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SUMMARY: 

(S)-2-Phenylpropa acid. an mt&ate for the preparation of opacally active Ibuprofen, has been 
synthesized usmg, as the key steps, Shaxpless epoxldation and benzyhc hydrogenolyns 

Among the non-stemidal anmnflammatory agents,1 the 2-arylpropano1c acids are lmpcntant pharmaceubcal 

drugs and they are chmtl All, except one (naproxen), of these drugs which are comment ally aviulable are sold 

as racemates One enantlomer gves the desmzd physlologcal response and although the other isomer 1s usually 

mterconverted 111 the body the effiaency of tis process vanes between m&-duals.2 The preparation of the 

active enan~omer IS therefore desuable and a number of enantioselectwe syntheses of members of this class 

have appeared3 Many of these qorted syntheses lack snnphclty and lugh stereoselecmq We set out 

therefore to see If we could develop a route to such compounds whch would mtroduce optical actlvlty with high 

selectlvlty and whch would have some generahty for this class of compounds For pedagogcal reasons we 

chose to demonstrate tis fmt wtth an asymmemc synthesis of 2-phenylpropanolc actd (1) which could m turn 

be converted mto Ibuprofen 

The Shaxpless procedure for the asymmemc epoxulauon of allyhc alcohols4 1s well known as a rehable 

method for obtauung opacally active compounds Stezeochermcal control m the hydrogenolysls of benzyhc 

groups has also been demonstrated and ranges from mverslon to retenuon of configuranon dependmg on the 

catalyst and the reacuon condmons 5 However, the stereochermcal outcome of the hydrogenolyns of epoxy 

alcohols has not been estabhshed The combmauon of the Sharpless epoxldanon followed by hydrogenolysls 

of the epoxy alcohol constitutes the key steps in our synthehc route 

A careful iiactional dlsnllatlon of the product obtamed by the method of Lphn and Stewart6 gave 

essentially pure ethyl Q-3-phenylbut-2-enoate (2) (>98% by g 1.c ) Reducuon7 of dus ester by l&mm 

alumunum hydnde gave Q-3-phenylbut-2-en-l-al(3) Epoxtdatton of this allyhc alcohol with 
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@ R=H (&) (z) R=H 

Q) R=H (-) ua, R=COCH3 

m-chloroperoxybenz acid 111 hchloromethane gave racenuc 2,3-epoxy-3-phenylbutan-l-01(4) t 

Laevorotatory epoxy alcohol (5)t was obtamed, by the use of (+) dnsopropyl tartrate 111 the catalync 

epoxldatlon procedure developed by Sharpless et al .8 as an ofi (80% yield, 80-85% ee*) Conversion of the 

optically acnve epoxy alcohol mto the p-~trobenzoate ester and recrystalhsahon from ethanol gave the 
denvatlve (6)t m p 94-95’ [a]D - 10 2’ (CH2C12, C = 126)(60% yield) Hydrolyns of thrs denvanve with 

aqueous sodmm hydroxide m ethanol regenerated the labile epoxy alcohol (5) as an ofi (81% yield) This 

epoxy alcohol appeared to be optically pure ** Hydrogenolysls of thus epoxy alcohol (10% Pd/C, EtOH, 

NaOH) at -45’ gave the Qol(7)t contammated with a small amount of the ketol(8) t lIus keto alcohol 

formed, presumably, by rearrangement of the epoxy alcohol on the catalyst 5 The &ol was obtamed pure by 

* 

** 

From the 300 MHz 1~ n m r spectrum of the derwed MTPA ester13 as compared with that from the 

racermc epoxy alcohol denvanve 

Because of the labde nature of thus epoxy alcohol it has not yet been obtamed analyttcally pure, 

however, the derived h4TPA ester 13 showed peaks for only one &astereomer m the 300 MHz 1H n m r 

spectrum as compared with the spectrum for the racermc epoxy alcohol denvanve 
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flash chromatography (70% ytekl) and appeared to be one drastereomer by 300 MHZ lH n m r spectmscopy# 

The absolute configuranon shown follows from the subsequent oxrdation Thus oxrdatron of the drol wrth 
ruthemum tetmxrde and sodmm permdate9 gave m 52% yreld homochual (S)-2-pheny@ropanotc acrd IalD = 

+76 3, [a]546 = +91.5 (CH2C12C=O 81) bit-10 [a]D = +76 2 (CHC13,C=3) [a]D= +74 80, [a]546 +90 go 

(CHCl3,C=3)] The formatron of CS)-2-phenylpropa acrd rn conjunctton wnh the pmdtchon of the 

stereochemrstry of the Sharpless epoxrdatton4 establishes that the hydrogenolysrs of the epoxy alcohol (5) 

proceeded with mversron of configurahon at the benxyhc carbon 5 

As a model for the preparanon of Ibuprofen by acylanon of the dutcetate of drol(7). (+)-2-phenylpropyl 

acetate has been acylated with 2-methylpropanoyl chloride wtthout racemtsatton ll However, a report of dus 

approach to Ibuprofen from the ho1 (7) prepared by an alternauve route, has recently appeared m the hterature 

wuh detarls of the acylatton procedures 12 
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t 300 MHz lH nmr data: 

Compound (4/5)(CDC13) 1.64, s, (CH3), 3 07, dd. 6 3 and 4 4 Hz (COCHC), 3 4, br s, (OH), 3 77, 

dd, 6 3 and 12 2 Hz and 3 90, dd, 4 4 and 12 2 Hz (dtastereotoprc CH;?O), 7 3 complex (ArH) Compound 

(6) (CDC13 179, s, (CH3), 2 36, dd, 6 6 and 4 2 Hz, (CGCHC), 4 49. dd, 6 6 and 12 2 Hz, and 4 78, dd, 

4 2 and 12 2 Hz, (&astereotoprc CHzO), 7 3 complex (ArH), 8 28, ABq, (ArH) Compound (7) (CDC13) 

1 30, d, 6 9 Hz, (CH3), 178,2 10 br s, (2 x OH), 2 74, br quintet , z 7 2 Hz, (CHCHs), 3 31, dd, 7 5 and 

11 1 Hz, and 3 40, dd, 3 1 and 11 1 Hz, (CHpO), 3 70, appears as a dt, 3 1,7 5.7 9 Hz, (CCHORC), 7 2, 

complex (ArH) Compound (8) (CDCl)3 148, d, 7 0 Hz, (CH3). 3 07, br s, (OH), 3 77, q, 7 0 Hz, 

(CHPh), 4 20, s, (CHzO), 7 3 complex (ArH) Compound (10) (CC4) 127, d, 7 0 Hz, (CH3), 195, s 

and 2 04, s, (2 x CH3CO), 2 96, dq, 7 0 and 9 3 Hz, (PhCH), 3 67, dd, 6 3 and 12 0 Hz and 4 09, dd, 2 7 

and 12 0 Hz, (drasterectopic CH20), 5 15, ddd, 2 7,6 3 and 9 3 Hz, (CCHORC), 7 2, complex, (ArH) 

# A mwure of the diastereomers has been made from the glycubc esters (9)14 by hydrogenolysrs followed 

by LAH reductron Doublets appear at S 130 and 122 for the methyl groups m the 300 MHz 1H 

spectrum of thrs rnrxture The above optrcally acnve drastemomer showed only the doublet at 6 130 

The n m r spectrum of the dracetate denvanve (10)t showed a slmthu pattem to that reported but the 

chemrcal shrft values were somewhat different15 for erther dtastereomer 
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