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Abstract-From the aerial part of Salviafarinacea two new neo-clerodane diterpenoids, salvifarin and salvifaricin, have 
been isolated. The structures of these diterpenoids have been established mainly by spectroscopic means and by 
comparison with closely related compounds. 

INTRODUCTION 

In a continuation of our studies on the terpenoid com- 
pounds from Saluia spp. [l-3], we have now investigated 
S. farinacen Benth., a species originating from Mexico. 
From this plant we have isolated two new neo-clerodane 
diterpenoids, salvifarin (1) and salvifaricin (3), whose 
structures have been established mainly by spectroscopic 
studies. 

2 

3 

RESULTS AND DISCUSSION 

Combustion analysis and mass spectrometry indicated 
the molecular formula C2,,HZ006 for salvifarin (1). Its IR 
spectrum was consistent with the presence of a furan ring 

(3155,3135,1605,1508,880cm-‘), an a, fl-unsaturated-y- 
lactone (3085, 1755, 1675cm-‘) and an epoxide 
(3050cm-I). The presence of a furan ring and an CL, /I- 
unsaturated-y-lactone group were also revealed by the UV 
spectrum of compound 1, which showed typical absorp- 
tions for these chromophores [&,,, nm (log&): 208 (3.70) 
(furan ring), 236.5 (3.45) (LY, j?-unsaturated-y-lactone)], 
and the existence of an a, a’-disubstituted oxirane ring was 
confirmed by the ‘H and 13C NMR spectra of salvifarin 
(1) (6 3.56, 2H, m, W+ = 3Hz, and carbon atom reason- 
antes at 6 58.7 d and 46.2 d) (Tables 1 and 2). 

However, it was the ‘H NMR spectrum of salvifarin, 
together with extensive spin decoupling and NOE experi- 
ments, that established the structure as 1 for this new 
diterpenoid. Effectively, all the protons of salvifarin were 
clearly observed in its ‘H NMR spectrum, which showed 
typical signals from a P-substituted furan ring, a secon- 
dary methyl group, a P-proton of an exocyclic a, fi- 
unsaturated-y-lactone and an acetalic proton (s, 6 5.28) 
(Table 1). Two one-proton signals at 6 4.49 (br d) and 5.37 
(t) revealed the closure of the acetalic group. In addition, 
double reasonance experiments showed the following 
facts: the P-proton of the u, P-unsaturated-y-lactone was 
coupled with the epoxide protons (at 6 3.56), the signal at S 
5.37 appeared as the X part of an ABX system (6,2.91,&a 
2.00), the signal at 6 4.49 was part of another ABX system 
with the signals at 6 2.17 and 1.44, and the protons of the 
closure of the a, P-unsaturated-y-lactone grouping ap- 
peared as an AB system (6,4.90, SB 3.94), the B proton of 
which was in turn coupled with the proton at 6 1.44. On 
the basis of these results, and taking into account that neo- 
clerodane diterpenoids are common constituents of Saluia 
spp. [3,4], only structure 1 can be envisaged for salvifarin, 
because among other data which will not be described in 
detail (see Table l), the value of J19B,68 = 2 Hz has been 
previously observed in related substances [3-53 and a 
value of J,B,88 = 0 Hz (Table 1) was in agreement with the 
reported data of some C-2O,C-7a lactonic or hemiacetalic 
clerodanes, such as isodiasin [6] and auropolin [7], since 
in these compounds, and also in salvifarin (l), the H- 
7fl-H-8/? dihedral angle is close to 90”. 

Ethereal diazomethane treatment of salvifarin (1) yield- 
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Table 1. ‘H NMR spectral data of compounds l-3 (CDCI,, TMS as int. standard) 

1 2* 3 

(100 MHz) (360 MHz) (90 MHz) 

H-1 3.56 m, I+‘+ = 3 Hz 3.25 dd, J,., = 3.90 Hz 5.83 dd, J,,, = 10 Hz 

J = 0.66 Hz ,, 1,, J = 2 Hz 1.10 
H-2 3.56 m, Wi = 3 Hz 3.30 dd, J,., = 3.90 Hz 6.24 ddd, J,,, = 4.5 Hz 

J = 3 Hz 2.10 
H-3 7.03 m, W! = 5 Hz 2.92 ddd, = J,,, = 3.90 Hz 6.87 d 
H-6a 2.17 dd, J61,68 = 14 Hz 1.93 dd, Jsa,68 = 14.24 Hz 2.07 dd, J60,68 = 13.5 Hz 

J = 4 Hz cvrr.7‘1 J = 3.86 Hz 61.78 J = 4 Hz eo.,p 
H-6P 1.44 br dd, J,,, , 9B = 2 Hz 1.22 br d, J,,.,~B 1.26 br dd, J68,,9B = 2 Hz 

Js,R,~ < 1 Hz + Jw. 7~ < 0.75 Hz J e8.,8 < 0.8 Hz 
H-7 4.49 br d, J7p,88 = 0 Hz 4.36 br d, J78,8B = 0 Hz 4.35 br d, J,8,8p = 0 Hz 
H-8 2.67 J,, = 7.5 Hz q, , , 2.62 q, J8,,, = 7.10 Hz t 

H-10 2.10 br s 2.31 br s 2.76 dd 
H,,-11 2.91 dd, J,,A,,,B= 13.5 HZ 2.82 dd, JIIA.,,B = 13.0 Hz 2.77dd,J,,A,,,B=13.5Hz 

J = 8 Hz 1lA.12 J = 7.95 Hz , IA., 2 J = 8.5 Hz llA.12 

Ha-l 1 2.OOdd, .I,,~.12 = 8 HZ 1.95 dd, J, ,B, ,2 = 7.95 Hz 1.88 dd, J,,B,~~ = 8.5 HZ 

H-12 5.37 t 5.24 t 5.28 r 
H-14 6.35 m, W; = 4 Hz 6.33 m, Wi = 3.7 Hz 6.29 m, Wi = 4.5 Hz 

H-15 7.42 m, W+ = 4Hz 7.42 t, J - - J - - 155 15.,4 15.16 Hz 7.35 m, W+ = 4 Hz 

H-16 7.42 W+ = 4 Hz m, 7.38 m, W+ = 4 Hz 7.35 m, W+ = 4 Hz 
Me-17 1.38 d 1.32 d 1.37 d, J,,,, = 7.5 Hz 

HA-19 4.90 d, J ,~A.I~B = 8 Hz 4.90 d, J,~A, ,g~ = 10.23 HZ 4.93 d, J 19A.19B = 8 Hz 

HB-19 3.94 dd 4.76 br d, JL9~,+ < 0.5 HZ 4.03 dd 

H-20 5.28 s 5.78 s 5.19 s 

*Pyrazoline protons: 6~ 5.19 dd, 6a 4.47 dd, JAB = 17.8 HZ, JA,~ = 9.30 HZ, JB,~ = 8.70 HZ. 

tCould not be identified. 
All these assignments have been confirmed by double resonance experiments. 

Table 2. r3C NMR spectral data of compounds 1 and 3 (20.15 
MHz, CDCl,, TMS as int. standard) 

C 1 3 C 1 3 

1 58.7d’t 126.9dt 11 38.8 t 38.8 t 

2 46.2 d t 123.5 dt 12 75.6 d 75.1 d 
3 130.0 d 132.3 d 13 127.5 s 128.1 s 

4 137.8 s 129.7 s 14 108.3 d 107.8 d 
5 58.6 s 57.8 s 15 143.8 d 143.3 d 
6 40.6 t 37.9 t 16 138.6 d 138.1 d 
7 87.3 d 83.9 d 17 14.8 q 14.4 q 

8 39.2 d 41.5 d 18 169.1 s 164.9 s 
9 38.3 s 34.3 s 19 79.8 t 80.2 t 

10 45.7 d 48.9 d 20 110.2 d 109.3 d 

*SFORD multiplicity. 

tThese assignments may be interchanged, but those given here 

are considered to be most likely. 

ed the pyrazoline derivative 2, the ‘H NMR spectrum of 
which (Table 1) confirmed all the above conclusions and 
established that the C-19 methylene protons and the 
acetalic proton were very close, because a strong NOE 
(20 “/,) was observed in the C-19 protons when the signal at 
6 5.78 (acetalic proton) was irradiated, and vice versa. This 
fact also established that the C-10 hydrogen atom of 
salvifarin (1) was P-oriented, because in an AB cis- 
clerodane structure no NOE is expected between these 
protons. Moreover, the a-configuration of the epoxide 
ring of compound 1 was revealed by the small J,,,. IS and 
J 3,28 values shown in the ‘H NMR spectrum of its 

derivative 2 (0.66 and 3.90 Hz, respectively, Table l), since 
they are in agreement with dihedral angles of ca 75” and 
60”, respectively, but not with H-lop-H-lx and H-3-H-2u 
dihedral angles of ca 140” and o”, respectively, for which 
the Karplus equation in its original form [8] gave J values 
of 5 and 8 Hz, respectively. Furthermore, an a-con- 
figuration for the 1,2-epoxide of salvifarin (1) was also 
supported by the fact that the acetalic proton showed a 
strong paramagnetic shift (A6 +0.50) in the ‘H NMR 
spectrum of the derivative 2. This was due to an increase of 
the deshielding effect of the oxirane ring, which was more 
close to the H-20 proton in compound 2 than in salvifarin 
(1) (see the molecular models of 1 and 2). 

In agreement with all the above deductions, the r3C 
NMR spectrum of salvifarin (Table 2) showed carbon 
resonances which were only compatible with structure 1. 
In particular, the 6, -4 of 137.8 clearly established [9] an 
AB trans-clerodane skeleton for this new diterpenoid. 

Finally, the negative Cotton effect (A&Z65 - 5.68) shown 
by the exocyclic a,/3-unsaturated-y-lactone group in- 
dicated [S, lo] that salvifarin (1) had the same absolute 
configuration as neo-clerodane [l 11. The C-12 configur- 
ation of salvifarin (1) was not ascertained; however, on 
biogenetic grounds we suppose that it is R, as it was found 
in all the neo-clerodane diterpenoids isolated from Saloia 
spp. [3,4]. A neo-clerodane derivative possessing an 
identical acetalic moiety to that of salvifarin (1) has been 
previously synthesized from cascarillin A [12], a diter- 
penoid found in cascarilla bark. 

The other diterpenoid isolated from S.farinacea, salvi- 
faricin, had a CZ0HZ005 molecular formula and its 
structure (3) was established from its ‘H and i3C NMR 
data (Tables 1 and 2) which were identical with those of 
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salvifarin (1) except for the existence in salvifaricin (3) of a 
C-l-C-2 double bond instead of the oxirane ring of 
compound 1. In agreement with an a$: y,d-diun- 
saturated-y’-lactone moiety, salvifaricin showed an ident- 
ical UV spectrum and H-l-H-3 and H-10 proton reson- 
ances (see Experimental and Table 1) to those of gensnero- 
folin B, a neo-clerodane-1,3-dien-lS,l%olide isolated 
from Salzjia gensneraefolia [13]. The absolute configur- 
ation of salvifaricin (3) was not ascertained; however, 
compound 3 is believed to belong to neo-clerodane series 
[l 11, like salvifarin (I), co-occurring in the same species. 
The similar variation of the [u] values of compounds 1 
and 3 (see Experimental) also supported this point. 

EXPERIMENTAL 

Mps are uncorr. For general details on experimental pro- 

cedures see refs. [2,3]. Plant materials were collected in the 
Botanic Garden of Palermo, Italy, in June 1981, and voucher 

specimens are deposited in the Herbarium of this centre. 
Isolation of’ the diterpenoids. Dried and finely powdered S. 

farinacea Benth. aerial parts (800 g) were extracted with Me,CO 

(6 I.) as previously described for other Saluia spp. [l-4]. The 

extracts were evaporated to dryness yielding a residue (6Og), 

which was chromatographed over a Si gel column (800 g, 

deactivated with 15% H,O) eluted with n-hexane and n- 

hexane-EtOAc mixtures. Elution with EtOAc-n-hexane (3: 1) 

yielded salvifaricin (3, 102 mg, less polar diterpenoid) and 

salvifarin (1, 1040 mg). 

Salrfirin (1). Mp 22&222” (from MeOH); [u]$ - 4.3”, [a] :i, 

-53.9” (CHCI,; c 0.93); IR v@; cm-i: 3155, 3135, 1605, 1508, 

885 (furan ring), 3085, 1755, 1675 (a, b-unsaturated-y-lactone), 

3050 (epoxide), 3000, 2980, 2960, 2920, 2895, 2875, 1470, 1440, 
1385,1270,1235,1225,1205,1165,1050,1020,1005,960,840,795, 

740 715. UV &$iFH nm (loge): 208 (3.70) (furan ring), 236.5 (3.45) 3 , 
(a, p-unsaturated-y-lactone). CD nm (AZ): 350 (0) 265 (- 5.68), 

254 (0) 220 (+ 13.85) 200 (0) (Me0.H; c 0.212); ‘H NMR 
(100 MHz, CDCI,): see Table 1; 13C NMR (20.15 MHz, CDCI,): 

see Table 2; EIMS (direct inlet) 75 eV, m/z (rel. int.): 356 [M] + (3), 

340 (l), 327 (4), 325 (2). 309 (3) 256 (12) 205 (15), 203 (13) 187 

(20), 171 (20). 157 (21), lSO(lOO), 145 (27) 131 (35), 115 (28), 105 

(24). 95 (71), 94 (69). 91 (42). 81 (60) 77 (29). 65 (20) 55 (23). 

(Found: C, 67.39; H, 5.89. C2aH2,,06 requires: C, 67.40; H, 
5.66 x.) 

Pyrazoline derivative 2. A MeOH soln of 1 (50 mg) was treated 

with an Et,0 soln of CH,N2 for 2 hr at room temp. After 

evaporation of the solvents and crystallization from EtOAc-n- 

hexane, pure 2 (48 mg) was obtained: mp 168”; [a]g - 253.0 

(CHCI,; c 0.249); IR vE:i cm-‘: 3160, 3130, 1610, 1510, 880 

(furan ring), 1773 (y-lactone), 3040 (epoxide), 1550 (pyrazoline), 

2990,2950,2900, 1470,1430,1375, 1335, 1250,1215, 1185, 1160, 

1050, 1020, 1000,955,900, 800, 795, 720; ‘H NMR (360 MHz, 

CDCI,): see Table 1; EIMS (direct inlet) 75 eV, m/z (rel. int.): 

[Ml+ absent, 370 [M -N2]+ (3), 354 (2) 270 (13) 203 (20) 183 
(21). 171 (29) 164 (99X 149 (41). 131 (36) 115 (36) 105 (37), 95 (80) 

94 (100) 91 (68) 81 (80) 77 (44), 65 (26), 55 (32) 41 (29). (Found: 

C, 63.66; H, 5.69; N,6.97. CI,H,,0,N2 requires: C, 63.31; H, 5.57; 
N, 7.03 ‘;/,.) 

Saluifaricin (3). Mp 214215” (from MeOH); [a]$ - 155.2 , 
[a]:& - 1438.9” (CHCl,; c 0.393); IR v$; cm- ‘: 3160,1500,880 
(furan ring), 3040,3020,1743,1675,1585 (a, p: y. h-diunsaturated- 

y’-lactone), 2970, 2950, 2925, 2895, 2870, 1465, 1375, 1265, 1240, 

1165,1055,1030,1010,980,940,900,800,730,700,680; UV ,I;L~‘H 

nm (log a): 207 (3.83) (furan ring), 297.5 (3.67) (a,/I:y,d- 
diunsaturated-y’-lactone); ‘H NMR (90 MHz, CDCI,): see Table 

1; r3C NMR (20.15 MHz, CDCI,): see Table 2; EIMS (direct 

inlet) 75 eV, m/z (rel. int.): 340 [M] + (1 l), 282 (lo), 259 (9) 243 (7), 

216 (28) 200 (13) 189 (18) 173 (16) 163 (74), 135 (58), 115 (38) 

105 (29). 95 (100). 94 (48), 91 (47) 81 (75). 77 (32), 69 (24), 55 (33). 
41 (19). (Found: C, 70.19; H, 5.98. C,,HI,O, requires:.C, 70.57; 
H, 5.92 ‘;/,.) 
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