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The alkyl group transler reaction of alkylborancs with
carboxylic acid chlorides affords the corresponding ketones
in moderate yiclds in the presence ol potassium  fert-
butoxide and copper(l) iodide.

We reported previously that the electrochemical alkyl
group transiers from trialkylborancs to carbonyl compounds,'
carboxylic acid compounds® and epoxide compounds® by
implementing an clectrochemical procedure using copper as
a sacrificial anode in an undivided cell. As soon as it was
published, this method drew great attention because of ils
enormous potential in synthetic utility.* Therefore, based on
this mcthod, we examined the alkyl group transfer reaction
ol alkylborancs with carboxylic acid chlorides by the
electrochemical procedure? and also by the gencral organic
chemistey procedure.

Now. we report a new methodology for the alkyl group
transler rcaction of alkylborancs with carboxylic acid
chlorides vier the reactive copper(l) alkylborate complexes in
the presence ol potassium tert-butoxide and copper(l) iodide
by a mild organic chemistry process. Although alkyl-
magnesium, -zine, -lin. and aluminum reagents have been
successlully used for alkyl transfer rcactions with acid
chloride,” the result comprises an excellent carbon-carbon
bond (ormation synthesis since alkylboranes arc readily
prepared by hydroboration [rom alkenes, unlike alkyl
transfer reactions reported by Suzuki ef al.® And this rcaction
was also successful in carbon-carbon bond formation

Table 1. Optimization of organy! group transter reaction condition
of tricthylborane to octanovl chloride”

copper(l) reaction  vield

entry solseat halide base time(h) (%)
1 THE-NIMPAZ: 1y Cul KOC{CH3)3 4 63
2 THE-IIMPAGS:1)  Cul KOC(CHG); 14 14
3 THE-IIMPA(L: Ty  Cul KOQC{CH3)3 13 27
4 hr Cul KOQC{CH3)5 14 39
5 THEF-DMIE(2:1) Cul KOQC{CH;3)3 14 27
6 THIE-IIMPA(2:1)  CuBr  KOC(CH;); 4 54
7 THE-NMPA2:1)  CuCl KOCCH); 6 29
8 THF-IIMPA(2:1) - KOC(CH3); 14 moreaction
9 THE-ITMPA{Z: 1) Cul NaQClH; 14 3
10 THE-1TMPA(2:1) Cul NaQCIHLCH; 14 trace

"Reactions of octanoyl chloride (10 mmole) with triethylborane (5
mmole) were carried out using potassium I(’Il butoxide (I ¢q.) and
copper(1} halides (1 ¢q.) at room temperature. *Isolated viclds are based
on triethylborane.

without expensive palladium catalysts.

First of all. a varicly of solvents, such as tetrahydroluran
(THF) - hexamethylphosphoric triamide (1 IMPA) (1
2:1, 5:1), tetrahydrofuran (TIIF) - dimcthylformamide
(DMF) (2:1). and tetrahydrofuran (TEIF) as a solvent,
copper(l) halides. such as copper(l) bromide. copper(l)
iodide, and copper(l) chloride, and bases. such as potassium
tert-butoxide, sodium methoxide, and sodium ethoxide were
examined 1o (ind the combination that alfords the best yield.

As aresull, we found that THF-IIMPA (2 : 1) as a solvent,
copper(]) iodide as a copper(l) halide, and potassium ferf-
butoxide as a basc gave the best yield (Table 1).

As shown in Table 1, the cthyl group transler reaction of
tricthylborane was cspecially affeeted not by sodium meth-
oxide {entry 9) and sodium ethoxide (entry 10) but by
polassium feri-butoxide (entry 1). Also copper(l) halides

Table 2. The alky| (ransler of various alkylboranes to various
carboxylic acid chlorides in the presence of potassium tert-butoxide
and copper(l) lodide”

additive  yield

entry substrate borane compound” (%)
1 CH:(CH2)COCI (CH;CH:):B - 63
2 Br(CH:.COCI (CH;CH:):B - 33
3 O/k (CH:CH:);B - 68
4 O)\CI (CH:CHRCLLCH):B - MEDA 63
0
5 /©)LCI {CH:CH:);B TMEDA 64
Br
o
6 /©)LC| (CHCHR):B TMEDA 68
7 CH,{CH.),LOCI QBW - 44

w4
o

en % ‘
“Reactions of carboxylic acid chlondes (10 mmole} with lk‘ylhunmes(
mmole) were carried out in THF : HMI’A {2:1) ol solvent b\ using
potassium zerz-butoxide (1 ¢q.) and coppertl) halides (1 eq.). *Isolated
viclds are based on alkylboranes. <2 eq additive compound TMEDA was
utilized. “Iydroboration ol dicyclohexene and 9-BBN and 1-hexene
were arried out by moditying the literawure procedure,
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plaved an important role in successfully achieving ethyl
group transfer reaction of tnethvlborane (entnes 1. 6. 7. and 8).

Finally, to evaluate the alkv] group transfer reaction various
caroxvhic acid chlorides and a variety of organoboron
compounds were evaluated under our standard condition
[THF-HMPA (2 : 1), copper(l) iodide, and potassium fess-
butoxide]. The results of the alkyl transfer reaction are
summarized in Table 2.

When the alkv] groups transfer reaction of trialkvlboranes
was conducted with the alipatic carboxvlic acid chlondes
octanoy] chloride, 3-bromo-valeroyl chlonde. and cvclohexa
carbonyl chloride. and the aromatic carboxylic chlornides
benzovl chloride, 4-methy] benzovl chloride, and 4-bromo-
benzovl chlonde. the desired ketones were obtammed in the
vield range of 63-33% in 4h (entries 1-6). In contrast, when
B-hexyl-dicvclohexylborane and B-hexy1-9-BBN were used
as a alkvlboranes to a hexvl group transfer reaction. vields
more or less decreased (entries 7, 8). Futhermore, aromatic
acid chlorides. such as benzovl chloride (entrv 4), 4-methyl
benzovl chloride (entry 6), and 4-bromo benzovl chloride
(entry 5), generated the comresponding ketones more
successfully when an additive compound. TMEDA, was
added to the reaction vessel.

In view of the results so far achieved. the experiments
show no distinguishable differences in reaction rate for any
structural change for both alkvlboranes and substrates.
Moreover, despite the absence of any svstematic study to
find out the mechanism, the most probable mechanism of
alky] transfer reaction involves the nucleophilic addition of
alky] anions which are generated from alkvlboranes in the
presence of potassium ferf-butoxide and copper(l) 1odide.

We have found that the reactive copper alkvlborate
complexes generated from alkvlboranes easily undergo alky]
group transfer reaction to carboxvlic acid chlorides in
moderate vields under a mild condition. Further studies of
the mechamsm and scope of this reaction are in progress. A
detailed study of the scope and limitations of the svnthesis is
also In progress.

Experimental Section

General Method. All reactions were performed in flame
or oven dried glassware under a positive nitrogen pressure.
Air and moisture sensitive compounds were introduced
through a syringe or cannula through a nibber septum.
Compounds 9-BBN (1 M. THF). potassium ferf-butoxide.
and copper(I) halides were purchased from Aldrich. Hydro-
borations were prepared according to or by modifying
documented procedures. Products were consistent with the
documented reports. THF was distilled from sodium/ benzo-
phenone kethyl under a nitrogen atmosphere. Analytical
thin-laver chromatography was performed with E. Merck
silica gel 60F glass plates and flash chromatography using E.
Merck silica gel 60 (230-400 mesh). 'H spectra were
recorded on a Varian Unit Inova 400 spectrometer. All NMR
data were obtained in CDCls solution. chemical shifts (J) are
given in ppm relative to TMS.

Notes

Typical Experimental Procedure. 10 mL of tnethyl-
borane (I M. 10 mmole) was placed in 100 mL flask.
Potassium ferz-butoxide (1.22 g. 10 mmole), 10 mL of THE,
and 5 mL of HMPA were added to the flask under a nitrogen
atmosphere and stured at room temperature for 30 mun.
Copper 10dide (1.90 g, 10 nuole) was added to the reaction
mixture which was then stirred for 30 min. After the color
changing to dark blue-black, octanoyl chlonde (3.4 mL. 20
mmole) was added to the reactants which were then stirred
again at room temperature for 4 h. The products were
isolated in the following mamner. The reactants were
quenched with 50 mL of water and the product extracted n
m-hexane (3 x 20 mL). The combined organic extracts ware
dried over anhvdrous magnesium sulfate before solvent
removal under reduced pressure. The product was purified
by column chromatography (hexane : ethyl acetate : ether =
301 1) tovield 0.98 g (63%) of the desired decan-3-one.
Other products followed the same procedure. 'H NMR
(CDCl3) 62.4(t,J=7.6Hz. 4H), 1.6-1.5 (t,J = 6.8 Hz. 2H),
1.1-1.0 (t,/=7.2 Hz, 3H), 1.3 (m. 8H). 0.9 (t,/ = 6.8 Hz. 3H).

6-Bromo-hexan-3-one: The product was isolated by flash
chromatography (hexane : ethyl acetate : ether=100:1: 1)
to give 0.94 g (53%) 'H NMR (CDCl3) §3.4 (t.J = 6.6 Hz,
2H). 2.4 (m, 4H), 1.9 (m. 2H). 1.7 (m, 2H), 1.1 (t,/=7.2 Hz.
3H).

1-Cyclohexyl-propane-1-one: The product was isolated
by flash chromatography (hexane : ethyl acetate : ether = 30 ;
1: 1) to give 0.95 g (68%) 'HNMR (CDCl) §2.5 (q.J=7.2
Hz. 2H). 2.3 (m. lH). 1.9 (m, 4H). 1.4-1.2 (m, 6H), 1.0 (t.J
=7.2Hz. 3H).

Tetradecan-3-one: The product was isolated by flash
chromatography (hexane : ethyl acetate : ether=30:1: 1) to
give 0.93 g (44%) '"H NMR (CDCls) §2.4 (m, 4H). 1.9 (m,
2ZH). 1.6 (m, 4H). 1.4-1.2 (m. 14H). 0.9 (in, 3H).

Phentanophenone: The product was isolated by flash
clhromatography (hexane : ethyl acetate =8 : 1) to give 1.02
g (63%) '"H NMR (CDCls) § 7.95 (d. J = 6.8 Hz. 2H), 7.55
(m. LH). 7.46 (m, 2H), 2.97 (t. /= 7.2 Hz, 2H), 141 (m, 2H),
095 (t.J=76Hz 3H).

4-Methy] propiophenone: The product was isolated by
flash chromatography ¢hexane : ethyl acetate =8 : 1) to give
1.02 g (68%) 'H NMR (CDCl3) § 7.86 (d.J = 8.0 Hz. 2H).
724 (1. J=8.0Hz 2H). 297 (q.J = 7.2 Hz. 2H). 2.93 (s.
3H). 1.21 (t. J= 7.6 Hz. 3H).

4-Bromo propiophenone: The product was isolated by
flash chromatography ¢hexane : ethyl acetate =4 : 1) to give
1.36 g (64%) 'H NMR (CDCl3) § 7.93 (d.J = 8.4 Hz. 2H).
760(d.J=84Hz 2H). 298 (q./=76Hz 2H). 122 (t.J=
7.2 Hz. 3H).
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