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Abstract: Palladium-catalyzed reactions of various
haloanilines with 1,1-dimethylallyl alcohol were car-
ried out in the presence of a hydrophilic ligand,
3,3’,3’’-phosphinidyne tris(benzenesulfonic acid) tri-
sodium salt (TPPTS), or a lipophilic phosphine
ligand, 1,1’-bis(diphenylphosphino)ferrocene
(DPPF). The reactions proceeded chemoselectively
in aqueous solvent to give C-vinylated products
under basic conditions or N-allylated products under
neutral conditions in practical yields (up to 79%).
The use of an aqueous solvent played an important

role in this chemoselectivity and allowed the devel-
opment of a one-pot synthesis of 3-methylindole.
This chemoselectivity is synthetically useful because
the reactive position of haloanilines can be control-
led simply by changing the basicity of the reaction
medium, which eliminates the need to protect the
amino group during the reaction.

Keywords: allylation; chemoselectivity; haloanilines;
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Introduction

We have been investigating the total synthesis of
ergot alkaloids from tryptophan derivatives.[1] During
the synthesis of clavicipitic acid (4), an interesting
chemoselective palladium-catalyzed reaction of un-
protected 4-bromotryptophan (1) with 1,1-dimethylal-
lylalcohol (2) was observed (Scheme 1);[2] C-vinyla-
tion (Heck reaction) occurred under strong basic con-
ditions to give the C-4-vinylated product 3, while the

N-allylated product (5) was formed under weakly
basic conditions. These results indicate that the reac-
tive site can be controlled by changing the pH in
aqueous solution. This is considered to be synthetical-
ly useful, because it facilitates the selective introduc-
tion of different carbon chains to the amino group
and at the bromine-containing carbon atom.

Although numerous palladium-catalyzed vinyla-
tions (Heck reactions) have been reported in the liter-
ature,[3] there have been few reports on the reaction

Scheme 1. Chemoselective reaction of 4-bromotryptophan (1) with 1,1-dimethylallyl alcohol (2).
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with allyl alcohol,[4] because migration of the double
bond during the reaction often gave rise to a mixture
of products. However, among the allyl alcohols, 1,1-
dimethylallyl alcohol (2) gives only the vinylated
product.[5] Another report stated that the Heck reac-
tion proceeded more rapidly in aqueous media than
in organic solvents.[6] In contrast, palladium-catalyzed
allylation with allyl alcohol is difficult[7] because the
reactivity of allyl alcohol towards Pd(0) is poor and,
compared with allylic carbonate or acetate, the reac-
tion does not easily lead to the formation of the p-
allyl complex. For example, N-allylation did not pro-
ceed without a Lewis acid in organic solvent.[7]

Recent studies indicated that palladium-catalyzed N-
or C-allylation with allyl alcohol proceeded in aque-
ous media without additives and that water played an
important role in the activation of allyl alcohol to
form p-allyl complexes.[8]

Since unprotected amino acids are scarcely insolu-
ble in organic solvents and possess different proper-
ties and reactivities for their zwitterionic form in
aqueous solution,[9,10] determining whether this che-
moselectivity is observed only for unprotected amino
acids such as 4-bromotryptophan is of interest. This
prompted us to investigate palladium-catalyzed reac-
tions of various haloanilines 6 with 1,1-dimethylallyl
alcohol (2) in the presence of either the hydrophilic
ligand 3,3’,3’’-phosphinidyne tris(benzenesulfonic
acid) trisodium salt (TPPTS, 9), or the lipophilic phos-
phine ligand 1,1’-bis(diphenylphosphino)ferrocene
(DPPF, 10), in aqueous or organic solvent
(Scheme 2). In this paper, we report detailed results,
mechanistic considerations, and applications of this
chemoselective reaction.[11]

Results and Discussion

A mixture of haloaniline 6, 1,1-dimethylallyl alcohol
(2, 5 equiv) was heated in the presence of Pd ACHTUNGTRENNUNG(OAc)2

(0.1 equiv.) and TPPTS (9) or DPPF (10) (0.2 equivs.)
in various solvents (1 mL) with or without base
[K2CO3 (3 equivs.)] at 100–130 8C for 4 h under an
argon atmosphere in a sealed tube. After work-up,
the mixture was subjected to silica gel chromatogra-
phy to separate the products. The results of the reac-

tions under neutral and basic conditions are summar-
ized in Table 1 and Table 2, respectively.

Under neutral conditions, N-allylation occurred se-
lectively to give N-allylated products (12, 13, and 14)
without formation of the Heck product. Although a
bis-N-allylated product (13) or regional isomer (14)
was obtained in some cases, the N-mono-allylated
product (12) was the main product. The reaction had
a tendency to proceed more smoothly in water than
in toluene or toluene-H2O to give the N-mono-allylat-
ed products in good to moderate yields (runs 1 vs. 3
or 4, 5 vs. 7, and 13), and the water-soluble ligand 9
gave a better yield than the lipophilic ligand 10 (runs
5 vs. 6, 9 vs. 10, and 11 vs. 12). These results reveal
that N-allylation occurs more smoothly in the aque-
ous phase than in the organic phase. However, some
exceptions were observed: m-bromoaniline (11c) gave
the highest yield (85%) of N-allylated product (12c)
in toluene-H2O (run 11), and the best yield of 12a
was obtained by the use of DPPF (10) (run 2). It is
noted that mono-allylated products 12 were obtained
in good yields (54–85%), which are sufficient for syn-
thetic purposes. However, formation of the regio-
isomer 14 limits the utility of the reaction because it
was very difficult to separate 14 from the N-mono-al-
lylated product 12. The formation of 13, which occur-
red during the reaction of 11c and b, was not as prob-
lematic because 13 was easily removed by silica gel
chromatography.

Under basic conditions (3 mol equivs. of K2CO3)
(Table 2), vinylation occurred selectively without for-
mation of the N-allylated products 12, except for the
reaction of 11c, during which vinylation and N-allyla-
tion occurred simultaneously when using phosphine
ligand 10 in H2O to give significant amounts of 16
(run 10). A two-phase solvent, toluene-H2O, was the
best for the formation of 15 in greater than 54% yield
(runs 4, 8, and 11), and the lipophilic ligand, DPPF
(10), gave better yields than the water-soluble ligand,
TPPTS (9) (runs 1 vs. 2, 7 vs. 8, and 13 vs. 14).

These results show that vinylation takes place pref-
erentially in a lipophilic rather than a hydrophilic en-
vironment under basic conditions. However, the com-
bination of the two-phase solvent system and DPPF
was not always optimal, as shown by the yield from
11a (run 2) and 11c (run 11), which involved a combi-

Scheme 2. Palladium-catalyzed chemoselective reaction of haloanilines 6.
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nation of 10 with H2O and of 9 with toluene-H2O, re-
spectively. Interestingly, the reaction of 4-bromoani-
line (11d) resulted in low yields for every combination
of ligand and solvent (runs 13, 14 and 15) without re-
covery of the starting material. Although the reason
for the low yield was not clear, the starting material
may decompose via a s-complex formed as an inter-
mediate (vide infra).

Next, the reaction of iodoaniline 17 with 2 was car-
ried out under neutral and basic conditions. Vinyla-
tion of 2- (17a) and 3-iodoaniline (17b) occurred
smoothly to give C-vinylated products 15 as shown in
Table 3. The use of 2-iodoaniline (17a) produced
good yields (53–79%) with every combination of
ligand and solvent (runs 1–4). These results indicate
that the aryl iodide possesses high reactivity toward
palladium-catalyzed vinylation. In contrast to 17a and
17b, the reaction of 4-iodoaniline (17c) resulted in
poor yield (20%) (run 6), similarly to 4-bromoaniline.
Unfortunately, N-allylation proceeded sluggishly
under neutral conditions to give the product in low
yield from a complex mixture of unknown com-
pounds.[12] This loss of selectivity may be due to the
high reactivity of aryl iodide towards Pd(0). The pres-
ent vinylation, however, is suitable for the preparation

of 2- or 3-(1,1-dimethylallyl)anilines (15a, b, c) (run 2
in Table 2, runs 4 and 5 in Table 3).

As reported previously,[2] chemoselectivity for N-al-
lylation and C-vinylation can be explained by the se-
lective formation of a p-allyl palladium complex (18)
under neutral conditions or of a s-aryl palladium
complex (22) under basic conditions (Scheme 3). But
the question remains: how does changing the basicity
of the solution control the selectivity of formation of
these complexes?

Pd(0) is more reactive towards the Ar�X bond
than allyl alcohol in organic solvent because the reac-
tion of aryl halide with Pd(0) selectively forms a s-
complex in the presence of allyl alcohol to give cross-
coupled products.[4] In general, allyl alcohol does not
react with Pd(0) in an organic solvent; a Lewis acid
or highly activated palladium catalyst is required in
order to form the p-allyl palladium complex. Howev-
er, the reactivity of Pd(0) is quite different in aqueous
solution.[7] The p-allyl palladium complex is formed
directly from allyl alcohol in aqueous solution without
any additives, as mentioned in the introduction.[8] Ko-
bayashi also found that carboxylic acid enhanced the
formation of the p-allyl complex in aqueous solu-
tion.[13] In contrast, the formation of a s-complex

Table 1. Palladium-catalyzed N-allylation of haloanilines 11 under neutral conditions.

Run 11 Ligand Solvent Time [h] Product Yield [%] SM (11) [%]
12 13 14[a]

1

11a

TPPTS H2O 4 54 - 11 10
2 DPPF H2O 4 70 - trace 19
3 TPPTS Toluene-H2O

[b] 4 16 - 2 53
4 TPPTS Toluene 4 18 - trace 42

5

11b

TPPTS H2O 3 65 - 3 -
6 DPPF H2O 3 22 - - -
7 TPPTS Toluene-H2O

[b] 3 26 - - 12
8 DPPF Toluene-H2O

[b] 3 12 - - 47

9

11c

TPPTS H2O 3 65 8 7 -
10 DPPF H2O 3 29 1 - -
11 TPPTS Toluene-H2O

[b] 3 85 2 - 12
12 DPPF Toluene-H2O

[b] 3 28 - - 43

13 11d TPPTS H2O 3 71 15 - -
14 DPPF H2O 3 23 3 - 24

[a] The yields were calculated based on integration of the olefinic protons of a mixture of 12 and 14 that was separated by
silica gel chromatography.

[b] Toluene:H2O=1:1.
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might be inhibited under neutral conditions by sup-
pression of Pd(0) regeneration due to the absence of
base, which neutralizes HX formed through decompo-
sition of [H�Pd�X] during the reaction. Therefore,

under neutral conditions, formation of the N-allylated
product 20 is favored over that of the C-vinylated
product 23. To find out whether the reactivity of N-al-
lylation was changed by the basicity of the aqueous
solution, the reaction of aniline (24) with 2 was select-
ed as a model (Table 4). Palladium-catalyzed allyla-
tion proceeded smoothly under neutral to weakly
acidic conditions to give a mixture of mono- (25) and
diallylaniline (26) in excellent yields (71–86%) (runs
1–3); however, the yield was significantly reduced
under basic conditions (run 4). These results demon-
strate that the rate of N-allylation is reduced by the
presence of base.

If the chemoselective reaction of ortho-haloanilines
(11b or 17a) proceeded successively, a convenient syn-
thesis of heterocyclic compounds might be possible
(Scheme 4); N-allylation followed by vinylation would
give a 3-alkylindole (28) (Route A), while the reverse
would give the quinoline derivative 29 (Route B).

First, the palladium-catalyzed intramolecular cycli-
zation of 27 (X= I or Br) was attempted to investi-
gate the possibility of a one-pot synthesis via route A.
Unfortunately, the reaction did not give 28 and was
accompanied by recovery of starting material. Since
this low reactivity was thought to be due to steric hin-

Table 2. Palladium-catalyzed vinylation of haloanilines 11 under basic conditions.

Run 11 Ligand Solvent Time [h] 15 [%] SM (7) Recov. [%]

1

11a

TPPTS H2O 4[a] 34 40
2 DPPF H2O 4[a] 61 -
3 TPPTS Toluene 4 26 -
4 TPPTS Toluene-H2O

[c] 4 54 -

5

11b

TPPTS H2O 3 27 -
6 DPPF H2O 3 39 -
7 TPPTS Toluene-H2O

[c] 3 3 49
8 DPPF Toluene-H2O

[c] 3 67 -

9

11c

TPPTS H2O 3 57 -
10 DPPF H2O 3 31[b] 7
11 TPPTS Toluene-H2O

[c] 3 74 -
12 DPPF Toluene-H2O

[c] 3 19 28
13 TPPTS H2O 3 17 11

14 11d DPPF H2O 3 33 -
15 DPPF Toluene-H2O

[c] 2 24 -

[a] Temperature: 130 8C.
[b] Compound 16 was formed in 23% yield.
[c] Toluene:H2O=1:1.

Table 3. Palladium-catalyzed vinylations of iodoanilines 17
under basic conditions.

Run 17 Ligand Solvent Product 15 [%]

1

2-I (17a)

TPPTS H2O 61
2 DPPF H2O 53
3 DPPF Toluene-H2O

[a] 62
4 TPPTS EtOH-H2O

[b] 79

5 3-I (17b) TPPTS H2O 74

6 4-I (17c) TPPTS H2O 20

[a] Toluene:H2O=1:1.
[b] EtOH:H2O=1:1.
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drance by the dimethyl group during intramolecular
cyclization of 27, a one-pot reaction of 2-iodoaniline

(17a) with a less hindered allyl alcohol (30) was at-
tempted (Scheme 5). During the reaction of 17a with
30 under neutral conditions, formation of 31 was ob-
served by TLC. Et3N in EtOH was then added to the
mixture,[14] which was kept at 70 8C for 3 h. 3-Methyl-
indole (32) was formed smoothly in 63% overall yield
from 17a.

Next, a one-pot synthesis of a quinoline derivative
was attempted (Scheme 6). After the reaction of 17a
with 2 under basic conditions, the reaction mixture
was neutralized to pH 7 by the addition of AcOH and
heated at 100 8C for 3 h. However, only starting mate-
rial was recovered (17a, 21%) without formation of
the cyclized product 29. Therefore, the intramolecular
N-allylation of pure 15b under neutral conditions was
carried out. The desired cyclized product 29 was ob-
tained in moderate yield (42%). We then attempted
the one-pot reaction again with a different combina-
tion of ligand and solvent, but all of these attempts
failed.[15] The highest yield of 15b was 79% (Table 3,
run 4), and so the best overall yield of cyclized prod-
uct 29 from 17a was 33% in a two-step synthesis.

Scheme 3. Pathway of the palladium-catalyzed reaction of haloaniline 21.

Table 4. Palladium-catalyzed allylation of aniline 24 under
neutral conditions.

Run Solvent Base Yield [%]
(25 :26)

1 H2O - 89 (56:44)
2 H2O:AcOEt (2:1) - 71 (88:12)
3 H2O KH2PO4 (3 equivs.) 86 (40:60)
4 H2O K2CO3 (3 equivs.) 37 (84:16)

Scheme 4. Synthetic plan for heterocycles.
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Conclusions

The present study clearly demonstrates that palladi-
um-catalyzed reactions of haloanilines (11 or 17) with
1,1-dimethylallyl alcohol (2) show complete chemose-
lectivity in aqueous media; C-vinylation occurs under
basic conditions and N-allylation occurs under neutral
conditions to give the products in practical yields (up
to 79%), with the exception of the vinylation of 4-halo-
anilines (11d and 17c). The results also indicate that
H2O plays an important role in this chemoselectivity,
allowing a one-pot synthesis of 3-methylindole (31).
The chemoselectivity demonstrated here is syntheti-
cally useful because the reactive position of haloani-
lines could be controlled by simply changing the ba-
sicity of the reaction medium, eliminating the need
for protection of the amino group during the reaction.

Experimental Section

General Remarks

All reagents and solvents were obtained commercially and
used as received unless otherwise indicated. All melting
points were determined on a Yanagimoto micro-melting hot
stage apparatus and are uncorrected. All reactions were car-
ried out under argon atmosphere. IR spectra were recorded
as KBr tablets (unless otherwise stated) on a JASCO FT/
IR-230 spectrometer. NMR spectra were recorded on a

JEOL GX-400 (400 MHz) spectrometer (unless otherwise
stated) with tetramethylsilane as the internal reference. The
following abbreviations were used: s, singlet; d, doublet; dd,
double doublet; t, triplet; q, quartet; m, multiplet; br,
broad; dif, diffused; Ar, aromatic. EI-mass spectra and high
resolution mass spectra were measured with a JEOL JMS-
01SG-2 or JMS-AM-II-50 spectrometer using a direct inlet
system. FAB-mass spectra were measured with a JEOL
JMS-600H spectrometer using a direct inlet system.

Typical Procedure for Palladium-Catalyzed Reaction
of Haloanilines (11a–d and 17a– c) with 1,1-
Dimethylallyl Alcohol (2)

A mixture of haloaniline (1.0 mmol), 1,1-dimethylallyl alco-
hol (5.0 mmol), Pd ACHTUNGTRENNUNG(OAc)2 (0.10 mmol), and ligand
(0.20 mmol) [with K2CO3 (1.5 mmol) in the case of basic
conditions] in H2O (4 mL) was heated with stirring in a
sealed tube at the temperatures and reaction times indicated
in the tables. Then the mixture was poured into water and
saturated with K2CO3, and the whole was extracted with
benzene three times. The combined organic layer was
washed with saturated NaCl and dried over MgSO4. After
evaporation of the solvent, the resulting oil was purified by
silica gel chromatography (hexane:AcOEt). Yields are given
in Table 1, Table 2, and Table 3, and the analytical details of
the products 12a–d, 13c, d, 15a–d, and 16 are listed in the
Supporting Information.

Typical Procedure for Palladium Catalyzed Reaction
of Aniline (24) with 1,1-Dimethylallyl Alcohol (2)

A mixture of aniline (24, 0.25 mmol), 1,1-dimethylallyalco-
hol (2, 0.75 mmol), Pd ACHTUNGTRENNUNG(OAc)2 (0.025 mmol), and TPPTS (9)
(0.05 mmol) [with additives (0.38 mmol) as indicated in
Table 4] in H2O (0.20 mL) was heated with stirring in a
sealed tube at 100 8C for 2.5 h. Then the mixture was direct-
ly subjected to silica gel chromatography (hexane:AcOEt)
for purification. The yields were given in Table 4, and the
spectral data of 25 and 26 are identical with reported
data.[7g]

On-Pot Synthesis of 3-Methylindole (32) from 2-
Iodoaniline (17a) and Allyl Alcohol (30)

A mixture of 2-iodoaniline (17a, 55 mg, 0.25 mmol), allyl al-
cohol (30, 50 mL, 0.75 mmol), PdACHTUNGTRENNUNG(OAc)2 (5.5 mg,
0.025 mmol), and TPPTS (9, 28 mg, 0.05 mmol) in H2O
(0.20 mL) was heated with stirring in a sealed tube at 70 8C
for 3 h. Then Et3N (210 mL, 2.0 mmol) and EtOH (1.5 mL)
were added to the reaction mixture and the mixture was stir-
red for 3 h at 70 8C. AcOEt was added to the reaction mix-
ture and the organic layer was washed with saturated NaCl
and dried over MgSO4. After evaporation of the solvent, the
resulting residue was purified by silica-gel chromatography
to give 3-methylindole (32) as a pale brown solid; yield:
21 mg (63%).

Synthesis of 1,1-Dimethyldihydroquinoline (29) by
Palladium-Catalyzed Cyclization of 15b

A mixture of 15b (45 mg, 0.26 mmol), Pd ACHTUNGTRENNUNG(OAc)2 (6 mg,
0.027 mmol), and TPPTS (9, 30 mg, 0.053 mmol) in EtOH-

Scheme 6. One-pot synthesis of 2,2-dimethylquinoline 29.

Scheme 5. One-pot synthesis of 3-methylindole 32.
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H2O (1:1, 1.2 mL) was heated with stirring in a sealed tube
at 80 8C for 1.5 h. Then the mixture was poured into saturat-
ed NaHCO3, and the whole was extracted with AcOEt three
times. The combined organic layer was washed with saturat-
ed NaCl and dried over MgSO4. After evaporation of the
solvent, the resulting oil (0.179 g) was purified by silica gel
chromatography (hexane:AcOEt) to give pure 2,2-dimethyl-
dihydroquinoline (29) as an pale yellow oil; yield: 0.017 g
(42%).

Supporting Information

Analytical details of the products 29 and 32 are given in the
Supporting Information.

Acknowledgements

This work was supported by a grant-in-aid for Scientific Re-
search (17590229–3668) from the Ministry of Education,
Sports, Culture, Science, and Technology, Japan (MEXT),
and by “Open Research Center” project for private university
matching fund subsidy from MEXT, and also supported by a
Uehara Memorial Foundation.

References

[1] a) Y. Yokoyama, R. Hara, N. Kato, Y. Murakami, H.
Okuno, Heterocycles 2005, 65, 1455–1459; b) Y. Yo-
koyama, K. Osanai, M. Mitsuhashi, K. Kondo, Y. Mur-
akami, Heterocycles 2001, 55, 653–659; c) H. Hikawa,
Y. Yokoyama, Y. Murakami, Synthesis 2000, 214–216;
d) Y. Yokoyama, K. Kondo, M. Mitushashi, Y. Muraka-
mi, Tetrahedron Lett. 1996, 37, 9309–9312; e) Y. Yo-
koyama, T. Matsumoto, Y. Murakami, J. Org. Chem.
1995, 60, 1486–1487.

[2] a) Y. Yokoyama, H. Hikawa, M. Mitsuhashi, A.
Uyama, H. Hiroki, Y. Murakami, Eur. J. Org. Chem.
2004, 1244–1253; b) Y. Yokoyama, H. Hikawa, M. Mit-
suhashi, A. Uyama, Y. Murakami, Tetrahedron Lett.
1999, 40, 7803.

[3] L. KNrti, B. CzakO, Strategic Applications of Named Re-
actions in Organic Synthesis; Background and Detailed
Mechanisms, Elsevier INC, Burlington, 2006, pp 196–
197, and references cited therein.

[4] a) J. Muzart, Tetrahedron 2005, 61, 4179–4212, and ref-
erences cited therein; b) R. F. Heck, J. Am. Chem. Soc.
1968, 90, 5526–5531.

[5] a) F. Berthiol, H. Doucet, M. Santelli, Tetrahedron Lett.
2004, 45, 5633–5636; b) L. S. Hegedus, J. L. Toro, W. H.
Miles, P. J. Harrington, J. Org. Chem. 1987, 52, 3319–
3322; c) P. J. Harrington, L. S. Hegedus, K. F. Mcdaniel,
J. Am. Chem. Soc. 1987, 109, 4335–4338.

[6] Comprehensive review for Heck reaction in aqueous
media: I. P. Beletskaya, A. V. Cheprakow, in: Organic
Synthesis in Water, (Ed.: P. A. Grieco), Blackie Aca-
demic and Professional, London, 1998, Chap. 6,
pp. 141–213.

[7] a) Y. Masuyama, M. Kagawa, Y. Kurusu, Chem. Lett.
1995, 1121–1122; b) J. QN, Z. Ishimura, T. Oe, N.

Nagato, Nippon Kagaku Kaishi 1996, 250- 255. Chem.
Abstr. 1996, 180874; c) M Sakamoto, I. Shimizu, A. Ya-
mamoto, Bull. Chem. Soc. Jpn. 1996, 69, 1065–1078;
d) H. Bricout, J-F. Carpentier, A. Mortreux, J. Mol.
Cat. A: Chem. 1998, 243–251; e) T. Hosokawa, T.
Tsuji, Y. Mizumoto, S. Murahashi, J. Org. Metal. Chem.
1999, 574, 99–10; f) S-C. Yong, C-W. Hung, J. Org.
Chem. 1999, 64, 5000–5001; S-C. Yong, C-W. Hung,
Tetrahedron Lett. 1999, 40, 953–956; g) S-C. Yong, C-
W. Hung, Synthesis 1999, 10, 1747–1752; h) F. Ozawa,
H. Okamoto, S. Kawagishi, S. Yamamoto, T. Minami,
M. Yoshifuji, J. Am. Chem. Soc. 2002, 124, 10968–
10969; i) H. Liang, S, Ito, M. Yoshifuji, Org. Lett.
2004, 6, 425–427; j) Y. Kayaki, T. Koda, T. Ikariya, J.
Org. Chem. 2004, 69, 2595–2697; Y. Kayaki, T. Koda,
T. Ikariya, Eur. J. Org, Chem. 2004, 4989–4993.

[8] a) E. Kuntz, A. Amgoune, C. Lucas, G. Godard, J. Mol.
Cat. A: Chem. 2006, 244, 124–138; b) H. Kinoshita, H.
Shinokubo, K. Oshima, Org. Lett. 2003, 6, 4085–4088.

[9] a) G. Laval, B. T. Golding, Synlett 2003, 542–546;
b) B. D. Dangel, J. A. Johnson, D. Sames, J. Am. Chem.
Soc. 2001, 123, 8149–8150; c) R. Grigg, D. Henderson,
A. J. Hudson, Tetrahedron Lett. 1989, 30, 2841–2844;
d) M. Hashimoto, Y. Eda, Y. Osanai, T. Iwai, S. Aoki,
Chem. Lett. 1986, 893–897; e) D. L. Hughes, J. J.
Bergan, E. J. J. Grabowski, J. Org. Chem. 1986, 51,
2579–2585; f) G. C. Barrett, in: Chemistry and Bio-
chemistry of Amino Acids, (Ed.: G. C. Barrett), Chap-
man and Hall, London, 1985, pp. 354–375; g) P. Brew-
ster, F. Hiron, C. K. Ingold, P. A. D. S. Rao, Nature
1950, 166, 179.

[10] We also reported the special property and reactivity of
amino acids; a) Y. Yokoyama, T. Yamaguchi, M. Sato,
E. Kobayashi, Y. Murakami, and H. Okuno, Chem.
Pharm. Bull. 2006, 54, 1715–1719; b) Y. Yokoyama, H.
Hikawa, Y. Murakami, J. Chem. Soc., Perkin Trans. 1
2001, 1432–1434, see also Ref.[2a]

[11] A part of this work was presented at 43rd Symposium
on the Chemistry of Natural Products, Osaka, 2001: Y.
Yokoyama, H. Hikawa, M. Mitsuhashi, A. Uyama, M.
Hiroki, M. Murakami, 43rd Tennen Yuki Kagoubutu
Toronkai Koen Yoshisyu (Abstracts Paper) 2001, 539–
544.

[12] The highest yield (44%) of 15a was obtained from the
complex mixture by the reaction of 2-iodoaniline (17a)
in the presence of TPPTS (9) in H2O at 100 8C for 3 h.

[13] K. Manabe, S. Kobayashi, Org. Lett. 2003, 5, 3241–
3244.

[14] It was reported that 2-iodo-N-allylaniline gave 3-meth-
ylindole (32) by intramolecular Heck reaction using
these conditions; a) R. Odle, ; B. Blevins; M. Ratcliff ;
L. S. Hegedus, J. Org. Chem. 1980, 45, 2709–2710;
b) R. C. Larock, S. Babu, Tetrahedron Lett. 1987, 28,
5291–5294.

[15] When the crude product obtained just after work-up
was used, cyclized product (29) was formed in 22%
overall yield from 17a under similar reaction condi-
tions. To determine whether the Pd catalyst was deacti-
vated during the first step of the reaction, Pd ACHTUNGTRENNUNG(OAc)2

and TPPTS were further added to the mixture from the
first reaction, and then aqueous AcOH was added for
neutralization. However, the reaction did not proceed.

668 www.asc.wiley-vch.de C 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Adv. Synth. Catal. 2007, 349, 662 – 668

DEDICATED CLUSTER
FULL PAPERS Yuusaku Yokoyama et al.

www.asc.wiley-vch.de

