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Abstract-From the root of Saluia phlomoides three new abietane diterpenoids, demethylcryptojaponol, 14- 
deoxycoleon U and salviphlomone, have been isolated, besides the previously known diterpenes 8,13-abietadiene, 
8,11,13_abietatriene, royleanone, 7a-acetoxyroyleanone, taxodione, taxodone, cryptojaponol and sugiol. The structures 
of demethylcryptojaponol (11,12-dihydroxy-8,11,13-abietatrien-7-one), 14-deoxycoleon U (6,11,12-trihydroxy- 
5,8,11,13-abietatetraen-7-one) and salviphlomone (6a,7/3-dihydroxy-8,13-abietadiene-ll,l2-dione) were established by 
chemical and spectroscopic means. 

In a continuation of our studies on the diterpenoid 
compounds from Salvia spp. [l, 21, we have now in- 
vestigated the root of S. phlomoides, a species from the 
aerial part of which several new triterpenoids have been 
previously isolated [3,4]. From the root of this plant 11 
diterpenic compounds have been isolated, eight of which 
are the previously known 8,13-abietadiene [S, 6],8,11,13- 
abietatriene [7-93, royleanone (12-hydroxy-8,12-abieta- 
diene-1 1,14-dione) [ 10, 111, 7a-acetoxyroyleanone (7~ 
acetoxy-12-hydroxy-8,12-abietadiene-11, 1Cdione) [lo], 
taxodione [ ll- hydroxy-7,9(11),13-abietatriene-6,12- 
dione] [ 111, taxodone [6a,ll-dihydroxy-7,9( 1 I),1 3-abie- 
tatrien-lf-one] [ll], cryptojaponol (2, 11-hydroxy-12- 

1 Ff=H 3 F$=R&, 
2 R=Mc 4 d=Ac,R2=H 

5 d=R’=Ac 

6 

*To whom correspondence should be addressed. 

methoxy-8,11,13-abietatrien-7-one) [12-141 and sugiol 
(12-hydroxy-8,11,13-abietatrien-7-one) [ll, 13-151, and 
the other three are new substances, whose structures 
are established as 11,12-dihydroxy-8,11,13_abietatrien- 
7-one (1, demethylcryptojaponol), 6,11,12-trihydroxy- 
5,8,11,13-abietatetraen-7-one (3, lCdeoxy-coleon U) and 
6a,7/?-dihydroxy-8,13-abietadiene-ll,l2-dione (6, salvi- 
phlomone). 

RESULTS AND DISCUSSION 

The first of the new diterpenoids (demethylcrypto- 
japonol, I), C,,H,,O,, had an IR spectrum which showed 
phenolic (3590,338O broad, cm-‘) and aryl-ketone (3020, 
3010, 1655, 1635, 1570cm-‘) absorptions. The presence 
of an o-diphenol moiety conjugated with a ketone func- 
tion in compound 1 was revealed by its UV spectra 
obtained after addition of base, aluminium chloride and 
boric acid (Table l), which showed characteristic band 
shifts of this chromophore [16]. 

However, it was the ‘H NMR spectrum of demethyl- 
cryptojaponol that provided the most information and 
established an abietane structure such as 1 for this new 
diterpenoid. Effectively, this spectrum (Table 2) showed 
signals of an isopropyl group attached to an aromatic ring, 
and of three methyl groups attached to fully substituted 
sp3 carbon atoms. A one-proton doublet of triplets signal 
at 63.81 was assigned to the C-lp equatorial proton 

(J 18. lm = 12 Hz, Jls, 2@ = J,,, zg = 3 Hz), which appears 
at lower field because of the existence of an oxygenated 
function on C-11 [17,18]. The C-14 aromatic proton 
showed a singlet at 6 8.08, strongly deshielded by the C-7 
ketone grouping, as has been shcwn in cryptojaponol(2) 
and sugiol [ll-151. Finally, an ABX system at 6 1.85 (lH, 
dd, J *ir, c,,, = 11 Hz, J,,, ea = 6 Hz), 2.67 W, dd, J,,, c8 
= 15 Hz) and 2.70 (lH, dd) was assigned to the C-5 
methyne and the C-6 methylene groups. Final proof that 
demethylcryptojaponol has the structure and absolute 
configuration depicted in formula 1 was obtained by 
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Table 1. UV spectra of compounds 1, 3 and 6 [km,, nm (log E)] 
_ 

EtOH + NaOMe + AICI, + AlCI,-- HCI + NaOAc -H,BO, 

1 216.5 (4.10) 

235 (3.96) 

290 (3.90) 

364 sh (3.361 

3 215 (4.10) 

251.5 (3.99) 

288 (3.91) 
343 (3.95) 

6 217 (3.99) 

256 sh (3.52) 

422 (3.48) 

582 (1.90) 

218.5 (4.29) 218 (4.22) 217 (4.22) 217 (4.22) 

259 (4.00) 257 (4.18) 235 (4.15) 252 (4.16) 

364 (4.21) 280 sh (3.64) 290 (4.02) 315 (3.88) 

318 sh (3.85) 362 sh (3.23) 349 (3.94) 

357 (4.02) 

420 sh (3.65) 

221 (4.21) 224 (4.22) 221 (4.19) 219 (4.18) 

270 (4.16) 270 (4.12) 256 (4.04) 266 (4.22) 

295 (3.76) 280 (4.20) 314 (4.00) 296 (3.85) 

412 (4.09) 329 (4.00) 409 (4.08) 340 sh (3.70) 

380 (3.70) 390 (3.94) 

464 (4.09) 

225 (4.18) t i i 
257 (4.02) 

364 (4.12) 
* 

-- 

*Decomposition: addition of hydrochloric acid does not regenerate the spectrum in ethanol. 

t No variation was obserced. 

Table 2. ‘H NMR data of compounds 1, 3 and 6 (90 MHz, pyridine-d,, TMS as internal 

standard)* 

H-lfi 

H-5 

H-6a 

H-61 

H-7a 

H-14 

H-15 

Me-16t 

Me-17t 
Me-181 
Me-19: 
Me-20 

1 3 6 
.____-- 

3.81 dr 2 3.505 2.76 dr 
J I~.I.= 12Hz J ,g, 1I = 12.6 H7 
J1p.21 = J,,,zp = 3 HZ J 18.21 - -J lp,24 = 3 Hz 
1.85 dd 1.53 d 
J scz,ep = 11 Hz J ,z,h,f = 11.1 Hz 
J sz. c,z = 6 Hz 
2.70 dd 
J c,o.c,p = 15 Hz 
2.67 dd 4.35 dd 

J bo, 7o = 7.8 Hz 

4.58 hr d 

J7o, 14 < 1 H7 

8.08 s 8.12 s 7.40 hr s 
W = 3 Hz ,/2 

3.59 septet 3.53 septet 2.90 hr seprrt 
J - -J 15.16 15.17 - -75Hz J,,,,,=J15,,,=7.2Hz J,5.,h=J,5.,:=6.9Hz 

J < 1 Hz 15.14 
1.28 d 1.28 d 1.04 d 
1.27 d 1.28 d 1.03 d 
0.86 ., 1.59 s 1.23 s 
0.91 s 1.63 s 1.37 s 
1.55 s 1.89 s 1.50 s 

*Spectral parameters were obtained by first order approximation. 

t, $ Assignments bearing the same sign may be reversed. 

SOverlapped with the H-15 signal. 

treatment with ethereal diazomethane, which yielded a 
compound identical in all respects (mp, mmp, [x] o, IR, 
UV, ‘H NMR and mass spectra) with natural crypto- 
japonol (2) [12-~141, a diterpenoid whose structure is 
firmly established by partial syntheses [9, 191, Demethyl- 
cryptojaponol (1) has been previously synthesized, but it 
was transformed without characterization into crypto- 
japonol [9,19]. 

Another of the new diterpenoids, 14-deoxycoleon U (3), 
had a molecular formula C,,H,,O,, and its IR spectrum 
showed phenolic (3530, 3390, 3240-2500 broad, cm ‘) 
and additionally conjugated aryl-ketone (3030, 1630, 
1585, 1555 cm- ‘) absorptions. The UV spectra of com- 
pound 3, obtained in neutral medium and after addition 
of alkali, aluminium chloride, aluminium chloride plus 
hydrochloric acid, and boric acid (Table 1). showed that 



Abietane diterpenoids from Saluiu phlomoides 2007 

the molecule of this diterpenoid possessed o-diphenol and 
diosphenol groupings, because the observed band shifts in 
different media are characteristic of these chromophores 
[16]. The ‘HNMR spectrum of 1Cdeoxycoleon LJ 
(Table 2) was almost identical with the spectrum of coleon 
U (6, 11, 12, 14-tetrahydroxy-5, 8, 11, 13-abietatetraen-7- 
one) [IS], the only difference was the presence in the 
spectrum of compound 3 of a one-proton singlet signal at 
68.12, which must be assigned to the C-14 aromatic 
proton [l l-151. Thus, structure 3 was established for this 
new diterpenoid and this structure is in agreement with its 
i3C NMR spectrum (Table 3). Effectively, the C-l-C-7, 
C-10, and C-18-C-20 carbon atom resonances of com- 
pound 3 were almost identical with those reported for 
coleon U [18], whereas their C-8, C-9 and C-11-C-17 
carbon atom resonances were the same as the ones 
observed in carnosolone (20,6fl-epoxy-6a,l1,12- 
trihydroxy-8,11,13-abietatrien-7-one) [20]. Finally, a 
normal abietane absolute configuration was established 
for 14-deoxycoleon U (3), because the variation of the 
optical rotations of this compound and its di- and triacetyl 
derivatives (4 and 5, respectively, see Experimental) is 
similar to that observed for coleon U and its acetates, and 
the normal abietane absolute configuration of these last 
compounds is well-known [ 1 S]. 

Table 3. i3C NMR chemical shifts (in &values from 
TMS) of compound 3* 

C-l 
c-2 
c-3 
c-4 
c-5 
C-6 
c-7 
C-8 
c-9 
c-10 

30.4 t t 
18.2 t 
37.0 I 
36.6 s 

143.8 s$ 
143.9 s$ 
180.5 s 
121.3 s 
142.3 s$ 
41.3 s 

c-11 
c-12 
c-13 
c-14 
c-15 
C-16 
c-17 
C-18 
c-19 
c-20 

139.9 s 
149.7 s 
135.4 s 
116.4 d 
27.6 d 
22.8 4 5 
23.0 4 8 

28.1 411 
27.6 qll 
28.4 411 

*At 20.15 MHz, in pyridine-d, solution. 
t SFORD multiplicity. 
$,§,IIAssignments bearing the same sign may be 

interchanged. 

The last diterpenoid was named salviphlomone. It 
possesses the structure depicted in 6, which is in complete 
agreement with the following results. Salviphlomone (6) 
had a molecular formula C,,H,,O,, and its IR spectrum 
showed hydroxyl(3570,3460 cm- ‘) and o-benzoquinone 
(1677, 1660, 1605, 1580cm-i) absorptions [21]. The 
presence in salviphlomone of an o-benzoquinone moiety 
was also confirmed by its UV spectrum (Table 1) which 
was identical to that of 3,5-di-t-butyl-1,2-benzoquinone 
[21], and by the fact that in its mass spectrum there were 
two ions at m/z 330 [M - 2]+ and 334 [M + 2]+, which 
are only typical of o-quinonoid compounds [21]. The 
‘H NMR spectrum of salviphlomone (6) showed signals 
of an isopropyl group and three methyl groups identical 
with those found in the other diterpenoids (Table2). A 
one-proton doublet of triplets signal at 6 2.76 was as- 
signed to the C-l/I equatorial proton [17, 181 and three 
signals at 6 1.53 (d), 4.35 (dd) and 4.58 (brd) were 
attributed to the C-5-C-7 protons, respectively. The 

coupling values of these protons (J5,6 = 11.1 Hz, J,,, 
= 7.8 Hz) are only compatible with a Scr-H, 6/?-H, 7cr-H 
arrangement in abietanes with an aromatic or 
pseudoaromatic C ring [22]. Finally, the C-14 quinonoid 
proton of salviphlomone (6) appeared in its ‘HNMR 
spectrum at 6 7.40 as a broad singlet (1% ,2 = 3 Hz) and, on 
irradiation at this field, the lines of the signals at 6 4.58 (H- 
7a) and 2.90 (H-15) were clearly sharpened. Thus, this 
quinonoid proton must be allylic to both C-7 and C-15 
protons, the o-quinone group of salviphlomone must be at 
the C-l 1 and C-12 positions of an abietane skeleton and, 
in consequence, only structure 6 is likely for this new 
diterpenoid. 

The absolute configuration of salviphlomone was not 
ascertained. However, compound 6 is believed to belong 
to the normal series like the other diterpenoids co- 
occurring in the same species. 

Two of the previously known diterpenoids now isolated 
from the root of Salvia phlomoides, taxodione and taxo- 
done, possess tumor-inhibitory activity against the 
Walker 256 intramuscular carcinosarcoma in rats [ll], 
and this is the second report of their occurrence in plants, 
although the 14-methoxy or hydroxy derivatives of taxo- 
dione have been previously isolated from Labiatae species 
[23,24]. From a chemotaxonomic point of view it is 
important to note that only two (royleanone and 7u- 
acetoxyroyleanone) of the 11 diterpenoids isolated from 
S&in phlomoides have been previously found in plants 
belonging to the Labiatae family. 

EXPERIMENTAL 

Mps are uncorr. For general details on methods see refs. [14]. 
Assignments of “C NMR chemical shifts were made with the aid 
of off-resonance and noise-decoupled i3C NMR spectra. Plant 
materials were collected in April 1982, near Zaorejas 
(Guadalajara, Spain), and voucher specimens were deposited in 
the Herbarium of the Faculty of Pharmacy (Madrid 
‘Complutense’ University). 

Extraction and isolation of the diterpenoids. Dried and finely 
powdered S. phlontoides Asso. roots (370g) were extracted with 
Me,CO (2.51.) at room temp. for 1 week. After filtration, the 
solvent was evaporated yielding a red gum (17g) which was 
subjected to dry CC over Si gel (4COg, Merck No. 7734, 
deactivated with 10% H,O). Elution with n-hexane and n- 
hexane-EtOAc mixtures yielded the following compounds in 
order of elution: 8,13-abietadiene (6mg) [S, 61, 8,11,13-abieta- 
triene (53 mg) 17-91, royleanone (60mg) [lo, 111, taxodione 
(1.7 g) [ll], 7a-acetoxyroyleanone (210 mg) [lo], cryptojaponol 
(2, 26mg) [12-141, taxodone (75mg) [Ill, sugiol (48mg) [ll, 
13-151, demethylcryptojaponol (1. 460 mg), 14-deoxycoleon U 
(3, 280mg) and salviphlomone (6, 145 mg). The previously 
known diterpenoids were identified by their physical (mp, [a] n) 
and spectroscopic (IR, UV, ‘HNMR, MS) data and, in some 
cases, by comparison with authentic samples. 

Demethylcryptojaponol (1). Mp 184-187” (from EtOAc-n- 
hexane, pale yellow plates); [a]g+ 31.2” (CHCI,; ~0.635); 
IR vEcm_i: 3590,338O br, 3020,3010,2970,2940,2880,2860, 
1655,1635,1570,1465,1330,1250,1205,1145,1110,995,895,890, 
790, 780; UV: see Table 1; ‘H NMR: see Table 2; EIMS (direct 
inlet) 75 eV m/z (rel. int.): 316 [Ml+ (lOO), 301 (79) 260 (49), 247 
(37), 233 (67), 231 (73), 219 (79), 205 (40), 203 (23). 189 (22), 179 
(27), 128 (22) 115 (29) 105 (16) 91 (30), 83 (23), 77 (29) 69 (51) 55 
(47). (Found: C, 75.52; H, 8.94. CZOHz803 requires: C, 75.91; 
H, 8.92 y;.) 

Cryptojaponol (2) jrom demethylcryptojaponol (1). Ethereal 
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