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Abstrarl-Hepio~clccfivc deuterlum labclrng of pcrerone (Ia) allovr IO csrabhsh that its lrzn~formafron mlo lhc 

mlxwe of pip~trolc (t and kl lakes place in a concerted process. a\ dcduccd from PMR mca~urcmcnt\ 

As a consequence of the structural elucidation’ of a-(21) 

and /J-pipitzol’ (3s). the structure of perezone was 
rcviscd hy us’ and others’* and IWO reaction me- 

chanisms were postulated IO account for the thermal 
transformation of the quinonoid natural product la into a 

mixture of the ako naturally occurring’ cedranolides h 
and 3a. Roth uzqucnccs are summarized on Scheme I. 

where it can be seen that either a concerted reaction’ or 
a stepwise process” can TV invoked for the overall 

transformation. 
The disIincIion of Ihcse IWO reacIion paths should be 

possible if one is able IO label unambiguously one of the 

IWO mcrhyl groups of the isopropenyl moiety on the side 

Scheme I 

chain of pcreronc (In) and recognize the labeled posi- 

Iions in the reaction products 2a and 3a. since the step- 

wise proccs\ will lead IO partial labclling on each methyl 
group of the gemJimcIhyl due IO raccmization a~ Ihc 

intcrmediale carbocalion, while the concerted rcacIion 

will lead IO slcreospccific labeling in a-W and p-pipir- 
rol (3a). This paper provides expertmental evidence that 
demonstralec that rhc cIepwisc mechanism doe\ noI 

operale. 
In order IO ICSI the rcacIion. a Iransformation of 

naturally occurring perezone (la) imo the regioselcc- 

tivcly monodeuteralcd specie lb was undertaken ac- 
cording IO the following series of reactions. 

Treatment of pcrc7onc (la) with acetic anhydride- 

sodium acetate in the prcsencc‘ of zinc shor afforded the 

oily Isuco~riace~yl derivative 4. which showed IR ester 
ahsorptIon a~ I770 cm ‘. IIS I?WR spectrum shous the 

aromaIic proIon single1 a~ 6.76 ppm. the side chain vinil- 
lit proton as a triplet with additional long range couplings 

centered at 5.01 ppm. Ihe three xelyl mcrhyls at 
2.23 ppm the aromaric methyl at 2.10 ppm. the vinillic 

methyls as broad singleIs a~ I.65 and I.53 ppm and a 

doublet (J 7 Hz) centered aI 1.18 ppm due IO Ihc secon- 

dary methyl group. 
The proIccIion of the quinonoid ring allows now an 

oxidation on the side chain in order IO funcrionalire one 
of the vinillic mcrhyl groups. This was indeed achieved 

b) selenium dioxide IreaImcnIP of 4, affording a mixture 
of Ihc aldehyde 5 and the alcohol 6a. which were se- 

parated by careful column chromatography on silica gel. 
+Thls work IS part of the Wk. thesis submirtcd by V.M. IO the 

CIEA-IPN (19Xt:h). 



Compound 5 showed in addition IO the ester absorption 
at 1772 cm ‘, bands corresponding IO an a./3-unsaturated 
aldehyde with the carbonyl at 16x2 cm ’ and combined 

double bond abaorptions at 1640 cm ‘. The PMR qec- 
u-urn differs from that of leucotriacerylpcrezone (6) in the 
presence of the aldehydc single1 at 9.28 ppm. a shift of 

the vinillic proton IO 6.35 ppm and the presence of only 

one vinillic methyl signal a~ I.66 ppm. For compound 6s 
rhe IR spectrum shows hydroxyl absorp1lon at 3500 cm ’ 
in addition IO the ester carbonyls a~ 1770 cm ’ and in the 
PYR spectrum the vinillic proton appears at 5.26 ppm. 

one vinillic methyl is present at I.55 ppm and a singlet 
(?H) a~ 3.8(1 ppm is artribured IO rhe primary alcohol 

mcthylenc group. 

The NMR spectra of 5 and 6a allow also csrablishmenr 
of the stereochemistry around the double bond since in 
compounds with similar geomelry”’ ” rhc rruns-alde- 

hydcs. as in the present case. appear near 9 3 ppm while 

c-is-aldehydes arc found in rhe IO.1 ppm region. This is 
additionally supported by the chemical shift of the 

primary alcohol methylene group. since trans signals 
have been described” around 3.9 ppm while cis signals 

appear near 4.1 ppm. Obviously reduclion of the alde- 
hyde 5 afforded the alcohol 6a as described later (tide 
infra ). 

Elimination of the alcohol group in compound 6a al- 

lowed the regeneration of pererone. After tesring several 
classic procedures. ir was found Ihal Ihi\ transformation 

could be done using” freshly prepared pyridine-sulfur 

trioxide complex, followed by lithium aluminium hydride 
reducrion and air reoxidation of the intermediate 
1riphenol. The sample isolated from Ihi\ reaction was 

identical in all respects with the s1arting na1ural producr 

IS. 
Treatmen of the aldehydc 5 with sodium borohydridc 

in methanol afforded a mixture of IWO compounds which 
were SCpaMCd by column chromatography on silica gel. 

The lest polar compound is the alcohol 6s as dcmon- 
Waled by direct comparison with a sample obtained 

from the selenium dioxide treatment of Icucotriacetyl- 
pcrerone (4). The more polar compound showed IR 
ab\orptions due IO hydroxyl at 3% and 3300 cm ‘. ester 

carbonyl band a1 I?70 cm ’ and double h)nd absorptions 

a1 163 and ISXS cm ‘. Structure 6c was axsigned IO the 

compound since in the PMR spectrum broad signals at 
7.00 and 2.53 ppm corresponding IO one pro1on each 

dkappearcd with deuterium oxide. only IWO acetare 
merhyl signals are presenr at 2.23 and EOppm and the 

aromatic proton is found at 6.33 ppm instead at 6.78 ppm 
as in compound 6a. The chemical shift difference of the 

aromalic proton on going from 6a lo 6c is in good 
agreement for the substitution of an acetate group for a 

free hydroxyl at the para position. as deduced from 
pubhshcd data. ” indicating that this change cause\ \hifr\ 
of 0.27. 0. I3 and 0.42 ppm re\pcc!ivcl) for an aromatic 

proton Iocalizrd at the onho. meru or paru position. 
Compound 6~. when treated with pyridinc-sulfur 

trioxidc followed by lithium aluminium hydrldc reduction 
and air reoxidation. also afforded a sample identical to 
natural perczone (la). 

Once it has been demonstrated. that perczonc (la) can 
be functionalircd a~ one of the vinilhc methyl groups of 
the side chain and reconverted hack into the natural 
product. the introduction of a dcuterium atom in a rc- 
glosclcctivc way 15 possihlc. This wa\ achieved b) 
sodium borodeutcride reduction of the aldehydc 5 IO a 
mixture of the triacetate (b and the diacetate &I. These 

compounds were separated by chromatography and the 
labeled posilion rested by P%iR. since their spectra are 

identical IO the nondeuterated species 6a and 6c except 
for the primary methylene signals which are broader in 
the dcuteratcd molecules due IO a IWO bond proton- 
deulerium coupling and integrate for only one hydrogen. 

Roth 6b and (d were treated with pyridine-sulfurtrioxide 

complex. the intermediate salts reduced with lithium 
aluminium hydride and the triphenols air reoxidized IO 
afford samplcs of monodeuteroperczone (lb). 

The specificity of the labeling is seen by comparison of 

the 6OMHr PMR spectra of compounds la and lb 
depicted in Fig. I The lower field vinillic methyl signal at 
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FIR. I The hoWi, YMR spcc~ra of pcroom (Ia) and 
monodcu~eropercronc (lb) 

1.63 ppm in lb contains all the deuterium while the other 
methyl al I.52 ppm is unchanged. allowing also rhe 
assignment of this Ggnals IO the individual methyl 

groups. 
The thermal transformation of perezone (la) into the 

mixture of pIpitAs (2a and 3a) has been performed 
clasGcally‘ by rcfluxing the quinone in either ethy- 

leneglycol or tetralin for 3 h. We have found that the 

reaction occurs with better yields and in a cleaner way, 
using cumene as the \olvent and refluxing for 20 h. 

Under these conditions monodeuteroperczone (lb) was 
converted with a 70% yield of isolated material into a 
mixture of the monodeuleropipitzols (2b and 3bl. The 
p&ion for rhe duetcrium atoms in 2b and 3b was 
inferred from a comparison of its PMR spectrum with 

that of a mixture of a-(211) and B-pipitzol (3a) since [he 
quaternary methyl \Ignals have diffcrcnt shapes in these 
IWO spectra. Unambiguou\ assignment of each methyl 
singlet in each of the pipitzols is deduced from the shifts 
induced by benzoylarion. In a-pipitzol (2a) the quatcr- 
nary methyl signals are found’ a~ 1.04 and 1.07 ppm. 
while In the benzoafe (2~) they appear a~ I.08 and 1.23 
ppm. obviously Ihal at lower field\ corresponding IO rhe 
methyl group nearer the kn?oatc introduced on the 
three carbon bridge. Similar situations arke when the 
Ggnals of fl-pipitrol (30) found as one bin proton singlet 
a~ 1.07 are compared with those of fl-pipirzol benzoate 
(3~). which appear at I.12 and I.19 ppm. Therefore. m 
order IO ohtam a more objective tcs~. the mixture of the 
deutcratcd pipitznls (tb and Jb) was henzoylatcd and the 
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resulting mixture of the benzoatcs Gel and 3d) were 
compared with a mixture of 2c and 3c and with individual 

compounds‘ in the PMR spectrometer. 
The comparison of the benzoates is shown in Fig. 2 in 

which the upper two spectra correspond to pure samples 

of pipit~ol benzoates that show for a-pipitzol benroate 
(2~) the two quaternary methyl singlets at chemical shifts 
between the ~emdimethyl signals of /I-pipitzol benroale 
(3c) as can additionally be judged in the lowest trace of 
Fig. 2. which corresponds to a mixture slightly enriched 
in &pipitzol benloate fk). These comparisons show 

which high field singlets correspogd to each isomer and 
the spectrum of the deuterated molecules (&I and 3d) 

ah3 included in Fig. 2, thus demonstrates that one 
methyl from each compound contains the deuterium 

lab4 Although the normal 60 MHz plots of Fig. 2 
provide an idea of the stereochemical purity of the 
products 2d and 3d. this is much easier seen in Fig. 3, 

corresponding to the high tield portions of 100 MHz 

spectra. 
Therefore the transformation of perezone (is) into the 

mixture of a-&) and fl-pipitzol (k) should be rational- 

ized in terms of the concerted path. Due to the con- 

servation of orbital symmetry. it appears logical lo con- 
sidcr that thrs unique transformation is the coexistence 

of a sigmatropic change of order il.91 and a class B 
cycio~jdditi~)n.” A further point to comment upon. is that 

in this reaction. there is a lack of stereochemical induc- 

tion by the already present chiral center of perezone (1). 
since as far as PMR mcasurcments can tell, both pipit- 

LOIS (2 and 3) arc obtained in equimolecular amounts. 

!&p\ and h ps arc uncorrcctcd. IR spectra in CHCI, on Pcrkin 
Elmer 421 and I!V *pcctra in 9!% Et(IH on L’nicam SP-800. 
PMR \pcctra in UXI, or CU. with internal TMS on Varian 
.A\vclatc\ A.60 and XL-ICUM~I! in lhc CW mode using ! mm 
tube\ and dcutcrium pulse lock. 

I~ucorriorrr~l pere:one (4). A solution of 50 g of pcrc7onc (Irk 
rn SCCIIC anhydride wax treated h) known procedures” to yield 
!O p of Icucofriacetyl pcreronc 14) as a colorless oil hp. 145- 
l!lF! -O.lq Torr It showed fR bands at 1770 ttnol tctcr) and 

ino0 
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Fig. 2. The 6OMHr PMR \pcctra of a.pipitrol bctvoatc Gc). 
fi-pipitrol bcnzoatc t3c). a mixture of a_(Zd) and &monodcu- 
tcropipitzol bcnzoatc t3dd) and a mixture of 2c and 3c (top to 

hottom). 

Itg. 3. High field rcgtont of ~hc 100.1 MHI PMR rpccrra of pipitrol bcnroates. Top uacc concqponds to 2d and 3d 
whdc bottom tpcctrum is from Zc and k. 
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1630 cm ’ GC’C‘) and A _.. 222. 266 and 270 nm; t. 600. 7400 and 

7100. 

S&Gum dioridc orydarion o/ 4. A vigorously sIirred wlu~ion 

of 10 8 of 4 in 20 ml of ethanol was IreaIcd a1 60” slowly with a 

MluIlon of S.! g of selenium dionIdc in 45 ml of melhanoI unril 

the addttion was complcred (IS min). The mixlure was refluncd 

dunng SO mm and SlIered ho1 over a celik bed. The fillrate was 

placed direcIty in a solulion of I I g of Ihiourea” in IO0 ml of lo4E 

hydrochloric acid. The red precipilarc IhaI formed was removed 

over the same celite filler which was then washed with ethyl 

acetale. The organk solution was dilukd wiIh addllional eIhyl 

aceIaIe and washed wiIh dll hydrochloric acid. waler. aq sodium 

hrcarbonak and water again. dried over anhydrous sodium sul- 

faIc and evaporaIed IO dryness. The residue was chromaro- 

graphed over 7008 of silica gel eluding with bentine firs1 and 

Ihcn with chloroform~Ihanol9. I yielding 3.9 g of Ihe aldehyde 5 

and 3 I g of the alcohol (r boIh as oily marcrials. 

The aldchyrk 5 rhow.ed A,. 230. 26S and 27Onm; e. l?.SOO. 
1-m and 1000; IR bands at 1772 (esters). 1682 (a&unsaIuraIed 

aldehyde) and IMO cm ’ (CK); PMR: 9.28 (aIdehyde). 6.78 

laromaIrc proIon). 6.3S (I. vinillic proron). 2.83 lmcthinc proron). 

2.Z (Ihree acc~yl methyls). 2 II (aromaIic mcIhyll. I 83 (broad. 

IWO meIhylenc groups). 1.66 (vinillic NIhyll and I.23 ppm ld. 

xcondary mcrhyl) 

‘The alcohol (r showed IR bands a1 3SOO (hydroxyl). 1770 

IcsItrs) and 1665 and l62S cm ’ (C=C): PMR: 6.78 (aromaric 

proton). S 26 (I. vinillic proIon). 3.88 lpctmary alcohol mcIhykncl. 

2.86 (methint proron). 2.28 (three acelyl methylsl. 2 I I (aromatic 

methyl). l.7.C (broad. IWO rncthyknc groups). l.SS fvinillic 

methyl) and I I9 ppm ld. sccondar) mcfhyll. 
Rtducrton of 5. A wlurion of 5 g of 5 in 40 ml of meIhanol in 

an ice bath was Ireared slowly wiIh 0.3 g of sodium borhydridc 

and srrned In the cold for 3 h. The reacrion mixlure was dropped 

oter cold IN hydrochlorrc acid and ex~rackd with eIhyl 
accIaIe. The orgamc layer was washed several mimes with 

\aIuraIcd sodium chlorrdc soluIron. dried over anhydrous sodium 

sulfare. tilIered and evaporaled IO dryness. yzldmg 4.6 g of a pale 

)ellow oil. This was chromalographcd over 3008 of silica gel 

yielding In the fraclions eluIed wiIh chloroform and wiIh chloro- 

form<Ihanol 9 I a colorless oil IhaI showed IWO spols on TLC 

afIer developmen wiIh iodmr. This maIerial was chromaro- 

graphed agam over 300~ of silica gel eluling with a mixture of 

chlotoform~Ihand 98:2. The firs1 usable fraclions yield 3.73g 

of ~hc IrlacelilIe (r uhrch was rdenIilkd by standard procedures 

wrth a sample ohrained in the xlen~um dioxide IreaImenI of 4. 

The last fracrtons from Ihe chromarography yielded 0.23 g of the 

diacctafe (c which showed IR bands a1 358S and 3300 

(hydroxyls). I770 (eslers) and I628 and IS85 cm ’ (C=Cl; PMR: 

7.00 (phenol hydroxyl). 6.33 (aromaIH: proIon). S.28 (1. vmdlic 

proton). 3.86 (primary methylene alcohol). 2.W (merhine proIon). 

2 St (prrmaq hydror)l). 2.23 and 2.20 (IWO acetyl meIhyls). 2.0 

(aromatic mcrhyll. 1.8.C (broad. IWO mclhykne groups). I Cl 

Ivmilhc meIhyl) and I 21 ppm (d. secondary mclhyll. 

Sodium borodru~cridr reduction o/ 5. The reacIion was canted 

OUI exactly under the abobe condirions. ywlding samples of (b 

and 6d whew dcnIrIy were csIablished by comparison of their 

PMR spccrra wrIh whose of 6a and 4~. 
f~ufrropcpm:onc (lb). A wlullon of 6 g of 6b in IO0 ml of 

anhydrous eIhcr was Ireared with IO g of pyrdmc-sulfur ltixidc 

compkx according IO published inslrucrions and Ihcn reduced 

wiIh lithium aluminium hydride.” The reaclion mixlure was 

treated with aq. accfic acd and exIracIed with ethyl accIaIe. ‘The 

organic layer was washed several rimes wIIh waler. dried over 

anhydrous sodium sulfarc. filrered and evaporalcd IO dryness. 

The resduc was chromatographcd over 100 g of sdica gel and the 

crystalline fracrions elured uiIh benzene were combined and 

recrystallized from erher-hexant IO ycld I.1 g of monodeu- 

IaopcreroM (lb) which were characrerized by mixed m.p. (IO& 

1029 wiIh an auIhenIic sample of perezone (Irl and by Ihc PMR 

spectra shown in Fig. 1. 

cr_(tb) and fl-dtufrmpipifzol (3b). A solultin of 0 S 8 of deu- 

Ieropcrerone (lb) in 20 ml of cumcnc was refluxed during 20 h. 

The solvenr was removed under vacuum and Ihe residue retry-- 

srallizcd several timer from acetone-hcxanc IO yield 0.3Sg of 

while crysrals m.p. l~l4V which showed no depression wirh a 

mixture’ of t and 3a. 

cr-(Zd) and 8.deurm~pipirro/bcn:oorr Cd) The rcacIron of 

0.2~ of ~hc mixrure of 2b and 3b was carried ou1 as usual.’ 

yielding 0.28 of a mixlure of Zd and 36 which were compared 

wiIh a mixture and wiIh indlvrdual consIiIucnIs (2~ and k) as 

shown in Fig. 2. 
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