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Absgtract The chemicd congituents and bioactivities of Sx medicina plants have been gudied. In the
gudy one hundred and one cormpounds, including twenty- Sx new conpounds were ilated. Anong these
compounds, dxteen unique highly oxidized rortriterperoids, belongng to an unprecedented new
rortriterperoid  skeleton with  a  biosynthetically nodified eight-membered ring, and unusud
nortriterpenoids or bisortriterpenoid skeletons, have been islated from three Schisandra ecies.

Interegingy , to date, no naturally occurring triterpenoids have been found to have such a highly nodified
oxidized rorcycloartane skeleton.

The bioactivities of cormpounds i olated from the genus Schisandra have been tesed , including anti-
HIV-1, anti-irflammatory , and cytotoxities againg C8166 , MT-4 and K562 cdls activities. 3v-10 and
9V-26 were found to show promising anti- HIV-1 activity and the sdectivity index were 174.08 and >
25.94 , repectively.

Key words  Schisandra ecies, Hshdtzia bodinieri, chemical ocondituents, anti-HIV activity,
biogenetic origin
CLC Q946-33

Triterpenoids are the nog ubiquitous, rongeroidal secondary metalolites in terregrid and marine flora and
fauna Their presence, even in ronphotosynthetic bacteria, has created interes from both an ewlutionary and
functiona point of view. Although medicind uses of the conpounds from this class are rather limited , cond derable
recent work in this regard srongy indicates their great potentiad as drugé” . Moreover , degpite the great diversty
that aready exigs anong the skeletons of triterperoids, new variants cortinue to emerge. Sme of the new
triterpenoid dructures possess movel skeletons and represent unique biosynthetic end products. The mgjority of

* apported by the Nationd Naturd Science Foundation of China (20402016)
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triterpenoi ds possess the conventiona skeleton arisng from the cyclization of squalene-2 ,3-egpoxide to yidd fused
polycyclic products. More unusua are the inconpletely cyclized conpounds, or those exhibiting cyclization within
the chain, or two consecutive cyclizations rather than the cyclization beginning a one end. While triterpenoids with
rearranged carbocyclic skeletons have been ilated quite frequently , there are osme skeletons formed through
extensive oxidation accompanied by various bond cleavages”® .

With the aim of identifying new natural cormpounds with interegting biological activities and of invegtigating the
occurrence of natural terpenoidsthat could be used as natural ourcesof intermediatesfor the synthessof high-added
value conmpounds, we examined the plantsof the genus Schisandra grown in Yunnan Province , which belongs to the
ecoromically and medicinaly important family Schisandra ceae.

Sxteen highly oxygenated rortriterpenoids (Fg. 1) , with three unprecedented carbon skeletons, of which we
proposed the names” schisanartane” ,“ schiartane” , and“ 18-norschiartane (Fg.3) , have been islated and
characterized, ome of which have potent anti-HIV-1 activity with low toxicity. The schisanartane skeleton
triterpenoids are the main congituents of Schisandra gecies and are d a unique family of cycloartane derived
triterpenoids because of their octacyclic backbone , which includes a 7/8/5 consecutive carbocycle and nore than 12
chiral centers. These unusua ring assembly and highly oxygenated dructure features are diginctive from any other
naturally occurring triterperoids. As a consequence , these gructurally conplex nolecules have brought great interest
and challenges to the chemigtsfor tota synthesis and biogenetic studies** .

1 Invedigation on chemical congituents o five Schisandra species and
Elsholtiza bodi nieri

The chemical condituents and bioactivities of five medicinal Schisandra plants, Schisandra micrantha A. C.
Srith, S. lancifdia(Rehd. e Wils.) A. C. Smith, S. henryi var. yunnanensis var. yunnanensisA. C. Smitt ,
S. Pena A. C. 9mth, and S. sphenanthera Rehd. e Wils, have been dudied. Hghty seven compounds,
including twenty-one new conpounds were idlated. Their sructures have been e ucidated on the bass of extensve
oectrosoopic gudies in conjunction with snge-crysd X-ray diffraction anayss.

1.1 Sudy on chemical congituentsfrom S. micrantha

Our invedigation on the chemical condituentsof the leaves and demsaof S. micrantha resulted in the ilation
o ten novd conpounds, together with twenty-five known ones. Fve novel rortriterpenoids, micrandilactones A
D-G(1 5) are the fird exarples of gructuradly unique highly oxidized rorcycloartane skeleton with a
biogyrthetically nodified eight-membered ring D ilated from the family Schisandraceae. T™wo rovel
rortriterpenoids, micrandilactones B-C (6, 7) , represent another unprecedented highly oxidized rorcycloartane
skeleton (Fg. 1) . Micranmoic acids A and B (8,9) belong to a new group of octarortriterpenoids in which the entire
G 17 sde chains have been los (Fig. 2) . Micrantherin A is a new dibenzmcyclooctadiene lignan® ™.

1.2 Invedigation on chemical congituents o S. lancifolia

In our present gudy , fifteen compounds, including five novel ones, were i olated from the leaves and gems of
S. landfdia. The skeleta type digplayed by lancifodilactone A (10) is noticeable for it represents a new group of
highly oxygenated bisnortriterpenoid. Lancifodilactones B-E(11  14) is a movel comrpound possesing the same
schisanartane skeleton with that of micrandilactone A, of which was firgly ilated from S. micrantha
(Fg 1™+,

1.3 Phytochemical sudy on S. henryi var. yunnanensis

The invedigation of the leaves and dems of S. henryi var. yunnanensis led to the ilation of dxteen
cormpounds. Anong them , four novel rortriterperoids, henridilactones A-D(15 18) , are members of a unique
unusud highly oxidized schisanartane skeletal class gructuraly related to micrandilactone A (Fg. )™
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Fig.2 Unusual Octanortriter penoids and 18,19 seco- ur sane gycosides

I o o

schisanartane skeleton schiartane skeleton 18-nor-schiartane skeleton

Fig.3 Three new skeletons

1.4 Research on Chemical Congituentsfrom S. plena and S. sphenanthera

The chemica oongdituents of the leaves and gems of S. plena are described for the firg time. This
invedigation has resulted in the ilation of a new sesquiterperoid, pleroxide. In addition, thirteen known
compounds, including sesquiterperoids, coumarins, flavanones, triterpenoids and geroids were a0 ilated. The
detailed andyssof 2D NMR data a0 led us to conclude that the chemica shifts of earlier compounds Smilar to
bullatantriol need revison™ .

A new pherolic dycosde, 4 ,6-dihydroxyphenyl- 1- butanone- 23 -O-g ucopyranoside , along with seven known
oonpounds were i olated from the leaves and gemsof S. sphenanthera.
1.5 Invedigation of chemical congituentsfrom Esholtzia bodinieri

We have invedigated the aeria parts of Hshdtzia bodinieri and herein report the iolation of fifteen
compounds, including eleven flavarones and four triterperoids. Anong them, there are two rovel 18,19 seco
ursen28-oic acid-3 OB-D-gucopyraosde triterperoids, bodiniosdes A (19) and B (20) (Fg.2)™ . In
addition , three new flavarones are determined as eriodictyol 7- O- (6'-feruloyl) 3 -D-g ucopyraroside , eriodictyol 7-
O (6™-izferuloyl) B-D-g ucopyrarosde , and |uteolin 7- O (6'-isferuloyl) 3 -D-g ucopyraroside.
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1.6 Sructure ucidation of micandilactone A

Table1l 'Hand ®*C NMRassignmentsand HMBC corrdations of 1*

No. O y(mt, J, Hy) S¢ HMBC (*HQ)
1 4.22 (d, 6.3) 8.4 3,10,19
X 2.74 (d, 18.6) 30 1,3,10
B 2.93 (dd, 6.3, 18.6) 3
3 175.2
4 83.9
5 2.47 (dd, 4.2, 13.4) 58.3 4,10
e 2.09 (m) 3%.4 7,8
B 2.21 (overlgp) 5,7
7 4.51 (dd, 9.3, 10.1) 67.8 5,16
8 2.99 (d, 10.1) 50.7 6,7,9,15,16,19
9 82.2
10 95.6
110 1.79 (m) 42.3 13
1B 1.98 (m) 9,19
120 1.67 (m) 26 13,17
1B 1. 98 (overlg) 14
13 49.3 13, 15, 16, 17, 18, 20,
14 3.31 (9 54.1
15 907 2
16 207. 4
17 220.7
18 1.58 (9 30.8 12,13, 14,17
190 2.52 (ABd, 15.8) 4.8 9
18 2.23 (ABd, 15.8) 9,10, 11
20 80.2
21 1.77 (9 18.9 17,20, 22
2 75.5
23 4.99 (d, 1.5) 76.8 14,20, 22,24
24 5.42 (dd, 1.5, 2.0) 75.2 23,2
25 3.26 (m) 2.5 26
26 177.5
27 1.17 (d, 7.2) 7.8 24,25,26
29 1.24 (9 27.7 4,5,30
30 1.04 (9 2.8 4,5,29
20-OH 5.90 (9 17,20,21, 22
22-0H 7.56 (9 20

2 Data were recorded in CsDsN on Bruker AM-400 MHz spectrometer (*H ,**C) and Bruker

DRX-500 MHz gectrometer (HVIBC) , cherrica shifts (3) werein 107 6.

Micrandilactone A (1) (Fig.4)
crydalized as oolorless priams, has
the nolecular formula of Cx Hy Or
as deduced by its HREI MS (found
576.2178, cdcd 576.2207 ) ,
requiring 12 degreesdf unsaturation.
The IR gpectrum showed abgorptions
a 3439cm ' and 1776cm ',
reveding the presence of hydroxyl
and Y -lactone groups™ . The “H
NMR (Table 1) spectrum exhibited
sgnds due to four tertiary methyls
and a sscondary methyl. The ® C
NMR sectrum indicated that 1
oontained two eder groups, two
carbonyl groups, seven quaternary
carbons including dx oxygenated
ones, eight methines including four
oxygenated ones, five methylenes
and five methyls, which suggeded a
highly oxygenated triterpene
skeleton.

Fig.4 Sructure o
micandilactone A

Interpretation of HMBC data showed the following correlations (Table 1) : Me29 (© 1.24, s) and Me-30
© 1.04,9 withG4andCG5; H1 0 4.22) , H,-2(0 2.74/2.93) and H5 © 2.47) with G10; H1 and H-
2 with an eder goup a CG3; H8 O 2.99) with G9and G19; H-19 ® 2.23/2.52) with CG9 and G10. This,
along with two proton in-sygems deduced from COSY corrdations, H1-H2 and H5H8, led to the
egablishment of partia gructure 1a (Fg.5) .

A methyl sndet resonance a & 1.58 corregoonding to Me-18 showed HVIBC cross peaks with a quaternary
carbon (CG13) and with G12, CG14 and G17, which required that G12, G14 and C17 dl be attached to the
carbon (CG-13) bearing the methyl group. Thiswas corfirmed by the observationsof correlations between the methine
ad 3.31 (H14, 9 and G13, G17 and G18. Arother methyl sSnget reoonance ad 1. 77 (Me-21) d s showed
HMBC oorrelations with the other two oxygenated quaternary carbons (G20 and G-22) and a ketone carlbon (G 17)
suggesed that the quaternary carbon (G-20) bearing the methyl group (Me-21) was Stuated between G17 and
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G22. Furthernore, corrdations of H14 with G20 and C22 edablished the connection of G 14 with G22.
Additional QOSY corrdlations (H,-11-H,-12) ot only established the attachment of G11-CG 12 but d 9 gave rie to
partia gructure 1b. The third fragment 1c , was assigned by a ocontinuous sequence from C-23 to C-26 and Me-27
deducing from GOSY and HMBC gectra, as well as by the characteridic IR gectral Y -lactone group absorption
(1776 cm ") ™. A hydroxyl group @ 5. 90) was assigned as 20-OH for its cross peaks with G17, G20, G22
and Me-21. In the same manner , another hydroxyl group (0 7.56) was proven to be located a G22 by its
correlation to G-20. Moreover , HVIBC correlations observed between H,-19 and G9, G111 and between H-11 ©
1.79/1.98) and G9, G19 alowed the combination of 1a and 1b to dford 1d. Further nore, corrdationsof H-23
to G14, G20 and C22 required direct connection of CG-23 with G-22 and permitted fragments 1c and 1d to be
joined to one arother to get 1e (Fig.5).

Fig.5 Sructural fragments of 1

Up to now, the above NMR gectrosopic data andyd's has e ucidated the conditution of partia gructure le.
However , no additionad HMBC connectivities necessary for congructing the gructure of 1 were observed anong the
three oxygenated methines (G1, G7 and G24). In addtion, as G3, G4, G9, G10, G15 and G 16 were
quaternary carbons, which was not possble to determine the correct connections armong these carbons.

Snce it was difficult to € ucidate the conplete gructure of 1 only by NMR pectrosoopic andyd's, the crygd's
were submitted to a Snde crysd X-ray diffraction. A view of the lid-gate corformetion was provided in Fgure 6.
It indicated that 1 had suffered an oxidative cleavage between CG3 and C-4 , followed by lactonization to give rise to
a five-membered lactone ring A and a tetrahydrofuran ring B. C-9 connected to C-15 through an oxygen bridge with
the hydroxyl group located at G-7. Sgnd due to the angular methyl attached to G-14 (Me-28) was obvioudy absent
inthe caze of 1, which suggesed that Me-28 had suffered an oxidation to form a carboxylic group , followed by the
lossof QO,. Thus the basc skeleton of 1 was ducidated as 3 ,4:9 ,10- seco- 14- rorcycloartane.

The rative gereochemigtry of 1 was determined by a 2D ROESY experiment and was corfirmed unequivocaly
by X-ray crysalographic data. Sereochemically , Me-29 was biogeneticaly 0 -oriented , Me-30 and Me-21 were[3-
oriented. ROESY oorrdations for Me-30/H1, Me29/H5, H5/H7, 2000H/H24 and H24/H23, H25
indicated that H1 wasp -orientation, H5, H7, H23, H24 and H25 were the samed-orientations. Me-18 and
H14 showed mutual correaions, but no cross pesks with H23, suggesed that H14 and Me-18 were B-
orientations. H-8 was suggested to be 3-oriented conddering the coupling congtant (1H, d, J; ¢ =10. 1Hz) . The
gereochemidry of the four quaternary carbons, G9, G10, CG15 and CG22 was deduced as R, S, Rand S
corfiguration , regpectively , by X-ray diffraction sudy.
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Fig.6 Xray dructure d 1 showing reative configuration

2 Bioactive invesigation

The anti-HIV activities and cytotoxicities of conpounds iolated from the genus Schisandra were tesed by
microtiter syncytium formetion irfectivity assay , including cytotoxicity in C8166 and MT-4 cdls, inhibition of
syncytium formeation in HIV-1 g irfected C8166 cells, and protective dfect in HIV-1  irfected MT-4 hog cels.
Anong these compounds, SW-10 possessed cytotoxicity with CCy value of 22. 63U g/ on tested human T cdll
leukemia cell line C8166 at the assayed doses, demondrated potent anti-HIV-1 activity with EG, value of 0. 13
M g/mL (sdectivity index: 174.08) , and exerted protective activity on HIV-1 g irfected MT-4 hog cells with a
sHectivity index of 43.27. 9v-26 possessed minima cytotoxicity (CG, > 20 g/nl) , and the inhibitory activity on
HIV-1 ;5 induced syncytium formation was EGy, =7. 74 g/mlL. The sHectivity index was > 25. 94. In addition, SV
26 exerted its potent protective activity on HIV-1 g irfected MT-4 hog cellswith a sdlectivity index of >425.5 a
the concentration of 0. 47 g/mi.

This result is encouraging and warrants further sructural modification to both decrease cytotoxicity and increase
antiviral inhibitory activities. The potent anti- HIV-1 activity and unique gdructural features of SVi-10 meke it as
promisng lead compound for the preparation of anti-HIV drug. Further anti- HIV evaluation is in progress to better
ddine the anti-HIV potencies of SV-10. Such a sudy would provide valuable irformetion on the thergpeutic
development of new generation for anti- HIV drug.

3 Possible biogenetic origin o schisanartane, schiartane and 18-nor-schi-
artane

Snce xteen novel highly oxygenated cormpounds with three unique skeletons ilated from three Schisandra
ecies have not previoudy been encountered in nature , we proposed the name schisanartane, schiartane and 18-
nor- chiartane for the three different types of skeletons. The concurrence of these compounds anong three ecies
prompted us to ponder rationally the inherent correlation anmong three new skeletons and the known cycloartane.
Orienting these novel conpounds in a triterpenic pergoective reveads the natural context anong schisanartane
<chiartane , 18-ror- schiartane and the known cycloartane skeletons.

Here we proposed four plausible hypotheses for the biogeness of three new skeletons: (a) possble biogenes's
o schiartane from cycloartane, (b) biogenetic origin of the new 18-nor- chiartane type, (c) plaudble biogeness of
schisanartane , (d) the interrelationship and a further stereochemical inference anong the schisanartanes®
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