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SUMMARY: The blsdmzomum compound 1 has been shown to cleave DNA at concentrations as low as 0 1 

pM Evtdence IS presented to mdtcate that 1 IS bmdmg to the mmor groove of DNA, and that brndmg may be responstble 

for Its effectiveness as a DNA cleavmg reagent 

Smce the dlscovery of the enedlyne antxancer anttblotlcs, research m thts area has focused prlmanly on the design 

and synthesis of sample enedlyne structures that can generate benzenoid dtrad&s *ia the Bergman cychzatton t The use 

of non-enedlyne precursors for the generatlon of benzenold dlradlcals, however, are rather rare 2 In this commumcatton 

we report the design, synthesis, and actlvtty of a blsdl~~~nlurn salt We show that such molecules are available through 

simple synthetic transformations, and that they may be deslgned to bmd and cleave duplex DNA under a variety of 

condltlons 

NSC-101327 

Figure I: The d(A*T)-spectflc, mmor groove bmdrng drug NSC-101327 and the deslgned blsdl~onium compound 1 

The d(AT)-specific, mmor groove brndmg drug NSC-101327 (Figure 1) served as a model for the desggn of 

our blsdlazomum compound 1 3 Its central part, which has been suggested to be mvolved m specific hydrogen bondmg 

to dAdT pairs, was retamed rn 1 However the two pyndmrum units, which are believed to be responsible for water 
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solub~l~ty and Interaction with the negattvely charged phosphodtester backbone, were repfaced by two dmzomum umts 

capable of functlonrng m the same way Thus, It IS reasonable to assume that 1 ~111 be slmllar to NSC-101327 m INS 

mteractron with duplex DNA 

The synthesis of i IS desxbed m Scheme 1 4 The amme function of the commercially avallabie 3-mtroamlme was 

protected with the tert-butylosycarbonyl (BOC) groups and hydrogenated (3 atm Hz, 10% Pd-C) to obtam 3 (90%) 

Thrs, on treatment with 4-mtrobenzoyl chlortde (80%), followed by hydrogenation as before (780/o), yielded 5 Heatrng 5 

with 0.5 equlv of terephthaloyi chlonde m pyrldme afforded 6 (74%) Deprotectlon (CF$OOH, YK), followed by 

dtazottzation (~soamyl nItrite m xettc acid), completed the synthesis of I 
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Scheme 1. Synthesis of 1 Reagents and condltlons a) dr-tert -butyl dlcarbonate, pyndme, 80°C, 12 h, 90%, b) 3 atm 

Hz, 10% W-C, ethanol, ZYC, 6 h, c) 1 eqmv 4-mtrobenzoyi chloride, pyrldme, 80°C, 12 h, 80%, d) 0 5 equlv 

terephthaloyl chloride, pyrtdme, 80°C, 12 h, 74%, e) trifluoroacetlc dud , 2.FC, 1 h, loo%, f) 2 equlv lsoamyl mtnte, 

acetic acid, 15OC, 15 mm , 854 
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We first mvestlgated the capabdlty of 1 to undergo a double Sandmeyer reactlon Reaction with 1soamy1 mtnte m 

acetic acid, followed by the addltlon of potassmm iodide produced the correspondmg duodlde m 85% yield AIthough 

gratlfymg, given the mechamstlc uncertainty of the process,7 a successful Sandmeyer reactlon does not demonstrate the 

Intermediacy of a dlradlcal It only shows that 1 might be capable of generatmg an mtermedlate or IntermedIates that 

cleave DNA. 

The ability of 1 to cleave DNA was mvestlgated usmg the supercolled @X174 (Form I) of DNA (Rgure 2) We 

performed several expenments to determme optimum condltron(s) for efficient DNA cleavage, and the results were 

probed by electrophoresls. Of the reducmg agents exammed (Fe 2+, I-, and Cu+), cuprous salts produced the best results 

(data not shown) In addltlon, usmg such controlled experiments as DNA alone (lane l), DNA + CuCl (lane 2), DNA + 

l(lane 3), DNA + 1 + CuCl (lanes 4 and 5), and DNA + 1 + CuCl + dlstamycm A (lane 7), we have shown that DNA 

cleavage occurs only when both components (I e., 1 and cuprous chloride) are present In addltlon, we have also found 

that photolytlc actlvatlon of 1 leads to DNA cleavage (lane 6) 8 Under both condltlons, the Form I band of a solution 

contaming 0.25 Kg @X174 DNA (14 nM) dlsappeared completely m the presence of 0 1 FM 1 and 0.3 pM cuprous 

chlonde or Light Thus actlvlty IS comparabIe to those of the most efficient enedlyne mlmlcs reported to date t 

We have also found that the addrtlon of dlstamycm A, a d(A.T) - specific mmor groove bmder that IS known to 

displace NSC-101327 from duplex DNA,3 suppressed the DNA cleavage (lane 7) This IS a clear mdlcatlon that, under 

our expenmenta1 condltlons, 1 1s most likely bmdmg to the mmor groove of DNA, and that bmdmg may be contnbutmg 

to the effectiveness of DNA cleavage Smce cuprous salts and light are beheved to generate benzenold dlradlcals and 

dlcatlons, respectively, from blsdmzomum compounds,7 we also expect then DNA cleavage mechamsms to be different 

Such mechamstlc questlons as well as the andlysls of the mteractlon of DNA with 1 are currently underway m our 

laboratones, and these ~111 be reported m due course 

Figure 2 Cleavage of @X174 supclcolled Drl”;r by 1 Solutmns contamed 0 25 ng of @X174 supercoIled DNA (14 nM) 

m 40 mM Tns-acetate, pH = 8 2 contammg 1 mM of EDTA Unless IndIated, til DNA cleavage reactlons were run for 1 

h at 25oC, and electrophoresls was conducted at 5OV (3 0 h) on d 0 7%’ agarose gel In the presence of ethldlum bromide 

(From left to nght) lane 1, control @X174 DNA, lane 2, DNA + CuCl (3 CLM), lane 3, DNA + 1 ( 1 PM), lane 4, DNA + 

CuCl(3 PM) + 1 (1 PM); lane 5, DNA + CuCl (0.3 PM) + 1 (0 1 yM), lane 6, DNA + hu + 1 (0 1 ELM), 1 mm , lane 7, 

DNA + CuCl (3 CLM) + 1 (1 FM) + dlstamycm A (100 k&M) Form I - supercolled DNA and Form II - relaxed DNA 

(smgle-strand cleavage) 



7826 

1 

2 

For reviews, see: (a) Ntcolaou, K C , Dal, W -M. Atigetv. Chem. Ita. Ed. Ettgt. 1991X 1387, (b) Goldberg, 

I. H. Act. Cherrr. Res. 1991, 24, 191; (c) Lee, M D , Eliestad, G A , Borders, D B. Ace. Chem. Res. 1991, 

24, 235, (d) Ntcolaou, K C , Smtth, A L Act. Chetn. Re5. 1992,2.5, 497 (e) Dedon, P. C., Goldberg, I. H 

in C. L. Propst and T. J. Perun (Ed ) Nucleic Acid Targeted Drug Design, Marcel Dekker, Inc., New York, 

1992, 475. 

(a) Grtfftths, J.: Murphy, J. A. J. Chettt. SOL, Chetn. Cottttttutr. 1992, 24, (b) Bregant, T. M., Groppe, J., 

Ltttle, R. D. Divistott of Organic Chemistry Abstract #414, The 206th Atnencatt Chetntcal Society National 

Meeting, Chmgo, Ilbnots, August 22-27, 1993. 

3 

4. 

5 

6 

7 

(a) Burckhardt, G ; Ztmmer, Ch ; Baguley, B. J. Btotttolec. Str. Dytt. 1987, 4, 813, (b) Luck, G ; Remert, K 

-E.; Baguley, B , Ztmmer, Ch J. Btotttolec. Str. Dytt. 1987, 4, 1079 

All new compounds ga\ e conststent spectraI and analyttcdl data. Selected tH NMR data for new compounds (m 

de-DMSO). 269.91 (lH,s,NH),777(lH,d, J=78Hz),774(1H, pseudo t, J=69Hz),771 (lH,s), 

7.68 (lH, d, J = 6.9 Hz), 179 (9H, s), 3 6 9.09 (lH, s, NH), 6.84 (lH, dd, J = 7.8, 7 2 Hz), 6.81 (lH, s), 

654(1H,d, J= 72 Hz), 6.17(lH, ddd, J= 78, 2.1, 09Hz), 1.53 (9H, s), 46 1066(1H, s, NH), 9.42 

(lH, s, NH), 8.39 (2H, d, J = 8 1 Hz), 8 18 (2H, d, J = 8 1 Hz), 7 70 (lH, d, J = 6 9 Hz), 7 68 (IH, s), 7 41 

(pseudot,J=6.9Hz),698(1H,d,J=66Hz),l56(9H,s),5b988(lH,s,NH),9.80(1H,s,NH),787 

(2H, d, J = 7.8 Hz), 7 81 (IH, s), 7 35 (IH, m), 6 84 (lH, d, J = 7 2 Hz), 6 60 (2H, d, J = 7 8Hz), 5.62 (2H, 

s, NH& I 41 (9H, s), 6 h 10.60 (2H, s, NH), 10 19 (2H, s, NH), 10 01 (?H, s, NH), 8 18 (4H, s), 8 00 f8H, 

m), 7.80 (7-H, d, J = 6.9 Hz), 7.70 (2H, s), 7 35 (2H, pseudo t, J = 6 6 Hz), 6 92 (?H, d, J = 6.6 Hz), 1 50 

(18H, s); 1 (as bts-trtfluoroacetate salt) b 10 74 (3H. s, NH), 10 46 (3H, s, NH), 8.19 (4H, s), 8 03 (lOH, m), 

7.70 (2H, d, J = 7 2 Hz), 7 4.5 (?H, pseudo t, J = 7 8 Hz), 7 08 (3H, d, J = 7 8 Hz) 
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