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The Stobbe condensation of l-acatylnaphthalern:
with dimethyl methylsuccinate yiclds a stersoisomeric

mixture of cis- and trunlu(Ar/FUUCHB)~1—muthnxycnrbnnyl-

2-methyl-4-(1'-naphthyl)-pent-J-cnvic acids (CVI1) und
(cvIIL).

The proedominance of the Eggg£~(Ar/CUUCH3)—ha1f~
eater (CV1I1) was inferred from the cyclisation of the
stervoisomeric mixture to methyl l-acetoxy~2,4-dimethyl-
phenanthrene-3-carboxylate (CIX). Alkaline hydrolysis
of this acetoxy ester gives the phenolic acid (CX) which
is methylated to thc methoxy cster (CX1}), then hydro-
lysed to thc methoxy acid (CXII).

The stercoisomeric mixture of half-csters (CVII)
and (CVII1) gives, upon saponification, predominantly
the trans-(Ar/COOH)-J)-carboxy-2-methyl-4-(1*-naphthyl)-
pent-3-enoic acid (CXIX), which is converted with acetyl

chloride to the corresponding anhydride (CXX).

The condensation of 2-acctylnaphthalene with di-
methyl methylsuccinate gives cis- and trans—(Ar/COOCHB)—
3-methoxycarbonyl-2-methyl-4~(2'-naphthyl)-pent-3-enoic

acids (CXIIXI) and (CXIV). Cyclisation of the pure
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l‘.n‘-(lffoooﬂﬂ,’-hulf-t'bcr (CXIV) givus sothyl- 4-
Bogtexy-1, y-Aimethylphonanthrume-2-carboxylate (CXV),
The seetoxy esber (CAV) gives upon saponifismation the
phwnolic acid (CXVI), which on methylatien yiwelds the
wethoxy eater (CXVII), which is then hydrolyscd to the
mothoxy acid (CXVIII).

Saponification of the pure ;;,a!-(Ar/coocu3)-
half-ester (CXIV) leads to the formation of the trane-
(4r/COOH)-3-carboxy-2-methyl-4-(2'-naphthyl)-pent-3-
emoic acia (CXX1), Vhereas, the alkaline hydrolysis
of tho etergoisomeric mixture of gis- and trans-(Ar/
COOCH,)-half—onteru (CXXI1I) and (CXIV) gives a mixture
of cis- and trans-{Ar/COOH)- dibasic acids, where the
srans-(Ar/COOH)-isomer (CXXI) is she predominant one.

The $rans-(Ar/COOH)-dibasic acid (CXXI) gives with

acetyl chloride the corresponding anhydride (CXXII),
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THE STUSBE CUNLENSATION

I- GhNRRAL SUKRVEY uF THE $TUBBE CUNDENLATION

The condensation of aldehydes and ketones with an

ester of succinic acld, under the influsnce of sodium
alkoxides to give the correspouding alkylidene succinic
acid (a substituted itaconic acid), or isomers formed by
a tautomeric shift of hydrogen, ia knowil as the stobbe
oondon-ntlon.1 The primary product ef the reaction is
the sult of the half-ester as shown in the following t
R H,0 - cooc2H5
‘,C-O + 1 . + R'-ONa =
R uzo - CUUCZH5
" \c‘c:,cooczus + C,H_OH + R'-OH
R~ * CH,COUNa 3
H.Stobbel noticed that acetone condenses with dialkyl
succinate in the presence of sodium ethoxide to give tera-
conic acid (I} as the main reaction product. It was
rather surprising that the reaction proceeded by an aldol-
type of condensation between the carbonyl group of the
ketone and the methylene group of the ester, and not by
the expected claisen-~type of condensation to give P—-diketo

compounds such as (II) or (III),

CH3‘ COCH ?82 - CO.CHZ.CO.CH3 ?HE.CO.Cﬂz.CO.GH3

CnC -
CH, “cuzcoox CH, - COOC,H

rd

5 CEz.CO.CHZ.CO.CH3

(1) (x3) (x11)
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stobbe and his collaborators, after tedious trials,wure

ablu to generalise this type of condensation butween carbonyl

compounds and esters of the succinic acid,

Factorp Affecting the Stobbe Condepnsation

The wide scope of the Stobbe Condensation is illustrated

by the large variety of reaction components briefly outlined

below 1

1- Carbonyl compounds, these include 1

2.

(1) Aliphatic, uaromatic and ,f-unsaturated aldehydes.
(11) Aliphatic, alicyclic, and aromatic ketones.
(111) Diketones.
(1v) Keto-estars.
{v) Cyanoketones.
Succinic esters : The nature of the carbalkoxy group
may be varied, thus, diethyl, dimethyl, and di-tert-
butyl succinate have been uaed,

W _Substituted aryl—-, aralkyl-, alkyl-, as well as
alkylidene succinic esters have also been employed
in the Stobbe Condensation.
Condensing agents: Various basic reagents, such as
sodium ethoxide, potassium tert.-butoxide, and sodium
hydride have been employed. Other condensing agents
such as sodium methoxide, metallic sodium, potassium
ethoxide, amd sodium triphenyl methyl have also been

used though to a limited extent.
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“tobbe ang hiw Colluboyatira Showed a1y, syl ewt
Pateapretntion that may be thought ot Coheerning thae mech., -
Dimm of 14y Peaction 1s to uaeume “opreliminary COM Neat Lo
hetwoern the Carbouny] compound wnd oan wetive me thy ]eggr sroup
ol the surcinye fBlor with ), clhiminit i, of water, Th.
lider could thin reget Vith the added alkoxide 1ty form tha
hydroxide 1on which conld weff,¢t Partial hydroelysis o thae
1irst formed Aester,

CuCh A e chiani am Wdr, however, rejeotod because of the
I‘ulluwing reasons

1) It was vbacrved that the Stobbe cundensation is
Jimiteq (with few vXceptions) to sBuccinic gl Substituted
succinic veters, Thus, wherous benzophenone condensed
readily with diethyl succinate to give an excellent yield of
the arylidene succinic halr-uster, ,CH2COOH2

_ _ (C6H5)2C=C .
it failed to react with ¢thyl or CUOC2H5
tert.butyl acctatej, both of which contain active methylene
groups, An even more Sstriking observation, is the failure
of benzophenone to condense with diethyl malonatej, whiech
has a Very reactive methylene group,

It was, therefore, concluded that the reactivity of

densation,
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2) The intuvrmediate unsaturstud di vsturs postuluted
in the abouve mechantsm have never boen fsolated even whien
the experimental conditions were rendered most fasvourable
fo. their scparation. Jnv way of attempting this fsclation
wnas the use of o large uvicess of diuthylnucrinntvu in order
to provide a high concentration of compoting vester groups
which could consumoe most of the hydrolysing action of the
limited amount of tho hydroxide ion whose formation is
assurmed in the proposed mechanism,

3) Appropriate unsaturated di-esters failed to give
good yield of half-¢sters on partial saponificntion.5'6

4) Isomers of the citraconic and mesoconic acid type,
which are expucted tautomers of certain alkylidenesuccinic
di—estera,7 have never been obtained from the Stobbe con-
densation.

Johnson et gl? put forward an acceptable mechanism
which involves the initial addition of the carbanion de-
rived from succinic ester to the carbonyl group of the
second reaction component, This is followed by a eyclis-~
ation step leading to the formation of an intexrmediate
paraconic ester (IV) which could be subsequently cleaved
by alkoxide ion to the salt of the unsaturated half-ester
as shown in the following reaction sequence, The irrever—
8ibility of the last step is the determining factor which

drives the reaction to completion,
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(1v)
R\ VY R\ COOCZH5
C ---C COQOC H5 >
R/ . i CHz.COO
o ”CHE
“,C/ (v)
o

The validity of this mechanism can be readily appre-
clated from the following evidence

1) The suggestion of an inte¢rmediate paraconic-ester
is quite reasonable in view of the fact that they could be
isolatede, particularly when shorter reaction periods are
employed;9 and furthermore, they are cleaved by alkoxides
in very good yields to give salts of the unsaturated half-
estera.10'11'12

2) According to Johnson's mechanism, the most impor-

tant factor which leads to the facile occurrence of the
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Stobby condenmation with auccinic wstuer, is the presoence

of a suitably aftunted carballbxyl! group that vnmbly cyclin-
ation to an intermediate paraconic westoer, Porhaps tha
nost intereosting ploce of cviduuce which $1lustratos the
importance of this factor is Johnson's obavrvatioun that
whercas bonzophonone did not conduuse with ethyl or tert, -
butyl uceutate, yct an estor of g-benzoylbunzoic acid (V)
condensed roadily with tert,-butyl acctate &n thu presence

of potassium tert.-butoxide to give the half-estor (VII).3

/c 5 o CcH '\C/CHECOO(Cﬂj,D
-~ ~o - -~
- tCH,-COO(CH,, ). —s N \ - —_—
‘ 2 33&=. |l .o S——
. L. i C,
S, coor R E om
0 ~
(v)
06H5 .- .CH,, coocn He o v/cu-coo(cn )3

C-

f/— | \'o + OR -—*/W'I \'0+non —
Sy

(vi) CgHg

}
_ C=CH~COO(CH,,)
r'//.\r’ 33

L
\/l\ co0

(viz)
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1) An vlwvgant suppurt foar Jubason's mechunims v
froevited by the srecent work of Joftery and }t'\-‘j .
carrfoed out an oxyguen-1¥ tracer study of the Stoboe cons
Censation. They uned benrophenone enriched with tae
oxygen isotope and found that the product containea aia
of the oxygen-18 ¢nrichmunt of the staurting kotone. Upen
degradaticn all of the enrichment was found to be located
in tho free carboxyl group of the half~ustoer. Thene
facts arce copnsistent with the formation of the dinter-
mecdiate paraconic ester (VIII) and its subsequent cleavage

by alkoxite ion as shown below.

c H
6''s ¢

= cn—cooc6u5 . 06!{5 N /cuocéu5 -
¢ H | R3.¥ C=C + HOH
675 18 H =72 cm. 7 cr,co0lty
~c~ 2 6% 2
cot
(VIiii)

According to the current mechanism, one should expect
glutaric esters to undergo the Stobbe condensation readily,
since they also have an eater group suitadbly situated for
the formation of a lactonic ring. Experimentally, how-
ever these esters turned out to be relatively unreactive

3

in the Stobbe condensation. This surprising behaviour

was explained by assuming that the €;~lactonic ring in the
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