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a Umd.cal l xaminatlon Of 
s~als~~~sdz~~:~ firm cadinam8 Aa, la, pb, ia ir 

who8m 8tareostructuroa uapm8entulin tbi8 p8pr. Tbo 
aboolute8teroochud8tryof tbemajor wmpomnt Aa ha8 been 
detrrorined by application of iieXmau’8 wtbd u -11 a8 
&oRical wrmlatAon8tudlo8 andham boon wnfirmod by%ray 
analpi of Lf thm 8UggO8tiUg that it bO#loUg to the 

morpham group* 

In wntimmtlonof our studio8 on tkm family CBap08itao in8earcb of 

anticancer sm8puitupanm lactone8 Wm examined the above groundpar- of 

Kupltoriun~sol~lKunth. (Syn. g. v Ku&h.) and i8olatad five 

cadinmnu Aar aa, pb, Aa & 2 and a &graded cadinena da. When tbo chemical 

l xunination of L. trapmwidemwar inprogra88 inourl&oratory,Bohkmn~~ 

rrportad tb0 i8olatia of 8ix cadiluru8 from bp)ratigp *~odho~~, thrre of thr 

appoamd to be identical ( I& kUlR& )IB ) with Aa, 3a and 3. Struaturm8 of &a and 

aa Vera e8tabli8hmd pumly on the basis of 8pctral data and we prsllent chemical 

l vidancowhicb furthor supporttheir8tructural a88igmBWItS. In a&3ltlon, tin 

8trUCtUro8 of two n8w cadinenu gr ta uld aIuv bgradmd c&am Aa, m al80 

dolineatrdin thi8paper. @@ication of HOLIaU'8 mthod and &sadcal 

wrrmlatAon 8tudiu 8ugga8tad that th8 cadlnmnu from the titla plant klong to 

tbnumr#A8mgrouP l fwnpo*&3 and thi8 ha boon wnfirmmd by X-ray analpi 

of Af. 

compOund &a wa8 obtain8d m am oil and analy8md for C&12,02. In th8 IR 

8poc?trum U &8OrptiOn pa& l t3%0m-" 8ugge8tid tie pruoncmof ahydroxyl 

gnmpwhichwa8 wntirrrd by making thm mnoacrtati Lb. IR 89OCtr\mof Aa aho 

di8playmd an sorption band at 167gcSD" indicating the pm8Oucm of au 4 ,p -uu- 

8aturatikotom grOupwhich VU cCNlfi& U fOl_. Hydrsg~nationof AaOVor 

10% w/C gavm & in who80 IR 8-C. tba koticm ba@ apporrrd at 17OOap". Sodiup 

borohydriti raduatio~ of Aa gm Adtich on l o8tylation fUMi8bd ths diamtatr 

A.* Hydrogenation of Ad ovar 10% w/C furni8hd 1. 

lBa following cbudcalovidon08 l 8tabli8hmd the lOcationof the hydroxyl 

group at C8. Rmaction Of Aa With m8y1 chloridm in pyridino fuxni8Imd the 
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mnmyhti &a which On haatlag with dry n*iO at lOO*C yielded $ in a poor yield. 

fbaC+iOn Of Aa with rOCl3 in pyridine furni8hed 3 in 70% yield which on refluxing 

inbenzena wntslning a czy8klof to1 ~p4tiphOnic acid furnished the diuOne 

ga in 65% yield. 

Oxidation Of Aa With Jone8 raagent fuxniahsd a campound which wu identical 

( IR, bMR, U8 ) with Aa. 18ari~ation of aa on acidic l ltinr ( activity II ) 

furni8hedp andtica ver8a tlxa8 8ugguting that they ueepimeric l tC7'. 
pduction of aa with 80dim borohydrido gave Aa Y the major product where88 a 

8iarilar reduction of sb gave zc which on acotylation formed tns rponoacrtate ad. 

In tna MMR Woctnm of SC & pd, K8 l ppoarrd a8 a broad multiple ( W1, - lQi8 1 in 

WnforrPFtywithits orientation a8 a&al. Mo8t probably p i8 not an artitaat of 

&h kcatue TLL: ( OiOz ) -nation of the cr@e obtained by ald oxtraction of 

the plant mtirid indicate8 the pn8onam of both @ and aa. 

Ccmpound ia wa8 obtained u an eil and analy8ad for cl,p2rOo. The 

tiO_tiOn Peak at 34@0 md 1715~m- in tha IR 8pec. 8UggO8ti th. pm8m08 l f l 

hydroxyl and a ketona group in it. 2bat the hydroxylgroupru tertiary and O( 

to the ketone becm obviou8 front thn l cetylation behavior ( &z20/?yr 100. for 
8 hr) of fa to affordth8 monoacetate Hlnwho8o UMR8pectru81tho mthyl8inglet 

present at 1.25 PpIpl in ta underwent paremagnotic 8bCft to 1.40 ppa. since th8 

8ignal8 8t 4.04 Ppla ( d, J-St8 ) and 3.86 pp ( IJi multiplot ) WON net affocw 

during l crtylation, it wa8 wncltied that th8y mpruent the pxotona under an 

l th.r oxygen. At thi8 8tager l fortuitous di8Wverye8tabli8hedit8 WrrelatiOn 

with Aa a8 follou8. O8~~t&~~~ide/%IO,o~id&ion of Ad fumi8hed a product 

Uhlch WU found fo k identical with $a in every -8psCt ( TIC, IR, RMR L -8 1. 

Ihs cwabination of 

hydroryl function'. 

080, (1 PJO, ha8 been reported to oxidi80 tb8 8ewndary 

Sodium bornhydride rrduotion of &a gave $c Which furniShad 

thm mmoacetato &A om l cotylation and gave back the ketone ta on oxidation with 
Collin8 reagent. 

Compound da wu obtained u an oil and analy8ed for C12H1602, thw 

8ugge8ting the pru8ence of only twelve carbon atonr in it which wa8 confirmed by 
13 
C kUkR 8pectnam in which tk~y appeared at WY.59 8, 198.30 8, 146.19 dr 135.80 8, 

46.59 t, U.50 tr 41.37 d, 40.49 t, 37.92 d, 32.70 d, 19.91 q and 15.60 9. In 

tns IR 8pectnm the band8 at 1715 and 
-1 

167Oa 8ugge8ted the prUence Of two keto 

group andon of them an an o( ,f~ -uruaturatedketone , which wsr al80 evident 

fro81 th8 13C NBlR 8peCm ( a 8inglet at 198.30 ppD) given ab0m. Intb84rNUR 

S~curuP ( 360 m)6 th prS8UlCe Of two multipl8t8 at 6.48 and 3.10 pp, l aCh 

integrating to on8 proton , a methyl on the aouble bond at 1.76 ppln and a methyl 

doublet at 1.04 PpI 8ugguted the ab8ena of an i8OprOpyl group in it. lh0 

multiplicity of the three methylone groups appearing at 2.10-2.80 ppI 8ugge8ted 

that each of th8m 18 couphd to only one proton be8ide8 gaPins wupling. On the 

ba818 ot above dalx,dua to clo8e ruemblenceofils k and13CNMR 8pWtSawith 

that of Aa culd &b and deconpling l xperimnt~~ 

degraded cablnene'l. 

8t.ruature p.WaS &88igned tothi 

Bodium borohyarlae reduction of Ja in the pm8On08 of ZnC12 

furni8hed l mixture of two coapourrds wbichweraldentified a8 #b(r 3~. 

Relative 8arroCnemi8+ry 1 !lh8 ~latiVO8~rOOUh~8~tO &WU 

usigneo on the basis ot wupling wn8tanls (See experimental) obtained wugh 

deooupling e~rinmnt8 on Me k UHR spec. of la recorded in C6D6 inBwhich Ca8e 

tb8 8ignala we= well 8OpstatMi a8 ccanpamd to it8 8psCtLVO in CUC13 . since 

*aecalin can exidrrtin two wntorrpation8 Iti8 clear from th8 wupling 

wn8~t8 J5,6- 2.0 Hz and Jl,6 = 5Hz that&6 i8 equatorial andH-118 axial. 

The large value ot coupling wn8tant behresn HI and HI0 ( J1 1o= 10 H8 ) 

8ugge8t8 that the methyl group at 010 ia equaf0rial. Ihr o&lation between 

Aa and ia Utabu8hu th8 8tireoChmi8tQOf th8 latter atallthe centre8 l mpt 
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(a) It1 = OH, R2 - Q (a) 

b) RI =ococH 3, R2 - 0 (b) 

(c) RI - MsO, R2 - 0 (cl 

(d) RI = OH, R2 - H, OH Cd) 

(a) RI - OWCHjrRZ - H,OUXHJ 

(f) Ri - OWeHI(p, R2- 0 

(al RI - 0, R2 - H 

(b) RI - 0, R 
2 
--cOcai 

(c) RI - H, OH; R2 - H 

(d) RI - H,OCGCJiJ, R2 - H 

0 HI 

Y? / 
H 

6 

H-70(, R - 0 (a) RI a 0, R2 - 0 

H-7@,R-0 (b) RI - 0, R2 = H,OH 

b7Q * R -O(--OH,H (c) RI - H,OH; R2= H,OH 

H-7f.L R -q-OCXXHj,H 

6 R-O 

1 R-H,H 

(a) R- 0 

(b) R - H, OH 

(c) R - H, ORLS 

cd) R - H, H 

1P 

(a) H-7+ 

(b) H-70( 
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C4 Which 18 l 88lgned on tha b88i8 of tin faot that 080, l dd8tion yiold8 -Ai 

and th8 llnLLag8 bet880n 05 8Bd CB 18 po88ible only vha8 St-Q i8 equatorial sod 

thhhydroxylatG9i8 exial (rlocukrIIDdoU). 

&b8oluto 8mmxlmmi8try 8 

Ttm ab8oht8 oonfiguration of C8 in la Yam 08trbli8hOd a8 R by 8PP~aatLOn 

of HOraal'8 rthod? baCtiOB of Aa with (f)-d-pbenylbutyric anhydrido in 

pyridins furnishad (+I-d-phuylbutyria acid in 14% optical yield. 8ine~ tk 

rrlatiro 8tarmOchembtry at Cl, Cl0 and C4 UUVU@I C,,raa known, aa rrpm8ont8 

th8 ab8Ohtr 8hrOOch8l8i8try. Tbi8 cmncltvion 1188 fueh8r rrlaforcmd by tho CD 

8p8Ctra of Aa and fi and abemioa~ correlation 8tudia8 ducrikd babr. 

Sodlumborohydrido rockaction of pafurnbhodfbln 8OXylold. All at- 
at the rmductivm rmvalof the hy6r0xyl in ptitb lUiJ~El3 ftuni8hed a -id- 

ea an oil, which app8ar.d to b8 homg8BeOtuI on Tu: but Wb-a 41 NXR 8Jmze iBdiC- 

it to k a mixture of cahm8nUI88 ua and ub". Iho mducti~ Mral Of tb0 

hydmxyl iB gb vu finally l chi.rrd by nick01 bcddl rrduCtiOB Of 9C WhU w 

lO-opi8onarono gd, La-), +80., ( rrportad12 [ii& +175’ ) Wa8 obtained iA 90% 

yi.ldlf. 

Finally the pbrowbmmoatr dorivatir, Af provldod 8uitablo orptah for 

X-ray cry8tallographlc analysis vbiah l 8txblisM tlm 8b8Oluta 8tir0Otiti8w Of 

18 &8 dopictodin the 8trUctUrm thu8 8ugguting thatthecuiiBUn8 from 

&* - can k ala88ifimd @ raorph8n~~'. t%lgound Ja l tibiU 

ePprociable antlfoeduit action l galn8t 4th-in8tar caWrpillar8 of the Srf silk 

worm ( Wla8omig riJni Hutt 1. 

%Rw ~ixlloaraphy 

%6R8y diffraction data wore collected on 8 Syntax ?Z1 diffractawter from 

crP-1 of d.imsMionS 0.5 x 0.5 x0.6 mn. C22H27Br03, M-419.37, Triclinicr Pl, 

with a-10.465(2), b=ll.061(3), c-9.480(2) 2, 0(=100.513(2), p =105.43(2), 

45 -84.41(3)*, Vm1038.4(5) R3, Dx-1.34gcm-3 for Z-2, kloQ, AN.71093 2, ~~1.9711& 

6&3 MflectloM ware masured in eight octant8 of which 4289 h8d I) 1.96 &(I) and 

ware coluiderea ob8arv.d. Semlompirical ab80rpti0n corractioru ba88d on y8can Of 

eight reflection8 wore applied. 

Tb 8tzUctur8 wa8 801-d with DfRDI13' with Br-atom po8ltion8 obtain8d from 

Ratter8on 8yMhe8i8. In ttm 8p8ce group Pl th8 choice of origin 18 arbitrary and 

for convenlenco wa8 assunmd coincident with ona of tkm bromine atom. Position8 of 

th8 itatom wore calculated geom8trically. Moblecular model wa8 refined by block- 

diagOII81 ]sa8I+8qU&rm8 tochn.iqUe with noa_H l tO(ll 8ni8OtrOPi~ 8nd 811 but methyl 

&8tOlM 88 'rid8r8"*t methyl group vex-8 trmted a8 rigid group. All Itatom w8n1 

888igMd 8 cannon temp8ratum factor whioh refined to U-Q.107 g2. mnctlon 

miniinlzed r ~(11~1 - lP,I )2, "-4,7251/((F; + 0.003,: 1. 

TO determine ths 8b8olnm conflgur8tion'a model without fm corrrctiona wa8 

refined. The prrunter8 obtained were u8ad in two structure factor calculation8 

without and vith invertid 8ign8 of fm corraction816. Th R ( and WR ) V8lUO8 of 

0.060 and 0.052 ( 0.126 8nd 0.073 ) obt8in8d respectively for th8 two modeb 

indicated that the latter wa8 th8 correct one. Thereforo the 8ign8 of all atcmia 

cOorclinato8 vere changed to Xrn 8nd the reflnemnt pro&88 wa8 continued until it 

rmachmd a convergenc8. Plnrl R - 0.050 ( wR - 0.0:; ) for 4286 reflectiorur. 

Refinemnt ~88 carried out using StiELX76 program 
18 

, niolecul8r geometry M8 8tudiad 

using program included in CRYPOZ library and ORTEP1' W88 u88d to Prepa= 

drawinpr. 

There 8re two ind8pandent IIIoleCUle8 (h8reilufter molocule8 I and II) In th8 

UyEMWXic unit cell. Th8 ovmxll conformation and tkm ab8olutr conflguretion of 



both wL.aulu is i1hetre.d in rig. 1. w a-dma4.h eyetam IS of non-•t.roid 
tm vlth tM C(l)-H(1) and C(6)-H(5) bonds in an d-oriantitica. Th Wuatorial 

l ubetituante at C(7) and C(10) l ra p -and *-oriantad, roepactivalyr and the 

b~neeyloxy l ubetituont at c(8) is aIda anap. This cleeeifiee the lnveetigeted 

compemd to th mrphene clue Of Oedinene groupof SeeQUlterpOneS. 

The confonatiorm of the two Iroleculem are fairly l imiler. Tb cyclOhe~n0 

rings show aeeontially idantical slightly flattanad ahlr c0nforutiOM ( thr 

averages of the l ndocyclic torsion l ngL magnitudes are 52.9(0.8) and 51.6(1.8)* 

for I and II, rupactivaly).Tlr cyclohanona rings show em small conformatie8al 

diffetrncee~ th oycloha~aolw ring l f I l dopte a dietertad C(l)-SofS confonmtionr 

rhila that of II is slightly wa% puckorad end l dopu a confonmtion intarmediata 

botwaan C(l)-sofa and C(l), C(2) lnlf-chair. &betantial diffarrnco in tlm torsion 

angle C(7)-C(8)-0(2)4(16) of 22.1. indicatae tht th two meleculu differ 

slightly in ths orientation of th kneoyloxy l ubetituont at C(8). 

Avorago and ~mxldml d.iffSrrnuu in bond longtha botwom tha two mohcuha 

S~S 0.025(18) Snd 0.075(U) II, Snd In bond l nglae l.e(l.5) and 5.6(7)*. Ttm 

l etimatad standard dovlatlone of bond langthe and l nglae l re large and it would be 

of no l ignlflcanca bo account for l nmll variations in th gacentricel paramatare. 

Wovar, there are savor&l bond dletancae and anglae which differ batwaan two 

wlaculae by wro than 3 baml theao might daeom a cornrunt. Tha largest diffara- 

ncu batwoon I and II occur in th geometry of the isopropyl and p-bromophanyl 

l ubetituanu and within tlm o( ,4-unaaturatad ketone group. The difforencae in th 

bond lengths in the A ring are such that they might 

"e 

l ecrikd to the Nghar 

dagraa of electron dalocalleation in tbe conjugated - A-C eptamin I as caqmEsd 

with the mora local..iead bonds in II. In tlm phenyl rings, apart from individual 

dif farancee, th averaga bond dietancae and angloe l re aual in both molecul~e. 

The avarage bond bngthe are 1.306(25) and 1.301(15) and the l varaga intra-ring 

l nglae are 120.2(1.4) and 120.0(1.4) l for wlaculae I and II, raepactivaly. 

The phenyl rings in both wloculae are virtually planar, although the 

laaefreWara8 plana through the p-y1 ring is lees rigorous In I. The in-plana 

a.toA daviate by no more than 0.019(a) and 0.007(8) 2 , with the Br atom diSpl.mmd 

by 0.082 and 0.008(l) 2 in moleculae I and 31, respectively. 

There is no pcaeibility for hydrogen bonding in the crystal. Inspection of 

fh intarmolacuhr contacts, howaver, ravealad a diet+x!a betwaan the carbonyl 

oxygen atom O(1) and W bromine atom Br'at l+x,y,l+~ of only 3.217(6) )3, eignifi- 

cantly he8 then the sum of the ven der Weela redli of the corrreponding et-. 

Buch short GBr . . . 0 contacu have also baen obearvad in etaroide whose structuru 

WOW deterednad as broe&ne darivativee, whre they l ppeer to duninete the molecular 

9acklng2'. In the present oaee tlm quaetlon arises as to whethar the observed 

CBr . . . 0 intaraotion is strong enough to account for smell but significant 

diffuencee in geometrioal paramatrre batwaan th6 two molaculee. Thaee difference48 

may a8 well reflect a slight undarmetiebehion of the l .e.d.~e, a slight differana 

in ttnrmal Wtione or l combinetion of all of thee 21 . 

xxL%RInwTAL 

Malting points were datarminad on Btichl oil heating typa malting point 
apparatus and JIB uncorrected. IR epactra we= datannined In CHCl on %rkin Elmmr 
237B l pactrophotcrnatar. Tha HMR l paotra were racordad at 60 #We (&60) in CDCl 
unlace otbarwiee etatadwlth IWB as l xtarnaletandard. Chamioalehlfte l ra l x.p 3 e- 
l ead a8 G in PLx& Ma88 8mctr8 werw reotxded unbr electron icmaot at 70 l v on 
JS-30 l pe&rom&r. W l p&re were rmcorded on Beckemnn l pc’&-&hotOmtu-26 in 
MeOH. Rotations were recorded on Jasoo DI&lSO. rer preparative TX JiUca gel 0 
(BDH, 1-a) was uead. Rtrolaum l thar rafere to the freatlon b.p. CO-Q)*. 

Extraction of lupatorium trS~0Soid~um I 
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Abovv groundpora ofyuiuy.yae&~Ktm~ (8yn. &8dmnmby) 
t 1.0 4 1, aellrctul fra lhi l ng, lhgla8 y8 ir ?d~nmry 1901 vu0 8h8d8 dri 
@ndatractadin l 8oahlatvith chloreferm tillth utr8atN c8leorlu8. 
lelvantvu l v8Da8t8d8t rduwdprammura~md ihe rUidu8 dimolmdin 300 mlof 
rtkwnol to vhioh 29 ml ef v8tar wu 8ddd 8ml loft wunight at ret. Fba 
pr8cipit8tad mtui8lvU filtu8d out url th8 filtr8t8 vu l xtr8ct8d vi+* p8t 
l tbu(7x200ml). Tln.8qk8m~ rtb888ll8ymrvU 80888rtr8t8d 8tr8duc8d 
prU8ufovhu mu+ of the wthrolvu raove& Tbo l umoum ruid88vU th88 
8xtr8cIxdvith chkoforr ( 8x100 ml ), wuhod vithv8tar 8nd dri8d. tvqu8lA.8 
of the l olvrrt undu rodmad prumuo~ loft 17.0 g of 8 g8ny tuidum *N&I ~88 
ehrortogr8@nd ovu 5g0 g of l aidicAl# ( aatirity II) c8lu~~p8ck8di8 
b8nwo ti 200 ml fracthu b8ing coll&& in tb8 following udu I 

Fr. l-2 ( B8 ), ?r. 3-6 ( BsICIUZ~ 0 3Il 1, It. 7-10 ( BsICHCl 2I1 1, Ir. 
11-12 ( BSIc%iCl , 111 1, Pr. 
17-19 ( C+3rJ&, *s15 ), 

13-14 ( CHCl 1, ?r. 15-16 ( CMcl IwIm!'9911 ) r-0 
fr. 2O-21 ( cAc~,~N8@li, 90110 1, r2. 22 ( W 1. 

It. 5-10 8h#+.tvom8ju 8pols enTLC.vNahvuo orbiand ( 
l opr8tod by pr8pU8tim TU2 ( Bs:p8t+oth8r, 4Il)d8vml8pi8g the pl8 

l.TiI;)s 

Th8 lU8 mbr rtUi81&VU obtahmd U 8 gUmr @8ld 300 gr [CA@+ 156' l 

( 80 0.5 i8 CHCl 1. IRI 1705, 1610, 1600, 1175, 1lgo ud 19258=- I -1 6.W m 
( H-5 1, 3.30 10 ? w6 ), l.6g B ( Sll 1, 0.90 ( mrlapping 8igIM8 of B-llr 
H-14 8ad I&l5 )I m ( C6D )I 6.27 l ( I&5 ), 
K-15 ),, 0.72 d, 0.60 d ( Jb.5 Hs, %13, H-14 )I 

1.13 n ( H-11 1, 1.02 d ( J-6.0 Hse 
C RI 210.44 8, 197.91 8, 

141.36 d, 136.64 8, (0.25 d, 58.28 d, 45.19 d, 43. 
22.4s q, 19.94 q, 19.02 q, 15.71 qI m&s 234 ( d 

2 dr 41.72 d, 33.27 te 23.30 te 
), 192, lW, 149, 136 135. 

ThOm8r8l&8r8l8tui81 
F 

VU 8l88 8bt8irUdU 8gUm, ~+.ld ZOO rg, [o( & ; 52’ 
( c, 0.5, CHCl3 )I ILLI 1.0, 1670, 1660, 1100 8nd 975m- I 311pI 6.27 a ( 
3.80 m ( Il-6 ), 1.60 m ( 1~11 1, 0.00 ( l ruhmiw d-b of ~13, ~14 P +;5 it 
YMU ( c D )I 6.10 l ( M-5 1, 1.66 n ( &ii 1, 8AO ( Owrlppi4 8igUb 8f &13, 
M-14 c bf5,)j Y:m/s 234 ( If+'), l92,'1W, &44, 136, 135. MI148 a8'lc. for 
C15H2202~ 234.1618. I8u& 234.1604. 

?r. 13-18 ( 0.64 g )v8r8 8g8in 8 mixturv of tV0 acmpovn& vNchvu0 
8O&ME8t8d Oapr~U8tiv8 TlC ( B8IltOAar 9Il1 byd8vvlopi4 th8 pkt8 trfti. % 
lo88 polar Mtui81, yi8ld.200 rq v88 id8IItif$8d U y, 8ad the mu8 pokr _tui81 
obtA.II8d U 8 gum, yi.ld I35 Pp. VU ibntifi8d 88 a8 vN8h V88 ptU.mt ia ?r. 19 
u thorjoraagaurd, 

rr. 19 ( 3.26 g ) 8ti.d 8ON81 8pti on TIC: Snd A8 U +k llvj= 8arPm8t 
vu rwhrmtogr h8d on 75 g Of 8cidic Al 0 ( 8ctivity gr8de 11 ) 8rd 158 ml 
fr8ctiok v8rv a%8ct8d in tb8 follawing k&r I 

C 76.23~ H, 10.24%. 
?8vn~¶ c 76.591 W 10.20, C15HZ402 trquir- 

?r. 111-110 ( 0.60 g )V8r8'8 mixtuo of hr0 copOu8d8 VNah vu8 8*Pmw 
by pr8p8r8tivo TIC. 
m8r8 pSLt Mt8ri81 ( 

Tb bm pohr Ut8ri81 VU id.Iatifid 88 A8, O. 

( aI 0 33 in CC1 ). 
0.25 g ) Obt8ind 88 8 Qvlr VU id8ntifiad 88 
fcIa 3400, 1715, 1075, 1025, lOlO, 975, 955, 9 

790bfI WIRI 4.64 d ( J-5 Hnr LI-4 1, 3.86 m ( I%8 1, 1.25 8 ( H-11 1, LOO ( 9 
protuin, otrrrlapping 8ignal8 of Slf, 1c14 C H-15 )I UIa/% 8t 252 ( n+ ), 234 
( w+- 

“a 
0, h88. peak 1, 210, 209, 191 ( n+-H,O-c3H7 ). nwx a818. fu 

C15H14 ,I 252.1724. round 252.1710. 

Wper8tion of the p8trol8um l thr l xtr8ctfurni8b8dlS g Of ti e 
preductvhiuhVU ahrm8togr8pkndon 500 g of 8CidiC8k1Iini~moXib 
( 8CtiVity 11 ) 8lld 200 ml fr8CtiWU vu8 aoll88t8d i8 th8 fOlb’dI+l dra 

Pt. l-15 ( B8888~8 1, 16-20 ( l18:lCtOA18 lWI1 1, 21-25 ( Bs~~tOAu~ 5011 1, 
2C30 ( BsIBao, 2511 ), 31-39 ( 88111tOA0, 2OIl 1, 39-42 ( BsIEtDla, 15Il 1, 
U-47 ( B8IttO*c, 1011 ), 4G57 ( BslltOAa, 511 1, St%60 ( It0A.a 1. 

Pr. 16 ( 0.258 g ) vu purified by prqu8tiV8 TLC ( pototlnr:SkOA~~ lOI1) 
to furnbh 1, yidd 0.15 g, 88 M oil 8nd id8IltiC81 IR, = & I(u8 8pWt.r8 vith 
th8t roportad in the litar8tu.d~. 



m. 46-49 8hoViag 8imgL8pot anTxcvu0 gubiud ( 1.28g) udcapsrul 
5~~1 bypropuativmTLC (R+oh&rclUUc,4~1,4dorrl~ 
+ 49.6. t c, 2;s in CCL )# LPI 1715, 1670, 1225, 1130, ll05, 

lplD ( 360 W in CDC14 )s 6.40 m ( 1Y ), 3.20 m ( lSl ) 
2.75 Y ( J-16, 7.6 MS, lN ), 2.W dl ( J-l), 6 mr 1 H),2.S4 ba ( J-10, 5 h, 
UI 1, 2;4S dd ( J-4.5, 12 lls, ty 1, 2.25 I ( lE ), 2.15 Y ( J-18, g H8, lM ), 
2.00 m ( lM ), 1.76 m ( 3X 1, 1.04 d ( J-6 He, UI It lh llr@ 209.59 8, 198.30 8, 

?erd 192.1134. 

Ac8tyktion of AO 

A 8olxkian 02 42 rg of im 0.5 ml of pyridim and 1 al of -tic 
l hydrido VU laft OvOrmight l r.t. Th ruationmixturoVu rarkd upu \rrrual 
mad the rUiduput1fiOdbyprrpuOtiro TIC: (p~trcltlrr#D lqiba, 981 ) to furnlmh 

Ipc 1720, 1670, 1600, 1200 (I ll00d t Dlll8 6.60 I ( S-5 18 
( rOOtrtO aDthy1) , 1.70 I ( M-11 1, 1.05 d ( J-7 X8, tL_13, 

48 8t 27g * 1, 236, 210, 203 ( )e I93 
&l;;4;sti-Cf14C2-C3% 8p8a. { )t poud8 C, 73.221 tl, *-a3 9.14. Cl73603 

Jon08 olddation Of 18 

A 801UtiOn 02 75 4 af & im 10 ti Of l a.tOU W troatid at 0’ with four 
dropaof Jona8ro8gont. Aftax 35 mints. th8 ruotioa wu wmchmd by,ddimg 5 ml 
of lc~y +o the r~a~~Aaa lixturo follwod by ID0 ml of wator. It uu l e8ctM 
vith ohlorofosn, ruhd uittr Uluti NM00 8OlVkiOn and Voter. hPOr8tiOn Of 

dried o-O&at radwod pr~O8ur0 fomdby purifio8tiOn Of tb rUid* Q 
t& 

pZOp8r8tivO TX& (pototbrIBt0Aa, 911) futri8hOd 3s 4 u l Q\rr, itin+io~l in 
ovary -8mCt ( TIC, I&-& -8) With 28. 

A 801utiOn of 343 rg Of A8 in 25 ti l tbyl 8UtOtO VU hydzvgomtod OVOr 
100 rp 02 m/c ( US) l trmpkriopru8larO for on8 hems. TLreUti~ 
ai- wu filmrodurdth8 utilptvUh@ thetougklyVitbothylao8titr0 Tb8 
arJRLuduuhi~ a&t& fihr8tawom l v8par8t0d~rrodu0odpr088urO mdth 
ruidw purifiodbyprm U8tivO TIC: ( 98rgtCULa, 911) t0 furni8h 
124-126. (ltC& )I CD s rCOM), &2&e- 688 xnr 3500, 1700, 
-1 4.10 n ( i&o 1, 1.00 t 12 prots=, OVUkppi~ 81 l8 of ICll, 
Icl5 )# )(U8.8pOe. m/8 239 ( rr+ 1, 220, 205, 202, 177 x+-H&C 't" 

k&13, Rl4 & 

( n+-ii QQi3-C3H7 I. 
Lt, 10.&b. 

round1 C, 75.36, Cl, 10.74. ClSH2602 k&8)& %, 

W4 raduction of A8 

To 8 801s.rtLOn Of Y) q Of A8 in 4 ti m8tbOBOl VU 8ddOd 170 q Of 8Odiu 
borohydrido and tho ro&ct.iea mixture 8tirrad 8t r.t. for 19 hr. Dilution vitb 
U8tOX VU fOl1WOd by l rtr8Oti= Vitb ChhrOfOa ( 3rlo0 mL ). m VUhrd 8nd 
dried l rtr8atU88 l rqmr8tOd 8tw -88UrOO.nd ti rO8idu 8tiOd l u MjOr 
8-t On TIC wNOhVU 8~MsOdbyprrprr8tlW'O TIC ( 98IBtCkkc, 411) to furai8h 
dU89~(20q),filI3~O,liOO,lOZO,9(9rd92ldl?lDQl5.69-(~5), 
.90 I ( lt3 8~4 k&O ), 1.6s m ( Kll), 0.98 d ( J;b H8, iclf, l&14 ), 0.90 d 
( J-7 H8, i&lb )t -8 8pOc.tPdZ 239 ( Jl+ ), 220, 202 61 159 ( kf=2H20-C3+ 1. 
?ounda C, 75.86, H, 11.12. ClsH2602 rwuiru c, 75.581 n, 10.99% 

AaOtyktiOn Of d Vith8o8 
# 

t+'urh+i& 8IbdpFidiW 98V8 tb di8C8titi 10 
U 8 gra ICLI 1725, 100, lOl00W t YIQ) 5.60 l ( H-S ), 5.10 m ( H-3 C Kg), 
2.00 C 1.98 ( 8COt8tO a8thy)r 1, 1.65 P ( Kll ) 1.00 ( 9 rotoxu, mulapping 
8iglub Of kLl3. I%-14 61 EL15 1; -8 8pOC.148 8; 322 ( Bf+ ?, 280, 260, 220, 202, 
159 ( e-2 C2X4O2-C3B7 1. 

1, 801utiOn Of 1% IQ Of 
x 

in 15-l dieam 8M 4 n l of watarru ttO8tOd 
Vith 26 g Of mo ti tin 288 

3 
Op rilturr 8timb 8t r.t. fat OIY ht. 1.0 g Of 

9aduad~o,v 8ddOd 18 por+iovm mr 8 pried of 30 ml*- uhd the 8tirring 
cfmtlnmod for 8 furtbr period of 15 kr. Tim raaotio~mixtum vu fikarad & 
th fikr8tO dilUtidlIi+r ag ti ti dirphl-. TbawuW~driod 
l Xtr8Ot VU oVqor8t.d 8t rOducOd prU8UrO and- ruidu 9rrifiOd bypropuati~ 
TIC t l 8(xt0h, 381 ) to furni8h 8 Qlll ( (9 g ) WhiCh VU i&mtiUl in l -ty 
rU~O+ ( I& - rd MU8 8pC. ) With Mtu81ly -ing mu& &*. 

i&dmgO~Uma of Ad 

A 8olutio8 of 10 mg of s in 25 ml of ethyl 8C0tat0 wu hydrglutad wOr 
10% w/C 8t 8t&i8phriO prU8UrO fOX 10 ht. U8~a1 work vp proaduro provided 
35 rg of 1 u u oil. MBla: 4.00 l ( KO 1, 0.0-1.00 ( 4 nthyb, evul8ppiq 
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8ignalm )I Yu8 8poC.lJS 88 224 ( w+ 1, 206, 191* 163 (I 148. 

A 8elutioa of 40 g of p in 2 ml af dry ppridirr wu tr88t.d with 0.25 q 
of pbamph0nm oryahlorida at 0 C and th8 re8atlen rixturm laft at r.+. fat 2 kr. 
Dilution with cold w8tar ~a8 f+atad by 8xtr8etien with Uchle-tLurw ( 4xSOti 
wbiahwu wrhmdwith dllutm YUEO 8olu~~raBdlf&or. 
l xtr8ct yioldmdrruiduawhiahr~ 

BT8pu8tion.f thB Md 

911) tof-h26qjofPu anat. P 
urifiod bypropuativm TLC (pot+raBtOlo, 

IILl 1675, 1190, 1100 and 91Oa' ? p(oI 
6.40 m t &5 1, 5.40 m t B-6 1, 1.70 m t bll ) 
K-15 1. )(u81m/z at 218 ( n+ ), 203 c 175. 

, 1.05 d ( J-7 Hs, H-13, &14 C 

18oPPrriaation of p to Pa 

A 8olution of 30 rg of 1 in 4 al of dry bansan aoatainiag l crymtal of 
tohum-p8ulphenia l oidwa.8 toflumd 00 w&u bath far lhr. Tlw mation 
nii~ua8ddii~~.~8u","*tatttcl~ raduuhodwi+lrdiL. 8odiuq bioubu~ 

elvent furniahmd W q of a u an l il 
ICI8 1650, 1120, 900 and 85Oar I ID&RI 7.20 a ( &5 ), 1.00 I ( ~-11 , 1.0. 
( ovulapping 8ignals of x-13, H-14 c IL15 ). n,D/8 at 218 ( Je I,.203 c 175. 

W4 reduction of &a 

OY kr. 
A 8OhtiOn of 30 mg Of ta in 2 ml wtlmnd wu atirred with 20 g MaBH4 for 
U8ualworkupproaduro foll~byputifi~tioaonp~prrratl~ TI*: 

( P8IMDAa, 911 ) provided 24 rg of 
P 
b a8 an oil and u +b mjor pro&&. MB 

3SOOr 11001 1050, 1000, 950 C g25a- t LDQL# 6.10 m ( H-6 1, 4.00 I ( 1c3 1, 1.&I 
8 br ( H-11 1, 0.95 d ( J-7 H8, Y-13, P14 c &lS ). ru8 8poc.W~ a+ 220 ( I@), 
202 ( &I20 1, 159 ( Je-ii2~C3H7 ), 144. 

vi&ml borida roduotion of gc 

A 8olutlon of 24 q of pb in 2 rl of hmnrthyldi8ilasatn VU tre8t8d wibh 
0.5 ml of ohloratrinthy~ilun. Aftaroaohourwhontbomatir mrca@ata 
( I=), th 8olnau worm dl8till.ed off un&r vaaunmandttn ro8idua tawu 
di88olrrd in 2 ml of dry diglymm aiu3 tre&ad with 100 mg of MC1 
100 mg of 8odium borohydrido. Tk rmrctionmixtura wu 8tirrod 1 

.6H20 fell8w.d by 
tr.L moaiterirrg 

on TX& After 8 hr wh88 8e 8tartlng utarial wu bft, tha rmiatimn mixtmra WU 
diluw with wear ( loo ml ) and l xtrac+ad with p8trolam l th8r. -1 of 
pal+otlrr furniaheda ruidwwhiohwu pur 
l th8r) toyiald29mgofpduanoil([O( 

adby ptrpu8tivm su: ( Patrohm 

A 
+@O”(roportadl cO(] +17S*)t 

W, 243nml( E 12200 )I IB, 1650, 161.0 cP840erft II#I 6.10 8 br tDs5 ), 
3.10 P ?%l I, 1.80 br ( EL11 ) , 1.0 d ( J-7 H8, lt13, IL14 & H-15 )t n:m/s at 
204 ( n+ ), 199 (I 161 ( buo peak ). 

LuMlc13 raduction of 2b 

A 8olution of 30 mg of pb in 4 ml of dry l th8r wu trratad with 20 mg LAX 
and 50 ar;l AlCl . 
Afurhalf an&our 

Th8 ruotion mixtura vu 8tirxxd at r.t. monitoring on TIC. 
tha roactiormixturmwu dilutodwith8aturated ~IIP 

chlorid8 8olution and l xtrautad with ethyl l atata ( 3x100 al ). Th8 wan&d and 
dried oxtract wa8 l raperatad and tha ruidum purified on TIL: ( PotoUrr )to 
fumimh 18 mg a8 an eiloftlm mixture of aa & 

% 
I 

and 2.15 8 ( total integration, thrm protom, 
mm 9.90 8 ( 38 1, 2.20 8 

1 cation'of mixtuxu of 
1, 1.00 ( muhpping 8ignab of throo rthyl gv )? W,m/s 202 ( 

Wh8n a 8olution of pb in knuna oenisining a ary8tal of talulr-b 
8ulphonic acid wu rofluxad for half an hour, 
obtained in 60% yield. 

thomixturo of AQa 8Id mwu 

Ho8ylation of Aa 

A 8olution of 40 q ef a in 2 ml dry pyridin8 wu trratod with 0.2s ml of 
arthanm8ulphonyl chlorida and b e rr8ctier mixture loft o-might at r.t. u8ual 
work up proaoduro follow& by purifioatiem of tk anab product on praparativm 
TLC (EtSAa~~totbu,119) furnihod 20 q of 

960, 920 (I 9ooa+r HNRB 6.60 m ( 
IRB 1600, llae, 
H-0 ) , 2.80 8 

), 1.75 m ( &ll 1, 1.00 ( 9 protbn8 , orrtlapping 8ignaL of H-13, 
)I Ilu8 8p8a,BPq/w 219 ( le-YOH 1, 203 0 175. 

Convw8ion of AC to # 

2 hr. 
A 8olution of 20 ag of th muyhta AC in dry DJSO vu kept at 100. for 
Uaal rork up procedure follcmod by 8aparation ,of lh aru& produo? on 

prqmrrtivm TLC ( Fmt-•tlnr) furai8hed Smg of au an oil. 



A 8oluti.n l f 40 Ip Of ia 
E8 

2 ml of rth8nol wu cUlmd tm -1O.C uld 
troat0d rith SO rp of lmiH,* raaotim mlxturo l tirrd m8gnotic8lly 8t -1O.C 
tor 30 mint. xt &a l aidihd with dilrti l otic acid, Ulutod with r&r l rd. 
thonmtraoted with dlohlorontbmm ( SxlOO ti). zb wulmdaul driody?f: 
vu weper8ted ud tbr ruitrv parit+& by prmpuatlvo TIC ( P8sBh(Ylar 
furmimh au, 29 q U an oil. IRI 3900, 1670, 1075, 1049, 1020 & 99Oar 1 f Nml 
&4fJ m ( &S 1, 3.90 l ( W 16 Hs, Ii-0 1, 1.70 l br ( &ll ), 0.9-1.10 ( 9 
protou 1 t n888 8pc. 148 )k 236 ( w, )f 21a, 293, l?S, 162.6 147. Aowyktlor 
of &c uith AC O&y gavm tb l mtata ad u u oil8 p(I11 6.55 I ( &S 1, 4.90 
( Y 16 H8, &O ), 2.08 ( 80tata'), l.QD 8 br ( Kll ) 1.05 ( 9 proton8 1. 

m 

I& 8poc.c~/s 8t 270 ( rr+ 1, 239, 219, 293, 193 ti 17;. 

x8onri8eion of aa to ?b and Via -r8a 

A 8olution of 59 qj Of ip in 0.5 11 of bost~no wu phcd en 8 aohmn of 
l oidic 8lumina ( 50 9, activity XI ) md l0ft for 8ix day8 at r.t. IlUtiOrn of tbo 
00lumm with lOYM0OWir ahbroform ( 200 ml I a8m a ri*ura of two ce 

NH, reduction of * 

A 8olutten of 24 g of l in 1.9 ml dry diglm vu tmobd to @‘C and 
trut0duith39rp0fliaBH Tb8 rractier,mixt~o wa8 8tlrrrd8t 
O-S%, monitoring th0 r0aa 5 lu, * ro8cUwmixt~rr wu 
dilvtrd with water and l xtraafrd with diahlormthau ( SxlOO ml ). Th8 wuh8d 
8nd drl0d0xtractwu l vaporat0dand th8 r88idu ( 21~) 80parat0d on 
prrparativ0 TU: (B8lWQAc, 561, 4 t&888 dav8lapunt). TL LutpehrbndW 
abtaiaod u an oil, yield 12 mg, usd vu i&ntifiad u Jbbr IRc 3600, 1670, lOOO, 
91006% NHJt( 6.40 m ( &5 ), 3.90 m I lt9 ), 1.70 8 br ( &ll 1, 0.90 d 
( J-6.5 H8, tclb 1, Ma88 8 c.&n 194 ( w+ 1, 176 C 161. Ttm wz-8 polat band 
vu 8tiO 8btaiud u an01 p": yiold 5 mg, and idontifi0d u pat IR8 3500, 12001 
995 L 910m11 EMR: 5.30 m ( KS 1, 3.Qo 8 ( ov0rlapping 8ign8l.8 of H-3 6 H-0 1, 
1.65 8 br ( It11 ), 0.90 d ( J-6.5 Hz, &15 )t Ma88 8psa.148 at 196 ( & 1, 178, 
163, 161 (I la. 

ratylation of 48 

A 8olution of 25 g of @iin lti drypyridirw 8ndlmlAa Ova8 h0aW at 
100~ for 0 hr. 
20 mg, IRS 1730, 

~~lwork~~tecndur~ furnf8bd tlu l atrp ~~,',"~~l; ~~~ 
1715, 12O9, 1e90, 1075, lOSO, 960 (r 06Oae 8 

lapping signaL of lt5 (1 H-8 ) , 2.0 8 ( l c0tat8 8whyl), 1.4O 8 ( l&l), 1.00 8 
( 9 protom, iblf, lb14 (1 tcl5 )# -8 8poo.r& 294 (I@), 292, 234, 219 (I 191. 

A 8olution of 25 g of @ in 2 ml MoOH vu mated with 25 4 of li8BH and 
ti roaotion mixture stirrod at t.t* for 2 hr. IfVU dilutedvithH O,.cAfi04 
rith dil. A&H and l xtraotirith CEI Cl ( 5xlOO ml 1. m rUh0d IDit dried 
l xtraot uu l vaporatod and the &2r&rial purified by ?ic ( Bs#XtO& 

i 
481 ) to 

furnioh 19 r;lof c u uroil. 
k 

IRS 1600, 1129, 1090, 1000, 949 (I 9ooa t PIQII 
4.18 t ( 5-3 H8, 3 ), 3.60 ( 0vukpping 8ignalr, of H-5 (I ii-0 ), 1.40 8 ( ?Lll 1. 
IpO ( omrlrpplng 8ignal8 of &13, H-14 L H-15 )I I(u8 8pc.1~8 254 ( n* 1, 236 
( n+-H20 1, 219 ( w+-m,o 1, 203 ( ~-W20-cX3) & 175 ( lA2H20-c3H7 1. 

Afmtylation of to with Aa 0 
1730, 1110, 1089, 1000, 910 & 9O& 9 

88 ~8-1 provided id u an ail. IRI 3500, 
I m# 4.99 t ( J-3 MS, lb-f 1, 4.10 l ( H-5 L 

3.40 l k YO ), 2.00 8 L 8aotat, Irthyl) , 1.38 8 ( H-11 1, .l.OO 8 ( Hcll, H-14 C 
B-15 )t b&88 8poc.cm/s 296 k H+ ), 284, 236, 210, 203 41 175. 

Callin l xid8tion of tat0 & 

A solution of 60 w of c in 2 ml dry dichlormthatn w88 trwtod with 
150 rg of Cro /2 
The ruation 3 

Pycaplrxa A th0 roaatiar mixtur0 wu 8ti~rrd at r.t. for 2 hr. 
U Quarchodtith lmlrthu~l8uI after dilutirmrithva~rr~ 

l xtractod with CxCl ( 4xloo ml ). Zbo wukod and dried oxtract wu rvaporatrd 
ad the ruidu pur z fiod on TIC ( l 8tltQA0, 411 ) to furni8h 19 rg of ha u an ail. 
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Appliaa.lon of nQraaU'8 rthod to p 

Reparation of Af 

To a 8OhtiOn of !% mg of Aa in 3 ml of 9yridine , 200 mu of pbromoben8oyl 
chloride wa8 l ddecl. After 72 M the reaction mi~&urewas diluted with 300 ml of 
CH Cl , waShed with 8aturated NaHCD3 SOlutiCm and water res~ctitrsly. Tha dried 
‘OEd On wM evaporated8 pyrldim wa8 ramov8d by di8tilling with toluerw in vaccuo. 
RUifiCatiOn of fhs crude by 9rt@uative TU: (Rlt ethr:EtOAc, 1011) flSlXi8hCd 
25 mg of Af. &p. 140%. Single cry8tals were prepared from nrthnol rolution used 
for Gray cry8tallography. NHRI 7.5-8.00 warlapping signal.8 for aromtic protorv, 
6.65 m (H-5), 5.15 m (H-84, 1.80 m (fill), 1.10 overlapping signal8 of t&13, 14, 
15)~ W:m/z at 419, 417U4 ) , 218, 203. 

Pig. 1. A perapectivm view of two molecule8 present in 
tim uyusmtric unit cell with the atom n-ring. NoyQH 
atom l lUpoid8 ware drawn at 25% probability level . 
&at0111 8pherea m on arbitrary 8Nh. 
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