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ABSTRACT

A one-pot, t-BuLi-induced synthesis of 6-substituted phenanthridines from fluoroarenes and nitriles via 1,2-arynes is reported. Aryl- and
hetaryl nitriles, cyanamides, and trimethylacetonitrile gave phenanthridine products. The method was extended to provide bisphenanthridine
10 by a one-pot bis-cyclization, using 1,3-dicyanobenzene and PhF in 1:5 ratio. Reaction of 1-fluoronaphthalene and 4-chlorofluorobenzene
with benzonitrile afforded the regioisomerically pure products 11 and 12, respectively.

Chemistry of arynes provides a robust tool for synthetic
design and methodology.1 The recent reports concerned with
formation,2 reactivity,3 and in particular synthetic applica-
tions4 of arynes illustrate the continued interest in the area.
Biehl and others have shown that arynes can be employed
with outstanding success for the synthesis of various nitrogen
heterocycles.1c,5 Yet, despite apparent practical advantages
of such a strategy (see below), we are not aware of a route
to dibenzo-fused pyridine systems simply by reacting a nitrile
with two aryne molecules in a 2+ 2 + 2 fashion.6,7 Herein,
this goal is formally accomplished: we report at-BuLi-
induced synthesis of 6-substituted phenanthridines (6SPs)
from nitriles and fluoroarenes, which presumably proceeds
via 1,2-aryne intermediates.

6SPs have recently found interesting applications,8 but
even the contemporary methods for their construction rely

on multistep syntheses and often require harsh conditions.9

We reasoned that 6SPs (1) could be obtained bytimely
addition of a nitrile to reactive 2-fluoro-2′-lithiobiphenyl 2
(Scheme 1).10 By this method,1 would be formed by addition
of 2 to a nitrile, followed by an intramolecular SNAr reaction.
The salient aryllithium2 would be generated by attack of a
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o-fluorophenyllithium311 on 1,2-aryne4, which could be
formed either from3 by loss of LiF (R1 ) R2), or from
another aryne precursor (R1 * R2). The latter approach would
allow installation of different substituents onto phenyl rings
in 6SPs. However,o-fluorophenyllithium is known to be
stable only at or below-70 °C.11 At higher temperaturess
presumably needed for addition of3 to benzyne4 at
sufficiently high ratessLiF elimination from 3 may occur
faster than attack on benzyne, preventing formation of
substantial amounts of aryllithium2. Gratifyingly, our initial
attempt to prove the principle outlined in Scheme 1 did
provide the phenanthridine product, though in a modest yield
(Table 1, entry 1). Fluorobenzene, which served as the

precursor for both3 and4, wasortho-lithiated12 usingt-BuLi
at -78 °C in dry THF. After 10 min at-78 °C, the reaction
was warmed to room temperature to generate2, followed
by addition of 1.5 equiv of PhCN, which gave5. Yet, the

3:4 ratio obtained under these conditions was not optimal:
according to GC-MS analysis, a large amount of tri-
phenylene6 was formed, most likely by reaction of2 with
4.13 Moreover, small amounts of imines7 and8 were also
detected by GC-MS, indicating the presence of PhLi at the
time PhCN was added.14 After some experimentation, we
found conditions that completely suppressed formation of7
and8 (entry 2). This in turn provided a slightly better yield
of 5, but 6 was again formed as the major product. In our
next attempt, we added PhCN before warming the reaction
to room temperature (entry 3). The yield of5 was further
increased, and the arene6 was not formed at all. In fact, the
only detectable byproduct was the imine9. Through a series
of experiments varying temperature and timing of PhCN
addition, we established that the isolated yield of5 is highest
when PhCN is addedwhile the reaction is being warmed to
room temperature, ca. 1 min after the acetone-dry ice bath
keeping the reaction at low temperature is removed (entry
4). It is noteworthy that imine9, which was invariably
obtained as a byproduct in these reactions, could be
hydrolyzed to the corresponding ketone at an acidic pH. This
ketone was in turn easily removed by extraction, circumvent-
ing use of chromatography during isolation of5.15 Since
unreacted PhCN was always detected in the crude product
mixtures in the above experiments, we carried out reactions
using less PhCN (entries 5 and 6). Nevertheless, this had a
detrimental effect on the yield of5, and arene6 emerged as
a byproduct. Next, different lithium bases were screened
(entries 7 and 8),16 but these reactions provided5 in lower
yields than experiments usingt-BuLi as the base.

With the optimized conditions for the one-pot formation
of 6-phenylphenanthridine5 (Table 1, entry 4),17 we
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Scheme 1

Table 1. Base-Induced Formation of 6-Phenylphenanthridine
from Fluorobenzene and Benzonitrilea

entry base
time
(min)

temp
(°C)

equiv of
PhCNb % yield

1 t-BuLic 10 -78 1.50 16d

2 t-BuLie 10 -50 1.50 19d

3 t-BuLie 0 -50 1.50 37f

4 t-BuLie 1 -50 1.50 63f

5 t-BuLie 1 -50 1.25 54f

6 t-BuLie 1 -50 1.00 49f

7 s-BuLie 1 -50 1.50 43f

8 LTMPg 1 -50 1.50 40f

a Reaction conditions: 3.2 mmol of PhF in 10 mL of THF under N2 at
temp, 3.2 mmol of base added.b Based on PhF being 2.0 equiv.c Added
over 10 min.d Calibrated GC-MS yield. e Added over 5 min, kept at-50
°C a further 10 min.f Isolated yield.g PhF (neat) added over 1 min to
premade LTMP in 10 mL of THF, kept at-50 °C a further 14 min.
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examined the scope of the cyclization using different nitriles
(Table 2). Arylnitriles with different steric and electronic

properties participated in this cyclization (entries 1-11),
although the substitution pattern on the benzene moiety had
a profound effect on the yield of phenanthridine products.
For example, tolunitriles (entries 2, 4, and 6) and both 4-
and 2-chlorobenzonitrile (entries 3 and 7) provided 6SPs in
yields comparable to reactions using benzonitrile, but the
yield of phenanthridine product was substantially lower when
3-chlorobenzonitrile was employed (entry 5). Presumably,
this was due to competitive proton abstraction from the nitrile
by aryllithium 2.18 Furthermore, moderately congested

2-substituted benzonitriles afforded reasonable yields of
cyclized products (entries 6 and 7), but when the highly
hindered nitriles in entries 8 and 9 were used, the yields
dropped significantly. On the other hand, some base-sensitive
substituents were tolerated (entries 10 and 11).19 Also
hetarylnitriles could be incorporated (entries 12-15). As was
the case with arylnitriles, large differences in yields were
observed. For example 2-cyanopyridine afforded the cyclized
product in much higher yield than the 3-isomer (entries 12
and 13). Again, the lower yield with the latter is possibly
due to abstraction of an acidic proton from the nitrile by
2.18 In addition, by utilizing the bulky trimethylacetonitrile
in entry 16, we extended our method beyond aromatic
substrates. The lower yield in this case was primarily due to
preferential formation of6, which was formed as the major
product.20 The extension to cyanamides is important despite
the modest yields obtained in these reactions (entries 17 and
18). This process constitutes a one-step entry to a medicinally
relevant structural class7a from readily available materials.

Furthermore, we were able to extend the method herein
to a facile one-pot bis-cyclization. Thus, bisphenanthridine
10 was obtained simply by changing the PhF to 1,3-
dicyanobenzene ratio from 4:3 (as in Table 2, entry 10) to
5:1 (eq 1).21 The phenanthridine shown in Table 2 was

present as a minor byproduct, and could be easily separated
by chromatography. Finally, we initiated studies using sub-
stituted fluorobenzenes. Not surprisingly,22 using 4-fluoro-
toluene, benzonitrile, and the conditions optimized in Table
1 afforded an inseparable, ca. 1:1 mixture of dimethylated
6-phenylphenanthridines in 41% overall yield.23 On the
contrary, both 1-fluoronaphthalene and 4-chlorofluoro-
benzene provided the phenanthridine products as single
regioisomers (Scheme 2).24 In the latter case, to obtain12,
slightly modified conditions had to be employed.

In summary, a one-pot,t-BuLi-induced process to con-
struct 6SPs from fluoroarenes and nitriles was developed.

(15)Typical Procedure. 6-Phenylphenanthridine (Table 2, entry 1).
To a stirred solution of fluorobenzene (316µL, 3.20 mmol) in 10.0 mL of
THF at -50 °C was added over 5 min dropwise 1.7 Mt-BuLi in pentane
(1.88 mL, 3.20 mmol). After an additional 10 min at-50 °C, the acetone-
dry ice bath was removed. Exactly 1 min after removal of the acetone-dry
ice bath, benzonitrile (248µL, 2.40 mmol) was added. The reaction was
allowed to warm to room temperature, 15 mL of 4 M HCl was added, and
the crude mixture was vigorously stirred overnight. The reaction was then
extracted with diethyl ether (3× 150 mL), the pH of the aqueous phase
was adjusted to ca. pH 10 using 2 M NaOH, and the basic aqueous phase
was extracted with CH2Cl2 (3 × 150 mL). The combined CH2Cl2 extracts
were dried (MgSO4), ca. 50 mL EtOAc was added, and filtration through
a pad of silica gel (ca. 4 g) followed by evaporation afforded 257 mg (63%)
of the title compound as yellow crystals, mp 100-101°C (EtOAc/heptane).

(16) According to GC-MS, n-BuLi, MeLi, PhLi, and LDA gave only
traces of5.

(17) Using DME, Et2O, or THF/dioxane as solvent gave<20% of 5,
while the reactions performed at concentrations higher than those given in
Table 1 provided6 as the main product. Phenanthridine5 was not obtained
when PhCl was used instead of PhF.

Table 2. t-BuLi-Induced Synthesis of 6-Substituted
Phenanthridines from Fluorobenzene and Nitrilesa

a Reaction conditions: 3.2 mmol of PhF in 10 mL THF at-50 °C under
N2, 3.2 mmol oft-BuLi added.b t-BuLi added over 5 min.c 1.5 equiv, based
on PhF being 2.0 equiv.d Isolated yield, average of two runs.e Table 1,
entry 4. f Isolated as free amine.

Scheme 2
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The scope of the method was examined using a variety of
nitriles. This chemistry also set up a one-pot formation of a
bis-cyclized product10. A few substituted fluoroarenes were
examined, which in some cases afforded 6SPs as single
regioisomers. Experimental simplicity,15 abundance of in-
expensive readily available building blocks, and easy access
to diverse structural motifs compensate for the moderate

yields generally delivered by this method. Future studies will
focus on providing access to unsymmetrically substituted
6SPs (Scheme 1, R1 * R2), as well as on utilizing hetarynes1b

in the herein disclosed cyclization.
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(18) Large amounts of 2-fluorobiphenyl were detected in the crude
reaction mixture by GC-MS.

(19) Free amino, nitro, and ester groups are not compatible with this
chemistry.

(20) Expectedly, CH3CN did not give 6-methylphenanthridine. An
R-proton was abstracted by2 instead to give 2-fluorobiphenyl as the major
product. See ref 9a for a method enabling introduction ofR-hydrogen-
containing alkyl groups.

(21) Bisphenanthridines of type10 are unknown, and the potential uses
of such systems are thus unexplored. On the other hand, the related
terpyridines are well-known and have been used, e.g., in Ru-based
cyclometalated complexes. See for example: (a) Beley, M.; Collin, J.-P.;
Louis, R.; Metz, B.; Sauvage, J.-P.J. Am. Chem. Soc. 1991, 113, 8521-
8522. (b) Beley, M.; Chodorowski, S.; Collin, J.-P.; Sauvage, J.-P.
Tetrahedron Lett.1993, 2933-2936. (c) Chavarot, M.; Pikramenou, Z.
Tetrahedron Lett.1999, 6865-6868.

(22) For a general discussion on addition of nucleophiles to unsym-
metrically substituted arynes, see ref 1a, pp 134-150.

(23) Both 3- and 2-fluorotoluenes also provided ca. 1:1 mixtures of
regioisomers, but in much lower yields than 4-fluorotoluene.

(24) While it is known that additions of nucleophiles to 1-naphthyne
and 4-chlorobenzyne may lead to mixtures of regioisomers, additions to
the 2-position of the former and the 4-position of the latter are generally
favored for a variety of nucleophiles.22
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