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Synthetic and mechanistic aspects of a-alkylation
and a-arylation of 3-dicarbonyl compounds
via their transition metal complexes

Marcial Moreno-Maiias, Jordi Marquet, and Adelina Valiribera™

Department of Chemistry, Free University of Barcelona, Bellaterra,
08193- Barcelona, Spain

Some transition metal complexes of B-dicarbonyvl compounds react with electrophiles
at «-C. These reactions. carried out under neutral conditions, offer a broader scope than
their conventional counterparts, and are generally performed in the presence of stoichio-
metric or catalytic amounts of strong bases. Mechanistic observations using different
reaction conditions are also relevant from a synthetic point of view.
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1. Introduction

The a-alkylation of B-dicarbonyl compounds is an
important C—C bond-forming reaction.! With the aid of
a stoichiometric amount of a strong base the p-dicarbonyl
compound is converted into an enolate, which under-
goes Sy2 reactions with appropriate alkyl halides or
tosylates. Unfortunately only methyl, allyl, benzyl and
some other primary halides afford reasonable yields.
Some of the ~roble'ns usually found are the lack of
regiospecificity (C vs. O alkylation), dialkylation pro-
cesses, and the limitation to starting material or final
products not sensitive to the basis media.2

However, some transition metal complexes of
B-dicarbonyl compounds react with carbon electrophiles
in essentially neutral media compatible with a vast array
of reagents and final products. This report covers our
contributions to the use of transition metal complexes of
B-dicarbonyl compounds in synthetic organic methodol-
ogy (for C—C bond formation) including some interest-
ing mechanistic aspects.

2. a-Alkylation
2.1. Alkylations stoichiomerric in metal

Transition metal complexes of 3-dicarbonyl com-
pounds and their solutions are neutral in the Bronsted
sense, their solubility in organic solvents being signifi-
cant. This provides the required conditions for alkyla-
tions with sensitive atkyl halides.

2.1.1. The use of Ni, Co, Cu, and Zn complexes. A dual
mechanistic pathway. The Ni!! complexes of some p-
dicarbonyl compounds (1) react with alkyl halides to
atford a-alkylation products (2).3~5 The reactions are
carried out in hot DMF which gives better results than
CHCl;. CH;CN or DMSO. As shown in Table | benzylic

(entries 1—7), aliytic (entries 9~—11) and a-carbonylic
halides (entries 12, 13) are active and give moderate to
good vields of condensation products. Even using
chloroacetone {(entry 13}, an alkyl halide very sensitive to
basic media, the reaction proceeds with moderate yield.

Scheme 1
}\“/2\
0
| spex  —MF
. Yy 75100 °C
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— R! 72 (+ 1/2NiX,)
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2
1a:R'=R3=Me; R2=H
1b: R' = R2 = R% = Me
1c: R' = Me; R2 = H; R? = OMe
1d: R' = Me; R2 = H: R® = Ph
1e:R'=R3=Ph;R2=H

We postulated? a mechanism in which metal—halo-
gen coordination heips both oxygen—metal and car-
bon—halogen cleavage to occur (Scheme 2).

Scheme 2
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Table 1. Reactions of Nill complexes of p-dicarbony! com- Table 2. Reactions Cofacac); (3a) with alkyl halides (see
pounds with alkyl halides (1) (see Scheme [) Scheme 3)

Entry Com- R-~X Yield of 2 Ref. Entry R—X Condi- Yield Ref.

pound (%) tions of 2 (%)

! la PhCH,Br 69 3. 4 1 PhCH;Br a 53 S
2 1b PhCH,Br 17 4 2 4-MeOPhCH,Br a 88 6
3 ie PhCH,Br 35 4 3 4-04NPhCH,Br a 6 6
4 id PhCH,Br 61 4 4 Ph,CHBr a 97 5
3 le PhCH,Br — 4 5 PhyCCl a 29 5
6 la PhCH,C1 32 3,4 6 PhCH(Me)Br J 94 S
7 fa 4-0,NPhCH,Cl 18 4 7 PhC(Me),Br -20 °C 14 5
8 1a PhCH{Me)Br 3 4 8 Me,C=CCH,CI a 76 5
9 la MeOCOCH=CHCH;Br 63 3,4 9 (MeCOQ),CHCH=CHCH,Br 90 °C 8 5
10 1a MeOCOCH=C(Me)CH,Br 354 4 10 3-Bromocyclohexene 100 °C 75 9
11 la (MeCOQ0);,CH=CHCH;,Br 353 4.5 I MeCH(Br)CH=CHMe 100 °C 58 9
12 la MeOCOCH,Br 53 3.4 12 1-Bromoadamantane (4) b 81 6.7
13 fa MeCOCH,CI 30 3,4 13 2-Bromoadamantane ‘ 21 9
14 la HC=CCH;Br 22 4 14 Me,CBr a 4 5
{3 fa n-C3H-l N 3.4 ] Me,Ct 100 °C 15 9
16 ia n-C4HgBr 17 3,4 16 9-Bromofluorene (5) a d 8
17 fa n-CgH,Br 8 4 17 6° 80 °C 9/ 10
18 1a n-CigHy3Br 4 4 18 78 120 <C  71# 10
19 fa Me,CHBr — 4 19 8 100 °C 8%/ 10

Pentane-2,4-dione can be C-alkylated with a large
number of alkyl halides through its CoM complex (3a)
(Scheme 3).5—10

Scheme 3
Coy/,
PSS
o} o}
! + R—X
Me)\%Me CHCl,
3a
'O (0]
—_— Me/U\HLMe (+ 1/2 CoX,)
R
2

The use of CHCI; as solvent avoids all side reactions
caused by DMF (nucleophilic solvent) with a corre-
sponding improvement in reaction yields (Table 2). In
our initial studies we realized that almost all the suc-
cessfully tested alkyl halides have the common feature of
being precursors of stabilized carbenium ions. Thus, our
method introduces clear advantages over the classical
methods for Sy! active halides. p-Methoxybenzyl bro-
mide (precursor of a stabilized carbenium ion) reacts
easily with Co(acac), (Table 2, entry 2), whereas p-
nitrobenzyl bromide is nearly inert (entry 3). Entry 7
deserves particular mentioning since although 2-bromo-
J-phenylpropane spontaneously looses hydrogen bro-
mide. the yield ot the final product is still significant.

9 Refluxing. ® In refluxing chlorobenzene. ¢ In 1,1,2,2-tetra-
chioroethane at 185 °C. ¢ Not disclosed. ¢ Cis/trans = 25 : 75;
S cisftrans = 5 : 85; 8 cisftrans = 46 : 54; * cis/trans =
18 : 82; ¢ 8a/8b = 40 : 60;/ a/b = 56 : 44.

Ci
X P
=z & 7
R—X; | i
XX Xy
Me
6: X = Br Ba: X = Cl, Y = NOj
7: X =Cl 8b: X=Cl, Y =Cl

The same procedure (Scheme 4) can be applied to
Colll and Zn' acetylacetonates, which show a reactivity
similar to that of Co!l (Table 3).5-7

This suggests a similar mechanistic pathway for the
three complexes. Coordinatively saturated complexes
Cofacac); and Zn(acac),; can act as Lewis acids activat-
ing the halide, if they previously lose at least one ligand.

Scheme 4
M
(0] o]
| ! ~ R—X R—X >
Me = Me CHCI,, A
3a: M = Col
3b: M = Collf
3c: M = Zn!!
@] Q
—— Me/u\(U\Me (+ 1/n MX,)
R
2
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Table 3. Yiclds of alkylation products {2) using different
metal complexes 3a—c (sece Scheme 4)

Entry R—~X Yield of 2 (%) Ref.
Co(acac); Cofacac); Zntacac),
! PhCH,Br 53 59 65 5.6
2 4-MeOPhCH,Br 38 77 a 6
3 4-0,NPhCH,Br 6 0 0 6
4 Ph>,CHB'r 97 96 87 6
5 Ph;CClI 29 @ 18 5.6
6 PhCH(Me)Br 75 58 61 6
7 4 g1t a 758 6.7

7 Not performed. * In refluxing chlorobenzene.

The extension of the Co!l-based alkvlation method
to the complexes of several diketones is described 1n
Table 4 and Scheme S.

Scheme 5

Co/,
§ -
' 0 i
R1MR3

(+ 172 CoBrz)

9a—~e
a:R' =R = Me
b: R' = Me; R = Ph 2a—e
c:R' = R¥ = Ph
d: R' = R% = Byt i PhCI, refluxing, ,
e: R' = Me; R® = OEt

Table 4. Reactions of Coll complexes of
fi-dicarbony! compounds (9a—e) with 1-bromo-
adamantane (see Scheme 3)

Entry Com- Pro- Yield of 2 Ref
pound duct (%)

l 9a = 3a 2a 81 6.7

2 9h 2b 89 6.7

3 9¢ 2c 80 6,7

4 9d 2d 3 7

S 9e 2e 38 6.7

In spite of the low reactivity of 1-bromoadamantane
(4) in substitution reactions, the alkylation reaction
gives excellent results (Table 4).6.7

Preparative useful yields are also obtained with
9-bromofluorene 5 (Scheme 6).8

It should be noted that some of the B-diketones so
prepared are sterically hindered (Scheme 7).5-8%

It is clear that this methodology offers clear advan-
tages over the classical methods for active Syl halides

Scheme 6
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o] o]
R 3
—_ {+ 1/2 CoBr,)
2f.9
2¢: R' = Me: R¥ = ph
2g: R' = Me; R¥= Byt
Scheme 7
o} 0
Me Me
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and for others such as 4 and S. These reactions carried
out in relatively dilute solutions do not show any sensi-
tivity to the presence of radical scavengers,’ and their
general features as well as the halides involved suggest a
non-radical pathway with activation by the cobalt spe-
cies as Lewis acid.

An improvement of the original method is related to
the elucidation of an alternative mechanism triggered
under certain experimental conditions. The procedure
consists in carrying out the reactions under high con-
centration conditions or simply evaporating the solvent
at 120 °C (Scheme 8).% This gives very fast reactions!!
and some halides, unreactive under the conditions pre-
viously reported, gave now good condensation yields
(entry.| of Table 5 as compared with entry 3 of Table 2).

The kinetic behavior of these reactions at high con-
centration conditions show, for different alkylating agents,
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Scheme 8
)O'\)O\ A CHCL’
Me Z Me
3a
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FR—— Me/u\(J\Me {+ 1/2 CoX,)
R
2

Table 5. Reactions of alkvl halides (3a) with Co{acac), using
high concentration conditions (see Scheme 8)

Entry R—X t/min*  Yield of 2
(%)

1 4-0,NPhCH,Br 90 72

2 4-0,NPhCH,CI 60 0

3 PhCH,Br 1.5 89

4 4-MeOPhCH,Br {2 87

5 Me,C=CH,;Br 2 66

6 PhCH(CH;)Br 6 65

7 4 240 68

* ¢ is the duration of the reaction.

Note. Standard conditions: A round-bottomed flask, without
reflux condenser, containing Co(acac), (I mmol), alkyl halide
(2 mmol), and chloroform {2 ml) was introduced in an oil
bath at 120 °C.

an induction period that is reduced at higher concentra-
tions. Once the reaction starts, they are almost instanta-
neous, at least up to 30% conversion, suggesting a chain

Scheme 9
(acac),Coll + 2 RX — 2 acacR + CollX, (1
{induction period)
Co”XZ + RX -+ R + Co'"Xa (2)

(inner sphere eiectron transfer)

R" + (acac),Co'l — (acac),Co'MR (3)

reaction. The induction period is reduced in the pres-
ence of CoCly (autocatalyzed reaction), and free radi-
cals are only present at the initiation steps (galvinoxyl
increases the induction period but the process is almost
instantaneous once celicited). The isolation of radical
dimers supports the conciusion that free radicals are
present. Our experiments indicate that the reaction rate
is very sensitive to the leaving group (I > Br> Cl > OAc
> OH). All data referred to the initiation steps!2 can be
accommodated to Scheme 9. It includes a slow first step
{perhaps responsible for the induction period) that would
produce Co!'X, species, which induces an inner sphere
electron transfer only possible with halides as leaving
groups. These initiation steps produce an alkylcobalt(i)
complex that would start the chain.

As we have commented, experiments with galvinoxy!
indicate that no alkyl free radicals are present in the
propagation cycle. The absence of cyclized alkylation
products in experiments with cyclizable probes (radical
clocks) also suggest the same hypothesis. Therefore, we
have proposed!? a chain process based on cobalt ‘s abil-
ity to undergo redox processcs between the Co! and
Colll states, including oxidative addition and reductive
elimination steps. The chain propagation sequence Is
shown in Scheme 10.

Scheme 10

Ir(acac)QCo”'R ——» acacR+ acacCo'

)
!
> Cycle 1

acacCo' + B—X ~—s acacCo''XR
{ acacCo'!'XR + (acac),Co"! — (acac)Co''R + acacCo”XJ
L h
[ acacCo'"'XR + acacCo"X —— (acac),Co''R + Co”X:\!
< {acaclLCo™® —= acacR+ acacCo' p Cycle 2
. acacCo' + R—X -— acacCo''XR y

acacR _{acacL,Ca''R

Co'lx
acacCo! Cycle 2
— (acac)L,Co"'R
R—X 11
\ . acacCo'X acach
(acac)Co!'XR
Cycle 1 acapCo'
(acac),Co'! J/'\H—X

(acac)Co''XR
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Scheme 11
(acac),Co M9, [(acac),Col)r e
Q o}
Me Me
———
2

{{acac),Call” + R—~X ~—— (acac),ColR + X~

{acac),Col'lR — acacCo' + acacR

acacCo! = R—X ——* acacCo!IXR

Our expenments show that these reactions can be
carried out using anionic Co! complexes independently
generated. These results confirm the operation of Col
species as intermediates. Thus, Co(acac), is reduced
with sodium amalgam and the resulting {Co(acac),} ~
reacts with benzyl bromide to afford 3-benzylpentane-
2,4-dione (Scheme 11).12

The yield obtained in this experiment (32%) suggests
that only the (acac) unit was consumed. Following our
model (Scheme 11) is seems that the cobalt ends as
(acac)CoXR, a complex relatively inert to reductive
elimination. This could explain the fact that in some
cases the first (acac) unit is consumed faster (st Cycle,
Scheme 10) than the second (2nd Cycle, Scheme 10).

2.1.2. The use of Cu complexes. Preparation of se-
verely hindered {-diketones. We propose that Col'! spe-
cies are intermediates in the mechanism of cobait medi-
ated C-alkylations. Since Col!l species are also known!3
and Cu is two places away from Co in the periodic table,
of B-diketones we could expect similar behavior for both
metals. Cu'l complexes are easily accessible, but more
stable and quite inert toward alkylating agents so they
have been rather used to protect intercarbonyl posi-
tions. 1415 Nevertheless, Cul! B-diketonates are also ex-
cellent atkyiation substrates (Scheme 12, Table 6) and
react with alkyl bromides under high concentration con-
ditions¥:16—18 (by radical-initiated mechanism) to give
highly congested f-diketones such as 2h and 2i, which
have two contiguous quaternary centers, and hindered
B-diketone 2j.

o o 0O 0
| Me Me
Me Me
R Me” Me | wd M@
2h: R = Me 2
2i: R = Et ]

Scheme 12
Cu/
A3
i - X CHCIJ
&
R
2
10a—e
10a: R' = RZ=R= Me
10b: R' = R3=Me; RZ= Et
10c: R' = R2 = Me, B3 = Ph
10d: R' = R¥=Bu; RZ= H
10e: R' = R® = Me; R2 = H
0 0o
| J
— R’)S(J\W (+ 1/2 CuBry)
R? R
2

Table 6. Reactions of Cu!! complexes of p-dicarbonyl com-
pounds (10a—e) with alkyl halides (see Scheme [(2)

Entry Com- X—~R T/°C  Yield Ref.
pound 2 (%)
1 10a  BrCH,Ph 100115 80 16, 17
2 10a  BrCHPh, 100—115 44 16, 17
3 10a  BrCH,CH=CH, 100—115 88 16, 17
4 10a 3-Bromocyclohexene 50 56 18
5 10a 4 100—115 25 16, 17
(2h)
6 106 4 100 31 16
(20)
7 10a 35 100—115 65 16,17
8 10¢  BrCH-Ph 100—1{15 43 16, 17
9 10¢  BrCHPh, 100—115 76 16, 17
10 10¢  BrCH,CH=CH, 100—115 30 16,17
11 t0c 4 100—115 1 16, 17
12 10c 5 100—115 30 16, {7
13 10d 4 160 31 17
(2j)
14 10e  BrCHPh, * 77 14
¢ Refluxing.

Copper(i1) bromide, the other product of the reac-
tion (Scheme 12), is itself a brominating agent for acti-
vated positions such as intercarbonylic methine groups.
This imposes a limitation when using Cult p-diketonates
10 in alkylation reactions (entries 13, 14 in Table 6).
No such limitation exists for thre Co!! complexes since
cobalt(1) halides are not haloge nating agents.

2.1.3. Regioselective alkylation of polyketide model
through activation and protection by Co and by Cu.
Regioselective useful alkylations of poly-B-carbonyl com-
pounds are still a synthetic challenge. The presence of
more than one activated positiory with protons of similar
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Scheme 13
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acidity renders the synthetic goal really difficult.
Regioselective C-alkylations at the intercarbonylic posi-
tions C-4 and C-2 of the polyketide model methyl
3,5-dioxohexanoate (11) have been accomplished through
reactions of its Co!! and Cu!l complexes, respectively
(Scheme 13).1% Regioselective atkylation on Co!! com-

= Et; Bu"; aliyl;
PhCH,—; MeOCOCH—

plex 12 {activation by Co of position C-4) affords me-
thyl 4-alkyl-3,5-dioxohexanoates (13) which can be cy-
clized to 5-alkyl-4-hydroxy-6-methyl-2-pyrones (14).
In sharp contrast, copper protects the diketone moiety
in complex 15 (more stable than the cobalt one), and
alkylations under conventional conditions produce
diketoesters 16 which can be cyclized to 3-alkyl-4-hy-
droxy-6-methyl-pyrones (17).

Apparently, the Coll and Cul! complexes of B-di-
ketonates look very different in reactivity. However, an
active alkyl halide such as benzhydryl bromide can react
with both metal complexes (Schemes 13 and 14).14
Double alkyiations at C-2 and C-4 are accomplished by
initial reaction at C-2 of the copper complex 15 (protec-
tion of the diketone), avoiding the hydrolysis step. and
continuing by a second reaction with benzhydryl bro-
mide at C-4 due to activation of this position by the
metal (Scheme [4). In fact, Cu protects the inter-
carbonylic C-4 position in Sy2 type reactions and both
Co and Cu activate the same C-4 toward radical-orga-
nometallic type alkylations.

Allylations of active positions under palladium ca-
talysis constitute a powerful carbon—carbon bond for-
mation method. Thus, we applied combined cobalt—
palladium and copper—palladium methodologies to
achieve regioselective allylation of the model polyketide

Table 7. Palladium catalyzed allylation of Cu complexes of
methyl 3,5-dioxohexanoate (15) {(see Scheme 15)}3

Entry R—0Ac T/°C t/h Yield (%)

{or R—OCOOE 16 21
I {F)-PhCH=CHCH,— 75 19 17 30
2 2-Cyclohexen-1-vi 80 17 89 0
3 (E)-MeCH=CHCH(Me)— 75-79 17 72 0
4 Me,C=CHCH!Me)— 80—95 27 8 33
S Me,C=CHCH,,— 70 5 25 33

Note. Standard conditions: To a mixture of NaH and 15 is
added a solution of R—OQOAc, Pd(dba),, and PPh;. Molar
ratio of reagents: 15 : NaH : R—OAc : Pd : PPh; =
1 :2:2:002:02

Scheme 14
Cu/ Cuy.
72 73
(') , o0 o o
! 1) NaH; THF } BrCHPR
Z OMe 2) %—A Z OMe CHCI,, &
15 18 R
o 0 Ph
| ! | A
OMe DBU Ph AN
> & PhH. 5 |
Ph Ph 0 o
19 20

R = Alyl: Ph,CH— MeOCOCH,—: MeOCOCH(Me)—
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Scheme 15
Cu/.
£ 3
0 o] 0
|
15
l,-
0 Q 0 Q 0O 6]
i |
/U\/U\(U\OMe + OMe
A R
16 21

i. 1) NaH; 2) R—OAc (or R—OCOOEY), Pd{dba)y/PPhs.

system methy! 3,5-dioxohexanoate (11).15 Copper(ir)
complex 15 is scquentially treated with sodium hydride
and with the corresponding allylic acetate under palla-
dium catalysis to give good yields of allylation products
16 and 21 from regioselective allylation at C-2
(Scheme 15, Table 7). The reactions are successful with
primary (entries | and 5) as well as with secondary
acetates or carbonates (entries 2—4). Initial results indi-
cate that cobalt(1l) complex can be also useful.

2.1.4. Inducrion of enantioselectivity at the electro-
phile. The preparation of homochiral five-membered het-
erocyclic a-amino acids. As mentioned before, we have
developed a method based on an initiation in which a
carbon radical, R+, is formed and a propagation in
which organometallic intermediates play a key role.
Therefore, alkyl halides forming stabilized captodative
radicals ought to be good alkylating agents.

Scheme 16
BocNH—CHBrCOOEt
22
Cofacact,, 3a. CHCL, {MeCOCHCOOMe),Co
) ) \ CHCI,
0O 0 (") 0
Me Me Me OMe
BocNH COOE! BocNH COOEL
23 24
I H_N-—XH lHZN—NH2
A
f}l'—’-x HN—————!}IH
!
Me/\‘/LMe Me” X N0
H,N' CCOH H,N" COOH
25 26
X =N, 0; Boc = ‘8u0ﬁ—-—-
G

Glycine derivatives, both electrophilic and nucleo-
philic at the central carbon atom, are broadly used for
amino acids preparation.!® However, radical synthons of
glycine derivatives have been seldom used.20:2!

The N-Boc-2-bromoglycine derivative 22 reacts with
Co!! complexes of B-dicarbony} compounds to afford
compounds 23 and 24 which are further converted into
five-membered heterocyclic amino acids (Scheme 16).
We proposed the formation of a radical-organometallic
glycine synthon, using 2-bromoglycine derivatives as a
source of the stabilized captodative radical.?2

The chiral version is shown in Scheme 17. Thus,
(1R, 3R, 45)-menthyl 2-bromo~ N-f-Boc-glycinate (27)
reacts with cobalt{1t) bis(pentane~2,4-dithionate) (3a) to
afford both diastereoisomers of 28 (70 : 30). The major
one is isolated by crystallization. Reactions of 28 with
hydrazine and with hydroxylamine afford the enantio-
merically pure amino acids after deprotection.??

Scheme 17
o . 0] 0
!
BocNH /U\ . L
cH™ O aH
¢ BocNH COOR"
40% de (R* = l-menthyt)
N-———-NH
|
Me 7 e ' 2 HO
,IIH
HZN/\COOH
29 (S)

i Cofacac),/CHCIl,, 1825 °C

2.2. Catalytic alkylations

The effect of Col! chloride reducing the induction
period of radical-initiated reactions has been previously
mentioned in this review (see Section 2.1.1). In our
continuing effort to improve the methodology we have
studied the direct aikylation of {3-dicarbonyl compounds
using catalytic amounts of cobalt without previous for-
mation of cobalt chelates.23-24 As seen in Table 8 the
corresponding «-substituted products are efficiently ob-
tained through catalysis by cobalt(nr) chloride bis-
(triphenylphosphine) in chloroform and in the presence
of potassium carbonate (Scheme 18).23 The active alkyl
halides are of the same type as those active in radical
initiated alkylations. By analogy we suggest an electron
transfer initiation step due to the radical character and
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Table 8. Cobalt{11) catalyzed atkylation of B-dicarbony! com-
pounds (see Scheme 18)23

Table 9. Comparison between the Co'l catalyzed and the
uncatalyzed alkylations??

Entry R' R? R? t/h  Yield of 2
(%)
| Me Me Ph.CH i 75
2 Me Me Ph(CH;)CH 8 78
3 Me Me 1-(2-Naphtyl)ethyl 3 83
4 Me Me 4-O,NPh(CHy)CH 12 40
5 Me Me PhCH, 4 62
6 Me Me  4-O,NPhCH, 3 61
7 Ph Me Ph,CH 3 39
8 Ph  Ph Ph,CH 3 83
9 Ph  Me Ph(CH;)CH 3 88
10 Ph Ph Ph(CH;CH 4 61
N Me EtO Ph(CH;CH 12 32

redox ability of Coll to clicit a chain mechanism. The
results in Table 9 indicate that the alkylation of
3-diketones and ethyl acetoacetates under these condi-
tions is remarkably accelerated by the presence of
cobalt(i1) chloride bistriphenylphosphine.?3

Scheme 138
o] (0] o] 0]
)]\/U\ CoCl,(PPh,),
R A% R2Br/K,CO,CHCl, & R R3
2
2

Other results that confirm the operation of Co! spe-
cies as intermediates in the radical-initiated mechanism
are shown below. Thus, the reaction of pentane-2,4-dione
with 1-bromo-1t-phenylethane (31) can be catalyzed by
CoCI(PPh;); as efficiently as the Co'! complex does.

O O

o o Br
O
Ph Me Me Ph
31 . 2

i. K,CO4. CHCly, 80 °C, 5 h.

Catalyst 312
— 88/12
CoCl,{PPhs), 1.42/81
CoClIl{PPhjy); 0.52/81

* Relative chromatographic areas of the peaks corresponding
to the starting product 31 and the final product 2.

3. a-Arylation

Arylation of organic compounds is an important
svnthetic goal that attracts considerable attention. Most

Entry R! R} R? t/h Conversion?
Cata- Uncata-
lyzed?  [yzed

{ Me Me PR(CH))CH 5 14/82 76/12

2 Me EtO Ph(CH;)CH 6 6/66 55/9

3 Me Me CHy=CHCH, 35 23/63 49,51

4 Me Me PhCH, 4 3/97 80/20

5 Me Me Ph,CH 2 15/70 81/13

6 Me Me 4-O,NPhCH; 5 0/99 41/57

# Ratios of starting bromide to final product chromatographic
areas. ? In the presence of 0.1 equivalent of CoCl,(PPhy),.

of the methods described for arylating active methylene
compounds are based on halides as leaving groups, the
use of diazonium salts in arylation of §-diketones at a-C
being limited in scope.2s

3.1. The use of Cu complexes

No direct reaction is observed between transition
metal complexes of f-diketones and arylhalides. Thus,
according to the radical-initiated cyclic mechanism we
have proposed, we decided to examine the possibility of
arylating by generating the aryl radical from arene-
diazonium salts and copper powder.

Copper complese: of 2,2.6,6-tetramethylheptanc-
3,5-dione and other B-diketones aftord «-aryl-(3-
diketones (34) when treated with arenediazonium
tetrafluoroborates (33) and copper powder in dichloro-
methane as solvent (Scheme 19).26 Our results are sum-
marized in Table 10. CuBF, and Cu! complexes, the
other suspected reaction products, were not isolated;
their formation is assumed on the basis of the recovery
of half the starting diketone upon work-up.

Scheme 19
@ o
Cu/2 N, Br-4
N
0
Ol het ———CU—-—D
a Zary CH,CL, &
X
32 33
0 0
R! R
(+ CuBF, +

+ CU{R'COCHCOR?))

34
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Table 10. Reactions of Cull complexes (32)
with diazonium salts (33) and Cu powder
(Scheme 19)25

Entry R! R3 X Yield of 34
{%)
| Me Me MeO 21
2 Me Me H 41
3 Me Me Cl 21
4 Me Me NO, 3
5 Me Ph H 21
6 Ph Ph H 35
7 But But H 34
8 Buf Bu! F 31
9 Bu! But Cl 25
10 Bu! Bu! Br 34
! But Bu! NO, 10

A review covering other synthetic applications of

transition metal complexes of B-dicarbonyl compounds
has been recently published by us.28
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