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LITHIUM DIISOPROPYL&fIDE AS BASE, NUCLEOPHILE AND FLECTRON TRANSFER REAGENT 
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In a preceding communication we reported that the alkylation/silylation of 2-butynoic acid 

(tetrolic acid) could be regiospecifically controlled by choice of strong base to produce a or 

y-alkylation products. In the immediately preceding communcation related 2-alkynoic acids were 

found to undergo isomerization-alkylation or addition-cleavage reactions. These interesting 

results prompted us to study the silylation of systems related to 2-alkynoic acids, including 

conjugated acetylenic ketones, anhydrides, esters and nitriles (Table I, 1-6). Such systems __ 

treated with lithium diisopropylamide (LDA) and chlorotrimethylsilane (CTMS) have been found to 

undergo a variety of reactions including regiospecific alkylation (route I),electron transfer 

reduction (route II) and 1.4-conjugative addition (route III). The last two reactions are of 

particular interest since LDA is currently in favor as a strong base because it is largely devoid 

of side reactions: 

In contrast to 2-butynoic acid which with LDA gave both a and y-silylation, the ester1 

gave only the a-productL2: HlNMR(CDCl3) 60.16(S,9~), 3.3(S,2A), 3.7@,3H); IR(neat) 197O(C=C=C), 

1730 cm-'(C=O); mass spectrum m/e (rel intensity) 170@, 0.3), 155(51.8), 127(100), 73(7.8). 

However, the yield was relatively low (vide infra). 1-Phenyl-2-butyn-l-one Q)3 with LDA and 

CTMS gave no a or y-silylation product nor any corresponding cumulenic product. Surprisingly, 

the silylated reduction compound i4 was the major product formed. The reaction mixture of 2 and 

LDA was not the typical yellow color of other anion forming reactions but it was purple which is 

associated with radical anion intermediates. We thus propose that LDA in this reaction is acting 

as an elEctron transfer agent 5a and that the phenyl group stabilizes the intermediate 
5b 

0 
CH3C+~-C6H5. 

The products from the reaction of the mixed anhydridez6 were trimethylsilyl benzoate in 

70% yield and the volatile product 2-butynal which was isolated in poor yield. The yield is not 

surprising since it seems likely that under the basic reaction conditions self-condensation of 

2-butynal would take place. The formation of this aldehyde is also best explained in terms of 
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TaLle I 

2-Butynoic Acid and Related Conjugated Acetylenic Compounds Treated with LDA and CTMS' 

Compound Product Route Yield, %a 

CH3CX-CO2Me (1) CHp3C(SiMe3)C02Me (-3 I 40b 

CH3C:CCOC6H5 (2) CR3CECCH(C6H5)OSiMe3 @) II 71 

CH3C~CC02COC6H5 (A) CR3ECCHO + C6H5CO2SiMe3 II 7oc 

C6H5CZCCO2Me (4) C6H5(isoPrgN)C=CHCONisoPrg (z)d III 45 

CH3CX-EN (2) complex productse 

CH3(GC)2CO2H E) polymer 

a. Experimental conditions and procedures similar to those recorded in preceding communications. 

b. Use of RMPA as cosolvent did not improve the yield. 

C. Refers to trimethylsilyl benzoate. 

d. See ref. 8. 

e. See text. 

a radical anion mechanism. 7 

[cH~cEc-!-o-~-c~H~] z + [CH3CzC-' l + 8 e 01 X6H5] + products 

The reaction product from methyl phenylpropiolate e) and LDA (1.1 equiv) at -78' for 1 hr 

was treated directly with aqueous ammonium chloride and gave the addition compound 2, as major 

product. 8 A similar nucleophilic addition 
11 in the methyl tetrolate reaction may account for 

the low yield of 2. The carboxylate charge is most likely responsible for decreasing such an 

addition when the starting material is the carboxylic acid. 2: HlNMR(CDCl3) 61.25(d,12H,J17Hs), 

1,4(d,12H,J=7Bz), 3.3-4,8(m,4H), 5.4(S,lH), 7.l(m,3H), 7,3(m,2H); IR(neat) 168O(C=O), 1610. 

1590 cm-l(pheny1 and C=C); mass spectrum m/e (rel intensity) 330@,23), 16O(67), 118(lOO), 

100(31), 91(52). 

Other related conjugated systems that were studied included tetrolonitrile l2 (CX3CX-cN,L) 
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and 2,4-hexadiynoic acid l3 (CH3CXCZCCO2H&), Compound 2 and LDA gave a complex mixture of more 

than ten products which were not further pursued. Compound 5 unfortunately polymerized under 

the reaction conditions. 

Interestingly, compound 5 with 1 equiv of BuLi-TMEDA at -100" followed by CAMS gave the 

trisily compound (Me3Si)2C=C=C(SiMe3)CN (10) which was isolated in 25% yield as colorless needles, 

mp 65-68', HlNMR(CDC13) 60.18 only, IR(CHC13) 22OC(CrN), 1900 cm-l(C=C=C). Use of 3 equiv of 

BuLi-TMEDA did not improve the yield of g but gave a mixture consisting of five products, none 

of which was compound lo. We thus conclude that polysilylation product 1;, was formed through 

stepwise silylation. 14 
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7. Another pathway might involve nucleophilic attach of isoPrgN_ on the anhydride but N,N- 

diisopropyltetrolamide was not found, 

8. The formation of 2 is visualized in the following way, where R - (iso Pr)2N- 

LDA > [ R 
C6R5ECC02kfe I-.++ [c~H~RC=C=C-GI a [ 'C=C' 

C6H: \OR1-' 

The stereochemistry of 2 is assigned on the basis of the shift value of the alkene proton.’ 

The above pathway is favored over direct amide formation because of the findings of 

Craig, 
10 

who observed cleavage of af+acetylenic esters and amides, which do not possess a 

9. 
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12. 

13. 

14. 
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