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Abstract-The reinvestigation of the aerial parts of Otanthus mav~tmms afforded m addltlon to five known 
guaianohdes 33 new ones, a seco-guaianohde and three monoterpene dlols The structures were elucidated by high 
field NMR spectroscopy and chemical transformations. The aerial parts of Pentzm albrda gave a further gualanolide 
closely related to one of the types from Otanthus. 

INTRODUCTION 

The monotypic genus Otanthus 1s widespread m the 
coastal areas of the Mediterranean. 0. maritmzus (L) 
Hoffm et Lmk (Arabic name, Gaadeh) 1s used by the 
bedoums for treating asthmatic bronchltls. It has been 
studied chemically by different groups The roots con- 
tamed acetylenes and highly unsaturated amides [l] 
while from the aerial parts several widespread terpenolds 
were reported [2, 31 Furthermore a gualanohde [4] and 
flavone glycoslde [S] were isolated. A reinvestigation of 
the aerial parts afforded a highly complex mixture of 
oxygenated gualanohdes The results are dlscussed m this 

paper 
RESULTS AND DISCUSSION 

The polar fraction of an extract of the aerial parts of 0. 
manttmus afforded a complex mixture of sesqulterpene 
lactones. Finally m addition to artabm [6] the gualanoh- 
des laA,2aA, 3aA,4a-d, 5aJ, 6aA,7a-e and Bad, the 
seco-gualanohde 10, the monoterpene diols lla/b and 12 
as well as the known lonone derivatives romalea allene 
[7] and vomlfohol [S], undeca-2E,4E-dlene-8,10-diynolc 
acid lsobutylamlde [l], hhohde and sesannn were found. 
A sample of the same species grown m the Botanical 
Garden Berlin gave tanaparthm-la,4a-peroxlde [9], 9a 

and 9b-d [lo]. 
The ‘H NMR spectrum of la (Table 1) showed that an 

angelate was present. Furthermore signals for two ole- 
fimc methyls at 62.43 and 2 28 as well as for an olefimc 
proton (66 05) indicated the presence of a derivative of 
desacetyl matrlcarm As the H-6 signal was a doublet, a 
5-hydroxy group was very likely. The down field shift of 
H-7 (6 3 11) and H-9a (6 3 25) required a Sa-orientation of 
the hydroxy group. The remaining signals could be as- 
signed by spm decoupling The couphngs of H-8 mdi- 
cated the a-position of the angelate residue The 
‘HNMR data of lkd (Table 1) indicated the presence of 
the corresponding isobutyrate, isovalerate and meth- 
ylbutyrate. The latter two esters could not be separated 
as m all the other cases where the same mixture of esters 
were present (2c/d-9c/d) 

The ‘H NMR spectra of 2aA (Table 1) were close to 
that of artecanm [ 1 l] and those of 3aA to that of canm. 
However, the presence of llb,l3-dlhydro derivatives fol- 
lowed from the replacement of the exomethylene signal 
by methyl doublets and a double quartet for H-l 1, its 
coupling indicating I la-methyl compounds Further- 
more the presence of 8cc-acyloxy derivatives could be 
deduced from the threefold doublets around 65.2 The 
nature of the ester groups followed from the typical 
signals One of the lactones, the methylbutyrate 3b was 
isolated previously from the same species [4], but the 
stereochemistry has to be revised 

The ‘H NMR spectra of 4a4d (Table 1) agam showed 
that these lactones only differed m the nature of the ester 
groups In the spectrum of 4b m deuterlomethanol all 
signals could be assigned by spm decouphng The low 
field pair of doublets with a 5 5 Hz coupling clearly 
indicated the presence of a gualanohde with a 2,3-double 
bond As no additional couplings were present no hydro- 
gens were at C-l and C-4 As followed from the molecu- 
lar formula (C H 0 ) most likely three hydroxy 19 28 7 
groups were present The slmllarlty of the remaining 
signals with those of 3b indicated an identical structure of 
the seven-membered rmg The stereochemistry was deter- 
mmed by NOE difference spectroscopy Thus clear 
effects were observed between H-14, H-15 (5%), 
H-2 (5%), H-6 (lo%), H-8 (6%) and H-9/l (4%), between 
H-15, H-14 (5%), H-6 (12%) and H-3 (So/,), between H- 
13 and H-7 (6%) as well as between H-8, H-11 (5%) and 
H-6 (6%). The ’ 3C NMR spectrum (Table 2) also suppor- 
ted the structure. The ‘HNMR spectrum of 4a showed 
that the correspondmg angelate was present while the 
unseparable mixture of 4c/d was the lsovalerate and the 
2-methylbutyrate (Table 1) A 8-desacyloxy derivative 
has been isolated previously [12]. The ‘H NMR data are 
very close to those of 4asd 

In the mass spectrum of 5b the highest very weak ion 
corresponds to C,,H2,0,CI and high resolution of m/z 
366 showed that this fragment was due to C,,Hz60,. 
Accordmgly, 5b most likely was a chlorohydrin. Again 
the ‘H NMR spectrum (Table 1) was m part close to that 
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1 a-d 2a-d 4 a-d 

Sa-d 6a-d 7a-f 

I I OK 

8a-d 9a-d 

3 a-d (his (I - epoxide) 

OH 

OH 

OH 

HO 

HO 

la-9a R=~ng, lb-9b R=IBu, lc-9c R=IV~I, ld-9d R=MeBu. 7e R=Prop 

7f 8-desd-c)loxy-II.l?-dehydro, 7g R=Ang. 3-OAc, 7h R=Ang, IO-OAc. 7i R=Ang.3.10-OAc 

of 3b. However, the H-3 signal was replaced by two 
signals at 62 14 (d) and 1.69 (dd) and the H-2 signal was 
slightly shifted down field (63 48) The latter showed only 
a small couphng with H-3’ (3 Hz) This IS typtcal for 
epoxy protons All data therefore agreed with the struc- 
ture 5b The stereochemtstry could not be deduced from 
the data This, however, was posstble by NOE difference 
spectroscopy Clear effects were observed between H-14, 
H-6 (lo%), H-8 (6%) and H-2 (6%), between H-6, H-14 
(5%) and H-8 (3%) as well as between H-13 and H-7 
(10%) whrle no effect between H-15 and H-6 was ob- 
tamed 

The ‘H NMR spectra of 5a and k/d (Table 1) showed 
that agam the correspondmg angelate, tsovalerate and 
methylbutyrate were present 

The ‘H NMR spectrum of 6b (Table 1) was very close 

to that of 5b Small changes, espectally a down field shift 
of the H-7 signal indicated that the correspondmg 5r- 
hydroxy derivative was present This was supported by 
W-couphngs of H-14 with H-9n and lo-OH, most likely 
due to a fixed conformatton by a hydrogen bond between 
55r- and lOr-hydroxy (OH 82 49 h-s). As the chemtcal 
shifts and the couplmgs were nearly tdentrcal m the case 
of 5b and 6b the stereochemrstry surely also was the 
same The spectrum of 6a and 6c/d (Table 1) indicated 
that the correspondmg angelate, rsovalerate and mcth- 
ylbutyrate also were present 

The ‘H NMR spectra of 7a-e (Table 3) again showed 
that these lactones only differed m the nature of the ester 
groups In the spectrum of the angelate 7a all signals 
could be assrgned by spin decouplmg As followed from 
the molecular formula (C20H280,) an epoxytrtol angel- 
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Table 1 ‘H NMR spectral data of la/b, Za/b, 3a/b, 4a/b, Sa/b and 6a/b (400 MHz, CDCI,, &values*) 

H la lb 2a 2bt 3a 3bt 4a 4bt: 5a 5bt 6a 6bt 

2 3.60brs 361 brs 3464 345d 5.96 d 584d 3 86 d 384d 3 77 d 375d 

3 6.05 dq 

5 

6 3 98 dd 
7 3 11 q 

8 4 97 ddd 
9a 3 25 dd 
98 225dd 
11 253dq 

13 138d 
14 243s 

15 228d 

605dq 328brs 328brs 329d 3 28 d 591 d 
581d {;:::d {;:;id { ::::d { ::::d 

280d 2.78 d 2 58 d 2.56 d 261 d 246d - 
3 96 dd 4.27 t 4.23 t 418dd 415dd 439dd 461dd 4928 
3 1oq 283q 2829 308q 303q 2.58 q 251 q 233 q 
481ddd 529ddd 517ddd 5.25ddd Sllddd 516ddd 504ddd 537dt 
318dd 238m 2 36 m 218dd 215dd 242t 243t 203dd 
216dd 215m 2 14 m 210dd 207dd 192dd 178dd 232dd 
252dq 255dq 249dq 252dq 248dq 2 58 m 263dq 271 dq 
138d 128d 133d 130d 132d 136d t 30d 133d 
242s 112s 113s 116s 112s 119s 115s 1.56 s 
228d 153s 152s 1 54 s 152s 1 44 s 131s 1.58 s 

487d 
231 q 
5 19 dt 
195dd 
226dd 
2.64 dq 

1.35 d 

4.85 d 481 d 
2.57 m 2 58 m 
5.29 ddd 513ddd 
2cQt 197 t 
216dd 2 15 dd 
2 56 m 256m 
134d 133d 
157s 1 54 s 

t 60 s 1 59 s 

*OAng 6 15-6 21 qq, 2 04-l 99 dq, 192-I 89 dq, OMeBw 243-249 tq, 0 944 91 t, 1 21-1.18 d, OlVal 2 18-2 22 d, 
1 00-O 97 d, 01Bu. 2 58-2 55 qq, 1 20 d, OProp 2 40 ABM,, 1 20 t, tIsovalerates and methylbutyrates nearly ldentlcal signals, 
$D,COD 

J[Hz) Compounds la4 3,15=1 5, 6,7=7,8=7,11 =8,9= 11, 8,9’=2, 11,13=7, 9,9’= 15, compounds 2a+l 5,6=6,7=7,8=10, 

7.11=12,8,9=8,9’=7,11,13=7,compounds3a+l 2,3=1,5,6=11,6,7=10,7,8-10,7,11=11,8,9=4,8,9’=5,9,9’=15,compounds 
4ad 2,3=55,5,6=11,6,7=7,8=7,11-10;8,9=9,9’=11;8,9’=4; 11,13=7,compounds5aAand6a+l 2,3’=3;3,3’=165,6,7=10, 
7,8=7,11=8,9’=11, 8,9=35,9,9’=13, 11,13=7 

12 
Ila R’= H R’=OH 

llb R’ = OH R2=H 

OOH 

13a 

OH 

13b 

13c 
HO0 

ate was most hkely as the ‘H NMR data indicated again rded the monoacetates 7g and 7h and the dlacetate 7i. 

the presence of a gualanohde with no double bonds. The The ‘HNMR data of these derivatives (Table 3) indi- 
signals of H-5-H-9, H-11, H-13 and H-14 were again cated that agam the conformations are partly changed. 
close to those of 2a As the couplings of H-8 differed a Inspection of models led to the conclusions that all data 
changed conformatlon was mdlcated. All data agreed would agree with the trlol 7a where hydrogen bond 
with the presence of a trlol formed by hydrolysis of 2a. between lo-OH and 8-OR was present. Accordmgly, in 
The relative position of the hydroxy groups and the the acetate 7h the hydrogen bond was missing. This 
configurations had to be estabhshed Acetylatlon affo- assumption reqmred m part the proposed configurations. 

Table 2 ‘% NMR spectral data of 4b, 7s and 7f 

(100 6 MHz, CDCI,, &values*) 

C 4bt 7a$ 7f 

1 902s 729s 73 3 s 

2 1352d 64 2 d 644d 
3 1407d 644d 647d 
4 83 5 s 83 1 s 722s 

5 52 8 d 57 3 d 579d 
6 75.0 d 76 5 d 199d 
7 43 9 d 41 5d 45 1 d 
8 66 1 d 72 2 d 23 6 t 
9 412t 43 2 t 35 1 t 
10 79 3 s 71.5 s 83 4 s 
11 506d 51 6d 139 3 s 

12 177.7 s 1172s 1694s 

13 165q 159q 119.9 t 
14 244q 22 2 q 22 1 q 
15 23 3 q 269q 26 5 q 

OCOR 1806s 1668s 

196q 1269s 

19 1 q l403d 

354d 15 1 q 
20.6 q 

*Some signals may be interchangeable 

tD,COD 
$Smglets asslgned by selectwe INEPT 
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Table 3 IH NMR spectral data of 7a-i, 894, 9a and IO (400 MHz, CDCl,. &values*) 
-_ __~ .-_ _.~ ___- 

H la 7bt 7e 7f 7g 7h 7i 8a 8bt 9a 10 
----- _._ ..__~___~_____. .._-.._. _ --__ _-_ 

2 82 cftl 
2 368 \ 3 68 5 3 68 \ 371, 365 F 3 78 hr \ 3 67 \ 3 33 d 3 72 d 632d 2 i-l tld 
3 

5 
6 
7 

x 

Y 
9’ 
II 
13 

14 

15 

406\ 406\ 407 s 408\ so3 7 407 5 492\ 3 31 d 331 d 6 25 d 412hr d 

2 66 d 2hSd 2 66 d 2 64 d 3 52 d 270d 3 24 d 261d 2 61 d 268d 
4 32 dd 4 30 dd 4 30 dd 4 35 dd 438dd 4 34 dd 4 28 dd 449dd 4 44 dd 3 76 t 498d 
3 12q 3 06 q 3 07 q 343 w 2 59 q 283 q 1.91 q 2x1 y 2 80 q 2954 3 74 q 

526ddd 516ddd 519ddd 
i 

2 33 Wl 5 24 ddd 5 23 hr rid 5 22 ddd 5 42 ddd 524ddd 5 14ddd 661 dd 
I 6 I ,,I 

2 IXdd 2 15dd 2 18dd 205ddd 2 17dd 2 93 dd 611d 
2 I 3 dd 2 05 dd 2 1 1 dd I 86 r/r/d 206dd 2 15dd 

;;;;;] 2oOr,1 2OSm } ;,!,;;;j 

2 46 dq 2 44 dq 2 44 dq 

i 
671 d 

2 54 dq 243dq 244dq 243dq ‘43dq 2 34 dq 2 63 dq 

127d I 30 d 1 30 d 
550d 

I 29 d 1 Xl d 130d 134d 133d 1 24 d 131 d 

1 25 \ 1 25 5 I 26 \ I 78 \ 141, I 57 \ I SQ \ I51 \ 151 \ 136s 227 3 

I 54 \ I 55 5 I 55 \ 15X\ 1 63 \ 1 50 \ 1 x7 < 1 67 c I 68 \ 1 68 .\ 220t?r\ 
__._~__. 

*OCORs Table I 
tlsovalerates and methylbutyrates nearly ldentlcdl signals 
J[Hz] Compounds7a-7i 5,6=6,7=7,X=7,11=11, 8,9=5, 8,9’=35.9,9’=16, 11,13=7(compounds7g-7i 8.9-05, 8,9’=65, 

compound 7f 7.13’=35. 7.13’=3. 8,9=8’.9’=65, 8’,9=35, 8,9’=95, 99’=14), compounds 8a-d 1,3=35, 5,6=6,7=7,8= 
=7,il-I1,8,9:8,9’=11,13=7,compound9a 2,3=55,5,6=6,7 
10 Z?,‘=lX. 2.3=6 2’.3=25.6,7=95,78=K5,7.11=11 5,X9- 

-7,8=711-11,89=7.X,9’-?5,9.9’-165.11,13-7,compound 
165 tt,13=7 

The whole stereochemrstry was estabhshed by NOE dtf- 
ference spectroscopy m a chloroforms-benzene mixture 
where also the hydroxy signals were vrstble Clear effects 
were obtamed between H-3, 2-OH (10%) H-5 (4%) and 
H-15 (4%). between H-2, H-3 (15%) and H-14 (8%). 
between 4-OH, H3 (10%) and H-5 (15%). between H-5 
and H-7 (I 0%) between H-l 3 and H-7 (X”/o). between H- 
15 and H-6 (8%), between H-14 H-6 (4%). H-2 (10%) 
and H-9P (8”/;,) as well as between H-8. H-6 (8%) and H- 
1 I (12%) Also the ’ ‘C NMR spectrum (Table 2) suppor- 
ted the structure Selecttve trradratton of H-14 and H-l 5 
respectrvely allowed the assignment of the signals for C- 
10 and C-4 The chemrcal shaft of the latter (683 1) 
excluded the presence of a 3,4-epoxrde The ‘HNMR 
spectra of 7b+ (Table 3) clearly mdrcated the presence of 
the correspondmg tsobutyrate, tsovalerate, methylbutyr- 
ate and proptonate The configuratton of 7a agrees wrth 
the expected one tf 2a was the precursor 

A closely related guaranohde (7f) was Isolated from 
Pentzru ulhrdu (DC) Huzel var unnuu (DC) Merx et 
Eberle together wrth artabm, tanaparthm-la,4a-peroxrde 
[7], nerohdoi and the derrvatrves 13a x [12] The 
‘H NMR spectrum of 7f (Table 3) differed from that of 7a 
by the absence of ester srgnals and the presence of exo- 
methylene proton signals The low held signal for H-8 
was replaced by a pair of multrplcts at 2 33 and 1 61 and 
the H-9 signals were threefold doublets Thus 7f was the 
1 I,1 3-dehydro-8-deacyloxy derivative of 7a ldentrcal 
stereochemtstry was established by the observed NOE’s 
which were analogous wrth those of 7a Also the 
13C NMR spectrum (Table 2) agreed wtth the structure 

The *H NMR spectrum of 8b (Table 3) was III part 
close to that of 4b However, the signals of the oleiinrc 
protons were replaced by a AB quartet at 3 3 1, obvtously 
due to epoxrde protons Accordmgly, the molecular for- 
mula was C,,HZsO, differing from that of 4b by one 
oxygen As the chemrcal shift of H-5 was nearly the same 
as m the case of 4b the presence of a 2,3/&epoxrde was 

very hkely The ‘H NMR spectra of 8a and 8c,/d (Table 3) 
mdrcated that agam also the correspondmg angelate. 
tsovalerate and methylbutyrate were present 

The structure of 9a could be easily deduced from rts 
‘H NMR spectrum which was very close to those of 9b-d 
[IO] The presence of the correspondmg angelate fol- 
lowed from the typical stgnals The endoperoxtdes 9a~ 9d 
surely are the precursors of the brs-epoxrdes 3a- 3d These 
lactones were not Isolated from the material from the 
Botanrcal Garden Berlm However. only a small sample 
was mvesttgated 

The molecular formula of 10 (C,,H,,O,) and the 
‘H NMR spectrum (Table 3) indicated the presence of a 
seco-guaranohde The relative posttton of the oxygen 
functtons followed from the results of spm decoupltng 
and the chemtcal shtfts Most ltkely a guatanohde wrth 
oxygen functtons at C-3, C-4 and C-8 and a I( 10)double 
bond IS a precursor of 10 which may be formed by 
oxtdattve degradation followed by ehmmatton 

The structures of lla and lib followed from the 
‘H NMR spectra (Table 4) whtch were close to that of 
artemtsta alcohol The relattre posttron of the second 
hydroxy group followed from the shift differences of H-5. 
H-7 and H-8 The ‘H NMR spectrum of 12 (Table 4) was 
close to that of the eptmerrc dtol [13] The changed 
conhguratton at C-5 followed from the absence of vrcmal 
couplings 

The tsolntton of a large variety of highly oxygenated 
guatanohdcs from Orc~trhtrs 117~~~)f1~7n~~ IS of chemotaxo- 
nomtc Interest and tndrcates a relatronshrp to Arremisrcz 
where rn part very crmtlar lactones are common The 
tsolatton of 7f from a Pent~~ species agrees with prevrous 
results which also may mdrcate a relation of this genus to 
41 tcnif\ctr 

EXPERIMEWAI. 

The au-dned aerral parts (8 kg. collected m May 1986 m 
sandy coasted strips. West of Alexandrtd. rdenttfied by Prof Dr 
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Table 4 ‘H NMR spectral data of lla, llb and 12 (400 MHz, V. Tackholm, Carro IJmversrty) was extracted wtth 
CDCI,, d-values) Et,O-petrol, 1 1 The extract obtamed (375 g) was filtered over 

a silica gel column and the polar CC fracttons (SrO,, Et*0 and 

lla lib 12 Et,O-MeOH) were separated again by CC mto four crude 
- fractrons fl Et,O-Petrol. 1 1. 2 Et,O-Petrol. 3 1: 3.Et,O and 

5 13 dd 
5 09 dd 

5 89 dd 4.38 br d 

i 2 191 33 ddd brdd 

411 d 2 05 ddd 
5 47 br d 445 s 

2 58 d 

405 br s 
5 05 br s 
487brs 

1 73 br s 
102 r 1 18 s 
Irn” 1 3, ^ 

4 Et,O-MeOH, 9 l), One thud of fraction 1 (0 3 g) was further 

separated by TLC (Et,O-petrol, 3 1) into three bands (l/1-1/3) 

HPLC of l/l (MeOH-H,O, 7 3, always RP 8, ca 100 bar) 
afforded 5 mg undeca-2,4-drene-8,10-dtynotc acrd rsobutyl am- 

ide (R, 9 0 mm), 10 mg 8a (R, 10 8 mm), 3 mg Sb (R, 10 3 mm) 

and 8 mg &/d (ca 2 3, R, 11 5 mm) HPLC of l/2 (MeOH-H,O, 

3.1) afforded 15 mg 7a, mp 232” (R, 9 9 mm), 5 mg 7b (R, 
9 5 mm), 10 mg 7c/d (R, 10 5 mm) HPLC of l/3 (MeOH-H,O, 
1 1) gave 4 mg lla (R, 8 8 mm), 8 mg lib (R, 7 5 mm), and 10 mg 

12 (R, 6 5 mm) TLC (Et,O-petrol, 3 1) and HPLC 

(MeOH-H,O, 3 2) of 5% (100 mg) of SC 2 gave 15 mg artabsm, 

8 mg lohohde, 10 mg sesamm 5 mg la (R, 10 4 mm), 5 mg 16 (R, 
10 0 mm), 10 mg lc/d (R, 110 mm) and 5 mg 7e (R, 10 6 mm) 
Repeated HPLC of 20% of SC 3 (300 mg) (MeOH-H,O, 1 1) 

1 “1 J 

J[Hx] Compounds lla and b lt,2=17, Ic,~=Io, I~,IC=I, afforded 12 mg 3a (R, 4 8 mm), 12 mg 3b (R, 5 2 mm), 10 mg 3c/d 
4,5=% 5,7 or 5,8= 15, compound 12 2,3=8, 

3,4=3, 3’,4=3 5, 
(R, 5.6 mm), 15 mg romalea allene (R, 6 0 mm), 12 mg vomifohol 

3,3’=14, 4,5=6 (R, 6 5 mm), 7 mg 4a (R, 12.3 mm), 9 mg 4ejd (R, 13.0 mm), mg 5 

5b (R, 13 5 mm), 3 5a (R, 14 0 mm), 5 mg 5c/d (R, 14 8 mm), mg 

Table 5 Mass spectral data of the guatanohdes, lla/b and 12 

la 
lb 
lc/d 
2a 
2b 
2c/d 
3a 

360 1.57 [Ml’ (6) (C H 0 ) 260 [M-RCO,H]+ (9), 83 [RCO]+ (100) 20 24 6 3 
348 [M]’ (2 5), 260 [M-RCO,H]+ (8), 71 [RCO]’ (100) 
362 [M]’ (6), 260 [M-RCO,H]+ (lo), 85 [RCO]’ (44), 57 [SS-CO]’ (100) 
378 [Ml’ (0 2), 360 [M-H,O]+ (0 3), 278 [M-RCO,H]+ (0 7), 83 [RCO]’ (100) 
366 [M]+ (0 l), 358 [M-H,O]+ (02), 278 [M-RCO,H]+ (l), 71 [RCO]’ (100) 

380 [M]’ (02), 362 [M-H,O]+ (02), 278 [M-RCO,H]+ (I), 85 [RCO]’ (45), 57 [SS-CO]’ (100) 
378 [Ml’ (0 1). 360 [M-H,O]+ (02), 318 [360-C,H,O]+ (1 5), 278 [M-RCO,H]+ (I), 218 [318-RCO,H]+ (62), 83 
[RCO] + (100) 

3b 366 167 [Ml+ (0 1) (C19Hz607), 348 [M-HzO]+ (02), 306 [348-C2H20]+ (45), 278 [M-RCO,H]+ (l), 218 [306 
-RCO,H]+ (48), 71 [C,H,CO]+ (100) 

Wd 380 [Ml’ (0 I), 362 [M-H,O]+ (02), 320 [362-C,H,O]+ (2 5), 278 [M-RCO,H]+ (I), 218 [320-RCO,H]+ (56), 85 
[RCO]’ (52), 57 [SS-CO]’ (100) 

4a 
4b 

4cld 

362 [M-H,O]+ (03), 262 [362-RCO,H]+ (8), 83 [RCO]+ (100) 
353 160 [M-Me]+ (7) (C,,H,,O,), 350 [M-H,O]+ (06), 332 [350-H,O]+ (1.5), 262 [350-RCO,H]+ (lo), 167 

[C,H,,OJ+ (10% 71 &H&O]+ (96) 
364 189 [M-H,O]+ (05) (C H 0 ) 262 [364-RCO,H]+ (7), 244 [262-H,O]+ (4), 85 [RCO]+ (45), 57 [85-CO]+ 20 28 6 3 
(1fm 

Sa 378 [M-HCl]+ (0.1) (C,,H,,O,), 278 [378-RCO,H]+ (13), 260 [278-H,O]+ (5), 218 [26C-C2H20]+ (56), 83 

K,WW+ (10’4 
5b 

Wd 
6a 
6b 

402 [M]’ (03). 366 167 [M-HCl]+ (08)(C,9HZ607)r 348 [366-H,O]+ (1 3), 333 [348-Me]+ (3), 306 [348-CZH20]+ 
(65), 218 [306-RCO,H]+ (74), 71 [C3H7C0]+ (100) 
380 [M-HCl]+ (0 I), 278 [380-RCO,H]+ (I), 85 [RCO]’ (46), 57 [SS-CO]’ (100) 
378 [M-HzO]+ (0 I), 318 (2), 278 (l), 218 (42), 83 (100) 
366 167 [M-H,O]+ (05)(C,,H,,O,), 348 [366-H,O]+ (1),306[348-C2H20]+ (7),278 [366-RCO,H]+ (2),218 [306 
-RCO,H]+ (66), 71 [RCO]+ (100) 

7a 
7b 
7cJd 
7e 
7f 
Sa 
8b 

Wd 
9a 

396 [M]’ (1) (C H 0 ) 381 [M-Me]+ (04), 363 [381-H,O]+ (25), 83 [C,H,CO]’ (100) 20 28 8, 
384 178 [M]’ (1) (C H 0 ) 71 [C,H,CO]+ (100) 19 28 8, 
398 [M]’ (06) (C H 0 ) 383 [M-Me]+ (06), 85 [C,H,CO]+ (68), 57 [SS-CO]’ (100) 20 30 8, 
370.163 [Ml+ (06)(C,,H,,O,),296 [M-RCO,H]+ (1 3),279 [296-OH]+(14),261 [279-H,O]+ (7),57 [RCO]’ (100) 
(CIMS) 297 [M+ 11’ (20), 269 [297-H,O]+ (19X 57 (100) 
394 162 [M]’ (1 1) (C H 0 ) 294 [M-RCO,H]+ (9). 167 (80), 83 [RCO]’ (lOO), 55 [83-CO]’ (60) 20 26 8 9 
382 178 [M]’ (4) (C,,H,,O,), 294 [M-RCO,H]+ (9), 167 (lOO), 71 [RCO]+ (70) 
396 178 [Ml+ (1 7) (C H 0 ) 294 [M-RCO,H]+ (lo), 167 (82), 85 [RCO]’ (60), 57 [SS-CO]’ (100) 20 28 8 1 
378 168 [M] + (0 5) (C,,H,,O,), 346 [M -O,] + (0 5), 278 [M - RCO,H] + (6), 260 [278-H,O] + (7), 111(58), 83 [RCO] + 
(80), 55 [83-CO]’ (100) 

9b 366 168 [M]’ (2) (C,,H,,O,), 334 [M-O,]+ (3), 278 [M-RCO,H]+ (8), 111 (loo), 71 [RCO]+ (88) 
9c/d 380 [M]+ (06)(C,,H,,O,), 348 [M-O,]+ (03), 278 [M-RCO,H]+ (65), 85 [RCO]+ (64), 57 [85-CO]’ (100) 
10 278 115 [M]+ (10) (C,,H,,O,), 260 [M-H,O]+ (lo), 95 (100) 
lla (CIMS) 171 [M+l]+ (2). 153 [171-H,O]+ (86), 135 [153-H,O]+ (100) 
llb 101 [M-C,H,]+ (56) 83 [lOl-H,O]+ (80), 55 [83-CO]’ (100) 
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15 mg 2b (R, 20 5 mm), 15 mg 2a (R, 210 mm), 8 mg 2c/d (R, 

22 0 CXfi), 3 iTYg *(R, 230 EXE), 3 ii?g Ba (R, 23 5 ZKiiIj aid 2 mg 
6c/d (R, 26 0 mm) HPLC of 5% of SC 4 (100 mg) (MeOH-H,O. 

1 1) gave 8 mg 4b (R, 8 0 mm) and 4 mg 10 (R, 4 5 mm) 80 g 

aertal parts grown m the Botanrcal Garden Berlin gave a polar 

SC fraction whtch afforded by HPLC (MeOH-H,O, 3 2) 6 mg 

9b (R, 6 1 mm). 4 mg 9a CR, 8 2 mm). 6 rns 9c d CR, 8 8 mm) and 

7 mg tanaparthm-la.4r-peroxide 

The extract of the aertal parts of Pentzra alhuh (I 10 g. voucher 
M Muller 3704, collected at the Ludentz Bay) gave two crude 

SC frncttons (SC I and 2) TLC of SC 1 (Et,O-petrol, 1 1) gave 

30 mg nerohdol and of SC 2 (Et,0 -MeOH. 9 1) 5 mg 13e. 5 mg 

13a. IO mg 13b, 8 mg tanaparthm-la.4r-peroxrde. 45 mg artdbin 

and a mtxture whtch gave by HPLC (MeOH-H,O. 7 3) 5 mg 

artdbm and 5 mg 7f (R, 9 5 mm) Known compounds were 
tdenttfied by comparmg the 400 MHI ‘H NMR spectra wtth 

those of authenttc material The mass spectral data of the new 

compounds dre summarized m Table 5 
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