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The preparation of 7-amino-242"-pyridyl)quinoline-5,8-quinone-6'-carboxylic acid (4) constituting a poten-
tial minimum, potent pharmacophore of streptonigrin (1) and lavendamycin (2), two structurally-related nat-
urally-occurring antitumor-antibiotic, is detailed. In contrast to observations associated with streptonigrin
and lavendamycin in which the C-6' acid potentiates the antitumor, antimicrobial, and cytotoxic activity of
the naturally-occurring, substituted 7-aminoquinoline-5,8-quinone AB ring systems, the C-6' carboxylic acid
of 4 diminishes the observed antimicrobial and cytotoxic properties of 7-amino-2+(2"-pyridyl)quinoline-5,8-
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quinone.
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Streptonigrin (1), a highly substituted and highly func-
tionalized quinoline-5,8-quinone first isolated from Strep-
tomyces flocculus [2,3), has been shown to possess potent
cytotoxic properties, confirmed broad spectrum antitumor
activity, in vitro and in vivo antiviral properties, and dis-
plays potent, broad spectrum antimicrobial properties [3].
Its potential, widespread clinical use has been precluded
only by its potent toxicity which is derived from sever bone
marrow suppression [4]. Continued and recent efforts have
explored the clinical use of streptonigrin in combination
chemotherapy with agents including vincristine, predi-
sone, and bleomycin [5].

The antimicrobial and antitumor properties of lavenda-
mycin (2), an antitumor-antibiotic recently isolated from
Streptomyces lavendulae and shown to be structurally and

biosynthetically related to streptonigrin, have been exam-
ined and with notable exceptions it was found to be com-
parable albeit less potent than streptonigrin in its ob-
served spectrum of activity [6).

Present efforts have shown that streptonigrin cellular
toxicity may be attributed to the depletion of NADPH/
NADH [3], the uncoupling of oxidative phosphorylation,
and/or the single-strand cleavage of DNA [3,7]. This latter
effect, which disrupts DNA synthesis and which has been
studied in cell free systems, has been actively pursued as
the potential mechanism of streptonigrin antitumor acti-
vity [3,7-17].

The streptonigrin induced cell-free, single-strand clea-
vage of covalently-closed circular-DNA (ccc-DNA) [8-10] re-
quires: (1) an apparent, in situ reduction (NADH activa-
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tion [7-14], AB quinoline-5,8-quinone — AB hydroqui-
none/semiquinone radical), (2) is facilitated by the pre-
sence of metal cations including copper(lI) and iron(Il)
[8-12,15], (3) is inhibited completely by the addition of eth-
ylenediaminetetraacetic acid [8-11,15], (4) requires the pre-
sence and assumed activation of molecular oxygen [8-15],
and (5) is inhibited by superoxide oxidoreductase (EC
1.15.1.1) and hydrogen peroxide oxidoreductase (EC
1.11.1.6) [8-11]. Conflicting reports of direct and indirect
experimental evidence which suggest the (lack of) associa-
tion or intercalation of streptonigrin with double-stranded
DNA in the (absence) presence of divalent metal cations
continues to cloud the potential mechanism for streptoni-
grin induced DNA cleavage [7,8,12,16-18].

Consequently, two distinct mechanisms have been ad-
vanced to accomodate the streptonigrin-induced single-
strand cleavage of DNA, streptonigrin cellular toxicity,
and presumed mechanism of antitumor activity: (1) the di-
rect participation of streptonigrin as its hydroquinone in
the reductive generation of free, diffusable hydroxyl radi-
cal (‘OH) from molecular oxygen proximal [12] or distal
[8-10] to DNA or; (2) the direct, covalent interaction of the
intermediate streptonigrin semiquinone radical with dou-
ble-stranded DNA [7].

Early, limited studies employing derivatives of strepto-
nigrin [19,20] defined the structural components required
(7-amino-6-methoxyquinoline-5,8-quinone) for in vitro and
in vivo cytotoxic, antitumor, or antimicrobial activity as
well as those which appear to potentiate (C-6' carboxylic
acid, C-3' amine) the activity of the naturally occurring
agent and led Rao to propose I as the potent, active phar-
macophore of the naturally occurring material [20). Exten-
sive investigations focusing on streptonigrin partial struc-
tures [2]a] including Rao’s preparation of 3, lavendamy-
cin partial structures [21b], as well as simple, substituted
quinoline-5,8-quinones [11,15,20-23], or heterocyclic-fused
p-benzoquinones [15,22] have confirmed and defined the
cytotoxic, antimicrobial, and potential antitumor proper-
ties of the simplified quinone systems. In selected in-
stances, an excellent correlation of the reduction potential
of the quinone system and the extent of cell-free single-
strand DNA cleavage has been observed [11,15]. None,
however, have been described to possess the comparable
cytotoxic, antimicrobial, or antitumor potency of strepto-
nigrin despite the enhanced or comparable redox proper-
ties [3,20].

The effective ability for 8-hydroxyquinolines (¢f. strep-
tonigrin — streptonigrin semiquinone radical or hydro-
quinone) to complex divalent metal cations {24], and the
feasible potentiation of the streptonigrin hydroquinone
(8-hydroxyquinoline) metal chelation, oxygen activation
process by the streptonigrin pyridyl N-1'/C-6’ carboxylate
or the acidic C-3' pyridyl amine have provided an attrac-
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tive rationale for the observed cytotoxic, antimicrobial,
and antitumor potency as well as cell-free single-strand
DNA cleavage efficacy of streptonigrin [3,12]. Moreover,
the well-established potentiation of the cytotoxic, antimi-
crobial, and antitumor properties which may be attributed
to the streptonigrin C-6' carboxylic acid (CO,H »
CO,CH, ~ CONHNH,)[3,19), the recognized metal chela-
tion properties of related 2,2 -bipyridyl systems [25,26], as
well as the recent demonstration of the affinity [27,28],
specificity [27,28], and nuclease oxidative cleavage of na-
tive and synthetic polynucleotides promoted by 1,10-phen-
anthroline metal complexes [27] have suggested indirectly
that it is the streptonigrin/lavendamycin pyridyl N-1'/
C-6' carboxylate which may be responsible for the en-
hanced efficacy of the naturally occurring materials [36].

Herein we detail the preparation of 7-amino-2{2"-pyri-
dyl)quinoline-5,8-quinone-6'-carboxylic acid (4) constitut-
ing this potential minimum, potent pharmacophore of
streptonigrin (1) and lavendamycin (2).

Preparation of 7-Amino-2-(2'-pyridyl)quinoline-5,8-qui-
none-6'-carboxylic Acid (4).

The preparation of 7-amino-242'-pyridyl)quinoline-5,8-
quinone-6'-carboxylic acid (4) is based on the application
of the Friedlander condensation [29] of 2-amino-3-(benzyl-
oxy)-4-bromobenzaldehdye (3) [21b] with methyl 2-acetyl-
pyridine-6-carboxylate (6) [30] for quinoline introduction
and assemblage of the carbon framework of 4. The selec-
tion of 3 for use in the Friedlander condensation repre-
sents one in which the 2-aminobenzaldehyde possesses
suitable functionality for pentultimate 7-aminoquinoline-
5,8-quinone introduction [21b] and one in which the Fried-
lander condensation [29] could be anticipated to proceed
uneventfully.

Consistent with expectations, condensation of 2-amino-
3-(benzyloxy)-4-bromobenzaldehyde (3) [21b] with methyl
2-acetylpyridine-6-carboxylate [30] [6, 4.0 equivalents of
Triton B (V-benzyltrimethylammonium hydroxide) [31], te-
trahydrofuran, 0° (1 hour), 25° (3 hours), 94-98%] pro-
vided 8-(benzyloxy)-7-bromo-2-2’-pyridyl)quinoline-6'-car-
boxylic acid (7) directly as the free carboxylic acid,
Scheme I. In situ, methyl ester hydrolysis promoted by
N-benzyltrimethylammonium hydroxide (Triton B) proved
competitive with the base-promoted Friedlander conden-
sation. Efforts to effect the condensation of 5 with 6 em-
ploying limiting quantities of base (Triton-B, 1.0
equivalents) or alternative conditions customarily em-
ployed to promote a Friedlander condensation failed to
provide the methyl ester 8 in competitive conversions [32].
Optimization of the Friedlander condensation and concur-
rent, in situ methyl ester hydrolysis employing excess
Triton-B (4.0 equivalents) provided the carboxylic acid 7
directly in excellent yield (94-98%). Fischer esterification
of 7 (10% hydrochloric acid, methanol, 25°, 18 hours,
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[a] (a) 4.0 Equivalents of Triton B [N-benzyltrimethylammonium hydroxide, tetrahydrofuran, 0-25°, 4 hours, 98%.
(c) Hydrogen bromide (g), methylene chloride, 60°, 10 hours, 97%.
hour. (e) Aluminum amalgam, tetrahydrofuran-water (10:1), 0°, 6 minutes.
utes, 33% from 9. (g) 1.1 Equivalents of sodium azide, tetrahydrofuran-water, 25°, 21 hours, 89%.
(i) Acetic acid, water, tetrahydrofuran (3:2:3), 25°, 12 minutes, 56% from 13. (j) 1.05 Equivalents of sodium dithio-
(k) 7.0 Equivalents of potassium hydroxide, 25°, 1 hour, 90% from 15.

nol, 25°, 18 hours, 85%.

ylene chloride, 25°, 10 minutes.
nite, tetrahydrofuran-water (1:1), 25°, 0.5 hour.

(b) 10% Hydrochloric acid, metha-
(c) 5.0 Equivalents of nitric acid, nitromethane, 0°, 1
(f) 5.0 Equivalents of manganese dioxide, 35% sulfuric acid, 0°, 10 min-
(h) 1.0 Equivalent of triphenylphosphine, meth-

(1) 20 Equivalents Fremy’s

salt, acetone-methanol:0.5M potassium dihydrogenphosphate, 25°, 5 hours, 32%.

85%) followed by O-debenzylation of 8 (hydrogen bromide
(gas), methylene chloride, 60°, 7 hours, 94-97%) [33] pro-
vided methyl 7-bromo-8-hydroxy-2-(2"-pyridyl)quinoline-6'-
carboxylate (9).

Extensive efforts to effect the direct oxidation of phenol
9 t0 the 7-bromoquinoline-5,8-quinone 12 employing con-
ventional [34-36] and recent variants [37] of a Fremy’s salt
oxidation (potassium nitrosodisulfonate) [34] proved mod-
estly successful. As a result of the modest conversion and
the erratic nature (0-30%) of the direct oxidation of 9
[38-40] under even the best conditions devised, a depend-
able, three-step alternative for 7-bromoquinoline-5,8-qui-
none introduction was investigated. Nitration of the free
phenol 9 provided the exceptionally insoluble nitrophenol
10 and subsequent, sequential aluminum amalgam reduc-
tion [41] and manganese dioxide oxidation [42] provided
the reactive 7-bromoquinoline-5,8-quinone 12 as a yellow,
crystalline solid. The combination of aluminum amalgam-

manganese dioxide in the reduction (10 — 11) - oxidation
(11 — 12) sequence detailed in scheme I proved more sat-
isfactory and more convenient than efforts employing a so-
dium dithionite reduction [43] and those using a potas-
sium nitrosodisulfonate [34] or chromic acid oxidation
[37].

Conversion of 7-bromoquinoline-5,8-quinone 12 to the
corresponding 7-aminoquinoline-5,8-quinone followed the
approach developed in conjunction with efforts on the
total synthesis of lavendamycin [21b]. Direct C-7 sodium
azide displacement of the 7-bromoquinoline-5,8-quinone
under carefully controlled experimental conditions in a re-
action which is sensitive to the presence of excess sodium
azide provided the 7-azidoquinoline-5,8-quinone 13. Azide
reduction, which was most effectively accomplished em-
ploying triphenylphosphine [44], provided methyl
7-amino-2-(2'-pyridyl)quinoline-5,8-quinone-6'-carboxylate
(15) in a reduction which proceeds without competitive
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quinone reduction and with the intermediacy of the stable,
characterizable triphenylphosphine imine 14. Efforts to
promote the hydrolysis of 13 to provide 4 directly were un-
successful due to predominant and competitive nucleo-
phile addition to the AB quinoline-5,8-quinone system. In
situ reduction of the quinone to the corresponding hydro-
quinone (16) followed by base-promoted methyl ester hy-
drolysis provided the desired carboxylic acid 4. Oxidation
of hydroquinone 17 to quinone 4 occurs upon workup and
exposure to air [48].

In Vitro Cytotoxic and Antimicrobial Activity.

The in vitro antimicrobial assays were performed using
an agar-dilution/streak assay against seven microorgan-
isms: Staphylococcus aureus ATCC 13709, Escherichia
coli ATCC 9637, Salmonella gallinarum ATCC 9184,
Klemsiella pneumoniae ATCC 10031, Mycobacterium
smegmatis ATCC 607, Pseudomonas aeruginosa ATCC
27853, and Candida albicans ATCC 10231 [45]. The re-
sults (MIC, ug/ml) are detailed in Table I. In vitro inhibito-
ry concentration for 50% cell growth relative to untreated
controls (ICso, ug/ml) for B16 mouse melanoma, L1210
mouse leukemia, P388 mouse leukemia (9PS), and human
epidermoid carcinoma of the nasopharynx (9KB) were per-
formed following established protocols and the results are
detailed in Table I. A comparison of the results obtained
with streptonigrin and streptonigrin methyl ester (Table I,
entry 1-2) reaffirm the potency conveyed by the streptoni-
grin free C-6' carboxylic acid. The 7-aminoquinoline-5,8-
quinone AB ring system is sufficient for observable activi-
ty (Table I, entry 3) and the potency is enhanced by its
substitution with a 2-(2"-pyridyl) group (Table I, entry 4).
In the in wvitro cytotoxic cell culture assays, 7-amino-2-
(2"-pyridyl)quinoline-5,8-quinone proved equipotent with
streptonigrin. Introduction of the C-6' methoxycarbonyl
group diminishes the antimicrobial and cytotoxic proper-
ties (Table I, entry 5). A loss of antimicrobial and cytotoxic
activity was observed with 4 which accompanied the intro-
duction of the C-6" carboxylic acid (Table I, entry 6), onto
7-amino-2-(2"-pyridyl)quinoline-5,8-quinone.

The observed in vitro testing results detailed in Table I
and the lack of activity observed with 4; a potential mini-
mum, potent pharmacophore of the naturally-occurring
antitumor-antibiotics streptonigrin and lavendamycin; in-
directly substantiate the apparent importance of the strep-
tonigrin C-ring N-1' nitrogen and/or C-3' amino substi-
tuent for observable activity. Thus, in contrast to observa-
tions associated with streptonigrin and lavendamycin in
which the C-6" carboxylic acid potentiates the antitumor,
antimicrobial, and cytotoxic activity of the naturally-oc-
curring antitumor-antibiotics, the C-6' carboxylic acid of 4
diminishes the observed antimicrobial and cytotoxic pro-
perties of 7-amino-2-2"-pyridyl)quinoline-5,8-quinone.

Table 1

In Vitro Antimicrobial and Cytotoxic Activity of Natural and Synthetic Quinoline-5,8-quinones [45]

Antimicrobial (MIC, ug/mi)

Cytotoxic (ICso, pg/ml)

9KB

B-16  9PS(P388)

L-1210

C. Albicans P. aeruginosa

ATCC 10231

M. smegmatis
ATCC 607

S. gallinarum K. Pneumoniae

E. Coli
ATCC 9637

S. aureus
ATCC 13709

ATCC 10031

ATCC 27853

ATCC 9184

0.0025
0.53

0.045

0.22

0.48
1.5

0.61
3.1

6.25
> 100

12.5

1.56
> 100

6.25 1.56 0.1
> 100

> 100

0.1
> 100

Streptonigrin

> 100

> 100

Streptonigrin

methyl ester

0.74

0.19

0.14

0.34

50 > 100

50 25 50 12.5

12.5

7-Aminoquinoline-

5,8-quinone

0.0023 0.10

0.26

0.42

100 100 0.78 50 > 100

> 100

3.12

7-Amino-242"-pyridyl)

quinoline-5,8-quinone

0.17

0.90 39

0.40

> 50
> 50

> 50
> 50

6.25
> 50

50
> 50

> 50
> 50

6.25 > 50
> 50

> 50

15

> 10

> 10
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Further studies on the identification of the structural
features of streptonigrin and lavendamycin which are re-
sponsible for potentiation of the observed cytotoxic acti-
vity and their relationship to a chemical mechanism of ac-
tion of streptonigrin are in progress.

EXPERIMENTAL

Proton nuclear magnetic resonance spectra (pmr) were recorded on a
Varian FT-80A, Varian XL-200, Nicolet NT-200, or Nicolet NT-470 and
chemical shifts are reported in parts per million (ppm) relative to internal
tetramethylsilane (0.00 ppm). Infrared spectra (ir) were recorded on a
Perkin Elmer 1420 or a Perkin Elmer 1710 Fourier transform spec-
trometer as potassium bromide pellets. Melting points (mp) were de-
termined on a Thomas-Hoover capillary melting point apparatus and are
uncorrected. Electron impact mass (eims) and chemical ionization mass
spectra (cims) were recorded on a Varian CH-5 or a Finnegan 4000 spec-
trometer. High-resolution mass spectra (hrms) were recorded on a Kratos
MS-50 spectrometer. Chromatography was performed on a 60-200 mesh
silica gel. Tetrahydrofuran and ether were distilled from benzophenone
ketyl. Methanol was distilled from magnesium methoxide. N,N-Dimethyl-
formamide was distilled from calcium hydride. Methylene chloride was
distilled from phosphorus pentoxide. All extraction and chromatographic
solvents; ethyl acetate, hexane, and methylene chloride; were distilled
prior to use. Activated manganese dioxide was obtained from Alfa Pro-
ducts and was dried (150°, 6-12 hours) prior to use. All reactions requir-
ing anhydrous conditions and/or an inert atmosphere were performed un-
der a positive pressure of nitrogen or argon.

Methyl 8(Benzyloxy)-7-bromo-242"-pyridyl)quinoline-6'-carboxylate (8).

A solution of methyl 2-acetylpyridine-6-carboxylate (6 [30), 123 mg,
0.69 mmole, 1.0 equivalent) in tetrahydrofuran (7 ml) was treated with a
40% methanolic solution of N-benzyltrimethylammonium hydroxide
(Triton-B [31], 1.15 g, 2.75 mmoles, 4.0 equivalents) at 0° under nitrogen.
A solution of 2-amino-3{benzyloxy}4-bromobenzaldehyde (5 [21b], 231
mg, 0.76 mmole, 1.1 equivalents) in tetrahydrofuran (1.0 ml) was added to
the reaction mixture. The reaction mixture was stirred at 0° (1 hour) and
at 25° (3 hours), diluted with saturated ammonium chloride (5 ml), and
further diluted with water (20 ml). The precipitated white solid was col-
lected by filtration, washed with water, n-hexane, and the solvent was re-
moved in vacuo to afford the carboxylic acid 7 (280 mg, 299 mg theoreti-
cal, 94%, 94-98%) as a white solid, mp 215-216°; pmr (80 MHz, deuterio-
chloroform): 6 8.78 (1H, dd, J = 7.6, 1.4 Hz, C-5'H), 8.55 (1H, d, ] = 8.7
Hz, C-4H), 8.33 (1H, d, ] = 8.7 Hz, C-3H), 8.32 (1H, dd, ] = 7.6, 1.4 Hz,
C-3'H), 8.05 (1H, t, J = 7.6, 7.6 Hz, C-4’'H), 7.77 (1H, d, ] = 8.9 Hz,
C-6H), 7.53 (1H, d, J = 8.9 Hz, C-5H), 7.30-7.75 (5H, m, aromatic H), 5.57
(2H, s, CH,Ph); ir {(potassium bromide): » 3400, 3026, 1600, 1578, 1566,
1494, 1431, 1406, 1385, 1371, 1325, 1256, 1215, 1089, 964, 845, 783 cm™;
eims m/e (relative intensity) 434/436 (M*, 1/1, 3), 357/359 (1/1, 6); cims:
(ammonia) m/e (relative intensity) 435/437 (M +1, 1/1 base); hrms: m/e
for C;,H,;BrN,0,, calculated 434.0266, found 434.0271.

The carboxylic acid 7 (208 mg, 0.48 mmole) was added to a stirred so-
lution of 10% hydrochloric acid methanol (15 ml) at 0°. The reaction was
stirred at 25° (18 hours) before the solvent was removed in vacuo. The
crude reaction product was dissolved in methylene chloride (30 ml), wash-
ed with water (20 ml) and saturated aqueous sodium chloride (20 ml),
dried (sodium sulfate), and concentrated in vacuo. Chromatography (sili-
cagel,]1 X 20 ¢cm 10% ethyl acetate-hexane eluant) afforded pure 8 (183
mg, 215 mg theoretical, 85%) as a white solid, mp 130.5-131.5°; pmr (80
MHz, deuteriochloroform): 6 8.77 (1H, d,J = 8.7 Hz, C-4H), 8.72 (1H, dd,
J =176,1.3 He, C-5'H), 8.28 (1H, d, J = 8.7 Hz, C-3H),8.18(1H, dd, ] =
7.6, 1.3 Hz, C-3'H), 793 (1H, +,J = 7.6, 7.6 Hz, C-4'H), 7.70 1H,d, J =
8.8 Hz, C-6H), 7.48 (1H, d, ] = 8.8 Hz, C-5H), 7.35-7.76 (5H, m, aromatic
H), 5.58 (2H, s, CH,Ph), 4.05 (3H, s, CO,CH,); ir (potassium bromide): »
1733, 1604, 1588, 1496, 1455, 1374, 1323, 1252, 1143, 1091, 836, 727
cm™'; eims: m/e (relative intensity) 448/450 (M*, 1/1, 5), 371/373 (1/1, 13);
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cims: (ammonia) m/e (relative intensity) 449/451 (M +1, 1/1, base); hrms
m/e for C,,H,,BrN,0,, calculated 448.0422, found 448.0427.

Anal. Caled. for C,,H,,BrN,0;: C, 61.48; H, 3.81; N, 6.24. Found: C,
61.21; H, 3.77; N, 6.01.

7-Bromo-8-hydroxy-2{2'-pyridyl)quinoline-6'-carboxylate (9).

A solution of methyl 8{benzyloxy)-7-bromo-2{2"-pyridyl)quinoline-6"-
carboxylate (8, 273 mg, 0.61 mmole) in methylene chloride (7 ml) saturat-
ed with hydrogen bromide gas was warmed at 60° for 10 hours in a seal-
ed tube [33]. The reaction mixture was cooled and saturated sodium bi-
carbonate (5 ml) was added with stirring until the yellow suspension dis-
solved completely. The mixture was diluted with water (20 ml) and ex-
tracted with methylene chloride (3 X 15 ml). The combined organic ex-
tracts were dried (sodium sulfate), and the solvent was removed in vacuo.
Trituration of the residue (hexane) afforded pure 9 (206 mg, 218 mg theo-
retical, 94%, 94-97%) as an off-white solid, mp 197-198°; pmr (470 MHz,
deuteriochloroform): 6 8.77 (1H, d, ] = 8.6 Hz, C-4H), 8.75(1H, d, J =
8.0 Hz, C-5'H), 8.31 (1H, d, ] = 8.6 Hz, C-3H), 8.22 (iH, d,] = 8.0 Hz,
C-3'H), 8.06 (1H, t, J = 7.8, 7.8 Hz, C-4'H), 7.65 (1H, d, J] = 8.8 Hg,
C-6H), 7.30 (1H, d,J] = 8.8 Hz, C-5H), 4.07 (3H, s, CO,CH,); ir (potassium
bromide): » 3380, 3076, 1732, 1584, 1494, 1460, 1440, 1308, 1247, 1166,
1115, 984, 835, 770 cm™; eims: m/e (relative intensity) 358/360 (M*, 1/1,
90), 298/300 (1/1, base); cims: (ammonia) m/e (relative intensity) 359/361
(M +1, U1 base); hrms m/e for C,H,,BrN,0,, calculated 357.9953,
found 357.9964.

Anal. Caled for C,;H,,BrN,0,: C, 53.50; H, 3.09; N, 7.80. Found: C,
53.10; H, 3.07; N, 7.51.

Methyl 7-Bromo-2{2'-pyridyl)quinoline-5,8-quinone-6'-carboxylate (12).

A stirred suspension of methyl 7-bromo-8-hydroxy-22’-pyridyl)quino-
line-6'-carboxylate (9, 205 mg, 0.57 mmole) in nitromethane (10 ml) was
treated with a 1.0 M solution of nitric acid in nitromethane (2.90 ml, 2.90
mmole, 5 equivalents) at 0° under a nitrogen atmosphere and the mix-
ture was stirred at 0° for 1 hour. The reaction mixture was diluted with
water (100 ml) and extracted with methylene chloride (4 X 80 ml). The
combined organic extracts were dried (sodium sulfate) and the solvent
was removed in vacuo. Trituration of the crude product with n-hexane af-
forded methyl 7-bromo-8-hydroxy-5-nitro-2{2"-pyridyl)quinoline-6'-car-
boxylate (10, 226 mg, 231 mg theoretical, 98%) as a yellow, insoluble
solid, mp 217-218°; pmr (80 MHz, deuteriochloroform): § 9.44 (1H, d, ]
= 9.2 Hz, C-4H), 9.02 (1H, d, ] = 9.2 Hz, C-3H), 8.78 (1H, s, C-6H), 8.72
(1H, dd, J = 7.5, 1.3 Hz, C-5'H), 8.29 (1H, dd, J = 7.5, 1.3 Hz, C-3'H),
8.09 (1H, t, J = 7.5, 7.5 Hz, C-4'H), 4.08 (3H, s, CO,CH,); eims: m/e
(relative intensity) 403/405 (M*, 1/1, base); cims: (ammmonia) m/e (relative
intensity) 404/406 (M +1, 1/1, 72); hrms: m/e for C,,H,,BrN,O;, calcu-
lated 402.9804, found, 402.9812.

The nitrophenol 10 (20 mg, 0.050 mmole) was dissolved in tetrahy-
drofuran-water (3.3 ml, 10:1) and cooled to 0°. The mixture was treated
with freshly prepared aluminum amalgam [41] (100 mg, 5 weight equiva-
lents) for 6 minutes at 0°. The resulting reaction mixture was filtered
through Celite. The Celite was washed with ethyl acetate (25 ml) and con-
centration of the filtrate afforded the crude aminophenol 11 (16.3 mg,
0.044 mole) as a brown solid.

Activated manganese dioxide (19 mg, 0.22 mmole, 5 equivalents) was
added to a solution of crude 11 (16.3 mg, 0.044 mole) in aqueous sul-
phuric acid (35%, 1.5 ml) at 0°. The mixture was stirred at 0° for 10
minutes and filtered through Celite. The Celite was washed with water
(20 ml) and methylene chloride (20 ml). The organic phase was separated
and the aqueous layer was extracted with methylene chloride (2 x 10 ml).
The combined organic layers were dried (sodium sulfate), and the solvent
was removed in vacuo. Chromatography (siliga gel, 1 X 11.5 em, 50%
ethyl acetate-hexane eluant) afforded the pure 7-bromoquinoline-5,8-qui-
none 12 (6.0 mg, 0.016 mmole, 33% from 10) as a yellow solid, mp
221-222°; pmr (80 MHz, deuteriochloroform): 6 9.02 (1H, d,J = 8.3 Hz,
C-4H), 891 (1H, dd, J = 7.5, 1.5 Hz, C-5'H), 8.54 (1H, d, ] = 8.3 Hz,
C-3H), 8.25(1H, dd,J = 7.5, 1.5 Hz, C-3'H), 8.05 (1H, t,J = 7.5, 7.5 Hz,
C-4'H), 7.63 (1H, s, C-6H), 4.05 (3H, s, CO,CH,); ir (potassium bromide): »
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3057, 1720, 1696, 1664, 1580, 1458, 1434, 1316, 1302, 1294, 1247, 1136,
1119, 964, 842, 807, 745 cm™!; cims: (ammonia) m/e (relative intensity)
357/1377 (M + 2H + 1, base/80), 373/375 (M + 1, 20/base); hrms: m/e for
C,H,BrN,0,, calculated 372.9824, found 372.9836.

Repetitive, comparable reactions (0.025-0.050 mmole) provided the
7-bromoquinoline-53,8-quinone 12 (24-33% overall from 9).

Anal. Caled. for C,;H,BrN,0,: C, 51.49; H, 2.43; N, 7.51. Found: C,
51.24; H, 2.75; N, 7.15.

Methyl 7-Azido-2{2"-pyridyl)quinoline-5,8-quinone-6"-carboxylate (13).

A stirred suspension of methyl 7-bromo-242"pyridyl)quinoline-5,8-
quinone-6'-carboxylate (12, 24 mg, 0.064 mmole) in methylene chloride-
water-methanol (0.65 ml, 9:2:2) was treated with sodium azide (4.6 mg,
0.071 mmole, 1.1 equivalents) at 25° under a nitrogen atmosphere and
the mixture was stirred at 25° for 18 hours. The reaction mixture was di-
luted with water (20 ml), extracted with methylene chloride (3 x 10 ml),
the combined organic extracts were dried (sodium sulfate), and the sol-
vent was removed in vacuo. Rapid chromatography (silica gel, 1 x 11
cm, 30% ethyl acetate-hexane eluant) afforded pure 13 (18.0 mg, 21.6 mg
theoretical, 84%) as a yellow-brown solid: mp 128-129°; pmr (80 MHz,
deuteriochloroform): 6 9.00 (1H, d, ] = 8.3 Hz, C-4H), 8.87 (1H, dd, ] =
1.6, 1.5 Hz, C-5'H), 8.54 (1H, d, ] = 8.3 Hz, C-3H), 8.24 (1H, dd, J = 7.6,
1.5 Hz, C-3'H), 8.04 (1H, t, ] = 7.6, 7.6 Hz, C-4’H), 6.56 (1H, s, C-6H),
4.05 (3H, s, CO,CH,); ir {potassium bromide): » 2120 (N,), 1735, 1713,
1685, 1642, 1578, 1426, 1348, 1260, 985 cm™'.

Similarly, a stirred suspension of 12 (5.0 mg, 0.013 mmole) in tetrahy-
drofuran-water (0.125 ml, 4:1) was treated with a solution of sodium azide
(0.96 mg, 0.015 mmole, 1.1 equivalents) in 0.025 ml of water at 25° under
a nitrogen atmosphere and was stirred at 25° for 21 hours. Chromatogra-
phy (silica gel, 1 x 10.5 cm, 30% ethyl acetate-hexane eluant) afforded
pure 13 (4.0 mg, 4.5 mg theoretical, 89%).

Methyl 7-Amino-2{2"-pyridyl)quinoline-5,8-quinone-6'-carboxylate (15).

A stirred solution of 13 (18 mg, 0.054 mmole) in dry methylene chlor-
ide (1 ml) under a nitrogen atmosphere was treated with a solution of tri-
phenylphosphine (14.1 mg, 0.054 mmole, 1.0 equivalents) in 0.5 ml of
methylene chioride with stirring. Evolution of nitrogen was visible within
1 minute after addition of triphenylphosphine. After 10 minutes at 25°
the solvent was removed in vacuo. Chromatography (silica gel, 1 x 9 cm,
40% ethyl acetate-hexane eluant) afforded the phosphine imine 14 (20
mg, 30.6 mg theoretical, 65%), 65-68%) as a red solid, mp 144-145°; pmr
(80 MHz, deuteriochloroform): 6 8.81 (1H, d,J = 8.2 Hz, C-4H), 8.73 (1H,
dd,J = 7.7, 1.5 Hz, C-5'H), 8.48 (1H, d, ] = 8.2 Hz, C-3H),8.16(1H, dd, ]
= 7.7, 1.5 Hz, C-3'H), 8.01-7.25 (16H, m, C-4'H, aromatic H), 6.43 (1H, s,
C-6H), 4.03 (3H, s, CO,CH,).

A suspensionof 14 (20 mg, 0.035 mmole) in 1.2 m! of tetrahydrofuran
and 0.8 ml of water was treated with 1.2 ml of acetic acid and the solution
was allowed to stir at 25° for 12 minutes. Chromatography (silica gel, 1
X 11 c¢m, 80-100% ethyl acetate-hexane gradient elution) and trituration
of purified 7-aminoquinoline-5,8-quinone with ether to remove residual
triphenylphosphine oxide afforded pure 15 (8.5 mg, 10.9 mg theoretical,
78%, 78-86%) as a red solid: mp > 250°; pmr (470 MHz, deuteriochloro-
form): 6 8.93 (1H, d, J = 8.3 Hz, C-4H), 8.85 (1H, d, J = 7.8 Hz, C-5'H),
8.55(1H,d,J = 8.3 Hz, C-3H), 8.21 (1H, d,J = 7.8 Hz, C-3'H), 8.04 (1H,
t,J = 7.8 Hz, C-4'H), 6.11 (1H, s, C-6H), 5.34 (2H, br s, NH), 4.05 (3H, s,
CO,CH,); ir (potassium bromide): » 3420, 3332, 1715, 1694, 1602, 1582,
1377, 1322, 1244, 1133, 830, 752 cm™; eims: m/e (relative intensity) 309
(M*, 2), 251 (base); cims: (ammonia) m/e (relative intensity) 310 (M +1,
base); hrms: m/e for C,;H,,N,0,, calculated 309.0749, found 309.0746.

Anal. Caled. for C, ;H,,N,0,: C, 62.13; H, 3.59; N, 13.59. Found: C,
62.40; H, 3.75; N, 13.26.

7-Amino-2{2"-pyridyl)quinoline-5,8-quinone-6'-carboxylic Acid (4).

A stirred suspension of 15 (3.7 mg, 0.012 mmole) in 0.5 ml of tetra-
hydrofuran and 0.4 ml of water under a nitrogen atmosphere was treated
with a solution of sodium dithionite (2.2 mg, 0.0126 mmole, 1.05 equiva-

Vol. 24

lents) in 0.1 ml of water at 25°. After 0.5 hour, 1 N aqueous potassium hy-
droxide (0.084 ml, 0.084 mmole, 7 equivalents) was added to the reaction
mixture and stirring was continued at 25° for 1 hour. The reaction mix-
ture was diluted with water (10 ml), acidified with the addition of 10%
aqueous hydrochloric acid solution, and extracted with ethyl acetate (5
X 20 ml). The combined organic extracts were dried (sodium sulfate),
and the solvent was removed in vacuo. The residue was washed with hex-
ane to afford pure 4 (3.2 mg, 3.5 mg theoretical, 90%) as an orange solid,
mp > 250°; pmr (470 MHz, deuteriodimethylsulfoxide): 6 8.88 (1H, d, J
= 8.2 Hz, C-4H), 8.71 (1H, t,J = 8.1, 8.1 Hz, C-5'H), 8.48 (1H,t,J = 8.1,
8.1 Hz, C-3'H), 8.24 (1H, t,J = 8.1, 8.1 Hz, C4'H), 8.19 (1H, d,J = 8.2
Hz, C-3H), 6.10 (2H, br s, NH,), 591 (1H, s, C-6H); ir (potassium
bromide): » 3441, 3342, 1704, 1636, 1611, 1585, 1454, 1356, 1260, 1195,
1040, 996, 883, 782 em™; cims: (ammonia) m/e (relative intensity) 298 (M
+ 2H + 1, base), 296 (M +1, 42); hrms: m/e for C,;H,N,0,, calculated
295.0593, found 295.0584.

Anal. Caled. for C ,HN,O,: C, 61.02; H, 3.07; N, 14.23. Found: C,
61.22; H, 3.22; N, 14.02.
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