
ltmodoctior 
Aftbwgtl the ex4xqtiond tl#PophUlc lmairfty of 

rzodicarboxylato Esters bu been widdy wcO& 
nixed,1*2*3*4~ the 8pplicWo of this m to the ckc- 

trophitic MIirmtion of mrtm nuclmphiks hxs ranei& 

blrgely undtveioped. This is somewhrt su+&g s&xx2 

the fan documented exampk of this procesr &e nrcrion 

of dierhyl milonrfe with dkthyl uodic~xyletc 

(DEAD), eppeertd in 1924 (eq 1).6 Ihe s&equertr 

eppficetions of this wait = WI (+WHz synttm hu 
bwn limired to 8 few repozzs coaceming the re&m of 

DEAD with &c&on-rich xromuics7 end ad ahers (eq 

2).8 Ar~~~~k~yw~~~~~~e 

cxsrnpkilksrs.kgtbeuseofencxgmorneWcru@mts 

St cMK?n nuckophik in this conteat wtr the reu&m of 

rerr-butylmegntsium chloride with di-rrrr-butyl 

xxodiwrboxytau (DBAD).9*10 

uymmefric jyathrb of these wmpmnh ba3ed m the 
iUustmrcdreac&mofchimlurb0ximi&molstetwithr 

suimbk uodiurboxykte ek@roph& would hxve obvi- 

ms value, znt could grtsIy fsiiiMze the devefopmus of 

the biologicrl potential offend by this clus of com- 

Wh* 0 

~~~~~~U~yof~* 
boxylares as (t)NH2 syadlms towvud ccrrku;tide am 
iues was erublished. Our selection of Di-rrrt-butyl 

ez&c&rboxykte (DEAD) (1) xx the reagent of clmkz 

wu motiveted by severeI fstors. Firs, it is I stable, 

crysaUe @low solid (mp 96-92 Oc) thu is nadily pre- 

pared,9 end is m&o canmerciaify aveikbl~.~~ Second, 

since the rerr-butoxyc&rbonyl (Boc) group is widely We& 

es (. plWuXing group in peptide cbemisry, mEhod for 

iu removlt under mild, nonracemiring wnditions were 

weuestabW&odm ~~~~~ 
for N-N bmd ckwylc. This offend the potentiil for 
umvmicnt axxss to tither a-m&o w a-hydra&o &is 

from x oommw intermedkre, Fuulty. preliminary dau 

suggested thu Ibis nageat poluupad I unique com- 

bkatioa of high reactivity end high dkstacofaw s&c- 
ealiJlnrtimwi&chiiimkieeaotrer. 

Ekcttopkllk Amiartio8 of Ckirtl hide 
Emdrta. 7hc erboximide mbxratm h-b dKnat fa 
this study wae prcpmcd lb psw&usiy dmibcd via n- 
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eaiooofthelithMedoxU&iooe24Ddeidratk&- 
sitedecidchloride~*orLbealelogatamixedpi”llicrld 
adlydrid&whkhwmgcnuuedLrsffu(q5). IttitMekc- 
trophilfc emitmtion at&lea were cooducted 00 the 
dihydrociruumrre detivuive 3c (R=Ct&W) whidt wes 
choseaIs~,vcstltsaxte. Ttlen?xziooofits 
&?iVCd lifhillfll ClMJhfC, 8CtKWCd With iit!hiUm di.b 

propyhmkk (IDA) (1 .os cqtliv) ia THF tl pteviously 
da&~I.‘~ with DBAD (I .2 cquiv) s -78 DC WLI found 

tobcnamuwap,ncvidarcsdbylhcinrmdiucdacol- 

oration of the cooled (-78 “C) scdutioa of DBAD Lo 

CH2C~uponi3saktktontotb~e@~e.~oMionbyr1@d 
CilRIuLdoll. Fo&wing8n4tKxitDmMsetpmcb(1mitt) 
with g&id wrdc ti (2~6 eqoiv) md convtatio~I 
isol*ion. the edduct 4c (R=CH2Ph) VII olndned in ex- 
celtem yield (eq 6). 

~lH~~s~(~3,~~)~4e 
obtdnedu23Y!weslarge~yuuinterprrublcchwtohin- 
defed roution eboul the Boc groupt; however. the ctx- 
fupc&ingspaantmobt&mfat57S=w4sdr8m&cally 
simplified end nrdily ms&zed. This eMl_ method 
nvelkd atly ale p&uct wr, however, sig- 
niflcult bmedaling of the spearsI linea even u this 
tempcruurrmde&imposdtAetoveMytheptuaxxof 
stMltnttsi~qwaitiuofthemiwrdiarmaaaaif 
impurity. In order to bccuruely dctetmioe the 
diuunwlectivity in thw nrcdau, Ln Uumbiguous 
method for the production of both dLrsaeomar wu 
developc&oneauchmeahodwhkhpwsdtoheviMtir 
otttl&dhSdrnrl. 

scbetor 1 

Thetithiumatoleteoftbe egbe=M=g 
wtrmmdwkbDBADhrsimUrhshioa,rolnordthc 

mcemk a-hydmzido estez 6c in 60% ykK PoUowing 
benzyl ester hydmgezmlysis, fommtkm of the mixed pi- 
valkridanhydride,aldsu&queotue8tmaxwiththe 
lithisui 0xu;olidtme (2.1 a#tdvX tbe desired cutlox- 

imi&4cwasohUinedin91%over&yield(from6c)asr 
l:l-mixture of C2 d-n. These compounds 
provedtobereadilysepPllbkbybodtTLCeswellaby 
HPl.C (a -1.66). The fastercluting compuunt of this 
~rn~~w~f~to~to~e 
mejordkffaomafromtbeimide-DEADnurion,snd 
~ml~r&rrwntoporres,theYs)~ 
by uKreI8tiotI with L-phenyl8lMine (MC @z). HPUJ 
~~~~~~~~~~kof~ 
&s&d &2@):2(R) ho of 97:3. wttkb was tixmsed to 

>2Ooz1(91% yield) on 1 test-gnm ecak folbowing I single 
rMm&@#&@iatiatanruadrdgrmkdrllkA 

In adct to f&lhete the diMteteomef Ilufysis fp 
ahn e&se-DBAD tea&us, a mm catveniau method 
for obtainiug hydra&do imide mtnpks enriched in the 
RthMx dkrrrronrr WU CkvehlQal It w15 sub9quently 
disovued thm bUeuulyz8d t!pimeriJation of 4 could 
k echkved tmder the $nuper amdiiotts. For exempk, 
arben a sohrdtm of the 24s) dkstexeomer of bydraG& 
imide Ic (0.09 M in THF) md 2 quiv of 1.13$- 
tetmmethylgurdldhw: wu butad u MUX for 4.5 h, I 
4S55 mixture of the 2(S) and Z(R) diratnaaen reqxc- 

dvely WYIS obt&oed in 63% yleid. With approp&te d- 
justmenu for differing substrate epimeA&on mUe,20 
this aMhod wu guNrally employed to iodependemly 
vtritytheida&yoftheminm2(R)dlrra#lonbtthoee 
uses where SufFkient qumtitka could txx be isolated 
directly from the eminrtion nrtion for spectnl 

cbmaaiatloa. 

Tbcrcruho&ainedfort&nsctkmdDBADwith 
tbeiithhamenoluesdaival&omimkks~uoderruc- 
tioaca&taudmillrtodutemploysdrbo*eretk@d 
inTabk11Mow. 

Minor modifiadona of the ahove ctlromuographic pro- 
cedure afkdcd -y pure hydra&u Ib-( 
(2(S):2(R)>2a?zl] in 91-966 yklds. The chiml euxsldfiy, 
provedtobencuadymeai&vedirecdngligandinthe 
ami&oattstiat,tJiIlh&7pMmnedRsmefficknt 
chimf~resoMn$mo&ymweU. tnaccord 
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withpreviotustlld&s,~uer~B&rrtmdoJtorderwas 
observed w&&he dhtmated series t# &Awtidu. with 
the m&w 2fS) dhnuromw cxMbinbS the Srmcr 

wwtitity (vi& i#+a). 

hddiIhlOdtCCU2JanrubrA inlberabk.lhe 

dircauninaionofuveralkaxam~lu~ 
wvesxlsoiXunhud(~7,8). -IbegiuUyliJE&3grrr 
s&ctinly dcpmtonWd with 1.0 aptlv of LDA (-78 “c, 5 
min).mdthenruldogxolmionwn~withrslight 
CXctssOfDBADM-78OCfOr4OsprlOCtOthclrrurlwtic 
acid quench. Following a coaM isoltion md 
chromatographk purifkbon. tbc uninrrion product 48 
was obraincd iJl Slk yWd (dknaannaic purity 295%) 
alongwithr16&nxovayoftbeimidcst&ngmacrial 
3p.21 lxsisthcorllycrrthmWbmveaIcWxercdin 
whkhtheprcductdiraerranardidnotaff~r&cI.inc 
separation on analytical HPLC. Irr th& bstmcc, the 

reaction dixstercosckaion wxs conxcrvxtivcly &mated 
IO be 295:5 from the 300 MHz ‘H NMR (331 OK) 
spccmmlofthclmfacti~podua. 

uAJh%-uJ&& (7) . u 

The lautn dktKlbtc or the p$-dlttWhylxcryloyl 
imide 3b wu ximilariy ertxtcd with DBAD to afford a 
51% of the 1,2-~khtct 4L along with 42% of the 1.4- 
dditl~produa’I~r6:4mfxamof~ZiPomn(eq8). 
Again, the 1.2~adduct was formed with high xtcreose- 
lcctivity @I:*). xnd the oujor product could be isolattzd in 
>200:1 dixstmomcric purity (as% yield) at I multignm 
sakxfterchran*ognphkpurificrm. 

The xminuion rcrtiat of tber carboxim& lithium 
enolatcs with DBAD show suikittg similarit& as well u 
sigllifiant difftYwK%. to malogats intIde atolacckc- 
trupbik ~CS&U thxt have been inveaigaed in thexe 
Marxtories. AS in tlm? Mxlogolc? aylaial.2’ Sylx- 
tion,22 hydroxyluion.21 hrlogenrtion,23 md xxi- 
duion*’ stodka, the rarse of qmrnarklndUaioooh- 
suvedblt!LksSudy& cauian1cwitb~fwuui8l~ 
of DBAD on the ktrt hindered dirnereofxce of the 
dIctaal (2) cnolre. 

Of xl1 of the above imidc enolwc4cctro@ik te- 
actions invatiplttd the+ xmination rcuztian have d- 
multutcously proven to be mong the frsteR higbwt 
ykkiiog. ud moat t&ofmiy nmoaekuive of my yet 
cncauuaed’Ibebodrcopofrhis~iaob*iao 
fromthe&aioT&kl. Unliketbem&gouaalkyi&o 
moos, the twaivky of DBAD toward tlrsc caolra 
wxs not perceptibly xttcnuttcd as the suneric rcqui~~~ts 

oftbealolaesltrslmrrt(R)rt&fe8Rd. Inf#.aa 
mlywnrhighkvelofrcahify~botdy 
nueoaebnlvily wn Ii@kdy -A--l 
illusLr&moftbHcf~ispKlvidediuEnuyP,inrhicb 
ti ten-btylwetyl derivative U was Oblrbred in 96% 
bObdykldWith>2009kWkasl#*dsaitXl,Iha1 
3-minrcaailmtiaIer -78% LxtalkSofthcnXtial¶ 
0flbaechlnlirrrMecnohwwithotMbclaMank 
ekctm@ik&hhaxbaagata8nyo4laQWdthmtheki- 
ndcxtcruaclcctivftyixxnrp~~inrrrrrfngndrc 
~oft!tccoolacRgroup. Howcvuthiidcpm- 
dabLXofthercSTicxt ~att!EsbuaurcofI& 
imidcaWkterylruiducissipifkMyatcmaalintlle 
conupa&grucsionxrWDBAD. YI~.~~suhxrcin 
direct cootrut to uulog~~ bxlopnxtion.23 hydrox- 
ylxtion?~ ad UitlxtiCm stttdks.~ ht which 1 dgnificlnt 
dccKa?tntTStiat aaeowlccdontmxhcenotarvcdfcS 
phcnylmatmk+cd inride xubarax (e.g. 3. R = Ph) xs 
canpxrcd to the componding p~~@onaxc (R = Me) muI 
butyrplc (R = Et) derivatives. 

Mecb~mbIic Coaridcr~tioms. We speculate 

thu these highly exothcm~ic testbns proceed thtuugh m 

early rtramt-like. bat hi&ly osrkrul. transition state. 
SinccDBADcanbcconsidcrad rnitro@sttMal~ofr 
conventiatal c&uWNnM ester, e.g. di-tert-butyl fu- 
tnwate.thcaerca&ltsprobrblybarrstNmg nEdlM&k 
rclAtionship to the Mkhacl &d&oft rc&xions of utolatcs 
tosu&estu&rreactMwhkhisthefocalpointofsanc 
current interest. Several models for this reaction have 
l?.cently been extuded to explain the dbteWsckctivity 
obsemd in acyclic systcmt. Studies have recently rp- 
pcued in st#ppOn Of J PCriCyCliC procesS.z in Whidl t& 

ClbOtUcrbonylb coadinradtoth~kdWilikrn 

lkcmPive opal Knmition LtnrcNe. involving no metal 
ion organi&ott, has also beea prop~xd.~~ AltImgh 

much of the data tha has been accumulated can be 
rmiotulizd with either model, canes have been rcporud 
thataretnoatrcadilyexplain+intermsofrpukyclk 
tnnsitial state. In tiord with the lbove prece&u, we 
favor an analogous pcrkyclk transition state for the 
rcxtkn of DBAD with im& er~olues. Sevaal possibk 
tnnsitiat stntara for thix rtrtioa xn? illusaued below. 
It is evident that x high dcgru of cqrniution cat be 
Khiived through cooldilution of tbe lithium Mom with 
eitha tin? tier carbony (stNcnuc Tf) 0I the xm nitmp 
of DBAD &tmaum -f2 md T3). 

lnthcfanurur,m8untaed pcrbc)clk~*It 
bthcrcbyinvolvcd,vhikiacbelrctnara. 6anrasd 
pcIkyclk HluaurW which are directly rarlogous to the 
IWWammaPly~ptCdZir -Tnx+uaidol trmb- 
tbostae27appl?arplausi&. lnlbmclatertwocr#al- 
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fbechmmuronphkprrrmaar ffxlhcu-llyxbzido 

C4bXMd4-ptpmddurinethbnudrrrC 
sltmm&&tnT$blc2. Aaintbccxuqkscktd8bov~ 

tbehcmrjor24~paiud dirracormkmtnchncfbnia 

&CJSO. Ttm8opu&mfrrm(a)wa8fmcadtobe 

krgcaWgbr,thulMastaWma ZuoWal could be cf- 

feucdoarlllcr,gelwithlktkdEf%a&y. Tbepimibb 

grolMdxtJttcXmfaIM$ats wbkhmaybeunpb]ndto 

r#tioaxlioo tbe stcraofegulrr cbmuUtoonrphk bebrvior 

displayed by the diutoreomeric a-bydrrzido 

cMoxim&a&iuuspsiliuarsalbebw. Itkntlppescsb 

thWrbeWjOGfWMhtiDgditrtaeonwr2(S~~ 
rhc illusrraced cmforxmtion in which the upophw 

moktks. R and Bn. “&&I” tmtb fwcs of I!W molaxlk 

fn3mtbepokrdrabsn. 

rtkfelttbutIuminor diuKWmN2OW*onrbeoltKI 
hxnd. might ulopt the correspoDdiog coafomution in 

whkbthscsllbahuausfcsidcaltbcramcmoLculrfrx. 

sine the opposite, mofc polP frc is exposed to the 

&sur&t,tbkdinteteuncrkmurestnx@yrruioed fn 

ewtr cue, catfotmxtioMl org8nksim k tilevcd by 1 

cunbinuionofkrtbbuzamokcukrhydrcgcoboadin rd 

the prcfemttial opposkim of the arknyl dfpoks. 2g 

oRkrfac!4hce- ox8miidoou 8l wclL29 
hide Hydrdyrin amd Truwtertfhtk~. 

Witb~paenlmahodfatbepqmubofenrdo 

m&c&y pure a-hydraxido cuboximidte ta hmad, 

utattiar wu directed to the development of uxztbods 

rppopriastothcmUdhy&olysismd&obolytkofbr 

hy&ai&ukhbcts(e49). AttbeaJtaat.itrapDclur 

howdiffR%k lbfrwoutdktouhkvofarrbodmgc 

of Rhmu. Akhougtl the txocyctk tmkb cmbmyt k 

ekctm&Uy wtivmd by du a-bamMom subwtitums 

iadtepmmmtcmethamhuhtatkllronaLrIlyde- 

mmdiq. f4cmpevi5uslmdksintbtxhbmtorla.ti 

wm&Kmdmtrhen#fvkyofthecx~lkimideerr- 

bony1 mokty towtrd nucbptltic wmck k nrpprrrssd 
with ilm?ahg naic demmb of Ibe exocycIic ryl sub- 

sinmt. blauch instues,compc&g8xackoffbcnu- 

ckqbikxttbeaIdocyclicux%ryc8emyfftmcdmcrr 

domine, ruiildng in tbc pnfuenW formth of ou- 

mlidax riag ckawge pKNbus (cq 10). 

In orda to compm tbc cffcctivcse38 of scvart 

nrgents thst had previously been uxal to effet car- 

boxlmidc hydrolysk or tnnsestcriflc4tion, four proto- 
rypc hydnxido imidu were -died. Hydnride 4~ 

(R=CHzPb) wu chosen to tcpescnr x coavcntional sub 

mate, wbik tbc kovalerut (4c. RsCHMq) and tcri- 

butykcetsc (If, RPCMt3) derivxtivcs were chosen to 

test the aeric limiutiona rcgatding the poxitioarl se- 

kctivity of tbcsc Wgcnts. Fimrlly, tbc pbalyluctAtc 

dcrivuivt (4d. R=Pb) provided a rarfdve test of tbc 

poezWfor~mixuioawhicbmightoccurdoringthcx 

plw 

Fathklxody,otlly~pwt~~>200:1) 
hidts8lnpkswtrttmpbydlaorbrtevenmiaorunnnut 
ofnccmtadorrcinlldkdaa*sdwitbhigbpsddaclby 

subsapumc UpiWy gu chrtnnuaonphic uulysk of tbc 

derived a-amino wthyl eacf (+)-WA amides We 

i@). TherrubafthkrrudyzevulrevarffntmrrinO 
trends (%bic 3). For Ihs convcntionrl sum 4c 

(Entries A-c). alI three methods examined. bydrolydr, 
methmolysk. and bcnzyl ester truuesterifkxti~a,’ 9 

provided the rcid (erau) deriruive. 8c, 9c, ud gc, 

lv!qKxi#ly,ingoadtocurllea*ld~mdeobarblc 

nurdudca,WlgWvlrba Mg=-=yof- 
chimlauxitimy. H-, V~unocmtrOf- 
don wen o&awd for tbc phayhcwte tivative 4d 

de~upoadr~~cmpbybd(EnninRf% J%c 
prcfcrredmethodfaramovfgbudlkal~ilhls 
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c&uprovcdtokuoHbydtoIpil,whkhplovkkddu 
co~gddLloadrttll(Iu9)rfthmbiul 
(s2%)rlc8mi2adal. ootbcotbwhad.~ 
methoxida oluhmlyds atfodld ala UHItlpQodhp 
mthylel&r9dia93%~~thccLelcwu6dob 
lahcd~tmptpa8wtdluDBawwdwoutotauy 
ruxmk. AcoagmhoofBwr&lGmdYludBaekal 
andJrevulstbc M inqmWd exocyclk car- 
bUlylpoSitioarlWkCtM@dirpl8yCd~WBll~CUtl- 
pxtuitobo&UOH~BrMQMefaim&&cy~ 
reactionswbenthesxerkintemaioesintbcsu&nte 
become more severe. l&se results ut in uzcofd with 
prior p-t estxblisbcd in this laboratory. Although 
the yield of the isovxktate batzyl es(a 6e obuincd with 
LiOBn wxs still very good (82%) (Enuy H), the rcrr- 
butylacetxte derivuive U (Entty J). suffers from an 
ckvxtion of the undesired mode of ck~xge (eq 10) 
resulting in significmtly redoced ykld (51%) of the 
desired product 61. However. even in this extreme WC. 

excellent cxocyclic carfhmyl clenvagc rc#oselrcWry 
could bc restored with LNWH. wM& Monkd dK desired 

acid 81 in 91% yield (S9% ee) rloag with x 91% 
recovered ykkl of the oxuoY&me chlrd auxtlixry 2 
(EntryK). Itshouldbcnotcdthatinnateofthe&ans- 
csteriticuion md hydrolysis experimcau conducted on 
the stcricxlly hindered substrues 4c xnd U was my 

mmizuion detected @ntrks H-K). 

The unpxalkled tetivity xnd exocyclic cxrbanyl 
rcgiosekctivity displayed by LiOOH in crboximidc hy- 
dmlysis(EruryK)habecnfcutdtokquirepawnlxod 
xsrccnrqrwna.ithupovaltobethcRxgaltofcbo&c 
for removrl of t&se cbtnl a&Ii&u from sterk@ de- 
muldingcrrboximklembsa*es T&scruubshrve&Yt 
discttMinsotncdmilell&Mc.~ 

a-Alla0 Acid Sy~thcsir mod Opticrl 

PO&y Away. liavkg -tll4llblwchiml 
imi&cadwaddbcc@oy6d&r~mu*fartlu 
prepuadoo of alsaeti omnlcdlyp-Ne=-da- 
hydmxiooeuewatdakl8,rprdcJpaoco~for~ 
cmvusbooftba88u~toa-8mtiooubd&ri~ 
tivw wu Qvubpsd IdldJy tb8 pwkrad rEolb of 
degnbbm might &volvc rb bet N-N lmd ckmqa 
of the uruhxoe-proteued hydnxinc to &ford the N-Boc 
a-mnima5&(cam).dacutbeseprohcUwouldbe 
axmnht ad vaudlt. N-proebad a-mnioo rid SW- 
t!locu. Hom*a.tacuuaTapdlsr-illdu?K 
llboma&olmptrtodleathbtrmnf~oatJlc 

dkyl by&ukw via Rmey twel hydmgatol 

birrdvimg-tnuml tcnbaim proved mmmwm. 
3?$: 

em. al lltem&ve mallod coadning of prior tcmOvrl of 
the Boc gtmrps followed by hydrogatolysis of the rc- 
sutting hydr&no esters over R-y nkkd did wide x 
useful rune to the de&al a-8mino p~3~ct.3.~~ Ihc 
ovaaIlp?olX8swnamlbbtedwttbmEyWXtstepwkth 
(+) KITA chloride33 (l?q 11). D&eraMW CMtysis of 
the resnlting (+)-MTPA tmide ckrivxtivcr 10 by 
c@Jaryc3Wptvvidl?drSaubi*assayoft!testete* 
cbemkalfMityoftbeenTitcsequmcc(vlhi#m). Tht 
npruenudve substrate8 were first converted to the 
coWpatdb!lgtnethylesters9. fnthecaudthebenzyl 
esters 6, this was rhicved in qumtitative yield vio 
hymdysb over 5% W-C (1 urn -12. WAC, 25 “C) 
folbpred by dirmmtthmc UeunWnz 

-nlcremlilhgsep8iotheseqpcaaptiu-bythe 
fo&nvbtg repaagpiw cxxnpk (Xbk 4. Enuy A). Hy- 
&azidouter6c(R=CH~Ph)wu&pmrec&totbefru 
hydrxxine rd the rtsulting solo&o w&s directly hy- 

Wg=rsdov=RacrnicLelW(30[)@~~.4h. 
sot). 

T-4. -udAmUmdo- Eun (a 10. 

A aa- lone4 SW:1 

B a4 m 4 lad 88 80:1 

C sa cw& 18 1oI l3 AOO:1 

D l cht+ 16 10 80 Am:1 

l -byc@byaCdO*pu%qr)JJlPA~la 

The unprrllbd a-&o ester, obined rfta Mtnth~ 
thmg!lwtculdrdvcarrmov4wrruylsalwidl(+> 
MTF’A chlcddc to affard the (+)-M-PA unkk 10~ ia 
94%ovaallykldforlhethrceawp nism#&lidw8s 
found to be identical to tbc (+>MTPA amide Mval 
ftun uthmtic L-pklylalmine, tbaeb cisuwiq tbc 

WI~cCnfi~Onhr~ryn&dcpbtnYLlrninr 

ialramsdirr. Amlysis~cquluyGU3msdcdbuRdo 

Of Z(s):Z(R) diutucotnus tok>2oozl. T&uMitionrl 
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cxwpks provided in Table 4 ydn subjected to t& 
kfa*krlresdoaaqueooe.dtffuingoalyiotbcloospr 
Rcoeynid;elhydqeWyxistiotc(16b)smpbyrdfordte 
hbxkM&ewetu6e,ui(il(EnuiaCmdD).Ptom 
thembulaaldm&kirqpaaut!mtrwi&miuyda- 
uninOlCk&UUbCObtW’dillUliIfdliUl~gOOd~ 

WiIb itn@man rucmintkm.34 

In cooclusbn,~E& ckcuophUk ambmion d cbM 
intide eooktee with DBAD pmvkJu at expedkm rp 

pro=htodu.eWm=k eynthuk of borh a-hydnzino 
enda-eminoecidduivuive.s Awkkmgcdtxget 
sanxmms of pn&ictabfa a&o&w cxMgwuioa PC IC- 

ccsdbbc in h&h aumtiomak prrtty. ad excellau ovarII 

yield. fhb bckxks CIUKO d a-e&no md hydxmzino 
&-zid daiv#iva nrh m 9yl md rcn-elkyl glycinu 8nd 
fhctrNjmhacoogencmwhkhefewcnduyWxXuibk 
bycoaqkmWtarymethods* Thi¶qp?oechtotheekc- 
tn3phW8&smiu)ofcefboxylkriderlo!wesynthooxk 

hWyuwplsmamy.~nacluf*es~es 
tbcekctqWJcezidxtionoftheacsrmemol*taystenu 
fecantIyrrparalflomthkIrbarPory.24 lnvkwoftbe 
effkkssywkhwhichtheexid&oopmcessmeynowk 

~an.~pmnmethoQba ~beprhFiprlly 
cxpb&at within Ihc amtext of eaymnu& a-hydnzioo 
ecida@Xsk. 

Gatrel. Di-len-butyl =o&Moxylte (1) (DBAD) rwu prtieecd fmm FUe AG xnd used es received. The imidu 
3Wfepmpmedrtptviouslydcscribedhomthecomrpaadinpecidchlori& amixuipivlLicrid~y&ida end 
(4SWPbalylmahyl-2-oxlidilxW (2) @pH).35 Ulhiumdikopqykmkk(LDA)wesgerrauld~siarbytrrating 
brydiitoprqrykmine(0.38MkrTHP)with0.92cquivofr-bttyltilhium(I.6Mirburw)a-78OCfar30mLL High 
ptsun Rmvy Ni hydPlraolyws orar performrd io a myyvticeIly uirred, gkss-Unrd, axioks-szocl xutoctm F&h 
chmmuogf8@Iy wu pcrfomX!d aa e. Muck tilkr gel 60 (230.400 me&). Solvent gradkou foe medium prrolae 
prrpvndve chmmuognpby (MPLC) wae coostrucud with a simpk two-chsmber xppema& which aupplkd, by 
gIxvi!yfo&asingkhiictprirypump. ~-~~i~~-~~~~~~~~~k 
coo~widIlhisippMaff 

(4S)-3-(I-oxo-4-pcote~~l)-4-(pbeoyt~ttbyl)-2-oxazoiidi~one (3b, R = CH2CH=CH2). To a 
mechmically stirred sol\aion of 5.61 mL (5.61 g. 55.0 mrnol, 1.1 eqoiv) of Cpcntmok rid md 9.21 rnL (6.68 g. 66.7 
mmol,1.33equiv)ofokchykmfae(~ydictlllatcCaH2Mda~hla)mLofdryne?mo~d--78OC~ 
N2.w~dded7.~mL(6.93p.575mmol.l.l5squiv)dpiv~oylchbrlde. IbemixtmewowermedtoOOCfor6Omin. 
xnd then rccookd to -78 DC. A s&&n of 8.86 g (50.0 mmol, 1.00 equiv) of (4S)-Qhenylmethyl)-Zoxuolidont (2) 
(XpH)rrdlSmpofoiphmy~(indkora)in90mLofdryTHP,aimdat-U)OCto-QSOCundtrN2,wsr~ 
dropwise with ~-~Ui~urn (2.48 M io hewn) until an orqe color pas&d (20.2 mL, 1.00 quiv rcquind). The 
fesuking sohltim wes cookd (0 -78 “C xod thee &al, via ra&l caMuktioo. IO Ihe xbove &Ted mixWe conf&ling the 
mixedlnhydlitk. 7hef&dlUlmuakted ouzolidonwrsrinssdiawid,~oIO-mLponiocwofdryMPrrdIheRsull- 
ingmixmrewustim~Ia-78oCfor3Omin. Afkr~toOOC,themixfmewupPdtimedbaweu~CHZC)tmdpH 
7 phosphate buffer. Tht CH2Ch pheae weshed with 5% xqueous NaHWj followed by helf-semmtcd qutm~ N&l, 
drkd(MgS04),adev4nxmtdkvcuuo. ~~o~w~~~~~o~D~-M~~~ 
(66Ogofdlkagl)eWogw&h3: lhcxmc-eto& Mixedfix&ns(--2g)wefe fechmma~~dcaaibedxbove 
to~verbrrlinbeparknofJbrtrcoknlera,viscanoil(1130)buwtlho~ onTUL Rf0.27(silica.3: 1 
hexene-WMc). Ku@ubr d&tilLuh (150 T/ 8 miiiitorr) yielded 1 I.4 g ( 87%) of put mauiak IR (ncs) 306S.3W.5, 

2975,2!XO. 1782 1702, 1387.1352, 1210 cm-l; * H NMR (250 MHz, CD@, i 7.37-7.19 (m, SH, CgH5). 5.884 (MI, 
I& = 10.3 Hx, Jm = 17.0 Hr, Jay1 = 65 Hz, 1H. H2CnCHCH2). 5.lW (din. Jm = 17.0 Hz. 1H. &C=CHCH2). 

5.032 (dm, J& = 103 Hz, lH, &C=CHCH2), 4.716-4.622 (sjm m, lH, CH2Cm), 4-227-4.123 (m. 2H. CH20), 3.288 

(dd. J = 3.3, 13.4 Ht, 1H. aHC6H5). 3.169-2.935 (AB qumc! of atpkca VA = 3.091. VB = 3.011, JAR = 17.3 Hz, Jt = 
7.4 Hz. 2% w), 2762 @I, J = 9.6, 13.4 Hz IH, CH&5H5), 2%2-2.411 (ITI, 2H, H2&CHC&); 13C NMR (62.9 
MHz., CDCl3)i 172.44, 153.30, 136.69, 135.35, 129.31, 128.85, 127.24, llS-51, 66.19. 55.09, 38.02. 34.80. 2821; 
IalD25 42.00 (c = 1.13, CHCl3). An& C&l farC15H17NO3: C 69.u); K 6.61. Pam: C, 6957; H, 6.39. 

(4S)-3-(lsxo-3-pbcaylpropyl)-J.(pbceylwtb~l)-2sx~xolidiaorre (3~. R = CH2C6Hg). A solution 
d 22.S g (127.3 mmol, 1.00 equiv) of (~@heayimcfhyl)-2-o~lid~ (2) (XpH) mxl SO mg of ui$myimcdme 
(bdkatm) ta 2SO mL of dry THF. shed P -78 *C m&r N2, WYIO mated dmpwixc WUI n-butyUithiurn (1.H M iu 
hexme)undlm~cola~(82mL,l.ODcquivRquirrd);metol~bdngLep~-65to-78*CduMpIht 
ddkion. After wooltip to -78 O, the sdudon was &cued with 21.0 mL (23.8, 141 mmoi, 1.10 cquiv) of dihm- 

lumoyldrloridcoverr2-mfnpaiod. ThelEau&gmixntWwaswxmrdtooo,r3euedwith 1OonlLofsuurWedque- 
ousNaHCO3,mduirredr2OOCfa30&. RwmixtunwesemvtedwifhthrecphniaurofCH2Cl2. TbcCH2Cl2 
ex~lyw wae combined rd ssessively w&ted W&JI 5% 4uean NQCO~ rd murued aqwaus NQ dried (M$W4), 
Mdcvrpa+edInwcwtoriludmoff-rhl*M 7tdslIIza&lwxs~xedfIan4sOmLof2:lkx~EIoAc 
to ykld 36.4 g (92%) of &ixtmiq w&h mcdks ‘I-K Rf 0.27 (xilia, 3: 1 bcurre_EtOAc); mp 1019-109.5 oc; IR (CHC13) 



Synthars of ~-ammo and a-hydmnno aad dmvatlva 5531 

17&0.1~0-1;1HNMR(300MHs~)b735(m,10H,~).4.7004.~(r)a,m,lH.~.~ 
4.126 (m, 2~. C&o), 3-3.187 (w 3H. C&GO ad 4C’@+QH5), 3.1M2.952 (m. W WX 2.751 (db J 
= 95, 13.4 Hr_ 1y -5); ‘3c NMR (755 MH& alCl3)I 172.41, 153.42 140.73. 135.57. 129.57. 129.u5. 
128.77, 128.60. 127.43. 126&I, 66.19,55.25,38.05.37.27,30.60 (a)$ +78.6’(c = 1.00, CH$W AmI. Cdcd ior 
ClpH@+@: C 73.75; H. 6.20. Fkxl: C. 73.70, H, 6.21. 

(4S)-3-(pLcnyl~~)~~y~yl~~~~~i~~e (3dd, R - C~If51. A mhriom d 12.4 I (70.0 
nund. 1 .OO a+) of (4Q-(pbmytaEtbyl~2olkbne (2) (XpH) rrd 25 II@ of tripkay~ (Wit==) b 130 mL 
of~THF.Itimdr-78OCllDderN2.wl(tRUddroparistarbhrr-bmy~(25SHh~)~~~~ 
pmiaad(n.smL.1.00squiv~);tbt~ohrtioakhplrcpr~oo-7893~thcrMfrbn Merrscodl3gto- 
78 T. lhc solutka WH uued wim 10.0 InL (113 g, 74.1 axno 1.06 cquiv) of pbalylacuyl cuxi& (98%) o*Q 12-n&l 
period. ~resultiryadrtrPerawlmredco~93,oersdrhb100mLoicPP*sd~N~,lodahmdrr~ 
T for 30 min. The mixnrre wrrexWWmlwiththrcepc&anofCH2a2. nleCH2Ct2exnaalwucarmbkd?rmbal 
wilhS%~Nr2COj.~~rtlh~rqucar,NICLdrW~4~.ad~hwcuo. ‘Ibtrcskbl 
yellow oil WII uiturocd ti thrse pcxticcta of EQO IO affozd, atbr tboroqb & d@g, 8.73 g (42%) of 36 m I aum- 
colorcdsc&dfoundbyTWto~~tmceofXpH. -ll~uitu~~~Uquaawercunnbkdmdevrparredia~~~~.Iltc 
rrridurlycUowoU(11.1g)wuchromu~ocltwo~D~l-MilLrcoLmmr(660~of~~)elutin(with 
3: 1 hexme-EtOAc IO yield II ddidonal7.05 (34%) of 3d. found by TLC Ouxauc-EtOAc (6s: 35)) to conti a use 
fasta moving impurity. The IWO IOU wcn cc&incd md ruxyulhi born EqObcxm~e IO afford 11.6 g of 3d (wht 
nccdks)thafwe bomogarau on -IlC: &OS4 (ailkx, 1: 1 W&MC); mp 715725 Oc. IR (CHCl3) 3030.1783, 
1700. 1498. 1454. 138s. 136% 1108 cm-l; 1 H NMR (300 MHZ, CDCl3) 6 7.39-7.12 (m, 1OH. rrormdu), 4.7194641 
(sym m 1H. CH2CHN),4.3884.294 (AR quwa, VA = 4.343, VB = 4.277, JAB - 15.7 Hz, 2H, CH2C=O), 4.214.15 (m. 
2H. CH20). 3.275 (dd, I = 33. 13.4 Hz. 1H. ~CQIS), 2.756 (dd, J = 95 13.4 Hz, IH, WQjHS); 13C NMR 
(7S.S MHz_ CDCl )6 170.93, 153.19. 13S.01. 133.47. 129.61. 129.U. 128.71. 128.37. 127.09. 127.03. 65.90. SS.02. 
41.33. 37.48: [a]D & +72.4* (c = 1.02. CHCl3). Aul. C&d fa Cl8Hl7N03: C. 73.20. H. 5.80. parnd: C. 73.02; H. 
5.72. 

(4S)-3-(3-meIbyI-l-oxob~Iyl)-4-(phe~ylmetbyl)-2~x~zolid~ao~e (Jc, R = CH(CH3)2). A solu~km 
of 8.86 g (50.0 uunol, 1.00 a@) of (Is)-(pbcaylnwhyl)-2-oxuGio1~ (2) (XpH) ad 15 mg of uiphcnylwhatc 
(indicuor)in90mLo(bryTHF,*irrsd~-~OQCN2,uumursddropliccarttbn_bayllllhium(-2JMinbutnt) 
until in wrnge color pcsiual(l9.9 I& 1.00 cquiv rquirai); the alutica m to -30 T da&g be &Won. After 
~linp~-78OC,bwrdutibnwutrePbdrim6.71mL(6.64~55.0armd.1.10apuiv)oirsdinilkd isovakryl CM+ 
ridcinmpcnion. ~~~duriarwrcnined~-78oCfor1S~wtnnedtoOoC,mdauedwith 1oOmLof 
suuratcdaqucousNaHCOJ. Thcndrmrewr,aimdviporouslyu2ooCfor4Saria,rdwwrccfienppritiooed~ 
CH2Cl2 ~IKI H20 containing 15 mL of 10% 4ucous NqC03. Tk qcous phase WIP exuacted with lhne dditiaul 
poniau of CH2CI2. The CH2Cl2 exuxrs were combed, w&al w&h amuntat qucous NICl dried (MgSO4). end 
evaporaucd in vacua to give 135 g of 1 pnk-yellow oil. Thii muaid wu ayauzed fmat Et@krmc to yield. in 
lhnt crops 12.0 g (92%) of 3e u f- whkc needka: TLC Rf 0.40 (W 7: 3 ~CXUKI-WAC); mp 50.0-51.0 “c; IR 
(CHCl3) 3030. 2962 2.870. 1782, 1698, 1390. 1385. lU2 cm-l; 1 H NMR (MO MHz, CDCl3) 6 7.37-7.21 (m. SH. 
C6HS). 4.7254.646 (sym m, 1H. CH2CLcIpI). 4.225-4.133 (m, W, CH20). 3.316 (dd, J = 3.3, 13.3 Hz. 1H. Cm6HS). 
2.936-2.738 (8-k AB pa6a1 of ABX m VA = 2.891. v~ - 2.784, JAR = 16.2 Hr. JAX = 6.7 Hr. JRX = 6.9 m 
CH2C=O) md 2.752 (dd, J = 9.7 13.3 Hz. CmC6HS) (3H toul), 2.225 (sym 9-k m, J = 67 Hr., 1H. CH(CH3)1). 1.025 
(d. J - 6.7 Hz) ad 1.009 (d. J - 6.7 Hz) (6H muI); 13C NMR (7S.S MHZ, CDCI3) 6 172-52, lS3.30. 135.34. 129.29. 
128.81. 127.20. 66.01. 55.02, 43.87, 37.93, 24.96. 22.42, 22.31; [aJDU +S5.8” (c = 1.01. CHCl3). Anal. C&xl for 
ClSHl9NO.3: C. 68.94; H. 7.33. Fcund: C. 68.87; H. 7.30. 

(4S)-3-(3,3-dimerhyI-l~xob~~yl)-J-(pbe~ylmetbyl)-2-ox~zol~di~o~e (U, R I C(CH3)3). A solu- 
tion of 6.44 p (36.3 mmol, 1 .OO cquiv) of (4Wpha1ylm&yl>2oulMooc (2) (XpH) in 70 uL of dry THF, ctimd a - 
78OCundaN2.w~auteddro~wil23.lmL(1.0equiv)ofn-hrty~ithium(156Mtabeurw)ovarS~paiod 
771~ dttion ws &rd II -78 T for IS min. Md dwn UC& drop& with S.50 mL (S.33 g. 39.6 mmol. 1.09 cquiv) of 
r-buty~~l~aide.~~r-78OCf~20mln.lbtootutioaw*rwrnrdu,~OCovarl-hpatodmdoe*sd 
wirh1OmLofsuurucdq~~~N~Cl. TheTHFw~evqo~~~Ihv~o. ‘Ibrrquacwrrcskbcwrexuuedwi@~ 
thne 8omL portions of Ef20. The et20 extrxts WCYCTC combined. w&cd with 1 N N&H. w&cd w&b UNNdd 
quew NICI. dried ~#04), md cvqcacd in wcyo. I-he ruidurl white mud WII ~fnxnetzotoyieki. 
in two crops, 9.23 g (92%) of SI IS fme white needAs: mp 112.5-I 13.5 Oc; IR (CHCl3) MZO. 2960.2870. 1780. 1690. 
1385. 1362, 13S3 cm-l; lH NMR (300 MHr CDCl3) 6 7.37-7.22 (rn, SH, C&), 4.738-4.695 (syrn m, lH, CH2Cm). 
4.1924122 (m. W, CH20). 3.350 (M. J - 3.3, 13.3 Hz, 1H. aHC@S). 3.023-2.836 (AR qua#. VA = 2.99). vg - 
2.866. JAR = 14.9 Ht. W. CHW). 2.713 (d4 J - 10.0,13.3 Hz. lH, -5). 1.096 (s, 9H. C(C&h); 13C NMR 
(75.5 MHz, CDCl3) 6 171.79. 153.39. 135.43. 129.32. 128.84, 127.20, 65.73. SS.25. 46.08, 38.01. 31.32, 29.S3; 
la1$2 +42-Y (c = 1.02, CHC13). An& C&d fa Cl6H2lNO3: C 69.79; K 7.69. Fani: C. 69.98; H. 7.75. 



5532 D A. EVAM rf 01. 

f4S)-3-(l,g-dios4-S-~t~ox~~ty~)~-(pbe~~t~yl)-Z~x8~l$d~a~ (31, R = CH2CIi2CO2. 
Me). A xobzh of 8.86 g (50.0 mmot 1 .aI eqntv) of (ISWphtnylmtthyl)-Zoxaaudon+ (2) fxpHJ rd 1s alg al at 
~~(Ldicrtor)loW)mLddy~,dnrdp--MOCurrdaN2,rrraaddnrprfmnithr-~llithhulr 
(-23Mhbsuw)rnrtllmarrrsrrcdaparhsd(19.9mL,l.00aqPtvrqatnd):tberohaha~to-U)~~ 
the 8ddkioa. After reefing to -f8 T. the xohltka WI axsal with 7.60 mL (9.M‘ ss.0 mmoi. 1.10 qliv) of me&y! 
4-~~brorormyl)butyrucinir!pottiat. IbtRarftm~Idutfa!vlrrnin#lr-?8DCforlSmirr,wumdroO”C,rd 
~~1~~~~~N~. Tbcmixnxewssinedv@twslyttM’Y:for4Stnfn,aduacka 
paided between CH2c12 mtd ?+20 cattmhhg 15 tnL of 10% queatx Nx2C03. -Ibe xqueeua phxxe wm emrtLd 
WilJtdlreeddidmrl patkxtxofCBi2Cl2. TheCH2Cl2cxaxctxwereaMtncd,wx&xdwkhxx~r~drqueaaN~ 
dried (MgsO4). 8nd cvxpomtcd frr vclcxo lo give 159 g of 8 p8k-yellow oil wbkh xolktifk%I IXI uxYn&lg. cklc 
~~boaaEtohc~10.8gc116)0frMtcto~(~cmp)brpwPbomopmmm m TLC Rf 
0.23 Wca CH 

r-: 
t2-btxaxcH3CN cnr: 30: 5)); mp 72.5-74.0 oc; IR (CHCl3) 3030.30#), 2955, 1782, 1732, 1700, 

1383. 135s cm‘ ; lH NMR WO MFk CDCl3) b 738-7.19 (tn. SH, QHs), 4.718-4.624 ( xym m Hi, CHZCEIN). 4.2!# 
4.142 (a 2H, CH20). 3.690 (x. 3HIH, CQCH3). 3.300 (dd, I = 3.3.13.3 Hz. lH, WQjHSX 3.107-2.89s (sym tn. 2H. 
CH2C&C0N-& 2.771 (dd, J - 9.6.13.3 Hz, lH, WS). 2.443 (t, J = 7.3 Hz, 2&f, C&C02CH3,2.O94-1.64O (m. 2H, 
C&CH2CH2); 13C NMR (62.9 MHz, CDCl3)i 173.07, 172.25, 153.22, 135.18, 129.21, 128.73, 127.13.66.13. S4.92. 
51.29, 37.79. 34.51, 32.91, 19.38; [a@ +Sl.oO (c - 1.0x CHC13). Anal. C&d ftx C16H19NOS: C, 62.91; H, 6.27. 
Poutxk C. 62.88; H. 6.36. 

f~S~-3-~3-utkyI-~-axo2-brttayl)4-(pbnylrrtLyl)-tox~roildiaoat (3b). A solution of 8.93 g (55.4 
mm01 1.00 eqh) of @.Wpk~1ylmcfhyl~2oxuolldar (2) (XpH) &I 100 mL. of dry THF. ahed II -78 Oc un& N2, 
Wrrausddroprtrswilba0.9mL(S3~9mwl.~,-btryUhhlm(2J8M&heun)wa~~-minperiob. ?hcnDhdoawrs 
asind P -78 “c for m rkfitiaul S mitt, d tke tteated wtdt 6.00 ml, (6.39 g. 53.9 mmol, 1.07 equiv) of 3$- 
dimthykqIWlcbI~(978)inotlepoftkxt. ThsnruldkDprdudarwurrlnsdu-78ocfars~,vrmbdu,25oc. 
~~~S~~~~~CL TbeTWws8evqamedinvacvo.8edtkmsiducwsJpmttbnad 
krwaen~~Ofl:lCH~~-heunend100mLoC~~N~. Tltccqnkphrrw8sw8skdwid1 

smmad 4ww NICI, dried (N@O4), UMI evm in vocuo to yield 13.18 of white s&id. This tnttteti w(a 
ncrynrtllztd~burre-~OActoyieldiatwotmpzll.Sg(8Bk)ofJLrrBae~ntedfcr:~Rf0.60(~1: 
1 hex=-EtoAc); tq~ 79.5-80.11 DC: IR (CliCl3) 3O2O. 2920.1772.1677.163O. 1385 MO, 13SOo. lU7.1184 an-l; lH 
NMR (300 MHZ, CDCl3) 8 7.37-7.22 (tn. SH. CgHS), 6.966-6.950 (m, lH, C=C~C=O>, 4.762-4.684 (xym m, lH, 
CH2WNL 43134.118 (m, W, CH20). 3.347 (dd, J - 3.3.133 Hz, 1H. QiSiC6HS). 2.77s (dd, J = 9.7, 13.3 Hz. lH, 
CHtfCdiS),=(d,J=l.2Hs3H.C&GCH& 2016 (d, J = 1.2 H;r, 3H. C&C-; 13C NMR (7SJ MHz. CDC13) 8 
16493, 159.24, 153.33.13X36, 129.10, 128.84. 127.17, 115.79.6S.84. 55.14,38.01,28.OO, 21.31; [alDZZ+60.4*(c = 
l.oz. CHCl3). Attnl. C&xl faClSHl7N03: C. 69.48; H, 6.61. pomd: C, 6956; H, 6.63. 

(;crtrrJ promivc for tic Forurliolr of tbc Cwboxlmidc (2) Litbiam Emelrtu 8ad Tbdt Sobxe- 
qmCBt -kc wkb Dig-ktyl Azodk8rbory#8tr. To 8 ffwb& pnputd solution of 1.05 mmol of limium 
ditsoproWkmldtia3mLof~,stkrrdnt-78OCmdaN2,w~YIdbdvllMnuLLx~~(-78Oe)~hRJOnof 1.00 
mmo1ofttuimkic,3,ia3mLofTHi? Rc&ul3w~tinsedhwitbtwo1mLpc&nsofTHF&stiniqamthud~ 
-78oCfa3Omfn Aptmdtd(-f8~ooLnimot~~fl.lSmmol)dDBADla6mLofdry~~ugddalvir 
omnStor&!rboneaoLItsolinionrdIhnarMitiorul~180rctbenabnwa;quadKdsridr2.6naDlof~ 
W&&k!. ~UbUCW~pnidoaadbnween~~l~af1d~7pboqJlUbulfer. Theqa~0u6phrrewtswastmd 

wilh~padaaroiCHZCl2.ThcCHZCl2phua~carr~wdwdridrsuunuxliqueartN1HCDJ.Qbd 
(M8804). Md CvtpOtUd b VocyO. Dkenm&cnitiosoftheR?RlldnpanpntAadpoduawcrcokdndbyHPLC 
ti+S~8W*arr,8tIUIIX 10~smi~slliugCiRd~-~R~~(Uvdacctiona~Sam)~wfthetba 

CH2C12-hexsnc-CH3CN (70:3&S) (Soivcm A) or CH2Cl2-bcxane-CH3CN (70:30:75) (S&vent B) (vi& @fro) * 2 
mUmin. The uquifkd product vu parifkd by medium pasurr chmmuo8.npby (KPLC) at M&M-Mlkr cohr~ 
~Aa~)prkatwithJlliagelfMclrkqKaophotometa23M00~)with~icltcolumnlod~of0.3lol8of 
mat&llper1oogof&iksbmt (se Wow for dvaltf: 

(3~2S~,4S)-3-ft-~N~‘-bix-fr-brtoxyc8rboayl)hydr8x~~o~-l-oxopropyl)-4~~pheaylmetbyl~-2- 
OxWdidholle (48, R = CH3) (Trbk 1, &try A). As dcxcribcd hove, 233 mg (I.00 mmol) of 38 (R = 
CH3)37rllordsd4Umg(92%)oiC,(R=n13)a8cckrlepOfrsfaunrRapuiAcrdonbyMKC(50golsi~pl; 
CH2Cl2-bexae-CH3CN (7OLUk7)). Recovay d 3a : 13.2 tng (6%). Dhecteotncr sna+is of du! unpurifkd pmdua 
(vk& rypru, wolvent A) &rvc a 2(s) (rr = 4.89 tnh): 2(R ) (minix dlaersaner, tr = 6.24 trdn) r&o of 98:2. ‘Tlte @ficd 
pn>buft~vttkmnedtatcteomer trio: fR fCHCl3) 3400. 1788, 1747. 1705 cm-l; IH NMR (300 MHz. CDCI3.329 
So 6 7.3S-7.19 (m, SH. mwwig). 652 (tx s. 1H. NH), S.74 (tr s. 1H. CHC=O). 4.63456 (sym 8 line m lH, iH), 4.22- 
4.13 (m, 2H, 0CH2), 3.339 (dd, Jvk P 2.8 HZ, Jw m 13.4 HZ, lH, CfiHph). 2.7S4 (dd. Jvic = 9.9 HZ. Jgem i 13.4 HL, 
1H. CHWW. 1.482 (a, WCH3)3), 1.466 (s, 0C(CH3)3) tmd 1.453 (s, CHC&XZlH tocirl); [alD26 +37.70 (c = l.OS, 
CHCt3). AtmL C&d for C23H331307: C, 59.60 H, 7.18. Patnd: C, 59X H. 7.13. 
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(CH2Ct2) 34OQ. 1788. 17SO.lMo cm-l; IH NMR (300 MI& CDCt3.329 OK) 738-7.22 (m, IOH, rromricsx 7.06 Q 
tH), 6.49 (tX 2 tH), 4.6565457 (r)la ICh 1H. 4-H). 4.tu.01 (m. 2H. ocrjlrh 3.379 (br 6 ti’t, Pb@@h 2818 (dd, Jvk = 
9.7 Hs, Jpm - 133 Hz, lH, FXliiQ 1.500 (x, 9H. WCH3j3). 1.191 (tx x, PH. OC(CH3)3); IalDz6 +216” (c = 1.0% 
CHC& ~cJalfaC28HjjN307:c.63.98:H,6.71. FoumkC.64M;H,6.62. 

Llcrfilcdoarrdordedl3~(24%)ofbrc~dirnenoma~R~~~C~H~),rbo~1by~Puiydrro~w 

a 2(R): 2(S) rdo of 97:3 : IR (CH2Qz) 3405,1785,1750,1700 cm- l; 1H NMR (ulo hfHz, CDCt3.330 “K) 8 7.43-7.22 
(m, 8H, xmmuks), 7.09-7.05 (m, 3H, 2 xrom&x lad NH or CHC=O), 6.50 (Ix x, lH’), 4.79-4.71 (xym m, lH, 4-H), 4.190 
(~~J=86Hz,lH.OCtEH).4.Q1I2(~J~=3.SHt,Jpmr=9.l~lH,OC~3.320(6J,J~=3.2~Jgem 
= 13.5 Ht, lH, PhcHH), 2390 (d& Jvic = 9.7 Ht. JFm = 13.2 Ht. lH, pbo. 1.481 (s. 9H, OC(CH3)3), 1.194 (tx s, 

9K WCH3k3& 

(3(2S),4S)-3.(2.(N~‘-bic-(r-batoxycxrbonyl)bydrxziao)-3-metbyl-l-oxobatyl).4.(pbe~yl- 
mctbyt)-2-oxnxotidlmore (4e, R I f-R) (T&k 1, Patty H). Following xn txu sak up of the genarl 
procedure. 2.61 g (10.0 mmol) of 3c (R = i-PI) grve 4.65 g (95%) of 4e (R - i-R) as e colorkxx gtxss foem titer po- 
rifii by MPLC (650 g of xilkx gel; Solvenr A). HI’LC xnxlyxts (vi& wra, Solvent A) of the uopusiied pmdua 
grve I 2(s) (lr = 5.77 mh): z(R) (I, - 8.oB min) ratio of 98:2. HPU autyd of tbc purif-- product pve I 2(s): 2(R) 
rxtio MOO: 1 : XR (CH2Clz) 3390,178s. 17x), 1708 cm -I: lH NMR (2%) MHz CJXl3; 331 OK) 8 7.35-7.19 (m, 5H. 
aromhcx), 6.48 (br s. 1H. NH), 5.79 @rd. J = 8.2 Hx, lH, CHC=O), 4.685-4588 (m, 1H. 4-H). 4.192- 4.115 (m, W, 
OCH2X 3363 @r M, Jvic = 3 Hz. Jgem I 13.SHz. lH, Q#tC6Hs), 2.718 (dd, Jvic = 9.9 HL, Jgm = 13.5 l& lH, 
CtifIC6Hs). 2.412-2.267 (m, lH, a(CHgh), 1.478 (s) md 1.473 (8) (18H, OCXH3)3), 1.099 (d. J = 6.7 Hz. 3H. 
CHCH3). l.C@O (d, J = 6.9 Hz, 3H, CHQ13); [a)D26 +27.4“ (c = t .M. 0jCt3). An& cilod fa C2#37&@: C, 6l.W 
H.7.59. Found: C.60.90; H, 7.51. 

Prcpxrxtiom of tbt minor d&8tenomer (YR)-rc, R = f-PI) vix Epimerlutioo. The protoco1 for 
umyingolxlhcepimrintiar w~theslmerarhudeoaibedrboveforIr,(R=Me).Thc~mtimewaJl9h. 

(3(2S),4S)-3-(2-(N~N’-bir-(t-botoxycxrbo8yl)bydrxx~~o)-3,3-dimetbyi-~-oxobatyl)-4-(phcnyl- 
methyl)-2sxxxotidioonc (41, R I t-Do) (T&k 1, Entry F). FoIlowing a slightly modifiid (40 min eno- 
tization time) xc& up of the 8cocmt w. 2.75 g (10.0 mmol) of 3f(R = r-au) gxvc 4.83 g (%%) of 4f (Tt = r-h) LO 
a coiakss glxsx fomr xtk prrifksion by MPLC (vi& supro, Solvax A). HPLC acuiysis ( vti sqma, Solveat A) of rhc 
unpurified product grvc x 2&F) (tr = 5.33 n&Q: Z(R) (k = 7.73 min) r&o of 99.7:03. HPLC an&y-xix of rhe ~orikd 
podoct gxve x 2(S):2(R) ratio >Mo:l : W (CH2ClZ) 3395, 1785, 1748. 1710 an-l; tH NMR (250 Mix, CDCt3,331 
“9) 8 7.34-720 (m, SH. xomxrks), very broad sioglas 16.45 md 6.07 (2H. NH md CHC=O). 4.714.61 (m 1H. 4-H), 
4.16-4.10 (m. 2H. OCH2). 3.45-3.35 (unresolved m. lH, C&HQH5), 2.6% fdd, Jv’c = 10.2 Hz, Jgem = 13.4 HZ. tH, 

b Ct’fffc6H5), 1.491 (S) rd 1.452 (S) (18H. 0c(0f3)3), 1.116 (s, 9ti. CC(Cti3h); [a)0 +13.4’ (C = t.ot. -13). AI&. 
C&d forC26H39N307 C. 61.76; ti, 7.77. Fowuk C, 61.75; H, 7.62. 

(3(2S).4S)-3-(2-(N~‘-blr-(~-batoxycerbo~yl)hydr~xi~o)-5-methoxy-1,5-dioxopenty1)-4- 
(phcoyl~bylf-tsxudtdin~ (Ig, R = CH2CH2CO2Ne) A solutioo of 30.5 mg (1.00 mmol. 1.00 equiv) 
of~in3mlofdryTHF,stinrdXt-78bCundefN2,wwrrmuedvLnpidumutrioawithaprcrookdf-78OC)solotiar 
of 1.01 mmol of LDA (prepped u described hove from 0.64 mL (1.01 mmol. 1.01 cquiv) of n-ku&yllithium (158 M b 
hfsxnc) xnd 0.15 mL (I .07 mmol) of diiyl amine tn 3 mL of m. Residual LDA was rinsed in wtth one 2-mL 
portion of THF, md du nsulting solutiar was ninut u -78 *C fa S min. To the above was &cd, via rapid caimuhtim, 
r~~(-78oC)sohrrioclof265mg(l.lSmmol,l.l5equiv)ofDBAD~6mLofCH~l2. Atkr4OurfbcnuLt~ 
wasquaxWdwith0.15mL(157mg,2.6mmot)ofgtaciatHOAc. TheunpwikdproductotxxbcdfothwingtheQudtrd 
workup wylg poified by MPLC (tO6 g of xiiica gef; 2L tinar grxdtuu fmm Solvem A to CH2Cl2-hexxne-CH3CN (70: 
u): 15)) IO xfford, in orda of etuhon, 47.6 mg (16% recovery) of 3g fotbwed by 267 mg (51% yktd) of 4g IS I cotor- 
kss glass foam: IR (CHCt3) 3385. 3060, 2973, 178% 1750-1700 (br, mxx u 1735). 1480, 1393. 1369, 1353. 123% 
1197, 1173, 1152. 1110 cm-l; lH NMR (250 MHz, CDCt3.331 OK) 8 7.36-7.17 (m, SH. C6H5). 6.59 @r s. 1H. NW, 
5.70 (lx d J = 8.6 Hr. It% CHC=O). 4.63-453 (xym m lH, C?@Xt’& 4.24-4.13 (m 2H. C&O). 3.638 (s, 3H. _3), 
3.30 (h d, J - 13.6 Hz. lH, wC6H5). 2.88-2.73 (m. 2H, CHHQH5 md CHHCQ,$H3). 234 (ddd. lH, J = 6.3.9.7. 
16.5 Hz, t H, CHflCO2CH3), 2.29-l 97 (m 2H. CH2C&$HN). 1.475 (L 18H. OCXCH3)3); [alD26 +46.9” (c = 1 .O2, 
CHC13). Anat. C&d forC&H37N309: C, S8.31; H. 6.96. Found: C. 58.W H. 7.09. This maaiat was found to be bomo- 
gcncous on HPLC: tr 13.8S min (Solvent A), tl 7.59 min (Solvent B). IH NMR analysis indicucs a minimum di- 
lstawnwic purity of >95: 5 (VLlc i&z). 
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(3(ZS~,4S)-3-1Z-fN~‘-b~s-(r-)iltoxye~rb~~t)b~dr~z~~o~~3-~etkyl-l~os~~3-bmte~yl~~4-~p~~~~- 
mctbyl)-toxrulidimome (4b, R - C(eCR2)Me +ad B- ud Z-(IS)-3-(J-(N,N’-bl$-(f-bxtoxy- 
cx~bo8yl)bydr~~~e)-3-u~yil-l-ox~-2~b8t~yJ)-4-(pbe~yJretkyI)-2-oxxs~IidJ8~8e (7). FoJbwhg 
mexrx~upofdugeballpocsbpla,~9g(lQOnaaal)ef~gne2~g(47+)dIsOil~C(M3)ICH~ur 

cotorfeat~foPmlntrprrrifkrkm~MPLC(6Xtgd~gc~6LofSolvarA,2Ltinw~tfrwnSolvaaA 

IO CH2Q+eme-CH3CN cro 30: 15). ad mally 2 L d CH2Cl2kxme-CH3CN cro: ti 1s)). HPUZ ukyebl (v& 
trrpra !solvalc A) of tb6 ~~~podrwx~r2(S)(trJ,~n:2(R)(trn7JO~)ndooiPB:Z Hpu: 

MalysisdthepniA#1lmmnOlw,~Z(S):2(R)~of>300:1: lR(CHZCIZ)340S,178S,1748,169Scm-1;1HNMR 

(300 MHz, CDCi3.331 SC) b 7367.18 (m. SH, aomuiu), 6.64 (wry hard a 1H. NH), 6.262 (s, l?i, CHC=O), S.019 (s, 

lH, HW=C). 4.696 (sl 1H. W=C), 4.70436 (sym III, 1H. CH2QiFQ 4204.13 (m m. OCHZ). 3.298 (&I, J,k = 3.0 

Hz, Jgem = 13.7 Hz. lH, CHHQjHS). 2.827 (dd, Jvk - 9.3 H+ Jgem = 13.6 Hz 1H. CHHQHS). 2ooZ (x, 3H. CH3). 

1.489 (s) and 1.445 6) (1 SH, OWH3)3): [al,26 +2W (c = 1.04. CHCl3). Amt. CWd forC2gfjgz3~: C. 61.33; H, 
7.21. Found: C, 61.48; H. 7.13. 

After several lerer frszian (149 rug, 3.0%) knmd by Hpu: to be I %I: 5 mixture of ‘L(S) and Z(R) dimterromers. 

nspectint~y,rhaewrro~s2~(l.l%)fanrdbyHPU:tok~29:7lmimm of XWh md 2(R)4k nqx+ 
tivcly. IH NMR (2SO MHz, CDCl3.331 OK) integntioa of thir mstuial pve a 2(S): 2(R) ratio of 30: 70. Disciaaivc 
Sigd?lUtJi&tCdtOlflCmina- (z(R)+ se: i3 6.206 Ih s, CHC=O), 5091 (a W=C), 4.758 (5, HHC=C), 

3.416 (dd, Jvic = 3.4 Hr. Jgem = 13.2 Ht, CHHC&X 2.036 (s. cH3). 1.472 (s. OC(CH3h). 

still &I frxziau yiekkd 2.24 g (42%) of the strongly W rkorbiy l.Ceddition produa 7 = a colorless glus 

foun. ThismgerirlwufounlbyHPLI3rd1HNMRtober6:4mIxMcof~~O?Z)irann: HPLC (Sdvat 

B) tt = 10.4, 11.8 min; TLC Rf 0.20 (silica Solvent B); IR (CHCl3) 3395 (h), 3063.2980.2935, 1780, 1745. 1713. 

1685. 1643. 1480. 145s. 1393. 1385. 1368, 1350. 1173, llS2 cm- ‘; 1H NMR (300 MHz, CDCl3,330 OK) 8 7.34-7.17 

(m. SH, C&HS). 6.978 (q. J = 13 Hr.. 0.4H. C-CH in minor fsarur). 6906 (q, J = 1.3 Hz. 0.4H. C-CH in major isomer), 

4.76465 (m. 1.8H. C=CH in minor isomer and CH2CUN). 4.26-4.09 (m, 3.2H. CH2Ni%Q in major isomer sod CH20). 

3.356 (dd. J = 3.4. 13.4 Hz) end 3.319 (dd, J = 3.4, 13.4 Hz) (1H tax& CHHC6Hs). 2.780 (&I, J = 9.5, 13.4 Hz) xnd 

2.772 (dd, J = 9.5, 13.4 Hz) (1H taal, CHtfC6HS). 2.lSO(d. J = 1.0 Hz, l.l?H. CH3 in major isomer). 2.018 (4 I = 1.3 H& 

1.2H. CH3 k~ minor isomer), 1.478 ((I). 1.472 (s), end 1.464 (s) (18H tot&, OC(CH3)3). AMI. C&d forCzH3SN3@: C, 

61.33; H. 7.21. Fan&C. 61.35: H. 7.34. 

Generet Procedure for tbe Ri~gmeshm Metboride Methxadpit of CsrboxfWfes 4 To 4.0 mL of 

dry MeOH. cooled to 0 T under N2. wm u&d dmpwise 1.00 mmol of MeMgBr (0315 mL of a 3.2 M solwion in 
EQO). AftaairringdwrbovesohnmuOOCforSmia,rrohttiarof0.50mroloftheimldc2,in4.0mLinbryMcOH 

was added vir cau~ula, residual 2 being rinsed in with IWO 2 mtponions of dry MeOH. The above solutioo wuld rrinad 

rrOOCforanopptoprimctime(30-90min.vidrLJla)adrfvnquarhedwittr4mLofpH7phosphuebtffa. T&mixture 

was panitialai bc1ween half-s8tumWd rqueourN&UNH4CIendCH2C~. Thc4u~usphxsewawxskdwithCH~ 

(x 3). Ttic C&Cl2 phescs were coo&ii, dria! (hfgSO4). rd tvrpontat in WIEYD. -lhc &duxi wprificd pruht war 

purified by MPLC. 

Generrl Procedrre for the Litbiom Hydroxide Rydrotysfs rmd Diexoretbeae Lkrificrtios of 

Csrborimida 4. Anicecoo~toIutioaofOJOmmdofdwbnkle,2,in2.0mLofTliFwmtnuedinonponiar 

wilhacoid~OOC)solutia,of28mp(l.2mrml;23eguiv)of~inl.0mLofH~.Rwrtsu~gnw~phsemixhln 

wassirfedr!oTuntilthefeuzim Iyucanpkte(~~LJlo)ndwltrthenw~upbymeofthefollocwing~: 

Method A: The mixture WIS partitioned ktweu~ CH2Cl2 (20 mL) and H20 (20-U) mL) ca~laining rutficLnr NJ31 (0 

break the emulsion. The ulucous phrst was watwd with CH2Cl2 (3 x 20 mL). Ihe CH2Cb PhprJ we= combined. dried 
WgS04). and evapaued In vacw. Ruifiation of dw msidut by MPLC effti tht cl&al roxikry, X~H. the 

rqueous pbrpt w= ridified with l N rquecxrs NaHSO4 and cxti witb CH2Cl2 (4 x 30 a&.). The CH2Cl2 extrro 

were combined, dried WQSOq), Md cO(ICUltlWd in wcu). A CH$l2 solution of ltle residual Mpulified Kzid Yes 

utped dropwise es 0 T wim e!JWzal diu*wonhuw until I yellow c&r pu$isaf. Foliowing 8 sandiud workup (vi& 

if@J), the methyl ester was purified by MPLC. 

Mecbod B: -fbe mixnat wu pllnitioned baweu~ 1 N aqucoux N-4 and cH2Cl2. Ihe ypwarr phaee e em& 

witi C&Cl2 (X 3X and the orgmic phpar were CORIM detd Rl@O4), md evapon@d b WCW. A solution of Ihe 

residue in CH2Cf2 (20 W was mated dropwisc Y 0 “C with abereel CH2N2 until a yellow color pekted. Tlw 

solution w= decolaibd witi HOAc, wukd with Mrmcd rqucw NaHCOj. dried (MgS04) md evqwnted in vocyo. 

The product waa purifkd by hiPt_C. 

2S~~N~*-~Jr-(r-brloxy~r~yJ~bydro~mo)-3-pbe~yt-l-pr~~x8ok Arid, MetbyJ Ester (PC, R = 

CH2PL). Method A (‘WI& 3, Kutry A). Lithium Hydrorkle bydrolm (0 T, 3 h; waiup b) of 27U mg (0.500 
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MctbdBflW3,BUryB). Mgnuiommaboxkk mtchmdydc(OOC.~O)ofTr0mg(0300orml)of4c 

(R=Q)2Ph)rltadad176las(898)ol9c(R-C))2Ph~urcolaQ,*irarr~rferprrieatim by=UO0 
ofdlkag&ZLlhc2rgradkufmlbarrr-wAc(*l)lo &xae-EIoAc (I:l)) : IR (cHcx3) 3395.1743.1713 cm-l; 1H 

NMR (300 MHr. <pQj. 33O’K) 6 727-7.16 (nx SH. armatka). 6.240 (b s, 1H. NH), 5.00495 (unresolval brad m, 
~H.CHCIIOX~.~(~,~H,OCH~).~.~~~(~JE~~)~~,~CHCIO), lAW(s 1.421 (s)(~SH.OC(<=H~~):(~]~~~ 
-19.9“ (c - 1.21, -3). An& C&d la C2@¶3@206: C, 60.9Q H, 7.67. Paz& C. 60.84; H, 7.76. ‘Ibt optU ~u&y 
ofIheslwvemaWtslwnfamdbyc@laygn Die rrtllysb of b &rived (+hMIT’A an&k 1.e (It, = 
CH2Ph). IO be ~99% cc (vi& i+u). Lun fktiau sfforckd 176 mg (89% recovay) of Ihe chinI snxiliaq. Xpli. 

2S-(N~‘-Bis-(t-botoxycer~~yl)bydr~~i~o)pbe~yl~etic Acid, Methyl Ester (9d, R I Ph) 

Method A.(-hbk 3, Wry D) Lithium hydroxide hydmlysb (0 “C, 120 II&I; wakup b) of 263 mg (050 nunol) of 

4d(R=l%)&~kd.afterCH2N2 trePmeatl60~(84%)0f96(R=Ph)rlter~~MPtC(~gOfriliu 
gel; tlexrme-BtoAc (41)) : IR (CHCl3) 3410.1748.1707 cm‘ ‘; lH NMR (2S wiz; CDCL3; 331 OK) 6 7.W (s, SH. 
smmaiu). 6.40 (very kord s. lH, NH). 5.95 (tx s, 1H. CHC=O). 3.742 (s, 2.H. DCH2). 1.478 (s, PH. DC(CH3)3), 1.193 
(br s. 9H. DC(CH3); [alo +151.6’ (c = 1.96. CHCl3). Ansl. C&d for Cl9HaN206: C. 59.89; H. 7.42. Found: C. 
60.17; H, 7.51. The oplul parity of thb ~wM wa lbmd ivy c@Iiary GLC uulysb of b derived (+>KlTA-amkk. 

lad. 10 be 98% a?. 

Me&d B (T&k 3, btry E). bfqnuhun maboxkk mutunolysis (0 “c. 90 mh) of 263 mg (0.50 manM) of 4d (R 
=Ph)rfforded1)0~(7l%)ofM(R=Pb)rftnplriacldoa~MPLC Theopdulptritroffhisnmtmislwufound 
by cqUary &rr cbroaWogqhic easlysjs of ifs Wived (+>MPTA-amide, 1W (R = Pb). o be 93% ee (vldr wa). 

Gemera Procedure for the Lithium Benzyloxidc Trrmsesterifiutio.19 of Carboximldes 4. To I 
CM (-78 “C) soludoa of 2.00 mmol of UOBn (pqmcd IS ptybusly dmaikd from 310 pL (324 mp; 3.00 mmol) of 
rediailWbenzylrlcobdud200~lofn-buylLirhium(1.59Minbume))in6.0mLd~THF~ddcdvL~- 
mrbspraodsd(-f8DC)rohn~ofl.00mmoloftheimldctin4.OmLdTW. Resbdulimidew8skxalhwithtwo2 
ml~ofTHP,mdrbc~g~~relmdr-~OfforZ~JOh(vidc~u)prkrtoqucnchingwlth6mLof 
queous pH 7 phosphrt buffer. The mtxnxm wyu Honed bztweea H20 rad CH2CI2. The queaa phme wts ex- 
trvled~rhrscpad~OfCH~l2uddKorgmic~wmcrmbincddricd(MOSOq)~C~kVocuo. 
TheMpIxifkdpoduccwa@fkdbyWLc: 

2S-(N,N’.Bis-(r-brtoxycer~oyl)bydr~zi~o)-3-pbe~ylprop~~olc Acid, Benxyl Ester (6c, R I 

CH2Pb) (TW 3, Entry C). As dcscrikd above, lithium benzyloxidc Soa (-50 T. 2.0 h) of 540 mg 
(1.00 mmol) of 4c (R = CH2Ph) effonlul451 mg (96%) of 6c (R = C&ph) ss s cobrlc~ glus sfter puSicti by 
MPtC (50 g of silks gel; 0.5 L of hcxrw-EtOAc (9:l). 1.0 L linur gndient fmm bcx~e-EtOAc (9:1) IO BtOAc. snd fi- 
Mlly EIOAC): IR (CHCl3) 3395,1743.1713 an -I; lH NMR (250 MHz. -3.331 OK) 6 7.33-7.14 (m. 1OH. annarks). 
6.226 (br s, lH, NH). 5.088 (s, W. CHC&ph). 5.01-5.00 (umwolved m. 1H. CHGO). 3.185 (4 J - 7.2 Hr, DC&Ph). 
1.420 (I) ad 1.399 (0 ( 18H. OC(CH3h); IalDZ2 4.16’ (c = 1.99. CHCl3). Ansl. C&xi fa &H34N206: C. 6636; H. 
7.28. Fouxl: C. 66.41; H. 7.18. Tbc opdal purity oftk thb uuterbl WM fad to be >!J!% de by capUhy Gu: analysis 

of iu derived (+)-MPTA-cmklc. 18~ (R = CH2Ph) (vidc ied). Luer frutions afforded 171 mg (96% recovery) of the 
ChirsJ uxufy 2 (XpH). 

ZS-(N~‘-Bis-(r-butoxyar~~yl)bydr~i~o)-~~tbylbot~~oic Acid, Benryl Ester (6e, R I I-Pr) 
CfBble3EWyH). InaexrtsclkupofIhrgaKnllhhium~xibr~~mpooDdurs(-U)OC,155 
h). 1.97 g (4.00 mmol) of 4e (R = i-R) pve 1.38 g (82%) of 6e (lt = I-R) ss s viscous oil sfkr prrificrim by MPW 
(165 g of silka gel; 1 L of hum-BIDAc (90~10). 1 L of hexme-EtOAc (7525) md fmally 1 L of EfOAc) : IR @k~) 

3335, 1742, 1713 cm-l; lH NMR (250 MHz. CDCl3.331 OK) 8 7.35-7.27 (m. 5H. mnnaks). 6.354 (br s. IH, NH). 
5.152 (s. 2H. DC&). 4.534 (b d. J = 6.6 Hz, 1H. CHC=O), 2.36-2.22 (sym 6 tLu m. IH. a(CH3)L). 1.456 (s) md 1.431 
(s) (ISH, DWH3)3). 1.W (d. J = 6.8.3H. WC&). 1.023 (d. J - 6.8 HL, 3H. WC’&); [a]o22 -7.03O (c - 1.89. CHcl3). 
Anl. C&d forC22HjqN206: C. 62s; H, 8.11. Famd: C. 62.70, H. 8.12. lk @icti puity of dw above d wss 
found to be ~99% cc b capillq gas chromuographk uulysb of its &rival (+)-MICA-&m&k 1Oe (vide irifro). 

2(S)-(N~‘-bls(~-botoxyc~r~~yl)~ydr~zi~o)-3,~imethylbut~~~c acid, metbyl ester (91, R = t- 
Br). Met&d A.(Tebk 3, Eatry K). A solution of 253 mg (OS00 mmol) of If in 7.5 mL of THF md 2.3 mL of 
H20. seined Y 0 “C under N2, was acued with 0.20 mL (2.0 mnol. 4.0 equir) of 31% H202 folbwcd by 24 mg (1.0 
mmo1,20cqitiv)ofLiOH(mhydmuspowdcr). RwrrsuldnOmixnrrr~ninsd8OOCfa3.25h.ndvathmae*ed 
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NMR (250 MHz, (PQj) 6 7.60736 (ID, 2H. mardc). 7.45-737 (m, 3H, rmaurC). 7.0Sl (h d J = 9.0 H& lH, NH), 
4.617 (&J. J = 4.6.9.1 HI. IH, CHCd), 3.764 (s, 3H, CQ$H3), 3553 (q, JH~ - 1.7 Hr. 3H. CF3C0cH3). 2.200 (d of 
spea, J = 4.7.6.9 Hz. lH, CH(CH3)r). 0.871 (4 J = 6.9 HL, 3H. CM(q)), 0.806 (4 J = 6.9 Hz, 3H. cH(w)). ‘Ibis 
lllWidW&S3hOWa~CohjccdoatOhrvCtbecrmt It7UlhtimC#lC+lhyGLC~tbcmbadlmnarmer.2@~10c 

(R=i-R).inIhcin&k&ivalsanpk. 

2S-((+)-a-MctLoxy-a-t~~moro~etbylpbeoylo~tylo~i~o)-3,~dl~~~ytbwt~~ok Acid, Methyl 

Fster, 1U (R - r-&l) (Tobte 4, &try D). A umpk (43.6 q 0.100 ueaol) of (I (R = r-B@. saxmat vh LiOBn 

fnn#mzifi~oo (vf& r~ra). wm anwelled IO the cmeapa&g~yicuerW~dabauy~(lPnofH2.7mg 

ofs8WX3.1.smLof~OAc.3h,~ZJ)rdnr~ e -1 (CH2Cl2.0 “c). wifbcnlt prrisution, 
W wm subjected to Ihc lbove dcpnncction, hydrogmoly-& (16 b) sdqucnce. The lmppified amino erttr wn divided 
imo two equal portions ss a MtOH solution. Following solvent removal (fn vixuo, tduene rzwtmpe), ax portion wI( 
acylucd = dcsaibcd llwve by IruImaI t whh 19.4 ILL (0.10 lmnol, 2.0 cquiv) of (+)MrPAchbr&3 d 28 ClL (0.20 
nnnal.4.0equiv)oftriahyhmintin15mLofCH~. TbcmpurWcdproduarrsprrWedbyIMdnanrognphy(5g 
of silicr gel; hexant-ecOAc (9:1)) to affixd 16.0 ~lg (89%) of 1.f (R = r-BP) II a cdc~kss visxus oil: IR (atr) 3430. 
1744. 1708 an-l; lH NMR (300 MHZ, CDCl3) i 7X-7.48 (m, 3H. mum& and NH). 7.43-7.38 (m, 3H. rrommic). 4.463 
(d. J = 9-5 Hz, 1H. CHC=O), 3.727 (s, 3H. CO2CH3), 3.390 (q. JHF = 1.4 Hz. 3Y cp3coQI3X 1.m (s. 9H. c(CH3)3); 
13C NMR (62.5 MHt; CDCl3) I 171.40. 16S.86. 131.98, 129.4s. 12854. 128.05. 123.91 (q. Icp - 290.1 Hz) 84.32 (q. 
JCF = 25.9 Hz). 60.39.54.95.51.77, 34.87.26.M [a]o2s -2B.80 (c = 0.71. CHC13). High Rcsolutia~~ Ms. C&d for 

Cl7H~F3N04: m/t 361.1u)[)B. Fotmd: m/t 361.145%. CapiB=y OlX ruly~& (150 “c. 6 PSI) grw I 2(s)_10f(r, = 
17.00 min): 2(R)-IOI (tr = 16.31 min) r&o >ml. 

The sccoad *an of unpulif-ll mill0 ester (vti supru) WIL rylual exxtly u described hove with (-)_MTpA- 

chlorue.33 nlcunpnifisd~waptrifwd8s~bcdaboveby~ wy 10 affmd 15.2 mg (84%) of 
the c-g (-)-h4lFA-unkk (R = I-Bu) m 1 colc&as viscoul oil: ‘H NKR (300 MHs CDCl3) i 7.60-7.57 (m 

2H. uunatic). 7.43-7.38 (m 3H, aommk), 7.116 (Ix 4 J = 9.7 w 1H. NH). 4.483 (4 J = 9.7 Hz, 1H. CHC=O). 3.755 (5. 
3H, CO2CH3). 0.903 (s. 9H. C(CH3)3). This & w= shotwn by cob~ja%on w&h 1.f (R = r-Bu) IO have the same 
nten~ttmeocl~GU3udw~or~mn.Z(R~lOI(R=r-Bu),inIh8gmplt. 

Acknorlcdgcrcotr. Suppon has been provided by the Nuional Instituta of w, Ihe Nuioaal Science 
FowuMkn,tbeEliLilIy,UpjdmmdMcrck. ThtNIHBRSShuaJ wuioa Grrrn m 1 S10 RR01748~1Al 
is &a xknowkdgal for providing NMR f~ilitiu. 
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