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Abstract: Enanhomencally pure ~ydropynnudn&one 1 has been employed as a chval 
auxihary for enantioselecme akylation reactions Acylahon of 1, followed by enolate 
fomtahon, alkylatlon and acyl cleavage, affords a-alkylated carboxyhc acids m high chenucal 
yield and enantiomenc punty 

Auxiliary-me&at& asymmemc alkylanon reactions dmzted at the formahon of canal carboxyhc acid 
denvahves have received a great deal of attention m recent years, and elegant approaches to these compounds 
have been developed ’ In a previous paper we presented our results concemmg the synthesis of 
enantiomencaily pure &hydropyrhmdh&one 1 and Its use as a reagent for the synthesis of enanhomencally 
pure B-aryl+ammo acids * In this report we present our recent results on the use of 1 as a chml auxdmy 
for asymmemc akylahons 

The slrmlanty of 1 to the Evans-type reagents 21a (see below for comparable deprotonated Wacyl 
analogs) led us to speculate that the chmd acetal center would provide excellent stereosekchon m akylahon 

1 2 

reachons of enolates dewed from an N-acylated denvatwe As reported for slrmlar a&unsaturated 

heterocycles,3 the MM2 mmmwed stmchne of 1 m&cates that the nng atoms are nearly coplanar, with the 
exception being the acetal carbon, which supports the f-butyl group m an axial onentahon 4 In analogy ~th 
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the work of Evans, we reasoned that deprotonaoon of N-acylated 1 would cleanly provide Z-enolate5 m which 
the reactive sp* carbon 1s nguily configured m proxlrmty to the auxduuy chval center, thus provldmg an 
avenue for highly &astereoselechve alkylation reactions. 

To Investigate these ideas, pymmdmone 1 was N-acylated with pmplonyl and butyryl chlonde m high 
yield via the procedure employed for the synthesis of mandelate denvahves (Scheme 1) * While the butyryl 
denvatlve 3 1s an 011, the N-proplonyl analog 4 demonstrates high crystzdhmty and 1s isolated by 
crystallization rather than chromatography Inude enolates were formed on exposure of these substrates to 
the sodmm salt of hexamethyl&sdazane6 (1 1 eq, -78OC, 2 hr) Table I presents the results of our alkylauon 
expenments Product ratios were assessed by NMR and GC Ethylatlon, allylauon, propargylatlon and 
benzylaaon proceed m at least 94% dlastereomenc excess for the enolates tested The stencally 
undemandmg methylation reactton (Entry e) proceeds with good dlastereoselection (86% de) and m 
excellent yield (90%) 

Scheme 1 

1 3 R=Et Sa-h 
4 R=Me 

a) 1) n-B& 2) RCH2COCl. b) 1) NaN(TMS)2,2) RIX 

Table I 

&a3temom1c ratm of 5 isolated 
entry R R1X (eqmvalents, temperature. Wne) crude isolated yteld 

a Me (4) ethyl mdtde (4, -78’C. 6 h) 973 991 44% 

b Me (4) ally1 md& (2. -78’C. 4 h) 99 1 98 2 95% 

e Me (4) pmpqyl bnmude (2, -78’C, 4 h) 991 1000 86% 

d Me (4) benzyl bromomlde (1 2, -23’C. 2 h) 991 150 1 93% 

e Bt (3) methyl mdxie (5, -78’C, 5 h) 937 991 90% 

f Et (3) ally1 mdxle (2, -7ll’C. 4 h) 98 2 98 2 87% 

g Et (3) pmpargyl bromtde (2, -7S°C. 4 h) 991 255 1 80% 

It Bt (3) benzyl bromxle (1 2, -23’C 2 h) 991 1000 83% 

The hastereomenc nuxtures are obtamed as 011s which can be SubJected to flash chromatography7 to 
afford the hastereomenc ratios and chenucal yields reported (Table I) Deacylatlon can be accomphshed 
cleanly with L100H8 to afford the expected optical senes of alkylated acids (6a-h) m high yield v&h 
concormtant recovery of 1 m excellent yield and stereochenucal punty The acids are obtamed wlthout 
attendant racenuzation as demonstrated by the magnitude of ophcal rotation observed m the hydrolysis 
adducts 9 

Altemaavely, hydrolysis with 1 equvalent of methanohc hydroxide reagent” at 0°C (15 mm) 
selectively removes the carbomethoxy group without mterfermg with the stereochermcal mtegnty of the 
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heterocycle l1 These secondary ammes 7a-h tend strongly toward crystalhmty, presentmg an alternate 
strategy for achieving optically pure acyl denvahves (Scheme 2) Thus, the cold alkylation retion nuxture 
1s treated with 10 eq 80% methanohc KOH and allowed to warm to OOC After 20 mm, the 
decarbomethoxylated heterocycle 1s extihvely Isolated ~rlth ethyl acetate and recrystalbzed to bgh 
&astexomenc punty The acyl group 1s then cleaved vm LIOOH treatment and extractlvely isolated from the 
acltied aqueous phase mth ethyl acetate Under these con&tions, the water soluble heterocycle can be 
recovered from the aqueous layer via treatment with sodmm bicarbonate and methyl chloroformate This 
sequence has the advantage that no chromatographlc Isolation 1s qumzd, either to eMch the nqor Isomer or 
to separate the acyl denvauve from the choral steenng group 

Scheme I 

60-h 1 

1 OH 
t CIC(0)OCH3 NaHCt+ 

7a-h crystalb?te 6a-h water soluble 

In summary, homochual heterocycle 1 IS amenable to funcnonahzafion ~rlth acyl denvatives and 
provides excellent stereo-&ectmg capablhhes III enolate alkylations We beheve the ease of preparahon of 
1, Its econolTllC preparation m either enantiomenc senes,l* and the crystalhmty of 1 and key denvatwes make 
It a valuable &noon to auxlhary m&ated asymmemc technology l3 Pmcularly appealmg 1s the posslbtity 
of employmg thus methodology without the necessity of chromatographlc separations for hastereomenc 
ennchment or auxdlaq separahon Further mveshgatlons mto the chenustry of 1 are undenvay and urlll be 
reported m due course l4 
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(8) Evans, D A, Bntton, T C , Elhnan, J A Tetrahedron L&t 1987,28,6141-6144 

(9) Literature rotaaon of (S)-2-methyl-3-phenylproplomc acid (derived from 5d) [a], = 
+17 87 (c = 5 03, EtOH) (Kenyon, J , Phdhps, H , Pmman, V P J Chem Sot 1935, 
1072) Observed [aID = +17 7 (c = 2 37, EtOH) Literature rotation of (R)-Zmethyl- 
butync acid (denved from 5e) [a]~ = -18 (c = 5 3, EtOH) (Asahlra, Y , Shumzu, T 
Nzppon Yakugaku Karshl1922, I, 479) Observed [a]~ = -20 7 (c = 0 77, EtOH) 

(10) We have employed aqueous soluuons of LlOH, NaOH, KOH, and K.&O3 with equal 
success 

(11) GC analysis mdlcates a 3-5% loss of stereochenucal mtegnty at the newly-formed chnal 
center 

(12) Currently (S)-asparagme IS at approximately one-half the cost of (S)-vahne or 
Q-phenylalanme on a gram basis The dfference IS greater for the @)-isomers, with 
(R)-asparagme at one-fourth the cost of the others 

(13) Other advantages of 1 are its UV absorption charactenshcs, which allows easy detechon 
on thin layer chromatography, and Its lack of resonances m the ahphatic region of the ‘H 
NMR spectum In certam cases we have been able to Judge the dlastereomenc punty of 
the alkylatlon reachon by dn-ect observation of resonances of the &astereomers formed m 
the reaction 
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