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Abstract-An exammation of the essenttal oil of myrrh from Commiphora molmol has permitted the tdentification of 
1 (lO)Z,4Z-furanodiene-6-one, 2-methoxyfuranodiene, 2-acetoxyfuranodiene, 4,5-dihydrofuranodtene-6-one and 
2-methoxyfuranoguaia-9-ene-S-one. 

INTRODUCTION 

The essential oil of myrrh from Commzphora molmol is rich 
m furanosesqmterpenes [2]. Nme of them belong to the 
furanogermacrane group of compounds which have pre- 
viously been isolated from plants of the Zmgiberaceae and 
Lauraceae but not from the Burseraceae. Of the nme 
furanogermacranes only furanodiene [ 1 (lO)E,4&furano- 
diene] and its 6-0~0 derivattve furanodienone were 
reported m the hterature and we have already reported the 
identificatton of 2-methoxy-4,5_dihydrofurano- 
diene-6-one, 5-acetoxy-2-methoxy-4,5_dthydrofurano- 
dtene-6-one and 3-methoxy-IO-methylenefurano- 
germacra-1-ene-6-one [2]. In thts paper we describe the 
isolatton and the structural eluctdatton of the remaining 
four new furanogermacranes and a new furanoguaiane, 
also obtained from the essential oil of myrrh. 

RESULTS AND DISCUSSION 

In addition to 1 (lO)E,4E-furanodiene-6-one [3] the 011 
of myrrh contams its cts-isomer 1 (lO)Z,4Z-furanodiene- 
6-one (1) a colourless hqutd with an intense fragrance. 
The two isomers were separated without difficulty. 
Compound 1 gave, hke all other described furanoses- 
quiterpenes, a posttive Ehrhch colour test, indicating the 
presence of a furan rmg Compound 1 had the molecular 
formula C,,H,,O,, [M]’ at m/z 230 and the mass 
spectrum was very similar to that of l(lO)E,4E- 
furanodrene-6-one The furan rmg was also confirmed by 
the IR spectrum. 

The ‘%NMR spectrum demonstrated that 1 had a 
germacrane skeleton. The chemtcal shafts m the broad 
band spm-decoupled spectrum, the multtphcittes in the 
off-resonance spectrum and the assignment of the signals 
are shown m Table 1. The carbon bearing an oxygen 
functton resonated at 6 193.2. Its position below 6 200 IS 
caused by tts olefimc conjugation [4-61. The UV spectrum 
showed two maxtma at 252 and 200 nm. These wave- 
lengths were somewhat shorter than those of l(lO)E,4E- 
furanodtene-6-one, caused probably by the cis-con- 
figuratton of the A4-bond and the resulting disturbance of 
the conjugatton with the furan system. The peaks of the 

*Thts work ts taken from the Ph D theses of P N [l]. 

mass spectrum, espectally its base peak at m/z 122, 
resembled m then relattve mtensittes the mass spectrum of 
authentic l(lO)E,4E-furanodienone [3]. 

The ‘H NMR spectrum indicated the presence of a 
/?-substituted furan ring. The a-proton appeared as a 
broad singlet at 6 7.08. This chemical shift value excluded 
the C-9 position of the 0x0 group [7,8]. Thus, only the C-6 
posttion was concerned. The two olefimc protons at 5.88 
(s) and 5.29 (t) were broadened by long range coupling. 
The singlet was due to H-5 and the triplet to H-l. Their 
crs-positton to the correspondmg methyl groups was 
confirmed by the mtramolecular Nuclear-Overhauser 
effect. Upon trradtation at the signal of the C-15 methyl 
protons (6 1 65) the intensity of the triplet at 5.29 (H-l) 
increased ca 24%. Irradiation at the stgnal of the C-14 
methyl protons (a 1.76) caused the mtenstty of the smglet 
to increase by ca 16%. 

The crystalline 2-methoxyfuranodiene (2) had the mol- 
ecular formula C16H2202, [MI+ at m/z 246. The frag- 
ments arising by the retro-Duels-Alder cleavage (m/z 108 
and 138) indicated that C-6 and C-9 were unsubstituted. 
The furanogermacrane skeleton was demonstrated by the 
r3CNMR spectrum. The broad band spur-decoupled 
spectrum showed only 15 lines for 16 carbon atoms 
because two sp’ hybridized carbon atoms had exactly the 
same chemical shift (Table 1). The two downfield srgnals 
at 6 79.3 (d) and 57.3 (q) were assigned to the carbons of 
the ether group [4,9] and the quartet Indicated it to be the 
methyl ether. 

The *H NMR spectrum showed the a-furan proton at 
6 7.07 (br s). The triplet at 5 05 was proved by spm 
decoupling to be due to the olefimc H-5, neighbourmg to 
the C-6 methylene group (3.07, d, J = 7.5Hz). The doublet 
at 4.99 (J = 10.5 Hz) was assigned by spur decouphng to 
the olefimc H-l. The doublet of triplets at 4.13 
(Jr = 10 5 Hz, J, = 4 5 Hz) was assigned to H-2 vrcmally 
couplmg with H-l and the two protons at C-3. The 
downfield shaft was caused by the mducttve effect of the 
geminal methoxy group The protons of the ether methyl 
group appeared at 3 41 as a sharp singlet. The upfield shift 
of the methyl group to 1.36 can be ascribed to the 
diamagnetic shteldmg by the opposite double bond [lo]. 
The spectroscopic data were m agreement wtth the 
structure 2. 
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Compound 2 was accompamed by the colourless wax 3 The furanogermacrane skeleton was demonstrated by 
wtththemoiecularformulaC,,Hz203,[M]+atm/z274 the r3C NMR spectrum (Table 1) The signalsat 6 170.7 (s, 
The base peak at m/z 43 [ MeGO] + and the peak at m/‘z off-resonance spectrum) and 21 2 (4) were assigned to the 
214 [M - MeCOOH] + wrth 50’!, relatrve mtensrty were carbonyl carbon atom and to the methyl group of the 
typical for an acetyl ester [l l] The peak at m/r 108 acetyl ester Accordmg to the hterature [12 141 the stgnals 
mdrcated that, as m 2, the B-methylated furan rmg and at 148 6 (s), 136 2 (d) and two smglets at 121 9 and 119 4 
also the netghbourmg carbon atoms, C-6 and C-9, were were characterlstlc of the furan carbon atoms The /I- 
unsubstrtuted methyl group of the furan rmg resonated at 6 8 8 (4) The 
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trlsubstltuted double bond Independent from the furan 
rmg The signals at 82.2 (d) and 56 3 (y) Indicated the 
presence of a methyl ether group. A quartet at 10 0 was 
assigned to the P-methyl group of the furan rmg The 
doublets (59 7 and 50.5) indicated a proton at each of the 
bridge-head carbon atoms and, therefore, angular methyl 
groups could be excluded A third doublet (30.2) Indicated 
a rmg methylene carbon atom with a methyl group All the 
‘%NMR data Indicated a trrcychc skeleton for 5 

These results were confirmed by the ‘HNMR 
(500 MHz) spectrum A peak at 6 7 04 (y, J = 1 2 Hz) was 
diagnostic for the r-proton of the furan rmg The fi- 
methyl protons, which were m allyhc couplmg with this 
proton, were present at 2 23 (d, J = 1 2 Hz) and this was 
confirmed by a double resonance experiment The doublet 
of quartets at fi 6 40 (J, = 1.5 Hz. J, = 2 5 Hz) for an 
olefimc proton mdlcated the allyhc couphng with the 
protons of a vmyhc methyl group Its protons were 
present at 6 2 14 (t, J = 1 5 Hz) and this was confirmed by 
a spm-decouplmg experiment The deshleldmg of the 
olefimc proton and the absence of a vlcmal couplmg 
mdlcated that It was m the nelghbourhood of a carbon 
bearing an oxygen function This deduction was m 
agreement with the results of the 13C NMR spectrum The 
sharp smglet at 3 30 was due to the hydrogens of an ether 
methyl group The hydrogen gemmal to the methoxy 
group resonated as a doublet of quartets (400, J, 
= 6 5 Hz, J2 = 0 6 Hz) The sphttmg mdlcated three 
nelghbourmg protons of a methylene and a methme 
group Irradlatlon at 4 00 slmphfied the group of signals 
between I 5 and 2 0 Irradiation at 1 7 transformed the 
doublet of quartets at 4 00 to a doublet of doublets. The 
third methyl group of the skeleton was secondary and 
characterized by a doublet of doublets at I 08 (3, 
= 7 5 Hz, J, = 5 5 Hz). As demonstrated by a double 
resonance experiment the proton couphng with the 
protons of this methyl group resonated as a multlplet with 
a centre at 2 77 The results of the spm-decouplmg 
experiment confirmed that the secondary methyl group 
and the methoxy group were not vlcmally related to each 
other. Therefore, It was deduced that the bridge-head 
methme group was vlcmal to the methyl ether group The 
partial structure was, therefore, deduced to be 5b 

The UV spectrum of 5 showed absorption maxima at 6 
216,239 (sh), 318 and 330 (sh) nm The longwave maxima 
confirmed the a,p,a’,/?-conJugatlon of the carbonyl 
system Therefore, the 0x0 function was positioned 
between the double bond and the furan rmg (C-8) This 
Implied a further partial structure, 5c 

The partial structures Sb and SC, together with the 
mformatlon from the various spectra, showed that the 
structure was based on a five- and a seven-membered rmg 
compound (e g gualane, 5d, or pseudogualane, 5e con- 
densed to a furan rmg) As 5 contamed a secondary methyl 
group It must be a guarano derivative (methyl group at C- 
4) The furan rmg built up from the isopropyl group (at C- 
7) of the gualane skeleton could be established either by 
bondmg to C-6 (5) or to C-8 (5f) Considering all the 
results thecompound had to have the skeleton shown m 5 
Until now only gmdldione [ 171 has been described which 
has a furanogualane skeleton as m 5 

Assuming that partial structure 5f would be the skel- 
eton of 5 a long range couplmg between H-9 and H-12 
would then be expected m the ‘HNMR spectrum 
However, both H-12 (4) and H-9 (dq) showed sharp 
signals Upon lrradlatlon at H-12 and H-9 no alteration 

was observed m the spectrum Irradiation at the slgnal of 
the olefimc methyl group (S 2 14) changed the triplet of the 
olefimc proton to a sharp doublet This was caused by 
allyhc couplmg with the hydrogen of the bridge--�head All 
the results, therefore, mdlcated that 5 must be 2-methyoxy- 
furanoguaia-9-ene-g-one 

EXPERIMENTAL 

Compounds l-5 were Isolated from the fractionated essential 

011 of myrrh as described m the preblous pubhcatlon [18] 
1 (lO)Z,4Z-Furanodrene-6-onu (1) Compound I (95 mg) was 

separated from curcerenone and 5 by CC on SI gel 60 (300 g, 

< 0063 mm), developed with n-hexane Et,0 (9 1) and 

n-hexane -Et,0 (4 1 J Colourless hquld RR, (XE-60) 1 5. RR, 
(capdlary column) 143, R, 0 18 (n-hexane Et,O, 9 1) 

IRvz$ cm- ’ 3030 (=CH), 2970. 2930. 2865. 1655 (C=O), 1533 
(C=C,furan), 1450,1440,1403,1380,11.55,1105.10l8 (CO C, 

furdn). 895,845, 755 UV ,I::” nm 252 (tl 3100). 700 ‘H NMR 

(90 MHz, CDCI,. TMS as mt standard) ri 7 08 (1 H. hr \, z-furan- 

H),588 (1H. hra,H-5),529 (1H.r J = 75Hz.H-l).334(2H, 

AB-system, 6~ = 3 61,6a = 3 06. JAH = 15 Hz H-9d. H-9b). 2 20 

(3H, d, J = 1 5 Hz, methyl furan). 1 76 (3H. d. J = 1 5 Hz, vmyl 

methyl at C-4), 1 65 (3H, br 5, bmyl methyl at C-10). 1 6- 2 4 (4H, 
m, 2 x H-2, 2 x H-3) ‘jCNMR Table 1 MS (70 eV) rn;- (rel 

mt) 230[M]’ (C,,H,R02)(28),215(22),1S0(39~,123(16),122 

(100),94(32),91 (23),81 (39),79(13),77(20).65117),53(13),41 

(17). 39 (24) C,,H,,O, Cdk 230 1307 found 230 1306 (MS) 
NOE H-l H-15 mteractlon, double-resonance frequency 

(a) 148 5 Hz. mtegratmg slgnal of H-l (ii 5 29) Integrator curie 

Increase 24 “” (averaged over several measurements) (b) double 

resonance frequency 158 0 Hz, mtegratmg slgnal of H-l 5 (S 5 88). 
integrator curve mcrease 16 “” 

2-Mrthox~~uranodletIr (2) Compound 2 (I 12 mg) was sep- 
arated from the accompanymg furanoeudesma-1,4-dlene-6-one 
[18] by CC on AgNO, (IO”,~SI gel-60 (8Og. 006 02mm) 
developed with n-hexane~EtzO (7 3) dnd n-hexane Et,0 (3 2) 

Colourless needles, mp 58- 59 RR, (Cdplh’y column) 1 57. R, 
0 59 (n-hexane- Et,O, 7 3) IR vhi; cm I 2990.2980,2950,2930. 
2905,2870,2830,1660 (C=C). 1615 and 15.55 (C=C. furdn). 1445, 

1430, 1390, 1375, 1190, 1153, 1140, 1115. 1095 (C-O-C, methyl 
ether), 965.808.790, 768 UV I,!$~~ nm 208 (r, 10800) ‘H NMR 
(90 MHz, CDCI,, TMS as mt standdrd) d 7 07 (1H. hr 5, 

a-furan-H), 5 05 (1H. i, J = 7 5 Hz. H-5). 4 99 (IH, d, J 
= 105 Hz, H-l), 4 13 (IH. df, J, = 105 Hz, Jz = 45 Hz. H-2), 

3 52 (2H, hr s, 2 x H-9), 3 41 (3H, s. OMe) 3 07 (2H, d, J 
= 7 5 Hz. 2 x H-6), 2 51 (2H. dd, J, = 10 5 Hz. J2 = 4 5 Hz, 2 
x H-3). 192 (3H, d, J = 12 Hz, methyl furan), 164 (3H. br 5, 

vmyl methyl at C-4), 136 (3H, br s. vmyl methyl at C-10) 

‘%NMR Table 1 MS (70eV) m,: (rel mt) 246 [Ml+ 

(ClbHz202) (20), 214 (1 l), 159 (32), 138 (10). 123 (30), 119 (lo), 
108(14),107(14).105(14).91(22),85(23),79(14),77(15),55(13), 

53(12),45(100).43(11),41 (20),39(13).32(10) C,,HLzO,Cdlc 

246 1620, found 246 1615 (MS) 

2-Are~oxyfiranodrmr (3) Compound 3 (I 5 mg) was separated 
from an accompanymg untdentllied furanosesqmterpene ketone 

by CC on AgNO, (lO’:,,kS1 gel (80 g. 0 O&o 2 mm), developed 

with n-hexane-Et,0 (1 1) Colourless wax. RR, (capillary 

column) 2 0, R, 067 (n-hexane+EtzO, 1 1) IR I;?~ cm- 1 2930, 
2870, 2835, 1735 (C=O, ester). 1600, 1550 (C=C, furan). 1450, 

1435, 1375. 1365, 1240 (Ca, ester). 1140. 1023 (Ca<, furan), 
985,965,765 ‘H NMR (90 MHz, CDCI,, TMS ds mt standard) 

6 707 (1H. br s, a-furan-H), 5 53 (lH, dr. J, = 105 Hz, J, 
= 4 5 Hz, H-2), 5 09 (1 H, 1. J = 7 5 HZ, H-5). 5 04 (1 H, d, J 
= 10 5 HZ. H-l). 3 50 (ZH, hr s. 2 x H-9), 3 08 (2H, d J = 7 5 Hz, 
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2 x H-6), 2 52 (2H, dd, J, = 10 5 Hz, J, = 4 5 Hz, 2 x H-3). 2 06 

(3H, s, -OCOMe), 192 (3H, d, J = 12 Hz, methyl furan), 167 

(3H, br s, vmyl methyl at C-4), 1 41 (3H, br s, vmyl methyl at C-10) 

‘%NMR Table 1. MS (70eV) m/z (rel mt) 274 [Ml+ 

(C,,H,,O,) (lo), 214 (50), 119 (44), 149 (23), 147 (29), 146 (28), 

135 (39). 119 (24), 109 (41), 108 (67), 106 (39). 105 (24), 91 (37), 79 
(27), 77 (22), 43 (lOO), 41 (28) C,,HZ203, talc. 274 1569, found 
272 1577 (MS) 

4,5-DlhydroSuranodrene-6-one (4) Compound 4 (85 mg) was 
separated by CC on AgNO, (lO”/,t% gel (20 g OOw.2 mm) 

developed with n-hexane-Et,0 (4 1) Colourless hqmd RR, 
(capdlary column) 1 28, R, 0 63 (n-hexane-Et,O, 4.1) IR 

v;g cm-‘. 2955,2930,2870, 1690 (C=O), 1610 and 1555 (C=C, 
furan), 1455,1435,1410,1390,1375,985,915,750 UV 1%:” nm 

262 (E, lOOO), 211 (10600) ‘H NMR (90 MHz, CDCI,, TMS as 

mt standard) 6 7 00 (lH, br s, a-furan-H), 5 37 (lH, t, 
J = 7 5 Hz, H-l), 3 31 (2H, AB-system, aA 3 44, Ba 3 17, JAB 

= 16.5 Hz, H-9a, H-9b), 290 (2H, dd, J, = IOHz, J, = 20Hz, 

H-5a, H-5b), 2&2 5 (5H, m, 2 x H-2, 2 x H-3), 1.89 (3H, d, J 
= 1 5 Hz, methyl furan), 1 62 (3H. br s, vmyl methyl at C-lo), 1 01 

(3H, d, J = 7 Hz, methyl at C-4) 13C NMR Table 1 MS (70 eV) 

m/z (rel. mt.). 232 [Ml+ (C,5H2002) (67), 214 (26), 189 (24), 176 

(28), 175 (lOO), 162 (44). 161 (48). 159 (25), 150 (22), 149 (31), 135 

(20), 122 (39), 119 (22). 105 (22), 94 (27), 93 (23). 91 (37), 79 (20), 77 

(31), 65 (27), 53 (20), 43 (23), 41 (46), 39 (35) C,sHZ002 talc 

232 1463, found 232 1445 (MS). 

2-Methoxyfurnnoguala-9-ene-g-one (5) Compound 5 (80 mg) 

was separated from 1 as described above Colourless ml, RR, 
(capdlary column) 193, R, 0 15 (n-hexane-Et,O, 9 1) IR 

vzg cm-’ 3030 (=CH), 2960, 2930, 2870, 2830, 1665 (C=O), 

1645 (C=C), 1595, 1570, 1535 (C=C, furan), 1455, 1410, 1385, 
1375, 1275, 1110, (C-O-C, methyl ether), 1050 (C-O-C, furan), 

1005,995,945,840,780,770 UV AF~H nm. 330 (sh, E, 3100), 318 

(3700),239(5100),216nm(13600) ‘HNMR(500MHz,CDC13) 

6 7.04 (lH, 4, J = 1.2 Hz, a-furan-H), 6.40 (lH, dq, J, = 1 5 Hz, 

JZ = 2.5 Hz, H-9), 4 00 (1 H, dy, .J, = 6 5 Hz, J2 = 0 6 Hz, H-2), 

3.30 (3H, s, -OMe), 2.77 (m), 2 23 (3H, d, J = 12 Hz, methyl 

furan), 2.14 (3H, t, J = 1.5 Hz, vmyl methyl at C-lo), 1.82 (m), 

1 7-l 5 (m). 1.08 (3H, dd, .I, = 7 5 Hz, J2 = 5 5 Hz, methyl at C-4) 
13CNMR Table 1. MS (70eV) m/z (rel mt ) 260 [Ml+ 

(C,,H,,0,)(10),213(6),176(10),175(100),174(6),115(45),91 

(5) C,,H,,03 talc 260 1412, found 260.1428 (MS), CllHllOZ 
(base peak) talc. 175 0759, found 175 0833 (MS) 
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