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Summary 3 Chemical examination of to. srapezoidgurm has furnished
five cadinenes la, 2a, gb, fa & § and a degraded cadinene Ja
whose stsreostructures are presented in this paper, The
absolute stereochemistry of the major component la has been
determined by application of Hereau's method as well as
chemical correlation studies and has been confirmed by X-ray
analysis of ]Jf thus suggesting that it belongs to the
amorphane group.

In continuation of our studies on the family Compositae in search of
anticancer sesquiterpene lactones we examined the above ground parts of
Bupgtorium mml Kunth, { 8yn. E. gdenophorym Kunth.) and isolated five
cadinenes la, ga, gb, 4a & § and a degraded cadinene ja. When the chemical
exaxination of E, trapezoideum was in progress in our laboratory, Bohlmann gt al
reported the isolation of six cadinenes from jAgergtina Mﬂz. three of theam
appeared to be identical ( IR, MMR & M8 ) with la, 2a and §. Btructures of la and
28 vWere established purely on the basis of spectral data and we present chemical
evidence which further support their structural assignments. In addition, the
structures of two new cadinenes 2bh, 4a and a new degraded cadinene ja, are also
delineated in this paper. Application of Horeau's method and chemical
correlation studies suggested that the cadinenes from the title plant belong to
the amorphans group ef oompounds3 and this has been confirmed by X-ray analysis
of }f.

Compound Ja was obtained as an 0il and analysed for CystiagOze In the IR
spectrum tha absorxption peak at 3500m-l‘lugguud the presence of a hydroxyl
group which was contirmed by making the monoacstate Jb. IR spectrum of la also
displayed an absorption band at 1670cn™ ! indicating the presence of an A . p -un-
saturated ketone group which wes confirmed as follows. Hydregenation of la over
10% R/C gave § in whose IR spec. the ketone band appeared st 1700cx 1, Sodium
borohydride reduction of Ja gave ]d which on acetylation furnished the diacetats
Je. Hydrogenation of }d over 10% P/C furnished 7.

The following chemical evidence established the location of the hydroxyl
group at C-8. Reaction of ja with mesyl chloride in pyridine furnished the
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monomesylate lc which on heating with dry DMSO at 100°C yielded 8 in a poor yield.
Reaction of la with PO013 in pyridine furnished 8 in 70% yleld which on refluxing
in benzene containing a crystal of tolusne-p-sulphonic acid furnished the diemons
ga in 65% yield.

Oxidation of la With Jones reagent furnished a compound which was identical
( IR, NMR, Mass ) with 2a. Isomerization of 2a on acidic alwsina ( activity II )
furnished gb and vice versa thus suggesting that they ars epimeric at G-'l".
Reduction of ga with sodium borohydride gave ja as the major product whereass a
similar reduction of 2b gave gc which on acetylation formed the monoacetate 2d.
In the NMR spectrum ot gc & gd, H-8 appeared as a broad multiplet ( w,’ = 16Hg ) in
conformity with its orientation as axial. Most probably 2b is not an artitact of
&a because TIC ( 8i0, ) examimation of the crude obtained by oeld extraction of
the plant material indicates the presence of beth 2o and 2a.

Compound ga Was obtained as an ¢il and analysed for C, H, 0;. The
absorption peak at 3400 and 1715cm™l ip the IR spec. suggested the presence ef a
hydroxyl and a ketone group in it. That the hydroxyl group was tertiary and o
to the ketone became obvious from the acetylation behavior ( Ac,0/Py, 100° for
8 hr ) of 4a to afford the monoacetate 4b in whose NMR spectrum the methyl singlet
present at 1.25 ppm in ga underwent paramagnetic shift to 1,40 ppm. 8ince the
signals at 4.04 ppm ( d, J=5Hz ) and 3,86 ppm ( 1H multiplet ) were not affected
during acetylation, it was concluded that they represent the protons under an
ether oxygen, At this stage, a fortuitous discovery established its correlation
with Ja as follows, Osmium utno:d.do/)hxo‘ oxidation of ld furnished a product
which was found to be identical with 4a in every respect ( TIC, IR, NMR & Mass ).
The combination og o;o‘ & NaIO‘ has been reported to oxidise the secondary
hydroxyl function™, 8odium borohydride reduction of 42 gave 4c which furnished
the monoacstate 4d on acetylation and gave back the ketone 4a on oxidation with
Collins reagent,

Compound ja Was obtained as an oil and analysed for c12“16°2' thus
suggesting the presence of only twelve carbon atoms in it which was confirmed by
13¢c MMR spectrum in which they appeared at 20¥.59 8, 198,30 8, 146,19 d, 135.80 s,
46,59 t, 44.50 t, 41.37 4, 40.49 t, 37.92 d, 32,70 d, 19.91 q and 15,60 Q. In
the IR spactrum the bands at 1715 and 1670cm > suggested the presence of two keto
groups and one of them as an (X ,p ~unsaturated ketone, which was also evident
trom the 13c NMR spectrum ( a singlet at 198,30 ppm ) given above., In the 14 o
spectrum ( 360 MHz )© tne presence of two multiplets at 6,48 and 3.20 ppm, each
integrating to one proton, a methyl on the aouble bond at 1,76 ppm and a methyl
doublet at 1.04 ppm suggested the absence of an isopropyl group in it. The
multiplicity of the three methylene groups appearing at 2.10-2.80 ppa suggested
that each of them is coupled to only one proton besides geminal coupling, On the
basis ot above data, dus to close resemblence of its ]H and 13c NMR spectra with
that of ga and gb and decoupling experiments, strugture Ja was assigned to this
degraded cadinene’'. 8odium borohyariae reduction of Ja in the presence of z::c:l2
furnished a mixture of two compounds which wexe identified as 3b & Jc.

Relative stereocnemistry ¢ The relative stsreochemistry to la Was
assigned on the basis ot coupling constants ( See experimental ) obtained through
decoupling experimsents on the 1H HMR spec. of la recorded in c6°6 1n8vhich case
the signals were well separated as compared to its spectrum in CIJcl3 e 8ince
¢is cecalin can exist in two contormations it is clear from the coupling
constants Js's- 2,0 Hz and J1,6- S5 Hz that H-6 is equatorial and H-1 is axial.
The large value or coupling constant between H, and H,, ( J5,10" 10 Hz )
suggests that the methyl group at C-10 is equatorial., The correlation betwsen
da and ga establishes the stereochemistry of the latter at all the centres except
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C-4 Which is gssigned oa the basis of the faat that 0s0, exidation yields gis diel
and the linkage between C-5 and C-8 is possible only whea H-6 is equatorial and
the hydroxyl at C-8 is axial ( meslecular models ).

Absolute stereochemistry

The absolute oconfiguration of C-8 in 1a was established as R by application
of Horeau's nthod’. Reactien of la with (¢) - o|-phenylbutyric anhydride in
pyridine furnished (+)-cl-phemylbutyric acid in 14% optical yield., Since the
relative sterecochemistry at cl.' cm and Cg through Cg was known, la represents
the absoluts stereochemistry. This conclusion was further reinforced by the CD
spectra of Ja and § and chemical correlation studies described below,

8odium borohydride reduction of §a furnished §b in 80% yield. All attempts
at the reductive removal of the hydroxyl in b with LAH/AICl, furnished a residue
as an oil, which appeared to be homogeneous on TILC but whose l‘H MR spec, indicated
it to be a mixture of calamenenes jQa and mb 0 © The reductive removal of the
hydroxyl in §b was finally achieved by nickel borid.u reduction of 9c Whea gpt-
lo-opiizonmno 2e. [(X]D +80°, ( reporteal? [x]p +175° ) was ebtainea ia 90%
yield

Finally the p-bmmbenmau derivative Jf provided suitable crystals fer
X~ray crystallographic analysis which established the abseolute stersoechemistry of
4a a8 depicted in the structure thus suggesting that the cadinenss from
E. trapezoidaun cen be classified as unorphaw“. Cempound Ja exhibits
appreciable antifeedant action against 4th-instar caterpillars of the Eri Silk

werm ( Philgsomia rigini Hutt ).
X-Ray Crystallography

X~Ray diffraction data vere collected on & Syntex le diffractometer from
crystal of dimensions 0,5 x 0.5 x 0,6 mem, C22H27BI:03. M=419,.37, Triclinic, P1,
with a=10.465(2), b=11,061(3), c=9.480(2) R, o(=100.568(2), P =105.43(2),
V=84.41(3), v=1038.4(5) R%, D, =1,34gen™> for 2z=2, MoKy s A\ =0.72093 R, pe1.9%a:
6863 reflections were measured in @ight actants of which 4289 had I} 1.96 §(1) anmd
were considered cbserved, Semiempirical absorption corrections based on chun of
eight reflections were applied.

The structure was solved with DIRDIF with Br-atom positions obtained from
Patterson synthesis, In the space group Pl the choice of origin is erbitrary and
for convenience was assumed coincident with one of the bromine atoms, Positions of
the H-atoms were calculated geomstrically, Molecular model was refined by block-
diagonal least-squares technique with non-H atoms anisotropic and all but methyl
H-atoms as “riders“; methyl groups were treated as rigid groups. All H-atoms were
assigned a common temperature factor whioch refined to Uw=Q.107 R’. Function
ninimized > wilrl - |7.])%, wed.7251/(6F + 0.003r2 ).

To determine tha absolute configuration a model without £* corrections was
refined. The parameters obtained were used in two structure factor calculations
without and with inverted signs of £" corroct.ionlm. Thse R ( and wR ) values of
0.080 and 0.052 ( 0.126 and 0,073 ) obtained respectively for the two models
indicated that the latter was the correct one. Therefore the signs of all atomic
coordinates were changed to *"-" and the refinement procéss was continued until it
reached a convergence. Pinal R = 0,050 ( WR = 0,070 ) for 4286 reflections.
Refinement was carried ocut using SHELX 76 ptogram1 , molecular geometry was studied
using programs included in CRYPOZ ubraryla and O!I.'I.'Sl?19 was used to prepare
drawings.

There are two independent molecules (hereinafter molecules I and II) in the
asymmetric unit cell, The overall conformation and the absolute configuration of
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both molecules is illustrated in Fig. 1. The gis-decalin system is of non-steroid
type with the C(1)-H(1) and C(6)-H(5) bonds in an of ~orientation. The equatorial
substituents at C(7) and C(10) are p -and O(-oriented, respectively, and the
Bensoyloxy substituent at C(8) is axial and B . This classifies the investigated
compeund to the amorphane class of cadipens group of sesquiterpenes.

The conformations of the two molecules are fairly similar. Ths cyclohexane
rings show essentially identical slightly flattened chair conformations ( the
averages of the endocyclic torsion angls magnitudes are 52.9(0.8) and 51.8(1.8)°
for I and 1I, respectively). The cyclohsxsnone rings show some small conformatienal
differences; ths ayclohexsnone ring ef I adopts a distorted C(1)-sofa conformation,
while that of II is slightly more puckered and adopts a conformation intermediate
between C(1)-sofa and C(1), C(2) half-chair, Substantial difference in the torsion
angles C(7)-C(8)~0(2)~-C(16) of 22.1° indicates that the two molecules differ
slightly in the orientation of the bensoyloxy substituent at C(8).

Average and maximal differences in bond lengths between the two molecules
are 0.025(18) and 0.075(13) R, and in bond angles 1,8(1.5) and 5.6(7)°. The
estimated standard deviatians of bond lengths and angles are large and it would be
of no significance 80 acceunt for small variations in the geometrical parameters.
However, there are several bond distances and angles which differ between two
molecules by more than 3 & and these might deserve a comment. The largest differe-
nces between I and 1I occur in the geometry of the isopropyl and p-bromophenyl
substituents and within the ¢ ,p-umat:uraud ketons groupe. The differences in the
bond lengths in the A ring are such that they might ascribed to the higher
degree of electron delocalization in the conjugated - é-c- system in I as compared
with the more localized bonds in 1I, In the phenyl rings, apart from individual
differences, the average bond distances and angles are equal in both molecules,
The average bond lengths are 1.386(25) and 1.385(15) and the average intra-ring
angles are 120.2(1.4) and 120.0(1.4)®* for molecules I and II, respectively.

The phenyl rings in both molecules are virtually planar, although the
least-squares plane through the phenyl ring is less rigorous in I. The in-plane
atoms deviate by no more than 0.019(6) and 0.007(8) &, with the Br atoms displaced
by 0.082 and 0.008(1) R in molecules I and II, respectively,

There is no possibility for hydrogen bonding in thes crystal, Inspection of
the intermolecular contacts, however, revealed a distance between the carbonyl
oxygen atom 0(1) and the bromine atom Br'at 1+x,y,1+z of only 3.217(6) K, signifi-
cantly lass than the sum of the van der Waals radii of the corresponding atoms,
Buch short C-Br ... O contacts have also been observed in steroids whose structures
vwere determined as bromine derivatives, where they appear to dominate the molecular
plckingzo. In the present gase the question arises as to whether the observed
C-Br .. O interaction is strong enough to account for small but significant
differences in geometrical parameters between the two molecules, These differences
may as well reflect a slight underestimation of the e.s.d,'s, a slight difference

in thermel motions or a combination of all of thuon.

EXFERTMENTAL

Melting points were determined on Biichi oil heating type melting point
apparatus and are uncorrected. IR spectra were determined in CHCl, on Perkin Elmer
2378 spectrophotometer., The NMR spectra were recorded at 60 MHs (Lso) in CDCl
unless otherwise stated with T™MS as external standard, Chemical shifts are OXPEO-
ssed as S in ppm, Mess spectra were recorded under electron impact at 70 ev on
M8-30 spectromster. UV spectra were recorded on Beckmann spectrephotomster-26 in
MeOH, Rotations were recorded on Jasco DIR-180, Fer preparative TIC Silica gel G
(BDH, India) was used. Petroleum ether refers to the fraction b.p. 60-80°,

Extraction of Eypatorium trapezoideum
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Above ground parts of %P_g_or__j.! _t_xﬂmmxunth. ( 8yn. E. _%‘)
( 1.8 kg ), collected frem Shilleng, Meghalaya im February 1981 vere shade dri
and extracted in a soxhlet with chloreferm till the extract was celeourless.
Solvent was evaperated at reduced pressure amd the residus dissolved in 200 ml of
methanol to which 20 ml of water was added and left evernight at r.t, 7The
precipitated material was filtered out amd the filtrate was extracted with pet
ether { 7x200 ml )., The .aqueeus methanel layer was gouceatrated at reduced
pressure wvhen mest of the methanol was remeved. The aqueous residus was them
extracted with chleroform ( 8x200 ml ), washed with water and dried. Evaperatien
of the solvemt under redwced pressure left 17.0 ¢ of a gumy residue which was
chromatographed over 500 g of acidic Al P, ( activity II ) celumn packed in
bsnazene and 200 ml fractiems baing coll‘ci.,d in the following erder

Fr. 1-2 ( Bs ), Pr. 3-6 ( BmsCHCl,, 381 ), Fr, 7-10 ( BssCHCl,, 231 ), Fr.
11-12 ( BEsCHCl,, 181), Px, 13-14 ( cucl, ), Pr. 15-16 ( cucl,sMeom’ 9911 ), rr.
17-19 ( cucl,smBOH, 9515 ), Pr. 20-21 ( CACLyiMeCH, 90110 ), FE. 22 { MeoH ).

Fr. 5-10 showed twe majer spots on TiC.which were cembined ( 1.29 ¢ ) and
separated by preparative TIC ( Bsipet-ether, 411 )daveloping the plage six times.
The less polar material 2a was obtained as & gum, yield 300 mg, [0(1]3! + 156°
( e, 0,5 im CHCLl, ). IRs 1705, 1660, 1600, 1173, 1100 and 1025ew~'; M)Rs 6.30 m
( B-5), 3.30 m t H6), 1,60 m { ¥-11 ), 0.90 ( everlapping signals of H-13,
H-14 and H-13 )y MR ( C‘D )1 6.27T m ( H-8 ), 1-'{; m(B=11), 1.02 & ( J=6.0 Hsx,
H-15 ), 0.72 4, 0.60 4 (%0%6.5 Hx, B-13, H-14 )7 3¢ WM 210.44 5, 197.81 s,
141,36 4, 136,64 5, 60.25 4, 50,28 4, 45,19 4, 43.72 4, 41.72 4, 33.27 t, 23.30 ¢,
22,48 q, 19.94 q, 19.03 q, 15.71 q; Mm/s 234 ), 192, 150, 149, 136, 138,
The more polar material vas also cbtained as a gum, yield 200 mg, [of j- 5 ¢ 8520
( ¢, 0.5, CHCl, )s IRs 1700, 1670, 1600, 1100 and 97Scm *; NMRS 6.27 m ( B=-5),
3.00m ( H-6), 1.60 m ( H-11 ), 0.90 ( everlapping signals of H-13, B-14 & H-18 );
MMt ( C.Dc )8 6,10 m { H-5 ), 1.66 m ( H-11), 8.80 ( overlappimng signals eof H-13,
B34 & B-95)) Meum/s 234 ( W*), 192, 180, 144, 136, 135. Mesm/s calc. for
C15H2202| 234,1618. PYound 234,1604.

Pr. 13-18 ( 0.64 g )were again a mixture of two compounds which were
separated on preparative TIC ( BsiEtOAc, 931 ) by developing the plate twice. The
less polar material, yield 200 mg was identified as gb and the more polar material
obtained as a gum, yleld 98 mg, was identified as ja Which was presemt in Fr. 19
as the major compound,

Fr. 19 ( 3.26 g ) showed several spots on TIC and 4% as the major component
vas nchrc-ntogra,ghod on 75 g of acidic Al,0, ( activity grade II ) and 150 ml
fractions were cellected in the following 3:~icr ]

Fr. 1-10 ( Bz ), Fr. 11~20 ( BssCHCl,, 2031 ), Pr. 21-30 ( BmsCHCl,, 1031 ),
Pr. 31-40 ( BzsCHCl,, 551 ), Fr, 41-50 ( BziCHCl,, 311 ), Fr. $1-60 ( BssGHCl,,
151 ), Fr, 61~70 ( BaicHC1;, 142 ), Pr. 71-80 ( Blicicl,, 115°), Fr. 81-90 (ssfoxl,
1510 ), Fr. 91-100 ( ¢l .”), »r. 101-110 ( cuclanuoa. 9911 ), Fr. 111-120

( 'CHC1;1Me0H, 9515 ), Pr.”121-136 ( CHC1,1MeOH, $6110 ), Fr. 131-140 ( MeOH ).

Fr. 98-110 furnished 1.2 g of pure la & an oil, [X] + 48° ( o, 0.5, CHC1,»
CD ( MeOH ), A€, + +32) A€ 500 + 541 IRs 3500, 1678, 1195, 1095, 1030,
980 & 9600w 1y ‘1 RN ( 270 Mis 3n28BCl, )t 6,63 8 br ( B-5'), 4.15 ddd ( H-8),
2.96 m ( H6), 2,82 44 ( B2 ), 2.48 4d°( H-2'), 2,08 m ( B-12 ), 1,76 m ( H-11),
t:g a( %—15 Y. }.os 4 ( B-13 ), o.zosdx( a-}:g ;; :laav‘an%a(l tog Mis én cfn’ }s
daq ( Jq 5= = 2 He, J5,19™ 1.5 Ha, ¢+ 3e 7.8" 98,9 8,9"
217 Hz, B8 152,73'80 ( 35 20 2 16, 3, 4= 2.5 Ha, B2 ), 2.55 dddq (J!' « . '

Jg o= 4 & J = 2 Hs, H-6 2.11 a4 t'3 = 4,5 Heg, H-2' ), 1.19 =
7 e ’ L [] ¢ ,

1 'a:). Bii fil .88 dd ( H-11), 0.93 a4 ( 3‘43.5 Hz, K-13, B-14 ), 0.81 4 (3=61nd0

H-15 )

C MR ( CDCl, )7 199.76 8, 147.72 4, 133,28 8, 67,24 4, 51.80 4, 45.67 4,
42,91 4, 42.60 4, 37.4; d, 25.19 %, 23,03 t, 21.02 g, 20.64 q, 19.18 q, 15,98 q.
MBsm/z at 236 ( M* ), 218 & 175, Peund C 76.58; H 10.20, C,gHgO, requires

C 76,233 H, 10.24%.

Pr. 111-118 ( 0,60 g )were a mixture of two compeunds which were separsted
by preparative TIC., The less polar material was identified as Ja, O. nd the
more polar material ( 0.25 g ) obtained as a gum was identified as 4a p .t ¥°
( a, 0133 in CCl, ). IRs 3400, 1718, 1075, 1028, 1010, 975, 955, 900, 870, 850 &
790c1; MRy 4,04 4 ( J=5 Hz, H-4 ), 3.86 m ( B-8 ), 1,258 ( H-11), 1.00 ( 9
protons, overlapping signals of H-13, H-14 & H-15 ); MBim/x at 252 ( Mt ), 234
( M'-H,O, base peak ), 218, 209, 191 ( M'-H O-C,H, ). MSim/z cala. for
Clsﬂz‘ 3! 2%2,1724. PFound 252,1710.

Bvaporation of the petroleum ether extract furnished 15 g of the crude
product which was chromatographsd on 500 ¢ of acidic aluminium oxide
( activity II ) and 200 ml fractions were collected in the following oxrders

¥r. 1-15 ( Bensens ), 16~-20 ( BusEtOAe, 10031 ), 21~25 ( BssEtOAc, 5011 ),
26-30 { BPxiRtOAac, 2531 ), 31-38 ( BssRtOAc, 2031 ), 39-42 ( BssEtOAc, 1531 ),
43-47 ( BusXtOAc, 1011 ), 48-37 ( BxsEtOAc, 531 ), 58-68 ( EtOAc ).

Fr. 18 ( 0,258 g ) was purified by preparative TIC ( pst-ethar:BtOAe, 1031)
to furnish 3, yield 0.15 g, a8 an oil and identical IR, NMR & Mass spectra with
that reported in the literaturedl,
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rr. 46=49 showing single spot on TIC were cambimed ( 1,28 g ) and compound
3a vas isela 58 oil by preparative TiC ( Pet-etheriEtOAc, 411, 4 developments)
vyield 0.2 .lr&ig_ 4+ 49.6° ( c, 2,5 4in oc).‘ ) IRs 1715, 1670, 1225, 1130, 1108,
1080, 910 & 780em-1; NMR ( 360 MMs in CDCl] )s 6,40 m ( 1M ), 3,20 m ( 1H ),
201’ “‘ ‘-1" 7.5 ll. N )' 2,60 4d ( J=] ] [ He, 1 H),3.54 a4 ( J-I'l L !!l.
1H ), 2.45 dd ( J=4.5, 12 Mg, 28 ), 2.25 m ( 1H ), 2,15 &d ( J=18, & Hs, 1H ),
2,08 m ( 1M ), 1.76 m ( 34 ), 1.0¢6 4 ( J=6 He, 3H ); 13c mMMs 209.59 s, 1968.30 8,
146,19 d, 135.80 8, 46,59 ¢, 44,5 ¢, 41,37 &, 40.49 ¢, 37.92 4, 32.70 4, 19.91 q
& 15.60 Q7 MBS am/x 192 ( X* ), 178, 160, 159. MBaim/3 calc. fer CygH1602 *
192,1150. Toumd 192.1134.

Acetylation of Ja

A solution of 42 mg of éa in 0.5 ml of pyridine and i ml of acetic
anhydride was left overnight at r.t. 7The reaction mixture wvas worked up as usual
and the residus purified by preparative TiC ( pot-othrclegm. 911 ) to furmish
42 mg of as a gums IRs 1720, 1670, 1609, 1200 & 1180cw™l; WMRs 6,60 m ( H-5 ),
5.08 m ( 8), 1,98 ( acetate methyl ), 1,786 m ( H-11 ), 1.05 4 ( J=7 Hx, H~13,
n-# & H-15 ), Masa spec. m/z at 278 { N* ), 236, 218, 203 ( M*-AeOH-CH, ). 193
( M¥-C,H 0-C HZ ) & 175 ( MP~C H,0,-Cyly )5 Younds C, 73.227 H, 9.14. C,qH;q0,
requires C 13. S1 H, 9.41%

Jones oxidation of Ja

A solution of 75 mg of la im 10 ml of acetoms was trested at 0° with four
drops of Jones reagent. After 35 mints. the resoction was quenched by addimg 5 ml
of MeOM to the reaction mixture fellowed by 100 ml ef water. It was extracted
with chloreform, washed with dilute NelOO, scolutien and water. Evaperatien ef the
dried extract at redugced pressure !ou.wo‘ by purification of the residus oa
preparative TILC ( pst-etheriBtOAc, 951 ) furmished 3% mg as a gum, identical in
every respect ( TIC, IR, NMR & Mass ) with 2a.

Hydregenation of la

A soclution of 30 mg of ja in 25 ml ethyl acetats was hydrogenated over
100 mg of P3/C ( 10% ) at atmespheric pressure for ome howr. The reaction
mixture was filtered and the catalyst washed thoroughly with ethyl acetate. The
cembined washings and the filtrate were evaporated under reduced pressure and the
residus purified by preparative TIC ( BsiEtOAc, 911 ) to furmish §, 30 mg, l.g.
124-126° ( EtOAc )& CD (MeOH ), A€ ,9¢=—-68; IRs 3500, 1700, 119S & 102501y
MMRS 4,10 m ( H-8 ), 1,00 ( 12 protons, everlapping si ls of H~11, H-13, R-14 &
H-15 ) Mass spec. m/s 238 ( X*), 220, 208, 202, 177 {M*-H.O-C,H, ), 162
( MP=H,0-CHyoCyHy J. Pounds C, 75.36, H, 10.74. C,gH,0, Bequlres ¢ 75.58;
H, 10.99%.

NaBH, reduction of pL

4

To a solukion of §0 mg of Ja in 4 ml methanol was added 170 mg of sodium
borohydride and the reaction mixture stirred at r.t. for 19 hr. Dilutioa with
water vas follewed by extraction with chlexoform ( 3x100 ml ). The washed and
dried extract was evaporated at reduced pressure and the residus showed ene major
spot en TLC whieh was separated by preparative TIC ( BsiEtOAc, 4311 ) to furnish
r as a gum ( 20 mg )7 IRs 3500, 1100, 1010, 960 amd 925cw-1; WMRs 5.60 m ( K-5 ),

90 2 ( H-3 and H-8 ), 1.65 m ( H-11), 0,98 & ( J=6 Hx, H-13, H-14 ), 0.90 &
( J=7 Ms, H-18 )) Mass spec.im/z 238 ( X' ), 220, 202 & 159 ( M*-2H,0-C,H, ).
Pounds C, 75,86, H, 11.12. c15“26°2 requires C, 78,587 H, 10.99%.

Acetylation of 1d with acetic anhydride and pyridime gave the diacetate le
2,00 & 1.98 ( acetats methyls ), 1.65 m { B~-11 ), 1.00 ( 9 protons, overlapping
signals of H-13, H~14 & H-15 ); Mass spec.twm/z at 322 ( Mt ), 280, 260, 220, 202,
159 ( M*-2 C H0,-C3H, ).

080 -NaIO, oxidation of }d

A solution of 150 mg of in 15 ml dioxane and 4 ml of water was treated
with 20 mg of Cs0, and the resction mixture stirred at r.t. for one hr. 1.0 g of
powdared RalO, vJ added iz portions ever a period of 30 mints and the stirring
ceatinued for a further period of 15 hr, The reaction mixture was f£iltered and
the filtrate diluted with 200 ml of dichlesemsthens. The washed and dried
extract was evaporated at reduced pressure and the residus purified by preparative
TIC ( B2sEtOAe, 331 ) to furnish a gum ( 60 mg ) which was identical in every
respect ( IR, R and Mass spec. ) with naturally occurring compeund 4a.

Hydrogenatien of jd

A solutien of 40 mg of ]d in 25 ml of ethyl acetate was hydrogenated cver
10% P/C at atmespheric pressure for 10 hr. Usual work up procedurs provided
35mg of ] as an ell. MNMR: 4.00 m ( H-8 ), 0.8-1.00 ( ¢ methyls, everlapping
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signals ); Mass spec.:m/s ax 224 ( M* ), 206, 191, 163 & 148,

Reaction of Ja with POCl,

A solution of 40 mg of la in 2 ml of dry pyridine was treated with 0.2§ ml
of phosphorus oxychloride at 0YC and the reaction mixtuxe left at r.s. for 2 hr,
Dilution with cold water was followed by extragtien with dichlersmethane ( 4x80 ml)
which was washed with dilute NaHCQ, solutien and watar. Rvaperation ef ths dried
extract yleldsd a residus which vJ urified by preparative TIC ( pet-e 1IBeGAc,
911 ) to furnish 26 mg of § as an oil. IRs 1675, 1190, 1100 and 910am™*; WO@s
6,40 m ( HB-5), 5.40 m { H=-8 ), 1,70 m ( H=11 ), 1.05 d ( J=7 Hs, H-13, H-14 &
H-15 ). Massim/z at 218 ( M* ), 203 & 175,

Isomerization of § to fa

A solution of 30 mg of § in 4 ml of dry bensene coataining a crystal of
tolusne-p-sulphenic acid was refluxed on water bath for 1 hr, The resction
mixture was diluted with 200 ml of c:zsl and vashed with dil. sodium bicarbenate
solution and water. Evaperatd of 3olv-nt furnished 20 mg of 9a as an eil.
IRs 1650, 1120, 900 and 850cwrl; XMRs 7.20 m ( H-5 ), 1,80 m ( H~-11), 1.00
( overlapping signals of H-13, H-14 & H-15 ). MBsm/z at 218 ( M ), 203 & 178.

mu‘ reduction eof ga

A solution of 30 mg of a in 2 ml methanel was stirred with 20 mg mn‘ for
one hr, Usual work up prooedure followed by purificatioa on preparative TIC
( BzsEtOAa, 951 ) provided 24 mg of b as an oil and as the major preduct. IRS
3800, 1100, 1050, 1000, 950 & 825am~1; MORs 6,18 m ( H-8 ), 4,00 m ( B-3 ), 1.8
8 br { H-11 ), 0.95 4 ( J=7 Hz, ¥-13, ¥-14 & W-15 ), Mass spec.im/s at 220 ( wt¥),
202 ( M*-H0 ), 159 ( M*-H 0-C3H; ), 144,

Nickel boride reduction of gc

A solution of 24 mg of b in 2 ml of hexamethyldisilazane was treated with
0.5 ml of chloretrimethylsilans, After one hour when the reactien was cemplete
( TIC ), the solvents were distilled off under vacuum and the residus g vas
dissolved in 2 ml of dry diglyme apd treated with 100 mg of NiCl «6H 0 follewed by
100 mg ef sedium borohydride. The reaction mixture was stirred it re.t. monitering
on TIC. After 8 hr whem me starting material was left, the resdctien mixture was
diluted with water ( 100 ml ) and extracted with petroleum ether. Removal of
pet-ether furnished a residus which was purjitod by preparative gnc (_ Petroleum
ether ) to yield 20 mg of §d as an oily [X p. + 80° ( repertedl [_O(]D + 178° )
UV, )\ e 2430m( € 12200 ); IRs 1650, 1610 & 860ew-l; MRs 6.18 8 br ( B-5 ),
3.10 m 1), 1.80 br ( H-11 ), 1.0 & ( J=7 Hx, H-13, H-14¢ &k H-15 )7 MBsm/s at
204 ( M* ), 189 & 161 ( base peak ).

WH].C.IJ reduction of §b

A solution of 30 mg of b in ¢ ml of dry ether was treated with 20 mg ILAH
and 50 mg AlCl.. The reaction mixture was stirred at r.t. monitorimng on TIC.
After half an iour the reaction mixture was diluted with saturated ammenium
chloride solution and extracted with ethyl acetate ( 3x100 ml ). The washed and
dried extract was evaperated and the residues purified on TIC ( Pet-ether )to
furnish 18 mg as an oil of the mixture of ] & ﬁl;; MR 6.90 5 ( 3H), 2.20 8
and 2.15 s ( total integration, three protons, i cation of mixture of l0a and
w )+ 1,00 ( overlapping signals of three methyl groups ); MBim/x 202 ( ),

7 & 159. When a solution of b in benzens containing a crystal of telusne-p-
sulphenic acid was refluxsd for half an hour, the mixture of JQa and Qb was
obtained in 50% yield,

Mesylation of Ja

A solution of 40 mg of la in 2 ml dry pyridine was treated with 0.25 ml of
methanesulphonyl chloride and e reactiom mixture left overnight at r.t. Usual
work up procedure followed by purificatiorn of the crude product on preparative
TLC ( EtOAcipet-ether, 139 ) furnished 20 mg of éc as an oil., IRs 1680, 1180,
1150,01100, 960, 920 & 900cw1; MMRs 6.60 m ( H-5 ), 5.05 m ( H-8 ), 2.80 s
( -O—-CH; ), 1,75 m ( H-11 ), 1,00 ( 9 protons, overlapping signals of H-13,
H=14 & H-15 ); Mass spec.im/s 218 ( Mr-MsOH ), 203 & 178,

Conversion of Jlc to §

A solution of 20 mg of the mesylate Jc in dry DMSO was kept at 100° fer
2 hr, Usual work up procedure followed by separation of ths crude product on
preparative TLC ( Pet-ether ) furnished 5 mg of § as an oil,
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MaBi, reductien of ga

A solution of 60 mg of in 2 ml of MeOM was cooled te -10° and treated
with 50 mg of MaBl,. The reactiea mixture vas stirred at -10° fer 20 mimt,
diluted with water, agidified with dil, sostic acid and extragted with CH,Cl,

( 5x100 ml ). The washed and dried extract was evaporated amd the residud
purified by preparative TIC %o furaish 20 mg of js a8 an oll vhich was feund to be
identieal { IR, MR and Mass ) with the matwrally eecurring sampls of la.

mu‘ redugtien of p

A solutien of 40 mg of in 2 ml of methanel was ceolsd te ~-10°C and
treated with 50 mg of MaBH_. reactien mixture stirred magnetically at -10°C
for 30 mimt, It was acidified with dilute acetic acid, diluted with vater amd
than extracted with dichleromsthane ( 5x100 ml ), The washed and dried extract
was evaperated and the residua purified by preparative TIC ( BssBtOAc, 11 ) ke
furnish 4o, 20 mg as an eil, IRs 3500, 1670, 1075, 1040, 1020 & 900cox™*; NMRS
6.40 m ( B=-5 )0 3.90 m ( W, 16 Hs, -8 )o 1.7. 8 br ( B-11 )c 0e9-1,10 ( 9
pretens ); Mass spec.sw/sz 236 ( M* ), 218, 203, 173, 162 & 147. Acetylatiom
of 2c with Ac,O/PY gave the ascetate 2d &5 am oil; MMRS 6.55 m ( H-5 ), 4.90 m
(W, 16 Hs, H38 ), 2,00 ( scetate ), 1.80 8 br ( H-11 ), 1.05 ( 9 protons ).
Mes? spec.im/s at 270 ( M ), 230, 218, 203, 193 amd 175.

Isomerisation of ga to 2b and Vige versg

A soelukion of S8 wmg of 2a in 0.5 ml ef benzene was placed on a column of
acidic alumina ( S0 g, activity II ) and left for six days at r.t, Elutiem of the
column with 10% MeOH im ehleroferm ( 200 ml ) gave a mixture of two c
which were separated by preparative 8i0, TIC ( Pet-ether ) to furnish 18 mg of
and 28 mg of 2b, Similar experiment vilh S0 mg of 2b furnished 15 mg of 2a and
30 my of 2b,

mu‘ reduction ef 3

A selution eof 24 mg of ja in 1,0 ml dry diglyme was ceoled to 0°C and
treated with 30 mg of NabBH 60 my ZrCl,. The reaction mixture was stirred at
0-5°C, monitoring the tuchon on TIC, Mi‘t 5 hr, the reactien mixture was
diluted with water and extracted with dichloromethane ( 5x100 ml ). The washed
and dried extract was evaporated and the residue ( 21 mg ) separated on
preparative TIC ( BusEtCAc, 511, 4 times development ). The least pelar band was
cbtained as an oil, yield 12 mg, and was identified as» FLY IRs 3600, 1670, 1000,
910cw~1) MMRs 6.40 W ( H-5 ), 3,80 m ( K-8 ), 1.70 5 br ( H-11 ), 0.90 4
( J=6,5 Hz, H-15 ) Mass -goc. sm/s 194 ( M ), 176 & 161. The mere polar band
was also obtained as an eil, yleld 5 mg, and identified as jaos IRs 3508, 1200,
995 & 9100w 1l; mMRs 5,30 m ( H-5 ), 3.80 5 ( overlapping signals of H-3 & K-8 ),
1,65 8 br ( H-11 ), 0.90 d ( J=6.5 Hz, B-15 )) Mass spea,Im/z at 196 ( M+ ), 178,
163, 161 & 160,

Acesylation of 4a

A solution ©f 25 mg of 4a in 1 ml dry pyridine and 1 ml Ag,0 was heated at
100°® for 8 hr, Usual work wp procedure furnished the aoou? &iz an oil, yleld
20 mgs IRs 1730, 1715, 1200, 1690, 1075, 1080, 960 & 850cwr 'y s 4,05 8 ( over-
lapping signals of H-5S & K-8 ), 2,0 s ( acetate methyl ), 1,40 s ( B-11), 1.00 »
( 9 protons, H-13, H-14 & H~15 )1 Mass spea.im/z 294 (M*), 282, 234, 219 & 191,

llami‘ reduction of ga

A selution of 25 mg of 4a in 2 ml MeOH was treated with 25 mg of NaBH, and
the reaction mixture stirred at r.t, for 2 hr, It was diluted with H,O, aci‘itiod
with dil, AcOH and extracted with cnzcl ( 5x100 ml ), The washed dried
extract vas evaporated and the crude -2.:1.1 purified by PIC ( BnltOAci 411 ) ¢o
furnish 20 mg of 4c as an oil. IRs 3500, 1120, 1090, 1000, 960 & 900cw-1; MNMRS
4,15 t ( J=3 Hs, 3), 3.60 ( everlapping signals of H~-5 & B-8 ), 1.40 s ( HB-11 ),
100 ( everlapping signals of E-13, H-14 & H-15 ); Mass spec.ism/s 254 ( M* ), 236
Cat-B,0 ), 218 ( W*-2H,0 ), 203 ( MY-2H,0-CH, ) & 175 ( NY-2H,0-C3H,; ).

Acetylation of 4o with Ag,0, as usual provided 4d as an oil. IRt 3500,
1730, 1110, 1080, 1000, 940 & 908cmri; NMRS: 4.90 t ( J=3 Hg, H-3 ), 4.10 m ( H~-5 ),
3,60 m ( 3-8 ), 2,00 s ( sostate methyl ), 1,38 8 ( H-11 ), 1,00 8 ( H-13, H=-14 &
H-15 ) s Mass spec.sm/z 296 ( M* ), 254, 236, 218, 203 & 17%5.

Collins exidatien of 4c to ga

A selution of 60 mg of 4c im 2 ml dry dichloramethane was treated with
150 mg of Cr0,/2 Py complex and the resctiom mixture was stirred at r.t. for 2 hr.
The reaction 3.! quenched with 1 ml mssthanel and after dilution with water was
extracted with CHCl, ( 4x100 ml ). The washed and dried extract was evaporated
and the residwe purified on TIC ( BasEtOAc, 481 ) to furnish 20 mg of ga a8 an oil,
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Application of Horeau's method to Ja

A solution of 0.350g of o -phenylbutyric anhydrids and 40 mg of Ja in 2 ml
of dry pyridine was kept at r.t. for 64 hr., Bxosss anhydride wvas destroyed by
addition of 10 ml of water and allowing the solution to stand for 12 hr. The
resction mixture was extracted with ether which was washed with water and 5%
NaHCO. solutien. The cembined aquesus layers were washed with chlereform, acidi-
fied #ith 1NiL80, and extracted with chleroform ( 3x100 ml ). The washed amd
dried chlerof8rm extract was evaporatsd, the residue 320 mg was pure o ~phenyl-
butyric acid, [c:(]D +0.5° (¢, 0.25, CCl, ) which correspénded to an optical
yield of 14%.

Preparation of 15

To a solution of 50 mg of Ja in 3 ml of pyridine, 200 mg of p-bromobensoyl
chloride was added, After 72 hours the reaction mixture ‘was aliluted with 300 ml of
cuicl + washed with saturated NaHCO3 solution and water respectively. The dried
solution was evaporated; pyridine was rsmoved by distilling with toluens in vaccuo.
Purification of the crude by preparative TIC (Ret ethersEtOAc, 10:1) furnished
25 mg of Jf. M.p. 140°C. 8ingle crystals were prepared from methanol solution used
for X-ray crystallography. NMR: 7,5-8,00 overlapping signals for aromatic protons,

6.65 m (H-5), 5,15 m {H-8), 1,80 m (H-11), 1.10 overlapping signals of (H-13, 14,
15)7 MSim/z at 419, 417(M"), 218, 203.

Fig. 1. A perspective view of two molecules present in
the asymmetric unit cell with ths atom numbering, Non=H
atom ellipsoids were drawn at 25% probability level 19
H-atom sphercs are on arbitrary scale.
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