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(s, 3 H), 4.9 (s, 1 H), 6.90 (d, 2 H), 7.30 (d, 2 H), 7.60 (s, 1 H);
MS m/z 260 (M - H*), 296 (M + CI).
1-p-Anisyl-3-isopropylidene-4-acetoxy-2-azetidinone (13).
Reaction of 3-lactam 12 (1.04 g, 0.004 mol) with lead tetraacetate
(2.21 g, 0.005 mol) by following the method described for 10a gave
the title compound in 79% yield: mp 105 °C (methylene chlo-
ride—hexanes); IR (CHCl;) 1620 (C=C), 1720 (ester CO), 1750
(8-lactam CO) cm™1; 'TH NMR (CDCl;) 6 1.80 (s, 3 H), 2.15 (s, 3
H), 2.20 (s, 3 H), 3.80 (s, 3 H), 6.90 (d, 2 H), 7.05 (s, 1 H), 7.40
(d, 2 H); MS m/z 293 (M + NH,*). Anal. Caled for C;sH;;NO:
C, 65.45; H, 6.18; N, 5.09. Found: C, 65.37; H, 6.01; N, 4.98.
3-Isopropylidene-4-acetoxy-2-azetidinone (14). Reaction
of 13 (1.1 g, 0.004 mol) with cerric(IV) ammonium nitrate (6.15
g, 0.011 mol) in 25 mL of acetonitrile and 25 mL of water as solvent
gave the title compound in 83% yield: mp 92 °C (methylene
chloride~hexanes); IR (Nujol) 1620 (double bond), 1745 (ester CO),
1780 (8-lactam CO) cm!; 'H NMR (CDCl;) 6 1.8 (s, 3 H), 2.05
(s, 3 H), 2.15 (s, 3 H), 6.20 (s, 1 H), 6.97 (br s, 1 H); MS m /2 187
(M + NH,*). Anal. Calecd for CgH,;NO;: C, 56.80; H, 6.55; N,
8.28. Found: C, 56.70; H, 6.38; N, 8.15.
1-p-Anisyl-3-ethyl-4-carbomethoxy-2-azetidinone (7a). To
a solution of 3-lactam 5a or 6a (0.15 g, 0.0006 mol) in 25 mL of
ethyl acetate was added a catalytic amount of 5% Pt-C. The
hydrogenation was carried out under atmospheric pressure.
Workup of the reaction mixture yielded the 3-lactam in quan-
titative yield. This compound is identical in all respect with the
compound prepared from 5a.
cis-1-p-Anisyl-3-acetyl-4-carbomethoxy-2-azetidinone (8a).
To a well-cooled (=75 °C) solution of 8-lactam 5¢ (0.82 g, 0.003
mol) in 50 mL of methylene chloride was passed ozone until the
color of the reaction turned blue. Excess ozone was removed by
passing N, through the reaction mixture. Finally, 1.5 mL of
dimethyl sulfide was added to it. The reaction mixture was stirred
at 78 °C for 15 min and at room temperature for !/, h, washed
with water and brine, and dried over Na,SO,. Removal of solvent
gave a colorless gummy mass, which was passed through Florisil.
Subsequent crystallization from methylene chloride-hexanes gave
8a as a crystalline solid: mp 103 °C; yield 87%; IR (Nujol) 1650
(ketone CO), 1755 (ester and lactam CO) c¢cm™; 'H NMR
(CDCl1;-DMSO0-dg) 6 2.24 (s, 3 H), 3.8 (s, 3 H), 3.85 (s, 3 H), 4.55
(d, 1 H, J = 5.85 Hz), 4.65 (d, 1 H, J = 5.85 Hz), 6.83 (d, 2 H),

7.2 (d, 2 H); MS m/z 295 (M + NH,").

trans-1-p-Anisyl-3-acetyl-4-carbomethoxy-2-azetidinone
(15). B-Lactam 8a (0.27 g, 0.001 mol) was dissolved in 25 mL of
dry benzene. To it 2 drops of DBN was added, and the reaction
mixture was refluxed overnight under nitrogen. After cooling the
organic layer was washed with 1 N HCl, aqueous NaHCOj, water,
and brine successively. Removal of solvent gave an oil, which was
purified through column chromatography to yield 0.22 g (83%)
of the title compound: mp 139 °C (methylene chloride-hexanes);
IR (Nujol) 1720 (ketone, ester CO), 1760 (8-lactam CO) cm™; 'H
NMR (CDCl;) 6 2.1 (s, 3 H), 3.9 (s, 3 H),3.95(s,3H), 44 (d, 1
H,J =2.8Hz),49 (d,1 H,J = 2.8 Hz); MS m/z 295 (M + NH,).

1-p-Anisyl-3-isopropylidene-4-carbethoxy-2-azetidinone
(6d). The title 8-lactam was obtained in quantitative yield from
5d (1.44 g, 0.005 mol) according to the method used to prepare
17: mp 94 °C (methylene chloride-hexanes); IR (CHCl,) 1660
(C==C), 1725 (ester CO), 1745 (B-lactam CO) cm™!; 'H NMR
(CDCly) 4 1.25 (t, 3 H), 1.9 (s, 3 H), 2.20 (s, 3 H), 3.80 (s, 3 H),
4.30 (q, 2 H), 4.9 (s, 1 H),6.92 (d, 2 H), 7.38 (d, 2 H); MS m/z
290 (M + H*).
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Indole derivatives 3 were readily obtained from 2-aminophenethyl alcohols 1 in the presence of 2 mol % (based
on 1) of RuCly(PPhy); under reflux in toluene. Indole (3a) was afforded from 2-aminophenethyl alcohol (l1a)
quantitatively. Other indoles (3) were also obtained in 73-99% isolated yields from the corresponding 1, which
were easily prepared by condensation between the corresponding 2-nitrotoluenes and aldehydes followed by
reduction. During the reaction, a stoichiometric amount of hydrogen was spontaneously evolved into the gas
phase. With a heterogeneous and homogeneous binary catalyst system, indoles were afforded in one pot from
2-nitrophenethyl alcohols 2 under a hydrogen atmosphere.

Introduction

The Fischer indole synthesis is most widely used to
construct an indole skeleton and has been extensively re-
viewed.! It involves the rearrangement of arylhydrazones
on heating and/or with acid catalysts. a-Arylamino ke-
tones and aldehydes are readily prepared from «-halo-
carbonyl compounds and arylamines, and they cyclize to

(1) (a) Robinson, B. Chem. Rev. 1963, 63, 373; (b) 1969, 69, 227.

indoles with acid catalysts (Bischler synthesis).?2 Treat-
ment of o-alkylanilides with strong bases such as sodium
amide and potassium tert-butoxide at 200-400 °C results
in the formation of indoles (Madelung synthesis).? As for

(2) Remers, W. A. Heterocyclic Compounds; Houlihan, W. J., Ed.;
Wiley-Interscience: New York, 1972; Vol. 25, p 317.

(3) (a) Reference 2, p 385. (b) Augustine, R. L.; Gustavsen, A. J,;
Wanat, S. F.; Pattison, I. C.; Houghton, K. S.; Koleter, G. J. Org. Chem.
1973, 38, 3004.
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a transition-metal-catalyzed reaction, Hegedus showed that
indoles are afforded from 2-allylanilines in the presence
of a palladium(II) catalyst and benzoquinone as a reoxi-
dant for palladium.* However, these precedent procedures
require particular substrates that are not always easily
accessible.

In recent years, on the other hand, there has been in-
creasing interest in more straightforward and efficient
indole syntheses utilizing various C-2 fragments with
aminoarenes.” We have recently developed an indole
synthesis from ethylene glycol and aminoarenes catalyzed
by a homogeneous ruthenium catalyst.® Ethylene glycol
can be utilized as the C-2 fragment, and the reactions with
aminoarenes give indoles in good yields.

2-Aminophenethyl alcohols 1 are another promising
substrates for indoles, even from an industrial point of
view, since 1 are easily obtained from 2-nitrotoluenes and
formaldehyde via condensation followed by reduction
(Scheme I; see Experimental Section). In spite of such
potential usefulness of 1, the transformation of 1 into
indoles has met with only limited success, i.e., severe re-
action conditions being necessary (200-340 °C over a
copper or a nickel solid catalyst,” with 0.6 equiv of con-
centrated HNO; at 220 °C8),

We have recently reported the N-alkylation with hy-
droxy functionalities? and also N-heterocyclizations®®
involving the N-alkylation as a key step. This paper deals
with the indole synthesis from 2-aminophenethyl alcohols
1 in the presence of a homogeneous ruthenium catalyst.!!
The reactions proceed readily without the aid of a hy-
drogen acceptor, and the corresponding indoles are af-
forded in good-to-excellent yields with spontaneous hy-
drogen evolution (eq 1). Indole synthesis from 2-nitro-
phenethyl alcohols is also described.

OH 5 3
< OV QLS+ Ht O
NH in toluene, reflux s N~?

2
R “Hy0 R?7 H
(1) (3)

4

RUCI(PPh3)3

Results and Discussion

Indoles from 2-Aminophenethyl Alcohols. Synthesis
of indole (3a, R = H) from 2-aminophenethyl alcohol (1a,

(4) Hegedus, L. S.; Allen, G. F.; Bozell, J. J.; Waterman, E. L. J. Am.
Chem. Soc. 1978, 100, 5800.

(5) (a) U.S. Patent 4,436,917, 1984; Chem. Abstr. 1984, 101, 7024. (b)
Japanese Kokai, 83-32863; Chem. Abstr. 1983, 99, 55378. (c) Japanese
Kokai, 81-63958; Chem. Abstr. 1981, 95, 150441. (d) Japanese Kokai,
81-61353; Chem. Abstr. 1981, 95, 115293.

(6) Tsuji, Y.; Huh, K.-T'; Watanabe, Y. J. Org. Chem. 1987, 52, 1673.

(7) (a) Bakke, J.; Heikman, H.; Hellgren, E. B. Acta Chem. Scand. Ser.
B 1974, 28(4), 393. (b) Hammerschmidt, W.; Baiker, A.; Wokaun, A.;
Fluhr, W. Appl. Catal. 1986, 20, 305. (c) Japanese Kokai, 88-23861;
Chem. Abstr. 1988, 109, 170230. (d) Japanese Kokai, 87-114958; Chem.
Abstr. 1987, 107, 154240. (e) Japanese Kokai, 81-5459; Chem. Abstr. 1981,
95, 97580.

(8) Japanese Kokai, 77-142063; Chem. Abstr. 1978, 88, 120988.

(9) Watanabe, Y.; Tsuji, Y.; Ohsugi, Y.; Ohta, T. J. Org. Chem. 1984,
49, 3359.

(10) (a) Tsuji, Y.; Huh, K.-T'; Ohsugi, Y.; Watanabe, Y. J. Org. Chem.
1985, 50, 1365. (b) Tsuji, Y.; Yokoyama, Y.; Huh, K.-T.; Watanabe, Y
Bull. Chem. Soc. Jpn. 1987, 60, 3456.

(11) Preliminary communication: Tsuji, Y.; Huh, K.-T'; Yokoyama,
Y.; Watanabe, Y. J. Chem. Soc., Chem. Commun. 1986, 1575.
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Table 1. Effect of Catalyst Precursors on Indole Formation
from 2-Aminophenethyl Alcohol®

run catalyst solvent yield,* %
1¢ RuCly(PPhy)s toluene 100
2 RuCl,(PPh;), p-xylene 100
3 RuCl,(PPhy); diglyme 98
44 RuCl,(PPhj;), toluene 30
5 RuCly(PPhs), dioxane 17
6 RuClgnH,0 toluene 2
7 RuClynH,0 diglyme 5
8 RuClgnH,0 + PPhg? toluene 82
9 RuClynH;0 + PBuy® toluene 4
10 RuClynH,0 + PBuy® diglyme 45
11 RuH,(PPh,), toluene 19
12 RuHCI(CO)(PPhy), toluene 58
13 RuHCIL(PPhy); toluene 18
14 Ru(cod){(cot) + PPhy* toluene 64
15 Ru(cod)(cot) toluene 0
16 RhCI1(PPhy); toluene 8
17 PdCl,(PPh;), toluene trf
18 Pd(PPhy), toluene 0
19 PtCl,(PPhy), toluene trf
20 CoCl,(PPhy), toluene trf
21 FeCl;nH,0 + PPhg toluene trf

82-Aminophenethyl alcohol (2.0 mmol), catalyst (0.04 mmol),
and solvent (5.0 mL), under reflux for 6 h. ? Yields of indole were
determined by GLC. ¢2-Aminophenethyl alcohol (7.0 mmol),
RuCly(PPhg); (0.14 mmol), and toluene (10 mL) were charged. ¢At
80 °C. ¢[phosphine]/[Ru] = 3.5. /tr = trace. #FeClynH,0 (0.4
mmol), PPh; (2.4 mmol).

Table II. Synthesis of Indoles from 2-Aminophenethyl

Alcohols®

10-3kobs,d

dm?® mol™
run substrate 1 product 3° yield,* % g1
1 aR= a, R=H 100¢ 2.88
22 b,R= 4 Me b, R = 6-Me 80 3.27
23 ¢, R=5-0Me ¢, R =50Me 94 4.57
24 d,R =6-Cl d, R =4-Cl 92 6.50
25 e, R =4-Cl e, R = 6-Cl 82 9.38
26 f,R=6-Br f,R = 4-Br 73 6.88

¢ 2-Aminophenethyl alcohol derivative 1 (7.0 mmol), RuCl,-
(PPhy); (0.14 mmol), and toluene (10 mL), under reflux for 6 h.
bSee eq 1. “Isolated vields. %See eq 3. ¢Determined by GLC.

R = H) was carried out under various reaction conditions
and with various homogeneous transition-metal catalysts
(Table I). 2-Aminophenethyl alcohol (1a) was cyclized
into indole (3a) quantitatively when the reaction was
carried out in toluene under reflux in the presence of a
catalytic amount (2.0 mol % based on 1a) of RuCly,(PPh;),
(run 1). During the reaction, a stoichiometric amount of
hydrogen was spontaneously evolved into the gas phase.
This feature is extremely important and favorable as a
synthetic method, since the present reaction does not re-
quire any hydrogen acceptors, which are often indispen-
sable in many dehydrogenation processes and cause tedious
workup procedures. The reflux in p-xylene and diglyme
gave also indole in excellent yields (runs 2 and 3). How-
ever, the reaction at 80 °C in toluene (run 4) or under
reflux in dioxane (run 5) reduced the yields considerably.
The nature of the catalyst has a critical effect on the
present indole synthesis. Ruthenium trichloride without
phosphorus ligand showed only low catalytic activity (runs
6 and 7), and most starting materials were recovered intact.
Addition of triphenylphosphine(pK, 2.73,'2 cone angle
143°1) to the ruthenium trichloride enhanced the catalytic

(12) Streuli, C. A. Anal. Chem. 1960, 32, 985.
(13) A larger cone angle shows a larger steric size of the phosphorus
ligands. See: Tolman, C. A. Chem. Rev. 1977, 77, 313.
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activity drastically to an extent compared with RuCl,-
(PPhy); (run 8). On the other hand, more basic tri-
butylphosphine (pK, 8.43,'2 cone angle 132°%%) was less
effective (runs 9 and 10). Other di- or zerovalent ruthe-
nium complexes were employed as the catalyst (runs
11-15). RuHCI(CO)(PPhy); (run 12) and (n*1,5-cyclo-
octadiene)(n%-1,3,5-cyclooctatriene)ruthenium (Ru(cod)-
(cot)) combined with PPh; (run 14) showed some catalytic
activities. However, all these ruthenium catalyst systems
(runs 11-15) were less active than RuCl,(PPhy);. On the
other hand, other group 8-10 transition-metal complexes
showed almost no catalytic activities (runs 16-21).
Several substituted 2-aminophenethyl alcohols (1b—f)
were prepared by the method illustrated in Scheme I and
were subjected to the present indole synthesis catalyzed
by RuCly(PPhy)s. As shown in Table II, the corresponding
indoles (3b—f) were readily obtained in high isolated yields
(runs 22-26). The aromatic C-Br bond was tolerated in
this catalytic reaction (run 26). Thus, 4-bromoindole (3f),
a key intermediate in ergot alkaloid synthesis,!* was readily
obtained from 2-amino-6-bromophenethyl alcohol (1f),
which was prepared via Sandmeyer bromination of 2-
methyl-3-nitroaniline!® followed by the condensation with
formaldehyde and reduction with a Zn/CaCly/H,0 sys-
tem.’® Indole derivatives having substituents at N-hetero
rings are also accessible as exemplified by eq 2. The

R
NH, in toluene, reflux

- Hy0 (2)
(1 (3)

<3g: R'= 2-Ph 99%>

= %m
.+.
T
~N
by

3h: 3-Me 79°%

condensation of 2-nitrotoluene with benzaldehyde and the
successive hydrogenation over Rh/C afforded 1g (cf.
Scheme I). The reaction between 2-ethylnitrobenzene and
formaldehyde also gave 1h. Under the same reaction
conditions as Table II, 2-phenylindole (3g) and 3-
methylindole (3h) were obtained from 1g and 1h in 99%
and 79% isolated yields, respectively.

Invariably, a stoichiometric amount of hydrogen was
evolved spontaneously into the gas phase in these reac-
tions. By measuring the volume of the evolved hydrogen,
which corresponds to the amount of indoles formed, kinetic
features of the reaction could be investigated. No apparent
induction periods were observed. Plots of —In (1 — x/a,)
vs time were linear over 70% conversions of 2-amino-
phenethyl alcohols 1, where x is the amount of indoles 3
formed and q is the amount of 1 charged. Furthermore,
a straight line with a zero intercept was obtained on
plotting the observed rate constants against the different
initial catalyst concentrations ([Ru}, = 6.10 X 107 ~ 2.44
% 102 mol dm3; [Ru], = [RuCly(PPhg)sly). Thus the rate
law for the present indole synthesis is expressed by eq 3.
The kg, values determined for each indole derivative are
listed in Table II.

d[3]/dt = kop[Ruo[1] 3

The present N-heterocyclization to indole seems to
proceed via intramolecular N-alkylation which might
produce indoline intermediate 4. Similar RuCl,-
(PPhy)s-catalyzed N-alkylation of amines with an alcohol
functionality has been reported recently®!? and from the

(14) Harrington, P. J.; Hegedus, L. S. J. Org. Chem. 1984, 49, 2657.

(15) Gibson, C. S.; Johnson, J. D. A. J. Chem. Soc. 1929, 1229.

(16) Sabetay, S.; Bleger, G.; Lestrange, M. Y. Bull. Soc. Chim. Fr.
1931, 49, 3.
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kinetic features of the reaction, the possible catalytic cycle
including nucleophilic attack of the amine on an aldehyde
intermediate was proposed.® Further, in the N-heterocy-
clization of aminoarenes with vic-diols (affording indoles)
and with 1,3-diols (affording quinolines), the first steps
were similar N-alkylations with the alcohol functionalities.®
In these related reactions, the nature of the catalyst pre-
cursors had a critical effect and virtually only RuCly(PPh,),
showed high catalytic activity. In the present indole
synthesis, the same tendency has been observed (Table I).

To check the intermediacy of indolines, two indoline
derivatives (4a and 4e) were subjected to the catalytic
reaction under the same reaction conditions as Table II
(eq 4). These two indolines were dehydrogenated quan-

@qﬂ+Hz1‘
H

R
)] )

3a: R= H
3e: 6-Ct

titatively into indoles 3a and 3e with spontaneous hy-
drogen evolution. Dehydrogenation of indoline to indole
would proceed via imine intermediate 6 (see Scheme II),
and 6 easily converted to indole 3 by bond rearrangement,
since 3 is more stable than 6 because of its 7-conjugation
system with an aromatic ring.!” The rate of the dehy-
drogenation of indoline was also expressed by eq 5 over

d[3]/dt = kop[Ruo[4] (5

RUCly(PPh3)3

in toluene, reflux

70% conversions. The kg, values were 2.03 X 1072 (eq 4,
3a) and 1.59 X 102 dm® mol™ s71 (eq 4, 3e), respectively.
These rates are 7.0 and 1.7 times faster than those of run
1 and 25 in Table II, the rates for indole formation from
2-aminophenethyl alcohols 1a and le. If the reaction
proceeded via indoline 4, it might be detected in the re-
action mixture. Indeed, according to microcomputer sim-
ulations for the consecutive first-order reactions, A — B
— C(A=1,B =4, C =3, assuming the ratio of the two
steps are 7.0 and 1.7), 4a should be detected in 11%
maximum yield at 25% conversion of 1a and also 4e in
29% maximum yield at 51% conversion of le. However,
even by careful GLC analyses, no or only a trace of indo-
lines, if any, could be found in the present indole synthesis.
So we consider that indoline is not involved in the main
catalytic cycle.

From these observations, the possible reaction pathway
is postulated and illustrated in Scheme II. The hydroxy
group of 1 oxidatively coordinates to the active catalyst
center!® to give 5. Such an oxidative pathway via an alk-

(17) 1,2,3,4-Tetrahydroquinoline did not convert under the same re-
action conditions, since dehydrogenation via the corresponding imine
complex could not construct a similar r-conjugation system by bond
rearrangement. Indeed, we postulated other reaction mechanisms, in-
cluding the formation of N,N’-diphenylpropylenediamine, in previously
reported ruthenium-catalyzed quinoline synthesis from aniline and 1,3-
propanediol 6

(18) From the results shown in Table I and our previous paper,® we
presume the active ruthenium species to be divalent, containing PPh; as
a ligand. Indeed a Ru(0) catalyst system such as Ru(cod)(cot) combined
with PPh,; showed catalytic activity (run 14), but Pertici et al. have
reported that Ru(cod)(cot) converted to a Ru(II) species under reflux in
toluene.!? Thus, the present reaction would be rationalyzed by a Ru(1I)
= Ru(IV) catalyst system,
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Table III. Synthesis of Indoles from 2-Nitrophenethyl Alcohols

run  substrate 2, mmol catalyst solvt, mL time,% h product 3° yield,* %
27 a, 5.3 Pd/C (0.1 g)-RuCl,(PPhy); (0.12 mmol) 20 17 a 96¢
28 e, 5.0 Rh/C (0.07 g)-RuCl,(PPhy); (0.10 mmol) 7 7 e 88
29 g, 5.0 Rh/C (0.07 g)-RuCly(PPhy); (0.10 mmol) 7 7 g 96
30 h, 76 Rh/C (0.1 g)-RuCly(PPhy); (0.14 mmol) 10 11 h 77

s The reaction was performed at room temperature for this period and then under reflux for 6 h. ¢ The same notions as in the Table II and

eq 3-4. °Isolated yields. ¢Determined by GLC.

oxohydrido complex has been proposed for N-alkylation
of amines with alcohols by us® and for hydrogen transfer
from alcohols by other authors.?>% The nucleophilic
attack of the amine to the aldehyde moiety of 5 yields the
Schiff base intermediate 6. Although hydrogenation of the
Schiff base moiety could give indoline derivatives, bond
rearrangement of 6 should be very fast and affords indole
3 selectively.

Indoles from 2-Nitrophenethyl Alcohols. 2-Nitro-
phenethyl alcohols 2 are precursors for 2-aminophenethyl
alcohols 1 (Scheme I). So, one-pot indole synthesis from
2 is an intriguing process and attempted in the present
study. The RuCl,(PPh;,),-catalyzed reactions under hy-
drogen pressure?? (30-80 kg cm™?) at 110-130 °C or with
HCOOH/Et;N system as a hydrogen source?® at 130-150
°C were unsuccessful. After several other trials, we found
that heterogeneous and homogeneous binary catalyst
systems realized this one-pot indole synthesis (eq 6). Both

@(f,w RN/C, RuCly(PPhg) @rﬁﬂ ©
NOy Ha N
R -H,0 R H

(2) (3)

the heterogeneous catalyst (Pd/C or Rh/C) and RuCl,-
(PPh;); were added to toluene solution of 2, and the so-
lution was stirred under hydrogen atmosphere at room
temperature. After the hydrogen uptake ceased, the re-
action was further carried out under reflux. Among the
heterogeneous catalysts, Pd/C showed high catalytic ac-
tivity for reduction of 2-nitrophenethyl alcohol (2a) to
2-aminophenethyl alcohol (1a) under hydrogen atmosphere
at room temperature and generated la cyclized to indole
in 96% yield by RuCly(PPh,); under subsequent reflux
conditions (run 27 in Table IIT). Of course Pd/C alone
showed extremely low catalytic activity for the present
indole synthesis both from 2-nitrophenethyl alcohol and
from 2-aminophenethyl alcohol.® However, in the catalyst
system of Pd/C~RuCly(PPhg);, halogen-containing 2-
nitrophenethyl alcohol 2e was easily decomposed and gave
intractable mixtures even at room temperature. Other
heterogeneous catalysts such as Ru/C were less effective
in the present reaction. Consequently, we found that
Rh/C is the efficient catalyst for selective reduction of
nitro group on 2-nitrophenethyl alcohols 2. As shown in
Table III, the corresponding indoles were obtained from
various 2-nitrophenethyl alcohols 2 including 2e in good-

(19) Pertici, P.; Vitulli, G.; Pacci, M. J. Chem. Soc., Dalton Trans.
1980, 1961.

(20) Sasson, Y.; Blumn, J. J. Chem. Soc., Chem. Commun. 1974, 309.

(21) Sasson, Y.; Rempel, G. L. Tetrahedron Lett. 1974, 3221.

(22) Chatt, J.; Shaw, B. L.; Field, A. E. J. Chem. Soc. 1964, 3466.

(23) Speier, G.; Marko, L. J. Organomet. Chem. 1981, 210, 253.

(24) Kaesz, H. D.; Saillant, R. B. Chem. Rev. 1972, 72, 231.

(25) Candlin, J. P.; Taylor, K. A.; Thompson, D. T. Reaction of
Transition Metal Complexes; Elsevier: Amsterdam, 1968; pp 299-301.

(26) Lappert, M. F.; Miles, S. J. J. Organomet, Chem. 1981, 212, C4.
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to-excellent yields by our binary catalyst system. The
homogeneous catalyst did not affect the heterogeneous one
and vice versa.

Experimental Section

Materials. 2-Aminophenethyl alcohol (1a), 2-nitrophenethyl
alcohol (2a), indoline (4a), PBug, and PPh; were commercial
materials and were purified by distillation or recrystallization
before use. Pd on carbon (5% Pd), Rh on carbon (5% Rh),
RuCly:nH,0 (mainly n = 3), and FeClynH,0 (mainly n = 6) were
purchased and used without further purification. Complexes
RuCl,(PPh;);,%° RuH,(PPh;),,%! RuHCI(CO)(PPhy);,%2 RuHCI-
(PPh3)3,33 Ru(cod)(cot),“ RhCl(PPh3)3,35 Pdclz(PPh3)2,36 Pd'
(PPh,),,%" PtCly(PPh,),,% and CoCl,(PPh,),* were prepared ac-
cording to literature methods.

2-Aminophenethyl Alcohols 1 (Scheme I). A typical re-
action procedure*’ is described for the synthesis of 6-chloro-2-
aminophenethyl alcohol (1d). 2-Chloro-6-nitrotoluene (25 g, 146
mmol), paraformaldehyde (60 mmol), DMSO (20 mL), and Triton
B (benzyltrimethylammonium hydroxide, 40% solution of MeOH,
1.8 mL) were placed in a 100-mL three-necked Pyrex flask
equipped with a reflux condenser. The reaction mixture was
stirred at 90 °C for 2 h. The product, 2-chloro-6-nitrophenethyl
alcohol (2d), was isolated from the mixture by distillation (50
°C/0.2 mmHg) in 92% yield based on paraformaldehyde as a
lemon yellow solid. The reductions of 2 to 1 were carried out with
a Zn/CaCl,/H,0 system (method A) or under hydrogen (1 atm)
over Rh/C or Pd/C (method B).#* The reduction of 2d to 1d
was performed by method A. In a 500-mL four-necked round-
bottomed flask, zinc powder (42 g), CaCl, (4.2 g), ethanol (150
mL), and water (50 mL) were placed. Ethanol (10 mL) solution
of 2-chloro-6-nitrophenethyl alcohol (2d, 10.2 g) was added to the
solution under reflux and kept at this temperature for 8 h. After
cooling, the whole mixture was filtrated and extracted with ether.
Evaporation of ether and recrystallization afforded 6-chloro-2-
aminophenethyl alcohol (1d) in 45% yield.

Indoles 3 from 2-Aminophenethyl Alcohols 1. A 50-mL
two-necked Pyrex flask equipped with a reflux condenser and a
gas buret was charged with RuCly(PPhy); (0.14 mmol, 2 mol %
based on 1), toluene (10 mL), and 2-aminophenethyl alcohol (1,
7.0 mmol) in this order under an argon flow. The reaction mixture
became completely homogeneous after 5 min of stirring at room
temperature. Then, the flask was immersed into a preheated
silicone oil bath (ca. 120 °C), and the reaction was performed under
reflux for 6 h.

Indoles 3 from 2-Nitrophenethyl Alcohols 2. A typical
procedure is described for 2g. A mixture of 2g (5.0 mmol),
RuCly(PPhjy); (0.1 mmol), rhodium on carbon (0.07 g), and toluene

(30) Hallman, P. S.; Stephenson, T. A.; Wilkinson, G. Inorg. Synth.
1970, 12, 237.

(31) Young, R.; Wilkinson, G. Inorg. Synth. 1977, 17, 75.

(32) Ahmad, N.; Levison, J. J.; Robinson, S. D.; Uttley, M. F. Inorg.
Synth. 1974, 15, 48.

(33) Hallman, P. S.; McGarvey, B. R.; Wilkinson, G. J. Chem. Soc.,
A 1968, 3142,

(34) Itoh, K.; Nagashima, H.; Ohshima, T.; Ohshima, N. J. Organomet.
Chem. 1984, 272, 179.

(35) Osborn, J. A.; Wilkinson, G. Inorg. Synth. 1967, 10, 67.

(36) Hartley, F. R. The Chemistry of Platinum and Palladium; Ap-
plied Science: London, 1973; p 458.

(37) Coulson, D. R. Inorg. Synth. 1972, 13, 121.
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Procedures and Commentary; Wiley-Interscience: New York, 1978;
Chapter 5.
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(7.0 mL) was placed in a two-necked flask under an argon stream.
The atmosphere was changed to hydrogen, and the mixture was
stirred at room temperature (for 7 h) until hydrogen uptake
ceased. Then, the reaction temperature was raised to the refluxing
point of solvent, and the reaction was performed for another 6
h. The product 3g was isolated by Kugelrohr distillation (pot
temperature 85 °C/0.07 mmHg) in 96% yield.

Analytical Procedure. The identification of products was
made by 'H and *C NMR and IR spectral and elemental analysis,
which were all consistent with those of authentic samples.

The 'H NMR spectra were obtained at 270 MHz with a JEOL
GSX-270 and the C NMR spectra at 25.05 MHz with a JEOL
JNM FX-100 spectrometers. Samples were dissolved in CDCl,,
and the chemical shifts were expressed relative to tetramethyl-
silane as an internal standard. Elemental analyses were performed
at the Microanalytical Center of Kyoto University. GLC analyses
were performed on a Shimadzu GC-8APF chromatograph
equipped with a glass column (3 mm X 3 m) packed with Silicone
OV-17 (5% on Chromosorb W(AW), 60-80 mesh) or PEG-HT
(5% on Uniport HP, 60-80 mesh). The products were isolated
by a vacuum distillation with a Kugelrohr apparatus. The yield
of indole (3a) was determined by GLC with naphthalene as the
internal standard.

5-Methoxyindole (3¢): white solid; mp 48.5-50.0 °C; 'H NMR
(270 MHz, CDCl,) 6 3.81 (s, 3 H, CH;0), 6.43 (br, 1 H, indole-3-H),
6.84 (dd, 1 H, indole-2-H, J = 2.7, 8.1 Hz), 7.02-7.16 (m, 3 H, Ar),
7.98 (br, 1 H, NH); 3C NMR (25.05 MHz, CDCl;) 6 55.69 (q,
CH;0), 102.03 and 102.13 (d and d, indole-C? and Ar), 111.47 and
112.00 (d and d, Ar), 124.60 (d, indole-C?), 127.95 and 130.87 (s
and s, Ar), 153.78 (s, CH;0-C). Anal. Caled for CgHgNO: C, 73.4;
H,6.2; N, 9.5; 0, 10.9. Found: C, 73.31; H, 6.20; N, 9.27; O, 11.15.

6-Chloroindole (3e): white solid; mp 88.1-88.8 °C; 'H NMR
(270 MHz, CDCly) 6 6.52 (br, 1 H, indole-3-H), 7.09 (dd, 1 H,

indole-2-H, J = 1.8, 8.4 Hz), 7.14-7.55 (m, 3 H, Ar), 8.06 (br, 1
H, NH); ¥C NMR (25.05 MHz, CDCly) § 102.57 (d, indole-C?),
110.64 (d, indole-C7), 120.27 and 121.24 (d and d, Ar), 124.45 (d,
indole-C?), 126.16 and 127.56 (s and s, indole-C® and C*-C-C*%),
135.78 (s, N-C-C"). Anal. Caled for CsH¢CIN: C, 63.4; H, 4.0;
Cl, 23.4; N, 9.2. Found: C, 63.22; H, 3.90; C], 23.24; N, 9.28,

3-Methylindole (3h): white solid; mp 98.0-98.5 °C; 'TH NMR
(270 MHz, CDCly) 6 2.30 (s, 3 H, CHy), 6.82 (br, 1 H, indole-2-H),
7.10-7.21 (m, 4 H, Ar), 7.56 (d, 1 H, NH, J = 7.3 Hz); 13C NMR
(25.05 MHz, CDCly) 6 9.55 (q, CH3), 110.74 (d, indole-C7), 111.09
(s, indole-C3), 118.48 (d, indole-C%), 118.77 (d, indole-C?), 121.46
(d, indole-C? and -C?), 127.85 (s, C3-C~-C*), 135.82 (s, N-C-C").
Anal. Caled for CoHgN: C, 82.4; H, 6.9; N, 10.7. Found: C, 82.36;
H, 6.89; N, 10.69.
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The homocoupling of alkyl halides utilizing a highly activated form of zerovalent copper has been studied.
Allyl and benzyl halides produce high yields of their respective homocoupled dimers 1,5-hexadiene and 1,2-
diphenylethane. An 83% yield of tetradecane was produced from n-heptyl iodide. The yield drops substantially
for the corresponding bromo and chloro compounds. The yield is also strongly solvent and temperature dependent.
Secondary and tertiary alkyl iodides and bromides produce moderate to low yields of homocoupling accompanied
by substantial amounts of the corresponding alkane and alkenes. The copper-mediated cyclization of «,w-di-
haloalkanes has also been examined. The yield of cycloalkanes is moderate to high for the smaller rings with
the yield decreasing substantially as the ring size increases. The compound meso-1,2-dibromo-1,2-diphenylethane
was found to produce exclusively trans-stilbene in high yield. The activated copper was produced by reducing
Cul-PR; with a preformed solution of lithium naphthalenide. Complexes using triethylphosphine and tri-n-
butylphosphine were both studied. The product yields were found to be similar in both cases.

Introduction

Organocopper compounds are increasingly being used
in organic synthesis due in large measure to their ability
to undergo substitution reactions with alkyl halides and
1,4-addition reactions with «,8-unsaturated carbonyl com-
pounds.! Our research endeavors have been aimed at
developing a form of copper with sufficient reactivity to
allow the direct oxidative addition of the metal to organic
halides to produce organocopper compounds without

(1) (a) Posner, G. H. Org. React. 1975, 22, 253 and references cited
therein. (b) Posner, G. H. Org. React. 1972, 19, 1 and references cited
therein.
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utilizing the traditional lithium and Grignard precursors.
This approach would allow the functionalization of orga-
nocopper reagents in ways not permitted when the tra-
ditional highly reactive precursors are used.

Rieke and Ebert have recently reported the successful
development of such a form of activated copper.?2 Rieke
and co-workers have further developed stable function-
alized primary alkylcopper reagents and have explored the
reactions of these compounds with epoxides, acid chlorides,
and «,3-unsaturated ketones.? In the course of further

(2) (a) Ebert, G. W,; Rieke, R. D. J. Org. Chem. 1984, 49, 5280. (b)
Ebert, G. W.; Rieke, R. D. J. Org. Chem. 1988, 53, 4482.
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