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AN AZIRIDINE ROUTE TO CHIRAL B-LACTAMS
A NOVEL ENTRY TO (+)-THIENAMYCIN

David Tanner‘and Peter Somfai
Department of Organic Chemistry
Chalmers University of Technology
S-412 96 GbGteborg, Sweden

Abstract. Enantiomerically pure 2,3- epoxy alcohols are transformed readily and
stereospecifically to the corresponding aziridines, regioselective ring-opening
of which allows subseguent conversion to chiral f-lactams suitable for elaboration
to the title antibiotic.

Thienamycin, 1, is an unusually potent antibiotic isolated1 from
Streptomyces cattleya. During the decade since its discovery this
important carbapenem has stimulated the imagination of many organic

chemistsz, partly due to the fact that large quantities of the

antibiotic are not available from natural sources. We now wish to
report a novel entry to the natural form of Thienamycin, our approach
being based on chiral 2,3-aziridino alcohols such as 3 (see Schemes
1 and 2).
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The known3 chiral epoxide 2 (398% e.e. by the Sharpless asymmetric
epoxidation technique) was transformed on a multi-gram scale and in
excellent overall yield to the key "inverted" aziridino alcohol 3 by
a straightforward series of operations4'5. The amino function was then
selectively protected as the p-toluenesulfonamide 4 ([a]D +23°, CH2C12)
and this material rapidly underwent clean ring-opening by Red-Al in THF
to yield the 1,3-sulfonamido-alcohol 5 exclusively. After RuO4 oxidation
of the alcohol6 and removal of the sulfonamide moiety by sodium
naphthalide in DME7 the resultant B-amino acid 6 was cyclised by the
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method of Ohnos. Desilylation then furnished the azetidinone 7 which is

9

an early key intermediate in the Merck synthesis” of (+)-Thienamycin.
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Scheme 1. (a) NaN3,MeO(CH2)2OH/H20, 98% yield, then TBDMSCl,DMAP,NEt3,
CH2C12, 90% (b) P(Ph)3,toluene,ref1ux, 86% (c) Na/NH3(l) 100%

(d) TsCl,NEt3,CH2C12, 88%.
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Scheme 2. (a) Red-Al, -78°C,THF, 92% (b) RuCl3/NaIO4,CCl4/H20/CH3CN, 90%
(c) C,oHg/Na, -60°C to RT (d)PPh,/(PyS),, CH,(N, 45%(two steps)
(e) Bu,NF,THF, HOAC, 92%.

3

The excellent regioselectivity (>100:1 according to 270 MHz 1H NMR)

observed in the ring-opening of aziridino alcohol 4 is in accord with
the large body of results obtained for analogous epoxides by the

10

Sharpless-Masamune constellation and by Kishi11. With many epoxy

alcohols, Red-Al consistently gave 1,3-diols (near) exclusively while

11

ring-opening with DIBAL yielded, much less selectively ', the regio-

isomeric 1,2-diols. Lithium aluminium hydride was found to be either

1 or to favour slightly the 1,3 mode1o.

devoid of selectivity
For the present study, the chiral aziridine 8 was prepared from 2

and subjected to the above-mentioned hydride reagents, the results being

collected in the Table below. As shown, the same excellent regio-

selectivity was observed in the ring-opening of 8 by both Red-Al and,

perhaps surprisingly, LAH. The reactions with DIBAL usually gave much

poorer chemical yields and were also markedly solvent-dependent (see

Table).
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Product ratio
Reagent and Reaction Conditions % isolated yield 9 : 10
Red-Al,THF,-78°C 86 >100 1
LAH, THF,-20°C 80 >100 : 1
DIBAL,THF,-78°C to RT 302/ >100 : 1
DIBAL,C6H6,OOC to RT 20P 1 1
NaBH4/Ti(OiPr)4,C6H6,RT12 No reaction

Table. Reductive ring-opening of the aziridino alcohol 8
a) measured by 270 MHz 1H NMR

b) reaction incomplete

Very recentlyjz, a combination of borohydride and titanium alkoxide
was reported to be very effective for conversion of 2,3-epoxy alcohols
to 1,2-diols, but this reagent was totally ineffective towards the
aziridino alcohol 8, for which a "1,2-selective" reagent remains to be
found.

Due to the obvious analogies with the well-explored chemistry of the
corresponding epoxides, a more detailed and systematic study of the
nucleophilic ring-opening of chiral 2,3-aziridino alcohols (e.g. use of
cuprates and other organometallics) is now being undertaken in these
laboratories. Substrates such as 2,3-aziridino acids (cf. Ref. 13) are

also under consideration.
In conclusion, it has been demonstrated that chiral 2,3-aziridino
alcohols provide a simple route to the important B-lactam ring system,
this route being, potentially, a very flexible one. It is our belief
that these aziridines hold much promise for the enantioselective
synthesis of chiral ligands and a variety of natural products including,

for example, congeners of 1 and also alkaloids. Results will be reported

in due course.
Acknowledgements. We thank the Swedish Natural Science Research Council

for financial support. We are also indebted to Dr. Lars Baltzer,

University of G&teborg, for some 400 MHz ]H NMR spectra.



1214

|lw

o

[ L]

| oo
.

|wo

REFERENCES

For the structure determination and absolute configuration of Thienamycin, see:
Albers-Schtnberg,G., Hoogsteen,K., Ratcliffe,R.W. et al. J.Am.Chem.Soc.(1978)100
6491.

(a)General review of Carbapenems: Ratcliffe,R.W. and Albers—Schénberg,G. in
"Chemistry and Biology of B-Lactam Antibiotics", Morin,R.B. and Gorman,M. (Eds.)
Academic Press,New York,1982, vol. 2, Chap. 4. (b) Recent review of carbapenem
synthesis: Kametani,T., Fukumoto,K. and Thara,M. Heterocycles (1982)17 463.

(c) For some very recent synthetic work on (+)-Thienamycin see,e.q.,Evans,D.A. and
Sjogren,E.B, Tetrahedron Lett. (1986) 4961.

Katsuki,T., lee,A.W.M., Ma,P., Martin,V.S., Masamune,S., Sharpless,K.B., Tuddenham,
D. and Walker,F.J. J.Org.Chem. (1982) 47 1373.

Ring-opening with azide: Behrens,C.S. and Sharpless,K.B. J.Org.Chem. (1985)50 5696.
Conversion of 1,2-azido alcohols to aziridines with inversion at both centres of
the original epoxide, see (a) Ittah,Y., Sasson,Y., Shahak,I., Isarocm,,S. and
Blum,J. J.0rg.Chem.(1978)43 4271 and (b) Zamboni,R. and Rokach,J. Tetrahedron Lett.
(1983) 331. See also: Durdault,A., Greck,C. and Depezay,J.C. ibid. (1986) 4157.
Carlsen,P.H.J., Katsuki,T., Martin,V.S. and Sharpless,K.B. J.Org.Chem.(1981)46 3938.
Ji,S., Gortler,L.B., Waring,A., Battisti,A., Bank,S., Closson,W.D. and Wriede,P.
J.Am.Chem.Soc. (1967)89 5311.

Kobayashi,S., Iimori,T., Izawa,T. and Ohno,M. J.Am.Chem.Soc.(1981)103 2406.

The product from cyclisation of 6 showed the expected strong IR band at 1740 c:m-1 .
Salzmann,T.N., Ratcliffe,R.W., Christensen,B.G. and Bouffard,F.A. J.Am.Chem.Soc.
(1980) 102 6161.

See, for example,Ma,P., Martin,V.S., Masamme,S., Sharpless,K.B. and Viti,S.M.
J.0rg.Chem. (1982)47 1378.

. See,for example, Finan,J.M. and Kishi,Y. Tetrahedron Lett. (1982) 2713. For

epaxy alcohol ring—opening by organocuprates, see: Johnson,M.R., Nakata,T. and
Kishi,¥Y. ibid. (1979) 4343, and Nagacka,H. and Kishi,Y. Tetrahedron (1981)37 3873
and references therein.

pai,L.X., lou,B.L., Zhang,Y¥.Z. and Gho,G.Z. Tetrahedron Lett. (1986) 4343.
Ring-opening of 2,3-epaxy acids by organocuprates: Chong,J.M. and Sharpless,K.B.
Tetrahedron Lett. (1985) 4683. See also: Mulzer,J. and Lammer,O. Chem.Ber. (1986)
119 2178. For reactioins of the corresponding epoxy esters,see: Hartman,B.C.,
Livinghouse,T. and Rickborn,B. J.Org.Chem.(1973)38 4346; Johnson,C.R., Herr,R.W.
and Wieland,D.M. ibid. (1973)38 4263; Herr,R.W., Wielarnd,D.M. and Johnson,C.R.
J.Am.Chem.Soc. (1970)92 3813.

(Received in UK 15 December 1986)



