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INTRODUCTION

The Darzens glycidic ester condensation involves the condensation of
an aldehyde or ketone with an a-halo ester to produce an «,8-epoxy ester
(glycidic ester). The most frequently used condensing agents are sodium
ethoxide and sodium amide.

' 7, 1 GEHEGNEE
R'COR” 4+ R"CHXCO.C ;s NonEs’
Rn’ ]{If.r.l'
C———CCQC3Hs + NaX +4 C.H;OH
/ \0/ (NHy)
R

The glycidic esters are of interest primarily because they can be con-
verted into aldehydes and ketones having a higher carbon content than
the original aldehydes or ketones. This transformation occurs after
hydrolysis to and decarboxylation of the epoxy acids and is accompanied
by rearrangement when an aldehyde is formed.

Rr RHF R! R.ﬂ'
\ | A N \.
C C—CO:H — CIICOR™ or R"—CCHO
/' \\ / 4 /
RJ'.F O R” RJ‘H

The first synthesis of a glycidic ester was performed by Erlenmeyer,'
who obtained ethyl B-phenyl-a,B-epoxypropionate by condensing
benzaldehyde with ethyl chloroacetate by means of sodium. It remained
for Darzens, however, to develop and generalize this reaction.>® He

1 Erlenmeyer, Jr., Ann., 271, 161 (1892),

2 Darzens, Compt. rend., 139, 1214 (1904).

3 Darzens, Compt. rend,, 141, 766 (1905).

¢ Darzens, Compt. rend., 142, 214 (1906).

5 Darzens and Lefebure, Compt. rend., 142, 714 (1906).
¢ Darzens, Compt, rend., 144, 1123 (1907).

7 Darzens, Compt. rend., 145, 1342 (1907).

8 Darzens, Compt. rend., 160, 1243 (1910).

® Darzens and Rost, Compt. rend., 161, 758 (1910),

10 Darzens, Compt. rend., 163, 443 (1911).

11 Darzens and Sejourné, Compt. rend., 152, 1105 (1911).
12 Darzens and Leroux, Compt. rend., 154, 1812 (1912).
13 Darzens, Compt. rend,, 195, 884 (1932).
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preferred sodium ethoxide as the condensing agent. Shortly after the
appearance of Darzens' first paper, Claisen '* reported that sodium
amide could be used as the condensing agent. The glycidic ester con-
densation has not been applied as widely as one would expect in view
of the number and variety of compounds that can be prepared by its use.

Darzens %1617 has described another procedure which involves the
reaction of aldehydes and ketones with ethyl dichloroacetate and dilute
magnesium amalgam. The first product of this reaction is a g-hydroxy
a-chloro ester which is quantitatively converted to a glycidic ester by
treatment with sodium ethoxide. Alternatively, the hydroxy chloro
esters may be dehydrated to yield a-chloro unsaturated esters.

R’
Mg-Hg \
R'COR" 4+ CHCIl:COCosHy ———— CCHCICO-.CeHj5
/|
R” OMgCl
R’ leﬂ‘
AN
o CCHCICO,CH
Py0g / |
R” OH
R’ lﬂnH;ﬂNﬂ
C=C—CDQGEIIE Rr
/o AN
R Cl C CHCO.C:H;
S/ N\ ./
R" O

The mechanism of glycidic ester formation probably involves the
addition of the enolate of the halo ester to the carbonyl group of the
aldehyde or ketone,* followed by an intramolecular nucleophilic dis-

* Barly ideas involving addition of the condensing agent to the earbonyl group of the
aldehyde or ketone, Fourneau and Billeter, Bull. soc. chim. France, [5] 6, 1616 (1939), or
the conversion of the aldehyde or ketone to its enolate by the base, Rutowski and Dajew,
Ber., 64, 693 (1931), appear inadequate. Scheibler and Tutundzitsch, Ber., 64, 2916
(1931), first suggested the formation of the enclate of the halo ester, but their detailed
mechanism appears unnecessarily complicated,

14 Claisen, Ber., 38, 693 (1905).

15 Darzens, Compt, rend., 161, 883 (1810).

¥ Darzens, Compt, rend., 203, 1374 (1936).

17 Darzens and Lévy, Compt, rend., 204, 272 (1937).
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placement on carbon. The function of the basic condensing agent is to
convert the halo ester to its enolate.

CICH,CO;C:H; + C:HzONa — [CICHCO:CoHs"Na* + C,H;0H

(NaNH;) (o)
— RF\\D —_
R'COR 4 [GICIIGOEGEH[.}_N&+ - /(LJCHCGECQH s | Nat
N ]
N
R:\ U'\
C‘Z—GHC{}EGEHE -+ NaCl

o

Evidence supporting the formation of the enolate of the chloro ester
is the fact that about 799, of the theoretical amount of ammonia is
evolved on treating a suspension of sodium amide in ether with ethyl
chloroacetate.’® * It hasbeen shown that the sodium enolates of ketones
react with chloro esters to give glycidic esters.’® This result is con-
sistent with the above mechanism if it is postulated that the enolate of
the ketone reacts with the chloro ester to convert it to its enolate.

?Nﬂ
GII;G—_—OHQ + CICH.CO:CsHs; — CH3zCOCIH; -} [GICH'GDECEH;]_NEL'F

SCOPE AND LIMITATIONS

Carbonyl Components

Of the many types of aldehydes and ketones from which the desired
condensation products have been isolated, only formaldehyde,* mono-
substituted acetaldehydes,* and a few terpene ketones, such as carvone
and pulegone,* give generally poor yields. Aromatic aldehydes contain-
ing alkyl, alkoxy, methylenedioxy, and chloro groups give fair to good
yields. Although no study of the effect of steric hindrance has been
made, 2,4,6-trimethylbenzaldehyde is reported to give the expected
product,® but in unstated yield. Aliphatic ketones, including methyl
ketones, «,f-unsaturated ketones, and cyclic ketones, react smoothly.

* The hypothesis that a halo ester may form an enolate is supported by the observation
that chloromalonie ester may be alkylated to form benzylehloromalonie ester by treatment
with sodium ethoxide followed by benzyl chloride, Conrad, Ann., 209, 241 (1881).

18 Unpublished experiments by Newman and Magerlein at the Ohio State University.

1? Rutowski and Dajew, Ber., 64, 693 (1931).

2 Chuit and Bolle, Bull. soc. chim. France, [4] 35, 200 (1924),
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The successful use of a Mannich base, 2-dimethylaminocyclohexanone,
has been reported,® but the analogous 4-dimethylamino-2-butanone
failed to give the expected ester® Aromatic and aromatic-aliphatic
ketones give very satisfactory yields. The presence of a nuclear chlorine
atom appears to improve the yield somewhat.’® Although a fairly
representative group of aldehydes and ketones has been investigated, no
systematic study of the effect of the structure of the carbonyl component
on the yield of glycidic ester has been reported.

Halogenated Esters

As a rule, chloro esters are preferable to bromo or iodo esters although
bromo esters have been used successfully. With cyclohexanone, it has
been shown that the p-toluenesulfonate of ethyl glycolate may be sub-
stituted for the chloro ester.”” With ethyl chloroacetate, isobutyro-
phenone yields the glycidic ester, whereas with ethyl iodoacetate it
yields an alkylation produet, ethyl g8,8-dimethyl-g-benzoylpropionate;
with ethyl bromoacetate a mixture of the two products results.?

[ (CHjs).CH 0

CICHzCO:C 2“; C————CHCO.CsHpg

/
CsH;COCH(CH3),; Csls

(A)
BrCHCO,CoH .
TP Y Mixture of A and B

ICHEGDECEHi} CellsCOC(CH3):CH2CO,C.Hj

(B)

Very little is known of the condensation of halo esters other than
halo acetates, halo propionates, and halo butyrates, ethyl a-chloro-
laurate being the only example of a higher ester described.?®

The effect of the alkyl group of the halo ester on reactivity or yield
has not been investigated to any extent. If sodium amide is the con-
densing agent, the ethyl ester is preferable to the methyl ester because
of increased formation of chloroacetamide with the methyl ester.’* In
experiments involving acetone, benzaldehyde, acetophenone, and cyclo-
hexanone the following alkyl chloroacetates and chloropropionates gave
yields comparable to those obtained with methyl and ethyl esters: 18

A Howton, J. Org. Chem., 12, 379 (1947).

2 Newman and Magerlein, J. Am. Chem. Soc., 69, 469 (1947).

2 Haller and Ramart-Lucas, Compt. rend., 159, 143 (1914); Ger. pat. 586,645 [Frdl.,
20, 781 (1935)].
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propyl and isopropyl, allyl, eyclohexyl, n-amyl, benzyl, and 2-ethylhexyl;
with B-methallyl and tetrahydrofurfuryl esters the yields were lower.
There is some evidence that better yields of condensation products may
be obtained with halo amides. An 809, vield of glycide amide is ob-
tained from acetone and the diethylamide of chloroacetic acid 2* whereas
with ethyl chloroacetate %19 much lower yields result. However, it
has not been shown that the glycidic amides can be hydrolyzed and
decarboxylated to give aldehydes or ketones in improved yields.

More complex halo esters, such as ethyl g-hydroxy-a-chloropropion-
ate,” ethyl «,8-dichloropropionate,”® and ethyl a-bromo-g,8-diethoxy-
propionate,® have failed to undergo the glycidic ester condensation.

Other Halogenated Compounds

Certain other halogenated compounds have been used in place of
halo esters. a-Halo ketones have been condensed with a variety of
aldehydes to yield a,8-epoxyketones.?™3!

0

{ONa VRN
RCHO 4 CICH,COR’ —1N*} ¢ ci——CHCOR/

These epoxyketones may condense with a second molecule of halo
ketone to yield «,8,v,6-diepoxyketones.?2

0
/.
RCH——CHCOR’ + CICH,COR’ ——meONe,
0 0
SN N\
RGH—mGH? CHCOR/
R."

When 1,4-dibromo-1,4-dibenzoylbutane is treated with sodium
cyanide,® diethylamine,® sodium acetate,® or the sodium derivative

# yon Schickh, Ber., 69, 971 (1936).

% Yarnall and Wallis, J. Org. Chem., 4, 284 (1939).

% Oroshnik and Spoerri, J. Am. Chem. Soc., 67, 721 (1945).

¥ Widman, (a) Ann., 400, 86 (1913); (b) Ber., 49, 477 (1916).

» Bodforss, (a) Ber., 49, 2795 (1916); (b) Ber., 61, 102 (1918): (c) Ber., 52, 142 (1919).
% Jorlander, (a) Ber., 49, 2782 (1916): (b) Ber., 60, 406, 1457 (1917).

# Freudenberg and Stoll, Ann., 440, 41 (1924).

1 Murakami and Irie, Proc. Imp. Acad. (Tokyo), 10, 568 (1934) [C.4., 29, 1818 (1935)].
2 Kao and Fuson, J. Am. Chem, Soc., b4, 313 (1932).
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of malonic ester ® a cyclic epoxyketone is produced; with molecular
silver the debrominated analog is obtained.®

O

7
CH

7N\

CH,CHBrCOCslls CHy, CCgHs

Basie
LN

1 >
CH,CHBrCOCgHs ™**"* CH;—CCOCsH;
Br

CH; CCeHs

Molecular

silver  (Hy—CHCOC,Hs

A number of substituted halides of the benzyl 3#353% and benzal 31°
types has been condensed with aldehydes and ketones to give epoxy and
a-haloepoxy compounds in yields which, although usually not stated,
were often good. Stereoisomeric forms of the epoxy compounds were

occasionally separated.

0
KOH in / \

0O
KOH in / \\

|
Cl

The aldehydes used include benzaldehyde, o-, m-, and p-nitrobenzal-
dehyde, p-methoxybenzaldehyde, diphenylacetaldehyde, cinnamalde-
hyde, and furfural; the ketones were fluorenone and 2,7-dibromo-
fluorenone. As halides, o- and p-nitrobenzyl chloride, 9-chlorofiuorene,
and 9-bromo-10-anthrone were used.

# Kao, J. Am. Chem. Soc,, 62, 356 (1940).

M (a) Hatzig, Inaugural dissertation, Strasbourg, 1909; (b) Barrow, Inaugural disserta-
tion, Strasbourg, 1909; (¢) Chrzescinski, Inaugural dissertation, Strasbourg, 1911,

3% Kleucker, Ber., 55, 1634 (1922),

#® Bergmann and Hervey, Ber., 62, 902 (1929).
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Side Reactions

Few investigators have studied the non-glycidic-ester portion of the
reaction products. Some unchanged ketone may usually be recovered.
Possible contaminants of the glycidic esters are the isomeric oxygen or
carbon alkylation products formed by alkylation of the enolate of the
ketone by the halo ester. The boiling ranges reported for the glycidic
esters usually cover 5-10°, so that such contamination is entirely pos-
sible. The condensation product from g-ionone and ethyl chloroacetate
is considered to be a mixture of three isomeric products: glycidic ester:
a-keto ester; and the enolic form of the latter.* Halogen in the con-
densation products indicates the presence of an e-halogen «,8-unsatu-
rated ester. IHigh-boiling products, including resinous material, are
frequently noted. These may result from self-condensation of the alde-
hyde or ketone * or of the halo ester; ethyl chloroacetate in ether reacts
with sodium to yield an ethoxy chloro acetoacetate of undetermined
structure.® Vacuum distillation of high-boiling glycidic esters should
be done at as low a temperature as possible in order to guard against
rearrangement to an a-keto ester.® 4.4

SELECTION OF EXPERIMENTAL CONDITIONS

The reactions are carried out under strictly anhydrous conditions
preferably in an inert atmosphere. Often no solvent is used, care being
taken to prevent undue temperature rise when the condensing agent is
added. It seems best to add the condensing agent to a mixture of the
reaction components, of which the halo ester is preférably in some
excess.” It has been found ® advantageous to use 1.6 moles of chloro
ester and 1.6 moles of alkoxide to 1 mole of ketone. During the first
stage of the reaction it is well to keep the mixture cold, temperatures as
low as —80° being recommended.®® IHowever, in a few cases no reaction
occurs at —80° and a temperature of 0° appears to be preferable.’®
After reaction periods ranging from a few hours to a few days, the mix-
ture is usually heated for an hour on a steam bath. The reaction mixture
is then treated with dilute acid and the organic products are generally

¥ Milas, Lee, Sakal, Wohlens, MacDonald, Grossi, and Wright, J. Am. Chen. Soe.,
70, 1584 (1948),

#® Weidlich and Daniels, Ber., 72, 1596 (1939).

# Fittig and Erlenbach, Ann., 269, 15 (1892).

0 Troell, Ber., 61, 2498 (1928).

i Kohler, Richtmyer, and Hester, J., Am. Chem. Soe., 63, 211 (1931),

2 Pointet, Compt. rend,, 148, 417 (1909).

#3 Yarnall and Wallis, J. Org. Chem., 4, 270 (1939).
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separated by wvacuum distillation. At least one glycidic ester re-
arranged into an a-keto ester at the high temperature needed for vacuum
distillation,* 4.4 but this rearrangement seems not to be general.

The most frequently used condensing agents are sodium ethoxide and
sodium amide., Of these, sodium ethoxide is the reagent of choice in
the few reactions where both have been employed.!®3 4,45  The use
of powdered sodium in various solvents seems to be promising.** The
sodium ketyl prepared from benzophenone has been used with fair
success in one reaction.!

The effect of solvent on the yields of glycidic esters has not been
extensively investigated. Better yields were obtained in the condensa-
tion of cyclohexanone with ethyl a-chloropropionate without solvent
than with ether, benzene, or benzene-petroleum ether.? A variety of
inert solvents has been used, but the experiments do not permit a con-
clusion concerning the importance of the solvent. Aromatic hydro-
carbons have been recommended as solvents in preparations carried out
with the aid of metallic sodium; in the presence of such solvents the
sodium chloride formed in the reaction separates in a colloidal suspension
and does not coat the sodium.%

CONVERSION OF GLYCIDIC ESTERS INTO ALDEHYDES AND KETONES

| Hydrolysis of glycidic esters to and decarboxylation of the resulting
glycidie acids usually yield ketones or aldehydes. R’ and R” may

R’ 0 R’ O
N N\ mo N7\ —COy
C————CCO,CeHg —— C——CCO:H ——

/ | / |
R.H‘ RH.F RH‘ 1{”!

R’ R’
AN
CHCOR"™ or CCHO

/ /|

RH RH‘ RH‘J

represent hydrogen or alkyl or aryl groups, or may be joined in a ring.
If R’ is hydrogen an aldehyde always results; if a methyl group, methyl
ketones are formed. The effect of other groups in the R’ position has

# Linstead and Mann, J. Chem. Sec., 1930, 2070,

1 Kayser, Ann. chim., [11] 6, 170 (1936).

% Knorr, Laage, and Weissenborn, Ger. pat. 591,452 [C. 4., 28, 2367 (1934)], U. 8. pat.,
1,899,340 [C.A., 27, 2962 (1933)].



422 ORGANIC REACTIONS

received little attention: when R’ is ethyl, an ethyl ketone is obtained ; ¥
when R is n-decyl, an aldehyde results.’?

The conversion of glycidic esters to acids may be effected by the usual
alkaline hydrolysis. A special hydrolysis ** involves treatment of the
ester with one equivalent of sodium ethoxide in absolute ethanol followed
by addition of exactly one equivalent of water; addition of dry ether
then causes the precipitation of the sodium salt of the glycidic acid.

For the most part, the glycidic acids are converted into the aldehydes
or ketones by heating to the decomposition point. Better yields of
methyl cyclohexyl ketone may be obtained from a-methyl-a,8-epoxy-
cyclohexylideneacetic acid by two modifications of the above treatment
(which gives a 419, yield).#® In one, the sodium salt of the glycidic acid
is heated with sodium hydroxide at 300° (yield 45-569;); in the other,
the glycidic acid is treated with dry hydrogen chloride, and the crude
chloro hydroxy acid thus obtained is then heated with semicarbazide
hydrochloride in pyridine (yield 759).

The optimum conditions for pyrolysis of the glycidic acid derived from
the condensation of g-ionone and ethyl chloroacetate involve heating in
pyridine at 130-135° for one to two hours.¥ When this same glycidic
acid is decarboxylated by heating in the presence or absence of powdered
glass or by passage in the vapor phase under reduced pressure over
freshly reduced copper on pumice at 140-160°, products having slightly
different properties from those of the product obtained by the pyridine
method are obtained.’” Another group of workers recommends heating
in the presence of a small amount of copper powder as the best method
for decarboxylating and rearranging this same glycidic acid and the
isomeric acid obtained from a-ionone and ethyl chloroacetate,®* while a
third group of workers reports that no special decarboxylation procedure
is necessary for the glycidic ester from g-ionone and ethyl chloroacetate:
the glycidic ester is hydrolyzed with cold methanolic sodium hydroxide,
the product is extracted in the usual way with ether, and the aldehyde
is obtained by vacuum distillation.4?

A systematic study of the best conditions for the conversion of glyeidie
esters to aldehydes or ketones is obviously to be desired, and such a
study would contribute much to the wider synthetic use of glycidic
esters.

T Mousseron and Granger, Compt. rend., 218, 358 (1944); Mousseron, Winternitz,
Granger, Claret, Trinquier, and Combes, Bull. soc. chim. France, 1947, 508,

i’a Heilbron, Johnson, Jones, and Spinks, J. Chem. Soc., 1942, 727.
b Isler, Huber, Ronco, and Kofler, Helv. Chim. Acta, 30, 1911 (1947).
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REACTIONS OF GLYCIDIC ESTERS

In addition to their conversion to aldehydes and ketones, discussed
in the preceding section, the glyecidic esters undergo a number of other
reactions which should prove to be valuable in synthetic work. In the
paragraphs which follow, examples of these reactions are given. No
attempt has been made to list all the examples of any one reaction, but
it 1s believed that all the types of reactions are included.

Rearrangement to a~- or B-Keto Esters. It has already been pointed
out (pp. 420 and 421) that a glycidic ester on heating to a high tempera-
ture may undergo rearrangement to a keto ester. Ethyl 8,8-diphenyl-
glycidate is isomerized to ethyl g,8-diphenyl-a-ketopropionate on distil-

lation, 10, 41.42
O

(C{',IIE}EG CH00202H5 — (CEHEJECHGDCOEQHs

Ethyl g-phenylglycidate, on passage in the vapor state over infusorial
earth at 310°, yields the ester of phenylmalonaldehydic acid.#

O CHO

7\
CﬁIIﬁCH——'—CHCUECEI‘IE — GﬁHﬁcH

CO,C,Hjp

Reactions with Hydrogen Halides. The addition of hydrogen chloride
in dry ether in the cold to ethyl g,8-dimethylglycidate and to ethyl
a,B,8-trimethylglycidate results in the formation of a-hydroxy g-chloro
esters.® This reaction complements the addition of hypochlorous acid to
the corresponding substituted acrylates which yields the isomeric
a-chloro B-hydroxy esters.

) ?l OH
HC1
CH;(IZ ?COEGEHE — CIiﬂ(,lj"“—?CG:CgI'IE R = H, CH;
DI’Ia R CHa R

Hydrogen bromide reacts similarly,® but hydrogen iodide yields the
acrylate.® This latter reaction constitutes another * method for pre-

* A summary of the methods of preparing «,f-unsaturated acids by condensation
methods is given in the chapter on the Perkin reaction by J. R. Johnson in Organic Reac-
tions, Vol. I, p. 233, John Wiley & Sons, New York, 1942,

# Tiffeneau and Levy, Anales soc. quim. argentina, 16, 144 (1928) [C.A., 24, 2450
(1930)].
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paring a,f-unsaturated esters and might be developed into a procedure

O

_DH,;(E CIICO.C,Hy 4 2HI — CHgff=CHCDgGgIIE -+ 11,0 + I

CH; CHs

for the quantitative determination of glyeidic esters.

Reactions with Ammonia and Amines. Depending upon the reaction
conditions, glycidic esters may yield either glycidic amides, hydroxy
amino esters, or hydroxy amino amides on treatment with ammonia or
amines. The orientation of the hydroxy amino amides appears in doubt.
If ammonia or an aliphatic amine is used it is claimed that a-hydroxy
B-amino amides are obtained, whereas with an aromatic amine the

reverse orientation results.®
O

7\ RNH,

rNH
CeH;CHOHCHCONHAr o CoHyCH——CHCO0,CoHy — i

| Aromatic Aliphatio

NHAr CeH;CHCHOHCONHR

NHR

It is stated that with ethyl B,8-dimethylglycidate and aniline or
methylaniline an a-anilino-g-hydroxy ester is produced,? whereas in a
patent the reverse orientation is claimed.™

/Cr CH,
CH,C CHCO,CsH; + CelIsNHR — GIIE(IB—GIIGI-IGDECEHE R = H, CH;
&Ha RNCel;

It appears that more work is required before assignment of structure
of such amino hydroxy compounds can safely be made by analogy.

With phenylhydrazine, the amide * or ethyl ester ® of g8,8-dimethyl-
glycidic acid yields 1-phenyl-3,3-dimethyl-4-hydroxy-5-pyrazolidone.

)

150-180°
CH;C CHCONIH; + CgHsNHNH; — 3 HOCH—CO
J: 10 hours “\
H, (OC,Hp) /Ncﬁl-lﬁ
(CHj3)oC—NH

¥ (a) Fourneau and Billeter, Bull. soc. chim. France, [5] 6, 1616 (1939); (b) [5] T, 593
(1940); (&) Fourneau and Maré&chal, 1bid., [5] 12, 990 (1945).

¥ Schickh, Ger. pat. 583,243 [(.A., 28, 260 (1934)].

51 Schickh, Ger. pat. 588,045 [C.A., 28, 1360 (1934)].
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Reduction. The reduction of glycidic esters by heating in alcohols
with sodium is said to yield mixtures of the saturated acid and of the
corresponding primary alcohol. No details of the experimental pro-
cedure or yields are reported.®® By a similar reduction, 8,8-diphenyl-

O

RCH——CHCO,C.lIs — RCH,CI,COOH + RCH,CH,CH,OH
R = TI-EaH]'"— and Cgﬂﬁ-'—

O

UIIaCHg{__: (31100202115 — CIIaCI‘IgGIIGlIEGIIEUI{

| |
CHg CH;

glycidic ester is reported to yield 8,8-diphenyl-a-hydroxypropionic acid.5
However, in view of the previously mentioned rearrangement of this
glycidic ester to form a keto ester on vacuum distillation, 44 it is
possible that the reduction was carried out on the rearranged product.
Grignard Reaction. The product resulting from the action of methyl-
magnesium iodide on ethyl g,5-diphenylglycidate * followed by hydrol-
ysis is claimed to be g,8-diphenyl-a-hydroxybutyric acid. However,
the proof of structure consisted in establishing the non-identity of the
reaction product (m.p. 167°) with g,8-diphenyl-g-hydroxy-a-methyl-
propionic acid (m.p. 101°). The alternative possibility, 8,6-diphenyl-a-
hydroxy-a-methylpropionic acid, was not ruled out. This latter product
would be formed if the glycidic ester rearranged to the a-keto ester.

O

Hydrolysis
kY

CHCO,C5Hs + CHzMel )
(CeHg)sCCHOHCOH (m.p. 167°)

(CeHp)2C

CH,
{OEHEJ ECDH?HCDQI‘I (ITI P- 101 u-)

CH,

Hydration. Hydration of the ¢is form of ethylene oxide dicarboxylic
acid yields dl-tartaric acid, whereas the trans form yields a mixture of
about 409, di-tartaric and 609, meso-tartaric acid.

2 Verley, Bull. soc. chim. France, [4] 35, 487 (1924).
5 Billon-Bardon, Compt. rend., 188, 1412 (1929),

¥ Bardon and Ramart, Compt. rend., 183, 214 (1926).
% Kuhn and Ebel, Ber,, 58, 919 (1925),
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CHCO:H /CHCDgH
/
0 0, dlTartaric acid e 0\
CHCO.H 60% CHCO.H
meso-Tartarie acid
c1s frans

Reaction with Active Methylene Groups. Although details and proof
of structure are not given, it is stated that g,8-dimethylglycidic ester and
B-phenylglycidic ester react with sodioacetoacetic ester and sodiomalonic
ester, respectively, to yield substituted y-butyrolactones.®

0 C0C;Hs
7N é
(OH5)2C~——CHC0,CsHs + CHyCOCHNaCO,CHs — (CHy)C—CHCHCOCT,
0——CO
0 COColls
7\ S
CoHlsClI——CHCO,CaH; + CHNa(COCslls)s — CollCHCHCHCO,Cl,
0——CO

THE DICHLOROACETATE SYNTHESIS

Darzens has discovered a series of reactions starting with ethyl di-
chloroacetate which promises to be of wide applicability. The dichloro
ester condenses with aldehydes and ketones in the presence of dilute
magnesium amalgam to give excellent yields of a-chloro g-hydroxy
esters which can be converted to glycidic esters or to a-chloroaerylie

esters. %1617
R

P
RCOR + CIICLCO,Cylls %} RCCHCICO.Cy1 T

OH
P20s l NaQCqHg
1
RC———CHCO,CoH5s
R N/
RC=CCICO EC EI:[E l é Eﬁfﬂﬁ?ﬁmﬂ

NaOH

R J'HED IHeat R
>CHGOCUEII — >CI[CI-ID -+ CO;
R R

¥ Chelintsey and Osetrova, J. Gen. Chem. U.S.S.R., T, 2373 (1937) [C.A., 32, 2099
(1938)]. :
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The a-chloro B-hydroxy esters are formed in almost theoretical yields
from ketones. Aliphatic aldehydes, which with a-chloro esters give
poor yields of glycidic esters, give yields of 409, to 689, of a-chloro
B-hydroxy esters. Iithyl dibromoacetate may replace the dichloro ester,
calcium and zinc amalgams the magnesium amalgam, and benzene may
replace ether as solvent.®

The halohydrin esters are quantitatively converted into glycidic
esters by treatment with one equivalent of sodium ethoxide. Alterna-
tively, they may be dehydrated to a-chloroacrylates in high yield by
phosphorus pentoxide.

The overall conversion of the halohydrin esters to disubstituted
acetaldehydes may be effected by two paths as indicated by the above
chart. The path involving hydrolysis of the chloroacrylate and de-
carboxylation of the resulting a-keto acid is recommended by Darzens.!
The dichloro ester synthesis merits more study and wider use.

EXPERIMENTAL PROCEDURES

Methyl a-Methyl-a,B-epoxycyclohexylideneacetate. (Use of sodium
methoxide.) '* A solution of 49 g. (0.5 mole) of cyclohexanone and 98 g.
(0.5 mole) of methyl a-chloropropionate in 200 ml. of anhydrous ether
is placed in a flask which has been previously dried by heating with a
flame while being swept out with dry nitrogen. The entire reaction is
carried out in an atmosphere of dry nitrogen. The reactants are cooled
to 5% and 45.5 g. (0.8 mole) of commercial sodium methoxide (95%,
pure, The Matheson Company) is added over a period of one hour dur-
ing which time the reaction mixture is cooled in an ice-water bath and
vigorously stirred. The reaction mixture is permitted to warm slowly
to room temperature and is stirred for twenty hours, after which the
mixture is hydrolyzed by the addition of a cold solution of 30 ml. of
concentrated hydrochloric acid in 200 ml. of water. The ether solution
i1s separated and washed successively with two 100-ml. portions of water,
100 ml. of saturated sodium bicarbonate solution, 50 ml. of water, and
100 ml. of saturated sodium chloride solution. After filtration through
anhydrous sodium sulfate and distillation of the ether, 78 g. (85%) of
methyl a-methyl-e,8-epoxycyclohexylideneacetate is obtained by vac-
uum distillation, b.p. 116-118°/8.5 mm.

Ethyl a-Methyl-B-p-tolylglycidate. (Use of sodium ethoxide, bromo
ester, and an aromatic aldehyde.) ¥ To a solution of 90 g. (0.5 mole) of
ethyl a-bromopropionate and 60 g. (0.5 mole) of p-tolualdehyde, cooled
in an ice-salt bath, 34 g. (0.5 mole) of freshly prepared sodium ethoxide

 Ruzicka and Ehmann, Helv, Chim. Acta, 15, 160 (1932).
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is added over a period of three to four hours. The mixture is stirred
overnight with cooling, two hours at room temperature, and finally
warmed six hours in a water bath. Ice water is then added, the mixture
is acidified with acetic acid, and the product is extracted with ether.
After drying and removing the solvent 62.5 g. (569,) of the glycidic
ester is obtained, b.p. 148-152°/12 mm.

Ethyl B-Methyl-B-phenylglycidate. (Use of sodium amide.) Detailed
directions for the preparation of this ester in 62-649, yield from ethyl
chloroacetate and acetophenone with sodium amide as the condensing
agent are given in Organic Syntheses,®

Hydratropaldehyde. (Conversion of a glycidic ester to an alde-
hyde.) % To a stirred solution of 274 g. (6.85 moles) of sodium
hydroxide in 770 ml. of water is added 708 g. (3.44 moles) of ethyl 8-
methyl-g-phenylglycidate. After being stirred for nine hours at 45-50°,
the solution is acidified to Congo red with 6 N hydrochlorie acid. The
glycidic acid is extracted with benzene and distilled with superheated
steam % at 180°. This treatment decarboxylates the glycidic acid over
a period of four to five hours, the aldehyde being removed continuously
as formed. The aldehyde is extracted from the distillate with benzene
and is vacuum-distilled to yield 268 g. (58%,) of product, b.p. 101-102°/
21-22 mm. Alternatively % the original hydrolysate, acidified to Congo
red, is steam-distilled at atmospheric pressure for about eighty hours,
approximately 125 1. of distillate being collected. After extraction with
benzene and distillation, the yield is 310 g. (679).

Ethyl B-p-Chlorophenylglycidate. (Use of powdered sodium.) ¢
Over a period of two hours a solution of 49 g. (0.45 mole) of ethyl
chloroacetate and 60 g. (0.43 mole) of p-chlorobenzaldehyde is added
to 10 g. (0.48 mole) of powdered sodium suspended in 150 ml. of xylene.
Water is then added, and the xylene fraction containing the produet is
worked up as previously described. The pure product boils at 155-
160°/4 mm.; yield 75 g. (669,).

Ethyl a-Chloro-B-hydroxy-B-phenylbutyrate. (Use of magnesium
amalgam and ethyl dichloroacetate.) 1* A magnesium amalgam is pre-
pared by warming a mixture of 7.5 g. of magnesium with 375 g. of mercury
under a stream of hydrogen. The amalgam is cooled under hydrogen,
and a solution of 36 g. (0.3 mole) of acetophenone and 48 g. (0.3 mole)
of ethyl dichloroacetate in 300 ml. of anhydrous ether is added with
stirring and cooling. After being stirred for six to ten hours the mixture
is poured on ice containing acetic acid and the organic portion is worked

588 Allen and Van Allen, Org. Syntheses, 24, 82 (1044).
% Newman and Closson, J, A4m. Chem. Soc., 66, 1553 (1044).
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up in the usual fashion. Vacuum distillation gives 68 g. (929,) of
product, b.p. 166-167°/5 mm.

EXAMPLES OF THE DARZENS GLYCIDIC ESTER CONDENSATION

The literature has been covered through 1947. The compounds are
listed according to the increasing carbon content of the empirical
formula of the glycidic ester as in the Chemical Abstracts Formula Index.

The typical procedure involves slow addition of the condensing agent
to a cooled mixture of the carbonyl compound and halo ester with or
without a solvent. The condensing agents are:

A. The sodium alkoxide corresponding to the alkyl group of the halo
ester.

B. Sodium amide.

C. Sodium, usually powdered.
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The procedures are similar to those used in the glyeidie ester reactions.
B. Sodium amide.

ORGANIC REACTIONS

TABLIL II

GrLycipic AMIDES

used are the following: A, Sodium ethoxide,

C. Bodium.

The eondensing agents

Carbonyl Compound

11‘\\ 7 ﬂ\ 7
C——C—C—R""

o

I!
RJF

O

Glyeidiec Amide Formula

]Lf R'F lt”ﬂ' I{J’J"J’
Acetone CHz— Cllg— |11 NHo—
3-Pentanone Collg— | CaHs— | 11 MNITg—
Cyeclohexanone —(CHs) g— H NHo—
Benzaldehyde Cells— |H 1 NHs—
Acetone CH;z;— CH;— |H N(C:Hpg)s—
Benzaldehvde CeHs— |H CHy— | NHCH 3—
Propiophenone CeHp— | CaHg— | H NHs—
1-Phenyl-2-propanone CyHy— |CH;— |H N o—
1-Phenoxy-2-propanone CiH:0— | CH;— |H NHas—
Acetophenone CelHg— |CHzy— |H N{CHjz)s—
Citral CoHy1s— | H I NH:—
Benzaldehyde CeHs— | H H NHCsHz—

Con-
densing
Agert

Yield
o

Refer-
ences *

| &= =0
-

== e
s

=]

|§1Ii§§%lll

24
85
86
86
806
206
24
24
24
86
86
80
24
28¢

* References 60-87 are on pp. 430-440,

Tt Procedure A gave an amide m.p. 1047 procedure BB, an amide m.p. 148°,
1 The a-bromoamide was used.

THE DARZENS GLYCIDIC ESTER CONDENSATION

TABLE III

a-CHLoro f-Hyproxy ESTERS

439

The procedure involves the addition of a mixture of ketone and a,a-dichloro ester
in cther to dilute (1 to 50) magnesium amalgam. All the a-chloro g-hydroxy esters
were converted in high yield to epoxy esters by treatment with alkaline reagents.

Carbonyl Component Product Yield | Refer-
% | ences *
Acetaldehyde CH3;CHOHCHCICO.CH; 40 17
Acetone (CH3)sCOHCHCICO:CoHs — 15, 16
Isobutyraldehyde (CH3):CHCHOHCHCICO,CsHjg 68 17
Cyelopentanone (CHg)s=~COHCHCICOQ,CoHjg - 17
Cyeclohexanone (CHj3)=COHCHCICOQ.CyHp 97 17
Benzaldehyde CgHsCHOHCHCICOClH; — 17
Heptaldehyde CH3(CHjy)s CHOHCHCICQ.CoHjy 57 17
Acetophenone CeHsCOHCHCICO,CyHjp 05 16
Hj
Dehydroandrosterone OH — 87
acetate T H,C f_CClCDﬂCzHE
P CHj
Haﬁ}
| : :
OCOCH;

* Referencea 60-87 are on pp. 439-440,
T This reaction failed when dehydroandrosterone was used, Ercoli and Mamoli, Chimica e Indusfria,

1937, 435.
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