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Synthesis of the C17-C23 Subunit of Ionomycin from
C1-Functionalized 8-Oxabicyclo[3.2.1]oct-6-en-3-one.
New Synthetic Methodology to Prepare
Polyfunctionalized uep ne Buﬂﬂ-ng Blocks with Four
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Abstract:

The application of a new methodology to synthesize the C17-C23 subunit of lonomycin is presented. This
synthetic methodology is based on the preparation of heptane building blocks with four stereocenters and up to
four different organic functionalities. 2,4-Dimethyl-1-methoxy-8-oxabicyclo[3.2.1]oct-6-en-3-one has been
used as a key intermediate, which can easiiy be prepared 'by a [4+3] cycloaddition reaction between 2-methoxy-
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furan and the 0xyauy1 cation gcm:ralt:u in situ xrum 1. 4-dibromo- 3-pcmdnonc This C)’ClOa(l(IUCI has an acetal

functionality on C1 which allows the easy opening of the oxabicyclic system, affording versatile synthons.
© 1999 Elsevier Science Ltd. All rights reserved.
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Macrolide antibiotics are important synthetic targets due to both their biological activity
(antimicrobial and in many cases antitumor) and their challenging complex chemical structure
[1]. One of these antibiotic macrolides with important properties is Ionomycin. There have
been in the past several approaches to the partial and total synthesis of Ionomycin, based on
different synthetic methodologies [2], most of them based on poliketide chemistry. The anti-
syn relative stereochemistry established between C19 and C20 and C17 and C19 respectively
in the structure of Ionomicyn, is the array which cannot be obtained directly using the aldol
methodology, routinely employed in the synthesis of these polypropionate fragments [2d].

In our research group we have developed a new synthetic methodology to prepare
polyfunctionalized heptane building blocks with up to four stereocenters based on the use of
C!1 functionalized 2,4-dimethyl-8-oxabicyclo[3.2.1]oct-6-en-3-ones as key intermediates [3].
Application of this new methodology to the synthesis of the C17-C23 fragment of antibiotic
Ionomycin, starting from cheap and commercially available precursors, and involving versatile
intermediates, is presented here.

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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The Cl-functionalized 2,4-dimethyl-8-oxabicyclo[3.2.1.Joct-6-en-3-ones, whose synthesis
and applicability have been studied by us {3], are readily availabie by [4+3] cycloaddition
reactions between C2-functionalized furans and the oxyallyl cation generated in situ from 2,4-
dibromo-3-pentanone (Scheme ). These cycloadducts have on C1 an acetal function which
allows the easy opening of the oxygen-bridge and its further chemical derivatization.

Discrimination between the ketone group on C3 and the masked carbonyl group on C1 (as
acetal) has been accomplished by a highly stereoselective reduction of the C3-carbonyl group
to the corresponding alcohol (Scheme 1). A further hydrolysis of the cyclic acetal affords a
versatile building block, which could be readily transformed into linear seven membered
synthons, with four different organic functions and up to four stereocenters (Scheme 1). The
key intermediate in the present synthetic approach is a Cl-functionalized 8-
oxabicyclo[3.2.1]Joct-6-en-3-one obtained, as mentioned before, by [4+3] cycloaddition
reactions. In the aforementioned reaction, under optimized experimental conditions, two
diastereoisomers (depending on the relative positions of methyl groups on C2 and C4 as cis-
diequatorial and/or cis-diaxial) are formed in almost quantitative yield. Both diastereoisomers
are equally useful to prepare the target molecule (C17-C23 subunit of Ionomycin), and parallel
synthetic pathways have been conducted with both diastereoisomers.
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Scheme 1.- Retrosynthetic approach to the C17-C23 subunit of antibiotic Ionomycin.

The preparation of the aforementioned diastereoisomeric cycloadducts was carried out by the
Hofmann’s methodology [4], using the reducing system Nal/Cu in MeCN to generate, in sifu,
an oxyallyl cation from 2,4-dibromo-3-pentanone. This cation reacts according to a [4+3]
cycloaddition reaction with 2-methoxy-furan affording in a 97% yield the diastereoisomers cis-
diequatorial (1a) and cis-diaxial (1b) in a 70:30 ratio, respectively (Scheme 2). No trans
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stereoisomers were detected which, on the other hand, are formed in a certain yield (10-20%
when Noyori’s cycloaddition methodology is used (Fe,(CO),, C¢Hg, 80°C) [5].
The products 1a and 1b were easily separated by column chromatography and they were

completely characterized [3a, 3c].
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Scheme 2.- Preparation of 2,4-Dimethyl-1-methoxy-8-oxabicyclo{3.2.1]oct-6-en-3-one. Reaction conditions: (a) Cu, Nal, CH;CN,
60°C , followed by chromatographic separation.

Synthetic pathway to prepare a precursor of the C17-C23 subunit of Ionomycin from the
cis-diequatorial cycloadduct 1a.
to chemically

Once the major diasteroisomer la was isolated and purified, in order
to 1 n

discriminate its ketone group on C3 and the masked carbonyl group on Cl1, a reduction of the
former was carried out by NaBH, in MeCH at 0°C (Scheme 3).
The corresponding alcohol on C3 was obtained in a 92% yield and with high
diastereoselectivity endo (2a) : exo (2a') (98:2, espectlvely) he use of DIBAL-H® [6] or
DN D-MNET . L H i R, |y S cnmcalantiziies; T TNITX AT

(iPrO);Al / iPrOH did not improve the yield and/or diastereoselectivity. To work with DIBAL-
H® at -78°C was thought to exert a kinetic control on the reduction reaction, however, lower
yield and diastereoselectivity were obtained, probably due to a possible coordination of
aluminium atom to the oxygen of the bridge, which hinders the re face of the ketone group on
C3, making difficult the attack of hydride ion on that face.

The major diastereoisomer 2a is the one havmg the C3-OH group with the endo
configuration, so it comes from the attack of hydride ion on the re face (less hindered one) of
the C3-ketone group. The si face is hindered by both the A%’ double bond and the methyl
groups on C2 and C4, while the re face is only flanked by the oxygen bridge (see Fig. 1). As a
new stereocenter (at C3) is formed in this reduction reaction, the establishment of the relative
stereochemistry of 2a and 2a' was carried out by a careful correlation of their 'H- and "*C-
NMR spectra, as it will be discussed later on.

Next step in the synthetic pathway is the protection of the hydroxyl group on C3, in 2a. For
this purpose, 2a was treated with one equivalent of MeLi, to abstract the hydroxylic hydrogen,
followed by one equivalent of CH;COC], (other bases like NEt;, NaH, ‘BuLi, LDA, etc., were
used in this reaction, but because the -OH group is flanked by methyl groups C9 and C10 it is
considerably hindered and the acid-base reaction did not take place to an appreciable extent).
In this way, the corresponding acetate 3a was obtained in 92% yield (Scheme 3).

One key step in the present synthetic methodology is the opening of the oxabicyclic system
in 3a. This transformation is carried out by hydrolysis in acidic medium of the acetal function
on CI1. The system CF;COOH/H,O was very effective affording cycloheptenone 4a in a 85%
yield.
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Scheme 3.- Synthetic pathway to prepare compounds 8/9 and 10/11, precursors of subunit C17-C23 of Ionomycin. Reaction
conditions: a) NaBH,, MeOH (chromatographic separation); b) 1) MeLi, 0°C, THF, 2) CHsCOCI, THF; ¢) CF;COOH, H,0, CHCL;
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h) Me,S, CH,Cl,/MeOH 1/1; i) CH;N,, Et;0; j) NaBH,, CH,Cl,/MeOH 1/1.
* Overall yield in steps (g, h, i) and/or (g, j, i).

The configuration at C4 in 4a had to be inverted in order to get the right stereochemistry in
the final product (C17-C23 subunit of Io nomlcy n). This inversion of conﬁguratlon was
permn—mm by the Mitsunobu methodology [7], which si muuaneously protected the C4-alcohol

ot~ T T ~ al : _ o4l L 4

as a benzoate. Under these conditions the benzoate 5 was isolated in 75% yield. On the other

hand, the structure of 5 was confirmed by synthesizing it by following another synthetic
pathway, starting from compound 1b (Scheme 4).
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Hydrogenation of cycioheptene 5 was accomplished in quantitative yield by using H, and
Pd/C(10%), as a catalyst, in THF. This aprotic solvent was chosen to avoid hydrogenolysis [8]
of the benzoate group, which is a good leaving group and moreover it is in an allylic position.
In usual solvents for this kind of reaction the compound 5 underwent a certain degree of
hydrogenolysis.

The silyl enol ether 7 was prepared under kinetic conditions at -78°C [9]. This product,
because of its unstability, was directly ozonized without isolation. Reduction of the
intermediate ozonide was carried out by using either SMe, or NaBH, as reducing agents [10].
When dimethyl sulphide was used, the molecule 8 was obtained in 90% overall yield from 6.
The building block prepared in this way is a linear structure of seven carbons, four consecutive
stereocenters and four different organic functions, with a formyl and a carboxyl group at the
ends of the carbon chain. This fact is quite important because it facilitates the synthetic work of
a further derivatization and assembling of that building block to other fragments or subunits, in
order to perform a convergent synthesis of Ionomycin. Acid 8 was easily transformed into its
methyl ester 9 , in quantitative yield, by reaction with diazomethane. This reduction approach
has the advantage that, in the case of a non-complete conversion, the starting material (ketone
6) could be recycled, because it is not reduced. When NaBH,; was used in the reductive
ozonolysis, the final product was the hydroxy-acid 10, formed in a 80% overall yield from
ketone 6. In this particular case the non-transformed starting material is

As was already mentioned, both diastereoisomers 1a and/or 1b, resulting from the [4+3]
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and diastereoselectivities are not very different. The main difference with the former pathway
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stereocenters than the target molecule. Thus, it is possible to transform
intermediate § in only four steps.

The reaction conditions are aimost identical to the ones established in the pathway of Scheme
3, only a few new aspects deserve to be commented, especially regarding the stereochemistry
involved in the reactions.

When reducing cycloadduct 1b with NaBH, two separable diastereomeric aicohols were
obtained, 2b and 2b', in 97% yield and in 90:10 ratio, respectively, (Fig. 4). The major alcohol
is the one resulting from the attack of hydride ion on the less hindered face, the si face, due to
the 1-oxan-4-one ring in 1b adopts a boat like conformation [3a, 3c].

The protection of the C3-hydroxyl group in 2b was accomplished under the same conditions
as in compound 2a, obtaining product 3b in 75% yield. Hydrolysis of the acetal function on
C1 was carried out by using CF;COOH/H,0 affording cycloheptenone 4b in 60% yield.

SLI')" in all four
b into the common
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.- Synthetic pathway to prepare the C17-C23 subunit of lonomycin from the cis-diaxial cycloadduct 1b. Reaction conditions:
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)NaBH.. MeOH, (chromatographic separation); b) 1)MeLi, 0°C, THF 2) MeCOCl, THF; ¢) CF;COOH H,0, CHCl;; d) Et;N,
MPA, PhCOOH, CHCl;.

Cycloheptenone 4b, which has the appropriate relative configuration in all four stereocenters,
was treated with PhCOCI / Et;N, DMAP to protect the free alcohol as a benzoate, which was
accomplished in 75% yield. This benzoylation product had identical physical and spectroscopic
properties to the substance 5. Cycloheptenone 5 is, then, a common intermediate in both
synthetic pathways.

Establishment of the relative stereochemistry of the diastereomeric cyclic intermediates
1a/1b, 2a/2a’, 2b/2b' and 5.

The products 1a and 1b were purified by column chromatography and they were physicaly
and spectroscopicaly characterized. Also their relative stereochemistry was unequivocally
established by correlation of their 'H- and "C-NMR spectra, and confirmed by X-Ray
diffraction on single crystals [3a, 3c].

In the reduction reaction of Ketone group on C3 of 1a (Scheme 3), the major diastereoisomer
formed 2a, is the one having the C3-OH group with the endo configuration, while the minor
diastereoisomer 2a' has an exo configuration for the C3-OH group. As a new stereocenter (at
C3) is formed in this reduction reaction, the establishment of the relative stereochemistry of 2a
and 2a' was carried out by a careful correlation of their 'H- and "C-NMR spectra. The
unequivocal assignment of signals was possible by 2D (COSY 'H-'H) experiments, so, the
observation of a coupling between hydrogens H4 and H5 allowed us to clearly assign the
signals of hydrogens H2, H4, H9 and H10 (see Table 1).

Based on the J;s values (Table 1), it is possible to deduce that 2a has a chair like
conformation, and 2a' a half-chair like conformation for the 1-oxan-4-ol ring. The small values
tants (l=5 and 3.6 Hz respectively) are coherent with dihedral angles
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they have values (see Table 1) corresponding to dihedral angles H2-C2-C3-H3 and H3-C3-C4-
H4 near 34° (syn relationship of H3 with both H2 and H4). However, in 2a' those coupling

1
constants have values as hlgh as 8.8 Hz, which is coherent with dihedral angles close to l68°
(anti relationship of H3 with both H2 and H4). Moreover, the major differences among 'H-
NMR chemical shifts (6, ppm) of 2a and 2a' are observed for H2, H3, H4, H6 and H7 (see
Table 1). Proton H3 in 2a' appears to be highly shielded (A6=0.99 ppm) by the interaction
with C9 and C10 methyl groups [3a, 3¢, 12] and also by a possible effect of the anisotropy
cone of double bond A%/, (see Fig. 1)[13]. In 2a a deshielding effect could be observed on both
H6 and H7, with respect to 2a', probably due to an electrostatic field interaction [14] with the

C3 hydroxylic oxygen, which adopts an endo configuration (Fig. 1).
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Figure 1.- Relative configuration of 2a and 2a': shielding (+) and deshielding (-) effects.

In 2a hydrogens H2 and H4 appear at lower field than in 2a' (Table 1), which is due to the
diamagnetic anisotropy effect of the -OH group on C-3 which is generally observed when all
H2, H4 and C3-OH are in axial disposition [15]. This deshielding effect would be more intense
than the down field shift effect possibly exerted by the equatorial C3-OH on H2 and H4 by
electrostatic field effect in 2a’.

3 2/ 3% \4
R i
{
A w_/
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Figure 2.- Newman projection of 2a and 2a' where the different intensity of y-shielding effects between (C6, C7) and (C9, C10) are
observed.

Regarding the correlation of “C-NMR data (see Table 2), the main differences in S(ppm)
between 2a and 2a' are observed on C2, C3, C4, C6 and C7 carbons. In 2a', C6 and C7 are up-
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field shifted, with respect to the same carbons in 2a, by a y-gauche shielding effect {16, 17]
exerted by methyl groups C9 and C10, which are in closer proximity in 2a' than in 2a (see Fig.
2).
Table 1.- Correlation of "H-NMR spectral data of 2a and 2a’
OH f
B 2 -,
o o
KL~ R/ ~0~
N\ N
2a 2a'
2a’
8(ppm) m J(Hz) 8ppm) | m J(Hz) Ad(2a-
2a")
H2 2.20 dq 5675 1.75 m | Not resolved 0.45
Jp5=5.5
H3 3.77 dd J5.4=5.5 2.78 dd | 188 0.99
J;=5.5 J;,=8.8
H4 2.28 ddq Ji5=5.5 1.75 m | Not resolved 0.53
Ls=15
J4 =70
HS 4.57 dd Js4=1.5 4.56 dd Js4=3.6 0.01
Js6=1.5 Js1.8
H6 6.60 dd 357760 6.30 dd | 1¢:=6.0 0.30
Jo5=1.5 Jos=1.8
H7 6.31 d J,6=6.0 6.09 d J15=6.0 0.22
H9 1.06 d 1p;=1.5 1.02 d Jo3=7.0 0.04
H10 | 099 d 3104770 0.97 d_1 Ji=70 0.02
The previous observation is also consistent with the fact that C9 and C10 appear at higher
field in 2a' than in 2a. The differences observed in 8(ppm) of C2 and C4 could be interpreted
on the basis of a deshielding B-effect[18] exerted by the -OH gro p This down-field shift is of
higher intensity when the -OH group is in an equatorial disp sition than when it adopts an
axial orientation. T“ foremention amagn hift is of steric origin [19] and also

C3) between both diastereoisomers due to an o-
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explains the great
etfect [18,19].

The internal coherence of all these effects and the NMR data correlations aliows to assign to
2a and 2a’ the structures and relative stereochemistry depicted in Fig.1.
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Table 2.- Correlation of *C-NMR spectral data of 2a and 2a’".

Carbon Su(ppm) Syp(ppm) Ad (2a-2a")
C1 111.38 112.10 -0.72
2 4200 44.69 -2.60
C3 72,71 78.89 -6.12
C4 38.92 40.89 -1.97
C5 §2.03 80.85 1.i8
Cé 138.81 134.09 472
Cc7 13494 131.13 3.81
C9 11.50 12.84 -1.34
Cio 12.62 14.20 -1.58
Cl1 50.52 50.69 -0.17

Looking at Scheme 3, is is possible to appreciate how the configuration at C4 in
cycloheptenone 4a had to be inverted in order to get the right stereochemistry in the final
product (subunit C17-C23 of lonomicyn). This inversion of configuration was performed by
the Mitsunobu methodology [7], which simultaneously protected the C4-alcohol as a benzoate.

In order to confirm the inversion of configuration at C-4, the epimer of 5 (Fig. 3), §', was
synthesized by benzoylation of alcohol 4a using LDA/PhCOCI, with the purpose of comparing
the physical and spectroscopic properties of both compounds.

. QOCCH; QOCCH,
"'.,. 5 6 o 9 H

TN m R A~
O A R

A\ /Y

L3 g

Figure 3.- Comparison of epimeric benzoates § and §'.

Looking at NMR spectra of 5 and §' is is possible to observe a few differences between the
'H- and PC-NMR data of both epimers. Noticeable A are seen in hydrogen H4 and carbon
C4, affected by the change of configuration at C4, and in a lesser extent in their vicinal protons
and carbons, respectively.

To rationalize the observed shielding and deshielding effects is quite difficult due to the high
degree of conformational freedom of cycloheptenone ring in both compounds. In any case, a
simple comparison of the aforementioned data induces to think that 5 and 5' are not identical
but diastereoisomers, and due to the type of reactions carried out on 4a, to afford 5 and §', is
quite clear that both diastereoisomers should necessarily be epimers, because the configuration
of stereocenters at C5, C6 and C7 is not modified. On the other hand, the structure of § is
confirmed by synthesizing it by an other synthetic pathway, starting from compound 1b
(Scheme 4).
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study it is possible to conclude that Zb, the major isomer, adopts a boat-like conformation,
having methyl groups H;C9 and H;CIO in a quasi-equatorial disposition (see Fig. 4). The
values of J,3 = J;4= 6.9Hz correspond to dihedral angles H2-C2-C3-H3 and H4-C4-C3-H3
close to 23° which are coherent with a configuration at C3 as shown in Fig. 4 for Zb, where the
C3-OH group is able to form a hydrogen bond with the oxygen atom of the bridge.

In 2b' the values of coupling constants J, ;=J; 4= 1.5 Hz indicate dihedral angles H2-C2-C3-
H3 and H3-C3-C4-H4 of 115°. According to this data, and by observation of Dreiding models,
the dihedral angle H4-C4-C5-HS is estimated as 75°. Thus, it was possible to deduce that
molecule 2b' adopts a half-boat like conformation for the 1-oxan-4-ol ring for a configuration
at C3 as depicted in Figures 4 and 5. (Experimentally we observed a coupling constant J; s=0
Hz, which calculated by Karplus' equation for a dihedral angle H4-C4-C5-HS of 75° was
estimated as 0.28 Hz, value which was not detected even by a high resolution 500 MHz NMR

spectrometer).
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Figure 4.- Structure of alcohols 2b and 2b'.

RS s W ey

All these spectroscopic considerations made on the basis of NMR data correlations are
consistent with a relative stereochemistry for 2b and 2b' as shown in Figure 4.

We can conclude that a new synthetic methodology to prepare, in a stereoselective manner,
linear and cyclic polyfunctionalized heptane building blocks with up to four stereocenters has
been developed. This methodology is based on three key steps: a) [4+3] cycloaddition reaction
of 2-functionalized furans with 1,3-dimethyl-2-oxyallyl cation, b) reduction of the ketone on
C3 to chemically discriminate it from the masked carbonyl group on C1, c) hydrolysis of the
cyclic acetal on C1 for an easy opening of the oxygen bridge. By this methodology it is
possible to synthesize versatile building blocks, useful as precursors of subunits of macrolide
antibiotics like Ionomycin. We have also demonstrated the synthetic usefulness of both
diastereomeric cycloadducts, 1a and 1b, designing parallel synthetic pathways to reach the
same target molecule. An active research effort is been carried out in our laboratory to extend
this methodology to the synthetic approach to other biologically active molecules.

EXPERIMENTAL SECTION

General Procedures. Unless otherwise noted, all reactions were conducted under an
atmosphere of dry nitrogen or argon in oven-dried glassware. Raw materials were obtained
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sodium / benzophenone Methylene chloride and acetonitrile were distilled under nitrogen from

Lal‘lz Infrared specrra were recorded on a FT-IR NICOLET 510 specrropnommeter as thin
films or as solutions. NMR specrra were taken in deuterated chloroform on spectrometers at

200 MHz (GEMINI-200), 300 MHz (UNITY-300) and/or 500 MHz (UNITY-500) for 1H-
NMR, and at 50 MHz and 75.43 MHz for 13C-NMR. For 1H-NMR tetramethylsilane was used

as internal standard. 13C-NMR spectra were referenced to the 77.0 ppm resonance of

chloroform. Mass spectra were measured on a HEWLETT-PACKARD 5890 mass

spectrometer using electron impact and/or chemical ionization. Melting points were measured

on a GALLENKAMP equipment. GC analyses were performed on HP-8790 gas

chromatograph equipp d ith a HEWLETT-PACKARD—cro slinked MePhe-Silicone capillary
rrier and

column ( =25 m, dy— mm, w= 075 m) 1 th as a FID detector

. o .
1111, Y usmg rieiium as pas Laillcl

der different

¢
(T= 250°C Pm—4 2 p i, Pﬂur =2.1 psi ) GC a.n alyses were carried out un
temperature/time conditions as follows: [Code; initial temperature(°C); initial time(min);
rate(°C/min); final temperature(°C); final time(min)]. Elemental analyses are obtained with a
FISO S Na-1500 apparatus, analyzmg combustion gases by chromatography and using a
thermal conductivity detector.
Pronavation of 1a and 1b by [4+37 cveloaddition reactinn
£ 1 UP“I “EEMSES \IJ A 8 LAI WA A L5 U.)' L T JJ \/JV&\I“W'..\I'I f WA ORI §
a) Previous treatments: activation of copper powder.

In a2 250 mL round bottomed flask, containing commercial copper powder (10g), a solution
of iodine in acetone (2% w/v) (100 mL) was added. The suspensien was stirred for 15 min. and

acetone (50 mL). A copper powder, with metallic brightness, was obtained , which was dried at
high vacuum for 30 min. and stored under inert atmosphere (Ar), in the darkness, inside a
Aacinratnr
v oliveaiuil
h) A tivatinm ~Af NAT
UJ A2Ceiviasivre UJ PR %Y
Sodium iodide used in cycloaddition reactions should be activated (dehydrated) before use.
. . . N S T o
This activation was carried out by grinding it followed by dehydration in an oven at 150°C
.
under vacuum for 24 hour. It is necessary to cool it down to room temperature in a desiccator

c) Pr ocedur e for [4 3] G cloaddltzon reaction of 2-methoxy-furan with 2,4-dimethyl-2-

- Lad 1,01 Feead <:i s smammsm i obisseteae b ] o TN gL 1 o1

Ked flask, fittea with a magnetic stirring var and a Dimroth condenser, unde

mitrmran e ~hamaad st DY seeathhoaarsrfirsnm (A D waT AL smann ~T\ VIS I L PR I

HUOUELILL, wad Lualsc:u WLl L~IIICUIVUA yl ail \4+.< 111, 40 HuUN l) s ucbuly acuivdaica © pcr
o .

powder (10.17 g, 160 mmol), oven-dried (24 hours at 150°C) sodium iodide (45.38 g, 303

s mIY amAd Awer anatmniteila an anleramt 77T T Y T tlhn wncis 148 o it YA AL A

1111101 ) u iy CELONIriIC as soivent <7 i), 10 UIC 1GOUlLL lg buapcnbluu, £,4-Ul0roiio-I3-

e W ey I A o, ¢ AQ snnema Y S fenclilyy mnaoad $lewnaaale o oqiaanll aAloo o 0 aft e X a1

pcumuuuc (6.6 mL, 40 mMmol1), (IT€sny passea uuuugu a Ssmaiu Cowumn O1 aciivaiea neutrai

r1iniia) azrao addad dana=zrian mamn Abrrsenseacmdraisn Tl sk eie csemes smmsaaemdmtem ] o4 SN0 ]

alulllllld), Wdd aduccdu Ui UPW{SC, ul. 1UOVLLH LCHI})CI& IC. 1I1C ICAdCLIVII was 1Ildliiidaliicd at ov o 1A

8}
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controlled by TLC and GC. After 5 hours of reaction time, the reaction mixture was
concentrated to dryness under vacuum at 0°C. The 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. If copper saits precipitated, they were separated by fiitration through a Biichner
funnel. The organic phase (CH,Cl;) was decanted and kept at 0°C meanwhile the aqueous
phase was extracted with cold methylene chioride ( 6 x 20 mL). All the organic extracts were
combined together and washed with cold aqueous (25% w/w) ammonia (2 x 50 mL), followed
by cold distilled water (2 x 50 mL), until no blue colour of Cu(NH3)42" was observed. The
resulting organic solution was dried over anhydrous MgSOg4 , filtered through neutral alumina

and concentrated to dryness under vacuum without heating, obtaining (8.12 g , 97% yield) of a

thick colourless oil, formed by a 70:30 diasterecisomeric mixture of cycloadducts 1a and 1b

+ C

ne cload
xture was senarated hv flash column chromatooran
f o had i

"~
respectively. The mixture was separated by flash column chromat ography on silica gel
_ . o . .
(previously activated at 150°C overnight), using mixtures of hexane-ethyl acetate of increasing

iasteroisomer 1a was eluted first and afterwards 1b.

U

polarity.

la: whlte solid. m.p. 60-61°C (EtOEt). Vemax (film) 3105 (H-Csp’), 3005, 2960, 2920, 2860

(H-Csp’), 1710 (C=0), 1615 (C=C), 1460, 1450 (C-C, deform.), 1390, 1380, 1360, 1340,
1310, 1280 (C-H, deform.), 1200, 1170, 1130, 1110 (C-O), 1010, 990, 910, 830, 820, 770, 660.

ﬁu (500 MHz, CDCl \094 (3H, d, J=7.0 Hz, H10), 0.91 (3H, d, J=7.0 Hz, H9), 2.60 (1H,
J=7.0 Hz, H2), 2.62 (lH, dq, J,=4.8 Hz, J,=7.0 Hz, H4), 3.28 (3H, s, OMe), 4.73 (1H, dd, J,

4.8 Hz, J,=1.9 Hz, H5), 6.06 (1H, d, J=6.1 Hz, H7), 6.28 (1H, dd, J =6.1 Hz, J,=1.9 Hz, H6). )

¢ (50 MHz, CDCL,) 8.64 (C10), 10.18 (C9), 48.01 (C4), 51.14 (OMe), 54.68 (C2), 79.00 (C5),

112.16 (C1), 132.42 (C7), 136.10 (Cé), 208.11 (C3). GC [Ti=50°C, ti=1min., r=10°C/min.,
Tf=250°C, tf=15min.]: retention time=13.4 min. MS [DIP-CI, CHy, 70eV, 150°C, m/z(%)]:
211 (10, M+C7Hs), 183 (100, M+H), 182 (9, M), 167 (2, M-CH3), 151 (5, M-CH30), 127 (2,
M-C4H7 or C3H40), 125 (2, M-C4Hg or C3H50), 95 (7, M-CH,,0 or C,H,0,). EA,
calculated for C;oH405: C(65.92%), H(7.74%). Found: C(65.67%), n(7 400/,.\

VaGivuiGwws AV i ij483. NAA N oS e F A e \./

a

e TP =) -~ R N N . Ve V2!

ib: white soiid. m.p. 61-6 (htUbt) Vmax(Illm) 3100 (H-Lsp"), 3000, 2970, 2895, 285U
(H-Csp3), 1730, 1715 (C ) 1615 (C=C), 1470 (C-C, deform.), 1340, 1310, 1300, 1280 (C-H,
deform.), 1200, 1130, 1100 (C-O), 970, 910, 820, 740. 8y (500 MHz, CDCL,) 1.27 (3H, d,

J=7.5 Hz, H9), 1.36 (3H, d, J=7.5 Hz, H10), 2.23 (1H, q, J=7.5 Hz, H4), 2.54 (lH q, J=7.5 Hz,
g

ONMa A K87 (1H A I=1 4> HSY AN0O /1T d T=A7 U 17
LY J=L1.5 114, 110 ), O.U7 (111, G, J=0.2 112, 11/

i
2
-
>
>
2
~
~
>
n

)
114 )y, 3.4 \JK1, d, \VIU ), 7. Js

J1=6.2 Hz, J3=1.4 Hz, H6). O¢ (50 MHz, CDCl,) 13.14 (C9), 17.83 (C10), 47.82 (C4), 51.39
(OMe), 54.05 (C2), 79.72 (CS), 110.27 (C1), 133.39 (C7), 137.01 (C6), 213.74 (C3). GC
[Ti=50°C, ti=1min., r=10°C/min., Tf=250°C, tf=15min.]: retention time=13.1 min. MS [DIP-
CI, NH;, 70eV, 150°C, m/z(%)] 182 (3, M), 167 (8, M-CH3;), 153 (6, M-CHO), 125 (37, M-
C4Hy or C3H50), 111 (100, M- CsH,, or C4H;0), 95 (37, CsH,,0, C;H,0,), 83 (22, CsH,0,),

l \111,
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67 (38, CsH40). EA, calculated for CioH;40;: C(65.92%), H(7.74%). Found: C(65.82%),
H(7.61%).

Reduction of the ketone group on C3 in 1a and 1b: preparation of alcohols 2a / 2a’, and 2b /
2b’', respectively

l"

1 mL flask fitted with a septum, magnetic stirring, nitrogen atmosphere and an ice-
water bath, NaBH4 (964 mg, 25.5 mmol) was suspended in dry methanol (8 To this
e et e s araliakt i o il A it B L LN F1 1L o LA eI e A el 1 £ T \
SUBPCHSIUIL, 4 501UtlVl U1 Cyllualudull 18 (Ul 1D) (1.10 g, 0.4 11111101} 11 Uy Hcuaiol (£ 111, )
R 1 S L el e s m — at NOM £ g I I T

I
GC), tien concent '—tt_.‘«d o Ul'ynﬂbb lIlC rt:bumug Cru de Oﬁ
filtered via cannula to remove inorganic byproducts and concentrated to dryness, affordxng
alcohols 2a and 2a' (1.04 g, 92% yield from 1a), with a diastereoselectivity endo/exo (2a:2a")
of 92/8. In a similar way, alcohols Zb and 2b’ (1.14 g, 97% yield) were obtained from 1b, with
a diastereoselectivy 90/10 (exo:endo, 2b:2b’). All the aforementioned diastereomeric alcohols
were easily separated by flash column chromatography, using silica gel as stationary phase and

mixtures of hexane/AcOEt of increasing polarity as eluents.

-Csp2), 2967, 2930,

- dafarm ) 1100
Py W av

A Ly Wwivre lllal,

2a: white solid. m.p. 44-45°C (CHCIlj3

). Vmax(KBr) 3498 (O-H), 307
2878 (H-Csp3), 1601 (C=C), 1458, 1407 )

(C.
\\/

A
?3 s
&

hd 3

1163, 1122, 1080, 1040, 1014, 989 (C-0O), 966, 880, 853, 807, 762, 740. SH( 00 MHz, LDLI3)
5 J]=5 5 Hz, J,=7.5 Hz,

Me), 3. 77 (1H, dd,

6.31 (1H, d, J=6.2 Hz,

H7), 6.60 (1H, dd, J,=6.2 Hz, J2=1.5 Hz, H6. d¢ (75 MHz, CDCL,) 11.50 (C9), 12.62 (C10),
38.92 (C4), 42.09 (C2), 50.52 (OMe), 72.77 (C3), 82.03 (C5), 111.38 (C1), 134.94 (C7),
138.81 (C6). MS [DIP-CI, CHy, 706V, 150°C, m/z(%)] 213 (1, M+CoHs), 185 (100, M+H),
183 (18, M-H), 169 (22, M-CH3), 167 (79, M-OH), 153 (24, M-CH30), 139 (15, M-C5H50),
107 (7 NM_CATHTANA)Y O8 710 N O IIANA) 200 [T =8N 47 =1 smmin
1v/ \I I¥A bjlly\.}‘} T \1.7 IVE \,fqll.yuz} U\-»‘Lll JU\/ Wi~ 1lililil., 1

. S
tf=15min.]: retention time =14.3 min. EA, calculated for C{gH]603: C(65.18%), H(8.76%).
Found: C(65.12%), H(8.65%).

NO( femnzen TF == ENOM
U/, LT 20U L,

2a'": white solid. m.p. 94-96°C (CHCl;). Vmax(film) 3417, 3081, 2964, 2935, 2877, 2838,

1599, 1457, 1374, 1341, 1300, 1256, 71J:?.2l 1‘1“85,1164, 1.1,1—7- —IO,Sg —10’34_1‘1;),0;-994 976,

NN ONg g FNNA RATY . AT N I\ f‘l £AYT 1 Y_ T NTT TY1T N A AT -
¥3Y, 8Y). UH {LUU Mz, CLRCL ) ( r1, a,J=/.0nz, riv), 1.02 (31-1 cl J=7.0 Hz HB), i.75
6 (3H, s, OMe), 4.56 (1H, dd,

3 S
11—3 6 Hz J2 1.8 Hz, HS), 9 (lH, d, J=6.0 Hz, H7), 6.30 (1H, dd, J1=6.0 Hz, 12=1.8 Hz,
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NN 166 /1 M H.ON 182 () NMOWNa)Y 159 (M MsOHY FA calenlated for C..H. ().
P2 & Ull}’ 1OV \.l, vy llzvl’ 170 \.‘4’ AV ULVI\J}’ p Qe ey \lvl Vl\J\JLl}. = VY vailvuiatvia 1uvl W j(jrijperi
(VAL 190/ THQ 760/ Rannd CYES AN TI/Q £40/0)
LA05.1070), 11 0. /070, FOUNG: LAU3.59V/5), 1 6.0570)

2b: white solid. m.p. 49.5-51.5°C (hexane). Vmax(KBr) 3473, 3077, 2940, 2838, 1605, 1466,

1379, 1325, 1286, 1223, 1178, 1134, 1103, 1084, 1007, 984, 964, 931. Oy (300 MHz, CDCl,)
1.10 (3H, d, J=6.9 Hz, H9), 1.16 (3H, d, J=7.5 Hz, H10), 1.80 (1H, dq, J1=7.5 Hz, J2=6.9 Hz,

TIAN 2 NG 11T A =6.9 Hz. J»= 9 2127 (1 ON2Y AN0T (1 w Y ALY (1
n4j, 2.y (in, uq,Jl-uym, z—uvna i), 3.5/ \.)n, S, UlVlC} q4.ul (1 1, 1, 113 j, 4.0 (111,

d, J=1.8 Hz, H5), 5.97 (1H, d, J=6.0 Hz, H7), 6.24 (1H, dd, J1=6.0 Hz, J5=1.8 Hz, H6). 8¢ (75
MHz, CDCL,) 8.49 (C10), 13.65 (C9), 34.37 (C4), 39.96 (C2), 50.87 (OMe), 68.35 (C3), 81.75

(CSY. 11127 (C1Y. 131.61 (C. 134,53 (C6). MS IDIP.CI. NH., 70eV. 150°C. m/z{%)! 219
\\.«J}, 11k.57 \\/1}, 191.U1 \\./ ’, LITWS T \ U’, P S A Lull kg LNL1Ey T UNW Y, LJU Ny LU IU}J s & T
IMANLIIDY 200 100 NMANH AN 124 /07 MAIN 184 (2 N 160 (1 MCHN 1687 (2 -OH)
UVITIN2ILT ), VUL LUV, IVITINII4J, 10 &/, IViTX1), 109 (4, IVlj, 107 (1, Vi=UI13), 10/ \ O, IVi=Ur),
1€2 /9 NACII N 182 (1 M_OLION 181 (1 M_COH=zN 1268 (O M.OH O~ 124 (1 N_
133 (&, MIFUII3VU), 104 (4, MISUXI4U ), 131 (1, V1I-Lni§VU), 150 (\(F, ViI-UiiduUZj, 1558 (1, Vi
CHgO,). EA, calculated for C10H]603: C(65.18%), H(8.76%). Found: C(65.23%), H(8.71%)

[eY e ls ] NN RNAYY.. MT
, 001, UH (2U0 Mz, CUC 13)

1.70 (1H, g, J=7.4 Hz, H4), 1.94 (1H,
1H, s, H5), 6.20 (1H, d, J=6.0 Hz,

_ 14.97 (C10), 19.68 (C9),
3), 82.95 ((:,5)_ 110.79 (C1), 134.45 (C7),

L A

N2H?7), 202 (72, M+NH4),

N2 2 LN \ Ly 2Y EE I L

2
M-H,0), 53 (1, M—CH;O), 152 (1, M-
. und: C( 65.20%). H(8.80%)

ek P Jy BA VUV SV g

q,J =7.4 Hz, HZ), .37 (3H, s, OMe), 3.5
H7), 6.53 (1H, dd, J;=6.0 Hz, J,=2.0 Hz, H6).
40.34 (C4), 44.05 (C2), 50.69 (OMe), 79.

bt =gy A EsE S (S TEE 73 -

T 3
/-\
\J
,Z
Z

...... - v-,a-‘:,lvv’vilv

185 (100, M+H), 184 (1,
CH40). EA. calculated fo

N A RGNS Je Bdi Ry

,.

J ALY, ISR ol NP L, I

cetylation of hydroxyl group on C3 in 2a (and 2b): preparation of acetates 3a (and 3b).
In a 50 mL round bottomed flask fitted with septum, magnetic stirring bar, inert atmosphere

~u N\

(Argon) and an ice-water cooiing bath, alcohol 2a (or 2b) (1 g, 5.43 mmol), dissolved in of

Y Y /1 xxrt

anhydrous THF (16 mL), was placed. When the solution reached 0°C, (3.6 mL, 5.7 mmol) of
MelLi (1.6 M in hexane) were added. After 15 min., freshiy distilied CH;COCI (448 pi, 5.7
mmol) was added at once. The reaction mixture was kept under these condition for 1.5 hours
and then concentrated to dryness. The resulting oily crude was dissolved in diethyl ether ( 5
mL) and fiitered via cannuia, in order to remove solid LiCl. The ethereal filtrate was
concentrated to dryness under vacuum, obtaining a yellowish oil which was purified by flash
column chromatography on activated silica gel. The acetylation product 3a (or 3b) was eluted
with mixtures of hexane/AcOEt 9/1, and the non-reacted initial alcohol 2a (or 2b) with
hexane/AcOEt 7/3. This last fraction of starting material could be recycled and reacted again.
In this way, 1.13 g (92% yield) of 3a or 0.92 g (75% yield) of 3b were obtained from 2a or 2b,

respectively.
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d, =72 Hz, H9 or HIO), 085 (3H, d, =72 Hz, HO o HlO), 2.02 3H, s, oocM_), 226 (IH,
dq, J,=5.8 Hz, J,=7.2 Hz, H2), 2.38 (2H, ddgq, J;=5.3 Hz, J;=2.0 Hz, J;=7.2 Hz, H4), 3.34 (3H,
s, H11), 4.54 (1H, dd, J,=2.0 Hz, J,=2.0 Hz, H5), 5.32 (1H, ddd, J,=5.8 Hz, J,=5.3 Hz, J;=2.0

Hz, H3), 6.15 (1H, d, J=6.0 Hz, H7), 6.41 (1H, dd, J,=6.0 Hz, J,=2.0 Hz, H6). 8¢ (50 MHz,

AN

CDCL) (C9), 12.39 (C10), 21.07 (C2"), 37.85 (C4), 40.92 (C2), 51.08 (OMe), 73.11
3} \ e AN 73 AN Va4 \ 72 AN 7

Y QY 117 /EY 111 QL /1Y 122 121 and 12717 (L and 7Y 171 A2 /1N RAC TNNID MY
\\/J}, OL. 1L \\/J}, 111.0 \L./l}’ 120.01 aill\Ad 10 /7.17 \\_,U allu \_,I}, L71.=40 \\_,l } INS IS l_l_l.ll."\,l,
NH;, 70eV, 150°C, m/z(%)] 261 (9, M+N,H;), 244 (100, M+NH,), 227 (76, M+H), 226 (2,
A AN 107 71 LY IV alaYal & Y 1£77 17 AA MMMNMTIT N T A s loseloan .l o M TIT MN ML L0000/ N
M), 183 (1, M-COC;), 167 (12, M-UCUCH;3). BA, caiculated 1or CopgUys: C(05.6%%),
TY/O NADB/Z T e 3. My £O0/N TI"T OLO/) YT V. D N N O TX s = JA /MY 171

(0.UL70). F'OUnd. L{05.0070), 11{/.0270). LLA . INI7VU.0F (DI, ICXANC/ACULEL 1/1).

3b: white solid. m.p. 64.4-65.4°C (hexane). Vmax(KBr) 2942, 1744, 1564, 1452, 1373, 1325,
1240, 1173, 1138, 1082, 1040, 993, 964, 931. 8u(2OOMH7, CDCl,) 1.13 (3H, d, J=7.2 Hz, H9

I VA Nl

or H10), 1.19 (3H, d, J=7.2 Hz, 19 or H10), 1.97 (111, dg, J=1.2 Hz,

711 (PLT o TIMM D272 (11T e ~ —7 9 LI~ LT"),-“- AY A GA (1LY e TTXRN
4.118 (011, S5, I'la J, «4.45 (i11, OT {, /& Jm, 1< OF 114, 3.40 (or1, 5, UIvi€), 4.04% (111, iil, 110},
SN AT AA 1-_-’701_1.,12’7")1_1..1_1 £ NS (11T ATT_((\U.,U\ £ (1LT Ad T.—4£ 0 o
J.uo (i, aq, J1¥/.2 nZ, Jy7 /.4 iz, 11.:), 0.vo (1n, G, J=0.V 117, 1i7j, 0.0« (111, GG, J

1,=2.2 Hz, H6). d¢ (50 MHz, CDCL,) 9.9 (C9) 15 0 (C10), 21.5 (C2'), 32.6 (C4), 38.0 (C,),
51.3 (OMe), 71.8 (C3), 82. 2 (C5), 111.5 (C1), 133.3 and 135.2 (C6 and C7), 170.6 (C1'). MS
[DIP-CI, NH;, 70eV, 150°C, m/z(%)] 244 (100, M+NH,), 227 (53, M+H), 226 (1, M), 211 (2,
M-CH3), 183 (1, M-COCHs), 167 (11, M-OCOCHS). EA, calculated for C,;H,;504. C(63.69%),
H(8.02%). Found: C(63.48%), H(8.21%).

Hydrolysis of the acetal function on Cl in 3a and/or 3b: preparation of cycloheptenones 4a
and/or 4b, respectively.

In a 25 mL flask, fitted with septum, magnetic stirring, nitrogen atmosphere and ice-water
cooling bath, compound 3a (or 3b) (500 mg, 2.21 mmol) dissolved in CHCl; (7 mL) was
placed. At 0°C, CF;COOH (1.26 mL, 11 mmol) and H,O (0.2 mL, 11mmol) were added by
syringe in one go. Once the addition was finished, (5 min), the cooling bath was removed and
the reaction mixture was kept at room temperature for 30 min. (until the starting material was
transformed, as observed by TLC). The reaction mixture was then quickly concentrated to

dryness under high vacuum (without heating), obtaining a colourless ml Whlch_ was submitted

to a careful ﬂash column chromatography on actlvated silica gel (usmg a jacketed column

cooled by circulating ice-water). The product of interest was eluted with a mixture of
hexane/AcOEt 1:1. By this procedure, compounds 4a (400 mg, 85% yield) or 4b (280 mg, 60%
yield), were obtained.

) R 4 om0 . Va 7 o PAY ﬁAi’s £ NY AN . Ye Yo R VI all & A . VVd 1 -
4a:w ane). Vmax(KBr) 3413 (OH), 2981 (C-H), 1746, 1665

C=C), 1452, 1383, 1229, 1159, 1115, 1072, 1026, 962, 916. Oy (200 MHz,
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o

HB), 121 3 =7 H ) 1

1
DCL,) 1.11 (3H, d, J=6.8 Hz, H8), 1.21 (3H, d, J=7.0 Hz, H9), 3H, s, H2"), 2.35 (1H,
ddq, J,=6.8 Hz, J,=1.8 Hz, J;=10.0 Hz, HS), 2.96 (1H, dq, J,=1.8 Hz, J,=7.0 Hz, H7), 4.27 (iH,

ddd, J,=10.0 Hz, J,=2.2 Hz, J;=2.2 Hz, H4), 5.35 (1H, dd, J,=1.8 Hz, J,=1.8 Hz, H6), 5.98 (1H,
dd, J,=13.2 Hz, J,=2.2 Hz, H2 or H3), 6.42 (1H, dd, J,;=13.2 Hz, J,=2.2 Hz, H2 or H3). 8¢ (50
MHz, CDCL,) 14.70 (C9), 18.30 (C8), 21.12 (C2'), 44.89 (C5), 51.80 (C7), 72.29 (C6), 78.26

(C4), 129.67 (C2), 145.76 (C3), 171.25 (C1'), 201.22 (C1). MS [DIP-CI, NH;, 70eV, 150°C,
m/z(%)] 247 (3, M+N;H5), 230 (100, M+NH,), 213 (4, M+H).EA, calculated for C;;H;50,:

175 &< A¥L VT INE = 1 AVA PR3- bAlLIAlLy

C(62.25%), H(7.60). Found: C(62.31%), H(7.49%).

4b:white solid. m.p. 91-93°C (hexane). Vmax(KBr) 3405, 2993, 2973, 2936, 1744, 1655, 1456,

1385, 1312, 1240, 1165, 1082, 1057, 1022, 974, 904, 822. Oy (200 MHz, CDCl,) 0.98 (3H, d,

J=7.0 Hz, H9), 1.14 (3H, d, J=6.8 Hz, H8), 2.05 (3H, s, H2'), 2.68 (1H, dq, J,=6.0 Hz, J,=6.8
Hz, H5), 2.86 (1H, dq, J,=2.5 Hz, J,=7.0 Hz, H7), 4.75 (1H, ddd, J,=4.0 Hz, J,=4.0 Hz, J,=2.2
Hz, H4), 5.39 (1H, dd, J;=6.0 Hz, J,=2.5 Hz, H6), 6.11 (1H, dd, J,=12.4 Hz, J,=2.2 Hz, H2),

A
¥

6.58 (1H, dd, J,=12.4 Hz, J,=4.0 Hz, H3). O¢ (50 MHz, CDCL,) 10.20 (C9), 13.47 (C8), 20.55
(C2", 41.98 (C5 ) 49.07 (C7), 70.54 (C6), 74.20 (C4), 131.04 (C2), 148.95 (C3), 170.83 (C1H,

199.99 (C1). MS [DIP-CI, NH;, 70eV, 150°C, m/z(%)] 247 (1, M+N,H>), 230 (100, M+NHy,),
213 (3, M+H), 170 (1, M-C,H,0), 152 (1, M -C,H40,), 135 (1, M-C,H;505). EA, calculated for
1(7.60). Fo

und: C(62.30%), H(7.56%).

(Jl ;H[ﬁ()lg L(62 25— /0), H(7 60)

Mitsunobu reaction of cycloheptenone 4a: obtention of benzoate 5.

In a 50 mL flask, fitted with a septum, magnetic stirring, nitrogen atmosphere and an an ice-
water cooling bath, secondary alcohol 4a (427 mg, 1.89 mmol) was placed, dissolved in
anhydrous THF (9.2 mlL). In other flask, a solution of Ph;P (2.23 g, 8.5 mmol) and PhCOOH
(1.04 g, 8.5 mmol) in anhydrous THF (20 mL) was prepared, and transferred by cannula to the
first 50 mL flask, at 0°C. Once the mixture was homogenized by stirring, diethyl
azodicarboxylate (DEAD) (1.34 mL, 8.5 mmol), dissolved in anhydrous THF (15 mL) was
added dropwise during a period of 10 min. Afterwards, the cooling bath was removed and the
reaction mixture allowed to reach room temperature, and maintained under these conditions for
25 hours (monitored by TLC). THF was distilled off by vacuum, diethyl ether (50 mL) was
added and the crude mixture kept at room temperature for 12 hours, observing the precipitation
of a solid, which was separated by filtration via cannula. The solid was washed several times
with ether, until no extraction of product was observed by TLC. The ethereal solution was
washed with an aqueous saturated solution of NaHCO; (2 x 10 mL), dried over anhydrous
MgSQ,, filtered and concentrated to dryness under vacuum, obtaining 3.62 g of a viscous
yellowish oil. This crude oil was submitted to flash column chromatography on activated silica
gel, eluting with mixtures of hexane/AcOFEt of increasing polarity. With hexane/AcOEt 8/2,
500 mg of product were isolated but traces of DEAD were present. This fraction was again
chromatographed on silica gel, eluting with mixtures of hexane/acetone of increasing polarity.
In the fraction of hexane/Acetone 97/3, 450 mg (75% yield) of pure product 5 were eluted.
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5: white solid. m.p. 93-95°C. Vmax(KBr) 3075 (=C-H), 2985, 2941 (C-H), 1719 (C=0), 1677

VWY o AN LW a2%] s 0 A 1 A 1 4" 1771 4 1AMy 1 177N 1111 1N”"T1 1N nNno A e IB g £™mMNNn A ITY__

(C=C), 1603, 1584, 1491, 1453, 1374, 1233, 1179, 1111, 1071, 1025, 984, 911. Oy (200 MHz,
'DCI,) 0.99 (3H, d, J=7.0 Hz, H9), 1.20 (3H, d, J=6.6 Hz, H8), 2.05 (3H, s, H2"), 3.02 (2}

H5, H7), 5.47 (1H, dd, J,=7.7 Hz, J,=2.5 Hz, H6), 6.15 (1H, m, H4), 6.22 (1H, dd, J;=12.2 Hz,
1,=2.6 Hz, H2), 6.60 (1H, ddd, J,;=12.2 Hz, J,=3.6 Hz, J;=1.1 Hz, H3), 7.48 (2H, tt, J,=7.0 Hz,
J,=1.5 Hz, H3", H5"), 7.60 (1H, dt, J,=1.5 Hz, J,=7.0 Hz, H4™), 8.08 (2H, dt, J;=1.5 Hz,

1,=7.0 Hz, H2", H6"). 8¢ (50 MHz, CDCL,) 10.31 (C9), 13.51 (C8), 20.43 (C2'), 39.70 (C5),

48.98 (C7), 72.88 (C6), 72.98 (C4), 128.50 (C3",C5"), 129.42 (C1™), 129.62 (C2", C6")
132.50 (C2). 133.46 (C4™). 144.26 (C3). 165.40 (C1™M 70,65 (C1M. 198 97 (C1). MS m=
FAPRe AV ) \\,l‘-}, A 27.TTU \\,/_r ), ATF T e\ J \\JJJ’ INJ ST \\_/J. }, 1L I V.U \J.I. )’ L 7O/ \\Il}- FR J 1% lULJ.
CT NH, 70eV 150°C m/z(%\1 334 (100 HA 2317 (5 M+H 257 (1 M-OCOCH.) 105
\/1, 1‘113, ’U\AV, 1LV \.4’ ll.].lL;\/ !J TdITT “l.UU’ L"l'l‘lu}, I Ny § \J’ i1vi ' 1 1 ,‘4 F \1, AVEATNIC NI 11 }’ L7570
(1, M-OCOPh), 105 (1, PhCO). EA, calculated for C,3H,;05: C(68.33%), H(6.37%). F

VTEQ INO/NY TIFA AL0/N

LA 00.4VU70), II{(0.40/0)

Do sl mtimen ~Af mlnsdin] Abh. srensr vsevtsnzse Af hosvmnnén
eEri LULiuvre Uj UICUIUVL 0. LLevr: Uj ucert [#12

atsmmnanhare Aunlahamtannne AR 170 e N Q an ~ 1) A“A a aliin ammiiet .
tmospnere, Ccycionepicnone 4ou (i/v mg, v.6 mimnoi) ana a 1yL1L. aimouiit o1 p-
Aienpdbi o T 1 MRAADY xrave nlamed  Alcanlired $n Av ahlascafaemy 2 - Y Tl
uuut:uxyl 111 lU'P I1Aaic \UlVlf\_l'} wWCIC plubcu, did>LUEIVCU 11l Uly blllUlUlUllll \ I.ll_l_;} 1
1

4. NO, T e 1O

al

solution was cooled down to 0°C and Et;N (334 pli, 2.4 mmoi) and PhCOCI (186 pi, 1.6 mmol)
were added. After 5 min. the cooling bath was removed and the reaction mixture stirred, at
room temperature, for 1.5 hours, and then concentrated to dryness under high vacuum. The
resulting crude oil was dissolved in chloroform (25 mL), washed successively with cold HCl
0.5 M (2 x 5 mL)(to remove the remaining NEt; and DMAP), with aqueous saturated NaHCO;
(2 x 5 mL)(to remove traces of PhnCOOH and PhCOCI) and finally with distilled water (5 mL).
The organic solution was dried over anhydrous MgSQ, , filtered and concentrated to dryness,
obtaining an orange oil which was purified by careful flash column chromatography on silica
gel (using a jacketed column cooled by circulating ice-water), eluting with hexane/ AcOEt &:2,
benzoate § (190 mg, 75% yield). The physical and spectroscopic properties of the benzoylation
product of 4b, obtained by this procedure, are identical to those of the before-described
compound 5.

}
J

Benzoylation of alcohol 4a: preparation of benzoate 5'.

In an oven-dried round-bottomed 10 mL flask, fitted with a septum, magnetic stirring and
argon atmosphere, cycloheptenone 4a (85 mg, 0.4 mmol), dissolved in anhydrous THF (2 mL),
was placed. The solution was cooled to -78°C and LDA, 2.0 M in hexane, (0.25 mL, 0.4 mmol)
was added by syringe. After 15 min. freshly purified PhCOCI (70 mg, 0.5 mmol) was added
and the mixture stirred for 5 min. Then, the cooling bath was removed and the reaction mixture
stirred at room temperature for 1.5 hours. Following similar work-up and purification
procedures as for the previous benzoylation reaction (of 4b), 76 mg (60 % yield) of benzoate 5’
were obtained.
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5': thick colourless oil. Vmax(film) 3070, 2980, 2940, 1720, 1680, 1604, 1585, 1490, 1455,

K. ANN WAL, O £QIT» TIQOY 1 14 MY 4 1I=70

174N 110N 111N 11N N Y11
144U, 110VU,111V, llUU UH (4LVUV 1ViXls, LLI\A_.’; 1.1

1
Hz, H8), 2.11 (3H, s, OOCMe), 3.03 (2H, dq, J,;=1.5 Hz, J,= 6.8 Hz, HS, H7), 5.43 (H, dd,

2 (T A T— =
J o, 4, J70.0 1Z, 117), 1.10 (J11, G, J=/.U

H6), 5.74 (m ddd, J,=2.5 Hz, J,=2.8 Hz, J;=10.0 Hz, 114) o"’7(‘H dd,
.5 Hz, H2), 6.33 (1H, dd, J,=13.2 Hz, J,=2.8 Hz, H3), 7.48 (2H, dtt, J;=1.4 Hz

= ~

. H3™, H5™), 7.62 (1H, tt, J,=2.1 Hz, J,=7.2 Hz, H4" ),zsU/(“H
J,=1.4 Hz, 1,=2.1, J;=7.0 Hz, Hz, H2", H6"™). ¢ (50 MHz, CDCl,) 14.24 (C9), 17.58 (CS),
20.74 (C2", 42.18 (C5), 51.35 (C7), 74.13 (C6), 77.16 (C4), 128.50 (C3™,C5™), 129.73 (C1™),
129.63 (C2™, C6™), 130.41 (C2), 133.40 (C4"™), 140.60 (C3), 165.53 (C1"), 170.58 (C1"),
CI, NH;, 70eV, 150°C, m/z(%)] 334 (100, M+NH,), 317 (10, M+H),
95 (10, M-OCOPh). EA, calculated for C;sHOs: C(68.33%),
Hf 6 ?7 / e). Found: C( 68.30%) 6.32%).

v A UveraE.

v
(

Hydrogenation of cycloheptenone 5: preparation of cycloheptanone 6.
d

In a 100 mL round-bottomed flask Pdnn%\/(‘ (25 mo), susnended i nhvdrous THF (5

ALk A NN ARAAL AN WRLAV WA VO WARAW W Alw-‘ H-’ Ale’ o U'J - s AAL \“-MAJ WAL W WA - e \v
mL). wag nlaced and the svstem was nnrmarl \mfh hvdrocen twice en cvclohentenone & (420
lllu,, TV L3 Pl.uv‘u CBLANE LElWw u DWWwiill YY P e J“A Ue AW &‘lvll’ VJ Vlvllvr/'vllvllv - ‘ et N
mg, 1.33 mmol), dissolved in THF (15 mL), was added by cannula. The system was again
nnrged tuwicra hy twn v acrunm/hudragen runlae and  vi nnrnnclv atirrad 1mnder hvudrnoan
Pul 5‘/“ LyYviuve UJ Lyvwu Yyavuuliiy llJ N Us‘.«ll WY Wwivo alina v LSUL\JUOI DLLL WG Uilviwvi ‘lJ Wi UE\«!&
natrmnonhara at rAanm famnarabira Avarniaht Tho calvusant wac roamnuad 11ndar varimim and ‘I‘I‘\p
alimospnere at room Iemperature Overnigni. 104¢€ SCivent was removed undaer vacuum ana wnc
vaciiltin A1l Ascanluad 'n athyvl acatata () mIT ) an filtarad thranoh nantral hymin Fthvl
LODUiLLLL Vil U1DOUIVUOLU 111 Ul ]l avuviatw ‘.“ } ALl 1illviva uunwv 5].1 aLIvuULLI QL JRVSSENNN! 2R Y R

6: viscous yellowish oil. m.p. 107-109°C (AcOEt). Vmax(film) 2979, 2941 (C-H), 1740, 1717
(C=0), 1453, 1372, 1316, 1275, 1241 (C-0), 1177, 1156, 1113, 1071, 1042, 1027, 996, 967,

928. Oy (200 MHz, CDCI, ;) 1.06, 1.13 (6H, d, J=7.4 Hz, J=7.0 Hz, H8 y H9), 2.11 (3H, s, H2"),

2.15, 2.37 (4H, m, H4, 2H6, H7), 2.79 (1H, ddd, J;=18.8 Hz, J,=13.1 Hz, J;=4.2 Hz, H7), 3.17
(1H, dq. J,;=2.0 Hz, 1,~7.0 Hz, H2), 531 (1H, d, J=2.0 Hz, H3), 5.47 (1H, dd, J;=6.2 Hz, J,=3.0

7 744 (PH  T.=7 0 Ho» L::I S5 H> HAM I—I("'\ 787 (1 LT =15 7 1.=70 H~
LlLa, 4L [y [ i 3 \lgll’ LL’ Jl I \J .I..I.LA’ et .Il.l_i, AL 3 41 f ol 1 \ A4 L) 1 L edd LJ.LA’ J‘: I U .l.lb,

H4™), 8.06 (2H, dt, J,=1.5 Hz, J,=7.0 Hz, H2™, H6" ) Oc(bOMHZ CD ) 14.37 (C9), 15.93
(C8), 20.80 (C2", 26.16 (C6), 37.09 (C7), 43.31 (C4), 48.63 (C2), 73.84 (C3), 76.36 (C5),
128.38 (C3™, C5™), 129.57 (C2"™, C6™), 129.89 (C1™), 133.21 (C4™), 165.71 (C1"), 170.63
(C1"), 209.55 (C1). MS [DIP-CI, NH;, 70eV, 150°C, m/z(%)] 336 (100, M+NHy), 319 (3,
M+H), 276 (1, M-OCOCHs;), 213 (1, M-COPh), 105 (2, PhCO). EA, calculated for C;gH,,0s:
C(67.91%), H(6.97%). Found: C(67.85%), H(7.12%).

Preparation of silyl enol ether 7 of cycloheptanone 6.

In a 25 mL flask, previously flamed and purged with argon, 205 mg (0.65 mmol) of 6 were
placed, dissolved in anhydrous THF (8 mL). This solution was cooled down to -78°C and LDA
(2.0 M in hexane)( 355ul, 0.71 mmol) was added. The reaction mixture was stirred under these
conditions for 30 min. Afterwards, HMPA (123 ul, 0.97 mmol) and freshly distilled Me;SiCl
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(>99% purity)(124 pl, 0.71mmol) was added. The reaction mixture was maintained at -78°C for
2.5 hours. The dry-ice/acetone cooling bath was removed and the mixture allowed to reach
room temperature for 1 hour. Soivent was distilied off to dryness and the residual oil dissolved
in anhydrous ethyl acetate (2 mL). The solution was filtered by cannula, in order to remove
solid byproducts, and then concentrated to dryness under high vacuum (without heating),
obtaining an oily silyl enol ether 7, which was directly used in next synthetic step without
isolation or further purification.

Ozonolysis of silyl enol ether 7: preparation of acids 8 and 10.
a.- Use of Me;S as reducing agent of intermediate ozonide.

In a two necked 50 mL round-bottomed flask fitted with magnetic stirring, a capillary ozone
diffuser and a gas outlet, connected to a silicone bubbler, silyl enol ether 7 (250 mg, 0.65
mmol) was placed, dissolved in a 1:1 mixture of anhydrous CH,Cl,/MeOH (8 mL). Ozone was
bubbled in the solution by the capillary diffuser , at -78°C, until the solution turned blue (and
the blue colour was stable, which happened in 5 to 10 min.). Afterwards, the system was
purged with nitrogen to remove the excess of ozone dissolved in the liquid. The blue colour
disappeared and the cooling bath was removed, allowing the reaction mixture to reach room
temperature. Then, Me,S (92 pl, 1.26 mmol) was added and the mixture stirred for 15 min., and
finally concentrated to dryness, obtaining a yellow oil. This crude oil was dissolved in
chloroform (20 mL) and washed with a saturated aqueous solution of NaHCO; (3 x 5 mL). In
the organic phase remained the non-reacted ketone 6. The aqueous phase was acidified with 1
M HCI up to pH=3 and extracted with chloroform (5 x 5 mL). The organic extracts were
combined together, dried over anhydrous MgSO,, filtered and concentrated to dryness,
resulting in 245 mg (90% yield) of acid 8.

8: colourless o0il. Vipax(fil

1375, 1315, 1275, 1232, 1178, 1113, 1070, 1026, 978. Sy (200 MHz, CDCL,) 1.11 (3H, 4,
J=7.5 Hz, H9), 1.33 (3H, d, J=7.0 Hz, H8), 2.16 (3H, s, H2"), 2.60 (1H, ddd, J,=7.5 Hz, J,=7.5
Hz, J;=3.8 Hz, H4), 2.78 (1H, m, H6), 2.84 (1H, m, H6), 2.97 (1H, dq, J;=7.2 Hz, J,=7.0 Hz,
H2), 5.18 (1H, dd, J,;=7.2 Hz, J,=5.8 Hz, H3), 5.74 (1H, dt, J,=3.8 Hz, J,=8.0 Hz, H5), 7.48
(2H, d, J=7.0 Hz, H3", H5™), 7.60 (1H, t, ]=7.0 Hz, H4™), 8.20 (2H, d, J=7.0 Hz, H2", H6"),

9.78 (1H, s, H7). 8¢ (50 MHz, CDCI, ,) 11.46 (C9), 13.34 (C8), 20.80 (C2"), 37.47 (C4), 41.43

('] 78 Q") (2
Iy, 71J.34
56

A d
(C1’), 170.44
A 3

mn F&'m\ 1’)(\ K& (M M 1ﬁn 21
Z.I0 \ve , LU ) 14755
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(41.6 mg, 1.1 mmol) was added, maintaining stirring under these conditions
Then, 20 pi (i.1 mmol) of distilied H,O were added to quench the excess of sodium
borohydride. The reaction mixture was concentrated to dryness, obtaining a yellowish thick oil
which was dissolved in chloroform (5 mL) and the resulting solution filtered through neutral
alumina to remove inorganic byproducts. Concentration to dryness afforded 155 mg (80%
yield) of 10 as a yellowish oil.

PP o
1

I 2.5 e

Q
1HUWULD.

10: yellowish oil. Vmax(film) 3377, 2894, 1717, 1452, 1279, 982. OH (200 MHz, CDCI ;) 1.08
(3H, d, J=7.0 Hz, H9), 1.22 (3H, d, J=7.0 Hz, H8), 1.8-1.9 (2H, m, H6), 2.62 (3H, s, H2'), 2.4

(1H, m, H4), 2.9 (1H, m, H2), 3.5-3.7 (2H, m, H7), 5.17 (1H, dd, J;=7.5 Hz, J,=6.0 Hz, H3),
5.44 (1H, m, H5), 7.45 (2H, d, J=7.6 Hz, H3", H5"), 7.56 (1H, d, J=7.4 Hz, H4™), 8.03 (2H, d,

22 32g 223 117 14,

!
\

- AN
18 o Y1) YI/"I — 1 N 71
) 1 VAt

J=7.2 Hz, H2' Uc(aﬁ‘"ﬁz i 20.89

38.20 (C4), 41. 80 (C2), 58.70 (C7), 71.35 (C ) 5 65 (C3), 128.38 (C3™, C5™), 129.65 (C2%,
Cce6™), 129.79 (C1'™), 133.23 (C4™), 166.59 (C1™), 170.41 (C1"), 175.38 (C1). MS [DIP-CI,
NH;, 70eV, 150°C, m/z(%)] 370 (10, M+NH,), 369 (100, M+NH3), 353 (3, M+H), 231 (15,
M-OCOPh), 105 (1, PhCO). EA, calculated for C;gHy07: C(61.35%), H(6.86 %). Found :
C(61.41%), H(6.92%).

[o] T ATV
0.0 (C6),

()
(')

Esterification of acids 8 or 10 with diazomethane: preparation of methyl esters 9 or 11,
respectively.

In a 50 mL flask 100mg of acids 8 or 10 were placed, and 25 mL of a freshly prepared
ethereal yellowish solution of diazomethane [20] was added. The mixture was stirred for 30
min. in the darkness at room temperature. Then, concentrated to dryness, affording 104 mg of
the corresponding methyl esters 9 or 11, in quantitative yield.

1373, 1315, 1275, 1233, 1200, 1177, 1113, 1071, 1027, 986. Oy (200 MHz, CDCl,) 1.06 (3H,
d, J=7.0 Hz, H9), 1.29 (3H, d, J=7.0 Hz, H8), 2.12 (3H, s, H2'), 2.6-3.0 (4H, m, 2H6, H4, H2),
3.68 (3H, s, H10), 5.15 (1H, dd, J;=6.6 Hz, J,=4.0 Hz, H3), 5.72 (1H, dt, J,=8.0 Hz, J,=4.0 Hz,
HS), 7.46 (2H, d, J=7.5 Hz, H3"™, H5"™), 7.56 (1H, d, J=7.5 Hz, H4™), 8.06 (2H, d, J=7.5 Hz,

H2", H6™), 9.76 (1H, dd, J;=2.2 Hz, J,=1.4 Hz, H7). ¢ (50 MHz, CDCl,) 11.48 (C9), 13.39
(C8), 20.76 (C2), 37.32 (C4), 41.74 (C2), 44.11 (C6), 51.81 (C10), 68.92 (C5), 75.60 (C3),
128.40 (C3™, C5™), 129.54 (C2™, C6™), 129.62 (C1™), 133.23 (C4™), 165.56 (C1"), 170.20
(C1%, 173.22 (C1), 199.01 (C7). MS [DIP-CI, NH;, 70eV, 150°C, m/z(%)] 382 (1, M+NH,),
332 (1, M-MeOH), 322 (1, M-OCOCH;), 260 (100, M-COPh), 244 (1, M-PhCOO), 200 (4, M-
Cgr T3(\)3), 1182 (4, 'fVi- C9H1004) EA, cal*—ul-"ted fOI‘ C19H24O7 C(62 630/0), H(ﬁ 640//0) FOdﬁd
AN L™ "INO/N\ TS L £507N\

C(62.70%), 1{6.657%)

11: colourless oil. Vmax(film) 3514, 3075, 2952, 1719, 1601, 1584, 1453, 1436, 1374, 1316,
1279, 1177, 1115, 1071, 1046, 1027, 976, 930. 8y (200 MHz, CDCL,) 1.05 (3H, d, J=7.0 Iz,
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H9), 1.21 (3H, d, J=7.0 Hz, H8), 1.77 (1H, dddd, J;=15.0 Hz, J;=11.0 Hz, J;=4.0 Hz, J;=4.0
Hz, H6), 1.95 (iH, dddd, J,=15.0 Hz, J,=10.0 Hz, J;=5.5Hz, J,=2.0 Hz, H6), 2.08 (3H, s, H2'),
2.39 (1H, ddq, J;=4.0 Hz, J,=7.0 Hz, J;=7.0 Hz, H4), 2.88 (1H, dq, J,=6.0 Hz, J,=7.0 Hz, H2),
3.52 (iH, ddd, J,=11.0 Hz, J,=10.0 Hz, J;=4.0 Hz, H7), 3.64 (3H, s, H10), 3.67 (1H, ddd,
] s J1 y 92 s
J;=11.5 Hz, J,=5.5 Hz, J;=4.0 Hz, H7), 5.14 (1H, dd, J,=7.0 Hz, J,=6.0 Hz, H3), 5.38 (1H, ddd,
2 s J3 s
J,=11.0 Hz, J,=4.0 Hz, J;=2.0 Hz, HS), 7.46 (2H, d, J=7.5 Hz, H3", H5"), 7.56 (1H, d, J=7.5

Hz, H4™), 8.06 (2H, d, J=7.5 Hz, H2", H6™). O¢ (50 MHz, CDCl,) 11.66 (C9), 13.44 (C8),

20.95 (C2’), 32.72 (C6), 38.07 (C4), 41.72 (C2), 51.82 (C10), 58.57 (C7), 71.25 (C5), 75.63
(C3), 128.41 (C3"™, C5™), 129.60 (C2", C6"), 129.77 (C1™), 133.20 (C4™), 166.60 (C1"),
170.39 (C1"), 173.31 (C1). MS [DIP-CI, NHj, 70eV, 150°C, m/z(%)] 384 (17, M+NH,), 383
(100, M+NH;), 367 (7, M+H), 245 (10, M-OCOPh), 105 (1, PhCO). EA, calculated for

AT ¢

HyeO5: C(62.28%), H(7.15%). Found : C(62.30%), H(6.92%).

BIBLIOGRAPHIC REFERENCES

[1] a) Kelser Schiertein, W. in Progress in the Chemistry of Organic Natural Products, 1973, 36, 313-460. b) Heathcock, C.H. in
Comprehensive Organic Synthesis, B.M. Trost, Editor, Pergamon Press, Oxford, 1991, vol 2, pp. 133, 181. ¢) Moonkim,
R.; Williams, S.F.; Masamune, S, Jhid,, vol 2, p. 239. d) Fleming, 1. /bid,, vol 2, p. 239, e) Paterson L. ; Mansuri, MM,
Tetrahedron, 1985, 41(18), 3569-3624. f)Masamune S.; McCarthy, P.A,, Macrohdes S. Omura Ed., Academic Press,
New-York, 1984, Part 4. g) Nicolau, K.C.,Tetrahedron, 1977, 33, 683. h) Back, T.G., Tetrahedron, 1977, 33, 3041. i)
Masamune, S.; Bates, G.S.; Corcoran, J.W., Angew. Chem. Int. Ed. Engl., 1977, 16, 585. j) Masamune, S.; Choy,W.,
Aldrichimica Acta, 1982, 15, 47. k) Masamune, S., Organic Synthesis: Today and Tomorrow, (Edited by B.M. Trost and
C.R. Hutchinson), Pergamon Press, New-York, 1981, p. 197. 1) Heathcock, C.H., Current Trends in Organic Synthesis,
(Edited by H. Nozaki), Pergamon Press, New York 1983, p. 27. m) Evans, D.A., Aldrichimia Acta, 1982, 15, 23. n) Hanessian,
S., Total Synthesis of Natural Products: The Chiron Approach, Pergamon Press, New-York, 1983, Chap.15. o) Pearson,
A, Synletr, 1990, 1, 10. p) Pearson, A.J.; Chang, K., J. Org. Chem., 1993, 58, 1228 .

[2] a)Evans, D.A.; Dow, R.L.; Shih, T.L.; Takacs, J.M.; Zahler, R., J. Am. Chem. Soc., 1990, 112, 5290, b) Lautens, M.; Chin,
P., Tetrahedron Lett., 1993, 34(5), 773. c) Lautens, M.; Chin, P.; Colucci, J.T., Angew. Chem. Int. Ed. Engl., 1993, 281. d)
Ohservation of the referee.

[3] a) Montaiia, A.M.; Ribes, S.; Grima, P.M.; Garcfa, F.; Solans, X.; Font-Bardia, M., Tetrahedron, 1997, 53(34), 11669-84. b)
Montafia, A.M.; Ribes, S.; Grima, P.M.; Garcia, F., Chem. Lett., 1997, 9, 847. c) Montafia, A.M.; Ribes, S.; Grima, P.M.;
Garcia, F., Magn. Res. Chem., 1998, 36, 174. d) M()mana A.M.; Ribes, S.; Grima, P.M.; Garcia, F. Garcla, Acta Chem.
Scand., 1998, 52, 453.

[4] a) Ashcroft, M.R.; Hoffmann, HM.R., Organic Syntheses, 1978, 58, 17-23. b) Vinter, J.G.; Hoffmann, HM.R., J. Am. Chem.
Soc., 1973, 95, 3051. ¢) Hoffmann, HM.R., Angew., 1973, 20, 877-924. d) Hoffmann, HM.R., Angew. Int. Ed. Eng,,
1984, 23(1), 1-88. ¢) Hoffmann, H.M.R., Wagner, D.; Wartchow, R., Chem. Ber., 1990, 123, 2131. f) Schottelius, T.;
Hoffmann, HM.R., Chem. Ber., 1991, 124, 1673.

[5] a) Noyori R; Hayakawa Y Reduaive Dehalogenation of Polyhalaketones In Orgam'c Reactians Dauben W G Editor J ohn

2530,

[6] a) Barbosa, L.C.A.; Demuner, A.J.; Mann, J.; Veloso, D.P., J. Chem. Soc. Perkin Trans. I, 1993, 585. b) Noyori, R.; Baba, Y.;
Hayakawa, Y., J. Am. Chem. Soc., 1974, 96, 3336. c) Hayakawa, Y,; Noyori, R., Bull. Chem. Soc. Japan, 1974, 47,2617.

{71 @) Hughes, D.L., The Mitsunobu Reaction in Organic Reactions, john Wiiey and Sons, New York, 1992, 42,337.b) Camp, D;
Hanson, G.R.; Jenkins, 1D J ()ra Chem., 1995 60, 2977. r\ Pawlak I1. Padvlnla R.E; Kronis, 1.D; Alekcmc‘wk RA;
Berchtold, G.A., J Am. Chem. Socv, 1989, 111, 3374. d) Mitsunobu, O., Synthesis, 1981, 1. €e) Martin, S.F,; Dodge, J.A.,
Tetrahedron Lett., 1991, 32(26), 3017. ) Pearson, A.J.; Chang, K., J Org. Chem., 1993, 58, 1228.

[8] a) Birch, A.J.; Walker, K.A.M., J. Chem. Soc. (C}, 1966, 1894. b) Rylander, P., Catalytic Hidrogenation in Organic  Syntheses,
Acad. Press, New York, 1979, pp. 51-63 and 285-290. c) Rylander, P.N., Hydrogenation Methods, Acad. Press, London,
1985, pp. 41-45 and, 167-168. d) Lippard, S.J., Progress in Inorganic Chemistry, Vol 28, John Wiley and Sons, New York,
1981, 117.

[9] a)Jackman, L.M.; Lange, B.C., J. 4m. Chem. Soc., 1981, 103, 4494. b) Emde, H.; Domsch, D.; Feger, H.; Frick, U.; Gétz,
A_; Hergott, H.H.; Hofimann, K.; Kober, W.; Krigeloh, K.; Oesterle, T.; Steppan, W.; West, W.; Simchen, G., Synthesis,
1982, 1.



5504

(11}
[12]

-
—
W

[P’

(14]
L15]

[16]

(17]
(18]

rinl

Li7]

[20]

A. M. Montana et al. / Tetrahedron 55 (1999) 54835504

a) White, J.D.; Fukuyama, Y., J Am. Chem. Soc., 1979, }91,226 b) Stork, G.; Nair, V., J Am. Chem. Soc., 1979, 101,
1315. c) Johnson, C.R.; Senanayake, C.H., J. Org. Chem., 1989, 54, 735. d) Pearson, A.J.; Lai, Y.S.; Lu, W ; Pinkerton,
AA. J Org Chem., 1989, 54, 3882. ¢) Johnson, C.R ; Gol eblOWSkl A.; Steensma, D.H.; Scialdone, M.A., J. Org. Chem.,
1993, 58, 7185.

Davies, HM.L.; Huby, N.J.S.; Cantrell, W.R,; Olive, J.L., J. Am. Chem. Soc., 1993, /15, 9470.

a) Montafia, A.M.; Nicholas, K.M., Magn. Res. Chem., 1990, 28, 486-495. b) Montafia A.M.; Ribes, S.; Grima, P.M.; Garcia, F_,
Magn. Res. Chem., 1998, 36, 174-180.

Jackman LM S Qtpmhpll Application nf' Nuclear Magnetic Resonance Spectrascopy in Organic Chemis stry, Pergamon Press,

BAIAGELy AioAVA.y M. DINAARNALy JRppreltee rUT YRLIELT MILRRCLL

New York, 1969, 2nd. Edition, p. 83.

Ref. 13, p. 67.

a) Gaudemer, A., “Determination of Configuration by NMR Spectroscopy” in Determination of Configuration by
Spectrometric Methods, Vol.1, Henry B, Kagan, Editor. George Thieme Publisher, Stuttgart 1975, 1st Edit., p.100, b)
Bhacca, N.S.; Williams, D.H,, Applicaﬁans af NMR Spectroscapy in Organic Chemistry, Holdenday, San Francisco,
1964, p. 183. c) Ref. 9, p. 80-81.

Wehrli, F.W.; Wirthlin, T., Interpretation of Carbon 13 NMR Spectra, John Wiley, New York, 1978, Ist. edit. pp. 37-38
and 43-45.

Ref.16 pp. 38-40.

Ref. 16, p. 36.

a) Gaudemer, A., “Determination of Configuration by NMR Spectroscopy” in Determination of Configuration by
Spectrometric Methods, Vol.1, Henry B. Kagan , Editor. George Thieme Publisher, Stuttgart ,1975, 1st Edit. , p.115. b)
Stothers, J.B., Carbon-13 Nuclear Magnetic Resonance Spectroscopy, Academic Press, New York, 1972. ¢) Schneider,
H.J.; Hoppen, V., Tetrahedron Lert., 1974, 579. d) Grutzner, ] B.; Jantelat, M.; Dence, J.B.; Smith, R.A.; Roberts, J.D., J

Am. Chem. Soc. i 1970, 92, 7107. U[ ulpluaa, E; . Pwhk, T., PaaS""r'.a, L . Org A‘nusn Res. . 1973, 5, 277.

a) De Boer, Th.J.; Backer, H.J., Org. Synth, Coll. Vol. 4, 1963, pp. 250 and 943. b) Moore, J.A., Reed, D.E., Org. Synth. 1961,
41, 16.



