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When a basic reagent reacts with an ester, the ester may be attacked at at
least two different positions (1), the carbonyl carbon and the «-hydrogen as
indicated by the following scheme. It has been shown earlier (2, 3) that when
B~ is amide ion (from sodium amide), both (a), the amide of the starting ester,
and (b), the ester anion, which is the reactive intermediate in the preparation
of B-ketoesters, are formed. However, when the larger but weaker base, so-
dium triphenylmethide, is used in condensations apparently only o-hydrogen
attack occurs (4).
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M = Naor K, B = OC,Hs, NHz or (C¢H;):C~ ete.

The present investigation was undertaken to study the course of the reactions
between a number of esters and several lithio-amides of varying sizes and basic
strengths. The condensing agents used in this study were lithium amide, lithium
diethylamide, lithium diisopropylamide, and lithium N-methyl-N-phenylamide.

The yields of the g-ketoesters obtained in the present investigation (Table I)
using lithium amide as the condensing agent were considerably lower that those
reported previously using sodium amide to effect the same condensations. As
part of our investigation, we self-condensed ethyl phenylacetate by means of both
sodium amide and lithium amide. We obtained a 689 yield of 8-ketoester using

! For paper III in this series see J. Am. Chem. Soc., T1, 1120 (1949),

2 This work is based on a thesis submitted by Matthew Hamell in partial fulfillment of
the requirements for the degree of Master of Science at the University of Pittsburgh,
October 1948.
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sodium amide, while that reported earlier (3) was 829. However, when lithium
amide was used as the base, a considerably lower yield (47%) of 8-ketoester was
obtained. In order to show that the greater yield of self-condensation product
obtained with sodium amide as compared with lithium amide when the reactions
were carried out in the relatively polar medium, diethyl ether, was probably not
due to solvation effects alone, ethyl phenylacetate was self-condensed by these

TABLE I
REeacTions oF EsTERS WITH LITHIUM AMIDE
REAC-
ESTER PRODUCTS ISOLATED Eﬁg’ B.P., °C. MM, YIELD, %
HOURS
n-Propyl acetate n-Propyl acetoacetate | 2 80-81 10 3) | 30
Isopropyl acetate Isopropyl acetoacetate | 3 75-79 162 34
tert-Butyl acetate tert-Butyl acetoacetate | 12 71-75 12(19) | 28
Ethyl phenylacetate Ethyl «, y-diphenyl- 2;386 77.5-79% (m. 47; 48
acetoacetate p.)
Phenylacetamide 152-152.5 (m. 0.7;
p.) (20) 0.7
tert-Butyl-propionate tert-Butyl a-propionyl- | 3 87-89 15¢ 20
propionate
Ethyl n-butyrate Ethyl a-n-butyrl-n- 2 87-95 104 trace
butyrate
n-Butyramide 113-114 (m.p.) 5.2
21) |

« Copper salt, m.p. 174-174.5° (18).

b Converted to 1,4-diphenyl-3-benzylpyrazalone-5, m.p. 231-232° (19).

¢ Anal.: Cale’d for CioHisOs: C, 64.51; H, 9.68. Found: C, 64.10; H, 9.66.
¢ Gave a positive enol test with alcoholic ferric chloride solution.

TABLE 11
SELF-CONDENSATION OF ETHYL PHENYLACETATE IN PETROLEUM ETHER (B.P. 30-36°)

YIELD OF ETHYL «, Y~DIPHENYL-

BASE ACETOACETATE, %

REACTION TIME, HOURS

LiNH, 2 l 13.4
LiNH, 6 | 19.2
NaNH, 2 35.4
NaNH; 6 . 50.3

two bases in low-boiling petroleum ether (b.p. 30-36°). Although the yields of
B-ketoester were lower in petroleum ether than in diethyl ether, it may be seen
(Table IT) that sodium amide still gives the higher yield.

In attempting to explain the differences in action between lithium and sodium
amides, it appears that the anion of the bases ({.e., NH?3) is probably not inde-
pendent of the cation with which it is associated when the alkali amides effect
condensations. If this were not the case, then there should be no difference in the
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effectiveness of lithium amide and sodium amide in the reactions studied, since
the action of the amide ion should be the same regardless of its source.

Morton (5) has suggested that in spite of the ionic character of organoalkali
compounds, the probability that they dissociate to any appreciable extent in
organic solvents is rather remote. They probably exist and react as ion pairs
rather than as the free anion and cation. The cation is in close proximity to the
anion and probably has a very definite influence on it. The data obtained in the
present work indicate that the concept of ion pairs is applicable to reactions
effected by the alkali amides in organic solvents.

When an ester reacts with a base, it has been suggested (4) that the stronger
and larger the base is, the more readily is the a-hydrogen of the ester attacked, to
give the ester anion, the active intermediate in condensations. Pauling (6) has
pointed out that the alkali metals decrease in electronegativity with increasing
atomic weight. If, therefore, in the ion pairs Li*NH7; and NatNH?7, sodium is
less electronegative than lithium, then the amide portion of the sodium amide is
more electronegative than that of lithium amide. Therefore, sodium amide is
probably a stronger base than lithium amide and hence the former should react
with the a-hydrogen of an ester to a greater extent than does the latter. In this
connection, it has been shown recently (7) that in the conversion of o-aroyloxy-
acetarones by the alkali metals into the corresponding o-hydroxydiaroylmethanes
(these reactions may be regarded as intramolecular Claisen condensations), the
vields of the 8-diketones produced increase with the increasing basicity of the
metal used. Thus, lithium is less effective than sodium which is less effective
than potassium for these transformations. Also, these workers have shown that
these conversions do not take place with lithium carbonate while with caesium
and rubidium carbonates the transformations are rapid. Also, it is of interest to
note that ethyllithium, ethylsodium, and ethylpotassium metalate benzofuran
with increasing ease (8).

1t then appeared of interest to show what effect variations in the size and basic
strength of the condensing agents would have on the course of the condensations
studied. Three lithioc bases were used, namely the lithium derivatives of
N-methylaniline, diethylamine, and diisopropylamine. On the basis of steric and
electrical effects one would predict that the extent to which these reagents attack
the e-hydrogen of an ester should increase in the order in which these bases are
listed, 7.e., lithium N-methyl-N-phenylamide should give the most carbonyl
carbon attack while lithium diisopropylamide should react mostly at the a-hydro-
gen of the ester.

These predictions have been confirmed in the present investigation (Table
I1II). It may be seen that lithium diethylamide, prepared by the method of Ziegler
and Ohlinger (9), is a satisfactory reagent for the self-condensation of tert-butyl
acetate and ethy! phenylacetate. In all the other condensations effected by this
base, the 8-ketoester was contaminated with the N, N-diethylamide of the start-
ing ester. These latter compounds were apparently formed by the attack of the
base at the carbonyl carbon of the ester. The contaminated 3-ketoesters were
subjected to a ketonic cleavage (10) and the yields of the S-ketoester calculated
on the basis of the ketone isolated.
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It may be seen (Table III) that while the reaction between ethyl isobutyrate
and lithium diethylamide gives a mixture of ethyl a-isobutyrylisobutyrate (iso-
lated as diisopropy! ketone) and N,N-diethylisobutyramide, the reaction be-
tween the more complex base, lithium diisopropylamide, and ethyl isobutyrate
results apparently only in attack on the a-hydrogen of the ester with the pro-
duction of a 499, yield of pure 8-ketoester. It is also of interest to note that the
reaction between lithium diisopropylamide and ethy! isobutyrate is a rapid one.
Increasing the reaction time from fifteen minutes to three hours resulted in no
substantial increase in 8-ketoester formation. Finally, the relatively weak base,
lithium N-methyl-N-phenylamide, has been shown to react mainly at the
carbonyl carbon of ethyl propionate to give a 379, yield of N-methyl-N-phenyl
propionamide.

The results reported here agree essentially with those published recently for
similar condensations with the analogous magnesium bases (11, 12).

EXPERIMENTAL
REACTIONS OF BSTERS WITH LITHIUM AMIDE

(a) Preparation of the ethereal suspension of lithium amide. The apparatus used in this
preparation is the same as that described previously for the preparation of sodium amide
(13). To the reaction flask, 300 ml. of anhydrous liquid ammonia and a few crystals of
hydrated iron (III) nitrate are added, and the solution stirred rapidly for ten minutes.
The rate of stirring is then reduced and 0.5 mole (3.5 g.) of small pieces of lithium is added.
When the lithium has been converted to lithium amide (as indicated by the disappearance
of the blue color in the solution and the formation of a blue-gray sludge in the reaction
flask), 250 ml. of absolute ether is added. The reaction mixture is placed on a steam-bath
and the liquid ammonia evaporated. When the ether begins to reflux, indicating that no
liquid ammonia is left in the flask, the reaction mixture is allowed to come to room tem-
perature. Sufficient absolute ether is then added to the flask so that it contains about 500
ml. of liquid. In this reaction the conversion of lithium to lithium amide is assumed to be
quantitative.

(b) General procedure for the condensations. To one equivalent of lithium amide, pre-
pared as described above, is added 1.1 equivalents of the ester dissolved in an equal volume
of anhydrous ether. After the addition of the ester is complete and spontaneous re-
fluxing of the ether stops, the reaction mixture is stirred and refluxed on a steam-bath for
the time indicated in Table I. After cooling to room temperature, the contents of the
flask are stirred into crushed ice and about 100 ml. of cone’d hydrochloric acid. The chilled
mixture phases are separated, the aqueous phase is extracted with several 100-ml. portions
of ether, and the combined ethereal phases are dried over Drierite and the solvent distilled.
Distillation is continued at atmospheric pressure to remove any unreacted ester. The
residue is then distilled in vacuo if the produet is a liquid or crystallized if the product is
a solid.

REACTIONS OF ESTERS WITH DISUBSTITUTED LITHIUM AMIDES

(a) Preparation of phenyllithium. The procedure followed is essentially that of Gilman,
et al. (14) except that lithium sand instead of pieces of the metal was allowed to react with
the bromobenzene, using diethyl ether as a solvent. A 5-ml. portion of the reagent was
standardized with 0.1 N hydrochloric acid after being hydrolyzed with water (15). A Gil-
man test (18) for the Grignard reagent was also performed on a 1-ml. sample.

(b) Preparation of disubstituted lithium amides. To 500 ml. of a 1 molar solution of
phenyllithium contained in a 1000-ml. round-bottomed flask equipped with a mercury
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sealed stirrer, a reflux condenser, and an addition funnel was added 0.5 mole of the ap-
propriate secondary amine listed in Table II1, at such a rate as to keep the ether gently
refluxing. The solution was stirred for five minutes after the addition of the amine was
completed and a 1-ml. sample was withdrawn and a Gilman test (16) made. If the test
was negative, the solution of the lithium disubstituted amide was ready for use. The con-
version of the amine to the corresponding lithium derivative was assumed to be quantita-
tive.

(¢) General procedure for the condensations and isolation of products. To a solution of
0.5 mole of the disubstituted lithium amide, prepared as described above, is added 0.55
mole of the appropriate ester, dissolved in an equal volume of absolute ether, just rapidly
enough to keep the ether in the reaction flagsk gently refluxing. After the addition of the
ester is complete, the reaction mixture is refluxed for the appropriate length of time (Table
IIT). The reaction mixture is hydrolyzed as described above for the condensations effected
by lithium amide. After the solvent is removed, the residue is fractionated ¢n vacuo if the
B-ketoester is a liquid or crystallized if it is a solid. Samples of both the g-ketoester and of
any higher-boiling material are fused with metallic sodium and a qualitative test for nitro-
gen (17) performed.

In those cases where the g-ketoester is contaminated with nitrogenous material, the
B-ketoester fraction is subjected to a ketonic cleavage according to the procedure of Hudson
and Hauser (10) and the yield of 8-ketoester calculated on the basis of the ketone isolated.
The ketone is isolated by distillation at atmospheric pressure. In those cases where there is
s significant residue after the removal of the ketone, the distillation is continued at re-
duced pressure and the N,N-disubstituted amide of the starting ester isolated.

SUMMARY

Lithium diethylamide has been found to be a satisfactory reagent for the self-
condensation of feri-butyl and ethyl phenylacetate. When the ethyl esters of
propionic, n-butyric, isobutyric, isovaleric, and pelargonic acids were treated
with this base, the 8-ketoesters produced were found to be contaminated with
the diethylamide of the starting esters.

Lithium diisopropylamide is a satisfactory reagent for the self-condensation
of ethyl isobutyrate, while lithium N-methyl-N-phenylamide reacts with ethyl
propionate to give N-methyl-N-phenylpropionamide.

It has been noted that when the same esters are treated with sodium amide
and lithium amide, the former base gives higher yields of g-ketoester. It is sug-
gested that the large differences in yields may be explained on the basis that the
alkali amides function as ion pairs in organic solvents.

PrrrsBURGH, Pa.
REFERENCES

(1) HAUSER, SHIVERS, AND SKELL, J. Am. Chem. Soc., 67, 409 (1945).

(2) Hauser, Leving, aND Ki1BLER, J. Am. Chem. Soc., 68, 26 (1946).

(3) SH1vERS, DiLLoN, AND HAUSER, J. Am. Chem. Soc., 69, 119 (1947).

(4) Hauser ano Hubson, Org. Reactions, 1, 266 (1942).

(5) Morroxn, Chem. Revs., 356, 1 (1944).

(6) Pavring, Nature of the Chemical Bond, Cornell University Press, Ithaca, N. Y., 1942,
p. 51.

(7) Doyre, G6aan, Gowan, KEane, axp WHEELER, Sci. Proc. Roy. Dublin Soc., 24,
291 (1948).

(8) GiLuMaN, Van Ess, WiLLis, aND STuckwiscH, J. Am. Chem. Soc., 62, 2606 (1941).

(9) Z1EGLER AND OHLINGER, Ann., 495, 84 (1932).



168 MATTHEW HAMELL AND ROBERT LEVINE

(10) Hupson AND HAUSER, J. Am. Chem. Soc., 63, 3163 (1943).

(11) HAusER AND WALKER, J. Am. Chem. Soc., 69, 295 (1947).

(12) FrosTicK AND HAUSER, J. Am. Chem. Soc., T1, 1350 (1949).

(13) Leving, CoNroY, ADams, AND HAUsER, J. Am. Chem. Soc., 67, 1510 (1945).

(14) GrLMAN, ZOELLNER, AND SHELBY, J. Am. Chem. Soc., 55, 1252 (1933).

(15) Wirtie, Newer Methods of Preparative Organic Chemistry, Interscience Publishers,
Inc., New York, N. Y., 1948, pp. 575-577.

(16) GiLmaN AND ScuULZE, J. Am. Chem. Soc., 47, 2002 (1925).

(17) SHRINER AND Fuson, The Systematic Identification of Organic Compounds, 2nd Ed.,
John Wiley and Sons, Ine., New York, N. Y., 1940, p. 114.

(18) Mourev AND DELANGE, Compt. rend., 134, 46 (1902).

(19) Suivers, Hupson, anp Havuser, J. Am. Chem. Soc., 65, 2051 (1943).

(20) MeLDRUM AND TURNER, J. Chem. Soc., 97, 1607 (1910).

(21) CorNELL, J. Am. Chem. Soc., 50, 3315 (1928).

(22) ALLEN, J. Am. Chem. Soc., 52, 2958 (1930).

(23) FisHEr AND McELvaIN, J. Am. Chem. Soc., 56, 1766 (1934).

(24) MorTON AND ALLEN, Ber., 18, 1998 (1885).

(25) ALLEN AND Ricumonp, J. Org. Chem., 2, 224 (1937).

(26) MiLLER AND JouNSsON, J. Org. Chem., 1, 137 (1936).

(27) Hupson AND HAUSER, J. Am. Chem. Soc., 61, 3568 (1939).

(28) SPIELMAN AND ScuwmiIDT, J. Am. Chem. Soc., 59, 2010 (1937).

(29) KieriNg, J. Chem. Soc., 63, 468 (1893).



