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high current, but may be made with a low curreut, if formic acid is the
electrolvte.
This study is, of course, ouly a fragmeut of what remaius to be done.
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The various current theories regarding the wechanism of the ethyl
acetoacetate condensation were discussed in our secoud paper. It is,
therefore, only uecessary i the present commnuuication to state that,
broadly, the guestion is whetlier the sodiim, or other coudensing agent,
acts directly on the etliv]l acetate, or whether it reacts first with a trace of
alcohol, the actual coudensation being brought about by the sodium
cthylate so produced. It isevident that valuable evidenice on the question
at issue might be obtained Dby an examination of the behavior of ethyl
acetate free from alcohol. Accordingly, our early efforts were directed
towards the purification of this ester. The product whiclh we eventually
obtained was probably the purest specimen of this conipound hitherto
prepared. It reacted with sodinni, to forni ethvl acetoacetate, as readily
as the ordinarv “‘pure’” material.

We think that this effectivelv disposes of tlie idea that the action is
caused bv the presence of a trace of alcohol in the ester, uless, of course,
the statenieut be made that ethvl acetate is always dissociated to sonie
infinitesimal extent into alcoliol, or into some hypothetical ‘‘ethylidene,”
or "‘active variety of ethvlene,” whatever these may be. Statements of
this uature, though they are made 1ot infrequently, are outside discussion,
because tliev assine the very point at issue.

Much work has been done by A. Michael, Nef aud others on the purifica-
tion of ethyl acetate and also ou the quautity of hvdrogen evolved from
sodium aud etlivl acetate. This quantity is not equivaleut to that of the
reacting sodium. A portionn of the gas always attacks certain of the
other substances which are present.

We have carried out a verv large nuiuber of experiinents with the
object of eliminating as far as possible tlie cfiect of this absorbed gas.
We added to the reacting materials a nuiber of easily reducible sub-
stances i1 the hope that the hydrogen would attack them in preference to
reacting with tlie ethyl ‘acetate derivatives. Our results were not very
encouragiing.

I Our previous papers of this series appeared in the Am. Chem. J., 27, 483 (1907);
40, 46 (1908).
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In continuation of our work on the action of sodium on esters,! we have
confirnied our observation that ethyl malonate reacts with two atomic
proportions of sodium, hydrogen being evolved only during the earlier
part of the experinient, when the first half of the metal is reacting. Ethyl
diniethyl malonate and ethyl chlormalonate react with four and one
atomic proportions of sodium, respectively. These results appear to
prove that diethyl malonate has a different structure from the other two
esters. As mientioned in our earlier paper, its formula is probably,
C,H,O0COCH: C(OH)OC,H,. The nionosodium derivative is, doubtless,
C,H,O0COCH: C(ONa)OC,H;, and, from analogy with ethyl benzoate,
it is niost likely that the second aton: of metal attacks the ethoxy group
giving C,H,OCOCH:C(ONa)C(ONa): CHCO,C,H;, although, of course,
the carbethoxy group may be involved, and the two complexes which
result may be linked together by the CO groups. We hope to offer some
evidence on this point later. Ethyl dimethylmalonate behaves, mutatis

mutandis, like ethyl benzoate, and, therefore, the sodium derivative

CONa

must be formulated as Me,C{ || . The possibility that it may
CONa

have the double formula is sufficiently obvious. The original ester

agrees in behavior with the current formula, (CH,),C(CO,C,H),. Ethyl
chlormalonate acts as though a limited portion of it were in the hvdroxy
form; more work will be required before a satisfactory explanation of its
behavior can be given.

Since the publication of our earlier paper A. Wahl has communicated
some very interesting results obtained by the study of the action of
sodium on a variety of esters,?

In the light of our knowledge that ether and tertiary bases act catalytic-
ally in promoting the Claisen condensation we have investigated the niore
important reactions which Claisen studied. We made parallel experi-
nmients, in the one series excluding ether, whereas, in the other it was
added to the reacting substances. In each case it was found that the
compounds react with such great rapidity that it was not possible to
observe any acceleration caused by the ether. It is, doubtless, for this
reason that Claisen himself failed to observe the catalyzing influence of
this substance. Included in the same section we give a brief description
of sonie additional work on the condensation of camphor with certain
esters. The results demonstrate that the method of work and the con-
ditions employed may require considerable variation for different esters.
This is particularly true, for example, with ethyl benzoate and ethyl
phthalate.

' Am. Chem. J., 40, 46 (1908).
2 Compt. rend., 147, 72.
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We also describe the preparation of a condensation conipound froin
benzophenoite and etlivl oxalate. 1t was obtained as an oil aud has uot
vet been studied. 1t gives, in alcoholic solution, an intense coloration
with an aqueous solution of ferric chiloride. We desire to reserve the study
of this interesting compound from beuzoplienoue.  After the conclusion of
our work we noticed the publication of a paper by W. Dieckmanu and A.
Kron' in which tliey also showed that tertiarv ketones, R,CHCO, niayv
undergo the Claisent coudeusationn.  This fact is entirely incompatible
witli the Claisen-Nef theory of the reaction. whereas it might well be
aunticipated frour A. Michael's explanation of the mechanism of the cou-
densatiou.

At the end of the present paper we give a brief record of a few experi-
ments on tlie interaction of sodiumr and benzophenone.? The product
consists of a deep blue powder which vields a mixture of benzhvdrol
and beuzpinacoite when treated with water. A colorless cryvstalliue
derivative is obtained Dby the action of metanitrobeuzovl chloride on the
blue powder.

We made numerous experiwents, under varving conditions, with tlie
object of condensing acetaldehvde with ethy] oxalate, ethyl formate and
caniplior, respectivelyv. In 1o case were we stiecessful because the sodiu,
or more probably soie sodiunt compound, caused the aldelivde to polyni-
erize with verv great rapidity. We describe one of the experinients
ottlyv, because it led to the production of a rather curious substance.

Experimental.

I. EXPERIMENTS WITH ITHYL ACETATE.—Kahlbam's best ethvl
acetate, which was used in all our experinitents, was dried over calciuni
chloride. A little sodiuni wire was now added, the liquid shiaken for a
few nioments, then filtered quickly and redistilled. The product was
divided into two portions, eacli of whiclt was treated with sodiuni (1 atom :
3 mol. of ester) in the usual manner, but to one portion 25 drops of absolute
ether were added. The reaction was complete after two lours at the
room temnperature. The vield of ethyl acetoacetate appeared to be
distinctly larger from the experimient in wlich ether was used.

I 2 second series of experinents the ethvl acetate was shaken with
fused sodium acetate and then distilled from it.  The distillate was shaken
first with calciimn chloride solution, then with water. It was now dried
over calcium cliloride aud distilled. It boiled at 77° and failed to react
with litnius paper.

Third Serics.—Tlie product from the sccond series of experiments was
allowed to remain over phosphoric anhvdride during 24 hours, then bhoiled
with it for two hours, and finally distilled off. It boiled at 77° and had

! Ber., 41, 1260 (1908).
? Acree: Am. Chem. J., 29, 604 (1903).
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an acid reaction; the anhydride became dark. The distillate was neu-
tralized with a dilute aqueous solution of sodium carbonate, washed with
water, dried over calcium chloride and filtered.

Fourth Series.—The product from the third series of experiments was
boiled in contact with phosphoric anhydride for three hours and then
distilled. Tt boiled at 77° and was neutral to litmus. The ester fromn
the second, third and fourth series, when treated with sodium, behaves
like that obtained by the first method of purification.

Fifth Series.~-The ester as obtained from Kahlbaum was dried over
calcium chloride, distilled, and then boiled during threc working days with
calcium turnings, which remained entirely untarnished. The ester was
then distilled.

Sixth Series.—Iister from the fourth series was treated as in the fifth
series. The ester from the fifth and sixth series reacted quickly with
sodium, the experiments and results being similar to those described in
connection with the first series. In order to show how sensitive calcium
is to alcoliol, some of the nietallic turnings were covered with absolute
alcoliol (Kahlbaum) in a flask protected from moisture. Reaction soon
commenced without heating and after 3 days all the metal had disappeared.

In order to see if the state of division of the sodium had any material
influence on the results, some of the ester from the fifth series was treated
with sodium chips instead of wire. The action was slower, but it was
complete after three hours at the room temperature and three hours’ boiling.

Duplicates were made of all the condensation experiments described
above, except that the ratio of ester to sodium was 2 mol. : 1 atom. The
results were entirely similar.

II. Sy~nTHESIS OF ETHYL ACETOACETATE USING ETHER AS SOLVENT.—
Ethyl acetate (17.6 grams, 2 mols.), sodium (2.3 grams, 1 atom) and absolute
ether (235 cc.), when mixed, reacted vigorously. After being boiled for
five hours the reaction was coniplete. The product was a dark brown
liquid, but after standing over-night it became a red solid. It was acidi-
fied with dilute acetic acid (1:1), poured into saturated brine and ex-
tracted four tirmes with ether. After being dried, the ether was distilled,
the temperature being raised to 95°. The residue boiled at 100° (110 mm.)
and at 175~-177° under the ordinary pressure. It gave an intense colora-
tion with aqueous solution of ferric chloride and is, doubtless, ethyl
acetoacetate.

A large number of experiments were made with the object of causing
the hydrogen, which is produced during the synthesis of ethyl acetoacetate,
to react with some readily reducible substance that was added to the
ethyl acetate and sodium. The results of this work were not very decisive.

The experiments described above show, we think, that ethyl acetate,
entirely free from alcohol, reacts with sodium as readily as do those
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speciniens of tlie ester which probably contain at least a trace of alco-
liol.  The addition of a swall quantity of ether certaiuly does not lower
the vield of ethyl ucetoacetate.  The velocity of the reaction is uot re
duced by the presence of ether.

I Reaction o Soprey withh CErraIN Lsrirs-—Tlie ester (0.1 gram
miol.) was mixed with “*lhiexane™ (200 cc., b.p. 90°) and heated with sodiu
wire.

Diethyl malonate, which was dissolved i1 petroleum ether (300 cc.,
b. p. 70°) iustead of hexaue, reacted quickly with the metal, hydrogen
being evolved brisklv at first. The wmixture was boiled for about 30
hours. A white powder formed which gradually turned vellow. Two-
grant atomic proportions of sodium reacted.

With dicthyl chlormalonate the evolution of hvdrogen was slight.  After
five honrs at the room temperature the liquid began to turu vellow, and
after 48 hours nmiost of the wire had disappeared. After 7o hours’ boiling
only otte atoic proportion of sodiuu had reacted.

Diethyl dimethylmalonate, under similar couditions, reacted with one
atontic proportion of sodium after two lours at the roow temperature, the
liquid becoming dark red. Iive lours later a second atowic proportion
of sodium had dissolved, aud a third one after ten liours’ boiling.  When
the boiling was continued for about 7o hours longer the greater part of
a fourth proportion of sodium reacted. The product consisted of a dark
red solid which surrounded the metal and greatly hindered its contact
with the remaiuing liquid. There was 110 appreciable evolution of hy-
drogen during this experimneni. The bearing of these results ou the
coustitution of tlie respective esters is discussed in the theoretical part
of this paper.

IV, Cararyric LFFrer of BTk oN Ty CLArstN CONDBENSATION. -
The following pairs of substances were coudeused, in petroleun ether
{b. p. 70°) solution, by means of sodimn wire: ethyl benzoate and ace-
tone: etlivl oxalate and acetopheione; etlivl henzoate and aseetophenone.
Duplicate experiments were made in whicli petroleum ether containing
5 per cent. of absolute ether was employed. No differences could be ob-
served either in the behavior of the materials or in the results of the experi-
ments. In all cases the reactious proceeded very vigorously.

V. ArprLicatioN of Tug CLAISEN RiacTIoN.--In our earlier work we
found that the best vield of the coudeunsation product of camplior ad
ethvl benzoate was obtained by adding sodiuin (2 atoms) to the ester and
treating the reaction product with sodiuin camphor, which coutained a
little sodium borneolate. We have applied this metliod to ethid malonate,
the solvent being hexane (b. p. ¢0°) coutaining a little ether. The vield
of erude coudensation product was about 50 per ceut. of the ester em-
ploved. This process offers, therefore, 110 advantages over our earlier
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procedure, which consisted in adding sodium wire to the mixture of cam-
phor, ester and solvent.

Ethyl phthalate, when treated with sodium (1 atom), reacts immediately,
but the wire soon becomes covered with a crust of white material which
protects the metal from further attack. Consequently the yield of cam-
phor condensation conipound was small. These results show the necessity
of studying carefully the behavior of each individual ester.

In consequence of our work with benzophenone and sodium, the results
of which are described below, we attempted to condense this ketone with
ethyl oxalate. The first experiments, with the ketone (1 mol.), ester
(1 mol.) and sodium wire (1 atom), in petroleum ether (b. p. 36°), were
not very successful, but on adding 1o per cent. of absolute ether to the
petroleum ether, the reaction was rapid, the wire remained bright and all
of it had reacted at the end of 12 hours, at the ordinary temperature. The
product was a dark brown solid, the solvent liquid being almost colorless.
Similar resultswere obtained by the use of pyridine instead of ether. After
extraction and acidification, in the manner described in our second paper,
the condensation product was isolated. It consisted of a red oil, which,
in alcoholic solution, gave an intense coloration with a solution of ferric
chloride. Yield, 50 per cent. of the ketone. We desire to reserve the in-
vestigation of this compound; it may prove to be of considerable im-
portance in connection with the study of the Claisen condensation.

The work described above shows that the catalytic influence of ether
and the tertiary bases is quite general; the effect appears to be conditioned
by the velocity with which the particular ketone and ester react. If this
is relatively small the catalvtic effect is great.

VI. CONDENSATION OF ACETALDEHYDE.—A very large number of
experiments were made, under rather widely varied conditions, in order
to obtain condensation products of acetaldehvde with ethyl oxalate, ethyl
formate, amyl formate and camphor, respectively. The condensing
agent employed was sodium, or the products formed by the action of
this metal on camphor or one of the esters. In all cases the substances
which were finally isolated appeared to be derived from the aldehyde
alone. It will suffice to describe one experiment in which the aldehyde
(2 mols.), dissolved in petroleum ether (b. p. 36°), was treated with sodium
wire (1 atom). Reaction commenced imniediately, and a white powder
formed which darkened gradually. After about 15 minutes absolute
ether, equal to 25 per cent. of the petroleum ether, was added. The
mixture was allowed to remain for two hours and was then boiled during
four hours. More acetaldehyde (1 mol.) was now added and the leating
continued for about 36 hours. The product was poured into water and
the aqueous solution separated, acidified and extracted with ether. This
ethereal solution contained a brown oil. It was treated first with potas-
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siuin hydroxide, then witli acid and gave a brilliaut red powder, which
gradually darkeus inn air.  We hiave been nnable to find a description of
any such componud having been prepared previously frour acetaldehvde.

VII. ACTioN OF SonitM oN  BENzZOPHNENONL.--Sodiunt (2 atoms),
atwd beuzopheuone (1 mol.), i1 ether. react inmediately forming au inteuse
blue powder. “Tlie action was practically complete after 1o liours’ heating.
Continued leating, in the preseuce of an additional atouie proportion of
sodium, was without effect. The blue powder. wliclt appears to be in-
soluble inn ether., was treated with water, the ctlier removed (A), aud
the aqueous solution acidified and extracted with etler (B). TIrom
solution A we obtainted henzlivdrol (b. p. 297-298°) aud from BB we iso-
lated benzpinacone (imn. p. 168°). The vield of these purified products
was 50 and 3.5 per cent., respeetively, of the benzophenone. In a second
experinient, similar to tlie above i1 all other respeets, petroleimn ether
(b. p. 70°) was used as the solveut. No reaction took place at tlie roomn
temperature until a little ether was added. The effect was then the same
as in the previous case, but all the metal had disappeared after 5 hours’
boiling. The blue powder was filtered quickly, washed with ether and
then warnied witl ether and metanitrobenzovl cliloride. The product,
when treated withi water, gave a vellow crystalline precipitate which was
purified by recrvstallization from alcoliol (95 per cent.). It nelts above
300°.  We hope to examiiie it more closely later.

These results sliow that benzophenoite comnbiunes with two atouic
proportions of sodiuun. Tu this case, too, ether appears to act catalvtically
in promoting the reactio.

VIII. CoNpENSATION oF LErnvi, Oxavare wrrd CArRvor.—Several
vears ago Bishop Tingle and (»'Byrie described some preliminary experi-
metts' on the concdensation of ethyl oxalate with various phenols, in
presence of sodium. Theyv stated that carvol gave a resinous compound
which had an odor of violets. At the end of last vear Mr. 15, M. Slocum
informed the senior author that he had repeated this work several times
and had been unable to obtain the odoriferous substance. We therefore
carried out a number of experiments with carvol and etlivl oxalate, but
we also failed to obtain anv substance with the property in question.
We emploved carvol fromt Kahlbaum and distilled it before use. Mr.
Slocum’s carvol was also highly purified. It appears certain, therefore.
that the fragrant smelling compound is not formed from carvol.

Bishop Tingle and O'Byrne’s results were worked out with great care,
under the strict supervision of the senior author, who has a clistinct recollec-
tion of the powerful and unexpected odor of the substauce in questio.
They used Kahlbaum's carvol as received, without further purification.
In view of the discrepancy nientioned above aud of the fact that, in the

Y Am. Chem. [., 25, 301 (1901).
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paper cited, the description of the experiments is very brief, it may be
well to give fuller details taken from the laboratory note-book. ‘Carvol,
(15 grams) was treated with ethyl oxalate (11.2 grams), light petroleum
(250 cc.) and sodium wire (2.3 grams). After the metal had dissolved the
product was allowed to remain over-night and was then poured into
water and the light petroleum solution removed. The aqueous portion of
liquid was extracted with ether (A). The aqueous residue was then
acidified and again extracted with ether (B). A and B were distilled and
the residues, after being examined, were combined with that from the
petroleum. This latter solution was also distilled, the temperature rising
to 235° up to which point two-thirds passed over. The residues were
treated at the ordinary temperature with aqueous-alcoholic sodinm hy-
droxide, the liquid was acidified, made alkaline with solution of sodinm
hydrogen carbounate and extracted twice with ether. The residue ob-
tained after distilling this ethereal solution gave a deep red coloration with
an alcoholic solution of ferric chloride. It was amorphous and had a
strong fragrant odor of violets.’
Summary.

1. Lthyl acetate, highly purified by means of phosphoric anhvdride
and calcium, reacts with sodium as readily as that purified in the ordinarv
manner. Consequently the effect on the sodium cannot be due to traces
of alcohol in the ester, as Nef and his students have stated.

2. Contrary to various statements which have been made, ethvl aceto-
acetate is formed without difficulty from sodium and ethyl acetate, in
presence of ether.

3. Because of their varying behavior with sodium, diethyl malonate
and diethyl diniethylmalonate appear to have different constitutions.
Diethyl chlormalonate reacts as though it were intermediate between the
other two.

4. The catalytic effect of ether and of tertiary bases in promoting the
Claisen condensation is only apparent if the velocity of the reaction is
relativelv small.

5. The Claisen reaction has been studied under various conditions and
a condensation compound has been obtained from benzophenone and
ethyl oxalate. The fact that benzophenone, which contains no CH,CO-
or RCH,CO-, reacts in this mauner shows the entire error of the Claisen-
Nef hypothesis regarding the mechanism of the condensation,

6. Attempts to condense acetaldehyde with various esters were un-
successful. The aldehyde foimed complex polymerization or condensa-
tion products under the influence of the sodiuni.

7. Benzophenone conibines with two atomic proportions of sodium.
After treatment of the sodiuni derivative with water, the product consists
chiefly of benzhydrol and benzpinacone.
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The experiiiental work described in this paper was carried out by the
junior author at the University of Rochester. N. Y., and at the Jolms
Hopkins University, during the session 19o7- 8.
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The previous papers? ou this subject described the formation of phthal-
CO

phenylimide, C°H4< >NCGH5, from phthalphenylamidic (phthal-
Co

anilic) acid, at a teimnperature about 100° below its melting point, in pres-
ence of aniline. The fact that tertiary bases behave like aniline, led to
the suggestion being niade that the dehvdration is due to salt formation.
It was also shown that certain other phthalamidic acids behave in a similar
manner, but not in au ideutical oue. In tlie present counuunication we
give an account of further work whicli we have doue ou this subject during
the past year.

We have employed the following acids: phthalphenylaidic,
C,H,NHCOC,H,CO,H; phthalortho., 1eta- and paratolylamidie,
CH,C,HNHCOCHCO,H; plithalueta- aud  paranitroplienylamidic,
O,NC,HNHCOCH,CO,H; and phthal-a- aud -B-uaphthyvlamidic,
C H,NHCOCH,CO,H. The two uitro acids aud the weta- and paratolyl
acids have not been obtained previously.

As we required relatively large quantities of these acids we have worked
out the details of their preparation and purification with care. Our
method is described later iu this paper (p. 1885). It is very inuch
simpler and more expeditious tlian the older process, but does not differ
from it in general principles.

In the experiments recorded in the earlier papers the acid and base
were generally heated 2!/, hours, or longer. In this later work we usually
limited the time to 35 minutes because we wished to avoid the complete
transformation of the acid into the iinide. In this way we liave been able
to isolate certain intermediate products aud have also succeeded, in some
cases, in deterniining the relative velocity with wliclt the varions imides
are fornied.

We have investigated the effect of the following amines on the acids
meutioned above: Pyridine, quinoline, cthylaniline, diphenylauiine, ani-
line, «- and #-uaphthylamine aud, in wost cases, of benzyvlamine. In

I Bishop Tingle and Cram, Am. Chem. J., 37, 506 (1907); Bishop Tingle and
Lovelace, Ibid., 38, 642 (1907).



