
Tetrahedron Letters,Vol.26,No.23,pp 2797-2800,1985 0040-4039/85 $3.00 + .OO 
Printed in Great Britain 81985 Pergamon Press Ltd. 

2-DIPROPYLBORYLMETHYL-1,3-BUTADIENE - A NEW REAGENT FOR ISOPRENYLATION. 

EFFICIENT SYNTHESIS OF IPSENOL AND IPSDIENOL 
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Summary: A simple and convenient method for isoprenylation of carbonyl compo- 

unds and ethoxyacetylene using the titled new boron containing "isoprene C-5 

synthon" and application of this efficient procedure to the synthesis of 

ipsenol and ipsdienol are described. 

The introduction of isoprene unit into various compounds (isoprenylation) 

presents an important and urgent problem in organic synthesis since isoprene 

derivatives with the conjugated diene system of the type A (e.g. myrcene, 

p-farnesene, ipsenol, ipsdienol) are widely distributed in Nature and play 

the significant role in vital processes. 

OCOMes, Li] 5 

Several reagents are known allowing to incorporate isoprene fragment into 

various substances. Thus isoprenylation of carbonyl compounds with 2-trime- 
1 

thylsilylmethyl-1,3-butadiene , its Sn analogue 2 an-l with isoprene itself 

(ene condensation) 
3 , initiated with a Lewis acid or BU NF, 

4 
has been repor- 

ted. Isoprenylation using Zn derivative g (X=ZnBr) has also been descri- 

bed 4'5. Attempts to prepare and apply 2-bromomagnesiummethyl-1,3-butadiene 

@, X=MgBr) or its Li analogue with the same aim resulted in failure 4. 

The Li salt was generated ( 5 
-10%) from B (X=OCOMes) . 

We have developed a method for the preparation of a series of boron con- 

taining reagents of the type B. Here we wish to report the synthesis of the 
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first boron-isoprenyl derivative, 2-dipropylborylmethyl-1,3-butadiene (I), 

and its use for the isoprenylation of carbonyl compounds and ethoxyacetylene. 

The reagent I is easily obtained in over 75% yield by interaction between 

2-bromomethyl-1,3-butadiene, hexyloxy(dipropyl)borane and aluminum turnings 

activated with HgC12. 

At + PrZBOHex 
Et,0 

>75% 
I 

Compound I (b.p. 39-41°C (1.5 mm Eg), 1.4569) 6'7 is stable in an 

inert atmosphere and can thus be stored for a long time. 

Being a specific allylborane, compound I reveals high reactivity typical 
a 

of this type of organoboranes . On treatment with water, alcohols or amines 

(-30 i O°C) the boron-isoprenyl bond in I undergoes a cleavage to produce 

isoprene, Pr2BOR or Pr2NR2. 

Compound I reacts with aldehydes and ketones at -70 + O°C by adding to 

the C=O bond to yield the borinic esters II transesterification of which with - 

higher alcohols (e.g. triethanolamine, TEA) or oxidation (H202, OH-) lead to 

respective diene alcoh 0 1s III -. 

I 
&BPr2 -70-0”~ 

I 
C II 

In this way, 2-vinyl-1-penten-4-01 (III, R=H, R'=Me, b.p. 67-68OC (19 mm 

Hg), ni" 1.4678, yield 84%) 7'g and 2-vinyl-4-methyl-1-penten-4-01 (III, 

R=R'=Me, b-p. 55-56OC (15 mm Hg), nE" 1.4706, yield 94%) 7'g were prepared 

from acetaldehyde or acetone, respectively. 

Allylboration of carbonyl and other compounds with multiple bonds (-CsN, 

‘C-N , - -,-CEC-, >C=C< ) has previously been shown to proceed totally with 

allylic rearrangement 
a,10 

(a concerted 62S + 62B + ~2~ process). There is 

no doubt that the addition of L to carbonyl grou,p also occurs with the rear- 

rangement via a 6-membered transition state (C). 

Reagent I was successfully used for the preparation of two acyclic mono- 

terpenes: 2-methyl-6-methylene-7-octen-4-01 (Iv, ipsenol) and 2-methyl-6-me- 

thylene-2,7-octadien-4-01 (I, ipsdienol), principal components of the aggrega- 

tional pheromones of Ips confusus and Pityokteines 
9a,b 

. 

(+)-Ipsenol (4.5 g, b.p. 92-94OC (19 mm Hg), ng" 1.4654) 7'g was synthe- 

sised in 94% yield by reacting _ I (5.2 g) with isovaleraldehyde (2.7 g) follo- 

wed by transesterification of the intermediate IIa with triethanolamine. 

Similarly, (+)-ipsdienol (3.2 g, b.p. 51-54'C (1.5 sun Hg), ng" 1.4879) 
7,9 
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was prepared in 96% yield by interaction of 1. (3.6 g) and 3,3-dimethylacro- 

lein (1.9 g). 

L Bprz 
I 

PrzBO 

Pr2B0 

TEA 

94% 

TEA 

7 

HO 

HO 
V 

Isoprenylation of aldehydes and ketones with _1. is carried out as follows: 

the carbonyl compound is added to I (1:l) at -70 -I O°C , the mixture is then 

allowed to stay for 30 min. at r.t. whereupon triethanolamine (1.1 mol) is 

added and III or IV (or V) is distilled off in vacua. -- - The isoorenylation may 

be performed both with no solvent and in any inert one (ether, THF, hexane, 

benzene, CC14 etc.). 

Thus the results presented indicate z to be an excellent C-5 synthon for 

isoprenylation of carbonyl compounds. The efficiency of the procedure was 

demonstrated by the preparation of ipsenol and ipsdienol nearly with quanti- 

tative yields starting with readily available substances. It should be noted 

that yields of IV and v previously reported were substantially lower - 

(52-749s) l'4'5_ 

Like other allylboranes 8,ll compound J readily adds to ethoxyacetylene 

at -70 + O°C with the formation of l-dipropylboryl-E-2-ethoxy-4-methylene- 

1,5-hexadiene (VI, b.p. 75-78OC (1.5 mm Hg), yield 93%) 7'12. The B-C 2 
sP 

bond in VI is easily cleaved by alcohols affording 2-ethoxy-4-methylene-1,5- - 

hexadiene (VII, yield 98%, b-p. 56-57OC (19 mm Hg), ni" 1.4633) 7'13. 

VII 

I 

VI 

Preparation of the triene VII is more convenient to conduct without iso- 

lation of the borane VI. In this case, 
-6 

ethoxyacetylene (at -70 + O°C) and 

triethanolamine (at 20 C) are consequently added to I followed by distilla- 

tion of the reaction mixture in vacua to give VII in 98% yield. 

The above reaction presents the first case of acetylene isoprenylation. 
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Several other boron containing isoprenylating reagents including some 

chiral derivatives have also been synthesized. Their application to organic 

synthesis will be described shortly. 

The synthesis of (+)- and (-)-artemisia alcohols using chiral 3,3-dimeth- 

ylallyldiisopinocampheylborane has recently been reported 14 
. 
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