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Tri-n-butylphosphine-catalyzed acylation of mixed n-alkyl phenylzincs with aromatic acyl halides in THF
is efficient in selective transfer of n-alkyl groups to produce n-alkyl aryl ketones in good yields. This route
provides an atom economic organocatalyzed alternative to transition metal-catalyzed acylation of
di-n-alkylzincs.
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Diorganozinc reagents (R2Zn) are important organometallic com-
pounds due to their high reactivity, ease of preparation and compat-
ibility with many functional groups.1 However, in their reactions,
only one of the R groups is transferred to the electrophile. Mixed
diorganozincs, R1R2Zn, in which one of the R groups has a lower rate
of transfer than the other have been developed.2 Ethyl and tert-butyl
groups were found to react more slowly than other alkyl, vinyl and
phenyl groups.2a–e Mixed diorganozincs, RRRTZn, which carry one
transferable group (RT) and one residual group (RR) have recently
proved to be synthetically useful.3 Knochel showed that trimethylsi-
lylmethyl (Me3SiCH2),3a neopentyl (t-BuCH2) and neophyl (PhMe2

CCH2) groups3b are excellent RR groups.
Our literature survey has revealed that the dependence of trans-

fer selectivity of the organyl groups in mixed diorganozincs, R1R2Zn,
on the reaction parameters has not been investigated in detail. In
continuation of our work on this subject, we recently reported that
the relative transfer ability of organyl groups in n-butyl phenylzinc
depends on the reaction conditions in their copper-catalyzed reac-
tion with benzoyl chloride in THF.4 We succeeded in controlling
n-butyl or phenyl group transfer by using N- or O-donor cosolvents
or an additive, such as tri-n-butylphosphine. In THF:N-methyl-2-
pyrrolidinone (NMP) (3:1) and in THF:diethyleneglycol dimethyl
ether (diglyme) (3:1), the n-butyl/phenyl group transfer ratio
was 9:1 whereas only n-butyl group transfer was observed in
ll rights reserved.
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ik).
THF:n-Bu3P. The n-butyl/phenyl group transfer/ratio was 1:9 in
THF: N,N,N’,N’-tetramethylethylenediamine (TMEDA) (2:1).

It is remarkable that the copper-catalyzed chemoselective acyl-
ation of mixed alkyl arylzincs with an acyl halide can be carried out
in THF:n-Bu3P or in THF:TMEDA to yield alkyl ketones or aryl ke-
tones in good yields, respectively.

In fact, acylation of organometallic compounds using acyl chlo-
rides, which are cheap acylating agents provides a direct and conve-
nient procedure for the synthesis of ketones5 and also overcomes
some typical drawbacks of Friedel–Crafts acylations such as reduced
functional group tolerance and limitations due to substituent-
directing effects. Diorganocuprates,6 transition metal-catalyzed
organolithiums,7 Grignard reagents8 and mono- and diorgano-
zincs1,9 are widely used organometallic species in acylation reac-
tions. Protocols for the synthesis of ketones by acylation of
Grignard reagents in the presence of a Lewis base (tri-n-butylphos-
phine10a or more recently, bis[2-(N,N-dimethylamino)ethyl]ether)10b

and acylation of diorganozincs in the presence of a Lewis acid
(AlCl3

11) have also been reported. Mixed diorganocuprates,
RRRTCuM (M: Li, MgBr) with residual groups (RR = RO, RS, R2N, Me,
RC„C, PhSO2CH2) have been used for selective and effective transfer
of RT groups to acyl chlorides.6a However, there is no reported work
on selective acylation of mixed diorganozincs, RRRTZn. We therefore
decided to study the synthetic applicability of the acylation of n-al-
kyl arylzincs in more detail.

Herein, we report that acylation of n-alkyl phenylzincs with
aromatic acyl chlorides in the presence of tri-n-butylphosphine
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provides an alternative atom economic route for the synthesis of n-
alkyl aryl ketones by acylation of di-n-alkylzincs in the presence of
transition metal catalysts.

We first carried out copper-catalyzed acylation reactions of a
number of alkyl arylzincs with benzoyl chloride to determine the
transfer selectivity of alkyl or aryl groups in THF in the presence
of the cosolvents NMP, diglyme or TMEDA. We prepared alkyl aryl-
zincs by an in situ method, that is, arylzinc chloride, which was
prepared by transmetallation of arylmagnesium bromide, was al-
lowed to react with alkylmagnesium bromide. We determined
the relative transfer ability of the organyl groups by calculating
the GC yields of ketones using authentic samples in the acylation
of the following R1R2Zn reagents: (R1,R2@n-Bu, 4-MeC6H4; n-Bu,
4-MeOC6H4; n-heptyl, Ph). The n-alkyl/aryl group transfer ratios
were found to be about 8:1 in THF:NMP (3:1) and in THF: diglyme
(2:1), and 1:9 in THF:TMEDA (2:1), which are not that different
from those of n-BuPhZn. As observed, complete transfer of either
the R1 group or R2 group does not take place. We also acylated neo-
pentyl phenylzinc to check the transfer ability of a neopentyl group
since this group was reported as a residual group in a number of
reactions.3a–c However, neopentyl phenylzinc behaved similarly
to other n-alkyl phenylzinc reagents in the acylation with benzoyl
chloride under copper catalysis, that is, selective transfer of the
neopentyl group took place, in THF: diglyme (2:1).

Thus, instead of further investigating the potential synthetic
transfer of organyl groups in alkyl arylzinc reagents in THF in the
presence of cosolvents, we carried out a detailed examination of
n-Bu3P catalysis for complete transfer of alkyl groups in alkyl aryl-
zincs to acyl halides. As reported in our recent paper,4 we found that
selective transfer of the n-butyl group in the benzoylation of n-butyl
phenylzinc could also be carried out in 86% yield in the presence of
n-Bu3P (1 equiv), but without CuI catalysis. We performed optimiza-
tion experiments on the amount of n-Bu3P required and the solvent.
We found that possible catalytic formation of benzoyl tri-n-butyl-
phosphonium chloride, (PhCO)P+(n-Bu)3Cl�,10a in the presence of
10% n-Bu3P also acylates the n-butyl group in n-butyl phenylzinc
in a yield of 83%. Carrying out the n-Bu3P-catalyzed benzoylation
in the presence of THF:NMP (3:1) or THF:diglyme (2:1), which
worked well for selective transfer of the n-butyl group did not
increase the yield.

Having confirmed that the acylation of n-butyl phenylzinc with
benzoyl chloride in THF in the presence of 10 mol % of n-Bu3P re-
sults in selective transfer of the n-butyl group in good yield, we
Table 1
n-Bu3P-catalyzed acylation of mixed n-alkyl phenylzincs in THFa

Entry R1 R Yieldb (%)

1 n-Bu Ph 77
2 n-heptyl Ph 80
3 n-decyl Ph 90
4 Np Ph c

5 PhZn(CH2)6 Ph 67d

6 MeCOO(CH2)4
e Ph 54

7 n-Bu 4-MeC6H4 83
8 n-Bu Me3C 38f

a Compound 1 was prepared in situ by reacting PhZnCl with R1MgBr in THF. See
experimental, Ref. 13.

b Isolated yield. The products were fully characterized by 1H NMR analysis.
c Side product 5 formed. See text.
d The product is the a,x-diketone: PhCO(CH2)6COPh.
e Compound 1 (R1@MeCO(CH2)4) was prepared in situ by reacting R1ZnBr with

PhMgBr. See experimental, Ref. 13.
f GC yield in the presence of 1 equiv of n-Bu3P.
made a brief examination of the acylation of alkyl phenylzincs 1
with acyl halides 2 in the presence of n-Bu3P 3. The results are
summarized in Table 1.

Acylation of n-alkyl phenylzincs with benzoyl chloride occurs
chemoselectively to afford n-alkyl aryl ketones 4 in high yields (en-
tries 1–3). It was reported that n-alkyl carbanions produce excel-
lent yields whereas a-branched carbanions provide lower yields
of ketones due to the formation of side products.10 Hence, we did
not examine the acylation of sec- and tert-alkyl phenylzincs, but
we did study the outcome of the benzoylation of hindered neopen-
tyl phenylzinc (entry 4). GC analysis using authentic samples of
neopentyl phenyl ketone and benzophenone showed that the neo-
pentyl group was not acylated chemoselectively, instead the phe-
nyl group was acylated in a low yield. However, GC–MS analysis
showed the formation of 5 as a co-product produced from the
Meerwein–Pondorf–Verley type reduction of benzoyl chloride with
neopentyl phenylzinc (Eq. 1).10

ð1Þ

We also prepared a mixed 1,6-dizinc reagent by transmetallation of a
1,6-di-zinc reagent with 2 equiv of ZnCl2 and then by reaction of the
1,6-di-Grignard reagent with 2 equiv of phenylmagnesium bromide.
Acylation of PhZn(CH2)6ZnPh gave the expected 1,6-diketone,
PhCO(CH2)6COPh in good yield (entry 5). 4-Acetoxy-1-butyl phenyl-
zinc was also acylated successfully in a slightly lower yield (entry 6).

Acylation of n-butyl phenylzinc with 4-methylbenzoyl chloride
produced a high yield of the expected ketone (entry 7). However,
pivaloyl chloride did not acylate n-butyl phenylzinc chemoselec-
tively in the presence of 10 mol % of n-Bu3P. GC analysis using
authentic samples of n-butyl tert-butylketone10a and phenyl tert-
butylketone showed that both groups were acylated in low yields.
However, in the presence of 1 equiv of n-Bu3P, we were able to
acylate the n-butyl group chemoselectively but only in low yield
(entry 8). The use of succinoyl chloride for the acylation of n-butyl
phenylzinc did not give acylated products but polymeric by-prod-
ucts instead. However, succinoyl chloride was also reported to give
complex mixtures in the acylation of cuprates.12
Scheme 1. A possible catalytic role for n-Bu3P in n-Bu3P-catalyzed acylation of
n-alkyl phenylzincs.
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Depending on the formation of acyl n-butylphosphonium ions
as acylating reagents,10a we propose a possible sequence of reac-
tions that enables n-Bu3P to function in a catalytic mode for the
n-Bu3P-catalyzed chemoselective acylation of n-alkyl phenylzincs
to give n-alkyl ketones (Scheme 1).

In conclusion, we have shown that selective acylation of n-alkyl
groups in n-Bu3P-catalyzed reactions of mixed n-alkyl phenylzincs
reagents with aromatic acyl halides in THF is an efficient method
for the synthesis of n-alkyl arylketones.13 This route provides a sim-
ple and atom economic alternative to transition metal-catalyzed
acylation of di n-alkylzinc reagents. Further studies concerning the
functional group selectivity of mixed diorganozincs in acylation
and C–C and C–heteroatom coupling reactions are underway.
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