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9 Dimethylformamide dimethylacetal (1) and 3-hydroxycarbaxylic acids (2) react with formation of 

esters 4 and olefins (5). Evidence is provided &at 5 is generated via an El/EP-type fragmentation of a zwitter- 

ionic intermediate @_ (Scheme 1). 

The decarboxylative dehydration of hydraxycarboxylic acids with dimethylformamide acetals provides a 

mild and efficient method far the preparation of sensitive olefins and butadienes. 
1 

Surprisingly, no mechanistic 

details of this reaction have been reported so far. We studied the interaction of dimethylformamide dimethylace- 

tal (1) with threa-3-hydroxycarbaxylic acids (2) (Scheme 1) and found that under standard conditions 
2 

varying 

amounts of the methyl esters 4 are formed in competition to the olefins 5 (Table 1). Furthermore we gained evi- 

dence that the olefin forming step corresponds to an El/E2-type fmgmentation of a zwitterionic intermediate @. 

Mechanistic Discussion. We assume that 1 and 2 first form the ion pair 33 which generates 4 (S P-methyl-trans- 

fer to the carboxylate-oxygen 3, or 0” <ottackat the hydroxyl-oxygen). @, which may ado: the conformati- 

ons @, @arQ ,undergaes fragmentation into 2, dimethylformamide, and CO 2. Intermediate 3 was prepared 

independently for system f_: methylating dimethylformamide with methyl fluorasulfanate and adding the triethyl- 

ammonium salt of 2 f furnished 4 f and 5 fin the same ratio as the reaction of 1 with 2 f. - - - - - 

0 lefin vs. Ester Formation. The kinetic analysis of Scheme 1 yields the following expressions : 

d[4ydt = ke[3]and d[5*l/dt = ko[z]= ko. K[3]/[MeOH], whereK=[Z][MeOH]/[3], 

and k. =kA[A]/[Zk] + kBIBl/[Zl 
d[5] _ a. K 

+ kCICl/[Zk]‘and[Zl=[Al +[Bl+ [Cl. 

Hence - - 

d[41 

l5 ’ = r = ti (Equ.), with I = 

[MeOH]. ke ‘[4 

TMeOH ]dt. 
k . I / 

e 0 

Discussion ofEqv. : As the step 3- 4 involves the carboxylate-oxygen only, ke must be practically in- 

dependent of R2; K and I are not likely to vary much with R1 and R2 anyhow. Therefore, at least in a series with 

constant R1 (= Fh) and sterically not too different R2s (Table 1, runs a-i), r = [5] / [4] may be considered as an 

estimate of ko, the rate of the fragmentation step Z -2, which 0 - due to the complexity of the system - can- 

not be determined directly. Table 1 shows that r, and hence k o, quite in agreement with the postulated El/E2- 

fragmentation mechanism, is dramatically increased if R2 stabilizes a carbenium center well. So r is very law far 

2 
R =alkyl (runs a-c) and grows from 0 to m in the Hammett-sequence d-i. The validity ofw is further demon- 

strated by the data given in Table 2. To dilute the reaction mixture means to decrease I, which - in accordance 

withEqu.l - leads to an increase of r (Table 2, runs a,b,c). In turn, an addition of methanol should increase I 

and decrease r. Again,this is confined by the experiment (Table 2,runs d,e).These results are in agreement with 
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a mobile equilibrium 3* Z and give evidence that 5 must be formed via an intermediate which has been gene- 

rated from 3 by elimination of methanol. 

The Stereochemistry of the 0 lefin Formation. E2-elimination and, hence, formation of (Z)-5 can only occur 

from@ h w ere the two eliminatable groups are in the required anti-position. By contrast, - aand @are sui- 

table for El-elimination only and generate (E)-2, the more stable olefin isomer. In estimating the El/E2-ratio 

two factors have to be considered : a. the ratio of kA vs. k B, kC: It can be expected that the El-processes 

(kB and kC) are more accelerated by a carbenium-ion-stabilizing R2 than the EZ-step (k )5. Thus, for a con- 

stant R’ (= Fh) the ratio of (E)-2: (Z)-5should be * 
*2 

Increased considembly on going from R = alkyl to R2 = 

aryl. Table 1 shows that this is actually the case (runs a, b vs. runs e to i). 

b. the relative population of @vs. @+ 0: R’ and R2 are syn_ in @and@ and anti in @, Thus, an in- 

creased repulsion between R’ and R2 should clearly favor C 

- 

Ot which means that El -elimination (= formation of 

(E)-5) will gain more and more over E2-elimination (= formation of (Z)-5). To avoid an interference from effect 

a_ R’is kept constant (= Fh), and, indeed, with growing bulkiness of R’ (Table 1, runs k to n) the ratio of (E)-5: 

(Z)-5 rises from 1 : 2 to > 99 : 1. 

Our stereochemical results strongly disagree with the assumption 
la 

that 5 is genemted via a concerted 

fragmentation of 6 (Scheme 2) which could be easily formed from Z by ring closure. In this case, however, 0 - 

from threo-2 always (E)-5 should be genemted (which, according to Table 1, is not true), whereas erythro-2 -- 

should furnish only (Z)-5. We prepared erythro-2a, _, b f, k, I, m, n and reacted them with 1; in each case the ---- _ 

olefin fmction consisted of the (E)-isomer exclusively ! 

Additional Evidence for the Intermediate In addition to the fragmentation @ should also be 

able to collapse to a R-lactone via an internal S 
N 

2-process. For threo A this reaction suffers from the cis-in- 
-0 

teraction between R’ and R2 and cannot be observed. In erythro-@ , however, 

- 

R’ and R2 are trans and the 

B-lactone 7 is formed in addition to (E):5 and the erythro-ester. If R2 is a vinyl group, @ (= 8) undergoes an 

internal S 
N 

2’-reaction and lactone 9 is found besides the “normal” butadiene. To exclude R-lactones as inter- 

mediates in the formation of 5 from 1 and 2 we converted 2a, b, h, L, m, n into the corresponding R-lactones - - - -- 

independently and found them absolutely stable under the conditions described in lit. 2. 

Prepamtive Consequences. Quite in accordance with the mechanism delineated in Scheme 1 dimethylformamide 

dineopentylacetal 
lb 

converts 2 into the olefins and no esters are formed (e.g. in the systems z, b, k, i, m, n). -- 

This is of advantage from the synthetic point of view; for our mechanistic studies we preferred idue to the highly 

informative competition between ester and olefin formation. However, high olefin yields may be obtained even 

with 1 in many cases if diluted reaction mixtures are used (Table 2 ! ). 
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Table 1 Product Distributions and Total Yields in the Reaction of 1 and threo-2 . 

Run 

CI 

b 

C 

d 

e 

f 

g 

h 

i 

i 

k 

I 

m 

n 

R2 

Me 

Et 

i-Pr 

4-C N-C6H4 

4-Cl-C6H4 

Ph 

4-Me-C6H4 

4-OMe-C6H4 

4-NMe2-C6H4 

P-fury1 

Ph 

II 

I- 

yields (%) of 

5 4 

7 69 

7 68 

<l 74 

Cl 83 

27 58 

58 22 

85 5 

82 41 

85 41 

94 41 

50 31 

65 13 

80 8 

85 4 

- -- 

r= [5]: [4] 

0.10 

0.10 

h 0.0 

w 0.0 

0.47 

2.6 

17 

No0 

NW 

No0 

1.6 

5.0 

10 

21 

(E)-5 / (z)-2 -- 

l/26 

l/3.7 

5.0/l 

6.8/l 

17/l 

> 99/l 

7 99/l 

> 99/l 

l/2.0 

1.5/l 

98/2 

* 99/l 

Table 2 Influence of the Initial Concentmtion of 2 (= (2)i ) ondof Methanol Additions an r. 

Run R1 R2 (2); (mole/l) 

a Ph Ph 0.05 

b II II 0.15 

C 
II II 1.5 

d II II 
1.5 

e II I, 1.5 

(Received in UK 20 March 1979) 

CH 
3 

eH- Addition r 

(mole equiv.) 

2.6 

0.63 

0.32 

5 0.22 

13 0.14 


