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doscribed. Al foor acids beloag 10 ant-clerodans typs and have boca chemically correlated with (—)-hardwickiic
acid of proves absolwte siereochemistry. One of these acids, kolavoaic acid, is shows 10 be & bissor diterpesoid.

In an carfier commusication,' we described the isolation
of five diterpese acids from the olooresin of Hardwickia
pinnata Roxb. snd also presented evidence leading to the
abeolute stereostructwre of the maim acid—(-)
hardwickiic acid (1). We now report on the sbeolute
stercostructures of the remaining four acids—kolavic
acid (3), kolavenic acid (5), kolavenolic acid (7) snd the
nor acid, kolavonic acid (9). The structures 3 and § have
been disclosed cartier, in preliminary communications.”
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Kolavic acid (3)

Kolavic acid, m.p. 228-230°, analyves for Caal 30 and
from the PMR spectrum (Table 1) of the derived
(CH:aNa) ester is clearly dibasic. From the isteasity of
UYV absorption of the acid (A .. 216 am, ¢ 21,000) as well
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as that of its dimethy! ester (A 217 om, € 21,400) it is
xyl fuamons.nnuh: af-un-
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gross structure 11,
Momyudapiwdin;themydﬂe
side-chain as shown in 3, is clearly evideot from the
chemical shift of the vinylic Me (2.13 ppm), the relatively
down-fieid value of which necessitates a cis-relationship
between the COOR snd Me functions.™

(after esterification) a keto diester, identified (tic, IR,
PMR, {a]o) as 21, a well-characterised compound from
ozooolysis of (—)-hardwickiic acid.' Compound 21 was

also obtained by ozoaolysis of kolavic acid. This cor-
relation independeatly leads to formulatioa of kolavic

acid® as 3.
;i loogcﬁf

Kolavenic acid (5)

This acid was isolated as its methyl ester. The methyl
ester analyses for C3Hy0, and displays the following
spectral  characteristics. Ame. 219nm, «15600 (C=C-
COOMc? IR: 1733, 1230, 1158cm™ (COOMe); 1630,

l“ (C=CH). PMR: (see Table 1 for values) two

Me-C-, one Me-CH, two Me-C=C one COOMe, two

mwhonnhothomlh&inan
pmhubﬁty the grouping C-CH:-CB-?-COOMe t

C

6.53) in methyl kolavate (4), stands repiaced by C-CH-
CH=C-Me (t, 5.12) in the new ester, A3(1.41 ppm) being

consistent” vnhthenphoeueuol-COOMcby-Ak

i
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23 (IR: 3380, 1060cm™"). This was tosylated and the
product (24) exposed to LAH to yield the hydrocarbon
18. An authentic sample of 25 was prepared from the diol
18 (from kolavic acid) by tosylation, followed by LAH
reduction. The two preparations were indistinguishable

Kolavenolic acid (7)

macdmsﬂym:mtheokamumhyi
oster, a8 it was isolated’ from the seutral fraction of the
oleoresin. The ester, m.p. 95-96°, analyses for Cy;HaOs
nndhdwlymhy&oxyapwmm.w
3510cm™'; C«O 171Scm™"; C=C 1650cm™) closely
rdmdtomethylkohm(‘) as was apparent from a
comparison of the PMR spectral characteristics (Tabie 1)
of the two esters. It is also apparent from its PMR
spectrum, that it has the same sido-chain as has bees
uuh&hdf«kohmkm.wtﬁcei‘twodym

vinylic Me, and has, in addition, Mo-C-O function,

|
structure 26 appeared most attractive.

COOMe

Coufirmation of structure x was forthcoming, when
dehydration of methy! kolavenolate with pyridine-treated
sluming'' at 200-230°, furnished (after esterification), as
the main product, methy! kolavesate (6), identified in the



IR: C=0 1715cm™"; C=C 1648cm™'. PMR: 1H,
633ppm, J=3S5Hz; 3H, 3.363990).)‘000(2.&4‘-
tropbeaythydrazone, m.p. 172-173°. IR: C=O 1715cm™!
IIMR.SH s.L%m).buﬁu(neTaNcl)mMe-
C- and one Mo-CH. Prom a comparison of its PMR

|

spectral characteristics with those of other members
(Table 1) discussed so far, it is clear that this mor
compound is also closely related to these compousds
md,'nhct.mybe_lt‘!‘hnthnindeed:om

Kolevic acid (3)

IR (Nujol): 2660, 2600, 1683, 1650, 1278, 1260, 1175, 92, 882,
T10cam™". Dimathyl ester (§) was propared by exposare o CH,N,
in other-MeOH: bp. 193-19€N4mm, aF 151D, [«}B-1261°
(CHCly, ¢ 3.19%). IR(lq.): 1720, 1650, 1252, 1230, 1200, 1158,
1080, 1064, 1632, §79, 23 cm~'. (Remnd: C, 7298; H, 9.10; Odds,
18.0. CnHyO, requires: C, 70.99; H, 9.45; OdMs, 17.12%).

(Nujol): 2730, 2650, 1717, 1708, 1300, 1278, 1238, 1201, 951.
B0 ca'. (Fomad: C, 71.03; H, 10.2. CogH /04 requires: C, 7.97;
H, 10.13%). Dimathyl ester (CHyN,): b.p. 170-100° (bath )02 mm,
al 1.4990, (a]E—45.22° (CHCY, ¢ 3.10%). IR (8q.): 1745, 1260,
1220, 1193, 1170, 1145, 1102 cm~'. (Fowad: C, 71.31; H, 10.4S.
CpHyO, requives: C, 72.09; H, 10.45%).

Dehydrogenation of kolaseic ecid
Amammw(woaﬂmmmom
hestod at 300-320” ia a cosrest of CO, till Mdll;easd
(8br). The reaction mixture was worked up sad the m
chwyudaaﬁd“'fwm

Hydrogenation -kydrogenciysis of mathyl hardwickiste

Mothyl hardwickinte (2.5g. 0.007S mols) was bydrogemated
over pre-reduced PO, manq)hma(u-n-
27110 mm tll ferther absorption of H, bad cessed (00r; H,
uptake 64Smim3Iimol oquiv.). Ussal work-wp fursished a
product (2.4 g), which was distilled at 190-210" (bath 0.4 mm to

R Mma wel

give a viscous liquid (2.1 g) showing oa tic (solvest: 9% E3OA< in
CeHo o lsast four componsats of RR, 0.24, 0.34, 0.58 and 1.00.
The product was chromstogrphed over ALGYIl (18Scmx
L ca):

Praction |  Light pet. 25mix 10 40 mg, mixtare
Praction 2 Light pet. BaixS 19mg RR1.00
Praction 3 10-SOB CH, 2mixi6 349 mg, mixtare,
in light pot. RR, 100, 0.58
Practica 4 7% CHein 2mix14 295mg RR, 038
tight pot ,
Praction 5 CgH, Bmix4 27 mg, mixtare
196 MeOH
i CH, Bui=4
Praction 6 % MeOH Bmixé 059 mg, mixture,
in CH, RR, 034,024

Eater 13. Praction 2 was distilled %0 fursish 13 (125 mg): b.p.
160-16° (beth)02mm, af 1.4860, (a]F-51.08° (CHCh, ¢
3.“)|. IR (Bq.);: 1748, 1328, 1195, 1170, 114S cm™'. PMR (CCL):

Me-C-(3H singlets at 0.70, 0.58 ppm), Me-CH (d, 0.78ppm,

|
J=6Hz; d, 0O08ppm, J=6H1), Me-CH, (t. 0. 00ppm, J=
45 Hsz), COOMa (O H, 3, 3.57 ppm). (Fowad: C. T791; H. 1191.
CnHyO; requires: C, 70.20; H, 11.90%).

Mathyl hexahydrohardwickiate (12). Practioa 4 os distillatios
yisided 13 0 mg): bp. 100-190" (bath¥0.4mam, B 1.5024,
(«)B-36.5° (CHCYy, ¢ 2.3%). [R, PMR identical with carfier deta.’

Ester alcobol 14, 18. Distillation of fractios 6 furnishod mix-
tars of 14, 15 (350 mg): bop. 175-185° (bath)N2 e, x5 1.0506,
(«)B-45" (CHCY,. ¢ 49%). IR (liq.)>: 3450, 1738, 1320, 1272, 1192,
1172, 1142, 1042, 1010, 908, T80 cm~'. (Fowad: C, 74.47; H. 11.47.
CnHyO; requires: C, 74.51; H, 11.32%).

Giycol 18

() Prom dimathyl tetrehydrokoiesese. Dimethy! tetrahydro-
kolavate (195 mg) in dry ether (5 ml) was reduced with a swrry of
LAH (150mg) in other (S0md) in the woual menser and the
product distilled %0 get & colowrises (190 mg): bp. 168-165°
ath)4Sx 10 'am, s 1512, [« -a.r(cuc;,.cwls;m

(Nujol): 3400, 1650, 1030, 993 cm™'. PMR (CCL): Me-C-ORH

I
singlets at 0.7, 0.8 ppm), CH,-CH QH, 4, 0.T3 ppm, J = 6 Hz:
JH, d, 0%ppm, J=6Hz), CH,0H (4H, a, 3040ppm)
(PM: C, 77.62. H, 1286 C.B‘O, roquires: C, 77.36; H,

Acstate (19) (A?O ; @hr at 20-27: bp.
210-2|5' (bath 0.5 mm, 14859, [c]f-Zlf IR (lig.): 1750,

1240, 1099, 972cm~'. PMR (CCL): Ma-C- (3 H simglets ot 0.68,
|
086ppm), two Meo-CH (0.70-093ppm), MeCOO (H, s,

19ppm; 3H, s, 197ppm). CHLOAc (4H, o, IS-Ippm).
(Found: C, T3.69; H, 1086 Cyi 0O, requires: C. T3.05; H,

PO
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i light pet. (10! X 15) chwsed 208 mg of tic pure materin, which
was distlied: bp. 210215 (bethWSmm, sf 1.8099, [e)E-
20.71* (CHCY,, ¢, 49%). IR, PMR superimpossbis ou those of 19,
(Fowad: C, T3.60; H, 1067. CpHO, requires: C, T305; H,

200 cng. and a total of 8.2g of NalOJ at 25-27° during 6 br, by
following the pesoral procedure described eartier.! The total
product in BtOAc (100 mi) was soparated by NayCO, ag imto
soutral (446 mg) sud acidic (400 mg) fractions. The acidic fractios

The ooutral portios was also ciwomatographed over SiOr
ol/T (32cm x 1.1 ca): 20% BOAc in C H, (10mi x6) eluted a
crystallime compound (212mg), which was recrystallised from
tight pet.: m.p. 104-105%, [¢)5 +16.3° (CHCl,. ¢ 1.14%). IR
(Nujol): 3338, ms.]mn. 1277, 1244, 1218, 1053, 1020, 925 con ™",

PMR (CCL): Me-C-OH singiets at 0.87, L.1Sppm). Me-CH

|
(OH, 4, 082 ppw, J = 6 Hz), MeCO (3 H, s, 2.17 ppm), COOM
(3H, 5. 39ppm), CHOR (1R, 5, 42ppm). (Pownd: C, 67.48; H,
9.27. CuR O requires: C, 67.00; H, 9.47%).

(i) Ozowolysis of kolavic scid. Xolavic acid (2.5g) i AcOH
(50 ml) was ozosized with cooling (~15%) i the usual mammer.
The solvent was removed woder suction (st 40-50") and the
residue dissolved in KL CO, ag, mixod with H,0, aq (30%, 20 m),
water (30 ml), and beated ou » steacs-bath for 4 br. The reactioa
mixture was worked up i the wsual masner 10 9ot an acid, which
after esterification (CH,N,) furnished crude ester (2.33g). This
material was chromatographed over Si0, gel/ll (M cm % 2.7 cm)
using CJH, sad, C .l containing increasing quastities (2-10%) of
BrOAc: 2% BrOAc in CH, (S0 mi x 12) furvished 763 mg of 21:
b.p. 200-210° (bath VO mm, o 1.4896. (TR, PMR).'

Mathyl kolavenats (6)

IR (tig.): 1733, 1630, 1240, 1200, 1156, 1102, 1058, 1033, 1000,
9800, 924, 870, 836, 798 e ', Mass (T0eV): mie 318 OM°, 30%),
199 (100%), 121 (45%), 120 (45%), 107 (65%), 95 (B0%), 93 (&2%),
81 (37%), 63 (357%, 33 (35%).

Methyl tetrahydrokolasenate
Methy! kolavesste (93mg) in ACOH (10m) was hydro-
over preteduced Adam's Pt catalyst (S0mg) o
25°/711 mem, whes 2 total of S0 2! H; (=2 mole equiv.) was takoo
up during $ br. Ussal work-up gave, after distillation, a coloariess
liquid (225 mg): bp. 100-185° (bath )2 mm, af 1.6080, [«)8+
1.45° (CHQYy, ¢, #8). IR (Ng.): 1788, liv' 1290, 1220, 1192, 1175,

1160, 1012can™". PMR (CCl): Me-C- (OH singlets o 070,

|
078 ppm). CY-CH (3R, d.0.7ppm, I=6Hz; 3H, d, 0.84 ppm,
J=5Hz), COOMg 3 H, 5, 3.62 ppm). (Fousd: C. 78.57; H, 11.86.
C::H-Oz m: 78.20; H, 11L.59%).

Tetrahyérotolevenol (23) .
Mothy! totrahydrokolavessts (4003 0.124mols) i ahl
{40 ml) was reduced with a shurry of LAH (2.8, 0.053 mole) in
other (150 o), first at ice-bath (0.5 br), thea of 27-29" (0.5 ) snd
Smally ot reBux (7 hr). The mixture was worked up in the eeual
masaer (first BtOAc, then Hy90, aq) to furnish creds slcobel
(4.0g), which was chromatographed over ALOYII (D cmx
15cm) wsing Nght pet. containing incressing (10— T5%) quen-
titios of CH,: material (164 g) ehatod with 50% C.H, in light pot.
(100 mi X 20) was distilled 10 gat tc pare {sobvent: 10% BxOAc
i CJHY) 23: b.p. 130-140° (bath)0.02 mm, 2l 1L.6®, [«]B+ 60

"
(C!!?,. ¢, 285%). IR (lig.) : 3300, 1060, 1808 cmn™’. PMR (CCLy:

Ir?- OH singets &t 0.7, 0.78ppm), CH,-CH (OH, ¢,

07ppm, I=6Hz; 3K, ¢ 1.00ppm, J =S H2), CYOH QH, ¢,
Jhppm, J=6Hs) (Found: C, 3189, H, 13.07. CouHyO
requires: C, 81.36; H, 13.01%).

Hydrocarbon 28

{i) Prom tatrekydrokoiasencl Tetrakydrokolsvesol (0.5 g) was
exposed to tosyl chioride (0.65g) in ashyd pyridine (S i) for
28 Ir at room tesp. (20-277). The mixture was worked up in the
wwwel manner to et the required tosylsts (34) as a gum (340 mg).
This matecial was reduced with LAH (200 mg) o refinxing THF
(S0 mi) for $br and waorked up in the wual manoer to furnish 2
fiquid (20mg), which was chromatographed over ALOYD
(l6cmx03cm), while monitoring with AgNOy-SiOl th
(solvent: bexame). The major cut chatod with light pet. (2 mix 3),
sve 3 gic (diethyless glyoo! polysuccioate colums, 200) and
tic pore liguid (160 mg) as the desired prodct: b.p. 150-153°
Oath)ismm, 2l 1.4851; [} + 5.7° (CHCh. ¢, 26%). IR (ig.):
1160, 1125, l‘lﬂ. 1090, 1035, 1638, 1022, 990, %45cm'. PMR
(€Cl: n.-?-(m singlets st 0.73, 0.82 ppm), CH,-CH. Cly-
CHY{~12H, 0.73-095 ppm). (Found: C, 86.70; H, 13.42. CpHiy
reqaires; C, $6.25; H, 11.75%).

(F) Prom tatrehydrobolesol (18). Diol 18 (0.503 g) in pyridioe
(S i) was trested with tosy! chioride (1.16g) at ~27° for B
and thea workad op in the cowsl manser to furwish bis-tosyiate s
a gem (0503 g). This material was rodoced by LAH (500 mg) in
THF (50 mi) exactly, a3 above, to furninh after work-up, followed
by chromatography. as sbowe, the required hydrocarboa (19):
colourless fiquid (120mg), b.p. 150-155° (bath)iSmm, af
1.4857, [«] = 0. IR, PMR exactly idestical with those of sampie
from (i) sbove.

Metkyl kolesanolate ®)
IR (Nujol): 3510, 1715, 1650, 1335, 120, 1162, 1120, 1096, 1081,
1058, 1010, 548, 930, 870, 845, 792, MS can ™.

Deltydration of § 10 methyl kolasenste (6)

Ester $ (200 mg) and pyridime-modified ALO," (1.0g) were
mixed and heuted af 208-230° under reduced pressure (~10 )
for 0.5 . The reaction mixters was cooled and extracted with
$% NasCO, aq-MeOH, the extract acidified, the product takes up
in other and esterified with CH,N;. Work-up fursished a product
(%% mg), which was chromatographed oe ALOYE (12x0.7 cm).
l&p@“oﬁﬂ“mtﬁmm&nﬁdw
preparative-layer-chromatography (PLC) o8 AgNOy-SiO; el
(sotvest: CH) to furnish 6 (IR, PMR).

Methyl kolesonate (10
IR (iq.): 1715, 1648, 1290, 1258, 1238, 1200, 1160, 1062, 1064,
1040, 1024, 995, 545, 778, 757 cm™'. 24-Dinitrophenylhpdrazons

gc#yum"mmmmu. In-

Oromolysis of dimethyl kolasese (§) 10 18

A win of dimethy! kolavate (0.5325: 0.0015 mole) i dry
EtOAc (60 mi) was trested with cxzooized oxygee (0.28 g Oy/br) st
-2 for 1S min ouly. The solvest was flashed off woder suction
ot room tomg. (~27°). The resides (0.60g) was beated with 0%

Hy0: aq 2 ml) and water (8 mi) ot 60 for 2 e, and then worked
wp with sther 10 got 3 product (6.50g), whick was chrommio-
gephed on ALOYIT (21 cmx09cm), with tc (solvest: 10%
BiOAc in CJH). Beazsae (10mix10) eluted 12mg of 2
material, which wes further periied by PLC (SiO; gal; solvent,
19% BiOAc in CJiY o pot M mg of 3 meterial identified (tic,
gic, II) 2s 1@ bp. 190-185° (beth)N.1 mm, a8 15109, [a)B-

£
;
;

o
2
aa
=
-
3

). (Pownd: C, 74.44; H, 936, CrHiyO,y
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