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Abstract : We report l novel 4 rtep synthesis of cbiral trisabrtltutcd succlnic acid derhtfver utilizing 

carbonylation ol a vinyl triflate followed by catalytic asymmetric bydrogcaaHon to yield the title 

compounds. 

There is considerable interest in the synthesis of chiral succinic acid derivatives due to their ability to 

function as amino acid isosteres in peptidomimetic molecules.* Incorporation of these subunits into potential 

enzyme inhibitors is appealing due to theii incma8ed protedytic stability and retention of stereochemical integrity. 

Furthermore, they am useful starting material8 for the synthesis of other chiral molecules; particularly p amino 

acid8 via Curtius Rearrangement3 

We recently reported the discovery of a novel series of suacinate containing HIV protease inhibitors.‘, 

The requisite chiral succinic acid 1 is shown below. It was originally prepared via a Ireland-Claisen 

reanangement starting from a chiral allylic alcohol derived from (S&ethyl lactate.5 He&n we report an aIternative 

route to chiral trialkylsuc&na~ based on asymmetric hydrogenation of an appropriate acrylic acid (Scheme 1). 

Exhaustive alkylation of readily available acetoacetate esters 20-c with methyl iodide proceeded 

uneventfully to give the dimethyl derivatives 3~4 in good yield. Initial attempts to form the en01 triflate with 

triflic anhydride / 2.6~~t-butyl+m&ylpyridi@ gave low yields of desired product accompanied by numerous 
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side products. However, the use of McMutray’s reagent PhN(Tt327 gave clean conversion to the desired 

triflatess l%e crude enol trif?ates were csrbonyhtted without further purification. 

The Pdocatalyxed carbonylation of en01 ttiflates is well 5tudied.s Typically these reactions am run in large 

excess of low moleoular weight alcohol ( -4%qs..f or low molecular weight amine ( -5eqs.) to yield esters or 

amides respectively. We were intrigued by a report that mentioned a high yield synthesis of the acryhc acids 

diiy from the en01 triflates by use of triethyhunmonium formate. *a In the absence ofC0, ttiethylammonium 

formate under Pd(II) catalysis causes reduction of enol ttiflates to oletinatt Therefom we investigated whether 

enol tritlates 4a-c might be carbonylated to acrylic acids 5a-e ditly thus greatly simplifying product isolation. 

2) a) R= Methyl 3) a) R= Metbyl 
b) R= t-Butyl b) R= t-Butyl 
cf R==Beruyt c) R==Beqd 

4) a) R= Metbyl 
b) R= t-Eutyl 
s} R=Buizyl 

S) a) R= Methy 6) a) R=Methyl 
b) R= t-Butyl b) R= t-Butyl 
c) R= Bmzyl c) R=Bmzyl 

Scheme 1 

In all cases studied carbonylation occurs cleanly to yield the acrylic acids in high yield. A typical 

example is as follows : A 500 ml Fisher-Porter bottle was charged with 30 g (85 mmol) crude 4e, 574 mg (2.5 

mmol) Pdn(OAc)a. 1.34 g (5.1 mmol) PhsP, and 200 mL dry DMF. After 10 min. at 40 psi CO the reaction 

was vented and a solution of 24 mL (170 mmol) NEt3.6.29 g (137 mmol) 9996 HC@H in 50 mL DMF was 

added. The tea&on was charged with 40 psi of CO and sthred at RT overnight. The reaction was c~~n~~ 

in yacrw and partitioned between ethyl acetate and 10% aqueous KZC03. The aqueous layer was acidified and 

extracted with ethyl acetate to yield 11.7 g product (52% from starting ketone 3e).tZts 

The formation of carboxylic acids from palladium catalyzed carbonylation of vinyl tritlates is pmsumed 

to occur through the intermediacy of an unstable mixed anhydride 9a which decomposes on workup to the 

observed product. Using IR or FAR-MS analysis of the DMF solution before workup we were unable to detect 

any evidence of an anhydride. When the carbonylation was run in the presence of t3C labeled formic acid a 
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small amount (-510%) of label incorporation into prdauct was observed. We wexe curious to sa? if the formic 

acid was necessltry for product formation teasoning that one possible pathway to product could involve reductive 

elimination from palladium to yield a mixed anhydride derived from product acid and triflic racid. When the 

reaction was run in the absence of formic acid, low (510%) product yields m&ted. Similarly, when water was 

substituted for formic acid, low (-1520%) product yields were observed. Interestingly, when acetic acid is 

used the reaction yields am ident&al to the formic acid runs ( -85-909~ based on starting triflate).rO 

Asymmetric hydmgenatioitof prochiral olefm has emerged as a powerful tool m organic chemistry. 

From a historical perspective chiral bidentate phosphines bound to rhodium are the catalysts of choice.14 

Recently certain atq&omeric diphosphines. such as BlNAP, bound to ruthenium have emerged as Particularly 

versatile asymmetric catalysts. ts Recently, one of us disclosed the preparation of a novel Ru(BINAP) catalyst ; 

[Ru(R-BINAP)Cl&,.ta This catalyst asymmetrically hydrogenated acids Se-c rapidly with 46 e&s in the 90-92 

% range as determined by chiral LC.17 The hydrogenations are run in the presence of 1 equiv of triethylamine 

and the ratio of substrate to catalyst was typically about 3CKhl. The R stereochemistry was assigned by 

comparison to authentic material.s A detailed mechanistic study of this hydrogenation is undenvay and will be 

reported shortly. 

In summary. this four step sequence off= a generaI mute to a variety of chiral trisubstituted succinates. 

We will be reporting on the syntheses of such succinates and their incorporation into protease inhibitors as well 

as the biological activity of these inhibitors in the near future. 
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