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STEREOSELECIWE S YNTHESIS OF (*)-rhreo-r_HyDROxY-B-LYSINE LACTONE’ 

Kenn E. Harding* and Do-hyun Nam 
Department of Chemtstry, Texas A&M Umversity, College Station. TX 77843 

A stereoselecuve syntbests of racemtc rhreo+hydtoxy-&lysme u mported The rhreo ammoakohol funcuonallty 
is mttoduced by mercunc-ion mmated cyclofuncuonabxation of the acylaminomethyl ether 4a 

Our studies on mttamolecular amidomemmW on of acylammomethyl ether denvauves of subsututed allybc 

alcohols1 provided the mformauon necessary for application of the method to a tauonal syntheses of 

nonprotemogemc @mno acids In this papet we repott the synthesis of racenuc three-r_hydroxy-8-lysme (1) 

Actd 1 IS a basic ammo acid lsolated2 as one of the composite amino acids ftom the hydrolysates of antnubercular 

pepudes, tuberactmomycm A and N. Ammo actd 1 IS cady converted to lactone 2 under acidic condmons2 
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Based on our studtes of muamolecular am& mercurauon,l we cons&red that the rhreo 1,2-ammo alcohol 

funcuonahty of 1 could be formed ftom the trans oxaxoltdme denvattve 3a, m which the acid group could be 

generated from the cortesponding alcohol 3b (R2 = H) by oxidatton. The key step would be fotmauon of 

oxazobdme denvauve 3b ftom acyclammomethyl ether 4 by utttamolecular aWnon The sttnhes 

mported in the accompanymg paper* predict that mrcunc-ion initiated cycltxauon of the Z isomer 4 should be both 

regioselechve and stereoselecttve with trans oxaxolidine products pmdommating. 

‘Ihe synthesis of the cycluauon substtate 4 is shown in Scheme 1. Gabriel type reaction3 of potassmm 

phthalmnde4 and 4-bromol-butene in refluxing benzene for 12 hours gave 4-phthahmtdo-1-butene m 95% yield 

Oxonolyst$ of 4-phthahnndo-l-but followed by teducuve cleavage of the oromde by dlmethyl sulfide gave 

aldehyde 5 m 96% yield. Sodium acetate was used m the oxonolysis to prevent fotmauon of the ctn-respondmg 

dimethyl acetal. Aldehyde 5 was coupled with the magnesium salt of propargyl benxyl ethers to fotm alcohol 6 

Yields in this macuon were only moderate undez a variety of reacuon condiuons and wtth a vanety of alkynyl salts 

Although alcohol 6 could be pamally hydrogenated (Hz, WBaSO4, quinolme, MeOIi) to give the cts allybc 
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alcohol 8, the reactlon was mcult to control to avoid ovduchon. It was found to be much more convenient to 

convert 6 to the acylammomethyl ether before parhal hydrogenaaon 
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(a) t&, MeOH/CH~Cl~. -78 T, Me& NaOAc, (b) BnOCH&=CMgBr. ‘IT-E, -78 ‘C; 6) WX-I, 

HOCI-I@IC02C&, EtZO. (d) HZ (30 psi), Pd/BaSO~, qumhne. MeOH 

At this stage, the choice of protectmg groups 1s Important After cychzatlon, the benzyl ether must be cleaved 

to gve the pnmary alcohol, which would then be ox&zed to the acid. Dunng these processes, the carbamate must 

remam mtact, because an unprotected oxazohdme nng 1s not stable to acidic condmons 6 Thus, a benzyl carbamate 

could not be used. Various alkyl carbamates were mvestigated. The methyl denvaave (4, R = CH3) was acult 

to purify, and con&tlons necessary for cleavage of an lsobutyl carbamate caused problems at the end of the 

synthesis. In terms of deprotectlon and expenmental convenience, the cyclohexyl carbamate proved most 

advantageous 

The acyclammomethyl ether 7 was formed 111 69% yield by treatment of 6 ~rlth cyclohexyl 

(N-hydroxymethyl)carbamate 6 In contrast to the hydrogenaaon of alcohol 6, parnal catalyac hydmgenatlon of 7 

was controlled easily. Opamum condmons for the reacuon were. ether 7 at -0.1 M m MeOH, 2 wclght% of 

catalyst, 10 weight% of qumohne. 30 psi Ht. and reacnon for 3-4 hr Under these condmons, the ether 4a was 

formed m 93% yield 

The conversion of ether 4a into the lactone 2 IS shown III Scheme 2 The condmons used m our prewous 

cychzatlon stu&es’*’ were mod&led shghtly for cychzatlon of 4a. Cychzaaon was effected urlth mercunc 

mfluoroacetate m ethyl acetate with sodmum bicarbonate added to neutralize the acid formed dunng the 

axmdomercuranon Without sodmm bcarbonate. more than 6 spots were observed by TLC, and yields were low 

Reducnve demercuratlon with sodmm borohydnde gave oxazohdme denvatlve 9 111 65% yield as a single 

stereolsomer and tetrahydrooxazme denvatlve 10 in 17% yield as a nuxture of CIS and tram isomers Compounds 9 
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and 10 were punfied by chromatography, and suuctures were detennmed by proton NMR. The assqnment of tram 

stereochermstry to the oxazohdine product 9 is based largely on analogy to the stereochetmstry of the products 

obtained m our model stu&es.’ ‘Ik stereochermstry was confii by the further converston of 9 to authennc 2 
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(a) Hg(OTFA)*, EtOAc, NaHC@, (b) 5% NaOH, NaBI-&, (c) HCO& MeOH, PdE (d) Jones’ reagent 

(e) H$NHz, MeOH, A, 9 k (f) HFk HOAc. 64 “C (sealed ampoule), 4 hr 

It 1s mterestmg to note that cychzauon of 4a pves a mtxture of 5- and 6-membered nng products, wMe the 

cychzanon of the non-branched 1,dbutetiol denvanves exam&d in our model sties gave only oxazohdme 

products 1 Thus, the a-a&y1 subsmuent must &sfavor nng closure to 5-membered rmg products to some extent. It 

should also be noted that, m tis case, the stereosela~ty of oxazohdme formation 1s lugher than m the 

cychzation of the denvahves of 3-buten-2-ol examined in the preceedmg paper 1 

The cleavage of the benzyl ether hnkage under normal catalflc hydrogenolysls conhaons was unsansfactory 

Catalync transfer hydrogemon* cond&ons were much more successful, even though a large amount of catalyst 

was reqmred. Forrmc acid (10 volume%) m methanol was used as solvent and hydrogen source, and alcohol 11 

was isolated m 67% yield. Alcohol 11 was oxdzcd with PDC? or Jones' reagentlo to gwe acid 12 m good yield 

(90-95%). The pthahmde protectmg group was removed by heatmg acid 12 ~nth hydrazme in methanol. The 

resultmg ammo acid was heated ~tb HBr m acenc acid” (sealed ampoule, 64 T, 4 h) Under these condmons, the 

cyclohexyl carbamate was cleaved,‘* the oxazohdme nng was opened, and the resultmg y-hydroxyacld lactomzed 

to produce racenuc lactone 2 in 55% yield 

The structure and stereochermsuy of lactone 2 was confirmed by comparison of the 2OOMHz NMR spectrum 

of 2 ~nth that reported in the hterature U3 In paracular the 5 1 Hz couphng constant between the B and y protons 

clearly confkms the stereochenustry of 2.14 

me objecuve of the above synthesis was to confizm the high degree of regmselechvlty and stereoselechvny 

(relative asymmetnc mducnon)15 @c&d1 for mtramolecular amulomercura non of subsntuti &ol denvanves 

such as 4 The synthens of ammo acid denvanve 2 described 111 this paper leads to racermc matenal smce the 
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cyclofuncnorutlixat substrate 4a was racemtc. However, thrs method could be apphed to synthesis of optically 

active 2 by pxeparatron of non-racemrc propargyhc alcohol 6 through enanuoselective reducuon of the 

correspondmg pmpargyhc ketone.t6 
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