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THE DOEBNER MODIFICATION OF THE KNOEVENAGEL REACTION

1. INTRODUCTION.
M\
In 1868, Perkin first described the synthesis of coumarin
by heating the sodium salt of salicylaldehyde with acetic anhydride.
45 Ed
In 1877, Perkin described e synthesis of cinnemic acid by heating
benzaldehyde, sodium acetate, and acetic anhydride. This general reaction,
heating an aromatic aldehyde, an acid enhydride, and the sodium or po-

tassium salt of the acid to form a chain and/or ring substituted cinnemic

acid has become known as the Perkin reaction.

(cho + (ch;w);o-r ReHa coo e —> ¢c;,¢.—:<;,caaH oo -
R

Although the reaction is of widespread use, there are two disadvantages;
namely, high temperatures and long heating times are required.

In 1898, Knoevenagel used malonic acid as the acid component and
ammonia or & primary or secondary smine as the basic catalyst in alcohol
as a solvent. Both time and temperature are decreased considerebly;
only two to four hours heating at 100° are required, as compared to five
hours at 180° for the Perkin reaction. 1In addition, the yield is in~
creased from Perkin's 50-70% to 70-80% in the case of cinnsmic acid.

55
Although Verley was the first to use pyridine in the modifica-

17
tion of Knoevenagel's work, Doebner received credit for the innovation,
becsuse of his application of the reaction to meny aldehydes. Doebner
used pyridine as the solvent and a traece of piperidine as the catalyst,

along with benzaldehyde and malonic acid. Reaction conditions are heat-

ing at 100O for only one or two hours; the yields are from 80 to 90%.

§cho + CH(OOW), —F PCH =cheoot  +COr + HxO



Although both the Knoevenagel reaction and the Doebner modifi-
cation* (not to be confused with the Doebner reaction), are useful
resctions with both aromatic and aliphatic aldehydes, (as compared with
the Perkin reaction which ylelds very poor results with aliphatic alde-
hydes), the Doebner has one great advantege over the Knoevenagel reaction.
The Doebner modificetion yields slmost 100% o(#gunsaturated acids, where-
as the Knoevehagel reaction, conditions permitting, will yield a high
7
percentage of P’D ag well as K—‘ﬁ unsaturated acids.

The primary reason for the present study was to investigate the
mechanism of the Doebner modification. To thie end, the study was
concerned with the reaction of methylmalonic acid and benzaldehyde under
Doebner conditions. |

The following Qection (section II) will deasl with the mechaniem
of the Doebner modification. Section III will describe the problem and

will treat the results of the work. Sections IV and V will present,

respectively, a general and e detailed description of the experiments.

* For general discussions of the Doebner and Knoevenagel reactions,

see references 3, 7, 19 and 30.
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II. The Mechanism of the Doebner Modification.

At the outset, an important question which is recognized but not
dealt with here concerns the form in which the melonic acid exists in
the reaction medium. The astate of the acid in the pyridine solution,
whether undissociated acid, monoanion, or dianion is not known. Nor is
the form known in which the melonic acid actually or preferentially reacts.
However, because the nature of the malonic acid in the pyridine solution
will not effect the arguments or conélusiona in the present work, the form
used in the equations below for the seke of convenience is the undissociated
form. In the following discussion, the symbol B: representes any effective
nucleophiliec group; benzaldehyde is the cerbonyl component in all cases;
and the reverse reactions are neglected.

v. Auwers5 has outlined a plausible sequence of events for the
Doebner process. This sequence, which begins with an aldol condensation
end proceeds via one or more of thiee pathe (i.ef, paths a, b, or ¢, on
page 4), is discussed in detail in the following parasgraphs. A reasonable

' 1,16,26,48
first step is an aldol condensation of malonic acid with benz-
aldehyde under the influence of a nucleophilic group, B:. According to
this picture, the first compound formed is a fihydroxy-benzylmalonic
acid (I). Doebner18 suggested that a P-hydroxymalonic acid would be the
first intermediete when he treated acrolein with malonic acid and observed
no evolution of carbon dioxide; however, he failed to isolate the suggest-
ed (0t -hydroxyallyl) malonic acid. [C-HL-‘-C«H CHcH Q'OOH)&J

OH

There is, however, one possible example in the literature where



51
the ﬁlhydroxymalonic acid has been isolated. Sharp and Hoffman

treated 1l,5-diphenylpropaenetrione~l1,2,3 with malonic acid and isolated
the corresponding 49-hydroxymalonic acid, although it was not known
whether the malonic acid was attached at the l-position or the 2-position.
Analysis of the product fits the suggested intermediate. In as much as
the only evidence bearing on this structure is the correct elementary

analysis, the possibility of a molecular complex cannot be disregarded.

x*
b g 990
¢£—g-g—¢ + chaoo),— dJC— Lb- o qb ¢ or PLEEP .« cusoor).
@9°”) @009>

The #ihydroxy-benzylmalonic ecid (I) may react further to furnish
the final product, cinnemic acid (IV) by three paths, a,b, or ¢, as follows:
peH= c(coo#),_ —
¢(,H -tH, COOH

O 17
¢

—
> ¢c,l-f= CH COOHIZ

Reaction path & is the one frequently given as the reacticn path in the
Doebner modification. Whitmore states that benzalmalonic acids (II)
lose carbon dioxide readily under Knoevenagel conditions. Fieser22 in
describing the Doebner process, formulates the reaction path as follows:

pCHo +CHAROOM), — ey = cBO0H), —3 PCH =CHCOH

32
while Karrer suggests the following:

CH3CHO +CHAEOOR), —ay CHy CHCHE 0OH), —7 Chych=ckoom), = Chtsth>Cheook
' ]

OH
42 29
Noller and Hickinbottom also suggest paths proceeding via the

benzalmalonic acid.

Indeed, the benzalmalonic acids or ethylidene malonic acids have

% THIS 1s A SPECIAL CASE, RECAUSE OF TYTHREBE CONJVGRYE KETO  CKOUPS,



been isolated in several cases. For exemple cinnamaldehyde, when treated
with malonic acid under Doebner conditions, furnished 82% of condensation

products, of which 56% was the dibasic acid and 44% was the monobasic acid.
GeH = CHCHO + cHaEOOH), — B CH>CH CH fDH, + it ~cH ek =ChooH

AN

19
Dutt, in considering the general case, states that the benzalmalonic

acids are stable up to their melting points, (usually over 1000), but that
they decarboxylaste quite readily in the presence of pyridine at steam-bath
)
temperature. Verley 1isolated the corresponding ethylidene malonic acid
when he treated citrel with malonic acid.
(‘C/ﬁ)} C=CHCHLCHAC =cHCNO ¢ c}/,_(é 00/% —a, (c_,q})}(_ =ch CHrCH) f. =CHCH :c((,oo/f)’_
CHy Chs

Another example of an isolable ethylidene malonic acid is the case
where crotonaldehyde and malonic acid were allowed to react at room
temperature. A small esmount of the dibasic acid was isolated, but when

49

this acid was heated, it was converted to sorbic acid.

CHyCH = CHCHO +CHa COOW), — CHy CH=CHEH = C0oR), B3 (3 (42cHAH =CHeooH

In two cases, 2-hydroxy-5-nitrobenzaldehyde and 3~-methoxy-4-hydroxy-
5-bromobenzaldehyde, only the corresponding benzalmalonic acids were
isolated, and theaz could not be decarboxylated under the conditions of
the experiment.45, '

In the case with cinnamaldehyde mentioned above where & mixture of
mono~ and di-basic acids wae obtained, prolonged heating of the reaction
mixture incressed the yield of the monobesic acid, but decreased the

overall yield. If it could be shown generally that the dedarboxyla.t.ion

of the benzelmealonic acid will not occur under Doebner conditions, as in



the case with 2-hydroxy-5-nitrobenzaldehyde, then path & cen be elimineted
altogether as a possibility. But if decarboxylation occurs readily under
Doebner conditions, as indicated by Dutt}9 then the only method to deter-
mine the importance of the decarboxylation of benzaslmalonic acid is a
quantitative comparison of the rate of this reaction end the rate of form-
ation of cinnemic acid, starting with benzaldehyde and malonic acid.

The possibility that the benzalmelonic acid is not an intermediate
in the Doebner process has been explicitly consldered by Verley and
von Auwers? Verley believes that the unsaturated dibasic acid is formed
in a process having nothing to do with the monobasic unsaturated acid
product. -Boxer and Lineteadz referring evidently to the unsaturated dibasic

acld, state;

"It is by no means proved that the postulated intermedi&tgs can deconmpose
with the necessary ease under the conditions of the reactfon;..."

Another way to check the benzelmalonic acid as a possible inter-
mediate is to determine the nature of the decarboxylation product; i.e.,
is the product cimnamic acid or cis-cinnamic acid? If it can be shown
that the cinnamic - cis-cinnamic interconversion under Doebner conditions
is negligible, and if the benzaldehyde - malonic acid product is different
from the benzalmalonic acid decarboxylation product, then there would be
another piece of evidence that benzalmalonic acid is not an intermediate
in the Doebner process.

Path b requires that the 49Lhyroxymalonic acid lose carbon dioxide
to form a -w acid which in turn loses water to furnish the final
product, the o -~ # unsaturated acid. The ﬁ-hydr;xy acid might also be

formed by e mechenism proposed below. von Auwers has lsolated the



JB-hydroxy acid as well as the unsaturated acid, in two cases and
suggested that the two products were formed by two different mechanisms.
If the 49-hydroxy acid were to be prepared and subjected to Doebner con-
ditions, and no unsaturated product were formed, then path b would be

ruled out as a possible mechenism. However, if water were lost, end the

unsaturated product oﬁtained, then the results would show that the
fﬂ—hydroxy acid is & possible intermediate in the reaction path. Again
a quantitative comparison of the rate of dehydration and the rate of
formation of the product from benzaldehyde and malonic acid could be the
deciding factor in the determination of the importsnce of the *'Lhydroxy
acid in the Doebner modificetion. Also, the nature of the dehydration
product may be used as a check; i.e., is the product cinnemic acid or
cis~-cinnamic acid? If cinnamic acid is obtained in the Doebner reaction,
whereas cis-cinnamic acid is obtained in the dehydration process, the
hydroxy-acid is eliminated as an intermediate in the Doebner process.

(3)

Path ¢ which is the one favored by v. Auwers, calls for a simul-
ANMO WATER
taneous loss of carbon dioxidq7from the thydroxymalonic acid (I), and
does not proceed through an isolable intermediate. A possible electronic

mechenism might be

o0 H
¢ Lh— CH >  ¢cu ,HcOO/»‘
[ 4§*)\c;=0 )
OH \ H,_o COs

—cH= ¢S oo
n"’g \ T P



8.

Another poesibility is that actually no ieolable compound mey be
formed from benzeldehyde and malonic ascid. The reaction may proceed from
the anion formed in the initial aldol condensation via simultaneous

elimination of carbon dioxide and water as follows:

¢ - L% @ ¢ ~C ¥ ol

l

—>
H,,C«(l ¢ C0s>

OR.

W “cooH
0
4 4—?3«‘—940 2
T éo \ ¢C. c’ ©0> —CO.+ M0
P*L\@ 0

H

However, one of the above suggestions involves the elimination of hydroxide
ion, which has never been reported in the literasture, and the other suggestion
involves the formation of a bicyclic intermediate which probably requires

e derenge n
Eggn entropy of formation.

This type of simultaneous elimination of carbon dioxide and water
‘ (28)
hes been explicitly recognized by Heuser who generalizes in the

formulation:

X—cmc—c0Oh —> X& + C=C +Cox +H

or
X —c—C-¢c0f — X8 +(C=¢C + Co,

The following exemples will illustrate the general process. It should

be realized that the simultaneous loss of carbon dioxide and HX in most
of these reactions has not been proved. However, the fact that in many
cases in which X = halogen, the conditions employed for the elimination

appear to be milder than those required for the corresponding two-step



process, is strongly suggesetive of the simultaneity of the reaction. Also
in some instances the two diaster@oisomeric beta-substituted acids furnish
the corresponding cis and trans olefiqs in a stereospecific m:ax:mer%5

The possibility of a two-step process with decarboxylafion as the first
step is thereby excluded.

A. X = halogen

1. ‘P‘?HCH;.COOH f‘_ﬁ_'_"_‘_’%o’ ¢C,q.,c,q, +02 +H{Y
«

This type of reaction is recognized as a general method for the

: 20 . 10/ BAT 68
preparation of styrenes. In at least one cese, evidence for sadwddipeds

: 24
of the P-halogen as the first step has been presented.

2, cH,,w CHyCOOH —= cHy CH = CHa
3. CHy (.H,.ﬁ:! CBy OO —7 CHs oMy CH = cbr;

4

2 Nye#

S 7
% \/ (-H}

o
5. —
cooH
The list of examples of such reactions is long. The original literature
15
should be consulted for the specific details. Reference 15 includesthe

above examples of this type of reection with aliphatic compounds, as well

as certain other special cases.

9, 37, 36
B. X = amino grouping
cOol 56,
1. E-t; /V CHy. C;"" SOH‘R A CH,= C{;H ?
>

CHJ



' 10.

Cooft ¢ 0/
2. Cals CltcopGolis + /Jcb@ Ch% ~00GHy |—3 G Hs-c=ch
OH CHow &p LooCs He

3 Ehs) peu cc,ooﬁ '
b — Casggon] 5 g cm
0

p 0
C. X=oH, OF, obg 5%

'—OHO +i¢y3 CHC 00K %AC’D [@zy‘:—:iooﬁ 7 @.uf:c@/ﬂ

P 4"'”" \‘@Hs);CHCH;-WOK MMM”W,,E Peck=chenghy), 1 dch=c Chgn,)

3 @< j::» (Y‘H-..cm @ Coon
T R £ s

It may be mentioned at this point that proof that this type of
simultaneous process must occur under certain structural circumstances in
the Doebner process was the goal of the present study. There are, however,
at least two possible reaction paths which have not been discussed as yet;
namely the preliminery decarboxylation of malonic acid to acetic acid,
where acetic acid is the condensing agent (peth d), or where the condensing
agent is a short lived enol or enclate anion (V) (path e). Verleg5 proposed

that "nascent acetic acid" (enolate anion?) was the reactive species.

d. cHalOOR), — CcHs coolf ﬁ., WH%/‘;" COOH — ¢w CH coOH

o V

o. CHO0H, —s CHz oy
o4

The importence of path d cen be determined by replacing malonic acid
with acetic ecid in the Doebner process, and determining if any cinnamif.:
acid is formed. Both 4 and e are subject to test of their importance by
examining the behavior of the ’—hydroxy ecid in path b.

If either path d or e is the only possible reaction in the Doebner



1ll.

process, then the formetion and isolation of the unsaturated dibasic acids
(eg.II) receives no explanation.

25
Hall hes shown thet malonic acid decarboxylates ten times as fast as
33
the monosnion and that the dianion is stable. Xing suggested that the

decarboxylation proceeds through a hydrogen bonded group or zwitterion.

H C//CH& CH)
- \" 20 — HD—CI.// ~—> CH> COOH

Pk
H/ Coa

2
Hemmick et al  showed the possibility of another zwitterion from a

decarboxylation process, when they demonstrated that picolinic scid will
react with a variety of cationoid reagents such zs aldehydes, ketones,

esters, etc.

LE .

— - o (1Y 0° S
H® Ho H H

1+®

Still enother possible reaction path is one where the basic catelyst
actually condenses with the aldehyde end malonic acid, as in the

Mannich reaction.

() o wcmloo — 9-Lu— cuel, — gl choons

/\

|
Ry ¢~ cu-chrcoon

However, there is no case reported in the literature where a nitrogen-
containing acid has been isolated from a Doebner process, unless of course,

the aldehyde contained nitrogen. Moreover, tertiary amines have never been



known to react in a Mannich type reaction, but yet there are known

cases where an aldehyde has condensed with malonic acid under Doebner

conditions in the absence of any secondary or primary smines.

12.



15.

Section 111 The Problem, The Results, end The Conclusiong

If instead of malonic scid, methylmalonic acid were used in the
Doebner modificetion, reaction path a would no longer be possible, and only

the following four paths need be considered.

QH  on ol
o1 $cHo + CHs Chook), —> d-Ch- L-com —> @ Ch~ cicony
g/ chy k F

< 00K \

Q4 ‘
o Qo +CHychbool)y, —P @-CH—lcoow > peH=¢ coo
h 1x M
o

d' CH, CH@OOH)). —= CH3CHsCO0H (b > P ch cooy
x Chy

ot CHy chfoat), —= Cff;“f:c:g’; W

The reaction path analagous to that mentioned on p.7, where the
product is formed from a non-isoleble intermediaste, has been omitted for
the reasons presented on p. 7. Path b' would be eliminated if o -methyl-

£ -nydroxy-hydrocinnamic acid (VII) did not yield @ -methyleinnamic a
acid (VIII) when subjected to Doebner conditions. Paths d'and e' would
also be elimineted by the same criterion. Path d' would also be eliminated
if propionic acid (X) did not condense with benzaldehyde under Doebner con-
ditions to yield &methylcinnamic acid (VIII). Thus, if paths b', d!
and e' could be eliminated, then path ¢!, involving simulteneous dehydra-
tion and decarboxylation of intermediate IX, would likely be operative.

The fact that this simultaneous process could operste in the cese of

methylmalonic acid would be strong presumptive evidence that it could also



operate in the case of unsubstituted malonic acid; and therefore, that
the other mechanisms, especially that which proceeds through the benzal-
malonic acid (path &), could no longer be accepted without question.

The paramount problem was to determine whether methylmalonic acid
would react at all under Doebner conditions to furnish the desired product,
A_-methylcinnamic acid (VIII). Although certain monosubstituted malonic

acids had been reported to condense with aldehydes under Perkin conditions,

no examples of the Doebner process with monosubstituted melonic acids
could be found in the literature. It is evident that this type of Doebner
process at least has been considered before, for Johnson writes: "Neither
the Doebner nor the Knoevenagel modification 1s used for alpha substituted
cinnamic acids, as the requisite monosubstituted malonic acids are not
readily accessible.”" (Ref. 30, p.235.) But it must be assumed now that
the first part of this atatement, which implies that the Doebner reaction
actually has been used successfully with monosubstituted malonic acids,
represents in fact an untried assumption to the effect that the process,
if tried, would be successful. A request for elucidation of the above
quotation addressed to Prof. Johnson has not been acknowledged.

A brief and incomplete account of the condensations of methyl-
malonic acid with aldehydes under conditions resembling those used in
the Perkin reaction is given below.

Stuarzh condensed the sodium salt of methylmalonic acid with
benzaldehyde to form «-methylcimnmamic acid in the presence of acetic
anhydride. Breslow and Hauser? on repeating Stuart's work, found no

condensation products at all. The explanation that Hauser gives is that

there might have been some acetic acid present in the anhydride, therefore

14,



some free methylmalonic acid. The methylmalonic acid, and not the salt as
suggested by Stuart, was the condensing compound.
39
Michael and Ross condensed methylmalonic acid with acetaldehyde, in

the presence of acetic acid and acetic anhydride to form tiglic acid and

o_ -methyl --A#- acetoxybutyric acid.

CHsCHO +cHs CH{Eooh), -M&»; CHyCH = CCOOK 4 Chy CH — CHesoM
cHy Ohe Chy

This would imply that the reaction path proceeds through a ;B-hydroxy

acid, but Micheel and Ross state that this is improbzable. They suggest
that the resction proceeds through separate mechanisms. In the above papez?
there are other examples of 7—hydroxy acids formed by condensation of
aldehydes and substituted malonic acids. These are isolated as the
)@-lact.ones (Meldrum lactones). Michael end ‘!leinelxtO condensed benzsalde-
hyde and methylmalonic acid in the presence of acetic anhydride and a trace
of sulphuric acid to form g -methyl- p-phenyl— A -propiolactone -
A--carboxylic acid. " |

However, Davidson and Bernhard showed that Meldrum's

@H;),—c———cncooy
lactone ( 1 }, the investigation of which, along with other
a_..c_to 35, 40

-ﬁ -lsctones, was the basis of Micheel's work, had been assigned

the incorrect structure, and that the true structure was not a lactone,
but a cyclic diester. This proof tends to cast doubt upon Michael's
ﬂ-—laotones, and perhaps the only part of work which can be accepted as
reliable is the formation of tiglic acid end the P-acetoxy compound .

Fortunately, in the present work, when the condensation of benzalde~-

hyde and methylmalonic acid was attempted under Doebner conditions, the

reaction did occur and did yield ¢ -methylcinnamic acid and the plenned

15.



tests could therefore be carried out. Path d' was ruled out completely
by direct test with propionic acid. Paths e' and b' were rendered unlikely
by the results with [ -methyl- B -hydroxy~hydrocinnamic acid. Therefore
the conclusion was resched with certain reservations described below, that
path ¢!, the simultaneous elimination mechanism, is the most likely path.
As a result of this present study, a definite question may be raised con-
cerning the uncritical acceptance of the statement that an ethylidene =
malonic acid ( RC#: (‘,@00/-})& ) is & necessary intermediate in the Doebner
process with malonic acid, and permissive evidence beccomes available for
the validity of path ¢!, involving simultaneous loses of water and carbon
dioxide for the malonic acid reaction.

Compound VII, ¢ -methyl- F ~hydroxy-hydrocinnamic acid is known

and has been prepared in at least four different ways.

ok QK
¢eHo +cH32ﬁcooar_Zm,_7 PCh i coott — (it ch coon

12
I by Dain
0 ot o1
¢e-cH 6005"'1"—’-&77 PCH etcoot — ¢c#§:/¢ (woH
H o éH Hy
46 2

II by Perkin

W o
OcH L cooBt = Ok Ch H

el + cHy i copt
21 br CHy Hy

(Bs,vame)
II1I by Farmer and Hose

W o
47 ¢ CHC’—N'COOﬂ _Jﬁ/—o% qﬁc# c!#cooﬂ-

IV by Posner CH, Cis

16.
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The melting point of the acid obtained from methods I, II, and IV has
been reported as 95°. The reported m.p. of III is 77°. Application of
method III in the present work afforded analytically pure material with
m.p. 84.5-86. Using this material, it was demonstrated that g ~methyl-
'ﬁ ~hydroxy-hydrocinnamic acid on exposure to Doebner conditions was not
trensformed into A -methylcinnamic acid, and therefore, as argued sbove,
pathe b' end o' ere not tenable.

There is, however, a possible fallacy in this argument. « -methyl-

ﬁ-—hydroxy-hydrocinnamic acid may exist in two dl paiz;s and the variation
in melting point may be due to an imperfect separation of the two pairs.
The intermediste (VII) involved in the Doebner process with methylmalonic
acid may not be the compound, m.p. 84.5-860, actually synthesized and
tegted in this study, but might be instead the second diastereoisomer.
If this were the case, as it indeed might be, then unfortunately the ex-
periments carried out in the present work do not serve to rule out paths
b' and e' conclusively. Realization of this situation forces a reaervation_
on the conclusion reached in the above paragraph.

Although most of the work done in the present study was with methyl-
malonic acid, some work was done with phenylmalonic acid and ethylmalonie
acid. There is no reason to believe that the behavior of ethylmalonic acid
under Doebner conditions will differ much from that of methylmelonic acid.
There is, however, evidence submitted in section V thet phenylmalonic acid
decarboxylates without condensing with benzaldehyde under Doebner conditions.

As a result of this investigation of the mechanism of the Doebner
modification of the Knoevenagel reaction, an attractive method has been

suggested for the production of (L -methylcinnamic acids under conditions



18.

milder then those of a typical Perkin reaction.

Development of optimum conditions and the extention to aliphatic
'aldehydes and/or other alkyl malonic acids remain for future study.

Further work on the actual mechanism of the Doebner process could
involve isolation of each of the two pairs of isomers of the intermediate
(VII), and subjecting each one to Doebner conditions. Use of ultra-violet
ggyan snalytical tool for the determination of cinnamic acid in the

reaction mixture would be useful in determining whether VII is an actual

intefmediaxe or not.



Section IV Discussion of Experimental Work

The reaction was cerried out in a 100 c¢.c. round-bottomed flask
with a reflux condenser equipped with a drying tube containing calcium
chloride. (All glassware was equipped with standard tapered joints).

The clessical Doebnei:7 modifiocation calls for 1l:1 ratio of benzaldehyde

to malonic acid, pyridine as solvent, end a trace of piperhine, end heat-
ing on the steam bath. Since, however, both the inductive effect (electron-
repelling behavior of the methyl group) end the statistical éffect (only

one active hydrogen) of methylmalonic acid, relative to malonic acid,

would be working against the initial formation of the enolate anion which
was expected to be the first step in the reaction pasth, it was decided

to use harsher conditions and have the reaction proceed at reflux
temperature.

The preliminary experiments used .02 moles each of aldehyde and
methylmalonic acid, 10c. ¢. of pyridine, and two drops of pipexddine.
Yields were so low (of the order of 1% or lees) that variations in
reaction conditions were sought to increase the yleld. It was found thet
the use of 20 drops of piperidine and e decrease in reflux time greatly
increased the yield. Minor variations of these apparently key conditions
failed to increase the yield appreciably.

In oconsidering the length of reaction time as a factor in the yleld,
the meximum useful reaction time is given by the time required for the
appearance of one mole of cerbon dioxide per mole of methylmelonic acid,
provided that it may be shown that the propionic acid (i.e., the decarboxy-
lation product), is an unreactive species. This lest proviad was shown to

be true by direct experiment. Therefore it was e simple metter to measure

the amount of carbon dioxide coming off after a given time of heating as

19.



described under the decarboxylation experiments in section V. The
decarboxylation experiments served as a guide to the length of time of
hesting in the preliminary experiments (see section V); no rate studies
of decarboxylatlion were carried out under the conditions of the second set
of experiments (where the amount of piperidine was 20 drops).

The identity of a product, whenever possible, was determined by means
of a mixed melting poinﬁ. However, since the purpose of the work was a study
of the mechanism of the Doebner procees, rether than a study of synthetic
applications, little work was done with substituted malonic acids other than
methylmalonic acid. However, it was shown that o =ethylcinnamic acid,
(identified by its melting point), is produced in the reaction of benzalde-
hyde with ethylmalonic acid. In experimenté with phenylmalonic acid, the
decarboxylation product was identified by a mixed melting point with known
phenylacetic acid. The product of the oxidetion of benzaldehyde was identi-
fied by means of a mixed melting point with known benzoic acid. The product
of the condensation of methylmalonic acid and benzaldehyde was identified
by means of & mixed melting point with known a;mmthylcinnamic-acid. The
identity of the g -methyl- é -hydroxy-hydrocinnemic acid was determined
by meens of elementary analysis, since there was no unique melting point
vhich could be used as identification. Wwhen, however, the hydroxy compound
wae subjected to Doebner conditions, it was identified by both elementary
analysis and mixed melting point with sterting material which hed not been
subjected to the conditions of the reaction. (see section V).

Concerning the wW-methylcinnemic acid, the following quotation is

20
pertinent: "The acid obtained in this way (via Perkin reaction (ref.45)

mey melt at 81° or 74°, as . -methylcinnemic acid exists in two different
crystalline forms. Both forms have the same configuration (trans CgHs: COCH)
and give the same ester.”

20.
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Li and Young reported the melting point of A -methylcinnemic acid as 82°.

The acid obtained in this work by means of the Perkin reaction melted
at 74° when orystallized from ligroin, but melted at 81° when recrystallized

from alcohol-water. (section V). A mixed melting point of Doebner product

21.

obtained from the second series' experiments and the 81° form of Perkin product

showed no depression. The mixed melting point wes 81°.

A method to determine the amount of unreacted benzaldehyde was sought.
In view of the ease of oxidation of benzaldehyde to a product of useful
melting point, benzaldehyde was oxidized by alkaline permanganate solution
and the benzoic acid subsequently recovered. The identity of the product
was determined by mixed melting point with known benzoic acid.

There are four methods of preparation of ¢ -methyl- £ -hydroxy-
hydrocinnemic acid reported in the literature (see section III). Perkin
first reported a melting point of 124-125°, but five years later, in a foot-
note to another paper, he stated that the original melting point was in error,
and the true melting point wes 95°. He gave no reasson for the thirty degree
difference in melting points. The melting point of the compound synthesized
by Posner by an independent method agreed with that of Perkin. Dain, however,
in 1898, end Farmer and Hose in 1933, both using the Reformatski reaction
in the synthesis, got contradictory results; the former obtained a product,
the melting point of which agfeed with thet of Perkin and Posner, but the
latter obtained a product which melted at 77°. Farmer and Hose commented
on the apparent difference between their compound and Dain's compound, but
made ho reference to the most likely reason for the difference, i.e., the
separation or partial separation of the two possible diastereoisomeric

compounds. The compound used in this study, synthesized by the method of
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Fermer and Hose, had a melting point of 84.5-860 after recrystallization
from benzenedigroin, and a melting point of 88.5-900 when recrystallized
from water. Both compounds were analytically pure.

When the & ~hydroxy acid was subjected to Doebner conditions,
similar to the experimental conditions used in the reaction of methyl-
malonic acid and benzaldehyde, the hydroxy acid could bhe recovered in
25% yield. Perhaps a better recovery of the starting material would have
been effected had the isolation procedure been varied, (eg., a continuous
ether extraction of the sodium carbonete washings after acidification for
24 or 48 nhours), but it might very well be possible that dehydration could
occur during the continuous extraction. It is pertinent to note, however,
the relatively small amount of starting material used in this experiment.

The question might arise that o -methylcinnamic acid was actually
formed from the hydroxy compound, but that it remained in the mother
liquor from the crystallizetion of the hydroxy compound, and was, therefore,
not dgtected. This is highly unlikely, as will be seen by a comparison of
the soiubilitiea. Dai:;2 reports thét 100 parts of water will dissolve
4,66 parts of o -methyl~ # ~hydroxy-hydrocinnemic acid at 18°, whereas
Conrad and Bischof;l report that 100 c.c. of hot water will dlesolve

only 0.12g. of ¢ -methylcinnamic acid.
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Section V Experimental®

Pyridine

Technical and/or Eastmen Kodek "White Label" pyridine was distilled
in a Claisen flask over anhydrous berium oxide and the fraction boiling at
112-114° was collected and kept over potassium hydroxide pellets; the
reported boiling point is 116° (27).

Ethyl Oxalate

Eastmen Kodsk "White Label® ethyl oxalate was dried over Driefite
for 24 hours. After the Drierite was removed by filtration, the filtrate
wes distilled from a Claisen flask, and the fraction boiling at 181-182°
was collected; the reported boiling point is 185.4°.(27)

Ethyl Propionate

Eestman Kodak "White Label" ethyl propionate was dried over Drierite
for 24 hours. After the Drierite was removed by filtration, the residue
was distilled from a Claisen flask, and the fraction boilihg at 97-99°
was oollected; the reported boiling point is 99.10.(27)

Benzaldehyde

The first batch was treated in the following manner; Eastman Kodek
"White Label" benzaldehyde was dissolved in some petroleum ether (boiling
point 50-600), shaken twice with an equal volume of %% aqueous sodium
carbonate, dried over Drierite; the Drierite was removed by filtration,
and the benzaldehyde was distilled from a Claisen flask with dry ("oil-
pumped") nitrogen bubbling through a cepillary. The fraction boiling at
175.5-177° was collected in a glass stoppered bottle which was covered with
aluminum foil end flushed out with dry nitrogen after every use. The

* All melting points and boiling points are uncorrected. Semi-microenalyses

were performed by Dr. Carol K. Fitz, 115 lexington Avenue,
Needham Heights 94, Mass.
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reported boiling point is 179°. (27)

The second batch of benzaldehyde was obtained in the following manner:
100 c.c. of Eastman Kodak "White Label" benzaldehyde was dissolved in %0 c.c.
of petroleum ether (boiling point 50-600), sheken twice with two 50 c.c.
portions of 5% sodium carbonate solution, and dried over Drierite. After
the Drierite was removed by filtration, the petroleum ether was removed by
vacuum distillation, and the flask containing the benzaldehyde was then
sealed off under vacuum. The flesk, still sealed, was then placed in a
"dry-bogs, along with a file, Claisen flask, air condenser, heating mantle,
and as a receiver, a bottle which had a rubber cap through which a syringe
would be injected, thus permitting only a small amount (if any) of oxygen
to be admitted to the benzeldehyde. The receiver was covered with aluminum
foil to prevent light from entering the benzaldehyde. The "dry-box" was
then sealed and evacuated to a pressure of 10 microns for sixteen hours.
At the end of this time, tank-dry nitrogen, (containing less than 0.01%
oxygen) was admitted into the box until the pressﬁre reached one atmosphere.
The flask wes then opened, the benzaldehyde transferred to the Claisen
flask, and distilled; again the fraction boiling at 175.5-1770 was collected.
The receiver was allowed to stand uncovered in the "dry-box" to allow the
benzaldehyde to cool. The flask was then covered and placed in the
refrigerator.
* G. R. Thomas and N.N. Lichtin, Rev. of Sci. Inst., in press 1953

"Apparatus for Controlled Atmospheric Research®. |
o-R ThoMpas + MM LicaTiv, KEy. OP Ser. Twsr, a3, 735["5"}5

K Wt 0 v, 0 o e E?
fo LELRULS ¥ qurae g o o - e Rl o - s Jj_




Piperfline

Eastman Kodak "White Label" pipendine was refluxed for one hour
with sodium, transferred to a Claisen flesk, and distilled. The fraction
boiling at 105-106° was collected over potassium hydroxide pellets and
stored in the ice box. The reported boiling point is 106°. (27)

25
Methylmelonic Acid

To a cooled solution of 15g. (.28 moles) of potassium hydroxide in
12 c.c. of water, 15 c.c. (.1 mole) of Mathieson and Co. diethyl methyl-
malonate(used as receive% was added, and the mixture was refluxed on the
steam bath until the two layers disappeared (approximetely 24 hours).

The mixture was allowed to cool, extracted once with ether to remove any
unreacted ester, cooled in an ice bath, and acidified with 50 c.c. of 18%
hydrochloric acid. The acidified solution was shaken with five 25 c.c.
portions of ether. The ethereal solution was dried over Drierite, filtered,
and the ether was evaporated on the steam bath. The residue crystellized
and was recrystallized from benzene which was dried over sodium wire.

The melting point was 122-124° with decomposition from 125° on; the report-
ed melting point is 129°, 1550, and elso reported as unreliabl§7’5? The
neutral equivaelent (in water solution and phenolphthalein end point) was
122.8, whereas the theoretical is 118.

Repested attempts at purification by recrystallizetion from benzene
failed. The resson for this is thét the boiling points of malonic ester,
methylmalonic ester, and dimeth}lmalonip esgér all lie within a two degree
rangz8 (1980, 196.50, and 197° respectively) and the commercial materiel

contains a mixture of the three esters. Since the free acids have very

similar solubility properties, separation via crystallizetion, of the free

25.
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acids, obtained from saponificetion of a mixture of the esters would be
very difficult.

Employing a qualitetive test for active hydrogen atoms as a possible
meens of separation of the esters failed?j. To 5 c.c. of the commercial
ester dissolved in 10 c.c. of 10% sodium ethoxide, 10 c.c. of 10% mercuric
chloride in alcohol was added. A white precipitate settled out which was
collected in a Buchner funnel and washed with two 20 c.c. portions of
ether which was dried over sodium. Addition of concentrated hydrochloric
acid to the white crystals evolved a good deal of heat, but extraction by
two 20 c.c. portions of ether, followed by evaporation of the ether
produced no ester.

Finally, methylmalonic ester was synthesized by means of an
unambiguous peth, through oxalylpropionic ester .

CH 20 ) .9_ 9 0
ICH-co0’X +  CTopp __i’_s gro-c &—f.h‘ C<ogt + Efow
l CHy
§om

Twenty-three grems of clean sodium (1 mole) was powdered* in a
one liter 3-necked flask under 100 c.c. of C.P. xylene which had been
dried over sodium. The xXylene was decanted and the sodium was weshed
twice with ether dried over sodium, then covered with 300 c.c. of dry ether;
The flask was then equipped with a dropping funnel, a mercury seal stirrer,
and a condenser. The stirrer was used throughout the reaction period.

67 c.c. of absolute alcohol (one mole) was admitted dropwise through the

funnel (the addition took 2-3 hours) and the reaction allowed to proceed

*3ee L.F. Fieser, Experiments in Organic Chemistry, 2nd e?, #.C. Heath
000, Boston (1941) P 5850 )
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until no hydrogen was evolved. The flask was then placed in an ice bath
and a mixture of 146g. of ethyl oxelate (one mole) and 102g. of ethyl
propionate (one mole) was admitted to the ethereal suepension of sodium
ethoxide, slowly enough so as not to permit refluxing the ether. The
addition required 1-2 hours. The condenser weas then placed in position
for downward distillation, the stirrer and dropping funnel removed, and
the ether removed by heating on the steam bath until a dark yellow scum
formed on top of the reaction mixture. With no further heating the mixture
was treated with 200 c.c. of 3% acetic acid and sllowed to stand for 4-5
hours et room temperature wiﬁh occasional shaking. This mixture was shaken
with four 175 c.c. portions of ether. The combined ether portions were
washed successively with 350 c.c. of water, two 200 c.c. portions of 10%
sodium bicarbonate and finally 350 c.c. of water. The ether was then
removed by distillation from a Cleisen flask. (The ethereal solution was
placed in a dropping fuanel attached to the flask, and the flask placed
on the steam bath). The steem was turned on, and the ethereal solution
y

wes added dropwise. After most of the ether was evaporated, the flask was
heated on the steam bath and placed on the water pump for one hour to get
rid of any ether and water present. The residue was distilled under
vacuum in a Claisen flask, and the fraction boiling st 90-100°/2mm weae
collected. The reported boiling point is llh-lléo/lcmm.

‘The ‘distillate was then refluxed at 180° on a heating mentle for two

hours to eliminate carbon monoxide and to form metWjfmalonic ester.

o 9
CHy c‘,z+—t~&-oﬂ’ A5 CH clH-cooG,f v coP
~ Cookt | Cookt
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After refluxing, the residue was distilled in e Qlaiaen flesk, and
the fraction boiling at l90-192° wag collected; the reported boiling point
ie 1960. The yield was 67g. (38%) overall.

This ester was hydrolyzed in the manner previously described for
Mathieson's methylmalonic ester. The product was an acid of melting point
150--152o énd neutral equivalent of 118; (The theoretical neutral
equivelent is 118).

Ethylmalonic Acid

19¢.c. (.1 mole) of Mathieson and Co. diethyl ethylmalonate (used
as received), was added to a solution of 15g. (.28 moles) of potassium
hyd:oxide snd l2c.c. of water, and the mixture was refluxed on the steam
bath until the two-phese mixture became homogeneous. This required approxi-
mételj 24 nours. The mixture was shaken once with 15¢.c. of ether to get
rid of any unreacted ester. The mixture was then acidified with 50c.c.
of 18% aqueous hydrochloric acid. The acidified mixture was extracted with
five 25c.c. portions of ether; the ethereal solution was dried over Drierite,
filtered, and the ether evaporated on the stesm bath. The residue was
crystallized once from benzene which was dried over sodium. The melting
point was 108.5-109.5°. The reported melting point is lll.5°.10

25
Phenylmalonic Acid

24g. (.1 mole) of Mathieson and Co. diethyl phenylmalonate (used
as received), was treated in exactly the same way as above. The product
gave a neutral equivalent of 180. (The theoretical neutral equivalent is
180). The melting point was 150-151°d. The reported melting

0 20
point is 152-1557d.
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o ~Methyl- 8 -hydroxyhydrocinnamic Acid

The zinc used in this synthesie was treated in the following menner
before use. Twenty mesh zinc was submerged in 5% hydrochloric acid for
5 minutes, washed successively with distilled water twice, absolute alcohol
once, acetone once, end absolute ether twice, then placed in en oven at 100°
for one hour.52

" 12.4g. (.2g. stoms) of the activated zinc, 36.4g. (.2 moles) of
Eastman Kodsk "White Label® ethyl (K ~bromopropionate, (used as received),
20.4g. (.2 moles) of freshly distilled benzaldehyde end 75c.c.of benzene
which was dried over sodium were refluxed for one hour on the steam bath;
the reflux condenser was equipped with a calcium chloride drying tube.

The mixture was then cooled in an ice bath, and poured into 200c.c. of

ice cold 10% sulfuric acid. The aqueous layer was drewn off, and the
benzene layer was washed successively with two 100c. c. portions of 10%
sulfuric acid, one 200¢c. ¢. portion of 5% sodium carbonate, one 100c. c.
portion of 5% sulfuric acid, and finally with 100c.c. of water. The com-
bined acid end water washings were then extracted with two 100c.c. portions
of ether. The combined ether benzene mixture was dried over Drierite,
filtered and distilled from a Claisen flask on an oil bath. The fraction
boiling at 141-143°/5mm. wes collected as ethyl o -methyl- 8 -hydroxy-
hydrocinnemate. The reported boiling point is 157-158°/1 1mn.

The product, a yellow oil, was mixed with 30c.c. of 20% aqueous
potassium hydroxide, with sufficient alcohol being added to give a homo-
geneous solution. The alkaline solution was allowed to stand at room tempere-
ture for 48 hours. At the end of this time, the alkaline solution was ex-

tracted with two 25c.c. portions of ether, cooled in en ice bath, and an
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excess of 15% aqueous hydrochloric acid waes added. An oil separated which
was extracted with three 35¢.c. portions of ether. The ethereal solution
was dried over Drierite, filtered, and the ether distilled off. The yellow
oily residue, which had been exposed to steam tempersture for approximately
one hour, would not crystallize, even upon long cooling in the ice box.
The oil was then dissolved in 30c.c. benzene and extracted with 20c.c.
portions of 5% sodium carbonate until the aqueoue layer was alkaline. The
combined alkasline layers were then washed once with 30c.c. of ether, then
chilled and acidified with an excess of cold hydrochloric acid. Again an
0ll separated which waes extracted with three 30c.c. portions of ether.
The etheresal solution was dried over Drierite, filtered, and the ether
evaporated off on the steam bath. The lest trace of ether and/or benzene
was removed by placing the flask in a vacuum desiccator along with a piece
of paraffin wax and evacuating the desiccator by meens of the water pump
for one hour. The residue, a pale yellow oil, partially crystallized upon
cooling, and was crystallized once from benzene-ligroin (boiling point 60-80°) .
The melting point was 84.5-860. The reported melting point for this syn~-
thesis was 770. The melting point of this compound from other syntheses
12,46 ,47
was 95. (see page 14) The overall yield was 4g. (12%).
Analysis: Calculated for 010H1205: C, 6647; Hy 6e7s
Found: C, 66. 6; Hy, 6.7%.

g -Methylcinnamic Acid

A mixture of 10.5g. (.1 mole) of freshly distilled benzaldehyde,
16g. (.12 mole) of propionic enhydride (used as received), and 10g. (.1 mole)

of fused sodium propionate waes heated with occasional shaking for 30 hours
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in an o0il bath at 150-155°. The warm mixture was poured into .250c.c. of
water, stirred thoroughly, and neutralized by the addition of 10% sodium
carbonete solution. The alkaline solution was then extracted with two
5Cc.c. portions of ether, and the aqueous portion was then warmed with

2g. of Norite (decolorizing carbon) and filtered while hot. The warm
filtrete was poured, slowly, with stirring, into an excess of concentreated
hydrachloric acid mixed with chopped ice. After the acid crystallized
completely, it was collected by suction on a Buchner funnel, washed with
several portions of water, and dried by pulling sir th;ough the cake on
the funnel. The crude product was crystallized once from ligroin (boiling
point 60-800). The melting point was 73-74°. The reported melting point
is 740 or 81° . When the acid was recrystallized from water, the

melting point was 80-8l°.
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Decarboxylation Experiments

A mixture of 2c.c. of benzaldehyde, 10c.c. of pyridine, 2 drops of
piperidine, and a known weight of one of the three malonic acids, (corres-
ponding to epproximately the same number of moles of benzaldehyde), was
placed in a 50 c¢.c. round-bottomed flask equipped with a sidearm, and

treated in the following manner. Dry ("oil-pumped") nitrogen was passed

slowly through a tube of Ascarite, a 250 ml. flask containing a concentrated

solution of barium hydroxide, a 250 ml. flask containing concentrated sul-
furic acid, and then into the sidearm of the reaction flask, below the
surface of the mixture. The reaction mixture was refluxed gently on a
heating mantle. The top of the reflux condenser (300 mm.) was connected
to a 250 ml. flask contsaining concentrated sulfuric acid, and then into a
100 ml. gas drying tube which was filled with two-thirds Ascarite and one-
third magnesium perchlorate. The magnesium perchlorate was used to absorb

the water formed from the following reaction;

AN 0K +CO. — Mas (05 T H:0

After heeting for a given time, the flask was allowed to cool for
15 minutes, while nitrogen was still bubbled through the reection mixture

and condenser to flush out any carbon dioxide. The ges drying tube was

weighed to ¥ O.2mg. before and after the experiment. This represented less

than 1% of the weight of carbon dioxide evolved.

The following teble gives the results of these exXperimentas:

52.



Temp. Acid Time of _%C05 ()
Heating
1. 120-130° (reflux)  Ethylmalonic 60 min. 90.5
2. " " 40 min. 96.5 (b)
3 " Methylmalonic 60 min. 98.4
4, " Phenylmalonic 15 min. 80.4
5. n " 20 min. 95.8
6. " " 25 min. 97.8
7. " " 3 hrs. $8.0 (c¢)

(a). These figures are obtained from the ratio of the actual weight
of carbon dioxide and thetheoretical weight of cerbon dioxide.

(b). This run was carried out in an apparatus similar to the one
described above, but there was no flask of sulfuric acid at the
outlet of the reflux condenser.

(¢). Run #7 is a test for accuracy of the experiment, checking the

fact that pyridine vapor does not carry over, and that as a
seml-quantitaetive method, the experiment ia effective.

Iaolatioﬁ of Product

The first series of experiments, including the decarboxylation
experiments, was carried out in the following manner: 2 c.c. of benzalde-
hyde (from the first batch), an equimolar amount of the malonic acid,

10 c.c. of pyridine, and two drops of piperidine were refluxed on a

heating memtle for one hour, cocled, and the mixture was dissolved in

50 c.c. of petroleum ether (b.p. 30-60°). The reaction mixture was then
shaken with two 25 ¢.c. portions of 18%/hydrochloric acid, and the combined
acid washings were extracted with a 25 c.c. portion of ethyl ether which

was added to the petroleum ether layer. The combined ethereal solution was

35.



then shaken with 20 c.c. portions of 5% sodium carbonate until the
equeous washings were alkaline. The alkaline wéshings were extracted
with a 25 c.c. portion of ether, cooled in an ice bath, and was acidified
with an excess of 15% hydrochloric acid. The precipitate, if any, was then
extracted with three 25 c.c. portions of ether; the ether was evaporated
on the steam bath, and the residue was crystallized ohce from ﬁlcohol-
water. After crystallization, the product was filtered on a sintered glass
funnel and dried by pulling air through the cake of crystals. The yields
of ol-methylcinnemic acid (m.p. 80.5-82°) and o-ethylcinnamic acid
(m.p.le—tho) were of the order of one per cent. The reported melting
points were 81° and 105? respectively. No further work was done with
ethylmalonic acid. In the cese of phenylmalonic acid, the only product
recovered from the alkaeline portions was phenylacetic acid (m.p. 74-760).
The melting point of known phenylacetic acid was 75-77°, and the mixed
melting point was 75-770. The phenylscetic acid was recovered in 77%
yield (1l.6g).

The second series' conditions, (using benzaldehyde from the second
batch), were very similar to those of the first. The changes made were
en increase in the amount of piperidine, and a shortening of reflux time.

Using methylmalonic acids

Piperidine Time Temp. Yield _M.Po
lst series 2 drops 1 hour 130 1% 80.5~82"
2nd " 20 drops 20 min. 130 T4 - 80.5-82°

" " 30 drops 35 min. 130 41% 80—81.5.

14

n " 20 drops 15 days 25-30 4ig, 80.5
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Incressing the mole ratio of methylmalonic acid (4.4g.5 .04 moles) to
benzaldehyde (2.lg. = .02 moles) and refluxing for 20 minutes failed to
inerease the yield. In fact, the yield ofy-methylcinnamic acid (m.p.80—81.5°)
was slightly lower, approximately 39%.

Mixed melting points of ¢ -methylcinnemic acid (from Perkin reaction)
and products of the Doebner reaction were taken in the three experiments
of the second series. The melting point of the Perkin product was 80-81°,

The mixed melting point was 80.5—81.50.

The Doebner Reaction with Propionic Acid

A. Determination of unresacted benzaldehydé.

The method of determining the amount of benzaldehyde left unreacted
after the reaction was completed, was to follow reaction conditions exactly
except that the alkyl malonic acid was omitted; i.e., 2 c.c. (2.1g.) of
benzaldehyde, (from the second batech), 10 c.c. of pyridine, and 20 drops
of piperidine were refluxed for twenty minutes, cooled, the reaction
mixture dissolved in petroleum ether (boiling point 50-600), washed
successively with hydrochloric eacid and sodium carbonate solution, as
described previously. The remeining ethereal solution wae heated on the
steam bath, and the ether evaporated. To the residue was added 30 c.c. of
5% sodium hydroxide solutione 2 c.c. portions of 5% aqueous potassium
permenganate were added, with shaking until a purple color persisted.

The purple color was discharged by the addition of a few dfops of ethanol,

and the entire mixture was heated on the steam bath to a temperature of
60-700, then filtered by suction to remove the menganese dioxide. The
alkaline filtrate was then cooled and acidified with an excess of concentrated

hydrochloric acid. The precipitate was extractéd with three 25 c.c.

portions of benzene and one 25 c.c. portion of ether. The benzene and
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ether were then evaporated by heating on steam, snd the residue was
recrystallized once from water, and dried by suction on a Buchner funnel.
The melting point was 119-120°. The reported melting point of benzoic
acid is ‘.1.2].O 27. Yields on three succeesive runs were 2.25g., 2.42g.,
2.40g. The theoretical yield is 2.4l1g. of benzoic acid from 2.1g. (2c.c.)
of benzaldehyde.

B. Experiment with Propionic Acid

The reaction was carried out using 2 c.c¢. (.023 moles) of propionic
acid, 2 c.c. of benzaldehyde, 10 c.c. of pyridine, and 20 drops of
piperidine. Application of the isolation procedure =2 described for
v¢_-msthylcinnamic acid furnished none of the desired product, d-mmihyl—
cinnamic acid. Oxidatioﬁ of the recovered benzaldehyde es described ebove
yielded 2.42 g. of benzoic acid of melting point 119.5-1210. The melting
point of known benzoic acid was 120-121.5? and a mixed melting point was
120-121.50. 2.42 grems represents a yield of 100% of the thcoreticallamount

of benzoic acid from 2.0 c.c. (2.1g.) of benzaldehyde.

o ~Methyl- ﬂ -Hydroxyhydrocinnamic Acid under Doebner Conditions

0.57 g. (0.003 moles) of ¢ -methyl- p-hydroxy-hydrocinnamic
acid was refluxed for 20 minutes with 5 c.c. of pyridine and 10 drops of
piperidine. After the flask was cooled, the mixture was dissolved in
25 ¢.c. of petroleum ether (b.p. 30-60°), and washed with two 13 c.c.
portions of 18% hydrochloric acid. ' The acid washings were extracted once
with 15 c.c. of ethyl ether, which was added to the petroleum ether soclution.
The comiained ethereal solution was then washed with two 20 c.c. portions of

5% sodium carbonate. The alkaline washings were extracted once with 20 c¢.c.
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of ether, cooled in an lce bath, end acidified with an excess of cold
concentrated hydrochloric acid. An oily suspension, rather than a pre-
cipitate was observea at this point. The oll was extracted with three
15 c.c. portions of ether, and the ether was evaporated on the steem bath.
The oil waes dissolved in a mixture of hot water and alcohol and placed in
the ice box; only after long cooling did the product crystallize. The
mixture was filtered, using a sintered glass funnel, and the crystals were
dried by pulling air through the cake on the funnel. The melting point was
88.5-90°. When some of the original starting material was simply
recrystallized from water and alcohol, its melting point changed from
84.5-860 to 89-90°. A mixzed melting point (of product which had been
subjected to Doebner conditions, and product which had merely been
recrystallized from water-alcohol), was 88.5—900. ‘rhg yield waspllg. (25%).
The material recovered was analyzed.

Anelysis: Cale. for OjgH;503: O, 66.T; H, 6.7;

Found: G, 66.4; H, 6.7%.
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VII. Abstract of Thesis.

The mechanism of the Doebner modification of the
Knoevenagel reaction has been assumed by many authors (see
thesis) to proceed through an isolable intermediate, a
benzalwalonic (or ethylidene malonic) acid, although there
has not been any proof for this mechanism reported in the
literature. The purpose of this work is an investigation
of the mechanism of the Doebner modification.

In the body of the thesis (pp.4 andlQ), there are five
possible paths presented for the reaction of benzaldehyde
and malonic acid, The first three assume that malonic acid
reactS'aé malonic acid,(or:its monoanion or dianion), and
that the initial product is a.p¥hydroxymalonic acid. From
the initial condensation product, path g proceeds through
benzalwalonic acid and yields cinnamic acid by loss of carbon
dioxide, path b proceeds through ﬂ—hydroxyhydrocinnamic aciqd
and ylelds cinnamic acid by loss of water, and path ¢ yields
cinnamic aclid by means of a simultaneous loss Qf carbon
dioxide and water. Paths d and @ assume that ﬁgiégic acid
first decarboxylates to form acetic acid or its enol form,
and then proceed.via the hydroxy acid. If, however, methyl-
malonic acid were substituted for malonic acid, and if
£ -methylcinnamic acid were obtainec¢ as product, then path 3

would be impossible, and baths ht', ct', 4%, and e!' would

remain as likely reaction paths. (See page 13).



Path b! would proceed through a B-hydroxy acid and yield
-methylcinnamic acid by loss of water, and path:g' would
yield the product through simultaneous loss of carbon
dioxide and water., Paths d!' and e! would proceed via the
hydroxy acld after preliminary decarboxylation to propionic
acid or its‘enol form,

In the course of this work, it was shown that methyl-
malonic acid does condense witﬁ benzaldehyde under Doebner
conditions to form A-methyl cinnamic acid., It was proven
that propionic acid does not condense with benzaldehyde
under Doebner conditions, thus ruling out paths dt! and e?,
and it was demonstrated, with certain reservations, that
K-methyl-B-hydroxy-hydrocinnamic acid will not .dehydrate
to form the,(-ye imsaturated acid under Doebner condition's;

Since there is strong suggestive evidence for the
Doebner modification with methylmalonle acid to proceed via
a simultaneous elimination of carbon dioxide and water from
the ﬁLhydroxymalonic acid, then it is very possible that the
same will hold true in the case of malonic'acid, i.e.,
benzalmalonic acid is not a necessary intermediate in the
Doebner modification with malonic acid,

Although the present work is an investigation of the

Doebner reaction, it also suggests a pathway for the synthes

x1141.

is

of alpha alkyl cinnamic acids from alkylmalonic acids, Under

thé conditions of the reaction, however, phenylmalonic acid

was decarboxylated too rap;dly to condense with benzaldehyde.

Synthetic applications of this problem provide a fertile
field for investigation in the future.



