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Abstract: Complete regioselectivity is observed in palladium(O) catalyzed allylii substitution reactions of 1-vinylcyclopropyl 
3 and cycbpropyliieneethyl esters 6 with a series of soft carbon nucleophiles to give Tcyclopropylidene-1 ,&diiarbonyl 
and 1 carbonyl-Psulfonyl compounds. Highly functionalized methylenecyclopropanes are thus obtained in good to 
excellent yields from easily accessible 1 vinylcycbpropyl tosylates 3d. 

Transition metal catalyzed reactions with carbon carbon bond formation have gained a wide appliibilii in organic 

synthesis.3 Especially a great number of allylic substitutiin reactions with various nucleophifes are now possible under mild 

cor~Iitiins.~ The underlying mechanism of these mostly palladium-catalyzed transformations of allyfii substrates with rather 

poor leaving groups is reasonably well understood.5 Allylii acetates or carbonates react with Pd(0) complexes to form (n3- 

allyl)palladium complexes, which in situ react with soft carbon nucleophiles. This methodology permits elegant 

transformations with a high degree of regb- 5a and diastereoselectM@ as well as enantioselectivity with appropriate chiral 

auxiliaries.7 

A wide variety of acyclic and cyclic allylii substrates have been subjected to this type of subatiiutiin. 1-Vinylcycloalkyl* 

except for 1-vinylcyclopropyl derivatives9 have been reported to generally react at the terminal vinylii position to give 

cycbalkylffeneethyl products. In view of our efforts to develop new methodology for the preparation of cycbpropyl building 

bbcks and their use in organic synthesis,fo~tt we investigated the possibilities of applying 1-vinylcyclopropanol 3 and 

cyclopropylideneethanol esters 6 as substrates in W(0) catalyzed substitutiin reactions, although SN reactions on a 

cyclopropane with retention of the ring12 are quite rare and normally only occur with neighboring group participation13 or 

extremely good leaving groups.14 

The readily available cyckpropanone ethyl hemfaceta115 1 served as the precursor to both types of allylic esters 3 and 6. 

l-VinylcyClopropanol’s 2 was converted to its acetatels 3a (67% yield), ethyl carbonate” 3b (6Ct%), and trifluoroacetate17 

3c (57%) by treatment with 1 equfv. of methylrnagneslum bromide followed by acetyl chloride. ethyl chlorofonate and 

trifluoroacetic anhydride at O”c, respectively. The tosylate19 3d was obtained in 63% yield from 2 with p-toluenesuffonyl 

chloride in pyridine (Scheme 1). Ethyl cycbpropylkteneacetate IQ 4 upon reduction with diisobutylaluminum hydride 

(DIBAH, n-hexaneZH2Cl2 (1 :l), -760C)2c provided cyclopmpyliineethanoI (5) in 91% yield, which was transformed into its 

acetate” 6a with acetic anhydtide/triethylamine in ether (75%) and its ethyl carbonateI 6b with ethyl chloroformate in 

CHpCl~pyddine (66%). 

Under typical conditions used for other allylii acetate+ the cyclopropylfdeneethyl acetate 6a in the presence of tetrakis- 

(triphenylphosphine)palladium(O) (Pd(PPh3).t2’) as catalyst gave diethyl cycbpropyliierteethylmalonate 7-E@ in good 

yield, whib 3a showed no reaction (entries 2 and 1 h Table 1). with the catalyst w(dba)2 ldppenn24 6a and the ethyl 

carbonate 6b gave even higher yields under mitder conditbns ,25 while the ethyl carbonate 3b dfd not react at all. Wah fts 

better leaving group trifluoroacetate, however, 3c was converted to tha same produu FEtI740 in yields up to 55% 
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(entries 8, 7 in Table 1). Eventually the l-vinykycbpropyl tosylate (3d) was tested and found to react quantiitively within 5 

min at ambient temperature in the presence of Pd(dba)2/dppe(l :1)23 to give 7-Me in 88% yield (entries 8,9 in Table 1). In all 

cases, in whkh the yields were higher than 8Ct%, the di(2’-cycbpropyliieneethyl)propanedbk actd dialkytester &Et/&Me 

was observed from further reaction of ‘I-Et/7-Me with the s-ally1 complex 11, in fractions up to 11%. Control expedmenk 

with acetates 3a, 8a and the tosylate 3d without added Pd(0) catalyst showed no reaction at ambient temperature and at 

elevated temperatures led to unselective reactions after prior or w*ul concomitant ring opening. 

Table 1. Palladium catalyzed nucleophilii substitution of l-vinykyclopropanol3 and cycbpropyliieneethanol 8 
allylk esters wtlh sodium diilkyl malonate In THF.a 

Entry Substrate Catalyst Conditions Product (Byproduct) Yield 

(mow.) TimeiTemp. [hl$C] [%lb 

1 3a Pd(PPhs)4 (5) 

2 8a Pd(PPh3)4 (5) 

3 8a Pd(dba)2/dppe 1 :l (2)23 

4 3b Pd(dba)2/dppe 1:l (2) 

5 8b Pd(dba)2/dppe 1:4 (2) 

8 3c Pd(PPh3)4 (5) 

7 3c Pd(dba)2/dppe 1 :1.3 (8)d 

8 34 Pd(dba)2/dppe 1 :1.3 (2) 

9 34 Pd(dba)2/dppe 1 :l (0.5) 

10 3d Pd(dba)2/dppe 1:2 (2) 

120 I 85 

38 I 85 

48 I 22 

48 I 85 

4 I 22c 

38 I 85 

48 I 22 

I I 22 

5 min/22C 

8 I 22c 

7.Et 

7-Et 

7-Ma 

7-Me 

7-Me 

7-Et 

7-Me 

7-N 

7-Me 

7-Me 

0 

(8-W 80 (trace) 

(SW 85 (8) 

0 

@-Ma) 88 (11) 

23 

55 

(8-W 85 (9) 

(8-W 88 (5) 

-0 

a) 198-200 mg allyltk ester and 3 equiv. of sodium dialkyl malonate were used in each run. - b, Yield of isolated product after 
chromatography. - c) Reactiin was carried out until TLC or GC showed no more starting material. - d, A 2 mol% portion of the 
catalyst mixture was added to the reaction mixture every 12h. - e, Yiikt not determined in this cmtml experiment. 

A competiitn experiment between 1 vinylcyclopropyl tosylate (3d) and 1 ,l dimethylallyl acetate wtth Sodium dimethyl 

malonate revealed a 19:l selectivity for the cyctopropyl tosytate 3d. In the corresponding competltbn between 

cyckpropylkleneethyl acetate (8a) and 3,3dimetffytallyl acetate the pnxluct 7-Ma from 6a wevaifad evan more (>99:1). 
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Scheme 2. (Cyclopropylideneethyl)malonates and related products from 1-vinylcycbpmpyl tosylate (34). 
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Good to excellent yields (72% - 93%) of suktitutiin products &10,12-1517were obtained from 3d amI a variety of carbon 

nucleophibs (Scheme 2). All reactiins were practbally over within 1 - 2 h at ambient tempemture, and the pnxfuds in all 

cases arose fmm nucteophlllc attack at the pdmary vinylic carbon of 3d. Under the sam5 condttbns, 1 ,ldinMhylallyl acetate 

gave a 3:7 mtxture of p&nary and tertiary 5ut&utbn pmducts with sodbm dimethyl mabnate. 

The htgh selecttvlty for p&nary substitutbn on ths x-allyl palladium complex intermediate 11 from 3d not only arises from a 

steric preference, hut also from the unsymmetrical charge dbtrlhutbn in 11. As a semienpidcal calculation with the MN DC 

rnethoB6 dii the net po5itiie charge on the primary carbon of a cycbpmpyliineethyl catton is ahout twice as hiih as 

on the tertiary center, while in 1 ,l dimethylallyl cation the net charge is higher on the tertiary CBnter.27 
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