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Abstract: Healing 3- or 4-acetyl pyridine with alkenes in toluene in the presence of 5-10mo1% of 
RulI2CO(PPh3) 3 ",fffixdcd the mono- or a mixture of mono- and di-alkylaw.d products in good yield. 
Alkylation of acctylindole derivatives was also achieved with similar efficiency. 
© 1997 Elsevier Science Ltd. 

Reactions of transition metal complexes in which an organic ligand undergoes intramolecular metaUafion 

with formation of metal-carbon o-bond to form (1) (Scheme  1) are known as a cyclometallation reactions.I 

These reactions, discovered over thirty years ago, 2 have been intensively investigated in the last three decades. 

Much work on the preparation and characterisation of the cyclometallated complexes of type (1) has been 

published 3 and the high level of interest reflects the potential synthetic applicability of cyclometallated 

complexes. 4 Various interesting catalytic reactions have been reported which from the point of view of synthetic 

organic chemistry have limited applicability. 5 Recently, more robust processes have been discovered which 

employ ruthenitnu 6 and rhodium 7 catalyscd cascade cyclometallation-C - C bond formation (Scheme  1, M= 

Rtt, Rh). As a pan of our ongoing interest 8 in transition metal catalysed Friedel-Crafts type reactions, we were 

interested in applying this new methodology to the alkyhttion of heterocycli¢ compounds. 
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(I) 

Sche tne  1 

Initial work was centred on the alkylation of the pyridine ring. It was expected that transition metal 

catalysed alkylation would give some advantages over the existing methods that normally require strong 

nucleophiles, such as RMgX or RLi, or produce a mixture of products. 9 The results are shown in Scheme  2 

and Tab le  1, Heating 3-acetyl pyridine and excess of an alkene in toluene in the presence of RuH2CO(PPh3)3 

(5mo1%) produced the expected product in moderate to good yield. The use of 1-octene (Tab le  1, entry 1) did 

not prove to be efficient due to competitive double bond isomerisation in the presence of catalyst, forming less 

reactive internal alkenes. Alkene isomerisation can be avoided by using alkenes without an ¢x - C-H bond, as 

demonstrated by the case of 3,3-dimethylbutane (Tab le  1, entry 2). Silicon substituted alkenes, as already 
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demonstrated, 6 proved to be nmch more efficient producing a mixture of mono (4)- and di-alkylated (5)  

products (Tab le  1, entries 3 and 4) regioselectively and in good yield.  The monoalkylated product at the 2- 

position of  the pyridine ring was not observed showing that dialkylated product (5) was formed by further 

alkylation of (4) and indicating higher reactivity of the 4-H. 

0 

0 + 

(2) (3) a. R= n-C61t13 
b. R= t-Bu 
c. R= Si(OEt3) 
d. R= SiMe 3 
e. R= Cil2SiMe 3 

(4) (5) 

S c h e m e  2 

"Fable I a 

entry alkene (2) : (3) yield (%)b (4) yield (%)b (5) 

1 (3a) 1 : 4 11 

2 (3b) 1 : 4 50(>80) c 

3 (3c) 1 : 3 56 

4 (3d) 1 : 3 45 

5 (3e) i : 3 40(>80) ¢ 

7 

31 

a 5mo1% of the catalyst, reaction time 24-40h, b isolated yields, c yield based on recovered starting material 

Similarly, 4-acetyl pyridine (6) under the same conditions but with 10tool% of the catalyst afforded mixture of 

mono (7)- and di-alkylated (8) products in 60 and 9% yield respectively (Scheme 3). 

~_./si(ol,:t)3 Rull2CO(PPh3) 3 Si(OEt)3 (EtO)3Si Si(OEt)3 
+ ~ ID + 

(3b) toluene 

(6) (7) 6O% (8) 9% 

S c h e m e  3 

Attempts to use 2-acetyl pyridine as a substrate and (3c) as an alkylating reagent in this reaction failed 

probably due to (9) acting as bidentate ligand forming (10) and so preventing insertion of the metal into the ¢x 

C-H bond and further reaction with an alkene. 

(9) 
(10) 

We also briefly investigated the regioselectivety of the Ru-catalysed alkylation of 3-benzoylpyridine (11) .  

The reaction of (11) and (3b)  (1.1 equivalent) in [×~iling toluene in the presence of 10mol% of the catalyst 
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afforded (12) in 48% yield accompanied by an inseparable mixture of di- and tri-alkylated products (NMR and 

mass spectra). These results indicate higher reactivity of the more electron deficient pyridine C-H bond. 

Si(OEt)3 

o 

Si(OEt)3 Rutt2CO(PPh3)3 
+ ~" s o m e  o t h e r  p r o d u c t s  

(3b) toluene + 

( i t )  
(12) 48% 

Scheme 4 

It was also demonstrated that (EtO)3Si substituent in (4c) could be oxidatively removed using standard 

conditions 10 to afforded (13) in 43% yield (Scheme 5). 

l l202,  NalICO3 

Tt lF ,  M e O | /  
43% 

(4c) (13) 

S c h e m e  5 

Similar efficiency was also observed in alkylation of the indole ring (Scheme 6). The only requirement 

was the presence of an N-protecting group since the free N-H deactivated the catalyst. All reactions were 

performed under simil~u" conditions with 10tool% of RuH2CO(PPh3) 3 affording products (15b-d) in good 

yield. The reaction was shown to be regiospecific producing only the product of the aikylation of the pyrrole 

ring. This can be explained in terms of fommtion of the more favoured five-membered transition state 3 

involving insertion of the metal into the pyrrole C-H bond, as opposed to the six-membered transition state if the 

benzene C-It bond is cleaved in the reaction. Mural et al. have been reported similar alkylation of 2-acetyl 

derivatives of thiophene, fllran and pynole and also an example of regiospecific alkylation of 3- 

acetylthiophene.6, 11 

~ / S i ( O E t ) 3  RuHzCO(PPh3)3 

N toluene Si(OEt)3 

R R 

( 1 4 ) a . R  = It (15) a . R  = H 0% 
b . R  = M e  b . R =  Me 76% 
c. R = CII2Ph c. R = CH2Ph 66% 
d. R = SO2Ph-p-Me d. R = SO2Ph-p-Me 54% 

Scheme 6 
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