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1. INTRODUCTION



1.1 Nanotechnology.

Nanotechnology is the engineering of functionalteys at the molecular scale that
generally deals with structures of 100 nanometers sfnaller) and involves the

development of materials and devices within theg.si

In its original sense, nanotechnology (or “Nanotexhis often shortened) refers to the
projected ability to construct itenfsom the bottom upusing techniques and tools
developed to create high performance produdtis ability was envisioned by the

renowned physicist Richard Feynman in his lecturaete's Plenty of Room at the

" given at an American Physical Society Meeting omc&nber 1959.

Bottom
Feynman considered the interesting possibility ioéa manipulating matter on an
atomic scale using one set of precise tools anddt®m-up approach, which starts

from atoms or molecules and builds up to nanosirast

| want to build a billion tiny factories, models e&ch other, which are
manufacturing simultaneously. The principles of physics, as far as | can
see, do not speak against the possibility of mavergnwg things atom by
atom. It is not an attempt to violate any lawsisitsomething, in principle,
that can be done; but in practice, it has not bdene because we are too

big. — Richard Feynman, Nobel Prize winner in physics

Feynman envisioned a number of interesting appbioat and, in particular, the
miniaturization of computer circuitry and the pdsigiy to create new and more
efficient microscopes.

Nowadays, nanotechnology is a very challengingosegotwork in and it is considered
a collection of different fields, touching on bighy medicine, material, computers,
manufacturing, physics, and several others; thesrdisciplinary aspect requires that
people step outside of the confines of their ovatigiines.

In this context, synthetic chemistry has acquirgubaerful role as the science able to
design and realize functional systems at the mtdescale. Indeed, the use of organic

materials offers the advantage of easy fabricatiba, possibility to shape organic



compounds into the desired structures by moleanaineering, the fine-tuning of a
large variety of physical properties by small chesign the structure and the
characterization of single isolated structures Howa the study of fundamental
problems. Thebottom-updesign and construction of devices and machinetheat
molecular scale is a topic of great interest inatachnology and a fascinating

challenge for chemists

1.2 Molecular devices and machines.

In the macroscopic worlddevices and machinesare assemblies of components
designed to achieve a specific function. Each camapbperforms a simple act, while
the entire assembly performs a more complex anfiiusection.

This macroscopic concept can be extended in agbktfarward manner to the
molecular level. Thus, aolecular devices an assembly of a discrete number of
molecular components that cooperate to achievea@fgpand useful function.

A molecular machinas a particular type of molecular device in whidte trelative
positions of the component parts can changes esu#t of some external stimulus.
Molecular devices and machines operate via elect@md/or nuclear rearrangements
and, like macroscopic devices and machines, neetygrio operate and signals to
communicate with the operator.

A patrticular type of molecular machine is thelecular Switch

1.3 Molecular Switch.

A molecular switchis a molecule that can interconvert among two orersiable
states. These molecules may be shifted betweestdlbes in response to an external
stimulus such apH, light, temperature, an electrical current, micnaeonment or in
response of a ligand. In some cases, a combinatigtimuli are utilized. The oldest
forms of synthetic molecular switches ate indicators, which display distinct colours

as a function opH.



Most examples of molecular switches typically cehsi two states distinguishable by
different physical or chemical properties. The basguirement for these molecules is
bistability, i.e., the occurrence of two different stable feraf a molecule, which can
be interconverted by means of an external stimulas. bistability can be based on a
variety of properties of molecules such as electm@msfer, isomerizations, and
differences in complexation behavi8r®®® whereas light, heat, pressure, magnetic or
electric fields, pH change or chemical reactions can be used to achibe

interconversion between the stable states.

Photoreversible compounds, also calflotoswitcheqFigure 1), where switching
process is based on photochemically induced inteexsion, are particularly
attractive. Photochromism, which is largely defireireversible change induced by
light irradiation between two stable states of damale having different absorption
spectra, is commonly associated with several systémfigure 1, A and B represent
the two forms, whereby, andi, refer to the wavelengths used to effect the rebksi

switching behavior.
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Photoswitches

Figure 1

Molecular switches based on photochemte@ isomerization have been employed in
different contexts to convert light-energy into ‘chanical” motion at the molecular
level® ¢ In basically all applications, the induced intereersion between the two
states results in a permanent or transient confowma change of a molecular
scaffold bounded to the switch. Currently, the gesand preparation of molecular
switches based on photochemi&4Z isomerization constitutes an attractive research

target to obtain novel materials for nanotechnology



Despite the fact that the inevitable condition bbfwchemical bistability is fulfilled in
these system, a number of other requirements aenisl.

These features are well illustrated in Scheme 1revlaemodel reaction path for an
efficient (Scheme 1a) and a less efficient (Schehhd switch are reportéd
Accordingly, an efficient photoisomerization woutsttcur when the photoexcited
reactant A* evolves along a barrierless excitetesgmth and finally relaxes to the
energy minimum corresponding to photoproduct B.th&mmore, in an efficient
switcher, the reaction coordinate connecting ABtshould be as simple as possible
and linear (i.e. without intermediate energetidesedong the process). In contrast, the
reaction path of Scheme 1b belongs to an inefficsantcher. In fact, the presence of
excited state and/or ground-state intermediatesuilt | respectively) along the path
allows for redistribution of the photon energy. Additional desirable property of
photochemical switchers is the stability of them®vs A and B with respect to thermal
(i.e., ground stateY/E isomerization. As shown in Scheme la (see dashedyg
profile), in an efficient switcher the barrier ftrermalZ/E isomerization must be high

enough to restrain the return of B to A auck versa
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Scheme 1

Fast response time to stimulus, high rate of tiheraonversion process (nanoseconds
reaction time scale) as well as high quantum yieldthe reaction are additional and

essential factors to define a “good molecular dwiitc



The fascinating idea of casting single moleculgzabée to convert light-energy into
useful applications prompted chemists to develow isgstems. Indeed, literature
shows different examples and a variety of photaslble compounds including

diarylethenes, spiropyrans, azobenzenes, sterioaltycrowded stilbenes and retinal
chromophore of rhodopsin proteins have been studibd photochromic processes

involved in these systems are typically photocwtlan or €is-trang isomerization.

1.3.1 Diarylethenes.

For instance, Photochromic Diarylethenes, which eugd a reversible
photocyclization, are among the most promising p$witches known today. A
reversible pericyclic reaction can take place iesthcompounds and irradiation with
UV light of the open form leads to the closed fommich can undergo ring-opening
again with visible light (Scheme 2)The presence of various substitutents on the
heteroarene moieties (in this case tiophene) etitagthe low thermal stability of
open form, which is the main origin of the limitegbplicability of the reversible

photocyclization of stilbene derivatives.

'/CN
O~N\o0
450 nm
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R*= |- or d- Menthyl de= 86.6%
Scheme 2

By introduction of an - or d-menthyl moiety at the 2-position of the
benzop]thiophene ring in the diarylmaleimide-based switha diastereoselective
photocyclization could be accomplished. In fagtadiation ofA at 450 nm in toluene

at 40 °C resulted in the formation Biwith a diastereomeric excess (de) of 86.6%.



1.3.2 Spiropyrans.

Hirshberg proposed that the photochromism of spiaps could form the basis for a
photochemical memory devite These photoresponsive materials have found
applications as light filters in, e.g. sun glassass,as optical recording media and
numerous studies have been devoted to this claphaibchromic compounds. The
photochromic (and thermochromic) behavior is duethte interconversion of the

closed spiropyran form and the open merocyaning 8gkeme 3).

NO,
= uv
® e TAY
N O O NO, Vis \® ©o
R R
spiropyrans merocyanine
Scheme 3

UV irradiation leads to the open form, which resetb the closed form either
thermally or by irradiation with visible light. Thepirocarbon atom is a stereogenic
center in the spiropyrans, but as a consequencehefachiral nature of the

merocyanine form, the photochromic process willegigvlead to racemization.
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Scheme 4

By the introduction of a stereogenic center at gpwsi3 vicinal to the spiro carbon,
photochemical switching of optical activity coulé lccomplished (Scheme'%)In

this case, a diastereomeric ratio of 1.6/1.0 wasado
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1.3.3 Azobenzene.

Switches based on tH&/Z photoisomerization of the azobenzene (Ab) chromoph
have been used to control ion complexatipalectronic properti¢éand catalysiS or
to trigger folding/unfolding of oligopeptide chaffisIn particular, Isacoffet al™.
describe a general approach for manipulating &tastcontrol using this synthetic
optical switch. Azobenzene can interconvert from ¢fs-form to thetransone and

vice versavhen a specific wavelength radiation is provid®dheme 5).

Azobenzene: Cis-trans isomerization

? %o

N NQN

f hv'

Trans Cis
Scheme 5

The interesting application of Isacoff is exemgldi by the coupling of Ab with a
specific ligand-gated ion channel of central impode in neuroscience, the ionotropic
glutamate receptor (iGIuR). In figure 2, when tk#& hromatic ring of the switch is
functionalized with a maleimidic moiety, Ab can lhaked in a covalent way on the
receptor surface by the C-S single bond formatwam a 1,4 Michael addition
mechanism between the thiol group of Cysteine an réceptor and a ¢ of
maleimidic moiety. The right aromatic ring of Ab dse a Glutamate-residue, the
ligand of the receptor. The photoisomerization @f iAto thecis stereocisomer allows
the interaction of glutamate on the receptor amedrésulting opening of the membrane
channel. Using this intriguing stratagem, Isacefffal developed a light-activated
channel, called LiGIuR, in whitch the agonist isvalently tethered to the protein
through the optical switch azobenzene moiety (FEdd)r The photostationarys/trans
ratio of azobenzenes depends on the wavelength, matximumcis state occupancy

typically observed at 380 nm and maximtrans state occupancy observed at 500 nm.

11



Photoswitching occurs on a millisecond time scalgh channel conductances that
reflect the photostationary state of the azobenza¢rzegiven wavelength. This device

has potential uses not only in biology but alsbigelectronics and nanotechnology.

lonotropic Glutamate Receptor control (iGIuR)

iGIUR o 3 C v, 'ﬁﬁ ‘%‘?

—_—
ionotropic — }
Glutamate hv,
Receptor ' _——

Figure 2

1.3.4 Overcrowded Alkenes.

Pseudoenantiomelfit chiroptical switches are based on so-called stiyic
overcrowded alkenes (Feringa al)'’.These molecules consist of an unsymmetrical
upper part (tetrahydrophenanthrene or 2,3-dihydsbtien(thio)pyran) connected via a
double bond to a symmetric lower part (xanthenmxtnthene, fluorene). To avoid
unfavorable steric interactions around the cendtafinic bond, the molecules are
forced to adopt a helical shape. The chiralityhiese inherently dissymmetric alkenes,
denoted withM and P for left- and right-handed helices respectivelyerefore

originates from distortion of the molecular frametuo

12



The tetrahydrophenanthrene-type upper part is budpough to inhibit fast
racemization by movement of the aromatic moietieshe upper and lower halves
through the mean plane of the molecules, but thersufficient conformational
flexibility to undergo induced isomerization.

A remarkable enhanced stability and a highly swslaxtive switching process was
found with structure containing donor and acceptabstituents in the thioxanthene
moiety. The substituent effects also result in sodsnce shift in the UV-Vis spectra
of 1-M-cis and 1P-trans allowing the switching process to take place tiearvisible
region of the spectrum. For example (Scheme'®)alternated irradiation of
enantiomerically pure M-cis using 365 and 435 nm light resulted in
diastereoselective interconversions fromMdeis to 1+P-trans and vice versa

respectively.

365 nm

MeZN* '¢.' .- 435 nm

1-P-trans

Scheme 6

Most remarkably, a sophisticated evolution of thiginal molecule above led to the
preparation of light-drivermolecular rotorswhere chirality turned out to be an

essential feature to impose unidirectional rotaf®cheme 75°.

The new type of molecular rotor contains a chiran&hyl-2,3-dihydrothiopyran

upper part and a (thio)xanthene lower part.
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(ZR}-(M)-trans-1 (ZRHP)cis-4

60°C | A 60°C } 4

Meaq " hv
e .I‘ -
MeO o 365 nm
s 8011
(2'R)(P)-trans-3 (ZRyMy-cis-2
Scheme 7

As shown in scheme 7, the irradiation ofR)2(M)-trans-1 in n-hexane at 365 nm and
10 °C resulted in the formation of '‘@-(P)-cis-4, with the methyl group at the-2
position adopting an equatorial orientation as meiteed by 1H NMR. A (R)-(P)-
cis-4 to (2ZR)-(M)-trans-1 ratio of 14:86 was observed. When the temperattitee
solution of (2R)-(P)-cis-4 was raised to 60C, a complete conversion to'RQ-(M)-
cis-2 was observed. Subsequent irradiation 0RYZM)-cis-2 in n-hexane (10°C) at
365 nm resulted in formation of '@-(P)-trans3 with the methyl group at the'-2
position again in an equatorial orientation as meieed by'H NMR. A (2R)-(P)-
trans-3 to (2ZR)-(M)-cis-2 ratio of 89:11 was observed. When the temperattitbeo
solution of (2R)-(P)-trans3 was increased to 6, a complete conversion to'RJ-
(M)-trans1 was observed. Moreover, the experimental resultsvsthat the upper
naphthothiopyran moiety undergoes a full 3ffiation in a counterclockwise sense
relative to the lower thioxanthene part. Comparedhie original molecular switch
based on biphenanthrylidenes, it is remarkablethi@presence of a single stereogenic

center (C(9) is a sufficient condition to accomplish uniditieaal rotation.
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1.3.5 The Green Fluorescent Protein (GFPY

The green fluorescent proteifGFP) is a protein composed of 238 amino acids9(26.

kDa) and was originally isolated from the jellyfi8lequorea Victoria

This class of molecules can be reversibly photatweitl between a fluorescent and a
nonfluorescent state and acquires enormous padtémniiiverse fields, such as in vivo

protein tracking and subdiffraction resolution lighicroscopy.

Osamu Shimomura, Martin Chalfie and Roger Y. Tsieared the 2008 Nobel Prize in
chemistry for the discovery and development of gheen fluorescent protein, GFP,

that has been key to improving our understandingetifprocesses.

In fact, these GFP-like proteins allow the monrgriin time and space of an ever-
increasing number of phenomena in living cells anghnisms like gene expression,
protein localization and dynamics, protein-proteinteractions, cell division,
chromosome replication and organization, intrat¢aliransport pathways, organelle
inheritance and biogenesis, to name but a few.dultian, the fluorescence from
single GFP molecules has made it feasible to inagespatial resolution higher than
the diffraction limit. Furthermore, sensors thapae pH values, C& concentrations
and other essential features of the interior ahgjvcells have been engineered from
GFP-like proteins.

The technical revolution resulting from the disagvef GFP relates to a miraculous
property of the chromophore that is responsiblatfofluorescence. This chromophore
is formed spontaneously from a tri-peptide motiftie primary structure of GFP
(Figure 3), so that its fluorescence is “automdytaurned on in every organism
where it is expressed. In other words, the mawmawf the tri-peptide based
chromophore in GFP only requires oxygen and doe¢sdaepend on the presence of
enzymes or other auxiliary factors. The tripeptidetif Ser65-Tyr66-Gly67- in the
primary structure of unfolded or denatured GFP du#sdisplay any striking feature
(Fig. 3, top). However, as the GFP protein fold® iits native conformation, these
three amino acids are forced into a sharp turn. &igniddle, left), greatly favouring a

nucleophilic attack of the amide of Gly67 on thebomyl of Ser65, leading to

15



imidazolinone formation by cyclization (Fig. 3, ndid, right) and dehydration (Fig. 3,
bottom, left). At this point, GFP does not fluores(Heim et al, 1994§* but,
conditional on the presence of molecular oxygem, dh3 bond of residue 66 is
subsequently dehydrogenated into conjugation vghitnidazolinone (Fig. 3, bottom,
right), which results in maturation of the GFP chaphore to its fluorescent form
(Heim et al., 1994; Cubitt al, 1995y,

Tyr66
o) GIy67
Ser or Thr65
R=H or Me

foldlng (tyo 10m|n

o 0

N /\ﬂ cyclization /©/\H<N/\ﬂ
HO ——> HO HN o)
HN o OH
N R
. R
N H OH
H OH dehydration

arial oxidation

cyclization + dehydration {f, 3min)J
o} H,0, o

0O
N N TNTY

HOM 6 — > HO N o)
. R ty/2 19-83 min .~ R
N N

H OH H OH
Chemical reaction scheme accounting for the speotas formation of the GFP chromophore from the Ser6

Tyr66-Gly67 motif in the native conformation of theotein in the presence of molecular oxygen
Figure 3

Particularly, Luinet al?* showed that the greenfluorescent protein (GFP) EY:@d be
transferred from a nonfluorescent “off” to a fltescent “on” state and back again, by green
and blue light, respectively (Figure 4). SubsequRaman spectra analysis and theoretical
calculations on this protein demonstrated that ugen absorption of a green photon, the
chromophore isomerizes from tBecis (off) to X trans (on) state. Moreover, for the case of
EYQL1 (figure 4) Luin showed that at pH=8 the chrg@mare is anionic in the native forB
and neutratransin the photoconverted fori; it is neutralcis A in the native form at lower
pH.
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X oxM
N
SHT ;5:\
HO%{} @q%

A }f ~  pK=6.86

Proposed scheme for the considered states of thenophore in (GFP) EYQ1

Figure 4
1.3.6 The retinal protonated Schiff base (PSB) chmophores.

Chiral E/Z switches are also known in photobiology. For ins& the retinal

chromophore of Rhodopsin (Rh) protein§®, a large class of trans-membrane
photoreceptors (also called PSB&otonated Schiff Basgsindergoes an efficient
unidirectional photoisomerization that, ultimateiyggers a conformational change of
the native protein scaffold. In fact, Rhodopsin siets of the protein moietypsinand

a reversibly covalently bound cofactorgetinal. Opsin, a bundle of seven
transmembrane helices, binds retinal, a photoreacthromophore, in a central

pocket. Retinal is produced in the retina from Wiba A.

H
[ 1 0
x D= H,N—Lys —OPSIN---G-PROTEIN
Retinal Chromophore Opsin Protein

Figure 5

Isomerization of retinal operated by light, indu@sonformational change in opsin
that activates the associated G protein and trgggesecond messenger cascade. The

change in geometry initiates a series of eventseentually cause electrical impulses

17



to be sent to the brain along the optic nerve ared rasponsible of the vision

mechanism.
SIAA o 11
! 12 Visible Light S A S @/
—— | 12 NN
N T—_—
\@/ Lys
cis '|\I trans
Lys

Isomerization of 1kis-rhodopsin into 1xransretinal induced by light

Scheme 8

More precisely, in rhodopsin itself the p—p* extda of the 1leis form of the
chromophore retinal vyields exclusively thall-trans form through a Z/E

counterclockwise twist of the C11=C12 bond and ogeuth a quantum yield of 0.67.

This value is larger than the 0.25 value measuwethe same chromophore in ethanol
solution and also larger than the 0.28 and 0.5luegl measured for the
photoisomerization oftrans and cis-azobenzene, respectively. Due to its high
photoisomerization efficiency, bacteriorhodopsin (@member of the same
photoreceptor family) and its mutants, have beeaioged to produce different light-

driven molecular devices (see ref 24 and referetie@gin).

The attractive properties of the protein-embedd8B'P(the isomerization selectivity,
directionality, and efficiency of retinal chromophke are lost when they are irradiated
in solution) make it an excellent reference for tesign of alternative light-driven
switches.In other words, while it has been established thatefficiency of the P$B
reaction is enhanced by the complex protein enw@mt, one may always try to
design a nonnatural protonated Schiff base thaticapes the excited-state properties
of the protein-embedded chromophore with the fgwal of obtaining photoactivable
switches. This is the driving force of a currenjpct that find computational,
photochemical and synthetic chemists closely imebIMhe numerous and different

synthetic aspects we had to face is the centra obthe present thesis.
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2. RESULTS AND DISCUSSION



2.1 Molecular Switch of First Generation (PSB):
Synthesis and Description.

As described in introduction, in Rhodopsin (Rh) gietoisomerization of the native
11-<is-retinal chromophore (PSB to its all-trans form occurs with high efficiency.
The high quantum yield associated with this procestosely connected tbe feature
chemical structure of this chromophore and, inipaldr, to the ultrafastis/trans
isomerisation of C11-C12 double bSnd

This idea is supported by the fact that 13-demeRtylan isomer of Rh where the 13-
methyl group of PSB has been removed) and isorhodopsin (an isomer tof R
containing a is-retinal chromophore) isomerize more slowly and endower
quantum yields than Bf

Combined computational and experimental studiesvedahat certain natural PSBs,
such as retinal PSB provide suitable “frameworks” for the design dbrmimetic
molecular switches.

An example is provided by the PSB modelcigy-methylnona-2,4,6,8-tetra-
enimminium (4-cisp-Me-CgH,-NH,)" (Figure 1) that represents one of the first
framework identified’. Furthermore, computational analysis on the isisagon of
the 2<¢is-a-methyl-penta-2,4-dieniminium  (2-cisR-Me-GHgNH,"), a minimal
model of PSB' with a penta-2,4-dieniminium (-CH=CH-CH=CH-CH=Ri} moiety,

indicate that this system provides a more suitbbtgkboné®

PSB 1 l 4‘(1fﬁ'_ﬂf_Me_CgH lo.NH2+ Z'ﬂiS'ﬂ‘Mﬁ'Csl-]ﬁNHl‘*

Figure 1
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Up to now, attempts to synthesize compounds cantpithe penta-2,4-dieniminium
biomimetic backbone to find support for the preelictbehaviour have never been
reported. On embarking on this project we wereaetéd by the known 4-benzylidene-
3,4-dihydro-2H-pyrrolinelneut (Scheme 1 and Figure 2), from which a suitable
chromophoric unit could be easily derived. BN+methylation or protonation.
Effectively, the targeted penta-2,4-dieniminium etgi is part of the molecular
structure ofLMe where a phenyl ring replace the terminal carbobaidouble bond.
We envisaged to prepare a class of molecular sestchllowing preliminary
photochemical analysis by simply varying substiteseon the phenyl ring. Thus, in
addition to compoundMe, we synthesizep-MeO-1Me andp-NO,-1Me; this class

of molecular switches is calle®SB (Protonated Schif Bases of first generation).

In particular, p-OMe and p-NO, substituents (i.e elettron-releasing and elettron-
withdrawing group) on phenyl ring of 3-benzylidehgyyrrolines were chosen to
allow modulation of electron density within thesystem: indeed it was shown that
this simple modification can be used to “tune” gtetochemical behaviour of these

molecules.

PSB!

+,

=N

Uv-Visible light ZN<

Cis trans
1Me X=H

p-OMe-1Me X= OMe
p-NO,-1Me  X= NG,

Figure 2

The most convenient route towarBSB seemed to be an aldol-like condensation

between aromatic aldehydes and 1-pyrroline (Sché&meHowever, the material

21



referred to 1-pyrroline presents special diffi@atidue to its tendency to trimerize in
1,6,11-triazatetracyclo-[10.3.0°60" pentadecane.

Qy — Q.. P — L0

Scheme 1
In 1982, Tomadaet af® studied the synthesis of 1-pyrroline trimer byvail (1)
catalyzed oxidation of pyrrolidine with peroxodifaie (scheme 2) and found that this
material reacted with benzaldehyde to furnish 3zigkdene-1-pyrrolinelneut in
acceptable yield. Thus, as a synthetic equivalém, predominant trimer is in
equilibrium with 3,4-dihydro-2-H-pyrrole, that isniturn able to react with

benzaldehyde in an aldol-like condensation

X X
[\ _N&S,0gNaOH N i
N cat. AgNG; NN Z\N Vot Q —
H —_

30%E-1neut X=H
50% E-p-MeO-1neut X=p-MeO
43% E-p-NO»-1neut X=p-NO,

Reagents and conditions(i) 1neut andp-MeO-1neut: MeOH, rt, 48Ip-NO,-1neut: 0.6 M acetic acid/0.2 M
sodium acetate, MeOH, 60°C, 24h.

Scheme 2
The application of this protocol led us to obtdiwe derivativeslneut, p-MeO-1neut
and p-NO»-1neut simply by combining the trimer with benzaldehygenethoxy- or
p-nitro-benzaldehyde respectively. However, in th&er case, by adopting usual
reaction conditions, only traces of the desimditro-benzylidene derivative are
formed; consequently, we decided to force the rexhaf water by heating a
methanolic solution of this intermediate in the gemece of AcCOH/AcONa mixture,
furnishing the desired compound in more than 438idyi
Initially, 1neut, p-MeO-1neut andp-NO,-1neut were treated with trifluoroacetic acid
to afford the corresponding PSRB8I, p-MeO-1H andp-NO,-1H as a mixture oE-

22



and Z-isomers; afterwards, the neutral compounds weracted with methyl
trifluoromethanesulfonate leading quantitatively thee formation of theE- and Z-
forms of1Me, p-OMe-1Me andp-NO,-1Me (scheme 3).

X X

H
lneut X=H 1H X=H
p-MeO-1neut X=p-MeO p-MeO-1H X=p-MeO
p-NOo-1neut X=p-NO, p-NOs-1H X=p-NO,

[
_ 100% _

Me
1neut X=H 1Me X=H
p-MeO-1neut X=p-MeO p-MeO-1Me X=p-MeO
p-NO,-1neut X=p-NO, p-NO»-1Me X=p-NO,

Reagents and conditions(i) CRSO;CH; benzene, rt, 10min.
Scheme 3

The N-methyl derivatives were found to be more stablel a@ractable than the
protonated forms. In particular, it was observeat the protonated-stereisomers of
1H, p-MeO-1H, andp-NO,-1H tended to transform thermally to the corresponding
stereisomers. The higher stability dfmethyl compounds is qualitatively rationalized
by the additional stabilization of the positive dgatN and by the decreased mobility
of the alkyl group with respect to the proton.
The photochemical characterization of compoutdte, p-MeO-1Me and p-NO,-
1Me (for complete description see ref. 7) showed thatabsorption maximun{ay)
of 1Me is 327 nm and that it is sensitive to the aromatoxiulation with an electron-
withdrawing (EW) or electron-releasing (ER) sulsitt inpara-position. Indeed, for
compoundp-MeO-1Me, theAa is red-shifted relative téMe; on the other hand, for
compoundp-NO»>-1Me, the Ana is blue-shifted. Moreover, it was shown tipaieO

substituent has beneficial effects on the photoctensomerisation pathway; on the
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contrary, when thep-NO, substituent is placed, the photoisomerization has a
inefficient profile.

Although some problems were identified, the phaiisrization path of these
prototype compounds satisfied the general criteggired for a molecular switch.
Unfortunately, photochemical studies BSB switches showed low quantum yield for
these molecules and defined that the strong dexdabeE/Z isomerization quantum
efficiency is mainly due to the free rotation alkxavby the single double bond between
the phenyl ring and ethylene spacer.

These considerations prompted us to look at relatedctures with the aim of
increasing the photoisomerization efficiency. Wevisaged the development of a
second generation PSB switches by decreasing thaber of freedom torsional
degrees of thd®SB backbone and especially the free rotation arotmedbienzylic
single bond. We translated these concepts intanglsi working hypothesis for the
synthesis of a novel unnatural protonated Schi$eb@SB', Protonated Shif Bases of
second generation) systemmere the carbon—carbon exocyclic double bond appea
be the only conformationally free site in the eadistate electronic structdfe

We disclose herein the results of our investigatmachieve an effective preparation
of PSB', a molecule featuring a pyrrolinium moiety conjteghto an aromatic ring,
the latter being embedded in a conformationallkéacindanylidene nucleus (figure
3).

PSB! psB '
X X
+, +_
=N =) =N
Uv-Visible light Uv-Visible light
Figure 3
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2.2 Molecular Switches of Second Generation (PSR
Synthesis®

The first retrosynthetic approch we decided to ugdetoward PSB' is a intra-

molecular capture of a nitrilium ion by a suitaldeated olefin group. (Scheme 4).

nitriliumion

X cyclization X
Sy — G
Scheme 4

The cyclization of a nitrilium ion to form a hetesele was first observed in the"19
century, but synthetically useful procedures haniy emerged recent ** In some
communications, it was shown that nitrilium ionsyniee prepared as efficiently from

secondary amides as from oximes (Scheme 5).

Gawley Beckmann
procudure rearrangement .
PhHC OY PhHC Il PhHC., N~
kNH = LN* — u
Scheme 5

Although the notation of generating a nitrilium imom an oximes has some appeal
because of the synthetic usefulness and generallalality of oximes, the
stereospecifity of the Beckmann rearrangement dinites a serious limitation.
Specifically, obtaining any given nitrilium ion fmo an oximes is predicated on the
availability of the oxime as single geometric isome©ximation of almost all dialkyl
ketones gives rise to a mixture of both oximes gaomisomers, which are usually
difficult to be separated.

On the basis of these considerations, Gaveewl*

introduced their protocol by
which nitrilium ions are generated by the action tomethylsilyl polyphosphate
(PPSE) on secondary amides in refluxing carboadcbtoride.

35
|

Later, Angelastrcet al.™ (scheme 6) reported the formation of quinolizidinea a

vinylogous Bischler-Napieralski nitrilium ion cyehtion employing the PPSE
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protocol and demonstrated that the desired cyazatare achieved provided the
olefinic terminator is sufficiently nucleophilic teact with the cationic center. In their
effort to improve the rate of reaction via an irage of nucleophilic character of the
styryl terminator, they noticed the advantage o¥img the p-methoxy substituent
(Scheme 6).

+

NH ND N N

\ | \
0™ PPSE N

\ ~ J7H \
O
H3C. ! HaC ot Hscfo H3C-q
Scheme 6

Additionally, taking into account the beneficialleoplayed by this group in the
photoreaction pathway &fSB we designed 8SB' structure where X assumed ie

OMe value.

The PSB' retrosynthetic analysis led us to identify the cwencially available 5-
methoxy-1-indanoné as the starting reagent (scheme 7) Thus, the ssiatballed for
the installation of a homoallylic halides as a a#éife starting substrate to obtain the

desired homoallyl acetamido group at the C-1 cadidmethoxy-1-indanone.

MeQ MeQ
nitrilium ion
cycllzatlon
@‘C 8—1 L)N &

psg NHACc

Me homoallyl MeQ
transposmon
OH
Scheme 7
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To this end, the well established acid promotechopeof cyclopropylcarbinols ( Julia
homoallyl transpositioff§ seemed to us a convenient procedure to obtainc3rha
propylidene derivatives. Thus, we turned our atbento the protocol successfully
employed by Perronet al®’ to prepare 1-(3-chloro-propylidene)-1,2,3,4-teydo-
naphthalene from 1-cyclopropyl-1-tetralol. In thgiaper the authors stressed the
importance of the short duration of the reactiothwilCl 15% in order to obtain the
kinetically favored 3-chlorax-propylidene intermediate rather than the
thermodynamically favored isomer having an endacyabuble bond.

Consequently, we reacted the indandneith cyclopropylmagnesium bromide; the
resulting adduct, without purification, was treateth HCI in acetic acid for 30 min at

room temperature (Scheme 8).

MeO
MeQ 7 5 — \_/CI
i 2-exo
(@] MeQ

1 W

Cl

2-endo

Reagents and conditions(i) 1) Mg, ciclopropylbromide, THF, reflux, 3h; BCI, AcOH, r.t., 30min.
Scheme 8
However, in our hands, only the undesirdtermodynamically favored indenyl
derivative 2-endo was isolated in low yield from the reaction midurThis
unfavourable result was mainly attributed to thespnce of mobile protons in position
C-2 leading to dominant [1,3] shift.
Furthermore, we also assumed possible to obtaindédstred compoun@-exo by

treating the substituted methylenecyclopropaaexowith HCI (Scheme 9).
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With this aim, we reacted indanordewith cyclopropylidene-triphenylphosphorane
generated in situ from 3-bromopropyl-phosphoniunontide and KHMDSA
(potassium hexamethyldisilazide, see schemé®10).

Since olefination with cycplopropylylides doesn&ually work very well with readily

enolizable carbonyls, the reaction afforded therddaunstable8e-exo product in low

yield.
KHI\:IDSA Br/\/\P+PH3
MeO >;P+PH3 MeO MeQO MeQO
1,9 shift 2 i 2
o 4% = ()~ 8% () ¢
1 3e-exo 3e-endo 2-endo

Reagents and conditions(i) tris[2-(2-methoxyethoxy)ethyllamine (TDA-1) HF, rt, 2h; (ii) HCI, AcOH, r.t.,
1h.

Scheme 10
Moreover, we found thigxoisomer underwent a spontaneous rearrangementeto th
thermodynamically stablendoisomer thus confirming previous evidence displayed
for 2-exo (see Scheme 8). Eventually, compowakndo submitted to the action of
HCI afforded2-enda
Given the vital role played by trexoolefin function in the nitrilium ion cyclization,
we were forced to modify our original plan by renmaythea-hydrogen atoms of the
starting 5-methoxy-1-indanong (Scheme 11). This was achieved via exhaustive
methylatiori® and led to compounda. The following treatment with the Grignard
reagent afforded the cyclopropylcarbinol derivaf®ethat was submitted to the action
of HBr in AcOH to undergo the expected rearrangendth the formation of the
bromopropylidene derivativéa in good yield and as a 3:1 mixture of diastere@mer
(Scheme 11).

28



1 — .

85%

MeQ
88% % 79% %JBr

96%| v
Qb “71% ¢ 84w @ s

Reagents and conditions(i) Mel, tBuOK, tBuOH, EtO, reflux, 7h; (ii) Mg, ciclopropylbromide, THF, ftax,
3h; (iii) HBr, AcOH, 10min; (iv) Na¥, DMF, 60°C, 2.5h; (v) Lindlar catalyst, 40, AcONa, 60psi K 6h; (vi)
P205, HMDS, CCL;, rEfIUX, 2h.

Scheme 11
Conversion oflato 6awas obtained in high yield through bromide disptaeat with
sodium azide followed by the one-pot transformatbthe corresponding azido group
to acetamide by chemoselective hydrogenation isgmee of acetic anhydride using
Lindlar catalystf’ The indanylidene compounBa was eventually submitted to
Gawley’s protocol conditions leading to the desipgdoline derivative/a as the main
product (71% vyield).
The'H NMR spectrum of compouritia showed the presence of two diastereomers in
92:8 ratio; the respective geometry being inferoedthe basis of NOE difference
spectroscopy. In details, a positive NOE between ghoton at the aromatic C-7'
carbon (d,0= 7.2) and the methyl at the C-5 of the pyrrolinggr(m, s = 2.2) was
observed for the predominant isomer to whickconfiguration could be assigned
(Figure 4).

Z-7a

Figure 4
Conversion of the imine function gfa to an iminium ion was initially accomplished

by protonation with HCI. At a later time, in agreemh with PSBbehaviour, we found

29



that the iminium salfa-N"Me prepared byN-methylation with methyl triflate was a

more stable and tractable than the protonated fqisukeme 12).

MeO MeO

7a

Reagents and conditions(i) CRSO;CH; benzene, rt, 10min.

Scheme 12

Its photochemical characterization, described dised, has shown it shares certain
electronic and geometrical features with P'SiB rhod along the photoisomerization
path. Thus, the designed nonnatural PSBpresents a good prototype for the
development of a novel class of light-driven bioratim switches featuring a rigid

molecular framework and a fully selecti¥é photoisomerization.

2.2.1 Synthesis of PSBSwitches Analogues.

In order to enrich the class BfSB' with new compounds, we envisaged a series of
modifications of the ordinary scaffold ofaN*Me (figure 5). In particular, we
synthesized compouritb (lacking of thep-methoxy substituent on the aromatic ring),

and compoundgc and7d, where indane part is replaced by a benzofuranetyo

Figure 5

Compound7b was simply obtained using the synthetic pathwagcdeed for7a,

starting in this case from the commercially avdéab-indanone (Scheme 13).
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i i i
@Zo 75% 8:0 88% 8%* 74% gﬂgBr
1b 4b

Reagents and conditions(i) Mel, tBuOK, tBuOH, EtO, reflux, 7h; (ii) Mg, ciclopropylbromide, THF, ftax,
3h; (iii) HBr, AcOH, 10min; (iv) NaN, DMF, 60°C, 2.5h; (v) Lindlar catalyst, 40, AcONa, 60psi K 6h; (vi)
P205, HMDS, CCL;, rEfIUX, 2h.

Scheme 13

A similar approach was also used for the preparatio’c and7d but, in these cases,
the syntheses needed the two not commercially aailcompoundd.c and 1d as
starting materials (Scheme 14).

In 1984, Arduiniet af* described a convenient and efficient synthesis X@-
dimethyl-2,3-dihydrobenzofuran derivatives, stagtirom 2-hydroxybenzyl alcohoB
in turn easily obtained by addition a@fpropylmagnesiumbromide to the suitable
salicylaldehydes (scheme 14). The ring closurefopmed in toluene at 80°C in the
presence of catalytic amount of polymer-supportatiosic acid (Amberlyst 15),
afforded10c and10d in moderate yields. The oxidation of benzylic piosi of these
two compounds was achieved with a peroxydisulphapger(ll) sulphate system in
agueous acetonitrile medium. Eventually, compouhdsand 1d entered the well

sound synthetic pathway to afford the desired petgiic and7d respectively.
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R
R
i i Q
0
HO )—OH Hd o

10c47%, over 2 steps 9c 8c R= OMe
10d 39% 9d 8dR=H
iii
R R R
iv Q \V
- . oK -y .
O (@] O7< O = JBI‘
1c47% 3c79% 4c73%
1d 55% 3d 73% 4d 77%
Vi
R R
Viii Vii N
NHAc ~—
O S ] 0, S=, 7
7¢c50% 6C 65% 5c88%
7d 82% 6d 58% 5d 82%

Reagents and conditionsi(i) Mg, 2-bromopropane, KD, rt, 2h; (i) Amberlyst 15, toluene, 80°C, 24iij)(
potassium peroxydisulfate, copper sulphate, wa@NAiv) Mg, ciclopropylbromide, THF, reflux, 3h; Y\HBr,
AcOH, 10min; (vi) NaN, DMF, 60°C, 2.5h; (vii) Lindlar catalyst, A®, AcONa, 60psi K 6h; (viii) P,Os,
HMDS, CCl, reflux, 2h.

Scheme 14

These derivatives wereN-methylated using methyl triflate prior to effect

photochemical characterizations (still under inigagton) (figure 6).

7b X=CH,; R=H
7¢c X= 0; R= OMe
7d X=0; R=H

Figure 6
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2.2.2 Short-Cut Toward PSB.
“Cyclopropyl ring-opening/nitrilium ion ring-closin g tandem reaction”.

The six-step 33% overall yield synthetic route @ described above (scheme 11)
prompted the evaluation of a different approachrattarized by a reduced synthetic
effort. In devising a new and more convenient sgsith we took advantage of the

Ritter reaction to accede to nitrilium ions i.exaiighN-alkylation of acetonitrile.

MeQ MeO MeO

OH

3a

Scheme 15
The use of alkyl triflates as electrophilic speaése to react with nitriles was reported
in the direct transformation of alcohols into setany amided? Moreover, Shet al*®
have recently found that the ring-opening reactbmethylenecyclopropane (MCPSs)
with alcohols and other nucleophiles by Lewis agldg§OTf),] (Ln= Sn, Yb, Sc) or
Bregnsted acid such as TfOH (§¥O;H) takes placeria homoallylic rearrangement to
give the corresponding ring-opened products undét aonditions (scheme 16). In
particular, they demonstrated that Brgnsted acidHrfis the best promoter for the
transformation of MCP with acetonitrile to give tberresponding [3+2] cycloaddition
product as the major product and ring-opened Rrgaction amide in traces under
mild conditions.

Ph__Ph TfOH Ph Ph
1 + MeCN ——> =N )ZkNHCOCHg
PH PH
r.t. 4h
scheme 16

The chemistry described above supports the comgediuat the triflate ester of
compound3a could be the precursor ahe cyclopropylcarbinyl cationl), which,
according to the Shi’'s domino process, would leaddmpound7a via the nitrilium

ion (II) and the tertiary-benzylic carbocatiohl)( (Scheme 17). Accordingly, the
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treatment of the cyclopropylcarbin®h with acetonitrile in presence of ;i furnished
directly compoundra in satisfactory yield (62% over three steps) tbhgewith traces
of the amideSa. The driving force for the transformation is prded by the relief of
the cyclopropyl ring strain associated with thdatation of an extendeg-system on

the backbone of the final compound.

MeQ MeQ

i, i
OH 759 @zo

3a 1

MeQ MeO MeQ

83% 7a
Reagents and conditions(i) Mel, tBuOK, tBuOH, EtO, reflux, 7h; (ii) Mg, ciclopropylbromide, THF, ftax,
3h; (iii) Tf,0, ACN, rt, 3h.
Scheme 17
Once optimized fof7a, the previous synthetic short-cut was successhyliglied to
obtain compoundgb, 7c and7d. Thus intermediate3b, 3c and3d were treated with

Tf,O in acetonitrile to give respectivelfb, 7c and 7d via one-pot nitrilium ion

cyclization (Scheme 18).
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i
— 1

X OH X o

88%3b X= CH,, R=H 1bX=CH, R=H
79%3cX=0, R=0Me 1c X=0, R=0OMe
73%3d X=0, R=H 1d X=0,R=H

R

X A=

85%E 7b X= CH,, R=H
65%E 7c X= O, R=OMe
71%Z27d X=0, R=H

Reagents and conditions(i) Mg, ciclopropylbromide, THF, reflux, 3h; (ii)f}O, ACN, rt, 3h.

Scheme 18
As previously discussed, the presencegefmdimethyl groups at C-2' of the 1-
indanone assures the Gawley’s nitrilium generatiod reaction to occur, but, the
possibility that the“cyclopropyl ring-opening/nitrilium ion ring-closin g tandem
reaction” (Scheme 17) would result to be insensitive toptesence of protons at that
position opened the way to the preparation of $weisZe and7f featuring a decreased

steric encumbrance in the proximity of the exoay€ltC double bond (Figure 7).

MeQO MeO
/=N /=N
ooe @@
7e 7f

Figure 7
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Accordingly, we reacted cyclopropylmagnesiumbromidéh the indanondl and its
monomethyl derivativelf, in turn obtained from 4-methoxypropiophenone via

Mannich a-methylenation followed by acid catalyzed cyclipatiof the resulting

acrylophenoné?
MeO MeQ
i [
@) O
9%3eR H 1f 60% over 2steps
76%3f R= Me
iv
MeQ
=N
S S f
R H
I
MeQ
_ /=N
23—2)
RiR;z

81% E-7eR=H
35% E-7fR=H

Reagents and conditions(i) morpholine, aqueous formaldehyde, AcOH, reflaR; (ii) H,SO,, 60°C, 1h; (iii)
Mg, ciclopropylbromide, THF, reflux, 3h; (iv) TTOHGH;CN, r.t., 3h.

Scheme 19
As expected, botlie and 1f gave the indenyl derivative3e and 3f in high yields
following silica gel column chromatography of theide Grignard adducts mixtures.
Compounds3e and 3f may be seems the conjugated bases of cyclopropylcarbinyl
cations that could potentially trigger the domimogess described above.
At this stage we hoped that the regioselective goration of the these indenyl

derivatives in the presence of acetonitrile wouldnpote the cyclopropyl ring-
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opening/nitrilium ion ring-closing sequence. Indeg@atment of3e and 3f with an
equivalent of TfOH in CKICN solution at room temperature yielded the desingddic

iminesE-7eandE-7f as single geometric isomers. Photochemical stdesurrently
being undertaken for the iminium safeN*Me and 7f-N"Me obtained byN-

methylation of the correspondimgfree bases.

®
_/=N — =N~
@) 8—2 B
R1 1
7eR=H 7eN*Me R=H
7f R= Me 7f-N*Me R= Me
Scheme 20

With the aim to define the spatial relationshipsotighout the new molecules, once
again we resorted to NOE difference spectroscopyudithed below (Figure 8). For
the compound’e, irradiation of the signal a = 2.3 (the methyl at C-5 of pyrroline)
showed NOE to hydrogens at C-2' carbon of the iedas well as irradiation of the
signal atso = 7.4 (the hydrogen at C-7’ of indane) showed Nl@OHEydrogens at C-3
carbon of the pyrroline ring. For the compouffdirradiation of the signal at = 1.1
(the methyl at C-2’ of indane) showed NOE to thehyleat C-5 of pyrroline andice
versa Moreover, the hydrogen at C-2' of indane showd&dBENenhancements to the
methyl at C-5 of pyrroline nucleus. The data caéeddor compoundse and7f agreed

with the E geometry that is opposite to the one observeddorpoundra.

MeQO

N

E 7f

Z7a

Figure 8
Consistently with previously reported computatiomasulté, the C2’ stereogenic

center of compoundf, could induce helicity of molecular halves coneecby the
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photoisomerizable carbon-carbon double bond. Itrdasonable that, similar to
Feringa’s second generation light-driven molecutators®® the photoinduced
iIsomerization of the iminium salt aff may occur with control over the direction of
rotation. Ultimately, it is our expectation (sed. r180) that compoundf provides a
precursor of a new class of single-molecule lightvpred motors miming rhodopsin

both in term of photoisomerization mechanism anditectionality of the rotation.

2.2.3 A Fluorous PSE'

The replacement of hydrogen with fluorine is aneestvely used strategy in the
design of analogues with different physical andnaical properties. In fact, fluorine
influences the basicity, acidity and nonbondingeiattions of neighboring group
because of its extreme electronegativity. Replaceémmiehydrogen by fluorine is often
regarded as an isosteric substitution despiteabethat their Van der Waals radii are
different (1.20 vs 1.47 A). For these reasons, phes possibility to create a chiral

center in position C-2’, we decided to synthesiaepound/g (Figure 9).

MeO
H

_N
F
g

Figure 9

Electrofilic fluorination of enolates with N-F typeeagents is a versatile method to
directly replace hydrogen with fluorine at a specsite. Hystorically, electrophilic
fluorination could be accomplished only by usingit¢o corrosive and/or explosive
gaseous materials such as molecular fluorine, FGICCKOF. Usually, specialized
equipment and techniques were required. In an itapbradvance that helped
overcome these limitations, Barnette found tidluorosulfonamides (Figure 10) can

effectively fluorinate carbaniofis Thus, we decided to treat indanohiewith N-
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fluorobenzenesulfonimide (NFS#(scheme 21) as fluorinating agent and LHMDS
(Lithium Hexamethyldisilazide) as base, in THF 8°C (Scheme 21).

Ph—SO
N 2
N—F
Ph—S0,

NFSi
N-fluorobenzenesulfonimide

Figure 10

@ 7%@: 8%%0%

Reagents and conditions(i) NFSi, LHMDS, THF, -50°C, 45min; (iiYert-butyllithium, ciclopropylbromide,
Et,0O, -78°C to rt, 16h; (iii)) TAO, CHCN, r.t., 30min.

Scheme 21

Reaction proceeded slowly and was monitored usiagG After 3h, almost complete
conversion of starting material to the desired coamgl1g was detected. At this point,
1g was usually reacted with cyclopropyl-Magnesiumnbicte, but all our attempts to
effect a classical Grignard reaction resulted implex mixtures. Since literature
shows that most similar ketones react very welhwatgano-Lithium compound at
very low temperatufé, we treated1lg with cyclopropyllithium prepared from
bromocyclopropane antkrt-butyllithium at -78°C. The addition reaction preded

smoothly and the resulting stable tertiary carbiBgl when treated with 1.1 eq of
triflic anhydride in acetonitrile at room tempenauafforded the fluoro-derivativég

in moderate yield.
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2.3 Bifunctionalization of PSB':
Future Applications and Synthetic Approches.

Experimental photochemical data collected #arconfirmed that it can be considered
a biomimetic molecular switch, consequently we werged to find potential
applications for it. As an example, the controlf@tbtochemicaE/Z isomerisation of
the switch could be employed to induce permanentransient conformational
changes of a molecular scaffold as an oligopeplidieed to it. Demonstrating that the
cis-transisomerisation of PSBoligopeptide chimer can still occur and that in dze
used to influence the conformational state of agopleptide is our main goal.

Toward this aim, the creation of specific molecuiakages onPSB' structure is
required; preferable positions being C-2’ of thdanyl-nucleus and C-2 or C-3 of the
pyrroline moiety, we turned our attention to OH, L, COOH or NH as suitable

functional groups to attach a peptide domain.

MeO @ MeO

2 R OLIG@PEPTIDE

R and R'=-OH, -CH,0OH, -COOH, -NH,

Figure 11
We initially selected the amminoacidic sequenceg-&ty-Asp- as the oligopeptide-
part to couple with PSB This sequence is able to bind a specific domdithe
Integrin Adhesion Receptors and to modulate theesidh signal assuming specific
spatial conformations (Xiong J-Ret al Science 2001, 294, 339-345; Xiong J-P,
Science 2002, 296, 151-155).
In view of this, we hope that the controlled phothiced isomerisation d®SB'
scaffold can influence the conformational state thie peptidic ligand and

consequently, can modulate the “on/off” activitytloé receptor.
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MeO @ MeO Arifc_:o
=NMe '\@
3,3 e — ~NMe
S Gly
NH TH HN
o=C o=C\
Rsp Arg ASp
=~ Gl{
Figure 12

2.3.1 Functionalization of Indanyl-Moiety.

Operatively, we preferred to study the feasibildly effecting the required double
functionalization of molecular switches step bypsiée started studying the insertion
of an hydroxyl group at position 2'. Thus, we defina retrosynthetic approach to
PSB' 7h in which the key intermediate is the epoxit® that we expected to react
with acetonitrile-TfOH giving the desired final mhact as decribed in Scheme 22. The
required epoxide could be obtained via epoxidatibsompound3f that comes from

indan-1-on€lf as seen before.
MeO MeO
nitrilium ion
cycl|zat|on +L
- N —
OH OH O
12

MeQ

MeO
R, — 8.
1f

3f
Scheme 22

Different epoxidation protocols available in literee were screened: we started with

the classical oxidation usingrCPBA (2 eq) in DCM in the presence of phosphate
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buffer (pH 8§° however, starting material was recovered togethién some other
undesired by-products. Singeconjugation with the aromatic ring could result in
inactivity of the carbon-carbon double bond, epakimh procedures suitable for
electron-deficient olefins were considered. In 1998cobset al*® reported that a
catalytic amount of oxalate/oxalic buffer strongiphances the efficiency in Mn-
tmtacn complexes (Mn with the ligand 1,4,7-trimethy,7-triazacyclononane) for
epoxidation reactions of deactivated olefins wiydidogen peroxide. Furthermore,
Yanget al® in 1995 decribed that dioxiranes are powerful égation reagents with
high reactivity toward electron-deficient olefingyder neutral reaction conditions; this
efficient method of epoxidation required the mettnfluoromethyl)dioxiranes, a
powerful reagent that can be easily generatesitu from trifluoroacetone.
Unfortunately, both procedures applied on compo@hdresulted in a complete
degradation of starting material.

In 2002, Burgesst aP' described a method for the epoxidation of botletede-rich
and electron-deficient alkenes employing hydrogeroxide as the terminal oxidant,
while catalytic amounts of Mn(ll) and bicarbonatet as promoters. Surprisingly,
treating compoun@f with 10 equiv. of HO,, in t-BuOH /0.2 M NaHCQ containing
catalytic amount of MnSg) only diol 13 could be recovered in moderate yields after
24h. The desired epoxidE? is supposed to be highly unstable and the Lewid ac

catalyst mediates its transformation to dial

MeQO MeO MeQ

B Bel= B
33%

v o o™
3f

L 12 13

Reagents and conditions(i) MnSQ,, 35% H0, 0.2 M NaHCQ (pH 8.0 buffer), DMF, rt, 16h.
Scheme 23
Different attemps to use didl3 as a surrogate of epoxid& were envisioned: in

detail, with the hope of obtaining compounk, we treated compounti3 with triflic
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acid in acetonitrile. Instead, under these conastjoonly the formation of the
oxazolinel4 took place (scheme 24).

MeQO
%’ /=N
MeQO
OH
7h

[
AL }
OIS|)H MeQ

MeO MeQ
13
L . +'/\: N:C— — £\I m
OH T
H

| I 14

Reagents and conditions(i) TfOH, CH;CN, r.t., 3h.

Scheme 24

According to Senanayaket al>?

, a plausible mechanism entails the acid-induced
formation of C-1 carbeniurh which, intercepting acetonitrile, generates theilinim
intermediatell in turn able to quench the hydroxy group leadiagokazolinel4
(Scheme 24). Our second attempt was to reactldolith HBr, in order to obtain
compoundl5 that, following the six-steps route previously adsed (Schemes 7 and
11), could be used to obtaifh under Gawley cyclization procedure (scheme 25).
Unfortunately, treatment of didl3 with HBr gave compound6 lacking the hydroxyl

group; this result showed that strong acid condgimduce both cyclopropyl opening
and dehydration.

MeQ MeQO MeQ
7 B~ NHCOMe (N
MeQO — -
. OH OH OH
: 15
MeQ 7h
OH
OH ()
13 PR S
16
Reagents and conditions(i) HBr 15% in acetic acid, r.t, 1h.

Scheme 25
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This unfavourable behaviour, made possible becaldee presence of mobile protons
in position C-3’, prompted us to design a synthetiategy toward compound,
where C-3' is a quaternary carbon (Scheme 26). Wreaed the presence of two

methyl groups at C-3’ carbon @f would preserve it from acidic dehydration.

MeQ MeQ
S — 2
OH
7i 22
Scheme 26

For the preparation of the starting substrawe resorted to Matsumotet af®
protocol. In details (Scheme 27), treatment of Shmey-1-indanone with sodium
hydride and dimethyl carbonate gave the correspgnghiketo esterl7 which was
silylated using TBDMSCI and BuLi. The resultingysg#inoletherl8 was subsequently

reacted with LDA and lodomethane at -78°C to intie®l at the C-3’ carbon of the

indene nucleus the desired methyl groups.

MeO MeQO
@O 92% g: 92% Q OTBDMS 76% Q OTBDMS
COOMe COOMe COOMe
18 19
90%| iv
MeO MeQO MeO
vi Y
e} 85% 0 80% o
Me COOMe COOMe
22 21 20
83%\ Vi
MeO
(@]
23

Reagents and conditions{i) NaH, dimethyl carbonate, 80°C, 2h (ii) NaH, TBISCI, DMF, 0°C, 1h; (iii)
LDA, Mel, THF, -78°C, 1h; (iv) Bk etherate, CHGJ rt, 4.5h; (v) KCO;, Mel, acetone, rfx, on; (vi) Lil, DMF,
MW, 170°C, 15min.

Scheme 27
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Thus, the dimethylinden® was desilylated with Bfetherate t@-keto este0. Brief
microwave irradiation o0 at 200°C in wet DMF with a catalytic amount of Lil
induced smooth Krapcho decarboalkoxylatfomffording compound23 (used in
further investigations). Alternatively, the indamoB0 was a-methylated and then
submitted to Krapcho procedure to afford the ddsoempound22. At this stage, its
conversion to dioR5, required reaction with cyclopropyl Magnesium cide and the
oxidation under Burgess conditions (MnS€at, HO,, pH 8) of the corresponding
indenyl derivative24. Unfortunately, in our hands the latter subststtewed to be
passive to the oxidizing agent (steric reasons) stading material was recovered
unaltered (scheme 28).

MeO
Q 76% ’\V%
on?H

Reagents and conditions(i) Mg, ciclopropylbromide, THF, reflux, 3h; (ii) MSQ, 35% HO, 0.2 M NaHCQ
(pH 8.0 buffer), DMF, rt, 16h.

Scheme 28
The above result prompted the evaluation of a wffe route which is
retrosynthetically analyzed fori-MOM in Scheme 29. Compoun®9 could be
identified as the immediate precursor. For its prapon, thex-hydroxy ketone27, in

turn derived fron22 was the key substrate (scheme 30).

MeQ
p—
OH ©
OMOM OMOM
22

7i-MOM

MeO

Scheme 29
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In 1995 Yanget al® defined an efficient procedure to affarchydroxy ketone in high
yield by oxidation with methyl(trifluoromethyl)dican of the corresponding silyl
enol ether. Since silyl enol ether of ketdtfzwas easily prepared and purified, its in
situ a-hydroxylation provided a safe entry 23. In details, the silylenoletherification
of 22 gave 26 in good yield by using TBMS triflate-lutidine sgsh, the later
compound was treated with methyl-(trifluoromethgipxiran generated in situ by the
action of a mixture of sodium bicarbonate (1.55 Mmand Oxone on the
trifluoroacetone. At this stage the MOM protectoof the alcohol27 afforded
compound28 in quantitative yield. Its treatment with cyclopgd magnesium chloride
afforded cyclopropylcarbind9 readily submitted to one-pot nitriulium cyclizatiby
treatment with T4O in acetonitrile. Once again, the oxazol8tewas the only product
we could obtain from the reaction mixture. Cleathg acidic MOM removal opened
the way to the undesired heterocyclyzation as destrin Scheme 24. Thus, we are

working at the installation of a different protecti on the hydroxyl group of

MeO MeO
Qo 65% *OTBMS 99% ﬁi
22

MeQO

compound27.

76%| iii

62% % 82% Q
MOM MOM

Reagents and conditions(i) TEA, TBMSTT, rt, 2h (ii) NayEDTA solution acetonitrile trifluoroacetone sodium
bicarbonate Oxone, rt, 1h; (iiiNal, MOM-chloride, DIPEA, 1,2-dimethoxyethane, rfx, oifiv) Mg,
ciclopropylbromide, THF, reflux, 3h (v) TfOH, GBN, r.t., 3h.

Scheme 30
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We likewise worked at the synthesis dffollowing the retrosynthetic approach in

scheme 31.

MeQ MeQO MeO
L ﬁ ? @
— ﬁ —
OH OH
7l 32 31

Scheme 31

Thus, compoundl, easily prepared fron23, was submitted to Burgess condition
affording little amount of compound2 (Scheme 32). Treatment of the latter with
TfOH in acetonitrile and with HBr in acetic acidyually afforded a complex mixture
of products. However we found that compoustireacted with catalytic PTSA in
DCM at room temperature to give keto®8 We thought that this unexpected
compound could be useful to prepare the enolac&étmaturing both the double

bond required for the one pot cyclization and tlgdrbxyl group protected as acetyl

ester®,
TfOH/ACN complex mixture
MeQ MeO MeQ
L Q I __|HBr complex mixture
0O 82% Q < 10% oH
23 31 32 OIQ MeQ MeQ
PTSA Q\v, O
95%
; P~

(0] OAc
33 34

Reagents and conditions(i) Mg, cyclopropylbromide, THF, reflux, 3h; (i) N5Q,, 35% HO, 0.2 M NaHCQ
(pH 8.0 buffer), DMF, rt, 16h.

Scheme 32

In order to achieve the desired compo@ddwe envisioned a more direct and fruitful

approach taking advantage of the alternative piisgito install the hydroxylic group
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at C-2’via a regioselective hydroboration/oxidation sequegrer@ormed on compound

31(scheme 33).

Hydroboration was carried out using BHHF, the olefin31 was added at 0 °C and
the reaction mixture further stirred at room tenapere. After 3h, the basic hydrogen
peroxide was added leading, after usual work ughéoalcohol35. The latter, as a

crude, was used in the next oxidation step usingsfMartin periodinane in DCM to

give the targeted compou@in moderate yield (49% over two steps).

MeO MeQ MeQ

ii
Q\q 49% 2 steps Q\q

0]
33
700/(1 iii
MeO

Reagents and conditions(i) BHs: THF, 30% HO,, 1 M NaOH, THF; (ii) Dess-Martin periodinane, &b, rt,
20min; (iii) pyridine, acetyl chloride, -50°C tq #8h; (iv) TfOH, CHCN, r.t., 3h.

Scheme 33

When submitted to standard enolesterification ,(A®y, 48h), the 2-indanone
derivative 33 afforded compoun@4 in 70% yield. The latter, by the nitrilium one-pot
heterocyclization (TfOH in CECN), smoothly furnishedl-OAc a suitable precursor

for the targeted functionalized molecular swifdiN*Me. °’

48



2.3.2 Functionalization of Pyrroline-Moiety.

Pursuing the modulation of the origia8B' scaffold through functionalization of the
pyrroline heterocycle with a carboxylic group wesidmed to exploit the fruitful
cyclopropyl ring-opening/nitrilium ring-closing stiegy. In particular, we reasoned on
the possibility to obtai@m directly from the key intermedia&8in turn preparable by

the addition of a functionalized Grignard reagenintlanonela (scheme 34).

/ N\ nitrilium i |on
_ cycllzatlon COOMe
COOMe COZEt

Scheme 34

In 2002, Knochelet al®® reported the preparation of the first stereoswlect
functionalized cyclopropylmagnesium reagents bgadn ester group by an iodine-
magnesium exchange (scheme 35). Indeed, the remdiilable 2 iodocyclopropane-
carboxylate (section A) was treated wiBrMgCl (1.1 eq) in THF at -40°C for 15 min

and afforded the correspondioig-cyclopropylmagnesium chloricgy.

HA\H iPrMgCl H//A;:' E® H, N\ H
| CO,Et i-40C, 15min CIMg\O OEt E@\OEt

Scheme 35

Because of the presence of the ester group which skebilizing chelating and
inductive effects, this reagent shows excellenbibtg Knochel also described that
this cyclopropylmagnesium chloride can react withaage of electrophiles either
directly (i.e Grignard reaction on carbonyl spermsafter catalytic transmetalation to
copper or palladium.

As expected, the reaction between the Knochel rdamed 5-methoxy-2,2-dimethyl-
indan-1-oné€la afforded the key-intermediate spiro lact@8gscheme 36).
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Bf71/C02H

O COzEt 0. 3
O 2 /
eO
54% 93%
la 40
9% |
- o 2 steps
>/'*NH
—\"co,Me| . 4 : g
46% 75%
MeO
J € 2 stepsMeO

MeO O F%N MeO
\)\ _— =N
CO-M —
2Vie CO,Me
m

Reagents and conditions(i)1.2eq cis-2-iodo-cyclopropane carboxylic actby ester, 1.3eq iPrMgCl, THF, -
40°C to r.t, 2h; (i) HBr in AcOH (1M), <15°C, 1h{ii)) a: MesSiCHN, THF/MeOH, r.t., 2h; b:Nah
CH:CN/DMF, r.t, 48h; (iv) a: PPh THF, o.n., then kD, 24h; b: MeCOCI, TEA, DCM, 0°C, 3h; (v),Bs,
HMDSO, CCI, reflux, 2h.

Scheme 36

In order to achieve the tandem cyclopropyl ringfopg/nitrilium ring-forming
process, we tried to rea80 with TTOH and CHCN; disappointingly under usual
reaction conditions, the spiro-lactone showed tcstadle and only starting material
was recovered. Thus, we were forced to use harstitcans treating compoung9
with 1.0M HBr in acetic acid. Wewere delighted to find out that the crucial
homoallylic rearrangement took place in a compjetegioselective manner; the
bromo indanylidene carboxylic ac#D (as a 3:1 mixture of geometric isomers) being
the only isolable compound.As a consequence, this beneficial result oriented o
synthetic approach to Gawley’s strategy in ordegabthe pyrroline ring construction.
Restoration of the ester group by treatment of daeboxyl derivative with

(trimethylsilyl)diazomethane, allowed the facilestiallation of the tethered acetamido

group.
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Thus, the well sound synthetic sequence of brordideglacement with sodium azide,
reduction of the azido group and filddacetylation, gave compoud@ in satisfactory
yield. The following cyclization to obtain neutrilke imine7m was carried out by
treating thea-acetoamido derivatd2 with trimethylsilyl polyphosphate (PPSE) in
CCl, at reflux. As usual, pyrroline alkylation, madethwimethyl triflate, served to
establish the pivotal chromophore allowing us tifilfthe synthetic goal. In fact, the
photoswitch7m-N*Me featuring a carboxylic group on the pyrroline hatfuld be
covalently connected to peptide domains.

The peculiar combination of carboxylic and iminidomctional groups ivm-N"Me
prompted us to attempt its transformation intoablet zwitterion: we envisioned the
C-2 carboxylate as the couterion of the intramdkacuminium cation. In order to get
the zwitterionic compoundm zwitt, the methyl ester group was saponified with
LiOH. From the crude taken up in acetonitrile welldoprecipitate the lithium triflate,
after that, the soluble fraction containing the tmvion was purified by silica gel
column chromatography. The targeted zwitterionid@w7m zwitt was isolated as a
9:1 mixture ofZ/E isomers as inferred by NOE experiments.

This part has mainly been developed by the colleagyf Dipartimento di Chimica,
Universita di Siena.

Theoretical studies demonstrated that due to itgeldipole moment/m zwitt may
constitute the prototype of a generation of elestitic switches achieving a reversible
light-induced dipole moment inversion of the ordér30 Debye. A behaviour which
opens up new perspective for light-driven conforara! control of macromolecular

structures determined by polar interactions.

MeO i MeO ®, ~ MeO @,
=N =N i =N
_ 0 — 0 —
co,Me 8% co,Me 3% cos)
7m 7m-N"Me 7m zwitt

Reagents and conditions(i) trifluoromethanesulfonate, toluene, rt, 10mii); LIOH, THF/H,0, rt, 3h.
Scheme 37
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SECTION A

Herein, the preparation 88 is reported (for references and notes see Expetahen
Part).

DIBAL-H
Nal, AcOH (2 equiv)
_ 70 T, 12h — -78 C, 1h —
86% 88 %
43 44
Et,Zn, CF3COOH PDC. DME
CH2|2 !
-78C to 0T, 30 min A 25T, 24h PANG
- / —_—
HOH,C | 0 HOOC |
62 % 2 s 95 % 46
SOCly, EtOH A
Et0,c7 NI
70 % 2
37
Scheme 38

Hydroiodic addition to ethyl propiolate by reactiaith Nal in acetic acid afforded

=

stereoselectively th&-isomer 43. Subsequent DIBAL-H reduction of ethyl este
furnished the allylic alchat4 that was submitted to cyclopropanation using aifieatl
Simmon-Smith protocol decribed by Shi et al in 1¥98They found that the

cyclopropanation reagent gFOOZnCHl can accelerate the cyclopropanation

D

reaction dramatically if compared with the usuah@,l reagent. The reagent can b
easily prepared by addition of Ghlto a cooled solution of EZn and trifluoroacetic
acid. Our reaction was completed within 30 min @ffiog cis-2-iodo-cyclpropyl
methanol45 in good yield. Then, oxidation to carboxyl derivat46 with PDC and

esterification led to compourgY.
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2.3.3 Last Developments.

Unfortunately, we encountered unexpected diffiegltivhen indanone compounils
and 1f were the substrate for Knochel reagent, a refn@$ésng the importance not to
have enolizable hydrogens on the indanone reagents.

The need to dispose of efficient and flexible rgute functionalized photoswitches
prompt the search for new reaction strategies deroto connect the indanyl and
cyclopropyl rings. Thus a promising retrosyntheti@lysis to/n, depicted in Scheme
38, is based on a Suzuki reaction between the rétadét 48 and the cyclopropyl
boronic acid47. One can expect the resulting compodi®dsuccessfully undergoing
the already discussed heterocyclizatuanthe “cyclopropyl ring-opening/nitrilium ion

ring-closing tandem reaction”.

/N OH
;/ | _OH TJ Surk |' OH OTf
Eterocyclization O UZUuki coupling BnOWB
‘ OH ‘
n 49 47 48

Scheme 38

Embarking this new approach we found support fr@oent data of literature. In
particular, Denget al®® described an efficient Suzuki procedure to couple
stereoselectively cyclopropylboronic acids witheadigl triflates. In some entries (see
table A), the enoltriflate of 1l-indanone reactedhwirans-alkyl-cyclopropylboronic
acids in satisfying yield provided that the correasic system were used. In particular,
while electron poor enoltriflate reacted well beitih K;PO, and CsCOs-KF, simple

enoltriflate absolutely required the latter bagistem.
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Entry Cyclopropylboronic Alkenyl Product’ Yield® (%)
acids (1) triflate(2) 3)
GH 1 Tf COOEt
BOH)2 <IO o
1 \& OO 5 11\06 3a 73(85)
G B(OH) Tf C.H
) \4\ 2 05 5 1\@ " 740)
P
3 WCOH)Q (ﬁf cm@ 6700)
3c
G B(OH) Tf
) \4\ 2 & CsHll\dw 73(0)
3d
3\4\5{%)2 Tf Cells
5 cﬂ 0 79(0)
3e
6 AT IO 5 710
CsH, Tf
B(OH), CsH
7 AT [:j/\jo I 3g 670
8 NG B th 630
C B(OH), Tt COOEt
o AT 9\4\6 5 75(86)
COOEt i
Gt B(OH), Tf0>=COOEt CsHuy COOEt :
10 N4 HiC V)=( 5 67073)
C B(OH) CHoPh CH,Ph
nooNaT i V)=(C 69(78)

OOEt

a . cyclopropylboronic acid (1.1 mmol), alkenyl trifiate(1.0 mmol), 3% mmol of Pd(PPh;)4, in toluene
(4 ml). Conditions A: 3.3 equiv. K3;PO4-3H,0 was used as the base at 100°C; Conditions B: 0.8 equiv.
Cs,CO;z and 2.4 equiv. KF-2H,0 were used as the base and 1 equiv. NaBr was added at 80°C. b. All the

products gave satisfactory elemental analysis; 'H NMR; MS and IR spectra. c. Isolated yields based on

alkenyl triflates under conditions B ( the data in parenthesis are the yields under conditions A).

Table A
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However, a severe limit of the protocol seemededhe cyclopropyl boronic partners,
the range being restricted twans alkyl and phenyl cyclopropyl boronic acid
derivatives. Anyway, the ease to accede to theikdgnyl cyclopropane derivatives
made the Suzuki protocol particularly attractiveusoin order to arrive to mono- and
bifunctionalizedPSB' analogues (scheme 39).

N OH
——OH > OH oTi
- —> BnO B,
: icooa &O COOEt OH “OCOOEt
MeO MeO s W MeO
70 51 a7 50

Scheme 39
We decided to investigate the reaction betweentdtette 48 and cyclopropyl-boronic
acid 47 (scheme 38). Thus, the preparation of the funatined cyclopropyl boronic
acid starting from the easily accessible benzytgmied propargyl alcohol was our
first goal. In 1993, Suzuki e Miyauet af*reported that the hydroboration of alkynyl
compounds substituted at the C3 with heteroatonudcoot be achieved using the
classical procedure. Thus, they reported a thege-she pot procedure in which the
diisopinocanfeilborano [HB(Ipg) 52 is used as an efficient hydroborating agent
(Scheme 40).

BH3-SMe, BnO_ _
@ i BH i B~ O8N
2 2
52 53
O | O
N/ HO N on J il
\/B\/VOBH v HO. iv
O;é’\% - I e E10 %\/\/OBn
56 Y= 20% over 5 steps 55 54

Vi 96%

/
N ..
vii HO
\/B\Dvosn e[ > _osn
;g/(o/ 97% HO/B\
57

©o o 47

Reagents and conditions{i) BH3;:SMe, THF, 0°C, on; (ii) THF, -35°C, 4h; (iii) acetaldetiy at 0°C, then rfx
on; (iv) NaOH 1M, THF, 1h; (v) benzene/DMSO, Deaa+8, rfx, on; (vi) Pd(OAg), CH:N,, THF/ELO, 0°C,
40min; (vii) NaOH 1M, THF, 23°C, 20min.

Scheme 40
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Indeed, compoun@3 was prepared following the action of [HB(Ipkch2, formed in
situ between BEIMe,S anda-pinene, onto the protected alkyne. The regiosekect
hydroboration was followed by the propanal B-C booxidation to afford the
ethylboronates4. The high instability of this compound promptedtasransform it
into a more stable form by a formal transesteriftcausing commercially available-

methyliminodiacetic acid (MIDA). In fact, Burket al®

reported that the general
instability of most of the organo-boronate compai(glich a®4) could be attenuated
by rehybridization of the boron center from?’dp sp via complexation with the
trivalent ligand MIDA. They further described thttis ligand is cleavable using
relatively mild reagents because heteroatom-bommd$ in tetrahedral adducts are
predicted to be weaker than those in their trico@i@® counterparts. Remarkably,
these pyramidalized boronate esters are stableraadily purified by silica gel
chromatography.

Thus, compoun&4 was hydrolized to boronic ackb that reacting with 1 equiv. &-
methyliminodiacetic acid in a mixture of benzend &MSO at reflux for 16 h using a
Dean-Stark trap afforded compoud@ The latter compound, purified through a silica
column, was storable at room temperature for séwseeks without signals of
decomposition.

Cyclopropanation 056 was achieved using an excess of diazomethane uatiysis
of Pd(OAc); the progress of the reaction was monitored by €L

Subsequent deprotection of MIDA group under milgibaconditions afforded the
boronic acid47 to be used in the Suzuki coupling with the enftétiee 48°*. Following
Deng protocol, the reaction occurred in disappoglti low yield prompting us to

further investigation to ameliorate this key step.

OBn
OTf >
PH “ i
BHM/B‘OH O 30% O‘
44

47 48

Suzuki coupling (i) Pd(PPhk),, NaBr, CsCOs, KF.2H,0

Scheme 41
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A second approach was also explored toward thehsgist of PSB derivatives
bearing a carboxylic group onto the pyrroline hetgcle. We considered compound
60 as the key intermediate undergoing the one-pdizagon on the route t@p For
its preparation, we investigated the Heck reachietween the alkenyl triflate8 and

ethyl acrylate and then cyclopropanation as shawscheme 42.

0

’/\[l /COOEtnitr”:.um.ion A COOE:  cooE ﬁoa
cyclization OTf

Meﬂg MeO O :;Ae O‘ :>Me

P 60 59 58
Scheme 42

We tried the Heck reaction in the usual way by tiegcalkenyl triflate 58 using
PdCL(PPh) 0.1eq, TEA 3eq, ethyl acrylate 3eq in DMF 80°@wséver, after a few
minutes, TLC analysis showed complete decomposiiostarting material without

traces of desired product.

COOEt
CO,Et _
oTf Pd-cat [ O
MeO O‘ MeO O‘
58 59
Scheme 43

This result prompted us to better investigate Ileghchemical behaviour &8 and the
coupling reaction conditions; thus, we found thieeall triflate 58 wasvery unstable
when treated with TEA in DMF at room temperature (mere unable to identify none
of the by-products). Moreover, compoub8showed an intrinsic instability in organic
solvents such as DCM and DMF at room temperatwse @ the absence of bases
(probable polymerization!). As the chemical inski&piwas attributable to the presence
of acidic indenyl-triflate protons, we preferred sbift our attention to the already
reported compoung3 (see Schemes 27 and 32), where two methyl grapmaae the

hydrogen atoms.
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Compound23 was prepared following a different route in orderreduce synthetic
effort and time. Thus, following a reported prott5806-methoxy-1-indanone reacted
with an excess of (CHLTICl, generated in situ from M2n and TiC} to give
compoundsl in good yield.

Lee et al®’, using permanganate adsorbed onto solid suppans as copper(ll)
sulfate pentahydrate, effected the oxidation oblabdts, as well as of benzylic carbons.
We used the above heterogeneous oxidant in a DQMi@o of substrat&1 obtaining

indanone23in good yield.

(CH3)2Zn/ TiCly 1/1

-40T, DCM, 3h
65%
61

O
0X KMNO4/CuSQOy4
in DCM, 48h
69%
o CF3 i |
o)
Me 75% Me 77%  MeO ‘
23 E-63
i | 55%\iii
1_CO,Et

Z

MeO
Y e
CO,Et COzEt 65% MeO ‘

| : o4

%ﬂ

Reagents and conditions:(ii) Tf,O, 2,64-butyl-4-methylpyridine, 1,2-dichloroethane; (ii) (@Ac),, TEA,
DMF; (iii) CH,N,, Pd(OAc); (iv) TfOH, ACN, 3h, 60°C.
Scheme 44

Compound62 was prepared by the action of equimolar amountsiit anhydride

and 2,6-dit-butyl-4-methylpyridine on a dichloroethane solatiof indanone23*.
When applied to this substrate, the already testa@dtion conditions for the Heck
coupling led to intermedia&3 in 50%yield.
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In order to maximize the conversion, we screendfiérént Pd-catalysts; when the
reaction was carried out using Pd(OA®@thylacrylate and TEA at 80°C in DMBr
3h, compounds3 was obtained in 80% vyield. As expected, the Hesxdction gave
only trans-63 (*H-NMR spectrumJ coupling of 1612).

Among the plethora of methods employed for the @rajon of three-membered ring,
the Pd(OACcYCH,N,-catalyzed cyclopropanation of alkenes seemed tbre meliable
for our substraf8. In our expectation, the reaction 8 would afford a mixture of
three different compounds: the desired proximalapymopane derivativé4, the distal
and thebis-cyclopropane derivatives. We were delighted tal fihat cyclpropanation
of 63 produced regio- and stereoselectively tfans-ciclopropane derivativé4 in
good vyields. Reasonably, the regioselectivity stioulerive from the minor
encumbrance around the tethered double bond w#pent to the indenyl nucleus.
Accordingly to our expectations, compourt¥4 underwent the nitrilium ion
heterocyclization when treated with TfOH in acetola. With great pleasure, the
tandem cyclopropyl ring-opening/pyrroline ring-fang transformation only led to
compound 7p where the carboxyl ester group is located at C-fbara of the
heterocycle. As the observed regioselectivity ddpenn the ancillary homoallyl
rearrangement, we can conclude that acetonitrdénga as a nucleophile, opens the
cyclopropyl ring of intermediaté4 attacking selectively its C-3 carbon (see Scheme
44). It is worthwhile to note that bromide ring-op@y of intermediate39 follows a
different course, the C-1 cyclopropyl carbon bdimgtarget of the nucleophile for this
substrate (see Scheme 36).

The “Heck approach” is still under investigationtiwthe final goal of obtaining the

bifunctionalizedPSB' molecular switclYq via the enolacetat@b.

COEt CO,Et N
> 02 ______ . S - _ / “CO,Et
MeO O‘ --------- §Me O‘ OAc Me OAc
64 65 79
Scheme 45
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3. CONCLUSIONS



ii)

Vi)

The design and synthesis of photoswitchable comgimbhave been realized
by the elaboration of the minimal structure of {menta-2,4-dieniminium
ion: the key framework related to the retinal prated Schiff base

chromophore of Rhodopsin proteins.

The photo- and computational characterization af firstly prepared
compounds, denominate®SB, stimulated the search for a second
generation compoundsPSB', that were more effective light-driven

molecular devices.

The new class of biomimetic switchers promises ® dn attractive
alternative (e.g.,with high polarity and reducedeualar size) to the widely

used azobenzene switch.

An elegant cyclopropyl ring-opening/nitrilium ioning-closing tandem
reaction was discovered and used to set up thepel$chiff base skeleton,

a common feature of the conformationally lockedeuolar switches.

The above one-pot domino process was successfulfbothe preparation

of indanylidene-pyrrolines and of benzofurane-plmnes.

The synthetic approach showed to be flexible angustable to the
introduction of different functional groups on bdthlves of the switches,
thus allowing their grafting to a peptide domairs Already reported for
different molecular switches, the controlled phoemical E/Z

isomerisation oPSB' could be employed to induce permanent or transient

conformational change of a molecular scaffold bashib it.
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4. EXPERIMENTAL



4.1 General methods.

Solvents were distilled prior to use, followingrsard procedures, and reactions were
performed under nitrogen or argon atmosphere.&5gel 60 F254 plates were used to
monitor synthetic transformations, visualizatioringedone under UV light or using
2% KMnQ, solution. Organic solutions were dried over anbydrmagnesium sulfate
and evaporated with a rotary evaporator. Chromapdgc purifications were carried
out using 70-230 mesh silica gel. Melting pointsevéetermined on a Buchi—Tottoli
apparatus and are uncorrected. Infrared (IR) sp&atre recorded on a FTIR Paragon
500 spectrometer. Light petroleum refers to thetioas boiling in the range 40-60 °C
and ether to diethyl ether. Nuclear magnetic rescasspectra’d NMR and 13C
NMR) were recorded on a Mercury Plus spectrometet0® MHz and 100 MHz,
respectively. Chemical shifts (d values) are giwreparts per million downfield from
tetramethylsilane as the internal standard. Reyanase HPLC using a Beckman 116
liquid chomatograph equipped with a Beckman 16@leiarray detector. Nucleodur
Cigcolumn (4.6mm x 100mm, 2um particle size). Mobikege containing solven A
(10% vlv, acetonitrile in 0.1% TFA) and solvent 80% v/v, acetonitrile in 0.1%
TFA).The column was perfused at a flow rate of Q/6nim using a linear gradient
from 0% to 70% B over 25min. Molecular weights aingpounds were determined

with a mass spectrometer ESI Micromass ZMD-200yesare expressed as MH
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4.2 Experimental section.

Procedure for the Preparation of the Neutral Imineslneut and p-MeO)-1neut.

A mixture of 1-pyrroline trimer (3.3mmol) and aroticaaldehyde (10 mmol) in
methanol (25ml) was stirred at room temperaturedtmours; then the solvent was
removedin vacuo and the residue purified by silica gel column chatography
eluting with ethyl acetate.

E-4-Benzylidene-3,4-dihydro-#-pyrrole (E-1neut).

Yield: 30%; m.p. 70-72 °C; IR (KBr)v 1568 cnt; 'H-NMR (CDCl) o: 2.78-2.86
(2H, m,), 4.16-4.24 (2H, m), 6.82 (1H, t, J M&), 7.26-7.49 (5H, m), 7.87 (1H, t, J
2.3 Hz); ®C-NMR (CDCE) ¢ 28.29, 62.35, 127.01, 128.02, 128.71, 128.81, 7536.
143.67, 168.48.

E-4-(4-Methoxy-benzylidene)- 3,4-dihydro-21-pyrrole (E-(p-MeO)-1neut).

Yield: 50%; m.p. 63-65 °C; IR (KBr)v 1604, 1570, 1511 cm 'H-NMR (CDCL) ¢
2.75-2.82 (2H, m), 3.83 (3H, s) 4.15-4.22 (2H, &Y,8 (1H, t, J 2.A2), 6.92 (2H, d, J
6.8H2), 7.41 (d, 2H, J 6182), 7.83 (1H, t, J 2132); *C-NMR (CDCL) ¢ 28.16, 55.38,
62.24,114.19, 126.62, 129.58, 130.26, 141.554159.66.61.

Procedure for the Preparation of the Neutral Imine((p-NO,)-1neut).

A mixture of 1-pyrroline trimer (3.3mmol) angknitro benzaldehyde (10 mmol) in
methanol (25ml) was stirred at room temperature 48r hours. To the formed
suspension a methanolic solution (75ml) of 0.6 Mtiacacid/0.2 M sodium acetate
was added and the mixture heated at 60°C for 2fthr evaporation of the solvent,
the residue was made basic by addition §€®; and extracted with ethyl acetate. The
organic phase was dried and the solvent remanedacuo The final product was
obtained after column chromatography (silica gilyleacetate) of the crude.
E-4-(4-Nitro-benzylidene)- 3,4-dihydro-H-pyrrole (E-(p-NO,)-1neut).

Yield: 43%; m.p. 105-108°C; IR (KBr) 1593, 1511, 1341 ¢ 'H-NMR (CDCl) ¢
2.84-2.91 (2H, m), 4.24-4.31 (2H, m), 6.89 (1H] £.812), 7.60 (2H, d, J 8182), 7.94
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(1H, t, J 2.412), 8.25 (2H, d, J = 8182); 3C-NMR (CDCk) & 28.48, 62.46, 123.76,
124.43, 128.94, 143.09, 146.43, 147.40, 167.58.

Procedure for the Preparation of 1Me p-MeO-1Me andp-NO,-1Me.

0.3 mmmol of CESO;CH; were added to 0.3 mmol @heut, [(p-MeO)-1neutor (p-
NO,)-1neut] dissolved in 2 mL of anhydrous benzene; the reactioxture was stirred
at room temperature for lfinutes. The precipitate was collected by filtratiand
dried under vacuum.

E-4-Benzylidene-1-methyl-3,4-dihydro-21-pyrrolium trifluoromethanesulfonate
(E-1Me).

Yield:100% mp 112-113°C*H-NMR (CDsCN) 6 3.20 (2H, m), 3.59 (3H, s), 4.30
(2H, m), 7.42-7.68 (6H, m), 8.50 (1H, MfC-NMR (CD,CN) ¢ 28.36, 41.29, 61.13,
130.62, 132,24, 132,94, 135.38, 137,45, 145.32417£S|I MS m/z : 172,
E-4-(4-Methoxybenzylidene)-1-methyl-3,4-dihydro-B-pyrrolium-
trifluoromethanesulfonate. ((p-MeO)- E-1Me).

Yield: 100%; mp 117-119°C*H-NMR (CDsCN) 6 3.26 (2H, m), 3.53 (3H , s), 3.86
(3H, s), 4.22 (2H, m), 6.99-7.10, 7.50-7.62 (5H, 840 (1H, m)*C-NMR (CD;CN)

0 28.44, 41.03, 56.86, 60.99, 116.32, 128.29, 134135.34, 145.36,164.05, 173.96;
ESI MS m/z: 202.

E-4-(4-Nitro-benzylidene)-1-methyl-3,4-dihydro-2-pyrrolium trifluoromethane-
sulfonate E- (p-NO,)-1neut).

Yield: 100%; mp 96-98°C*H-NMR (CD5;CN) § 3.36 (2H, m), 3.62 (3H, s), 4.30 (2H,
m), 7.68 (1H, m), 7.75-7.86, 8.20-8.33 (4H, m)63(5H, m); ESI MS m/z: 217

3-(3-Chloro-propyl)-6-methoxy-1H-indene (2end9.

To magnesium turnings (0.24 g, 9.8 mmol) in dry TKB mL), a solution of

cyclopropyl bromide (0.8 mL, 9.8 mmol) in dry THE L) was added dropwise with
mild reflux. After the addition was completed, dusimn of 1 (0.8 g, 4.9 mmol) in dry
THF (8 mL) was added dropwise and the mixture waatdd at 60°C for 3 h.
Saturated NECI solution (20 mL) was added and the mixture wdsaeted with ether

65



(3x20 mL). The organic phases were combined, caretl concentrateith vacuo The
crude residue was stirred with 15% HCI solutiomaetic acid (10 mL) for 1 h at room
temperature, then 10% NaOH was added until pH &. Mixture was extracted with
DCM (3x20 mL) and the combined organic layers wered and evaporated. The
residue was purified by column chromatography (Dgdtoleum ether 3:7) to givze
endo(0.33 g, 30%) as a yellow oil.

IR (film): v 2954, 1742, 1606, 1492, 1255, 732 gtH NMR (200 MHz, CDCL): ¢
2.04-2.23 (2H, m), 2.67-2.78 (2H, m), 3.34 (2HJ d,.8H2), 3.65 (2H, t, J 6.H2),
3.87 (3H, s), 6.14 (1H, m), 6.90 (1H, dd, J 8.4, 2), 7.10 (1H, d, J 2.#2), 7.29
(1H, d, J 8.4H2); **C NMR (50 MHz, CDCL): ¢ 24.9, 30.87, 37.73, 44.8, 55.6, 110.4,
111.6, 119.1, 126.4, 138.2, 142.4, 146.3, 158.0.

1-Cyclopropylidene-5-methoxy-indan (3exo).

3-Cyclopropyl-6-methoxy-1H-indene (3eend9.

A mixture of (3-bromopropyl)triphenylphosphoniumobride (2.3g, 5mmol, 1.3eq)
and KHMSA (2g, 10mmol, 2.6eq) in 10 ml of dry THRder Argon was stirred for 3h
at 20°C. A solution of 1 (0.5g, 3.78mmol) and RigR-methoxyethoxy)ethyllamine
(TDA-1) in 7ml dry THF was added and the resultiagction mixture stirred for 2h at
20°C. After diluition with 75ml n-pentane and adstore filtration through silica pad,
the solvent was removed vacuo Flash chromatography of the residue (Ethyl Ether/
Petroleum 1/20) afforded th&e-exo (0.23g, 40%, colorless oil). After 1.5h room
temperature in CDG| 'H-NMR showed that compoun®@e-exo spontaneously
transformed irBe-endoin 1.5h.

3eexa 'H NMR (400 MHz, CDChL): § 0.82—0.90 (4H, m), 2.13 (2H, m), 3.20 (2H,
m), 3.86 (3H, s), 6.80 (1H, dd, J 8.4, B#), 6.95 (1H, d, J 2.42), 7.27 (1H, d, J 8.4
Hz).

3e-enda white solid, mp 42-45; IR (KBry 3447, 2960, 1604, 1258, 1073, 1015, 820
cm™; *H NMR (400 MHz, CDCL): § 0.63-0.69 (2H, m), 0.85-0.92 (2H, m), 1.78 (1H,
m), 3.28 (2H, s), 3.86 (3H, s), 5.91 (1H, m), 6(®H, dd, J 8.4, 2.4z), 7.07 (1H, d, J
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2.4 Hz), 7.42 (1H, d, J 8.#2); *C NMR (100 MHz, CDCL): 6 6.2 (2C), 8.5, 37.4,
55.6, 110.3, 111.6, 119.3, 123.0, 139.0, 146.2,4,4657.9.

2e-endo was stirred with 15% HCI solution in acetic acid L) for 1 h at room
temperature, then 10% NaOH was added until pH &. Mixture was extracted with
DCM (3x20 mL) and the combined organic layers wered and evaporated. The
residue was purified by column chromatography (Dgdtoleum ether 3:7) to givze
endo(Yield: 80%, yellow oil).

5-Methoxy-2,2-dimethyl-indan-1-one (1a).

A solution oft-BuOK (3.4 g, 30.36 mmol) itBuOH (20 mL) was added dropwise to
a cooled (0 °C) solution of 1-indanoh€1.5 g, 9.3 mmol) and methyl iodide (2.9 mL,
46.2 mmol) in ether (40 mL). The mixture was heaedeflux for 7 h, then water (10
mL) was added. The organic phase was separatethamrdjueous phase was extracted
with ether (3x50 mL). After the combined organiapbs were dried, the solvent was
removed in vacuo The residue was purified by column chromatography
(ether/petroleum ether 3:7) to gita (1.5 g, 85%) as a colourless oll.

IR (film): v 2960, 2926, 1704, 1599, 1264, 1089'cAH NMR (400 MHz, CDCI3): 5
1.16 (6H, s,), 2.89 (2H, s), 3.81 (3H, s), 6.80568H, m), 7.62 (1H, d, J 8M2); °C
NMR (100 MHz, CDCk): ¢ 25.3 (2C), 42.9, 45.6, 55.6, 109.7, 115.4, 125ZR.4,
155.1, 165.4, 209.6.

Cyclopropyl-5-methoxy-2,2-dimethyl-indan-1-ol (3a).

To magnesium turnings (0.2 g, 8.4 mmol) in dry TKE mL), a solution of
cyclopropyl bromide (0.67 mL, 8.4 mmol) in dry THB mL) was added dropwise
with mild reflux. A solution ofla (0.8 g, 4.2 mmol) in dry THF (8 mL) was then
added dropwise and the mixture heated at 60°C farSaturated NECI solution was
added (20 mL) and the mixture was extracted wittere(3x20 mL). The combined

organic phases were dried and concentratedacuo The residue was purified by
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column chromatography (ether/petroleum ether 27Autnish3a (0.86 g, 88%) as a
colourless oil.

IR (film): v 3514, 2959, 2870, 1607, 1490, 1268, 1142, 1032,c80"; 'H NMR(400
MHz, CDCk): 6 0.10-0.20 (1H, m), 0.35-0.47 (3H, m), 1.04 (3H]1s20 (3H, s), 1.53
(1H, s), 2.63 (1H, d, J 15182), 2.71 (1H, d, J 15.612), 3.76 (3H, s), 6.70-6.72 (2H,
m), 7.18-7.23 (1H, m)**C NMR (100 MHz, CDCk): § -0.5, -0.2, 15.3, 23.6, 23.7,
45.5, 48.5, 55.2, 83.0, 110.2, 111.7, 124.6, 13318,6, 159.7.

1-(3-Bromo-propyliden)-5-methoxy-2,2-dimethylindan(4a).

A cooled (<10°C) solution of 33% HBr in acetic a5 mL) and acetic acid (10 mL)
was poured into a flask containiBg (0.45 g, 1.94 mmol) and stirring was continued
for 10 min with ice bath cooling. After evaporationder reduced pressure, the residue
was partitioned between,8 (20 mL) and ether (20 mL). The aqueous phase was
extracted with ether (3x20 mL), the combined orgaektracts were dried and
evaporated. The residue was purified by column rolatography (ether/petroleum
ether 5:95) to afforda (Z/E mixture, 0.45 g, 79%) as a yellow oil.

IR (film): v 2956, 2836, 1604, 1487, 1308, 1263, 1034 cthi NMR (400 MHz,
CDCL): o (isomeric ratio 3:1) 1.24 (6H, s, major), 1.39 (65 minor), 2.81 (2H, s,
major), 2.84 (2H, s, minor), 2.95 (2H, q, J H2, minor), 3.03 (2H, q, J 7.Biz
major), 3.45 (2H, t, J 7.z, minor), 3.53 (2H, t, J 7.B&8z major), 3.82 (3H, s, minor),
3.84 (3H, s, major), 5.30 (1H, t, J M2, major), 5.72 (1H, t, J 7.&z, minor), 6.74—
6.85 (4H, m, major and minor), 7.32 (1H, d, J B minor), 7.48 (1H, d, J 9.Rz
major); *C NMR (100 MHz, CDCL): § (major isomer) 29.4 (2C), 32.0, 32.6, 43.9,
46.9, 55.3, 110.3, 112.7, 115.1, 125.6, 132.4,5,4¥:1.80, 159.7.

1-(3-Azido-propylidene)-5-methoxy-2,2-dimethylindan(5a).

Sodium azide (1.66 g, 25.5 mmol) was added to atisol of 4a (1.5 g, 5.1 mmol) in
DMF (25 mL) and the mixture was heated at 60°CX&r h. After addition of water
(100 mL), the solution was extracted with DCM (2x30). The combined organic

layers were washed with water (100 mL), dried awdperated. Purification of the
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residue by column chromatography (ether/petroledihere5:95) affordedba (Z/E
mixture, 1.25 g, 96%) as a yellow oil.

IR (film): v 2957, 2096, 1604, 1487, 1464, 1262, 1034, 84%, ¢ckh NMR (400 MHz,
CDCl) ¢ (isomeric ratio 3:1) 1.21 (6H, s, major), 1.37 (& minor), 2.69 (2H, q, J
7.6 Hz, minor), 2.75 (2H, q, J 7.8z major), 2.78 (2H, s, major), 2.85 (2H, s, minor),
3.34-3.47 (4H, m, major and minor), 3.79 (3H, shanj, 3.82 (3H, s, major), 5.25
(1H, t, J 7.2Hz, major), 5.71 (1H, t, J 7.6z, minor), 6.61- 6.82 (4H, major and
minor), 7.31 (1H, d, J 8.8iz, minor), 7.48 (1H, d, J 8.Blz, major)**C NMR (100
MHz, CDCLk): 6 (major isomer) 28.4, 29.4 (2C), 43.9, 47.0, 5583, 110.4, 112.6,
113.9, 125.7, 132.5, 146.5, 151.9, 159.7.

N-[3-(5-Methoxy-2,2-dimethyl-indan-1-ylidene)-propy]-acetamide (6a).

A solution of5a (0.26 g, 1 mmol), NaOAc (0.11 g, 1.2 mmol) and@¢0.12 mL, 1.2
mmol) in EtOAc (20 mL) was stirred under 60 psitgfdrogen, in the presence of
Lindlar catalyst (0.04 g), for 6 h at room temparat The catalyst was removed by
filtration and the filtrate was washed with wat&5(mL) and brine (15 mL). The
combined organic phases were dried and concentiateécuo The residue was
purified by column chromatography (EtOAc) to g&@(Z/E mixture, 0.23 g, 84%) as
a yellow oil.

IR (film): v 3290, 3084, 2956, 1651, 1487, 1262, 1033, 818; ¢kt NMR (400 MHz,
CDCl): 6 (isomeric ratio 3:1) 1.13 (6H, s, major), 1.30 (& minor), 1.91 (3H, s,
major), 1.92 (3H, s, minor), 2.51 (2H, g, J H2, minor), 2.59 (2H, q, J 7.Bz
major), 2.73 (2H, s, major), 2.79 (2H, s, minor813-3.42 (4H, m, major and minor),
3.75 (3H, s, minor), 3.76 (3H, s, major), 5.17 (1H7.2Hz, major), 5.64 (1H,t, J 7.2
Hz, minor), 6.15 (2H, br, AcNH, major and minor), 8:&%.76 (4H, m, major and
minor), 7.25 (1H, d, J 8.8z, minor), 7.48 (1H, d, J 8.4z major);13C NMR (100
MHz, CDCk): ¢ (major isomer) 23.2, 29.3 (2C), 39.6, 43.8, 489,3, 55.3, 110.1,
112.5,114.9, 125.7, 132.6, 146.3, 151.5, 159.6,417
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PATHWAY A (SCHEME 11 in Results and Discussions).
4-(5-Methoxy-2,2-dimethyl-indan-1-ylidene)-5-methy3,4-dihydro-2H-pyrrole

(7a).

A trimethylsilyl polyphosphate (PPSE) solution, paieed by heating at reflux for 1.5 h
a mixture of BOs (1.6 g, 11 mmol) and hexamethyldisiloxane (HMDSC3 mL, 15.4
mmol) in CC} (15 mL), was added at room temperaturédq0.3 g, 1.1 mmol). The

reaction mixture was heated at reflux for 2 h, edoto room temperature and
qguenched with water (5 mL). The organic phase wasisted and washed with 10%
HCI (2x30 mL). The combined aqueous layers werdetbto 0 °C, brought to pH 9
by treatment with 6 N NaOH solution, and extractth DCM (2x60 mL). The
combined organic layers were washed with water (hQ), dried and concentratéal
vacua The residue was purified by column chromatograpB§OAc/MeOH/EtN
9:1:0.2) to givera (92:8Z/E mixture, 0.2 g, 71%) as a yellow oil.

IR (film): v 1702, 1600, 1576, 1291 €m'H NMR (400 MHz, CDCL): 6 1.25 (6H, s),
2.22 (3H, m), 2.77-2.80 (4H, m), 3.82-3.84 (5H, &J0 (1H, dd, J 8.4, 2182), 6.75
(1H, d, J 2.0H2), 7.20 (1H, d, J 8.H2). A positive NOE between signal at2.22
(methyl at C-5 of 3,4-dihydro-2H-pyrrole) and sig@aao 7.24 (H-7 on the aromatic
ring) was detected?C NMR (100 MHz, CDCk): 6 19.7, 25.1, 42.9, 49.0, 49.4, 55.5,
56.8, 109.9, 111.7, 126.1, 128.9, 131.4, 131.7,014%0.5, 174.6.

General procedure forN-methylation.
4-(5-Methoxy-2,2-dimethyl-indan-1-ylidene)-1,5-dimthyl-3,4-dihydro-2H-
pyrrolium chloride Z-(7aN*Me)CI".

0.3 mmmol of CESO;CH; were added to 0.3 mmol d@fE-isomers of7a, (p-MeO)-2

dissolved in 2 mL of anhydrous benzene; the reactiixture was stirred at room

temperature for 1éninutes. The precipitate was collected by filtratemd dried under
vacuum. Amberlite IRA-402 (1g) was previously aated by treatment with HCI 10%
for 12h and then charged on a column chromatographg resin was washed with
water until pH= 7. The crude reaction was dissolire@ml mixture water/methanol

(2/1) and the resulting solution was passed throtgterlite by elution with water.
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Water was removed and the residue was purified bjnmn chromatography
(MeOH/DCM 2:8) to giveZ-(7a-N"Me)Cl" (92:8 Z/E mixture, 0.2mmol g, 62%) as a
yellow oil.

'H NMR (400 MHz, CDCE): § 1.29 (6H, s), 2.67 (3H, m), 2.67 (2H, s), 3.2153.2
(2H, m), 3.81 (3H, m), 3.84 (3H, m), 4.36 (2H, m3®6.40 (1H, m), 6.55-.6.60 (1H,
m), 7.50 (1H, m). A positive NOE between signaba?.67 (methyl at C-5 of 3,4-
dihydro-2H-pyrrole) and signal at6.55-6.60 (H-7 on the aromatic ring) was detected;
3C NMR (100 MHz, CDCE): § 18.55, 25.75, 28.15, 29.35, 38.83, 49.40, 51.886
58.49, 125.57, 126.77, 128.13, 129.82, 132.32,7836.48.48, 169.16, 180.50.

2,2-dimethyl-indan-1-one (1b).

Procedure fofLa.

Yield 75%, colorless oil, diethyl ether/petroleutn§) as eluent.

IR (film) v 2960, 1717, 1609, 1466, 1325{ NMR (200MHz, CDCk) & 1.16 (6H, s),
2.9 (2H, s), 7.28-7.36 (2H, m), 7.47 (1H, m), 7669 (1H, m)*C NMR (100 MHz,
CDCly) 6 25.1 (2C), 42.7, 45.3, 124.2, 126.5, 127.3, 1343%,2, 152.1, 211.4.

1-Cyclopropyl-2,2-dimethyl-indane-1-ol (3b).

Grignard reaction performed using the same proeefiui3a.

Yield 88%, colorless olil, diethyl ether/petroleutn§) as eluent.

IR(film) v 3476, 2964, 1474, 1018, 761 ¢niH NMR (200MHz, CDCk) § 0.10-0.19
(1H, m), 0.39-0.46 (3H, m), 1.02-1.06 (3H, m), 2869 (4H, m), 2.74 (2H, m),
7.18-7.32 (4H, m)**C NMR (50MHz, CDCL) ¢ -0.27, -0.034, 15.4, 23.6, 23.6, 45.4,
48.3, 83.6, 123.8, 124.8, 126.2, 127.9, 141.8,6.46.

1-(3-Bromo-propylidene)-2,2-dimethyl-indan (4b)

Procedure foda.

Yield 74%, colorless oil, diethyl ether/petroleutn§) as eluent.

IR (film) v 2957, 2863, 1461, 1263, 770 ¢ntH NMR (200MHz, CDCE) & (isomeric
ratio 3/1) 1.27 (6H, s, major), 1.43 (6H, s, mind)37 (2H, s, major), 2.94 (2H, s,
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minor), 3.03 (2H, q, J=7Hz minor) 3.10(2H, g, J=7kz major), 3.51 (2H, t,
J=7.Hz, minor), 3.57 (2H, t, J=7Hz major), 5.45(1H, t, J=7.Rz major), 5.96 (1H,
t, J=7.4z, minor), 7.24-7.31 (6H, m, major and minor), #A82(1H, m, minor),
7.56-7.62 (1H, m, major)*C NMR (50 MHz, CDCk) & (major isomer) 29.3 (2C),
32.1, 32.6, 46.8, 49.3, 116.3, 126.5, 126.9, 12128,9, 139.5, 144.5, 152.3.
1-(3-Azido-propylidene)-2,2-dimethyl-indan (5b).

Procedure foba

Yield 96%, colorless oil, diethyl ether/petroleutn§) as eluent.

IR (film) v 2957, 2927, 2097, 1461, 1262, 770 tntH NMR (400MHz, CDCk) ¢
(isomeric ratio 3/1) 1.25 (s, 6H, major), 1.42 68, minor), 2.72 (q, 2H, J=7&,
minor), 2.82 (g, 2H, J=7k2z, major), 2.85 (s, 2H, major), 2.92 (s, 2H, min@}1-
3.50 (m, 4H, major and minor), 5.42 (t, 1H , J=A2 major), 5.93 (t, 1H, J=7t,
minor), 7.21-7.33 (m, 4H, major and minor), 7.428/(m, 1H, minor), 7.58-7.63 (m,
1H, major):**C NMR (100 MHz, CDCk) 6 (major isomer) 28.6 (2C), 42.5, 46.8, 49.3,
51.3,115.1, 124.9, 125.2, 126.4, 127.8, 139.7,614%51.7.

N-[3-(2,2-dimethyl-indan-1-ylidene)-propyl]-acetamice (6b)

Procedure fofa

Yield 82%, colorless oil, ethyl acetate as eluent.

IR (film) v 3290, 3084, 2956, 1651, 1487, 1262, 1033, 818;¢m NMR (400VHz,
CDCly) 6 (isomeric ratio 3/1) 1.16 (s, 6H, major), 1.32 g8{, minor), 1.93 (s, 3H,
major), 1.95 (s, 3H, minor), 2.57 (q, 2H, J9HZminor), 2.66 (q, 2H, J=7tz major),
2.77 (s, 2H, major), 2.84 (s, 2H, minor), 3.33-3(#2 4H, major and minor), 5.32 (t,
1H, J=7.Hz major), 5.84 (t, 1H, J=7 minor), 6.30 (broad, 2H, major and minor),
7.14-7.23 (m, 6H, major and minor), 7.35-7.37 (rAl, Iminor), 7.55-7.61 (m, 1H,
major); *C NMR (100 MHz, CDCL) & (major isomer) 23.1, 28.6 (2C), 39.5, 42.2,
46.7,49.2,117.4, 124.8, 125.3, 126.4, 127.7,7,3912.3, 151.2, 170.3.
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4-(5-Methoxy-2,2-dimethyl-indan-1-ylidene)-5-methyi3,4-dihydro-2H-pyrrole

(7b).

Used the same procedure it (PATHWAY A).

Yield 75%, brown oil, 7:Z/E mixture, (EtOAc/MeOH/EN 9:1:0.2) as eluent.
IR(film) v 1702, 1600, 1576, 1291 ¢in'H NMR (400MHz, CDCL) 6 1.26 (s, 6H),
2.23 (m, 3H), 2.79-2.83 (m, 4H), 3.82-3.84 (m, 2AY15-7.29 (m, 4H). A positive
NOE between signals at1.26 (two methyl at C-2’ of inadanylidene ) and&.79-
2.83 (hydrogens at C-3 of 3,4-dihydro-2H-pyrrolevas detected™*C NMR (100
MHz, CDCk) 6 19.7, 25.1, 42.9, 49.0, 49.4, 55.5, 56.8, 10919,.7, 126.1, 128.9,
131.4,131.7, 148.0, 160.5, 174.6.

General procedure for 10c and 10d.
6-Methoxy-2,2-dimethyl-2,3-dihydro-benzofuran (10c)

To magnesium turnings (40mmol, 4eq) in dry,&Et(20ml), a solution of 2-
bromopropane (40mmol, 4eq) in dry,@t (20ml) was added dropwise with mild
reflux. After the addition was completed, a solntioof appropriate 2-
hydroxybenzaldehyde (10mmol, 1eq) dissolved indieghyl ether (20ml) was added
dropwise at 0°C. The reaction was stirred r.t.Zor

The reaction was quenched at 0°C adding 5ml of Btreshand 20ml of saturated
agueous ammonium chloride solution. The mixture essacted with diethyl ether
(3x50ml). The combined organic solutions were drea@r anhydrous magnesium
sulfate, filtered and the filtrate was evaporatedacuo The crude was used in next
reaction without further purification.

The crude was dissolved in toluene (100ml) and Aigbe 15 (10mmol, leq) was
added and the mixture was warmed to 80°C for 24terAiltration the solvent was
removedin vacuoand the residue was purified by chromatographgibea gel with
diethyl ether/petroleum (5:95) as eluent to give dlesired produet as a colorless oil
(4.7mmol, 47%).
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6-Methoxy-2,2-dimethyl-2,3-dihydro-benzofuran (10c)

IR (film) v 2971, 2931, 1622, 1595, 1498, 1187;NMR (400MHz, CDCL) § 1.48 (s,
6H), 2.95 (s, 2H), 3.76 (s, 3H), 6.36-6.41 (m, 2HP?2 (d, 1HJ= 7.H2); °C NMR

(100 MHz, CDCk) 6 28.21 (2C), 42.22, 55.39, 87.63, 96.19, 105.49.a1, 125.10,
160.04, 160.33.

2,2-dimethyl-2,3-dihydro-benzofuran (10d).

Procedure foflOc

Yield 39%, colorless oildiethyl ether/petroleum (5:95) as eluent.

IR (film) v 2965, 2925, 1623, 1585, 1498] NMR (400MHz, CDCk) & 1.49 (s, 6H),
3.0. (s, 2H), 6.74-6.85 (m, 2H), 7.12-7.18 (m, 2HE NMR (100 MHz, CDCk) 5

28.31 (2C), 42.95, 86.56, 106.61, 120.23, 125.23,17, 128.05, 158.91.

General oxidation procedure for 1c and 1d.
6-Methoxy-2,2-dimethyl-benzofuran-3-one (1c).

A solution of benzofurarlOc (1.85g, 10.4mmol, 1leq) in 75ml of acetonitrile was
added to a solution of potassium peroxydisulfate empper sulphate in water 75ml.
The resulting mixture was stirred at 65-70°c for 3he reaction mixture was then
extracted with BO (3x50ml) and the organic layer was washed witlhewé0ml),
dried over NgSQO, and concentrated. The residue was purified byrohtography on
silica gel with diethyl ether/petroleum (2:8) asezit to give the desired produat as

a yellow solid ( 4.7mmol, 47%, Yield over 2 steps).
6-Methoxy-2,2-dimethyl-benzofuran-3-one (1c).

IR (film) v 2360, 1704, 1616, 1444, 1208] NMR (400MHz, CDCk) J 1.41 (s, 6H),
3.83 (s, 3H), 6.45 (d, 2H,=2H2), 6.58 (dd, 1H,J= 8.8Hz, JF2HZz), 7.51 (d, 1H,
J8.8H2); *C NMR (100 MHz, CDCk) ¢ 23.1 (2C), 55.81, 88.85, 96.10, 111.53,
112.50, 125.85, 168.44, 173.30, 201.98.

2,2-dimethyl-benzofuran-3-one (1d).

Procedure fof.d.

Yield 55%, colorless oildiethyl ether/petroleum (2:8) as eluent.
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IR (film) v 2978, 1721, 1614, 1464, 1268| NMR (400MHz, CDCk) § 1.41 (s, 6H),
7.01-7.07 (m, 2H), 7.58-7.66 (m, 2HC NMR (100 MHz, CDCk) & 23.01 (2C),
87.85, 113.61, 119.53, 121.68, 124.89, 138.12,917R204.37.

3-Cyclopropyl-6-methoxy-2,2-dimethyl-2,3-dihydro-b@&zofuran-3-ol (3c).
3-Cyclopropyl-2,2-dimethyl-2,3-dihydro-benzofuran-3ol (3d).

Grignard reaction performed using the same proeefiui3a
3-Cyclopropyl-6-methoxy-2,2-dimethyl-2,3-dihydro-b@&zofuran-3-ol (3c).

Yield 79%, colorless oil diethyl ether/petroleum8pRas eluent.

IR(film) v 3500, 2977, 2937, 1697, 1614, 1495, 1162, 828;c NMR (400MHz,
CDCly) 6 0.36-0.42 (m, 1H), 0.49-0.58 (m, 2H), 0.61-0.69 (), 1.02-1.09 (m, 1H)
1.41 (s, 3H), 1.45 (s, 3H), 3.76 (s, 3H), 6.361H, F 2H2), 6.43 (dd, 1H, 38Hz
JE2Hz2), 7.22 (d, 1H, 38Hz ); **C NMR (100 MHz, CDCk) § -1.41, 0.02, 14.03,
21.80, 23.89, 55.42, 79.44, 93.97, 96.68, 106.28,5b, 125.13, 159.75, 161.85.
3-Cyclopropyl-2,2-dimethyl-2,3-dihydro-benzofuran-3ol (3d).

Yield 73%, colorless oil diethyl ether/petroleum8pRas eluent.

IR(film) v 3480 1461, 102, 746 ¢m'H NMR (400MHz, CDCk) 6 0.38-0.42 (m, 1H),
0.54-0.62 (m, 3H), 1.05-1.12 (m, 1H), 1.42 (s, 3H}7 (s, 3H), 6.78-6.95 (m, 2H),
7.18-7.38 (m, 2H)*C NMR (100 MHz, CDCE) 6 -1.33, 0.69, 13.98, 21.72, 23.79,
31.39, 79.86, 93.02, 110.90, 120.58, 124.22, 130.28.88.

3-(3-Bromo-propylidene)-6-methoxy-2,2-dimethyl-2,3ihydro-benzofuran (4c).
3-(3-Bromo-propylidene)-2,2-dimethyl-2,3-dihydro-b@zofuran (4d).

Used the same procedure &
3-(3-Bromo-propylidene)-6-methoxy-2,2-dimethyl-2,3dihydro-benzofuran (4c).
Yield 73% colorless oil diethyl ether/petroleum8pas eluent.

IR (film) v 2974, 1616, 1495, 1294, 1201, 1098'ciH NMR (400MHz, CDCL) 6
(isomeric ratio 5/1) 1.45 (s, 6H, major), 1.59 §${, minor), 2.81 (q, 2H, J=7%Z,
minor) 2.97 (q, 2H, J=7kz, major), 3.42 (t, 2H, J=7k2z, minor), 3.49 (t, 2H,
J=7.Hz, major), 3.77 (s, 3H, minor), 3.79 (s, 3H, majd)11(t, 1H , J=7.Hz
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major), 5.60 (t, 1H, J=7t2z minor), 6.33-6.49 (m, 4H, major and minor), 720
1H, J=8.4z, minor), 7.35 (d, 1H, J=8t&, maor);*C NMR (100 MHz, CDCk) ¢
(major isomer) 28.7 (2C), 31.7, 32.0, 55.5, 89.8,19107.3, 113.1, 117.4, 124.9,
145.7, 162.1, 162.7.
3-(3-Bromo-propylidene)-2,2-dimethyl-2,3-dihydro-b@&zofuran (4d).

Yield 77% colorless oil, diethyl ether/petroleum8pRas eluent.

IR (film) v 2974, 1616, 1495, 1294, 1201, 1098'ciH NMR (400MHz, CDCL) ¢
(isomeric ratio 5/1) 1.47 (s, 6H, major), 1.58 §${, minor), 2.84 (q, 2H, J=7%Z,
minor) 2.96 (q, 2H, J=7kz, major), 3.47 (t, 2H, J=7k2, minor), 3.53 (t, 2H,
J=7.Hz, major), 5.11(t, 1H , J=7.Hz major), 5.74 (t, 1H, J=7k2 minor), 6.69-7.05
(m, 4H, major and minor), 7.20-7.29 (m, 4H, majod aninor)**C NMR (100 MHz,
CDCl) 6 (major isomer) 29.7 (2C), 31.9, 31.0, 89.8, 98.08.3, 113.15, 117.47,
125.9, 145.7, 162.1, 162.7.

3-(3-Azido-propylidene)-6-methoxy-2,2-dimethyl-2,3ihydro-benzofuran (5c).
3-(3-Azido-propylidene)-2,2-dimethyl-2,3-dihydro-b@zofuran (5d).

Used the same procedure for preparatiobeaof
3-(3-Azido-propylidene)-6-methoxy-2,2-dimethyl-2,3ihydro-benzofuran (5c).
Yield 88% colorless oil diethyl ether/petroleumqBas eluent.

IR (film) v 2900, 2109, 1617, 1495, 1207, 1108 ¢ NMR (400MHz, CDCk) &
(isomeric ratio 5/1) 1.45 (s, 6H, major), 1.59 68, minor), 2.55 (q, 2H, J=7,
minor) 2.71 (q, 2H, J=7Hz major), 3.38 (t, 2H, J=7t% minor), 3.43 (t, 2H,
J=7.Hz, major), 3.77 (s, 3H, minor), 3.79 (s, 3H, majd)09 (t, 1H , J=7.Hz
major), 5.57 (t, 1H, J=7t2z, minor), 6.37-6.49 (m, 4H, major and minor), 7(ti3
1H, J=8.#4z, minor), 7.38 (d, 1H, J=8H&, major); *C NMR (100 MHz, CDC}) ¢
(major isomer) 28.2 (2C), 28.7, 50.9, 55.5, 89.8,19107.3, 111.8, 120.8, 125.1,
145.7, 162.1, 162.7.

3-(3-Azido-propylidene)-2,2-dimethyl-2,3-dihydro-b@zofuran (5d).
Yield 88% colorless oil diethyl ether/petroleum?qBas eluent.
IR (film) v 2975, 2098, 1615, 1495, 1296, 1201, 1108,cm
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'H NMR (400MHz, CDCL) ¢ (isomeric ratio 5/1) 1.45 (s, 6H, major), 1.59 &8,
minor), 2.55 (q, 2H, J=7t2z, minor) 2.87 (q, 2H, J=7t2 major), 3.48 (t, 2H,
J=7.Hz, minor), 3.51 (t, 2H, J=7k2z, major), 5.15 (t, 1H , J=7 Bz major), 5.77 (t,
1H, J=7.Hz, minor), 6.97-7.04 (m, 4H, major and minor), 7.28 (m, 4H, major and
minor); *C NMR (100 MHz, CDCk) é (major isomer) 29.2 (2C), 31.7, 52.2, 90.8,
101.1, 107.3, 111.8, 120.8, 121.1, 147.7, 162.3,716

N-[3-(6-Methoxy-2,2-dimethyl-benzofuran-3-ylidene)propyl]-acetamide (6c).
N-[3-(6-Methoxy-2,2-dimethyl-benzofuran-3-ylidene)propyl]-acetamide (6d).

Used the same procedure for preparatiofaof
N-[3-(6-Methoxy-2,2-dimethyl-benzofuran-3-ylidene)propyl]-acetamide (6c).

Yield 65% colorless oil, ethyl acetate as eluent.

IR (film) v 3290, 2976, 1737, 1615, 1372, 1099, 831'cthl NMR (400MHz, CDClL)

o (isomeric ratio 4/1) 1.42 (s, 6H, major), 1.564Hl, minor), 1.94 (s, 3H, major), 1.96
(s, 3H, minor), 2.51 (q, 2H, J=H2 minor), 2.61 (q, 2H, J=7t2 major), 3.31-3.43
(m, 4H, major and minor), 3.76 (s, 3H , minor), 8.6, 3H, major), 5.04 (t, 1H,
J=7.Hz major), 5.51 (t, 1H, J=7k%Z minor), 5.74 (broad, 2H, major and minor),
6.32-6.45 (m, 4H, major and minor), 7.18 (d, 1H8.84z, minor), 7.48 (d, 1H, J=
8.8Hz, major); **C NMR (100 MHz, CDCL) § (major isomer) 23.3, 28.2, 28.8 (2C),
39.4,55.5,89.7,96.1, 107.1, 110.2, 112.9, 12B15,5, 160.9, 162.5, 170.4.
N-[3-(6-Methoxy-2,2-dimethyl-benzofuran-3-ylidene)propyl]-acetamide (6d).

Yield 58% colorless oil ethyl acetate as eluent.

IR (film) v 2876, 1650, 1372, 831 ém'H NMR (400MHz, CDCL) J (isomeric ratio
4/1) 1.49 (s, 6H, major), 1.59 (s, 6H, minor), 1(843H, major), 2.06 (s, 3H, minor),
2.61 (q, 2H, J=7Hz minor), 2.81 (g, 2H, J=7 major), 3.31-3.43 (m, 4H, major
and minor), 5.24 (t, 1H, J=H2 major), 5.61 (t, 1H, J=7t2z minor), 5.74 (broad, 2H,
major and minor), 6.42-6.55 (m, 4H, major and min@r28-7.32 m, 4H, major and
minor). **C NMR (100 MHz, CDCk) J (major isomer) 24.2, 29.2, 29.8 (2C), 39.4,
90.7,98.2,107.1, 111.2, 114.9, 125.8, 145.6,9.662.5, 170.4.
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4-(6-Methoxy-2,2-dimethyl-benzofuran-3-ylidene)-5-mathyl-3,4-dihydro-2H-
pyrrole (7c)
4-(2,2-dimethyl-benzofuran-3-ylidene)-5-methyl-3,4ihydro-2H-pyrrole (7d)

Used the same procedure & (PATHWAY A).
4-(6-Methoxy-2,2-dimethyl-benzofuran-3-ylidene)-5-mathyl-3,4-dihydro-2H-
pyrrole (7c)

Yield 50% brown oil, (DCM/MeOH/EN 9:1:0.2) as eluent.

IR (film): v 1702, 1600, 1576, 1291 &mH NMR (400 MHz, CDCL): 6 1.73 (6H, s),
2.48 (3H, m), 2.96-2.99 (2H, m), 3.81 (3H, s), 33925 (2H, m), 6.38 (1H, d, J 2.4
Hz), 6.52 (1H, d, J 8.812), 7.36 (1H, dd, J 8.8 2H4z). **C NMR (100 MHz, CDCl):

0 22.40, 28.51, 35.6, 55.57, 57.31, 90.04, 95.23.41Q 120.19, 126.67, 130.18,
162.71, 163.06, 169.66.
4-(2,2-dimethyl-benzofuran-3-ylidene)-5-methyl-3,4lihydro-2H-pyrrole (7d)

Yield 72% brown oil, (DCM/MeOH/EN 9:1:0.2) as eluent.

IR (film): v 2935, 1606, 1583, 1492, 1278,748 trsomeric ratio (2/1fH NMR (400
MHz, CDCk): ¢ 1.61 (6H, s, minor), 1.73 (6H, s, major), 2.39 (3K minor), 2.49
(3H, m, major), 2.84-2.87. (2H, m, minor), 3.12-33.(RH, m, major), 3.85-3.87 (2H,
m, minor), 3.92-3.95 (2H, m, major), 6.81-6.93 (4Hl, major and minor), 7.10-7.21
(2H, m, major and minor), 7.44-7.48 (2H, m, majod aninor).**C NMR (100 Mz,
CDCl): ¢ 21.08, 24.74, 28.52, 33.27, 35.75, 57.66, 90.99.99,120.25, 125.99,
127.45, 130.81, 140.74, 161.99, 169.51.

PATHWAY B (Scheme 17 in Results and Discussions)
4-(5-Methoxy-2,2-dimethyl-indan-1-ylidene)-5-methy3,4-dihydro-2H-pyrrole

(7a).

To a stirred solution of triflic anhydride (0.15 m0.9 mmol) in CHCN (2 mL), a
solution of3a (0.21 g, 0.9 mmol) in C¥CN (1 mL) was added dropwise at 0°C. The

reaction mixture was slowly warmed to room tempertand stirred for 3 h. The

solution was washed with 10% NaOH (5 mL) and thasels were separated. The
agueous phase was extracted with DCM (3x10 mL). ddrabined organic phases
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were dried and concentrateth vacuo The residue was purified by column
chromatography (EtOAc/MeOH/EM 9:1:0.2) to afford7a (0.19 g, 83%) as a yellow
oil.

Pathway B was also used to obtain 7b, 7c, 7d frontb33c, 3d respectively.

7b: Yield 85%

7c: Yield 65%

7d: Yield 71%

5-Methoxy-2-methyl-indan-1-one (1f).

Aqueous formaldehyde solution 36% (5.5 mL, 68.6 mwas added dropwise over 5

h to a refluxing mixture of 4-methoxypropiophend@eg, 12.2 mmol) and morpholine
(0.53 mL, 6.1 mmol) in glacial acetic acid (20 ml)he mixture was refluxed
overnight, then acetic acid was stripped off urrdduced pressure and the residue was
diluted with EtOAc (30 mL). The organic layer wasishied successively with 10%
HCI (15 mL), saturated NaHGQ20 mL) and brine(20 mL), and then dried. The
solvent was evaporatad vacuoand the residue was used in the next step without
further purification.

The crude product was poured slowly into conceaettathSO, (10 mL) and the
solution heated at 60 °C for 1 h. After being cdod room temperature, the mixture
was poured into water (50 mL) and extracted wittee{3x50 mL). The organic layer
was washed with 10% NaHGQOdried and evaporated. The residue was purified by
column chromatography (ether/petroleum ether 218) t

afford 1f (1.3 g, 60%) as a white solid, mp 66—68 °C.

IR (KBr): v 1701, 1595, 1253, 1086, 851 ¢mtH NMR (200 MHz, CDCL): & 1.28
(3H, d, J 7.(H2), 2.62-2.72 (2H, m), 3.27-3.40 (1H, m), 3.87 (3H,6.85-6.90 (2H,
m), 7.67 (1H, d, J 8.Bi2); ®*CNMR (50 MHz, CDCk): & 16.6, 35.1, 42.2, 55.7, 109.7,
115.4, 125.7, 129.6, 156.5, 165.4, 207.8.

3-Cyclopropyl-6-methoxy-1H-indene (3e).
3-Cyclopropyl-6-methoxy-2-methyl-1H-indene (3f).
To magnesium turnings (0.23 g, 9.8 mmol) in dry TKB mL), a solution of

cyclopropyl bromide (0.78 mL, 9.8 mmol) in dry THE mL) was added dropwise
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with mild reflux. After the addition was completeal,solution of ketoné or 1f (4.9
mmol) in dry THF (8 mL) was added dropwise and

the mixture was heated at 60 °C for 3 h. SaturhbitdgC| solution was added (20 mL)
at 0°C and the mixture was extracted with ethe2@3mL). The combined organic
solutions were dried and evaporated. The residue \parified by column
chromatography (C¥Cl./petroleum ether 3:7) to

yield 3eor 3f.

Compound3e:

white solid (0.72 g, 79%), mp 42-45°C.

IR (KBr): v 3447, 2960, 1604, 1258, 1073, 1015, 820'cid NMR (400 MHz,
CDCI3): 4 0.63-0.69 (2H, m), 0.85-0.92 (2H, m), 1.78 (1H, B8 (2H, s), 3.86
(3H, s), 5.91 (1H, m), 6.90 (1H, dd, J 8.4, Bz, 7.07 (1H, d, J 2.#2), 7.42 (1H, d,
J 8.4Hz); **C NMR (100 MHz, CDCL): & 6.2 (2C), 8.5, 37.4, 55.6, 110.3, 111.6,
119.3, 123.0, 139.0, 146.2, 146.4, 157.9.

Compound3f:

colourless oil (0.74 g, 76%).

IR (film): v 3000, 2906, 1478, 1266, 1037, 809 trtH NMR (400 MHz, CDCk): &
0.62-0.67 (2H, m), 0.83-0.89 (2H, m), 1.57-1.63,(&t), 2.12 (3H, s), 3.22 (2H, s),
3.82 (3H, s), 6.81 (1H dd, J 8.4, 2@), 6.97 (1H, d, J 2.612), 7.28 (1H, d, J 8.42);
3C NMR (100 MHz, CDCk): & 4.4 (2C), 7.3, 14.5, 42.7, 55.7, 10.1, 111.3, Q,19.
136.4, 138.3, 140.3, 144.1, 157.1.

PATHWAY C (Scheme 19 in Results and Discussions).
4-(5-Methoxy-indan-1-ylidene)-5-methyl-3,4- dihydre2H-pyrrole (7e).

4-(5-methoxy-2-methylindan-1-ylidene)-5-methyl-3,4lihydro-2H-pyrrole (71).

To a stirred and cooled (0 °C) solution of trifficid (115 mL, 1.3 mmol) in C}N (2
mL), a solution of inden8e or 3f (1.3 mmol) in CHCN (1 mL) was added dropwise.
The reaction mixture was slowly warmed to room terapure and stirring was
continued for 3 h, before quenching with 10% NaGHML). The aqueous phase was
extracted with DCM (3x10 mL) and the combined oiggphases were dried and
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concentratedn vacuo The residue was purified by column chromatografiifpDAc
containing 2% EN) to give7eor 7f.

Compoundre

brown solid (0.24 g, 81%), mp 58—-60°C.

IR (KBr): v 3434, 2921, 1583, 1293, 1248, 1024 'criiH NMR (400 MHz, CDCL): &
2.37 (3H, m), 2.88-2.92 (2H, m), 3.01-3.07 (2H, &),0-3.16 (2H, m), 3.83 (3H, s),
3.91-3.99 (2H, m), 6.79 (1H, dd, J 8.4, Bi#, 6.84 (1H, d, J 2.612), 7.47 (1H, d, J
8.4H2); a positive NOE between signalaR.37 (methyl at C-5 of pyrroline ring) and
signal ato 3.15 (hydrogens at C-20 carbon of indane nucleas) detected as well as
between signal ai 7.47 (hydrogen at C-70 of indane nucleus) andasighé 2.91
(hydrogen at C-3 carbon of pyrroline ring).

3C NMR (100 MHz, CDCI3):5 21.2, 31.0, 31.1, 31.8, 55.5, 57.8, 109.9, 118280,
135.1, 139.7, 147.3, 150.8, 160.4, 173.2.

Compoundrf:

brown solid (0.10 g, 35%), mp 61-63 °C.

IR (KBr): v 3390, 2930, 1600, 1583, 1486, 1249, 1031"cf NMR (400 MHz
CDCI3): 8 1.15 (3H, d, J 6.812), 2.42 (3H, m), 2.56 (1H, d, J 16-¥), 2.79 (1H, ddd,
J 3.2, 8.0, 16.812), 2.99 (1H, ddd, J 3.2, 8.0, 16&), 3.19 (1H, dd, J 7.2, 16182),
3.61-3.70 (1H, m), 3.82 (3H, s), 3.84-3.89 (1H, 395-4.47 (1H, m), 6.80 (1H, dd,
J 8.4, 2.H2z), 6.85 (1H, d, J 2.612), 7.45 (1H, d, J 8.#2); a positive NOE between
signal at5 1.10 (methyl at C-20 of indane nucleus) and signal2.56 (methyl at C-5
of pyrroline ring) was detected®C NMR (100 MHz, CDCk): & 20.73, 23.96, 32.17,
36.88, 39.8, 55.4, 57.9, 110.6, 112.8, 126.5, 13R3.9, 144.4, 148.5, 160.2, 171.9.

2-Fluoro-5-methoxy-2-methyl-indan-1-one (19).

In a 25-mL oven-dried two-necked round-bottomedHl&tted with an argon bubbler,
a rubber septum, and a magnetic stirring bar wasepl 5 mL of freshly distilled THF
containinglf (0.2g, 1.14mmol). The reaction flask was cooled/&°C and a solution
of LHMDS (0.48g, 2.85mmol, 1.1eq) in 4ml THF wasdad. The mixture was then
stirred for 10 min at -78 °C, warmed to -50 °C atided for an additional 45 min. A
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solution of the NFS{0.4g, 1.25mmol, 1.1eq) in 5 mL of THF was quicklgded to
the reaction mixture. The reaction was stirredb8f€ and monitored by HPLC. After
1h the reaction mixture was quenched by additioagafeous NECI (3 mL), ether (10
mL) at -50 °C was added, and the solution was wedrineroom temperature. The
aqueous layer was extracted with ether (2x5 mlg,dbmbined organic phases were
washed with water (10 mL), brine (10 mL) and dripthSO,), and concentrated. The
residue was purified by column chromatography (D@dtifoleum ether 1:7) to give
19(0.17 g, 77%) as a yellow oll.

IR (film): v 1710, 1596, 1264, 1086, 1076 tmH NMR (400 MHz, CDCL): § 1.6
(3H, d, £ 22.8H2), 3.19-3.41 (2H, m), 3.89 (3H, s), 6.84 (1H, mPIB(1H, dd, J
8.4, 2.4Hz), 7.74 (1H, d, J 8.42), 7.29 (1H, d, J 8.4H2); **C NMR (100 MHz,
CDCly): 0 21.9, 40.87, 55.84, 97.1, 109.88, 116.34, 1261@7,.09, 153.06, 166.55,
199.08.

1-Cyclopropyl-2-fluoro-5-methoxy-2-methyl-indan-1-d (3g)

To a solution of bromocyclopropane (0.12g, Immad3eq) in 2ml diethylether at -
78°C under Argon was added, dropwise, tert-bulbyliin (0.55ml of a 1.7M solution
in pentane, 0.91eq). Diethylether (1ml) was thetleddand the mixture stirred for 1h
at -78°C. A solution ofLg (0.2g, 1.031mmol) in diethyl ether (2ml) was treded
dropwise. The reaction was stirred for 4 hours/&¢€ then water (2ml) was added,;
the mixture was allowed to warm to room temperatiore 16h. The mixture was
extracted with diethyl ether (5mlIx2). The combinadanic layers were dried over
sodium sulphate, filtered and evaporated. The cwakechromatographed using silica
gel eluting with (DCM/petroleum ether 7:3) to gi®g(0.19 g, 78%) as a yellow oil.

IR (film): v 1607, 1489, 1376, 1271, 1137, 1028, 832'ciii NMR (400 MHz
CDCl): 6 0.25-0.45 (1H, m), 0.48-0.57 (3H, m), 1.22-133,(&H), 1.56 (3H, d, 4l¢
22.8Hz), 3.12-3.20 (2H, m), 3.79 (3H, s), 6.75-6.79 (24, 7.34—7.40 (1H, m)’C
NMR (100 WMHz, CDCLk): ¢ -0.78, 12.30, 19.34, 43.25, 55.47, 81.25, 105196, 36,
110.50, 112.96, 124.82, 137.61, 142.13, 160.58.
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4-(2-Fluoro-5-methoxy-2-methyl-indan-1-ylidene)-5-mathyl-3,4-dihydro-2H-
pyrrole (79).

Pathway Bwas used: 1eq 7®, ACN, room temperature for 30min.

Compound/g:

brown solid (0.10 g, 60%), mp 59-62 &l NMR (400 MHz, CDCI3):8 1.75 (3H, d,
Jy. 19.2H2), 2.47 (3H, m), 2.81-3.10 (3H, m), 2.39-2.42 (1h), 3.75-3.79 (1H, m),
3.82 (3H, s), 3.61-3.92-4.10(1H, m), 6.75-6.83 (it), 7.42 (1H, d, J 8.#z; °C
NMR (100 MHz, CDCk): 6 21.51, 27.33, 35.07, 46.85, 55.48, 57.54, 109199,73,
113.45, 126.84, 128.44, 132.60, 135.21, 143.544960.71.35.

General procedure for Epoxidation/dihydroxylation Procedure (13)

DMF (23 mL) and MnSQ® (1.69 mg, 0.01 mmol) were placed in a 100 ml 3knec
flask, equipped with a magnetic stirrer. To thitugson, the alkenef (0.10 mol) was
added all at once. The flask was then placed imat@mbath at 20 °C. A 50 mL 2-neck
flask equipped with a magnetic stirrer was placed & water bath maintained at 1 °C,
and charged with 17 mL of 0.2 M NaHGPH 8.0 buffer and 0.87 mL of 35%,6..

The aqueous solution of buffer/peroxide was thateddiropwise to the DMF solution

over a period of 16 h via a cannula. After the tieacwas complete, the product was
extracted into diethyl ether (10mL x 4), washedhwiirine (20 mL), and dried
(Na&SQO,). The organic fraction was concentrated and the rElsidue was purified by
chromatography on silica gel with diethyl etherfpktum (3:7) as eluent to give the
desired product3.

1-Cyclopropyl-5-methoxy-2-methyl-indan-1,2-diol (13.

Yield: 33%, colorless oil.

'H NMR(400 MHz, CDCL): 6 -0.057-0.044 (1H, m), 0.25-0.51 (3H, m), 0.81-1.01
(2H, m), 1.49 (3H, s), 2.41 (1H, s, OH), 2.73 (B{1OH), 2.92 (2H, s), 3.77 (3H, ),
6.7-6.73 (2H, m), 7.21-7.26 (1H, m)yC NMR (100 MHz, CDCk): ¢ -0.5, -0.2,
14.23, 15.47, 21.70, 44.96, 55.42, 82.93, 83.62).4P1 112.72, 125.68, 136.68,
141.44, 160.13.
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3a-Cyclopropyl-6-methoxy-2,8a-dimethyl-8,8a-dihydre3aH-indeno[1,2-d]oxazole
(14)

SeePathway C: 1leq TfOH, ACN, r.t. 3h.

Yield: 70%, colorless oil.

'H NMR(400 MHz, CDCL): § 0.47-0.49 (3H, m), 0.64-0.69 (1H, m), 0.89-0.98,(1
m), 1.55 (3H, s), 1.85 (3H, s), 3.11 (1H,Jd17.6Hz), 3.34 (1H, dJ 17.6Hz), 3.77
(3H, s), 6.71(1H, d, J 2/82), 6.79(1H, dd, J 8.42), 7.33(1H, d, J 8.42); 1°C NMR
(100 MHz, CDCk): ¢ 0.19, 1.05, 14.5, 15.34, 21.50, 45.51, 55.9, §P5M3, 109.39,
113.71, 125.77, 138.57, 140.39, 159.91, 163.69.

1-(3-Bromo-propylidene)-5-methoxy-2-methyl-1H-indee (16).

See preparatioda HBr 15% in acetic acid, 1hr.t.

Yield: 35%, colorless oil.

'H NMR (200 MHz, CDCH): § 2.12 (3H, m), 3.28 (2H, q, J 7H¥), 3.59 (2H,t,J 7.0
Hz), 3.82 (3H, s), 6.08 (1H, t, J 7H¥), 6.41 (1H, s), 6.60 (1H, dd, J 8.4, P4), 6.73
(1H, d, J 2.4H2), 7.46 (1H, d, J 8.47). ESI MS m/z: 279.

5-Methoxy-1-oxo-indan-2-carboxylic acid methyl este(17).

To a stirred solution of NaH (80% mineral oil, 33whol) in 5ml dimethyl carbonate
was added a solution df(15.5mmol) in 14ml dimethyl carbonate. The mixtuas
refluxed at 80°C for 2h. After cooling to r.t., wat(40ml) was added. The aqueous
phase was separated and extracted with DCM (4x10ind combined organic extracs
were dried (NgS0O,) and concentrated under reduced pressure. Thaeaslgue was
subJected to chromatography (Ethyl Ether/ Petrol@i@y to yield17 (14.26mmol,
92%) as a white solid. (m.p. 59-61°C).

IR (KBr): v 3462, 2954, 1735, 1708 ¢m'H NMR (200 VHz, CDCL): keto-enol (42-
58%)4 3.37 (1H, dd, 17, 8 H2), 3.55 (0.42H, dd, J 17,H2), 3.73 (1H, dd, J 8.K2),
3.76 (3H, s), 3.80 (3H, s), 3.85 (0.58, s, OH-em@lj0—6.72 (2H, m), 7.18-7.23 (1H,
m); **C NMR (50 MHz, CDCk): ¢ 30.2, 32.4, 52.7, 53.1, 55.8, 120.7, 124.6, 124.7,
126.5, 126.8, 127.8, 129.3, 135.2, 135.4, 153.9,516.99.3.
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3-(tert-Butyl-dimethyl-silanyloxy)-6-methoxy-1H-indene-2-carboxylic acid methyl
ester (18).

17 (1g, 4.5mmol) in DMF (7ml) was added to a suspansibNaH (0.20g, 5.1mmol,
60% mineral oil) in DMF (6ml) at 0°C under Argonraisphere. After stirring for 1h,
TBDMSCI (0.76g, 5mmol) was added to the suspensiad,the reaction mixture was
stirred for 40min. The reaction mixture was poun@d ice water and extracted with
ethyl acetate (3x10ml). The organic layer was wdshih sat. aqg. NacCl, dried over
Na,SO, and concentrateth vacuo The residue was chromatographed on silica gel
(Ethyl Ether/ Petroleum 1/9) to givie3 as a colorless solid (92%, m.p. 44.5-45.0°C).
IR (KBr): v 29.33, 2857, 1713, 1597, 1578, 1096, 869'cfii NMR (200 MHz,
CDCly): 0.28 (6H, s), 1.08 (9H, 9,3.57 (2H, s), 3.77 (3H, s), 3.84 (3H, s), 6.93,(1H
dd, J 8.1, 2.4H2), 7.04 (1H, d, J 2.#2), 7.32 (1H, d, J 8.H2); *°C NMR (50 MHz,
CDClk): ¢ -4.1, 18.7, 25.8, 34.3, 50.7, 55.4, 105.4, 1121%.2, 125.0, 134.7, 142.1,
158.9, 160.5, 165.1.

3-(tert-Butyl-dimethyl-silanyloxy)-6-methoxy-1,1-dimethyl-1H-indene-2-

carboxylic acid methyl ester (19).

BuLi (1.63mol/L, 2ml, 3.3mmol) was added to a smintof dildopropylamine (0.5ml,
3.56mmol) n dry THF (6ml), at room temperature undegon atmosphere. To the
solution,18 (1g, 3mmol) in dry THF (7ml) was added dropwisein80 min at -78°C.
After stirring for 30min, iodomethane (0.2ml, 3.28mwl) was added to the solution
and stirred for 30min. To the solution LDA (3.3mm@rrepared from BuLi and
diisopropylamine) was added and stirred for 30nain¢g then iodomethane (0.2ml,
3.28mmol) was added and stirred for 30min. Thetr@acenixture was poured into sat.
ag. NaCl and extracted with ethyl acetate. The mogkyer was washed with sat.aq.
NaCl, dried over anhydrous B&0, and concentrateth vacuo. The residue was
chromatographed on silica gel (Ethyl Ether/ Petrole2/8) to givel9 as a yellow
solid (76%, m.p 108-110°C).

IR (KBr): v 2950, 2861, 1692, 1565, 1064, 922 ciH NMR (200 MHz, CDCk):
0.23 (6H, s), 1.07 (9H, s), 1.44 (6H, £3.80 (3H, s), 3.83 (3H, s), 6.95 (1H, dd, J 8.1,
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2.4Hz), 7.00 (1H, d, J 2.812), 7.27 (1H, d, J 8.H2); °C NMR (50 MHz, CDCk): J -
4.1, 18.7, 24.8, 25.8, 46.0, 50.3, 55.4, 105.8,3,1821.9, 122.2, 138.9, 147.1, 158.9,
159.4, 164.8.

6-Methoxy-1,1-dimethyl-3-oxo-indan-2-carboxylic aad methyl ester (20).

BF; etherate (4.1mmol) was added to a solutioh9oflg, 2.75mmol) in CHGI(10ml)
at 0°C under Argon atmosphere and stirred for 4T%ten, the reaction mixture was
poured into sat.aq. NaHG@nd extracted with ethyl acetate (3x20ml). theaarg
layer was washed with sat. ag. NaCl, dried ovelydrdus NaSQO, and concentrated
in vacuo The residue was chromatographed on silica gély(Ether/ Petroleum 2/8)
to give20 as a mixture of keto and enol forms (7/3) (90%, B6p50°C). IR (KBr):v
2977, 2947, 1654, 1577, 1081 ¢mH NMR (200 MHz, CDCh): 1.33 (3H, s), 1.54
(3H, s), 3.50 (1H, s), 3.75 (3H, s), 3.84 (3H,6s86 (1H, dd, J 8.1, 242), 6.94 (1H,
d, J 2.4H2), 7.72 (1H, d, J 8.H2); *3C NMR (50 MHz, CDCL): 6 24.7, 26.1, 42.1,
52.0, 55.6, 65.8, 105.0, 124.2, 125.0, 135.5, 159%9.8, 169.5, 199.5.

6-Methoxy-1,1,2-trimethyl-3-oxo-indan-2-carboxylicacid methyl ester (21).

A mixture of 20 (1.3g, 5.2mmol) and }CO; in dry acetone (90ml) was heated to
reflux for 30 min. Mixture was cooled at 0°C andlaonethane (0.65ml, 10.48mmol)
was added dropwise. The heterogeneous reactiomeflased overnight. Acetone was
removedin vacuoand water (20ml) was added. Aqueous phase waacéxdr with
ethyl ether (2x20ml) and the organic layer driederosanhydrous N&O, and
concentratedn vacuo The crude product was subJected to chromatogréitinyl
Ether/ Petroleum 3/7) to giv&l (80%).

'H NMR (200 MHz, CDCk): 1.22 (6H, d, J 4.612), 1.33 (3H, s), 3.53 (3H, s), 3.83
(3H, s), 6.86-6.88 (2H, m), 7.60 (1H, d, J Bl?; ESI MS m/z : 263.
5-Methoxy-2,3,3-trimethyl-indan-1-one (22).

21(0.9qg, 3.44mmolandLil (0.5g, 3.8mmol)were dissolved in 5ml wet DMF and the
solution was heated to 170°C for 15 min under nvavee irradiation (CEM

apparatus, 200watt). Brown solution was collecbatr temperature and water (50ml)
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was added. The mixture was extracted with ethyere(dx20ml). Organic layer dried
over anhydrous N&QO, and concentrateth vacuo The crude product was subJected
to chromatography (Ethyl Ether/ Petroleum 3/7)itee @2 (85%).

'H NMR (200 MHz, CDCk): 1.16 (6H, m), 1.42 (3H, s), 3.89 (3H, s), 6.8905(2H,
m), 7.64 (1H, dd, J 8.2,H2); ESI MS m/z : 205.
5-Methoxy-3,3-dimethyl-indan-1-one (23).

(85%, yellow solid, m.p 45-50°C)

IR (KBr): v 2977, 2947, 1654, 1577, 1081 tmH NMR (200 MHz, CDCk): 1.39
(6H, s), 2.56 (2H, s), 3.89 (3H, s), 6.85-6.90 (24, 7.63 (1H, d, J 9)°C NMR (50
MHz, CDCk): 6 29.98, 38.47, 107.141, 114.98, 125.29, 128.77,5P65166.89,
204.19. ESI MS m/z : 191.

3-Cyclopropyl-6-methoxy-1,1,2-trimethyl-1H-indene 24).

See preparatioda. the Reaction was performed using 4eq cyclopropgimesium
chloride.

colourless oil (0.74 g, 76%).

IR (film): v 3000, 2906, 1478, 1266, 1037, 809 trtH NMR (400 MHz, CDCk): &
0.62-0.67 (2H, m), 0.83-0.89 (2H, m), 1.57-1.63,(&t), 1.49 (6H, s), 2.12 (3H, s),
3.82 (3H, s), 6.81 (1H dd, J 8.4, 2@), 6.97 (1H, d, J 2.612), 7.28 (1H, d, J 8.42);
3C NMR (100 MHz, CDCL): & 4.4 (2C), 7.3, 14.5, 26.8 (2C), 42.7, 55.7, 1a1,.3,
119.0, 136.4, 138.3, 140.3, 144.1, 157.1.

tert-Butyl-(5-methoxy-2,3,3-trimethyl-3H-inden-1-yloxy)-dimethyl-silane (26).

To a stirred solution 022 (1.5g, 7.35mmol) and lutidine (6.1ml, 44.1mmol)dry
DCM (20ml) at 0°C, TBMS-triflate was added dropwiddie resulting solution was
stirred r.t. 2h then water (50ml) was added. Thetune was extracted with petroleum
ether (4x20ml). Organic layer dried over anhydriusSO, and concentrateh
vacua The crude product was subJected to chromatogréptimyl Ether/ Petroleum
1/20) to give26 (65%).
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'H NMR (200 MHz, CDCJk): 0.16 (6H, s), 1.05 (9H, s), 1.19 (6H, s), 1.3H6I(s), 3.82
(3H, s), 6.74 (1H, dd, J 8.2,H2), 6.76 (1H, d, J H2), ), 6.9 (1H, d, J 8.H2);; ESI
MS m/z : 319.

2-Hydroxy-5-methoxy-2,3,3-trimethyl-indan-1-one (27.

To an acetonitrile solution (1.5 mLyf 26 (0.2 mmol) was added an aqueous
Nay EDTA solution(1 mL, 410* M). The resulting homogeneous solution wasled

to 0°C, followed by addition of trifluoroacetone.ZdnL) via a precooled syringe. To
this homogeneous solution was added in portionsixaure of sodium bicarbonate
(2.55 mmol) and Oxon€l mmol) over a period of 1 h (pH 7). The reactionwas
complete in 2 h as shown by TLC. The reaction m&twas then poured into water
(20 mL), extracted with methylene chloride (3 x 2Q), and dried with anhydrous
sodium sulfate. After removal of the solvent undsduced pressure, the residue was
shown to be pur@7by'H NMR (99% vyield, yellow oil).

'H NMR (200 MHz, CDCE): 1.16 (3H, m), 1.24 (3H, m), 1.39 (3H, m), 2.8H(
broad, OH), 3.82 (3H, s), 6.87-6.92 (1H, m), 7.6B0741H, m). ESI MS m/z : 193.

5-Methoxy-2-methoxymethoxy-2,3,3-trimethyl-indan-1ene (28).

To a stirred solution of Nal (1.1g, 7.8mmol) and M&hloride (0.69ml, 9.1mmol) in
5ml dimethoxyethane was added a solutior26{0.4g, 1.82mmol) and DIPEA. The
resulting solution was refluxed over night. Thectea mixture was poured into sat.
ag. NaHCQ and extracted with ethyl acetate. The organicrlayas washed with
sat.ag. NaCl, dried over anhydrous,8@, and concentrateth vacuo.The residue
was chromatographed on silica gel (Ethyl Etherfddetm 1/1) to give8 as a yellow
oil (76%).

'H NMR (200 MHz, CDCL): 1.17 (3H, s), 1.35 (6H, m), 3.18 (3H, s), 3.88i( s),
4.88 (2H, m) 6.87-6.92 (2H, m), 7.65-7.70 (1H, m).
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1-Cyclopropyl-5-methoxy-2-methoxymethoxy-2,3,3-trinethyl-indan-1-ol (29).

See preparatiofha,

82% yield, colorless oifH NMR (200 MHz, CDCL): 0.4-0.65 (4H, m), 0.97 (1H, m),
1.3 (3H, s), 1.35 (3H, s), 1.42 (3H, s), 3.45 (3},3.85 (3H, s), 4.67 (1H, m), 5.2
(1H,m), 6.87-6.92 (2H, m), 7.15-7.20 (1H, m).
3a-Cyclopropyl-6-methoxy-2,8,8,8a-tetramethyl-8,8alihydro-3aH-indeno[1,2-
d]oxazole (30).

SeePathway C: 1leq TfOH, ACN, r.t. 3h.

62% vyield, colorless oifH NMR(400 MHz, CDCL): 6 0.47-0.49 (3H, m), 0.64—0.69
(1H, m), 0.89-0.93 (1H, m), 1.18-1.20 (3H, m), *BE0 (6H, m), 1.81 (3H, m), 3.79
(3H, s), 6.71(1H, d, J 2.82), 6.79(1H, dd, J 8.#2), 7.33(1H, d, J 8.42z). ESI MS
m/z : 387.

3-Cyclopropyl-6-methoxy-1,1-dimethyl-1H-indene (31)

See preparation 4a. Grignard reaction was performed using 4eq
cyclopropylmagnesium chloride.

colourless oil (82%, white solid, mp 45-50°C).

IR (film): v 3000, 2906, 1478, 1266, 1037, 809 crtH NMR (400 MHz, CDCL): &
0.62-0.67 (2H, m), 0.83—-0.89 (2H, m), 1.57-1.63,(d&Hl, 1.49 (6H, s), 3.82 (3H, s),
5.82 (1H, s), 6.81 (1H dd, J 8.4, &), 6.97 (1H, d, J 2.612), 7.28 (1H, d, J 8.H2);

3C NMR (100 MHz, CDCL): 6 4.4 (2C), 7.3, 26.8 (2C), 42.7, 48.5, 55.7, 10113,
119.0, 136.4, 138.3, 140.3, 144.1, 157.1.

1-Cyclopropyl-5-methoxy-3,3-dimethyl-indan-1,2-diol(32)

See General procedure for Epoxidation/dihydroxglatisee procedure for compound
13).

Yield: 10%, colorless oil.

'H NMR(400 MHz, CDCL): 6 -0.057-0.044 (1H, m), 0.25-0.51 (3H, m), 0.81-1.01
(2H, m), 1.29 (3H, s), 1.32 (3H, s), 1.49 (3H,Z11 (1H, s, OH), 2.73 (1H, s, OH),
3.77 (3H, s), 6.7-6.73 (2H, m), 7.21-7.26 (1H, & NMR (100 MHz, CDCk): 6 -
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0.5, -0.2, 14.23, 15.47, 21.70, 24.96,25.63 5382293, 83.62, 110.42, 112.72, 125.68,
136.68, 141.44, 160.13.

3-Cyclopropyl-6-methoxy-1,1-dimethyl-indan-2-one (3).

Compound 32 (1mmol) was dissolved in MeOH and a catalytic antoof p-
toluensulfonic acid was added (0.01mmol). Reacti@s stirred 30 min r.t. and the
solvent removedn vacuo The residue was chromatographed on silica gely(Et
Ether/ Petroleum 1/9) to gi\@8 as a yellow oil (95%).

'H NMR(400 MHz, CDCL): 6 0.27-0.30 (1H, m), 0.25-0.51 (3H, m), 0.81-1.04,(1
m), 1.29 (3H, s), 1.32 (3H, s), 2.94 (1H, d, JH&R 6.73-6.80 (2H, m), 7.31-7.34
(1H, m); °C NMR (100 MHz, CDCL): 2.34, 2.57, 14.06, 25.42, 25.95, 49.64, 53.44,
55.41, 108.27, 113.31, 125.59, 130.92, 148.91,686222.101.

3-Cyclopropyl-6-methoxy-1,1-dimethyl-indan-2-ol (35.
3-Cyclopropyl-6-methoxy-1,1-dimethyl-indan-2-one (3).

To a stirred solution of 31(1mmol) in dry THF (5mi)Jas added BETHF (1M in
THF, 1.5ml) dropwise at 0°C. reaction was stiroedr night r.t. and then placed in an
ice bath and quenched with EtOH (1 ml). 30%©K(aq.) (2 ml) and 1 M NaOH (aq.)
(2 ml) were added and the mixture was allowed tonwand stirred for 12 h at room
temperature. The mixture was transferred to a atipgrfunnel and EO was added
(20 ml). The organic extracts were washed with N&DH (aq.), brine and then dried
over MgSQ. The solvent was removeal vacuoto afford alcohoB5 that was used in
next reaction without further purifications.

35 was dissolved in methylene chloride (8 mL) and fodution was added to a
solution of Dess-Martin periodinang.5 g, 1.2 mmol) in methylene chloride (10 mL)
with stirring. After 20 min the homogenous reactioixture was diluted with 50 mL
of ether, and the resulting suspension was adde tmL of 1 M NaOH. After the
mixture was stirred for 10 min, the ether layer waparated and dried over Na2so4.
Solvent was removed and the residue was chromatiogdaon silica gel (Ethyl Ether/

Petroleum 1/1) to givB3 as a yellow oil (49% over 2 steps). For NMR seevabo
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Acetic acid 3-cyclopropyl-6-methoxy-1,1-dimethyl-1Hnden-2-yl ester (34)

To a stirred solution 033 (2mmol)in DCM was added pyridine (2.8mmol) and acetyl
chloride (2.5mmol); the resulting solution wasrstil for 48h. Reaction was washed
with HCI 5% (2x10ml) and water (3x10ml) and thenedr over sodium sulphate.
Evaporation of the solvent and subsequent chromapbg on silica gel (Ethyl Ether/
Petroleum 3/7) to givB4 as a yellow oil (70%).

'H NMR(400 MHz, CDCk): § 0.61-0.64 (1H, m), 0.75-0.77 (3H, m), 1.22 (6H, s)
1.24-1.28 (1H, m), 2.29 (3H, s), 3.81 (3H, s), 6883 (2H, m), 7.24-7.28 (1H, m);
3C NMR (100 MHz, CDChL): 1.8, 9.6, 23.3(2C), 39.9, 56.4, 111.2, 111.85.81
125.0, 126.9, 137.4, 147.4, 160.9. 167.2.

E-Acetic acid 6-methoxy-1,1-dimethyl-3-(2-methyl-4 &lihydro-pyrrol-3-ylidene)-
indan-2-yl ester (71-OAc).

Pathway C. 1eq TfOH, ACN, r.t. 30min.

82% brown oil. IR (film):v 1702, 1600, 1576, 1291 ¢m'H NMR (400 MHz
CDCl): 6 1.21 (3H, s), 1.30 (3H, s), 2.02 (3H, s), 2.774A8H, m), 2.98-3.05 (1H,
m), 3.82 (3H, s), 3.98-4.05 (1H, m), 4.10-4.15 (i#), 6.15 (1H, s), 6.70 (1H, m),
6.82-6.85 (1H, m), 7.46 (1H, d, J 84F). A positive NOE between signal &t2.28
(methyl at C-5 of 3,4-dihydro-2H-pyrrole) and sigre 6 6.15 (H on the C2' of
indanylidene) was detecte®C NMR (100 MHz, CDCL): ¢ 20.40, 20.57, 29.60,
32.70, 46.84, 55.48, 58.20, 81.97, 108.09, 113125.0, 131.81, 133.48, 138.64,
155.92, 160.79, 170.84, 170.97.

5’-Methoxy-2’,2’-dimethyl-3-oxaspiro[bicyclo[3.1.0]hexane-2-indan]-4-one (39).
The reaction was carried out following Knochel amdworkers’ procedufé! using
1.2 equivalents otis-2-iodo-cyclopropane carboxylic acid ethyl ester9{lg, 8.2
mmol), 1.3 equivalents ofPrMgCl (4.4 mL, 2.0 M in THF, 8.8 mmol) and 1.0
equivalents of 5-methoxy-2,2-dimethyl-indan-1-orfe)(to give a crude residue,
which was purified by flash column chromatography silica gel (diethyl ether/
petroleum ether 1:1) affordir@P (945 mg, 54% yield) as a white solid, mixture wbt
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diastereoisomers in the ratio of 65:35 as deterthiog integration of the benzylic
hydrogens ab 2.97 (major) and 2.81 ppm (minor) as welléa®.69 (minor) and 2.56
ppm (major) in théH-NMR spectrum. (white solid, mp: 92-94 °C, 54%).

IR (KBr): v 2960, 1756, 1607, 1495, 1468, 1305, 1266, 934; ¢M-NMR (CDCl,
400 MH2): 6 7.25-7.23 (m, 1H, major), 7.20-7.19 (m, 1H, mind)75-6.70 (m, 4H,
major and minor), 3.76 (s, 6H, major and minor,72(d, 1H, J15.7Hz, major), 2.81
(d, 1H, J=15.Hz minor), 2.69 (d, 1H, J=15.8z minor), 2.56 (d, 1H, F# 15.7Hz
major), 2.32-2.25 (m, 2H, major and minor), 2.203(m, 2H, major and minor),
1.27-1.24 (m, 2H, major and minor), 1.19 (s, 3Hjana 1.15 (s, 3H, major), 1.17-
1.12 (m, 2H, major and minor), 1.10 (s, 3H, mind@)98 (s, 3H, minor)**C-NMR
(CDCls, 100 MH2): 6 (major) 175.2, 161.1, 144.7, 135.9, 124.0, 11310.2, 94.9,
55.4, 46.6, 44.3, 25.4, 23.2, 21.6, 19.2, 18.2. (H$: 258 (100), 229 (65), 215 (27),
199 (18), 187 (20), 115 (22).

2-Bromo-4-(5-methoxy-2,2-dimethyl-indan-1-ylidene)htyric acid (40).

A cooled (>15°C) 1.0 M solution of HBr in acetid@¢5.6 mL, 5.6 mmol) was poured
into a cooled (>15°C) flask containing® (722 mg, 2.8 mmol) and stirring was
continued for 1h. After evaporation of the solvemder vacuum, the residue was
partitioned between ¥ (10 mL) and diethyl ether (30 mL). The agueouasghwas
extracted with diethyl ether (3x30 mL) and the comb organic extracts were dried
over NaSQ,. After evaporation of the solvent under vacuune, tesidual brown oil
was purified by flash column chromatography oncailgel (diethyl ether/ petroleum
ether 8:2) to give0 (Z/E mixture, 881 mg, 93% yield) as a light brown oil.

IR (neat):v 3099, 2927, 2851,2651, 1716, 1605, 1488, 126221887 crit; "H-NMR
(CDCls, 200 IVH2): ¢ (isomeric ratio 3:1) 8.47 (br s, 2H, major and onjn 7.48 (d,
1H, J=9.2Hz, major), 7.33 (d, 1H, J=8.Bz minor), 6.83-6.72 (m, 4H, major and
minor), 5.69 (t, 1H, J=7.8z, minor), 5.23 (t, 1H, J=7.8Hz major), 4.41-4.31 (m, 2H,
major and minor), 3.82 (s, 3H, major), 3.80 (s, &kajor and minor), 3.25-3.10 (m,
4H, major and minor), 2.85 (s, 2H, minor), 2.782Bl, major), 1.39 (s, 3H, minor),
1.36 (s, 3H, minor), 1.19 (s, 6H, majoFC-NMR (CDCk, 50 MHz): § (major) 175.1,
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159.9, 153.3, 146.7, 132.0, 125.6, 112.7, 112.8,41155.3, 46.9, 44.5, 44.1, 29.3,
26.9 (2C).

2-Bromo-4-(5-methoxy-2,2-dimethyl-indan-1-ylidene)btyric acid methyl ester .

A dry 100 mL round bottomed flask equipped withaaddition funnel and a nitrogen
inlet was charged with0 (880 mg, 2.6 mmol) and 9 mL of a 3:1 mixture of dHF/
dry methanol. To the stirred solution was addedpdise a 2.0 M solution of
(trimethylsilyl)diazomethane (3.9 mL, 7.8 mmol).t&f 2h the bright yellow solution
was cooled to 0°C by means of an ice bath and du@ehwith sat. aq. NI solution.
The aqueous layer was extracted with diethyl e(8#B0 mL). The organic extracts
were combined and dried over J$&),. After evaporation of the solvent under
vacuum, the residual oil was purified by flash ooeluchromatography on silica gel
(diethyl ether/ petroleum ether 2:8) to give metbgter derivative4/E mixture, 837
mg, 91% vyield) as a yellow oll.

IR (neat):v 2959, 2922, 1743, 1605,1488, 1262, 1032, 803;ci-NMR (CDCl,
200 MH2): ¢ (isomeric ratio 3:1) 7.50 (d, 1H, J=%#, major), 7.32 (d, 1H, J=8z,
minor), 6.82-6.71 (m, 4H, major and minor), 5.671, J=7.4Hz, minor), 5.21 (t, 1H,
J=7.1Hz, major), 4.40-4.27 (m, 2H, major and minor), 3(826H, major and minor),
3.78 (s, 6H, major and minor), 3.37-3.06 (m, 4H,janand minor), 2.85 (s, 2H,
minor), 2.78 (s, 2H, major), 1.39 (s, 3H, minor)34. (s, 3H, minor), 1.19 (s, 6H,
major); *C-NMR (CDCkL, 50 MH2): 6 (major) 169.9, 159.9, 152.9, 146.6, 131.9,
125.6, 113.5,112.7, 110.3, 55.2, 52.8, 46.9, 44N, 33.7, 29.3, 29.1.

2-Azido-4-(5-methoxy-2,2-dimethyl-indan-1-ylidene)btyric acid methyl ester
(41).

Sodium azide (292 mg, 4.5 mmol) was added to aisalwf methyl ester derivative
(794 mg, 2.25 mmol) in dry acetonitrile (20 mL) any DMF (2 mL) in a dry 100 mL
round bottomed flask under nitrogen atmosphere tla@desulting mixture was stirred
at room temperature. After 24h, sodium azide (292 5 mmol) was newly added

and the mixture was stirred at room temperatureatigitional 24h. After addition of
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water, the aqueous layer was extracted with diethiyer (3x30 mL). The combined
organic layers were washed with brine, then drieer dNgSO, concentrated under
reduced pressure. The residue was purified by tatlmn chromatography on silica
gel (diethyl ether/ petroleum ether 1:9) to gie(Z/E mixture, 616 mg, 87% vyield) as
a yellow oil.

IR (neat):v 2957, 2105, 1747, 1605, 1488, 1263, 1033"cti-NMR (CDCl, 200
MH2): ¢ (isomeric ratio 3:1) 7.52 (d, 1H, J=92, major), 7.33 (d, 1H, J=8.Rz,
minor), 6.81-6.71 (m, 4H, major and minor), 5.73L¢, J=7.4Hz, minor), 5.26 (t, 1H,
J=7.2Hz, major), 4.08-3.99 (m, 2H, major and minor), 3(816H, major and minor),
3.78 (s, 6H, major and minor), 3.04-2.96 (m, 4H,jaonand minor), 2.85 (s, 2H,
minor), 2.78 (s, 2H, major), 1.37 (s, 6H, minorRA.(s, 6H, major).

3C-NMR (CDCL, 50 MH2): J (major) 170.4, 159.8, 152.8, 146.5, 131.9, 125186,
111.4, 110.2, 61.9, 55.1, 52.3, 46.8, 44.0, 30N 2C); MS (El): 301 (95), 286 (51),
272 (19), 227 (22), 213 (100), 197 (21), 171 (20).

2-Acetamido-4-(5-methoxy-2,2-dimethyl-indan-1-ylidae)butyric acid methyl
ester (42).

A solution of41 (488 mg, 1.55 mmol) in dry THF (8 mL) under nitewgatmosphere
was cooled to 0°C by means of an ice bath. Totihed solution triphenyl phosphine
(608 mg, 2.32 mmol)was added portionwise. The ogoliath was then removed and
the clear solution was allowed to warm to room terafure. After stirring overnight,
the complete consumption dfl. was confirmed by TLC and then 2 mL of distilled
water were added. The resulting mixture was stifoed®4h at room temperature. The
reaction was quenched with sat. ag. NaHGOlution, extracted with ethyl acetate
(3x30 mL) and washed with brine. The organic layes dried over N&O, and
evaporated to give 1.05 g of a residual mixtura gellow oil and a white solid which
contains the 2-amino-4-(5-methoxy-2,2-dimethyl-indaylidene)butyric acid methyl
ester. The crude amine was then dissolved in fyedistilled CHCl, (10 mL) under
nitrogen. The solution was cooled to 0°C by mednanoice bath and triethylamine
(TEA) (430pL, 3.1 mmol) was added. After 5min a solution oétgt chloride (220
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uL, 3.1 mmol) in 2 mL of CHCI, was added dropwise and the reaction mixture was
stirred at 0°C. After 3h the reaction mixture waseigched with sat. ag. NaHGO
solution and extracted with GBI,. The organic layer was washed with brine, dried
over NaSQ, and concentrated under vacuum. The crude residsepwrified by flash
column chromatography on silica gel (diethyl ethptroleum ether 6:4) affordirgR
(Z/Emixture, 383 mg, 75% vyield frof) as a yellow oil.

IR (neat):v 3314, 2960, 2251, 1745, 1660, 1606, 1215, 1033, B33 crl; 'H-NMR
(CDCls, 200 WH2): ¢ (isomeric ratio 3:1) 7.50 (d, 1H, J=%&, major), 7.29 (d, 1H,
J=8.1Hz, minor), 6.78-6.70 (m, 4H, major and minor), 64.84 (m, 2H, major and
minor), 5.58 (t, 1H, J=7.Blz, minor), 5.14 (t, 1H, J=7.Biz, major), 4.82-4.75 (m, 2H,
major and minor), 3.81 (s, 3H, major), 3.80 (s, 8thinor), 3.77 (s, 3H, minor), 3.72
(s, 3H, major), 3.10-2.87 (m, 4H, major and min@:g3 (s, 2H, minor), 2.76 (s, 2H,
major), 2.02 (s, 3H, minor), 1.97 (s, 3H, major)32L (s, 3H, minor), 1.27 (s, 3H,
minor), 1.17 (s, 6H, major):*C-NMR (CDCk, 100 MH2): § (major) 172.6, 169.8,
159.8, 153.0, 146.6, 131.9, 125.7, 112.6, 111.8.31155.3, 52.3 (2C), 49.4, 46.9,
31.2,29.4,29.2, 23.1.

4-(5-Methoxy-2,2-dimethyl-indan-1-ylidene)-5-methy3,4-dihydro-2H-pyrrole-2-
carboxylic acid methyl ester (7m).

A trimethylsilyl polyphosphate (PPSE) solution, paeed by heating at reflux for 1.5h
a mixture of ROs (1.07 g, 7.5 mmol) and hexamethyldisiloxane (212 @0.5 mmol)
in CCl, (7 mL), was added

at room temperature #2 (248 mg, 0.75 mmol). The reaction mixture was &eatt
reflux for 3h, cooled to room temperature, diluteidh CH,Cl, and quenched with
H,O. The aqueous layer was brought to pH=9 by treatmih 6N NaOH solution
and extracted with Ci€1, (3x30 mL). The combined organic layers were waskigial
H,O, dried over Nzg50O, and concentrated under vacuum. The residue wafsepuny
flash column chromatography on silica gel (ethyktate/ petroleum ether/TEA

1:1:0.5) to giverm (Z/E mixture, 108 mg, 46% yield) as a viscous dark yeltnl.
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IR (neat):v 2929, 1732, 1603, 1588, 1254, 1157, 1026"cth-NMR (CDCl, 400
MH2): ¢ (isomeric ratio 3:1) 7.38 (d, 1H, J=9&, minor), 7.19 (d, 1H, J=8.8iz
major), 6.75-6.66 (m, 4H, major and minor), 4.5% (H, J=2.0, 6.8z, major), 4.52-
4.48 (m, 1H, minor), 3.78 (s, 3H, major and min&){6 (s, 3H, major and minor),
3.25 (dd, 1H, J=6.4, 1418z, minor), 3.16 (dd, 1H, J=7.2, 14t&, minor), 3.06-2.96
(m, 2H, major), 2.93 (d, 1H, J=16H¥, minor), 2.89 (d, 1H, J=15Hz major), 2.79
(d, 1H, J=16.0Hz, minor), 2.66 (d, 1H, J=15.Rz, major), 2.47 (d, 3H, J=2.Biz,
minor), 2.23 (d, 3H, J=2.Bz, major), 1.44 (s, 3H, minor), 1.38 (s, 3H, mindr)32 (s,
3H, major), 1.13 (s, 3H, major)*C-NMR (CDCk, 50 MHZ): § (major) 175.4, 173.0,
160.5, 150.4, 147.9, 130.4, 128.8, 127.2, 111.8,8,070.5, 55.2, 52.1, 49.3, 48.8,
35.7,28.7, 26.1, 20.1; MS (ESI, + p ms): 314.5.

4-(5-Methoxy-2,2-dimethyl-indan-1-ylidene)-2-(methaycarbonyl)-1,5-dimethyl-
3,4-dihydro-2H-pyrrolium trifluoromethanesulfonate (7m-N*Me).

A solution of methyl trifluoromethanesulfonate (34, 0.3 mmol) in anhydrous
benzene (3 mL) was added under nitrogen atmospbeaesolution of7 (94 mg, 0.3
mmol) in anhydrous benzene (3 mL). The solution wtged for 2h at room
temperature and then concentrated under vacuunivéothe crude pyrrolium salt.
(143 mg, >98% conversion) as a viscous orange oil.

'H-NMR (CDCL, 400 MH2): § (major, isomeric ratio >95:5) 7.36 (d, 1H, J=818),
6.81-6.76 (m, 2H), 5.51-5.18 (m, 1H), 3.85 (s, 3BIB3 (s, 3H), 3.79-3.75 (m, 1H),
3.58 (s, 3H), 3.06 (dd, 1H, J=3.4, 154#2), 3.01 (d, 1H, J=15.H2), 2.81 (d, 1H,
J=15.7Hz), 2.55 (s, 3H), 1.38 (s, 3H), 1.21 (s, 3tAC-NMR (CDCk, 100 MH2): &
(major) 181.9, 173.0, 168.7, 164.3, 152.7, 13128.1, 122.8, 122.1, 118.9, 113.9,
110.3, 69.3, 55.7, 53.5, 51.5, 49.4, 37.3, 33.%,2%.0. MS (ESI, + p ms): 328.6.

4-(5-Methoxy-2,2-dimethyl-indan-1-ylidene)-2-(methaycarbonyl)-1,5-dimethyl-
3,4-dihydro-2H-pyrrolium-2-carboxylic acid anion (7m zwuitt).

The crude pyrrolium trifluoromethanesulfonate (1§, 0.3 mmol) was added in a 25
mL round-bottomed flask containing a 2:1 mixtureléfF/H,O (9 mL) and the bright
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yellow solution was cooled to 0°C by means of anbath. Then LiOH-H (38 mg,
0.9 mmol) was added portionwise to the solutiort thpidly turned into dark yellow-
brown. The reaction was monitored by TLC (ethyltasgmethanol 9:1 as the eluant).
After 3h the solvent was evaporated under vacuumive a residual solid that was
dissolved in acetonitrile. The precipitation of &ite solid occurred. The decanted
clear yellow solution was transferred into a onekeel round-bottomed flask and
concentrated under vacuum to give a gummy solic¢kvinvas purified by flash column
chromatography on silica gel (acetonitrilefOH7:3) to afford7m zwuitt (Z/E mixture
90:10, 50 mg, 53% vyield frordm) as a viscous dark yellow oil. To the overriding
geometric isomer th& configuration was assigned, on the basis of NGterdince
spectroscopy. In details: a positive NOE betweensignal of the proton attached to
the aromatic C-7 carbon of the indanylidene mofdty=7.51 ppm, J=8.Hz) and the
signal of the methyl group at the C-5 of the pywal ring (s,0=2.52 ppm) was
detected.

IR (KBr): v 2962, 2925, 1635, 1584, 1262, 1094, 1028, 802; ¢hi-NMR (CD;0D,
400 MH2): 6 7,56 (d, 1H, J=8.81z, E isomer), 7,51 (d, 1H, J=8Hz, Z isomer), 6.93-
6.82 (m, 4HZ+E isomers), 4.69-4.66 (m, 1H,isomer), 4.64-4.61 (m, 1HE isomer),
3.85 (s, 6HZ+E isomers), 3.84-3.74 (m, 1HE isomer), 3.51 (s, 6HZ+E isomers),
3.24-3.15 (m, 3HZ+E isomers), 3.09-3.02 (m, 2E+E isomers), 2.93 (d, 1H, J=16.1
Hz E isomer), 2.82 (d, 1H, J=15Hk, Z isomer), 2.72 (s, 3Hg isomer), 2.52 (s, 3H,
iIsomer), 1.53 (s, 3+ isomer), 1.43 (s, 3Hs isomer), 1.41 (s, 3H isomer), 1.19 (s,
3H, Z isomer);**C-NMR (CD,OD, 100 MH2): J (Z isomer) 180.1, 172.1, 169.6, 163.9,
152.1, 130.6, 129.1, 124.2, 113.9, 109.7, 72.48,5%80.8, 49.0, 35.8, 34.7, 25.3, 24.1,
16.4. MS (ESI, + p ms): 314.7.

SECTION A

Synthesis o¥-3-iodo-acrylic acid ethyl ested®) [J. Org. Chem1993 58, 3148]

A 250 mL round-bottomed flask equipped with a maignstirring bar and an argon
gas inlet was charged with 22.5 g (0.15 mol) of goglium iodide and 100 mL of
glacial acetic acid. The the stirred solution wasleed 10.1 mL (0.1 mol) of ethyl

97



propiolate and the resulting mixture was heated@Gt’C during 12 h. The brown
solution was cooled to rt and water (100 mL) arfteet{100 mL) were added. The
organic layer was separated and the aqueous layacted twice with ether (20 mL).
The combined organic layers were treated with 3gdeaus KOH (3 x 50 mL) until
the aq. phase becomes neutral (pH 7), washed witle 50 mL) and dried over
MgSQ,. After rotary evaporation of the solvent, the desil brown oil was distilled
(bp 62 °C) to givelt3 (19.4 g, 86 % yield) as a yellow oll.

'H-NMR (300 MHz, CDCL): 6= 7.36 (d, J= 8.8z, 1H), 6.82 (d, J= 8.8iz, 1H), 4.18
(q, J= 7.1HZ, 2H), 1.25 (t, J= 7.Hz, 3H)*C-NMR (75 MHz, CDCk): 5= 164.9,
130.3, 95.0, 61.1, 14.6.

Synthesis o¥-3-iodo-prop-2-en-1-ol44) [J. Org. Chem1993 58, 3148]

A 100 mL dry four-necked round bottom flask equiggpeith a mechanical stirrer, an

internal thermometer, a rubber septum and an aggsrinlet was charged with 11.3 g
(50 mmol) of43 and 100 mL of anhydrous GEl,. The stirred solution was cooled to
-78 °C by mean of a liquid nitrogen bath and 100 (h20 mmol) of a 1 M solution of
diisobutyl aluminium hydride in hexane was addedpdrise via a syringe at such a
rate that the temperature did not exceed -75 °€.cboling bath was removed and the
reaction mixture was allowed to warm to rt. Hydsa$ywas carried out at -20 °C by
dropwise addition of 50 mL of 1 M aq. HCI, followéy addition of ether (100 mL).
The organic layer was separated, the ageous lajraiceed with ether (2 x 20 mL) and
the combined organic layers dried over MgS@fter rotary evaporation of the
solvents, the residual oil was purified by flashuoon chromatograohy on silica gel
(pentane: BEO 1:1) affordingd4 (8.05 g, 88 %) as a yellow oil.

'H-NMR (300 MHz, CDCL): 6= 6.43 (dt, J= 7.6, 5.5z 1H), 6.30 (d, J= 7.6lz, 1H),
4.17 (d, J= 5.8z 2H), 1.85 (s, 1H)**C-NMR (75 MHz, CDCL): 6= 140.3, 83.0,
66.1.

Synthesis ofcis-(2-iodo-cyclopropyl)-mehanol 46) [Tetrahedron Lett.1998 39,
8621]

To freshly destilled CECI, (50 mL) was added En (1.0 M in hexane, 53 mL, 53

mmol) under argon. The solution was cooled in am lb@th and a solution of
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trifluoroacetic acid (4.11 mL, 53mmol) in GEl, (10 mL) was then dropped very
slowly into the reaction mixture via syringe. Upstirring for 20 min, a solution of
CHyl, (4.33 mL, 53 mmol) in CKCl, (10 mL) was added. After an additional 20 min
stirring, a solution ofi4 (4.43 g, 24.1 mmol) in C}€I, (10 mL) was added and the ice
bath was removed. After an additional 30 min sigrithe reaction mixture was
quenched with sat. aq. NEI and hexanes (50 mL) and the laers were separéled
ag. layer was extracted with hexanes. The combangdnic layers were washed with
sat. NaHCQ, H,O and brine, then dried over §BO,, filtered, concentrated and
purified by flash column chromatography on silica (pentane: EO 1:4) affording
45 (2.96 g, 62 %) as a yellow oil.

'H-NMR (300 MHz, CDCL): = 3.95 (dd, J= 11.8, 508z 1H), 3.51 (dd, J= 11.8, 8.8
Hz, 1H), 2.63 (dt, J= 7.3, 5.8z 2H), 1.81 (s, 1H), 1.39-1.30 (m, 1H), 1.04-0.84 (
1H), 0.69 (dt, J= 6.4, 5.8z, 1H). *C-NMR (75 MHz, CDCL): 6= 68.4, 18.0, 14.1,
10.0.

Synthesis ofcis-2-iodo-cyclopropanecarboxylic acidg) [J. Am. Chem. Sod 989
111, 6729]
A 50 mL dry rund bottomed flask equipped with a m@cal stirrer, a rubber septum

and an argon gas inlet was charged wWBH{3.3 g, 16.7 mmol) and 25.8 g (68.8 mmol)
pyridinium dichromate dissolved in 50 mL of dry DMFhe reaction mixture was
stirred for 24 h at rt. After this time, the reactimixture was poured into 80 mL of
water and the solution was acidified with 3 N H@IpH 2.5. The water solution was
extracted with BO (3 x 30 mL). The combined organic layers were hgdswith
water (2 x 20 mL), brine, dried over p&O,, filtered, concentrated and purified by
flash column chromatography on silica gel (pentdfigD 1:1) affording46 (3.34 g,
95 %) as a white crystals.(mp: 65 °C).

'H-NMR (300 MHz, CDCL): 8= 8.07 (s, 1H), 2.90 (dt, J= 8.0, 642, 1H), 1.93 (dt, J=
8.1, 6.3Hz, 1H), 1.61 (dt, J= 8.1, 6dz, 2H), 1.44 (g, J= 6.4z, 1H). *C-NMR (75
MHz, CDCk): 6= 175.5, 19.3, 17.5, 14.3.
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Synthesis ofcis-2-iodo-cyclopropanecarboxylic acid ethyl est87)([J. Am. Chem.
So0c.1989 111, 6729]
A mixture of46 (1.91 g, 9.0 mmol), thionylchloride (1.3 mL, 18 minand 3 drops of

DMF was refluxed at 50 °C for 1h. Afterwards, exxesthionylchloride was removed

by vacuum pump and the mixture was colled to OEtQH (0.8 mL, 13.5 mmol) was
added and the reaction mixture was stirred fora2 @ °C. After this time, the reaction
mixture was poured into 20 mL of water and@&t(20 mL) and the layers were
separated. The ag. layer was extracted witd EThe combined organic layers were
washed with sat. NaHGQOwater, brine and dried (MN&aQ,), filtered, concentrated and
purified by flash column chromatography on silica (pentane: EO 3:1) affording
37(1.51 g, 70 %) as a yellow oil.

'H-NMR (300 MHz, CDCh): 8= 4.21-4.11 (m, 2H), 2.74 (dt, J= 8.1, 615, 1H), 1.80
(dt, J= 8.2, 6.5z, 1H), 1.48-1.30 (m, 2H), 1.24 (t, J= HE, 3H)*C-NMR (75 MHz,
CDCly): 6= 168.9, 60.2, 18.3, 15.3, 13.4, -15,6. MS (EI)02400), 195 (63), 167
(30).

Prop-2-ynyloxymethyl-benzene.

To a solution of prop-2-yn-1-ol (0.10 moli) in DMS® ml) was added NaOH 3N (50
ml). The reaction was cooled to -10°C and benzythde (0.15mmol) was added
dropwise. The resulting solution was allowed t@ nisom temperature and stirred for
24h. After this time, the reaction mixture was palinto 20 mL of water and &
(20 mL) and the layers were separated. The aq.r lags extracted with KD
(3x30ml). The combined organic layers were washgld sat. NaCl, dried (N&O,),
and concentrated. The residue was purified by fadéthamn chromatography on silica
gel (Ethyl Ether/ Petroleum 1/19) to give prop-2Agxymethyl-benzenas a colorless
oil (93%). (pentane: ED 3:1) affording desired product (1.51 g, 70 %aa®llow oil.
'H NMR (200 MHz, CDCEL): & 2.46-2.43(1H, t); 4.16(2H,s); 4.61( 2H, s)7.359(.2
5H, m).

Vynil-( N-methyliminiodiacetoxy-O,0")borane (56).

To a stirred solution of BfSMe, (0.19g) in THF (10ml) at 0°C was added
pinene(6.8gp 0.858) dropwise. The reaction was stirred at O%€r amight and then
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cooled at -35°C. A solution of prop-2-ynyloxymetibgnzene (0.35g; 2.38 mmoli) in
THF (10ml) was added dropwise and the resultingitswi was stirred for 4h. The
solution was allowed to rise to 0°C, then a soluttd acetaldehyde (1.9mé; 0.78)
freshly distilled in THF (5ml) was added. The réactwas refluxed over night and
then solvent was removéaad vacuoto affordthe crudeb4.

The crudes4 was dissolved in THF (10ml) and NaOH 1M (0.5ml)svealded. Stirring
was maintained for 1h rt; £ was added and organic phase was separated &ad dri
over NaSQ, to afford55 as crude. In a roundbottom flask equipped wittirébar was
charged with crudé&5, N-methyliminodiacetic acid (3 mmol), and benzene:OMS
(10:1, 10ml). The flask was fitted with a Dean-8taap and a reflux condenser, and
the mixture was refluxed with stirring for 16 houf$e reaction solution was allowed
to cool to 23°C and the solvent was remowedacuo the residue was purified by
column chromatography (AcOEt/MeOH 9.5:0.5) to affb6 (20% over 3 steps).

'H NMR (CDCk): & 2.74( 3H, s); 3.83( 2H, d; J 16i6); 3.99(2H, d; J 16182);
4.5(2H, s); 4.01(2H, m); 5.73-5.64(1H, dt; J 18 ®2); 6.29-6.20( 1H, dt; 18Hz J
7.1H2); 7.35-7.2( 5H, m).

Ciclopropyl-(N-methyliminodiacetoxy-O,0’N)borane (57).

To a stirred solution d&6 (0.121 g, 0.36 mmol) and Pd(OAgP.0239 g, 0.011 mmol)
in THF (12 mL) at 0°C in a 50 mL Schlenk flask veakled a freshly prepared ethereal
solution of diazomethane (3.5 mL of a 0.25 M sa@inti8.8 mmol) dropwise over 20
minutes. Additional Pd(OAg)was then added (0.0239 g, 0.011 mmol) as a salutio
THF (1 mL) followed by the dropwise addition ovél &in of an additional 3.5 mL of
0.25 M ethereal diazomethane (0.88 mmol). The i@aegtas then allowed to warm to
23°C and the excess diazomethane was removed andgeam of B The crude
reaction mixture was then poured into 12 mL of K.pH 7 sodium phosphate buffer
and extracted with THF:ED 1:1 (3 x 12 mL). The combined organic fractionsrev
then washed with brine, dried over 48&,, and concentrateid vacuo Purification by
flash chromatography (S)OELO:CH;CN 1:1) yieldedb7 (0.34mmol, 96%).
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'H NMR (200 MHz, CDCL): & -0.38 -0.40(1H,m); 0.445-0.42(1H, m); 0.67-0.66(1H
m); 1.25-1.23(1H,m); 2.8( 3H, s); 3.84(2H, app dd TMHz, 9.5H2)3.96(2H, app dd J
=1Mze H2z); 4.01(2H,m); 4.5(2H,s); 7.35-7.2(5H, m)

3-benzyloxypropenylboronic-acid (47).

To a stirred solution 067 (0.34 mmol) in THF (20 mL) was added 1M ag. NaOH
(0.34 mmol) and the resulting mixture was stirre@2fC for 20 minutes. The reaction
was then quenched with the addition of 0.5 M pHhogphate buffer (20 mL) and
diluted with E}O (20 mL). The layers were separated and the gqr laas extracted
with THF:E(O 1:1 (40 mL). The combined organic fractions wered over MgSQ
and concentratedn vacuoto yield the desired cyclopropylboronic aciky as a
colorless oil. (0.33mmol, 97%).

To a stirred solution 057 (0.34 mmol) in THF (20 mL) was added 1M ag. NaOH
(0.34 mmol) and the resulting mixture was stirre@2fC for 20 minutes. The reaction
was then quenched with the addition of 0.5 M pHhogphate buffer (20 mL) and
diluted with E}O (20 mL). The layers were separated and the gqr laas extracted
with THF:E(O 1:1 (40 mL). The combined organic fractions wered over MgSQ
and concentratedn vacuoto yield the desired cyclopropylboronic aciy¥ as a
colorless oil. (0.33mmol, 97%). CompoudAd was immediately used in next reaction

without purifications and characteriztions (verystable).

3-(2-Benzyloxymethyl-cyclopropyl)-1H-indene (44).

To a stirred solution ofi7 and48 in toluene (4ml) was added a mixture of 3% di
Pd(PPh),, CsCOs( 0.242g; 0.74mmoli) e KF.24D( 0.209g; 2.22mmmoli) e NaBr(
0.0954q; 0.927mmoli). The reaction was heated ttC8@r 16h. The mixture was
filtered with EO (3x10ml) and washed with water. Organic phase eréed over
Na,SO, and evaporated. The final product was obtained atireimn chromatography
(silica gel, petroleum/ethyl ether 25/1) of thed=u(30%).

'H NMR (200 MHz, CDCL): & 1.5-0.8(4H, m) 3.31(2H, m); 3.56-3.53(2H, m)
4.61(2H, s); 6.09-6.06(1H, m); 7.55-7.22( 5H, 45, m
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6-Methoxy-1,1-dimethyl-indan (61).

In a dry 50ml flask equipped with Ar-inlet, cleanCT, (1.2ml, 11mmol) was mixed
with 20 ml of dry CHCI,. Upon cooling to -30°C, Zn(CHt (11mmol, 4M CHCI,
solution) is slowly added via a syringe. The migtlneing agitated with a magnetic
stirrer. Stirring is continued for 10min. To theoak stirred solution 6-methoxy-1-
indanone (0.81g, 5mmol) in GBI, (3ml) was added at -30°C. The mixture was
slowly allowed to come to rt during a period of&td then was poured onto ice water.
The aqueous phase is extracted with ether and oeahlorganic phase washed with
H,O and NaHCQ after drying over MgS§) the solvent was removed and the product
was purified by flash column chromatography oncailgel (petroleum: ED 20:1)
affording61 (65 %, colorless oil).

'H NMR (200MHz, CDCk) 6 1.25 (6H, s), 1.93 (2H, t,W4H2), 2.83 (2H, t, ¥.4H2),
3.81 (3H, s), 6.69-6.72 (2H, m), 7.08-7.12 (m, 1HE NMR (100 MHz, CDCE) 4,
29.2(2C), 39.1, 40.4, 46.2, 56.3, 110.8, 111.258,2R29.6, 145.9, 158.8.

5-Methoxy-3,3-dimethyl-indan-1-one (23).

61 (1.40 mmol) was dissolved in 20 mL of dichloronaeth, and oxidant (3.2 g,
mixture 1/1 KMnQ/CuSQ5H,0 ) were placed in a 50 mL round-bottomed flask and
stirred vigorously under gentle reflux. After 72the product was filtered through a
Celite pad and the residue washed successivelydistiloromethane (3x20 mL) and
ether (3x20 mL). The combined organic layers weaslved with water (2 x 20 mL),
brine, dried over N&O,, filtered, concentrated and purified by flash ootu
chromatography on silica gel (petroleum: ,@&t 8:2) affording 23 (69

%).(Characterization reported before).

Trifluoro-methanesulfonic acid 5-methoxy-3,3-dimetlyl-3H-inden-1-yl ester (62).

To a stirred solution o3 (Immol) in 1,2-dichloroethane (5ml) was added an
equimolar amount of triflic anhydride and Z;6utyl-4-methylpyridine under Argon
atmosphere. The brown suspension was stirred 30 anid0°c and 1h rt. 1,2-

dichloroethane (10ml) was added and the organiceheas washed with HCl 5%
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(3x10ml). Organic layers was washed with water (2 mL), brine, dried over
Na,SQy, filtered, concentrated and purified by flash cofuchromatography on silica
gel (petroleum: EO 99:1) affordings2 (75 %).

'H NMR (200MHz, CDC}L) 6 1.36 (6H, s), 3.84 (3H, s), 6.84 (1H, s), 6.8116(2H,
m), 7.20-7.25 (m, 1H)**C NMR (100 MHz, CDCk) & 24.5(2C), 46.51, 55.57, 108.51,
112.07, 119.18, 120.30, 127.25, 127.78, 145.38,145359.83.
3-(5-Methoxy-3,3-dimethyl-3H-inden-1-yl)-acrylic aed ethyl ester (63).

To a slurry of Pd(OAg)(0.17 mmol, 10%) in dry DMF (15 mL) was added &son

62 (1.7 mmol), ethyl acrylate (5.1 mmol), and triddrgine (6.8 mmol) in dry DMF (5
mL). The resulting mixture was heated at 75-80 iGm argon atmosphere for 3 h,
cooled to room temperature, and poured into icewakhe resulting mixture was
extracted with dichloromethane (3x30 mL), and tbenbined extracts were washed
with water (2x30 mL), dried over sodium sulfate datoncentrated under reduced
pressure. Purification of the residue by chromatphgy with ether/petroleum ether 2:8
as the eluent gav@3 as a pale yellow oil (77%).

'H NMR (200MHz, CDCh) § 1.36 (3H, t, J 7142), 3.84 (3H, s), 4.27 (2H, g, J HD),
6.47 (1H, d, J 16H2), 6.58 (1H, s), 6.81-6.83 (1H, m), 6.91-6.94 (1h), 7.48-7.50
(1H, m), 7.66 (1H, d, J 164%); *°C NMR (100 MHz, CDCk) & 14.33, 24.66, 48.43,
55.51, 60.46, 108.47, 111.39, 119.24, 121.37, B32.35.44, 138.55, 150.33, 156.09,
158.68, 167.32.

2-(5-Methoxy-3,3-dimethyl-3H-inden-1-yl)-cyclopropaecarboxylic acid ethyl

ester (64).

The following procedure was carried out behind fetyashield using plastic-coated
glassware free of scratches and ground glass Joifitdlethyl-3-nitro-1-
nitrosoguanidine (5 mmol) was carefully added ponvise over 30 min to an
Erlenmeyer flask containing a swirled mixture ouaqus NaOH (20 mL, 5 N) and
diethyl ether (15 mL) at 0°C. After vigorous bulniglihad ceased, the organic layer
(containing diazomethane) was decanted into aechil0 °C) Erlenmeyer flask

containing KOH chips (1 g). The mixture was swirleat 10 min, and the yellow
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solution was decanted into a dropping funnel. Tdlet®n of diazomethane was added
over 30 min to an open flask containing a stirrecktune of 63 (1 mmol) and
palladium acetate (0.03 mmol) in @&, (10 mL) maintained at 0 °C. After the
mixture was stirred for 1 h, a second batch offfieprepared diazomethane (5 mmol)
in 15 mL of diethyl ether was added over 30 minteAthe mixture was stirred for 1 h,
the reaction was quenched with water (4 mL) andnindure was poured into an
aqueous saturated solution of NaH{J®M5 mL). The aqueous layer was extracted with
EtOAc (3x10 mL). The organic layers were washeditine, dried over anhydrous
magnesium sulfate, and concentratedvacuo The crude product was purified by
flash column chromatography on silica gel (petrole&tO 9:1) affordinge4 (55 %).

'H NMR (200MHz, CDCE) § 1.23-1.32 (2H, 3H, 3H, m), 1.42 (3H, s), 1.82-1(88,
m), 2.32-2.36 (1H, m), 3.83 (2H, q, JAZA, 3.86 (3H, s), 5.81 (1H, s), 6.77-6.82 (2H,
m), 7.22 (1H, J 82).

4-(5-Methoxy-3,3-dimethyl-indan-1-ylidene)-5-methy3,4-dihydro-2H-pyrrole-3-
carboxylic acid ethyl ester (7p).

Pathway Bwas used: 1eq TfOH, ACN, 60°C for 30min (65%). ¥ oil.

'H NMR (400 MHz, CDCkL): & 1.15 (3H, t, J7 H2), 1.32 (6H, d, B.4H2), 2.38 (2H,
s), 3.6 (2H, dd, 16.8Hz), 4.04 (3H, s), 4.08-4.14 (5H, m), 6.79 (1H, m}{47(1H,

m).
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4.3 Abbreviations

Ac

ACN
DCM
DIPEA
DMF
DMSO
KHMDS
LDA
LHMDS
m-CPBA
MOM
Ms, MsO
NBS
NFSi
PCC
PPSE
PTSA
Py
TBAF
TBDMSCI
t-BuOH
t-BuOK
TDA-1
TEA
TFA

Tf, TfO
THF
TBMS
Ts, TsO

Acetyl
Acetonitrile

Dichloromethane
N,N-Diisopropylethylamine
Dimethylformamide

Dimethyl sulfoxide

Potassium Hexamethyldisilazane
Lithium diisopropylamide
Lithium Hexamethyldisilazane
metaChloroperoxybenzoic acid
Methoxymethyl

Mesyl
N-bromosuccinimidesuccinimide
N-fluorobenzenesulfonimide
Pyridinium Chloro Chromate
Trimethylsilyl polyphosphate
para-Toluene solfonic acid
Pyridine
tetran-Butylammonium fluoride
tert-Butyldimethylchlorosilane
tert-Butanol
Potassiuntert-butoxide
Tris(2-(2-methoxyethoxy)ethyl)amine
Triethylamine

Trifluoroacetic acid

Triflate

Tetrahydrofuran
tert-Butyldimethylsilyl

Tosyl
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