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The effect was studied of the structure of the amine on the course of linear anionic-coordination 
dimerization of isoprene (2-methyl-1 ,3-bu tadiene) to P-myrcene (3-methylene-7-methyl-1 ,6-octa
diene) in tetrahydrofuran solution in the presence of dialkylamine and sod ium . The modified 
Taft- Pavelich equa tion was used to express this effec t quantitatively. The selectivity of the reac
tion to p-myrcene was found to depend above a ll on the polar properties of the subst ituents 
R 1, R2 of the dialkylamine use, described by the LlT* parameter, while the reaction rate of the 
formation of p-myrcene depended more on their s teric properties, expressed by the I.Es para

meter. 

In the work! , the reaction of so me dialkylamines with isoprene (i.e. , 2-methyl-I,3-butadiene) 
under the action of sodium was studied and found to lead to 1 : I adducts of the two reactants, 

of the types 

or with higher polymerization degrees. A mechanism of this addit ion reaction has been suggested 1. 

Bya side reaction, which became more involved as the isoprene-to-amine ratio was increased, 
isoprene dimerized to give p-myrcene (i.e. , 3-methylene-7-methyl-l ,6-octadiene), an important 
intermediate product in the perfumery industry; this reaction was particularly pronounced when 

diisopropylamine was used as the reactant. 
A synthesis of p-myrcene from isoprene under the action of sodium in the presence of a dialkyl

amine and tetrahydrofuran was first published by Japanese authors2 in 1976, and shortly there
after a preparation was described 3 using diisopropylamine, N,N,N ', N'-tetramethylethylenedi
amine, or triethylamine. No mention can be found in the papers2

,3 as to whether - in the con
ditions applied - the above adducts 1 were formed in addition too. 

The synthesis of p-myrcene by dimerization of isoprene in the presence of various dialkylamines, 
under the action of sod ium in tetrahydrofuran, was therefore studied in detail in4 . In the experi
ments a homogeneous catalytic solution was used, made up of equimolar quantities of the amine, 
isoprene, and sodium in excess tetrahydrofuran (the alka li metal, introduced as a solid, usually 
passed into the solution); excess isoprene was then added to this solution to dimerize to P-myrcene. 
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The addition reactions affording the 1 : 1 adducts of isoprene with the amine took place with alI I 
the amines given in Table I except dicyclohexylamine. The highest reactivity in this respect was 1 

observed with N-methylisopropylamine, which reacted to give the adducts with isoprene even 
during the preparation of the catalytic sol utions (and in this case a major part of the sodium 
remained in the sol id state and no homogeneous catalytic solution emerged). I 

The dimerization of isoprene to ~-myrcene can be described 5 •6 by the pathway (A) - (C). 
in which Rl and R2 are a lkyl or cycloalkyl groups: 

(A) 

+ (B) 

I 

1 

I 

I ~ + RIRcNH ~ ~;= + R1R2NNa te) 
/'- Na ==.! /- =-.-1 I 

In the present work the procedure for studying the reaction was modified so as 
to ensure consistent conditions at its beginning; the amine used as a constituent of the 1 

catalytic solution was invariably dicyc10hexylamine (which reacts with isoprene only 
reluctantly), and the amine of interest was only added, together with isoprene, to the 1 

complete solution. The effect of dicyc10hexylamine on the dimerization reactivity 
of isoprene in the mixture with the amine under study was disrega:.~ ed. 

EXPERIMENTAL 

The chemicals used were pu rified as reported in ref. 5. 

Preparation of the Catalytic Solution 1 

Tetrahydrofuran (39 mmol), sodium (3 mmol), dicyclohexylamine (3 mmol), and isoprene 
(3 mmol) were delivered , against a nitrogen stream, into a 50 ml reactor prior dried and flu shed 1 

with nitrogen. The mixture was stirred at 20°C for 30 min, during which period all the sodium 

passed into solution. I 

Measurement 

To the catalytic solution in the reactor was added isoprene (45 mmol) together with the dialkYI-1 
amine (3 mmol). The reactor was submerged in a bath at WoC, and 0·1 ml samples for gas chro-

ma :0:,::, '~:~:~:~" d "wn th,oogh , T,flon .", b, mean. of, .,"n" I 

The reaction system was analyzed gas chromatographically on a Chrom 4 instrument eqUiPpedl 
with a flame ionization detector. A glass column 2·5 m long, i.d. 2 mm,packed with 15% Apiezon L 

Collection Czechoslovak Chern . Commun. [Vol. 481 [19831 1 



Anionic-coordination Dimerization of Isoprene 2363 

and 3% NaOH on Chromaton N-A W-HMDS was employed . The injected volume was 3 ~1. 
The concentrations of isoprene, ~-myrcene, and the 1 : 1 adduct of isoprene with the amine 
were read from calibration graphs. The concentrations of isoprene oligomers and of adducts 
of the amine with isoprene of a higher polymerization degree were ca lculated as the balance 
between the total conversion of isoprene and the concentra tions of ~-myrccnc and the 1 : 1 
adduct, and expressed as the isoprene dimer concentration . The initial ra tes of loss of iso prene 
and formation of ~-myrcene, the isoprene- amine J : I adduct, and isoprene oligomers. in the 
time 1 = 0 that isoprene and the dia lkylamine of choice were added to the catalytic solution, 
were determined as the tangents to the curves in the time dependences of the corresponding con
centrations. 

RESULTS AND DISCUSSION 

In the dimerization of isoprene under the catalytic action of sodium in the presence 
of a dialkylamine, the effect was examined of the amine substituents R I , Rz on the 
initial rate of loss of isoprene (I) and formation of ~-myrcene (M) and the amine-iso
prene 1 : 1 adducts (A). The initial reaction rates were correlated by the modified 
Taft-Pavelich equation6 

(1) 

where r is the initial reaction rate, 1'0 is the corresponding value for RI Rz = CH 3 

LO"* = 0, LE, = 0), 2::0"* is the sum of the polar effects of the substituents Rl and Rz, 
LE, is the sum of their steric effects, and (]* and 8 are parameters expressing the sus
ceptibility of the reaction to variations in the polar and steric properties respectively. 
The LO"* and LE, values, taken from ref. 8, are given in Table I. 

TABLE I 

Values of the La' and LE, parameters for the dialkylamines examined 8 

Amine 

N-Methylisopropylamine 
N-Ethylisopropylamine 
N -Propy lisopropy lamine 
N-Butylisopropylamine 
Dipropylamine 

Diisopropy lamine 
N-Isopropylcyc1ohexylamineo 
Dicyc10hexy lamineo 
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-0,19 
- 0,29 
- 0'305 
- 0,32 
- 0,23 

-0'38 
- 0'45 
- 0,52 

- 0,47 
- 0,54 
-0'S3 
- 0'S6 
- 0,72 

- 0,94 
- 1,26 
-) ,58 
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The initial rates, for the various amines tested, are given in Table II. By double 
regression correlation of the logarithm of the initial rate of isoprene loss according 
to Eq. (1), the dependence 

log r I = 2·17 La* + 0·47 I.Es + 2·9 (2) 

was obtained with a correlation coefficient 0·98. It will be clear that the initial rate 
of isoprene loss is more susceptible to variations in the polar properties of the amine 
substituents than to variations in their steric properties. 

Similarly, the initial rate of formation of the isoprene-amine 1 : 1 adduct correla
tes as 

log rA = 3·97 La* + 0·74 LEs + 3·26 (3) 

(correlation coefficient 0'97) if dicyclohexylamine (r ~ 0) is omitted . The initial 
rate offormatiol1 of J3-myrcene obeys the relation 

log 2rM = 0·16 I.a* + 0·49 I.Es + 1·9 (4) 

with a correlation coefficient 0·95. Hence, while the addition reaction of isoprene 
with dialkylamine is more susceptible to changes in the polar properties of the sub
stituents, the dimerization reaction leading to J3-myrcene is susceptible rather to chan
ges in their steric properties. 

TABLE H 

Initial rates (mmol dm - 3 min - t) of loss of isoprene (rI) and formation of ~-myrcene (rM ), the 
isoprene-amine I : I adducts (I'A)' and isoprene oligomers (ro), for the dialkylamines examined 

Amine 

N-Methylisopropylamine 222 23 125 25 
N-Ethylisopropylamine 105 18 53 
N-Propylisopropylamine 85 17 49 
N-Butylisopropylamine 57 17 21 

Dipropylamine 99 14 57 
Diisopropylamine 42 13 10 3 
N-Isopropylcyclohexylamine 17 3 0·2 
Dicyclohexylamine 12 0 0·1 
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Previously we discussed s the mechanism of the dimerizatiol1 reaction in relation 
with the presence of the coloured complexes 

II 

whose formation affects the selectivity of the reaction_ Eq_ (4) indicates that the 
mechanism of the dimerization reaction involves a step which is very sensitive 
to the steric properties of the substituents R 1 , R2 , thi s step being probably the slowest 

reaction step: 

(D) 

The formation of complex I is obviously fa st, because, as the data of Table II demon
strate, for dicycJohexylamine the initial rate of isoprene loss equals that of formation 

TABLE 111 
Selectivity values for the reaction of isoprene under the action of sodium in the presence of dialkyl
amine to B-myrcene (SM) and to the 1: 1 adduct with the amine (SA) 

Amine 

N- Methy I isopropy lamine 
N -Ethyl isopropy lamine 
N-Propylisopropylamine 
N -Buty lisopropy lamine 
Dipropy lamine 
Diisopropylamine 
N-Isopropylcyclohexylamine 
Dicyclohexylamine 
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SM 

0-21 

0'34 
0-40 
0-59 
0-28 
0-62 
0-82 

SA 

0-56 
0-50 
0-57 
0-36 
0-57 
0-24 
0-18 
0 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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of p-myrcene taking into account the change in the mole number during the reaction 

The formation of complex I is faster than the competitive reactions 

+ trimer (F) 

The slowest reaction step seems to be the transmetallation of (3-methylene-7-methyl
-1,6-octadien)ylnatrium to p-myrcene, 

Table III gives the selectivities of the reaction to p-myrcene (SM) and to the iso
prene-amine 1 : 1 adduct ( SA)' defined as 

(5a ,b) 

Combining Eqs (4) and (2) or (3) and (2) we obtain 

log SM = -2·01 Iu* + 0·02 IEs - 1 (6a) 

log SA = 1·8 Iu* + 0'27 IEs + 0·36 (6b) 

Thus, the effect of the polarity of the substituents, expressed by the'I'a* parametre. 
on the logarithm of selectivity of the isoprene dimerization exceeds by two orders 
of magnitude the effect of the steric properties, expressed by the IEs parameter ; 
for dicyclohexylamine (Iu* = -0'5), log SM = O. The absolute term in Eq. (6b), 
which should be less than or equal to zero because SA ;£ 1, obviously involves 
an error of measurement. The logarithm of selectivity of the addition reaction 
is also affected by the substituent polarity by an order of magnitude more than by the 
steric properties. As the Iu* parameter decreases, the reaction becomes rather 
one of isoprene metaJlation with a consecutive addition of a next isoprene unit 
and transmetallation yielding p-myrcene, whereas as the Ia* and IEs parameters 
increase, the addition reaction of isoprene with the amine becomes increasingly 
involved. 
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