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Abstract: 
selective 

The asymmetric synthesis of &&gg-tbhydroxy-L-glutamic acid (2 via a stereo- 
addition to the chiral penal&c acid equivalent L is described. 

over the past fifty years. a number of unusual amino acids have been isolated from natural 
sources.1 While their biological roles (and genesis) are not always obvious, the antibiotic 
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activity demonstrated by many of these compounds themselves or as components of larger (i.e. 
polypeptide) systems make them attractive synthetic targets. In particular, hydroxy amino 
acids of varying complexity offer considerable challenge to the synthetic chemist in terms of 
stereocontrol and efficiency. 

Aspmrtofaprogramdirectedtowardstheasymmetricsynthesisofpolyfunctionalamino 
acids, we have fccussed on additions to a penaldic acid equivalent wherein all chirality 
derives from a readily available precursor as showr~below:~ 

For such a strategy to be generally useful, both enantiomers of the penalldic acid equi- 
valent should be easily prepared in gcod yield. participate stereoselectively in addition 
reactions, and allow for final unmasking of the cr-amino acid moiety - all without attendant 
epimerization or j+elimination. Herein. we describe our initial work in this area resulting 
an asymmetric synthesis of We-hydroxy-L-glutamic acid (7),3a a unique amino acid which 
has found use in synthesis,3b and is a component of the peptide antibiotic S-520.3c 

Cc&ens&ion of N-POC-D-serine methyl ester (&I4 with 2,2-&nethoxypropene (DMP) in the 
presence of !CsOH resulted in a 6C% yield of oxazolidine ester &.5 bp 99-103cW0.75mm. 

in 

ca1~9+54o(9 1.0. aK13).6 Controlled reduction of 2 with DIEAH at -78% gave the aldehyde 2. 
M~+103o(~ 1.0. CJfC13).6 in 30% yiela. Though N-protected-~-amino aldehydes are often prone tc 
racemizeduringchromatography. compourad2wasshowntobeconfigurationallystable. evenafter 
prolonged expsure to silica gel7 Lewis acid-mediated cyclccondensation of Danishefsky's 
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(a)DMP;cat.TsOH;(b)DIBAH,-78oC;(c)l-methoxy-3-(trimethysiloxy)-l,3- 
bntadiene,cat.(see text);HCl;(d)NaIO4,cat.RuO3-H3O;NaOI-I then HC1;CH N ; 
(e)EtZNTMS;flash chromatography;(f)MeOH,cat.TsOH;(g)KMn0~,aq,NaOH;H~l? 

dieme to our psnaldic acid equivalent Pgroceededwith modest togood~selectivity, 
dkpndingonthe strength (andstericbulk?) of the catalyst employed (2 mol% nroD/CH2C12.8a 
&AZ&= 3. 81% yield; 5 mol% ZnCl,/cl12~l2,~~~:~ > 9, 7o%yield). PurefhEepWranoneb. 
mp 75-76cC. [01$+3.080(~ 1.56. CEC13)/ couldbe obtained from the Znclz catdlyzed reactionby 
cqskallization. thoughitwasmoreefficienttoprocessthemixtureas follows: Oxidative 
degradation of fp/& with NaIO4 + cat. ~4, followedbyformatesapnification. esterification 
witha2N2, andTMS-ether formation resulted in a 76%yield of diastereomers which were 
easily separated using flash chromatography. Deprotecticn of the major isomer 2. (al~+46.0°(C 
1.10. (BC~~).~ by the action of methanolic TsCH at 60-6s°C gave a 69% yield of the diol h. mp 
63-t@C. to1~+49.6°(~ 2.09. CEC13).6a0b Surprisingly, the N-KC group proved stable to the 
a&Z&c reactionconditions. Atthispoint. the~stereochemistrywasconfirmedviatbe 
-de derivative of &6*g Selective oxidation of h with basic KMn04 followed by treatment 
witi& aqueous HCl resulted in a 61% yield of &gplJ-hydroxy-Lglutamic acid (2).l" mp 180%. 
(dkc). tol~+21°(~ 1.4,,20% HC1)6apb Uit. [a$ +18.9°(E1.6. 20% HC1)l.3a 

Wetentativelyascribethe mectivity of the zn(II)-mediated reaction to some 
sertofchelationcontrolwhereinan interacti~betweentheN_BOCgroupandthecoordinated 
alde&de favors addition from the reface as shown for intermediate 8. 
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lmis result stands in sharp contrast to the reported Zn(II)-catalyzed cyclocondensation to 
the analogous glyceraldehyde acetonide which shows complete ervthro_selectivity.8b 
presumably via a chelate with the p-oxygen as in 5; (X=0). The moderate -selectivity 
observed with the BIFCD catalyst may reflect an increased propensity for P&elation as in 
C (X=NHCC) and/or a nonchelated intermediate B with mattack being slightly favored by an 
anti-periplanar effect.11'12 

Further investigation into the scope of these processes and their application to a 
variety of synthetic problems are currently underway. 
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1. Cf. V. I. Wagner and II. Musso, m 95, 827 (1983). and references therein. 
2.An analogous methioninederived serine equivalenthasbeen reported: Y.Ohfune and 
N. Kurokawa, mm 1071 (1984). See also: Y. Ohfune and 8. Nishio. Ihid, 
4133 (1984). 
3.(a) T.Kaneko. R.Yoshida, and HKatura, Niwx>n. So, 316 (1959). 
(b) T. Kamiya, amPharm., u, 1307 (1966). (c) J. Shojiand R. Sakazaki. 

. . . J., s. 418 (1970). 
4. Prepared from D-serine in high yield via a two step sequence: (a) di-k-butyl dicarbonate 
(~)20)/NaGH according to L. Moroder. A. Hallett, E. Wunch. 0. Keller. and G. Wersin. Bonw_ 
w. s m. 1651 (1976). (b) CH2N2. 
5. A similar procedure was successful with certain acetamido sugars: A. Hasegawa and 
A. G. Fletcher, Jr., wvd. m a, 223 (1973). 
6. Satisfactory (a) (Ix, (b) 'H NMR. and (c) MS data have been obtained for this compound. 
It should be noted that the ozazolidine derivatives exist as slowly interconverting rotomers 
on the NMR time scale and samples require heating to obtain averaged spectra. 
7. Cf. A. Ito. R. Takahashi. andY. Haba Ch.e mPharm. a, 3081 (1975). Inour case, 
enolization would create an unfavorable interaction with the rigid N-m moiety. 
s.(a) M. Hednarski and S. Danishefsky. J.Amer . 105. 3716 (1983). 
(b) S.Danishefsky. S. Koboyashi. and J.F. Kerwin, Jr., J.~ra. 41. 1981 (1982); 
S. Danishefsky. E. R. Iarson. and D. Askin. J. Am. C&M, Sot.. 104, 6457 (1982). 
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9. Acetonides i and j.i, were prepzued individually from 
DMP + cat. TsOH. Stereochemical assignments arise from 
spectra in CDC13 relative to TMS(O.OopPn). 

diol 6 and its C(3)-epimer with 
their respective 3OOMHz lH NMR 

Me 

C%Me 

Compound i: 61.39(s,3H). 61.45(s,9H). 81.49(8,3H). 82.49(d.J=6.182,28), S3.59(br d. 
J=10.4Hz,lH), 63.69k.3H). 63.74(dd,J=12.1,1.4Hz,lH), 64.13(dd.J=12.1,1.5Hz.lH), 84.48 
(dt,J=1.1,6.3Hz.C(4)H), 65.32(br d.J=9.9Hz.lH). Compound ii: 81.37(s.3H). b1.43ts.98) 
81.45(s,3H). 82.53(dd.J=16.1.8.3Hz.lH), 62.68(dd,J=l6.1.3.8Hz,lB). 83.5-3.6(m. 2 over- 
lapping HI, 63.69(S,3H), 63.92tbr d.J=6.OHz,lH). 84.07(ddd,J=9.6,8.3,3.8Hz,C(4)H), 
S4.7(br s.lH). 
10. (a) 300MHz 'H NMR data for I/D20 (O.lZM) relative to DSP(O.OOppm): 82.76(dd.J=l6.5. 
8.5Hz,lH), 62.84(dd,J=16.5,4.5Hz.18). S4.11(d,J=4.5Hz,lH), 64.63(dt,J=8.5,4.5Hz,lH). 
(b) The possibility of 9-elimination/addition was excluded by the observation that when a 
mixture of 6 and its C(B)-epimer was used, a mixture of 2. and its C(J)-epimer resulted 
(Partial 300MHz 'H NMRz 64.22(d.J=3.OHz,lH). Cn the other hand, pure 6 led to product 1 
uncontaminated with epimeric material. 
ll.Compare (a) M. M. Midland andR.S.Graham, M& SOC..~, 4294 (1984),and 

(b) S. J.Danishefsky. W.H. Pearson. andD.F. Harvey. &j&. 106, 2456 (1984). 
12. P. Carmella, N. G. Rotion, M. N. Pad&n-Row. and K. N. Hcuk. &I.&$.. &I. 2437 (1981). 
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