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Abstract-The overall composltlon of the essential 011 of a botanically described Mentha aquat~a (2~1 = 96) has 
been determined Llmonene, caryophyllene and germacrene-D are the major hydrocarbons and bicyclogermac- 
rene and vlrldlflorol, an oxygenated compound, are present m substantial amounts The presence of small 
amounts of menthones, mentholes and menthyl acetates is mdlcated. 

INTRODUCTION 

IN THE course of a study of the biogenesis of the volatile 011s of the parents of Me&ha 
pip-m L, the composition of the volatile oil of M. aquatlca L was investigated. This oil 
has also been investigated in relation to terpene biogenesis by Hefendehl,’ who identified 
a number of mostly monoterpene components. Moreover, Hefendehl and Murray2s3 pub- 
lished the results of a study of the changes in monoterpene composition of M. aquatica 
produced by gene substitution from other mmt species. 

The object of the present work was to obtain Information particularly on the sesqulter- 
pene composition of the volatile oil of M. aquatzca. On account of the polymorphy of this 
species, special attention has been paid to the description of the botanical identity of the 
plant material. 

RESULTS AND DISCUSSION 

Identijkation of the strain of Mentha aquatica L used 

M. aquatzca L should be regarded as one form only of a very polymorphic group with 
numerous combinations of characters and very wide and gradual variations. In accordance 
with Graham4 and also on cytological grounds it does not seem reasonable to divide the 
species mto grades of “varieties” and “forma”. One strain (No. 23), obtained from seeds 
of the botanical garden of Plsa (Italy), turned out to be m good agreement with the descrlp- 
tion given for M. aquatica L, and this strain was used for the mvestgatlon of the volatile 

1 HEFENDEHL, F W (1967) Arch Pharmaz 300,438 
’ HEFENDEHL, F W and MURRAY, M J (1972) Phytochemrstry 11, 189 
3 MURRAY, M .I. and HEFENDEHL, F W (1972) Phytochemstry 11, 2469 
4 GRAHAM, R A. (1954) Watsoma 3, 109 

1531 



I532 T M MALIWRE ,lnd H MAAN 

011. Recent pubhcations of chromosome counts for M uquat~rr L by different authors’~ * 
,gve a number of 2rz = 96. This same number was found for our plant material 

De~*r~pt~or~ of‘fvlentha aquatlca “Stt’arrl No. 23” 

Stern green, branched, hairy at the nodes, otherwlse almost glabrous below but becom- 
mg more hirsute upwards with retrorse white hairs. internodes up to b cm Lww’s ovate, 
subacute at the apex, abruptl) rounded at the base with a small unequal wedge at the 

Junction with the petlolc, up to 5 5 x 3 5 cm. generally subglabrous but wrth white hairs 
on the nerves of both surfaces, serratures shallow, more or less blunt. forward directed, 
up to 10 m number Perm1e.s up to 16 mm with short white hairs InPuo~scencr consisting 
of a terminal. 5 rounded capltulum with a medium dla of 18 mm. u lth tu o pairs of under- 
lymg, non-contiguous. axlllarq. shortly-pedunculate vertlclls Crilx\- ribbed and tubular. 10 
nerves. shortly ciliate, the teeth lanceolate l/4 the length of the tube P~dds with white 
hairs especially at the start of the calyx Corollu hlac with a few hairs externally and a ring 
of hairs in the throat Sr~~nols cxserted The plants are fertile, reach a height up to 70 cm. 

have a strong odour and develop runners. 

2’ 
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FIG 1 GAS CI~ROMATOC;KAM Ot .kft’lhl lUjUUtlCU OIL 
Condltlons 150 m x 0 75 mm (I d ) Cdrbouax 20 M column. temperature lsorhermal at 80’ for 30 mm. 
then programmed at 2’.:m1n to 170’ and run Isothermal thereafter. chart speed 15 ln’hr range 100 

attenuation I or ac mdlcated 

The results of the qualitative analysis of the 011 are presented m Table 1. The peak 
numbers correspond to those m the chromatogram (Figure I), this chromatogram was 
obtained by Injecting 0.2 yl of a 50,; solution of the 011 in ,I-heptane on the Carbowax capll- 
lary column. 

Llmonene, caryophyllene and germacrene-D are the major hydrocarbons in the oil. A 
number of the other sesqulterpene hydrocarbons ldentlfied are chemically and possibly 
blogcnctlcaliy related to germacrene+ (r-copaene. fl-bourbonene. ;s-muurolene and ii- 
cadmene”) 
’ Mmrox. J K (1956) M’urtonru 3, 244 
” MLXRA~ M J (1958) PJOC Y lul CCWICJT Cc~wt 2, 201 
’ BAQUAR. S R and REESE, G (1965) Ph WIZW 20, 159 
’ OUW~NFEL W J (1968)Proc R Ytrtl Itud Scr SW C 71, IX4 
” YOSHIHARA. K , OH~A Y . SAKAI. T and HIKOSL Y (1969) Tet~uhdror~ Letre, 5 2263 
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TABLE I COMPONENTS IDENTIFIED IN Mentha aquatrca OIL (STRAIN NO 23) 

Peak 
no Component Spectral 

Identlficatlon 
Kovats Index3 

Carb 20M SF96 (50) 

1* 

li 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15* 
15t 
16 
17 
18 
19 
20 
21 
22 
23 
24 

::; 
26 
21 
28 
29 
30 
31 
32 
33 
34 

cc-thuJene* 
cc-pmene 
j-pmene 
sabmene 
myrcene 
a-terpmene 
hmonene 
1,8-cmeol 
cls-fl-oclmene 
y-terplp,ene 
trans-/?-ocimene 
p-cymene 
terpmolene 
r-cubenene 
menthon 
menthofurane 
cc-copaene 
lsomenthon 
P-bourbonene 
/Gcubebene 
lsomenthyl acetate 
neolsomenthyl acetate 
fl-elemene 
caryophyllene 
neolsomenthol + unknown 
menthol 
alloaromadendrene 
lsomenthol 
trans-fl-farnesene 
r-humulene 
y-muurolene + unknown 
germacrene-D 
blcyclogermacrenet 
trans-trans-a-farnesene 
&cachnene 
cuparene 
vlrldlflorol$ 

MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MSJR 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MSJR 
MS 
MS 
MS 
MS 
MS 
MS 
MS,IR 
MSJR 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MSJR 

1038 931 
1038 939 
1120 978 
1130 972 
1168 984 
1189 1016 
1210 1024 
1223 1025 
1238 1027 
1253 1053 
1257 1042 
1275 1018 
1289 1081 
1481 1362 
1518 1158 
1503 1147 
1520 1392 
1528 1156 
1544 1407 
1560 1400 
1579 1283 
1602 1297 
1608 1400 
1618 1436 
1634 1180 
1640 1168 
1660 1475 
1667 i182 
1671 1426 
1680 1466 
1695 1486 
1718 1488 
1738 5 
1756 1501 
1760 1520 
1811 1506 
2103 1588 

* Identlficatlon only by comparison of Kovats Indices 
t Identdicatlon only by comparison of data other than Kovats In&es, no KI have been 

pubhshed and reference compounds were not avadable 
$ Condltlons for KI determmations. 

Carbowax 20 M column: 
peak 1-12 column temp 70” 
peak 13-33 column temp 130 
peak 34 column temp 180 
SF96 (50) column 
peak I-12 column temp. 100 
oxygenated monoterpenes column temp 130” 
sesqulterpene hydro- 
carbons and peak 34 column temp 150” 

$ Blcyclogermacrene decomposes under the condltlons of the analysis on the SF96 (50) 
column 

A very labile sesqulterpene hydrocarbon in the oil is component 30 (Table 1). It isomer- 
URS during GC at high injection port and detector temperatures (> 160”); resulting in the 
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formation ofaromadendrene The MS ofcomponent 30 IS Identical with that of blcyclogcr- 
macrene “I The identlty was ascertamed by Nlshlmura” who isolated this same com- 
pound from the cold pressed 011 of C!tr.us /UJW.S, it mas also found to be present in the 

oil of Origanurn vulqure L ssp wl~~ure I2 

Blcycloelemene, an Isomerlzatlon product of blcyclogcrmacrene was found by Ognyanov 
and Vlahov’” and by Lawrence rf 01 I4 111 M. plperlta 

Menthofuran, vlrldlf?orol and l.%cmeol are the major oxygenated compounds in the 
011 Vuldlflorol 1s also a labile compound, which decomposes to give a sesqulterpene hyd- 

rocarbon at high lqectlon port temperatures (190’). 
Mlcrohydrogenolysls’ ’ of vlrldltlorol resulted in a number of saturated hydrocarbons, 

the mam product was ldcntlfied by its IR spectrum’” as aromadendranc This result sup- 
ports the evidence obtained by comparing the IR spectrum with a published spectrum of 
vlrldlflorol.’ 7 Accurate mass measurement gave the molecular formula C, 5H,,0. 

Lcdol, a stereoisomer of vlrldlflorol was reported recently by Lawrcncc CJ~ ~21.” to be 
a mmor constituent of the 011 of ‘14. pq~rrta L From the CGLCMS analysis of the oxy- 
genated fractions it became evldcnt that two menthones, and a number 01 menthols and 
mcnthyl acetates were present in the 011 as well The mass spectra of the menthols and 
menthyl acetates show only minor dlfkrences so that more cvldonce was needed for further 
ldentlficatlon Therefore, the Kovats Indices were compared with those of reference com- 
pounds and IR spectra of :I number of the components were recorded (Table 1) 
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Micro-hvdrogenolysr\ One component (peak 34) was hydrogenolysed usmg the techmque described by Kepner 
and Maarse” for the hydrogenolysls of monoterpenes 

Specrrometry IR spectra were measured on a Perku-Elmer 257 and the Varian Mat type 731 MS was used 
for accurate mass measurement 


