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Abstract-A new neoclerodane dlterpenold, lsoteuflldm, was isolated from the aerial part ofTeucrwn chamaedrys Its 
structure, 15,16-epoxy-3~-hydroxy-19-nor-neocleroda,l3(16),14-t~ene-18,6a 20,12S_dlohde, was established 
mamly by spectroscopic means and by comparison with closely related compounds In addWon, the previously 
proposed structures for teucrms F and G [15,16-epoxy-4~,7a-d~hydroxy-neoc1eroda-2,13(16),1~tr~ene-18,19 20,12S- 
dlohde and 2&3( 15,16-d~epoxy-4~,7~-d~hydroxy-neo-c1er~a-13(16),14d~ene-18,19 20,12S-dlohde, respectively] 
were revised estabhshmg that their secondary hydroxyl group must be placed at the C-6/3 posltlon instead of the C-7 
position 

INTRODUCTION 

The dlterpenolds of Teucrwm chamaedrys L (Lablatae) 
have been the subJect of a number of investigations 
[l-lo] In contmuatlon of our work [7-lo] on this 
botanical species we have isolated a new dlterpenold, 
lsoteuflldm (l), from a sample of plant material collected 
m Spain In addition, fromT chamaedrys collected m Italy 
we have now isolated SIX neoclerodane dlterpenolds 
teucvm (3) [ll-131, teucvldm (4) [13], teuflm [6, 143, 
teucrm A [l-4,6,7] and a mixture of teucrms F and G 
[l, 5,6] Two of these dlterpenolds, teucvm (3) and 
teucvldm (4), have not been previously described as 
constituents of T chamaedrys collected m Spain [7-lo] 
and m eastern Europe [l-6], showing that the nature of 
the dlterpenold fraction of T chamaedrys collected in 
different countries 1s not the same, as we have pomted out 
earlier [15] for other Teucrwm spp 

Furthermore, from a chemotaxonomlc point of view It 
1s important to note that teucrms F (5) and G (6), together 
with teucrm B [S, 63, are the only neo-clerodane dlter- 
penolds isolated from Teucrlum species for which struc- 
tures lacking the common C-6 oxygenated function have 
been attributed However, a careful spectroscopic study of 
the monoacetyl denvatlves of teucrms F and G showed 
that the structures of these dlterpenolds are correctly 
represented by the formulae 7 and 8, respectively, instead 
of the formulae 5 and 6 [5,6] Thus, teucrm B [S, 611s for 
the present the only neoclerodane dlterpenold found 
m Teucrta which 1s not oxldlzed at the C-6 position, 
but, m our opmlon, the structure attributed to this 

*Dedicated to the memory of the late Professor Dr LUIS M 
!%nchez de la Torre, Umverstty of Ovledo, Spam 

tThis work is a part of the Ph D Thesis of M -C Rodriguez 
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compound [15,16-epoxy-1&7<-dlhydroxy-neo-cleroda- 
13(16),14-dlene-l&l9 20,12-dlohde] [5, 61 requires fur- 
ther support 

RESULTS AND DZSCUSSZON 

Isoteuflldm (1) had a C,,,H2,-,06 molecular formula and 
its ‘H NMR spectrum (Table 1) was almost ldentlcal with 
that reported for teuflidm (2), a drterpenold previously 
found m T flauum [la] and T chamaedrys [9], whose 
structure was firmly estabhshed by its X-ray dlffractlon 
analyas [16 
between the 7 

In fact, the only remarkable difference 
H NMR spectra of compounds 1 and 2 was 

the signal due to the C- 10 proton, which appeared at 6 3 27 
m 2 [ 161 and at higher field m 1 (6 2 69, Table 1) This 
behavlour clearly estabhshed that lsoteuflldm (1) 
possessed Its C-10 hydrogen atom tram to the C-20 
lactone function and, consequently, it had an H-1Oj 
configuration [9,11-14, 161 Moreover, the C-6 proton 
resonance of the new dlterpenold (1, 6,, 480) was m 
agreement with a C-6a configuration for the closure of the 
C-18-C-6 lactone ring [9,12,13-j, because m the lo/?-neo- 
clerodan-4-en-18,6/Gohde denvatlves such as teuflm [14] 

and 6-eplteucrm A [9] the C&x proton appeared at lower 
field (6 5 75 and 5 85, respectively) than m lsoteufhdm (1) 
Thus, It was clear that lsoteufhdm possessed H-68 and H- 
10s configurations as m teucvm (3) [ 1 l-13) and teucrm A 
[l-4,7,9] Inspection of the 13C NMR spectra (Table 2) 
of lsoteuflldm (l), teuilldm (2) [ 161 and teucvm (3) [ 16,173 
confirmed all the above conclusions and established that 
the secondary hydroxyl group of compound 1 was at the 
C-3 position as m teuflldm (2) [16] The C-3-C-5 and C- 
18 carbon atom resonances of the new dlterpenold (1) 
were almost identical (Table 2) with those of teuflldm (2), 
and the C-6-C-9, C-11&C-17 and C-20 carbon atom 
resonances were identical m 1 and teucvm (3), whereas the 
varlatlons observed m the &c_c-1, a,,, 6,, and 6c_l0 values 
(Table 2) were m complete agreement with the structural 
differences between these three compounds [9,14,16,17] 

Furthermore, lsoteuilldm (1) and teucvm (3) showed 
ldentlcal CD curves for their a&unsaturated y-lactone 
chromophore (see Experimental and ref [13]), thus 
estabhshmg the same absolute configuration m both 
compounds Apphcatlon of Horeau’s method [18] to 
lsoteuflldm (1, see Experunental) estabhshed as S the 
stereochemlstry of Its C-3 hydroxyl group, and thus a 3jI- 

Table 1 ‘HNMR data of compounds 1, 9 and 10 (300 MHz, CDCI,, TMS as internal standard, J values m Hz)* 

1 9 10 

H-la t 2 12$ 

H-l@ 
H-2 

H-3 

H-6 

H-7a 

H-78 

H-8B 
H-lob’ 

t 2 58$ 
t 6 1Oddd 

J 23=98,J2,A=S3,JZ,B=22 
457m 5 55 ddd 
K,, = 8 J 3 2 = 98, Ja,lA = 24, Ja 1~ = 13 
480tt 542 brdd 

J 6) 7.z = J+q ,@ = 9, J,, ,., = Jsb,,ob = 14 Js. ,m ; =;dJ”” ,# = 3 5 

t 

t 
269td 

J ,.,, ,@ = J,. = 14 6, Jxz.6. = 2 5 c,p 
170dt 

J ,@ ,. = 146, J ,p,sp=J,66.=35 
2 12$ 
262dd 

JIO, I# = J,OR I@ = 8, J~og 6p = 14 J IO@ I= = 13 7, J,og I,, = 5 9 
H-l 1A 257dd 248dd 

J,IA 11;~; 2 JIIA 12 = 84 JIIA llB= l42,Jll~ ,2=92 
H-1lB 256dd 

JIIB 1lA = 14, JIIB 12 = 8 7 Jlle 1lA = 142, JilB,12 = 84 
H-12 549dd 542dd 

J,z llA=84,J1.,,~=87 
H-14 639dd 

J 14,15 = 16, J,, = 09 ,6 
H-15 145t 

J15.,4=5,5,16=l6 
H-16 7 47 m, w,,, = 4 
Me-l 7 107d,J1,8=68 
H-19A 
H-19B 
-0Ac 

J,z 11A = 9 2, J,, SIB = 8 4 
641 dd 

Jt4 15 = 17,114 16 = 07 
746t 

J 15 14 16 = JIS = 17 
747m, y/2 = 3 
101 d, J,, = 8 68 
417d, J 19A.l9B= 114 
454d, Jjg~,,gA = 114 
205s 

19Otd 
J Ia 14 - -J Ia. IO@ = 13 6, J1, 2a = 18 

2 57$ 
362bt 

J za,aa = 3 6, J,, ~a = Jz. IP = 18 
325d 

J 311 zo = 3 6 
5 33 dd 

J 6a ,= = 1 8, J,, ,# = 4 
2 21 ddd 

J ,a ,@ = 15, J,, sc = 12 7, J,. L, = 18 
169 dt 

J,c ,m = 15, J,, a = J,, B,, = 4 
2 03$ 
2 572 

244dd 
JI,A 118 = 143, JIIA 12 = 8 7 

2 57$ 

545t 
JIZ.IIA = J,z IIB = 87 

64Odd 
J 14 15 = 16 514 = 16 1 

746t 
J 15 14 = JI,,I, = 16 

747 m, w,,, = 4 
097d,J,,8=68 
412d,J19A lg,,=ll8 
453d, J,9B ,gA = 118 
205s 

*Spectral parameters were obtamed by 6rst order approxlmatlon A11 these assignments have been confirmed by double resonance 
experiments 

f Could not be ldentrfied 
*Overlapped signal 
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Table 2 13CNMR chemxal shifts (CDCI, solution, 6 values 
from TMS) of compounds l-3 and 9 

1 2* 3* 9 

C-l 196ct 177t 216t 25 3 t 
c-2 309t 29 8 t 197t 1257d 
c-3 58 1 d 587d 247t 1299d 
c-4 1278s 1287s 126 1 s 760s 
c-5 165 1 s 1657s 162 1 s 480s 
C-6 780d 762d 783d 6821 
c-7 352t 356t 353t 320t 
C-8 3571 3621 357d 330d 
c-9 539s 52 1 s 535s 517s 
c-10 422d 3861 419d 373d 
c-11 407t 388 t 406~ 42 7 t 
c-12 719d 7221 719d 722d 
c-13 1250s 125 3 s 1249s 1248s 
c-14 108 1 d 1079d 108Od 108 1 d 
c-15 1442d 14421 14421 14441 
C-16 13971 13951 13961 1397d 
c-17 169q 143q 170q 165q 
C-18 172 1 s 1720s 1730s 177 5 s$ 
c-19 - 690t 
c-20 1755s 177 5 s 1759s 176 1 s.j 
-0Ac - - 1702s. 

- 215q 

*Taken from refs [ 16,171 
tSFORD multlphclty 
*These assignments may be interchanged 

hydroxyl configuratton tn the neoclerodane hydrocarbon 
skeleton [ 191 

Finally, since the C-17 methyl proton resonances of 
lsoteuflldm (1) and teucvm (3) were almost ldentlcal 
(b 107 and 105, respectively, Table 1 and refs [ll-13]), 
and the 6,s value was the same m both compounds 
(635 7, Table2), it was evident [20, 211 that lsoteufidm (1) 
possessed a 12Sconfiguratlon such as teucvm [11-131 
Thus, the new dlterpenold isolated from T chamaedrys 
collected m Spam 1s 15,16-epoxy-3j%hydroxy-19-nor-neo- 
cleroda-4,13(16),14-tnene-18,6a 20,12S_dlohde (1) 

Since teucrms F and G are compounds difficult to 
separate chromatographlcally one from another [5], the 
mixture of these compounds was subjected to acetic 
anhydnde-pyndme treatment for 24 hr at room tempera- 
ture to afford their monoacetyl denvatrves, which were 
easily separated by column chromatography (see 
Expenmental) These derivatives showed physlcal and 
spectroscopic data identical with those reported [5] for 
the corresponding monoacetyl denvatlves of teucrms F 
and G A careful study of the ‘H NMR spectra of these 
denvatlves (Table 1) showed that, although the most 
slgmficant part of the previously proposed structures for 
teucrms F (5) and G (6) was correct, the location of then 
secondary hydroxyl group must be at the C-6/l position (7 
and 8, respectively) instead of the C-7a position [S, 61 
This conclusion was firmly supported by the followmg 
arguments (a) The ‘HNMR spectra of the monoacetyl 
derlvatlves of teucrms F (9) and G (10) showed clear 
patterns for a (C)-CHOAc-CH,-CH(Me)-(C) groupmg 
(see Table 1, signals of H&x, H-7a, H-7& H-88 and 3H- 
17) and not for an lsomerlc (CwH2-CHOAc- 

CH(Me)-(C) arrangement Double resonance exper- 
unents showed that the gemmal proton of the acetoxyl 
group (6 5 42 and 5 33 m 9 and 10, respectively, Table 1) 
was coupled only with a vlcmal methylene grouping 
(s~gnalsat6170and235,and6169and221,m9andlO, 
respectively), and not with the C-8 methme proton (6 2 12 
and 2 03 m 9 and 10, respectively) (b) Neither of the two 
protons at C-19 m 9\and 10 showed any long-range 
coupling m their ‘H NMR spectra (Table 1) The require- 
ment for the existence of such a long-range coupling 
[22,23], which has been observed (J = 2 5 Hz) in some 
neo-clerodan-18,19-ohdes lacking a substltuent at C-6 
[24-261,~ the existence of an axial proton at C-6 Thus, 
compounds 9 and 10 possessed their acetoxyl group at the 
C-6/3 position (c) The 13CNMR spectrum of teucrm F 
monoacetate (9, Table 2) also confirmed this point The C- 
6-C-9 and C-11-C-17 carbon atom resonances of 9 
(Table 2) were almost identical with those of the cor- 
responding carbon atoms of teugm dlacetate [27], a neo- 
clerodane dlterpenold with an isomeric structure (2/3- 
hydroxyl, A”) to that of teucrm F (7) The chemical shift 
value of the C-17 carbon atom in the monoacetyl 
derivative 9 (6 16 5) excluded the C-7 position for the 
acetoxyl group, since, m this case, a chemical shift value 
between 6 10 6 and 12 0 would be expected for the C-17 
carbon atom [28-301 

Accordingly from all the above data, it 1s evident that 
teucrms F and G must be represented by the formulae 7 
and 8, respectively The previous mistake m assigning the 
structures (5 and 6) of these dlterpenolds might have been 
due to the ‘H NMR field (60 and/or 100 MHz) utlhzed in 
the first work [5] instead of a 300 MHz field utlhzed by us 
In addition, the reason for locating the secondary hydro- 
xyl group of these dlterpenolds at the C-7a position 
because the enol-acetate of the ketoderlvatlve of teucrm F 
showed for its enohc proton a singlet in the ‘HNMR 
spectrum [S] was not conclusive, since m the neo- 
clerodane dlterpenolds there are some cases m which the 
H-7j?-H-8/? and H-7 (olefimc)-H-8/3 coupling values are 
zero or close to zero [ 15,311 

Finally, the configuration of the oxlrane ring of teucrm 
G was not previously established [5], but the data 
collected m Table 1 show that It must be /?-oriented, since 
the couphng values between the C-2 and C-l protons 
(J 2 lol = Jz,lp = 1 8 Hz) were only compatible with a 
2/?,3j?-oxlrane configuration (see the molecular model of 
teucrm G) 

EXPERIMENTAL 

Mps are uncorr For general details on methods, see refs 
[7-10,151 Plant matenals were collected m July 1981, near 
Ciruelos de1 Pmar, GuadalaJara, Spam (voucher specimens were 
deposited m the Herbarium of the Faculty of Pharmacy, Madrid 
‘Complutense’ University), and m July 1982, at Prealpl 
Lombarde, Italy (voucher s-ens were deposlted m the 
Herbarmm of the Dlpartlmento dl Blolo@a of the Umverslty of 
Milan, Italy) 

Isolation of tsoteufltdzn (1) Dned and finely powdered T 
chamaedrys L aenal parts (Spanish sample, 2 19 kg) were ex- 
tracted with Me&O as previously described [7-lo] The 
chromatographlc fractions (3 5 g) contammg predommantly 
teucrm A [l-4, 7,9] were crystalbed from Me&O-Et,0 
yielding pure teucrm A (3 g) The crystalluatlon solvents were 
evaporated to dryness to pve 450 mg of a 5 1 (TLC) mature of 
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teucrm A (less polar constituent, sihca gel plates, EtOAc-n- 
hexane, 4 1, as eluent) and lsoteuflldm (1) After repeated and 
careful column chromatography (slhca gel Merck, No 7734, 
deactivated with 15 % H20, eluent EtOAc-n-hexane, 4 1) of this 
nuxture, 41 mg of pure 1 (0 0018 % on dry plant material) were 
obtamed mp 21s217” (from EtOAc-n-hexane), [a]&’ + 156 0 
(c 0 152, CHC&), IR vgcm -’ 3580, 3460, 3155, 3130, 2980, 
2950,2930,2880,1760 (br), 1720, 1695, 1603, 1505, 1475, 1380, 
1355,1270, 1180,1020,970,880,803,730, UV AEzH nm (log E) 
223 (3 93), ‘H NMR (300 MHz, CD&) see Table 1, 13C NMR 
(20 15 MHz, CDCI,) see Table 2, EIMS (dltect inlet) 75 eV, m/z 
(rel mt) 344[M]+(3),326(8),300(18),299(14),281(6),255(19), 
232 (12), 231 (13), 204 (16 199 (13), 187 (14), 178 (28), 173 (26), 
161 (25), 149 (20), 147 (20), 133 (25), 115 (21), 105 (37), 96 (66), 95 
(lOO), 94 (60), 91 (50), 81 (64), 77 (46), 65 (30), 53 (31), 41 (48). CD 
curve nm (As) 264 (0), 228 (+ 14 0), 215 (0), 210 (- 6 4) (c 0 843, 
MeOH) (Found C, 66 42, H, 5 70 C19H2006 requires C, 66 27, 
H, 585%) 

Apphcatlon of Horeau’s method to ~soteuflzduz (1) Tlus was 
performed m the usual manner [ 183 Compound 1(28 mg), (*)- 
a-phenyl butync anhydride (170 mg) m pyndme (2 ml) soln, 16 hr 
at room temp LYE = +0661, 01~ = +0639, a1 -1 la2 = 
- 0 042 Configuration 3S 

Extra&on and zsolatzon of the dzterpenozds from the Italzan 
sample Dned and finely powdered T chamaedrys L aertal parts 
(Itahan sample, 162 kg) were extracted with Me2C0 as d-bed 
above The extract (36 g) was chromatographed on a s&a gel 
column (Merck, No 7734, deactivated with 15 % H20, 800 g) 
Elutlon with petroCEtOAc (3 2) yielded teucvidm (4, 150 mg) 
[13], and elutlon with EtOAc-petrol (3 2) yielded, m order of 
elutlon, teuilm (1OOmg) [14], teucvm (3, 210mg) [ll-133 and 
80 mg of a mixture of tebcnns F and G (7 and 8) [ 1,5,6] Finally, 
elutlon wrth EtOAc yielded teucrm A (500 mg) [l-4, 6,7] 

The previously known dlterpenolds were ldentdied by their 
physical (mp, [aID) and spectroscopic (IR, UV, ‘H NMR, MS) 
data and by comparison (mmp, TLC) with authentic samples 

Preparatzon and zsolatzon of teucrzns F and G monoacetates (9 
and 10) The mixture (70 mg) of teucrms F and G (7 and 8) was 
treated with Ac,O-pyndme (3 ml, 1 1) for 24 hr at room temp 
Work-up m the usual manner yielded 71 mg of a mixture of 
compounds 9 and 10, which was chromatographed on a s~hca gel 
column eluted with EtOAc-petrol(2 1) yleldmg pure 10 (11 mg, 
less polar compound) and 9 (30 mg) 

6-Acetyl teucrzn F (9) Mp 225-227” (EtOAc-n-hexane), [a]b 
+69” (~0248, CHCl,), IRvEcm-’ 3440, 3155, 3130, 3050, 
2980,2940,2890,2860,1790,1770,1735,1605,1510,1480,1375, 
1270,1160,1030,1005,955,880,855,790,740,730,720, ‘HNMR 
(300 MHz, CM=&) see Table 1, * “C NMR (20 15 MHz, CD&) 
see Table 2, EIMS (direct inlet) 75 eV, m/z (rel mt ) 416 [M]’ 
(1 2), 399 (0 8), 398 (0 7), 357 (1 6), 356 (16), 312 (66), 267 (24), 218 
(36), 200 (20), 199 (23), 185 (24), 173 (21), 159 (24), 145 (24), 133 
(26), 105 (30), 96 (73), 95 (80), 94 (36), 91 (41), 81 (54), 69 (38), 55 
(18), 43 (100) (Found C, 63 59, H, 5 76 Calc for &Hz408 C, 
6345, H, 5 81%) Lit [S] mp 225-227”, identical IR and 
‘H NMR spectra 

CAcetyl teucrzn G (10) Mp 229-232” (EtOAc-n-hexane), 
[a]g+382” (c 0112, CHCl,), IRvscm-’ 3400, 3155, 3145, 
3130,3060,3020,2985,2970,2940,2890,1775,1770, 1740,1600, 
1505,1475,1375, 1250,1195, 1170,1160, 1040, 1025, 1010,975, 
880, 860, 850, 803, 755,665, ‘HNMR (300 MHz, CDCla), see 
Table 1, EIMS (direct inlet) 75 eV, m/z (rel mt ) 432 [M]’ (3), 
414 (2), 404 (1 5), 390 (2 5), 389 (3), 372 (5), 344 (4), 328 (7), 296 (4), 
283 (6), 265 (5), 234 (ll), 215 (15), 201 (13), 187 (13), 178 (15), 173 
(15),161(17),159(18),145(16),133(20~119(17),105(28),96(45), 
95 (71), 94 (49), 91 (40). 81 (66), 67 (19X 55 (26), 43 (100) (Found 
C, 60 89, H, 5 63 Calc for &Hz409 C, 61 10, H, 5 59 % ) Lit 

[S] a vitreous mass (no mp Dven), ident& IR and ‘HNMR 
spectra 
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