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ABSTRACT

A hydroindation of 1,3-dienes by dichloroindium hydride (HInCl 2) generates allylic indiums that react with carbonyl or imine moieties in a
one-pot treatment. The former reaction proceeds in a radical manner, and the latter is ionic allylation. Moreover, both reactions require no
additives such as radical initiators, Lewis acids, or transition metal catalysts.

Much attention has been paid to the generation of charac-include subsequent one-pot allylations by the generated metal
teristic allylic metals and their reactions with various species without any additivés®Borohydrides are plausibly
electrophiles. In particular, an important subject is the the most versatile reagents, but control of the reactivity is
generation of multisubstituted active allylic metals, which not so easy2 Recently, allylic indium reagents have been
can lead to tertiary or quaternary carbon centers by reactionsrecognized because of their environmentally benign character
with carbon electrophiles. One of the practical methods is a that includes water toleranée-lowever, there is no report
hydrometalation of 1,3-dienes. This method provides an about the generation of allylic indiums by the hydroindation
atom-economical reaction system and can be applied toof 1,3-dienes.

various substituted allylic species. A conventional method
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metal catalystd.Moreover, there are a few methods that Chem. Soc., Chem. Commia94, 1451--1452. (g) Gao, V.. Urabe, H.
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We have recently developed the generation and syntheticporomoted at the/-position of the resulting allylic indium

use of dihaloindium hydrides (HIrpX® Indium hydride has
effected not only some ionic reductién®f carbonyl

(eq 1). Internal dienes such as cyclohexadiene and 1,4-
diphenyl-1,3-butadiene were found to be inert to the hydro-

compounds but also radical reactions such as dehalogenatioindation because predominant reduction of aldehyde by

and hydroindation of alkynes In the course of our
investigation, dihaloindium hydrides were found to promote

radical conjugate addition to 1,3-dienes. Herein we report
the generation of allylic indium species and subsequent one-
pot allylation of aldehydes, ketones, and imines to produce
tertiary and quaternary carbon centers, in which both steps

require no promoters. This is the first example of radical
hydroindation of 1,3-dienes to furnish multisubstituted allylic
indiums.

First, to optimize the reaction conditions, 2,3-dimethyl-
1,3-butadiene (1a) was treated with Hia@kenerated from
the effective transmetalation between Ip@hd BySnH;

HInCl, took place instead of allylation.

RS

Next, we investigated the reactions of dieha with
various electrophiles under the optimized conditions. The
reactions with benzaldehyde derivatives bearing either
electron-donating or electron-withdrawing substituents gave
the corresponding products in good vyields (entrie62n

0 2a
Ph)k H

y-allylation

1a

HInCl, ————

1,4-addition

and subsequently benzaldehyde (2a) was added to theTable 2). The reducible functionalities such as ClI,N&nhd

resulting mixture under various conditions. In this system,

the generation of a prenyl type of indium species is expected

to produce the addu@a possessing a quaternary carbon
center. Under the optimized conditions, treating 2 equiv 0
HInCl, with an excess amount of the 1,3-diene at room
temperature, a quantitative yield 8& was obtained (entry

3 in Table 1). The selective formation &a plausibly

Table 1. Hydroindation of 1,3-Diene and One-Pot Allylation

(@]
1a Ph)J\H 2a

OH OH
(Y equiv) (1eq) H* P
HInCl, Ph + Ph
(X equiv) THF, t, 5 h rt, 3h
3a 4
) . yield (%)
entry X {equiv}) Y {equiv)
3a 4
1 1 49 5
69 24
3 2 4 94 0

£ Table 2. Allylation of Various Electrophilex

Z =
Z=0,NPh -
HInCl, R' “R2 H* .
1a m,5h m,3h R?
entry electrophile product yield (%)
1 R=H 2a 3a 94
2 o} Me 2b 3b 80
3 Cl 2c 3c 99
4 H No, 2d 3d 69
5 R OMe 2e 3e 93
6 COOMe 2f 3f 85
o}
7 2g 3g 88
Ph/\)j\H
o}
gb 2h 3h 50
Ph)J\
o}
9°¢ 2i 3i 28
NPh
109 2j 3j 42
Ph” "H

aDiene (4 mmol), HING (2 mmol), electrophile (1 mmol), THF solvent
(2 mL). PHInCl; (3 mL) and THF solvent (3 mL) were used. The period

suggests that 1,4-addition of indium hydride to the 1,3-diene of reaction between allylic indium arzhwas 16 h° The period of reaction

latook place and the subsequent allylation of aldehyde was

between allylic indium an@i was 16 hf The period of reaction between
1a with HInCl, was 14 h.
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Wiley-VCH: Weinheim, 2004; Vol. 1, pp 323386.
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T.; Yasuda, M.; Baba, AAngew. Chem., Int. E2004,43, 711-713.
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2001,42, 4661—4663. (b) Inoue, K.; Sawada, A.; Shibata, |.; Babal.A.
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(8) Takami, K.; Yorimitsu, H.; Oshima, KOrg. Lett.2002,4, 2993—
2995.

(9) Here we selected the IngBuszSnH system, which generates HInCl
effectively compared to other hydride sources such as NaBid EtSiH.

In the case of other hidride sources, slow generation of Hla@d side
reactions became problematic.
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methoxycarbonyl groups tolerated the conditions. Moreover,
aliphatic aldehydeg also afforded allylated produ@g in
88% yield (entry 7). Although 3 equiv of HIngand a long
reaction period were needed, aromatic ketdte gave
moderate yields (entries 8). Imi2¢ also reacted in moderate
yield after a long reaction period (entry 10). Unfortunately,
aliphatic ketoni gave a low yield (entry 9). We speculated
that these results depended on the low nucleophilicity of
sterically demandingy-disubstitued allylic indium species
generated in situ.

In the next stage we examined the reactions of 1,3-
butadiene 1d) in which the formation of less substi-
tuted crotyl indium was expected to lead to facile reaction
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with ketones. As expected, the subsequent reactions withthe direct reaction of imine with allylic metals generated by
aromatic and aliphatic ketones and an imine proceededhydrometalation of 1,3-diene.
smoothly to give the corresponding allylation products in

good vyields (entries-35 in Table 3). Even alkyl ketongi
)\/ &. IHJ\.,&’“ + )\Aln 2)
] A °
more_active
Table 3. Reaction with 1,3-Butadiene and Isopréne species
7 Z=0,NPh . . . S
" To confirm the reaction, the effect of radical inhibitor
HinCl, R!'" "R? H

diene — 5 X 3n —  products (TEMPO) was examined by changing the timing of the
addition (Scheme 1). When TEMPO was added before the

entry diene  electrophile product (syn : anti) yield (%)
OH
- |
1T A 2 Ph}Y\ (32:55) %
1d Scheme
OH
2 29 31 79 o
Ph X (47:53) 1a i 2a OH
TEMPO Ph” “H J
HO Fincz 1, 5h i, 3 h Ph 4
3 2h 3m 87 ’ , 43%
Ph = 7921 o
1a 2a OH
HO )\K TEMPO Ph)J\H 2
4 i 3n Ph a
2, N B4y 69 HInCl, "oy w3h
71%
NHPh
5 2j Ph&g/\ 30 52 aHInCl,/TEMPO/diene/aldehyde= 2/0.1/4/1 (equiv), THF
(83 :47) solvent.

incorporation of 1,3-dienes, only the reduction of benzalde-
hyde (2a) to benzyl alcoholj was promoted without the

ey
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—
°2\
N
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=
o o
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-
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7 2h 3q - formation of allylated products. Thus the hydroindation of
P (dr=72:28) the diene was apparently supressed by TEMPO. In contrast,
NHPh when TEMPO was added after the completion of hydro-
8 2j ph% &rr - 57:43) 90 indation, the allylated produ@a was obtained effectively.

No inhibition of allylation of aldehyde took place. These
, _ results indicate that the present system includes both radical
aDiene (4 mmol), HInCGl (2 mmol), electrophile (1 mmol), THF solvent

(2 mL). b A excess amount of 1,3-butadiene was us@yproduct3swas hydroindation and ionic allylation steps. A plausible reaction
obtained in 12% yield. course is shown in Scheme 2. Dichloroindium radical is

ae
o
>§70
T
Y
w
w

Scheme 2
HInCl,
gave a higher yield of 69%, whereas little allylation adduct )\f ¢ InCl, Clzln\)\'\ﬁ
was obtained from 2,3-dimethyl-1,3-butadiene (entry 9 in
Table 2 vs entry 4 in Table 3). Unfortunately, the stereose- c
lectivities are not high, furnishing mixtures afti andsyn
isomers. j\

In the case of isoprene, the reaction with benzaldehyde HInCl, Clzln\/%/ Ph” “H /%
(2a) gave a mixture of expected addwgt (75%) along with -e[nCl, ionic path  Ph
2,2-dimethylallylic alcohoBs(12%) (entry 6). On the other
hand, when keton2h and imine2j were treated, only the
former type of adduct8q and 3r were obtained (entries 7
and 8). These results indicate that two types of allylic generated by homolytic cleavage of the In—H bdnblext,
indiums, A and B, were generated, and both reacted with the indium radical adds to the terminal position of 1,3-dienes
aldehyde to give8p and 3s, respectively, as a result of the to give allylic radicalC, which is hydrogenated by HIngl
high reactivity of aldehyde (eq 2). In contrast, less reactive into allylic indium D along with regeneration of indium
ketone2h and imine2j reacted with only the less bulky radical. The reaction between the resulting allylic indium
speciesA. As far as we know, this is the first example of and aldehydes proceeds in an ionic manner. Since the
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