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Abstract: In the present study we describe the synthesis and
biological evaluation of a set of bis-3-chloropiperidines (B-CePs)
containing rigid aromatic linker structures. A modification of the
synthetic strategy also enabled the synthesis of a pilot tris-3-
chloropiperidine (Tri-CeP) bearing three reactive chloropiperidine
moieties in meta on the aromatic scaffold. The structure-reactj
relationship analysis of B-CePs suggests that the arrangement
reactive units affects the DNA alkylating activity, while also revealing
correlations between the electron density of the aromatic sy
the reactivity with biologically relevant nucleophiles, both
DNA and in cancer cells. Interestingly, all
chloropiperidines exhibited a marked cytotoxicity and
and 3D cultures of pancreatic cancer cells. Thery
aromatic 3-chloropiperidines appear to be promisi
further development of mustard based anticancer ag
pancreatic cancers.

Introduction

Recent efforts in the search for targ
the discovery of promising candidates in
carcinogenic pathways. Nevertheless,
undermine the development o
emergence of resistance

s and the onerous
manufacturing costs i

"' Consequently,
ice in first-line

limited by their scarce
ntly associated to tough side effects
are required to identify new NM
icacy and safety profiles. Seeking
to improve the the alue of these economically
sustainable antitumor agents, our studies focused on the

velopment Abis-3-chloropiperidines (B-CePs) as a new class
evisited @fstard-based alkylating agents (Figure 1b)."
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Figure 1. (a) Chemical structure of chlorambucil, melphalan and
mechloretamine. (b) General structure of B-CePs. Different connecting linkers
(L) are schematized with different colors. Green line: aliphatic linkers; blue
line: aromatic linkers. (c) Chemical structures of the analyzed 3-
chloropiperidines.

In precedent works, we thoroughly investigated the mechanism

of DNA alkylation by B-CePs. Thanks to their marked
electrophilicity, these compounds efficiently react with
nucleobases, forming mono- and bi-functional adducts

preferentially with the N7 of guanines.” These base lesions
rearrange into apurinic sites leading to DNA cleavage,” with in
vitro potencies modulated by the chemistry of the linker
connecting the two 3-chloropiperidine reactive centers.*® *!
Along with potent derivatives characterized by aliphatic linkers,
our previous studies examined the activity
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17: (CH2)5
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20: 5-OMe-1,3-xylene; X=OMs 12
21: 5-COOMe-1,3-xylene; X=Br
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Scheme 1. Synthesis of bis-3-chloropiperidines 1-6. Reactants and gonditions: a) NaBH(OAc)s,
0°C (oil bath temperature), 2-2.5 h (inseparable diastereomeric mixture). *The synthesis
s been described elsewhere.

20-22 h; c) NCS, dry DCM, 0°C to rt, 2.5-3 h; d) TBAI (cat.), dry C
of compounds 3, 7 and 9 as well as their corresponding precursor:

toward DNA of one B-CeP bearing a para-
(compound 3, Figure 1c).1*"!

In vitro, the aromatic rigid linker reduced the,
potency relative to the aliphatic analogues, an attri
be further explored in the characterization of this

aromatic moieties (e.g. chlorambucil and melphalan, Figur
possess a milder electrophilicity, which makes them less

Figure 1a).”!

From these premises, the present wi

different linkers intended
electrophilicity. The
“aromatic B-CePs” a

the compounds
ere for simplicity
the presence
oieties (Figure
test derivatives is depicted in
es: i) derivatives with ortho-,

exploratory derivatives
awing functional groups, respectively
and a methyl ester function
ed in meta position to minimize
steric effects, be the possible influence of
electronic substitutions on the aromatic system; moreover, iii) we
incorporated a pyridine linker in compound 6 to study the

N
| |

Cl Cl

e (66% 2 steps)

1,3-xylene (80% 2 steps)
1,4-xylene*

5-OMe-1,3-xylene (44% 2 steps)
5-COOMe-1,3-xylene (33% 2 steps)
2,6-dimethylpyridine (17% 2 steps)
1,4-trans-cyclohexane*

(CH)s*

32:

,33:
34:

35:
36:
37:
38:

cOH, dry DCM, 0°C to rt, 16-18 h; b) NaH, dry THF, 0°C to rt,

[4b]

ce of a heteroatom in the aromatic bridging linker; finally,
probe the value of tris-3-chloropiperidines (Tri-CePs), we
esized compound 8, bearing three reactive moieties in
ta on the aromatic scaffold, to explore the correlation
etween activity and number of reactive centers. For
comparative purpose, we included in our analyses the previously
synthesized aliphatic B-CePs 7, possessing a rigid aliphatic
cyclohexane linker, and 9, bearing a flexible penty! linker.!*"!
Aside from proposing novel accessible strategies to synthesize
the described set of aromatic derivatives, the present work aims
at extending their biological evaluation beyond the reactivity on
model nucleic acids, investigating the effects of all compounds
against different cancer cell types to gain evidence of biological
activity and tropism toward different tumors. The remarkable
cytotoxicity in the pancreatic tumor-derived cells prompted us to
further explore the valuable biological activity of aromatic B-
CePs. We therefore assessed the involvement of transporters in
the uptake of B-CePs. Furthermore, we inspected their
molecular mechanism of action by checking the presence in
cells of genomic DNA lesions upon treatment. Finally, we
demonstrated in 3D models of pancreatic cancer how the
modulation of reactivity of the aromatic compounds is crucial for
unleashing their antitumor potential.
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Results and Discussion
Synthesis of bis- and tris-3-chloropiperidines

The synthetic strategy to obtain the bis-3-chloropiperidines 1-7
and 9 remained similar to our previously reported procedures,™
but was adapted for the substituted B-CePs 4-6 to further extend
the range of suitable precursors (Scheme 1). The synthesis of
the final products 3, 7 and 9 has already been detailed in our
previous work."!! Starting with the diamines 13-17 and the
functionalized aromatic building blocks 20-22 the desired
product was always the corresponding unsaturated diamine 23-
30, which was prepared by two different strategies. For the
synthesis of the bis-3-chloropiperidines with varying substitution
pattern 1-3, the preparation started with the corresponding
aromatic diamines 13-15 which were converted to their
secondary analogues 23-25 by a double reductive amination
using 2,2-dimethylpent-4-enal 10 and sodium
triacetoxyborohydride.” This strategy is well known and was
also applied in the previous synthesis of the B-CePs 7 and 9,
starting from their corresponding diamines 16 and 17."" In
contrast, the secondary diamines 26-28 were obtained by
nucleophilic substitution of a suitable leaving group attached to
the substituted aromatic linkers. For this reaction the aldehyde
10 was converted to the corresponding primary amine 12, which
was deprotonated using sodium hydride and then reacted with
the brominated or mesylated aromatic precursors 20-22.
Afterwards, the secondary diamines 23-30 were treated with
chlorosuccinimide (NCS) to obtain the unsaturated bj
chloroamines 31-38. These products were then converted
desired bis-3-chlorpiperidines 1-7 and 9 by iodine catalyzed
cyclization using tetrabutylammoniumiodide.’

Detailed synthetic procedures for the preparati

Scheme 2. Synthesis of tris-3-chloro ridine 8. Reactants and conditions: a)
LAH, dry THF, 0°C to rt to reflux, 18 h; b) PBrs, dry Et,O, 0°C to rt, 24 h; c)

2,2-dimethylpent-4-en-1-amine 12, dry DCM, 0°C to rt, 68 h; d) NCS, dry DCM,

0°C to rt, 2.5 h; e) TBAI (cat.), dry CHCI;, reflux, 4 h.
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The brominated precursor 41 was synthesized by a two-step
procedure from the readily available trimethyl 1,3,5-
benzenetricarboxylate 39 (see Supporting Information for
details), which was then react with an excess of the
unsaturated amine 12 to obtain esponding secondary
triamine 42. Afterwards, the known syn trategy for bis-3-
chloropiperdines, involving the N-chlo cyclization,
compound,

The mechanism
intramolecular nu
position, leading t
which is readj

nucleobases.!

y B-CePs involves an
t of the chloride in 3-
reactive aziridinium ion,

electrospray ionization mass
onitor the formation of compounds
hydrolysis products ntermediates over time. For the
aromatic compounds, we analyzed 1 and 2 to investigate the
igfluence of 0- and meta- substitution and compared them
7 with&'to explore the effects of aliphatic linkers on the
mics of B-CePs reactivity. Aqueous solutions of mentioned
unds were incubated at 37 °C and aliquots of the reaction
s were analyzed after different incubation times (0 min,

g the relative distribution of detected species (U =
unreacted N* = aziridinium ion, 2N* = double
aziridinium ion, OH = monohydroxylated, N'/OH =
monohydroxylated/aziridinium ion, 20H = dihydroxylated) over

very different. Derivatives 7 and 9 were rapidly consumed in
ter, with the unreacted species coexisting with mono and
ihydroxylated species formed at high rates already from 20
minutes of incubation. At 3 h both compounds were almost
totally reacted. The reactivity of aromatic compounds was slower
compared to the aliphatic analogues, as expected. Besides, we
noted the slower kinetic of 1 compared to 2. The N* species of 2
formed immediately and turned out to be rather stable, with the
ratio between unreacted 2 and its N* ion almost preserved
during the first hour of incubation, suggesting the presence of a
pre-equilibrium; the dihydroxylated species formed from 60 min
up to 3 h. Conversely, compound 1 started reacting with water
only after 20 min of incubation leading to the formation of
hydroxylated species. Interestingly, the 1 N* intermediate was
never detected in time, attesting the different reactivity profile of
the ortho compared to the meta analogue. Based on these
findings, we proceeded with the evaluation of reactivity with
biological macromolecules.

Meta arrangement increases aromatic B-CePs reactivity
with plasmid DNA

In line with our precedent studies on 3-chloropiperidines, the
new derivatives were initially evaluated for their ability to react
with nucleic acids and induce DNA strand breaks.® ¥ The
electrophoretic cleavage assay allows to Vvisualize the

This article is protected by copyright. All rights reserved.



ChemMedChem

compound-mediated conversion of the supercoiled plasmid
substrate (SC) into its retarded nicked and linearized forms (OC
= open circular, L = linearized). In detail, the pBR322 plasmid
was incubated with increasing concentrations of test compounds
for 3 h at 37 °C and reaction products were run on agarose gel.
The bar chart in Figure 2 reports the ECso values of test
compounds in ascending order. For the sake of clarity, final
ECsos of the test derivatives are detailed in Table S1.

With the exception of compounds 1 and 8, test derivatives
exhibited ECso values below 5 pum, thus demonstrating to
efficiently cleave DNA in vitro. In line with the previous
observations for 3 with a different substrate,*” the new results
confirm that aromatic linkers (blue bars in Figure 2) decrease the
DNA cleavage potency of B-CePs: only the aliphatic compounds
9 and 7 (green bars in Figure 2) possess potencies below 1 um.

1001

ECsy/ pm

’\Qs‘l«‘bbb‘:‘b\
Compound

Figure 2. DNA cleavage ECs, values of analyzed B-CePs. The superc
pBR322 plasmid was incubated with increasing concentrations o
compounds at 37 °C for 3 h in BPE buffer. ECs, values were calcul
comparing the intensities of the supercoiled species band to the negative
control as a function of compound concentration. Average ECsos an
deviations result from two independent experiments. Green bal
B-CePs; blue bars: aromatic B-CePs; blue checkered bar: Tri-Cel

A comparison between the isomers 1, 2 and 3
bearing ortho-, meta- and para-xylene linke
evaluate the influence of different substitution
reactivity of aromatic B-CePs. Resulting ECsos de
that, while the meta- and para- substitutions conferred a
potency to compounds 2 and 3, the activity of the orth
positional isomer 1 toward DNA decreased consistently witlythe
reduced reactivity with water. It that gonditions, after the
hydroxylation of 1, intramolecular hy

of the second 3-chloropiperidi
cannot be established when in
two reactive groups a
addition, the restrain

reactivity of 1, 2
t the longer incubation time of
wn in Figure 3a (3 h) and 3b
its analogues,
ly fragment the plasmid

and 3 was indeed investigat
18 h. Resulting j
(18 h).

, although it needs time to achieve
the meta and para isomers.
Compounds 4 and 5, tesie investigate the influence of
substitution of the xylene linker, show higher ECsg values than 2,
indicating that the insertion of the ether group and the ester
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substituent reduces the reactivity exhibited by the parent
compound. Although there is no direct conjugation to the
aromatic system in the case of the substituted B-CePs, the
electronic nature of the aromatic tem clearly influences the
reactivity of the compounds, whi ases in presence of
these electron withdrawing groups.
conjugation between the plperldme n|t

by linear free energy
tt equation."” Though
the ionization of
licable to different
organic reactions en applied to aromatic
nitrogen mustard n observed for the
substituted B-CeP: und 2 is not perfect, but
similar to uted benzylamines as
nucleophiles.! s to be comparable to our
experiments, sin e first step in the reaction of B-CePs is
of an aziridiunium ion, provided by a
attack the benzylic piperidine-nitrogen.
of a nitrogen heteroatom, reducing
the electron density 0 romatic linker in 6, also decreased
the compounds reactivity when compared to analogue 2.
intuitively, 4o the third additional reactive moiety of the Tri-
8 cud@fled its reactivity compared to the bifunctional
gue 2.

nucleo
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Figure 3. DNA cleavage assay for compounds 1, 2 and 3. DNA cleavage
assay upon incubation with pBR322 after 3 h (a) and 18 h (b) at 37 °C at
increasing compound concentrations (0.5, 5, 50 um). SC: supercoiled plasmid;
L: linearized plasmid; OC: open circular plasmid; C: supercoiled pBR322
plasmid control.

Aromatic linkers address B-CePs toxicity against pancreatic
cancer cells

After analyzing the reactivity of compounds with water and with
purified DNA, the biological value of compounds was assessed
by the MTT assay on a panel of human cancer cell lines, namely
colorectal adenocarcinoma HCT-15, pancreatic adenocarcinoma
BxPC-3 and ovarian carcinoma 2008 cells. Table 1 reports the

This article is protected by copyright. All rights reserved.
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ICs0s observed after 72 h of treatment with tested B-CePs along
with previously determined [Csos of the reference nitrogen
mustard chlorambucil (Chl).®! For its poor solubility and
compatibly with the use of maximum 0.5% DMSO in cell culture,
compound 5 was not tested over 25 pm.

Table 1. MTT assay ICss with the associated standard deviations on HCT-15,
BxPC-3 and 2008 cells of test B-CePs on BxPC-3 cells after treatment for 72 h.
ICso values were calculated by a four-parameter logistic model.

Compound MTT ICs, values / um

HCT-15 2008 BxPC-3

1 23.847.2 16.1#56  0.4:0.1

2 3.3+1.1  28+1.1  0.3:0.2

3 3.0£0.9  2.3+0.3  0.4%0.1

4 9.5+27  4.0+1.9  05:0.2

5 >25 >25 0.4£0.1

6 142422 107427  0.4%0.1

7 32425  26+08  55+1.1

8 9.3+29 14355  0.3:0.2

9 6.8£2.1 11322 9.4+1.6
chl ¥ 497433 12.5+21 75.3%5.1

el Reference ICs0s reported in our previous work™
Chl: Chlorambucil

Of note, all derivatives demonstrated a valuable
against the three human tumor cell lines, in
improved compared to the reference drug
Interestingly, results suggest a separate ana
and 2008 compared to BxPC-3 tumor cells: in fa
behaved similarly against colorectal and ovarian cancer
exhibiting ICso values between 1 and 20 uM, whereas the ne
set was one or two orders of magnitude more potent again
pancreatic cancer cells. Considering
aromatic derivatives exhibit a po

meta- and para-analogues 2
substituents led to a decr
cytotoxicity of 4 and 5 gomp
ranking 2>4>5. More
and more reactive tha
bifunctional agent 2 w
trifunctional derivative 8, al
However, whe
evident that the

in line with cleavage results.
hatic derivatives 7 and 9, it is

varian cancer models our results
action of this class of alkylators
and confirm the feasibility 0 dulating the activity of B-CePs
by acting on the chemistry of the linker.

10.1002/cmdc.202000457

WILEY-VCH

Results concerning the pancreatic cell line are quite divergent:
very interestingly, all and only the aromatic derivatives showed
nanomolar ICsos against pancreatic tumor cells, showing to be
on average 200-times more toxic fge BxPC-3 than chlorambucil,
a difference not so evident conside T-15 and 2008 cells.

To highlight the unexpected tropism the pancreatic
cancer cell line, the preferential activity expressed
as ratio between the ICso
HCT-15 relative to BxPC-3

60
N
“1R N
N i N
= 20|\ H ] ] HCT-15/BxPC-3
g N s ro_ [l [} N 2008/BxPC-3
N LINLLIN 1IN

\
A
N

Compound
Figure 4.

Was (P.A.l.) of 3-chloropiperidines. P.A.l are
expressed as ratio between compound MTT ICs, against HCT-15 and
BxPC-3 cells (solid bars), as well as 2008 and BxPC-3 cells (dashed bars).
Chl: Chloramb?Green bars: aliphatic B-CePs; blue bars: aromatic B-CePs;

y bar: Chl.

bly, we observe a marked selectivity for the pancreatic cell
igure 4), with the least DNA reactive compounds 1 and 8
the most selective for BxPC-3 cells. On the other hand,

cancer cells.
Given the encouraging cytotoxicity observed against the
reatic cancer cell line, we proceeded to better characterize

ePs exploit transporter-mediated uptake

A modified MTT assay was performed on selected derivatives to
investigate their mode of entry in BxPC-3 cells to disclose
possible mechanisms of transporter-mediated uptake.! We
analyzed the aromatic B-CePs 1, 2, 4, 6 together with compound
9 as representative of the aliphatic subset. The BxPC-3 selective
trifunctional compound 8 was also examined. Given the almost
equivalent reactivity and cytotoxicity profile between 2 and 3, the
latter compound was not included in this analysis. Besides,
being a non-optimal candidate for its poor solubility, compound 5
was not further investigated. Cells were seeded in two
microplates and incubated for 5 h in parallel at 37 °C or 4 °C.
Given the short incubation time, the adopted range of
concentrations was increased compared to the ICsos obtained at
72 h. At the end of the incubation time the wells were rinsed with
PBS, fresh medium was added and both microplates were
incubated at 37 °C in the absence of compound. Finally, cell
viability was assessed at 72 h and resulting curves are shown in
Figure 5.

This article is protected by copyright. All rights reserved.
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Figure 5. Cell viability curve for BxPC-3 cells upon treatment at 37 °c vs 4 °C
with test compounds (1, 2, 4, 6, 8, 9). BxPC-3 cell viability upon exposure to
increasing concentrations of selected compounds (from 3 um to 12 um of rigid
derivatives 1, 2, 4, 6, 8 and from 10 um to 50 pm of 9) for 5 h at 37 °C (red
curve) or 4 °C (blue curve), followed by a gentle rinse of wells with PBS and
addition of fresh RPMI medium. The MTT assay was performed at 72 h.

The differential viability resulting from the incubation of twin

contribution of transporters to the net intracellular a
of the compounds. The formazan absorbance
controls was almost identical between plates incu

not responsible for differences in viability,
metabolic state. At 37 °C (red line), both passive diffu
transporter-mediated uptake could contribute to the
accumulation of cytotoxic agents in cells. On the other hand

result of the passive diffusion of c
membrane, since transporters are i
A substantial drop in cell viability was ob
with all B-CePs derivatives at 37

residual cytotoxicity
compounds are also
cell membrane.

Interestingly, a comparab

BxPC-3 cells obs
could depend on a
Results ,suggest th

etration of the former.
the pyridine linker enhances the
6 by fostering its passive diffusion.
moiety of 8 apparently enhances
its passive diffusi rly decreasing its transporter-
mediated uptake compared to other bifunctional analogues.
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Aromatic B-CePs directly damage cellular DNA

In support of the activity observed on isolated DNA and as proof
of principle of their mechanism of ggtion, the alkaline Single-Cell
Gel Electrophoresis (SCGE) assa erformed to evaluate
potential genomic DNA lesions induce CePs in cells.!"”
The highly cytotoxic derivative 2 was resentative
of the aromatic B-CePs set

incubation time allows
ed DNA damage (DNA

fragmentation. Lesi
treatment and ele
characteristic com
same experiment

jected to alkaline
o the appearance of a
ith SYBR Green |. The
esence of 0.5% DMSO
Chl) at the concentration
ive and positive controls
e results of the SCGE assay:
relative percentage of comets, i.e. the
comet relative to the total number of
domly captured fields from two
independent experime er each condition, while Figure 6b
reports representative images of the comets in each condition.
shly damages cellular DNA: in fact, upon 6 h of
5 uM of compound 2, at least one third of treated
gave rise to a fragmented comet. This phenomenon was
reduced in case of the positive control chlorambucil: even
uch higher concentration of 100 uM, only 15% of cells
amaged by the drug, and the damage was less
ested by the representative images reported in
Figure 6byOverall, these cellular evidences endorse the
mechanism of action of this class of DNA alkylators and justify
the significant difference in cytotoxicity observed between our
nevﬁet of derivatives and chlorambucil.

of 100 pm,
respectively. Fi

a.
40 * %
L |
R
g 20 —
38
10
0 T T T
o SRR
Q (¢ S
& o¥ N
Q & N
b.
DMSO + Chl (100 um) +2 (5 um)

Figure 6. Alkaline Single-Cell Gel Electrophoresis (SCGE) assay. Alkaline
SCGE assay was performed on BxPC-3 cells upon incubation with DMSO
0.5%, chlorambucil (Chl) and compound 2 for 6 h at the indicated
concentrations. (a) The bar chart reports the relative percentage of comets (n°
cells forming a comet/total n° of cells) detected in two randomly captured fields
from two independent experiments per condition. (b) Representative images
(40x) of treated samples (including negative and positive controls) with comets
are also reported. Paired t-test: * p<0.05 ** p<0.001
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3-chloropiperidines exhibit remarkable cytotoxicity against
pancreatic cancer spheroids

In light of the promising cytotoxicity observed against BxPC-3
2D monolayer cultures, the activity of the aromatic B-CePs was
further evaluated on 3D BxPC-3 spheroids, a more sophisticated
model for the in vitro screening of therapeutics that better
approximates the milieu and hypoxic core of solid tumors.'"™ The
Acidic Phosphatase assay (APH) was performed to assess
viability of BxPC-3 spheroids grown in 96-well round-bottom
microplates for two days and then incubated with selected
compounds for 72 h."®! The APH ICs, values for test derivatives
are reported in table 2.

Table 2. BxPC-3 3D cultures cytotoxicity. APH assay ICs, values with the
associated standard deviations of selected compounds on BxPC-3 cancer cell
3D cultures after treatment for 72 h. ICs, values were calculated by a four-
parameter logistic model.

Compound APH ICs5, values / pm
BxPC-3
1 40.1+7.6
2 122.4+5.7
3 133.1+4.4
4 46.2+0.6
6 112.742.4
8 68.2+4.6
Chl Inactive

Chl: Chlorambucil, totally inactive at the maximum tested concentrgii
UMm).

Aromatic B-CePs confirmed their cytotoxicity also
3 spheroids. Passing from 2D to 3D cultures, we

and by the new Tri-CeP agent 8. Compounds 2, 3 and
exhibited ICs values over 100 uM, a relevant result considgring
that chlorambucil was completely ina
tested concentration of 200 uM. To
should reason about the requisites

keeping their reactivity intact
lower or delayed reac and a go

be crucial for the biologi ctivity of the
in 3D models. Compou 1 was the t reactive with
nucleophiles but could de trate effective time-dependent
DNA damaginggctivity (Figure . Compound 8 showed also a
restrained reac cleavage assay but it
demonstrated to enter cells by passive
diffusion, a slow and ¥@&s efficient process. Noteworthy, 1 and 8
ong the most selective against the
(Figure 4), thus showing to be
studies as anticancer agents for
pancreatic tumors. Altho re reactive than 1 and 8, the
methyl-ether compound 4 showed a valuable activity against
spheroids: this result might depend on the ability of the ether
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function to hamper potential self-stacking interactions between
aromatic molecules, thus increasing the efficiency of spheroid
penetration.

Conclusions

chloropiperidines designed
based chemotherapeutics ob
synthetic strategy. Diff

he efficacy of mustard-
through a convenient
ts and substitution
ctivity of B-CePs
, meta and para xylene
ar and efficient potency
ortho analogue and B-

toward isolated D
isomers demonstr

reactivity. Noteworthy, we
e potent antiproliferative effect
f tumor cell lines. In the case of aromatic
on between reactivity and cytotoxicity
ian 2008 and colorectal HCT-15
cancer cells. Unexpe aromatic but not aliphatic linkers
confer to B-CePs nanomolar toxicities against pancreatic BxPC-
cells, resuliii® into valuable indexes of preferential activity for
cancer“ine. As proof of principle of their mechanism of
n, the representative aromatic derivative 2 demonstrated to
e cellular DNA to a higher extent compared to
bucil even at a much lower concentration. The tropism
ncreatic cancer cells is exceptionally relevant
aggressiveness of this tumor type and recalls
ed with monofunctional 3-chloropiperidines (M-
CePs) against the same cell line."
In this study we also investigated the new trifunctional 3-
chldgopiperidine 8, which showed a valuable activity against the
ced model of pancreatic 3D spheroid cultures, most likely
irtue of its lower reactivity, a feature shared with the low
ctive B-CeP 1. This attests that restrained reactivity and good
ptake are determinants for the effectiveness of 3-
chloropiperidines in this model, a precious knowledge for the
potential development of such compounds against solid tumors.
To conclude, the empowered anticancer features of aromatic B-
CePs compared to aliphatic analogues provide a versatile
starting point for the advanced synthesis of such compounds.
This exclusivity seems not to rely on differences in the
intracellular accumulation of aromatic compared to aliphatic
compounds, since both showed a very similar uptake profile.
Nevertheless, studies are ongoing to reveal which distinctive
mechanisms prior or following DNA damage are responsible for
the unexpected activity of aromatic B-CePs against BxPC-3
pancreatic cancer cells. Preferential targeting by nitrogen
mustards has recently been reported for chlorambucil against
BRCA 1/2-deficient tumors, thus demonstrating that even agents
commonly known as aspecific could exhibit cancer type
tropisms.I"”? In this sense, we plan to employ an omic approach
to elucidate the molecular determinants of sensitivity for
aromatic 3-chloropiperidines against BxPC-3 cells. Perturbations
of the transcriptional profile and chromatin accessibility state will
be evaluated upon cell stimulation with selected derivatives. This
signature-driven strategy may open new perspectives in the
refinement and exploration of the mechanism of action of these
new chemical entities, facilitating the mindful repositioning of B-
CePs as potential therapeutics.
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Experimental Section
Materials and Methods

MS studies. The formation of B-CePs reactive species upon
incubation at 37 °C in water was followed in time by ESI-MS as
reported precedently.“® A 80 uM solution of test compounds was
prepared in MilliQ water from 1 mM DMSO stocks and incubated
at 37 °C for 3 h. Small samples were taken after 0 min, 20 min,
40 min, 60 min and 180 min, diluted 1:10 with methanol, and
analysed by ESI-MS. Measurements were performed in positive
ion mode using a Xevo G2-XS Qtof instrument (Waters).
Cleavage assay. The ability of compounds to cleave the
supercoiled plasmid pBR322 (Inspiralis Ltd) was investigated at
the electrophoretic cleavage assay. The assay was performed
following previously reported materials and protocols.® “°! B-
CePs dilutions were freshly prepared from a 10 mm DMSO stock
in Milli-Q water, resulting in a 0.5% DMSO concentration in the
final reaction volume. Diversely, a 5 mMm DMSO stock was
prepared in the case of the poorly soluble compound 5, resulting
in a final 1% DMSO concentration in the assay volume. ECs
values were calculated considering the intensity of the
supercoiled plasmid band at increasing compound
concentrations expressed as percentage compared to the
untreated control. Experiments were performed in duplicate to
calculate average values and standard deviations.

Cell cultures. Colon (HCT-15) and pancreatic (BxPC-3)
carcinoma cell lines were purchased from ATCC (Ameri
Type Culture Collection). The human ovarian 2008 cancer
line was kindly provided by G. Marverti (Departm
Biomedical Science, University of Modena and Reggi
Modena, ltaly). Cell lines were maintained in logarith
at 37 °C in a 5% carbon dioxide atmosphere using
medium (Euroclone) containing 10% fetal calf
Euroclone), antibiotics (50 units/mL penicillin
streptomycin), and 2 mm L-glutamine.

MTT assay. The 72 h MTT assay was perform
previously reported materials and protocols.
compounds were dissolved in DMSO and added at defin
concentrations to the cell growth medium to a final solvent

[9,

validated in this modi
internal control (Figure
transporters to enter cells.'*
Alkaline Single-Cell Gel
alkaline SCGE
damage of genom
Experiments were

-CePs on BxPC-3 cells.

ound or 0.5% DMSO for 6 h.
Subsequently, cells wer: in PBS, harvested, centrifuged
and resuspended at 1 x 10° in 1% low melting point agarose
(LMPA, Trevigen). Pretreated comet slides (Trevigen) were
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spotted with 50 uL of cells-LMPA mixture and allowed to set at
4 °C for 30 min. Slides were immersed in lysis buffer (Trevigen)
for 45 min, then incubated for 20 min in an alkaline
electrophoresis solution (1 mm EDA, 300 mM NaOH) followed
by alkaline electrophoresis (1 V/c °C for 30 min. Slides
were then washed twice in deionized H? in 70% ethanol
for 5 min and air-dried. DNA was staine,
10 min at 4 °C. Slides
magnification in a Zeiss LS

al microscope using the
lative % of comets (n°

. 1) in phenol red-free RPMI
containing antibiotics and L-glutamine (as
s well as 10% FCS and 20% methyl
non-tissue culture treated 96 well-
er 72 h from seeding, spheroids
were treated at the concentration of compound freshly
dissolved in DMSO to a final solvent concentration of 0.5%,
ich had etectable effect on cell killing. Upon 72 h of

bation, eroids were incubated with 100 uL of the assay
r for 3 h at 37°C (0.1 M sodium acetate, 0.1% Triton-X-100,
mented with ImmunoPure p-nitrophenyl phosphate by
. Subsequently, 10 uL of 1 M NaOH were added before

medium (Eurocl
previously specifie
cellulosgeeig round-bo

olvents were purified by distillation prior to use and in case
anhydrous solvents dried and stored under nitrogen
tmosphere. Commercially available reagents were used as
supplied if not stated different. Synthesis using anhydrous
solvents were carried out under Schlenk conditions. For
purification by flash column chromatography silica gel 60
(Merck) was used. 'H and "*C NMR spectra were recorded at
Bruker Avance Il 200 spectrometer ('H at 200 MHz; *C at
50 MHz) and Bruker Avance Il 400 spectrometer ('H at 400
MHz; *C at 100 MHz) in deuterated solvents. Chemical shifts
were determined by reference to the residual solvent signals.
High-resolution ESI mass spectra were recorded in methanol
using a ESImicroTOF spectrometer (Bruker Daltonics) in
positive ion mode. All elemental analysis (CHN) were performed
on a Thermo FlashEA — 1112 series instrument. NMR spectra of
all final products, as well as the synthetic procedures of the
precursors 10-13, 18-22 and 40-43 are included in the
Supporting Information. The synthesis of compounds 3, 7 and 9
as well as their corresponding precursors has been described
elsewhere."*"!

Synthetic procedures
General procedure A: Synthesis of diamines (23-24)

Under a nitrogen atmosphere 2,2-dimethylpent-4-enal (10) (2.1-
2.4 equiv) as well as the corresponding diamine were dissolved
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in anhydrous dichloromethane (10 mL/mmol of diamine) and
sodium triacetoxyborohydride (2.6-3 equiv) was added portion
wise at 0 °C, followed by acetic acid (2.2-2.4 equiv). The mixture
was stirred at room temperature for 16-18 h and was then
quenched by the addition of 20% NaOH solution. The phases
were separated and the aqueous layer was extracted three
times with dichloromethane. The combined organic extracts
were washed with brine, followed by distilled water and dried
over MgSO,. The solvent was removed under reduced pressure
and the crude product was obtained, which was used in the next
step without further purification.

1,2-Bis-[(2,2-dimethylpent-4-enyl)aminomethyl]benzene (23)
Was prepared according to the general procedure A from 1,2-
bis(aminomethyl)benzene (13) (0.71g, 5.23 mmol) and 2,2-
dimethylpent-4-enal (10) (1.41 g, 12.55 mmol) yielding the title
compound as a pale red oil (1.50 g, 4.58 mmol). '"H NMR (400
MHz, CDCl3) 6 = 7.33 — 7.29 (m, 2H), 7.26 — 7.22 (m, 2H), 5.84
— 5.74 (m, 2H), 5.03 — 4.96 (m, 4H), 3.83 (s, 4H), 2.41 (s, 4H),
2.01 (d, J = 7.5 Hz, 4H), 0.89 (s, 12H) ppm; *C NMR (101 MHz,
CDCl;) 6 = 139.21, 135.65, 129.78, 127.19, 116.96, 60.33,
52.93, 44.86, 34.54, 25.69 ppm; HRMS (ESI): m/z calcd for
C2oHa7N"™: 329.2951; found: 329.2950 [M+H]".

1,3-Bis-[(2,2-dimethylpent-4-enyl)aminomethyl]benzene (24)
Was prepared according to the general procedure A from 1,3-
bis(aminomethyl)benzene (14) (1.03 g, 7.56 mmol) and 2,2-
dimethylpent-4-enal (10) (1.75 g, 15.60 mmol) yielding the tifle
compound as a colourless oil (2.18 g, 6.64 mmol). '"H NMR
MHz, CDCl3) 6 = 7.42 — 7.28 (m, 4H), 5.90 — 5.65 (m, 2H)/®"
—4.93 (m, 4H), 4.13 (s, 4H), 2.93 (s, 4H), 2.08 (d, J = 7.2 Hz,
4H), 0.95 (s, 12H) ppm; "*C NMR (50 MHz, CDCl;) &
135.33, 130.18, 128.80, 128.39, 117.43, 73.42, 70
35.75, 25.95 ppm; HRMS (ESI): m/z calcd fo
329.2951; found: 329.2958 [M+H]".

General procedure B: Synthesis of diamines
Under a nitrogen atmosphere sodium hydride (2.8 eq
suspended in anhydrous tetrahydrofuran (10 mL/100mg
sodium hydride) and 2,2-dimethylpent-4-en-1-amine

mesylate, dissolved in anhydrous te
dibromide/bis-mesylate), was added

were separated and
times with ethyl ace

the crude product was obtaine
without further i

5-Methoxy-1,3-bis-|
benzene (26)

-enyl)aminomethyl]-

the general procedure B from 5-
yloxy)methyl]benzene (20)
(2.50g, 7.71 mm imethylpent-4-en-1-amine (12)
(2.09 g, 18.46 mmol) yielding the title compound as a yellow oil
(2.71 g, 7.55 mmol). "H NMR (400 MHz, CDCls) & = 6.92 (s, 1H),
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6.84 (s, 2H), 5.81 — 5.73 (m, 2H), 5.03 — 4.98 (m, 4H), 3.82 —
3.81 (m, 7H), 2.40 (s, 4H), 2.04 — 2.02 (m, 4H), 0.91 (s, 12H)
ppm; *C NMR (101 MHz, CDCl3) & = 160.04, 135.39, 120.61,
117.19, 112.60, 59.35, 55.42, 54 41 44.72, 34.37, 25.57 ppm;
HRMS (ESI): m/z caled for C; . 359.3057; found:
359.3053 [M+H]".

Methyl 3,5-bis-[(2,2-dimet
benzoate (27)

3.63 mmol) and 2,
8.72 mmol) yieldin
3.56 mmol). '"H N
7.58 — 7.53 (m, 1
3.91 (s, 3H), 3483 (
0.89 (s, 12H ;
141.33, 135.60,
52.22, 44.76, 34.
Ca4H30 W

ine (12) (0.99 g,
as a yellow oil (1.38 g,

), 5.03 — 4.97 (m, 4H),
2.02 (d, J = 7.5 Hz, 4H),

2,6-Bis-[(2,2-dimethy 4-enyl)aminomethyl]pyridine (28)
Was prepared according to the general procedure B from 2,6-
s-[(methyls@nyloxy)methyl]pyridine (22) (1.29 g, 4.39 mmol)
2,2-di ylpent-4-en-1-amine (12) (1.19 g, 10.53 mmol)
ing the title compound as a yellow oil (1.41 g, 4.28 mmol).
R (400 MHz, CDCl;) 6=7.58 (t, J= 7.6 Hz, 1H), 7.18 (d, J
z, 2H), 5.85 — 5.74 (m, 2H), 5.03 — 4.98 (m, 4H), 3.88 (s,

r a nitrogen atmosphere the crude unsaturated diamine
s dissolved in anhydrous dichloromethane (10 mL/mmol of
iamine) and freshly recrystallized N-chlorosuccinimde
(2.4 equiv) was added portion wise at 0 °C. The mixture was
stirred at 0 °C for 30 min and for an additional 2-2.5 h at room
temperature. The solvent was removed under reduced pressure
and the crude product was purified by flash column
chromatography.

1,2-Bis-[N-chloro(2,2-dimethylpent-4-
enyl)aminomethyl]benzene (31)

Was prepared according to the general procedure C from 1,2-
Bis-[(2,2-dimethylpent-4-enyl)aminomethyl]lbenzene (23) (1.48 g,
4.49 mmol) and purified by flash column chromatography
(pentane/TMBE 20:1), yielding the title compound as a pale
yellow oil (1.35 g, 4.10 mmol, 66 % over 2 steps). '"H NMR (400
MHz, CDCl3) 6 = 7.39 — 7.35 (m, 2H), 7.32 — 7.28 (m, 2H), 5.78
— 5.66 (m, 2H), 5.02 — 4.95 (m, 4H), 4.28 (s, 4H), 2.94 (s, 4H),
2.03 (d, J = 7.4 Hz, 4H), 0.92 (s, 12H) ppm; *C NMR (101 MHz,
CDCl3) 6 = 136.74, 135.22, 130.86, 127.92, 117.41, 73.59,
67.96, 45.19, 35.61, 26.03 ppm; HRMS (ESI): m/z calcd for
C22H35CIN,": 397.2172; found: 397.2170 [M+H]".

1,3-Bis-[N-chloro(2,2-dimethylpent-4-
enyl)aminomethyl]benzene (32)
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Was prepared according to the general procedure C from 1,3-
Bis-[(2,2-dimethylpent-4-enyl)aminomethyl]lbenzene (24) (1.47 g,
4.48 mmol) and purified by flash column chromatography
(pentane/TMBE 10:1), vyielding the title compound as a
colourless oil (1.63 g, 4.10 mmol, 80 % over 2 steps). '"H NMR
(400 MHz, CDCl3) 6 = 7.38 — 7.30 (m, 4H), 5.83 — 5.71 (m, 2H),
5.05 — 4.97 (m, 4H), 4.13 (s, 4H), 2.93 (s, 4H), 2.08 (d, J=7.6
Hz, 4H), 0.95 (s, 12H) ppm; *C NMR (50 MHz, CDCls) 6 =
137.79, 135.33, 130.18, 128.81, 128.40, 117.43, 73.42, 70.49,
4502, 35.75, 25.95 ppm; HRMS (ESI): m/z calcd for
C2:H35CIN,": 397.2172; found: 397.2178 [M+H]".

5-Methoxy-1,3-bis-[N-chloro(2,2-dimethylpent-4-
enyl)aminomethyl]benzene (34)

Was prepared according to the general procedure C from 5-
Methoxy-1,3-bis-[(2,2-dimethylpent-4-enyl)aminomethyl]benzene
(26) (1.54g, 4.28 mmol) and purified by flash column
chromatography (pentane/TMBE 20:1), vyielding the title
compound as a pale yellow oil (827 mg, 1.93 mmol, 44 % over 2
steps). 'H NMR (400 MHz, CDCl3) 6 = 6.94 — 6.92 (m, 1H), 6.88
—6.86 (m, 2H), 5.82 — 5.71 (m, 2H), 5.03 — 5.02 (m, 2H), 5.01 —
4.97 (m, 2H), 4.09 (s, 4H), 3.82 (s, 3H), 2.91 (s, 4H), 2.07 (d, J =
7.4 Hz, 4H), 0.94 (s, 12H) ppm; "*C NMR (101 MHz, CDCls) & =
159.74, 139.19, 135.33, 122.34, 117.41, 114.18, 73.44, 70.50,
55.43, 45.07, 35.75, 25.98 ppm; HRMS (ESI): m/z calcd for
C23H36CIoN2ONa*: 449.2097; found: 449.2100 [M+Na]".

Methyl 3,5-bis-[N-chloro(2,2-dimethylpent-4-enyl)-
aminomethyl]benzoate (35)
Was prepared according to the general procedure C from

3,5-bis-[(2,2-dimethylpent-4-enyl)aminomethyl]benzoate (27)
(1.37g, 3.55mmol) and purified by flash mn
chromatography (pentane/TMBE 10:1), vyielding title

compound as a colourless oil (546 mg, 1.20 mmol,
steps). 'H NMR (400 MHz, CDCls) 5 = 7.95 (d, J
7.62 — 7.60 (m, 1H), 5.04 — 5.03 (m, 2H), 5.00,
2H), 4.15 (s, 4H), 3.93 (s, 3H), 2.94 (s, 4H), 2.
4H), 0.95 (s, 12H) ppm; "*C NMR (101 MHz, CDCl3) 6 =
138.31, 135.24, 134.59, 130.44, 129.90, 117.52, 73.71, 69:
52.35, 45.06, 35.83, 25.95 ppm; HRMS (ESI): m/z calcd for
C24H37CIoN20,":455.2227; found: 455.2231 [M+H]".

2,6-Bis-[N-chloro(2,2-dimethylpen
enyl)aminomethyl]pyridine (36)

(pentane/TMBE 10:1
colourless oil (284 m
(400 MHz, CDCl;) 6 = 7.
Hz, 2H), 5.82 - 5.72 (m, 2
4H), 0.94 (s, 12H) ppm; "°C
5, 137.11, 135.25, 122.34,
5.85 ppm; HRMS (ESI):
nd: 398.2126 [M+H]".

thesis of bis-3-chloropiperidines
Under a nitrogen appropriate bis-N-chloroamine

was dissolved in anhydrous chloroform (10 mL/mmol of bis-N-
chloroamine) and tetrabutylammonium iodide (10 mol%) was
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added. The mixture was heated to 60 °C (oil bath temperature)
for 2-25h and the solvent was removed under reduced
pressure. The product was purified by flash column
chromatography. The resulting As-3-chloropiperidines were
obtained as an inseparable mixture

1,2-Bis-[(3-Chloro-5,5-dimethylpiperi
yl)methyl]benzene (1)
Was prepared according to
bis-[N-chloro(2,2-dimethylpent-4-

procedure D from 1,2-
inomethyllbenzene (31)

(1.34g, 3.36 mmol) flash  column
chromatography ielding the title
compound as a p yellow oil (1% , 2.69 mmol, 80%). 'H
NMR (400 MHz, Cjl5) 6 = 7.32 — 7.28(m, 2H), 7.24 — 7.19 (m,

2H), 4.09 — 3.98 (
13.2 Hz, 2H),
2.42 - 2.32 (

H), 3.74 (d, J 3

A Hz, 1H), 3.59 (q, J =
), 3.13 — 3.03 (m, 2H),
4H), 1.83 — 1.75 (m, 2H),

1.36 (t, J = 12.3 .02(d, J = 7.4 Hz, 6H), 0.91 (s, 6H)
ppm; *C NMR ( Hz, CDCl;) & = "*C NMR (101 MHz,
CDCls) 127.08, 77.16, 65.59, 61.74, 60.04,

54.36, 46" 5.52 ppm; HRMS (ESI): m/z calcd
for CyoH3sCloN,":397. ound: 397.2175 [M+H]"; elemental
analysis calcd (%) for CxH34ClN2: C 66.49; H 8.62; N 7.05;
fgund: C 66. 8.54; N 6.72.

is-[(3-Chloro-5,5-dimethylpiperidin-1-yl)methyl]-
ne (2)
epared according to the general procedure D from 1,3-

9mmol) and purified by flash column
(pentane/TMBE 10:1), vyielding the title
compound as a pale yellow oil (651 mg, 1.64 mmol, 69%). 'H
NMR (400 MHz, CDCl3) § = 7.27 — 7.15 (m, 4H), 4.16 — 4.06 (m,

04 — 1.92 (m, 4H), 1.76 (dd, J = 10.9, 6.7 Hz, 2H), 1.35 (t,
2.3 Hz, 2H), 1.06 (d, J = 2.8 Hz, 6H), 0.89 (d, J = 1.5 Hz,
) ppm; *C NMR (101 MHz, CDCl;) & = 138.61, 129.15,
28.25, 127.58, 64.69, 62.43, 62.08, 54.36, 48.56, 33.53, 29.43,
25.27 ppm; HRMS (ESI): m/z calcd for CyHssCloN,:397.2172;
found: 397.2176 [M+HJ".

5-Methoxy-1,3-bis-[(3-Chloro-5,5-dimethylpiperidin-1-
yl)methyl]benzene (4)

Was prepared according to the general procedure D from 5-
Methoxy-1,3-bis-[N-chloro(2,2-dimethylpent-4-
enyl)aminomethyllbenzene (34) (1.31 g, 3.06 mmol) and purified
by flash column chromatography (pentane/TMBE 10:1), yielding
the title compound as a pale orange oil (981 mg, 2.29 mmol,
75 %). "H NMR (400 MHz, CDCls) & = 6.84 — 6.80 (m, 1H), 6.80
—6.75 (m, 2H), 4.17 — 4.06 (m, 2H), 3.80 (s, 3H), 3.56 — 3.37 (m,
4H), 3.20 — 3.11 (m, 2H), 2.43 — 2.34 (m, 2H), 2.05 — 1.91 (m,
4H), 1.78 — 1.70 (m, 2H), 1.35 (t, J = 12.3 Hz, 2H), 1.07 (s, 6H),
0.89 (s, 6H) ppm; "*C NMR (101 MHz, CDCl;) & = 159.87,
140.21, 121.37, 112.77, 77.16, 64.64, 62.33, 55.34, 54.36, 48.51,
33.52, 2942, 2527 ppm; HRMS (ESI): m/z calcd for
C23H37CIbN,O™: 427.2278; found: 427.2281 [M+H]"; elemental
analysis calcd (%) for Ca3H36ClN2O: C 64.63; H 8.49; N 6.55;
found: C 64.96; H 8.29; N 6.62.

Methyl 3,5-bis-[(3-Chloro-5,5-dimethylpiperidin-1-yl)methyl]-
benzoate (5)
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Was prepared according to the general procedure D from Methyl ~ CDCl;)6 = 7.32 — 7.27 (m, 3H), 5.81 — 5.71 (m, 3H), 5.03 — 4.97
3,5-bis-[N-chloro(2,2-dimethylpent-4-enyl)aminomethyllbenzoate (m, 6H), 4.12 (s, 6H), 2.92 (s, 6H), 2.06 (d, J = 7.5 Hz, 6H), 0.94
(35) (514 mg, 1.13mmol) and purified by flash column (s, 18H) ppm; *C NMR (101 MHz, CDCl;) 5 = 137.84, 135.34,
chromatography (pentane/TMBE 10:1), vyielding the title 129.73, 117.43, 77.16, 73.37, 70. 45.06, 35.75, 25.96 ppm;
compound as a pale yellow oil (447 mg, 0.98 mmol, 86%). '"H  HRMS (ESI): m/z calcd for CsoH3 a": 578.2806; found:
NMR (400 MHz, CDCl3) 6 = 7.87 — 7.82 (m, 2H), 7.48 (d, J=7.8  578.2806 [M+H]".
Hz, 1H), 4.10 (s, 2H), 3.92 (s, 3H), 3.61 — 3.46 (m, 4H), 3.18 —
3.09 (m, 2H), 2.36 (t, J = 9.9 Hz, 2H), 2.06 — 1.92 (m, 4H), 1.80  1,3,5-Tris-[(3-chloro-5,5-di
—-1.73 (m, 2H), 1.35 (t, J = 12.3 Hz, 2H), 1.06 (d, J = 3.3 Hz, 6H), benzene (8)
0.89 (s, 6H) ppm; "*C NMR (101 MHz, CDCl;) & = 167.33, Under a nitrogen ,3,5-Tris-[N-chloro-(2,2-
139.19, 133.65, 130.36, 128.82, 77.16, 64.68, 62.01, 54.18, dimethylpent-4-enyl)amj (43) (1.03 g,
52.27, 48.45, 33.53, 29.40, 25.25 ppm; HRMS (ESI): m/z calcd  1.85 mmol) was dis s chi®foform (20 mL) and
for Co4H37CIoN20,": 455.2227; found: 455.2228 [M+H]". tetrabutylammoniu mol%) was added. The
mixture was hea and the solvent was
2,6-Bis-[(3-Chloro-5,5-dimethylpiperidin-1-yl)methyl]- removed under re product was purified by
pyridine (6) flash column e/TBME 10:1) and was
Was prepared according to the general procedure D from 2,6-  obtained as a 1.26 mmol, 68%). '"H NMR
Bis-[N-chloro(2,2-dimethylpent-4-enyl)aminomethyl]pyridine (36) (400 MHz, CDC .06 (m, 3H), 4.14 — 4.06 (m, 3H),
(240 mg, 0.60 mmol) and purified by flash column  3.56 — 3.40 ( 19 — 3.11 (m, 3H), 2.41 — 2.33 (m, 3H),
chromatography (pentane/TMBE 3:1), vyielding the title 2.03 - (dt, J = 11.0, 5.4 Hz, 3H), 1.34 (t, J =
compound as a pale yellow oil (183 mg, 0.46 mmol, 76 %). '"H  12.3 .1 Hz, 9H), 0.89 (s, 9H) ppm; °C
NMR (400 MHz, CDCl3) 6 = 7.64 (t, J=7.7 Hz, 1H), 7.34 (d, J= NMR (101 MHz, CD 38.51, 128.02, 64.66, 62.41, 62.10,
7.1 Hz, 2H), 4.19 — 4.10 (m, 2H), 3.76 — 3.59 (m, 4H), 3.19 (d, J  54.39, 48.53, 33.53, 29.44, 25.31 ppm; HRMS (ESI): m/z calcd
= 8.5 Hz, 2H), 2.40 (d, J = 10.9 Hz, 2H), 2.14 (t, J = 10.6 Hz, 2H), fg@r CsoHsoCl:}ilf: 556.2987; found: 556.2988 [M+H]"; elemental
1.98 — 1.86 (m, 4H), 1.37 (t, J = 12.3 Hz, 2H), 1.09 (s, 6H), 0.90 lysis ¢ (%) for CsoHssClsN3: C 64.68; H 8.69; N 7.44;
(s, 6H) ppm; ®C NMR (101 MHz, CDCls) & = 158.30, 137.07, fof@d: C 64.58; H 8.52; N 7.44.
121.00, 64.79, 63.95, 62.18, 54.02, 48.26, 33.53, 29.39, 25.30
ppm; HRMS (ESI): m/z calcd for Cp1H34ClbNs": 398.2125; found:
398.2124 [M+H]".

1,3,5-Tris-[(2,2-dimethylpent-4-enyl)Jaminomethyl]-
benzene (42)

Under a nitrogen atmosphere 1,3,5-tris(bromometh
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