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New synthesis of (Z)-5- and (Z)-7-monoene components 
of insect sex pheromones of the Lepidoptera order 
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A new procedure was developed for the synthesis of (Z)-5- and (Z)-7-monoene compo- 
nents of sex pheromones of Lepidoptera insects based on cometathesis of readily accessible 
cycloocta- 1.5-diene and ethylene. 
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(Z)-Dec-5-en- l -o l ,  (Z)-dodec-5-en-l-ol .  and the 
corresponding acetates are components of sex phero- 
mones (SP) of more than 60 species of lepidopterous 
insects (Lepidoptera). ] These compounds are character- 
istic of sex pheromones of plurivorous insects of the 
noctuid family (Noctuidae) and. in particular, of the 
cutworm subfamily (Agrotinae). The typical representa- 
tive of the latter is the turnip moth (Agrotis segetum), 
which is a pest of sprouts of winter crop, maize, cotton, 
and many other plants, z The sex pheromone of this 
insect involves (2)-dec-5-en-I -ol  and its acetate, z G e n -  
erally, syntheses of sex pheromones, like other Z-ene 
compounds, are based on Z-stereoselective versions of 
the Wittig reaction 1,3-7 or on the translbrmation of the 
triple bond into the Z-double bond. 1.4-n The use of 
sodium hexamethyldisilazide (-78 ~ in the Wittig 
reaction made it possible to prepare Z isomers with a 
purity of 98%. 7 In the case of partial hydrogenation of 
acetvlenic, compounds with the use of the "P-2 Ni-en" 
catalyst s or Lindlar catalysts at low temperature, s the 
stereoselectivity increased to 99%. Similar stereopurities 
were achieved in the hydroboration of alkynes with 
9-BBN followed by protonolysis 9 or carbocupration of  
acetylenic compounds, t~ Catalytic cometathesis of die- 
fins makes it possible to decrease the number of stages 
of the synthesis of pheromone components, 4-11-z~ to 
use readily available starting materials, 4,11-2~ and to 
employ technologically effective heterogeneous cataly- 
sts.15.16,t8 -z0 The drawback of this approach is the fact 
that it always affords mixtures of E and Z isomers. 
Metathesis or cometathesis of linear olefins and their 
limctional derivatives produced predominantly thermo- 
dynamically t-avorable E isomers regardless of the nature 
of the catalytic system ttsed. 4.11-13,16.17.21 Previous- 
ly. 18-211 we have demonstrated that cometathesis ofcyc-  
Ioolefins (C 5, C 7, or Cs) with c~-olefins can afford pre- 
dominantly (2)-di - l ,k-enes  (k = 6--1 I )  Based on these 
compounds, efficient procedures were developed t s -2~  

for the two-to-four-stage syntheses of monoene compo- 
nents of pheromones containing a double bond at posi- 
tions 6--11 with respect to the functional group. How- 
ever, the synthesis of 5-monoene components of phero- 
mones according to this procedure is hampered because 
the starting cyclobutene is a difficultly accessible com- 
pound. At the same time, cyctohexene virtually does not 
enter into cometathesis. Therefore, we proposed a scheme 
for the synthesis of 7-monoene components of phero- 
mones based on cometathesis of cyclopentene and the 
appropriate a -o l e f in  followed by hydrobora t ion- -  
carbonylation of intermediate 1,6-dienes. ts In particu- 
lar, the cyclopentene-hex-l-ene pair was used tbr the 
synthesis of dodec-7-en- l -ol .  The resulting mixture of 
isomeric undeca- 1,6-dienes contained only 59% of the 
Z isomer even at low temperatures and conversions. 2~ 

In this work we used stereoselective cometathesis of 
cycloocta-l ,5-diene ( i )  with ethylene (2) for the syn- 
thesis of (2)-5-  and (Z)-7-monoene components of 
insect pheromones (Scheme I). 

We found that 80% of diene ! was converted upon 
cometathesis of I with 2 in the presence of MoCIs/SiO 2 -  
SnMe4 zz under mild conditions (20 ~ the pressure of 
ethylene was 25 atm, the molar ratio 1 : Mo = 500) 
for 24 h. In this case, (Z) -deca- l ,5 ,9 - t r i ene  (3) 
(68.4%) containing an admixture of the E isomer (1.2%) 
was obtained as the major ethenolysis product. The 
stereoselectivity and selectivity of the cometathesis can 
be enhanced by terminating the process at lower degrees 
of conversion of 1. Thus when the degrees of conversion 
of 1 were 50% and 20%, the selectivity was 87% and 
92% and the stereoselectivity was 99.3% and 99.7%, 
respectively. Such high stereoselectivity was observed 
for the first time in metathesis and cometathesis. 
This stereoselectivity is comparable with or is even 
superior to that achieved in the above-mentioned classi- 
cal procedures. With the aim of unambiguously estab- 
lishing the structure and purity of triene 3, we synthe- 
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sized a sample o f  the tr iene containing 80% and 20% o f  
the E and Z isomers,  respectively, using metathesis o f  
hexa-1,5-diene.  The  IR and N M R  spectra of  this sample 
have bands character is t ic  o f  the E isomer  o f  3 a long 
v~ith bands typical o f  the Z isomer. 16.t9 IR, v / c m - I :  
950 ( ( E ) - H - - C = C - - H ) .  IH N M R ,  (CDCI3),  8 : 5 . 4 2  
(m, 2 H, C H=C!:J_). I-3C N M R  (CDCI3),  8 : 1 3 0 . 2  
( ~ H = C H ) .  Then  tr iene 3 was subjected to hydro-  
z i r c o n a t i o n - - p r o t o n o l y s i s  z3 resul t ing  in ( Z ) - d e c a -  
1.5-diene (4) in high yield. This diene is the in te rmedi -  
ate in the synthesis o f  a lcohols  5 and 7 and acetates 5a 
and 7a. 

We used a simple procedure  for hydrozi rconat ion o f  
triene 3. This procedure  was based on the facts that the 
synthesis o f  Cp2ZrHCI (8) is performed in the presence 
of  triene 3 and hydrozi rconat ion  proceeds at the m o -  
ment o f  format ion o f  reagent 8. To increase the se lec-  
tivity of  hydroz i rcona t ion ,  we used a twofold excess o f  
triene 3. After comple t ion  o f  the reaction,  unconsumed 
triene 3 was distilled of f  in vacuo and the remaining 
nonvolatile z i r conocene  derivative was subjected to 
protonolysis. The  target diene 4 conta ined  (Z ) -dec -5 -  
ene (9) as an admixture .  According to the published 
data, 24 internal  doub le  bonds are less react ive in 
hydroboration than terminal  bonds. Hence ,  c o m p o u n d  
9 ioes not undergo hydroborat ion under  the action o f  
9-BBN and can be readily separated. This allows one to 
prepare the target products  with high purity (>99%). 
From the practical  v iewpoint ,  it is impor tant  that  
Cp2ZrCI 2 is recovered upon protonolysis  o f  z i rconoeene  
derivatives with HCI.  Then  Cp2ZrCI 2 can be isolated 
and reusedfl  3 It should be noted that we failed to find 
conditions tbr the select ive preparation o f  diene 4 using 
the hydrobora t ion- -pro tonolys i s  sequence.  In all experi-  

ments ,  we obta ined mixtures o f  t r iene  3, diene 4;, and 
dec -5 -ene .  Hydrobora t ion  of  d iene  4 with 9 -BBN af- 
forded in termedia te  borane,  which was oxidized to form 
a l c o h o l  5 o r  i n t r o d u c e d  in to  the reac t ion  wi th  
B r C H ~ C O O E t  in the presence o f  Bu 'OK to increase the 
hydrocarbon chain  by two carbon a toms zs and to pre-  
pare ester 6. Previously,  we have a l ready used combina -  
t ions o f  these react ions  for the synthesis  o f  insect phero-  
mones  I s - z~  and, in particular, the pheromone  of  the 
omnivorous  leafrol ler  (Archips podana).  19 We have de-  
ve loped a procedure  for the pur i f icat ion of enoates 6, 
which  was used in this work. This  procedure involves 
saponif icat ion o f  enoa te ,  dissolution o f  the salt in water.  
and extraction o f  the solution with ether,  as a result of  
which admixtures  pass into e thereal  extracts. Then the 
aqueous  solut ion o f  the salt is acidif ied,  the acid is 
isolated, and ester  6 o r  purified acid  obtained from 6 is 
reduced with LiAIH 4 to produce alkenol  7. Acetylat ion 
o f  the latter afforded acetate 7a. 

To summar ize ,  Z-s te reose lec t ive  cometathes is  o f  
cyc looc tad iene  I wit h ethylene 2 is a convenient  p roce-  
dure  for the prepara t ion  of  (Z ) -deca - l , 5 , 9 - t r i ene  (3), 
which is a versati le in termedia te  in the synthesis o f  
various c o m p o u n d s  conta in ing a Z-doub le  bond. 

Experimental 

The purities o f  the solvents, starting compounds, and re- 
suiting products and the course of the reactions were monitored 
by GLC- on an LKhM-8MD chromatograph equipped with a 
flame ionization detector and an ITs-26 integrator (a 50 m • 
0.2-mm quartz column, SKTFP or SE-30 as the stationa~' 
phase, H 2 as the carrier gas) in the linear temperature-pro- 
gramming mode (12 ~ min -t)  from 35 'C  to a temperature 
100 "C lower than the boiling point of  the corresponding 
compound. The IH and 13C NMR spectra were recorded on a 
Bruker MSL-300 spectrometer in CDCI 3 relative to Me4Si. 
The IR spectra were measured on a Specord IR-75 instrument 
in a thin layer. The mass spectra (El)  were obtained on a 
Kratos MS-80 instrument (70 eV). Elemental analysis was 
carried out on a Carlo Erba CHNSO elemental analyzer. The 
stereoisomeric compositions were determined based on the data 
of GLC and IH and t3C NMR spectroscopy. All reactions and 
the preparation of the starting compounds and solvents were 
carried out under an atmosphere of argon of special purity 
grade using LiAIH 4 as the drying agent. 

(Z)-Deca-l ,S,9- tr iene (3). The MoCIs/SiO 2 catalyst z2 
(10 g, 1.5 mmol of Mo) and cycloocta-l,5-diene (I) (Fluka) 
(81 g, 0.75 mot) were placed into a steel autoclave equipped 
with a stirrer, manometer, and an apparatus for sampling. The 
pressure of ethylene 2 was increased to 25 arm. Then a solution 
of  Me4Sn (Fluka) (I.07 g. 6.0 mmol) in toluene (93 mL) 
saturated with ethylene at 27 atm was added. After 24 h 
(20 '~C). the reaction mixture was separated from the catalysts. 
After rectification, triene 3 was obtained in a yield of 55 g, b.p. 
169 ~ (760 Torr), no z~ 1.4502. Tile content of the major 
compound was 99.0%. Found (%): C, 88.11; H. 11.85 Ct0H16. 
Calculated (%): C, 88.16; H, 11.84. tMS, m/z (Ire I (%)): 136 
[MI + (3), 41 [M - 951 + (100). tH NMIR (CDCI3), 15:2.15 (m, 
8 H, CI:I.2--CH=); 4.90 (m, 4 H, C_H.2=CH); 5.39 (t, 2 H, 
C H=CH, J = 6.0 Hz); 5.80 (m, 2 H, C,0.=CH2). 13C NMR 
(CDCI3), 8 :27.0  (CH: - -CH=CH) ;  34.0 (CH2=CH--CH2)" 
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114.8 (C_-_H,=CH); 129.6 (~H=~_H): 138.5 (CH2=CH). IR, 
v/era-I: 730 ((Z~-H--C=C-I- | ) :  1040 (C=C). 

(Z)-Deea-1,5-diene (4). A 0.455 ,I,/LiAIH.~ solution (I. 1 g. 
32 retool) in THF (70.3 mL) was added dropwise to a solution 
of Cp2ZrCI 2 (Fluka) ~18 g, 62.3 retool) and triene 3 (16.9 g, 
124 retool) in anhydrous THF (180 mL). The mixture was 
stirred at 20 "-C tbr I h. Then THF and unconsumed 3 were 
distilled off h7 vacuo. Hexane (90 mL) was added to the residue. 
Then a 5% aqueous HCI solution (70 roll was added dropwise. 
Ti~e aqueous layer was separated. The solution of diene 4 in 
hexane was neutralized with K2CO 3. washed with water, and 
dried with MgSO 4. The hexane was distilled offand the residue 
was distilled. Diene 4 was obtained in a yield of 7.74 g (90%), 
b.p. 173 ~ (760 Tort). nD-'~ 1.4391. The content of the major 
component was 94.0%. MS. m/z (Ire t (,'%)): 138 [MI + (5), 41 
IM - 971 + (100). IH NMR (CDC]3). 6:0,85 (m, 3 H, 
CH3--CH2);  1.29 (m, 4 H, C]:Lz--CH2): 2.15 (m, 6 H, 
C_HT_--CH=); 4.9 (m, 2 H, C H_,=CH): 5,39 it, 2 H. CIJ,I=CH. 
d = 6.0 Hz)" 5.8 (m, I H. C H = C H  2) (of lit. dataZ~ 

(Z) -Dec-S-er t - l -o l  (5). Diene 4 (4.2 g, 30.4 mmol) was 
added to a stirred suspension o f  9-BBN (Fluka) (3.7 g, 15.2 
mmol) in anhydrous THF (30 mL)  at 12 ~ The reaction 
mixture was stirred at 12 oC for I h and then at 25 ~C for I h. 
Then the mixture was cooled to 6 ~ and methanol (30 mL), 3 .r 
NaOH (5 roLL and 30~ H202 (20 mL) were added in such a 
way as to keep the temperature below 20 ~ Methyl alcohol, 
water, and TH F were distilled off in vacuo and the residue was 
extracted with hexane. The extract was washed with water and 
dried with MgSO.I. After removal of the hexane and distillation, 
alcohol 5 was obtained in a yield of 4.4 g (92%), b.p. 90 ~ 
(10 Torr). no2U 1,4535. The content of the major component 
was 99.2%. ~H NMR (CDC)3), 6:0.90 (br.s, 3 H, C]2t.3--CH2); 
1.31 (br.s, 6 H, C.H__2--CH2): 1.51 (m. 2 H, CH_,--CH20): 1.99 
(br.s, 4 H, C_I:I.2--CH--CH): 2.24 (br.s, I H, OH): 3.52 (m. 
2 H, C H:--O);  5.29 fbr.s, 2 H, CI-t=C.H), 13C NMR (CDCI3), 
15:13.9 (CH3--CH2); 22.8.20.7, 29.4.29.9, 31.6, 32.3 (6 CH2); 
62.4 (_C,,H2--O); 129.9, 130.1 (_C,H=C_H) (cf lit. dataZn). 

(Z)-Dec-5-en- l -y l  l-acetate (Sa). A solution of AcCI 
(3.0 g, 38 retool) in hexane (10 mL~ was added with stirring to 
a solution of alcohol 5 (4.4 g, 28.2 mmol~ and Py (3.2 g. 
40 retool) in anhydrous hexane (10 mL) at 12 ~ in such a way 
as to keep the temperature below 20 ~ The reaction mixture 
was stirred for 2 h, decomposed with water, and extracted with 
hexane. The extract was washed with water and dried with 
MgSO 4. After removal of the hexane and distillation, acetate 5a 
was obtained in a yield of 5.2 g (93%), b.p. 105 ~ (8 Tow), 
nD 2~ 1.4406. The content of the m,~jor compound was 99.2%. 
IH NMR (CDCI3), ,5:0.90 (na, 3 H. CH3--CH2): 1.30 (br.s, 
6 I-I, CH2--CJsI.2): 1.51 (m, 2 H, CH2--CH~_O): 2.0 (m, 7 H: 
3 H. CH3--CO and 4 H, 2 CH2--CH=CH): 3,99 (t. 2 H, 
CH__20. J = 7.0 Hz); 5.29 tt, 2 H, CI-I=CH_. J = 6.0 Hz). 
I'C NMR (CDCI3) 6:14.0 (~H3--CH2): 20.8 (~_H3--CO); 
22.8. 26.3, 28.9, 29.4. 31.1, and 32.9 (6 ~H,); 64.6 (.CH20): 
129.3, 130.2 (C,,H=_~H); 170.7 (~OO) (of- lit. dataZ6). 

Ethyl (2')-dodec-7-enoate (6). Diene 4 (7.74 g, 45 retool) 
was added to a stirred suspension of 9-BBN (6 g, 25 retool) in 
anhydrous THF (40 mL) at 12 ~ The mixture was stirred at 
12 ~C for I h and then at 25 ~C for I h and THF was distilled 
off in vacuo. BrCH2COOEt (12 g, 70 retool) was added to the 
residue cooled to 12 ~ and then a solution of ButOK (8 g. 
70 rnmol) in ButOH (60 mL) was added dropwise in such a way 
as to keep the temperature below 20 ~ The reaction mixture 
was stirred for 2 h. Then the mixture was successively treated 
with a 3 M AcONa solution (40 mL) and a 30% H202 solution 
(20 mL). Water and Bu~OH were distilled off in vacuo and the 
residue was extracted with hexane. The extract was washed with 

water and dried with MgSO 4. After removal of the hexarre and 
distillation, ester 6 was obtained in a yield of 6.2 g (55%), b.p. 
98 ~ (0.3 Tort), riD2~ 1.4430. The content of the major 
component was 90.0%. MS, m/z (/tel (%)): 226 IM1 + (5t: 181 
IM - OEtl § (11); 180 [M - HOEt] § (12); 138 [M - 
CH2=COHOEtl ~ (16): 55 [M - 171] ~ (100). ~H NMR 
(CDCI3), fi: 0.86 (m. 3 H, Me)" 1.30 (m, 1 I H, OCH2--CIH. 3, 
4 CH2); 1.59 tin, 2 H. Ct:[2--CH2--COO); 1.96 (br.s, 4 H, 
2 CH3--CH=); 2.18 (t, 2 H, CHe--CH,2--COO, J = 7.0 Hz); 
4.02 (q, 2 H. OCH2--CH3, J = 7.1 Hz); 5.28 (m, 2 H, 
(Z)-HC=CH). IR, v/cm-I: 710 ( (Z)-HC=CH) (cf lit. dataZ4). 

(Z)-Dodee-7-en-l-ol (7). A solution of ester 6 (3.8 g, 
16.8 retool) in THF (10 mL) was added to a stirred suspension 
of LiAIH~ (I.9 g. 50 retool) in anhydrous THE (25 mL) at 
20 ~ The mixture was heated to 50 ~ and stirred for t h. An 
excess of LiAIH 4 was decomposed with 10% HCI (21 mL), 
TH F was removed in vacuo, and the residue was extracted with 
hexane, washed with water, and dried with MgSO 4. After 
removal of the hexane and distillation, alkenol 7 was obtained 
in a yield of 3.0 g (95%), b.p. 105 ~C (0.3 Tort). nD 2~ 1.4552. 
The content of the major compound was 99.2%. ZH NMR 
(CDC13), 8:0.90 (br.s, 3 H, CH3--CH2); 1.31 (br.s, 10 H, 
C_I-J2--CI-J_2): 1.51 (br.s, 2 H. CLH_2--CH20); 1.99 (br.s, 4 H, 
CJzl,2--CH=CH): 2.24 (br.s, 1 H, OH); 3.52 (m, 2 H, CH20): 
5.29 (br.s, 2 H. ~H=.,C_H). 13C NMR (CDCI3), ~3:14.1 
(_C_H3--CH2); 22.2, 25.9, 27.0. 27.3, 29.2, 29.9, 31.2, and 32.9 
(8 CH:); 62.0 (r 129.8 and 130.2 (CH=CH) (cf lit. 
data27). 

(Z)-Dodee-7-en-l-yl acetate (7a). A solution of AcCI 
(2.1 g, 27 retool) in hexane (5 mL) was added with stirring to a 
solution of atcohol 7 (3.0 g, 16 retool) and Py (2.3 g. 30 mmof) 
in anhydrous hexane (7 mL) at 12 ~ in such a way as to keep 
the temperature below 20 ~ The reaction mixture was stirred 
for 2 h. decomposed with H20, and extracted with. hexane. The 
hexane extracts were washed with H~O and dried with MgSO.~. 
After removal of the hexane and distillation, acetate 7a was 
obtained in a yield of 3.5 g (95%), b.p. 90 ~ (0.3 Torr), nD 2~ 
1.4432. The content of the major component was 99,1%. ]H 
NMR (CDCI3), ~: 0.90 (m, 3 H, CH3--CI-I,); 1.30 (br.s, 10 H, 
CH2--CH2): 1.51 (m, 2 I-t, CH2--CH20);  2.0 (m. 7 H: 3 H. 
CH3--CO and 4 H, CI-I~--CH=CH); 3.99 (t, 2 H, CH20, J = 
7.0 Hz): 5.29 (t, 2 H, CJ~=CH, J = 6.0 Hz). 13C NMR 
(CDCI3), i5:14.0 (CI'-t3--CH~_): 20.8 (CL~3--CO); 22.5, 26.1, 
27.0, 27.3, 28.8, 29.1, 29.9. and 32.0 (8 ~H2); 64.6 (CH2--O); 
129.3, 130.2 (_C_H=.~H): 170.6 (~OO) (cf. lit. dataZ7). 
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