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qualitativ durch DC am AgNO,-imptignierten Si gel get- 

rennt. Da jedoch die Trennung sehr verlustreich ist. wurde 

auf eine priiparative Trennung verzichtet. 

Dee-lc-m- bzw. Non-lc-m-6.8-diins&re-2-pheny&~hyl- 

amid (3 und 4). Farbloses 81, IR cm-‘: 3450, 1690, 
1500 (CONHR), 3310 (C=CH), 2240 (C=C), 1640 

(c--C); MS: M’ m/e 165.147 (18%) und 251.131 (17) 

(C,,H,,NO bzw. C,,H,,NO); -PhCHzCH,NH 145 (24) 
bzw. 131 (85); PhCHzCH, 105 (60); PhCH=CH; 104 
(100); C,H; 91 (81). 

Dee-lc-en- bzw. Non-lc-en-6.8-diinsiiure-cis-styrylamid 

(5 und 6). Farbloses 81, IR cm-‘: 3440, 1690, 1500 
(CONHR), 3320 (C=CH) m 2230 (C--C). 1650 (C-c); 
MS: M’ m/e 263.131 (8%) und 249.115 (30) (C,,H,,NO 
bzw. C,,H,~NO); -PhCH=CHNH 145 (28) bzw. 131 (80); 
C,H; 91 (100). 

Dee-lc-en- btw. Non-lc-en-sciure-tram-sfyryfamid (7 und 

8). Farbloses -01, IR cm-‘: 3440, 1695, 1510 (CONHR), 
3320 (Cm CH), 2240 (C=(Z), 1650 (C&C); MS: M+ m/e 

263.131 (6%) und 249.115 (17) (CI,H,,NO bzw. 

W&NO); -PhCH=CHNH 145 (45) bzw. 131 (35); 
GH: 91 (100). 

1,2-Epoxy-nona-6.8-diinsiiure-cis-styryfamid (9). Farb- 
loses, nich viillig frei von 7 und 8 erhaltene-s 61, IR cm-‘: 

3440, 1700, 1510 (CONHR), 3320 (m; MS: M’ m/e 

265.110 (C,,H,,NO& 

Dodcca-2t.4tt.&.101-lcbMuiiunisoburylamid (10). Farb- 

loses iii, IR cm-‘: 3460,169O. 1510 (CONHR), 1640,1620, 

loo>, 955 (C=CH); MS: 247.194 (4%) (&&NO); -C,H, 
167 (50); C,K 81 (100). 
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INTRODUCIION 

The presence of sulphur-containing compounds in the 
essential oils of several Rutaceous taxa was first re- 
ported by van der Riet [l], Smith and Rivett [2] and 
Smith and Roux [3]. However, the structures proposed 
for these compounds, viz. butyl-1-pentenyl disulphide 
and bis-(2-pentenyl) tetrasulphide were never con- 
firmed and in 1974 Rivett et al. [4, 51 isolated 
and identified S-(3-methyl-2-butenyI)-2-methylprop- 
anethioate (1) as the major sulphur compound from 
the oils of Agathosma apiculata, A. clavisepala and A. 
pubenda. This represented the first isolation of a 
naturally occurring S-prenyl thioester-other thioes- 
ters previously reported were those discovered by 
Moore and his associates in the seaweed genus Dic- 
tyopteris [6,7] and by Burrell et al. in Galbanum oil 
[8]. Disulphides could also be detected in this essential 
oil but only under chromatographic conditions which 
suggested that these might be artefacts. The percen- 
tage of thioester (1) in each of the Agathosma oils did 

(Mel&H -s-CH&Xi==C(Meh 

--I 
1 

not account for the total sulphur content of the oils, 
indicating that other, as yet undetermined, sulphur 
compounds must also be present. 

During the course of our studies on the isolation of 
alkaloids, coumarins and essential oils from the 
Rutaceae, we established the presence of sulphur in 
the oil from Phyllosma capensis Bolus. GLC and 
GC-MS analysis of the oil revealed the presence of 3 
sulphur compounds. Their structures were established 
as 1 and two new S-prenyl thioesters, S-(3-methyl-2- 
butenyl)-ethanethioate (2) and S-(3-methyl-2- 
butenyl)-3-methyl butanethioate (3). The oils from A. 
apiculata, A. clavisepula and A. pubenda were then 
re-examined by GC-MS and all three were shown to 
contain compound (3). 
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LlEsULTs AND DISCUSSION 

Compound 2, the second most abundant constituent 
of the oil from P. capensis was isolated by preparative 
GLC. The IR spectrum showed absorption at 
1 LOC __-I IcJ0.J cm (&_) and i622cm-’ (C--,. me 

100 MHz ‘HNMR spectrum clearly defined all 12 
protons. The 6 proton-singlet at S 1.7 was assigned to 
the =C(Me), group. The presence of the MeCO 
group was evident from the 3 proton-singlet at 6 2.31. 
The 2 proton-doublet (J = 8 Hz) at 3.5 1 was assigned 
to CH2 and the triplet (.I= 8 Hz), with long range 
coupling to the =C(Me), group (J = 1.5 Hz), at 5.2 
was attributed to CH=. The MS gave a M’ at m/e 
144.0610 (talc. for C,H,20S 144.0609) and fragment 
ions at 101.0429 (talc. for C&O 101.0425)Y 69.0707 
(talc. for CSHp 69.0705) and 43.0154 (talc. for &H30 
43.0184). 

Me -S-CH,-CH=C(Me), 2 

J 
m/e 144 

\ 

MeGO+ ?S-CH,-CH=C(Me), 
m/e 43 m/e 101 

I 
l CH+ZH==C(Me), 

m/e 69 

It was not possible to isolate thioester 3 by prepara- 
tive GLC since it comprised only 3% of the oil and 
was part of a partially resolved double peak. The 
structure was thus initially assigned on the basis of 
accurate mass measurements. The M’ occurred at m/e 
186.1082 (AC. for CloI-IlsOS 186.1079), and the MS 
showed significant fragment ions at m/e 129.0370 
(talc. for GH90S 129.0374), 101.0418 (talc. for - .^. ^.__. __.-, - _- ^___. 
C&S 101.0425), 85.0648 (caic. for C,H,U 8X0653), 
69.0676 (talc. for C,HP 69.0704), 57.0715 (talc. for 
C,H, 57.0704) and 41.0366 (talc. for GH, 41.0391). 

Is&t& of rrcpntinl nil Frrch gems, !%igs 2nd !erves _I”“...__. _... _ __I.. 

(0.8 kg) were steam-distilled for 4 hr and the aq. distillate 
extracted twice with 300 ml CHCl,. The CHCl, soln, dried 
(Na$O.J. was evapd in uacuo to give the oil (1.7 g, 0.21%). 

%S, 3.4, [,]g+ 1.49” (CHCI,, c 1.05), NZd’ 1.4729. 
S-(3-Methyl-2-butenyl)-ethanethioate (2) Ten 30 ~1 injec- 

tions of the oil on to the prep. GLC column gave 25 mg 2. 
(Found: S, 21.8 C,H,,OS requires: S, 22.2); IR ~,,,.,cm-‘: 
1622 (C+C), 1685 (c--o); ‘HNMR 6 1.7 (6H, s), 2.31 
(3H, s), 3.51 (2H, d, J = 8 Hz), 5.2 (lH, ?, J = 8 Hz, .J= 
1.5Hz). MS: M’ m/e 144.0610 (21%) (talc. for C,H,,OS 
144.0609). 101.0429 (29%) (talc. for C,H,S 101.0425), 
69.0707 (100%) (talc. for C,H, 69.0705). 43.0154 (4%) 
(talc. for &H,O 43.0184). 

The structures of 2 and 3 were confirmed by syn- Synrhesis of 2. 3-Methylbut-2-enethiol (2.5 ml), prepared 
thesis from 3-methylbut-2-enethiol and ethanoyl from 1-chloro-3-methylbut-2-ene and thiourea [9] was dis- 

chloride and 3-methylbutanoyl chtoride respectively. 
The IR, ‘H NMR and MS of synthetic 2 were identical 

solved in ice-cold dry Py (15 ml) and MeCOCl (4 ml) was 
added slowly with stirring. The mixture was warmed to room 

to those of the fraction isolated from the oil. The temp. and the soln extracted with Et,O. The Et,0 soln was 
synthetic thioester 3 gave IR absorption at 1680 
(C=O) and 1625 cm-’ (c--C), and in the ‘HNMR 

washed successively with dil solns of HCI and Na,CO,, dried 
and distilled to afford 2 (1 g), bp 70-72”/2 mm Hg. (Found: S, 

spectrum, the doublet at 6 0.95 (6H, J = 6 HZ), the 
multiplet at 2.16 (lH, _I = 6.5 Hz) and the doublet at 
2.42 (2H, J= 7 Hz) were consistent with the 3- 
methylbutanoyl group. The MS of the synthetic and 
naturally occurring materials were identical. 

The gas chromatogram of the volatile oil of P. 
capensis showed ca 25 peaks and some of the iden- 
tified terpenoid components were (%): @-pinene (1.3); 
myrcene (0.7); camphene (1.1); limonene (1.3); linalyl 
acetate (6.9); /3-phellandrene (5.1); ocimene (5.3): 
terpinen+01 (13.5) and a-terpineol (3.2), together 
with the thr& sulphur compounds, 1 (6.3), 2 (9.6) and 
3 (3.0). 

ExPERIMJENTAL 

P. capensis Bolus was collected in the Wupperthal district 
of the Cape Province. (Representative voucher specimen 
Williams 2125 in the Compton Herbarium, Kirstenbosch 
National Botanical Gardens, Cape Town.) 

‘H NMR spectra were recorded in CDCI, at 100 MHz 
using TMS as int. standard. Optical rotation was measured in 
CHCl, and the refractive index on an Abbe refractometer. 
Prep.-GLC: 15% FFAP on Chromosorb W, 4 mm x 4 m glass 
column, temp. 150”. N, at 30 ml/min. GC-MS: FFAP 
0.3 mm X 30 m SCOT stainless steel column, 1 ~1, program- 
med 50-180” at Z”/min, He at 6 ml/min. MS were recorded at 
70 eV. 

(Me),CH-CH,- -S-CH+-X=C(Me), 
7 
0 

3 

J 
m/e 186 

\ 

(Me),CH-CH&=O O=&--S-CH,-CH=C(Me), 

m/e 85 m/e 129 

(Me),CH-&H, 
m/e 57 

‘~CH,-CH=C(Me), 
m/e 101 

Me-&H, 
m/e 41 

‘CH,-CH==C(Me), 
m/e 69 



Short Reports 1539 

22.1. Calc. for C,H,,OS: S, 22,2); IR Y,,,.~ cm-‘: 1684 
(u), 1624 (M); ‘H NMR: 8 1.68 (6H, s), 2.28 (3H, s), 
3.5 (2H, d, .J=8Hz), 5.19 (lH, r, J=8Hz, J= l.SHz). MS: 
M+ m/e 144.0610 (16%) (talc. for C,H,,OS 144.0609), 
101.0418 (30%) (talc. for C&S 101.0425), 69.0716 
(100%) (talc. for C,H, 69.0705), 43.0152 (3%) (talc. for 
C$H,O 43.0184). 

S-(3-Methyl-2-butenyI)-3-me%hyl butane&mte 3. MS: M’ 
m/e 186.1082 (8%) (talc. for C,,H,,OS 186.1079), 
129.0370 (4%) (talc. for C,&OS 129.0374), 101.0418 (8%) 
(talc. for C,H,S 101.0425). 85.0648 (69%) (talc. for C&O 
85.0653), 69.0676 (80%) (talc. for CsH, 69.0704). 57.0715 
(100%) (talc. for C,H, 57.0704), 41.0366 (70%) (talc. for 
C,H, 41.0391). 

Synthesis of 3. 3-Methylbut-Zenethiol (2.5 ml) in Py 
(15 ml) was reacted with 3-methylbutanoyl chloride (6 ml) as 
described above to give 1.7 g 3, bp 88-92”/4 mm Hg. (Found: 
S, 16.9. Calc. for C,,H,,OS: S, 17.2); IR ~~.~crn-‘: 1682 
(c--o), 1627 (C+C); ‘H NMR: 8 0.95 (6H, d, J = 6 Hz), 1.7 
(6H, s), 2.16 (lH, m, J=6Hz), 2.42 (2H, d, J=7Hz), 3.53 
(2H, d, J = 7 Hz), 5.22 (lH, r, J = 7 Hz, J = 1.5 Hz). MS: M’ 
m/e 186.1084 (19%) (talc. for C,,H,,OS 186.1079), 
129.0369 (1%) (talc. for C&OS 129.0374). 101.0416 
(11%) (talc.. for C&S) 101.0425). 85.0636 (79%) (talc. for 
C&O 85.0653), 69.0672 (95%) (talc. for CsH, 69.0704) 
57.0748 (100%) (talc. for C,H, 57.0704), 41.0417 (74%) 
(talc. for C,H, 41.0391). 

S-(3-Mcihyl-2-butenyI)-2-methyl pqxwaethioote (1). MS: 
M’ m/e 172.0921 (19%) (talc. for QH,,OS 172.0922) 
129.0374 (11%) (talc. for C,H,OS 129.0374). 101.0417 

(18%) (talc. for C,H,S 101.0425), 71.0457 (85%) (talc. for 
C,H,O 71.0497). 69.0678 (100%) (talc. for CsH, 69.0704). 
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A new polyacetylenic compound named panaxydol 
was isolated from Punax ginseng C. A. Meyer roots 
together with falcarinol, 3-hydroxyheptadeca-1,9c- 
dien-4,6-diyne (l), previously described by Bohlmann 
[ 1, 21, Takahashi [3] and Jones [4]. Spectroscopic data 
showed the compound to be a derivative of a 
polyacetylenic alcohol with a structure similar to 1. 
The existence in 1 of a terminal olefinic bond and of 

unsaturation equivalent to 5 mol of hydrogen was 
demonstrated by ozonolysis and catalytic hydrogena- 
tion. Bands at 2270 and 1650 cm-’ in the IR spectrum 

indicated the presence of acetylenic and olefinic 
bonds. The chemical shifts and coupling constants of 
three of the protons were identical to those of the 
terminal structure of falcarinol (Scheme 1). 

Since no other olefinic or acetylenic protons were 
observed in the ‘H NMR spectrum, the remaining 
8mltiple bonds were assigned to two conjugated 
acetylenic bonds. The IR band at 2270 cm-’ is charac- 
teristic of conjugated diacetylenes directly bonded to 
the -CHOH group [5]. Analysis of the ‘H NMR 
spectrum, together with the conversion of panaxydol 


