m, HY, 2.28— times. The combined ethereal solutions were passed through
2.35 (1H, m, HQ), 2.37-2.46 (1H, m, HJ, 3.38 (3H, s a short pad of neutral alumina and concentrated to dryness,
OMe), 3.69-3.74 (1H, m, H2), 4.00 (1H, dd;=11.0 Hz, resulting in 40 mg of an oily crude, which was submitted to
J,=6.0 Hz, H10). °C NMR (75.43 MHz, CDCJ) 15.3 flash column chromatography on silica gel, eluting with
(C12), 19.9 (C4), 23.1 (C11), 26.2 (C9), 27.7 (C10), 31.4 hexanel/ether mixtures of increasing polarities. Prodiict
(C3), 34.0 (C5), 52.9 (C1), 57.8 (OMe), 70.7 (C6), 84.6 (37.6 mg, 95% vyield) was isolated as a colourless oil. IR
(C8), 130.7, 136.6 (C6, C7). COSYH-'H (500 MHz, (film) 2929, 1696 (G-0), 1456, 1375, 1124 (C-OYH
CDCly): H2—H3;, H3,—H3g, H3,—H4, H%—H4, H4—H5, NMR (200 MHz, CDC}) 0.86 (3H, d,J=6.6 Hz, H12),
H8,—H8s, H8,—H9, H8—H%, H9,—H%, H9,—H10, 1.20 (3H, s, H11), 1.00-2.10 (10H, m, H4, H5, H6, H7,
H9—H10. EM [DIP-CI-NH;, 70 eV, 150C, m/z (%)]: 210 H8, H9), 2.50 (1H, m, H3), 2.72 (1H, m, H3), 3.27 (3H, s,
(5, M), 211 (62, M+H), 212 (15, M+2H), 226 (12, M+16), OMe), 4.19 (1H, dd, J;=8.0Hz, J,=8.5Hz, H10).
228 (M+NH,), 245 (3, M+NyHs). EA Calculated for 13C NMR (50 MHz, CDC}) 9.7 (C11), 21.2 (C12), 21.7
Ci13H200:: C (74.23%), H (10.55%). Found: C (74.30%), (C4), 25.6 (C8), 26.1 (C9), 35.8 (C6), 36.4 (C5), 41.6
H (10.60%). jr]3=—35° (1.5%, EtOH). GC (Type C condi-  (C3), 51.6 (C7), 57.7 (OMe), 59.5 (C1), 83.6 (C10), 214.9
tions) tg=17.60 min. TLC (SiQ, hexanel/ether 4:6) (C2). EM [CG/EM, DIP-CI-NH, 70 eV, 150C, m/z (%)]:
R=0.45. 178 (2, M—MeOH), 195 (6, M-CH), 211 (100, M+H),

228 (62, M+NH,). EA Calculated for GH»,0,: C
Preparation of (1R,2S,6S,7S,10R)-1,6-dimethyl-10-meth-
oxy-bicyclo[5.3.0]decan-2-ol, 15.To a suspension of
15 mg of Pd/C (10% w/w) in absolute MeOH’, placed in a Table 1. Crystal data and structure refinement i@a
25 mL flask, 40 mg (0.19 mmol) df4, dissolved in 5 mL of

anhydrous MeOH, were added by syringe. The reaction Temperature 293(2) K
vessel was pumped and back filled with hydrogen three Wavelength 0.71073A
Crystal system Orthorhombic

times and the reaction mixture was vigorously stirred

Space group

under hydrogen atmosphere (1 atm), at room temperature nit cell dimensions
for 2 h (control by GC). The organic solution was filtered

out by cannula, and the portion of product adsorbed on

catalyst was recovered by sonication of a re-suspension ofYolume

the residual solid in MeOH. This operation was repeated pensity (calculated)
three times. Solvent was taken out by rotatory evaporation, Absorption coefficient

ether was added, and the ethereal solution was filteredF(000)
through a short pad of neutral alumina, and concentrated Crystal size

to dryness, resulting in 36.2 mg (90% vyield) of proddét

as a colourless oil. Produtb is a 95:5 mixture (by GC) of
diastereoisomerd5a and 15b, respectively. Isomed5a
purified by flash column chromatography on silica gel,
using mixtures of hexane/ether of increasing polarity as
eluents.15a was isolated as a colourless oil, IR (film)
3467 gO—H), 2929, 2871, 1456, 1373, 1194 (C-0), 1119,
1059.”"H NMR (200 MHz, CDC}) 0.85 (3H, s, H11), 0.87
(3H, d,J=6.6 Hz, H12), 1.22—1.70 (8H, m, H4, H5, H6, H7,
H8), 1.75—-2.05 (4H, m, H3, H9), 3.32 (3H, s, OMe), 3.79—

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/refined
parameters

Goodness-of-fit offF?

Final R indices[I>20(1)]
Extinction coefficient

Absolute structure parameter
Largest difference peak and hole

P2,2,2; (NO 109)
a=9.218111) A, a=90",
b=0.9622) A, =90,
c=137282) A, y=90°
1260.7(3) A

4

1.266 Mgfn
0.093 mnt
520
0.8%0.61x0.38 mm
2.66—28.29
—11=<h=12 —13<k=13,
—18=<I=18
13 494
310R(int)=0.0529
2969/0/215

1.049
R1=0.0448 WR2=0.1110
0.143(10)
0.4(13) .
0.168 arl172 e A3
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Table 2. Selected bond Iength§ jAnd angles?j for 108 Chem.1988 1, 545. (e) Hoffmann, H. M. R.; Rabe, Angew.
Bond Length (OA Bond Angles 0 Chem., Int. Ed. Engl1985 24, 94.

2. (a) Sherif, A. F.; EI-Sawy, M. FAlexandria Med. J1962 8,
c2-02 1.204(3) 01-C1-C2 112.9(2) 139. (b) Slacanin, I.; Vargas, D.; Marston, A.; Hosteffmann, K.
c2-Cr 1.534(2) Or-Cr-C2 107.77(14) J. Chromatogr.1988 457, 325. (c) Rodguez, E.; Dillon, M. O.;
gi:—gg/ 11-‘}5%3(22) %Zg—cclé—%zs 11111-5’(22)2 Mabry, T. J.; Mitchell, J. C.; Towers, G. H. NExperiential976
01,,__01,, 1.'421((3)) 09__02__01 111.'0((2)) 32_, 236. (d) Kupchan, S. M.; Fessler, D. C.; Eakin, M. A.;
c2-C9 1.527(2) Cc3-C2-C1 106.35(14)  Giacobbe, T. J.Science197Q 168 376. (e) Hauson, R. L;
C2-C3 1.536(3) Cc9-C2-C1 111.1(2) Lardy, H. A.; Kupchan, S. MSciencel97Q 168, 379. (f) Kupchan,
C2-C1 1.549(2) C3-C2-C1 107.36(14) S. M.; Eakin, A.; Thomas, A. MJ. Med. Chem1971, 14, 1147. (g)
C1-08 1.434(3) C1-C2-C1 109.56(14) Wender, P. A.; Irick, A.; Miller, B. L.J. Org. Chem1993 58,
Cc1-C7 1.525(2) 08-C1-C7 103.4(2)
08-C5 1.436(3) 08-C1-C2 109.61(14) 4179. (h) Chuang, L. F.; Kung, H. F.; Israel, M.; Chuang, R. Y.
C6-C7 1.533(3) C7-C1-C2 113.6(2) Biochem. Pharmacol. Toxicoll992 43, 865. (i) Evans, F. J,;
C5-C6 1.525(3) 08-C5-C6 103.6(2) Parker, P. J.; Olivier, A. R.; Thomas, S.; Ryves, W. J.; Evans, A.
C4-C5 1.539(3) 08-C5-C4 108.49(14) T Gordge, P.; Sharwa, Biochem. Soc. Tran4995 19, 397. (j)
gg:gg i:géggg gg:gi:gg ig?g% Droms, K. A.; Malkinson, A. MMol. Carcinog.1991, 4, 1.

3. (a) Apsimon, JThe Total Synthesis of Natural Produc@§jley:
New York, 1982; Vol. 5, pp 332-537. (b) Vandewalle, M.; De
Clercq, P.Tetrahedron1985 41, 1767. (c) Jennisken, L. H. D;
(74.23%), H (10.55%). Found: C (74.28%), H (10.48%). Wijnberg, J. B. P. A,; De Groot, AStud. Nat. Prod. Chen1994
[«]#=18 (1.2%, EtOH). GC (Type C conditions) 14, 355.(d) Heathcock, C. H.; Del Mar, E. G.; Graham, SJLAm.
tr=29.26 min. TLC (SiQ, hexane/ether 4:6x=0.41. Chem. Soc1982 104, 1907.

4. (a) Montdia, A. M.; Nicholas, K. M.; Khan, M. AJ. Org.
X-Ray structure determination of 10a3* Data collection Chem. 1988 53, 5193. (b) Montda, A. M.; Nicholas, K. M.
for 10a was performed on a STOE IPDS apparatus. The J. Org. Chem.199Q 55, 1569. (c) Lautens, M.; Kumanovic, S.
crystal was rotated in 1°9steps to yield 116 exposures J. Am. Chem. Sod.995 117, 1954. (d) Sugita, K.; Shigeno, K.;
and each of them was irradiated for 2.4 min. Intensity data Neville, C. F.; Sasai, H.; Shivasa, K. Maynlett1994 326. (e)
were integrated using 200 control reflections and convertedWender, P. A.; McDonald, F. El. Am. Chem. Sod99Q 112,
into a SHELX hkl-file with the STOE IPDS software 4956. (f) Wender, P. A.; Kogen, H.; Lee, H.; Munger, J. D.;
(version 2.65). The input files for the SHELX programs Wilhelm, R. S.; Williams, P. DJ. Am. Chem. Socl989 111,
were prepared with the program UTILIT® Structure solu- 8957.
tion was performed with Direct Methods (SHELXS-86) 5. (a) Quinkert, G.; Schmalz, H. G.; Walzar, E.; Kowalczyck-
and subsequent difference-Fourier synthesis (SHELXL- Przewloka, T.; Dwmer, G.; Bats, J. WAngew. Chem., Int. Ed.
93)3" Refinement onF? was carried out by full-matrix  Engl. 1987 26, 61. (b) Money, T.; Wong, M. K. CTetrahedron
least-squares techniques (SHELXL-93). Non hydrogen 199652 6307. (c) Ohsuka, M.; Takekawa, Y.; Shisido;T€trahedron
atoms were refined with anisotropic thermal parameters. Lett. 1998 39, 5803. (d) Honda, T.; Ishige, H.; Nagase, H.Chem.
Hydrogen atoms were included using a riding model with Soc., Perkin Trans. 1994 22, 3305. (e) Minnaard, A. J.; Wijnbery, J.
dcy=0.96 AandU=1.2U.q of the preceding normal atom.  B. P. A;; de Groot, AJ. Org. Chem1997 62, 7346. (f) Shimoma, F.;
Neutral atom scattering factors were taken from Cromer and Kusaka, H.; Wada, K.; Azami, H.; Yasunami, M.; Suzukl, T,
Mann?28 lllustrations were performed with Zortép.In the Hagiwara, H.; Ando, MJ. Org. Chem1998 63, 920.
final stages of refinement, data were corrected for extinction 6. (a) Hoffmann, H. M. RAngew. Chem1973 85, 877; Angew.
effects. The absolute structure could not be determined. TheChem., Int. Ed. Engl1973 12, 819. (b) Hosomi, A.; Tominaga, Y.
Flack® Parameter of 0.4(13) indicated no preference for one In [4+3] Cycloadditions in Comprehensive Organic Synthesis
special configuration. There was no difference in the Trost, B., Fleming, I., Eds.; Pergamon: Oxford, 1991; Vol. 5,
R-values and Goodness of Fit upon refinement of the pp593-615. (c) Mann, Jetrahedronl986 42, 4611. (d) Noyori,
structure with the converted atomic co-ordinates. Also a R.; Hakayawa, YOrg. React1983 29, 163—344. (e) Harmata, M.
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