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Absbwt-Four geometrical steroisomers of 3,7,1 l-trimethyldodeca-2,6.10-triene have been synthesized. The PMR 
and “C NMR spectra of these compounds provide important information on the geometry of Me substituted double 
bonds, while the mass spectra distinguish (E and Z,E)-isomers from (E and Z,Z)-isomers. 

Following the identihcation of (E)-j?-famesene (1) as a 
natural aphid alarm pheromone,’ we have discovered that 
a nor-farnesene [(E) - 2,6,10 - trimethylundeca - lJ.9 - 
triene (2)] also possesses the alarm pheromone activity.2 
Studies with analogs of 2 revealed that the geometrical 
configuration of the double bonds in the molecule is highly 
critical to alarm pheromone activity.* 

Since the stereoisomeric 3,7,11 - trimethyldodeca - 
2,6,10 - trienes were considered suitable model com- 
pounds to clarify the relationships between biological 
activity and geometrical configuration, the four possible 
isomers, (E,E)-(3), (Z, E)-(4), (E,Z)-(5) and (Z,Z)-isomer 
(6) were synthesized. Identification of these isomers 
presented unique problems. We wish to report the suc- 
cessful identification of these geometrical isomers by the 
PMR, “C NMR (CMR), and mass spectra. 

(E)-Nerolidol, on treatment with hydrobromic acid, 
gave a bromide. The bromide, reduced with sodium 
borohydride in dimethylformamide, was purified by 
Florisil column chromatography. The hexane eluate 
afforded a 3.5: 1 mixture of 3 and 4. The mixture 
chromatographed over Florisil-silver nitrate three times, 
using hexane<hloroform-ether solvent system (stepwise 
elution), gave (E,E) - 3,7,10 - trimethyldodeca - 2,6,10 - 
triene (3) and (Z,E)-isomer (4). Similarly, from (Z)- 
nerolidol, (E,Z)- and (Z,Z) - 3,7,10 - trimethyldodeca - 
2,6,10 - trienes (5 and 6) were obtained. (-,Z)-isomers 
showed shorter retention times than the corresponding 
(E)-isomers by GLC on OV-225. 

The IR spectra of the four isomers in Table 1 gave 
characteristic absorption due to trisubstituted double 
bonds in 1600 and 8OOcm-’ regions, however, no basic 
difference was detectable among the isomers. 

PMR spectra. The PMR spectra of the compounds 
allowed partial differentiation of the geometrical confor- 
mers in the vinyl Me resonance region. In all compounds, 

Table 1. IR absorptions of trisubstituted double bonds (cm .‘) of 
isomeric 3,7,11-trimethyldodeca-2,6,t&rienes 

RCH = CR'R" 

Isomer UC'C 2X6CH 6 CH 

J (E.E) 1675 1630 835 

.$ (2.E) 1675 1640 840 

2 (E,Z) 1675 1645 835 

p (Z.Zl 1675 1630 830 

I) HBr 

nerolldol OH 
2)NcBH4 l 

3,7,11-tr1methyldodeca-2.6,1O-triene 

1 2 3 

4 5 6 

Me signals were recorded in only two regions, in 1.60-1.61 
and 1.68-1.69 ppm (Table 2). 

Bates et 01.~ studied the stereochemistry of the trisubsti- 
tuted double bond presented by A-CH2C(CHJ=CH-CHr 
B, and recognized differences in the chemical shift of Me 
protons depending upon their geometrical configurations 
in the PMR spectra using carbon tetrachloride solution. 

According to their results, in the case of terpenc 
hydrocarbons (A=H or isoprene unit, B = isoprene unit) 
(E)-Me protons resonate at higher field (1.59-1.60 ppm) 
whereas (Z)-Me protons resonate at lower field 
(1.66 ppm). 

Table 2. Chemical shifts (ppm) of methyl protons of isomeric 
3.7,l I-trimethyldodeca-2,6,lO_trienes 

-_ 

Isomer tCH3)CH=CI and 
-(CH3)C=CW (CH3)C=CH~ 

(E) (Z) 

3 (E.E) 1.60 (12H. s.~) 1.68 OH, b.s.) 

1! (2-E) 1.61 (9H. d.b, 3=1.5) 1.68 (E+,, d.b, pl.5) 

S (E.Z) 1.60 (9H. b.s.) 1.68 (6H. s.) 

li (Z.2) 1.61 (Gi, b.s.) 1.69 (9H, d.b, J;1.5) 

a: Sfnglet. doublet, and broad singlet are abbreviated to s., d.. 

and b.s. 

b: Yhen olefinlc proto"S rt 5.15 ppn wepe irradiated. these doublet 

signals changed to sharp sfnglet signals. 

c: In HZ. 
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By analogy, signals observed at 1.60 or 1.61 ppm, and 
1.68 or 1.69ppm in 3-6 were assignable to (E)-Me and 
(Z)-Me protons, respectively. By PMR. however, we 
could not differentiate between the Me’s substituted on 
each configurational double bond. Moreover, the reso- 
nance of the Me protons at C-l overlapped at 1.60- 
1.61 ppm complicating assignments at this position. 

CMR spectra. The CMR spectra of the four isomers 
showed clearly separated chemical shifts (Table 3). 

A signal for each vinyl Me appeared in the 13, 17 and 
25 ppm regions for all isomers, and we were easily assign- 
able to C-l, (E)-Me attached to C-l I. and (Z)-Me attached 
to C-11, respectively. Two other kinds of vinyl Me’s 
which were observed in all isomers in the 15 and 23 ppm 

10 8 6 4 2 10 8 6 4 2 

2 

8 

Table 3. CMR chemical shifts (ppm) of isomeric 3.7.11- 
himethyldodeca-2,6,1~~enes 

We can classify the chemical shifts of the allylic 
methylene carbon into three signal species, in the regions 
of 26,31-32, and 3w ppm. Analysis5 of these three sig- 
nals reveals that a methylene carbon attached to a (Z)- 

(2) 

2 1E.E) ?. (2.E) $_ (E.2) a (2.Z) 

135.53 135.75 135.53 135.77 

134.65 134.92 134.82 135.05 

130.93 131.03 131.19 131.30 

124.34 124.34 125.03 124.93 

124.23 124.14 124.32 124.19 

118.17 118.94 118.14 118.86 

39.78 39.83 40.07 31.92 

39.78 31.62 32.03 31.87 

26.81 26.80 26.69 26.66 

26.70 26.35 26.64 26.16 

25.67 25.69 25.69 25.68 

II.64 23.42 23.39 23.39 

15.96 17.67 17.59 23.39 

15.64 15.95 15.66 17.69 

13.33 13.27 13.33 13.24 

double bond bearing a Me group [~H&XJC=CH-I 
resonates in the 31-32 ppm region. On the other hand, a 
methylene carbon attached to an (E)-double bond bearing 

te, 
a Me group [<H,(CH,)C=CH-] appears at 394Oppm. 
The remaining 26ppm signals are due to a methylene 
carbon attached to a double bond substituted with a 
proton [_CH&H=C]. The exact assignment between the 
two 26 ppm signals in each isomer is still ambiguous. 

All CMR signal assignments are shown in Fii. 1. 
Mass spectra. Some peaks in the mass spectra of the 

isomers are listed in Table 4. The most remarkable 
distinction is the intensity of the m/e 41 ion species in the 
isomers. This ion species, [GH,]‘. is greater in the 
isomers possessing the (Zkonfigurational double bond at 
C-6 [S(lOO) and 6(90%)] than in the corresponding (Et 
isomers [3(42) and 4(640/o)]. It is possible to consider that a 

25.t7 15.96 (26.a9.18 

regions indicated (E)- and (Z)-Me carbon signals, respec- 
tively. In 4, the Me carbon on the central (E)-double bond 
resonated at 15.95 ppm. On the other hand, in 5 the Me 
carbon on C-3 [(E)double bond] was observed at 
15.66 pp. Therefore. the signal at 15.%ppm could be 
assigned to the Me carbon on C-7, whereas the signal at 
15.64 ppm was due to the Me on C-3 in the (E,E)-isomer 
(3). 

A signal due to each of the olefinic carbons in the 118 
and 131 ppm regions appeared throughout all spectra and 
were assigned to C-2 and C-l 1, respectively. In general, a 

\ disubstituted olefinic carbon ,C=C resonates at lower 
( 1 

field than a monosubstituted olefinic carbon (<H=C).” 
Therefore, signals in the 124 ppm region are assignable to 
either C-6 or C-10 in these isomers. In the case of farnesol 
(7)’ and squalene (8),’ the C-10 carbon resonates at 
somewhat lower field (125.6 in farnesol. 125.5 ppm in 
squalene),t compared with the C-6 carbon (124.9 in far- 
nesol. 125.5 ppm in squalene).t Therefore, in the present 
four isomers, the 124ppm signal at lower field can be 
assigned to C-10 while another 124ppm signal can be. 
attributed to C-6. Although the signals in the 134-135 ppm 
region are due to the carbons at C-3 and C-7, they are not 
distinguishable. 

tValues were given by substituting the original chemical shift Fig. 1. CMR chemical shift assignments for isomeric 3.7.1 I- 
(6,, in Ref. 4) into the equation, STYS = 193.8 - Ls, (Ref. 5). trimethyldodeca-2.6.1Mrienes. 
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Table 4. Relative intensities (%) of some mass spectral peaks of 
isomeric 3,7,1 I-trimethyldodeca-2,6,IO_trienes 

!!e 

Isomer 41 69 81 95 137 206 (H') 

2 (E.E) 42 100 11 6 4 1 

Q (Z.E) 64 100 12 8 3 2 

2 (E.Zl 100 43 23 15 13 6 

5 (Z.21 90 100 51 19 6 5 

proton on C-5 which lies close to C-IO in the (-, Z)-isomers 
accelerates the fission of the C-IO-C-II double bond by 
rearrangement of the proton on C-5 to C-IO. This specula- 
tion was supported by the mass spectra of the nor- 
sesquiterpenes, in which the m/e 41 peak was observed to 
be large in 9 (fS%), (Z)-isomer compared with 2 (Sl%), 
(E)-isomer. 

Birch et al.6 isolated 3 and 4 from the plant, Santa/urn 
spicatum, and synthesized both compounds from farnesyl 
acetate. Compound 3 was also found in cigarette smoke 
by Dare et al.,’ who prepared it from famesyl bromide. 
Thus, farnesyl derivatives are good sources of the corres- 
ponding sesquiterpene hydrocarbons. In order to obtain 
stereoisomeric hydrocarbons, nerolidols are more favora- 
ble starting materials, since commercial farnesol contains 
only (E)-configurational isomers at C-6. 

-AL 

The PMR spectra were recorded in deuteriochloroform on a 
Varian XL-100 spectrometer at 100 MHz with TMS as internal 
standard. The CMR spectra were taken at 25.5 MHz on a Varian 
XL-100 using 25% solution in CDCI, in 5 mm sample tubes. 
Chemical shifts were measured from internal TMS. The mass 
spectra were measured on a Bendix Model I2 modified with a 
CVC Mark IV. Ionization was at 30” and 70eV. The IR spectra 
were obtained as liquid films on a Perkin-Elmer Model 257 
spectrometer. 

(E,E)- and (Z,E) - 3,7,1 I - Trimethyidodeca - 2,6,lO - triene (3 
and 4). A mixture of (E>nerolidol (4.Og) and 48% hydrobromic 
acid (4ml) was stirred for 30min under ice-cooling, and then 
stirred for 2hr at room temp. The mixture was extracted with 
ether, washed with water, and dried with Na,SO.. Removal of the 
ether gave a crude bromide. To a soln of the crude bromide in 
DMF (I4 ml) was added dropwise a suspension of NaBH. (720 mg) 
in DMF (IO ml) under ice-cooling. After stirring at 5” for 30 min, 
the stirring was continued for I hr at room temp. The mixture was 

treated with water, extracted with hexane, washed with water and 
dried with N&SO.. Evaporation of the solvent afforded an oily 
residue. Florisil(50 g) column chromatography of the residue gave 
a mixture of 3 and 4 from hexane eluate. The mixture was 
chromatographed over Florisil-silver nitrate (10%) (6Og), and 
eluted with 12 ml fractions of hexane containing increasing prop- 
ortions (5, 10, IS,. . ,90, 95, and 100%) of chloroform. Subse- 
quently the column was eluted with a mixture of chloroform and 
ether, in which the concentration of ether was increased in 
successive 10% steps. Finally, the column was eluted with ether. 
The Florisil-silver nitrate column chromatography was repeated 
twice with the same solvent system. Compound 4 (106 mg) and 3 
(435 mg) were eluted separately during the ether fractions. 

(E,E) - 3.7.11 - Trimethyldodeca - 2.6.10 - lriene (3): PMR; 1.60 
(12H. s.), 1.68 (3H. b.s.), 2.15 (8H, b.s.), 5.15 ppm (3H, m.): MS; 
m/e 206 (M’: C,.Hd. 137. 136. 123. 121. 95. 81. 69. 41. (Z.E)- ._ _“,. 
3,7,11 - Thmkthyldodeca - i,6,10 - triene (4): PMR; I:61 (<Hi d., 
I = 1.5). 1.68 (6H, d., I = 1.5), 2.04 (8H, 1., I = 2), 5.15 ppm (3H, 
m.): MS; m/e 206 (M’; C,, H& 137,136,123,121,95,81,69,41. 

(E,Z> and (Z,Z) - 3,7,1 I - Trimefhyldodeca - 2,6,10 - triene (5 
and 6). (ZkNerolidol (3.5 g) afforded 6 (74 mg) (from 45 to 60% 
ether in chloroform fractions) and 5 (215 mg) (from ether 
fractions) by the same reaction and isolation procedures described 
above. 

(E,Z) - 3.7.1 I - Trimethyldodeca - 2,6,lO - triene (5): PMR; I.60 
(9H, b:s.), I.68 (6H, s.), 2.05 (8H, d., I = 2.5), 5.15 ppm (3H, m.): 
MS: m/e 
(Z,i) - 

206 (M+: 
: 

C,,Hd. ._ -.. 164. 
Timethyldodeca 

137. 136. 
2.6.10 : 

121.95.81.69. 53.41. 
3.7.11 - triene (6):‘PMR; I.61 

(6H, b.s.), 1.69 (9H. d., I = 1.5), 2.05 (8H, d., I = 2.5), 5.15 ppm 
(3H,m.): MS; m/e 206(M*;&H,), 163,137,136,122,121,95,81, 
69, 53, 41. 
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