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The design and synthesis of a library of novel families of 3-oxopiperazinium and perhydro-3-oxo-1,4-
diazepinium derivatives is reported. The library was composed of 44 3-oxopiperazinium derivatives (11 of
these compounds had a spiranic skeleton) and 22 perhydro-3-oxo-1,4-diazepinium compounds. The synthetic
procedure involved a 6-step sequence carried out in solution, along with the use of solid-phase linked
scavengers and microwave activation for the rapid removal of the excess of amine reagents. A final cyclization
step performed under mild conditions led to the charged heterocyclic moiety. Screening of this library in
two biological assays identified active compounds that inhibit the activity of the vanilloid receptor TRPV1
and modulators of the multidrug resistance phenomenon. Thus, this synthetic sequence represents a facile
and convenient entry to unprecedented libraries of this sort of tetraalkylammonium derivatives that may be
of use for identification of novel scaffolds of diverse biological activity.

Introduction H

of bioavailability induced by the quaternization of amine R3

residues have been employed for optimizing the biological X X

activity of compounds toward selected therapeutic targets. Figure 1. General formula of the library compounds.

A representative example of this strategy can be the

application of tiotropium and its derivatives as bronchodi- this case, the ammonium derivative was an intermediate in
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lators in chronic obstructive respiratory diseasés.this the synthesis of substituted 2-piperazinones as compounds
same context, N-substituted phenothiazines have been identiwith analgesic activity.
fied as potent anti-leishmania ageft#n this case, the The present contribution reports the design and construc-

quaternization of the tertiary amine fragment was carried out tion of a library of cyclic tetraalkylammonium derivatives
by a final alkylation with methyl iodide (the Menschutkin  of a general formula as illustrated in Figure 1. Screeening
reaction). On the other hand, a family of transport proteins of the library identified blockers of the vanilloid receptor
(SLC22A) containing polyspecific transporters involved in - TRPV1 and modulators of the multidrug resistance phenom-
the intestinal absorption and liver or kidney excretion of enon. Thus, this library is a source of chemical scaffolds for
organic cations has been recently identifiédherefore, the  drug discovery.

search for modulators of these transport proteins could also

constitute an attractive goal for potential therapeutic inter- Results and Discussion

vention. o _ o Synthetic Strategy and Preliminary AssaysAccording
In this context, compounds containing 3-oxopiperazinium 4 our purpose, the main features of this library were (i) the
or perhydro-3-oxo-1,4-diazepinium moieties (Figure 1) are presence of a lipophilic moiety at'Ry employing a set of
scarce in the literature. Van Heiningen et al. described severalprimary amines containing an aromatic residue, which could
cephalosporins_bearing piperazinium and 3—ox9piperazinipm also give rise to the establishment of-z or z—cation
fragments. Again, these compounds were obtained by a finalinteractions with appropriate receptors; (ii) the insertion of
alkylation of the corresponding amifi€the only example e diversity sourcesFand R by means of aliphatic primary
in which tetraalkylammonium derivatives were synthesized gmines containing an additional tertiary amine; this residue
by a cyclization approach was reported by Fancher ®tral.  \youid confer the polar character to the molecule, and the
nitrogen atom of the tertiary amine would induce the final
21*|I§x W%‘nggoégej%%”gzngrsgﬁ“'gn?sq%%déeiasaeg-Cspizoensei 3493 400 61y clization step; (iii) the fourth diversity source would be
tesIc. 3 Girona, ' ' R the size of the heterocyclic ring (six- or seven-membered),
*Universidad Miguel Herhradez. and its formation would depend on the carbon atom chain
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Scheme 1. Solution-Phase Synthesis of 3-Oxopiperazinium
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a Reagents and conditions: (a) CICOgH, K,CO,, CH,Cl,, 0 °C, 30 /©/\/
min; (b) Wang aldehyde resin (3.5 equiv/equiv amine), dioxane, microwave

irradiation, 40 min; (c) R-NH (3 equiv), KCO; (3 equiv, dioxane, 90C,
3h; (d) Wang aldehyde resin (3 equiv/equiv amine), dioxane, microwave

irradiation, 20 min; (e) CICOCEC! (1 equiv), K:CO, (3 equiv), CHCly, Flgu_re 2 Prlmary_amlnes |ntr0duced as' K Riversity source in
0 °C, 30 min; (f) AbOs, CH;Cl-MeOH (2:1). the library synthesis.
intercalated between the nitrogen atoms of the primary and | |
tertiary amine moieties. AN A C\N\/\NH AN,
Initially, on the basis of our previous experience with the A12 A14 A16
synthesis of a library of 2,5-piperazinediones by using a N N

multiple parallel synthesis approach on solid phaaed on
the basis of our recent description of the preparation of a
library of peptoids under the positional scanning forfhat, A13 A15 A17
we devised a synthetic sequence involving two acylation Figure 3. Primary amines introduced ag’,RR® diversity source
steps for the introduction af-chloroacetyl residues, inter- N the library synthesis.
calated by an amination step for introducing theeaRd R °C. We questioned whether the use of microwave activa-
diversity sources, and a final cyclization reaction promoted tion''*? could accelerate these scavenging reactions. Thus,
by the tertiary amino group. However, analysis of this the addition of the Wang aldehyde resin to a dioxane solution
strategy revealed an incompatibility with the use of solid- of the crude reaction mixture, followed by activation in a
phase techniques. In fact, the most suitable linkage to thedomestic microwave oven for 40 min (in case of amines
solid support should be through thé @versity source. This  listed in Figure 2) or 20 min (for amines listed in Figure 3),
restriction would impose the introduction of this diversity led to the complete removal of the amine excess. This
after the release of compounds from the resin. treatment was carried out by 4-min heating periods inter-
Therefore, a synthetic pathway operating in homogeneousspersed by 1-min pauses.
phase combined with the use of solid-phase scavengers for The introduction of the second diversity source, that is,
removing the excess of reagents was devised. Preliminarythat containing Rand R, was performed by reaction of the
experiments carried out on the amination of 2-chloroaceta- corresponding primary amine with the intermediate chlo-
mide with different primary amines afforded a mixture of romethyl derivative? to give the N,N-disubstituted glyci-
products resulting from the reaction of the primary amine at namide3. From the different reaction conditions tested, those
both the 2-methylene and the carbonyl groups of the amide.involving the use of dioxane as solvent in conjunction with
These results suggested the convenience of avoiding the us@ molar equiv of the primary amine and®O; provided
of this acetyl building block, except for those bearing already the best results (over 80% vyield) at 9G for 3 h.
the diversity source R By this procedure, it was expected The acylation of the secondary amine moiety of glycina-
that the secondary amide formed would not be attacked bymide 3 using CICHCOCI in CHCI, under carefully
the primary amine employed in the amination step. Accord- controlled conditions (30 min at ) led to a crude reaction
ingly, the introduction of the first diversity source* Ras mixture containing the expected chloroacetyl derivatéive
carried out by reaction of the corresponding primary amine or the cyclized compoun8. Notice that the spontaneous
with CICH,COCI in the presence of O; in CH.Cl, cyclization of the chloroacetyl intermediate took place,
(Scheme 1). The maximal conversions were achieved bydepending upon the nature of the substituents of the tertiary
adding 1.5 molar equiv of the amine. Alternative bases to amine group. To promote the desired cyclization for all the
K,CGO; did not avoid the need of this amine excess. This model cases studied, the crude reaction mixture resulting
observation forced the employment of the scavenger Wangfrom the treatment with chloroacetyl chloride was stirred in
aldehyde HL for removing the unreacted amiri&.The the presence of alumina. By this procedure, the tetraalkyl-
experiments performed with representative amines showedammonium derivatives were systematically obtained in high
that an excess of 3 to 3.5 equiv of the polymer was sufficient purities and yields over 80% for this step.
for the complete removal of the amine excess. However, this The identification of the cyclic tetraalkylammonium
step demanded in some cases treatments for 24 h-&@0 compounds and their differentiation from the chloroacetyl

\/N\/\NHZ o N~ NH2 /N\/\NHZ
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precursors was carried out by NMR and HPLC/MS. In the Table 1. Purities and Yields of the Library Compourids

13C NMR spectra, the methylene groups adjacent to the o 0
quaternary nitrogen atom exhibited downfield shifts-(2 JJ\/N)H Ry
ppm) in comparison with the corresponding open intermedi- RrH (L)vNi'

ate. Likewise, the carbonyl group fhposition with respect 12 Ry Cr

to the quaternary nitrogen atom (cyclic derivative) was

. . . . iy - 2 R3
shifted upfield &7 ppm) compared to its chemical shift in R%R
the acyclic chlorinated precursor. The methylene group R! al2 al3 al4 al5 alé alvy

adjacent to the quaternary nitrogen atom present in perhydro- a1 8146 82/39 100/ 959 60/,5 5590
3-0x0-1,4-diazepinium derivatives (C-7) appeared-d5 a2 Sl Yoo Is6 "o Pl Tz
. . . . a3 84/50 75/48 82/18 97/55 66/30 63/90
ppm upfield in comparison with the same methylene group =, . 0, 69/, o7 T T
of the 3-oxopiperazinium derivatives (C-6). Interestingly, the g5 8, s 9o w00, 8, 78,
IH NMR spectra of these compounds showed broad absorp- a6 84/5g 81/gg 100/, ey 7944 66/g,
tions, indicating a high conformational mobility. The NMR a7 B0 W5 gy 874 7y g,
a8 82/21 86/40 81/52 89/60 57/8 65/73

profiles could be satisfactorily resolved by registering the

- a9 9%/ 84/ 857 9447 5715 Y6
spectra at 60C. Wlth respect to the mass spectra, themain 519 e,  sg, 84/ 89/, 0 8,
difference observed in the cyclic derivatives was the absence all  8Ysg 100/54 g5 gg 89,3 9gg
of the isotopic chlorine atom profile. a Purities, determined by HPLC at 220 nm, are shown in the

Synthesis of the Library. The above preliminary experi-  upper left of each cell, and yields are shown in the lower right.
ments defined the optimal conditions for the six-step
synthetic sequence and gave information about the criteria
for selecting the different diversity sources. Thus, amines g,
such as 2,6-diethylaniline or P{methoxybenzoyl)ethy-
lamine had to be discarded because of their poor reactivity
in the first amination step. The primary amines selected for
introducing the first source of diversity'Rare shown in
Figure 2. All amines contained lipophilic fragments as well
as residues capable of promoting-r or x—cation interac-
tions with potential receptors; at the same time, the primary | LT L LR
amine functionality had diverse substitution at the or 2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66
pB-carbon atom. With respect to the primary amines required Compound (50 M)
for the introduction of the R R® diversity sources, Figure 3 Figure 4. Blockade potency of the library of 3-oxopiperazinium

shows the compounds chosen. With the exceptio'ef  and perhydro-3-oxo-1,4-diazepinium derivatives ay&0 in the
benzylN'-methyl-1,2-ethylenediamineal?), all of them capsaicin-induced channel activity of TRPV1 channel heterogously

were commercially available. Four of the amines contained expressed irKeponusoocytes.

the 1,2-diaminoethyl chain needed to give rise to the were identified by HPLC/MS, and high-resolution mass
3-oxopiperazinium compounds, whereas two had a 1,3-gpectrometry data were obtained for a set of 14 selected
diaminopropyl chain for generating the perhydro-3-0xo-1,4- examples. In addition, 25% of the tetraalkylammonium
diazepinium ring. Likewise, simple radicals were selected derivatives representing the overall set of diversity used were
for R? and R (methyl, ethyl, and benzyl) to ensure that the fyrther characterized biH and3C NMR techniques? As
final cyclization would not be conditioned by steric reasons. yeported in Table 1, the overall yield after the six-step
In support of this tenet, preliminary experiments showed that sequence was within 4670% for most of the compounds
the pyrrolidine fragment present in amiad4 would not  of the library. Finally, when considered appropriate for
constitute an impediment for this cyclization step. characterization and biological evaluation, compounds could
Following the synthetic pathway discussed above, a 66- be purified by reversed-phase HPLC.
membered library was constructed by using the multiple  Screening of the Library To Find Active Compounds
parallel synthesis approach in solution. From the general To determine whether this newly generated diverse library
reaction conditions shown in Scheme 1, the only exception contains biologically active molecules, we screened it to find
was the acylation with amina6, which had to be carried  antagonists of the receptor TRPV1, a neuronal receptor that
out under careful control of reaction time (15 min) to prevent integrates thermal and chemical stimuli in the peripheral
the formation of overalkylation side-products. The library nervous systernff. TRPV1 is a therapeutic target for the
was composed of 44 3-oxopiperazinium derivatives (11 of development of new analgesic drugs to treat inflammatory
these compounds had a spiranic skeleton) and 22 perhydropain!>'6The screening assay evaluated the blockade potency
3-0x0-1,4-diazepinium compounds. The HPLC analysis of of the different compounds on the capsaicin-induced channel
all compounds showed over 80% purity in 75% of the activity of TRPV1 heterogously expressed Kenopus
components (Table 1). It should be noted that compoundsoocytes'’ As illustrated in Figure 4, the library exhibited
formed with amineal6 led to lower purity values when an average blockade activity at M of 30%. Notably,
compared to all other amines employed for the introduction compounds5{37, 40, 41, 43, 53, 61, and p4lisplayed
of the R, R diversity sources. Nonetheless, all compounds potencies>70%, products 37 and 64 being the most active

Blockade response (%)
&
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300 (from amineal?). In addition, all contain the 3-oxopiper-
azinium ring. Together, these results indicate the presence
of hits in the library that may be used as scaffolds for

250

c

o

lé 2007 _ structure-activity improvement and development of a new

3 1w o generation of useful chemosensitizers.

il (= 100 M In conclusion, a procedure has been developed for the

g '™ g synthesis of a library of a novel family of 3-oxopiperazinium

- § and perhydro-3-oxo-1,4-diazepinium derivatives. The six-

§ step sequence was carried out in solution phase using solid-

A o6 o ONM VRP phase scavengers and microwave stimulation for the removal

selected compound of the excess of amine reagents. The strategy included a final
Figure 5. Dose-response results of most active compounds (18, cyclization step under mild conditions for generating the
65, and 66) at 60, 80, and 1@M on the intracellular daunomycin ~ charged heterocyclic moiety. This synthetic sequence rep-
(DNM) accumulation in the murine laukemic resistant cell line resents a facile and convenient entry to new scaffolds and
L1210R overexpressing P-glycoprotein. Values for DNM:(8) to unprecedented libraries of this sort of tetraalkylammonium
and verapamil (VRP, M) are also given. derivatives. The screening of this library against two different
0therapeutic targets, namely, the vanilloid receptor TRPV1
and the MDR phenotype, led to the identification of hit
compounds possessing distinctive structural features that will
permit the corresponding structuractivity improvements.

blockers. This blockade potency was selective, as evidence
by the lack of activity on the glutamate receptor NMDA (data
not shown). Although these compounds inhibited the TRPV1
activity with significant potency, their blockade efficacy {C
> 20 uM) is moderate to low. Nonetheless, these findings
provide important information on the structural requirements
for TRPV1 channel blockers. For instance, the most active General. All primary amines and solvents were obtained
compounds identified so far (37 and 64) contain highly from commercial suppliers and used without further purifica-
lipophilic residues at R(aminesa7 andall) and the seven-  tion. Aldehyde Wang HL resin was obtained from Nova-
membered tetraalkylamonium ring. Moreover, five out of the biochem (Switzerland). NMR spectra were recorded on a
seven most active compounds are perhydro-3-oxo-1,4- Varian Unity 300 instrument (300 MHz féH and 75 MHz
diazepinium derivatives. Thus, the identified products furnish for *3C). Chemical shifts are referenced to® (*H) and
structural scaffolds that could be used as pillars to design acetoness (**C). HPLC analyses were performed using a
more active and selective TRPV1 blockers. Hewlett-Packard HP1100 apparatus equipped with a Kro-
Similarly, the library was screened to find chemosensitizer Masil 100 C8 column (15 0.46 cm, 5um) from Teknok-
agents of the multidrug resistance (MDR) phenotype which roma (Barcelona, Spain). HPLC/MS analyses were performed
renders tumor cells insensitive to antineoplastics, thusWith @ HP1100 LC/MSD apparatus. High-resolution mass
representing a serious problem in cancer chemothéfapy. sPectra (HRMS-FAB) were carried out at the Mass Spec-
MDR phenotype is pleiotropic and frequently associated with trometry Service of the University of Cdoba (Spain).
the overexpression of efflux pumps, such as P-glycoprotein General Procedure for the Preparation of Library
(P-gp) and the multidrug resistance (associated) proteinCompounds.The library was synthesized with a Carousel
(MRP) that extrude out antitumoral drutfsTo identify Reaction Station from Radleys Discovery Technologies
molecules that sensitize tumor resistant cells to antineoplas-(U.K.). The synthesis involved the following sequential steps:
tics, we established a screening assay that monitored the 1. First Amine Coupling. Chloroacetyl chloride (0.2
intracellular accumulation of the antineoplastic agent dauno- mmol) was added dropwise to a stirred suspension of the
mycin (DNM) in the murine leukemic resistant cell line corresponding primary amine ¥RH,, Figure 2) (0.3 mmol,
L1210R that overexpress the P-glycoprot®imtracellular 1.5 equiv) and KCO; (0.4 mmol) in CHCI, (2.5 mL)
drug accumulation was evaluated by flow cytometry taking maintained at 0C. The mixture was stirred at this temper-
advantage of the intrinsic DNM fluorescence. The screening ature for 30 min, filtered, and evaporated to render a residue
of the library identified few compounds that at 1001 which was redissolved in dioxane (0.5 mL) and treated with
remarkably increased the intracellular accumulation of DNM the 4-benzyloxybenzaldehyde polystyrene resin (Wang al-
in L1210R cells, similar to the well-known chemosensitizer dehyde HL) (0.35 mmol, 3.5 equiv relative to the nucleophile,
verapamil (data not shown). Doseesponse relationships of 2.8 mmol/g). The reaction mixture was placed in a domestic
these molecules led to identification of compourt48, microwave and irradiated (350 W) for 40 min at 4-min
65, and 6§ as the most active chemosensitizers, with an intervals. The crude reaction mixture was filtered, and the
ICs in the range of 20uM (Figure 5). Notably, these  resin was washed with dioxane (2 mL) and £} (3 x 2
compounds exhibited selectivity toward the P-glycoprotein, mL). The filtrate was evaporated to afford the corresponding
as evidenced by the modest sensitizing effect on the humanN-substituted chloroacetamide
tumor line HL60 that overexpresses the related extrusion 2. Second Amine Coupling.The residue obtained was
pump MRP1. From the structural point of view, the most dissolved in dioxane (2 mL) and treated with the corre-
active chemosensitizers identified are highly lipophilic sponding primary amine @R3NCH,CH,NH,, Figure 3) (0.6
molecules as a result of the occurrence of aromatic moietiesmmol, 3 equiv) and KCO; (0.4 mmol). The mixture was
at Rt (from aminesa3 andall) and at R for two of them stirred at 9C°C for 3 h, filtered, and concentrated to 1 mL.

Experimental Section
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This solution was treated with the Wang aldehyde HL resin 168.7 (CO), 162.2 (CO), 133.5 (2 CH), 131.7 (CH), 129.9
(2.2 mmol, 3 equiv relative to the nucleophile, 2.8 mmol/g) (2 x CH), 129.2 (2x CH), 128.9 (2x CH), 127.5 (CH),

for 20 min in the microwave oven (4-min intervals). The
resin was filtered and washed with dioxane (2 mL) and-CH
Cl; (3 x 2 mL). The filtrate was evaporated to obtain the
glycinamide3.

3. Second Acylation.Chloroacetyl chloride (0.2 mmol)
was added to a stirred suspension of glycinandidad Ko-
CO; (0.4 mmol) in CHCI; (2.5 mL) at 0°C, and the mixture
was stirred for 30 min, filtered, and evaporated to dryness.

4. Cyclization. The former residue was redissolved in a
2:1 mixture of CHCI,/MeOH (2 mL), and the solution was
treated with basic aluminum oxiderfd h at 20°C. The
crude reaction mixture was filtered, and the solvent was
removed to give the corresponding cyclic tetraalkylammo-
nium compound$ as colorless solid or yellowish oil.

4-[(4-Methoxyphenylcarbamoyl)-methyl]-1,1-dimethyl-
perhydro-3-oxo-1,4-diazepinium Chloride (5a)*H NMR
(D20, acetonedg): 6 7.24 (d,J = 8.5 Hz, 2H), 6.80 (dJ =
8.5 Hz, 2H), 4.33 (bs, 2H), 4.23 (s, 2H), 3.69 (4H), 3.60 (s,
3H), 3.20 (s, 6H), 2.25 (2H}3C NMR: 167.6 (CO), 165.5
(CO), 156.5 (C), 122.9 (% CH), 114.7 (2x CH), 67.7
(CHy), 66.9 (CH), 55.6 (CHy), 53.2 (CH), 49.3 (CH), 23.8
(CHz). HRMS calcd for GeH24N303™: 306.1818. Found:
306.1807.

1-Benzyl-4-[(4-methoxyphenylcarbamoyl)-methyl]-1-
methyl-3-oxopiperazinium Chloride (5b).*H NMR (D0,
acetonedg): 0 7.68 (bs, 5H), 7.50 (dJ = 9 Hz, 2H), 7.0
(d, J = 9 Hz, 2H), 4.80 (2H), 4.48 (s, 2H), 4.03 (bs, 2H),
3.89 (bs, 2H), 3.85 (s, 3H), 3.38 (s, 3HJC NMR: 166.9
(CO), 163.5 (C), 162.3 (CO), 156.6 (C), 133.4 x2CH),
131.6 (CH), 129.7 (2« CH), 125.9 (C), 122.9 (%« CH),
114.6 (2x CH), 69.0 (CH), 59.8 (CH), 55.8 (CH), 55.4
(CHyp), 49.6 (CH), 48.0 (CH), 43.0 (CH). HRMS calcd
for Co1H2eN3O3™: 368.1974. Found: 368.1971.
1,1-Diethyl-4-[(1-naphthyl)carbamoylmethyl]-3-oxopip-
erazinium Chloride (5¢). *H NMR (D,0, acetoneds): o
7.74 (d,J = 8.5 Hz, 1H), 7.70 (dJ = 8.5 Hz, 1H), 7.62 (t,
J = 4.5 Hz, 1H), 7.35 (btJ = 7.2 Hz, 2H), 7.30 (bs, 1H),
7.29 (bs, 1H), 4.29 (s, 2H), 3.60 (bs, 4H), 3.304hk 7.2
Hz, 4H), 1.10 (tJ = 7.2 Hz, 6H).23C NMR: 168.8 (CO),
162.7 (CO), 134.3 (C), 131.7 (C), 128.8 (C), 128.7 (CH),
127.7 (CH), 127.2 (CH), 126.9 (CH), 126.0 (CH), 123.9
(CH), 122.5 (CH), 55.2 (% CHy), 52.6 (CH), 49.7 (CH),
42.8 (CH), 6.9 (2 x CHjy).
4-[[2-(Benzylsulfanyl)ethylcarbamoyl]-methyl]-1,1-dim-
ethyl-perhydro-3-oxo-1,4-diazepinium Chloride (5d).*H
NMR, (D;O, acetoneds): 6 7.3—7.1 (5H), 4.06 (bs, 2H),
3.62 (sa, 4H), 3.25 (] = 6 Hz, 2H), 3.2 (s, 3H), 3.15 (2H),
2.49 (t,J = 6.5 Hz, 2H), 2.2 (2H)®*C NMR: 169.6 (CO),
165.5 (CO), 135.6 (C), 129.2 (R CH), 129.0 (2x CH),
127.6 (CH), 62.5 (Ch), 52.5 (CH), 49.1 (CH), 38.8 (CH),
35.5 (CH), 29.9 (CH), 23.8 (CH), 3.2 (2x CHs3). HRMS
calcd for GgHogN30,S™: 350.1902. Found: 350.1903.
1-Benzyl-4-[[2-(benzylsulfanyl)ethylcarbamoyl]-meth-
yl]-1-methyl-3-oxopiperazinium Chloride (5e).'H NMR,
(D20, acetonedks): 6 7.7—7.5 (5H), 7.5-7.4 (ca, 5H), 5.0
(2H), 4.37 (s, 2H), 4.10 (4H), 3.90 (s, 2H), 3.56 Jt= 7
Hz, 2H), 3.45 (s, 3H), 2.77 (§ = 7 Hz, 2H).3C NMR:

69.1 (CH), 60.2 (CH), 55.5 (CH), 49.1 (CH), 48.3 (CH),
42.9 (CH), 38.9 (CH), 35.6 (CH), 30.7 (CH). HRMS calcd
for ngHaoNgOzS’_: 412.2059. Found: 412.2053.
4-[[2-(Benzylsulfanyl)ethylcarbamoyl]-methyl]-1,1-di-
ethyl-perhydro-3-oxo0-1,4-diazepinium Chloride (5f).*H
NMR, (DO, acetoneds): 6 7.2—7.0 (5H), 4.23 (bs, 2H),
4.07 (s, 2H), 3.63 (s, 2H), 3.58 @,= 6 Hz, 4H), 3.44 (m,
J=7Hz, 4H), 3.26 (tJ = 6.5 Hz, 2H), 2.46 (t) = 6.5 Hz,
2H), 2.2 (2H), 1.25 (tJ = 7 Hz, 6H).13C NMR: 169.6
(CO), 165.6 (CO), 138.6 (C), 129.2 (2 CH), 129.0 (2x
CH), 127.5 (CH), 63.2 (% CH,), 62.5 (CH), 52.5 (CH),
49.2 (CH), 38.7 (CH), 35.3 (CH), 30.0 (CH), 23.0 (CH),
7.3 (2 x CHg). HRMS calcd for GoH3N3O.S*™: 378.2215.
Found: 378.2210.
1,1-Diethyl-44{ [2-(4-nitrophenyl)-ethylcarbamoyl]-meth-
yl}-perhydro-3-oxo-1,4-diazepinium Chloride (5 g).*H
NMR (D;0O, acetonek): 6 8.25 (d,J = 8.5 Hz, 2H), 7.65
(d, J = 8.5 Hz, 2H), 4.50 (bs, 2H), 4.31 (s, 2H), 3.88 (bs,
4H), 3.73 (m,J = 7 Hz, 4H), 3.63 (tJ = 7 Hz, 2H), 3.08
(t, J = 7 Hz, 2H), 2.45 (2H), 1.55 (&) = 7 Hz, 6H).1*C
NMR: 169.3 (CO), 165.3 (CO), 148.2 (C), 146.2 (C), 130.6
(2 x CH), 123.8 (2x CH), 63.4 (2x CHy), 62.7 (CH),
52.6 (CH), 49.2 (CH), 40.5 (CH), 35.2 (CH), 23.2 (CH),
7.5 (2 x CHg). HRMS calcd for GgHooN4O4™: 377.2189.
Found: 377.2179.
4-[(2-(2-Pyridyl)-ethylcarbamoyl)-methyl]-3-oxopiper-
azinium-1-spiro-1'-pyrrolidinium Chloride (5h). *H NMR
(D20, acetonedk): ¢ 8.65 (d,J = 4.5 Hz, 1H), 8.30 (s, NH),
7.98 (t,J = 7.5 Hz, 1H), 7.55 (dJ = 7.5 Hz, 2H), 7.50 (t,
J = 4.5 Hz, 1H), 4.45 (s, 2H), 4.37 (s, 2H), 4.00 (bs, 6H),
3.80 (t,J = 7 Hz, 2H), 3.46 (2H), 3.18 (1) = 7 Hz, 2H),
2.50 (bs, 4H).1’%C NMR: 168.6 (CO), 162.5 (CO), 158.8
(C), 148.9 (CH), 138.1 (CH), 124.3 (CH), 122.6 (CH), 64.4
(2 x CHy), 60.5 (CH), 54.6 (CH), 49.2 (CH), 43.7 (CH),
39.6 (CH), 37.1 (CH), 21.6 (2x CH,). HRMS calcd for
Ci7H26N4O,™: 318.2056. Found: 318.2067.
44{[2-(3,4-Dimethoxyphenyl)-ethylcarbamoyl]-methy} -
3-oxopiperazinium-1-spiro-1-pyrrolidinium Chloride (5i).
H NMR (D0, acetonads): o 7.60-6.50 (3H), 3.92 (s, 2H),
3.79 (s, 2H), 3.66 (1) = 6 Hz, 2H), 3.6-3.5 (12H), 3.23 (t,
J =7 Hz, 2H), 2.53 (tJ = 7 Hz, 2H), 2.08 (bs, 4H)}*C
NMR: 168.7 (CO), 162.7 (CO), 148.3 (C), 146.9 (C), 132.5
(C), 121.7 (CH), 112.6 (CH), 111.9 (CH), 64.2 CH,),
55.8 (2x CH30), 55.8 (CH), 55.7 (CH), 49.1 (CH), 43.5
(CHy), 41.0 (CH), 34.5 (CH), 21.5 (2x CH,). HRMS calcd
for CyoH3oN3O4™: 376.2236. Found: 376.2236.
4-{[2-(2,4-Dichlorophenyl)-ethylcarbamoyl]-methy} -
1,1-diethyl-3-oxopiperazinium Chloride (5j). 'H NMR
(D20, acetoneds): o0 7.29 (s, 1H), 7.12 (bs, 2H), 3.97 (s,
2H), 3.69 (t,J = 6 Hz, 2H), 3.49 (tJ = 6 Hz, 2H), 3.43
(m,J = 6.5 Hz, 4H), 3.36 (tJ = 6.5 Hz, 2H), 2.76 (t) =
6.5 Hz, 2H), 1.23 (tJ = 6.5 Hz, 6H).1°C NMR: 168.7
(CO), 162.6 (CO), 135.7 (C), 134.8 (C), 132.7 (CH), 129.2
(CH), 127.5 (CH), 55.3 (% CHy), 52.5 (CH), 48.9 (CH),
42.5 (CH), 39.1 (CH), 32.5 (CH), 6.9 (2 x CHg).
1-Benzyl-4{[2-(2,4-dichlorophenyl)-ethylcarbamoyl]-
methyl}-1-methyl-3-oxopiperazinium Chloride (5k). *H
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NMR (D20, acetoneds): 6 7.51 (bs, 5H), 7.187.13 (3H),
4.7 (2H), 4.16 (s, 2H), 4.12 (s, 2H), 3.86 (bs, 2H), 3.74
(bs, 2H), 3.37 (bs, 2H), 3.17 (s, 3H), 2.80 (bs, 2MHC
NMR: 168.6 (CO), 162.2 (CO), 135.8 (C), 134.7 (C), 133.4
(2 x CH), 132.6 (CH), 131.6 (CH), 129.8 (2 CH), 128.9
(CH), 127.5 (CH), 126.0 (C), 68.7 (GH 60.0 (CH), 55.3
(CHp), 49.1 (CH), 48.3 (CH), 42.8 (CH), 39.0 (CH),
325 (C"k) HRMS calcd for 62H26N302C|2+: 434.1402.
Found: 434.1396.
1,1-Diethyl-4{[2-(6-methoxy-1H-indol-3-yl)-ethylcar-
bamoyl]-methyl} -3-oxopiperazinium Chloride (5I). *H
NMR (D,0, acetonedk): ¢ 7.40 (d,J = 8.5 Hz, 1H), 7.23
(s, 1H), 7.19 (s, 1H), 6.87 (d,= 8.5 Hz, 1H), 4.19 (s, 4H,
H-2), 3.91 (s, 3H), 3.84 (1 = 6.5 Hz, 2H), 3.59 (8H), 2.97
(t, J= 6.5 Hz, 2H), 2.22 (bs, 1H, NH), 1.43 @,= 6.5 Hz,
6H). 3C NMR: 168.6 (CO), 162.4 (CO), 153.4 (C), 132.2
(C), 128.0 (C), 124.4 (CH), 112.8 (CH), 112.0 (C), 111.7
(CH), 101.3 (CH), 59.3 (Cb), 56.3 (CH), 55.5 (2x CHy),
52.7 (CH), 49.1 (CH), 42.3 (CH), 40.4 (CH), 24.8 (CH),
7.1 (2 x CHs). HRMS calcd for GiH3;N4O5™: 387.2396.
Found: 387.2400.
4-[(3-(Benzyloxycarbonylamino)propylcarbamoyl)-meth-
yl]-3-oxopiperazinium-1-spiro-1'-pyrrolidinium Chloride
(5m). *H NMR (D0, acetoneds): 6 7.2—7.0 (bs, 5H), 4.84
(s, 2H), 3.96 (s, 2H), 3.67 (§ = 6 Hz, 2H), 3.60 (tJ =6
Hz, 2H), 3.52 (tJ = 7 Hz, 4H), 3.02 (tJ = 6.5 Hz, 2H),
2.93 (t,J = 6.5 Hz, 2H), 2.07 (bt, 4H), 1.45 (nd,= 6.5 Hz,
2H).3C NMR: 168.9 (CO), 162.8 (CO), 158.4 (CO), 136.8
(C), 129.0 (2x CH), 128.56 (CH), 127.8 (CH), 66.8 (GH
64.2 (2x CHy), 55.0 (CH), 49.3 (CH), 43.7 (CH), 38.1
(CH,), 36.9 (CH), 28.8 (CH), 21.5 (2x CH,). HRMS calcd
for Cy1H31N4O4*: 403.2345. Found: 403.2329.
1-Benzyl-4-[(3-(benzyloxycarbonylamino)propyl-
carbamoyl)-methyl]-1-methyl-3-oxopiperazinium Chlo-
ride (5n). *H NMR (DO, acetoned): 6 7.6 (bs, 5H), 7.3
(bs, 5H), 5.09 (s, 2H), 4.80 (2H), 4.28 (s, 2H), 3.97 (bs,
2H), 3.88 (bs, 2H), 3.31 (bs, 2H), 3.28 (s, 3H), 3.22)(t
7 Hz, 2H), 1.78 (m,J = 7 Hz, 2H).:°C NMR: 168.8 (CO),
162.2 (CO), 158.1 (CO), 136.8 (C), 133.3%2CH), 131.6
(CH), 129.8 (CH), 128.9 (% CH), 128.4 (CH), 127.8 (CH),
125.9 (C), 66.8 (CH), 66.7 (CH), 60.0 (CH), 55.3 (CH),
49.2 (ChH), 48.2 (CH), 42.8 (CH), 38.3 (CH), 37.0 (CH),
29.3 (CH).
4-[(3,3-Diphenyl-propylcarbamoyl)-methyl]-1,1-diethyl-
perhydro-3-oxo-1,4-diazepinium Chloride (0).*H NMR
(D20, acetonads): o 7.46 (8H), 7.35 (2H), 4.5 (s, 2H), 4.31
(s, 2H), 4.18 (tJ = 7 Hz, 1H), 3.87 (4H), 3.72 (m] = 7
Hz, 4H), 3.34 (tJ = 7 Hz, 2H), 2.50 (mJ = 7 Hz, 2H),
2.46 (m, 2H), 1.56 (tJ = 7 Hz, 6H).°C NMR: 169.0 (CO),
165.5 (CO), 144.8 (C), 128.9 (¢ CH), 127.9 (2x CH),
126.7 (4x CH), 63.2 (2x CHy), 62.4 (CH), 52.5 (CH),
49.1 (CH), 48.8 (CH), 38.5 (CH), 34.3 (CH), 22.9 (CH),
7.3 (2 X CH3) HRMS calcd for QeH36N302+: 422.2807.
Found: 422.2811.
4-[(3,3-Diphenyl-propylcarbamoyl)-methyl]-1,1-dimethyl-
3-oxopiperazinium Chloride (p). *H NMR (DO, acetone-
ds): 0 7.4-7.2 (8H), 7.2 (2H), 4.15 (s, 2H), 4.04 @= 7.5
Hz, 2H), 3.96 (t,J = 6 Hz, 1H), 3.85 (tJ = 6 Hz, 2H),
3.43 (s, 6H, 2x CHjy), 3.23 (t,J = 7.5 Hz, 2H), 2.33 (m,
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2H). 13C NMR: 168.5 (CO), 162.3 (CO), 144.9 (C), 128.9
(4 x CH), 127.9 (2x CH), 126.7 (4x CH), 57.6 (CH),
52.7 (2 x CHg), 49.1 (CHy), 48.9 (CH), 43.0 (Ch), 38.6
(CHy), 34.2 (CH). HRMS calcd for GsHzgNsO,": 380.2338.
Found: 380.2328.

1-Benzyl-4-[(3,3-diphenyl-propylcarbamoyl)-methyl]-1-
methyl-3-oxopiperazinium (q). *H NMR (D;O, acetone-
de): 0 7.7—-7.6 (5H), 7.4-7.2 (10H), 4.80 (2H), 4.26 (s, 2H),
4.19 (bs, 2H), 4.01 () = 7.5 Hz, 1H), 3.92 (2H), 3.87 (2H),
3.28 (s, 3H), 3.22 (tJ = 7.5 Hz, 2H), 2.33 (m, 2H)}C
NMR: 168.5 (CO), 162.2 (CO), 144.9 (C), 133.3%2CH),
131.6 (CH), 129.8 (2« CH), 129.0 (4x CH), 127.9 (4x
CH), 126.7 (2x CH), 125.9 (C), 68.9 (Ch, 60.0 (CH),
55.3 (Ch), 49.1 (CH), 48.8 (CH), 48.3 (Ch), 42.9 (CH),
38.5 (CH), 34.2 (CH). HRMS calcd for GgH34N3O,™:
456.2651. Found: 456.2648.

Recombinant Rat TRPV1 Channels Expression in
XenopusOocytes and Channel BlockadeAll the proce-
dures have been described in detail elsewhévéhole-cell
currents from rat TRPV1-injected oocytes were recorded in
Mg?*-Ringer's solution (in mM: 10 Hepes pH 7.4, 115
NacCl, 2.8 KCI, 0.1 BaGl| 2.0 MgC}h) with a two-micro-
electrode voltage-clamp amplifier at 20. TRPV1 channels
were activated by application of 1M capsaicin in the
absence or presence of increasing concentrations of individual
compounds at a holding potentiadl,j of —80 mV.

Daunomycin Accumulation AssaysDaunomycin-resis-
tant murine leukemia L1210R and human promyelocytic
HL60R cells, overexpressing P-glycoprotein (P-gp) and
the multidrug resistance-assciated protein (MRP1), respec-
tively, were washed once with HBS buffer, and the pellet
was resuspended in HBS at110f/mL per sample. There-
after, cells were incubated with:@8M daunomycin (control)
and 5uM verapamil (as reference of chemosensitizing effect)
for 1 h at 37°C. After incubation, intracellular daunomycin
accumulation was determined by flow cytometty.
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