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The preparatron of an optlcally pure bls-des-hydroxy, bls-des-methoxy analog (3a) of the Abstract 

antitumor antIbIotIc CC-1065 (1) IS described This compound drsplays a slgnlflcantly lower Induced 

circular dlchrolsm m the presence of DNA than does 1, Indicating that the protected g-catechol 

substltuents of 1 are important m stablllzmg Its non-covalent bmdmg to DNA. Biological actlvltles of 

1 and 3a. however, are slmllar, Including the unusual phenomenon of delayed death In mice 

Studies on the non-covalent bmdmg and covalent bondmg of the potent antitumor antIbIotIc, 

CC-1065 (l), to DNA are unvellmg a fascinating picture of molecular recognition with attendant 

lmpllcatlons for bIologIcal effects ’ Our studies with analogs of 1 have Identified structural features 

of this class of agents which are Important for bIologIcal properties 1) the chlrallty of the 

cyclopropyl ring, 2) the electrophlllc reactivity of the left-hand segment, 3) the rmg size of the central 

segment (presumably affecting conformatlonal adaptablllty), and 4) the contour and length of the 

central and right-hand segments (determmmg hydrophobic and van der Waals interactions m the 

DNA minor groove) * One important compound developed In our analog program IS shown by 

structure 2 This compound matches the high potency of 1, but shows greatly superior antltumor 

efficacy m animal models and, In contrast to 1, does not cause delayed death m mice 3 

To further explore the structural basis for the divergent bIologIcal propettres of 1 and 2, we 

targeted for synthesis the tetradesoxy analog 3a In view of the slgnlflcant DNA binding (as reflected 

by DNA-induced circular dlchrolsm) of slmpllfled structures lrke 2,* as well as modelmg of the 

interaction 1 with DNA,lasc we surmised that close groove complementanty of the hydrophobic, 

concave surface of 1 was primarily responsible for its exceptional DNA bmdmg parameters We 

anticipated that 3a. which shares this hydrophobic surface, should closely match 1 with respect to 

DNA bmdmg Recent crystallographic studies pointing to the importance of hydrophobic and van 

der Waals forces m the interaction of netropsln with the minor groove of DNA4 encouraged this 

view According to this rationale the modified g-catechol substltuents In the middle and right-hand 

segments of 1 appeared not to be critical m DNA binding Furthermore, these substltuents seemed 

likely culprits m the delayed toxicity of 1, possibly via oxldatlve pathways 5 
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Scheme 1 Illustrates several strategies for the synthesis of 3a, based on the couplmg of central 

and right--hand segment carboxyhc acids to the nascent left-hand segment, the optrcally pure 7a 

generated by deprotectlon of 7b 6 A “sequentlal” strategy proved most successful Thus, the 1,2- 

dlhydro-3H-pyrrolo[3,2-e] lndole 4, prepared as previously descrlbed,7*8 was converted to 5b with 

BOC-ON@ in 95% yield This was sapomfled to 6b (89%) Slmllarly, 6a was prepared by the reaction 

of 4 with potassium cyanate In acetic acid (52%), followed by saponification of 5a (60% after 

chromatography) g Freshly prepared 7a (from HCI deprotectlon of 0 16 mmol of 7b) was condensed 

with 1 eq of 6b In the presence of 2 eq of 1-ethyl-3-(3-dlmethylamlno propyl)-carbodllmlde 

hydrochloride (EDC) In DMA This afforded 8 In 58% yield, after chromatography Removal of the 

BOC group with anhydrous HCI In ethyl acetate, followed by EDC promoted condensation with 6a In 

DMA gave, after chromatography, a mixture of 9a and 3a Cycllzatlon with tnethylamme in aqueous 

acetonltrlle afforded 3a (60°h from 8) lo 

We also explored a convergent approach analogous to that used In the synthesis of 1 6 

Condensation of 4 with 6a, followed by saponlflcatlon, afforded 10ag (70% from 4) Repeated 

attempts to condense this highly Insoluble acid with 7a m DMF or DMA, in the presence of EDC, 

failed to produce more than traces of 9a or 3a To circumvent the extreme msolublllty of lOa, we 

prepared lob by the condensation of 4 with 6b, followed by saponlflcatlon Although lob resisted 

purification attempts, It did condense with 7a in DMA, In the presence of EDC Extraction and 

chromatography afforded a mixture of 9b and 3b, which was converted to 3b with trlethylamme 

(17% yield from 7b) Ring opening and removal of the BOC group with HCI, followed by reaction 

with potassium cyanate In acetic acid, gave an Impure preparation of 9a Cycllzatlon with 

tnethylamme, followed by reverse phase chromatography, gave 3a In about a 60°h yield from 3b, but 

the purity by this route remained unsatisfactory 

Table 1 compares some DNA binding and bIologIcal properties of 1,2,3a and 3b Contrary to 

our expectations, 3a showed only a slightly higher DNA induced circular dlchrolsm (ICD) than did 2, 

and far short of 1 This result suggests that the oxygen substltuents of the mlddle and right-hand 

portions of 1 are more Important In promotmg a tight binding complex with DNA than we had 

previously appreciated The lower ICD of 3b may reflect stenc InhIbItIon to bmdmg In the DNA minor 

groove The bIologIcal properties of 3a and 3b, on the other hand, resemble those of 1 much more 

than of 2 Not only do the addItIonal ethylene bridges on the central and right-hand mdole units 

correlate with a loss of curative actlvlty against P388 leukemia, but they also correlate with the 

unusual delayed death phenomenon shown by the natural product Thusthe g-catechol substltuents 

of 1 are not required for the expression of this toxlclty 
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Table 1 DNA Bmdmg and Bloactwties 

Compound 
P388 m vwoc 

lCDa 
xl o-3 IDsob 

%ILS 0 D 

1 280 0 05 62 0 10 yes 

2 120 0 004 (4) 0025 no 

3a 128 0 05 77 0 10 yes 

3b 65 0 006 67 0 10 yes 

a ICD = Induced circular dlchrolsm, expressed as molar elhptlccty 11 x 105M calf-thymus DNA, 0 85 x 10-S M drug, 0 01 
y phosphate, pH 7 2, 25 “C, 24 hr, at long wavelength X max b ID50 = nanomolar concentration of drug required to 
mhlblt, by 50%, the growth of munne L1210 cells in a 3 day assay c 
mtrapentoneally with lo6 P388 leukemia cells 

Drug given mtrapentoneally to mice Implanted 
%lLS = percent Increase In life span of treated mice over that of control 

tumored mice, atthe optimal dose Parentheses Indicate >30 day survivors, or cures, out of a group of 6 0 D = opttmal 
dose In mg/kg/mjectlon on a days 1, 5, and 9 schedule d Therapeutic doses of drug admcnlstered mtravenously to non- 
tumored mice, and followed for 90 days Most deaths occurred between 40 and 50 days followmg drug admmlstratlon 
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