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Abstract: Amino alkoxy oxiranes have been isomerized to stereochemically pure amino alcohols, useful
precursors for dipeptides isosteres, by treatment with the superbasic mixture butyllithium/
diisopropylaminel potassium tert-butoxide. Copyright © 1996 Elsevier Science Ltd

The stereoselective synthesis of hydroxyethylene dipeptide isosteres’ is still a very important target, due
to the active interest in the enzyme inhibition properties® of these substances. Any reaction sequence able to
produce amino alcohols in an easy and highly stereoselective manner, is therefore appealing. For this reason we
wish to report our recent findings on the base-promoted isomerization of amino alkoxy oxiranes derived from
natural aminoacids, leading to aminoalcohols.
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We have recently reported® that alkoxy oxiranes 1 can be easily and selectively isomerized to hydroxy
enol ethers 2 by simple treatment with the equimolar mixture butyllithium/ diisopropilamine/ potassium tert-
butoxide (LIDAKOR).* Starting from this observation we envisaged to apply the same reaction sequence to
substrates 8 derived from natural aminoacids.
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Starting materials can be prepared with known procedures™ from aminoacids, via the N-methoxy-N-
methyl amide 3" ® followed by reduction with lithium aluminum hydride to the aldehyde 4. The amino aldehyde
4 can also be prepared via esterification of the corresponding amino acid and reduction with diisobutyl
aluminum hydride," as in the case of serine (4d). The desired epoxy ethers 8 were obtained by way of Horner-
Emmons olefination®'® to the o,B-unsaturated ester 5, reduction with diisobutyl aluminum hydride and boron
trifluoride’ etherate to the allylic alcohol 6, epoxidation with meta-chloroperbenzoic acid'* '* and protection of
the free hydroxyl group. The key step in the sequence outlined above is the epoxidation of the allylic alcohol.
Treatment of the trans-alkenols 6a-c with m-CPBA, afforded the syn-epoxides 7a-c as the sole products. In the
case of substrate 6d derived from serine, however, the synthesis of cis-isomeric alkenol was required in order to
achieve good selectivities in the oxidation step.®
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The resulting amino alkoxy oxiranes 8 were then submitted to the isomerization procedure with
LIDAKOR in tetrahydrofuran at -50 °C. In all the cases examined, the corresponding amino alcohols were
obtained in good yields. The stereochemistry of the newly formed double bond was the one expected on the
basis of our previous results’ in the isomerization of disubstitated oxiranes. trans-Epoxyalcohols 8a-c, after
treatment with LIDAKOR, were converted into a mixture of Z and E-hydroxy enethers 9a-c¢ (9a, 25:75; 9b,
20:80; 9c, 18:82) whereas the Z-oxirane 8d gave exclusively the E-alkenol.
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The relative stereochemistry of the hydroxy and amino groups in compounds 9a-d is always syn and it is
obviously related to the configuration of the starting amino oxiranes 8a-d. This has been proven by measuring"
the coupling constants between hydrogens on carbon 4 and 5 of the cyclic carbamate derivative 11¢ (Jy5= 7.2
Hz)", obtained by reduction of the double bond in 9¢ with hydrogen and Pd/C, mesylation of the free hydroxyl
group and fluoride ion induced ring closure of the N-silyloxycarbonylated amino diol 10c.'® In conclusion, the
LIDAKOR induced isomerization of oxiranyl ethers 8a-d provided a highly stereoselective route to amino
hydroxy enethers 9a-d, valuable precursors for the synthesis of dipeptide isosteres.

EXPERIMENTAL PART

1. Typical procedure

Compound 6a was obtained by reduction of the corresponding a,B-unsaturated ester. The ester 5a° (16.5 mmol) was
dissolved in dry CH.Cl, (65 mL) and cooled to -78 °C. BF; E;O (2.0 eq) was added and after 30 min DIBAH (1.5 M solution in
toluene, 3.0 eq) was slowly transferred to the solution. After 45 min the reaction was quenched with CH;COOH (5.0 M solution in
CH,Cl,, 30 mL), washed with 10% citric acid (100 mL), sat. NaHCO; (100 mL), brine (100 mL), and dried (Na,SO,). The
resulting allylic alcohol 6a was used in the next step without any further purification. It was dissolved in CH;Cl, (20 mL) and
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cooled to 0 °C; m-CPBA (2.0 eq) also dissolved in CH,Cl, (60 mL) was slowly added. The reaction mixture was then warmed up to
room temperature, allowed to react overnight and then quenched with 10% Na,$,0; (40 mL), washed with sat. NaHCO; (2x50
mL), brine (2x50 mL) and dried (Na,SO,). Evaporation of the solvent under reduced pressure gave the crude epoxide 7a as a light
yellow oil (92 %) which was purified by flash column chromatography (petroleum ether/ethyl acetate 1:2). Oxirane 7a (1.7 mmol)
was dissolved in dry CH:Cl; (5.0 mL) under N, and the solution was cooled to 0 °C. Diisopropylethylamine (2.0 eq) and
methoxymethyl chloride (1.5 eq) were added. The reaction mixture was warmed up to room temperature and allowed to react
overnight. The mixture was then washed with 10% HCI (2x10 mL), sat NaHCQ3 (2x10 mL), brine (2x10 mL) and dried (Na,SOy).
Evaporation of the solvent under reduced pressure and purification by flash column chromatography (petroleum ether/ethyl acetate
3:2) afforded pure 8a (77%).

Isomerization of the oxirane. The same techniques or principles were applied as previously described.” Hexane was
stripped off from a solution of BuLi (3.0 eq) and precooled THF (1.5 mL) was added at -78 °C under N,, followed by
diisopropylamine (3.0 eq) and potassium tert-butoxide (3.0 eq). The mixture was stirred at -78 °C for 45 min. Compound 8a (0.6
mmol, dissolved in 0.5 mL of dry THF) was added and allowed to react for 18 h at -50°C. The reaction mixture was then warmed
up to room temperature, quenched with H;O (2 mL) and extracted with Et;O (2x5 mL). The organic layers were combined, washed
with brine (10 mL) and dried (Na,SOy). Evaporation of the solvent under reduced pressure gave 166 mg of the desired product as
an orange oil, which upon purification by flash column chromatography (petroleum ether/ethyl acetate 1:1), yielded pure 9a (60%).

2. Products"’
7a: (25%). "H-NMR (CDCls, 200 MHz): 4.6 (1H, bd, J= 9.2); 3.92 (1H, dd, J= 12.4, 1.8); 3.72 (1H, m); 3.62 (1H, dd, J= 12.4,
4.4); 3.09 (1H, m); 2.94 (1H, m); 2.23 (1H, bs); 1.89 (1H, m); 1.42 (9H, s); 0.99 (3H, d, J= 4.4); 0.96 (3H, d, J= 4.4). > C-NMR
(CDCl;, 50.3 MHz) 155.9; 79.4: 61.1; 55.4; 55.0; 53.4; 32.8; 28.5; 19.1; 18.4. MS m/z (%): 202 (50, M*-C3Hy); 146 (20); 102 (65);
57 (100, C4Hy"). [a]§= +13.08° (c= 1; CHCl3). 8a: (77%). "H-NMR (CDCls, 200 MHz): 4.62 (2H, s): 3.78 (1H, dd, J= 11.8, 2.6);

3.75 (1H, m); 3.52 (1H, dd, J= 11.9, 5.0); 3.35 (3H, s); 2.97 (2H, m); 1.95 (1H, m); 1.41 (9H, s); 0.99 (3H, d, J= 4.8); 0.96 (3H, d,
J= 4.8)."® C-NMR (CDCls, 75.45 MHz): 155.7; 96.3; 79.1; 66.87; 57.6; 55.4; 55.1; 53.0; 32.1; 28.1; 18.9; 18.2. MS m/z (%): 246
(10, M*-43); 202 (38); 190 (30); 146 (28); 72 (90); 57 (100, C,Hy"). 9a: (60%). 'H-NMR (CDCl,, 200 MHz): 6.47 (1H, d, J=
12.4); 5.13 (1H, dd, /= 124, 8.4); 4.79 (2H, s); 4.13 (1H, dd, J= 8.2, 4.4); 3.37 (3H, s); 2.25 (1H, m); 1.88 (1H, m); 1.42 (9H, s);
0.95 (3H, d, J= 6.6); 0.88 (3H, d, J= 6.6). '* C-NMR (CDCl,, 50.3 MHz): 156.7; 146.5; 108.6; 95.6; 79.1; 70.0; 60.8; 55.8; 29.6;
28.3; 20.0. MS miz (%): 198 (4); 154 (8); 116 (70); 72 (100); 57 (86, C:Hy*). 7b: (28%). '"H-NMR (CDCl;, 200 MHz): 4.45 (1H,
bd, J=9.1); 3.98 (1H, m); 3.92 (1H, dd, J= 124, 1.4); 3.63 (1H, dd, J= 12.4, 3.3); 3.01 (2H, bs); 2.12 (1H, m); 1.68 (1H, m); 1.3-
1.5 (2H, m); 1.41 (9H. s); 0.97 (3H. s); 0.93 (3H, s). MS m/z (%): 259 (5, M"); 202 (3, M"-C.Hy); 146 (10); 102 (22); 86 (50); 57
(95, CHg*). [(X];l= -2.83° (c= 1.05, CHCl3). 8b: (25%). 'H-NMR (CDCls, 200 MHz): 4.63 (2H, s); 4.38 (1H, bd, J= 5.3); 4.11

(1H, m); 3.81 (1H, dd, J= 11.8, 2.6); 3.52 (1H, dd, J= 11.8, 5.6); 3.38 (3H, s): 3.05 (1H, m); 2.94 (1H, m); 1.85 (1H, m); 1.3-1.5
(2H.m); 142 (9H. 5); 0.98 (3H, 5); 0.93 (3H, 5).”" C-NMR (CDCl,, 50.3 MHz): 155.5; 96.5; 79.4; 67.0; 57.5; 55.3; 54.1; 46.7;
42.4; 28.3; 24.6, 22.9: 22.1. MS iz (%): 246 (10, M"™-CHy); 190 (16); 146 (15); 130 (32); 57 (100, CaHy"). [@]5 = +0.17° (c=
132, CHCIy). 9b: (40%) 'H-NMR (CDCl;, 200 MHz): 6.47 (1H, d, J= 12.6); 5.12 (1H, dd, J= 12.6, 8.6); 4.82 (2H. s); 3.95 (1H,
m); 3.63 (1H, m); 3.38 (3H, s): 1.89 (1H, m); 1.44 (9H, s); 1.25 (2H, m); 0.93 (3H, m); 0.91 (3H, m). MS m/z (%): 303 (1, M");
247 (2); 191 (7); 147 (6); 57 (100. C4Hy"). 7e: (82%). 'H-NMR (CDCls, 500 MHz): 7.28 (SH, m); 4.62 (1H, bd, J= 9.6); 4.10 (1H,
bs): 3.85 (1H, dd, J= 12.6, 2.6); 3.55 (1H, dd, J= 12.6, 4.0); 3.05 (1H, m); 2.97 (1H, m); 2.87 (2H, AB); 1.79 (1H, m): 1.41 9H,
$). " C-NMR (CDCl. 75.45 MHz): 155.3; 137.1: 129.4: 128.6: 126.6; 79.6; 61.0; 56.2, 56.1; 50.5; 39.7: 28.2. MS m/z (%): 202
(31, M"-CyHh): 176 (10); 146 (64); 102 (86); 91 (89 ); 57 (100 CaHy"). [@]})= +3.72° (c= 1.1, CHCLy). 8c: (16%). "H-NMR
(CDCls, 500 MHz): 7.27 (SH. m); 4.61 (2H, AB); 4.55 (1H, m); 4.12 (1H, m); 3.74 (1H, dd, J= 11.8, 3.0); 3.46 (IH, dd. J= 1138,
6.0); 3.17 (3H. 5): 3.02 (1H, m); 2.97 (1H, m); 2.86 (2H, dd, J= 11.4, 8.4), 1.38 (9H, 5). '* C -NMR (CDCl;, 75.45 MHz): 155.2;
137.1; 129.4; 129.1; 126.6; 963, 79.4; 66.8; 56.0; 55.1, 54.4; 503 39.6; 28.1. MS miz (%): 246 (27, M*-C;Hy); 190 (48); 176
(16); 158 (10): 146 (76); 91 (97); 57 (100, CsHy"). [@t]}) = +4.1° (c= 1.06, CHCIy). 9¢: (28%) "H-NMR (CDCls, 200 MHz): 7.26
(SH, m); 6.43 (1H. d, J= 12.4); 5.17 (1H, dd. J= 12.4, 8.4); 4.79 (2H, 5); 4.76 (1H, m); 4.02 (1H, dd, J= 8.4, 2.8); 3.38 (3H, s);
2.90 (2H, AB): 1.38 (9H, 5). ** C-NMR (CDCl;, 200 MHz): 156.0; 147.8; 138.3: 129.4; 128.4; 126.6; 107.8; 95.7: 79.4; 70.3; 56.7;
§5.9; 37.9; 28.3. MS miz (%): 220 (8): 164 (37); 120 (72); 91 (60); 57 (100, C4Hy"). 11c: 'H-NMR (CDCls, 200 MHz): 7.2.7.4
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(6H, m); 4.87 (1H, m); 4.65 (2H, 5); 4.00 (1H, ddd, J= 11.0, 7.2, 3.4); 3.75 (2H, m); 3.38 (3H. 5); 2.92 (1H, dd, J= 13.2, 3.4): 2.65
(1H, dd, J= 13.2, 11.0); 2.05 (2H. m). 7d: (86%). 'H-NMR (CDCl;, 200 MHz): 4.02 (2H, m.); 3.85 (3H, m); 3.11 (2H, m); 1.61
(3H, 5); 1.48 (12H, 5). ™ C-NMR (CDCls, 50.3 MHz): 151.6; 94.1; 80.6; 66.0; 59.8; 59.5; 56.4; 55.5: 28.3; 27.3; 24.5. MS mz
(%): 258 (15, M*-CHy); 202 (11); 186 (5); 158 (80); 57 (100, C4Hy"). [@t] = +7.4° (c= 0.9 CHCL,). 8d: (60%) 'H-NMR (CDCl,
500 Mhz, 323 K): 4.64 (2H, q AB, J=6.5); 4.02 (1H, dd. J= 9.2, 2.6); 3.88 (2H, m); 3.56 (1H. dd, J= 9.2.4.6); 3.65 (1H, m); 3.39
(3H, 5); 3.14 (2H, m); 1.64 (9H, 5); 1.52 (9H, s); 1.49 (3H, 5). *C-NMR (CDCls, 50.3 Mhz): 151.7; 96.9; 94.3; 80.7; 65.8; 58.9;
56.9; 55.6; 53.6; 52.6; 29.8; 28.1, MS miz (%): 302 (8, M"-CH); 202 (60); 57 (100, CsH;).[ @]} = +21.3° (c= 0.8, CHCL,). 9d:
(43%). "H-NMR (CDCls, 500 MHz): 6.41 (1H, d, J= 12.4); 5.00 (1H, app t, J= 12.2); 4.76 (2H, 5); 4.21 (1H, m); 3.96(1H, m);
3.91 (2H,m): 3.30 (3H. s); 1.56 (3H, 5); 1.54 (3H, 5); 1.41 (9H, 5). "C-NMR (CDCl, 75.45 MHz): 156.5; 147.5; 107.7; 95.0; 8L.5;
73.4; 64.8; 56.0; 55.8: 28.4; 27.2. MS miz (%): 317 (1, M*); 240 (5); 164 (32); 140 (60); 57 (100, CaHy"). []}) = -44.3° (c= 065,

CHClL).
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