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ABSTRACT
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Direct addition of Grignard reagents to acid chlorides in the presence of bis[2-(
aryl ketones in high yields. A possible tridentate interaction between Grignard reagents and bis[2-(

R’l_' N R?
L

R' = halides, ester, cyano, nitro ...
R2 = alkyl, aryl, benzyl ...
X = halides

N,N-dimethylamino)ethyl] ether proceeds selectively to provide
N,N-dimethylamino)ethyl] ether moderates

the reactivity of Grignard reagents, preventing the newly formed ketones from nucleophilic addition by Grignard reagents.

The acylation of organometallic reagents provides one of as well as derivatives of silicohmanganesg,indium?

the most important synthetic routes to ketdnaesed is a

central functionality in a variety of organic transformations,

including regio- and stereospecific<C bond formation.

Generally, this is accomplished by reaction of an organo- there is no general approach to ketones by the direct, non-
metallic species with a functional carboxylic acid derivative,
sometimes in the presence of a catalyst. One of the most

attractive classes of organometallic compounds is represente&(

mercury® zirconiumi! rhodium?? and many other® Al-
though Ni(ll)- and Fe(lll)-catalyzed additions of Grignard
reagents to acid chlorides have also been repdfteddate,

(4) Goure, W. F.; Wright, M. E.; Davis, P. D.; Labadie, S. S.; Stille, J.
J. Am. Chem. S0d.984,106, 6417.
(5) (a) Negishi, E.; Idacavage, M. Org. React1985,33, 1. (b) Cho,

by Grignard reagents, which have enjoyed an incredibly wide C. S.; Itotani, K.; Uemura, S. J. Organomet. Chent993,433, 253.

range of applications during their century-old histéijhese

(6) (a) Posner, G. HOrg. React.1972,19, 1. (b) Jabri, N.; Alexakis,
A.; Normant, J. FTetrahedron Lett1983,24, 5081. (c) Wehmeyer, R.

reagents are typically reacted with a range of active amides,m.; Rieke, R. D.Tetrahedron Lett1988,29, 4513. (d) Takai, K.; Oshima,

esters, thioesters, and anhydridégid chlorides are by far

the cheapest and industrially most attractive acylating agents
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and ketone syntheses involving these substrates include thég) Sato, F.; Kodama, H.; Tomura, Y.; Sato. @hem. Lett1979, 623. (h)

palladium-catalyzed coupling with organostanndnasd

borates, the acylation of organocoppers and zincs reagents,
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transition-metal-catalyzed or -promoted addition of Grignard
reagents to acid chlorides.

Despite a report of addition of Grignard reagents to acid
chlorides at low temperatufé our experience matches that
of others*in obtaining unsatisfactory results with this direct
procedure: as expected, we were faced with low yields of

our preliminary observation that a 1:1 mixture of PhMgBr
and 10 in THF did not react with benzophenone even at 0
°C. We were delighted to observe that our concept could be
experimentally confirmed: addition of the 1:1 mixture of
EtMgBr and10to acid chloridelain THF at—60 °C gave
ketone2ain 91% isolated yield (entry 1, Table 1). The side

ketones and many side reactions. Such side reactions are

summarized in Scheme 1: addition of ethylmagnesium ||
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bromide tolain THF at—78°C produced the desired ketone
2ain only 40% yield along with a small amount 8fand
two major side productd (13%) and5 (15%), both from
the reduction ofla by EtMgBr throughg-elimination of
complex6.t’

Our approach to developing a general method foditect
(i.e., without transition-metal catalysts) synthesis of ketones
from acid chlorides and Grignard reagents involved moderat-
ing the reactivity of the organomagnesium reagent by
complexation with a simple organic ligand. We now report
that a simple tridentate ligand such &6 is capable of
complexing Grignard reagent to provide a complex, proposed
as11(Scheme 2J8 and addition of this complex to a wide

|
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range of acid chlorides affords aryl ketones in good to
excellent yields.

Our expectation that ligantil0 may be able to moderate
the nucleophilicity of Grignhard reagents was confirmed by
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Table 1. Addition of Alkylmagnesium Halides to Acid
Chlorides in the Presence &b

entry acid chloride  Grignard product isolated yield
CcocCl T
| \
9 2 EtMgBr | _ 91%
cl ': cI”ON
a 2ao
cocl
2 ©: EtMgBr 84%
OAc OAc
1b 2b
O,N cocl O,N
3 :©/ EtMgBr 77%
Cl cl
1c 2c
(o]
7\ PrMgClI
4 Qcom MgC \\S 85%
1d 2d
e}
Nelele] N
5 | iPrigCl | 76%
Cl N Cl N
1a ZeO
Br cocl Br
6 \©/ iPrMgClI 75%
1e 2f
OMe OMeO
CcocCl
7 MeMgBr 69%

Ly
%

Cl 2g
cocl 1% O
PhCH,MgCI O 92%
CH,CI
1o CH,CI 5,
o
O,N cocl O,N
9 j@/ PhCH,MgCI O 85%
C e cl 2
mcom “
> 0,
10 LAy D—Mgar o IN/ 80%
1a 2j

products4 and5, as well as the tertiary alcoh8lresulting
from double addition, were not detected. We explored a wide
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range of alkyl Grignard reagents and acid chlorides in the
coupling reaction, as shown in Table 1. Whereas primary 1 pie 2. Addition of Arylmagnesium Halides to Acid
alkylmagnesium halides produced excellent yields of ketones, cporides in the Presence &b

o-branched ones provided slightly lower yields. Benzyl

Grignard reagents afforded results as good as those ofonty acidchioride  Grignard product isolated yield

primary counterparts. It is noteworthy that coupling of cocl gCI

MeMgBr—10 complex with acid chloridelf (entry 7) 1 /fj /(YK@ 88%

proceeded only at a higher temperatur&% °C),'° implying o

a less reactive MeMgBt10, perhaps due to more effective OMe OMe O

chelation. This hypothesis is in agreement with the fact that cocl ¢ MgBr

a-branched, and therefore, more hindered, Grignard reagents 2 ©/ “ 85%

exhibited a higher degree of side products (entries 5 and 6, cl

Table 1). A number of functional groups, including the nitro

group, are tolerated under the reaction conditions. Based on cocl

the fact that excellent yields of aryl ketones were obtained 3 © “ 80%

with the use of only a slight excess of the organomagnesium OMe

complexes (1.£1.3 equiv), one can conclude that there was OMe 2m

no competing enolization of the resulting ketones, even in cocl Mgl 7

the cases of benzylic ketones (entries 8 and 9, Tabf 1). 4 /(j/ E10,0 m 87%
Greatly encouraged by our initial studies, we next exam- ™ N CO,Et

ined a number of aromatic Grignard reagents in this new
coupling reaction, with the aim of developing a general coct MgBr .
synthesis of benzophenone analogues. We were again ° \Q /© e
rewarded by the observation that addition of the 1:1 mixture CF,

of arylmagnesium halides antD in THF to a number of K

acid chlorides proceeded smoothly-a5—0 °C (1-5 h) to cocl MgBr oM
produce benzophenones in good to excellent yields (Table ¢ /©/ ©/ 84%
2). The coupling reactions did not occur at low temperature ~ E©:€ ) B T
(<—20°C).

As a test for the importance of the proposed tridentate
complexation between Grignard reagents 40d we used
N-methylmorpholine, bidentate TMEDA, and tridentate
N,N,N',N',N"-pentamethyldiethylenetriamin&Z) as alterna-
tive ligands in the coupling. As we expected, whil@
showed effectiveness similar to thatldf, TMEDA produced
a higher degree of side reactions, and NMM has no effect at
all.

In conclusion, we have described a new protocol for the
general synthesis of aryl ketones by acylation of Grignard
reagents with aromatic acid chlorides in the presence of bis[2-
(N,N-dimethylamino)ethyl] ethé Although a definitive

evidence for the interaction between Grignad reagents and
10 or 12 reported here is not yet at hand, the existence of a
complex can be inferred by the modified reactivity observed.
Further studies may shed some light on the nature of the
reactive species. Furthermore, the concept of altering the
reactivity of Grignard reagent can be utilized in number of
other transformations, and these are currently under active
investigation.
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