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Ahnct-The new gc rmacrane esters 12-angcloyloxy- aod 12-hydroxy-W+q+oyltovarol and 12-angcloyloxy-8-o- 
angcloylshiromodiol were isolated from T. ailloso var. minor. and their structures established by spectml data and 
chemical comlations. Tbc tcrpenoids gcranyl acetate, &adincnc, ydincnc, y-muurokne. Bcuyophylkne and 
catyophylknc oxide were also isolated from the aerial parts. 

INTRODUCllON 

In the course of our study on the cbcaGcal components 
from 7Xapsfa species [IA] we have described tk iso- 
lation of some me esters related to tovafd 
[ = (6S,7R&,4E,9E)-l( lO)+gamauadimc-6,g-diol) and 
shiromodiol (4&5gcpOxy derivative). We would l&e to 
report here the isolation of two new 12Aydroxytovarol 
angclata I and 2 from tbc roots of T. ofha var. minor 
and a new l2-angcloyloxyshiromododiol derivative 14 as 
well as other known terpenoids from the umbcllas of this 
plant. 

IIEWLlS AND DEXUS!MON 

The benzene extract from the roots of the plant 
afforded after chromatography pure 1 and 2. Both 
substances showed IR spectra nearly identical and very 
similar to that of 8-Gangeloyltovarol previously isolated 
from the same plant [2]. The IR spaztra were indicative of 
the presence of hydroxyl groups (3400 cm- I), conjugated 
ester (1700. IZMcm-‘) and doubk bonds (1640, 
850 cm- ‘). The ‘H NMR spectra of 1 and 2 showed the 
presence of two oldinic protons, two vinyl methyl groups 
as well as a secondary methyl group. Compound 1 showed 
also signals of two angcloxy groups but 2 displayed 
signals of only one angeloxy group. The alkaline hydro- 
lysis of both 1 and 2 gave the same trio1 3 which on 
standing at room temperature overnight with acetic 
anhydridcpyridinc gave the triacetate 4. The ‘H NMR 
spectra of 3 and 4 were quite similar to those of tovarol5 
and its diacetate 6, respectively. However, tovarol showal 
signals of an isopropyl group while 1 to 4 showed only one 
3H doublet and signals of a CHzOR group. These data 
suggested that the third oxygenated group should be 
placed on C-12, Moreover, the coupling constants dis- 
played by the aLxtatcs 4 and 6 are analogous and both 
showed high spaziBc rotations with the same sign (4 [aID 
-71.0”; 6: [a]o- lOl.5”). ‘Ihis suggested that the con- 
figuration of both compounds was the same except for tbc 
new C-l I chiral ctntrc. 

To establish the configuration at C-II the isopro- 
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pylidcne derivatives of trio1 3 were synthcsizai. As the 
hydroxyl groupsattached tocdand C-garetront thc6.12 
and 8.12 dioxeputes were the only cxpaztal isopro- 
pylidcne derivativea In fra only two products were 
obtained, 7 and 10. Product 7 was rcetylatai yielding & 
This showal the H-8 multipkt &hi&ad and locatai the 
free hydroxyl group at C-8. lSssuming a conformation for 
the cydodamnc ring ,,D’, ‘D,. [S] andopus lo that 
shown by shiromodiol [a], as suggcstsd by the obamcd 
coupling constants, the oxcpanc ring may dopt the half- 
chair conformation I OT II as the half-boat conformations 
are highly puckered baruse of the steric interactions of 
the isopropylidtne group with the cyclodeanc sub- 
stituenca Although both conformations allow the same 
condusions with respect to the C-l 1 con&ration, I must 
be tbc more stable confqtion for 7 as deduced from 
tbc duhklding of one of the C- 12 protons. This dcshicld- 
ing could be caused by the n elaztrons of the C-6 oxygen 
being -tiaUy close to the H-12 in conformation I. Also, 
the smaIl coupling constants between the C-12 protons 
withH-I1 (H-l2fl:64.00,bt(I.I = 12Ht;H-12a63.25,br 
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Tabk 1 ‘H NMR spectral data for 12-hydroxytovarol derivatives* 
_.._ -- 

H I 2 3 
._. - ..- 

1 5.10 m 
23 2.12 br s 

5 5.10 m 

6 5.10m 

8 4.2Om 

12 4.20 m 

13 

14 

15 

An8 

AC 

I.15 d 

(6.5) 
1.62 s 

1.38 s 

6.05 br q 

5.95 br q 

(6) 
I.% br d 

(6) 
1.w hr s 

5.10 m 

215 br s 

5.10 m 

5.10 m 

4.5Obrf 

(r) 
3.50 m 

5.00 m 

215 brs 

5.00 m 

4.10 br d 

(7.5) 
4.10 m 

3.55 m 

4.90 m 4.85 m 

4.55 br d 4.85 m 

(7.5) 
4.M) m 

1.10 d 

(6.5) 
1.6n J 

1.4a s 

6.00 br q 

(6) 

0.97 d 

(6.5) 

1.60 5 

1.45 5 

5.10 m 5.00 m 5.20 m 
2.20 br s 2.12 br s 218 br J 

5.10 m 5.00 m 5.20 m 

5.40 br d 4.6Obrd 4.60 br d 

(7) VI 0 
5.10 m 4.15 m 5.20 m 

4.15 dd 4.15 br d 3.92 br d 

(19 3) (12) (12) 
3.85 dd 3.25 br d 3.25 br d 

(IO. 4) (12) (12) 
I.15 d 1.10 d I.15 d 

(6.5) (6.5) (6.5) 
1.70 s I.60 s 1.65 s 

1.50 5 1.45 5 1.48 s 

4.90 m 4.85 m 5.15 m 

210 br s 2.10 br J 215 br s 

4.25 br d 4.00 m 

(12) 
3.10 br d 3.25 I 

(12) (12) 
1.07 d 1.00 d 

(6.5) (6.5) 
1.50 s 1.60s 

1.50 J 1.40 s 

4.90 br d 

(9) 
4.40 dd 

(9, 6) 

5.15 m 

3.80 dd 

(9. 7) 
3.05 dd 

(9. 7) 
1.10 d 

(6 5) 

1.67 s 

1.46 s 

5.95 br q 

(6) 

1.96 br d I.% br d 

(6) (6) 
1.9Obrs 1.90 br s 

4 7 8 9 10 I3 14 
-_-- . _-.- _- - - ___ 

2.01 5 

2.00 s 

1.95 5 

1.30 5 

1.97 5 

1.22 5 1.30s 1.40s 

1.19 s 

5.28 m 

282 br d 

(7) 
3.42 br d 

(7) 
5.28 m 

4.15 A& 

1.20 d 

(6.5) 
1.80 s 

1.25 s 

6.05 br q 

5.95 br q 

(6) 
1.95 m 

1.9Obrs 

.- -.. -.-_.- --- 
*Recorded at 60 MHz in CLXI, (3.4. 10. 14) or in WI.. d scak in ppn r&tin to TMS and J In Hz (in prentbcscs). 
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d, J = 12 Hz) are in agreement with the conformation 
shown in I. The Eu(fod), induced shift on the NMR signal 
for Me-13 of compound 7 is small as compared with the 
H-8 induozd shift (A&,, 0.3 vs. Mb, 28) and this is 
against the Rconliguration for C-l 1 in which the Me-13 
group points in the same direction as the hydroxyl group 
in both conformations 1 and II. In consequence we 
propose the SconBguration for C-l 1. 

This assignment is also in agreement with the observed 
chcmkal shift for Me-l 3 in the oxidation product 9. 
Assuming for this compound a ring conformation like 
that shown in II. the Me-13 is placed below the carbonyl 

plttne if the C-11 conftguration is R. whereas if the 

configuration is S this methyl group is purred away from 
the carbonyl group. As the doublet of Me-13 is not 
signifkantly shielded (I: al.lQ 9 61.07) it is also con- 
cluded that the configuration for C-l 1 must be S. 

A gennocrodienc lactol named ‘halkrin’ (11) has been 

isolated recently from Loserpiffum /r&ri [7j. The ab- 
solute configuration of the chiral carbon atoms C-6, C-7 
and C-8 of 11 is the same that the previously prow for 
our tow01 derivatives. To conlirm the structure of our 
substances, an authentic sample of the reduction product 

from halkrin-lactone 12 was requested. We found that the 
lHNMRandIRspcctra,aswellasthcmpand/or[a],for 
compounds 3and 4 were identical to those of the trio1 and 
triacctate synthcsixal from natural hallerin. Consequently 
the conbguration shown in 3 for 12-hydroxytovarol was 
confirmed. 

The site where the angeloxy groups are attached in the 
natural tovarol esters 1 and 2 was dcducai from their 
‘H NMR spectra as compared with those of the dcrivat- 
ivcs 3-g. The hydrolysis of diangclalt I, caused an upficld 
shift for the signals of the H-12 protons (hb0.6). The 
doublet at dS.40 in ttixtcctate 4 assigned IO H-6 is 
dahicldal as cxpcctcd with respect IO the same signal in 
trio1 3 (ti0.7 ppm) but the H-6 signal in 1. partially 
overlapped near 5 ppm. is shielded after hydrolysis by 
0.3 ppm only. This suggested that the non-estcrified 
hydroxyl group is that placed on C-6 as shown in formula 
1. 

Compound 2, csterilicd by one angcloxy group, showed 
the same chemical shifts as compound 1 for H-6 and H-8, 
but the H-12 protons were shielded with respect to 1 

11 R OH 1L 

12 R =o 
13 n n 

(GO.7 ppm). These data are indicative tttat the angeloxy 
group in this case must be attached to C-8. This substi- 
tution pattern was also cv&nccd by cydiration. 
Treatment of 2 with TsCl gave the tetmhydrofumnc 13. 

The bcnxcnc extract from the umbcllas of the plant wax 

also studied. The muin component was identified as 

geranyl acetate. The known scsquitcrpcnoids b- and y- 
cadincnz y-muuroknc, @zariophilknc and fl- 
cariophilcnc oxide were also identified, as well as falcarin- 
dial, sitosterol, B_amyrin and glycerides (CC methyl 
esters: linokate 60”/, okatc 1304, linolcnatc 7OJ. 

From the same extract a new gcrmacrane ester 14 was 
isolated. The IR spectrum of 14 was similar to that of 8-O- 
angcloylshiromodiol [2] but the ‘HNMR spectrum 
showed in this case the presence of two angelatc groups, 
one epoxydic proton (2.82. 1 H. d, I - 6 Hz), one methyl 
doublet (1.20. 3H, d, I = 6 Hz) and signals for CHOAng 
(5.28, 1 H, m) and CHCHsOAng (4.15.2H. m). All these 
data led us IO assign the structure shown in 14 for this new 
tovarol derivative. 

To confirm the structure proposed for 14. the natural 
tovarol (1) was cpoxidized with one mol of m-CPBA to 
give a monoepoxide identical in all rcspccts to compound 
14. 

EXPUIMEMAL. 

/roWon. Plxnt tnxterial was colkcted. extracted and IrX- 

tionated as peviously reported [Z]. Silica gel chromatography 

(I kg) of the roots neutral frrclion (236 g) with hcxane Et,0 

mixtures of increasing polarity wu car&d out. F&ions 

containing 1 (I 2 g) were further chromxtognphal on &a gel 

with hexane-EtOAc (9: I) and on silica gel H-60 (6Og. 

C*H,- EtOAc, 97: 3) ykldtng pure 1(7&J mgL FMrons condn- 

ing 2 (19 g) yielded xftachrotuatography on silm gel elutal wuh 

hexane-EtOAc (7:3), C,H,-EtOAc (8:2) and hexxne-Et,0 

(6:4). pure 2 (490 mg). 

The tiefatted umbdlas extruct (31.9 g) was chromxtographai 

(silia gd. 5tXlg) with hexuk-Et,0 mixtures of increasing 

pohrity. The kss potar f-ions (I .2 g) were further chromate+ 

graphed on IO”, AgNO,+lka gel yielding 6cadinenc (40 mg), 

g-muuroknc (60 mg). *ycadinene (20 mg) and gcaryophylkne 

(200 mgb The next frnctions contamed geranyl acetate (10.3 g), 

cuyophylkne oxide (9% mg) and an only product (290 mg) whwh 

xfterchrotuxtography on silica gel H-60 (30 g) with hexsne Et,0 

(g:2) yielded pure I4 (166 mg). 

I2-Anprloyloxy-g-~cloyllovmd (IL Oily, [a]o - 132.0’ 

(CHCl,;c7.3b IR .x&cm-‘: 3400, I7CQ 1640.1380.1220.1130. 

1070.1030.1CKJO.850. EIMS(probe)70cV,m/r (rc1.int.x 218 [M 

-UngOH]’ (IO), 203[M-UngOH-Me]’ (3). MO [M 

-2AngOH -H1O]’ (IO), 203 [M -AngOH -Me]* (3). 200 
[M-UngOH-H,O]‘(4),169[M-AngOH-tso-ROAng 

-H1O]’ (IS). 134(25).121 (10A119(10).107(400). 105(2OA93 

(60). 83 (100). 57 (5OA 55 (500). 43 (2001.41 (20). 

12-Hydroxy-8-~&yllouord(2~ 011~. IR r=ctn- ‘: 3400. 

1710. 1650. 1450. 1390. 1240. 1160. loSO. 1050, 1000. 850. 

12-Hydroxy~cwwd (3). Compounds I or 2 hydrolysai over- 

night with 2 N NaOH, MeOH yielded crystxlhne 3. Mp 

164165’ (EtrOl. [alp -88.2” (EIOH; c 1.9) IRvzcm ‘: 

3300.2950.1670.1380.1260.1060.10200,980. %O, 840.760.680. 

EIMS @tobe) 70 eV. m/r (rcl. int.): 236 [M] ’ (4), 221 [M - IS] ’ 
(16A21g[M-IS]’ (IOLl77(15). 159(40). 121 (40).107(60),93 

(95). 81 (lOOA 69 (70). 55 (500). 41 (40). 

Triaretatr 4. Aatylation of 3 (170 mg) in AclO-pyridine 
yiekkd 4 (190 mgl which was purtftal by CC on silica gel wtth 

heune-Et,O(g:2) (IlOmg). Oily.[a]o -7g.W (CHCl,:<4.3) 
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IR vf&crn ‘: 2950. 1740, 1660, 1459 13gO. 12%. 1130, 840. 
EIHS (probe) 70 cV. m/r (rd. int.), 260 [hi - 2kOH] l (4A 218 
[M -CIHIO]’ (2A2OO[M -3AcOHJ’ (IO), I85 (85A 159[M 
-2AcOH -&P&k]’ (100193 (85A 43 (90). 

6.12.fsqwopyfidene drrfucltfw 7. R&ion of3 (95 mg) in 4 ml 
Me&O with ~2&netboxypropne (1 ml) uwd a ttrc of p 
TsOH do&d tier work up a crude oil which wu chromate 
graphed on xilb gel (log; hcxanc-EtaO. 8:2A to yield 7 (63mg) 
and10(21 mgAcompoundI:oiJy.[a]~ -118.1”(CHQ,;r1.6). 
IR v@- -‘: 3@Xt, 2950, 1670, 1460, 1390, 1230. 1170, 1060. 
lO&~~!XO, 870,850,800.710. ENS @robe) 7OcV. m/z (rd. 
int.): 264 [M -2Me)’ (4A 236 [hi -C,HeO]’ (IO). 227 [M 
-C,H&O-Me]’ (lA218[M-C,H,O-H,O]’ (11206(lOA 
187 (10). 159 (2fA lS2 (24 43 (100). 

krtute a Aatyiation of 7 (70 mg) under the uxurl conditions 
(Ac,O-pyridinc, room tcmp~yiekkd g (72mgA Oily. [a]D 
- 104.6” (CHCl,; c 3.6) IR v-cut ‘: 1740, 1660. 1370, 1240, 
1210. 1050, 1020. lOOO.860.840. EIMS (probe) fOeV m/r (rd. 
int.f 278 [M -CJHOO]’ (2OA 276 [M -AcOH)’ GOA 218 [M 
-&OH -C,H,O]’ (200). 159 [M -AcOH -C,H,O-H,O 
-i.ud’r]* (400), 126 (SOL 107 (60A 93 (100167 (5OA 55 (x)A 43 

(so). 
CCctoru9. Compound 7 (70 mg) wax oxidized overnight in 5 ml 

CHICll with PDC (70mgA yielding a product which w&x 
chrotuxtographcd on silica gel (I 0 B; hcunc- E1*0,8: 2) to afford 
crystalline 9 (30 mg). Hp 127.129’ (hcxane), [a]* - 38.9 
(CHQ,;r2.3A1Rr~~m-‘:29~,1~05.1~,1380.1~,12W), 
I 170. 1110. 1070, l010.9gO,800.7@3. EIMS (prok) 70 cV m/z 
(rd. int.): 234 [M -C,H,O]’ (4A 216 [M -C,H,O -HtO]’ 
(2),201[M-C,H,0-Me]‘(2).150~4).135(10),122(10),106 
(IOA 93 (25A83 (100). 67 (lo), 55 (20). 

8.12.fxopropy/id~clrrfwtfrv lg. Mp 103-105” (hexan+ [a]D 
-87.S”(CHQ,;c 1.08) IRvscm-‘: 3104 1674 1390. 1280. 
1260.1220, 11aQ 1080.1020.960.890.850.830. EIMS (probe) 
7OcV m/z (rel. int.): 236 [M -C,H,O]’ (5). 218 [M -C,H‘O 
-H1O)’ (IO). I59 (ISA 122 (251 107 (35X 93 (lOOA 84 (SOA 69 
(4OA 55 @Ok 

Drhydrorion o/ 2 10 yieLi ji@@sf 13. Product 2 (3 I2 mg) wax 
ractcd II room Kemp. with fsCl(200 mg) in pyridine (6 ml) After 

5hrmdurrvlwortuptheoilyrraiducwuchr~tofnpkdon 
silica gel (20 g) with &~Mc-Et,0 (8:2)yiddiag 13 (46 tag). Oily, 
[aJD -M.6”(CHCI,;c3.5AIRr~cm-‘: 1720,1650,1470,1400. 
1240, II 50. lO40,980,850. EiMS (probe) 70tV m/x (rd. int.): 
318fM]’ (IA 218 [M -AngOH]’ (5). 203 [M-AngGH 
-MC]’ (3). 110(34Q,93(30391 (30).85(60).83(100),55(60),43 
(20). 

12-A~kx+3-Gun~efoylshknwd&d (14). oily. [aID - 38.0” 
(CHCI,; c 0.9). IR vzau - ‘: 3500.1724 1660, I* 1400.1360, 
1250, 1170. I 100. 1050.1000.8so. EIMS @robe) 70eV r/z (rd. 
int.~234(1).203(7),170(60),150(40),141(70),77(1~).58(80), 
St (3OA 43 (7OA 41 (SOA 39 (30A 29 (10). 

Tofornoft(35mg)inCHCll,(I ml)withaxmaIlamountof 
KIC03, portions of m-CPB uid were mkkd and the remion 
followed by TLC. A!‘tcr uslvl work up, I& crude pm&t yu 
purifkd by chromatography (x&a gd, 10 g, hcunc-EtaO, 7: 3) 
to give a monocpoxidc (25 mg) identical in BII rcxpccta to 14. 

Acknowbdgemrnt-WC arc very gmtcful to Professor C. 
Apcndino. University of Torino (IulyA for a xunplc of h&tin 
triol. 

I. Aucurlf~~.~,P~~~M,~riu,~,fimJ.kf, 
Mo&. J. R. md Gran&, M. (1985) Phyrocka&ry 24.1773. 

2. RsctPITmu.J,Morin.J.R,HanindsJ.M.~Cinndt, 
M. (1985) Phywc~ry 24,1779. 

3. PmcualTcreu,J,Morln,J.R,H~J.M.~dGruwk 
M. (1985) Plytuchrmfsrry 24. 2071. 

4. RrurJ Tsar, J., Mordn. J. R. and Gnndc, M. (l985)Chn 
Lams 865. 

5. Sum&, 2 and Hummtlu, J. (1978) Cd&cc Cxech. Chem 
cimwun. u 2779. 

6. MC Qurc, R. J., Si G. A., Goggon, P. and McPhaiL A T. 
(1970)J.ckJlLsor.cklnconww#I. 128. 

7. Appcndino. G. md Guibokli, P. (1983) J. Chum Ser. Per&in 
Trans. I. 2017. 


