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Abstract-The major components of the essential oil from roots of Pimpi&& dicersijoliu, gatheral in the Kumaun 
Region of India have been identified as the (+ FZ-2-methyl-2-butcnoatc (angelate) and (+ bisobutyratc esters of 4- 
methoxy-2-(E-3-methyloxiranyl)phcnol. Aromatic “CNMR resonances of these compounds and their synthetic 
acetate analog, as well as those of 2-mcthory-Q(E-3-mcthyloxiranyl)phenyl aatatc prepared from isocugcnol, were 
found to be in excellent agreement with calculate! values. Comparison of the EIMS of the natural and synrhctic 
pr&bcts with those reported for compounds previously identified as 2-mcthoxy4(E-Emethyloxiranyl)phcnyl esters 
indicates that they also have the 4-methoxy-2-(E-3-methyloxiranyl)phenyl structure. 

Ihl-RODtJCllON 

Several Apiacu~ have yieldal compounds identified as 
2-mcthoxy4(&3-mcthyloxiranyl)phenyl esters (I). 
Bohlmann and Zdero rcwrtai that they obtained the 2- 
mcthylbutyrate la from Pimpinella serifrag L. [I] and 
the ( -)-Z-2-butenoatc (angelate) lb from ~wricum 
murr~um Hart. [23; Stahl and Herting reported that 
they obtainal the E-2-methyl-Zbutcnoate (tiglate) Ic as 
well as la from P. saxt~rago L. and P. mujor Hwls. [3]. 
These structural assignments were basal primarily on the 
El mass spectra and ‘H NMR spectra of the compounds 
and, in all cases, there is no question concerning the 
identity of the three substitucnts on the benzene ring. 
However. the assigned orientation of the substituents 
appears to be based solely on an assumed relationship to 
isoeugenol. which is widely distributed among Apiaccae. 
Subsequent to these reports, two groups independently 
reported that ( f )-4-mcthoxy-2-(E-1-propenyl)phenyl 2- 
mcthylbutyrate (2a) IS an important component of the 
essential oil of P. aniswn L [4, S]. Identification of 2a was 
accomplished by both a detailal study of its ‘H and 
“CNMR spectra [4,6] and its degradation to 2- 
hydroxy-5-mcthoxybcnzklehydc and ( f h2-mcthyl- 
butyrlc acid [S]. 

PLnpiwplka diwrsjfolio DC. [7] is found at altitudes of 
150@3OW m in the Kumaun Region of tbc Himalayas. 
The ethanol extract of its seeds has ban rrportal 10 be 
strongly fungitoxic [8]. and the extract of the whok plant 
has been reported to possess sw activity in rat 
semen [9]. Examination of the essential oil from W&S of 
P. diwrsjfoliu indicated the prcscocc of carvone, pcrpnyl 
acetate, limoncnc, myrccne, a-pincnc, p&gone, santeac, 
a-terpincol. tcrpineolic acid and unidcntidad coumarins 

[W* and two coumarins, iso-angcnomalin and 
oxypcuadanin, have ban is&ted from the aerial part of 
the plant [I I]. There has bun no previous report on the 
chemical composition of the essential oils from roots of P. 
diL;trtj(o/io. 

We descnbc here the isolation and characterization of 
the two major constituents (377, and IS “/3 of the 
essential oil from roots of prc-flowering P. diursi/oliur 

( + )4methoxy-2-(E-3--methyloxiranyl)phcnyl Z-2- 
methyl-2-butcnoate (3b) and its (+ Gsobutyratc analog 
3d. 

RcSLiLTs AND DlSCUSSION 

Examination of the steam-volatik oil by GC/MS 
indicated the presence of a1 least 40 components. In 
contrast to the majority, the two present in largest 
amounts. A and B. both with relatively long GC retention 
times, had relatively simple fragmentation patterns that 
suggested they were not tcrpencs. They were obtsuncd 
together by Rash chromatography and separated by 
reverse phase HPLC. 

The HREIMS of the colourkss oils indicated that 
C,,H,80. is the mokcular formula of the major 
component A, and that B has molecular formula 
C,.HlrO,. Their 360 MHz”H NMR spectra (Table I) 
have common b0rtds for I I protons and suggested that 
each compound was one of six possible bcnzcnes 
substituted at C-l. C-2 and C-4 with mcthoxy. E-3- 
wthylox~ranyl and either Z-2-methyl-2-butcnoyloxy (A) 
or isobutyryloxy (6) groups. The l,2+trisubstitution 
pattern on the benzene ring follows from the fine stnrture 
of the thra signals at lowest field [ 121. The ‘H NMR 
resonances at 83.60.2.92 and cu 1.4 showed the pcsena 
of a 3-mcthyloxiranyl group, and the ring-proton 
coupling of 20 Hz c3tablisbai the E stereochemistry 
[ 13,141. The pracnce of a 2-methyl-2-butcnoyloxy group 
in A was shown by HREIMS peaks due 10 C,H,OI’. 
C,H,O’ and C.H, * [lS] and ‘H NMR reso- at 
66.28.2.10 and 2.07. Comparison of these clumical shifts 
with those reportal for angclata and tigktcs [2,3.16] 
strongly suggtJtcd the Z stereochemistry. and this was 
confirmal by the “C NMR spectrum of A (Tabk 2). 
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Tabk 1. ‘H NMR data of P. dj~~s~o~~ products 
(CDCl,. 360 MHz) 

6 (rvmf 
Protons 3b* 34, mutt. J WI 

- 

H-6 700 6.94 d 8.7 
H-5 6.83 6.80 d,d 3.1. H.? 
H-3 678 6.76 d 3.1 
OMC 3.79 3.79 
AICHO 3.60 3.60 : 2.0 
OC~Mc 2.92 2.91 p.d 5.1.2.0 
OCH?$i$ t.40 1.42 d 5.1 

- 

*Orkr rcso~m at 66.28 (9~~ f - 7.2 and 1.2 Hz, 
HC(M+C]. 2.10 (dq, J 9 7.2 and 1.4 Hz, HC(hic)=C] 
and 2.07 Lp. J z 1.4 Hr. =C(Mc)C-O]. 

tOther r~nances at 6284 [sqf. J = 7.2Hr. 
Mc,CHJ, 1.335 and 1.326 [doubkts. J - 7.2 Hz., 
&CH]. 

which has no signal below 6 16 ppm characteristic of 
tiglate [ 16,17]. The presence of an isobutyryloxy group in 
Bwassuggestcd bythemlz43basepcak ti-C,H; band the 
prominent peak at m/z 71 (KJH,CO* ) in its LREIMS 
and confirmed by the ‘H NMR resonances at 62.86 and 
co 1.34. Significantly. the ~em-dimcthyl of B exhibited not 
one but two doubkts scpara~ed by 0.009ppm. This 
indicated that they were influenced by one or both chiral 
centrcs of the oxiranyl group, which wouM only bc likely if 
the oxiranyl and acyl groups were or&o [18]. The 
remaining ‘H NNR resonanceat b3.79 tn the spectra of A 
and 6 is charactenstic of a mcthoxy group, which must bc 
on the benzene ring. 

When the aromaric ‘HNMR chemical shifts for 1, 3 

Tabk 2. “CNMR data of P. dicmsifoliu products 
(CLXI,. 50.3 MHz) 

_I_ 

c-0 166.If 176.5: HC,, 114.2 114.2 
(‘.I 157.q 157.6: HC,, 109.9 109.8 
C, 142.4: I4242 OC 58.4 58.4 

car 131.2: 131.1: OC 55.6 55.6 
HC, 122.8 122.6 OC 55.4 55.2 

Mr I?.? I78 
-...- -_-. .__ 
*Other fbonan~~~ at d 141.0 (Me CH-C). 126.85 

[C=CIMcKO,). 20.7 (Me) and 16.0 t,He). 
tOther resonances at 634.1 (Me,CH) and 19.1 

(J’+., 0. 
: Louer infcnsir) signal. 

and their four possible isomers were calculated using the 
parameters listed by Silverstein er al. [ 121 for acyloxy, 
methoxy and, for the oxiranyl group. alkoxymethyl, the 
same values, and those in best agrament with the spectra 
of A and B, were obtained for I and 31 H-3.66.75; H-5, 
6.75; H-6, 7.05. This together with the likely orrho 
relationship of the isobutyryloxy and oxiranyl groups in B 
indicated that the P. di~~si~o~ju products are fl and 3d. 

Comparison of the aromatic parts of the ‘%INMR 
spectra of A and B (Table 2) with the calculated aromatic 
parts of the “CNMR spectra of 1, 3 and their four 
isomers (Table 3) gave even stronger evidence that the 
compounds are 3b and 3d. Two methods were used to 
cakuh~e the spectra. For t and 3, “C parameters [ 193 of 
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Tabk 3. Gkuhal “CNMR frequen& for 1.2 CIrilubrIiIuIaJ bauuXs* 

SubuitucnIs ClKmial shifts (ppar)t 

C-l c-2 c4 Method C-l c-2 c-3 c-4 c-5 c-6 KA: @pm) 

OAC OMC ClH,O A 139.4 151.5 108.9 136s I IS.1 1226 19.3 
OAC OMC C,H,O B 139.3 151.2 110.1 135.7 118.2 122.7 18.1 
OAC C,H,O OMe A 141.6 130.6 111.1 157.1 114.2 123.1 3.4 
OAC C,H,O OMc B 140.8 131.3 1125 156.9 114.2 122.3 5s 
OMe OAc CJH,O B I SO.6 139.9 120.4 129.5 124.4 112.4 21.6 
OMc CJH,O OAc B 154.6 123.8 120.0 143.1 121.5 114.8 228 
CJH,O OAC OMC B 122s 149.6 106.9 160.0 III.1 127.9 18.9 
C,H,O OMe Ok B 120.1 158.3 106.9 151.3 113.5 127.9 18.9 

l !kc text for IluItmds uud. 
t The reverse of original as+nuxau IO C-S ( 1229) and C-6 ( 120.7) of 2-mcthoxyphcnyl bmzoate [ 201 and to C- I 

(I 37.3) and C-4 (138.5) of isocu~l +mcIhylbuIyraIe [4] were uxai in the cakuktions. 
$XAu theurmofIhca~luIcnluaolI&diffaencakIwccn thccakukIed valuaandobacrvatvalucsfor the 

P. dwrsijolio ptoducU puUlllill8 the bea1 poaribk rgrsewn1. 
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the E-1-propcnyl group [20] were subtractal from the 
spaztra of isoeugenol lmtbylbutyrate [43 and of 4 
wthoxy-2-(E-1-propenyl)pbcnyl 2-mcthylbutrate (2a) 
[4] and the parameters for E-lmethyloxiranyl were then 
added (mcthd A). The latter parameters were taken to be 
the average for the oxiranyl group [20] (C-l, 9.3; o, - 3.0; 
m, -0.1; p, -0.5 ppm) and the 3J-dimfthyloxiranyl 
group[21] (C-1,8.3;0, -2.Qm -0.4;p, -1.Oppm)For 
all six isomers, parameters for the E-3-tnethyloxiranyl 
group were addal to tbc spectra calculated for m and p 
methoxyphcnyl scylate by group additivity [ 193 and the 
spectrum reported for o-mcthoxyphcnyl lunzoate [20] 
(method B). Note that addition of E-I-propenyl group 
parameters to the reported spectrum of ~methoxypbcnyl 
bcnzoatc and the cakulatod spectrum of p 
methoxyphenyl acylatc gives values for the aromatic 
rcaonamXof’ -I +mcthylbutymte and t in very 
good agramcnt with the reported values: ada, 0.9 ppm; 
greatest deviation. 2.3 ppm. When original assignments 
are corrected. as noted in a footnote to Table 3. the ada 
and greatest deviation become 0.5 and 1.4 ppm. Note also 
that the aromatic resonances of pbcnyl esters show very 
littk change with change in acyl or aroyl group [ 17.201. 
The average substitucnt effects for I3 such groups are: C- 
l, 22.6; o. - 7.0. WI, 0.9; p. - 2.8 ppm; greatest deviations 
arc:C-1.0.4;o,0.8;m,O.Z;p,0.3ppm-fhuswecouJdcxpcct 
that the aromatic Parts of the “C NMR spectra of lb, 14 
and their acetate analog 1-r 3). 36 and their acetate 
analog 3twould be essentially the same. 

Epoxidation of isocugcnol acetate and 4wthoxy-t( l- 
propcnyl)pbcnyl acefate (k) with m-chhoperbcnzoic 
acid 1221 Rave lc and SC. Comparison of their “C NMR 
spectra (Tabk 4) with those calculated for 1 and 3 and 
those observed for the P. dicersijbfia products confirmed 
that they are 3) and 3. 

The ElMS of the acztate 3a. like that of the P. 
diwrsjlolu products and the compounds previously idcnt- 
itkd as la [I. 33, lb [2] and lc [3]. showed a strong peak 
at m/z 162 (21.53b of BP 137). In contrast, the m/t 162 
pcakintheElMSoflewasvcrywcak(<O.S~ofBP 
137) This difference, which is probably due IO the relative 
case of water loss from the o-substituted phenol radical 
cation [23] that forms when 3 loses the acyl group on 
electron impact indicates that the 2-mcthylbutyratc 

Tabk 4. “C NMR daco of lernd 3e (CDCIJ. 50.3 MHz) 

chemics~ shih (Pam) 

Compound C-l c-2 c-3 c4 c-s c-6 

le. 139.3 151.1 108.8 136.7 117.9 122.5 
kt 1424 131.0 110.0 157.7 114.2 122.7 

*O&r ruo~ aI 617.7 (&CH), 20.5 (McCO), 
557 (McO), 55.7 and 59.1 (CHCH)and 168.9 (c-0). CJY 
Tabk3.lincsIand2. 

*OIbcr raonanas al 6 17.7 WC), 20.6 (McCOL 55.5 
(OMc), 552 and 59.3 (CHCH) and 169.5 (C-0). C/. 
Tabk2andlines3and4ofTabk3. 

obtained from P. saxijragcl [1,3] and P. major [3] is 3a 
rather than la and suggests that the angelate aml t&late 
i&nti6al ad lb [Z 31 and lc [3] are probably 3) and 3~. 
In this reoafd the optical rotations at three wankngths of 
3) from P. diwrsifolicl are consistent with the possibility 
that it is thcenantiomer of the L. frtucronutwl produa [2]. 

The unusual ‘isoisoeugcnol’ structures 2 and 3 have 
now been shown to be produced by four members of the 
genus Pimpid/.u. Conceivably, the biosynthetic pathway 
to 2 and 3 may involve o-coumaratc and the rarely ifever 
encountered S-wthoxyscoumaratc [24 and may com- 
pete with the biosynthesis of coumarins i 251 from those 
inlcrmaliatcs. 

8XPKRIMEMAL 

Phm mamid. Phpiwlln dwrrsi@ia DC. was wlkctai from 
Dwali, Almon D&r&elevation 2727 m. in June. TM nlenliry of 
tbc plan1 was amhmal by DT. B. M. Wadhwa. R.B.G. Kcw. 
London (tw&unun IK). H6/2035/82). 

fsdotbr,~~od3CRootl(1.3kp)ofIhcfrahlycdleccsd 
@anuwcre8iKtycboppcdandlIcamdisuLkd.TbcusaI1ialoil 
was cx~ractal from tbc NaCt-uId dhIiUaIe with petrol 
bp40UY,andtbeoqanicrdnwasdriai(NaJ1,S0.)andconcd 
by dhcitktioa Rauonl c4 he last mea of sotvcn~ at red. prc& 
kft 0.37 8 (Q28 ‘/3 of cucnchl 0iL 
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