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Abstcactz condensation of 4-hydroxy-2-p@onc (4) with citnmellal (10) affords oquinone methii intermediate 11, 
whichlieactsfurthertogiveinvem ebxtronDi&-Aldcradducal2(46%)and 16(25%)a1~lencadduct14(28%). 
Oxidathn of 12 and 14 by Sammcs’ pmccdum aft&s pyriUoxatia analogties 13 (54%) and IS (48%). 

Pytidoxatin (1) is a l-hy~xy-2-pee rice-radical scavenger isolated from Acrernutim sp. I3X86.t 
Fyridoxatin is a~~x~a~ly 20 times as active as vitamin E in the assay system empk~&.~ Pyridoxatin 
probably functions as an iron chelator since l-h~xy-Z-p~do~ and l,~y~xy-2-p~do~ bind iron 
tightly under physiological conditions.~ A variety of other l-h~x~~~~ antibiotics inchnling BN-22Fhb 
G 1549.k and tenellin4b are also siderophores. 
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We envisaged that a synthesis of pyridoxatin could be carried out by the inuamolecular ene naction of 
+quinone methide 3 which should give 2, with ail subs&uents on the cyclohexane ring equatorial, Oxidation of 
the pyridone 2 by Sammes’ pmcedm& should affonl pyridoxatin (1). This approach was especially attractive 
since oquinone methi& (8) has been proposed as an inter-n&ate by Fiidlay and coworkers in the base 
catalyzed formation of 2:l adduct 9 from ~hy~xy~~~yl-2-p~~ne (6) and an aldehyde (eq. l).s If the 
double bond of 3 reacts with the uquinone methide faster than the oquinone methide reacts with a second 
molecule of pyridone 4, it should be possible to farm 2 in a single step by condensation of 4-hydmxy-2- 
pyridone (4)kh aldehyde 5. 
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We report here a model study using citmnellal (lo) that establishes the feasibility of this approach to 
pyridoxatin. Heating a solution of pyridone 4 (23 mmol), citronellal(10) (66 nunol), piperidine (0.1 mL), and 
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pyridine (2.4 mL) in EtCH (300 mL) for 60 h at reflux followed by chromatography of the residue afforded 
46% of Diels-Alder adduct 126 followed by 28% of the desired ene adduct 146 ad 25% of Diels-Alder adduct 
16.6 

(1) Pyr, piperidine 
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All three products appear to arise fnrm the proposed oquinone methide intgmediate 11. The desinzd ene 
reaction affords isopmpenylcyclohexane 14. Inverse electron demand Diels-Alder reaction with the enone 
provides Diels-Alder adduct 12, while a similar Diels-Alder reaction with the enamide furnishes Diels-Alder 
adduct 16. The formation of 12 as the major product suggests that this approach will be useful for the synthesis 
of the antiinsectan N-alkoxypyridone Leporin A (17), which has the identical ring system.7 The Diels-Alder 
reaction is well precedented in the inverse electron Diels Alder reaction of an oquiuone methide that leads to 
hexahydroarnnabinol8 aud in the work of Tie&J who observed competing inpamolecular ene and inverse 
electron demand Diels-Alder reactions in the condensation of ZV,Wdimethylbarbituric acid (18) with citronellal 
(see eq. 2). 

Mass spectral data established that all three compounds 12.14, and 16 are 1: 1 adducts. The *H NMR 
spectral data suggested that 12 and 16 ate inverse electron demand Diels-Alder adducts since there are two 
methyl singlets and no alkene hydrogens. The stereochemistry of the ring fusion of 12 is assigned from the 
coupling constant between He1 and HI, of 11.5 Hz which requires that the hydrogens be trans and diaxial. The 
II system profoundly influences the chemical shift of the two hydrogens on CIo. The equatorial hydrogen is 
desbiekiedl* and absorbs downfield at 6 3.34 while the axial hydrogen is in the shielding cone of the x system 
and absorbs upfield at 6 0.58. The coupling constant between Hg and Hlcu of 11.5 Hz established that H9 is 
axial and the methyl group is therefore equatorial. 
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The tH NMR spectra of 12 and 16 am virtually identical in the aliphatic @on since the only diffmnce 
between these two compounds is the position of the nitmgen in the ring. The slight differences in the position of 
the olefmic pmtons arc not sufficient to distinguish between these compounds. W speara, on the other hand, 
are quite useful for distinguishing 2-pyridoncs from 4-pyridones. l* 2-Pyridone 12 absorbs at 281 run while 4- 
pyridone 16 absorbs at 258 nm. 

The1HNMRspectmmofl4clearlyshowthepresenceoftheisopropenylgroupatS4.61 (brs. l)and6 
4.42 (br s, 1) and shows the presence of two aaope isomrs due to hindered mtation about the bond between the 
two rings as is observed in pyridoxatin itself.1 The coupling constant between Ht and Hz of 11.5 Hz es- 
tablishes that these hydmgens are tram diaxial suggesting that the stereochemistry is as shown. 

Silylation of ZPyridone 12 with HMDS and TMSCl affords the crude trimethylsilyloxypyridine, which 
was -ted with MoOs*pyr+XMPA12 in CH2C12 for 15 h at rt as described by Sammes& to provide the molyb- 
denum complex of 13. The chmmamgraphed molybdenum complex was taken up in CH2C12 and washed for 2 
h with satmated aqueuus tetrasodium EDTA solution. This process was repeated twice to remove all the 
molybdenum ticnrling 54% of 13, mp 106-108 OC. Hydroxypyridone 14 was converted analogously to the 
bistrimethylsilyloxypyridine and oxidized to affoxd 48% of 15. mp 208-209 “C (EtOAc). The mass spectral data 
confirm that hydroxy groups have been added to the molecules. The 1H and 13C NMR spectra are similar to 
those of the starting materials except for the expected small shifts in the pyridone portion of the molecul~.~~ 

N-Hydroxypyridones 13 and 15 are both effective free radical inhibitors, pnventing Fez+-initiated lipid 
peroxidation in rat brain homogenate with an 1% of 20-25 w (6 pg/mL).14 The two step sequence to these 
compounds from c ommercially available Chydroxypyridone (4) and citmnellal(l0) makes these compounds 
very readily available for f&her study. 

Initial experiments using cis-bnonenal instead of citmnellal did not provide ene or Diels-Alder adducts 
suggesting that the 1,2-disubstituted double bond is not nucleophilic enough to react with the o-quinone 
methide. We are currently investigating the condensation of 4 with mom nucleophilic 8-trimethylsilyl-doctenals 
to introduce the vinyl group present in pyridoxatin. 
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