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Abstract—The aenal parts of Loxothysanus sinuatus afforded in addition to known compounds nine new
pseudoguaianolides, three guaianolides and five carabrone derivatives The structures were elucidated by spectroscopic
methods The chemotaxonomy 1s discussed briefly The configurations of two guaianolides were corrected

INTRODUCTION

The Mexican genus Loxothysanus was traditionally
placed in the unnatural tribe Helenieae The genera of this
tribe have since been realigned into other tribes with
which they might seem best related [1] The position of
Loxothysanus 1s unclear We therefore have studied the
constituents of L sinuatus (Less) B L Robinson which
may support a possible placement The results will be
discussed 1n this paper

RESULTS AND DISCUSSION

The aenal parts of Loxothysanus sinuatus afforded
germacrene D, caryophyllene, ent-kaurenic acid, its 15a-
1sobutyryloxy derivative, the pseudoguaianolides mexi-
canin [2], helenaln [3], helenalin tiglate [4], helenaln
1s0-valerate [4], mexicanin C [5], mexicanin C-tiglate [6],
6p-acetoxyamarilin [7], a-cyclocostunohde [8] and -
cyclocostunolide [9] as well as nine new pseudoguaiano-
hides (1-9), the guaianolides 10-12 and the carabrone
derivatives 13-17

The structure of 1 was deduced from the 'H NMR
spectrum (Table 1) and by NOE difference spectroscopy
All signals could be assigned by spin decouphing and clear
NOE:s between H-15 and H-6, H-8 and H-10 as well as
between H-14 and H-1, 2, 9« and 98, between H-7 and H-
9 and between 6-OH and H-13 established the stereo-
chemistry at all chiral centres Accordingly, 1 1s an 8-
epimer of helenalin (4) The 'H NMR spectral data of 2
(Table 1) were close to those of 1 However, the presence
of a tiglate residue caused the expected downfield shift of
the H-6 signal and also a shight difference 1n the coupling
Je 7 indicating a small change in the conformation The
NOE:s established that the configurations were still the
same (H-15 with H-6, H-8 and H-10) As observed
previously, the presence of 8a,12-olides also followed
from the clear shuft differences of H-8 1n 1 and helenalin,
its 'HNMR having been added for comparison in
Table 1

The 'H NMR spectra of 3-8 (Table 2) indicated that all
compounds must be very similar, only those of 7 and 8
showed that an additional hydroxy group was present

Table 1 'HNMR spectral data of 1, 2 and helenalin
(400 MHz, CDCl;, TMS as internal standard)

1 2 Helenalin
H-1 298ddd 308ddd 305ddd
H-2 776dd 771dd 768dd
H-3 613dd 608dd 609dd
H-6 414dd 568d 445dd
H-7 291dddd 312dddd 355brdddd
H-8 452ddd 4 64ddd 497ddd
H-% 149ddd 156ddd 182ddd
H-98 258ddd 258ddd 226ddd
H-10 204 dddg 203dddgq 207 dddgq
H-13 623d 622d 6384
H-13 601d 597d 5784d
H-14 124d 128d 125d
H-15 115s 120s 090s
OR 6704q

173brd

OH 307d 172brs 232d

JHz) ,2=2,1,3=3,1,10=11,23=6, 7,8 =105,
7,13=7,13=8,98=13, 8,9a=115 92,98=13, 9,10
=45,9,10=13,10,13 =7, compound 1 6,7 =9, 6, OH
= 2,compound 2 6,7 = 7 5,helenalin 1,2 =2,1,3 =3,1,10
=12, 23=6,67=15 60H=4, 7,8=75, 7,13 =3,
7,13 =3, 8,9 =25 8,98=9, 920,98=15, 92,10=65,
98,10=4,10,14=7

Spin decoupling showed that this one had to be placed at
C-6 Accordingly, a pair of double doublets 1n the spectra
of 3-6, which could be assigned to H-6 by decoupling,
were replaced by a new low field signal at 6495 In the
spectrum of 7 this signal was also a double doublet, but in
that of 8 a broadened doublet, was observed In both cases
sharp doublets were visible after deuterium exchange
Additional oxygen functions were at C-2 and C-4, as
followed from the result of spin decoupling Starting with
the H-8 signal, which could be assigned by irradiation of
H-7, the whole sequence could be established Although
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already the couplings observed indicated the stereochem-
istry at C-1, C-2, C-4, C-6 and C-8, final proof was
necessary NOE difference spectroscopy clearly estab-
hished the proposed configurations of all chiral centres
Irradiation of H-15 gave clear NOEs of H-2, H-38, H-4,
H-8 and H-10 Further NOEs were obtained between H-
14, H-9¢ and H-2, between H-7 and H-1 and between H-1
and H-7

In the 'H NMR spectrum of 7 the typical signals of an
1sovalerate were visible, but in that of 8 these signals were
replaced by an acetate singlet while all other signals were
nearly identical

The spectra of 3 and 4 again differed only n the signals
of the ester groups While 4 was a diacetate, 3 showed 1n
addition to an acetate singlet the typical 1sovalerate
signals All signals could be assigned by spin decoupling
which clearly showed that the oxygen functions were
again at C-2 and C-4 The couplings were 1dentical with
those of 7 and 8, thus indicating the same stereochemustry
The relative position of the ester groups in 3 could be
established by acetylation of 5, where the position of the
1sovalerate residue could be deduced from the chemical
shift of H-2

The 'H NMR spectrum of 6 clearly showed that in this
lactone the 1sovalerate residue was replaced by a tiglate as
followed from the typical signals of this ester group

The 'H NMR spectrum of 9 (Table 3) was close to that
of 6B-acetoxyamarilin [ 7] However, the signal of H-6 was
shifted up field We have tried to transform 9 to 68-

12
13 14 15 16 17
X aOH,H BOH,H aOH,H BOH.H =O
R H H Ac Ac Ac

acetoxyamarilin, but this was not successful In addition
to the diacetate only the 4-O-acetate was obtained The
position of the acetate groups eastly could be deduced
from the 'H NMR spectra (Table 3)

The 'H NMR spectrum of 10 (Table 4) was close to
that of a guaianohde 1solated from Helemum puberulum
[10] The acetate residue, however, was replaced by an
1sovaleryloxy group Biogenetic considerations suggest
that both compounds have the same stereochemustry at C-
2 and C-4 and therefore we have again studied this point
NOE difference spectroscopy showed that indeed both
oxygen functions at C-2 and C-4 were a-onentated, as
clear NOEs were observed between H-15 and H-2 and H-
3B, between H-14 and H-2, between H-7 and H-1 as well as
between H-10 and H-8 Therefore the configuration of
puberohide [10] has to be corrected to 2a-acetoxy-4a-
hydroxy-1a,10fH-guaia-5,11(13)-dien-8x,12-ohde  The
'H NMR spectrum of 11 (Table 4) indicated that an
1somer of 10 was present The low field H-6 signal was
replaced by a pair of double doublets which collapsed to
doublets on irradiation at 2 64 (H-7) All signals were close
to those of a guaianohide from a Geigeria species [11]
Agam the acetate singlet was replaced by the signals of an
1sovalerate Careful mnspection of the "H NMR spectral
data showed that also here a 2a-ester group at C-2 was
more likely Thus the configuration of the lactone from
Geigenia [11] should be changed to 2a-acetoxy-4a-
hydroxy-108H-guaia-1(5),11(13)-dien-8a,12-olide

The 'H NMR spectrum of 12 (Table 4) was close to
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Table 2 'H NMR spectral data of 3-8 (400 MHz, CDCl,, TMS as internal standard)

3 4 5 6 7 8

H-1 232dd 232dd 232dd 2394dd 224dd 224dd
H-2 501ddd 504 ddd 500ddd 499ddd 500ddd 500ddd
H-3a 150dd 152dd 150dd 156dd 154dd 156dd
H-38 269ddd 270ddd 264ddd 2 66 ddd 263ddd 262ddd
H-4 4784d 4784d 371brdd 371 brdd 387brdd 388brd
H-6a 239dd 239dd 285m 288m 495brdd 495brd
H-68 1194dd 119dd 114dd 116dd — —
H-7 289m 289m 287m 290m 301 dddd 300dddd
H-8 412ddd 417ddd 418dd 4 20ddd 462ddd 462ddd
H-9« 1 46 ddd 147ddd 142ddd 143ddd 137ddd 138dad
H-98 235ddd 235ddd 235ddd 236ddd 240ddd 239ddd
H-10 192m 193m 191m 195m 198m 199m
H-13 618d 617d 6184d 6184d 640d 640d
H-1¥ 540d 540d 548d 548d 561d 560d
H-14 1034 1034 1014 101d 102d 1014
H-15 097s 097s 088s 090s 087s 086s
OR 216d — 218d 6854q 216d —

210m — 211m 179brd 211tqq —

093d — 093d 182brs 0944 —_
OAc 208s 210s — — — 205s

2045
OH 195brd 198brd
166brd

JH2) 1,2=7,1,10=11,2,32 = 2,2,3 =95,32,38 = 16,35,4 = 45,7,8 =9,7,13 = 7,1%
=35,8,9¢ = 12,8,98 = 3,92,98 = 13,92, 10 = 12 5,98, 10 = 4,10, 14 = 7, compounds 3-6 6a,
6f = 155,68,70 = 12 5,compound 6 4,OH = 5,compounds 7and 8 6«,7 = 3 5,compound 7 4,

OH=5560H=3

Table 3 'HNMR spectral data of 9 and the acetates
(400 MHz, CDCl;, TMS as internal standard)

9 4-0-Acetate Diacetate
H-1 165brd 182d 1804d
H-2 343brd } 347brs 346brd
H-3 339brd 334d
H-4 39brs 486s 480brs
H-6 430brd 441dd 553d
H-7 292dddd 293dddd 305dddd
H-8 463ddd 4 58ddd 457ddd
H-% 130ddd 130ddd 138ddd
H-98 249ddd 249ddd 251ddd
H-10 209m 210m 210m
H-13 638d 631d 622d
H-13 555d 553d 541d
H-14 123d 124d 1284
H-15 1155 107s 115s
OAc — 216s 207s
OH — 2024 —

J(Hz) 1,10=115,2,3=3,6,7=45,7,8=9,7,13=1,
13 =35,8,9a=125,8,98 = 3,92, 98 = 135, 9a, 10 = 13,
98,10 = 55, 4-O-acetate 6, OH =35

that of florlenalin [12] However, the acetate methyl
singlet indicated the presence of florilenalin 2-O-acetate as
the H-2 signal was significantly shifted to lower fields The
couplings of H-1 and H-2 clearly showed that the

stereochemustry was that of florilenalin, where the ab-
solute configuration was established by X-ray [12] Also
the !3C NMR spectrum nicely agreed with the structure
(see Experimental) The acetate 12 already was prepared
from florilenaitn, but no full !H NMR data were reported
(12

The 'H NMR spectral data of 17 (Table 5) clearly
showed that a carabrone derivative was present as most
signals were close to those of the cyclopropane derivative
However, the methyl singlet of the carabrone spectrum
was replaced by a pair of doublets at 64 10 and 389 An
additional singlet at 62 14 (3H) showed that obviously an
acetoxymethylene group was present All data therefore
mcely agreed with the structure 17 which was also
supported by the fragmentation in the mass spectrum
After ehimunation of acetic acid a McLafferty reaction
(loss of acetone) occurred. Furthermore a loss of methyl
ethyl ketone can be observed These fragments are not
visible 1n the MS of carabrone itself The spectral data of
the epimeric mixture of 15 and 16 (Table 5), which could
not be separated by TLC or HPLC indicated that these
lactones were corresponding 4-hydroxy derivatives of 17
Accordingly, the singlet of the methyl ketone was replaced
by a doublet and a tniplet quartet at 3 78 was due to the H-
4 proton. While the chemcal shifts of H-14 were nearly
the same as that of 17, in the spectrum of 13 and 14 which
also could not be separated, these doublets were shifted up
field and the acetate signal was missing All data therefore
showed that we were dealing with the epimeric diols 13
and 14

As the concentrations of the epimers in 13,14, 15and 16
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Table 4 'HNMR spectral data of 10-12 (400 MHz,
CDCl;, TMS as internal standard)

F BOHLMANN et al

Table 5 'H NMR spectral data of 13-17 (400 MHz, CDCl,,
TMS as internal standard)

10 1 12 13and 14 15and 16 17
H-1 258brddd — 210brd H1  05206)m  069m 067ddd
H-2 505ddd 557brd 5 22brdd H-2 166 ddt
H3e  241dd 237dd 215dd H-Y 157ddt
H3  171dd 188brd 188brd H3 [ 163145m  +160-140m
H-5 — — 215brdd HY 253dd
H-6e } $004d 285dd 207brdd H4  392(380)rg 37814 -
H-68 291brdd  147ddd HS  05206)m  069m 072ddd
H-7 338brdddd  264ddddd  320m H6  234ddd 234ddd 232ddd
H-8 182ddd 402ddd 458ddd H6  096ddd 0974ddd 093ddd
H9«  169ddd 165ddd 267brdd H7  310dddd 310ddddd  307ddddd
H98  245ddd 230ddd 2284d H8  485ddd 483ddd 480ddd
H10  158m 250m — H9  285Q270dd 262dd 259dd
H13 6264 623d 625d HY  090(092)dd 099dd 094dd
H1Y  568d 5574 564d H13  624d 6244 623d
H-14 }IOSd }120;1 501brs H13Y 5564 559d 557d
He14' 482brs H4  362(359)d 408 @04)d  410d
Hi5 132 1325 1155 H14  338(5)d 396 (394d  389d
OR 2184 217d HiS 1211194  115d 207s

210m 210m R — 2085 214s

0944 0944

JH) 56=67=7 56=9, 66=145 6,7=13,

J(Hz) Compound 10 1,2=23¢=24, 1,6=3, 1,
10=10;2,38=9,32,3=125,6,7=4,7,8=9,7,13=7,
13 =35, 8,9a =11, 8,98 =95,10=3, 92,98 =135, 9a,
10=135, 10,14 = 7, compound 11 2,3z =7, 3a,38 = 15,
6a,68 = 16,60,7 = 7,13 =7,13' = 3,68,7=115,7,8 = 10,
8,9x=12, 898=94,10=3, 92,98 =125, 9a,10=11,
10,14 =7, compound 12 1,2=25,1,5=12, 2,3a =55,
30,38 = 16, 5,68 =12, 6a,68 =14, 62,7 =35, 68,7 = 10;
7,8=95 7,13=713 =25 89x=35 §898=115,
92,98 = 13

were different, the signals of the epimers could be
assigned Inspection of models showed that the observed
shift differences 1n the spectra of 13 and 14 may be
explained if hydrogen bonds between the hydroxy groups
would lead to fixed conformations Most likely n both
cases the methyl at C-4 was equatorial In the main epimer
a clear NOE between H-5 and H-14 and between H-14'
and H-8 led to a conformation where a deshielding effect
on H-9a could be expected This would indicate that the
main compound was that with a 4-S-configuration

Loxothysanus 1s a genus of problematical relationships
It has been related variously to such distantly related
genera, among others, as Bahia [13], Perutyle [14],
Hymenothrix [15] and Hymenopappus [16] All of these
have at one time or another been included 1n the classically
constituted tribe Helenieae [1] In spite of recent sub-
divistons of the latter mm which each of the above
mentioned genera are placed n different subtribes [14],
the chemustry of Loxothysanus does not support mclusion
nto any of the suggested groupings Rather the chemical
data suggest a position mn the subtribe Gaillardunae,
which 1s a primitive element which links the mass of the
classically circumscnibed chaffless Helenieae to the tribe
Hehantheae Faced with the chemical data presented here,
one 1s inclined to agree with the comment of Turner [15],
“Loxothysanus 1s an old relict group whose origin 1s not
easily traced via extant relatives”

7,8=85 7,13=7,13 =25, 89=17, 8,9 =11, 9,9 =145,
14,14’ = 12,compounds 13-16 3,4 = 4,15 = 6 5,compound 17
,2=1,2=23=2,3=7,1,5=522=145

EXPERIMENTAL

The air dned plant material (voucher Turner 15472, TEX,
collected m Mexico) was worked-up 1n the usual fashion [17]
The CC fractions of the extract of the aerial parts (400 g) were as
follows 1 (petrol), 2 (Et;O—petrol, 1 9), 3 (Et,O-petrol, 1 4 and
Et,O-petrol, 1 1), 4 (Et,0), 5 (Et;0), 6 (Et,O-MeOH, 9 1), 7
(Et,0-MeOH, 4 1) and 8 (Et;0-MeOH, 1 1) TLC (petrol) of
fraction 1 gave 150 mg germacrene D and 5 mg caryophyllene
and fraction 2 contained 850 mg ent-kaurenic acid Fraction 3
also contained acids and was therefore first treated with CH,N,
TLC (Et,O-petrol, 3 7) gave 500 mg methyl-ent-kaurenoate and
500mg of the 15a-1sobutyrate TLC of fraction 4 (Et,O-petrol,
7 3, three developments) gave 150 mg ent-kaurenic acid, 8 mg
mexicanin C-tiglate, 10 mg 4 and a mixture which afforded by
HPLC (MeOH-H,0, 13 7) 15 mg 9 (R, 8 mmn) further a mixture
which was separated again by HPLC (MeOH-H,0,1 1)yielding
2mg mexicanin C-tiglate (R, 105 mn), Smg helenalin (R,
11min) and 4mg helenalin isovalerate (R, 13mm) TLC
(Et,O—petrol, 1 1) of fraction 5 gave four bands (5/1-5/4) 5/1
was pure mexicanin C-tiglate (2 mg) 5/2 was separated by HPLC
(MeOH-H,0, 1 1) affording 4 mg 4 (R, 10 5 min), 2 mg mexi-
canin C-tiglate (R, 11 min), 4 mg 2 (R, 12 5 mm), a mixture which
was purified by TLC (CH,Cl,~C¢H¢-Et,0,1 1 3)togive2 mgé
(R, 045) and 8 mg 5 (R, 23 mun) 5/3 was separated by HPLC
{(MeOH-H,0, 1 1) to give eight fractions (5/3/1-5/3/8) 5/3/1
contamned 16 mg 1 (R, 4 5mm), 5/3/2 contamned 10mg 6p-
acetoxyamanilin (R, 50mn), 5/3/4 13 mg a-cyclocostunolide
(R,88mm) 5/3/5 (R, 120mn) was separated by TLC
(CH,C1,~CsHe-Et,0,1 1 3)to get 3 mg 2 (R, 058)and a band
which by HPLC (MeOH-H,O, 9 11) gave 4mg S-cyclo-
costunolide (R, 20 min) and 2 mg helenalin (R, 23 mn), 5/3/6
(R, 13mm) gave by TLC (CH,Cl,-CsHe-Et;O, 11 3)
3mg helenaln, 5/3/7 (R, 135mm) gave by TLC
(CH,Cl,~C¢Hg-Et,0O, 1 1 3) 2mg 6 (R; 05) and 3mg 11
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(R, 042) and 5/3/8 (R, 24 0 min) gave 2 5 mg 10 5/4 contamned
9 mg 17 (R, 015)

Fraction 6 was separated by TLC (CH,Cl,~C4Hs-Et,0,
1 1 3)to give two bands The first one (R, 0 55) contained 5 mg
17 and the second one (R, 040) was separated by HPLC
(MeOH-H,0, 1 1) affording 10 mg 17 (R, 8 2 min), 500 mg 15
and 16 (R, 100 min) and a muxture (R, 55 min) which was
separated again by HPLC (MeOH-H,0, 2 3) to give a fraction
(R, 100 min) which was treated by CH;N, to remove impurities
of acid matenal and then again separated by HPLC
(MeOH-H;O0, 1 1) to give 2 mg mexicanin C (R, 8 min)

HPLC of fraction 7 (MeOH-H,O, 1 1) gave 12 mg mexicanin
(R, 57 min), 60 mg 12 (R, 78 min) and 100 mg 15 and 16 (R,
10 min) TLC of fraction 8 (Et,O-MeOH, 20 1) gave three bands
(8/1-8/3) 8/1 (R, 075) was separated again by TLC
(Et;O-CHCI;, 1 1, two developments) to give 100 mg 15 and 16
(R; 020) and 9mg 7 (R, 008) 8/2 was separated by HPLC
(MeOH-H;0, 1 1) to give 13 mg mexicanin (R, 6 min), 12 mg 8
(R, 69 min), 40 mg 12 (R, 8 min)and 40 mg 15and 16 (R, 5 0 min)
and a fraction (R, 6 8 min) which by TLC (Et,0-MeOH, 9 1,
three developments) yielded 8 mg 8 (R, 0 80), 8 mg 13and 14 (R,
073) and 40 mg 12 (R, 060)

Known compounds were 1dentified by companson of the
400 MHz 'H NMR spectra with those of authentic material, by
co-TLC or by nigorous structure elucidation by 'H NMR, MS
and IR spectroscopy and by companison with the data from
Iiterature All compounds were pure by TLC and HPLC as well
as by 'H NMR spectroscopy though some could not be induced
to crystallize

8-Epihelenalin (1) Colourless crystals, mp 179°, IR vSShk cm ™
3600 (OH), 1780 (y-lactone), 1705 (C=CC=0), MS m/z (rel
int) 262121 [M]* (18) (calc for C,sH,sO, 262121), 244
[M -H,0]* (6), 234 [M - CO]* (5),216 [244 —CO]* (4), 196
(12), 178 (22), 124 (100),

1

589 578 546 436nm

]t = 084, CHCl
[a]24 —7 —7 —9 —2 (c 3)

8-Epthelenalin tiglate (2) Colourless oil, IR vSHC cm ™! 1770
(y-lactone), 1710 (C=C-C=0, C=C-CO;R), MS m/z (rel
nt) 344162 [M]* (3) (calc for C,oH..O5 344 162), 262
[M ~ 0=C=C(Me)CH=CH,]"* (2), 244 [M~RCO,H]* (17),
216 [244—CO]J* (7), 188 [216—CO]* (10), 83 [C,H,CO]*
(100), 55 [83—CO]* (39)

4-0-Acetyl-pulchellin-2-O-1sovalerate (3) Colourless o1l,
IR vECk cm ™! 1780 (y-lactone), 1750, 1250 (OAc), 1750 (CO,R),
MS m/z (rel nt) 392220 [M]* (1) (calc for C,;H;,06
392 220), 290 [M — RCO,H]* (5), 230 [290 — ACOH]* (49), 85
[C.H,COJ* (84), 57 [85—CO]* (100),

589 578 546 436nm
—31 =31 —-36 —-64

Pulchellin diacetate (4) Colourless oil, IR v&Cecm™! 1775
(y-lactone), 1740, 1240 (OAc), MS m/z (rel mnt) 350173
[M]* (1) (calc for C,gH,506 350173), 290 [M —AcOH]*
(4), 248 [290 —ketene]* (21), 230 [290— AcOH]* (100), 215
[230-Me]* (8), [a]f" —12,CHCl3,c 05

Pulchellin-2-O-isovalerate (5) Colourless oil, IR vElecm ™!
3600 (OH), 1775 (y-lactone), 1735 (CO,R), MS m/z (rel int)
350209 [M]* (25) (calc for C;oH30Os 350209), 248 [M
—RCO,H]" (32), 230 [248 - H,0]" (24), 85 [C,H,CO]"* (98),
57(85—CO]" (100), [a] " — 13,CHCl3,¢043 8 mg5m 01 ml
Ac,0 were heated for 1 hr at 70° TLC (Et,O-petrol, 2 1) gave
6 mg 3 (R, 0 45),1dentical with the natural acetate ('H NMR and
co-TLC)

Pulchellin-2-O-tiglate (6) Colourless oil, IR vECk cm ™! 3600

[G] ; 40 =

{c 10, CHCl,)

1025

(OH), 1775 (y-lactone), 1710 (C=CCO,R), MS m/z (rel mt)
348194 [M]* (04) (calc for C,oH,50s 348194), 248
[M-RCO,H]"* (12), 230 [248—H,0]* (8), 83 [C,H,CO]*
(100), 55 [83—CO]* (44).

6B-Hydroxypulchellin-2-O-1sovalerate {7) Colourless crystals,
mp 127° IRvEHCsem™' 3620 (OH), 1770 (y-lactone),
1720 (CO;R), MS m/z (rel int) 366204 [M]* (25) (calc
for C;oH300¢ 366204), 348 [M-H,0]* (15) 264
[M—RCO,H]"* (48), 246 [264 —H,0]* (62), 85 [C,H,CO]*
(64), 57 [85~CO]"* (100), [a]F" + 11, MeOH, c 047

68-Hydroxypulchellin-2-O-acetate (8) Colourless crystals, mp
87°, IR vKBrem ™! 3420 (OH), 1760 (y-lactone), 1740 (OAc), MS
m/z (rel nt) 324157 [M]* (2) (calc for C,,H,,O¢ 324 157),
264 [M—AcOH]* (20), 246 [264—H,O]* (59), 228 [246
—H,0]" (10),218 [246 — CO]* (14),203[218 — Me] * (12), 134
(56), 107 (52), 85 (100),

589 578 546 436nm
+14 +16 +18 +26

[x}5e = (¢ 097, MeOH)

6p-Hydroxyamarilin (9) Colourless oil, IR vCHC cm ™! 3600
(OH), 1770 (y-lactone) S mg 9 was heated for 5 hr with 0 1 ml
Ac,0 at 70° HPLC (MeOH-H;O, 1 1) gave 3 mg 4-O-acetate
(R, 7 min) and 2 mg diacetate (R, 11 5 min) 4-O-acetate colour-
less o1l, IR v€HCl cm ~! 3610 (OH), 1770 (y-lactone), 1740 (OAc),
MS (CI, 1sobutane) 323 [M + 1]* (100) (calc for C,,H;,04 + 1),
305[323 ~ H,0]" (12), diacetate colourless o1, IR vCHCh cm !
1770 (y-lactone), 1740, 1260 (OAc), MS m/z (rel int) 364 152
[M]* (9) (calc for C,gH,,0, 364152),30 [M—OAc]* (11),
304 [M—OHAc]"* (6), 262 [304 —ketene]* (100), 244 [304
—HOAC]* (22),

589 578 546 436nm
+11 +14 +15 +25

[alie = (c 011, MeOH)

4a-Hydroxy -2x -isovaleryloxy - 1a,108H -guaia-5,11(13) -dien-
8a,12-olide (10) Colourless oil, IR vECk cm ™! 3600 (OH), 1775
(y-lactone), 1735 (CO,R), MS m/z (rel int) 348 194 [M]* (2)
(calc for CyoH, 405 348 194), 246 [M —RCO,H]"* (38), 228
[246 —H,0]* (24), 85 [C,H,CO]* (69), 57 [85 —CO] (100)

4a-Hydroxy-2a- 1sovaleryloxy- 108H- guaia- 1(5),11(13)- dien-
8a,12-olide (11) Colourless o1l, IR vElh cm ™! 3600 (OH), 1780
(r-lactone), 1740 (CO,R), MS m/z (rel int) 348 194 [M]* (25)
(calc for C3oH,505 348 194), 330 [M —H,0]* (1), 246 [M
—RCO.H]" (100), 231 [246 — Me]* (12), 228 [246 - H,0]*
(8), 85 [C4H,CO]™ (34), 57 [85—CO]* (45)

Florilenalin-2-O-acetate (12) Colourless crystals, mp 127°,
IR vKBrem ™! 3420 (OH), 1770 (y-lactone), 1730 (OAc), MS m/z
(rel mt) 306 147 [M]* (3 5) (calc for C,,H,,05 306 147), 246
[M—AcOH]" (42), 231 [246 —Me]"* (8), 228 [246 -H,0]*
(24), 204 [246 —C;H4]* (100), !*C NMR (CDCl,, C-1-C-15)
515d, 8044d, 490¢, 7835, 531d, 297¢, 421d, 7394, 395,
14005,13925,16985,12261,115 51,2529 (0OAc 17065,2129)

[l = 589 578 546 436nm 598 McOH
%= 79 183 104 1154 0% )
14-Hydroxy-4H- and 4-epi-H-carabrone (13 and 14)

Colourless oil, IR vEHC:cm™! 3620 (OH), 1760 (y-lactone),
MS (CI, 1sobutane) m/z (rel mnt) 267 [M+1]* (5), 249
[267-H,0]" (100), 231 [249-H,0]" (25),

589 578 546 436nm

+72 +77 +87 +150

14-Acetoxy-4H- and 4-epr-H-carabrone (15 and 16) Colourless

ol, IR vgﬂt cm™! 3620 (OH), 1775 (y-lactone), 1750, 1245
(OAc), MS (CI, 1sobutane) m/z (rel int) 249 [M +1 — AcOH]*

[a] $4<. =

(c 042, MeOH)



1026

(100), 231 [249 - H,0]"* (22),
589 578 546nm
+89 +95 +108

14-Acetoxycarabrone (17) Colourless crystals, mp 83°,
IR vECscm ™! 1770 (y-lactone), 1740, 1240 (OAc), 1720 (C=0),
MS m/z (rel mt) 306 147 [M]* (25) (calc for C,,H,,0s
306 147), 264 [M —ketene]* (12), 246 [M — AcOH]"* (38), 188
[246 — Me,CO, McLafferty]* (24), 164 [246 — MeCOEt]* (60),
85 (100)

(a)3s =

(a]3e = (c 351, MeOH)

589 578 546 436nm
+79 +83 +93 +153

(c 55, CHCl,)
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