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Abstract-Barbatusol. isolated from the labiate Coleus barbatus Bentham, is shown to be a new phenolic 
diterpene with a rearranged abietane skeleton. Absolute configuration is established by hemisynthesis of barbatusol 
dimethyl-ether from the known carnosol. Barbatusol is endowed of biological activity. 

Known as “boldo” in Brazil, the Labiate Coleus bar- 
batus Bentham is largely used in popular medicine 
against liver fatigue and intestinal disorders. Several 
abietane diterpenes have been isolated from the leaves of 
the plant grown in Brazil’ whilst the leaves of C. bar- 
batus of Kenya afforded highly unsaturated rearranged 
abietanes2 and the roots of the Indian C forskolii (syn of 
C. barbatus) furnished polyhydroxylated labdane diter- 
penes,’ two of them, forskoline and colenol, exhibiting 
potent antihypertensive activity.4.S 

This prompted us to reinvestigate the Brazilian C. 
barbatus looking for new cardioactive compounds.’ In 
this paper, we wish to report on the isolation, structure 
elucidation, absolute configuration and partial synthesis 
of barbatusol (I),’ (SS)-9(10+20)-abeo-abieta-l(lO), 
8,l l,l3-tetraen-I 1,12-diol, a new bioactive diterpene 
obtained from C. barabatus collected in the surround- 
ings of Rio de Janeiro. 

In a previous communication,” we reported that the 
dichloromethane crude extract of the bark and heart- 
wood of C. barbatus showed, at doses of 10 mg/kg (i.v.), 
a small cardiovascular activity in nembutal anaesthetised 
rats. Purification of the crude extract was monitored by 
bioassays and involved gel filtration on Sephadex LH-20 
followed by silica gel column chromatography. Besides 
(t)-ferruginol (II) (yield: 0.07%), we isolated a yellow 
gummy compound, turning to reddish-brown on standing, 
for which the name barbatusol’ (yield: 0.15%) was 
coined, and which induced at 3 mg/kg (i.v. rats) potent 
lowering of blood pressure associated to discrete brady- 
tardy 

High resolution mass spectrometry of barbatusol (I) 
established empirical formula CZOHz80t (300.2089, 
requires 300.2089). The IR spectrum shows OH ab- 
sorption (uOH 3580 and 3540 cm-‘). Acetylation of I 
afforded diacetate III showing that both 0 atoms are part 
of OH groups. The phenolic nature of the OH groups 
was suggested by the absence from the “C NMR spec- 
trum of I of any saturated C substituted by an 0 atom, 
and also by the position of the CO vibrations in the IR 
spectrum of 111 (v~.~ 1760cm ‘) together with the low 
field position of both Me signals (2.29 and 2.30 ppm) and 
the absence of deshielded carbinol protons in the ‘H 
NMR spectrum of diacetate III. The diphenol was fur- 
ther substantiated by the UV spectrum of I (A,,, 275 nm, 
e = 2400 and 210 nm, c = 180) also showing that the 

OH groups are not para to each other.’ The ortho 
relationship between the OH groups was established by 
Ag,O oxidation of I into o-quinone IV characterized by 
CO absorptions in IR at 1670 and 1645cm ’ and UV 
absorptions at 438 (E = IOOO), 270 (E = 4095) and 227 nm 
(E = 8390).9 The pentasubstituted nature of the aromatic 
ring depended on the presence in the ‘H NMR spectrum 
of a IH aromatic broad singlet at 6.52ppm in I deshiel- 
ded to 6.92 ppm in 111. Four of the seven unsaturations of 
barbatusol (1) are introduced by the aromatic nucleus. A 
fifth was found associated with a trisubstituted double 
bond (IR: 970cm-‘; ‘H NMR: IH t at 5.50ppm J = 
3.0 Hz; ‘“C NMR: 140.25 ppm (s) and 120.89 ppm (d)). 
The two remaining unsaturations were thus attributed to 
two additional rings. Hence, barbatusol (1) is a tricyclic 
aromatic diterpene for which an abietane skeleton could 
be postulated since several abietane diterpenes, including 
(+)-ferruginol (II), had already been isolated from C. 
barbatus.‘.6 The ‘H NMR spectrum of 1 shows striking 
similarities with that of pisiferol (V),‘” and was charac- 
terized by the presence of only four Me signals, two as 
superposed doublets (J = 7.0 Hz) at 1.20 ppm and two as 
singlets at 0.85 and 0.89ppm. Noteworthy was the ab- 
sence of the C-20 Me signal. a singlet at ca I .20 ppm in 
the ferruginol series.” The two Me singlets were asso- 
ciated with a gem-dimethyl moiety since only one qua- 
ternary saturated C was observed in “C NMR 
(32.01 ppm,s). On the other hand, double irradiation 
experiments proved that the two Me doublets were part 
of an isopropyl group whose methine proton shift 
(3.lOppm) suggested the i-propyl group to be linked to 
the aromatic ring.” This was confirmed by the small 
upfield shift (0.23 ppm) of the methine proton of the 
isopropyl group observed, on acetylation, in the ‘H NMR 
spectrum of 111. This spectrum also shows that the Me 
groups of the isopropyl were no longer equivalent (two 
3H d J =7.0Hz at 1.19 and 1.20ppm) due to hindered 
free rotation of the isopropyl group ’ and suggested that 
the latter is probably flanked by an OH group. The C-7 
benzylic methylene of tricyclic aromatic diterpenes” 
was observed as a 2H ill-resolved dd (W,,, = I6 Hz) at 
2.82ppm; the multiplicity of this signal showed that the 
C-7 methylene is adjacent to another methylene group. 
Finally, a 2H AR quartet (J = I5 Hz) was observed at 
3.09 and 3.70 ppm; the large coupling constant associated 
to it was found in good agreement with a gum coupling. 
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The low field position of this methylene group suggested 
it to be adjacent to two deshielding groups, namely the 
aromatic ring and the trisubstituted double bond. This 
conclusion was further supported by catalytic hydro- 
genation of I to the mixture of epimers at C-l (Vl.+b) 
whose ‘H NMR spectrum was devoid of the AB signals 
downfield from 3.OOppm. Furthermore, the absence of 
coupling between the oletinic proton and the allylic- 
benzylic methylene allowed to propose the following 
sequence: 

i 
-CH=C-CH& Indeed, irradiation of the 

& 
vinylic proton (bt at 5.50 ppm J = 3 Hz) did not affect the 
AB pattern, but slightly modified the spectrum at I.90 ppm. 
Conversely, irradiaIion at the latter frequency transformed 
the triplet at 5.50 ppm into a broad singlet, but had no effect 
on the C-7 methylene signal at 2.82 ppm. Based on the 
abietane skeleton hypothesis (for the arrangement of the 
aromatic substituents), fragment “A” best accomodate for 
all our observations. 

3.09 8 3.72 5.50 
each d / \ 

1.19 d 

J-Y 
2.02 dd 

A 

However, the presence of two benzylic methylenes 
suggested that barbatusol had a rearranged abietane 
skeleton where the missing C-20 Me group should be 
included in ring B, by formal migration of the Cd,, 
bond into the &-C, position and subsequent loss of one 
proton at C-l to give rise to the trisubstituted double 
bond between C-l and C-10. Hence, structure I could be 
proposed for barbatusol. The “C NMR spectra of I and 
III were found consistent with this proposal. 

Final proof of structure I and determination of the 
absolute configuration of barbatusol came by obtention 
of barbatusol dimethyl-ether (XII) from carnosol (VII), a 
diterpene whose absolute configuration had been 
established by correlation with (+)_ferruginol (II).” 

Carnosol (VII) was isolated from the cultured Rosemary 
(Rosmarinus oficinalis) by techniques identical to those 
used for purification of barbatusol. Thus, obtention of 
barbatusol dimethyl ether (XII) from VII was achieved, 
after protection of the catechol moiety, by removal of 
the functionality at C-7; rearrangement of a C-20 
hydroxymkthylene group, leading to B-ring expantion, 
furnished the desired derivative XII (Scheme I). 

Under anhydrous conditions, methylation of carnosol 
(VII), into dimethyl-ether XIV, is known to proceed 
slowly.‘~ When conducted in wet acetone with 
K2C0,. 2Hz0 as catalyst, methylation of the phenol 
groups is accompanied by opening of the lactone ring 
and elimination of the 0 function at C-7 affording com- 
pound VIII in one step. These conditions are not 
sufficient to promote alkaline hydrolysis of the S-lac- 
tone.“.” Since carnosol dimethyl-ether (XIV) did not 
react under similar operating conditions, assistance of 
the OH group at C-12 could be postulated. Obtention of 
VIII may thus proceed as proposed in Scheme 2. Car- 
nosol dimethyl-ether (XIV) was also obtained. together 
with VIII, but in lower yield. 

Catalytic hydrogenation of VIII readily furnished IX, a 
derivative already obtained by total methylation of car- 
nosic acid (XV), but for which only partial chemical data 
had been reported.‘4.‘s LAH reduction of the ester IX. 
inefficient at room temperature, furnished on refluxing 
the expected hydroxymethylene X in only 60% yield, 
together with carnosic acid dimethyl-ether (XVI; 23%). 
Acid XVI is obviously not an intermediate in the reduc- 
tion of IX into X since the latter was not produced on 
LAH treatment of XVI in refluxing THF. Strong steric 
hindrance by the axial B-Me group at C-4 may explain 
the low yield in X.16 Treatment of X with TsCI’ afforded 
the less polar XI homogeneous in TLC in various solvent 
systems. The IR spectrum of Xl proved the absence of 
an OH or tosyl group. and was found practically iden- 

I R=H IV 

III R = AC 

XII R = Me 

VI 
a+b 

OH I 

II R = Ne 

V R = CHZOH 
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X 
(XV) R = tl 
XVI R = !4e 

Scheme I. (a) CHJ-K$ZO, ?H@-acetone-room temperature-l day: (b) H?/lOT Pd-C-45 psi-AcOEt-room tem- 

perature-3 hr; (c) LAH-dry THF-reRux-3 hr: (d) TsCl excess-dry Pv-room temperature -20 hr: (e) RBr,-dry 
CH>Cl2-room temperature-10 min. 

VT I 

+$yy$p 
VIII 

Scheme ?. 

tical to the IR spectrum of barbatusol dimethyl-ether 

(XII), obtained by direct methylation of barbatusol (I). 
GLC analysis (3% OV-17) MS and UV data also sup- 

ported the identity of XI with XII. However, ‘H NMR 
showed XI to be a 6:4 mixture of double bond isomers 
identified as XI. and Xl,,. All our attempts to separate 
both isomers on silver nitrate impregnated silica gel TLC 

plates failed. The obtention of XI,, from carnosol (VII) 

proved the correctness of the structure of barbatusol (I). 

Optical rotation measurements of barbatusol dimethyl- 
ether (XII) and of the synthetic material XI.,,, showed 
that both samples were laevorotatory. Since Xlb is 
optically inactive, this proved barbatusol dimethyl-ether 
(XII) to have the same 5S absolute configuration as XI,, 

i.e. the H at C-5 is a-oriented. This conclusion could 

have been anticipated since it is the same absolute 

configuration as that of (+)-ferruginol (II) isolated from 
Coleus barbatus together with barbatusol (I). Hence 

barbatusol is: (SS)-9(1@-+20)-abeo-abieta-l(l0). 8.11,13- 
tetraen-I 1,lZdiol. It seems reasonable to speculate that 
the driving force for the hydroxymethylene rearrange- 
ment of X into XI. promoting the B-ring expansion. 

may be seen in the presence of the bulky OMe group at 
C-l I, since TsCl rearrangement of pisiferol (V) led only 
to A-ring enlargement, affording pisiferin (XVII).‘H 
Finally. treatment of the mixture XI,,, with BBr3 in dry 

CH2Cd” afforded. but in poor yield, the mixture of 
double bond isomers XIII, where barbatusol (I) is less 

than 10% abundant as deduced from the ‘H NMR 
spectrum of XIII. 
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0.70 and 0.80 (both s 4RMe), 0.89 and 0.93 (both s 4oMe), 1.13 
(6H d J = 7.0 Hz iPrMe). 2.93 (IH hep J = 7.0 Hz iPrCH) and 

6.53 ppm (IH s C-14 H). 

Methylofion of barbotusol 
Barbatusol (I. 2OOmg). dissolved in acetone (tOmI), was 

treated with Mel (2 ml) and KzCO, ‘2HxO (2 g) at room temp. 
during I day. The solids were then fdtered off. washed with 
acetone and the filtrate evaporated to dryness. The residue was 
purified by silica gel column chromatography (eluent: gradient of 
AcOEt in hexane from 0 to 10%). Comnound XII was obtained 
as light yellow solid (XII) (78 mg): ’ 

589 578 546 436nm 
Compound XII. amorphous Ial = _85 o _88 4 +,-, _159,70 . . 

fc = 1.00 in CHCI,): IR: no OH absorption. 

2940. 1475. 1445. ‘I&, 1328, 1300. 1222, 1125. -1095. 
1078. 1045, IOOO, 970, 940 and 875cm-‘; UV: A-232 and 
263 nm; MS: Mt 328 (98, CZZH&). 313 (14). 300 (2). 297 (7), 285 
(26). 272 (28). 259 (16). 257 (12). 229 (12). 193 (57) and 149 (16); 
‘H NMR: 0.89 (3H s 4/3Me), 0.93 (3H s 4aMe). 1.21 (6H d 
J = 7.0 Hz iPrMe). 2.82 (2H m Wrn = 17 Hz C-7&). 3.05 (IH bd 
J = 16 Hz C-26H). 3.27 (IH hep J = 7.0 Hz iPrCH), 3.82 (IH d 
J = 16 Hz C-20 H’), 3.83 and 3.85 (3H each s C-l I and C-12 Oh&), 
5.49 (1H bt J = 3 Hz C-l H) and 6.69ppm (IH s C-14 H). 

Isolation o( comosol 
Dry leaves of Rosmarinus oficinalis (152g). collected at Rio de 

Janeiro, were extracted exhaustively with CH$ls in a Soxhlet 
apparatus. The crude extract (18g) was dissolved in MeOH; the 
MeOH insoluble part of the extract was filtered off. The filtrate 
was concentrated under reduced pressure and was repeatedly 
filtered on a 25C-ml bed column of Sephadex LH-20, eluting with 
pure MeOH, Crude VII (1.49g) was obtained in that way. Two 
crystallizations from AcOH atforded pruAe VII identified by phy- 
sico-chemical and spectroscopic data. ’ 

Methylation of camosol 
Camosol VII (252mg) was treated in the same way as for 1 

(see above). TLC examination of the mixture (eluent : hexane- 
AcOEt 3%) showed the presence of two dominant compounds. 
Separation by silica gel column chromatography (eluent : hexane- 
AcOEt from lOO:O to 90: 10) afforded 56 mg of XIV (yield: 21%) 
and 150 ma of VIII (vield: 53%). 

.I 

Compound VIII. Oil; laJ = _5f2 _y:4 _5z9 43t3nr (c = I.00 . . . 
in CHClr,); IR: no OH absorptions, 2940, YC+ 1735 cm-‘. vc-o 
1220 cm- and I050 cm-‘, 950, 885 and 853 cm-‘; UV: A,, 240 
(c = 14000), 280 (e = 8900) and 3lOnm (shoulder); MS: M’ 
372.2287 (59. C~Hrs04 requires: 372.2301). 327 (8). 313 (100). 271 
(90), 256 (30) 243 (77). 228 (26), 201 (44). 149 (19) 84 (64) and 55 
(28); ‘H NMR: 0.89 (3H s 4RMe), 1.03 (3H s 4aMe). 1.19 and 1.22 

(3H each d J =7.0Hz iPrMe), 2.56 (IH dd J = 2.8 and 3.0Hz 
C-5aH). 3.25 (1H hep J =Tti Hz iPrCH). 3.55 (3H s COO&), 
3.76 and 3.80 (3H each s C-11 and C-12 Oh-$), 6.01 (IH dd J = 2.8 
and 9.5 Hz C-6 H). 6.36 (1H dd J = 3.0 and 9.5 Hz C-7 H) and 
6.67 ppm (IH s C-14 H). 

Compound XIV. m.p. 156-158” (lit. 156” and 155-156”“); Ia(o = 
- 75.6” (c = 1.00 in CHCIs) (lit. - 73.5”“); IR: no OH absorption, 
2945, YC.O 1740 cm-‘, ~co 1270 cm-’ and &_u 850 cm-‘; UV: 

241 (E = 6700) and 273nm (E = 750). MS: Mf 358 (I5 
&?JaO& 314~100). 299 (23) 284 (4) 271 (j, 245 (12) 243 (IO)’ 
232 (17). 229 (13) 215 (IO). 2bl (9) and 189 (i2); ‘H NMR: 0.8; 
(3H s 4@Me), 0.92 (3H s 4aMe), 1.19 and 1.20 (3H each d 
J = 7.0 Hz iPrE), 3.31 (IH hep J = 7.0 Hz iPrCH). 3.82 and 3.84 
(3H each s C-II and C-12 0%). 5.43 (IH dd J = 4.0 and 1.5 Hz 
C-7 H) and 6.87 ppm (IH s C-14 H). 

Hydrogenation of VIII 
Compound VIII (136mg), dissolved in AcOEt (I5 ml), was 

treated with Hz at a pressure of 45 psi and room temp. with 10% 
PdlC as catalyst. After 3 hr, the medium was filtered over a S-cm 
silica gel column eluted with pure AcOEt. IX was obtained in 
%% yield and was pure by TLC: 

Compound IX. Oil: JaJ = 
589 578 546 436 365 nm 

+135 +I39 +I59 t286 +486” 
(c = 

1.00 in CHCls); IR: ~ca 1720cm-‘, “c-0 1230 and 104Ocm-‘. 
965. 940, 915, 860 and 845 cm-‘: UV: Amar 234 and 279nm; 
MS: M? 374.2442 (47. CnH~01 requires 374.2457). 315 (IOO), 299 
(6), 273 (12). 259 (IO), 245 (35), 233(31), 219 (87). 206 (31) and 69 
(27); ‘H NMR: 0.79 (3H s 4flMe). 0.97 (3H s 4aMe). 1.20 (6H d 
J = 7.0 Hz iPrMe). 2.84 (2H dd J = 2.8 and 8.4 Hz C-7Hz). 322 
(tH hep J =rgHz iPrCH). 3.65-3.66 and 3.76 (3H each s 
COO& and C-11 +C-12 0%) and 6.66ppm (IH s C-14 H). 

LAH reductjon of 1X 
Compound IX (100 mg). dissolved in dry THF (5 ml), was 

refluxed during 3 hr in the presence of HdLiAl (155 mg). The 
medium was then allowed to cool and added successively 
AcOEt, EtOH, water and 2N H*SOd (6ml). Extraction with 
CHCIs and evaporation of the dried organic layer afforded a 
residue composed of at least three products (TLC). Purification 
by column chromatography on silica gel (eluent: gradient of 
AcOEt in hexane from 5 to 50%) furnished pure X (58 mg, yield: 
60%) and pure XVI (22 mg, yield: 23%): 

Compound X. m.p. 82-84” (lit. 85-86”“); UV: Amlr 235 and 

279 nm; (a[ = 589 
578 546 436 365 nm (c = l,oo in 

t108.7 t113.6 tl30.0 t231.7 t388.7” 
CHCl3; IR: Lou 34OOcm _‘, 
IO50 cm-‘. 

no CO absorption. “c-0 1250 and 

970. 930. 890. 880 and 870 cm“: MS: M? 346 (I!. 
CnHwO,). 315 (100). 285 (9). 273 (IO), 259 (8) 245 (32). 233 (28). 
219 (72). 165 (14). 136 (13) and 69 (23); ‘H NMR: 0.97 (6H s 4o, 
4/3Me). I.17 and 1.21 (3H each d J = 7.0 Hz iPrMe), 2.87 (2H dd 
J = 7.8 and 3.0 Hz C-7 H,). 3.24 (IH hen J = 7.0%; iPrCH). 3.74 _-. 
(1H d J = I1 Hz C-20 H). 3.74 and 3.88 i3H each s C-l I andC-I2 
Ohfe), 4.13 (1H bd J = I I Hz C-20 H’, sharpens on &O addition) 
and 6.70 (IH s C-14 H). 

Compound XVI. m.p. 2ObZIO” (lit. 210-211”‘~); UV: A,,, 232 

and 278nm; (al= s+g8ss$ (c = I.00 in 

CHCIs); IR: Lou 3000 (broad). ~c.o l?OS. vc-o 1255 and 1040.965. 
945 and 870cm-‘: MS: M: 366 (25. CnHJ?04). 33?(8). 315 (28). 301 
(51). 272 (IO). 259 (13). 245 (35). 233 (22). 231 (32). 219 (84). 206 (32) 
and 205 (48); ‘H NMR: 0.84 (3H s 4/3Me). 0.97 (3H s 4aMe). I.19 
and 1.21(3Heachd J = ?.OHziPrMe).2.82(2Hdd J = lOand4.0 H7 
C-7 HZ), 3.22 (IH hep J = 7.0 Hz iPrCH). 3.67 and 3.78 (3H each s 
C-II and C-12 OMe) and 6.65 ppm (IH s C-14 H). 

Treatment of X with TsCl 

CompoundX (45 mg), in dry pyridine (5 ml), was treated at 
room temp. during 20 hr with an excess of TsCI. The medium 
was then diluted with water and extracted with CHCI3. The 
dried organic layer was evaporated under reduced pressure. 
Purification of the crude reacted mixture hy silica gel column 
chromatography (eluent:gradient of A&Et in hexane from 0 to 
5%) yielded 42 mg of XI, homogenous in TLC in various solvent 
systems and with the same RI as XII. 

Compound x1.+1,. oil; GLC (3% OV-17): major peak at 6 min 
35” (87%) accompanied by an impurity (13%)~of RT 7 min 32” 
(Flow of carrier gas: 45 ml/min); UV: Ama, 232. 264 and 298 nm; 

lal= 589 578 546 436 365 nm 
-70 -74 -84 -153 -251” 

(c = I.00 in CHCIr); JR: no OH 

absorption. no CO absorption. “c-0 I220 and IOZOcm-‘. 100. 

970. 940 and 86Ocm-‘: MS: M? 328 (100, CxH~02). 313 (14). 
297 (4), 281; (13). 272 (15) 259 (19) 257 (9) 229 (9). 193 (22). 177 
(5). I41 (4) 105 (4), 95 (8). 91 (4) and 69 (5); ‘H NMR: 0.87 (2H s 
4fJMe of XI.). 0.91 (2H s 4aMe of XI.). 0.99 (2H s 4a. 40Me of 
XII,), I.20 (6H d J = 7.0 Hz iPrh&). 2.87 (2H dd Wr,l= I?& C-7 
lj2). 3.02 (IH bd J = I5 Hz C-20 H). 3.25 (IH hep J = 7.0 Hz 
iPrCH). 3.81 (IH d J = I5 Hz), 3.83 (6H s C-II and C-l? OME). 
5.47 (0.6 H bt J = 3.0 Hz C-l H of Xl3 and 6.68 ppm (IH \ C-14 H). 

Demethylation of Xl.+h 
Compound Xl.+b (24 mg). dissolved in dry CHlCll (5 ml). wa\ 

treated at room temp. during 10 min with IO drops of freshly 
distilled BBrr. The medium was then diluted by careful 
addition of distilled water and extracted with CHCh. The dried 
organic layer was evaporated under reduced pressure and the 
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crude residue was purified by preparative silica gel TLC 
(elucnt : hexane A&Et 7%). This yielded 8 mg of the mixture of 
double bond isomers XIII identical in TLC with natural I. 

589 578 546nm 
Compound XIII. Gum: Ia.) = $22 _ 17,4 -45.3” (c = 0.33 in 

CHCI,); UV: A 77’ 77X and ?I? nm: IR: vou 3448 cm ‘. 2924, mar --... - 
2825, 1628. 1493. 1440, 1380. 1362. 1325, 1275, 1215, 1160, 1110. 
1085. 1000. 970 (weak). 935 and 870cm-‘: MS; highest m/z 

300 (98, CrnH~sOz)> 285 (28) 271 (5). 257 (23) 244 (14) 231 (IOU), 
229 (26). 215 (30). 204 (l7), 191 (20). 189 (18) 179 (34) I78 (34) 
165 (19) and 149 (IS); ‘H NMR: 0.72 Is). 0.87 Is). 0.94 (s), 0.98 IS), 
1.23 and 1.25 (each d J = 7.0 Hz), 3.12 fm), 3.60 (bs exchangeable 
by 40). 5.50 (bt) and 6.43 ppm (complex). 
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