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Abstract—The aerial parts of Ballota aucheri contained, in addition to known compounds, three new diterpenes. The
structures were elucidated by high field NMR spectroscopy and chemical transformations.

INTRODUCTION

Recently we reported on the isolation of several new
diterpenes  from  Ballota aucheri Boiss (tribe
Stachydiodeae) [1]. The genus is characterized by the
occurrence of furolabdanes and furoclerodanes [2-5].
We now report on the isolation of further diterpenes
from B. aucheri.

RESULTS AND DISCUSSION

The aerial parts of B. aucheri contained, in addition to
the known diterpenes 1 [2] and 2 [1], a further furolab-
dane (3), the seco derivative 4 as well as the dimer 5.

The '"H NMR spectrum of 3 showed signals typical of
a f-substituted furan ring (Table 1), and four tertiary
methyl signals pointed to a labdane skeleton. A doublet
of doublet at 64.34 (H-6), which was coupled with a me-
thine doublet at §1.54 (H-5) and a D,O-exchangeable
signal at 63.32 supported an axially oriented secondary
hydroxy group. That ring A was not functionalized was
indicated by three consecutive methylene groups. The
'3CNMR spectrum (Table 2) contained signals for
a double bond and a keto group. The chemical shift of the
latter was in accordance with a conjugated ketone. Thus,
the structure 3 was likely and final confirmation was
achieved by 2D hetero and homo COSY experiments.
NOE difference spectroscopy was also helpful for assign-
ment of methyl signals. Important NOEs were observed
between H-18, H-19, H-5 (7%) and H-6 (12%) as well as
between OH, H-6 (5%) and both axial methyl groups
H-19 and H-20.

The 'H NMR spectrum of 4 was in part similar to that
of 3 (Table 1). Again a B-substituted furan ring and the
sequences H-1-H-3 and H-11-H-12 were present, but
now only three tertiary methyl signals were observed.
The most striking signals were those for an ethyl group,
a structural feature not very common among diterpenes.
Further information came from the '3C NMR spectrum
(Table 2), which showed a keto group and a singlet at

d108.0 suggestive of an acetal carbon. Furthermore,
a doublet at 581.8 required an additional oxygen-bearing
tertiary carbon. A corresponding signal in the 'HNMR
spectrum at 64.25 appeared as a doublet and was
coupled with a doublet at §2.29 (H-5). A sharp singlet at
$3.01 was due to a tertiary hydroxyl group. Taking into
account all of these facts the structure 4 was likely. The
stereochemistry followed from the results of NOE experi-
ments. Effects were observed between H-18, H-5 (7%),
H-3x (5%), H-38 (3%), H-8 (1.5%), H-6 (2%) and H-19,
between H-19/20 and H-18, H-2, H-11 and H-6 (13%)
and between OH and H-5 (5%). The large coupling
Js s = 11.5 Hz supported the trans-diaxial orientation
of the corresponding hydrogens. The formation of this
unusual compound could be easily explained in term of
a retro aldol reaction starting from a derivative of 1 hav-
ing a tertiary hydroxyl group at C-9 and subsequent
formation of the hemiacetal between a newly formed keto
group at C-9 and the hydroxy group at C-6.

The 'HNMR spectrum of compound 5 (Table 1)
showed two sets of signals indicating a dimeric structure.
By a combination of 2D homo and hetero COSY experi-
ments, the positions of all the signals were localized and
assigned to two furolabdane subunits. The 'H- and
3CNMR signals (Tables 1 and 2) for the subunit
A (Scheme 1) resembled those of compound 2 [1]. How-
ever, several of the assignments of !3C NMR signals have
to be corrected [1]. For the sake of comparison, the
corrected data are added in Table 2. The difference in the
chemical shifts of C-7 in compounds 2 and 5 (12.1 ppm)
indicated that the connecting carbons in the dimer were
probably joined by an ether linkage. The second subunit
(B) gave rise to 1*C NMR signals for a tetrasubstituted
double bond, a keto group and an oxygen-bearing car-
bon, the latter being the coupling position to the subunit
(A). As both H-5 and H-7 appeared as singlets, the keto
group had to be placed at C-7. Thus, an ether bond
betweeen C-7 of both subunits was likely. This assump-
tion was confirmed by a 2D long range hetero correlation
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Table 1. *HNMR data for compounds 3-5 (CDCl,, 400 MHz)

5

H 3 4 A B

la 1.34 br ddd 1.65 m* 1.65m 149 m
18 1.91 br dd 1.48 m* 147 m 192 m
2 1.59 ddddd 1.60 m* 1.70 - 1.70 -
2p 1.82 ddddd 145 m 145 m
3a 1.21 br ddd 1.13 m* 1.06 br ddd 1.17 br ddd
3B 1.43 br ddd 1.43 m* 123 m 1.31 br ddd
3 1.54 d 2.29d 2.90 br s 2.70 br s
6 4.34 dd 425d : —
7 343 dd 283 brs
8 2704 1.87-192 m —

234 m

11 2.60 - 1.85-2.05 m* 1.74 br ddd 219 m
12 245 m 2.52-2.68 m* 2.58-244 m 251 brt
14 6.30 br s 6.26 br s 6.28 br s 6.31 brs
15 7.36 dd 7.33 dd 7.36 dd 7.37 dd
16 7.26 br s 7.21 br s 724 br s 7.26 br s
17 1.84 s 1.05 ¢ 1.28 d 1.86 br s
18 1.09 s 075 s 085 s 083 s
19 1.3ls 1.03 s 1.24 s 123 s
20 142 s 1.03 s 084 s 091 s
OH 3324 301s

*Not of first order.

J (Hz): Compound 3: 12,18 = 12,28 = 2228 = 28,30 = 30,38 = 13; 1a20 = 2230 = 4; 18,22 = 18,26 =
20,2 =23 = 3, 5,6 = 3.5, 6,0H = 3; 14,15 = 15,16 = 1.5.

Compound 4: 56 = 11.5; 8,17 = 7.

Compound §: A203x = 4.5; 2832 = 32,38 = 13, 5,7 = 1: 7.8 = 11.5; 8,17 = 6.5, 11,11 = 14, 11,12 = 5;

11,127 =9; 1415 = 15,16 = 1.5. B2a3a = 4; 2a.3f =

1415 = 15,16 = 1.5,

experiment. The '°C NMR data are listed in Table 3. The
most important correlation was observed between H-7 of
the subunit (A) and C-7 of the subunit (B). The stereo-
chemistry was deduced from the results of NOE differ-
ence spectroscopy, which are listed in the Table 3. The
diaxial orientation of H-7 and H-8 (subunit A) was al-
ready indicated by the coupling J, ; = 11.5 Hz and fur-
ther supported by NOE effects between H-7, and H-5,
as well as between H-20, and H-8,. More problematic
was the stereochemistry at C-7 of the subunit (B). A weak
NOE effect between H-20, and 7 indicated a 7a-oxygen
function. The final confirmation was achieved after
LiAlH, reduction and formation of two isomers. The
couplings in the ring B of the subunit (A) indicated the
same stereochemistry in both isomers with a 68-hydroxy
group, obviously formed by hydride attack from the less
hindered a-side. In the subunit (B) of the main product,
the couplings indicated a 68-hydroxy group while in the
minor compound the large coupling Js ¢ = 12 Hz in-
dicated a 6a-hydroxy group. On the other hand, in both
compounds the coupling J , in the subunit (B) was small,
indicating the axial orientation of the substituent at C-7.
The stereochemistry was confirmed by the NOE results
(Table 4). In particular, the strong effects of both axial
methyl groups (C-19 and C-20) and H-6 in 5b are import-
ant. The compounds were formed in the ratio 3:1.

283p =3; 2B3x = 3u3f = 13; 1112 = 11,12 = §;

The 'HNMR data are listed in Table 5 and the
I3CNMR data for the main product in Table 2. The
chemical shifts of H-7 in the natural compound and both
reduction products, in particular those of the subunit (B),
are worthy of note. Usually, an allylic proton in an
a-position to a keto group on an oxygen-bearing carbon
is shifted more downfield. The shielding cone of the
carbonyl group in the counterpart could be responsible
for the upfield shift in the natural compound. In the
reduction product, the a-effect is missing causing an
upfield shift, but the shielding effect of the counterpart is
no longer present. The strong NOE effect between cer-
tain signals of the different subunits (Table 3) indicated
a preferred conformation. Similar effects were observed
in the spectra of the reduction products (Table 4). The
conformational behaviour and synthesis of model com-
pounds are presently under investigation. We have
named compound 5 persianone.

EXPERIMENTAL

The air-dried aerial parts (1350 g) were collected in
July 1992 in Eghleed, Province Farss, Iran (voucher
90/125, deposited in the Herbarium of the Dept. of Bot-
any, Shahid Beheshty University, Eveen, Tehran, Iran)
and extracted with petrol-Et,O-MeOH (1:1:1).



Table 2. '3C NMR data of compounds 2-5 (100 MHz, CDCl,)

5

C 2* 3 4 A B Multiplicity

1 316 374 318 315 36.5 t

2 18.1 18.6 19.3 18.2 18.7 t

3 42.0 432 413 423 422 t

4 322 339 323 323 321 s

5 55.9 53.2 55.6 57.4 58.3 d

6 2120 s 70.7 d 81.8d 210.7 5 2113 s

7 77.14d 199.4 5 2148 s 65.0 4 679d

8 476 d 1282 5 3241 50.5d 128.1 s

9 71.2 169.8 108.0 77.0 144.4 s
10 49.0 41.1 489 48.7 45.1 s
11 342 306 36.0 34.6 292 t
12 21.2 242 18.7 21.5 254 t
13 124.7 1243 124.8 124.9 125.1 s
14 110.6 1104 110.8 110.7 110.7 d
1S 143.2 142.9 142.8 143.0 142.8 d
16 138.6 138.5 138.6 138.6 138.5 d
17 124 11.6 75 13.1 16.5 q
18 326 324 338 327 33.1 q
19 222 239 220 223 219 q
20 18.0 18.6 16.8 18.0 213 q

Assigned with aid of 2D-hetero COSY.
*Data taken from the lit. [1]; assignments corrected based on 2D-hetero COSY.

13C NMR data of compound Sa

C A B C A B
1 3431 396« 1 3531t 2891¢
2 18.7 ¢ 192 ¢ 12 2271t 2521t
3 4351 4281 {3 1252 s 1252 s
4 337s 3435 14 1108 d 1108 d
5 474d 48.6 d 15 14304d 1428 d
6 67.0 4 7164 16 1385d 13854
7 65.1d 676d 17 124 g 189 g
8 3644 1244 s 18 339¢ 339¢
9 784 s 144.7 s 19 246 g 241 q
10 428 s 39.1 5 20 19.8 q 215 ¢

Assigned with aid of HMQC experiment.

Table 3. NOE results and long range correlation of compound 5§

NOE HMBC
H H* c*
5, 7 (6%); 1a (2%); 3a (4%); 18 (3%) 4,6, 10, 19, 20
Sg la (3%); 3a (3%); 18 (3%) 4,6, 10, 19, 20
74 5 (3%); 7, (2.5%); 17 (2%) 6,8,17,7,
Ty 7, (5%) 17 (3%); 14, (5%) 6,8,9
17, 7 (2%); 75 (5%) 175 (3%): 12 (3%) 6,8,9
17, Overlapped with H-8, and H-12, --no selectivity 7,8, 9
18, 5 (7%); 19 (5%); 3a (4%); 36 (5%) 7,89
18, 5(7%), 7, (1%); 19 (5%); 3a (5%): 3f (5%) 3,4,519
19,(38,) 2, 18 (3%); 20 (7%) 34519
19,(38,) 28 18 (3%); 20 (7%) 3,418
20, 28: 11; 12; 8 (8%); 19 (7%) 1,509, 10
20, 28 105185 7 (1.5%); 19 (6%) 1,59 10

*Numbers without indices within the same subunit.
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The extract was suspended in hot MeOH (10 mlg ™' of
extract) and then cooled to — 15°. After standing for 5 hr
at — 15° the waxy ppt. was removed by filtration, and
the filtrate evapd in vacuo. This yielded a green, dense oil,
which was then fractionated by CC on silica gel. The
fractions obtained with Et,O-petrol (2:3) were separ-
ated by prep. TLC (silica gel, HF 254) affording 28 mg
S [TLC: Et,0O-petrol (1:1), R, 0.6], 15 mg 4 and 20 mg
3[HPLC: R, 8, MeOH-H,0 (9:1), Ca 100 bar, flow rate
3mlmin™! R, 5.5 and 7.5 min, respectively].

6B-Hydroxy-15,16-epoxy-labda-8,13(16),14-trien-7-one
(3). IR v€HC cm~1: 3480, 1680, 880; MS m/z (rel. int.):

Table 4. Selected NOEs with compounds 5a and Sb

H Compound Sa
5. 6 (5%), 7 (5%), 18 (3%)
6, 6 (4%), 7 (5%), 7, (3%), 18 (5%)
7, 6 (4%), 64 (1.5%), 7, (4%)
18, 5(7%), 6 (1%), 19 (4%)
19 No selectivity
20, No selectivity
Ss 6 (5%), 18 (3%)
6, 5(5%), 6, (3%), 7, (1%), 18 (5%)
Ta 6, (3%), 6 (4%), 7, (4%), 17 (4%)
18, 5(7%), 6 (8%), 19 (4%)
19, No selectivity
20, No selectivity

Compound 5b
18 5 (7%), 6 (7%), 19 (4%)

A
19, No selectivity
5 5a 5b 20, No selectivity
18y 5(7%), 19 (4%)
0 AOH, H fOH,H 19, 6 (4%), 18 (4%), 20 (3%)
2 9 9
0 ROH, H COH, H 20, 6 (8%), 19 (3%)
Table 5. Selected '"H NMR data of reduction products 5a and 5b (CDCl,, 400 MHz)*
Sa Sb
H A B A B
5 1.50d 1.47 br s 146 d 1.31d
6 4.00 dd 413 br s 417 br s 393 br dd
7 2.69 dd 278 brd 2.96 br dd 297 brd
8 1.92m — 201 m —
14 6.27 br s 6.31 br s 6.27 br s 736 br s
15 7.36 dd 7.37 dd 7.36 br s 7.36 br s
16 725 br s 722 brs 724 br s 723 brs
17 1.16 d 1.86 br s 1.16 d 1.81 br s
18 101 s 1.05 s 1.02 s 1.21s
19 127 s 1215 1.26 s 1.11s
20 126 s 1.32 s 127 s 1.04 s

J (Hz). 14,15 = 15,16 = 1.5.
Compound 5a: A/56 =2;67=23578=11;817=7.

B/6,7 = 2.

Compound 5b: A/56 =15;67 =35 78=11:817=17.

B/5.6 = 11.5; 6,7 = 4.
*The signals for H-1 to H-3 overlapping multiplets.
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316.214 [M]* (35) (calc. for C,oH,40,: 316.214), 235
[M — C,H,O]" (15), 211 (42), 193 (88), 181 (82), 81 (100),
65 (86); [2J** — 34 (CHCl;; c0.65).

seco-Labdane (4). IR vSH5 cm ™ 1: 3480, 1710, 880; MS
mjz (rel. int.): 334.214 [M]"* (16) (calc. for C, H,,0,:
334.214), 316 [M — H,0]" (18), 235 (12), 95 (60), 82
(100), 81 (83), 69 (72).

Persianone (5). IR v€HC: cm ™ !: 3480, 1710, 1680, 880;
MS m/z (rel. int.): 632.407 [M]* (62)(calc. for C,oH,Os:
632.407), 616 (64), 551 (40), 550 (65), 536 (44), 356 (55), 354
(57), 315 (62), 314 (100), 95 (75), 81 (92); [«]** — 24
(CHCl,; c0.85).

Compound § (10 mg) in 1 ml Et,O were stirred with
excess of LiAlH, at room temp. for 5 hr. After usual work
up and TLC (EtOAc—petrol, 1:1).1 mg 5b, 3 mg 5a and
2 mg starting matertal were obtained. Sa: MS m/z: 636

[M]* (6), 618 [M — H,0]" (8), 600 [618 — H,0]" (3),
335 (30), 318 (40), 310 (80), 300 (60), 95 (85), 81 (100).
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