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Abstract—The investigation of five Blumea species afforded, in addition to known compounds, several cuauthemone
derivatives, most of them being 7,11-epoxides, some thymol derivatives, an eremophilane epoxide and a himachalane
diol. From Pterocaulon virgatum a further himachalane derivative was isolated. The structures were elucidated by

spectroscopic methods and in part by partial synthesis.

INTRODUCTION

The large genus Blumea (Compositae, tribe Inuleae) is
placed in the Pluchea group [1]. So far, only limited
results on the chemistry are available. In addition to
tridecapentaynene and the corresponding thiophenes [2],
mainly monoterpenes [3-6], some flavones [7] and
coniferyl diangelate [8] have been isolated. We have now
studied five species as well as one Pterocaulon species. The
results are discussed in this paper.

RESULTS AND DISCUSSION

The aerial parts of Blumea alata (D. Don.) DC.
afforded, in addition to a-humulene, caryophyllene and
squalene, minute amounts of the cuauthemone derivatives
1-4, 6, 7 and 9. The 'H NMR spectrum (Table 1) of 9
was close to that of 8 [9-11]. However, the nature of
the ester residue was different as followed from the
'H NMR signals. The changed signals (509 g, 1.30d,
1.34 5, 1.98 5) indicated the presence of an ester residue,

Table 1. 'H NMR spectral data of 1-7 and 9 (400 MHz, CDCl;, TMS as internal standard)

1 2 3 4 4(CsDg) 5 6 7 9
H-1a 1.63ddd  1.67ddd 1.66ddd 1.58ddd 1.42ddd 1.55ddd * 1.63ddd
H-18 1.39ddd  143ddd 140ddd 1.39ddd 082ddd 1.39ddd 1.26m 1.32ddd
H-2a 20m 20m 1.97m 2.02dddd 1.84dddd 2.01dddd * 2.07dddd
H-28 1.89dddd 1.82dddd 190dddd 182dddd 1.29dddd 1.79dddd 1.80dddd 1.88dddd
H-38 4.96dd 5.89dd 496dd 5.90dd 6.01dd 5.88dd 5.83dd 5.90dd 5.87dd
H-5a 20m 240dd 2.12ddt 2.33m 1.95dd 249dd 2.89dd 3.07d
H-6a 2.20dd 235m 2.19dd+ } 21lm 2.28dd 2.08dd 2.21dd }7 17d 2.89brd
H-68 20m 20m 2.14ddt ’ 1.87dd 2.15dd * ’ 21m
H-% 2.084d 1.82d 2.16d 2.17brd  190brd 2.09d 2.844d }2315 2.184d
H-98 2.36d 2.36d 2.37d 2.35d 2.15d 2.16d * ’ 2.24d
H-12 1.20s 1.23s 1.25s 1.24s 1.09s 1.35s 1.90brs 148s 1.85s
H-13 1445 147s 145s 148s 1.24s 1445 { ;igz;z 1.53s 206s
H-14 1.03s 1.09s 1.03s 1.06brs 0.57brs 1.09s 097s 1.01s 097s
H-15 1.24s 1.57s 1.22s 1.57s 1.16s 1.59s 1.53s 1.61s 1.58s
OAc — 1925 — 1.96s 1.62s 1.96s 1.93s 1985 1.96, 1.98 s
OCOR 6.1549 6.13qq 311qq 3.09¢9 2.55¢q 3079 6.12qq 6.08 g 5099
2.04dq 2.04dq 1.33d 1.34d 1.18d 1.31d 2.05dq 201dq 1.30d
196dg  192dg  163s 1.54s 1.38s 1.565 195dg  191dg  134s
OOH — — — — — — 8.05s 1.79s

*Overlapped multiplets.
1Not first order.

J(Hz) 1o, 20 = 3; 12, 28 = 14; 18, 2a = 3; 1B, 2B = 3; 2o, 2 = 16; 2, 38 = 3.5; 2B, 3p = 2; 5a, 6 = 3; Sa, 68 = 13; 6a, 6§
= 14; 9a, 98 = 13.5; 9o, 14 ~ 1; compound 5: 5¢, 6a = 5; 6a, 6§ = 12; compound 7: Sa, 6 = 2; compound 9: 2a, 3 = 3.5; 28, 3
=366=1399=153,4=60Ang: 3,4=7,3,5 =4, 5 = 1.5, OEpang: 3,4 = 5.5.
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where the epoxyangelate was opened by acetic acid.
The mass spectrum only showed a fragment at m/z 392
(C,,H3,04) which was formed by loss of acetic acid.
However, by chemical ionization a weak [M +1]* peak
(m/z 453) was observed.

The 'HNMR spectrum of 4 (Table 1), molecular
formula C,,H,,0,, clearly showed that an acetate and an
epoxyangelate residue were present. Many signals were
again similar to those of 8. However, the signals of the
olefinic methyls were replaced by two singlets at §1.24 and
1.48. As followed from the molecular formula, 4 had one

maore oxvoen comnared with 8 Thue the nrecance aof a
more OXygen, CoOmpalct wiin &. inUs n¢ proesénce o1 a

7,11-epoxide was very likely. All data including !3C NMR
(see Experimental) agreed with this assumption. To
establish the structure and to determine the stereochem-
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istry at C-7, we transformed 8 to 4 by reaction with
hydrogen peroxide in the presence of sodium hydroxide.
In addition to 4, the epimeric epoxide 5 was obtained.
When the 'H NMR spectra (Table 1) of 4 and § were
compared, the shift differences for H-5 and H-12 in-
dicated the proposed assignment of the configurations at
C-7 and C-11. While in CDCl, some signals were not first
order, in deuteriobenzene all the signals of 4 could be
assigned. Clear NOEs between H-14 and H-15 also
allowed us to differentiate between the methyl singlets
since H-15 also showed a NOE with H-36. The fact that §

was the main nroduct sunnorted the nronosed con-
was € main proguct supporieC i€ proposee Corn

figuration since the f-methyl groups surely favour attack
from the a-side.
The 'H NMR spectrum of 3 (Table 1) showed that 1t
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was the desacetyl derivative of 4. Accordingly, the H-15
signal was shifted upfield. The 'H NMR spectra of 1 and 2
(Table 1) clearly showed that we were dealing with the
correspondmg angelates The spectra therefore only dif-
fered from those of 3 and 4 by the signals of the ester
residue.

The H NMR spectra of 6 and 7 (Table 1) indicated the
presence of hydroperoxides by the low-field singlets
(67.79 and 8.05, respectively). While 6 had an isopropenyl
side chain, 7 was a conjugated ketone with a low-field
doublet at 67.17 for H-6, as followed from spin decoup-
ling. From the chemical shift of two methyl singlets, the
position of the hydroperoxide group was deduced. As in
both cases most of the other signals were close to those of
8, the structures of these ketones were established. The
low-field shift of H-5 in the spectrum of 6 further showed
that the 7a-hydroperoxide was present. Most likely 6 and
7 were formed by reaction of 8 with oxygen, though 8
itself was not isolated from this species. The roots gave
tridecapentaynene, a-humulene, thymohydroquinone di-
methyl ether and 11 [12].

The aerial parts of B. mollis (D. Don.) Merrill gave
limonene, a- and p-farnesene, eugenol and 10, the
'H NMR spectrum of which (see Experimental) was in
part similar to that of 11. However, the olefinic methyl
signal was replaced by a pair of signals at 64.92 and 4.86
and H-5 was a broad double-doublet at §4.55 indicating a
free hydroxyl at C-5. Thus the angelate was at C-7. The
J4.s coupling showed that these hydrogens were cis to
each other. The roots of B. viscosa (H.B.K.) Badillo gave a-
humulene, thymohydroquinone dimethyl ether and coni-
feryl diangelate [8].

The aerial parts of B. gariepina DC. afforded 1socomene
[13], B-isocomene [14], silphinene [14], modhephene
fl41 thymol, its acetate, large amounts of thymoquinone
(17), ‘the corresponding acetoxy derivative 18 as well as the
phenolic compounds 12-14 and the diol 19. The structure
of 18 was established by synthesis. Fries reaction of 17
gave in addition to the isomeric 2,5,6-triacetate the desired
triacetate 16, which was transformed by hydrolysis, air
oxidation and acetylation to 18. The relative positions of
the oxygen functions in 12-14 were deduced by spin
decoupling, which showed the presence of a coupling
between H-6 and H-7.

The relative position of the acetoxy group 1n 12 could
also be confirmed by NOE difference spectroscopy. Clear
NOEs were obtained between H-7 and H-6, between the
acetate methyl and H-6 and H-8, as well as between the
hydroxyl and H-8. As hydrogenation of 18 afforded a diol
which was different from 13, the structure of this acetate
was also established. Again the NOEs agreed with this
structure.

For comparison, 16 was transformed by partial saponi-
fication to 185, where the relative position of the oxygen
functions again was established by the NOEs. When the
'H NMR signals of 14 were compared with those of 15,
the shift difference of H-7 indicated a free hydroxyl group
at C-2, and that of H-6 an acetate group at C-5.

The structure of 19 was deduced from the 'H NMR
spectrum (see Experimental) which was close to that of
himachalol, the 12-desoxy derivative of 19. Most signals
could be assigned by spin decoupling. The presence of an
11a-methylol group was deduced from the downfield shift
of H-6 on comparison with that of himachalol [15, 16],
and the cis-anellation followed from the small J, ¢
coupling as well as from the W-coupling of H-1 with H-5
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and from the missing coupling of H-5 with H-6 since only
in a cis-anellated compound is the angle between these
protons nearly 90°.

We isolated a closely related sesquiterpene from the
roots of Pterocaulon virgatum (L.) DC., also belonging to
the tribe Inuleae and to the same subtribe as Blumea [1],
together with thiophene acetylenes. Careful *H NMR
investigations led to structure 20, which we have named y-
himachalene as only the position of the A’-double bond
differed from the known a- and g-isomer [15, 16]. Spin
decoupling allowed us to assign the complete sequence
and therefore the seven-membered ring could be closed by
the quaternary carbon (C-11). cis-Anellation again fol-
lowed from the J, ¢ coupling.

From the aerial parts of a further Blumea species, which
was collected in Transvaal, but so far has not been named,
the eremophilane derivative 21 was 1solated in addition to

PPy P Vg (P A AP DU

gcrmacrcnc U nlgu-rcwluuon IIAS> apeurumupy gavc
the molecular formula C,;H,,0, while the 'H NMR
spectrum (see Experimental) showed the presence of two
methyl groups, one tertiary (0.98 s) and one secondary
(0.78 d), two exomethylene protons and a methylene
attached to oxygen, as followed from the chemical shifts.
Spin decoupling indicated that the latter showed allylic
couplings with the olefinic protons. Furthermore, a pair of
doublets at §2.07 and 1.83 (in deuteriobenzene, in CDCl,
1.97 s) required an isolated methylene group while a pair
of double-doublets had to be assigned to H-9, from the
results of spin decoupling. Thus the only possible struc-
ture was 21. The configurations at C-4 and C-10 were
deduced from the couplings while the presence of a §-
epoxide followed from the downfield shift of H-10
(62.27 dddd), which would not agree with an a-epoxide.
The fragmentation pattern in the mass spectrum also
supported the proposed structure of 21. The base peak
was m/z 124 (CoH, ) obviously formed by the splitting of
the 5,6 and the 8,9 bonds while m/z 111 (C¢H,0,) was the
counterpart.

The chemistry of the genus Blumea shows some
relationship to Pluchea in the co-occurrence of the
acetylenic compounds, the cuauthemone and thymol
derivatives as well as 10 [12], though the results obtained
so far do not show a very uniform picture. Obviously
more species have to be studied.

EXPERIMENTAL

The air-dried plant material was worked-up 1n the usual way
[17]. The aenal parts (20 g) of Blumea alata (voucher 81/25,
collected in Transvaal; all vouchers have been deposited at the
Herbarium of the Botanic Research Institute, Pretoria) gave
CC(SiO,) fractions as follows: 1 (petrol), 2 (Et,O) and 3
(Et,0-MeOH, 9:1). TLC (SiO, PF 254) of fraction 1 (petrol)
gave 8 mg a-humulene and 5 mg caryophyllene. TLC of fraction
2 (Et;O-petrol; 1:1, 2 developments) gave 8 mg 2 (R, 0.42) and
12 mg 4 (R, 0.36). TLC of fraction 3 (Et,O-petrol, 9:1) gave a
mixture, which was further separated by HPLC (RP 8§,
MeOH-H,0, 7:3, ca 100 bar and flow rate, 3 min) affording
3mg 1 (R, 9 min), 2 mg 3 (R, 7.5 mun), 1 mg 9 (R, 4.8 min) and a
mixture of 6 and 7 (R, 3.5 min) which was separated by TLC
(Et,0) giving 1 mg 6 (R, 0.35) and 2 mg 7 (R, 0.30)

The roots (20 g) gave, on TLC (Et,O-petrol, 1:9), 15mg
a-humulene, 3 mg trideca-3,5,7,9-pentayn-1-ene, 15 mg thymo-
hydroquinone dimethy! ether and 2 mg 11.

The aerial parts (40 g) of Blumea mollis (collected 1n Transvaal,
voucher 81/278) gave CC fractions as follows' 1 (petrol), 2
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(Et,O—petrol, 1:9) and 3 (Et,0). TLC of fraction 1 (petrol) gave
12 mg - and 5 mg p-farnesene and 10 mg limonene. TLC of
fraction 2 (Et,O—petrol, 1:9) afforded 5 mg eugenol and TLC of
fraction 3 (Et,0) gave 2 mg 10 (R, 0.57).

The roots (13 g) of Blumea viscosa (collected in Guatemala,
voucher RMK 7364, deposited at the U.S. National Herbarium,
Washington) gave, on TLC (Et,O-petrol, 1:10), 7 mg a-humu-
lene, 25 mg thymohydroquinone dimethyl ether and 2 mg con-
iferyl diangelate.

The aerial parts (320 g) of Blumea gariepina (collected in
Transvaal, vouchers 81/71 and 81/214) gave CC fractions as
follows: 1 (petrol), 2 (Et,O-petrol, 1:9), 3 (Et,O-petrol, 1:1)and
4 (Et,0 and Et,0-MeOH, 9:1). TLC of fraction 1 (petrol) and
GC/MS gave 20 mg caryophyliene, ca 10 mg isocomene, 10 mg
B-isocomene, 10 mg silphinene and 10 mg modhephene (calc.
from the 'H NMR spectrum of the mixture). TLC of fraction 2
(Et,O—petrol, 1:3) gave 5 mg thymol acetate, S mg thymol and
300 mg thymoquinone. TLC of fraction 3 (Et,O-petrol, 2:3)
gave 3 mg 18 (R, 0.48) and TLC of fraction 4 (Et,O—petrol, 7:3)
afforded 1 mg 14 (R, 0.55), 2 mg 12 (R, 0.45), 2 mg 13 (R, 0.42)
and 1 mg 19 (R, 0.25).

The roots (20 g) of Pterocaulon virgatum (collected in Brazil,
province Bahia, voucher RMK 8961, deposited at the U.S.
National Herbarium, Washington) gave, on TLC (Et,O-petrol,
1:20), 3 mg 2-pentadiinyl-5-[but-3-in-1-en-4-yl]thiophene, 10 mg
2-propinyl-5-{ hexa-3,5-diin-1-en-6-yl]thiophene, 18 mg thymo-
hydroquinone dimethyl ether and a mixture of hydrocarbons,
which were separated by TLC (AgNOj-coated SiO,, Et,O-
petrol, 1:30) affording 2 mg y-humulene, 1 mg f-bisabolene and
9 mg 20 (R, 042).

The aerial parts (15g) of a Blumea species (collected in
Transvaal, voucher 81/253) gave, on TLC (Et,O—petrol, 3:7),
1 mg germacrene Dand 1 mg 21 (R, 0.34). From the extract of 2 g
roots, also 1 mg 21 was obtained.

Known compounds were identified by comparison of the
400 MHz 'H NMR spectra with those of authentic compounds
and by co-TLC.

78,11-Epoxycuauthemone 3-O-angelate (1). Colourless oil;
IR v§Sl cm~: 3580 (OH), 1720 (C=0, C=CCO,R); MS m/z (rel.
int) 350209 [M]* (38) (calc. for C,oH;0O5: 350.209), 335
[M —Me]* (17), 250 [M —RCO,H]* (5), 232 [250-H,0]"
(38), 83 [C,H,CO]* (100), 55 [83 ~CO]* (94).

4-O-Acetyl-1p,11-epoxycuauthemone 3-O-angelate (2). Colour-
less o1l; IR v§Sk cm 111745, 1245 (OAc), 1720 (C=0, C=CCO,RY);
MS m/z (rel. int) 392.220 [M]* (3) (calc. for C,,H;,04:
392.220), 332 [M —HOAc]* (1.5), 317 [332-Me]* (1), 232
[332-RCO,H]* (100), 83 [C,H,CO]"* (61), 55 [83 —-CO]}*
(75).

78,11-Epoxycuauthemone 3-O-epoxyangelate (3). Colourless
oil; IR vESk em™*: 3580 (OH), 1730 (C=0, C=CCO,R); MS m/z
(rel. int.): 366.204 [M]* (88) (calc. for C,qH3,04: 366.204), 351
[M —Me]* (52), 250 [M —RCO,H]* (10), 232 [250 ~H,0]*
(100).

4-O-Acetyl-18,11-epoxycuauthemone 3-O-epoxyangelate (4).
Colourless oil; IR vESk cm™1: 1745, 1245 (OAc), 1730 (C=0,
CO,R); MS m/z (rel. int.): 308.215 [M]* (4) (calc. for C,,H;,0,:
408.215), 348 [M ~HOAc]"* (1), 232 [348 —RCO,H]* (100),
217 [232-Me]* (6); '*CNMR (CDCl,, C-1-C-15) 3341,
2681, 71.64d, 82.7 5, 46.84d, 23.1¢, 70.2 5, 204.8 5, 60.1 ¢, 383 5,
63.15, 19.7q, 1904, 19.1g, 17.7q, 1689 s and 21.8 g (OAc);
1659 s, 1279, 138.04, 20.6 g and 15.7 ¢ (OCOR) (quartets
assigned by selective decoupling).

To 10mg 8 m 2ml MeOH, 1 ml H,0, containing 20 mg
NaOH was added at room temp. After 3 hr, TLC (Et,O-petrol,
3:1) afforded 3 mg 4, i1dentical with the natural compound
(*H NMR and co-TLC) and 5 mg §, colourless gum; *H NMR:

F. BOHLMANN et al.

see Table 1.

4-O-Acetyl-Ta-hydroperoxy-11,13-dehydro-7,11-dihydrocuau-
themone 3-O-angelate (6). Colourless oil; IR v@lscm™1:
3500 (OH), 1750 (OAc), 1730 (C=0, CO;R); MS (CI, i-butane)
m/z (rel. int): 349 [M + 1 —HOAc]"* (6), 315 [349-H,0,;]*
(54), 215 [315—RCO,H]* (100).

4-O-Acetyl-11-hydroperoxy-6,7-dehydro-1,11-dihydrocuauthe-
mone 3-O-angelate (7). Colourless oil; IR v€Sh cm ~1: 3450 (OH),
1750 (OAc), 1730 (CO,R), 1675 (C=CC=0); MS (CI, i-butane)
m/z (rel. int): 349 [M+1—-HOAc]* (6), 315 [349-H,0,]*
(55), 215 [315~RCO,H]* (100).

4-O-Acetyl cuauthemone 3-O-[2-methyl-2-hydroxy-3-acetoxy-
butyrate] (9). Colourless oil; IR vEG+ cm~*: 3600 (OH), 1740
(CO;R, OAc), 1690 (C=CC=0); MS m/z (rel. int.):. 392.220
[M —HOAc]* (16) (calc. for C,,H,,04: 392.220), 216 [392
—RCO,H]* (100), 201 [216 ~Me]* (12); CI (i-butane). 453
[M+1]* (0.5), 393 [453 —HOAc]* (10), 333 [393 —HOAc]"*
(100).

7-Angeloyloxy-5B-hydroxycarvotacetone (10). Colourless oil;
IR v§Sk cm~1: 3600 (OH), 1720 (C=CCO,R), 1680 (C=CC=0);
MS m/z (rel. int.): 248.141 [M — H,0]* (7) (calc. for C,sH,,0;:
248.141), 167 [M ~OCOR]* (5), 166 [M —RCO,H]™* (15), 149
(167 -H,071* (7), 83 [C,H,CO]J* (100), 55 [83 —CO]* (97);
'H NMR (CDCl,): 62.50dd (H-3), 2.59 dd (H-3), 1.7 m (H-4),
4.55 brdd (H-5), 694 dt (H-6), 492 brd (H-7), 4.86dd (H-T'),
1.83m (H-8), 1.084 (H-9), 1.01d (H-10), 6.12 gq, 2.00 dg and
1.93 dq (OAng)[J (Hz):3,3' = 16;3,4 = 12;3',4 = 4.5;4,5 = 3;
5,6=55,57=6,7=15;7,7 = 14;8,9 = 8,10 = 6.5].

5-Acetoxy-2-hydroxythymol (12). Colourless oil; IR v§Sl cm 1
3520 (OH), 1765 (OAc); MS m/z (rel. int.): 224.105 [M]* (18)
(calc. for C,,H,;s04 224.105), 182 [M —ketene]* (100);
'H NMR (CDCl,): 6.33 s (H-6), 2.18 s (H-7), 3.12 gq (H-8),1.31 d
(H-9, H-10, J = 7 Hz), 2.30 s (OAc).

2-Acetoxy-S-hydroxythymol (13). Colourless oil; IR v§Sh cm 1
3520 (OH), 1765 (OAc), MS m/z (rel. int.): 224.105 [M]* (20)
(calc. for C,,H, 50,:224.105), 182 [M —ketene] * (100), 167 [182
~Me]* (74), 'HNMR (CDCl;): 66.28 s (H-6), 2.11 5 (H-7),
3.11 qq (H-8), 1.29d (H-9, H-10, J = 7 Hz), 2.30 (OAc).

5-Acetoxy-2-hydroxythymol acetate (14). Colourless oil;
IR v§Sk cm™1. 3500 (OH), 1765 (OAc); MS m/z (rel. int.): 266.116
[M]* (6), (calc. for C, H, 3O5: 266.115), 224 [M — ketene] * (25),
187 [224 —ketene]* (100), 167 [182-Me]* (70); 'H NMR
(CDCl,): 6.45 s (H-6), 2.19 s (H-7), 3.17 qq (H-8), 1.30 d (H-9, H-
10, J = 7 Hz), 5.31 (OH), 2.31 and 2.38 s (OAc).

2-Acetoxythymoquinone (18). Yellow crystals, mp 30°
(Et,O—petrol); IR vESk cm~*: 1770 (OAc), 1670 (C=CC=0); MS
m/z (rel. int.): 222.089 [M]* (5) (calc. for C,,H,,O,: 222.089),
180 [M —ketene]* (100), 152 [180-COJ* (12), 137 [152
—Mel]* (9); 'HNMR (CDCly): 6.56q9 (H-5), 2.04d (H-7),
3.12 gq (H-8), 1.19 d (H-9, H-10), 2.34 5 (OAc) [J (Hz): 6,7 = L.5;
8,9 = 8,10 = 7]; 1*C NMR (CDCl;, C-1-C-10): 186.7 5, 148.9 s,
140.6 s, 180.8 s, 134.14d, 143,75, 15.1q, 252d, 20.2q, 202 g,
(20.3q, 168.0s, OAc).

Synthesis of 18. To 2 g thymoquinone suspended n 5§ ml Ac,0,
0.5 ml BF ;- Et,O was added. After stirring for 2 hr, the mixture
was heated for 3 hr at 70°. After cooling, 2.7 g 16 and 2,6-
diacetoxythymol acetate were obtained. To 1 g of the mixture in
5ml MeOH, 0.2 ml 1 M NaOH was added. After 3 hr at 20°,
usual work-upand TLC (CH,Cl,-petrol, 7:3) gave in addition to
products of partial hydrolysis 170 mg 3-hydroxythymoquinone,
which was heated 2 hr with Ac,O at 70°, yellow crystals from
Et,0—petrol, mp 30° (18). All spectral data were identical to those
of the natural product. Among the products of hydrolysis, also
30 mg of 16 were obtained; 'H NMR (CDCl,): §6.82 s (H-6),
2.14 s (H-7), 3.02 qq (H-8), 1.21 d (H-9, H-10), 2.29 5, 2.31 s and
2.32 5 (OAc).
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Partial saponification of 16 afforded 15; 'H NMR (CDCl,):
46.40s (H-6), 2.05s (H-7), 3.12qq (H-8), 1.25d (H-9, H-10), 2.27 s
and 231s (OAc). Hydrogenation of 18 (Et,O-Pd-BaSQ,)
afforded 2,5-dihydroxythymol acetate; 'H NMR (CDCly)
86.17 s (H-6),2.04 s (H-7), 3.15 qq (H-8), 1.32d (H-9, H-10), 2.35¢
(OAc).

78,12-Dihydroxyhimachal-2-ene (19). Colourless oil; IR vECk
cm™!: 3400 (OH) MS (CI, i-butane) m/z (rel. int) 221
[M+1-H,0]* (100), 203 [221-H,0]* (16), 191 [221
—CH,0]* (29); '"H NMR (CDCl,): 2.56 br s (H-1), 5.50dtq (H-
2), 2.03m (H-4), 1.96ddd (H-5, H-6), 2.03m, 1.81m, 1.53-1.40m
(H-8-H-10), 3.30d (H-12), 3.54d (H-12'), 0.79 s (H-13), 1.63 brs
(H-14), 1275 (H-15) [J(Hz\: 1,2=6;1,5=25,1,6 ~ 5,2, 15
=2,4~13;4,5=9;55=14;12, 12" = 105].

y-Himachalene (20). Colourless o1l; IR vSCl cm™!: 3050, 885
(C=CH,); MS m/z (rel. int.): 204.188 [M]* (59) (calc. for C; sH,:
204.188), 189 [M —Me]™* (24), 161 (31), 133 (77), 119 (84), 105
(78), 93 (100), 91 (78); [a]p —9° (CHCIy; ¢ 09); ‘HNMR
(CDCl,): 62.15br s (H-1), 5.55ddq (H-2), 1.95 m (H-4), 1.68 m (H-
4), 1.95m (H-5), 1.68 m (H-5'), 2.33 m (H-6), 5.47 dtq (H-8),2.24m
(H-9), 1.88 m (H-9"), 1.59ddd (H-10), 1.38ddd (H-10'), 1.05s and
1.00s (H-12, H-13), 1.71 br s (H-14), 1.70br s (H-15) [J (Hz): 1, 2
=351,6~524=215=68=8,12=15;89=5,89
=659 10=459,10=7; 9, 10 = 10; 9, 10’ = 4; 10, 10
= 13.5].

78,88-Epoxy-8a,12-0oxido-10fH-eremophil-11(13)-ene  (21).
Colourless o1l; IR vSCl cm ™ *: 3050, 890 (C=CH,); MS m/z (rel.
int) 234.162 [M]* (11) (calc. for C,sH,,0,: 234.162), 219
[M—Me]* (5), 124 [CoH,6]" (100), 111 [C¢H,0;]" (58), 109
(124 — Me]* (92); 'H NMR (CDCl,): §1.59 m (H-4), 1.97 s (H-6)
[CsDs 1 83dand 2.07d (J = 13.5 Hz)}, 2.09dd (H-9), 1.98 dd (H-
9'), 2.27 dddd (H-10), 4.81 dt (H-12), 4.75dt (H-12), 5.11 ¢ (H-13),
5.041 (H-13),0.82 s (H-14),0.684d (H-15)[J (Hz): 1,10 =2; 1", 10
=8;4,15=7;9,9 =13,9,10=12,9,10=5.5;12,12 = 12; 12,
13=2].
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