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&&act-The s~~~~~ of a-pi&A (la) has ‘bxn cstablisbed by offs to cedreae (4) aad by 
single crystsl X-ray diEraction of a-pipitzol bcuzoate (lb). The stereocbemist& of the related ccdranotides 
&pipiiI @a), Q_(k), 8_(k) and 7-pezo~ (la) arc as&d from their nstx%tive ORD cllrvcs. 

Although the structures of the naturally occurring a-&) 
and ~-pip&A (29) were elucidated more than a decade 
ago, the ste~~~~~ of these molecules remained 
tentative* doe to the lack of adequate models for ORD 
and CD comparison. This situation arises from the fact 
that in the pipitzols (la and 2a) the three 0 atoms are 
arranged in such a way that several types’ of chromo- 
phores could be considered for the interpretation of the 
&optical data. Sii the c&al center of perezone (3) 
has been established as R by chemical degradation’ and 
by ORD measurements? it follows from the reactioa 
mechanism of the perezone (3)-pipitxol (la+2a) trans- 
formation6 that one of the pipiils must have the same 
stereachemistry as cedrene (4). a related natural product 
of known’ chirality. Our original studies suggested that 
this should be the cast of the a-isomer. 

In order to test this assumption it is necessary to 
correlate the two molecules, or, alternatively to establish 
the relative stereochemistry of o-pipitzol (18) using sia- 
gle crystal X-ray di!Traction, since the chiral center that 
arises from perezone (3) is known. The present work 
describes both the chemical transfom&ion of a-pipitzol 
(la) to cedrene (4) and the X-ray ~s~~~c study 
of a-pipitzol beuxoate (lb), which shows that our ori- 
ginal stereochemical assignments are indeed correct. 

The transformation of a given pipitzol to cednric (4) 
simply requires the removal of the three 0 atoms. Many 
dinxt and ind&t sequences of reactions were explored 
to achieve the overall transformation, until it was found 
that two successive fo~o~ of ~~ylen~ke~s 
followed in each case by a Devon provide a 
satisfactory route. 

Treatment of a-pipitzol benxoate (lb) with ethanedi- 
thiol in the presence of boron trilfuoride etherate gave 
the dithioketal So. The formation of the heterocyclic riug 
was deduced from the m of the CO band at 
1690cm-’ in the IR spectrum and the presence of the 
diithylene protons as a complex signal in the 3,1- 
3.5 ppm region of the NMR spectrum. 

tTskcn io prvt from the D&z. lbcsii submit&d by LU.R. to 
the CIEA-IPN (t978). 

The sulfur cmdning ring was eliminated by treatment 
with absolutely neutral Raney nickel, in order to 
preserve the enol benzoate. This yielded 4dcsoxea- 
pip&l benxoate (5b) which showed only one broad CO 
band at 174Ocm-’ due to the cyclopentanone and ben- 
zoateintheIRspcctrum,whilcintheNMRspe&rumthe 
benzoate protons are present at 8.12 (2H) and 7.52 (3H’), 
anewbroadbandat2.59(2H)correspondstotheC-4 
methylene protons and the vinylic Me group is found as 
a triplet (r = 1.6 Hz) at 1.64 ppm. 

Similary, treatment of &pipitxol benzoate (2b) with 
e-01 gave tbe ketal 60 which after des&uriza- 
tion provided 4desoxo+pipitzol benzof~te (6b). Its IR 
spectrum showed the two CO groups at 1740 cm-’ while 
inthePMRspectrumthehenzoatesignalsappearat8.08 
(2H) and at 7.56 0, the c-4 methylene protons are 
found at ZM(lH) and at 242(1H) representing the AB 
portion (JAB = 16 Hz) of an ABXs system formed with 
the vinylic Me group which appears as a triplet (JM, 7 
Jex, = 1.6 Hz) at 1.64 ppm. 

WhenbothSband6baretreatedagainwithe~l 
in the presence of boron tri&oride etherate, ketal&tion at 
the bridge CO position occurs, which yields the cor- 
responding dithio derivatives 7n and Ea. Desulfu&ation 
of these compounds with neu&ally washed Raney nickel 
in absolute ethanol, gave the enol-benzoates 7b and IIb 
respectively. Theii lR specha show the enol ester CO at 
174Ocm-‘. In the PMR spectra the benzoate hydrogens 
appearinthelowfieldngionaadthevinylicMe~~of 
each ~~~ appears as a triplet (J = 1.6 Hz) around 
1.60 ppm. 

Atthispointitwasdecidedtoestablishtheideutityof 
either 7b or 8b with a compound derived from 
cedrene(4). &oxidation of tbe double bond of the 
hydrocarbon followed by boron triflwride rearrangement 
gave the known6 cedranone. This ketone was treated 
~~~~y~~~~p~ of perchloric acid 
to yield the corresponding enol benzoa& which was 
ident&.d as 7b by mixed m.p. and spectral comparison. 
ItisinterestingtomentionthatbothtbeWandIR 
spectra of 8b and of samples of 7b derived from either 
a-pipiil (18) or cedrene (4) are quite similar, thus 
pre&ding a definitive ide&fication. However the high 
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fleld. r&on of the PMR spectra clearly allowed cor- 
relation, since in the a-isomer (7b) the ga+dimethyl 
signals appear at 1.15 and 1.01 and the secondary Me 
group is found at 0.89, while in the #-isomer (8b) the 
seumdaq Me appears at 0.97 and the gem-dimethyl 
signals at 1.17 and O.!Bppm. A more objective ditferen- 

tiation of 7b arid 8h and therefore a better criterion for 
identification of the samples arising from a-pipi- (18) 
and from cedrene(4) is obtained by comparison of “C 
NMR spectra which are more sensitive to stereochemical 
changes. lhe most sign&ant difterences are found at 
the C-3 chiral center. In the case of the a-isomer the 
secomlary Me group is found at 15.4, the C-3 signal at 
41.2 and the C-2 methylene at 36.0ppm while the same 
signals for the @isomer appear at 13.6, 34.4 and also 
34.4 ppm respectively. The remaining signals show small 
chemical shift differences for the two isomers. 

If the secondary Me group of either pipitxoi would have 
the opposite aeon, the two molecules (7~ and 8a) 
would be enantiomeric and their ‘C NMR spectra in 
achid media would bc identical. However the ditference 
in stereochemistry of all centers except one, produces 
sign&ant changes in the spectra. This observation sug- 
pests that ‘K! NMR spectroscopy provides a more 
adequate criterion to establish the identity of organic 
molecules arising from different sources than the widely 
used IR comparison. ‘% NMR provides other advantages 
since one is more concerned with chemical shifts and 
solutions of different concentrations can be compared and 
even sample purity is not as critical as in IR spectroscopy. 

The conversion of a-pipitxol (la) to culrene (4) was 
completed by hy~lys~ of the en01 ester of 7b to the 
corresponding ketone identitied as iso&ranone.” 
Reduction of the CO group with NaBK gave neoiso- 
cedrano1‘ which was treated with POCI, in pyridine to 
yield cetlrene (10, identical in all resptcts with an 
authentic sample. 

Although the above reactions define the stereochemis- 
~~f~-p~~l (l~),~~nte~e~~s obtained 
by a single crystal X-ray d%raction ~v~~on* of 
a-pipitzol benxoate (lb). The results are summa&ed in 
Fig. 1, which shows that the j-membered ring containing 
the ketone function exists in a distorted half-chair con- 
formation while the other j-membered ring exhiits a 
normal half&air conformation. The conjugated portion 
of the molecule @a, 4,5,6,7) is planar, which forces the 
6-membered ring into a l&diplanar adoption with 
the ‘I-membered ring having atoms 8 and 8a folded 

Fig. 1. Persee view of the molecdu structure of u-pipitzo~ beozmtc (lb). 
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sharply out of the plane. The bond leqghs and aqges are 
normal and the relative stereochemistry is that shown in 
@J). 

Once the stcrcochcmistry of apipitzol(l8) is llnaol- 
biguously proven, tbat of /I-pipitzol(2a) follows from the 
reaction me&aaism of the perezone-pipitz.01 transfor- 
matio~.~ Furthermore the ORLI curve of a-pipitzol (la) 
shows a positive Cotton effect in the 310 nm region while 
that of /I-pipitzol @a) shows a negative one. Since both 
aqc)‘O and r-perezol (la)” show positive Cotton 
etkcts, they possess the same stereochemistry as a- 
pipitzol (la) while B-perezol (2c) with a negative eikct’” 
has the stere-ockmistry of @pipit @a). 

-AL 

M.psarcuncomcted.lRspwtrainCHcl~wcrc-one 
Perkin-Elmer 421 and UV spectra in 95% EtOH on a Unicam 
SP-&lO.‘HNMRspuztrainCDCllorCCl,witbiatmnalTMS 
wen recorded on Varian Assocktes AdO and XLIOOA-12 
SpCCtWWtCfSiDtheCWIDLNk.“cNMRgpcctraW~recorded 

on an XLIOOA-12-E-16K in CDCll usiug dcutcrium puke lock, 
Rotxtionsat589nmiIl9596EtoHand0KDindioxanewere 
obtained on a P&Eh?r 14lM. t&o- Jeparations 
weremadeoaAlc4uIELZDahlmiuaaltdmkfomudyJeswcrepcr- 
formed by the Alfred Bernhard Laboratories (Weat Germany). 

EIhykntdit~al of a-pip&o/ bmmate @a) 

A mixture of lb (15g.I e-1 (6Oml) and E$O:BF, 
(60ml)wasstoredatroomtempduriae4days.Themix~was 
poun?doniccandexhctedtwiccwithethcr.TbecombiIEd 
organic layers were wxsbed some 10-12 time with 20% NaOHaq 
andthcnwithwatefmltillKulfll.TbcethaI!alsolnwasdricd 
over an Na#O,, tlkcrcd aad concentrated. Akktioa of hexane 
gave 13.8 g of tbc titk compound as white crystals m.p. 218-m. 
The analytical sample was obtained after rccrystalhths from 
chloroform-hexane and showed m.p. DO-221’; (&-156” (c, 2); 
LX 231 am, log c = 4.23; v, 1740 (cyclopcntaMne and bcn- 
xoatc carhyls) and 1270 cm-’ (ester O-C); PMR: 8.15 (2H) and 
7.55 (3H) bcnxo&, 3.5 to 3.0 (compkx, 4H) dithioctbylcnekctal, 
2.68 (m, 1H) H-3, 2.18 (s, 1H) H-7, 1.62 (s, 3H) Me at C-6, 1.32 
(d,l=7Hx,3H)MeatC-3andl3l(s3H)and093ppm(s.3H) 
gadimcthyl. (Found: C, 6737; H, 6.62; 0, 11.19; S, 14.91. Calc. 
for C&,0&: C, 67.26; H, 6%; 0,11.20; S, 14.9696). 

EYhyknufit~ai of &~ipitwl btwwate ((a) 
A mixture of 2b (10~). ehnrdihiol(40 m.) Et#:BK (40 IIL) 

was treated as in the-iwious cast. y&i& 920 of the tit& 
compound as white crystals q .p. 1%19p. The analytical sampk 
obtained after rccrystalhtion from chloroform-hcxane sbowcd 
mp. 1*1w; (a),t775qc, 2); A, 231 nm, log c = 4x3; okr 
1740 (cyclopcn@nolE aod benxoa& Co’s) and 127Ocm-’ (f&r 
O-C); PMR: 8.15 (2H) pad 755 (3H) hxoatc; 3.4 to 3.1 (com- 
plex, 4H) ditbiocthykneketxl, 2.55 (m, 1H) H-3,2.21 (s, lfi) H-7; 
1.71 (s.3I.i) methyl at C-6: 1.52 (d, J =7Hx,3b) methyl at C-3 
and 1.29 (I, 3H) and 0.99ppm (a, 3H) gemdimethyL (Found: c, 
67.09; H, 6%; 0,1136; S. 14.93; Calc. for C&,0& C, 67.26; 
H, 658; 0, llm, S, 1496%). 

4-Lksoxo-cr-pip&d bellwate (sb) 
Asolnofh(5g)in3OOmlabsF1OHwas&Iuxeddu1ing5hr 

inthcpreseMXofW-7RancyNiAfterprcparhgtbcaItaiyst~ 
itwaSwaJhadwithdktilkdarata0ltilIlClhl,tbl?lwithEtOH 
and6nallytwotimcswithab&Jtcalcou.Thisprevcnts 
hydrolysisoftlhecnolbcnxc&.Aftcrconlpktitioaoftbc~ 
tion the catalyst was removal by tlhtion and the solvent 
evaporatedtodrym?ss.lllcoilyr&dlIcwaschfomato@aphed 
over 5Og of ahlmha. The ffhons elotal with hexaIR and 
llexaae-benzeae 6:l) clysta8ixed afteX addith of MeOH. 
RecrystaIhtion from the same solvent gave white crystals of 
tbc title coqnmd showing mp. M; (u)o t 25yc, 2); A, 
232 Ml, log c = 4.26: v, broad 1750-1730 (cycle p&anoDc aod 
bcnxoak cahonyls) and 1270 cm-’ ester 0-C); proton NMR: 8.12 

(w)aod752~~benzoote.259~,w)C-4protons,252 
(m, 1H) H-3,2.05 (s, 1H) H-7,1.64 (1, J = 1.6 Hz, 3H) Me at C-6, 
0.85(d.J=7~3H)metbyiatC-3and1.28(S,3H)and092ppm 
(s,3Hlgandhaethyl:ORD(c,O~:(~kn+~,(~ka+~,(dk+ 
6l”,(~h,t#)(p,(~~,,tl3o(p,(~h,-l61p,(~),-%8”,(~),- 
1350”. (Foundz C. 77.95: H, 7.71; 414.35. Calc. for &H&: C, 
78.07: H. 7.74: 0. 14.18%). 

4-~oxo-/3-pipitzd baKoQte (6b) 
Trcatmcntof(r(2g)asintheprcviouscascgave5OOmgof 

the ltitk compound q .p. RX?-loP, (u)D - rP (c. 2): A, 232 nm. - 
log I = 4a Y, l74&(cyclopentam& aDd Lxoatc Co’s) ti 
127Ocm-’ Iester O-0 PMR: E.AWWI and 756 flH) benzoate. 
2% (dq, J,=l6Hz,h) and 24i (&, Jd=16&, j,=l.aHz; 
1H) C-4 protons. 2.49 (m, 1H) H-3, 1.98 (s, 1H) H-7, 1.64 (1, 
J=l.6Hz.3H)MeatC+1.29(d,J=7Hx_3H)MeatC-3aad 
1.26 (s, 3H) and 0.95 ppm (h 3H) gandimethyl; ORD (c. 0.125): 
(@h-1350, (@h-433=, (@km-Slo”, (@h-9#p. (@)J,)_ 
#)o(p, (@hmtlmp, @&9+26@?, (@&&2O? (Fouad: c, 
78.00; H, 7.71; 0,14.M; Calc. for CpH& C, 78.07; H, 7.74; 0, 
14.18%). 

Ethylamiithiaddd (7a) damad fnnn a-pipitwl (la) 

A mixture of sb (75&ng), 3ml eh&thiol (3ml) and 
E120:BF,Oml)wasstoredatroomtempdmiqe5hrWorlrupas 
ia the previous cases mve, aftcX cllromatogrqhy and reXystal- 
lixath from &OH, tbc title compolmd, ap. n-78”; (&t 20’ 
(c, 2); A, 289 MI, log c = 3.52; v, 1730 and 1270 cm-’ (ester); 
PMR: 8.15 (2H) and 7.60 (3H) hwatc, 3.4 to 3.1 (compkx, 4H) 
ditlhthyknekctal, 232 (s, 1H) H-7, 1.59 (T, J = 1.6Hx, 3H) 
methyl at C-6, 1.25 (s, 6H) gandimcthyl and 0.89ppm (d, 
J = 7 Hz. 3H) Me at C-3. @XII& C, 6935;H,729,0,7.71; Calc. 
for C&I,&&: C, 69.53; H, 7.30; 0,7.71%). 

Ethylencdit~d (&) aMtd ftvm @-pipitw/ @a) 

A~of(b(lg),ethaaedithiol(4ml)andE120:BF~(4ml) 
wastleatcdasinthepreviouscasc.Tbeclysta8incffactions 
from the chfomatag@~y were combined aad fccrysMixuJ from 
chloroform-hexane to yield the titk compoud, m.p. 162-l@: 
(ah+ 76” (c, 2); A, 2a9llm, log c=-3.56; “, 1730 and 
127Ocm-’ (ester): proton NMR: 8.11 (2HI and 751 OH) bcn- 
xoatc, 3.43.0 (tipkx, 4H) dithiohy~ketal, 2.h (s, 1H) 
H-7, 154 (T. J = 1.6 Hz, 3H) Me at Cd, 1.41 (s. 3H) and 1.29 (s, 
3H) gemdi~~thyl and 1.23 ppm (d, J = 7 Hz, 3H) methyl at C-3. 
(Fooad: C, 69.47; H. 7.25; 47.85; S, 15.45; Cak. for C&I&$: 
C, 69.53; H, 7.30; 0.7.71; S. 15.46%). 

Aso~of7a(l00mg)in60mlabealcoholwas~~intbe 
pmnmof2gRancyNifor5hrWakupasusoalfollowedby 
cllromatogmphyoftbeoilyrcxiducandrecrystsllizationofthe 
crystalhe fractioh from MeOH gave the title compoud. m.p. 
-51’; (a)~- w, A, 231, kg c = 4.23, v, 1730 and 1270 cm-’ 
hnxoatc). PMR: 8.06 0 and 7.51 OH) bal7AMc, 1.60 (t_ 
J= 1.6Hx, 3H) methyl at C-6, 1.15 (s, 3Ii) aad 1.01 (s, 3H 
gandimethyi ami 0.89 ppm d, J = 7 Hz, 3H) Me at C-3. (Folmd: 
C, 81.37; H, 859; 0.lO.y Cak. for CpH&:C!, 81.44; H, 8.70; 
0.9.86%). 

4, !uti.hoxo-8.pipatol bauoate (8b) 

Awlnof&C350mg)inl00mlabsalcobolwasrrfhaedintht 
preseaceof7gRancyNiasintbcp&ouacase.Tbisyi&kd 
the titk componnd, m.p. lO!Ml(P; (a)D t 46’ (c, 2); A, 231 MI, 
logos=4.22; v, 1738 and 1270 cm-’ (bcumtc); PMR: 8.09 (2H) 
and 7.53 (3H) bcnxoah. 159 (1. I= 1.6Hz.3H) Me at C-6,1.17 
(s, 3H) and 0.98 (s. 3H) gen~din~thyl and 0.97 uprn (d. J = 7 Hz. 
3H) methyl at C-3. (Found: C, 8l.ti; H, 8.71; b; 9.e; Calc. f& 
CpH&:C, 81.44; H. 8.70; 0,9.86%). 

C-d-(7b) 
Asohof4ml cuhnunc~(4ml)knzoicallgydri&.(8g),65% 

HCI0,Qdrops)andCH~(25ml)waasthdnmkraN2at 
momtempdPriqOUhr.Tbemixtnrewaspouredonicewatm 
andcxtfecMwithcther.Theorgaldckyerwaswaslledwitll 
waterdrkdovcrNI2SO*.!lheredandevapoedtodrym~s.Tbe 
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ad nnyrEallized from A&OH yiddlng 2g of aystala, m.p. 
49-up. A anal reaysepllitation Rave l!lc tirk alalcolmd. m.0. 
5tLsl*.niSspccim&wpr~totllcaample~fro~ 
u-pipii by mid m-p. and compahmoftlkrprotonand’c 
mspectra 

Tmnsfomtatbn of 4. Pbidemo-cr-p$itzd bazoare (7b) to 
txYt@?m (4) 

Asolnot700~ofRin250mlMeOHwasndnxedfor3hrin 
tbcpresenceoflgNaHCG,inlmlwater.Tbcsolnwasconcen- 
trataitoasmaIlvohlmc,dihItalwithwateanfJexbactalwirll 
ctln?r.nleofgFdclayerwuwa&dwinlwatex,&kdovcr 
N@G,,6lteralandevapoed.Tbcnsiduewaachromato- 
gfapbcdova25gofalltmina.ltlcfrachsehltedwitbpaltanc 
tPVCl25mgaftllCShthigCl&d.TboseChltCdwitlJ&~ 
alhlal4wmgoftbeshrtillgmataial.Tk3eelotalwithllex- 
anealTordd400mgofisxdundssacobrk.aliq~(a~ 
16’(tit’-lsq; v, 1710 (cyclollexamnE); proton NMR singkh at 
naadUanddouMetsot64aad52Ht(at60MHz)~~’four 
* groups. 

ASohof4wmgoftlleaboveisocuheasd4oOmg 
NpB~inlOmlMeoHwasstondatroom~for3hrWorLnp 

. as usual followed by chroautagnphy over 15 g of alumina gave 
l5OmgofocobdL?8soilide&edaslbmisocedranol 
(ukrw (lit-33.e; v, 3605cnr (OH); PMR 3.;d’(~ 
H-C-0,1.% ad 0.93 (hvo siugkts) end 098 pad 0-g ppm (two 
dodcts)fromMcgmaps. 

A~oflOO~ottheabovealwholinlOmlpyridinewar 
h?lltGdSlt(rwitlllOdK8pSPOCl,.ltlCmiXtURwaSStiatoO 
dwiagl9hlalKlworkdupasusul.ThiSyiclded6Omgof 
CCdfCDG(4)idClIhliUdl~@CCtSwith8OZilUhtkS8mpk. 
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