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We have now developed a convenient three-step 
synthesis of glutaconic ester with an over-all yield 
of 63-73% by the following procedure. The com- 
rnercially available diethyl ethoxymethylenemalo- 
natee was condensed with malonic ester. The result- 
ing tetraester was hydrolyzed and decarboxylated 
with dilute hydrochloric acid, and the crude gluta- 
conic acid which resulted was esterified by the 
usual procedure. 

EXPERIMENTAL 

Diethyl glutaconate. To a solution of 23.0 g. (1.00 mole) of 
sodium in 300 ml. of absolute ethanol was added 160 g. 
(1.00 mole) of diethyl malonate, followed by 216 g. (1.00 
mole) 01' diethyl ethoxymethylenemalonate.6 After the 
mildly exothermic reaction's was complete, the reaction 
mixture \vas allowed to stand a t  room temperature for 24 
hr. during which time the red solution solidified. A mixture 
of acetic acid (150 ml.), concentrated hydrochloric acid (100 
nil.), and water (1 1.) was added, and the solution was ex- 
tracted Fvith benzene. The benzene was removed from the 
extract in ~)acu0,7~ and the liquid residue was refluxed with 
dilute (1 : 2 )  hydrochloric acid (300 ml.) for 24 hours. The 
a.at,er and other volatile materials were removed in vacuo;7b 
the residue was dissolved in absolute ethanol, dried with 
magnesium sulfat,e, filtered, and again concentrated in 
aac~o.7b The residue was dissolved in absolute ethanol (300 
ml.); 6 ml. of concentrated sulfuric acid was added, and the 
solution xas refluxed overnight. The reaction mixture was 
processed in the usual manner and gave 117 g. (63.0%) of 
diethyl glutaconate3; b.p., 84-87'/0.5 mm., ny 1.4448, 
The dieskr was hydrolyzed to give glutaconic acid,*,g m.p. 
136-137"; neut. equiv., 65.0 (calcd. 65.1). 

From :t second preparation a 75y0 yield of diethyl gluta- 
conate WAS obtained. 
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It has recently been reported2 that the Diels- 
Alder addition of methacrylic acid to  cyclopenta- 
diene yields a mixture of isomeric products, in 

(1) Taken from a thesis presented by T.V.A. to the 
Department of Chemistry, Princeton University, 1957, in 
partial fulfillment of the requirements for the B.A. degree. 

(2) J. S. Meek and W. B. Trapp, J .  Am. Chem. Soc., 79, 
3909 (1957). 

which the aduct with the exo-carboxyl predominates 
in violation of the rule3 of maximum overlap of 
unsaturation. We wish to  report that an even more 
striking violation of this principle occurs in the 
addition of cyclopentadiene t o  itaconic anhydride. 
After this work was complete, we learned4 that 
Drs. B. E. Tate and A. Bavley, of Chas. Pfizer and 
Co., had carried out a thorough investigation of the 
cyclopentadiene-itaconic acid a d d i t i ~ n , ~  so me are 
presenting here a brief summary of our findings. 

The adduct (I) of cyclopentadiene and itaconic 
anhydride was one of the first prepared by Diels 
and Alder6 in their study of the diene addition. 
It was hydrolyzed to a diacid, but no evidence was 
presented to  permit a decision between the alterna- 
tive configurations IIa  and IIb. 

It has nom been found that treatment of the di- 
acid with iodine-bicarbonate solution' results in the 
formation of an iodo-lactone. A clear decision be- 
tween the formulas IIIa and IIIb can be made on 
the basis of the infrared spectrum, which shows two 
peaks in the carbonyl region, a t  5 S O p  and 5 . 9 2 ~  
(Nujol). The latter is assigned to the carboxyl 
group, while the former can be due only to a six- 
membered lactone, since y-lactones of this series 
have been s h o ~ v n ~ ~ ~  to absorb at  5.G1-5.69p. The 
methyl ester (IV) of the iodo-lactone also shows two 
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peaks, a t  5 . 7 7 ~  and 5 . 8 2 ~  (CSZ), neither of which 
is consistent with the y-lactone structure IIIb. 
The iodolactone is thus IIIa, and the aduct Ia, the 
result of exo-addition of the conjugated carboxyl. 

Added support for this conclusion is the following: 
a monomethyl ester can be formed by methanolysis 
of the anhydride, which must have the structure 
Va or Vb resulting from attack of methanol a t  the 
less hindered carbonyl. lo This monoester does not 
forni an iotfo-lactone under the conditions used for 
the diacid. This can nieaii only that the ester is 
Va, in which lactone formation is sterically pro- 
hibited, and the adduct is consequently Ia. 

EXPERIMENTAL 

Iodolactone (IIIa). Diacid IIaa (1.0 g.) was dissolved with 
warming in a solution of 1.3 g. of sodium bicarbonate 
in 30 ml. of water. After cooling to room temperature, a 
solution of 2.5 g. iodine and 5.0 g. potassium iodide in 15 
ml. of water was added, and the mixture kept in the dark 
for 24 hr. It was then filtered, the filtrate acidified with 
dilute hydrochloric acid, and treated with stannous chlo- 
ride until the iodine color disappeared. The solution, on 
standing, deposited 1.5 g. of the iodo-lactone which, after 
two recrystallizations from ethanol, melted at 212.5-214’. 

Anal. Calcd. for C I O H ~ ~ O ~ I :  C, 37.29; H, 3.45; I, 39.39; 
Mol. wt. 322.1. Found: C, 37.23; H, 3.48; I, 39.23; Mol. wt. 
318.7 (conductometric titration). 

The iodo-lmtone methyl ester (IVa) was formed with 
ethereal diazomethane, and recrystallized twice from ether, 
m.p. 97-99’. 

Anal. Calcd. for C11H13041: C, 39.30; H, 3.89. Found: 
C. 39.42: H, 4.00. 

’Monohethy/ ester (Va). Five grams of the anhydride (Ia) 
was dissolved in 50 ml. of methanol and allowed to stand 
at room temperature for several days. Evaporation of the 
methanol left a clear sirup, which slowly crystallized on 
standing. After three recrystallizations from ether, it  melted 
a t  58-6i0. 

C, 62.80; H, 6.76. 
Anal. Calcd. for CllH1404: C, 62.85: H, 6.71. Found: 
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The addition of an Si-H compound to  a ter- 
minally uns:*turated organic compound generally 

proceeds with attachment of the silicon atom to the 
end carbon.l-? However, Goodman and his col- 
l a b o r a t o r ~ ~ ~ ~  found that in the presence of a plati- 
num-on-carbon catalyst methyldichlorosilane adds 
to methyl acrylate in the reverse sense to  yield 
methyl a- (meth yldichlorosilyl) propionate. 0 t her 
reports of “reverse” Si-H addition have appeared 
in the recent chemical literat~re.lO-’~ 

Goodman’s initial communication* prompted us 
to examine the effect of an a-methyl group in the 
a,P-unsaturated ester. Accordingly, triethylsil- 
ane and methyl methacrylate were caused to react 
in the presence of platinum-on-carbon. There was 
obtained in 30.6% yield a 1:l adduct. By means of 
nuclear magnetic resonance spectral analysis the 
structure of the new compound was established as 
methyl a-met hyl-/3- (triethylsilyl) -propionate (I). 

( CH3CH2),SiCH&HCO2CH3 

AH3 
I 

In  the NMR spectrum there was found a six-line 
pattern which was attributed to  a single proton, 
spin-spin coupled to five particles of spin 1/2. The 
attached methyl group was deemed responsible for 
three of these particles, and the other two were con- 
sidered to  arise from the methylene group joined to  
silicon. Moreover, the absence of a resonance peak 
assignable to  two equivalent methyl groups on a 
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