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Introduction

1. Supramolecular Chemistry

One of the main proponents of supramolecular chemistry, ddarie Lehn, defined it in his Nobel Lecture

AY Mbyy Fa a¥ORY SHUNES QitiesoeSshRedl 8ffit®s of higher complexity that
NBadzZ &G FTNRY GKS aa20AFGA2y 2F G2 2N Y2NBThOKSYAC
field of chemistrarose in the 1960s from research into macrocyclic ligands for metal cations, having its initial
ONBIF{G0KNRdAK gAGK / KFNI Sa WaFromisoghm#as foguest ehaniis®yz @S NEB
supramolecular chemistry went o tinclude concepts such as saffsembly, molecular recognition and

folding and supramolecular catalysis.

Inhost3dzSad OKSYA&auNB:Z GKS aKz2ade Aa F fFNBS Y2tSO
FOO2YY2RIGS + OKSYAOL f byineadsohnBeovalerit iiteracyons Guests ehd4%ea i £
of various nature, ranging from small ions or ion pairs to more complex organic molecules or metal
complexes. The inclusion of a guest into a host can be mediated by a plethora of typesafvatent

interaction: ionion, iondipole, ion-~ or ~-" interactions, hydrogen bonding, solvation and hydrophobic
effects are all crucial concepts in understanding supramolecular inclusion arabselfibly phenomena.

When host systems completely surround the guest, they could be either fully cowataatures like cages
(Schemd.1left) orcontainersobtained by the spontaneous $elssembly between homologous or different
subunits, typically through#onding or metaligand coordination$cheme.1 right). A general rule states
that the binding between a capsule and its guest is optimal when the latter occupies)%b of the host
cavity?

]/FNYN
Anlonlc O
CyN \ guest
Cy,N NCy,
A Az

Schemd.1[ Adz SO | f o @) wiNAS I 2H y2R-a34exa@BR6 @dindric8 dirfferic capsalgright, image
takenfrom Rebek et al)

Considering the reversible inclusion of guéstito hostHto form the inclusion compounHG(Equation 1.3,

the thermodynamic stability of the latter can be quantified as the binding condanthile K should be
dimensionless; as it is ideally supposed to be calculated as a ratio of chemical activity measurements
(Equation 12) ¢ it is often calculated using concentrations, under the approximation that concentrations be
approximately equal to activities at sufficiently high levels of dilutiequ@tion 1.3.

‘0 "0z 00

Equation I.1Chemical equation of the reversible formation of inclusion compound HG



&

0
Equation I.2Formal equation for K, whesis the equilibrium activity of species X

. ‘00
VUV ——F=

(ORONO)
Equation I.3Approxmate equation for K, wherX] is the equilibrium molar concentration af X

Various methods can be employed in order to evaluate the binding constant of -ghest pair. One notable
technique ¢ which was used in this thesis wockis nuclear magnetic resiance titration® This method
consists in adding small aliquots of guest to a solution of host in a deuterated solvent: since the electronic
properties of the host cavity are different than those of the bulk solution, the NMR resonances of the guest
often change upon inclusion. Depending on whether the recognition phenomenon is in slow or fast exchange
on the chemical shift timescale, separate signals for free and encapsulated guest and host are visible
(enabling direct quantification) or the weighted aage chemical shift is observemquiringproper fitting

with a binding model for the determination &t

2. Supramolecular catalysts as enzyme mimics

Through billions of yearsf evolution, nature has developed the most effective catalysts known to man:
enzymes. These polypeptidic molecules can accelerate biochemical reactions by many orders of magnitude,
achieving levels of specificity and dfetno-, regic and enantioselectivity which are unrivalled by artificial
catalysts to this day.Chemists have g since tried to understand the reasons behind these wondrous
LINE LISNI A Saz adl NI Ay Bekandkéykheody)Y decdording XoivaikhStheXspecifiaity g
enzymes is due to the presence of an active site whose geometry is perfectly complemtmtdhe
corresponding substrate§.CA a OKSNID&a Y2RSt gl & I (S hbudey fikrBodaNI G SR
which theorized that the active site of an enzyme is continuously reshaped to accommodate the substrates
as they reactthis theory explainshe stabilisation of transition states achieved by enzyi&sAn example

of this behaviour is shown iacheme 1.2

Scheme |.Hexokinase binds adenosine triphosphate and xylose through a notable induced fit magiga biynT .
Shafee'®
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Noncovalent interactions are at the root of many of the enviable catalytic properties of enzymes. Therefore,
chemists have been putting ever greater efforts into designing supramolecular compounds capable of acting
as enzyme mimics thugh tailored norcovalent interactions. The idea which initially led to the development

of hostguest enzyme mimics was that increasing the concentration of reactants in a reactive centre would
lead to an increase of the reaction rate. It has since beamdathat catalytic effects are not attributable
merely to overconcentration phenomena, but also to desolvatdrthe reactants stabilization of proper
substrate conformationsstabilisation ofintermediate species and relatgdansition states, and favouable
conformation of the product within theatalytic pocket'*

Initial efforts were focused on small supramolecular catalysts consisting of a reactive centre included within

a binding site; cyclodextrin derivatives combined with organic or rMigfahd caalytic centres are a prime
example of this®> More recently, the possibility of exploiting the peculiar characteristics of the internal
cavities of norcovalent hostg, such as selassembled capsules (skeroduction §3) ¢ for catalytic purposes

has gaied traction. The first example of this kind of catalysis was reported in 1997 by Rebek and Kang, who
observed significant acceleration of aDiel§ RSNJ NBI OliA2y GAGKAY GKS aaz27Ti
H-bond mediated selhssembly of two subunit&Scheme .31

0 OH O O OH o
HN)I\N N N N)J\NH
RO BT
\([)]/ OH O O OH \[O(

R =/<’\>6\Ph

0]
p-xylene-dqg
+ © a) capsule, t1» = 2 days
0]

b) no capsule, t1» = 1 year

¢]
Scheme 1.3 G NHzOG dzZNB 2 F wSo6S1 | yR YI y3@g imagetdkéndrdmtStars®andJa dzf S |
Borsatd®) and scheme of the Diefdder reaction accelerated by said capsbletiom; reference: see text).

Another example of catalysis within a safsembled capsule was reported by Rebek and Chen, who found
that A2 (Schemd.1) promotes 1,&ipolar cycloaddition between phenylacetylene and phenyl azide, yielding
exclusively the 14egioisomer due to spatial constraintSqheme .. More recently, Tostet al. altered

the mechanism of an azarins cyclization by usingtatrahedral metalligand based supramolecular cage,
whose physical constraints stabilized the more compact transition sEteqme |.5pathwaya) rather than

the allequatorial transition state which is favoured in the bulk solutiBneme |.5pathwayb).*’
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3. &lf-assembled hosts

There is one clear issue with host design: the required large and complegular structures can be difficult
to synthesize. A convenient solution is offered by -asembled hosts, which are supramolecular
compounds that form through spontaneous assembly of a limited number of subunits in sol8ttn.
assembled hosts canrgsent much desired enzyrmaimicking behaviours, without the inconvenience of
synthesizing complex molecular framework. Two main subclasses -afsselfnbled hosts can be identified:
metaklligand based cages and noovalent bonded capsules, mainly hydrageonded, ion pairing and
hydrophobic capsule¥.

The assembly of metdiband based capsules is driven by coordination bonding between ligands and metal
centres, such as in Toset alQ & -b&& capsule (se@troduction §2, Schemel.4) and in Fujiteet al.Q &
octahedral Pd(l¥pased capsuleSchemd.6).r°

_‘ 12+

N
AN
| = N2
e wo AT
4 x NZ + 6x HoN-Pd-ONO, ———>= — /:\
~ | ONO, \'/
Y N i
NIZ _N E

Schemd.6{ (i NHzO (i dzZNB 2 T -aBaimBladimetdighid basédbayd (refer®ricé see text).

On the other hand, noitovalent bonded capsules have been defingddmnn and Rebek aecepors with

enclosed cavities that are formed by the reversible noncovalent interaction of two or moreenessarily

identical, subunit¢?2¢ KS al YS | dziK2NA OAGSR GKS Ke@RNR3ISY 062YR
of biological relevance as the main reasons that make it the favourite intermolecular force in these
supramolecular systemSome examples ofne@2 @ f Sy i 62y RSR OI LladzZ Sa | NB
dimer Gchemel.1)/wS 6 S1 F YR YI y 3 GBiherder3k Uaad tiefresotin[U]drert Ixamer

which will be the focus of this thesis.



4. The resorcin[4]arene hexameric capsule as a catalyst

Resorcin[4]agnes are well known macrocyclic compounds, easily synthesized by means-ochtatyded
condensation of an equimolar mixture of resorcinol and an aldehyde in soltititrpugh solventfree
synthesis options have also been reportédin 1997, MacGillivragnd Atwood were able to demonstrate

that, in the crystal state, six molecules of resorcin[4]arene assemble into a hexamer by combining with eight
water molecules via spontaneous formation of 6QHD--O hydrogen bonds, with each water molecule
establishingthree bonds with the OH groups of three adjacent resorcin[4]arene monomers, and each
monomer bonding with four adjacent monomerSchemel.7).2 It was later proven thatGundecyt
resorcin[4]arenel preservesthe same supramolecular structurés( 8HO k Gr) when dissolved in wet
apolar solvents such as chloroform and benzene, with six to eight solvent molecules filling it&*cavity.

. S ‘..
BLLNE " S =

&}t’%%}/ "snub cube"

R = (CHy)41CH3 38
1 15 -8 H20 = CR

Schemd.7 3D structure of the selissembled>-undecyiresorcin[4]aene capsuléreferences of the image®).

Some important properties of capsuli are:

 its relatively large siz&€&xWad NP dza3Kf & &LIKSNRAROIFf Ay dSNYIlAandl GA i
a volume of 1375A3 allowing it to encapsulate several small mediumsized guests;

91 the reversible nature of its assembly, which allows for easy entrance and egress of guests, probably
08 gl & 2F | AGLRNIIfé¢ YSOKFyAay O2yairaitAiy3a Ay
exposes the internal cavity to the Busolution?®

9 its capability of losing Hrom one of its OH moieties and of delocalising the resulting negative charge
over the entire hexamer, which mak&s much more acidic than its individual monomérswith a
pks of roughly 5.6 compared to a pkof about 9.3 for resorcinol,

1 the presence of 24 aromatic rings that give rise to an inwgirected electronic density distribution,
which makes the environment of the cavity very electrigh and therefore particularly suitable to
host cationic species, sbh as ammonium ions or transition metal catalysts, and elegp@or guests
like isocyanides and aromatic compounds with electnathdrawing groups.

Due to its spatially constrained, acidic, and electrimh interior, the resorcin[4]arene capsule has a great
catalytic potential, permitting stabilisation of cationic and/or electqooor substrates, transition states and
intermediates and possibly unlocking reaction pathways which would not be favoured dolpdaghe bulk
solution.

The catalytic behaviour of capsulrhas long been a subject of research in the laboratory where this thesis
work was carried out, both as a stoichiometric nameactor and as a proper catalyst itself. For example,
Scarso and cworkers found thatG can strongly alter the product distribution in alkyne hydration reactions

10



catalysed by a cation NH&LI(I) compleX and of the amide formation reaction mediated by a carbodiimide
cationic coupling agentSchemel.8).2 Scarso and cworkers also reported tha€k can efficiently catalyse
isocyanide hydratior® 1,3-dipolar cycloaddition between diazoacetate esters and elecpoar alkenes?

and cycloaddition between an azide and an isocyafiidés noteworthy that these reactions progss better

with smaller substrateg which are more easily encapsulate@nd are greatly hindered by the competitive
encapsulation of cationic guestBt (Schemd.9). Several research groups also investigated other reactions
catalysed by the resorcin[4jane capsule, enriching the corresponding literature with numerous
examp|e§2,33,34,35,36

\/
: [\ _ water-saturated 0
NN Z benzene-dg
Y +
Alu N 70°C, 30 min
oTf N quantitative
a)
+ 0 +
water-saturated benzene-dg
4% 9
70°C, 400 min 12% ° 12%
IAUQ [Au]
)
O
N NN
N
Cr (2 eq), water-saturated CDClj3, 60 °C, 18 h N/\/\ 15% H
N
/\N_’ -~ NMe;, * HCI @ eq) 50H0/
C) “NH, ° 0
1eq o /\/\/\/\/\)J\N/\/\
NN H
Teq NH, /\)LN/\/\/\/\ 4%
H
o 8%
~Aon ]
1eq o
/\/\/\/\/\)J\ ?
Toq OH /\N_’C—,N\/\,NMez “HCl (5 6q), 60 °C, 18 h o /\/W\/\)LN/\/\/\/\
water-saturated CDClg /\)LH/\/\ 17 % .
28 % (e}
O /\/\/\/\/\)J\N/\/\
/\/LH/\/\/\/\ 12 % H

18 %
Scheme |.NHCAu(I) complexcatalysed hydration of-phenytl-butyne with and without encapsulation with{ (a)
and mechanism explaimg the formation of the unusual :d@hydronapthalene product due to folding of the substrate
(b). Competitive coupling of carboxylic acids with aliphatic amines mediated by a cationic carbodiimide coupling agent
in presence and absence@f{(c); noticehow the presence dizfavours the conversion of smaller substrates, which
are more readily encapsulated (references: see text).

11



Conditions: i) Cr (10 mol%)
ii) no Cg
iii) Cr (10 mol%), [NEt4][OTf] or [NEt4][BF,] (1 eq.)

,C  water-saturated CDCl3, 60° C, 18 h H H 1)>98%

4

N S~ i ii) 0 %

a) M o iii) <5 %
? 0
\)J\O/ (1eq.)

N i °
water-saturated CDCl3, 50° C, 48 h ~ 'NH Ii)i)7(?°//°
0
. iii) 0 %
(0]
(0]
(0] \N+
b) >\/ \ﬂ/\ SNT —
o o)
(1eq.)
AN
\)J\o i) 18 %
water-saturated CDCl5, 50° C, 48 h ii) 0 %
/\/\ iii) 5 %
_ ll\ll N
,C + water-saturated CDCls, 60°C N="% .
N, E GN 598 %

\ Ao
c) 7 Slli /~7 iilil) 33 %

equimolar quantities

Scheme |.9socyanide hydratioma], 1,3dipolar cycloaddition between a diazoacetate ested @an electrorpoor
alkene b), and cycloaddition between an isocyanide and trimethylsilyl azide catalysed by dagsyleotice how the
presence o€k favours the conversion of smaller substrates, which are more readily encapsulated, and how the
reactons are hindered by the competitive encapsulation @fHteferences: see text).

5. New reactions catalysed by the resorcin[4]arene capsule

5.1 Imine formatiorvia condensation adin electronpoor aromatic aldehyde and an isocyanide
5.1.1 Overview

As gated above, isocyanides are excellent guests for cap€ulevhich also promotes their attack by
nucleophiles like water and azidesitfoduction §4). The former compounds are generally considered of
great synthetic interest because of the unique charast@s of the carbon atom in the isocyanide moiety,
which can function as either an electrophile or a nucleophile depending on the chemical sééttdriahe
famous Passerini and Ugi multicomponent reacti®en isocyanide moiety acts as both a nucleitghnd

an electrophile, and is completely incorporated into the final product.

wS08yidftezr {OFNE2QA YR ¢ASFSyol OKSNDRA NBASHNDK
has no precedent in the literature. The reaction consists in a couphgeen an electrogpoor aromatic
aldehyde and an isocyanide in the presence of a catalytic amount of ca@sulth the irreversible
expulsion of a molecule of carbon monoxide as the thermodynamic driving fecteine 1.1)2

12
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a) Passerini

R o. R
I &
o oY 0
L —
® o
RNsC._ RFR R\N/)}<0H R N)S(O\H/R
R R HRR o
b) Ugi
S)
(0] R
\n/‘j H‘%’R /g
(o} (J\ . o&?‘ . o R
®_1o R 7 R R. = N.. R. N__R
R—r\lfc.\/‘ N R N e
H
R R RR o
c) Hydrolysis
® o aq. acid ag. acid
R—-N=C —— > R-NH — > R-NH,
\CHO slow
d) this work:
1 (10 mol%)
O_L2 + OHC R
R-N=C D VS —— N
Ar (CDCl) N“ “Ar
60 °C
3 4 5

Scheme |.1@verview of some reactions of interest involving isocyanides.

Initially, it was observed that heating to 50 °C a solutiotedfbutyl isocyanide3a, 4-nitrobenzaldehydetla
and resorcin[4]arendl in de-acidified chloroformad (filtered through basicALO;) yielded an unexpected
product: imine5aa with one fewer carbon atom with respect to the initial reactants. The identity of the

product was confirmed by comparison with NMR spectrébad present in the literature.The reaction

conditions were optimised as follows: 60 °C, isocyanide:aldehyde ratio of 2:1 and 60 mbWilofespect
to the aldehyde (equivalent to 10 mol% @f). Several control experiments were conductéchifle 1.) to
confirm the catalytic role of the capsule in theaion:

1

substitutingGe with an equal amount of acetic acid, agBsted acid with a pkcomparable to that of
Gk (seelntroduction &4), yielded no product;

substituting Gz with 24 eq. of rhexytresorcinol with respect t@la, a number of capsule subunits
equivalent to 10 mol% dfx, yielded no product;

running the reaction withouGryielded no product;

running the reaction with an added 1 eq. of higffinity guest EAN* (in the form of [NE{[BF] 2a)
resulted in a much lower yield compared to the reactmnducted without BN,

The former two results indicated that the reaction is not promoted either by the acidic natuterafr by
its capability of establishing-bbnds, whereas the latter two results validate the hypothesis that the inner
cavity ofGs be in fact responsible for the catalytic effect.

13



Table 1.1Control experiments for the reaction betweeidrobenzaldehyded@) andt-butyl isocyanide3a.

Entry # | Additive Yield [%}
1 + - 39
2 - - no conversion
3 - HOAc {3.3 mM no conversion
HO OH
4 - \C(/\/\/ decomposition
(320 mM
5 o+ [NEt][BR] (2, 133mM) 7

[4d8] = 133 mM, Ba] = 266 mM, 1] = 80 mM, 0.5 mL CR($0 °C, 24 h; +: presenceabsence® determinedby *H NMR
spectroscopy.

5.1.2 Reaction scope

Thealdehyde scope of the reaction wasxploredby attempting the reaction betweetert-butyl isocyanide
3a and several aromatic and aliphatic aldehydéb-ih). Electronwithdrawing groups were found to be
crucial for reactivityg possibly due to them being a requiment for encapsulatiorg as electrorarich and
aliphatic aldehydedh-m showed no conversion. The isocyanide scope was also investigated «3ilgg@
5-nitrobenzaldehyde4g and a series of isocyanid&b-h: several primary, secondary, tertiary and even
aromatic isocyanides reacted successfully; remarkably, only the isocy&gjded 3h, which contain an ester
moiety, displayed no conversioB¢heme L1, Table .2 Table 1.3.

CHO FsC CHO
@/ CHO O,N CHO CHO \Q/
’: ::No :/\: FC’::NO
N02 2 Cl 3 2 CF3

4a 4b 4c 4d d4e
CHO
SV
41* 4m*
o (o}
7I\NC M ©/\ MeOJ\/NC EtoJ\/NC
3h* 3i*

Scheme |.1Aldehydes and isocyanides on whibe reaction was tested. The substrates in the red boxes did not show
the desired reactivity.
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Table 12 Aldehyde scope of the reaction between isocyaBaland aldehydeda-f in the presence dir

Entry#  Aldehyde Product vield Entry #  Aldehyde Product Vield
O (%)

O,N NO, 60 cl cl 77

1 \©vo >fNV©/ o° 4 OzN/CQO XN%IJ\NOQ 0P
4a 5aa 8° 4d 5ad 8°
Q 41 FaC NO, OZL\@CFS g5

L D o 8] O 0T
4b 5ab 2 4e 5ae 25°
C. . roosl, L0 & e

3 NO, oS | 6 . 0 >(N\ o, O
4c 5ac =) 4f £af <1

[4] = 90 mM, Ba] = 180 mM, ] = 54 mM, 0.5 mL watesaturated CDg,|60 °C, 24 ) Determined by*H
NMR ® no 1 added;® [2a] =90mM (10 eqg. with respect to the capsule)

Table 12 Isocyanide scope of the reaction beemealdehydeld and isocyanide8b-I in the presence dix

- Yield - Yield
Entry#  Isonitrile Product Entry#  Isonitrile Product

(%5 (%5

94 NG @( o, 13

) W i@f o CQ DS I
28° 3g 5qd <I°

86 0 /Ow/\N/ NO, 0

@ ©/\ /j©/ ob 5 \OJK/NC o) ;D/ QP

19 3h 5hd 0°

90 o) ~_ O N NO, 0

@ ©/L ﬁ ¢ 6 oM LSy 0

o 3i 5id 0°

[4d] = 90 mM, 13] = 180 mM, {] = 54 mM, 0.5 mL watesaturated CDg,|60 °C, 24 ) Determined by*H
NMR ® no 1 added;® [2a] =90mM (10 eqg. with respect to the capsule)

5.1.3 Mechanistic study

The first step taken to investigate the mechanism of the imine formation reaction was to prégadabelled
l-adamantyl isocyanide3c* and have it react with -2hloro-5-nitrobenzaldehyde4d and 2nitro-4-
trifluoromethylbenzaldehydde, leading to the formation of unlabelled iminBedand5ce respectively; the
identities of5cdand5cewere confirmed byH NMRspectroscopy and GC/MScheme I.1p This indicates

that the N-C bond of the isocyanide moiety is cleaved during the reaction, presumably releasing the
corresponding carbon atom as carbon monoxide, which was indeed detected in the atmosphere over the
reaction mixture.
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N13C NO,
°H°:©/N°z Cr (10 mol%) @\ //\Q
+ > N
ol 60°C, 24 h, CDCl, o
d

3c* 4d 5¢
N'3c
OHC NO
. 2 Cr(10mol%) @\N/
cl 60°C, 24 h, CDCl4 CF3
O,N
3c* 4e 5ce

Scheme L2 Reactions betweetGlabelled isocyanid8c* and aldehydegd and 4e.

Almost no literature was found regarding the cleavage of the bbnd of isocyanides, with the exception of

a BE-mediated reaction between isocyanides and ketones which was stinietbehet al., Fujiiet al,, and
Kabbe §cheme 1.134442 However, Scarso and Tiefenbacher concluded that the mechanism of their
reaction had to be differenfrom those proposed by the former authors, as neither amidsor oxetane8

were detected in theeaction mixture.

0 °C, higher concentration of BF; H,O R R" w__
> - = H, + R"—NH,
0 BF °
r L+ 2R—-NC 2 6 7
R' ' R o RII
-78 °C, lower concentration of BF3 —N’
v RI
|
N
Rll
8

Scheme |.1Products obtainable through the Bediated reaction between an isocyanide and an aldehyde
(references: see text).

Since some further experiments indicated that there was a positive ordealf@omponents (isocyanide,
aldehyde and capsule), a pathway based onyaloaddition/cycloreversion metathedike mechanism
including the formation of an oxazetidine intermedi&evas hypothesized (red profile Bcheme 1.1}t Due

to the very high atvation energy that was computed for the formation 8f however, this mechanism
seemed unlikely. Therefore, molecular dynamics simulations revealed a possible alternative pathway
characterised by much lower gatase energy barriers, including the fornmat of iminooxiran€el0, which

would isomerise to aziridinongl before decomposing into imingaaand carbon monoxide (blue profile in
Scheme .11

Literature research revealed that a differently substituted iminooxirane was found to quickly isomerise to
the corresponding aziridinorf€.Moreover, aziridinones were reported to decompose upon heating above
75 °C into the corresponding isocyanide and ketone or into a mixture of unsaturated amides through an
iminooxirane intermediate§cheme |.13* This, togeher with the lower activation energy barriers involved,

led to the conclusion that the blue pathwagdheme |.1)tis the most likely to represent the actual
mechanism. This idea was further tested by independently synthesizing aziridihpwhiose structoe was
confirmed by Xay crystallography, and heating it to 60 °C in wataturated chloroforrad in the presence

and absence of capsulg. In the presence ofz, a mixture of aldehydda (24% yield) and imin&éaa (16%
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yield) was formed; in the absencé@, however, only imin®aawas produced (92 % yield). This may be due
to the Bmwnsted acidity ofGs, which could promote the hydrolysis of imi@a into the corresponding

aldehyde and amine. No other decomposition products were detected, and therdferblue pathway is
considered plausible.

+66.0
2614
hr_i\@,noz ._..
R e

>|/NC OHC\©\
NO, X
3a 4a

0 .
H +CO
1 7 ‘N4\©\
5aa

Scheme |.146asphase energy profiles for the proposed mechanisms via formation of oxazétidjresl pathway) or
iminooxiranel? (blue pathway)relative energies given in kcalbh calculated for T = 323 K.

NO,

Qs
TR |
>I\N¢&:/R _>§\NC+R)]\/R'

Scheme |.1Pathways for the thermal decomposition of aziridinones (reference: see text).
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5.2 Unusual reactivity of 1-@iphenylallyl cation promoted by the resorcin[4]arene capsule

Recently,preliminary experiments SR o6& { OF NE2Qad NBXaSINOK INRag] 3l 3S
1,3diphenylprop2-en-1-0l 12to 60 °C in the presence of capsGign a solution of CDgled to the formation

of a species with a characteristic bliily broad*H NMRpeak at 4.67 ppmHigure 1.). Literature research led

to the conclusion thathe observedspeciesvasl-phenytlH-indenel4.

It has already been shown that caps@ean have an effect on several reactions involving alcohol substrates
which eliminate water and form carbocationic intermediates. For example, capgguigas shown to
efficiently promote dehydration of an alcohol to the corresponding alkeaed dehydrative cyclization and
subsequent rearrangement of unsaturated tertiary dlots to form substituted cyclopenteneScheme
116)%Lid 61 & (Kdza Keé L2 GKSaA infye fedponsible fok the pedtondiodzan8 Q& |
subsequent dehydration of2, leading to 1,3liphenylallyl carbocatiorl3 which can be stabilised by the

c- LJ& dzf S Q &ich $hheb cvitN@hére itan rearrange to its cisoifbrm and undergo intramolecular
allylation with an electrophilic aromatic substitutietype (SAr) mechanisniScheme |.1).

This result prompted the idea to fully investigate the gutial of capsulékto stabilisecarbocationl3, for
instance to achieve intermolecul&Ar allyiation of other aromatic substrates. This possibility was then
assigned as second aim of this thesis work.

t

D 75 70 6.5 6.0 55 50 45 4.0 35 3.0 2.5 20 15 10 0
f1 (ppm)

Figure I1.1*H NMRspectraof a solution of 75 mM2and 45 mM ofL in CDGlafter 0 @), 1 p) and 17.5 (c) of heating
at 60°CL : peak of product 4.
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+

Cr (10 mol%) OH> -H,0 20’“) e
_ > — = —_—
e ()T oy U

CR=

Cr (10 mol%) - H20
_—
OH CDCls
b) |
Wagner-Meerwein H*
1,2-hydride shift ring expansion B

Scheme |.1®roposed mechanism for the dehydration ofdigghenylethanol to 1 Hiphenylethyleneg) and for the
dehydrative cyclization and rearrangement of an unsaturated tertiary alcohol to a substituted cyclopentene promoted
by the resorcin[4]arene capsule (references: see text).

QQ

Scheme |.1Proposed mechanism for the dehydratiordaubsequent intramolecul&Ar allylation of 12 to yield
product14 promoted by the resorcin[4]arene capsule.
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Aim of the thesis

1. General

The focus of this thesis work was twofold: on one hand we sought to finalise the research on the imine
formation reaction [ptroduction 8§5.7) so that it be ready for publicatigmand on the other we studied the
reactivity of 1,3diphenylpropenoll2in the presence of the resorcin[4]arene capsule, investigating whether
the 1,3diphenylallyl cationl3 could be sed as an electrophile for intermolecular electrophilic aromatic
substitution reactions with several aromatic substrates.

2.Imine formationreactionvia condensation ofn electronpoor aromatic aldehyde and an isocyanide

The first matter at hand was teeplicate the control experiments for the model reaction betwedn
nitrobenzaldehydeta andtert-butyl isocyanide8a(seeTable 1.) under the optimised conditions that were
used for the testing of the reaction scope. Said conditions are as followsOT&, Beaction time t = 24 h,
[3a] = 180 mM, 4a] = 90 mM, 1] = 54 mM (corresponding to 9 mM Gf) in 0.6 mL of deacidified CRdne
further control experiment was carried out, which consisted in performing the same model reaction in the
presence of DMQOds, which is able tanteract throughhydrogenrbonding withl, thereby preventing it from
selfassembling intdk.

In order to further demonstrate that the reaction takes place within the cavity of the resorcin[4]arene
capsule, we set ourselves the goabynthesizing a particularly sterically encumbered elecfvoar aromatic
aldehyde and of having it react with an isocyanide in the presence of the capsule. It is expected that the
larger the size of the substrate, the lower the expected yield wouldrbés would serve as extra validation

of the hypothesis that the inner cavity Gkisindeed responsible for the observed catalytic effect.

efficient encapsulation

no/insufficient encapsulation

Scheme A.Principle of the control test of the reaction between a stericalbustbered aldehyde and an isocyanide.

We then movedurther, expanding the reaction scopey reactinga series of aldehydesith 1-adamantyl
isocyanide3c. We also sought to synthesize, purify and characterise all the imine products which had not
been prevously reported in the literatureJcheme AL, see alsdscheme R2).
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28 @““@“

CF;
5af
Cl Cl Cl
« M
NO2  geq Oz spd NO; s5gd

Scheme A.2mines produced by Scarso and Tiefenbacher during the initial investigation of the imine formation
reaction scope whose characterisation datasmot present in the literature.

Lastly, in order to further validate the mechanigroposedin Scheme |.14we decided to attempt to
observe the aziridinone intermediafel over the course of the reaction between aldehytieand isocyanide
3a. Aziridinore 11 was synthesized and isolated and its characterisation datae made available by
¢ ASTSyol OkesmERuEs a@INBcdzsbn@&] Bigure R.@&andFigure R.J.

3. Reactions of the 1;8iphenylallyl cation promoted by the resorcin[4]arene capsule

Differently from the imine formation reactiomhe researchonthe reactivity oftrans-1,3-diphenylprop2-en-
1-ol 12was in itsinitial stages optimization and scope of the reactiohlence we set out to investigate the
behaviour of12 in the absace and in the presence of capsulé as well as in combination withther
substrates.

At first, several control tests were executed to confirm thae catalysis ofthe dehydration and
intramolecularSéAr allylation of12is indeed attributable to the inner cayibfGs. This led us to discover that
12displays an interesting, multifaceted behaviour in its interaction witnBted acids, which we examined.

Consequently, we tested the reactivity of the Hiphenyl allyl cationl3 in electrophilic aromatic
substiutions (SAr) with a variety oklectronrich aromatic compounds, attempting to provide proof of a
wide reaction scope. A regioselectivity question arose when reactions beth@and akoxyphenols were
performed: examining this phenomenon, we found thating capsulék as catalyst instead of a generic
Bregnsted acid significantly changes ttlistribution of theregioisomes. In order to prove the exclusive
characteristics of the catalytic activity of capsGign these 8Ar reactions, control tests weramied out.
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Results and discussion

1. Imine formation by capsuleatalysed condensation of an isocyanide and an
electronpoor aldehyde

1.1 Control tests: reaction betweep-nitrobenzaldehydeta and tert-butyl isocyanide3a under optimised
conditions

Previously, control tests for the capstdatalysed imine formation reaction had been carried out under-non
optimised conditions (seéntroduction 85.1.1and Table I.). It wastherefore decided to repeat such
experimentto consolidate the results undeptimisedconditionsconsisting in running the reaction @0 °C,
with anisocyanidealdehyde ratio equal to:2 and 60 mol% of resorcin[4]arerigequivalent to 10 mol% of
capsuleCy) with respect to the aldehyde. An eamplation of the conditions of the control experiments can be
found inTable R1, whereas the results are displayedliable R.2As mentioned irAim of the thesis §2one
further control experiment was addedonsistingn conducting the reaction in the presence of DM&D
which is able to bind through Hbonding, hindering its selissembly intdG. As expected, all theontrol
testsconfirmed the crucial role of the assembled capstién the specific catalyzed reaati.

Table R1 Conditiors of the controltestsfor the reaction between-Mitrobenzaldehyded@) andt-butyl isocyanide3a.

Test Conditions Principle Expected
# result
1 60 mol% of 1 (equivalent to 10 mol% Reaction condeted normall Normal

of capsuleX®), no other additives y yield
5 No1, no other additives Without catalyst, the reaction is nc No yield
expected to occur
Acetic acid has a pKimilar to that ofGg; this
. . aims to prove that the reaction is nc .
0
3 No1, 10 mol%of acetic acid catalysed bythe Brgnsted acidity of the No yield
capsule
Nos, 24 6q, of ehegesoranol (2 118 4TS 10 frve 0t e eacton e
4 quantity of capsule subunit y y property No yield

units to interactwith the substrates via H
bonding

NEt is a very competitive guest foGg,
5 60 mol%ofl, 1eq?of [NEt][BR] 2a making the inner cavity of the capsu Low yield
inaccessible to the substrates

DMSQ@ds binds 1 through Hbonding, No/low

preventing it from selassembling int&: yield

equivalent to 10 mol%of capsule)

6 60 mol%8of 1, 10 eq? of DMSQds

2 with respect to the aldehyde.

ke
@O >( NC several tests N
+ _—--—
O5N O5,N
3a

4a

Scheme R.Model reactioradoptedfor the control experiments

baa
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Table R.ZResults of the contraéstsfor the reacton between 4Nitrobenzaldehydda andt-butylisocyanide3a.

Test# G Additive Yield [%}
1 + - 49
2 - - no conversion
3 - HOACc (10 mol% no conversion
HO OH
4 - \©i/\/\/ decomposition
(2.4 eqgP)
5 + TEABKH2, 1eqP) 7
6 + DMSGds (10 eq?) no conversion

T =60 °C, t=24 h, [3a] = 180 m¥] = 54mM, [4a] = 90 mM, 0.6 mie-acidified CDCGl +: gpesence;-:
absence?determined by*H NMRspectroscopy®? with respect to the aldehyde.

1.2 Expansion of the reaction sge

Feeling that the scientific validity of this work could benefit from the expansion of the reaction scope (see
Introduction 85.1.9, we attempted the reaction between-ddamantyl isocyanid8c and a series of
aldehydedta-g. Yields greater than 80 wereobserved in all casespecifically 80% in more than half of the
reactions. Almost always, the yields were higher than those obtained for the reatt&iween the same
aldehydes andtert-butyl isocyanide8a, except in the case oftfifluoromethyl-2-nitrobenzaldehydele (see

Table 1.2. We also attempted the reactidmetweentert-butyl isocyanide3a and pentafluorobenzaldehyde

4g(a new electron poor aldehyde never tested befoaiall between 2naphtyl isocyanid&f and 2chloro-5-
nitrobenzaldehydeld (see Scheme I.1)L The results are presented ireble R.aandTable R.4

Table R.Results of the reactions betwe@mncyanideBaand aldehydelg and betweer3f and 4d.

: Yield
Entry # Isocyanide Aldehyde Product (%}
F F
NC F F F \NJ<
1 X . 0 . . 89
3a F F
49 5ag
e ° 9
SOOI TY
2 o P @\fl 36
3f 4d 5fd

[4] = 90 mM, 8] = 180 mM, 1] = 54 mM, 0.6 mL dacidified ©C}, 60 °C, 24 ) Determined by*H NMR
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Table R4 Results of the reactions betweeraflamantyl isocyanid8cand aldehydeda-g in the presence ofk.

Yielc Yielc
Entry#  Aldehyde Product Entry 4 Aldehyde Product
(%} (%)
N\ N\
1 @vo @/ 91 5 @;0 @ 83
42 5ca de 5ce
CF, CFs
2 oN 9| 6 .. _o @ oFy 62
4b 5ch 4f 5t
F F
OaN F F F F
= Ns o Ny
3 NO, @ 66| 7 F i @ 7 F 90
4c 5cc 4q 5cg

0
N
4 ozwj\:@o Y No: g6
4d 5cd

[4] = 90 mM, 8] = 180 mM, ]] = 54 mM, 0.6 mL dacidified CDGJ| 60 °C, 24 ¥ Determined by*H NMR

1.3 Synthesis andharacterisation otinknownimine products

Several imine products obtained throughout the examinatad the reaction scope are not reported in the
literature (SchemeR 2), so it was necessary gynthesize and purifthem and obtain their characterisation
data.

Sinceert-butylaminel5a tert-octylaminel5b, benzylamind 5dand kphenylethylaminel5ewere available
in the laboratory, imineddd, 5ed and 5ad-ag were synthesized via condensatiah the corresponding
aldehydeamine pair. Sinceert-butylaminel5ais a very volatileliquid (boiling point 45 °C)bad-af could
be producedby neat reaction ofa 5:1 aminealdehyde solution in a sealed vial under heatatgl00 °C
Complete conversion was confirmed By NMRspectroscopyafter 3-3.5h of reaction, at which point it was
sufficient toremovethe excess aminby distillation under reduced pressuyraffording the product in near
guantitative yields $chemeR 3). The reactions were conducted in an inert atmosphere to preogidation
of the aldehydesnto the correspondingcarboxylic acids.

When the same method was employedth pentafluorobenzaldehge 4g, a*H NMRspectrum of an aliquot
of thereaction mixturendicated that the reaction had not progressappreciablyevenafter a day. Believing
that this wasdue to havingreachedthe equilibrium between the condensation reaction and the hydrolysis
of 5ag molecular sieves were added to remove water from the mixture and push the equilibrium towards
the imine product. After an additional day ofaction, the sieves wereemovedand the volatiles were
removed by rotary evaporation, affording a yellow which was found to contain at least three different
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compounds upon TLC analysis. Preparative TLC was employed to attempt to purify the components of the
oil, leading to the collection of two yellow oily fractions which were analysét{and°F NMRspectroscopy

(Figure R1). The resulting spectra showed only a weak resonance compatible with the desired imine product,
and the presence of many resonances both in‘fffespectrum and in theliphatic zone of théH spectrum

led us to hypothesize that nuwsbphilic aromatic substitution (Br) had occurred SchemeR4); this
hypothesis was validatelly literature research showirtat pentafluorobenzaldehydes in fact susceptible

to SWAr with aliphatic amine$’

Believing thatthe SVAr reaction could be limied under lessharsh conditions, synthesis dbag was re
attempted by having aldehydégreact with a 50 % excess of amiBein chloroformd at 60°C; the progress
of the reaction was monitored frequently Bt NMRspectroscopy in order to ascertain thad SWAroccurred
andcomplete conversion was achieved aftdn.& he excesof amine was then removed by employing rotary
evaporation for the shortest time necessaig orderto limit the evaporation ofsag which is also volatile
This afforded the purproduct. Similar methods were used to successfully synthesize and pddfnd5ed
(SchemeRb5).

Cl NO F
2
N J< J< FaC N J< F N J<
I CARRATRN pea
FsC F F
NO, CF; F
5ad Sae 5af 5ag
cl Cl Cl cl
NS NS
5bd 5dd 5ed 5gd
N O
OAN OZNI j\\N SN N
O,N
5ca 5cb 5cc NO, 5cd
X FsC
©/\ N /@/%N@ 3 \QAN Fj@f%N
FsC ! F F
NO2 54 Sce F3 e 5cg

Scheme R.Mmine products whose characterisation data was not present in the literaftieimines highlighted in
greenalk o0f dz§ | NBX NBaLISOIA@Ster TNRY {OFNE2 yYyR ¢ASFSyYyo
reaction scope carried out for this thesis.
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0
R | ° /L<:
|\\ . >(NH2 neat, 100°C | SN \N
Ar, 3-3.5 h
— : S =

4d: 2-CI-5-NO, 15a R 5ad: 2-cl-5-NO,
de: 2-NO,-4-CF 5ae: 2-NO,-4-CF4
4f: 3,5-(CFa), 5af: 3,5-(CF3),

Scheme R.&eneral method for the synthesis of imikest-af.

F O F ? F O o
| F H | F
F . N e
NH, neat, 100 °C, 2 days X 1
+ >‘/ + + |
. . . HN F . . F N—H
F a /’\ F F F /*\
16b 16

49 16a c

Scheme RL.Possible @&\r reaction between aldehydly and amine3ato formtert-butylaminosubstituted products

16ac.
R4
X R
R | CDCly, Ar N2
X + R-NH, |
| 25-60 °C, 4 h - 4 days =
= ::: F;f gf';i)if 5ag: Ry = 2,3,4,5,6-Fs, Ry = C(CHa)s
4d:R=2-CL5-NO, 39" R = ot 5dd: Ry = 2-CI-5-NO5, R, = CH,Ph
4g:R=234,56-F5 1°¢ R=CHPh 5ed: R = 2-C15-NO;, R, = GH,Ph

CHs CHs

Scheme R.&eneral method for the synthesis of imifeg, 5dd and 5ed.

Seeing atert-octylaminel5b, l-adamantylaminel5¢ 2-naphtylaminel5fand 1,6dimethylanilinel5gwere

not immediately availabléor the direct synthesis with the aldehydit was decided to attempt to synthesize

the iminesfrom the corresponding isocyanideéy means ofthe capsulecatalysed reactionchemeR 6) in
0.2-0.7 mmol scale with the added purpose of proving the validity of the reaction as a chemical synthesis
tool. This was firstinvestigatedon the reaction between pentafluorobenzaldehydig and tert-butyl
isocyanide3a, in order to optimise the methodRurification by preparative TLC failed, presumably due to the
presence of a relatively large amount of resorcin[4]ardnevhich saturated the initial portion of the TLC
plate and caused celution of the other species present in the mixtu(gigure R2). Therefore,it became
apparent that, in order to achieve good chromatographic separation, resorcin[4]arene would have to be at
least partially removed fromhie reaction mixture beforehand.
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Figure R.2- (a) and'®F NMR(c) spectra of the first fraction antH (o) and**F NMR(d) spectra of the second fraction
obtained from the preparative TLC separation of the mixture of the reaction betgesmd 15a. Given that the
second fraction shows only one amnebtresonances in thidd and**F NMRspectra respectively, it is plausible that it
contains pure 4tert-butylamino}2,3,5,6tetrafluorobenzaldehydd 6a, whereas the first fraction likely contains a
mixture of theortho- and meta-isomers as well as othér-products
Over the course of the laboratory work,vitas observed that resorcin[4]arene was scarcely eluted in TLC
analyses by cyclohexamghyl acetate eluent mixturesvith ethyl acetate in 1810% range. It was thus
RSOARSR (2 | G3GSWE SN | BNIB[4aréhefdin tiiIBeaiaNddiktyravith silica
gel: successful removal was achievysdsolventevaporaton by rotary evaporation, r@lissoltion of the
resulting solid in aappropriate cyclohexanethyl acetate mixturend filtration through silica gel in a funnel
(Figure R3). It was found empirically thasbout 15-20 cm?® of packed silica gevere needed to successfully
remove 100 mgpf resorcin[4]areneUnfortunately, though, silica gel proved to be able to promote acid
hydrolysisof the imine products upon filtration of the mixture. This problem was solveadddingc 1%
triethylamine to the eluent solutiorOnce resorcin[4]arene was removed, it was then possible to successfully
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purify the imine products via column chromatography silica gel wh an appropriate cyclohexarethyl
acetate eluent mixture basified with1% triethylamine

In_summary imines 5bd, 5gd 5fd and 5cacg were obtainedvia condensation of the corresponding
isocyanidealdehyde pair in 2:1 ratio catalysed by m@1%Gsin CDGlin a0.2-0.7 mmol scalewhich is4-13
times larger than the reaction conditionmeviouslyused for the common testsThe volatiles were then
removed by rotary evaporation and the remaining solid \wasfied of resorcin[4]arene by filtion on a
silica gel plug, as described aboVée resulting solutiorwas treated by rotary evaporation to remove the
solvent. This afforded the final product in the cas&bd, as isocyanid8b was volatile; in the other cases,
it afforded a solidrom whichthe imine product was isolatdaly column chromatographyas described above.
The details regarding the experimental procedures are availatitejerimental section §2.8nd the spectra
of the products are reported i€haracterisation data 81

©c

0 Il R{ ~ H
R | ®N 10 mol% Cg N N/N\R
XN+ R - | ’
| CDCl3, 60 °C, Ar, 1-6 days =
= 3b: R = C(CH3);
43R = 4-NO 3c: R = 1-adamantyl 5bd: Ry = 2-CI-5-NOy, R, = ‘?2><><
4b:R =3 N02 3f: R =2-naphtyl 5gd: R, = 2-CI-5-NO,, R, = 1,2-dimethylphenyl,
s T ITINM2 39: R = 1,2-dimethylphenyl . = 2_Cl-5- =2

4c: R = 2-NO, ylpheny 5fd: R, = 2-CI-5-NO,, R, = 2-naphtyl

5ca: Ry = 4-NOy, R, = 1-adamantyl

5cb: Ry = 3-NO,, R, = 1-adamantyl

5cc: Ry = 2-NO,, R, = 1-adamantyl

5cd: Ry = 2-CI-5-NO,, R, = 1-adamantyl
5ce: Ry = 2-NO,-4-CF3, R, = 1-adamantyl
5cf: Ry =3,5-(CF3),, Ry = 1-adamantyl
5cg: Ry = 2,3,4,5,6-F5, R, = 1-adamantyl

4d: R = 2-CI-5-NO,
4e: R = 2-NO,-4-CF5
4f. R= 3,5-(CF3)2
4g: R =2,3,4,5,6-F;

Scheme R.General method for the synthesis of imifdsl, 5gd, 5fd and 5cacg.
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imine product under a UVrgp. Notice how resorcin[4]arene has saturated the lower part of the plate, compromising
the separation.

Solution containing
\[\ resorcin[4]arene
';’6" ——
Funnel \)F> %
Resorcin[4]arene-

Silica gel | “saturated silica

-

To vacuum
pump &

Cotton plug

Round-bottom flask

Figure R3 Schematic representation of the apparatus used to remove resorcin[4]arene from a solution by filtration on
silica gel.
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1.4 Comparison of th encapsulation affinity dert-butyl isocyanide8aand 1-adamantyl isocyanidac

As mentioned irResults and discussion §1 the yield of the reaction between an aldehyde arddamantyl
isogyanide 3c was often higher than that of the reaction betweerhé same aldehyde antert-butyl
isocyanide3a (Figure R.J It was thus hypothesized th&c coulddisplay a greater affinity thaBa for the
inner cavity of capsul€g, thereby being more readily encapsuddtand readhg more quickly. @ investigate

the extent of the encapsulation &&a and 3c, NMR titratiors were carried out. &t each isocyanide, four
solutions in chloroforrrd were prepared, containing 1 equivalent of capseand 1, 5, 10 and 20
equivaknts of isocyanide, respectiveld NMRspectra of each sampleere recorded, showing resonances
at low, backgroundree chemical shifts which are neither attributable to the free isocyanide nor to capsule
G, and are thus assigned to the encapsulatedysmide {.45 ppm for free8a, -0.53¢ -0.68 ppm for3a@ G;
2.1%1.61 ppm for free3c 0.62; -0.12 ppm for3c@GZ  dirfli€atesencapsulation Figure R7); the low
values of the chemical shift are due to the very electrimh nature of the cavitySince canges in the
concentration of the isocyanideidinot affect the chemical shifts of these resonances, but rather only their
intensities, it was concluded th#the encapsulatiorexchange phenomenon operates on a timescale longer
than that of the NMR chemicahift (seelntroduction §1). Thusjt was considered possible to calculate the
concentration of encapsulated isocyanide through the mtbthe intensitiesof the resonances, as shown
in Equation R.1

10':' T I% T T
sl 3 80 gg 90 |
83
80 ¢ 77
?D [ E’E‘
G2
— BO;
= 55
D 50r 4
= 41
}_
40
33
30 - 1
20 - 1
10 F I tcri-butyl isocyanide
I 1-adamantyl isocyanide
b 4 4d

da da af 4g

Aldehyde
Figure R.4Comparison of the yields tife capsulecatalysed reactionbetween aldehydeda-g andtert-butyl
isocyanideda (blue) or adamantyl isocyanid8c(orange).

. O 4 :
9 = - 0) h
Equation R.1IX]: molar concentration oX, lv: intensity of the resonance ¥f

Unfortunately, the resonances of the free isocyanides were covered by those of ca&pssie anther
method for calculatingthe concentrationof the encapsulated isocyanid&a@G: and 3c@& had to be
devised.In the end, with the reasonable assumption that the intensity of an NMR signal be directly
proportional tothe concentration of the correspondg chemical speciasith n-f as proportionality constant,

wheren is the number of H nuclei corresponding to the resonancefdad response factaexpressed as
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mmol?, we worked out the encapsulated isocyanittecapsuleratios (3@G/[Cr]) as shown irEquation
R.2

Q (ODH FI"O¢ y WOD % g h O4py pWOD + R
¥r (g A #H 044
i @3 i PO

Equation R.ZEquations used to calculatd@ @)/ [GH ratios. The numerical factors 24, 9 and 15 are due to the fact
that the resonancesf Gz, 3aand 3care assigned t@4, 9 and 15 protons of the corresponding chemical species
respectively

Since differeninucleihave different relaxation times, ne# NMRspectraof the sampleswvere recorded
with a longer delay time between successive scans (15 seconds insteadcohti)sén order to ensure that
the value off be the samdor all *H nuclei The'H NMRanalyses were then repeated after having left the
sample sitting at room temperature for 16 and B4to account for the possibility thagquilibrium betveen
encapsulabn and egressnight not be achieved immediatelyThe results arg@lotted in Figure R.5and
details about the calculations are availablé=xperimental section §2.4

The plots clearly indicate that each supermoledig¢ends to include several isocyaridnolecules3, with

the exact number 08@GY Grstabilising between 1 and 1.5 at high concentrations in the casedainantyl
isocyanide3c, whereas well over 2.5 molecules t@ft-butyl isocyanide3a seem to be included by each
supermoleculekat the same conditiongwhich most closely represent the conditions at which the reactions
are carried out) In general, the ratiodJ@GJ/[ G is higher for3a than for 3c, indicating thatGs tends to
encapsulate a higher number of molecules of the former., THoaever,could be simply due to the smaller
size o0f3a, not necessarily implying awer affinity of 3cfor the inner cavity ot

In order to better judge the relative of affinity 8aand3cfor the cavity of the capsule, we then calculated
the bindingconstantsksa and k. as shownin Equation R.3This calculation was carried out only on the
dataset extracted from the samples witB]{: = 1 eq., as the plots iRigure RS indicate that only in thee
conditions can the equilibria of encapsulation of higher numbers of isocyanide molecules be ne@lbeted.
results are displayed iRigure R6. Due to the very approximate nature of this calculation, the numerical
values ofK should not be considered iabsolute terms, but rather be used for comparison. Indeed, the
estimated values oK are almost always greater f@a than for 3¢, being in accordance with the above
reported results irsuggesting thaBahas a higher affinity thaBcfor the inner cavityof capsuleCs.

In conclusionsincetert-butyl isocyanide3a shows a superior tendency for encapsulation thaadhmanty!l
isocyanide3c, the greater reactivity of the latter substrate cannot be explained simply in termss of
propensity to reside in thener cavity of the catalytic capsule.

Q¢ T O ) &L
- Ql¢ FoX e OK%J i

X g h X
le E E B E

X R
0] g

Equation R.Mathematical procedure employed to calculate the binding constantséttabutyl isocyanidga and 1-
adamantyl isocyanid8c. n is equal to 9 for the former and to 15 for the lattpeciegsee caption oEquation R.}.
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encapsulated-adamantyl isocyanideo capsule 3c@@] / [(R] (b) as a function of the totatoncentration of
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Figure R6 Bar plot of the binding constants trt-butyl isocyanid®a and 1-adamantyl isocyanid8c.
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Figure R7 'H NMRspectra of a solution of 55 miand 1.1 M3a (a) or3b (b) in deacidified CDEI

1.50bservation of the aziridinone intermediald in the reaction mixture

With the goal of providing further validation to the reaction mechanisih® LJ2 8 SR o6& ¢ASFSyo
(Scheme 1.1} it was decided to attempt to detect the presence of aziridinddein the mixture of the

reaction between aldehydéaand isocyanid@acatalysed by capsulé. Aziridinonellwassynthesized and
purifiedby¢ A STFSy ol OKSNRA& 3 NdBodzildra ark §5Rollofvdi(SeésddrilireNDB dddiFS Na &

R9):

'H NMR(600 MHz, CDgi+ [ppm] = 8.22 (d3J= 8.8 Hz, 2H), 7.51 (= 8.8 Hz, 2H), 3.92 (s, 1H), 1.40 (s,
9H).

13C NMR(151 MHz, CDgi+ [ppm] = 152.0, 147.6, 143.5, 126.8, 124.0, 58.6, 44.9, 27.7.

HRMS (ESHcalc.:229.0947 [MCO+Na], found: 229.0945.

As a first experirmnt, a4a-3a-1 solution in a 1:2:0.6 ratio in chloroforshwas heated to 60 °C in an NMR
tube.H NMRspectra were recorded after 1, 2 andh®f heating, until it became apparent that the intensity
of the small resonances attributable to trace componewitshe mixture were not increasing, meaning that
the reactionhadreached a steady state of advancemedxa resonances attributable tbl were detected in
any of the'H NMRspectra

The reaction was repeated and, in orderdianinatethe interference of he resonances of resorcin[4]arene
1, the latter was removed by filtration on silica gel (seslts and discussion §1)3afterobserving withtH
NMRspectrathat the reaction proceedd in the same way as the previous iteration of the testOnce,
again,no *H NMRresonances compatible with the presence of any detectable amoudtlefere visible.
COSY and DOSY analyses similarly gave no clear indication as to the presence or abibenite ohixture.

Concluding that aziridinongl be present in a cacentration too low to be detected by NMR spectroscopy,
we analysedthe mixture by GC/MSobserving no signals compatible with the presencelaf Since
aziridinones tend to decompose above 75 °C (sé®duction 85.1.3, it was hypothesized that1 could

decompose in the GC column, preventing its detection. We thus analysed the nytione-resolution MS
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with an ESI sourcdindingno mass peakesorrespondingo 11 either in its M nor in its [M+Na]form. Just
fA1S ¢ASTSyol OKS dyasigaN®rightible vt in &sjM- EQINEOrm (exact mass
= 229.0947detected mass = 229.)8unfortunately, said signal is absolutely indistinguishable ftioat of

the imine productbaain its [M+Naj form (Scheme R.) Therefore, ibecameapparent that11 cannot be
detected by mass spectrometry analysis of the reaction mixture

In conclusion, the detection of the aziridinone intermediatewas not successful. The results we obtained,
however, @e in no way incompatible with its presence in the reaction mixture, thus not subtracting validity
from the hypothesized mechanistic pathway.
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Exact Mass [11 - CO + Na*]: 229.0947 Exact Mass [5aa + Na*]: 229.0947

Exact Mass [11*]: 234.0999
Exact Mass [11 + Na*]: 257.0897

Scheme R.Exact masses of the chemical species relevant to the mass spectrometry detection attempt of the
aziridinone intermediatd 1.
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1.6 Test of the alehydeisocyanide condensation reaction with a sterically encumbered eleqiomm
aromaticaldehyde

In order to further demonstrate the crucial role of the cavity of cap$islen catalysing the imine formation
reaction, we sought to synthesize a sterigancumbered electropoor aromatic aldehyde. This aldehyde
would then be used as a substrate in the capsule catalysed reaction with annstecyath the expectation
that it would not react, thus proving that substrates tbolky to be efficiently encaqulated cannot undergo
the particular mechanistic pathway illustrated$cheme 4.

For this role, 3,5%is(4nitrophenyl)benzaldehydein was designed and synthesizday converting 1,3,5
tribromobenzene into 3,8libromophenyllithium which was then carbdayed with DMF, affording 3,6
dibromobenzaldehyde. The latter product was converted idtovia Suzuki coupling with 2 eqf 4
nitrophenylboronic acid§cheme R.B

Br Li Ox
n-BulLi, Et,0, Ar, -78 °C, ”l 1. DMF, Et,0, Ar, -78 °C, 1h
io! O
Br Br Br Br Br

Br
N

0]
Os B(OH),
10 mol% PdClz(PPh3)2’ K2CO3 O
+ 2 >
toluene/EtOH/H,0, Ar, 90 °C, 2 days O O
Br Br
NO2 O,N NO,

Scheme R.8ynthetic route employed to obtak)5-bis(4nitrophenyl)benzaldehydén.
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Scheme R.Reaction between aldehydin and isocyanid@ccatalysed by capsulé

4n

Unfortunately, 4n proved to bepoorly soluble in mostcommon organic solvents, including chloroform,
DMSO, diethyl ether and benzendevertheless, we reactedin with 3cto see if the reaction would take
place through progressive dissolution of the aldehy@eheme F).

To our surpriseH NMRspectra of tle heterogeneousreaction mixture Figure RL0) suggestd that
aldehyde4n actuallydid react with isocyanid&cto form the corresponding imin&cn though the'H NMR
resonances of the latter copound are not reported in the literature, the resonandéeghe spectrum of the
reaction mixturesubjected to 24 of heating to 60 °@vere compatible with those that would be expected
forimine5cn The high intensity of these NMR signals, however, doeldue to a higher solubility of product
5cnwith respect to substratdn, which is probably caused by the bulky adamantly group hindérstgcking
phenomena, which most likely contribute to the scarce solubilitgrof

The solvent was removed from twdiguots of the reaction mixture by rotary evaporation and substituted
with benzeneds and DMS@ls with the aim of obtaining a completely homogeneous mixture whose NMR
spectra could be used to estimate a yield; however, all attempts to make a homogeneopie sat a
concentration compatible with NMR analysis were unsuccesstubmogeneous sample was finally obtained
in DMSQ®ds at temperatures above 80 °C, which was analysetHoMMRspectroscopy; unfortunately, the
spectrumhinted that decomposition phenuoena had occurred. A spectrum of another sample in DMSO
was recorded at 60 °C under the hypothesis that, at that temperature, prddlurctvould be completely
dissolved even thoughn was not: this would allow for estimation of the yield from the intdgraf the
former compound and of isocyanideéc, an estimated yield of 40% was thus worked oudetails in
Experimental section §2) Athough the complexity of the spectrum in the region of the resonancesof
could easily have resulted in a norgligble error, such a large figutikely indicates that4n does indeed
react successfully witBc. This led us to hypothesize thén is simply not sufficiently bulky tgrevent its
encapsulation. This hypothesis is corroborated by a recently publishedanticere Neret al. employeda
much more sterically encumberetlibstrate than our aldehydénin order to prevent it from reacting within
capsuleCk (Schene R.1(.8
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Schene R.10Comparison of our bulky aldehyde (left) and the sterically encumbered substrated by Neri et al.
(right) which was todoulky to be converted ia DielsAlder reaction in capsulg (reference: see text).
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Figure R10 Detail of the'H NMRspedra of the mixture of the reaction ischeme R.%efore the start of the reaction
(a) and after 24 of heating b). The blue and orange arrows indicate, respectively, the resonances lojaddde and
those of a reaction produclikelyimine5cn
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2. Reactivity of 1,3liphenylpropenol catalysed by the resorcin[4]arene capsule
2.1IntramolecularSAr allylationand acidcatalysed decomposition of kdphenylpropenol

As mentioned irAim of the thesis §3the first matter at hand was tascertain the crucial role of capsulg

in catalysing thentramolecularSAr allylationof trans-1,3-diphenylprop2-en-1-ol 12 to form 1-phenyt1H-
indenel4. To this end, control tests were carried outlwihe same conditions illustrated ifable R1, with
the difference that tetrabutylammonium bromide2b was used as competitive guest instead of
tetraethylammonium tetrafluoroborate2a. The results reported ifable R5 confirm that the cyclization
reactionis not promotedexclusivelyeither by Bransted acidityor by the H-bonding properties ofG, but
rather by a combination of effeciacluding the stabilizion of cationicintermediate 13 within the electron
rich cavity of the host

We noticed thatan apparent triplet was visible atBtppm in the'H NMRspectra(Figure R.).of the reaction
mixtures of all the control tests, even when caps@ewas not present or when nt4 was formed.This
resonancewas attributed to an unknown compound which we hypothesized to be etlidn order to obtain
this compound in a higher yield and better compaseresonances with those reported in the literatude?,
was reaced with 10 mol% of 4oluenesulphonic acid. Surprisingly, tHe¢ NMRspectrum of the resulting
reaction mixture showed even different resonances, which were found to be representative ofraxture
of trans-1,3-diphenylpropenel8 and chalconel9, as confirmedoy comparison with literature spectrdahe
other unknown compound was laterbtainedvia reaction ofl2 with 10 mol% of trifluoroacetic acid and
purificationby flash chromatography ogilica gel; its identity as eth&7 was confirmed by comparison of its
'H NMRspectrum with spectra reported in the literatur&his led to the conclusion that @rsted acids
protonate the OH group 012, promoting its subsequent substitution via nucléde attack of another
molecule of12to form 17, which can then disproportionate intb8 and 19; the mechanism illustrated in
Scheme R.11is proposedor these reactionsThis explanation waglidated further by the observation that
weaker acidsshorter reaction timesand lower temperaturesead to higher yields 0i7, whereas more
severe conditionpush the reaction towardé8and19(Table R.&

It is important to stress that catalysis with simplesBsted acids never yieldetthe cyclic intramolecular
product 14, which forms only in the presence of capsGleThis implies that the nature of the inner cavity
of the capsule lys a crucial role in driving cati@é8towards the intramoleculaallylationproduct14instead
of products17-19, probably thanks to the steric constriction caused by the encapsulation.

(B-3-Phenylprop2-en-1-ol (cinnamyl alcohol) and I@phenylprop2-yn-1-ol were also tested at 60 °C in
the presence of 10 mol% k. No significant changes were observed in tHeNMRspectra recorded after
2 and 20 h of heating, indicating no reactivity comparable to thdt2of
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Schene R.11Mechanism proposed for the aeddtalysed conversion 4P into ether derivativel7 or into
disproportionation productd8and19.

TableR5 Results of the contraéstsfor the capsulecatalysed intramolecula&Ar allylation of 12,

Test# G Additive 12Yield [%} 17 Yield [%}
1 + - 36 25
2 - - no conversion 3
3 - HOAC (8 mol9%) no conversion 3
HO OH
4 - \©i/\/\/ Nno conversion no conversion
(2.4 eq?
5 + BwNBTr @b, 1eq’) no conversion 9
6 + DMSGds (10eq) no convesion 4

T =60 °C, t&h, [12] =75mM, [1] = 45 mM 0.6 mlde-acidifiedCDGl +: pesence;: absence®determined
by *H NMRspectroscopy® with respect to12.

Table R.€Tests of the effects of different reaction conditions on the-aatdlyseddecomposition oi.2.
Acid catalyst pK:*® Temperature (°C) Reaction time Yield 17 (%) Yield 18 (96) Yield 19 (%)

2.5 days 48 0 0
HOAc (8 eq.) 4.76 60 7 days 90 0 0
1h 90 0 traces
TFA(0.1eq.) -0.25 RT 3h 91 traces traces
RT 2.5 days decomposition
TFA (12 eq.) -0.25 60 >0h 46 24 o5
MSA (0.1eq.) -1.9 60 20h 0 50 50
PTSA(0.1eq. -2¢-6 60 20h 0 50 50

[12] =175¢277 mM 0.6 mL deacidified CD@I® concentrations with respect th2, ® determined by*H NMR
ALISOGNRAO2LWENBREOSENXOGNDERS Ga{! ¢ Yptoénésklphgn® daidf LIK 2 y
GweéyY NB2Y GSYLISNI (dz2NB o
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Figure R.1*H NMRspectra of a solution of 75 mi2 and 45mM1 in 0.6 mLof de-acidified CD@before heating )
and after 8h of heating at 60 °@).

2.2 Intermolecular &\r reactivity of the 1,3liphenyallyl cation

Having observedhiat the 1,3diphenyallyl cationl3 undergoes intramolecula&Ar allylation inside the
capsule a question arose whethek3 could act as electrophile in intermolecul&Ar reactionsas well In
order to test this, indol&0awas selected for its very electrarch nature. Heating equimolaamountsof 12
and 20ain CDG in the presence of 10 mol% of capsueyielded substituted derivativ@lain neaty
guantitative yeld (Scheme R.1,ZFigure R.1), whose identity was confirmed by comparison with spectra
reported in the literature Control tests equivalent to those reporteditesults and discussicg2.1and81.1
were carried out to confirm that theatalyticeffect was completely attribuableto the accessible cavity of
capsuleCk(seeTable Rl for an explanation of the conditions of the control tests, bearing in mind thal{iBu
2bwas used as competitive guest instead ofJgiBR] 2a). The results are displayediiable R.7

O NH
OH H P

10 mol% Cg, 60 °C, 6 h

XN + N
R N e TR D

12 20a 21a

Scheme R.1€apsile-catalysedSaAr allylation reactionbetween12 and indole20aleading to thesubstituted
derivative2la
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Table R.Results of the contraéstsfor the capsulecatalysed intermoleculg®&Ar reaction betweer?0aand the allyl
cation generated by 2.

Test# G Additive 20aYield [%] 17 Yield [%}
1+ - 99 0
2 - - 0 2
3 - HOAC (8 mol%) 0 2
HO OH
(24 eqd)
5 + BwNBr @b, 1eq”) 18 0
6 + DMSGds (10eq) <4 <4

[12] = R0d = 75 mM, ] = 45 mM, T = 60C, t = 6 h® determined by*H NMR  with respect t012;
resonance covered by signals of the additflepsonances ofl7 and 20a partially overlap, rendering the
determination of the exact yield difficult.

AR

}M\ A l | ",‘{ 7 218

68 67 66 65 64 63 62 61 60 59 S8 87 S6 S5 54 49 458 47 46 45 44 43

f1 {ppm)
FigureR.11'H NMRspectra of a solutin of 75mM 12, 75 mM20aand 45 mM1 in 0.6 mL decidified CD&hfter 2h
(@) and 6h (b) of heating at 60 °C.

In order to expand the reaction scope, the capstédgalysed intermolecula&Ar allylationwas attempted
between12 and a series of substitatl indoles(Table R.$ It was observed that the reactigoroceeded
successfully with all indoles, albeit with lower yields whba aromatic nucleophile was endowed with
strongly electroawithdrawing groups (see ind®b-carboxamide21g).

The reaction wasalso attempted with alkoxyphenols and othesubstituted aromatic compounds as
nucleophiles Table R.Y. The results indicate thahe reactivity of these substrates is more complex than
that of indoles: very electromnich n-hexylresorcinol2a and naphto$ 22b-c showed excellent yields and
selectivity, whereas less electrgith compounds did not react. The behaviour of alkoxyphenols is even
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different: 3-methoxyphenol 22k successfully underent SAr allylation yielding all four possibles
substituted regoisomers; we found that capsulé& strongly altered the regioselectivity of this reaction
compared to the use of a stroryenstedacid(seeResults and discussion §3.€ontrastingly, guaiac@ld
did not react at all, possibly because tbgho-para activating effects othe OH and OMe groups do not
activate the same the positions, unliked@k Paraalkoxyphenol22hi instead reacted with allyl catiob3
by nucleophilic attack, yieldin@-substituted products23h-i which then isomerised intdhe ortho G
substituted product21gr via Claisen rearrangemenith total regioselectivity (se®esults and discussion
§2.3.

With the aim of examining two other possible carbocation precursors, we also tested the reactivity of indole
20awith cinnamyl alcohol ot,3-diphenylprop2-yn-1-ol in the presence of 10 mol% G¢at 60 °C*H NMR
spectra recorded after 2 and 6 h of heating, however, showed no evidence of the formation of the expected
SAr products.

In conclusionit was demonstrated that capsuf& can eficiently catalyse @ allylation betweeril2 and
numerous electrorrich aromatic compounds; in particular, all indoles proved excellent substrates.

Table R.&cope of the capsutmtalysed intermoleculagAr allylationbetweenl12 and a series of indolemd other
aromatic compounds.

Yields (%)
21 17 14

NH
/ - 99 0 0

+ 18 0 O

Entry # Substrate Product 2b

H
N
D
20a
H
N
15
O,N
20b
H
N
3 @J
20c
H
N
4 MeO\n/©/\/)

0 20d

/
-
5 Y
20e
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6
+ 22 0 O
- 52 0 O
7
+ 0.5 2 0
57 @)
37 6) 0O O
9
8@
+ 1 O
4 )
- 92 2 0
10
+ 9 1 O
- 80 4 11
11
+ 26 2 0
- 99 1 O
12

+ 41 1 O

[12] = 75 mM, RO] or [22] = 75 mM, §] = 45 mM, 2b] = 75 mM, 0.6 mL dacidified CDg|I 60 °C, 6 h.
3 Determined by*H NMR
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TableR9 Scope of the capsutmtalysed intermolecula®Ar allylationbetweenl12 and a series gihenolsand other
aromatic compounds.

Yields (%)
Entry # Substrate Product 2b 21 17 14
OH - 96 2 0
HSC(HzC)S@
224 M + 0 4 0
- 97 3 traces

N
&70
T

226 O X O + 20 4 0
21n
OO - >99 traces 0
OH

10 4 0

w
N&
N
o

o
I
4
+

21p

No conversion

N
QO
T
(@]
=
(0]

22d

No conversion

a1
<
@
; O
o
<
o

22e

No conversion

o
T 5
o ©°

;\

22f

No conversion

~
B&m
Q -~
o
T

SeeResults and discussion 82.
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SeeResults and discussion 8§2.
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[12] = 75 mM, 20] or [22] = 75 mM, 1] = 45 mM, 2b] = 75 mM, 0.6 mide-acidified CDG}, 60 °C, 6 h.

3 Determined by*H NMR
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2.3 Formation of unexpectedO-substituted nucleophilic attack products and subsequent Claisen
rearrangement

When 1,3diphenylpropenoll2 was reacted withp-alkoxyphenolsin the presence ofl0 mol% ofGg, an
unexpected result was obtained: the appearance dHaNMRdoublet at chemical shifts higher than the
doublet ofthe reagentl2. Literature spectra (se&xperimental section §1)3showthat SAr products21
exhibit a characteristidtH NMRdoublet in the 4.9.2 ppm rangglower than the doublet of 12.5° The
correspondingH of O-substituted product®3insteadresonates in the 5.65.85 ppm rangé*>? The spectra
in Figure R.12hus indicate that the capsuleatalysed reaction betweeh2 and 4-ethoxyphenol22hyields
firstly O-substituted compoun@3h as major product after &, which then isomerises in®@1qif the reaction
is left to proceed equivalat results were obtained by reactidid® with 4-methoxyphenoR2i.

At first, we hypothesized the=xistence of a competition betweea reversibleS\1 mechanismleading to
kinetically favoured produc3, and a norreversible SAr mechanism which vyields therodynamically
favoured producl (Scheme R.13If this hypothesisvere accurate, however, twogar products21 would

be expected, wherea¥H NMRresonances indicate the formation of a single gwot 21. This led us to
propose that O-substituted intermediates23 undergo Claisen rearrangement, yielding exclusively the
correspondingzsubstituted productsvith the substitution m the ortho position with respect to thehenolic

OH group $cheme R.14

1
&9
543
— 5,40
1

L

10
a6

~ “w
oo J 3
a ‘ on K Ph
| r OH -

| Ph Ph
| 12 o 14
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—S12 0764 —
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512 <

5%
569
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EtO
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Ph ' Ph
2iq H
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i
-
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Figure R.12H NMRspectra of asolution of 75 mM o2, 75 mM of 4ethoxyphenoR2hand 45 mM of
resorcin[4]arend in 0.6 mL of dacidified CD&hfter 2 @), 6 p) and 24h (c) of heating at 60 °C
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T
SEAr OH N
Sha®

21q R = Et
21r R = Me

Not detected

Scheme R.1hitially proposed mechanism for tliapsulecatalysedformation of Gsubstituted product21 by
competition of a reversiblen pathway and a nomeversible 8\r pathway This mecanism was later deemed ukdily
since the product where thertho position with respectd the alloxy group is substituted was not detected.

OH
™ RO RO
O 12 O
Sn1, -H20 P) @ Claisen
+ = — ¢ 4t>
HO + H,0 O U rearrangemen
OR 23i R=Me

22h R = Et 21r R=Me
22i R=Me

Scheme R.1Rroposed mechanism for tlrapsulecatalysedformation of Gsubstituted product®1 by formationof O-
substituted produc23 and subsequent Claisen rearrangement andn@matisation.This mechanism explains why the
product where thertho position with respect to the adiky group is substituted was not detected.

Eager to discover whether this reagty was typical of alkoxyphenols, we attempted to red@&with 2-
methoxyphenol2j and 3methoxyphenolR2k. Interestinglyc as mentioned irResults and discussion §2.2
¢ the former showed no reactivityH NMRspectra of the reaction mixture showed nsmances compatible
either with O- or Gsubstituted products Conversely!H NMRspectra recorded over the course tife
reaction with 3methoxyphenolR2k showed theemergenceof four resonances in the chemical shift range
typical ofGsubstituted productsand no resonances compatible witksubstituted products. This indicates
that 22k reacts solelyand directlyvia the SAr pathway, yielding all four possible regioisomeisasd. It is
also possible that th&-allylation could be much slower comparedd the Claisen rearrangemerthereby
preventingthe accumulationof the O-substitutedintermediate. Neverthelesghis is deemed unlikely since
Claisen rearrangement would not lead to the formation of all four posdidebstituted regioisomers.
Thereforejt seems thathe formation of arO-substituted derivative and subsequent Claisen rearrangement
is exclusiveo para-substituted phenolsTo confirm thisthe reaction wasepeatedwith p-cresol22mand
4-chlorophenol22n (Scheme R.15*H NMRspectraof the reaction mixtureshowed that the O-substituted
productformed in both cases, but only théerivative of22m progresses to th&substituted product. The
O-substituted derivative o22ninsteadaccumulatedvithout reacting further likely due to the dectivating
effect of the chloro substitueniwhichdisfavous Claisen rearrangement
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Scheme R.1€apsule catalysed reactivity of substituted phe2@jsk and 22m-n with 12.

Control tests equivalent to those reported fitesults and discussio2.2, §2.1and §1.1were carried out to
confirm that the accssible cavity of capsulgis responsible for catalysing the formation@fubstituted
products23hi and23mn (seeTable R1 for an explanation of the conditions of the control tests, bearing in
mind that BUNBr2b was used as competitive guest instead of,f{§liBR] 2a). The reaction between 1,3
diphenylpropenoll2 and 4methoxyphenol22i was employed for these tests. The results are displayed in
Table R.1@nd indicate that, although the reaction proceeds even Vidtinsted acids or in the absence of
any catalyst, the presence G significantly accelerates it.

Table R1LOResults of the control tests of the reaction betwé@mand 22i.

- t=6h t=24h
Test# Gk Additive 23iYield [%6] 21rYield [%] 23iYield PbF 21rYield [%]

1 =+ i 62 9 0 33

2 - : 3 0 3 3

3 - HOAc (40 mol% 3 3 2 11

HO OH
(2.4 eqd)
5 +  BuNBrb 1eq) 12 4 4 26
6 +  DMSOGds(10 eq?) 0 0 0 0

[12] = 75 mM, 22i] = 75 mM, 1] = 45 mM, 06 mL deacidified CDGIl 60 °C? determined by*H NMR
spectroscopy® with respect to12; © the yield cannot be determined exactly because the resonance is
covered by the resonance ofhexylresorcinol.
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2.4 Regioselectivity differences between acigalysed and capsuleatalysed &\r allylation between 1,3
diphenylpropenoll2 and 3methoxyphenoR2k

As mentioned inResults and discussion 82.3he capsulecatalysed &\r allylation between 1,3
diphenylpropenoll2 and 3methoxyphenol22k yields all foupossibleGsubstituted regioisomer2lsasd,
each of which is characterised by a doublet in the =(BD ppm rangeThe same result was obtained in the
presence of 10 mol% of trifluoroacetic acid (TFA). In the latter case, however, the four regioismmers
obtained in much differentelative ratios(seeScheme R.1&ndFigure R.1R

OH
major product
(Cr-catalysed) OMe HO OMe
Ph N Ph Ph A Ph
OH OMe 21sa 21sb
X a) 10 mol% Cgr a) 57 % a)7 %
+ b) 11 % b) 22 %
O O b) 10 mol% TFA )% )22%
OH OMe
12 22k HO OMe
major product
(acid-catalysed) OH
Ph X Ph Ph A Ph
21sc 21sd
a)31 % a)5%
b) 42 % b) 25 %

Scheme R.1&Arallylationbetween12 and 22k catalysed by capsulé&and by TFA. The yields weleterminedby
integration of the correspondindd NMRresonances. For the assignnteof the resonances, see text.

In order to describe thislirasticchange in regioseléwity, it was necessarto assign each doublet to the
corresponding regioisome¢. KS R2dzof Stia 6SNB yIFYSR a! €3 a. &3 al é3
shift. One drop of triethylamine was added te reaction mixturecontainingTFAIn order to reutralise the
acidity, then COSY**C NMR HSQC and HMBC spectrfathe mixture were recorded (see Experimental
section §3.4. The HMBC spectrum allowed for identification of tf@ resonances of the carbon atoms linked
to the OH groups, which have highemnical shiftsand show no coupling with théH nuclei of the OMe
groups, and of the carbon atoms linked to the OMe groups, which show coupling withHsaidaclei.*H
doublets C and D show no coupling witeB-OMe, and can thus be assigned to eit@édiscor 21sd Since in
21sdthe substitution is on the most dactivated carborof the aromatic ring, the lesatense doublet D was
assigned to this regioisomer, and C was therefore assign@d o This result is in accordance with the
literature spectrum oR1s¢ which is the only isomer whose characterisation data is available in the literature
(seeExperimental section §1)3Daublets A and B, on the other hand, show coupling VAOMe in the
HMBC spectrum, but only B is coupled witF@OH; B was thefore assigned t@1sband A was assigned

to 21sa This is corroborated by the observation thidie most intense double{C)was assignedto the
productin which the substitution is on the most activated carbon atom of the aromatic(2ibgp.

Itis clealy noticeable that, when the reactiomascarried out in the presence of adgrsted acid such as TFA,
the major product i21scand the minor product i21sg whereas in the presence @kthe regioselectivity
is inverted Moreover, usingras catalystignificantly limits the formation a21sband21sd The explanation
of this much greater preference for produ2tlsais beyond the aim of this thesis work, but it can be
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hypothesized that Hhbonding between the OH group 82kand an OH group of a resorcifgrene unit may
favour the orientation oR2k optimal for electrophilic attack in iggaraposition, as shown icheme R.17

cR_

OMe

T H0
20 S

Ph Ph
21sa@Cpgr

(major product)

| CFsCOOH
OH — = |east sterically hindered activated position
-H,0

21sc
(major product)

Scheme R.1Hypothetical orietation of 22kthanks to Hbonding with the OH group of a resorcin[4]arene unit which
would explain the preferential formation of regioison2drsain the presence of capsulg (above) compared with the
absence of preferential orientation 22kin the acidcatalysed 8Ar allylation, which leads to regioisome@isc

(below).
S48 28 8288
W i o o [
a ] lw \
\ .
| f |
r‘]“ | | ﬁ | \
A ] .‘ x
M) | | . 1 \
i OMe HO™ ™{ OMe l ‘ = {1 \
4 + [ } | [
Ph L “Ph Ph - Ph | |
4 4 ] 1| [l (| [ |
21sa 21sb | | | ‘ N | 2 .
| | | V ',' v ‘ e
J | 3 — 8
\ / -— ~
= e i \ L ANANAR - g |
m— — — — ————— ¢ —— —1
L1 8 < 3
~ - - o |
ANE S nn B3
b wnnfnn o o
| R | \ J | |
OMe [ [l
! HO _OMe -
‘ h A\ ‘ | A4 >
OH ‘ | I‘ [ ‘ | Ph 0
| | [l , H
Ph LR Ph Ph | | Ph P
" X A | "
2% 2154 [\ V| ]| 17
| RN A U
T — T - ' T - ——
g 12 [N 2
- — ™ ol i ——= Y — e —y— > —
S00 485 490 485 480 475 470 455

- S,lGO S.ISS A 5,-50 - 5.45 - 5.-"»0 ' 5;35 . 5.30 3.25 S.'20 ‘ 5.'}5 5.10 5.05
1 (ppm)
Figure R.13H NMRspectra of a solution of 75 mM @2, 75 mM of22kand 45 mM in CDEf 1 after 6 h of heating
at 60 °C4) and of a solution of 317 mM &P, 317 mM of22kand 32 nM of TFA in CDClfter 2h at room

temperature b).
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2.5 Synthesis and characterisation of unkno@substituted SAr productsand O-substituted nucleophilic
substitution products

Several products obtained throughout the examination of the scope of theutacatalysedSAr allylation
are notavailablein the literature O-substituted product23hand23iare also not reportedScheme R.18
It wasthusnecessary to synthesize and putifyem to obtain theirfull characterisation data.

Gsubstituted poducts21e 21gf, 21hahb, 21i-k, 21mand21p-q were synthesized via the capstdatalysed

SAr allylation by reacting 0.23 mmol of2 and an equimolar quantity of the correspondisgbstiuted
aromatic compound0 with 60 mol% ofl (corresponding to 10 mol% of capse in 3 mL of decidified
chloroformd at 60 °C for 124 h. The solvent was then removed by rotary evaporation and the resulting
solid was dissolved in an appropriate cymraneethyl acetate mixture, obtaining a solution which was then
passed through a silica gel plug to remdveas described iResults and discussion §1.Bhe solvent was
then removed by rotary evaporation and tliesired product was purified from the salting solid mixture

by preparative TLC

O-substituted product23hi were synthesized by reacting 0.36 mmoll@with an equimolar quantity of

the corresponding phenol in the presence of 10 mol% of TFA in 3.5 mL of chlowé&inmom temperature

for one hour.The solvent was then removed by rotary evaporation and the resulting viscous oil was treated
by flash chromatography on a silica gel column with a 95:5 cyclohesthgkacetate eluent mixture. 1%
triethylamine was added to the eluent mixture,etause 23hi are susceptible to acidatalysed
decomposition on silica gel. This afforded the products as viscaumdik13% vyield.

The details regarding the experimental procedures are availalitejirerimental section §3.and the spectra
of the product are reported inCharacterisation dat£2.

O oD O O U0
21m

21n

Scheme R.16 and O-substituted derivatives of 1;8iphenylpropenol2 whose characterisation data was not
availablein the literature.
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Conclusions

The focus of this thesisork was twafold: the first objective was the completion of the exploration of the
capsulecatalysed aldehydd & 2 O YA RS O2y RSy al dAz2y NBIFOlGA2Yy RA&O?Z
YR ¢ASTSyol OKSNRA& NB &SI NDkts & e rdzciidbrbwer@ 2aiiedioét hriler LIdzNL
optimised conditions and the reaction scope was expanded considerably. Unfortunately, the test vdth the

hoc synthesizedsterically encumbered aldehyde gave inconclusive results. It is likely that a much larger
aldehyde will be synthesized and tested in the future. In order to demonstrate the validity of the proposed
reaction mechanism, it was also attempted to observe the formation of the aziridinone intermewlisites

the unstable nature of this compound, Wwever, made it impossible to detect by mass spectrometry, whereas

'H NMRspectroscopy proved insufficiently sensitive.

Subsequently, following the observation thaa@lamantyl isocyanide tended to react more readily them-

butyl isocyanide, the relativaffinity of these substrates for the inner cavity of the resorcin[4]arene
hexameric capsule was investigated by NMR titration. This led to the conclusion that the greater reactivity of
l-adamantyl isocyanide is caused by effects differeoi its tendeny towards encapsulation, which is
lower than that oftert-butyl isocyanide.

Finally, 16 previously unreported imine products were successfully synthesized, purified, and characterised
by NMR spectroscopy and @4S; it is worth stressing that over half dfetimines were synthesized via the
capsulecatalysed condensation of the corresponding aldehyde and isocyanide. In order to remove the
resorcin[4]arene from the reaction mixture, a method of filtration over a silica gel plug was specially devised.

As secod focus of this thesis work, the reactivity of the -Hiphenylallyl cation formed by dehydration of
trans-1,3-diphenylprop2-en-1-ol was investigated. Control experiments were carried out to confirm the
crucial role of theresorcin[4]arene hexameric cafdsuin catalysing intramoleculars® allylation of 1,3
diphenylpropenol. Subsequently, intermoleculaABallylation was explored, uncovering a vast array of
indoles and other electronich aromatic compounds which efficiently reacted with the-dighenyallyl
cation in the presence of the capsule.

Over the course of this examination, alkoxyphenols were found to display an intriguing behaviour:-while 2
methoxyphenol showed no reactivity;fBethoxyphenol reacted with 1;8iphenylpropenol to yield all four
possible 8Ar products. Interestingly, the resorcin[4]arene capsule was found to indutarkedly different
regioselectivity with respect to catalysis by asted acid. 4nethoxy and 4ethoxyphenol, on the other
hand, reacted with 1 &liphenylpropenoby nucleophilic substitution, yielding the correspondd@llylated
derivative which then rearranged to tleetho Gsubstituted product with absolute regioselectivity via Claisen
rearrangement.

Overall 155 andO-substituted products whose characterigatidata was not available in the literature were
synthesized, purified, and characterised by NMR spectroscopy ardSs@©nce again, many of these
compounds were afforded by the capswdatalysed reaction, with the added purpose of proving the
potential ofresorcin[4]arene as a chemical synthesis tool.
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Experimental section

1. General

1.1 General information

NMR spectra were recorded either ofBauker Alvance 30Gpectrometer operating at 300 MHz at 298 K or
on aBruker Alvance 400 spectrometer operatingj400MHzat 298 K. Chemical slsft are reported in ppm
relative to Si(Ckl. The proton signal of the deuterated solvent was used as references CEH)I=7.26
ppm, 1 (BC) = 77.16 pprmmethanotds 1 (*H)=3.34 ppm, 1 (*3C) =49.00 ppm; DMSGCd; ¢ (*H) =2.05 ppm.
Coupling constants)(are reported in Hertz (Hz). Standard abbreviations indicating multiplicity were used as
follows: s (singlet), d (doublet)(triplet), q (quadruplet)dd (doublet of doublets)lt (doublet of triplets)m
(multiplet).

GCMS analyses were performed on a GC Trace GC 2000 coupled with a quadrupole MS Thermo Finnigan
Trace MS withrull Scamethod. Experimental conditions are reported in the following table.

Experimental conditions for GM¥S analyses

Capillary column: HP5MS30 m, 0.25 mm x 0.25m
Initial T, C: 80°C for 5 min
Rate, C/min: 30°C/min

Final T, C: 280°C for 30 min
Injector T (split), C: 280°C

Gas carrier flow, mL/min. 0.8 mL/min
Injected volume i 0.81nL

Solvent delay, min. 4 min.

Mass rangeamu: 35-500 amu
Detector voltage, V: 350V

Interface T, C 280°C

Source T,C: 200°C

Lowresolution MS analyses were performed on a Waters ZQ spectrornrefarsitive polarity mode. The
analytes were dissolved in methanol and injected diseirtto the ESI souroga an integrated syringe pump.

Column chromatography was performed on 2800 mesh silica, thin layer chromatogragfiy.Cyvas carried
out on 20 cm x 20 cm ALUGR®Xfra SIL G/U¥;s MACHERENAGEL.

All reagents and solvents, includideuterated solventsyere purchased from Merck or Alfa Caesar and used
without further purification. De-acidified chloroforrad was obtained by shaking chloroforthin a sealed
bottle containing activated basic aluminAlthough alumina dries chloroformoasiderably, deacidified
chloroformd was found to have sufficient water content to ensuhe selfassembly of capsul@-.

Transfer of liquids with a volume in thel®0 pL range was performed with Hamilton Microliter syringes.
Weighting of solid substtas, catalysts and other materials was carried out wi@hau$Pioneef" analytical
balance model PA214C.
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1.2 Synthesis d-undecylcalix[4]resorcinarent

To a stirred solution of 99.9% ethanol (270 mL) and 37% aqueous HCI (90 mL), resorcigob{4AGr8nol,

1.0 eq.) was added. After complete dissolution and cooling to 0 °C, a solution of dodecamal (1413,
644mmol, 1.0eq.) in 99.9% ethanol (186L) was added dropwise into the reaction mixture over the course
of 40 min. The resulting solutiowas allowed to warm to r.t. and subsequently refluxed at A©G0or 18 h.
Upon cooling to r.t. a yellow precipitate formed from the dark red solution. The precipitate was dispersed in
cold methanol, filtered, and subsequently washed with cold methantl tire washings were light yellow.
The solid was recrystallized from methanol (18D). To remove remaining yellow impurities, the solid was
washed extensively with a mixture of methanol/water (50/50, 8 x d). The crystalline material was dried
underreduced pressure (15 mbar) at 86 using a rotary evaporator. The drying process was continued until
the residual methanol was completely removed. In order to obtain a satisfying water content, the material
was moistened with cold methanol, washed withtema(8 x 100nL), and dried under reduced pressure at
55 °C. Compountl (109g, 985 mmol, 61%) was obtained asbghtly yellowish powder.

1.3 References of literature spectra

Name and reference Skeletal formula

Gundecyl resorcin[4]areng®

R = (CH2)11CH;
N-tert-butyl-1-(4-nitrophenyl)methanimineaa o J<
N-tert-butyl-1-(3-nitrophenyl)methanimineébab o.N-T X7 N
N-tert-butyl-1-(2-nitrophenyl)methanimineac? P

O\
3,5-dibromobenzaldehyd® /Ej\
Br

o

Br
AN
3,5-bis(4nitrophenyl)benzaldehyddn®®
O,N ‘ ‘ NO,
h
Ph

S

1-phenyk1H-indene14%

P
Ph

bis(1,3diphenylallyl) ethef. 758 phA\)“o

Ph/\)\
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1,3-diphenylpropenel 8*°

i

(B-Chalconel 9°

(Q
/
R,

(B-3-(1,3diphenylallyl)indole21&f*

\

) (D

N,

\

(B-3-(1,3diphenylallyly5-nitroindole 216

) oz
) ()
P

W

(B-3-(1,3diphenylallyly7-methylindole21 &2

\

) (D
z

Methyl 3-((B)-1,3-diphenylallyl)indoles-carboxylate2 1 3

@)

<
(0]
<)o
y ()
\_Z
oY

T

5
Yo

(B-3-(1,3-diphenylally2-phenylindole21

(B-1-(1,3-difenilallyl}2-naphtol 215 S oH

OMe
5-methoxy-2-((B)-1,3-diphenylallyl)phenoR1sé® O OH
O C

“C
4-methoxy-2-((B)-1,3-diphenylallyl)pheno21r%° “ OH
(B-3-(4-methylphenyloxyil,3-diphenylpropl-ene 23mf’ ?
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2. Imine formation by capsuleatalysed condensation of an isocyanide and an
electronpoor aldehyde

2.1 Control experiments: condensationteft-butyl isocyanide8aand 4nitrobenzaldehydela

8.2 mg (0.054 mmol) efa, 9.0 mg (0.108 mmol) &aand 600uL of deacidified chloroforrd were loaded
in six NMR tubes; additional components were added as illustratédlahe E.1The tubes were closed and
left in a water bath at 60 °C f@4 h. Then,'H NMRspectra were takenHigure EL) and the yields were
determinedby integration of the caesponding resonances.

Table E.JAdditives used for the control tests of the condensation reaction bet®aand 4a.

Tube # Additives [in mg and in (mmol)]
1 36 mg (0.033 mmol) resorcin[4]arede
2 No additives
3 10 L of a 0.54 M solution of aceticidén CDGI
4 25 mg (0.130 mmol)-A-hexylresorcinol
5 36 mg (0.033 mmol) dfand 11.7 mg (0.054 mmol) of [NBF] 2a
6 36 mg (0.033 mmol) df and 38uL (0.54 mmol)of DMSQds

Il O:N e O = J¥ [ ‘l i\

| | \' lJ ( v J v |

16:.2 ‘ IOVI ‘ 100 91§ : 0'8 ' 9?7 7 9; ‘ 9:5 ' 914 9; ‘ 9'2 '.93”‘ 95 ‘78'9 ' STB - 37 ; 8:6 ¢ 81‘5 V 0—4 ' BJ v BTZ ! BX . BTO 779 :
(ppm)
Figure E.£H NMRspectra of solutions &§a (180 mM) and4a (90 mM) in 0.6 mL of CDgifter 24h at 60 °C with the
following additional components: 54 mM dfa), no additivesk), 9 mM of acetic acict), 216 mM of 4n-

hexylresorcinold), 54 mM ofl and 90 mM of [EN][BF] (€), 54 mM ofl and 900 mM of DMS@s (f).
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2.2 Expansion of the reaction scope

The condensation reactions were carried out as follows: 36 mg (0.032 mmiblyere dissolved in 0.6 mL

of de-acidified CDgIlin an NMR tube, obtaining a light brovmale redsolution to which 0.054 mmol of
aldehyde ad 0.108 mmol of isocyanide were added. The tube was then closed and put in a water bath at 60
°C for 24h, after which a!H NMRspectrum was recorde@Figure E2 and Figure E3). The yields were
determinedby integration of the resonances correspondinglie aldehyde and to the imine.

o) =

a b | v R

@ A M MM 4"‘-.1‘.’1'1 .
. . A

...........................
1 (ppm)

Figure E.2H NMRspectra of solutions of aldehyde (90 mM), isocyanide (180 mM}1 &l mM) in 0.6 mL of de
acidified CD@hfter 24h at 60 °C. The aldehydgocyanide pairs areg-3a (a), 4d-3f (b), 4a-3c(c), 4b-3c(d), 4c-3c(e).

57



- S——

X1 v £ NP ) T T 2 ™7 T v | e T v T L | \ A | 4 T v v v | B | ™ T \ AN IR v A | T
10.8 10.7 10.6 10.5 10.4 30,3 10.2 10,1 100 99 98 97 96 95 54 93 92 91 90 85 B8 47 B6 B85 84 B3 B2 81 BO 79 78 27 786 25 74
f1 (ppm)

Figure E.3H NMRspectra of solutions of aldehyde (90 mM), isocyanide (180 mM} &l mM) in 0.6 mL of de
acidified CDe@hfter 24h at 60 °C. The aldehydgocyanide pairs ar&d-3c(a), 4e-3c(b), 4f-3c(c), 4g-3c(d).

2.3 Synthesiand characterisation of unknown imine products

N-tert-butyl-1-(2-chloro-5-nitrophenyl)methanimine (5ad) 579 mg (3.12 mmol) of -éhloro5-
nitrobenzaldehydetd and 1.6 mL (15.2hmol) oftert-butylaminel5awere inserted in a screvwwapped vial
with a magneic stirring bar. The vial was sealed and pu &ilicone oil bath at 100 °C for $h%vith vigorous
magnetic stirring The mixture was diluted with a few mL of diethyl ether and transferred into a round
bottomed flask. The excess of amine was removeddigiry evaporation and then evaporation under
reduced pressure, affording imiradin near quantitative yield (750 mg).

N-tert-butyl-1-(2-nitro-4-(trifluoromethyl) phenyl)methanimine (5&): 326 mg (1.49mmol) of 2-nitro-4-
(trifluoromethyl)benzaldehydete and 0.8mL .57 mmol) oftert-butylaminel5awere nserted in a screw
capped vialvith a magnetic stirring bar. The vial was sealed and patsiticone oil bath at 100 °C fort3

with vigorous magnetic stirringrhe mixture was diluted with a few mL oéthyl ether and transferred into

a roundbottomed flask. The excess of amine was removed by rotary evaporation and then evaporation
under reduced pressure, affording imiBee in near quantitative yield405mg).

N-tert-butyl-1-(3,5-bis(trifluoromethyl)phenyl)methanimine (5af) 734 mg (3.03 mmol) of 3,5
bis(trifluoromethyl)benzaldehydéf and 1.6 mL (15.2 mmol) tdrt-butylaminel5awere nserted in a screw
capped vialith a magnetic stirring bar. The vial was sealed and patsiticone oil bath at 100C for 3h

with vigorous magnetic stirringrhe mixture was diluted with a few mL of diethyl ether and transferred into

a roundbottomed flask. The excess of amine was removed by rotary evaporation and then evaporation
under reduced pressure, affordingiime 5af in near quantitative yield (909 mg).

N-tert-butyl-1-(pentafluorophenyl)methanimine (5ag)98 mg (0.5 mmol) of pentafluorobenzaldehydig
and79pL Q0.75mmol) oftert-butylaminel5awere nserted in a screveapped vialvith a magnetic stirring
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bar and dissolved in 2.5 mL of @eidified CDGl Theatmosphere inside theial was replaced with argon,
the vialwas sealed and put in a silicone oil bath at 100 °@ fowith vigorous magnetic stirringrhe mixture
was diluted with a few mL of diethylle¢r and transferred into a roundottomed flask. The excess of amine
was removed by rotary evaporatidior the shortest time necessary. The resulting yellow oil was further
purified byevaporation under reduced pressuf@ one minute affording iminedag in 72%yield ©1 mg).

N-tert-octyl-2-chloro-5-nitrobenzaldehyde (5bd)143 mg (0.13 mmol) of resorcin[4]arethavere dissolved

in 2.5 mL of decidified CDEIin a screwcapped vial. 40 mg (0.22 mmol) otBloro-5-nitrobenzaldehyde
4dand120pL (0.65 mma) of tert-octyl isocyanid&bwere added to the mixture. The atmosphere inside the
vial was replaced with argon, the vial was sealed and put in a silicone oil bath at 60 °C for 5.5 days (131
with vigorous magnetic stirringhe reaction mixture was tmediluted with a few mL of diethyl ether and
transferred to a rounebottomed flask.The solvent was removed by rotary evaporatamd the resulting
solid was dissolved in a small aliquot of 9:1 cyclohexahgl acetate solution to which 1% triethylamine
was added. The resulting mixtuveas deposited on a silica gel plug ($&esults and discussion §).and
thenx 80 mL of the same cyclohexanthyl acetate eluent mixturevaspassed through the plug, and the
filtered solution was collected in a roudabttomed flask. The solvent was removed by rotary evaporation
and then by evaporation under reduced pressurd@0 mTorr). This afforded imiribd as a viscous yellow
oil in 65% yield 42 mg).

N-benzytl-(2-chloro-5-nitrophenyl)methanimine  (5dd) 100 mg (054 mmol) of 2chloro5-
nitrobenzaldehydetd and 125uL (1.08 mmol) of benzylamidédwere dissolved 4 mL of ekcidified CDEI

in a screwcapped vialvith a magnetic stirring baiThe atmosphere inside the vial was replaced with argon,
the vial wassealedandput in a silicone oil bath at 60 °C for AWith vigorous magnetic stirrind he reaction
mixture was then diluted with a few mL of diethyl ether and transferred to a reumtitomed flask. The
solvent was removed by rotary evaporation and the resultielipyv oil was further purified by evaporation
under reduced pressure (vacuum pump). This afforiédas a viscous yellow oil in 94% yield (140 mg).

N-(1-phenylethyl)}1-(2-chloro-5-nitrophenyl)methanimine (5ed) 40 mg (0.22 mmol) of2-chloro-5-
nitrobenzale&ehyde4d and 56uL ofracemicl-phenylethylamine were dissolved in 2 mL ofatgdified CDEI

in a screwcapped vial with a magnetic stirring bdihe atmosphere inside the vial was replaced with argon,
the vial was sealed and put in a silicone oil batGGtC for 2@ with vigorous magnetic stirring. The reaction
mixture was then diluted with a few mL of diethyl ether and transferred to a reumtitomed flask. The
solvent was removed by rotary evaporation and the resulting solid was further purifieclippeation under
reduced pressure (vacuum pump). This affor8edas a pale yellow solid in near quantitative yield (63 mg).

General method for the synthesis and purification of imines from solid isocyanide£0.8 mmol of
aldehyde, 0.8 equivalents ofsocyanideand® 0.6 equivalents of resorcin[4]arerfewere dissolved in 2:4

7.4 mL of deacidified CD@In a screwcapped vialvith a magnetic stirring bar. The atmosphere inside the
vial was replaced with argon, the vial was sealed and put in a silmibfath at 60 °C for-6 days with
vigorous magnetic stirring. The reaction mixture was then diluted with a few mL of diethyl ether and
transferred to a rounebottomed flask.The solvent was removed by rotary evaporation and the resulting
solid was disdwed in a small aliquot of a suitable cyclohexatleyl acetate solution to which 1%
triethylamine was addedlhe resulting mixturgvas deposited on a silica gel plug (s&ssults and discussion
81.3) and then80-200 mL of the same cyclohexamthyl acetde eluent mixture were passed through the
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plug, and the filtered solution was collected in a rotbmttomed flask.The solvent was removed by rotary
evaporation and the resulting solid was treated by flash chromatography on a silica gel column, affeeding t
product as pale yellow or pale orange solid i80P6 yieldSpecific details are listedelow:

N-(2,6-dimethylphenyl}-1-(2-chloro-5-nitrophenyl)methanimine (5gd) 103 mg (0.56 mmol) of-éhloro-5-
nitrobenzaldehydetd, 185 mg (1.41 mmol) of 2dimethylphenyl isocyanid@gand 305 mg (0.28 mmol) of
resorcin[4]arenel in 3 mL of deacidified CDGJIreaction time: 4.5 days; yield: 10%/(mng).
N-(2-napthyl)-1-(2-chloro-5-nitrophenyl)methanimine (5gd) 150 mg (0.81 mmol) of -éhloro-5-
nitrobenzaldehyde4d, 254 mg (1.66 mmol) of -Aapthyl isocyanide3f and 540 mg (0.49 mmol) of
resorcin[4]arenel in 5 mL of deacidified CDglreaction time: 5.5 days. All chromatography fractions were
impure, so the least contaminated fractions were collected and the solveag wemoved by rotary
evaporation.A mixture of 6:4 cyclohexarsthyl acetate (3 mL) waesdded to the resulting solid, obtaining a
heterogeneous mixture which was filtered through a cotton plug. The filtered solid was the pure product.
Yield: 8% (20 mg).

N-(1-adamantyl)1-(4-nitrophenyl)methanimine (5ca)100 mg (0.66 mmol) of-Aitrobenzaldehydeta, 106
mgof 1-adamantyl isocyanidac (0.66 mmol) and 439 mg.@0 mmol) ofresorcin[4]arenel in 7.4 mL of de
acidified CDglreaction time: 5.5 days; yield: (18 mg).

N-(1-adamantyl)1-(3-nitrophenyl)methanimine (5¢ch)33 mg (0.22 mmol) ofBitrobenzaldehydetb, 90 mg
of 1-adamantyl isocyanid8c (0.56 mmol) and 143 mg (0.13 mmol)rekorcin[4]arenel in 2.4 mL of de
acidified CDglreaction time: 2 daysjield: 22% (14ng).

N-(1-adamantyl)1-(4-nitrophenyl)methanimine (5cc)33 mg (0.22 mmol) of-gitrobenzaldehydela, 57 mg
of 1-adamantyl isocyanid8c (0.35 mmol) and 143 mg (0.13 mmol)rekorcin[4]arenel in 2.4 mL of de
acidified CD@Jlreaction time:2 days; yield: 27% (17 mg).

N-(1-adamantyl}1-(4-nitrophenyl)methanimine (5cd)40 mg (0.22 mmol) of-2hloro-5-nitrobenzaldehyde
4d, 51 mgof 1-adamantyl isocyanid8c(0.32 mmol) and 143 mg (0.13 mmol)re$orcin[4]arenel in 2.4 mL
of de-acidified CDIg; reaction time:2 days;yield: 42% (29nQ).
N-(1-adamantyl}1-(4-nitrophenyl)methanimine (5ce) 47 mg (0.22 mmol) of -@rifluoromethyl)-2-
nitrobenzaldehydede, 56 mgof 1-adamantyl isocyanidegc (0.35 mmol) and 143 mg (0.13 mmol) of
resorcin[4]arenel in 2.4 mL of deacidified CDGlreaction time: 2 days; yield: 195 mg).
N-(1-adamantyl)}1-(4-nitrophenyl)methanimine (5cf) 52 mg (0.22 mmol) of 35
bis(trifluoromethyl)benzaldehyddf, 77 mg of ladamantyl isocyanid&c (0.48 mmol) and 143 mg (0.13
mmol) ofresorcin[4]arenel in 2.4 mL of deacidified CD@lreaction time: 3 days; yield: 35% (29 mg).
N-(1-adamantyl)1-(4-nitrophenyl)methanimine (5¢g)48 mg (0.24 mmol) of pentafluorobenzaldehyéty
67 mg of 1adamantyl isocyanid8c (0.41 mmol) and 1% mg (0.14 mmol) afesorcin[4]arenel in 2.7 mL of
de-acidified CDglreaction time: 2 days; yield8% (@4 mg).
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2.4 Comparison of the encapsulation affinityteft-butyl isocyanid8aand adamantyl isocyaniddc

The samples were prepared by diksng 36 mg (0.033 mmol) of resorcin[4]arehand eithertert-butyl
isocyanide3aor l-adamantyl isocyanidadcin 600uL of CDEIn an NMR tubeThe tubes were then heated
to 60 °C in a water bath for one minute, in order to ensure encapsuldtlemsgcific quantities of isocyanide

are reported inTable E.2'H NMRspectra were recorded of all samples; an exemplary set of stacked spectra

is displayed iri-igure E4. The encapsulated isocyanide-capsuleratios (3@GJ/[Cr]) were calculated by
integrating the corresponding signals (Segure E.}with a spreadsheet as shownTable E.3

Table E.Quantities of isocyanide used for the preparation of the sanfple$! NMRitration.

Equivalents of isocyanide with respectitc Quantity of isocyanide

3a(uL) 3c(mg) (mmol)

1 0.6 0.9 0.033
5 3.1 4.4 0.16
10 6.2 8.7 0.33
20 12 17 0.66
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Figure E.4H NMRspectra of a solution of 55 mM resorcin[4]arehand either 55 mM4), 275 mM p), 550 Mm ¢) or
1.1 M ¢) oftert-butyl isocyanid&a. The resonares highlighted in green correspond to f&nuclei of the
encapsulated isocyanidda@ G
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Table E3 Example of the spreadsheet used to calculatetheapsulated isocyanide-capsule ratios[8a@ GJ/[CR]).
n is the number ofH-nuclei corresponding to eh resonance (24 f@kkand 9 for3a). The last column is obtained by
dividing the fifth column by the third column.

([3@_®]/[CR]) Integral of the Second column Integral of the Fourth column
Equws{lﬂents of  resonance ofk divided byn  resonance oBa@G  divided byn [3a@G/ICH
1 82.60 3.44 9.00 1.00 0.29
5 14.13 0.59 9.00 1.00 1.70
10 11.14 0.46 9.00 1.00 2.15
20 8.17 0.34 9.00 1.00 2.94

2.5 Observation of the aziridinone intermedidt#& in the reaction mixture

72 mg (0.065nmol) of resorcin[4]aene 1 were dissolved in 0.6 mL of @eidified chloroforrad in an NMR
tube. 16.4 mg (0.1inmol) of 4nitrobenzaldehydelaand 24uL (0.22mmol) oftert-butyl isocyanid&awere
added to the mixture. The tube was closed and put in a water bath at 661 NO0VIRspectra were recorded
after 1, 2 and 3, and are displayed iRigure E5.
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Figure B 'H NMRspectra of a solution of 180 mMnitrobenzaldehydda, 360 mMtert-butyl isocyanid8aand 11
mM of resorcin[4]arend in 0.6 mL of dacidified CD&hfter 1 (@), 2 ©) and 3h (c) of heating at 60 °Clhe two purple
rectangles indicate where resonances of aziridinoriel were expected to appear.
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2.6 Test of the aldehydésocyanide condensation reaction with a sterically encumbered elegicmm
aromatic aldehyde

3,5-dibromobenzaldehydeA magnetically stirred solution of 1,3tBbromobenzene (2.00 g, 6.35 mmol) in

dry diethyl ether (33 mL) was cooled a8 °C (acetone/liquid nitrogen bath) in a twaecked round
bottomed flask equipped with an argonlé and a rubber septum. A solati of n-butyllithium in hexanes

(2.5 M, 2.5 mL, 6.35 mmol) was added dropwise via syringe over the course of 15 minutes under vigorous
magnetic stirring.N,N-Dimethylformamide T mL 12.8 mmol)was added to the mixtureia syringe The
mixture was maintained at the same temperature for 1 hour, then the reaction was quenched by the addition
of a 1 M aqueous solution of HCI (20 mIhe two phases were separated and the aqueous phase was
extracted with 30 mL of diethyl ethefhe combined organic phases were washed with 20 mL of water and
the volatile materials were removed by rotary evaporatidime resulting white solid was recrystalliZesim
cyclohexan€15-20 ml), affording pure 3,5libromobenzaldehyde as a white solidbig% yield (893 mgJ.he
identity of the product was confirmed by comparison of'sNMRspectrum to literature spectra.

3,5-bis(4nitrophenyl)benzaldehydd4n). 264 mg (1 mmol) of 3;8ibromobenzaldehyde, 400 mg (2.4 mmol)

of 4-nitrophenylbaonic acid, ® mg (0.1 mmol) of bis(triphenylphosphine)palladium(ll) dichloride and 2.02
g (14.6 mmol) of potassium carbonate wésadedin a Schlenck tubequipped with a rubber septum under

an argon atmospherel0 mL of toluene, 10 mL of 96% ethanol and 5.5 mL térweere addedvia syringe
through the septumThe tube, which contained a bright yellow heterogeneous mixture hgated to 90 °C

in an oil bathunder vigorous magnetic stirring. Upon heating, the colour of mixture quickly changed to orange
and then to drk brown. After 4(h, the tube was removed from the oil bath and theaotion mixture was
filtered on a Gooch funnedffording 3,5bis(4nitrophenyl)benzaldehyddn as a grey solid i88%yield (341

mg).

Aldehydeisocyanide condensation tesi.8 mg (0.016nmol) of resorcin[4]arené& were dissolved in 0.3 mL

of de-acidified CDEIn an NMR tube. The®,.5 mg (0.027 mmol) of 3is(4nitrophenyl)benzaldehyddn

and 8.7 mg (0.054 mmol) ofddamantyl isocyanid@cwere added to the tube, which was then sedland

put in a water bath at 60 °C for 24 The solvent was removed by evaporation under reduced pressure and
then 0.6 mL of DMS@ were added to the tubeThe tube was shaken thoroughly, until a very fine
suspension was obtained. Then,ld NMRspectrumwas recorded at 60 °Qrigure E5). To ensure
reproducibility, this experiment was carried oiatur times. The yield wasleterminedby integration of the
resonances of the imine product and3xd, highlighted in blue and green, respectively.

63



a ]
{
. o . =
3 33§ 133 oG -
= ' I '
Il (A s00
. ' ON" H™ ™ "nOy | |
il | ? AL
_/\‘___/‘ bl\ _IAJ‘\_ [l S o ) Vo - -
[ AL = o
8 9 4
- o 3
TG 3 1 L i
n | :
b 1 c |
| fil,
= N Y‘IJ ’ .‘ 3000
b [/
> H ; -2000
J | / ' ‘ ‘
| [ (l ‘ | L1000
0N H™ ™ “NOa Iy | | \
J \J A ~N
——— Y N —— _D
c § ﬂ 4000
§ 588 =g % ﬂ %
@ oo @ w ™~
[ N1/ \ | M ! +2000
N
" / |" II | i " | |l
I"Il' | I ‘ . (AN 4' || A\ R .'I l\ 1000
A < "\\ —’;'..,"-‘ —Jv Ul“' /.I |\ /r\_/ /S \ VAV SN ~—
—r — e —— e [S— |0
- o o
- a m
o o L
T T T T T —_—— VT Al o | T sy Y T — T T P —
86 85 684 B3 82 81 80 79 73 27 26 25 24 23 22 21 20 19 18 17 16 5
1 (ppm)

Figure E.8H NMRspectra of 3,5is(4nitrophenyl)benzaldehydénin DMSGds (a) and of'H NMRspectrum of 1
adamantyl isocyanid8cin CDGI(b); *H NMRspectrum in DMS@s recorded at 60 °6f the reaction mixture of the
capsulecatalysed condensation test betwedn and 3cafter 24h of heating at 60 °C in CR@hd replacement of the

solvent with DMS@is (c).
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3. Reactivity of 1,3liphenylpropenol catalysed by the resorcin[4]arene capsule

3.1 IntramolecularSAr allylationand acidcatalysed decompatson of 1,3diphenylpropenol

Control tests of the dehydration and subsequent intramolecul&Ar allylation of 1,3-diphenylpropenol:
9.5 mg (0.045 mmol) dfans-1,3-diphenylprop2-en-1-ol 12 and 0.6 mL_ of deacidified chloroforrad were
put in six NMR tubg additional components were added as illustrated @&ble E4. The tubes were closed
and left ina water bath at 60 °C for8 ThenH NMRspectra were takenHigure EZ) and the yields were
determinedby integration of the corresponding resonances.

Table E4 Additives used for the control tests of the intramoleculdyr Sllylation of 12.

Tube # Additives
1 30 mg (0.027 mmol) of resorcin[4]arete
2 No additives
3 100 pL of a 01L75M solution of acetic acid in CRXI
4 21 mg (0.108nmol) 4n-hexylesorcinol
5 30 mg (0.027nmol) ofl and 15 mg (0.04mmol) ofBuNBr2b

6 30 mg (0.027nmol) ofl and 32uL (0.45 mmol)of DMSQGds
3 in this case, ® mL of CD@lere used as solvent instead of 0.6 mL, so that the cumulatieme would

be 0.6 mL.
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Figure E7 *H NMRspectra of solutions df2 (75mM) in 0.6 mL of CDglfter 8 h at 60 °C with the following additional
components45mM of 1 (a), no additivesly), 29 mM of acetic acidcf, 180mM of 4n-hexylresorcinold), 45mM of 1

and75 mM of2b (e), 45 mM of 1 and 750mM of DMS@s (f).
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Tests of the acigcatalysed decomposition of 1:8iphenylpropenot Thetest reactions were carriedut in
6 vials. Sedable E5 for detailsabout the contents of the vialshe specific reaction conditions anldet times
at which the reaction mixtures were analysed'byNMRspectroscopy.

Table E5 Quantities of the reagents and catalysts used for the tests of thecatadysed decomposition aP.

Vial _ _ Temperature Time of'H NMIR

4 Quantity of 12 Acid catalyst C) analysis

1 22 mr%c()(l))llos AcOH 5QuL (0.83 mmol) 60 2.5 days, 7 days

5 22.mg (0.105 TFAL L (0.01 mmol) RT 1h,3n
mmol)

3 22maO105  3pay 1 mL (1.3 mmol) RT 2.5 days
mmol)

4 22.mg (0.105 TFAO.1 mL (1.3 mmol) 60 20h
mmol)

5 3®MaO166 ygnt i (0.017 mmol) 60 20h
mmol)

6 35 mg (0.166 PTSALO 3.2 mg (0.017 60 20h
mmol) mmol)

Solvent: 0.6 mL of decidified CDgla ¢ C! ¢ Y (GNAR Tt dz2NRF OSGAO | OARIp da{! ¢
G2t dzSySadzZ LIK2YyAO | OART dawe¢éyY NB2Y GSYLISNI (dz2NB o

Synthesis and purification of ether 17132 mg (0.63 mmol) afans-1,3-diphenylprop2-en-1-ol 12 and 5uL
(0.065 mmol) of trifluoroacetic acid were dissolved in 3 mL oeadldified CDEIlin a screwcapped vial
containing a magnetic stirring bar. The reactimixture was left at room temperature for 1.B under
vigorous magnetic stirring, then 4 drops of triethylamine were added to quench the reaction. The solvent
was removed by rotary evaporation and the resulting solid was treated by flash column chroméupgrap
silica gel using a 1:1 cyclohexagiehloromethane solution as eluent. This afforded eth&@as a colourless

0il in 21% yield26 mq)

3.2 Intermolecular & reactivity of the 1,3liphenyallyl cation

Control tests of the intermoleculaSAr allylation between indole 20a and the allyl cation generated by
1,3-diphenylpropenol: Sx NMR tubes were prepared by dissolving 9.5 mg (0.045 mmadiané-1,3
diphenylprop2-en-1-ol 12and 5.3 mg (0.045 mmol) of indak®ain 0.6 mL of dexcidified CD&lAddtional
components were added as shownTiable E5. The tubes werelosed and put in a water bath at 60 °C for 6
h. ThenH NMRspectra were recorded (s€égure EB).

Table E6 Additives used for the control tests of the intermoleculdr 8llylation between 12 and 20a

Tube # Additives
1 30 mg (0.027 mmol) of resorcin[4]arete
2 No additives
3 100pL of a 0.175 M solution of acetic acid in GDCI
4 21 mg (0.108 mmol)-A-hexylresorcinol
5 30 mg (0.027 mmol) df and 15 mg (0.047 mmol) of BIBr2b

6 30 mg (0.027 mmol) df and 32pL (0.45 mmol) of DMSG)
3 in this case, ® mL of CD@Were used as solvent instead of 0.6 mL, so that the cumulative volume would

be 0.6 mL.
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Figure BB 'H NMRspectra of solutions df2 (75mM) and20a (75 mM)in 0.6 mL of CD&after 6 h at 60 °C with the
following additional componentg5 mM of 1 (a), no additivesk), 29 mM of acetic acidcf, 180mM of 4n-

hexylresorcinold), 45 mM of 1 and 75 mM of2b (e), 45 mM of 1 and 750mM of DMS@s (f).

Investigationof the scope of the reaction30 mg (0.027 mmol) of resorcin[4]aredeavere dissolved in 0.6
mL of deacidified CD&In an NMR tube. The®,.5 mg (0.045 mmol) dfans-1,3-diphenylprop2-en-1-ol 12
and0.045 mmol of an electrorich aromatic substrate we added Another NMR tube was prepared in the
same way, but with addition of 15 mg (0.047 mmol) ofNBr2b. The tubes werelosed ancut in a water
bath at 60 °C for 6, then'H NMRspectra were recorded.

3.3 Formation of unexpectedO-substituted nudeophilic attack products and subsequent Claisen

rearrangement

Tests of the reactions between 1,3 diphenylpropenahd phenols 22m: 30 mg (0.027 mmol) of
resorcin[4]arenel were dissolved in 0.6 mL of éeidified CDEin an NMR tube. 9.5 mg (0.045 mmof
trans-1,3-diphenylpropenoll2 and 0.045 mmol of phend®2m or 22n were then added. The tubes were
closed and put in a water bath at 60 *8.NMRspectra were recorded after 2, 6 and B4f heating Figure
E.9andFigure E.1p
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Figure E.9H NMRspectra of a solution of 75 mNtans-1,3-diphenylprop2-en-1-0l 12, 75 mMp-cresol22mand 45
mM resorcin[4]arend in 0.6 mL of dacidified CD@hfter 2 @), 6 ) and 24 ) h of heating at 60 °C.
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Figure E.18H NMRspectra of a solution of 75 mians-1,3-diphenylprop2-en-1-0l 12, 75 mM 4chlorophenoR2n
and 45 mM resorcin[4]arenkin 0.6 mL of decidified CD@hfter 2 @), 6 ) and 24 €) h of heating at 60 °C.
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Control tests of the reaction between 1;8iphenylpropenol and 4methoxyphenol Six NMR tubes were
prepared by dissolving 9.5 mg (0.045 mmoliyafs-1,3-diphenylprop2-en-1-ol 12and 5.6 mg (0.045 mmol)
of 4-methoxyphenol22iin 0.6 mL of decidified CDGI Additional components were added as shown in
Table EZ. The tubes were closed apdt in a water bath at 60 °@4 NMRspectra were recorded after 6 and
24 h of heating Figure ELL).

Table E7 Additives used for the control tests of the intermolecutéwr Sllylation between12 and 20a.

Tube # Additives
1 30 mg (0.027 mmol) of resanf4]arenel
2 No additives
3 72 L of a 0.25 M solution of acetic acid in GDCI
4 21 mg (0.108 mmol)-A-hexylresorcinol
5 30 mg (0.027 mmol) df and 15 mg (0.047 mmol) of BYBr2b
6 30 mg (0.027 mmol) df and 32uL (0.45 mmol) of DMSG)

a-24h [ A

| \ I''N
‘ ) H | < 4o fln ) O ¢ [ .

b-24h

3 6.2 6.1 60 59 58 8.7 56 55 5.4 5.3 52 51 50 48 4.8 4.7 W
f1 (ppm)

Figue E11*H NMRspectra of solutions df2 (75mM) and 22i (75 mM)in 0.6 mL of CDGifter 6 h (6h) and 24h (24h)
of heatingat 60 °C with the following additional componer&:mM of 1 (a), no additivesky).
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Figure EL1*H NMRspectra of solutions df2 (75mM) and 22i (75 mM)in 0.6 mL of CDLifter 6 h (6h) and 24h (24h)
of heatingat 60 °C with the following additional componer28:mM of acetic acida), 180mM of 4n-hexylresorcinol
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Figure EL1*H NMRspectra of solutions df2 (75mM) and 22i (75 mM)in 0.6 mL of CDGifter 6 h (6h) and 24h (24h)
of heatingat 60 °C with the following additional componemt&:mM of 1 and 75 mM of2b (a), 45mM of 1 and 750
mM of DMS@is (b).
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3.4 Regioselectivity differences between acidtalysed andtapsulecatalysed &\r allylation between 1,3
diphenylpropenoll2 and 3methoxyphenol2k

40 mg (0.19 mmol) dfans-1,3-diphenylprop2-en-1-ol 12, 20uL (0.19 mmol) of -Bnethoxyphenol2k and

40 L (0.02 mmol) of a 0.47 M solution of trifluoroacetic atkA in CD@lvere dissolved in 0.6 mL of CPCI

in an NMR tube. The tube was sealed and heated to 60 °C in a water b&th.fér drop of triethylamine

was then added to the reaction mixturtd NMR **C NMR COSY, HSQC and HMBC spectra were recorded
(seeFigures E.1-E.15.
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77,16 CDCB

45000

40000

35000

30000

25000

20000

15000

IIMII LU |l| .

1 —r — T — — T r—— — —
L] 180 150 140 130 120 110 100 50 &0 79 &0 50 40 10 20 10 ]
fi (ppm)

Figure E.123C NMRspectrum of a saltion of 317 mM ofl2, 317 mM of22kand 32 mM of TFA in CB&lter 2h of
heating at 60 °C.
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Figure E.1LOSY spectrum of a solution of 317 mNMI2f317 mM of22kand 32 mM of TFA in Chelter 2h of
heating at 60 °C.
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heating at 60 °C.
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heating at 60 °C.

3.5 Synthesis and characterisation of unkno@substituted SAAr products andO-substituted nucleophilic
substitution products

Procedure for the synthesis and purification of products 121f, 21g, 21h, 21i, 21j, 21k, 212in, 21p,
21947.5 mg (0.23 mmol) dfans-1,3-diphenylprop2-en-1-0l 12, 150 mg (0.14 mmol) of resorcin[4]arefhe
and 0.23 mmol of an electrerich aromatic substrate were dissolved in 3 mL oidalified CDEIn a screw
capped vial with a magnetic giing bar. The vial was put in a temperategentrolled aluminium heating
block at 60 °C for a day under vigorous magnetic stirring. The reaction mixture was then diluted with a few
mL of diethyl ether and transferred to a rowhdttomed flask.The solveh was removed by rotary
evaporation and the resulting solid was dissolved in a small aliquot of a suitable cyclofetirginecetate
solution to which 1% triethylamine was addedhe resulting mixturgvas deposited on a silica gel plug (see
Results and dicussion 81.Band then 80mL of the same cyclohexamthyl acetate eluent mixture were
passed through the plug, and the filtered solution was collected in a rdaatidmed flask.The solvent was
removed by rotary evaporation and the resulting solid wasated bypreparative TL®n asilica plate
affording the product aa white, pale yellow or light browsolid in10-30% yield.

General procedure for the synthesis and purification ether derivatives23h and 23i: 75 mg (0.36 mmol)
of trans-1,3-diphenylpop-2-en-1-ol 12, 0.36 mmol of 4alkoxyphenol and 7@QL (0.035 mmol) of a 0.5 M
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solution of trifluoroacetic acid in CQ@¥ere dissolved in 3.5 mL of CBi@la screwcapped vial equipped

with a magnetic stirring bar. The vial was sealed and left to sitcah temperature under vigorous magnetic
stirring for one hour. The reaction mixture was then transferred into a reowitiomed flask and the solvent

was removed by rotary evaporation. The resulting pale yellow oil was treated by flash column
chromatograply on silica gel with a 95:5 cyclohexagt@yl acetate mixture to which 1% triethylamine was
added. This afforded the product as a colourless 0illi1 3% yield. Specific details are listed below:

(B)-3-(4-ethoxyphenyloxy}1,3-diphenylprop-1-ene (23h): 48mg (0.36 mmol) of £thoxyphenol2h; yield:
13% (16 mg);

(B)-3-(4-methoxyphenyloxy}1,3-diphenylprop-1-ene (23i): 44 mg (0.36 mmol) of-rhethoxyphenol22;i;
yield: 11% (12 mg).
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Characterisation data

1. Imine products

;\ N02
N= ; .
Chemical Formula: C44H43CIN,O,
ci Molecular Weight: 240,68700

5ad

~

'H NMR(400 MHz, ChloroforaR 0 + @LIJIY8 I ydyd O0RZT W I' wdy T3 mI
7.54 (d, J = 8.7 Hz, 1H), 1.33 (s, 10H).

13C NMR(101 MHz, ChloroforaR 0 1 @LILIY8 I mMpnodmMnI MnTdMnI MnMOPMbDPI
2968.

GC/MSEI): calc. for GHisCINO: [M]*: 240.067; found: 240.032;¢EhoCINO; [M-CH] 225.026, @Hy 57.073.
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Figure C.2H NMRspectrum obadin CDGI
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2

S5ae

'H NMR(400 MHz, ChloroforaR 0
Hz, 1H), 1.33 (s, 9H).

13C NMR(101 MHz, ChloroforaR 0

A,
L

1

1

Chemical Formula: C4,H3F3N50,
Molecular Weight: 274,24321

CF,
WLIIY8 I yodcy o6a:x
OLILIYE I' MpndtmI

129.95, 129.92, 1243 121.87, 121.83, 121.79, 121.75, 59.02, 29.48.

GC/MS(EI): calc. for faHisRN0: [M-CH]": 259.069; found: 259.051,K 57.072.
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Figure C.7H NMRspectrum obaein CDGI
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;\N/ CF;
Chemical Formula: C43H3FgN
Molecular Weight: 297,24442

CF;
5af
'H NMR(400 MHz, ChloroforlR 0 + @LILIY®8 I ydon o6& MI O ydPHH 0a&X

13C NMR(101 MHz, ChloroforaR 0 4 ®@LILIY8 I mMpH®MNnI Mo pPopI MOHDCOXI
124.82, 123.64, 123.61, 123.57, 123.53, 123.49, 122.118 53%261.

GCIMS(EI): calc. for GHaRN [M]*: 297.095; found: 297.060;&hoRN [M-CH]* 282.070, GHe 57.080.
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Figure C.13H NMRspectrum obafin CDGI
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I
NZ F Chemical Formula: C41H4gF5sN

Molecular Weight: 251,20002
F F

5ag

'H NMR(400 MHz, ChloroforlR 0+ @LILIY8 I' ydudp o6&z mMI 0 mdon
19 NMR(376 MHz, ChloroforaR 0 1  «1B3.98c8143.78 (m);152.56¢ -153.00 (M);162.37¢ -162.67

(m).

13C NMR101 MHz, ChloroforBR 0 4+ @ LILJX B44.25 (m), 44 @@143.87 (m) 143.32¢ 140.22 (m),

139.38¢ 136.22 (m), 112.47 (td, J = 12.3, 4.1 Hz), 59.73, 29.31.

GC/MS(EI): calc. for HoFsN [M]": 251.073; found: 251.030,.6HRN [M-CH]* 236.040, @HFs 179.970,
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Molecular Weight: 296,79500

NO, .
MNéjQ/ Chemical Formula: C45H,1CIN,O,
Cl

5bd

'H NMR(400 MHz, ChloroforaR 0 + @LIJIY8 I ydyd O0RZT W I' wdy [T mI
7.54 (d, J = 8.7 Hz, 1H), 1.74 (s, 2H), 1.36 (s, 6H), 0.96 (s, 9H).

13C NMR(101 MHzChloroformR 0 1 @LILIY8 I MndpPpdhpE MnT OPMPE MnMOPMMEI
56.54, 32.20, 31.89, 29.70.

GCIMS(EI): calc. for GHisCINO, [M-CH]*: 281.106; found: [MCH]* 281.106, GHiCINO, 225.037,
GHsCINO, 184.983, GHo 57.094.
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= NO,
N Chemical Formula: C47H9CIN,O,
Molecular Weight: 318,80
Cl

5cd
'H NMR(400 MHz, ChloroforaR 0 4+ @LILIY8 I ydpn ORI W I Hdy 113 mI
7.53 (d, J = 8.7 Hz, 1H), 2.20 (s, 3H), 1.83 (d, J = 2.9 Hz, 6H), 1.75 (g, J = 12.2 Hz, 6H).

13C NMR(101 MHz, ChloroforlR 0+ G LILIY 6 [ 14112218609 I30.86n I2510W,d23.54, 59.21,
43.16, 36.62, 29.63.

GCIMS(EI): calc. for GHiCINO, [M]*: 318.114; found: [M]318.097, GHis135.156.

g 12000
e .: { \ 3 ’ 30000

b ~15000
+10000 [ 26000
~24000
N . 22000

~20000

0 95 8.0 8.5 80 75 7.0 6.5 6.0 55 50 45 4.0 35 10 25 20 1.5 1.0 05 0.0
fi (pom)

Figure C.32H NMRspectrum obcdin CDGI
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NP NO,
Chemical Formula: C44H41CIN,O,
cl Molecular Weight: 274,70400

5dd

H NMR(400 MHzChloroformR 0 + @LILIY8 ' ydyo O6RZT W I' Hodd | T wml
2.8 Hz, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7B24 (m, 5H), 4.81 (d, J = 1.5 Hz, 2H).

13C NMR101 MHz, ChloroforlR 0+ @LILIY 8 T wmpc ®n n3B.744181.02,/12830, 8.20P My =
127.49, 125.66, 123.83, 65.42.

GCIMS(EI): calc. for @H.CINO, [M]*: 274.051; found: [M]274.038, GH,91.047.
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Figure C.38H NMRspectrum ofbddin CDGI
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5ed

N%D/NOZ
o]

'H NMR(400 MHz, ChloroforaR 0
7.56¢ 7.26 (m, 6H), 4.70 (g, J = 6.6 Hz, 1H), 1.66 (d, J = 6.6 Hz, 3H).

13C NMR(101 MHz, ChloroforaR 0
126.70, 125.47, 123.81, 70.34, 25.04.

1

1

W LJILIY 8

w LILIY 8

I.I

I.l

yddpp 6RT W T

Mpo Py =

Mnc ddy Z12n30n do p =

Chemical Formula: C45H413CIN5,O5
Molecular Weight: 288,73100

H®d

11z

GCIMS(EI): calc. for @H:CINO, [M]*: 288.067; found: [M]288.063, [MCH]* 273.040, gH105.149, GHs

77.072.
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'H NMR(400MHz, ChloroforrR 0 1

SN

5fd

Cl

OLILIY8 ' ddmT

7.93¢ 7.84 (m, 4H), 7.72 (s, 1H), 7.62 (d, J = 8.8 Hz, 1H) 7.85 (m, 3H).

13C NMR(101 MHz, ChloroforAR 0 1
129.42, 128.39, 127.93, 126.85, 126.24, 125.99, 123.92, 120.54, 119.51.

wLILIYe T

Chemical Formula: C47H41CIN,0,
Molecular Weight: 310,73700

ORZ W T

H®y

GC/MS(ED): calc. for £HhiCINO, [M]*: 310.051; found: [M]310.016, &HiaN 229.044, ¢GH;127.014.
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Figure C50H NMRspectrum of 5fd in CDLCI
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Chemical Formula: C15H3CIN,O,
Molecular Weight: 288,73100

N/D/Noz
(o]

5gd
'H NMR(400 MHz, ChloroforaR 0+ @LILIY8 I ddmn ORI W T
7.64 (d, J = 8.8 Hz, 1H), 7.11 (d, J = 7.5 Hz, 2H}, §.9% (m, 1H), 2.18 (s, 6H).

HOPY || Z

13C NMR101 MHz, ChloroforlR 0 + @LILIY 6 T

126.24, 124.71, 123.53, 18.49.

Vg, 140,85y 184.6W, 13127 Y28 43MATI0R

GCIMS(EI): calc. for £HsCINO, [M]*: 288.067; found: [M]288.023, @HoN 132.038, GH; 127.014, @
77.011.
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Figure C.56H NMRspectrum obgdin CDGI
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N/ Chemical Formula: C47H5gN>05
/\© Molecular Weight: 284,36
NO

2

'H NMR(400 MHz, ChloroforlR 0+ @LILIY® I y®doo 064X mMI O ydup ORI
(s, 3H), 1.82 (d, J = 2.9 Hz, 6H), 1.74 (q, J = 12.5 Hz, 6H).

BCNMROMAM al il /5/fto0 1 @LILIVE 1P3.94 poH7D ¥3115, 3646629600 = M N
GC/MS(ED): calc. for £HoN-Oz [M]*: 284.152; found: [M]284.145, GHi5135.126.

y e -t N, +10000
RAY SR 8 AURRENG

+7000
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g
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Figure C.62H NMR spectrum dicain CDGI
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Chemical Formula: C17H5oN,O5»

> NO,
N/\©/ Molecular Weight: 284,36

5cb
IH NMR(400 MHz, ChloroforAlR 0+ & LILIY 62.0 Hz, YHR B.92 (so1iHY;. 8.28/(déld, J = 8.2, 2.4, 1.1 Hz,
1H), 8.09 (dt, J = 7.7, 1.4 Hz, 1H), 7.57 (t, J = 7.9 Hz, 1H), 2.18 (s, 3H), 1.82 (d, J = 2.9 Hz, 6H), 1.72 (q, 14 |
,6H).

13C NMR(101 MHz, ChloroforlR 0+ @LILIY 8 T wmp H ®p,mI9.5% h24.687 12289, 624D H 0
43.17, 36.66, 29.66.

GCIMS(EI): calc. for GHaoN:0z [M]*: 284.152; found: [M]284.131, GHys 135.128.
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NO,

P Chemical Formula: C17H59N50,
N Molecular Weight: 284,36

5cc
H NMR(400 MHz, ChloroforAR 0 ‘m] =8l6B.Js, 1H), 8.01 (d, J = 7.2 Hz, 2H), 7.65 (t, J = 7.6 Hz, 2H), 7.52
(t, J = 7.7 Hz, 1H), 2.18 (s, 3H), 1.83 (d, J = 2.9 Hz, 6H), 1.74 (g, J = 11.8 Hz, 6H).

13C NMR(101 MHz, ChloroforaR 0 1 @LILIY8 I mMpmMdpnsI mny ¢ pp3d, 510 dcc =
43.04, 36.63, 29.66.

GC/MS(EI): calc. for &H0N20; [M]*: 284.152; found: [M]284.106 (very low intensity),.6hs 135.105.
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N7 Chemical Formula: C4gH;gF3N,05
Molecular Weight: 352,36
O,N CF3
5ce

'H NMR(400 MHz, ChloroforaR 0 1+ @LILIY8 I ydcT 04X MIOZ ydPHT 04&X
Hz, 1H), 2.20 (s, 3H), 1.83 (d, J = 2.9 Hz, 6H), 1.75 (q, J = 12.3 Hz, 6H).

13C NMR(101 MHz, ChloroforaR 0+  @LILIY® T wmp n ®p 1% =@52yHD)y180:02, 129.p6dDT 0 =
(q,J =3.5Hz), 122.9 (q, J = 273 Hz), 121.82 (q, J = 3.9 Hz), 59.45, 42.97, 36.57, 29.61.

19 NMR(376 MHz, ChloroforaR 0 { «6RRIY 8 T
GC/MS(ED): calc. for fgHiosR:N.O, [M]*: 352.140; found: [M]352.124 (very low iensity), GoHis 135.105.
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CF
N ¥ Chemical Formula: C4gHgFgN
Molecular Weight: 375,36

CF;
5cf

'H NMR(400 MHz, ChloroforaR 0 + @LILIY® I ydoH G6&X MIUOUI yDPHM

Hz, 6H), 1.75 (g, J = 15.5 Hz, 6H).

13C NMR(101 MHz, ChloroforAlR0 4  @LIIY8 I MpHDPAAZ Mo pPdp7B5 (mp H dnc

123.52 p, J = 3.7 Hz), 123.4 (q, J = 272 Hz), 58.61, 43.13, 36.65, 29.65.
19 NMR(376 MHz, ChloroforaR 0 { «SRROIY 8 T
GC/MS(ED): calc. for fgHiosRsN [M]": 375.142; found: [M]375.141, @His 135.165.
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N Chemical Formula: Cq7H4gF5N
Molecular Weight: 329,31

5cg
'H NMR(400 MHz, ChloroforlR 0 + @LILIY® I ydHy o6& MI O HdPMp 0aX

13C NMR101 MHz, ChloroforaR 0 1 ¢ LILJ¥ B44.T1 (m), 1439@0@) J = 2.6 Hz), 148.080.05 (m),
139.31¢ 135.97 (m), 112.50 (td, J = 12.07 8iz), 60.03, 42.71, 36.42, 29.45.

19 NMR(376 MHz, ChloroforAR 0 1  lKILO®c8146.20 (m);152.68 (tt, J = 20.7, 2.5 HAH2.25¢ -
162.43 (m).

GC/MS(ED): calc. for gHisRsN [M]": 329.120; found: [M]329.100, @His 135.106.
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l NO,

C
Chemical Formula: C1gH42N505

! Molecular Weight: 348,31400

4n
NO,
'H NMR(400 MHz, ChloroforaR 0 [ppm] = 10.21 (s, 1H), 8.39 (d, J = 8.3 Hz, 4H), 8.20 (s, 2H), 8.09 (s, 1H),
7.85 (d, J = 8.3 Hz, 4H).

IH NMR(400 MHz, DMS®c 0 {+ @LIIY 6 [ C8.A5%m,HH),BHES.3% (mH2H), 838 (ila) =
8.5 Hz, 4H), 8.22 (d = 8.6 Hz, 4H).
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H NMR (400 MH= DMSO-d) 3 3022 {5, IHL 853 -
53%8(d /=85 Hz 6H), 822 (d, /= 56 Hz, $H),

g 5338328500

No,

48 (m, 1H) 843 - 838 (m3H),

2.33 DMSO-06
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f1 (ppm)

-

— 150 DMSO-06

+500
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u T T \ T 4 T Y
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b
Figure C.102H NMRspectrum o#nin DMSQds.
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2. G and O-substituted derivatives ottrans-1,3-diphenylprop-2-en-1-ol

/
O \
/
S
l 21e

IH NMR(400 MHz, Chioform-do ¢+ K 7.25 g 5H), 7.28 7.16 (m, 5H), 7.14 7.08 (m, 2H), 7.08
7.03 (m, 1H), 6.98 6.87 (M, 1H), 6.77 (dd= 15.8, 7.3 Hz, 1H), 6.35 (& 15.8 Hz, 1H), 5.10 (@ 7.3 Hz,
1H), 3.58 (s, 3H), 2.30 (s, 3H).

Chemical Formula: Co5Ho3N
Molecular Weight: 337,47

13C NMR(101 MHz, Chlaform-d0 + ' Mnodyn>X mMoT ®PT0X MocCc dPppZI mMood
128.34, 127.17, 127.09, 126.40, 126.16, 120.59, 119.54, 118.97, 112.31, 108.77, 45.49, 29.66, 10.91.

GC/MS(E): calc. for &HsN [M]*: 337.183; found: 337.166 480N 322.139Ci9HisN 260.115, ¢4, 91.036,
GHs 77.032.
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Chemical Formula: Cy4HoN,0O
Molecular Weight: 352,44

IH NMR(400 MHz, Chloroformdd  +  @LILIYS® [ y ®H ¢ 0 AJE8GMLEHE, 1H)FRF160 45 M
(m, 13H), 7.00 (d]= 2.4 Hz, 1H), 6.71 (dd= 15.8, 7.3 Hz, 1H), 6.42 (& 15.8 Hz, 1H), 5.15 (@ 7.2 Hz,

1H).

13C NMR101 MHz, Chloroformld  + @ LILJY B43.0'8, 188188, $37.425132.25, 131.05, 128.70, 128.68,
128.62, 127.46, 126.77, 126.63, 126.47, 124.91, 124.30, 121.90, 120.05, 119.90, 111.33, 46.02.

GCMS unavailable due to the low volatility of the compound.
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Chemical Formula: Co4H1gNO,
Molecular Weight: 353,42

IH NMR(400 MHz, Methanetla0 ¢ LILJY 8= 16 Hy, GHy, ¥.82qd@:38.6, 1.7 Hz, 1H), 7.447.27
(m, 10H), 7.2% 7.18 (m, 2H), 7.11 (s, 1H), 6.81 (d,15.8, 7.5 Hz, 1H), 6.46 {c 15.8 Hz, 1H), 5.18 (@
7.4 Hz, 1H).

13C NMR(101 MHz, Methanetl)) « [ppm] = 17..54, 145.00, 141.26, 138.94, 133.77, 131.74, 129.54, 129.47,
129.45, 128.17, 127.68, 127.42, 127.28, 125.54, 124.06, 123.78, 121.97, 120.47, 111.96, 47.44.

GCMS unavailable due to the low volatility of the compound.
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Figure C.114H NMRspectrum of21f in methanold..
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'H NMR(400 MHz, Chloroforpd) 1

S I o'
P X _NH

A A
O 21ha O O 21hb O

oLILIYe T

5.19 (d,J= 7.2Hz), 5.08 (d)= 7.5 Hz).

13C NMR(10

1 MHz, CD@l ¢

Chemical Formula: Cy7H,4N
Molecular Weight: 359,4720

OWLILIY8 I mMmnodcmZ

MO MPT N =

MOy ®oy Z

y e 82 (d)a7u7E (dy &pHhp), 06& (@=
8.5 Hz), 7.54 7.14 (m), 6.87 (dJ= 2.6 Hz), 6.77 (dd= 15.9, 7.4 Hz), 6.71 (@= 8.3 Hz), 6.68 6.67 (M),

T Odp

MOT

130.57, 130.51, 130.29, 128.97, 128.95, 128.93, 128.72, 128.66, 128.64, 128.61, 128.57, 127.76, 127.30,
126.58, 126.53, 26.46, 125.50, 125.43, 124.44, 124.05, 123.93, 123.90, 123.73, 122.76, 122.39, 121.86,
121.59, 120.92, 120.78, 120.75, 120.66, 120.38, 119.90, 119.49, 104.28, 103.35, 48.63, 46.31.

GC/MS(ED): calc. for £HaN [M]": 359.167; found: 359.162,4EheN 282.1@, GoHisN 256.113, ¢, 91.036,

GeHs 77.034.
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Chemical Formula: CogHo3N
Molecular Weight: 385,51

IH NMR(400 MHz, Chloroforrdd  + @ LILIY 8 [ g7®n(sn, 2Kd)A728 TW8R ([nZOH)r 480 14
(m, 78, 7.01 (n, 1H), 6.90 (ddj= 15.8, 7.3 Hz, 1H), 6.42 (d&; 15.9, 1.4 Hz, 1H), 5.30 & 7.3 Hz, 1H).

3C NMR101 MHz,CD@ 1+ @LIIY8 T wmn o &I F33.020182¢e, A3.221128&.98,12875, M 0
128.58, 128.44, 128.40, 128.18, 128.06, 127.24, 126.45, 126.25, 122.25, 121.35, 119.84, 114.00, 111.07,
60.56, 45.28, 21.18, 14.33.

GC/MS(E): calc. for £HsN [M]": 385.183; found: 385.187 p4EhsN 308.122CooHheN 294.118, GHioN 206,
GH; 91.036, 6Hs 77.034.
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Figure C.123H NMRspectrum of21iin CDGI
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