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Abstract: A new palladium-mediated tandem cyclization-carbonylation of 1,3-dienes is described. The
reaction proceeds via an intramolecular nucleophilic addition on the diene to give an intermediate ®-allyl
palladium complex which is subsequently carbonylated to give either a overall 1,2- or 1,4-addition over the
diene. By proper choice of reaction conditions control of the regiochemical outcome of the reaction was
obtained.

We have earlier reported on the palladium-catalyzed 1,4-oxidation of 1,3-dienes possessing an
intramolecular nucleophile which gives rise to various heterocycles in a regio- and stereoselective manner. !
An interesting feature of these cyclizations is that the external nucleophile can be directed to give either an
overall cis or frans addition over the diene. Furthermore, the products obtained can be further functionalized
thanks to the versatility of the allylic chlorides or acetates in organic synthesis.1d:2
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It occurred to us that the intermediate m-allyl palladium complex could be trapped by carbon
monoxide insertion into a palladium carbon bond and subsequent aminolysis. If successful, this tandem

cyclization-carbonylation would lead to the regio- and stereoselective formation of one heterocycle and one
carbon-carbon bond in one operation. Although the insertion of carbon monoxide into the metal-carbon G-

bonds of vinyl- and alkylpalladium species has found several uses in organic synthesis,3 the corresponding
examples of insertion into palladium n-allyl complexes are relatively few.4
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The starting materials (1-3) were all synthesized according to literature procedures. Compound 1 was
readily available via a Johnson-Claisen rearrangement of divinylcarbinol3 and subsequent reduction of the
cthyl ester® while 2 and 3 were synthesized via organo-palladium routes. %2 When 1 was treated with 1 eq.
of Pd(OAc); and 7 eq. diethylamine in THF under an atmospheric pressure of CO the tetrahydrofuran 4
was obtained in 80% yield. The selectivity for the 1,4- contra 1,2-addition was 95 : 5.

1 eq. Pd(OAc),

7 eq. Et,NH o O,
NN -OH 2 W\Q (Eq. 1.)
1 atm. CO, THF NEt,
1 4

Encouraged by this result we turned our attention to diene-alcohol 2. With this substrate however, a
substantial decrease in regioselectivity was obtained. Performing the reaction of 2 under same reaction
conditions as for 1 resulted in a 3.3 : 1 mixture of the 1,4- and 1,2-adducts § and 6. In order to optimize the
regio-selectivity of the reaction severat different conditions were tried. It was found that the solvent had
some influence on the regiochemical outcome of the reaction. Changing the solvent from THF to DMF gave
a5 : 1 mixture of § and 6 while using methylene chloride resulted in a 6 : 1 mixture although in low yield.
Interestingly, it was also found that the regiochemical outcome of the reaction depends on the pressure of
the CO. When the reaction of diene alcohol 2 was performed at an atmospheric pressure of carbon
monoxide in THF the ratio between § and 6 was 3.3 : 1. Performing the same reaction at a slightly elevated
pressure (3 atm.) resulted in a ratio of 1.5 : 1 while running the reaction at 30 atmospheres gave a 1 : 1
mixture of the two amides § and 6. Further increase of the pressure did not result in any significant change
of this ratio.

1 eq. Pd(OAc), j
7 eq. Et,NH Et,N . m
mH 1 atm. CO, THF C’:} YT (Eaz2)
2 5 Oi\ NEt,
Table 1.
Entry Solvent CO Pressure 1,4-addition  1,2-addition Yield!

1 THF 1 atm 77 : 23 72 %

2 THF 3 atm. 60 : 40 81 %

3 THF 30 atm. 50 : 50 52 %

4 THF 65 atm. 50 : 50 82 %

5 Toluene 1 atm. - --- - 0%

6 CH,CN 1 atm. 70 : 30 37 %

7 CH,Cl, 1atm. 86 : 14 40 %

8 DMF 1 atm. 83 : 17 53 %

9 THF:DMF 1:1 1atm. 80 : 20 74 %

Determined by 'H NMR on the reaction mixture.
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With these results in hand we investigated the cyclization of the diene amide 3. When 3 was reacted
with Pd(OAc); and diethyl amine in THF at one atmosphere of CO, a 1 : 1 mixture of the two amides 7 and
8 was formed in high yield.”-8 When the CO pressure was increased to 90 atmospheres the ratio between 7
and 8 changed to 1 : 2. The selectivity could be changed towards the 1,4-adduct 7 by changing the solvent.
If the reaction was performed in DMF the ratio of 1,4- to 1,2-adduct was altered to 4 : 1 and if methylene
chloride was used this ratio changed t0 6 : 1.
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Table 2.
Entry Solvent CO Pressure 1,4-addition  1,2-addition Yield'
1 THF 1 atm 50 : 50 76 %
2 THF 90 atm. 33 : 67 82 %
3 DMF 1 atm. 80 : 20 79 %
4 CH,ClI, 1 atm. 86 : 14 72 %
1 Isolated yields.

Thus, in the case of amides 7 and 8 it was possible to change the selectivity from 67 % 1,2- to 85 %
1,4-addition over the diene system by altering the solvent and CO pressure. All attempts to turn the tandem
cyclization-carbonylation into a catalytic process with respect to palladium were unsuccessful. This is
possibly due to difficulties with reoxidizing Pd(0) to Pd(II) in the presence of carbon monoxide. Attempts
were also made to insert isonitrile instead of carbon monoxide in the intermediate n-ally! palladium
complex since it is known that this is a very facile process for palladium 6-bonds.? However, all attempts to
insert ¢-butylisonitrile in the reaction of 2 failed and no cyclized products could be isolated.
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