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The synthesis of heterocyclic compounds has attracted a great
deal of attention because of their biological activities. In
particular, the synthesis of indole and isoquinoline frame-
works by intramolecular ring closure reactions of 2-alkynyl-
benzene derivatives A is one of the most efficient approaches
for the construction of benzo-fused nitrogen heteroaromatic
systems.[1, 2] We have previously reported the synthesis of 1,2-
dihydroisoquinolines using an In(OTf)3-catalyzed tandem
nucleophilic addition and cyclization of 2-alkynylarylaldi-
mines B (Scheme 1).[3] As part of our continued interest in the

synthesis of biologically active heteroaromatic compounds,
we focused on 2-alkynylphenyl, and 2-alkynylphenylmethyl
isocyanates. Nucleophilic addition of an alcohol to the
isocyanate, followed by intramolecular addition of the
resulting carbamate to an activated alkyne, would occur in a
tandem manner as a single synthetic operation to give indole
and isoquinoline derivatives, respectively. We reasoned that
the isocyanate derivatives would be a superior substrate for
the construction of the heterocycles compared with 2-
alkynylarylaldimines in terms of 1) the more electrophilic
nature of the isocyanate carbon; 2) the higher reactivity of the
resulting carbamate nitrogen atom toward an alkyne func-
tionality;[4] and 3) easier access from the corresponding stable
amides using a Hofmann-type rearrangement[5, 6] (Scheme 2).
The success of this strategy would depend on whether the

reactivity of the metal that is required for cyclization could be
retained in the presence of co-products generated in the
Hofmann-type rearrangement. Herein, we report the first
concise one-pot tandem synthesis of indoles and isoquinolines
from amides.

The Hofmann-type rearrangement reaction between 2-(1-
hexynyl)benzamide (1a) and PhI(OAc)2

[5] in 1,2-dichloro-
benzene (DCB) at room temperature proceeded smoothly to
afford 2-(1-hexynyl)phenyl isocyanate 1aa in high yield[7]

(Scheme 3). After completion of the Hofmann-type rear-

rangement was confirmed by thin-layer chromatography, we
then considered the viability of subsequent indole formation
from the crude mixture by adding PtCl2, ethanol, and NEt3.
Triethylamine was used to neutralize acetic acid formed
during the reaction. The desired indole 2 a was obtained in
only 9% yield, together with 64% of carbamate 3, after 3 h at
100 8C (Table 1, entry 1). Contrary to our expectations, the
reaction without Et3N went to completion in 0.5 h to give 2a
in 82% yield (Table 1, entry 2). This result implies that PtCl2-
catalyzed cyclization proceeds preferentially under acidic
condition. To simplify the method, a simultaneous procedure
was examined. When a solution of 1a in DCB, in the presence
of PhI(OAc)2, PtCl2, and ethanol, was heated at 100 8C, 2a
was produced in 85% yield without a decrease in the
reactivity of PtCl2 (Table 1, entry 3). The same reaction at
70 8C required a longer reaction time (Table 1, entry 4). Other

Scheme 1. Tandem approach to indoles and isoquinolines from the
ring closure of A or B.

Scheme 2. Synthetic approach to indoles and isoquinolines from
amides.

Scheme 3. Hofman-type rearrangement of 2-(1-hexynyl)benzamide 1a.
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metal catalysts, some of which were used in previous studies
for intramolecular cyclization of 2-alkynylaniline deriva-
tives,[1–3] did not give satisfactory results (Table 1, entries 5–9).

Having established optimal reaction conditions, we exam-
ined the scope of the reaction for various 2-alkynylbenza-
mides 1a–1 i (Table 2). The substitution pattern on the
aromatic ring did not affect the reaction efficiency; in the

presence of electron-withdrawing groups or electron-donat-
ing groups, the yield of indole product was within the range
82–91% (Table 2, entries 1–3). Alkylnylbenzamide 1e, bear-
ing a phenyl group on the acetylene terminus, gave the
corresponding indole (2e) in good yield (84 %; Table 2,
entry 4), although the similar p-tolyl-substituted substrate 1f
afforded a noticeably lower yield (66 %; Table 2, entry 5). A
tosyloxy functional group was tolerated under the reaction

conditions to afford the corresponding indole in excellent
yield (Table 2, entry 6). Unfortunately, the terminal alkyne 1h
was not suitable for this reaction, resulting in a 33% yield of
2h (Table 2, entry 7). This result may be due to the known
dimerization of terminal acetylenes with PhI(OAc)2.

[8] The
reaction of trimethylsilyl-protected substrate 1 i revealed
desilylation to furnish 2h in moderate yield (66 %, Table 2,
entry 8). Using benzyl alcohol as a nucleophile, the N-Cbz-
protected indole (Cbz = phenylmethoxycarbonyl) was
obtained in good yield (Table 2, entry 9) although the use of
tert-butanol resulted in only a 34% yield of 2k, which is
probably due to steric hindrance from the bulky nucleophile
(Table 2, entry 10).

To further examine the scope and limitation of our
tandem Hofmann-type rearrangement and cyclization strat-
egy, this procedure was applied to the construction of
dihydroisoquinolines 5 from 2-alkynylbenzylamides 4, which
are one-carbon homologues of 2-alkynylbenzamides 1. The
reactions of 4a and 4b with different alcohols proceeded
smoothly under the optimized reaction conditions to give
isoquinolines 5 a–5d in good yields (Table 3, entries 1–4). The
alkynylbenzylamide 4c, which has an aliphatic substituent on

the acetylene terminal position, also afforded the correspond-
ing isoquinoline 5e in moderate yield (66%; Table 3, entry 5).
The structure of compound 5c was confirmed by X-ray
crystallography.[9] Cyclization occurred via a 6-endo mode to
produce 5 as the sole product; 5-exo-cyclized products were
not obtained at all. The indoles and isoquinolines synthesized
herein contain enecarbamate frameworks, which are attrac-
tive synthetic intermediates owing to their applicability to
synthetic transformations.[10]

We then investigated the extension of this procedure to
the dimerization reaction,[11] using 2-alkynylbenzamides 6
bearing a w-(hydroxy)alkyl group as substrates. We expected
cyclodimerization involving consecutive intermolecular and
intramolecular carbamate formation, with subsequent plati-
num(II)-catalyzed transannular[12] hydroamination to macro-
cyclic bis(indole) 8 from bis(yne carbamate) 7 (Scheme 4).
First, we examined the reaction of compound 6a with
PhI(OAc)2. We anticipated that the concentration of the
reaction solution may play an important role in the reaction
efficiency. Thus, several different concentrations (0.005–0.5m)

Table 1: Optimization of catalyst and reaction conditions.

Entry Catalyst Conditions Yield [%]
2a 3

1[a] 1) PhI(OAc)2

2) PtCl2, EtOH, Et3N (3 equiv)
100 8C, 3.0 h 9 64

2[a] 1) PhI(OAc)2

2) PtCl2 EtOH
100 8C, 0.5 h 82 0

3 PhI(OAc)2, PtCl2, EtOH 100 8C, 0.5 h 85 0
4 PhI(OAc)2, PtCl2, EtOH 70 8C, 2.5 h 84 0
5 PhI(OAc)2, PdCl2, EtOH 100 8C, 2.5 h 78 0
6 PhI(OAc)2, Pd(OAc)2, EtOH 100 8C, 3.0 h 6 62
7 PhI(OAc)2, CuCl2, EtOH 100 8C, 3.0 h 0 84
8 PhI(OAc)2, Cu(OTf)2, EtOH 100 8C, 3.0 h 4 93
9 PhI(OAc)2, InBr3, EtOH 100 8C, 3.0 h 0 92

[a] Stepwise procedure.

Table 2: Tandem indole formation from 2-alkynylbenzamide.

Entry 1 R1 R2 R3 t [h] 2 Yield [%]

1 1b nBu Et F 2 2b 84
2 1c nBu Et NO2 2 2c 91
3 1d nBu Et OMe 2 2d 82
4 1e Ph Et H 2.5 2e 84
5 1 f p-Tol Et H 1 2 f 66
6 1g (CH2)3OTs Et H 2 2g 100
7 1h H Et H 24 2h 33
8 1 i TMS Et H 3 2 i 0[a]

9 1a nBu Bn H 1 2 j 90
10 1a nBu tBu H 3 2k 34

[a] Desilylated indole 2h was obtained in 66% yield.

Table 3: Tandem dihydroisoquinoline formation from 2-alkynylbenzyla-
mide.

Entry 4 R1 R2 t [h] 5 Yield [%]

1 4a Ph Et 1 5a 86
2 4a Ph Me 1 5b 92
3 4a Ph Bn 1 5c 92
4 4b p-Tol Et 1 5d 82
5 4c nBu Et 3 5e 66
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were examined at 130 8C and twenty-membered ringed
bis(yne carbamate) 7a was obtained in 35–62 % yield
(Table 4). The optimal concentration for the production of
7a was found to be between 0.01m and 0.05m (Table 4,
entries 2 and 3); the structure of 7a was confirmed by X-ray
crystallography.[9] These macrocyclic compounds have been
the subject of recent interest owing to their potential
biological activities.[13]

Finally, we applied the stepwise procedure to the macro-
cyclic bis(indole) synthesis. Treatment of a 0.05m solution of
amides 6 with PhI(OAc)2 at 130 8C for 2 h, followed by
cyclization with PtCl2 at 130 8C for 1–4.5 h, afforded the
desired indoles 8 via macrocyclic bis(yne carbamate) inter-
mediates 7. The yields of 8a and 8b were moderate,[14]

because of the formation of a complex mixture
(Scheme 5).[15] The structure of compound 8a was also
confirmed by X-ray crystallography.[9]

In summary, we have developed a concise one-pot
platinum(II)-catalyzed synthesis of indoles and isoquinolines
from isocyanates which are derived from a Hofmann-type
rearrangement of amides using a hypervalent iodine reagent.
Furthermore, interesting C2-symmetrical macrocyclic bis(yne
carbamate) have been efficiently synthesized by cyclodime-
rization of 2-(w-hydroxy-1-alkynyl)benzamides. This discov-
ery led to the use of transannular cyclization to furnish
macrocyclic bis(indole) in moderate yields. Further studies
involving macrocyclic frameworks are in progress.

Experimental Section
General procedure for the tandem indole synthesis: Alcohol
(0.15 mmol) was added to a solution of 2-alkynylbenzamide
(0.05 mmol), PhI(OAc)2 (0.06 mmol), and PtCl2 (0.005 mmol), in
1,2-dichlorobenzene (0.5 mL), and the mixture was stirred at 100 8C.
The crude reaction mixture was purified using silica gel chromatog-
raphy to afford the indole product.

Received: September 4, 2009
Published online: November 7, 2009

.Keywords: amides · Hofmann rearrangement · indoles ·
isoquinolines · macrocycles

[1] Indole synthesis: a) N. Sakai, K. Annaka, A. Fujita, A. Sato, T.
Konakahara, J. Org. Chem. 2008, 73, 4160 – 4165; b) A. F�rstner,
P. W. Davies, Angew. Chem. 2007, 119, 3478 – 3519; Angew.
Chem. Int. Ed. 2007, 46, 3410 – 3449; c) Y. Zhang, J. P. Donahue,
C.-J. Li, Org. Lett. 2007, 9, 627 – 630; d) G. R. Humphrey, J. T.
Kuethe, Chem. Rev. 2006, 106, 2875 – 2911 and references
therein; e) F. Alonso, I. P. Beletskaya, M. Yus, Chem. Rev.
2004, 104, 3079 – 3159; f) K. Hiroya, S. Itoh, T. Sakamoto, J. Org.
Chem. 2004, 69, 1126 – 1136; g) A. Takeda, S. Kamijo, Y.
Yamamoto, J. Am. Chem. Soc. 2000, 122, 5662 – 5663.

[2] Isoquinoline synthesis: a) D. Fischer, H. Tomeba, N. K. Pahadi,
N. T. Patil, Z. Huo, Y. Yamamoto, J. Am. Chem. Soc. 2008, 130,
15720 – 15725; b) T. Enomoto, S. Obika, Y. Yasui, Y. Takemoto,
Synlett 2008, 1647 – 1650; c) K. Gao, J. Wu, J. Org. Chem. 2007,
72, 8611 – 8613; d) Q. Ding, Y. Ye, R. Fan, J. Wu, J. Org. Chem.
2007, 72, 5439 – 5442; e) S. Su, J. A. Porco, Jr., Org. Lett. 2007, 9,
4983 – 4986; f) Q. Ding, J. Wu, Org. Lett. 2007, 9, 4959 – 4962;
g) N. Asao, S. Yudha S. , T. Nogami, Y. Yamamoto, Angew.
Chem. 2005, 117, 5662 – 5664; Angew. Chem. Int. Ed. 2005, 44,
5526 – 5528.

[3] a) S. Obika, H. Kono, Y. Yasui, R. Yanada, Y. Takemoto, J. Org.
Chem. 2007, 72, 4462 – 4468; b) R. Yanada, S. Obika, H. Kono, Y.
Takemoto, Angew. Chem. 2006, 118, 3906 – 3909; Angew. Chem.
Int. Ed. 2006, 45, 3822 – 3825.

[4] S. Kamijo, Y. Yamamoto, J. Org. Chem. 2003, 68, 4764 – 4771.
[5] Isocyanates prepared with hypervalent iodine reagents: a) W.

Liu, M. Buck, N. Chen, M. Shang, N. J. Taylor, J. Asoud, X. Wu,
B. B. Hasinoff, G. I. Dmitrienko, Org. Lett. 2007, 9, 2915 – 2918;
b) R. M. Moriarty, C. J. Chany II, R. K. Vaid, O. Prakash, S. M.
Tuladhar, J. Org. Chem. 1993, 58, 2478 – 2482.

[6] Isocyanates prepared with triphosgene: a) S. Fustero, G. Chiva,
J. Piera, J. F. Sanz-Cervera, A. Volonterio, M. Zanda, C. R.
de Arellano, J. Org. Chem. 2009, 74, 3122 – 3132; b) A. El A-
laoui, F. Schmidt, C. Monneret, J.-C. Florent, J. Org. Chem. 2006,
71, 9628 – 9636; c) T. Akiba, O. Tamura, S. Terashima, Org.
Synth. 1998, 75, 45.

[7] The isocyanate was used without further purification because of
its instability.

Scheme 4. Synthetic approach to macrocyclic bis(indole)s.

Table 4: Macrocyclic bis(yne carbamate) synthesis.

Entry conc. [molL�1] t [h] 7a yield [%]

1 0.005 5 39
2 0.01 5 62
3 0.05 2 62
4 0.1 1 48
5 0.5 1 35

Scheme 5. Macrocyclic bis(indole) synthesis.

Angewandte
Chemie

9695Angew. Chem. Int. Ed. 2009, 48, 9693 –9696 � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1021/jo800464u
http://dx.doi.org/10.1002/ange.200604335
http://dx.doi.org/10.1002/anie.200604335
http://dx.doi.org/10.1002/anie.200604335
http://dx.doi.org/10.1021/ol062918m
http://dx.doi.org/10.1021/cr0505270
http://dx.doi.org/10.1021/cr0201068
http://dx.doi.org/10.1021/cr0201068
http://dx.doi.org/10.1021/jo035528b
http://dx.doi.org/10.1021/jo035528b
http://dx.doi.org/10.1021/ja000390p
http://dx.doi.org/10.1021/ja805326f
http://dx.doi.org/10.1021/ja805326f
http://dx.doi.org/10.1021/jo7016839
http://dx.doi.org/10.1021/jo7016839
http://dx.doi.org/10.1021/jo070716d
http://dx.doi.org/10.1021/jo070716d
http://dx.doi.org/10.1021/ol702176h
http://dx.doi.org/10.1021/ol702176h
http://dx.doi.org/10.1021/ol7020669
http://dx.doi.org/10.1002/ange.200500795
http://dx.doi.org/10.1002/ange.200500795
http://dx.doi.org/10.1002/anie.200500795
http://dx.doi.org/10.1002/anie.200500795
http://dx.doi.org/10.1021/jo070615f
http://dx.doi.org/10.1021/jo070615f
http://dx.doi.org/10.1002/ange.200600408
http://dx.doi.org/10.1002/anie.200600408
http://dx.doi.org/10.1002/anie.200600408
http://dx.doi.org/10.1021/jo034254p
http://dx.doi.org/10.1021/ol0712374
http://dx.doi.org/10.1021/jo00061a022
http://dx.doi.org/10.1021/jo9001867
http://dx.doi.org/10.1021/jo0612675
http://dx.doi.org/10.1021/jo0612675
http://www.angewandte.org


[8] a) V. V. Zhdankin, P. J. Stang, Chem. Rev. 2002, 102, 2523 – 2584;
b) P. J. Stang, V. V. Zhdankin, Chem. Rev. 1996, 96, 1123 – 1178.

[9] CCDC 745937 (5c); CCDC 745938 (7a), and CCDC 745939
(8a), contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.
uk/data_request/cif.

[10] a) J. Sivaguru, M. R. Solomon, T. Poon, S. Jockusch, S. G. Bosio,
W. Adam, N. J. Turro, Acc. Chem. Res. 2008, 41, 387 – 400; b) T. J.
Harrison, B. O. Patrick, G. R. Dake, Org. Lett. 2007, 9, 367 – 370;
c) A. R. de Faria, E. L. Salvador, C. R. D. Correia, J. Org. Chem.
2002, 67, 3651 – 3661; d) E. A. Severino, C. R. D. Correia, Org.
Lett. 2000, 2, 3039 – 3042.

[11] a) M. Sunkur, D. Baris, H. Hosgoren, M. Togrul, J. Org. Chem.
2008, 73, 2570 – 2575; b) D. Demeter, P. Blanchard, M. Allain, I.
Grosu, J. Roncali, J. Org. Chem. 2007, 72, 5285 – 5290; c) P.
Osswald, M. Reichert, G. Bringmann, F. W�rthner, J. Org.
Chem. 2007, 72, 3403 – 3411; d) S. E. Gibson, N. Mainolfi, S. B.
Kalindjian, P. T. Wright, A. J. P. White, Chem. Eur. J. 2005, 11,
69 – 80; e) T. Fekner, J. Gallucci, M. K. Chan, J. Am. Chem. Soc.
2004, 126, 223 – 236; f) W. S. Horne, C. D. Stout, M. R. Ghadiri, J.
Am. Chem. Soc. 2003, 125, 9372 – 9376.

[12] a) C. Han, S. Rangarajan, A. C. Voukides, A. B. Beeler, R.
Johnson, J. A. Porco, Jr., Org. Lett. 2009, 11, 413 – 416; b) S.
Surprenant, W. D. Lubell, Org. Lett. 2006, 8, 2851 – 2854.

[13] a) S. Avolio, K. Robertson, J. Ignacio, M. Hernando, J. DiMuzio,
V. Summa, Bioorg. Med. Chem. Lett. 2009, 19, 2295 – 2298;
b) A. D. Abell, M. A. Jones, J. M. Coxon, J. D. Morton, S. G.
Aitken, S. B. McNabb, H. Y.-Y. Lee, J. M. Mehrtens, N. A.
Alexander, B. G. Stuart, A. T. Neffe, R. Bickerstaffe, Angew.
Chem. 2009, 121, 1483 – 1486; Angew. Chem. Int. Ed. 2009, 48,
1455 – 1458; c) S. Venkatraman, F. Velazquez, W. Wu, M.
Blackman, K. X. Chen, S. Bogen, L. Nair, X. Tong, R. Chase,
A. Hart, S. Agrawal, J. Pichardo, A. Prongay, K.-C. Cheng, V.
Girijavallabhan, J. Piwinski, N.-Y. Shih, F. G. Njoroge, J. Med.
Chem. 2009, 52, 336 – 346; d) G. Shen, M. Wang, T. R. Welch,
B. S. J. Blagg, J. Org. Chem. 2006, 71, 7618 – 7631; e) B. K.
Albrecht, R. M. Williams, Org. Lett. 2003, 5, 197 – 200.

[14] The yields of bis(indole)s 8 were better with the stepwise
procedure than with the simultaneous procedure.

[15] For example, trimeric indole was obtained as a minor product
from 6a. Details of the complex mixture are currently under
investigation.

Communications

9696 www.angewandte.org � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2009, 48, 9693 –9696

http://dx.doi.org/10.1021/cr010003+
http://dx.doi.org/10.1021/cr940424+
http://dx.doi.org/10.1021/ar7001254
http://dx.doi.org/10.1021/ar7001254
http://dx.doi.org/10.1021/ar7001254
http://dx.doi.org/10.1021/ol062939g
http://dx.doi.org/10.1021/jo016189u
http://dx.doi.org/10.1021/jo016189u
http://dx.doi.org/10.1021/ol005762d
http://dx.doi.org/10.1021/ol005762d
http://dx.doi.org/10.1021/jo702210c
http://dx.doi.org/10.1021/jo702210c
http://dx.doi.org/10.1021/jo070699s
http://dx.doi.org/10.1021/jo070056c
http://dx.doi.org/10.1021/jo070056c
http://dx.doi.org/10.1002/chem.200400608
http://dx.doi.org/10.1002/chem.200400608
http://dx.doi.org/10.1021/ja030196d
http://dx.doi.org/10.1021/ja030196d
http://dx.doi.org/10.1021/ja034358h
http://dx.doi.org/10.1021/ja034358h
http://dx.doi.org/10.1021/ol802729f
http://dx.doi.org/10.1021/ol0609863
http://dx.doi.org/10.1016/j.bmcl.2009.02.079
http://dx.doi.org/10.1002/ange.200805014
http://dx.doi.org/10.1002/ange.200805014
http://dx.doi.org/10.1002/anie.200805014
http://dx.doi.org/10.1002/anie.200805014
http://dx.doi.org/10.1021/jm800940u
http://dx.doi.org/10.1021/jm800940u
http://dx.doi.org/10.1021/jo061054f
http://dx.doi.org/10.1021/ol0272545
http://www.angewandte.org

