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Anal. Caled. for CyxH,0: C, 88.72; H, 6.55. Found: C,
88.67; H, 6.58.

The infrared spectrum (chloroform) of this substance
shows absorption at 1677 cm.~! assignable to the conjugated
carbonyl group.
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The ultraviolet spectrum (ethanol) shows a single absorp-
tion maximum at 268 mu with a molar extinction coeflicient
of 7810.
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Isopropylidene malonate undergoes condensation with formaldehyde, acetaldehyde and benzaldehyde in dimethylforma-
mide at room temperature with no added catalyst to give the corresponding aldol-Michael products in excellent yields,
The condensation of isopropylidene malonate with other carbonyl compounds is also discussed.

Isopropylidene malonate (I) contains a methylene
group of unusually great acidity and an ester group
that undergoes hydrolysis under extremely mild
conditions. These features make it appear an at-
tractive alternative to malonic ester as a reagent
for the synthesis of compounds containing very
sensitive functions that might be altered under the
conditions of the ordinary malonic ester syntheses.
Some reactions of the reagent I with carbonyl
compounds and alkyl halides have been reported*—7;
in this paper several new aldol and Michael con-
densation products of isopropylidene malonate and
of the similar ester, benzylidene malonate® (III)
are described.

Although the structure of isopropylidene ma-
lonate (I) has been proved conclusively,* benzylid-
ene malonate has been regarded®® as a carboxy-3-
lactone as recently as 1954, this formulation being
patterned after the “Meldrum’s Acid” structure
originally suggested'® for I. To make certain that
IIT is the analog of I, its infrared spectrum was
examined ; the absence of carboxyl bands confirmed
the structure I11.

Condensations of I with aqueous formaldehyde,
with acetaldehyde, and with benzaldehyde, all in
dimethylformamide (DMF) at room temperature

(1) This investigation was supported in part by a grant
from the National Science Foundation ((G6223), which is
gratefully acknowledged.

(2) Sun Oil Co. Fellow, 1959-60.

(3) Phillips Petroleum Co. Fellow, 1956-57.

(4) D. Davidson and 8. A. Bernhard, J. Am. Chem. Soc.,
70, 3426 (1943).

(5) E. J. Corey, J. Am. Chem. Soc., 74, 5897 (1952).

(6) H. R. Snyder and C. W. Kruse, J. Am. Chem. Soc.,
80, 1942 (1958).

(7) J. W. Hedge, C. W. Kruse, and H. R. Snyder, J.
Org. Chem., 26, 992 (1961).

(8) A. Michael and N. Weiner, J. Am. Chem. Soc., 38,
680 (1936).

(9) N. 8. Vulfson, Zhur. Obshchei Khim., 20, 425 (1950);
J. Gen. Chem. U.8.8.R., 20, 449 (1950); N. 8. Vul'fson,
Zhur. Obshchei Khim., 24, 1853 (1954); J. Gen. Chem. U.S.-
S.1R., 24,1817 (1954).

(10) A.N. Mecldrum, J. Chem. Soc., 93, 598 (1908).

and with no added catalyst, gave nearly quantita-
tive yields of the aldol-Michael products II. The
product IIb from acetaldehyde was also obtained in
moderate yield from crotonaldehyde, obviously as
the result of the occurrence of a reverse aldol reac-
tion. Benzylidene malonate and formaldehyde also
reacted readily to form the produect similar to IIa.
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When the reaction of benzaldehyde and iso-
propylidene malonate was carried out in dimethyl
sulfoxide (DMSO) or glacial acetic acid, a mixture
of the aldol-Michael product (IIc) and the un-
saturated (aldol) product, isopropylidene benzal-
malonate, was formed. These solvents evidently are
less favorable to the Michael reaction than is
dimethylformamide. The same solvent effect also
was noted in the reaction of isopropylidene malo-
nate with the less reactive aldehyde, p-nitrobenzal-

dehyde. With this combination in dimethyl
sulfoxide only the unsaturated product, isopro-
pylidene p-nitrobenzalmalonate, was obtained

(749;), but in dimethylformamide a mixture of
this substance and the Michael product formed.
In dimethylformamide cinnamaldehyde reacted to
form only the aldol product, isopropylidene cin-
namalmalonate (829). It is interesting that in this
experiment, unlike that with crotonaldehyde, there
was no indication of the formation of products re-
sulting from a reversc aldol reaction. The reaction



SEPTEMBER 1961

of benzaldehyde and benzylidene malonate (III)
in dimethyl sulfoxide afforded the unsaturated
product, benzylidene benzalmalonate. Benzylidene
benzalmalonate was also obtained as a by-product
in the reaction used to prepare benzylidene malo-
nate. .

Reactions of isophthalaldehyde and terephthalal-
dehyde were of interest because of the several
possible reaction courses with such bifunctional
aldehydes. In dimethylformamide, isophthalalde-
hyde yielded only one product, triisopropylidene
m - (8,8,68’,8" - isopropyl) - B,8 - styrenehexa-
carboxylate (IV), resulting from aldol reaction at
one aldehyde function and both aldol and Michael
reactions at the other. In each of several experi-
ments in which the molar ratio of isopropylidene
malonate to isophthalaldehyde was varied from
4:1t02:1, only IV was isolated ; however, the crude
products from runs with molar ratios of 3:1 and 2:1
were apparently less pure and may have contained
some of the other possible products, including V.
With dimethyl sulfoxide as the solvent and a 2:1
molar ratio a product that was insoluble in aqueous
potassium carbonate (in which IV is soluble) was
obtained in poor yield. The infrared spectrum indi-
cated this material to be principally diisopropyli-
dene isophthalaldimalonate (V), but a pure sample
was not obtained.
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Terephthalaldehyde in dimethylformamide also
reacted to form the product (VI) resulting {from a
double aldol reaction and a single Michael addition.
It was obtained in excellent yields with molar
ratios of 3.5:1 to 6:1 of isopropylidene malonate to
the aldchyde, and no evidence of the formation of
the double Michae! addition product was observed.
The substance VI proved quite unstable with re-
spect to the reverse Michael reaction leading to
VII. Attempted recrystallization of VI in warm
aqueous acetone or in cold aqueous acetonitrile
gave bright yellow crystals of VII, identical with
sumples prepared in poor yield from isopropylidene
malonate and terephthalaldehyde (2:1) in dimethyl
sulfoxide.

The failure to obtain the double Michael product
from isophthalaldehyde might be attributed to
sterie interference of the two bulky substituents,
even in the wieta position to each other. Models indi-
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cate that the interference would be substantial.
However, the same explanation is not applicable to
the para isomer. The apparently greater tendency
of VI to undergo the reverse Michael reaction, as
compared to IV, probably results from the forma-
tion of the more highly conjugated system in VII,
as compared to V.

Since acetone was used in working up some of the
crude products it was desirable to learn whether it
reacts with isopropylidene malonate under mild
conditions. No reaction was observed in dimethyl-
formamide, but with acetone itself as the solvent
and in the presence of piperidine and glacial acetic
acid, condensation occurred to give isopropylidene
isopropylidenemalonate in 589, vield. This product,
like the cyclohexanone condensation product,®
readily underwent a reverse aldol reaction.

CHO

EXPERIMENTAL!—13

Isopropylidene malonate was prepared according to the
procedure described by Davidson and Bernhard* and benzyl-
idene malonate by that of Michael and Weiner.?

Diisopropylidene methylenedimalonate (1Ia). A solution of
14.4 ¢g. (0.1 mole) of isopropylidene malonate and 4.05 g.
(0.05 mole) of 37% aqueous formaldehyde in 40 ml. of
dimethylformamide was allowed to stand at room tempera-
ture. Crystals began to deposit at the end of 1 hr. After 2 hr.,
25 ml. of water was added. The mixture was cooled, filtered
and washed well with cold water to give 14.2 g. of diisopropyl-
idene methylenedimalonate, m.p. 143-146° dee. A second
crop (0.4 g. ) formed in the filtrate. The total yield was 14.6
2. (97%). The produet was dissolved in acetone and repre-
cipitated by adding twice the volume of cold water. A second
such purification gave the analytical sample, m.p. 144.5-
146° dec.

Anal. Caled. for CisHi60s: C, 52.00; H, 5.37. Found: C,
52.00; H, 5.44.

When equimolar amounts of isopropylidene malonate and
formaldehyde werc used, only a clear gum was obtained.

Diisopropylidene ethylidenedimalonate (IIb). A. Acetalde-
hyde condensation. A solution of 0.25 g. (5.7 mmoles) of
acetaldehyde and 0.8 g (5.6 mmoles) of isopropylidene
malonate in 4 ml. of dimethylformamide was allowed to

(11) All melting points were taken on a Kofler micro hot
stage unless otherwise specified.

(12) The infrared spectra were determined by P. Me-
Mahon and his associates with a Perkin-Elmer model 21
double beam recording spectrophotometer equipped with
sodium chloride optics.

(13) The microanalyses were performed by J. Nemeth,
Mrs. Ruby Ju, Miss Claire Higham, Mrs. A. S. Bay, and
Miss Jane Liu.



3168

stand at room temperature for 3.5 hr. The reaction mixture
was poured into cold 59 sodium bicarbonate solution, fil-
tered to remove a small amount of undissolved material
and acidified to cause precipitation of a white solid. Filtra-
tion and drying yielded 0.86 g. (989¢) of crude IIb, m.p.
115-120° dee. Purification accomplished by pouring an
acetone solution of the crude produet into cold water
afforded nearly pure IIb which began to decompose at 150°.
The infrared spectrum of the purified product was identical
to that of the analytical sample prepared from crotonalde-
hyde (see part B).

B. Crotonaldehyde condensation. A solution of 7.2 g. (0.05
mole) of isopropylidene melonate and 0.88 g. (0.0125 mole)
of crotonaldehyde in 1.5 ml. of water und 20 ml. of dimethyl-
formamide was left at room temperature for 6 hr. Addition
of cold water to the reaction mixture caused the formation
of a precipitate. The precipitate was collected and dried to
yvield 5.35 g. (67%) of crude Ilb, m.p. 147-150° dec.
Recrystallization from acetone-water afforded the analytical
sample which melted with decomposition starting at 155°.

Anal. Caled. for CHisOs: C, 53.50: H, 5.77. Found: C,
53.75; H, 5.85.

Diisopropylidene benzylidenedimalonate (1Ic). A solution of
1.44 g. (10 mmoles) of isopropylidene malonate and 1.06
g. (10 mmoles) of benzaldehyvde in 5 ml. of dimethylforma-
mide deposited a few crystals within 5 hr. at room tempera-
ture. The entire reaction mixture was pourcd into 10 ml.
of cold water. The resulting precipitate was filtered. washed
with water, and dried to yield 1.75 g. (93%¢) of crude Ile.
Recrystallization from dimethvlformamide-water, followed
by trituration in refluxing acetone, gave the analytical
sample, m.p. 180-182° dec.

Anal. Caled. for CyHoOdy: C, 60.63, H, 536.
C, 60.45; H, 5.45.

Dibenzylidene methylenedimalonale. A solution of 0.96 g
(5 mmoles) of benzylidene malonate (III) and 0.21 g. (2.6
minoles) of 379 aqueous formaldehvde in 10 ml of di-
methylformamide was left at room temperature for 5.25 hr,
Cold water was added and a gummy white precipitate
formed.  The precipitate was collected and puritied by dis-
solving in acetone and adding water to give 0.57 g. (584%) of
dibenzylidene methylenedimalonate, m.p. 203-207° dec. The
product was soluble in 597 sodium bicarbonate solution.

Isopropylidene benzalmalonate. A. With dimethyl sulfoxide
ax solvent. A solution of 1.06 g. (10 mmole) of benzaldehyde
and 1.44 g. (10 mmoles) of isopropylidene malonate in  ml.
of dimethv] sulfoxide was allowed to stand at room tempera-
ture for 18 hr, Filtration of the reaction mixture yielded 0.75
g (417,) of e, vup. 155° dec. Water was added to the
filtratc and the resulting precipitate was colleeted und tri-
turated in 54, sodium carbonate to give 0.7 g (30%,) of
crude isopropylidene benzahmalonate. m.p. 80 84°. The
analvtically pure material was ohtained by reerystallization
from cvelohexane, This material melts near 75°, resolidifies,
and melts again at 85-86°.

Anal. Caled. for CpH O €, 87237 H.
(6.84; H, 5.14.

B. With glacial acetic acid as solvenl. A solution ol LUG .
(10 mmoles) of benzaldehvde and 1.44 g (10 mmoles) of
isopropvlidenc malonate in 5 ml. of glacial acetic aeid was
left at room temperature for 35 hr. The erystals which had
formed were removed by filtration and washed with a small
amount of glacial acetic acid to yield 0.4 g (49%:) of Tle.
m.p. 175-177° dee. The addition of water to the filtrate
caused the precipitation of 1.0 g (43¢7) of isopropylidene
benzalmalonate, m.p. 83-85°.

The infrared spectrum of compound II¢ has carbouy!
bands at 1777 and 1740 cm. "' in Nujol, while that of iso-
propylidene benzalmalonate has bands at 1760 and 1728
em. Y in chloroform.

Isopropylidene p-nitrobenzalmalonate. A, With dunethl
sulforide as solvent. A\ solution of 1.0 g. (6.6 mmole) of p-
nitrobenzaldehyde and 1.1 g. (7.6 mmole) of isopropylidene
midonate in 4 ml. of dimethyl sulfoxide was allowed to stund

Found:

521, Found: ()
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at room temperature for 10 hr. Filtration afforded 1.35 g.
(74%,) of isopropylidene p-nitrobenzalmalonate, m.p 210-
215°. Recrystallization of the crude product from benzene
gave the analytically pure material, m.p. 216-217°,

Anal, Caled. for C,;:HiuNOg: C, 56 32; H, 4.00; N, 5.05.
Found: C, 56.62; H, 3.88; N, 4.94.

B. With dimethylformamide as solvent. A solution of 1.0
g. (6.6 mmoles) of p-nitrobenzaldehyde and 1.9 g. (13.2
mamoles) of isopropylidene malonate was left at room tem-
perature for 22 hr. By filtration, 1.5 g. of a mixture of iso-
propylidene p-nitrobenzalmalonate and another compound,
helieved to be diisopropylidene p-nitrobenzylidenedimalon-
ate, was obtained. Trituration of the mixture in hot chloro-
form dissolved the benzal derivative and left 0.75 g. (279%)
of undissolved material, m.p. 166-170° dec. The infrared
spectrum of this undissolved material showed that it was
almost certainly diisopropylidene p-nitrobenzylidenedi-
malonate, but an analytically pure sample was not obtained.
An additional 0.4 g. of isopropylidene p-nitrobenzalmalonate
was obtained by the addition of water to the dimethylform-
amide filtrate. The total yield of crude isopropylidene p-
nitrobenzalmalonate was 1.15 g. (639,).

Isopropylidene cinnamalmalonate. A solution of 3.6 g
(25 mmoles) of isopropylidene malonate and 1.65 g. (12.5
minoles) of cinnamaldehyde in 20 ml. of dimethylformamide
was left at room temperature for 10 hr. At the end of this
period, cold water was added and a cloudy vellow mixture
resulted. Acetone wus added until the mixture became
glear. After standing overnight in the refrigerator, the mix-
tur: was filtered with difficulty to yield 2.65 g. (829%)
of vel'ow, crude isopropylidene cinnamalmalonate, m.p.
42-105°. The crude product was dissolved in acetone and
reprecipitated by adding water to give 2.6 g. of purer prod-
uet, nuLp. 103-106°. Two recrystallizations from ethanol-
water gave produet which melted at 109.5-110.5°. The
product was insoluble in 5% sodium bicarbonate solution
and had a bright vellow color, indicating that a conjugated
double bond system was present. An analytical sample,
m.p. 106.5-108° in a capillary tube, was obtained by dis-
solving the produet in hot benzene, adding petroleum ether
{b.p. 30-60°), and cooling slowly.

Anal. Caled. for CisHuOu: C, 69.75; H, 5.46. Found: C,
69.81; H, 5.60.

In another experiment, with equimolar amounts of cin-
namaldehyde and isopropylidene malonate, isopropylidenc
cinnamalmalonate, m.p. 109.5-110.5°, was obtained in 75%
vield.

Benzylidene benzalmalonate. A. With dintethyl sulfoxide us
~olvenf. A mixture of 0.9 g. (4.7 mmoles) of benzylidene malo-
nate (111) and 0.5 g. (4.7 wmoles) of benzaldehyde in  ml.
of dimethyl sulfoxide wus left at room temperature for 48
hr. Water was added and the mixture was left ut room tem-
perature for 48 hr. The solid which had formed during thix
period was collected and recrystallized from acetone to
vield 0.45 g. (35%) of benzylidene benzalmalonate. A mixed
melting point of the product and the pure analytical sample
(vec part B) of benzylidene benzalmalonate showed no de-
pression (mup. 147.5-148.5° with no evident decomposi-
tion).

B. . s « by-product in the benzylidenc malonate preparation.
A mixture of 20.0 g. (0.192 mole) of malonic acid and § drop=
of coned. sulfuric acid in 80 ml. of acetic anhydride was left
at room temperature for 36 hr. A slight amount of undix-
wolved mualonic acid was removed by filtration, and the
filtrate was concentrated under reduced pressure (2 mm.)
in a 40° bath. To the residue from the concentration was
added 20.0 g. (0.189 mole) of freshly distilled benzaldehyde.
Heat was evolved and the mixture, upon being cooled under
the water tap, began to thicken and solidify. After storage
overnight in the refrigerator, a thick red oil resulted. Ether
(200 ml.) was added to the red oil and a powdery precipitatce
formed. The precipitate was filtered and washed with ether
to give 4.35 g (129%) of erude TII, m.p. 116-118° dee.
The mother liguors were coucentrated in vucwo, dissolved
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in 300 ml. of acetone, and poured into 300 ml. of water. Fil-
tration afforded 5.7 g. (22%) of benzylidene benzulmalonuate,
m.p. 144-146°. The produet was reervstallized twice from
acetone to give the analytical sample, m.p. 148-149°,

Anal, Caled for CirHpO4 C, 72.85: H, 4.32. Found: (',
72.81: H, +.60.

The infrared spectrum of benzyvlidene malonate in methyi-
ene chloride shows a split carbonyl band at 1800 und
1780 em. ! while the conjuguted curbonyls of benzvlidene
benzalmalonate show a split band «t 1770 and 1750 cm,
in Nujol.

Tritsopropylidenc m-(3,58,8',8'~isopropyl)=8,8-slyreiehera-
carborylate (IV). A solution of 5.76 g. (40 mmoles) of iso-
propylidenc malonate and 1.34 g. (10 mmoles) of isophthat-
aldehvde in 15 ml of dimethylformamide was left at room
temperature for 6.75 hr, The addition of cold water caused a
gummy precipitate to form. Acetone was added until the
solution beeame clear, The solution was allowed to evaporate
slowly overnight 1o form a white precipitate. Upon filtration,
3.15 g of white powder (IV), nup. 159-169° dec., wis ob-
tained. By further evaporation a second erop (0.14 g.) was
obtained, The total yvield wax 3.29 g. (62¢7). By dissolving
the produet in acetone-benzene and adding petroleum ether,
the analvtically pure material, nup. 148-152° dec., was ob-
tained.

Anal. Caled. for ColluOn: ) 58.86; H, 4.94. Found:
¢, 59.06; H, 5.23.

A mixture of 2 moles of isopropylidene malonate to 1 mole
of isophthalaldehyvde left at room temperature for 10 hr.
formed a less pure produet, m.p. 131-137° dec., in 949,
vield (based on isopropylidene malonate). The product was
slowlyv soluble in 5% sodium bicarbonate solution. This in-
dicated that IV was the principal product. With a 3:1
ratio of isopropylidene malonate to isophthalaldehyde left
at room temperature for 10.5 hr. an even less pure product,
m.p. 110-122° dec., was obtained in 869 vield. Since no
acetone was used in the work-up of these latter two reactions
and since the reaction times of the latter two reactions were
slightly longer, no really valid comparisons of the various
ratios can be made.

The infrared spectrum of IV in Nujol shows a broad car-
bonyl band with four peaks at 1790, 1770, 1745, and 1720
em. ! Bands at 1610 and 1587 cm. ! show that a double
bond conjugated with an aromatic ring is present.

Diisopropylidene isophthalaldimalonate (V). A solution of
2.88 g. (20 mmoles) of isopropylidene mulonate and 1.34 g.
(10 mmoles) of isophthalaldehyde in 153 ml. of dimethyl
sulfoxide was left at room temperature for 15 hr. The addi-
tion of water caused wu white gummy precipitate to forn.
Acetone was added until the solution was elear. The solu-
tion was allowed to cvaporite slowly to give a filterable
precipitate. Filtration gave 0.65 g of a white misture,
m.p. 150-152° dee. The mixture was triturated in 5% po-
tassiun carbonate solution, filtered, and washed with water
to give 0.45 g. (12%;) of crude V, m.p. 147-149° dec. An
infrared speetruni of this compound was definitely not the
same as the spectrum of IV, Acidification of the basic fil-
trate gave 0.2 g. of crude IV, m.p. 140-143° dec.

An attempt to purify the erude diisopropylidenc iso-
phthalaldimalonate V by stirring in 57 potassium carbonate
solution resulted in the decomposition of most of the prod-
uet. Further work-up gave only isophthalaldehy de.

The infrared spectrum of V in Nujol shows split carbony]
absorption at 1760 and 1735 ¢m.~! and double bond absorp-
tion ut 1620 em. ™t

T'ritsopropylidene p-(8,8,8",8"~isopropyl)-8,8-styrencheru-
carboxylate (VI). A. With u jour to one ratio of the reactants.
A solution of 5.76 g. (40 mmoles) of isopropylidene malonate
and 1.34 g. (10 mmoles) of terephthalaldehvde in 15 ml. of
dimethylformamide was left at room temperature. After
3 hr., erystals had begun to deposit from the vellow solution.
After 10 hr., acetone and cold water were added, and the
mixture was cooled for 45 min., filtered, and washed with
cold water to vield 5.05 g. of crude product V), m.p. 154.5~
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156° dee. A second crop (017 g was obtuned from the
filtrate to give a total vield of 5.22 g (98 () of crude matenal
The product (V1) was slowly soluble in 3, potassium bi-
carbonate solution.

Triturating the product in hot acctomtrile, filtering the
undissolved portion (m.p. 137 158.57 dec.), cooling the fil-
trate, and adding water gave a light yvellow mixture, m.p.
152.5-154° dee. The mixture was stirred in acetone and
filtered to give white product (VI), m.p. 155.5-156° dec.
Addition of water to the acetone filtrate gave vellow needles
of diisopropylidene  terephthalaldimalonate (VII), m.p.
207.5-200° dee. sStirring the product (VI) in acetonitrile
at room temperature, filtering, and adding water to the fil-
trate caused decomposition of the product to a small amount
of VII. No VI was recovered.

BB, With « six to one ratio of the reactunts. A solution of 8.65
g. (60 mmoles) of isopropylidene malonate and 1.34 g. (10
mmoles) of terephthalaldehyde in 30 ml. of dimethylforma-
mide deposited crystals after standing for 5 hr. at room
temperature. After 10 hr., cold water was added, and the
nixture was cooled for 20 min., filtered, and washed well
with cold water. After drying overnight, the white solid
weighed 4.4 g., m.p. 125-130° dec. A second crop (0.35 g.)
was obtained from the filtrate. The total vield of erude
product (VI) was 4.75 g. (909%).

The product was triturated in a warm acetone-water
solution, and the undissolved portion (VI), m.p. 158-159.5°
dee., was collected. Addition of water to the filtrate gave a
mixture of products apparently resulting from partial de-
composition. The mixture was stirred in acetone to dissolve
the diisopropylidene terephthalaldimalonate (VII), and the
undissolved portion (VI), m.p. 150.5-153° dec., was col-
lected. Addition of water to the filtrate gave analytically pure
diisopropylidene terephthalaldimalonate (VII), m.p. 182.5-
184.5° dec.

Anal. Caled. for CyuHis0s: C, 62.17: H, 4.70. Found: C,
62.30; H, 4.66.

A second recrystallization of VII from acetone-water
gave a higher melting material, m.p. 202-205° dec. The twice
recrystallized material was recrystallized twice more from
acetone to give a sample of VI, m.p. 194-196.5° dec., which
was also analytically pure.

C. With a three and one-half to one ratio of the reactants.
A solution of 5.04 g. (35 mmoles) of isopropylidene malonate
and 1.34 g. (10 mmoles) of terephthalaldehyde in 25 ml. of
dimethylformamide was stirred magnetically at room tem-
perature. The color of the solution changed from colorless to
vellow within 1 hr. and solid formed within 3 to ¢ hr. After
10 hr., 50 ml. of reagent grade benzene was added and stir-
ring was continued for 15 min., The mixture was filtered,
washed thoroughly three times with reagent grade benzene,
and dried to give 2.95 g. of fine white powder (VI), m.p.
161.5-163.5° dec. Analysis showed this fraction to be ana-
Ivtically pure.

Anal. Caled. for CosHasOrp: C, 58.86; H, 4.94. Found: €,
549.05; H, 3.01.

The benzene wus evaporated from the dimethylformanide
solution and water was added to the dimethylformamide
residue. Collection of three additional crops gave 0.95 g. of
produet. The total yvield was 3.90 g. (744)).

Diisopropylidene lerephthalaldinalonate (VI11). A solution
of 1.44 g. (10 mmoles) of isopropylidene malonate and 0.67 g.
(5 mumoles) of terephthalaldehyde in 10 ml of dimethyl
sulfoxide was left at room temperature. The color of the
solution changed from light yellow to orange to red. After
10 hr., the red solution was poured into cold water. A gummy
vellow precipitate formed. Acetone was added until the
solution was clear. Slow addition of water to this clear solu-
tion gave a filterable precipitate. Filtration and drying gave
.21 g. of crude diisopropylidene terephthalaldimalonate
(VII). The crude product melted partiallv at 174-180°
tlec. Part of the melt resolidified as long needles which melted
at 193-198.5° dec. Two additionsl crops guve 013 g
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of crude product. The total yield of crude VII was 0.34 g.
(18%). Reecrystallization from acetone gave long yellow
needles, m.p. 191.5-194.5° dec. See the preceding section,
part B, for analysis of compound VIL.

Isopropylidene isopropylidenemalonate. To a solution of 3.6
g.(0.025 mole) of isopropylidene malonate in 11.6g. (0.2 mole)
of reagent grade acetone were added 5 drops of piperidine
and 1 drop of glacial acetic acid. After 12.5 hr. at room
temperature, cold water was added to the yellow solution.
An oil formed, which upon cooling and scratehing, erystal-
lized. Filtration gave 2.65 g. (68%) of crude isopropylidene
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isopropylidenemalonate, m.p. 70-78°. The crude product was
triturated in 5% potassium carbonate solution, filtered, and
washed with water to give 0.6 g. (13%) of pure product,
m.p. 73-78.5°. Over 2 g. had been lost by this mild treat-
ment. Two recrystallizations accomplished by dissolving
the product in methanol and adding water gave the analyti-
cal sample, m.p. 75-78.5°.

Anal. Caled. for CsHppO4: C, 58.69; H, 6.57. Found: C,
58.78; H, 6.60.

UrBaNA, ILL.
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Small-Ring Heterocyclic Compounds. I. Aldehydes in the Darzens
Synthesis of Glycidic Esters'

LAMAR FIELD axp CLAYTON G. CARLILE®
Recetved December 29, 1960

The base-catalyzed condensation of ethyl chloroacetate with benzaldehyde gives ethyl irans-2,3-epoxy-3-phenylpropanoate
(1) contaminated by varying amounts of ethyl trans-a-chlorocinnamate. The proportion of the glycidate I is greatest when
the cation associated with the base is large, when the solvent is polar, and when the temperature of reaction is about 0-5°.
Use of diethylene glycol dimethyl ether, or a combination of higher temperature and polar solvent, results in I which contains
a considerable amount of an isomer, possibly the hitherto unreported cis-glycidate I. A typical aliphatic aldehyde gave poor
results in the Darzens synthesis because of aldol condensation; although formaldehyde also gave poor results, pivalaldehyde,
lacking a-hydrogen atoms, gave a glycidic ester in 679} yield. An effort to improve the Darzens condensation by use of a

chlorothiol ester was unpromising.

The reaction of benzaldehyde and ethyl chloro-
acetate in the Darzens condensation produces
ethyl 2 3-epoxy-3-phenylpropanocate (I) as the
main product. Under the usual conditions em-
ployed,®? trans-1 results,* a plausible consequence
of “overlap control.”’®

With potassium ¢-butoxide as the base, glycidate
I results in good yield and purity.® Sodamide, how-

pointed to the desirability of studying the con-
trolling factors in this typical Darzens condensation.

Table I shows that yields and relative amounts
of I and II vary significantly with the base used
and with certain of the eonditions. As the chlorocin-
namate II is not easily separated from the glycidate
I by distillation, yields of I and II were calculated

ever, results in glycidate I containing about 25% TABLE I
of ethyl a-chlorocinnamate (II).” In our hands, Vawiarions ix Yisuo or Guycrvars I axp CHLOROCINNA-
incidental use of sodium ethoxide also resulted in a yare 1T
mixture of I and II. These differences in results Tatio
of

(1)a) Taken from the Ph.D. dissertation of C. G. C. Glyei- }]lle\lg:_'
(January 1961). Research supported in part by the U. 8. date dafe 1
Army Medical Reseurch and Development Command ) “eld. Cinma. Sol
(Contract No. DA-40-103-MD-2030), and in part by the LXpb Yield, e o
Office of Ordnance Research, U. 8. Army (Contract No. DA- N __ bas o Inate vent
33-008-ORD-1637). (b) Du Pont Postgraduate Teaching 1 Lithium Lydride"® 40 3 E
Assistant, 1959-1960; N.S.F. Summer Fellow, 1959. 9 Sodiunt hvdride 61 7 1

(2) M. 8. Newman and B. J. Magerlein, Org. Reaciions, 3 Lithium ethoxide 85,65 96,13 BA
5, 413 (1949). Refs. 2 and 3 are to reviews of the Darzens 4 Sodium cthoxide? 45 G T oand B3
condensation. i 5  Sodium ethoxide 49 11 BEA

(3) M. Ballester, Chem. Revs., 55, 283 (1053). 6 Potassium cthoxide 63 13 BA

(4) H. O. House, J. W. Blaker, and D. A. Madden, J. Am. 7 Tetramethylam-
Chem. Soc., 80, 6386 (1958). monium ethoxide 60 100 A

(3)a) H. E. Zimmerman, L. Singer, and B .8, Thyagara- 8 Lithium #-butoxide® 52 10 TR
jun, J. Am. Chem. Soc., 81, 108 (1959). (b) H. E. Zimmerman 0 Potassium i-butoxide 71 192 T and TB
and L. Ahramjian, J. Am. Chem. Soc., 81, 2086 (1959). 10 Potassium f-butoxide 61 130 TB
(¢) H. E. Zimmerman and L. Ahramjian, Meeting of the 11 Potassium {-butoxided 77 45 TB
American Chemical Society, Atlantic City, N. J., September 12 Lithium t-pentoxide 38 7 TP

1959; Abstracts (Organic Division), p. 1P; J. Am. Chem.
Soc., 82, 5459 (1960).

(6) W. 8. Johnson, J. 8. Belew, L. J. Chinn, and R. Hunt,
J. Am. Chem. Soc., 75, 4995 (1953).

(7) L. Claisen, Ber., 38, 708 (1905).

@ B, ether; EA, ethyl alcohol; B, benzene; TB, ¢-butyl
alcohol; TP, t-pentyl alcohol. ? Introduced as the solid.
¢ Temperature 53-58°. ¢ Reaction effected at room tempera-
ture.



