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Abstract: The effects of functional group changes on the metabolism of novel quinolinequinones by
recombinant human NAD(P)H:quinone oxidoreductase (NQO1) are described. Overall, the quinolinequinones
were much better substrates for NQO1 than analogous indolequinones, with compounds containing heterocyclic
substituents at C-2 being among the best substrates. © 1999 Elsevier Science Ltd. All rights reserved.

NAD(P)H:quinone oxidoreductase (NQO1) is a cytosolic (>90%), two-electron reductase that is
characterized by its capacity for utilizing either NADH or NADPH as reducing cofactors and by its inhibition by
dicumarol.] NQOL is generally categorized as a detoxification enzyme, and it can protect the cell from a broad
range of chemically reactive metabolites.2 NQO1 reduces quinones to hydroquinones bypassing the potentially
toxic semiquinone radical intermediates.3

NQOI can also function as an activating enzyme for the reductive activation of antitumor quinones and
other cytotoxic bioreductive agents. NQOI has been found to be markedly overexpressed in tumors of the
colon, breast and lung relative to normal tissues.# This suggests that bioreductive agents which are activated by
NQOI may be selectively toxic to those tumors. We have recently examined the relationship between the
structure of several series of novel indolequinones, their metabolism by recombinant human NQOI1 and their
toxicity to a non-small cell lung cancer (NSCLC) cell line with high NQO!1 activity (H460) versus a tumor cell
line with undetectable NQOI activity (H596).5 As expected, the best substrates for NQO1 were also the most
toxic to the high NQOI1 cell line when compared to the NQO1-deficient cell line.5

Streptonigrin (SN) 1 is a quinolinequinone antitumor antibiotic which has activity against a broad range
of tunors.® SN was studied clinically in the 1960s and 1970s as an antitumor agent, but its use was limited by
reports of delayed myelotoxicity.” Nevertheless, positive results were reported for SN both as a single agent8
and in combination chemotherapy.® Hydroxyl radical (OH) production following reduction of the
quinolinequinone moiety of SN leads to DNA degradation and cytotoxicity, and an SN-metal-DNA complex is
thought to be involved.10 SN is an excellent substrate for NQO1, and we have previously shown that it is
selectively toxic to colon!! and lung!? cell lines with elevated NQO1. This report is the first to examine the

' Preliminary results presented at 1999 Society of Toxicology Annual Meeting.
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effects of functional group substitutions on the metabolism of a range of novel quinolinequinones 2 by
recombinant human NQOI1.

OCHj

The starting material for the synthesis of the quinolinequinones 2 was the commercially available 6-
methoxyquinoline. Thus nitration at C-5, followed by reduction of the nitro group, and oxidation of the
resulting 5-aminoquinoline with Fremy's salt gave the 6-methoxyquinoline-5,8-quinone 2a (Scheme).
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2k R = 2-benzofuranyl (20%)

Scheme.

Subsequent displacement of the methoxy group with pyrrolidine gave the quinone 2. The 2-substituted
quinolinequinones 2 were prepared from the 2-chloro compound 2b, itself obtained from 6-methoxyquinoline
as outlined in the Scheme. Palladium(0) catalysed coupling of the 2-chloroquinolinequinone 2b with a range of
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arylboronic acids or arylstannanes under standard Suzuki or Stille conditions gave the desired 2-substituted
quinolinequinones 2 in modest yield.

Metabolism of the quinolinequinones 2 (Table) by purified recombinant human NQO113 was studied
by reversed-phase HPLC using a standard assay. The system is designed to quantify both NADH oxidation
and quinone reduction. The reduced quinolinequinones (hydroquinones) react efficiently with molecular oxygen
to regenerate the parent quinone so quinone reduction was undetectable. On the other hand, NADH oxidation is
irreversible in this assay and was used for comparison of reduction velocities.

Table.  Metabolism of quinolinequinones 2 by recombinant human NQO1.

o}
X X
N"R
o]
Compoun X R Metabolism
d (Lmol/min/mg)
NADH

oxidation

1 47.4+11.5
2a OMe H -58.7+£18.5

2b OMe chloro 100432
2¢c OMe phenyl 28.8%+7.9
2d OMe 4'-methylphenyl 19.2+7.7
2e OMe naphth-2-yl 14.0£5.2

2f OMe naphth-1-yl 25.1%5.1
2g OMe 4'-phenyl-C¢H, 4.75%1.01
2h OMe pyrid-2-yl 50.5%10.6
2i OMe 5'-methylpyrid-2-yl 45.7£13.4

2j OMe thien-2-yl 32.1£7.8
2k OMe benzofuran-2-yl 33.3+16.8

21 pyrrolidin-1-yl H 26.2%1.1

The novel quinolinequinones were much better substrates for recombinant human NQOI1 than similar
indolequinones (e.g. 2a was reduced at a rate of 58.7+18.5 pmol/min/mg whereas 5-methoxy-1,2-
dimethylindole-4,7-dione> was reduced at a rate of 5.3140.93 pmol/min/mg). Substitution at the 2-position
with phenyl 2¢, methylphenyl 2d, naphthyl 2e and 2f or biphenyl 2g yielded the lowest reduction rates, while
heterocyclic substituents such as pyridyl 2h, methylpyridyl 2i, thienyl 2j and benzofuranyl 2k were much
better substrates. The 2-chloro compound 2b produced the highest reduction rate. Surprisingly, the 6-
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pyrrolidinyl compound 21 was a good substrate for NQO1 despite the fact that the amine substituent has been

shown to deactivate the quinone ring in other series.’

In conclusion, we have established that quinolinequinones are excellent substrates for recombinant

human NQO1. The guinolinequinone structure appears to be a good starting point for the design of NQO1-

directed bioreductive antitumor drugs. Further studies are underway.
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