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ABSTRACT: An efficient synthesis of substituted isocanthines has been achieved using an intramolecular Rh(III)-catalyzed C─H 
functionalization of alkyne-tethered indoles in the presence of catalytic tris(acetonitrile)pentamethyl-cyclopentadienylrhodium(III) 
hexafluoroantimonate and stoichiometric copper(II) acetate. This isocanthine synthesis tolerates a variety of electronically diverse 5- 
or 6-substituted indoles with N-tethered alkyne coupling partners and can also be extended to pyrrole derivatives for the synthesis of 
annulated 5-azaindoles.  

Isocanthines are a class of tetracyclic γ-carbolines that have 
demonstrated widespread clinical use as cardiovascular 
agents,1 antiemetic 5-HT3 receptor antagonists for 
chemotherapy patients,2 as well as potential treatments for 
CNS disorders.3 Surprisingly, very few syntheses of 
isocanthines (Scheme 1) have been reported. Typically the 
reported syntheses employ either thermal cyclization of a 1-
azatriene4 (Scheme 1, A) or intramolecular hetero-Diels-
Alder cycloaddition5 of an alkyne-tethered indole oxime 
(Scheme 1, B).6 Unfortunately, these syntheses suffer from 
very limited scope, the requirement of high reaction 
temperatures, or low yield over multiple steps.4,6 Larock’s 
isocanthine synthesis7 employing a Pd-catalyzed 
intramolecular iminoannulation affords excellent yields with a 
wide functional group tolerance, but requires pre-installation 
of a halide, thus is not very efficient (Scheme 1, C). 
Therefore, a more direct synthesis of isocanthines is highly 
desirable. 

Recently, Rh-catalyzed C─H functionalization reactions8 
have attracted much attention in the literature and have been 
employed in synthesizing an array of interesting heterocycles, 
such as indoles,9 isoquinolines,10,11 isoquinolones,12 pyrroles,13 
pyridines14 and polyheterocycles.15 Inspired by Fagnou’s 
isoquinoline synthesis10 from aryl aldimines and alkynes (eq 1), 
we envisioned that isocanthines could readily be synthesized 
by C─H functionalization of alkyne-tethered indole tert- 

 

butylimines (Scheme 1, D). Herein, we wish to report an 
efficient synthesis of substituted isocanthines via intramolecular 
Rh(III)-catalyzed C─H functionalization of alkyne-tethered 
indoles.   
Scheme 1. Synthetic strategies to Isocanthines 

 
Our investigation commenced with the optimization of 3-n-

butyl-isocanthine (1a) formation from imine 2a by screening a 
variety of catalyst and oxidant systems (Table 1). The optimal 
“standard conditions” employed 2.5 mol % 
tris(acetonitrile)pentamethylcyclopentadienylrhodium(III) 
hexafluoroantimonate (C1)16 as the catalyst, 2.1 equiv of  
Cu(OAc)2 as the oxidant and the reaction was carried out in 
dichloroethane (DCE) in a sealed vial at 100 °C for 16 h. 
Under this set of optimal conditions, the reaction afforded 
93% conversion and 73% assay yield based on quantitative 
HPLC analysis. The desired product (1a) was subsequently 
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isolated in 73% yield (Table 1, entry 1). When the reaction 
was performed at a lower temperature (83 °C), much lower 
conversion and assay yield were obtained (Table 1, entry 2). 
Without Rh complex C1, the reaction did not produce any 
desired product 1a, which indicates that formation of the 
isocanthine did not proceed via simple thermal hetero-Diels-
Alder cycloaddition and subsequent oxidative aromatization 
(Table 1, entry 3). Lowering the loading of C1 to 1 mol % 
resulted in low conversion and assay yield of product 1a 
(Table 1, entry 4). When [Cp*RhCl2]2 (C2) and 
[Rh(COD)Cl]2 (C3) were employed, both reactions proceeded 
with inferior conversion relative to the optimal conditions 
(Table 1, entries 5−6). Palladium catalysts, such as 
palladium(II) acetate (C4) and palladium(II) trifluoroacetate 
(C5), did not generate significant conversion (Table 1, entries 
7−8).  Among the oxidants that were screened, Cu(OAc)2•H2O 
which was used in Fagnou’s isoquinoline synthesis10 resulted in 
86% conversion and 68% assay yield of the desired product 
(Table 1, entry 9). The lower yield was probably due to partial 
hydrolysis of imine 2a to the corresponding aldehyde under 
the reaction conditions. Other oxidants, for example, silver 
acetate, benzoquinone and (diacetoxyiodo)benzene all 
produced low assay yield of product 1a (Table 1, entries 
10−12). 
Table 1. Optimization of Isocanthine 1a Formationa 

 
entry variation from the “standard” 

conditions 
conv 
(%)b 

yield 
(%)c 

1 None 93 73(73) 
2 83 °C instead of 100 °C 53 39 
3 no C1 0 0 
4 C1 (1 mol %) as catalyst 20 19 
5 C2 (1.25 mol %) as catalyst 29 25 
6 C3 (1.25 mol %) as catalyst < 5 < 5 
7 C4 as catalyst  < 5 < 5 
8 C5 as catalyst < 5 < 5 
9 Cu(OAc)2•H2O as oxidant 86 68 

10 AgOAc as oxidant 30 27 
11 benzoquinone as oxidant 50 <5 
12 PhI(OAc)2 as oxidant 61 < 5 

aAll reactions were performed using 0.50 mmol of 2a in DCE (3.0 
mL) in sealed vials for 16 h. bDetermined by HPLC analysis. 
cAssay yields determined by quantitative HPLC analysis. The 
number in parentheses is the isolated yield.  

     We next examined the substrate scope and limitations of 
this Rh(III)-catalyzed isocanthine synthesis. It is worth 
mentioning that the transformation of the aldehydes to the 
corresponding tert-butylimines is essentially quantitative, thus 
requiring no further purification and characterization of the 
starting imines used for the subsequent C─H 
functionalization. Indeed, the one-pot imine formation/C─H 
functionalization process employing aldehyde 3a afforded the 
same isolated yield (73%) as that of the step-wise approach 

(Table 2, entry 1). Therefore, by employing a one-pot 
protocol, namely imine formation, followed by Rh(III)-
catalyzed intramolecular C─H functionalization, we were able 
to synthesize a variety of substituted isocanthines (Table 2). 
     The electronic effects of the substituents on the indole ring 
were first examined. Gratifyingly, both electron-donating and 
withdrawing substituents are well tolerated on the 5-position of 
indole. For example, electron-donating methyl and methoxy 
substituted indoles 3b and 3c produced the desired 
isocanthines (1b and 1c) in 78% and 75% yields, respectively 
(Table 2, entries 2−3). Indole 3d substituted with an electron-
withdrawing fluorine atom afforded isocanthine 1d in an 
excellent 90% yield (Table 2, entry 4). 5-Bromo-substituted 
indole 3e also participated in this C─H functionalization 
reaction, generating a moderate yield (40%) of the desired 
bromoisocanthine 1e. (Table 2, entry 5). As expected, indoles 
substituted with either electron-donating (MeO, 3f) or 
electron-withdrawing (CO2Me, 3g) groups at the 6-position 
uneventfully gave the desired products 1f and 1g in 78% and 
82%, respectively (Table 2, entries 6−7).  
Table 2. Scope of Isocanthine Formationa 

 

entry indole product yield 
(%)b 

 

  

 

1 
2 
3 
4 
5 

3a, R = H 
3b, R = Me 

3c, R = MeO 
3d, R = F 
3e, R = Br 

1a 
1b 
1c 
1d 
1e 

73 
78 
75 
90 
40c 

 

  

 

 

 

 

6 
7 

3f, R = OMe  
3g, R = CO2Me 

1f 
1g 

78 
82 

 

  
 

8 
9 

10d 
11 

3h, R = CH2OCH3 
3i, R = 

(CH2)3OTHP 
3j, R = Ph 

3k, R = (CH2)3Ph 

1h 
1i 
1j 
1k 

66 
85 
<5 
87 

 

  

 

 
 

12 
13 

3l, R = H 
3m, R = CO2Me 

1l 
1m 

53 
71 

  aAll reactions were performed using 0.50 mmol of 3 in t-BuNH2 
(3.0 mL) at 80 °C for 2 h, followed by [Cp*Rh(MeCN)3](SbF6)2 
(C1, 2.5 mol %), Cu(OAc)2 (2.1 equiv) in DCE (3.0 mL) at 100 °C 
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in sealed vials for 16 h. bIsolated yield. c30A% of isocanthine 1a 
was observed by HPLC. dReaction performed at 150 °C. 

  The substituent effect on the alkyne was then investigated. 
Indoles with ether substituted alkynes underwent the 
intramolecular annulation smoothly, giving the desired 
isocanthine products (1h and 1i) in good yields (Table 2, 
entries 8−9). Surprisingly, indole 3j tethered with a phenyl-
substituted alkyne failed to produce isocanthine product 1j 
even at an elevated temperature 150 °C (Table , entry 10).17 
However, indole 3k tethered with a phenylpropyl-substituted 
alkyne uneventfully afforded 87% yiled of isocanthine 1k 
(Table 2, entry 11). This isocanthine synthesis could also be 
extended to alkyne-tethered pyrroles for the synthesis of 
annulated 5-azadindoles.  In fact, pyrroles 3l and 3m were 
subjected to the standard reaction conditions, producing 53% 
and 71% yields of the desired 5-azaindoles (1l and 1m), 
respectively (Table 2, entries 12−13). Thus, one can envision 
that this chemistry could be further expanded into a general 
method for the synthesis of a wide spectrum of annulated 5-
azaindoles. 
     To further demonstrate the synthetic utility of the bromine-
functionalized isocanthine, 1d was converted to cyclopropyl- 
and 2-furyl-substituted derivatives 4a‒b in moderate to good 
yields via Suzuki-Miyaura cross-coupling reactions (Scheme 
2).18 The strucure of isocanthine 4b was established 
unambiguously by single-crystal X-ray diffraction analysis. 
Scheme 2. Synthetic Utility of Bromoisocanthine 1da 

  

 

aConditions: (4a), Pd(OAc)2 (10 mol %), di(1-adamanyl)-n-
butylphosphine (15 mol %), Cs2CO3 (3.0 equiv), c-PrBF3K (1.5 
equiv), PhMe:H2O (10:1), 100 °C. (4b), Pd(dtbpp)Cl2 (5 mol %), 
2-furyl pinacol ester (1.5 equiv), K3PO4•H2O (2 equiv), THF:H2O 
(5:1), 65 °C. 

     We conducted DFT calculations using imine 2a as an 
example to assist in understanding the mechanism of this 
C─H functionalization reaction. The free energy profile of the 
Rh(III)/Rh(I) catalytic cycle begining from imine 2a and 
rhodaycle Rh0 is shown in Figure 1. In accord with literature 
precedent,10 the mechanism involves an initial imine 
coordination of 2a and rhodacycle Rh0 to form rhodacycle 
Int1, followed by ortho-directed C─H functionalization via 
concerted metalation deprotonation9,12a (via Int2), then alkyne 
coordination (via Int3) and insertion to afford seven-
membered rhodacycle Int4. TS1 and TS2 are the transition 
states for these two steps, and have barriers of 16.4 and 9.2 
kcal/mol, respectively. Rhodacycle Int4 then undergoes 
reductive elimination via TS3 with a barrier of 17.2 kcal/mol 
to produce intermediate Int5. Int5 then proceeds with tert-
butyl fragmentation and catalyst regeneration in the presence 
of 2 equivalents of Cu(OAc)2 to generate the isocanthine 
product 1a, along with byproducts isobutene, acetic acid and 
Cu(OAc), and catalyst Rh0.      
    In conclusion, we have developed a C─H functionalization 
approach to substituted isocanthines from alkyne-tethered 
indole-3-carboxaldehydes and tert-butylamine using 2.5 mol 
% of [Cp*Rh(MeCN)3](SbF6)2 as the catalyst and 2.1 equiv of 
Cu(OAc)2 as the oxidant in DCE at 100 °C. Both electron-
donating and electron-withdrawing substituents are tolerated 
on the 5- and 6-positions of the indole ring. This chemistry can 
also be extended to pyrrole derivatives for the synthesis of 
annulated 5-azaindoles. Bromine substitution on the indole 
ring allows for further functionalization of the isocanthine 
framework via Suzuki-Miyaura cross-coupling reactions. 
Theoretical calculations suggest that the mechanism of this 
chemistry involves ortho-directed C─H functionalization via a 
concerted metalation deprotonation pathway, followed by 
alkyne coordination and insertion, then reductive elimination 
and tert-butyl fragmentation to afford the desired isocanthine 
product.  
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Figure 1. (a) Free energy profiles for the mechanism of Rh(III)-catalyzed formation of isocanthine 1a. (b) Computed configurations of 
transition states with selected bond distances shown in angstroms (Å). Some hydrogen atoms are omitted for clarity. 
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