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

and Krestownikoff: 

In  a p a p e r  ~ p u b l i s h e d  in 1881, MARKO~,VNIKOFF a n d  
KRESTOWNIKOFF r e p o r t e d  t h a t  t h e  d i e thy l  es te r  of 1,3- 
c y c l o b u t a n e d i c a r b o x y l i c  acid  was  f o r m e d  in smal l  y ie ld  
b y  t h e  a c t i o n  of d r y  s o d i u m  e t h o x i d e  on  e t h y l  a-chloro-  
p r o p i o n a t e .  L a t e r  s t u d i e s  a h a v e  a p p a r e n t l y  con f i rmed  
th i s  resul t .  A s s u m i n g  i t  to  be val id  then ,  th i s  syn thes i s  
is of i n t e r e s t :  f i rs t ,  h i s tor ica l ly ,  as the  f i rs t  correc t ly  
i n t e r p r e t e d  al icycl ic  r ing-syn thes i s~ ;  secondly ,  since i ts  
meehan i sm~ has  n e v e r  s a t i s f ac to r i l y  b e e n  explained. ;  
and ,  las t ly ,  because  i t  r e p r e s e n t s  t he  on ly  avai lable  
p r e p a r a t i v e  r o u t e  ~ to  t h e  acid in ques t ion .  

The  p r e s e n t  i n v e s t i g a t i on  discloses  t h a t  t h e  MARKOW- 
NIKOFF-KREsTO'WNIKOFF acid  does  n o t  possess  t h e  
a s s igned  s t r u c t u r e  a n d  is, in fact ,  i den t i ca l  w i t h  t h e  well- 
k n o w n  1 - m e t h y l - l , 2 - c y c l o p r o p a n e d i c a r b o x y l i c  acidL 
Cer t a in  of t h e  r eac t ions  s of t he  s u p p o s e d  1,3-cyclo- 
b u t a n e d i c a r b o x y l i c  acid a n d  of i ts  d e r i v a t i v e s  are b e t t e r  
in  h a r m o n y  w i t h  i ts  f o r m u l a t i o n  as a c y c l o p r o p a n e  
d e r i v a t i v e ;  f u r t h e r  t he  phys i ca l  p rope r t i e s  r epo r t ed  for 
t h e  acid  (bo th  cis a n d  t r a n s  forms)  a n d  for 1 -methy l -  
1 ,2 - cyc lop ropaned i ca rboxy l i c  acid  are in close agree-  
m e n t .  T h e  i d e n t i t y  has  b e e n  e s t a b l i s h e d  by  d i r ec t  
c o m p a r i s o n  of t he  ac id  of  t he  Russ i an  worker s  a n d  of 
i ts  d e r i v a t i v e s  w i t h  c o r r e s p o n d i n g  ma te r i a l  p r e p a r e d  
s t a r t i n g  f r o m  m e t h a c r y l i c  e s te r  and  d iazoace t ic  es terL 

The n a t u r e  of t h e  ~IARKO~,VNIKOFF-I~RESTO'WNIKOFF 
p r o d u c t  h a v i n g  been  clar i f ied,  t h e  course  of t h e  r eac t ion  
lead ing  to  i ts  f o r m a t i o n  a t  once  becomes  a p p a r e n t ;  i t  
m a y  be r e p r e s e n t e d  as fo l lows:° :  

x This  inves t iga t ion  was  carr ied out  under  a con t r ac t  be tween the 
Office of Naval Research and the California Institute of Technology. 

2 W. MARKOWNIKOFF and A. Km:STOWNIKOVV, Ann. z08, aa3 
(lSSl). 

a W.~IARKOWNIKOFF, Ber. 23R,  43~ {1890). -I~.I'IAWORTH and 
\V .H .  PERKIN, jun.,  J .  Chem. See. 73, 33(} (189s). Dur ing  the last  
half-century, although the acid has been resynthesized in various 
connections (F. R. Goss  and  C. I(. IN(;OI.IL J .  Chem. See. 127, o~776 
(1925). - A.\VAssER~IANN, Helv .  chim. ac ta  13, 0O7 (1930). - E . R .  
BUCHMA~, A.O. RE:MS, and M.J. SCnLA'rTVR, J. Amer. Chem. Soc. 
34, o~703 (194~2). - E. R. B:rCI:,~XAN et at., unpubl ished)  and the mecha-  
n ism of its formation has been under discussion 8, the assigned 
structure has never been questioned. 

a Cf..V¢.H. PJSRKIN, jan., J. Chem. Soc. 1347 (1929). 
5 ~V.~IARKOWNIKOFI" and A. I{RESTOV£NIKOFF, lOC, cir. -- C . K .  

INGOLD, J. Chem. Soc. 1177, :¢87 (I:~W~). - F. R. Goss and C. K. 1NGOLD, 
loc. cit. - Cf. W.H. PERK:X, jun., loc cil. -- R.C.F:Tso~ in Gn.,~xat~'s 
Organic Chemistry,  2nd ed. (John Wiley and Sons, Inc. ,  New York, 
1943) Vol. I, p. 86. 

6 Cf. E.R. BvcIt~tAx, A.O, REI~S, and '31. J. SCHLATTER, lOg. C#. 
7 H.  STAIJDINGER, O..~IUNTWYI.I:R, L. RUZICKA, a nd  S. SEIBT, 

Helv .  ch im.  ac t a  7, 401 (192-t). - C .K .  INC, O~.I), toc. cit. -- F. R. GOSS 
and C. K. INGOLD, IOC. cir. -- K,v. AUWERS and E.CAoeR, Ann. t70,  
284 (1929).- K.v.Amvzils and 1% N6xlo, Ann. ¢.06, ~5~ (1932).- 
K. E. WILZ~ACU, F. R. MaYo, and R. VAN M~TH:, J. Amer. Chem. Soc. 
70, 4069 (1948). 

s Notably the instability of the acid (cis form) toward hydrochloric 
acid (E .R.  BuCaMAN, A.O. Rr:lMs, and I~I,J. SCHLATTI2R, loc. cir., 
p. ~704); ef. also the behavior of the diamine CaH~nN = and of the 
dibromide C4H~Br~ obtained from the acid by appropriate degradative 
techniques (E. R. B~cn.~hN et aL,  unpublished). 

The experimental details will be puhlished elsewhere. 
10 Although the ring closure step involves a nucleophilie attack on 

a tertiary halogen grouping, the steric and other factors are such 
that the reaction may be expected to proceed snmothly (ef. N.E. 
WILZBACH, F.R.MAvo, and R. VA~MErEr:, toc. cir., p. 4071}. The 
authors are indebted to Dr. SAUL~VINSTEIN for a discussion on this 
point. 
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In  s u p p o r t  of t h e  a b o v e  m e c h a n i s m  m a y  be c i t ed  t h e  
fac t  t h a t  app l i ca t i on  of t h e  MARKOWNIKOFF-KR~sTow- 
NIKOFI¢ cond i t i ons  to  a m i x t u r e  (1 : 1) of acryl ic  e s te r  a n d  
~-ch lo roprop ion ic  e s t e r  r e s u l t e d  in  a severa l - fo ld  
increase  in y ie ld  of cyclic p r o d u c t .  The  same  acid could  
also be o b t a i n e d  s t a r t i n g  f rom a m i x t u r e  of m e t h a c r y l i c  
e s t e r  a n d  ch lo roaee t i c  es ter .  

As a r e su l t  of  t h e s e  f indings*,  i t  fo l lows:  t h a t  t he  
s y n t h e s i s  of  1 , 1 - c y c l o b u t a n e d i c a r b o x y l i c  e s t e r  b y  
PERKIN (1883) was  t h e  f i rs t  to  be  r e c o r d e d  of a four-  
c a r b o n  r ing  d e r i v a t i v e ;  t h a t  a u t h e n t i c  1 ,3 -cyc lobu tane-  
d i ca rboxy l i c  ac id  has  n o t  y e t  b e e n  p r e p a r e d  (s tudies  
r e l a t ing  to  i ts  s y n t h e s i s  are  now in progress) .  

Note added in proof: Authentic 1,3-eyclobutanedicarboxylic 
acid has now been prepared by a straightforward synthesisZ; the cis 
form was found to melt at 131-132 °, the trans form at 189.8-190.3 °. 

D. S .  DEUTSCH a n d  E. R.  Blue,alAN 

Gates  a n d  Crellin L a b o r a t o r i e s  of Chemis t ry ,  Cal i fornia  
I n s t i t u t e  of Techno logy ,  P a s a d e n a  4, Cal ifornia ,  May  15, 
1950. 

Z u s a m m e n / a s s u n g  

Die A u t o r e n  s te l len  lest ,  d a b  die 1881 yon  MARKOW- 
mKOFF u n d  KRESTOWNIKOFF s y n t h e t i s i e r t e V e r b i n d u n g ,  
die b i she r  als C y c l o b u t a n - l , 3 - d i c a r b o n s g u r e  a n g e s e h e n  
wurde ,  t a t s g c h l i c h  1 - M e t h y l c y c l o p r o p a n - l , 2 - d i c a r b o n -  
s~ure ist .  

1 Studies have been initiated to determine the scope of this type 
of synthetic approach to eyelopropane derivatives. 

z See left column, note 9. 

The Antibacterial Activity of Usnic Acid 
and Related Compounds 

Since S'rOLL, BRACK a n d  RENz 1 r e p o r t e d  t h e  a n t i -  
bac te r ia l  a c t i v i t y  of usnic  acid,  severa l  p u b l i c a t i o n s  2 
h a v e  a p p e a r e d  in w h i c h  the  or ig inal  o b s e r v a t i o n s  h a v e  
been  c o n f i r m e d  a n d  e x t e n d e d .  

In  t h r e e  of t h e s e  p a p e r s  3 s o m e  a t t e m p t s  h a v e  been  
m a d e  to  assoc ia te  t h e  a c t i v i t y  of  usnic  acid  w i t h  f ea tu res  
of t h e  molecu la r  s t r u c t u r e  (I) as f o r m u l a t e d  b y  CURD and  
ROBERTSON a. In  th i s  connec t ion ,  i t  m a y  be of i n t e r e s t  to  
r eco rd  some  o b s e r v a t i o n s  on  t h e  a n t i b a c t e r i a l  p r o p e r t i e s  
of a series of 1 ,3 -d ike to -2 -acy l indane  d e r i v a t i v e s  h a v i n g  
a s imi lar  t r i k e t o n e  s t r u c t u r e  t o  t h a t  p r e s e n t  in usnic  
acid.  

1 A. STOLL, A. BRACK, an d  J .RENz,  Exper. 8, 115 (1947). 
A.MARSHAK, U.S. Public Health Reports 62, 3 (1947). - 

A.MARsHAK, G.T. BARRV, and L.C.CRAm, Science 106, 394 (1947).- 
V.C. BARRY, L.O'RouRKE, and D.TwoMEY, Nature 160, 800 (1947). 
- F. BusrrrrzA and A.C.LoPEz, Anales Jardin Sot. Madrid 7, 1 
(1948). - J.B. STARK, E.D.WALTER, and H.S, Owt~s, J. Artier. 
Chem. Soc. 72, 1819 (1950).- A.MARSHAK, W.B. SCHAEFER, and 
S. RAJAGOPALAN, Proc. Soc. Expel  Biol. Med. 70, 565 (1949). 

3 V.C. BARRY, L.O'RoURKE, and D.TwoMEY, Nature 160, 800 
(1947). - F.BUSTINZA and A.C. LoPEz, Anales JardtI1 Bot. Madrid 
7, 1 (1948). - A.MARSI{AK, ~V.]3. SCHAEFER, an d  S. RAJAGOPALAN, 
Prec.  See. Exper .  Biol. Meal. 70, 565 (1949). 

4 F.H.CuRD and A. ROBERZSOrC,J. Chem. Soc. London 894 (1937). 


