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FUMARATE ESTERS 
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Summary The dtesters formed by a Duels-Alder reaction between cyclopcntadlcnr and 

methylc maleatr or fumarate give the same llthtum dlenolate which 1% 5tereoselect lvcly 

mono- or dtalkylated. The products obtatned are good precursors for subqtttuted fuma- 

rate esters 

The preparation of dlmetallatcd vlclnal dleqtcrs has been recently de\crlbcd 

(1) and the potential of theses species as synthetic tntermedlatcs has been hhown (2) 

We wish to report that the lithium dlenolate of his-2,3-carbomethoxy blcycloi2 2 l]hept- 

5-cne can be used as a trans vtnyl dtanlon equivalent (3) since the product+ comtng 

from the stereoselective slkylatlons of this dl-cnolatc art> thermally cleaved into cyclo- 

pentadtene and mono- or dlsubstttuted fumarate esters, not easily accc<slble by other 

methods (4). 

The dlesters 1 and 2, obtained from a Die!+Alder reaction bctwcen cyclopen- - 
tadlene and dlmethyle maleate and fumarate, were readily deprotonated with two equl-va- 

lents of ?lthtum dllsopropylamldure in THF to give a solution of the dlestcr dlcno’ate 

3 (5, - 

&l;cH3 Or &02c133 * &If: 
2 3 

1 
C02CH3 

2 - 3 _ - 

The dlanlon 3 could be monoalkylatcd by reaction with one equivalent of - 
an organic halide in the presence of HMPT and the results arc summarlzcd in the Table 

The alkylatlon appeared to be highly stereoselectlvc (6) and only the cxo alkylated 

isomers 4 could be detected In the reactlon mixture clther by GLC (column SE 30 20%, _ 

3 m, 170”) or by ‘H NMR (7) The formation of only small amounts of dlalkyled pro- 

ducts showed that, as it could be expected, the dlcnolate LS much more reactive to alky- 

latlon than the monoenolate It must be notlced that methylatlon of the lithium enolatc 
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formed by addltlon of one equivalent of L D A. to the dtester 2 gave up to 20% of dime- - 

thyla ted product b This result might be due to a rapid proton exchange between the 

monomethyla ted 

1) RX (1 cq 

product 4a and the monocnolatc - 

C02CH3 
3 aR=CH3 b R = C2H5 _ 

C02CH3 

5aR=R’=CH - - 3 
b R = R’ = C2H5 

c R = C2H5, R’ = CH3 - 

C 02CH3 

6 a R = R’ = CH - - 3 
b R = R’ = C2H5 

- c R = C2H5, R’ = CH3 

Addltlon of two equlvalcnts of the same alkyl halide to the THF-HMPT so!u- 

tlon of the dtenolate 3 afforded Ln good yields a mixture of the dlalky!ated esters 5 - - 

and 6 Successive addltlon of one equivalent of ethyl lodldc and on? equivalent of 
- 

methyl lodlde allowed the formation of the mixed dlalkylated dlesters 5c and 6c Y lcld< - - 

and relative ratlos of 5 and 6 are reported in the Table The second alkylatlon appea- - 

red also to be stercoselectlvc since the dlcsters 5, Ln which the second alkyl group% 

1s coming from an endo alkylatlon, were largely predomtnant (80% to 90%) The approach 

of the electrophlles from the cndo face beIn stcrlcally unfavourable, the +tcrco\z!cct L- 

vlty observed can be best explalncd by assuming a product-lake transltlon stat? whet-t, 

the two bulky carbomethoxy groups are In a trans posltton. 

Mono- and dlsubstltuted methyl fumaratcs 7 and 8 were then prcparcd with - _ 

excellent yields (see Table) by thermolysls (9) of the dlesters 4 and 5 + 6 - 

n CiH300C R 

I- +( 
n 

CH300C R CH300C COOCH3 

f 5+6- -+ w 

H COOCH, Rln COOCH3 R R’ 

7 a R = CH -- 3 
b R = C2H5 

8 a R = R’= CH3 
-- 9 a 

b R = R’ = C2H -- 
_ 

5 
b 

c R = CH3, R’ = _ 
- 2H5 

c _ 
We next lnvcstlgatcd the posslblllty of formation of cyclic unsaturated dl- 

esters by alkylatlon of 3 with a blfunrtlonnal e?ectrophl?e - 
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3 650” ) ri’l 
I 

I ?02CH3 

CO&H, 
10 L J 

11 

Treatment of the dlanon 3 with excess 1,4-dlbromobutane gave the annzlaied _ 

ter 10 In 35% ylcld Only one isomer could be detected either by (, L C or ‘HNMR - 

lng of 10 at 650” afforded dimethyl-cyclohcxene-1,2-dlcarboxylaie 11 in 92% yield - - 
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