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In the preceding paper! we reported that O-phosphorylation of the potassium enmolates of a
variety of substituted ketones gave mixtures consisting predominantly of _ggcisomersa from re-
action in non-polar solvents and predominantly of 1_:;_;;&3-iso«ners2 from reaction in polar solvents.
Formation of cis-isomers in ron-polar solvents could be attributed either to interaction of the
negatively charged oxygen with the polar group (-CN, -COpEt, ~COCHs, or -PO{OEt)z), as in struc-
ture I, or to chelation of the anion with the potassium cation, as in structure II. In either
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case, the cis-configuration of the anion was assumed to be maintained during reaction with the
phosphorylating agent, giving rise to the cis-configuration in the product. In polar solvents,
. on the other hand, the enolates were assumed to consist largely of "free" anions, in which the
normal repulsions between the two polar groups on the double bond resulted in a predominantly
"trans"-configuration.

In this paper, we present evidence that formation of products of cis-configuration in non-
polar solvents is indeed due to chelation of the anion with the metal counterion, while forma-
tion of trans-isomers in polar solvents is due to reaction of the "free", unchelated anions.
Furthermore, we show that this effect is not limited to phosphorylation reactions, but occurs
with a wide variety of reagents which attack the oxygen atom of enolate anions.

Table I lists the g_aixs/& product ratios for the reactions of various enolates of ethyl
acetoacetate with 0,0-diethyl phosphorochloridothioate (DECT) in several solvents. All reac-
tions were carried out at 25° in 1.0 molar solution, and the trans/_zis_ ratios obtained by mmr
analysis of the vinyl proton pesaks.
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Table I

Reaction of DECT with Enolates of Ethyl Acetoacetate

0 - "
CFaCCHaCOzCoHs -P288 CHoC=CH—COxCoHs DEOT (Em)::;";c:m— C0=CaHs
Base Solvent Trans/Cis
Potassium t-Butoxide Dimethyl Sulfoxide 9.0
Sodium Methoxide Dimethyl Sulfoxide 2.2
Potassium t-Butoxide Dimethyl Formamide 6.5
Potassium Methoxide Dimethyl Formamide 6.8
Sodium Methoxide Dimethyl Formemide 1.0
Lithium Methoxide Dimethyl Formemide 0.25%
Tetramethylamonium hydroxide t-Butanol ' 15.0
Tetramethylammonium hydroxide Dimethyl Sulfoxide 21.0

It is clear that changing the cation employed has a great effect on the m/c_is ratios.
The smaller cations, which form less ionic salts,® give much higher percentages of cig-pro-
ducts. .The difference between sodium and potassium 1s striking, as.are the very high percen-
tages of trans-isomers formed when tetramethylammonium salts are \.{sed. It has previously been
demonstrated that tetraalkylammonium salts exist largely as free ions, even in relatively non-
polar solvents*, which accords with our hypothesis that trans-isomers are formed from free an-
ions. These results also show that the nature of the basic anion has 11"5t1e effect upon the
isomer ratio. Within experimental error, the use of i-butoxide or methoxide as bases gave iden-
tical results.

These observations provide strong evidence for the hypothesis tl::at predominant formation
of isomers with cis-configurations results from reaction of anions which exist in close associa-
tion with the counterion. Further support for this hypothesis was obtained from a study of the
effect of concentration upon the isomer ratios. If the free ion gives products of trans.con-
figuration, more dilute solutions should give higher percentages of trans-products, since the
percentage of free ions in equilibrium with the complexed ions should increase. Table IT lists
the results of this study, which are completely in accord with this prediction.

Table II
Reaction of Ethyl Sodioacetoacetate with DECT in Dimethyl Formamide
Concentration (moles/liter) Trans/Cis
2.0 0.67
1.0 1.0
0.5 1.7

0.25 2.1
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The reactions reported above and in the preceding paper all involve phosphorylation of
enclate anions. However, other reagents should similarly give higher amounts of trans-products
when the reactions are carried out under conditions in which the enolate anions exiat predo-
minantly as free ions. We have therefore studied the }_:;g._ng/gig isomer ratios in the products
obtained from reaction of the potassium enolate of 2-phenyl-d-hydroxyscrylonitrile (III) with
seversl different =lectrophiles. Anion III was employed because the stability of the enolic
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form of 2-phenyle3=hydroxyacrylonitrile seemed likely to minimize the probability of reaction
at cerbon competing with reaction et oxygen. The results of theae reactions are presented in

Table III.

Table IIT
Reagent Product Solvent Trans/cis % yield
S
1 NC 1 .
(CHz0)2PC1 ™ C=CHOP(OCHz) 2 DM30 2.3:1 &
¢ £-BudH 1.7 79
. NC .
CHa0CHAC1 > C=CHOCH0CHs bMF 2.5:1 48
¢ t-BuOH 1:5 62
/ \ NC\
CHy 02C1 > C=CHOSO, Ha DMF 1.5:1 6
—= g £-BuOH largely cis T3
) . 0
i Mmoo D 8:1 81
CHaCC1 > C=CHOCCE, MF 1.9:
"] +-BuOH 1:5 8k

The configurations of the products listed in Table III were assigned on the basis of the
positions of the vinyl proton peaks in the nmr spectra of the products. In all products as-
éigned trans~configurations (¥inyl hydrogen trans to the phenyl group) the vinyl proton singlet
lies from 0.2 to 0.5ppm wpfield from the position of the peak in the corresponding products
assigned cis-configuration. Application of the Z values of Pascual et al.® to our compounds
indicates that the vinyl proton resonances in the 1£z_i_n_s-isomers should lie ca. 0.27ppm upfield
from those in the cis~isomers, in good agreement with our observations.

It can again be seen that the percentage of E_ra_ns-isomers in the products increases as the
polarities of the solvents increase. It would be of great interest to compare the trans/cis
ratios obtained from each of the reactions under a given set of conditions. If the;io.:s—;ere

identical for all the reactions, it would provide strong evidence that the isomer ratios in the
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products are identical with those of the anions in solution. Unfortunately the relatively low
yields recorded in Table III prevent{ precise comparisons, since we cannot be sure that one of
the isomers is not selectively destroyed during the reaction of workup. We hope that work now
in progress will cast light on this question.
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