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The reaction of 1,4-dihydroxyanthraquinone(DHAQ, 1) with various diamines were carried out in the pres-

ence of CuCl,.

Primary 1,2-ethylenediamines or 1,2-cyclohexanediamine afforded the ring-closure products,

6-hydroxy-1,2,3,4-tetrahydronaphtho[2,3-fJquinoxaline-7,12-dione derivatives, in good yields of 70—989%,. On
the other hand, in the cases of N-alkylethylenediamines or 2-(alkylamino)ethanols, the major products were the

2-aminated 1,4-dihydroxyanthraquinones.

group was introduced to the amino group because of its steric requirement.

The direct 2-amination of 1 was greatly inhibited when an alkyl

The role of copper ions, the effect

of a steric requirement of the N-alkyl substituent of amines, and the effect of the chain length of alkanediamines

in the reaction of 1 with amines were studied.

It was proposed that the reaction was initiated by the direct 2-

amination of 1 via the copper complex, followed by the intramolecular nucleophilic substitution of the 2-amino
group on the 2-alkylamino substituent to give the ring-closure product.

Aminoanthraquinone derivatives are very important
compound as dyes or dye intermediates. A large num-
ber of papers and patents have been reported on
substitution reactions introducing amino groups into
the anthraquinone nucleus,! but little is known about
the direct amination of the anthraquinone nucleus.

The direct amination of anthraquinone or amino-
anthraquinones with hydroxylamine catalyzed by iron
sulfate or vanadium pentaoxide has been described,
but it produces random substitution products.? Hida
et al.® recently reported the direct amination of an-
thraquinone catalyzed by a rhodium complex to give
a-aminoanthraquinones. Recently, the present au-
thors reported®% the metal-promoted direct alkyl-
amination of a-substituted anthraquinones, in which
the amination products were obtained in good yields
under mild conditions. On the other hand, in the
reaction of DHAQ) (1) with ethylenediamine (ETDA)
in the presence of copper ions, a ring-closure product,
6-hydroxy-1,2,3,4-tetrahydronaphtho[2,3-f Jquinoxaline-
7,12-dione (3a), was obtained in a quantitative
yield at the ambient temperature.®’ Such a metal-
promoted direct amination of a-substituted anthraqui-
nones is a useful method for preparing some amino-
anthraquinone derivatives.

In this paper, we whish to report on the reaction
of 1 with diamines in detail and propose a possible
mechanism of this novel ring-closure reaction.

Results and Discussion

In our previous paper,® it was reported that the
reaction of DHAQ (1) with ethylenediamine (ETDA)
in the presence of CuCl, afforded the ring-closure
products, 6-hydroxy-1,2,3,4-tetrahydronaphtho[2,3-f1-
quinoxaline-7,12-dione (3a), in a 989, yield at the
ambient temperature (Run 1). Without copper ions
under atmospheric oxygen, 3a was obtained in a
479, vyield, together with a 159, yield of leuco-
quinizarin (1,4 - dihydro-9,10-dihydroxyanthracene-1,4-
dione) and a 99, recovery of 1 (Run 2). The reac-
tion of 1 with ETDA in the presence of CuCl under
the conditions without oxygen gave 3a in a 96.69,
yield, together with the deposition of metal copper
in a 44.19% yield (Run 3). On the other hand, the
reaction of ETDA with quinizarinquinone (1,4,9,10-

tetrahydroanthracene-1,4,9,10-tetrone, 4), which has
previously been prepared by the oxidation of 1 with
lead tetraacetate,” gave 3a in a 90.79, yield, along
with a 1.29, yield of 1 (Run 4). These results sug-
gested that the role of copper ions is the same as in
our previous cases of the quantitative 2-butylamina-
tion of 1,% that is; the copper ions oxidize 1 to qui-
nizarinquinone (4) via the copper complex,® and the
copper ions are reduced to metal copper. Thus, the
formation of 3a was proposed to proceed as follows:
the reaction was initiated by the 2-amination of 1 to
give 2a, followed by the ring-closure reaction. The
reaction of 1 with 1,3-propanediamine in the presence
of CuCl, did not give the ring-closure product (3b),
but 2-(3-aminopropylamino)-1,4-dihydroxyanthraqui-
none (2b) in a 959, yield (Run 5). The facile ring-
closure of 1 with ETDA, but not with 1,3-propane-
diamine, was proposed to result from the fact that
the spontancous formation of the six-membered ring
in 3a was much more favorable in entropy than
that of the seven-membered ring in 3b. The six-
membered ring could be formed by the intramolecular
nucleophilic substitution of the 2-aminoethylamino
group to the l-hydroxyl group of 2a, as is shown in
Scheme 1. The reaction of 1 with 1,2-propanedi-
amine (Run 6) or 1,2-cyclohexanediamine (Run 7)
gave 3¢ or 3d in a yield of 89.59, or 68.99, respec-
tively, but none of the corresponding 2¢ or 2d was
obtained. These results suggested that the ring-clo-
sure reaction was not inhibited by the alkyl substi-
tuents at the 1 and/or 2-position of ETDA. On the
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Scheme 1,
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TaBLE 1. THE REACTION OF 1 WITH VARIOUS DIAMINES®
Yield/%
Run Diamines Copper salt

1 (Recovered) 2 3
1 NH,(CH,),NH, n=2 CuCl, 0 0 98.0
2V) NH,(CH,),NH, n=2 None 9 0 47.0
39 NH,(CH,),NH, n=2 CuCl 0 0 96.6
49  NH,(CH,),NH, n=2 None 1.2 0 90.7%
5 NH,(CH,),NH, n=3 CuCl, 0 95.0 0
6 NH,CH(CH,)CH,NH, n=2 CuCl, 7.6 0 89.5
7 NHzCH(CH2)4CHNH2 n=2 CuCl, 28.2 0 68.9

| ]

8n NHz(CH2)2NHMe n=2 CuCl, 0 31.4 31.1
9 NH,(CH,),NHEt n=2 CuCl, 0 93.3 3.6

a) Reactant 1(2.5 mmol) and diamine(12 ml) were stirred with or without copper salts(5.0 mmol) in pyridine
(6 ml) at 30 °C for 6 h. Unless otherwise noted, the reaction was carried out under atmospheric oxygen. b)

Leucoquinizarin was obtained in a 159%, vyield.
oxygen.
instead of 1.
1, which is the reduced product of 4, was obtained.
but these compounds were not identified.
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other hand, the N-alkyl substituent of ETDA mark-
edly inhibited both the 2-amination and the ring-
closure reaction. The reaction of 1 with N-methyl-
ethylenediamine gave 3e in a 319 vyield, together
with 2e in a 319, yield (Run 8). The yield of 3e
was greatly decreased in comparison with that of 3a
(Run 1). The reactions of 1 with various diamines
are summarized in Table 1. As is shown in Scheme
2, the formation of 5e and 2e should compete on
the 2-amination of 1 with N-methylethylenediamine.
On the other hand, the formation of 5e was much
more unfavorable than that of 2e because of the
steric hindrance of the N-methyl group; the 5e in-
termediate could be easily cyclized to give 3e, and
no 5e was obtained. On the other hand, 2e could
not give the ring-closure product (6e) because of the
steric hindrance of the N-methyl group. Another ex-
ample of the steric hindrance was observed in the
reaction of 1 with N-ethylethylenediamine (Run 9).
The ring-closure product (3f) via 5f was obtained
only in a 3.69%, yield, while 2f was obtained in a 93.39,
yield. The competitive 2-amination of 1 with N-
ethylethylenediamine was obviously much more likely
to give 2f than 5f, and only a small amount of 3f
was obtained. Compound 2f could not be converted
to 6f because of the steric hindrance under these con-
ditions, just as in the case of 2e. Under the more
severe conditions of 95—100 °C for 96 h, 2f afforded

Metal copper was obtained in a 44.19, yield.
e) The instability of 4 as a reactant caused a decrease in the yield of 3a, and a 1.29, yield of
f) A complex mixture of compounds(246 mg) was obtained,

c) Reaction was carried out under reduced pressure without

d) Quinizarinquinone (4) was used as the reactant

o
—#- QLT

N~CH, CH,OH
1 + RNHCH,CH,0H — O‘@

O OH O OH
7 a: R=H 8
b: R=Me
c: R=Et
Yield(%) Recovered (%)
7a (62.6) 1(29.5)
Tb( 7.9) 1(7.9
7¢ (Trace) 1 (96.6)
Scheme 3.
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3a, the deethylation product of 6f, in a 19.79, yield,
along with a 619, recovery of 2f, but no 6f was ob-
tained. A similar steric hindrance of the N-alkyl
group of amines in the 2-amination of 1 was also ob-
served in the case of the reaction of 1 with 2-(alkyl-
amino)ethanols (Scheme 3). The yield of 7 was mark-
edly decreased with the increase in the size of N-
alkyl substituents, and none of the ring-closure prod-
uct (8) was obtained.

From these results, together with our previous re-
sults obtained from the reactions of 1 with various
amines,® another possibility of ring-closure reaction
(shown in Scheme 4) was excluded; it had been re-
ported in the case of the reaction of l-chloroanthra-
quinone with ETDA under atmospheric oxygen at
90—115 °C.9 In this reaction, a-amination took place
first, followed by direct f-amination at a higher tem-
perature.

On the basis of the experimental results described
above, together with previous results,Y the mechanism
of this ring-closure reaction of 1 with ETDA was
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1 + ETDA(excess) —— Dianion (1
Dianion + CuCl,(CuCl,:1=2:1) —
2:1 Copper(IT) complex[I]
Dianion + CuCl,(CuCl:1=1:1) — @)
1:1 Copper(IT) complex[II]
Dianion + CuCl(CuCl:1=2:1) —>
2:1 Copper(I) complex[III]
[I] — 4 + 2Cu+

Copper complex® { [II] — 4 + Cu® 3)
[II1I] —> 4 4 2Cu®
1+ O, — 4 (without copper salt) 4)
1 — 4 { Leucoquinizarin (without copper salt
and/or O,) (5)
4 + ETDA — 2a (6)
2a — 3a 7

—H,0
Scheme 5.

proposed to be as is shown in Scheme 5. The for-
mation of dianion was proved by the color change
of the reaction mixture from orange to violet (4,,.
566, 606 nm) after the addition of excess amines (Eq.
1). The formation of the copper complex (Eq. 2)
and the redox system of the copper complex (Eq.
3) have previously been reported in the cases of the
reactions of 1 with amines in our previous paper;?*
the deposition of metal copper, the effect of the at-
mosphere (with or without O,), the effect of the molar
ratio of copper salts, and the effect of the kind of cop-
per salt were there discussed in detail. Without cop-
per salts, atmospheric oxygen oxidized 1 to 4 (Eq.
4), and/or 1 spontaneously disproportionated to 4 and
leucoquinizarin (Eq. 5), and 479, of 3a was obtained,
together with 159, of leucoquinizarin (Run 2). Sim-
ilar results (489, yield) were obtained in the 2-amina-
tion of 1 with butylamine under the same conditions.?
When the reaction was carried out without either
O, or copper salts, none of the oxidizing agent was
present, 1 spontaneously disproportionated to 4 and
leucoquinizarin (Eq. 5), and the yield of the 2-aminated
product was reduced from 48.19, to 13.1%.%9 With-
out copper salt, leucoquinizarin was also obtained in
a 159, yield (Run 2). The Michael-type addition
of ETDA to 1 give rise to 2a (Eq. 6). The intra-
molecular substitution of the 2-aminoethylamino group
with the l-hydroxyl group of 2a gives rise to the ring-
closure product 3a (Eq. 7).

Experimental

The melting points are uncorrected. The visible spectra
were measured using a Hitachi EPS-3T spectrophotometer.
The 'H-NMR spectra were recorded on a Hitachi Perkin
Elmer Model R-20 spectrometer, with TMS as the internal
standard. The elemental analyses were recorded on a
Yanaco CHN recorder, MT-2. Column chromatography
was carried out on silica gel (Wakogel C-300), using ben-
zene as the eluent. The structural assignment of the prod-
ucts were done by means of their NMR, Mass spectra, and
elemental analyses.
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Materials. 1,4-Dihydroxyanthraquinone(l) was sup-
plied by the Mitsubishi Chemical Industry, Inc., and was
purified by column chromatography, using benzene as an
eluent, followed by recrystallization from benzene. The
metal salts, amines, and solvents were of a reagent grade
and were used without further purification.

Reaction of 1 with Various Diamines. A typical ex-
ample of the reaction is shown below: N-ethylethylene-
diamine (12 ml, 135 mmol) was added into a mixture of
1 (0.6g, 2.5mmol), pyridine (6 ml), and CuCl, (0.63g,
5.0 mmol), after which the mixture was stirred under atmos-
pheric oxygen for 5 h at room temperature and then poured
into a solution of concd HCI (40 ml) and water (100 ml).
The separated products were filtered, washed with water,
dried, and extracted with benzene. The extract was con-
centrated and separated by column chromatography, using
benzene as the eluent, to give 3f (28 mg, 3.6%), which was
then recrystallized from 1-butanol. The residue was washed
with benzene several times to give the HCI salt of 2f (845
mg, 93.39%).

The reactions of 1 with other diamines were carried out
in the same way.

In the reaction of 1 with 1,2-cyclohexanediamine(Run 7),
two isomeric compounds of 3d were obtained; they were
identified on the basis of their TH-NMR spectra. Similar
compounds had previously been reported by Koeliker et
al® in the reaction of Il-chloroanthraquinone with 1,2-
cyclohexanediamine.

Reaction of 1 with 2-(Alkylamino)ethanols. A typical
example of the reaction is shown below: 2-aminoethanol
(12 ml, 200 mmol) was added to a mixture of 1 (0.6 g, 2.5
mmol), pyridine (6 ml), and CuCl, (0.673 g, 5.0 mmol),
after which the mixture was stirred under atmospheric ox-
ygen at room temperature for 5h. The mixture was then
poured into water and the separated products were filtered,
washed with water, and dried. The residue was boiled
in an aqueous solution of oxalic acid and filtered, washed
with water, dried, and chromatographed using a mixture
of benzene-methanol (95:5) as the eluent to give 1 (177
mg 29.5%) and 7d (468 mg 62.29,).

The reactions of 1 with other 2-(alkylamino)ethanol
were carried out in the same way.

Characterization and Identification of Products. Com-
pounds 2b and 3a were already reported in our previous
paper.®

3c: Mp 227—229 °C (1-butanol); UV, A, (benzene)
(¢) 585 (18800), 543 (18000), 509¢ nm (9400); H-NMR
(DMSO-dg): 6 1.25 (3H d) 6.02 (IH s), 7.52—8.15 (4H,
m), 7.86 (1H, broad), 10.3¢4 (1H, broad), 15.20 (1H, s);
MS, mfe (rel intensity): 294 (M+, 46), 293 (3), 279 (58),
262 (100).

4-N-Benzoyl Derivative of 3¢:  Mp 179—180 °C (methanol);
UV, Amax (benzene) (e) 596 (14900), 552 (15200), 521 nm
(9200); Found: C, 72.37; H, 4.64; N, 6.87%. Calcd for
C,H,;sN,O,: G, 72.35; H, 4.55; N, 7.03%; 'H-NMR
(CDCly): 6 1.35 (3H, dd), 3.32—4.34 (3H, m), 6.47 (1H,
s), 7.35 (5H, m), 7.64 (2H, m), 8.18 (2H, m), 10.52 (1H,
broad), 13.43 (1H, s).

3d: Mp 181—I181.5 °C (benzene); UV, A,,x (benzene)
() 586 (18300), 544 (17500), 510°nm (9000); Found: C,
71.75; H, 5.51; N, 8.18%. CQCalcd for C,H,;sN,O,: C,
71.84; H, 5.43; N, 8.38%; *H-NMR (CDCl,): § 1.10—2.20
(8H, m), 3.00 (1H, broad), 3.60 (1H, broad), 4.84 (IH,
broad), 6.04 (IH, s), 7.54 (2H, m), 8.14 (2H, m), 10.24
(1H, broad), 14.84 (1H, s); MS, m/e (rel intensity): 334
(M+, 100), 333 (10).

2e: UV, Ap,x (methanol) 5325, 502 nm.
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2'-N-Benzoyl Derivative of 2e: Mp 207—208 °C (methanol);
UV, Anax (benzene) (¢) 514 (11700), 545*nm (8900);
Found: C, 69.51; H, 5.02; N, 7.05%. Calcd for CyH,y-
N,O;5: C, 69.22; H, 4.84; N, 6.73%; 'H-NMR (CDCL):
4 3.02 (3H, s), 3.29—4.03 (4H, m), 6.03 (1H, s), 7.32 (5H,
s), 7.63 (2H, m), 8.08 (IH, broad), 8.15 (2H, m), 13.73
(1H, s), 14.03 (1H, s); IR (KBr), vgo 1610 cm=1; MS, m/e
(rel intensity): 416 (M*, 9), 281 (100), 268 (88), 239 (45).

3e: Mp 213—214°C (l-butanol); UV, Ay.. (benzene)
(e) 584 (23100), 543 (21900), 508*nm (11100); Found:
C, 69.14; H, 4.94; N, 9.32%. CQCalcd for C,;;H,,N,O,:
C, 69.38; H, 4.79; N, 9.529%; *H-NMR (CDCl,): § 2.98
(3H, s), 3.40 (4H, m), 5.84 (1H, s), 7.54 (2H, m), 8.10 (2H,
m), 10.65 (1H, broad), 14.95 (1H, s); MS, m/e (rel intensity):
294 (M*, 100), 293 (90), 279 (16), 262 (92).

2f: UV, Ana.x (methanol) 5425, 512 nm.

2'-N-Benzoyl Derivative of 2f: Mp 209—210 °C (meth-
anol); UV, An.x (benzene) () 513 (12900), 5455 nm (9700);
Found: C, 70.23; H, 5.32; N, 6.73. Calcd for C,H,,N,O;:
C, 69.76; H, 5.15; N, 6.51%; *H-NMR (CDCl,): ¢ 1.14
(3H, t), 3.06—3.92 (6H, m), 6.02 (1H, s), 7.28 (5H, m),
7.63 (2H, m), 8.01 (1H, s), 8.24 (2H, m), 13.53 (1H, broad),
13.83 (1H, s); IR (KBr): vgo 1615 cm—t; MS, m/e (rel in-
tensity): 430 (M+, 27), 281 (100), 268 (58), 239 (66).

3f: Mp 190—190.5°C; UV An,; (benzene) (¢) 588
(25000), 546 (23400), 511*nm (11800); Found: C, 69.78;
H, 5.19; N, 8.83%. Calcd for C,;H,(N,O,: C, 70.12; H,
5.28; N, 9.09%; *H-NMR (CDCl,): ¢ 1.22 (3H,t), 3.13—
3.65) (6H, m), 6.01 (1H, s), 7.55 (2H, m), 8.15 (2H, m),
10.72 (1H, broad), 14.97 (1H, s); MS, m/e (rel intensity):
308 (M+, 100), 307 (56), 293 (30), 279 (16).

7a: 'Mp 263—264 °C (l-butanol); UV, A, (benzene)
(g) 544® (9000), 512 nm (11700); Found: C, 64.08; H, 4.28;
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N, 4.459%. Caled for CgH;NO;: C, 64.21; H, 4.38; N,
4.68%; MS, mfe (rel intensity): 299 (M*, 38), 281 (13),
268 (100).

7b: Mp 138.5—140 °C (I-butanol); UV, A,y (benzene)
(¢) 532 nm (11200); Found: C, 64.71; H, 4.91; N, 4.36%.
Caled for Cp,H,;NO;: C, 65.17; H, 4.83; N, 4.47%; MS,
mje (rel intensity): 313 (M+, 20), 295 (54), 282 (100).
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tion, Science and Culture.
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