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Abstract: Two new monoterpenes: &PR,3R,55)-2-hydroxymethyl-6,6-dimethylbicyclo[3.1.1]heptaBe3-
diol (1) and (R)-6,6-dimethyl-4-methylenebicyclo[3.1.1]heptane-iij8I-3-O-5-D-glucopyranoside 2), along
with three known compounds, namely, sobrer8), ((1R2S59)-2,8-p-menth-diol 4) and (R,55-10-
hydroxyverbenong), were isolated from aerial part ©ithonia diversifolia. Their structures were determined on
the basis of spectroscopic analyses (IR, HR-ESINI&/1D/2D NMR). Under the concentration of §/mL,
compounddl and3 significantly increased glucose uptake in 3T3-dipacytes without significant toxic effects
in vitro.
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1. Plant Source

Tithonia diversifolia (Hemsl.) A. Gray (Asteraceae: Heliantheae), knowiMaxican sunflower,
is a native plant of Mexico and Central America [A$ our continuing research on antidiabetic active
metabolites fronT. diversifolia, we report the isolation and identification of twew moneterpenes
and three known moneterpenes. Furthermore, thehgpérglycemic activities of compounds5
were evaluated for glucose uptake in 3T3-L1 adipexy

The aerial parts off. diversifolia (Hemsl.) A. Gray were collected in Mengzi of Yunna

province, China in September 2007 and identifiedPlnf. Wansheng Chen (Department of Pharmacy,
Changzheng Hospital, Second Military Medical Unsrsf). A voucher specimen (NO.TD20070927)
was deposited in the Department of Pharmacognosgemiond Military Medical University in
Shanghai, P.R China.

2. Previous Studies

T. diversifolia is used traditionally for the treatment of malaf@ver or wound in Mexico.
Modern pharmacological investigations revealed thathas extensive bioactivities including
antimalarial [2], antidiabetic [3], anti-inflammato[4], and anticancer [5]. Phytochemical studies o
this species have resulted in the isolation of siémgene lactones, chromenes, and flavones [6-8].
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3. Present Study

The dried aerial parts (21 kg) dfthonia diversifolia were percolated with 80% EtOH at room
temperature. The EtOH extract was concentrateah @gaeous residue (2.48 kg) and suspended with
water. The water layer was extracted with petrolether, EtOAc and n-BuOH. The EtOAc fraction
(128.0 g) was separated by column chromatograpimg wdica gel as a packing agent and petroleum
ether-EtOAc as a solvent mixture, which resultediitnmajor fractions (1-6). Fraction 2 (6.5 g) was
further separated by chromatography using Sephialde30 and silica gel to obtain compou8d49.1
mg) [9]. Fraction 3 (28.6 g) was subject to MCI gelumn chromatography, eluting with a mixture of
MeOH-H,0, which gave six parts (3.1-3.6). Fraction 3.1(@)6vas separated by a silica gel column
chromatography to obtain five parts (3.1.1-3.1T9)e subfractions 3.1.3(0.6 g) and 3.1.2(1.0 g) were
further separated by using preparative TLC to yedinpoundsl (9.8 mg) and4 (12.6 mg) [9].
Fraction 3.1.5 (2.1 g) was further fractionatechgsbephadex LH-20, which gave five parts (3.1.5.1-
3.1.5.5), and Fraction 3.1.5.5 (0.6 g) was purifigda silica gel column chromatography to obtain
compound5 (28.1 mg) [10]. Fraction 6 (23.7 g) was subjectM@l gel column chromatography to
yield four parts (6.1-6.4). Then, the subfractia(8.5 g) was subjected to ODS silica gel column
chromatography to give compouBd38.2 mg).

(+)-2-hydroxymethyl-6,6-dimethylbicycl o 3.1.1] heptane-20,3a-diol  (1): Colorless raphide; o] 2
=+18°(c=0.14, acetone); IR (KBr): 3420, 3348, 302478, 2953, 2923, 2868, 1644, 1577,1419, 1384,
1174, 1029, 1002, 971, 886, 863, 758'ctA-NMR (600 MHz, CDC)): 41.82(dd, J=5.4 and 6.0 Hz,
H-1), 4.31(dd, J=2.4, 9.0 Hz, H-3), 2.60(ddt, Js24, 13.8 Hz, H-4a), 1.68(dt, J=3.0, 13.8 Hz, H-
4Db), 1.95(ddt, J=2.4, 3.0, 5.4 Hz, H-5), 2.24(de2.4, 6.0, 13.2 Hz, H-7a),1.24(d, J=13.2 Hz,H-7Db),
1.25(s, H-8), 1.04(s, H-9), 4.16(d, F=10.8 Hz, H)103.26(d, J=10.8 Hz, H-10b)*C-NMR (150
MHz, CDCk): #49.7(C-1), 80.2(C-2), 74.4(C-3), 37.2(C-4), 40.&)C38.7(C-6), 26.9(C-7), 27.1(C-
8), 23.7(C-9), 68.3(C-10). HR-ESI-M8vVz 209.1119 [M+Na] (calcd for GgH;gNaO;, 209.1148).

(-)-6,6-dimethyl-4-methyl enebi cycl of 3.1.1] heptane- 10, 3a-diol -3-O-3-D-glucopyranocside (2); [o] =-
44.1°(c=0.24, MeOH)!H-NMR (600 MHz, pyridineds):2.81(d, J=12.0 Hz, H-2a), 2.43(dd, J=7.8,
12.0 Hz, H-2b), 4.88(dd, J=7.2 Hz, H-3), 2.36(d6.8=Hz, H-5), 2.48(d, J=15.2 Hz, H-7a), 2.48(dd,
J=6.6, 15.2 Hz, H-7h),0.74(s, H-8), 1.35(s, H-9P5s, H-10a), 5.04(s, H-10b), 5.12(d, J=7.8 Hz, H-
1'), 4.05(dd, J=7.8, 8.4 Hz, H)24.21(dd, J=8.4, 9.6 Hz, H)34.18(d, J=9.6 Hz, H}} 3.89(d, J=6.6
Hz, H-5), 4.54(d, J=11.4 Hz, H'8), 4.34(dd, J=6.0, 11.4 Hz, MB}°*C-NMR (150 MHz, pyridine-
ds): 073.9(C-1), 35.3(C-2), 72.9(C-3), 146.7(C-4), 45.H)C47.6(C-6), 40.5(C-7), 20.0(C-8), 21.9(C-
9), 114.8(C-10), 99.1(C1), 74.9(C-2), 78.6(C-3), 71.7(C-4), 78.1(C-5), 62.7(C-6). HR-ESI-MS:
m/z 375.1669 [M+COOH] 353.1575 [M+Na].

Bioactivity Test- Agar diffusion test: The differentiated 3T3-L1 adipocytes, plated i@well plates
were pre-incubated with DMEM, containing 0.2% BSAnd then incubated with various
concentrations of the compountlss (10ug/mL) for 12 hours. The amounts of glucose uptakeew
calculated by the glucose concentrations of blaakswsubtracting the remaining glucose in the-cell
plated wells. Meanwhile, MTT assay was performedntmitor the cell proliferation and adjust the
glucose uptake values.
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Figure 2. Key ROESY correlations of compouticand2

Compoundl was obtained as a needle crystal. The HR-ESI-M& 219.1119 [M+Na]) and
NMR data (Tablel) explained the molecular formula of compouhas GgHi503, indicating two
degrees of unsaturation. The structure of the compavas established through detailed analyses of
its '"H and**C NMR spectra, including 2D NMR. THEC NMR spectrum ofl exhibited 10 signals,
together with the information from a DEPT spectraorresponding to two methyl, three methylenes,
three methines, and two quaternary carbons. Ongemated methanei{ 74.4), one oxygenated
methylene §c 68.3) and one oxygenated quaternary carbgi@.2) were among the signals. The
NMR spectrum of compound displayed two methyls at; 1.04 (s, CH9) anddy 1.25(s, CH-8),
assigned toyc 23.7 (C-9) andic 27.1 (C-8), respectively, according to the HSQCralations; an
oxygenated methylene group &t 4.16 (d,J=10.8 Hz, H-10a) andy 3.26(d,J=10.8 Hz, H-10b),
showing correlation witlic 68.3 (C-10) in the HSQC and one oxygenated methang 4.31 (dd,
J=2.4, 9.0 Hz, H-3), assigned W 74.4 (C-3), which were further confirmed by the S
correlations. ThéH- and*®*C-NMR spectroscopic data (Table 1) as well as theeved HSQC and
HMBC correlations FFig 1) suggested that compoudds a pinane monoterpene. The methine signal
atdc 49.7(C-1) was attached & 26.9 (C-7) due to thiH-'H COSY correlation oy 1.82 (H-1) tody
2.24 (H-7). Similarlyoc 26.9 (C-7) attached té: 40.6 (C-5);0c 40.6 (C-5) attached & 37.2 (C-4)
anddc 37.2(C-4) attached té. 74.4 (C-3) were further confirmed by tfid-'H COSY correlations
(H-7/H-5, H-5/H-4 and H-4/H-3). The oxygenated aquaary carbon aic 80.2 was assigned to C-2,
which showed correlations with H-b( 1.82), H-3 ¢, 4.31) and H-7 d4 2.24) by the HMBC
measurements. The remaining quaternary carbofy &8.7 was assigned to C-6, which showed
correlations with H-1dy 1.82) and H-4dy 1.68) in the HMBC. The oxygenated methyletg §8.3)
was attached to C-24 80.2), confirming by the HMBC correlations from18b ¢y 3.26) to C-1 §c
49.7), C-2 §c 80.2) and C-3dc 68.3). The two methyl C-&¢ 27.1) and C-Yoc 23.7) were located at
the C-6, which was identified by the HMBC corratats from H-8 §, 1.25) and H-94y 1.04) to C-1
(6c 49.7), C-6 §c 38.7) and C-54: 40.6). Theo-orientation of the hydroxyl groups at C-2 and C-3
were established by the ROESY correlations of ti&/HHt10a and H-3/H-8. Furthermore, the ROESY
correlations of H-1/H-5, H-1/H-10 indicated thatetid-1 and H-5 hadr-orientations, then the
configuration of compound could be established as shown in Fig 1. Thus, basethe above
evidences, compound was assigned as (+)-2-hydroxymethyl-6,6-dimetleylblio[3.1.1]heptane-
2a,30-diol. Compound2 was obtained as a colorless oil. The positivetR-ESI-MS showed a
guasimolecular ion at m/z 353.1572 [M+Napnd negative-ion HR-ESI-MS atVz 375.1669
[M+COOH] corresponding to a molecular formula of¢O;, requiring four degrees of
unsaturation. Th&H-NMR spectrum of compouridisplayed two methyl groups &4 1.35(s) and
0.74(s), respectively, two olefinic protons as brainglets aby 5.04(br, s) and 5.25(br, s) and an
oxygenated methine &t 4.88(0=7.2 Hz). The”C-NMR spectrum exhibited five oxygenated methine
carbons abvc 99.1, 74.9, 78.6, 71.7 and 78.1, and one methytameon atc 62.7, indicating the
presence of a glucose moiety, which was identifig€cC analysis as D-glucose. Other carbon signals
were identified by a DEPT experiment as two methlgtee methylene, three methane and two
quaternary carbons, including one oxygenated methioup abtc 72.9 and one oxygenated carbonyl
carbon abc 73.9. The above assignments were characteristia lucopyranosyl moiety attached to
B-pinene aglycone. The oxygenated carbonyl methgrekatdc 72.9 was assigned to C-3 due to the
HMBC correlations with H-104; 5.25 and 5.04), H-56f 2.36) and H-2 4 2.43). The glucose
moiety was located at the C-3, which was confiriogdhe HMBC correlations of H-15§ 5.12) to C-

3. Thep-anomeric configuration for the glucose was deteaaiby a large coupling constant of H-1'
(6n 5.12, d,J=7.8 Hz). The oxygenated carbonyl carbon signakat3.9 was assigned to C-1 due to
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the HMBC correlations of H-25(; 2.81 and 2.43), H-3(, 4.88), H-5 ¢, 2.36), H-7 §y 2.48), H-9 {4
1.35) and H-84y 0.74) to the carbonyl carbon. The remaining castenmd protons were confirmed at
their respective positions based on analyses ofHhREMR, *C-NMR, HMBC and HSQC dates.
Structure of compoun#8 was confirmed by a ROESY experimehid 2). The hydroxyl groups at C-1
and C-3 were assigned asrientations by the ROESY correlations of H7a/Hi8l #110/H3. Then-
orientation of the H-5 was confirmed by the ROES)frelations of H7a/H3, H7b/H9 and H8/H2.
Then, compoun@ was assigned as (-)-6,6-dimethyl-4-Methylenebigjgll.1]heptane-d, 3o-diol-3-
O-B-D-glucopyranoside. Compounds-5 were evaluated for their anti-hyperglycemic atyisbased
on glucose uptake in differentiated 3T3-L1 adipesytlOug/mL of compoundd4 and3 significantly
increased glucose uptakes of 3T3-L1 adipocytes.Bydnd 1.6- fold compared with the basal level,
respectively. Cell viability was assayed by the MmMi&thod, which indicated that the five compounds
were not cytotoxic to fully differentiated 3T3-Lii@ocytes at this concentration.
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