
Non-protcinogcnic y-hydmxy-a-mine rids M m impottw clus of natudly ucmrring unino rids.’ Our 

studies on sta#mkctivity in inarmoleculu unidanmvntion fmctim of untrnurud c*mtes (Rxn lpb 

md acylminanerhyl ether daivativm of unsuutmted rlcQhoh (Rxn 2P led us to cxmsibcr the 3pplicltion of these 
wactiims to the atawukdve sywhuir ofy-hydmy-wmibo rids (Schanc 1). 
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to effca the ImtdmlJ~s shown in schan 1. In addih, the synthuk ufility of the rtmegy is dellxmsti by 

surcovlective synthcscs of boih tlu erythro and rhreo irmrr of raccmic y-hydmxynowalin+ fmm 

4-penten-Z-o]. Tht amino acids prrpued in this study were ruemic since ryrmic 4-penten-2-ol was used as the 

sting ma&al. However. enantiom&aLly pure Chydroxy- l-akcncs arc readily avaiipble;6 thus this method can 

be cottsidend a genaal sohtticmt to stcmosckctive synthesis of any desired stcrcoiswr of r_hydtoxya-amino 

acids. 

RatdtautdD&cu&m 

The strategy outlined in Scbcmt I comains smnt features tM nquizd up&netttal i~~&gation. Two 

majnr nquifcmatts wuz (a) UtablishiJtg naaoQelectiw cyclofuncciorulimioa procedures and (b) dcvclqing 

efftcient m&&s for cusvcrsion of the aganomuc utial gmop to a urboryiic rid Specific expuimrntal 

Wxiitions IO meet these lquiranents were dWlopal in tbuc studies. 

The apptication of a cycloftm&onaliudon strasg)r to the amination of homoailylic alcohols rcquirrs 

conversion of tbc alaW to a system with an appmpkuly located nuckophilic ttitrogat functiood group. 

Research in thcsc Irbmtmics*l’ has amculmtcd ar the use ol acylaminomahyl ether d&vativts 

(R-O-C&NH~Rt).’ The bort~~Ilylk ether derivatives used in this study tw~e famed by trcumcnt of 

dpenten-2-o! with an N-(acctoxymcthyl)cubuntttc (Rx 3). Altentatively. tbc benzyl cubamate daivative could be 

formed by rractim with batzyl N-(hydroxymcthyl)cubamatc. The benzyt dcrivuive 3a was obt&ncd by these two 

tncthods in 64% and 60% ykkis. respectively. 

L 

A&MfqR’ O~NHcqRt 
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pTsOH A-4+$ Ozr3) 
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l )Rt-betuyl 

b)R’-i&utyl 

The N-(acctoxymctJty1 )arbmwswaatpulbdbytrcrutmuofthec;trbunueulithf-y&andretic 

anhydride.’ ot by rctyluion of the N~y~x~yl~~. Bmzyf N-(hydroxymcthyl) wa_i 
obtain& ndily in high yMds by co&o&on of bmzyl carbamatc with fotmakkhydep beuw it pncipitatet out 

of the reaction mixnut. This reaction was much kss satisfactory with isobotyl climate. but dit conversion to 

the N-acctoxymcthyl dtrivative was ntisfactcq. 

Although mercuric aatau has been used in the cycliution of several unsaturated ~arbamatcs,~~ it was not 

effective for the cycliza&m of carbamatts 3a and 3b. Cyclization was four4 to be pmnotcd by either mawic 

Mhonmmatc m mercuric nitrate. Cyclizatiott yields were lower u&r conditions whcrr cyclization was slow, 

apparently a muIt of rid-acalywd ckavrge of the pEy4i-c euburoyl etha linkage. This ckavagc genaatcs a 

dimeric ether of the N-(by~xymcthyl)arbamatz. 

Tlu ftrrt objocdve was &tumin& of fhe st-kctity of the cyclizatioo reaction. The or- 

intamcdiates gatcratod in the inuamokcular amidmrnvrtion reaction VeR nuted with sodium borohydridc to 

effect radwztive &muctuatjoo and form stabk tctmhydrooxaxine daivativcs. Rtus. apmratt of casbamaor 3a 

with e trifltnromate in ethyl acetate frx 30 tnln. followed by trcatmmt with basic sodium bomhy&idc 

gave a mixtun of 4,6-disubstituced tctmh~nes 4 and 5 in 60% yieki (Rx 4).l* Analysis by NMR and 

GC-MSindiatcdthatthctwoisomcrs wafomtcdinrntioof3:l. 

60% 
3 4 s 

a) Rt - knzyl b)R’ - isobutyl 3: 1 

The stcfcocbcmicrl ssrignmcnt was confvmd by conversion of a pwc samplet* of the ma&x isomcz to 

4-amin6-2-pcmanol, for whiih both szcrcoisomsJ have been chamctcrizd (Rx 5). Trutmcnt of 4a with Rfluxing 

trifluomac&c acid cleaved ~JIC carbobcnzyloxy group, but tbc tetrahydmoxazinc ring Rrminad intact. Ring 

cleavage could not bc effected with nfluxing oxalic acid. t2 Tnrttncnt with ptolucoesulftic rid in rcfluxing 

mcthanolorwith ammooium &la+& in MeOH kd to incompkte ring opening. HotRver. a&&ion of excess 

hydroxylamim hydrochloride to J tefluxing methanol solution of the teuahydrooxuine 6 led cleanly to 
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Beuusecurptioruudieshbdsbowndutthestauxhanic8lootcanc ofsoxnEinoundccularlmide 

mcmxm&n fc+&ms can be cttqcd by cquilitnticm of tbc w intamcdiatc&z the cycliution of 

carbamatc 3b was urmincd u&z conditia~s which allowed for equilitqtioa. Mercuric nitrate gave higher yields 

thanmacurictrifluomua%uundcrthcseomdiriocls. ~SoUnlQf c&amatc3bandmcrct&niaatc(uch-3M) 

inacuonc_dbwu~bytHNMRwrperiodoftitx%. Thcci~sntiooftheog~g(X= 

N~)changcdfrom-4:1rt30min.~l:lrt14h.m-5:9Su46h. ReductionoltbeagMomacurialinmmcdirtc 

at that time gave tctrahydmoxuines 4b and Sb in a radio of -694 (Whir analysis). Thus, cyclization for shorr 

periods (kinetic coanol) gives the cis isaner as the nujor pmduct. while cycliration for long periods 

(thamodynamicamaol)pfoduccsthcuulsisunerwitbvcqhigh stacosckctivity. 

CH~.X-Br)famdbytigudcxchrnpoiBrforN~’.t’~mioolcistottanrisomasbb#lobrcrvedin 

tbc450to550ppmtcgiatoftbcNMRspaPrim -fItcsigttalsfortbcpotwontbcmcthylcmarbonbaw& 

oxygen and nitrogen (w of tbc ci.s isarrr arc obrrved a~ two dnubkt~ at 4.91 ud 5.03 ~FUI (1, - 10.4 Hz). 

~bnd~fa~procondinrheprnt~Peobsavcdtltn,broddoubl~rts.46ud4.ssppm 

(L -10.4Hz). InatSdMon.dwamf~tionolt&ci8isanercmkuaminad ftutltbcantplingcoNtM0 
andspWngpernsdthcpaoncu~. ThcdOUlfadwcqul~poron~isobsavedur~bktof 

doublesofdouMrrru1.92ppn(J~S.S.3.2,udl4.OHz). l%cdgnalfortbcuial~()4~isobavadasa 

do&la of aipkts at 1.63 m (J - 11.2 and 14.0 Hz). TIIC two lqe ‘J coupling constants (11.2 Hz) for &, 

danmstntc that the pfutons at both C4 and C, ate axial. Thus. the substituents at C4 and C, arc cquatot+al. The 

samc’HNMRpcakpatocmsprrobsmedinIhcspcctrumofIhcttmbydrooxrdneJ~hanrrductivc 

duncrcuration and oxidativc danacuration (Rx 6 below) of the cxgancmczctir 

The cyclizatiocr sndics described above dcmfmstr8tc nol atly that the intramolecular amidmnvntion 

~~sla#rstlcctively,butthatrhen~oclcanbediraccdtog~tceithathccisorthetnns 

isamcr as the mnant poduct. The sta~~lcctivity ol tbcsc cycli7ations can be rationalized only parMy. 

The prcfcmntial fan&on of the tram isomer upon cquilitxaticm of the OqWmuWial products can be explaiIR?d 
in terms of the rhamodynamic stability of cir- and Ranr-N-rcyl-4.6-diaylte~hydrooudms. Both chair 

confotmations of the cis isomer contain unfavaablc staic in&cm,. The conformation with dicquatcfial 

substittznts contains an At’-type interaction between the equatorial gmup at C4 and the planar ccvbamate 

functionality. The alternative chair conformation of the cis isomer contains a highly unfavonble 1.3diaxial 

intasction betwan the axial substitucnts PI C4 and CT.+ The trans iromr in the chair confomution with only the C’ 
substituent axial has no highly unfavorable inter~~tion.‘~ Thus, cqtilikrtimt of cqanmWcti 8 tWllts in 
pre&&umformat&noftbcttansi~&. Tbc~faamfafanrntionofthedsisaraaundakinetfccon~l 

is less readily atulyzcd. but it is obvious that tbc interactions that destabilize tbc cis v must be much 

less impomnf in the cyclintion transition state. 

l%cluknin~euufomrrtim neoeuPyforltscdthecyclof-tiocIur,r~fc8synthcsis 

oCcr-uninor~(Schantl)wuthecocmnionofthtawrcrrriulfuactiaul~pintoaarqoxylicdd. The 

O~vtdanacurrtionof~srofam~hrrfaradrppliati~inrnrrmbcroCrarntsrubctic 

cffats.” Succe+rful~l~dlhisprocadrnttoapnancarrrLlahmeva,rcquindadarilodsndyotdK 

lr.wxiotl amditions. u&Y many caditions n?paWd ta k suausful fa odK?r system& m u&i& && sjmple 
raIductivc dcaBacmation 0I amversion b& to st&og acyclic cartnnntc Jo. ‘Ihe ud 0-n & 

coaditionr involve rcu&ll of an ofglmmcKuU salt with sodium badtydritk in dimctbylfamrmide wjh ayp 
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llltitlecxxqmldwasshownmkgm1crlhM908by chromrtoQnphic~rptanl-Jyrir 
Bauyt N-Uiydroxpetbyt)arbumte. Bcnxyl cxrtmmxlc (6.00 g. 40 mmol) was x&cd to x soluri~~ 

consisring of 37% fumxlin (4.43 0. 55 mmol). sodium abanxte (2.22g.2Ormnol),xnd65mLofwaoa. The 

mixrIa wxx hated with 1 hat gun until 1 clear sotutioa W obafnal TIK heal source wxs removed and 

prccipirxciwr occrand immcdia1ely. The suspukn wxsstirredrrmornranprrtuefor3h.rhcnextracrndthru 

timcswirhSOrnLofdichlacmcthxne. Thc~binedorgmic~wrrm3Kd(brincandwata)mddricdova 

xnhydmus magnesium sulfxtc. Fikrxtion. c0ncentntion. xnd raxysrxllizacion tian dichloruncthxnckxxne gxve 

the product (5.5 g. 76% yield) as white aysuls (ntp 84-8S.S “C): ‘H NMR (90 MHz. CDCI,) 8 7.3s (s. 5 H. C&i& 

5.82 (-bn~I, 1 H. NH), 5.13 (s. I H. CH+‘h). 4.71 (I. 2 H. J - 6.2 Hz. CKH,N). 3.40 (brui. I H. OH); “C NMR 

(50.0 MHz, CLXl,) 8 156.53 (C-O). 135.9X 12836. 128.29, and 128.11 (Ph), 67.08. and fK!O (CH& IR (KBr) 

3345.2941.1698.1670.1280.1010.960cm“. 

Ben@ N-(AcetoxyubctbyI)arUnUe. A. Prcparatbn from Bei@ Carbamritc A solution of benzyl 

carblmar (1.51 g. 10 rnmol). paraf-yck (0.30 g, 10 nlmol). bcctic acid (IO IIlL). and acetic lnhydride (30 

mL) was heated at 75-80 T foe IS kurs with sfining. The clear solution was conantmata! by high v~cuurn rotary 

cvapcation. The pxle yellow oil wxs flushed through a silica gel column using ethyl acetate as solvent. The 

resulting clear oil wxs purified by pnpuotive HPlL (30% ethyl rctxr in hcxanc) to give 1.813 g (86.7%) of 

poduct: ‘H NMR (200 MHz. CDCl,) 8 7.31 (s. 5 H. Ph), 6.41 (bad, 1 H. NH). 5.16 (d. 2 H. Oar,N), 5.10 (s, 2 

H. CH$h). 1.99 (s. 3 H. CH,); ‘v NMR (50.0 MHz. CDCl,) S 171.61 (cH,C=O). 156.00 (NM). 135.92, 

128.52.12837. arui 128.00 (Ph). 67214.66.70 ((31,). 20.85 (Cl&,): IR (Neat) 3343, 1720. 1707.. 1538. 1258.1187 

qn-1. 

B. Preparxtkm troa Buuyt N-(Iiydrwxymetbyl). Bentyl N-@ydrmymWtWe (850 m8. 
4.7nnnol)~distdvedia30mLdQyTHPudddtddropvirtor~ution of2OrnLdxaXicxnbydridc(210 

mmol)xnd2.SmL(31rmxA)ofpyridk. The mixfurcwxsstinedfcx2h. Thc-lHFwxsrcmovcdbyraxry 

cvrpomrion unda xspirxtnr vxcuum. TRe pyridinc and acetic xnhydride wae removed by Kugelrohr disrillrtion II 

rumpcrxturcof2SOC(1.0mmHg). The remaining clear oil was dissokd in EbO and wxskd with N&i- 

solution. ‘Ibe etkr lnya wxs drkd with MgSO,, tilrcnd, and ozacu~nrtcd Benxyl N-(rcctoxymcrhyl) 

was obuincd 8s 8 clur oil in 74% yieM (770 mg). 

LobpfJI N-Mcetoxymetbyihmrbumte. A solution of ixobutyl cubxnmrc (2.34 g. 20 mmd). parx- 

farmldcbyde (0.60 g. 20 nnnol). retie acid (10 rrd-). ud wtic xnhydrkk (60 mL) was heated xt 70 ‘C fa 16 
hour& IhechzarsoluIioowxx cawrntrxrcd by high vxcuurn mtxry cWp0ndon. The prle yellow oil war flushed 
through a rilkx gel column using ethyl wxuu u sckn~ Ihe resulting ckar oil was purified by preprntivc HPl_C 

(2:3 ethyl -xanc) IO give 2.9Sl g (78%) of product: ‘H NMR (2CKI MHZ CDCl,) 8 6.05 (broad. 1 H. NH). 

5.20 (d. 2 H, J - 7.6 Hz. OCH,N). 3.90 (6 2 H. J - 6.8 Hx, OCH,CH). 2.08 (s. 3 H, CH,CIo). 0.93 (d. 6 H, J - 6.8 

I.4 CSi$; “C NMR (50.0 MHz ClXl36 171.88 (CW,Cd). 156.21 (NC=O). 71.70 (OCH$V). 66.76 (OCH&H). 
27.91 (CHMQ 21.00 (CHH,Clo). 18.98 (al,,; IR (Nut) 3344.2922, 173S,1720.1490,980 cm-‘. 

44N4Bamyhyartmyl)mdmomtboxy~l-par(4 @a). A. Preparath from Bauyt N_(Acdoxy 
metbytkrrkmrtt. Benxyl N_(retoxymethyl)cxrbaxte (1.01 g, 14.5 mmd) and 4-penten-2d (0.59 g. 7 rrxnol) 

were dissolved in 10 mL of dry etba. p-Tolucncsulfonic xcid monohydrx~~ (45 mg) wxx W&M, xnd the mixnnr wxs 

hcaltdxtrcfluxfarlh. ‘Ihirmixrwtwrsdilultdwilh#)mLofahaandwashcdwilhsrtrnrredsodium 

bicubuk The CIhcr layer was dried over nugncsium sulfare, filraad and cXmantIaud.Thcmidw~ 

-tntcdundcrhighvecuurntoretnovc excess 4-penten-2-01. The cn& oil wxs p&tied by prepxaivc HPLC 

(15% ethyl acax~&cxxnc) 10 give 0.715 g (64%) of ether 3x: Tu3 Silica Gel (Rf 0.45; 2:3 ahyl reuruI~~x.anc); 

‘H NMR (200 MHt, CDCl,) 8 7.35 (s, 5 H. Ph), 5.80 (ddt, 1 H. J = 6.7, 10.7. xnd 17.2 Ht. CHE), 5.12 (s. 2 H, 

CH,Ph), S.06 (m 2 H, -CH& 4.70 (6 2 H. J - 7.0 Hz, OCH$Q 3.70 (q. 1 H. J - 6.2 Hz. WH), 2.23 (ru 2 H. 

CH,CH=), 1.07 (d, 3 H. J - 6.2 Hr., Me); “C NMR (50.0 MHL CDCl,) 8 156.28 (C-7). 136.13, 128.4s. ud 128.09 

(Ph), 134.69 (C-2), 117.01 (C-l). 72.W (Cd). 70.36 (C-6), 66.90 (C-8). 40.95 (C-3). 19.74 (MC); 1R (Nut) 3335, 

297s. 2930,172S. 1715,1540.124s. 1OSOcm’. 

B. Preparatloa fraa Benxyt N-tHydroxymetbylkmrbrte. 4-Penten-2-d (700 mg, 8.17 rmnot) was 
dissolved in 15 mL of dty THF. ud ptoluabesulfceic tid (30 mg. 0.16 -1) was &led. Ben@ N-(hydmxy- 

methyl urtmmau (221 g, 12.26 ormol) dissobal in IO mL of dry IHF was dded dmpwii D &e maction 

mixture. ‘Ihe s01ution was huUd It mflux fa 20 min. The cookd solutkm wu wUM (saturakd sodium 

bicubtufe and vua). dried with MgSO,. filmad. xnd umccnrnccd. Yk oil wxs purified by prepurrin HPLC 
using I 25% EtOk/?bexanc solvent system E&r 3a was obtained in J 608 yicki (1.22 g). 
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5OlllIDOl)WU m in 30 ml. of dry THF. 4-Rsllrm-2ol (4.41 g. s1.2 tuuoI) mtd pcdwoorlloal: rid 

mDaahyQulc~mg)rertaddcd. lltcIdutbaw8StwDSSrtt&uXfa2Omblwtlgatmd*motntempm~fa 

~a&utk~&&r. .Il~~soktWw~qtwzba!withtatwcdNaHCQtiduusdritb&O. TIbctn,kyc= 

waCSCplltdadIhCU@CIrpwUtbkdoVaMgSO**Iu~md- lkCkrOilW%SpUfifid 

bypapurriotm~mElO- utb~whu~ Erba3&wasobUalin~l%ykld(5.598): ‘H 

NMR (90 MHS aa,) 6 0.92 (d I - 6 or. 6 H. (asfl). i.15 (d. J - 6 ett, 3 Y cq). 1.6w.47 (m 3 H. 

C&C=C and (CH+$~), 3.46-3.99 (a 3 H. OCXCHS including CJiCn,O daubkc J - 6 Hz.. at 3.83). 4.64 (6 J = 

7.5 Hz., 2 H. NC&O), 4.81-5.19 (m, 2 H, GCHI). !L4%.oP (tn. 2 H, CH-C und Mt); ‘fc NMR (25.03 M+. 

CD(&) 6 18.9 ((CEQCH& 19.7 (CM& 27.8 ((CH,~CHI, 40.9 (C&on, 70.3 (OCH@. 7 1.1 (-fl). 724 

(OCHCH,), 116.8 (CXX& 134.6 (W-CA 156.6(C=O). 
N-(BatzytoxyarBatyl)tMhyiWfr&y~l,3exa&w (4& myi clcrtllc fa5 d) w(D dded to 

anhydrous mawkniuatc(1.03g.3.3mm0l). AlltneJI(590~,2.4mnd)muddbd~~ovcrr20in 

p&OdundcrN*&UtX@W?tOtJU mcrcwicnitrwsuqpeatian. Cunpktcditsdudoctruobwvalaftcz1~tin 

Thissolutionwasstit&foranadditiotuilOmin. SatutatcdNaOAc(laL)andS%KOH(lmL)mnukicdmd 

the mix~un was stired Car 1S min. sodium btxohydridc (300 mg, 7.9 mcaol) disrolvcd in 1 mL of 5% KOH was 

addeddm~n+sc. ThexWionwasstirrulforlhudthmdilueedwithE+O. Thcrm,lay~~~~sepuutdand 

the organic phase was washed with satmued NaHOO,,, cbiaf over MgSO,, f?kaed, and cuariaatal. PutVication 

by suni-prcparativc HPLC using 10% EtOAAexlac u solnnt g8vc 350 mg (S% ykki) of @WahydmWzincs 4s 

andSo. AMlyskbyCC-MSthowedr73:nntiod~IDdmnsisomas. cis Tcolhydrootinc 4r: ‘H NMR (90 

MHz, CDCl$ 6 1.16 (d. J = 6 Hz 3 K tXHCH& 1.30 lb J - 6 Hz, 3 H. NCHCX$, 1.33-I 90 (m, 2 H. 

CHCH,M. 3.58-4x)8 (tn. 2 H. CHO ud CHN), 4.92 (5.2 H, OCH,N’). 5.11 (s. 2 H, oQI,Ph), 7.12738 (m 5 H. 

Ph); ‘v NMR (25.03 MHz, CDCl,) 6 20.6 (NCHCH,), 21.8 (OCHCH& 37.7 (CHC&CJi), 49.5 (CHN), 67.0 

(OCH$h), 69.7 (OCH,N). 70.6 (CHO), 127.8. 128.4. and 136.4 (Ph). 155.2 (C-0). 

(3huw*ertrtic signals fa tnns isunm 58. ‘H NhiR (90 MHr. CDCQ 6 4.33-4.64 (m, 2 H. CHN including 

OCH~~Nbki.J~11~u4.47).5.45(dJ=llHz.lH.OCH~H$J);‘~C~.03MHz.CDCI,)(1l6.l 

(NCHCH,). 21.8 (OCHCH,). 37.3 (CHCHIcH), 4S.l (CHN), 67.0 (WI$Ph), 68.5 (Of&N-), 71.2 (CHO). 

trmrt-N-&obutJlmyarbotty0-4&dlmethyRetrahydrv.!,3-ox&ae Sb. Acctonc~ (0.5 mL) was &cd to 
anhydrous mcrcuec nitrate(560mg. 1.7tmnoI). Akene3b(3lStng, l.Smmol)w~ddbddqwiscovcrr 15 

min period. llte quilibntion of arganoam&l nitrates & and 8t was foilowed by tH NMR (See Results and 

Discussion). The mirtmc was stir& fa: a toml of 46 h. conccntnm& then diluted with ethyi acetate, and 1 ml_ of 

5% YOH WM added. The mixture was &red for 15 min. and then sodium badrydrkk (2fXt mg, 5.3 uunol) 

dissolved in 1 mL of S% KOH wu added dmpwiu. The mixture wu stirred for 1 h. and then dihwd with E40. 

The organic phase was wash& with saturated !Wiq, dAu? ova MgSO,, filta& and ca~~aatcd_ The oif was 

purified by semi-pquatiw HPlX using 10% EtOAcmnum II solvent Tamhydmoxu_incs Sb and Jb were 

obeindin4%yicld(lS4mg). AnrlyaisbytHNMR~wcdtheplodrrrlocar~918otthearnsi+orncrSb 

and 6% of the cis i-r 4b. tram isancr Sb: ‘H h'MR (90 MHz., CDC+) 6 0.94 (d. J - 6.5 Hz, 6 H. (CH&CH). 

1.24 (1. J - 7 Hz. 6 H, NCHUi, and OCHCQ). 1.38-2.17 (tn. 3 H. CHC&CH and CH(CH&), 3.56-4.02 (m, 3 H, 

QIO including OCHpl &det, J = 6 Hz. at 3.84). 4.2G4.68 (m, 2 H, CHN including NCH&,O doubkt. J - 11 

Hz. a~ 4.47). 5.39 (d, J - 11 Hz, 1 H, NCH,H,O); ‘3C NMR (25.03 MHr, cDQ3) 6 16.4 @XY!HCH,). 19.0 

((CH$$ZH), 21.5 (OCXCH~. 27.9 (CH(CX,)2), 37.2 (CHCH$H), 44.9 (QfN), 68.4 (CHCH@), 71.1 and 71.5 
(CHO lnd NC&O), 154.4 (C-O). 

e@w-4-Amiqx@an-2-d (7). Tctnhydrwxazinc 4a (145 mg. 0.6 mmol. cis sampk obtained fnxn D. 
Hdlingswonht’) ~1s dissolved in 2 mL of trifl wtwaudc acid al huwd aI rcflux for 6 h. l?tc solution was 
ooncenttakdMdtht! Carenmte ‘cyis di~~~lvcd in 5 tnL of MeoH. Hydruxytanine hydrazhlaide (410 mg, 6 

mmol) was eddcd. Ihc solutkm was heated at reflux for 12 h, aml thca amunwatal. Saturated Nr@, (1 ml_) 
WLI @dded with Sthing. fhe mxturc w8s extracted thou times with mcthyknc chloride. ‘I& cut&$& wit 

phuc was tied with lnhydrwb K$Zo3. filtwd. and conccnuaed by nnuy evapomtion. rrytb04-,4m$~. 

penm-2*l’3 Wu Fof~ in a x146 yield (30 mgk ‘H NMR (90 MHz_ CDCl,) ti 0.82-1.71 (m, g H, (SH, 

i~l~g CJ’& doMe& 6 H. J - 6 Hr. at 1.15). 2.50320 (m 4 H. CXN. OH. and NH& 3.704.12 (m, I H, 010); 

‘3c NW (25.03 MHr. =3) 6 23.8 0H0cH0?,). 27.6 (NFi,CHCH,). 45.9 (CH2). 48.6 (CM+), 68.8 (~~01. 
clt-N~~~xrarbonyIZ1(Bydnn)mthyI)dnctlryltc(rrhydro-~ (5%. Aikenc 3a (0.423 g. 

1.7 -1) WxS dirsdvtd in 10 f& 0f rctoniwik with s&ium bicrbonuc (21.41 mg, 1.7 &). w nimtc 
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smve synti of y-hydroxys-&mm0 acids 5613 

lag_O.l5msPI)rr,di&valin3mtd wr*llrJ~‘tU@lU(7brop)~~P,tbCrrrdoarobdoalDlril 

~cmqcc&xpa&ed,mdtbc DJXtllb~uiucdfa2buSOC ~acobdrrrddsd~q-=btbe 

w Ecbyl~(lomL)rurdQdtodllutba~oltbm~(bOOdxtlR~ddsdovrr~ 

I!mpKsi(rmm llBcmixaewummdttmu#~rdtbecllmrwu -wfcducal 

~~~43~(qPati~)c(mnrrid~‘HNMR(200MHS~69Jl(brod,lK~. 

7.35 (s. 5 H. Ph). 5.48 (k 2 H. C0OCTQ. 5.54 (d, 1 H. J - 10.4 Hz OCRJW. 4.61 (d l H. J - 10.4 Hr 

O(=HH~.5.l1(~lY~,3.61(~.1H.J~UL62,rodl22HsOM.214(~lKJ-~O..~Lud 
l22~~~.1.81(~1H.J-~md123HzCHCHH,~.1.22(d3H.J-60Hr.Mc);~NMR 

(m.0 MHz, (pQ3 8 175.71 (c17). 154.32 (C-9). 13559. 128.51. Isd 127.95 (pb). 74.31 (C-2). 70.71 (C-6). 67.91 

(C-10). 5253 (C-q, 33.22 (C-S). 2121 (cH& lR meat) 360@2700 (amm 2975. 1735.1715.1425,ln0.10%0 

cm’. 

mJu-2-~~-ImtymIe4me Hy&dm&& (11). Ttbc cis dd lot (25 a& 0.1 mad) was 

uutcdwifh5mLofHlwacukrid(mwcight%). ‘Ibc ~smstimdrtmnntanpcmmfa9Omin. 

EmxssHBr~wulrmovedbyr-dniuogatpr. Bthcr(l5mL)*rrddedtopIepim*tbcpmcblcL m 

prscipiluetnsfilraed~~~plogd~aodiardirparblcpiperr.udcbopocipi~wu~wilh 
&Kr. Tbcprsipiprc~dirrdwdiawua,~~~pcmnednrsduocdpesurtogiwrbt~”apns 

lactme hydrobrarddt 11 in 94% yield (18 m@: ‘H NMR (MO MHz 40) 8 4.86 (m. l H, QIC$). 4.41 (t. 1 H, J 

=9.9HsCHNH,),240(m.2H.(3I~.l~(63H,J-~8Hz~~;’~CNMRC200~)b174.03(C-O). 

77.22 (CHO). 47.97 (aiN). 31.89 (CH& 19.88 (CM& IR (KBr) 3425.3115.2982.1779.1397.1217 cm-‘. 

&tAn&10-4-mctbyiq-ba4ymia&me Hydmbmmide (12). The tnns rid lth (40 mg. 0.14 maml) WBS 

mtodwirb5InLdHBr/m!icrid(2Owcigbt%). 7Iumixturcwasstimdufoaurcnparnrnfa9Omin 

ExassHErgaswmmmvaIbyr-dnitrogmgas. Etbcr(lSmL)~ukMopmipimoctbcpmJuct. The 

pecipiurcwufillaedlhrarOhrplugdglrsswodinrdisposlMtpipenc.IDdIhepsipiPtcwu~Pri~ 

*ha. Thcpncipiuocwudiuolvadinwua.~rrmruranmdured~pesurnatodverkloloarn’.cis 

~hy~12ia888yield(~.Om0):‘HNMR(200~~)84.66(nr,lH.<UO~4.M(dd.lH.J 

- 8.7 and 12.2 Hz. CHN). 2.76 (ddd, 1 H. J - 52. 8.7, md 12.4 Hr. CH+i). 1.88 (ddd, 1 H. J = 10.4. 12.2. md 12.4 

Hz CHH&. 1.33 (4 3 Y J - 6.2 Hz. CH,); “C NhIR (SO.0 hQ& 40) 6 173.90 (C-O,. 77.08 (CHO). 50.04 

(CHNI. 34.45 (a&), 19.49 (cH& lR (KBr) 342s. 3120.2990.177s. 1400 cur’. 

Ackborrlcdgema~Lr We thmk the Rdmt A. Welch Four&ion Md tJtc Nltiaul Imitues dHcahb for suppa-t of 
this rcscmch. 
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