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Sumry: Rmctkms of organollthlum rem wlth gtyoxytate dertved oximes provided a 
direct route to a-N-hydroxyamino &ds. The process required direct attachment of an Ionizable 
group to the glyoxytate carbonyi to prevent competitive rsaaions The procadufe allowed for direct 
formatfon of the a-c&al oenter of the newfy formed a-N-hydroxyamlno add derivative. 
lntroducbon of gWalta4 chlrd WldMeacatheoxkneoxygenfesubedinmcdwt 
dlastereos&Mon. In most ln&uvzes, use of chiral gfyoxylanMesi also gave bw 
diastereoWe&My. 

Introduction: 

Because they are essential components of all living systems, the chemktry and biochem’stry 

of amino adds have been extensively stucfled. However,.the correspondfng a-N-hydroxyamlno 

acids (HONHCHR-COOH) rac&ved mlativety little attention until racentfy.1 These unusual amino 

aad derivatives are now known to be important constituents of many Mokrgkally a&e natural 

products. They have also been imp&&d in a number of amlno ackl based metabolc ‘oathways f 

Our initial interest was to synthesize a-N-hydroxyamina acids and derivattves for use during the 

preparation of analogs of hydroxamate containing siderophores (microb4al iron chelators).* 

Although several methods for the preparation of a-N-hydroxyamino acids have been reported, most 

processes proceed in low yields and are complicated by the tendancy of the free adds to 

dlsproportionate.l.3-9 

As described ln our recent preliminary communication, we envlsfoned the prepamtfon of a-N- 

alkoxyamino adds and derfvatives by additions of alkyl metals to oxlmes of a-keto carbonyl 

compounds (Eq l).to For R-OH and R2-H, protected a-N-hydroxyamino a&s 2 would be 

obtained directly from reality available glyoxylate oximes 1. For precedent, we considered that the 

addition of metalated compounds to imlnes. oxlmes and hydrazones has become a useful process 

for syntheses of aminestt amino acids.t*-14 and 6-factams.t5~tr3 Variations of these reactions 

have also led to the development of asymmetric syntheses based on chlraf lmlne derlvatlves.17-1g 

However, two factors which often dlminlsh the versatlSty of these readfons are the poor 

eleclrophilicity of the lmlne dertvatlve and enobatlon of substrates with a-hydrogen% In some 

cases, these proMems have been drcumvented by using more activated iminest*.t3.ts.ta or less 

basic reagents.2’3 Unfortunatety. with oxfmes the same proMems can be accentuated since oximes 

are often less electrcphillc and less easily actfvated than the cormepoMing imines. a-Depro- 
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tonation of oximes Is abo WW and onty the use of a consWmM oxcass of organotlthium 

reagents producas addltbn pro&us. 21 Even adetbn of ally@ or aotyf horonates~, whkh 

proceeds smoothly wfth Imlnes, requires v@rous coMltbns and has hmited applkaMlty with 

oximes. Despite these potential Umitatfons, we found that the edditlon of a!Jryl ttthium reagents to 

oximes of gtyoxyfk add providm a direct method for the pmparaMn of a number of O-protected a- 

N-hydroxyamlno acids.fo Hereln we provide the details of thb process and extensions of the 

methodology. 

Eq. 1 

Results: 

Many vahtbns of the substrate substftuents (R. Rf , Rz) wm conddemd to promote the 

conversion of 1 to 2. Reportedfy. electrophik adc#tkm to oximos am faM by pdor protection 

Of the oxime oxygen.z*-27 Consberfng this, and with plans to eventualty prepare the free a-N- 

hydroxyamino acids. we tnitiatty chose oxygen pmfectbg groups (~1 of I) which coub eastty be 

removed. Since the carbonyf suhstituent had to he compatible wfth strongly bash and nucbophilk 

reagents, yet protect the carbonyl ttsetf from at@&, we chose the free add (R-W). By starting with 

oximes of gtyoxylk add (R&f). we anttdpated being able to prepare a number of the fundamental 

a-N-benzybxyamino a&b from the same s&&ate by simpty varying the nudeophib. Table 1 

summarizes our initial resub. As shown, reactton of the O-henry1 oxfme of glyoxytb atAd (3) with 

200 mob % of varfous aBryl Lithium re@wfts at -40 to -50°C for 1530 min fdbwsct by a quench 

provided the corresponding heruyl protected a-N-hydroxyamlno acids 4a4 In W-77% isolated 

yrekfs. 

TaMe 1. Reactions of akyl tlthium reagents with the Qhenzyl 

oxtme of gtyoxytb add (3). 

PhCH,ON - Cl-fCOOti 
(1) RQ 
~) “*M20 * PhCH&fw - cHRs-CCOH 

3 4a-• 

Starting Matedal R3U Product (% yield) 

3 n-SuU 

3 see-Bull 

3 t-BUU 

3 Meu 

3 PhU 

4a (77) 

4b (83) 

4o (99) 

4d (73) 

4e (79) 
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EncouraOed~~nruL,ttw~lOxl~ofPYNV(C~~)wY~~ 

treated under dmlkv amdftbne w4th 200 mob % of methyl Uthlum. The dodfed admethy4-N- 

benzybxyamino &M (6) wee obWned In 67% yield (Eq 2). This reeuk wggesb that a variety of 

adisub6tttuted-mw dd derhMlwsRoutdbefUacwy~ble. Howew,bewe 

expbring the scope of this uepecl of the mettwdobgy, WB dedded to furtfw teet tta Versatility with 

the ptyoxylete system. 

PhCH,ON - C(CH&OOH 
(i) M&f ) 
(II) H+M,O 

PhCH,ONH - C(C+&CooH Eq. 2 

5 6 

Compbxatbn of a variety of organometallk roagenta with the oxygen of eubsttMed oxlnws 

has presumabty aaebted reaction of the wne reagents with n&Wtuted Imlnes.~4 Thus. we tested 

the reacllon of the O-benzyl oldme of gtyoxyflc add (3) with vinyl Grtgrwd and dethyl zinc. In both 

cases. starting maadal WM mmd along with small amounts of benzyi alcohol. Although these 

resutts were &zounqlng. other organomeiallb rqaoent8 should be amekfered. As expected, 

reactlone of wbutyl and t-butyl lithium wftt~ methyi and t-butyl eston of glyoxytate oxlmea (7a,b. 

Eq 3) did not provide the de&red amino add eeters (8). Instead, mfxtursa of other produccS from 

attack of the akyl Uthlum at the ester carbony were obtained. 

PhCH,ON = CHCCWR 

7a,fl-Me 
tb,R-t-butyI 

(I) fw ,c, 
(Ii) H*M*O ” 

PhCH,ONH - CHR3-cooR Eq. 3 

8 

With theee Wmttatbns In mind, we considered incorporation of chlral eutstftuente into the 

basic gryoytets Mm@wofk Bblholthtatwopoawefbeoftimle4AsuMM (Rl ltndRof2)wena 

studied. In the firat Instance (l&Se 2), ck+raf oxfmededvativw nare w end utuded. 

Reaction of w O-a-pherwhyf defk&ve (QI)wtth20Omak%ofn-tMytWWnprocUWal:l 

mixture of the conwpoMng &5tereomerk am&w add (101) In 7D% y+efd. Rmc&n of the sanm 

substrate wtth t-butyl ltthlum also gam a mtxtum of the two expected ci&demmn (lob) in 69% 

yieM,butwith30_IOKdebesedon~~oltheavdr,reWknmMun. 8lmilarmocket 

sektivitywasoLwrl& upon feaubn of the rwemb tetrabydqyconyf (THP) oxlme (ob). 

Treatment of the mona complex oxlme (go) with 200 mok% of n-butyt ffthtum provkfmd a SE4 yle;c; 

0flheeXpect0dafWb0Wd(~Od)with 33'366~. 

ltw alto- mode of Intrafuuion of a chlral auxMty wm amwskm ol the gtyoxyim 

carboxytgrowtoanurMebyrsactbnwfthachiralamine. ThanrubareghreninTabb3. 

Treatment of the (D)-phenethyl dertvatfve (lla) dth 200 mob % of n-tndyl lithium gaw the desired 

pfoduct128In79KyWdand309C~. Reac#onofttwwukutrW (Ma) wkh t-butyl IMum 

pro~~~probd12blnttwwyWd(79X),kRrrlthMlmQIovenuntolt~ 
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Tabta 2, - of afkyt fitMum reagents with chiral oxfme 

cfeiivative8 01 glyoxykc adcb. 

R’ RJLI Product (%) de 

8s (*) CH(Me)Ph n-BuU t0a (70) 

9& (i ) CH(Me)Ph t-Buti 10b {SS) 

9b &t:WP n-B&l 100 (65) 

90 (R)4HPh(CH~OMe) n-BuU lctd (59)a 

8 Reaction time: 1 hr at -40% folbwed by 3Omin at room temperature. 

0 

30-40 

30 

33 

d~astereosebctivity to 47% de. fhe norephedrine derivetive (lib) nsactad amoothty whh nbutyl 

lithium to provkfa the desked product (12~) In 54% yield, as a 1:l mixture of diasterwxnen. 

6taRing matertat (20%) and the corresponding ketone (13.12%) were atso is&ted. Reedion of 

the ~-met~l~fe~~~ne derivative {He) under Mentfcat conditions gave the desired product 

(120) in 68% y&f (33% de). Again, starting matertai (8%) and the same ketone (13, 11%) were 

isolated. The sucxMsful usa of proYnol and related darfvatives1~~2@ encouraged us to prepare 

and study rebted amides lld and 118. These substrata6 were a&o expected to provkle a new 

test of the scope of the ethos s&e they contain no ionitabb pOsHIon to protect the cafbmyl 

group from nucfwphific attack. As might have been affpected, treatment of lld and 110 with 

n-butyl lithium gava the de&red addition products In onty 9% and 6% yMcfs respectivefy. Smash 

amounts (8% and 11%) Of the ~~t~pOnding ketO#W (13) were ak30 obtained. The majOr PKXMt 

was bwql akxlhol which was ~esurn~~ generated from direct N-O bmd cbavaga, a Process 

wn~ch has precedent.25 

Wtth the need for direct at@hment of an ionizabte group to the gtyome Carbonyf @adfiod, 

we reconsidered primary chirat amkfe derfvatives. The vafine addu~ llf WAS prepared by direct 

mupting of the gtyoxylate oxime N-h~o~n~ astsr with Itvsiine. Reactkwr of (ltf) with 

200 mole % of n-WI lithium In the usual fashion gawl no reaction, afr expected. USA of 300 Mb 

% of n-butyl lithium to deprotonate both the amids and add, yet stift kave 100 mob % far W3UiOn 

at IW oxirna did provide ttre dae&d &pap&b (12h) in 64% Isolated y&M but with no diaStWecr- 

selection. finally, traatmant of the mm0 substrate w&h 300 mob X of t+utyf M&urn provtded 

dlpaptide (12f) in 53% yWd Mh 20% dia8teracn&Won. 

In conduslon, we have described a simple and gerwml method lor.tho prq~MM of 

a-N-hydroxyamlno a&f and a-Khydroxypeptide deiivatives from gtyoxytate derfved oximos. In 

most cases, the method prouM8 in reasonabfe yiatds with moderate dl~t~~~~. 

However, the dfaatereoseiection observed in the products suggests that further devebpment may 

provide an efficient route to a.N-h~~~arnl~ acids, thak derivatives and nlnted pepfides. Finally, 

the possibitky of utlfizfng ‘matched: chlraf auxiliartes In both the oxlme oxygen and carboxyt positIOn 

of the gtyoxylate axhne dessrveff frfudy.20 
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T&4.3. Rmdonoofdcylnthluln~ntswlthchlrd~ 

dertvattves of the o-benql oxlm of glyoxylk ski 

PhCH&N-CHCCR 

118-t 

(I) RQ 

0) H*M*C 
* PtlCH$fw - CHRQUR 

128-l 

Starting 

material R RXi PrMJct(%) de 

110 

llr 

llb 

llc 

lld 

lie 

111 

111 

111 

(D)-NHCH(Me)Ph 

(0)NHCH(Ma)Ph 

(R,S)-NHCH(Me)CH(OW)Ph 

A-H 

U-H 

R-Ma 

(S)-Prollnol 

(S)-C-methyl pmlinol 

(S)-NHCH(IPr)CCOH 

n-BuLi 

t-B&l 

n-BULI 12c(64P 0 

t-BULI 12d (64)b o 

n-Buli 120 (66) 33 

n-BuLi 121 (9)’ - 

n-BuLI 12g (6)x - 

n-Buu(200 mole%) 12h (0) - 
n-BULf(300 mob%) 12A (64) 0 

t-BuU(300 male%) 121 (53) 20 

128 (79) 

12b (79) 

30 

47 

l The ketone, PhCHfl = CHCCnBu (13) was atso k&ted. 

b Crude yield. 

Exporlmontal Soctlon: 

s. Melting points were taken on a Thomas-Hoover Capillary Matttng Point 

Apparatus and are unconected. Infrared spectra (IR) wars reaMsd on a Perkin-Elmer 1420 

spectroptwtomater. Proton NMR spectra wera obtained on Varian EM-390, Magnacham A-200, or 

Nkokt NE300 spectrwneterzi. Chemkal shifts are reported in ppm rektfve to tetramethykilane (6 

units). Mass spectra were racnrded on an AEI !Menttfk Apparab MS 902. Du Pont DP 102. or 

Finnigan MAT Model 6430 spsctrometers. Elemental analysis were performed by M-H-W 

Laboratorfes. Phoenix, AZ. All sotwnts wera dried by standard methods. 

Oonarrl method tor the prepamtlon ot oxlme derlvrttvo8 ot glyoxyk rcld 3 end 

9~. Sodium acetate (0.2 mol) was add& to a solution of gtyoxylk ac+d hydrate (0.1 mol) and N- 

akoxyamine hydrochbrlde (0.1 mol) in 150 ml of H2CMeOH (19) and the reacHon was stirred 

overnight at mom temperature. The methanol was ramoved in vacuum and the produds wera 

fittered off or extrwted with ethyl acetate. The crystalRne oxlmes wem ruay&lRzed from ethyl 

acetate I &ally B and the oity prodwts wers fitterad thrwgh dlka gel and washed with CHfil2 I 

ethyl acetate to provide pure pmduuts. 

O-Buuyt oxtnw 3 was obtained in 94% ybld: mp 7760°C (lltm mp 76-60%); tH-NMR 

(CDCl3) 6 5.30 (s. 2H), 7.40 (s, 6H). 7.66 (8. lH), 11.66 (8, 1H. CCCH); IR (nupl) 1705, 1690, 1620 

cm-t; mass spectrum (Cl) mle 160 (b&l). 

VI oldma OI was obtdrwd in 60% yield: mp 81~&YC; fH-NMR (CDCl3) 6 

1.63 (d, 3H. J-7 Hz). 5.40 (q. lH, J-7 Hz). 7.33 (s. !5H). 7.62 (8. lH), 10.66 (8, 1H); tR (nujol) 3200- 





a-N-Hydroxyamtno d dcnntivcs 

Ami~~ttvl)o(th(,O_krrtyioxlnwl1~wrar~md~anoHhr00Kyk#: 

[a1250 - -57.0 (c 20, CHgCf& *H-NMR (CD@) 8 1.90 (m, 4H), 3.23,3.33 (two s, 3H), 3.63 (m, MI. 

4.33 (m, IH), 5.20 (8, ZH), 7.40 (I, 5H), 7.72,7.87 (two 1) in 1:l ratio, 1H); IR (neat) 1635.1800 Cm*‘; 

mass spearurn (El) IWO 276 (W), 231 (M-45), 91. 

Amide dorfvalhn of Ww CMwwyi o&me 111 wf&e prepwed in a manner sfmilar to that 

forilsaxceptthLrd~tOK~~warN~dur(ngworkup~lgnonedMdtheproductwas 

obtained in 30% yieid: mp 95-98%; fe = +46.3 (c 2.0, Ctffi12); *i+#WR (CDCb) 5 0.9 (d, SH.. 

J-Ptfz). 2.23 (septet. t H. J=7iiz), 4.63 (dd, 1 H, J=3Hr; 7Ht), 520 (8,2H). 7.10 (d, bf, 1 H, JrBHz), 

7.40 (s. 5H), 7.56 (8. 1H); IR (nujol) 3300,~2500, 1710, 1630, 1585 cm-‘. Anal c&d. for 

C14HlsN204: C, 60.43; H, 6.47; N, 10.07; Found: C, 60.45; i-f. 6.4% N, 9.97. 

Gomni method tor the rikyi metal oddltion to oximer. The oxime was dissolved 

in dry THF under nitrogen and cooled to -40°C. A solution of alkyi me&i was &&fed and the mixture 

was stirred at -40°C for 1560 min. The reaction was quenched with saturnted NH&i, &dified witft 

1 N HCI to pH 2, and extracted with several portions of ethyl acetate. The CGmbined organic &err 

were extracted wfth 5% NaHCOg soknin and the organic phase was dkarded (this stop was 

deleted for amide oximes). The aqueous layer was addlfied to pi-f 29 wfth IN HCI and ex&aCWd 

mth several porttons of ethyl acetate. The ethyl acetate extrads were combined, washed with brine, 

dried over MgSO4, fit&wed. and eWpOr8ted t0 provide the fXOdUUS. 

a-N-Bentyloxyamino-n-hoxanoic acid (4a) was obtained in 77% yield: mp 

113.115v2; 1H-NMR (CDCl3) 6 0.79-0.92 (m. 3H), 1.22-l .45 (m, 4H). t .63-l .99 (m, 2H), 4.12- 

4.24 (t, 1 Hf, 5.10 (s,2H), 7.35 (8,5H); IR (KBr) 3100-2400 (broad, weak, zwftterion form), 1580 

(broad) cm-l; mass spectrum (El) m/e 237 (M+). 178 (M-n Bu), exact mass c&d. for C13Htfi : 

237.137. Found : 237.138. Awl. Cakxf. for C~~H~QNO$ C. 65.82; H, 8.02; N. 5.91; Found: C, 

65.75; H. 8.10; N, 5.75. 

a-N-Benzyloxyamino-~mothyipentanoic acid (4b) was obtained in 63% yiekk 

WNMR (COW 80.81-1.77 (m, 9H), 3.59 (m, lH), 4.65 (s.2H). 8.60 (b, NH), 7.33 (8, SH); IR (neat) 

3640-2400 (broad). 1720 cm-t; mass spectrum (El) m/e 237 (M+). 8x84 mass cati. for 

C#~QNC& : 237.137. Found : 237.138. 

a-N-Benzyioxyamlno-~,~lmethyl~ty~c uld (40) was obtained in 69% yield: 

‘H-NMR (CDCb + TFA) 6 0.98 (8,9H), 3.46 (5. iii). 4.88 (d, 2H),7.66 (6, 5H). 8.42 (b, NH); IR (nujol) 

3600-2300 (broad), 1705 cm-l: mass spectrum (El) mle 237 (M+), exam mass calcd. for 

C&flgNQ : 237.137. Found : 237.138. 

a-KBenxyloxyamino-proplonic acid (4df watt obtained in 73% yieid: lfi-NMR 

(CDCf3) 6 1.58 (d, 5,3H), 4.33 (m, 1H). 5.14 (s, 2H). 7.32 (f&W); IR (m&f) 3140-2300 (weak, broad, 

ztitler- ion form), 1696 (weak), 1580 cm-1 ; mass spectrum (El) m/e 195 (M+). 160 (M - CXXIH -1). 

a-N-Be~~o~aminophenyia~etic mid (4e) was obtained in 76% yieid: *H-NMR 

(cm@ 6 5.10 (s. 2H). 5.31 (8, lH), 7.18-7.56 (m, 10H); IR (rtujol) 3700-2200, 3040. 1700 cm-*; 

mass spectrum (El) m/e 257 &I+), 230 (M - OH). 





z-N-Hydroxyamino ad dcrwativa 

J=7Hz), 1.31 (m, 4H), 1.80 (m. m). 3.28 (hwo l In 2:1 ratio, 3H), 3.44 (4. 1 H), 4.25 (m, 0.5H) 4.33. 

4 37 (two d, 0 5H, J17Hz in 12 ratio) 4 70.4.75 (tw d in 1:2 ratio. J-l 1 HZ), 5.79 (8, b, lH), 8.80. 

6.87 (two d in 1:2 ratio, lkl), 7.32 (m, lOI+); IA (neat) 3300 with shoulder at 3400,1656cm-1; mass 

spectrum (Cl-lsobutene) nJe 365 (M+l), 384 (M*), 353 (M-32), 283 (M-122). 

a-N-Bontyloxyrmlno-nh~oyl-o_vlillno (*?h) w&s o&&nod in 64% yieM: 

[a)*50 I -4.8 (c 0.5. CH&l& 1H-NMR (CDClg) 6 0.82 (m, 9H), 1.35 (m. 4H). 1.65 (m, 2H). 2.24 (m. 

lH).2.89and3.52(twot in 1:l ratio, lH, J17Hz),450,46O(twodd, lH),4.68(8, lH).4.75(d. 1H). 

7.33 (m, 5H), 7.67 (8. br, 2H); IR (nujol) 3310, 3280, 1650 with shoulder at 1680 cm-l; mass 

spectrum (Cl-Is&&me) mle 337 (M+l), 319,231. 

a-N-Benzyloxyamlno-6,B_dimethylbutyryl-(L)-vallno (121) was obtained in 53% 

yield: lH-NMR (CDC$) 6 0.90-1.07 (m, 12H), 1.33 (a, 3H), 2.19238 (m, lH), 3.22 (8. lH), 4.47-4.55 

(m. lH), 4.63-4.78 (m. 2H). 8.93 (m. lH, NH), 7.27-7.39 (m. 5H). 9.03 (b, CGDH); tR (neat) 355O- 

2300 (broad), 1710, 1680 (broad), 1520 (broad) cm.‘; mass spectrum (FAB - Glycerol matrix) m/e 

338 (M+). 337 (M+l), 185. 

n-Butyl-(N-knryloxyfmlno)mothyl ketone (13): lH-NMR (CDCls) 6 0.90 (1. 3H. J-7 

Hz), 1.31 (septet, 2H. J-7 Hz). 1.58 (quintet, 2H, J-7 Hz). 2.74 (1. 2H, J-7 Hz), 5.24 (s. 2H), 7.37 (s. 

5H). 7.47 (s. 1H); IR (neat) 1690. 1590 cm-t. Anal. Caffl. for CtsHt7N02: C, 71.23; H. 7.76; N. 

6.39; Found: C, 71.17; H, 7.80; N, 6.27. 
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