Convergent Synthesis of 6-Substituted
Phenanthridines via Anionic Ring
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The addition of organometallic derivatives to the cyano group of 2-(2-fluorophenyl)benzonitrile followed by intramolecular nucleophilic substitution
produces 6-substituted phenanthridines. Alkyllithiums, aryllithiums, and sterically nondemanding lithium amides reacted at =78 °C to produce
the 6-substituted phenanthridines in 82-98% yield upon warming to room temperature. The addition of the corresponding Grignard reagents
requires an excess of the organometallic reagent and extented reaction times at elevated temperature.

The addition of organometallic species to cyano groups is aScheme 2. Addition of an organometallic reagent to the

fundamental transformation in organic synthésisie result-

ing imine intermediates can be protonated and isolated at
the imine-stage or hydrolyzed to yield the corresponding
ketoneg Alternatively, the intermediate imine anions can

be trapped with electrophilésProtocols for the intra-

molecular trapping of imine-anions have also been devel-
oped. Thus, addition of Grignard reagents to the cyano group
of 4-chlorobutyronitriles and subsequent intramolecular
displacement of the chloride produces substituted pyrrofines.
We now wish to report a new variant of this reaction, see
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Scheme 1. 6-Substituted Phenanthridines via Anionic Ring
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intermediate imine-anion (2). Subsequent intramolecular
nucleophilic aromatic substitution gives 6-substituted phenan-
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Substituted phenanthridines are of great interest for

medicinal chemistry applications and have a broad range of
biological activities? The Bischler—Napieralski cyclization

(5) We recently reported a similar approach to the synthesis of substituted

pyrazoloquinolines; see: Pawlas, J.; Vedsg, P.; Jakobsen, P.; Huusfeldt, P.
O.; Begtrup, M.J. Org. Chem2001,66, 4214—4219.



has been used extensively to synthesize phenanthridinés9% and 49% vyields under similar conditions, whereas

derivatives’ It is usually performed in the presence Qfir,,
POCE, or PC} at elevated temperature, thereby limiting the
kind of functional groups that can be tolerated. Many other
synthetic routes to phenanthridines have been devefoped.
The key starting compountrequired for the anionic ring
closure was accessed via a Suzuki cross-coupling redction.
The biphenyl could be prepared in two ways, see Scheme 2
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°C, 7 h.

This dual approach should offer the possibility of preparing
a wide selection of substituted derivativeslaising readily
available aryl halides and arylboronic acids and esters. The
arylboronic esters in Scheme 2 were prepared as previousl
reported-®

In our initial experiment we focused on the Cu(l)-catalyzed
addition of Grignard reagents fo'* The reactions were very
sluggish and required heating for extended time (Table 1,

Table 1. Synthesis of 6-Substituted Phenanthridines via the
Addition of Grignard and Organolithium Reagentslto

R
—N
GO
3a-e
Yield (%)?
Entry R Product MgCI? Li¢
1 Methyl 3a 59 87
2 i-propyl 3b 74 4
3 n-butyl 3c 49 87
4 tert-butyl 3d e 85
5 p-tolyl 3e 81’ 90

p-tolyIMgCl gave the desired produ8ein 81% yield after
3 h at 70°C. The reaction witht-BuMgCl (entry 4) gave
complicated mixtures under several different conditions and
none of the desired produst could be isolated.

The addition to the cyano group appears to be the rate-
limiting step, as the imine-intermediate was not observed at

any time. In an attempt to speed up the reaction, the use of

the corresponding lithium reagents was investigated. The
addition to the cyano group proceeded -at8 °C, and
subsequent warming of the reaction mixture to room tem-
perature produced the desired 6-substituted phenanthridines;
see Table 1.

Yields were higher than with Grignard reagents, and only
1.05 equiv of the organolithium reagent was required to
obtain full conversion ofl. Notably, tert-butyllithium
produced the desired produ8t in 85% yield (entry 4).
Furthermore, higher yields were obtained whemas added
to a solution containing the lithium reagents. 6-Butylphenan-
thridine (3c) was isolated in 87% yield whdnwas added
to n-butyllithium at —78 °C, compared to 77% when the
order of addition was reversed.

The protocol was extended to other aryllithium reagents;
see Table 2. The 6-aryl-substituted phenathridiniBiesh

Table 2. Synthesis of 6-Substituted Phenanthridines via the
Addition of Aryllithium Reagents and Lithium Amides tb
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Entry Product Yield (%)®

3f 92
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2 3g 82
MeO
3 3h 85
\ i 88
4 ~_No 3i
5 3j 94
e.
N
<] /ﬁ 3k 98

z
/
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aYields of chromatographically pure product.

aYields of chromatographically pure produét3 equiv of RMgCl, 3%
Cul, reflux 20 h.©1.05 equiv of RLi,—78 °C to room temperature.
d Experiment not performed.Complex mixturef Reflux for 3 h.

entries 1-5). Furthermore, 3 equiv of Grignard reagent was
needed. Refluxing with 1 equiv ofi-PrMgCl in the presence

of 3% Cul for 20 h gave a 3:2 mixture of unchangeend

the desired 6-substituted phenanthrid8te When 3 equiv

of i-PrMgCl was used, the desired proddtt was isolated

in 74% vyield. MeMgCI andh-BuMgCl gave3a and 3c in
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were isolated in 8292% vyield. 6-Aryl-substituted phenan-
thridines have been reported as potent DNA-intercalating
antitumor agent& Furthermore, sterically nondemanding
lithium amides reacted smoothly to give the corresponding
6-aminophenanthridinedi—k in 88—98% yield!? Recently,
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C.; Denny, W. A.J. Med. Chem1988, 31, 774—779. 5-HT receptor
ligands: (b) Cappelli, A.; Anzini, M.; Vomero, S.; Mannuni, L.; Makovec,
F.; Doucet, E.; Hamon, M.; Bruni, G.; Romeo, M. R.; Menziani, M. C;
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3k and analogues thereof were reported to have high affinity 6-substituted phenanthridin€a—k via an intramolecular
for the 5-HT; receptor®® Our approach provides a rapid and anionic ring closuré3 We are currently exploring the scope
convergent access to this class of compounds. of the reaction with respect to substituted derivatived of
In conclusion, we have developed a rapid and convergentand the application of other nucleophiles.

synthesis of 6-substituted phenanthridines proceeding in two
steps from readily available starting materials. The addition
of alkyllithiums, aryllithiums and lithium amides to 2-(2-
fluorophenyl)benzonitrile (1) produces the corresponding
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