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Over the past seven years we have sys­
tematically explored the intramolecular 
type I and type JI magnesium-ene reac­
tions (Scheme 1).

These cyclizations proceed under ki­
netic control with high regio- and diaste- 
reo-selectivities and the cyclized organo- 
magnesium intermediates can be trapped 
by a variety of electrophiles.

Applications of type I and type II 
magnesium-ene reactions to the syntheses 
of an array of natural products demon­
strate their potential in organic synthesis.

Nevertheless, these examples involve 
only terminal (or strained) olefinic eno- 
phile units since intramolecular allyl­
magnesium insertions into 1,2-dialkyl-, 
trialkyl-, and cyclic alkenes could not be 
achieved. Furthermore, all attempts to 
apply these cyclizations to the prepara­
tion of pyrrolidines have so far failed.
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To overcome these and other limita­
tions of magnesium-ene cyclizations we 
envisaged the exploration of catalytic in­
tramolecular palladium-ene reactions. 
Whereas norbornadiene, norbornene, and 
1,3-dienes were reported to insert into 
stoichiometric amounts of allylpalladium 
complexes, simple olefins (e.g. styrene, cy­
clohexene, 1,4-cyclohexadiene, and 1,5- 
cyclooctadiene) did not undergo this reac­
tion.

However, we assumed the intramolecu­
lar ene process H —> I to be entropically 
favoured and a subsequent irreversible fl-

Scheme 1

elimination I-> J to withdraw t|ie ene 
product I from the equilibrium H^I, 
thereby regenerating Pd° which continues 
the catalytic cycle (Scheme 2).

In situ preparation of the olefinic allyl­
palladium intermediates G was accom­
plished by oxidative addition of Pd°-com- 
plexes to allylacetates E, F, X = OAc. To 
this end, acetoxydienes 2 were readily ob­
tained, predominantly as their (£)-iso- 
mers, via Pd(PPh3)4-catalyzed alkylation 
of disulfones 1, Y = SO, Ar or malonates 
1, Y = COOMe with 4-acetoxy-2-butenyl 
methyl carbonate (Scheme 3).
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Scheme 2 As expected, Pd(PPh,)4 (0.07 equiv.) 
turned out to be an equally efficient cata­
lyst for intramolecular palladium-ene 
reactions (Scheme 5).

Acetoxydiene 8, containing a cyclic 
«enophile» unit, furnished stereoselec- 
tively the bicyclic product 9 in 86 % yield. 
The analogous conversion 12^13 illus­
trates the feasibility of this method for 6- 
membered ring formation.

The palladium-ene unit may be also 
part of a ring as shown by the stereoselec­
tive formation of a spiro system (10 >11).

Stereochemically even more striking are 
the cyclizations depicted in Scheme 6.

Thus, the trans -acetoxydiene 15 fur­
nished exclusively the cfs-fused octahy­
dronaphthalene 17, whereas the civ-aceto­
xydiene 18 gave with 95% stereospecifi­
city the trans-annulated product 20.

Scheme 3

0.07 equiv. Pd (dba)2
0.2 equiv. PPh3

THF , 70° , 2h

3

AcQ^^^OCOOMe pd (dba)2 ( 0.07 equiv. ), PPh3 (0.2 equiv.) 1)20° 2)75°

Heating diene 2, Y = Ts with Pd(dba)2 
(0.07 equiv.)/PPh, (0.2 equiv.) in tetrahy­
drofuran (THF) at +70 °C for 2 h gave 
the expected cyclized 1,4-diene 3, Y = Ts 
in 83% yield. Even more conveniently, 
product 3, Y = Ts was obtained (76% 
yield) in one operation from 1 via Pd°- 
catalyzed alkylation/cyclization.

Solvent effects significantly influence 
this novel ene process as illustrated by the 
cyclization of the malonate 2+3, 
Y = COOMe. Whereas no reaction took 
place in toluene, dichloromethane or 
/VW-dimethylformamide, the rate and 
yield increased on proceeding from THF 
(20%) to methanol (65%) to acetic acid 
(77%). Interestingly, the presence of the

phosphane turned out to be indispens­
able.

In striking contrast to 8-alkyl-substi- 
tuted 2,7-dienylmagnesium halides which 
did not cyclize, the allylpalladium unit of 
H' inserted readily into a terminally 
mono- and even dimethyl-substituted ole­
finic bond (H'->F) (Scheme 4).

The efficient Pd°-catalyzed cyclizations 
(AcOH, 75 °C, 1.5 h) of acetoxydienes 4 
and 6 gave, in each case, a single 1,5- 
diene product 5 (91%) and 7 (71%), re­
spectively. It follows that the transient 
ene product I' eliminates the exocyclic Hb 
preferentially over H , in agreement with 
the conformational constraints of a syn- 
/i-elimination process.

These results indicate that the olefin in­
serts into either the o- (H) or, directly, 
into the rt-allylpalladium unit (G) syn rela­
tive to the Pd (16^17 and 19->20) and 
represent an interesting C-0 -» C-Pd -> C-C 
chirality transfer.

Scheme 7 illustrates the feasibility of 
carrying out catalytic type II palladium- 
ene cyclizations, for example, the trans­
formation 24^25 (8 h at 118 °C, 66% 
yield). Cyclization of 27 (lacking the bis­
sulfone moiety) proceeded more effi­
ciently to give 28 (87%) under milder 
conditions (80 °C, 6.5 h). Moreover, the 
latter reaction showed a high regio- and 
stereo-selectivity both in the opposite sense

Scheme 4
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Scheme 5
Pd (PPh3)4 0.07 equiv.

AcOH ,80°,1h

86 %

Pd (dba)2 0.1 equiv.
PPh3 0.3 equiv.
AcOH , 100° ,30 min

77%
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Scheme 6

Pd (PPh3)4 0.07 equiv.
AcOH ,85° ,2.5h

63%

0.07 eq. Pd(PPh3)4
AcOH , 75°

E = COOMe

0.07 eq. Pd(PPh3)4

Jab- 9 Hz

Efficient C-0 -►C-Pd -►C-C Chirality Transfer

Scheme 7
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Pd (dba)2 0.07 equiv.
PPh3 0.2 equiv.
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as the corresponding magnesium-ene pro­
cess C->D.

Catalytic palladium-ene cyclizations 
may also open new perspectives in alka­
loid synthesis considering the smooth for­
mation of pyrrolidines (Scheme 8).

It is interesting to note that the cycliza­
tion 2 -> 3, Y = SO,Ar can be also catal­
yzed by Pt°- and Ni°-phosphane com­
plexes (Scheme 9).

In summary, we have shown that cata­
lytic intramolecular d10-transition metal 
ene reactions are simple to carry out, 
compatible with various functional 
groups, as well as applicable to 1,2- 
dialkyl, trialkyl-, and cycloalkenyl eno- 
philes thereby complementing advanta­
geously the analogous magnesium-ene 
process. Further extensions and applica­
tions of this novel methodology are 
presently under investigation in our labo­
ratory. Scheme 9
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PÔ (4d10) 
5250 SFr / Kg

Pt (5d10) 
21200 SFr / Kg

Ni (3d10)
11 SFr/ Kg

, Y = SO2ArCatalyst (Equiv.) Solvent Reaction Temp./ Time Yield of
|Pd](dba)2 (0.09) , PPh3(0.36) THF 70°/1 h 82%

Pt] (PPh3)4 (0.035) AcOH 80°/ 5h 85%

]nÎ](COD)2(0.1), ^pL) (0.1) THF 20°/ 3h 85%




