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The Chemical Structures of Proanthocyanidins from Coniferous Barks*
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RO THBEEAS. LIZH T, SHERIF Oproanthocyanidin 120 T, ¥ 5 I3 72 B
RONETH B EEZLT,

KT, SEEBRIE Oproanthocyanidin DL2EKEE 1T > WTHIR 2B 5 B0T, i
©> 5 % Dflavan- 3 ~013 & (proanthocyanidin O ~BADBIEE - HE 21T - 120 & 5T, &
BD 2% 7 — ViliH#%> & proanthocyanidin D+ Y = — 2 EE8Y L, ZDIbEAEE 2 JH T,

2. ¥ B
2. | HEERH
AW U T B2 13 Table 1 W/R U1 #8204 R4 D B ARESH ZEI20RE > 515872 &
THhD,

Table — 1. List of conifers tested

Scientific name Japanese name Location Sampling date

Chamaecyparis obtusa Hinoki a May, 1979
” pisifera Sawara a May, 1980
Juniperus chinensis Byakushin a May, 1980
Thuja standishii Nezuko a May, 1980
Thujopsis dolabrata Asunaro a May, 1980
Podocarpus macrophyllus Inumaki a May, 1979
Sciadopitys verticillata Kohyamaki a May, 1980
Taxus cuspidata Ichii a May, 1979
Cryptomeria japonica Sugi a May, 1979
Abies firma Momi a May, 1979
#  sachalinensis Todomatsu b June, 1979
Larix leptolepis Karamatsu b June, 1979
7 gmelinii Guimatsu b June, 1980
Picea glehnii Akaezomatsu b June, 1980
#  jezoensis Ezomatsu b June, 1979
Pinus pentaphylla Himekomatsu a May, 1980
”  thunbergii Kuromatsu a May, 1980

»  densiflora Akamatsu a May, 1979
Tsuga sieboldii Tsuga a May, 1979
Pseudotsuga japonica Togasawara a May, 1979

a: Tokyo University Forest in Chiba
b: Tokyo University Forest in Hokkaido

2.2 HHRMS IUHE

AL O RIBE LTI RIIRI0 AR, BEFRICTHEEZL, 2 OHICAMSIY & PR Ic 231U 12,
AT TR D 2 ROVEBE DD ISR 2 RO DT ONG E Uiz, W, 5w 4
Vo= SVTHRLI6X v v 2 DL EORE OB E UTHHAERR & Uiz, 12170, T8 &
b F=2ICDNTI, MY E IR DS BIDIREE CTH 2129, SRIFEOF ML TRE &
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L1z, flavan- 3 -0l & & ¢" proanthocyanidin O IL, 65U ¥ ThiflgL 128K
Wi x5/ =V EBERCTY v 7 2L - TI685/, LIz, SEEO 2 4 — vy
875 5 OMitvanillin—-HC 1Tk 12 £flavanol & (flavan- 3 -ol &proanthocyanidin @ & &t
&) AR U

2.3 KB/

EEWE s 0w N ST T 4 — ik, BELC — 830 BUIEE L AT - 120

BHEA<Y MVIZEIVLRMU — 6 RIS 2 VW THIE L2, HRI=ERE | 160~220C, 1
AU © 70eV,

B"C—NMR 2<% hViZAARBFFX — 100BFT-NMRAICEBZHNTHIELZ, B
(LIEIE - da-2 % 7 — v, PIREEHE I TMS (0.0ppm), 7SIV R 1 45700 2, L 2 [5G © 1.8%

2.4 {LEMOERE

Z ¥ (Cryptomeria Japonica ), b %% 7 5 (Pseudotsuga japonica), 7 7<% (Larix
leptolepis ), BL T 2, (Abies firma) ORE»L/Iz2 4/ — Vi & b FEL Dfla-
van - 3 -ol & PMproanthocyanidin D —E& 2 BIBEL 12,

SRED 2 2 2 —ViHY) (109, BRI > THRIZERZR) &l ke0om 2 MA T,
VAR g UTH, DB e — b RHAVTEEE 71 (500X 5 ) THIH LIz, /Bohi
EEfE = # VAIIRERIX, A¥ 14.5g, b Y U5 1 4.5g, 5<%V :3.3g,E3% :1.1g Th-1,

BIAEOREEE — 7 VAIEEERIC D T Sephadex LH—20(2.5X38m) A5 Lvn<w k557 4 —
BiTotz. ISHIBIZ = 2/ — VB AWT, 18T EiT707 57 ¥ 3 v %1512,

2 FOEE T F VAIAE (3.09 ) @ Sephadex LH—2045 A2 a2 5374 —Tl, 75
7L 3 Nol6—25 6L EMS — 1 BIX IS —20BAEYW (0.79) #2, 12, 757+ aNo
45—650 6L EMS — 3 BL IS — 4 DEEY (0.6 9) 218712, 361, {LAYS —1 8L
S—203FEARYVF7IR e HFaru2 b 57 14— (1.0X62em, FY 73T FC—200,
M), I . AV Forrra—niKk=5: IvhTiiotcd 2 LT, BikEEgRiIc Lt - T
ILEYS — 1 (230mg) BL 'S — 2 (100mg) 21872, 72, (LEWS — 3B L 'S — 4 DHF
iFvm—2 - HF5802 s F7 4 — (2.0X45em, 7RIV, 73 FERY) EHIK
5%v/VEERRKIBR ZFHOTIT - 12, ABILzZhZho{tEd®id, 36D s e~< oS
74 —DYVRTLT2EKEHUIL, Z2UT, BREERICE > TILEYS — 3 (50mg) BX S
—4 (42mg) %7181z,

YU S OB FOLAIIER (3.09 ) O Sephadex LH—204 S A n< 457 4 —T
X757 3 No36—400> HILAYIT 2 BBEL T2, 61, RAEDOYAFAT2EI BT Y
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74— 217> THBU, BERZBRICE > TILEYWT (150mg) %2187,

H Ty OEEEE T FVAIYEES (3.09 ) D Sephadex LH—204 542702 557 4 —Tl3 7
77 v a Nodl—450> SALAYIK #BBE L1, §561C, ABDY R 7 AT2H B v o5
1 =BT TRBL TS, BiERICE > TILEWK (135mg) 218712,

T I OEFE T F VEAE (1.0g) O Sephadex LH—200 5 420w k557 4 —Tld7 5
72 No2l—28» 6 LEHM—1, M—2, M—3 8L UM~ 4 DILEY (150mg) %1512,
COBREMIV I S VAT asue by 57 4 — (1.0X45em, 73 —%1C — 200, FIGH),
BHE . NvEr 172 br=1 1 IvATILEHM—1 L M— 2 DREAY (60mg) Bk ML
BYIM—3 EM— 4 DBEAEY (45mg) KAFILTZ, $51C, M—3 EM— 4 DREYIIHEY 7
AR DT L0u2 YT T 4 —TRHIL, BEREESRICL > TIELEYM—3 (15mg) L UM
—4 (10mg) %2157

UEDE St UTHBEL Iz Z ZhD(LEMIIEERIE Y o= b 45 7 4 —ITHB WV TTable
2ITR U2 Z N ZNORFHAR (Retention volume ) KB—D -2 25% 1z °

Table— 2. High performance liquid chromatography of compounds isolated from coniferous barks

Compound Retention time (min.) Retention volume (ml ) Identification
S-1, M-1 10.4 11.4 (+)- Catechin(1)
S-2, M-2 14.4 15.8 {(-)-Epicatechin(2)
M-3 6.2 6.8 (+)-Gallocatechin (3)
M-4 9.2 10.1 (-)-Epigallocatechin(4)
K 9.0 9.9 Procyanidin B-1(5)
T 12.1 ' 13.3 Procyanidin B-2(6
S-3 8.2 9.0 Procyanidin B-3(7)
S-4 10.3 11.4 Procyanidin B-4(8)

Apparatus: Shimadzu LC-830, Column: Licrosorb RP-8 (4.6X250mm), Pressure: 120kg/cdf,’
Flow rate:1.1 ml/min., Detection: UV at 280nm, Mobile phase: 5 %v/v Acetic acid/MeOH (100/0
—>60/40, linear increasing gradient of 2 %v/v MeOH/min. )

2.5 HEEL-{LAMDMERER

i) HEHEA~XZ bV (MS)

ILEMS — 18IS —23F3FA AL E— 22290 (M) g, £12, {LEYM— 3 BL M
—4EDTFAF -2 %2306 (M*) L5 A2, ZWZFNOILEYMBR O T « X Z L TAF I
LU, X F LIS — Lue, S— 2ups M= 3ueBLUOM— 442812, S — 1yeBL S —
2wgldMS ¥ — 27 %346 (M*), 180, 167, 165, 15165L CF137ICH ATz, — S5, M— 3y 84 O
M— 4,4 idMS ¥ — 2 %376 (M*), 346, 210, 195, 181, #5X OX1671c5 4 17,

¥z, IbAWS -3, S—4, T, BLIFKDAFUEEYS — 3ue, S —4ue, TueBL
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UKueldMS ¥ — 2 %2690(M™), 672,511, 493, 479, 345, 344, 331, 327, 180, 167, 1653 & T*151iC
HAit,

ii) “C—NMRZA~RZ ki

HEEL 12 SEDILEYD"C—NMR ¥ — 2 BL &Y 5"+ vDREIZTable 3 ITRLIZ,

Table— 3. '"C-NMR chemical shifts of compounds isolated from coniferous barks
a ) Flavan- 3 -ols

Compound S-1 S-2 M-3 M-4
Heterocyclic
ring
C-2 82.6 79.3 82.6 79.3
C-3 68.3 66.9 68.3 67.0
C-4 28.7 29.1 28.5 28.7
A-ring
C-4, 100. 6 99.7 100.5 99.8
C-5 157.1 157.6 157.6 157.4
C-6 96.1 96.2 96.2 96.2
C-7 156.8 157.1 157.1 157.0
C-8 95.4 95.7 95.5 95.7
C-8, 157.6 157.6 157.7 157.4
B-ring
c-1 132.0 132.2 131.9 131.5
c-2’ 115.2 115.2 107.2 106. 9
c-3 145.6 145.3 146.0 146.1
c-4 145.6 145.2 133.3 132.9
c-5' 115.7 115.5 146.0 146.1
C-6 120.0 119.3 107.2 106.9
Origin Cryptomeria Cryptomeria Abies Abies
Jjaponica japonica firma firma
Identification (+)-Catechin(1) (-)-Epicatechin(2) (+)-Gallocatechin(3) (-)-Epigallocatechin

(4)




158

Table— 3. (continued )
b ) Procyanidin dimers

Compound K T S-3 S-4
Heterocyclic
ring
Upper C-2 76.8 77.0 83.9 83.9
unit  c_3 73.0 73.4 73.7 73.9
C-4 37.0 37.0 38.6 38.8, 38.7*
Lower C-2 82.1 79.6 82.4, 82.9*% 80.0, 79.9*%
unit  c_3 68.5 66.9 68.6, 69.0* 67.5, 67.9*
C-4 28.1 29.4 28.7 30.1, 29.4*
A-rings
C-4, (U.u.) 101.2 100.6 108.2 108.8, 108.3*
C-4, (L.u.) 102.2 100.6 102.3 101.7
C-5, -7, -8a 154.6,155. 4, 154. 6, 156. 2, 154.8,155.7, 155. 3,156.0,
155.6,157.4, 157.6,158.1, 155.9,157.1, 156.4,157.2,
157.9 158.5 158.6
C-6,-8 (Uu.) 96.0,96.5, 96.3, 96.6, 96. 3, 96.6, 96.3, 97.0
97.2 97.8 97.8 97.3, 97.8*
C-8 (L.u.) 107.2 107.5 107.2 107.2,107.5*
B-rings 137.7,132.2
c-1 132.0,132.5 132.5,131.9 131.8,132.5 132.4,132.5
c-2' 115.3 115.3 115.5 114,9,115.4
Cc-3',-4 145.3,145.8, 145.5,145.8 145.6,145.7, 145.7,146.1,
145.9 146.2 146.2,146.6
C-5’ 116.0 116.0 116.1 116.2
C-6" (U.u.) 119.3 119.4 120.6,121.0* 120.6,121.2*
C-6" (L.u.) 119.8 119.4 119.8,120.2* 119.2
Origin Larix Pseudotsuga Cryptomeria Cryptomeria
lepitolepis Jjaponica Jjaponica Jjaponica
Identification Procyanidin Procyanidin Procyanidin Procyanidin
B-1(5) B-2(6) B-3(7) B-4(8)

Internal standard: TMS, Solvent: ds-Methanol
*These data suggested that procyanidins B- 3(7)and B- 4(8) have two conformers
U.u.: Upper unit, L.u.: Lower unit

2.6 KUv—DHEN

BRED % & 7 — VYD 5B TR LI HEEICHE> T, Sephadex G—25% & 'L H
2085 LT T7 4 —RENVT, TFEWNL 000LL EDproanthocyanidin ® # ) v — % & {r
H)2—+T55L 3 2EEBLETT,

2.7 RUZ—Dtoluene- a-thioll & 3 3RS L UHRBERMD BB
AF, 7H <Y (Pinus densiflora), BLHE T DX Y = — % %1 #htoluene-a-thiol
THRUSRERYOBBE 2T -1, &8 Y v — (1.0 g )%toluene- a-thiol (5 me), BERE (5
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) VXX &/ —n (1om) LEEL, N, F,120C T2, BERICRE21T- 12, Kb
KTH, FISK» G2 =N L — % —THEL, MROSRERYDOEEM 2RI,
DIRERY OB ) B 7V e BT A AT RS T T 4 —(2.5X80cm, 7 3 —4 L C -200,
FOYEsY), B Rv ¥ v i 72 =8 1vi—2 ! IvANTITo 1,
ZAFQORY) v —-OMERIGTIR, 5EONREFHE L TILEYDS —1 (70mg), DS — 2
(350mg), DS — 3 (90mg) L DS —4 &D S — 5 DEEY (220mg) 21872,
THTYDKRY v —DBEIE, DRERHDA—1 (550mg) BL DA —2 (40mg) %2787,
EIOXRY 2 —DBAIR, PMREXHDM—155DM— 8 LTOSEDILAY #HERL,
D55, DM—4 (£°DM—5 %&t, 20mg), DM—5 (90mg) 3L *DM—6 (110mg)
LMDV v 57 4 -tk > THEEL TR ,
UEDX 5L THRLNIEDIBERYIEHRBE I v 75 7 4 —IBNT, Table 4
IR U TR EEE (Retention volume ) REZHRZFho -2 %2571z,

Table— 4. High performance liquid chromatography of thiolysis products from polymers

Compound Retention time (min. ) Retention volume (ml) Identification

DS-4,DA-2, 5.0 8.0 (+)-Catechin (1)

DM-7

DS-5,DM-8 7.6 12.2 (-)-Epicatechin (2)

DS-1,DM-1 14.8 23.7 (2R, 3R. 4 R)-Bezylthiofla-
van-3, 3', 4", 5, 7 -pentanol

9

DM-2,DM-2 15.5 24.8 (2R, 3R, 48) - " (10

DM- 3, DA-2, 16.9 27.0 (2R,35,48) - ")

DM-3 .

DM-4 11.8 18.9 (2R, 3R, 4R) -Bezylthiofl-
avan-3, 3',4',5,5", 7-he-

‘ xanol (12
DM-5 12.8 20.5 (2R, 3R,48) - "(13
DM- 6 13.6 21.8 (2R, 3S,48) - "(14

Apparatus: Shimadzu L.C-830, Column: Zorbax ODS (4.6 X150mm),
Pressure: 60kg/cnf, Flow rate: 1.6 ml/min., Detection: UV at 280 nm, Mobile phase: 5 %v/v
Acetic acid/MeOH (100/ 0 ~——»20/80, linear increasing gradient of 4 %v/v MeOH/min. )

2. 8  FF—ILRRBERMDERT

i) HExRZ I

{t&¥»DS—-1, DS—2, DS—3, DM—4, DM—58BXUDM—6 %207« x4
vTxFMEL, 22D X FUHIDS —1ue, DS —2me, DS —3ue, DM— 4 e,
DM—5us 8L D M— 6 us 21872

AFVIEHIDS — 1ue, DS —2ueBL D S — 3yl dMS E— 27 %2468 (M*), 359, 345,
344,327, 316,191,180, 167, 165,151,124, it 5 & 12,
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=%, X FVHIDM— 4y, DM— 54, BLEDM— 64eldMS €~ 2 %498 (M*) ,
389, 375, 374, 357, 346, 210,195,191, 181, 1675 & tM124ic5 4 12,

ii ) "C—NMRz <% kv

AEERHMDS -1, DS—2, DS—3, DM—4, DM—5, BXUDM—6D “C—
NMR 2R7 hvE ZDRE%Table 5 IR LT, K5 F VDIREIXflavan - 3 -0lDF — 4
BORRAT VI F U RABRBLOBRNT N » 7V U VERRAVTIT- 12,

Table—5. *C-NMR chemical shifts of thiolysis products of polymers

Compound DS-1 DS-2 DS-3 DM-4* DM-5 DM~ 6
Heterocyclic
ring
Cc-2 83.5 . 79.2 75.6 83.5 79.4 75.4
C-3 76.5 72.3 71.8 76.5 72.4 71.3
C-4 46.9 45.2 44.0 46.5 45.2 45.2
A-ring
C-4, 102. 4 102.5 100. 2 102.5 102. 4
C-5 158. 8 157. 8 159.0 157.8 158. 3
C-6 98.2 96.6 97.0 96. 6 96. 6
C-7 159. 4 159.5 159. 2 159.5 158. 8
C-8 96.6 95.3 95.8 95.5 95.8
C-8a 158.7 156.5 157.3 157.0 157.0
B-ring
c-1’ 131.6 131.7 132.0 131.0 131.2
Cc-2' 115.7 116.0 115.3 108.4 106.9
Cc-3' 146.5 146.6 146.1 146.9 146.2
C-4’ 146. 3 146.0 145.9 132.0 132.9
C-5"' 116.0 116.2 116.0 146. 9 146. 2
C-6"' 120. 2 121.1 119.2 108. 4 106. 9
-S-CH,- 36.3 39.1 38.0 36.5 39.1 38.1
Phenyl ring
c-1" 139.8 140. 3 140.5 140. 3 139. 8
c-2- 130.3 130. 2 130.0 130.3 129.9
Cc-3" 129.4 129.2 129.5 129.5 129.2
C-4" 127.9 127.7 127.9 127.8 127.7
C-5" 129.4 129. 2 129.5 129.5 129.2
Cc-6" 130.3 130.2 130.0 130.3 129.9

Identification Structure (9) ” 10 ” 1 ” 12 ” 13 ” 149

Internal standard: TMS, Solvent: ds-MeOH
* Chemical shifts of A-, B-, and phenyl rings of compound DM-4 could not be determined
owing to exsistance of compound DM-5 as impurity in this compound

2.9 RUY2—n'"C-NMRZ~% L
SHIERI20fE D> 518728 Y = —DPC—NMR 2R %2 h VD&KL 2+ LV DRE % Table 6 ITRL
7o
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Table—6. '*C-NMR chemical shifts of the polymers from coniferous barks (No. 1)
Origin Chamaecyparis Chamaecyparis Juniperus Thuja Thujopsis
oblusa pisifera chinensis standishii dolabrata
Heterocyclic
rings
Ext.u. C-2 83.8(t)m, br 83.5(t)m, br 83. 7(t)w, br 83. 8(t)m, br 83.5(t)m, br
77. 1{c)w, br 77. 2Ac)w 77.1(¢)m, br 77. 8(c)w, br 77. 4(¢)m, br
C-3 73.6(t)m, br 73.4 m,br 73.5 m,br 73.5 m,br 73.1 m,br
73. 2(c)w, br
C-4 39. 1(t)m, br 38. 9(t)m, br 39. 1(t)m, br 39. 0(t)m, br 39. 0(t)m, br
37. 8(¢)m, br 37. 7(c)w, br 37. 6(¢)m, br 37.5(¢)m, br
Term.u. C-2 83.4(t)w, br 82. 3(t)w, br 82. 2(t)w, br 82. 8(t)w, br n.d.
79. 6(c}w, br 79. 6(c)w, br 79. 8(c)w, br 79. 7(¢)w, br 79. 6(c)w, br
C-3  68.5(t)w, br 68. 5(t)w, br 68. 3(t)w, br 68. 6(t)w, br 68. 3(t)w, br
67. 4lc)w, br 67. 4(c)w, br 67. 6(c)w, br 67.5(c)w, br 67. 4(c)w, br
C-4 30.5 w,br 30.5 w,br 30.5 w,br 30.1 w,br 30.6 w,br
A-rings
C-4, 108.9 w,br 108.4 m, br 109.3 w,br
C-6,8sus 107.6 m,br 107.5 m,br 107.5 m,br 107.4 m,br 107.1 m,br
102.2 w,br 102.3 w,br 102.3 w,br
100.7 w,br 101.1 w 101.0 w,br 101.2 w,br
C-6,8unsus 98.0 m, br 98.0 m,br 97.8 m, br 97.9 m,br 98.0 m,br
96.8 m,br 96.5 m, br 96.6 m,br 96.6 m,br
C-5,7,8a 157.9 s,br 157.0 s 157.0 s 157.0 s
156.7 s, br 157.0 s 155. 7(t)m 155. 7(t) s 155. 8(t) s, br
155.7(t)s, br 155.5(t)s 154. 7(¢)m
B-rings
C-1' 132.3(¢)m 132. 4(c)s 132.0(t)s 132.3(¢)s
132.0(t)s 132.0(t)s 132. 0(t)m 132.0(t)s
C-2' 115.2 s 115.4 s 115.1 s 115.3 s 115.3 s
C-3' 145.8 vs 145.7 wvs 145.7 wvs 145.9 wvs 145.8 wvs
- 4 4
C-5" 116.2 vs 116.2 vs 116.1 wvs 116.1 wvs 116.2 vs
C-6' 121.1(t)s 121. 0(t)m, br 121. 4(t)m, br 120. 9(t) s 120. 8(t)m
119. 2(c)s 119. 2(¢)m 119. 2(¢)m 119. 3(clw 119. 1(c)m
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Table— 6. continued (No. 2)

Origin Podocarpus Sciadopitys Taxus Cryptomeria Pseudotsuga
macrophyllus verticillala cuspidala Japonica Jjaponica
Heterocyclic
rings

Ext.u. C-2 83.5(t)m, br 83. 5(t)w, br 83. 7(t)m, br 83. 4(t)m, br 83. 7(t)w, br
77. €)m, br 77. 0(¢)m, br 77. 3(c)m, br 77. 3(c)w, br 76. 9(c)m, br

C-3 73.2 m,br 73.4 m,br 73.5(t)m, br 73.6 m,br 73.1(¢)m, br
73.1(c)m, br

C-4 39. 1(t)m, br 37. 2(¢)m, br 39.5(t)m, br 38. 8(t)m, br 39. 1(t)w, br

37. 5(c)m, br 37.5(¢)m, br 37.6(c)m, br

Term.u. C-2 n.d. 81. 7(t)w, br 79. 7(c)w, br 79.8(c)w,br - 79.5(c)w, br

79. 7(c)w, br
C-3 68.7(t)w, br 68. 3(t)w, br 68. 7(t)w, br 68.5(t)w, br 67. 4(c)w, br
67. 8(c)w, br 67. 2(c)w, br

C~-4 n.d. 29.4 w,br n. d. 30.4 w,br 30.5 w,br
A-rings
C-4a, 107.2 m, br 107.5 m, br 107.5 m,br 108.9 w,br 107.6 m,br
C-6,8sus» 102.1 w,br 102.0 m,br 102.3 w,br 107.4 m,br 100.7 m,br
101.1 w,br 100.6 w,br 100.7 w,br
C-6, 8unsus 97.8 m,br 97.8 m,br 97.9 m,br 97.6 m,br 97.7 m,br
96.8 m, br 96.7 m, br 96.9 w,br 96.7 w,br 96.7 m,br
C-5,7, 8a 157.0 s, 156.6 s,br 156.9 s,br 156.8 s, 156.9 s
156.7 s 154.7 m 155.9 s, br 156.5 s 156.2 s
155.5 155.4 m 155.5 m,br
154.7
B-rings
C-1' 132.0(t)s 132. 4(¢)s 132.1 s,br  132.0(t)s 132. 3(t)m
131. 9(t)m 131. 9(¢)m
C-2' 115.2 m 115.2 s 115.4 s 115.3 s 115.2 s
C-3' 145.8 wvs 145.7 wvs 146.0 vs 145.8 vs 145.6 vs
-4
C-5' 116.2 wvs 116.1 wvs 116.3 wvs 116.3 vs 116.2 vs
C-6' 121.0(t)m 121. 2t)w 121. 3(thm 121 2(t)hm, br  119.4(c)s

119. 5(¢)m 119. 1) s 119. 3(¢)m 119. 3(e)w, br
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Table— 6. continued (No. 3)
Origin Larix Larix Pinus Pinus Pinus
leptolepis gmelinii petaphylla thunbergii densiflora
Heterocyclic
rings
Ext.u. C-2 83. 2t)w, br 83.5(t)w, br 83. 6(t)w, br 77. 2(¢)m, br 77. 2(¢)m, br
77. (¢)m, br 77. 2(¢)m, br 77. o(¢)m
Cc-3 73.1 m,br 73.4 m,br 73.1 m,br 73.1(c)m, br 73.1(¢)m, br
C-4 37. 8(¢)m, br 37. 6(c)m, br 37. 8(¢)m, br 37.7(¢)m, br 37. 7(¢)m, br
Term.u. C-2 82.3(t)w,br 82. 4(t)w, br 82. 1(t)w, br 82.5(t)w, br 82. 1(t)w, br
79. 7(c}w, br
C-3 68.8(t)w,br 68. 5(t)w, br 68. 8¥)w, br 68. 6(t)w, br 68. 6(t)w, br
68. 3(t)w, br
C-4 30.6 w,br 30.4 w,bt 30.4 w,br 30.2 vw, br 30.7 w,br
A-rings
C-4a, 107.6 m,br  107.6 m,br 107.6 m 108.8 w 107.7 m
C-6,8sus 102.3 m,br  102.3 m,br 102.3 w 107.6 m 102.4 m
101.3 w 102.4 m 100.9 w
101.3 w
C-6,8unsus 97.7 m,br 98.0 m,br 97.9 m,br 97.9 m,br 98.0 m,br
96.8 m,br 96.5 m,br 96.7 m,br
C-5,7,8a 157.1 s 157.3 s 156.9 s 157.3 s 157.4 s
156.6 s 156.7 s 155.9 s 156.8 s 156.9 s
154. 8§(¢)s 154. 8(c) s 154. 9(c)s 155.8 m 154. 9(¢c)s
154. 9(¢)s
B-rings
C-1' 132.4(c)s 132.5(c)s 132.5(c)s 132.5(c)s 132.6(c)s
C-2' 115.4 s 115.3 s 115.3 s 115.3 s 115.3 s
C-3’' 145.7 wvs 145.8 wvs 145.9 vs 145.9 vs 145.9 vs
4
C-5" 116.2 vs 116.1 wvs 116.2 vs 116.2 vs 116.2 vs
C-6' 119.4(c)s,br 119. 2(c)s 121. 2(t)m 121. 0(t)w, br 119. Ie)s

119.1(¢) s

119. i c)s
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Table— 6. continued (No. 4)

Origin Tsuga Picea Picea Abies Abies
sieboldii glehnii jezoensis firma*, sachalinensis®

Heterocyclic

rings
Ext.u. C-2 77. 0(€)m, br 77. 8(¢)m, br 77. 0(c)m, br 83. 9(t)m, br 84. 0(t)m, br
77.1(¢)m, br 77. 0(¢)m, br
C-3 73.2 m,br 74.8 m,br 73. 4(¢)m, br 73.5 m,br 73.2 m,br
71.5 m,br
C-4 37.5(¢)m, br 37.8(¢)m, br 37. 7(¢)m, br 39. 5(t)m, br 39. 5(t)m, br
37. 7(¢)m, br 37.5(¢)m, br
Term.u. C-2 82.5(t)w, br n.d. 82. 6(t)w, br 79. 5(c)w, br 79. 2(c)w, br
79. 6(c)w, br
C-3 68.8(1) n.d. 68. 7(t)w, br 68. 3(t)w, br 68. 6(t)w, br
67.1(c)w, br 66. 8(c)w, br
C-4 32.1-29.5w,br n.d. 30.6 w,br n. d. 30.7 w,br
A-rings
C-4, 107.7 m 107.6 m,br 107.7 s 108.4 s,br 108.3 s,br
C-6,8sus 102.3 m 102.4 m,br 102.3 m 107.1 s 107.2 s
102.3 m, br
100. 8 8w, br
C-6, 8unsus 97.9 m,br 98.0 m,br 97.9 m,br 98.3 m, br 98.0 m,br
97.0 m,br ' 96.7 m,br
C-5,7,8, 156.9 s, br 157.3 w 156.8 s, br 156.8 s, br 157.0 s, br
154. 8c)s, br 156.8 s 154. 8(c)s 155.6 s,br 155.8 s,br
154.8 m 154. 8(c)s, br
B-rings
C-1' 132.5(c)s 132.5(c)s 132.5(¢)s 131.7 s,br 131.5 s,br
C-2' 115.4 s 115.4 s 115.3 s 107.1 s*b 107.2 s*b
C-3’ 145.8 wvs 145.8 wvs 146.6 m 146.7 vs 146.8 vs
-4’ 145.8 wvs 134.6 s*b 134.3 s*b
(-5") 133.5 s*b 133.4 s*b
C-5" 116.1 wvs 116.1 s 116.2 vs 116.3 s, br 116.2 s,br
C-6" 119.3(c)s 121. O(t)w 119. 2(c)s 107.1 s*b 107.2 s*b
119. 2(c) s 121.0 121. 0(t)m, br

119.5 m,br 119. 5(¢)m, br

sud: substituted, unsub: unsubstituted, vs:very strong, s:strong, m: middle,

w: weak, br:broad, c: indicating flavan- 3 -ol unit with 2, 3-cis stereochemistry t:indicating
flavan- 3 -ol unit with 2, 3 -trans stereochemistry

Internal standard: TMS, Solvent: ds-Methanol

*.Several weak signals of inpurities were observed

*»These signals indicate the presence of flavan-3,3',4’, 5,5’ 7-hexanol unit in the polymers
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3. BRBLUER

3. I flavan- 3 -ol

ZFXFREEL O HBEL T /LAYS — 1 BL S — 2 13HBARY MATHFA AL E—2 %
2001T, 72, ZOXF IS — 1w BL S — 2ue BB FA AL E— 2 % 346 15 A T2, X
biL, 7552 b s E=0D2 =505 DILAYIflavan—3,3, 4,5, 7—pentanol
ThBHTERERLIZS & 51T, "C—NMRA <72 bV ORED H{LEWS — 1 454 - catech-
in(1)T, F1z, {bLEYS — 2 H3-) -epicatechin(2)TH 5 LAFE LT,

—F, TEUMRLLBEBLUILEYM— 3 BLUOM— 4 1I3EERARY b VTRFAA L E—

OH OH
OH
. OH
R
R.=0H, R.=H :(H—Catechin(l) R.=0H, Rz—-H (+ Gallocatechin(3)
R;=H, R,=OH ! (-—Epicatechin(2) = Ri=H, R,=OH :(-)—Epigallocatechin(4)

OH

©

Ri=O0H, R.,=H : Procyanidin B—1(5) R,;=OH, R.,=H : Procyanidin B— 3(7)
Ri=H, R:=O0H : Procyanidin B—2(6) ~ R,=H, R,=O0H : Procyanidin B— 4(8)

Fig. 1 The structures of flavan- 3 -ols and proanthocyanidin dimers
from coniferous barks.
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» 23061, T2, ZNEFND A F VPIM— 3y BE OM— 44 TIR3T6IZTFFA X E— 2
BEitI, 51T, 7IT AR E—=oDNRE= 6, ThLDEEY b lavan-3,3", 47,
5,5, 7-hexanol Th 3 & »ERLIZ, XHILPC—NMR 27 b VOIREICE » TILEY
M— 3 i(+)Fgallocatechin(3)C, %1z, 1LEYIM— 4 i3(-)-epigallocatechin(d)TdH 5 & [AE L
2o F12, (LEYM—1BIUOM—2 3FHKHE 7 o< b 757 4 —iCBT 2 REFHEEBH-
catechin(1)3 & 0¥ (-)- epicatechin@iZ —HT A 25, ZhZhoLePy TH 5 & EEL
1o &Iz, MHH T IBIOH T <Y ODWBREIAIC  (+)-catechin(1)# & t¥(-)-epicatechin
@WSTEIEL TV A C & BRIk Y m v b 557 ¢ — CREBULIH, Y BEEIZIT > T/,

3. 2 proanthocyanidin®) —R{F

It&#mS—3, S—4, TBI KO AFVLYDBERARY b vid, FFA A -2 %2690
KE A%, £12, 795 A ks E=2D82 =6, ThbDILAEYIX procyanidin D=
BATHBC L RRALIZ ZhZhO{tAWDC—NMRR R hLDFL ¥ F Vi,
Fletcher 5 M ¥ 72 5 t¥ flavan- 3-0l & 2 WIEILHEE 2 BT 5 € 7 VL&MW & O BRI
Y -TREULIZ. 20#E% Table 3ITR LT, AT oRRED Y V' F VOLELY 7 ME» S,
{t&#¥ S— 3 & procyanidin B- 3(7), {L&¥ S— 213 procyanidin B-4(8), {LE¥H T
procyanidin B- 2(6), X 61z, {t&¥KZ procyanidin B- 1(5)Tdh 3 LFAE L1,

H 5 < v R HITIZ, procyanidin B-1(5)iciiA T, procyanidin B-2(6)3 & ' B -
IMbFEETACE, £, MHH 7 5ABIEAICIEprocyanidin B - 2(6)ITINA T procyan-
idin B-1(5), B-3(7), #XUB-4@)bHFET AL L 2@ERE s/ o v b T 7 1 —iCL >
TR U1z 58,7 020 6 1t 20 TIREEEIZTT > TV,

% I O H Tidproanthocyanidin D=BEIFER D ish 1210w, Blts L O0FEETS
IRNWIZ 68 -T2,

17, BFEERix b & BiBE L 2procyanidin® “ Bk X Cu—Cof§ AT BILLIZE DT
b, Co—ColiS%e BT _BEDHEE IR TE LH 12,

procyanidin D E{AD Cuw— CokE & DI AELE X ERIDflavan- 3 -0l BN (upper unit)
D 3 (IO KBEOTHEEIC S > T, 2OTKEFMISRE SN TVBEELLNTVEL T
isbb, procyanidinB- 3(7)8L*B-4(8WC#k1753 S, 4S (2, 3-trans, 3, 4-trans)
SI{AELEE, 17, procyanidinB-1(5)3L*B-2(6)c¥xl}53R, 4R (2, 3-cis, 3, 4~
trans) SHAEREBETH 5, SHEMBE CHRBshzRBFI EEILD4ETHH, 38, 4R,
HBHWE3R, 4 SOVKEEBR2ET I EHRRER IO -T5
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3. 3 proanthocyanidin DFK1) 7 — .

proanthocyanidin DK ) = — %, fHx DEAKD 5\ IIEMA P HEL THEE2BITT 5
CEMBREDLECAEIATFETH B, 2L T, BIRD % &/ — ViliH#d> 5 Sephadex G —
BRIVCLH-200 74203757 4 —2ACTHERLIIFY Y= 7773 iCo0
T® toluene- a-thiol FREMRY & *C—NMR 2 X7 MVORBREER»S, CDOTIF 0 v 3
L %1% 9 Aproanthocyanidin DX Y = — 122\ T Z ORENRFE 2 AT,

3.3. | toluene-a-thiol IZ & 3 RERISDERY

ZAXDEY 2 —DFF — VIHRRIG TS EOIRERY {L&HDS -1, DS —2,DS —
3, DS—4BLUDS—5) @i, {tE®HWDS—1, DS—28BLUFDS—-3DZN
Zho»F VY TR, ZOBEEBRRYI ADBRTAA L -2 2468ILF5AH L L, ETZ, 7
SRR e =D =5 Zh 6 DILEYhbenzylthioflavan-3,3",4", 5, 7-pentanol
ThHC EAHRLI 85I, ZNZNDOUC—NMR 25 L ORFTKERES 5, {LAYD S
— 11 (2R, 3R, 4R)- 4-benzylthioflavan -3,3',4’,5,7-pentanol(9), DS — 21 (2
R, 3R, 48S) -4 -benzylthioflavanan -3,3,4',5,7- pentanl (10, & 5ic, {L-& %D S-
313 (2R, 3S, 4S)-4-benzylthioflavan-3,3',4',5,7- pentanol ()T % LFEE L1,
¥z, ﬁb%%D S—ABLIUDS —5EEFEE I v b5 T 7 14—k > TH-catechin(1)
& (-)-epicatechin(2)TH 3 LFEFE LT,

THTIDKY) T —DFF - VIRERITHAILEWMDA—1LDA -2 I3EEKEY
T RS 5 T 4 —DOIFRERDG HILAYMDA— 12 (2R, 3S, 4S)-4-benzylthioflavan-
3, 3,4, 5, 7-pentanol (DT, {LEYD A — 2 Id(+)catechin (1)TH 3 LAE LT,

X5, TIORY v—D5IX8EDFF — VAREBMBB LN, LEHDM—1, D
M—2%L0DM— 3 XEHEHEZ o= h &5 7 4 —DMTICL b, benzylthioflavan-3, 3'
4', 5, 7-pentanol (9), 10X WTH 3 LRAELI. £, ARKICILEHDM—7 £DM—
81k, zhzh+)- catechin(l)BJ: ¥ (—)-epicatechin(2) TH 3 LFAEL 12, {LEHDM—14,
DM— 5%t DM —6 1%, 2D X FUHOBRERARY PV THFA AL E—2 2498IC5 £
2CE, XBK, ZDTIHFAL b« €= I Ds8Z — L H> bbenzylthioflavn-3,3',4',5,5', 7-
hexanol TH % C & 2HEB LI, ¥51C, *C—NMR2 <7 bVORBFHER» 6, {LEWD
M—4ix (2R, 3R, 4R) -benzylthioflavan-3,3', 4’, 5, 5', 7 -hexanol (12, {LA#¥D
M—51% (2R, 3R, 4S) -benzylthioflavan-3, 3", 4, 5, 5, 7-hexanol (13, DM — 6
i, (2R, 3R, 4S) -3,3,4,5,5,7 -hexanol Y TH B LRAE LT,

toluene- a-thiol MR IHIT L - T, proanthocyanidin® ) = —(15idFig 2 1ZRLTI2L S
iz, #0flavan- 3 -olffl £ BN (flavan- 3 -0l extension unit)?> 5 idbenzylthioflavan- 3 -
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H
HO O.. 1

k2
H "I \R3
Rs Ry
R]=R3=R4=H,R2=0H,R5=-S-CH2-Ph:(9)
R]=R3=R5=H,R2=0H,R4=-S-CH2-Ph:(10)

SH R]=R2=R5=H,R3=0H,R4=-S-CH2-Ph:(11)
Extension ) Ha R3=Ry=HR;=R,=OH,Ry=-S-CH,-Ph: (12)
e S A RO
=R_=H,R.=R.=0H,R =-S-CH.-Ph:
2 75 T3 2
OH (Thiolysis) 4
Ry
Termination
un
Proanthocyanidin polymer(15) OH
(Ry=H or Flavan-3-o1 unit) ©0H
Ry= H:Procyanidin(15a) HO 0~ R
R]=0H:Prode1ph1n1din(15b) ) =R
OH ‘R3

R]=R3=H,R2=0H:(1)

R]=R2=H,R3=0H:(2)
R3=H,R]=R2=0H:(3)
R2=H,R]=R3—0H:(4)

Fig. 2 Thiolysis of proanthocyanidin polymers and thiolysis products.

ol%, %17z, flavan- 3 -olK 4 Bi{il (flavan- 3 -ol termination unit)?> 5 itflavan- 3 -ol %
5AseELLNE,
LIts->T, ChoDibame s+ - VaRBRERYE L TENETEASRRF, 7h<ey, B
LTEIZDORY v—+ 75 %L 33 proanthocyanidin DK ) v -2 EEKICHEKRIATL 3
EAHIsE B, £z, MBEBVOREERE»S, 2FBL 7 H Y Dproanthocyanidin® #
Y % —1i4, flavan-3,3',4',5, 7 -pentanol BALIL L > THK I T Bprocyanidin DA Y =
— (15a) THBC &, F12, € § Oproanthocyanidin DX Y v —itflavan-3, 3',4 ',5,5
7 -hexanol B\, %25 9 % prodelphinidin DX V) v — (15b ) 2 A TWAZ LMBESH LR
-1,

I b5ic, DRERPORIEMEL S, XF & 7H <Y Dproanthocyanidin @ # 1 <= — Dfla-
van- 3 -olffl R Q] TiX, BIE b3(+)-catechin(1)& FIKEIC 3 M DKBEREDTHEEH» 3 S (2,
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Procyanidin B—3

Upper unit(U)

d3-MeOH
c-3',4' L
c-2',5'
C-5,7.8, Lower unit(L)
e (7)
c-1' TM™S
l C-4(v)
c-6' c-2(L) c-3(v)
N c2(y / c-3(L C-4(L)
N g
N
f I 1 1
150 100 5
0 Oppm
Polymers from Cryptomeria japonica.

C-3',4 d3—MeOﬂ Extension unit(E)

v OH

e
[ A n
c-2',5" | oy GH

| ‘ 7 OH H

C-2(cis,E) | HO oY

C-2(cis,T) '
s W3R
| H o™ kst
C-2(trans) C-3(E) Termination unit(T)
C-5,7,8, ' ~——

(16): Ry=Flavan-3-01 or H,
R,=0H R,=H, or

R2=H R3=0H
™S

y

"f

[
150

A
50 0
ppm
Fig. 3(a) “C—NMR spectraof proanthocyanidin dimers and polymers.
E I Extension unit, T : Termination unit, U: Upper unit, L : Lower unit,

trans ! 2,3-trans sterochemistry, cis : 2.3-cis sterochemistry.
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Procyanidin B—1

150 100

Polymers from Pinus densiflora

R=Flavan-3-01 units or H

TM™S

Fig. 3(b) Continued.
3 -transBl) Dflavan- 3 -olBI 2F{EE L TWADICH LT, #F Tidl-)-epicatechin(2)&
FAED 3R (2, 3-cish) Dflavan-3 ol 2 F ke LTk Y, MEOLAREIERA &
Th-o1, 12, THIVDEY 7 —IZBWTIZ, flavan- 3 -olff E BN OSAKEHMS 3 RT

HADITHL T, flavan-3 ol KHBENTIZ3STh Y, T {HDIKEBEZL T3,



171

3.3.2 KRUZ—0"C—NMRZ~Y pILERIRF

AXBLFTH=YDEY) v —DPC~NMRZ <% kv &procyanidin® 8 TH % proc-
yanidin B - 3(7)&procyanidin B-1(5)0Zh & 2H#L12F + — b #Fig. 312759,
WTHNOKRY v —=DRRY kL bprocyanidin D “BEDZH EFEEIc L —H LIz 22
hVEBRLTED, V5=, ZEEDBVIRZNY V2 EMOLEYDTETE 2R 2 5
m&vffwuiot<ﬁMén&motobtwar,z¥ﬁiw7wvvoﬁuv—&
proanthocyanidin O Y v —iC L > TOAERK SN TV BT SYE E A U,
AFOKRY T —DRARY MVTIFFIZZ Y 7 F VDL 7 b b5 procyanidin B - 3 (7)D %
NEI—BUTVE, ARBIUOBERREICHFET 5 & 7 F Lk 2 ¥ Dproanthocyanidin®d
® Y = —hflavan -3,3", 4',5,7-pentanol BANiC & - TDHO A X 1 procyanidindH Y =
— (15a) THAHCLBRLTWVA, $£12, "7 oBRFICHKTZ L 5 F VIZRD T & %77
LTW5, $780 5, 83.4ppm & 38. 8ppmiCBHl SN 5 $ DId, ¥V v — 2T 5 flavan -
3 -olff & B{\ A3(+H)-catechin (1)& FRED 2R, 3 S DOIAAE (2.3-trans &) 2H T2 3
DREKELTVALLE, £, Z2h 5D flavan- 3 -0l BfiiZ 4 S DI KA B2ET5C
—CufiB (B VICw—CuiiA) DBIELIZE > TEALTWAZ LR ERRBRLTL
50 LD L7EH6, 77.2ppm D/NE7ZL T+ g, DED 2R, 3RDONEEE (2, 3 -cis
) 2F9 5 flavan- 3-ol HEBMNEL P4 ROVEEE2ETS Cu—Co §S (B30
i Cw—Cuw #8) ODFFERTRBL TS, F1z, flavan- 3 -0l FREBBNALICDNTIE, 68.5
ppm& 67. 2ppm®D L S F v, 2R 3SBL2R, 3 ROMEDTHEED flavan- 3 -ol
BALICE > TSN TN BT E 2R LTV, LIzd - T, toluene- a-thiol SMERED
MREFRYOREDRER EPC—NMRZ X2 M VOBFEREIZIL —HTA2DTh-12, L
LOKERD»HEZ A 505 2 FDproanthocyanibin® # U = — DREM/HEE1602 Fig. 3 (a)ic
AU,

TATYDEY) 2 —DEY T+ vD{bH e 7 kdprocyanidinB -1 (5)D Z h & FERic k<
—HELU T3, ARBIUOBERIRRICHAKT 2 7+ ud b, #Y v— 2K T 5flavan-3 -
olBifi7i3flavan-3,3', 4', 5, 7-pentanol TH B EMBHHLEDTH B, LIZH-T, 7h=
DX Y v —$procyanidin DX Y v — (15a) TH5, —f, 77.2ppm &37. Tppm DA~ 5 0 3B
RFCHRT 5 ¥ 5" F g, flavan- 3 -ol {HIE BN AY-) -epicatechin(2) & AKED 2 R, 3
RONGFEEZ2H L TWAZ L, 1z, ThbDHERNIZ4 R OIERBD Co—Ce L
(H20ECu—CoflE) DBHBELIZE >TEALTVAZ EBRLTV A 250, 81.1
ppm £68. 6ppm®D & &' F idflavan - 3 -0l K i BEAL H5(+) -catechin (1) & ARED 2 R, 3S D
MARETH Y, MEBAEIZE ST SHONERERE > TWBTERRLT VA, Lizhs
T, THZYDEY 7 —Dtoluene - a-thiol FEFIG TEHIFERE EPC—NMRZ <Y h LD



172

R ERIE L B LT WA, D EDKRERL6EAL 6N AT H <Y Dproanthocyanidin DK Y
v —DOEEID%Fig. 3bITRT,

I |
150 100

Fig. 4 "C—NMR Spectrum of the polymer from Abies firma.
*These signals indicate the presence of flavan-3,3,4',5,5,
7-hexanol unit of the polymers

Fig. 4ICIZE DX Y v —DUC—NMRZ XY MV BRUIZ, LDV T FVIE, £IODNX
) = — $ proanthocyanidin DK ) = — %2 EfkE U TWA T & 2RBLTWAB, LA L, 56.2ppm
BRI IN A A PFUAERICEBEBAB LR, 6 ERBAICERI NI/ NagYy
FFVDOREEDPSLEIDRY T —DHITZY V2 RaANY s EfDitEH b DETH 0¥
BIELTWACZ EWREBINIZ, —f, £ i Dproanthocyanidin® K <= —tif, (+)-gallo-
catechin(3)2 & & REDEHBERI % T Aflavan- 3, 3', 4’, 5, 7 -hexanol [HEBNVIFE
4% C & hitoluene - a-thiol DB RIEDIER LB 6 > THBH, "C—NMRR R bV T
§, CODCTERTEF LS F D134, 6ppm, 133.5ppm 3L X107, 1ppm 72 & I Bl S iz,

3.3.3 20 BOSEBBEDO K ¥ — DS

20fE D H AFESI BRI » 618 50 c K Y v —DPC—NMR R X% b VDF — 4 % Table.
6ICTRT. TIBIOM KT Y RRIBEOX ) v —DR VI FVEAFRLT I VDHERLE
I iZprocyanidin D =BED L 5" F V2 HEEICLT, IXRTBETESEDTH-T, LI
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BoT, THEDEEDORY v —1&, flavan-3,3', 4',5, 7-pentanol BN Cw—Cw &5
(5T Cw—Cuo &EE) OHELIitL > TES Ulcprocyanidin® K Y = — (15a) I
Lo THREN B IZIZIMNIYETHE LA LIL, L LEKS, SRIBERTHEIsh 2
T ORIRFY ISP VOENEER, FHETAKE(RE-TVWELEMS, #) v —2HERT
%flavan-3 -0l BIii TO 2R, 3S & 2R, 3ROVFEEREEOERICIELVEEZEDH3
ZEMTRINT,

kK= (Abies sachalinensis ) DX Y 2 —DC—NMRZ<€% hid, EIDHELA
HiICBBIICtri-hydroxy B D E# # #F 4 Aflavan -3, 3',4", 5,5’ 7 -hexanol Bififiz & - T
K X h Aprodelphinidin® R Y v — (15b) »3, procyanidin®® V) <v— (15a) & & $1iC
BHETACERBRUTVI, $12, PR VORY v —HICE MiIick 2/ 7+ uhs
gr s hi,

28, TLRETICES S OWFEL I3, 7 — & (Pinus taeda ) BL K5 07 — 2 H(P.
radiata) OB D 518 5 hizproanthocyanidin®# I = — icBIY 5 ik bs/z & hp 1910

4. # B
AR H I > T, MEREICEHBIL 3 0E U TFEREINS & o tEEEERO S 4,
26 FITPC—NMR JIFEIT b1z > THAEE I % T U 2 B LR ESM E ORIR—1T18
TicEH T L E T,

5. 5|AME
1) “ARMIFENC KTy 2" HilR, HERBRBE, AE, p8d9 (1973)
2) ® ME—, 1B “EREEO/LE, (LFEETI0” p4a7, (LFEREA (1981)
3) W& 33 DMK, 16, 21 (1967)
4) B BUE  SIESIBR OBEICET 2H5 (BAHARSY),  (1965)
5) BE IE#, JARME D AMELRE, 27, 491 (1981)
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Summary

Several flavan-3-ols and procyanidin dimers were isolated from coniferous barks and the
structures of these compounds were identified by 3C-NMR spectroscopy(Table 3). (+)-
catechin(1), (-)-epicatechin (2), procyanidin B-3(7), and procyanidin B-4(8) were isolated from
Cryptomeria japonica. Procyanidin B-2(6) was isolated from Pseudotsuga japonica, Procyanidin
B-1(5) was isolated from Larix leptolepis. (+)-gallocatechin(3), and (-)-epigallocatechin(4) were
isolated from Abies firma.

Furthermore, the chemical structures of proanthocyanidin polymers from the barks of
twenty species of Japanese conifer were elucidated by '3 C-NMR spectroscopy(Fig.3 and Table
6) and toluene-a-thiol degradation. On the basis of these results, it was revealed that all of
proanthocyanidin polymers from coniferous barks are composed of poly-flavan-3-ols with
Ciy-Cs or C,-Cq inter-flavan linkages. Flavan-3-ol units of the polymers from eighteen species,
except Abies firma and Abies sachalinensis, consist of only flavan-3,3’, 4’, 5, 7-pentanol units
(procyanidins(15a)). However, flavan-3-ol units of the polymers from Abies sp. include flavan-
3,3, 4, 5,5, 7-hexanol units (prodelphinidins(15b)). Moreover, much difference was observed
on the stereochemistry of heterocyclic rings of flavan-3-ol units in the polymers with their
origins (e.g., structures (16) and (17) as shown in Fig.3).



