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Summary

The leaf n-hexane extracts (neutral and acidic fractions) in Kurobe (Thuja standishii) collected from Mt. Kamikura
in Yamagata prefecture were analyzed by GC and GC-MS comparing with four other conifer leaves.

The results showed that the main constituents in the neutral fraction were a-pinene, sabinene and bornyl acetate
for monoterpenes, and hibaene, dolabradiene and nezukol for diterpenes. There was a variation in the contents of
nezukol among individuals. The results also showed that the main constituents in acidic fraction were palmitic acid for
fatty acid and frans-communic acid for diterpene carboxylic acid, and variation was also found in the content of trans-
communic acid among individuals. These results suggested that Kurobe have chemotypes.

As the results of the other conifers, the main constituents in the neutral fraction of Sugi (Cryptomeria japonica)
were o-pinene, sabinene and limonene for monoterpenes, elemol and hydroxygermacrene for sesquiterpenes, and
kaurene for diterpene. Unknown diterpene carboxylic acids were also found as main constituents in the acidic fraction.
The main constituents in the neutral fraction of Hiba (Thujopsis dolabrata) were sabinene for monoterpene, elemol for
sesquiterpene, and hibaene and dolabradiene for diterpenes. The main constituent in the acidic fraction was trans-
communic acid for diterpene carboxylic acid. The main constituents in the neutral fraction of Hinoki (Chamaecyparis
obtusa) were sabinene, B-myrcene, limonene, bornyl acetate and o-terpinyl acetate for monoterpenes, elemol for
sesquiterpene, and hibaene for diterpene. Unknown lignans were also found as main constituents in the neutral
fraction. Hinoki acid, sesquiterpene carboxylic acid, was also found as a main constituent in the acidic fraction. The
main constituents in the neutral fraction of Kouyamaki (Sciadopitys verticillata) were o-pinene for monoterpene, and
sclarene, kaurene and six unknown furano-type compounds for diterpenes. trans-Communic acid and unknown
diterpene carboxylic acids were also found as main constituents in the acidic fraction.

The cluster analysis was carried out by using Ward’s method on the 53 major constituents found in neutral and
acidic fraction. The results suggested that Kurobe (Thuja) had a near relationship with Hiba (Thujopsis), and far
relationships with Kouyamaki (Sciadopitys) and Hinoki (Chamaecyparis).

Key words : Thuja standishii, giant tree, n-hexane extractives, terpenoids, cluster analysis
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Photo 1 Giant tree of Kurobe in Mt. Kamikura

Photo 2 The leaf of Kurobe in Mt. Kamikura

352



WO LA 1o 7 v X (Thua standishii Carr.) 3O NF A V512 OWT — &EifF - LS -

Zawkk UCHERBLRIH OBEAMIC (RS0 X 2k
REEEFRAAR] 03B 1) . HFRIRIENT O EA I
[+ 2 IHAREEE R AR E S Twa Y,
HIBECIE 7 o ROBE#R DL CHFEL, Eallos
O, EMEBO 7 aX, BXO 7 axhH Y, FHE
EEWROEBHEICH HFROKA X, TEO 0
NEGOLERLOOEBPFET LI LR b, ZDX
INVHALIZIZ 7 B RFELC G L TW D 2 EPMAR %,
ZoMICh 7 aROEBIIFE L, ZEO 7 aRERDS
BAsn T, ITBERE P H# 12 I3IREE O KRG
wE LT, BT RBET T ST 24 LA R O Bk 6
4 (16294F) . FKHIEFREER+ S0l 7 & R 7 BHAG & A
FER UL T 3CFREH ] Lt L2 7 a ROBEB BT
50, IWBRNOHRTEAILIO Y OXOEBIZEFICH
4T, WHRARREYHOREENHY ., HEA—LLF
bILT\wb,

7 OAROLMOBEFIZOVTIZ LR ENTBY,
Z OFEIMMRES & L C hinokitiol (B -thujaplicin) 23&H X
NTWwa 2 EAms5 T3 Y, hinokitiol Iz & / F.0
MICIFFREEENTB LY. o B -thyjaplicin (XZ D%
DY, AZX3)E (Thuja) IZELEENTEY, 20O
& % B B & 7 o T b nezukone A T,
19604E 7T BRSO b oRo Y E LCER S,
A X AED MO ANER T & L TRAMS N TS, &
I, —/—D 7 A > ulg (Thujopsis) 12H baRo
VHEAPOMICHER SN, TAFOOLEMTHERILIZZ L
AT B NDI AR & L THHFEL TV 5,

E AP 7 UNRDED R OMEHNE D7 <
HIZ 5 AT1956 E 128 L 72 [ A X 3Rk 51ic o v
T BRATY . ZO%19704E124LB ), nezukol 7 &
BIEEHD VT VR > OAFIE A 5 L« 812 nezukol D%
e L <. Corbett 5 25%k#5 L7z (-)-8 8 -hydroxy
sandaracopimar-15-ene % * XA IFH DY T IR L L
T. Inezukol] IR %R TV Y,

Tk X 9127 U ROBED RGOV TIIAI 2% 51
Z\aa, SHEEBICHEMIHR L SN AFFL v F
B I v~ IR OBARE OB A AT, 2D
DEDT VR YEO TR E LTiE, XA FTITREIL,
RiB. JEE S OB 25 e N TIREE. RIES O
FeB s v ) X TREESOMEY S, 2 v FT
FHEARS OB RERER EIFS NS, A, 7 ax
(3MEME) & ATFT & 72 A ¥ (Cryptomeria japonica) . &N

353

>
4

A - ARA -

Tl
o

161

(Thujopsis dolabrata) . & 7 % (Chamaecyparis obtusa) «
I Y <X (Sciadopitys verticillata) DIERST % 5347 L
INTNEHI L 2D 0, 7 UNERGOREZH S H
W2 L72v,

B, A OWFRITHACHMERLF & (RS RFEET
DA LT 2 g 2 1220 S FEHE L 7o

I. HABRUEREE
1. ##

2 uN (Thuja standishii) 3TEAEOFEHL. AL
TEMN OB FIZHE T L CwzikdE (Blg) Z2MEH L7z,
A ¥ (Cryptomeria japonica) V&I B MT =45 | Al 3%
ENTWDHAF G (T) 2R L7z &N (Thujopsis
dolabrata) \EHFHIEFED N VRA & 4L TEA T2
HAET 2N LEE (K) o2@EE2#HLZ. v/ %
(Chamaecyparis obtusa) \F&MEINNTEMN T O/ % 11#
& (K) 2 L7z 27 Y~ F (Sciadopitys verticillata)
FEELOHROEICHE SN TV a7 ¥~ F LK
(K) ZfiH L7
2.

AEOMIBIZPER S O FHEEEARIIT- 729 10ml
DINA TN I TP SR ATEHE (EFE) 1g%
AdL, ANFH 2 10ml 2 A %R L, ST LB AEE
WLz —HEMUERBLEZLDIIABTLIERLE
DF FWHE IR Lo AFH Ui, £ 70
NRYDFLE, CAFTFURYOEERBIT B0, &
Mid b L7 GC 721X GCMS ICHEEEA LT =217
o7z oy HERIZ—RRIZT V) BN X
AR IR AN TV ) BN X0 R O A
B 2B HE s, ~AFH iz b 0%
RS & L Ciko 720
3. BRMHEOSE

Iml%5 3 7 0 3B 12 F 4 2 fl R 300ul = B Y |
5%NaOH K&z FEMA ., Fv v T2 LTEIRED
L7z KisWiE (Th) 2500uo~A7uad) »IT
MOI7aEBREICRLED, YoV T ) eiEE
Mz, Fxv 72 LTRED) THEMEL 20T 72, C
DEETVIFNI—FIVEIZHO I 7 0 FHEE 12T
720 Ho 72RKBWEIZON-HCI 2 /M2 F v v 7% L
TILIEEY) LWL LB, 300ul ¥V TF Vo —F
VEMZ. ¥y v 7% LTIRE ) THEEL 20147 720
O KBAEMB L2V 2 F VT — TV % 3 7 0B



162 W RFAE (B £18% Hi s

I L (FHe00ul) . 2EK$E (300ul) L7ze ZO¥ T 4. XAFIk

FNV I —FIVER60ul &£ 01%NT FIVL A Y ) —)ViE HEE S BREA o723 7 OB ICIER] (Nv B
T30l % X 7 makBRAF 12 & 0 2 S & 4 FOUL o Ve Ay =)V :82) B2 E L E,T &
Bre L7zo B, GCMSHHTTIZVY AANRT N VAS47 502, FYURAFLIYLT T ALY 2 (10v/v% ~NF
BEBETE2 L) IGEEOY T F )V — 7 )VE300ul & ¥) E10ulz#e% L. 305 S 8T A F Uk
01% T MIVA XY 7 — )VER30u % X 7 1B 12 241572,

EDEE ST, ATFIALHOEEE L7,

i Monoterpenes (A) Sesquiterpenes (C) Diterpenes (D)
20 -
Sugi
- i ISD
] 2 3 2 3 5
zo0 -
) /s :
7 l 4 ‘K 5 »~ 8
o I Ll 3 1 L .
o 10 20 s0 ao so so0
ao Monoterpene acetates (B) uja
:E ) ISD
20 o
1 1
2
. 3 4 2 l l
| X L. . . e
o -
o 10 20 30 ao s0 s0
a0 - }
Hiba
. |
g ISD
20 3
| 2 2 | I i
o | | . 1
20 30 ao 50 60
Hiba K
=
= ISD
4 1 2 5 3 3
A 1l L L
20 320 a0 S50 e0
Lignans (F) . -
ol Hinoki
= 2
5 ISD 1 11
L 1%
el i - s L
20 s0 a0 50 60
Furano-Diterpenes
Kouyamalki
i
ISD
1 5
u
31
A A
20 30 50 60

Time (min.)

Fig.1 GC of n-hexane extracts (neutral fraction) in the leaves of Kurobe and four other conifers

Legend: (A) 0; Tricyclene, 1; o-Pinene, 2; Sabinene, 3; B-Myrcene, 4; limonene, 5; y-Terpinene, (B) 1; Unknown, 2; Unknown, 3;
Bornyl acetate, 4; a-Terpinyl acetate, (C) 1; Germacrene-D, 2; Elemol, 3; Hydroxygermacrene, 3-1; Unknown, 4; a or f-Eudesmol, 5;
Hedycaryol, (D) 1; Sclarene, 2; Hibaene, 3; Dolabradiene, 5; Kaurene, 6; Nezukol, 7; Sempervirol, 8; Unknown, (E) 1; Unknown, 2;
Unknown, 3; Unknown, 4; Unknown, 5; Unknown, 6; Sciadin, (F) 1; Unknown, 1-1; Unknown, 2; Unknown, 3; Unknown.
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Fig.2 GC of n-hexane extracts (neutral fraction) in the leaves of three Kurobes
Legend: (A) 1; a-Pinene, 2; Sabinene, (B) 1; Unknown, 3; Bornyl acetate, 4; a-Terpinyl acetate, (D) 0; Rimuene, 2; Hibaene,
3; Dolabradiene, 4; Iso-kaurene, 6; Nezukol.
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FNTWz, TDEHIT. VTN ORERIIETE O K
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Table 1 Construction of #-hexane extractives (neutral faction) in the leaves of Kurobe and four other conifers

P.Name|R.Time| M+ Compound Tor E| SugiT Thujal | Thuja2 [ Thuja3 Hiba HibaK | Hinoki |Kouyamaki
1[A0 5.696[ 136 |Tricyclene E 0.125
2|A1 5.954[ 136 |a-Pinene 1 0411 0.483 0.273 0.102 1.083
3|A2 6.901| 136 [Sabinene I 1.242 0.331 0.490 0.733 1.166 1.850
4|A3 7.505[ 136 |B-Myrcene 1 0.162 0.116 0.385 0.246
5|A4 8.342( 136 |limonene 1 0.250 0.465
6|A5 9.084[ 136 |y-Terpinene 1 0.156
7|A6 10.425[ 152 |Fenchone E 0.100 0.133
8|B1 14.023[ 196 0.326 0.254 0.183
9|B1-1 14.079( 154 0.106

10(B2 14.965| 154 0.259

11|B3 15.752[ 196 |Bornyl acetate E 0.128 0.116 0.109 0.112 0.552

12|B4 17.219]|(181)|a-Terpinyl acetate E 0.172 1.562

13|C1 20.515]| 204 [Germacrene-D E 0.141

14|C1-1 21.848| 204 0.179

15[C1-2 22.138| 222 |Cubebol 0.310

16|C2 22.295[(204)|Elemol 1.413 0.293 0.672 2.372

17{C3 22.867| 222 |Hydroxygermacrene 0.550 0.125 0.234

18|C3-1 23.556| 222 0.120
19|C4 24.699| 222 |a or B-Eudesmol E 0.177 0.159

20[{C5 25.029| 222 |Hedycaryol E 0.119 0.118

21|D0 29.451| 272 |Rimuene 1 0.185

22(D1 30.016] 272 |Sclarene 1 0.991
23[D2 30.135| 272 |Hibaene I 0.236 0.232 0.104 0.331 0.213

24[D3 30.871| 272 |Dolabradiene I 0.178 0.207 1.010 0.309

25|D4 31.439| 272 [Iso-kaurene E 0.234

26|D5 32.191] 272 |Kaurene 1 1.213 0.385
27[D6 33.797] 290 |Nezukol 1 0.156 0.520 0.770

28[D7 36.945| 286 |Sempervirol E 0.300 0.459

29(D7-1 36.963| 374 0.132 0.149

30({D8 38.578[(271) 0.139

31[E1 39.153| 374 0.352
32[E2 40.357| 344 0.395
33|E3 41.941| 388 3.429
34[E4 42.214) 358 0.325
35[E5 43.416| 342 0.215
36[E6 43.736| 328 |Sciadin 1 1.842
37(F1 48.945| 354 0.695

38[F1-1 49.268| 400 0.125

39(F2 49.925| 352 0.249

40]F3 50.150] 398 0.285

Legend: P.Name; peak name of GC, R Time; retention time of GC, M+; molecular ion peak, I or E; identification or estimation.
Note: the data were calculated based on the ISD(heneicosane) area in each sample, and were showed over 0.100 value.
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Fig.3 Cluster analysis of #-hexane extractives (neutral faction)
in the leaves of Kurobe and four other conifers

¥ WO hinoki acid S IICHFE L. AFE Y TV
VRV EEOTENS . e NSIRNIBE U7 vy
WRVERE) 7 VD, A FIEAF TR
HIVR VW BERIEE. VTR A VR VR ENE N
RO bz,

6. 7ONIEEDEAFXH HERS ERMER D&

Iz, 7 T xO 3% # L 72 (45) 0 Thuja 30 X F
WAL ORERL D72 1) | trans-communic acid (M+316)
WA LT AT VD4 (M+316) 25HERR S 41,
VTN RYHIVR Y BEOREESMMO2D L FTp 5 T
oo TOXHIT, 7ONRZT TNNRY A NVKR VRO
WZERH 5 LR SN,

7. 7ONEMOSEBREAT Y O HERS (ERMEER)
DBl (REMEL: X5 MV LERL)

7N E AR AR 8K TIERE T & 72T O &
Ko, E21IR L7z, 7272, SHROL VNGO RS
N7z720, EREIEILA0025 U LD b D %R L7z,

LA XTIV YA VAR VT hinoki acid D &AM E
S, e/ FEaTVIRITHFAEL Tz TRITIRIZS
B D WL palmitic acid O AANHEE S 4172, palmitic acid
ZEDBIMEIZ Sl L THFEL Cize U702V
R UBRIE8H S DAL trans-communic acid D & % [ 52
L 720 trans-communic acid (Z A F& v /7 FPALT, &
e LTHEL Tz, ) 7 Y HIIESE 2 HEE T
ELM ol CNK THANMRTE 72,

TFNRYH VR VEEIZOVTIZAETREIES A cis-
commumic acid, imbricataroic acid, isocupressic acid @
MEREY TV A1)V R Yl & | sandaracopimaric acid,
isopimaric acid D =EEVED T T VY H VR Uk E S
LTWwh, L2L, INoDILEMERFETHICELR
Polze GRIERT HUEND 5,

C DX KRR DI b & O THBIT D= 72 i8R
MWCEII2O, RIZT TAY =N #4722 & LTz,



166

mV

20

a0

2o

a0

zo

a0

20

a0

mV

20

a0

20

Fig.4

7; Unknown, 8; Unknown, 9; Unknown, 10; Unknown, 11; Unknown.

mV

20

a0

mV

zo

a0

mV

01—‘—‘—‘—‘4014—‘—‘—‘—' of—';—‘é

20

Fig.5

W RAERCEE (7)) 25 18 &

540

ISD s 8 Sugi
50 l ¥ o
2 \' »”
* I
. Jal 4
10 20 30 a0 50 [={e}
IsSD Thuja
2 3 5
X
10 20 30 a0 50 [={e]
Hiba
ISD
2 3 5
1
10 20 30 40 50 s0
Hiba K
ISD
2 3 5 1
1 .
10 20 30 a0 SO (==}
1 - -
Hinoki
ISD
30 3
2
'l ¥J
10 20 30 a0 S50 [=te]
isSD Kouyamalki
T
1 2 3 b5 10
~ 1 a 1 " 1
10 20 40 50 s0

- 30 .
time {(min.)

GC of n-hexane extracts (acidic faction) in the leaves of Kurobe and four other conifers
Legend: 1; Hinoki acid, 2; Palmitic acid, 3-0; Unknown, 3; Unknown, 5-0; Unknown, 5; trans-Communic acid, 6; Unknown,

IsD Thuja 1
2 3 5
]
10 20 30 a0 50 a0
ISD i
Thuja 2
2 3 5
. P |
10 20 30 a0 50 50
ISD Thuja 3
4
2 3 l 5
~ a A . A
10 20 s0 ao so so

time (min.)

GC of n-hexane extracts (acidic faction) in the leaves of three Kurobes
Legend: 2; Palmitic acid, 3; Unknown, 4; Unknown, 5; trans-Communic acid.

358



IR &1l 7 1 X (Thuja standishii Carr.) 3EONFH VIS IZOWT — EfG - JEED - k- AR - 545 167
Table 2 Construction of z-hexane extractives (acidic faction) in the leaves of Kurobe and four other conifers
P.Name[R.Time| M+ [ Compound (methyl ester) |[IorE| SugiT | Thujal | Thuja 2 | Thuja 3 Hiba Hiba K | Hinoki |Kouyamaki
1{M1 27.929| 248 [Hinoki acid E 2.631 0.027
2(M2 29.628| 270 [Palmitic acid E 0.058 0.085 0.054 0.052 0.050 0.037 0.139 0.076
3[{M3-0 32.741| 294 0.028 0.064 0.032
4|M3 32.888| 292 0.030 0.029 0.069 0.076 0.026 0.025 0.080 0.056
5[M4 34.552| 316 0.058
6/M5-0 35.396| 316 0.250 0.035
7|M5 35.785| 316 [trans-Communic acid 1 0.216 0.225 0.065 0.217 0.159 0.161
8[M6 36.600( 316 0.203
9(M7 37.042| 330 0.501
10{M8 37.693| 348 0.895
11|M9 38.672| 334 0.345
12{M10 43.600| 328 0.105
13(M11 50.584| 398 0.183
Legend: P.Name; peak name of GC, R.Time; retention time of GC, M+; molecular ion peak, I or E; identification or estimation
Note: the data were calculated based on the ISD(veratric acid methyl ester) area in each sample, and were showed over 0.025 value.
0 b} 4 6 3 10 12 (Km?) 0 5 10 15 0 5 30 35 (Km?)
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Fig.6 Cluster analysis of #-hexane extractives (acidic
faction) in the leaves of Kurobe and four other conifers
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Fig.7 Cluster analysis of all z-hexane extractives in the
leaves of Kurobe and four other conifers
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(continued on next page)

Fig.8 MS spectrum of maim constituents in the leaf neutral fractions of Kurobe and four conifers.
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Fig.8 (continued)
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E2 peak : M+344 Kouyamaki #:21: 42.855
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E3 peak : M+388 Kouyamaki #:23: 44.660
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E4 peak : M+358 Kouyamaki #:24: 44.855
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E5 peak : M+342 Kouyamaki #:25: 46.230
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Fig.8 (continued)
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E6 peak : M+328 Sciadin Kouyamaki #:26: 46.360
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F1-1 peak : M+400 Hinoki #:41: 52.340
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F2 peak : M+352 Hinoki #:42: 52.705
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F3 peak : M+398 HibaK #:32: 53.110
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Fig.8 (continued)
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M1 peak : M+248 Hinoki acid methyl ester  Hinoki #:29.925
LOG

L 2040 60 80 100 120 140 1e0 1RO 200 220 240 260 280 300 320 340 36d 32D

M2 peak : M+270 Palmitic acid methyl ester SugiT #:6:31.910, Thujal #:20:31.915, Thuja2 #:18:31. 910,
Thuja3 #:8:31.910, HibaK #:18:31.910, HinokiK #:31.920, KouyamakiK #:8:31.910
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M3-0 peak : M+294 SugiT #:7:35.275, Thuja3#:35.270
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M3 peak : M+292 SugiT #:8:35.410, Thuja2 #:19:35.415, Thuja3#:35.415, HibaK #:20:35. 410,
HinokiK #:14:35. 415, KouyamakiK #:9:35. 405
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M5-0 peak : M+316 SugiT #:11:37.985
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M5 peak : M+316 trans-Communic acid methyl ester  Thujal #:2:38.465, Thuja2 #:20:38. 465,
Thuja3 #:12:38.455, HibaK #:23:38. 465, HinokiK #:16:38.455, KouyamakiK #:10:38. 450
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M6 peak : M+316 SugiT #:14: 39.310, HinokiK #:18:39.310
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(continued on next page)

Fig.9 MS spectrum of maim constituent methyl esters in the leaf acidic fraction of Kurobe and four conifers
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M7 peak : M+330 Kouyamak iK #:11:39. 755
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MS8 peak : M+348 SugiT #:16:41. 665
L0

0 200 40 G &80 10 120 140 18D 180 2040 220 240 260 2BD O 300 320 340 360 380

M9 peak : M+334 SugiT #:19:42. 455
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M10 peak : M+328 Kouyamak iK #:12:46. 740
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M11 peak : M+398 HibaK #:28:54.195
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Fig.9 (continued)
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