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SUMMARY: (R)- and (s)-[2-2iiJglycinc of high chinl prrity wm synthesized in large quxnritks in - 40% 

ovarllyieldfrwredilyanilrMeItPting~~vloacoallychemiol~. RcductAofdfh~[I-2HJ- 

furfural OI [l-zHJ_e mthoxykfinldehydc wifh either (+) or (-~E-isopinocrmpbe)ll-~~~clo[3.3.lJ~~e 

gave chiml arylrmhyl tils whkh were convqced inro their rrrpective phthaloyl amino derivatives of the 

~UXfigUWiOIl8tI!bCUl&ylavcubaavfadtcMiUlMl&l~ The afcuudc groups waz oxidltively 

UNniUlUdtOgivCdUif oartrpadfngglydnedcrivrtiverbyddKlOm(YQ~umaetmxideoxidation. 

QansflwnIbtfaadIu~ dthaeaminoac&inpDvm&ls pcpidaalkWfort!lemcalassignmmIofall 

hydrogen atans in tbc pep!&. a na~ssuy conditioa for the use of vatious au- and twt~Umnsional ‘H-amr 

techniques such as UXXWXCMIII of NOE interactions and NOSEY cxpaimcoul 10 dctau& inuan&cular 

-inpcpti&. Theinoa-uomicdinumr~viothcserechniqucsrrrutilircdu~afadiwnce 

geometry cakS&os to genaatc families of 3D solution coaf amadoas.2 -l%csc labcul?d amino rids are equally 

impormnr m for the clu&afian of tiosyntlhc pfhways 8nd foe studying the detailed enzymatic mcchanismr 

fathestsAmclranxfo#mu&lL~ 

ArkrsrllFartctfarbtrynllwsirofchinlqlycinchrv+becnrrponedu,~.’-l* Tbc.um&od.5mxybc 

roughlydividedintofollrdifFatntcuCporicrdepadingonbrcmthoduscd~inooducethcchinliy: 1.7hoQcthat 

involve a sezeosckuive exchange of the ctilsw paons of glycinc widl %QO in an inat cc@iI ccmplex.4J 

2.-lllouthaIusedIbuancnzymt(s)a1 I&wQaen for the in-on of chilaliry followal (all&x pacedcd) 

by chemical elabauion~‘2 3. M&o& I&I utilii a axnpkx chiml synthon, not ccmmacMy availabk. pzpared 

in a multistep synthetic procedure which may involve several molurion stcp~~3.l~ The chiral auxiliary may, 

however. be rccyclrbk. 4. Tbosc in which natmlly-ocmm5ng chii compounds nrh as D-ghmsc. Dribosc. L- 

gluIamic rid m L-Wine have beal chaniulfy llbclkd and then dcgmkd to chiral gfycinc.~J-‘8 

oneofthcncwcrapfmXherrrporocdmryn~~raicrid’9imdvcddIe asymnaic raIWionof 

a suitrbk deutiated substinned bcnnldchyde with an xsymmcwic hydrogen reducing agent (or vice vem) to a 

chirpl ~ubstifuted btllxyl &o&A. Sirre molt of IJE mctbods which fall u&r ategay 2 involve either the 

enry~~tic w microbicll rrdtim of l deutcntrd arcmatic Why& to the cmmpmding xryfmcrbyl Jcohol. ir 

should be relatively simple to combine thuc two approaches into a suiubk method for the synthesis of chiral 

glycine. 

TM pIper prutn0 the Ixrgc scale. totally chcmkxl synthcms of both irowrr of chiral glycine from 

csuWtM~fa-fmallheusual sowcuinwhkhI&hystepisdwinfroducdonofchirallity 

viotheuscdcamaaeirllyavaiWkR or.$-B-Lop inDa&Wyl-9~lonbicyc10(3.3.l]noKune (markcud by the 

AldrifhQlenScllCoaprnyundcrdwmknmncR-mdS-A@acLunac). Tarodiffaentdami.xedakkhy&saxe 

used 10 demonstrate Ihe utility of le mcthodokegy. In both p&ways. the aromatic rings. hxyl and 4- 

~lhoxyphenyl. me U masked cuboxyl gmape and uc uncovered via two dif%cnt oxidation praccols. one 

ouwrdysis and tbc other ruthenium tcumxide oxidatioo. AlIhcqh the dcuufixud aldehydcs are commmially 

available (MD LVXCWX, both coat S49S/Sg), deir p~~pamtiocu are llro pescntcd &CC the symhewr of M arc 
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TIC ptrparuion of the starting dattcriated aldchydes fdlows eithcz of two classical procedurtl.~2t ‘the 

d&red [l-2HI-furfural was ot&ned by mcrcury(If) salt &aIrpositioo of the 2-12Hj-2-(2-furyl)-1.3-dilirne 

(WtiMe flun quenching the lithium salt of dK 13dithiane dcYivativc of fwf_ w by s!a&td method&= 

Scheme I = 
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Q (a) Morpholine~tchlcrate, morpholine, WC. Ih; NaCN. H20.9CPC. Ih; (b) !GH. ‘IHF. WC. 2h; D2Q 

(c) 2N HCl. lWC_ 2h; (d) (S)-(-)-Alpine Bomne. THF, 2YC. 4h; 75“C, Ih; (e) pph3. phthahnide. 

diethylaxidodicarboxylate. THF. OT. 4h; 2ST. 18h; (0 NaBH4. 2-proppnol. water. UT. 24h; glacial acetic 

acid. 80°C. 2h; (g) Di-butyl-dlcubonate, dioxane, water, pH 8.5. 0% 4h; 2YC. 18h: fi) NaIO4. 

RuCl3*3H20. CH3CN. CC& H20.25T 2oh. 

with 2H20). The [ l-2H]-4-methoxybcnxakkhyde was prepared by quenching the sodium salt of l-(4-mcthory- 

phenyl)-1-mo~pholinoretonierile. obtained by reacting morpholine pcrchlmte. 4-methoxybcnuldehydc. and 

sodium cyanide as previously described.2t with 2H20. Although the furfural was prepared viu the dithiane 

procedure. it coubd have been prepared by the motpholinoacctcmitrile mthod and the dcuteriatcd anisaldehyde could 

have been prepared by the dithiane route. Once in hand these aldehydes were reduced with either R or S- B- 

isopinocamphcyl-9-bbicyclo(3.3.l]nonane, reagents fust dcscribcd by Midland. et al.,p to give the desired 

chiral deutcriatad aryltnethyl alcohols. The S-Alpine-Boane pRsently~ gives (R)-alcohols with Lower See than the 
(S)-akohds obtained with R-Alpine-Baanc since the (-)a-pinenc used to ptrpare S-Alpin-Boranc is kss optically 

pure. The %cc (uncorrrctcd for % dcutcrialion OT &cc of the starting Alpine-W) of the desired alcohols arc - 

76% from the S-Alpine-Boram reduction and m 82% from the R-Alpine-Eorane reduction. Both alcohols are 

convened to the corresponding chital arylmcthyl amino derivatives having the opposite configuration at the 

arylmethylenc carbon atom via the procedrne of Mitsunohu. et al. 3 ‘Ihe phthaloyl derivative of furfu#amim was 

subjected to oza~lysis to unmask the carboxyl group and the phthaloyl gtu~p of the chinl glycine was temovcd by 

hydraxinc in cthanoLt2 The strategy for the UK of ruthenium tcuaoxkk oxkiation~ to unmask the carboxyl group 

is slightly different since glycine is water soluble and the ruthenium oxidation mixture contains water. In C&CT to 

avoid any solubility problems the phthaloyl group was fint removed, via sodium borohydride reduction of the 

succinimidc ring followed by acid hydrolysis. 26 The amine was convatcd to the urr-Boc daivative via standdrd 

methods.27 The (10 1-m N-r-Butylox~yl4-mcthoxybclllylunine was subjected to ruthenium oxidatton 

and N-r-Butyloxyarbonyl glycinc was tied. This derivative is actually prrfetred foe peptide synthesis. The 

mcthcds presented in this paper anz t&y intachsnguble and the choke c4 which aldchydc.~ the choice of which 

oxidation proccdrm and the choice of which method for the deprotcction of the phthaloyl group should bc based on 

the individual invcstigatofs comfort with each procedure. The choice of which Alpine-Barns to UK. of-. is 

dictated by which chital glycine one wishes to obtain. If one needs the (R)-[i-2H]glycinc, ok shot&i use R-Alpine 

Boraneasthcrcducingtugentandviavwsa. 
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Scheme II a 

a (a) HS(CIi&SH. BF3*Etfi. CHzCll. 0°C lh; 25°C. 18h; (b) n-ButylLi. TliF, -78% lh; -50°C. 6h; m 

(c) HgO. HgClt CH3OH. Hfi. 8@‘C, 4h; (d) (&-(+)-Alpine Barw, I-HP, 25’C. 4h; 75% lh; (e) PPh3, 

phWimi&, diuhyluidodicarboxylatc, THP. OT. 4h; 25-Z. 18h; (f) 03. CHfi. -78% 2h; 30% Htq. 25% 

18h; (s) NHzNH2*Hfl, *brad, 80°C. 4h. 

The optical purity (%ee) of the chid uylawhyl ahholr mry be checked vi0 the mahal described by 

ParLa29Md~opcic~purity(4bee)ofIheglycinesnraybtdertnninedbyulyofIhcsevaalpublishcdm~.‘5 

All the methods nfaencal rely on dxs aqling of Ibc &al arylmctbyl alcohol or glycinc (the rncthylenc plaau of 

both arc isxhronocu and chcreforc cannot be disdnguiskd by 1H-nmr) with a ndily available optically active 

deriv~grtagcnru,fonna~canpouadinrvhichIhtnowdirsotnocopichydroeenatansof~the 

arylmthyl alcokl and glyciq ax anisocbqnous (cbakcally shift different in the *H-NIV). Optical mtation vaks 

at various wavekngthr for both chinl glycincs and stvaal of thcii daivadvcs have been qortcd.67*12 
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Q (a) DMAP(qmlys). 2(S)_2-rcctoxy-2-pha3ylaha&c rid, DCC CH2Cl2.R bh; 2.5% 1Bh; (b) (lR)_ 

(-)campbwyl chlotkk. NaOH. pH > 7. OT, 3b. 
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Expcriamtal Section 

Morpbolinepadtlaree[pepMd~tbcQop~ddi~ofpucfibricrtsidf709b,9.48mt,O.I1moifro 

m0lpholinc (9.57 g. 0.1 I mol) xl -WC] in m0cpholine (10 mL) and 4-mth0xy -yde (13.6 & 0.10 m0l) 

am sdfmd at 6PC for lh. s0dium cyanide (MO g* 0.11 mo!) in water (5 mL) b thea ddcd and the zcacdon 

~~~~~f~~~~lh* Tbe~fiarmixntrrts~t~~anroicearithrdningud~e 

colorius solid dul fcmns is c&kcted by suction, w&cd prQf=uYcly with water and dried to yield 22.60 g (97.4%) 

of the acetoniuiife duivrtive; mp 8O-8PC tLit.2’ tnp 81-8Z°Cj. IH-nmr CDCi3 6 2.58 (t, J - 7.0 Hx, 4H. 

morphoiinc or&o Hf. 3.68 (L J - 7.0 Hz, 4H. wholine mcru H), 3.78 (s, 3H. ocH3). 4.7s (s, lH, bmxylic 

If), 6.88 (d, J - 109 Hz, 2W, xmmntic or&o-/f), 7.45 (d. J = 10.0 Hx, 2H. atom& mefaX). 

To a solution of 1.(4-mthoxyphenyl)-l-~holinarcetonitrlle (22.60 g, 0.097 mol) in dry THF (‘75 mL) 

r~erubCuadarrinogeniJddedNtHf809b,3.r2g,O.t~md)insmallponiwrovaipriodof30min. 

AIterthedditionLscompktc,tbcnrcdonmixrunis~heubdvfomon~~,uXm:farZhMdlharcaolbdo 

O‘T with UL ice-salt bazh at which time 2Hfl ($O mL) is added slowly, dropwise, w!tile maintaitig the ttmpsatum 

a1 PC. The rcIction mina is stbmd for an additiaut 10 min, thkmyi chkXidc is 8dded CxTcfully until the sollldon 

becomes slightly &djc, aal &c whole mixture is p0urcd onto ice with stirring. ThC colorkrt solid thU fOrm i.S 
fdFU?d. washed with waer anf dried to yield 20.2 g (89%) d Iht &utcriaad analogue; mp 80-81°C kit21 mp 81- 

82*C for the undcutcrhtcd campound] (X38% 2H2 by lH-nmrl lH-nmr CDC13 6 2.57 (I, J - 7.5 Hz, 4H. 

morphotinc o&uH), 3.68 (t, J - 7.0 Hz, 4H. m0rphoGm meruH), 3.78 (s, 3H. OUf3), 6.88 (d, J = 10.0 HZ. 

2H, asnnatic or&o-H), 7.45 (da J - 10.0 Hz, 2H, avmxtic mrra-in. 

f -[Wj- 1-(4-M~x~~nyl)- I-mcspho1 inoace&nile (20.2 g. 0.087 moi) is hut& to r&M with 2N HCI 

(2C4l mL), via xn oil bath. fa 2 h. After cooling m 2S’+C. the solution is extract~I with CHQj (3 x KI ml-) and the 

CHQ3lryair~~with~tNNlfIC03CZxSOmL),~(2xMmL)uddriedCMgSO*). After 

fitekng, the chknofocm is CQDoved u&r reduced pwrurt to give a &dish kown oil wblch is vacuumditifkd 

(88~90°C (2.5 car) ) to afford 10.25 g (W.396) xx x colorkss liquid, IH-nmr CDCl3 8 3.85 (s. 3H. ocH3). 6.95 

(&J- lO.OHrUt, xfunuk or&t?=*, 7.78 (& J 3 10.0 H& 2x, afomuk mcru*H). 

After cooling a solutioa of 1,3-propane dithid (16.25 g, 0.15 md) and furfurxl(14.41 g, 0.15 mol) in 

CH2Cit ( 1OO mL.) to PC, with sirring and uadcr I niaoga canospherr. fa O.Sh, BFs*Et$-I (2. I3 g, 0. I5 t-1101) is 

xddcd slowly. ?Ilc t@mpaWR oitberertioclmixnmic~wsdtoslow~~toubCuwlIhcntixrurrnimd 

for l%h. ‘Ihe solutkm k wubed with 8 saturated NaHCq sob&m (2 x SO mL.) and t& orgxk !aycr dried over 

N@O4. After fikrxtioo uxl cv+rxtiocl of the solvent under nduccd pressure, the xolki which formed is 

mcrysUllixod fmm bewa:bntcnc (85: 15) to furnish the titk compo& u ccJ0urk cryunIx (20.9 g. 75%). mp 
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To a x&red VJnllm ol2-(2-fWy&L3-difhim~e (10 g. 0.054 4) in a&+= Tf@ (=O ti), under a 

ni~rrmDIpbaslodcodad*,-780C.IrddedowrpaiDddlh.r~oCn-hyiltthiumin&uDe(l.d 

M. 43 mL, 59.2 uxnol). After sanding for a paM - 6b at < -WC, deutcrium oW MA%. 20 mL) is ddcd 

andthetanpauurtoftbemixnntirllbowadtorbrly*mmtouOC. AfW~rcmuvingtheLiDDsaltby 

deanmfioILlheTwisrerlxWl~rsdlM%dprumxe. Tbcrcli&leisdtssdvaliJldk!hylaher(3sOmL)and 

washed wilb m quan~ sdutb of NH4oH/MLCl @H - 7.0.2 x SOUL), wl~cr (100 mL) md drkd (MgSO4). 

Thcethaislheortrmvbd~~prrrrrrrspDdiadr~dlrhich~rftcrMdingonmi~ 

uIM.krhighvacuum. Therdidisdiuolndinacaooe uuce4lwidlcbucorl,fllosradxndlhesdvenIrrmovtdro 

give white needlea (8.45 & eO%), mp 43-44oC &it-s1 mp 43oC far rba uadamrjllted campouad): (98% 2H2 by 

IH-nmr) IH-nmr (CD@) b 2.05 (m, 2H. SCHzC&CH2S). 3.00 (m, 4H. SCH2CHzCH2S). 6.50 (m. W. fury1 

3HxJNlW,750(m. 1YfurylSH). 

(l-2HlFurfmral. 

To a rtined soIutioo of 2-~H]-2-(2-furyl)-1.3-&hhne (8.45 g. 0.0452 moi) in nMhu&WaI~ [9:1 

(VOuvolX 250 mL), IIn& 1 nim umorpbae. &ddedcdld~odde~.81g,40,7naaol)~roolution 

ofmcnXicchkXide(24.54&90.4almol)inKbcsobult alixmre (SO aL). A volt&acm white precipirale folms 

~ulyudtbemirtrrPeirbu*drordiurfa4h,alll~rnmoqeartmapbae.ladtbcncooltda,UOC 

Tbesolid~nmmdbyruaioamddwfilmte,rRac~~tioclto~~O~bydidllrcion.isex~wicll 

dichbrantdune(3x 1OOmL). Tbeafrniclayaiswuha! causuttnlyW+dIfkStxlraPusd~~llm 

acemte solution (2 x 100 mL) and then a aura&d briac sdutioa (2 x Jo utL). Aftcrcbying owx N&04. fitia, 

and removal of the sdvenr ti nducai pressu~. vxcuum distill&m M chc dcuterkted xldehydc as x 

cdourkss liqrrid (3.11 g, 71%); bp 103.1OY’C (50 tar) fLit.U bp 70°C (12 to@]; IH-nmr (CDCIJ) 6 6.80 (m. 

1H. fury1 SW. 7.40 (m, 1H. faryl 4H). 7.80 (m, 1H. fwyl3H). 

General Procedure for Alpine-Borne Reduction: (1R)-[l-~H14-Mctbo~~nzyl8lcolol. 

Toxflrw~ed300mLround-baotw~~wichxNbkr~udeqoippdforxniaoFn 

I- S-(-)Alpine bonnc solution in THI: (0.5 M. w) a& 0.125 ml) and [l-%i+a-~~~hoxybenz~kkhyde 

(10.25g.0.075mol)~addai ~mixaneirukrrdfor4h~ZSOC~rhcnbatsdurrfluxfarlh. After 

cooling to 2S’C. reuldebyde (10 mL) is al&d ubd the mix- rrimd far 15 min xftcr which the solvenl is 

removedwitharouryevqa8toru4OVwithrwaterupir8ta. TbepinauisWinvacvo rrO.lrorru 

WC. The f&due is dirpolti in dkthyl aher (100 mL) and 2--l (7.72 g, 0.125 mol) is addal whik 

ccoling u 0% The mix- is stiad at 2S°C for 0.5 h. The precipitxte w&h fomn is nmowd via !iltmion. 

washal wifh ulhydrwr die&y1 uber, uxl dw canbined ethr SoIutials are w&al with WlIcI. dried (MgSOa) UXI 

coaanuuaiinvuao. TbeoilfhusobainaiiapuMedbysilia-gelchranroogrpb y(2oog)elutingwirhhcxMa- 

ethyl ycutc (8:2) to yield 7.8 g (7%) of the titk canpot& ‘H-MT (CIXl3) 6 1.94 (5, lH, -O/f). 3.79 (s. 3H, 

OUf3). 4.65 (s. Hi, C%~RHQ-OH). 6.81 (d, J - 10.0 Hz 2H. llompL onho-H). 7.22 (6 J - 10.0 Hr 2H. 

mcumfic mea-if). 

(lS).[l-2HJFrrforyI~IcoLol. 

The titk coopound is pmpaut from [I_2rilfidurd (5.0 g, 51.5 utmol). R- (+)Alpiac baaae in TiiF (0.5 

M. 1S4.5 I&. 77.3 mmol) in 81.1% yield (4.1 g) fdlowing dte ruadyd pmcutum tlcscrikd rbovt with the 

excep&nth~tbedkthylubcrlxycris~wubedwitbmtcr. bp17O”C ~H-amr(CDCl~~l.72(d.J-3.4Hz.- 

Of0.3.61(cn, lH.C%f$f~&HL6.3O(m. lH.4xrom!f).6.35(m. lH,3rpanH).7.41(m, lH.SawnH). 

General P&we for tLc Detuml~tiam d tbo %ee for Arytmdbyl l tcabok: [(lR)-[l-2H]-4- 

Metboxybtaxyl] (ZT)-2-~cctory-2-pb~yletb~oortr. 

To a aoIutba of DMAP (0.01 g. 0.082 axW) uul (lR)-[l-%i)-bahoxybe.nxyWoabol (0.100 g, 0.719 
mud) at 0°C (2S)-2-accmxy-2-pbcaykttunok rib (0.140 g, 0.721 amml) rad DCC (0.149 1.0.722 oxmol) in 

mdtykne-(~mL)8maddatcmithe--ntmdfof4tl8tOQc. AfterstiIxingfLul8tlu2soc. 



thcDCUsrhicbfomrrirRmond~ructkmuddrcodvontirnmousdoarmurycnpn~. *oitthu 

obuiaedir~upindittbyle~~mL),chitbdcradrherrhfollDCUirrrmm#ibyNaiaL Siliapl(S$I 
isakkcltothcctherlollttioouKlt!MzsoIvatttvlmved -Rte&yimpfcglutcdsiliaplcollainingtheatxlcrtvtioo 

pmdWtisloa&clontoa~cohmmcaminin gdliap1(100). C?nclmktwithtuxmnS.uetbytrrcue 

(851% a akurkss pue L obmiaed ia 88.3% y&M (0.20 r); ‘H-nmr (CIICI~) b 2.18 (I, 3t3, -@cc!H~). 3.79 

(1. 3K -3). 5.03 (S 0.24 Y a#@-), 5.12 (4 0.76 H. @&&-a), 5% (3. lH, -@CWO$CH3)), 
6.70-7.52 (m, 9H, uuamk H). 

~(lS~-~!-~H~-2-Futfutlf1 (tS~-2-8cctory-2-pacaylcth8~~tc* 

A sohitiao of DMAP (0.01 g, 0.082 onnot), (ls)_[1-2H+2-fMxyWcokl(O.O7l g. 0.721 nrmol). 2~s)~ 
amoxy-2-pkaykduDoic add (0.140 g, 0.721 mmol) and DCC (0.149 & 0.722 tmml) arc xWc$cd in ax$thykne 

. . . 
c~uduaibaiIkmtogivcdudr*irrddLummmar~ in81.2%yicu(0.16g)uacokxieSsoil. 

tkmr (-3) b 2.18 (a, 3Y ~3),5.02 (Ir 0.82 H, @&&-o). S.14 (a, 0.16 H, C%i$f~-O-). 5.91 

(I, lH, -O#f-Q$XX3)), 6.32 (ID, 2H. 3 and 4 fury1 H), 7.39 (aa, 6H. S-fwyl-H and C&3). 

Gceerat Procedure For Pbtbdlmidetion: N- Pbtbaloyl (IS)-[I-*H]-4~c(boxy~atylem~e. 

To a stirted soiution of (lR)-( 1~H]d-mc&oxyba1zylalcohol (2.0 g, 14.37 mmol), triphenytpbospbii 

(4.16 p. 15.86 ma&) and phthaiimidc (2.33 p, 15.84 ttxmoi) in dry THF (100 a&) at 0%. under l r&rop 
armoiphcn. is ad&d diethylaxkbwbxyIac (2.76 g, 15.84 mmd). I’& RStiatmixtlucisstimdfor#atu 

Afta~gfalohuwoc,lolid~~(2o~lt~udthedventisramvad I2bcdryimpclpucpdrilicl 

g~iSkkdofN38C luwmQqhy c&untl coo-g silica gel (3aI g), The colutItn is eked with hexamsz 

ethylaceatc(8s: 15)atbdt!KLfmctkmsooat8iningthcp tnWmidataiprodtrtpecanblnal to give 2.8 g (73%) of 

the title canpound with amp of 133-134% *H-ttmr (CDCl3) 6 3.75 (s, 3H. OCH3). 4.78 (s, 1H. C2H&M, 

6.83 (d, J - 10.0 Hz, 2H, utisyl ucmuk oriho-H). 7.40 (d. J - 10.0 Hz, 2H. aaisyl rmrrmic meteff). 7.68 (d, J 

- 8.0 Hz, 2H, phthaloyl uamtic or&~-H), 7.82 (6 J - 8.0 Hz W. phduloyl xmmwic mea-H). 

N- Ptttbrtoyl (1R )-l-[fH]-furfuryl~mlnc. 

The title canpound ij prepaEd in 80% yield (3.68 g) as 8 cdouricss tolid fi7nn (s-)-l-[2Hj-fuffiuylxkohol 

(2.0 g. 20.2 mm&), criphenyIphosphine (5.869 g, 22.3 amoi), phthaiimide (3.3 g, 22.6 mmol) and 

die~yl~~~xy~ (3.94 g, 22.6 -1) in THF (60 mL) as describal above for the synthesis of the anisyl 
dctivative: mp 112- 114T [Lit.*2 mp 11 l-l WC);. tH-amr (ClXl3) 6 4.74 (s, 1H. C~HRHS-M, 6.3 0% IH, 4 

arom!f),6.42(m, 1H,3armH),7.41 (m lH,SuanH),7.7md7.88(m4H.uanphttrHf. 

General Procedure For The Deprotectkn~ of Pbtbetimida rf8 Sodium Borobydride Reductfon. 

(lS)-[ 1-2H] N-t-Butyloxy,arboayI I-methoxybenzylamine. 

To I solution of N- phchrloyi (19-I 13kj4m&oxybcnxykinc (2.0 g. 7.44 mmol) in propan (80 ttt!-) 

and walcT (13 aL) is ad&d sodium borohydklc (I .4 g, 37.24 mmol). After stirring for 24h at 2S“C, glacial acetic 

acid(8mL)iscatvfuliya&d. Wbar~founingtubsidu,therunionmixNRishcaocdOo800Cfar2hudthen 

cwkdto2S°C Tbtzdwntirrraaweduniavn;nrm*,giveacofowkssprrm:whichirukenupindionne-wlm 

(2:1.x) mLf. The solution is cooled to OT and the pH is adjusted to - 85 (u dclarmined by pH paper) by tht 

addition of Na2CQ (3.4 g). Di-r-kcyL&arbowtc (2.68 g, 13.24 mmol) in dioxanc-water (2 :l, 20 mL) is ddtd 
mdthcmixtwestirr#latOOCfa4h AfmnirringuZllOCfaanddltion~l8h.chediounc~rrmovedara 

tutary evapuamr (warn upirat& 30°C) and the pH of the tca&ing 4uous sohxion is adjusted to = 2 by the 

additionof INHCL Thcmixnrrrisexnroedfvithahylrtp~(3~100mL)uddrs~fryczdried(N~SO~). 
Filtration md cvqxuioo c4 the etJty1 acetate &axis a cobrku viscous oil which is subjected to silica-gel 

chnwatolyrphy(JOgdLicrOel)usinphourcj:elhyl~(9:1)ueluuu InetitkcompoWdisobtait?cdas~ 

colatrlas oil in 77% yield (1.36 g). IH-nmr (CDCl3) (i 1.48 (I), 9H. -9). 3.20 (s. 3H, OCX3). 4.18 (bs. 

IH.C?H~~R-N), 4.68 (b, 1H. NH). 6.28 (d, J = 10.0 HZ, W. -tic onho-!/), 7.18 (d, J = 10.0 Ht. 2H. 

arwnatic meta-H). 

To a stied dudas of (lsHl41] N-r-ButybxycubtyI cmahexybatzyl8mbc (1.36 g, ~3.71 mmoU in 
acctaniuik (-7 mL), c&xXi ~flmL)~rucr(l4mL)u250Ckddad~~(Z?.04g. 
103.04 mmol) and RuCI3*3H~ (33.6 mg, 0.1284 mmol). ?he pnsty twzdoo mixture ir rrhmd U 2S”C for Mh. 
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A solutia~ of AWnnyioxyu&aayi (2.S)-j22H)&ck (10 m& O.OS7 -1) in trttlua#ocdc acid and 

mrfryleat chkxidc (0.4 a& 1:l (vo&oi)] k stifmd 8t 2sv for la&II. Tlw 8olverlt ir fcfmwcd by cvapaldcm. 

cIbkfofofm(5mL)hd6;dudtbedudonMpxucd nispasdmre&mpcJedtimaeto$ive~.Q[2-%1 

&~~Ix*TFA u rcdaPku solid (83 ml. 79%). tH-mm @QO) b 3.75 0~. 1Y C?H.$~R-N). [aI= -200 c 

2.0 in Hfi] lit-18 [a]uo= -2Y’ c LO in H+] 

N-Pbtbrloyl (Jr)-[2-‘H]GIyciar. 

Deprotectlon of Phthaloyl dyciat via Hydtmxise: (R)-[2-~E1fcIyciac. 

Amixtnnolphthrloyl~~(1.8~8.73mmd)mdbydniDc tno&&uc (0.68 & 13.58 tumor) in 25 

mLofethandishertednrcflux6a4lt. Tk:whioerdidwwhichfamrirfil~udtbahuIolirrrmmdonr 

fouUyevapaWor. IbetesiducischmavDpnpbed on a sib gd cdtum (35 8) and dtnai with pqanoi-water 

(7:3). Ninhydtin positive &actions arc wmbincd and the solvent is cvapmati to give R-&&c in 809b yiekl(620 
mg) based cm the N-pbtbaloyl tkrfiqlsadnc. *H-mm (2HzO,8 3.38 (Is, lH, C%i&-N). 

Procedure For Dc(rratiily the + e of CbJrmt Gtycfw Cuap4anofi (R)-[Z-W]gtycfae. 

hay subkxd ampbuwyl cbiorkk (23.8 mg, 0.11 mnni) is dismtvcd in mluuw: (1 mi) ti tht sowon 

is cooled to OOC. To this solution glycine (7.6 mg. 0.1 nrmd) is ukkd folla~~A by 3N NaOH (0.2 tttL). The 

nac~mixrurrirnimclfa3hwhikmrinpinialI&,pfi~7.0bydrdditimoflNN~OH. T&tinm:is 

C~~t~~th~~3UbdthCC+iCll~diraudcd Thevqueorukya~WedwithlNHCImdstWrt 
roomapaahutfalh. ?hcaquwussddotiaaLMpmrsdatrrom), ~quipprdwirhrMNumpump. 
~~oilyrrriducwhiehitobrinodirauted~afca,droproCwuarogivelS.6mp(62%)dlhecryarllim 
crunphmyl (R)-[2-*Hlglycinc. ‘H-mm CDClj 8 4.08 (d, J - 3.6 Hz, 0.18 H, @H&t-N). 4.22 (d, J - 3.6 Hz. 

0.82 H. C%it&N), 6.98 (d. J = 3.7 Hz, NH). 

C~mp~aoyl (S).[2-‘Hlglyciae. 

tH-n= -3 (I 4.08 (6 J - 3.6 Ha 0.76 H. C?H&-N), 4.22 (6 J - 3.6 Hz, 0.24 H, c?H&-N), 6.98 (d. 

J = 3.7 Hr., NH). 
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