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Abstract: A convenient one-step synthesis of 2-[(nitroaryl)amino]- i al PACIy(dppf), dppf i al
3-chloro-1,4-naphthoquinones is reported. The direct amination O‘ O‘
2,3-dichloro-1,4-naphthoquinone with nitro-substituted aryl amine *NHN l *el
is catalyzed by Pdgdppf)/dppt in the presence dfBuONa as ¢] [Pd%(dppf)] 0

base to yield 2-[(nitroaryl)amino]-3-chloro-1,4-naphthoquinones . /\Mdaﬂve
several of which were previously unavailable. Traces of the 2,;  gjimination addition
di[(nitroaryl)amino]-1,4-naphthoquinones were detected as sic

O

o]

products. Cl al
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The amino naphthoquinone structure is common to n o}
merous natural products (e.g., rifamyctmamavaricins, i'h o t-BuONa
streptovaricing and has been used as a key synthetic i t-BUOH O‘ / _@Ej —Nacl
termediate for the construction of biologically importan ArNH, o Pd\P_Q
compounds associated with antitrypanosohaaitimalar- +BuO  Ph,

transmetallation

ial,® antitumor and antineoplastiactivities. In addition,
they have found widespread industrial applications in cadcheme 1
or chemistry and hair dyingand as photo stabilizets.

The classical routes to 2-amino-1,4-naphthoquinones afey)| of the coupling reactions, only a trace of 2,3-di[(ni-
achieved elthe_r by the 1,4-type adc_jmon_ of amines W'Woaryl)amino]-1,4-naphthoquinone§ resulting from
1,4-naphthoquinone followed by air oxidattéror by  gyeramination of 2,3-dichloro-1,4-naphthoquinone can
nucleophilic addition—elimination on 2-halo-1,4-naphthope detected as side products. To the best of our
quinones?? High yields of the corresponding 2-aminonowledge, these 2,3-dianilino-1,4-naphthoquinone de-
naphthoquinones can be obtained when primary aRgatives have not been previously synthesized. After
secondary aliphatic amines or anilines substituted W'praration, compound3 were characterized by NMR
elgctron—d_onatmg groups are us_ed; hovyever, anilines S%lb'ectroscopﬁt‘? As expected for such symmetrical com-
sytuted with s_trongly eIectron—wnhdrayvmg groups affombounds, théH NMR spectra o8 display four naphthalene
either poor yields of the corresponding aminonaphth@rotons with only two different chemical shifts and one
quinones or fail to react Thus, an alternative to the et of aniline protons with double the integration. In the
Michael addition protocols to prepare amino-substitutedc NVR spectra oB, fewer than ten aromatic carbon
naphthoquinones with less nucleophilic amines angbaks and one carbonyl carbon peak can be detected
anilines would be useful to enhance the diversity of reagjjrther verifying the symmetrical structure of the 2,3-
ly available amino-substituted naphthoquinones. di[(nitroaryl)amino]-1,4-naphthoquinones.

Although some 2-[(nitroaryl)amino]-3-chloro-1,4-naph-as outlined in Scheme 1, we believe the catalytic cycle
thoquinones have recently been synthesized via a dirggt this process is similar to that postulated for many
mixed acids nitration of 2-arylamino-3-chloro-1,4-naphpa|jadium-catalyzed C-N bond forming reactions which
thoquinonest the yields and generality of the method argyyolve an oxidative addition of the aryl halide, followed

limited. In this letter we present an alternative strategy f@§; ransmetalation and reductive eliminatién.
the synthesis of 2-(nitroanilino)-3-chloro-1,4-naphtho-

quinones by the coupling of nitro-substituted aryl amind conclu;ion, Pd_Q(dppf) h_as been foun_d to c;_atalyze
with  2,3-dichloro-1,4-naphthoquinone catalyzed b e coupling of nitro-substituted arylamines with 2,3-

PdCL(dppf) in the presence 6BUONaS The results are dichloro-1,4-naphthoquinone. A variety of 2-[(nitro-
summarized in Table 1. aryl)amino]-3-chloronaphthoquinones, some unattainable

by any other procedure, are now available by a simple and

SYNLETT 2006, No. 6, pp 09420944 {mld n:ﬁth(_)d. An extensuir) ofltdms c.oupllngh?r:ethqdology_
Advanced online publication: 14.03.2006 o synthesize nonsymmetrical diaminonaphthoquinones is

DOI: 10.1055/s-2006-939047; Art ID;: WO0906ST currently in progress.
© Georg Thieme Verlag Stuttgart - New York

Downloaded by: East Carolina University. Copyrighted material.



LETTER

Amination of 2,3-Dichloro-1,4-naphthoquinone with Nitroarylamines 943

Tablel Palladium-Catalyzed Amination of 2,3-Dichloro-1,4-naphthoquinone with Nitroanilines

NH>

R R R?
RA
o R2 o y o R4 RZ
3
cl R3 O N R . O‘ NH R!
1
O‘ al t-BUONa ‘ Rt R? N R
o PACIy(dppf)/dppf o ORe R?
toluene, 80 T
. . R3
1 2a-i 3a-i
2,3 R R2 R3 R4 Yield (%)
a H H NO, H 90
b CF; H NO, H 55
c Cl H NO, Cl 45
d H NO, H H 63
e H NO, CH; H 85
f H NO, OCH; H 64
g H NO, Cl H 40
h NO, H H H 42
i NO, H NO, H 64

@|solated yield of compoun® (average of two runs).
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General Experimental Procedure.

A mixture of 2,3-dichloro-1,4-naphthoquinone (200 mg,
0.88 mmol), nitroarylamine (0.97 mmot)BuONa (1.01
mmol), PdC}(dppf) (0.04 mmol), and dppf (0.04 mmol) in

5 mL toluene were stirred under a nitrogen atmosphere at
80 °C for 12 h, and then the reaction was concentrated and
the products were purified by column chromatography
(40-80% CHCI,—PE).

16) 'H NMR and'3C NMR spectra were recorded on a Varian

Inova 500 MHz instrument.

Compounda:***H NMR (CDCL): § = 8.22-8.25 (m, 3 H),
8.16 (ddJ=7.5,1.0Hz, 1 H), 7.82 (d,= 7.5, 1.5 Hz, 1 H),
7.76 (dtJ=7.5,1.5Hz,1H),7.71(s, 1 H), 7.08 (d&; 7.0,

2.0 Hz, 2 H).

Compound3a: *H NMR (DMSO-dy): & = 8.06 (ddJ = 5.5,
3.5Hz, 2 H), 7.84 (ddl1=5.5, 3.0 Hz, 2 H), 7.74 (dd,

J=17.5, 2.0 Hz, 4 H), 6.56 (t, 4 H¥C NMR (DMSOdy):
5=181.61, 145.08, 140.32, 134.75, 131.83, 126.67, 126.30,
124.02, 119.06.
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Compoundb: *H NMR (CDCL): § =8.57 (dJ=2.5Hz, 1
H), 8.39 (dd,J=9.0, 2.5 Hz, 1 H), 8.23 (dd,= 7.5, 1.0 Hz,
1H),8.17 (ddJ=7.5, 1.0 Hz, 1 H), 7.87 (s, 1 H), 7.84 (td,
J=7.5,15Hz, 1H),7.78 (td,= 7.5, 1.5 Hz, 1 H), 7.04 (d,
J=8.5Hz, 1 H)}*C NMR (CDC}): § = 179.56, 177.18,
143.22, 141.38, 140.24, 135.44, 133.98, 131.95, 129.79,
127.59, 127.39, 126.89, 124.95, 123.85, 122.82, 122.78,
122.73, 122.69, 122.53, 122.28, 121.68, 121.52.
Compoundb: *H NMR (CDCL): § = 8.40 (s, 2 H), 8.24 (m,
4 H), 8.13 (ddJ=9.0, 2.0 Hz, 2 H), 7.85 (dd,= 6.0, 3.5
Hz, 2 H), 6.56 (dJ = 9.0 Hz, 2 H)*C NMR (CDCL): § =
180.55, 141.30, 139.97, 135.07, 130.50, 127.87, 127.37,
123.87, 122.76, 122.72, 122.67, 122.63, 121.68, 119.49,
118.47, 118.21.

Compoundc: *H NMR (CDCL): § = 8.26 (s, 2 H), 8.18 (m,
1H),8.12(m, 1 H), 7.80 (td,= 7.5, 1.5 Hz, 1 H), 7.74 (id,
J=7.5,1.0 Hz, 1 H), 7.28 (s, 1 HfC NMR (CDCL): & =
178.88, 177.00, 145.36, 140.96, 140.00, 135.20, 133.57,
132.84, 131.99, 129.75, 127.31, 127.19, 123.44, 118.34.
Compound2d: *H NMR (DMSO-dy): § = 8.02-8.04 (m, 2
H), 7.90-7.92 (m, 2 H), 7.86 (td~ 7.5, 1.0 Hz, 1 H), 7.81
(td,J=7.5,1.0 Hz, 1 H), 7.56 (§,= 8.0, 1 H), 7.50 (dt,
J=8.0, 1.0 Hz, 1 H)**C NMR (DMSO+): § = 180.47,
177.77, 148.16, 143.42, 140.98, 135.48, 134.24, 132.39,
131.09, 129.91, 129.79, 127.28, 126.90, 118.91, 117.98,
117.79.

Compound3d: *H NMR (DMSO-d,): § = 8.05 (dd,J = 6.0,
3.0 Hz, 2 H), 7.821= 6.0, 3.0 Hz, 2 H), 7.42 (dd,= 8.5,
1.5 Hz, 2 H), 7.06-7.11 (m, 4 H), 6.72 (dd; 8.5, 2.0 Hz,

2 H).23C NMR (DMSO4g): 6 = 181.58, 147.45, 139.23,
134.55, 131.89, 128.61, 126.53, 126.07, 124.88, 115.47,
114.24.

Compounde:1**H NMR (CDCL): § =8.20 (ddJ) = 7.5, 1.0
Hz, 1H), 8.14 (dd)=7.5,1.0Hz, 1 H), 7.80 (td,= 7.5, 1.5
Hz, 1 H), 7.70-7.74 (m, 2 H), 7.63 (s, 1 H), 7.32)d,8.5
Hz, 1 H), 7.19 (ddJ = 8.0, 2.0 Hz, 1 H), 2.61 (s, 3 H).
Compounde: *H NMR (DMSO-d;): § = 8.01 (ddJ = 5.5,
3.5Hz, 2 H), 7.79 (ddl = 5.5, 3.5 Hz, 2 H), 6.93 (d,= 8.5
Hz, 2 H), 6.78 (dJ = 2.0 Hz, 2 H), 6.50 (dd} = 8.0, 2.0 Hz,
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2 H), 2.25 (s, 3 H)!*C NMR (DMSO+): § = 181.52,
148.03, 136.95, 134.43, 131.88, 131.35, 126.42, 125.08,
124.78, 124.50, 115.79, 19.42.

Compoundf:14*H NMR (DMSO-d): § = 8.04 (dd,) = 8.0,
1.0Hz,2 H), 7.88 (tdl= 7.5, 1.5 Hz, 1 H), 7.82 (td,= 7.5,
1.5Hz, 1 H), 7.68 (d] = 3.0 Hz, 1 H), 7.46 (dd,=9.0, 3.0
Hz, 1 H), 7.32 (dJ = 9.0 Hz, 1 H), 3.93 (s, 1 H¥C NMR
(DMSO-dg): 6 = 180.51, 177.53, 149.63, 143.83, 138.82,
135.53, 134.02, 132.50, 132.29, 130.90, 130.71, 127.24,
126.79, 120.91, 115.19, 114.44, 57.50.

Compoundsf: *H NMR (DMSO-d,): § = 8.03 (ddJ = 5.5,
3.5Hz, 2 H), 7.81 (ddl = 5.5, 3.5 Hz, 2 H), 6.90 (d,= 9.0
Hz, 2 H), 6.74 (d) = 2.0 Hz, 2 H), 6.63 (dd} = 9.0, 2.0 Hz,

2 H), 3.77 (s, 6 H):*C NMR (DMSO+): 5 = 181.40,
147.50, 138.47, 134.34, 131.90, 131.19, 126.35, 126.17,
124.13, 116.39, 113.60, 57.51.

Compoundg: *H NMR (DMSO-d): & = 8.04-8.07 (m, 2
H), 7.89 (tdJ=7.5, 1.5 Hz, 1 H), 7.84 (td,= 7.5, 1.0 Hz,
1H),7.77(dJ)=25Hz,1H),7.68 (dl=9.0Hz, 1 H), 7.42
(dd,J=9.0, 2.5 Hz, 1 H}*C NMR (DMSO+): § = 180.38,
177.77, 147.65, 143.20, 140.04, 135.47, 134.31, 132.30,
131.60, 131.10, 128.07, 127.29, 126.91, 119.50, 119.28,
119.18.

Compounch; *H NMR (CDCL): § =9.49 (s, 1 H), 8.22 (dd,
J=6.5, 1.0 Hz, 1 H), 8.16-8.21 (m, 2 H), 7.81 @& 8.0,
1.5Hz,1H),7.76 (tdl= 7.5, 1.0 Hz, 1 H), 7.58 (td,= 8.0,
1.5 Hz, 1 H), 7.20 (td] = 6.0, 1.0 Hz, 1 H), 6.90 (m, 1 H).
13C NMR (CDCL): § =179.71, 177.41, 140.54, 139.46,
135.06, 133.77, 133.62, 133.61, 131.99, 130.19, 127.39,
127.31, 125.95, 124.08, 123.26, 121.88.

Compoundsh: *H NMR (DMSO-d,): § = 8.10 (dd,J=5.5,
3.0 Hz, 2 H), 7.86 (dd]= 5.5, 2.5 Hz, 2 H), 7.68 (dd,
J=8.5,15Hz,2H),7.27 (m, 2 H), 6.78 (m, 4 HE NMR
(DMSO-dg): 6 = 181.34, 137.02, 135.04, 134.42, 133.45,
131.66, 126.89, 125.66, 124.54, 122.33, 122.23.
Compoundi:***H NMR (DMSO-d): 5 =8.86 (s, 1 H), 8.42
(d,J=6.0Hz, 1 H), 8.06-8.12 (m, 2 H), 7.90-7.95 (m, 2 H),
7.40 (dJ=9.0 Hz, 1 H).
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