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“Tannins and Related Compounds. CXVILY  Isolativn and Churacterization of Three New Ellugitannins,
Lagerstannins A, B and C, Having a Gluconic Acid Core, from Lagersiroemia speciosa (L.) PeRs

Takashi Tanaxa, Fuoi-lfong Tone, Ye-Ming Xu, Kanji IssiMaru, Gen-ichiro Nomaka® and Itsuo NISHIoxa
Faculty of Pharmecoutival Seivnces, Kynghu Universicy 62, 3-1 1 Maldushl, Migashidi, Eukuoko 812, Japan,  Raceived March 3, 1993

Lagerstanning A (6), B (11) und C (8}, ellapitonnins haviog a gluconic acid core, have been isolated from the fruits
and leaves of Lagrrstraemia spacigsa (1.) PERS. { = . flos-reginag ReT4.) (Lythraceae). On the basis of chemical and
speatroscople evidence, thelr strucluros were eslablished wa 2,3;4,6-bls- O-(S)-hexshydroxydiphchaoyl-p-glacanic acid
(6), 2,3,5-0-(8 K)-flavogallunyl-4.6-0-(§)-hexuhydroxydiphwnoyl-n-gleeenie aeld (11), and S-E-gatloyld & 0-(5)-
hexahydcoxydiphenoyl--glucenic acid (B), respectively. Furihermnre, the stractore of an ellagitunnin, punigticonin,
previcusly isolatud from the bark of Puaica granuinm L., was revised os 2,5-di=-0-galloyl-d,f-0-(5)-hexahydroxy-
dlphenoy)-o-glucenic actd (10}, based on spectral re-cXaminntion.

Keyworda Lagersiruemin speeiosal Lythiposhet Tagdsatansin; puniloconing Punica granahumy; gluconic acid; flavogyllonic

acid;.cllagilanyin; taanin

Lagarstroemia specinse (L.} Pers. (=L. fos-reginae
RErx) (Lythracese} is 4 deciduous tree nalive to tegions
from Tnelia and southem China 1o tropical Australia, and
cullivated as an excellend avenue tree because of its beautiful
flowers, Tt is knewn that the leaves snd Fruits have
hypoglyeemic properties in treating dizbetos mellitus and
contain large amounis of wannin® To cantinuing our
chamical studies on tanning in Lagerstraemiy spp..™ we have

isolated thice new ellagitannins, lagerstannins A, B and C, -

having a gluconic acid vore in the malecule. Furthermore,
in-the course of the siructural stodiss on these lanning, we
have noticed that the structure of a related ellagivanain,
puniglucanin,® formerly isolated from the bark of Punivyg
grantum a8 Lhe lirst example of an ¢llagilannin baving a
slucenic acid core, should be revised. This paper deals with
thexsolation and stbcture elucidation of these compounds,

The squeous ucelons eatract ol the fresh (ruil wayg
subjected to 4 combination of Sephadex LH.20, MCI-gel
CHP 20P, Cosmuosil 75C, 5-OFN, Fuji-gel ODS-G3 and
TaK-gel Toyopeasl HW 40F column chromatographies to
yield lagetstannine A () and B {11), wogether with five
known -tanning, gemin D (1,9 lagersroemin (%)
castalagin (1% wvescalagin (4),” grendinin (M und
hippophaenin A (™ On the otber hand, similar
chromalographic separation of the extract of the dried
leaves?™ yielded lagerstannin T (8), 4,6-0-(5)-hexahy-
droxydiphenoylgluconie acid (9)% and 7,

Lagerstannin A (6) was characterized as 4n ellagiannin
by color reactions with ferric chiorids (dark blue) and
sodium altrite-acetic acid!® (reddish-brown) reagents. The
proton nuclepr magnatic resoaunce (1F-NME) specteum of

HO

HO
HO

HQ

6 (Table §) showed four one-prolon singlels (§ 6.62, 6.63,
6,77 and 6.79) suggestive of the preseace of two
hexabydroxydiphenoyl ester groups. The carbon-§ 3 nuclear
magnetic resonance (*C-NMR) spectrum exhibited, be-

sides aromatic and esler carbon signals confirming the

presence of two  hexahydroxydipehnoyl  groups, owe
carboayl (6 170.8) and live aliphatic carbon signals (4 63,1,
69.0,713.4,75.1 and 76.6), the cheniical shilty of which were

simmilur to those of hippophacnin A [7), indicating the.

presence of an aldohexonic acid molety.

Comparison of the 'H-NMR. specira of' 6 and. 7 {Table
1) showed a close relutionship between these compounds,
Namely, the chemica) shifls »nd coupling patterns of the
sighals arising [rom the aldonic acid molsty in 6 ware very
similar to those of 7, except for the appearance of the signal

due Lo H-5 avslgnificantly upper licld (8 4.36), These indings |

sugpested that 6 s 2 3;4 6-bis-O-hexahydrosydinhenoylalu.
conic aeid, and this was alzo supported by the negative ion
fast atorn bumberdment mass spectrum (FAB-MS) of 6,
exhibitng thc (M —~H)}" pesk ul mjz 799,

Selective hydrolysis of the galloyl group in 7 with tannase
sllorded & as expected. Furtheimaore, tht absolute structure

of &, incleding the atwepisometism of the biphenyl tinkages -

and the abselute configuration of the gluconic acid moiety,
was confirmed as follows, Rteduction of 6 with lithium
aluminum hydride afforded many redoction products,
amang which a product (6a) conld be isolalcd. The physical
and spcotroscopic data of 6a were found Lo be identical
with thosé of 2,%:4,6his-(0-(5)-hexahydroxydiphenoyl-o.
glueitol vbteined by reduction of 2,3;4,6-his-0-(5)- hexa-
hydroaydiphenoyl-p-glucopyranose (pedunculagin)'’ with
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H-2 A6 Sm i) SR (A S L0) RIS Smd] AU, T SE{, Jmd) BST(S-F] SES(S D 110) Al 1Y) 4080, J=6)
H-1 5,65 5.5 AU ISD AT S aads LR 579 X0 e I ¥ ]
fald J=2 00y (ul -1, 14) (dd. J=2 4y @d, S=10)  (dd, a0y . {dd, b, (D)
H-d $5.58 fli . 547 44l 352 FROSEN 20 So4) 5AD (s 842 fd, J=10)
(d, J=2,8)  (4d. /=19 G S=3 8 A J=3 0 (dd, re2, %) .
-5 4,35 5.41 574 5.3 5.4 5565 518 543 sy LN
dd Jud ) fod, e (=38 @l =38 Wl =38 @4, =17 lddd,J=4.5 5 [ad, J=5, 11}
H-6 4.79 5402 4. .50 4,52 a.E7 10 674 w450
(dd, F=3,12) (), S=3,10) (il =3, ) fdd S=3 00 (Wd =N 1Y) G, S, 00 (O, bed, Sy (dd, =23, 19} [dd, 4= 5, 1LY
S02 06, J=17) 22 (d, S=13) AMB{d, S~ 10} VET(d, J=10) MG (d, Jo1d) 412 (0, F=0D . AR, a1 34T (1, )= 11)
HHDPH 662 (5) £.59 (9 6.58 (5) 6.5¥ (s .54 |5} .53 (5) .54 () 664 ()
.53 (5) 6,74 48 8.87 {5} 674 (s 6.92 (=) .41 (5) £.84 (5) 690 ()
77 (o) 6,76 (4 :
[N 470 (&) .
Fravogalionyl-H : Bél [8) 652 (s) 1248 () 1Y )
) ) : 8,79 {3} 677 (%) 161 (9 760 [2)
Cyllayl-H T2 ALY) TEH, 8 102 42H, 1) ‘

7.5 (1H, 5}

&) 270 MHz; (8 Atelinrsed, 412,01, BJ 100 MH2; i sectone-d,+ [0 -¢) IWOMH; in acewong-d,. d) Coopled with 2 hydroxyl sigual (¥ 5.20, J, f—f Hz), which
v eechangeable with 0.0, o} Due o tha ovariyp of digialy, We cratt coupling <onstant could aov be calowlated. '

HO

HOQ
HO

HQ
" HO

sodivn’ borohydride. On the basis of Lhesc findings,
lagerstannin A was chatactorized as 2,3;4.6-bis-0-($)-
hexahydroxydiphenoyt-p-gluconic acid (f),

Lagerstannin € (8) showed color reactions similar to
those of 6. In the '"H-NMR spectrum, the appsarance’ of
4 two-proton singlet {§ 7.18) and lwe one-proton sinplots (4
6.5% and 6.87) suggestsd the presénce of a gulloyt and a
hexahydroxydiphenoy] group in the molecule. The presenice
of an aldohexonie acid molely was revealed by Lhe ob-
servalion of six carbon’signals at & 64.9, 71.3, 71.7, 72.4,
73.1 and 1749 in Lhe ""C-NMR, spectrum, sod also of six
aliphatic proton signals in the "TH-NMR specirum (Table
1). By examination of the two-dimensional "H-"11 shilt
correlation (YH-'H COSY) spectrum of 8, three aliphalic
praton signals (§ 5.47, 574 and 4.96) sppesring downlield
were atfributed to H-4, H-3 and H-6 in the aldonle yuid
moiety, indicating that ihese posilions are acplated.

Tannase hydrolysis of ¥ afforded pallic avid and u piir-
lial hydrolysats (¥), whose "H-NMR spactrum showed o
lairly upfield shift of the sighal due to H-8 (5 1.33), jn-

dicating the locativn of the galloy! group to be at the 025

bydroayl gronp in & Pucthermore, the hydrolvsste (9) was

identified as 4.6-0-(5)-hexahydroxydiphenoyl-b-pluconic’

© aeid® by compurison of physical and spectral dutu, Hene,
the strucdure of lagerstannin € wis dotermtined 1o ho Go()-
galloyl-4.6:-02-($)-hexahydroxydiphenayl-p-gliconic acid

The Isgtions of Two gillayl groups i punighwanin (10

H O4H
HO H—-0+R,
2 Hoolt
HO —
Ho M
L. Hy-aR,
MO & ocHy
HO
R, Ry
A:H G
3:H H
1mG G

were [ormerly reported Lo be at the -2 und C-3 positions.”
Howover, in the '|I-NMR spoctrum, which was closely
related (o thal of 8 (Table 1), the lowfield shill (6 5.50) of

the H-5 signal and the upficid shift (5 4.45) of the H-3 signal

werg apparently itconsistent with the former structure, )

"Thus, the structure of punigluconin was concluded w ha

revised ws 2,5-dis0-galloyled,6-0u( S hexahyd conydiphe.
noyk-p-glucenic acid (10).

Lagerstunnin B (11] was ulso positive to the ferric chiorido
{dark blue) and sodium nitre~acetie acid (reddish-brawn)
lests. The '*C-NMR spectrurn showed aromatic carhon
signals due to five carboxy bearing pyrogallel rings whose
chemical shills were closely related to those of a
hexahydroxydiphenoyl group. In contrast Lo (he numbers
of aromatic rings, six carboxyl carbon signuls uppeared ut
d 1659, 166.4, 167.3, 1650 (20 and (68.8, "(hiy Facr,
combincd with the observation of five aliphalic carbon
sighals (¢ 65,7, 70.3, 71.3, 72.5 and 7).1), suggested (he
presence ol an aldohexonic acid mofety, In the "H-NMR,
spectrum, the observaiion of six aliphativ proton signals in
the fairly Jowhcld (Table 1y indicated that all the hydroxy)
grouns in the aldenic acill moiety wore seylated, and the
chemicl shifts ol four ane-proton singlets in the gromatic
region were similar {0 those ol the hexuhydroxydiphenayl
groups in T, Forthenmare, e nezaviveion FAR-MS showe,|
the (M —11)7 peake abpnfe 949, which was two moss units |
legs than Uun Townd i vhe cuse of 7, These speat rercopic
linudings #upuested the presenee of o triphenayl esler gronp
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Fig. I. 'H-'3C Long-Runge COSY Spectrum of 119 in cnal,
(/s 3 Ha) FLs Davogalonyl aroup.

L) . fpm

in the molecule, together with a hexahydroxydiphenoy!
2roup.

Maethylation of 11 with dimethy! sulfate and anhydrous
polassium carhonate in dry acetone gave the hexadeca-
mothylate (11a), which was subsequenly subjected 10

. dlkaline methanolysis lo give dimethyl {£}-hexamethoxy-

diphenate (Fh) [[alg® - 23.3° (CHCL)]'™ und trimethyl
nonamethylflavegallonate (116}’ The Tatter was found to
be uptically inactive, imdicating that this ester is a meso-lype
compound, _

The *H '*C long-range COSY specirum of the hexade-
camethylate (11a) (Fig. 1) showed three-bond leag-range
correlutions between four arormatic singlets (8 6.74, 6.78,
6,89 and 6.99) and earboxyl casbon signals (6 166.1, 167.7,

1654 and 166.4, respoeuvely), and baiween the methyl

proton signal at & 3,73 and the carbosyl carbon signal at
8 |66,5, which is therefore assignuble to C-1 of the uldonic
ieid moiely, The remaining cster curbon sipnul w1 § 164,35,
whivh was not correbited with any sromatic prolou signal,
wits henee atiribulable Lo g carbory) carbon (C-7°) nttached
Lo the “central™ vramatic ring of the uvopallony! group,

©Uhis carboxyl signad was found to be correlated with the

prolon signal (8 5,50, dd, J=6, $Hz) due to H-3, clearly

indicating that the “central™ aromatic carboxyl group of
the Bavogallunyl group is located at the C-3 position of the
aldonic amd moiety.

Partial hydrolysis of 11 in dilute sulfuric acid yiclded
ellagic avid, optically active Aavogallonic acid (dilastone
form, 11d)'* [[«]3° +20.3° (McOH)] and two hydroly-
sates (Lle and 1l1), The aegative ion FAB-MS of lle
showed the (M—H) peak At mfz 647, indicating that
thizs hydrolysate is generated by hydrolysis of the hexa-
hydroxydiphenoyl group. Tn the H-NMR spectrum
(Tuble T) of 1le, the lowfield shifts of the signals due to
H-2 (§ 5.65), H-3 (4 5.29) and H-3 (§ 5.02) indicated the
letalions of the Ravogallonyl cster groups to be at these
positions. ,

On the other hand, L1f showed the same (M- H} * peak
al mifz 949 ax that of 11 The *H-NMR spectrum (Table I)
of 111 exhibiced Tour one-proton singlets, among which the
chemicnl shilts of two signals (6 7,38 and 7.61) in the lower
rogion were similar w0 those of Ud'(§ 7.32 und 7.60),
supgesting that the Aavogallonyl proup m 11f forms
dilattone rings. Furthetmors, the chemical shilts and
coupling patterns of the aliphatie signals wore found 10 be
in pood agrecment with those of lagerstannin C (&),
Considering the co-gencration of 11e on hydrolysis, the

structure of 110 was regarded Lo be 3-O-favogallonyle4,6.

Q-(5)-hexahydroxy diphenoyl-Degluconic acid.

‘Yhe chirality of the biphenyl hond in the flavogallony!
ity of e was dolermined o be in the Kescrics by
yielding methyl {#)-hepramethyilavogsflonate (1) [[a]3?
+17.7° (CHCI,)], 'Y rogether with 11h, on methylation,
followed by alldling muethonolysis, Couapled  with the
above-mentiomed results of YH2Q long-range (MOSY

speciral wualysis of 1ta, s fuct indicted ot in the .

molecale o' VL e atropisomerism of the bipheny]l bond
hetween aromalic - rings attached e the C-3 and C-3
positions {s in the Heeries, On the busis of these rosults,
the slructyre of Lagershunnin B owis determined tn be as

P 003/008
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shown by the [ormula 11

Tt is interesting Lo nole that prolonged acid hydrolysis of
 afforded snother hydrolysate (11h), which was Jound to
be pencrated by adyl migradon ol Lhe flavogallobyl group,
and [ormation of a glucono-1,3-lactone ring, Characleri-
zation of DIh iy ss [ollows, The negative ion FAB-ME
exhibited the (M —IT)7 peak al mfz 931 which is cighleen
mass units less Lhan that fuund in the case of 110 On
methylacion, followed by alkaling methanolysis similar (o
the case of 110, 11h afforded 11b and g, In the ‘H-NMR
speatrum (Table T), the coupling patterns of the signals due
to the gluconic acid moiely were significantly ifferent from
those of 111, and 1he lowlield shills of (he signals due to
H-3(J 5.67), H-4 (8 4.72), H-5 {§ 5.15) and H-6 {§ 4.50 and
4.39) indicated that these positious are acylated, Further-
mare, the lairly upfield shift of the C-6 carbon sxgnal @
i8.4) as compared wirh that {5 £5.7) of J1 was copsistent
with a glucono-1,5-kctone structure [1 5dactone, & 608
(C-6): 1L4-lpetone, & 62d; acid form, & 63.6].°% These
findings suggested that acyl migralion of the Navogallonyl
citer group [rom the C-5 to C-3 position occurred during
hydealysis. Thus, the structure af 11k was concluded Lo be
F-O-(R)-flavopallonyled 6=0-(5)- ]‘u:xahydmx}'d:phcnnyl-
p-glucono-|,S-lactone, '
l:llagne.m:ms posgessing 2 ghiconic seid care have been
" rarely found in the plant kingdom, and so farisolated from
Purticer granatum {Punicuceac),® Hippophae rhomnaides
{Elacagnaceac)™ snd Lagerstroemia subcostaraet™ In the
case of L. speciosu, it Is intercsting from the viewpolnt of
the metabolism of hydrolyzable tannins thut these {annins
comprise & major growp of lhe tannins in the fruit and
ca-exist with structurally related Coglycosidic etlagitannins

such. as 3 and 4.

Expovimental

Melting paints ware d:wrmlncd B B Y&Mumuw mittu-mellimg puint
upparittus il are wisocrested. Optical rotations were meagorsd with w
JASCO DIP-4 digital poiorimeter. FAB-MS were taken with 3 JEGOL
IME-DX 00 instrwient 1o aid P2C-NMR specint were recorded on a
JEOL FX-100 und JEQL GX-270 spactrometery, with tolrumethylsiiane
a8 un indermal standard, und chemical shifls are alven Jo & (ppm), Column
chromalography was perfurmed willl Sephadex LIT-200 125 100,

" Pharoecia Floe Chemical G, Lid.), MClgel GHP 20P (75—150y,
Mitsubishi Chemical Industries, Lod.), Cosmenil’ 75 OO (75,
Nacalal Tesque i}, Fajl-gel ODS G-3 (43—0a8 4, Vuji-gei Hanbksi Co.,
Ltd.], and Teyopeud HW-40F (Tosoh Corp.). Thin luyer chromutography
{TLC) was performed on precoalsd FKieselgel A0 F,,, plutes (0.2 mm thick,
Meattk) with benzeoeeathyl tocmate foric acid (3:7:1) und precoated
calludese By philes (01 mm (hick, Marek) winh 2% sealiv neid, and apols
were detecied by ollrvdelel (1Y) illurpination and by spraying 1%
cthunplic ferne chlorde, sedium nitrite acetic aoid or 3%, soiluriy achd
rewgenty, Optieal resolulion high perfopmames Tiguid chomnalography
(PLCY wuy perfoeried v o Tesoh sppirstus equipped with a COPM
anbvent dellvery system, a LV-HORY spectrometer aad o Chicled D
(Daice! Chemical Industeas, Ltd ) colum (4.6 mm 1.d. x 250 wm) (mokile
phasg, H-hexsno—2-propancl {6:41); Row sate, Lieliming colums Llem
permyuie a4 detastion, 2R0 ).

Bsodulion of Tamning, 1) From Fvwits  Tho fresh feuits (6.0 kg), collected
In Talwon la Seprember, wore iushed intu small pieses an exirpcted five
times with, ED% nuueous nestone wl som leingevadnee, The gomibsnsy
calraels were canventonled mder reduted prestiere, and e eesuiting
precdpliates worg reovad Ly lltation Thi Dhimle was applivd 1w s
Supleches LU 20 column {10500 §d < 38em) with waee continfny
inereasing propaitions of methiel and Fnally wilh 3% ayueous scelon
to give Cowr Factioms; Tis, A7), LECIL0E) LS gl TV (5T ).
e Tieat Fractbon wis reeheomajogigphed over MOT gel COP 0 0w
jd = em), Cusmosil 73 (‘H-(II‘N Qulenn ial = Joem} and Sephilug
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10120 (3.0 i » 50 cem) with 8 mixture nf waler and methanol Lo aflow]
lagerstunning A () (66mp) and K {113 (.28, Reperied chromutonraphy
of e seennd faclion on MCI-zel CHP 208, Fuji-pel D08 G-3 and
Sephadea LIT-20 with watel rontainiug inereaging amounts of methanuol
furujshee vereatgin (o) (YA mel and srendinin (5) (338 mg). The ihird
fraction wis techromiloginphed on MCT-gel CH{P 200 (4.0 cmid. = 3lbem)
und thew Toyapeur) HW.ADF (A.0em Ld, % 250m) with watee conliining
increasing proporlions of merapo) 1o visld gemin D (1) (67mpg) wnd
castatagin (3) (1.34w). On similar ehromatogrsphic separation, fina]
fraction afforded laperstra=min (2) (404 mey wod mppopghienin A (T
(343mp). :

) Prow Lesves  Fracion |, which wag previowsly olained from the
U agquesur ateone extrect ol Lhe deied lowvey by Sephidea LM-20
chromotopraphy, was rechromatugraphed o Sephadey LHQ0 wilh
gthanal and then MCl-gel CHP 208 wilh waler conluining au increising
ameunl of methanol o yield 46-0-(5)- hu:xdhydruxydlphenuyl glugonja
acid (%) (20 mp). Repeated chromatography of fravtion 2% an MCI pel’
CHP 201, Cosmosil 75 C,,-0FN, l'nynpcnrl HW-40F aml Sephacles,
LIT-20 with wuler snd melbabol furnished lagerstanoin C (8) (40 me) and
7 (10w

Laperstonnin A {8) A wn gmoerphous powder, [3]57 4+ 76.3% foe(.5,
MeOTI-TLO (5. daad. Cided fag Col0.00, D2H,0: € S0ad; M,
11 Found: ©, 50.1%; LL, 3,05, Nugutive jon TATB-MS myfz; 799.(M -HY} |
THaNMR: [able 1 SCWNME (sectoncedy 11,0, 67.0MHz): 681
[CHuznnic acld {CHeA)-0], 69.0, 734, 76,1, T6.6 (GleA-2, 3, 4, 53, t07.3,
WFLE, 1077, 1066 |hexuhydroxydiphenpyl (HHDYRA, ¥, 1137, 114.2,
LT5.2, 116 | (NEDP-T, 17, 1355, 126,72, 1269, 1270 (HHDP-L 29, 1354
{203, 136.2, 136.7 (HEDE-5, 5, 194.2, 144.4, 184.5, 144.9, 145. 2, 145.3
(3C) (HHDPA, 4, &, &7, 168.6, 1694, 169.3, 1.0 (HHDP-7, 7), 1708
[CHaA- 1} ’

-LiAIE, Reduction o' 6 A xolutmn of & (23ng) In tetrahydrofuran
{2an)) wig slirred wiils LIAILL, (SGmap) at roem exnporatore far 24, 1o
the reaclion mixtura, water (1 ml) and 0.5 0 sulfure seid (3 mil}pwas slivwly
udded a1 DUC, wnd th sulutian was chramalograghed on Sephadey LH-20
CLOem id.w 1 5em) wilh waler coulainitg intreasing praporlions of
mathanal, The fracdons obained by ofution with 30 =60% methangl wore
collectud And concenvated 10 dryness. The rasidue was upplicd (0 a coluinn
of MCL-get CHP 20F [1.0cm i.d. % 5cm) with 10% squcous methanof to
yicld 6e 3 mg) 15 a while anwrphous powder, [@]fF +177.5" {c=1.3,

M2OHY, Anaf, Culed for 015,05 U100 €, 5103 L1 142, Found:

CALOE T 342 "H-NM R {ucotatio-dy + M0, 100 MH?): 3A9-=0,02 (3H,
m, H-1, £), 4.29 (I}, dd, /=13, 9Hz, H-5F), 4.7] (JRH, dd, J- 3, 12,
H-6), SOK (1H, m, H-2), 522 (IH, dd, s~ [, 9He, 11.4), 5.60 ([T dd,
J=1,10Hz, F 3, 6.55, 6.7, 6.0%, 6.6% (gach 111, &, TTHDP-H). “*C-NMR
{occtoned, 1 10,0, 25,05 MEL): 604 (C-1), 68.2 (C26), 6A.8, 72.7, 74.9,
T2, 3, 4, %), (06.9, |07.5, 107.4, 105.3 (HHDP-3, 3, 1L, 1141,
158, 116.5 JTHDR-1; ). 1250, 1270, 1234 (2C) {LIHDE-E, 1Y, 1337,
1359, 1361, 1369 (TIPS, 5'}. I-ﬁ.l, [44.3, 144.4, 144.7, 145.], 145.7
(IC) (MHIP, &, G, &), 168.3, 69.3, [69.4, |68.7 ([HHDRT, 79,

MaBH, Redoedun of Polduncidugin - A solution of peduncutagin (400 mg)
m wiler (20ml) was stireed with NalH, (400mp) at toom (emperulure
for 2dh. The cegclwn mixiure wus acidified with 2w 11 and disatly
subjtcted Lo Sephicex LIT-20 column chromatography (3.0 &miad. '« 20 c)
witlLwaler coninining merensing praperdons of methanol, Elulion of 50%
methaao] aftocdeal dw (204 my).

[lippophuenin A (7) A while smorphous powder, [g]37 + 6227 |em4,
MROH-EH O (12 1)) Neputive ion FAB-MS mfz 931 (M. H) O I-NMR:
Tauble L PONMR (acatane dy | 13,00 676 MHRE 84,6 (QleA-R), 70.5,
TV D5A 75T (OleA2, 3 4, 5, LI (gaiboyl.2, 6), 1008, 114.2, L1535,
06T (HHDE, 1Y), 1304 (patloyl-1), 1254, 126.5, 126.K, 127.0 (HHDD-2,
Y, 1387, 136.2 (309, 1364 (HHDP-5, 57, 139.5 Tgaliuy) <L), 144,2, (44,5,
1948, FI5,2 (30N 1453, 1454, 1496.1 [20) (HHIP2, 4, 6, &, galtuyld,
) V0T TARR, (69,4, (69,5, 1697 QUIMOBT. 7, malloyl-1), 1111 (GlpA-ty.

Bnzymatic Hydralysis of 7 with Tanmusa A solution »f 7 {5mg) i
waler (Jml) wag incubuted with tannas: {20} al rowm lamperatura for
7h. The reaction wixlure was chromatographed an MCTgel CHIP Jop
(Abem L0.% I5em) with witer comuining fneteasing proporgians of
methinal fu gl gallic acil (4w and § (20 m. '

Laygerstamiic U {R) A whits amorphous posader, [=30 12507 {0 =04,
ML ool Caled for U, 00,00, €, 300A 11, 10 Temnd: U, I,
Lo 3 Bugnive fon UARPME op/z: 6 (M o8 . YN Tale |
NC-NMR (asetong-d, +1 T, IRNE NI g Bl QA BTV D) 7, 704,
Ay e S R R T AR L RV AT EO T W S R [P P [T I A
IS LURAY CTUNRR G, sy LA tpaloyla 1y, 163 037 L (0102, )
L3, T3S (ISR, &1 0004 faallpyl- 1 RN LG TTSY 120y

e = e FVA ewme fhem
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(HHR.S, 47, 6, 6, 196.1 (_gallm;i-j. Th 1664, 1670, 1490 {00 1749

- (CHeA-1). ‘ . .

Encythatic Hydralysle of § wirh Taouse A solullon of % (20w In
warer (1 mi) wag inewbated with tonnase {80 mg) a6 roam Gnperilure for
3 b, The renabon mixlurg was chromalegiaphed ay deseribed Yor 7w pivs
gallic wcid (2my) and % (W0mg, as # white umarphans powdee, |32

TS0 (r=06, MaOH) FADMS pra 521 M+ N T, 198 (M +H'
'H-MNME; Tahle 1, :

Punbglucenin (10} A tan amorphydg nowder, [3180 +43.3° (o077
Me(H), Aral, Caled for €y H,,05 5 2H,0: C, 48.70; H, 361 Fuond: €,
4832 H, 3.60. '"TINMR: Tuhle L PENME (eetine-od, +D.0,
25,08 MHz): 649 (GleA-6). 707, T1.5, 73.0, 71 5 (GleA-2, 2, 4, 3), 1074,

1093 (HHIE-S, &9, 1102, 1107 {galluyh2, 6 1180, 150 (HIIDE-L 17, |

300 (20 Cpadloyl), 125.8, 127.2 [HHDP2, 2, 1384, 136.7 ([THNP-5,
§), 1302 (2C) (gulloyd), 1443, 195.2, AS.B, 1460 (HIDE4, 4, 6, 6,
palloyl-d, 5), 1659, 166.2, 167.6, 14,0, 169.9 (€00, GleA. ).

Lupersbirwdn B (KL} * A ran amacphovs powder, (e)a’ + 19.3° fe=U.0,
MeOH-H,0 (2: 1], Anal, Cukad far Cg H G0, 11,00 € 3084 [ 2,92,
Found: €, 50.60; H, 193, Mepative ion, FABMS mfz 949 (M -1} , 451,

| 435, 301, '[1-MAMR: Tahle |, 3¢ NMR (actone-d; + D0, 25.05 MMz
857 (QlcA-B), 70.3, 713, 7.3, 73,1 (GleA-2, 3, 4, 5), 106.0, 107.1, 1672,
108.6 {L1TDP-3, ¥, Ravogallonyl {FLV)-3, 37, 112.0, 1121, 1124, 1107,
(1.8, A (HLUIDP-§ I FLY-L PO 3, )24.7,125.3, 126,0, 127.2,127.3
(LMOPD, ¥, FLY=2, 2, ), 1354, 135k, 1557, 136, 136.9 (IIHDP-S,
F, PLV-S, 8 87, Ladg, 1450, 1451, 1454, 146.0 (HHDP.4, g, b &,
FLV-4. &, 4%, 6, &, 6*), 163, 1664, 162.3, 1861 (2€), L6448 (LOQ,
GleA-1).

Methylutionof 11 A mixieee of 11 (56 mg). dimethy] sulfzte (2 mi) way
ankydrous putassivm carbumals (2.0 ) in dry acetone (20 ml) was heated
underrellya for 3 h, Thy inarganic campounds were removed by flvration,
and the fillcase, after coneenliation, was applisd (0 2 sifica gel culume.
Blution with boromns acctene (23:2) yieded the heamdesiinethyl ether
Cilm) (18,3 g} 34 cutorless neadles from matkuand, thp 280. 390 °C, (g8
w 16,3 (om 0.6, CHCL). Anal, Culed Tor CyaHayQ i €0 5826 13, 407,
Found: , 57.73; 11, 407, "H-KMH, (CDC1;, 270 M) 4,52, .85, 3.66,
3713, 374, 175, 377, 188, M50, 3.92 {=2), 394, 305 397, 3 OF, 402

[48H in Lolal, cuch 8, OCH,). .18 (IH, d, f=13Hz, 1i-6), 4.82 (1K, dd, -

Jrd, {3Hz, H-§), 541 (IH, dd. S=0, § Hz, H-4), 5.50 (I, dd, J=5,
Uilm 113, 570 (16L dd, /-2, 8 Hz, 11-5), 5,76 UH, d, S=91Ilz H-2),
G4, 673, 689, 699 {osch {H, 5, aromatic-M) VO-NMR (CDCT,
§7.AMHz); 531 560, 6.1, 562, 56.4, 6.7, 60k, 60.9. 61.0, AL 612
- (OCH,), 64.8 (GlA-8), 69,7, T0.5, 726, 730 {GleA-2, 1, 4, 31, 1044,
1050, 1064, 1068 [hesarmethanydiphenoyt (HMDP)RD, ¥, nona-
methiBavagallonyl (MEL)-), ], 1206, 1215, 1218, 122.2, 122.7, 1211
(HMBR=1, 1 MELD, Vo1t 3, 1264, 1200, 1276, 1241, 1287
ATEADPE, &, MFL-2, ¥, 27 1440, 1443, 110.0, 1450 (UMDPS5, 5,
MFLS, 87, 1470 (MEPL-SD, 1525, 1528, 1529, 1522, 1520 13347

(IIMIDP, A, 6, &, MFLed, &, 47, 6, 6, 67), 1645 (MFLTY, 1655 -

U HMDE. 1661 (MELT), 1664 (MFL7"), 168.5 (GleA-)). 1678
(HMDP-7'). , _

Alkaline Methwnohysis of 1la- A sulution of 11 (20 mg) in metbenol
(0.5 ml) and- 5% aqueous MuBTT, (0.5 ml) was hoarad L 40°C Tur Lh, The
renction fixtre wis weitiGied with 10% 1) (5T}, wnd satracted with
sther. The arganic fuyer way washed with walee, dried (Nua8 04, a0
copeentraield. The residue was trealed with ethereal diazomethane (o
ih. Aller conoantration, fhe pradvets were sepacatad by silica pel

© elugmalography, Flutinn with benseng-acelons (24 1) yielded dimethyl

-hexamelhoxydiphenate (11} (11 mg) un 2 colotless syrup, [z)d* —23.3"
(c==0n%, CHG,) and trimeliy) nenamethyfavegallenste (11e) (5.3 aug) a8
o oolorlews syrap. (@3 07 (0.5, CHCL)L TLMS afat 614 (M),
ULHMR (GG, 100 MUY 3.62, 368, 378, 3.00, 492, 3.96 (I6H In
tolal, OCH,), 724 (24, 5 sronativ-H),

" Pursub Piydrealysis ol 11 1) A solation of 11 (150mg) in 0.5 0 sullurie
aeid [6ml) wis meled under refhies Dir 1 he The cesulling yellow necdles
(1B mpl, fp =300°C, which were identific] 28 cllage neid by wo-TLC,

were coliatted hy Miration. The Blieale wie chivowmtogriphsl 4n w ‘

Séphuder 0120 column (30um b # dlem) with waer culHining
Trcusing prog Qoo al wethimab (o afferd A1yl Ne (5.7 mgh.
JHE A ) and he slackng materiid (0B (12mg). Thi; Ml ogalowic
acl. A yellew puwder, [=lf® 4 23 (v=07, Mot 'HNMR
Leelteeely F1D,0, 00 811z) 700 000 och VUL s Ha A yallow
wnorphe e possir, T2 P Tem it MeOTL Wy 175 0] doal. Caled
Pur €, 00,0 - 32000 O dR O] H, LY, Fonmd: O g0 L), 310
Mugadiva i BAN ME i 0l7 (N SB L ML I':l‘llll.‘ I e A
yellow aunmphens posiler. 12|30 1487 (e 0T MO dnal, T
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for Cu a0y 1M © 90 (1, 304, Found: C, 49035 M, 291,
Megalive fun TARNS mio ey (M- 71, IR Table T

. 2} A tolwtiun of 11 (200 mg} in 0.5~ sulfuzic neid (17 ml) was refuxed
for VI The reacugh paisiuse wax separated by Sephiolne TH-2ZD and
MCLgel CHP-20 colomo choonslopraphics (Ha0=MeDH) to -afiord
allugic peid, e (10 S oy, (1 (145 mg) and Ik (1DAmg) LIk A yellow
amorphous powder, [ZhE +600° (& a0.), MeOH H,O (0] Anid,
Galed Tor Gy, 11007 U, 5180 112,78, Foued; ©, $1.60; B, 246, Negulive
fun FAR-ME oy 031 (M =107, 451, 300, "H-NME: Tl | 'O NMR
(neerame-d, | D,0, 67 R MHZE 534 (CileA-6), 669 Y09, 737, 10,3
(LHeA-Z, 3, 4, 5% 1070, 1088, 1005, 1100, 1112, 11013, 1138, L4,

Phe.A, YD, JTRE, 12000, 12000, [25.2, 1258, 1368, 1368, [I7.5, 1379, .

138.7, 1397, 1308, 1D, 144.9, 1450, 1451, 1452, 145.4; 1467, |48 6
(aromatic U, 1588, 160.9 (F1LY-7, 7'}, 1658, 167.2, [67.6 (HHDR-Z, 7,
LV, T4 (CheA ) G (e 0.019. methanol) (0] (nm): 3115 (325).
w0784 (284), 546 (I6R), +HIV65 (23Z), ~RA550 (207).
Maehylacion of 111, Followsd by Alkoline Methanulysia A soltion of
T4 (20 me) in medbano! (Sml) was roaled with athereat oyeenmethnne for

Ah, The reacijon miatore way soncenttaled to- drynass wieler reduced

pressnre, and the cruds meihylate Thug sheained was keapt wilh 0.5%
wethanolic sadium melhoxide (51r)) at reom temperature for 215 Fhe
reackion imicturg was nentvaliecd with Amberfite IR 1208 (TI* fonin), and
subjectzd Lo silics ged colomn sheuuatography, Flulion with heooedce-
tome (4: 1 and tien 3: 1) furmished 110 (2.3 mp) and ilg (A.83mg). 1l a
white powder, (215 +17.7° (=16, CHE,). Chiral resalution- HPLE
unhlyas of 11y showed o petk sl 4 §.5min which corcespunded o the &
famn, L8 form'™; g, 30,5 min, The eheamio fatin usod s 3 2wndued siople
was preparcd by methylatlon of yacepde Gavogallonte scid isalated from
the Teaves of Moilfutys philippinensis ],

Methylutlan of 11k, Followed by Alkaline Methonolysis A solution of
11h {5 mg) in mgthmand (1.5 ml) was methylaied with ethereal diapomethane
for 21 h. The reacion mixiure was concentraicd (o dryness by blowing
pilrogen gas lu give (he methyl dervative, which wis teeated with 5%
mcthanelio wedivm wethoxide (0.5 jl) at rapm temperaluce foc H b, Work
up 34 Jesuribed for 101 vielded 13b (0.5 mg) wed 112 (1,0mg)
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