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ARTICLE INFO ABSTRACT

Article history: Two new lignan-iridoid glucoside diesterg &nd 3), together with their putative biosthetic

Received precursor 10-trans-caffeoyl-6x-hydroxyl-dihydromonotropein 1), were characterized frc

Received in revised form the leaves ofvaccinium bracteatum. Their planar structures and relative configurativere

Accepted elucidated by spectroscopic measurements and DRIMB- calculatiors, and their absoll

Available online configurations were determined by tidependent density functional theory (TDD
electronic circular dichroism (ECD) calculationsheTplausible biosynthetic pathways of 1

Keywords: compounds were also proposed.

Lignan-iridoid glucosides 2009 Elsevier Ltd. All rights reserved

Vaccinium bracteatum

Ericaceae

TDDFT ECD calculation
DFT C-NMR calculation

1. Introduction bracteatum was carried out. Two novel lignan-iridoid glucoside
. . . diesters (compoundg-3, Fig. 1), together with their putative
Vjac.cmlun) bracteatum Thunb. (Ericaceae), known as “Nan piosynthetic precursor, were isolated and characterized using
Zhu" in Chinese, is an evergreen shrubby tree idigfed in  gpeciroscopic measurements, DFT C-NMR calculaticars]
mountainous regions of southern China and recogn&® an  (ime.dependent density functional theory (TDDFT)caienic
edible and al_so a medicinal product for use inydé#. Its fruits  jrcular dichroism (ECD) calculations. In this studye report
(“Nan Zhu Zi"), like cranberry and blueberry, can tiged as @ (he jsolation, structural elucidation of these ¢hrenew

fruit or beverage material. Its leaves have beed dsr cooking compounds, and the proposed biosynthetic pathwaselis
since the Tang Dynasty, and now it has been aivadit eat this ’

kind of food during the “Qing Ming Festival” in theouth of 2. Resultsand discussion

China. AsV. bracteatum was reported to possess significant o )
health benefits, such as antifatigue, antianenmitipxidant and The air-dried leaves oW. bracteatum were ground into
immunomodulate  effects, an array of phytochemical powder, and then extracted three times with 95% ethamder
investigations have been conducted, revealing igtemce of ~ambient temperature to afford a crude extract. &kteact was
fatty acids, flavonoids and triterpenes as the maiemical further partitioned in water, and then extracted vg#tiroleum

componenté?Iridoid glucosides have also been reported as on&ther (PE) and EtOAc, successively, to give a PEEt@#Ac, and
type of minor constitutes from this pldff. a water soluble fraction. The water soluble fractivas then

fractionated by repeated column chromatography (©Ggr
Iridoids dlSp'ay an interesting spectrum of blObﬂJlaCthlty macroporous resin AB-8 ge|' po]yamide' Octadecwrmﬂ(ODS)'
such as Cal’diovasculé?,antihepatOtOXié, antiinﬂammator)]f"ll Sephadex LH-20, and f|na||y preparative or Semiaratbve
and antiviral activities? In order to search for more iridoid HPLC to yield compounds-3.
compounds, a thorough investigation of the lea¥égaocinium

OCorresponding author. fax: +86 21 50806726; e-:gge@mail.shcnc.ac.cn
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Fig. 2. Key HMBC (H—>C) correlations of..
unit | Ho ,1COOH _

; glucoside™®*® The **C NMR and DEPT spectra revealed 25
carbon resonances including ten ascribed to a tiboairidoid
skeleton §c 171.4, 154.4, 110.1, 95.5, 80.1, 76.8, 71.7, 45.8,
45.1, 42.0), six to a glucopyranosyl und (100.4, 78.3, 77.9,
74.6, 71.2, 62.5), and nine to a caffeoyl grduf. 169.2, 149.6,
147.4, 146.8, 127.7, 123.1, 116.5, 115.2, 114.8es€ signals
showed high similarities to those reported for theown
compound 103-trans-p-coumaroyl-G:-hydroxyl-
dihydromonotropeir. Their NMR data comparison revealed that
singals of a caffeoyl group instead op-@oumaroyl group were
presented in the molecule af The correlations between the
protons resonating at; 4.24, 4.34 (H-10) and the ester carbonyl
at oc 169.2 (C-1") of the caffeoyl group were observedha
HMBC spectrumFEig. 2), suggesting that the caffeoyl group was

Compoundl was obtained as yellow amorphous powder andittached to C-10 of the iridoid skeleton. The alsol
its molecular formula was assigned to bgHz,0,5s from the  configuration of the glucose was determined mglucose
pseudo-molecular positive ion @iz 593.1494 [M + Nd] (caled.  according to the method described in the Iiteré?ur(esee
for CyHsoNaOs, 593.1477) in the HRESIMS, requiring 11 supporting information). Therefore, the structuré D was
degrees of unsaturation. The IR spectrum indictitecoresence determined to be 10-trans-caffeoyl-6z-hydroxyl-
of hydroxyl (3430 cn), conjugated carbonyl (1732 chhand  dihydromonotropein.
aromatic (1636, 1528 ¢ groups. ThéH and**C NMR data of
1 (Tables 1 and2) displayed characteristic signals of an iridoid

Fig. 1. Structures of compounds-3.

Compound2, obtained as yellow amorphous powder, had a
molecular formula of gHss03, with 22 double-bond equivalents

Tablel
'"H NMR Data for Compounds-3.
2 3
no. 12 Unit | Unit 11 Unit | Unit 11
1 5.67 (d, 3.3) 5.55 (d,4.1) 5.46 (d, 4.2) 5.59 (d,3.7) 5.46 (d,3.9)
3 7.55 (br s) 7.52 (brs) 7.48 (br s) 7.51 (brs) 7.48 (br s)
5 2.91 (dd, 9.6, 4.0) 2.85 (dd, 9.7, 4.6) 2.67 (dd, 10.0, 5.4) 2.87 (dd, 9.7, 4.5) 2.74 (dd, 10.0, 5.0)
6 4.38 (g, 5.3) 4.29 (m) 4.18 (m) 4.31(q, 5.6) 4.22 (m)
; 1.95 (dd, 13.8, 5.6) 1.92 (dd, 13.7, 6.7) 1.72 (dd, 13.4, 7.3) 1.91 (dd, 13.6, 6.0) 1.75 (dd, 13.6, 7.4)
2.04 (dd, 13.8, 5.6) 2.02 (dd, 13.7, 5.7) 1.89 (dd, 13.4, 5.9) 2.02 (dd, 13.6, 5.7) 1.91 (dd, 13.6, 6.0)
9 2.68 (dd, 9.6, 3.3) 2.55 (dd, 9.7, 4.1) 2.24 (dd, 10.0, 4.2) 2.60 (dd, 9.7, 3.7) 2.34 (dd, 10.0, 3.9)
10 424(d112) 4.18 (d,11.1) 4.03 (d, 11.1) 4.21(d,11.2) 4.04 (d, 11.1)
4.34(d,11.2) 4.30 (d, 11.1) 4.13(d,11.1) 4.27 (d, 11.2) 4.14 (d,11.1)
1 4.71 (d,7.9) 4.69 (d, 7.9) 4.66 (d,7.9) 4.68 (d,7.9) 4.64 (d,7.9)
2 3.23 (t,8.3) 3.24 (m) 3.25 (m) 3.26 (M) 3.24 (m)
3 3.38 (M) 3.35 (m) 3.36 (M) 3.36 (m) 3.34 (m)
& 3.32 (m) 3.32 (m) 3.35 (m) 3.32(m) 3.34 (m)
5 3.31(m) 3.30 (m) 3.30 (m) 3.32(m) 3.28 (m)
. 3.68 (dd,12.0, 4.7) 3.65 (m) 3.61 (m) 3.62 (m) 3.64 (m)
3.86 (dd,12.0, 1.8) 3.82 (m) 3.79 (m) 3.81 (m) 3.78 (m)
2" 6.35 (d, 15.9) 3.99 (d, 3.3) 3.98 (d,3.4)
3" 7.63 (d, 15.9) 7.71 (s) 4.45 (d,3.3) 7.74(s) 4.46 (d,3.4)
5" 7.10 (d,2.1) 6.88 (s) 6.46 (d,2.2) 6.88 (S) 6.45 (M)
8" 6.81 (d,8.2) 6.57 (s) 6.63 (d,8.2) 6.55 (S) 6.64 (d,8.7)
9" 7.00 (dd8.3, 2.1) 6.42 (dd, 8.2, 2.2) 6.45 (m)

2Recorded in methanal; at 500 MHz? Recorded in methandl; at 600 MHz5 in ppm,J in Hz.



Table?2
3C NMR Data for Compounds-3.

2 3 5 1 5 po-cic
no 1 Unit Unit Unit Unit ACOOH y’:{»
1 95.5 95.6 95.6 95.4 95.5 % Y
3 154.4 1542 1540 1540 1538 SV, -
4 110.1 1105 1108 1106 1113 /o O ',_7‘.‘\(’
5 42.0 42.3 42.2 422 42.2 H Y,
6 76.8 77.1 77.3 77.1 77.4 O-po-Gle
: o1 oo B o1 g Fig. 3. 'H-"H COSY (=), key HMBC (H—>C) and ROESY
' ’ ' ' ' (H-=—>H) correlations of compourii
9 45.8 45.7 45.0 45.7 45.3
10 L7 1.6 705 718 705 The moderate®),.; 5 coupling constant (3.3 Hz) of
11 iri4 1718 172.0 1718 172.1 suggested eithatis” " relative configuration of the C*2and C-
v 100.4 100.6 100.4 100.4 100.1 3" substituents provided that one of them is equaltonihile the
2 74.6 745 45 745 45 other is axial ortrans'®?°**relative configuration provided that
3 77.9 77.9 77.9 77.9 77.9 both of them is axial. However, correlations betweeB" Hunit
4 71.2 71.3 71.3 1.3 71.3 1) and H-9' (unit 11), and between H-3" and H-8" in the ROESY
5 78.3 78.3 78.3 78.3 78.3 spectrum Fig. 3) suggested arans relative configuration
6 62.5 62.6 62.6 62.6 62.6 between H-2 (unit I1) and H-3 (unit 11). ®% To further confirm
1 169.2 168.6 174.5 168.6 174.4 both the relative and the absolute configurationtafse two
2" 114.9 122.4 49.4 122.3 49.2 chirality centers of the lignan moiety, ECD and C-NMR
3" 147.4 140.4 46.9 140.5 46.9 calculations were performed on a model compounde(iitta).
g.. ﬁ;; iijg ﬁg; ﬁ:g ﬁ:g Compound3 was obtained as yellow amorphous powder. The
6" 146.8 145.7 146.1 145.7 146.1 HRESIMS indicated a molecular formula of50B5:0s (M/z
- 1496 1493 1451 1494 1451 1137.2948, calcd f_or 5_;;H57O30, 1137_.2940), the same as thzjlt of
g 1165 1175 1164 1173 1164 l2 Its IR_ spectrum indicated the eX|_stence of hyglch8_424 cm
o 1231 1313 1201 1314 1201 ), conjugated carbonyl (1726 ch and aromatic (1638,

1527cm?) groups. The NMR data & (Tables 1 and2) showed
high similarities to those of compour®] suggesting that the
(DBEs) as determined by the HRESIMS. The IR spectrummolecule of3 also contained two iridoid glucoside moieties and
showed absorption bands for hydroxyl (3428 $nconjugated  lignan moiety. A detailed comparison of 1D and 2D NMiRadof
carbonyl (1730 cil) and aromatic (1640, 1526 cin these two compounds further confirmed that these two
functionalities. Analysis of th#H and**C NMR data with the aid compounds shared the same planar structure andiveela
of DEPT experiment revealed the presence of twodeat&loid  configuration, and only differed at the stereoctstrgiof C-2"
glucoside signals, similar to those df(Tables 1 and2). The and C-3" of unit Il.

remaining signals included those of two doublet rinetiprotons
(04 3.99 andoy 4.45) and a singlet olefinic protody(7.71),
corresponding to two methine carboig 49.4 andjc 46.9) and
one olefinic carbondc 140.4). In addition, signals & 6.63 4l

(1H, d,J =8.2), 6.46 (1H, dJ = 2.2) and 6.42 (1H, dd,= 8.2,
o M

Recorded in methanal;at 125 MHz ¢ in ppm.

2.2), indicative of an aromatic ring with a typicABX spin _—
system, and two singlet signals a% 6.88 and 6.57, 's
corresponding to carbons at 117.3 and 117.5 angneskas two <
s
4

para-positioned aromatic protons of another aranatg, were
observed. The HMBC correlationki¢. 3) from 4 3.99 (H-2",

unit Il) to dc 168.6 (C-1", unit I), 140.4 (C-3", unit 1), 135(C- 4]

4", unit 1) , and 131.3 (C-9", unit 1), and frody 4.45 (H-3", ——Compound 1
unit Il) to oc 174.5 (C-1", unit 1), 124.9 (C-4", unit I), 122(€- —— Gompound 2

2", unit 1), 115.9 (C-5", unit 1), and 117.5 (Cs8tnit 1), and Compound 3
from 6y 7.71 (H-3", unit 1) todc 117.3 (C-5", unit 1), along with ® 240 280 320 350 400

the assignment information aforementioned, reveakbe
presence of a lignan grodp® This lignan group and the iridoid
glucoside moieties was finally connected by esteugs, which g 4 Experimental ECD spectra of compourids$ recorded in
was deduced from the HMBC correlations of the metigle peoH.

protons (H-10) to the carbonyl carbon (C-1"). Tiere,

compound? was established as a lignan-iridoid glycoside dieste

wavelength (nm})
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Fig. 5. Structure of truncated model compouddsand4b.

In order to determine the
configuration of C-2" and C-3" of the lignan moigfirst the
ECD spectra of2 and 3 in MeOH were recorded, showing
opposite Cotton effects (CEs) at 293, 315 and 3B0and the
same negative CEs around 245 niiig( 4). Due to the high
conformational flexibility and large molecular wetghf 2 and3,

a large number of low-energy conformational isomare
expected in the conformational search, the optitiimaand ECD
calculation of which would impose high uncertainty tine
determination of the absolute configuratféf® Since the three
high-wavelength transitions (above 280 nmRaind3 could be
attributed to the trisubstituted 1,2-dihidronapieha unit and the
iridoid moieties contain onlya,funsaturated carboxylic acid
chromophores, the truncated model compoutalsnd 4b with
trans andcis relative configurations, respectively, could bedis
for the ECD calculations, in which the complex egperups are
simplified to methyl estersF{g. 5).?*° The experimental ECD
spectrum ofl had a single negative ECD transitiorcat245 nm
justifying the truncationKig. 4).

Thus the conformationally flexible iridoid part wésincated
and model compoundéa and4b with a (2'R, 3"S) and a (2R,
3"R) absolute configurations were selected for confdional
analysis and ECD calculations. The Merck MolecularcE Field
(MMFF) conformational search of the model compoutal
resulted in 46 low-energy conformers within a 21mal/energy
window and 73 conformers fo#b. These conformers were
reoptimized at the B3LYP/6-31G(d) levein vacuo, the
B97D/TZVP*" PCM/MeOH and the CAM-B3LYP/TZVE®
PCM/MeOH levels providing eight low-energy conformees
1%) at each level foda (Fig. 6) and 14, 16 and 16 low-energy

relative and the absolute

Tetrahedron

Conf. |
2.0%

Fig. 7. Structure and population of the low-energy B3LYP/6-
31G(d) conformers ofb.

C-2" substituent had axial orientation and the @38 equatorial
in most of the conformerscd. 88.2% overall populatiorvs.
10.6% for equatorial C-2" and axial C-3"). With sleeorientation
of C-2" and C-3" substituents, the small value df 35 and
NOE correlations did not allow distinguishing tbis andtrans
relative onfiguration. ECD spectra computed at usgitevels for
all sets of conformers for bothans andcis model compounds of
4a (Fig. 8) and4b (Fig. 9) reproduced the main features of the
experimental spectrum & down toca. 235 nm (the highest-
energy experimental 247 nm transition is an ovedfgthe core
part and the truncated parts) with the best agreeraerihe
PBEO/TZVP level on the gas-phase conformers. Although
relative configuration of C-2" and C-3" could na Hetermined
on the basis of the above ECD results, the consist=ults
obtained at various levels for both diastereomédievad the
elucidation of the absolute configuration of C-2' the 1,2-

conformers fordb (Fig. 7). It is interesting to note that both dihidronaphthalene moiety aB)(in 3 and € in 2.

substituents ofla (C-2" and C-3") adopted axial orientation in all

the low-energy conformers, while fdb the

Conf. F
5.9%

Conf. H
4.6%

f.
C; g%E Conf. G

5.6%

0 Il T = =

—— measured CD

Ae (PBEO/TZVP, average of

-4 4 8 conformers) / 2

I R (PBEO/TZVP, conformer A) / 32

As (M'em™) and R (10%°cgs)

T T T T T
240 280 320 360 400

wavelength (nm)

Fig. 8. Experimental ECD spectrum & compared with the
Boltzmann-weighted PBEO/TZVP ECD spectrum of model

Fig. 6. Structure and population of the low-energy B3LYP/6'compound4a computed for the B3LYP/6-31G(d) conformers.

31G(d) conformers ofa.

Bars represent the rotational strengths of conforne



CO,H CO5R
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2N = =
53 =
3 te-
o + R-OH —— —_—
- /\\ oxidation
x 0 .l I I HO HO HO
T OH OH )
/m\ —— measured CD Caffeic acid Iridoid 1
e Ac (PBEO/TZVP, average of
© -44 14 conformers) / 2 L
'2 I R (PBEO/TZVP, conformer A) / 32
4 CO,
_8 T T T T T .
240 280 320 360 400 |
wavelength (nm)
Fig. 9. Experimental ECD spectrum & compared with the o

Boltzmann-weighted PBEO/TZVP ECD spectrum of model
compound4b computed for the B3LYP/6-31G(d) conformers.
Bars represent the rotational strengths of conforne

CO,R

HO

In order to determine the relative configuration tbé two O‘
chirality centers and hence the absolute configamatC-NMR COR
calculations were performed on the same model congmat
the mPW1PW91/6-311+G(d,p) le¥etomputing for the low- O
energy B3LYP/6-31+G(d,p) reoptimized MMFF conformers. OH
Table 3 summarizes the results; from 11 relevant carbon:
(including ring B and the first connecting carbdoras) in the
vicinity of the two chirality centers, 9 suggesteans and only 2
cis relative configuration. On the basis of the dewiasi and
average errors, therans relative configuration could be

determined and thus @3"R)-2 and (2R3"9)-3 absolute . . - . .
configurations could be elucidatéf** The C-NMR results are On the basis of literatures and our findings, thesymthetic

in line with the computed values, which also indicateians pathway; oR and3 C,OU|d be propose‘,’ .(Sc.heme 1)..In brief, the

relative configuration (see Sl for details) in liwih the ROESY mechamsm m|gh_t. |n\_/oIve an esterification reactibetween

correlations making elucidation of the relative aatisolute Caffeic acid and iridoid to produce compoudOne-electron

configuration solid. Based on the above resultis #dvisable to  0%idation, resonance hybridization and dimerizaiwri. results

similarly prove the cis relative configuration of other in bimolecular radical coupling to yieltla, ™~ Intermediatela

tetrahydronaphthalene lignans having modeataiues. underwem a rearrangement reaction, and then fucthrestructed
the bicyclic ring system to affoi2land3.

OH
2and 3

Scheme 1. Proposed biosynthetic pathways for compouhdad
3.

3. Conclusions
Table 3

Comparison of the computed C-NMR data of 11 releearibons In summary, three novel iridoid glucoside derivasvwere
in the vicinity of the two chirality centers of mddsompounds isolated and characterized from the leave¥.dfracteatum. 10-
4a and4b with the experimenta®C-NMR data. Averagé\d,..s  O-trans-caffeoyl-Gx-hydroxyl-dihydromonotropeinij is the first
= 1.20 while average\dss = 2.24 suggestingrans relative  iridoid glucoside from the genu¥accinium that contains a
configuration. caffeoyl group instead of grcoumaroyl group while compounds
2 and3 represent a new type of compounds that is ligndoid
glucoside diesters. Furthermore, for the first tiDET NMR and

carbon exp3) calcdda(trans) calcd4b (CiS)  ASyans Adgs TDDFT ECD calculation was applied to the relative abdolute
ul-L" 168.6 167.51 167.36 1.09 1.24 configuration determination of this kind of lignderivatives.
ul-2 122.3 123.91 125.16 161 2.86 4. Experimental Section
uI-3" 140.5 139.58 141.98 0.92 1.48
ul-4" 124.8 127.45 126.42 2.65 1.62 4.1. General experimental procedures
3:: 11;2 ﬁi'ii ﬁ:ég 2'22 zzé TLC was carried out on precoated silica gel 60 F254

’ : : : : Aluminium sheets (Merck KGaA, Darmstadt, Germany) ared th
Ul-9* 1314 132.15 135.16 075 376 TLC spots were viewed at 254 nm and visualized withHB%0,
ui-1t 1744 174.64 173.79 024 0.61 in EtOH containing 10 mg/mL vanillin. Macro porousireAB-8
ull-2" 49.2 49.15 48.44 0.05 0.76 gel (Shandong Lu Kang Chemical Industrials, Jirsimandong,
ull-3" 46.9 47.26 50.49 0.36  3.59 China), ODS (YMC Co., Ltd., Japan), and Sephadex LH-20
ull-4"  135.8 135.95 132.49 015 3.31 (Pharmacia Biotech AB, Uppsala, Sweden) were usedfamm

chromatography (CC). Analytical HPLC was applied oiaters
2695 instrument (Milford, MD, USA) coupled with a 29B8®A,
a Waters 2424 ELSD, and a Waters 3100 MS detector.
Preparative HPLC was performed on a Varian PrepStar
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instrument with an Alltech 3300 ELSD detector (Columbi aforementioned, and analyzed by LCMS, too. Thentite time
MD, USA) using a Waters Sunfire RP C18u®, 30 x 1560 mm  of the derivatives of compourid b-glucose and-glucose were
column. Semipreparative HPLC was performed on a Waterl3.13, 13.17 and 12.42 min, respectively. Therefthie sugar
2690 instrument (Milford, MD, USA) coupled with a 996 moiety of compound was determined as D-glucose (details see
photodiode array detector using a YMC-pack RP C18n510  Supporting Information).
x 250 mm column. Optical rotations were measured on
Rudolph Autopol VIAutomatic polarimeter (Hackettstown,, NJ
USA). IR spectra were recorded on a Nicolet Magna FT8R  compoundl

spectrophotometer (Waltham, MA, USA) using KBr disk€D yellow amorphous powderg],* -69.7 ¢ = 1.5, MeOH); UV
spectra were recorded on a JASCO J-810 spectrom@#ISE  (MeOH) /., (log €) 324 (4.06), 219 (4.15) nm; ECD (MeOH)
and HRESIMS data were recorded on Waters 2695-310MEC  (A¢) 244 (-2.16) nm; IR (KBr, Ci): vmax 3430, 1732, 1636,
and Agilent G6520 Q-TOF mass spectrometers (Santa,(T#, 1528 cm’ 'H and**C NMR data, sed@ables 1 and2; ESIMS

USA), respectively. NMR spectra were recorded on a @&ruk yz 569 [M — HJ; HRESIMS vz 593.1494 [M + Nal] (calcd.
Avance Il (Bruker, Zurich, Switzerland) for 500 af®0 M For G,sHsNaO,s, 593.1477).

NMR spectrometer with TMS as internal standard. Tergcal

shift (5) values were given in ppm and coupling constaijtae ~ Compound? N

in Hz. All solvents used for CC were of at least aticdy grade yellow amorphous powderp]y™ -72.5 € = 0.13, MeOH),
(Shanghai Chemical Reagents Co., Ltd., Shanghanahand UV (MeOH) Ana (log €) 342 (2.80), 315 (2.73), 290 (2.66), 230
solvents used for HPLC were of HPLC grade (Merck KGaA,(3-25) hm; ECD (MeOH) A¢) 348 (-2.30), 315 (0.93), 293 (-

232, Compound characteristics

Darmstadt, Germany)_ 079), 2410 1(-585)],-3nm, IR (KBr, C_r]r) Vmax 3428, 1730, 1640,
) 1526 cm”; "H and °C NMR data, sedables 1 and2; ESIMS
4.2. Plant material mz 1137 [M — HJ; HRESIMS m/z 1137.2955 [M — H] (calcd.

The leaves ofV. bracteatum were collected in Jiangsu for CsoHs7030, 1137.2940).
Province, China, in 2015, and identified by Profesdin-Gui  Compound3
Shen from Shanghai Institute of Materia Medica. @ucher yellow amorphous powderp]?° +11.4 € = 0.098, MeOH);
specimen (No. 20150926) was deposited at the Herbafulte UV (MeOH) 4. (I0g €) 344 (2.64), 312 (2.62), 292 (2.57), 230
Shanghai Institute of Materia Medica, Chinese Acagemh (3.07) nm; ECD (MeOH) A¢s) 348 (2.21), 314 (-0.52), 293
Sciences. (1.00), 247 (-5.74) nm; IR (KBr, ¢M): vyay 3424, 1726, 1638,
1527 cm* 'H and**C NMR data, sedables 1 and2; ESIMS
m/z 1137.6 [M — HJ; HRESIMSm/z 1137.2948 [M — H] (calcd
The air-dried leaves of/. bracteatum (20 kg) were ground for CsgHs:Os0, 1137.2940).
into powder, and then extracted three times with @#anol at
room temperature to afford a crude extract (1.5 Kye extract
was further partitioned in water, and then extracigith Mixed torsional/low-frequencymode conformationahishes
petroleum ether (PE) and EtOAc, successively, te @WPE, an  were carried out by means of the Macromodel 10.8aiftlvare
EtOAc, and a water soluble fraction. The water solditsletion  using the Merck Molecular Force Field (MMFF) with @nplicit
(Fr. A) was then fractionated by a column chromatelgyaCC)  solvent model for CHGF’ Geometry reoptimizations were
over macroporous resin AB-8 gel (EtOH®] from 30 to 95%), carried out at the B3LYP/6-31G(d) level in vacuo, B8LYP/6-
yieling fractions A1-A3. Fraction Al (200 g) was thegparated 31+G(d,p) level in vacuo, the B97D/TZ¥B' and the
on polyamide (MeOH/KD, from 20 to 95%) to give four CAMB3LYP/TZVP*** levels with the PCM solvent model for
subfractions (A1A-A1D). Then subfraction A1A was subjdcte MeOH. DFT optimized geometries were clustered fornalh-
to CC over octadecyl silane (ODS) (MeOH®Y from 10 to  hydrogen atoms. TDDFT ECD calculations were run with
45%) to afford fractions A1A1-A1A10. Fraction A1A1 (180. various functionals (B3LYP, BH&HLYP, CAM-B3LYP, PBEQ)
mg) was applied to preparative HPLC (MeOHIH from 5 to  and the TZVP basis set as implemented in the Gau$an
20%, containing 0.2% formic acid; 0-120 min, 25 mid) and  package with the same or no solvent model as irptheeding
then semipreparative HPLC (MeCN/®, from 9 to 14%, DFT optimization stef’? NMR calculations were performed at
containing 0.2% formic acid; 0-60 min, 3 mL/min) &iford  the MPW1PW91/6-311+G(2d,p) lev&l.ECD spectra were
compounds2 (3.2 mg) and3 (2.4 mg) as trace components. generated as sums of Gaussians with 2400 and 3000ndths
Fraction A1A4 (2.0 g) was chromatographed on SephhHe20 at half-height (corresponding to ca. 15 and 19 nr@5® nm),
(MeOH) to yield subfractions ALA4C (800 mg). Finally, using dipole-velocity-computed rotational strengtralues®’
compoundl (115 mg) was obtained from fraction A1A4C by Computed NMR data were corrected with | = 185.4855%wd-
preparative HPLC (MeCN/A®, from 10 to 28%, containing 1.0306:°*! Boltzmann distributions were estimated from the
0.2% formic acid; 0-120 min, 25 mL/min). ZPVE-corrected B3LYP/6-31G(d) energies in the B3LYP/6-
31G(d) gas-phase calculations, and from the undedec
B3LYP/6-31+G(d,p), B97D/TZVP and CAM-B3LYP/TZVP
Compound 1 (11.4 mg) and cellulase (11.4 mg) were energies in the other cases. The MOLEKEL softwarekage
dissolved in HOAc — NaOAc buffered solution (PH = 4.5, m Wwas used for visualization of the restfts.
and stirred at room temperature for a week. Theticgamixture
was evaporated by rotary evaporator, and then dissoin  Acknowledgments
pyridine (2 mL) containing L-cysteine methyl ester
hydrochloride (2 mg) and heated at 60 °C for 60.riineno- Financial support from the National Science and Tetdgy
tolyl isothiocyanate (5iL) was added to the mixture and heatedMajor Project “Key New Drug Creation and Manufacturing
at 60 °C for 60 min. After evaporation of the solyehe residue Program” (No. 2012ZX09301001-001, 20152X09103002), and
was dissolved in methanol, and then analyzed by LCWM&  the National Natural Science Funds of China (No. 86302
authentio/L-glucose samples were treated with the same metho®1473112, 81573305) are gratefully acknowledged. Aalid

4.3. Extraction and isolation

4.4, Computational section

4.3.1. Determination of sugar configuration
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