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Abstract: The intramolecular carbohydroxypalladation of 1,6-enynes in aqueous medium with 
Pd(TPPTS)2 gave 4-exomethylene-3-(l-hydroxyaryl)tetrahydrofurans or l-exomethylene-2-(1- 
hydroxybenzyl)cyclopentane with good to moderate yields. © 1997 Published by Elsevier Science Ltd. 

Palladium catalysis has become a major tool in organic synthesis, The emergence of numerous new useful 
reactions shows the importance of this metal in molecular design ]. Among these reactions, the palladium- 
catalyzed cycloisomerizations of 1,6-enynes have received much attention since the early studies of Trost et al. 
in the middle of the 80's 2. These reactions afford an efficient access to 1,6-dienes, which can be engaged in 
further molecular elaborations, for example in a Diols-Aider reaction. 

Up to now, cycioisomerizations of 1,6-enynes can be carried out by using Pd a or Pd ° in association with a 
catalytic amount of a phosphine and of a carboxylic acid (scheme 1) s. Other transition metals have also been 
employed 4 as well as chiral TRAP-like phosphines ~ affording an interesting asymmetric version of these 
reactions. 
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Scheme I 

We have recently, established that an hydrosoluble Pd ° species could be preformed or generated in situ by 
a 67 the association of a Pd salt (Pd(OAc)2 or PdCI2) and a water-soluble phosphine like TPPTS ' .  We have also 

shown that these conditions were effective in coupling reactions s (Heck, Sonogashira and Suzuki reactions) as 
well as in deprotections of allyloxycarbonates and allyloxyearbamates 9. In the course of our study on palladium 
catalysis in aqueous medium, we wish now to report an unprecedented carbohydroxypailadation reaction 
allowing cyclization and hydroxyfunctionalization of 1,6-enynes: 
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Tab l e  1 

Entry Substrate Product (') Time(h) Yield(%) ¢b~ 

OH 

1 2 

OH 

2 7 82 (58/42 ¢) 

Ph 
3 4 

OH 

3 10 85 (57/43 ~) 

5 6 

OH 
H 

O ' ~  

7 8 

OH 

5 o 5 63 ~'t~ 

9 10 

OH 

M e O 2 C ~  MeO2 - 30 35 (d) 

6~¢) Me02CI x, - -  M¢02 

11 12 

(') : The relative stereochemistry is not fully established, 
~b) : All runs were performed using 10% PdCl2, 30% TPPTS in a mixture of dioxane and water (6/1) at 80°C 
until complete disappearance of the starting material. Yields after purification on Florisil®. 
~°): Performed in acetomtrile / water (6/I). 
Cd): Single diastereomer. 
~c>: Two diastereomers (%). 
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Our first attempt was directed towards the readily available propargylether 1. When this compound was 
subjected to a catalytic cocktail of PdCl2 (10%) and TPPTS (30%) in an homogeneous mixture of dioxane and 
water, we observed within a few hours the unexpected formation of secondary alcohol 2 as a single 
diastereomer 1°'1]. The hydroxyl group was evidenced by IR and NMR spectra, and by conversion into its 
t-butyldimethylsilylether. To our knowledge, this is the first example of a diastereoselective 
carbohydroxypalladation reaction. As can be seen in Table 1, the reaction can be applied to propargylic 
substituted compounds with good yields and diastereoselectivity but with longer reaction times (entry 2 and 3). 
It is also possible to use substrates bearing a functionalized aromatic ring (entry 4) or even an heteroaromatic 
nucleus such as thiophene (entry 5). Non-oxygenated substrates may also be used but yields appear to be 
moderate (entry 6). Propargylamines as well as substrates deprived of any aromatic ring on the double bound did 
not give satisfactory results. 

Although the mechanism is not clear yet, we assume the initial syn-addition of a ~ H-Pd-OH ~ species on 
the triple bond oftbe substrate leading to intermediate 1313. Such an initial step is consistent with the deuterated 
product 14 obtained by carbohydroxypalladation of compound 1 in an homogeneous mixture of dioxane and 
D20. Intermediate 13 undergoes cyclization (intermediate 1514) and a reductive elimination with retention of 
configuration ~5 producing the expected alcohol 2 as a single diastereomer. 

OH 
L~'~pd~L OH 

1 J [ ~  OH PdL 2 

H 13 lS 2 

OH 

10% PdCI 2, 30% TPPTS 

Dioxane / D20 (6/I ) 

H 14 

We believe that this new reaction can be profitable in numerous heterocyclic syntheses. Applications to 
the synthesis of podophyllotoxin and related compounds are currently in progress in our laboratory. 
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