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Abstract-The aenal parts of Loxothysanus muatus afforded m addition to known compounds rune new 
pseudogualanohdes, three gtuuanohdes and five carabrone derivatives The structures were elucidated by spectroscopic 
methods The chemotaxonomy is discussed briefly The configurations of two gualanohdes were corrected 

INTRODUCTION 

The Mexican genus Lmothysanus was tradltlonally 
placed m the unnatural tnbe Helemeae The genera of this 
tribe have since been reahgned mto other tnbes with 
which they rmght seem best related [l] The position of 
Loxothysanus IS unclear We therefore have studied the 
constituents of L smuatus (Less) B L Robinson which 
may support a possible placement The results will be 
discussed m this paper 

RESULTS AND DISCUSSION 

The aenal parts of Loxothysanus srnuatus afforded 
germacrene D, caryophyllene, ent-kauremc acid, Its 15a- 
lsobutyryloxy denvatlve, the pseudoguaumohdes mexl- 
canm [2], helenahn [3], helenahn @ate [4], helenahn 
ao-valerate [4], mexlcanm C [5], mexlcanm C-tlglate [6], 
6B-acetoxyamanhn [7], acyclocostunohde [8] and /?- 
cyclocostunohde [9] as well as nine new pseudoguruano- 
hdes (l-9), the guaianohdes HI-12 and the carabrone 
denvatlves 13-17 

The structure of 1 was deduced from the ‘H NMR 
spectrum (Table 1) and by NOE difference spectroscopy 
All signals could be asslgned by spm decouphng and clear 
NOES between H-15 and H-6, H-8 and H-10 as well as 
between H-14 and H-l, 2,9a and 9/?, between H-7 and H- 
9a and between 6-OH and H-13’ estabhshed the stereo- 
chemistry at all choral centres Accordingly, 1 is an 8- 
epnner of helenahn (4) The ‘H NMR spectral data of 2 
(Table 1) were close to those of 1 However, the presence 
of a tlglate residue caused the expected downfield shift of 
the H-6 signal and also a shght ddference m the coupling 
J6 , mdlcatmg a small change in the conformation The 
NOES estabhshed 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-ohdes also followed 
from the clear shift differences of H-8 in 1 and helenahn, 
its ‘H NMR having been added for commson in 
Table 1 

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

Table 1 ‘H NMR spectral data of 1, 2 and helenahn 
(400 MHz, CLXl,, TMS as Internal standard) 

1 2 Helenahn 

H-l 
H-2 
H-3 
H-6 
H-7 
H-8 
H-9a 

H-9fi 
H-10 
H-13 
H-13 
H-14 
H-15 
OR 

OH 

298ddd 
176dd 
6 13dd 
4 14dd 
291dddd 

4 52ddd 
149 ddd 
2 58 ddd 
2 04 dddq 
623d 
601d 
124d 
115s 

307d 

308ddd 
7lldd 
608dd 
5681 
3 12dddd 
464ddd 
156ddd 
2 58 ddd 
2 03 dddq 
622d 
597d 
128d 
120s 

6 7099 
173brd 
172brs 

3 05 ddd 
768dd 
609dd 
445dd 
3 55 brdddd 
497ddd 
182 ddd 

2 26 ddd 
2 07 dddq 
6381 
578d 
125d 
090s 

2321 

J(Hz) 1,2=2, 1,3=3, 1,10=11,2,3=6, 7,8=105, 

7,13=7,13’=8,98=3, 8,91x=115, 9u,98=13, 9,10 
=45,9’,10=13, 10,13=7,compound 1 6,7=9,6,OH 
=2,compound26,7=75,helenahn 1,2=2,1,3=3,1,10 
=12, 2,3=6, 6,7=15, 6,OH=4, 7,8=75, 7,13=3, 
7,13’=3, 8,9a=25, 8,98=9, 9a,9B=l5, 9a,10=65, 
9~,10=4,10,14=7 

Spin decouphng showed that this one had to be placed at 
C-6 Accordingly, a pan of double doublets m the spectra 
of 3-6, which could be assigned to H-6 by decouplmg, 
were replaced by a new low field signal at 64 95 In the 
spectrum of 7 this signal was also a double doublet, but m 
that of 8 a broadened doublet,was observed In both cases 
sharp doublets were vlslble after deutenum 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 asslgned by u-radiation of 
H-7, the whole sequence could be estabhshed Although 
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13 

3 4 5 
1 R=H R ~Vdl AC lvdl 

2 R= Tlgl R' AC AC H 

R*H H H 

6 7 8 
T~gl IVal AC 

H H H 

H OH OH 

9 1oAS 

11 Al(S) 

X 

R 

already the couplings observed indicated the stereochem- 
istry at C-l, C-2, C-4, C-6 and C-8, final proof was 
necessary NOE difference spectroscopy clearly estab- 
lished the proposed configurations of ail choral centres 
Irradiation of H-l 5 gave clear NOES of H-2, H-3/?, H-4, 
H-8 and H-10 Further NOES were obtamed between H- 
14, H-9a and H-2, between H-7 and H-l and between H-l 
and H-7 

In the ‘H NMR spectrum of 7 the typical signals of an 
lsovalerate were vlslble, but m 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 dlffered only m the signals 
of the ester groups Whde 4 was a dlacetate, 3 showed m 
addition to an acetate singlet the typical lsovalerate 
signals All signals could be assigned by spin decouphng 
which clearly showed that the oxygen functions were 
again at C-2 and C-4 The couplmgs were ldentlcal with 
those of 7 and 8, thus indicating the same stereochemlstry 
The relative position of the ester groups m 3 could be 
estabhshed by acetylatlon of 5, where the position of the 
lsovalerate residue could be deduced from the chenucal 
shift of H-2 

The ‘H NMR spectrum of 6 clearly showed that in this 
lactone the lsovalerate residue was replaced by a @ate as 
followed from the typical signals of this ester group 

The ‘H NMR spectrum of 9 (Table 3) was close to that 
of 6/Sacetoxyamardm [7] However, the signal of H-6 was 
shifted up field We have tmd to transform 9 to 6/?- 

13 14 15 16 17 

aOH,H pOH,H a0H.H POH,H =0 

H H AC AC AC 

acetoxyamanhn, but this was not successful In addition 
to the dmtate only the CO-acetate was obtained The 
position of the acetate groups easily could be deduced 
from the ‘H NMR spectra (Table 3) 

The ‘H NMR spectrum of 10 (Table 4) was close to 
that of a guiuanohde isolated from Helentum puberulum 
[lo] The acetate residue, however, was replaced by an 
lsovaleryloxy group Blogenetlc conslderatrons suggest 
that both compounds have the same stereochenustry at C- 
2 and C-4 and therefore we have agam 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-l 5 and H-2 and H- 
38, between H-14and H-2, between H-7 and H-l as well as 
between H-10 and H-8 Therefore the configuration of 
puberohde [lo] has to be corrected to 2u-acetoxy-4a- 
hydroxy-la,l0j3H-gusua-5,11(13)dlen-8a,12-ohde The 
‘H NMR spectrum of 11 (Table 4) indicated that an 
isomer of 10 was present The low field H-6 signal was 
replaced by a par of double doublets which collapsed to 
doublets on lrradlatlon at 2 64 (H-7) All signals were close 
to those of a gmohde from a Gergerra species [l l] 
Agam the acetate singlet was replaced by the signals of an 
lsovalerate Careful mspectlon of the ‘H NMR spectral 
data showed that also here a Za-ester group at C-2 was 
more likely Thus the configuratlon of the lactone from 
Getgerra [11] should be changed to 2c+acetoxy_4cl- 
hydroxy-10/3H-guam-l(S),1 1(13)-dlen-8aJ2-ohde 

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, CDCI,, TMS as internal standard) 

3 4 5 6 7 8 

H-l 
H-2 
H-3a 
H-3/3 
H-4 
H-6a 
H-6B 
H-7 
H-8 
H-9a 
H-98 
H-10 
H-13 
H-13 
H-14 
H-15 
OR 

OAc 

OH 

232dd 
SOlddd 
15Odd 
2 69 ddd 
478d 
239dd 
119dd 
2891~1 
4 l2ddd 
I46ddd 
2 35 ddd 
1921~1 
6 18d 
540d 
103d 
097s 
2 16d 
2 10m 
093d 
208s 

232dd 
504ddd 
152dd 
2 70 ddd 
478d 
239dd 
119dd 
289m 
4 17ddd 
147ddd 
2 35 ddd 
193m 
6 17d 
54Od 
103d 
097s 

- 
- 
- 

2 10s 
204s 

232dd 2 39dd 

5OOddd 499ddd 
15Odd 156dd 
264ddd 266ddd 
371brdd 3 71 brdd 
285m 288m 
114dd 116dd 
287m 29Om 
4 18dd 4 20 ddd 
142 ddd 143 ddd 
2 35 ddd 2 36 ddd 
191m 195m 
618d 618d 
548d 548d 
1Old 101 d 
088s 090s 
218d 685qq 
211m 179brd 
093d 182brs 

- - 

195brd 

2 24dd 
5 OOddd 
154dd 
2 63 ddd 
387brdd 
495brdd 

- 

3 01 dddd 
4 62 ddd 
137ddd 
240ddd 
198m 
640d 
561d 
102d 
087s 
2 16d 
211tqq 
094d 

- 

198brd 
166brd 

224dd 
500ddd 
156dd 
2 62 ddd 
388brd 
495brd 

- 

3 00 dddd 
4 62 ddd 
138 ddd 
2 39 ddd 
199m 
640d 
560d 
1Old 
086s 

- 
- 
- 

205s 

J(Hz)1,2=7,1,10=11,2,3a=2,2,3~=95,3a,3~=16,3~,4=45,7,8=9,7,13=7,13 
=35,8,9a=12,8,9~=3,9a,9~=13,9a,10=125,9~,10=4,10,14=7,compounds3_66a, 
68 = 15 5,6fl, 7a = 12 5, compound 6 4. OH = 5, compounds 7 and 8 6a.7 = 3 5,compound 7 4, 
OH=55,6,OH=3 

Table 3 ‘HNMR spectral data of 9 and the acetates 
(400 MHz, CDC13, TMS as internal standard) 

9 4-O-Acetate Dwetate 

H-l 
H-2 
H-3 
H-4 
H-6 
H-7 
H-8 
H-9a 
H-9fi 
H-10 
H-13 
H-13 
H-14 
H-15 
OAc 
OH 

165brd 
343brd 
3 39brd 
39Obrs 
43Obrd 
2 92dddd 
4 63 ddd 
13Oddd 
249ddd 
209m 
638d 
5551 
123d 
115s 

- 
- 

l82d 

347brs 

486s 
441dd 
293dddd 
4 58 ddd 
130ddd 
249ddd 
210m 
631d 
553d 
124d 
107s 
2 16s 
202d 

180d 
346brd 
334d 
480brs 
553d 
3 05 dddd 
457ddd 
138ddd 
2 51 ddd 
2 10m 
6221 
541d 
128d 
115s 
207s 

- 

J (Hz) 1, 10 = 11 5,2,3 = 3,6,7 = 4 5,7,8 = 9,7, 13 = 7, 
13’=35,8,9a=125,8,9~=3,9a,9~=135,9a,10=13, 
9fi, 10 = 5 5,4-O-acetate 6, OH = 3 5 

that of flonlenahn [12] However, the acetate methyl 
singlet Indicated the presence of flordenahn 2-O-acetate as 
the H-2 signal was srgmficantly shifted to lower fields The 
couplings of H-l and H-2 clearly showed that the 
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stereochermstry was that of flonlenalm, where the ab- 
solute configuration was established by X-ray [ 121 Also 
the 13C NMR spectrum nicely agreed with the structure 
(see Expenmental) The acetate 12 already was prepared 
from flonlenahn, but no full ‘H NMR data were reported 
WI 

The ‘H NMR spectral data of 17 (Table 5) clearly 
showed that a carabrone denvative was present as most 
signals were close to those of the cyclopropane denvatwe 
However, the methyl singlet of the carabrone spectrum 
was replaced by a pan of doublets at 54 10 and 3 89 An 
additional singlet at 62 14 (3H) showed that obviously an 
acetoxymethylene group was present All data therefore 
nicely agreed with the structure 17 which was also 
supported by the fragmentation in the mass spectrum 
After ehmmatlon 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 m the MS of carabrone itself The spectral data of 
the eplmenc nuxture of 15 and 16 (Table 5), which could 
not be separated by TLC or HPLC mdluated that these 
lactones were corresponding Chydroxy denvatlves of 17 
Accordingly, the singlet of the methyl ketone was replaced 
by a doublet and a tnplet quartet at 3 78 was due to the H- 
4 proton. While the chenucal shifts of H-14 were nearly 
the same as that of 17, m the spectrum of 13 and 14 which 
also could not be separated, these doublets were slufted up 
field and the acetate signal was nussmg All data therefore 
showed that we were deahng with the epnnenc dials 13 
and 14 

As the concentrations of the eplmers in 13,l4,15 and 16 
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Table 4 ‘H NMR spectral data of 10-12 (WMHz, 
CLQ, TMS as internal standard) 

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

10 11 12 

H-l 
H-2 
H-3u 
H-38 
H-5 

2 58 br ddd 
5 05 ddd 
241dd 
171dd 

- 

H-60! 
H-ag 
H-7 
H-8 
H-9a 
H-98 
H-10 
H-13 
H-13’ 
H-14 
H-14’ 
H-15 
OR 

5 99dd 

3 38 br dddd 
3 82ddd 
169 ddd 
2 45 ddd 
158m 
6261 
5688 

- 
5 57brd 
237dd 
188brd 

- 

285dd 
291 brdd 
2 64 ddddd 
4 02 ddd 
165 ddd 
2 30ddd 
250m 
623d 
5576 

105d 

132s 
2 18d 
2 IOm 
0946 

120d 

132s 
217d 
2 10m 
094d 

- 

625d 
5641 
5 01 brs 
482brs 
115s 

J(Hz) Compound 10 1,2=2,3a=24, 1,6=3, 1, 
10=10;2,3~=9,3a,3/I=125,6,7=4,7,8=9,7,13=7, 
13’ = 35, 8,9a=ll, 8,9/?=9&10=3, 9a,9/l=135, 9a, 
10=135,10,14=7,compound11 2,3a=7,3a,3@=15, 
6a,6~=16,6a,7=7,13=7,13’=3,6/?,7=115,7,8=10, 
8,91x=12, 8,98=9/&10=3, 9a,9/?=125, 9a,lO=ll, 
lo,14 = 7, compound 12 1,2 = 2 5, 1,5 = 12, 2,3a = 5 5, 
k,3/?=16, 5,68=12, 6a,6/3=14, 6a,7=5, 6/3,7=10; 
7,8=95, 7,13=7,13’=25, 8,9a=35, 8,9/3=115, 
9a,9/9 = 13 

2 lObrd 
522brdd 
2 15dd 
188 brd 
2 15brdd 
207brdd 
147 ddd 
320m 
4 58 ddd 
267brdd 
228dd 

were dfierent, the signals of the eptmers could be 
assigned Inspection of models showed that the observed 
shift differences m the spectra of 13 and 14 may be 
explamed d hydrogen bonds between the hydroxy groups 
would lead to fixed conformations Most likely m both 
cases the methyl at C-4 was equatorial In the main eplmer 
a clear NOE between H-5 and H-14 and between H-14 
and H-8 led to a conformation where a deshleldmg effect 
on H-9a could be expected This would indicate that the 
mam compound was that with a CS-configuration 

Loxothysunus IS a genus of problematlcal relatlonshlps 
It has been related vanously to such distantly related 
genera, among others, as Buhw 1133, Perltyle [14], 
Hymenothnx [lS] and Hymenopuppus [ 161 All of these 
have at one time or another been included m the classically 
constituted tnbe Helemeae [l] In spite of recent sub- 
dlvlslons of the latter m which each of the above 
mentioned genera are placed m different subtribes [14], 
the chenustry of Loxothysunus does not support inclusion 
mto any of the suggested groupings Rather the chemical 
data suggest a position m the subtnbe Gafardnnae, 
which 1s a pnmmve element which links the mass of the 
classically clrcumscnbed chaffless Helemeae to the tribe 
Hehantheae Faced with the chemical data presented here, 
one IS mclmed to agree with the comment of Turner [l 51, 
“Loxothysunus IS an old relict group whose ongm IS not 
easily traced via extant relatives” 

13 and 14 IS and 16 17 

H-l 052 (062)m 
H-2 
H-2 
H-3 

165-145m 

H-3 
H-4 392 (381)tq 
H-5 0 52 (062)m 
H-6 2 34ddd 
H-6 096ddd 
H-7 3 lOdddd 
H-8 4 85 ddd 
H-9 2 85 (2 77)dd 
H-9 0 90 (0 92) dd 
H-13 624d 
H-13 5561 
H-14 3 62 (3 59)d 
H-14’ 3 38 (3 51)d 
H-15 121 (1 19)d 
R - 

069m 0 67 ddd 
1 66ddt 

378tq ’ - 
069m 0 72ddd 
2 34ddd 2 32 ddd 
0 97 ddd 0 93 ddd 
3 1Oddddd 3 07 ddddd 
483ddd 4 8Oddd 
262dd 259dd 
099dd 094dd 
6241 6231 
5596 5571 
408 (404)d 4 10d 
3% (394)d 3896 
1 l5d 207s 
208s 2 14s 

J(Hz) 5,6=6,7=7, 5,6’=9, 6,6’=145, 6’,7=13, 
7,8=85, 7,13=7,13’=25, 8,9=7, 8,9’=11, 9,9’=145, 
14,14’ = 12,compounds 13-16 3,4 = 4,15 = 6 5,compound 17 
1,2=1,2’=2,3=2’,3=7,1,5=5,2,2’=145 

EXPERIMENTAL 

The au dned plant materral (voucher Turner 15472, TEX, 
collected m Mexico) was worked-up m the usual fashion [17] 
The CC fractions of the extract of the aeru+l parts (400 g) were as 
follows 1 (petrol), 2 (Et,O-petrol, 1 9), 3 (Et#-petrol, 1 4 and 
Et,O-petrol, 1 l), 4 (Et,O), 5 (EtlO), 6 (Et&-MeOH, 9 l), 7 
(Et@-MeOH, 4 1) and 8 (Et@-MeOH, 1 1) TLC (petrol) of 
fraction 1 gave 150 mg germacrene D and 5 mg caryophyllene 
and fraction 2 contamed 850 mg ent-kauremc acid Fraction 3 
also contamed acids and was therefore first treated with CH2N2 
TLC (Et&-petrol, 3 7) gave 500 mg methyl-ent-kaurenoate and 
5OOmg of the 15a~obutyrate TLC of fraction 4 (Et&-petrol, 
7 3, three developments) gave 150 mg ent-kaurens acid, 8 mg 
mexaz%un C-tiglate, 10 mg 4 and a nuxture which afforded by 
HPLC (MeOH-H20, 13 7) 15 mg 9 (R, 8 mm) further a nuxture 
which was separated agam by HPLC (MeOH-H20, 1 1) yielding 
2 mg mexicanin C-tiglate (R, 105 mm), 5 mg helenahn (R, 
11 mm) and 4 mg helenahn lsovalerate (R, 13 mm) TLC 
(Et&petrol, 1 1) of fraction 5 gave four bands (5/l-5/4) 5/l 
was pure mexicanm C-@ate (2 mg) 5/2 was separated by HPLC 
(MeOH-H20, 1 1) affordmg 4 mg 4 (R, 10 5 mm), 2 mg mexi- 
canm C-@ate (R, 11 mm), 4 mg 2 (R, 12 5 mm), a mixture which 
was punfied by TLC (CH,Cl,-C,Hs-Et20, 1 1 3) to @ve 2 mg 6 
(R, 0 45) and 8 mg 5 (R, 23 mm) 5/3 was separated by HPLC 
(MeOH-H20, 1 1) to gve eight fractions (5/3/l-5/3/8) 5/3/l 
contamed 16 mg 1 (R, 4 5 mm ), 5/3/2 contamed 10 mg 68- 
acetoxyamanhn (R, 5 0 mm), 5/3/4 13 mg acyclocostunohde 
(R, 8 8 mm) 5/3/5 (R, 120 mm) was separated by TLC 
(CH2Cl,-CsHe-Et*O, 1 1 3) to get 3 mg 2 (R, 0 58) and a band 
which by HPLC (MeOH-H20, 9 11) gave 4 mg @yclo- 
costunohde (R, 20 mm) and 2 mg helenahn (R, 23 mm), 5/3/6 
(R, 13mm) gave by TLC (CH2C12-C6H6-EtZO, 1 1 3) 
3 mg helenahn, 5/3/7 (R, 13 5 mm) gave by TLC 
(CH&l,-C,H,-EtZO, 1 1 3) 2 mg 6 (R, 05) and 3 mg 11 
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(lOQ, 231 [249-HzO]+ (22), 

Cal& = 
589 578 546nm 

+89 +95 +108 
(c 35 1, MeOH) 

14-Acetoxycor&one (17) Colourless crystals, mp 83”, 
IR vs cm-’ 1770 (y-lactone), 1740, 1240 (OAc), 1720 (GO), 
MS m/z (rel mt) 306 147 [Ml+ (2 5) (talc for C1,HZ105 
306 147), 264 [M - ketene]+ (14 246 [M -AcOH]+ (38), 188 
[246 - Me&O, McWTerty]+ (24), 164 [246 - MeCOEt]+ (60), 
85 (100) 

Cal&- = 
589 578 546 436nm 

i-79 +83 +93 +I53 
(c 5 5, CHCI,) 
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