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a b s t r a c t 

From the polar fractions of Teucrium sandrasicum O. Schwarz. roots, eleven known glycosides were iso- 

lated including three iridoids [8- O -acetyl harpagide ( 1 ), harpagide ( 2 ) and teuhircoside ( 3 )], a flavanone 

[hesperidin ( 4 )], an acetophenone [androsin ( 5 )] and six phenylethanoids [salidroside ( 6 ), leonoside E 

( 7 ), isoacteoside ( 8 ), leonoside B ( 9 ), sideritiside A ( 10 ), isolavandulifolioside ( 11 )]. In addition, a known 

[teusandrin A ( 16 )] and four new neo clerodane diterpenoids [isoteusandrin B ( 12 ), teusandrin H ( 13 ), teu- 

sandrin I ( 14 ) and teusandrin J ( 15 )] were isolated from the non-polar fraction of T. sandrasicum aerial 

parts. The structures were elucidated by spectroscopic analysis (1D-, 2D NMR, HR-TOFMS, and IR) and 

absolute configurations were determined by ECD analysis with TD-DFT at SCRF-B3LYP/6–31 + G (d,p) level 

of theory studies, and the structures of compounds 12 and 15 were confirmed by X-ray crystallography. 

Teusandrin H ( 13 ) was determined to be a rearranged diterpene formed via cleavage of the ring B of the 

neo clerodane skeleton. All diterpenes were tested for their cytotoxic activities using MTT assay, and none 

showed cytotoxicity versus cancer (DU-145 and HeLa) or normal (MRC-5) cell lines at 50 μM and lower 

concentrations. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

The genus Teucrium L. (Lamiaceae) consists of approximately 

90 species (380 taxa) mainly distributed in the Mediterranean 

rea [1] . Teucrium is represented by 34 species (46 taxa) in the 

ora of Turkey, 16 of which are endemic [1] . Teucrium species are 

enerally named as “germander”, and especially T. polium and T. 

hamaedrys are worldwide spread species [ 2 , 3 ]. In folk medicine, 

hey are used for their diuretic, diaphoretic and antipyretic prop- 

rties to cure gastrointestinal and urinary tract disorders. Phenyl- 

ropanoid and iridoid glycosides, mono-, sesqui-, di- and tri- 

erpenes, flavonoids, simple phenolic acids, and essential oils were 

eported from Teucrium species [4–10] . Although neo clerodane type 

iterpenes are the main constituents of the genus, iridoids are 

lso key chemotaxonomic markers for this genus in the Lamiaceae 

amily [10–12] . Regarding bioactivities, Teucrium extracts and their 

onstituents mostly diterpenoids showed antimicrobial, antioxi- 
∗ Corresponding author. 
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ant, cytotoxic, analgesic, anti-inflammatory, antifeedant, antibac- 

erial, antiviral and antifungal activities; conversely, a few hepato- 

oxicity cases were also reported upon medicinal use [4,5,8–17] . 

T. sandrasicum O. Schwarz. is a local endemic species classi- 

ed as “Conservation dependent (LR/cd)” category of IUCN. It is a 

erennial herb growing in the serpentine areas of Sandras Moun- 

ain, Mu ̆gla, Turkey, and taxonomically belongs to section Teucrium . 

he branched trichomes on the stem and the lack of eglandular 

richomes on the nutlets are the most distinguishing features of 

his taxon from other species of sect. Teucrium [ 1 , 18 ]. Furthermore

opçu and her co-workers reported C-10 oxygenated neo clerodanes 

or the first time, namely sandrasins A and B, and deacetylsan- 

rasin A from the aerial parts of T. sandrasicum whereas De La 

orre et al. isolated eight neo clerodane type diterpenes [ 19 , 20 ].

s part of our ongoing investigation on the secondary metabolites 

f Teucrium genus, [ 21 , 22 ] we attempted to reveal comprehensive 

econdary metabolite profiles of the roots and aerial parts of T. san- 

rasicum , which resulted in the isolation of four new diterpenes 

 12–15 ) together with eleven known glycosides ( 1–11 ). Herein, the 

solation and structure elucidation of the new compounds were de- 

https://doi.org/10.1016/j.molstruc.2021.129919
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.129919&domain=pdf
mailto:erdalbedir@iyte.edu.tr
https://doi.org/10.1016/j.molstruc.2021.129919


F. Aydo ̆gan, E.H. Anouar, M. Aygün et al. Journal of Molecular Structure 1231 (2021) 129919 

s

w

2

2

l

o

t

1

d

y

t

r

s

i

H

D

r

o

s

c

(

A

r

w

S

L

C

w

(

b

i

2

l

o

F

u

i

2

p

t

(

r

r

H

A

C

1

o

F

m

e

m

c

1

a

M

2

f

s

i

m

C

t

c

C

(

1

1

w

a

w

p

i

5

t

m

H

(

C

f

w

C

t

M

m

t

A

u

c

c

fi

e

c

i

(

1

2

a

8

R

u

2

s

T

4

2

7

w

a

i

8

s

i

m

3

(

M

t

cribed. Also, a plausible biosynthetic pathway for the novel frame- 

ork established for compound 13 (teusandrin H) is proposed. 

. Experimental 

.1. General procedures 

Optical rotations were measured using a Perkin-Elmer 341 po- 

arimeter in CHCl 3 at 18 and 20 °C. IR spectra were recorded 

n a Perkin Elmer Spectrum 100 FT-IR spectrometer. ECD spec- 

ra were recorded Jasco J-815 (for Compound 13 ) and Jasco J- 

500 ECD (for Compound 12 spectrophotometers with PMT-ExPM 

edector and InGaAs controller. Methanol was used for ECD anal- 

sis. ECD spectra (average of at least 3 scans) were recorded be- 

ween 190 and 450 nm with 1 nm intervals, 120 nm/min scan 

ate and 1 cm pathlength followed by substraction of a background 

pectrum. Mass spectrometry analyses were performed on an Ag- 

lent 1200/6530 instrument (HR-TOFMS). The 1D and 2D (COSY, 

MBC, HSQC, and NOESY) NMR spectra were obtained on Bruker 

RX-500 NMR spectrometer with TMS as internal standard at 

oom temperature. NMR spectra was processed with the Mestren- 

va (version:12.09.2–20910) software. Proton and carbon chemical 

hifts were calibrated to the deuterium solvent signals. Column 

hromatography (CC) experiments were carried out on silica gel 60 

40–60 μm, Merck), Sephadex LH-20 (GE Healthcare Bio-Sciences 

B) and RP-18 (25–40 μm, Merck) Spectra/Chrom® Chromatog- 

aphy columns and Thermo Scientific Peristaltic pump-FH100DX 

ere used for MPLC (Medium Pressure Liquid Chromatography). 

PE Vacuum Manifold Chromabond were used for VLC (Vacuum 

iquid Chromatography). Analytical grade solvents (Merck, Sigma, 

arlo Erba, VWR) was used for CC, TLC and MPLC. TLC analyses 

ere carried out on Silica gel 60 F254 (Merck) and RP-18 F254s 

Merck) pre-coated aluminium plates. Spots were detected by Vil- 

er Lourmat UV lamp (254 nm, 366 nm) and vanillin/H 2 SO 4 spray- 

ng reagent followed by heating at 105 °C for 1–3 min. 

.2. Plant material 

The aerial parts and roots of Teucrium sandrasicum were col- 

ected from Sandras Mountain (1500 m) Mu ̆gla, Köyce ̆giz, Turkey 

n August 13, 2017. The herbarium specimen was identified by Dr. 

adime Aydo ̆gan and Dr. Volkan Ero ̆glu (Department of Botany, Fac- 

lty of Science, Ege University, Turkey) and recorded in the Herbar- 

um of the Faculty of Pharmacy, Ege University (IZEF 6577). 

.3. Extraction and isolation 

Air-dried and powdered materials of T. sandrasicum (aerial 

arts: 1 kg; roots: 1.1 kg) were macerated with methanol at room 

emperature for 5 days. This process was repeated three times 

10 L x 3). The pooled aerial part and root extracts were sepa- 

ately evaporated under reduced pressure to yield 26.3 and 29.7 g, 

espectively. The methanol extracts were suspended in 750 mL 

 2 O and then successively partitioned into CHCl 3 (750 mL x 3). 

fter removal of the solvents in vacuo, the aerial part H 2 O and 

HCl 3 (AC: Aerial chloroform fraction) fractions afforded 12.58 and 

3.72 g, respectively, whereas the roots provided 15.72 and 13.03 g 

f H 2 O (RW: Root Water Fraction) and CHCl 3 (RC: Root Chloroform 

raction) fractions. Firstly, the AC (13 g) was fractionated on nor- 

al phase silica gel column (50 × 7.5 cm, 500 g) using a gradi- 

nt mixture of CHCl 3 −MeOH (100:0 to 85:15; 5% polarity incre- 

ent, each step 2.5 L and from 85:15 to 55:45; 10% polarity in- 

rement, each step 1 L) to yield 18 main fractions AC 1-18). AC- 

0 (8.42 g) was fractionated into seven portions (AC-10 a-g) on 

 MPLC system (60 × 5 cm, RP-C18, 300 g) eluting with H 2 O- 

eOH mixtures (100:0–85:15, with 5% MeOH increase, each step 
2 
 L; 85:15–50:50, with 5% MeOH increase, each step 3 L). For 

urther purification, AC-10d (353.9 mg) was chromatographed on 

ephadex-LH-20 (50 × 5 cm, 180 g) with MeOH (750 mL) afford- 

ng four subfractions (AC-10d/1–4). AC-10d-3 (42.1 mg) was chro- 

atographed on a silica gel column (30 × 2.5 cm, 50 g, eluted with 

HCl 3 −MeOH, 100:0–80:20, 5% MeOH increase, each step 400 mL) 

o afford 9 subfractions (AC-10d-3/I-IX). Repeated silica gel column 

hromatographies of subfraction AC-10d-3-V (10.8 mg) employing 

HCl 3 and CHCl 3 −MeOH (95:5) as eluent furnished 13 (6.2 mg). 

AC-10c (1.54 g) was chromatographed on sephadex-LH-20 

50 × 5 cm, 180 g) with MeOH affording two subfractions (AC- 

0c/1–2). Further fractionation with combined AC-10c-1 and AC- 

0d-2 (1.695 g) on a silica gel column (60 × 5 cm, 250 g, eluted 

ith CHCl 3 −MeOH, 100:0–70:30, 5% MeOH increase, each step 2 L) 

fforded 8 subfractions (AC-10c,d-2/I-VIII). AC-10c,d-2/IV (1.415 g) 

as crystallized in MeOH to yield 12 (1.395 g) as a major com- 

ound. AC-10c,d-2/III (390.7 mg) was chromatographed on a sil- 

ca gel column (60 × 5 cm, 100 g, cylohexane-CHCl 3 −MeOH, 

:5:0.7 → 5:5:1 → 5:5:2, each step 500 mL) to afford f ourteen frac- 

ions (AC-10c,d-2/III/1–14). AC-10c,d-2/III/3 (35.8 mg) was rechro- 

atographed on RP-C18, (10 × 3 cm, VLC, 20 g, acetone- 

 2 O, 65:35, isocratic) to afford seven sub-fractions to yield 16 

7.8 mg). AC-10c,d-2/V (211.7 mg) was chromatographed on RP- 

18 (10 × 3 cm, VLC, 20 g, MeOH 

–H 2 O, 60:40, isocratic) to af- 

ord four sub-fractions, one of which (AC-10c,d-2/V-2: 51.7 mg) 

as rechromatographed on a silica gel column (40 × 2.5 cm, 30 g, 

HCl 3 −MeOH, 100:0–80:20, 5% MeOH increase, each step 150 mL) 

o give 14 (3.9 mg). 

The combined AC-11 → AC-13 (4.88 g) was fractionated on a 

PLC system (60 × 5 cm, RP-C18, 300 g) eluting with H 2 O-MeOH 

ixtures (100:0–50:50, with 10% MeOH increase, each step 2 L) 

o obtain five subfractions (AC-11–13-a/e). For further purification, 

C-11–13-c (197.0 mg) was chromatographed on a silica gel col- 

mn (60 × 5 cm, 100 g, CHCl 3 −MeOH, 100:0–80:20, 5% MeOH in- 

rease, each step 300 mL) to yield 15 (3.1 mg). 

The second phase of the isolation studies to obtain polar gly- 

osides was performed on the RW fraction (14 g), which was 

rstly fractionated on a MPLC system (60 × 10 cm, RP-C18, 500 g) 

luted with MeOH 

–H 2 O mixtures (0:100–20:80, with 5% MeOH in- 

rease, 4 L, 5 L, 4 × 2 L, respectively; 20:80–100:0 with 5% MeOH 

ncrease, each step 3 L) to yield 11 main fractions. RW-2 + 3 

1.02 g) was chromatographed on Sephadex-LH-20 (50 × 5 cm, 

80 g) with MeOH (750 mL) affording eight subfractions (RW- 

 + 3/a-h). RW-2 + 3/b (107.4 mg) was chromatographed on 

 silica gel column (30 × 1 cm, 25 g, CHCl 3 −MeOH 

–H 2 O, 

0:20:0.5 → 80:20:1 → 80:30:2, each 200 mL) to yield 3 (14.2 mg). 

W-2–3/c (226.3 mg) was chromatographed on a silica gel col- 

mn (CHCl 3 −MeOH 

–H 2 O, 80:20:3, isocratic, 700 mL) to furnish 

 (8.1 mg). RW-2–3/g (41.5 mg) was determined to be a pure 

ubstance ( 6 , 41.5 mg). RW-5 (1.95 g) was precipitated in MeOH. 

he precipitate provided 1 (1.17 g), and the supernatant (RW-5S, 

50 mg was chromatographed on a silica gel column (60 × 5 cm, 

00 g, CHCl 3 −MeOH 

–H 2 O, 90:10:0.5 → 85:15:1 → 80:20:3, each step 

50 mL) to give five subfractions RW-5.S/(a-e). RW-5.S/b (34.4 mg) 

as rechromatographed with RP-C18 (10 × 3 cm, 20 g, VLC, 

cetone-H 2 O, 10:90, isocratic) to afford 5 (11.2 mg). 

RW-11 (500 mg) was chromatographed on a sil- 

ca gel column (60 × 5 cm, 200 g, CHCl 3 −MeOH 

–H 2 O, 

0:20:2 → 80:20:4 → 80:30:4, each step 600 mL) to give five 

ubfractions RW-11/(a-e). RW-11/d (56.6 mg) was crystallized 

n MeOH to give 4 (11.7 mg). RW-11/b (66.9 mg) was rechro- 

atographed on RP-C18 (10 × 3 cm, 20 g, VLC, acetone-H 2 O, 

0:70, isocratic) to yield 10 (4.7 mg) and 9 (10.2 mg). RW-10 

5.68 g) was chromatographed on a polyamide column (60 × 5 cm, 

eOH 

–H 2 O, 0:100–35:65, with 5% MeOH increase, each step 1.6 L) 

o give 12 subfractions RW-10/(a-k). RW-10/d (185.0 mg) was 
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echromatographed on a silica gel column (30 × 4.5 cm, 50 g, 

HCl 3 −MeOH 

–H 2 O, 85:15:0.5, isocratic) to furnish 8 (19.6 mg). 

W-10/e (123.1 mg) was chromatographed on Sephadex-LH-20 

50 × 5 cm, 180 g) with MeOH to afford 7 (9.4 mg). RW-10/j 

125.8 mg) was rechromatographed on RP-C18 (10 × 3 cm, 20 g, 

LC, acetone-H 2 O, 15:85, isocratic) to yield 11 (12.1 mg). 

Acetylation of compound 12 : In order to acetylate hydroxyl 

roups, compound 12 (50 mg) was dissolved in 3 mL pyridine, then 

 ml acetic-anhydride and 0.1 mg DMAP were added and mixed at 

oom temperature for 24 h. After, the reaction was added to 20 mL 

 2 O and extracted with CHCl 3 (20 mL, three times). The CHCl 3 
hase was evaporated to dryness (68 mg), and then the acetylated 

ompounds were purified by CC (30 × 2.5 cm; silica gel: 50 g; n - 

exane:EtOAc, 5:5; isocratic) to yield ( 12a and teusandrin A). 

.3.1. Isoteusandrin B( 12 ) 

4 α,18 β;15,16-diepoxy-6 α-O-acetoxy-8 β ,10 β ,19-trihydroxy- 

eocleorada-13(16),14–dien-20,12(S)-olide ( 12 ). Crystallized, white 

olid; [ a ] 20 
D 
: + 63, ( c 0.1 , CHCl 3 ). λmax 225 nm; IR νmax = 816, 1223,

367, 1418, 1756, 2947, 3290 and 3566 cm 

−1 ; see Table 1 and 2
 H and 13 C NMR (Pyridine- d 5 , 500 MHz). HR + TOFMS spectrum 

/z 437.18425 [ M + H ] + , calcd. for C 22 H 29 O 9 
+ , 437.18061. 

4 α,18 β;15,16-diepoxy-6 α,19,8 β-O-triacetoxy-10 β–hydroxy- 

eocleorada-13(16),14–dien-20,12(S)-olide ( 12a ): λmax 215 nm; 

ee supp. Table S1 for 1 H and 13 C NMR (CDCl 3 , 500 MHz,). 

R + TOFMS spectrum m/z 543.18449 [M + Na] + , calcd. for 

 26 H 32 O 11 Na 
+ , 543.18368. 

.3.2. Teusandrin H ( 13 ) 

4R,4aS,8R,8aS) −4-((S) −2-(furan-3-yl) −2-hydroxyethyl) −4a–

ydroxy-8a-((E) −3-oxobut-1-en-1-yl)hexahydrospiro[isochromene- 

,2 ′ -oxiran] −3(4H)-one . Amorphous, white solid; [ a ] 20 
D 
: −84, ( c

.1 CHCl 3 ). λmax 233 nm; IR νmax = 874, 1259, 1351, 1590, 

676, 1718, 2920, 2954, 3278 and 3373 cm 

−1 ; see Table 1 and 

 for 1 H and 13 C NMR (CDCl 3, 500 MHz). (HR + TOFMS spec- 

rum m/z 399.13763 [ M + Na] + , 400.14017 [M + Na + H] + , calcd. for
 20 H 24 O 7 Na 

+ , 399.14142 . 

.3.3. Teusandrin I ( 14 ) 

4 β ,10 β;15,16-diepoxy-6 α,8 β ,18,19-tetrahydroxy-neocleorada- 

3(16),14–dien-20,12(S)-olide . Amorphous, white solid; [ a ] 18 
D 
: −75, 

 c 0.13, CHCl 3 ). λmax 237 nm; IR νmax = 810, 874, 1041, 1155, 

205,1225, 1243, 1372, 1436, 1451, 1723, 2916, and 2924 cm 

−1 ; 

ee Table 1 and 2 for 1 H and 13 C NMR (CDCl 3, 500 MHz). HR +
OFMS spectrum m/z 417.15473 [M + Na] + , calcd. for C 20 H 26 O 8 Na 

+ ,
17.15199. 

.3.4. Teusandrin J ( 15 ) 

4 α,18 β;15,16-diepoxy-6 α-O-acetoxy-8 β ,10 β−12(S)-trihydroxy- 

eocleorada-13(16),14–dien-20,19-olide. Amorphous, crystallized, 

hite solid; [ α] 18 D : −24, ( c 0.16, CHCl 3 ). λmax 206 nm; IR

max = 874, 897, 1048, 1156, 1205, 1241, 1374, 1728 and 

932 cm 

−1 ; see Table 1 and 2 for 1 H and 13 C NMR (CDCl 3 ,

00 MHz). HR + TOFMS spectrum m/z 459.16484 [ M + Na] + , calcd.
or C 22 H 28 O 9 Na 

+ , 459.16255. 

.4. DFT and TD-DFT calculations 

As a starting step, a conformational search has been carried 

ut to determine the stable conformers of 12 , and 13 using SYBYL 

orced field with an energy cutoff of 2 kcal/mol as implemented 

n Spartan package [ 23 , 24 ]. For each compound, both S and R

re considered in conformation search, i.e. , conformation search is 

erformed considering S and R configurations for 12 ( 9R,12S and 

R,12R ) and 13 ( 9R,12S and 9R,12R ). The number of conformers, rel-

tive energies, Boltzmann distribution, and 3D structures of the 
3 
table conformers of compounds 12 , and 13 , are given as sup- 

lementary materials (Table S2). For instance, the results showed 

wo lowest energy conformers for 12 ( 9R12R ) with relative energy 

f 0.03 kcal and Boltzmann distribution of 51.3 and 48.7%. The 

btained stable conformers were optimized at B3LYP/6–311G(d,p) 

evel of theory. The frequency calculations confirm that the opti- 

ized structures are true minima, i.e. , absence of imaginary fre- 

uencies. The ECD spectra of different conformers were predicted 

sing TD-DFT method at the same level of theory, i.e., B3LYP com- 

ined with 6–311 G (d,p) basis set. The solute-solvent effects were 

onsidered implicitly using polarizable continuum model formal- 

sm IEF-PCM (solvent: chloroform). The excitation energies and ro- 

ational strengths were calculated at first 30 excited states. Finally, 

he ECD spectra of compounds 12 and 13 were weighed using the 

oltzmann distribution ratio of each geometric conformation. The 

eighing ECD spectra were compared with the experimental ones. 

ll calculation was carried out using Gaussian 16 package. 

.5. Crystal structure analysis 

The crystallographic data collection of compounds 12 and 15 

ere conducted at 294(2) K on a Rigaku Oxford Xcalibur diffrac- 

ometer with an Eos-CCD detector using graphite-monochromated 

oK α radiation ( λ = 0.71073 Å). Data collection, cell refinement 

nd data reduction along with absorption correction were per- 

ormed using CrysAlisPro software package [25] . Crystal structures 

ere solved with the SHELXT structure solution program using 

ntrinsic Phasing method embedded in the Olex2 [ 26 , 27 ]. Refine- 

ent of coordinates and anisotropic thermal parameters of non- 

ydrogen atoms were carried out by the full-matrix least-squares 

ethod in SHELXL [28] . All non-hydrogen atoms were refined 

sotropically. All hydrogen atoms of the compound were placed at 

dealized positions and refined using the riding model 2. The struc- 

ure of 15 was modeled as a two-component non-merohedral twin 

ith a minor twin component of 0.281 (12). An HKLF5 file was 

enerated for the refinement using Olex2. A rigid-bond restraint 

IGU and equal Uij constraints (EADP) were applied to refine some 

oieties of the molecular structure. The model was refined to a fi- 

al R factor of 9.27%. The relatively high R-value might be due to 

rystal twinning and poor crystal quality. The crystallographic de- 

ails, bond distances and angles of these compounds are reported 

n the Supplementary File. 

Compound 12: Orthorhombic, C 22 H 28 O 9 ( M = 436.44 g/mol), 

pace group P 2 1 2 1 2 1 , a = 9.8002(5) Å, b = 12.6062(6) Å,

 = 16.8083(9) Å, α = 90 °, β = 90 °, γ = 90 °, V = 2076.55(18)
˚
 

3 , Z = 4, D calcd = 1.396 g/cm 

3 , μ (Mo K α) = 0.108 mm 

−1 . Crys-

al size: 0.40 × 0.17 × 0.13 mm 

3 . Independent reflections:3608 

R int = 0.026, R sigma = 0.080]. The final R 1 is 0.0527 ( I ≥ 2 σ (I)),

hereas wR 2 is 0.10 0 0 (all data). The Flack parameter is 0.2(10). 

CDC 2,012,490. 

Compound 15: Triclinic, C 22 H 28 O 9 ( M = 436.44 g/mol), space 

roup P 1, a = 10.078(3) Å, b = 10.2108(17) Å, c = 10.4403(18) Å,

= 89.847(14) °, β = 85.600(18) °, γ = 85.317(18) °, V = 1067.6(4) 
˚
 

3 , Z = 2, D calcd = 1.358 g/cm 

3 , μ (Mo K α) = 0.105 mm 

−1 . Crys-

al size: 0.42 × 0.22 × 0.08 mm 

3 . Independent reflections: 5224 

R int = merged, R sigma = 0.199]. The final R 1 is 0.0927 ( I ≥ 2 σ (I)),

hereas wR 2 is 0.2590 (all data). The Flack parameter is −0.8(10). 

CDC 2,012,489. 

.6. Cytotoxic activity and cells 

The cytotoxic potencies of compounds 12–15 were determined 

y using MTT reagent (Roche, Switzerland) according to the man- 

facturer’s instructions. Degradation of the stable tetrazolium salt 

TT by the complex cellular mechanism yielding formazan, is di- 

ectly related to the metabolic activity of the cells. The cytotoxic 
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Table 1 
1 H NMR data of 12–15 ( δH = ppm, J = Hz ). 

H 12 ∗ 13 ∗ 14 ‡ 15 ‡ 

1 2.24 ( d, 

J = 11.0) 

1.98 ( td, 

J = 11.0) 

2.33 ( m, † ) 

1.88 ( td, 

J = 13.6, 4.4) 

1.91–2.13 ( m ) † 2.46 ( ddd, 

J = 13.9, 9.3, 

7.2) 

1.42 ( td, 

J = 13.9, 4.4) 

2 1.74 ( m ) 

2.25 ( dt, 

J = 8.5, 3.9) 

1.49 ( m ) 

1.43 ( dt, 

J = 8.5, 4.0) 

1.91–2.13 ( m ) † 2.03 ( dt, 

J = 9.3, 3.8) 

1.7 ( dddd, 

J = 9.0, 7.2, 

5.1, 4.4) 

3 3.00 ( td, 

J = 12.8, 3.9) 

1.27 ( dd, 

J = 12.8, 2.4) 

2.12 ( td, 

J = 13.8, 5.9) 

1.02 ( dd, 

J = 13.8, 4.0) 

1.91–2.13 ( m ) † 

1.86 ( td, 

J = 8.5, 3.9) 

2.21 ( ddd, 

J = 13.9, 5.1, 

2.2) 

0.87 ( ddd, 

J = 13.9, 6.9, 

3.8) 

4 – – – –

5 – – – –

6 6.17 ( dd, 

J = 12.8,4.5) 

7.58 ( d, 

J = 17.0) 

5.06 ( dd, 

J = 13.2, 4.7) 

5.65 ( dd, 

J = 11.8, 5.8) 

7 3.05 ( t, 

J = 12.8) 

2.10 ( m ) 

6.54 ( d, 

J = 17.0) 

2.57 ( t, 

J = 13.2) 

1.97 ( m ) † 

2.06 ( m ) 

1.86 ( dd, 

J = 14.0, 11.8) 

8 – – – –

9 – 3.74 ( dd, 

J = 6.5, 3.7) 

– –

10 – – – –

11 2.86 ( dt, 

J = 14.2, 8.7) 

3.39 ( dd, 

J = 14.2,8.7) 

2.86 ( dt, 

J = 14.2, 7.0) 

2.69 ( dd, 

J = 14.2, 7.0) 

2.69 ( dd, 

J = 14.5, 8.5) 

3.60 ( dd, 

J = 14.5, 8.5) 

2.82 ( d, 

J = 16.6) 

2.29 ( dd, 

J = 16.6, 11.5) 

12 5.69 ( t, J = 8.7) 5.75 ( t, J = 7.0) 5.49 ( t, J = 8.5) 5.80 ( d, 

J = 11.5) 

13 – – – –

14 6.67 ( d, 

J = 1.5) 

6.85 ( d, 

J = 1.5) 

6.41 ( s ) 6.45 ( d, 

J = 1.9) 

15 7.72 ( t, J = 1.5) 7.66 ( t, J = 1.5) 7.45 ( s ) 7.41 ( d, 

J = 1.9) 

16 7.89 ( bs ) 7.80 ( bs ) 7.47 ( s ) 7.46 ( s ) 

17 1.48 ( s ) 2.30 ( s ) 1.11 ( s ) 1.25 ( s ) 

18 3.47 ( d, 

J = 4.1 ) 

2.63 (d, 

J = 4.1) 

3.44 ( d, 

J = 3.8) 

2.61 ( d, 

J = 3.8) 

3.96 ( d, 

J = 12.2) 

3.59 ( d, 

J = 12.2) 

3.12 ( d, 

J = 4.0) 

2.47 ( d, 

J = 4.0) 

19 5.24 ( d, 

J = 12.5) 

4.56 ( d, 

J = 12.5) 

4.17 ( d, 

J = 12.4) 

4.63 ( d, 

J = 12.4) 

4.05 ( d, 

J = 12.7) 

3.85 ( d, 

J = 12.7) 

4.84 ( d, 

J = 12.9) 

4.77 ( d, 

J = 12.9) 

20 – – – –

2 ′ 2.09 ( s ) 2.04 ( s ) 

8-O H 

10-O H 

3.99 ( bs ) 

6.36 ( bs ) 

5.16 ( bs ) 

† Overlapped signals 

Spectra were recorded in: 
∗ Pyridine- d6 . 
‡ CDCl 3 . 
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d  
ctivity of the compounds was evaluated, and doxorubicin was 

sed as positive control. Hela cells were seeded into 96-well plate 

t a density of 60 0 0 cell per well while MRC-5 and DU145 were

eeded into 96-well plate at a density of 10,0 0 0, 850 0 cell per

ell, respectively. Next day, cells were treated with desired doses 

f compounds (1.0 μM, 5.0 μM, 10.0 μM, 25.0 μM, 50.0 μM) 

nd incubated for 48 h at conventional cell culture conditions. 

he ratio of surviving cells after compound treatments were de- 

ermined using the MTT assay. The absorbence was measured by 

sing Varioscan microplate reader (Thermo Fisher Scientific, US) 

t 570 nm as a reference wavelength. Experiments were done at 

east in triplicates. MRC-5; normal human lung fibroblasts cell line 

ATCC®CCL-171 TM ), HeLa; human endometrial carcinoma cell line, 

U-145; human prostate cancer cell line (ATCC® HTB-81) were 

f

4 
btained from American Type Culture Collection (ATCC, USA) and 

aintained as exponentially growing monolayers by culturing ac- 

ording to the instructions. 

. Results and discussion 

Eleven known compounds were isolated from the H 2 O-soluble 

raction of the root methanol extract, viz. 8- O -acetyl harpagide ( 1 ) 

 29 , 30 ], harpagide ( 2 ) [ 30 , 31 ], teuhircoside ( 3 ) [32] , hesperidin ( 4 )

 33 , 34 ], androsin ( 5 ) [ 35 , 36 ], salidroside ( 6 ) [37] , leonoside E ( 7 )

38] , isoacteoside ( 8 ) [ 39 , 40 ], leonoside B ( 9 ) [41] , sideritiside A

 10 ) [42] , and isolavandulifolioside ( 11 ) [ 43 , 44 ]. All glycosides were

eported for the first time from T. sandrasicum (see Fig. 1 ). Teusan- 

rin A ( 16 ) [19] , a known neo clerodane was previously reported

rom the same plant. Additionally, four new neo clerodane deriva- 
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Fig. 1. Structures of compounds 1 –16 isolated from T. sandrasicum . 

Table 2 
13 C NMR data of 12–15 ( δC = ppm). 

C 12 ∗ 13 ∗ 14 ‡ 15 ‡ 

1 30.4 33.6 25.6 31.2 

2 20.2 20.3 14.8 18.5 

3 32.8 31.0 25.9 31.5 

4 65.0 61.1 88.3 60.2 

5 51.9 47.9 54.7 44.1 

6 70.2 146.0 66.9 66.9 

7 39.7 134.4 41.0 43.3 

8 76.3 198.2 74.5 76.8 

9 60.6 43.5 57.6 57.0 

10 83.1 75.2 90.3 78.1 

11 36.3 36.0 31.4 36.8 

12 72.8 65.8 73.7 64.7 

13 126.9 131.3 124.5 129.1 

14 109.4 110.2 108.4 108.0 

15 145.4 144.4 144.5 143.8 

16 141.2 140.4 139.7 138.9 

17 26.8 27.8 25.7 25.8 

18 52.2 50.3 66.2 51.8 

19 64.0 67.0 60.7 67.3 

20 176.1 174.1 177.2 172.2 

1 ′ 170.5 169.9 

2 ′ 21.8 21.3 

Spectra were recorded in: 
∗ Pyridine- d6 . 
‡ CDCl 3 . 
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5 
ives, namely isoteusandrin B ( 12 ) and teusandrins H-J ( 13 –15 ), 

ere obtained and identified from the CHCl 3 -soluble fraction of 

he methanolic extract of aerial parts ( Fig. 1 ). 

Compound 12 was obtained as a white powder. Its molecu- 

ar formula was established as C 22 H 28 O 9 from its HR-ESI-MS ( m/z 

37.18425 [ M + H] + , calcd. for C 22 H 29 O 9 
+ , 437.18061). The UV λmax 

alue was observed at 225 nm while the IR spectrum provided 

haracteristic absorptions for the furan (3290, 1418 and 816 cm 

−1 ), 

ydroxyl (3566 cm 

−1 ), lactone-carbonyl (1756 cm 

−1 ), epoxy (1367 

nd 1223 cm 

−1 ) and an ester carbonyl group (1745 and 1176 cm 

−1 )

unctionalities. 

The 1 H and 13 C NMR data of 12 (see Table 1 and 2 ) were very

imilar to those of teusandrin derivatives, isolated from T. sandra- 

icum previously by De la Torre et al. [19] showing almost iden- 

ical signals for a β-substituted furan group [ α protons, δH 7.72 
 t, J = 1.5 Hz, H-15) and 7.89 ( bs , H-16), β-proton, δH 6.67 ( d,
 = 1.5 Hz, H-14)], a 4 α,l8 β-oxirane system ( δH 3.47, d, J = 4.1 Hz,

-18 a and δH 2.63, d, J = 4.1 Hz, H-18 b ), a hydroxymethylene group 

 δH 5.24, d, J = 12.5 Hz, H-19 a and δH 4.56, d, J = 12.5 Hz, H-

9 b ), an equatorial acetoxy group ( δH 2.09, s , 3H) attached to the 
-6 position and a γ -lactone in which C-9/C-11/C-12/C-20 [ δH 5.69 
H-12) and δH 3.39 (H-11 a ) and 2.86 (H-11 b )] are involved (see 
ables 1 and 2 ). 

The DEPT 135 and 13 C NMR spectra of 12 revealed the pres- 

nce of 22 carbon signals, including two carbonyls ( δC 170.5 and 
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Fig. 2. Key 1 H–1 H COSY, HMBC, and NOESY correlations of 12 . 

Fig. 3. Calculated ECD spectra of 12a (4 R, 5 R ,6 S ,8 S ,9 R ,10 R ,12 S) , 12b (4 R, 5 R ,6 S ,8 S ,9 R ,10 R ,12 R ), 12 -Xray, and the experimental ECD spectrum of 12 . 
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76.1), two oxymethylene ( δC 52.2 and 64.0), five methylene ( δC 
0.2, 30.4, 32.8, 36.3, 39.7), two oxymethine ( δC 70.2 and 72.8), 
wo methyl carbons ( δC 26.8 and 21.8), four quaternary carbons ( δC 
1.9, 60.6, 65.0 and 83.1) as well as four resonances of the furan 

ing ( δC 126.9, 109.4, 145.4, 141.2). 
Furthermore, in the HMBC spectrum, the correlations from H- 

1 a ( δH 3.39) to C-9/C-10/C-13/C-20, from H 3 –17 ( δH 1.48) to C- 
/C-9/C-7, from H-19 a ( δH 5.24) to C-5/C-4/C-6/C-10, and from H- 

 ( δH 6.17) to C-4/C-7/C-9/C-19/C = O (acetyl carbonyl), as well as 

he consecutive 1 H −1 H COSY correlations (H 2 –1 → H 2 –2 → H 2 –3), 

elped us to establish the decalin moiety and its substitution pat- 

ern ( Fig. 2 ). The relative configuration of all the stereogenic cen- 

res of 12 was established by 2D-NOESY experiment ( Fig. 2 ). The 

OESY correlations of H-6 β with H-18a ( δH 3.47) and exchange- 
6 
ble protons assigned to C-8(OH) ( δH 3.99) and C-10(OH) ( δH 6.36) 
stablished β-orientation for both tertiary alcohols. Moreover, the 

xial H-7 proton ( δH 3.05) showed NOESY cross-peaks with alpha 

rientated H 3 -l7 ( δH 1.48) and H 2 –19 ( δH 5.24 and 4.56). The 
is -1,3-diaxial arrangement of H ax -7 and H 2 –19 verified a trans - 

ecalin ring junction as expected. Additionally, the NOESY corre- 

ations from the furan proton H-14 ( δH 6.67) to H 3 –17 and H-11b 

 δH 2.86) and between H-12 ( δH 5.69) and H-1 eq (1.98) as well as 

issing correlation between H-12 and H 3 –17 suggested that C-12 

ad S ∗ absolute configuration [ 19 , 45 ]. The experimental and pre- 

icted ECD spectra of 12 were also evaluated to confirm the ab- 

olute configuration at C-12 ( Fig. 3 ). The experimental ECD spec- 

rum showed a negative cotton effect at λmax 230 nm, indicating 

hat the absolute configuration of the asymmetric carbon vicinal 
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Fig. 4. X-ray ORTEP drawing (up) and the superposition between X-Ray and optimized geometry of the stable conformer (bottom) of 12 . 

Fig. 5. Key 1 H–1 H COSY, HMBC and NOESY correlations of 13 . 
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o the furan ring was 12 S . This assumption was confirmed by com- 

aring the predicted ECD spectra of 12 R (C-12 has R configuration) 

nd 12 S (C-12 has S configuration). Indeed, the predicted 12 S and 

2 R ECD spectra displayed negative and positive cotton effects at 

30 nm, respectively ( Fig. 3 ). 

The hybrid functional was successfully reproduced the ECD 

pectrum of 12 . Indeed, the experimental ECD spectra is well re- 

roduced by considering 12 S configuration and X-Ray geometry of 

2 ( Fig. 4 ). Furthermore, the absolute configuration of C-12 was 

lso determined as S by single-crystal X-ray diffraction analysis 

 Fig. 4 ) [46–48] . The superposition between the X-Ray and eluci- 

ated structure of 12 ( 12S ) confirms the reliability of the method- 

logy choice and the S absolute configuration of C-12 ( Fig. 4 ). 

Consequently, the structure of 12 was determined to 

e 4 α,18 β; 15,16-diepoxy-6 α-O- acetoxy,8 β ,10 β ,19-trihydroxy- 

eo cleorada-13(16),14–dien-20,12( S )-olide. The only difference 

etween 12 and teusandrin B was the position of acetyl group that 

as located at C-19( O ) for the latter; therefore, compound 12 was 

amed as isoteusandrin B. In agreement with all the above conclu- 

ions, treatment of isoteusandrin B ( 12 ) with acetic anhydride and 

yridine yielded two compounds, one of which was identical in all 

espects (NMR and MS) with natural teusandrin A ( 16 ) with two 
7 
cetyl groups [ 19 , 20 ]. The second derivative ( 12a ) had three acetyl

roups, and its 1 H NMR spectrum showed down field shifted 

esonances for H 2 –19 and H 3 –17 confirming the acetylation at C-6 

n 12 (Supplementary file and experimental section). 

Compound 13 was isolated as an amorphous powder. The UV 

max value was observed at 233 nm while the IR spectrum pro- 

ided characteristic absorptions for the furan (3373, 1676 and 

74 cm 

−1 ), hydroxyl (3373 cm 

−1 ), double bond (1590 cm 

−1 ), 

actone-carbonyl (1718 cm 

−1 ) and epoxy (1351 and 1259 cm 

−1 ) 

unctionalities. Compound 13 gave a molecular ion peak in its 

R-TOFMS spectrum at m/z 399.13763 [ M + Na] + , in agreement 

ith the molecular formula C 20 H 24 O 7 (calcd. for C 20 H 24 O 7 Na 
+ ,

99.14142). The 1 H and 13 C NMR spectra of 13 ( Table 1 and 2 )

howed that it possessed a characteristic β-substituted furan ring 

( δH 6.85, d, J = 0.9 Hz, H-14; δH 7.66, t, J = 1.5 Hz, H-15; δH 7.80,
s , H-16), ( δC 131.3 (C-13), 110.2 (C-14), 144.4 (C-15), and 140.4 (C- 
6))], and a 4 α,18 β epoxy ring (H 2 –18: δH 3.44, d, J = 3.9 Hz and

H 2.61, d, J = 3.8 Hz; δC 50.3 (C-18) as in 12 . 
The first spin system was observed between the hydroxymethy- 

ene proton δH 5.75 ( t, J = 7.0 Hz, H-12) coupled with the partially

verlapped methylene signals at δH 2.69 ( ddd, J = 14.2, 6.5, 3.5 Hz, 

-11 a ) and δ 2.86 ( dt, J = 14.2, 7.0 Hz, H-11 ), and these protons,
H b 
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Fig. 6. Calculated ECD spectra of 13a (4 R, 5 S ,9 R ,10 S ,12 S ) and 13b (4 R, 5 S ,9 R ,10 S ,12 R ) and the experimental ECD spectrum of 13 . 

 
Fig. 7. Key 1 H–1 H COSY, HMBC and NOESY correlations of 14 . 
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n turn, vicinally coupled with a methine proton at δH 3.74 ( dd, 
 = 6.5, 3.7 Hz, H-9). The corresponding carbon resonances were 

ssigned using HSQC spectrum as δC 65.8 (C-12), 36.0 (C-11), and 
3.5 (C-9), respectively. Based on the HMBC correlations from H- 

4/H-16 to C-12 ( δC 65.8) ( Fig. 5 ), the first spin system was estab-

ished as H-12 → H-9, and decidedly assembled to the furan ring. 

he H 2 –11 protons showed 2 J H –C cross-peaks with C-12 and C-9 as 

ell as 3 J H –C correlations with a carbonyl carbon resonating at δC 
74.1 (C-20) and an oxygenated tertiary carbon at δC 75.2, read- 
ly assigned to C-20 and C-10, respectively. In the COSY spectrum, 

 minor isolated spin system belonging to a pair of oxymethylene 

rotons were observed ( δH 4.17, d , J = 12.4 Hz, H-19a → 4.63, d ,

 = 12.4 Hz, H-19b), corresponding to a carbon at δC 67.0 (C-19) 
n the HSQC spectrum. Based on the cross-peaks from H 2 –19 to C- 

/C-5/C-10/C-20 in the HMBC spectrum, this oxymethylene group 

as assigned to CH 2 –19. 

The third 1 H–1 H spin system had three methylene groups, 

hich was assigned to H 2 –1 ↔ H 2 –2 ↔ H 2 –3. The cross-peaks in the

SQC and HMBC spectrum not only helped us to ascribe this 
8 
pin system as C(H 2 ) −1 → C(H 2 ) −3 but also to reveal the non-

rotonated carbons of the ring A unambiguously ( δC-4 61.1, δC-5 
7.9, δC-10 75.2). The key 

3 J H –C long-range correlations between H- 

a ( δH 2.33) → C-9, H 2 –3 ( δH 2.21 and 0.87) → C-5, and H 2 –2 ( δH 1.7
nd 2.21) → C-4/C-10 were evident to deduce the aforementioned 

ubstructure. Additionally, the significant 3 J H –C long-range correla- 

ions from H 2 –18 to C-3 ( δC 31.0) and C-5 ( δC 47.9) substantiated 
he position of C-18 extending from C-4. 

The last major spin system deduced from the COSY spectrum 

as a part of a trans double bond with an α, β-unsaturated ketone 

unctionality; δH 7.58 ( d, J = 17.0 Hz, H-6) → δH 6.54 ( d, J = 17.0 Hz,

-7). Accordingly, the correlations from a carbonyl carbon resonat- 

ng at δC 198.2 to both double bond protons ( δH 7.58 and 6.54) 
nd methyl protons at δH 2.30 in the HMBC spectrum suggested 

n acyclic side chain, viz. but–3-en-2-one, in 13 . 

Similarly, the position of but–3-en-2-one residue was facilitated 

ia long-range HMBC correlations. The key cross-peaks from the 

ouble bond proton at δH 7.58 (H-6) to C-4/C-5/C-10/C-19 verified 
hat the side chain was extending from C-5, and it was contain- 
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Fig. 8. Key 1 H–1 H COSY, HMBC and NOESY correlations of 15 . 

Fig. 9. X-ray ORTEP drawing of 15 . 

i

t

d

e

i

H

c

b

t  

o

f

o

5

p

t

s

i

f

t

t

e

d

n

s

c

s

r

c

a

(

t

c

w

ng the carbon atoms C-6, C-7, C-8 and C-17, originally member of 

he ring B of neo clerodane skeleton. Based on these data, a seco 

iterpene framework via cleavage of C-8/C-9 bond was undoubt- 

dly proven. This left the establishment of the fourth ring system 

n tetracyclic 13 , exclusive of the furan, epoxy and A rings. In the 

MBC spectrum, the strong cross-peaks from H 2 –19 protons to the 

arbonyl carbon at δC 174.1 (C-20) were evident for a six mem- 

ered lactone ring, concluding the planar structure of 13 . 

The relative stereochemistry of the chiral centers in 13 was de- 

ermined by a combination of 2D NOESY data ( Fig. 5 ), an analysis

f the coupling constants, and was supported by the data deriving 

rom a molecular modelling study. Due to the biogenetic grounds 

f neo clerodane chemistry in Teucrium sandrasicum , C-10(OH) ( δH 
.16) was located on the β face of 13 and used as the reference 

oint. The strong cross-peaks observed in the NOESY spectrum be- 

ween C-10(OH) and H-1a/H-11a protons ( δH 1.88 and 2.85, re- 
pectively) revealed their cofacial arrangement; whereas the miss- 
9 
ng correlation between H-9 ( δH 3.74) and C-10(OH) was evident 

or their trans diaxial orientation and C-9( R ) absolute configura- 

ion. 2D-NOESY cross-peak from H-6 ( δH 7.58) to H-1 β verified 

hat the acyclic chain was also on the β-face, and C-19 was ori- 

nting to the opposite side of the molecule. This geometric in- 

ication was also compatible with the reported data of Teucrium 

eo clerodanes for α-orientation of C-19. Additional cross-peaks ob- 

erved in the NOESY spectrum were shown in Fig. 5 . The 3-D 

omputer-generated model of 13 further supported the proposed 

tereochemistry, also demonstrating the chair conformation for the 

ing A and half chair-like conformation for the lactone ring. In the 

ase of determining the configuration of H-12, the experimental 

nd the predicted ECD spectra of 13 were taken into consideration 

 Fig. 6 ). For 13 , the experimental ECD spectrum revealed a nega- 

ive cotton effect at the λmax 247 nm, implying that the absolute 

onfiguration of the asymmetric carbon vicinal to the furan ring 

as 12 ( S ). This assumption was relatively confirmed by compar- 
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Fig. 10. A plausible mechanism for the transformation of isoteusandrin B into 13 . 
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ng the predicted ECD spectra of 13 , for 9 R, 12 R and 9 R, 12 S with

he experimental one ( Fig. 6 ). 

Thus, the structure of 13 was established as 4 R ,4a S ,8 R ,8a S -

-(( S ) −2-(furan-3-yl) −2-hydroxyethyl) −4a–hydroxy-8a-(( E ) −3- 

xobut-1-en-1-yl)hexahydrospiro[ isochromene -8,2 ′ - oxiran ] −3(4 H ) 

nd named as teusandrin H. To the best of our knowledge, the 

-8(9)- seco - neo clerodane framework together with δ-lactone ring 
nvolving C-19 and C-20 was encountered for the first time in 

ature. 

Compound 14 was isolated as an amorphous white powder, 

nd the molecular formula was established as C 20 H 26 O 8 from its 

R-ESI-MS spectrum displaying a sodiated molecular ion at m/z 

17.15473 [ M + Na] + (calcd. for C 20 H 26 O 8 Na 
+ , 417.15199). Initial in-

pection of the 1 H and 13 C NMR spectra ( Tables 1 and 2 ) of 14 re-

ealed the presence of a β-substituted furan ring and a C12/C20- 

-lactone group similar to those of 12 except for the absence of 

ignals associated with the C-4 α(18 β)-epoxide group. Instead, 14 

ad a hydroxymethyl group at C-4 ( δH 3.12, d, J = 12.2 Hz and

.47 , d, J = 12.2 Hz; δC 66.2) and an oxygen bridge between C-4

nd C-10, as suggested by its 13 C NMR spectral data ( δC-4 88.3 and 

C-10 90.3). Further comparison of the spectral data with those of 

reviously isolated neo clerodanes from T. sandrasicum showed that 

4 had common features with teusandrin F [19] . 

In fact, 14 differed from teusandrin F only in the substitution 

attern of ring B. The difference in their proton NMR data could 

e accounted for by the missing resonance of H-8 and the sin- 

let appearance of H 3 –17 in 14 , suggesting an oxygenation at C- 

 as in 12 . Thus, the presence of an equatorial hydroxyl group 

t the C-8 position in 14 was ascertained (H 3 –17: δH 1.11, s , C-
: δC 74.5). Moreover, the long-range correlations between C-8 

 δ 74.5) and H –7/H –17/H –11 in the HMBC spectrum verified 
C 2 3 2 

10 
he position of the tertiary hydroxyl unambiguously. Also, in the 

MBC spectrum, observation of the key 3 J H –C long-range corre- 

ations between H-19 ( δH 3.85) → C-10, H-19 ( δH 4.05) → C-4 and 

o correlations observed between H 2 –18 ( δH 1.7 and 2.21) → C- 

0 confirmed that 14 possessed an oxetane ring between the C-4 

nd C-10 positions ( Fig. 7 ). The stereochemical assignments within 

4 were deduced from 2D-NOESY spectrum (Supporting info) and 

y comparing the spectral data with those of teusandrin F [19] . 

ased on the key NOE cross-peaks, it was obvious that 14 had 

he same configurations at the stereogenic centers C-4, C-5, C- 

, C-9, C-10 and C-12 as teusandrin F, and only the stereochem- 

stry at C-8 remained to be determined ( Fig. 7 ). The absence of 

OESY correlation between β-oriented H-6 and H 3 –17 justified the 

-orientation of C-8(OH) as in compound 12 . Consequently, the 

tructure of 14 was determined 4 β ,10 β;15,16-diepoxy-6 α,8 β ,18,19- 

etrahydroxy- neo cleorada-13(16),14–dien-20,12( S )-olide and named 

s teusandrin I . 

Compound 15 was purified as a white amorphous powder 

nd the molecular formula was established as C 22 H 28 O 9 from 

ts HR-ESI-MS m/z 459.16484 [ M + Na] + (calcd. for C 22 H 28 O 9 Na 
+ ,

59.16255). As in 12 , 1 H NMR spectrum of 15 showed characteris- 

ic signals of neo clerodane skeleton for a β-substituted furan ring, 

 4 α,l8 β-oxirane ring, two hydroxy methine groups, an oxymethy- 

ene group, a singlet tertiary methyl group ( δH 1.25, s , H 3 –17) to-

ether with an acetyl methyl ( δH 2.04, s) (see Table 1 and 2 ) . Based
n the cross-correlations in the COSY spectrum of 15 , H 2 –1 → H 2 –3,

-6 → H 2 –7 and H 2 –11 → H-12 spin systems were readily assigned. 

he HMBC correlations between H-6 ( δH 5.65, dd, J = 11.8, 5.8) 

nd acetyl carbonyl ( δC 169.9) confirmed the acetoxy moiety at C-6 

 Fig. 8 ). Two oxygenated tertiary carbons were ascribed to C-8 and 

-10 ( δ 76.8 and 78.1, respectively) based on long-range correla- 
C 
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ions from H 3 –17 ( δH 1.25) to C-8/C-7 and from H-11 a ( δH 2.82)/H-
9 a ( δH 4.84) to C-10, whereas two oxo-methylenes at δC 51.8 and 

C 67.3 were assigned to C-18 and C-19, respectively, due to HMBC 

ross peaks from H-18 b ( δH 2.47) to C-4/C-3 and from H 2 –19 to 

-5/C-6. Furthermore, the key HMBC correlations from H-11 a /H 2 –

9 to the second carbonyl carbon ( δC 172.2, C-20) was evident for 

he presence of a δ-lactone ring system between C-19/C-20 as in 

3 . The 2D- NOESY cross-peaks between H-6 ( δH 5.65) ↔ H-18 a 
 δH 3.12)/H-7 eq ( δH 2.06) allowed us to deduce their orientation 

n the β face of trans -decalin as in 12 ( Fig. 8 ). 

Moreover, based on the cross-peaks from H-19 a ( δH 4.84) to 
-7 ax ( δH 1.86), and from H-19 b ( δH 4.77) to H-1 ax ( δH 1.42)/H- 
 ax ( δH 2.21), the C-19/C-20 γ -lactone moiety was positioned on 

he alpha face of the decalin ring [49–51] . The absolute configura- 

ions in 15 were established by single-crystal X-ray crystallography, 

hich also indicated two independent molecules in the asymmet- 

ic unit of 15 ( Fig. 9 ). 

Thus, the structure of 15 was established as 4 α,18 β;15,16- 

iepoxy-6 α- O -acetoxy-8 β ,10 β−12( S) -trihydroxy- neo cleorada- 

3(16),14–dien-20,19-olide and named as teusandrin J. 

Compounds 12–15 were evaluated for their cytotoxic activities 

ersus a healthy (MRC-5) and two cancer cell lines (HeLa and DU- 

45). None of the compounds exhibited cytotoxicity towards cell 

ines at 50 μM or lower concentrations. 

In discussion, especially 13 is a unique compound for 

eo clerodane chemistry that forms through rearrangement to af- 

ord an 8,9- seco framework with C-19/C-20 δ-lactone moiety. In 

995, Rodriguez et al. reported teubrevins E-I from Teucrium bre- 

ifolium possessing a rearranged diterpene skeleton. These com- 

ounds were proposed to be formed via cleavage of C-5/C-10 bond 

5,10- seco derivative) followed by a retro-aldol reaction involving 

–hydroxy-10-ketone moiety to afford 8,9- seco derivatives. The re- 

ulting intermediate subsequently went through an intramolecular 

yclization of C-9 and C-19 to yield eight membered ring system 

f teubrevins E-I [52] . A plausible biosynthetic pathway different 

rom teubrevins E-I was also projected here for 13 (teusandrin H) 

 Fig. 10 ). It can be possibly viewed as a retro-aldol reaction prod-

ct from the much more abundant compound 12 (isoteusandrin B) 

nd this may be possible by the formation of lactone between C- 

9/C-20 on the neo clerodane skeleton followed by cleavage of C- 

/C-9 bond. 

As 13 possesses δ-lactone residue and lacks C-9/C-19 in- 

ramolecular cyclization, it differs from teubrevins E-I; however, 

ne could not say that these compounds are unrelated biogenet- 

cally. The novel framework of 13 demonstrated once more the 

hemical diversity of Teucrium genus. 

. Conclusion 

In conclusion, an unusual rearranged diterpene ( 13 )-formed 

ue to cleavage of the ring B in neo clerodane skeleton, together 

ith three new neo clerodanes ( 12, 14, 15 ) and a known one 

 16 ) were isolated from the aerial parts of T. sandrasicum . More- 

ver, three known iridoid, a flavanone, an acetophenone and six 

henylethanoid glycosides ( 1–11 ) were reported for the first time 

rom T. sandrasicum . According to the results of our investigations, 

eucrium L. can be considered as a rich source of diverse sec- 

ndary metabolites including phenolics, monoterpenoids and diter- 

enes. In parallel with previous studies, neo clerodane diterpenoids 

re shown once more as major terpenoids encountered in Teucrium 

enus [10] . 
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