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THE REARRANGEMENT OF BROMONORCEDRENE-
DICARBOXYLIC ACID 

Sir: 

It was first noted by Ruzicka and van Melsen 
that treatment of bromonorcedrenedicarboxylic 
acid (bromoNCDA) with base leads to the loss of 
the elements of hydrobromic acid and carbon di
oxide and the formation of anjinsaturated bicyclic 
monobasic acid, Ci2Hi8O2.

1 On the (incorrect) 
assumption that bromoNCDA is a bromosuccinic 
acid2 the reaction is unexceptional and has many 
precedents.3 I t was eventually recognized how
ever that the Ci2 acid is not an a,(l unsaturated acid 
and that apparently bromide ion and carbon di
oxide are lost from the same carbon atom.1-2 

Little further progress was made in the elucidation 
of the structure of the Ci2 acid, and the rearrange
ment which leads to it has remained one of the 
arcana of cedrene chemistry.4 

An entirely new light was shed on the reaction 
when it was demonstrated that NCDA is a glutaric 
acid derivative,5 and the problem of the base 
decomposition of bromoNCDA was re-examined. 
It seemed to us likely that the reaction was essenti
ally one of solvolysis of a neopentyl bromide type, 
undoubtedly facilitated in the present case by the 
cancellation of the positive charge on the relevant 
carboxyl group by formation of a carboxylate 
anion: 
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The correctness of this assumption was proved in 
the following manner: The monomethyl ester of 
NCDA, m.p. 131°,2 was converted into the methyl 
ketone, dinitrophenylhydrazone m.p. 138°, by 
reaction of the acid chloride with dimethyl cad
mium. Perbenzoic acid cleavage, followed by base 
hydrolysis of the resulting acetate gave the antici
pated hydroxy acid Ci2H2OOs, m.p. 195-196°; which 
was then heated with phosphorus tribromide. 
After hydrolysis with water a crystalline acid was 
obtained which infrared comparison showed to be 
identical with the Ci2 acid of Ruzicka and van 
Melsen. 

An attractive hypothesis was that the quaternary 
grouping involved in the rearrangement of bromo
NCDA included the gem dimethyl group of 
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cedrene.6 This hypothesis received support from 
our observation that the characteristic gem di
methyl split peak at about 7.3 /J,7 which is clearly 
evident in the infrared spectra of practically all 
the cedrene degradation products which we have 
examined, is changed to the usual C-methyl band 
in the rearranged Ci2 acid. Conclusive proof of the 
involvement of the gem dimethyl group was ob
tained by taking advantage of the fact that a 
rearranged acid in which the original gem dimethyl 
grouping had changed to two separate methyl 
groups must show between one and two more C-
methyls than the parent compound. Experi
mental results were in agreement with predictions: 
NCDA monomethyl ester showed C-methyl: Calcd. 
for one C-methyl, 6.4. Found: 5.9%. The Ci2 
acid showed C-methyl: Calcd. for three C-methyls, 
23.2. Found: 22.6%. 

The rearrangement of bromonorcedrenedicarb
oxylic acid, which incidentally finds a striking 
parallel in the transformation of bromocamphoric 
acid into laurolenic acid,8 thus serves to locate the 
gem dimethyl group in cedrene. 

(6) J. Simonsen and D. H. R. Barton, The Terpenes, Vol. I l l , 
Cambridge University Press, London, 1952. 

(7) A. W. Thompson and P. Torkington, Trans. Faraday Soc, 41, 
246 (1945). 

(8) 0. Aschan, Ber., 27, 2112 (1894); A. Lapworth and W. H. 
Lenton, / . Chem. Soc, 79, 1284 (1901). 

CHBMICAL LABORATORIES 
HARVARD UNIVERSITY 
CAMBRIDGE 38, MASSACHUSETTS 

CHANDLER LABORATORY 
COLUMBIA UNIVERSITY 
N E W YORK 27, N E W YORK 

RECEIVED J U N E 10, 1953 

GILBERT STORK 

RONALD BRESLOW 

THE SYNTHESIS OF SUBSTITUTED PENICILLINS 
AND SIMPLER STRUCTURAL ANALOGS. VII. THE 
CYCLIZATION OF A PENICILLOATE DERIVATIVE TO 

METHYL PHTHALIMIDOPENICILLANATE 

Sir: 
In the very intensive efforts made to cyclize @-

methyl penicilloates (I) and related compounds to 
penicillin derivatives (II), the typical reaction 
products definitely identified were penicillenates 
(III), in which azlactonization has occurred and the 
thiazolidine ring has been disrupted.1 I t is not 
surprising that the five-membered oxazolone (azlac-
tone) ring is formed in preference to a fused four-
membered /3-lactam ring whenever that possibility 
exists. However, of the very large number of 
recorded attempts1 to effect a ring-closure of a 
penicilloate, none was conducted on a structure 
which could not azlactonize. 

By a cyclization procedure we have synthesized a 
/3-lactamthiazolidine (VI), which has the complete 
structure (configuration unassigned) of the natural 
penicillins, except for the substitution of a phthal-
imido group for the acylamino side chain. We 
have chosen to call this compound methyl phthal-
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