&) ———
< LETTERS

~— Tetrahedron Letters 39 (1998) 48354838
Pergamon
e
~ Ny ~ ~ ryv e T e
ELECTROCHEMICAL ALKYL TRANSFER REACTIONS OF TRIALKYLBORANE TO
ralal ANTT [a) TTCY NI MAAADDIND g 2 &
CARBONYL COMPOUNDS BY USE OF COPPER SACRIFICIAL ANODE

Jung Hoon Choi*, Jong Sung Youm, Cheon-Gyu Cho, Myung-Zoon Czae, Book
Kee Hwang, Jung Sung Kim**

* Department of Chemistrv, Hanvang University, Seoul, 133-791, Korea
** Department of Chemical education, Taegu University. Taegu 713-714, Korea
Received 12 January 1998; accepted 1 May 1998

Abstract: Alkyl groups in trialkylboranes were successfullv transferred to carbonyl
compounds in the presence of the platinum cathode and copper anode by electrochemical
method. The new, mild clectrochemical  alkvl  transfer reaction praduced various
substituted alcohols in good vields. @ 1998 Published by Elsevier Science Ltd. All rights reserved.

Many structurally diversed trialkylboranes, readily available from the parent alkenes via hvdroborations’, have
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groups, however, only a few trialkylboranes were reported; they are tris(?*met‘hylaﬁyl)boranez‘ -
(f)’--trimethylsilyl)allyldialk()xyborcmes3 and a-m’melhyl—9—crotyl—9—BBN". In an attempt to expand the scope in
application, we examined the alkyl transfer reactions of trialkylboranes to carbonvl compounds under

The electrochemical reaction involving organoboranes was first reported by Suzuki et al®" As shown in
Scheme |, they showed that, in the divided electrolvtic cell, propionitrile (1) was electrochemical reduced to the

carbanion which coupled with R3B to provide various a -substituted propionitriles 2.

Pt-Pt/+e
CH,CH,CN + R;B — " CH,;CGHCN
Et,NI ’
1 R 2

R = n-butyl, hexyl. octyl. cte
Scheme 1
They aiso showed laier on that R3B reacied with ¢, /8 -unsaturated esters 3 to give 1,4-addition products 4
upon clectrolysis using divided cell in the presence of tetraalkylammonium halides as supporting elm"tm]yrosg
(Scheme 2).  The mechanism was suggested to involve generation of alkyl radical anions from trialkylboranes,

and subseguent Michael type addition reactions.

Pt-Pt/+e
R3B + H,C=CCOkL —»  RCILCIICO,EL
| , Et,NX/CH;CN
R ’ R
3 4
R = a_hutvl havvl antvl ote =Rr I CI).
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Based on the above resulis,

=S

trialkylborane with carbonyl compounds 5. We conducted the electrochemical alkyl transfer reactions of
trialkylboranes to carbonvl compounds at constant potential in undivided cell using sacrificial anode{copper)

unlike the Suzuki’s method at controlled current in divided cell. Scheme 3 outlines our electrochemical reaction

svstems where DMF{dimethyvlformamide) and DBuNIetrabutylammonium iodide) were used as a solvent and
supporting electrolyte for the formation of the alcohols 6.
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R3B + R—(C—R" - R ? R
DME, n-BuyNI R
.5 6

R = ethyl, sec-butyl
R'=H, methyl, 1sopropyl, sec-butyl, phenyl
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Scheme 3

QOur results are summarized in Table 1 and 2. The following procedure for preparation of 2-methyl-2-butanol
represents our electrochemical reactions. The electrochemical reactions were carried out with EG & G PARC

Model 173 and BAS 1008 potentiostat. 1’0 a usual undivided cell equipped with platinum(2 =2 Cm?) as a

1 mL of 1 M solution in THF), acetone(l mmol, 0.17 ml.), 20 ml. of DMI° and BusNI((0.5 mmol, 0.18 g). The
solution was electrolvzed at -32 V us. SCE(saturated calomel electrode) of a cathade potential at room
temperature under nitrogen atmosphere. The reaction mixture was frequently withdrawn by hypodermic svringe,
qguenched with 0.5 mL of saturated agueous NHiCl solution. The mixture was diluted with 1 mL of diethyl ether,
and saturated with NaCl. Upon addition of n-decane as an intemal standard, the organic laver was anaivzed
with GC using a Chromosorb-WHP  (10% Carbowax 20M) column, which indicated formation of
2-methyl-2-butanol in 68% vield after 9 h.

Under the above electrochemical conditions, only one of the three alkyl groups of trialkylborane was
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appeared to be trunsforred to carbonyl compound So, the s of products were calculated based on the
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Table 1 showed transfer of cthyl group tricthylborane to aliphatic ketones and aldehydes to give rise to the
corresponding  alcohols  in 70-77% chemical vields. The alicyclic ketones were also converted into the
corresponding  alcohols in the vields of 73-77%. Comparable chemical yields(62-77%) were obtained with

vdes. The sterically hindered tri-sec-butylborane required more negative reduction
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‘Table 1. Alkyi ‘I'ransfer Keaction with Et:B*”

Trialkylborane

triethylborane

Substrate

Chemical vield“(%)

Reaction time (h)

n-butyraldehyde
trimethylacetaldehyde
benzaldehyde
4-chlorobenzaldehyde
4-nitrobenzaldehyde
p-anisaldehyvde
acetone
3-methyl-2-butanone
cyclohexanone
cyclopentanone
Z-methylcyciohexanone
4-feri~cyciohexanone

4-methoxyacetophenone

T

he electrochemical reactions were carried out at -3.2
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V vs SCE in undivided cell” The combination of 1 equiv of

triethylborane and 1 cquiv of substrate. “Chemical vields were estimated by GC.

Table 2. Alkyl Transfer Reaction with (s-Bu):B*”

Triaikylborane Substrate Chemical vield* (%)

tri-sec-butylboranc n-butyraldehyde - 61
trimethylacetaldehyde 63
benzaldehyde 61
p-anisaldchyde 60
2-butanone 57
acetophenone 5%
4-chloroacetophenone 59
4-methoxyacetophenone 64
benzophenone 52

“The electrochemical reactions were carried out at -3.6V vs. SCE in undivided cell™ See the corresponding footnote at
Table 1.

No distinguishable differences in chemical yields were found between stericallv different (s-Bu)XB and EuB,

except that sterically more demanding (s-Bu)aB required higher electric potentials. However, the controlled
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electrachemical reactions could be out of range or at most the upper cnd of
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in dimethylformamide(DN
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Suzuki et al’. or not. However, we suspect that it would also proceed in through the formation of alkyl
iodide from ftrialkylboranes by the reaction with iodine radicals generated at high voltage from
tetrabutylammonium iodide, which then reacted further with the carbonyl compounds. Further study will be
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mechanism.
We are currently studying alkyl transfer reaction of m—tert—alkylboraneg, triarylborane, and applying
our methodology for stereoselective alkyl or aryl transfer reactions by using chiral alkylboranes such as

diisopinocampheylborane species(IpcaB-R)™, limonylborane species(LimB-R)™.
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