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The straightforward and efficient synthesis of indolo[2,1-a]isoquinoline derivatives has been achieved by the rhodium-catalyzed aerobic oxidative
coupling/cyclization of 2-phenylindoles with alkynes. Some of the polycyclic products exhibit solid-state fluorescence.

Nitrogen-containing polycyclic heteroarenes have attracted
considerable attention because of their biological and photo-
and electrochemical properties.* Their construction usually
needs complicated multisteps with huge effort involving
high-volume byproducts.? Recently, the oxidative coupling
of aromatic substrates with internal alkynes by transition
metal catalysis via regioselective C—H bond cleavage has
been developed for preparing fused polycyclic molecules.
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As such an example, we have reported the one-step synthesis
of 5,6-diarylindolo[1,2-a]quinoline derivatives by the pal-
ladium-catalyzed oxidative coupling of 1-phenylindole-3-
carboxylic acids with akynes involving decarboxylation
(Scheme 1).* The tetracyclic products have been found to
exhibit intense fluorescence in the solid state.
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During our further study of fused heteroaromatic construc-
tion,> we have succeeded in building up an indolo[2,1-a]-
isoquinoline framework via the aerobic oxidative coupling
of 2-phenylindoles with alkynes under rhodium catalysis,
accompanied by C—H and N—H bond cleavages (Scheme
2).5 Note that this reaction proceeds smoothly with air as
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terminal oxidant, in which no wastes are formed except for
water. The tetracyclic framework can be seen in various
natural products that exhibit a broad range of interesting
biological activity.” Moreover, as areindolo[1,2-a]quinolines,
some of the indolo[2,1-a]isoquinoline derivatives obtained
have been found to show solid-state fluorescence. The results
obtained for the coupling are described herein.
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In aninitial attempt, 2-phenylindole (1a) (0.5 mmol) was
treated with diphenylacetylene (2a) (0.5 mmol) in the
presence of [Cp*RhCl;], (0.01 mmol) and Ag,COs; (0.5
mmol) as catalyst and oxidant, respectively, in o-xylene (3
mL) at 100°Cunder N,. Asaresult, 5,6-diphenylindol o[ 2,1-a] -
isoquinoline (3a) was formed in 44% yield after 6 h (entry
1 in Table 1, Cp* = pentamethylcyclopentadienyl). The

Table 1. Reaction of 2-Phenylindole (1a) with
Diphenylacetylene (2a)*

SeaV
PP coRnCl, N
7O -
H Ph oxidant PH Ph
1a 2a

3a

entry oxidant (mmol) yield of 3a®
10 AgsCO;3 (0.5) 44
2¢ AgOAc (1) 80
3 AgOAc (1) 99 (96)
4 Cu(OAc)2H20 (1) 92
5 Cu(OAc)»H;0 (0.05) + air? 96 (96)
6 air? 21

@ Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmal), [(Cp*RhCl,),]
(0.01 mmoal), N&CO;3; (1 mmoal), o-xylene (3 mL) at 100 °C for 6 h under
N,. ® GC yield based on the amount of 1a used. The number in parentheses
indicates yield after purification. © Without Na,COs. ¢ Under No—air (5:1,
900 mL).

product yield significantly increased to 80% by using
AgOAc (1 mmoal) asthe oxidant in place of Ag,COs (entry
2). The addition of Na,CO;z; (1 mmol) enabled 3a to be
produced quantitatively (entry 3). An inexpensive oxidant,
Cu(OAC)»H,0, was also effective for the present reaction
(entry 4). Furthermore, to our delight, a comparably good
yield was obtained even when the reaction was conducted
with a catalytic amount of Cu(OAc)»H,0 (0.05 mmol) under
N,—air (5:1) (entry 5).% Without the copper cocatalyst, the
reaction was sluggish (entry 6).

Table 2 summarizes the results for the coupling of a series
of 2-arylindoles 1b—h with 2a under conditions with air as
termina oxidant (entry 5 in Table 1). 2-(4-Substituted
phenyl)indoles 1b—e reacted with 2a smoothly to form the
corresponding 3-substituted 5,6-diphenylindolo[2,1-a]iso-
quinolines 3b—e in good yields (entries 1—4). 5-Methoxy-
and 5-chloro-2-phenylindoles, 1f and 1g, also underwent the
reaction with 2a to produce 10-substituted 5,6-diphenylin-
dolo[2,1-a]isoquinoline derivatives 3f and 3g, respectively
(entries 5 and 6). In the reaction of 2-(1-naphthyl)indole (1h)
with 2a, a pentacyclic product 3h was selectively obtained
in 74% yield (entry 7).

(12) (a) Terao, Y.; Nomoto, M.; Satoh, T.; Miura, M.; Nomura, M. J.
Org. Chem. 2004, 69, 6942. (b) Terao, Y.; Wakui, H.; Nomoto, M.; Satoh,
T.; Miura, M.; Nomura, M. J. Org. Chem. 2003, 68, 5236. (c) Terao, Y.;
Woakui, H.; Satoh, T.; Miura, M.; Nomura, M. J. Am. Chem. Soc. 2001,
123, 10407. (d) Eisenbraun, E. J.; Harms, W. M.; Palaniswamy, V. A,;
Chen, H. H.; Porcaro, P. J.; Wood, T. F.; Chien, M. J. Org. Chem. 1982,
47, 342.

(13) It was confirmed that treatment of 4o under similar conditions to
those of entry 9 in Table 3 did not give 30 at al.
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Table 2. Reaction of 2-Arylindoles 1 with Diphenylacetylene
(28)*

entry 1 product, % yield”

Y-
Sha W
N
Ph Ph
3b: Y =H, Z =Me, 90 (75)

1 1b: Y=H,Z=Me

2 lc: Y =H,Z=0Me 3¢: Y = H,Z = OMe, (78)

3 1d:Y=H,Z=Cl 3d: Y =H,Z=Cl 99 (84)
4¢ le: Y =H,Z=CO,Me 3e: Y = H, Z = CO,Me, (80)
54 1f: Y =OMe, Z=H 3f: Y =OMe, Z=H, (73)
64 1g:Y=Cl,Z=H 3g: Y =Cl,Z=H, 99 (93)

3h, (74)

2 Reaction conditions: 1 (0.5 mmal), 2a (0.5 mmol), [(Cp*RhCl,),] (0.01
mmol), Cu(OACc)»H,0 (0.05 mmol), Na,COs (1 mmal), o-xylene (3 mL)
at 100 °C for 6 h under No—air (5:1, 900 mL). ® GC yield based on the
amount of 1 used. The number in parentheses indicates yield after
purification. ©For 10 h. 4With 1 (0.25 mmol), 2a (0.25 mmol),
[(Cp*RhCl5);] (0.005 mmol), Cu(OAC)»H,0O (0.025 mmol), NaCO; (0.5
mmol), and o-xylene (2 mL).

The oxidative coupling of 1a with 2a serves as an example
in a possible mechanism illustrated in Scheme 3, in which
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neutral ligands are omitted. Initial coordination of the
nitrogen atom of 1a to Cp* Rh(l11)X species’ and subsequent
cyclorhodation gives a five-membered rhodacycle intermedi-
ate A.2%* Then, alkyne insertion into the N—Rh or C—Rh
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bond of A occurs to form seven-membered rhodacycle B or
C, respectively. In either case, the final reductive elimination
affords 3a. The resulting Cp*Rh(l) species seems to be
oxidized in the presence of the copper cocatalyst and air to
regenerate Cp* Rh(I11)Xx.

The reactions of 1a with variousinternal alkynes 2b—i in
place of 2a were examined next. Methyl- (2b), tert-butyl-
(2c), methoxy- (2d), chloro- (2€), and trifluoromethyl- (2f)
substituted diphenylacetylenes underwent the coupling with
la to afford the corresponding 5,6-diarylindolo[2,1-a]iso-
quinolines 3i—m in fair to good yields (entries 1-5in Table
3). In the reaction of 2-methyl-4-phenyl-3-butyn-2-ol (29)

Table 3. Reaction of 2-Phenylindole (1a) with Alkynes 22

entry 2 product, % yield”
X
SeaW
N
Y _
X X
1 2b: X = Me 3i: X = Me, 99 (94)
2 2¢: X =By 3j: X = Bu'’, 97 (90)
3 2d: X = OMe 3k: X = OMe, (93)
4 2e: X =Cl 31: X =Cl, 86 (86)
5 2f: X =CF; 3m: X =CF;, (64)

%Ph

(HOMe,C

(HO)Me,C  Ph

6 2g 3n, 30

7¢ 2g 3n, 94 (76)

- UL O
7 ) - SO
R A\ —

R'R R R

8 2h: R =Pr 40: R'=Et, 76 30:R=Pr,6

9d 2h: R=Pr 40: R' = Et, 85 (75) 30:R=Pr, 10(9)

10 20R=C;H;5s 4p: R =CgH,5, 71(62) 3p: R=C;H 5, 23 (8)

2 Reaction conditions: 1a (0.5 mmol), 2 (0.5 mmol), [(Cp*RhCl,),] (0.01
mmol), Cu(OACc)»H,0 (0.05 mmol), N&,COs (1 mmal), o-xylene (3 mL)
at 100 °C for 6 h under N,—air (5:1, 900 mL). ® GC yield based on the
amount of la used. The number in parentheses indicates yield after
purification. © Under N, with AgOAc (1 mmol) in place of Cu(OAc)zH.0.
9 Under N, with Ag,CO; (0.5 mmol) in place of Cu(OAC)»H,0 and Na,COs.

with 1a, although the yield of the corresponding product 3n
was somewhat low, no other regioisomers were formed (entry
6). The yield of 3n was significantly improved up to 94%
by using a stoichiometric amount of AgOAc as the oxidant
(entry 7). Note that the hydroxymethyl group can act as a
leaving group for further fucntionalization.*
Dialkylacetylenes such as 4-octyne (2h) and 8-octadecyne
(2i) aso reacted smoothly with 1a under either aerobic
conditions (entries 8 and 10) or conditions with a silver salt
(entry 9) to efficiently afford the corresponding oxidative
coupling products. The major product in each case was,

Org. Lett, Vol. 12, No. 9, 2010



unexpectedly, 6-alkyl-5-alkylidene-5,6-dihydroindolo[2,1-a]-
isoquinoline 4o or 4p, anticipated 5,6-dialkylindolo[2,1-a]-
isoquinoline 3o or 3p being produced in a minor amount.™®

The product 4 seems to be constructed from la and a
diakylacetylene through the steps depicted in Scheme 4. A

Scheme 4
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R

seven-membered rhodacycle intermediate B’ is generated in
a similar manner to that to B in Scheme 3. Since B’ has a
pB-hydrogen, its elimination appears to occur in preference
to reductive elimination to form D.** Then, D undergoes
intramolecular alene insertion into the C—Rh bond and
reductive elimination to produce 4.

Some of the indolo[2,1-a]isoquinolines obtained above
showed solid-state fluorescence in a range of 460—510 nm
(see the Supporting Information). Notably, 3f and 3
exhibited relatively strong emissions compared to a typical
emitter, coumarin 153, by factors of 3.5 and 3.1, respectively
(Aemis 470 (for 3f; A) and 476 nm (for 3j; B), Figure 1).

In summary, we have demonstrated that the rhodium-
catalyzed oxidative coupling of 2-phenylindoleswith alkynes
proceeds efficiently under aerobic conditions through C—H
and N—H bond cleavages to give the corresponding in-
dolo[2,1-a]isoquinoline derivatives, some of which exhibit
solid-state fluorescence. Since 2-phenylindoles can be easily

1000 A

l¢ (au)

430 480 530 580
2 (nm)

Figure 1. Fluorescence spectra of 3f (A), 3j (B), and coumarin
153 (C) in the solid state upon excitation at 422 nm.

prepared via the palladium-catalyzed direct arylation of
unsubstituted indole with arylboronic acids,™® the sequence
of the arylation and the present oxidative coupling provides
a smple synthetic pathway of the nitrogen-containing
polycyclic systems from readily available indole, arylboronic
acids, and alkynes.
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