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Activation /

Novel 2-hydroxy-3-nitro-1,4-naphthoquinones were synthe-
sized by an improved method utilizing nitronium tetrafluo-
roborate in high yields. A subsequent conversion to 2-chloro-
3-nitro-1,4-naphthoquinones and a substitution of the chlorine
by hydroxyquinone anions yielded 3-nitro-2({dnaphtho-
quinones with a complete regiocontrol.

Biquinones and higher quinone oligomers, which contain two
or more quinone units linked together at the quinone double
bond, are a unique group of natural products. Their diverse
biological activities, including anti-HIV activity;? and syntheti-

cally challenging structures have stimulated interest in the design

of efficient and regiocontrolled methods for the construction
of bi- and triquinones. An original biomimetic route to biquino-
nes is based on oxidative dimerization of phenols to form the
key quinone-quinone bond > Palladium-catalyzed coupling
approaches involving 2-quinonylstannahiésand 2-quinonyl-
boronic estefs have also been developed allowing for a
regiocontrolled preparation of biquinones. Elegant strategies for
the assembly of triquinones relying on transition metal-mediated
annulations of cobalt complexX@sor chromium Fisher car-
benes! have been reported. The substitution of a halogen atom
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on a quinone core represents an attractive method for the
formation of the quinonequinone linkage since, in contrast to
the biomimetic coupling,no further oxidation of the resulting
adducts is required, and the preparation of haloquinones is
usually less challenging than the synthesis of stannyl- or
boronylquinones, or the transition metal complexes. Investiga-
tions by SmitA2 and other¥ revealed that 2,3-dihalogquinones
could undergo stepwise substitutions by two different active
methylene anions. Although a wide variety of active methylene
nucleophiles have been used, reactions with hydroxyquinone
anions and their synthetic equivalents remain tarand the
problematic regiocontrol in the substitution on unsymmetrical
biselectrophilic quinone cores has not been satisfactorily ad-
dressed. As a part of our program aimed at the preparation of
biologically active natural and unnatural biquinones and triquino-
nes related to the anti-HIV active natural product conocurvone
1,1 we have been pursuing the design of biselectrophilic quinone
synthons, which would allow us to control the regiochemistry
of coupling reactions of quinone nucleophiles with unsymmetri-
cally substituted quinone cores (Figure 1). We have demon-
strated an efficient assembly of trimeric quinones via addition
elimination reactions of a hydroxyquinone anion to a symmetrical
2,3-dihaloquinone affording a good yield of a chlorohydroxy-
biguinone, which could be methylated and subjected to a second
addition—elimination reaction to yield trimeric quinonés.
Although this method permitted the stepwise attachment of two
different hydroxyquinone units to a symmetrical quinone core,
regiocontrolled coupling to an unsymmetrical (e.g., unsym-
metrically substituted in the fused aryl ring) naphthoquinone
core with a complete regiocontrol was not permitted. A
regioselective substitution of the 2-trifluoromethanesulfonyl-3-
iodo-6-methoxy-1,4-naphthoquinone providinghydroxy-3-
iodo-6-methoxy-2,2binaphthoquinone exclusively proved to be
an exception, arising due to the electronic effect exerted by the
6-methoxy substituterif Attempted stepwise substitution reac-
tions in other doubly activated unsymmetrical quinone cores
bearing two different halogens, or a halogen and the trifluo-
romethanesulfonyl activating groups (e.g., 2-chloro-3-bromo-
6-methoxy-1,4-naphthoquinone, 2-trifluoromethanesulfonyl-3-
chloro(or 3-iodo)-7-methoxy-1,4-naphthoquinone), with 2-hydoxy-
naphthoquinone anions revealed that mixtures of hydroxy-
biguinones with compositions ranging from 65:35 to 90:10 were
obtainedt®

Herein, we describe a solution to the problem of regiocontrol
in the substitution of unsymmetrical doubly activated quinone
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FIGURE 1. Stepwise substitution approach to trimeric quinones.
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aReagents and conditions: (a) Method A: conc HINOHCL, rt, 1 h
(65%). Method B: NGBF4 (1.2 equiv), MeCN, rt, 30 min (92%). (b)
(COCl), (2 equiv), cat. DMF, CHKCly, rt, 15 min (98%). (c) 2-Hydroxy-
6-methoxy-1,4-naphthoquinone, s (2 equiv), MeCN, rt, 3 days (92%).
(d) (CHg)3OBF4, ((CHs)2CH)2NCoHs, CH,Cly, rt, 6 h (81%). (e) (COChH
(10 equiv), cat. DMF, CbCly, rt, 24 h (61%).

cores, exploiting the reactivity of 2-chloro-3-nitronaphthoquino-
nes 3 (Figure 1). A new methodology for the conversion of
2-hydroxynaphthoquinones into 2-chloro-3-nitronaphthoquino-
nes® under exceedingly mild conditions has been developed,
and the 2-chloro-3-nitronaphthoquinon8swere used in a
regiocontrolled substitution of the 2-chloro substituent with
hydroxyquinone anion4 to afford nitrohydroxybiquinonega

(X = NOy). An unprecedented conversion of 2-nitrobiquinone
into 2-chlorobiquinones was discovered, providing chloro-
biguinone synthon2b (X Cl), which were previously
converted to trimeric quinoné4.This study opens up new
synthetic applications of previously unexplored nitroquinones,
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and IR data confirmed the presence of the nitro group (C
NO,),!® and the!H and3C NMR analyses indicated that the
nitration occurred exclusively at the C-3 position on hydroxy-
quinoneb.

Seeking a protocol for the conversion of the hydroxy group
in quinone6 into a leaving group, quinon@ was subjected to
the conditions previously used by us for the synthesis of
dihalogenated quinones ((COE(L0 equiv), cat. DMF, rt, 20
h).14 However, we were surprised to note that both the hydroxy
and nitro groups were replaced with chlorine, providing 2,3-
dichloronaphthoquinone. Careful experimentation revealed that
the rate of substitution of the hydroxy group in quin@eith
chlorine was faster than the substitution of the nitro group
(chlorination of the hydroxy group was completed within 15
min with only a trace of dichloro product present), and we
reasoned that a pure 2-chloro-3-nitronaphthoquinomeuld
be accessible after limiting the amount of oxalyl chloride and
the reaction time. Under the optimized conditions employing
oxalyl chloride (1.5-2.0 equiv), anhydrous Gi€l, with 10%
DMF for 15 min at room temperature, 2-chloro-3-nitronaph-
thoquinone7 was isolated as a bright yellow solid in an excellent
yield (98%) (Scheme 1).

Anticipating that the nitro group would direct a regiospecific
substitution of the chlorine atom at C-2 with hydroxyquinone
anions regardless of the potential presence of substituents in
the aromatic ring of the naphthoquinone skeleton, a model
reaction of 2-chloro-3-nitronaphthoquinofevith 2-hydroxy-
6-methoxynaphthoquinone in the presence of cesium carbonate
(2 equiv) in dry acetonitril&* was investigated. As expected,
the substitution provided 3-nitro-2;Biquinone8 in 92% yield
(Scheme 1). ThéH and!3C NMR spectra indicated that a single
regioisomei8 was formed, and the presence of the nitro group
in biquinone8 was unequivocally established by IR spectros-
copy?2° The hydroxy group in biquinon@was then methylated
with trimethyloxonium tetrafluoroborate providing nitromethoxy-
biquinone9 in an excellent yield (81%).

Taking advantage of our earlier observation, optimum condi-
tions for the conversion of the nitro group in biquinoBeo
chlorine were sought. The treatment of biquin@neith oxalyl
chloride (10 equiv) under catalysis with DMF in @El, at room
temperature afforded chloromethoxybiquinoh@ in a good
yield (61%) (Scheme 1).

and delineates a strategy for a future stepwise assembly of To test the utility of the described methodology in the

trimeric quinones featuring unsymmetrical center cores.
We became intrigued with the possibility of using 2-chloro-
3-nitronaphthoquinoné as a doubly activated quinone equiva-

lent for the synthesis of trimeric quinones via a stepwise sub-

stitution (Scheme 1). The method for the preparation of 2-
hydroxy-3-nitronaphthoquinor@previously reported by Buckle
utilized highly acidic conditions, and would not be useful for
functionalization of acid-sensitive derivatives of naturally oc-
curring pyranylquinones? After much experimentation, we
discovered that the treatment of 2-hydroxynaphthoquin®ne
with commercially available nitronium tetrafluoroboré® (1.2
equiv) in dry acetonitrile for 30 min at room temperature
afforded the nitrohydroxynaphthoquinofes a bright yellow
solid in 92% yield (Scheme 1, Method B). Notably, the trans-
formation proceeds under virtually neutral conditions. The MS
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synthesis of pyranylated biquinones structurally related to the
naturally occurring anti-HIV active conocurvoh@n unsym-
metrically substituted hydroxyquinonkl accessible by con-
densation of naphthalene-2,7-diol and 3-methylbut-2-enal fol-
lowed by oxidatioA-?2was converted into pyranylated 2-hydroxy-
3-nitronaphthoquinon&2in 77% yield using the nitration with
NO.BF,; (Method B) (Scheme 2). Treatment of nitrohydroxy-

(19) HRMS (FAB) calculated for GHsNOs (M + H)™ 220.0246, found
220.0239. The fragment mass (174) in the MS(FAB) spectrum indicated
the fragmentation of the €N bond in nitrohydroxyquinon®. The two
absorptions (1535 (s), 1334 (m) c#) in the IR spectrum confirmed the
presence of a nitro group, the signal at 1535 &morresponding to the
asymmetrical stretch of the NO bond and the signal at 1334 cin
corresponding to the symmetrical stretch of the ®l bond.

(20) The two peaks (1547 crhy asymmetrical stretch of the-ND bond;
and 1334 cm?, symmetrical stretch of the-NO bond) in the IR spectrum
confirmed the presence of a nitro group in nitrobiquin@ne

(21) Cannon, J. R.; Josshi, K. R.; McDonald, I. A.; Retallack, R. W.;
Sierakowski, A. F.; Wong, L. C. Hletrahedron Lett1975 32, 2795-2798.

(22) Jacobsen, E. N.; Vander Velde, SJLOrg. Chem1995 60, 5380~
5381.
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SCHEME 2. Regiospecific Synthesis of Pyranylated
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aReagents and conditions: (a) M&F4 (1.2 equiv), MeCN/CHCI,, 0
°C, (77%). (b) (COCH (2 equiv), cat. DMF, CECl, rt, 15 min (69%). (c)
CsCO;s (2 equiv), MeCN, rt, 3 days, quinondd or 14.
naphthoquinoné&2 under the established chlorination conditions
afforded the pyranylated 2-chloro-3-nitronaphthoquind8as
a deep red solid in 69% yield. Both the pyranylated nitroquino-
nes12 and 13 could be purified by flash column chromatog-
raphy; however, a careful selection of the adsorbent and the

elution system was necessary. Best results were obtained WithC

silica instead of Florisil and eluting quinod@ with 80% EtOAc
and 5% AcOH in hexanes, and quinct@&with 10% EtOAc in
hexanes.

The tolerance of the acid-sensitive pyran ring of hydroxy-
quinone 11 to the novel nitration conditions is notable and
significant from the standpoint of the synthesis of complex
naturally occurring quinones.

The pyranylated hydroxyquinoriel and naturally occurring
Teretifolione B14,2* which was prepared by published proce-
dures?? were treated with 2-chloro-3-nitronaphthoquinat
in the presence of a mild base ¢C€;) to afford biquinones
15 and 16 as single regioisomers in quantitative yields with a
complete control of the substitution patterns (Scheme 2).
Quinonesl15 (96%) and16 (95%) were obtained as pure red
solids after chromatographic purification. Our previously pub-
lished work indicated the compatibility of pyranylquinones with
the O-methylation, and demonstrated the conversion of biquino-
ne 10 into a trimeric quinone via substitutidA.

In conclusion, a novel method for the preparation of 2-hy-
droxy-3-nitronaphthoquinones and 2-chloro-3-nitronaphtho-
quinones under mild conditions was described. The chloroni-
tronaphthoquinones were successfully used in a regiospecific
synthesis of 3-nitro-3hydroxy-2,2-biquinones. Feasibility of
the conversion of 3-nitro-3nethoxy-2,2biquinones into 3-chloro-
3'-methoxy-2,2-biquinones was established, providing an access
to unique activated biquinone synthons poised for a future
conversion to trimeric quinones.

In conjunction with our prior studies, this protocol opens up
for the first time a pathway to a stepwise regiocontrolled
elaboration of unsymmetrical biselectrophilic quinone cores via
a stepwise double substitution.

Experimental Section

2-Hydroxy-3-nitronaphthalene-1,4-dione (6) (Method B).To
a vigorously stirred suspension of the 2-hydroxynaphthoquinone
(0.174 g, 1.000 mmol) in dry acetonitrile (15 mL) under nitrogen
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at room temperature was added nitronium tetrafluoroborate (0.152
g, 1.150 mmol). The resulting reaction mixture was stirred for 30
min during which the light yellow suspension turned into a
transparent yellow solution. The solvent (acetonitrile) was evapo-
rated followed by the additionfet N HCI (50 mL). The resulting
agueous suspension was extracted with ethyl ether 8D mL).
The combined organic layers were dried (Mggdiltered, and
evaporated to yield nitrohydroxynaphthoquindh@®.201 g, 92%)
as a yellow solid: mp 154156 °C (lit.16 mp 162-163 °C); R
0.23 (EtOAc);'H NMR (300 MHz, CDC}) 6 7.82-7.96 (m, 2
H), 8.19-8.26 (m, 2 H), 8.68 (s, br, 1 HC NMR (75 MHz,
DMSO-dg) 6 126.3, 131.0, 132.3, 133.4, 135.0, 135.4, 136.7, 161.9,
172.0, 184.0; FT-IR (KBr) 3317 (s and br), 1688, 1651, 1607, 1536,
1334, 779, 722 cmt; MS (FAB) nvz (rel intensity) 220 [(M+
H)*, 48], 195 (37), 171 (15), 154 (100), 136 (96), 124 (18), 107
(34); HRMS (FAB) calcd for GgHgNOs (M + 1)* 220.0246, found
220.0239.
2-Hydroxy-3-nitronaphthalene-1,4-dion®) (vas also prepared
using fuming HNQ in CHCl; (method A) as previously describ&d.
2-Chloro-3-nitronaphthalene-1,4-dione (7).To a suspension
of 2-hydroxy-3-nitronaphthoquinor&(0.300 g, 1.37 mmol) in dry
CHClI, (30 mL) was added oxalyl chloride (0.239 mL, 2.74 mmol)
and DMF (0.011 mL, 0.14 mmol). The reaction mixture was stirred
for 15 min at room temperature during which a transparent yellow
solution formed. The solution was poured into colgCH100 mL)
and stirred for 10 min to quench the excess oxalyl chloride. The
mixture was extracted with Gi€l, (1 x 50 mL). The combined
organic layers were washed with®l (4 x 70 mL), dried (MgSQ),
filtered, and evaporated. The crude product was purified by flash
hromatography on silica eluting with 10% EtOAc in hexanes to
yield 0.317 g (98%) of the chloronitronaphthoquinahas a bright
yellow solid: mp 155°C; R 0.29 (10% EtOAc in hexanes)H
NMR (300 MHz, CDC}) ¢ 7.80-7.84 (m, 2 H), 8.19-8.24 (m, 2
H); 23C NMR (75 MHz, CDC}) 6 127.6 (2 C), 128.1, 129.6, 130.4,
135.4,135.6, 151.1, 173.5, 176.2; FT-IR (KBr) 1689, 1677, 1550,
1369, 789, 715, 691 cm; MS (EI) m/z (rel intensity) 238.9 [(M
+ 2H)*, 22], 236.9 (M, 63), 190.9 (100), 162.9 (40), 134.9 (58);
HRMS (FAB) calcd for GoHgNO4CI (M + 2H)* 238.9985, found
238.9964.
3'-Nitro-3-hydroxy-7-methoxy-2,2-binaphthalenyl-1,4,1,4'-
tetraone (8). The mixture of 2-chloro-3-nitronaphthoquinorre
(0.150 g, 0.63 mmol), 2-hydroxy-6-methoxynaphthoquirféne
(0.129 g, 0.63 mmol), and cesium carbonate (0.411 g, 1.26 mmol)
was stirred in anhydrous GBN (7 mL) at room temperature for
3 days during which the color changed from deep red to dark purple.
The mixture was acidified with concentrated HCI to pH 2 (litmus)
forming a yellow precipitate. The suspension was poured into water
(100 mL) and stirred for 30 min to dissolve remaining traces of
cesium carbonate. The precipitate was filtered and the product air-
dried for 3 days at room temperature to yield the nitrohydroxy-
biquinone8 (0.234 g, 92%) as a yellow solid: mp 21216°C; R
0.38 (CHC} and 3 drops of MeOH):H NMR (300 MHz, DMSO-
ds) 0 3.93 (s, 3 H), 7.34 (dd) = 8.7 Hz, 2.7 Hz, 1 H), 7.40 (d]
= 2.7 Hz, 1 H), 7.98-8.00 (m, 2 H), 8.02 (dJ = 8.7 Hz, 1 H),
8.07-8.10 (m, 1 H), 8.13-8.16 (m, 1 H)2* 13T NMR (75 MHz,
DMSO-dg) 0 56.5, 110.6, 111.2,119.9, 123.7, 127.2, 127.3, 129.7,
130.2, 131.6, 134.5, 134.6, 135.8, 136.0, 151.7, 160.2, 165.0, 175.2,
179.1, 180.9, 181.8; FT-IR (KBr) 3321 (s and br), 1679, 1664, 1590,
1547, 1334, 785, 762 cmh; MS (FAB) m/z (rel intensity) 407 [(M
+ 2H)*, 4], 391 (5), 371 (2), 307 (66), 286 (56), 220 (27), 205
(12), 154 (100), 136 (96). Repeated attempts to detect a molecular
ion in the high-resolution mass spectra were unsuccessful. The use
of 8in subsequent reactions yielded the expected prd@wehich
was fully characterized.

(23) Kasturi, T. R.; Arunachalam, Tan. J. Chem1966 44, 1086
1089.

(24) The signal for the HO in quinone8 and 12 was not detected in
IH NMR spectra due to significant broadening.



3-Nitro-3,7-methoxy-2,2-binaphthalenyl-1,4,1 4 -tetraone (9).
To a solution of nitrohydroxybiquinon8 (0.304 g, 0.75 mmol)
and trimethyloxonium tetrafluoroborate (0.133 g, 0.90 mmol) in
dry methylene chloride (20 mL) was addid\'-diisopropylethyl-
amine (0.116 g, 0.90 mmol). The resulting dark purple solution
was stirred under nitrogenifé h atroom temperature during which
the reaction mixture turned a brown-yellow color. The solution was
diluted with CHCI, (50 mL) and successively washed with water
containing 3 drops of HCI (3 100 mL) and 10% NaHCgX(3 x
100 mL). The organic layer was dried (Mg9Qfiltered, and
evaporated yielding the nitromethoxybiquino®€0.255 g, 81%)
as a yellow solid: mp 236232 °C; Rs 0.25 (20% EtOAc in
hexanes)!H NMR (300 MHz, CDC}) 6 3.95 (s, 3 H), 4.24 (s, 3
H), 7.22 (ddJ = 8.7 Hz, 2.7 Hz, 1 H), 7.51 (d] = 2.7 Hz, 1 H),
7.87-7.91 (m, 2 H), 8.06 (dJ = 8.7 Hz, 1 H), 8.178.20 (m, 1
H), 8.23-8.26 (m, 1 H);*3C NMR (75 MHz, CDC}) 4 55.8, 56.1,
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160.4, 172.7, 178.2; FT-IR (KBr) 1676, 1664, 1553, 1368, 770,
743 cmt; MS (FAB) m/z (rel intensity) 320 [(M+ H)*, 27], 306
(22), 289 (12), 239 (4), 213 (10), 179 (8), 167 (20), 154 (100), 136
(91), 107 (37); HRMS (FAB) calcd for ££H1:CINOs (M + H)*
320.0326, found 320.0321.
9-(9-Hydroxy-3,3-dimethyl-3H-benzof]chromen-8-yl)-3,3-di-
methyl-8-nitro-3H-benzof]chromene-7,10-dione (15)Reaction
of pyranylated 2-chloro-3-nitronaphthoquinoh® (0.060 g, 0.19
mmol) with hydroxyquinonell (0.048 g, 0.19 mmol) in the
presence of GE€0; (0.122 g, 0.38 mmol) for 3 days, as described
above for the preparation 8f yielded biquinoné.5(0.097 g, 96%)
(after purification by flash chromatography on silica eluting with
35% EtOAc and 5% AcOH in hexanes) as a red solid: mp-129
132 °C; R 0.25 (50% EtOAc in hexanesjH NMR (300 MHz,
CDCl3) 6 1.49 (s, 12 H), 5.97 (d] = 10.5 Hz, 1 H), 6.04 (dJ =
10.5 Hz, 1 H), 7.14 (dJ = 7.8 Hz, 1 H), 7.17 (dJ = 8.4 Hz, 1

109.9, 118.7, 120.5, 124.6, 127.3 (2C), 127.6, 129.2, 129.5, 130.1,H), 7.58 (d,J = 10.2 Hz, 1 H), 7.73 (dJ = 10.5 Hz, 1 H), 8.00
131.4,133.1,133.4,135.1, 158.5, 164.8, 174.9, 179.0, 181.3, 181.6,(d, J = 8.4 Hz, 1 H), 7.96-8.00 (s, br, 1 H), 8.07 (d] = 8.4 Hz,

FT-IR (KBr) 1678, 1591, 1545, 1329, 760, 742 cinMS (FAB)

m/z (rel intensity) 420 [(M+ H), 8], 391(4), 360 (4), 359 (3),

307 (27), 285 (13), 220 (14), 205 (7), 179 (6), 154 (100), 136 (84),

107 (26); HRMS (FAB) calcd for €H14NOg (M + H)*™ 420.0719,

found 420.0703.
3'-Chloro-3,7-methoxy-2,2-binaphthalenyl-1,4,1,4'-tetra-

one (10).The reaction of the nitromethoxybiquino®e(0.045 g,

0.11 mmol), oxalyl chloride (0.094 mL, 1.07 mmol), and DMF (1

1 H); 13C NMR (125 MHz, CDC}) 6 (27.9), (28.0), 28.1 (2 C),
29.70 (2 C), 77.7 (2 C), 110.3, 119.3, 119.4, 121.8, 122.2, 122.4,
123.0,123.1,124.4,126.2, 126.4, 129.5, 129.7, 132.3, 136.1, 136.9,
151.1, 153.9, 158.5, 160.2, 174.0, 180.6, 181.7, 183.5 (signals for
the minor atropisomer arising from a hindered rotation about the
quinone-quinone bond are given in parentheses); FT-IR (KBr)
3316 (s and br), 1671, 1664, 1642, 1554, 1356, 774, 731cm
MS (FAB) mVz (rel intensity) 540 [(M+ H)*, 10], 524 (12), 479

drop), according to the general procedure described above for the(18), 464 (11), 307 (8), 289 (8), 239 (7), 213 (46), 165 (16), 154

preparation of7, yielded chlorobiquinond0 (0.027 g, 61%) as a
dark yellow solid: mp 296292 °C. Compound10 was also
prepared by the published procedutés.
9-Hydroxy-8-nitro-3,3-dimethyl-3H-benzoffJchromene-7,10-
dione (12). To a vigorously stirred solution of the pyranylated
hydroxynaphthoquinoné&1 (0.256 g, 1.00 mmol) in dry C}Cl,
(30 mL) under nitrogen at €C was added a solution of nitronium
tetrafluoroborate (0.159 g, 1.20 mmol) in dry acetonitrile (10 mL)
dropwise over 20 min. The resulting reaction mixture was warmed
to room temperature and stirred for an additional 10 min. The
solvents (acetonitrile and GBI,) were evaporated under reduced

(100), 107 (38); HRMS (FAB) calcd for gH,1NOg (M) 539.12186,
found 539.1229.

9-(9-Hydroxy-3-methyl-3-(4-methylpent-3-enyl)-3-benzof]-
chromen-8-yl)-3,3-dimethyl-8-nitro-3H-benzof]chromene-7,10-
dione (16).Reaction of pyranylated 2-chloro-3-nitronaphthoquinone
13 (0.060 g, 0.19 mmol) with hydroxyquinoriet (0.061 g, 0.19
mmol) in the presence of @805 (0.122 g, 0.38 mmol) for 3 days,
as described above for the preparatior8pyielded biquinonel6
(0.108 g, 95%) (after purification by flash chromatography on silica
eluting with 15% EtOAc and 5% AcOH in hexanes) as a red solid:
mp 127-131°C; R 0.25 (50% EtOAc in hexanes)}! NMR (300

pressure at room temperature. The crude product was quenchediHz, CDCk) 6 1.47 (s, 3 H), 1.49 (s, 6 H), 1.57 (s, 3 H), 1.66 (s,

with water (100 mL) followed by the addition of concentrated HCI

3 H), 1.721.79 (m, 2 H), 2.052.13 (m, 2 H), 5.08 (tJ = 2.0

to pH 2 (litmus). The resulting agqueous suspension was extractedHz, 1 H), 5.97 (dJ = 11.1 Hz, 1 H), 6.00 (dJ = 10.2 Hz, 1 H),

with CH,Cl, (2 x 50 mL). The combined organic layers were dried
(MgSQy), filtered, and evaporated. The crude product was purified
by flash chromatography on silica eluting with 80% EtOAc and
5% AcOH in hexanes to yield the pyranylated nitrohydroxynaph-
thoquinonel?2 (0.230 g, 77%) as a red solid: mp 16566 °C; R
0.26 (EtOAc);*H NMR (300 MHz, DMSO¢s) 6 1.40 (s, 6 H),
6.06 (d,J = 10.2 Hz, 1 H), 7.14 (d) = 8.4 Hz, 1 H), 7.48 (d)
= 10.5 Hz, 1 H), 7.85 (dJ = 8.4 Hz, 1 H);13C NMR (200 MHz,
DMSO-dg) 0 27.6 (2 C), 76.3, 119.8, 120.2, 121.6, 125.9, 127.6,
127.8,134.1, 135.0, 155.9, 163.1, 171.3, 186.8; FT-IR (KBr) 3321
(s and br), 1665, 1655, 1536, 1334, 756, 749&mVIS (FAB) m/z
(rel intensity) 302 [(M+ H)*, 37], 286 (17), 255 (22), 231 (35),
213 (46), 187 (17), 165 (22), 154 (77), 136 (73), 115 (39), 107
(36); HRMS (FAB) calcd for GsH1o2NOs (M + H)* 302.0665,
found 302.0688.
9-Chloro-8-nitro-3,3-dimethyl-3H-benzoff]chromene-7,10-di-
one (13).Reaction of nitrohydroxynaphthoquinori2 (0.230 g,
0.77 mmol) with oxalyl chloride (0.067 mL, 0.77 mmol) in the
presence of DMF (0.006 mL, 0.08 mmol) for 15 min, as described
above for the preparation of, yielded pyranylated 2-chloro-3-
nitronaphthoquinon&3 (0.168 g, 69%) (after purification by flash
chromatography on silica eluting with 10% EtOAc in hexanes) as
a red solid: mp 149151°C; R: 0.28 (10% EtOAc in Hexanes);
1H NMR (300 MHz, CDC}) 6 1.51 (s, 6 H), 6.07 (d) = 10.5 Hz,
1H), 7.17 (d,J = 8.1 Hz, 1 H), 7.65 (dJ = 10.5 Hz, 1 H), 8.02
(d, J= 8.4 Hz, 1 H);*3C NMR (125 MHz, CDC}) 6 28.1 (2 C),

7.13 (d,J=8.4 Hz, 1 H), 7.17 (dJ = 8.7 Hz, 1 H), 7.58 (dJ =

10.5 Hz, 1 H), 7.81 (dJ = 10.2 Hz, 1 H), 7.96-8.00 (s, br, 1 H),

8.00 (d,J = 8.4 Hz, 1 H), 8.08 (d,J = 8.4 Hz, 1 H);13C NMR

(125 MHz, CDC}) 6 17.7, 22.6, 25.7 (26.7) (2 C), 28.1 (29.7) (2
C),41.4 (41.3),77.7,79.8,110.3,119.4, 119.8, 121.8, 122.1, 122.4,
122.5,122.7,123.0, 123.3 (123.4), 124.4, 126.2, 126.3, 129.6, 129.7,
132.3(132.4),136.1, 136.2, 151.1, 153.9, 158.8, 160.2, 174.0, 180.5,
181.7, 183.5 (signals for the minor atropisomer arising from a
hindered rotation about the quinonguinone bond are given in
parentheses); FT-IR (KBr) 3317 (s and br), 1672, 1665, 1641, 1545,
1356, 772, 755 cmt; MS (FAB) nvz (rel intensity) 608 [(M+

H)*, 37], 562(32), 524 (43), 479 (44), 478 (18), 307 (18), 285 (10),
220 (21), 205 (10), 154 (100), 136 (73); HRMS (FAB) calcd for
CasH3oNOg (M)* 608.1921, found 608.1949.
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