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Abstract : The regioselectivity of the directed orthometalation of tetrasubstituted aromatic N,N- 
diethylamides was found to depend of the ring substituents and of the base used. A dramatic &ect of the 
a&iitive TIUEDA to s-butylkhitun hos been observed which could be explained in terms qf steric bulk. 

Directed otthometalation has become a useful tool for the mgiocontrolled synthesis of highly substi- 

tuted aromatic rings. It consists generally in the preparation of aromatic anions ortho to a directing group such 

as carboxamide. ether, carbamate. etc., using a strong base followed by alkylationl* 2 or introduction of a pro- 

tecting group.3 Formation of the anion occurs generally with a high degree of regioselectivity. Thus, by a care- 

ful choice of the position and the nature of the directing groups, it is possible to select one position among two 

and to achieve the synthesis of polysubstituted aromatics in a highly predictable way. In the course of our pro- 

gramme for the total synthesis of Amatyllidaceaes alkaloids and congenersP* 5 we were faced with the problem 

of synthesis of pentasubstituted aromatic moieties suitable for the formation of benzylic anions. The 

regioselective introduction of a methyl group was planned using directed orthometalation of suitable tertiary 

amides. In this paper we report some of our results which show a dramatic influence of the substituents and of 

the base used in the metalation of aromatic rings having two ortho directing group in paru position. 

Highly substituted N,N-diethylbenzamides 1 and 2 were required for our programme. The preparation 

of 2 was planned via compound 5 which was prepared from piperonylic acid by standard reactions and 

submitted to directed ortho metalation and subsequent alkylation with iodomettutne. The use of s-butyllithium 

as a base gave 90% yield of the expected compound 2 having a methyl group ortho to the amide directing 

group. Identical results in terms of yield and regioselectivity were obtained when TMEDA was added to s- 

butyllitbium prior to addition of the benzamide. 

The preparation of 1 needed first protection at position 2 and was planned via compounds 6 and 3. Di- 

rected ortbometalation of piperonylamide 4 with s-butyllithium gave the expected corresponding anion, oTtho 

to both directing groups, which reacted with trimethylsilylchloride to give the known compound 6.6 
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1 R=H 4 R=H 7 R=SMes 8 R=SiMes,R’=H 
2 R=OMe 5 R=OMe 9 R=SiMes,R’=Me 
3 R=SiMe, 6 R=SiMes 10 R=OMe.R’=H 

11 R=OMe.R’=Me 

Introduction of the methyl group in 6 was attempted using the same procedure, but surprisingly, metalation 

using s-butyllithium followed by alkylation with iodomethane gave a 3/2 mixture of the regioisomers 7 and 3 

as seen from the 1H nmr spectra. In contrast using a TMEDA/s-butyllithium mixture as a base, the major 

product was 3 together with less than 15 % of isomer 7. Identical results were obtained in a less coordinating 

solvent such as a hexaneether mixture. The results am summarized in the Table. 

Table: Ch-thometalation and methylation of tctrasubstituted aromatics 5,6,8 and 10’ 

Entry Starting I&i-Additive Solvent Yield % Pmducts ratio 

1 5 sBuLi or sBuLi-TMEDA THF 

2 6 sBuli 

3 6 sBuLi Hexane-Et20 l/l 

4 6 sBuli then TMEDAa 

5 6 sBuli-TMEDAh 

6 6 sBuLi-Th4EDAc 

7 8 sBuLi-TMEDA 

8 8 sBuLi 

9 10 sBuLi or sBuLi-TMEDA THE 

a) s-BuLi was added to a solution of compound 6, then TMEDA was added. 
b) s-BuLi was added to a solution of the amide and TMRDA. 
c) The amide was added to a solution of s-BuLi and TMEDA. 

90 Z(100) - 

88 3 (40) 7 (60) 

78 3 (30) 7 (70) 

87 3 (40) 7 WV 

81 3 (83) 7 (17) 

90 3 (85) 7 (IS) 

90 9(100) - 

90 9(100) - 

70 11(100) - 

The methylation of compound 8 using s-butyllithium-TMEDA has been reported recently by 

Snieckus et aI. Our above mentioned results, prompted us to examine compound 8 in the ortho metalation 

using s-butyllithium alone. However, the same result was obtained as in the presence of TMFDA: 9 was 

isolated in 90 96 yield. In this case, despite the presence of the trimethylsilyl group at C-2, metalatlon occurs 

only at C-6 whatever base is used. Finally, the trimethoxy derivative 10 was also metalated using s- 
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butyllithium and then methylated to provide the expected amide 11. The observed mgioselectivities in the 

n~~tions of substrates !I,68 and 10 with the differents bases are summatised in the graphical abstract. 

It seems that the differences observed between the different compounds could be related to the 

presence of a ttimethylsilyl group at the aromatic ring, but also to the presence of the additive TMEDA in the 

anion generation. It is likely that H-5 and H-6 have approximately the same acidity in compounds 5 and 6, thus 

steric hindrance could be taken into account. In compound 6, the presence of the sterically demanding 

nimethylsilyl group at C-2 probably induces a change in steric surrounding of H-6 by modifying the 

conformation around the amide bond. Evidences for such conformational effects were obtained from nOe 

measurements on compounds 5 and 6. A nOe effect (2%) is detected between one of the aromatic protons, 

probably H-6, and the CH2 group of the NEt2 moiety in compound 6. It thus may be concluded that the H-6 

proton is relatively close to the NEt2 group and consequently hindered by this bulky substituent. Thus, kinetic 

deprotonation occurs mainly at C-5. One of the possible consequences is also that the carbonyl group cannot 

assume the most favourable orientation required for complexation with the base thus lowering the ortho 

directing effect. This is not the case when a smaller methoxy group is present at C-2, as in compound 5. where 

metalation occurs ortho to the most powerful directing group (CONEt2). No significant nOe can be detected 

between H-6 and NEt2 in compound 5. Concerning the amide 8. the results could also be rationalized in tetms 

of steric hindrance. In this case, the methoxy group at C-4 adopts a conformation which overcrowds the H-5 

proton, as confirmed again by nmr techniques which show an important nOe (6.7%) between H-S and the Me0 

group. As a consequence, deprotonation at C-6 becomes easier than at C-5 and the ortho directing effect could 

take place. The same explanation holds for compound 10. 

Despite of a number of reported examples of metalation in the presence of TMEDA, its role is not yet 

clearly defined as recently summarized by Collum. * In our work, the modification observed in the abstraction 

of a sterically hindered proton orrho to a strong ditecting group could be interpretated as follows: when s-butyl- 

lithium is used as the base, abstraction of the less hindered proton assisted by the ether art/w directing group is 

preferred, because of the bulky polymeric structure (tetra -or hexameric) of s-butyllithium.9* 10 Upon addition 

of TMEDA the polymeric structure of s-butyllithium likely changes to a dimeric structure including 

TMEDA.*t* l* This base is then less sterically demanding and preferential abstraction of the more hindered 

proton occurs assisted by the tertiary amide on/w directing group. l3 One may conclude from this study that in 

most cases TMEDA might be unnecessary to perform ortbolithiation except when a sterically hindered proton 

is concerned. One role of TMEDA should be the deaggregation of the alkyllithium species even in strongly 

coordinating solvents such as THF thereby increasing the efficiency of the base toward hindered protons.14 
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