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Short Communications 

A proposal for the biosynthesis of  the clavulones, a new family of eieosanoids 

E.J. Corey ~ 

Department of Chemistry, Harvard University, Cambridge (Massachusetts 02138, USA), May 20, 1983 

Summary. The biosynthesis of the newly discovered clavulones is suggested to proceed from arachidonic acid by a novel 
pathway, outlined in chart I, involving an unbroken series of 10 free radical intermediates and an uptake of 3 02 mole- 
cules. 

In recent papers 2'3 the structures of 3 new eicosanoids 4, 
clavulones I, II and III, have been disclosed. Calvulone I is 
represented by formula 1, clavulone II is the 5,6-E-isomer 
of 1, and clavulone III is the 5,6-E, 7,8-Z-isomer of 1. 
Although it seems probable that these prostaglandin 
(PG)-like structures 3 are derived from arachidonic acid, the 
pathway of biosynthesis, which has not been discussed, 
constitutes a fascinating problem. We suggest herein a 
novel biogenetic route from arachidonic acid to the clavu- 
lones. Despite the fact that each step in the proposed 
scheme finds good synthetic or mechanistic analogy, the 
overall process is unusual both for the number of consecu- 
tive internal free radical reactions involved and the level of 
molecular complexity which is generated from an initially 
formed free radical through a series of transient species and 
the incorporation of three molecules of 02. Because the 
suggested pathway entails a continuous succession of 
metastable intermediates, it is in this respect reminiscent of 
the 'non-stop' conversion of 2,3-oxidosqualene to sterols or 
triterpenoids which proceeds via a multistep cationic 
sequence. In both cases a noteworthy economy is evident in 
terms of the number of enzymes which are likely to be 
required. 
Chart I summarizes the biosynthetic pathway which is 
envisaged. The initial step is a 9-1ipoxygenation, considered 
to be analogous to that in PG biosynthesis, to give peroxy 
radical 2. This is followed by formation from 2 and O z of a 
PGG2-1ike endoperoxide-peroxy radical (3). 1,5-Hydrogen 
atom migration from C (12) to oxygen converts 3 to the 
fl-peroxy radical 4. The next step, 4 ~ 5, is a rearrangement 
of a fl-peroxy radical with O - O  bond cleavage to an 

oxirane-alkoxy radical. This kind of reaction has already 
been observed in chemical systems by Bloodworth 5, and in 
a separate article we describe additional examples 6, so there 
can be no doubt of its feasibility. 1,5-Hydrogen transfer 
from C(9) of 5 to the nearby terminal oxygen of the C(7) 
hydroperoxide forms the 9-keto 7-alkoxy radical 6 and a 
water molecule. 1,5-Hydrogen migration in 6 from C(4) to 
the 7-oxy radical affords 7 which by capture of 0 2 leads to 
peroxy radical 8. At this point all of the oxygens of the 
clavulones are in place. Conversion of 8 to clavulone I (or 
clavulones II and III) then involves a collection of routine 
steps which include (ordering arbitrary): 
(1) 4-peroxy radical -* 4-hydroperoxide ~ 4-hydroxyl -~ 4- 
acetate; (2)/?,y-epoxy ketone--* y-hydroxy-a,fl-cyclopente- 
none; (3)/-el imination of the C(7) hydroxy group. 
As indicated above, in this proposed biosynthesis of 8 all 
intermediates are free radical and 3 02 molecules are fixed. 
All intramolecular radical transfer processes beyond the 
well precedented endoperoxide 3 involve sterically favor- 
able 6-membered cyclic transition states (chart I: 3 - , 4 ;  
5 --, 6 and 6 -~ 7) 7. The chirality of the initial lipoxygenation 
which is required to generate the correct absolute configu- 
ration of the clavulones (arachidonic acid ~ 2) corresponds 
to that for PG biosynthesis. 
The mechanism outlined in chart I leads to a number of 
predictions which are subject to experimental test. The 
feasibility of a simple biomimetic synthesis of clavulones is 
implied by this proposal as is the possibility that the PG 
and clavulone synthetase enzymes may bear an unusually 
interesting relationship to one another, possibly differing in 
only a small number of amino acid units. 
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Stability of ceftizoxime in aqueous solution 

J.V. Ur i  

Research and Development Division, Smith Kline and French 
December 15, 1982 

Laboratories, Philadelphia (Pennsylvania 19101, USA), 

Summary. Ceft izoxime,  w h e n  assayed using the disc agar-dif fusion m e t h o d  with Bacillus subtilis A T C C  6633 as the 
indica tor  mic roorgan i sm in buf fe red  (pH 6) med ium,  retains its potency in aqueous  solut ion at 4 ~ for abou t  3 months .  
Even  after  4 months ,  some residual  activity can  be found.  However ,  w h e n  this solut ion was assayed on  the non -bu f f e r ed  
med ium,  a seemingly  quicker  bu t  mis leading loss of  potency was observed.  This  resul ted f rom i n a d e q u a t e  sensit ivity of  the 
assay. The  sensitivity of  the ceft izoxime assay was increased by lowering the incuba t ion  t empera tu re  f rom 37 ~ to 30 ~ 
The  pH-  and  incuba t ion  t e m p e r a t u r e - d e p e n d e n t  potency mus t  be kept  in mind  w h e n  assaying ceftizoxime. 

Ceft izoxime is a m e m b e r  of  the th i rd  genera t ion  paren te ra l  
2 -amino-4- th iazo ly l -a -methoxyimino-ace ty l  cephalospo-  
rins. It is un ique  since it contains  only 1 H - a t o m  at the 
3-posi t ion of  the f l - lac tam-dihydro- th iaz ine  nucleus as 
shown in the figure 1. 

Chemical 

N--~,-- ,  c -  co -  N . . - . - -K  s 'h 
I I II 

COONa 

structure of ceftizoxime. 

Ceft izoxime possesses a wide spect rum of  ant ibacter ia l  
activity with  an  unusual ly  great potency and  a h igh  degree 
of  f l - lactamase stabili ty 1. The  c o m p o u n d  has an  excellent 
therapeut ic  appl ica t ion  and  safety record. Therefore ,  it is 
i m p o r t a n t  to make  its bio-assay at op t imal  condit ions.  In 
this report ,  the results o f  the study of  its stabili ty in aqueous  
solut ions employ ing  such opt imal  condi t ions  is communi -  
cated. 
Materials and methods. A solution of  ceft izoxime conta in ing  
10 g g / m l  was p repa red  by dissolving 2.5 mg in 250 ml  of  
de ionized  water.  This  s tock-solut ion was kept  at 4 ~  

th roughou t  the study. Init ial ly and  later  at selected t imes 
be tween  August  15 and  D e c e m b e r  12, 2-fold di lut ions were 
made  f rom the s tock-solut ion to ob ta in  concent ra t ions  of  5, 
2.5, 1.25, 0.6 and  0.3 gg /ml .  These  were assayed using the 
disc (6.35 m m  diameter ,  Schleicher-Schuel l  Inc.) agar- 
dif fusion method .  Both commerc ia l  'Penseed '  agar and  
'Penseed '  agar  buf fe red  to pH 6.0 wi th  phospha te  buffer  
were seeded with the appropr ia te  di lut ions of  B.subtilis 
A T C C  6633 spores. Pr ior  to assay, discs sa tura ted  with the 
appropr ia te  di lut ions of  ceft izoxime were p laced on  the 
surface of  the seeded agar  plates as described earl ier  2. The  
plates were incuba ted  overnight  at 37 ~ but  on  2 occasions 
were addi t ional ly  incuba ted  at 30 ~ The  d iameters  of  the 
inh ib i t ion  zones were measured  and  recorded.  In all assays 
and  for each dilution,  3 discs were used and the data  given 
in the tables represent  the average values of  the inh ib i t ion  
zone d iameters  o f  the 3 discs. 
Results and conclusion. The table  represents  the average 
diameters  (mm)  of  the inh ib i t ion  zones for each concentra-  
t ion used (5, 2.5, 1.25, 0.6, and  0.3 gg/ml) .  Over  the study 
per iod  o f  2 months ,  the inh ib i t ion  zone sizes (a reflection of  
activity) d id  not  change markedly,  thus reflecting main-  
ta ined stability. After  2 months ,  inh ib i t ion  zone sizes dimi-  
n ished slowly, and  af ter  4 months ,  d imin i shed  at a faster 
rate. For  assay purposes  (B.subtilis A T C C  6633), the buf-  

Time related stability of ceftizoxime (gg/ml) in aqueous solution under various assay conditions 

Date Diameter of inhibition zones in mm 
of assay pH 6, 37 ~ Non-buffered 37 ~ pH 6, 30 ~ Non-buffered, 30 ~ 

5 ~ 2.5 ~ 1.25 ~ 0.6 ~ 0.3* 5 ~ 2.5 ~ 1.25 ~ 0.6 ~ 0.3 ~ 5 ~ 2.5 ~ 1.25 ~ 0.6 ~ 0.3 ~ 5 ~. 2.5 ~ 1.75 ~ 0.6 ~ 0.3 ~ 

8/15 23 20 16.5 13.4 10 21.5 15.5 11.5 9 0 
8/16 23 19.5 16.5 14 9 20.5 16.5 13 9 0 28.5 25 20 17.5 14 29.5 25.5 21.5 17.5 11.5 
8/27 23.4 22 18.5 15.5 9 20.5 18 14.5 10.5 0 
9/4 24.5 22 18.5 15.5 11 22 18.5 14 11 0 
9/13 24.5 22 18 14 10.5 19 16 12.5 9 0 
9/17 24.5 21.5 18 14.5 11.5 19 16.5 11.5 7.5 0 

10/15 20 16.5 13.5 7.5 0 
10/18 22.5 20 16.5 12.5 7.5 21 18 12.5 7.5 0 
10/30 24.5 21.5 18 12.5 7 20.5 17 12.5 6.5 0 
11/8 22.5 20 18 13 9 15.5 12 9 0 0 27 23 21 18 12 18 13 9 0 0 
12/12 19 15.5 11 0 0 18 13 10 0 0 

Ceflizoxime, ~g/ml. 


