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ABSTRACT

PhRCHO + -~ X Inl, Pd(PPhg)4 P“N

OH
X=0Ac, CI, OPh,

OC(O)OEt, OH

A reductive transmetalation of the sz-allylpalladium(ll) complexes, generated in situ from a catalytic amount of a palladium(0) complex and a
variety of allylic substrates, with indium(l) salts proceeded smoothly in various solvents, providing a new route for allylindium(lll) reagents.

Over the past decade, organoindium reagents, in particularmethod is the oxidative addition of metallic indiGnor
allylic indium reagents, are of increasing interest in organic indium(l) iodidé® to allylic substrates. However, this method
synthesis such as carbonyl allylation and allylindation of suffers from the restricted usability of both allylic substrates
carbon—carbon multiple bondsln these reactions, high  and solvents, i.e., the reaction proceeds only with allylic
regio- and stereoselectivity have often been realized on thepromides or iodid€sin polar solvent$. Here we report a
basis of the chelation of the indium atom with a hydroxyl new preparative method for allylic indium(lil) reagents via
or a carboxyl group in the substrates. The tolerance to watera reductive transmetalation ofwmallylpalladium(ll) complex
allows the wide use of allylindium reagents in aqueous ith indium(l) salts, which enables the use of a wide variety

media, and this property makes the reagents unique andys allylic compounds and solvents.
important in respect to environmentally benign chemitry.

However, the preparative methods of allylindium(lll) com- F : Akl S Hore T Kato. M- Hirashia. T
P . or example, see: raki, S.; Horie, T.; Kato, o irashita, T.;

pounds are limited. Apart from the conventional trans- ol i e 2 i ciranedron Lett1099,40, 53312334

metalation of allyllithium or allyl Grignard reagents with (4) Transmetalation of allylstannane with indium(li1) chloride also gives

indi i 3,4 i i allylindium(lll): Marshall, J. A.; Hinkle, K. W.J. Org. Chem1995,60,
indium(lll) halides;* a more convenient and widely used 55" o777y "2k T ‘Bretrahedron: Asymmeto6 7. 1535-
1538.

(1) (@) Cintas, P.Synlett 1995 1087-1096. (b) Marshall, J. A. (5) Araki, S.; Ito, H.; Butsugan, YJ. Org. Chem1988 53, 1831-1833.
Chemtracts-Org. Chenil997,10, 481—496. For recent papers, see: (¢) Araki, S.; Shimizu, T.; Johar, P. S.; Jin, S.-J.; Butsugan].XOrg. Chem.
Hirashita, T.; Kamei, T.; Horie, T.; Yamamura, H.; Kawai, M.; Araki, S.  1991,56, 2538—2542.
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Hirashita, T.; Yamamura, H.; Kawai, M.etrahedron Lett1999 40, 7999— 1989,369, 291—-296.

8002. (e) Klaps, E.; Schmid, W. Org. Chem1999,64, 7537—7546 and (7) Allylic chlorides and phosphates are usable only in the presence of

references therein. iodide salts such as sodium iodide via the in situ conversion to allylic iodides
(2) (@) Li, C.-J. Chem. Rew.1993, 93, 2023—2035. (b) Li, C.-J. (see ref 5).
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10.1021/0l005610i CCC: $19.00 ~ © 2000 American Chemical Society
Published on Web 03/02/2000



Allyl acetate and indium(l) iodide were reacted with such as indium(l) bromide and indium(l) chloride are equally
benzaldehyde in a Barbier-type manner in the presence of aeffective, and even metallic indium powder works as a
catalytic amount (5 mol %) of tetrakis(triphenylphosphine)- reductant, although a much longer reaction time is required
palladium(0). The allylation proceeded smoothly at room (Table 3). The satisfactory results with a combination of
temperature to give high yields of the corresponding homo-

allyl alcohol. Table 1 summarizes the results under various_
I Comparison of Reducing Agents
R

Table 1. Palladium-Catalyzed Allylation of Benzaldehyde with M, Pd(PPhs) Ph _
Allyl Acetate and Indium lodid& PhCHO + R~ OAc T 7~ 94 jA/

Inl, Pd(PPh Ph THE. 1t OH
PhCHO + _A~\_OAc _Inl, Pd(PPha)s \(\/
rt OH run M R time yield (%)
. ] - . 1 Inl H 15h 84
run molar ratio solvent time (h) yield (%) 2 InBr H 1h 84
1 2/2/1 THF 15 86 3 InCl H 4h 51
2 1/1/1 THF 5 91 4 In H 6d 48
3 2/2/1 DMI 1 96 5 In Ph 8d 92 (anti only)
4 2/2/1 CH-Cl» 3 68 6° INCl3e(3—4)H,0/Al H 9h 82
° 21211 THF/HZ0° 2 100 aThe reactions were carried out in a Barbier-type manner with M/allylic
6 2/2/1 H20 5 96 acetate/PhCHO (2/2/1) and Pd(BRh(5 mol %) in THF at room
7 2/2/1 MeOH 18 81 temperature, unless stated otherwfsaVith InClze(3—4)H,0 (1.1 mmol),
8 2/2/1 EtOH 24 100 Al (3.7 mmol), allyl acetate (1 mmol), PACHO (1 mmol), and Pd(§Ph
9 20211 Et,0 72 26 (0.05 mmol).
10 2/2/1 benzene 48 8
11 2/2/1 hexane 72 8

) ) ) ) ) indium trichloride hydrate and metallic aluminum allow the

aThe reactions were carried out in a Barbier-type manner with Pd{PPh .. . .

(5 mol %) at room temperatur&inl/allyl acetate/PhCHOE Ratio 1/1. use of this inexpensive indium source (entry 6).

Starting from a-methallyl chloride, crotyl chloride, or
crotyl acetate, the branched homoallyllic alcohol was ob-
reaction conditiond! The reaction could be carried out in a tained exclusively (Table 4, entries—B). Although the
variety of solvents including THF, 1,3-dimethyl-2-imidazo- diastereoselectivities are slightly different, the results support
lidinone (DMI), and dichloromethane. Protic solvents such the intermediacy of the common allylic indium species in
as water, methanol, and ethanol could also be used, althougtihese reactions. They-disubstituted allylic acetate also gave
a somewhat longer reaction time was needed for the alcoholicthe y-adduct stereoselectively (@nly) (entry 5). On the
solvents. Nonpolar solvents such as ether, benzene, andontrary, the vinyloxirane gave the branched allylic dio! (
hexane gave poor yields of the product. As is shown in Table adduct) exclusively in high yield (entry 6). With acrolein

2, various allylic compounds with different leaving groups diethyl acetal, ther-adduct was obtained again in 91% yield,
together with a small amount (9%) of the homoallylic diol.

I, " ot reacions. e products were formesh

Table 2. Palladium-Catalvzed Allviati ‘B dehvde with selectively, suggesting that the intermediate indium reagents
able 2. Faladium-Latalyzed Allylation of Benzaldehyde With oy exist as oxygen-chelated cyclic forifisThe y,y-
Various Allylic Substrates y ¥a Yy VY

disubstituted allylic acetates were unfortunately unsusceptible
Inl, Pd(PPhg)y  Ph Pz to conversion to the corresponding allylic indium reagents.
The most plausible catalytic cycle for the present pal-
ladium-catalyzed allylation is depicted in Scheme 1. The
run X time (h) yield (%) initially formed s-allylpalladium(ll) complex is reductively
transmetalated with indium(l) salts to give allylindium(lll)

PhCHO + _A~_X
THF, 1t OH

; gf‘c 12 lgg species, which allylates benzaldehydeis process has been
3 OPh 15 89 confirmed by the following two experiments. Thus, the Inl-
4 OC(O)OEt 15 76 mediated allylation of benzaldehyde witkallylpalladium(ll)

5 OH 13 76 chloride dimer in THF gave the homoallyl alcohol in 77%
6 SMe 17 43 yield. Furthermore, th&H NMR spectrum of the allylindium

aThe reactions were carried out in a Barbier-type manner with Inl/allylic Compound’ pr_epgred m_ a G”Q”ard'type manner from a.”yl
substrate/PhCHO (2/2/1) and Pd(RRh(5 mol %) in THF at room chloride and indium(l) iodide in the presence of tetrakis-
temperature.

(9) A pathway involving transient Peln complexes as intermediates
has been suggested for the formation of allenylindium reagents from
. . _ A _propargylic mesylates by Pd-catalyzed metalation with Inl: Marshall, J. A.;
are usable for this palladlum Catalyzed aIIyIatlon, in par Grant, C. MJ. Org. Chem1999,64, 696-697. See also: Perez, |.; Sestelo,

ticular, allyl alcohol itself can be used. Other indium(l) salts J. P.; Sarandeses, L. @rg. Lett.1999,1, 1267—1269.
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Table 4. Palladium-Catalyzed Allylation of Benzaldehyde with
Substituted Allylic Compounds

product and yield (%)

run allylic compound

(syn:anti)
Ph P
1 =z
cl OH
92 (58:42)
2 WCI 96 (37:63)
(E:Z=85:15)
3 WOAC 98 (32:68)
E:Z=86:14
( ) Ph
PhW
4P Ph OA
~ AN AUAC OH
100 (14:86)
Ph
Ph ¥
5¢ Ph\/\(oAC N
OH
79 (11:89)
__ Ph.__OH
6 X Ph =
Ph 0
(trans:cis=31:69) OH
80 (85:15)¢
OEt
7€ - OFEt PhW
OEt OH
91 (64:36)
8 \(\/OAC 0
9 \K\/\(\/OAC 0

aUnless stated otherwise, the reactions were carried out in a Barbier-
type manner with Inl/allylic compound/PhCHO (1.5/1.2/1) and PdgpPh
(5 mol %) in THF at room temperaturginl/allylic compound/PhCHG=
2/2/1.¢ Inl/allylic compound/PhCHG= 2/1.2/1.9 Diastereomeric ratiéini/
allylic compound/PhCHG-= 2/1/2. A small amount (9%) of the homoallylic
diol was also obtained.

(triphenylphosphine)palladium (5 mol %) in DM re-
vealed the allyl signals at 5.96 (1H), 4.67 (2H), and 2.08

Org. Lett., Vol. 2, No. 6, 2000

Scheme 1
Ix,
InX’' /\/'n\x
., PhCHO
\g\/ Pd(0) ;
h\(\/
AX OlnXX’

ppm (2H). These chemical shifts are in good accord to those
of allylindium(lll) diiodide prepared from allyl iodide and
indium(l) iodide®

Umpolung ofz-allylpalladium(ll) to allylmetals has been
realized so far by using various reductants such as dialkylzinc
and trialkylborané? The results described here demonstrate
for the first time that indium(l) salts are also effective for
this transformation. This new methodology expands the scope
of usable allylic substrates and solvents and provides a
convenient, efficient, and practical method for the preparation
of allylindium(lll) reagents.
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(10) For example, see: Tamaru, ¥. Organomet. Cheni999, 576,
215-231. See also: Kimura, M.; Kiyama, |.; Tomizawa, T.; Horino, Y.;
Tanaka, S.; Tamaru, YTetrahedron Lett.1999, 40, 6795—6798 and
references therein.

(11) Typical experimental procedure(Table 1, entry 1): To a mixture
of indium(l) iodide (0.24 g, 1.0 mmol) and Pd(P#PH(29 mg, 0.025 mmol)
in THF (3 mL) were added allyl acetate (0.11 mL, 1.0 mmol) and
benzaldehyde (0.052 mL, 0.50 mmol). The reaction mixture was stirred at
room temperature under argon. The reaction was monitored by TLC. After
1.5 h, the benzaldehyde was consumed. Diluted hydrochloric acid (1 N)
was added and the product was extracted with ether. The extracts were
washed with water and dried over anhydrous sodium sulfate. The solvent
was removed, and the residue was chromatographed on silica ggCllLH
hexane= 1/1) to give 1-phenyl-3-buten-1-ol (64 mg, 86% yield).
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