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Some transition metal complexes of !3-dicarbonyl compounds react with electrophites 
at a-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 ditTerent 
reaction conditions are also relevant from a synthetic point of view. 
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1. Introduction 

The ct-alkylation of 13-dicarbonyl compounds is an 
important C--C bond-forming reaction.l With the aid of 
a stoichiometric amount of a strong base the 13-dicarbonyl 
compound is converted into an enolate, which under- 
goes S,q2 reactions with appropriate alkyl halides or 
tosylates. Unfortunately on ly  methyl, allyl, benzyl and 
some other primary halicles afford reasonable yields. 
Some of the ?roble'ns usually found are the lack of 
regiospecificity (C vs. O atkylation), dialkylation pro- 
cesses, and the limitation to starting material or final 
products not sensitive to the basis media, z 

However, some t r ans i t i on  metal complexes of 
I~-dicarbonyl compounds react with carbon electrophites 
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 
~-dicarbonyl compounds in synthetic organic methodol- 
ogy (for C--C bond formation) including some interest- 
mg mechanistic aspects. 

2. ~-Alkylat ion 

2. I. AIkylations stoichiometric in metal 

Transition metal complexes of 13-dicarbonyl com- 
pounds and their solutions are neutral in the Bronsted 
sense, their solubility in organic solvents being signifi- 
cam. This provides the required conditions for alkyla- 
tio~s with sensitive alkyl halides. 

2.1.1. The use olin7, Co, Cu, and Zn complexes. A dual 
mechanistic pathway. The Ni II complexes of some {3- 
dicarbonyl compounds (1) react with aIkyl halides to 
afford c~-alkylation products (2) )  -5  The reactions are 
carried out in hot DMF which gives better results than 
CHCI~, CH_~CN or DMSO. As shown in Table 1 benzylic 

(entries 1--7), atlylic (entries 9 - -1  I) and ~z-carbonylic 
halides (entries 12, 13) are active and  give moderate to 
good yields of condensation products .  Even us ing  
chloroacetone (entry 13), an alkyl halide very sensitive to 
basic media, the reaction proceeds with moderate yield. 
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We postulated 4 a mechanism in which meta l - -ha lo-  
gen coordination helps both oxygen- -meta l  and car- 
bon--halogen cleavage to occur (Scheme 2). 
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Table  I. Reactions of Ni II complexes of [~-dicarbonvl com- 
pounds with alkyl halides (1) (see Scheme l) 

Table  2. Reactions Co(acac) 2 (3at  with alkyl halides (see 
Scheme 3) 

Entry. Corn- R--X Yield of :2 Ref. Entry, R--X Condi- Yield Ref. 
pound (%) tions of 2 (%) 

l la PhCH2Br 69 3. 4 I PhCH2Br a 
2 ib PhCH2Br 17 4 2 4-MeOPhCH2Br '~ 
3 le PhCH2Br 35 4 3 4-O2NPhCH2Br a 
4 ld PhCH2Br 61 4 4 Ph2CHBr a 
5 le PhCH2Br -- 4 5 Ph3CCI a 
6 la PhCH2CI 32 3, 4 6 PhCH(Me)Br a 
7 la 4-O2N PhCH2CI 18 4 7 PhC(Me)2Br -20 ~ 
8 la PhCH(Me)Br  3 4 8 Me2C=CCH:CI a 
9 la MeOCOCH=CHCH2Br  65 3 ,4  9 (MeCOO)2CHCH=CHCH2Br  90 ~ 
I0 la MeOCOCH=C(Me)CH2Br  54 4 I0 3-Bromocyclohexene I00 ~ 
ll  la (MeCOO)2CH=CHCH:Br  53 4. 5 II MeCH(Br)CH=CHMe 100 ~ 
12 la MeOCOCH2Br 53 3. 4 12 1-Bromoadamantane (4)  b 
13 la MeCOCH,CI  30 3, 4 13 2-Bromoadamantane c 
14 la HC---CCH2Br 22 4 14 Me3CBr a 
[5 la n-C3HTI 8 3 .4  15 Me3CI 100 ~ 
16 la n-CaHgBr 17 3, 4 t6 9-Bromofluorene (5) a 
17 la n-CgHI7Br 8 4 17 6 e 80 ~ 
18 i a  n-Ci6H33Br 4 4 18 7g 120 ~ 
19 la Me2CH Br -- 4 19 8 i 100 ~ 

P e n t a n e - 2 , 4 - d i o n e  can  be C-a lky la ted  with a large 
n u m b e r  of  alkyl ha l ides  t h r o u g h  its Co It complex  (3at  
( S c h e m e  3). s - I ~  

S c h e m e  3 

C o / .  

0 0 
I 

M e ~ j , , . . ~  Me + R--X CHCl3~ 

3 a  
0 0 

) Me Me (+ 1/2COX2) 

R 

53 5 
88 6 

6 6 
97 5 
29 5 
94 5 
14 5 
76 5 

8 5 
75 9 
58 9 
8t 6 , 7  
21 9 

4 5 
15 9 

d 8 
9O/ I0 
71 h 10 
88/ I0 

a Refluxing. b In refluxin8 ch lorobenzene ,  c [n l , l ,2 ,2- te t ra-  
chloroethane at 185 ~ d Not disclosed, e Cis/trans = 25 : 75; 
f cis/trans = 15 : 85; ~ cis/traas = 46 : 54; h cis/trans = 
18 : 82; i 8 a / 8 b  = 40 : 60; J a / b  = 56 : 44. 

C} 

Me 

6 :  X = Br 8~=: X = C l ,  Y = N O  2 

7 :  X = CI 813: X = e l .  Y = C] 

The same procedure ( S c h e m e  4) can be a p p l i e d  to 
C o  m and Z n  II a ce ty l ace tona t e s ,  wh ich  show a r eac t iv i ty  
s imi la r  to tha t  of  Co Il ( T a b l e  3). 5 -7  

This  suggests a similar m e c h a n i s t i c  pathway for  the  
t h r ee  complexes .  C o o r d i n a t i v e l y  sa turated c o m p l e x e s  
Co(acac)3  and Zn(acac)  2 c a n  ac t  as Lewis acids ac t iva t -  
ing the halide,  if they p r e v i o u s l y  lose at least o n e  l igand. 

The  use of  C H C I  3 as so lven t  avoids all side react ions  
caused by D M F  ( n u c l e o p h i l i c  solvent)  with a corre-  
sponding  i m p r o v e m e n t  ill reac t ion  yields (Table 2). In 
our  initial s tudies  we rea l ized  that  a lmost  all the  suc- 
cessfully tes ted alkyt ha l ides  have  the  c o m m o n  feature of  
being precursors  of  s t ab i l i zed  c a r b e n i u m  ions. Thus ,  our 
m e t h o d  in t roduces  c l e a r  advan tages  over the classical 
me thods  for S?r act ive hal ides ,  p - M e t h o x y b e n z y l  bro- 
mide (p recu r so r  of a s t ab i l i zed  ca rben ium ion) reacts 
easily with Co(acac )  2 (Tab le  2, en t ry  21, whereas  p- 
n i t robenzyl  b r o m i d e  is near ly  inert  (en t ry  3). Entry. 7 
deserves pa r t i cu la r  m e n t i o n i n g  s ince a l though  2 - b r o m o -  
2 - p h c n y l p r o p a n e  s p o n t a n e o u s l y  looses hydrogen bro- 
mide,  tile yield or" the f inal  p roduc t  is still significant.  

.M/~ 
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I r 

M e J ~ , . ~ r  Me 

3 a :  M = Co n 
3 b :  M = Co ill 
30" M = Z n  1I 

S c h e m e  4 

'-'- R--X R--X 
CHCI3, ~. 
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(+ 1/n MXn) 
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Table 3. Yields of  alkylation products (2) using different 
metal complexes 3a--c (see Scheme 4) 

Entry, R--X Yield of 2 (%) Ref. 

Co(acac)2 Co(acac)3 Zn(acac), 

[ PhCH~Br 53 59 65 5, 6 
2 4-McOPhCH2Br 88 77 a 6 
3 4-O~NPhCH,Br 6 0 0 6 
4 Ph~(~HBr 97 96 87 6 
5 Ph3CCI 29 a 18 5, 6 
6 PhCH(Me)Br 75 58 61 6 
7 4 81/5 a 75 b 6. 7 

a Not performed, b In refiuxing chlorobenzene. 

The extension of the CoU-based alkylation method 
to the complexes of several diketones is described in 
Table 4 and Scheme 5. 

Scheme 6 
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Table  4, Reactions of C O  Il 
13-dicarbonyl compounds (ga--e) 
adamantane (see Scheme 5) 

complexes of 
with l-bromo- 

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

I 9a = 3a 2a 81 6. 7 
9b 2b 89 6. 7 

3 9c 2c 80 6, 7 
4 9d 2d 31 7 

9e 2e 38 6, 7 

In spite of the low reactivity of I-bromoadamantane 
(4) in substitution reactions, tile alkylation reaction 
gives excellent results (Table 4). 63 

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

It should be noted that some of the [3-diketones so 
prepared.are sterically hindered (Scheme 7). 6.8 

It is clear that this methodology offers clear advan- 
tages over the classical methods for active S.v I halides 

Scheme 7 
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and for others such as 4 and 5. These reactions carr ied 
out in relatively dilute solutions do not show any sens i -  
tivity to the presence of radical scavengers, 6 and their  
general features as well as the ha l ides  involved suggest a 
non-radical pathway with act ivat ion by the cobalt spe- 
cies as Lewis acid. 

An improvement of the or iginal  method is related to 
the elucidation of an alternative mechanism triggered 
under certain experimental condi t ions .  The procedure 
consists in carrying out the reac t ions  under high con-  
centration conditions or simply evaporating the solvent  
at 120 ~ fScheme 8). 9 This gives very fast reactions tl 
and some halides, unreactive u n d e r  the conditions pre- 
viously reported, gave now g o o d  condensation yields 
(entry 1 ofTabte 5 as compared with entry 3 of Table  2). 

The kinetic behavior of these  reactions at high con-  
centration conditions show, tbr different alkylating agents, 
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Scheme 8 Scheme 9 
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Table 5. Reactions of alkyl hatides (3a) with Co(acac)2 using 
high concentration conditions (see Scheme 8) 

Entry R--X v/rain" Yield of 2 
(%) 

1 4-O2N PhCI-|2Br 90 72 
2 4-O2NPhCH2C1 60 0 
3 PhCH~Br 1.5 89 
4 4-Me(SPhCH~Br 12 87 
5 Me2C=CH2Br 2 66 
6 PhCH(CH3)Br 6 65 
7 4 24O 68 

" r is the duration of the reaction. 
Note, Standard conditions: A round-bottomed flask, without 
reflux condenser, containing Co(acac)2 (I retool), alkyl halide 
(2 retool), and chloroform f2 mL) was introduced in an oil 
bath at 120 ~ 

an induct ion period that  is reduced at higher concentra-  
tions. Once the react ion starts, they are almost instanta- 
neous, at least up to 50% conversion,  suggesting a chain 

(acac)2Co H + 2 RX ~ 2 acacR 4- Coax2 
(induction period) 

Co[IX2 +- RX -4. R' - CoIRx3 
(inner sphere electron transfer) 

R" + (acac)2Co i( ~ (acac)2OolllR 

( i )  

(2) 

(3) 

reaction. The induction per iod  is reduced in t h e  pres- 
ence  of  CoCI 2 (autocatalyzed react ion) ,  and t ree  radi- 
cals are only present at the  in i t ia t ion steps (galvinoxyl  
increases the induction per iod bu t  the process is a lmost  
instantaneous once elicited).  T h e  isolation o f  radical 
dimers supports the conc lus ion  that free radicals  are 
present. Our experiments i n d i c a t e  that the react ion r-ate 
is ve~'  sensitive to the leaving group  (1 > Br > CI > OAc 
> OH).  All data referred to the  ini t iat ion steps Iz can  be 
accommoda ted  to Scheme 9. [t includes a slow first step 
(perhaps responsible for the i n d u c t i o n  period) that  would 
produce ColIN 2 species, w h i c h  induces  an inner  sphere 
e lec t ron transfer only possible wi th  halides as leaving 
groups. These initiation steps p roduce  an a lkylcobal t (m) 
complex  that would start t he  chain .  

As we have commented ,  e x p e r i m e n t s  with galvinoxyl  
indicate that no alkyl free rad ica ls  are present in the 
propagation cycle. The a b s e n c e  of  cyclized a lkyla t ion  
products  in experiments w i th  cycl izable  probes (radical  
clocks) also suggest the s a m e  hypothesis.  Therefore ,  we 
have proposed Iz a chain p rocess  based on cobalt "s abil- 
ity to undergo redox processes  between the C o  ~ and 
Co  HI states, including ox ida t ive  addition and rcdt ic t ive  
e l iminat ion steps. The c h a i n  propagation s equence  is 
shown in Scheme I0. 

Scheme I0 

[" (acac)2ComR = acacR4" acacCol "~1 
acacCo I -~ R--X ~ acacCoUlXR ~" Cycle 1 

i acacComXR + (acac)2CoIi --- (acae).,Co mR * aoacCo uX 
t,. 

~ acacComXR 4- acacCoilX = (acac)2ComR + CollX 2 
(acac)TCoU.IR ~ a e a c R *  acacCo I ~ Cycle 2 

~. acacCo [ ~- R--X ~ acacComXR j 

a c a c R  ,/(acac)2C~ ~ '  
" N ~  Coil x 

acicCo' Cycle2 L 

--7 " ( a c a c } C ~  1 Cycle 1 acacCo r 

(acac)2Coa ~ X , ~ ( a c a c ) C o m X R , ~ / ~ " ~ - "  R---X 
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(acac)2Co 

Scheme 11 

Na/Hg Im [ ( a c a c ) 2 C o l  ] - PhCH2Br -_ 

O O 

~ 2  Me 

= (acac)2conlR 4- X- 

acacCo ~ ~ acacR 

acacComXR 

[(acac)~Col] - ~- R--X 

(acac)2Con]R 

acacCo i ,- R--X 

Our experiments show that these reactions can be 
carried out using anionic Co I complexes independently 
generated. These results confirm the operation of Co 1 
species as intermediates. Thus,  Co(acac) 2 is reduced 
with sodium amalgam and the resulting [Co(acac)2]- 
reacts with benzyl bromide to afford 3-benzylpentane- 
2,4-dione (Scheme II). lz 

The yield obtained in this experiment (32%) suggests 
that only the (acac) unit was constimed. Following our 
model (Scheme I1) is seems that the cobalt ends as 
(acac)CoXR, a complex relatively inert to reductive 
el iminat ion This could explain the t:act that in some 
cases the first (acac) unit is consumed t;aster (lst Cycle, 
Scheme 10) than the second (2nd Cycle, Scheme t0). 

2.1.2. The use of Cu complexes. Preparation of se- 
verely hindered ~-diketones. We propose that Co Ill spe- 
cies are intermediates in the mechanism of cobalt medi- 
ated C-alkylations. Since C o  ill species are also known 13 
and Cu is two places away from Co in the periodic table, 
of ~-diketones we could expect  similar behavior for both 
metals. Culi complexes are easily accessible, but more 
stable and quite inert toward alkylating agents so they 
have been rather used to protect interearbonyl posi- 
tions, t4,1s Nevertheless, Cu  II [3-diketonates are also ex- 
cellent alkyladon stibstr"ates (Scheme 12, Table 6) and 
react with alkyl bromides t inder  high concentration con- 
ditions 14,16-1s (by radical-init iated mechanism) to give 
highly congested ~-diketones such as 2h and 2i, which 
have two contiguous q u a t e r n a ~  centers, and hindered 
[~-diketone 2j. 

0 0 Me e 
Me Me 

2h: R = Me 
2i: R = Et 2j 

Scheme 12 

C.ul 2 

0 "~ '0 

R ~ R a  -~ X--R 

1 0 a - - e  

l O a :  R ~ = R 2 = R 3 = M e  
lob:  R I = R 3 =  M e ; R  2 =  Et  
1 0 c :  R 1 : R 2 = Me, R 3 = Ph 
lOd:  R ~ = R 3= Bui;R 2=  H 
l O e :  R ~ = R 3 = M e ; R  2 =  H 

CHCI3 
v 

O O 

R ~ R 3 (+ 1/2CuBr 2) 
R 2z ~'Iq 

2 

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

Ent~ Com- X--R T[~ Yield Rcf. 
pound 2 (%) 

l 10a BrCH2Ph 100~115 

2 101 BrCHPh~ 100--115 

3 10a BrCH2CH=CH2 100--115 

4 10a 3-Bromocyclohexene 50 

5 10a 4 100--115 

6 lob 4 I00 

7 10a 5 100--115 

8 10c BrCH~Ph 100--115 

9 10c BrCHPh 2 I00--115 

lO lOc BrCH2CH=CH 2 100--115 

11 10e 4 I00--I15 

12 lOe 5 100--ll5 

13 10d 4 160 

14 10e BrCHPh 2 * 

80 16, 17 

44 [6, 17 

88 16, 17 

56 18 

25 16, 17 
(2h) 

31 16 
(2i) 

65 16. 17 

43 16, 17 

76 16, 17 

3O 16. 17 

I 16, 17 

30 16, 17 

31 17 
(2j)  

77 14 

" Refluxing. 

Copper(zI) bromide, the o t h e r  product of the reac- 
tion (Scheme 12), isitselfa brora l inat ingagent  for acti- 
vated positions such as in tercarbonyl ic  methane groups. 
This imposes a limitation when u s i n g  Cu ii 13-diketonates 
19 in alkytation reactions ( en t r i e s  13, 14 in Table  6). 
No such limitation exists for t h e  Co II complexes since 
cobalt(ll) halides are not halogelaating agents. 

2.1.3. Regioselective alkylation of  polyketide model  
through activation and protection by Co and by Cu. 
Regioselective useful alkylations o f  poly-[3-carbonyl com- 
pounds are still a synthetic cha l l enge .  The presence of 
more than one activated positiorl with protons of similar 



c~-Alkylation and cz-arylation of lbdicarbonyl compounds Russ.C hem.Bull., Vol. 46, No. 3. March. 1997 403 

Scheme ! 3 
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2) X-.,R 

!3) H3o- 

O O O 

16 

ceu iPhH, A 

OH 

14  17 

R : Ph2CH--; Me2C=CHCH2--; 
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PhCH2--; MeOCOCH 2-  

acidity renders the synthet ic  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 C o  II and Cu II complexes, respectively 
(Scheme 13). 14 Regioselective atkytation on Co II corn- 

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 conven t iona l  conditions produce 
diketoesters 16 which can be cyclized to 3-alkyl-4-hy- 
droxy-6-methyl-pyrones (17). 

Apparently, the Co II and Cu  II complexes of  p-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 alkylations 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 react ion with benzhydryl bro- 
mide at C-4 due to activation of this position by the 
metal (Scheme 14). In fact, Cu protects the inter- 
carbonylic C-4 position in S v 2 type reactions and  both 
Co and Cu activate the same C - 4  toward radical-orga- 
nometallic type alkylations. 

Allylations of active posi t ions under palladium ca- 
talysis constitute a powerful carbon--carbon b o n d  for- 
mation method. Thus, we applied combined cobal t - -  
palladium and copper- -pa l ladium 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) 15 

Entr7 R--OAt T/"C h/h Yield (%) 
(or R--OCOOEt) 16 21 

I (E)-PhCH=CHCH2 - 75 19 I 7 50 
2 2-Cyclohexen- I-yl 80 17 89 0 
3 (E)-MeCH=CHCH(Me)-- 75--79 17 72 0 
4 Me~C=CHCH(Me) - 80--95 27 8 33 
5 Me2C=CHCH2-- 70 5 25 33 

Note. Standard conditions: To a mixture of Nai l  and 15 is 
added a solution of R--OAc, Pd(dba) 2, and PPh 3. Molar 
ratio of reagents: 15 : N a i l  : R--OAc : Pd : PPh 3 = 
I : 2 : 2 : 0.02 : 0.2. 

Scheme 14 
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O O O 

15 
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19 
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Scheme 15 

OLd/' 2 # . 
O O O 

15 

l i 
0 0 0 O 0 0 

" ~ ~ R  OMe + / [ ~ ~ R  ~ OMe 

16 21 

i. 1) NaN; 2) R--OAc (or R--OCOOEt), Pd(dba)2/PPh 3. 

system methyl 3 ,5-dioxohexanoate  (11). Is Copper0I) 
complex 15 is sequentially t reated with sodium hydride 
and with the corresponding allylic acetate under palla- 
dium catalysis to give good yields of allylation products 
16 and 21 from reg iose l ec t ive  al lylat ion at C-2  
(Scheme 15, Table 7). The  reactions are successful with 
primary (entries I and 5) as well as with secondary 
acetates or carbonates (entr ies  2--4). Initial results indi- 
cate that cobal t00 complex can be also useful. 

2.1.4. Induction 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 
carbo'n radical, R ' ,  is t o rmed  and a propagation in 
which organometallic in termedia tes  play a key role. 
Therefore, alkyl halides forming stabilized captodative 
radicals ought to be good alkylat ing agents. 

Scheme 16 
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Glycine derivatives, both e l e c t roph i l i c  and nuc l eo -  
philic at the central carbon a t o m ,  a re  broadly used for 
amino acids prepamtionfl ~ However ,  radical synthons of  
glycine derivatives have been s e l d o m  used. z~ 

The N-Boc-2-bromoglycine der iva t ive  22 reacts with 
Co jl complexes of t3-dicarbonyl compounds  to afford 
compounds 23 and 24 which a rc  fur ther  converted into 
f ive-membered heterocyctic a m i n o  acids (Scheme [6). 
We proposed the formation of a radica l -organometa l l ic  
glycine synthon, using 2 -bromoglyc ine  derivatives as a 
source of the stabilized captodat ive radical, zz 

The chiral version is shown in Scheme 17. Thus ,  
(1 R, 3R, 4S)-menthyl  2 -bromo-N- t -Boc-g lyc ina te  (27) 
reacts with cobalt(ll) b is(pentane-2,4-di thionate)  (3a)  to 
afford both di~tereoisomers of 2 8  (70 : 30). The ma jo r  
one is isolated by crystallization. React ions  of 28 with 
hydrazine and with hydroxylamine afford the enan t io -  
mericalIy pure amino acids a l te r  deprotect ion,  zz 

Scheme 17 
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2.2. Catalytic alkylations 

The effect of Co II chloride reducing the induct ion  
period of radical-initiated r e a c t i o n s  has been previously 
mentioned in this review (see Sect ion 2.1.1). In our 
continuing effort to improve t h e  methodology we have 
studied the direc~ alkylafion of" [3-dicarbonyl compounds  
using catalytic anaounts of c o b a l t  without previous tbr- 
marion of cobalt chelates. 23"24 As  seen in Table 8 the 
corresponding r~-substituted p r o d u c t s  are efficiently ob- 
ta ined through catalysis by c o b a l t ( u )  chlor ide  bis- 
( tr iphenylphosphine) in c h l o r o f o r m  and in the presence  
of potassium carbonate ( S c h e m e  18). z3 The active alkyl 
halides are of the same type a s  those active in radical  
initiated alkylations. By a n a l o g y  we suggest an e lec t ron  
transfer initiation step due to t h e  radical character  and 
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Table 8. Cobalt(u) catalyzed atkylation of 13-dicarbonyt com- 
pounds (see Scheme 18) 23 

Table 9. Comparison between the Co II catalyzed and the 
uncatalyzed alkylations z3 

Entry R I R 3 R 2 r/h Yield of2 Entry. R t R 3 R 2 ~/h Conversion a 

(%) Cata- Uncata-  

1 Me Me Ph ,CH l 75 lyzed b lyzed 
2 Me Me Ph('CH3)CH 8 78 
3 Me Me l-(2-Naphtyl)ethyl 3 83 
4 Me Me 4-O2NPh(CHs)CH 12 40 
5 Me Me PhCH 2 4 62 
6 Me Me 4-O2N PhCH 2 3 6I 
7 Ph Me Ph2CH 3 89 
8 Ph Ph Ph2CH 3 83 
9 Ph Me Ph(CHs)CH 3 88 
10 Ph Ph Ph(CH3)CH 4 61 
11 Me EtO Ph(CH3)CH 12 52 

redox ability of  Co  II to elicit  a chain mechanism.  The 
results in Table  9 ind ica t e  that the a lkylat ion of  
[3-diketones and ethyl acetoaceta tes  under these condi-  
tions is remarkably  acce le ra ted  by the presence of  
cobalt(u) chloride b is t r iphenylphosphine ,  z3 

Scheme  18 

o O o o 
0oC12( PPh:t)2 ~" @2 

R! ~ J J V ~ R 3  R2Br/K2Coa/CHcI3 ' & R 1 R 3 

Other  results that  conf i rm the operation of Co I spe- 
cies as in termediates  in the radical- ini t iated mechanism 
are shown below. Thus,  the reaction of  pentane-2,4-dione 
with l - b r o m o - l - p h e n y l e t h a n e  (31) can be catalyzed by 
CoCI(PPh3)  3 as eff icient ly as the Co II complex does. 

0 0 

0 0 Br , M e ~ p  h 
. , , . Q ~  + p h . , ~ M e  = 

31 2 

i. K2CO 3, CHCI 3, 80 =C, 5 h. 

Catalyst 31/2" 
- 88 /12  
CoCI2(PPh3) 2 1.42/81 
CoCIIPPh3) 3 0.52/81 

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

3. c~-Arylation 

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

[ Me Me Ph(CH3)CH 5 14/82 76/12 
2 Me EtO Ph(CHs)CH 6 6/66 55/9 
3 Me Me CH2=CHCH 2 5 23/63 49/'51 
4 Me Me PhCH 2 4 3/97 80/20 
5 Me Me Ph,CH 2 t5/70 81/13 
6 Me Me 4-O2NPhCH 2 5 0/'99 41/57 

a Ratios of starting bromide to final product chromatographic 
areas, h In the presence of 0_I equivalent of CoCI2(PPh3) 2. 

o f  the methods described for  aryla t ing active m e t h y l e n e  
compounds  are based on ha l ides  as leaving g roups ,  the 
use of  d iazonium salts in a r y l a t i o n  of  [3-diketones at ct-C 
being limited in scope, zs 

3.1. The use o f  Cu complexes 

No direct reaction is obse rved  between t rans i t ion  
metal  complexes of 13-diketones and arylhalides. Thus,  
according to the radica l - in i t ia ted  cyclic m e c h a n i s m  we 
have proposed, we decided to  e x a m i n e  the possibi l i ty  of 
arylating by generating t h e  aryl radical from arene-  
diazonium salts and copper  powder .  

Copper  comptexe;  of  2 , 2 , 6 , 6 - t e t r ame thy lhep t ane -  
3 , 5 - d i o n e  arid other  {3-d ike tones  afford ct-aryl-~3- 
d ike tones  (34) when t r e a t e d  with a r e n e d i a z o n i u m  
tetrafluoroborates (33) and c o p p e r  powder in d i c h l o r o -  
methane  as solvent (Scheme  19). z6 Our results a r e  sum-  
marized in Table 10. C u B F  4 and  Cu I complexes ,  the 
o ther  suspected reaction p roduc t s ,  were not isolated;  
the i r  formation is assumed on the  basis of the recovery  
o f  half the starting diketone upon  work-up. 

S c h e m e  19 
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Table 10, Reactions of  Cu II complexes (32) 
with diazonit,m salts (33) and Cu powder 
(Scheme 19) z5 

Ent~" R t R 3 X Yield of 34 
(%) 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
[ 

Me Me MeO 21 
Me Me H 41 
Me Me CI 21 
Me Me NO~ 38 
Me Ph H 21 
Ph Ph H 35 
Bu t Bu t H 34 
Btl t BU t F 3 I 
Bts t Bu t CI 25 
Bu ~ Bu I Br 34 
Btli BII t NO~ 10 

A review cover ing  o t h e r  syn the t i c  appl icat ions  of 
t rans i t ion  metal  c o m p l e x e s  o f  [3-dicarbonyl c o m p o u n d s  
has been  recent ly  pub l i shed  by  us. z6 
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