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The coo l igomer iza t ion  of 1 ,3-dienes  with methyl  ac ry la t e  in the p r e s e n c e  of complexes  of the t r a n -  
s i t ion me ta l s  i s  a s imple  and convenient  route for  the synthes is  of r a r e  unsa tura ted  acids [1]. 

We were  the f i r s t  to show that  the cod imer iza t ion  of myrcene  with methyl  ac ry la t e  on a ca t a ly s t  c o m -  
posed  of i ron ace ty lace tonate ,  e l ec t ron -donor  addit ives,  and an organoa luminum reducing agent g ives  the " 
methyl  e s t e r s  of the 6 , 1 0 - d i m e t h y l - 2 - t r a n s - 5 , 9 - u n d e c a t r i e n e -  and 6 , 1 0 - d i m e t h y l - 2 - c i s - 5 , 9 - u n d e c a t r i e n e -  
ca rboxyl ic  acids (I) and (II). The l inear  o l igomer iza t ion  is accompanied  by diene synthes is ,  which leads 
to cycl ic  e s t e r s  (IH)-(IV). The total  yield and the ra t io  of the l inear  and cyclic  cod~mers  a re  quite depen-  
dent on the reac t ion  condit ions and type of modi f i e r .  In view of this  we studied the effect  of the s t ruc tu re  
of the e l e c t ron -dono r  modi f i e r s  and the solvent  on the yield and composi t ion  of the cod imer iza t ion  products  
of m y r c e n e  with methyl  ac ry l a t e .  

As can be seen f r o m  Table  1, the highest  yield of l inear  c o d i m e r s  can be obtained when a mix tu re  of 
Ph~P, Fe (acac) 3, and A1Et 3 in THF is used  as the ca ta lys t .  The total y ie ld  of l inear  and cycl ic  c o d i m e r s  
>- 38 o r  75-80%, when based  on r eac t ed  myreene .  Up to 8-10% of higher  o l i g o m e r s  is f o r m e d  here ,  the 
identif ication of which has  been difficult  up to now. The unreac ted  myrcene  is r e c o v e r e d  comple te ly .  The 
yie ld  of cycl ic  e s t e r s  (III) and (IV) r e p r e s e n t s  17% of the total  yield of c o d i m e r s .  When Ph3Sb, t r i cyc lohex -  
ylphosphhae, t r iphenylant imoni te ,  o r  Ph3P is used  as the modi f ie r  the amount of e s t e r s  (HI) and (IV) in the 
mix tu re  r e aches  36-43%. 

The ra t io  of the l inear  c is ,  t r a n s - c o d i m e r s  (II) and (I) is usual ly  1 : 2  and r e m a i n s  p rac t i ca l ly  con-  
s tant  in the expe r imen t s .  I t  is in te res t ing  to mention that  the amount of cycl ic  d i m e r s  (III) and (IV) in-  
c r e a s e s  up to 50% when a total  of 1% of cobal t  ace ty lace tona te  is added to the Fe(acac)3--Ph3P--AIEt  3 c a t a -  
lys t  sy s t em.  Here  the total  y ie ld  of c o d i m e r s  (I)-(IV) r i s e s  to 70%. Replacing the Fe(acac)3 by Co(acac) 3 
m a k e s  it poss ib le  to run the cod imer iza t ion  se lec t ive ly  to give the p rac t i ca l ly  pure  cycl ic  d imer  (III). As 
a resu l t ,  c a t a lys t s  based  on cobal t  d i rec t  the reac t ion  toward the fo rmat ion  of the cycl ic  d imer ,  while iron 
complexes  give main ly  l inear  c o d i m e r s .  

Solvents exe r t  a not iceable effect  on the di rect ion of the cod imer iza t ion  react ion.  F r o m  the data in 
Table  1 it follows that  the total  y ie ld  of c o d i m e r s  (I)-(IV) d e c r e a s e s  when going f r o m  e the r  solvents  to a r o -  
mat ic  hydrocarbons ,  but the f rac t ion  of cycl ic  d i m e r s  (III) and (IV), and of higher  o l igomers ,  i n c r e a s e s .  

Var ia t ion of the cod imer iza t ion  t e m p e r a t u r e  also affects  the yield and ra t io  of the l inear  and cycl ic  
d i m e r s  in the mix ture .  Thus,  the reac t ion  of m y r c e n e  with methyl  ac ry la t e  at 25~ for  100 h g ives  a m i x -  
ture  of (I) + (II) and ( I I I )+ (IV) in a total  y ie ld  of 9% and an 8 2 : t 8  rat io .  Codimers  (i)-(IV) can be obtained 
in a higher  yield of 38% at 50 ~ and a react ion  t ime of 10 h. A fu r the r  i nc rea se  in the reac t ion  t e m p e r a t u r e  
and t ime fa i ls  to lead to a not iceable  i nc rea se  in the yie ld  of d i m e r s  (I)-(IV). 

The i somer iza t ion  of l inear  e s t e r s  (i) and (II) was studied. Quantitat ive i somer iza t ion  to t r a ~ s - i s o m e r  
(I) r e su l t s  when e s t e r  (iI) is hea ted  with iodine. T r e a t m e n t  of a mix tu re  of e s t e r s  (I) + (II) with methanolic  
KOH solution at 40 ~ fac i l i t a t es  a shift  of the double bond to give the methyl  e s t e r  of the 6 , 1 0 - d i m e t h y l - t r a n s -  
3 ,5 ,9-undeca t r iene  acid (VII). The reac t ion  o f a m i x t u r e  of (I) + (iI) with t -BuCK in hexametapol  at 100 ~ 
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T A B L E  I. Cod i m e r i z a t i on  of Myrcene  with Methyl  A c r y l a t e  

Solvent 

Benzene 

>) 

Ether 

THF 

*Two 

Electron- .T [Myrcene Fotal 
donor rtime' w., oc [conver- tyield of 
additive ~ion, ,% [(I)-(IV),g 

P(C6H*)3 
Sb(CsHs)3 
P(C6Hn)a 
Sb(OC6H~)a 
P(OC~H6)3 
P(C6H~)a 
Sb(C6Hs)3 
P(C6Hn)3 
P(C~H~)a 
The same 

>> 

)> 

>)* 

Sb(C6Hs)a 
P(C~Hn)3 

57,0 
57,8 
58,1 
59,2 
59,2 
5t,5 
50,7 
51,8 
l if t  
49,5 
25,8 
59,,q 
37 ,~ 
57,7 
67 ,f 
27,.~ 
48,~ 
48,( 
34,~ 

t4,7 
t3,5 
t2,4 
II,6 
tt,6 
t6,0 
t3,2 
12,2 
4,C 

16fl 
8,2 

t9,C 
10,4 
17,~ 
t9,[ 
7,f 

t5,1 
t3,8 
9,~ 

Yield of/Composition ofcodimers 
a i g h e r o i l  - -  - -  - -  

igomers,~ (I) (II) (ni)+CIV) 

26 
36 
38 
42 
43 
23 
33 
37 
t8 
t7 
i7 
24 
21 
23 
27 
58 
20 
26 
60 

moles of P(CsHs) s. 

g ives  the methy l  e s t e r  of  the 6 , 1 0 - d i m e t h y l - 2 , 4 , 9 - u n d e c a t r i e n e  ac id  in good yie ld .  The obta ined conjuga ted  
e s t e r s  do not r e a c t  with ma le i e  anhydr ide  when re f luxed  in xylene .  

I,  

I I ! 
\_ _~ 1 1 1 1 CO~CH3 
/ - \ /  ~ +# ' , .CO:CH,~/%. /~ /~ /~2"~C00.CH~-  ~ . / ~ / ~ / ~ = /  + 

(D (ii) 
C0~CH~ ~ . J ~ / ' v ~ \  

+ I ii I + 
~/ C0~CH3 
(nD gv) 

oH- I I 
---, A / ~ A A \ A c o ~ c H 3  
I (v) 

(i) + (ii) -- 
+OK I I 

(vI) 

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

The  m o n o m e r s  used  in the s tudy were  at l e a s t  99.8% pure .  The NMR s p e c t r a  were  r e c o r d e d  on a 
T e s l a  BS-480B i n s t r u m e n t  (CC14 o r  CDC13, in te rna l  s t anda rd  = HMDS). The IR and UV s p e c t r a  were  r e -  
c o r d e d  on UR-20  {film o r  Nujol mull)  and Specord  UV-Vis  (alcohol) s p e c t r o p h o t o m e t e r s .  The c h r o m a t o -  
g raph ic  a n a l y s i s  was  run on a Tswe t t -102  c h r o m a t o g r a p h ,  us ing  a f l a m e - i o n i z a t i o n  de tec tor ,  a 1 m • 3 m m  
co lumn packed  with 15% Apiezon  L depos i ted  on Chromatone ,  a t e m p e r a t u r e  of 150 ~ n i t rogen  as  the c a r r i e r  
gas ,  and a f low ra t e  of 40 m l / m i n .  The p r e p a r a t i v e  s epa ra t ion  was  run on a C h r o m - 3 1  c h r o m a t o g r a p h ,  
us ing  a f l a m e - i o n i z a t i o n  de tec to r ,  a 1 m • 10 m m  co lumn packed  with 15% Sil icone E l a s t o m e r  depos i ted  
on Cel i te -545,  a t e m p e r a t u r e  of 160 ~ and n i t rogen  as  the c a r r i e r  gas .  

Gene ra l  P r o c e d u r e  fo r  Cod i m e r i z a t i on  of M y r c e n e  with Methyl  A c r y l a t e .  To a solut ion of 3 m m o l e s  
of Fe(acac)3 ,  4 m m o l e s  of the modi f i e r ,  and 2.5 ml  of m y r c e n e  in 25 ml of t h e  solvent ,  cooled  to - -5  ~ was  
added 16 m m o l e s  of A1Et 3 in an a rgon  a t m o s p h e r e .  The mix tu r e  was  s t i r r e d  at - -5  ~ fo r  1.5 h and then 
t r a n s f e r r e d  to an au toc lave ,  where  17.2 g of me thy l  a c r y l a t e  and 25.2 g of m y r c e n e  were  added. The e x -  
p e r i m e n t s  were  run u n d e r  v a r i o u s  condi t ions .  To isola te  the r eac t ion  p r o d u c t s  the ca t a lyza t e  was diluted 
with benzene ,  washed  with 5% HC1 solut ion,  then with wate r ,  d r ied  ove r  MgSO4, the solvent  was r e m o v e d ,  
and the p r o d u c t s  w e r e  v a c u u m - d i s t i l l e d .  The undis t i l lab le  r e s idue  r e p r e s e n t s  h ighe r  o l i g o m e r s .  

The r e s u l t s  of  the e x p e r i m e n t s  a r e  given in Table  1. P r e p a r a t i v e  GLC was  used  to isola te  the methy l  
e s t e r s  of the 6 , 1 0 - d i m e t h y l - 2 - t r a n s - 5 , 9 -  and 6 , 1 0 - d i m e t h y l - 2 - c i s - 5 , 9 - u n d e c a t r i e n e  ac ids  (It and (II). C o m -  
pound (I): bp 110 ~ (1 mm);  n~  1.4800. Ul t rav io le t  s p e c t r u m :  kmax (alcobol) 202 nm,  e 20,200. I n f r a r e d  
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g) was t r ea ted  with 10 
poured into water  and 
la ted 0.43 g of (V), bp 
In f ra red  spec t rum (v, 
1745 (--CO2CH3). 

spec t rum (v, cm-1) :840  [(CH3)2C=CH--], 980 ( t rans-CH=CH--) ,  1725 (=C--CO2CH3). NMR spect rum (5, 

ppm): 1.5016H, (CH3)2C = C - ] , 1 . 5 1  (3H, CH3--C=C--),  1.92 (4H, --CHz--C), 2.80 d (2H, =C--CH2--C=, 

J = 6 Hz), 3.56 (3H, --OCH3), 5.0-6.90 {4H, vinyl protons).  Found: C 75.30; H 9.64%. C14H2202. Cal- 
culated: C 75.60; H 9.90%. 

Compound (II): bp 108 ~ (1 ram); n~ 1.4777. Ul t raviole t  spectrum: kmax (alcohol) 203 nm, e 22,000. 
In f ra red  spec t rum (v, cm-1): 720 (c is-CH=CH--) ,  840 [(CH3)2C=CH-- ], 1722 (=C--CO2CH3). NMR spec-  

t rum (5, ppm): 1.50 [6H, (CH3)2C=C--], 1o51 (3H, CH3--C=), 1.92 (4H, --CH2--C=), 3.40 d (2H, =C--CH 2 
I L 

--C=, J = 6.5 Hz), 3.60 (3H, --OCH3), 4.96--6.10 (4H, vinyl protons).  Found: C 75.22; H 9.60%. C14H2202. 
I 

Calculated: C 75.60; H 9.90%. 

The cod imer iza t ion  of 25.2 g of .myrcene with 17.2 g of methyl acry la te  in the p resence  of a catalyst ,  
p r e pa re d  f rom 3.96 mmoles  of Fe(acac)  3, 0.04 mmole of Co(acac}2, 4 mmoles  of Ph3P, 16 mmoles  of AIEt 3, 
and 2 g of myrcene ,  at 50 ~ for  10 h gave a 70% yield of a mixture  of (It, (II), (II!), and (IV) in a 15 : 3.5 
: 0.5 : 4.5 ratio. 

Under the same conditions, from 27.2 g of myreene and 17.2 g of methyl methacrylate in the presence 
of a system composed of 4 mmoles of Co(acac)2 , 4 mmoles of Ph3P, and 16 mmolea of AIEt 3 was obtained 
ester (IV) in 70% yield, bp 118 ~ (1 mm); n~ 1.4848. Saponification with 5% methanolic caustic solution 
gave the acid, mp 54-55 ~ which was identical with the compound obtained by the dlene synthesis from myr- 
cene and acrylic acid [2]. 

Methyl Ester of 6,10-Dimethyl-3,5,9-trans-undeeatriene Acid (V). A mixture of esters (1) + (If) (0.5 
ml of a 0.1% KOH solution in absolute methanol at 40 ~ for 3 h. The mixture was 
then extracted with CH2CI 2. After the usual workup and vacuum-distillation we iso- 
102 ~ (1 ram), n~ 1.4836. Ultraviolet spectrum: ~max (alcohol} 235 nm, e 13,500. 
cm-l): 840 [(CH3)2C = CH--], 975 (trans-CH = CH--), 645 (--CH = CH--CH = CH--), 

Methyl Ester of 6,10-Dimethyl-2,4,9-trans-undeeatriene Acid (VI). To a solution of 0.152 g of t-  
BuOK in 10 m] of hexametapol was added in drops, at 100 ~ in an inert atmosphere, I g of a mixture of 
esters (I) + (If). The reaction was ended in 5 rain. The mixture was diluted with 10 ml of water, extracted 
repeatedly with light petroleum ether, the extract was washed with water, dried over MgSO4, the petroleum 
ether was evaporated, and the residue was vacuum-distilled. We obtained 0.55 g of (VI), b~ 86 ~ (1ram); 
purity 95%; n~ 1.4900. Ultraviolet spectrum: ~max (alcohol} 283 nm, e 13,800. Infrared spectrum (v, 
cm-l): 840 [(CH3)2C = CH--], 992 (trans-CH = CH--), 1610, 1640 (--CH = CH--CH = CH--), 1720 (= C--CO2CH3). 

I | 
NI~:~ spectrum ((5, ppm): 0.90 (3H, CH3--C--), 1.48 (2H, --CH2--), 1.57 [6H, (CH3)2C : C - l ,  2.00 (2H, 

l I | 
--CH2--C=), 2.57 (1H, --CH--), 3.55 (3H, --OCH3), 4.7-6.2 (5H, vinyl protons). Found: C 75.4; H 9.8%. 

! 

C14H2202 I. Calculated: C 75.6; H 9.9%. 

Isomerization of (II) with Iodine. A mixture of 0.5 g of (II) and 0.01 g of 12 was kept at 120 ~ for 12 h, 
after which it was cooled, diluted with petroleum ether, filtered through A1203, the ether was evaporated, 
and the residue was distilled. We obtained 0.38 g of (1), n~ 1.4800. Infrared spectrum (v, cm-i); 840 
[(CH3)2C:CH--], 980 ( t r ans -CH:CH- - ) ,  1725 (:C--CO2CH3). 

CONCLUSIONS 

I. We were the first to study the codimerizat[on of myrcene with methyl acrylate in the presence of 
catalysts based on iron and cobalt complexes, which leads to the methyl esters of the 6,10-dimethyl-2- 
trans-3,9-undecatriene- and 6,10-dimethyl-2-eis-5,9-undeeatrieneearboxylic acids. A study was made of 
the effect of electron-donor modifiers and of solvents on the yield and compos~tion of the codimers. 

2. Conditions were found for the preparation of the esters of the 6,10-dimethyl-2,5,9- and 6,10-di- 
methyl-3,5,9-undecatriene acids in high yields. 

lo 
2. 
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