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Summary logues in which the enframed parts of the suramin molecule
(see Fig. 1) have been replaced by a 2-phenylbenzimidazole
The synthesis of suramin analogues bearing a 2-phenyl-benzimithoiety. The rationale for this insertion was the fact that
azole moiety is described. Aminoarene sulfonic aaseare  2-phenylbenzimidazole was the lead compound for the devel-
acylated with 3,4-dinitrobenzoyl chlorideyielding the amides opment of a series of potent anthelmin@ésOriginally, our
4a—ewhich are hydrogenated to the corresponding dianbi@es  main interest in the suramin field was the discovery of new
These are treated with 3-nitrobenzaldehyde, yielding the azenacrofilaricidal compounds. Therefore, we tried to combine
methines7a—eand their isomer8a-eand9a—e Key step in the g ,ctral elements of different anthelmintic agents in one
synthesis of the target compouritia-eis the oxidation of the molecule. Furthermore, an anti-HIV activity of suramin and

azomethines with oxygen to the benzimidazdlés—e These are . | - fl d rigid &%)
hydrogenated to the amintsa—ereacting with phosgene to yield Its analogues seems to require a flat and rigid strueture

the symmetric urea2a—e Results of the anti-HIV, cytostatic, and 1€ replacement of the enframed parts of the suramin mole-
antiangiogenic screening are presented. cule by 2-phenylbenzimidazole will lead to compounds with
molecular dimensions that are very similar to those of the
) suramin molecule, but they will have an increased rigidity.
Introduction With the aim of studying the influence of this replacement on

Suramin1 was developed by Bayer as a drug for ththe biological activities of suramin, we synthesized a series
treatment of African sleeping sickness, a trypanosome infédd- Suramin analogues replacing the enframed parishyf
tion, and has been used for the treatment of this disease sfg@ziMmidazole and varying the trisulfonaphthyl residues of
19201 21, |n 1947, its activity against Onchocerca volvulussuramini1- 121 This reportis the continuation of our research
the causative agent of Onchocerciasis (river blindness), wdl the synthesis of suramin ]analogues with 2-phenylbenz-
reported3]. To this day, it is the only approved macrofilari-midazole as partial structure™.
cidal drug available for the treatment of Onchocerciasis. The

interest in new macrofilaricidal agents has declined durir~ SO:Na SONa

the last decade due to the great success of the WHO Onceos3 2 SOzNa
cerciasis Control Program (OCP) since 1987, when lar ‘O 4% - g OO
scale prophylactic Ivermectine treatment was introdifged NaORS H/Ns QM M AR J\NI:L N, Soda
However, further biological activities of suramin stimulatec lf ;. O/ \L'/ \U b lf

the continuation of the synthetic work in the suramin fielc

Suramin is a potent inhibitor of the reverse transcriptase .. Suramin 1

retro-virused® and has an anti HIV activity!. Because of Figure 1. suramin,

severe toxic side effects, however, suramin is not recom-

mended for the treatment of AID8. Recently, it has been hemistry

shown that suramin is an anticancer drug with a unique mode

of action, it inhibits tumor growth factol§l. Therefore, ~The four step synthetic pathway to the targi2a—eis

suramin has become an interesting lead for the developmentlined in Scheme 1. Aqueous solutions of the aminoarene-

of new cytostatic agents. sulfonic acida—ewere treated at pH 4.5 with a solution of
The replacement of benzene rings by heterocyles in phat4-dinitrobenzoyl chloride3j 4! in toluene giving the

macologically active compounds is a common method aginitrobenzamidega—ein high yields.4a—ewere catalyti-

plied in investigations of structure activity relationshipseally hydrogenated to the corresponding diamiBese.

Suramin analogues in Wth% benzene rings have been (&sing palladium catalysts, deep-red reaction products were

placed by furad’) or pyrrole!®l rings are described in the gptained. The TLC showed several coloured by-products,

literature. Here we describe the synthesis of suramin afesumably azo and azoxy derivatives. The hydrogenation

conditions have been systematically varied. Best results were

Y Part 1 of this series see F&¥. obtained using Pt@as the catalyst and a mixture of metha-
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o l 0 |l Scheme 2.Formation of the 1-(3-nitrobenzyl)benzimidazole derivatives
R\N/U\ : N R\NJ\(INF& 14 a—eand their reduction tb5 a—e
M J NH; b 2 NO,
N
a-e *")\Q/ L 9a-e W@ 1 genolysisi®l. Therefore, we expected that catalytic hydro-
l genation ofl4a—ewill lead to a reduction of the nitro groups
o o and a hydroggnolytic_ deben;ylation yieldi!iga—e _
NP 5': @ A . : N (Scheme 2). This reaction was intensely investigated w!th
W e | b 14c using different solvents and catalysts (Pd, Pt). Surpris-
! \IJ,/ Uﬁ ingly, no debenzylation could be observéBcwas the main
122 hydrogenation product di4c
Treatment of aqueous solutions of the arylamihtis—e
with a solution of phosgene in toluene at pH 4.5 resulted in
R the target ureal2b—e The sulfanilic acid derivativelawas
not soluble in water at this pH. Therefore, the reaction with
NaOyS NaOgS 1 3-50:Na 1,80:Na 1la was carried out in suspension according to previous
\©4\ \@4( Na%a@; experiment$!?! yielding 12a
a b c Spectroscopic data collected for the synthesized com-
24,5 o pounds_were in agreement with the proposed structures. How-
Na0s5 g N2 N3 o soma ever, in the!3C-NMR spectra of the benzimidazole
OO OO derivativesl0a—eno resonances were detected for the car-
7-15 ol T ol bons 3a, 4, 7, and 7a of the heterocycle. This could be
’ T e explained by the tautomeric character of the imidazole. As
expected, addition of one equivalent of trifluoroacetic acid to

the sample resulted in the occurrence of the previously miss-
Scheme 1Synthesis of the new benzene sulfonic, benzene disulfonic, afdg 13¢ resonances.
naphthalenetrisulfonic acid analogues of suramin. Benzimidazoles are amphoteric compounds. The NH-
nol/water as the solvenba—e are very sensitive towards a;'rﬂﬁectgaégﬁt,eérgig2?5?:??3%53?2%?J?lgierfe[r)me the
e ot womed it % rosereacny@y. ( AN 1 agueous NaoK'l he puty o allcompounds
y Y screened biologically was determined by HPLC using our

When equimolar amounts &b—eand6 were usedba—e ; Pt
ot tl blished thod for the det t f
could be detected by TLC even after a reaction time of 12;E?aer2mY18?u IShed method Tor the determination o

atroom temperature (RT). Therefore, an exceSswafs used.
It can be assumed that the regioisomeric azometfliaes ) ]
and9a—eare formed together with the dihydrobenzimidazol8iological Screening
derivatives8a—e No attempts were made to isolate one of the jn.yitro anti-HIV screening and the cytostatic screen-
these isomers. The mixture of isomers was directly oxidizggy were carried out in the Department of Health and Human
with oxygenl'®l to the corresponding benzimidazol®—e  services, National Cancer Institute, Developmental Thera-
according to our recently developed strategy peutics Program, Bethesda, Maryland 20892, USA. The anti-
By-products in this reaction were the 1-(3-nitrobenzyl)angiogenic screening was done at the VA Medical Center and
benzimidazole derivativeta—eresulting from the interme- Departments of Obstetrics/Gynecology and Physiology, Uni-
diate formation of the bis(benzylidenimino) derivativesersity of Kentucky College of Medicine, Lexington, KY,
13a—-eduring the reaction ob with 6 (Scheme 2)14a—e USA. The results of the biological screening are shown in
could be separated froh@a—eby recrystallisation. Tables 1 — 3. In these tables the new compounds are cited
Catalytic hydrogenation (Pd/C) of the nitro compoundsccording to their numbers from Scheme 1 and in parentheses
10a—egave the corresponding aromatic amidds—e N-  with their NF codes (N stands for Nickel and F for Filariasis;
Benzyl groups can be smoothly removed by catalytic hydroriginally our main interest in the suramin field was the
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finding of new filaricidal compounds). This is for comparisorfable 2. In vitro cytostatic activity of the benzimidazole analogues of
purposes because in previous publicatiBis23 25loyr  suramin.
suramin analogues have NF codes.

Anti HIV Screening: The sreening method is described in B
detail in ref.[%), Briefly, the test compound is dissolved incmong e Type of leg(Glgcl)?;amm by
DMSO. The DMSO solution is diluted with culture medium
T4 lymphocytes (CEM cell line) are added and after a briepa

interval HIV-1 is added. Uninfected cells with the compoun(NF503)  K-562 Leukemia  4.07 <4.00 >1.17
serve as toxicity controls, and uninfected cells without the
compound serve as basic controls. The results of the test k@ MCF7/ADR-RES ~ BreastC.  4.10 <4.00 >1.26
described by the expressions IC50, EC50, TI50. Eight diffef¥™506)  COLO 205 ColonC. 418 <400 151
ent concentrations of the test compound are used for the g\'\/ﬂvtszzo %Olon C. 440 404 229
. . . - olon C. 4.16 4.11 1.12
calculations of IC50 and EC50. The highest concentration of CCRE-CEM Leukemia 424 <400 >1.74
the test compounds in this screening system is normally HL-60 (TB) Leukemia 412  4.09  1.07
100uM. IC50 >10QuM means: no cell toxicity observed at LOX IMVI Melanoma 4.27  4.13 1.38
this concentration. The results of the anti HIV screening are ACHN RenalC. 411 <400 1.29
shown in Table 1. Uo-31 RenalC. 4.3 459  0.35
Table 1.Anti HIV activity of the benzimidazole analogues of suramin. 17 MDA-MB-231/ATCC BreastC. 433 <4.00 >2.14
(NF417) CCRF-CEM Leukemia 453 <4.00 >3.39
HL-60 (TB) Leukemia 4.61 409  3.31
Compound EC5@M IC50 M TI50 SR Leukemia 471 416  3.55
M14 Melanoma 4.34 4.26 1.20
IGRO VI OvarianC. 4.35 4.39 2.19
Suramin 335 >174 >5.2
39.0 115 2.9 ¥ GI50: Growth Inhibition, concentration M of the test compound which
34.6 >174 >5.0  decreases the tumor cell growth to 50% of the untreated tumor cell culture.
35.6 >174 >4.9 b g: gelectivity factor GI50(Suramin)/GISO(NF), values > 1 indicate that
the NF-compound is more active than suramin.
12a 3.4 >150 >45 L . ) _ :
(NF503) 8.6 >150 >17 Antiangiogenic screening Suramin has a unique mode of
58.5 cytostatic action; it inhibits tumor growth factdf. The
60.0 inhibition of the angiogenesis growth factor is a main target
for the development of new anti tumor drugs. The antiangio-
12d 37.0 64.8 1.8 genic activity of suramin and of suramin analogues is de-
(NF506) 299 809 20 scribed in the literatur®%-22] The antiangiogenic activity
300 22:471 2:2 was investigated in the chick egg chorioallantoic membrane
(CAMg assay. The method is described in detail in the litera-
ture[20: 22] Briefly, fertile chick eggs are incubated for 72 h
17 2.2 >1000 >457 at 37 °C. After 72 h the egg shells are broken and the egg
(NF417) 232 >200 >8.6  contents are placed in petri dishes. Each compound to be
gi'i >i(2)88 >ig'g tested is dissolved in an aqueous 0.45% solution of methyl-
147.0 =200 >14 cellulose. A 10ul aliquot of this solution is air dried on a
Table 3.Inhibition of angiogenesis by the benzimidazole analogues of
IC50uM: Toxicity, concentration of the test compound which decreases tﬁgramln.
cell growth of the uninfected cell culture to 50% of the untreated cell culturg.ompound #Embryos % Inhib- ID50
EC50uM: Efficiency, concentration of the test compound which increases ition nmol/disk
the cell growth of the infected cell culture to 50% of the uninfected, untreated
cell culture Suramin 67 64 75
TI50: Therapeutic index, IC50/EC50 12¢
Cytostatic Screening:In the NCI program, the cytostatic (1N25504) 238 3 60
activity of the test compounds against 60 tumor cell lines {§rsoe) 20 58 70
investigated. The cell cultures are incubated with five diffefioe
ent concentrations of the test compounds. The highest c@xF507) 21 60 65

centration tested is normally 1Q®. The results of the test

are described by the expressions GI50, and TGI (TotaEmbryos: number of eggs tested

Growth Inhibition). None of the compounds described in thi¥ !nhibition: percentage of the investigated eggs in which an inhibition of
S angiogenesis was observed on treatment with approximatively

paper was able to totally inhibit tumor cell growth at theq%,1ioydisk of the compound

highest tested concentration. The results of the NCI cytostagio: dose in nmol/disk that induces 50 % inhibition of angiogenesis in

screening are shown in Table 2. the CAM assay

Arch. Pharm. Pharm. Med. Chem. 331, 97-103 (1998)
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Teflon-coated metal tray forming a disk around 2 mm diameeoncentration. All cell lines against which the compounds
ter. This disk is implanted on the outer third of six-day CAMhowed an activity at concentratioas00uM are shown.
where capillaries are intensively growing. The zone arouria (NF503) a disulfonate shows a marginal activity against
the methylcellulose disk is examined 48 h after implantationnly one leukemia cell line (K-562). In contral2d (NF506)
A positive inhibition of angiogenesis is indicated by an avasvhich is a close analogue of suramin inhibits 9 cell lines.
cular area o 4 mm. Standard dose of the test compound Idowever, the activities are also marginal. The activities are
70 nmol/disk. The results of the anti angiogenic screening arxempared with the activity of suramin against these cell lines.
shown in Table 3. Suramin is inactive against 4 cell lines at the highest investi-
gated concentration (10@M). Against 5 cell lines,
coma 12d (NF506)and suramin show comparable low activities.
@\_{“ ) N,—/Q/ Here again, the activity of the dicarboxylic acid analogue
ﬂ)\ONYN\@)\ﬂ 17 (NF417)is of special interest. It is more active than the
© sulfanilic acid analogu&2a (NF503) Against 7 cell lines, it
shows an activity comparable or slightly higher than that of
17 (NF417) suramin. However, the spectrum of activity1af (NF417)
differs markedly from that of suramin. It shows the highest
activity against three leukemia cell lines against which
. . suramin and.2a (NF503)are completely inactive.
Discussion Inhibition of angiogenesis:Suramin inhibits tumor growth
Anti HIV activity: Simian reverse transcriptasefacmrs[el- The most interesting target of suramin analogues

SIVagmTYO-7 RT was inhibited bg2d with an IC50 of 'S the inhibition of angiogenesis. This activity can not be
0.5uM [231. The batch o1 2d1] used in this experiment was tested in a cell culture. The three benzimidazole analogues

not very pure. This high inhibition of SIV-RT could later not-2¢ (NF504) 12d (NF506) and 12e (NF507)show activi-

be reproduced with a very pure sample (HPLC purity > 99 ies comparable to that of suramin. The tetrasulfonate
of 12d (NF506)12. This disappointing result could be duel2¢ (NFS04)has the lowest Ig

to the high non-selective bindingti2d (NF506)to proteins,

e.g. to serum albumiff¥. The repeated investigation of Conclusion

12d (NF ith a diff h of th .
d (NFS06)was done with a different batch of the enzyme The title compounds, suramin analogues with 2-phenyl-

The purity of the enzyme can have an important influence %n S X - . S
the test result. enzimidazole as partial structure, show biological activities

Similar confusing results were obtained with compound@®mParable to those shown by suramin in the cited test
12a (NF503)and17 (NF417)1231in the NCI HIV test shown systems. These results differ significantly from those ob-

in Table 1. The high activities and selectivities of both conperved with trypanosomes. Very small variations of the

pounds could not be reproduced when the experiments wapsamin structure, e.g. the substitution of the two methyl
roups by hydrogen or other substituents, lead to a nearly

repeated after several months. But, in contrast to the exp b molete loss of trvpanocidal activi?]]
ments with SIV-RT, all results cited in Table 1 were dong®™P yp '
with the same batches of very pure compounds. With suramin

and with12d (NF506) the results were reproducible whenAcknowledgment

the experiments were repeated after some mor]thsThe authors are very grateful to Prof. Dr. John P. Bader, Chief Antiviral

12d (NF506)seems to be slightly more active but also morgyajyation Branch, National Cancer Institute, Bethesda, Maryland 20892,
toxic than suramin. Therefor&2d (NF506)has no advan- USA for evaluation of the in-vitro anti HIV and cytostatic tests. Thanks are
tage compared with suramit2d (NF506)is like suramin a also due to the members of NCI staff.

hexasulfonate. It is highly soluble in water. The results of the

four different tests do not vary significantly. In qur.aStExperimental

12a (NF503)and17 (NF417)have a very low solubility in

water. In the NCI screening, the compounds are dissolved ifhe benzenedisulfonic acidb,c were a gift from Hoechst, the naphthale-
DMSO. These solutions are added to the aqueous mediurﬁgfisulfonic acid2d—ewere a gift from Bayer. Oxidations were performed

in. Laborautoclave HR 500 (Berghof) with heating equipment HT 20 (Horst)

the cell cultures. We assume that the Compounds prempﬂgﬂg magnetic stirring equipment. pH-Stat equipment: Metrohm 718

partially in the medium. Only the dissolved compounds Ca§rAT Titrino. Titrations: Metrohm Titroprozessor 672; determination of the
lead to a biological activity. The consequence of this (cesguivalent mass: about 0.1 mmol of the compound was dissolved in 5.0 ml
tainly not reproducible) precipitation will be a strong variof DMF and titrated with aqueous 0.1 N NaOH (glass electrode). TLC:
ation of the results. The activity of the dicarboxylic atid Merck aluminum sheets with silica gel 68k solvent 2-propanol/Ns25%,
NFE417)13] j ite int fi In all l : ‘2. NMR (solvent as internal standard): Varian XL 300, chemical shifts are
( . ) IS quite In eres,”}g- n all earlier screenings Of;q, i ppm; pt: pseudotriplet; coupling constants are given in Hertz (Hz).
suramin analogues, the activities were completely lost WheRg-ms: Kratos concept 1H. IR: (KBr) Perkin-Elmer 1420. UV/VIS: Spec-
sulfonate substituents were replaced by carboxylate substiphotometer HP 8451 A. The purity of all suramin analogues described in
tuentsl26: 27] this paper was determined by the HPLC method described [hef.
Cytostatic activity: In Table 2, the cytostatic activities of Experimental details are described only for the synthesis of the naphtha-

3 new suramin anal re or nted. Neither sur minIen?—l,3,6—trisulf0nic acid derivativE2e The sulfanilic acidd), benzene-
ew sura analogues are presented. Nelther sura ﬂ@—disulfonic acid If), benzene-1,4-disulfonic acid)(and naphthalene-

any one of the investigated suramin analOQU?S was able; s trisulfonic acidd) derivatives were prepared in a similar manner
inhibit totally the tumor cell growth at the highest testeétarting from2a, 2b, 2, or 2d, respectively instead @k (see Table 4).

NaO,C

Figure 2. Compoundl7 (NF417).

Arch. Pharm. Pharm. Med. Chem. 331, 97-103 (1998)



Suramin Analogues 101

Table 4. Synthetic and analytical data of the sulfanilic adid{12g, benzene disulfonic acidl,c—12b,$, and naphthalenetrisulfonic acididie—12d,&
derivatives .

Molecular mass

Compd. Starting yield TLC calcd. found purity
material Method % Re Formula MS titratio?  HPLC
4a 2a,3 A 69 0.68 G3HsNsNaGsS 389.27 388(M-H)
4b 2b, 3 A 72 0.52 G3HoN3011S2 447.36 446(M-H)
4c 2c, 3 A 49 0.58 G3H7N3NaxO10S2 491.32
Ci13H10N3010S2 447.34 446(M-H)
4d 2d, 3 A 78 0.51 G7H11N3014S3 577.48 576(M-H)
de 2e, 3 A 72 0.55 G7H11N3014S3 577.48 576(M-H)
10a 7a-9a B 68 0.70 GoH1aNaNaGsS 460.40 463.3
C20H14N4NaGsS 438.42 437(M-H)
10b 7b—9b B 40 0.56 GoH12NaNapOgS2 562.44 539(M+Na-2H) 571.6
10c 7c-9c B 52 0.58 GoH12NaNapOeS2 562.44 539(M-Na) 565.1
10d 7d-9d B 36 0.41 G4H13NaNag0O12S3 714.55 691(M-Na)
10e 7e—9e B 39 0.55 G4H13N4NagO12S3 714.55 691(M+H-2Na) 704.7
1lla 10a C 61 0.66 GoH1sNaNauS 430.42 429(M-H) 422.5
11b 10b C 66 0.48 GoH14NaNaO7S, 532.46 487(M+H-2Na) 527.4
11c 10c C 49 0.55 GoH14NsNa07S2 532.46 487(M+H-2Na) 566.6)
11d 10d C 53 0.47 GoH15N4NagO10S3 684.57 661(M-Na) 679.9
lle 10e C 53 0.47 GoH15N4NagO10S3 684.57 661(M-Na) 679.9
12a 1lla D 51 0.53 G1H28NgNapO9S2 886.83 885(M-H) 450.6
12b 11b D 26 0.44 G1H26NsNayO1554 1090.92 1067(M-Na) 532.4 ~100%
12c lic D 18 0.41 GiH26NsNayO1554 1090.92 1045(M+H-2Na) 496.8 ~95%
12d 11d D 34 0.40 GoH28N8Na6021Ss 1395.13 1371(M-Na) >99%
12e lle D 36 0.51 GigH28NgNas021S6 1395.13 1327(M+2H-3Na) 7165 >99%

3 titration in DMF with aqueous 0.1 N NaOH

b contains 2 mol 7.8}

A) 8-(3,4-Dinitrobenzamido)-1,3,6-naphthalenetrisulfonic acid trisodiun{C-8), 133.75 (C-§, 132.04 (C-4a), 128.10 (C-4), 126.45 (C-5), 125.77
salt (4e) (C-2), 124.91 (C-5, 123.63 (C-2, 122.52 (C-8a), 122.49 (C-3). FAB MS

. . - Glycerol/DMSO)m/z 496 [M-SQH]~, 560 [M-OHJ, 576 [M-H], 668
To a solution o2e(21.4 g, 50 mmol) in water (150 ml), 3,4-dinitrobenzoyl (MIGch-H]_ 69()) [M+G|yc+[Na-2HT]760 [MJEZGch!—H]' 852[ [M+];Glyc-
chloride @, 23 g, 100 mmol), dissolved in 100 ml of toluene, was adde; I, 044 [M+Y4Glyc-H]'. ' '

under vigorous stirring. During the reaction time (3 h), a pH of 4.5 Waé17i—|8N3N63014S3 (643.42), G7H11N3014S3 (577.48).

maintained by automatic addition of 1 M NaHE@he aqueous phase was |y 5 similar way, compoundsa—dwere synthesized; for analytical data
separated. The organic phase was washed twice with water. The combiggd Taple 4.

agueous phases were evaporated in vacuo to dryness and the residue was

twice recrystallized from EtOH/O (3 : 1).4e was obtained as a yellow B) 8-[2-(3-Nitrophenyl)benzimidazole-5-carboxamido]-1,3,6-naphthalene-

powder (23.6 g, 78 %). : ; S
TLC: R 0.55. IR (cr’): 3470, 3280, 1670, 1550, 1530, 1390, 1350, 122 sulfonic acid trisodium salti0g

1185, 1040, 845, 675. UV/VIS @@): Amax(loge): 194 (4.56), 238 (4.48), A solution of4e (12.8 g, 20 mmol) in MeOH (300 ml) and®i (200 ml)

300 (3.90).1H-NMR (300 MHz [&]DMSO): 8 = 8.14 (d,J = 2.0 Hz, 1H, Was hydrogenated at a hydrogen pressure of 5 bar witheBttbe catalyst.

S-H), 8.26 (4)= 2.0 Hz, 1H, 7-H), 842 (@ =85 He, 1, SH), 864 a1 BT T Eg e a5 o

J =20 Hz, 1H, 2-H), 8.64 (d = 2.0 Hz, 1H, 2H), 8.69 (dd,J = 8.5 Hz, 30 mmol) in MeOH (60 ml). After 10 min the mixture was filtrated. The

‘13; 2.0Hz, 1H, 8H), 8.92(dJ = 2.0 Hz, 1H, 4-H), 12.85 (s, 1H, -NH-CO-). fjjirate was stirred for 12 h at RT, evaporated to a volume of 100 ml, and
C-NMR (75 MHz [¢]DMSO): & = 161,75 (C-9), 144.75 (C-1), 143.38 oxidized in an autoclave at 120 °C for 12 h under an oxygen pressure of 6 bar.

(C-3), 143.01 (C-3, 141.49 (C-3, 141.26 (C-6), 140.60 (CJ1 134.38 The reaction mixture was evaporated to dryness and the residue was recrys-
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tallized from MeOH/HO (1:1) yielding 6.5 g (39 %) ofOe as a beige
powder.
TLC: Ry 0.45. Titration: equiv. mass calcd. 714.6; found 704.6. IFEJOCm

Kreimeyer, Miller, Kassack, Nickel, and Gagliardi

J=2.0Hz, 1H, 7-H), 8.41 (s, 1H!H), 8.53 (dJ = 1.8 Hz, 1H, 2-H), 8.55
(s, 1H, 4-H), 8.67 (dJ = 2.0 Hz, 1H, 4-H), 9.55 (s, 1H, -NH-CO-), 12.7 (s,
1H, -NH-C0O-).2*C-NMR (75 MHz []DMSO): 5 = 151.70 (C-10), 165.55

3460, 1660, 1635, 1535, 1390, 1360, 1220, 1200, 1150, 715, 680. UV/Vdé_g) 152.67 (C-3, 144.36 (C-1), 142.98 (C-3), 141.56 (C-6), 140.48

(H20): Amax(loge): 192 (4.36), 240 (4.75) 316 (4.41H-NMR (300 MHz
[dg]DMSO): & = 7.91 (dd,J = 8.7 Hz,J = 0.5 Hz, 1H, 7H), 7.99 (pt,
J=8.2 Hz, 1H, 3-H), 8.01 (dJ = 2.0 Hz, 1H, 5-H), 8.17 (d,= 1.8 Hz, 1H,
7-H), 8.27 (dd,J = 8.5 Hz,J= 1.8 Hz, 1H, 6H), 8.48 (dddJ = 8.2 Hz,
J=2.0Hz,J=1.0 Hz, 1H, 8-H), 8.59 (d,J = 2.0 Hz, 1H, 2-H), 8.63 (d,
J = 1.8 Hz, 1H, 4-H), 8.65 (ddd,= 8.2 Hz,J = 2.0 Hz,J = 1.0 Hz, 1H,
4"-H), 8.8 (dd,J = 1.8 Hz, J = 0.5 Hz, 1H,4), 9.13 (ptJ = 2.0 Hz, 1H,
2"-H), 12.75 (s, 1H, —NH—CO—}.?’C—NMR (75 MHz [¢]DMSO0): 6 = 164.48
(C-9), 149.04 (C-2, 148.09 (C-3), 144.71 (C-1), 143.26 (C-3), 141.45
(C-6), 135.85 (C-33 134.34 (C-8), 133.62 (C-7a133.39 (C-6), 133.01
(C-1"), 132.63 (C-4a), 131.01 (C*p 127.85 (C-4), 126.67 (C¥%H 126.39
(C-2"), 126.12 (C-5), 125.53 (C-2), 122.62 (C-7), 122.31 (C-8a), 122.
(C-4"), 121.94 (C-9, 114.43 (C-4, 114.07 (C-7). FAB MS (Glyc-
erol/DMSO)m/z 567 [M+2H-2Na-S@NaJ, 589 [M+H-Na-SGNaJ, 631
[M+3H-3Na-OHTJ, 647 [M+2H-3Na]J, 669 [M+H-2Na].
C24H13N4Nag013S3 (714.55).

In a similar way, compounda—dwere synthesized; for analytical data
see Table 4.

(C-3"), 136.99 (C-3, 134.80 (C-8), 134.75 (C-7a133.36 (C-4a), 131.83
(C-1"), 130.29 (C-8), 128.86 (C-4), 126.56 (C-5), 126.32 (G;5.24.98
(C-2), 123.48 (C-7), 123.16 (C-8a), 122.82 (Q;622.61 (C-§, 121.63
(C-4"), 117.42 (C-2), 114.88 (C-9, 114.23 (C-J. FAB MS (Glyc-
erol/DMSO)m/z 1269 [M+H SQNa NaJ, 1327 [M+2H 3Na].
Ca9H28N8Na6021S6 (1395.13).

In a similar way, compounds2a—dwere synthesized; for analytical data
see Table 4.

) 3-[1-(3-Nitrobenzyl)-2-(3-nitrophenyl)-benzimidazole-5-carboxamido]-
,4-benzene disulfonic acid disodium sa#td

A solution of4c (5.0 g, 10.5 mmol) in MeOH (150 ml) ana®i (60 ml)
was hydrogenated and treated with 3-nitrobenzaldehgde.28 g,
15.1 mmol) according to meth&l The reaction mixture was oxidized in an
autoclave at 120 °C for 12 hr under an oxygen pressure of 8du4B.1 g,
52 %) precipitated and was isolated by filtration. The filtrate was evaporated
to dryness, and the residue was recrystallised from Megi(d + 1)

C) 8-[2-(3-Aminophenyl)benzimidazole-5-carboxamido]-1,3,6-naphthakie|ding 1.42 g (19 %) of4cas a beige powder.

enetrisulfonic acid trisodium sall.{e

A suspension df0e(10 g, 14 mmol) in MeOH (200 ml) and@ (200 ml)
was hydrogenated at a hydrogen pressure of 5 bar with Pd/C (10%

TLC: R 0.58. IR (cri): 3485, 1660, 1535, 1410, 1350, 1275, 1220, 1185,
1015, 820, 730. UV/VIS (0.1 N NaOHyinax(log €): 298 (4.49)*H-NMR
(290 MHz []DMSO): & = 5.9 (s, 2H, -CH), 7.32 (dd,J=8.0 Hz,

200 mg) as the catalystOe dissolved during the reaction course. Thed = 1.6 Hz, 1H, 6-H), 7.54 (ddd,= 7.8 Hz,J = 1.8 Hz,J = 1.3 Hz, 1H,
reaction mixture was filtrated, and the filtrate evaporated in vacuo to dryne4§'-H), 7.61 (ddJ = 8.0 Hz,J = 7.8 Hz, 1H, &'-H), 7.67 (dJ = 8.0 Hz, 1H,

Recrystallization in EtOH/BD (4:3) gave 5.0 g (52 %) Gfleas a yellow-
green powder.
TLC: Rf 0.77. Titration: equiv. mass calcd. 684.6; found 733.7. IF(J()cm

5-H), 7.85 (dd,J = 8.5 Hz,J = 8.0 Hz, 1H, 5-H), 7.93 (dd,J = 9.0 Hz,
J=1.2 Hz, 1H, 6H), 7.94 (dd,J = 2.5 Hz,J = 1.8 Hz, 1H, 2'-H), 7.96 (d,
J = 9.0 Hz, 1H, 7H), 8.15 (ddd,J = 8.0 Hz,J= 2.5 Hz,J = 1.3 Hz, 1H,

3440, 3060, 1655, 1625, 1590, 1565, 1545, 1485, 1385, 1350, 1220, 11g6.13) 823 (ddd,] = 8.0 Hz,J = 1.9 Hz,J = 1.0 Hz, 1H, 4-H), 8.26 (.

1035, 715, 670. UVIVIS (bD): Amax (10ge): 236 (4.83), 316 (4.47)H-NMR
(300 MHz [&]DMSO): & = 7.14 (ddd,J = 8.3 Hz,J = 2.3 Hz,J= 1.2 Hz,
1H, 6'-H), 7.45 (ptJ = 8.3 Hz, 1H, 3-H), 7.58 (m, 1H, 2-H), 7.59 (m, 1H,
4"-H), 7.85 (dJ = 8.8 Hz,J = 0.5 Hz, 1H, ZH), 7.9 (s, 2H, -NH), 8.09 (d,
J = 2.0 Hz, 1H, 5-H), 8.22 (dd,= 8.8 Hz,J = 1.8 Hz, 1H, 6H), 8.24 (d,
J = 2.0 Hz, 1H, 7-H), 8.50 (d] = 2.0 Hz, 1H, 2-H), 8.58 (dd,= 1.8 Hz,
J=0.8 Hz, 1H, 4H), 8.63 (dJ=2.0 Hz, 1H, 4-H), 12.75 (s, 1H, -NH-CO-).
13C-NMR (75 MHz []DMSO): & = 164.45 (C-9), 150.97 (C2 144.66
(C-1), 144.40 (C-3), 143.22 (C-3), 141.44 (C-6), 134.73 (C)3434.35
(C-8), 133.02 (C-73 132.68 (C-1), 132.60 (C-4a), 130.24 (C1p 127.90
(C-4), 126.11 (C-5), 125.46 (C-2), 124.78 (§-822.68 (C-7), 122.36
(C-8a), 122.01 (C§, 120.96 (C-8), 118.60 (C-4), 114.92 (C-4, 114.05
(C-7), 113.55 (C-2). FAB MS (Glycerol/DMSO)/z 617 [M+2H-3NaJ.
C24H15N4Nag010S3 (684.57).

In a similar way, compoundsla—dwere synthesized; for analytical data
see Table 4.

J=1.2 Hz, 1H, 4H), 8.39 (ddd,J = 8.5 Hz,J= 2.3 Hz,J= 1.0 Hz, 1H,
6"-H), 8.51 (ddJ = 2.3 HzJ = 1.9 Hz, 1H, 2-H), 8.79 (dJ = 1.6 Hz, 1H,
2-H), 8.83 (d,J = 1.9 Hz, 1H, 2-H), 11.45 (s, 1H, -NH-CO-). FAB MS
(Glycerol) m/z 572 [M+H-Na-SGQNa], 594 [M-SQNa], 652 [M+H-
2NaJ, 674 [M-NaJ, 744 [M+Gly+H-2Na], 766 [M+Gly-NaJ, 788
[M+Gly-H]".

Ca7H17NsNa011S2 (697.57).

F) 3-[1-(3-Aminobenzyl)-2-(3-aminophenyl)-benzimidazole-5-carbox-
amido]-1,4-benzene disulfonic acid disodium shiq

14c(1.0 g, 1.29 mmol) was dissolved in MeOH (170 ml) ap@ KBO ml)
and hydrogenated at a hydrogen pressure of 5 bar with Pd/C (10% Pd, 70 mg)
as the catalyst. The reaction mixture was filtrated, and the filtrate evaporated
in vacuoto dryness. Recrystallization of the residue in EtQI/H8 + 1)
gave 0.34 g (41.3 %) dfscas a green powdetlcwas not detectable by

D) 8,8-[Carbonylbis(imino-3,1-phenylene-(2,5-benzimidazolylene)-carfLC.

bonyl-imino)]bis-1,3,6-naphthalenetrisulfonic acid hexasodium §ake)

A 2 M solution of phosgene in toluene (20 ml, 40 mmol CP@as added

dropwise over 30 min at room temperature to a vigorously stirred solution

11e(2.7 g, 4 mmol) in KO (40 ml). During the reaction time, the mixture

TLC: Rr 0.55. IR (crii): 3420 3060, 1660, 1605, 1575, 1530, 1450, 1400,
1275, 1215, 1185, 1015, 660. UV/VIS (0.1 N NaOM}iax(loge): 230
(4.68), 304 (4.40)'H-NMR (300 MHz [d]DMSO): &=5.0 (s, 4H,
2x-NHp), 5.43 (s, 2H, -Cht), 6.20 (ddd,J = 7.7 Hz,J = 1.8 Hz,

was maintained at pH 4.5 by automatic addition of 2 N NaOH. Once tHe- 1.1 Hz, 1H, 6-H), 6.43 (ddd,J= 8.0 Hz,J = 2.2 Hz,J = 1.0 Hz, 1H,
addition was over, stirring was continued for 30 min and the pH was adjust&d-H), 6.48 (ddJ = 2.2 Hz,J = 1.8 Hz, 1H, 2'-H), 6.76 (ddd,] = 8.0 Hz,
to pH 6 with 2 M NaOH. The reaction mixture was evaporated to dryneds= 2.3 Hz,J = 1.0 Hz, 1H, 6-H), 6.87 (ddd,J = 7.8 Hz,J = 1.8 Hz,
and the residue was recrystallized from EtO¥MIH4 : 3) givinglleas a J=1.0Hz, 1H, 4-H),6.93 (ddJ=8.0 HzJ=7.7 Hz, 1H, 8'-H), 7.08 (dd,
white powder (2.2 g), containing 2.1 % NaCl as measured by titration, thgis= 2.3 Hz,J = 1.8 Hz, 1H, 2-H), 7.18 (dd,J = 8.0 Hz,J= 7.8 Hz, 1H,

the yield of isolated 2ewas 2.15 g (35 %).

TLC: Rf 0.51. Titration: equiv. mass calcd. 697.6; found 716.7. IRJ()cm
3440, 3080, 1640, 1590, 1540, 1480, 1450, 1295, 1200, 1140, 1040, 715,
UVIVIS (H20): Amax(loge): 194 (4.82), 240 (5.01), 316 (4.73H-NMR
(300 MHz []DMSO): & = 7.56 (pt,J = 8.0 Hz, 1H, B-H), 7.7 (d,
J=8.0 Hz, 1H, B-H), 7.84 (d,J = 8.0 Hz, 1H, 4-H), 7.88 (dJ = 9.0, 1H,
7'-H), 8.135 (dJ = 1.8 Hz, 1H, 5-H), 8.18 (d,= 9.0 Hz, 1H, 6H), 8.29 (d,

5'-H), 7.33 (dd,J = 8.3 Hz,J = 1.9 Hz, 1H, 6-H), 7.69 (dl = 8.3 Hz, 1H,
5-H), 7.80 (dJ = 8.6 Hz, 1H, 7H), 7.86 (dd,J = 8.6 Hz,J= 1.8 Hz, 1H,

&31), 8.10 (d,J = 1.8 Hz, 1H, 4H), 8.83 (d,J = 1.9 Hz, 1H, 2-H), 11.3 (s,

1H, -NH-CO-). FAB MS (Glycerol)m/z 512 [M+H-Na-SGQNa], 592
[M+H-Na]~, 614 [M-NaJ, 636 [M-H], 706 [M+Gly-NaJ, 798 [M+2Gly-
NaJ .

C27H21NsN&p07S2 (637.61).
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