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Abstract: In contrast to the reactions of pyridine with diethylmagnesium or ethyllithium 
alone, which lead only to 1,2-addition, reactions with diethylmagnesium-ethyllithium solu- 
tions lead to significant amounts of 1,4-addition; magnesium ate species are proposed to 
be responsible. 

Reactions with pyridine of Et2Mg - EtLi solutions differ strikingly from those of 

either organometallic compound alone. Et2Mg and pyridine react slowly to produce exclusively 

L, a product resulting from 1,2-addition. EtLi and pyridine react far more rapidly but also 

(1) EtM 

' (2) H20 

(3) [Ol 

(1) 

to produce only 1. 
= 

As evident from the results summarized in the Table, however, Et2Mg - 

EtLi solutions and pyridine form significant amounts of 2, a product resulting from 
= 

Earlier observations3 that addition of 15-crown-5 to solutions of dialkylmagnesium com- 

pounds profoundly affected some of their reactions led to these experiments and to our 

expectation that mixtures of a magnesium and a lithium compound might form a product not 

produced by either compound alone. The effects observed with 15-crown-5 included a consid- 

erable acceleration of the reaction with pyridine and the production of even more 2 than of 
= 

1. We suggested that the effects of 15-crown-5 might be due to formation of "ate" species, = 

such as 3 or 4, the impetus for their formation being a particularly great ability of 
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15-crown-5 to coordinate to Mg 
2+ 

or RMg+ (e.g., equations 2 and 3). 

3 R2Mg + 15-C-5 ,--) Mg2+(15-C-5) + 2 R3Mg- (or R6Mg2 
2- 

) 

3 R2Mg + 15-C-5 .-$ RMg+(l5-C-5) + R5P!g2- 

(2) 

(3) 

To try to convert organomagnesium compounds to solutions with similar reactivities by 

adding compounds quite different from a crown ether, we first chose organometallic compounds 

of alkali metals. NMR investigations by Brown, Seitz, and Little of solutions prepared from 

mixing organolithium and organomagnesium compounds in various ratios have established the 

formation of mixed metal species of at least three stoichiometries (2-z); the composition of 

R2Mg + RLi + R3MgLi + R4MgLi2 + R5MgLi3 (4) 

a particular solution depends on the nature of R and the solvent. 
4 These mixed-metal species 

are thought to have structures with bridging alkyl groups. Structure 8, for example, has 
= 

/“\ iR\ H 
Li Mg Li or 
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ti 

8 
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Li Mg Li+ 

'R' 'R 

9 
= 

been proposed for R4MgLi2 (i).4 It is reasonable that such species could have significant 

ate character (e.g., 8@9) and exhibit the ability to react with pyridine in a fashion simi- 
== 

lar to that induced by 15-crown-5. Ionization (e.g., 8+9) might even be significant. 
== 

The z:A product ratio varies somewhat with the Et2Mg:EtLi ratio and is increased by 

addition of crown ethers or 2,1,1-cryptand but not by tetramethylethylenediamine or hexa- 

methylphosphoramide. Of these additives, only 15-crown-5 and 2,1,1-cryptand lead to forma- 

tion of any 2 in the reaction of pyridine with Et2Mg alone. No addition products are 
= 

observed when 12-crown-4 is used with EtLi alone, apparently because of rapid destruction of 

EtLi by attack on the crown ether. An additive better able to coordinate with Li+ than with 

other solution components could enhance an ionization such as B-+9. It is possible that the 
== 

crown ethers and the cryptands are functioning in this manner. 
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Table. Product Compositions from Reactions of Diethylmagnesium, Ethyllithium, 

and Pyridine in Diethyl Ethera at 25 'C. 
b 

Relative molar amounts [Pyridine] 

Et2Mg : EtLi : pyridine : additive AdditiveC M Id 
=) 

% 2,d % 
= 

1 0 

0 1 

1 0 

0 1 

1 1 

2 1 

4 1 

2 1 

4 1 

4 1 

4 1 

4 1 

4 1 

4 1 

2 

1 

1 

1 

2 

4 

2 

4 

4 

4 

4 

4 

4 

0 

0 

1.5 

1.5 

0 

0 

0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

12-crown-4 

12-crown-4 

12-crown-4 

12-crown-4 

15-crown-5 

l&crown-6 

2,1,1-cryptand 

Me2NCH2CH2NMe2 

(Me2N)3P=0 

0.30 

0.57 

0.08 

0.09 

0.20 

0.25 

0.22 

0.18 

0.15 

0.17 

0.17 

0.16 

0.25 

0.17 

0.3 0 

47 0 

-0.1 0 

0 0 

37 (31) 6 (7) 

51 (43) 21 (20) 

6ge(63) lF?(14) 

24 13 

26f 46f 

18 37 

18 42 

44 38 

73 (78) 23 (23) 

79 12 

aSince a benzene solution of EtLi was used, some benzene was also present in 

those solutions containing EtLi but never exceeded 25% of the volume. 

b 
Reaction times were-22 h. 'A second liquid phase was observed upon addition 

of 12-crown-4 or 2,1,1-cryptand to Et Mg - EtLi solutions. 
d 

2 
Yields are based 

on EtLi if it is present and on Et2Mg (assuming that only one Et will react) 

when EtLi is not present. Values in parentheses are from duplicate experi- 

ments. eThe composition after 0.5 h was 21% of 1 and 3% of 2, after 4 h was 

52% and 9%, and after 8 h was 62% and 12%. 
f 

= 

The composition after 0.5 h was 

6% of A and 7% of 2, after 4 h was 15% and 244, and after 9 h was 22% and 38%. = 
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The proposal that "ate-like" species are responsible for the effects of 15-crown-5 on 

dialkylmagnesium reactions did lead to the surprising but accurate prediction that reactions 

of dialkylmagnesium-alkyllithium combinations could differ qualitatively from those of either 

component. Compared to dialkylmagnesium or organolithium compounds, the ate species may be 

(a) stronger bases, (b) more powerful nucleophiles, (c) weaker coordinating agents for elec- 

tron-pair donors, and (d) more effective electron transfer agents. Of these particular pos- 

sibilities, the last seems the most likely to be related to the behavior noted with pyridine. 
5 

While their particular mode of reaction with pyridine is not established, it is evident that 

the ate species should be regarded not as R2Mg or RLi with slightly modified reactivities, 

but rather as very different organometallic species that exhibit unique behavior. 
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