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Ethanolamine Reduction of Nitrophenanthridine
Derivatives to Amines

Hsi-Lung Pan and T. Lloyd FLETCHER

Chemistry Research Laboratory of the Department of Surgery,
School of Medicine, University of Washington, Seattie, Wash-
ington 98195, U.S.A.

Although hydroxyalkylamines (in particular ethanolamine)
are known as reducing agents’, there are few instances in
the literature where these substances have been used to
reduce aryl nitro groups®?; even in these cases mixtures were
produced with substantial amounts of azo and azoxy deriva-
tives, and generally only small yields of the amine.

We wish to report, however, that in a series of nitro-
phenanthridine derivatives, in which we had rcplaced a
6-chloro with the 2-hydroxyethylamino group, a reaction
(1—2) that is complete in an hour on the steam bath, the
use of excess ethanolamine and an equivalent of pyridine,

Downloaded by: National University of Singapore. Copyrighted material.



November 1971

4
O O 2 *+ HN—CHp—CHy—OH 2255

~N

Cl

1

a x'=nN0,, x?=n

b x':=ci, x%=nNo,

€ x'=8Br, Xx?=NO
NO;

O H,N—CH,—CH,—0H/pyridine

q® 9

MN=CHy~CH,—0H
2a

X1

N NO,

HaN—CH;—CH,—0H/pyridine

O =N l 2N

HN—CH;—CH,—0H

2b x' -
Cc X' =Br

at somewhat elevated temperatures for a prolonged period,
leads to high yields of the corresponding aminophenan-
thridines (3).

When 6-(2-hydroxyethylamino)-2-nitrophenanthridine (2a)
was isolated (1 hr, steam bath) and then reacted with
excess cthanolamine (24 hr, 110°) and an equivalent of
pyridine (with no hydrogen chloride available as it is in
the case of the overall reaction), the yield of amine (3a)
was lower (60 %). When 2a was reacted with ethanolamine
alone the yield was still lower (40 %), and a small amount
(5 %) of the azoxy compound, 4, was obtained.
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The identity of the amines was established by reduction
of the corresponding nitro derivatives by conventional
methods (e.g. with hydrazine hydrate and either palladium
on carbon or Raney nickel, or with stannous chloride and
hydrochloric acid), with 1.R. comparison, and mixture
m.p. determination. Stannous chloride was used in the
reduction of 2¢, since partial debromination occurred even
with Raney nickel/hydrazine hydrate*, and a compound
having an empirical formula of C,,H,,BrN,O, (583.5)
was obtained. Reduction-debromination® of 2¢ with pal-
ladium on carbon/hydrazine hydrate gave 3d (X'=H).
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2-Nitro-, 2-Chloro-4-nitro, and 2-Bromo-4-nitro-6-chlorophenan-
thridine (1a, 1b, 1c):

The 6-(5 H)-phenanthridinone (2-nitro-°, 2-chloro-4-nitro-°, or 2-
bromo-4-nitro®) was mixed with one molar equivalent of phos-
phorus pentachloride and ~ 30 parts of phosphorus oxychloride.
The mixture was refluxed for 20-24 hr and the oxychloride was di-
stilled off. The product, after trituration in crushed ice and water,
was collected by filtration, and recrystallized from benzene.

2-Nitro-, 2-Chloro-4-nitro-, and 2-Bromo-4-nitro-6-(2-hydroxyethyl-
amino)-phenanthridine (2a, 2b, 2¢):

A mixture of 1a, 1b, or le¢, one equivalent of pyridine, and an
excess of ethanolamine (25 ml per 0.01 mol of the nitrophen-
anthridine) was heated on a steam bath with occasional shaking
for 1hr. The product was isolated by dilution with agueous sodium
chloride and filtration, and purified by recrystallization from
benzene.

2-Amino-, 2-Chloro-4-amino-, and 2-Bromo-4-amino-6-(2-hydroxy-
ethylamino)-phenanthridine (3a, 3b, 3¢):

The mixture, as described in the preceding procedure, was heated
under reflux with stirring at 110-120° for 24-32 hr, cooled, and
triturated in saturated aqueous sodium chloride. The solid material
was separated by filtration or by decantation and washed with
water. Recrystallization from dilute ethanol or benzene gave the
product.

6,6'-Bis-[2-hydroxyethylamino]-2,2"-azoxyphenanthridine (4):
Ethanolamine (25 ml) and 2a (1.4 g) were heated at 110" for 24 hr
and then triturated in saturated aqueous sodium chloride. The
solid was recrystallized twice from ethanol/water giving the pro-
duct as light yellow crystals; yield of 4: 5%,. The cthanol-water
filtrates, when worked up, gave 3a (40 %).

Downloaded by: National University of Singapore. Copyrighted material.



594 Communications SYNTHESIS

Table 1. Substituted Phenanthridines

Compound | Yield %, m.p* Analytical Data® |
1a 90 255-256° C.H:CIN,O,  cale. € 6036 H 273 N 1083
i (258.7) found  60.27 275 10.69
1b 9| 21452155 | C H.CLN,O,  cale. N 9.5
(293.1) found 9.43
le 91 236.5-237° CaH BICIN,0, cale. € 4626 H 179 Br 2367 C1 1050 N 830
(337.6) found 4635 1.75 23.68 10.34 8.12
2a 100 244-245° CisHyN,0,  cale. € 63.60 H 4.63 N 14.83
(283.3) found 6334 462 15.02
b 9% 19351945 | C,H,CIN,O, cale. € 5670 H 3.81 N 13.23
(317.7) found  56.88 3.87 13.15
2¢ 92 181-182° ¢ C,Hp.BIN,O,  cale. € 4974 H 334 N 11.60
(362.2) found 4991 3.48 11.49
3a 90 151-152° C1sHy NS0 cale. € 7143 H 597 N 16.59
(253.3) found 7096 5.80 16.45
3b 56 182-183° C;HCINGO  cale. € 6261 H 4.90 al12.32
(287.8) found  62.83 499 12.20
3¢ 67 189-190° CisHBIN,O  cale. € 5423 H 425  Br 24.05 N 1265
(332.2) found 5434 417 24.23 1252
3d 90 159-160° C1sH s N50 cale. € 7143 H 597 N 16.59
(253.3) found  71.17 5.79 16.77
4 5 273-274° CaoHae N O; cale. € 6948 H 505 N 16.21
(518.6) found  69.65 5.31 16.39

* Melting points below 250° were taken on a Fisher-Johns block and are corrected to standards. Those above 250° were taken in a
capillary on the Hoover apparatus and are uncorrected.

® Analyses were performed by Alfred Bernhardt, D-5251 Elbach, West Germany.

¢ Taken on a preheated block. The melt solidifies when pressed, remelting at 192-193°.

4-Amino-6-(2-hydroxyethylamino)-phenanthridine (3d, X' = H):

A mixture of 2¢ (1.8 g, 5 mmol), 999, hydrazine hydrate {3 ml).
5% palladium on carbon (0.2 g), and 959, ethanol (150 ml) was
refluxed for 3 hr, and filtered. The filtrate was concentrated to a
small volume and diluted with water. The precipitated product
was separated and recrystallized from benzene giving glistening
yellowish-white needles.

We thank Carol-Ann Cole for running 1. R. spectra on the
Beckman IRS in KBr disks. We were supported in this
work by a research grant (CA-01744) from the National
Cancer Institute, and by Career Development Award 5-KO3-
CA-14,991 (T.L.F.).

Received: August 8, 1971

' N. V. SibGwick, The Organic Chemistry of Nitrogen, 3rd ed.,
[ T. MiLLAR, H. D. SpriINGALL, Clarendon Press. Oxford,
1966, p. 130.

2 C.B. KrRemrR, J. Amer. Chem. Soc. 59, 1681 (1937).

* C. B. KremER, B. KrEss, J. Amer. Chem. Soc. 60, 1031 (1938).

4 See footnote '* in M.J. NamkunG, T. L. FLETCHIR, W. H,
WETZEL, J. Med. Chem. 8. 551 (1965), for a comparison of the
effects of palladium on carbon and Raney nickel with hydrazine
hydrate on the aryl halogen atoms.

5 H.-L. Pan, T. L. FretcHer, J. Heterocyclic Chem. 7, 313, 597
(1970).

& H. GiLmaN, J. EiscH, J. Amer. Chem Soc. 79, 5479 (1957)

Downloaded by: National University of Singapore. Copyrighted material.



