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GRAPHICAL ABSTRACT

New methodology for the synthesis of tetrahydrofuro[3,2-b]furan-2(3H)-one derivatives,
synthons of natural productswith biological interest

Angel M. Montafia*, Joan A. Barcia, Pedro M. Grinmal &Gabriele Kociok-Koéhn
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ABSTRACT:

A new methodology is presented to synthesize iegiorand stereoselective manner
tetrahydrofuro[3,2-b]furan-2¢3)-one, structural subunit present in a wide variety
natural products present in plant, fungi, algagsects and other living organisms. This
secondary metabolites have important biologicaperbes and have shown to be very
active in different therapeutic areas. This metlrodsists in the reaction of highly
substituted 2-oxyallyl cations, generatedsitu from the corresponding dihaloketone,
and 2-functionalized furans (in our case 2-NHBo@f). It is a one-pot reaction that
affords the desired furofuranones with high regemd stereoselectivity. The new
synthetic method is simple, straightforward andsagle, because a wide variety of
furofuranones, and with wide molecular diversityaynbe prepared by adequately
designing the substituents of starting materialse Tesulting furofuranones may be
potentially derivatized to generate chemical lilmsrof high molecular diversity, which

are very useful when developing structure-activéfationship studies.

Keywords: furan, oxyallyl cation, tetrahydrofuro[3,2-b]fur@¢3H)-one, 2,6-
dioxabicyclo[3.3.0]octan-3-ong;lactones, haloketones, 2-functionalized furans2]3
cycloaddition, [4+3]-cycloaddition.

1. Introduction



The tetrahydrofuro[3,2-b]furan-2kB-one structural subunit is present in natural
products from many different living organisms: stipeplants, fungi, algae, sponges,

insects, etc. Some of these compounds like gonicdne and analogues are active as
cytotoxic agents against lymphocytic leukaemia lamehan lung carcinoma (Figure 11).

Secondary metabolites from Caribbean sponges ldd@pgones A-F constitute a
new class of activators of cardiac SREGaumping ATPase, and are relevant to
correction of cardiac relaxation irregularities. hé&t plakortones exhibiin vitro
cytotoxic activity on a murine fibrosarcoma celtdi so that overall, the plakortones
represent a new family of natural products of saisal pharmacological interesOn
the other hand, the nortriterpenoids rubriflorditeces from Schisandra rubriflora
(Figure 1) are a class of structurally and biolafficattractive compounds due to their
promising anti-HIV activity?

In addition, their attractive architectures repreésa formidable synthetic
challenge. Furthermore diachasmimorpholides secreted by abwmglands of
braconid waspspDiachasmimorpha longicaudatand Diachasmimorpha tryonare
important fragrant volatile biological control agemcting as semiochemicals with great
ecological interestlt is also worth noting the interest of furofuraesrderived fronD-

aldoses, as analogues of goniofufurone, with istarg cytotoxic activity’
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Goniofufurone: Rubriflordilactone A Rubriflordilactone B
R;=H,R=0H, R =H, (Schisandra rubriflory
R,=OH Schisandraceae

7-epiGoniofufurone:
R;=OH,R=H, R=H,
R; = OH
(Goniothalamus giganteys
Annonaceae

Plakortone A R'=Et Diachasmimorpholides
Plakortone B R'= Me R;=n-C/Hy, R,=H
Plakortis halichondrioides R; =n-CgHi3 Ro=H
andPlakortis simplex R;=H, R =n-CsHq
(Caribbean sponges) Ri =H, R =n-CgHy3

Diachasmimorpha longicaudata
andDiachasmimorpha tryoni
(Hymenoptera Braconidae, wasp parasitoid)

cis-D-Glucofurofuranone cis-D-Xylofurofuranone cis-D-Ribofurofuranone

Figure 1. Examples of natural products, having the substractetrahydrofuro[3,2-bJfuran-2(8-one,

with interesting biological activities.



The structural subunitis-2,6-dioxabicyclo[3.3.0]octane or perhydrofuro[3,2-
b]furan is even more widely present in Nature titanfurofuranone analogue. Thus,
natural products like mycotoxin erythroskyrfindrom (Penicillium islandicur
Laurenenines A and B from algaka(irentia nipponicy are good examples. On the
other hand, synthetic products like isosorbide rifstqa material for synthesis of
biobased polymers and also for pharmaceutical eabins)® isosorbide dinitrate
(vasodilator of use in cardiac therdpipr angina pectoris, congestive heart failure,
esophageal spasms and also to treat glau@noa even 3-(trialkylammonium)-
isosorbide derived salts (used as catalysts in @it synthesis} are also good

examples of the versatility of this structural dé&n framework.

For the aforementioned important properties, tgulabfuro[3,2-bJfuran-2(Bi)-
ones have been a synthetic target since long tgoeaad several methodologies have

been developed for this purpds&: 314151

Based in our previous experience in the reactigityoxyallyl cations, [4+3]-
cycloaddition reactions and related methodolofiese present here a new synthetic
method, which is simple, straightforward and velksatecause a wide variety of
furofuranones, and with wide molecular diversityaynbe prepared by adequately
designing the substituents of starting materialss Tnethod consists in the reaction of
highly substituted 2-oxyallyl cations, generatéd situ from the corresponding
dihaloketondl , and 2-functionalized furaris(in our case 2-NHBoc-furan) (Figure 2)
to afford alkylidene-furofuranondfl , which can be transformed into a wide variety of
derivatives ig. IV, V or VI) by straightforward reactions. The key reacticadiag to
Il is a [3+2] cycloaddition that takes place by a-poeprocess and with high regio-

and stereoselectivity.
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Figure 2. New methodology to prepare furofuranones and piaieserivatives.

2. Results and discussion

2.1. Preparation of substrates: synthesis of dibrooketones 1 and 3 and 2tért-
butoxycarbonylamino)-furan, 6

To simplify the reaction outcome in this particulatudy we have used
symmetric dihaloketoned and 3. This methodology may be applied to other
tetrasubstituted dissymmetric dihaloketonkks (Ri#R-#Rs#R4) (Figure 2); but, a
mixture of diastereoisomeric products will be fodndénowever, a certain degree of
stereoselectivity may be expected. In any casé,vadl be discussed latter on, it is of
great importance that the ketone shouldobga’, o’-tetrasubstituted and with steric
demanding substituents in order to get good yiefdsrofuranones. Dibromoketonés
and3 were easily obtained by bromination of the coroegiing commercially available
ketones, following well described procedut®sThe results from the synthesis of

dibromoketones are quoted in Table 1.



Table 1.Reaction outcome of bromination of precursor kesdieeobtairl and3.

. Product” Yield®
Entry Precursor (%)
0
o
Br Br
84

1
1 W)H/
0
%/ 10
Br

2

o (0]
Br Br

3

0]

(a) Reaction conditions: substratefAr.2, catalytic amount of PRr0°C, 2 h.
(b) Isolable by vacuum fractional distillatiort) (Yield on isolated product.
(d) Meso/dlratio 4:1.

The synthesis of producisand3 and in general of all tetrasubstituted ketonesdoe
not present special problems due to there are onty active positions to be
halogenated. The yield in both cases was good raridei case of diisopropyl ketone
only a 10% of monobrominated prodi&tvas formed. This byproduct was efficiently

separated by vacuum fractional distillation.

The other substrate used for this methodology westdrt-butyl N-(2-furoyl)-
carbamate 6. It is of capital importance for the obtention odlesired
alkylidenefurofuranones that the furan ring shdoddfunctionalized on C2. Moreover,
this function should exert also a certain degreestefic hindrance. In this particular
work we have selected the carbamate function blierotunctions like for example
(CH3)3C-COG-, among other, may be used.



The non-commercial 2-(NHBoc)-furahwas obtained following the procedure
described by Lynctet al'® This procedure involves a one-pot reaction betwben2-
furoyl chloride, sodium azide and an excesgdeot-butyl alcohol. The reaction takes
place by a Curtius rearrangement of the intermediaturoyl azide to obtain, in 82%
yield, the desired 2-aminofurdh (Figure 3). Even the reaction may be carriedoyua
one-pot process, the intermediate acylazdmay be isolated. However, due to its
instability it is recommended to carry out the teatat once.

§ P WY o S

Figure 3. Formation of theert-butyl N-(2-furoyl)-carbamate.
2.2. Generation of oxyallyl cation and its cycloadtion to C2-functionalized furan

The coupling between the dihaloketones and C2-inimalized furan takes place via
a [3+2] cycloaddition reaction, where the reactintermediates are the zwitterionic
oxyallyl cations (Figure 4), which act, in firstsitance, as electrophiles. These oxyallyl
cations are generated in situ by reaction of diketlmnes with reducing metals: Cu, Zn,
Zn/Cu pair, Ag, FECO),, etc. Nevertheless, their electrophilicity is nmed by the
positive inductive effects exerted by alkyl sulsdits, but could be increased by
choosing the adequate counterion for the oxide tyoiéhus, metallic counterions that
form more covalent bonds with the oxygen atom ofyatlyl cation are more

electrophilic,i.e.. O—Fe > G-Zn > O—-Cu? In this particular work, we have used as

reducing metal the pair Zn/Cu.

Figure 4. Oxyallyl cations generateith situ from dibromoketoned and3. Counterion M comes

from the reducing metal used in the reaction.



Table 2. Results from the cycloaddition reaction between dgallyl cation generateth situ from

dihaloketones of different steric hindrance andNBHBoc)-furan and/or regular furan.

Metal
Entry Furan Haloketone T(°C) t,(h) [3+2]-Cycloadduct  [4+3]-Cycloadduct
(Solvent)
Yield (%)*?
o
0 NHBoc W Zn/C
n/Cu
1 @/ 0 15
Br Br (ACN)
6
1
o 0 Zn/Cu
NHBoc
2 @/ W Otort 5
Br Br
6 3 (ACN)
9 (73%) 10 (0%)
H
o i 0 1
NHBoc W Zn/Cu -10 — o}
3 \ / 5 (6} NHBoc
6 Br Br (ACN) to rt H
4 11 (0%) 12 (33%
H
o i 0 1
NHBoc Fe,(CO -10 — 0
4 @/ W (COk 6.5 d e NHBoc
6 Br Br (ACN) to rt H
4 11 (0%) 12 (76%
o o}
° W
Zn/Cu
Y. t as Lo
Br Br (ACN)
1 14(57%)
(0]
0 0 zn/Cd AL
6 \ J W (ACN/ 44 15
3 CH2C|2 11)

(@) Yield on isolated product.bf Mixture of diastereocisomerdrans / cisdiequatorial /cis-diaxial:
38/55/7%* (c) Mixture of diastereoisomerstans / cisdiequatorial /cis-diaxial: 55/40/5 (d) Me,SiCl
(2:1 molar ratio respect to dihaloketone) was adidedctivate the metallic particles and to fornylsil

derivatives of oxyallyl catioR?



The formation of furofuranone¥ and 9 takes place by a [3C{2+2C(21)]
stepwise cycloaddition (Figure 5jia the electrophilic attack of the oxyallyl cation to
the C5 position of 2-(NHBoc)-furan in a regioseleetmanner, as will be commented
latter on. The generated intermedibtendergoes an intramolecular nucleophilic attack
of the O-enolate to the allyl cation, also in a regioselectvay, affording intermediates
[l /1IV, which result hydrolyzed during the reaction wark-forming the final product
7. A small amount (5%) of alcohdl7 was isolated from the reaction crude, which we
believe is a byproduct generated within the colunoimomatography during the
purification process, as a result of addition cfideal water (present in solvents) to the
C=C double bond, catalyzed by the Si@atrix. Simultaneously to the formation of
furofuranone7 a small amount (4%) of [4+3]-cycloaddu8twas formed. For less
substituted dihaloketones.q. 2,4-dibromo-3-pentanone) used as precursors othmuc
less hindered oxyallyl cations, the [4@)#2C(2t)]-cycloadductl2 (as a mixture of
three diastereoisomers) is the only product (seteiesn3 and 4 in Table 2) not
observing, at all, the formation of furofuranoriels For these particular substrates the
yield of [4+3]-cycloadducts increases from 33% wp 7#6%, when using RECO)
instead of Cu/Zn as reducing agent. On the othedhahen increasing the steric
hindrance of oxyallyl cation3(), generated from haloketon® the yield of the
corresponding furofuranon@ increased up to 73% and no [4+3]-cycloaddl@twas
formed (entry 2, Table 2). Thereforine steric hindrance of the oxyallyl cation is a
required structural condition to generate the dedirfurofuranonesFinally, when
reacting hindered dihaloketongsnd3, with regular furan (entries 5 and 6 from Table
2), without the C2-functionalization, only [4+3]-@padductsl4 and 16 are formed,
respectively; but no traces of the correspondingftuans13 or 15 are detected. Thus,
it is of capital importance that the furan dieneosld be functionalized at C2 to
undergo a [3+2]-cycloaddition instead of a [4+3]-cpaddition



Br Br

NHBoc

Addition product 17 7

Figure 5. Mechanism proposal for the formation of produ&t8 and17.

2.3. Regioselectivity in the formation of [3+2]-cyloadducts 7 and 9

Analyzing the results from entries 1 and 2 of Tabet is worth noting the
regioselectivity observed in the formation of [3+3fkloadducts7 and 9. This
regioselectivity takes place at two levels: a)Ha initial attack of the oxyallyl catioh
to the C5 position of 2-(NHBoc)-furan to generattermediatd ; and b) In the attack of
enolate Q-enolate) to the C4 position of intermediat® generate intermediale (see
Figure 5). In both cases, the driving force it & thermodynamic, in other words it is
not dependent on the difference of stability betwte [4+3]-cycloaddud (AH; = —
187.07 kcal/mol) and the [3+2]-cycloaddutt (AH; = -183.83 kcal/mol) (See Table
S1). On the other hand, the initial regioselegtiV{#) is consistent with the different
electron density, electron charge and potentialeslat positions C2 or C5 of furan
substrates, which is favorable for the attack to C5 positioynthe oxyallyl cationl’.
This C5 position has higher electron density tha) &cording to the calculation of

electron charges by natural population analysisAN&nd the electrostatic potential

-10 -



map (ESPM) (see Table S2). Also the different pmises of cyclization of
intermediatd have been evaluated: attack@enolateversusO-enolate and attack on
C2 or on C4 ring positions. These possibilitiesehbegen studied taking into account the
energy balance and the charge distribution amoagdifierent intermediates and we
have concluded that none of them are responsiblihéoregioselectivity experimentally
observed. The regioselectivity observed at thigll¢b) and also at initial level (a) are
both mainly due to the maximum overlap of frontieslecular orbitals (FMO): HOMO
from 6 and LUMO from1’ in the initial electrophilic attack to the furamede (see
Figure S1 and Figure S2), and HOMO®@+enolate and LUMO of allyl cation subunit
in the case of intramolecular cyclization of intediatel to affordll (see Figure S3
and Table S3). In both cases there is a narrow HQM®IO energy gap. These
parameters have been calculated by Gaussian athdwy level and basis set:
DFT/B3LYP/6-31G++(d,p). The founding of regioseleity on the basis of FMO for
the case of cycloadditions have many precedernteiliterature”

There are other factors facilitating the easy &att#@-enolate to the C4 position
of intermediatd . In first place, the availability of a minimum egg conformation that
allows the approach of both reactive sites, puttaqgart the steric demanding
isopropylidene subunit and ttert-butoxy group. The approach is also facilitatedhsy
Thorpe-Ingold effeét exerted by the gem-dimethyl group of the side rchhat forces

the approach of the afore-mentioned reaction &es Figure 6).

-11 -
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Figure 6. Minimum energy conformation for intermedidteEffects facilitating the approach of

the reactive sites.

2.4. Structural determination of cycloaddition products

All products, both [4+3]- and [3+2]-cycloadducts,waell as the addition product
17 were isolated, purified and physically and spextopically characterized. The
determination of relative stereochemistry was distabd by *H- and *C-NMR
correlatiod® after a careful analysis and signal assignmetheif 1D ¢(H and**C) and
2D NMR spectra (COSY, HSQC and NOESY). The strictfrthe new furofuranones
was confirmed for the case b7 by X-ray diffraction analysis of a single cryst@he
ellipsoid diagram and unit cell packing for thisusture are illustrated in Figure 7 and

the refinement data are quoted in Table 3.

-12 -



S

Figure 7. A) On the top: X-ray structure df7. Ellipsoid diagram drawn at the 50% probabilitydefor

12, showing the atom-labeling scheme. The numberasipaed by the X-ray data processing software is
not [IUPAC numberingB) On the bottom. Crystal packing d7. Unit cell. Hydrogen bonds are observed
between the hydroxyl groups (donors) and the cafimoxygen (acceptor) of the neighbor molecule in
the unit cell.

-13 -



Table 3. Crystal data and structure refinementXar

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness té = 30.55
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [I > 3(I)]

R indices (all data)

Largest diff. peak and hole

3. Conclusions

1@H18 O4
214.25
150(2) K
0.71073 A
Triclinic
P
a = 5.9190(2) A= 80.919(2) deg.
b=79543) A p=85.315(2) deg.
c =122625) A y =81.231(2) deg.
549.30(43 A
2
1.295 Mg/m
0.097 ritm
232
0.60 x 0.50.%Mmm
3.49 to 30.56 de
-8<h<8,-10<k<10,-17<1<18
9695 / 3188 fi(F 0.0741]
94.5 %
0.9529 and (8943
Full-matrixdeaquares on’F
3188/0/142
1.051
R1 =0.0592, wR2 = 0.1594
R1 =0.0642, wkQ.1640
0.437 and -0.8A&°

In the present work, we describe a new methodotogyenerate furofuranones,
which are key building blocks in many natural prouwith biological interest. The
formation of furofuranones takes place by a [3€{2C(2r)] stepwise cycloaddition,
via the electrophilic attack of the oxyallyl cationttee C5 position of 2-(NHBoc)-furan

in a regioselective manner. The generated interaedindergoes an intramolecular

-14 -



nucleophilic attack of th€®-enolate to the cyclic allyl cation, also in a @gglective

way, affording an enamine intermediate that reshitdrolyzed during the reaction
work-up, forming the final product. This regioseleity would be controlled by frontier

MOs of cycloaddends. Thus, the more stable regigsc transition states arise
through interaction of the reaction sites with ifi@hase orbitals having the larger MO
coefficients. It is important to mention that stehindrance of the oxyallyl cation is a
required structural condition to generate the eésiurofuranones. Also, it is of capital
importance that the furan diene should be functived at C2 to undergo a [3+2]-
cycloaddition instead of a [4+3]-cycloaddition. Bleealkylidene-furofuranones may be
potentially transformed into added-value derivaivey conventional ozonolysis,
hydrogenation or addition reactions. All productsvé been isolated, purified and
physically and spectroscopically characterized eksion of this methodology to other

synthetic objectives is under way in our laboratory
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6. Experimental section

6.1. General procedures

NMR spectra were recorded on a Varian Inova 208068 MHz, on a Varian Mercury
400 MHz and/or in a Bruker DMX 500 MHz apparatushe@ical shifts §) are
expressed in ppnversustetramethylsilane as an internal standard. IR tspecere

- 15 -



recorded on a NICOLET 6700 FT-IR by film, KBr peller ATR (Attenuated Total
Reflectance) methods. Mass spectrometry was peefbrom a Hewlett-Packard 5890
apparatus, generally under a Cl (Chemical lonipatraethod by using Nfor CH, or

by direct insertion under Electron Impact at 70a\d 150 °C. The elemental analyses
were obtained in a FISONS Elemental Analyzer, Mddat1500. The samples were
previously pyrolized al 1000 °C in the presenca ohtalyst, under oxygen atmosphere,
and the content of carbon, hydrogen and nitrogene wetermined by evaluation of the
combustion gases by gas chromatography using adetBctor. Solvents were dried,
according to standard procedures, and distilledrpga use. All other major chemicals
were obtained from commercial sources and usedouitlfurther purification. Gas
chromatography was performed by using a ShimatzuCA&0i apparatus with a
capillary column (HP-5 Crosslinked 5% Phe-Me-Siloea0.25um film thickness, 30

m length and 0.32 mm diameter). Used carrier gasds and pressures were: He = 5.5
bar (Linde, Helium 5.0), Air = 3 bar (Linde, syntiweair), H, = 3 bar (Linde, Hydrogen
5.0). The experimental conditions are specifieg¢ach case. Ozonolysisaction was
carried out using an ozone-generator Fischer OB00eapparatus, under the following
conditions: Intensity = 0.25-0.40 Apf= 0.25 bar, @flow = 50-100 mL/min.

6.2. Molecular computer calculations

Geometry and energy minimization of molecules wpreoptimized by molecular
mechanics MM2 followed by semiempirical quantum hasgcal PM7 algorithm,
%% implemented in the MOPAC-2016 software (Ver. 1642’ This software was also
used to calculate the formation enthalpy and tetaérgy of molecules. Density
functional theory (DFT) based methods at the B3lfiiictional levet®* were used for
subsequent full refinements, within the Gaussiaw/O@Revision E.O1, version 6.1)
software packag® and using the 6-31++G(d, p) basis %eall calculations were
performed on isolated molecules (gas phase). Tdmiatcharges were calculated on the
basis of both Mulliken population analysis and natpopulation analysis (NPA), being

the last one more adequate for the present study.

6.3. X-ray Crystal Structure Analysis of 17

Pure cycloadducii7 was dissolved in a minimum amount of ethyl acettteoom
temperature. A few drops of hexane were added hadsaturated solution kept in a
refrigerator at 4 °C. Suitable single crystals Xoray diffraction studies grew over a

-16 -



period of 1 week. A single crystal (0.60 x 0.50 .%5@®mm) of17 was mounted on a
Nonius—Kappa CCD diffractometer, equipped with awfo@ Cryosystem, using
graphite-monochromated Méo. radiation £ = 0.71073 A). Intensity data were
collected at 150 K and the data were processedsiygtthe Nonius softwarg. A
symmetry-related (multiscan) absorption correctias applied. 9695 reflections were
measured in the range 3.4® < 30.55 deg. 3188 reflections were assumed as aiaserv
applying the condition | > &I). The structures were solved by direct methdsiR{
97)* and refined by full-matrix least-squares technigjagainsF2 (SHELXL-2013§*
using the program platform SHELX?8.Non-hydrogen atoms were anisotropically
refined. Heteroatom and hydrogen atoms were lodatdte difference Fourier map and
were isotropically refined all others were placettoocalculated positions. The final
R(on F) factors were: 0.0592, WR(W) = 0.1594 and goodness of fit = 1.051 for all
observed reflections. The number of refined paramsawas 142 and the maximum and
minimum peaks in final difference synthesis was3@.4nd-0.274 e.A®. The crystal
data and a summary of the intensity data colledioorl7 are summarized in Table 3.
Data for crystal and structure refinements, atoovordinates, bond lengths, bond
angles, anisotropic displacement parameters, adbgn coordinates may be obtained
from the CIF file deposited with The Cambridge Gallegraphic Data Centre with the
number CCDC-1487367. These data can be obtainesl dfecharge from The
Cambridge Crystallographic Data Centre via the Internet at
www.ccdc.cam.ac.uk/data_request/cif. The molecililastrations such as the thermal
ellipsoid plot and the unit cell packing (Figured and 7B) were made by using
ORTEP-IIP® and MERCURY 3.8 softwaré’ respectively.

6.4. Synthetic procedures
6.4.1. Synthesis of 2,4-dibromo-2,4-dimethyl-3-pmine, (1). Isolation and
characterization of minor product 2-bromo-2,4-dintstl-3-pentanone (2)

W

-17 -



In an oven-dried 100 mL three neck round-bottorkflasjuipped with a stirring bar, a
Dimroth condenser, a calcium chloride trap, a tlemater and a pressure equalized
addition funnel, 2,4-dimethyl-3-pentanone (24.2 m19.50 g, 171 mmol) and
phosphorous tribromide (0.4 mL, 1.43 g, 5.27 mnmwére added. The mixture was
cooled to 0 °C and bromide (18.0 mL, 56.14 g, 3%doth was slowly added along 5
hours, maintaining the reaction mixture betwee@ 2Ad 10 °C. During the addition of
bromine, the formation of hydrogen bromide was oles# One hour after the complete
addition of bromine, the conversion of 2,4-dimetBypentanone was complete as
observed by GC. Then, the mixture was submittecatmum (20 mmHg) for 30 min at
rt to eliminate the dissolved hydrogen bromide. Tlaction crude was purified by
fractional distillation under vacuum (10 mmHg), lecting the fraction between 85 °C
and 90 °C. This fraction was redistilled to obtalmemically pure 2,4-dibromo-2,4-
dimethy-pentan-3-onel) (39.1 g, 84% vyield) as a colourless oil, whickelzes at24
°C. This product should be stored in the dark ahdow temperature to avoid

decomposition.

IR (film): © = 2979, 2934, 1697 (C=0, st), 1462, 1387, 1378911040, 993 cih *H
NMR (200 MHz, CDC}): & = 2.15 (12H, s, H1, H5, H6 and H7) pplfC NMR (50
MHz, CDCk): 6 = 32.7 (C1, C5, C6 and C7), 61.5 (C2 and C4),1883) ppm MS
[GC-MS(CI), NH;, 70 eV, 150 °C]: m/z (%) = 265 (16, M), 248 (100, M+NH),
290 (100, M+NH), 272 (1, M).GC (50 °C, 1 min, 10 °C/min., 250 °C, 1 minfz =
11.52 min.

The fraction distilled at 70-80 °C and 10 mmHgirthe reaction crude, consists of 2-
bromo-2,4-dimethyl-3-pentanon?) (3.8 g, 10% yield)

IR (film): = 2980, 2930, 1702 (C=0, st), 1458, 1390, 138091ini*. *H NMR (200
MHz, CDCk): & = 1.17 (6H, d,J = 7.2 Hz, H5 and H7), 1.87 (6H, s, H1 and H6)53.4
(1H, g,d = 7.2 Hz, H4)GC (50 °C, 1 min, 10 °C/min., 250 °C, 1 mity= 7.54 min.
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6.4.2. Synthesis of 1',1"-dibromo-dicyclohexylket®n(3).

Dihaloketone3 was prepared following a procedure similar togheviously described,
buy using dicyclohexylketone (10.0 g, 51.5 mmol) asstarting material and
phosphorous tribromide (0.2 mL, 0.57 g, 2.1 mmohe mixture was cooled to 0 °C
and bromine (5.2 mL, 16.21 g, 101 mmol) was addedga2 h, maintaining the
reaction mixture between 5 °C and 10 °C. Duringgtthdition of bromine, the formation
of hydrogen bromide was observed. After completitme reaction mixture was
submitted to vacuum (20 mmHg) for 30 min at rt isnenate the dissolved hydrogen
bromide. The crude mixture became solid at rt andias dissolved in C¥LCl, and

washed with cold aqueous 10% 8203 solution (25 mL) and ice-water (2 x 25 mL).
The organic phase was dried over anhydrous MgS$iPered and concentrated to
dryness, affording dihaloketor3eas a white solid (13.4 g, 74% vyield). This solabsld

be stored in the dark and at low temperature tadad®composition.

IR (film): = 2934, 2857, 1703 (C=0, st), 1447, 1277, 1248511115, 1032 cih
'H NMR (200 MHz, CDC}): & = 1.30-1.79 (20H, m, H2', H3', H4', H5', H6', HRI3",
H4", H5" and H6") ppm:3C NMR (50 MHz, CDCH): & = 22.8 (C4' and C4"), 24.9
(C3', C3", C5' and C5"), 38.1 (C2, C2", C6' @8f), 72.1 (C1' and C1"), 196.6 (C1).
MS [GC-MS(CI), NHs, 70 eV, 150 °C]: m/z (%) 369 (69, M+NH), 292 (100, M-
Br+NHs).

6.4.3. Synthesis of 2,4-dibromopentan-3-one, (4)

(0] 0] (0]
O 5
\)k/ - ~ [
— 3 + +
PBr; - -
Br Br Br Br Br Br
N J

79%
meso N
63.2% racemic
15.8%
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In an oven-dried 250 mL three neck round-bottorkflasjuipped with a stirring bar, a
Dimroth condenser, a calcium chloride trap, a tlemater and a pressure equalized
addition funnel, 3-pentanone (27 mL, 22g, 0.255)mad phosphorous tribromide (0.5
mL, 1.43g, 5.3 mmol) were added. The mixture waslesbto 0 °C and bromide (27
mL, 84.2g, 0.527 mol) was slowly added along 5 bBpumaintaining the reaction
mixture between 5 °C and 10 °C. During the addittbrbromine, the formation of
hydrogen bromide was observed. One hour after dhgptete addition of bromine, the
conversion of 3-pentanone was complete as obsdyye@C. Then, the mixture was
submitted to vacuum (20 torr) for 30 min at rt tonénate the dissolved hydrogen
bromide. The reaction crude was purified by frawiodistillation under vacuum (10
mmHg), collecting the fraction between 65 °C an®CO0This fraction was redistilled to
obtain chemically pure 2,4-dibromopentan-3-dn@9.15 g, 79% yield) as a colourless
oily diastereoisomeric mixturenesda dl pair 4/1.

IR (film) © = 3445 (C=0), 2980, 2920, 2875-(@sp’), 1730 (C=0), 1440, 1380, 1350
(C—C, G—H), 1200, 1120, 1070, 1050, 1020<0) cni*. *H NMR (200 MHz, CDC})
pair dl: 56 =1.88 (2H, d,J = 6.9 Hz, H2, H4), 4.77 (6H, d,= 6.9 Hz, H1, H5)meso 6

= 1.81 (2H, dJ = 6.7 Hz, H2, H4), 4.99 (6H, §,= 6.7 Hz, H1, H5) ppm-3C NMR
(50 MHz, CDC4) pair dI: 6 = 21.61 (C1, C5), 43.95 (C2, C4), 195.77 (C3) ppmaso

8 =19.42 (C1, Cb5), 43.75 (C2, C4), 195.77 (C3) pMB. (GC-MS, CI, NH, 70 eV,
150 °C, & = 6.16-7.03 min): m/z (%) = 279 (12, M#N;), 262 (100, M+NH), 246 (1,
M+2H), 244 (1, M), 182 (6, §,00,Br). GC (Ti= 100 °C, t= 2 min., r = 10 °C/min., {T
=200 °C, ¢= 30 min.)meso tg = 5.7 min.;pair dl: tr = 6.4 min.

6.4.4. Synthesis of tert-butyl furan-2-yl-carbamaié)

@) (@)

”
"
O o) ‘BuOH O » H v,
+ NaN3—> IR (j'/NTO 2
Cl N
\ / vk v/l
6

-20 -



In a round-bottom flask equipped with a stirring bad a Dimroth condenser, 2-furyl
chloride (20 g, 0.14 moljert-butyl alcohol (160 mL, 1.7 mol) and sodium azidé.eg,
0.16 mol) were placed, under argon atmosphere.mik&ure was stirred for 12 h at
room temperature and the formation of the interaiedR-furylazide as a white solid
was observed. The mixture was heated to reflux @@)0and maintained under these
conditions for additional 12 h. Once 2-furoylazkblevas completely converted (control
by TLC eluted with hexane/ethyl acetate 4:6), tlévent was removedn vacuq
obtaining a white solid, which was submitted tolasHt column chromatography on
silica gel, eluting with a mixture of hexane andygiacetate of increasing polarity. The
elution with a mixture of hexane and EtOAc (9:lffpaded the desired product as a
white solid (21.6 g, 82% vyield). The prodichas to be stored in a cold place and away
from light, in order to avoid its thermal or phateenical decomposition.

MP = 98-99 °C (ethyl acetateYLC: R = 0.66 (SiQ, hexane/ethyl acetate 4:6,
developed by ninhydrin)R (film): v = 3267 (N-H, st), 2980, 1700 (C=0, st), 1546
(N—H, def), 1250 'Bu) cmi*. *"H NMR (300 MHz, CDC}): = 1.50 (9H, s, H2"), 6.04
(1H, brs, H4"), 6.63 (1H, brs, H3"), 7.00-7.12 (1M, H5") ppm.**C NMR (50 MHz,
CDCl): & = 28.2 (C2"), 81.3 (C1), 95.1 (C4"), 111.2 (C336.0 (C5"), 145.4 (C2",
151.9 (C1) ppmMS (CI, NHs, 70 eV, 150 °C): m/z (%) = 285 (13, M+M268 (100,
M+1H), 212 (22, M+2H'Bu), 167 (36, M+1HCOO'BuU).

The intermediate 2-furoylazid® could be transformed, one pot, into the
corresponding carbamaGwithout the necessity to isolate it. However, aepsample

of 5 was isolated and purified for its physical andcsfmescopic characterization.

White solid.MP = 114.5-115 °CIR (film): v = 3129 (=C-H, st), 2145 (N=N=N, st as),
1684 (C=0, st), 1562, 1462 (C-N, st), 1393, 12@®R11 1190 (C-O-C, st), 1030, 1001,
916, 877, 793 cth *H NMR (400 MHz, CDC}): & = 6.55 (1H, ddJss= 1.6,J,3= 3,6,
H4), 7.26 (1H, ddJs5= 0.6,J34= 3.6, H3), 7.65 (1H, ddls 3= 0.6,J54= 1.6, H5) ppm.
13C NMR (75 MHz, CDC}): & = 112.8 (C4), 120.2 (C3), 145.6 (C2), 148.4 (ABR.8
(C1") ppm.MS (CI, NHs, 70 eV, 150°C): m/z (%) = 138 (9, M+H), 137 (6,,MIL2 (44,
M-CN), 110 (100, M-N), 95 (89, M-N), 82 (21, M-CN). TLC: R = 0.60 (SiQ,
hexane /ethyl acetate 4:6, developed with ninhydragent).
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6.4.5. Reaction of oxyallyl cations (1') and (3’)itlv 2-tert-butoxicarbonylaminofuran

(6)

6.4.5.1. Activation of reducing metals and prepeamabf metallic couples

6.4.5.1.1. Activation of Copp&r

Copper powder from Sigma-Aldrich (10 g, 0.152 mweBs treated with a solution of
iodine (2 g, 7.8 mmol) in acetone (100 mL). Thepamsion was stirred for 15 min and
filtered through a Buchner funnel. The obtainedageous solid was washed with a 1:1
mixture of conc. HCI (37 %) and cold acetone (50)rahd then with acetone (100 mL)
and diethyl ether (100 mL). The resulting solid wisied under high vacuum and kept
away from light under argon atmosphere. The aatvabpper has metallic bright and it

was promptly used.

6.4.5.1.2. Activation of ZiRt

Zinc powder (10 g, 0.152 mol) was suspended intetillaqueous HCI (50 mL, 3% w/v)
and vigorously stirred for 1 min, observing theeese of hydrogen. The process was
repeated two more times and finally the solid wissréd through a Buchner funnel and
washed with distilled water (100 mL), absolute aetiig100 mL) and diethyl ether (100
mL). The solid was then dried under vacuum in thekdor 3 hours, obtaining a fine
grey solid which was used immediately. Occasionalyas stored in a desiccator under

Ar atmosphere but it is preferable to activateibipto use.

6.4.5.1.3. Preparation of the Zinc-Copper codpl& 2

The zinc, activated as before described, (10 grtol) was suspended in an aqueous
solution of copper(ll) sulfate (100 mL, 4 % wi/v)damigorously stirred for 15 min. The
zinc powder rapidly darkened turning from light gte black, and the blue color of the
copper solution completely discolored. The solighered through a Buchner funnel
and successively washed with distilled water (D), acetone (4x 50 mL), absolute
ethanol (4 x 50 mL) and diethyl ether (4 x 50 mEally, the solid was dried under
vacuum and in the dark for 3 h, obtaining a finackl powder that was immediately
used. Occasionally it was stored in a desiccatodeu Ar atmosphere and in the dark,
for a short period of time. Analysis of this soliy atomic absorption showed the

following composition: Zn =72 %, Cu = 28 %.
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6.4.5.2. Cycloaddition by reduction of dihaloketemath Zn/Cu pair

In a double necked flask, fitted with magneticrgig and nitrogen atmosphere,
freshly activated Zn/Cu pair (210 mg, 3.32 mmol)swadded and suspended in
acetonitrile (11 mL). The mixture was cooled dowr0t°C and the furan derivative (1
mmol) was added at once. Then, dihaloketone (258 @6 mmol) was added
dropwise. The reaction mixture was homogenized tbyirgy and maintained at the
work temperature by using a heating/cooling batin &itemperature stabilizing system.
The reaction was controlled by both TLC and GC. fidaetion was considered finished
after observing a constant conversion in successiagy/ses.

The mixture was cooled to 0 °C and methylene oiidonivas added under
constant stirring. The solution was poured over.Jarixture of water / ice (30 mL
approx.) and it was filtered through a porous sedeplate (filtering plate number 4)
under vacuum to remove excess of Zn/Cu powder.phases were decanted and the
aqueous phase was extracted with methylene chl@tide80 mL) until discoloration of
the organic phase was observed. The organic phases combined together and
washed successively with a 3 % water solution og K84x 20 mL) until no blue color
(due to tetraammincopper(ll) complex) was obselvethe washing aqueous extracts,
followed by ice-water (2 x 20 mL). Finally, the amgc phase was dried over anhydrous
MgSQ,, filtered and concentrated to dryness, obtainipgaaluct consisting of a single
structure or a mixture of diastereoisomers, depgndin the furan substrate. The
obtained oil was submitted to a flash column chrimmi@phy on silica gel, using

mixtures of hexane and ethyl acetate of increagolgrity to separate products.

6.4.5.3. Cycloaddition procedure usiRgCOq

In a round bottomed flask fitted with a magnetiarst, under argon atmosphere,
compound6 was placed. Afterwards, inside an Atmosbag® filledh argon, the
pyrophoric diironnonacarbonyl was added to the tmrag¢in a molar ratio ROy :
furan6 = 1.75 : 1), as a bright yellow solid. Then, anlogdr acetonitrile (in a ratio of
0.82 mL of ACN : 1 mol F&€£Og) was added and the mixture was stirred for 5 2
Dibromo-3-pentanonet, freshly filtered through neutral alumina, was edldiropwise
at-10 °C, (in a molar ratio of 1.2 : 1; dibromoketorieran). The reaction mixture was
stirred at room temperature for 6.5 h. The crude w@ncentrated to dryness and the

residue was dissolved in acetone. Cerium ammoniirate (in a molar ratio CAN :
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FeCOy = 1 : 1) was added and the reaction mixture wasdtfor 5 min. Afterwards,
the solvent was evaporated under vacuum and #idueewas filtered through a short
path of silica gel, and then it was submitted ftash column chromatography on silica
gel, using mixtures of hexane and diethyl etherirmireasing polarity to isolate
cycloadduct12 in a 76% vyield and diastereoselectivityans/cis-exo/cis-endc=
55/40/5+°

tert-butyl N-(2,2,4,4-tetramethyl-3-0x0-8-oxabicyclo[3.2.1]Jod-en-1-yl}-

carbamate, (8).

10"

. o) 9
___: 4 2" l“\\\\\\\ (0] 2
. " )]\ 1
N~ 1 "0 2!
H
6" 70 5
8

Colourless oilIR (film): v = 3316, 2978, 2932, 1704, 1471, 1387, 1367, 1332/,
1163, 1054 ci. *H NMR (400 MHz, CDC}): 6 = 0.95 (6H, d,) = 6.8 Hz, H10"), 1.05
(6H, d,J = 6.4 Hz, H9"), 1.46 (9H, s, H2"), 1.56-1.63 (Ih, H6a"), 1.67-1.75 (1H, m,
H7b"), 1.88-1.95 (1H, m, H7a"), 1.98-2.08 (1H,6b"), 2.79-2.85 (1H, m, H4"), 3.68
(1H, d,J = 5.6 Hz, H2"), 4.47 (1H, dd, = 4.8 Hz,J, = 7.6, Hz H5"), 5.24 (1H, brs,
NH) ppm.**C NMR (100 MHz, CDC}): 5 = 9.0 (C9"), 9.8 (C10"), 24.2 (C6"), 28.1
(C2"), 31.6 (C7"), 49.4 (C4"), 52.9 (C2"), 7825"), 80.1 (C1"), 94.2 (C1"), 154.0 (C1),
209.1 (C3") ppmMS (ClI, 70 eV, 150 °C): m/z (%) = 296 (23, M+1), 23B), 240 (86,
M-C4Hsg), 196 (100, M-GHgO,). Anal. Calcd for GeH2sNO4: C 65.06, H 8.53, N 4.74
%. Found: C 65.10, H 8.55, N 4.71 W.C: R = 0.74 (SiQ, hexane/diethyl ether 3:7,

three elutions. Developed by ninhydrin reagent).

cis-7-1sopropylidene-8,8-dimethyl-2,6-dioxabicyclo[3.®]octan-3-one, (7)
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Colourless aillR (film): o = 2975 (H-Gp’), 1786 (C=0), 1697 (C=C), 1467, 1370,
1314, 1193, 1129, 1083, 1057, 1038. NMR (400 MHz, CDC}): 6 = 1.23 (3H, s,
H2"), 1.46 (3H, s, H3"), 1.59 (3H, s, H1"), 1.62H(3s, H2'), 2.73-2.76 (2H, m, H4),
4.44 (1H, d,J = 4.0 Hz, H1), 4.82-4.84 (1H, m, H5) ppMiC NMR (100 MHz,
CDCl): 8 = 17.0 (C2", 18.9 (C1"), 22.6 (C3"), 25.1 (CAY,.1 (C4), 44.3 (C8), 75.4
(C5), 93.0 (C1), 101.3 (C1"), 153.5 (C7), 175.0XBAmM.MS (Cl, 70 eV, 150 °C): m/z
(%) = 197 (M+1, 100)Anal. Calcd for G;H1603: C 67.32, H 8.22 %. Found: C 67.29,
H 8.25 %.TLC: R = 0.62 (SiQ, hexane/diethyl ether 3:7, three elutions; devetopy
ninhydrin reagent).

(1R*, 5R*, 7R*)-7-Isopropyl-7-hydroxy-8,8-dimethyl-2,6-dioxabicyclo[3.3.0]octan-
3-one, (17)

Colourless oillR (film): © = 3480 (O-H),(H-Csp’), 1779 (C=0), 1458, 1366, 1310,
1195, 1123, 1090, 1061, 1048 NMR (400 MHz, CDC}): § = 0.94 (3H, dJ = 6.8
Hz, H2"), 0.99 (3H, dJ = 6.8 Hz, H3"), 1.04 (3H, s, H1"), 1.31 (3H, s,'’;12.95-2.04
(1H, m, H1"), 2.26 (1H, brs, OH), 2.68-2.70 (2H, %), 4.50 (1H, dJ = 5.4 Hz, H1),
4.79-4.83 (1H, m, H5) ppntC NMR (100 MHz, CDC}): § = 16.8 (C3"), 17.3 (C2"),
18.9 (C2), 22.3 (C1, 33.2 (C1"), 38.7 (C4), 48@B), 74.2 (C5), 93.0 (C1), 109.8
(C7), 176.1 (C3) ppmMS (ClI, 70 eV, 150 °C): m/z (%) = 214 (83, 4). Anal. Calcd
for Cy1H1804: C 61.66, H 8.47 %. Found: C 61.70, H 8.46 %.C: R = 0.48 (SiQ,
hexane/diethyl ether 3:7, three elutions; develdpedinhydrin reagent).

cis-7-Cyclohexylidene-8-spirocyclohexane-2,6-dioxabicio[3.3.0]octan-3-one, (9)
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Colourless oillR (film): © = 2923, 2852, 1785 (C=0), 1686 (C=C), 1450, 13206125
1194, 1150, 1047*H NMR (400 MHz, CDC4): & = 1.23-1.29 (1H, m, cyclohexyl),
1.40-1.60 (7H, m, cyclohexyl), 1.67-1.80 (4H, mclophexyl), 1.87-1.89 (1H, m,
cyclohexyl), 2.02-2.24 (7H, m, cyclohexyl), 2.73d, J = 4.0 Hz, H4), 2.73 (1H,
brs, H4), 4.70 (1H, dd, J;= J,= 3.6 Hz, H5), 4.88 (1H, dl= 3.2 Hz, H1) ppm*C
NMR (100 MHz, CDC}): 6 = 23.5, 23.9, 25.4, 26.9, 27.6, 28.0, 28.2, 282 and
32.7 (methylenes from cyclohexyl group); 36.8 (C4,7 (C5), 88.0 (C1), 110.8 (C1"),
152.4 (C7), 175.5 (C3) pprMS (ClI, 70 eV, 150 °C): m/z (%) 277 (M+1, 100)Anal.
Calcd for G7H2403: C 73.88, H 8.75 %. Found: C 73.91, H 8.73 W.C: R = 0.72
(SiO,, hexane/diethyl ether 3:7, three elutions; devetioipy ninhydrin reagent).

6.4.6. Cycloaddition of 2,4-dibromo-2,4-dimethyl-3entanone with furan (4).
Synthesis of 2,2,4,4-tetramethyl-8-oxabicyclo[3oct-6-en-3-one, (14)

11 O 10

Following the before-described reaction procedbet tises Zn/Cu couple as reducing
agent, , 2,4-dibromo-2,4-dimethyl-3-pentandn@71 mg, 1.06 mmol), dissolved in dry
acetonitrile (5 mL), was reacted with dry furan7@4q.L, 10.6 mmol) in the presence of
freshly prepared Zn/Cu pair (210 mg, 3.32 mmolyeducing agent at 20 °C under
nitrogen atmosphere. After 4.5 h of reaction timenfrol by TLC and GC), the reaction
mixture was submitted to the usual work-up, obtagra. crude product, which was also
submitted to a flash column chromatography on aibyel, eluting with mixtures of
hexane and ethyl acetate of increasing polaritythWexane/ EtOAc 9:1 compourid
was isolated as a pure product. Colourless oil (239 57% yield). Analysis by NMR
and GC of the crude reaction product and also @ftctiromatographic fractions did not
show the presence of [3+2]-cycloaddlit

IR (KBr): v =2969, 2932, 2873, 1713 (C=0, st), 1470, 1381, 13687, 943, 926, 908
cm™. *H NMR (200 MHz, CDC}): = 0.93 (6H, s, H9 y H11), 1.36 (6H, s, H10 and
H12), 4.42 (2H, s, H1 and H5), 6.37 (2H, s, H6 BiTY. **C NMR (50 MHz, CDC}): 5

= 21.0 (C9 and C12), 26.7 (C10 and C11), 51.440& C4), 86.4 (C1 and C5), 133.7
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(C6 and C7)MS (GC-MS(CI), NH;, 70 eV, 150°C): m/z, (%) = 198 (8, M+ 181,
(7, M+1), 180 (M). Anal. Calcd for Gi1H1¢0,: C 73.30, H 8.95 %. Found: C 73.29, H
8.97 %GC (100 °C, 1 min, 10 °C/min, 250 °C, 1 mitg= 7.32 min.TLC (SiO,,
hexane/ ethyl acetate 8:2. Developed as a purme lgpanisaldehyde reageng; =
0.73.

6.4.7. Cycloaddition of 1',1"-dibromodicyclohexylkéone with furan (4). Synthesis
of 2,4-bis(spirocyclohexane)-8-oxabicyclo[3.2.1]eé-en-3-one, (16)

In an oven-dried 50 mL flask, fitted with magnestirring and argon atmosphere,
freshly prepare Zn/Cu couple (210 mg, 3.32 mmolk vwdaced suspended in dry
acetonitrile (7 mL). Dry furan (77QL, 10.6 mmol), was added by syringe at room
temperature. The system was cooled dowtb°C and MgSiCl (135 pL, 1.06 mmol)
was added. Afterwards, 1',1"-dibromo-dicyclohexythe 6 (373 mg, 1.06 mmol),
dissolved in a acetonitrile-dichloromethane mixtdrg (5 mL) were added dropwise.
The reaction mixture was stirred a4 °C for 1h (control by GC). The resulting
reaction mixture was percolated through a short(@acin) of neutral alumina, in order
to remove the metallic particles, washing the calumth ethyl acetate. The organic
phase was concentrated to dryness and submit@dlash column chromatography on
silica gel, eluting with mixtures of hexane andyéticetate of increasing polarity. Pure
product16 was isolated with hexane/EtOAc 95:5 as a thick bil6.5 mg, 64% vyield).
Careful analysis by high field NMR and GC of boftle tcrude reaction mixture and the
chromatographic fractions did not show the presei¢g+2}-cycloadductl5.

IR (KBr): v =2929, 2857, 1697, (C=0, st), 1451, 1325, 1190, 11480, 1119, 1047,
982, 910 crit. *H NMR (200 MHz, CDC}): § = 1.31-1.74 (20H, several overlapped m,
H2', H2", H3', H3", H4', H4", H5', H5", H6', H6".92 (2H, s, H1, H5), 6.37 (2H, s, H6
and H7) ppm**C NMR (50 MHz, CDC}): § = 21.0, 21.3, 21.5, 25.3, 25.5, 25.6, 29.4,
29.6, 33.0, 33.7 (C2, C2", C3', C3", C4, C4",,aB", C6', C6"), 55.3 (C2, C4), 81.3
(C1, CH), 113.4 (C6, C7), 217.0 (C3) ppwhS (GC-MS(CI), NH;, 70 eV, 150°C): m/z
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(%) = 295 (15, M+NH;), 278 (100, M+NH), 261 (11, M+1).Anal. Calcd for
Ci17H240,: C 78.40, H 9.30 %. Found: C 78.18, H 9.12 G& (100°C, 1 min, 10
°C/min, 250C, 1 min)tg = 18.25 min.TLC (SiO,, hexane / ethyl acetate, 8:R:= 0.81
(developed as a purple spot by anisaldehyde reagent

7. Supporting Information

Tables S1, S2 and S3 as well as Figures S1, SSancelative to the energy, atomic
charges and HOMO-LUMO computer calculations otteg specied’ and6 and also
of intermediatd are included as supporting information. Copiestdf *°C NMR, IR
and MS spectra of the herein described productalaceincluded. A copy of these data

may be obtained free of charge from the Web padleeopublisher.
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