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Abstract: Pd-catalyzed arylations of 2-exo-cyano-7-oxabicyclo[2.2.1]hept-5-en-2-endo-yl acetate and 
7-oxabicyclo[2.2.1]hept-5-ezi-2-one are regio- and stereoselective giving products of I-I,z(I-ICOOH) and 
Me3SiC~CH coupling in which the aryl group (4-MeOC6H4) prefers the exo position of C(5) whereas 
the Pal-catalyzed vinylations with methyl-2-iodoacrylate prefers the exo position of C(6) center. 

EnantiomericaUy pure 7-oxabicyclo[2.2.1]hept-5-en-2-yl derivatives (+)-1 and (+)-2 ("naked sugars of 

the first generation") 1 are useful chitons in the synthesis of natural products 2 and of compounds of biological 

interest. 3 The stereoselective inlroduction of a carbon residue at C(3) can use aldolisation 4 and alkylation, at 

C(5) or C(6), radical additions. 2a,b, 5,6 The Heck Pd-catalyzed reactions 7 can be conducted, as we have 

shown, 8 under mild conditions in water. The carbapalladation of bicyclic alkenes can be followed by trapping 

the alkylpalladium intermediates with alkynes, a process investigated by Larock et al. 9 and by Torii et al. 10 This 

powerful tandem reaction could increase the synthetic potential of the "naked sugars" if it could be 

regioselective (3 ~ 4 + 5). We report that the regioselectivity of the aryl- and vinylpalladations of (+)-lb and 

(+)-2 is controlled by the remote substituents at C(2). Interestingly, the vinylations with methyl (Z)-2- 

iodoacrylate have opposite regioselectivity than the Pd-catalyzed arylations. The intermediate alkylpaUadium 

derivatives were trapped with HCOOH or with Me3SiC:-CH, the latter process allowing one the introduce two 

different e x o - c a r b o n  functionalities at C(5) and C(6) of the "naked sugar" with good regioselectivities (see 

Table 1,2). 
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The treatment of the Diels-Alder adduct of furan to 1-cyanovinyl acetate ( lb)  11 with p-methoxyiodo- 

benzene (3 eq.), Et3N (2.5 eq.), HCOOH (3eq.), Ph3P (0.4 eq.) 12 and Pd(OAc) 2 (0.1 eq.) in THF (40°C, 36 h) 

gave a 74% yield of a 84:16 mixture of products of e x o  arylation 6 and 7.13 When HCOOH was replaced by 

trimethylsilylacetylene (3 eq.) and adding CuI (0.1 eq., 40°C, 8 h), a 83:17 mixture of products of anionic 

coupling 814 and 9 (43%) was obtained together with unreacted l b  (30%) and MeOC6H4~----=CSiMe3 (ca. 
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25%). The latter reaction could be run in CH3CN/I-I20 using TPPTS (0.1 eq., trisodium triphenylphosphine- 

metatrisulfonate) instead of Ph3P and (i-Pr)2NEt (2.5 eq.) instead of Et3N without any CuI promoter. 8a This 

led to a 79:21 mixture of 8 and 9 with a 50% yield (after separation by flash chromatography). Under similar 

conditions (Table 2), the arylpaUadation of enone (+)-2 provided a 80:20 mixture of 1015 and 11 (66%, 

trapping with HCOOH) and a 78:22 mixture of products of three component coupling 12 and 13 (73%, 

trapping with Me3SiC--=CH in THF). 16 

Table 1. Carbapalladation of bicyclic alkene lb  

Iodide Trapping agent Catalyst Conditions Products (Yield) Product ratio 

l-~~OMe - A 

A + HCOOH (3eq.) 10% Pd(OAc) 2 2.5 eq. NEt 3 
40% PPh 3 THF, 40"C 

A + TMSC-=CH (3eq.) idem + CuI (10%) 

I V ~ .  + 

6 R = H 7 (74%) 84:16 
8 R = Me3SiC--=C 9 (43%) 83:17 

A + TMSC-~H (3eq.) 5% Pd(OAc)2 2.5 eq. (i-Pr)zNE^t 8 9 (50%) 79:21 
10%TPPTS H20/CH3CN, 40vC 

I~.~/OOOMo E. R 0 E~, 0 E----CYX)Me 

B + HCOOH (3eq.) 10% Pd(OAc)2 2.5 eq. NEt3 OAc (3Ac 
40% PPh 3 THF, 50°C 14 R = H 15 (49%) 26:74 a) 

B + TMSC=-CH (3eq.) idem + CuI (10%) 16 R = Me3Si~--C 17 (50%) 25:75 b) 

a) 14 was a 1:1 mixture of the (E)- and (Z) acrylate; 15 was a 97:3 mixture of the rE)- and (Z)-acrylate 
b) separated by flash chromatography on silica gel; only (E)-acrylates. 

Table 2. Carbapalladation of bicyclic alkene (+)-2 

Iodide Trapping agent Catalyst Conditions Products (Yield) Product ratio 

l~~---OMe - A 

A + HCOOH (3eq.) 10% Pd(OAc) 2 2.5 eq. NE~ 
40% PPh 3 THF, 40°C 

A + TMS~----=CH (3eq.) idem + CuI (10%) 

+ R ' ~ ~  0 

10 R = H 11 (66%) 80:20 
12 R = Me3SiC-=C 13 (73%) 78:22 

A + TMSC=-CH (3eq.) 5% Pd(OAc) 2 
10%TPPTS 

l\~fCOOMe - B 

B + HCOOH (3eq.) 

B + TMS~---~H (3eq.) idem 

2.5 eq. (i-Pr)zNEt 12 13 (60%) 75:25 
H20/CHaCN, 40°C 

E R EI~ L -  0 E--COOMe 

10% Pd(OAc)2 2.5 eq. NEg 
40% PPh 3 THF, 50~C 18 R = H 19 (49%) 54:46 a) 

+CuI(10%)60°C 20R=Me3Si~---~ 21(67%) 40:60 

a) 18 was a 63:37 mixture of (E)- and (Z)-acrylate; 19 was pure (E)-acrylate 

When the bicyclic alkene lb  was treated with methyl (Z)-2-iodoacrylate (3 eq.), HCOOH (3 eq.), Et3N 

(2.5 eq.), PPh 3 (0.4 eq.) and Pd(OAe)2 (0.1 eq.) in THF (50°C, 12 h) a 26:74 mixture of the products of exo 
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vinylation 14 and 15 (49%) was obtained. Under similar conditions and using Me3Si~---CH instead of HCOOH, 

the products of vinylation and acetylenation 16 and 1717 were obtained with the same regioseiectivity (Table 

1). With enone (+)-2 (Table 2) the same type of products were observed with somewhat lower regio- 

selectivities. The vinylation coupled with the hydrogenation (HCOOH) gave a 54:46 mixture of (E)-acrylates 

18 and 19 (49%). As for the vinylation of lb that gave 14 + 15, incomplete (Z) ---) rE) isomerisation of the 

acrylate moieties of 18 + 19 was seen. 10 Using Me3Si~---CH as trapping agent, the vinylation of (+)-2 with 

methyl (E)-2-iodoacrylate provided a 40:60 mixture of 20 and 21 (67%). 18 All the compounds 6-21 were fully 

characterized by their spectral data and their structures were established by their 2D-NOESY IH-NMR spectra 

(400 MHz). 

Steric factors are not expected to play a role on the regioselectivity of the carbapaUadations of lb  and 2 

since the exo face of these bicyclic alkenes interact with the Pd complexes. Both the cyanoacetate and carbonyl 

moieties act as remote electron-withdrawing groups 19 and this favors the arylpaUadations of C(5), the center 

the most remote from them. 7 The reversal of the regioselectivity between the aryl and vinylpalladations cannot 

be explained before it is established whether the product determining step is the 13-insertion from the alkene-Pd 

complexes to the corresponding alkyl-Pd species or the subsequent quenching of the latter species with 

HCOOH or Me3SiC--z:CH. Alternatively, the regioselectivities could parallel the relative stabilities of these 

intermediates. Work is underway in our laboratories to put these hypotheses on firmer ground. Our preliminary 

results, however, demonstrate that remote substituents can control the regioselectivity of Heck 

carbapalladations and can be used to construct asymmetric polyfunctional systems. All the compounds 

described here can be prepared optically pure in both their enantiomeric forms. 1 
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