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Chapter 4
Incorporation of overcrowded-alkene switch into
peptides
Approaches to control the function of peptides with light would benefit from
expanding the number of switch architectures that can be used. This chapter aims to
find a synthetic strategy to insert, for the first time, an overcrowded-alkene switch
into the backbone of peptides. Strategies for the solid phase peptide synthesis are
described, focusing on the choices of resins and protecting groups.

Chapter 4

4.1 Introduction
The modification of peptides with molecular switches could permit the external
control of the secondary structure of peptides and, therefore, the regulation of their
function.1 It could be, as well, an important tool for understanding and influencing the
processes of the formation of the secondary structure.
There are three strategies for obtaining photocontrol over secondary structure by
incorporation of molecular photoswitches into a peptide, described in Figure 1. The
first one (Figure 1a) is the modification of a side chain of an amino acid into a switch
and it was used, for example, by Pieroni et al. to control the content of α-helix in poly(L-glutamic acid).2 The second approach uses the stapling of two side-chains with a
photoswitch (Figure 1b). This methodology has been introduced by Woolley to
interfere with the formation of α-helix.3 The third one is the incorporation of the
switch into the backbone of the peptide (Figure 1b). This modification has been
applied to substitute the turn region of various peptides.4
The most widely used photoswitches are azobenzenes.5 The synthesis is relatively
easy, the photoswitching process is stable in water over many cycles and the
photochemical properties have been studied extensively.6 Beside this switch, other
photoresponsive units have been used for controlling biological processes, e.g.
stilbenes,7 spiropyrans8 and diarylethenes9 (Figure 1d).
The aim of this chapter is to introduce a different photoresponsive molecule, the
overcrowded alkene switch (Figure 1e), into peptides. This molecule has already been
successfully used for tuning the enantioselectivity of reactions,10,11 photocontrolling
magnetic interactions12 and ion binding.13
The overcrowded alkene switch, presented here (Figure 1e), has two stable
stereoisomers and the conversion between these two states occurs via an
intermediate, a metastable stereoisomer with a half-life in the order of days. We
expected that this system would provide much more information on the mechanism
and dynamic of the formation of secondary structure: for example, the metastable
stereoisomer offers the possibility to study the presence of intermediates of this
process in a spatially and temporally controlled manner. Moreover, the
photoisomerisation between the stable states imposes a larger geometrical change in
comparison to azobenzenes or other switches and, as consequence, perhaps, a better
level of control.
We envision that the incorporation of this switch in the backbone (Figure 1c) is the
most suitable of the possible incorporation strategies, taking advantage of the
characteristics of overcrowded alkene.
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Figure 1: a-c) Approaches to insert photoswitches into peptides. d) Examples of photoswitches
used for controlling biological functions. e) Overcrowded alkene switch.

The target peptide chosen in this study is a C2H2-type zinc finger, a small DNAbinding motif that mediates DNA-protein interactions within cells, playing an
important role in regulation of DNA expression.14 It is constituted by a short, twostranded antiparallel β-sheet and an α-helix, which is the DNA-contacting site (Figure
2a).14 The coordination of a zinc ion is fundamental for the formation of the tertiary
structure and the binding of DNA (Figure 2a).14 Usually multiple zinc fingers are
present in the DNA binding protein, which increases the specificity of the binding.14
The third zinc finger in the mammalian factor Sp1 (Sp1-f3), which is well known and
characterized in the literature,15 is used here. In our design (Figure 2b), the alkene
switch replaces the turn region between the β-sheet and an α-helix. Therefore the
switching of the photoresponsive molecule will bring apart the two cysteines in the βsheets and two histidines in the α-helix, which are responsible for the coordination of
zinc ion. We envision that the incorporation of the switch in this position might control
the zinc binding and therefore the secondary structure of the peptide that would
ultimately permit the photocontrol of the binding of the zinc finger to DNA.
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In this chapter, the strategy to incorporate the overcrowded alkene switch into the
peptide Sp1-f3 is discussed; the adaptation of the molecular structure of this
photoswitch is necessary since it has to be used, as a building block, in solid phase
peptide synthesis (SPPS).
a

b
modified Sp1-f3
Sp1-f3

β1
β2
α-helix DNA-recognition
KKFACPECPKRFM-switch- RSDHLSKHIKTHQNKK
KKFACPECPKRFM
RSDHLSKHIKTHQNKK

Figure 2: C2H2-type zinc finger. a) Tertiary structure of C2H2-type zinc finger. It was created from
16
PDB 52FN. b) The sequence of the modified and not modified C2H2-type zinc finger Sp1-f3. In
2+
yellow, the amino acids involved in Zn binding are shown.

4.1.1 Principles of solid phase peptide synthesis (SPPS)
The synthesis of medium or long peptides requires the use of SPPS.17 Peptides with
specific sequence can be obtained with relatively high purity in short time. This
technique makes use of solid support to grow the peptide chain and the advantages
are that the purification of intermediates is not needed and the reagents can be used
in large excess. Fmoc-based SPPS is based on the repetition of two steps: the removal
of the base-labile Fmoc protecting group and the coupling of an amino acid (Figure
3).17 The removal of Fmoc is achieved using 20% piperazine or piperidine in DMF
(Figure 3) and the coupling step is conducted using an Fmoc-protected amino acid,
which is activated by coupling reagents, e.g. HBTU18 or HATU,19 in the presence of the
base DIPEA (Figure 3). The side chain of the amino acids is protected by acid-sensitive
groups. In general, for amines or amides, tert-Butyloxycarbonyl (Boc),20 and Trityl
(Trt)21 are used. For carboxylic acid and for indole, tBu protecting group and
pentamethyldihydrobenzofuran-5-sulfonyl group (Pbf)22 are used, respectively.
Protecting groups that are highly sensitive to acid have also been developed, e.g. 2phenylisopropyl group (2-PhiPr).23
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Figure 3: Iterative processes of SPPS.

A cleavage cocktail is the mixture of reagents that permits to cleave the peptide
from the resin. By tuning the acidity of the cleavage cocktail, it is possible to obtain a
peptide with protected or unprotected side chains (Figure 4). When trifluoroacetic
acid (TFA) is used in high concentration (>75 vol%), the deprotection of the side chains
occurs; when 1% of TFA, or a mixture of acetic acid, trifluoro-ethanol or hexafluoroisopropanol are used, it is possible to obtain a cleaved peptide with protected side
chains (Figure 4).24 The use of different cleavage cocktail and protecting group for side
chains is crucial in the strategy for the introduction of the photoswitch into peptides.

Figure 4: The deprotection/cleavage of peptides after SPPS using different cleavage cocktails.

4.2 Synthesis of the overcrowded alkene switch for SPPS
The synthesis of overcrowded alkene switch is based on the synthetic routes
already developed in our group.10,11,12,13 As already mentioned, it is necessary to

77

Chapter 4

modify the core of the switch with functionalities suitable for SPPS, which are
carboxylic acid and Fmoc-protected amine.
The first step is the synthesis of compound 1, starting from p-xylene. The two
possible procedures are shown in Figure 5. The first one, which is employed routinely,
is the reaction of p-xylene with methacrylic acid in polyphosphoric acid (PPA);25 the
second one, introduced here, envisages the use of methacrylic chloride with AlCl3
(Figure 5). The reactions involve a Friedel-Crafts acylation followed by Nazarov
cyclization. The second procedure is preferred due to the easier work-up in term of
laboratory practice. The second procedure also gives higher yield, although the
difference might be attributed to different methods used for purification. It is
important not to stir p-xylene with AlCl3 in DCM, because it can provoke the migration
of methyl group from p-xylene forming toluene and pseudocumene.26

Figure 5: Reactions to synthesize compound 1.

The further steps in the synthesis of the alkene switch for SPPS are shown in Figure
6. The procedure that has been already reported27 to synthesized molecule 3 has been
used. It involves two steps: the first is the synthesis of the dibromo-substituted ketone
2 and the second is the removal of the α-bromide by treatment with trimethylsilyl
chloride (TMSCl) and sodium iodide (Figure 6). Enantiopure compound 3a can be
conveniently synthesized using a BINAP-gold catalyst following the procedure
developed in our group.28 The HPLC shows that the compound 3a is obtained in 92%
ee (Figure 7). The following step is a McMurry coupling to form the enantiopure
compound 4.28 Suzuki-Miyaura coupling of compound 4 with 4methoxycarbonylphenyl boronic acid, followed by ester saponification, yields the
dicarboxylic acid 6. Subsequent monocoupling with Fmoc-ethylene diamine (7) leads
to the desired product 8 (Figure 6). Compounds 6 and 8 can both be used in the SPPS
protocol.
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Figure 6: Synthesis of compound 6 and 8.

a

b

Figure 7: a) HPLC trace of racemic 3. b) HPLC trace of enantioenriched (ee = 92%) product 3a
(0.5% isopropanol in heptane, Chiralcel OBH column).
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4.3 Synthetic strategies to insert the overcrowded alkene switch
into a C2H2-zinc finger
Two approaches can be taken for the synthesis of the switch-modified zinc finger
Sp1-f3, depending whether compound 6 or 8 is used (Figure 8).
In case the photoswitch 6 is used in SPPS, peptide 10 will be synthesized on solid
support and the switch 6 will be coupled to it (approach A, Figure 8). Due to the
presence of carboxylic acid functionalities in both the extremities of the switch 6, the
second peptide 9 should have a free amino functionality (approach A, Figure 8).
Moreover it should be protected in the side chains to avoid side reactions in the
following coupling step. Considering that the peptide 9 is synthesized by SPPS, the
choice of the resin is crucial for the synthesis (approach A, Figure 8). 1,2Diaminoethane trityl resin was used. This resin permits to obtain a fully-protected
peptide with an amino ethyl group in the C-terminus.
The second approach (approach B, Figure 8) involves the use of compound 8, which
is a building block for SPPS. Peptide 10 can be synthesized by SPPS, like in approach A.
Peptide 11 needs to have the free carboxylic acid functionality to couple with 8.
Peptide 11 presents a methionine in the first position (C-terminus, Figure 2b),
therefore it is preferred to substitute this amino acid with glycine to avoid
epimerization (approach B, Figure 8). Peptide 11 needs to be isolated fully-protected
in the side chains. An acid-sensitive resin will be used, as in approach A.

Peptide 9
Peptide 10
Peptide 11

Fmoc-KKFACPECPKRFM-NH-CH2CH2-NH2
Fmoc- RSDHLSKHIKTHQNKK-NH2
Fmoc-KKFACPECPKRFM-OH

Figure 8: Different approaches for the synthesis of zinc finger.

We envision that the overcrowded alkene switch might be unstable under the
acidic conditions of cleavage. Therefore, when the complete construct is synthesized,
the removal from the resin would probably require a cleavage cocktail with relatively
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low concentration of TFA. In this respect, the acidity of the cleavage cocktail was
tested on Pbf, a protecting group known to be less sensitive to acid than the others.22
Two different mixtures of TFA in DCM were tested on Fmoc-Arg(Pbf)-OH as a model
substrate (Figure 9). The cleavage cocktail with 75% TFA gave full removal of Pbf after
40 min (Figure 9b), while the deprotection reaction with 50% TFA reached full removal
after 85 min (Figure 9c). In this respect, the resin for the synthesis of the full construct
should be chosen, independently whether approach A or B is used. An acid-sensitive
resin, Sieber amide resin, was chosen for the synthesis of peptide 10. This solid
support permits to tune the acidity of the cleavage cocktail to obtain the desired
product.
a

b

c

Fmoc-Arg-OH
82%

Fmoc-Arg(Pbf)-OH
18%

20 min

Fmoc-Arg(Pbf)-OH
Fmoc-Arg-OH
65%
35%

20 min

98%

77%
23%

40 min

2%

60 min

100%

97%

60 min

85 min

3%

Figure 9: Removal of Pbf protecting group from Fmoc-Arg(Pbf)-OH. a) Removal of Pbf group
from Fmoc-Arg(Pbf)-OH. b) HPLC traces for the removal of Pbf with 75% TFA in DCM, followed
in time. c) HPLC traces for the removal of Pbf with 50% TFA in DCM, followed in time.
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4.4 Synthesis of overcrowded alkene zinc-finger
The first attempt at the synthesis of the entire construct was made following
approach A (Figure 8). Peptide 9 needs to be isolated with all the protecting groups on
the side chains of the amino acid to avoid competitive reactions when the entire
modified Sp1-f3 is assembled. As explained previously, the 1,2-diaminoethane trityl
resin was used for the synthesis of peptide 9. This resin is highly sensitive to acid,
therefore it is possible to use cleavage cocktails that don’t remove the protecting
group in the side chains of the amino acids. Furthermore, this resin permits to obtain,
upon cleavage, peptides with a diamino-ethane group in the C-terminus. The presence
of an amino group on C-terminus is essential to couple the peptide to the switch
(Figure 8).
Different cleavage cocktails, which can be used with this resin, were tried. The first
one is the mixture HFIP/DCM (3:7). HPLC analysis (Figure 10a) revealed that the
obtained peptide is not pure. Attempts at purification were made, including
precipitation and column chromatography. Unfortunately, neither of them provided a
pure peptide. The second cleavage cocktail used was TFE/AcOH/DCM (1:1:8) with 5%
TIS. Gratifyingly, the use of this mixture resulted in a pure product after precipitation
with n-hexane (Figure 10b). This mixture, combined with the use of the acid-sensitive
resin, permits to obtain the protected peptide 9 that can be used for further coupling
reactions with switch and peptide 10 (Figure 8).
a

b

Figure 10: HPLC traces of peptide 9. a) HPLC trace after cleavage with HFIP/DCM (3:7). b) HPLC
trace after cleavage with TFE/AcOH/DCM (1:1:8) with 5% TIS.

Peptide 10 was synthesized using standard protocol for SPPS, using a highly-acidsensitive resin. The product was not isolated, because the couplings of the switch and
of the peptide 9 was planned to be performed on solid support. Nevertheless, the
cleavage of the peptide 10 was executed on few beads of resin to verify the presence
of the correct peptide. HPLC and ESI-MS analysis confirmed the formation of the
desired peptide (Calculated m/z = 2178; experimental m/z = 2178) (Figure 11).
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a

b

Figure 11: Analytical data of compound 10. a) ESI-MS spectra of peptide 10. b) HPLC trace (220
nm) of peptide 10.

The following step was the coupling of peptide 10 with compound 6, and
subsequently peptide 9, on solid phase (approach A, Figure 8). The first reaction (step
A, Figure 12b) was done following a standard procedure for SPPS and the reaction
products were analysed by cleaving the peptides from few beads of resin.

b

a

Figure 12: Analysis of step A, coupling of compound 6 to the resin functionalized with peptide
10 to provide 12. a) LC-MS trace for the crude coupling product. The m/z ratio are reported on
top of the corresponding peaks. b) Synthesis of 12.
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The mixture was analysed by LC-MS, as shown in Figure 12a. The desired product 12
has the m/z of 2495. The product with m/z 4436 is the most abundant: this is the
product of double coupling of 6 to peptide 10, as shown in Figure 12b.
We expect that the reaction of double coupling of compound 6 on the resin will be
always favorable with respect to the single coupling: this is due to the locally high
concentration of 10 on solid support. Therefore a variation in approach A (Figure 8)
was made. The coupling of peptide 9 with compound 6 was tried in solution (step C,
Figure 13a). In this case, the possibility of double coupling is reduced by using
stoichiometric amount of compound 6, peptide 9 and the coupling reagents EDC and
HOBt. The HPLC trace is reported in Figure 13b. After work-up, a mixture of peptide 9
(retention time = 36.6 min) and product 13 (retention time = 41.6 min) was obtained.
Attempts of purification were made using column chromatography and preparative
TLC but, unfortunately, it was not possible to separate the two products. Therefore
the mixture was further used in step D (Figure 14a).

a

b

Figure 13: Analysis of the products from step C. a) Coupling step C. b) HPLC trace for compound
9 (dashed line) and for the crude product of step C (solid line).

Mixture 13 was used in the coupling with peptide 10 (Figure 14a) on solid support
and the cleaved mixture was analysed by HPLC (Figure 14b,c). Tuning the wavelength
of PDA detector to the wavelength of absorbance of the switch 6 (320 nm), it was
possible to detect two peaks that might be the expected product (Figure 14c). The
retention time of these peaks are 27.5 min and 28.3 min. The UV-vis spectra of these
peaks correspond to the two stereoisomers of the overcrowded alkene switch (Figure
14c). Nevertheless, these products are obtained in small quantity with respect to a
compound with retention time of 20 min (Figure 14b). This product, in fact, might be
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the product of coupling of peptide 9 with 10. Considering that the desired product is
not obtained in high yield, approach A (Figure 8) was abandoned.

a

b

c

Figure 14: Analysis of the products of reaction 14. a) Step D. b) HPLC trace of the mixture
obtained after cleavage. c) UV-vis spectra obtained from PDA detector for the peaks at 27.5
min and 28.3 min.

Approach B was then followed (Figure 8). The first step, step E, is the coupling of
compound 8 to the resin-bound peptide 10 (Figure 15). The products of the reaction
were analyzed upon cleavage of products from few beads of resin. The LC-MS shows
that the peaks corresponding to the mass of the product 15 (MW = 1379) are the most
abundant (Figure 16).
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Figure 15: Step E.
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Figure 16: Analysis of the products of step E. a) Diode array trace for step E. b) MS spectrum
for m/z 1379.

The following step, step F, is the Fmoc deprotection of 15, followed by the coupling
with peptide 11 (Figure 17). Compound 11 was successfully synthesized by SPPS,
purified by precipitation with n-hexane and used for the coupling to obtain 16. The
products of step F (Figure 17) were analysed by MALDI-TOF after cleavage from the
resin (Figure 18a,b). The analysis showed that the major products are peptide 15 or
derivates of 15, i.e. the acetylated and the trifluoro acetylated product. Reagent 11 is
not pure enough and acetic acid and trifluoro acetic acid, used for the cleavage of the
peptide from the resin, are still present. A further purification by column
chromatography was conducted and step F (Figure 17) was repeated.
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Figure 17: Step F.

In this case the HPLC trace (Figure18d) suggests that the reaction gives a mixture of
four major compounds. The compounds corresponding to the four peaks in HPLC trace
were purified by preparative HPLC and each compound (16/1-4) was analyzed by HPLC
and MALDI-TOF. The MALDI-TOF spectra of the 16/1-3 (Fig 21b,c,e,f,h,i) showed the
m/z of the acetylated and the trifluoroacetylated product 15. The MALDI-TOF
spectrum of compound 16-4 shows a m/z of 5112 (Figure18d). This value corresponds,
probably, to the peptide 16 with some remaining protecting groups: 7 Boc, 1 Pbf and 2
tBu ([M+Na+], MW=5116). This product was further treated with the cleavage cocktail
mixture but the MALDI-TOF spectrum did not change, indicating that the cleavage
mixture is not acidic enough to remove all the protecting groups in the side chains.
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a

c

b

d

Figure 18: Analysis of the product of step F after cleavage from the resin. a) MALDI-TOF
spectrum in linear mode of step F using compound 11 purified by precipitation. b) MALDI-TOF
spectrum in reflective mode of step F using compound 11 purified by precipitation. c) HPLC
trace of reaction using compound 11 purified by flash column chromatography. d) MALDI-TOF
spectrum of the product of peak 16-4 of step F using compound 11, after purification by flash
column chromatography. It is necessary to acquire MALDI-TOF spectra in linear mode as well in
reflective mode: the first one is more suitable for molecules with high MW, like for 16, while
the second one is suitable for molecules with low MW, like 10 or 11.

4.5 Conclusion
In this chapter the described research aimed to find a good strategy to insert a
overcrowded alkene into the backbone of a peptide. The peptide chosen was the zinc
finger domain Sp1-f3.
The overcrowded alkene switch was already used for tuning the enantioselectivity
of reactions,10,11 photocontrolling magnetic interactions12 and ion binding.13 In this
chapter, this switch was synthesized and functionalized to obtain a building blocks for
SPPS. Two approaches were taken towards achieving this goal. In the first one, the
switch is functionalized with two carboxylic acids. In the second one, the switch is a
Fmoc-protected amino acid. In both cases, the insertion of the photoresponsive
molecule is performed on solid support. It was found that the first approach suffers of
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a limitation: the double coupling of the switch to the peptide connected to the resin
occurs.
The second approach looks more suitable to synthesize the desired molecule. The
overcrowded-alkene-modified Sp1-f3 was synthesized but the purification and the
removal of protecting group remained an issue.
The following chapter represents the successful use of this second approach
developed here to insert overcrowded alkene switch into peptides. To avoid the
incomplete removal of protecting groups, more acid-sensitive protecting groups will
be used.
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4.7 Experimental Session
4.7.1 Synthesis of the overcrowded alkene switch for SPPS
All chemicals for synthesis were obtained from commercial sources and used as received unless
stated otherwise. Solvents were reagent grade. Thin-layer chromatography (TLC) was
performed using commercial Kieselgel 60, F254 silica gel plates, and components were
visualized with KMnO4 or phosphomolybdic acid reagent. Flash chromatography was
performed on silica gel (Silicycle Siliaflash P60, 40-63 m, 230-400 mesh). Drying of solutions was
performed with MgSO4 and solvents were removed with a rotary evaporator. Chemical shifts
for NMR measurements were determined relative to the residual solvent peaks (CHCl 3,  = 7.26
ppm for hydrogen atoms,  = 77.0 for carbon atoms). The following abbreviations are used to
indicate signal multiplicity: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br s, broad
signal. HRMS (ESI) spectra were obtained on a Thermo scientific LTQ Orbitrap XL. MALDI-TOF
spectra were obtained on a MALDI/TOFTOF 4800 by AB Sciex; the analysis was done in positive
mode using the matrix alpha-cyano-hydroxycinnamic acid. Solid phase peptide synthesizer CEM
Liberty, with CEM Discover microwaves was used for solid phase peptide synthesis. Optical
rotations were measured on a Schmidt + Haensch polarimeter (Polartronic MH8) with a 10 cm
cell (c given in g/100 mL) at 20 °C. Melting points were recorded using a Buchi melting point B545 apparatus. UV/Vis absorption spectra were recorded on an Agilent 8453 UV-Visible
Spectrophotometer using Uvasol-grade solvents. CD spectra were recorded on a JASCO J815
spectrophotometer. Irradiation experiments were performed with a spectroline ENB-280C/FE
UV lamp (312 nm). RP-HPLC was carried out with Shimadzu equipment using a linear gradient
-1
of 1.54% of eluent A per min at a flow rate of 0.5mL/min . The eluents A and B are 0.1 % TFA
acetonitrile and 0.1 % aqTFA, respectively. For analytical RP-HPLC, a XTerra C18 3.0x150mm
column (Waters) was used and for semi-preparative RP-HPLC, a XTerra Prep C18 7.8x150mm
column (Waters) was used.
1: 2,4,7-trimethyl-2,3-dihydro-1H-inden-1-one
25
Procedure A
A three-necked flask was equpped with a reflux condenser, a dropping funnel and a mechanical
stirrer. Polyphosphoric acid (PPA) (40 g) and p-xylene (6.00 mL, 48.7 mmol) were added. The
mixture was stirred at 120 °C. When phase mixing occurred, methacrylic acid (4.14 mL, 48.7
mmol) was added through the dropping funnel to the mixture. After 3h the reaction was
stopped and the mixture was cooled to rt. Water/ice (50 mL) was added. The aqueous phase
was washed with diethyl ether (3 x 100 mL). The organic phase was washed with brine (2 x 60
mL) and satNaHCO3 (2 x 60 mL). The organic phase was dried over MgSO4. The solvent was
removed and the product was purified by flash-chromatography (pentane/diethyl ether, 95:5).
1
The product was obtained as a yellow oil in 27% yield (2.2 g, 12.6 mmol). H-NMR (CDCl3): δ
7.24 (d, 1H, J = 7.5 Hz, aromatic), 7.01 (d, 1H, J = 7.5 Hz, aromatic), 3.23 (dd, 1H, J = 17.1, 7.9
Hz, CH2-CHCH3), 2.70-2.63 (m, 1H, CH2-CHCH3), 2.60 (s, 3H, CH3), 2.54 (dd, 1H, J = 17.1, 4.0 Hz, ,
13
CH2-CHCH3), 2.29 (s, 3H, CH3), 1.30 (d, 3H, J = 7.4 Hz, CH2-CHCH3). C NMR (CDCl3, 300 MHz): δ

90

Incorporation of overcrowded alkene switch into peptides

210.7, 152.9, 136.0, 134.3, 133.4, 132.5, 129.2, 42.0, 33.4, 17.9, 17.4, 16.5. HRMS: m/z calcd for
+
C12H14O [M+H] : 175.1117; found: 175.1117.
Procedure B
Two three-necked flasks were equipped with a dropping funnel and dried under a N2
atmosphere at rt. In the first flask, methacryloyl chloride (13.7 mL, 137 mmol) was added dropwise to AlCl3 (18.2 g, 137 mmol) in dry DCM (50 mL). This solution was added to the dropping
funnel of the second flask and was added drop-wise to a solution of p-xylene (16.1 g, 152
mmol) in DCM (50 mL). After 4 h, the reaction was stopped by addition of water/ice (100 mL)
and diethyl ether (100 mL). The organic phase was washed with brine and dried over MgSO 4.
The solvent was removed in vacuo and the product was purified by Kugelrohr distillation
(T=135 °C, 0.1 mbar). The product was obtained as a transparent oil in 49% yield. The analytical
data correspond to the one described for procedure 1.
2: 2,6-dibromo-2,4,7-trimethyl-2,3-dihydro-1H-inden-1-one
Compound 1 (2.0 g, 11.5 mmol) was dissolved in acetonitrile (50 mL) and 15% aqH2SO4 (50 mL)
at rt. N-bromosuccinimide (NBS) (4.5 g, 25.3 mmol) was added and the solution turned red. It
was stirred at 70 °C for 5h. The reaction mixture was poured into water (200 mL) and washed
with DCM (2 x 150 ml). The organic phase was dried on MgSO 4 and the solvent was removed
under vacuum. The product was purified by flash-chromatography (pentane/DCM, 3:0.5). The
1
product was obtained as a yellow solid in 32% yield. M.p.: 102-104°C. H NMR (CDCl3, 400
MHz): δ 7.62 (s, 1H, arom H), 3.42 (dd, J = 143.5, 18.3 Hz, CH2), 2.71 (s, 3H, arom CH3), 2.26 (s,
13
3H, arom CH3), 1.95 (s, 3H, -CBrCH3). C NMR (CDCl3, 400 MHz) δ 200.3, 147.8, 139.2, 137.4,
+
134.3, 131.2, 125.8, 59.7, 44.2, 27.1, 17.2, 16.9. Expected ESI Mass for C12H13Br2O [M+H] :
+
332.9407 [M+H ]. Found: 332.9410.

3: 6-bromo-2,4,7-trimethyl-2,3-dihydro-1H-inden-1-one
Sodium Iodide (1.76 g, 11.73 mmol) was dissolved in acetonitrile (10 mL) and added in a
solution of compound 2 (1.28 g, 3.86 mmol) in acetonitrile (35 mL). The yellow solution turned
red. After stirring for 30 min, trimethylsilyl chloride (1.24 mL, 9.77 mmol) was added and the
solution turned brown. After stirring for 3 h, the reaction was stopped by addition of 10%
aqNa2S2O3 (100 mL). The crude product was extracted with ethyl acetate (3 x 150 ml). The
combined organic phases were washed with H2O, brine and dried with MgSO4. The solvent was
evaporated under vacuum and the product was purified by flash-chromatography
(pentane/diethyl ether, 20:1). Product 3 was obtained as a yellow solid in 98% yield ( 0.96 g,
1
3.78 mmol).M.p.: 76-78 °C. H NMR (CDCl3, 400 MHz): δ 7.54 (s, 1H, arom H), 3.17 (dd, 1H, J =
17.2, 7.9 Hz, CH2-CHCH3), 2.81-2.57 (m, 4H, 1 CH2-CHCH3, 1 arom CH3), 2.47 (dd, 1H, J = 17.3,
13
4.1 Hz, CH2-CHCH3), 2.28 (s, 3H, arom CH3), 1.30 (d, 3H, J = 7.4 Hz, CH3). C NMR (CDCl3, 400
MHz): 209.5, 152.3, 141.9, 137.7, 135.7, 134.6, 134.2, 124.9, 42.2, 32.7, 17.1, 16.5. HRMS m/z
+
calcd for C12H13BrO [M+H] : 253.0222; found: 253.0223.
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3a: (R)-6-bromo-2,4,7-trimethyl-2,3-dihydro-1H-inden-1-one
(SMe2)AuCl (69.5 mg, 0.22 mmol) was dissolved in 5 mL dry DCM. The solution was cooled in an
ice bath for 15 min and a solution of (S)-BINAP (73 mg, 0.11 mmol) in 5 mL dry DCM was added
dropwise. The resulting solution was allowed to warm to rt and it was stirred for an additional
2 h. The reaction mixture was concentrated under vacuum with a liquid nitrogen trap. The
catalyst (S)-BINAP(AuCl)2 was obtained as a white powder.
Compound 3 (1.00 g, 3.95 mmol) was added to 100 ml 3-necked flask. Dry THF (40 ml) was
added. After cooling down to -78°C, LDA 2M in hexane (2.07 mL, 4.14 mmol) was added
dropwise and the reaction was stirred for 2 h under N2 atmosphere. Trimethylsilyl chloride
(TMS-Cl) (0.6 mL, 4.7 mmol) was added and the mixture was stirred for 2 h at rt. The reaction
was quenched with satNaHCO3 at 0 °C. Diethyl ether (100 mL) was added and the organic phase
was washed with brine and dried with MgSO4. The solvent was removed in vacuo at 20°C. The
silyl enol ether was purified by flash-chromatography (pentane/diethyl ether, 20:1).
The catalyst (S)-BINAP(AuCl)2 was dissolved in dry DCM in a Schlenk flask to obtain a 0.006 M
solution under a N2 atmosphere. A 0.006M solution of AgBF4 (22 mg, 0.11 mmol) in dry ethanol
was prepared and added to the Schlenk flask containing (S)-BINAP(AuCl)2. The reaction mixture
was stirred for 45 min at rt under a N2 atmosphere. The reaction mixture became blue/grey. It
was added to the silyl enol ether and the reaction mixture was stirred overnight under N2
atmosphere. The reaction was quenched with aqueous NH4Cl and the mixture was washed
with diethyl ether (3 x 150 ml). The combined organic phases were dried with MgSO 4 and the
solvent was removed under vacuum. The product was purified by flash-chromatography
(pentane/diethyl ether, 20:1). The enantiopure product 3a (625 mg, 2.46 mmol) was obtained
1
as a white solid in 62% yield. The ee is calculated to be 92% from HPLC trace (Figure 7). H
13
NMR, C NMR and HRMS are in accordance with the one reported for racemic 3.
4: (2R,2'R,E)-6,6'-dibromo-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-tetrahydro-1,1'-biindenylidene
Zn (396 mg, 6.09 mmol) was added to a 2-necked flask. The flask was heated with the heat-gun
under vacuum while stirring to activate Zn powder. The flask was allowed to cool down to rt.
Than TiCl3 (788 mg, 5.12 mmol) was added under N2 flux. Dry THF (60 ml) was added. A
solution of enantiopure compound 3 in dry THF (15 mL) was added to the reaction mixture.
After stirring for 3 d at 85 °C, the reaction mixture was cooled down to rt and filtrated through
celite using DCM (300 mL). The organic phase was washed with saturated aqNH4Cl (2 x 150 mL)
and brine (1 x 150 mL). The solvent was evaporated under vacuum and the product was
purified by flash column chromatography (pentane). The product (410 mg, 0.86 mmol) was
20
obtained as a white powder in 72% yield. M.p.: 174-176. D =-100° (CHCl3, c=0.1).
1
H NMR (CDCl3, 400 MHz) δ 7.27 (s, 1H, arom, trans), 7.25 (s, 1H, arom, cis), 3.34 (p, J = 6.6 Hz
2H, CH2-CHCH3, cis) 3.04 (dd, J = 15.1, 6.4 Hz, 2H, 2 CH2-CHCH3, cis), 2.83 (p, J = 6.3 Hz, 2H, CH2CHCH3, trans), 2.58 (dd , J = 14.8, 5.6 Hz, 2H, 1 CH2-CHCH3, trans), 2.46 (s, 6H, 2 CH3 trans), 2.41
(d, J = 15.1Hz, 2H, 2 CH2-CHCH3, cis), 2.23 (s, 6H, 2 CH3 cis), 2.21 (m, 2H, 2 CH2-CHCH3, cis), 2.16
13
s, 6H, 2 CH3 trans), 1.51 (s, 6H, 2 CH3 cis), 1.09 (s, 6H, 2 CH3 trans) 1.08 (s, 6H, 2 CH3 cis). C
NMR (CDCl3,400 MHz) δ 143.4, 142.3, 141.3, 133.3, 132.7, 132.4, 132.0, 131.8, 130.9, 123.6,
110.1, 42.2, 41.8, 38.9, 38.5, 23.1, 21.5, 20.4, 18.9, 18.2, 18.1. HRMS m/z calcd for
+
+
C24H27Br2 [M+H] : 475.04536, found: 475.04459.
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5:
Dimethyl
4,4'-((2R,2'R,E)-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-tetrahydro-[1,1'biindenylidene]-6,6'-diyl)dibenzoate
Compound 4 (243 mg, 0.51 mmol), potassium carbonate (493 mg, 3.57 mmol),
tetrakis(triphenylphosphine)palladium (47 mg, 8 mol%) and 4-(methoxycarbonyl)phenylboronic
acid (275 mg, 1.53 mmol) were dissolved in dry toluene (12 mL) and methanol (5 mL) in a three
necked flask with reflux condenser. The reaction mixture was stirred for 24 h at 90°C under N2.
After cooling down to rt, water was added. The aqueous layer was washed twice with DCM.
The collected organic layers were dried with MgSO4 and the solvent was removed under
vacuum. Product 5 was purified by flash-chromatography (pentane/DCM, 1:1). The product
was obtained as a white powder in 74% yield. The two stereoisomers were separated (trans:cis
4:1) during column chromatography. Trans-5 was isolated (151 mg, 0.25mmol). m.p.: 204-206
20
1
°C; []D =+170° (CHCl3, c=0.1); H NMR (400 MHz, CDCl3):  8.11 (d, J = 8.5 Hz, 4H, arom), 7.50
(d, J = 8.5 Hz, 4H, arom), 6.96 (s, 2H, aromatic), 3.96 (s, 6H, CH3OCO), 3.08-2.98 (m, 2H, CHCH3),
2.78 (dd, J = 14.5, 5.5 Hz, 2H, CH2CHCH3), 2.36-2.27 (m, 8H, CH2CHCH3, CH3 ar), 2.25 (s, 6H, CH3
13
ar), 1.13 (d, J = 6.5 Hz, 6H, CHCH3). C NMR (400 MHz, CDCl3): δ 167.3, 147.3, 142.5, 142.2,
140.3, 131.6, 129.8, 129.7, 129.6, 128.7, 128.5, 53.5, 52.2, 42.6, 39.2, 21.3, 19.2, 18.4. HRMS
+
m/z calcd for C40H41O4 [M+H ]: 585.2999. Found: 585.2995.
trans-6: 4,4'-((2R,2'R,E)-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-tetrahydro-[1,1'-biindenylidene]6,6'-diyl)dibenzoic acid
Trans-5 (50 mg, 0.08 mmol,) was dissolved in 5 mL THF and 3 mL methanol. 2M aq.NaOH (300
L) was added. The reaction mixture was stirred for 3 h at 60°C. After cooling down to rt, 1M
aq.HCl was added drop-wise till pH=2. The product was extracted twice with CH 2Cl2. The
collected organic layers were dried with MgSO4 and the volatiles were removed under vacuum.
Trans-6 was isolated as a white powder (42 mg, 0.075 mmol, yield= 93%). m.p.: 282-284 °C
20
1
(dec.); D =+124° (CH3OH, c=0.1); H NMR (400 MHz, DMSO-d6) δ 8.02 (d, J = 8.5 Hz, 4H,
arom), 7.57 (d, J = 8.5 Hz, 4H, arom), 6.98 (s, 2H, arom), 2.99 (m, 2H, CHCH3), 2.69 (dd, J = 14.5,
5.8 Hz, 2H, CH2CHCH3), 2.34 (d, J = 14.5 Hz, 2H, CH2CHCH3), 2.26 (s, 6H, CH3 ar), 2.22 (s,6H, CH3
13
ar), 1.07 (d, J = 6.0 Hz, 6H, CHCH3). C NMR (400 MHz, DMSO) δ 167.2, 146.3, 141.8, 141.6,
139.7, 131.3, 129.5, 129.5, 129.2, 129.1, 127.8, 41.8, 38.4, 29.0, 21.0, 19.0, 17.9. HRMS m/z
+
calcd for C38H37O4 [M+H ]: 557.2686. Found: 557.2686.

7: (9H-fluoren-9-yl)methyl (2-aminoethyl)carbamate
29
Compound 7 was synthesized according to a literature procedure.
8:
4-((2R,2'R,E)-6'-(4-((2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)ethyl)carbamoyl)
phenyl)-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-tetrahydro-[1,1'-biindenylidene]-6-yl)benzoic acid
Trans-6 (35 mg, 0.063 mmol) was dissolved in DMF (0.5 mL) and DCM (0.5 mL) and compound
7 (18 mg, 0.057 mmol), EDC·HCl (12 mg, 0.063mmol), DMAP (0.5 mg, 5 mol%) and DIPEA (17
uL, 0.1 mmol) were added. After 48 h, DCM (20 mL) was added and the organic phase was
washed with 1N aq.HCl solution (2 x 20mL) and brine (2 x 20mL). The organic layer was dried
with MgSO4 and the volatiles were removed under vacuum. The product was purified by
column chromatography (DCM:MeOH 4:0.1). Trans-8 was isolated as a white powder (25 mg,
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0.030 mmol, yield= 54%). m.p. 196-198 °C; H NMR (400 MHz, CDCl3) δ 8.19 (d, J = 8.2 Hz, 2H,
arom), 7.87 (d, J = 8.2 Hz, 2H, arom), 7.75 (d, J = 7.5 Hz, 2H, arom Fmoc), 7.58 (d, J = 7.5 Hz, 2H,
arom Fmoc), 7.54 (d, J = 8.0 Hz, 2H, arom), 7.47 (d, J = 8.0 Hz, 2H, arom), 7.38 (t, J = 7.3 Hz, 2H,
arom Fmoc), 7.28 (t, J = 7.4 Hz, 2H, arom Fmoc), 7.05 (s, 1H, CH2NHCO), 6.97 (s, 1H, arom), 6.92
(s, 1H, arom), 5.40 (m, 1H, CH2NHCOO), 4.43 (d, J = 7.0 Hz, 2H, Fmoc CHCH2), 4.21 (t, J=7.0 Hz,
1H, Fmoc CHCH2), 3.66 (m, 2H, CH2NH), 3.52 (m, 2H, CH2NH), 3.02 (m, 2H, CHCH3), 2.77 (dd, J =
13
14.4 Hz, 5.4 Hz, 2H, CH2CHCH3), 2.30 (m, 14H, CH2CHCH3, CH3 ar), 1.12 (m, 6H, CHCH3). C NMR
(400 MHz, CDCl3) δ 170.5, 168.2, 157.9, 148.5, 146.3, 143.9, 143.9, 142.6, 142.4, 142.4, 142.3,
142.3, 142.1, 141.5, 140.2, 140.2, 132.3, 131.6, 131.5, 130.2, 129.9, 129.7, 129.6, 128.7, 128.6,
127.8, 127.2, 127.0, 125.1, 120.1, 67.1, 47.3, 42.6, 41.4, 41.0, 39.1, 32.0, 29.8, 29.5, 22.8, 21.3,
+
19.2, 19.2, 18.4, 18.3, 14.2. HRMS m/z calcd for C55H53N2 O5 [M+H ]: 821.3949. Found:
821.3955.

4.7.1 Synthesis of the overcrowded alkene switch for SPPS
9: Fmoc-KKFACPECPKQFM-NH-CH2-CH2-NH2
n

29

28

27

26

25

24

23

22

21

20

19

18

17

aa

Lys

Lys

Phe

Ala

Cys

Pro

Glu

Cys

Pro

Lys

Arg

Phe

Met

Peptide 9 was synthesized on a 0.1 mmol. 1,2- diaminoethane trityl resin (0.9 mmol/g) was
used. Fmoc-Lys(Boc)-OH, Fmoc-Phe-OH, Fmoc-Ala-OH, Fmoc-Cys(Trt)-OH, Fmoc-Pro-OH, FmocGlu(OtBu)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Met-OH were used. The coupling step was performed
with 5 eq. Fmoc-protected amino acid, 5 eq. HBTU and 10 eq. DIPEA (2 x 45 min). The Fmocdeprotection step was performed with 20% piperidine in DMF (30 min). Cleavage from the
resin was performed at 0 °C for 1 h with TFE/acetic acid/DCM (1:1:8) with 5% TIS under a N2
atmosphere. The resin was washed 5 times with DCM. The solvent was removed under vacuum
and the crude peptide was purified by precipitation with n-hexane. Purity (HPLC): 71 %. Ret.
Time: 36.76 min. The HPLC trace is shown in Figure 10b and the ESI-MS in Figure 19.

Figure 19: ESI-MS spectra of peptide 9.
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10: Fmoc-RSDHLSKHIKTHQNKK-NH2
n

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

aa

Arg

Ser

Asp

His

Leu

Ser

Lys

His

Ile

Lys

Thr

His

Gln

Asn

Lys

Lys

Peptide 10 was synthesized on a 0.1 mmol scale by standard protocol of Fmoc chemistry SPPS
(Solid Phase Peptide Synthesis). Sieber resin (0,69 mmol/g) was used. Fmoc-Arg(Pbf)-OH, FmocSer(tBu)-OH, Fmoc-Asp(OtBu)-OH, Fmoc-His(Trt)-OH, Fmoc-Lys(Boc)-OH, Fmoc-Thr(tBu)-OH,
Fmoc-Gln(Trt)-OH, Fmoc-Asn(Trt)-OH were used. The coupling step was performed with 5 eq.
Fmoc-protected amino acid, 5 eq. HBTU and 10 eq. DIPEA (2 x 45 min). The Fmoc-deprotection
step was performed with 20% piperidine in DMF (30 min). Cleavage from the resin was
performed on a small amount of resin for qualitative control at 0 °C for 1 h with
TFA/TIS/EDT/H2O (94:1:2.5:2.5). The crude peptide was analyzed by RP-HPLC and ESI-MS. Ret.
Time: 23.59 min. HPLC trace and ESI-MS are shown in Figure 11.
12: HO-Mot-RSDHLSKHIKTHQNKK-NH2
The resin functionalized with peptide 10 (5 mg, 0.9 umol, 1 eq) was washed with DCM and
DMF. A solution of piperidine in DMF (2:8, 2mL) was added to the resin and it was shaken for
30 min. The resin was washed with DMF (3 x 3 mL), DCM (3 x 3 mL) and DMF (3 x 3 mL).
Compound trans-6 (2.6 mg, 4.5 umol, 5 eq), HBTU (1.7 mg, 4.5 umol, 5 eq) and DIPEA (1.6 uL, 9
umol, 5 eq) were dissolved in DMF (1 mL). The resin and the mixture were shaken for 24 h. The
resin was washed with DMF (3 x 3 mL), DCM (3 x 3 mL) and diethyl ether (3 x 3 mL). Few beads
of resin were taken and immersed in few drops of cleavage solution (TFA/TIS/EDT/H2O,
94:1:2.5:2.5) for 1 h without stirring. The resin was removed by filtration and the filtrate was
diluted with water. The analysis was performed by LC-MS and the chromatogram is reported in
Figure 12.

13: Fmoc-KKFACPECPKQFM-NH-CH2-CH2-NH2-Mot-OH
Compound trans-6 (2 mg, 3.5 umol), HBTU (1.3 mg, 3.5 umol) and DIPEA (1.22 uL, 7 umol) were
dissolved in DCM (700 uL) and (DMF300 uL). After 15 min, peptide 9 (6 mg, 2 umol) was added.
After 24 h, DCM (10 mL) was added to the reaction mixture. The organic phase was washed
with HCl 1M (1 x 10 mL) and satNaHCO3 (1 x 10 mL). The solvent was dried with MgSO4 and the
solvent was evaporated. The mixture was analyses by HPLC, shown in Figure 13. Attempts at
purification were made using column chromatography and preparative TLC (DCM/MeOH,
4:0.3). The mixture was used in the synthesis of 14.

14: Fmoc-KKFACPECPKQFM-NH-CH2-CH2-NH2-Mot-RSDHLSKHIKTHQNKK-NH2
The resin functionalized with peptide 10 (0.8 mg, 0.14 umol, 1 eq) was washed with DCM and
DMF. A solution of piperidine in DMF (2:8, 2 mL) was added to the resin and it was shaken for
30 min. The resin was washed with DMF (3 x 3 mL), DCM (3 x 3 mL) and DMF (3 x 3 mL).
Peptide 12 (2.5 mg, 0.7 umol, 5 eq), HATU (0.27 mg, 0.7 umol, 5 eq) and DIPEA (0.24 uL, 1.4
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umol, 10 eq) were dissolved in DMF (1 mL). The resin and the mixture were shaken for 48 h at
rt. The resin was washed with DMF (3 x 3 mL), DCM (3 x 3 mL) and diethyl ether (3 x 3 mL).
Cleavage was performed at 0 °C for 1 h with cleavage solution (TFA/TIS/EDT/H2O, 94:1:2.5:2.5).
The product was obtained by precipitation with diethyl ether. The analysis was performed by
HPLC and the chromatogram is shown in Figure 14.
11: Ac-KKFACPECPKQFG-OH

n

29

28

27

26

25

24

23

22

21

20

19

18

17

aa

Lys

Lys

Phe

Ala

Cys

Pro

Glu

Cys

Pro

Lys

Arg

Phe

Gly

Peptide 11 was synthesized on a 0.1 mmol scale by standard protocol of Fmoc chemistry SPPS.
Diamino ethane trytil resin (0.9 mmol/g) was used. Fmoc-Lys(Boc)-OH, Fmoc-Phe-OH, FmocAla-OH, Fmoc-Cys(Trt)-OH, Fmoc-Pro-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-GlyOH were used. The coupling step was performed with 5 eq. Fmoc-protected amino acid, 5 eq.
HBTU and 10 eq. DIPEA (2 x 45 min). The Fmoc-deprotection step was performed with 20%
piperidine in DMF (1 x 30 min). Cleavage from the resin was performed at 0 °C for 1 h with
TFE/acetic acid/DCM (2:1:7) with 5% TIS under a N2 atmosphere. The resin was washed 5 times
with DCM. The solvent was removed under vacuum and the crude peptide was purified by
precipitation with n-hexane. Flash-column chromatography was performed (10% methanol in
DCM). Purity (HPLC): 69 %. Ret. Time: 60.6 min. HPLC trace and MALDI-TOF are shown in Figure
20. For MALDI-TOF analysis, the product was treated with cleavage solution (TFA/TIS/EDT/H 2O,
94:1:2.5:2.5).

b

a

Figure 20: Analysis of peptide 11. a) HPLC trace of peptide 11 at 220 nm. b) MALDI-TOF
spectrum of peptide 11.
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15: Fmoc-NH-CH2-CH2-NH2-Mot-RSDHLSKHIKTHQNKK-NH2
The resin functionalized with peptide 10 (5 mg, 0.9 umol, 1 eq) was washed with DCM and
DMF. A solution of piperidine in DMF (2:8, 2 mL) was added to the resin and it was shaken for
30 min. The resin was washed with DMF (3 x 3 mL), DCM (3 x 3 mL) and DMF (3 x 3 mL).
Compound trans-8 (3.8 mg, 4.5 umol, 5 eq), HATU (1.7 mg, 4.5 umol, 5 eq) and DIPEA (1.6 uL, 9
umol, 10 eq) were dissolved in 1 mL DMF and added to the resin. The resin and the mixture
were shaken for 48 h at rt. The resin was washed with DMF (3 x 3 mL), DCM (3 x 3 mL) and
diethyl ether (3 x 3 mL). Cleavage from the resin was performed on a small amount of resin for
qualitative control at 0 °C for 1 h with cleavage solution (TFA/DCM/TIS/EDT/H2O,
50:50:1:2.5:2.5). The analysis was performed by LC-MS and the chromatogram is reported in
Figure 16.

16: Fmoc-KKFACPECPKQFG-NH-CH2-CH2-NH2-Mot-RSDHLSKHIKTHQNKK-NH2
The resin functionalized with peptide 15 (0.9 umol, 1 eq) was washed with DCM and DMF. A
solution of piperidine in DMF (2:8, 2 mL) was added to the resin and it was shaken for 30 min.
The resin was washed with DMF (3 x 3 mL), DCM (3 x 3 mL) and DMF (3 x 3 mL). Peptide 11, (13
mg, 4.5 umol, 5 eq), HATU (1.7 mg, 4.5 umol, 5 eq) and DIPEA (1.6 uL, 9 umol, 10 eq) were
dissolved in 1 mL DMF and added to the resin. The resin and the mixture were shaken for 4 h at
rt. The resin was washed with DMF (3 x 3 mL), DCM (3 x 3 mL) and diethyl ether (3 x 3 mL).
Cleavage was performed at 0 °C for 3 h with cleavage cocktail (TFA/DCM/TIS/EDT/H2O,
50:50:1:2.5:2.5). HPLC of the mixture is reported in Figure 18. The compounds related to the
four peaks are purified by preparative HPLC and the HPLC traces of compounds 16/1-4 and
MALDI-TOF spectra of 16/1-3 are reported in Figure 21. MALDI-TOF spectrum of 16-4 is
reported in Figure 18. It is necessary to acquire MALDI-TOF spectra in linear mode as well in
reflective mode: the first one is more suitable for molecules with high MW, like for 16, while
the second one is suitable for molecules with low MW, like 10 or 11.
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a

b

c

2580

2208

d

e

f

g

h
2208

l

m

2580

i

Figure 21: Analysis of mixture of reaction 16. a) HPLC trace of 16-1. b) MALDI-TOF spectrum in
reflective mode of 16-1. c) MALDI-TOF spectrum in linear mode of 16-1. d) HPLC trace of 16-2.
e) MALDI-TOF spectrum in reflective mode of 16-2. f) MALDI-TOF spectrum in linear mode of
16-2. g) HPLC trace of 16-3. h) MALDI-TOF spectrum in reflective mode of 16-3. i) MALDI-TOF
spectrum in linear mode of 16-3. l) HPLC trace of 16-4. m) MALDI-TOF spectrum in reflective
mode of 16-4.
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