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Five new paracyclophanes, carbamidocyclophane& AL—5), characterized by carbamido side chains at a symmetric
[7.7]paracyclophane ring, have been isolated from the biomass of the Vietn&seszsp. CAVN 10. Structure
elucidation by spectroscopic methods showed flab vary in the substitution pattern of the chlorinated butyl side
chains. The compounds exhibited cytotoxic activity against MCF-7 (breast cancer cell line) and Fl cells (human amniotic
epithelial cell line) and moderate antibacterial activity against the Gram-positive bactgtaphylococcus aureus

In the search for novel bioactive metabolites for pharmaceutical Results and Discussion
use, cyanobacteria have been identified as one of the most promising - ¢y anohacterial strains isolated from various locations in Northern
sources of highly complex natural products, which show a high yjietnam were screened for antibiotic activity against a variety of
diversity in their chemical structures and biological activities. pacteria and one yeast. The methanol extract prepared from the
Mainly lipopeptides but also alkaloids, fatty and amino acids, piomass oNostocsp., strain CAVN 10, showed inhibiting activity
amides, esters, and lactones exhibiting cytotoxic, antibiotic, and against Gram-positive bacteria suctBagillus subtilisATCC 6051
enzyme-inhibiting activity have been isolated from marine cyano- andstaphylococcus auredsTCC 6538 as well as against the yeast
bacteria: Metabolites belonging to the group of polyketides have Candida maltoseSBUG 700. Further, the growth of coagulase-
been isolated less frequently from cyanobactéria. negative methicillirresistanStaphylococcus auressrains 535 and

In the 1990s the first natural paracyclophanes, nostocyclophanes847 was inhibited by the extract. Bioassay-guided separation of
and cylindrocyclophanes, originating from the polyketide pathway the extract on silica gel followed by preparative RP-HPLC resulted

were isolated fronNostoc linckiaRoth (Bornet) ancCylindrosper-  in five novel paracyclophanes, carbamidocyclophanesEA
mum licheniformeKiitzing, respectively. These cyclophanes ex- (1-5).
hibited cytotoxic effects against KB and LoVo cell lings. Carbamidocyclophane Alf was the last peak in the RP-HPLC

Nostocyclyne, a triple bond containing paracyclophane isolated from of a group of compounds with similar UV spectra. Compound

a natural bloom oNostocsp., inhibited the growth of several Gram-  provided molecular ion clusters during HPLC-ESIMS showing a
positive bacteria such &acillus subtilisandStaphylococcus aureus ~ conspicuous isotope distribution of’z 824, 826, and 828 [Mf

and showed a weak inhibition of photosynthesis in green &lgae. NH4]* in the positive ESIMS mode. In the negative mode a
Here we report five novel paracyclophanes isolated from laboratory corresponding pattern afvz 805, 807, and 809 [M- H]~ was
cultures of aNostocstrain collected in Northern Vietnam. determined. Both clusters indicated a nominal molecular mass of
806 Da. High-resolution ESITOFMS df showed a matching
sodium cluster [M+ Na]* with m/z 829.257 (74%), 831.254

*To whom correspondence should be addressed. Phei#9-3834- ;
864869, Fax:+49-3834-864885. E-mail: smundt@uni-greifswald.de. ~ (100%), 833.253 (53%), and 835.253 (16%), from which an
t Ernst-Moritz-Arndt-University Greifswald. elemental composition of gHs4N,OsNaCl, was calculated [829.253;

*Helmholtz Centre for Infection Research Braunschweig. (71:100:55:15%)].
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Ri R; R; Ry Rs
Carbamidocyclophane A (1) ClI CI ClI Cl OCONH,
CarbamidocyclophaneB (2) Cl ClI ClI H OCONH;
CarbamidocyclophaneC (3) CI ClI H H OCONH,
CarbamidocyclophaneD (4) CI H H H OCONH,
Carbamidocyclophane E  (5) H H H H OCONH,
Cylindrocyclophane A (6) H H H H OH
CylindrocyclophaneD  (7) H H H H OAc

The elemental composition was corroborated by the NMR data

of 1in DMSO-ds (Table 1). Since th&’C NMR spectrum showed

Bui et al.

Jis15Was determined as 10.6 Hz, as observed with cylindrocyclo-
phane D 6), which bears acetate residues at C-1/14.

The preferred orientation of the aromatic ring was derived using
alH,’H ROESY NMR spectrum, where correlation signals between
the aromatic methine H-10/23)(c 6.10/103.7) and H-2/15 and
another correlation between H-12/2%( 6.04/107.9) and H-1/14
indicated syn relationships, respectively (Figure 1). In contrast,
Moore et aff showed an image of a X-ray structure with NMR
designation of the signal @ 102.9 opposite that of the methine
C-12/25, while the methine signal 4t107 was assigned to C-10/
23. They were depicted as syn to H-1/14 and to H-2/15, respectively.

Carbamidocyclophane B2[ had a similar UV spectrum but
showed a sodium ion cluster ofz 795.297 in the high-resolution
ESITOFMS with an isotope distribution of 96:100:39:6 forfz
795:797:799:801 corresponding to the elemental composition of
CagHssN,OgNaCk (calculated 795.291; 93:100:39:6). The mass
spectrum had an equally abundant ion cluster of a fragmentzat
651, corresponding to loss of two carbamic acid residues and
sodium. From these data, carbamidocyclophan®) Bvas expected
to be a mono-des-chloro variant bf

Comparison of thé3C NMR data (Table 1) showed all signals
of 1 and some further carbon signals. Thus, at least one-h&f of

only 19 carbon signals, a symmetrical compound was expected.was identical to that of. The loss of one chlorine substituent from

According to the3C DEPT NMR spectruml consisted of five

the side chain of the second half was indicated by a new

quaternary, six methine, seven methylene, and one methyl carbonchloromethylene carbon signal@#5.8 in the!3C NMR spectrum

each in duplicate. All signals in thtH NMR spectrum were
correlated to their respective carbon signals in#Hg3C HMQC

and triplet of two corresponding protons@8.38 in the'H NMR
spectrum. This group was connected to three further methylene

NMR spectrum unambiguously, leaving just a sharp OH singlet at groups of the modified side chain by correlation signals irtthH

0 8.82 and a broad NH signal 4t6.36 of two and four protons
each. Together, the correlated signals accounted for déspart
of the elemental composition.

From the'H,'H COSY NMR spectrum at 600 MHz the structure

COSY andH,'3C HMBC NMR spectra. Only a few3C NMR
signals of the cyclophane ring &iwere doubled.

Carbamidocyclophane B)was recognized as a carbamidocy-
clophane from its similar UV spectrum. The nominal molecular

from C-1 to C-30 could be assembled, which had unassigned bondsmassm/z 738 was indicated by a molecular ion clusten#t 737/

at C-1, C-7, and C-30 (Figure 1). Six of the remaining carbon
signals showed the presence gdara-disubstituted dihydroxyben-
zene unit: phenolic carbon signals @t155 and 157, aromatic

739/741 Da £100:67:15) in the negative ESIMS and a ion cluster
with ammonia [M+ NH,4]™ at m/z 756/758/760 £100:66:18) in
the positive mode ESIMS. The isotope pattern was in good

methine signals ai 103 and 107, and quaternary carbon signals at agreement with the presence of two chlorine atoms in the elemental

0 115 and 138 in thé3C NMR spectrum. The signal of C-8 at
115 showed the onlyH,13C HMBC correlation with the aromatic

composition GgHsegN2OgCl, [m/z738.341 (100:75:17)] 08.
Again the complete set of NMR signals known for one-half of

OH proton signal besides two equal and stronger correlations with 1 was identified in the spectrum (Table 1) 8f Additionally, a

the aromatic protons (H-10 and H-12). Further, the signal of C-8 new triplet of a methyl group aty 0.86 was observed, which was
had correlation signals with H-7 and the methylene protons at C-6 connected to three further methylene groups of the side chain by a
and C-27 (Figure 1). Thus the structure of the dihydroxybenzene set of correlation signals in thid,'H COSY andH,3C HMBC

unit and its connection to C-7 in the aliphatic partlofias shown.

NMR spectra. These findings indicated that the second half of the

The aromatic methine groups C-10 and C-12 had correlations with molecule contained a pure aliphatic side chain. It was characterized

each other and equally strong with H-14, which is identical to H-1

as ann-butyl group by3C shifts of 6 14.5 for the methyl group

and belongs to the second, identical half of the molecule. In addition, and ¢ 23.9, 31.6, and 34.8 for the methylene carbons.

the C-1/14 had strong HMBC correlations with both aromatic pairs
of methines (H-10/23, H-12/25).

The 'H,13C HMBC correlation signal between the oxymethines
H-1/14 and the carbonyl signal C-35/37 @tl56.3 indicated the
ester function, which was required to provide the acylation shift of
their '"H NMR signal atd 4.72. Though no correlation signal with
the broad N-H signal was observed, the NHyroups had to be
connected to C-35/37 in order to account for thé€ chemical

Carbamidocyclophane D) gave an intense [MF NH,4]* ion
cluster atm/z 722 in the positive mode ESIMS and a [M H]~
ion atm/z 703 in the negative mode ESIMS, which indicated a
nominal molecular mass of 704 Da. The loss of 34 Da compared
to 3 and the isotope distribution 100:41:57:15 foiz 722, 723,
724, 725 (calcd 100:43:43:15) showed the presence of one chlorine
atom in the elemental compositionsdEls;N,OsCl;. The structure
of 4 was derived by comparison of the NMR spectra (Table 1).

shift of 6 156.3, which is characteristic for carbamate groups. Their The signals of ann-butyl side chain residue as observed in
presence was also shown in the DCI mass spectrum by the doublecarbamidocyclophane G) were present for one-half as well as
loss of 61 Da from the molecular ion cluster, which corresponds the signals of a monochlorobutyl side chain for the second half,

to the stepwise elimination of two carbamic acid residues.

Similarly, all four chlorine atoms were necessary as substituents

which was previously seen in carbamidocyclophaneB (
Finally, traces of carbamidocyclophane B (vere isolated5

in pairs at the methine 30/34 residues to account for their NMR has the elemental composition o0fzH:gN,Og (670.419 Da)

shifts Oy 6.21 anddc 74.96). A literature search revealed the
cylindrocyclophanes Ag) and D (7), metabolites of the terrestrial
cyanobacteriun€Cylindrospermum licheniformas the next struc-
tural relatives ofL. However,6 and7 lack the chlorine atoms and
the carbamoyl groups. CarbamidocyclophanelpHas the same
relative configuration, because the vicinal coupling conslapnt=

according to the [Mt+ NH,4] ™ ion cluster atn/z 688 in the positive
mode ESIMS and a [M- H]~ ion atm/z 669 in the negative mode
ESIMS, both lacking any chlorine isotope peaks.

In spite of the low amount, the quality of the NMR spectra was
good, because in this symmetrical carbamidocyclophane all signal
intensities were duplicated. The structure5ofvith two n-butyl



Table 1. NMR Data of Carbamidocyclophanes— (1—5) in Methanold,®

dg[ohoeled paleulolyd

12 1 2 3 4 5
C (SH M (Scb m (SH m (Scc m C 6H m (Sc m C (SH m (Sc m C (SH m (Sc m (o (3H m (jc m
114 472 d 8023 d 487 m 8349 d 1/14 48 d 8351 d 114 485 d 8358 d 1/14 485 d 8365 d 1/14 485 d 83.59
2/15 158 m 3864 d 177 m 4039 d 2/15 176 m 4038 d 2/15 176 m 4038 d 2/15 176 m 4045 d 2/15 176 m 40.39% d
316 068 m 3315 t 0.83 m 3451 t 3/16 082 m 3451 t 3/16 083 m 3452 t 3/16 083 m 3458 t 3/16 083 m 34.54 2t
058 m 0.74 m 0.76 m 0.74 m 0.75 m 0.74 m (i
4/17 138 m 2800 t 149 m 2959 t 4/17 128 m 2957 t 4/17 148 m 2960 t 4/17 148 m 2968 t 4/17 148 m 29.66 gt
074 m 088 m 0.88 m 0.87 m 2955 t 0.87 m 0.87 m 3
518 089 m 2937 t 100 m 3044 t 518 100 m 3043 t 518 098 m 3049 t 518 099 m 3056 t 5/18 099 m 30.53 Zt
056 m 0.76 m 077 m 3040 t 0.76 m 3040 t 075 m 3050 t 076 m 2
6/19 192 m 3341 t 209 m 3625 t 619 209 m 3525 t 6/19 208 m 3525 t 619 207 m 3532 t 6/19 206 ddt 35273t
128 m 137 m 137 m 137 m 136 m 136 m @
720 309 m 3460 d 324 m 3636 d 7 324 m 3637 d 7 323 m 3637 d 7 322 m 3661 d 720 320 m 36.81  d
20 3655 d 20 321 m 36.80 d 20 320 m 3687 d
8/21 11522 s 11737 s 8 11744 s 8 117.45 8 117.92 s 821 118.38 s
21 11787 s 21 118.44 21 11850 s
9/22 157.06 s 158.78 s 9/22 158.75 s  9/22 158.74 9/22 157.02 s 9/22 158.73 s
156.99 s
10/23 610 s 10376 d 627 m 10527 d 10/23 624 m 10533 d 10/23 626 m 10534 d 10/23 626 m 10540 d 10/23 626 m 10531 d
11/24 13858 S 140.09 s 11 14010 s 11 140.11 11/24 140.02 s 11/24 139.74 s
24 139.96 s 24 139.74 139.80 s
12/25 604 s 10781 D 614 m 10938 d 12/25 6.17 m 10943 d 12/25 614 m 10945 d 12/25 614 m 10951 d 1225 6.13 m  109.43 d
13/26 155.32 S 157.02 s  13/26 157.01 s  13/26 159.79 13/26 158.80 s  13/26 156.93 s
27/31 188 m 3216 t 206 m 3369 t 27 205 m 3371 t 27 208 m 3372 t 27 202 m 3427 t 27/31 195 ddt 34.82 t
150 m 156 m 158 m 156 m 154 m 153 ddt
28/32 128 m 2427 t 142 m 2581 t 28 143 m 2579 t 28 142 m 2579 t 281.28 1.;4 Ros t 2832 121 m 3164 ¢
29/33 213 m 4320 t 223 ddt 4507 t 29 223 m 4508 t 29 223 m 4508 t 29 1.78 111 m
205 m 210 m 210 m 210 m 170w SA18 v 2083 Tho M 2304
30/34 621 t 749 d 586 t 7529 d 30 586 t 7528 d 30 5.86 t 7528 d 30 3.84 t 4588 t 30/34 086 t 14.48 q
31 202 m 3420 t 31 195 ddt 3482 t 31 195 m 3489 t
153 m 154 m o
NH, 636 s 32 132 m 2657 t 32 121 m 3164 t 32 121 m 3170 t =
OH 882 s 111 m 111 m 3
33 173 m 3412 t 33 128 m 2392 t 33 128 m 2399 t o
34 338 t 4582 t 34 0.86 t 14.46 q 34 085 t 1452 q =
35/37 156.41 s 159.82 s  35/37 159.79 s  35/37 159.84 -  35/37 15991 s  35/37 159.87 B
159.88 s 3
36/38 091 d  15.88 1.04 d 1655 q 36/38 104 d 1654 q 36/38 104 d 1654 q 36/38 104 d 1661 q 36/38 104 d 16.557
J: 1/14-H 10.6, J:1/14-Hd,30/34-H J: 1/14-H 10.2,30-H J: 1/14-H 10.2, J: 1/14-H 10.2, J: 1/14-H 10.2, 6/19-Ha 3
30/34-H 6.0, 6.2, 36/38-H 6.4 Hz 6.2, 34-H 7.2, 30-H 6.2, 27-Ha 30-H 7.0, 34-H 3.8,12.1, 12, 27/31-Ha, g
36/38-H 6.4 Hz 36/38-H 6.4 Hz 14.6, 9.4, 5.8, 31-Ha 7.2, 36/38H 4.9, 13.4, 9.4, 27/31-Hb, 2
13.2, 5.3, 9.4, 34H 6.4 Hz 10, 13.4,5.6, 30/34-H, o
7.2, 36/38-H 6.4 Hz 7.2, 36/38-H 6.4 Hz 8

aln DMSO-de. P 13C 150 MHz.¢13C 75 MHz.%Under OH signal® 13C NMR shifts are reported with two decimal places in order to discriminate between narrow signals although the last digit makvary
slightly between different measurements.
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+ 4, 3C HMBC correlation
"H, "H ROESY correlation

Figure 1. Crucial NMR long-range correlations of carbamidocy-
clophane A () in DMSO-ts.

side chains was elucidated by comparison of the NMR data with
those of the corresponding aliphatic parts30&énd 4 (Table 1).
Carbamidocyclophane Bis closely related to cylindrocyclophane
A (6), which bears hydroxy groups instead of the carbamido groups,
and also to cylindrocyclophane O)( the corresponding diacetyl
esterds

Because the coupling constait, = Ji415 was determined as
10.6 Hz, carbamidocyclophane &) {vas assigned the same relative
configuration as observed for cylindrocyclophaner/with acetate

Bui et al.

composition of the sample was determined in the accurate mass mode
using reserpine ([M+ H]™ = 609.2811 Da) as an internal reference
compound.

Column chromatography was carried out on silica gel (Si 60, 6015
0.04 mm, Merck, Germany). Fractions were monitored by TLC (Si 60
GF 254 nm, Merck, Germany) with ethyl acetatcetone-MeOH
(50:50:2) as mobile phase. Detection was done under UV light at 254
nm or by spraying with anisaldehyde/sulfuric acid reagent and heating.
Analytical and preparative HPLC were performed on a component
system (Kontron Instruments, Italy), consisting of pumps 422 and 422
S, auto sampler 360, and diode array detector (DAD 440). A Synergi
POLAR-RP column (250« 4.6 mm, 4um, 80 A Phenomenex) and a
gradient of deionized water (Clear UV plus SG, Water Preparation and
Recycling GmbH, Germany) and MeOH (gradient grade, ROTH,
Germany) from 50% aqueous MeOH to 100% MeOH in 30 min were
used for analytical HPLC with a flow rate of 1.0 mL mih Preparative
HPLC was performed on an equivalent POLAR-RP column (250
10.0 mm) with a flow rate of 2 mL mirt. HPLC runs were recorded
using the Geminyx HPLC data system 1.91 SST version 1.6. All
chemicals were used as received, and solvents were distilled prior to
use except for HPLC.

Culture Conditions. The filamentousNostocsp. strain CAVN 10
was isolated from a soil sample collected in Northern Vietham and
established as a laboratory culture by Dr. Nhi V. Tran (Institute for
Biotechnology, Hanoi). The strain is maintained in the culture collection

residues at the C-1/14 instead of the carbamido groups. From©f the Institute of Pharmacy, EMAU Greifswald, as a stock culture.

biosynthetic considerations, both [7.7]cyclophane types should have
an identical absolute configuration. Since the absolute configuration

of cylindrocyclophane A &) has been determined by Mosher’s
method? a comparison between cylindrocyclophane D), (the

The cyanobacterium was cultured in a glass column containing 30 L
of BG 11 medium. After 30 days the biomass was harvested by
centrifugation and filtration. The yield of lyophilized biomass was 0.6
gL

Extraction and Isolation. Freeze-dried cells (5 g) were extracted

corresponding 1,14-diacetate, and the most similar structure of they,ree times with 250 mL of-hexane followed by three portions of

carbamidocyclophanes was done to provide the absolute configu-

ration. As expected for an acylated cylindrocyclophane, carbami-
docyclophane EX) gave a positive specific optical rotatiormf%p
+5.7).

All carbamidocyclophanes contain the [7.7]paracyclophane ring
previously found in the cylindrocyclophanes fr@glindrospermum
licheniforme® but they differ in their characteristic carbamido
substituents in the 1,14-positions. Additionally, compoundsDA
(1—4) are variably chlorinated at the end of their butyl side chains,

250 mL of MeOH under stirring for 1 h, respectively. Residue and
supernatant were separated by centrifugation at 4500 rpnf@tfdr

20 min. The methanolic supernatants were pooled and evaporated to
provide a crude extract of about 1 g. A portion of 500 mg of extract
was separated on silica gel (columnx4 60 cm) using a stepwise
gradient of tolueneethyl acetate MeOH (92:5:3, 600 mL), toluere

ethyl acetateMeOH (75:25:20, 600 mL), ethyl acetatacetone-
MeOH (50:50:2, 600 mL), and MeOH (600 mL) at 1 mL minto
obtain 11 fractions. After evaporation of the solvents n@0of each
fraction was tested for antibiotic activity. Fraction F2 [eluted with

where the number of chlorine atoms decreases by one in each casgoluene-ethyl acetateMeOH (75:25:20), yield 50 mg of a white

Only the low abundant metabolite carbamidocyclophan®) Bdes
not contain chlorine in its completely symmetrical molecule.

The three main components—7C (1—3) obtained with yields
of 0.2-0.1% presented MIC values of 0.1 mmd),(0.04 mmol
(2), and 0.06 mmolJ) againstStaphylococcus auredsT CC 6538,
revealing a moderate antibacterial activity. Estimation of cytotoxic
activities with Fl cells (human amniotic epithelial cell line) resulted
in 1Cso values of 3.3umol (1), 4.2 umol (2), and 5.1umol (3),
respectively. The I6; values of 0.86, 1.8, and 2:i2nol, determined
with MCF7 cells (breast adenocarcinoma cell line), indicated that

powder] exhibited the strongest activity. Further separation of F2 was
done by preparative RP-HPLC. Pure compounds were obtained using
a solvent gradient starting with 10% aqueous MeOH increasing to 75%
MeOH—H,0 in 5 min followed by 75 to 85% MeOHH20O in 30 min
and 85-100% MeOH-H,0 for 3 min. The separation was monitored
by UV absorption (226 nm), and pure carbamidocyclophanes),BX
(4), C (3), B (2), and A (1) eluted at retention times of 20.9, 21.9,
22.8, 23.7, and 24.6 min, respectively. After evaporation the yields of
the pure, amorphous compounds were 10 8 (2), 5 (3), 1 ), and
0.5 mg 6), respectively.

Carbamidocyclophane A (1):CsgHs4ClsN2Os, M = 808.65; p]?%

the carbamidocyclophanes possess stronger cytotoxic activity —1.2 ¢ 0.4, methanol); UV (MeOH}.max (l0g €) 208 (4.817), 228 (sh

against these tumor cells than against nontransformed Fl cells.

Experimental Section

General Experimental Procedures.UV spectra were recorded in
MeOH (Uvasol, Merck, Germany) with a UV-2102 PC UVis
scanning spectrophotometer (Shimadzu). One-dimensidHal'{C,
DEPT-135) and two-dimensional (COSY, HMQC, HMBC) NMR
spectra were recorded at 300 K on a Bruker DMX600 NMR
spectrometer'd NMR: 600 MHz; 3C NMR: 150 MHz) locked to
the major resonance of the solvent. Chemical shifts are shown in
values (ppm) with the solvent signal as an internal standard. HPLC-
ESIMS spectra were obtained with a PE Sciex APl 2000 MS/MS

spectrometer attached to an Agilent HPLC Series 1100 instrument
system. Positive ion high-resolution electrospray mass spectra (HRES-

ITOF) were recorded on a quadrupole time-of-flight QTOF-2 mass

spectrometer (Micromass, UK) equipped with a nanospray ion source,

and a voltage of approximately 1000 V was applied. The resulting ions

4.27), 276 (3.510), 283 (3.530) nm; IR (KBr)ax 3500, 3404, 2933,
2858, 1706, 1620, 1593, 1433, 1391, 1336, 1050, 1017*,cMMR
data in DMSOés and in methanots, see Table 1; ESHf) m/z 824,
826, 828 (73:100:53%) (calcd 78:100:48%) fossldssN.OsCly as [M
+ NH,]*; ESI () m/z 805, 807, 809 [M— H]~; HRESITOF () m/z
829.2553, calcd 829.2532 forsgEis4N.OsCls as [M + Na]*.

Carbamidocyclophane B (2):CsgHs5ClsN20g, M = 774.21; p]?%
—0.3 (€ 0.34, methanol); UV (MeOH}max (log €) 209 (4.873), 228
(sh), 276 (3.446), 282 (3.461) nm; IR (KBp)ax 3502, 3397, 2933,
2857, 1706, 1620, 1594, 1433, 1391, 1336, 1050, 1018,chMR
data in methanoth, see Table 1; HRESITOFH) m/z 795:797:798=
100:101:40% (calcd 100:105:40%)yz 795.2945 calcd 772.2922 for
C33H55N203C|3 as [M + Na]+.

Carbamidocyclophane C (3):C3gHs6Cl2N20g, M = 739.77; p]?%
+8.5 (€ 0.56, methanol); UV (MeOH)max (l0g €) 208 (4.894), 229
(sh), 276 (3.603), 282 (3.613) nm; IR (KBmmax 3500, 3399,
2931, 2857, 1706, 1620, 1593, 1433, 1384, 1336, 1050, 1019;cm
NMR data in methanotl, see Table 1; ESIH) m/z 756, 758, 760

were separated by the orthogonal TOF mass analyzer, and the isotopid100:77:18%), calcd 100:75:17% fordElseN20sCly as [M + NH4]*;
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ESI (=) mz 737, 739, 741 [M— H]~; HRESITOF () m/z 761.3316,
calcd 761.3311 for EHseN2OsCl, as [M + Na]'.

Carbamidocyclophane D (4):CsgHs7CIN,Og, M = 705.32; p]%%p
+5.6 (¢ 0.26, methanol); UV (MeOH}).max (log €) 210 (4.803), 229
(sh), 276 (3.464), 282 (3.482) nm; NMR data in methashpkee Table
1; ESI (+) m/z 722, 723, 724, 725 (100:41:57:15%), calcd 100:43:43:
15% for GgHs/N,OsCl as [M + NH4]*; ESI (=) m/z 703.704 [M—

H]~; HRESITOF () m/z 727.3697, calcd 727.3701 forgis;N,OsCl
as [M + NaJ*.

Carbamidocyclophane E (5):CsgHsgN2Os, M = 670.88; p1]?% +5.7
(c 0.12, methanol); UV (MeOH}).max (log €) 208 (4.916), 229 (sh),
276 (3.596), 282 (3.585) nm; NMR data in methadglsee Table 1,
ESI (+) m/z 688 (100:43:10%) for &HsgN.Os as [M + NH,4]*; ESI
(=) Mz 669 [M — H]~; ESITOF (+) m/z 693.4077, calcd 693.4091
for C38H58N208 as [M + Na]*.

Antibiotic Assay. Crude extracts (2 mg/6 mm paper disc) and
fractions (0.5 mg/6 mm paper disc) were tested in an agar plate diffusion
assay against the ATCC strairBacillus subtilis6051,Staphylococcus
aureus6538, andEscherichia colil1229,Pseudomonas aeruginosa
27853 and the yeagandida maltoséeSBUG 700. Diameters of the
inhibition zones were measured over the whole zone including the paper
disc. Determination of MIC (minimal inhibition concentration) of
carbamidocyclophane$—5 was done withStaphylococcus aureus
ATCC 6538 according to the methods of the European Pharmacdpoeia.

Cytotoxicity Assay. The cytotoxicity of1—5 was measured by a
modified cellular test according to Bracht et‘&lvith MCF-7 cells, a
breast adenocarcinoma cell line obtained from the German Collection
of Microorganisms and Cell Cultures (DSMZ Braunschweig, Germany),
and Fl cells, a human amniotic epithelial cell line (ATCC, CCL 62,
RIE 81, USA, evaluated by the ZBV, Riems, Germany, 2005). Cells
were maintained in Isocove’s modified Dulbecco’s medium (IMDM
Invitrogen) with 10% FBS (Biochrome AG, Germany), and 15 000 cells
were seeded in 150 of IMDM per well of a 96-well microtiter plate.
After 48 h at 37°C in a humidified 5% carbon dioxide atmosphere the
test substances were added. The substances were solved:indfO
MeOH (MeOH gradient grade Roth) per 1 mL of medium, and:t0
of this mixture was added per well, resulting in final concentrations
between 15 and 0.00Q2g mL~%. After incubation for 48 h the cells
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were stained with Crystal Violet: the culture medium was removed,
and the cells were rinsed with 10Q. of PBS per well and fixed with
2.5% glutaraldehyde in buffer for 30 min. The fixing solution was
discarded; the cells were washed with double distilled water and stained
with 0.02% Crystal Violet for 30 min. After washing and drying the
cell-bound dye was dissolved with 70% EtOH under shaking for 4 h
and the optical density was measured at 550 nm with an Anthos

ht Il plate reader (Anthos, Austria). Inhibition of cell growth was
calculated as decrease of optical density of the cells incubated with
the test substances in comparison to the control (cells with medium),
and the 1G values were calculatéd.
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