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Abstract-The ldentlficatlon of hndestrene, furanoeudesma-lJ-dlene and furanoeudesma-1,4-dlene-6-one, isolated 
from the essential 011 of myrrh, was carried out by spectroscopic methods 

INTRODUCTION 

Knowledge about the constituents of the essential 011 of 
myrrh, the re.sin of Comm@~ora molmol Engler, IS scanty 
Only a few monoterpenes, phenols and aromatlc alde- 
hydes have been described m the literature and one author 
has reported the presence of the sesqulterpene hydro- 
carbon cadmene It was our intention to confirm these 
results by modern analytical methods, but none of these 
compounds was present m the mvestlgated matenal 
Instead, we found that all the constituents of the 011 were 
sesqmterpenes, especially furanosesquiterpenes of four 
different types In this paper, we report the charactenz- 
atlon of two new furanoeudesmanes 

RESULTS AND DISCUSSION 

The essential 011 from myrrh (quality DAB 8) was 
extracted with n-hexane The main component of the 011 
was the new furanoeudesmane, furanoeudesma-1,3dlene 
(1, 19x), a colourless, unstable hquld with an Intensive 
fragrance which was rapidly auto-oxldlzed m air at room 
temperature to give a resmous substance It was isolated 
from the non-polar fraction of the essential 011 which also 
contained sesqulterpene hydrocarbons [2] and other 
unsubstltuted furanosesqulterpenes, one of which was 
ldentlfied as the furanoeudesmene hndestrene (2) [3], a 
compound which had only been isolated from two plants 
of the Lauraceae 

Compounds 1 and 2 showed very slmlhar chromato- 
graphic behavlour (TLC, GLC and capillary GLC) sug- 
gesting that 1 was a non-pokr denvatlve of furanoeudes- 
mane 1 gave a positive Ehrhch colour reactlon and had a 
molecular formula of C,,H1sO ([M]+m/z 214) These 
facts suggested the presence of a furan moiety and this was 
confirmed by the spectral data [4] 

The mass spectrum of 1 showed the base peak at m/z 
108, which 1s a characterlstlc of furanosesqulterpenes with 
an unsubstltuted carbon atom m the a-posltlon to the 
furan ring [4, 51 This fragment 1s formed by retro- 
Duels-Alder type rmg cleavage The ‘H NMR spectrum 
also Indicated the presence of the furano-groupmg Thea- 
proton of the furan rmg appeared as a characterlstlc 
downfield signal at 6 7 06 (s, br) A doublet at 6 1 95 (J 

*This work has been taken from the Ph D thesis of P N [l] 

= 15 Hz) belonged to the /?-methyl hydrogens In the IR 
spectrum the typical bands of a furan rmg system were 
present at 1595, 1565 (C = C), 1145 and 1090 cm- ’ 
(C-O-C) By comparmg the chemical shifts m the 13C 
NMR spectrum of 1 with those of menthofuran [6], 
lmdenenol and hndenenyl acetate [7,8], the assignment of 
the signals of the furan carbons (C-7, C-8, C-l 1, C-12) 
and of the /?-methyl group (C-13) was possible (Table 1) 

Table 1 13C NMR data of 1 and 3 (CDCI,, TMS as Internal 
standard) 

C 
(22 64lMHz) 

C 
(62 :9 MHz) 

1, 2, 3 

4 
5 

6, 9 

7 
8 
10 
11 
12 
13 
14 
15 

1356d 
1221 d 
1201 d 
1369s 
429 d 
367 t 
198 r 

1167 s 
1499 s 
353 s 

1194 s 
1375 d 

82q 
204q 
154q 

~2~4 

3, 9 

5, 7, 8 

6 
10 
11 
12 
13 

14, 15 

1338s,d 
1205 d 

i 386 351 t t 
i 1631 1401 1507 s s s 

1882 s 
395 s 

1196s 
1394d 

9lq 
280q 
209 q 



188 C H BRIESKORN and P NOBLE 

The remaining four downfield signals at 6 135 6 (d m off- 
resonance spectrum), 122 1 (d), 120 1 (d) and 136 9 (s) 
belonged to two more double bonds The multlphclty of 
the signals m the off-resonance spectrum indicated l,l-dl- 
and 1,1,2-tnsubstltutlon, respectively, of these double 
bonds In the IR spectrum the expected band for a 1,2 CIS- 
dlsubstltuted olefin was observed at 725 cm- ’ 

The ‘H NMR spectrum of 1 showed that the two 
double bonds were conjugated, the olefimc protons 
having the coupling pattern of cyclohexadlenes H-l had 
only one nelghbourmg proton (H-2) and showed vlcmal 
coupling It appeared at 6 5 55 as a doublet ( Ji,2 = 9 Hz) 
broadened by allyhc couphng vvlth H-3 H-2 gave a double 
doublet at 65 81( J1 z = 9 Hz, J2,3 = 6 Hz), H-3 appeared 
as a multlplet at 65 72, because It was coupled vlcmally 
with H-2 and long-range coupled with H-l, H-5 and the 
protons of the methyl group at C-14 The eudesmanohde 
gazamohde described by Bohlmann and Zdero [9] has the 
same structure m rmg A The ‘H NMR data of the three 
olefimc protons of 1 were m excellent agreement with 
those of gdzamohde The dlene structure was confirmed 
by the UV spectrum Besides the characterlstlc absorption 
of the isolated furano-groupmg at 217 nm, there was 
another maximum at 263 nm This value was confirmed 
by incremental calculations [lo] for a homoannular S-crs- 
dlene 

The 13C NMR spectrum demonstrated that 1 conslsted 
of a blcychc terpene skeleton fused with a furan rmg The 
signals at 642 9 (d m off-resonance spectrum) and 35 3 (s) 
were assigned to bridge-head carbon atoms, one of which 
was substituted by a methyl group The homoannular 
conjugated dlene arrangement mdlcated by the spectra 
was only possible m a six-membered skeleton of the 
eudesmane or eremophllane type A furanoeremophllane 
skeleton was excluded by FT-pseudo INDOR-decouphng 
experiments As the posltlons of the methyl groups m the 
furanoeudesmane skeleton are blogenetlcally fixed at C-4 
and C-10, the posltlons of the double bonds could be 
defined From these results the structure of 1 was 
established as furanoeudesma-1,3-dlene 1 was optically 
active 

From the polar fractions of the essential 011 of myrrh we 
separated another new furanosesqulterpene (3) of the 
eudesmane type by hqutd chromatography on slhca gel 
impregnated with silver mtrate The results of the spectral 
mvestlgatlons led to the structure furanoeudesma-1,C 
dlene-6-one (3), a colourless, unstable 011 The [M] + (m/z 
228) agreed with the molecular formula C15H1602 and a 
positive Ehrhch colour test mdlcated a furano-groupmg 
This was confirmed by the ‘H NMR spectrum The 
a-furan proton appeared at 67 07, and the protons of the 
P-methyl group gave a doublet at 62 25 (J = 1 5 Hz) In 
the 13C NMR spectrum of 3, the carbon atoms of the 
furan rmg had slmllar chemical shifts to those described 
for 1 (Table 1) 

A singlet at 6 188 2 was assigned to a carbonyl carbon 
atom The unusual high-field shift of the signal was caused 
by cross-conJugatlon with the furan rmg and a further 
double bond For a&a’j’-unsaturated ketones absorp- 
tlons at 6 190 are reported [ 1 l] The posltlon of the C = 0 
absorption value m the IR spectrum at 1655 cm-’ 
supported the olefimc cross-conJugatlon [ 10, 12, 131 
Curcolone [ 14, 151 and hndenenone [ 161 have the same 
conlugated carbonyl systems, which are mdlcated m their 
IR spectra by very slmllar carbonyl absorptlons at 1650 
and 1653 cm- 1 The position of the keto group in 

conjugation to the furan was confirmed by the mass 
spectrum The base peak m/z 122 was the fragment of the 
retro-Dds-Alder type rmg cleavage and 1s characterlstlc 
of compounds with a keto group m the a-pontoon to the 
furan [5, 17-191 The 0x0 function was put at either C-6 
or C-9 The chemical shrft value of the a-furan proton at 
67 07 m the ‘H NMR spectrum led to the C-6 position 
For the a-proton m 9-0~0 denvatlves, a deshleldmg effect 
caused by tautomerlsm 1s observed the shift 1s displaced 
downfield (67 2-7 4) [20] The cross-conjugated carbonyl 
system was verdied by the UV spectrum (J_, 259 and 
286 nm) of curcolone (A,, 261 and 292nm) [14] The 
double bond conjugated to the 6-keto group was tetra- 
substituted The hydrogens of the methyl group located 
on this double bond appeared at 62 07 as a sharp singlet 
because there was no allyhc coupling with an oletimc 
proton This double bond could only be m the A4 5- 
position The rest of the ‘H NMR and 13C NMR data 
confirmed the furanoeudesmane skeleton 

Compound 3 contained a second double bond which 
was not present m the furan rmg system 1,2-CW 
dlsubstltutlon was deduced from the IR spectrum which 
had a typical band at 730 cm-l (&CH = CH- out-of- 
plane 1,2-cu-dlsubstltuted) and from the “C NMR 
spectrum The olefimc carbon atoms showed resonances 
at 6 133 8 and 120 5 and gave doublets m the off-resonance 
spectrum In the ‘H NMR spectrum the two olefimc 
protons appeared together as a sharp singlet at 65 62 
Nelghbourmg methylene protons at C-3 gave a broad 
smglet at 62 79 The Isolated protons at C-9 gave an AB 
system with 6,2 93 and 682 70 (JAB = 17 Hz) The mag- 
netic non-eqmvalence of H-9a and H-9b was caused by the 
amsotroplc effect of the keto group [10,21] Curculone 
with the same isolated methylene \group at C-9 as 3 also 
showed an AB system with a couphng constant of 17 Hz 
Therefore 3 had the structure of furanoeudesma-Wdlene- 
6-one 

EXPERIMENTAL 

Fracczonatlon of the essentml ozl of myrrh The essential 011 
(22 g) was extracted with n-hexane, subjected to CC on SI gel 60 
(500 g, 0 06-O 2 mm, column diameter 6 5 cm) and developed 
with petrol (bp 50-70”)-Et,0 mixtures of Increasing polarity (2 1 
17 3,2 1 7 3,2 I 1 1,ll Et,O) Fractions (346) each of 15 ml were 
collected and examined by TLC, GLC on two columns (SE 30, 
XE 60), and by the Ehrhch colour test The non-polar fractions 
contamed furanoeudesma-l,3-dlene (1) besldes atopaene, bour- 
bonene, furanodlene, p-elemene and hndestrene [22] The polar 
fractions contamed furanoeudesma-1,4-dlene-6-one (3) besldes 
curzerenone and furanodlene-6-one [l] 

Furanoeudesma-1,3-dtene (1) 1 was separated from hndestrene 
(2) and the other accompanymg sesqmterpenes by CC on AgNOa 
(lOyO), SI gel 60 (lOOg, 006-O2mm), developed with n- 
hexane-Et,0 (9 1) and n-hexane-Et,0 (4 1) 108 mg 1, colourless 
hqmd, RR, (XE 60) 1, RR, (cap column) 10, R, 0 29 (n-hexane) 
IR v,$cm-’ 3030 (= CH), 2970,2930,2900,2870,2850,2810, 
1645 (C = C), 1595 and 1565 (C = C, furan), 1453, 1440, 1385, 
1365, 1145, 1090 (C-C-C, furan), 1045, 770, 725 (CH = CH-, 
1,2-crs-dlsubstltuted), UV IzH (c)nm 263 (4200) and 217 
(7200), ‘H NMR (90 MHz, CDCl,, TMS as mt standard) 67 06 
(lH, s (br), a-furan-H), 5 4&5 88 (3H, m, olefin-H, H-l, H-2, H-3), 
22-28 (5H, m, H-5, H,-6, H,-9). 195, (3H, d, J = 1 5H2, Me at 
furan), 1 87 (3H, s(br), vmyl Me at C-4), 0 84 (3H, s, Me at C-10), 
(250 MHz, CDCI,) 67 06 (lH, s(br), a-furan-H), 5 81 (lH, H-2, 
dd, J, = 9 Hz, J, = 6Hz), 572 (lH, m, H-3), 555 (lH, d(br), 
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J = 9 Hz, H-l), 2 2-2 8 (5H, m, H-5, HZ-6, HZ-9), 195 (3H, d, 
J = 15 Hz, Me at firan), 187 (3H, s(br), vmyL Me at 4-C), 0 84 (3H, 
s, tert Me at C-lo), “C NMRsee Table 1, MS (70 eV) m/z (rel 
mt) 214 [M]+ (C,,H,sO) (50), 199 (25). 118 (26), 108 (lOO), 91 
(18), 79 (21), 77 (17), 43 (14), [a]‘,” 59” (c = 082, CHCl,), 
C,,H,,O talc 214 1358, found 214 1376 (MS) 

Furanoeudesma-l,Qdlene-6-one (3) 3 was separated from the 
accompanymg sesqmterpenes by CC on AgN03 (10 x)-)-d gel 60 
(80 g, 0 06-O 2 mm), developed with n-hexane-Et,0 (7 3) and n- 
hexane-Et20 (3 2) 45 mg 3, colourless hqmd, RR, (cap column), 
165, R, 0 63 (n-hexane-Et,O, 7 3) IR vz cm-’ 3030 (= CH), 
2960,2930, 2870,2805, 1673, 1655 (C = 0), 1618, 1560 (C = C, 
furan), 1453, 1433, 1420, 1380, 1265, 1245, 1098, 1075, 1045 
(C-O-C, furan), 910, 880, 730 (CH =CH-, 1,2-cts- 
dlsubstltuted), UV AFzH (.s)nm 286 (2300), 259 (2400) and 214 
(7100), ‘H NMR (90 MHz, CDCl,/TMS) 6707, (1H s (br), o(- 
furan -H), 5 62 (2H, s, H-l, H-2). 2 79 (2H, s (br), H-3). 2 82 (2H, 
AB system, 6*2 93, &,2 705*, = 17 Hz, H-9a, H-9b), 2 25 (3H, d, 

J = 1 5 Hz, Me at furan), 2 07 (3H, s, vmyl Meat C-4), 1 21 (3H, 
s, tert Me at C-lo), (90 MHz, CsD, TMS as mt standard) 66 79 
(lH, s (br), a-furan-H), 5 31 (2H, s, H-l, H-2), 2 41 (2H, s (br), H,- 
3), 2 54 (2H, AB-system, 6,2 68,682 40, J,a = 16 5 Hz, H-9a, H- 
9b), 2 28 (3H, d, J = 1 2 Hz, Me at furan), 2 07 (3H, s, vmyl Me at 
C-4), 106(3H,s, tert Meat C-lo), “CNMR Table 1, MS (70eV) 
m/z (rel mt) 228 [M]’ (C,,H,,O,), (25), 213 (29), 198 (16), 123 
(13),122(100),94(33),91 (11),66(12),65(12),39(10) C15H1602 
talc 228 1150, found 228 1159 [MS] 
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