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ABSTRACT

1 C-8 a-methyl, B-vinyl
2 C-8 p-methyl, a-vinyl

Four novel and unusual C-19 compounds from

3 C-8 B-methyl, a-vinyl
4 C-8 a-methyl, B-vinyl

Thapsia transtagana , named transtaganolides A —D, have been isolated. Their structures were

established by physical methods, including X-ray analysis of transtaganolides A and B. This is the first time that a 7-methoxy-4,5-dihydro-

3H-oxepin-2-one ring has been found in a natural product.

Thapsia transtagan8rot. is a perennial herb that grows in

that inhibits the ubiquitous SERCA-ATPase enzymatic

the southwest of the Iberian Peninsula and northwesternsystem involved in calcium homeostasis.

Morocco? Although traditionallyT. transtaganahas been
misidentified asThapsia garganicand Thapsia decussata

Metabolites isolated fronil. transtaganaare closely
related to those found from. garganica® In our research

Lag.? there are nevertheless significant morphological and project aimed at the search for new thapsigargin analogues,

anatomical differences among these three spegiegar-
ganicaroots are the source of thapsigargia,guaianolide
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we decided to reinvestigate the chemical compositiom.of
transtaganacollected in Bouznika (northwestern Morocco).
Roots of T. transtaganavere ground and extracted with
dichloromethane in a Soxhlet apparatus, yielding an oily
residue that was purified by column chromatography using
increasing polarities of EtOAc/hexanes mixtures. The fraction
eluted with 1:4 EtOAc/hexanes was subjected to further
purification by column chromatography, yielding haplono-

(4) Treiman, M.; Caspersen, C.; Christensen, STi&gnds Pharm. Sci.
1998,19, 131—-135.

(5) For a complete review of sesquiterpenes frbhapsiagenus, see:
Christensen, S. B.; Andersen, A.; Smitt, U. Afog. Chem. Org. Nat. Prod.
1997,71, 130—167.



1 C-8 a-methyi, B-vinyl 3 C-8 p-methyl, a-vinyl

2 C-8p-methyl, a-vinyl 4 C-8a-methyl, B-vinyl Figure 2. Partial structures (A—C) of.

Figure 1. Novel metabolites isolated fromhapsia transtagana.

and 143.7, respectively, indicating the presence of a double

lide 8 The fraction eluted with 1:3 EtOAc/hexanes provided, Pond between C-1 and C-2. Finally, H-3 showed in the DQF-
after purification by column chromatography, thapsitransta- COSY spectrum a cross-coupling signal with H-2a5.60
gin” and four novel C-19 compounds, which we have named (dd, 5.9, 1.1 Hz), which in turn displayed in the HMBC
transtaganolides A—D1—4. spectrum a correlation with C-10 at 87.5 (s). All these
Transtaganolide A (1) showed in its HRCIMS spectrum a data accounted for a partial structBe(Figure 2).
molecular ion atm/z 358.1415 in accordance with the The following cross-coupling correlations found in the
molecular formula GH,:0s, indicating 10 degrees of HMBC spectrum were diagnostic to complete the Decalin
unsaturation. 1t$3C NMR spectrum showed the presence ring: C-10 showed a correlation with H-8,(2.99, s), which
of two carbonyl groups and six vinyl carbons, which in turn showed a correlation with C-d4 39.1), C-8 6c
accounted for five degrees of unsaturation, thus indicating 38.1, s), and C-16d¢ 143.7). The value of the chemical
the pentacyclic nature of the compound. shift of C-10 suggested the presence of an oxygenated
TheH NMR spectrum displayed the presence of a vinyl function on this carbon. The HMBC spectrum allowed the
group, as could be deduced from the presence of a doubleestablishment of new relations: C-2 with H-11; H-11 with
doublet atdy 6.89 (17.9, 11.2 Hz) attributable to H-16, C-12;and C-12 with a singlet signal & 3.70 attributable
coupled with two doublets aty 5.11 (H-17, dd, 11.1, 1.1  to @ methoxyl group. The chemical shift of C-14,(84.1)
Hz) and 5.03 (H-17', dd, 17.8, 1.1 Hz). The signal corre- suggested the presence of an electron-rich double bond.
sponding to H-16 showed in the HMBC spectrum a correla- The gHSQC spectrum showed a correlation of H-9 with
tion with a quaternary carbon at 38.1 (C-8), which was  a signal abc 52.5 corresponding to C-9. Finally, H-9 and a
in turn coupled in the HMBC spectrum with the signal of a carbonyl group, assigned to C-18¢(164.0), were also
methyl group centered aty 1.22 (3H-18, s). In addition,  connected, indicating the presence of an ester moiety on C-9.
C-8 was the dead end of a GHCH,—CH— sequence, Bringing all the pieces together, we were able to establish
confirmed by HMBC andH—!H COSY correlations. This  the planar structur€ (Figure 2).
information led us to locate the methyl and vinyl groups on  The remaining task was to disclose the connectivity of
C-8 and propose the partial structuke(Figure 2). the ester groups. In the upper part of the molecules, several
H-5, identified atoy 1.96 (dd, 12.1, 6.2 Hz), showed in  possibilities were considered, but most of them were rejected
the HMBC spectrum a coupling with C-é4 48.6), which
in turn displayed correlations with the singlet signal®)at
1.30 (3H-14) and 5.61 (H-15, s). Additionally, C-15 was

identified by its correlation in the gHSQC spectrumdat
109.6. The remarkable downfield chemical shift of the latter f
carbon suggested the presence of two oxygen atoms on C-15, }019

indicating the presence of an acetal group.

H-15 could also be reached through another correlation
sequence starting at C-4, which showed in the HMBC \i,.
spectrum a correlation with H-3 3.11, d, 6.0 Hz), which )\” D
in turn was coupled with the carbonyl C-18-(175.5) and
finally coupled to H-15 (¢ 5.61). In addition, C-14 and C-15
showed in the HMBC spectrum a correlation to H-3. This
proton showed in the HMBC spectrum couplings with the
carbon signals corresponding to C-2 and C-Batl19.4

C12 C13

(6) Haplonolide has recently been reported as a componeHtaplo-
phyllum wulcanicum (Rutaceae), an annual herb of central Anatolia
(Turkey): Gunes, H. SJ. Fac. Pharm. GazR001,18, 35-41. .

(7) Rasmussen, U.; Christensen, S. B.; Sandberg|dhta Med.1981, Figure 3. X-ray model of1.
43, 336—341.
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due to the fact that the planar arrangement of the conjugated The differences in chemical shift in th& NMR spectrum
double bonds C-1/C-2 and C-11/C-12 would make it impos- were below a range of 3 ppm, except in the case of C-18,
sible to close the ring with a carbon different than C-19. It which displayed a signal @c 19.9 (& 28.3 in1, Adc 8.4).
also seemed logical that one of the oxygen atoms on C-15Additionally, H-16 also experienced an upfield shift of 1.08
would be linked to the carbonyl group C-13, leaving the other ppm (o4 6.89 in1, oy 5.81 in2) in their'H NMR spectrum.
one attached at C-10. All the insight thus resulted in the These facts suggested a structure closely related fche
complete planar structure of transtaganolide A (1). difference in the chemical shift of methyl C-18 suggested a
A detailed study of the one- and two-dimensional NOESY different configuration at C-8. The rest of the spectroscopic
experiments for transtaganolide &) (hot only displayed the  data were in agreement with a C-8-epimerlofA single
spatial relationships among the different protons but also crystal of 2 was submitted to X-ray analysis, which con-
confirmed some of the structural features described above.firmed the relative stereochemistry proposed for this com-
H-5 displayed correlations with H-9 and H-3, confirming pound (see Experimental Secticn).
the relative stereochemistry of C-3, C-5, and C-9 in agree- HRMS and3C NMR analysis of transtaganolide G)(
ment with a 1,3-diaxial interaction, allowing the protons of indicated it to have the molecular formulad8,40s. From
the ring fusion to be placed on the same face of the molecule.’H and3C NMR, MS, and IR data, it was deduced that the
H-9 also displayed a correlation with H-18, establishing the molecule contained two carbonyl groups and six vinyl
relative stereochemistry of C-8. The correlation of H-15/H- carbons. As the molecular formula®fequired nine degrees
14 and H-14/H-5 allowed the oxygen attached to C-15 and of unsaturation3 was deduced to be tetracyclic.

C-10to be placed on theside of the molecule. In this sense,  From a preliminary inspection of théd and 3C NMR
it is also worth noting the significant NOE between H-16 gpectra, some instantly recognizable features were observed.
and H-15. The occurrence of a methoxyl group was observed by the

A single-crystal X-ray diffraction study of was carried presence of a singlet signal at; 3.72 (3H), whose
out, from which its relative stereochemistry was determihed. corresponding carbon was observed in the gHSQC spectrum
The drawing depicted in Figure 3 supports the deduction at 5. 56.3. One of the carbonyl groups showed a resonance
concerning the structure made by both NMR and mass sjgnal in the!*C NMR atdc 172.0 and was assigned to a
spectrometry. Transtaganolide B (2) show&€ NMR S-lactone. The other carbonyl group was located at an

signals almost identical to those f Thus, the molecular  ynysually upfield value atc 162.5, corresponding to C-19
ion was present in the HRCIMS an/z 358.1412, in (vide infra).

agreement with a molecular formulad3,:0e. As a result The analysis for the elucidation of the bicyclic ring C1/
of the different stereochemistry of C-8, NOE effects were C10 in3 was similar tol. Thus, the occurrence of a vinyl

observable between H-9 and H-16 and between H-15 and

group and a methyl group, located on C-8, was deduced from
the methyl H-18.

the presence in thtH NMR spectrum of the signals ai,
- - 5.81 (H-16, dd, 17.4, 10.8 Hz), 5.05 (H-17, d, 10.7 Hz), 5.08
(8) Crystal structure analysis: Intensity data were collected, aPR93

on a Enraf-Nonius Kappa CCD diffractometer with graphite monochromated (H-17', d, 17.4 Hz), and 1.61 (3H-18, s).

Mo Ko radiation (A= 0.71070 A). Data reduction and cell parameter _ i
refinement were carried out with the programs COLLE®@&and DENZO!?? The DQF-COSY and HMBC spectra also confirmed the
The two structures were solved by direct methods using Skee7. occurrence of a CiHCH,—CH— sequence from C-8 to C-5,

Refinement hwaS_ perfor_meﬂ WithISHELXL-@?B Lisingnfull-megrix least " similar to that depicted in Figure 2 (partial structére Once
squares with anisotropic thermal parameters for all non-H atoms. € H iy
hydrogen atoms were placed at idealized positions. Molecular graphics WereH 5 was identified aby 1.30 (dd, 11'5’_6'5 HZ)’ the HMBC
computed with PLATONge _ spectrum showed a long-range coupling with G34 3.2),

(9) Crystal data forl: CooHz00s MW = 358.4, orthorhombic, space  \yhich displayed further correlations with two singlet signals

groupP2;2:2;, a= 10.052(4)b = 10.322(4)c = 17.378(9) A,v= 1803.1- . .
(2) A3 7 = 4. pe=1.34 g o3, F(000) = 760,u(Mo Kat) = 0.097 mmL at oy 1.09 (3H-15) and 0.98 (3H-14), placing two geminal

R = 0.0553,Ry = 0.1338, andS = 1.14 for 2302 observed reflections methyl groups on C-4. The gHSQC spectrum allowed the

(Omax = 28.6°, | > 4g(l) criterion) and 236 parameters. Maximum and . " . . .

minimum residual in the final difference map: 0.28 and 0.26% A identification of the signal cprrespondmg to C-15 and C-14
(10) Crystal data foP: CZOHZZO,BG\' MW = 358.4,'Et§etragonal, space group  atdc 24.8 and 29.6, respectively. C-4, C-14, and C-15 could

14, a = 19.327(9),c = 9.814(6) A,V = 3666(3) &, Z=8, pc = 1.30 g : ) . ; :

o3, F(000)— 1520 1(Mo Ky) — 0.096 mmit R— 0.0575,RVCV= 0.1348 be linked to H-3 through a c_oupllng signal o.bser\_/ed in t.he

and S = 1.04 for 1910 observed reflectiongnfax = 28.5° | > 4a(l) HMBC spectrum. H-3 also displayed a coupling signal with

criterion) and 236 parameters. Maximum and minimum residual in the final C-1 and C-2 atdc 137.9 and 123.5, respectively. The

difference map: 0.20 and 0.19 éA
(11) Crystallographic data (excluding the structure factor tables) have carbonyl group C-13dc 172.0) was also located by the

been deposited with the Cambridge Crystallographic Data Center, depositionpresence of a long-range coupling with H-3. The DQF-COSY
nos. 257586 (transtaganolide A) and 257587 (transtaganolide B). Copies . ;i ; : _

of the data can be obtained free of charge, on application, to the Director, spectrum confirmed the vicinal re_latlonSh'p between H-3 and
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [Fax: 44-(0)1223- H-2 (04 6.98, dd, 6.5, 1.1 Hz). Finally, also observable was
306033 or e-mail: deposit@ccdc.cam.ac.uk]. the presence of a correlation between H-2 and an oxygenated

(12) (a)Nonius Kappa CCD Sesr Software; Nonius, R. V.: Delft, The . . g
Netherlands, 1998. (b) Otwinowsky, Z.; Minor, W. Methods in Enzymol-  €arbon abc 87.4, which was assigned to C-10. The linkage

ogy, Macromoleclar Crystallography Part A; Carter, C. E., Sweet, R. M., between ringsA and B to provide the Decalin ring was

Eds.; Academic Press: New York, 1997; Vol. 276, pp 3826. (c) ; ; :
Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G.; Giacovazzo, C.; completed through long-range C_H couplings involving C-10
Guagliardi, A. R.J. Appl. Crystallogr1999,32, 115—119. (d) Sheldrick, ~ and H-9 (& 3.24, s) and H-9 with C-8 (¥38.4, s).

G. M. SHELXL-93 Program for the Refinement of Crystal Structyres P ; : ;
University of Gottingen: Goéttingen, Germany, 1993. (e) Spek, A. L. The eluc'qatlon of the C-ring was carried out a}ccordlng
PLATON; University of Utrecht: Utrecht, The Netherlands, 2003. to the following facts. On one hand, C-2 showed in #@
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Table 1. NMR Data for Compound4—4in CDCl;

entry 1dc 16y (J in Hz) 2 dc 2 0 (J in Hz) 3 dc 3 0n (J in Hz) 406c 4 6y (J in Hz)
1 1437 144.0 131.9 137.5
2 1194 5.60dd (5.9, 1.1) 119.2 5.58dd (6.0, 1.1) 1235 6.08dd (6.5, 1.1) 123.8 6.08dd (6.5,1.2)
3 51.3 3.11d(6.0) 51.4  3.12dt(6.0,0.9) 53.8 3.07d(6.5) 53.9 3.04d(6.6)
4 48.6 48.6 33.2 33.2
5 494 1.96dd (12.1,6.2) 49.3 1.95dd(12.1,6.3)  47.9 1.30dd(115,65) 482 1.34dd(12.6,5.3)
6 199 «1.60dddd (13.3,6.2, 19.2 o« 1.73dddd (129,  19.8 2H, 1.70-1.60 m 20.3 2H1.65-1.53m
2.7,2.2) 6.2,3.7,2.5)
£ 1.47 dddd (1.3, 13.3, £ 1.51 dddd (13.0,
12.3,2.3) 13.0, 13.0, 2.4)
7 39.1 «1.39ddd (13.3,13.3,2.7) 36.8 « 1.43ddd (13.3, 38.3 a1.44 ddd (13.0, 40.3 «1.39 ddd (13.0,
11.9,2.3) 13.0, 3.3) 13.0, 3.3)
£ 1.82 ddd (12.7, 3.7, 2.2) £1.63 ddd (13.3, £1.65m £1.89 ddd (13.0,
3.7,2.3) 3.3,3.3)
8 38.1 37.9 38.4 38.3
9 525 2.99s 49.6 3.09s 504 3.24s 53.1 3.14s
10 87.5 87.5 87.4 87.4
11 84.1 4.99brs 842 4.97t(0.8) 79.1 5.01d(1.1) 79.2  5.02d(1.1)
12 1544 154.3 156.7 156.6
13 1755 175.5 172.0 171.9
14 156 1.30s 15.7 1.33s 296 0.98s 298 0.96s
15  109.6 5.61s 109.6  5.66t(0.7) 248 1.09s 247 1.02s
16 1437 6.89dd (17.9,11.2) 1465 5.81dd(17.4,10.8) 1465 5.81dd(17.4,10.8) 1429 6.98dd (17.8,11.2)
17 1115 5.11ddt(11.1,1.1,0.6) 1125 5.09dd(10.8,0.7)  112.8 5.05brd (10.7) 1119 5.11dd(11.1,1.1)
5.03 dd (17.8, 1.1) 5.06 dd (17.4, 0.7) 5.08 br d (17.4) 5.03dd (17.8, 1.1)
18 283 1.22s 199 155s 191 161s 284 1.21s
19  164.0 163.7 162.5 162.7
OMe 56.3 3.70s 56.3 3.68s 56.3 8.72s 56.3 38.72s

NMR spectrum a signal aic 123.5, which displayed in the
HMBC spectrum a long-range-€H coupling with a vinyl
proton atoy 5.01 (H-11, d, 1.1 Hz). The gHSQC spectrum
allowed the identification of C-11 alc 79.1. On the other
hand, the vinyl carbon located &¢ 137.9 (C-1) presented

irradiation of H-9 resulted in enhancements of the signals
corresponding to H-5 and H-18, confirming the opposite
relative configuration of C-8.

Although the biogenetic origin of transtaganolides B
cannot easily be inferred directly from their structures, a
a correlation in the HMBC spectrum with H-2. H-11 showed mixed route leading to these compounds can be presumed.
a correlation with a carbon locatedd 156.7 (C-2), indicat- It is worth noting the high oxidation degree of these
ing the presence of two conjugated double bonds betweenmetabolites, a common pattern found in those metabolites
C-1/C-2 and C-11/C-12. C-12 presented a coupling signal isolated from the genughapsia.
with the singlet aby 3.72 attributed to the methoxyl group. Finally, the presence of a 7-methoxy-4,5-dihydig-3
Finally, an ester group was placed on C-9 through a HMBC oxepin-2-one ring in transtaganolides-B is a remarkable
correlation between H-%(; 3.24, s) and C-194¢ 162.5), feature that provides a unique architecture in these molecules,
suggesting a similar arrangement in the C-ring a%.ifthe making them attractive targets not only for the evaluation
presence of the C ring required the formation @f-kctone of their biological properties but also as a challenge to the
ring between the oxygen atom on C-10 and the carbonyl synthetic chemist.
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Transtaganolide D4 was the C-8 epimer &. As in the
case ofl and 2, the differences in the chemical shift of
equivalent carbons were small, except for C-A84-15 —9.3
ppm). One- and two-dimensional NOESY experiments
confirmed the epimeric relationship betwegand4. Thus,

Supporting Information Available: Experimental details
on the isolation ofi—4; physical and spectral data and NMR
spectra ofl—4; and X-ray data oflL and 3 (CIF). This
material is available free of charge via the Internet at
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