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Abbstract - Both & and m enMtlomerIcally pure 
functlonallzed a-amino-/.?-hydroxy acids and derivatives wre 
synthesized starting from norephedrlne-derived oxatolldlne 
(1). The key-steps of the synthesis wre the nucleophlllc 
epoxldatlon of (1) and the nucleophlllc opening of epoxy 
acid (3) with mmonla, both reactions proved reglo- and 
dlastereospeclflc. High yield preparation of the target 
m aldehyde (9) MS accomplished using standard 
procedures. The complementary w aAdehyde (23) yaa 
obtained via alkaline lsomerlzatlon of the rip 
oxatoildlnonc (13) to the w one. The aldehyda function 
ot (9) and (23) provides a useful handle for lranipulatlon 
to more complex btructures, allwing potential access to a 

range of optically pure a-amino-/?-h droxy acids. The formal 
total synthesis of the monocyclic B -1actam antibiotic 
‘carwnam’ w5 accorpllshed using the present methodology. 

Over the past tltty years rany unusual amino acids have been Isolated from natural 
1 

sources. Hhereas their biological role and biogenesis cannot always be clearly 

seen, the antibiotic activity demonstrated by many of these co~pound5 either alone 

or as a part of larger systems (I.e. polypeptldes) uke them attractive Synthetic 

targets. In particular a-amino-j?-hydroxy acids of varylng complexity are 18portant 

as components of blologlcally active peptldes 
2a (e.g. Echinocandlns, S-520, 

Vancomycln, Rlstocetln A, Teicoplanln, 0ouJ‘irdln. Cyclosporlne A), of toxic 

peptldes, 2b of peptldases, 
2c 

of the polyoxlns, 2d 
as enzyme Inhibitors, 2e a5 

precursors to I-lactam antibiotics, 
3 and offer considerable challenge in terms of 

stereochemical control Md synthetic l fflclency. 

Our group has been interested in the asymmetric synthesis of a-arlno acids using 

different tiethodsr the asymmetric electr;Eh;llc ulnatlon ’ (FIg.1, disconnection a) 

and the glyclne enolate synthon approach - (Flg.1, disconnection c). 

Fig. 1 
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In this paper w dI5clo5e our result5 regarding the asymmetric synthesis of 

fmctlonallzed a-amino-fl-hydroxy acids by the u5e of a nucleophlllc amlnatlon 

approach’ (FIg.1, dlsconnectlon bJ. 

In recent year5 these compound5 have been the target of a great deal of effort by 

many research grirup5, 

Evans,~l 
“’ wrtlcularly the groups of Hukaiyara,g Schollkopf,lo 

and Seebach. l2 

T. l¶uJcaIya~ ti coworkers used both the nucleophlllc amlnatlon approach 9a and a 
chlral glyclne enolate rynthon 9b In their enantIo5electIve syntherls of 

polyhydroxy-a-amino acids. U. Schollkopf urd cmmrkere ueed both an achlral glyclne 

enolate synthon (ethyl lsocyanoacetati?J IOa,b and the chlral one (bls-lactl5 

ether J 1oc-q in their out5tmdlng syntbe515 of fmctlonallzed a-a5Ino-j?-hydroxy 

aclds (Scheme 1). 

e.e.,99% 

*-- d.e.>99% 

(ref. 101) 
H 

Scheme 1 

D.A. EVMS md coworkers synthesized both m and & enantlomerlcally pure 

a-amino-)-hydroxy acid5 via dIa5tereo5electIve aldol addltlon of chlral 

3-lsothlocyanoacetyl- and 3-baloacetyl-2-oxazolldlnones (Sche5e 2J.l’ 

0 R 

Sche8e 2 

(ref. 11) 

Several m a-amino-@-hydroxy l cld5 of high enantlomerlc purity wre synthesized by 

Seebach and coworker5 12 via dIa5tereo5electIve aldol reaction of chlral 

ImIdazolldInone-enolatee with carbonyl compounds. 

Our method 5tart5 with the a,fl-unsaturated aldehyde (lJ, which can be easily 

prepared on a large scale from me of the two commercially available norephedrine 

enantlorers (lR.?SJ. It 15 know that these substrates show a high degree of n-face 

differentiation Induced by the norephedrine-derived oxazolldlne, and that 

nucleophlllc additions to the conjugated system 13 give a better performance than 

electrophlllc additions to the double bond. 
14 Aldehyde (1) ua5 5ubjected to v;;lous 

nucleophlllc epoxldetlon conditions (sodium hypochlorlte In aqwou5 pyrldlne, 

alkaline hydrogen peroxl potassium tert-butyl peroxide 17 J. The best result5 

wre obtained u5Ing pota55Ium hypochlorlte 
18 in aqueous TtiF: the epoxldatlon w5 



Synthesis of funmotmkd x-amino-&hydroxy rcidx S%S 

complete liter 1.5 hr at 0 deg.C, but the tixture ~8 stlrrwd tuo Wit&ml hours 

at rook temperature to oxldlze the epoxy aIdshyde (2) to epoxy acid (31, uhlch was 

obtained In 908 owrall yield as a single isomer 020ti bf ‘Ii lyIlR spectroscopy) 

(S&me 3). 

(4) R= H , $1 H 17f R= H 
GR=H a d=Cl3Z 
(61 R= Et, R’- CBZ 

(8) R- SiMezBut 

(2) R-H 
(31 R-OH 

Ir Et0 

00) R - fMe.$ut 
(111 R - H 

S&en 3 

(91 

The stereocherlcal outcoae of this epoxldatlon can be rationallzcd using the 

transitfort structure aodels A and B (Fig. 2). The vary alectronegatlvs l llylic 

substituent (oxygen) is aligned ‘anti’ to the fonlnq bond in both A and 8, 80 that 

the withdrawal of electrons from the n-apete can be muinlred (Falkln-Anh 

rcdel). 19a When the o*~_~ orbital 1s aligned ‘urtt’ to the forming bond, its 

overlap with the HOHO of the transitton state, consisting of a mixture of the 
nucleophile HOI40 and thr electrophile LU?iO, is increased, ancl stabilization is 

nxllited. lYb A is favored over B, apparently for stark reasons. 13 

CIO- A 

A IA: 8 * 2O:lf #3 

Pig.2 
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m epoxy acid (3) -0 then treated with 238 aqueous ammonia solution at 70 deq.C 

for 3 hr to give, reglo- and stereospecIfIcally,20 the m cr-arlno-p-hydroq acid 

(4) In qwantltaZIve yield aa a single Isomer OSOrl by %I NF4R spectroscopy). The 

w configuration WJS proved by conversion of (4) Into the u oxazolldinone (14) 

(a. COCl ,KOH,H20j b. CH2N2’ c.BOC20~ characterized by a coupling constant Jh_B= 

8.9 “x.21 Iso~erlzatlon of u (13) under alkaline conditions 5d (KOH,HeOH,reflux) 

followed by standard derlvatizatlon ( a. CH2N2’ b. BOC20) gave complete converalon 

OlOOrl) Into the w oxatolldinone (16) characterized by a coupling constant 

JCL+= 2.9 Hx.‘l (Scheme 4) 

0 

I131 R= H 

(MI R= KX 
(15) R- H 

116) R- WC 

plol= * 

Boc yBu’ 
0 

Scheme 4 

a-Amino-fl-hydroxy acid (4) uax then transformed into the N-C&! derivatlve (5) 

(CBZ20. Shotten-Eaumann), 22 which braa treated vlth dlasoethane 
23 

to give, after 

flash-chromatography, ethyl eater (6) In 648 overall yield from compound (1) vlth 

no Intermediate purification (918 average yield per step). The chiral oxazolidlne 

uas then removed by treatment of (6) vlth ethanedlthlol and BFj-0Et2 In methylene 

chloride to give (7) (67%; 90% recovery of optically pure N-tony1 norephedrine), 

which uaa protected as TBDHS ether ITBlMS-OTf,lutIdIne,CH2C12.B08).24 Dlthlolane 

(8) WI then hydrolysed ICH31,CaC03.acetone-uater)25 to give the target aldehyde 

(9) In 80% yield. The aldehyde function of (9) provides a useful handle for 

manlpulatlon to more complex structures, allowing potential access Into a range of 

optically pure polyfunctlonal a-amino-fl-hydroxy acids, especially those of unusual, 

non-protein or unnatural types uhlch are not easily accessible by fermentation. 

The abbsolute configuration and the optical purity of aldehyde (9) were conflrmed by 

reduction to give (10) (NaBH4,HeOH,H20.858.). hydrolysis of the silyl ether to give 

(11) wF,CH3CN,H20,858~.26 and ketal forration (acetone,?,Z-dlmethoxypropane, 

p-TsOH, 908) to give (12) vlth the same optical rotation 48 that reported for the 

compound previously synthesized by floriwake and coworkers from D-tartarlc acid. 6P 

A simple and stralghtfotward application of the method described above 

(preparation of enan~lomerlcally pure functlonallted m a-arrlno-j&hydroxy acids) 

Is the formal total synthesis of the monocyclic p-lacta8 antibiotic ‘carumonam-, 

which Is under joint development by Hoffmann-La Roche and Takeda Chemical 

Industries. 3e.f Starting from lS,ZR norephedrine, and following our procedure, 

compound (17) ~45 synthesized and subjected to solvolysl~ vlth methanollc ammonia 

to give amide (18) In 708 yield (Scheme 5). 
27 

Nina step conversion of (18) Into 

“carUonam’ uaa recently reported by Hoffmann-La Roche chemists, who utlllxtd 

L-aacorblc acid as starting material. 
3e,f 
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(171 R=OEt 
(18) R - NH, 

Scheme 5 

The complementary pp(1 a-amino-/?-hydroxy acid series uas easily accessible through 

the oratolldlnone chemistry described above (Scheme 41. u earlno-F-hydroxy acid 

(4) was converted Into the m oxazolldlnone (13) C a. COC12,KOH,H20 b. CH2bl2; 752 

overall yield from cl)3 which WE completely Isomerlted to fJrrnn oxazolldlnone 

(KOH,fleOH,reflux) and saponified (KOH,kOH-H20) to give the m a-amino-@-hydroxy 

acid (19). Treatment of (19) with CB220 under Shotten-Baumann condltlons 22 folloued 

by dlaroethane 
23 

gave, after flash-chromatography, ethyl ester (20) In 708 overall 

yield from oxasolldlnone (13) without lntermullate purlflcatlon. The target 

m-aldehyde (23) van easily prepared from (20) through the sam sequence of 

reactions described above for the & series ( a. ethanedlthIol, BF3-OEt2 b. 

TBMS-OTf,lutldine c. CH31,CaC03,acetone-uater)(Scheme 6). 

(19) R = H , R’- H (21) R- H 

QD) R - Et , R’= CBZ (22, R - SMepd 

(23) 

pi01 - / \ 
u 

ai, 

!- 
~--cocHQh 

Scheme b 

In conclu~lon, norephedrine-derived oxarolldlne (1) has proven to be a useful and 

versatile synthon for the synthesis of both a and m enantlorerlcally pure 

functlonallted a-amino-p-hydroxy acids and derivatives. 
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57.3, 61.9, 67.2, 7114, 156.1, 169.4 tsolecttd valwo). IR (CXl 1 v3440, 1725, 
1600, 1510, 1505 CD (selected values). Anal. Calcd for c,&l*a5a2r c, 51.731 n, 
5.70; W, 3.77. Rnmdt C, 51.80; H, 5.65; N, 3.80. 

- A sofutlon of dithiolana 17) 11.1 g. 2.96 ml) in dry 
aethylene oElorlde fS9.3 ml), 
(2.8 ml, 

at O°C under nitrogen. uef,trcaUd vLth 2,6-lutldlne 
23.68 -1) and l’BCMS-OTf (2.0 ml, 8.88 ~1.1. After 30 m1a the reaction 

mixture -8 quenched with HeOH and the solvent ev&por&ted under reduced pressure. 
Tht crudt product una purified by flash Chp~togrrphf tn-beXa?mUthyl acetate 
88rl2) to give cwpound (8) In 80% yield. H yI(R (CDcl,, 80 mr, d 0.28 (3H, s), 
0.32 (3H. it, k-05.(9X. 8). 1.42 (3ii. t. 517.20 Hz). 33’27 (4H. 8). 3.97 tlH. ddf. 
4.26 (ZH, q, 507.20 Hri, 4;72 (1H. dj Jk9.30 Hz), 4:88 (lH, dd, Ji6.60, 1.36 Hz); 
5.15 (ZH, a), 5.63 (Ui, d, J=6.60 Hz), 7.26 (5HH, ai). Anal.Calcd for c~~H~~NO~S~~I: 
c, 54.40; H, 7.26; N. 2.88. Pound: C, 54.48; H.7.23; l@, 2.90. 

wvde 19h A solution of dithlolant (81 (1.9 g, 3.P4 no11 fn acetone-uter 411 
(79 11) was treated uith calcium carbonate (1.2 g, 11.81 no11 and methyl iodide 
(2.4 ml, 39.40 -01). The nlxturt was stirred at 60° C for 24 hr, then filtered on 
a celite pad. uashing the filter cake with methylane chloride. The organic phase 
was wshtd with a 5 tl ammonium acetate solution, wttr, dried wtr sodium sulfate 
and the solvent evaporated under reduced pressure. The crude product we5 purified 
by flash chrontpraphy tn-hexane-ethyl acetate 8~2). Yield: 80%. C 03 g-33.5’ 
(~11.5, CHCl. 1. HNHR (CDCl 80 MHr)d 0.00 (3H, s), 0.03 (3H, nl, 0.%6 (Pti,s), 
1.22 13H. t,'J=7.07 Hz), 4.0&4.34 (2H. R) , 4.40 flH, d. J=2.24 Hz). 4.80 flH. dd, 
J=2.24. 7.37 Hz), 5.11 t2H, s), 5.62 (lH, d, J-7.37 HI). 15H, sl, 9.62 tiH. 
8). IR (ChCl )v 3430, 

7.11 

Anal,Calcd f a 
2950, 2930. 2860, 1740, 1570, 1500 cm (selected values). 

r C,,H,,NO,Slr C, 58.65; H, 7.63; N, 3.42. Found1 C. 58.71; H. 7.608 
N, 3.36. L" JI D 

w A solution of aldthydt (9) (1.3 g. 3.18 8molf In MeOf+wttr flO.Sxl# 
34.5 ml) at ObC uaa treated with NaBH (242 W, 6.36 ~1). After 15 ain the 
reaction mixture vas acldlfled to pH=f wlth 5% Hcl, concentrated in vacua and 
extracted v:th ethyl acetate. The organic extracts vbre dried over sodltm sulfate, 
filtered and evaporated under reduced pressure. The crude product uas purified by 
flash cproeatwraphy (n-hexant-ethyl acetate 723) to give alcohol (10) In 85% 
yield. H N!fR (CDcl ,80 Miz)d 0.05 (6H, 8). 0.65 (9H. 61, 1.27 f3H, t, 517.18 Hz), 
2.28 ( 1H, bs), 3.62 (2H. d, J=5.13 Hz), 3.92-4.10 (lti, B), 4.18 (ZH, q, J-7.18 
Hz), 4.52 (1H. dd, J-3.97, 8.33 Hrt, 5.10 IZH, sf, 5.67 (1H, d, 598.33 Hz), 7.30 
(%i, 5). Anal.Calcd for C20H33N06Sir C, 58.371 H, 8.06; N, 3.40. Foumi: C, 58.43; 
H. 8.09; 1. 3.42. 

3.4-v tthvl ester ru h solution of alcohol (10) (1.1 g, 2.7 ~011 we 
treated vith a 1 N solution of tiF (from 40% aqueous HF) in acatonitrilt (2.83 ml, 
2.83 amol) at O*C. After stlrrlng for 8 hr at O*C, uttr we8 added and the reaction 
mixture uas extracted with methylant chloride, the organic extract8 dried over 
sodium sulfate and the solvent evaporated wxltr reduced pressure. The product ~8 
purified by flash chrontogrfphy (ethyl acetate- n-hexane 75125). Yield8 8%. 
c a3 =-ll.OO 
(2H.Dbs), 

tc=l.l, CHCl ) H NUR (CDCl 
3.67 (2H. d, J=a.24 Hz), 

60 Mizld 1.29 (3H, t, 517.12 Hz), 2.65 
3.82-l:OO (1X, rf, 4.21 (2H, q, 597.12 Hz) , 4.41 

(lH,dd, J-5.39, 7.96 Hz), 5.10 (ZH, a), 5.76 (lH, d, J-7.96 Hz), 7.32 (5H. I). 
Anal.Calcd for C14HlgN06: C, 56.56; H, 6.44, N, 4.71. Found: C, 56.60; H, 6.40; 
N.4.78. 

_ _ roovlidcnastbvl ester UzlL A solutlon of (11) (0.683 g. 2.3 8~01) in 
dry acetone (1.7 ml1 and 2,2-dlwthoxypropane 15.6 el1 ~8 treated with monohydrate 
p-TsOH (8.7 mg, 0.046 -1) at O°C under nitrogen. After stirring for 8 hr, the 
reaction mixture was quenched with trlethpfamlne and evaporated under rtductd 
pressure. The crude product uas purified by flash chrowatography fcthyl1acttate- 
n-hexant 251751. Yield: 90%. Ca3 m-29.9“ (c-0.9, aethylene chloride). H m 
(CECl 
(2H, &, 

200 fWz)61.27 (3Ht t, J-q.25 Hz), 1.30 f3H, 8). 1.37 (3X. (I), 3.98-4.12 
4.21 (ZH, q, J=7.25 Hz, , 4.30-4.36 (lH, ml, 4.44 (lH, dd, Ja4.25, 0.50 

Hz), 5.11 (2H, $1, 5.55 (1H. d, J=8.50 Hz). 7.33 (5H, 8). Anal.Calcd for C17H23N06: 
C, 60.52; H. 6.87; N, 4.15. Found: C. 60.60r H, 6.891 N, 4.11. 

CLs A solutlon of a-amino-#&hydroxy acid (4) (0.425 g. l.01 
uol) in THF-tolutne (5.69:1$ 11.7 ml) at O*C ues treated with 0.25 II KOR (12.2 ml, 
3.04 mmol) and a 208 phosgent solution In tolutnt (1.7 ml). After stirring for 30 
min. the reaction mixture ues acidified to pU=3 with 58 HCl, concentrated In vacua 
and extracted vlth ethyl acetate. The organic extracts wart dried over sodium 
sulfate, filtered and evaporated under reduced pressure. The cruet product uas 
dissolved in ethyl ether-HeOH 1x1 and treated uith dlatomethant to give, after 
flash chromatography tn-haxanc-ethyl acetate lrl), 1H 
NM ('XC1 80 ?Htt b 0.71 (3H, d. J-7.20 Hz, 

compound (13) In 752 yield. 

4:62 
2.43 (3H.a), 

tlH, d, J-5.61 Hz), 4.70 (1X, d: J-4.49 Hz) 
3.72 (3H, a), 4.07-4.41 

(lH, I>, , 4.72 (AH. d, J-2.24 Hz), 
5.66 (1H. dd, J=4.49, Z.Z$Hz), 6.01 (AH. bsl, 7.02-7.91 (PH. l ). IR (CHC131v 3460, 
1790, 1755, 1600, 1160 cm trtlected values). Anal.Calcd for C22H2411207Sr C, 
57.308 ti, 5.251 N, 6.00. Found* C. 57.40; H, 5.31; N,C.Ol. 

W K-BOC o- A solution of cis oxazolldinona (13) (32.0 rg. 0.07 
~01) in THF (0.7 ~1) was treated with BOC20 (19.7 mg, 0.09 ~01). I-dfmtthy1amfno 
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pyridine (1.7 mg, 0.01 mxoll and stirred for 4 ht at room temperature. The solvent 
warn evaporated undez reduced pre8sure and the product purffied by flash 
chromatography (n-hexane-ethyl acetate 7~3). Yields 80%. Hl@fR(CDCl 80 Mit,b 
0.72, (3H, d, J-7.20 Hz), 1.51 (9H, a), 2.45 f3H, 01, 3.72 (3X, s), 4%4.52 (2H, 
81, 4.62 flH, d, J-8.07 Hz), 4.66 (lH, t, J=8.87 Hz), 5.55 (lH, d, J*8.87 Hz), 
7.05-7.95 (9&f. a). hnal.Calcd for C27H32H209St C. 57.85; H, 5.75; I, 5.00. Founds 
C. 57,932 H, 5.698 N, 5.03. 

TrMs tI5& h solution of cls oxasolidinone (131 (100 mg, 0.22 mol) 
in MeOH (0.9 81) was treated with a 0.59 I4 solution of KOH (0.75 ml, 0.44 mm011 in 
MeOH and refluxed for 1 hr. The reaction mixture ~8 cooled to O*C and acidified 
with 58 tfC1, diluted with mter and extracted with ethyl acetate. The orpanic 
extracts were dried over sodium sulfate, filtered and evaporated in vacua. The 
crude product was dissolved In ethyl ether-HeOH 111. treated with diazometbane and 
purified by flash cpoutography (n-hexane-ethyl acetate 55t45) to give compound 
(15) in 708 yield. HUMR(CDCl 80 Wz, d 0.81 (3H. d, J=6.67 Hz), 2.46 (3H, s) 
3.87 (3H, s), 3.32-4.20 (IH, xt?'4.45 (lH, d, J-5.98 Hz). 4.83 flH, d, 513.96 Hz;, 
5.18 (lH, dd, J13.96, 1.87 Hz), 5.38 (lH, d, J-1.87 Hz), 5.65 (lH, bs), 7.03-7.92 
(9H, x1. Anal.Calcd for C22H24N20,S~ C, 57.38; H, 5.258 I, 6.08. Found: C, 57.308 
H, 5.27; N. 6.12. 

s I-RDC m Tram I-BOC oxarolldinonc (16) uas obtained from 
trans ourolidfnone (15) a8 reported for the synthesis of (141. Yield: 82%. H NW? 
(CDCl 80 NHr) d 0.80 (3H, d, J-6.67 Hz) 
3.87-t:20 (lH, 81, 4.50 flH, d, J-5.76 H;) 

1.50 (9H, I), 2.46 (3H. I), 3.86 (3H, II). 
, 4.96 (lH, dd, J-2.90. 1.80 Hz), 5.12 

(lH, d, J-2.90 Hx), 5.30 flH, d. J-l.80 Hz), 7.00-7.90 (9H, 1). Anal.Calcd for 
C27H32N20qS: C, 57.85, H, 5.758 N, 5.00. Found: C, 57.07; H, 5.70: N. 4.94. 

_ _ roovlidene A solution of 3,4-0-isopropylidene ethyl ester 
(17) (46 mx. 0.142 no11 in HeOH (2 xl) was treated with ahhvdrous auonia at -15'C 
for 1 hr a& the mixture was stirred at room temperature for-0 hr. Then the solvent 
uas evaporated under reduced pressure and the product purified by flash 
chromatography (ethyl acetate-n3&exme 713) to give aride 118) in 70% yield. 
Cal -+5.6* (c-0.5, DMSO1, lit. 
NHR ?DIMO-d 

Cal -+6.11° (c-0.3665 ,LMSO). 8p Ml-182*C. 'H 
200 mz,d 1.23 (3H, 8) 9.31 (3H II), 3.76 (lH, dd. J-8.61, 5.49 Hz). 

3.90 (lH, da: J-8.61, 6.22 Hz), 4.0714.25 (?H,'x) , 5.02 fW, s), 7.05 (iH. b.r). 
7.30 (lH, b.s), 7.35 flH, b.s), 7.32 (SH, 8). Anal.Calcd for C15H20N205s C. 58.432 
H, 6.54~ N, 9.09. Found: C, 58.33r H. 6.628 N.9.04. 

d ethvl ester t2OL A solution of cis oxaxolidlnone (13) 
(287 M, 0.624 no11 In MeOH (2.5 ~1) was treated with a 0.59 N solution of KOH in 
HeOH tiil xl) and heated at reflux for 1 hr. hfter adding a 2 N aqueous KOH 
solution (4.24 ml) and refluxing for 10 hr. the reaction mixture was cooled to O*C, 
acldifled to pH=3 with 58 HCl and concentrated in vacua. The reaction 8lxture was 
extracted with rethylene chloride, the extracts dried over sodium sulfate and 
evaporated under reduced oressure to ulve the mvn a-amino-&hvdrom acid 
hyd;ochlorlde (19) In BO8‘yield with no furthe~uriflcatibn.~h soiutfon of (191 
(228 xg, 0.499 wolf in 1,4-dloxane(5 ml) and 1 N agueous NaOH (1.1 ml) was treated 
with CR2 0 (186 xg, 0.649 ~011. The reaction 8lxtuie was stirred at room 
tenperat&e for 2 hr then concentrated in vacua, acidified with 58 HCl at 04C, and 
extracted with ethyl acetate. The organic extracts were dried over sodlux sulfate 
and evaporated under reduced pressure. The crude product wan dissolved in ethyl 
ether-HeOH (1~1) and treated with diatoethane to give , after flash chromatography 
(n-heune-ethyl acetate 7r3). ethyl fster (20) in 708 overall yield frou compound 
(13). ta3 --35.00 (c.1.02, CHCl 1. 
Hz), 1.30 93H, 

H NMR (CIXl /D 0, 80 Wfr16 0.90 (3H, d, Jg6.67 
t, J-7.20 Hz), 2.37 (3H. II), 4.00z4.~0 (4H, 8). 4.20 flH, dd, 

Jal.53, 7.64 Hz), 4.82 (lH, d. 517.64 Hz), 5.12 (2H, I), 7;90-7.90 (14H, a). IR 
(Cl%1 1~3500, 3430, 1730, 1600, 1505, 1500, 1345, 1160 cx fselected values). 
&aal.Ealcd for C30H34N20SSr C. 61.64~ H, 5.888 1, 4.81. Found: C, 61.87~ H, 5.80; 
N, 4.83. 

m. A solution of ethyl ester (20)(0.122 g, 0.209 uol) in dry 
aethvlene chloride (2.1 ml) ~88 treated with ethanedlthfol 10.173 rl) end boron 
trifiuorfde etherate (0.078 xl, 0.629 nol) under nitrogen, and stirred for 40 hr 
at roox temperature. Durlnq this period nore boron trifluorlde etherate was added 
(3x0.039 ml, 3x0.314 nol). The reaction mixture was quenched and worked up as 
reported above for the preparation of (7). 
chronatography (n-hexane-ethyl acetate 7r3) 

The crude product was purififd by flash 
to give (21) in 708 yield. H NMR 

fCDC1 80 MHz) d1.28 f3H, t. J-7.05 Hz), 2.70 tlH,b.s). 3.22 f4H, I)), 3.88 tlH,dd, 
J-1.72: 9.36 Hz), 4.21 (ZH, q, 597.05 Hz), 4.50 (1H. d, 519.36 Hz). 4.73 (lH, dd, 
511.76. 9.73 Hz), 5.12 (ZH, s),_f.49 (1H. d, J-9.73 Hz), 7.36 (SH,sl. IR (CHC13) Y 
3550, 3440. 1725, 1510, 1330 CD fselected values). 

O-TBDC(S 122) was obtalntq from dlthlolane (21) as reported above 
for the preparation of ;a) In 808 yield. H NHR ICIXl 80 mr,dO.OO 13H. s), 0.20 
(3H, a), 0.88 (9H, s), 1.28 (3H, t, 517.37 Hz), 3.17 ?;H, I), 4.02-4.30 (3H. a). 
4.52 (lH, d, J-8.65 Hz), 4.83 (lH, dd. J-9.88, 0.96 Hz). 5.14 (2H, II). 5.37 (1H. d. 
J=9.68 Hz). 7.36 (SH, s). 

&$&y&@ (231. (231 was obtained from (22) as reported for the preparation of [9). 



Syn~hcsisoff~~ncnonalucd x-ammo-fi-hydroxy aadx 5571 

co3 =+6.70 (c-0.75, cHcl3). 1H M (CIxzl 
0.88D(9H, I; 

80 mr;bo.oo (3H, 8) 0.10 (3H, 01, 
1.29 (3H, t, J-7.24 Hz), 4.&-r 40 (2.H m; 4 60 (iH d, 511.92 Hz), 

4.83 (1H. dd: J-1;92.-9.61 Hz;. 5.10 (2H. r).'5.41 (iH. i. i-g.61 it;. 7.34 (5H. 
s)X19.58-Cti; 01. SB~tCHCl ;v 3440, 2960; 2930, 2860, i766, 1510, 1505; 1260, 1250 

Eundr C, 58.'61; N,7.7;), N, 3.49. 
(solectedval~) An& Caled for C20H31NG681: C. 58.65; E. 7.63; I, 3.42. 
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