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Sesquiterpenoids of Cyperus bulbosus, Cyperus tube1'osZis and� 
Cyperus rotundu5� 
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Synopsys 

esquiterpenoids in the tub r of three morphologically imilar yperu peci s were compared. 
0- adinen and a-copaene were the most abundant esquiterpenoids in C. tuberstls. In C. 
btllbosus, caryophyllene oxide and humulene oxide were the main se Quiterpenes. Th 
ehemotyp were diff rent from the chemotype of C. rot/mdus (purple nutsedge), ehemota, . 
onom can be used for th id ntification of these pecie. The biochemical difference of these 
p ci s in relation t th environment are di eu d. 

Introduction 

On the ba i of th se quiterpenoid compo ition of the e ential oil of fre h mature tubers of 
purple nutsedge (c. rot/nidus), ch motype H, M, and 0 have been identifiedO The two most 
abundant sesquiterpenoids of type Hare bieycli (a-cyperone and ,B-selinene), and all of the 
nuts dge speeim nts collected in the Honshu rigi n ar of this type. Type H has been found in 
the Okinawa, Kyushu, and hikoku, di triets, as well. Type 0 plants ha e two abundant tricycli 
se qui terpene {cyperotundone and cyp ren ), and plant of thi chemotype ha not been found 
a far north as Tanega I land. Type I contain d all four of th e e-quiterp nes, and this type 
ha b n found in outhern Kyu hu and Okinawa. Type K, with a large amount of qui terpene 
acetate, is th most comm n chemotype of purple nutsedge in Hawaii". These se Quit rpenes are 
of interest because of their pot ntial allelopathic a tivity31. The differ nt sesquiterpenoid profil 
of the plant rna be useful in chemotaxonomy. 

In 19.1, d tails of the geographic di tribution of purpI nut dge eh motype in the Pa ific Rim 
and Basin were published'l. In that study, clon of ypentS bu/bosus and Cyperus tuberOSIIS were 
collected. everal Cyp rus peci ,in -luding C. /uberOSllS and C. btl/boslI have been mi identified 
a purple nutsedge81 • and a ch motax nomic method may th refor b need d. In thi study, w 
examined the esquiterpene profile f C. lubel'osus and . bulbo us. together with two 
ch motypes of purple nul-edge. The re ult allowed us to peculate ab ut th biochemical 
pathway of the e econdar} m tabolite . 
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Materials and :\Iethods 

Mature tubers of chemotypes Hand K of purple nutsedge were collected from iyazaki Japan 
and Oahu island, Hawaii, respectively. . luberosus and . bulbo liS tubers were collected from 
Bangkok and haing Mai in Thailand. Tubers were planted in pot and plants were grown for 
3 month in gre nhouse. The foliar parts and inflorescence were used for speci identification. 

ential oil of each pecies were prepared by homogenization of tubers with hexane. The 
extracts were filtered and concentrated under a stream of j 2. Three sesquiterpenoids, sugetriol 
triacetate, caryophyllene oxide and humulene oxide. were i olated and purified and purified by 
repeated column, chromatograph, gas chromatography and mass spectrometer (G -M ). infra· 
red spectrophotometer OR), and nuclear magnetic resonance spectrometer (I3C-J R). Data 
from G -M alone were insufficient for the identification of the esquiterpene. 

The ssential oil of purple nutsedge was chromatographed on acti ated alumina with benzene 
as the elutent. Following ketone fractionation, acetate fractions ~ ere eluted. combined and 
rechromatographed on silica gel. A crystallized ubstanc was obtained aft r vaporation of the 
benzene. and ugetriol tria etate') was rystallized from light petroleum as colorless needl . mp 
132" . M fragments, mlz: 37 (M").31 ( AcOH), 276. 25 (M-2 cOH). 216,19 (M-3 cOH>o 
1 3. 173. IR (I Br)cm : 1736. 1235 (acetoxyl). 

The essential oil of C. bulboslI' \Va chromatograph d on ilica gel. fter percolation of the 
hydrocarbon fraction with chloroform. repeated elution with the arne olvent gave epoxide 
fraction which we're combined and rechromatographed on ilica gel with hexan as the elutent. 

aryophyllene oxide wa obtain d fir t. followed by humul ne oxide. Phy ical properties were: 
caryophyllene oxideS): mp 64 : IR (KBr)cm : 296 (- H3 ), 1450 (> C= C<). 1261, 915. 873. 55. 
765(-0-). G - S mlz: 220( ~.). 161, 13 .121, 107. I I MR in D 13 (et ppm) : 17.0.24.7,27. 

•7l3. 29.9, 30.5. 34.0. 39.2. 39.8, 4 . , 50.7. 57.8, 63.7, 0.4. 112.7. 151.4. Humu)ene-1.2-epoxide6 : G 
-M mlz: 220(M"). 13 .123,109. IR (Iiq. film) cm-: 2960(- H3 ). 1450.13 0.1360(gem-dimeth· 
yI), 1235.972. 15. 75. 22,75(-0-). 13 NMR in D 13 (et ppm) : 15.1. I .3.24 ,25.6.27.0.36. 
5.36.6,40.3.42.6.62.0.63.2. 122.1. 125.~. 131.7.143.1. 

GC was done with a ga chromatograph ( p ctra-Phy ic P-7100 gas) equipped with a flame 
ionization detector and DB 5 fused silica capillary c Jumn (20 m x 0.25 mm 10). The oven 
temperature was programmed to increase from 100 to 250 at "" Imin. For G - . a model HP 
-5730 apparatu for GC-M wa u ed. Th condition for GC in G ,-M were similar to those for 
G al n, or . voltage of 70 e . and electron energy of 300 m were u ed. The ion source 
temperature wa 200 C. 

IR spectra were obtained with an IR sp ctrophotometer (model IR-435. himazu). uclear 
magnetic re onance spectra were obtained with a Fourier tran foml T{ spe trometer (model 
60Q, Jeol) Fourier in D 13 with Me, 5i a an internal tandard. 

Results and Discussion 

The morphological charact ri tic of the three specie tudied are Ii t in Tabl 1. \' hen grown 
under the same condition. the e Cyp nt pecies emed morphologically di tinct. Purple 
nutsedge \\'a distingui hable from . TuberOSII by plant hight. inflore ence typ . glume color and 
number of lateral veins. and from C. bllibo 'us by plant height. infloresc nc type, tuber form and 
glume color. ark r8 ) point out that these pec is are often misidentified when only mor­
phological feature' are u d. ooke" indicated that . tub ros/IS i not di tinguishable from 
purple nutsedge by any of its characteristic, and . lub rOSl1S ha often been referred a a 



41 KOMAI at el.: e quiterpenoids of Cy/Jems bulbo us, 

Table 1.� Morphologicac characteristics of Cyp rus rofundus, C. fubero us and C. bulbo liS grown in green· 
house 

C.� roftmdllS C. fllberosus C. bulbo$uS 

Blackish Bright brown Blackish 

Tuber Globose ovoid orm like Bulb like 

0.30g/tub r 0.25 g/tuber O. 4 g/tuber 

Stem height (em) 35 50 55 

Compound imple imple 

Inflorescence 8-]5 Col Imperfect Imperfect 

Top: ~25cm Top: ~IOcm Top: ~IOcm 

pikelets 230101 wide 201m wide 201m wide 
230101 long 230101 long (-201m long 

Purple Brown Green 

lumes vaLe to elliptic Ovat to oval vate Lo oblong 

301m long 12 200101 long 2 40101 long 

Lateral vein 2 or 3 4 or 5 2 or 3 
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I - Fig. 1. Jas chromatograms of essential oils from 

2 D mature tubers of Cyperus pedes. 
'ee Table 2 for names of compounds as·3 6 
igned Lo the numb red peak. : Type MI 

C. rofl/l1dus: B: Type K C. roful1dus: C:J 8 
..... I'-\� C. bulbosus: D: C. fuberosus. 

o 10 20 30 {min} 
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Table 2. omparison of sesquit rpenoids in essential oil from tub r of )'/Jents rolu/lds. C. Iub rosus. and� 
bu(bosus� 

% of total peak areaP ak 
no.' esquit rp noid� M th d •• 

II III 

1 a- opaene 0.7 1, 2 

2 yperen .0 31.3 5 . I. 2. 3 

3 P Elemene 2.5 5.2 4.7 5.0 1, 2 

p-Caryophylline 3.0 3. 1.5 3. L. 2. 3 

5 a Humulene 2.2 4.1 2.0 10.5 1. 2. 3 

6 p- elinene 16.0 n 2. 5.2 1, 2. 3 

7 0- adinene 3.1 3.0 30.4 I. 2. 3 

alamen ne 1.5 3.5 O. 1. 2 

9 aryophyllene oxide n n 26.3 n 1. 2. 4. 5 

10 Humulene 0 ide n n 24.1 n I. 2. 4. 5 

11 yperotundon 195 12.0 5.6 n 1. 2. 3 

12 a-Cyper ne 31.4 n 0.7 L. 2. 3 

13 Patchoulen}rl acetate . 1 5.4 n I. 2• 3 

14 ugeon}'1 acetate 0.5 8.5 3.3 n I. 2. 3 

15� 2.5 4.5 1.5 n L. 2. 4. 5 

I=type M . rotUJldus; II = ype K C. rollmd/ls; III = . bulbrJ"us: IV = . IlIbel'os//' . 

• Order ba d on GC retention tim. ee Fig. 1 for chr matoRTams and Fig. 2 for chemical tructures. 
"� Meth ds used for id ntification: I = retention time on '; 2=G M : 3=co· hromatography: 4=IR : 5= 13 

C 1 'lR 
l: Trace amound: n: ['ot det cted 

ubspeci f purpl nutsedg 10). How ver. C. lub ro 115 wa added a a separate peci s to the 
flora of the Ryukyus by . Tawacla 101 

• C. blllb05115 may b a ily confused with purple nutsedg , 
p cially in the ab nce of their characteristic tuber, which ar not included in herbarium 

spe im ns. The t\ peci can be further c1istingui hecl by th ir inflor scene. bract, and 
glume III. nfortunately. th e organ som tim do not d velop if nvironm ntal faclor such 
a soil temperature. nutrients. moisture. and clay I ngth ar unsuitable. 

The entiat oil f C. bulb05115 has a c1istincti ar rna diff rent from that of purple nutsedge 
or . (lIberosll. Figure 1 and Table 2 ummarize th qualitativ and quantitative data obtained 
from the hexane extracts. The differ nce in e quiterp noid oJ11position off r a reliable method 
for identificati n by hemotaxonomy. The compo ilion of the ess ntial oil of (ub roslI' was 
simpl , and th main s squiiterp n hydrocarbon W re a copaen (J .2%) and a-cadin ne (30. 
-1%). Ox. gena ted se quiterpenes were not abundant; nly a trace amount of a-cyperon wa 
d tected. C. blilbosus ontain d mainly caryophyll ne oxide (26.3%) and humulen oxide (24. 
1%). Ther were similaritie in th esquiterpenoid composition of C. bulbo us and type M purple 
nut edge. The major differ nce wa the ab ence of e quit rp ne xide in typ iVl purple 
nutsedge. 

v e have r ported el ewh re that the e ential oil from ix wetland or paddy yperus p cie . 
yperus dilformis L.. Cypems haspan L.. ypema po (I' 1(lcllYos Roub.. Cyp 171 globosus ubi t. 
J'/Jel7ls sangillolelllu5 \ ah!., and J'/J rtlS brel'l/otilis Ha k.. were rich in wax. \\ e later compared 

the e ential oil of YP 17/.5 /Jrevijoliu' with that .\'/Jcms kyllingia Endl.. a m rphologicall~' imilar 
dryland pecies12l . The latter had a large amount of terp noid, but litlle wax. and w peculat d 
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Fig.2.� Proposed biochemical pathway for the formation of sesquiterpenoid in C. rol/mdus. . 
blllboslts. and C. lub rOSIlS. 

A=fam sol pyr ph phale: B=u fame 01: '=t.c farnesol; D=gllaiane; E= 
eudesmane: F=a hllnllllen ; G=f3 car~'ophyllene; lJ=cyperene; I=f3 selinene: 
J=hunlulene 1.2-oxide: K=caryophyllene ~.5 epoxid : L=cadinane: M=cyp r­
otllndon; =a cyp ron: =<t'cadinene: P=slIgeonyl a.eate: Q=sug tri I 
triacetate 

that this difference was the re lilt of adaptation to the different nvironm nts. In the pre nt 
tudy, wax wa not detected in ypams bllfbosus which is generaiiy thought of a perennial 'weed 

in rice paddy fi Id in tropical r gion. This lack ugge t that although the w tland Cypa17ls 
peci s have a high wax content in g n ral. thi characteri tic i not a nece ary for survival. The 

Jarg amount of oxygenat d e Quiterpen id in tuber of ype1'lls bllfbosus would contribute much 
to its aJlelopathic propertie ; ince oxygenated sesquiterpenoid ar more phytotoxic than 
non·oxygenated ones' l

. The abundance of oxygenated terpene in yperu.· bllfboslIs. however. \ a 
an unexpected property since paddy condition are anaerobic. th refore our biochemical ob erva· 
tion in relation to nvironmental effects and adaptation are 'omewhat contradictory. 

In addition to patch ulenyl ac tate and ugeonyJ acetate id ntified earli r in type K purple 
nut dge31 • sugeonyl triacetat wa i olated and id ntified. Th tria etate is a terminal product 
of con utive oxidation and acetylation through cyperene, cyp rotundon . and ugeonyJ acetat 
(Fig. 2). exp cted. thes acetates were ab nt in Cypems II/b rOSIl' due to th lack of tw of 
the precursor. but were found in mall amount in type M purple nut dge and in Cyp rtfS 

bllfboslls. 
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Cy sr の
セスキテルペノイド

摘 要 oLdIこれらのセスキテルペノイドの組成は,C rhnlS

dtounuseru

CS C･筒井駒井功一郎 .冷水 充 ･ 曙TAN..

範似した形態をもつカヤツリグサ属楯物 3唖の塊 の各 pe･ のセスキテルペン組成とは臭ってtmoy

茎中のセスキテルペノイドについて比較検討した｡ おり,これらの額における化学分類学の一手段にな 

hce

C. /〟eotsには主成分として 6brsl と α-inenedca- ると考えられる｡更にこれら軍都の生化学的諸特性 

を含んでいた｡C.b〟lboslISでは 

eo と mu eo が主成分であった｡deix
len
hu
de
ix
copaene

Ien

-h1caryopy の差異と環境との関連性についても考察した｡ 


