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I ¥HkaIc& b M aquatiea OB4E

RO AEIZ OV TREBEIC S < OWED D, WS, Fks s 5, WESE, #
NIRRT FHIC K D, TSRO AR TR LA o 1o L O QAL LD
Db, AWIETIE, ILESC X »C, Yefafhl XA ZO & 5 OMIRoE B ric S h
72BN aquatica 6 FRIRITDED , LOMWMED RN T A 7 r< 777 4 — (BTG
C LW CTh#ET2 & &L,

aquatica DY RBITIE SN TICHE 9 O B OWF9erE, BECERMNIs X ORE D% < O
REWC L - TN, ZHHDIMED S LI LISV B 5 o8 = bE,
Tom—)b, =AFAEOEORIGI S &3 ERIEIC X - 2R, FREofRMRE
LEZ NS, HKED aquatica JHIZ0% Reitsema 25 [aJD + 46.5° menthofuran Ff
2 (40%) ZHERLAY , 0, # 7 £ D Nigam 254 FEROFERZ IS5 LY, Hegna-
ver HUEKM D aquatica i7>% menthofuran OFFFEZME L7

I 4 SO I T 3URHE, FILR S OMERBEMNEHS S AT Lid 0%, [k
CTE, FEEXN2L0THY, GCHWHIL X » TIRD 3HIZ/HHE L7,

Table 1. Physical constants and main components of aquatica oils

Lol d‘:‘ nf Origins
A Linalool strain —9.50° 0.8864 1. 4655 France
B Menthofuran stain +-31.60° 0, 9450 1. 4830 Belgium
C Iso-pinocamphone strain —~24,70° 0.8794 1. 4750 Italy, Belgium,
(new strain) Portugal.
A strain : [146}%, B strain : [219-17%, [164-23*

C strain {131]%, [228]* [164-3]*
* These numbers are related to those in studies by Prof. N. Ikeda, Okayama
university,

CA) B 3§ W
LT 7 VAL D M agquatica & UCHELNZEDT2n=96TH % ERHLMIZE
M3, 19644 1 £ U —, +Y JRE, vy aHERAOH, BHckwT M. ctrata
Ehr &@mE S, Index Kewensis ¢k % &, M. citrata 3 M. aquatica L[F—TH5
LEINTEY, VFe—EERSETHC TAFEy PV ] EHEBENSEHDT
HHM, Thxd GCHPTTHE, WERCRTHIC linalool 1& = A7 4, F+4 4 FEAFLT
50.0% TH bV, FEEFHIE

Table 2. Components of aquatica {146] oil A A e

a—pinene 12.3(%) V3, FOMOHHHIEL
fpinene o CETFLT B2, B
lmonene . s . w .
linalool oxide 7.0 M. "Zt”‘t‘f WHST5HDT
linalool 20.9 HbHEEZLND,

linalyl acetate 22.1
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Fig. 1. Gaschromatograms of M. aquatica oils,
[A], SAIB; 155° [B], [C] PEG 6000; 160° He gas
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(B) B ¥ &

DN~ TOREME, Flickiger © HNO; RJ&GT, HFEEZEL, MELTHL L
BRSNS, WBIIERICT 6o WRI/R~< F /574 —TAY 75D RE LA—0D
ARy FERBL, BHOEES bp 80~90°/65mmd I Ry, 2 Micm+hkc, 8% men-
thofuran OFERIN & —FL L CTndb, iE-T, DR LFADATFLRBN aquatica
HKREIZH S B0 & FERD menthofuran 523 3 RHEAET D & LMD L,
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Fig, 2. Infrared spectrum of menthofuran,

CCI B % A

LYV~ 7OREHD TRIE 1705em ™ i IEIBE R L, & b v OfFFENEE S, GC
RIS RtOEY —~ 21k, FIHDE 3 #ASY VT L o CTEET 505 - OHEREIRE
WHNz, BGOSR GCHEFENBRD S E51% TH olce I ALYV E
AR~ ATHET S &, mp 232° IkD, ZDHDOHS CroHiO D4 T2 AT &5
Eln ol SOV INASAVVEBERRRIILT, Fr P v OFERTFEY, Z0h00 GC
BHLE, 28~ 2%RL, BUETREMEARI 2O LEEINE, IR CZEHAeD
WILASERD BAVIE W B, AR b VIZMEREOFIFIE 7 F AV Thb, TD%H DIRERE
PR & LTSIz <G E B wHis v TCh - T, aquatica OFFL 1\ chemical
strain TH 5, TDLOD{LFENEEE, ko () KEEMT 50 X D O iso-pinocam-
phone T#H 5 & & FEE Lz,

LB X WERMD aquatica 1%, B)Y Fr—NLF%, AV +7 F VROINCEHIZOA Y
¥ VA VERIMEET S L ESEOMETIEE TS 3 TE T,

I aquatica FEEHERSEC iso-pinocamphone DFEFE
FIEIZ 3BV C aquatica [C BOREMARK 5L, BEREET 7 FA~2v s + v CpHiO Th
BZLERPALPIC LI, codor LAIH, TENTS &, CulsO ONFREHT LR
NARA—WIREFEEHT 5702~ (mpd2—45°) BELhE2, GC Slfasas &2
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Fig, 3. Infrared spectrum of iso-pinocamphone,
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Fig. 4. N M R spectrum of iso-pinocamphone,
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7 1% gem-dimethyl wiE4 L, £7 1 v 18.85 873 (J =7cps) IE1{H® methyl {245
LT Lhh, YFRVEHD P v & LT pinocamphone & vervanone @ 9 % pinocamphone
DAREMEEZH L TL 5,

ZDH D% Erskine 28 @ NMR Off3Eh> 5%, iso-pinocamphone & —Z L 7-f&
BE 52 250C, kORIC Brown OJFED 12X b a-pinene @ hydroboration ¢ () iso-
pinocamphone %4k LC, aquatica 7 bv & IRTHEELI2 2%, RACTEIT—FL
720 PE-T, B FVIid ) iso-pinocamphone Tdh % T & H5EE iz,

CH;
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Fig, 5, Temperature programmed gaschromatogram of
M. aquatica [C] type 0il (columm : PEG 20M, )
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Il M aquatica &—F5DHF LT HBREOERMBEEORHRS

WO DR L ERE D £ oV, xOfEEo BMEL >< D, o
Fi OBz oWCHRE 2 TR - TE 2, SEE, MUKRFoMmAZER, M. aquatica O
SHLAV VNI FVRE, AVE S AV RVRELDE, BlaichojER & OENC s R 17
> TH BN, £HD Fi OEEZZIT 52 EBRTELDT, TORMEsEEEL LT GC
XD LIRS 4 RCA L, EREENES OEEC &, BHofRLfeTs
BT 5,

aquatica FYERT Fi1 2L 57 F DR, spicata, japonica (& Ao~y H), arve-
nsis var. agrestis (BKINT v Iy &), arvensis var. piperascens (AZ-~v H) BT
5 THREET, N ChOR el BIRMIRDOE S BCRT LBV TH D, CNBOE
W REINR BCORIIEZ A e 2y T, BRI X W R lic S S h T3,

Table 3. Essential oils of parent mint species

lsjarept Line ) N u‘mber of @n)  [a)8 main
pecies number chromosomes D components
aquatica [219-1) 96 +31.02° (+) menthofuran (49,0%)

” [164-2] 96 +31.60 ” (51. 0)

” [164-3) 96 —23, 60 (—) iso-pinocamphone (49, 0)
rotundifolia 33 24 +-130. 80 (+) piperitenone oxide (70.0)
spicata var, longifolia (1) 48 —43.80 (—) carvone (50, 2)
spicata var. crispa (43 48 —58,80 (—) carvone (51, 3)

Japonica [55] ’ 48 —9.90 (—) menthone (80. 0)
arvensis var, agrestis [152-2) 72 —24,00 octanone (902%ca)

” [152-9) 72 —31.40 octanone (88%ca)
arvensis var. piperascens [93) 96 —40.90 (—) menthol (79, 6)

LAl A b75% aquatica Z2—HDHEEST B F, OEH

spicata #AHE LI Fy 118, 14T E BT, AV V753V EEAETHINED, spicata
DX H1 VRV 1EERD B,

FIRVERERGET D arvensis ZRFLEF/z Fy 140, Fy M41DOFRM, AV b—n
BERSE Uiz arvensis &, Fi142, Fi 1438 &0, MEORELZZTC, WE
DERTEEDITEAL TS, X, AV 75 vVEREEDETS aquatica O F1E, &
FEECHETLPED, AV Y75 VENEIEHELTED, AV 75 VEFEDHR
ZEMNBDBNG,

(Bl A4YE/hriKR % aquatica %—F50H &35 Fi O

ﬁwﬁv%i&%&#éﬂMMawmA%k 1169V%, RALKEY TRV, ERVED
ARIELL, IARVIEBAERD LW 13 Fq 118, 14084 L RIFHcERET
b5,

AV Y VERERSET D japonica AT Fy 17003k, iso-pinocamphone 1%20%
DEREZRLICN, AV MY, AV =3RS ERTRIVKEER SV,
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Table 4. Physical constants and main

wt. of wt, of

¥, Clones Crossing herb essential oil yield dk
g oil g &)
F113-1 spivata (4] xag. [219-1] 1,250 2.0 0.16 0.923
F114-2 aq. [219-1] xspicata (4] 950 3.8 0. 40 0.917
F115-6 aq. [219-1] Xaq. [164-2] 320 0.8 0. 25 0. 925
F115-39 aq. [219-1] xaq. [164-2] 500 1.1 0.22 0.936
(1 ’j“ F140-2 ag. {219-1] xarv, (152-2] 400 1.0 0.25 0.898
F,141-2 arv, [152-9] xaq. [219-1] 300 0.6 0.20 0.893
F,141-6 arv, [152-9) xXag. [219-1] 150 0.25 0.17 0.892
F142-2 aq. (219-1) xarv. [93) 990 3.9 0.39 0.924
F,143-2 arv, (93] xag. [219-1) 950 4.4 0. 46 0.945
F169-2 spicata [4) X aq. [164-3] 200 1.6 0.80 0. 864
F,169-3 ” 280 2.8 1.00 0.881
F170-1 Japonica [55) xag. {164-3] 1,100 6.8 0.62 0. 886
F170-2 ” 670 4.2 0.63 0. 884
Fi171-1 arv. [152-9] Xaq. [164-3] 1,100 1.7 0.15 0.970
() F172-2 arv, [93] xaq. [164-3] 1,200 6.4 0.53 0.848
F172-9 ” 900 4.6 0.51 0.855
F,183-1 aq. [(164-3] X spicata [4] 1,050 7.3 0.70 0.849
F,183-2 ” 880 6.1 0. 69 0. 890
F,183-3 ” 730 4,5 0. 62 0.853
F,204-1 rot. [3]Xaq. [164-3)] 430 8.0 0.70 0.868
F,204-2 ” 900 7.9 0.80 0. 886

*[ 1] : Parent aquatica {219-1], (164-2] are menthofuran strain,
*+ 0,D. optical density at 235mpy of solution (oil 100y in 10ml methanol)
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Fig. 6. Gaschromatograms of F, oils (columm : SAIB)
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components of F;-oils

18 @  O.D.¥

np (al5 (235mye.) main components of oil, (%)
1. 4860 +16.5 0.197 menthofuran (28,6) pulegone (24.9) limonene (10, 2)
1. 4770 +0.97 0.185 ” (26.7) limonene (16.6) menthone (13.0)
1. 4828 +23.1 0.117 ” (49.6) ” (21.7) cineole (7.7)
1. 4820 +41.4 0.159 ” (60.4) ” (13.1) 7 (12.9)
1.4715 +18.5 0.181 ” (26.3) octanol (186.6) 7 (19.5)
1.4675 +13.5 0.263 ” (23.8) ” (27.8) #  (18.5)
1. 4660 +11.5 0.155 ” (22.5) ” (29.8) v (19.8)
1.4752 +13.2 0.105 ” (48.5) menthone (3.0) menthol (24, 9)
1.4771 +35.0 0.143 ” (54.0) 7 (11.3) ” (11. 4)
1.4765 —84.5 0.105  limonene (68.0)  B-pinene (19.9)
1. 4817 —39.3 0.097 iso-PC (19. 0 limonene (32, 6) B-pinene (28,1)
1.4757  —59.3  0.041 v (24.5) 7 (48.5) 7 (18.2)
1. 4780 —64.0 0. 049 o (21.4) ” (53. 1) » (17.0)
1. 4803 —19.4 [268] %)11148 g;g%gtenone (174) g;gele itone (59
1.4765 —92.3 0.033  limonene (89.3) S-pinene (6.
1. 4770 —98.8 0. 028 7 (83.9) 7 (6. 5}
1. 4756 —71.5 0. 065 ” (69. 6) ” (18.8)
1. 4795 —42.4 0.078  iso-PC (19.7)  p-pinene (33.6) limonene (30. 6)
1. 4775 —84.4 0. 064 limonene (68.3) 7 (18.4)
1. 4800 —70.6 0.105 ” (60.3) 7 (26.0)
1. 4792 —51.9 0.103  iso-PC (18.2) v (22.2) limonene (40. 3)

(1] : Parent aquatica [164-3] is iso-pinocamphone {iso-PC} strain.

octanone &K & T BB arvensis ZHLAE T Fil71—1 13, &bd TR ORHE
R L, WiEHORIHRAICERD Sy piperitenone oxide, piperitone oxide & Fpi & LT
Wb,

AAMR 2 MEE7 Fl72 1, spicata OB& LRI, Btk 80% LA EOBE& N
y<Wﬁ@wﬁhw%ﬁ%iﬁfvﬁm®ﬁﬁb<%%%T&éo

piperitenone oxide % 4% & 9% rotundifolia &% 72 Fi 2040 2 RfRIC DNV,
—DFEHDOR G DEE s T & WEHR E FRTH 7253, b 5 —D2DRIE, iso-
pinocamphone % 18% &H L, aquatica DEELZ I TVWAHZLETLTWS, LaL,
AV F7 7V aquatica DH DL T, 4 V¥ 2 HVEKRVRD aquatica 3T D Fy D
e o &, HELRIBVEERk4TH D, Fy OFfihHIC iso-pinocamphone D8
B WEIAZHRO FL il & b RICTE I o7,

spicata #— 5D E UCHhoERi & AR S, 0 F ohic, LIELIE spicata
DFFETRS 71 /v R Y IR DIERD B DIT, aquatica & OREEOHEINE, £DF @
P AR ERSOFRS LAS BB SN -7,

£Ccl) Fy @*ﬁiﬂﬂﬁiﬁc‘:*ﬁiﬂii”"ﬁiﬁﬂ%

e A VIR 35\ T, ol &R 0 52 5 W O EL R AEE 2 S EED
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DR 20 L, IRO=Z2HFEL 2.

a) Fy 23, TEORF ORHERSIZEHT 5,

b) Fy 2%, WEHO—LOLORBEESEH T 5,

c) Fy OFRERS Y, WHoVWThi <85,

D) DBPHOIT, MHORHMKS & LT a<MmLNEVESMR Fr it BniE &z
By, WHAIEEER S OSBRI L VIR ARECH B L HF 2 b E, SEERRIKIC
DWTEE, BEADY, BEE®, REITSEMA®, LooMisd), HEFENDEHLDZr I 1 8607 i
DHY, FardSECJEOWELRRDIH, S SR EMARNIT B 5 G BRI L
RIGTH 505, REOSKEEESBEETH L2 LICENT, L OHERIEE 7Ke b s
TOMBEEZER L2219, ZOfhs OFlc MR LSENRE 2 F5 T L-isopulegone—>
d -pulegone—> I -menthone-> d -isomenthone &5, 1 ZITHer L-2EHI* X 23 LEL
WTHA 5] EFERRIEHHIL 2D, Larl, BERSIEYEOHSEIC DW TSR RN T

carbohydrates _wCoi—=C4 3 -octanone
—=Cr—C 4 - octanol
fats and oils M A—l octano
isopentenyl pyrophosphate
OH
>ﬁ‘ e v-cadinene
| - CH;0~P~P— farnesylpyrophosphate — J§-cadinene
1 caryophyilene
7 humulene
linalool ~ /~  geranyl pyrophosphate aromadendrene

/3-pinene a-pinene AN \
i limonene N \ cineol
] 0
H Lo \ <
230 Cf .
X, 0
N

iSOpinﬂcamphO% carvone ISOplperltenone plpentenone piperitenone oxide
H
)\‘ OH 0
O
= =

one

. plpel‘lt
trans-carveol  dihydrocarvone plperltone oxide pulegone ~— menthofuran
— 0]—[ + F\b OH
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Fig. 7. Biogenesis of monoterpenes in the genus Mentha,

*ZORBUSNCIEE 2 BRI ERR T, BT ULLEAE LT ST B 5,
MR ONT, AV AT VEBRDOEWLON, LWELERENLESC b3 Kz RBEL, LD
MEWPEE LT, €Y vORBELER L, ¥4 YO HEFENDEHL) Y, CH¥ b 4 — 5 CHYE
1%35'7/9; ;i/;{j/\vﬁ%ﬁb CH 7 F €T — kB, TORBWEILT VTV B2 b vOnTh
, Bz HoLzEL {4, piperitone -~ menthone — menthol OEEIT, HEEMO
0 b L HE L e » HRIHOR R
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HBOPMBFITH S, Wi [ 7 w~—€] L2, HAEEOHEIRCEE T 2 ERLFE O LV
A, BEAERE L0 ERELNCENDDB LG, AR D0, M
OV TEHHE < OEBRSIES IE 5 b7V SO aquatica OFi7r b iso-pino-
camphone &, & OILREEIXCa-pinene DX &[7]—TdH 525, hydroboration & []fk
W, BB TFBT Y v F O b DEFATHIGT 5 L LTHFIAARETHE S, £ 57
NIRRT X %1 () iso-pinocamphone @ & &%, a- F7:1% f-pinene O izl
BEEERIZ X % Bl X » T4, Z OESTEFEEO 2463 32 - T, pinocamphone 25
iso-pinocamphone L 75 57cbh DTHAH 5o 1 WS EBC X BAE e B BV,
Hx DI OWTOROPHI D 5 —D>DRREIL, geranyl phosphate 75 [Cyy BhfkepRd
Rl ZRWIZRICH B,

413K geranyl phosphate—>linalool->limonene 2 )——>carvone

b )——>isopiperitenone Dk A LR
LT ST L 22D CTh 523, limonene OFELC, & 5%4 carvone, ¥4 iso-
piperitenone & 7% & 45 &, BEERTIEIHE L 728RIC limonene OYe8iEEA AKX REECH

o CRE OFEE R SO S A F R T D &% &, (=) carvone 1713 (+) limonene
DAERICL TW5h, LaxL, (—)carvone OFEED AT IV M#ETHE, limonene 13354
SR TH B, UL isopiperitenone OIE & 7% limonene MFENCHEITEE ST
DT, U THRBOSLHEEED limonene 2%, & Hi, (a), ORFEOERE LIRS DN
WETERVWDT, ColbEMOERERELIRETH L, COHAL2E, BARKE, 4
AT limonene equivalent &\ 5 {FELE FHVY, JREFETEEIC DWW TSIV T WV,

ek e bk, BRI 2005/ Fy OFGIBKS & 6747 L7223, arvensis (AZ-~ v #, menthol
XS & spicata (A7 3V b, carvone SN & OMARIC XA 4D Fyicow
“C, menthol & carvone &% 3Lz 5FHT57 — A% REBRICL AT A e 574 —
DEHFTERWTIE—ED R LELD o0, K& D aquatica #—F0HELT, &
Iz carvone KA D spicata FHRLERT Friz oW, (—)limonene 68.0% &\ 5§k
BERER,PD10% EVOIRARICEDS T, /LW SIS DI, carvone ARRREEIL
menthone, menthofuran A: &S 7n S ONT  iso-pinocamphone 42 pfERE & & Fl—EW KR A
TH L TRy, Z OB DV TIREICSROWR OEIRICHIR Uk < TR S0,

Wz B S wviksr & LT, piperitenone oxide, piperitone oxide #%F 3% F, 171—1
DA, BEERCHRFE L 72 rotundifolia X spicata var. longifolia =727 Xh
%)¥/3C, piperitenone, piperitone ALK TLIDEFEALNT VY 20 LAL, T
(152—93 &\ 5 —F 0k Co i a AT 5HROMERN T, Fil4l, Fil42 it R oh sikic
Co By DAERKREINE, B ERELLNENT EHEEMT %,

WABIC aquatica X spicata @ Fy 3 RES T & ML & piperita T DHDTH
DL, WMHEIZE DS SN Fy OIS, Iy F v ahe BT
W5, piperita DESLIC AT aquatica ¥ menthofuran 3R Cdh - T, iso-pinocamphone
BTV EREGCHES NS, MBIV L A LERDEH T 5 spicata 23 » F +
AFEINZ I CTH D e D D LI de FaDEUTHESD LR spicata 1%, %%
OB HNTED, HAXVRIZ piperita TIERBIRLIENTHD 50 Wnin B mA
D spicata b aquatica LA SN, 3 o F v AMPICE 5 foplE, RBSBOWMEICE
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TR Ba v,

£ R o 8

1) ML 35 X OSSR

RERUCH Nz aquatica 3 X 'O aquatica &% —F DO & +5 Fy O, AEEIILA
R EMEM IS TR Shvice SN D DIEMIEIENYEIES 3o S Ol S AatEIRIC
DVWTRE, WAL X 0 BRCEERICiEG ST vw 5D, ST v ke, 7 AT
2> 8 AANE Tt TBIEERICMIR D, M S CRICL 7ciiihe, FHHac X bk
KK L, JHEE = —F ML, SEKTERAE U CEFIE IR < HERC X - T, Ml
RETE DT aquatica DIZFIRRO LD TH B,

Belgium : Plantentuin der Rijksuniversiteit to Gent

Belgium : Institut et Jardin de Botanique de 'Université de Liége

France : Jardin Botanique Ville de Nantes

Ttaly :  Istituto ed Orto Botanico dell & univ. di Roma

Portugal: Hortus Botanicus Coimbra.

2) HAIR=T M T 74— XDIFHOHNT &

Fig. 1 ©B, Cix (i) o4&, Fig. 10AR I, Fig 63 (1) 044k, Fighld (i)
DRI L.

WLt (1), » 74 :PEG6000, PE3mm, EX2m, H 7 ARE: 160° £+ U ¥
—~# 4 : He, Jiti# @ 45ml/min, AR, #SZERAY

AR G) A5 4 :SAIB, NfE4dmm, BEE2m, #7AEE:155° F+Yv—H
A i Hy, i : 80ml/min, f&H!, BREEEA

HIELE (i) » 72 :PEG 20M, N3 mm, EX3m, »FA7EE: 100~200°C,
o4 CHIR, MM, KRR A v L

AAZ A= LT T7 4 — K DIRHDANIEI960~1968F DEWiCHI= b, FHEIE, K
FEGCM- 37, &iGC- 2B, HIZK-53%, HAET JCG-810HT & - 7o, HRIITHFH
FiC X0, EKoomEE, 2B IR EIZ & - 7223, MEORHIBRME, TUET L~k
> DUNINEIL & - 720

3) KR OMEREEL DHIE

BRI T Y BIREHC LD, MBI L~ 5 %D 2 2 7 — IS TIIE Ulse TR
A7 b L, <y 7=V DUBKGNHNEREZ M, 2 & 7 — VSRR CllE Lz, /L
WL A7 b Abk, BSZEWMETHRAOREHC L D, KBr v o bk, XX, 7 1/ba—
HEIT X 572, NMR 1%, Varian-60Wic X 0, deuterio chloroform {#iEd U CTHIE L 72,

4) aquatica oil X ¥ iso-pinocamphone O Eigf

aguatica (219-1] OF5iHIS. 2g 0 35 &,60~80°/5mmDif/16.3g #1535, T DHF
S BERIC X Y semicarbazone 7330% DN ETE LN DL, AZX /AL BEETSE,
mp. 232°, 7 C ¢ 63.01, H :9,08 (CioHe=N. NHCONH, oz}%fEC : 63.12 H : 9. 15)
Bt - TEESDD aguatica’ + /1%, CioHisO ODHOFRAHF T+, Z D semicarbazone % 5 %
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HpSO, TRELT 2 L, 35 NhaHAEMOGC 82 ¥ — 7 2RT b, REERENET
5T EMERD Bivin, Y — 7P aquatica &}/, iso-pinocamphone [z —E L, RIE—
JVEZEER D pinocamphone &3 2 Hivk, {E- T I DOLHETIY, aquatica & + v ik EEE
INEVDT, YUBFANTAIRR NI TT 4 — %[l otco ~FV VT, SECHH
F B RKEEERE, WnT~F Y i=—F0 (41 1) TRETSLGCTH—DY
—~ 7 BRTRTHOREDNS, [aJ5—7.3° 20b DD IRIE, a-pinene HHELN% iso-
pinocamphone & 4:<{ —%§ %,

5) Iso-pinocamphone (aquatica oil X » ®) » LiAlH, &6

HEDH60~80°/5mm, 3 gz o0& =—F AR e@EBo LIAH, #tT5&, GCT
2 ¥~ 7 O EEDL. B — 27 OEHETYS, CODDE~FFVTRETEE, A
A~ NEEEEH TS mp. 40~45° OFERT A2 —ARBLhE, 5WC 1 77.42, H:
11.21% (CoHi O i, € :77.86, H :11.76%) = D% DD3.5 dinitrobenzoate mp.
101°, #ifEC :58.52, H :5.67 (CiHiz0COCeHN,O, Dt HC :58.61, H :5.79)
iso-pinocampheol 3. 5-dinitrobenzoate 1Z—%3 5%,

6) a-pinene I 1 (—)iso-pinocamphone D& A

a-pinene [a]%’-——35° % vy Brown OFEIIEY, F FIk Fio7 7 VRTHKES LA
5, LiAlHy & BF & ORIGIZ X D 4§ 5% & & A @ diborane ¢ hydroboration 21775\,
NaOH & H:0, TEE{l, L T (4)iso-pinocampheol mp. 42°, [a)D426.5°%28 %, T D
D =—~F ATy v AREEEILL, 95~105°/20mm O A%, YU IFVHTAI R b
757 4~ TREL, [a)5—8.8°0 iso-pinocamphone % {87z, '

7)  aquatica [219—17) & — 5O & T 2 HEEME OBRK S 0 G C o9 (%)

a-pinene A-pinene limonene cineole 3-octanol

F113-1 2.9 8.1 10.2 12.5 1.1
F, 114-2 2.1 5.5 16.6 10.3 0.7
F, 115-6 2.2 10.7 21.7 7.7 0.5
I, 115-39 2.8 7.2 13.1 12.5 1.1
¥, 140-2 2.2 7.1 10.3 19.5 16.6
¥, 141-2 2.0 6.6 9.3 18.5 27.8
F, 141-6 1.0 5.7 8.0 19.8 29.8
F, 142-2 17 3.5 7.8 1.3 —
F, 143-2 1.4 2.7 8.9 2.2 0.3

menthofuran menthone isomenthone menthol pulegone
F, 113-1 28,6 1.9 24.9
¥, 114-2 26,7 13.0 1.6 5.5 7.6
¥, 115-6 49.6
F, 115-39 60. 4
F, 140-2 26.3 6.0
F 141-2 23.8 3.3
¥, 141-6 22.5 3.3 2.6
F, 142-2 48.5 3.0 1.0 24.9 3.4
¥, 1432 54.0 - 1.3 1.1 11.1 4.2
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PR EMO—RIRE LR EEARYE, PLGRSROBH ORI X W AF LA DT
HY, TIEIBIBESL, vV v T, BIXOREOINEEME LRSI OV CRE R
HoRz W 72 18 W T @b E R LRI, ML, HEWm LIS <A 5. NMR OflE
VL, BUASREER, MEELORMEEIC X 5. SRETEL B L EF v,

AWFEILI960E L DEIIA L 72 b O TH D, SCHARIETIRE, HWEATEE OBKiC
hbhiebDTHHL L%, WL TYRICRHOBEEZET 5.

XX Fik
L FEEN - FAME - RS IR ESMRE 20, 1 (1962)
2. JBEESE  MIDEREFTIC X A EH B OB EFNEREN I p 21, 126 (1961)
3. Gildemeister, Hoffmann : “Die dtherischen Ole” Ed, VII (Akademie Verlag, Berlin,
1961), p. 393.
4. R.H. Reitsema :J, Am. Pharm. Assoc, Sci. Ed., 43, 414 (1954)
5, K.L. Handa, D.M, Smith I.C,Nigam, L.Levi:J, Pharm. Sci., 53, 1407 (1964)
6. R.L. Erskine and S.A. Knight : Chem. & Ind. 1960, Sept. 1160.
7. H.C. Brown and G. Zweifel : J. Am. Chem, Soc., 83, 2550, 2951 (1961).
8. E. GUENTHER : “The Essential Oil” Vol II (D. vAN NOSTRAND Co, NEwW YORK, 1949)

p389

9. e/, BIFe VA6 EIFEE TS VS Y v Y AERE D45 (1962).

10 FRHIK « WERSE © BABRIEEFAEE 86, 907, 912 (1962)

11, EHZE= kL 59,41 (1960), 61, 1 {1961)

12. BFIBUE A&k, 83 51 (1966)

13. R.H. Reitsema :J, Pharm, Sci, 47 267 (1958)

14, J. Battaile, W.D. Loomis : Biochem. Biophys. Acta, 51 545 (1961), Plant Physiol. 1966,
20.

15, F.W. Hefendehl : Phytochemistry, 6, 823 (1967)

16, JEAREEK M 22 67 (1967)

17. TEHZT &R 88 23 (1968)

I8 A Fig. 50 aquatica oil B Eilici b Em 7 BE AL FARY TA 2 —ALCET
%, elemol 7¢ Nz viridiflorol TH B = &% WPBH44E 4 A © BABRIHLELSRLHERE
CRWTHLMT L,
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Studies on the Essential Oils of Mentha aquatica L. I-III

By Sumio Suivizu, Den-ei Karasawa and Nagamori Ixepa*

Laboratory of Analytical Chemistry, Fac, Agric, Shinshu Univ.

Summary

M. aguatica were imported from the following countries; Belgium, Planten-
tuin der Rijksuniversiteit to Gent; Belgium, Institut et Jardin de Botanique
de T'Université de Liége; France, Jardin Botanique Ville de Nantes; Italy, Insti-
tuto ed Orto Botanico dell’ Univ. di Roma; Portugal Hortus Botanicus Coimbra.
They were cultivated in Okayama University and Kurashiki Experimental Station
for Agriculture.

By analyzing the essential oils obtained from aquatica herbs by gas chroma-
tography (column, SAIB 20% on Celite 545; column temp., 155°C; carrier gas,
hydrogen; flow rate, 656 ml/min.), we divided aquatica mint into following three
chemical strains.

Linalool strain seems to be very similiar to Mentha citrata from chemical
and morphological point of view. Menthofuran in the second oil was identified
by infrared spectrum, thin-layer chromatography (a purple red spot by vanillin
sulfuric acid reagent) and Fliickiger reagent test. It will be surely identical with
American aquatica reported by Reitsema.

The essential oil obtained from third strain showed strong absorption at
1700cm™! and gave semicarbazone of m.p. 232°C in the yield of 30%. The oil
regenerated from this semicarbazone by treatment with acid media showed two
peaks in the gas chromatogram, the later of which was determined to coincide
with the main peak of aquatica original oil; retention time relative to (—)-menthol
was 0.88. This indicates that aquatica ketone is sensitive to acid and isomerizes
to a stable isomer. The original ketone was isolated purely by silica column chro-
matography (first eluting solvent, petroleum ether, then followed by ether): b.p.
81°C/bmm., [« —7.3°. By the reduction with lithium aluminum hydride, a
borneol-like smelling crystal (m.p. 42~45°C) was obtained. From the elementary
analysis of its 3,5-dinitrobenzoate (Found: C, 58.70; H, 5.83; Calcd. for C;;Hy,
N,Os=dinitrobenzoate of C,,H;s0: C, 58.61; H, 5.79%), the molecular formula
for original ketone was established to be C;yH;O.

Jour. Fac, Agric., Shinshu Univ. Vol.6 No. 1 June, 1969
* Taboratory of Plant Breeding, Okayama University
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It showed no double bond in the infrared spectrum and gave pinonic acid
by potassium permanganate oxidation (identified as semicarbazone of m.p. 204°C).
From these results aguatica ketone seemed to be a bicyclic ketone such as pino-
camphone or isopinocamphone. NMR spectrum of this ketone in deuterio-chlo-
roform showed the presence of gem-dimethyl (singlets, 9.12 8.687) and one
methyl (doublet, 8.85, 8.73%, /=7 c.p.s.), which support isopinocamphone skeleton.

Then, (—)-isopinocamphone was prepared by hydroboration of (—)-pinene,
[aji§—35° according to Brown’s method; b.p. 91~105°C/20mm., after silica chro-
matography, [« i¥ —8.8°. Infrared spectrum absorption and retention time of (—)
-isopinocamphone were found to be completely identical with those of aquatica
ketone.

This is the first paper which shows the presence of (—)-isopinocamphone in
the essential oil of the Genus Mentha, while (—)-pinocamphone was found in the
oil of Hyssopus officinalis L. and ground ivy (Glechoma hederacea L. subsp. grandis
(A. Gray) Hara). Then, oils of various interspecific hybrid clones between aquatica
and several mint species such as rofundifolia (2n=24), spicata (48), japonica (48),
arvensis var. agrestis (72) and arvensis var. piperascens (96) were analyzed by gas-
chromatography. The results obtained are shown in Table 4.



