Phytochemistry, Vol. 27, No. 1, pp. 221-224, 1988.
Printed in Great Britain,

0031-9422,88 $3.00 + 0.00
© 1988 Pergamon Journals Ltd.

CANDELABRONE, A NEW ABIETANE DITERPENE FROM THE LEAVES
OF SALVIA CANDELABRUM

SALVADOR CANIGUERAL, JOSE IGLESIAS, FRANCISCO SANCHEZ-FERRANDO* and ALBERT VIRGILI*

Laboratori de Farmacognosia i Farmacodinamia, Facultat de Farmacia, Universitat de Barcelona, Zona Universitaria de Pedralbes, E-
08028-Barcelona, Spain; *Department de Quimica, Universitat Autdnoma de Barcelona, E-08193-Bellaterra, Barcelona, Spain

(Revised received 22 May 1987)

Key Word Index—Salvia candelabrum; Labiatae; diterpenoid diketone; candelabrone; 11,12,14-trihydroxy-8,11,13-

abietatriene-3,7-dione.

Abstract—The new diterpenoid candelabrone, isolated from leaves of Salvia candelabrum, was identified as (+)-
(5R,108)-11,12,14-trihydroxy-8,11,13-abietatriene-3,7-dione. The A ring showed a boat conformation.

INTRODUCTION

During our research work on the flavonoid composition
of some species of Salvia [1, 2], we have isolated from a
chloroform extract of S. candelabrum leaves, a new
diterpene, to which structure 1 and the trivial name
candelabrone were assigned. Similar compounds (coleons)
are known in the Labiatae family. For instance cofeon V
(11,12,14-trihydroxy-8,11,13-abietatriene-6,7-dione) and
its tautomer coleon U (6,11,12,14-tetrahydroxy-5,8,11,13-
abietatetraene-7-one), with structures closely related to
candelabrone, have been previously isolated from
Plectranthus myrianthus [3].

The present work describes the assignment of structure
1 to the new diterpene from a study of its spectra (largely
NMR).

RESULTS AND DISCUSSION

The empirical formula C,,H,;0; was confirmed by
elemental analysis (C, H) and mass spectrometry (m/z 346,
base peak). The UV spectrum obtained in MeOH, and the
shifts due to the addition of suitable shifts reagents [4],

revealed the presence of an aromatic o-dihydroxy group,
as well as the occurrence of an o-hydroxyaryl ketone
(Table 1). The IR spectrum confirmed the presence of
hydroxyl (3250cm™' br d) and carbonyl (1690 and
1600 cm ') functions. The 80 MHz 'H NMR spectrum
(CDCl;) showed the presence of an isopropyl group
(doublet at ~ §1.3, multiplet at 3.3), three additional
singlet methyls (two at ~ 1.1 and another at ~1.5), and
three hydroxyl protons (at 5.0, 5.9 and 13.4). The very
deshielded position of the last hydroxyl proton, together
with its slow exchange with D, O, confirmed the existence
of a 2-hydroxyphenylketone moiety. The 100 MHz
13C NMR spectrum exhibited the expected 20 peaks (two
of them were very close and could not be resolved at lower
field), including two carbonyl carbons (at §219.5 and
205.2), six non protonated aromatic carbons and three
methylene carbons at 35.9, 37.2 and 37.8. Carbon multipli-
cities were determined using the SEFT (Spin echo Fourier
transform) technique [5]. All this evidence pointed to a
coleon structure. Although a C-3 keto group has not been
previously reported in coleons, it is biosynthetically sound
in diterpenoids, and could easily explain the very de-
shielded carbonyl carbon at §219.5 [6].

Confirmation of the proposed structure 1 came from
analysis of the 250 MHz 2D COSY spectrum (Fig. 1) and
the 400 MHz 'HNMR spectrum (Fig. 2). The proton
connectivities revealed by the COSY spectrum allowed the
assignements shown in Table 2 (spectral parameters
refined by iterative simulation).

The starting point of the spectral assignement was the
presence of two independent spin subsystems, one consist-
ing of three protons (H-5, H-6a and H-6f) and the other
having four protons (H-1a, H-18, H-2a and H-2f), with no

Table 1. UV spectra of compound 1 [4_,, nm (loge)]

MeOH  +NaOMe +AICI; +AICl, +HCl +NaAcO +NaAcO+H;BO,
289 (3.79) 251 254 293 256 250
352 (3.6) 340 295 314 333 340
355sh 340 342 368 392
400 414
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Fig. 1. 250 MHz 2D COSY 'H NMR spectrum of i in CD,OD,
obtained using the long range COSYLR pulse sequence [11].
Proton connectivities shown: upper left. three-spin subsystem H-
S. H-6a. H-6f: lower right, four-spin subsystem H-ix, H-1f. H-
22 H-28. Note the long range coupling between H-1x and the

angular methyl group farrowed cross peaks).

interrelating cross peaks in the COSY spectrum. In the
three-proton subsystem, a well resclved double doublet at
()2 78 showed two large couplings (J ., = ~ 16.6 Hz, J

= 14.6 Hz). This clearly Cs[dbhsht.(i a rans-dhaxial re-
Ll[iOthlp between the 42.78 proton and its vicinal
partner, and therefore the A/B ring junction was recog-
nised as ¢rans, with the individual assignments shown in
Table 2. No such lurge coupling was present in the four-
proton subsystem, which therefore lucks trans-diaxial
pairs of protons. This is not possible for a six membered A
ring frozen in the chair conformation. Therefore the A
ring is in the boat (or twist) conformation (Fig. 3), as in the
case of the related diterpenoid barbatusin [ 7] and derivat-
ives [&].

The assignment of the individual protons in the four-
spin subsystem is based on the presence of an unresolved
iong range coupling between the angular methyl H-20
{61.430) and the double triplet at 2012, This long range
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Table 2. Assigned 'HNMR spectrum of 1 40014 MHz,

Ch,OD
Protont o/ppmi  md J{Hz)

H-1 dt

H—I/f B

H-2xq m

H-2fi¢ [ S

H-5 . mo Ay e 82

H-6x AT A ” | 140

H-6f 2IRG did b

H-15 3450 sepl f4.6

H-16, H-17 1.294) N R L))

H-18. H-19 L Fise = die e =11

H-20 1430 hra o, oy < fHLR*

*Chemical shifts and couphing constants tor protons H-1 to H-
15 obtained by Hterative simulation analysis (PANIC program)of
a resolution enhanced experimental spectrum {see Fig. 1)

FIUPAC numberimg,

P Chemical shifts downfield from TMS

§Multiplicity explicitly given only tor well resolved protons.

il Couplings rounded to nearest first decimal place

T Assignments mayv be interchanged.

** Unresolved coupling even at o digrtal resolution ot 0L01 Hz.
confirmed by a cross peak in the 2 COSY spectrum and by a
decoupling experiment. i which irradiation at H-1x resulted ma
signiticant narrowing of the H-20 methyl singlet

coupling was clearly Jdemonstrated in the 2D COSY
spectrum (Fig. 1, arrowed cross peaks) and by a specific
decoupling experimient, in which irradiation at the double
triplet produced a considerable narrowing of the H-20
singlet. Since these four-bond couplings through sp”
carbons require coplanarity (B pathway) of the bonds
connecung the protons mvobed. the double triplet was
assigned to -1, which in any conformation s anti to the
C-10/C-20 o bond. The gemmal proion H-1j1 was im-
mediately recognised as the signal at 03.398 {overlapping
the isopropyl methine H-1 51 by the large, negaiive geminal
coupling constant {J,, ,, = — 139 Hzj The rather de-
shielded posttion of H-if can be due o its forced
coplanarity with the aromabw C ring and ity close
proximity (o the oxygen lone pairs of the C-11 hydroxyl
group, known ax ‘rabbit car effect” [9. 10].

The remaining two protons of this four-spin subsystem,
namely H-2o and H-28, appeared very strongly overlap-
ped cven at 400 MHz, Nevertheless, tterative simulation
allowed spectral analysis. yielding the shifts and couplings
shown tn Table 2. However, the fack of a fixed rrans-
diaxial relationship between one ot them and any of its H-
I neighbours resulted b the four J,_, couplings appearing
within the narrow range § 5 5.6} ~i/ Therefore, individual
proton assignements within this C-2 methvlene are only
tentative,

Comparison of
+ 1607,

the specitic rotation of L [a]f’ =
with those of hinokione ({a]y = + 11567 [12]

and 1119 [:!3]) and 12-O-methyl-spruceanone ([«];,
= 90.57 [14]), having a ketone function in the (-3

position, and with those of demett hyleryptojaponol ( TEIES

= +31.2 [15]) and clestantha-8,11,03-ren-7-one

(12jr = +3535[16]) having a ketone function in the C-7
1% .

position, indicates 1hc absolure confirguration shown in 1

(SR, 1081 Moreover. the ORDY specirum of 1 in methanol
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Fig. 2. Resolution enhanced 400 MHz 'H NMR spectrum of I in CD;OD (methyl protons not shown). (a)
Experimental spectrum. (b) Final iteration of assigned simulated spectrum (refined chemical shifts and coupling
constants given in Table 2). The iterative simulation was carried out using program PANIC.
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Fig. 3. The proposed conformation of 1.

given in the Experimental, clearly displays a long wave
length positive Cotton effect {[o],,, at 390 nm [«], at
377 nm and [a]y;, at 325 nm), undoubtedly associated
with the conjugated chromophore, i.e. the aryl ketone at
C-7. The related diterpenoid, cleistantha-8,11,13-trien-3,7-
dione, known to belong to the ‘regular’ diterpenoid
absolute configuration, has also been reported [17] to
show a positive Cotton effect at 338 nm ([0];:5 =
+9924). Therefore the absolute configuration of candel-
abrone is SR 108, as shown in 1 and Fig. 3.

EXPERIMENTAL

Plant material. S. candelabrum was collected near Albunol
(Granada-Spain), authenticated by Prof. M. Ladero (Faculty of
Pharmacy, Salamanca, Spain) and a voucher specimen was
deposited in the BCF Herbarium (Botany Dept., FFac. Pharmacy,
Univ. Barcelona) with the no. 32591.

Isolation. The air-dried powdered leaves (ca 200 g} were
successively extracted with petrol, CHCl,, MeOH and
MeOH-H,O (1:1). The MeOH soluble fraction of CHCl; extract
yielded 140 mg of 1 by means of CC on polyamide CC-6, eluting
with hexane~CHC!; (99: 1) and increasing the solvent polarity by
hexane decrease and addition of MeCQOEt, MeOH and Me,CO;
silica gel eluting with CHC1,-MeOH (95:1) and EtOAc-petrol
(7:3); and Sephadex LH-20, efuting with MeOH.

Physical and spectral data. Mp 224-226 uncorr. (MeOH). UV,
see Table 1. IR, vEBr ¢m 711 36003000 (OH’s), 1690 ( >C=0at C-

max

3), 1600 (chelated >C=0Q at C-7). EIMS (direct insert probe)

70 €V, m/z (rel. int.): 346 [M]* (100), 331 [M —Me] ™ (76),303 [M
—iPr]* (10), 289 (6), 275 (4), 248 (5), 233 (8), 219 (6), 165 (4), 135
(3), 115 (5). '"H NMR (80 MHz, CDCl,): §1.13 (6H, s, H-18 and
H-19), 1.35 (6H, d, J = 7 Hz, H-16 and H-17), 1.40 (3H, s, H-20),
1.9-2.4 (1H, m, H-1a), 2.5-2.9 (SH, m, H-22, H-28, H-5, H-6a and
H-64), 3.0-3.5 (2H, m, H-1§ and H-15), 5.05 (1H, 5, C,,-OH), 5.95
(1H, s, —OH at C-11), 13.40 (1H, s, -OH at C-14). '"HNMR
(400 MHz, CD,0D). see Fig. 2 and Table 2. '*CNMR
{100 MHz, CD,0D): 618.93 (g, C-20), 21.01 (g, C-16),21.03 (¢, C-
17),21.77 (g, C-19), 26.28 (d, C-15), 27.79 (g, C-18), 35.94 (1, C-2),
37.23 (1, C-6), 37.79 (1, C-1), 40.67 (s, C-10), 48.61 (s, C-4), 50.90 (d,
C-5),109.69 (s, C-8), 120.94 (s, C-13), 136.66 (s, C-11),139.14 (s, C-
9), 156.80 (s, C-14), 160.96 (s, C-12),205.17 (s, C-7), 219.46 (s, C-3).
ORD (MeOH, c0.0436): [a];0 (~nm)= +160° (589), +984°
(390), 0° (377), —6979° (325). (Found: C, 68.98; H, 7.50,
C,oH,60;5 requires: C, 69.32; H, 7.55%).
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