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A new route to the synthesis of a number of attractants of Lepidoptera (Argyrotaenia velutinana, 
Mamestra configurata, and Lycorea ceres  ceres)  have been developed. These substances are  
acetates of enols with the cis configuration: t e t r a d e c - l l - e n - l - o l ,  hexadec-11-en- l -o l ,  and oc-  
t a d e c - l l - e n - l - o l ,  respectively,  The constants of the substances obtained agree completely 
with those give~ in the l i terature.  The method is based on the coupling of the C3, C5, and Cy 
aldehydes with methyl l l -bromoundecanoate (I) by the Wittig reaction. To obtain compound 
(I) from methyl tmdeca-2E,5E,10-trienoate or methyl undeca-10-enoate we used hydroboration 
according to Brown followed by hydrogenation and bromination of the alcohol obtained. The 
advantage of this method is the use as starting materials  of es ters  of unsaturated acids readi -  
ly obtained by the homogeneous catalytic co-oligomerization of 1,3-dienes with acrylates .  

A promising direction in the synthesis of the sex attractants of insects is the use of es ters  of unsaturated 
acids obtained by the homogeneous catalytic co-oligomerization of 1,3-dienes with acrylates [1-4]. The present  
paper describes a new route for the synthesis of a number of attractants of lepidoptera (Argyrotaenia velutinan a, 
Mamestra configurata, and Lycorea ceres  ceres)  [5-9] based on the coupling of C 3, C5, and C T aldehydes with 
methyl l l -bromoundecanoate by the Wittig reaction. As the C3-C 7 fragments we used propionaldehyde, n -va l e t -  
aldehyde, and n-heptanal. The la t ter  was synthesized from a mixture of hepta-2 Z (E),5 E-dienoic acids (I) [ 4] by 
its successive hydrogenation on Raney nickel, reduction with LiA1H4in ether,  and oxidation to heptanal (1I) by 
Corey's method [10]. To obtain methyl l l -bromoundeeanoate we used esters  of undeca-2E,5E,10 -trienoic acid 
(Ill) [3] and of tmdeca-10-enoic acid (IV) [7]. 

I la H 

~ ~ HOH c~v'V'\v~JX'CO~CH, v 
~ ~ OH 

OH H~IN[ 
~ 

00~ OH~n. 
i. B~H6 

!A/'~/~\OO2OHs 2. H2O 2 HOH~B A/~/~/~/xx P.o~ CHs~i 
r~ 1 psr3 

8rH2O/VX~A/~CO~CH3 ix 

Scheme 1 

Institute of Chemistry, Bashkir Branch, Academy of Sciences of the USSR, Ufa. Translated from Khimiya 
Prirodnykh Soedinenii, No. 1, pp. 97-102, January-February,  1980. Original art icle submitted July 14, 1979. 

82 0009-3130 / 80/1601-0082 $07.50© 1980 Plenum Publishing Corporation 



g 

DMF l ( CH~)s C0K 

R ~ C 0 2 C H  ' I.iA+H,, 
PI t'l 

;c. I:t= C+H+, 
n. R= n-C4t'ls, 
~ l  [~=n -CeCil ~ 

H H 
xm. R=CeLIs, 

A~20 nv. P,=n-C4LIg, 
xv. R: n-GeH+3 

i~ ~ C H e O A  c 
H H 

x~.  R= C~H s , 
x'~. R= n'C+Hs~ 
x+,~tt. R =n .Cs H.~a 

Scheme 2 

Thus ,  the hydrobora t ion  of (Ill) with B2t] 6 in THF followed by t r e a t m e n t  of the reac t ion  products  with 30 70 
H202inan a lkal ine  med ium [11] gave  a mLxture  of the unsa tura ted  alcohols  (V) and (VI) in a ra t io  of 9 : 1  with a 
t o t a l  yield of 5070 ca lcula ted  on the initial  e s t e r .  The hydrogenat ion of (V) and (VI) on Raneynickel  in ethyl 
ace ta te  led to a mix tu re  of methyl  11- and 10 -hydroxyundecanoic  acids (VII and VIII) in quant i ta t ive yield.  

The s t r u c t u r e s  of (VII) and (VIII) were  conf i rmed  by spec t r a l  methods ,  and a lso  by compar i son  with au -  
thentic s amples  [3, 9, 12]. 

In con t ra s t  to (II), the hydrobora t ion  of (IV) took p lace  with an except ional  se lec t iv i ty  and, a f t e r  oxida- 
tion with H202, only (VII) was f o r m e d ,  in an ove ra l l  y ie ld  of 9070. The t r e a t m e n t  of the alcohol (VII) with PBr  3 
in benzene gave  the 11-bromoundecanoate  (IX) with a yield of ~ 8570 [8] (Scheme 1). 

The reac t ions  of the t r iphenylphosphonium sa l t  (IX) with the above -men t ioneda ldehydes  in d imothy l fo r -  
m a m i d e  under the act ion of t e r t - B a O K  [2] gave  the methyl  e s t e r s  of t e t r a d e c - l l Z - e n o i c  (X) [12], h e x a d e c - l l Z -  
enoic (XI) [13], and o c t a d e c - l l Z - o n o i c  (XII) [9] acids with yie lds  of 6570. 

It m u s t  be ment ioned that  in all  the expe r imen t s ,  in addition to (X-XID, the cor responding  t rans  i s o m e r s  
we re  fo rmed ,  but the i r  amounts  in the mix tu re  of  p roducts  did not exceed 5-670. Unfortunately,  because  of the i r  
c lose  boiling points the separa t ion  of the c is  and t r ans  i s o m e r s  is a difficult  p rob lem.  

The reduct ion of (X-XID with IAA1H 4 in e ther  led to the alcohols  (XllI-XW) [7-9], the acetylat ion of which 
with (CH3CO)20 in pyr id ine  gave  quanti ta t ive yie lds  of the ex t rac tan t s  of Argyro taen ia  velutinana {XVI), M a m e -  
s t r a  configurata  (XVII), and Lycorea  c e r e s  c e r e s  (XVIII) (Scheme 2). 

Thus,  we have  developed a new method for  obtaining a s e r i e s  of a t t r ac tan t s  of Lepidoptera  the synthes is  
of  which is based on the use  of r ead i ly  avai lable  e s t e r s  of unsa tura ted  acids .  

E X P E R I M E N T A L  

The unsa tura ted  e s t e r s  (I) and (II) that were  used  had a pur i ty  of not l e s s  than 9870. Analysis  of the c o m -  
pounds obtained was c a r r i e d  out on a Khrom-41 ch romatograph  with a 3 - m  column containing 15% of SE-30.  
1H NMB spec t r a  we re  r eco rded  on a Tes la  480 BS ins t rument  in CDC13 solution ('internal s tandard  HMDS). IR 
spec t r a  we re  r eco rded  on a UR-20 ins t rumen t  (fLhn) and m a s s  spec t r a  on a MKh-1306 ins t rumen t  with an ene rgy  
o f  the ionizing e lec t rons  of 70 eV at  a chambe r  t e m p e r a t u r e  of 200°C. 

Genera l  P rocedure  for  the t tydroborat ion of the Es t e r s  (III) and (IV) with B2H6. At 20 °C, B2H G obtained 
by the method of Brown and Zweifel [11] f rom 10 g of BF 3" O(C2I-I5) 2 and 1.6 g of NaBH 4 in 40 ml  of d ig lyme was 
bubbled through a solution of 20 g of (In) o r  (IV) in 250 ml  of absolute  d ig lyme for  5 h. Then 35 ml  of 3 N NaOI-I 
solution and 35 ml  of  30% H202 were added succes s ive ly  to the reac t ion  mix ture .  The resu l t ing  mix tu re  was 
s t i r r e d  a t r o o m  t e m p e r a t u r e  for  3 h and was then lef t  overnight .  Then it was ex t rac ted  with e ther  (3 × 150 ml).  
The combined e the rea l  ex t rac t s  w e r e  ca re fu l ly  washed with wa te r  and dr ied  o v e r  lVlgSO 4 and, a f t e r  e l iminat ion 
of the solvent ,  the res idue  was dis t i l led.  This  gave  50 g of a m ix tu r e  of alcohols  cons is t ing ,  accord ing  to GLC, 
of  8570 of (V) and  157o of (VI). The a lcohols  (V) and (VI) i so la ted  by redis t i l la t ion in vacuum had the following 
cons tants :  

Methyl l l - t t yd roxyundeca -2E ,5E-d i enoa t e  (V). bp 158-160°C C0.5 ram),  nD2° 1.4822. IR s p e c t r u m  v, 
cm-1):  975, 3030 ( t rans -CH = C H - ) ,  1245, 1735 (-CO2CH3) and 3400 (OH). PMR s p e c t r u m  (5, ppm):  1.50 (4I-I, 
- C t t 2 - )  , 2.0 (4H, - C t t 2 - C = ) ,  2.88 (2I-I, = C - C t t 2 - C = ) ,  3.45 (2H, - C I - I 2 0 - ) ,  3.58 (3H, C t t 3 - O - ) ,  5.56 (4H, - C H  = 
CI-I - ) ;  M + 212. 
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Methyl 10-hydroxy tmdeca-2E ,5E-d ienoa te  (V1). bp 145-147°C (0.5 ram),  n2° D 1.4787. II~ s p e c t r u m  (v, cm-1):  
976, 3030 ( t r ans -CH = CH--), 1245, 1735 (CO2CH3) and 3400 (OH). PIVIR s p e c t r u m  (6, ppm):  0 .85 (3It, CH3--C) ,  
1.51 (4H, --CH2--), 1.95 (2H, --CH 2 --C =), 2.87 (2H, = C--CH 2 -  C =), 3.55 (3II, CII30 --), 4.10 (1H, CH--O), 
5.40 (4H,--CI-I = CH --); M + 212. 

The hydrogenation of (V) and (v1) over l~aney nickel in ethyl acetate ~I2, 100 aim, 80°C, 4 h) led to the 
hydroxy esters (VII) and (VIII), in quantitative yield. 

Methyl 11-hydroxyundecanoate ~¢'II). bp 140-143°C (0.5 ram), nD2° 1.4552. ll~ spectrum (v, cm-1)!+ 1245, 
1740 iCO2CII3) and 3400 (OH). Found %: C 67.47, I-I 11.20, C12H2403. Calculated %: C 66.97, H 11.04. M 216. 

Under conditions similar to those described for the preparation of the ester (VID by the hydroboration of 
(Ill), 75 g of (IV) yielded 65.5 g of (VII), the constants of which coincided completely with those of the above 
preparation of this substance. 

Methyl 10-Hydroxyundecanoate (VIII). bp 125-127°C (0.5 ram), nD2° 1.4522. fIR spectrum (P, cm-l): 1245, 
1737 (CO2CH ~ and 3400 (OH). Found %: C 67.25, H i0.95, C12H2403. Calculated %: C 66.97, H 11.04. M + 216. 

Methyl 11-Bromoundecanoate (IX). At 5-10°C, 10 ml of PBr 3 in 40 ml of benzene was added to a solution 
of 50 g of (VII) in 200 ml of dry benzene. Then the mixture was stirred at room temperature for 5 h, 40 ml of 
H20 was added, and the organic layer was separated off, washed repeatedly with water, and dried over MgSO 4. 
After elimination of the solvent, the residue was distilled in vacuum giving 55 g ~85%) of (IX). bp 120 -123°C 
(0.5 ram), nD 20 1.4770. ]:R spectrum (v, cm-l): 1245, 1735 (CO2CH3). PMRspectrum (6,ppm): 1.26(16H,--CH2-- ) 
2.21 (2H,--CH2--~--), 3.32 (2H, -CII2Br), 3.55 (31-1, CH30-), M + 279. 

O 

Prepa ra t i on  of the Unsa tura ted  Es t e r s  {XH-XIV). A. Synthesis of Tr iphenylphosphonium Der iva t ive  of 
(IX). A solution of 12.8 g of (IX) and 12 g of P B r  3 in 50 ml  of  ace ton i t r i l e  was boiled for  8 h,  and then the s o l -  
vent  was evapora ted  off  and the res idue  was washed repea ted ly  with e ther  and was dr ied  in vacuum.  This gave  
22 g of a sy rupy  oil.  Found %: C 66.91, tt 7.08, P 5.41, Br 14.52, C30tt38PO2Br. Calculated 70: C 66.49, tt 7.0 2, 
P 5.73, Br 14.80.- 

B. At 0 °C in a c u r r e n t  of a rgon ,  5.2 g of po ta s s ium te r t -bu tano la te  (obtained f r o m  1.8 g of po t a s s ium 
and 50 ml  of te r t -butanol )  was added o v e r  one hour  to a solution of 22 g of the phosphonium der iva t ive  of (IX) 
in 50 ml  of DMF, and the mix tu r e  was s t i r r e d  a t  20°C for  3 h. Then it was cooled to 0 °C, 6 g of  heptanal  (I1) 
in 30 ml  of DMFA was added and s t i r r i ng  was continued for  5 h. After  the mix tu r e  had been cooled C0.5°C), 30 
ml  of  I-I20 was added and it was  ex t rac ted  repea ted ly  with benzene.  The combined ex t r ac t s  we re  dr ied  ove r  
MgSO 4 and f i l t e red  through 100 g of A1203 (activity g rade  HI). The solvent  was dr iven  off and the res idue  was 
dis t i l led in vacuum. This gave 8.8 g (64.5%) of (X-I1). bp 145-147°C (0.5 m m ) , n D  2° 1.4554. IR s p e c t r u m  (v, 

I 
cm-1):  720, 3030 ( c i s - C H  = C H - ) ,  1245, 1735 (CO2CI-I3). PMl~ s p e c t r u m  (6, ppm):  0.87 (3H, CH3--C<) ,1 .26  
2211, -CH2-), 1.98 (4H, = C-CH2-), 2.13 (2II, -CH2-~--), 3.56 (3H, CH30-), 5.25 (2H, -CII = C}I-), M + 296. 

O 

The reaction of propionaldehyde and valeraldehyde with an equimolar amount of the triphenylphosphonium 
derivative of (IX) under the conditions described above gave the methyl esters (X) and (XI) with yields of 65% 
and 64.6%, respectively. 

Methyl Tetradec-11Z-enoate (X). bp 110-112°C (0.5 mm), nD 20 1.4495. ]:R spectrum (v, cm-1): 720, 3030 

1 
(cis --CI-I = C}I-), 1246, 1735 (CO2CH3). PIV]~ spectrum (6, ppm): 0.87 (3I{, C}I3-C <), 1.25 (14li, -CII2- ), 
1.98 (41-1, = C-C}I2-) , 2.14 (2}I, -CH2-~-) ,  3.55 (3I-I, CH3-O-), 5.25 (2II, -CI-I = CI{-), M + 240. 

O 

Methyl I{exadec-ll-enoate (XI). bp 121-123°C (0.5 ram), nD2° 1.4515. fIR spectrum, (v, cm-l): 720, 3030 
(cis -CI4 = CI-I -), 1245, 1735 (CO2CI-I3). PMI~ spectrum (6, ppm): 0.86 (3H, CI43-- ? <), 1.25 (18H, --C}I2- ) , 

1.97 (41-1, = C-CII2-), 2.15 (214, -C142-~-), 3.55 (3}I, CII3-O), 5.25 (2If, -CH = CH--), M + 268. 
H 

O 
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General Procedure for Beducing the Esters (X-XII) with JAA1H 4. At room temperature ,  10 g of the appro-  
priate es ter  CA), (X1), o r  (XIDI was added to a suspension of 3.5 g of LiAII-I 4 in 50 ml of absolute diethyl ether,  
and then the mixture was boiled for 3 h. After  this, it was cooled to 0 °C and was treated with 20 ml of H20, 
and the resulting precipitate was washed repeatedly with diethyl ether and the combined extracts were dried 
over MgSO 4. The solvent was driven off, and the residue was distilled in vacuum. The unsaturated alcohols 
(XIII-XV) obtained by this method had the following constants." 

T e t r a d e c - l l Z - e n - l - o l  (XIII). bp 115-118°C (0.5 m m),nD2° 1.4577. IB spectrum (v, cm-1): 720,3030 

I 
(cis -CH = CH-) ,  3400 (OH). PMR spectrum (~, ppm): 0.87 (3H, CH~-C<), 1.25 (16H,-CH2-) .  1.98 (4H, 
-CH2-C =), 3.58 (3H, - C H 2 - O - ) ,  4.0 (1H, -OH), 5.25 (2H, -CH = CH-) ,M + 212. 

H e x a d e c - l l Z - e n - l - o l  (XIV). bp 128-129°C (0.5 ram), nD2° 1.4593. IR spectrum (v, cm ' l ) :  720,3030 

[ 
(cis -CH = Ct]-'), 3600 (OH). PMR spectrum (5,  ppm): 0.87 (3H, CHs-C <), 1.25 (24H, -CH2- ) ,  1.98 (4H, 
=C-CH2--) , 3.59 (2H, --CI-I2--O-- ), 4.0 (1H, OH), 5.25 (2H, -CH = CH-)3 M* 240. 

Oc tadec - l lZ -en - l -o l  (XV). bp 138-140°C @ .5 mm),nD2° 1.4635. IB spectrum (y, cm- t ) .  • 720, 3030 

I 
(cis -CH = CH-'), 3600 (OH). PMR spectrum (~, ppm): 0.87 (3H, CH3-C <), 1.25 (24H, -CH2- ) ,  1.98 (4 H, 

-CH = CH-) ,  3.59 (2H, - C H 2 - O - ) ,  4.0 (1H, OH), 5.25 (2H, -CH = CH-) ,  M + 268. 

The acetylation of (XIII-XV) with an excess of acetic anhydride in pyridine at room temperature for 10 h 
led, after the usual working up, to the insect pheromones (XVI-XVIII) in quantitative yield, the constants of the 
products coinciding with those given in the l i tera ture  [7, 9, 13]. 

Heptanal (II). At 0-5°C, 8 g of (Ia) in 30 ml of CH2C12 was added over 1 h to a suspension of 20 g of the 
Corey reagent [10] in 30 ml of freshly distilled CtI2C12. The reaction mixture was s t i r red  at room temperature 
for  another 1 h and was then diluted with 100 ml of dry diethyl ether. The resulting precipitate was fil tered 
off and washed with ether,  and the combined ethereal extracts were washed with water and dried over MgSO 4. 
Elimination of the solvent and distillation of the residue gave 7.5 g of compound (I1). 

S U M M A B Y  

A new approach is proposed to the synthesis of a number of attractants of Lepidopterausing as the starting 
compounds readily accessible unsaturated es ters  obtained by the co-oligomerization of 1,3-dienes with methyl 
acrylate.  
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