Radical Alkenylation of
Compounds with Alkenylindiums
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ABSTRACT
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Alkenylation reaction of

Unactivated alkene moieties as well as a styryl group could be introduced by this method. The geometry of the carbon
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a-halo carbonyl compounds with alkenylindiums proceeded via a radical process in the presence of triethylborane.

—carbon double bonds

of the alkenylindiums was retained. Preparation of an alkenylindium via a hydroindation of 1-alkyne followed by radical alkenylation established

an efficient one-pot strategy.

Alkenylation reactions of organic halides are among the most ||| | N NG

important transformations in organic synthesis. Aside from
comprehensive studies on transition-metal-mediated alkeny-
lation reactions, alkenylation reactions of organic halides by
1-alkenystannanésr 1-alkenyl sulfonesvia a free-radical
proces$ often offer a unique method for installation of a
1-alkenyl moiety. However, activation of the carbecarbon
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double bond with the aid of an electron-withdrawing group
or an aryl group at the alkenytcarbon is indispensable to
carry out these reactions (Scheme 1). In addition, vigorous

fully. Radical vinylation thus deserves further exploitation.

In recent years, we have focused on the chemistry of divalent

conditions are necessary to perform these reactions succesgndium compounds and disclosed their ability as radical
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mediators in radical chain reactiohsNow we wish to report
a radical alkenylation ofi-halo carbonyl compounds under
mild conditions by utilizing alkenylindium reagents. The
present alkenylation allows us to incorporate unactivated
alkene moieties with retention of configuration.

As the starting point of our investigation, we attempted
radical alkenylation of ethyl iodoacetat®) (vith S-styrylin-
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dium dichloride (2) (Scheme 2). The indium reagent was

prepared in situ via transmetalation of indium trichloride with
B-styryllithiumé in ether. Treatment & with a small excess
of 2 and 50 mol % of triethylborane as a radical initiator at
ambient temperature afforded an alkenylation prodadn
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high yield?
[-Styrylindium prepared fron-styryl Grignard reagent 3
and indium trichloride in THF resulted in a lower yield of
4a8 Both indium tribromide and indium triiodide could )
replace indium trichloride, but the reactions were inferior to 10 broaden the scope of the present method, we applied
that with indium trichloride. We also attempted to apply this System to a variety af-halo carbonyl compounds (Table
distyrylindium chloride and tristyrylindium to this radical 1)- Styrylation ofa-alkylatedo-iodo esters also took place
alkenylation reaction. However, both of the reactions were SMoothly (entries 1 and 2). In contrast,o-dialkylated
unsuccessful. This alkenylation reaction did not proceed in @-10do ester did not undergo the alkenylation at all. This
the absence of triethylborane as depicted in Scheme 3.réaction can be applied not only éeiodo esters but also to
Addition of TEMPO (2,2,6,6-tetramethylpiperidine-N-oxyl) o-iodo amide without any difficulty (entries 3 and 4):lodo
thoroughly prevented the reaction. Furthermore, nonafluo- ketone can also be employed although fiye-unsaturated

robutyl iodide, wherein nucleophilic substitution is difficult, ketone generated at the initial stage of the reaction isomerized
to o,f-unsaturated keton® during the reaction (entry 5).

Unfortunately, alkenylation afi-bromo ester was unsatisfac-
tory under the same reaction conditions (entry 6). Employing
a catalytic amount of V-70 (2,2azobis(4-methoxy-2,4-
dimethylvaleronitrile)) as a radical initiator instead of tri-
ethylborane also yieldethin moderate yield (entry 7). This
result eliminates the possibility of any® alkenylation of
a-halo carbonyl compound with an alkenylmetal reagent and
supports the radical-chain mechanism which we propose in
Scheme 4. Use of a 2-fold excess of the styrylindium reagent
provided sufficient improvement in yield (entry 8). Under
these modified conditions, variowsbromo carbonyl com-
pounds can be styrylated in good to high yields (entries
9—11). On the other hand, styrylation efchloro carbonyl
compounds was very sluggish (entries 12 and 13).

was also alkenylated by this methdd.

Scheme 3
3
g 3 + da
Et,0, 25 °C, 12 h 73% 0%
3, TEMPO (0.6 equiv),
Et;B (0.5 equiv)
Ph
~ ™ inc, Et,0, 25 °C, 12 h v
2 24 ' 69% 0%
nC4F9—|, cat. Eth Ph
~Fn,
THF, 25 °C, 12 h CaFo
4b 63%

These results strongly suggest that this reaction proceeds When the reaction was performed witZ)¢enriched

via a radical chain mechanism as illustrated in Scheme 4.

Ethoxycarbonylmethyl radicad generated fron8 adds to

the carbon atom that is attached to the indium atom. The

elimination of dichloroindium radical7 from 6 affords
alkenylated produc#4, and the released indium radical
abstracts iodine from substra@do regenerate the radical

(6) 5-Styryllithium was prepared fromfi-bromostyrylene (1E/Z = 82/
18) and 2 equiv ofert-butyllithium. The stereochemistry of alkenylindium
2 was determined by iodolysis.

(7) When a higher yield was requested, an increasing amoudaafi
injection of air into the reaction flask were particularly effective. All
particulars of the reaction are shown in the Supporting Information.

(8) This result is attributed mainly to the choice of THF as solvent. The

influence of magnesium salt is not a serious problem. In fact, addition of

an equimolar amount of MgBiin the reaction of Scheme 2 did not show
a significant effect.

(9) In this case, the reaction was performed in THF \itstyryl Grignard
reagent in place gf-styryllithium.
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styrylindium dichloride(Z)-2, the thermodynamically dis-
favored @)-alkenylated product was mainly obtained (Scheme
5). The stereochemistry of styrylindiu@)-2 generated in

Scheme 5
1) 2 BuLi o
2) InClg 3, cat. Et;B
@B 22 oo, T, 2 OFt
Ph Ph Ph
(21 (2-2 4a
(EI1Z = 1/99) (EIZ = 1/99) 93% (E/Z = 35/65)

situ was determined by deuteration and iodination. To explain
this moderate stereospecificity, we propose a plausible

Org. Lett, Vol. 6, No. 24, 2004



Table 1. Radical Styrylation of Varioust-Halo Carbonyl Scheme 6
Compounds ﬁ h _ R least motion 5 h -‘HR
0 . Y RS
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Scheme 7
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8 2.0 ~AHos: 4a 88 93 0
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a All reactions were performed with-RX (1.0 mmol) and triethylborane NCaH e 2
(0.50 mmol).> The reaction was performed with 10 mol % of VV-70 in place BTN | (EIZ> 99N)
of triethylborane at 45C. ¢ The expected produet was not observed at 13
all. BuLi o]

1) 2 ‘BuLi 3
‘ 2) InClg 'Qkoa
o]
. . . . 50 mol% Et3B

mechanism (Scheme 6). The intermediateandB, which "CeMia~ 1, - ”Cusv/\)kOEt
are generated at the first step, liberate dichloroindium radical oz 13 Bt20,25°C, 12h 15
7 to generate alkenylation producis We are tempted to (E/z=9971) 1% (E/z = 88/12)
assume that this indium radical elimination is fast enough %\I
to proceed via a least motion proc¥dsecause of the great n (E/Z = 5/95)

RN . . . . CioH21 16
elimination ability of dichloroindium radicar. .

Next, we tried to employ unactivated alkenylindiums to 12) |2 CBlu'-'
this reaction system (Scheme 7). Unfortunately, it was ) InCls 0
difficult to achieve vinylation with unsubstituted vinylindium @ incl, 3,50 mol% EtsB _ okt
dichloride 9. On the contrary, 2,2-dimethyl substitution "C1oHas EtO,25°C,17h .. |

17 1021 18
(10) The same least motion mechanism has been proposed for the styryl (ElZ=15/95) 69% (E/Z = 8/92)

sulfone-mediated reaction. See ref 2a.
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As observed in the case of the styrylation, the reaction ||| NG

starting with E)-iodo alkenel3 was high yielding and
retained the geometry of the alkene moiety (Schemg 8).
The reaction with Z)-alkenylindium17 yielded the thermo-
dynamically less stableZf-alkenylation producl8 predomi-
nantly.

Alkenylindium 20, prepared from corresponding ioditi,
effected alkenylation 08 to provide21, predominantly as
the E form (Scheme 9). The reaction wift8 also afforded
the expected produ@4 with complete retention of config-
uration.

Scheme 9
o)
Ph ab c Ph
7/A| — PhW/A,an — NOE’(
21
19 20 88% (E/Z = 87/13)
(E/Z = 96/4)

(a) 2 equiv tert-BuLi (b) InCl3 (c) 3, 50 mol% Et3B

(@]
n b n c 0
Ce"ﬁs%\l a CeH13\‘/\|nC|2 CGHBNOE
22 = 61% E?; 99/1
(E1Z > 99/1) o (E/Z>99/1)

Scheme 10
1) - THF
1) DIBAL-H 2) Et,O0
2) nCeH13_: 3) DMSO O
cat. Et;B 4) 3, cat. Et;B
InCla S @ InCl N3, cat BB - > OEt
THF,~78°C ngyy 25°C,16h ng .,

25 15

(E1Z < 1/99) 47% (E/Z = 9/91)

realizes a facile introduction of unactivated alkene moieties
to a-halo carbonyl compounds via a radical process, which
is hard to carry out by previous radical alkenylation methods.
During this reaction, the stereochemistry of alkenylindiums
is considerably retained. A combination of the alkenylation
reaction with hydroindation of alkynes gives the significance
of this alkenylation reaction. Further investigations are
currently underway.

A Typical Procedure for Radical Alkenylation. tert-
Butyllithium (1.5 M in pentane, 1.5 mL, 2.2 mmol) was
added tol (211 mg, 1.15 mmol) in 6 mL of ether at78
°C under argon. The solution was immediately warmed to
25 °C and was stirred for 30 min. The solution was added
to a stirred white suspension of indium trichloride (243 mg,
1.1 mmol) in ether (4 mL) that was prepared in another
reaction flask beforehand. After 30 miB, (214 mg, 1.0

In our previous report, we disclosed a stereoselective MMol) and triethylborane (1.0 M in hexane, 0.50 mL, 0.50

preparation of alkenylindiums via a hydroindation reactish.

mmol) were added, and the whole mixture was vigorously

Accordingly, we attempted to construct a one-pot hydroin- stirreq for 14 h.'Extractive workup followed by chromato-
dation—alkenylation sequence. When we performed the 9raphic purification affordeda (E/Z = 90/10, 173 mg, 0.91

alkenylation reaction with alkenylindium reagent prepared Mmol).

via the hydroindation reactiof?,only unsatisfactory results

were obtained. After extensive modifications, we could .
successfully combine these two reactions by the use o
DMSO as a cosolvent (Scheme 10). The stereospecificity
of the alkenylation reaction was largely retained in this one-

pot system.
In summary, we disclose a radical alkenylatioroehalo
carbonyl compounds with alkenylindiums. This reaction

(11) The stereochemistry of alkenylindiurh4 and17 was determined
by iodolysis and deuteriolysis.

(12) The stereochemistry of alkenylindiu®5 was determined by
iodolysis.
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