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Ahatraet-From the aerial parts of Teumiuwt saluiustna six new neo-clerodane diterpenoids, teusalvins A-F, have been 
isolated, together with the pmviously known diterpenes teucvidin and teucroxide. The structures of teusaKns A [ 15,16- 
epoxy-~~eto-neoctemda-13(16~14di~-~12S~lida18~1Phe~~~, B ~lS,l~xy-2~hydroxy-~ket~ 
neocleroda-13(16~14dien-M,12S-otidal8R19-hemiacetafl, 
3,13(1~14_trien-29l~~tideJ, 

C [15,l~xy~~,l8,lP~yd~x~n~l~~- 
D [ 15,1~xy-~,6~,18,1~tetrahydroxy-neocl 

elide], E [15,1aepoxy-~,6~,1~,1~tetrahydroxy-n~1~~-3,13(16~1~t~-~,19~~de] and F [15,16; 19,2x- 
diepoxy-6@,18-dihydroxy-neocleroda-3,13( 16X14-trien-20,12S-olideJ were established mainly by spectroscopic means 
and, in the case of teusalvin F, by X-ray di&action. 

INTRODUCITON 

In a continuation of our studies on diterpenoid com- 
pounds from the Teucrium spa& [14], we have in- 
vestigated T. soloiosmun Schreber, a species which grows 
in limited areas of Portugal. From the aerial parts of this 
plant eight diterpenoids have been isolated, two of which, 
teucvidin [S] and teucroxidc [a], are already known. The 
other six are new substances (teusalvins A-F), whose 
structures (formulae 1,6,7,9,11 and 14. respectively) have 
been established mainly by smroscopic means. 

RESULTS AND DIXUSSION 

The first of the new diterpenoids, teusalvin A (l), had a 
molecular formula CsOHIsO, and its IR spectrum 
showed hydroxyl (344Ocm-‘), furanic (3150, 1510, 
880 cm-‘), y&tone (1765 cm-‘) and ketone 
(1720 cm - I, br) absorptions. Acetic anhydride-pyridine 
treatment of teusalvin A (1) yielded a monoacetyl deriva- 
tive (2, CzIH2.0s), the IR spectrum of which was devoid 
of hydroxy1 absorption. The ‘H NMR spectrum of com- 
pound 2 (Table 1) showed a number of similarities to that 
of the 18-acetyl derivative (3) of teuscorodin (4), a neo- 
clerodane diterpenoid previously isolated from T. scom- 
don& [7]. The presence of a C-18, C-19 aoetylated 
hemiacetal function in both compounds was revealed by 
the signals of the C-4fl and C-18a protons (2 63.78 ddd, 
J 4bs3r = 8.0 Hx, J4#,3# = 1.6 Hq J4p.tr* = 5.8 Hz; and 
66.33 d, respectively, Table 1.3: 62.77 ddi& J,paao = 9 Hx, 
J4 .3c = 6 Hz, J., 11. = 5 Hz; and 66.13d, respaztively 
[75). The larger chemical shift value of the C-4~ proton in 
compound 2, as compared with that of the same proton in 
compound 3 (aS + l.Ol), can be explained by taking into 
account the presence of a C-2 ketone function in the 

*Author to whom eerrqondcncc should be addressed. 

former. A Dreiding moleetdar model of compound 2 
revealed that the presence of the C-2 ketone function, 
instead of the C-2 methylenc group in compound 3, 
considerably flattened ring A, forcing the C-48 proton to 
be close to the plane of the C-6 carbonyl group. 

Oxidation of teusalvin A (1) with Jones’ reagent yielded 
acompound 5 identical in all respects (mp, mmp, [a&,, IR, 
tH NMR, mass spectrum) with a synthetic derivative of 
dihydroteugin whose structure is well known [l]. These 
facts clearly established structure 1 for teusalvin A, in 
which the 125 configuration was also confirmed by NOE 
experiments: irradiation of the Me-17 protons of 2 (60.88) 
caused an NOE enhancement of the H-14 signal (S6.19, 
6x), while no enhancement was observed in the H-12 
signal (65.07) [8,9). 

Another of the diterpenoids, teusalvin B (a), had a 
molecular formula CzOHl~O, and also yielded compound 
5 (1) on oxidation with Jones’ reagent. The ‘H NMR 
spectrum of teusalvin B (6, Table 1) clearly indicated that 
it possessed an axial C-2/I hydroxyl group (H-2a at 
54.28 dddd, J3,. ,‘ = 2.6 Hz, JtsslC = 2.4 Hx, Jtts3. 
= 2.9 Hz J2..3# = 2.1 Hz) instead of the C-2 ketone of 
teusalvin A (1). The H-4/3 and H-18a NMR spectroscopic 
pattern of teusalvin B (at 62.82 dd, J41,3a = 12.3 Hz, 
J 4~. 3p = 6.3, J4,1aa = 0 Hz and 64.84, s after addition of 
D1O, respectively; see Table 1) was almost identical with 
that of teuscorodin (4, at 82.67 btdd, Jar. 3a = 9 Hx, 
J4,3 

E 

= 6 HZ J4g.ma < 0.3 HZ and 65.07 br s, respect- 
ively 7]), suggesting that the former possessed an 18R,19- 
herniaoctal grouping This was contirmed by the following 
facts. (i) The signal of the C-12 proton of teusalvin B (6) 
appeared at 65.40 as in all the neo-clerodan-20,12-elides 
isolated from the Z’eucriwn species [ 1,483, whereas in 
n~e~e-~,l2-he~~s it appears at 85.2%5&l 
133. (ii) The C-18 methine and C-18 hydroxyl protons of 
teusalvin B were coupled together, with a J value of 
12.1 Hz (Table 1). This large value for a coupling through 
a hydroxyl oxygen atom is only compatible with an 
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Table 1. ‘HNMRdataofcompounds2and6(-l’MSas 
int. standard). 

2t * 6t 

H-lu 
H-lb 
H-h 
H-h 
H-3! 
H-48 
H-7u 
H-78 

H-88 
H-IOfi 
HA--l 1 
Hgl 1 
H-12 
H-14 
H-15 
H-16 
Me-17 
H-1801 
HA-l9 
Hy19 

OHll 
OAS 
J WI 
lSV 
l%zol 
V.zol 
1% w 
v, w 

2; 
k3B 
3s4B 
3/3,48 
48,1& 
7a. 78 
7s 88 
78.8) 
88,17 
llA,llB 
11412 
11412 
14, IS 
14,16 
15,16 
19A, 19B 
OH.1~11 

0 
8 

P 
8 

3.91 ddd 
3.50 f 

: 

: 
8 

5.45 I 
6.39 dd 
7.47 1 
7.49 m 
1.17d 
6.361 
4.17d 
4.4Od 

- 

1.97s 

0 
- 

; 
0 
- 

P 
9.4 
2.9 
5.8 

14.3 
14.3 

0 
6.6 

0 
8.6 
8.6 
1.8 
0.9 
1.8 

11.4 
- 

252dd 
234&i 
- 

2.01 dd 
221dd 
3.78ddd 
3.29 t 
226dd 
1.68ddlj 
1.95dd 
1.84dd 
208dd 
5.07 t 
6.19dd 
7.240 
7.240 
0.88 d 
6.33 d 
4.106 
4.35d 

- 

1.84s 

18.1 
- 
- 

14.2 
3.2 
- 
- 

16.8 
8.0 
1.6 
5.8 

13.8 
13.8 
4.3 
6.6 

14.3 
8.0 
9.2 
1.8 
1.1 

0 
11.3 

- 

1.82rd 

2w 
4.28dddd 
1.55ddd 

2.000 
282dd 
3.501 
240dd 

2.070 
273dd 
239dd 
25Odd 
5.401 
6.39dd 
7.45 I 
7.46m 
1.13d 
4.&q 
4.086 
4.6Od 
5.136 

- 

13.1 
2.6 
2.4 

13.1 
3.1 
29 
21 

14.8 
123 
6.3 
0 

13.8 
13.8 
4.9 
6.6 

14.2 
8.7 
8.4 
1.7 
0.9 
1.7 

11.2 
121 

*Spectral paramekrs were obtained by first order 
approximation. AU these sssignmcnts have been con- 
firmed by double resonance experiments. 

WDClJ. 

SCDCbGb. 
~Overlapped signal. 
([Disappeared after addition of DIO. 
~Collapscd into s afhr addition of D1O. 

clerodan30,12-olides isolate-d from Teucria until now 
that show the infrequent 12R configuration. The majority 
belong to the 12s series [8, 9 and references therein]. 

Teusalvins D (9) and E (11) had the same molecular 
formula (C10H260,) and were partially transformed one 

into the other when a methanolic solution of the diter- 
penoid with a trace of sodium carbonate was stirred at 
room temperature for 16 hr (see Experimental). Acetic 
anhydride-pyridine treatment of each of the two com- 
pounds gave the corresponding tetraacetates 10 and 12. 
The ‘H NMR spectrum of compound 10 (Table 2) 
showed signals which were identical with those of per- 
acetylteuscorodol (13) [13], i.e. characteristic of a C-18 
acetylated allylic alcohol, a C-19 acttoxymethyl group, a 
6/I-acetoxyl group, a secondary C-17 methyl group, a C- 
20-C-12 y-lactone and a /&substituted furan ring (see 
Table 2 and ref. [13]). In addition, the ‘H NMR spectrum 
of 10 showed the signal of the H-3 olefinic proton as a 
broad doublet (J = 4.2 Hz) at 65.80 instead of the broad 
triplet (J = 3 Hz) at 65.76 exhibited by the spectrum of 
compound 13 [ 133. Double resonance experiments es- 
tablished that the H-3 olefinic proton of tetraacetylteusal- 
vin D (10) was coupled with a one-proton (broad triplet at 
65.39) which was assigned to the H-2a proton, geminal 
with respect to an acetoxyl group ( Jlosl = 4.2 Hz, J,,, lo 

= 4.2 Hz Jz,, *, < 0.3 Hz). All the above conclusions 
were supported by the “C NMR spectrum of tetraacetyl- 
teusalvin D (Table 3). which showed carbon atom reson- 
ances in complete agreement with structure 10 [14,15]. 
Thus, teusalvin D possesses the structure depicted in 
formula 9, in which the neoclerodane absolute configur- 
ation is proposed on biogenetic grounds (see above). The 
12s configuration was established by NOE experiments, 
since irradiation of the Me-17 protons of compound 10 
(61.02)causeda4% NOEenhancement ofthe H-14signal 
(66.41) and no effect on the H-12 signal (65.40) [8,9]. 

Teusalvin E possesses structure 11. This was established 
from the ‘H and “C NMR data of its tetraacetyl 
derivative (12) (Tables 2 and 3). Comparison of the 
‘H NMR spectra of compounds 10 and 12 (Table 2) 
showed a close similarity between them. The difference in 
the chemical shifts of the C-12 protons (66.03 in 12 and 
5.40 in 10) am be attributed to the fact that compound 12 
has a C-12 acetoxyl group and a C-20-C-19 S-la&one 
instead of the C-19 acetate and the C-20-C-12 y&tone 
functions of compound 10 [2,16,17]. These structural 
differences between compounds 10 and 12 were clearly 
reflected in their 13C NMR spectra (Table 3). In par- 
ticular, the chemical shifts of the C-12, C-19 and C-20 
carbon atoms ofcompound 12 (664.3 d, 73.2 t and 170.8 s, 
respectively), as compared with those of 10 (671.9 d, 62.4 t 
and 176.8 s, respectively), rigorously established 
[2, 14-171 that teusalvin E (11) differs from teusalvin D 
(9) only in the lactone arrangement. 

Since teusalvins D (9) and E (11) were partially 
transformed one into the other under mild basic catalysis, 
it was clear that the C-12 configuration of teusalvin E was 
S, as in diterpenoid 9 (see above). 

Finally, the structure of teusalvin F (14) was established 
by X-ray diffraction methods. Figure 1 shows the X-ray 
absolute configuration of this diterpenoid. The conforma- 
tion of the rings was calculated by Cremer’s method [ 181 
(Table 4). Rings A and B of the decalin moiety have a boat 
and a chair conformation, respectively, the system A/B 
being @ON fused. The sum of the torsion angles around 
the C-10-C-S bond (absolute values) is 102”, which is less 
than 113” [19], the usual value for a decalin moiety having 
the same degree of substitution at the bridgehead atoms. 
In the case of teusalvin F (14) a different value for these 
angles could be expected, due to the different substitution 
at C-5 and the presence of bulky substituents at C-4 and 
C-6. Rings E and F (see Fig. 1) have boat conformations 
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Tabk 2 ‘H NMRdataofcompounds7,10,12and 14(TMSas 
ht. standard)* 

7t 10$ W 14t 

H-la 
H-l/l 
H-2u 
H-2jI 
H-3 
H&l 
H-701 
H-7/3 

H-88 
H-10/3 
HA-l1 
Hs-11 
H-12 
H-14 
H-15 
H-16 
Me-17 
H*-18 
HB_l8 
HA-l9 
Ha-19 
OAc 

J W 
la, v 
l&h 
kV 
lS.zO 
v.v 
la, w 
18. w 
h.3 
al3 

2:; 
7a, 78 
74 88 
78,88 
8P, 17 
11q 118 
11412 
llB,l2 
14.15 
14.16 
IS, 16 
18A, 18B 
19A. 19B 
19A, 10s 

1.76td 1.75ddd 
2.47 br dd 1.99 Id 

5.83 br t 5.80brd 6.OObrd 
4.53dd 5.25dd 

2.09 td 1.67dt : 

: : 
L42 dd 247 d 

2.57dd 2.471 

5.40 t 5.401 
6.4Odd 6.41 dd 
7.43 t 7.45 t 
7.44m 7.48 m 

Llld 1.02d 
4.21 brd 4.54 brs 
4.43 br d 4.54brs 
4.03 d 

4.38 d 
- 
- 
- 

- 

: 

0” 

: 
0 

3.5 
3.5 
1.9 
3.7 

14.4 
14.4 
3.7 
7.0 

13.7 
8.3 
8.9 
1.7 
0.8 
1.7 

11.0 
11.7 
0 

4.58d 
4.791 
212s 
211s 
207 s 
203 s 

5.181 
1.61 ddd 
I.%# 
1.988 
272dd 
225dd 
267dd 
6.03 t 
6.46dd 
7.41 t 
7.46 m 
0.84d 

4.29 br s 
4.29 br s 

4.32d 
4.53 d 
2.12s 
2.09s 
2.08s 
2.07 s 

8 14.4 
4.2 5.2 
- 

< 0.3 

- 

<0.3 
- 

: 
4.2 

- 

13.9 
3.3 
5.2 

- 

1.9 
3.6 

! 
0 

6.6 
0 
8.7 
8.7 
1.8 
0.9 
1.8 
0 

120 
0 

- 

27 
2.7 

16.4 
13.7 

8 
6.4 

15.8 
8.0 
6.9 
1.7 
0.9 
1.7 
0 

13.7 
0 

- 
4.46ddd 
6.4Od 
4.22 t 
2.30&f 
1.73ddd 
233ddq 
222ddd 
2.31 dd 
248 dd 
5.36 t 
6.41 dd 
7.42 t 
7.46 m 
1.046 
4.18brd 
4.54 brd 
2.76dd 
4.76d 
- 
- 
- 
- 

11.9 
- 

3.3 
- 

1.8 
6.4 

11.9 
- 

6.2 
1.8 
1.8 

13.0 
13.0 
28 
6.4 

13.6 
8.2 
9.5 
1.8 
0.6 
1.8 

12.1 
7.9 
1.8 

l Spectral parameters were obtained by first order approxima- 
tion. All these assignments have been confirmed by doubk 
resonance experiments. 

t CDCIS-pyridined, . 
SCDa. 
~Owrlapped signal. 

and the furan ring (D) is almost planar. The asymmetric 
parameters 1203 (Table 4) show that all the rings of 
teusalvin F (14) have a dominant mirror symmetry. 

The configurational analysis of teusalvin F (14, Table 4) 
shows that the C-6 hydroxyl group and the C-2 and C-10 
hydrogen atoms are b-oriented, whereas the Me-17 group 
possesses an a-configuration. The configuration at the C- 
12 centre is S, the torsion angles that define this feature 
being given in Table 4. The crystal structure of teusalvin F 
(14) is stabilized by two hydrogen bonds between the C-6/l 
and C-18 hydroxyl groups (O-l . . O-2 = 2.65 ,&, HO- 
1 . . . O-2 = 2.03 A, O-2 . . . O-l = 2.726 A, HO- 
2 . . . O-l = 1.878 k for the numbering of the oxygen 
atoms see Fig. 1). 

The structure established for teusalvin F (14 and Fig. 1) 
was in complete agreement with its ‘H NMR spectrum 
(Table 2). In particular, the unusual chemical shift dif- 
ference (M2.0) between the two C-19 methylene protons 
can be explained by the fact that one of them (62.76 dd, 
J = 7.9 Hz, Jlshrog = 1.8 Hz) is placed in the shielding 
d; of the C-3-C-4 olefinic bond and adopts a W 

Table 3. 13C NMR chemical shifts ofcompounds 10 and 12 
(CD&, TMS as int. standard) 

C 10 12 C 10 12 

1 27.2 1* 26.6 I 15 144.36 143.8d 
2 65.3d 64.8df 16 139.76 140.2d 
3 124.2 d 127.8d 17 16.29 16.29 
4 144.1 s 140.1 s 18 66.4 t 64.51 
5 45.0s 39.9 s 19 6241 73.2 t 
6 70.1 d 71.6d 20 176.8 s 170.8 s 
7 30.6 t 323 I$ OAc 170.2s 170.1 s 
8 33.4d 30.4d 170.1 s 169.9 s 
9 51.2s 48.5s 169.9s 169.8 s 
10 41.9d 3281 169.7s 169.7 s 
11 44.1 t 33.1 t$ 21.39 21.39 
12 71.9d 64.3 dt 21.39 21.29 
13 125.3 s 125.1 s 21.09 21.1 q 
14 108.2d 108.86 20.9 q 21.09 

l SFORD multiplicity. 
t$Assignments bearing the same sign may bc reversed. 

18 

Fig. 1. X-Ray molecular model of teusalvin F (14). 
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TeusaluinC (q Mp 173-175” (EtOAo-n-hexane); [a]g - 50.0” 
(CHCl,;cO.llOkIRv~cm- ‘: 3460 (br), 3340 (br), 2970,294O. 
1760, 1510, 1460, 1330, 1190, 1160, 1050, 1040, 1030, 880; 
‘H NMR (300 MHr CDCls-pyridine-d,): see Table 2, EIMS 
(direct inlet) 70 cV, m/r (rel. int.): 362 [M]’ Q), 344 (2), 326 (2), 
314 (12), 296 (23), 251 (lo), 220 (12), 157 (26). 105 (U), 95 (79), 91 
(95), 77 (74), 65 (42), 53 (58), 43 (42), 41(100). (Found: C, 65.98; H, 
7.31. ClOH,,Os requires: C, 66.28; H, 7.23 %.) 

Tcusoluin D (9) and tetraacetylteustaluin D (10). The ‘H NMR 
spectrum of impure teusalvin D contained no acetoxyl signals. It 
was purified as its tctraacetyl derivative (10) in the usual manner. 
Compound 10, amorphous powder, mp 68-77’; [a]g - 76.7“ 
(CHCl,;c0.378kIR v=cm -*:3140,2980,2860,1740(br),lM5, 
1440, 1370, 1230, 1160, 1050, 1025, 88Ocm-‘; ‘H NMR 
(UK) MHz, CDCI,): see Table 2; ‘% NMR (75.4 MHz, CDC15): 
see Table 3; EIMS (direct inlet) 70 eV, m/z (rel. int.): [M] + absent, 
486[M-60]+(13),444(13),427(11),383(43),366(21),324(45~ 
169(16),155(22),116(20),95(29),94(14),91(15),81(20),69(11), 
55 (13). 43 (100). (Found: C, 61.39; H. 6.38. CIsHuO,l requirar: 
C. 61.53; H, 6.27 %.) 

Teusaluin E (11). An amorphous substance which melted at 
104-110”; [a]:-41.0” (MeGH; c 0.195) IR vEcrn_‘: 3400 
(br), 2920, 2860, 1720, 1510, 1450, 1170, 1120. 1025, 880. The 
‘H NMR spectrum of 11 was devoid of acetoxyl signals. 

Tetmacetyltdui E (12). Ac&-C,H,N treatment of 11 
(12 mg) in the usual manner yielded 12 (15 mg): an amorphous 
powder which melted at 70-75”; [a]g - 84.1” (CHCI,; c 0.725); 
IR vzcm -‘:3150,2990,2960,2890,1740(br),1510,1440,1380. 
1240,1170,1025,880; ‘H NMR (300 MHx, CLKZls): see Table 2; 
13C NMR (75.4 MHx, CDCI,): see Table 3; EIMS (direct inlet) 
70 cV,m/z(rel. int.): 546 [Ml’ (0.3),504(2),486(27),444 (11),426 
(l), 384 (11). 374 (4). 366 (2), 324 (8), 306 (4), 247 (24), 213 (1 l), 97 
(4), 95 (9), 91 (7), 81 (7), 43 (100). (Found: C, 61.32; H, 6.21. 
C H 0 requires: C, 61.53; H, 6.27%) 1* 3. II 

Jnterconcmsion ofteusaluin D (9) and teusuluin E (11). To a soln 
of compound 9 (or 11) in MeGH a tracz of Na&O, was added 
and the mixture stirred at room temp. for 16 hr. TLC (silica gel 
plates, CHCls-MeOH, 49: 1 as eluent) showed two spots cor- 
responding to the starting material 9 (or 11) and the isomeric 
compound 11 (or 9). 

Tewdoin F (14). Mp 216219” (MeGHk [a]g +89.9” 
(CHCIs; c 0.149k IR v= cm -l: 3300 (br), 3220 (br), 3150,3120, 
2980,2925,2885,1756,1510,1465,1340,1330,1190,1160,1030. 
980,875; ‘H NMR (300 MHz, CDCl,-pyridine-ds): see Table 2; 
EIMS (direct inlet) 70 eV, m/s (rel. int.): 360 [M] + (l), 342 (2), 330 
(3), 317 (4), 314 (S), 296 (6), 267 (4), 251 (8), 202 (ll), 197 (13), 179 
(17),133(42), 129(37), 118(50), 105(50),95(100),91(81),81(63), 
55 (56), 43 (50). (Found: C, 66.42; H, 6.63. ClOH1lOs requirea: C, 
66.65; H, 6.71x.) 

X-Ruy srructure detmnlnarion of tewoloin F (14). Teusalvin F 
(C,,H,06) crystall&s in the space group Pz,, 2 = 2, with (1 
= 13.102 (S), b = 6.354 (l), c = 10.564 (2) & /I = 95.951” and DC 
= 1.368 g/cm’. The intensities of the 1298 independent Friedel 
pairs to 0 = 65” were alternately collected on an automatic four- 
circle diffractometer. The size of the single crystal used was 0.2 
x 0.3 x 0.2 mm and during the experiment no decomposition 
was observed The cxperimmtal details were: graphite- 
monochromated CuKa radiation (I = 1.5418 A), o/28 sam 
mode, a scan rate of O.OS”/sec with the same measurement time 
for both backgrounds as for the peak. The intensities were 
corrected by Lorentx and polarization effects, while 1193 Friedel 
pairs were considered as observed when I > 2u (I) and were used 
for the structure determination and retinement. No absorption 
oorrection was applied (p = 7.905 cm-‘). The atomic scattering 
factors and anomalous dispersion correction were taken from the 
lit. [21]. The structure was solved by MULTAN [U] and refined 

by full-matrix least-squares methods with anisotropic thermal 
parameters for the non-hydrogen atoms. All the hydrogen atoms 
were found in diffmna Fourier maps and were included as tixed 
isotropic contributors in the refinement. 

A weighting scheme was selected to prevent bias in (WA’ F) 
vs. (I&l> and ~g (sine/d). Several cycles of weighted aniso- 
tropicr&anen~indudiqbothhwands;i;jrrfkexions,gavetbe 
following unweigbted and weighted discrepancy indices: R 
= 0.060 and R, = 0.075 [23]. 

The ahlute configuration of teusalvin F was determined by 
comparing the 50 more relevant Bijvoet pairs with AF, > 0.08 
and with leas experimental error, that is F,, > lOu( FO). The 
averaged Bijvoet difference was 0.350 for the right enantiomer vs. 
0.422 for the wrong one. 

A list of structure factors, atomic and anisotropic thermal 
parameters, hydrogen atom parameters, bond distances, bond 
angles, torsion angles and conformational parameters are de- 
posited at the Cambridge Crystallographic Data Centre. 
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