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Abstract

The efficient preparation of functional rigid and soluble macrocycles remains a challenge for synthetic chemists. Here, we
exploit the thermodynamic control of dynamic covalent chemistry to investigate the influence of the monomer structure
on the macrocyclization selectivity. A series of rigid cyclic hexamer has been synthesized by imine condensation of
benzene building blocks, i.e. meta-substituted diamines and dialdehydes, templated by calcium(II) chloride. The
monomers were designed to feature various additional functional groups either available for further post-cyclization
modifications or acting as solubilizing groups. The cyclization selectivity was systematically investigated and optimized
depending on the length of the applied solubilizing group and on the nature of the additional functional group. A
selectivity up to 92% was reached for the macrocyclization exhibiting trifluoromethyl and bromine groups at the outer
periphery and hydroxyl groups in the cavity.
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Introduction

Rigid macrocycles have gained increasing interest due to
their unique structure and broad range of applications [1,
2]. Their architecture advantageously features planarity [3],



a defined cavity, precise positions of functional groups [4]
and a conjugated system [5]. The presence of a defined cav-
ity enables host—guest interactions, making macrocycles
applicable as sensor materials [6] or artificial enzymes [3].
In material science, macrocycles can be used as building
blocks to form supramolecular assemblies or three-dimen-
sional porous structures that are suitable for catalysis [7]
or artificial transmembrane transporters [8]. Furthermore,
conjugated macrocycles are intensively studied for organic
electronics [9], as their fully-conjugated structure provides
unique electric, magnetic and optical properties [5].
Several synthetic approaches have been developed for
the synthesis of rigid macrocycles [9]. Although kinetically
controlled synthesis conditions offer a good possibility to
design macrocycles, the employed stepwise syntheses gen-
erally result in low overall yields. As alternative, dynamic
covalent chemistry, which relies on reversible covalent reac-
tions, exhibits an error-correction capability that provides
a thermodynamic control over the product composition
[10-12]. Among the different reversible reactions fulfilling
the requirements of dynamic covalent chemistry, alkyne,
olefin and imine metatheses are commonly used for the
construction of macrocycles in relatively high yields [13].
Initially, intensive research was devoted to the preparation of
conjugated arylene-ethylene macrocycles by alkyne metath-
esis [14—17]. The high synthetic efficiency and selectivity of
this pathway was directly correlated to the shape and angle
persistency of the macrocycle containing rigid aromatic
and alkyne groups. In contrast, imine and olefin metatheses
resulted in macrocycles displaying more conformational
freedom due to the double bond isomerism. Even if this
increased flexibility led to a broader product distribution and
to a decreased macrocycle selectivity, materials with novel
functionalities and improved solubility could be produced
[18, 19]. In order to expand the diversity of macrocyclic
structures, all these chemistries were also combined to pre-
pare unsymmetrical or heterosequenced macrocycles [20,
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21]. One of the advantages of imine condensation (Schiff
base reaction) lays in the possibility to use metal ions as tem-
plates to stabilize the macrocyclic structure [22, 23]. Indeed,
the coordination bonds formed between the free electron
pair of the nitrogen and the metal ion stabilizes the system
and favors cyclization. Thus, the size of the macrocycle can
be tuned by the radius of the metal ion [24]. This improved
selectivity encouraged us to develop the herein discussed
approach.

However, the solubility of rigid macrocycles is gener-
ally limited in common organic solvents. This drawback
impedes their further functionalization and applications in
electrochemistry or photochemistry, for instance. In order
to overcome this issue, solubilizing groups, such as alkyl or
alkoxyl chains, have been incorporated as side groups [25,
26]. Simulations enable the estimation of the cavity size and
the determination of the position of the solubilizing groups
[27-30]. However, the presence of solubilizing and of addi-
tional functional groups can impact the macrocyclization
selectivity. Therefore, we report the synthesis of a series
of benzene monomers constisting of meta-substituted dial-
dehydes and diamines featuring solubilizing and additional
functional groups and investigate their suitability for the
preparation of soluble functional macrocycles. The diamines
display either a vinyl, ethyl or trifluoromethyl group as func-
tional group (X). The dialdehydes bear hydroxyl, methoxyl,
propoxyl or octoxyl groups as solubilizing groups (OR) and
bromine or vinyl groups as functional groups (Y). The pro-
duced macrocycles were named OR-MC-Y/X (Scheme 1).

Results & discussion
Monomer synthesis

The functional dialdehyde DAL-Y/OR monomers were
prepared in a three-step synthesis from 4-bromophenol
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Scheme 1 Series of Schiff base reactions of diamines (DAm-X) and dialdehydes (DAI-Y/OR) to obtain imine macrocycles (OR-MC-Y/X) and

the corresponding amine macrocycles (OR-MC-Y/X red) after reduction



(Scheme 2). In the first step, the aldehyde moieties were
introduced via a Duff reaction on 4-bromophenol to obtain
DAI-OH/Br in 57% yield [31, 32]. Subsequently, alkyl
chains of different length (methyl, propyl, octyl) were incor-
porated as solubilizing groups by Williamson ether synthesis
in 70, 61 and 31% yields, respectively. As an Sy2 reaction,
the decreasing yield observed for an increasing alkyl halide
chain length can be explained by steric hindrance. Finally,
the vinyl moiety was introduced by a subsequent Suzuki
coupling with potassium vinyl trifluoroborate in the pres-
ence of benzophenone as radical scavenger to prevent unde-
sired polymerization. The three products (DAl-OMe/Vinyl,
DAI-OPr/Vinyl and DAI-OOQOct/Vinyl) were obtained in
similar yields ranging from 61 to 73% [33]. DAI-OH/“"Bu
(4-tertbutyl-2,6-diformylphenol), which was commercially
available, was methylated by Williamson ether synthesis
to produce DAl-OMe/*"Bu in 88% yield. This synthetic
approach provided a library of eight different aldehyde
monomers carrying either a hydroxyl group or alkyl chains
of different length as solubilizing groups and a bromine or a
vinyl group as additional functional groups.

The diamine monomers DAm-X were synthesized in a
two-step procedure (Scheme 3a). First, the vinyl functional-
ity was introduced to 1-iodo-3,5-dinitrobenzene by a Suzuki

Scheme 2 Synthesis of the

coupling in 85% yield. Afterwards, using tin(I) chloride, the
nitroso groups were reduced to the corresponding amines,
without affecting the vinyl group, resulting in DAm-Vinyl
with a 90% yield. Alternatively, 1,3-dinitro-5-vinylbenzene
was hydrogenated in presence of palladium on charcoal to
obtain DAm-Ethyl in 92% yield. Both diamine monomers
were stored under Ar in a fridge to prevent a degradation.
Furthermore, commercially available m-phenylenediamine
(DAm-H) and 5-(trifluoromethyl)benzene-1,3-diamine
(DAm-CF3) were directly used monomers (Scheme 3b).

Investigation of the macrocyclization conditions

The optimal reaction conditions for macrocyclization via
imine condensation were investigated employing m-phe-
nylenediamine (DAm-H) and 5-(tert-butyl)-2-methoxy-
isophthalaldehyde (DAI-OMe/“*Bu) as model monomers.
The reactions were performed in methanol under reflux.
After the reaction, the reduction of the imine bonds to the
corresponding amines is required in order to freeze the
equilibrium. The soluble products were directly hydro-
genated and analyzed. The precipitate formed during the
reaction was filtered off and analyzed as obtained or after
hydrogenation in order to increase its solubility in common
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organic solvents. The product composition was determined
by nuclear magnetic resonance spectroscopy (NMR) and by
size-exclusion chromatography coupled to electronspray ion-
ization mass spectrometry (SEC-ESI-MS). The influence of
different reaction parameters such as solvent, catalyst and
template species on the selectivity was examined. The first
reaction was performed with one equivalent of each mono-
mer for 6 h and without catalyst. This reaction did not lead
to the formation of a precipitate. A mixture of monomers,
dimers, trimers and macrocycle with a very low selectiv-
ity was observed in solution (see SI Fig. 22). The addition
of an acid catalyst, such as HBr, and an elongation of the
reaction time did not improve the reaction selectivity (see
SI Fig. 22). When CaCl, was added as template, a product
precipitated. The SEC chromatogram of the hydrogenated
precipitate (Fig. 1a) exhibits a main peak at around 21.5 min.
The mass observed for this peak corresponds to the desired
macrocycle DAI-OMe/*"Bu red (m/z(M~+H*)=991.1172;

M/Zege. =991,1181; Am/z=0.0009) (Fig. 1b). The broad low
intense peak observed at lower retention times reveals the
presence of oligomers with higher molar masses. The 'H
NMR of the precipitate, which was soluble in benzene-d,,
displays the presence of all the characteristic peaks of the
targeted macrocycle and especially the peak of the CH of
the imine at 9.20 ppm (Fig. 2a). After hydrogenation, the
imine signal disappeared and new peaks at 5.54 ppm and
4.12 ppm corresponding to the amine protons and the CH,
in a-position were observed (Fig. 2b).

In order to improve the yield (25%) and selectivity (46%)
of the precipitated macrocycle, several metal ions with dif-
ferent atomic radii were screened. The macrocycle pre-
cipitated from the reaction mixture when magnesium and
calcium chlorides were used. Similar yields (around 25%)
were reached after 4 h indicating that these ions have an
adequate ionic radius (respectively 0.98 and 0.65 A) to fit
in the cavity of the macrocycle and favor its formation.
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Barium, which has an ionic radius of 1.35 1&, did not show
any template effect. Finally, the replacement of methanol by
dichloromethane or ethanol did not improve the selectivity.

Synthesis of functional macrocycles

After optimizing the reaction conditions on commercially
available monomers, the synthesis of a series of functional
macrocycles was investigated. The functional monomers
described in the first section were combined in order to
prepare a library of macrocycles with different side chains.
All reactions were carried out under the same conditions:
in methanol, under argon atmosphere, with a CaCl, tem-
plate, unless otherwise mentioned. The yield, solubility and
selectivity of the different monomer combinations were
compared. In most cases, during the imine condensation,
a precipitate containing the macrocyclic hexamer and other
compounds, such as linear oligomers of high molar mass or
other cyclic species was formed. The yield of precipitate was
calculated considering the molar mass of the macrocycle
including the presence of one Ca>* and two CI~ ions in its
center to compare the different batches. Upon reduction, in
a methanol/THF mixture (1:1) in presence of sodium boro-
hydride, the solubilization of the precipitate was observed.
The efficiency of the solubilization, which is directly related
to the reduction efficiency, depends on the product struc-
tures. In some cases, the addition of NaBH, or THF and the
extension of the reaction time was necessary to complete
the solubilization. After extraction of the soluble part with
chloroform, the reduction yield was calculated considering
the molar mass of the reduced macrocycles without Ca*.
The selectivity of the macrocyclization was calculated from
SEC-ESI data; the peak displaying the mass of the mac-
rocycle was identified on the chromatogram and its area
integrated and compared to the total area. The non-isolated
macrocycle yield was calculated by multiplication of the
weighted yield after both the imine condensation and reduc-
tion step and the selectivity (Table 1).

Influence of the solubilizing group chain length

In a first series, DAm-H was combined with the different
dialdehyde monomers. The reaction time required for the
formation of the precipitate depended on the structure of
the dialdehyde. Indeed, the product precipitated within few
minutes or one hour when DAI-OH/Br and DAI-OMe/Br
were used as dialdehyde comonomers, respectively. After
6 h of reaction time, the yields of precipitate were around
80% in both cases (see Table 1 SI). After a similar reac-
tion time, the combination of DAm-H with Dal-OPr/Br
and Dal-OOQOct/Br led to clear or slightly turbid reaction
mixtures, respectively. Therefore, the reaction times for
the last two monomers were extended to 13 h in order to

reach a precipitate yield over 80%. The precipitates of all
macrocycles were insoluble in common organic solvents.
During the reduction of OR-MC-Br/H, the solubilization
of all precipitates was observed, except for Oct-MC-Br/H.
In this case, due to an increased solubility, longer oligom-
ers, which might remain insoluble even after reduction, can
be formed. Although, OPr-MC-Br/H, OMe-MC-Br/H and
OH-MC-Br/H were soluble at the end of the reduction step,
after work-up and evaporation of the solvent, a low solubility
in common solvents, impeded their full characterization. A
strong 77—z stacking might explain the phenomenon.

The rest of the experiments were performed with
diamines featuring an additional functional group, which
might prevent z—=z stacking, increases the solubility, thus
enabling the estimation by SEC (Fig. 3).

DAm-CF; was combined with dialdehydes featur-
ing solubilizing groups of different length. The reaction
of DAm-CF; with DAI-OH/Br resulted in the formation
of a precipitate in a 77% yield. After reduction (quantita-
tive yield), the peak at 17.88 min on the SEC-ESI chro-
matogram was identified as the macrocycle OH-MC-Br/
CF; red (m/z(M~+H*")=1117.0319; m/z ;. =1117.0333;
Am/z=0.0014) (Figs. 3 and 4). A selectivity of 93% and a
yield of non-isolated macrocycle of 72% were calculated.
The small shoulder at 15.96 min is characteristic of oligom-
ers with a higher molar mass. The '"H-NMR spectrum of
the reduced precipitate confirmed the macrocycle structure
by displaying all the characteristic peaks of OH-MC-Br/
CF; red, but unassigned impurities were present in the ali-
phatic region. In the optimization study, we only showed
the crucial role of the template on the methylated mono-
mer. However, in literature, some authors also reported the
favorable influence of H-bond on the imine macrocycle
formation [34, 35]. In order to clarify the template effect
on monomers carrying OH groups, the same reaction was
performed without template. Under these conditions, a
precipitate was formed in a similar yield of 73%, but after
reduction (quantitative yield), a decreased macrocycle selec-
tivity of 49% was observed, thus underlining the role of the
template. As expected from the optimization experiments,
the attempt to form OMe-MC-Br/CF; without template
did not lead to precipitation, which is explained by the
absence of H bonds to favor the cyclization. When CaCl,
was added, a significantly lower precipitation yield (44%)
and lower selectivity (43%) compared to the reaction with
DAI-OH/Br was observed, revealing a lower but still exist-
ing impact of the template effect. The peak at 17.82 min on
the SEC-ESI chromatogram was identified as OMe-MC-Br/
CF; red (m/z(M~ +H")=1159.0790; m/z_,;,. = 1159.0803;
Am/z=0.0013) (Fig. 3). Furthermore, the macrocycles
with one, two and three remaining imine bonds were
found (m/z(M~ +H*")=1157.0657; m/z,,. =1157.0646;
Am/z =0.0011, m/z(M~™ 4+ Nat)=1177.0535;
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Fig.3 a SEC traces OH-MC-Br/CF;, OMe-MC-Br/CF;, OPr-MC-
Br/CF; and OOct-MC-Br/CF;, b SEC traces OH-MC-Br/Vinyl,
OMe-MC-Br/Vinyl, ¢ SEC traces OMe-MC-Vinyl/Vinyl and OPr-

m/Zoq.. = 1177.031; Am/z =0.0225 and
m/z(M~ + Na*) =1175.0577; m/z,,.=1175.0153;
Am/z=0.0424), indicating incomplete hydrogenation, prob-
ably due to low solubility. When the length of the solubiliz-
ing group increased to a propyl group (DAI-OPr/Br), the
precipitation yield continued decreasing to 20%. However,
an increase of the yield was observed for the reaction with
DAI-OOct/Br. This could be explained by the formation of
longer oligomer chains due to an increased solubility and a
lower influence of the template effect. No selectivity value
was extracted from the SEC-ESI for OPr-MC-Br/CF; red
and OOct-MC-Br/CF; red, as no adequate mass for the
macrocycle was found. The chromatogram showed the pres-
ence of a majority oligomers with a higher molar mass.

A similar trend was observed for the macrocycles MC-Br/
Vinyl prepared from DAm-Vinyl and different dialdehydes.
The highest yield of precipitate (76%) and selectivity (86%)
was reached for the OH-MC-Br/Vinyl red macrocycle. In
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Ethyl. The stars indicate the SEC peak corresponding to the macro-
cycle (determined from SEC-ESI)

the SEC chromatogram, a single, intense peak at 17.70 min
with a small shoulder at 16.69 min. was observed. The peak
at 17.70 min was identified as OH-MC-Br/Vinyl red (m/
ZM™+H")=991.1172; m/z,,;, =991,1181; Am/z=0.0009)
by SEC-ESI (Figs. 3 and 4). The 'H-NMR spectrum of the
reduced precipitate confirmed the macrocycle structure
by displaying all the characteristic peaks, but unassigned
side products were present in the aliphatic region and could
not be removed by chromatography. As for MC-Br/CFj,
introducing solubilizing groups favored the formation of
longer linear oligomers and resulted in a lower macrocy-
cle selectivity. A non-isolated macrocycle yield of only 5%
was reached for OMe-MC-Br/Vinyl red. On the SEC-ESI,
the peak at 21.0 min was identified as OMe-MC-Br/Vinyl
red (m/z(M~+H"*)=1055.1249; m/z,,, =1055.1471;
Am/z=0.0222).

The macrocycle OH-MC-Vinyl/Vinyl could not be syn-
thesized, as it would require the reaction of DAm-Vinyl with
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Fig.4 Mass spectra of OH-MC-Br/Vinyl red (a), OH-MC-Br/CF; red (b), OMe-MC-Vinyl/Vinyl red (c)

Table 1 Overview of results

of synthesis of macrocycles by

imine condensation

Entry  Macrocycle Yield of pre- Yield of red (%)  Selectivity (%)  Non-isolated

cipitate (%) macrocycle yield
(%)

1 OH-MC-Br/CF; 77 Quant. 93 72

2 OMe-MC-Br/CF; 44 Quant. 43 19

3 OPr-MC-Br/CF; 20 94 - -

4 00ct-MC-Br/CF; 60 Quant. - -

5 OH-MC-Br/Vinyl 76 94 86 61

6 OMe-MC-Br/Vinyl 48 54 20 5

7 OMe-MC-Vinyl/Vinyl 36 43 36

8 OPr-MC-Vinyl/Vinyl 62 68 12

9 OH-MC-Br/Ethyl 77 92 62 44

10 OMe-MC-Br/Ethyl 83 82 6 4

Reaction conditions: Imine condensation: DAm-X (1 eq.), DAI-Y/OR (1 eq.) and CaCl, (1 eq.) in metha-
nol (cpayyjor =0.006 mol/L) under Ar atmosphere, 80 °C and stirred for respective time. Reduction: Pre-

cipitate suspended in mixture of methanol/THF (1:1) (c

temperature for respective time

precipitate

=0.079 mol/L) and NaBH, (20 eq.) at room

Calculations: The yield of precipitate was calculated considering the molar mass of the macrocycle includ-
ing the presence of one Ca®* and two Cl~ ions. The selectivity was calculated from SEC-ESI data by inte-
gration of the peak identified as the macrocycle and the total area. The non-isolated macrocycle yield was
calculated by multiplication of the weighted yield after both the imine condensation and reduction step and
the selectivity



DAI-OH/Vinyl that was not obtained as a pure monomer.
Indeed, after the Duff reaction, the dialdehyde bearing the
free OH group was used in a Heck and Suzuki coupling. The
Heck coupling was unsuccessful and the Suzuki coupling led
to a mixture of product and impurities, which were difficult
to remove. OMe-MC-Vinyl/Vinyl red was synthesized with
an overall low non-isolated macrocycle yield (6%), despite
a correct selectivity of 36%. The peak at 17.53 min on the
SEC-ESI chromatogram was identified as the macrocycle
OMe-MC-Vinyl/Vinyl red (m/z(M~+H")=877.4770; m/
Zeate. = 877.4805; Am/z=0.0035) (Figs. 3 and 4). The use
of OPr-DAI-Vinyl/Vinyl as monomer led to the forma-
tion of a broad distribution of products according to the
SEC-ESI. The peak at 17.57 min. could be identified as
OPr-MC-Vinyl/Vinyl red (m/z(M~+H*%)=961.5719; m/
Zeale. =961.5744; Am/z=0.0025). Further linear oligomers
were detected: the linear tetramer at 17.80 min, the linear
pentamer with the aldehyde end groups at 17.30 min, the lin-
ear hexamer at 17.05 min, the linear heptamer with aldehyde
end groups at 16.71 min and the linear octamer at 16.54 min.

In summary, in all cases, macrocycles were obtained with
the highest yield employing monomers featuring free OH
groups. Even if H-bonds increased the macrocycle stability,
the addition of a template favored the cyclization reaction.
Alkylation of the hydroxyl groups to increase the macro-
cycle solubility led to a decrease of macrocycle selectiv-
ity. Indeed, the template effect is reduced due to the steric
hindrance inside the cavity. As a result of a lower template
effect and increased solubility of the linear oligomers, longer
oligomer chains precipitated out of the solution.

DFT calculations were conducted in order to calculate
the cavity size and investigate the influence of solubiliz-
ing groups on the structure of the macrocycles. After the
optimization of the structure, the energy of the macrocy-
cles (“ground state energy” in Table 2) was compared to
the single-point energy of the planar configuration (“energy
of planar configuration” in Table 2) in order to assess the
planarity of the macrocycles.

The minimized conformations showed that small solu-
bilizing moieties, such as methoxy groups direct into the
cycle plane (Fig. 5a) and longer alkyl chains, such as pro-
poxyl groups, alternatively point out above and below the
plane of the ring (Fig. 5b). The simulations indicate that the
macrocycles are not fully planar, with energy differences
ranging from 21.90 to 36.92 kJ/mol. The reduction of the
AE with increasing the solubilizing group length indicates

that the planar structure is more favorable for macrocycles
with shorter substituents. Overall the simulations indicate
that the macrocycles are slightly twisted but remain close to
the planar conformation (Fig. 5).

The size of the cavity of the macrocycle can be estimated
by calculation of the solvent accessible surface for a range of
solvent radii. The radius of the intramolecular cavity of the
macrocycles featuring, respectively, methoxy and propoxy
sidegroups are 1.63 Aand 1.32 A.

Influence of the functional group

With the objective to synthesize functional macrocycles,
the monomers were designed to feature functional groups
that could serve for post-cyclization modifications. DAm-
CF; was used as diamine to prepare macrocycles carrying
on their periphery a trifluoromethyl group allowing post-
functionalization. The fluorides can be exchanged to car-
bons with organoaluminium reagents [36], carboxylic acids
can be obtained via hydrolysis with sulfuric acid [37] and
various esters via alcoholysis in presence of an alcohol [38],
which could be a method to integrate polyethylene glycol as
molecular branches to the macrocycle. The trifluoromethyl
group can also undergo a catalytic benzylation or alkylation
[39]. Employing DAm-Vinyl as diamine monomer led to the
formation of macrocycles with vinyl groups at the outer rim
making post-modifications by olefin metathesis or thiol-ene
addition possible for instance [40]. Employing DAI-Br as
dialdehyde monomer resulted in the design of macrocycles
with Br groups at the periphery, thus enabling post-modi-
fications such as cross-coupling reactions or nucleophilic
substitutions [41]. Additionally, the combination of diamines
and dialdehydes featuring different functionalities provide
macrocycles with anchor points for orthogonal modifica-
tions. The presence of these functional groups also influ-
ences the solubility of the produced macrocycles as well as
the selectivity of the macrocyclization, parameters that must
be considered.

As already discussed, the use of DAm-H resulted, after
the work up and evaporation of the solvent, in a product
with a low solubility in common solvents a due to a strong
n—n stacking. After storage for a certain time, OH-MC-
Br/Vinyl red, OOct-MC-Br/Vinyl red, OMe-MC-Vinyl/
Vinyl red, OPr-MC-Vinyl/Vinyl red (see SI Figs. 26-33)
were not soluble in organic solvent. In these cases a radical
polymerization of the vinyl groups resulting in an insoluble

Table 2 Cc.)m‘parison of the Ground state  Energy of planar AE (a.u.) AE (kJ/mol) Cavity size (IQA)
DFT energies of the groun.d energy (a.u.)  configuration (a.u.)

state and planar configuration

for macrocycles with different OMe-MC-Vinyl/Vinyl 27549575  —2754.9492 —0.0083 —21.90 1.63
solubilizing groups OPr-MC-Vinyl/Vinyl ~ —2990.8548  —2990.8408 —0014  —36.92 1.32




(a)

(b)

Fig.5 Illustration of the DFT optimized configurations of the macrocycles OMe-MC-Vinyl/Vinyl (a), OPr-MC-Vinyl/Vinyl (b)

network, could occur due to light or temperature [42]. In
order to prevent a radical polymerization of the double bond,
the reaction was carried out in the presence of the radical
scavenger p-benzoquinon. No improvement was observed,
thus supporting the z—xz stacking interaction hypothesis in
this case as well.

The substitution of one of the functional group by an
ethyl moiety was done in order to increase the solubility of
the final macrocycle, prevent the z—z stacking and do not
allow radical polymerization. According to the SEC-ESI
analysis, OH-MC-Br/Ethyl red (m/z(M~+H")=997.1640;
M/Z,g.. =997.1651; Am/z=0.0011) (Fig. 3) was obtained
with a high selectivity (62%) as indicated by the intense peak
at 18.20 min. In the mass spectrum, further macrocycles
with remaining imine bonds were detected indicating that
the reduction was not complete. The transformation of one
imine bond is enough to break the fully-conjugated system
and increase the solubility. However, the non-isolated yield
of this macrocycle (44%) is lower compared to OH-MC-Br/
CF; red (72%) and OH-MC-Br/Vinyl red (61%). This drop

can be attributed to the enhanced solubility induced by the
alkyl chain.

Conclusion

In this work, we have investigated synthetic pathways for
the preparation of soluble macrocycles exhibiting periph-
eral functional groups. First, novel diamine and dialdehyde
monomers were produced from aromatic compounds. This
library of monomers featured methoxyl, propoxyl or octo-
xyl groups as solubilizing groups and bromine, vinyl or trif-
luoromethyl groups as functional groups. DFT calculations
indicated that the configurations of the macrocycles remain
almost planar, with just a slight twist. Optimization experi-
ments underlined the favorable impact of adding a salt tem-
plate on the macrocyclization formation. As a result, mac-
rocycles featuring short solubilizing groups (methoxyl) in
the cavity are formed with a higher selectivity. Moreover,
the presence of free hydroxyl groups enables the formation



of hydrogen bonds that increase the macrocycle selectivity.
The nature of the peripheral functional group also influences
the reaction. The systematic approach reported in this study
underlines the influence of key parameters, such as the mon-
omer solubility, steric hindrance and the use of a template,
on macrocyclization by imine condensation.

Analytics and equipment
Nuclear magnetic resonance (NMR) spectroscopy

'H- and "*C-NMR spectra were recorded on Bruker
AVANCE DPK spectrometers operating at 300 MHz for 'H-
NMR and 75 MHz for '*C-NMR and on Bruker AVANCE
DRX with 400 MHz for '"H-NMR and 100 MHz for '*C-
NMR. '"H-NMR spectra were reported in parts per million
(ppm) relative to the solvent signal. '3C-NMR spectra were
reported in ppm relative to the central line of the solvent sig-
nal. All measurements were performed at room temperature.
The signal patterns were abbreviated in the following way:
s=singlet, d =doublet, t =triplet, q=quartet, dd =doublet
of doublets, dt=doublet of triplets, ddt=doublet of doublet
of triplets, dtd =doublet of triplet o doublets, m =multiplet,
br=broad.

Mass spectrometry (MS)

The samples were measured by fast atom bombardment mass
spectrometry (FAB-MS) on a FINNIGAN MAT 95 instru-
ment. Molecular fragments were specified as mass/charge
ratio (m/z). The protonated molecular ion was abbreviated
as [M+HJ*.

Gas chromatography-mass spectrometry (GC-MS)
(Electron ionization) chromatograms were recorded using a
Varian 431 GC instrument with a capillary column Factor-
FourTM VF-5 ms (30 m X 0.25 mm X 0.25 pm) and a Varian
210 ion trap mass detector. Scans were performed from 40
to 650 m/z at rate of 1.0 scan/s. The oven temperature pro-
gram was: initial temperature 95 °C, held for 1 min, heated
up at 15 °C per min to 200 °C, the temperature was held
for 2 min., heated up at 15 °C per min to 325 °C, the tem-
perature was held for 5 min. The temperature of the injector
transfer line temperature was set to 250 °C. Measurements
were performed in split—split mode (split ratio 50:1) using
helium as the carrier gas (flow rate 1.0 mL per min).

Size exclusion chromatography (SEC)

The linear and cyclic oligomers were characterized on two
systems:

The first system was a Shimadzu LC-20AD system
equipped with a DGU-20A3R degassing unit, SIL-20A

autosampler, RID-20A refractive index detector (24 °C),
CBM-20A communications bus module and a Varian Pro
Star column oven Model 510, operating at 40 °C. For sepa-
ration, two SDV 3 um linear S columns (8 X 300 mm) and
a guard column (8 X 50 mm) were used. Detection was
done by a differential refractive index detector operating
in THF (flow rate 1.0 mL per min). For calibration linear
poly(methylmethacrylate) standards (Agilent) ranging
from 875 Da to 1677 kDa were used.

All runs were characterized on a Varian-SEC-LC gel
permeation chromatography (SEC) system equipped with
a LC-290 pump (Varian), refractive index detector (24 °C),
PL AS RT SEC-autosampler (Polymer laboratories) and
a Varian Pro Star column oven Model 510, operating at
40 °C. For separation, two PLgel 5 um Mixed-d columns
(8 X300 mm) and a guard column (8 X 50 mm) were used.
Detection was done by a refractive index detector operat-
ing in THF (flow rate 1.0 mL per min).

Size exclusion chromatography-electrospray
ionization (SEC-ESI)

Spectra were recorded on a Q Exactive (Orbitrap) mass
spectrometer (Thermo Fisher Scientific, San Jose, CA,
USA) equipped with an HESI II probe. The instrument
was calibrated in the m/z range 74—1822 using premixed
calibration solutions (Thermo Scientific). A constant
spray voltage of 4.6 kV, a dimensionless sheath gas of
eight, and a dimensionless auxiliary gas flow rate of two
were applied. The capillary temperature and the S-lens
RF level were set to 320 °C and 62.0, respectively. The
Q Exactive was coupled to a UltiMate 3000 UHPLC Sys-
tem (Dionex, Sunnyvale, CA, USA) consisting of a pump
(LPG 3400SD), an autosampler (WPS 3000TSL), and a
thermostated column department (TCC 3000SD). Separa-
tion was performed on two mixed bed size exclusion chro-
matography columns (Polymer Laboratories, Mesopore
250% 4.6 mm, particle diameter 3 um) with precolumn
(Mesopore 50 x 4.6 mm) operating at 30 °C using THF
at a flow rate of 0.30 mL per min was used as eluent. The
mass spectrometer was coupled to the column in parallel
to (an UV-Detector (VWD 3400 RS), and) a RI-detec-
tor (RefractoMax520, ERC, Japan) in a setup described
earlier.’> 0.27 mL per min of the eluent were directed
through the RI-detector and 30 uL per min infused into the
electrospray source after postcolumn addition of a 100 uM
solution of sodium iodide in methanol at 20 uL per min
by a micro-flow HPLC syringe pump (Teledyne ISCO,
Model 100DM). A 20 pL aliquot of a polymer solution
with a concentration of 2 mg/mL was injected into the
HPLC system.



Solvents and reagents

HPLC grade solvents of chloroform (Fisher Chemicals),
dichloromethane (DCM) (Fisher Chemicals), dimethyl-
formamide (DMF) (Fisher Chemicals), ethanol (EtOH)
(Fisher Chemicals), methanol (MeOH) (VWR), triethyl-
amine (NEt,), tetrahydrofuran (THF) (VWR) and toluene
(99.7%, Bernd Kraft) were used. Water was deionized by
passing through columns packed with ion exchange resins.
As solvents for NMR spectroscopy, the following deuter-
ated solvents were used: benzene-dg (99.8%, Eurolsotop),
chloroform-d (99.8%, Eurolsotop), methanol-d, (99.8%,
Eurolsotop) and THF-dg (99.8%, Eurolsotop).

The following chemicals were used as received: p-Ben-
zoquinone (98%, Merck), [1,1'-bis(diphenylphosphino) fer-
rocene] dichloropalladium(II) complex with dichlorometh-
ane (PdCl,(dppf)CH,Cl,) (ChemPur Feinchemikalien),
p-bromophenol (99%, Sigma Aldrich), 1-bromopropane
(99.0%, Acros), calcium chloride (Roth, 94%), Celite (pore
volume 0.02-0.1 mm, Merck), cesium carbonate (Cs,CO5)
(fluorochem), 2,6-di-fert-butyl-4-methyloxylphenol (99.8%,
Acros), 3,5-dinitroaniline (97%, Sigma Aldrich), 1-iodo-
3,5-dinitrobenzene (99%, abcr), hexamethylentetramine
(Merck), 37% hydrochloride acid (analytic grade, Fisher
Chemicals), methyl iodide (VWR), octyl bromide (99%,
Sigma Aldrich), palladium on activated charcoal (Pd/C)
(10% Pd base, Aldrich), potassium carbonate (Sigma
Aldrich), potassium hydroxide (85%, Riedel de Haén),
potassium vinyltrifluoroborate (95%, Ark Pharm. Inc.),
sodium borohydride (NaBH,) (98%, abcr), sodium sul-
fate (Na,SO,) (pure, Bernd Kraft), tin(II)chloride (SnCl,)
(Acros, anhydrous, 98%), trifluoracetic acid (TFA) (Acros
99%), 5-(trifluoromethyl)-1,3-phenylenediamine (98%,
Aldrich), 1,3,5-trimethoxybenzene (99% Acros), trimethyl-
silylacetylene (98%, abcr GmbH) tri-zert-butylphosphonium
tetrafluoroborate (tBu;PHBF,, 99%, abcr GmbH).

High-pressure laboratory reactor

Reactions with ethylene and hydrogen were carried out in a
high-pressure laboratory reactor (highpreactorTM) BR-100
of the company Berghof equipped with grease-free valves
and connections.

Microwave reactor

Microwave assisted syntheses were performed in a CEM
EXPLORER 12 HYBRID microwave reactor using dynamic
program at 150 W, 100 °C for 1 or 2 h. The reaction mixture
was stirred with a magnetic stir bar at high speed in a 35 mL
glass vessel sealed with a PTFE rubber band.

Simulation method

The structures of the macrocycles were assessed with
density functional theory (DFT) as implemented in the
NWCHEM][cite] code, using the generalized gradient
approximation (GGA)with the hybrid B3LYP exchange—cor-
relation functional. The calculations were performed with
the 6-31G* basis set. In order to assess the effect of the
exchange—correlation functional and the choice of the basis
set, select structures were also computed with the GGA of
Perdew, Burke, and Ernzerhof (PBE) with the 6-311G**
basis set. No effect on the resulting structure was found.

Syntheses
Monomer synthesis

5-bromo-2-hydroxylisophthalaldehyde (Duff reaction)
(DAI-OH/Br)

Bromophenol (1.00 eq.), hexamethylentetramine (8.00 eq.)
and trifluoracetic acid (Cpyomophenot = 0-34 mol/L) were intro-
duced into a round-bottom flask equipped with a condenser
and a stirring bar. Under continuous stirring, the reaction
mixture was heated up to 110 °C. After 48 h the reaction
mixture was cooled down to room temperature. The same
volume of 4 M hydrochloric acid compared to the volume of
trifluoracetic acid (TFA) was added to the reaction mixture
and stirred for further 5 h. The resulting solid was filtered
off, washed six times with water and dissolved in DCM.
The solvent was removed, yielding the desired product as
a yellow crystal.

'TH-NMR (CDCl;, 300 MHz): 5=8.06 (s, 2H, HC,,),
10.19 (s, 2H, —(CO)H), 11.54 (s, 1H, —OH) ppm; *C-NMR
(CDCI3, 75 MHz): 5=112.31 (-C,,Br), 124.79 (-C,,-),
139.89 (-C, H-), 162.41 (-C,,0-), 190.87 (C=0) ppm;
HRMS (FAB): CgH BrO; [M]* m/z: caled. 228.9495 found
228.9493. Yield: 57%.

General procedure for the alkylation
of 5-bromo-2-hydroxylisophthalaldehyde via Williamson
ether synthesis

5-bromo-2-hydroxylisophthalaldehyde (1.00 eq.) was intro-
duced into a round-bottom flask equipped with condenser
and stirring bar and suspended with potassium carbonate
(1.25 eq.) in DMF (c =0.098 mol/L). Then, the correspond-
ing alkyl halide (1.25 eq.) was added and heated up to 70 °C
for 6 h. For introduction of methyl, propyl and octyl groups,
methyl, propyl and octyl iodides were used respectively.
After cooling down to room temperature, the reaction mix-
ture was washed with brine and extracted three times with



ethyl acetate. The combined organic phases were washed
with brine three times and dried over sodium sulfate. The
solvent was removed in vacuo and the desired product was
obtained.

1-methoxy-4-tert-butyl-2,6-diformylbenzene
(DAI-OMe/**"'Bu) '"H-NMR (DMSO-d,, 300 MHz):
8=10.32 (s, 2H, (CO)H), 8.08 (s, 2H, C, H), 4.03 (s, 3H,
-OCH,), 1.32 (s, 9H, -CH,;) ppm. Yield: 88%.

5-bromo-2-methoxylisophthalaldehyde (DAI-OMe/
Br) '"H-NMR (CDCl;, 300 MHz): 5=10.35 (s, 2H, —
(CO)H), 8.20 (s, 2H, CH,,), 4.09 (s, 1H, -OCH;) ppm;
3C.NMR (CDCl,, 75 MHz): §=67.12 (-OCH,), 118.73
(-C,,Br), 131.71 (-C,4,-), 137.69 (-C4, H-), 164.22 (-C,,0-
), 187.17 (C=0) ppm; HRMS (FAB): CoH,BrO; [M]* m/z:
caled. 241.9573 found 241.9572. Yield: 70%. The product
was obtained as yellow crystals.

5-bromo-2-propoxylisophthalaldehyde (DAI-OPr/Br) 'H-
NMR (CDCl;, 300 MHz): 5=10.34 (s, 2H, <(CO)H), 8.19
(s, 2H, CH,,), 4.08 (t, J=6.6 Hz, 2H, —-OCH,-), 1.93 (d,
J=7.3Hz, 2H, -CH,-), 1.09 (t, J=7.4 Hz, 3H, -CH;)ppm;
BC.NMR (CDCl;, 75 MHz): §=10.29 (-CH;), 23.21
(-CH,-), 82.38 (-OCH,-), 118.33 (-C,,Br), 131.74 (-C,,—
), 137.26 (-C4,H-), 163.37 (-C,,0-), 187.15 (C=0) ppm;
HRMS (FAB): C,H,BrO; [M]* m/z: caled. 269.9886
found 269.9888. Yield: 61%. The product was obtained as
slightly yellow crystals.

5-bromo-2-(octyloxy)isophthalaldehyde (DAI-OOct/
Br) '"H-NMR (CDCl;, 300 MHz): 5=10.28 (s, 2H, —
(CO)H), 8.11 (s, 2H, CH},), 4.02-4.16 (m, 2H, -OCH-),
1.78-1.94 (m, 2H, -OCH,CH,-), 1.13-1.53 (m, 10H,
—~(CH,)s-), 0.78-0.92 (m, 3H, —-CH;) ppm; “C-NMR
(CDCl;, 75 MHz): 6=14.16 (-CHj;), 22.70 (-CH,-), 25.95
(-CH,-), 29.28 (-CH,-), 29.44 (-CH,-), 30.04 (-CH,-),
31.87 (-OCH,CH,-), 81.25 (-OCH,-), 118.47 (-C,,Br),
131.90 (-C,4,-), 137.40 (-C4,H-), 163.58 (-C,,0-), 187.33
(C=0) ppm; HRMS (FAB): C,;H,,BrO; [M+H]" m/z:
calcd. 341.0747 found 341.0748. Yield: 31%. The product
was obtained as beige solid.

General procedure for the Suzuki coupling

The adequate compound (1.00 eq.), potassium
vinyltrifluorborate (5.00 eq.), cesium carbonate
(3.00 eq.), [1,1'-Bis(diphenylphosphino)ferrocene]
dichloropalladium(II), complex with dichloromethane
(0.05 eq.) and p-benzoquinone (0.05 eq.) were introduced
into a microwave vial. A mixture of THF/water (9:1) was
added as solvent with a concentration of 0.048 mmol/
mL. The reaction mixture was heated up to 100 °C in a

microwave reactor for 1 h for the dialdehydes and 2 h for
the iodonitrobenzol. Then, the reaction mixture was washed
with water and extracted five times with diethyl ether. The
combined organic phases were washed with diluted hydro-
chlorid acid, brine and dried over sodium sulfate. The sol-
vent was removed in vacuo. The raw material was purified
by column chromatography (cyclohexane:ethyl acetate =4:1)
in order to obtain the desired product.

2-methoxy-5-vinylisophthalaldehyde (DAI-OMe/
Vinyl) '"H.NMR (CDCl;, 300 MHz): §=10.40 (t,
J=10.7 Hz, 2H, —-(CO)H), 8.11 (d, J=20.5, 2H, CH,,), 6.71
(dd, 1=17.6, 10.9 Hz, 1H, C,,CHCH,), 5.87 (d, J=17.6,
1H, C,,CHCH,), 5.41 (d,J=10.8, 1H, C,,CHCH,), 4.07 (s,
3H, -OCH;) ppm; *C-NMR (CDCl,, 75 MHz): §=66.90
(-OCH,), 116.79 (-CH=CH,), 130.13 (-C(=0)C,,), 132.35
(-C,H-), 13423 (-CH=CH,), 134.78 (C,,), 16481
(-C,4,0-) 188.51 (C=0), ppm; HRMS (FAB): C, H,,0,
[M]* m/z: caled. 190.0624 found 190.0624. Yield: 73%. The
product was obtained as white solid.

2-propoxy-5-vinylisophthalaldehyde (DAI-OPr/Vinyl) 'H-
NMR (CDCl;, 300 MHz): 5=10.41 (s, 2H, -(CO)H), 8.12
(s, 2H, CH,,), 6.72 (dd, J=17.6, 10.9 Hz, 1H, C, ,CHCH,),
585 (d, J=17.6, 1H, C,,CHCH,), 5.46-5.31 (m, 1H,
C,CHCH,), 4.09 (t, J=6.6 Hz, 2H, -OCH,-), 2.03-1.85
(m, 2H, -CH,-), 1.10 (t, J=7.4 Hz, 3H, -CH;) ppm; C-
NMR (CDCl;, 75 MHz): 6=10.47 (-CH,), 23.38 (-CH,-),
82.24 (-OCH,-), 116.65 (-CH=CH,), 130.32 (C(=0)C,,),
132.11 (-C,,H-), 134.31 (CH=CH,), 134.55 (C,,), 164.17
(-C,,0-), 188.70 (C=0) ppm; HRMS (FAB): C;H,,0;
[M]* m/z: caled. 218.0937 found 218.0939. Yield: 72%. The
product was obtained as yellow solid.

2-(octyloxy)-5-vinylisophthalaldehyde
(DAI-OOct-Vinyl) 'TH-.NMR  (CDCl;, 300 MHz):
8=10.39 (s, 2H, -(CO)H), 8.10 (s, 2H, CH,,), 6.71 (ddd,
J=15.9, 10.9, 5.0 Hz, 1H, C,,CHCH,), 5.83 (dd, J=17.6,
5.0 Hz, 1H, C,,CHCH,), 5.38 (dd, J=10.9, 5.0 Hz, 1H,
C,,CHCH,), 4.14-4.06 (m, 2H, -OCH,-), 1.95-1.81 (m,
2H, -OCH,CH,-), 1.36 (dt, J=20.5, 9.2 Hz, 10H, -CH,-),
0.90 (t, J=12.9 Hz, 3H, -CH;) ppm; *C-NMR (CDCl,,
75 MHz): 6=14.18 (-CH,;), 22.73 (-CH,-), 25.97 (-CH,-),
29.27 (-CH,~), 29.44 (-CH,-), 30.05 (-OCH,CH,-), 31.85
(-CH,-), 80.90 (-OCH,-), 116.60 (-CH=CH,), 130.31
(C(=0)C,,), 132.07 (-C,,H-), 134.31 (CH=CH,), 134.50
(Cyp) 164.20 (-C4,0-), 188.67 (C=0) ppm; HRMS (FAB):
C,5H,405 [M]* m/z: caled. 288.1725 found 288.1719. Yield:
61%. The product was obtained as yellow solid.

1,3-dinitro-5-vinylbenzene (DAm-Vinyl) TH-NMR
(CDCl;, 300 MHz): 6=5.67 (d, J=109 Hz, 1H, -
CH=CH,), 6.08 (d, J=17.5, 1H, -CH=CH,), 6.85 (dd,



J=17.5; 10.9 Hz, 1H, -CH=CH,), 8.56 (d, J=2.0 Hz, 1H),
8.93 (t, J=2.0 Hz, 1H, CH,,) ppm; *C-NMR (CDCl,,
75 MHz): 6=117.52 (-C,4,H), 120.48 (-CH=CH,), 126.01
(-C,,H), 133.11 (CH=CH,), 141.33 (C,,CH=-), 148.92
(C4,NO,) ppm; HRMS (GC-MS) C¢HN,O, [-H]* m/z:
calcd. 194.0328 found 193.6653. Yield: 85%. The product
was obtained as beige solid.

Synthesis of 1,3-dinitro-5-vinylbenzene by reduction
(DAm-Vinyl) Ethanol (¢=0.092 mol/L) was poured and
degassed for 10 min with argon in a round-bottom flask
equipped with a stirring bar and a condenser closed with
septum. 1,3-dinitro-5-vinylbenzene and SnCl, were added
under an argon flow. The reaction mixture was stirred at
95 °C for 4 h. Afterwards, the conversion was checked by
"H-NMR spectroscopy, and if necessary, further SnCl, was
added and the reaction time extended in order to reach full
conversion. Then, the solvent was removed in vacuo. The
residue was washed with water. The aqueous phase was bas-
ified with KOH and extracted three times with diethyl ether.
The combined organic phases were washed once with water.
After drying the organic phase over sodium sulphate and
removing the solvent in vacuo the desired compound was
obtained. The product was stored under Ar and in the fridge.

TH-NMR (d-acetone, 300 MHz): 5=4.69 (s, 4H, -NH,),
5.03 (dd,J=10.8, 1H, 1.2 Hz, -CH=CH,), 5.49 (dd, ] =17.6,
1H, -CH=CH,), 5.77 (t, J=1.9 Hz, 1H, -CH,,), 5.91 (t,
J=4.9 Hz, 2H, -CH,,), 6.40 (dd, J=17.6, 10.8 Hz, 1H,
—CH=CH,) ppm; *C-NMR (d-THF, 75 MHz): 5= 100.20
(-C,H), 101.59 (-C,H), 111.60 (-CH=CH,), 137.76
(CH=CH,), 137.90 (C,,CH=CH,), 148.73 (C,,NH,) ppm;
HRMS (GC-MS): CgH, (N, [-H]* m/z: caled. 134.1 found
134.1. Yield: 90%. The product was obtained as red highly
viscous liquid.

Synthesis of 5-ethylbenzene-1,3-diamine by hydrogenation
(DAm-Ethyl)

Iodonitrobenzol (1.00 eq), 10 mg palladium on activated
charcoal (10% Pd basis) per 0.1 mmol of starting material
and toluene (¢ =0.05 mol/L) were introduced into a ves-
sel, equipped with a stirring bar. In a high-pressure reactor,
an ethylene pressure of 45 bar was applied. The reaction
was stirred for 4 h at room temperature. The progress of the
conversion was checked by GC-MS. Afterwards, the turbid
reaction mixture was filtered-off and washed with toluene
for several times. The solvent was removed in vacuo and the
desired product was obtained, and stored under argon in the
fridge to prevent a degradation.

"H-NMR (d-Benzene, 300 MHz): §=1.18 (t, /=7.6 Hz,
3H, —-CH,), 2.44 (q, J=7.6 Hz, 2H, -CH;-), 2.94 (s, 4H,
—NH,), 5.48 (s, 1H, -C, H), 5.81 (s, 2H, -C,,H) ppm; *C-
NMR (d- Benzene, 75 MHz): 5 =15.94 (-CH,), 29.48

(—=CH,-), 99.81 (-C4,H), 105.61 (-C,,H), 146.23 (-C,,E-
thyl), 148.21 (C,,NO,) ppm; HRMS (GC-MS): CsH,N,
[-H]" m/z: caled. 135.1 found 135.2. Yield: 92%. The prod-
uct was obtained as red highly-viscous liquid.

Synthesis of macrocycles

General procedure of macrocyclization by imine
condensation

A three-neck round-bottom flask was equipped with a stir-
ring bar and a condenser. The system was closed with three
septa and via a needle a balloon was attached. Methanol
(Cpialdenyde = 0-006 mol/L) was added to the flask and the
system closed. The solvent was degassed with Argon for
10 min. In Ar reverse flow, the dialdehyde (1.00 eq.), the
diamine (1.00 eq.) and CaCl, (1.00 eq.) were added. The
reaction was heated up to 80 °C and stirred continuously for
the respective time. The formed precipitate was collected by
centrifugation and decantation of the overlaying solution. By
this procedure, the precipitate was washed with methanol
until the washed solution was colorless, and dried at high
vacuum.

General procedure of reduction of macrocycles

The precipitate was suspended in a mixture of methanol/
THF (1:1) (Cprecipitae =0-079 mol/L) and NaBH, (20.0 eq.)
was added. The reaction mixture was stirred at room tem-
perature for at least 4 h at which further NaBH, was added
after 2 h. If all precipitate became soluble and the reaction
suspension turned into a clear solution, the reaction was
quenched by the addition of water. Otherwise, the reaction
time was extended and further NaBH, was added. Subse-
quently, the reaction mixture was extracted with chloroform
three times. The combined organic phases were washed with
water one time, dried over sodium sulphate and the solvent
was removed in vacuo. The residue was characterized by
TH-NMR spectroscopy, SEC and SEC-ESI.

Macrocycles library

OMe-MC-*"Bu/H "H-NMR (Benzene-d;, 300 MHz): &/
ppm=1.38 (s, 27H, CH;), 3.61 (s, 9H, O-CH}), 7.20 (s, 3H,
C,.H), 7.33-7.38 (t, 3H, C,H), 7.60-7.63 (d, 6H, C,H)),
8.91 (s, 6H, C,.H), 9.20 (s, 6H, CH=N); Yield: 39.9 mg,
50% (with CaCl,).

OMe-MC-**""Bu/H red "H-NMR (Benzene-d,, 300 MHz):
8/ppm=1.16 (s, 27H, CH;), 3.63 (s, 9H, O-CH,), 4.04—
4.23 (d, 12H, CH,), 5.50-5.58 (t, 3H, NH), 5.80 (s, 3H,
C,.H), 5.90-6.05 (d, 6H, C,H)), 6.70-6.82 (t, 3H, C,.H),
7.25 (s, 6H, C_H); *C-NMR (Benzene-d,, 75 MHz):



8=31.17 (~CH, tert-butyl), 33.93 (—C-— tert-butyl), 41.63
(-CH,), 61.10 (-OCHS,), 95.31 (~C,,,H), 102.07 (~C,,H),
124.59 (~CaH), 128.87 (-Cy,), 131.78 (~Co,H), 145.53
(~Cy,H), 149.73 (—C, H), 153.45 (—C,,H) ppm.

OH-MC-Br/Vinyl IH-NMR (THF-dg, 300 MHz): &/
ppm=4.14 (s, 12H, ~CH,NH-), 4.79 (s, 6H, -NH-), 5.04
(dd, /=10.8, 1.2 Hz, 3H, H,C=CH-) 5.53 (dd, /=17.6,
1.2 Hz, 3H, H,C=CH-), 5.82 (s, 3H, HC,), 6.17 (s,
6H, HC,,), 6.45 (dd, /=17.6, 10.9 Hz, 3H H,C=CH-),
7.12 (s, 6H, HC,,); HRMS (SEC-ESI): C,H,sBr;N,O5
m/z(M~+H%)=991.1172; m/z...=991,1181;
Am/z=0.0009).

calc.

OMe-MC-Vinyl/Vinyl '"H-NMR (CDCl,, 300 MHz): &/
ppm =3.84-3.65 (m, 3H,~OCH,),4.27 (s, 12H,~CH,NH-
), 4.70 (dd, J=16.9, 11.1 Hz, 6H, -NH-), 5.16 (td, J=9.7,
8.8, 4.2 Hz, 6H, H,C=CH-), 5.83-5.54 (m, 9H, H,C=CH-
& HC,.),6.18 (dt,J=8.0,2.0 Hz, 6H, HC, ), 6.72-6.47 (m,
6H, H,C=CH-), 7.35 (d, J=23.7 Hz, 6H, HC,,); HRMS
(SEC-ESI): Cs5Hy N0, m/z(M™+H*)=877.4770; m/
Zoute. = 877.4805; Am/z=0.0035).

OPr-MC-Vinyl/Vinyl HRMS (SEC-ESI): Cy;HN.O,
m/z(M™+H*)=961.5719; Mz, =961.5744;
Am/z=0.0025); C,H,gN,05 (m/z(M™+H*) =657.3790;
M2 =657.3804;  Am/z=0.0014);  CssHgN,Os
m/z(M™+H*) =859.4774; M/Z 0. = 859.4798;
Am/z=0.0024); CgH,,NO, m/z(M~+H"*)=977.5679;
M2y =977.5693;  Am/z=0.0014);  C,HgoN.Og
m/z (M~ +H*)=1179.6670; M/, = 1179.6687;
Am/z=0.0017; CgHogNgOs m/z(M™+H*) =1297.7556;
MYz 0. = 1297.7582; Am/z=0.0026.

OMe-MC-Br/Vinyl HRMS
m/z(M™ +H*) =1055.1249;
Am/z=0.0222).

(SEC-ESI): Cs;HgNgO;
m/Z .. =1055.1471;

OH-MC-Br/Ethyl HRMS (SEC-ESI):
m/z(M~ +H*%)=997.1640; m/z
m/z=0.0011).

CygHsBrsNgO;
=997.1651;

calc.

OMe-MC-Br/Ethyl HRMS (SEC-ESI): CsHy;Br;N(O,
m/z(M™+H*) =1039.1920; M/ . = 1039.212;
m/z=0.02).

calc.

OH-MC-Br/CF, IH-NMR (THF-dg, 300 MHz): &/
ppm=4.26 (s, 12H, -CH,NH-), 5.57 (m, 6H, HC,,), 5.97
(s, 3H, HC,,), 6.36 (6H, -NH-), 7.27 (m, 6H, HC,,),
8.59 (s, 3H, OH); HRMS (SEC-ESI): C,sH;,Br;FyNO,
m/z(M~+H*)=1117.0319; m/z,.,.. =1117.0333;
m/z=0.0014.

calc.
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