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ABSTRACT

A range of γ-carbolines were produced stereoselectively from ruthenium(III)-catalyzed reactions of 3-pyridyl substituted aryl azides. Other
catalysts and conditions were neither as selective nor as high-yielding. This method was used to synthesize dimebolin in a concise and efficient
manner.

The synthesis of N-heterocycles through the formation
of C�N bonds from C�H bonds improves the synthetic

efficiency of the synthesis of these medicinally important
molecules by eliminating functional group manipu-
lation.1,2 β-3�5 and γ-carbolines6 are particularly attractive
targets for the development of C�H bond functionali-
zation methods because they constitute the core of
many biologically active compounds.7 Dimebolin (aka
latrepiridine)8 is a γ-tetrahydrocarboline that was under
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intense scrutiny because it showed promising activity for the
treatment of mild to moderate cases of Alzheimer’s9 and
Huntington’s10 disease.11 Dimebolin was originally synthe-
sized using the Fischer-indole reaction.8 Although efficient
for constructingdimebolin, this reaction is not regioselective
and as a consequence this approach limits the substitution
pattern on the aryl portion of the γ-tetrahydrocarboline.

Synthesizing thisN-heterocycle through the construction of
the C�N bond from aryl azide 2 would address this
limitation but presents a particular challenge because the
metal intermediatemust distinguish betweenC2 andC4. To
underscore this challenge, the thermolysis of 2 provided a
1:1 mixture of 3 and 4. Herein, we describe our efforts that
culminated inageneralmethod toaccessγ-carbolinium ions
as single isomers from aryl azides (Scheme 1). This method
enables synthesis of dimebolin from commercial starting
materials in five flasks with only three purifications.
Toward our goal, transition metal complexes known to

promote C�N bond formation from aryl azides were
screened (Table 1). Although rhodium carboxylate com-
plexeswere found tobe efficient catalysts,12 they promoted

the formation of the undesired regioisomer with modest
selectivity (entries 1�3). Other metal complexes such as
[(cod)Ir(OMe)]2,

13 ZnI2,
14 and FeBr2

15 were found to be
unreactive (entries 4�6). Selective γ-carbolinium formation
was realized with ruthenium complexes.16 In dimethox-

yethane, anhydrous RuCl3
16a partially converted aryl azide

2 into carbolinium 3. Additional screening of reaction
conditions afforded the optimal conditions: 5 mol % of
RuCl3 3 nH2O in isopropyl acetate provided 3 as the only
product (entry 8). Only partial consumption of the aryl
azide was observed in isopropyl acetate in the absence of
water (entry 9). The reaction could be restored in isopropyl
acetate if 10 mol % of water was added to the anhydrous

Scheme 1. Stereoselective Synthesis of γ-Carbolinium Ions from
Aryl Azides

Table 1. Development of Optimal Conditions for γ-Carboli-
nium Ion Formation from Aryl Azides

entry MXn solvent temp (�C) yield (%)a 3:4

1b Rh2(O2C4F7)4 PhMe 90 >95 25:75

2b Rh2(O2C8H15)4 DCE 80 >95 20:80

3b Rh2(esp)2 DCE 60 >95 18:82

4b [(cod)Ir(OMe]2 i-PrCO2Me 80 7 100:0

5b ZnI2 CH2Cl2 40 0 n.a.

6b FeBr2 PhMe 80 0 n.a.

7 RuCl3 DME 80 66 100:0

8 RuCl3 3nH2O i-PrCO2Me 80 >95 100:0

9 RuCl3 i-PrCO2Me 80 17 100:0

10c RuCl3 i-PrCO2Me 80 70 100:0

11 (cod)RuCl2 i-PrCO2Me 80 23 100:0

12 Ru(TPFPP)CO i-PrCO2Me 80 48 100:0

aAs determined using 1H NMR spectroscopy using CH2Br2 as an
internal standard. b 100 wt % of 4 Å MS added. c 10 mol % of H2O was
added.
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RuCl3 (entry 10). Ru(II) complexes16e were examined
and found to be poorer catalysts than RuCl3 3 nH2O
(entries 11 and 12). Consequently, we conclude that
Ru(III) is the requisite oxidation state for the catalytic
cycle.17

A range of 3-pyridyl substituted aryl azides were exam-
ined to determine the scope and limitations of ruthenium-
(III)-catalyzed γ-carbolinium formation (Table 2). The
resulting ions 3 were reduced with NaBH4 to obtain
γ-carbolines 5 that could be purified by SiO2 chromato-
graphy.18 The reaction tolerated a variety of substituents on
the pyridine nitrogen including allyl and benzyl groups
without any loss of regioselectivity (entries 1�4). No reac-
tion was observed with pyridine N-oxide 3d or o-methyl
substituted3e, revealing the sensitivityof rutheniumcatalyst
to strong electron-donating groups and the steric environ-
ment around the aryl azide.19 In contrast, the reaction was
insensitive to the electronic nature of the aryl azide. Substrates
bearing either electron-donating or electron-withdrawing

substituents produced single isomers of carbolines upon
exposure to RuCl3 3 nH2O (entries 6�10). While substitution
on the pyridinium ion attenuated the yield, the selectivity of
the reaction remained high. Our reaction enables the regiose-
lective synthesis of γ-tetrahydrocarbolines (e.g., 5f, 5k, and
5l), which cannot bemade selectively using the Fischer-indole
reaction.
To determine if RuCl3 3 nH2O could catalyze the forma-

tion of β-carbolines, aryl azide 6 was screened (eq 1). In
contrast to 3-pyridinium ions, no product was ob-
served using 5 mol % of RuCl3 hydrate. For this
class of substrates, rhodium carboxylate complexes
proved more effective catalysts: exposure of 6 to 5
mol % of Rh2(esp)2 afforded tryptoline 8 after NaBH4

reduction.

The synthetic efficiency and generality of our new
method was demonstrated in a concise, stereoselective

Table 2. Scope and Limitations of Ru(III)-Catalyzed γ-Carboline Formation

aYield determined using 1H NMR spectroscopy. bYield of γ-tetrahydrocarboline 5 from aryl azide 2 after chromatography over SiO2.
cOther

catalysts were also ineffective. dUse of Rh2(esp)2 (5 mol %). eMesitylene, 110 �C. f NaBH4 reduction afforded a complex mixture.

(18) Elliott, I. W. J. Heterocycl. Chem. 1966, 3, 361.
(19) Rh2(esp)2 (5 mol %) efficiently converted biaryl azide 3e into γ-

carbolinium ion 4e. Elucidating the unique regioselectivity exhibited by
this substrate is the basis of ongoing mechanistic experiments.
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synthesis of dimebolin (Scheme 2). Palladium-catalyzed
Suzuki cross-coupling of o-bromoanilines provided biaryl
9a in quantitative yield.12a,b Azidation20 followed by alky-
lation of the pyridine nitrogen with methyl triflate pro-
duced2a, whichwas submitted toour ruthenium-catalyzed

amination reaction without purification. Analysis of the
reaction mixture using 1H NMR spectroscopy indicated
that carbolinium ion 3a was formed in 91% yield. Depro-
tonation of the carbolinium ion followed by alkylation
with 12 furnished the requisite pyridine side chain.21

Introduction of this moiety by alternative methods, such
as transition-metal-catalyzed vinylation,22 reductive
amination,23,24 or alkylation25 of carboline 5a were not
successful. Sodium borohydride reduction of 10a pro-
ceeded smoothly to produce dimebolin in 48% from 9a.
This six-step synthesis required only three purifications to
produce dimebolin.
In conclusion, we have demonstrated that RuCl3 3 nH2O

catalyzes the stereoselective formation of γ-carbolines
from ortho-substituted aryl azides. A six-step synthesis of
dimebolin validated the synthetic efficiency of ourmethod.
Future experiments will be aimed at examining the differ-
ences between themechanism of ruthenium- and rhodium-
catalyzed C�Nbond formation of pyridinium ions as well
as developing methods to stereoselectively functionalize
the resulting carbolinium ion.
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Scheme 2. Synthesis of Dimebolin
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