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Tre sape-citalysed ¢ nde srtlon ol chloroacetone wit:
godium ocarbonate le found tov @ un uver all tlird- order
resotion, first with reppect .o the gl 6li Br! second with
respect to chloroascetone, Thi: third order kinetics mekes 1t
convenient that enolisation is not tie rxate deter-ining step,
and it is possitble that tle m>charipa i involvir, self
alkylation of the organic lal.de tc i1orm tre dlueric helide
in the rate-deterrining etep {ol.owed by dehydrohrlo;enation
(?-eliminatien) to glve thre dimeric olefin which is actually
igolated in our investigatior. The suggested mechaniem for
this reaction involves t!ree ste;s, in the ilrst gtep
enolisation of chloromcetone takes place to form a carbanion
which in turn acts as & powerfull nucleophile and attacks the
positively charped carbonyl cerbon of another molecule to
form & transition stete (cf. p 152). This structure 18 supported
by the negative value of the entropy of activetion i.e. with
less degress of freedom (¢f. D 149),

Finally, in the third s‘ep “eprotonation of the carbon
takes place which is accompanied by chloride ion liberation,
leading to the formation of ¢{iacetylethylene which has been
isolated and identified (cf.p 45 ).
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The increans of the rsactlon rate by decreasin; tle
polarity ol the .edium !(.dlcotes tiput the tranpition ntate
in leuy polur then the reactu:ts and the negative clharge is
A4spersed on 1t, Sush a dlapersion of charpe stabllises the
traneition state end favours its formetion. The linear
tgokinetio plots of &S5 ¥ ve.oE Y ama ;G ve. aE?
Luv . .liope resctions suppcrts the suggested carbanion

mechanism for the mentioned reaction.
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alkyl ahloroasatatos and chloropropionates gave yieldss
comparable to thoaa obtainsd with mothyl and ethyl ect=erss
propyl and lsopropyl, allyl, cyolohoxyl, n-amyl, benzyl, and
2-ethyl hexyl. There ia some evidence that better yleeldss
of oondonsatisa products may be obtainod with halogniQes
A B0% yiold of glycidicanlde is obtained from acet'ones arad
the diethylamido of chloroacetic ao.i.dzl whercas with ethyl

chloroacetatoB’ 15,22

much lower yleld results. However,
it has not bcen shown tiat the glycildic amidcs can be

hydrolyacd and decarboxylated to givo aldehydasor i&etom.

More complex haloassters , such as ethyi-p 0N Y=
chloropropionate, ethyl ¢, B—diuhloropropionatez@,_ armd
ethyl co<-bromc-B, B-diothoxy propiona.te“, failed to undergo
the glycidic ester condensation.

Recently, a rather general definition of théi'iDarzena
condensation is accepted, including all the base-catalysed
condensations of carbonyl comﬁounda with halogenomethylems
substances yielding, with thc separaticn of halidc:;-ioq,
compounds hoving oxirane rings formed by the carbonyl an<d

the halogcnomethylene carbon atoms,

Accordingly, besides esters of o<-halogenocaecdd=s.; the

condensation can be carried out wiith amides of these aei.-dszs,
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with Y. <hnlo wnckeionese 26, with halogonomethyl sulphonos
and even with pomo aryl-=subetituted methyl hall.dua?'aa

R X R® R 0 R2

- ~ ~ .~
\c-0+ \C'/ + B == 0{._..0 + BH + X~
'r” ~

~
> ol R3
Pho base 13 usod up by tho reaction and acts therofore as

a third rcactant, novorthelese it 1is also the ontalyest for

tho condensntion,

This oondensation is greatly affected by the conditions
under whioh this renotion takee placo, such as tempcrature,
solvent and tha baslo condensing agent. The solvent may be
of the aprotle non-polar type, likc anhydrous benzene ar
anhydrous ethyl other, but ethyl alcohol and even aqueous
dioxane have been used. Wisliﬂoenusag studied the inter-
action of othyl sodioacctoacetate with different alkyl
halides and found that dry ethyl aloohol is a poor ionising
solvent for the alkyl halides. The selection of the solvent
has been dotcrmined in many cases by the nmature of the
condensing agont. For example, whon sodium amide, is used,
an anhydrous solvent of the inert type must be employed.

As far as the condensing agent is concermed, sodium
has been used in addition to sodium ethoxide or sodium amide.
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In the condenu~.isns with nrylmethyl halides potaosiunm
oarbonate hnas boon prefurredz7, and with phenncyl halideo
godium hydroxide o been used with excellent roaulta3o'31.
It h.s been rocently reported thnt sodium tert-butoxide
gives good res:lts in the condensations with w, =hilogeno -

ncida32.

Usin~s the terminology genernlly accepted for formally
similar condensations, the carbonyl and hanlogenomethylene
parts will be called the (A) and (B) comp~reriag, regpact—
1vely33. As ~ genornal rule, the condensation can occur
only when the (B) component haa an “activated™ hydrogen atom
attached to the hnlogenomethylene oarbon atom, If no
activation of the hydrogen atom on the halogenated carbon
occurs, the condensntion will not take place. Thus, in
the reaction of esters of B-halogeno-acids with enolisable
ketones, a{kylation reactions occured giving esters of
§ - keto 20ids %?3%, However, in the condensation with
enolisnble (A) components with which a competing alkylation
reaction is possible, the most fowouroblehalogen for the
(B) component is chlorine. In fact, ia certain conditicns,
while the esters of the of ~chloroe-ccids yield glycidic
esters, those of <(-iodo and also of o -bromoacids ,

34,35
although to a lesser extent give esters of 8 - ketonecids .
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Thuge repu'to .y be aporibed to the rre:tar omse with
which bromine or lodine is dieplaced by an Sl,z mechaniem,
It nos been shown that a p-~toluene -sulplhionate group mey be

subgtituted for n hnlogen atom inthe {(B) componentlg.

rhe (A) component may be an aldehydes or a ketone,
The former daing, as usunl, more active than the latter,
Scmne ketoncs are reported to renot sluggishly or to be

innctive 82 tant it fallled t» glve the Dnrzena condengation.

Unsucoeasful attempts have been made to perform conden-
gations with ichler's thioketone as an (A) compgnent, In
the cases reported the ethylene, corresponding to the expeocted
thilrane was isolated; being formed probably through the
latter??. this result could be explained in view of the well
known oxidisinz character of some epoxides, especially those

which may be prepared by a Darzens condensation9’36.

The epoxyketomes formed from Darzens reaction may
condense with o second molecule of haloketone to yield

>3 Br X 5 -diepoxyketones36.

0
~ 02 ONa N~ P

~ . ,
RCH CHCOR + ClCHchR RCH
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when 1,4-dibromo-,l,4-dibenzoyl butane is treated with
sodium eyrnide, diethyluanine. , sodium acotnt037, or the
sodium derivative of mmlonic estorJB, a cyclic epoxykotone
ip produced; with molecular silver the debrominated nnalogy
ia obtainadja.

CHECHBrCOCGH5 CHE--—-CH —_— D

' dwle , | cég::-é - c H,
CHCHBICOCGH;  rengenmt  CHp — COBCH

Br

Bartlott- 2?40 aggumed thnt the basic catalyst aote
ivates the (8) oomponent, i.e., the halogenomethylene
compound, bceides, the Inductive effect of lits halogen
atoms, as hns been shown in the haloform reaction, and in
the halogenation of ketones41, mast facilitate the separa=
tion of the proton., Furthermore, it is well known that some
of the most rem~rkable reactions of the o{-halcgenckotones
(halogenation, self-condensation) are base-catalysed, and so
the probability of the preliminary reaction of these halogeno-
methylene compounds with the base in their condensation

reactions, 1s quite reasonable.

The stabilitj'of the anion formed from the (B)

component is due to its resonance @
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/ \\_xGuon \a-.k‘(_/: CHC1 <—-—->‘<:>: CHC1

In the case of phenylmethyl halides the contiibution
of electronlc structures to the resonance will be increascd
with ring-opubstitution by elcctron-attracting groups in the
places where thec negative charge ls located, i.e., in the
ortho or para position. Accordingly, in such condensations
p-nitrobenzyl chloride has been the preferred (B) component27.
It is doubtful whether the unsubstituted benzyl chloride is

able to undergo condensation42.

It is reasonable to assume that halogen atom in the
anion is more disposed to separate as halide ion than in

the unionised (B) from which it ocomes.

(II) General Consideration of the iechanism of Darzens

Condensation

It is generally agreed that aldol and related
condensations like the Perkin, Knoevenagel, or Claisen

condengation, proceed by formation of the enolate ion of
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the (B) component as a first atep‘J. “he (B) eomponent has
a hydrogen atom (bonded to a carbon ntom) whose removal Aae
a proton is favoured to a varylng extent by structural
features such as a carbonyl group in the < -poslition.

The separation of that proton is eagential as far as the

enclieation is concerned,

The anion resulting from the attack of the base on
the (B) component is provided with a strong nucleophilic
character, and therefore is much more reactive than the
(B) component itself towards the (A) component (carbonyl
component). The accepted general aldol mechanism is the
following &

H

- Ve
RCH,CHO + HO” === RCH =0  + H,0
o-n-

(B) component enolate ion

o0 o
- rd /
RCH = ¢~ + R0 —=> RCHCHRC”
S 0- H

(A) component

0 0
~ /// 4 .%' -
R-CH=CHRC + 320 ;;:ELRFGH-GHRG + HO
OH
aldol
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The alternative assumption esuggested by some .uthors4"45

of a preliminary addition of the base to the (A) component
seems not to e adequate, for it would imply that the
reaction ti:kes place between two molecular epecles of
comparatively reduced activity than the comprnent from

which it comes. Therefore, the possibility existe that

the anion would reorfanise itself with halide ‘on separation.
This is equivalent to elimination of a molscule of hydrogen
halide.both atons coming f om the same carton, l.e,, what

has been referred to by Ingold and Jessop as l.l-eliminatigg.
Consequently, a so-called "bivalont radical" would be formed,
Such radicals were used liberally by Nef in the interpreta~
tion of organic reactions around the end of the last centur@ .
but the disproof of such mechanisms in some cases has led to

bivalent radicals falling into general disfavour.

In snite of that, Hine48 has recently proposed that
the kinetice of the hydrolysis of chloroform may be ascribed
to the formation of a transient bivelent radical, (0012)
formed through the following sequence:

- rapid _
0130H + HO ——— 0130 + H20

01,07 22 , 16 + 017
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