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Ah& -The per-acid oxldatlon of some phenols and thclr methyl ethers In the podocarpa.S.1 1.13-1r1cnc 

scr~cs has given both p-kntoquinonti and 4-hydroxycgclohcxa-i.. ’ S.dltnones When reactIon maxturcs 

wcrc hctcropcnous. oxrdarlon also occurred al a MC group rcmotc from rhc phcnolrc ring. 

T~IE readily available ditcrpenoid. podocarpic acid’ (I), with its phenohc ring and 

tertiary carboxyl group, provides an attractive starting point for the synthesis of 
other tcrpenoid compounds. Previous work on podocarpic acid has been concerned 
primarily with the chemistry of the carboxyl group’ and this has now &en cxtcndud 
to an examination of the products of oxidation of the phenolic ring. Most studies 
on ring C in podocarpic acid have b-ccn concerned with its reduction4 while other 
workers have studied the transposition of the oxygen function.5 Oxidativc reactions 
of ring C include Its removal during ozonolysis’ and the oxygenation of a derived 
rp unsaturated kctonc _ 

In this paper WC report the per-acid oxidation of some derivatives of pdocarpic 
acid. The reaction of per-acids with phenols and their methyl ethers appars to 
involve clectrophihc attack ortho or para to the oxygen function. Phenols in the 
benzene scrics with a free para position are oxidized to p-benzoquinonw.’ If the 

puru position is blocked. attack may occur either at this position. to give a hydroxy- 
cyctohexadicnone,“’ or at a free ortha position. In the latter case ring cleavage then 
occurs to give a muconic acid.’ Phenyl methyl ethers may undergo attack puru to 
the Me0 group giving a p-benzoquinonc with displacement of the Me0 group, If 
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with Fenton’s reagent yielded products which had undergone oxidation at an allyhc 
site. C,. and also at a saturated carbon atom, C1,. No oxidation was observed in this 
case when 12-methoxypodocarpa-8.11.13-triene was treated with Fenton’s reagent. 

In order to determine whether an ortho hydroxyditnone COUP be prepared, 
methyl 13-cthyl-l2-mcthoxypodocarpa-8,11,13-trien-16-oatc VI was submitted to 
praccticacid oxidation. The only product isolated was theparu hydroxydienone VII. 

W Q 

VI NMR Spectra 

Compound Methyl groups OAc 
-~ _- _- -- 

15 16 17 

III. R = Me 085 (395 1.35 -- 

IV, R - Me OR8 088 1.20 
V @92 092 1.25 2.26 
111. R = CH,OAc’ O-95 1.37 204 

IV. R - CH,OAC 100 - 1.27 2U 
VII Ia 122 - 
Ill, R = CO,Mc’. I.25 - l-25 

IV. R = COzMe’* 114 - 1.25 

VI 098 1.23 -. 

VII 

Vinyl Aromatic 
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14 
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l Prepad by Mr. W B, Watkins in this labxatoty 
. I 13. 14 = 9.5 C’I. 
’ m.p. 206 207 ‘_ 
r m.p. 21&21 I*5” 

’ ci* protons: 4.32, 395, I = 10 c.s. 

l Cl6 protons: 4.28.4a. J - 1 I 5 c s. 

FXPERIMFNTAL 

For general experimental details. see Part XI1 ’ Alumina for column chromatography was P. Spcncc 

Type H deactivated with 5”; of 10“; aq HOAc 

Dtmcthylatbn of 12.mcthnxypo&xarptl-8.1 I, 13.lriurte (II. R - R’ - Me) 
(a) 12-MethoxyIxxIocarpa-8.1 l.l3-trienc (1.82 g) was added to pyrrdmium chloride [from pyridmc 

139 ml)] and the mtxture heated under N, for 3 hr Crystallization of the prduct from light pcttolcum 
gave needles of II (R - H. R’ = Me; 1.37 g. gO”;l. m.p 139 141” (hr.“. m p. 140 141’) 

(bl Tbc ether (1 g) was rcactbd with BBr, to..34 ml) in bcnrxnc (SO ml) at 80‘ for 24 hr to gtvc the phenol 
(033 g 35”J m p 138 140’ 

i” W P. Campbell and D Todd. J Am <‘hem SK 6Z 1287 i 1940) 
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Petacerlc acid oxidation of 12.hydroxy~occrrpa-II.1 I .I 3-rriew (II ; R = H. R’ - MC) 

12-Hydroxypadocarpa-8.1 I .13-tncne (1.2 g) m Ac,O (20 ml) was addad (0 cold praccric acid [from 

100 vol H,O, (20 ml). Ac,O (46 ml) and cone H$O, (05 ml)]. Tbc suspension became homogencour 
wlthm 15 min and the pale yellow soln was kept ur the dark for 4 days at 20”. Working up gave neutral 

(@41M g) and acdic (@346 g) fractions TLC of the neutral 011 showad it to contam 6 compounds, but only 2 

rn any amount Thcac were isolated by alumma chromatography 
(a) L&t pctrolcum cluate (0 I 15 g) r=ryslallzd from aqueous MeOH (0 glvc nccdlcs d 12-oceroxy- 

&lcarpu-8.1 I.lSrrkne (II; R * AC. R’ = Me). m p 75 76”. Identical in all respects with a sample 

preparal by direct aatylation of the phenol (Found: C. 79.45; H. 9.2; Ac. 14.9 C,PH,,Ol rqurrcs: 

C. 79.7, H. 9.15 : AC. I SG”, ) 
(b) Rcnzcnc ether (1 1) cluatc 1025 g) rccrystalli& from aqueous aatonc to give needles of g& 

h~dnlx)pcdocatpo-9(~~ocu~~~-~lI).13dicn-l2-(lnr (III. R = MC). mp 149 151 (Found: C. 77.85, H. 9.4; 0. 12-55 

C, -l!ldOJ requrrcss C’. 7H.4; 11. 9.3, 0. 1?3”.,.) VW, 3390 (OH). 1672 (C=O). 1634 and 1613 cm ’ 
(C=CA&,236mti(& 14,800). ORD(cOC165) [4$],,9 -6%Y. [#],bo -640’. [4]., -6lO’, [4],,, -950. 

1&. - 4310’ 

%n dusl (0.2 g) was added to the hydroxydicnonc (50 mg) In H0.4~ (2 ml) and cone HCl (02 ml) and 
the mixture stood at 20 for I5 mm. After removal of Zn dust. ether cntracfion ywldcd II (R = H. R’ = Me). 

m p and mlxcd m p 137 139 (lit k. m p. 140 141’). idcntlcal IR spectrum. 

Atrmpred dremone-phenol rearronymwnrs 

(a) The hydroxydtcnonc (55 mg) In HOAc (05 ml). Ac,O (05 ml) and cone H,SO, (005 ml) was stood 

at 20’ for 24 hr Workmg up gave only starting material 
(b) m hydroxydlcnone (50 mg) In HOAc (5 ml). water 05 ml) and cone HCI (1 ml) was htocl under 

rcflux for 3 hr. Workmg up gave only starlmg matcrlal 

Motwpwphrhahc ocrd oxadorion O{ 12-nurhoxy@ucuarpu-8.1 1.13~trrew (II. R - R’ - Me) 

MonoF)crphthallc acid In ether (16.25 g rn 500 ml by tllration) was addal to 12.mctboxypodocarpa- 
8.11.13-trrcne (6 7134 g) and kept at 0 for 3 months. At the end of this ~~mc. tltratlon showed there to h 

242 g of unrcac ied pcracid. The ether soln was washed wtth 20”, Na,CO,aq IO ylcM a neutral yellow 

oil (6% g) which was chromatographd on alumma to yield 3 fractions 

(al Light petroleum tluatc (3 22 g) rccrystalllzcd from MeOH to ylcld unchangal I2-mcthoxypo&carpa- 

X,t 1.13.tricnc. m.p. and mlxcd m p 29 3& (ht.“. m.p. 30 31.5‘) 

(b) Henzznc-light petroleum (I 4) eluatc (146 g) rccrystallizccl from aqueous McOH to ylcld yellow 

needles of 12-m~rhox~p~ocatpa-X.I2-dierw Il.l4drone IV (R - MC]. m p. 171-l72*5’. (Found: C 754); 

H. g5; 0. 170 C,IH1,O, rquires: C. 75.0; Ii. 8.4; 0. 16.6”,.) Ye, 1680 (C==OL 1661 and 1610 (C==C). 
123X and 1020 I-C 0 C). and 850 cm-’ (C’=C--HI i ,,274 rnp (c 2O.m) and 372 mp (c 5301. ORD 

!c OG)54) [&* - 425’. [&,b -212’. [#]I,, O;‘, [#].(w, +22W”. [4],,o +33W. [#]JOO + 12.130’. 

b&1 A 20.90 

Zn dust (02 gl was added to IV (R 1 .Mc, 50 mgl In HOAc 105 ml) and the mixture stood at 20)’ for 

I5 mrn After removal of the Zn. ether yleldcd 11.14-drocernxy- l2-mPrhoxyp&ot-orpa-8.1 l.l3-triene IV; 

% mg g4”,) as nccdlcs from M&t{. m p 125 127 (Found. C. 703; H. 8 I. Cz,H,,O, rquiru: C 706; 

H. X I “J. Y_,, 1775 [C--01. I198 (C- 0-C). 1240 and 1040 cm’ ’ (=XT -0-C) 
(c) Rcnzcnc cthr f I : I) eluate (I 27 g) rccrystalhzri from aqueous acetone to grve natdlcs 04 8fb 

hydroxydwarpa-% I 11.1 Sdlcn- 1 Z-one. m p and mlxcd m p 148 1% ‘. Identical IR spectrum. 

Perucerfc clrid oxidorbn o/ I2-mtrhoxy&ocuq~v8.11,13-rri~ (II. R - R’ - Me) 

12-Metboxypodocarpa-8.1 I. 13-tricnc (IO g) putly dissolved tn Ac,O (10 ml) wu slowly added to a 
cold soln of persatic acid (340 ml, preparatioo dcscribad above). Tht sus~ioo was stinad and slowly 
allowed to come to room temp. After 3 hr all the starting material had dtssolvad and the sooln stood at 

20’, in the dark, for 19 hr. The solo wu pourad into cold water (500 ml) and ylcldal neutral (8.29 0) and 
acrdic (I-34 g) fractions. The neutral portion was chromatograpbod an alumina and tbc fractions identified 

as blow. giving elutlog solvcnr and weight of fraction. 

la) Light petroleum (2 33 g) I2-methoxypodocarpa-8.11.13-tricac identifti by m-p.. &ad m p, and 
IR spectrum. 

(h) Benrrnc l&t petroleum (I :9) (O-66 g) recrystallized from McOH to give Dawdles OT 12-mcihpxy- . 
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