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Summary : 2-Trimethylsilylmethyl-1,3_butadiene undergoes highly regioselective 
Diels-Alder reactions with dienophiles such as acrolein and methyl vinyl ketone 
catalyzed by aluminum chloride in which the "para" isomers are obtained almost 
exclusively. The adducts are converted readily to a variety of naturally oc- 
curring mono and sesquiterpenes. 

Previously we have described that 2-trimethylsilylmethyl-1,3-butadiene(&) 
is not only an efficient and convenient reagent for the regiospecific isopreny- 
lation2 but also an excellent diene for the highly regio- and stereoselective 
Diels-Alder reactions with unsymmetrical dienophiles. 3 We now report that the 

Lewis acid-catalyzed reaction of A with methyl vinyl ketone, acrolein and 
acrylic esters gives almost pure "para" adducts( and that the adducts are 
useful and convenient precursors for the synthesis of natural terpenes. 

Table 1 lists the results of Lewis acid-catalyzed reactions of acrolein 
and acyclic and cyclic a,+unsaturated ketones and esters, together with those 
of uncatalyzed reactions. 3 It is important to note that Lewis acid-catalyzed 
reactions 4 proceed not only faster but also more regioselectively than uncata- 
lyzed reactions (eq. 1). Especially, acrolein and methyl vinyl ketone give 
almost pure llparall 

Me3Si 

X 
+ 

1 N 

adducts in good yield. 

B A1C13(cat.) 

Z 
(1) 

The "para" adducts, thus obtained, are readily protodesilylated regio- 
selectively by a Br#nsted acid in methanol and cesium or potassium fluoride in 
aqueous dimethyl sulfoxide (DMSO) or dimethylformaldehyde (DMF) to give exo- 
methylenecyclohexanes and cyclohexenes, respectively. (eq. 2) 

Q< HCl Me3Si CsF or KF 
(2) 

Z MeOH Z DMSO or DMF Z 
5 
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Table 1. Die&-Alder reactions of isoprenylsilane($) with 
various dienophiles catalyzed by aluminum chloride 

Entry Dienophile Reaction conditionsa Products %yield Ratio of 

temp/"C, time/h para :meta 0 

1 
C02Me 

2 B CO2Et 

3 
CR0 

4 v, COCB3 

5 

$ 
111) 

6 

50-60, 2 
(80, 46)d 

50-60, 2 

(80, 46) 

15-20, 3.5 
0, 6e 

(801 34) 

15-20, 3.5 
0, fie 

(SO, 36) 

30, 6e 

80, 2 
(130, 15) 

80, 2 
(135, 20) 

60, 13 

Me3SiCH2 
0 

75 
C02Me (58) 

Me3SiCH2 72 
02Et (63) 

-CL 
69 

Me3SiCH2 61 
HO (69) 

64 
Me3SiCH2 58 

(;a) 'OMe (83) 

Me3SiCH2 

d 
(gal 

85 

0 

Me3SiCIi 57 

(43) 

93: 7 
(89 : 11) 

70 

(17) 

99: 1 
(84 : 16) 

56 95: 5 

99.5 : 0.5 
(84 : 16) 

99: 1 
(82 : 18) 

100 : 0 
100 : 0 
(97 : 3) 

100 : 0 
100 : 0 
(83 : 17) 

I.00 : 0 

a All reactions were carried out in the presence of 0.08-0.1 equiv. of AlC13 in 
benzene unless otherwise noted. b Yields after isolation by TLC. 
c Determined by GLC. d Ratios as well as yields of uncatalyzed reactions 
are shown in parentheses, See ref. 3 except for entry 6 and 7. e Reactions 
were carried out in dichloromethane. 

The adducts corresponding to an isoprene skeleton should serve as inter- 
mediates for the preparation of a variety of naturally occurring terpenes. 

5 

Indeed an adduct(3a) with methyl vinyl ketone can be converted to some mono- 
terpenes as shown-in Scheme 1. 6 
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Scheme 1 

Me3Si -?-? 

Q 
p-Mentha-1(7),8-diene(8_a) 

7 

7 A+ G 
46% 

(10%) zb(62%) ol-Terpineol(l~b)g 

a MeSiCH2MgC1/Et20, reflux, 4h b HCl/MeOH, rt, 15 min. ' CsF/DMSO, 

1000, 30 min. d MeMgBr/ Et20, rt, 30 min. e KF/DMSO, 120°, 12h 

Methylenation " of the ketone(La) followed by regioselective protodesily- 

lation with hydrochloric acid in methanol or cesium fluoride in DMSO leads, via 
7_, to p-mentha-1(7),8-diene(%) and limonene(cb), respectively. Desilylation 
followed by methylation with methylmagnesium bromide gave a- and Gterpineol 
(1,0b and EC), respectively. Preparation of terpineol involving an exo- 

methylene group is rather tedious, 
10 but the present method provides a con- 

venient route to the exo-methylene compounds. 
3 

Similarly, some derivatives of bisabolanes and cadinanes have been prepared 
from the adducts, 1,2a and lza, with 7-methylocta-1,6-dien-3-one(s) and cryptone 

(lz), respectively, the results being shown in Scheme 2 and 3. 

Scheme 2 0 

ssiMe3 -+ QY7,,) + Q5%) 

b 84% 

' 8B1s&> W Isobisabolene(ga)12 - * Iy l3 a-l-Bisabolol(g)14 

a CsF/DMSO, loo'=, lh bl) Me3SiCH2MgC1/Et20, reflux 3h; 2) 1M HCl/MeOH, 

rt, 15h ' MeMgBr/Et20, reflux, 3h 
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Scheme 3 

SiMe3 

: to+ + 
x 2,Oa (8%) 

a 

63% 

(38%) (25%) 

+ 

H 

03 a 

42% 
$fi 

- 22b (52%) 

al) Me3SiCH2MgCl/Et20, reflux, llh; 2) HCl/MeOH, rt, 15h 
b CsF/DMSO, loo', lh 

This work demonstrates that& can be viewed as one of the isoprene synthon. 
The synthetic utility of the reaction was displayed by very high - almost 
perfect - regioselectivity of the Diels Alder reaction, ready accessibility of 
the starting materials and simple manipulation of the conversion. 
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