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The design and synthesis of bis 1-chloromethyl-5-hydroxy-1,2-dihydro-3H-benz[e]indole (seco-CBI)-pyrrole polyamide conjugates (13, 17) as
DNA minor groove binding agents are described.

Sequence-specific DNA alkylating agents have played an CC-1065 alkylates B-DNA reversibly with a high sequence
important role in molecular biology and human medicine in selectivity at AT regions of the minor groove sites ¢fdb
cancer chemotherapy. The cyclopropylindole class of anti- (A/IGNTTA)-3' and 5'-d (AAAAA)-3', by the N-3 position
tumor antibiotics, exemplified by CC-1065 and duocarmycin of the 3-adenine by the cyclopropylindole unit present in
A (Figure 1), is the parent member of a potent class of the moleculg!~12

naturally occurring antitumor antibiotics that exert their =~ Compared with other anticancer agentyC-1065 has
biological properties through the sequence-selective alkyl- a high bioactivity and is 400 times more potent than
ation of DNA110 Cellular investigations have shown that
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Figure 1.

10 000 times higher than that of CC-1065 against KB human
cancer cell$® Studies also have shown that some synthetic
compounds, which contain two CPI moieties linked from
two positions by a flexible methylene chain of variable
length, are significantly more potent than CC-1065 both in
vitro and in vivo?®

Prevously we reported the synthesis and biological evalu-
ation of seco-CBI dimers against nine types of cancer cells.
Certain examples showed significant activity against CCRT-
CEM, HL-60 (TB), MOLT-4, leukemia, CNS cancer,
melanoma, and prostate cancer cell lines witg,@alues
<0.01um.t®

To our knowledge no attempt has been made to synthesize
bis 1-chloromethyl-5-hydroxy-1,2-dihydrd=-BbenzE]indole
(seco-CBl)-pyrrole polyamide conjugat&s8, 17 (bis seco-
CBI pyrrole polyamide dimers). To investigate the structure
activity relationship systematically, we have designed and

doxorubicin, 80 times more potent than actinomycin D, and synthesized biseco-CBI pyrrole polyamide dimers, which
about twice as potent as maytansine against L1210 leukemiacontain two racemic CBI moieties linked from two different

cells in vitro. Despite its high potency CC-1065 cannot be positions with pyrrole polyamide by a flexible methylene
used in humans because it was found that it caused delaye&hain of variable length.

death in the experime_ntal animals. Because of the unique |, our previous work theeceCBI moiety was synthesized
structure and properties of these natural products, manyby using the following convenient route in good yield.

chemists were stimulated to synthesize derivatives andDeprotonation of carbamatk!” using NaH, followed by

analogues of CC-1065 and duocarmycins with better anti-
tumor selectivity and DNA-sequence-specific binding prop-
ertiest®in an attempt to avoid the undesired side effects while
retaining potency against tumor celflsAs a successful
example of modification of 1,2,8,8a-tetrahydro-7-methyl
cyclopropalc]pyrrolo[3,2-e]indole-4-one (CPI), the DNA
alkylating moiety of CC-1065, Boger first reported that the
simplified moiety, 1,2,9,9a-tetrahydrocyclo-propienzo-
[elindole-4-one (CBI) and its analogues were more stable
and more potent than the CPI counterpétts.

In addition, studies on netropsin, distamycin, and related

alkylation of the resulting anion with 1,3-dichloropropene
in the presence of phase transfer catalysiNBugave an
mixture of Z and E isomers of vinyl chloride2. Selective
reduction of the nitro group a2 using hydrazine provided
amine 3, the desired precursor for the intramolecular aryl
radical cyclization on to a tethered vinyl chloride. A
deoxygenated solution & in dry benzene was heated at
reflux for 15 h in the presence of 2 equiv of £#8nH and a
catalytic amount of AIBN to give the bifunctionalizegco-
CBI prodrug4. To deactivate the amine group at the C7
position by reaction with acetyl chloride almost quantitatively

compounds have led to the concept of polyamides asig afford its acetyl derivativé (Scheme 1).

information reading agent8 A predominantly 4-5 AT base

pair sequence is recognized by netropsin and distamycin in

the minor groove of DNA. In our group attempts have been
made to link CP¥ and CBF with polyamides, which are
well-established DNA minor groove binders, to improve their

pharmacological properties and potencies. We found that

certain CPI-polyamide conjugates exhibit potency up to
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a(i) NaH; (ii) CICH=CHCH,CI, BuNI; (iii) hydrazine hydrate,
FeCk, C; (iv) BusSnH, AIBN; (v) CH;COCI, DIEA.
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Treatment of theseco-CBl4 with 1.0 equiv succinic
anhydride in the presence of triethylamine in dry THF at
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60 °C provided acid6 in 80% yield. This acidb was then introducing a more nucleophilic primary amine moiety in
coupled with the amine moiety of pyrrole polyamide® the seco-CBI4 through a suitable linker.

using EDCI and HOBt as the coupling agents, in dry DMF  Condensation of theeco-CBI4 in the presence of EDCI
at room temperature for about 12 h to afford the correspond-and HOBt in dry DMF at room temperature with 1.0 equiv
ing coupledseceCBI polyamide methyl ested in 80% yield, N-Fmoc glycine gave compourid in 70% yield. Detach-
which upon hydrolysis with 1 N NaOH at room temperature ment of the Fmoc group froriO with TBAF in dry THF,
produced the correspondisgceCBI polyamide acid com-  followed by coupling with 1.0 equiv obeceCBI poly-
pound9 in 70% yield. The corresponding amino compound amide acid using EDCI and HOBt as the coupling agents
was then prepared by hydrogenation of the correspondingin dry DMF at room temperature for about 12 h afforded
nitro polyamide. ThiseceCBI polyamide acid® was treated  the corresponding coupled bseceCBI polyamide12 in
with the seco-CBI prodrugd under standard EDCI/HOBt  70% vyield. Hydrogenolysis of the bseco-CBI polyamide
coupling conditions and via its acid chloride route (Scheme 12 in THF with 4.0 equiv of ammonium formate in the
2). Unfortunately both reactions failed to produce the presence of PdC for abod 2 h toremove the benzyl ether
almost quantitatively provided the final €7 bis seco-
CBI pyrrole polyamide dimerl3 2! in 80—90% yield
(Scheme 3).
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2 (i) N-FmOC glycine, EDCI, HOBt, DMF, tt; (i) TBAF, THF,
(i) Succinic anhydride, THF, rt; (i) EDCI, HOBt, DMF, rt; & (i) 9, EDCI, HOBL DMF, 1t; (iv) HCOONH, Pd/C,
(iiiy 1'N NaOH, THF/MeOH (1:1), rt; (iv) EDCI, HOBt, DMF, rt; ~ 1HF: It
(v) DCC, HOBt, DMF, rt; (vi) EDCI, DMF, rt; (vii) (1) TBDMS,
imidazole, rt, (2) oxalyl chloride/DCM OC, (3) EgN, THF, rt.

Acid-mediated deprotection of the Boc group frdin
followed by coupling with 1.0 equiv di-Boc glycine under
desired product because of the less reactive aromatic aminastandard EDCI/HOBt coupling conditions in dry DMF
group of theseco-CBI4. In that case we needed to increase
the reactivity of the amino group at the C7 position by (21 Spectral data for compourd: *H NMR (300 MHz, DMSO¢k) 6
1.52 (s, 18H, 2« Boc-H), 2.56—2.70 (m, 4H, % CH,CO—), 3.81 (s, 3H,

—NCHj), 3.82 (s, 3H,~NCHg), 3.85 (s, 3H,~NCHj3), 3.90-4.10 (m, 12H,
(18) (a) Mitchell, M. A.; Johnson, P. D.; Williams, M. G.; Aristoff, P. Cl, 2-H, 2 x CH.CI, 2 x CHzN, NHCHy), 6.88 (d, 1HJ = 1.8 Hz, Py-H),

A. J. Am. Chem. S0d.989,111, 6428. (b) Mitchell, M. A.; Kelly, R. C; 6.96 (d, 1H,J = 1.8 Hz, Py-H), 7.05 (d, 1H) = 1.8 Hz, Py-H), 7.18 (d,
Wicniensky, N. A.; Hatzenbuhler, N. T.; Williams, M. G.; Petzold, G. L.; 1H,J = 1.8 Hz, Py-H), 7.24 (d, 1HJ = 1.8 Hz, Py-H), 7.26 (d, 1H,
Slihgtom, J. L.; Siemieniak, D. Rl. Am. Chem. S0d.991,113, 8994. J = 1.8 Hz, Py-H), 7.597.75 (m, 6H, 2x C4—H, C7—H, C8—H),
(29) (a) Jia, G.; lida, H.; Lown, J. WHetrocycl. Commurl999,5, 467. 8.32 (m, 1H, NHCHy), 8.40 (s, 2H, 2x C6—H), 9.89 (s, 1H), 9.91 (s, 1H),
(b) Jia, G.; Lown, J. WBioorg. Med. Chem2000,8, 1607. 9.95 (s, 1H), 10.09 (s, 1H), 10.12 (s, 1H), 10.30 (s, 1H), 10.32 (s, 1H).
(20) (a) Lown, J. W.; Krowicki, K.J. Org. Chem1985,50, 3774. (b) ES-MSm/zcalcd for GoHesN11012CloNa 1224.40, found 1224.40 (M
Zhao, R.; Lown, J. WHeterocyclesl995,41, 337. Nat).
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a(i) 4 M HCl in dioxane, rt, 2 h; (ii)N-Boc glycine, EDCI, HOBt,
NaHCGQ;, DMF, rt; (iii)) 4 M HCI in dioxane, rt, 2 h; (iv)9, EDCI,

HOBt, NaHCQ, DMF, rt; (v) HCOONH,, Pd/C, THF, rt.

afforded compound4 in good yield. Detachment of the Boc
group from14, followed by coupling with 1.0 equiv afece
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CBI polyamide aci® using EDCI and HOBt as the coupling
agents in dry DMF produced benzyl-protected-<ING bis
seco-CBI pyrrole polyamide dimet6 in 60—70% vyield.
Treatment ofL6 with ammonium formate in the presence of
Pd—C for about 2 h provided the final €N3 bis seco-
CBI pyrrole polyamide dimed 7?2 in 80% vyield (Scheme
4).

In summary, we have described the first synthesis of the
bis 1-chloromethyl-5-hydroxy-1,2-dihydrd-BbenzE]indole
(seco-CBl)-pyrrole polyamide conjugatd8 and 17 (bis
seco-CBI pyrrole polyamide dimers). Results on the DNA
sequence preferences and biological evaluation will be
reported in due course.

Acknowledgment. The research was supported by a grant
to JW.L. from the Natural Sciences and Engineering
Research Council of Canada.

OL020047K

(22) Spectral data for compoudd: 'H NMR (300 MHz, DMSO¢g) 6
1.52 (s, 9H, Boc-H), 2.04 (s, 3H, GBON), 2.58—2.70 (m, 4H, 2«
CH,CO-), 3.81 (s, 3H,—NCHj3), 3.82 (s, 3H,—NCHjs), 3.85 (s, 3H,
—NCHs), 3.90—4.40 (m, 12H, CI, 2-H, % CHyCl, 2 x CHzN, NHCHy),
6.88 (d, 1H,J = 1.5 Hz, Py-H), 6.96 (d, 1H) = 1.5 Hz, Py-H), 7.05 (d,
1H,J = 1.5 Hz, Py-H), 7.16 (d, 1H) = 1.5 Hz, Py-H), 7.23 (d, 1H] =
1.5 Hz, Py-H), 7.26 (d, 1H) = 1.5 Hz, Py-H), 7.66-7.79 (m, 5H, 2x
C8, C9—H, C4—H), 7.90 (d, 1H, C4—H), 8.20—8.30 (m, 1H, NHgH
8.35—8.42 (m, 2H, 2 C6—H), 9.91 (s, 1H), 9.94 (s, 1H), 10.03 (s, 1H),
10.05 (s, 1H), 10.07 (s, 1H), 10.14 (s, 1H), 10.32 (s, 1H). HR-ESMS
calcd for G7HsoN11011CloNa 1166.367, found 1166.368 (M Na').
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