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Recently, we reported that the unstable [2 + 2]cycloadducts (1) of tosyl [1,2] or
trichloroacetyl [3,4] isocyanate and glycals, upon treatment with alcohols or water,
underwent rapid opening of the four-membered ring at the anomeric carbon atom
to afford glycosides having alkoxyl and carbamoyl functions located anti (Scheme
1) [1-4].

In this paper, we demonstrate that the direction of the attack of nucleophiles at
2-C : 1-N-carbonyl-2-deoxyglycopyranosylamines [5] depends on the electronegativ-
ity of the Z-substituent at the nitrogen atom. To illustrate this phenomenon, we
selected four compounds (5—-8) of a-p-gluco configuration, bearing an N-acyl
substituent having less electron-withdrawing character than a sulfonyl or
trichloroacetyl substituent.

The tetraacetate 5 was obtained by peracetylation of the unsubstituted com-
pound 2 [6], whereas the N-acetyl (6), N-ethoxycarbonyl (7), and N-carbamoyl (8)
derivatives were obtained by direct acylation of the B-lactam nitrogen atom in 4
with acetic anhydride, ethyl chloroformate, and trichloroacetyl isocyanate, respec-
tively. Compound 7 could also be obtained by high-pressure [2 + 2]cycloaddition of
ethoxycarbonyl isocyanate to tri-O-benzyl-p-glucal [7].

Compounds 5-8, when dissolved in methanol and left overnight at room
temperature, afforded the respective methyl esters 9-12 in good or moderate yield.
The same direction of opening was observed when the N-acyl compounds 5-8
were treated with benzylamine, hexylamine, or the methyl ester of glycine. The
products 9, 10, 13, 14, 17, and 18 derived from the N-acetyl compounds 5 and 6
were contaminated with the corresponding N-deprotected compounds 3 and 4.

Opening of the four-membered B-lactam ring at the anomeric carbon atom is
an Sy type reaction and requires a good leaving group at the place of substitution.
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Scheme 1.

This is accomplished if the nitrogen atom bears a strong electron-withdrawing
substituent such as the tosyl or trichloroacetyl group. On the other hand, opening
at the B-lactam carbonyl group proceeds via an addition-elimination mechanism
and requires only slight activation. Both openings are accelerated by the strain of

the four-membered ring.

The opening at the B-lactam carbonyl group preserves the original configura-
tion of the substrate, providing N-acylglucosylamines with a-p configuration,

Z="Ts, CCl,CO

which are not easily accessible in other ways [8].
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Compounds 9-22 give an entry to a variety of 2-deoxy-2-C-acyloyl compounds of
synthetic value and potential biological activity.

It is generally accepted that penicillins and other B-lactam antibiotics are bound
to PBPs (penicillin-binding proteins) or to B-lactamase enzymes through the
B-lactam carbonyl as the acyloyl moiety [9]. This binding requires opening of the
four-membered ring at the B-lactam carbonyl group. Activation of our 2-C:1-N-
carbonyl-2-deoxyglycopyranosylamines towards opening of the g-lactam ring at the
carbonyl carbon atom creates a chance to find interesting biological properties of
these compounds.

1. Experimental

All melting points are uncorrected. Optical rotations were measured with a
Perkin—Elmer 141 spectropolarimeter. 'H NMR spectra were recorded with
Varian Gemini (200 MHz) and Bruker AM 500 (500 MHz) spectrometers, and IR
spectra with a Perkin—Elmer spectrophotometer.

Column chromatography was carried out using Merck Kieselgel 70-230 or
230-400 mesh.

Compound 2 was obtained according to refs 5 and 10, compound 4 according to
ref 5, and compound 5 according to ref 6.

N-Acetyl-3,4,6-tri-O-benzyl-2-C : 1-N-carbonyl-2-deoxy-a-p-glucopyranosylamine
(6).—pB-Lactam 4 (0.137 g, 0.3 mmol) was treated with 1:2 Ac,O-pyridine and left
for 2 days. Subsequently, the mixture was poured into ice—water and extracted
with ether. The extract was washed with water and brine, dried, and evaporated.
The crude product was purified by column flash chromatography using hexane—
EtOAc as an eluent to afford 6 (0.075 g, 50%); mp 83-84°C; [al, + 83.8° (¢ 1.4,
CH,CL,); v, (Nujol) 1794 (B-lactam) and 1716 cm~' (C=0); 'H-NMR data
(CDCl,): 8 2.34(s,3H, Ac), 3.50(dd, 1 H, J, , 5.3, J, ; 3.2 Hz, H-2), 3.66 (dd, 1 H,
Jsga 4.0, Jg, 6 10.4 Hz, H-6a), 3.73 (dd, 1 H, J5¢, 3.7 Hz, H-6b), 3.81 (dd, 1 H, J,5
7.1 Hz, H-4), 3.89 (m, 1 H, H-5), 4.13 (dd, 1 H, J;, 5.6 Hz, H-3), 5.84 (d, 1 H, H-1).
Anal. Calcd. for C;yH;; NO,: C, 71.8; H, 6.2; N, 2.8. Found: C, 72.1; H, 6.3; N, 2.9.

3,4,6-Tri-O-benzyl-2-C : I-N-carbonyl-2-deoxy-N-ethoxycarbonyl-a-p-gluco-
pyranosylamine (7).—To a solution of 4 (0.69 g, 1.5 mmol) and Et,N (0.83 mL, 6
mmol) in CH,Cl, (10 mL) was added ethyl chloroformate (0.57 mL, 6 mmol) with
cooling and stirring. The mixture was stirred at room temperature until disappear-
ance of the substrate. Subsequently it was evaporated to dryness and purified on a
column of silica gel using 1:1 ethyl ether-hexane as eluent to afford 7 (0.61 g,
78%); mp 69-70°C; [a]y + 72.2° (¢ 0.8, CH,Cl,); v,,..(Nujol) 1821 (B-lactam), and
1718 cm ™! (C=0); 'H NMR data (CDCl,): & 1.33 (t, 3 H, CH,), 3.49 (dd, J,, 5.3,
J»3 3.1 Hz, H-2), 3.68 (dd, 1 H, Js4, 3.2, Jg, 6 10.5 Hz, H- 6a) 3.74 (dd, 1 H, Js 4,
3.9 Hz, H-6b), 3.78 (dd, 1 H, J;, 6.2, J,5 7.8 Hz, H-4), 3.92 (dt, 1 H, H-5), 4.11
(dd, 1 H, H-3), 430 (q, 2 H, CH,), 5.82 (d 1 H, H-1). Anal. Calcd for C; H;3,NO:
C, 70.0; H, 6.2; N, 2.6. Found: C 69.4; H, 6.4; N, 2.6.

3,4,6-Tri-O-benzyl-N-carbamoyl-2-C : 1-N-carbonyl-2-deoxy-a-D-glucopyranosyl-
amine (8).—To a solution of 4 (0.183 g, 0.4 mmol) in dry MeCN (5 mL) was added
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trichloroacetyl isocyanate (0.09 mL, 0.8 mmol) with stirring. The mixture was
stirred until disappearance of the substrate (TLC). Subsequently, it was cooled to
—30°C and benzylamine (0.043 mL, 0.4 mmol) was added in dry MeCN (5 mL).
The temperature was allowed to rise to room temperature, and the mixture was
evaporated to dryness and purified on a column of silica gel by flash chromatogra-
phy using 3:7 EtOAc-hexane as cluent to afford 8 (0.14 g, 70%) as a syrup;
[alp +71.9° (¢ 1, CH,CL,); v, (film) 3440, 3342 (NH), 1776 (B-lactam), and 1718
cm~! (amide); '"H NMR data (CDC,): & 3.53 (ddd, 1 H, J,, 5.1, J,5 3.1, J,4 0.6
Hz, H-2), 3.68 (dd, 1 H, Js¢, 3.9, Js, 6, 10.4 Hz, H-6a), 3.75 (dd, 1 H, Js 4, 3.7 Hz,
H-6b), 3.83(ddd, 1 H, J;, 5.8, J,5 7.0 Hz, H-4), 3.96 (dt, 1 H, H-5), 4.11 (dd, 1 H,
H-3), 5.87 (d, 1 H, H-1). Anal. Caled for C,iH;;N,Of: C, 69.3; H, 6.0; N, 5.6.
Found: C, 69.0; H, 6.3; N, 54.

Methanolysis of compounds 5-8: general procedure.—Compounds 5-8 (0.05
mmol) were each dissolved in abs MeOH (2.5 mL) and left for 48 h. Subsequently,
the MeOH was evaporated and each residue was purified on a column of silica gel
by flash chromatography to afford products 9-12, respectively.

N-Acetyl-3,4,6-tri-O-acetyl-2-deoxy-2-C-methoxycarbonyl-a-p-glucopyranosyla-
mine (9); 66%; mp 154-155°C; [aly + 103° (¢ 0.8, CH,CL,); v, (Nujol) 3378
(NH), 1737 (ester), and 1706 cm ™! (NHAc); 'H NMR data (CDCl,): § 2.02, 2.03,
2.05,2.08 (45,12 H, 4 Ac), 3.27(dd, 1 H, J,, 5.3, J,5 11.4 Hz, H-2),3.72 (5, 3 H,
OMe), 3.95 (ddd, 1 H, J, 5 9.7, Js4, 2.3, Js 6 4.2 Hz, H-5), 4.06 (dd, 1 H, Jg, 4, 12.4
Hz, H-6a), 4.34 (dd, 1 H, H-6b), 4.99 (t, 1 H, H-4), 5.64 (dd, 1 H, J;, 9.2 Hz, H-3),
5.94(dd, 1 H, J, \yq 7.7 Hz, H-1), 6.76 (bd, 1 H, NH). Anal. Calcd for C;;H;NO,:
C, 49.35; H, 5.95; N, 3.6. Found: C, 49.3; H, 6.2; N, 3.4,

N-Acetyl-3,4,6-tri-O-benzyl-2-deoxy- 2-C-methoxycarbonyl-a-n-glucopyranosyla-
mine (10); 67%; mp 155-156°C; [a]y + 66.9° (¢ 1, CH,Cl,); v, (Nujol) 3378 (NH),
1736 (ester), and 1695 cm ™! (C=0); 'H-NMR data (CDCl,): § 2.01 (s, 3 H, Ac),
3.14 (dd, 1 H, J,, 5.1, J,; 10.8 Hz, H-2), 3.68 (s, 3 H, OMe), 3.6-3.9 (m, 4 H,
H-4,5,6a,6b), 4.05 (dd, 1 H, J;, 8.1 Hz, H-3), 5.79 (dd, 1 H, J,xyz 7.3 Hz, H-1),
6.50 (d, 1 H, NH). Anal. Calcd for C5,H45sNO;: C, 69.8; H, 6.6; N, 2.6. Found: C,
69.9; H, 6.7; N, 2.2.

3,4,6-Tri-O-benzyl-2-deoxy-N-ethoxycarbonyl-2-C-methoxycarbonyl-a-p-gluco-
pyranosylamine (11); 77%; mp 122-123°C; [aly + 75.6° (¢ 1.2, CH,Cl,); v, (Nujol)
3401 (NH), 1731 cm ™" (ester and NHAC); '"H NMR data (CDCl,); 5 1.24 (t, 3 H,
CH,),3.13(dd, 1 H, J,, 5.1, J,; 11.0 Hz, H-2), 3.68 (s, 3 H, OMe), 3.67-4.05 (m, 4
H, H-4,5,6a,6b), 4.02 (m, 1 H, J;, 8.5 Hz, H-3), 4.13 (m, 2 H, -CH ,-), 4.48-4.85
(6d, 6 H, 3 benzyl), 5.64 (dd, 1 H, J,xy 7.7 Hz, H-1), 5.73 (bs, 1 H, NH). Anal.
Calcd for C;,H;,NOg: C, 68.2; H, 6.6; N, 2.5. Found: C, 68.7; H, 6.6; N, 2.5.

3,4,6-Tri-O-benzyl-2-deoxy-2-C-methoxycarbonyl-a-p-glucopyranosylurea (12);
75%; mp 195-200°C; [a]p, + 89.9° (¢ 0.5, CH,Cl,); v, (Nujol) 1725 (ester), 1672,
and 1649 cm ™! (urea); 'H NMR data (CDCl,): § 3.10 (dd, 1 H, Ji, 48, J,5 112
Hz, H-2), 3.70 (s, 3 H, OMe), 3.58-3.82 (m, 3 H, H-4,6a,6b), 3.95 (ddd, 1 H, I5 .64
2.1, Js 4 4.0, J, 5 9.6 Hz, H-5), 409 (dd, 1 H, J;, 9.0 Hz, H-3), 4.40-4.86 (6 d, 6 H,
3 benzyl), 5.06 (bs, 2 H, NH,), 5.41 (2, 1 H, J, yy H-1), 5.78 (bd, 1 H, NH). Anal.
Caled for C;iH,,N,0,: C, 67.4; H, 6.4; N, 5.2. Found: C, 67.3; H, 6.3; N, 5.0.
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Aminolysis of compounds 5-8: general procedure.—Compounds 5-8 (0.05 mmol)
were each dissolved in CH,Cl, (1.0 mL) and treated with benzylamine or hexyl-
amine (0.15 mmol). The mixture was left overnight at room temperature. Subse-
quently, the solvent was removed under reduced pressure and each crude product
purified by flash column chromatography to afford products 13—-20, respectively.

N-Acetyl-3,4,6-tri-O-acetyl-2-C-(N-benzylcarbamoyl)- 2-deoxy-a-p-glucopyranosyl-
amine (13); 50%; mp 75-80°C; [alp + 51.0° (¢ 1.2, CH,Cl,); v, (Nujol) 1745
(ester) and 1676 cm ™! (amide); 'H NMR data (CDCl,): & 1.89, 2.02, 2.03 (3 s, 12
H, 4 Ac), 3.09(dd, 1 H, J,, 5.2, J,; 11.4 Hz, H-2), 3.9-4.1 (m, 2 H, H-5,6a), 4.25
(dd, 1 H, J 14.7 and 5.1 Hz, NCHHPh), 4.37 (dd, 1 H, Jsop 4.9, Jsap 12.4 Hz,
H-6b), 4.56 (dd, 1 H, J 6.7 Hz, NCHHPh), 499 (t, 1 H, J;, 9.4, J, 5 10.2 Hz, H-4),
5.66 (dd, 1 H, H-3), 5.72 (t, 1 H, J, s 5.2 Hz, H-1), 6.63 (t, 1 H, NHBn), 7.11 (d, 1
H, NHACc). Anal. Caled. for C22H28N209 C, 56.9; H, 6.1; N, 6.0. Found C, 56.7,
H, 6.4; N, 6.3.

N-Acetyl-3,4,6-tri-O-benzyl-2-C-( N-benzylcarbamoyl)-2-deoxy-a-p-glucopyran-
osylamine (14); 71%; mp 178-180°C; [al,, + 27.7° (¢ 1, CH,Cl,); v, (NujoD) 1697
and 1652 cm ™! (amide); 'H NMR data (CDCl,): 6 2.02 (s, 3 H, Ac), 2.79 (dd, 1 H,
Ii5 5.2, J55 10.9 Hz, H-2), 3.6-3.9 (m, 4 H, H-4,5,6a,6b), 4.17 (dd, 1 H, /5, 8.4 Hz,
H-3), 4.29 (dd, 1 H, J 14.6 and 5.1 Hz, NCHHPh), 4.4-4.9 (m, 7 H, NCHHPh,
benzyl), 5.64 (t, 1 H, J, g 4.6 Hz, H-1), 6.18 (t, 1 H, J 6.9 Hz, NH Bn). Anal.
Calcd for C,,H,;,NO;: C, 73.0, H, 6.6; N, 4.6. Found: C, 72.5; H, 6.2; N, 4.9.

3,4,6-Tri-O-benzyl-2-C-( N-benzylcarbamoyl)-2-deoxy-N-ethoxycarbonyl-a-p-glu-
copyranosylamine (15); 60%; mp 163-164°C; [a],, + 31.5° (¢ 1, CH,Cl,); v, (Nujol)
3323, 3267 (NH), 1719, and 1652 cm~! (amide); 'H NMR data (CDCl,): & 1.24 (t,
3 H, CH,), 2.80(dd, 1 H, J,, 5.1, J,5 10.9 Hz, H-2), 3.66 (m, 1 H, H-6a), 3.76 (t, 1
H, J;, 8.6, J,5 9.5 Hz, H-4), 4.04-4.17 (m, 2 H, OCH,CH,;), 4.14 (dd, 1 H, H-3),
430 (dd, 1 H, J 14.7 and 5.0 Hz, NCHHPh), 4.12-4.84 (m, 7 H, NCHHPh,
benzyl), 552 (t, 1 H, J;ny 5.3 Hz, H-1), 624 (t, 1 H, NHBn), 6.35 (d, 1 H,
NHCO,Et). Anal. Calcd for C;3H,,N,0,: C, 71.45; H, 6.6; N, 4.4. Found: C, 71.6;
H, 6.7; N, 4.3.

3,4,6-Tri-O-benzyl-2-C-(N-benzyicarbamoyl)-2-deoxy-a-p-glucopyranosylurea
(16); 70%; mp 234-236°C; [a], + 41.2° (¢ 0.5 MeOH); v,,,, (film) 3378, 3307, 3201
(NH), and 1642 cm~! (amide). '"H NMR data (CD;0D): 6 2.97 (dd, 1 H, J;, 5.3,
I, 11.1 Hz, H-2), 3.55-3.83 (m, 4 H, H-4,5,6a,6b), 4.21 (dd, 1 H, J; 4, 8.7 Hz, H-3),
432 and 4.46 (2d, 2 H, J 14.5 Hz, NCH,Ph), 4.43-4.90 (m, 6 H, benzyl), 5.58 (d, 1
H, H-1). Anal. Calcd for C;cH4,N,O4: C, 70.9; H, 6.4; N, 6.8. Found: C, 70.5; H,
6.5; N, 6.9.

N-Acetyl-3,4,6-tri-O-acetyl-2-deoxy-2-C-( N-hexylcarbamoyl)-a-p-glucopyranosyl-
amine (17); syrup (52%); [a]p + 10.6° (¢ 1.5, CH,Cl,); v, (film) 3351 (NH), 1729
and 1651 cm ™! (amide); '"H NMR data (CDCl,): 6 1.98, 2.02, 2.05, 2.06 (4 5, 12 H,
acetyl), 3.05 (dd, 1Y, J,, 5.2, J,; 11.4 Hz, H-2), 3.2 (m, 2 H, NCH,), 3.9-4.1 (m, 2
H, H-5,6a), 434 (dd, 1 H, Js4 4.7, Js, & 12.4 Hz, H-6b), 499 (t, 1 H, J5, 9.5, J,5
10.1 Hz, H-4), 5.64 (dd, 1 H, H-3) 569 (t, 1 H, Jinu 3.6 Hz, H-1), 654 (t, 1 H, J
11.5 Hz, NH hexyl). Compound 17 gave inconsistent elemental analyses.
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N-Acetyl-3,4-6-tri-O-benzyl-2-deoxy-2-C-( N-hexylcarbamoyl)-a-p-glucopyranosyl-
amine (18); 77%; mp 132-133°C; [a]y + 44.3° (¢ 0.5, CH,CL); v, (film) 3375,
3332 (NH), 1703 and 1652 cm ™! (amide); 'H NMR data (CDCl,): § 2.02 (s, 3 H,
Ac), 2.72(dd, 1 H, J,, 5.1, J,5 10.8 Hz, H-2), 3.22 (m, 2 H, NCH ), 3.74 (m, 4 H,
H-4,5,6a,6b), 4.13 (dd, 1 H, J,, 8.2 Hz, H-3), 4.4-4.9 (m, 6 H, benzyl), 5.58 (t, 1 H,
Jinu 4.6 Hz, H-1), 5.77 (t, 1 H, NH hexyl). Anal. Calcd for C;sH(N,0Oq: C, 71.7;
H, 7.7, N, 4.6. Found: C, 71.4; H, 7.8; N, 4.4.

3,4,6-Tri-O-benzyl-2-deoxy-N-ethoxycarbonyl-2-C-( N-hexylcarbamoy!)-a-p-glu-
copyranosylamine (19); syrup; [a], + 55.0° (¢ 0.5, CH,Cl,); v, (film) 3350, 3266
(NH), 1723 (ester), 1705 and 1656 cm ™' (amide); 'H NMR data (CDCl5): § 2.70
(dd, 1 H, J,, 5.0, J,5 10.9 Hz, H-2), 3.24 (m, 2 H, NCH,), 3.6-39 (m, 4 H,
H-4,5,6a,6b), 4.11 (m, 3 H, OCH,, H-3), 4.4-4.9 (m, 6 H, benzyl) 547 (t, 1 H,
Jinu 5.0 Hz, H-1), 5.74 (t, 1 H, NH hexyl), 6.40 (d, 1 H, NHCO,Et). Anal. Calcd
for Cy,H 4(N,O,: C, 70.2; H, 7.6; N, 4.4. Found: C, 70.2; H, 7.7; N, 4.5.

3,4,6-Tri-O-benzyl-2-deoxy-2-C-(N-hexylcarbamoyl)-a-p-glucopyranosylurea  (20);
60%; mp 222-226°C; [aly + 52.6° (¢ 0.2, MeOH); v, (Nujol) 3381, 3330, 3207
(NH), 1647 cm™' (amide); '"H NMR data (pyridine-ds): 8 3.39 (m, 3 H, H-2,
NCH,), 3.78 (bd, 1 H, J,, ¢ 10.7 Hz, H-6a), 3.92 (m, 2 H, H-4,5), 4.19 (bd, 1 H,
H-6b), 4.44 (dd, J,5 11.0, J;, 9.4 Hz, H-3), 4.46-5.06 (m, 6 H, benzyl), 6.29 (t, 1 H,
J 12.0 Hz, H-1), 6.75 (s, 2 H, NH,), 7.74 (bd, 1 H, NHCO), 9.13 (t, 1 H, NH hexyl).
Anal. Caled for C45H (N,O,: C, 69.5; H, 7.7; N, 6.95. Found: C, 69.8; H, 7.0; N,
6.4.

N-Acetyl-3,4,6-tri-O-acetyl-2-deoxy-2-C-{ N-(methoxycarbonylmethyl)carbamoyl] -
a-p-glucopyranosylamine (21).—Glycine methyl ester hydrochloride (0.04 g, 0.45
mmol) was stirred with an excess of Et;N in THF (3 mL) for 1 h. Compound 5
(0.037 g, 0.1 mmol) was then added and the mixture was stirred for 2 days at room
temperature. The solvents were removed under vacuum and the residue was
purified by column chromatography to afford 21 (0.029 g, 63%); mp 194-198°C;
[alp +84.7° (¢ 1.5, CH,Cl,); v, (Nujol) 3389, 3307 (NH), 1743 (ester), 1702 and
1643 cm ™! (amide); 'H NMR data (CDCl,): 6 2.00, 2.02, 2.05, 2.07 (45, 12 H, 4
Ac),3.22(dd, 1 H, J;, 5.1 and 11.5 He, H-2), 3.75 (s, 3 H, OMe), 3.93 (dd, 1 H, J
5.0 and 18.3 Hz, NCHHCO,), 4.04 (m, 2 H, H-5,6a), 4.16 (dd, 1 H, J 6.2 Hz
NCHHCO,), 4.17(dd, 1 H, Js 4, 4.7, Js, 4, 12.6 Hz, H-6b), 501 (t, 1 H, J 9.3, J,
10.1 Hz, H-4), 5.65 (dd, 1 H, H-3), 5.79 (t, 1 H, J, y 5.7 Hz, H-1), 6.92 (t, 1 H,
NHCH,), 7.04 (d, 1 H, NHAC). Anal. Calcd for C,4H, N,O,,: C, 48.4; H, 5.9; N,
6.3 Found: C, 48.9; H, 6.0; N, 5.6.

3,4,6-Tri-O-benzyl-2-deoxy-N-ethoxycarbonyl-2-C-[ N-(methoxycarbonyl-
methyl)carbamoyl]-a-p-glucopyranosylamine (22).—Compound 22 was obtained ac-
cording to the procedure described above; syrup (61%); [a]p + 62.0° (¢ 1, CH,Cl,);
VmaxdNUjol) 3289 (NH), 1734 and 1653 cm™' (amide). 'H NMR data (CDCl,) &
123 (t, 3 H, CH;), 2.89 (dd, 1 H, J,, 4.9, J,; 10.7 Hz, H-2), 3.74 (s, 3 H, OMe),
3.6-3.9 (m, 4 H, H-4,5,6a,6b), 3.98 (d, 1 H, NCH,), 4.02-4.20 (m, 3 H, OCH,),
553 (t, 1 H, Jyu 54 Hz, 1), 6.22 (d, 1 H, NHCO,EY), 6.45 (t, 1 H, NHCH,).
Compound 22 gave inconsistent elemental analyses.
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