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Abstract - The synthesis of optically active 6-hydroxyethyl penems intro-
ducing the side chain by an aldol condensation on methyl penicillanate S-

oxide is described,

Very recently several papers have been appearing on the synthesis of C-6 substituted 1;>enems.1 As
part of our continuing interest  in this noteworthy class of antibacterial agents, we wish here to
describe the first synthesis of optically active penems bearing at once the thienamycin and cepha-
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Methyl penicillanate S-oxide (_3_)4 was chosen as a new substrate for the introduction of the hydroxy-

ethyl side chain by means of an aldol condensation.
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Treatment of compound g enolate (LDA, ~78°C) with acetaldehyde showed a complete stereoselecti-
vity for the C-6 configuration affording (60% yield) a mixture (2:3) of the truans diastereoisomers
4 (8R) and 5 (SS).5 The separation was performed by preparative HPLC. 4: P.M.R. (CDC13)’ o (ppm):
1.25 (s, 3H, aga); 1.36 (d, J = 6.5 Hz, 3H, §E3CH); 1.70 (s, 3H, nga); 3.56 (dd, J = 2.0, 6.5
Hz, 18, H-6); 3.72 (s, 3H, COOCH;); 4.35 (dq, J = 6.5, 6.5 Hz, 1H, GHOH); 4.49 (s, 1H, H-3); 5.00
(d, J = 2.0 Hz, 1H, H-3). 5: P.M.R. (€DC1,), O (ppm): 1.28 (s, 3H, QCH); 1.45 (4, I = 6.0 Bz,
3H, E§3CH); 1.72 (s, 3H, l35:_}53); 3.72 {ad, J = 2.0, 4.0 Hz, 1H, H-6); 3.80 (s, 3H, coog3); 4,27
(dq, J = 4.0, 6.0 Hz, 1H, CHOH); 4.48 (s, 1H, H-3); 5.05 (d, J = 2.0 Hz, 1H, H-3).

The stereochemistry of the side chain was assigned by comparison of 4 and 5 with authentic samp1e56
obtained following the procedure7 described for the synthesis of 6-~hydroxyethyl penams, Furthermo-
re, shift reagent studies on P.M.R. spectra confirmed this attribution. We began performing the
synthesis (scheme} of 1 (natural stereochemistry) starting from 4 knowingla that 8R-hydroxyethyl
penems are biologically much more active than the corvesponding 8S-isomers.

Protection of the hydroxyl group of 4 as its p-nitrobenzylcarbonate and subsequent treatment with
1,4=diacetyloxybut-2-yne (refluxing toluene, 70% yield) gave compound 6 as a mixture of diastereo-
isomeric sulphoxides with ¢is stereochemistry in the butenyl moiety.2a Major isomer, P.M.R.
(cDC1,), O (ppm): 1.40 (d, J = 6.0 Hz, 3H, CH,CH); 1.97, 2.05, 2.10 (s, 9H, 2 ocogn, -<€§2);3.64
(m, 1H, H-6); 3.75 (s, 3H, 000@3); 4,75 (d, J = 7.0 Hz, 2ZH, ..;.,,_g}_lzoco); 4,77 (s, 24, _@2000);4.97
(s, 2H, —<g—§§); 5.20 (s, 2H, CHyPh); 4.8-5.2 (m, 3H, H-5, CH-CH, CHCOOCH3); 6.43 (t, J = 7.0 Hz,
1H,%-H); 7.4-8.4 (m, &4H, g_llNoz).

Isomerization of the isopropenyl double bond (Et3N) and reduction of the sulphoxides (PBr3, DMF,
-20°C) afforded the sulphide 7 in 85% overall yield from 6. Ozonolysis on both double bonds and
cleavage of the oxamide moiety (methanol on silica gel) gave 8 in 807 yield over the two steps,
P.M.R. (CDCL,), O (ppm): 1.43 (d, J = 6.0 Hz, 3H, CH,CH); 2.17 (s, 3H, OCOCH,); 3.39 (dd, J = 2.0,
7.0 Hz, 1H, kﬁ); 4.72 (s, 2H, E_HZOCO); 5.2-5.4 (m, 1H, ECH3); 5.24 (s, 2H, C_H?_Ph); 5,32 (d,J=
2.0 Hz, 1M, B-5); 6.80 (bs, 1H, NH); 7.4-8.4 (m, 4H, g_thoz).

Condensation of 8 with acetonyl glyoxylate and chlorination of the resulting diasterecisomeric car—
binolamides were followed by the transformation into the phosphorane 9a (40°C, tetrahydrofuran,
PPh3, pyridine} with 80Z yield from 8. Cyclization to the penem derivative 10a occurred by simple
heating 3a (refluxing toluene, 30'} in the presence of a catalytic amount of hydroquinome (807
yield). Final deprotection of the hydroxyl group (HZ’ 10% Pd-C) afforded the (5R, 6S, 8R) penem 1a
in 607 yield. /@ 720+ 134° (1.04, CHCL,).

P.M.R. (CDCL,), O (ppm): 1.32 (4, J = 6.5 Hz, 3H, CH,CH); 2.10 (s, 3H, OCOCH,); 2.20 (s,3H, COCH,);
3.06 (bs, 1H, OH); 3.74 (dd, J = 2.0, 7.0 Hz, 1H, H-6); 4.23 (m, 1H, CHOH}; 4.77 (s, 2H, EEZCO);
5.12, 5.38 (d, J = 16.0 Hz, 2H, gﬂzoco); 5.63 {(d, J = 2.0 Hz, 1H, H-5). IR (CH013) Y {co~1) 1795,
1750, 1720.

The enzymatically labile esters 12? and EE? were analogously prepared. The same reaction pattern
was then repeated for the synthesis of (SR, 6§, 85) hydroxyethyl penem 2 from 5. 2: P.M.R.(CDCI3),
6 (ppm); 1.38 (4, J = 6.5 Hz, 3H, CH,CH); 2.09 (s, ‘3H, OCOGH,); 2.20 (s, 3H, COCH,); 3.86 (dd, J =
2.0, 4.0 Bz, 1H, B-6); 4.22 (dq, J = 6.5, 4.0 Hz, 1H, CHOH); 4.72 (s, 2H, CH,CO); 5.12, 5.42 (d4,J=
15.5 Hz, 2H, EEQOCO); 5,58 (d, J
salt of 1 will be reported.10

2.0 Hz, 1H, HB-5). The high antibacterial activity of the sodium
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1b. UV (RtOH): 4 . 327 em (€& 8000). P.M.R. (CDCL,), Olppm): 1.35 (d, J = 6.5 Hz, 3H, CH,CH) 5
2.12 (s, 68, OCOGH,, CH,0COCH); 2.87 (bs, 1H, OH); 3.75 (dd, J = 1.5, 6.0 He, 1H, E=6);4.21 (m,
1H, CHOH); 5.10, 5.42 (two d, J = 16,0 Hz, 2H, ggzoco); 5.65 (d, 3 = 1.5 Hz, 1H, H-5); 5.84 (s,
2H, COOCH,). F.D. Mass Spectrum m/z 359 oy,

le. uv (Etom: A 328 tm (& 6000). P.M.R. (CDCL,), Ofppm}: 1.22 (s, 9H, C(GH;),); 1.33 (4,
J=6.5Hz,3H,_c_E13CH); 2,48 (bs, 1H, OH); 3.74 (dd, J = 1.5, 6.5 Hz, 1H, H-6); 4.23 (m, 1H, CHOH);
5,06, 5,38 (two d, J = 15,5 Hz, 2H, ggzoco); 5.62 (d, J = t.5 Hz, 1H, H-5); 5.86 (dd, 2H, coogz).
I.R. (CH,C1,} Y(cm '): 1795, 1750, 1720 (sh).
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