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Absbtact- The hydrogenanon of 3-methyl-fmru: and malerc ester mono aldehy&s protected as 
oxazoluims of nor-ephednne (NEPH) denvatwn has been studted Thts transfonnanon takes 
place with moderate to good rr-jbce stereodtfferenttatton and allows the preparanon of 
non-racemtc 3-methyl-succutaldehydrc acid methyl ester (1, R=Me) The factors dmatmg the 
dmstereocontrol are drscussed 

The preparaaon of non-racermc C-4 synthons and therr use as bmldmg blocks in the synthests of more 
complex molecules of brologcal mterest is a SubJect of current interest 1 

We recently reported that 3-alkyl subsmuted succmtc aldehydes 1 could be obtamed m high 
enanhomenc excess vta &-face organocuprate conlugate anon to acrylate 2 followed by non-destructwe 
removal of the chrral auxrhary (Scheme 1. route A) 2 
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In our contmmng interest in this field we have now developed a “hydrogenanve” route to 3. 1-e. a 
synthenc pathway m which the transferred moiety and a resrdent group B to the carbonyl ester were formally 
exchanged with respect to the orrgmal sequence (Scheme 1, route B) 3 

Acetals 4E and 42 wem easily synthestxed via olefinaaon of pymvaldehyde dnnethyl acetal. Homer- 
Emmon& condensaaon usmg mmethylphosphonoacetate followed by double bond eqmlibranon under 
attic condmons gave vn-tually pure 4E. Ennched 42 was best obtamed through Petersem condensanon of 
t-butyl mmethylsllylacetate5 followed by t-butyl-to-methyl ester exchange. Cychxatron between 4 and the 
N-protected nor-ephedrmes N-COzMe-NEPH and N-Ts-NEPH took place smoothly under BF3Et20 
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catalysis affordmg the CIS allcenyl-oxazol~dmes 5 in high yields and wrath E Z ranos reflectmg those of the 
acetal precursors (Scheme 2) 
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1 Na. m. Mco2cck$XoM+ D-25 C, (swb), It d Pl’OH. Et2O/lQO, R T (60%). b) HC(OMe)j. NH4NG3. MeOH, (20%). 

m mk TMS-CI9+Bw 0 C. (98%). Iv a) KOH, EEDH. 65 C, b) MeI. MeCN (40%) V BF3Et20, CH2C12, 25 C. (EWG=C02Me 

85%, EWG = Ts 90%) 

Hydrogenation of 5 E/Z was performed usmg the followmg systems a) Hz(l atm)/lO% PdK/MeOH,6 
b) NaBH&!oC1JMeOH’ and c) SmI~/H20s and the results are shown m scheme 3 Methods a and b 
always favoured the 2’R &astereolsomer regardless of the stamng double bond geometry However, m the 
N-Ts senes the Z Isomer behaved better than the correspondmg E m terms of selectivity On the other hand, 
the Sm12 promoted reducnon of 5b gave a high n-face selection in favour of the opposite dlastereoisomer 
although m a rather low yreld 9 

Scheme 3 Asymmemc hydrogenanon of adducts 5a and 5b 
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5 95 H,, Pd/C 
595 NaBH@C12 
98 2 H2, PdJC 
30 70 Hz, Pd/C 
88 12 NaBH&oC12 
88 12 SmI, 

(2’R)-3 (2’S)-3 

Solv 2’RD’S yield% Method 

MeOH 83 17 97 
MeOH 8020 75 
MeOH 95 5 70 
MeOH 95 5 75 
MeOH 88 12 81 
MeOH 88 12 80 
MeOH 70 30 54 
THF/H,o 10 90 35 

Subsequent standard cleavage of adducts 3 from enmes 3 and 5 (scheme 3) gave aldehyde 1 in 
enantlomeric puntres correspondmg to the d r of the startmg adducts I4 
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Inspection of the results presented m scheme 3 reveals that hydrogenations with methods a and b take 
place w& topictty opposite to the correspondmg organocuprate addttion In this respect, the degree of 
substmmon of the startmg alkenes as well as the nature of the reactmg systems m the two methods are hkely 
to be determmant for the top~ty mversion In fact, alkene 2b, known to stereoselectwely react ~nth 
alkylcuprates, undergo vutually random deutenum mcorporanon upon catalytic deuterauon (Dz, Pd/C, 
MeOH) or treatment with NaBD@Q (~sotoplc rams 60 40 and 50 50 respecuvely). 

The X-ray crystal structure of the N-tosyl denva&ve Sa (see fig. 1) shows echpsmg between H-2 and 
C!++. bond, a dqosltion already found m the solid state conformation of its nor-denvative 2 (EWG=Ts) 2 
However, N 0 E Qfference experunents on the N-CQMe denvatlves E-2b and E-Sb, m&cated that m 
solution this conformational bias 1s mantamed only by the latter alkene -anon of b m E-2b caused 
wzable Overhauser effects of comparable magmtude on both b. and I& The same expenment on E-5b 
gave nse to N-0 E signals only for h. the methyl group on C,. remammg unaffected These data are 
suggestive of a pronounced preference for the echpsed H-2/C+& &sposltron of the msubsmuted alkene 
as opposed to a broader conformational freedom of the Qsubshtuted alkenyl fragment m E-2b 

Fig 1. Left X-ray crystal structure of E-5a Right Relevant N 0 E ngnals m E-2b and E-5b 

E-Sa 

Ph E-2b 

E-Sb 

Assummg that the reactive conformauons m these hydrogenations are close to that highly favoured in 
the ground state, tiastereocontrol appears to be governed by preferred H-transfer from the metal surface to 
the complexed olefin on the side of space occupied by the nng oxygen, a result m agreement ~nth a x-face 
selectivity of stenc nature 

In summary, the hydrogenation of 3-methyl-fumanc and malac ester monealdehydes protected as 
N-EWG oxazohdmes 1s a useful method towards enantiomencally ennched methyl succmic denvanves 
Although the degree of x-face dlfferentlation 1s somewhat lower m comparison to the cuprate approach, the 
simphclty of expenmental execution (no anhydrous condmons requucd, room temperature reactions) as 
well as the easy access to the alkenyl precursors make this new method a vahd alternative to the previously 
described cuprate approach 

Scope and mechamsm of the samarium-based double bond reducaon are presently under 
investigation l5 
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Experimental 

‘H-NMR spectra were recorded wnh a Bruker AC-200 or WP80 or Vanan EM-60, while t3C-NMR spectra 
were recorded with a Bruker AC-200 mstrument m the FT mode wrth teaamethylsrlane as internal standard 
and usmg CDCl3 as the solvent unless otherwise stated. JR spectra were mcorded with a Perkm-Elmer 457 
spectrophotometer. Silica gel 60 Fa4 plates (Merck) were used for analyttcal TLC, 27o-400 mesh sthca gel 
(Merck) for flash chmmatography “Dry” solvents were &stilled under N2 just before use: tetrahydrofuran 
(H-IF) was &stilled from sodmm metal 111 the presence of benxophenon All mactrons employmg dry 
solvents were run under a mtrogen (from hqmd Ni, atmosphere Meltutg points are uncorrected. All new 
stable compounds gave satrsfactory elemental analysis ( C fo 3%; H fo.2%; N M 2%) 

Methyl 4,4-dimethoxy-3-methyI-2-butenoate: 
(65 35 E:Z mrxture)* 
To a suspension of 80% NaH (837 mg, 27.9 mmol) m THF (140 ml), mmethylphosphonoacetate (4 622 g, 
25 38 mmol) dissolved m THP (20 ml) was added dropwrse at 0°C m 10 mm. After 30 mm stunng at thus 
temperature (T-I2 evolution was completely ceased) pyruvaldehyde &methyl acetal (3 ml, 25 38 mmol) in 
THF (5 ml) was added and stunng was contmued for Ih at O’C Treatment wrth sat aqueous NH&l and 
subsequent extractrve work-up gave the crude product Bulb-to-bulb dtsttllanon (140-150 “C pot tempt 16 
mmHg) afforded the pure ester (90% yreld) 

(>98 2 E*Z mtxture)- 
The tiethylacetaJ4 (65:35 E Z mtxture, 3 8g, 21.83 mmol) was added to Et@ (22 ml), H@ (10 ml) and 
p-toluenesulphonic acrd ( lg, 5.26 mmol) and the RdMg blphastc system was vrgorously stured at r t for 
6h. After separatron of the ethereal layer and repeated extracttons of the aqueous phase wrth EtzO, the 
collected organic layers where washed wtth sat NaHCCs and bnne. Na#04 drymg followed by solvent 
evapomtton gave the crude aldehyde which was bulb-to-bulb drsnlled (100 OC pot temp, 16 mmHg) 
‘H-NMR (CDC13, 60 MHz)* 8 2 05 (3H, d, J=3 6 Hz), 3 75 (3H, s), 6 48 (1H. m), 9 55 (lH, s) 
Methyl orthoformate (14 ml, 13.1 mmol) was added to the aldehyde followed by a 1.2 M soluhon of 
NH4N03 (43.2 mg, 0.54 mmol) m MeOH (0 45 ml) After 20 mm refluxmg (complete consumpaon of the 
aldehyde by TLC) the rmxture was allowed to reach r t , dtluted wtth Et20 (5ml) and then filtered through a 
Buckner funnel 1 M aqueous NH3 was then added unnl the orgamc phase became clear. Washmg with Hz0 
followed by K,cO, drymg gave the crude tiethy acetal arch was bulb-to-bulb disttlled (140- 150 ‘C pot 
temp , 16 mmHg) (48% peld from the &methyl acetal). ‘H-NMR (CDC13, 200 MHz) 8 2.13 (3H, d, J=l2 
Hz), 3 32 @-I, s), 3.75 (3H. s), 4 62 (lH, s), 6 05 (lH, m) 

(30 70 E Z mrxture): 
tButy1 4,4drmethoxy-3-methyl-2-butenoate5 (192 mg, 0 89 mmol), 85% KOH (63 6 mg, 1.33 mmol) and 
95% EtOH (lml) were heated at 65 OC for 12 h The solvent was evaporated and the resulang residue was 
suspended m CH3CN (22 2 ml) Methyl iodide (50 4 mg, 3 35 mmol) and Bu4NHS04 (75 mg, 0 22 mmol) 
were added and the reactton rmxtum was smred at room temperature for 10 mm The solvent was removed 
under vacuum, and the residue drluted wrth Hz0 and extracted wtth EbO The orgamc extracts were dned 
over Na2S04, Ntered, the solvent evaporated and the residue ptmfied by flash chromatography 
(pentane/E~O 80/20) to grve 618 mg of 4 (40% yteld) 4-Z rH-NMR (CDCl3. 200 MHz) 8 189 (3H, d, 
J=l 5 Hz), 3.45 (6H, s), 3.72 (3H. s), 5 85 (lH, m), 5 95 (1H. s) 
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E and 2 2!3,4S,5R 2-butenoic acid, f[4-methyl-3-[(4-methylphenyl~lfonyll-5-phenyl-2-o~idinyll 
methyl ester Sa and 3-oxazolidinecarboxylic acid, 2-(3-methoxy-l-methyM-oxo-l-propenyl)- 
4-methyl&phenyl methyl ester Sb 
General cychzation procedure: 
BF3Et@ (2 eq) was added to a (0 2 M) soluaon of 4 (1 eq) and (lR,2S) N-protected nor-ephedrme (1 eq) in 
dry benzene After stmmg for 10 mm l6 the reactton mtxtuze was washed urlth aqeous NaHCO3 and 
extracted Hnth Et20 The combined orgamc extracts were dned over Na#O.+, filtered and the solvent 
evaporated under reduced pressure The crude product was punfied by flash chromatography 
Chromatographlc separation of the E/z isomers could be easily effected only on 5a (n-Hexane/Ethyl 
acetate) Sa-Z. ‘H-NMR (C!DC&, 200 MHz) 6 100 (3H. d, J=7 1 Hz), 2 15 (3H, s), 2 50 (3H, s), 3 79 (3H, 
s), 397 (1H. m), 4 39 (lH, d, J=60 Hz), 5 31 (lH, s), 608 (lH, s), 7 08-801 (9H, m) Sa-E ‘H-NMR 
(CDCl,) 6 0 88 (3H, d, J= 7 1 Hz), 2 30 (3H, s), 2 49 (3H, s), 3 78 (3H. s). 4.18 (lH, m), 4 53 (lH, d, J=6 0 
Hz), 5 38 (lH, s), 6 12 (IH, s), 7 08-8 01 (9H, m) m p 116-7’C (I-PrzO) 5~ 13C-NMR (CDCl3,50 MHz) 6 
13 65. 17 34, 2166, 513, 58 55, 8166, 93 29, 1202, 125 87. 127 88, 128 14, 128 43, 13008, 13492, 
135 02.144 55.152 75,166 55 (selected values) IR (CHC13) v 3020,298O. 2940.2864,1720,1660, 1595, 
1430, 1450, 1350 cm-’ 5b E and Z ‘H-NMR (CDCl,, 200 MHz) 6 0 88 (3H, d, J=6 9 Hz), 2 27 (3H, s), 
3 72 (6H, 2s). 4 37 (lH, m), 5 17 (lH, d, J=6 0 Hz), 5 47 (1H. s), 6 11 (lH, s), 7.21-7 47 (5H, m) 13C-NMR 
(CDCl,, 50 MHz) 6 13 42, 16 17,51 18,52 63,56 30,8150,9190,119 69,126 05,127 90,128 30,135 51, 
135 70 (selected values) IR (CHC13) v 3040,2966,2950,2891,1720,1445,1361,1160 cm-’ 

Hydrogenation of Sa and 5b: 
method a 
A (0 03M) solution of 5a or 5b17 (leq) m MeOH was hydrogenated (1 atm Hz) m the presence of a 
catalytic amount of 10% Pd/C (003 es) After 3 h stlmng at room temperature the rmxture was filtered 
through CeliteR washing with EtOH The solvent was removed in vacua and the residue was punfied by 
flash chromatography (n-hexane/AcOEt 75/25) 

method b 
NaBH&lO eq) was added to a (0 05 M) solution of 5a or 5b17 (lcq) and CoC& (2 cq) in MeOIVHF (5 1) at 
0 ‘C with snmng After 2 5 h the resultmg nuxture was filtered through a CehteR pad washing with Et20 
The orgamc layer was drted over NazSO,, filtered and the solvent evaporated The residue was punfied by 
flash chromatography (n-hexane/AcOEt 75115) (2’R)-3 EWG= Ts. ‘H-NMR (CDCl,, 200 MHz) 0 81 (3H, 
d, J=7 1 Hz), 1 21 (3H, d, J=6 6 Hz), 2 22-2 96 (3H, m), 2 48 (3H, s), 3 63 (3H, s), 4 02 (lH, m), 4 31 (lH, d, 
J=5 7 Hz), 4 98 (lH, d, J=3 8 Hz), 7 04-7 92 (9H, m) 13C-NMR (CDCl,. 50 MHz) 6 16 29, 17 37,2159, 
35 04, 51 60,58 53, 80 70, 94 04, 125 84, 127 95, 128 28, 129 61, 173 38 (selected values) IR (CHCI,) v 
3030,1970,1870,1731,1595,1490,1450,1430,1349 cm-’ (2’R)-3 EWG= COzMe ‘H-NMR (CDCl,, 200 
MHz) 6 0 81 (3H, d, J=7 1 Hz), 1 18 (3H, d, J=7 0 Hz), 2 21-2 72 (2H, m). 2 83 (lH, m), 3 71 (3H, s), 3 78 
(3H, s), 4 30 (lH, m), 5 04 (lH, d, J=2 4 Hz), 7 23-7 48 (5H, m) 13C-NMR (CDCl,, 50 MHz) 6 16 2, 16 4, 
33 0, 34 9, 51 5, 52 5, 56 5, 807, 92 9, 126 0, 127 8, 128 3, 135 9, 155 0, 173 6 (selected values) IR 
(CHCl,) v 2970,1725.1692,1445,1365 cm-’ 

method c ( for 5b) 
A soluuon of 5b (56 5 mg, 0 18 mmol) m THF/H20 5/l (3 5 ml) was treated with a 1 0 M THF solution of 
Sm12 (8 8 ml, 0 88 mmol) at room temperature and under nitrogen, untd a persistent blue color was 
obtamed The nuxture was extracted with Et,0 The organic extracts were dned over Na2S0,, filtered and 
the solvent evaporated under reduced pressure The crude product was punfied by flash chromatography 
(n-hexane/AcOEt 75/25) to gave (2’S)-3 EWG= COzMe m 33% yield (2’S)-3 EWG= COzMe ‘H-NMR 
(CDCl3,200 MHz)- 6 0 82 (3H, d, J=7 1 Hz), 105 (3H. d. J=6 1 Hz), 2 25-2 70 (2H, m), 2 85 (lH, m), 3 71 
(3H, s), 3 76 (3H, s), 4 81 (lH, m), 5 04 ( lH, d, J=2 8 Hz), 5 14 (lH, d, J=6 0 Hz), 7 25-7 46 (SH, m) 
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13C-NMR 50 (CDC&, &II-b) 6 12.74, 16 06, 32 7,37 7,5158,52.51, 56 34, 80 556.91 12, 125 9, 127 7. 
128 2 (selected values) 
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