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Abstract

Isoxazolidin-5-ones, readily available via conjugate addition±rearrangement of hydroxylamine
to �,�-unsaturated sugar 1,5-lactones, react with aldehydes and diethoxymethyl acetate to a�ord
2,4,5-trisubstituted 1-aza-3,9-dioxa-8-oxo-bicyclo[4.3.0]nonanes. 4,5-Disubstituted 1-aza-2-butox-
ycarbonyl-3,9-dioxa-8-oxo-bicyclo[4.3.0]nonanes undergo base-catalyzed rearrangement to 4,6-
disubstituted butyl 2,3-dideoxy-3-N-oxamate-d-ribohexaldono-1,5-lactones. The con®guration of
representative compounds: (2S,4R,5S,6S) 5-acetoxy-4-acetoxymethyl-1-aza-3,9-dioxo-2-methyl-8-
oxo-bicyclo[4.3.0]nonane and butyl 4,6-di-O-(tert-butyldimethylsilyl)-2,3-dideoxy-3-N-oxamate-d-
ribohexaldono-1,5-lactone were proved by X-ray crystallography. # 1998 Elsevier Science Ltd.
All rights reserved
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clo[4.3.0]nonanes

1. Introduction

The continuing emergence of bacterial resistance
has prompted for the search for new antibiotics.
There has been much e�ort focused on the synth-
esis of non-�-lactam analogs of penicillins and
cephalosporins [1±3]. Isoxazolidin-3-one analogs of
�-lactam antibiotics like d-cycloserine 1 and lacta-
vicin 2 display interesting and high antibacterial
activity [3]. Their properties have been studied
extensively [3].

Recently, we have reported on the highly stereo-
selective addition-rearrangement of N-substituted
hydroxylamines 3 to �,�-unsaturated sugar �-lac-
tones 4 [4]. The hydroxylamine molecule enters the
lactone 4 molecule exclusively anti to the terminal
C-6 carbon atom. The Michael addition is followed
immediately by the opening of the lactone by the
N-hydroxy group and formation of the iso-
xazolidin-5-one ring (Scheme 1) [4]. If the starting
sugar 4 has the d-erythro or d-threo con®gura-
tion, then the absolute con®guration of the new
stereogenic center of compound 6 (C-3 of the
isoxazolidin-5-one ring) is (S) [4,5].

Several years ago, we have demonstrated that
the racemic lactone 4 (R2=H, R3=CH2OAc)
added free base hydroxylamine in the presence of
formaldehyde to form the bicyclic compound 7
which could be viewed as an isoxazolidin-5-one
analog of a bicyclic �-lactam antibiotic (1-dethia-3-
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oxacepham) [6]. The (R) con®guration of the
bridge-head carbon atom, identical to the con®g-
uration of the respective carbon atom in the biolo-
gically active �-lactam antibiotics, in a
combination with the isoxazolidin-5-one fragment
which possess acylating properties [7], might result
in biological activity similar to that shown by ori-
ginal �-lactam antibiotics. The use of other alde-
hydes for condensation with 6 (R1=H) would
eventually introduce a substituent in the place
which is occupied in �-lactam antibiotics by the
carboxylic function to a�ord compounds 8.

The present paper describes formation of com-
pounds 8 starting from lactones 9±15 and for-
maldehyde, acetaldehyde, benzyloxyacetaldehyde
(16), diethoxymethyl acetate (17), and butyl glyox-
ylate (18). The aim of these investigations was to
®nd whether isoxazolidin-5-ones could exhibit
activity similar to isoxazolidin-3-ones 1 and 2.

2. Results and discussion

Commercially available hydroxylamine hydro-
chloride was transformed into the free base by
treatment with equimolar amount of sodium
methoxide. The addition±rearrangement reaction
was performed in methanol solution at room tem-
perature. The crude isoxazolidinones 19±25 were
used for reaction with aldehydes. Condensations
with formaldehyde were performed, as before [6],
in aqueous solution whereas condensations with
acetaldehyde were carried out without solvent.
Reactions of isoxazolidinones 19±25 with com-

pounds 16±18 were carried out in benzene. The
respective 1-aza-3,9-dioxa-8-oxo-bicyclo[4.3.0]no-
nanes 26±32, 34, 35, 37±41 were obtained in mod-
erate or good yield as single isomers. The
con®guration at C-2 of the bicyclic skeleton was
assigned assuming that under conditions used, the
thermodynamic product having the pseudoequa-
torial substituent should be formed. This assump-
tion was con®rmed by X-ray crystallography of
compound 30 (Fig. 1).

When compound 19 was condensed with
orthoester 17 in boiling benzene, one stereoisomer
28 was formed, whereas when 21 was reacted with
17, in boiling dichloromethane, two stereoisomers
33 and 36 were obtained in a ratio of about 2:3,
respectively. In boiling toluene, 21 and 17 furnished

Scheme 1.
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33 as a single product. The stereochemical course
of the condensation is controlled by the reaction
temperature; low temperature of boiling dichlor-
omethane allows to obtain both epimers. The (S)
con®guration at C-2 was assigned to compounds
28 and 33 on the assumption that the anomeric
e�ect should direct the geometry of the more stable
product.
The condensation of isoxazolidinones with

freshly prepared butyl glyoxylate (18) proceeded in
di�erent manner. Under conditions used for other
aldehydes, glyoxylate 18 with compound 21 or 22
gave mixtures of hemiacetals, which were not
investigated further. In boiling benzene in the pre-
sence of anhydrous sodium carbonate, iso-
xazolidines 21 or 22 and glyoxylate 18 provided
amide 42 or 43, respectively, as the single products.
The structure and con®guration of 43, was proved
by X-ray crystallography (Fig. 2). In boiling
toluene in the presence of catalytic amount of p-
toluenesulfonic acid, 21 treated with 18 a�orded
three products: the expected bicyclic compound 44
as the main component, its C-2 epimer 45, and the
amide 42. Compounds 44 and 45 were unstable;
upon standing in solution, they slowly underwent
isomerisation to a�ord 42. The isomerisation was
accelerated by addition of a base. For example,
addition of 2 equiv of triethylamine in deuterated
chloroform solution transformed 44 into 42 after
2 h. The possible mechanism of isomerisation is
depicted in Scheme 2. The isomerisation process is
initiated with H-2 proton abstraction which pro-
ceeds via the cyclic iminoether intermediates 47
and 49. The con®guration of the ®nal product 42
retains the initial con®guration at C-5 of the sugar
chain; the proposed reaction pathway might led to

the inversion of con®guration at that carbon atom
via the iminoether 47. Such a nucleophilic dis-
placement of iminoether against carboxylate
should eventually provide the l-lyxo con®guration
of the resulting amide 42. The X-ray structure
determination of 43 shows that this is not the case.

Acylating properties of the isoxazolidin-5-one
ring in compounds 7, 26±41 were exempli®ed by
treatment of compounds 31 and 41 with methanol
in the presence of catalytic amount of ammonia.
As was recently shown, such a low concentration
of ammonia caused trans-esteri®cation, whereas
the respective amide was not formed [8]. Iso-
xazolidinones 31 and 41 under these conditions
furnished esters 50 and 51, respectively.

Compounds 20, 30, and 44 were tested for anti-
bacterial activity. All show a low activity: against
Escherichia coli andStaphylococcus aureus, 20 displays

Scheme 2.
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a MIC of 34mg/mL, compound 30 a MIC of
54mg/mL, and 44 a MIC of 33mg/mL. It appears
that cyclic hydroxylamine esters, contrary to cyclic
hydroxamic acid esters 1 and 2, do not provide any
structural element o�ering antibacterial activity.
However, the low chemical stability of isox-
azolidin-5-one rings, particularly in the case of
compound 44, could be responsible for the low
biological activity of the tested compounds. It
should be noted that �-lactams 52 structurally rela-
ted to 8 exhibit pronounced biological activity [9].

3. Experimental

Optical rotations were measured with JASCO
DIP-360 digital polarimeter. IR spectra were
obtained with a FT-IR-1600 Perkin±Elmer spec-
trophotometer. 1H NMR spectra were recorded
using a Bruker AM 500 spectrometer at 500MHz.
Mass spectra were obtained with an AMD 604
spectrometer. Column chromatography was per-
formed on E. Merck Kieselgel (230±400 mesh).
Lactones 9±15 were obtained according to the

Fig. 1. ORTEP diagram of compound 30. Thermal ellipsoids at 50% probability level

Fig. 2. ORTEP diagram of compound 43. Thermal ellipsoids at 50% probability level

508 I. Pan®l et al./Carbohydrate Research 306 (1998) 505±515



known procedure [10]. Their spectral data were
already reported in ref. [10] for 9±11, 14 and in ref.
[5] for 13, 15. Spectral data of 12 will be published
elsewhere. Additions of hydroxylamine to lactones
9±15 were performed according to the general pro-
cedure already described before. Isoxazolidin-5-
ones 19±25 were puri®ed on a silica gel column and
after evaporation of the eluent were used directly
for the condensation with aldehydes.
Condensation of isoxazolidin-5-ones 19, 20, 23

and 24 with formaldehyde.ÐThe crude isox-
azolidin-5-one: 19, 20, 23 or 24, (0.5mmol) was
dissolved in MeOH (1mL), treated with 37% for-
malin (3mol equiv) and stirred for 3 h. Subse-
quently, the mixture was concentrated and
extracted with CH2Cl2. The extract was dried,
evaporated and puri®ed on a silica gel column to
a�ord 1-aza-3,9-dioxa- 8-oxobicyclo[4.3.0]nonanes
7, 29, 37, and 39, respectively.
(4S,6R)-4-Acetoxymethyl-1-aza-3,9-dioxa-8-oxo-

bicyclo[4.3.0]nonane (7).ÐFrom 19 (0.10 g,
0.5mmol), 0.05 g (48%); mp 146±150 �C;
[�]d+94.3�; (c 1, CH2Cl2); Spectral and crystal-
lographical data for racemic 7 were reported in ref.
[6].
(4R,5S,6S)-5-Acetoxy-4-acetoxymethyl-1-aza-3,9-

dioxa-8-oxo-bicyclo[4.3.0]nonane (29).ÐFrom 20
(0.13 g, 0.5mmol), 0.078 g (58%); mp 158±160 �C;
[�]d+4.4� (c 1, CH2Cl2); IR (CH2Cl2): 1795,
1745 cmÿ1; 1H NMR (CDCl3): � 4.99 (t, 1 H, J 9.4,
10.0Hz, H-5), 4.49, 5.16 (2 d, 2 H, J 13.4Hz, H-2,
20), 4.23 (dd, 1 H, J 5.1, 12.4Hz, CHAHBOAc),
4.17 (dd, 1 H, J 2.5, 12.4Hz, CHAHBOAc), 3.76
(dd, 1 H, J 7.1, 9.4Hz, H-6), 3.65 (ddd, 1 H, J 2.5,
5.1, 10.0Hz, H-4), 3.08 (dd, 1 H, J 7.1, 16.9Hz, H-
70), 2.75 (d, 1 H, J 16.9Hz, H-7), 2.10, 2.10 (2 s, 6
H, 2 OAc). Anal. Calcd for C11H15NO7: C, 48.35;
H, 5.49; N, 5.13. Found: C, 48.1; H, 5.4; N, 4.9.
(4R,5R,6S)-5-Acetoxy-4-acetoxymethyl-1-aza-3,9-

dioxa-8-oxo-bicyclo[4.3.0]nonane (37).ÐFrom 23
(0.13 g, 0.5mmol), 0.061 g (45%); mp 104±108 �C;
[�]d + 73.0�; (c 1, CH2Cl2); IR (CH2Cl2): 1795,
1750 cmÿ1; 1H NMR (toluene-d8, 100

�C); � 4.63
(dd, 1 H, J 1.4, 3.7Hz, H-5), 4.06 (dd, 1 H, J 6.4,
11.4Hz, CHAHBOAc), 3.99 (dd, 1 H, J 6.6,
11.4Hz, CHAHBOAc), 3.94, 4.87 (2 d, 2 H, J
13.3Hz, H-2, 20), 3.40 (dt, 1 H, 1.4, 6.4, 6.6Hz, H-
4), 3.05 (dd, 1 H, J 3.7, 7.6Hz, H-6), 2.38 (dd, 1 H,
J 7.6, 16.2Hz, H-70), 2.02 (d, 1 H, J 16.2Hz, H-7),
1.75, 1.79 (2 s, 6 H, 2 OAc). Anal. Calcd for
C11H15NO7; C, 48.35; H, 5.49; N, 5.13. Found: C,
48.1; H, 5.6; N, 5.0.

(4S,5R,6R)-5-Acetoxy-1-aza-3,9-dioxa-4-methyl-
8-oxo-bicyclo[4.3.0]nonane (39).ÐFrom 24 (0.10 g,
0.5mmol), 0.052 g (49%); syrup; [�]d ÿ107.5� (c 1,
CH2Cl2); IR (®lm): 1795, 1750 cmÿ1; 1H NMR
(CDCl3): � 4.78 (t, 1 H, J 9.5, 9.7Hz, H-5), 4.46,
5.09 (2 d, 2 H, J 13.5, Hz, H-2, 20), 3.70 (dd, 1 H, J
7.1, 9.5Hz, H-6), 3.51 (dq, 1 H, J 6.1, 9.7Hz, H-4),
3.06 (dd, 1 H, J 7.1, 16.8Hz, H-70), 2.70 (d, 1 H, J
16.8Hz, H-7), 1.25 (d, 3 H, J 6.1Hz, CH3). Anal.
Calcd for C9H13NO5: C, 50.23; H, 6.04; N, 6.51.
Found: C, 49.9; H, 6.1; N, 6.5.
Condensation of isoxazolidin-5-ones 19±25 with

acetaldehyde.ÐThe crude isoxazolidin-5-one 19±
25 (0.5mmol) was dissolved in acetaldehyde
(1.0mL) and stirred for 3 h. After standard work
up, as above, the product was puri®ed by chroma-
tography.
(2S,4S,6R)-4-acetoxymethyl-1-aza-3,9-dioxa-2-

methyl-8-oxo-bicyclo[4.3.0]nonane (26).ÐFrom 19
(0.10 g, 0.5mmol), 0.056 g (49%); mp 95±97 �C;
[�]d +144.0� (c 1, CH2Cl2); IR (CH2Cl2): 1800,
1755 cmÿ1; 1H NMR (C6D6); � 3.97 (q, 1 H,
J 6.0Hz, H-2), 3.90 (dd, 1 H, J 6.2, 11.6Hz,
CHAHBOAc), 3.82 (dd, 1 H, J 4.2, 11.6Hz,
CHAHBOAc), 3.25 (dddd, 1 H, J 2.2, 4.2, 6.2,
11.6Hz, H-4), 2.92 (bs, 1 H, H-6), 2.41 (dd, 1 H, J
6.6, 16.2Hz, H-70), 1.75 (d, 1 H, J 16.2Hz, H-7),
1.68 (s, 3 H, OAc), 1.40 (d, 3 H, J 6.0Hz, CH3),
1.06 (dt, 1 H, J 11.5, 11.7, 13.3Hz, H-50), 0.61
(bd, 1 H, H-5). Anal. Calcd for C10H15NO5: C,
52.40; H, 6.60; N, 6.11. Found: C, 52.0; H, 6.8; N,
6.0.
(2S,4R,5S,6S)-5-Acetoxy-4-acetoxymethyl-1-aza-

3,9 - dioxa - 2 -methyl - 8 - oxo - bicyclo[4.3.0]nonane
(30).ÐFrom 20 (0.13 g, 0.5mmol), 0.083 g (59%);
mp 148±150 �C; [�]d+133.3� (c 1, CH2Cl2); IR
(CH2Cl2) 1795, 1750 cmÿ1; 1H NMR. (CDCl3): �
4.96 (t, 1 H, J 9.5, 10.1Hz, H-5), 4.57 (q, 1 H,
6.0Hz, H-2), 4.23 (dd, 1 H, J 5.1, 12.4Hz,
CHAHBOAc), 4.12 (dd, 1 H, J 2.5, 12.4Hz,
CHAHBOAc), 3.74 (dd, 1 H, J 7.0, 9.5Hz, H-6),
3.71 (ddd, 1 H, J 2.5. 5.1, 10.1Hz, H-4), 3.04 (dd, 1
H, J 7.0, 16.8Hz, H-70), 2.71 (d, 1 H, J 16.8Hz, H-
7), 2.09, 2.09 (2 s, 6 H, 2 OAc), 1.56 (d, 3 H, J
6.0Hz, CH3). Anal. Calcd for C12H17NO7: C, 50.17;
H, 5.92; N, 4.87. Found: C, 49.8; H, 6.0; N, 4.8.
(2S,4R,5R,6S)-1-Aza-5-benzyloxy-4-benzyloxy-

methyl-3,9-dioxa-2-methyl-8-oxo-bicyclo[4.3.0]-
nonane (31).ÐFrom 21 (0.18 g, 0.5mmol), 0.083 g
(68%); mp 90±92 �C; [�]d + 56.7� (c 1, CH2Cl2);
IR (CH2Cl2): 1784 cmÿ1; 1H NMR (CDCl3): �
4.57, 4.71 (2 d, 2 H, J 12.0Hz, Bn), 4.45, 4.58 (2 d,
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2 H, J 11.2Hz, Bn), 3.80 (dd, 1 H, J 8.8, 11.2Hz,
CHAHBOBn), 3.76 (dd, 1 H, J 2.1, 11.2Hz,
CHAHBOBn), 3.53 (m, 1 H, H-4), 3.61 (m, 2 H, H-
5, 6), 2.95 (m, 1 H, H-70), 2.32 (d, 1 H, J 16.8Hz,
H-7), 1.53 (d, 1 H, J 6.0Hz, CH3), Anal. Calcd for
C22H25NO5: C, 68.92; H, 6.52; N, 3.65. Found: C,
69.0; H, 6.6; N, 3.6.
(2S,4R,5R,6S)-1-Aza-5-tert-butyldimethylsiloxy-

6-tert-butyldimethysiloxymethyl-3,9-dioxa-2-methyl-
8-oxo-bicyclo[4.3.0]nonane (34).ÐFrom 21 (0.20 g,
0.5mmol), 0.17 g (78%); mp 51±53 �C; [�]d + 96.5�

(c 0.9, CH2Cl2); IR (CH2Cl2): 1781 cm
ÿ1; 1H NMR

(CDCl3): � 4.50 (q, 1 H, J 6.0Hz, H-2), 3.82 (d, 2
H, CH2OSi), 3.74 (t, 1 H, J 9.1, 9.2Hz, H-5), 3.54
(dd, 1 H, J 6.8, 9.1Hz, H-6), 3.26 (dt, 1 H, J 9.2Hz,
H-4), 3.05 (dd, 1 H, J 6.8, 16.7Hz, H-70), 2.70 (d, 1
H, J 16.7Hz, H-7), 1.48 (d, 3 H, J 6.0Hz, CH3),
0.06, 0.08, 0.12, 0.13, 0.87 (5s, 3OH, Sit-BuMe2);
LSIMS (HRMS): m/z, 432.26023 [M+H]+; Calcd
for C20H42NO5Si2: 432.26015. Anal. Calcd for
C20H41NO5Si2: C, 55.68; H, 9.51; N, 3.24. Found:
C, 55.5; H, 9.8; N, 3.1.
(2S,4R,5R,6S) -5 -Acetoxy -4 -acetoxymethyl - 1-

aza-3,9-dioxa-2-methyl-8-oxo-bicyclo[4.3.0]nonane
(38).ÐFrom 23 (0.13 g, 0.5mmol), 0.066 g (47%);
mp 102±106 �C; [�]d + 89.8� (c 1, CH2Cl22); IR
(®lm): 1800, 1755 cmÿ1, 1H NMR (CDCl3): � 5.05
(dd, 1 H, J 1.5, 3.8Hz, H-5), 4.58 (q, 1 H, J 6.1Hz,
H-2), 4.15 (dd, 1 H, J 6.3, 11.4Hz, CHAHBOAc),
4.09 (dd, 1 H, J 6.7, 11.4 Hz, CHAHBOAc), 4.06
(dd, 1 H, J 3.8, 7.6Hz, H-6), 4.02 (dt, 1 H, J 1.5,
6.3, 6.7Hz, H-4), 3.06 (dd, 1 H, J 7.6, 16.5Hz, H-
70), 2.43 (d, 1 H, J 16.5Hz, H-7), 2.06, 2.14 (2 s, 6
H, 2OAc), 1.59 (d, 3 H, J 6.1Hz, CH3); EI
(HRMS): m/z 287.10053 [M+�

]; Calcd for
C12H17NO7: 287.10050. Anal. Calcd for
C12H17NO7: C, 50.17; H, 5.96; N, 4.88. Found: C,
50.1; H, 6.1; N, 5.0.
(4S,5R,6R)-5-Acetox-1-aza-2,4-dimethyl -3,9-

dioxa-8-oxo-bicyclo[4.3.0]nonane (40).ÐFrom 24
(0.10 g, 0.05mmol), 0.051 g (45%); mp 139±141 �C;
[�]dÿ186.0� (c 0.3, CH2Cl2); IR (CH2Cl2): 1790,
1745 cmÿ1; 1H NMR (CDCl3): � 4.74 (t, 1 H, J 9.6,
9.7Hz, H-5), 4.54 (q, 1 H, J 6.1Hz, H-2), 3.68 (dd,
1 H, J 7.1, 9.6Hz, H-6), 3.57 (dq, 1 H, J 6.2,
9.7Hz, H-4), 3.01 (dd, 1 H, J 7.1, 16.8Hz, H-70),
2.66 (d, 1H, J 16.8Hz, H-7), 2.10 (s, 3 H, OAc),
1.52 (d, 3 H, J 6.1Hz, CH3), 1.22 (d, 3 H, J 6.2Hz,
CH3); EI (HRMS): m/z 229.09488 [M+�

]; Calcd for
C10H15NO5: 229.09502. Anal. Calcd for
C10H15NO5: C, 52.40; H, 6.60; N, 6.11. Found: C,
52.4; H, 6.7; N, 5.9.

(2S,4S,5R,6R)-1-Aza-5-tert-butyldimethylsiloxy-
2,6-dimethyl-3,9-dioxa-8-oxo-bicyclo[4.3.0]no-nane
(41).ÐFrom 25 (0.14 g, 0.5mmol), 0.11 g (72%);
mp 43±45 �C; [�]d ÿ128.0� (c 1, CH2Cl2); IR
(CHCl3): 1796, 1780 cmÿ1; 1H NMR (CDCl3): �
4.52 (q, 1 H, J 6.0Hz, H-2), 3.52 (dd, 1 H, J 6.8,
8.6Hz, H-6), 3.50 (dd, 1 H, J 6.8, 16.9Hz, H-70),
3.41 (dq, 1 H, J 5.9, 8.9Hz, H-4), 3.30 (t, 1 H, J
8.6, 8.9Hz, H-5), 2.69 (d, 1 H, J 16.9Hz, H-7), 1.49
(d, 3 H, J 6.0Hz, CH3), 1.29 (d, 3 H, J 5.9Hz,
CH3), 0.12, 0.88 (2 s, 15 H, Sit-BuMe2); EI (MS):
m/z 301 [M+�

]. Anal. Calcd for C14H27NO4Si: C,
55.81; H, 8.97; N, 4.67. Found: C, 55.6; H, 9.1; N,
4.6.

Condensation of isoxazolidin-5-ones 19, 21, and
22 with benzyloxyacetalaldehyde (16).ÐThe crude
isoxazolidin-5-one 19, 21, or 22 (0.5mmol) was
dissolved in benzene (5mL) and treated with ben-
zyloxyacetaldehyde 16 (3 molar equiv). The reac-
tion was stirred for 1 h. After standard work up, as
above, the product was puri®ed by chromato-
graphy.

(2S,4S,6R)-4-Acetoxymethyl-1-aza-2-benzyloxy-
methyl-3,9-dioxa-8-oxo-bicyclo[4.3.0]nonane (27).Ð
From 19 (0.10 g, 0.5mmol), 0.13 g (57%); syrup;
[�]d + 122.0� (c 0.2, CH2Cl2); IR (CHCl3): 1785,
1740 cmÿ1; 1H NMR (CDCl3): � 4.62 (s, 2 H, Bn),
4.61 (t, 1 H, J 5.5 Hz, H-2), 4.11 (d, 2 H,
CH2OBn), 3.96 (ddd, 1 H, J 5.3, 6.9, 11.5Hz, H-6),
3.85 (m, 1 H, J 2.6, 5.3, 5.8, 11.3Hz, H-4), 3.82
(dd, 1 H, J 5.3, 10.5Hz, CHAHBOAc), 3.72 (dd, 1
H, J 5.8, 10.5Hz, CHAHBOAc), 3.14 (dd, 1 H, J
6.9, 16.4Hz, H-70), 2.43 (d, 1 H, J 16.4Hz, H-7),
2.08 (s, 3 H, OAc), 1.60 (dt, 1 H, J 11.3, 11.5,
13.6Hz, H-50), 1.53 (ddd, 1 H, J 2.6, 5.3, 13.6Hz,
H-5); LSIMS (HRMS): m/z 336.144806 [M+H]+;
Calcd for C17H22NO6: 336.14471. Anal. Calcd for
C17H21NO6: C, 60.89; H, 6.26; N, 4.18. Found: C,
61.0; H, 6.4; N, 4.2.

(2S,4R,5R,6R)-1-Aza-5-benzyloxy-2,4-di(benzyl-
oxymethyl)-3,9-dioxa-8-oxo-bicyclo[4.3.0]nonane
(32).ÐFrom 21 (0.18 g, 0.5mmol), 0.19 g (77%);
mp 92±94 �C; [�]d + 53.8� (c 1, CH2Cl2); IR
(CHCl3): 1787 cm

ÿ1; 1H NMR (CDCl3): � 4.61 (s,
2H, OBn), 4.58 (t, 1H, J 5.2, 5.8Hz, H-2), 4.56,
4.70 (2d, 2H, J 12.0Hz, Bn), 4.45, 4.59 (2 d, 2 H, J
11.3Hz, Bn), 3.83 (dd, 1 H, J 3.4, 11.4Hz, C-4
CHAHBOBn), 3.81 (dd, 1 H, J 5.2, 10.4Hz, C-2
CHAHBOBn), 3.78 (dd, 1 H, J 2.0, 11.4Hz, C-4
CHAHBOBn), 3.73 (dd, 1 H, J 5.8, 10.4Hz, C-2
CHAHBOBn), 3.66 (t, 1 H, J 9.1, 9.2Hz, H-5), 3.62
(dd, 1 H, J 6.6, 9.2Hz, H-6), 3.53 (ddd, 1 H, J 2.0,
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3.4, 9.1Hz, H-4), 2.97 (dd, 1 H, J 6.6, 16.8Hz, H-
70), 2.28 (d, 1 H, J 16.8Hz, H-7); EI (MS): m/z 489
(M+�

). Anal. Calcd for C29H31NO6: C, 71.16; H,
6.33; N, 2.86. Found: C, 70.9; H, 6.3; N, 2.9.
(2S,4R,5R,6R)-1-Aza-2-benzyloxymethyl-5-(tert-

butyldimethylsiloxy)-4-(tert -butyldimethylsiloxy)-
methyl-3,9-dioxa-8-oxo-bicyclo[4.3.0]nonane (35).Ð
From 22 (0.20 g, 0.5mmol) 0.13 g (49%); mp 53±
55 �C; [�]d + 83.0� (c 0.6, CH2Cl2); IR CHCl3):
1784 cmÿ1; H NMR (CDCl3): � 4.61 (t, 1 H, J 4.9,
6.0Hz, H-2), 4.59, 4.63 (2 d, 2 H, J 12.1Hz, Bn),
3.85 (d, 2 H, CH2OSi), 3.82 (dd, 1 H, J 4.9, 10.4Hz,
CHAHBOBn), 3.81 (t, 1 H, J 9.1, 9.2, Hz, H-5), 3.69
(ddd, 1 H, J 6.0, 10.4Hz, CHAHBOBn), 3.56 (dd, 1
H, J 6.8, 9.1Hz, H-6), 3.29 (dt, 1 H, J 2.3, 2.3,
9.2Hz, H-4), 3.08 (dd, 1 H J 6.8, 16.8Hz, H-70),
2.69 (d, 1 H, J 16.8Hz, H-7), 0.06, 0.13, 0.87, 0.88
(4 s, 30 H, 2 Sit-BuMe2); LSIMS (MS): m/z 538
[M+H]+. Anal. Calcd for C27H47NO6Si2: C,
60.33; H, 8.75; N, 2.60. Found: C, 60.0; H, 8.7; N,
2.4.
(2S,4S,6R)-4-Acetoxymethyl-1-aza-3,9-dioxa-2-

ethoxy-8-oxo-bicyclo[4.3.0]nonane (28).ÐCom-
pound 19 (0.04 g, 0.25mmol) and diethoxymethyl
acetate (17; 0.04 g, 0.25mmol) in C6H6 (5mL) were
re¯uxed for 15min. Subsequently, the solvent was
evaporated and the residue was puri®ed by chro-
matography to a�ord 28 (0.043 g, 84%); mp 88±
90 �C; [�]d + 95.5� (c 0.3, CH2Cl2); IR (CHCl3):
1790, 1741 cmÿ1, 1H NMR (CDCl3): � 5.62 (s, 1 H,
H-2), 4.26 (m, 1 H, H-4), 4.16 (ddd, 1 H, J 5.0, 6.8,
11.9Hz, H-6), 4.13 (dd, 1 H, J 3.9, 11.8Hz,
CHAHBOAc), 4.09 (dd, 1 H, J 6.0, 11.8Hz,
CHAHBOAc), 3.66±3.80 (m, 2 H, OCH2), 3.09 (dd,
1 H, J 6.8, 16.4Hz, H-70), 2.43 (d, 1 H, J 16.4Hz,
H-7), 2.10 (s, 3 H, OAc), 1.63 (dt, 1 H, J 11.8, 11.9,
13.5Hz, H-50), 1.51 (bd, 1 H, H-5), 1.28 (t, 3 H,
CH3); LSIMS (HRMS): m/z 260.11426, [M+H]+;
Calcd for C11H17NO6: 260.11341. Anal. Calcd for
C11H17NO6: C, 50.96; H, 6.56; N, 5.46. Found: C,
51.2; H, 6.6; N, 5.4.
(2S,4R,5R,6R)-1-Aza-5-benzyloxy-4-methyl-3,9-

dioxa-2-ethoxy-8-oxo-bicyclo[4.3.0]nonane (33)
and (2R,4R,5R,6S)-1-aza-5-benzyloxy-4-benzyloxy-
methyl-3,9-dioxa-2-ethoxy-8-oxo-bicyclo[4.3.0]-
nonane (36).ÐCompound 21 (0.089 g, 0.25mmol)
and diethoxymethyl acetate 17 (0.04 g, 0.25mmol)
in CH2Cl2 (5mL) were re¯uxed for 0.5 h. Subse-
quently, the solvent was evaporated and the resi-
due was separated on a silica gel column using 7:3
hexane±EtOAc as an eluent to a�ord the more
polar compound 33 (0.037 g, 36%) and the less

polar compound 36 (0.045 g, 54%). The same
reaction performed in boiling toluene gave com-
pound 33 (0.092 g, 90%) as a single product. 33:
syrup; [�]d + 11.4� (c 0.3, CH2Cl2); IR (CHCl3):
1793 cmÿ1; 1H NMR (CDCl3, 55

�C): � 5.24 (bs, 1
H, H-2), 4.57, 4.66 (2 d, 2 H, J 11.9Hz, OBn), 4.47,
4.60, (2 d, 2 H, J 11.5Hz, OBn), 3.92 (bt, 1 H, H-
5), 3.72±3.88 (m, 5 H, H-4, CH2OAc, OCH2), 3.67
(bm, 1 H, H-6), 2.67 (dd, 1 H, J 7.4, 16.8Hz, H-70),
2.40 (dd, 1 H, J 7.0, 16.8Hz, H-7), 1.21 (t, 3 H,
CH3); MS (EI): m/z 413 (M+�

). Anal. Calcd for
C23H27NO6: C, 66.82; H, 6.53; N, 3.38. Found: C,
67.0; H, 6.5; N, 3.4. 36: syrup; [�]d ÿ23.8� (c, 0.4,
CH2Cl2); IR (CHCl3): 1792 cmÿ1; 1H NMR
(CDCl3): � 5.58 (s, 1 H, H-2), 4.56, 4.72 (2 d, 2 H, J
12.0Hz, OBn), 4.44, 4.57 (2 d, 2 H, J 11.3Hz,
OBn), 4.02 (m, 1 H, H-4), 3.63±3.86 (m, 6 H, H-5,
6, OCH2, CH2OBn), 2.90 (dd, 1 H, J 6.8, 16.8Hz,
H-70), 2.31 (d, 1 H, J 16.8Hz, H-7), 1.25 (t, 3 H,
CH3); EI (HRMS): m/z 414.192269, [M + H]+;
Calcd for C23H27NO6: 414.191663.
Butyl 4,6-di-O-benzyl-2,3-dideoxy-3-N-oxamate-

d-ribo±hexaldono-1,5-lactone (42).ÐCompound 21
(0.178 g, 0.5mmol) and butyl glyoxylate 18 (0.09 g,
0.7mmol) were dissolved in benzene (5mL), trea-
ted with anhydrous Na2CO3 (0.075 g, 0.7mmol)
and re¯uxed for 4 h. Subsequently, the mixture was
®ltered, evaporated and puri®ed on a silica gel col-
umn using±hexane 9:1 EtOAc as an eluent to
a�ord 42 (0.105 g) in 45% yield; syrup, [�]d ÿ 6.2�

(c 0.4, CH2Cl2);
1H NMR (CDCl3): � 7.40 (d, 1 H,

J 8.8Hz, NH), 4.73 (m, 1 H, J 3.4, 6.2, 8.8,
10.4Hz, H-3), 4.69 (quintet, 1 H, J 2.5, 3.2, 5.2Hz,
H-5), 4.51, 4.68 (2 d, 2 H, J 12.0Hz, OBn), 4.51,
4.57 (2 d, 2 H, J 11.9Hz, OBn), 3.87 (t, 1 H,
J 2.5, 3.4Hz, H-4), 3.66 (dd, 1 H, J 5.2, 10.5Hz,
CHAHBOBn), 3.63 (dd, 1 H, J 3.2, 10.5Hz,
CHAHBOBn), 2.79 (dd, 1 H, J 6.2, 17.4Hz, H-20),
2.71 (dd, 1 H, J 10.4, 17.4Hz, H-2), 0.96, 1.42,
1.73, 4.29 (4 m, 9 H, Bu); EI (HRMS): m/z
469.21012, [M+�

]; Calcd for C26H31NO7:
469.21005. Anal. Calcd for C26H31NO7: C, 66.52;
H, 6.60; N, 2.98; Found: C, 66.7; H, 6.6; N, 3.0.
Butyl 4,6-di-O-(tert-butyldimethylsilyl)-2,3-di-

deoxy-3-N-oxamate-d-ribo-hexaldono-1,5-lactone
(43).ÐCompound 43 was obtained from 22
(0.20 g. 0.5mmol) according to the procedure
described above. Yield 0.116 g (45%); mp 82±
84 �C; [�]d ÿ 4.7� (c 0.1, CH2Cl2); IR (CHCl3):
1729, 1624 cmÿ1; 1H NMR (CDCl3): � 7.24 (d, 1 H,
NH), 4.76 (m, 1 H, H-3), 4.38 (dt, 1 H, J 2.2, 2.5,
5.4Hz, H-5), 4.12 (t, 1 H, 2.2, 2.7Hz, H-4), 3.83
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(dd, 1 H, J 5.4, 11.1Hz, CHAHBOSi), 3.79 (dd, 1
H, J 2.5, 11.1Hz, CHAHBOSi), 2.77 (dd, 1H, J 6.1,
17.3Hz, H-20), 2.65 (dd, 1 H, J 10.9, 17.3Hz, H-2),
0.95, 1.42, 1.73, 4.30 (4 m, 9 H, Bu), 0.09, 0.10,
0.13, 0.90, 0.93 (5 s, 30 H, 2 Sit-BuMe2); LSIMS
(MS): m/z 518, [M+H]+. Anal. Calcd for
C24H47NO7Si2: C, 55.70; H, 9.09; N, 2.70. Found:
C, 56.0; H, 9.3; N, 2.7.
(2S,4R,5R,6S)- and (2R,4R,5R,6S)-1-Aza-5-

benzyloxy-4-benzyloxymethyl-2-butoxycarbonyl-3,9-
dioxa-8-oxo-bicyclo[4.3.0]nonane (44 and 45).Ð
Compound 21 (0.357 g, 1.0mmol), freshly distilled
butyl glyoxylate (0.195 g, 1.5mmol) and p-TsOH
(6mg) in toluene (25mL) were re¯uxed for 0.5 h.
Subsequently, the solvent was evaporated and the
residue was separated on a silica gel column using
9:1 toluene±EtOAc as an eluent to a�ord 44
(0.234 g, 50%) yield and 45 (0.023 g, 5%).

44: mp 117±119 �C; [�]d + 71.2� (c 0.5, CH2Cl2);
IR (CHCl3): 1797, 1760 cm

ÿ1; 1H NMR (CDCl3): �
4.96 (s, 1 H, H-2), 4.64, 4.75 (2 d, 2 H, J 11.9Hz,
OBn), 4.47, 4.64 (2 d, 2 H, J 11.3Hz, OBn), 3.88
(dd, 1 H, J 3.5, 11.7Hz, CHAHBOBn), 3.86 (dd, 1
H, J 2.2, 11.7Hz, CHAHBOBn), 3.71 (dd, 1 H, J
6.6, 9.1Hz, H-6), 3.68 (t, 1 H, J 8.7, 9.1Hz, H-5),
3.61 (dt, 1 H, J 2.2, 3.5, 8.7Hz, H-4), 3.00 (dd, 1 H,
J 6.6, 16.9Hz, H-70), 2.28 (d, 1 H, J 16.9Hz, H-7),
0.93, 1.40, 1.69, 4.27 (4 m, 9 H, Bu), LSIMS
(HRMS): m/z 470.21831, [M + H]+; Calcd for
C26H32NO7: 470.21788. Anal. Calcd for
C26H31NO7: C, 66.52; H, 6.60; N, 2.98. Found: C,
66.6; H, 6.7; N, 2.9.

45: mp 55±57 �C; [�]d + 41.8� (c 0.5, CH2Cl2);
1H NMR (CDCl3): � 5.51 (s, 1 H, H-2), 4.57, 4.73
(2 d, 2 H, J 12.0Hz, OBn), 4.45, 4.59 (2 d, 2 H, J
11.4Hz, OBn), 4.01 (ddd, 1 H, J 2.0, 3.3, 9.7Hz,
H-4), 3.88 (dd, 1 H, J 7.0, 9.7Hz, H-6), 3.84 (dd, 1
H, J 3.3, 11.4Hz, CHAHBOBn), 3.76 (dd, 1 H, J
2.0, 11.4Hz, CHAHBOBn), 3.72 (t, 1 H, J 9.7,
9.7Hz, H-5), 3.00 (dd, 1 H, J 7.0, 17.0, H-70), 2.34
(d, 1 H, J 17.0Hz, H-7), 0.93, 1.38, 1.66, 4.20 (4 m,
9 H, Bu); LSIMS (HRMS): m/z 470.21739, [M +
H]+; Calcd for C26H32NO7: 470.21788.
(2S,4R,5R,6S)-5-Acetoxy-4-acetoxymethyl-1-aza-

2-butoxycarbonyl-3,9-dioxa-8-oxo-bicyclo-[4.3.0]-
nonane (46).ÐCompound 46 was obtained from
20 (0.26 g, 1mmol) according to the procedure
described above (0.216 g, 58%); mp 108±110 �C;
[�]d + 138.6� (c 0.5, CH2Cl2): IR (CHCl3): 1801,
1763, 1741 cmÿ1; 1H NMR (CDCl3): � 5.03 (s, 1 H,
H-2), 5.02 (t, 1 H, J 9.3, 10.1Hz, H-5), 4.32 (dd, 1
H, J 5.2, 12.5Hz, CHAHBOAc), 4.22 (dd, 1 H, J

2.5, 12.5Hz, CHAHBOAc), 3.88 (dd, 1 H, J 7.0,
9.3Hz, H-6), 3.81 (ddd, 1 H, J 2.5, 5.2, 10.1Hz, H-
4), 3.13 (dd, 1 H, J 7.0, 16.9Hz, H-70), 2.78 (d, 1 H,
J 16.9Hz, H-7), 2.09, 2.11 (2 s, 6 H, 2 OAc), 0.95,
1.41, 1.70, 4.29 (4 m, 9 H, Bu); LSIMS (HRMS):
m/z 374.14488, [M+H]+; Calcd for C16H24NO9:
374.14510. Anal. Calcd for C16H23NO9: C, 51.47;
H, 6.17; N, 3.75. Found: C, 51.3; H, 6.1; N, 3.6.

(2S,4S,5S,6R)-5-Benzyloxy-6-benzyloxymethyl-3-
hydroxy -4 -methoxycarbonylmethyl - 2 -methyl - 1,3-
oxazine (50).ÐCompound 31 (0.383 g, 1.0mmol)
was dissolved in 0.1% soln of ammonia in MeOH
(2.0mL) and left for 0.5 h. Subsequently, the sol-
vent was evaporated and the residue was puri®ed
by chromatography to a�ord 50 (0.344 g, 83%);
syrup; [�]d ÿ15.9� (c 0.4, CH2Cl2); IR (CHCl3):
3575, 1730 cmÿ1; 1H NMR (CDCl3): � 4.57, 4.68 (2
d, 2 H, J 12.2Hz, OBn), 4.35±4.60 (m, 3 H, H-2,
OBn), 3.64 (s, 3 H, OCH3), 3.54±3.76 (m, 4 H, H-5,
6, CH2OBn), 3.33 (bs, 1 H, H-4), 2.76 (dd, 1 H, J
4.4, 14.1Hz, CHAHBCO2Me), 2.67 (dd, 1 H, J 8.9,
14.1Hz, CHAHBCO2Me), 1.40 (d, 1 H, J 5.8Hz,
CH3); EI (MS): m/z 415 (M+�

). Anal. Calcd for
C23H29NO6: C, 66.50; H, 6.98; N, 3.37. Found: C,
66.3; H, 7.0; N, 3.4.

(2R,4R,5R,6S)-5-Tert-butyldimethylsiloxy-2,6-
dimethyl-3-hydroxy-4-methoxycarbonylmethyl-1,3-
oxazine (51).ÐCompound 51 was obtained from
41 (0.30 g, 1mmol) according to the procedure
described above (0.283 g, 85%); syrup; [�]d + 35.2�

(c 0.4, CH2Cl2); IR (CHCl3): 3576, 1730 cm
ÿ1; 1H

NMR (CDCl3): � 4.36 (bs, 1 H, H-2), 3.70 (s, 3 H,
OCH3), 3.55 (bt, 1 H, J 8.4, 9.4Hz, H-5), 3.19 (bm,
1 H, H-4), 3.18 (dq, 1 H, J 6.0, 8.4Hz, H-6), 2.78
(dd, 1 H, J 3.9, 13.5Hz, CHAHBCO2Me), 2.63
(bdd, 1 H, J 10.8, 13.5Hz, CHAHBCO2Me), 1.36
(d, 1 H, J 5.8Hz, C-2 CH3), 1.27 (d, 1 H, J 6.0Hz,
C-6 CH3), 0.08, 0.10, 0.89 (3 s, 15 H, Sit-BuMe2);
MS (EI): m/z 333 (M+�

). Anal. Calcd for
C15H31NO5Si: C, 54.05; H, 9.30; N, 4.20. Found:
C, 54.1; H, 9.4; N 4.2.

X-ray crystallography of compounds 30 and
43.ÐX-ray di�raction measurements of crystals of
30 and 43 were performed on an MACH3 dif-
fractometer with graphite monochromated CuK�

radiation. Unit cell parameters were obtained by
least-squares ®t of the setting angles of 15 re¯ec-
tions in the �-range between 22.3 and 43.5, and
22.3 and 38.7�, for compounds 30 and 43, respec-
tively. The data were collected at room tempera-
ture using the !±2� scan technique and were
corrected for the Lorentz and polarization e�ects.

512 I. Pan®l et al./Carbohydrate Research 306 (1998) 505±515



Intensity of the three control re¯ections measured
every 200 re¯ections showed no crystal decom-
position. The structures were solved by the direct
methods [11] and re®ned using SHELXL93 [12]1.
During re®nement procedure function mini-
mized was �w�jFoj ÿ jFcj�2, conventional R indices
were denotedR1 and those based on F

2 were denoted
R2. Weighting scheme adopted during re®nement
was: w � 1=��2�Fo�2 � 0:07P�2 � 0:1781P�, and
w � 1=��2�Fo�2 � 0:12P�2 � 0:138P�, respectively,
for compounds 30 and 43, where P � �F2

o � 2F2
c�=3.

The non-hydrogen atoms were re®ned aniso-
tropically, whereas the H-atoms were placed in the
calculated positions and their thermal parameters
were re®ned isotropically. Due to the lack of su�-
cient number of re¯ections and high thermal
motions of terminal groups in compound 43, iso-
tropic thermal parameters for H-atoms were set at
value 50% higher then for the parent atoms.
Extinction parameters were allowed to vary during
re®nement procedure in order to verify correct
absolute structure. High thermal parameters
observed in molecule of compound 43 might be

corellated with weak packing forces (compare
crystal densities for 30 and 43). To our own
experience, such bulky or ¯exible residues as
(Me)2t-BuSi and n-Bu very often show static or
dynamic disorder in the crystals. The atomic scat-
tering factors were taken from the International

Table 1
Crystal data and structure re®nement for 30 and 43

Compound 30 43
Formula C12H17NO7 C24H47NO7Si2
Temperature (K) 293(2) 293(2)
Wavelength (AÊ ) 1.54178 1.54178
Crystal system Orthorhombic Monoclinic
Space group P212121 C2
Unit cell dimensions (AÊ ,�): a=5.1139(2) a=27.560(9)

b=14.8867(5) b=6.930(2)
c=18.5455(8) c=16.394(4)

�=90.97(2)
Volume (AÊ ) 1411.85(9) 3131(2)
Z 4 4
Densitycalc. (Mg mÿ3) 1.351 1.099
Absorption coe�cient (mmÿ1) 0.961 1.333
F(000) 608 1128
� range for data collection (�) 3.81±73.02 4.16±57.13
Re¯ections collected 1444 1242
Independent re¯ections 1444 1242
Re®nement method Full-matrix least-squares on F2 Full-matrix least-squares on F2

Data/restraints/parameters 1440/0/199 1242/0/307
Goodness-of-®t on F2 1.040 1.095
Final R indices [I>�(I)] R1=0.0380,wR2=0.1044 R1=0.0756,wR2=0.1662
R indices (all data) R1=0.0391,wR2=0.1103 R1=0.0948,wR2=0.1794
Absolute structure parameter ÿ0.1(4) 0.1(2)
Extinction coe�cient 0.0027(6) 0.0000(2)
Largest di�. peak and hole (e. AÊ ÿ3) 0.218 and ÿ0.142 0.213 and ÿ0.224

Table 2
Atomic coordinates (�104) and equivalent isotropic displace-
ment parameters (AÊ 2�103) for 30. U(equiv) is de®ned as one
third of the trace of the orthogonalized Uij tensor

x y z U(equiv)

N-1 20644(4) ÿ3745(1) ÿ7691(1) 45(1)
C-2 19406(6) ÿ4620(2) ÿ7752(1) 47(1)
C-22 17592(8) ÿ4683(2) ÿ8395(2) 62(1)
O-3 17938(4) ÿ4878(1) ÿ7133(10) 47(1)
C-4 19552(5) ÿ4920(2) ÿ6506(1) 44(1)
C-41 17929(6) ÿ5289(2) ÿ5900(2) 52(1)
O-41 17341(4) ÿ6214(1) ÿ6065(1) 59(1)
C-42 15537(7) ÿ6589(2) ÿ5652(2) 60(1)
O-42 14451(8) ÿ6196(2) ÿ5177(2) 102(1)
C-43 15084(10) ÿ7558(2) ÿ5850(2) 80(1)
C-5 20455(5) ÿ3963(2) ÿ6352(1) 41(1)
O-51 22209(3) ÿ3953(1) ÿ5748(1) 49(1)
C-51 21292(6) ÿ3661(2) ÿ5101(2) 52(1)
O-52 19199(5) ÿ3318(2) ÿ5035(1) 79(1)
C-52 23152(8) ÿ3859(3) ÿ4518(2) 76(1)
C-6 21958(5) ÿ3582(2) ÿ6998(1) 45(1)
C-7 22029(5) ÿ2559(2) ÿ6985(2) 53(1)
C-8 19446(6) ÿ2332(2) ÿ7326(2) 48(1)
O-81 18191(5) ÿ1653(1) ÿ7305(1) 65(1)
O-9 18527(4) ÿ3057(1) ÿ7686(1) 50(1)

1 Tables of atomic coordinates, bond lengths, and bond
angles have been deposited with the Cambridge Crystal-
lographic Data Centre. These tables may be obtained, on
request from the Director of the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge, UK, CB2 IEZ.
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Tables [13]. Crystal data, details of data collection
and structure re®nement for compounds 30 and 43
are given in Table 1. The ®nal atomic parameters
and their equivalent isotropic temperature factors
for non-hydrogen atoms are shown in Table 2 and
Table 31.
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