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hydrolysis, as recorded in Table XIII, was unimolecular;
the final rotation of +64.2°, calculated as the glycoside, is
cquivalent to +-88.77, expressed as the anhydronus sugar.

Anal.  Caled. for C:HieO:: C, 42.84; H, 7.19; OCH,,
13.84, Found: C,42.80; H, 7.26; OCH;, 13.90.

Pentaacetyl-3-methyl-p-manno-p-gala-heptofuranoside.

“The crvstalline furanoside was acetylated at 0° with pyri-
dine and acetic authydride and the product isclated as a
sirup by the customary procedure.  The new acetate was
crystallized at 25° from ether by dilution with petrolenm
cther, and recrystallized from these solvents to a constant
rotation of —43.5° in chloroform (¢, 2. The pentaacetyl-
i-ntethyl-p-manno-n-gala-heptofuranoside obtained
as prisms melting at 78°, and in a 729, vield.

Anal. Caled. for CiHaOne: Co 4974 H, 6.03; OCH,,
T acetyl, 11532 ces 001 ¥ NaOH per 100 my. Found:
C49.70: H, 60.07, OCH,, 7.18; acaryl, 1154 e

Conversion to cidelydo-p-Manno-p-gala-heptose Hexa~
acetate.—The open-chain coruponnd was obtained by treat-
mg thie acetylated glycofuranoside isee preceding para-
graph! with a 4% solntion of suifuric acid in a 70-30 mixture
af acetic anhydride and avetic acirl. The rotation of this
solation changed 1o a final value uf 3507 within fifteen
The acetate was separated as small, sgnare
prismis by pouring the soluiion into ice and water, and was
puirified as deseribed provicusly ™ Vhe yald of wldehydo-

Wk

nunuies,

135 Ateapganmiery and Hndson. Tins fouryan, 56, 7463 ({034,
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pv-manno-b-gala-heptose hexaacetate, rotating —34.1° in
chloroform (¢, 2) and melting at 146°, was 949 of the
theoretical.

Summary

1. p-Manuo-p-gala-heptose has been prepared
by applying a modification of the cyanohydrin
synthesis to mannose. Evidence has been pre-
sented to indicate the existence of two distinct a-
modifications of initial [@]2p +124° and +144°,
respectively. Two B-modifications also are re-
ported.

2. The acetochloro- and acetobromo- deriva-
tives, the o- and g-methyl-p-manno-p-gala-hepto-
pyranosides and their acetates, and the 3-methyl-
D-manno-D-gala-heptofuranoside and its acetate
have heen described.

3. A comparison of the molecular rotations of
p-manno-b-gala-heptose and its derivatives with
the molecular rotations of the configurationally
related D-galactose and its derivatives shows
agreement between some compounds and dis-
agreement between others.

BrTaespa, M. Rycrivep OcToBER 17, 1941
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Ketene Acetals. VIIL.!

The Reaction of Ketene Diethylacetal with Various Halogen

Compounds and Acids

Bv S. M. McELvaiy axp . KUNDIGER®

In previous papers® of this series the unusual
hetero-enoid structure of ketene diethylacetal has
been discussed, and many of its reactions inter-
preted on the basis of the polarization that is
characteristic of this type of structure. In the
continuation of the study of the chemical proper-
ties of this compound, it seemed desirable to in-
vestigate the course of its reaction with a variety
of organic halides. Two interesting cases of reac-
tion between aliphatic hetero-enoid systems and
alkyl halides have been reported in the literature:
ia) the carbon alkylation of ethyl g-diethylamino-
crotonate! with methyl iodide, aud (b) the con-
densation of c-methoxystyrene with such halides
as benzvl bromide with the formation of an w-al-

(1) Paper V1 ad chis serfen, Waulters rud Mcelitvain, THis Jorrsal

62, 1482 (1940},
Wisconsin Aivmim Research Fonndation Kezearch Assistant.
1381341,
{5f McElvain,
i4) Robinson. J.
Wil IoreNat, 89,

L TuIS JOURNAL, 82, 64, 1281 (194005,
v, 109, D38 (191G, Laner and Jones

kylated acetophenone.” These reactions may be

illustrated as follows:

(BN Ir (BN
R i i
CH:;C'::::CH """ > CHg —_— CHaC'——-CHCHa I-
COOEt COOEt
(a)
(Cob et <D
€ <
CﬁI’I;C’;:CHg ----- Cd CHzCeHs —
(4
O

CH;Br + Cer,CHl—CHgCHzCeHs (b)

The work with ketene acetal which is now re-
ported shows some interesting variations of the
simple tyvpe of carbon alkylation that is illus-
trated above, In the case of butyl bromide, the
least reactive of the halides that were used, the
reaction did follow the above pattern with the for-
mation of ethyl caproate and ethyl bromide

M ortonsan wral Bpirlinan, bid., 62, 16N0 {19407
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[reaction (c)] in 139, yields. However, the condi-
tions (72 hours at 250°) that were necessary for
this reaction caused the ketene acetal to decom-
pose into ethyl acetate and ethylene [reaction (d)]
and it is quite probable that this competitive re-
action used up the ketene acetal before it could
react with the butyl bromide. Reaction (d)
will be discussed in a future paper.

(Dt

N
CH==C{ /OEt
i A “OEt —» | CiH,CH.C{-OFEt | —>
y N\Br
C:H,—Br
(a CH,CH,COOEt + EtBr (c)

CH,=C(0OC,Hy); —> CHsCOOC,H; + C.Hi (d)

With the more reactive allyl and benzyl bro-
mides less strenuous conditions were needed, and
as a result reaction (d) did not appear. In the
case of allyl bromide a temperature of 190° for
five hours caused 469, of this bromide to react
with ketene acetal, while 125° for three hours
was sufficient to cause 719, of the benzyl bromide
to react. .However, with these halides more of
the dialkylated acetic ester (IV) than the mono-
alkylated product (II) was obtained. The sim-
plest explanation of such results is that the pri-
mary product (I), formed by the direct addition
of the bromide to ketene acetal, decomposes in
two ways, viz., according to reaction (e) with the
formation of the monosubstituted acetic ester,
and ethyl bromide as in reaction (c) above, and
also according to (f) with the formation of a mono-
alkylated ketene acetal (III) and hydrogen bro-
mide. The latter product at once converts an
equivalent amount of ketene acetal into ethyl
acetate and ethyl bromide [reaction (g)] both of
which appear in the reaction mixture in the
amounts and ratios required by reactions (e), (f),
(g) and (h). The substituted ketene acetal
(III) is not isolated, but is converted by further
reaction with the bromide into the disubstituted
acetic ester (IV) and ethyl bromide by a reaction
(h) that is analogous to (c) and (e). In the cases
of both the allyl bromide and benzyl bromide
reactions there is evidence (ethoxyl content of IV
fraction) that some of the substituted ketene
acetal (III) was converted [reaction (i)] to the
corresponding ortho-ester (V) by alcohol resulting
from polymerization of ketene acetal. This ori-
gin of alcohol is further substantiated by the fact
that a considerable quantity of ethyl orthoacetate
was obtained when two equivalents of ketene
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acetal were allowed to react with the bromide;
excess of this amount of ketene acetal was recov-
ered as residues the ethoxyl values of which ap-
proached that of the ketene acetal polymers.®

CHy==C(OEt); + RBr —> [RCH,C(OEt);Br] —>

I
RCH,COOEt 4+ EtBr (e)
II
I —> RCH=C(OEt), + HBr ()

III
CH,==C(OEt); + HBr —» CH:COOEt + EtBr (g)
III + RBr —> [R,CHC(OEt):Br] —>

R,CHCOOEt + EtBr (h)

v
III + EtOH —> RCH,C(OEt); ®

v
Ketene acetal was found to react with acetyl
chloride readily at room temperature with the
evolution of considerable heat. When these reac-
tants were used in equivalent quantities a 309
yield of ethyl O-acetylacetoacetate (VI) and a
269, yield of ethyl O-ethylacetoacetate (VIII)
were obtained. Only a 39, yield of acetoacetic
ester was isolated, although this product would
be expected from a reaction (j) analogous to (c)
and (e). The following explanation of these re-
sults is offered. As the acetoacetic ester is formed
in reaction (j) it is acetylated to VI by further
reaction (k) with acetyl chloride. The hydrogen
chloride formed in this reaction is taken up by
ketene acetal in two different ways, viz., by simple
addition according to (1), with the formation of
ethyl acetate and ethyl chloride, and also by reac-
tion (m) which may be considered as a type of 1,4
addition of hydrogen chloride to two molecules
of ketene acetal with the formation of the inter-
mediate (VII) that breaks down into ethyl
O-ethylacetoacetate (VIII), ethyl chloride and
alcohol. The latter product appears to be used up
by acetyl chloride rather than by ketene acetal
because no ethyl orthoacetate appears among
the reaction products.
CH,=C(OEt); + CH;COCl —>
CH,;COCH,COOEt + EtCl (j)
CH,COCH,COOEt + CH,COCl —>
CH;C(OOCCH,;)=CHCOOEt + HCl (k)
A2/
CH,==C(OEt); + HCl —> CH;COOEt + EtCl oY)

e
i 1

Y {
CH,=C(OE1);CH;=C(OEt), —>
s HCE
[CH,C(OEt):CH;C(OEt)Cl]

VII
—> CH;C(OEt)==CHCOOEt + EtCl + EtOH (m)

VIII
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When a 3:1 molecular ratio of acetyl chloride
to ketene acetal was used the yield of VI was in-
creased to 529%. That reaction (k) is perfectly
valid is shown by the fact that acetoacetic ester
could be acetylated in 799 yields to a mixture of
VI and the isomeric C-acetyl derivative with
acetyl chloride in the presence of ketene acetal.
In this reaction ketene acetal appears to serve the
same function, 7. e., the removal of hydrogen
chloride, as does pyridine in the Claisen procedure®
for the preparation of VI.

Benzoyl chloride, while not as reactive, followed
the same reaction course with ketene acetal as does
acetyl chloride except that, for some unknown rea-
son, very little, if any, of reaction (m) occurred.
After two hours at 100° ethyl O-benzoyl-benzoyl-
acetate (IX) was obtained in a 399, vield when
equivalent amounts of benzoyl chloride and ke-
tene acetal were allowed to react. Approximately
209, of the benzoyl chloride was recovered in the
form of ethyl benzoate. The O-benzoyl ester IX,
which previously has not been described in the
literature, melts at $4-85° aund is readily distin-
guished from the isomeric ethyl dibenzoylacetate”
(X) by its insolubility in aqueous alkali and its
failure to give a coloration with ferric chloride.
The O-benzoyl derivative (IX) appears to be
much more stable toward rearraugement to the
isomeric C-benzovl derivative (X) than is the
ethyl O-acetylacetoacetate (VI). 'This latter cown-
pound is converted by alkali into ethyl diacetyi-
acetate; IX shows no tendency to rearrange to
the alkali-soluble X even on long refluxing with
509, potassitun hydroxide solution.
CeH:C{OOCC,H;)==CHCOOIt {CsHACORCHCOOE

X x

In contrast to the behavior of the carboxylic
acid chlorides, benzenesulfonyl chloride does not
react with ketene acetal at temperatures up to
125°, but does cause it to polymerize with the
simultaneous elimination of alcohol.? This latter
product then converts some of the benzene-
sulfonyl chloride to ethy! benzenesulfonate,
C¢H;SO3Et, which is obtained in 25%. vield along
with 579, of unchanged benzenesulfonyl chloride
when equivalent amounts of the reactants are
heated together for two hours at 123°. The
greater the ratio of ketene acetal to the sulfonyl
chloride the less the recovery of the latter com-
pound unchanged. When the ratio was 10:1, noue

161 Claisens and Haase, Ber, 88, 1244 (1900,
i% Perkin and Stenhouse, 7, Chem, Syo 0 B9, 1Tunes (1%u 1
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of the sulfonyl chloride was recovered and an
R0%, yield of ethyl benzenesulfonate was obtained;
only 189, of the ketene acetal that was used was
recovered unchanged. About 289 of the acetal
appeared as ethyl orthoacetate, and 8%, as the
ethyl O-ethylacetoacetate (VIII) which un-
doubtedly was formed by reaction (m) above. The
remainder of the acetal was in the form of low
molecular weight polymers that distilled over
such a wide range that they were not investi-
gated further.

The addition of one molecule of hydrogen
chloride across two molecules of ketene acetal
with the formation of VIII [reaction (m)] sug-
gested an investigation of the products of the re-
action between ketene acetal and other acids. In
general, these reactions were carried out by add-
ing dropwise a 1.6 N solution of one equivalent
of the acid (or phenol) in absolute ether solution
to two equivalents of ketene acetal. The acids
and phenols that were used, together with the
vields of ethyl O-ethylacetoacetate (VIII) that
were obtained in each case, are sunmunarized in
Table 1.

TapLe 1
Tur REACTION OF ACIDS AND PHENOLS WITH KETENU
ACETAL
Acid (or phenol) Vield of V11T, 7

Hydrofluoric o
Hydrochloric 23
Hydrobromic H*
Trichloroacetic 37
Chloroacetic 42
Foruic 35
Benzoic 38
Acetic 37
Phenol 0
p-Bromophenol 0
Tribromophenol 26
Trichlorophenol 21

* Hydrotluoric acid does not add in any manner to
ketene acetal but instead causes it to polymerize. " This
value is the average of three determinations each of which
gave values withiin 29, of this average.

1t is seen from Table I that the yields of VIII
from the carboxylic acids are practically the same
regardless of the molecular weights and of the
strengths of 1he acids, the latter of which vary from
a 10°Ka of #0,000 in the case of trichloroacetic
acid to a 10°Ke of 1.34 (23°) in the case of acetic
acid. In each of these runs about 209, vield of
cthyl orthoacetate [{from the alcohol that is mdi-
vated i reaction ()] was obtaimmed. The rc
mainder uf the ketene acetal was quantitatively
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converted into ethyl acetate and the ethyl ester
of the acid used (reaction (1)). When the reac-
tants were mixed in the reverse order, 7. e., the
acetal added to the ether solution of the acid, the
reaction followed (1) mainly with the yield of
VIII dropping in each case to less than 109 of the
theoretical. The lower yields of VIII from the
halogen acids are difficult to understand. The
behavior of hydrofluoric acid is particularly
striking since it does not appear to react with
ketene acetal (¢f. footnote @, Table I). No ex-
planation can be offered for the marked difference
in the yields of VIII that are produced by hydro-
chloric and hydrobromic acids.

The behavior of the phenols is interesting. The
less acidic ones, phenol and bromophenol (10'*Ka
= 0.32 — 1.55 at 25°), show no tendency to
add 1,4 to two molecules of ketene acetal and pro-
duce VIII. However, the more acidic tribromo-
phenol and trichlorophenol (10° Ka approximately
0.1) give quite high yields of VIII. It would seem,
therefore, from these results that there is a thresh-
old of acidity that must be reached before an
acid will add 1,4 across two molecules of ketene
acetal.

Experimental

Reactions of Alkyl and Alkenyl Bromides with Ketene
Acetal

(a) n~Butyl Bromide.—A mixture of 62 g. (0.45 mole)
of n-butyl bromide and 26.7 g. (0.23 mole) of ketene acetal
divided between two sealed tubes was heated at 250°
for seventy-two hours. After cooling to —80°, the tubes
were opened; there was considerable pressure (ethylene)
in the tubes, Fractionation of the contents gave: (a)
4.8 g. (20%) of ethyl bromide, b. p. 37-40°, (b) 14.8 g.
(799%) of ethyl acetate, b. p. 77-83°, (c¢) 53.3 g. of butyl
bromide, b. p. 96-102°, and (d) 4.2 g. (13%,) of ethyl capro-
ate, b. p. 106-110° (105 mm.) which on redistillation boiled
at 164-167° and contained 31.19 ethoxyl (caled. 31.29).

(b) Allyl Bromide.—A mixture of 29 g. (0.24 mole)
of allyl bromide and 28 g. (0.24 mole) of ketene acetal was
heated in a sealed tube at 190° for five hours. Subsequent
fractionation through a 15 cm. modified Widmer column
gave: (a) 12.1 g. (469%) of ethyl bromide, b. p. 36-40°,
(b) 19.3 g. of a mixture of allyl bromide and ethyl acetate,
b. p. 67-75°, (¢) 3.2 g. of a mixture of allylacetic ester and
ethyl orthoacetate, b. p. 80-87° (97 mm.), and (d) 7.3 g.
of a mixture of diallylacetic ester and the orthoester (V),
b.p. 120-123° (92mm.). From the 9 g. of residual tar frac-
tions material could be distilled at 1 mm. that had ethoxyl
values as high as 649, a value which approached the
ethoxyl content (769%,) of ketene acetal polymers. On the
basis of density measurement, fraction (b) was found to
contain 7.5 g. of ethyl acetate and 11.7 g. of allyl bromide.
On the basis of its ethoxyl content (42.7%), fraction (c)
contained about 13%, of ethyl orthoacetate. which was
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removed by shaking an ether solution of (¢) with 109,
aqueous hydrochloric acid for twenty minutes. After
washing the ether layer with 109 aqueous sodium bicar-
bonate and water, and drying, the ethyl allylacetate, after
removal of the ether boiled at 140-142°% and contained
3549, ethoxyl (caled. 35.29). Saponification of this
ester gave allylacetic acid, b. p. 185-187°.°

The ethoxyl content of fraction (d) was 33.89, which in-
dicated that it contained the orthoester V (R is allyl).
This was shown to be the case when the ester obtained
from a treatment similar to that described above for allyl-
acetic ester, boiled at 183-186°,1® and had an ethoxyl con-
tent of 27.3% (caled. for ethyl diallylacetate, 26.8%).
The saponification equivalent of the purified ester was 167
(caled. 168). Saponification of 4.8 g. of fraction (d) gave
2.8 g. (709%,) of diallylacetic acid,!! b. p. 218-223°.

After purification, 2.75 g. (9%) of allylacetic ester and
6.2 g. (31%,) of diallylacetic ester were obtained from this
reaction.

(¢) Benzyl Bromide.—A mixture of 17 g. (0.1 mole) of
benzyl bromide and 11.6 g. (0.1 mole) of ketene acetal was
placed in a 50 ml. flask, fitted with a 6-inch Vigreux column
attached to a receiver protected by a drying tube and im-
mersed in dry-ice, and heated at 120-125° for three hours.
A mixture of ethyl bromide and ethyl acetate began to dis-
til immediately, and 10.1 g. of this mixture was collected
over the three hour reaction period. On refractionation
this mixture yielded 7.3 g. (71%) of ethyl bromide, b. p.
37-40°, and 2.1 g. (249%) of ethyl acetate, b. p. 72-78°.
Fractionation of the products remaining in the reaction
flask gave: (a) 4.6 g. (279%) of benzyl bromide, b. p.
96-97° (30 mm.), (b) 2.1 g. (14%) of ethyl hydrocin-
namate,’2 b, p. 131-134° (21 mm.), (c¢) 0.4 g. of a mixture
of ethyl hydrocinnamate and the orthoester V (R is benzyl)
that boiled at 100-105° (1. 0 mm.), (d) 0.4 g. of an inter-
mediate fraction, (e) 7.2 g. (46%) of ethyl dibenzylacetate,
b. p. 145-149° (0.4 mm.), and (f) 2.4 g. of tar residue.
After redistillation, fraction (b) showed a saponification
equivalent of 177 (caled. 178 for ethyl hydrocinnamate)
and yielded hydrocinnamic acid,!® m. p. 48-49°, that was
identical with an authentic specimen. After redistillation
of fraction (e} at 174-175° (2 mm.), it contained 17.7%
ethoxyl (caled. for ethyl dibenzylacetate!* 16.99,) and had
a saponification equivalent of 262 (caled. 268). Saponi-
fication gave dibenzylacetic acid!* (889,), m. p. 82-89°,
which on recrystallization from petroleum ether (b. p.
60-68°) melted at 88-89°, had a neutral equivalent of 237
(caled. 240) and was identical with an authentic specimen.

When two equivalents of ketene acetal to one of benzyl
bromide were used, fractions (¢) and (d) increased and con-
siderable ethyl orthoacetate (269%) was obtained. On the
basis of its ethoxyl content (39.9%), fraction (c) from the
experiment using this ratio of reactants was an equimolecu-
lar mixture of ethyl hydrocinnamate and the ortho-ester V
(R is benzyl) and fraction (d), the ethoxyl content of which

(8) Zeidler, Ann., 187, 39 (1877).

(9) Fittig and Messerschmidt, ibid., 208, 92 (1881).

(10) Auwers and Moosbrugger, ibsd._ 887, 198 (1912).

(11) Conrad and Bischoff, ibid., 304, 173 (1880).

(12) Erlenmeyer, tbid._ 287, 334 (1886).

(13) “Organic Syntheses,” Coll. Vol. T, 304 (1932).

(14) Fittig and Christ, Aznn., 268, 123 (1892); Delique, Ann.
chim., 18, 445 (1931),
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was 47.89, contained about 25% of ethyl hydrocinnamate
and about 759, of the ortho-ester V. This ortho ester
was converted to the normial ester of the correct ethoxyl
content by the procedure described above for the purifica-
tion of allylacetir ester. The total yield of the normal
ester amounted to 29%.

Reaction of Acyl Halides with Ketene Acetal: (a)
Acetyl Chloride.—In a 250-ml. round-bottom three-necked
flask fitted with a mercury-sealed stirrer and a dropping-
funnel with drying tube, was placed 47 g. (0.60 mole) of
freshly distilled acetyl chiloride. ‘I'his halide was heated at
50-55°, while 63.8 g. (.55 mole) of ketene acetal was added
with stirring over a period of one and one-half hours.
After another half hour, 26.4 g. of ligquid collected in the
cold traps. Fractionation of the reaction wixture through
4 15 cm. modified Widmer coliinn at atmiospheric pressure
gave: {a) 4.9 g. in the cold trap, (1} 5.3 g. of acetvl chlo-
ride, (¢ 32.2 g. (0.37 mole} of ¢thyl acetate, b, p. 70-777;
then at 8 mm. the following fractions distilled: {d) 3.1 g.
(.02 mole) of acetoacetic ester, L. p. 68-74%, {c¢) 9.5 of
O-ethylacetoacetic ester (VIIL), b, p. 78-84°, {{) 3.3 g. of
an intermediate, and finally (g} 12.1 g. of O-acetylaceto-
acetic ester (VI), b, p. 87-88° (8 mm.); d*s, 1.DG8T; #¥D,
1.4426. Preparation of VI by Claisen's method® gave a
product, b. p. 87-88° (8 mmi.}; d%¥%, 1.0583; #%Dp, 1.4423.
About 875 of fraction (¢) redistilled at 80-82° (8 mn1.).
Suceessive recrystallizations {(freezings) of fraction (e),
which contained 49.09; ethoxvl, finally gave a product,
o1 p. 29-31°, with an ethoxyl value of 56.63% (caled,
56.95% for VIII).* The yield of VI and VIII, respectively,
amounrted to 30 and 269, of the theoretical.  The 8.2 g. of
the higher boiling reaction residue did not distill into any
clear cut fractions. Refractionations of tlic material in
the cold trap and fractiouns {4 and (b) gave 21.1 g. (0.33
mole) of ethyl chloride and 13.7 g. (0.18 mole) of acetvl
chloride. Fraction (g did not forin a copper salt. When
3.3 g. of {g) and 3.3 g. of VI prepared from acetoacetic
ester were converted!® to cthyl diacetoacetate and this
latter componnd converted to its copper salt, there were
obtained 2.0 and 2.1 g. samples, respectively, of this copper
salt, each of which melted at 149150947 and gave no de-
pression as a niixtire.

Reverse addition of the reactants to that described above
gave the same products and in practically the saine yields,

When to 47 g. (0.6 mole} of acetyl chloride, 23.2 g. {0).2
mole} of ketene acetal was added over a period of three
quarters of an hour at 50°, fractionation of the product
returned most of the excess acetyl chloride and yiclded
8.9 g. (529) of the O-acetylacetoacetic ester (VI

Acetylation of Acetoacetic Ester in the Presence of
Ketene Acetal.—A mixture of 19.5 g. (0.15 mole) of aceto-
acetic ester and 11.8 g. (0.15 mole) of acetyl chiloride was
stirred at 80-90° while 17.4 g. (0.15 mole) of ketene acetal
was added over a period of three guarters of an hour.
After another lhalf hour at UG°, fractionation of the
liquid in the trap and the reaction mixture gave: (a: 9.2 g.
(.14 mole) of ethyl chloride, b. p. 12-14%, (b) 10.6 g.
{0.12 mole; of ethyl acetate, b. p. 72-77°, (¥ 6.0 g. (314

e

recovery)y al aceroacetic ester, k. p. 70-73° (13 mun.s,

i} Friedrich, Asi, 319, 333 (18&4).
(16% Claiser, Ber., 88, 378% (1900).
1175 James, Soo0, 2R6, 212 (IREAL
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(d) 14.2 g. (799%) of a mixture of O-acetylacetoacetic ester
{VI} and ethyl diacetoacetate, b. p. 92-96° (13 mm.),
and {e) 3.0 g. of a non-distillable residue. From fraction
(d) the copper salt of ethyl diacetoacetate could be pre-
cipitated at once. Extractions of an ethereal solution of
fraction (d) with 109, sodium hydroxide solution resulted
in the separation of (d) into 4.1 g. of VI and 8.8 g. of ethyl
diacetoacetate. Such extraction was shown to convert
239 of a pure sample of VI to the C-acetyl compound.

{b) Benzoyl Chloride.—The dropwise addition of 42 g.
(0.3 mole) of benzoyl chloride to 34.8 g. (0.3 mole) of
ketene acetal with stirring in an apparatus similar to that
described above caused sufficient evolution of heat to raise
the temperature of the mixture to 90°. When the tem-
perature declined, the mixture was heated at 90° for one
hour and finally at 110° for one hour. During this time,
18 g. of liquid collected in the cold trap. The reaction
residuc was cooled successively to 0, —15, and —40°,
and each crop of crystals obtained filtered off by suction.
The total of 21.8 g. (59%,) of ethyl O-benzoyl-benzoylace-
tate (I1X) that was obtained was then triturated with 25 ml,
of absolute ether for ten minutes, filtered, and recrystal-
lized twice from 40 ml. portions of absolute ethanol, and
finally dried in a vacuum desiccator. The 14.9 g. of IX so
obtained melted at 84 -85°,

Anal. Caled. for CisHeOs: C, 7295, H, 545;
OC:H,, 13.2. Pound: C, 72.75; H, 5.54; OC;H;, 15.3.

‘When saponified in 4%; alcoholic alkali IX gave a 739
vield of acetophenone. Hydrolysis of IX in 509, aqueous
potassiumt hydroxide yietded benzoic acid and acetic acids
in approsimnately a 2:1 ratio.

P'ractionation of the liquid in the cold trap and the 34.3 g.
of filtrate from which IX had crystallized gave: (a) 18.0
g. (93%7) of ethyl chloride, (h) 8.1 g. of ethyl acetate, (c)
a number of intermediate fractions from which 8.8 g.
(20%,) of ethyl benzoate was obtained, and finally (d)
2.2 g. (3% of benzoylacetic ester, b. p. 120-125° (1 mm.).
The 10 g. of remaining residue could not be satisfactorily
distilled.

Ethyl o-Benzoyl-benzoylacetate (IX) from Ethyl Ben-
zoylacetate.- ~To a mixture of 15.8 g. (0.2 mole) of dry
pyridine and 19.2 g. (0.1 mole) of benzoylacetic ester, 21 g.
(.15 mole) of benzoyl chloride was added dropwise with
stirring over a period of half an hour. The heat of reaction
kept the mixture at about 60°. After stirring for two
houts, the precipitated pyridine hydrochloride was filtered
off with suction and washed with ether. On cooling to 0°,
the filtrate deposited IX, which, when filtered off and dried,
weighed 10.4 g. The filtrate was then diluted with ether
and extracted with three 20-ml. portions of 109, aqueous
sodium hydroxide which had been cooled to 0°, washed
with water, then extracted with two 20-ml. portions of 309,
sulfuric acid, and finally washed with a saturated sodium
bicarbonate solution and water. The dried ether layer,
after distillation of the ether, gave 14.1 g. of IX. Recrys-
tallization from absolute ethanol and then from petroleum
ether (b. p. 60-68°) gave ethyl O-benzoylbenzoylacetate
that melted at 84-85° and was identical with the product
obtained above from the reaction of benzoyl chloride with
ketene acetal. The total yield of IX from cooling the re-
action filtrate and from the ethereal solution after the vari-
ous extractions amounted to 24.5 g. (83%,).
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(¢) Benzenesulfonyl Chloride.—A mixture of 17.4 g.
(0.15 mole) of ketene acetal and 26.5 g. (0.15 mole) of
benzenesulfonyl chloride was heated for two hours at 125°,
Fractionation of the reaction mixture yielded 2.8 g. (21%,)
of ethyl acetate, 15.1 g, (57%) of unchanged benzenesul-
fonyl chloride and 6.9 g. (25%,) of ethyl benzenesulfonate,
b. p. 145-149° (10 mm.). Experiments in which the ratio
of ketene acetal to benzenesulfonyl chloride was increased
gave higher yields of the ethyl benzenesulfonate and corre-
spondingly lower recovery of unreacted benzenesulfonyl
chloride. In one case in which 58 g. (0.5 mole) of ketene
acetal and 8.9 g. (0.05 mole) of benzenesulfonyl chloride
were used, none of the sulfonyl chloride was recovered, and
the yields of ethyl acetate and ethyl benzenesulfonate were
86 and 809, respectively; also an 89, yield of ethyl
O-ethylacetoacetate (VIII) and a 289, yield of ethyl
orthoacetate were obtained.

Reaction of Acids and Phenols with Ketene Acetal.—
In a 250-ml. round-bottom three-necked flask immersed
in a water bath at 25° and fitted with a 15-cm. Vigreux
column, an efficient mercury-sealed stirrer, and a dropping
funnel with drying tube, was placed 46.4 g. (0.4 mole) of
ketene acetal. The Vigreux column was attached to a
condenser set for downward distillation and fitted to a re-
ceiver with drying tube. A 1.6 N solution of 0.2 mole of
the acid or phenol in absolute ether was added dropwise
with stirring over a period of one and three-quarters of an
hour. When the volume of liquid in the flask reached 120
ml,, the cooling bath was replaced by an oil-bath, and the
ether distilled off at a rate approximating the rate of addi-
tion of the ether solution of the acid. Fractionation of the
remaining reaction product was then carried out with a
modified Widmer column. Ethyl acetate, the ethyl ester
of the acid used, and ethyl orthoacetate were first distilled,
and then the ethyl O-ethylacetoacetate (VIII) in the
amounts shown in Table I was collected. If the reactants
were mixed in the reverse order, the yields of VIII were
always less than 109.

In the case of phenol the main reaction product was di-
ethyl phenylorthoacetate (68%), if the reaction mixture
was fractionated under at least 14 mm. of pressure. Dis-
tillation at atmospheric pressure yielded phenetole and
phenyl acetate, decomposition products of this mixed
ortho-ester. Diethyl phenyl-ortho-acetate boils at 103-
104° (14 mm.); »%p 1.4783; d25,0.9904.

Anai. Caled. for C;Hy305: C, 68.54; H, 8.63; C,H;O,
42.9. Found: C, 68.14; H, 8.52; C.H;0, 42.7.

In the case of p-bromophenol the main reaction product
was p-bromophenetole, b. p. 60-69° (1 mm.). The yield
of material boiling over this range amounted to 95% of the
theoretical. Refractionation of this material gave an
819, yield of p-bromophenetole that boiled at 104-105°
(11 mm.) or 228-230° at atmospheric pressure,18

(18) Cf. Birosel, THIS JourNAL, §3, 1409 (1831).
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‘With tribromophenol there was obtained a 269, yield of
O-ethylacetoacetic ester (VIII). Also tribromophenetole,1?
b. p. 119-123° (2 mm.), m. p. 69-70° after recrystallization
from petroleum ether, was obtained in 989, yield.

In the case of trichlorophenol a 219 yield of ethyl O-
ethylacetoacetate (VIII) and an 899, yield of trichloro-
phenetole, b. p. 81~83° (2 mm.) and m. p. 44-45,2% after
recrystallization from petroleum ether, were obtained.
In addition to these products a 89, yield of trichloro-
phenylacetate that boiled at 110-115° (2 mm.) and at
258-263° at atmospheric pressure?! was isolated.

Summary

The reaction of ketene diethylacetal with a
variety of organic halides has been studied. #-
Butyl bromide adds to a small extent to the acetal
to produce ethyl caproate. The more reactive
allyl and benzyl bromides add much more readily
and to a greater extent to form the mono- and
di-substituted acetic esters, RCH,COOEt and
R,CHCOOEt (R is allyl and benzyl).

Acetyl chloride and benzoyl chloride each yield
the corresponding O-acyl derivative of the acylace-
tic ester, RC(OCOR)==CHCOOEt. Accompany-
ing this product in the case of acetyl chloride
is ethyl O-ethylacetoacetate, CH:C(OEt)=
CHCOOEt, which, it is believed, results from the
1,4 addition of hydrogen chloride across two
molecules of ketene acetal.

Benzenesulfonyl chloride does not react with
ketene acetal as do the other acyl halides, but in-
stead causes it to polymerize and is then converted
to ethyl benzenesulfonate by the alcohol elimi-
nated from the polymer.

A study of the action of a variety of acids on
ketene acetal has shown that those acids and
phenols the Ka X 10° of which is 1 or more
produce ethyl O-ethylacetoacetate when added
to an excess of ketene acetal. Weaker acids,
such as phenol and p-bromophenol, do not
show this type of reaction but simply add to a
single molecule of ketene acetal to produce a
mixed ortho-ester, CH3;C(OEt),OR, or decom-
position products thereof.
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(19) Torrey and Hunter, Ber., 40, 4334 (1907).
(20) Hunter, Olson and Daniels, THIS JOURNAL, 38, 1762 (1916).
(21) Fischer, Ann. Spl., T, 185 (1870).



