
Tetrahedron Vol 47. No 31, pi 7925-1936.1991 
Pmted In Great Rruml 

w4o4020/91 $3 oo+ 00 

0 1991 Pcrgamon Press plc 

HIGHLY STEREOSELECTIVE ACETYLATIONS VIA NOREPHEDRINE DERIVED 

OXAZOLIDINES. 

Anna Bemardi, Marcello Cavicchioli, Giovanni Poli, Carlo Scolastico*, and Atanas Sidjimov 

Dtparumento dt Chm+uca Grgamca e Indusmale, Centro CNR per 10 Studio delle Sostanze Orgamche 

Naturali, Untversita dr Mrlano, vta Venenan 21,20133 Mtlano, Italy 

(Received tn UK 1 July 1991) 

Keywords acetylatton, stereoselective, ephedrine, oxazohdme; stlylenolethers. 

Abstmct: Norephedrine derived 2-methoxy-2-methyl oxazolrdme 2 ts an efficrent 
stereoselectrve acetylatzng agent tn reacttons wrth stereogenrc stlylenolethers and 
srlylkztenethtolacetaals Moderate selectivity IS also obtained upon acetylatton of crotyltm 
reagents The present methodology compares favorably wrth the previously reported 
enantioselectrve Clarsen-type acylatrons 

Introducuon 

We recently mtroduced norephedrme derived t-methoxy oxazohdmes 1 (Fig 1) as chtral equivalents 

of the formyl cation 1 

Figure 1 

I R= H a EWG, Cbz 
b EWG, Ts 

2 R=Me, EWG =Cbz 

Treatment of 1 with Lewis actds gtves rise to the correspondmg cations, whose formation, properties, 

and thermal stab&y have been studied by NMR spectroscopy 2 Addition of stereogemc nucleophtles, such 

as stlylenolethers and stlylketeneacetals or crotyltm reagents, followed by cleavage of the oxazohdme nng 

and carbonyl demaskmg conshtutes an easy process of enanttoselecnve formylatton (Scheme 1) 
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Scheme 1 
EWG 

X= 08Rs, NR,, SnR, Y= SR, OR, R, H X= 0, CH, 

The apphcatlon of the same synthenc scheme to 2-alkyl substituted oxazohdmes would provide an 

mterestmg extension of our methodology to the more. general case of enanuoselecnve acylanon The goal 

appeared partlculaxy attractive, since only a few choral eqmvalents of the acyl catlon capable of 

tiscnmmatmg between the enanhotoplc faces of stereogemc nucleophlles have appeared In the hterature 3 

We therefore set about mvestigatmg this posslhhty using 2-methyloxazohdme 2 as a model case 

Results and dlscusston 

The synthesis of 2 proved to be much more problemattc than that of the parent compound 1 

Application of the usual con&nonstd (pynduuum tosylate catalyst m refluxmg benzene) to the condensation 

of N-Cbz-norephedrme wtth mmethylorthoacetate gave nse to at least three different products This mixture 

contams the expected condensanon adduct 2 together wtth products of norephednne degradation, which 

were tentatively ldent&d as 3 and 4 (Scheme 2) 

Scheme 2 
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Optimum condlttons for the synthesis of 2 were finally achieved by adding the catalyst (pynduuum 

tosylate, 15 966) to a refluxmg solution of N- Cbz-norephednne and tnmethylorthoacetate In benzene In this 

way the concentration of the reacttve dtoxolemum canon 1s maximized and condensatton 1s attained before 

the compehng process of ephedrme degradation takes place 

With a convenient synthesis of 2 m hand, we proceeded to investigate its reactivity toward acid 

catalyzed nucleophdlc ad&non Our NMR studies* mdtcate that cation 5 could be formed by addition of 

either 1 eq of TIClh or 2 5 eq of BF3-Et20 at -7PC m CD,Cl, (Scheme 3) In the presence of TlCl+ 5 is 

stable only for a few hours at -20°C On the contrary when the cation 1s generated with BF3-Et20 its NMR 

spectrum remains unchanged for days at room temperature 



7927 
Highly stereoselechve acetylatlons 

Scheme 3 
EWG EWG 

“MiO 

2 5 

This feature could be exploited m ad&tlon to weak allylmetal reagents For instance, allylsdane 

addmon (Scheme 4) cannot be achieved below mom temperature. and therefore TIC& cannot be used as a 

promoter for this reaction (Table 1, entry 2) 

Scheme 4 
Cbz Cbz 

Me 

Me0 

2 

6 X = Me& 

7 X = Bu$n 

Table 1 Acid catalyzed addmon of allylmetal reagents 6 and 7 to Z8 

Entry Reagent Lewis acid Con&Dons Yleldb 
(eq ) (eq) 

_________________________________________________________ _____________________________________-_____ 
1 6 BF3-Et20(2) -20 - RT,llh 26% 
2 TQ,( 1) -78 + -2O’C 
3 7 BF3-Et20(2) O’C - RT, 2h ;7% 
4 T~‘34(1) -20°C, 4h 40% 

-------_____________~~__~_______________________________________________________~___~~~~~~~~~~~~~~~~~~ 
a All reactions were camed out by adding the Lewis acid to a soluaon of 2 and the 
indicated reagent m dlchloromethane and m the presence of 4A molecular sieves b 
Isolated product 

The addmon can be accomplished usmg BF3-Et20 (Table 1, entry l), but in low yields Better results 

can be achieved wtth the more reactive mbutyltm compound 7 (Table 1. enmes 3 and 4) In every case the 

reaction product appears to be a single isomer by GLC and high temperature ‘H-NMR spectroscopy 4 In 

keeping with the previously studied addmon reactions of 1, stereochemistry at C-2 was assumed to be R 

This corresponds to ad&non of the nucleophde to the least hindered side of the catlomc nng More ngorous 

stereochemical proof wdl be prowded for the cases of reaction ~th stereogemc nucleophdes (vlde mfra) 

Addition of stereogemc sdylenolethers and sdylketenethlolacetals to 2 turned out to be highly 

stereoselechve (Scheme 5, table 2) Reaction between sdylketenethlolacetal8 and 2 m the presence of TlC1, 

resulted m the &anon of a single isomer 10 (Table 2, entry 1) m 57 % yield Use of BFS-Et20 or SnCl4 as 

promoters (Table 2, entnes 2 and 3) does not modify the stereochemical outcome, but 10 IS obtamed m 
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lower yields TICI_, appeared to be the promoter of chotce also for the addmon of drethylketone 

stlylenolether 9 Compound 11 was agatn isolated as a smgle Isomer by NMR spectroscopy 

Scheme 5 

8 x=stBu 10 x=stBll 

9 X=Et 11 X=Et 

Table 2 Acid catalyzed addmon of 8 and 9 to 2 
--------______-___-_~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_~__________________~~~~_______________ 

Entry Reag L A Condmons Yield dr 
------_-______-_____~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~__~~~~~~~~~~~~~~~_______________________________________ 

1 8 TrCl‘, 15h,-20’C 57 % 10 r 22 1 
2 BFs-EbO 24h, RT 23 % 10 r 22 1 
3 SnCl, 15h, -2O’C 26 96 10 222 1 
4 9 BFs-Et20 24h, RT = 
5 ncl, 24h, -4O’C ;046 11 225 1 

a. Determmed by ‘H and 13C NMR 

Confrguratton of 10 was asstgned as follows NOE effect was observed between Hs and the C-2’ 

substrtuents, mdrcaung a (2R) stereochemrstry (Ftg 2) 

Figure 2 

Thus configuratron would result from attack of the nucleophrle to the least hrndered side of the nng 

and 1s m agreement with prevtous observatrons * Stereochemtstry at C-2’ was determmed by chemtcal 

correlatton to the known ketone 145 (Scheme 6) 

Thtolester 10 was reduced rn two steps to the alcohol 12, which was protected as the benzylether wtth 

AgzO and benzylbmmrde Removal of the chtral auxthary was achieved via selective hydrogenauon of the 

carbobenzyloxy group wrth 5 % Pd-C m wet THF. Hydrolyns of the N-unprotected oxazohdme occured m 

situ to grve @)-ketone 14 rn 85 96 yteld and 90 % opttcal punty. This result was expected on the basis of the 

acyclic extended transmon structure A, whrch we have prevtously proposed to be favored for srlylenolether 

ad&non to lb 1 
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Scheme 6 
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In contrast with the behavior observed for s1lylenolethers and sllyketenethlolacetals, the 

stereoselectivity observed 1n the addmon of the tnbutylcrotylM reagent l@ to 2 (Scheme 7) was modest 

Scheme 7 
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Table 3. Addmoon of crotylmbutyltm 15 to 2 
_________________________________________________________ ____________________------------------------ 

Entry L A W Condlaons Yield 16 : 17a 
_________________________________________________________ ___________________________~_~~~~~~~~~~~~~~~ 
1 BF3-Et20(2) 4h,-20=‘C + 48% 651 

2h,-10°C 

2 18h, O’C 80% 51 

3 T1C14(2) 6h, -20°C 34% 251 

4 Zn12(2.5) 18h, O’C 10% 371 

5 BF3-Et,0(2) Toluene 15% 41 
18h,0°C 

6 CH$N 20% 31 
18h, O’C 

7 SnCL(l 5) 18h, O’C = = 

a Determmed by capillary GC and ‘H- and 13C-NMR spectroscopy 
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In all the cases stud& addmon of 15 to 2 results m a rmxture of the 2’ eplmers 16 and 17 with 

masteromenc ratios varymg fmm 2 . 1 to 6 : 1 (Table 3) The best result m terms of yteld (80 %) and 

selecnmty (5 : 1) were obtamed m methylene chloride, using 2 eq of BFS-Et20 for one mght at O’C (Table 

2, entry 2) Changmg the solvent to toluene (entry 5) or CH&N (entry 6) 1s demmental for yields and does 

not improve selectwlty With TlCl., both yield and eplmenc ratio BIY: rather low (entry 3) In the presence of 

SnC14 the cation 5 1s probably formed (TLC evidence), but the ad&non of the tin reagent does not occur and 

only hydrolysis of the startmg mate& is observed upon aqueous workup (entry 7) This behavior probably 

ongmates from hgands methathesls between 15 and SnC14 which 1s known to take place at the reaction 

temperature ’ 

The C2 configuranon of 16 and 17 was assigned by NOE Qfference NMR expenments In both 

epimers NOE effect was observed between H5 and the (methyl)allyl side cham (Fig 3), confirming the 

expected 2R stereochenustry 

Figure 3 pbz 

HA 

Stereochermstry at C-2’ was determmed by correlation to the benzylethers 13 and lS(Scheme 8) 

Scheme 8 

Cbz Cbz Cbz 
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3 1 

Me Me h Me 

Ph + Bno~~o Ph 

Me Me 

13 18 

3 I 

A 3 1 nuxture of 16 and 17 was transformed mto the correspondmg mixture of eplmenc alcohols by 

Lemieux degradaaon Protection of the alcohol as the benzylether allowed to identify the major epimer as 

the same Isomer (2’ S) 13 obtamed na sllylketeneacetal ad&tlon (see scheme 6) This result was rather 

unexpected, since our formylahng agent lb had been found to react with 15 with the oouosite toplclty lb 

Therefore we further confumed the configuration of 16 by converting 13 and 18 into the known Mosher 

esters 19 and 26 (Scheme 9) 

In order to elucidate the factors which determine such an mverslon of toplclty on going to lb to 2, we 

performed the same crotyltm ad&tion using the N-carbobenzyloxy protected 2-unsubstltued substrate la 
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Scheme 9 

0 
C”2 

Hp \ Pd-C 1 CH2=PPh3 

13 + 18 - B”O - Bno 
wet THF 

(Scheme 10) The titlon of 15 to la m the presence of BF3-Et20 gwes nse to a 1 1 uuxture of 2’ 

epimers It appears therefore that both C-2 alkyl subshtution and the nature of mtrogen protectmg group 

have a deep influence on the sterwchermcal outcome of the addmon 

Scheme 10 BF3 medtated ad&non of crotyltm reagent 15 to oxazobdmes 1 and 2 
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It has been recently stressed* that “seemingly small and mconsequenual structural changes can have 
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quite substantial consequences” on the stereochenucal outcome of allylstannane (and sdane) nucleophlhc 

attons The suggested explanation* 1s that the anhpenplanar (type B, leadmg to the 2’S isomer) and 

synchnal (type C, leadmg to the 2’R isomer) translaon structures for these reacaons axz Inherently close m 

energy Therefore either pathway can be followed, dependmg on subtle balances among the subsmuents 

Ph Ph 

B + 2’S C+ 2’R 

In summary, norephednne derived 2-alkoxy-2-methyl oxazohdmes have proved to behave as chual 

syntheac equivalents of the acyl cation. Acylauon of sdylketenethlolacetals and silylenolethers appear to be 

highly &astereoselecnve, whereas dlastexeomenc excess up to 73 96 could be achieved upon allylatlon ~th 

the stereogemc tm reagent 15. Removal of the churl auxthary can be obtamed m high yield and in a single 

step, vlu catalytic hydrogenation m wet THF Our method compares favorably to the previously reported 

enanhoselecave Cliusen-type acylanons3 m that norephednne 1s commercially avlulable at low pnce m both 

enantlomenc forms and m that high stereoselecavmes and good yields are achieved under rmld reaction 

condlaons 

EXPERIMENTAL 

‘H-NMR spectra were recorded ~th a Bruker AC-200 or WP-80 or Vanan EM-60, while t3C-NMR 
spectra were recorded ~th a Bmker AC-200 mstrument m the FT mode ~th tetramethylsdane as internal 
standard and usmg CDCl, or pyndme+ as the solvent. IR spectra were recorded with a Perkm-Elmer 457 
spectrophotometer Slhca gel 60 F% plates (Merck) were used for analytical TLC, 270-400 mesh sllca gel 
(Merck) for flash chromatography. “Dry” solvents were &stilled under N, Just before use methylene 
chlonde was &salled from CaI& All reactions employmg dry solvents were run under a nitrogen (from 
hqmd N2) atmosphere. Melang pomts are uncorrected All new stable compounds gave saasfactory 
elemental analysis ( C fo 3%, H fo 2%. N M 2%) 

Svnthesrs of n-carbobenzyloxwwr-etAedrme 

To a soluaon of N-Cbz-norephednne (10 g, 66 2 mmol) m HZ0 (66 ml) at O’C were added 

simultaneously NaOH 2M (36 ml, 73 mmol) and Cbz-Cl (113 ml, 79 4 mmol) mamtammg the pH around 8 

At the end of the tiaon, the rmxture was heated at room temperature and left samng overnight The 

rmxture was filtered and the white precipitate was washed several ames with Hz0 After drying under 

vacuum ~th P205, 18 g of Cbz-Nef was obtamed Yield 95 8 

‘H NMR ( 200 MHz, CDCI3) 102 (d, J=6 4.3H. CH3-CN), 2 9 (bs, lH, H-O), 4 1 (m. lH, H-CN), 4 9 (m, 
lH, H-CPh), 4 98 (m, lH, H-N), 5 14 (s, 2H, CHZ-Cbz), 7 4 (m, lOH,) 
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Svnthesis of 2 

To a soluaon of carbobenzyloxy-norephednne (500 mg, 175 mmol) m dry benzene (12.5 ml, 0 16M) 

was added mmethykthoacetate (1.1 ml, 8.35 mmol) A bypassed droppmg funnel filled wltb 4 A molecular 

sieves was placed between the flask and the ~.flux condenser and the mtxture was refluxed for 10 h before 

addmg pyndmuun tosylate (66 mg, 0 26 mmol) After 6 h at reflux the soluaon was cooled and the solvent 

evaporated under reduced pressure The crude product was punfkd by flash chromatography (n-hexane 1 

AcOEt 85 * 15) affordmg a 1 1 dlastereomenc nuxhue of oxazohdme 2. Yield 40 96 

2 ‘H NMR (CDC&, 300 MHz) 0 8-0.9 ( dx2, J=64, 3H, CH&N), 1.85-l 95 (mx2. 3H, CH&NO). 
3 25-3 4 (m, 3H, U-IS-O). 4 2-4.5 (m, lH, CH-N), 5 l-5 25 (m, 2H. CH&bz). 5 55 (d, J=6 5, 1H). 7 4 
(m, IOH,) 
13C NMR (CDZCIZ, 3OOMHz), selected data 13,15,21,22.49,51,56,58,65,66,78,79,109,111 

Allvlanon of 2 (Scheme 4, Table I) 

To a solution of 2 (100 mg, 0 29 mmol) m the solvent mdlcated m table 1 (3 ml, 0 1M) were added 

sequentially a few 4 A molecular sieves, the nucleophlle (XRS, 0 58 mmol) and the Legs acid (0 58 mmol) 

The reactions were run at the temperature and time m&cated m table The rwons were quenched with 

phosphate buffer (pH = 7). extracted with C!H$$, dned over Na$O,, filtered and the solvent evaporated 

under reduced pressure The crude product was punfied by flash chromatography (n-hexane \ AcOEt 9 * 1) 

‘H NMR (CDCl,. 200 MHz) 0 8-O 9 (dx2. J=6 4, 3H, U-i&N); 165-l 75 @x2, 3H, CH3-CNO), 2 7-2 9 
(bd~2, 2H, U-$-(X-I=), 4 2 (mx2, H-I, H-CN), 5.05-5 2 (m, 2H, H&=), 5 15-5 25 (m, 2H, CH&bz), 
5 23 (d, J=6.2, H-I), 5 75-6 0 (m, lH, HC=), 7 4 (m, 1OH.) 

‘H NMR (Py-dS, 200 MHz, 85“C) 0 97 (d, J=7 1.3H. CH&N), 1 85 (s, 3H, CH,-CNO); 3 01 (d, J=J= 6 35, 
2H, H&-CH=,), 4 09-4 55 (dq, JMe_H= JH8= 7 1. H-CN), 5 09-5.2 (m, 2H, HzC=), 5 37 (s, 2H, 
CHZ-Cbz), 5 5 (d. lH, J=5 15, H-CO), 5 95-6 15 (m, lH, J,-,=lO, J~_=l7 5. H-C=) 

Synthesis of 11 

To a sohmon of 2 (0 16 mmol, 55 mg) and 9 (2 eq) m CH&l, (1 ml) a 1 M solution of TiC14 (1 5 eq) 

was added at -78’C The reaction was quenched after 24h at -4O’C with sat. aqueous KP and extracted with 

CHzClz The crude product was punfied by flash chrmatography Yield 50 % 

‘H NMR (CD%. 200 MHz. 5O“C) 0 92 (d, J=5 6, 3H, CH3-CN), 102 (t, J=6 7, 3H, CH&H2), 1 19 (d, 
J=7 2, 3H. CH&H), 172 (s, 3H, CH3-CNO), 244-2 6 (m, 2H, CH2-CH& 3.46-3 63 (m, lH, 
CH-CHd, 4 3-4 442 (m, 1H. CH-N), 5 l-5.2 (m, 2H, CH2-Cbz), 5 41 (d, J=5 1. lH, CH-0), 7 2-7 4 

‘H Nhi%~5, 200 MHz, 85’C)* 0 92 (d, J=6.3H. CH3-CN), 1 1 (t, J=7 5,3H, CH3-CH2), 128 (d, J=7 5, 
3H, CH&H), 1 95 (s, 3H, CH,-CNO), 2.6 (q, J=7 5, 2H, CH2-CH,), 3 79 (q, J=7 5. lH, CH-CH& 
4 5-4 65 (m, lH, CH-CN), 5 27-5.45 (dd, J=l2 5, 2H. CH,Cbz), 5 59 (d, J=5 5, lH, CH-0). 7 3-7 6 
(m, 1OH) 

Svnthesrs of 10. 

To a solution of 2 (0 32 mmol, 110 mg) m CH2C12 (3 ml, 0 1 M) was added the sllylketenethlolacetal 

(0 64 mmol, 167 mg). The rmxture was cooled at -20°C and TIC& was added (0 64 mmol). After 15h, the 

reaction was quenched with phosphate buffer, extracted wtth C&Cl2 and the solvent evaporated The crude 

product was punfied by flash chromatography (n-hexane \ AcOEt 95 5) 

10 ‘H NMR (CDQ, 200 MHz) 0.8-O 9 (m. 3H. CH&N), 12-l 35 (m, 3H, CH&H), 1 45 (bs, 9H, 
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atmosphere for 30 mm The crude was filtered on a cehte pad which was washed wtth CHH,cl, and the 

solvent evaporated under reduced pressure. The crude product was purified by flash chromatography 

(n-hexane \ AcOEt 85 : 15). Yield 85 46. 

14. ‘H NMR (CD& 200 MHz). 1.15 (d, J=5.5, 3H, CHs-CH); 2.2 (s. 3H, U-&-CO); 2 9 (m, 1H) , 3.5 (dd. 
J=6 5 and J=5, lH), 3 68 (dd, J=J=6.5,1H). 4 5 (s, 2H, CH&bz), 7 3-7 6 (m, 5H) 
“C NMR (CDCl$, selected data 13,28,47.72,73. 
[a],= +16 (~2, CHCls) 

Methallvlation of 2 CWteme 7. Table 3) 

To a solutton of 2 (100 mg, 0 29 mmol) m the solvent mdtcated m table 3 (3 ml, 0.1 M), 

mbutylcrotyltm (0.58 mmol) and the Lewrs actd (0.58 mmol) were added. Tbe reacuons were run at the 

temperature and ume unheated m the table and m the presence of 4 A steves The reacuons were quenched 

with phosphate buffer (pH = 7), extracted wuh CH&, dned over Na$O,, filtered and the solvent was 

evaporated under reduced pressure The crude product was punfkd by flash chromatography (n-hexane \ 

AcOEt 95 5) 

16 

16 

17 

and 17 ‘H NMR (CDCls, 200 MHz) 0 79-0.9 (mx2, 3H. CHs-CN), 1 O-l 02 (mx2, 3H, CH&H); 
155-l 78 (mx2, 3H, CHs-CNO), 3 O-3.12 and 3 28-3 42 (m, lH, H-CCHs); 4 2-4 5 (m, lH, H-CN); 
4 9-5 13 (mx2,2H, H$=); 5 15-5 28 (m, 2H , H$-Cbz), 5 32-5.47 (d~2, J=5 2,lH. HC-O), 5 79-6 06 

j 
mx2, lH, HC=); 7.2-7.5 (m, lOH,) 
‘C NMR (Py-ds, 85°C. 200 MHz) Selected data 47.6 (CHN), 67 7 (CH&bz ). 819 (CHO); 97 7 

(CNO), 116.5 (CH&, 127 3 (CH=). 
‘H NMR (J’y-ds, 3OOMHz, 85’C) 0 95 (d. J=6 5.3H, CHsCN), 1 16 (d, J=7,3H, CHs-CH), 185 (s, 3H, 

CHs-CNO), 3 5 (m. lH, HC-CHs), 4 6 (dq, JM_u=JH_u=6 5, H-0, 5 05-5 25 (m, 2H, H,C=). 5 38 
(6 J=4.2,2H, CHZ-Cbz); 5 57(d. J=5.55, lH, H-CC), 7 01-7 19 (m, 1OH) 

‘H NMR (l’yds, 3OOMHz, 85°C) 0 92 (d, J=6 5,3H, CHs-CN), 1 25 (d, J=7,3H, CHs-CH), 185 (s, 3H, 
CHs-CNO), 3.5 (m, lH, H-CCHs), 4 48-4 52 (m, lH, H-CN), 5 05-5 25 (m, lH, Cl&=), 5 32 (d, 
J=42, lH), 5 55 (d. J=5 5, lH), 7 01-7 19 (m, 1OH). 

Dlhydroxylanon of 16 and 17 Synthesis of 13 and 18 

The dthydroxylatton was effected on a drastemomenc mrxtum of 16 and 17 accordmg to the followmg 

procedure To a soluuon (0 05 M) of the substrate (1 mmol) rn acetone\ Hz0 (8 : 1) at room temperature a 

solunon of 0~0~ (0 1 mmol. 0 7868 M m tBuOH) and MesNO Hz0 (2 mmol) were added After 4 h the 

reacnon was quenched with a satured soluuon of NaZS03, extracted wtth AcOEt, washed wtth bnne and 

drred wtth Na#04 The msultmg crude rmxture of dtols was used m the next reactton A pure sample could 

be obtamed for analyucal purposes by flash chromatography (n-hexane \ AcOEt 4 .6). Yteld 88 8 

‘H NMR (CDCls/DZO. 200 MHz, 4 dtastereotsomers)* 0 8 (d, J=6 5, 3H, CH3-CN); 1.0 (d, J=6 9. 3H, 
CH3-CH), 1 7-l 9 (s&3H, CH,-CNO), 2 5-2 9 (nu2, 1H. H-CCH,), 3 45-3 6 (m, lH, HA), 3 7-3 9 (m. 
lH, Ha), 3 95-4 1 (m, lH, Hx), 5 15-5 25 (m, 2H, CH&bz); 5 35 (m, lH, H-CN), 5 35-5 45 (m, 1H. 
H-CO) 
To a solutton of the dtol (0 04 M, 1 mmol) m dtoxane \ HZ0 (4 1) NaJO.+ (1 5 mmol) was added at 

room temperature and the mrxtnm stmed for 1 h before addmg NaBH, (3 mmol) After 1 h the reactton was 

quenched caunously wtth NH&l. repeatedly extracted wnh AcOEt, dned wtth Na2S04 and the solvent 

evaporated under reduced pressure The crude product was purified by flash chromatography 

(n-hexane-AcOEt 65 35), to gave a 3 1 nnxture of alcohol 12 and tts 2’ eptmer m 88% yteld Such a 
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murture was drrectly submmed to benzylatton as described for 12 (see above), and a 3:l nuxture of 

benzylethem 13 and 18 was wdated 11175% yreld. Spectral charactenzatton of I3 was mpotted above. 

13 and 18: ‘H NMR (CDCl,, 200 MHz): 0.7-0.9 (m, 3H. C!H+ZN); 1.0-l 2 (m, 3H. CIQCH); 1.7-1.9 (m, 
3H, CI-I,-CNO); 2.65-2.85 and 2.9-3.1 (mx2, lH, H-CCHs); 3.3-3.5 (m, 1H). 3.63.7 and 3.8-3.9 (mx2, 
1H). 4 35 (m, lH, H-0; 4.5 (m, W, H,-CPh); 5.1-5.35 (m, W, H+Xbz); 5.4 (d, J= 5.75, H-I, 
H-CO); 7 2-7 5 (m, 15H). 
& (CI-ICls): 1690,1600,1490,1450,1400,1350 

18: ‘H NMR (CDC!ls, 200 MHz). 0.92 (d, J= 6.5, 3H, CHs-CN), 1.3 (d, J= 7, 3H, CH&H), 1.9 (s, 3H. 
CIQCNO), 3.2 (m. lH, H-CCHs); 3.5-3.62 (m, H-I); 3.8 (dd, J= 5 and J= 15, H-I); 4 45-4 65 (m, lH, 
H-CN); 4 52 (s, 2I-I. CHZ-Ph), 5 36 (d.2, J= 10.2,2I-I, CH,-Cbz); 5.45 (d, J= 5,lH. H-CO); 7 2-7 6 (m. 

j3?)NA4R (Py-& 300 MHz 85°C) Selected data : 13 06 (U-I&I-I); 15 37 (U-I -CN) 27 28 
(U-I&NO), 409i (CH-CHsj; 5638 (Q&N); 67.15 (CI-I.-Cbz), 72.45 and 7270 (&H--Ph and 
CIQOBn); 80.70 (CH-O). 

Methallvlation of la Swuhests of 21 

To a solution of la (0 2 mmol) and ttibutylcrotyltin (0.4 mmol) m dry CI-I&lZ (2 ml), BF3EtZ0 (0 4 mmol) 

was added at -78’C. After lh at -78’C the reachon was quenched wtth phosphate buffer and extracted with 

CH#&. Evaporation of the solvent and puriticatton by flash chromatography (9 1 hexaneAcOEt) gave 21 as a 

1 1 eprmenc mtxtum m 75% yield. 

21: ‘H NMR (Py-d6.2OOMHz, 60°C): 0.88 (d, J=6.6Hz, 3Hx2); 1 15 (d, J=6.7Hz, 3H); 125 (d, J=6.7Hz. 
3H); 3 25-3 45 (m, H-X?); 4 35-4 45 (m, lHx2, CHN), 5.05-5.25 (m, 2Hx2, CHZ=); 5 32 (m, 2Hx2, CH$=O), 
5 5 (4 J=5.8Hz, lHx2, PhCHO); 5 5 (d, J=5.5 Hz,lH, CH(O)N); 5 6 (d, J=5.8Hz. 1H. C!H(O)N); 5.90-6 12 (m, 
lHx2). 7 2-7.5 (m, 5Hx2) 
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