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HIGHER ISOPRENOIDS—VIII'

DITERPENOIDS FROM THE OLEORESIN OF
HARDWICKIA PINNATA PART 1: HARDWICKIIC ACIDt
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Abstract—The oleoresin from Hardwickia pinnata Roxb. is shown to be a complex blend of sesquiterpenes and
diterpenes. (—)-Copm (~)-caryophylene and humulene account for over 90% of the sesquiterpenes present. The
diterpenes, which constitute some 60% of the oleoresin, have been found to consist of a series of closely related
new diterpesoids of ent-clerodane type. Evidence leading to the elucidation of the absolute stereostructure of the

main diterpenoid—hardwickiic acid—is presented.

Hardwickia pinnata Roxb. syn. Kingiodendron pinnatum
(Roxb.) Harms (Malayalam, Tamil: Kolavu) is a large
handsome tree growing wildly in the evergreen forests of
Western Ghats of India. The tree, on tapping, yields in
large quantnm a dark or reddish brown oleoresin
(balsam).? Though, theoleoresmhasbeensubjectofa
few previous investigations,># these were restricted to
the steam-volatile components only. The present in-
vestigations, which were primarily aimed at the higher
terpene components, have shed additional light on the
conposition of the essential oil and have led to the
isolation seven new diterpenoids from the resin part.
The present communication  describes  the
isolation/identification of these sesquiterpene and diter-
pene components and unfolds evidence leading to the
absolute stereostructure of the main diterpenoid, an acid,
which we name hardwickiic acid.

The oleoresin was segregated into acidic (~ 60%) and
neutral (~ 40%) fractions and the latter further separated
inot;ﬁskteam-\fohtile (90%; essential oil) and steam-non-
v

By judicious combination of gic, tic over SiO, gel-
AgNOs,’ column chromatography over SiO, gel-AgNO;,
most of the components of essential oil were separated and
identified by usual comparison with authentic samples,®
and the final essential oil composition was found to be: (in
order of increasing GLC retention time) (—

(4.5%), (- )-caryophyllene (75%), humulene (13%), (-)-
carophyllene oxide (2.5)%, caryophyliene alcohol (l%),
humulene oxide-I (0.5%) humulene oxide-II (0.5%), cary-
ophyllenol-l and caryophyllenol-II (0.2%), besides at Ieast
six unidentified components (amount to ~3%). The isola-
tion of caryophyllene alcohol (1)” is considered significant,
lasit:s;)anacirl-enmalyzedhydmtionproductofcaryophyl—
ene (2).

tCommunication No. 2265, National Chemical Laboratory,
Poona.

$Present address: Department of Chemistry, University of
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Sneelhepubllemdmhmnymmﬁnﬁm"'“(-)-
hardwickiic acid has been found to occur in Gosswellerodendron
balsamiferum Hnm“ndmwoﬁu Its antipode
Bbeenhohtedﬁom(!apdmm and Ribes nigrum

It is conceivable that this alcohol is a product of a
non-enzymatic reaction, as the exudate from the tree is
rich in acids and caryophyllene, and contains some

from these sources entailed treatment with boric acid
and the oils also contain caryophyllene, it was, in all
probability, an artifact.

Likewise, from the steam-non-volatile neutral fraction,
besides B-sitosterol and clovane-diol'® (3), two new
diterpene alcohols and a diterpene methyl ester (Table 1)
were isolated.

L 2 3

prdlgemrysepamuonoftheacldswasﬁrstmed

tiqnorchromotoyaphyoftbedegivedmethylesters.ln
Tablelli.ststhesecompomds,alongw!'thsomeofmeir

clearly a monobasic carboxylic acid: IR, 1681cm™
(dimeric carboxyl function); cyclobexylamine salt (m.p.
143-144°); methyl ester (Cz1HasOs, M*, m/e 330; IR:
COOMe 1715cm™Y). Itbunohydmxylfumm(m.ue
ester) and the of a trisubstituted olefinic linkage
(IR: 1629, 814cm™'. PMR: 1H, t, 6.77 ppm, J =4 Hz)
mdaﬂ-snbuﬁumdflmring&ve&rlichtest." IR:*
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Table 1. Diterpencids from the oleoresin of Hardwickia pinnata Roxb.
Na, Trivial name Rd a’ RRT’ Mol, formula M.P. ﬂgn [u] Dt ApPproxe
y : relative
£ (cLo)
Alcohols
* o
1 Kolavenol R 0,70 - C20H3‘0 - 15166 -42,0 -
o
2 Kolavslool 0.78 - Cans‘n - 1.51N8 -31.8 -
Acide/Me estmsrs
3 Kolavonic acid?
(e uster) N.78 0,70 CygHyn0x - 1.5114  -144,6° 5
4 Kolavenic acid' °
(Me ester) 1,13 n.B3 CpyHys0p - 1.5136 =656 20
S Kolavenolic acid' °
(Me sster) - - CoqHy gy 95-9¢° - -45.0 ?
6 Hardwickiic acid 1.10 1.N0 C21H2803 116-1n7° - -133.90 S0
7 Kolavic acid? nN.R4 1.60 CZUHSUUG 228-230° - -115.0° 7
»
TLC, R, with respect to Suden IIT: siliza nel G, N.3 mm layer;
solvent systam, 2Mf EtOAe in CHg (ror alcoholss, CHg (ror
methyl esters of acids).
* GLC, relative retention time of Me epstorst 20% silicone SE-30 an
60-80 maesh Chromosorb W¢ ¢Olumn, 150 om x S mms temp, 250 : qas
flou, 50 ml Hz/min.
¥ Solvent, (:N[:l3 except for %olavic acid, for whirh EtNH was used.
* Names derived Prom the local name (kolavu) of the trea.
1560, 1500, 877cm™'. PMR:" B'-proton, 1H, m, c,c c,c\
6.12 ppm; a-proton, 1 H, bs, 7.05 ppm; a'-proton, 1 H, t, He He ]
7.20 ppm, J = 1.5 Hz) are clearly indicated. From its PMR ”,tkc C ",zi.o,c
spectrum, the presence of two tertiary methyls (3H | ]
singlets at 0.80 and 1.27 ppm) and one CH>-CH (3H, d, CooH COOH
0.85 ppm, J = 6 Hz) is also evident. 4 1

The conjugation of the COOH and the olefinic
function is inferred from the position of the C=0 ab-
sorption and the intensity of the C=C stretching in the IR
spectra of the acid and its Me ester, as well as from the
UV absorption- (Me ester, Amax 213nm, ¢ 12560; sum-
mation of furan®™ and af-unsaturated carboxyl ester*
absorptions). This is further borne out from the expec-
ted upfield shift of the C~CH absorption in the PMR
spectra in going from the acid (6.77 ppm) or its Me ester
(6.57ppm) to the derived (LAH reduction) alcohol
(hardwickiol, 5.43 ppm).

From the above data, besides the presence of -

substituted furan moiety, part structure 4 can be
concluded, keeping in mind the multiplicity of the C=CH
signal.
Methyl hardwickiate, on gquantitative hydrogenation
over 5% Rh-C or Rh-Pt absorbed two mole equivalents
of hydrogen to furnish a tetrahydroderivative, C2,Ha(Os,
in which the function 4 was still in tact: UV (Acax
215nm, € 6960), IR (C=0 1715¢m™"; C=C 1635¢cm™),
PMR (1H, t, 6.5ppm, J=4Hz). Curtius-Oesterlin
degradation® of tetrahydrohardwickiic acid furnished, as
expected, a ketone, which from its carbonyl frequency
(1718 cm™") is clearly 6-membered. Thus, part structure 4
can be expanded to 8.

On further hydrogenation over PtO, catalyst, methyl
tetrahydro-hardwickiate absorbed one mole equivalent

*Reduction of 7 at C-8, followed by incorporation of a suitable
leaving group (e.g. OX) at C-5 can generate a suitable precursor
for 11. cf e.g. diterpene alkaloid, thelepogine.”

of H, to furnish a hexahydroderivative, which was
devoid of any olefinic unsaturation (UV, IR, PMR and
tetranitromethane test). Thus, it is clear that hardwickiic
acid has a total of three C=C linkages and being
CaHasOs and incorporating a cyclic ether (furan) and
carboxyl function, must be bncatbogychc

On catalytic dehydrogenation™ over 10%Pd-C,
hardwickiic acid gave, besides other non-aromatic
products, an approximately 8% yield (on weight basis) of
a 3:2 (gl) mixture of 1,22-dimethyl and 1,2,5-trimethyl-
naphthalenes.

From the number of Me groups (free and “functional-
ised") it is clear that hardwickiic acid is a bicarbocyclic
diterpenoid. While looking for a suitable framework for
the various structural features, it became clear that both,
a sccondary Me and an a,8-unsaturated carboxyl
function, cannot be accommodated in a normal bicyclic
diterpene framework (8) with furan in the side-chain.This
dictates a rearranged bicyclic skeleton for the new acid
and, gross structure 16, which can be gencrated from the
ion 7 (Fig. 1), the accepted® biogenetic progenitor for
many bicyclic diterpene types, appeared most ap-
propriate, as it not only meets all the structural require-
ments of hardwickiic acid, but would also account for
the preferential formation of 1,2-dimethyinaphthalene
during dehydrogenation. Another possibility (11), which
can also be accommodated” in the Biogenetic Isoprene
Rule, is considered less likely in view of the dehy-
drogenation results.

To prove unequivocally, the gross structure 10, it is
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essential to adduce sound evidence for (i) presence of
Me groups at C-5 and C-9, and (ii) relative disposition of
the functionalities. With this objective in view, as also to
clucidate absolute stereochemistry at the various chiral
centres, suitable degradation studies were, next, carried
out and, the results leading to the establishment of
absolute stereostructure 12 for (—)-hardwickiic acid are
summarised below.

Evidence for the location of tertiary methyls at C-§
and C-9. Ozonolysis of hardwickiic acid, followed by
oxidative (H:0.) work-up of the ozonide, yielded a
complex mixture of at least six (tic) products, from
which two major and one minor component (as methyl

esters) could be obtained pure. The analytical and spec-
troscopic data (IR, PMR; Table 2) of these compounds
are entirely consistent with the respective structures 13,
14 and 15 (Table 2), derivable from structure 10 for

0.

HooC
2

Tsble 2. Products (Me esters) of ozononolysis of hardwickiic acid

zum ELOH v(c-g) & (ppm)
wte Amax (em™')
Product besis) | (rg) Po-C- Ma-CH  COOMa Others
v Td,)=
6Hz)
[ ]
]
3K 220 1720 | 0.75 D0.82 3.60 6,57
(¢,ans0)| 1750 | 1.20 3,60 (C=CH,t,
J=aHT
Me0OC
N |
33% - 1754 (0,83 0,85 3.65 =
v 1,20 3.65
& 3.65
& P
r .3
21% - 1735 |N.B2 0.86 3.65 2.13
! 1750 |1,18 3.65 (meco)
3 p-)
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hardwickiic acid. As expected, NaOBr oxidation of 15
furnished, after esterification, 14. The formation of 15
during ozonolysis-oxidative work-up of 10 (hardwickiic
acid) deserves a brief comment. Evidently, 15 arises
from partial ozonolysis of furan ring at C(13)=C(16),
leading to a B-keto aldehyde (after hydrolytic loss of
HCOOH), which by a retro-aldol fragmentation
generates 18.

The PMR spectra of both 14 and 15 show (Table 2) one
of the tertiary Me's downfield (at 8 1.20 and 1.18 ppm
respectively) as required® for a Me group a to a
carbomethoxy function, thus supporting the presence of
a tertiary methyl at C-5 in 10. This conclusion is rein-
forced by comparison of the 8 values for the two tertiary
Me's in different derivatives of hardwickiic acid (Table
3). The upfield shift observed for one of the tertiary Me
in going from methyl hardwickiate to its hexa-
hydroderivative (loss of olefinic bond) or to hexahydro-
hardwickiol (loss of elefinic bond and reduction of
COOMe to CH,OH) is fully consistent with that Me
being on the carbon a to the olefinic linkage,” as is the
case with structure 10 (hardwickiic acid).

Compound 15 came handy in locating the position of
the second tertiary Me. Bromination of 15 with NBS or
with Br-Et;O complex,® furnished a bromo derivative,
which on dehydrohalogenation with CaCO,-DMF,”
gave an a,B-unsaturated ketone: Amax 227 nm (¢ 12,850);
IR, C=C-C=0 1695, 1645 cm™". Its PMR spectrum shows
two olefinic protons as an AB-quartet centred at
6.33ppm, Jan=16Hz, Jan/6p—84)=047, a finding
consistent only with fully substituted C(9), as shown in
16. This placement of the tertiary Me at C(9) is further
supported by the position of its PMR signal (in 16),
which as required™ by its being on an allylic carbon has
now suffered a downfield shift (0.95 ppm as compared to
0.83 and 0.82 ppm in 14 and 15 respectively; the other
tertiary Me signal remains essentially umchanged at
1.21 ppm).

g2
8

The data obtained so far suffice for confirmation of the
gross structure 10 for hardwickiic acid. Transformations
described below not only helped to establish the absolute
stereochemistry at each of the chiral ceatre, but also
further corroborated the above conclusions.

Ring junction. The triester 14 on Dieckmann cycliza-
tion (NaH) gave, as expected, the cyclopentanone
carboxylate ester 17 (epimeric mixture), which on acid-
hydrolymhnmshedthereqmedsmglecyclopentanone
derivative 18 (IR, 1740 cm™"). This ketone shows in its
CD curve, a strong negative Cotton effect (Aeso1 — 2.49,
7=36nm; dioxane, Fig. 2), which is almost a mirror
image (except for reduced intensity) of that observed for
a 17-keto-steroid, e.g. 38 - hydroxy - Sa - androstan -
17 - one (19) (Aesxo+3.25, ['=34nm; dioxane).”
This implies that the two rings in 18 must be trans-
locked, like the C/D rings of an androstan-17-one, but
with opposite absolute sterecochemistry, as shown in 20.
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Fig. 2

Configuration at C(9). To obtain information about
the configuration at C(9), the keto ester 20 was suitably
degraded (Fig. 3)totheolfm-nor ket%;ﬂlfnd 24, by employ-
ing modified version of Barbier-Wie deyadauog;
which was reported some years ago.” RuO,
wasfoundtobemoreconvenientandexpedmous.than
CrO; oxidation. From a comparison of the tertiary Me
resonances (tertiary Me’s at C-S and C-9 respectively;
the assignments are obvious from the respective struc-
tures) for the bisnor keto estor 24 (0.92, 1.07) and the
related compounds 14 (1.20, 0.83), 26 (0.97, 0.83) and 22
(0.90, 0.78), it is clear that the carbomethhoxy group at
C(9) in 24 has littie influence on the C(5)-Me and hence,
it must be B-oriented as shown in 25, as in the alternative
a-configuration, it will have 1,3-diaxial relationship with
the C(5)-Me which will then be subject to the shielding
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Table 3. PMR Spectral (CCL) data of hardwickiic acid and its derivatives

$(ppw)
No. Compound . . Y R
Me-C~ Me-C- Me-CH CamCH furan-aH furan-«H furan-fH Others
(.5 (., (d,Jx6Hz) (t,I¥4nHz) (t,10
1.5Hz)
1  Harduickiic scid 1.27 0.80 0,85 6,77 7.05(bs) 7.20 6.12(m) 11.65(bs,
COOH)

2 Methyl harduickiate 1,27 0,80 0,85 6.57 7.17(bs)  7.32  6.17(m) 3.65(s,CO0Ne)
3  PMethyl tetrahydro- 1,22 0.73 0.80 6.50 - - - 3.62(s,CO0NG)
harduickiate 3.05-3,.90

(m,CH,0CH,)
4 Methyl hexahydro- n.98 0.70 0,77 - - - - 3.55(s,Cc0Me)|
harduickiate 3.,03-3,87
(=, CH,0CH,)
§  MHarduickiol 1.06 0.75 0.77 5.43 7.07(bs) 7.20 6.10(m) 3.95(bs,
cy_zon)
6 Harduickiol acetate 1.05 n,73 0n.80 5,47 7.05(m) 7.18  6.10(m) 4.40(bs,
CH,0Ac)
1,95(s, ReC0)
7  Hexshydrohardwickiol 0.83 0.70 0,79 - - - - 3,05-3.80
(&H,CH,0M,
CH,0CH,)

1 548
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cone of the carbonyl group.> This conclusion was rein-
forced from CD of ketone 27 described below.

As expected, 28, like its parent ester 26, shows a
strong negative Cotton effect in its CD curve: Aexn—
291, I' = 37 nm (dioxane) (Fig. 2).

Configuration at C(8). The unsaturated keto diester 16
was oxidised with RuQ, and the product hydrolysed with
19% KOH~-MeOH (1 hr) to furnish the monoester dicar-
boxylic acid, which in view of our previous conclusions,
can be formulated as 26. This, on being refluxed with
Ac20, followed by distillation™ at ~200°/2 mm, gave the

o5 W

expected(Blancmle")cydopentamﬂ IR, C=0
1740cm™. Its CD shows a positive Cotton effect
(A€ 200206 +2.18, T = 38 nm, dioxane; Fig. 2) as, indeed is
required for the absolute configuration of ring-junction
shown in 27; this provides further evidence for C(9)-
chixﬂity.asakeadydedwedabovc.'l‘hc?b!kspectmm
of 27 shows the C(8)-Me resonance as a doublet centred
at 1.19ppm (J = 7 Hz). In all other compounds described
so far, the C(8)-Me doublet is usually centred at
~0.83 ppm (see Tables 2 and 3). This large paramagnetic
shift in 27 must have been caused by the keto group,
with which it has a “peri” relationship. Since, a CO

*Since the publication of the preliminary communication' on
sbeolute stereochemistry, (—)-bardwickiic acid has served as the
central reference compound for interrelsting the absolute

mw&ma.m«mummmm-

group will deshieki only those protons which lie in its
plane, the C(8)-Me must be equatorial, as shown in 28.
The above experiments, thus,enableustonmqmly

EXPERIMENTAL

All m.ps and b.ps are uncorrected. Light petroleum refers to
frm b.p. 40-60°, All solvent extracts were finally washed
with brine, before drying (Na2SQ4). Rotations were measured in
CH(J;wln.unlmothu'wiwmwd.

IR spectra were taken on a Perkin-Elmer Infracord model
137E, cither as smears (liquids) or in Nujol (solids). PMR spectra
were recorded for a ~ 10% soln in CCl, with TMS as the internal

tree Jocated at Choodal side in Kulathupuzha Reserve in Then-
male range, during the month of January, through the courtesy
of the Divisionad Forest Officer, Thenmala.

Separation into main groups. The oleoresin (200g) was dis-
solved in 400 mi of light petroleum (and filtered to remove any
extrancous matter) and shaken with 109% NaOHaq (200ml,
100 ml). Three distinct layers were formed each time; ag. layer
(soluble Na salts), semi-solid interphase (csseatially sparingly
soluble Na saits), and light petroleum layer. The three phases

mupumad pooled.

semi-solid material was dissolved in water (500 mi) and
extnctedvmhl 1 ether-hexane (100 mi x 2). This extract was
added to the main Hight petroleum layer. The aq part was treated
with brine (150 ml) and the precipitated sparingly soluble Na salts
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(gummy) collected by filtration. The filtrate was mixed with the
main 3q. layer and extracted with light petroleum (100 mi + 1) and
the extract added to the initial light petroleum layer. The combined
solvent extracts were washed with water (30 mi X 4), brine (50 ml x
2) and dried. Solvent removal furnished neutral material (~9%0g,
~45%). This, as well as, the soluble Na salts and sparingly soluble
Na salts were appropriately treated as described below.

Neutral components. The neutral material (88g) was steam-
distilled by cobobation, using a set-up of a type z
employed for azeotropic distiliation (removal of lighter phase),
tofmmshaneueaﬁdoﬂwmchwasmnyduﬁned 738, bp.
95-102°/2.5mm, np™ 1.4950, ap—8.7. The steam non-volatile
portion was taken up in ether, washed with brine, dried and freed
of solveat to get a very viscous product (15 g).

The essential oil, Gic (20% diethylene glycol polysuccinate on
Chromosorb W, 60-80 mesh/200 cm X § mm Al column; temp 16°;
50 ml Ha/min) revealed this material to consist of at least 15
components. The material (40 g) was fractionated on an cfficient
column into a hydrocarbon (b.p. 102-107°/4 mm, 36.5g) and an
oxygenated compound cut (b.p. 107-130°/1 mm, 2.7g). Each of
these cuts was further w?!ed on AgNOysilica gel, by
following the usual procedure. Bothtmcnomnonmdchm
tography were monitored by gic and AgNOy-silica gel thc.> The
pure ccmpotmds (see text), thus obmned, were identified by
cmanmd&?hm,gk)wimmhenncumph&_

Caryophyllene alcokol (1), m.p. 93-94° (acetonitrile), [alp—
3.06° (lit.:* m.p. 95-96).

Steam non-volatile material This material (179g) was
chromatographed on ALOYII (26.5 cn % § cm) with thc (solvent:
10% EtOAc in Celis) monitoring.

Fraction 1  light pet. 100mix20 3.95g, hydrocarbon
CsHs 100mix 20 mixture, rejected

Fraction 2 CeHs 100mix24 0.81g, impure kolavelool

Fraction 3 CH, 100mix24 0.82g, impure methyl

kolavenolate

Fraction 4 _I%CJMe’?H 100mix40 6.73g, crude kolavenol
in

Fraction § makgf)ﬂ 100mix 40 0,743, crude g-sitosterol
in

Fraction 6 1095(:36‘:01{ 100mix 16 0.41g, crude clovane-diol
in

Fraction 7 MeOH 100mix 30 0.13g, mixture, rejected

Kolavelool. Pure kolavelool was isolated from fraction 2 by
preparative layer chromatography (PLC) (1 mm silica gel layers)
followed by hydrolysis with 5% KOH aq-EtOH (2 br, refiux) to
remove an ester impurity, followedbymhul'w viscous
liquid (63 mg), b.p. 110-120° (bathy4.33 % 107 mm, #p® 1.5108,
[a}n"' —=30.8° (¢, 0.53%). (Found: C, 83.09; H, 1181. CxHsO

requires: C, 82.69; H, 11.80%).

Mﬂ kolavenolate. Fraction 3 on repeated chmmtomph
over SiO;gel/Ill, furnished besides a mewhat impure (tic,
PMR) sample of a possibly new diterpene akcohol,” a crystalline
hydroxy ester, named methyl kolavenolate: colouriess rods
(CH,CN), m.p. 95-96°, [alp—45.0°(c, 0.879). (Found: C, 75.28; H,

fnrnuhedapmdﬁerpemaleobol.wmchwemekoh
colouriess viscous liquid, b.p. 1so-1wwmn7xm~’m.un
15166, [als™-420° (c, 349%). (Found: C, 82.52; H, IL7.
CaH3(O requires: C, 82.69; H, 11.80%).

B-Sitosterol from fraction 5: m.p. 138-139" (MeCN), [eln” —
34.3° (¢, 1.44%). ldentified by comparison (tic, IR, PMR) with an
authentic sample.

Clovane-diol (3). Fraction 6 on ion from MeCN,
furnished colouriess needles, m.p. 155-156". (Found: C, 75.68; H,
11.02. C;sHaO2 requires: C, 75.58; H, 11.00%). Wedby
comperison (IR, PMR, m.m.p.) with an suthentic sample.®

“The spectral characteristics (UV, IR, PMR) of this material
(tiquid) clearly reveal it to be an impure specimea of agbesinal,
later isolated by Fkong and Okogun® from the African timber
Gosswellerodendron balsamiferum.
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Acids from soluble sodium salts

Kolavic acid The combined aq afkaline layer (conmtaining
soluble Na salts) on acidification (conc HCl aq) at 0°, gave a dirty
white gelatinous ppt, which was collected and dried, m.p. 102-
210°, yield 6.783. This material (5.0g) was triturated with dry
CCL (25 ml) at room temp. (~ 25" and the soloble part removed
by inverse filtration; this treatment was repeated once more. The
CCle-insoluble material (~ 859%), on further triturstion with cold
dryetha(lﬂnﬂxZ)ywuedamclg).m.p 213-222°, This

repmadcrymnm MeOH furnished lustrous rods
(2.5 otanew nﬂ,mmedkolmcmd mp. 28-
230°, [alp™ — 115.3° (¢, 1.8% in BtOH). (Found: C, 72.06; H, 8.87.
CaoHyO mquires:C,7l.82;H.9.N%).

Kolavonic acid.  The CCle-soluble, as well as ether-soluble
portions from the above were complex mixtures {tic, gic of Me
esters, see Table 1), in which kolavic acid still predominated. The
ether-soluble part (m.p. 95-120%) was esterified (CH:N>) and the
product (6.0, from a larger separation) chromatographed over
ALONII (260cmx2S5cm) with tic monitoring (solvent:
5% EtOAc in CeHs) with a view to isolate any minor component.
Light pet, light pet-benzene mixture (1:1), benzene and then,
benzene containing increasing quantities of MeOH (1 to 5%)
were used one after the other in the usual manner. Light pet-
CeHs (50 mlx 10) and CeHs (50 mi x 3), together yielded 2.8g of
methyl kolavate. Later CsH; fractions yielded 46 mg of another
pure ester (tic, gic, see Table 1), now named (methylester of)
kolavonic acid: viscous hgnd. bp. 125-135° (bath)/1.92x
10 mm, np® 15114, [alo” - 1146° (c, 0.71%). (Found: C,
74.15; H, 9.37. CisHx0; requires: C, 74.47; H, 9.87%).

Acids from sparingly soluble sodium salts

The semi-solid Na salts (from 200 g of the oleoresin) were
dissolved in water (500 ml), acidified with conc HCI aq (Congo
red) and the product taken up in ether (100 mi x 4). The combined
cther extracts were washed with water (100mlx3), brine
{100 md X 2), dried and freed of solvent to afford a dark highly
viscous residue (106 g). Amnumplemamd {CHNY),
distiBled (b.p. 180-190/1.5 mm; n; 1.5130) and analysed by gic
(Table 1): nhsttwelvecmmuh RRT (with respect
to methyl hardwickiate) of 0.06 (9.5%), 0.14 (5%), 0.23 (2.5%),
0.33 (5%), 0.39 (3%), 0.60 (11%), 0.70 (5%), 0.83 (17%), 1.00
(429), 1.21 (39%), 1.37 (0.3%), 1.60 (1.5%).

Hardwickiic ecid (12). The above crude acid mixture (105g)
was rapidly distilled under high vacuum to get a pale yellow
syrup (96 g): b.p. 208-215%6.7x 1072 mm, [a]p— 102.3°.

Tothedutilledpmdlm(ﬂl;)mdryhexme(lsom).awh
of cyclohexyhm (19.8; O.Zmole) in dry hexane (100 mf) was

which was rapidly
hexane and at once dried in a vacuum dessicator: m.p. 134-140°,
yddSS;ﬁhmmyMndﬁm&yeM-hexm(l 1} to

tumnish colourless needles (35.8 ), m.p. 143-144°, [a)p™ - 100.24°
(c, 8.29). Elemental analysis proved difficult due to its hygros-
copic nature. (Found: C, 76.12, 74.54; H, 10.22, 10.18, CxHaOsN
requires: C, 75.86; H, 10.04%). The amine salt (5.0g) in cther
{100 ml) was shaken with a saturated aq oxalic acid soln (50 ml X
2), washed with water, brine and dried. Revoval of solvent
yielded a foam (3.6g), which was crystallised from MeCN to
furnish small button-like crystals, m.p. 106-107°, (a]s” - 1147
(c, 4.95%). (Found: C, 75.58; H, 9.04. CyHxOs requires: C,
T591; H, 8.92%).

Kolavenic acid. The total mother liguor from the preparation
of the cyclohexylamine salts (from 94 g of the distilled acids) was
shaken with a satursted aq soln of oxalic acid (100mix3) to
Hberate acids. The aq part was discarded and the solvent layer
extracted with 109% NaOH aq (100 mi x 3), The aq alkaline extract
was acidified (conc HCY) and the acids taken up in ether (100 ml x
4) to fSmlly yield, after the usoal work-up, 49§ of an acid
mm“wmmammw
tilled: b.p. 190-250°/0.2nm, np® 1.5082-1.5195, yield S0g.
Gic (vide nupra) revealed this material to comsist of essentially
methy! hardwickiate (35%) and another ester (RRT 0.83, 37%;
methyl kovalesate). Chwomatography (ALOYIL 22cm x 1.5 cm)
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ofth:smtcml(l“g)mnhed_le Bﬂt‘?‘etdwu,

(100 mi x i4; after rejecting first 100 mi x5 wu) 475§ of purc
(tlc gk) methyl ester of kolavenic acid: b.p. 1 lw'IOAmm.

» 1.5136, [a]p -65.6° (c, 4.7%). (Found: C, 79.47; H, 11.01.
Cz.Hqu requires: C, 79.19; H, 10.76%).
Methyl hardwickiate. Hardwickiic acid (1.5g) in ether (25 ml)

was esterified with an ether soln of CH;N; in the usual way and
Mwakedupwmthemethylmvmma.lsg‘
b.p. 150-152°0.1 mm, np™ 1.5237, 4. 1.0815, My, 93.28 (calcd.

94.4), [a]p” - 114.6° (c, 3.4%). IR: 1715, 1635, 1564, 1503, 1382,
1252, 1235, 1200, 116S, 1082, 1067, 1028, 880, 822, 790, 762cm™.
Mass (Varian MAT, CH7, 0 eV): mle330(hl‘,48%).283(15%),
235 (58%), 194 (58%), 151 (309%), 139 (100%), 96 (78%), 81 (75%),
69 (62%), 55 (33%). (Found: C.76-38 H, 9.27. C2HxO; requires:
C, 76.32; H,915%).Enbchtest. orange red (immediate)—>
greean (5 min)— olive green (24 br).

Hardwickiol. The above Me ester (664 mg, 0.002 mole) in ether
(30 ml) was reduced with a storry of LAH (344 mg, 0.004 mole) in
dry ether (25 mi), first at — 5* (1 hr), then at 25° (2br) and finally
at reflux (6 hr) and worked up in the usual manner (first EtOAc,
then 5% H.SO4aq) to furnish the desired alcobol (-
CH=C-COOMe »-CH-CH,0H): viscous liquid, b.p. 200-203°

e 'l 27
("uitllkw.zmm. RD -.53% {u}]‘) -412 (C, SN“N). |l 135,

1565, 1500, 1382, 1165, 1130, 1068, 1030, 1000, 878, 783cm™".
(Found: 79.43; H, 10.25. CxHx»O; requires: C, 7942; H, 10.00%).
3,5-Dinitrobenzoate, white crystals (benzene-hexane), m.p. 118-
119°. (Found: C, 6497; H, 6.73. CH3O0:N; requires: C, 65.31;
H, 6.50%). Awm(AczO-pyndme.?J' dhrpmiﬁedby?l%
solvent 5% EtOAc in CsHy); b.p. 175-180° (bath)/0.3 mm, ap

15170, [alp?-54.8° (c, 3.3%). IR: 1742, 1382, 1367, 1240, 1163,
1068, 1028, 878, 785cm™' (Found: C, 76.79; H, 9.97. CHy0,
requires: C, 76.70; H, 9.36%).

Methyl  tetrahydrohardwickiate.  Miethyl  hardwickiate
(4222 mg) was hydrogenated over pre-reduced 5% Rb-C (300 mg)
or Rh-Pt' (0mg) in gl ACOH (20ml). The ion of H,
cuudnftul!hrwbenwmlot}lznﬁ'ﬂwm(m‘dmble
bond ) had been consumed. Usual work-up furnished a
tic (solvent 10% EtOAc in CeHlgic (250) pure product: b.p.
180-190° (bath)/0.5 mm, np* 1.5137, [a]o” - 89.19° (c, 6.07%).
IR: 1716, 1635, 1380, 1350, 1275, 1250, 1235, 1198, 1080, 106S,
1032, 940, 910, 783, 760 cm™". (Found: C, 75.78; H, 10.21.
C2H3O; requires: C, 75.40; H, 10.25%).

Methyl  hexahydrokardwickiate. Methyl tetrahydrohard-
wickiste (238mg) on further hydrogeastion over pro-reduced
Adam's Pt catalyst (90 mg) in gl. AcOH (15 mI), absorbed 20 ml of
H; at 26°/711 men (1.0 double bond equivalent) during 12 hr, whea
mehydrmuphkehdeeaed.Umdwat—npmnb#k
pure product: b.p. 180-190° (bath)/0.4 mm, xp™® 1.5015, [alp” -
0.9 (c, 28%). IR: 1740, 1382, 1365, 1320, 1195, 1173, 1145,
1045 cm ™", (Found: C, 75.04; H, 10.76. C3,HssOs requives: C, 74.95;
H, 10.78%).

l.ssmmolc), freshly activated NaN, (0.5g, 7.68 m mole) and
pmedryCHQ(lSnl)qued.oooledtoO’andmudu

R. MiRA ¢t al.

(403 mg): b.p, 155-165° (bath)0.1 mm, np™ 1.5085, [a}s™ + 17.28°
{c, 5.38%). IR: 1718, 1387, 152, 1258, 1240, 1142, 1120, 1067,
1055, 1020, 977, 952, 925, 910cm™'. PMR: Me-C=(2 H singiets at
0.77, 1.09 ppm), Me-C-H (3H, d, 0.77 ppm, T= 7 Hz), CH,OCH,
(4H, m, 3.0-39ppm). (Found: C, 78.38; H, 11.27. C;sHx0;
reqnim C, 78.03; H, 11.03%).
exahydrohardwickiol.  Methyl  hexahydrohardwickiate
(lﬂ&m;)maba(ﬁni)wumdmdwithadmryofm
(lmq)methu(ﬂml)mtheunnlmmmfmnilh.lfta
distillstion, eolonrleu viscous liquid, b.p. 160-170"
(wh)/mxlo mm, ap® 15152, lal®™ - 19.2° (c, 1.24%). IR:
3350, 1384, 1035, 997, 905cm™'. (Found: C, 77.82; H, 120.
CxHy0; requires: C, 77.86; H, n.70%).
Dehydrogenation of hardwickiic acid A mixture of
hardwickiic acid (2.55) and 10%Pd-C (1.25g) was heated at
300-320° in a current of CO; till evolution of H; had ceased
(8hr). Usual work-t’? gave a product which was distilled: b.p.
80-102°04 mm, np~ 1.5350, yield 0.55g; gic (209% diethylene
glycol polysuccinate on Chromosocb W; 180°) showed it to
consist of at least 12 components of which four were major
having RRT 1 (4%), 3.5 21%), 5.5 (17%), 8.8 (ll%) The four
major products

undepressed.

requires: C, 59.53; H, 4.47%). Pure 1,2,5-trimethyinaphthalene
obtained by regeneration from the complex had: b.p. 90-110°
(bath)/0.4 mm, m.p. 30-31°, np*® 1.5975; UV: A, nm (¢) 230
(89,620, 277 (395), 287(6(50).307(1330),322(918) PMR: MeGH
singlets at 2.40, 2.50, 2.60 ppm). (lit.:™ UV, derivatives).

Ozonolysis of hardwickiic acid. Harwickiic acid (10g) in dry
EtOAc (150 ml) was ozonolysed (0.8 g Os/hr) at — 10° till O3 was
no longer absorbed (KI-AcOH test; S.5hr). Solvent was cau-
tiously removed under suction at »*45°, the residuc mixed with
H;0: aq (30%, 40 ml), water (50 mi), and heated at 60+ 5* for 1 hr
and later, on a steam-beth for 3 hr. The mixture was worked up
in the usual manner with ether and the product esterified with
CH:N; to afford a viscous material (10.2 g), showing six spots on
tic (solvent: 20% EtOAc in C¢Hy) and having RR, 0.08, 0.12, 0.29,
0.61, 0.78 and 1.00. The total material (30.5g) from three such
experiments was chromatographed on SiOxgel (44 cm x 7.5 cm):

Praction 1 CeH, 500mix 12 0.263 g, rejected
1% EtOAc in CeHy S500mix 4
1% EtOAc in CH, S00mix8 0.795g, RR, 1.00
2% BtOAcin CiHs 500mix2 0.295g, mixtore
2% EtOAc in CHy S00mix24 10.07g, RR,; 0.78
2% BtOAc in CeH 3500mix 12 3.583g, RR; 0.61
2% EtOAc in CHy S00mix 50 6.732g, RR; 0.61
(major) and 0.29
5% BtOAc in CHy 500mix4  4.45g, mixture,
10% EtOAc in C;H, 500mix20 not investigated.

Ester 13. Fraction 2 on distiliation fnnmhed 13 as a viscous
liquid (750 mg): b.p. 165-175° (bath)/0.8 mm, #p™ 14951, [a}p™ -
6.66° (c, 5.85%). IR: 1750, 1720, 1260, 1240, 1200, 1170, 1150,
1085, 1068, 1042, 1028 cm™'. (Found: C, 70.31; H, 9.61. CisHsO4
requires: C, 70.77; H, 9.38%).

E.nauhncdon4wdinﬂbdtod¢dmuua
colourless viscous liquid (8.9g): b.p. 183°0.3 mm, np™ 14802,
[alo™+39 (c, 8.18%). IR: 1754, 1252, 1205, 1188, 1149, 1111,
1074, 1031 can ™. (Found: C, 63.78: H, 8.93. CsHx0Ox requires: C,
64.02; H, 9.05%).

Fraction 2
Praction 3
Fraction 4
Fraction §
Praction 6

Fraction 7
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Ester 18. FiwuonSmdiﬂﬂhnuylddeduuaedombu
viscous liquid (3.0g): b.p. 190-195 (bath)0.4 mm, mp™ 1.4848,
[alp®+6.4° (c, 9.7%). IR: 1750, 1735, 1250, 1200, 1180, 1148,
1108, 1070 cm™*. (Found: C, 67.10; H, 9.41. C1sH3,0s requires: C,
67.03; H, 9.47%).

Sodium hypobromite oxidation of keto ester 18. To a stirred
soln of 18 (260 mg) in dioxane (Sml), a soln of NaOBr (from
045g N2OH in 4ml H,O, and 0.25m! Br; was added slowly
(0.5 hr) under ice-cooling. The mixture was stirred for another
3br 0° and then left aside overnight (14hr) at room temp.
(20-25". Usual work-up (destroying excess NaOBr with
NaHSO,, acidfication with HClag, extraction with ether)
afforded a gum, which was esterified (CHaN2) and chromato-
graphed (Si0:gel, 21 cm X 1.2 cm; see above chromatography) to
get 14 (F0mg; identified by IR, tk) in the 1% EtOAc in CeHs
cluates (20 ml x 10).

Unsaturated keto ester 16. A mixture of 1S (500 mg), NBS
(500 mg), K7COs (100 mg), benzoyl pmnde (20mg) and CCL
(40ml) was stirred and refluxed (N;) for 14hr, the reaction
course being monitored by tic. After the umal work-up the
bromo derivative was obtained as a yellow-greenish gum
0.7749). Brommanonwnnlsocumdotnwlthlkz-&;o
complex™ (at 0°, 45 min) with similar results.

The bromo derivative (0.77 g), freshly distilled DMF (15ml)
and CaCO; (0.5g) were mixed and refluxed (N,) for 2hr. The
mixture was cooled, diluted with water and worked up with ether
to furnish a reddish viscous residoe (0.522g) showing Ame:
227 nm (e 6199). Column cyromatography (SiO; gel/III, 18 cm X
l.6cm;0-lo%Et0AcinC.H.ueluun)ﬁn'niabedh5%Et0Ac
in CHs cuts (10mix5) lwm, of pure 16: b.p. 190-210°

(bath)/0.5 am, np® 1.4936, {alp™ +10.16° (c, 4.9%). IR: 1750,
1695, 1645, 1270, 1185cm™'. PMR: Me-CH (3 H, d, 0.75 ppm,
J=6.5Hz), Me-C=(3H singlets at 0.3, 1.2 ppm), MeCO (3 H,
s, 28ppm), COOMe (3H singlets at 3.63, 3.70ppm), -
C-CH=CH-C=0 (2H, ABq, 6.33 ppm, J.p = 16 Hz, J \p/85 — 81 =
0.47). (Found: C, 66.76; H, 8.74. C:sHx0Os requires: C, 67.43; H,

8.9%).

ester 20. To a suspension of NaH (0.7g,
11.2mmole) in dry xylene (40ml), the triester 14 (1.954g,
548 m mole) and a drop of abs EtOH were added. The mixture
was stirred and refluxed under absolutely anhyd. conditions us-
der N, for 24hr. The mixture was chilled and treated with
50% AcOH aq (10 ml), further diluted with water (20 ml) and the
xylene layer separated. The aq part was extracted with ether
(20 ml x 3) and the extract mixed with xylene layer and the whole
washed with water, brine and dried. This soln was treated with
some amount of ether-CH:N, to esterify any acid formed (aris-
ing from hydrolysis during work-up) and then freed of solvent to
get the Dieckmann product as a yellow viscous liquid (~2g).
This product was chromatographed (SiO; gel/IIl, 40 cm X 1.6 cm).
After rejecting the material eluted with CsHg (100 ml X 2), pure
B-keto ester (17) was obtained from 1% EtOAc in CeHj eluates
(100mlx9): colourless thick oil (1.38g), b.p. 186-196°
(bath)/0.7 mm, np™ 1.4895, [a)p™—90.23° (c, 5.27%). IR: 1775,
1750, 1265, 1225, 1205, 1190, 1170, 1040, 997 cm™*. (Found: C,
67.10; H, 8.78. C1sH0; requires: C, 66.64; H, 8.70%). FeCl, test:
deep blue colour.

The B-keto ester 17 (1.0819 g), water (1 ml), AcOH (1 mi) and
conc HClaq (2 mi) were mixed and refluxed (N;) for 4.5 hr. The
mixture was worked up with ether, the product esterified
(CH:N,) and the yellow thick liquid (0.853g), thus obtained,
chromatographed over SiOxgel/III (26 cm x 1.5 cm). After rejec-
ting the material (0.098g) elluted with CiHg (50milx 3), the
required ester 20 was obtained from the 1% EtOAc in C.H, cuts
(50 ml x 4), yield 0658, b.p. 172-175° (bath)/0.2 mm, np™ 14923,
[alo™ —82.36 (c, 3.3%). Agas 286 0m (e 104) IR: 1740, 1260, 1240,
1198, 1172, 1135, 1112, 1052, 1033cm™'. PMR: Me-CH (3H, d.
0.82ppm, J=6Hz), Me-C= (3H singlets at 0.83, 0.97 ppm),
COOMe (3 H, 3, 3.67 ppm). (Found: C, 72.06; H, 9.64. C1sHxO»

requires: C, 72.14; H, 9.84%). 2,4-Dinitrophenylhydrazone of 28,
yellow]ustrousneedles,m.p 173-174° (EtOH).

Side chain degradation of keto ester 20
Ketal 21. The required ketal 21 was prepared from 20 (342 mg)
and 2 - methyl - 2 - ethyl - 1,3 - dioxolane (10 ml) by exchange
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mctionmdup-lohcnenlphoumdumxs;
omwluwmammad yneld!“u.
b.p. 186-196° (bath)/1 mm, np™ 1.49%9, [a]p™ +2.51° (c, 2.1.9%).
IR: 1750, 1318, 1270, 1230, 1180, 1158, 1110, 1065, 1025cm™’.
PMR: Mo-CH (3H, d, 0.80, J =6 Hz), Me=C= (3H singlets at
0.80, 033 ppm), COOMe (3 H, s, 3.6 ppm), O-CH~CH-O (4H,
bs, 3.80 ppm). (Found: C, 69.40; H, 9.58. CisHxO, requires: C,

69..64;1{.9.74%).

Diphenylethylene 22. The above ketal (1.55g, 0.005 mole) in
dry ether (S0 ml) was added dropwise to a soin of CsHsMgBr
(from Mg 646 mg, C;HsBr 4.0g, ether) at 0°. The mixture was
next stirred and refluxed for 14 hr and worked up in the usual
manner with sat NHC1 aq. The product was freed of bipheayl by
steam distillation and then chromstographed (SiO,gel/I,
21cmXx 1.8cm) to get in CoHg eluates (80 ml x 5), the required
carbinol as a foam (1.2 £): Agax 263 (e 1736), 271 (¢ 1808), 279 nm
(e 1520). IR: 3500, 1615, 1395, 1315, 1160, 1060, 1040, 920, 760,
705 cm ™. (Found: C, 80.11; H, 8.83. CsHxO; requires: C, 80.14;
H, 8.81%).

The above alcobol (400 mg) was mixed with 98% HCOOH
(1.5ml) and heated on a steam bath for 7 min, cooled, diluted
withwuerandthepmdnct(n)isohtedbyuualwork-npwhh
cther-benzene (1:1): viscous liquid (390mg), Ame: 250nm (¢
9000). The product was purified by chromatography over
Si0, gel: colourless gum, b.p. 230-235° (bath)/0.1 mm, [a]n”
12.74° (c, 3.68%); Anex 2520m (¢ 12,875). IR: 1740, 1600, 1380,
1110, 1075, 1046, 1030, 997, 775, 765, 703 cm™'. PMR: Me-CH
GH, d, 0.72ppm, J=6Hz), Me=<C= 3H singlets at 0.78,
0.90 ppm), C~CH-CH. (1 H, t, 6.03 ppm, J = 7.5 Hz), Ar-H (10H,
m, 6.91-7.36 ppm). (Found: C, 86.48; H, 8.78. C;}Hx,O requires:
C, 81.05; H, 8.66%).

Keto ester 25. The above olefine (22, 520 mg) was ketalized by
exchange with 2 - methyl - 2 - ethyl - 1,3 - dioxalane (20 ml) in
the manner described above for 21 to get the ketal (0.570g) as a
gum. This material, without purification, was brominated with
NBS (265mg) in refluxing CCly (4br). Usual work-up gave a
product (586 mg), which was stirred and heated (~100°) with
Li;CO; (45 mg), dioxane (14ml) and water (Sml) for 6hr. The
(&womheddtuethuwamp.wch:mto-
(Si0; gel, 0-3% FtOAc in CeH): 3% EtOAc in CeHs
(100 ml x 3) eluted the required alcobol 23 (217 mg, IR: 3380,
1600, 1380, 1300, 1155, 1120, 1060, 1045, 985, 765, 703 cm™ '),
which was as such subjected to oxidation with RuQ,.

mmmwumlzm)mmgomnm
treated with a yellow soln of freshly prepared RuO,™ in water
(from RuO,* 100 mg, NalO; 1.1g, H.0 4 ml) at room temp. (28°)
with stirring. Additional amounts of 25% NalO, aq were added as
soon as the mixture had turmed black, til yellow colour was

di]

acidiﬂed(concﬂ(l.q)mdaﬁunuw' the product taken up
in EtOAc (50 ml x 3). The EtOAc soln was processed in the usual
getlwmofmmd.whnhwumﬂed(CHzNz)

liquid

p. 150-160° (bath)/1 mm, np™ 1.4870, [a)n™ - 64.0° (c,
3.75%). IR. 1750, 1740, 1272, 1250, 1200, 1175, 1115, 1052¢cm™".
PMR: Me-CH(3 H, d, 0.78 ppm, J = 6Hz).M2-C=(SHmdets
at 0.92, 1. 07 ppm), COOMe (3 H, s, 3.65 ppm). (Found: C, 71.00;
H, 9.80. Cuﬂnosmu C, 70.55; H, 9.31%). 24-Dinitro-
phenylhydrazone, golden yellow needles (EtOH), m.p. 173-174°.
RuO, Oxidation of C.Unumwdli(ld)nu)inm
(20ml) was oxidized with RuQ, (RuQ; 40mg, and a total of
430 mg of NalOy) at 20-25° during 6 hr, essentially as described
above. 'Ibecnldemd(&mg),tbeuobtamedwaeﬂmﬂed
(CH:Nz)andtheumhylesmg o
C»

GH, d, 0.73ppm, J=6Hz), Me-C= (3H, singlets at 105,
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1.17 ppm), COOMe (3 H, 3, 3.60 ppm; 6 H, s, 3.70 ppm). (Found:
C 6291; H, "HaxOy requires: C, 62.17; H, 8.59).

Hydrindanone ester 28. The mono-acid diester (220 mg)
obtained by RuO, oxidation of the unsaturated keto ester 16, as
described above, was exposed to refluxing methanolic KOH
(from 100mg KOH and 10ml MeOH) for 1hr, whea usual
work-up gave the expected diacid mono-ester 26 (196 mg) as a
foam. This material (132 mg) was mixed with Ac;0 (2ml) and
heated on a steam-bath for 1 hr. Ac;O was then distilled off from
an oil bath and the cooled residne mixed with fresh Ac,O (1 ml),
refluxed (1hr) and freed of AcyO as before and the residue
distilled at 180-200° (bath)/2.0 mm to furnish crude 28 (75 mg).
The product was chromatographed on SiO; gel/III (2.5 g; 15 cm);
10% EtOAc in CeHs (Smlx2) afforded pure (tic) 28 (17.7 mg):
b.p. 160-165° (bath)/1.5 mm, mp* 1.4839, [alp’' + 20° (c, 0.64%).
IR: 1740, 1480, 1250, 1175, 1140, 1112, 1050, 1012cm™". PMR:
Me-CH (3H, d, 1.19ppm, J = 7 Hz), Me-C= (3 H singlets at 0.89,
1.20 ppm), COOMe (3 H, 3, 3.65 ppm). (Found: C, 70.85; H, 9.65,
C1dHzO; requires: C, 70.55; H, 9.31%).
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