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swvmuy: (R> end ($hyd~~xy aaas 5 ue lammmti via lhcir trilles 6 in high ckmicd u 

w”Pofhalyiektvby lem&m Ah dinwhylfamrmibe. The me uiflars UC efrlciuuly comd 

into N.hy&oxy-a-amino acid duirdra 7 of hig.h optical purily. 

N-hydroxy-a-amino acid derivatives have kn found ubiquitously in nature as mctabolites in 

prtmitive organisti, plants end even in tnk For example, myoeltenahjde 1 has bten isolated from 

Peniciltium gtieofuhml. In this molc&le derivatives of N-hydroxylat&‘alenine and tyrosine arc 

to be seen. In hadeciditu 2, isolated from Penidllium frequenzum? N-hjdroxy-glycine can be 

recognized. 

RO 

1 
OH 

R = geranyl Me 

2 

Pcptidc3 and other CMppuDds condning N-hydroxy-emino ecid residues are often 

physiologically active compounds. For example, the previously mentioned hedacidine is capable of 
5583 
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inhibiting the growth of malignant alls2, while othm N-hydroxy compounds show antibiotic 

activit?. Though the physiological meaning of this kind of mctabolites is not fully understood, 

therciscvidencethatnaturally occurring N-hydroxy-amino rcids play a mle in the metabolism of 

protein amino acids. It has been postulate& that they might fofm a central precursor for a variety 

of other non-protein amino acids as depicted in scheme 1. This scheme might have chanosynthetic 

as well as biosynthetic implications. 

scheme 1 

The process of N-hydroxylation - in particular of aromatic amines - has been amply 

document& Much effort has been taken to rcvcal In viva processes in which endogenic amino 

acids are converted into their co-g N-hydroxy amino acid#. S-g indications have been 

found that in the biosynthesis of the cyanogenic glucoside dhurrin’ 4, N-hydroxytyrosinc 3 is 

involvcd(scheme 2). However, rtscarch in this domain is hampacd severely by the lability of free 

N-hydroxy amino acids* and the lack of adequate detection mcthod#. 

“Dhutrin” 4 

scheme 2 

For the synthesis of optically pure N-hydroxy pqidcs, optically pure N-hydroxy amino acid 
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~&V~~VUJ ~TC b Several approaches to opridy active N-bydroxy-a-amino mid derivatives 

havebcenstu&&.l%enmstsuccu&Iproceduresrre 

a) 8UbsdtUtioa of OQticdy mive a-fumid CmtxJxyIic utas by hydroxylamk &rivafives9, 

b) oxidarion of anino rdd dcrivarivcs’“, 

c) cfqmatic rcsohltion” of d N-bydroxy unino d &ivativcs. 

Thisvarittyofmtthodsisacocwcqucnccofthevarietyoflminorcidsdisplayadbyna~.It 

is to be expected that e.g. N-hydmxy-cysteine and N-hydroxy-hyptophanc (IZC not accessible via 

mthod b) since oxidation of the sulfur atam(Cys) and the i&k nuckus(Trp) wiIl occur. For these 

~noaci&oochastonlyorrmahodr)orc).Inthisrtportmtthoda)iseddressed. 

Recently we observed that uiflatcs of optically pure a-hydroxy acid esters qschemc 3) arc 

successfully substituted by O-benzylhydmxylamine to yield O-be@-hydmxylamino acid cstus 7 

in high chemical and optical yields. Details of this obsmation are reported in xrf. 9a 

Subsequently, we realized that nmt of the natml.ly occurring and commmially available, 

optically active a-hydroxy esters possess the (s)um!+igurationt2, so that only (R>O-bcnzyl- 

hydroxylamino esters became accessible by this approach. We have sohed this swng and 

rqmt in the samnd part a cmvcnknt method for the interconversion of (R) and Q-a-hydroxy 

esms5.Itemploystht~ymentiomdniflatesardenaMes~ptparationof(s)_as~as 

(R>O-bcnzyl-hydmxyl-a-amino ackl esters 7. ‘Iltis procedure is summuritedinscheme3. 

Radts: 

conversion of5 in!0 7 via 6. 

A gcnaal p&km in substitution rwctions of a-fuacdomliml carboxylic acids or esters is 

raccmimtion sod a&-elimination, both of which can uccur to a amide&k extatt(schane 4). 

Most studies until now have hen &me with a-bmno cmboxylic dds, d due to bromide 

exchange thee ampmnds arc pmnc to racunizatioa’3. An fflusuativc exampk of this 



R. W. Fwrru CI al. 

OR’ Nu 
SN2 

. . 
phenocucnon is the rcactioa of (S)-a-A 

hydroxylaminc (scheme 4, RICH-Me, 

R 

H 

+ 

OR’ 
Nu 

Nu 

scbanc4 

acid dimethyl ester with O-benxyl- 

R’=Me, X=Br). The resulting 

O-bcnzyl-hydroxylamim rcid ester an be isdated in an cxccknt chcmica~ yield(939b) but the 

optical yield anunmts to only 12 SW’. -Ikr&re we abat&ncd a-bromo-acid esters and turned 

our attention to a-hydroxy cstcrs(X=OH). It is clear that the hydroxyl group had to be activated, 

and from literature data it could be expected that activation as a mcsylatc or tosylate should not be 

suffkient to realize effkicnt substitutions by hydroxylamine derivativ&. The activation of 

choice appeared to be the formation of triflates 16. The reaction sequence cmploycd is depicted in 

scheme 5. 

An hantage of the use of trifhttcs 6 for the preparation of O-benzyl-hydroxylamino acid 

esters 7 is that high reaction temperatures which stimulate racemitation can be avoided; 

substitutions performed between -78 and 0 T lead to excellent chemical as well as optical 

yields(scc table 1). The reaction time is reduced to about half an hour. It deserves attention that the 

yields strongly depend on the base usal; other bases like pyridinc give under the same conditions 

low yields. Another advantage of the trillates 6 is that they can be gcncmtcd in situ and need not to 

be isolated. The overall chemical yields of conversions 5 + 7 and the conwponding optical yields 

aregivatintable 1. 

(s)-5 (9-6 W-7 

schemes 
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Table 1. Conversion ofSto7vh6 

may product R 

i 
ii . . . 
111 
iv 
V 

(R)_7a 

g:;: 
(R;7d 
(Q-73 

7a: R’= Et, 7b-e: R’= Me. ‘): (R)-k was used as the starting compound. 

In the substitution of the ma&k acid a&y1 ester !k the conversion to 7e procads with 

only 50% optical yield when dichloromthane is used as the solvent. By addition of hexanc to the 

reaction mixture the optical yield raises to 75%. Probably a more polar solvent induces St..,1 

reactivity or causes the base-induaA formation of an tnolae stnx3utG7. In both these 

rationalizations stabilization can be furnished by the phcnyl graup. The influence of the phenyl 

group is also demonstrated by the fact that aiflatc 6e a at room tempera&t while 

triflan 60 can be distilled though with slight rscemizatient*. 

The reactions of the uiflates 61 and 6g(schunc 6) with O-be@-hydroxylaminc desave 

further comment. The d&cd compounds 71 and 7g could only be isolated in low yields. We are 

inclined to ascribe these low yields by side reactions due to inuamolccular nuclcophilic 

displaccmcnts involving the indole nucleus of 71 and the bromine substituent of 71. Indeed, the 

product 7f was accampanicd by a compound to which we tentatively assign the structure 7T. 

TfoG:Et ) HNGOEt 

0 PhCH*oNH, &,Pho 

6g 7g 7f 

H 

sckme6 
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&glee of -tiorrthMrtportedbyBflFeakrga’*: 

Reaction of 6a with (IQ-N-hydroxy-alminc ethyl csm 8 gave 9(schcmc 7) in good yicki(889b); 9 is 

thedicthylestardtheopticalr#ipodeofthe~~uaamavidine~. 

InadditioatotbtprrgerPtionof7r(byru~tutionIwgiveninschtmtSwt~an~ 

to obtain 12, an N-pro&cud derivative of 78 by coupliog of the N- and O-protected 

hydroxylamines 10 with a-hydmxy esters S(schaw 8). Rcactim of lob with 5a gave 12 in 37% 

yield only, where this variation of the Mitsunobu reaction did not give the desiral product but 11 

instead when 1Oa was employa!. A rwztion related to the second one has been reported for 

primaly ak?oh&? 

lh: Y-Me 

lob: Y-0CH2Ph 12 

The stawchanisay of 12 has not baen investigated. Because of the low chankal yields we 

abmdmed this muhod21. 

Interconversion d(R)_ and iSI*-hvdroxY e&m 5. 
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aminoBedckAmtivw7 poeSxingtbcuntwrxl(R)amfi~sorbcrhalkagcmfxccdwas 

the coavarsion of (2Q-s into CR)-S(acham 3). Although the itlvasioa ofmux¶dmy~hes 

nevedmuch~oaiyrfew~&alwith~invePsioa af a-hydtoxy esms. Methods 

repaed so fr Me the nitlate-m, xnd cadum cmboxyhtc-” tt&xtcd iDveSxioar of 

sulfonatcs(OTos, OMs) of a-hydmxy estcm(achunc 9): 

R 

‘H OR' ‘k Cs+RICOO 

MsO --Eiz+ R&- 
c.y.: 67% 

0 R=Me, R’= R,=Et 0 0.y.: 100% 

R 

R”,N+NOj 

TosO 
OR’ e 

0 
R=Mc, R’- Et 

c.y.: cban. yield 0.y.: opt yield 
c.y.: 77% 

0.y.: 78% 

schemc9 

However, these methods do not fulfil our needs. The drawback of the niaatc- mediated 

invasionm is the necessity of a reductioo step xfur the invcrsioa reaction, which lowas the 

chemical yield. Moreover, the ovcrxll o@cal yield does not exaed 7B% for substrate !!a. The 

“c&m carboxylxt~“~~ inversion yields no tnantioaruic excess at all in the case of SC. In our 

handstbcmethodofchoiccfortheocnwasionof(s)-sin~~)-5isthenactionofthetriflele(s)_6 

witbdimcthy&xmmi&xsdepiacdinechmc10. 

H~o~OR’ R’HOH ) &OR* 

0 
l3 (IQ-5 O 

schanc 10 
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Thcu6eofdimethylfwmanideasanucla>phileduavusomecomment. The reaction 

proceeds al momkqemm and yields the formate 13 of the invatal ester. lfanseatefifkation 

conditions g&e the inveztal llcohol (I&S. Ihe mechanism of the nucleophilic displacement 

reaction invoking dimethylfornmmk must be similar to that nportcd for the solvolysis of 

sulphonylates by the same nuckophil~. 

Two procedures were studied In one of them(method A) the formatcs 13 were isolated prior 

to alcoholysis to (R)-5. The overall chemical yiekis wcrc acceptable(65%-85%) and the optical 

yields exccllcnt(91%-lOO%)(table 2). when the formatc was not isolatcd(mcthod B) the chemical 

yields kreasal significantly but in most cases a slight w in the optical yield was obsuvcd. We 

wert particularly pleased to obsave that the inversion of the tritlate (R)de to yield (Q-Se proceeds 

with 95%(metbod B) optical yield? 

Table 2. Intaconvasiat of(R) and (S)J v&z 13 

entry product R 
yield(%) 

al 
mcth AIB. 

15 

i 
ii . . . 
111 

iv 
V 

(R)-Sa 

gE 

(R)-Sd 
Q-53 

47192 (3 
7lD4 

2 
%: 

w95 

-435 

loo/p8 
91195 

-twd 

67 

:: 

__ 

Sa: R’= CH$h, Sb-e: R’- Me. Tempcraturc at which trUlate~~ 6 were generated: Sa,c,d: T = Ooc, 
Sb,e,h: T = -78% ‘): mthA/B: A: with isolation formate, 8: without isolation formate. t’): after 
crystallization from CH2Cl~xane. c): (R)-k was used as the starting compound. d): inversion 

yieki, the starting compound was not optically pure. 

Though not being an a-hydroxy ester, (Z+B_hydroxy butyric acid ethyl cstcr Sh was also subjected 

to this method B for inversion. The invertaI bhydroxy est~ was isolatal with a high(9496) 

inversion yield but in a low chemical yieki(359b). We consider this result noteworthy as 

0-sulphonylatcd B-hydmxy esters are prone to a$-climination2zb. We anticipate that the chemical 

yield may be improved considerably when the corresponding bcnzyl ester of Sh is invcrtcd; the 

high volatility of the ethyl ester Sh causes problems of practical nature during the work-up. 

p-nitrobeuzylcstcrs of a-hydroxy carboxylic acids can not be used; with (s)-lactic acid 

p-nitmbcnzyl ester complete racanization took place, probably due to the nuclcophilic nature of 

the nitro group which is expected to be capable of displacing the aiflate moiety. 

Finally, we have studied whcthcr the triflatts 6 in schcmc 10 can be replaced by other 
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preferably cheeper - O-activrtcd a-hydroxy uferP. Ihe results of these imdgbau are 

summarized in table 3. Using tosylatcs or mesylatcs, the reaction urqrature had to be incrcaed 

to ca. loooc, but un&!X thcSc circumstances the optical- W chemical yields, (X both, were low. 

Table 3. InverSion reaction of mc~~lates aad tosvlates of WI-5 with DMF 

entry 
mi- 
vation R t(day s) 

yitld( %) 
chcm.( 13) opt.(W)-5) 

i 
ii . . . 
111 
iv 
V 

MS 
MS 
MS 
TOS 
TOS 

CH@OR’ 
CH+XOR’ : 
Ph 1 

f 

T = 1WC. R’ = Me&ii jii,v), Et(iv). ‘) (Q-Se, the mesylatc of (&Se was used. b): 13 could not be 
isolated; spontanams uansc%&fication occurs to (IQ-5 in 13% yield. 

Conclusion: 

Triflates of a-hydroxy esters are good substrates for the preparation of 

O-btnzyl-a-hydroxylamino cstus and far the interconversion of (R) and (S)_hydroxy cstqs. These 

rc~tions proceed in high chemical and aptical. yields. When ‘OunprrMcctad hydroxylaminc 

derivatives arc used in combination with 6, N-alkylation takes place. The smooth reaction of 

triflatcr 6 with the weak nuclbophile DMF &mon~tratcs the CXEWK ruuztivity of 6. which 

sometimes causes nuclcophilic parts of the substrate itself, when prc~ent, to react intramolecularly. 

tH-NMR spectra were measured on a B&a WH-90 spcctromc~cr. In” red spectra T 
measured on a Perkin Elma 298 s .~~.M~~~~w~o~~lthadOUblef~u~~ing 
VG 7070E spccnometa. Opa rotaWns wue taken on a P&n Elmer 241 polanmc~. 
Thin-la er chromatography(TLC) was carried out by using Merck prtcoattd silicagel F-254 
platcS( XI ‘ckncss 0.25 mm). 

General vroculure for the Drtparation 
TrifluoromcthancsuIphonic acid anhy is edded at ona to a stirred solution of 5 (3 
mmol) in dry CH$l, (10 ml) which is kept at either -78°C(aatone/C0 ) or 0°C (ict/wattr)(scc 
table 2 for the temperature of the inversion reactions and ref. 9s for tL subStitution rc8ctis 
depicted in scheme 5) and under an argon atmosphere. After five minutes, lutidim(369 mg, 3.45 
mmol) is added in one portion to the reaction rmxture which is stirred for another five minutes. 
Then the hydroxyanqnnmd is &kd(vide iqfra). 

General uroccdure for the urcparation of the O-bcnzvl-a-hydroxylamino-acid esters 7 
To the freshly prepared triflate 6, a solution of O-bcnzylhydroxylamim(738 mg, 6 mmol)(rcf. 9a) 
in dry CH&l,(S ml) is added dropwise, under stirring. Sub~cqutntly, the cooling bath is removed. 
When the mixture has reached room tuqcrature, stirring is continued for 25 minutes. The reaction 
mixture is concentrated in vucw and the residual oil is subjected to flash column 
chromatogr+y(silicagel, Merck H60). 
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Thccxpcrimentaldam 
rcpat(rcf. 90). 

UxKXming tha compuu& 7r-7e have &en given in the p&miMly 

7f.W: 
The preparation of 71 was carried out at -78oc on 1 mmol scale (51). Following the general 
procedure, the residual oil obtained after evaporation of the solvent is subjected to flash column 
chmmatognphy(silicage1, Merck H60, eluent cthcr/hexane l/4), yielding two fractions which arc 
not compktely 

? 
CnousbyTLC. 

Fraction1contains7:R,+.2q1%McOHKHCl ,yicldabout2O%. 
Fraction 2 contains presumably 7P: R@.lS(lB h&OHKH&l~. yield about 15%. 

7: 
&e preparation of 7g was csrticd out at -78Qc on 1 mmol scale (Sg). Following the general 
procedure, the residual oil obtained after evaporation of the solvent is subjected to flash column 
chrotnatography(silicage1, Mark H60, EtOAc/hcxanc 119). 7g was isolated in 20 % yield. 
&=0.29@OAc/hexant W). 

(R>N-hvdmxy-alanine ethyl ester 8 
230 mg(l0 mmol) of Na is reacted with 20 ml dty of MeOH. After the sodium has dissolved 
completely, 695 mg(l0 mmol) of NH,OH.HCl is added, and the mixture is sti until neutral 
pH(addition of more NHzOH.HCl may be necessary). The solution is filtered and cooled to 
-78oc(acetone&y ice). Under an argon aanosphan, freshly pepared ti(2 mmol) in 8 ml of dry 
CH$l, is added dropwisc to the coolai solution. After the rauztion mixture has reached room 
temperature. the solvent is cva 
chmmatography(silicge1 Merck H r 

tai and the residue subjected to flash column 

acetylatcd to the hydroxamate 8’ ha&g 
3% McOH/CH Cl 
[aJo 20 -55.9(c t, & 

to yield 8 in 80% yield. 8 was 
Cl,) which conesponds to an optical 

purity of 1009b. The r@rencc compound 8’ was 
acctylchltidc yielding the-O-&.zl derivative of 8’. x 

pared from optically pure 7a and 

giving optically pure 8’ havtng [a] D -SS.o(c 1, CHCl$. 
latter is reduced by Hfld-C/McOH, 

N-hvdroxv-aa’-itninodimionic acid dietby ester 9 
To a coolcd(-78V acetone/dry ice) solution of 532 mg(4 ~llmol) of (It)-N-hydmxy alanint ethyl 
cster8in6mlof&CX&l un~an~ocraunosphcn,2mmdoffnshlyprcpared6riaCHzQz 
is added dropwise. After &e rcaction mixture has reached mom temperature, the solvent is 
eva 

J.? 
raad and the residue subjected to flash column chmmato 

r 
phy(silicagel Mark H60, 2% 

M 
‘H-NMR. 61 

HKH Cl&). compound 9 is isolated in 88% yield; only one ‘artaromcr could be M by 
D -7.qc 2, CHCIJ). 

a-(a’-bcntvloximino ethoxyWo&nic acid methyl ester 11 
To a coolcd(ice/water) solution of 1.05 g(4 mmol) of triphcnylphosphine in 10 ml of dry 
tetrahydrofuran, 808 mg(4 mmol) of dii~ylazudicarboxylate (DIAD) is added under an argon 
atmosphere. After stining for 30 mmutcs a solution of 660 mg(4 mm@ of 
N-acctyl-0-bcnzyl-hydroxylamine 1Oa and 208 mg(2 tnmolp of (s)-methyl lactate in 5 ml of dry 
tctrahydrofuran is added dropwise to the cooled solution. After the reaction mixture has reached 

cd, mom tempMahlre the solvent is T and the residue subjected to flash column 
c-hy (silicagel Merck H60, Et Ac/hexanc 15/X5). Yield: 24%. 

N-benNloxy-N-btnNloxycarbonvl-alanine ethyl ester 12 
The same proccdm is followed as for the preparation of 11, except for the use of diethy1 
azodicarboxylatc(DEAD) instead of DIAD and that Q-ethyl lactate was used. Flash column 
chmmatography was done with silicagel Merck H60, elution with EtOAchexane 119. Yield: 37%. 

procedure for the conversion of (s)-5 into W-5 via (R)-13 

Toafrcslyp 
?rd 

solution of ttiflate 6, N,Ndimethylf~ ‘de (1 ml) is added dropwise. 
Su~uently, cooling bath is rcmovcd. When the ~&on mixture has reached room 
temperature, stirring is continued for another 15 minutes. The reaction mixture is concentrated In 
vuc~u) to remove the excess DMF. 

Method Abith Lrobim offomuue 13) 
The residual 011 * 
chromatography (silkx; gk H60, CH 

of the solvents is subjectal to flash column 
yield (R)-13 as an oily product. Formate (R>13 

(1.5 mmol) IS solved in about 20 mg of ptoluuwul honic acid. 
This solution is s&cd at mom temperature for m hour(l0 minutes in the case of (RF 3a, to avoid P 
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-135 -7.2 ti2.e +2Q.4’ -171 +315 
‘): measured at 365 nm(Hg) 

[alao 
(R& 

(c 2. a;c&alues ofghF(;W& the invtnbtl IrcIctio(l: 
(SW mm 

+13.0 +7.1 -40.7’ -21.4’ +156 
‘): axasured at 365 na#ig). 

Stirring is amtinua! at mm tcmpam&for &c hous (fi minutea in-&e &se af (R)-Ih, to avoid 
transestcrification of the bcnzyl ester). The remion mixture is concamatai in vacua, and the 
resulting oil is subjected to flaab column ~(1, Merck H6Q hentmc’matlml 
A). The product is distilled (Kugclrohr) to yield (@S r an ehly pmhct. Wnptnmd !!b can be 

-m.ob +162 -29.6 
:mcamedat365fun(Hg) 

Inversion nacthns with mcs~lam and tawhta~ daiwd fnm S 
A tosvlate oc muvl~4 mm& d S ir digolved in 2 ml of N~Ndimath~lfcxmmmkk (DMFI. The 

Stmmxco9ic data and clancntal anmlvsts 

MS(CI, m/z): 339(M++l, 70). 232(12), 216(33), 203(100), 174(23), 130(41). 91(62). 

7g: ‘H-NMR(CDC13): 6 1.290, 3H, 
3.89(4 lines, X part of ABX, J + J 

OCH,C&), 3.66(3 lines, AB pm of ABX, W, CHCH ). 

Y? 

- 10.8 Ht, W cHCH2), 4.Wq, 2% OQ&C+Q 4.7Xdk 
W, 6.3-b-d s, IH, N$ 7.&e 5H 

MS( I, II&): 304(M++l, 10). 302(M++l, 176(19), 119(14), 91(100) 

8: ‘H-NMR(CDCl ): 6 1.26(d, 3H, CHCH ), 1.31(1, 3H, 
2H 0CH CH ) 2.73 S(tmad 2H NH& . lR(ncat, 

3.7l(q, Hi, CHCHs,4.23(q, 

m/i>: 13&4+:1: 18). 8’8(5), 6oi74).*41(i Oc? 
3270(s) 17%(s). MS(CI, 

10.52. Found: C 45.20, H 8.31, N 10.44. 
). Ekm. anal.: GH, ,N&: talc.: i: 45.10. H 8.33. N 

9: ‘H-NMR(CDCl ): 6 1.290, 6H. 
CHCH (2x)) 4.d 4H 

CH (210). MXd. 6H. CHCH (2x)). 3.7Y . 2H. 

h’ii(Clh~ 234( 
hq, , OCH$H (2$%&, lH, NOH). lR(ncat, caii: 3455(s), 1%5(s). 

++I, MO), 6(j3. W(3), 160(37). Ekm mal.: C,&pNC$ ak;: C 51.49. H 
8.21, N 6.00. Found: C 51.24, H 8.35, N 5.94. 

11: ‘H-NMR(CDCQ: It l.Wd, 3H. CHQS). 1.88(s, 3H, NCCH$. 3.61(s 3H. OCH& 4.87(s, 2H, 
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, 5.14(q, lH, CHCH , 7.25& 5H, Ph). lR(acat, cm-l): 1750(s), 1650(s). MS(CL L&Z): 
58), 119(8), ii&(9 ,91(100). 3 

12: ‘H-N’MR(CDCI$: 8 l.‘l9(t, 3H, GCH CH,), 1.44(d, ZH, CHCHH), 4.13(q, ZH, 
4.69(q, lH, CHCH 
lR(neat, cm-‘)717 ob 

4.92(d, 2H COOCH k) 5.23@ 2H 
‘1750(s), 1655(m). &&C<t&): 

Ph), 7.32 and 7.38(2 s. 
,314(42), 181(21), 91(100). 

(R>13a: ‘H-NMR(CDCl ): 8 133(d, 3H, CHHCH). 5.18(s, ZH, CHHPh), 5.27(q, lH, CH&HH, 
7.33(s, 5H, CH9Ph), 8.08&, lH, HC=G). lR(ncat, cm-‘): 1760(s), 1730(s). 

(R>13b: ‘H-NMR(CDCl$: 8 3.13 and 3.23(8 lines, ABX, 2H, J = 9.3 Hz, J,= 3.5 Hz, J = 14.1 
Hz, CHCH Ph). 3:74& 3H, coocH$, 5.35(8 lines, X-pat 3 ABX, lH, J .+ J,=l?9 Hz), 
CHCH,PIii- 0.9 Hz, due to COU~lill8 with HC=G proton), 7.23(s, SH, CHC$m, 8.13(d, lH, 
H&G, J=O.9 Hz). LR(ncat, cm- ): 1750(s). 1725(s). MS(C1. m/z): 209(M++l, 26). 177(g), 
163(100), 149(g), 131(33), 121(79). 91(15). 

(R)-UC: ‘H-NMR(CDCl ): 8 0.96(2d, 6H, Cl-i CH(C& 
Y 

1.50-l .99(m. 3t/C&CH(CH h). 
3.76(s, 3H, CGGCH,), 5?18(rn, IH, CHCOOCH$ 8,lO(s. . k HC=G). IR(neat, cm-t)Tl76&s). 
1735(s). MS(Q, m/x): 175(M++l. 78). 133(28), 129(16), 115(11), 97(17). 87(32), 69(100). 

(R)_l3d: ‘H-NMR(CDCl,): 8 2.94(4 2H, Cl&CH), 3.72 and 3.79(2 x s, 6H. COOCH@x)), 5.6l((t. 
lH, CH2CHH, 8.09(s, 1H, HC=G). IR(neat, cm-‘): 1740(s). 

(R)-13e: ‘H-NMR(CDCl ): 8 3.74(5, 3H. CoocH ), 6.07(s, lH, C_HPh). 7.42(s, SH, CHF’hF’h, 
8.18(d, lH, J= 0.9 Hz, H&O). IR(ncat, cm-‘): 1755(sj, 1725(s). 
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