®

ACS Edétors” Cholce

LIE[TTERSS

pubs.acs.org/OrglLett
Termsof Use

Efficient Carbazole Synthesis via Pd/Cu-Cocatalyzed Cross-Coupling/
Isomerization of 2-Allyl-3-iodoindoles and Terminal Alkynes

Can Zhu' and Shengming Mae T

TState Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, 345

Lingling Lu, Shanghai 200032, P. R. China

T'Shanghai Key Laboratory of Green Chemistry and Chemical Process, Department of Chemistry, East China Normal University,

3663 North Zhongshan Lu, Shanghai, 200062, P. R. China

© Supporting Information

ABSTRACT: The Pd/Cu-cocatalyzed one-pot reaction of 2-
allyl-3-iodo-1-tosyl-1H-indoles and terminal alkynes afforded
carbazoles highly efficiently via sequential carbon—carbon
coupling, isomerization, cyclization, and aromatization forming
a benzene ring. Both Pd and Cu are responsible for the
coupling step, while K,CO; was observed to be critical for the
subsequent cyclization.

arbazoles are important heteroaromatic compounds in

many natural products and compounds displaying
significant pharmacological and biological activities."> They are
also observed in well-known hole-transporting and electro-
luminescent materials® and, therefore, are considered as potential
building blocks for functional materials due to electrical and
thermal properties.* Based on this, chemists devoted themselves
to develop new methods for the synthesis of polysubstituted
carbazoles.>® Among them, synthetic pathways to carbazoles
from indoles, which involves the formation of a benzene ring,
have drawn great attention, considering the fact that indole
substances are widely existing compounds.>” However, reported
typical methods sometimes suffer from several drawbacks: the
severe conditions combined with poor atom economy and
multistep synthesis may limit their potential application. Thus,
developing novel methodologies involving a simple, mild,
efficient, and diversified preparation toward polysubstituted
carbazoles from indoles is still highly desirable.

On the other hand, tandem reactions,®® in which multistep
reactions are combined into one synthetic operation, have
attracted much attention for their efficiency in forming a complex
skeleton. For example, the palladium-catalyzed coupling/
cyclization reaction has drawn particular interest because
significant molecular complexity can be obtained in one step
starting from easily available materials.'”'" Recently, we reported
a one-pot reaction for the synthesis of dihydrocycloocta[b]-
indoles from 2-allyl-3-iodoindoles and propargylic bromides'*
via palladium(0)-catalyzed carbon—carbon coupling forming the
intermediate 3-allenylindoles Int-A, which was followed by
cycloisomerization to form the 8-membered ring (Scheme 1).
Interestingly, we observed a novel transition-metal-catalyzed
coupling/cyclization reaction when terminal alkynes were
applied under alkalinic conditions via the intermediacy of 3-
alkynylindoles Int-B, and base is responsible for the both steps.
Herein, we disclose our recent observations.
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Scheme 1. Coupling/Cyclization Strategy To Construct
Carbazoles from Indoles
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Our initial attempt began with the coupling reaction of
iodoindole la with phenylacetylene 2a in the presence of
[Pd(PPh,),Cl,] and [Cul]. Interestingly, when the reaction was
carried out in MeOH at 40 °C with 2.0 equiv of K,COj as the
base, the carbazole derivative 3a was obtained in 16% yield,
unexpectedly, while the formation of the coupling product 4a
was not detected (Table 1, entry 1). With these inspiring results
in hand, we turned to optimizing the reaction conditions for
selective formation of 3a. The yield of 3a was improved
dramatically to 58% with only 4% of 4a observed when the
reaction was conducted at 50 °C, while the same reaction at room
temperature led to disappointing results (Table 1, entries 2 and
3). We next turned to examining the solvent effect (Table 1,
entries 4—9), and a mixed solvent of THF and MeOH (1:1) was
observed to be the best, improving the yield of 3a additionally to
75%, with only 6% yield of 4a (Table 1, entry 9). Further
screening was focused on the base effect: other bases such as
Et;N, Na,CO;, and Cs,CO; failed to show better performance
than K,CO; (Table 1, entries 10—12). Finally, it was observed
that the amount of K,CO; was also crucial to the reaction, the
yield of 3a was improved further to 82% with a trace amount of
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4a when using 2.5 equiv of K,CO; (Table 1, entries 13—16).
Thus, Pd(PPh,),Cl, (2 mol %), Cul (2 mol %), and K,CO; (2.5
equiv) in the mixed solvent (THF/MeOH = 1:1) at 50 °C have
been defined as the optimized reaction conditions for scope
study.

Table 1. Optimization of the Reaction Conditions for the Pd/
Cu Co-catalyzed Cross-coupling Reaction and
Cycloisomerization of Iodoindole 1a with Phenylacetylene
2a.°

I Ph V4 h o
N/ = mowow ~, $)
LA 1.5 equiv 2350% Sg]:e"’ N O N
1a 2a ' 4a 22
yield” (%)
entry base (equiv) solvent 4a 3a 1a recovered
16 K,CO; (2.0) MeOH 16 73
2 K,CO; (2.0) MeOH 4 s8
34 K,CO; (2.0) MeOH 99
4 K,CO, (2.0) THF 99
S K,CO; (2.0) toluene 46 1 49
6 K,CO; (2.0) dioxane 96
7 K,CO, (2.0) EtOH 82 18
8 K,CO, (2.0) MeCN 98
9 K,CO; (2.0) mixed® 6 75
10 Et,N (2.0) mixed® 82 8
11 Na,CO; (2.0) mixed® 98
12 Cs,CO; (2.0) mixed® 54
13 mixed® 96
14 K,CO; (1.0) mixed® 90 10
15 K,CO; (2.5) mixed® 82
16 K,CO; (3.0) mixed® 68

“The reaction was conducted in solvent (2 mL) with 1a (0.30 mmol),
2a (0.45 mmol) and base in the presence of Pd(PPh;),Cl, (2 mol %)
and Cul (2 mol %). “Determined by 'H NMR analysis with
nitromethane as the internal standard. “The reaction was carried out at
40 °C. “The reaction was carried out at room temperature. “THF/
MeOH = 1:1.

With the optimal reaction conditions in hand, we then turned
to investigating the substrate scope. First, differently substituted
terminal aryl-substituted alkynes together with iodoindole 1a
were examined: the analogues substituted with m-Me, m-Cl, p-
Me, p-Cl, and p-"CsH,; groups all afforded good yields of the
products, exhibiting diversity (Table 2, entries 2, 3, and 5—7). It
is worth mentioning that free p-NH, substituent on the benzene
ring was observed to be compatible under the standard reaction
conditions, affording the corresponding product 3d in 74%
(Table 2, entry 4). The reaction worked equally well using
heteroaryl-substituted terminal alkynes: 2-thienyl- and 3-thienyl-
substituted alkynes produced 3h and 3i in 80% and 71% yields,
respectively (Table 2, entries 8 and 9). Furthermore, alkyl-
substituted alkyne could also be successfully employed (Table 2,
entry 10). Notably, different R' groups, such as fluoro and chloro
substituents at the S-position (Table 2, entries 11 and 12) and the
chloro substituent at the 6-position (Table 2, entry 13) may be
introduced to the indole unit, leading to the corresponding
carbazole derivatives in moderate to good yields.

It is easy to conduct the reaction of 1a and 2d to afford 3d in
77% yield on a 1-g scale (Scheme 2). The structures of products
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Table 2. Pd/Cu Co-catalyzed One-Pot Synthesis of
Polysubstituted Carbazoles 3 from Iodoindoles 1 and
Terminal Alkynes 2

R2
! ph 2 mol % Pd(PPh3),Cl, A
x 2 mol % Cul
RT{IN\g_/_/ + R= 2.5 equiv K,CO3 R+ =~
Ts 1.5equiv  THF:MeOH = 1:1 Z N
50°C, ¢ Ts
1 2 3

entry R! (1) R? (2) time (h)  yield of 3% (%)
1 H (1a) Ph (2a) 6 72 (3a)
2 H (1a) 3-MeC4H, (2b) 10 68 (3b)
3 H (1a) 3-CIC4H, (2¢) 6 70 (3¢)
4 H (1a) 3-H,NC¢H, (2d) 10 74 (3d)
S H (1a) 4-MeCg¢H, (2e) 7 76 (3e)
6 H (1a) 4-CIC(H, (2f) 7 68 (3f)
7 H (1a) 4-"C{H,,CH, (2g) 10.5 71 (3g)
8 H (1a) 2-thienyl (2h) 6 80 (3h)*
9 H (1a) 3-thienyl (2i) 6 71 (3i)°
109 H(1a) "C4H,, (2k) 14 42 (3p)
11 S-F (1b) 4-MeC¢H, (2¢) 6 62 (3j)
12 5-Cl (1¢) 4-MeCH, (2e) s 52 (3k)
13 6-Cl (1d) 4-MeCgH, (2e) S 53 (31)

“The reaction was conducted at S0 °C in the mixed solvent (THF/
MeOH = 1:1) with 1 (0.30 mmol, ¢ = 0.15 M), 2 (0.45 mmol) and
K,CO; (0.75 mmol) in the presence of Pd(PPh;),Cl, (2 mol %) and
Cul (2 mol %). “Yield of isolated product. “Isolated yield after
chromatography on silica gel and then recrystallization from
dichloromethane and petroleum ether. dK2C03 (3.5 equiv) was used.

Scheme 2. Gram-Scale Reaction of 1a with 2d
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Figure 1. ORTEP representation of 3a.

3a—l and 3p were determined by the X-ray single-crystal
diffraction study of 3a (Figure 1)."

Further studies were focused on the coupling/cyclization
reaction using TMS-substituted (TMS trimethylsilyl)
acetylene (2j) with differently substituted 3-iodioindoles 1 in a
two-step manner given the fact that TMS-acetylene was unstable
under K,CO;/MeOH conditions (Scheme 3). When R® was H
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or Ph, the corresponding desilylated products 3m and 3n were
also formed in good yields, 70% and 72%, respectively.
Moreover, substrate with a chloro substituent at the S-position
of the indole unit afforded carbazole derivative in a relatively
lower yield (50%).

Scheme 3. Reactions of Iodoindoles 1 with TMS-Substituted
Acetylene 2j (TMS = Trimethylsilyl)

| R® 1) 2 mol % Pd(PPh3)20I2 HC,
N — 2 mol % Ci
AN
RE ’: . TMs—= BN’ TH.F o 1, R
Ts 3.0 equiv 2) wash with HCI (aq) "i"s

3) 2 equiv K,COq, MeOH, 50 °C
3m: 70%
3n:72%
30: 50%

R'=H,R®=H (1e) ]
=H,R*=Ph (1a)
R'=5-CLR®=H (1f)

Finally, the structure of the products 3m—o was determined by
the X-ray single-crystal diffraction study of 3m (Figure 2)."*

Figure 2. ORTEP representation of 3m.

In order to show the synthetic potential of the current method,
4-(3-aminobenzyl)-3-phenyl-9-tosyl-9H-carbazole (3d) was
treated with KOH/EtOH at 80 °C for 12 h to afford the NH
carbazole derivative § in 86% yield (Scheme 4).15

Scheme 4. Detosylation of 3d

e

Ph

Cr

Ts
3d

KOH, EtOH

KOH, EtOH |
80°C, 12h O
N
A

5: 88%

To investigate the mechanism, the reaction was conducted in
THF with Et;N as the base, and the coupling product 4e was
obtained in 71% isolated yield. Subsequent treatment of 4e in
MeOH at 50 °C for S h afforded a trace amount of the expected
carbazole product 3e, with 99% recovery of 4e (Scheme 5 (a)).
However, when 4e was treated with K,CO; in methanol-d, at 50
°C, the corresponding products (3e/3e-d/3e-d’ = 7:40:53) were
obtained in 73% combined yield, indicating the intermediacy of
3-alkynylindole 4e and the fact that K,CO; was indispensable for
the cyclization step (Scheme S (b)).

On the basis of these results, a mechanism was proposed to
explain the coupling/cyclization reaction affording poly-
substituted carbazoles (Scheme 6): Oxidative addition of 3-
iodoindole 1a with Pd(0) followed by a transmetalation step with
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Scheme 5. Mechanistic Studies
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the copper acetylide Int-2 generated from phenylacetylene 2e
and Cul in the presence of base would afford the palladium
complex Int-3. Reductlve elimination of Int-3 gives rise to the
coupling product 4e,’ ¢ which has been identified in the previous
mechanistic studies (see Scheme S). The presence of K,CO,
would lead to deprotonation of 4e resulting in the formation of
Int-4, which was followed by isomerization and protonation to
generate the intermediate Int-S."” Finally, 6z-electrocyclization
of Int-S afforded the intermediate Int-6. Subsequent isomer-
ization involving aromatization afforded carbazole derivative 3e-
d’. Base was observed to be essential for both of the coupling and
cyclization steps.

Scheme 6. A Possible Mechanism
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In conclusion, we have developed a Pd/Cu-cocatalyzed one-
pot reaction for the synthesis of polysubstituted carbazoles from
2-allyl-3-iodo-1-tosyl-1H-indoles and terminal alkynes. The
coupling/cyclization approach is highly efficient and proceeds
via sequential carbon—carbon coupling, isomerization, and
cyclization involving aromatization forming a benzene ring.
The role of the base effect has been identified in both steps of the
coupling and cyclization. This chemistry will be of great interest
to organic and medicinal chemists for further studies in this area.

Further studies are currently underway in our laboratory.
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