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Abract-The benzene extract from the roots of 7. villoscl var. minor has afforded the new thapsane derivatives IS- 
acetoxythapsan-Ihal, (lS~l-senaioyloxy-6(14)thapsen-I 5-01 (1S,6R~l-scnecioyloxy~,l~x~~~-lS-ol and 
its acetate. Tbeir structures were deduced from spectral data and chemical transformation into known hemiacetalic 
thapsane derivatives. Acid rearrangement of the epoxythapsanc acetate gave a Gepi-formyl derivative and a 
bicyclo[4.4.0]decadine derivative. 

WTRODUCllON 

hapsia r,+lloso var. minor is a Mediterranean umbellifer- 
ous plant whose roots are rich in sesquiterpenie subst- 
ances, especially gcrmacrcne [I] and thapsane derivatives 
[2, 31 in contrast with T. r;illo.sa var. cillosa in which 
thapsane derivatives are absent but phenylpropanoids 
[4,5] and guaianolides [S. 61 arc quite abundant. WC 
would like to report the isolation and characterization of 
four new non acetalic thapsanc derivatives. 

The name thapsane [7] was proposed for the skeleton 
of a new tricyclic hcmiacetalic sesquitcrpene, like that of 
11. but as we have identified four non acetalic bicyclic 
thapsanc derivatives, besides six other hemracetalic thap 
sane esters. WC suggested [2] reserving the name thapsanc 
for the btcyclic carbon skeleton T. 

RLSUL’IS ASD DWXSSlOS 

The neutral benzene extract from the roots of the plant 
atrorded after chromatography on silica gel compounds 1. 
2,4 and 5. besides other germacrcnc esters and hcmiacet- 
alic thapsanes. 

The oily compound 1 showed a molecular ion [M] ’ at 
m;z 280 in agreement with the empirical formula 
CI,Ha,,O,, and according to its JR spectra an acetate 
(1750, 124Ocrn- ‘) and an aldehydc (2800. 1720cm-‘) 
must be present in the molecule. The ‘H NMR spectrum 
confirmed the presence of an acetyl (61.92 s, 3H) and a 
formyl group (69.68. IH. cf. J = 4 Hz) and also showed 
stgnals of four quaternary methyl groups (d 1.21. s. 3H; 

1.10, s, 3H; 0.95, s. 3H; 0.75. s, 3H) These data. as well as 
the number of double bond equivalents, that suggested 
the presence of two ring systems, and the fact that other 
thapsanc esters were previously isolated from the plant, 
suggested that 1 also was a thapsane derivative and 
therefore, the constitution shown was proposed for this 
substance. The ‘H NMR ofcompound 1 showed a proton 
signalat c53.lO(lH.dd.I - 4.5 and I2 Hz) coupled with 
the formyl proton and with a vicinal proton at 62.70 (m, 
I H). As this multiplet was also coupled with the protons of 
the primary acetoxyl group (64.05 dd. J = 6 and IO HI 
I H; 3.90. dd, J = 5.5 and 10 Hz, 1 H). the aldehydc and the 
acetoxyl groups were placed on the thapsane carbon 
atoms C-14 and C-IS. respectively. The c&relationship 
between the formyl and the acetoxymcthyl groups was 
evidenced by thechemical behaviour of 1. After hydrolysis 
the expected hydroxyaldehydc could not be isolated but 
the hcmi;retal6 and,‘or the dimcr 8 were obtained. This 
acetal 8 is formed from 6 spontaneously or by acid 
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The1HNh4Rspcc~rumof4showcdsomcof1hcsame 
signak as seen in the spectrum of 2 but some of them at 
different fields. The main difference was the absence of the 
terminal mcthyknc group signal. However. two AB 
doubkts characteristic of a terminal cpoxide could bc 
racognized(6285,d,J=4HIIH;L72d.J=4Ht,lH). 
This suggested that the compound 4 is the 6.14-cpoxide 
derivative of 2 as it was confirmed by cpoxidation with m- 
chloropcrbcnzoic acid. 

Compound 5. Ci zHx.0, (M l at m/z 378) showed also 
IRand H NMRspcctrasimilar1o1hoscof4.Thccpoxidc 
group was also present in compound 5 however the 
hydroxyl group was acciylaicd (v 1740.1 ZSO, a2.OZ s. 3H). 

The structural relationship of compounds 2, 4 and 5 
was confitmcd by chemical transformations. Epoxidation 
of 2 with m-chloropcrbcnzoic acid yielded exclusively 4 
and this substance on acctylation gave 5. The stcrcochcm- 
istry in the cpoxidation of 2 suggcs~ai the &configuration 
of the epoxidc bccausc of the guiding effect of the 
hydroxyl group [8]. The cpoxidation of the acetate 3 was 
more diBkul1 and the cpoxide 5 was obtained together 
with the product of cpoxidation of the scnccioyl group. 

As mentioned above, compounds 2, 4 and 5 have a 
secondary scnccioyloxy group. The signal of the geminal 
proton 10 the ester group co 64.75 ( I H. apparent triplet. 
J Ax c ax = 14 Hz) showed in thcsc substances a character- 
istic shape for an equatorial acyloxy group Banked by one 
CHz- and one CRz- group in a cyclohcxane ring. This 

suggested that the secondary scnccioyloxy substitucnt 
should bc placed either on C- 1 or on C-3. The ester group 
was finally placed on C-l on the basis of the chemical 
correlation with the natural hcmiacctalic ~hapsane 11 
whose stnrture was previously cstablishcd [3]. In a first 
expcrimcm IO transform the bkydic derivatives into an 
hcmiaccralic thapsane. compound 2 was acc~ylatd and 

7 R =c) 

treatment. Finally, the proposed structure for 1 was 
confirmed by chemical correlation with the hcmiacctalic 
thapsancs previously isolated. The oxidation of6 or 8 with 
Jones reagent gave the plactonc 7.a substance identical in 

all aspccls IO thaw prepared from other natural 14.15- 
cpoxythapsan-14-01 cslcrs [3]. 

The remaining three natural derivatives 2,4 and 5 have 
a scnccioyloxy substitucnt as evidenced by ‘HNMR 
spectroscopy (d5.60, brs. IH; 2.15. brs. 3H; 1.89. brs. 3H) 
and by mass spcctromctry (m/z: [M - I 001 l ,83 ( I Oo), 55). 

The crys~allinc thapsanc 2, with a molecular formula 
Cz,H,zO, (M+ at m/z 320). showed in the ‘HNMR 
spectrum signals of four quaternary nut hyl groups (d 1 .CQ 
s. 6H; 0.86. s, 3H; 0.81. s. 3H), a terminal mcthyknc group 
(65.00. d. I = 2& IH; 4.82, d. .I - 2Hz IH) and. 
hydroxymcthyl group (b3.80. dd. J = 9 and 6 & 1H; 
3.47. r. J = 9 HI IH). In agreement with these data one 
can assume also a thapsanc skeleton for compound 2. In 
this substance the hydroxyl group should bc placed on C- 
I5 because of the high muItiplici1y of the H, proton 
coupled with the protons of the CHzOH group, and cons+ 
qucnlly. the mcthyknc group should bc attached 10 C-6. 

Tabk 1. ‘H NMR spaxral data for thapcane derivatives* 

H 1 2 3 4 5 6 8 9 I2 13 

I 

6 3.10 dd 

4.75 br r 
(7) 

4.75 br I 
(7) 

4.73 br I 
(7) 

4.75 br I 
(7) 

4.65 br I 
(7) 
2.70 m 

4.75 br s 3.50 br s 

2.90 m 275 m 

(12 4.5) 
7 2.70 m 

10. II.+ 1.21 
12 13 1.10 

0.95 
0.75 

14 9.68 d 

(4.5) 

2.90 m 275 m 
1.00 1.00 
0.95 0.95 
0.90 0.90 
0.85 0.90 
5.35 s 5.25 s 

270 m 

1.30 

1.10 

I .05 
0.90 
9.90 S 

1.00 
1.00 

0.86 
0.84 
5.05 d 

(2) 
4.85 d 

(2) 
4.20 dd 
(10. 6) 
3.80 dd 

(10. 8) 
5.60 m 
212 br s 
1.89 br s 
2.00 s 

1.00 

1.00 

0.86 
0.82 
5.00 d 

(2) 
4.82 d 

(2) 
3.80 dd 
(10. 6) 
3.47 dd 

(10. 8) 
5.60 m 
2.15 br s 
1.89 br s 

I.15 
I .02 
0.85 
0.72 
285 d 

(4) 
272 d 

(4) 
3.43 m 

l.IR 

I .05 
0.86 
0.74 
2.88 d 

(4) 
2.70 d 

(4) 
3.90 m 

1.10 I .OJ 
1.00 1.00 
1.00 0.99 
0.86 0.85 
5.30 5 4.70 J 

4.15 br I 3.90 br I 
(9) (9) 
3.60 br d 3.60 br d 

(9) (9) 

I5 4.05 dd 
(10. 6) 
3.90 dd 
(10. 5.5) 

!kl 

3.80 m 4.15brr 3.8Om 

(9) 
3.45 dd 

(9. 5) 
5.65 m 
2Mbrs 
I .95 br s 

5.57 m 
212 brs 
1.85 br s 

5.60 m 
2.15 br s 
1.90 br s 
202 s 

5.55 m 
21obrs 
1.89 br s 
1.91 s AC 1.92 s 

Me0 3.20 I 

l Raxrdcd aI 60 MHz in CDCl, (2.4, 5.8) or in CCl.. d xak- in ppm relative IO TMS and J in Hz (in parcnrhcsu). 

t Unassigned signab for the methyl groups 10. 11. 12 and 13. 
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the hydroboration of the tcratinal doubk bond of 3 was 
attempted without sucocss ba~use of the hindrance of the 
okfine. Only products resulting from the reduction of the 
ester groups or from the hydroboration of the senccioyl 
double bond were obtained. This result kd us to try the 
rearrangement of the terminal cpoxide of 5 as an altcmat- 
ivc synthesis. The best results were achieved using MgBrl 
as Lewis acid. In this case the rearrangement products 
were chiefly the aldehydc 9 (39 ‘&) and another minor by- 
product (lOo,b) for which the structure 10 was proposed in 
agreement with the spectral data 

The rearrangement of 3 and the stereochemistry of the 
products can be explained by opening of the oxirane ring 
with anchimcric assistance by the acetoxyl group, fol- 
lowedeither by a 1.2-H shift togive9or by the l,2-shiftsof 
Me- I3 and Me- I2 to C-6 and C-5, respectively, followed 
by dcprotonation and ring expansion to give 10 
(schanc I). 

The acctoxymcthyl and formyl groups in 2 must be 
rr~ because after hydrolysis no spontaneous cycliration 
was obsctvcd. After remaining for I2 hr in 0.1 N 
NaOH-McOH solution, nearly all the akiehydc 9 was 
cpimcrized and transfomud into the hemiacetal 12. To 
our surprise. compound 12 did not show an equatorial 
scnccioyloxy substituent but an axial one, as dcduccd 
from its ‘H NMR spaztrum: the signal for H-l appeared 
as a narrow multiplet (64.80. br s, W, ;l = 7 Hz) charactcr- 
istic of an equatorial proton. This implies that the 
formation of the hemiacctal structure takes place with a 
change in the ring A conformatioh namely from ‘C, to 
‘C, (steroid like). 

The spectral data of compound 12 and those of the 
natural hcmiacctal 11 were similar but these substances 
differ at least in the configuration of C- I. However, both 
11 and 12 were transformed into the same ketone 15. The 
hcmiaatal 12 was fully hydrolysed and transformed into 
the methyl ketal 13 to avoid the tendency towards 
dimcriration. The oxidation of 13 with PDC yielded ttte 
ketone 15. The same reaction sequence allowed the 
natural hcmiacctal 11 to bc transformed into hydroxy- 
kctal 14 and this into the same kctonc 15. 

CH,CAc 

scbcn%I 

I? I?’ 
-.- .-- 

11 J-okn c( 

12 ‘I-Okn w 

13 0-W t4 

1L J-OH He 

15 =o Hc 

The absolute stereochemistry for C-l and C-6 (IS,6R). 
as well as the full structure for the non-hcmiacctahc 
thapsane esters 2 4 and S were dcduad from the above 
chemical transformations. 

EXPERIMENrAL 

Exrrnrrion ad idaria Piant awcrial was colkctcd. cx- 

rmxai id fraciionatod as prcGou5ly reported [I]. 
Chromatography on silica gel (I kg) of the neutral part (23 gL 
eluting with hesant~Ets0 mixtures of tncrasing poLsrity. af- 
forded fractions containing the crude lhapvncs in lhc following 
order 1, 5.2.4. 

I~AcetoxythOp~~-I4-a1(1L Frmztions containing 1 (4 8) were 
further chromatographcd on silia gel H-60 (ICOg) with 
heuntE~,O (85: 15)~~) d~crwrrds with hesane- EtOAc (95: 5) 
to ytcld pure I (70 mg). Oily; [a]: + 23.3’ (CHCI,; c 0.8k 
IRvzan-‘: 2800. 1750. 1720. 1470. 1340. 1240. IIOO, 940, 
EIMS (probe), m/r (rcl int.): 280 [Ml’ (IL 237 (I), 220 [M 
-A&H]’ (51 I91 (6). 178(25L 135(25), 108(100). 107(99),95 
(80). 81 (60), 79 (80). 55 (70). 43 (90). 

(IS~I-~ioy&xya(l4~fhopunc-l5-o~ (2) Fnuztions con- 
taining this prodtmzt (716 mg) were further punfied by chromato- 
graphy on silica gel H-60 (308) wrth hcxane- EtOAc (IS: 5) to 
afford l2Omg of pure 2. Mp 133-135’ (hexanck [x]o + 11.1’ 
(CHCl,; c 2.1); IRvF,cm - ‘. 3600. 2950. 1700, 1660. 1460. 
1390, 1230. 1160. tO90. 1040. loOa. 900,860. ElMS(probc)m/r 
(rcl. int.): 320 [Ml’ (2L 302 [M-HaO]’ (5). 220 [M 
-ScnOH]’ (IO). 205 [M-&OH-H1O]’ (5). 202 [M 
-SonOH -H1O]’ (S), 191 (25). ISI (6oL 133 (60). I21 (go). IO5 
(70). 83 (100). 55 (SO). 

(IQ I!+Aceroxpl-semrcioyloxy-W 14)_rhopsrnc (3). Thapsanol 
2 (167 mg) was aatylatcd overnight at room temp. with 
Ac2@pyrdmc. The product was worked up as usual and 
crystallued to yield 192 mg of pure J: mp 74 76’ (hexane); [a]: 
+ 11.6’ (CHCl,; c 5.7)1 IRv~ancm’ ‘: 2930, 1740, 1710, 1640. 
14%). IUIO. 1250.1220.Il40. loSO. I030.990.900. EIMS (probe) 
m/z (rel. int.): 302 [M - AcOH] ’ (2). 262 [M - SsnOH] l (3). 202 
[M-SonOH-AcOH]‘(3SL 133(95L83(100).57(80).43(50). 

(1S6R~I-Smcrloyloxy~,l~~xylkpson-l5-ol(4L The frac- 
tions containing tha substance (3.85 g) were chromatographal 
onsilicapl(2CMIg)withCHCl,~ EtOAc(95.5)toyicld 570mgof 
4: mp 92-94” (hcxanc); [x]o -4.11‘ (CHCL,; c l.lk 
IRvz,cm’ ‘: 3600.2950. 1710. I660 1460, lroo, 1240. 1160. 
1100, ICKQ 950, W EIMS (probe) m/r (rel tnt.L 336 [Ml’ (2L 
236[M-Scn0H]‘(10L217(10).205(15).155(30).137(35).119 
(2OL 107 (35). 93 (40). 83 (loo). 55 (65L 43 (30). 
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The crude matertal(600 mg) was chromatograpbed on siltca get 
(40~) wtth hexane CHCI,-EtOAc (70:tS:S) to yield 143 mg of 
crystalline compound 5: mp 141-143” (hexanck [z]: + 10.0 
(CHCl,; c 0.3); IR Yang cm -‘: 3ooo. 1740. 1710. 1660. 1480. 
1400.1380. 1250.1160.1 IlO, 1050. IOOO. EIMS (probe)m/z (ret 
utt.): 378 [MJ’ (2). 318 (3). 278 (3L 218 (St, 203 (8). 133 (35). 83 
(loo). 

14.15-EpoxyrhPprnn-14+f (6) and di( 14.1 ~rpoxythap~14- 
yI)erher (8) Thapsanal (I, 80 me) was kft in 0. I N NaOH MeOH 
for I hr at room temp. Usual work up y~eIded a mixture (60 mg) 
of products 6 and t Chromatography on silica gel (10 8) with 
bexane Et,0 (4: I) aliowcd the separation of 6 (19 mg) from 8 
129 mg). Product 6: mp I IO- (decompk [z]n -620’ (CHCIs; c 
1.0~1Rv~cm“:UOO.2900.14~.1380.1210.1120.1000,980. 
920. Product 8: mp 198-200” (hexanek[a]p - 128.4‘ (CHCI,;c 
1.51;IRv~crr”:2QOO. 1450.1380.1130.110.1050~970.940, 
930.920. EIMS (probe)m;r (rcl. tnt.); 237 (8). 221 (30). I39 (1% 
106 (20). 83 (40). 69 (loo), 55 (20). 

Gn beating tbe bemiuetaI 6 it sponlatuousIy evolves to the 
dimenc acetal a Dxidatron of a mixture of 6 sod 8 with Jones 
reagent in the usual way gave thapsanoIide 7 pmviolrrly described 

r31. 
Rewranpmtnr oj S with MgBrx to yield IS-omoxyl-l- 

smecioybxy-6+p&hapsa~-144 (9). Epoxidc 5 (1.92 g) in Et,0 
(60 ml) and CsH, (30 ml) with MgBrs (obtained from 300 mg 
Mg and 2.1 p He&x) was refIuxed for 3 days. Work up ykkkd a 
mixture (I.90 8) which was cbrommtogqibed (bog sihca gel; 
hexane-EtlO, 8: 2) yielding 757 mg of the pure compound 9: mp 
116 118’ (bexanek [aJo - 30.0 (CHClx; c 0.4k IR vzcxn. ‘: 
2950.2700.1740, t710.1650,1450.1380.1230,1150,1080, loco. 
IOOO. 850 EIMS (probe) mjr (ml. int.t: 378 [Ml’ (I), 278 [M 
-AcGH]’ (I), 218 [M-AcGH-SeaOH]’ (I). 149 (IO), 121 
(IO). 107 (IS). 83 (100). 69 (IS), 55 (20) 

4-,icrioxymrrhyt-7-senecioy~oxy- l,2,6,1Oraramethy&icycl~ 
[4.4.0] kciz-2.9-dlmr (ML This SUbrluKX (65 mg) w&s ptwalt in 

IIK less potr fmctiott of the pnzeding chromatography. Ana 
cbroma~ography oo sibm pd (10 g, bexanc- EtxO. 9s: 5) pure 10 
was isolted. oily; [a], + 24.6: IR v%an ‘: 2950. 1745. 1720, 
1650. 1450, 1380. 1350. 1230, 1150. 1080, 1050, 1020.900.850 
‘HNMR(~~M~C~~~S.~~(S,IH~J.~~(~,~HA~.ZO~~~,~ 
=6andllHz1H),3.95(&f.f-7andIlHtlH),2l7(s,3H). 
LOO(s. 3H). l.QO(s.3HL 1.65(s, 3H). 1.6O(s.3H), 1.11 (s. 3H),0.89 
(s. 3Hk EIMS (probe) m!r (reL utt): 360 [Ml’ (I). 300 [M 
-AcOH]’ (2L 260 [M-SenOH-A&H]’ (IO), 200 [M 

- AcGH -SenOH]’ (so). 185 (SOL 83 (loOk S5 (Xl), 43 (20) 
I-srrurby&x~l4,ls~~x~kr~icd (lZ& The UetoxyaI- 

d&y& 9 (I 10 cry) vu kept in 0.1 N NaOH-MeGH (2 ml) for 
12 hr at room temp. Work up and cbromatograpby (aibm FL 
hexanc_EtxO,6:4)~orbxt~ooft~~t~dI1:Oily; 

[a% -47.6” (CHCY,; c ttk Trojan-I: 3400, 2950, 1704 
1650, 14SO,I380, 1220, 1150.1080, 1000,920,850.7~ EIMS 
(prot1~)m/r(rd.iotf:318(2~ 19Q(l5t. 175(10), 137(353 123(75), 
107 (3OL 83 (100). 55 (40). 43 (IO) 

1CMrthoxy-l4.lkpdx~lp~-lsl (14 To a solo of 9 
(7SOmg) in MeOH (5OmIk QO6N NaOH-MeGH (l.SmI) was 
added. After rdIuxio8 for 3 br the &on mixlure wu cod to 

5 ml ad more 2 N NaOH-MeGH (2 ml) was ad&d. Rdluxinp 
was m~tioud overmgbt. Work up yielded 527 mg of a crude 
podrrlwhicbwudirroInrlioMeOH(~)O)withrVrtofp 
TsGH. Work up and cbrommograpby oo silia gel 
(bexanc-EtsO. 1: 1) yielded 335 mg of cqsta&~ compound 13: 
mp 1~13~(E1xOk[~J~ -77.8”(CHCl,;cf.6kIRv~an’ ‘: 
3400.2900,1450.1380.1100,1070.1030.1000.920; EIMS (probe) 
m/~(~I.io1.~237(10~21Q(4),1~(4).1?5(15A1~(15).14Q(15~ 
121 (3Oh IO8 (IOOL 93 (75A 55 (25). 

Product I3 (100 ml) was odizzd ovanigbt in 5 ml CHxClx 
arithPDC(100m12Workupyidded80mgofaproduawbov 
phyrwrl propnia were identical w-itb those previously repotted 
for 15 (33. 
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