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The Presumed Synthesis of 1,3-Cyclobutane-
dicarboxylic Acid by Markownikoff
and Krestownikoff!

In a paper? published in 1881, MARKOWNIKOFF and
KrEsTOWNIKOFF reported that the diethyl ester of 1,3-
cyclobutanedicarboxylic acid was formed in small yield
by the action of dry sodium cthoxide on ethyl a-chloro-
propionate. Later studies® have apparently confirmed
this result. Assuming it to be valid then, this synthesis
is of interest: first, historically, as the first correctly
interpreted alicyclic ring-synthesis?; sccondly, since its
mechanism® has never satisfactorily been explained;
and, lastly, because it represents the only available
preparative route® to the acid in question.

The present investigation discloses that the MarRKow-
NIKOFF-KRESTOWNIEOFF acid does not possess the
assigned structure and is, in fact, identical with the well-
known 1-methyl-1,2-cyclopropanedicarboxylic acid?.
Certain of the reactions® of the supposed 1,3-cyclo-
butanedicarboxylic acid and of its derivatives are better
in harmony with its formulation as a cyclopropane
derivative; further the physical properties reported for
the acid (both c¢is and trans forms) and for l-methyl-
1,2-cyclopropanedicarboxylic acid are in close agree-
ment. The identity has been established by direct
comparison of the acid of the Russian workers and of
its derivatives with corresponding material prepared
starting from methacrylic ester and diazoacetic ester®.

The nature of the MARKOWNIKOFF-KRESTOWNIKOFF
product having been clarificd, the course of the reaction
leading to its formation at once becomes apparent; it
may be represented as follows10:
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In support of the above mechanism may be cited the
fact that application of the MARKOWNIKOFF-KRESTOW-
NIKOFF conditions to a mixture {1:1) of acrylic ester and
o-chloropropionic ester resulted in a several-fold
increase in yield of cyclic product. The same acid could
also be obtained starting from a mixture of methacrylic
ester and chloroacetic ester.

As a result of these findings?!, it follows: that the
synthesis of 1,1-cyclobutanedicarboxylic ester by
PErRKIN (1883) was the first to be recorded of a four-
carbon ring derivative; that authentic 1,3-cyclobutane-
dicarboxylic acid has not yet been prepared (studies
relating to its synthesis are now in progress).

Note added in proof: Authentic 1,3-cyclobutancdicarboxylic
acid has now been prepared by a straightforward synthesis?; the cis
form was found to melt at 131-132°, the trans form at 189.8-190-3°%

D.H.DevurscH and E. R. BUCHMAN

Gates and Crellin Laboratories of Chemistry,California
Institute of Technology,Pasadena 4, California, May 15,
1950,

Zusammenfassung

Die Autoren stellen fest, dafl die 1881 von Marxow-
NIKOFF und KrRESTOWNIKOFF synthetisierteVerbindung,
die bisher als Cyclobutan-1,3-dicarbonsdure angesehen
wurde, tatsichlich 1-Methylcyclopropan-1,2-dicarbon-
siure ist.

1 Studies have been initiated to determine the scope of this type
of synthetic approach to cyclopropane derivatives,
2 See left column, note 9.

The Antibacterial Activity of Usnic Acid
and Related Compounds

Since StoLr, Brack and REenz! reported the anti-
bacterial activity of usnic acid, several publications?
have appeared in which the original observations have
been confirmed and extended.

In three of these papers?® some attempts have been
made to associate the activity of usnic acid with features
of the molecular structure (I) as formulated by Curp and
RoBerTsond. In this connection, it may be of interest to
record some observations on the antibacterial properties
of a series of 1,3-diketo-2-acylindane derivatives having
a similar triketone structure to that present in usnic
acid.
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