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Abstract: Staudinger reaction of imines 1 and 2 derived from galactose with a variety of acid chlorides resulted in the
formation of two B-lactams with cis configuraiion, typically in a 60:40 ratio and in good yields. The B-lactams were
separated and the absolute stereochemistry of the diastereoisomers was determined by single crystal X-ray analysis and

correlation of their TH-NMR data.

We recently reported? on preliminary results concerning the asymmetric Staudinger reaction? utilizing the
benzaldehyde-imine 1 (Scheme 1) derived from 2,3,4,6-tetra-O-acetyl-B-D-galactopyranosylamine®3 as the
chiral auxiliary.® The resulting cis-B-lactams (4, 5) can be hydrolyzed and subsequently benzoylated? to yield
N-benzoyl-3-phenylisoserines? of type 6 (R2 = Ph), which are important building blocks for the semi-synthesis

of the antitumor agent taxol8 and its analogues.
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Because our preliminary studies appeared? to be very promising, we decided to investigate the potential
of this reaction for the asymmetric synthesis of B-lactams and a-hydroxy-B-amino acids with a variety of
substrates. The results of our studies are detailed in the Table. The reactions were carried out? with different
acid chlorides 3 (R3 = Ph, Ac, and p-MeOPh) and imines 1 (R] = acetyl) or 2 (R] = pivaloyl) in
dichloromethane (solvent A), dichloroethane (solvent B), or a dichloromethane-dichloroethane mixture (1:1)
(solvent C), in the presence of triethylamine, and at room temperature. As evident from the Table, the reactions
resulted in the formation of the two cis-isomers 4 and 5, typically in a 60 to 40 ratio with a preference for the
formation of the cis-isomer carrying both B-lactam substituents R2 and OR3 in the a~orientation. As
determined by their NMR-data, all of the products 4a-4j and 5a-5j possess B—configuration at the anomeric

center.

In most experiments we utilized the f—anomers of imines 1 or 2. However, when an a— and -
mixture (1:3) of imine 1 (R = p-MeOPh) was subjected to the Staudinger reaction with phenoxyacetyl chloride
3 (R3 = Ph), we found that the o-anomer did not react with the ketene.!® Thus, the reaction of the B-anomer of
this mixture produced similar yields and isomeric ratios (55:45) for the formation of B-lactams 4g and 5g as
observed in the reaction with the pure B-anomer. No a—anomeric reaction products were observed.

Table
R,0 OR,
H H H H
R,0 A A Rsoj:” s Raoj—_—sr *
OR, \\Hr 2. R;OCH,COC! 3 G N“R4 o N R,
1R,=Ac 4 s
2 Ry=Piv Rg4= 2,3.4,6-tetra-O-acyl-B-D-galactopyranosyl
Com- Imine R2 R3 (%) of 4 (%) of § Solvent Yield
pound (%)
a 1 Ph Ph 45-75 55-25 A 90
b 1 Ph Ac 50 50 A 72
c 2 Ph Ac 57 43 C 32
d 1 Ph p-MeOPh 60 40 A 75
e 1 p-ClPh Ph 60 40 A 85
f 1 p-NO2Ph Ph 66 33 A 85
. 4 1 p-MeOPh Ph 55 45 A 86
h 1 p-MePh Ph 60 40 A 93
i 1 PhCH=CH- Ac 54 46 C 87
j 1 PhCH=CH- Ph 40 60 B 85
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The isomers 4a, 4b, 4d-4i and 5a, 5§b, Sd-5i were separated by gravity column chromatography or
medium pressure column chromatography and fully characterized by 1H-NMR, IR, optical rotation, and
elemental analysis or HRMS. In all instances isomer § eluted from the column before isomer 4. Due to the
highly crystalline character of B-lactams 4 and 5, isomers 4a, 5i, and 5j could also be isolated in pure form

through fractional recrystallization.

Since it was initially not obvious how the absolute stereochemistry at the B—lactam moiety of products 4
and 5 could be assigned, single crystal X-ray analyses of 4a (R2 = Ph, R3 = Ph), 4e (R2 = p-CIPh, R3 = Ph)
(Figure) and §i (Rp = PhCH=CH-, R3 = Ac) were performed. The assignment of the other isomers was made
by comparison of their IH-NMR datall and optical properties!2 with derivatives 4a, 4e, and 5i.

Figure: ORTEP-drawing and structure of B-lactam 4e.
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General procedure for the formation of B-lactams 4 and §: Imine 1a (1mmol) and triethylamine (0.63
mL, 4.5 mmol) were dissolved in the given (Table) solvent (15 mL) under anhydrous conditions and
cooled to 0 °C. Then a solution of the acid chloride (3.5 mmol) in dichloromethane (5 mL) was added
dropwise over a time period of 30 minutes to the reaction mixture. The ice bath was removed and the
solution was stirred at room temperature overnight. After quenching the reaction mixture with ice water,
the organic layer was washed with saturated NaHCO3 solution (2x10 mL), water (3x15 mL), and brine
(10 mL). After evaporation of the solvent, the crude reaction product was subjected to column
chromatography on silica gel utilizing ethyl acetate/hexanes (2:3) as the eluent.

For a review on the use of galactose imines in asymmetric synthesis, and on similar results with respect to

the reactivity of o-anomers see: Kunz, H. In Selectivities in Lewis Acid Promoted Reactions; Schinzer,
D., Ed.; Kluver Academic: Dordrecht, 1989; pp 189-202.

The resonance frequency (!H-NMR) for H-2 (galactose) of B-lactams 4a-dh (~4.9 ppm) was
consistently found at higher field than for the corresponding isomers 5a-5h (~5.4 ppm).

IH-NMR data (300 MHz in CDCI3) for B-lactam 4g: & 1.89(s, 3H); 1.91(s, 3H); 2.06(s, 3H); 2.08(s,
3H); 3.77(s, 3H, -OCH3); 3.97(t, J=6.9Hz, 1H, Hs); 4.12(d, J=6.6Hz, 2H, Hga, Heb); 4.89(dd,
J1,2=12,3=9.9Hz, 1H, H2); 4.95(dd, J2 3=9.3Hz, J3 4=3.0Hz, 1H, H3); 5.11(d, J=8.7Hz, 1H, Hj);
5.15(d, J=5.1Hz, 1H, H4?; 5.33(d, J=2.7Hz, 1H, Hy); 5.43(d, J=4.8Hz, 1H, H3"); 6.73(d, J=7.8Hz,
2H); 6.81(d, J=8.7Hz, 2H); 6.89(t, J=7.4Hz, 1H); 7.13(t, J=8.0Hz, 2H); 7.32(d, J=8.7Hz, 2H).
1H-NMR data (300 MHz in CDCI3) for B-lactam 5g: 8 1.96(s, 3H); 1.98(s, 3H); 2.02(s, 3H); 2.14(s,
3H); 3.76(s, 3H, -OCH3); 3.80-3.92(m, 3H, Hs, Hga, Heb); 5.00(dd, 12,3=10.3Hz, J3 4=3.4Hz, 1H,
H3); 5.04(d, J=9.4Hz, 1H, H1); 5.15(d, J=4.8Hz, 1H, H4'); 5.29(d, J=3.4Hz, 1H, H4); 5.35(d,
J=4.6Hz, 1H, H3'); 5.37(dd, J1,2=J2,3=10.0Hz, 1H, H2); 6.74(d, J=8.3Hz, 2H); 6.79(d, J=8.7Hz,
2H); 6.90(t, J=7.3Hz, 1H); 7.14(t, J=7.9Hz, 2H); 7.36(d, J=8.61Hz, 2H).

All diastereoisomers 4 displayed (+) optical rotations and all isomers 5 showed (-) optical rotations.

B-Lactam 4g: [a]y+50.7°(c, 1.085, CHCI3). B-Lactam 5g: [o]p-21.8°(c, 1.030, CHCI3). The CD
spectra of isomer 4g and isomer 5g displayed mirror image-like curves.
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