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ABSTRACT

> _X RCOCI Mg/DMF COR
Ph I + or ——» X
X=CN,COOEt  (RCO),0 MesSiCl

Ph
Yield = 54 - 100 %

Treatment of aromatic a,f-unsaturated carbonyl compounds with Mg turnings in the presence of acid anhydrides/TMSCI or acyl chlorides in
DMF brought about a facile and efficient cross-coupling to give C-acylation products, which are useful 1,4-dicarbonyl compounds, in good to
excellent yields in a regio- and stereoselective manner. The reaction may be initiated by electron transfer from magnesium to the substrates.

Conjugate addition of an acyl anion and its equivalents to generally requires troublesome and complicated procedures
o,B-unsaturated carbonyl compounds may be one of the mostfor their protection and deprotectién.
attractive and challenging subjects for preparing 1,4-dicar- We previously reported the electroreductive C-acylation
bonyl compounds, which are important synthetic intermedi- of a,3-unsaturated esters and nitriles in the presence of acid
ates of useful cyclopentenones, cyclopenta-1,3-diones, butenoanhydrides to forny-ketoesters and nitril€swWe report here
lides, and furan$ However, the synthetic utility of the acyl ~Mg-promoted regio- and stereoselective C-acylation of
anion has been considerably limited because of its instability, aromatica,3-unsaturated carbonyl compountisvith acid
difficulties in generation, and treatmehEurthermore, ap-  anhydrides/TMSCI or acyl chloride® to give the corre-
plication of its chemical equivalents in organic synthesis spondingy-keto carbonyl compoundsin good to excellent
—~—— Eow—— - yields. As a result of the high regio- and stereoselectivity,
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was added trimethylsilyl chloride (TMSCI, 15 mmol) in [ NN
several portions at-510 °C with magnetic stirring under a Table 1. Mg-Promoted Regioselective Carbon-Acylation of
nitrogen atmosphere. The resulting solution was stirred for Aromatic Alkenoic Acid Derivativest@

15 h at room temperature. After a routine workup of the
reaction mixture, ethyl 3-phenyl-4-oxohexanoad®)(was entry Xin1 acylating agent 2 Rin3

Isolated

. . . yield (%)
isolated in a 84% vyield by column chromatography.
1 COOEt (1a) (CH;CO),0 (3a) CH; 64
| 2 COOEm  cHCOCI (aaycH, 7
Scheme 1
3 COOEt (1 CH,CH.C0),0 (3b) CH,CH; 84
& X RCOCI Mg /DMF COR (=) cth ’
Ph + or —————>
X=CN,COOEt  (RCO),0 MesSiCl X 4 COOEt(la) CH,CH,COC) (3b) CH,CH; 73
1 2 3 o ° o
s COOEt(1a) = F (36) (CH):COOH 84
Oﬁ/o\fo
. . "H,);COOH 61
This Mg-promoted cross-coupling was remarkably ac- 6 COOE(Ia) ~— (3 (CHLXC
celerated by the addltlon_ of TMS&lwhen acid anhydrides 7 COOE: (1) PHCH,COCH (3¢) CH,Ph 76
were used as the acylating agents.
Thus, t.he reaction _ola without any TMSCI after. 2 h §  COOEt(1a) CHy(CH:)COCI  (3f) (CHa)s CHs 54
resulted in the exclusive recovery (90%) d and minor
formation (5%) of the producBb, whereas that in the 9 COOEt(1a) EIOCO(CH,COCI  (3g) EIOCO(CH,); 100
presence of 3 molar equiv of TMSCI after 2 h led to the
major formation (62%) oBb and minor recovery (30%) of 10 COOEt(1a) CI(CH,);COC! (3h) CI(CH_); 93
la. Under the optimized conditions where the relative
proportions of1:Mg:TMSCI:2 was 1:3:3:15, a variety of 11 COCH; (1b) (CH,C0::0 (39 CH, 67
acylated product8a—I were obtained in good to excellent CHLCOC o i
yields from the present Mg-promoted C-acylation of aromatic 12 COCH: ) : @ cth
a,,B—uqsaturated_carbonyI compourtth;—q with the corre- " N (o) (CHiCORO 3i) CH, 76
sponding acylating agent®, as shown in Table &.The
reaption procgeded smo_othly with acylating ag@rtearing 4 N (10) CH.COC Gi) CH, 44
various functional substituents such as a chloro or a carbo-
methoxy group. 15 COOEt(1d)° (CH:CO)0 (3k) CH; 49
Because of the ready availability of various acid chlorides,
it is interesting that the use of acyl chloridesstead of a 16 COOE: (ley (CH,CO),0 (3) CH; 50

combination of acid anhydrides and TMSCI as the acylating

i ; aThe reaction was carried out at-30 °C for 15 h in a DMF solution
agents did not appear to affect the reaction, and the of a substratel, an acylating ager2 (15 molar equiv), Mg turnings (3

corresponding acylated products were obtained in good molar equiv) and TMSCI (3 molar equiv, whéris acid anhydride)® The
yields. Furthermore, the reaction of ethyl cinnama (vith phenyl group was substituted by a 1-naphthyl grduphe phenyl group
] . ! . ; was substituted by a 2-naphthyl group.

cyclic acid anhydrides led to the facile formation of useful

keto o, w-dicarboxylic acid monoesters. On the other hand,
the similar reactions by electroreductive methods using acyl treatment of 3-alkylated coumarifism—d with acid anhy-
chlorides or cyclic acid anhydrides resulted in a low yield drides2/TMSCI gave exclusively one stereoison@ar—d-
of the acylated products and the formation of complex [A] (isomer ratios of6a—d[A]/6a—d[B], 92—98/8—2)0.11
product mixtures. of the acylated products (6a—d) with @s-configuration

Moreover, high stereoselectivity is another noteworthy between the 3-alkyl group and the 4-acyl group, as shown
feature of the present Mg-promoted coupling. Thus, similar in Table 2.

- - . - _ On the other hand, the electroreduction of coum&éim
anff?ﬂ“é'ﬁggf;gjr:? turnings for a Grignard reaction can be used without 5 DMF solution containing propionic anhydride, TMSCI, and
(6) Although the detailed role of TMSCI is still unclear as described in  tetraethylammonium tosylate using a divided cell equipped

Eur rlece?tt papetrh Orlld '\ﬂgapm";ﬁted red_uctivle CFOSS-gouplintglcif dethyl with carbon rods as an anode and a cathode, followed by
-arylacylates with aldehydes, three main roles may be postulated, i.e., .
activation of the surface of magnesium metal, stabilization of anionic the same workup procedure as that in the Mg-promoted

intermediates generated by electron transfer from magnesium, and activationreaction, resulted in the formation of stereoisomeric mixtures
of electrophiles by coordination to the oxygen atom of carbonyl compounds. ¢, ,; 0 ;

(7) Ohno, T.; Ishino, Y.; Tsumagari, Y.; Nishiguchi,J. Org. Chem. (vield 18%) of 6a[A] and 6a[B] (61/39) along with the
1995,60, 458—460.
(8) All of the products obtained in this study were characterized by a (10) The stereochemistry 6{A] and6[B] was determined by detailed
variety of spectroscopic method$H( NMR, 13C NMR, MS, IR) and analysis of the coupling constanisy—sn between protons at the 3- and

elemental analysis, as shown in Supporting Information. 4-positions in theirH NMR spectra as reported in the literatdteFor

(9) Since acyl chlorides may also be able to activate the surface of example, the values dky-4n for 6a[A] and6a[B] are 4.88 and 3.91 Hz.
magnesium metal, the reaction using acyl chlorides as acylating agents took (11) Alberola, A.; Calvo, B.; Ortega, A. G.; Vicente, M.; Granda, S. G.;
place smoothly in the absence of TMSCI. Maelen, J. FJ. Chem. Soc., Perkin Trans.1P91, 203—209.
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Table 2. Mg-Promoted Stereoselective Carbon-Acylation of
Coumarin Derivatives

0._0
= + (R’CO),0 + Me,SiCl Mg
R 2 s DMF
R2
0._0 0._0
R' + @;;W + | g R
R? COR? r°co r2M A
6a-d[A] (cis) 6a-d[b] (trans)
6a-d[A] / 6a-d[B] = 92-98 / 8-2 7a-d
isolated yield (%)
entry R! R? R3 62 7 6[A]:6[B]
a Me H Et 33 43 97:3
b Et H Et 40 19 98:2
c Me Me Et 41 98:2
d Ph Me Me 63 92:8

aTotal yield of 6[A] and 6[B].

formation of a dimerization product (7a, yield 34%), an enol
propionate 8a, yield 21%), and a dihydrocoumarifig, yield
12%), indicating nonstereoselective acylation in this elec-
trochemical method. A similar nonstereoselectivity was also
observed in the electroreductive acylation of 1-carbethoxy-
cyclohexeng?

Scheme 2

0_0
@Z + (E1C0),0 +Me;SiCl

H
5a

0.0
@;Me
H ekt ECO H 1
6a[A] 6a[B]
tatal yield of 6a[A] + 6a[B] : 18 %

6a[A] / 6a[B] = 61/39

+2¢"(C*-C)
Et,NOTs / DMF

0._0
Me

%

+

O._ OCOEt 0.0

+ I+
Me
H COEt

+ H

(0] Me

HH
OMeH2

7a(Yield = 34 %) 8a (Yield =21 %) 9a (Yield =12 %)

Furthermore, treatment of the 2-propioxy-3-methyl-4-
propionylbenzopyrane(8a) with 10% aqueousSB; also
gave a stereoisomeric mixture 64[A] and6a|B] (58/42),
indicating that the stereoselectivity of the Mg-promoted
C-acylation did not arise in the stereoselective hydrolysis of
8aduring the workup but rather in the course of the reaction
(Scheme 3).

On the basis of these experimental results, the following

reaction scheme may be proposed as one of the most
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Scheme 3
O._OCOEt S0 0.0 0._0
aq.
! 222 39 Me + H
Me Yield =95 % p X Me
H COEt H cdtt H Caﬁt
8a 6a[A] 6a[B]

6a[A] / 6a[B] = 58/ 42

plausible mechanisms (Scheme 4). The first electron transfer
from magnesium to a coumart gives the corresponding
anion radicall0. Electrophilic attack of the 4-position of
the anion radical 0 by acid anhydrides may take place from
the same side of the Mg cation that interacts somewhat
with the acid anhydrides, followed by the almost concerted
second electron transfer from magnesium to give a carbanion
center at the 3-position of the generated carbaridn
Subsequent protonation 1d then occurs from the opposite
side of the M@" cation and the 4-acyl group, leading to
exclusive formation of the single stereocisomées—d[A].

The limited formation of the enol estéa in the Mg-
promoted coupling and the formation of a stereoisomeric

Scheme 4. Proposed Reaction Mechanism of MBromoted
Carbon-Acylation of Coumarins
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-
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mixture of6a[A] and6a[B] upon acid-catalyzed hydrolysis acyl anion to the starting activated olefins, although the
of 8a may support regioselective C-acylation at the 4-posi- present Mg-promoted reaction does not involve an acyl anion
tions of anion radicals dda—d followed by almost concerted itself as a reactive species.

second electron transfer from magnesium to give the more

stable C3-carbaniorll rather than the less stable C4- Acknow|edgment_ This work was Supported byaGrant_
carbanion through the enol esterification of radical anions jn-Aid for Scientific Research on Priority Area (10208205)

of 5a—dwith acid anhydride followed by almost concerted  from the Ministry of Education. Science, Sports and Culture,
second electron transfer. Japan.

In conclusion, Mg-promoted cross-coupling of aromatic
o,B-unsaturated carbonyl compountisvith acyl chlorides
or acid anhydrides/TMSCI brought about facile, efficient,
regio- and stereoselective C-acylation to give useful 1,4-
dicarbonyl compound® in good to excellent yields and had
some desirable features in comparison with the electrochemi-
cal method$.These acylated products are identical to those
formed by the conjugated addition of a difficult-to-generate OL016376E

Supporting Information Available: Experimental pro-
cedure for the reaction of and 5 with acid anhydride/
trimethylsilyl chloride or acyl chloride and spectroscopic data
for the product8a—I, 6a—d, 7a,b, 8a, and9a. This material
is available free of charge via the Internet at http:/pubs.acs.org.
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