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1. # ]

# 5 = Larix leptolepis GORD. DHHRSE, E<R7 =/ —AESCEL, SED
BTRETROHVOD, T80 3 LU EFRRES OZ WL EBREL, 280s
MBI/ rn< /97 4 —IC X DR LI, B O EE AR ST taxifolin I 35 L O
katsuranin II ¢ flavanonols C% 1, quercetin VI 3 X O kaempferol VII o flovonols 3
PEFEL TS, Thbo flavonoids OB ToO 57X LERT F CHK B B # 0 o
LOMANEEIEEML, A—OMEROLHATRBCHEML, B~ B LT
tHE & R7T?, flavonoids LIAD 7 = » —A§4 & LT lariciresinol XI o Z' & % lignans®!®
VR Eh, Thbod phenylpropanoids O iz filgH -8 A LUADEERREEF T HHS
DEENALHIC IR THE"Y, Zhbicink T, phenylpropane » 3 & f (IL, ILI)2
B IO 4 4 ALIDD R0 X b B IR,

—F, BEFRNEOER 7 = 7 — AL (+) catechin VIII™ o flavan ChH b, Fofh
(—) epicatechin IX s X 0" afzelechin X N TDH B, # © flavanonols & i3 # %
BEVWHERZTR LTWw5, flavanonols X flavonoids 4 &R OB8 THEM I OB TAR
h30wr KL, flavans 220K Y OBEBEOLERY & RBX A, procyanidin & tannin'® /g
EOEFFHEY 7 =/ —AOFBYHEEL LTHALRTWER, EZELRZREHI ST <VOM LY
HEE L T\Wigy, X5 8D phenylpropanoids AR EICHFIEL, ZhbHITL TR B-B &
LM ORBEERELE L, todo 3Bomsy XXI, XXII, XXIIT) (3fiEakE LTHRLRD,
AMrb oy XIX, XX ettt T340 Chs, ¥, Lo 2@{4 4 (XXXVIII,
XXXIX) 33 Eff& LTHEIR B, LaLl, (gl L8 #A%HE TS lignan ZRKEH
BEL T e,

AR I EOMBR T ERETLHNTIT 530 TH 50, HBIUBEOMBRS %
BT o, —HAMOMBRSEbBE S, ZORBE, AERT7T A2 -1 thlifpd, =—F72
AR L 4EogYy (VIIL XL XIL XI) %, —JF, NEORMMY, =—7 AAHH
X b 5oy (VIIL XIL XIIL XV, XVI) ZE#E Lz, IHRAM 7V 2 -1 HlYF,
7w RN ATIEE L b diarylpropane F#E s XXXVII # B L7c. chbOBERB IO
B bohicaReFEic LT, FHoMmBEs> & E L,

EMRERTO5CHch, ABRRCH LEERZE - It R85 5 BEE kO &
e BELRLHBERTHIRETH S, Fh, XFREMEO—IXHEM 4 FEEIAERHFAT
Fe# (No.447103) T X »7cdb D THHZ EREL, HRTHELRTHIRETH 5,
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2. % B

g (UV) IR, KR (IR) BRI, SR HEW NMR) 8 L OVEE MS) A<7 ta,
Rl AR (mp) 38 X OHEXREE O FIEILATIRSSY O FECHE » TIT o T, BEAIRHEE LTy,
Brr=<t 27374 — (TLC) vV #» # 1 (Kiesel gel GFu 60) CIERE L, BRIBE T L
=V ¥ Fr  FB G:4:1; D) AV, FREAFHELTST MALT > =LA ER
(DSA), 50% B X O'UV 5 v 7% EH LI, EbreAr—R- 3787 JRZY » T
fEB L7 TLC CiRBRMFE LTs-7 4/ — 1 BeMp: K (14:1:5; D-2) %, REHF LT
26~y 7 mxf/svrrad i F (DBQ) BT -1,

2-1. MBI H

AR LRENIEHRD TRWERANER CH0Th b, BB HEER CHRIL
TebDTHD, HEK, BES, AR, DA (ca- 3x5cm) & LBl E1T 5 7o,
S 086kg: #Rz) BIXUHK 242kg: %) 2& «, HMMECHED, $B% =2/ -1 T
T2ReR, BIRTHIM Lz, ZOBFIHLVBELAVCCIEE LI, §Llik7 21K
RIIBET, ERKMF TV v 7ERBETRBL, TO—RBLFE LKL RDI, £
HPILX I n-nFH Y, =FAz—FL, BEB=FL, 2FLzFALy P vBID -7 %
7 =N TIER DB Lic, #ili%is X O 314 DILR% Table 1 wrd,

2-2. {£&% VIIL, XI, XII 35 & & XIII o) Bi g

HBE=—FABHPDO7 =/ — VRS RBEET DD, YV WA DT AIe< LIS
74 =R\, =—=FANEH (ca.10g) #H 5 & B.7x70cm) ZiEDd, BHEAERE LT
VEYV HB=F AR RV, WDEORERY 51 hLHED, KECHERE=F VOB E
», HREIHB=F L ORTHEH L, BHKIX200msl Fo%£5, 556757 v 2 vEHk,
%752 a Vi TLCoy TRELLHRH 10757 v 2 v (-1—-10) wF LD bhi,

=107 52> a vOTLCoy KX BMETRI0CI2OSEFER P ETH 7 e~ 75
A RTOT, BRYAERBON 5% 5% =% 7 — 1 X VER&ETS &, (b4 VIIL
EHIRE E LT B hic (630 mg), Rew-n0.12, Rep-z 0.76. m.p. 160°C. UV ABOE nm : 280.
MS(m/e): 272 (M-18), 163, 150, 139, 126, 123, 110 (base ion). EHEC L, BKER—L Y &
VT 2 FAALEST 5 &, VIIL I pentaacetate VIIIa # & % 5, 'H-NMR (60 MHz, 6$53%) :
2.00(3H, s, alc-OAc), 2.25(12H, s, ph-OAc), 2.752H, m, H,), 5.00-5.30 (2H, m, H,, H,),
6.58 (2H, m, Hg, Hy), 7.00-7.30 (3H, m, Hy, Hs/, He/),

IEHXLIZIB8 757 a3 vEEY, YIIFAITA (Jurklhi AR/ —A=
100:1) #@B L CHEH LAHELYHEBR=F L HLER/LL, ECOHMABEREILTEDRL
(183 mg), Rep- 0.37. m.p. 169~170°C. IR »EBL cm~': 3480, 3375, 1610, 1600, 1510, 1460,
1450, 1425, 1365, 1290, 1255, 1235, 1205, 1175, 1150, 1110, 1105, 1090, 1070, 1040, 1030,
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1010, 970, 945, 940, 900. 855, 815. 'H-NMR (60 MHz, §{S29:C0+D:0): 2.3~3.0(4H, m, aff),
3.6-4.0(4H, m, ), 3.78 (6H, s, OMe), 4.74(1H, d, J=6.0 Hz, &), 6.6-6.9 (6H, m, arom.). XI
97 mg) IFERE T 2 F 4 0.5mb), REEH YV v 4 500mg) L3k 7 v (10mé) 5K
B LI, REE7 Y v 22 B, BEIBRET CHESIRL, BOhICHERBIZY Y H ¥
WA TG A (p-~Fy v B F =11 THREL, =—F 1L IVEHKHT S &, dimethyl
ether Xla %\ E4HRE & LC4A TS (82 mg), m.p. 78~80°C. MS (m/e): 388 (M*: 11.5%),
370 (base ion), 339, 269, 151, XIa(dmg) #EAEE—V o v 7+ 1{bT5E Xla
monoacetate XIb X ERBEHL AR E LTEHE L2 5 dmg), Reypa 0.05. MS(m/fe): 430 (M*,
45.4%), 339, 219, 177, 165, 151 (base ion), 43,

EM XA 753 70 a v BV I AFAITARE, Z2eeihl s CREXE &
bhABHEYEMO Y A XA DT A (T v T2 b v=3:1) CENL, RBEOEAY
KeELTHEGLRE 217 mg), Reop 0.49. [a]B+39.2° (c=1.37, MeOH), UV AE%X nm (log ¢):
231 (4.14), 282 (3.78), UV AEIQH+N/INaOH pyyy (log ¢) : 252 (4.15), 289 (3.80), IR vEB: cm—!: 3400,
1730, 1610, 1600, 1510, 1460, 1430, 1365, 1265, 1235, 1150, 1115, 1030, 850, MS(m/e): 402.1695
M*: 402.1679 Cacld. for CypH,Or: 92.8%), 219, 205, 190, 151, 137 (base ion), 43, H-
NMR (60 MHz, 6 {32»+C0+P:0): 195 (3H, s, alc-OAc), 2.4-3.0 4H, m, aff), 3.6-40 (2H,
m, T), 3.78 (6H, s, OMe), 4.20 2H, m, 1), 467 (1H, d, J=6.0 Hz, «’), 6.6-6.9 (6H, m, arom.),
BB X5 7 51T, XII(15 mg) i diacetate XIla % ikt & L-C4HET S (15 mg), MS
(mfe): 486 (M*t, 13.4%), 444, 402, 384, 367, 342, 325, 219, 205, 190, 151, 137 (base ion), 43,
'H-NMR (60 MHz, 6§55): 2.00 (3 H, s, alc-OAc), 2.26 (6H, s, ph-OAc), 2.4-3.0 (4H, m, afp),
3.6-4.0 2H, m, 1), 3.77 6H, s, OMe), 4.20 2H, m, "), 478 (1LH, d, J=6.0 Hz, «’), 6.6-7.0 6 H,
m, arom.),

&YW XIL2Tmg) % 2 2 7 —A 3mé ML, 1IN KOH 3mé #n %, 3RIEH Lz,
AR —NEBELLE, PEOKEML, INHCI € pH 2 c#iE L, D\WTHB=F1L
20mé C3EME Lz, MBMIC Y AFAD T A ~FH v T b v=2:1) BFE A,
BONBERDYHER=F 1L BREMLIES &, BOMMH X1Ib %2 5.2 5 (15mg), m.p.
168-170°C, MS (m/e): 360 (M*, 43.4%), 236, 194, 175, 151, 137 (base ion), 44y XIIb &
&% X1 o RRERBR CRUS OB T ik feh - .

e XML i2f-6 75 7> av®sunkta: iz —1100:1), DWTC n-~FH v
Tbrv G2 BEEBELTA I XA NS A TERL, EAURLLTEOKL (247
mg), Rewpay 047, UV 5% nm (log ) : 229 (4.45), 288 (4.36), 315(4.41), UV AEQH+N/10NaOH
nm (log ¢): 232(4.36), 289 (4.09), 310 (4.08), 366 (4.54), IR vEB: cm—!: 3400, 1690, 1625, 1600,
1580, 1510, 1445, 1360, 1260, 1230, 1200, 1160, 1115, 1025, 980, 825, (MS m/e): 506 (M*,1.7%),
488, 342 (base ion), 311, 205, 151, 147, 137, 119, 'H-NMR (60 MHz, 5{5B»:°P+P:0): 25-3.0(4H,
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m, aBf), 3.7-4.1(2H, m, 1), 3.75 (6H, 5; OMe), 4.34(2H, m, ), 475 (1H, d, J=6.0 Hz, &), 6.25
(1H, d, J=16.0 Hz, §”), 6.6-7.0(6H, m, arom.), 6.79(2H, d, J=8.0 Hz, arom.), 7.41 (2H, d,
J=8.0 Hz, arom.), 744 (1H, d, J=16.0 Hz, a”),

2-3. (L&YW XVEHEIUXVIDRRE

B = — 7 AT (ca. 308) BAKDOBHELRAKL Y ) # ¥ A AT 2k v y—
Befg = 7 L RDOEE T, MDFOREY 3:1 hLEDRECEHR=F L OEAYRD, REC
REB=F A DATER L, BHIRE 200ml FoT\, 5075 7 v a vE#Bi, &7
57 vavk TLCopn THREL, 5777V av{-1~-5 i L,

f-47 527y VIBEYEEL, BORESERE 9B% =5/ —AhbERKRL, LG
# VIIL #4872 (11g), m.p. 160°C, 27572 3 vEIBRY I AFXFA AT L (FrBki
BiA R —n=100:1) THRHLA T 5 7o gy (F2-1~f-2-4) Rfdte, £-2-1 7575 a v
BEEY Y AFAD T A (~Fy v Fgp=rr=1:1) THERL, {L&% XIL 41 mg) %4,
70122757V a vHRABRY I AXAN T A (nenFH v Tt v=5:2) TLELL
& XIII (33 mg) 187,

M XVizi2-475 s avkrunbnin: 2z —n (100:1) REHEEE L
VUM FANT ATEHBL, 3y —FR=FAHLLRERMLL, BEER&ELLTEDLR
72 19 mg), Rep.y 0.33, m.p. 156~158°C, IR vEBL cm—!: 3350, 1600, 1505, 1455, 1440, 1420
1360, 1270, 1250, 1150, 1120, 1080, 1050, 1025, 1015, 1000, 990, 940, 860, MS (m/e): 360
(M*, base ion), 342, 311, 284, 271, 255, 241, 187, 175, 137, *H-NMR (60 MHz, 84902200+ D:0)
1.7~222H, m, Bf), 2.74 (2H, broad 4, J=7.0 Hz, @), 3.4-4.1 56H, m, a'77"), 3.72(3H, s, OMe),
3.74(3H, s, OMe), 6.13(1 H, s, arom.) 6.6-6.8 (4H, m, arom.),

ey XVI {3757y 2 vEWMbdDa~FFv: 7t v 6:2)¥BHBHELTY
VAEAN T AREBIRHE, BEHEBER I/ reit a2 &7 —A (100:1) & Hvio
VAL T AR BREE, BEOREL2EREL, BEHERELLTHDL R (¢7mg),
Rew-n 0.44, [a]#+96.1° (c=2.02, MeOH), UV 25°H nm (log ¢): 229 (sh. 4.38), 291 (4.29), 315
(4.31), UV AELQH+N/ONsOH nm (log ¢): 244 (4.25), 303 (4.01), 367 (4.39), IR »EE:cm™': 3400,
1690, 1630, 1600, 1590, 1510, 1460, 1450, 1375, 1265, 1170, 1120, 1060, 1030, 980, 860, 830,
MS (m/e): 506.1953 M+ : Calcd. for CyuHyQs 506.1941; 1.0%), 488, 360, 342 (base ion),
311, 284, 241, 175, 164, 147, 137, 'H-NMR (60 MHz, §30::00+2:0): 1.9-2.3 (2H, m, 8", 2.84
(2H, broad d, J=7.0 Hz, a), 3.5-4.4(5H, m, «’17’), 3.69 (3H, 5, OMe), 3.73 (3H, s, OMe), 6.12
(1H, s, arom.), 6.27 1H, d, J=16.0 Hz, ), 6.5-6.8(4H, m, arom.), 6.76 (2H, d, J=8.0 Hz,
arom.), 7.40 2H, d, J=8.0 Hz, arom.), 7.46 (1H, d, J=16.0 Hz, «”), EXKER—E ) 2 YiIL X
57 € F A4 XVI (11 mg) i} tetraacetate XVIa ¥ A ¥ K L LTH 25 (12mg), MS
(m/e): 674 (M*, 1.1%), 467, 408, 365, 324, 147, 137, 44 (base ion), 43, 'H-NMR (60 MHz,
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agPoL) : 2.0-2.4 (2H, m, 88, 2.02 (3H, 5, alc.-OAc), 2.19 3H, s, ph-OAc), 2.27 (6H, s, ph-OAc),
2.87(2H, broad d, J=7.0 Hz, a), 3.70 3H, s, OMe), 3.76 (3H, s, OMe), 3.8-4.3(5H, m, a'17"),
6.32(1H, d, J=16.0Hz, §”), 6.37 1H, s, arom.), 6.5-6.8 (4H, m, arom.), 6.91 (2H, d, J=8.0 Hz,
arom.), 7.47 (2H, d, J=8.0 Hz, arom.), 754 (1H, d, J=16.0 Hz, a”), XI 04 L F#E, XVI
(15mg) 37t v2médh, B 274 01ms), REEH Y v A (T5mg) &k 2 F{bLX
iz, BRIV XA rSa (Zuekis) CEEIh, &G6E%K O trimethyl ether
XVIb# 5. % #- (12 mg), MS (m/e): 548 (M, 5.7%), 388, 370, 339 (base ion), 312, 269, 189,
161, 151, ¥7-, (LM XVIGmME) # A FLALFF Y F Imb) CHERL, BTFED it
WA FbIhtc, Az —F A TABEIRICKFELF Y 7 4200mg % 2 2 FALALKF
Y ¥ 10mé iz, ERKH A, 70°C T 1 BB UCHAE LcBK 1 ml L& XVI oK
Tz, 304HHFEL, DOTHRILA FA4 1mlé Mz B30 T 5, RIGKTH, KIGK
ZRKPEHE L7 imin A30ml T3 EBIETA, 7rerl i BREYEKERS VY Y AT
TR, BEYEETD, BOhERDRI VYV I EA DT A (ne~FH v B F L =1:])
THEL, 22/ -AhbBHERTSERIGERY XVIe 2 EaiHRE L LTS5 25 (2mg).
m. p. 110°C, MS (m/e): 416 (M*, base ion), 384, 353, 339, 321, 312, 269, 151, XVI (3 mg) %
2mb D &/ —AREML, 1IN KOH 2ms b3t SERIIMKS MR Lic, %D TLCoh-
TS 72a=bt 735 50 Refli, BEARKIE (DSA) i1 isolariciresinol (XV) ¥ X ' p-coumaric
acid Dz h b & —& L1z,
2-4. {b&¥ XXXVII D8R

A =2 7 - ¥htid, 7 v v kv AT BE%Y Sephadex LH-20 # 5 A7 2 + VAW
20méFORBML, 6275 7> 3 vEBEY, Zof, No.39-62 7 5 7 v 3 vEEHEBIERYY
ELEHh, BOSvEY Hg=FL 2:1—0:1) AWV )3 ¥A 852101075 27>
a VEBL, 5BFH 73 7Y 3 VRIBURVE VY i n-T X —n (20:1), DT r ek A
AR =1 (100:1) AW Y A AN FARBE UER L, BB=FALbERMETS
&, e XXXVII & aHRE LTHLR (22mg), m.p. 168-159°C, [a]}—4.6° (c=
1.23, MeOH), UV AE0F nm (log ¢): 229 (4.18), 280 (3.81), UV ABQH+N/10NaOH pyy (Jog ¢): 232
(4.06), 250 (sh. 3.97), 287 (3.77), IR vEBL cm~!: 3400, 1605, 1525, 1465, 1450, 1400, 1270, 1230,
1160, 1120, 1080, 1030, 980, 950, 860, 810, 'H-NMR (100 MHz, § {g0»:C0+P:0).: 298 (1H, m,
B), 35-4.0(2H, m,7), 368 (3H, 5, OMe), 3.71(3H, s, OMe), 5.05(1H, d, J=5.0 Hz, a), 6.5-6.8
(6H, m, arom.), MS (m/e): 302.1111 M-H,O : Calcd. for C,;H;50s, 302, 1154), 284, 272 (base
ion), 153, 150, Bk X b 7 v F L% T 5 &, XXXVIL (11 mg) (L tetraacetate XXX VIia
% 5% % (12mg), ‘H-NMR (60 MHz, 8$8S%): 1.96 (6H, s, alc.-OAc), 2.27 (6H, s, ph-OAc),
3.37 (1H, m, ), 3.69(3H, s, OMe), 3.73(3H, s, OMe), 4.28 2H, m, 1), 6.08 (1H, d, J=6.0 Hz,
a), 6.5-7.0(6H, m, arom.), MS (m/e): 488.1721 (M*: Calcd. for C,H;30,, 488.1683: 1%),
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446, 428, 386, 237, 209, 195, 192, 153, 150 (base ion), 43,

3. #& B

BB 7 v 2 — VMRS XU TH 4, 452%, 1821% LWEM Thrith DER
BRTH, TR M ORI X ) BI5ACEER R L (Table 1), HBh b= —7 1
RIS ORI G D B EA IS T 28.98% LM = — 7 A BT B IR 26 32% & aix
DEMERRTORK LT, WETIE692% Lok BV, ThRL, WEREEOX X
BaR=—TARBOIVRGTF7 =/ VBB Z EERR TS (Table 1),

Table 1. The yields for extractives from each sample

Solubility in
e " Diethyl Ethyl Methyl ethyl Residue-
n-Hexane }f y y eky ethyl . Butanol

(%)* ether acetate etone ) (%)

Heartwood 2.59 0.48 1.67 0.26 0.02 0.05 0.09
(1853)*  (6448)  (10.04) ( 0.77) (193  (348)

Sapwood 1.52 0.67 0.40 0.12 0.04 . 0.03 0.26
(4408)  (2632)  ( 7.89) ( 2.63) (197)  (71)

Inner bark 18.21 211 1.26 2.84 6.05 0.81 499
(1159  (692) (1560 (33.22) (445)  (27.40)

Outer bark 452 1.12 1.31 0.44 0.58 0.52 0.52
(2478)  (2898)  (9.73) (12.83) 1150)  (11.50)

*: The yields are calculated on an oven-dried sample basis.
**: The yields in parentheses are calculated on an ethanol extract basis.

3-1. (+4)-Catechin (VIII), lariciresinol (XI), lariciresinol-p-coumarate (XIII)
# & U Isolariciresinol (XV)
b4 VIIL i35, WEO=— 7 AT X b RBESRE, m.p. 160°C, L LTHLK
Teo TR O TLC 1613 % Re B XPRERIE, UV E X MS 2 <7 » A2 BT 5 %5,
Xbie% o pentaacetate VIIIa &» NMR 227 + 4 O#ERILBE &1 (+)-catechin D Z h 5HW
LI —FH L1, XERABRTHAOETIRBEDOLNT, Thbo#KRIV LY VIII %
(+)-catechin & Rl%E L.

&t XL = — 7 AR & 0 #M#E&, m.p. 169~170°C, & L CHEEIhi, T
o{bE o IR 8 L0 NMR =22 b A4 lariciresinol® O Fh b & X —F L, X di-
methyl ether XIa (M*: m/e 388, m. p. 78~80°C?™) 3 X 8%+ ® monoacetate XIb (M*: m/e
430) O MS A~ 7 + A+ DRER H{b& XI 48 lariciresinol THBH - L& HT2, RERAB
TREOBETIRRDSRT, et XI % lariciresinol L FIE L7z, {L&%H XLz 45 BN K
=—F AL VBRI hich - h e, BE=%/ — 1O GC-MS i DR,
EORERRBLIS,

fbaw XIL 3 EERKE LTH, AR=-7 1 BRI vEgEIht, e Xl o



844 IBERFRFEBREHTERE HTE H3F

UV ARZ P AREBT S Amex 315nm, IR A7 v A @ 813 5 10 1690cm D EE, i
NMR A~<7 b Az} 5 250 doublet 6.25 (1H, J=16.0 Hz) 3 X % 741 (1H, J=16.0 Hz)
ppm O ¥ 7 F i3, FOHEEFIC cinnamoyl BEOHEAELRBE L, Xbic NMR 27 + v
R B Mo & 75 it lariciresinol Db E X~ T+ 5, k&% XIIL o TLC T
Refids & fo R7 trRa -0k B2 E M lariciresinol-p-coumarate!®™® O F 1 5 L —3
L, = 0{b&%% lariciresinol-p-coumarate & RE L1z,

L& XV IRE=—-F A BRI hEERRG L LCHEE IR (m. p. 156~158°C),
MS A2 v 2 THT A4+ v — 2% mfe360 Kb %, TLC wisit s Refl, IR 5 X 08 NMR
A7 b ViIBEA isolariciresinol™ Dk X —FK L, BRBRABRTORETIRADLRT, 1L
4% XV % isolariciresinol & @ Lz, ZOAWIAK I Y EBEI R T, (LEaY
XI & @k, GC-MS M THKRIC I FET B Z L HFHERI I,

3-2. Lariciresinol monoacetaee XII

& XIL M*: mfe 402.1695; [a]3+39.2° i3 L{k&4 VIIL & L O XIII & (&
B N, AR=-TARNBRLCEERh, BOBEMS A7 t VDR LD CuatlyO;
(402.1679) O FREEFT AL E TR LI, IR ARZ P AR BT B Ymas 1730 cm ™! IR 4%
R7EeFAREEIEDOTHY, 20X D NMR 2A<7 + A5 195 ppm D
VIV PEXSTHERENRS Fig. 1), 2oy 7rrx7 et 2 vreREEh, &
DLEY 7 P EDT A2~ AT £+ F A ERRBTE, oy 7P ridbAanm XI s X
O XIIL iz &b i b tetrahydrofuran & R T5 v 7 AR I ETW5, bty XTI %
2 27—tk KOH drco kst b hicEfigid m. p. 168~170°C ¢ 4 5, X MS 2
7 P ATHTFAF v E— 2% mle 360 KRT, EHICIR A7 b A 384 lariciresinol & —
HL, ERLoBBRABR CTHAOETIIED N, NMR 27 b A ¢ 4.20 ppm O mul-

v
AcOH,C
1 1 6H
Fo’T on
OMe H,0
HO

alc.OAc
3H

a ang’
1H  4H 4H

y

L 1 1
7 6 5

1 1 L 'y

3 2 1 ppm 0

®r
L

Fig. 1. H-NMR spectrum of lariciresinol monoacetate XII.
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137(base ion)
151
i 205
219
" ) Lo Ml ]
— ey y -l
50 100 150 200
402(M*)
342
Lo
—— b
250 300 350 00 mie

Fig. 2. Mass spectrum of Lariciresinol monoacetate XII.

tiplet (3#&E XL ¢V o 2o 7= + viZRBEh, Zhit lariciresinol (Fig. 10) o 7 {2
7 r } v 3.6~40ppm i multiplet & UT{bE> 7 F LT BDCE~NBERBED H, #HE
XIEDH A E S —AERT 2 F A IR TWB T ERRET D, 7 V22 v THB LA XI
®Ddimethyl ether XIIb j3{t-&4 XI © dimethyl ether monoacetate XIb (M*: m/e 430) &
TLC T—% L7z, LROBERIV XN DA77 572 v5—va v (Fig. 2) ORI VL
&% XII i3 lariciresinol monoacetate & [F%E X iz,

a4 XIL OB LTk oSG iav, LasL, ¥{lo lignan acetate (34
# V) vV & Epimedium grandiflorum MoRR. 75 icariresinol ((—)-olivil monoacetate) 35 X Of
Z# o glucoside BEBEI N TV 5D,

3-3. Isolariciresinol mono-p-coumarate XVI

a4 XVI(M*: mfe 506.1953; [a]B+96.1°) 13{b&¥ XV LRABERE =—F A B
IhBEIhT, BIMEMS A< L L) 5 FR CplnOs(5061941) % FT 5%, O
BBDOUV R227 b AR BT S Amex 3150nm, IR A7 + A TD ve—o 1690 cm™ D & K fH 11
XM o EFHeHLUL, =AT1HBERZTRRT S, X, XVIDONMR 2~7 + ri2kid %
6.27 (H, J=16.0 Hz), 7.46 (1 H, J=16.0 Hz) ppm ® 2 -2® doublet s X ¥ 6.76 (2H, J=8.0 Hz),
7.40 (2H, J=8.0 Hz) ppm ® 2 -2 doublet 3#5& X VI fic p-hydroxycinnamoyl & D%
ERxTRET5, 251 XVI o tetraacetate XVIa(M*: m/e 674) ® NMR A< 7 r 121
FA2—AWET b o (202ppm) BIVW3 DD T =/ — AT FF A (219,227
ppm) DFEELXTT (Fig. 3), XVID MS 2 =2 b A{E m/e506.1953 i3 F A # v ¥ — 7 %
m/e 342 |z base ion %R L, ZHhi¥ m/e 506 X b p-hydroxycinnamoyl &, $\~ClEKiC X b
# U, B#M7 mle 360 % isolariciresinol i #4515 (Fig. 4), X, XVI o trimethyl ether
XVIb DO MS 227 b A3 F A4 4 v E— 2% mle548 1, base ion % m/e339 w452 5%, =
#uL p-methoxycinnamoyl EOBEEH L Uiz isolariciresinol dimethyl ether (m/e 388) 7 5



EERERFBHBERTRRSE HIE X35

a

T
CHY0 -
MeO BCHy 2 s
AcO A:\_@OA e
c - < 6H
a
CH0

™S
i 1 1L 1 1 1 1 A 1
8 7 6 5 4 3 2 1ppm O

Fig. 3. 'H-NMR spectrum of Isolariciresinol mono-
p-coumarate tetraacetate XVia.

137 164
%7 175 20 284
100 150 200 250
342(base ion)
X 10
506(M*)

300 350 400 500 mie

Fig. 4. Mass spectrum of Isolariciresinol mono-p-coumarate XVI.

339(base ion)

1861 161 189 32
....'.J'.'.j*rl'n..J'.r..4'..'ﬁ
100 150 200 300

Ve X5
370
388 548(M*)
.'.‘L.*..’,%j...:rL.ar.
350 400 500 550 mie

Fig. 5. Mass spectrum of Isolariciresinol mono-
p-coumarate trimethyl ether XVIb.
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74 v+ X 9Bk (mfe 370), VW CHEA Fr — A THELZ L R%TS Fig. 5), fto7 7
FA VT — g vtz — vt isolariciresinol dimethyl ether dFiic X S EL LT 33,
k& XVID 2 5 7 — 2tk KOH ToOMKSBETHLRICAER YL TLC TOBRR TR
isolariciresinol %5 X % p-coumaric acid D ¥EH L —HK LI, ThbDHE R &Hw XVLix
isolariciresinol ¥ X {8 p-comaric acid X » 7% lignan ester CTH D, HiHED 2 2D—K 7L
2 ADWThNERBELTVD T ERTRT S,

THEANDER &Y. Pinus sylvestris Dg}¥EH 0 isolariciresinol OEEMGL KM L, Tk
DIEEIBL T 2 F ML, FBAERDHHLRE LTV 52, ZDHERE LT, p-coumaric
acid DEEAZHBICYD, TLAFAD ZRAIC, LI LED, TOB=ATAHEERHR
L, isolariciresinol @ tetramethyl ether XVIe (m. p. 110°C; M*: m/e 416) 4 Lk, Th
BT7ANVERFCBTB 7Y 2y FREAL=ATAREOEPOMEBCIDIDLHERESH
Bo HoT, FOBEMBORERTIIES Inh o ichy, L& XVIL L isolariciresinol mono-
p-coumarate & [FE L7z,

& XVLinb & XII L@, RERRLOLEEIhCRE I, X, 4, O
BIOCAK I WEEETREEIR T,

3-4. 1, 2-Bis-(4-hydroxy-3-methoxyphenyl)-pronane-1, 3-diol XXXVII

&ty XXXVIL i3 =2 7 =i, 7eerir sl i5H0 »b B Ihic
(m. p. 168~159°C; [a]R—4.6°), ZDOHHEDMS A7 FATRIGFAAXVvE—-27IBEIL
F, BB A+ v € — 7 % mfe 3021111 (Calcd. for CHyO5: 302.1154) s X 0% base 1 #
v % mfe 272.1020 (Calcd. for Cy¢H60,: 272.1049) wiRT, B H I HE XXXVII X hlzn
ORSFOBEC L AT, BEZES5r1er0 HCHO ol X Y ER LICEELL
4, 4-dihydroxy-3, ¥-dimethoxystilbene # ¥ % /"3 (Fig. 6), NMR 27 t AR 5 5.05
(J=5.0 Hz) ppm @ doublet it afz 7 » + vic)g BE 1L % (Fig. 7), Tetraaeetate XXX VIIa
(M*: m/e 488.1721 ; Calcd. for CpsHyp0yo: 488.1683) » NMR X R 27 b A X 20D 7 42 —
AT 2t F gk 6H,196ppm), 2007 = 7 =AM T 2+ F v 6H, 2.27 ppm) B X
B 2om 4 b F v aF(6H, 369,373 ppm) OFFEERRL, I HiC3.37,448 B X 0V°6.08 (J=
6.0 Hz) ppm @ 3 2D > 7 F 1i3%& « diarylpropane ## D 5, T B X W a i 7w b vIZFE S
h (Fig. 8), hboiEIEE XXXVIL2S#EH L, zofk&Wk 1, 2-bis-(4, 4-hydroxy-
3, 3-methoxyphenyl)-propane-1, 3-diol & F5E Lic, EESIIBR» 7= VLM X b ZofLE
WO threo %5 X O erythro EOBRE W%, 1 isomer 5 & L OMREZHE LY, Thb
L DOREETC, threo kD afL7 v + YO I A4~ 7 b (490 ppm) 3 X OFA&ER (J=8.0 Hz),
X threo thD acetate D7 L2 — AT 2+ FYAED Y I A AT 7 b (1.90~2.12 ppm)® &
H, SEEBOhYEBIL erythro B THHZ EXBbMN LTz, TOMEWIIN, 77
Fagus silvatica® ¥ X 0\= V' = Picea jezoensis™ OV 7= v DMK G HEW I BLR T
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150
153
In al Il il W
Lty R e M S e RSN S e Mo S EE LIRS S S B B sa
50 100 150 200

272(base ion)

286 302(M'-H,0)

250
Fig. 6.

300 350 mle

Mass spectrum of 1,2-Bis{4-hydroxy-3-methyoxyphenyl)-
propane-1, 3-diol XXXVII.

.. [Oh o
HOH,C OMe My o
i)
q OMe 2
@ OH 3H
HO
OMe
arom.
6H
™S
a T ¢}
1H 2H 1H
L L 1 ¢ 1 s 2 L L
8 7 6 5 3 3 2 1 ppm O

Fig. 7. 'H-NMR spectrum of 1, 2-Bis-(4-hydroxy-3-methoxyphenyl)-
propane-1, 3-diol XXXVII.

alc.0Ac
T OAC ph.OAc o
AcOH,C OMe 6H
g OMe Oawy!f
OAc 3K
A:O

™S
a T B
i ) \;:\__Jk,
1 1 L ) 1 I L 1 L
7 6 5 4 3 2 1ppm O

Fig. 8. 'H-NMR spectrum of 1,2-Bis-(4-hydroxy-3-methoxyphenyl)-
1, 3-diol tetraacetate XXXVIla.
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BHRTREFREETH . MRS E LTHES iz XXXV o4& 20 TOFMIT
THTHBN, V7= vhrFETHZOBEOHRCEA LREIR TV HBED R LT
WHbDLERIIhD,

4 & =®

ChETRII=VOMBIOCHE E X DBEBET X TLC 3 XU GC-MS ¥ C£DHFLE
PR Ihi-HE (Figs. 9-13) % Table 2 &€ 5,
HO O R3
" o

I. R;=R,=0H, Rs;=H (H,S) V. R=OH (H) VIII. R;= -a OH, R;=0H (Bi, Bo)

. Ry=OH, Ry=0-g-0- (g VII. R=H (H) IX. Ry=-----OH, R,=OH (Bi)
glucosyl, R3=H X. Ry=~~OH, R,=H (Bi, Bo)

Il. R;=0H, R,=R;=H (H, S)

IV. R;=R,=R;=H H, S)

V. Rl = R2 = Ra =0H (H)
H: Heartwood, S: Sapwood, Bi: Inner Bark, Bo: Quter Bark
Fig. 9. Flavonoids of Larixz leptolepis.

Flavonoids. WEHMMBY = —F ATBRO 7 = 7 — A4S, flavan O 5D S &I
DBV, WE T (+)-catechin VIIE {3.36% wZ L, RIWEHHO lignan X (+)-cathin &3
LEN13Z BETH D, —H, SHEHO (+)-catechin (16.3% TH %2 lignan 11.65% &
BxFULBETH B, —F, Hekit s flavonoid & L TEER S TH 5 taxifolin I iZLHf =
—FAR[BE S, $#61%, AHTIL23% wZ L, o flavonoids AIL-VIL) iz k2 7n h EE
CHEIELYW, Zhb flavonoid IM B IUOBEOEEKL 7 = 7 —A S &2 %, Pine @igko
W, WEOBS & LT flavan 35 X O flavanonol glycoside 23, —7, K TI3ai%E, #
D aglycone 3 L O flavonol BIAEELTW5 L0HERD B3P, SE, 75 YEL
513, flavan L4} o flavonoid 2 LT\ 7\, (4)-catechin BIA @ flavan & 1T (—)-epica-
techin IX (TLC), afzelechin X (GC-MS) £ T 5™, L L, Mo i flavans (35
HCET, ILRBHNONI I v BELBFD7 = 7 —AJ & LT flavanone o eriodi-
ctyol DEERERHLTCWBO N, CoAEHELIRERTERI -7, taxifolin X (+)-
catechin OB CLOKBEBRIZIELSALTH D, BHEIAMNILVEAL =2 AERNETLE L
BETHD, i, BiEIL flavonoid £ A FER CHENTHMOBRBE CEREIhD DXL,
BEIFOB A BREKOBREOEBRMESZLLRTE DS, HEBETREATRBET 5MER
PHELPCRELZ LHRETA, IHKEFHI tannin R procyanidin ORTME L LTHb
hTED, V7 =/ -ABEORROFNIEELHDDEELDR S,

Lignans (8-B-type). B, 7-dibenzylbutane 8% o lariciresinol XI, isolariciresinol XV,



Table 2. - Phenolic Compounds of Larix leptolepis GORD

Compounds Heartwood Sapwood Inner Bark Outer Bakr References
Flavonoids

Flavanonols:

I Taxifolin + + 1, 8

I Taxifolin-3’/-glucoside +# 8

111 Katsuranin + + 1, 8

v Naringenin + # 8, 14

\' Ampeloptin + 14
Flavonols:

A2t Quercetin + 1

VII Kaempferol +# 1
Flavans :

IVII (+H-Catechin + + 14, 35

X (-)-Epicatechin + 14

X Afzelechin + + 15

Phenylpropanoids

B-8 type Lignans:

XI Lariciresinol H +# + + 8, 10, 15, 35

XI11 Lariciresinol monoacetate #+ + 35

XIII Lariciresinol-p-coumarate +H + #+ 10, 35

X1v 2-(4-Hydroxy-3-methoxyphenyl)-3-hydroxymethyl-

4-(4-hydroxybenzyl)-tetrahydrofuran + 10
Xv Isolariciresinol H+ + + + 10, 15, 35
XVI Isolariciresinol mono-p-coumarate + 35

0S8

SHEMWEEELEE YRR
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Table 2. continued
Compounds Heartwood Sapwood Inner Bark Outer Bark References
XVII Secoisolariciresinol + + + + 8, 10, 15, 35
XVIII Pinoresinol + + -+ 8, 10, 15, 35
Dihydrobenzofuran derivatives:
XIX 2, 3-Dihydro-2-(4-hydroxy-3-methoxyphenyl)-3-
hydroxymethyl-5-(w-hydroxypropyl)»-7-hydroxy-
benzofuran + 9
XX 2, 3-Dihydro-2-(4-hydroxy-3-methoxyphenyl)-3-
hydroxymethyl-5-(w-hydroxypropyl)-7-methoxy-
benzofuran + 9
XXI 2, 3-Dihydro-2-(4-0-5-D-glucopyranosyl-3-methoxy-
ﬁhenyl)—3—hydroxymethy1-5-(a)-hydroxypropyl)-7~
ydroxybenzofuran H# 6
XXII 2, 3-Dihydyo-2-(4-0-8-D-glucopyranosyl-3-methoxy-
phenyl)-3-hydroxymethyl-5-(w-hydroxypropyl)-7-
methoxybenzofuran + 6
XXIII 2, 3-Dihydro-2-(4-hydroxy-3-methoxyphenyl)-3-(a-
L-rhamnosyloxymethyl)-5-(w-hydroxypropyl)-7-
hydroxybenzofuran H 6
XXIV 2, 3-Dihydro-2-(4-hydroxy-3-methoxyphenyl)-3-
hydroxymethyl-5-2-formylvinyl)-7-hydroxy-
benzofuran * 10
XXV 2, 3-Dihydro-2-(3, 4-dimethoxyphenyl)-3-hydroxy-
methyl-5-2-formylvinyl)-7-hydroxybenzofuran + 7
Other phenylpropane derivatives:
Monomers:
XXV1 Coniferyl aldehyde # +# 813
XXVII 1-(4-Hydroxyphenyl)-propane-1, 2, 3-triol + 13
XXVIII 1-0-(8-D-Glucopyranosyl)-3-(4-hydroxyphenyl)-
propane-2, 3-diol H+ 5
XXIX 1-(4-Hydroxy-3-methoxyphenyl)}-propane-1, 2, 3-
triol + +# 13

WYy SH) LY~ ¢ T £0 "QE0D $2d2101d2) TUVT 4 » £ &

(g

158



Table 2. continued
-Compounds Heartwood Sapwood Inner Bark Outer Bark References
XXX Tetracosyl ferulate + 14
XXXI 1-0-(8-D-Glucopyranosyl)-2-[2-methoxy-4-(w-
hydroxypropyl)-phenoxyl-propan-3-ol H 3, 5
Dimers:
XXXII 1-(4-Hydroxy-3-methoxyphenyl)-2-[2-methoxy-4~
(w-hydroxypropyl-phenoxyl-propane-1, 3-diol + 5
XXXIII . 1-(4-Hydroxy-3-methoxyphenyl)-2-(2-methoxy-4-
glycerolphenoxy)-propane-1, 3-diol + + 12
XXXIV 1-(4-Hydroxy-3-methoxyphenyl)-2-[2-methoxy-4-
(1-propen-3-ol)-phenoxy]-propane-1, 3-diol + H 12
XXXV 1-(4-Hydroxy-3-methoxyphenyl)-2-[2-methoxy-4-
(formylvinyl)-phenoxy]-propane-1, 3-diol +# ++ 12
XXXVI 1-(4-Hydroxy-3-methoxyphenyl)-2-(4-formyl-2-
methoxyphenoxy)-propane-1, 3-diol H+ 12
XXXVII 1,}2-Bis-{(4-hydroxy-3-methoxyphenyl)-propane-
1, 3-diol + + 12, 35
Trimers:
XXXVIII Leptolepisol A H
XXXIX Leptolepisol B +
IL Leptolepisol C #+ 12
ILI Leptolepisol D +#+ + 13
Tetramer :
ILII Leptolepisol E + 11

#: Compounds isolated
+: Compounds as demonstrated by TLC or GC-MS

298
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XI. Ry=R,=H, Ry=0Me, Ry=0OH XV. R;=Rp=R;=R,=H (H, S, Bi, Bo)
XIa. Ri=H, R;=Me, R3=R;=0Me XVI. Ri=Re=H, Ry, Ry: p-coumaroyl or H__
XIb. Ry=Ac, Ry=Me, R3=R,=0Me (Bi)
XII. Ri=Ac, Ry=H, Rz=0OMe, R,=0OH XVla. R11R2=AC’ Rs Ry: 4-acetoxycinnamoyl
or~Ac

Xlla. Ri=R;=Ac, Ry=OMe, R4=OAc XVIbjR;=R;=Me, Rs, R4: 4-methoxycinnamoyl
XIIb=XI o

XIII. Ri=p-coumaroyl, R;=H, R3=0Me, -

R,—OH 2 XVIe.=XV

XIV. Ri=R;=R3=H, R,=0H

XVII (H, S, Bi, Bo) XVIII (H, S, Bo)
H: Heartwood, S: Sapwood, Bi: Inner Bark, Bo: Outer Bark

Fig. 10. Lignans of Larix leptolepis.

secoisolariciresinol XVII 35 X 08 = 315 @ esters (XII, XIII, XVI), % #- tetrahydrofurofran
## D pinoresinol XVIIL D 3@ % $-8 type lignan 134, SERMbLTE®RATEL 214
LT3, UL, or s <y L lyall®), L. occidentalis®®, L. sibirica 38 X8 L. dahurica
3) b BB X T\ 5 considendrin {3 L. leptolepis O, BEOWTHh IV LB BRI H -
7. kit lignans (33# 3% flavonoids & L #ET 5 &4 OB AXIREE LD, =—
7 AR A O lignan @ OWTHEBTRIE, B, ARTRAL 114 L Y RIS W ElE
=1, LaL, lignans BRRPEROD, ¥FREEREOD flavenoids D%, FTHOBETHITH
HLBEr-TOPROVWTIIBEET I L ENS S LB b, Eiclignan ester @ DWW T
b, BHEE» R VBENCFET S, ey XTI AL L IBORATHEDT, TOR
CREYET 5.

Dihydrobenzofuran derivatives. 7% o it & ¥ XIX-XXV) i1 dihydrobenzofuran &
BERAL, lignin OB EBE L THKRL A LAY TH S, ThHREOMFEE N
bY, WRBCHEET UM LUK TR propanol BEEZH L, RAEILEAHILH I
Tt formylvinyl figc @bz 213 T 5 XIX—-XXIV), —%, @A#okéy XIX, XX)
R ECREEG XX XXII) L LCHREL, BROEREBRR KT 58 F R o OERY M
HDETHERODDERTH S, :

Other phenylpropanoids. 12 §& @ phenyl propane O B E & s L 012 &4 XXVI-
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XXXVID), 40 3 & XXXVIII-ILD s X' 1 f0 4 B (ILID) RXEE I R T 5, &
oth, lignoceryl ferulate XXX 13 i geh, n- ~F 4 VBRI VB LAY, “hb
DOALEHOREEBERIT lignin DETREFBRALR L TH D, Lk, #E XXXVII oLk
B 1L T3, p-hydroxycinnamyl alcohol Bk X v 4 -4°% radical D» v 7V v it X b, fl
BB DR R, diarylpropane #iids X O glyoxal FHELET D LW IHIBEIRES R TV
5%, (L& XXXVIL § FEBEBC X 0 ETHZ L3EL LR, —7, aldehyde HH kL
EZxOhAWENETHTLOIEEGE LTHEE I (ke XXXI), arylglycerol-8-
aryl ether # &0 —8 XXXIII-XXXVI) iiHEmcEHEThH D, ZToHF#EEECOWT

CHO
XIX.  Ry=CH,-CH;-CH,OH, S m
R,=Ry=R,=H

2=R3=Ry= GCH3
XX. E;if}iz}gizﬁffﬁoﬂ ) XXVI (H, S)
XXI. R;=CH,-CH,~CH,OH, (Bi)
Ry,=R3=H, R4=-D-glucosyl OH
XXII. R;=CH;-CH,-CH,OH, R,=

. - CH20R)
Me, R;=H, R,=8-D-glucosyl (Bi) m

XXXIII. R;=CH,-CH;-CH,0H, R;= (Bi) Rz
Ry=H, Rs=a-L-rhamnosyl XXVII. R;=R,=H H, S)
XLV Ki=CHSCH-CHO, @) XXVIIL R;=p-D-glucosyl, R;=H  (Bi)
2=Rg=R, B _
XXV. R;=CH=CH-CHO, R;=Me, (S) XXIX. Ri=H, Ry=OMe (H, 3)
R 3= R4 =H
o CHI0H
CocauHsg
OCH3 CHz0 gl
XXX. (Bi) XXXI (Bi)

H: Heartwood, S: Sapwood, Bi: Inner Bark, Bo: Outer Bark

Fig. 11. Dihydrobenzofuran derivatives and monomeric
phenylpropanoids of Larix leptolepis.

XXXII. R=CH,-CH;-CH,0H (Bi) XXXVII. R=H H, S)
XXXIII. R=CHOH-CHOH-CH,OH (H) XXXVIla. R=Ac

XXXIV. R=CH=CH-CH,0H (H, S)

XXXV. R=CH=CH-CHO H, S)

XXXVI. R=CHO )

H: Heartwood, S: Sapwood, Bi: Inner Bark
Fig. 12. Dimeric phenylpropanocids of Larix leptolepis.
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/©/\/CH20H
HOHC CHz0H HOMpCn_0

0 @ OCHg
Oy ™ O
HOH2C~_0” “gcHs ’ HOHaC~__0O Sk
OH O
O ©
OCH3 GCH3
XXXVIIL (Bi) XXXIX. (Bi)
OH
HOH2C 0CH3
OH
HOHC O SCH3
H
.© .
OCH3
ILL H, )
OH
HOH2C: OCH3

HOHZC:
I OCH3
0"'
HOH2C~ 0O Ha
OH
O
OCH3

ILIIL. (H)

H: Heartwood, S: Sapwood, Bi: Inner Bark

Fig. 13. Tri- and tetrameric phenylpropanoids
of Larix leptoldpis.

L, PETi3iEe dihydrobenzofuran OB &l T\ % (XXXHI-XXXYV), £, lignan
DEFED, p-hydyoxyphenylpropane Bfzo@{bh v 7V v 7 X VAR Eh B ES TFILEY
LB IR DM GEY B-B type lignan DB BiiE dihydrobenzofurans ¥ X O arylglycerol-
B-aryl ether H# k¥ CJh < lignan @& 3h5, {béty XXXI X0 XXXVIL 2 HHK
sr& UCHME LicEn lignin 0SB O LTS T lignan DEBSRIC OV THERRKRDOD S
HiB%5% AL DTH%, phenyl propane ® 3 Bkl X U8 4 Bk IR Shic lignan D #iks
RAD, Lovb EORKERRAL lignin 0ZhEELI, L, lignin bbikT 5 R
BEOMBEIXRFEAFERTHE0R L, HERSE LTELRIRI B E A SR FER
RL, BIRAETS lignin & lignan 04 SROMEHEACERDOD LELYTRETLLOT
H5,



856 W EAFRLBHEBRTRRE K75 #3S

5 & E

B3 IO ot &E L, 1o flavonoid VIIL, 1#&® diarylpropane % & {4
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Summary

In the investigation of the extractives of Larix leptolepis GOrp., forty phenolic compounds
were obtained from the wood and bark to date. In further examination of the phenolics
of the same source, a flavonoid VIII and five lignans XI, XII, XIII, XV and XVI were
isolated from the bark, and a diaylpropane XXXVII was obtained from the sapwood, respectively.
In this paper, we deal with the structural elucidation of these compounds and the feature
of pnenolic compounds in the stem together with the previous findings for extractives.

The yields for the extractives from the wood and bark were shown in Table 1. The
ethanol extracts of the heart- and sapwood and outer bark are 2.59%, 1.52% and 4.52%,
respectively, and that of the inner bark is a considerable amount more than those of above
samples (18.21%). From the results of TLC, it indicates that flavonoids of wood and bark
are mainly fractionated by ethyl ether, and hydrophilic compounds are chiefly extracted by
ethyl acetate, methyl ketone and n-butanol, respectively.

Compouhds VIII, XI, XIII and XV were identified as (+)-catechin, lariciresinol, lariciresinol
p-coumarate and isolariciresinol in comparison with authentic specimens, respectively.

Compound XII (M* : m/e 402.1695, Calcd. for CyyHyOr : 402.1679 ; [a)¥ +39.3°) was isolated
from the ethyl ether solubles of both bark samples. XII has a absorption band at 1730 ¢cm™!
in the IR spectrum. The NMR spectrum of this compound indicates a singlet at 1.95 ppm
which is assignable to three protons of an alcoholic acetoxyl group and other signals are
closely similar to that of lariciresinol (Fig. 1). A multiplet at 4.20 ppm is attributable to a
proton at 7’ position and shifted slightly to down-field than that (3.6 ~4.0 ppm) of lariciresinol.
This may be interpreted that an acetyl group is linked to the carbinol moiety in the structure
XII. From these findings and the result of the MS spectrum (Fig. 2), compound XII is
identified as lariciresinol monoacetate, and the isolation for this compound has not been reported
as yet.

Compound XVI (M*: m/e 506.1953, Calcd. for CyuHuOs: 506.1941; [a]® +91.6°) was
obtained from the ethyl ether solubles of the inner bark. XVI has absorption maxima at
Amax 315nm in the UV spectrum and at vmer 1690 cm™ in the IR spectrum, respectively.
The NMR spectrum of tetraacetate XVIa (M*: m/e 674) exhibits the presence of an alcoholic
(2.02 ppm) and three phenclic acetoxyls (2.19 and 2.27 ppm). Furthermore, two doublets at
6.32 (LH, J=16.0 Hz, 8”) and 7.54 (1H, J=16.0 Hz, «”) ppm are assigned to two olefinic
protons and other two doublets at 6.91 (2H, J=8.0 Hz, arom.) and 7.47 (2H, 7=8.0 Hz arom.)
ppm originate from 1, 4-substituted benzene ring (Fig. 3). This suggests the presence of a
p-hydroxycinnamoyl group in the structure XVI. By hydrolysis with methanolic potassium
hydroxide, XVI yielded isolariciresinol and p-coumaric acid. To determine the position of
linkage of acyl group, XVI was fully methylated by the Hakomori’s method, but yielded iso-
lariciresinol tetramethyl ether XVIe (M*: m/e 416; mp 110°C). The positton of ester bond
therefore could not be ascertained. However, the results of the UV, IR, NMR and MS (Fig.
4 and 5) spectra of this compounds support that XVI is to be isolariciresinol mono-p-coumarate.
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This compound has not been reported to date for isolation such as compound XII:

Compound XXXVII ([a]¥-4.6°; mp 158 ~158°C) was isolated from the chioroform solubles
of the sapwood. A parent ion in the MS spectrum of this compound could not be found
and, however, the characteristic ions appear at mfe 302.1111 (Caled. for CyH;O5: 302.1154)
and mfe 272.1020 {Calcd. for CHyO,: 272.1044). The former originates from the structure
XXXVII by the loss of a mole of water, followed by the elimination of a HCHO group gives
rise to a stable 4, 4’-dihydroxy-3, 3’-dimethoxystilbene moiety (m/e 272) (Fig. 6). A doublet
at 5.05 (J=>5.0 Hz) ppm in the NMR spectrum of this compound is assigned to a proton of
a position in the structure XXXVII (Fig. 7). Furthermore, a singlet at 1.96 ppm in the NMR
spectrum of tetraacetate XXXVIIa (M*. m/e 488.1721, Calcd. for CyuHyuOy: 488.1683) is
attributable to two alcoholic acetoxyls and other singals at 3.37, 4.48 and 6.08 (d, J=6.0 Hz)
ppm are due to protons at §, y and a posttions in the diarylpropane structure (Fig. 8). All
of these results support the structure XXXVII, namely 1, 2-bis-(4, 4’-dihydroxy-3, 3’-dime-
thoxyphenyl)-propane-1, 3-diol. This compound was already obtained from the heartwood
of the same source. Also, it suggests that XXXVII is to be the erythro isomer of two dis-
treomers from the behaviour of the coupling constat of H, of XXXVII and alcoholic acetoxyls
of tetraacetate XXXVIIa in the NMR spectroscopy.

Phenolic compounds (Fig. 9-13.) in the extractives of L. leptolepis including those de-
monstrated by TLC or GC-MS are summarized in Table 2. It could be confirmed that two
major classes of phenolics in the extractives are flavonoids and phenylpropanoids.

Flavonoids in wood are predominantly flavanonols, but flavans in bark are reversed.
Flavonoids in the heartwood are taxifolin I and katsuranin III accompanying a small amount
of compounds IV-VII, and taxifolin comprises about about 61% of the ethyl ether solubles
(1.2% on an oven-dried wood basis). Meanwhile, those of the sapwood are compound I,
taxifolin-3'-glucoside II, III and narimgenin IV, and the former corresponds to about 23% of
the same solubles (0.08% on an oven-dried wood basis). The ethyl ether soluble fraction of
the inner bark contains (+)-catechin VIII and (—)-epicatechin IX and the same solubles of
the outer bark occurs only compound VIII. (+)-Catechin in the inner and outer bark com-
prises about 0.45% and 0.08% based on a oven-dried bark basis, respectively.

The B-p type lignans may be widespreded in the stem of L. leptolepis. Lignans in the
ethyl ether solubles of the outer bark occur a considerable amount than that of the inner

bark and are estimated the ratio 14:1. It also appears that lignans in the bark compared
with that of the wood are characterized by acylated lignans.

Dihydrobenzofuran derivatives are widely distributed in the stem such as the g-8 type
lignans. It shows a remarkable feature that those compounds in the sapwood and inner bark
neiboring cambial zone have a propanol moiety in that structure as a side chain and further-
more this gi‘oup in the heartwood is converted into a formylvinyl group by oxidation (XIX-
XXIV). Also, compounds XIX and XX in the sapwood occur as glycosides (XXI and XXII)
in the inner bark.

Further, many phenylpropanoids, which have almost the same linkage existed in lignin,
are obtained from the wood and bark. The biogenesis of these compounds may be closely
related to that of lignin. However, lignin and its degradation products are always inactive

optically, but phenylpropancids including di-, tri- and tetramer isolated from the wood and
bark are almost active, except a few compound like to XXVI and XXX.
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These findings provide a clue to subsequent study of the chemistry of the extractives in
japanese larch, although more detailed search is neccessary for the outer bark and the n-
hexane solubles for each sample.
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