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NMR Studies of Sugar Amides and Thioamides

Martin Avalos, Reyes Babiano,” Carlos J. Duran, José L. Jiménez and Juan C. Palacios
Departamento de Quimica Organica, Universidad de Extremadura, 06071-Badajoz, Spain

Configurational and conformational NMR analyses of amido and thioamido groups in pyranoid
sugar derivatives are described. Z, £ isomers about the N-CX bond were unequivocally identified.
Also, the disposition of this functional group with respect to the sugar ring has been determined on
the basis of some NMR parameters. A relevant parameter was the chemical shift of the «-sugar proton to
the amide or thioamide group. The scope and limitations of other '"H and *C NMR data have been

studied.

Chemical and biological properties of organic compounds
depend on their structure and conformation, and therefore their
correct determination is not a trivial question. Many natural
products and their derivatives have a N-acyl group joined to a
sugar moiety. NMR data of some N-alkyl-N-glycosyl fatty acid
amides,! that enhance the production of antibodies against
various antigens, indicate the presence of two conformational
isomers in solution due to the hindered rotation about the
amide C-N bond. This structural feature appears in antibiotics
such as N-acetylcalicheamicins,? istamycins,® glycocinnamoyl-
spermidines,* and streptomycins.® In these cases, signals for
individual conformers were not identified and nor was a
preferred conformation in solution established. Although the
amide Z/E isomerism has been extensively studied,®” works
dealing with the configuration and conformation of amido- and
thioamido sugar fragments are scarce and, in our opinion, some
useful data for the assignment of both isomers in this type of
molecule should be reported. For this reason, we have studied
some simple N-acyl or N-thioacyl aminosugars which have been
gathered into three series (I-1II):

Su-NH-CXH Su-NR'-CXR Su-NH-CXR

1 i m
Su = O -acylated pyranoid sugar; X =0, S; R =Me, Ph; R'= alkyl group

In all cases, the conformational rigidity of the sugar ring
simplifies the structural study of these molecules.

Results and Discussion

Series L—N-Formylaminopyranoses have been previously
studied 8!* by NMR spectroscopy. In some of these compounds,
both rotamers could be identified and a preference for the Z
isomer was always observed.’!'®> However, N-thioformyl
aminosugars have recently been synthesised !4 and for that, the
study of 1-5 will now be considered (see Fig. 1).

When NMR spectra of some thioformamides were recorded
occasionally, a variation of the isomeric ratio was observed. For
instance, when 3 was dissolved in CDCl;, the solution contained
initially only the Z-isomer. Later however, the E-isomer would
appear. Compound 5§ displayed an opposite behaviour, in this
case the E-isomer was detected first (Table 1). For 1, both
isomers were initially observed with the Z-isomer slowly
increasing. These changes were also observed by specific
rotation measurement. The variation of isomeric ratio can be
explained if only one isomer crystallises. When amorphous
solids are isolated the isomeric ratio does not change. At the
equilibrium, the Z-isomer of 1-3 and 6 was predominant
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Fig. 1 Compounds of series I
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Fig. 2 W Arrangement between 4-H and H-CO in the syn-periplanar
conformation for Z isomer of compound 7

whereas for 4 and 5, Z and E configurations showed similar
abundance.

Z|E configurations of 1-6 could be assigned by Juy cux
measurements. For 1-5, thioformyl proton signals appear as
doublets with larger coupling constants for E(Jyy cus 9-5-14.1
Hz) than for Z (Jny cus 5.0-6.1 Hz) isomers (Table 2). In the N-
formyl series, Jyy cno 9-2-11.3 Hz for E and < 1.0 Hz for Z were
measured.!?

Anti- and/or syn-periplanar conformations about the sugar—
NHCXR bond have been found.!!'!'317-22 Although the
Karplus equation 22 is not able to discriminate between the syn-
and anti-conformations, the observed values for Jyy cy (8.0-
10.9 Hz) are generally considered consistent with a preferred
antiperiplanar disposition !3-17-22 for all compounds of series
I (and III, see later). However, Kenne et al.!' have found a
long-range coupling constant (W arrangement) that suggests
also the existence of a synperiplanar conformation for the
Z-isomer of 7 (see Fig. 2).

In this series, the Juu caorzyn coupling constant and the
chemical shift of the sugar proton geminal to the amide group
enable a correct assignment of the preferred conformation. For
1-5, this proton resonated at lower field for Z than for Eisomers
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Table 1 Series I; '"H NMR chemical shifts
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1-H 2-H 3-H 4-H 5-H 6-H 6’-H
1Z 596t 523495m 540t 5.23-495m 3.92 ddd 4.33dd 4.10dd
1E 4.86t 5.23-495m 530t 5.234.95m 3.85ddd 427dd 4.13dd
2Z 6.34 t 6.06t 5.63dd 452 ~d 4.80-4.40 m 4.60dd 4.36dd
2E 5.14t 6.08t 5.54dd 4.80-4.40 m 4.80-4.40 m 4.804.40 m 4.40-4.00 m
3z 6.37d 5.45-5.20 m 544t 5.27t 4.17-4.00 m 4.29dd 4.17-4.00 m
3E 6.28d 4.19-3.96 m 539t 5.5t 4.19-3.96 m 4.29dd 4.19-3.96 dd
4Z 592d 5.54-5.32m 5.54-5.32m 5.20t° 4.00-3.90 m 4.33dd” 4.17dd*
4E 585d 3.79 ddd-q 5.54-532m 5.10t° 4.00-3.90 m 4.31dd” 4.13dd”
5z 5.82d 538q 5.36-524m 525t 397dd 5.36-5.24 m —
SE 5.73d 3.78 ddd-q 5.36-5.24m 510t 3.97dd 5.36-524m —
5z* 5.85d 5.06 q 533t 491t 4.26 dd 522-5.11m —
SE® 5.74d 424400 m 525t 486t 4.24-4.00 m 5.22-5.11' m —
6Z 5.74dd 4.34ddd 5.36-5.16 m S.16t 394dd 5.36-5.16 m —
6E 5.65d 3.57ddd 5.36-5.16 m S.I1t 395dd 5.36-5.16 m —
6Z° 5.74d 401q 523t 485t 4.24-393 m 424-393m —
6E" 561d 372q 513t 485t 4.24-393 m 4.24-393 m —
7-H 7-H NH CHX OAc OH OBz
1Z — — 8.60-8.40 m 9.52d 2.10-2.04 m — —
1E — — 8.60-8.40 m 940d 2.10-2.04 m — —
2Z — — 9.17dd 9.58d — 4.80-4.40 m 8.20-7.12m
2E — — 9.17dd 9.51d — 4.80-4.40 m 820-7.12m
3z — — 8.08 dd 9.40d 2.19,2.11,2.07 — —
3E — — 8.22-8.00 m 9.22d 2.25,2.18, 2.09, 2.06 — —
4Z — — 8.32dd 9.49d 2.17, 2.15, 2.09, 2.06 — —
4E — — 8.51dd 9.19d 2.10, 2.08, 2.06, 2.04 — —
5Z 4.34dd 4.16 dd 7.95dd 9.49d 2.17,2.14,2.13, 2.11 — —
SE 432dd 4.15dd 8.21 dd 9.17d 2.09,2.05,2.03 — —
5z° 424400m 424400m 10.26 dd 9.39d 2.11-1.88 — —
SE* 424400m 424-400m 10.17 dd 9.21d 2.11-1.88 — —
6Z 4.33 dd 4.14dd 645d 8.17s 212,211, 205,205,202 — —
6E 4.33dd 4.14dd 6.651 7.98d 2.16, 2.10, 2.07, 2.03 — —
6Z° 424-393m 424-393m 8.17d 8.04s 2.17-1.85 — —
6E® 424-393m 4.24-393m 7.821t 795d 2.17-1.85 — —

“ Assignments may be interchanged between Z and E isomers. * In [2H4]DMSO.
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Fig. 3 Syn- and anti-periplanar conformations for Z and E isomers

(A8 0.8-1.6 ppm). In the case of formamides,'? this difference is
smaller (for instance, 0.3 and 0.8 ppm in DMSO and CDCls;,
respectively, for 6). This deshielding of the Z-isomer would
justify the assignment of an anti-conformation.” Although this
proton always lies in the plane of the amido group in
accordance with the high value of Jnp c1or2m, in a Z-anti
disposition this proton is nearer to the C=X group than in other
arrangements (Fig. 3). The similar value of Jyy ¢(; or 2y for the
E-isomer, allows us also to propose an antiperiplanar con-
formation. Furthermore, in the syn-conformation the N-acyl
group causes 1,3-diaxial interactions and would induce remark-
able variations in the chemical shifts of the B-sugar protons.
The antiperiplanar conformation was also supported by the
NOE data shown in Fig. 4.

14.2%
E -isomer

Fig. 4 NOE data for Z and E isomers of 1

On the other hand, the CHX proton always resonated at
slightly higher field for E than for Z rotamers.

In the '3C NMR spectra of this series, two salient features
must be emphasised: (a) the sugar carbon joined to the func-
tional group resonates at higher field for Z than for E isomers
(Aé = 7.6-8.9 ppm for 1-5 and 4.7 ppm for 6), as previously
described,' 242> and (b) the signal of C=X is more deshielded
for E than for Z isomers (Ad = 1.4-1.9 ppm for 1-5 and 3.1 for
6) (Table 3).

Series I1.—Although many compounds related to this series
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Table 2 Series I; 'H NMR coupling constants
CHX,NH NH,1 NH,2 1,2 2,3 34 4,5 5,6 5,6’ 6,6’ 6,7 6,7 7,7
1Z 53 9.1 — 9.1 9.4 94 100 5.0 19 12.5 — — —
1E 13.8 9.0 — 8.9 94 9.4 10.0 4.8 2.0 12.2 — — —_
2Z 5.8 9.0 — 9.0 9.9 2.8 ~0 5.6 6.1 11.6 — — —
2E 12.1 ~8 — ~8 104 2.8 — — —
3z 59 — 8.0 3.2 9.7 9.7 9.7 34 12.3 — — —
3E 139 — 36 10.5 10.2 10.2 34 12.3 — — —
4Z 6.0 — 9.0 8.4 9.7 9.7 4.0 2.1 12.5 — — —
4E 14.1 — 99 8.6 9.7 9.7 9.7 4.0 2.1 12.5 — — —_—
57 6.0 — 8.4 8.3 8.4 8.8 8.8 2.1 — — 48 7.6 11.7
SE 13.7 — 10.0 8.7 8.0 9.7 9.7 2.1 — — 49 7.6 11.7
5Z° 6.1 — ~9 8.7 9.9 99 9.8 1.8 — —
SE® 13.7 — 9.5 8.7 9.8 9.8 9.6 — —
6Z ~0 — 9.7 8.9 ~9.5 9.7 9.8 22 — — 43 5.7 9.6
6F 11.3 — 109 8.6 ~9.0 9.7 9.8 22 — — 4.8 5.7 9.6
6Z° ~0 — 9.3 8.8 9.8 9.7 9.7 — —
6E* 11.1 — 9.8 8.7 9.8 9.7 9.7 — —
“In DMSO.
Table 3 Series 1; 1*C NMR chemical shifts
C=X C-1 C-2 C-3 C-4 C-5 C-6 C-7 0-C(0)-CH; O-C(O)-Ph 0O-C(0)-Ph Ph
1Z 19248 7849 70.50° 7240° 68.04¢ 73.79° 6151 — 170.99, 170.57, 20.41 — —
169.82, 169.51
1E 19384 8643 70.17¢ 7222¢ 67.73¢ 73.79* 61.51 — 170.50, 169.90, 2041 — —_
168.74, 169.30
2Z 19256 7890 69.37 7397 6742 7449° 6290 — - — 166.92, 166.62, 133.74-1 28.10
2F 19406 8722 6898 73.89° 67.15 7432° 63.04 — — — 165.67
3Z 190.77 ~88.2 53.07 70.03¢ 67.05° 69.45° 61.20 — 171.35,170.56, 20.75-20.30 166.57, 166.14, 133.74-1 28.10
168.91, 169.30 165.76
3F 19271 89.72 60.67 69.63¢ 65.52° 69.45° 61.06 — 170.38, 169.97, 20.75-20.30 — —
169.13, 168.44
47 19126 9184 5419 7223 6768 7256 6151 — 171.40-168.77 20.79-2 0.40 — —
4E 19298 9090 63.09 7129 6755 7244 6130 — 171.40-168.77 20.79-2 0.40 — —
5Z 19137 9238 5434 7241° 6661 73.08° 66.34° 6234 171.42,170.72, 20.74-2047 — —
170.32, 169.65,
169.22
SE 19302 9145 6306 71.51° 66.61° 7296° 66.34° 62.12 170.64, 170.57, 20.74-20.47 — —
170.10, 169.50,
168.71
6Z 161.35 9239 5601 7225° 6697 7287* 66.45° 6226 171.00,170.60, 20.71,20.56,20.39 — —
170.44, 169.36,
169.29
6E 16442 9218 5135 7195° 6687 7287 66.45° 62.13 170.54,170.27, 20.71,20.56,20.39 — —

170.11, 169.51,
168.74

@ Assignments may be interchanged in each isomer.

have been structurally studied,'3°?® no reports about the
assignation of Z/E isomers could be found. Some interest has
been paid to sugar derivatives, whose endocyclic oxygen was
replaced by a N-acyl group 72728 (see Fig. 5).

At room temperature, NMR spectra of N-acetylglycosyl-
amines 8,%° 11, 14,3° 16 ! and 17,32 N-thioacetylglycosylamines
9, 12 and 15, and N-(ethylacetamido)heptopyranose 20 showed
two signal sets and the Z/E isomeric ratio (60-82% of Z in
CDCl;) did not change over time. Isomeric ratios for 8 and 9
showed a strong dependence on the solvent (259, of Z in
DMSO). These signals coalesced when the temperature in-
creased. NMR spectra of the perbenzoylglycosylamines 10 and
13, and perbenzoyl-2-aminosugars 3!-33-34 18, 19 and 21-23,
showed, at room temperature, broad signals that made their
interpretation difficult. Nevertheless, single sets of signals for
each isomer could be obtained when spectra were recorded at
low temperature (see Tables 4-6 and 10). The long-range
coupling observed for the Z isomer of 21, J; 5 1.3, also supports

the D-glycero-D-ido configuration in the °S, conformation3®
previously described.>* However, the J, , values (~1.7 and 2.8
Hz for Z and E isomers, respectively) are not indicative of the
anomeric configuration.33-3¢

In this series, the sugar proton geminal to the amide group
showed chemical shifts related to those described in Series 1.
For the N-acylglycosylamines 8, 10, 11, 13, 14, 16 and 17, 1-H
protons resonated in two unoverlapping spectral regions (6.69—
5.79 and 5.53-4.93 ppm). For the N-thioacetylglycosylamines 9,
12 and 18, the thiocarbonyl group anisotropy also causes large
differences in the chemical shift of these protons. In the N-acyl-
2-aminosugars 2-H showed a similar behaviour. These results
are in accordance with the Z-configuration for the isomer whose
proton (geminal to the amide group) resonates at lower field,
and the E configuration for the other one. Both isomers show
the same antiperiplanar conformation between the aforemen-
tioned proton and the N-alkyl substituent. This conclusion is in
agreement with the NOE data shown in Fig. 6.
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Fig. 6 NOE data for Z and E isomers of 9

NMR data of N-alkyl groups rarely have diagnostic value.”
Sometimes, geminal protons, N-CH,-R, appear together in
different regions for each isomer; however, this behaviour is not
general and spectra are often very complex (Table 4).

In the case of thioacetamides 9, 12 and 15, N-CS-CH; protons
were more deshielded for E than for Z isomers. However, this
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Fig. 7 Compounds of series I1I

methyl group could not be promptly identified in acetamides
because it appears along with ester protons.

Some '3C NMR signals can also have diagnostic value. Thus,
sugar carbon atoms joined to the amide group were more
shielded for Z than for E isomers. This is in accordance 24-2°
with the relative disposition of this carbon with respect to the
C=X in each isomer. Unlike series I, Ad for C-1 atoms of 9, 12
and 15 are smaller than for the corresponding oxoanalogues 8,
11 and 14.

For the E isomer, the N-alkyl group adopts a syn disposition
with respect to the C=X double bond. For this reason, the
carbon atom joined to nitrogen is more shielded than for the Z
isomer.2#25 However, thioacetamides show exceptions to this
behaviour. Thus, the sequence of both isomers changed in 15
and, in the case of 9 and 12, the carbons mentioned had an
identical chemical shift.

On the other hand, unlike Series I, the N-CHX carbon
resonated further downfield for Z than for E isomers. In the
case of the E isomer of acetamides, assignment of this signal
can sometimes be difficult because it appears along with those
of carbonyl groups.

For N-alkylaminosugar derivatives, the methyl carbon of the
NC(X)Me group resonated at higher field for Z than for E
isomers as in 8, 9, 14-16 and 20. This sequence changed for 11,
12 and 17 wherein a N-Bn instead of an N-alkyl group is
present.

These compounds also allow us to observe the effect of the
inversion of one chiral carbon (11 and 17), O/S exchange (8, 11
and 14 with respect to 9, 12 and 15), and N-alkyl substitution (8
and 9 with respect to 11 and 12) on the Z/E isomeric ratio
observed.

Series IIL.—Many natural products can be classified in this
series (see Fig. 7). Only one signal set has been found for these
compounds,”1%-28-3% and the antiperiplanar conformation of
the Z configuration has been proposed, based on the Jyy cu
coupling constant.!”-!'® This assignment, which is in accord-
ance with X-ray crystallography data, has been fully ac-
cepted.!>21:3940 However, Thornton®*! has found a syn
conformation, stabilised by hydrogen bonding, in some deriv-
atives of N-acylneuraminic acid. On the other hand, a dynamic
equilibrium between syn and anti conformations has been
proposed *2 for some 2-acetamido-2-deoxy sugars, and recently,
contribution of three conformers has been assumed ** for N-
acyl-D-ribofuranosylamines. Also, configurational and con-
formational information about the sugar fragment has been
collected by NMR studies of diacylamino derivatives.”+2®

Accordingly, NMR spectra of 24,** 25-27 and 28*° showed
only one signal set even at 200 K in [2H¢Jacetone (Tables 7-9).

Again, the resonance of the sugar proton geminal to the
amide group may provide valuable information about the
structure of this type of compound. We have observed a great
similarity between the chemical shift of this proton in the Z
isomer of 1, 6 and other related compounds,!!*?® with that of
the same proton of 24,** 25, 28+ and others.'!-!34% These
similar chemical shifts are indicative of identical geometries,
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Table 5 Series II; '"H NMR coupling constants

J. CHEM. SOC. PERKIN TRANS. 2 1992

«CH, «CH, B-CH,,
12 23 34 45 45 55 56 56 66 67 67 17  gem B-CH, CH,
Y4 9.4 91 94 97 — — 2.7 2.7 — — —  ~00 8.2 74
8E 94 94 — — — — — 14.5 7.6 74
8z« 82 92 88 93  — — — — — 638
8E® 8.8 — — — — — 72
8® 9.2 95 94 94  — — — — — 73
97 9.1 94 95 95  — — — — — 74
9E 9.1 91 92 92  — — 40 24 — — — 74
9z¢ 8.9 96 96 — — — — — 7.0
9E" 8.7 93 94 95 — — — — — 72
10Z°¢ 9.3 96 96 — — — — — 65
10E¢ 8.5 90 — —  ~0 62 124  — — — 12.3 70 70
10° 8.8 87 90 94  — — 22 47 112 — — — 143 3.8 73
56
112 9.2 96 93 99  — — — — — 174 — —
11E 93 93 — — — — —  ~00 — —
127 9.6 96 96 97 — — — — — 16.8 — —
12E — — — — — — —
132¢ 9.4 93 93
13E¢ 8.0
147 8.0 90 24 ~0 — — — - — ~0 — 72
14E 8.7 90 24 ~0 — — — — — 138 — 69
152 8.0 — — — — — — 70
15E — — — — — — 7.6
162 90 100 32 1.7 10 133 — — — — — — ~0 8.2 75
16E 9.0 96 32 1.7 1.0 133 — — — — — — 15 ~9 75
172 98  ~37 ~37 9.5 ~15 _ _
17E 95  ~37 ~37 ~16 — _
182¢ ~3 91 91 90 — — — — —  ~14 — ~7
18E¢ ~3 9.1 9l 89  — — — — 14 _ ~7
1924 2.7 105 98 95  — — — — — 62
19E¢ 29 100 96 96  — — — — — ~13 ~6.6 69
19° 2.7 110 95 102 — — 39 39 ~0 — — — 44 73
207 32 105 28 ~0 — — 98  — — 22 3.7 122 — 70
20E 32 ~0 — — 98  — — 22 3.7 122 — 6.8
20Z° 34 ~11  ~3 — — —  ~0 48 122 — 638
20E° 3.1 1.1 ~3 — — — —  ~0 48 122 — 66
200 ~3 117 34 26  — — 92  — —  ~2 52 122 — 638
21Z¢ 17 02 26 29 — — 97  — —  ~1 — 69
21E¢ 28 92 54 48  — — — — 5.1 124 149 — 69
227°  ~33 88 88 95  — — 72— — ~9 ~0 — ~7
2E¢  ~33 88 88 95  — —  ~7 — —  ~9 ~0 — ~7
220 3.6 11 95 100 — — 19 — — 63 64 ~0 — 6.8
237¢ — — 10 — — _
23E¢ 2.7 11 ~25 ~0 — — 98  — — ~0 ~0 118 ~126 — 5.8
23% 2.5 15 32 0 — — 92— — 25 42 123 ~13 — 69

“In DMSO. * At coalescence in DMSO. ¢ At 248 K in CDCl;. ¢ At 273 K in CDCl,.

and are in accordance with a Z configuration in an antiperi-
planar disposition. The NOE data on 25 confirm this assump-
tion (Fig. 8).

Conclusions
Compounds of series III only appear as one stereoisomer of Z
configuration about the amide or thioamide C-N bond. How-
ever, for compounds of series I and II mixtures of Z and E
rotamers can be observed when equilibrium is reached (Table
10). A very useful parameter for the identification of these
rotamers is the chemical shift of the sugar proton directly joined
to the carbon that supports the substituent. Furthermore, the
"H NMR signal of this proton and its coupling constant with
the NH proton allow us to determine the preferential con-
formation for these compounds in which C-H sugar and NH or
NR groups adopt an anti disposition. Several useful rules for
configurational assignment in compounds of series I and II are
given in Table 11.

There are many references about the presence of rotamers
unassigned in acylaminosugar frameworks. For instance, N-
alkyl-N-glycosyl fatty acid amides as glycolipid analogues have

recently been studied.! Both the 'H and '*C NMR spectra
show the duplicity of some signals which indicates the presence
of two conformational isomers in solution although they are
not identified by the authors. From the spectroscopic data
reported ! for these glycosylamides (compounds of series 1), Z
and E isomers can be identified and their predominant
conformations in solution established as shown for 29 in
Fig. 9.

N-Acetylcalicheamicins > and some of their degradation
products contain an N-acetyl-N-alkylamino group joined to a
sugar fragment which can show Z, E isomerism. Thus, some of
the '*C NMR signals of the simplified model 30 appear to be
duplicated.? Assignment of Z and E rotamers has been made in
Fig. 10.

N-(Benzyloxycarbonyl) derivatives of 3”-epidihydrostrepto-
mycin gave, at room temperature, a mixture of rotamers.> The
same behaviour is shown by 31 which has a double set of signals
in its "H NMR spectrum. The identification of these isomers
appears in Fig. 11.

Other compounds wherein the thioformylic or formylic pro-
tons of series I are replaced by different frameworks, as in
acylated thioureylenedisaccharides,*>*” sugar thioureas,*®
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Table 7 Series III; '"H NMR chemical shifts

J. CHEM. SOC. PERKIN TRANS. 2 1992

'H 2H 3H 4H SH 6H 6-H NH Ac Ph CS-CH,
25 590t 507t 542t 509t 393ddd  433dd 412dd 842d 208,207,206,204 — 2525
2% 601t 575t 626t 590t 457437m 470dd 455dd 748 708m — 814-7.09m —
27 626dd 566t 620t 579t 439ddd  466dd 448dd 8.70d — 808724m —
Table 8 Series I1I; 'H NMR coupling constants [ 21 oaHe OCH, CHs OCHs
o
NH1 12 23 34 45 56 56 66 HaC\n/N\m OYN
(7S (oo, oy [ HOCHs
25 86 90 95 94 99 49 17 125 o A
26 91 94 95 96 98 25 4l 112 4 e | ’
27 80 92 94 96 9.6 24 54 11.8 218
Z-isomer E -isomer

Fig.8 NOEdataon25§
CH,OH ¢
2 re) |18H37

HF?O N YC1 1H23
84.28 (CD,OD)
5.45 ppm 81.90(2Hg|DMSO)
Z -isomer

CH,OH (;;1 gHaz
HO O N fo)

HO Y
<}UH\ CyiHzs
88.17 (CD50D)
4.84 ppm { 86.25(HglDMSO)

E -isomer

Fig.9 Spectroscopic data and conformation of Z and E isomers of 29

ureas,*® thiocarbamates,*® etc. can also be compared with the
respective members of series I and IIL. Thus, chemical shifts of
sugar a-protons to the substituent are similar to those found for
Z-thioformamides or formamides. Thus, the 2-H chemical shifts
for 31 and 32 are respectively 4.43 and 4.40 ppm (6 4.56 and
3.80 ppm for Z-33 and E-33, respectively,'® and 1-H in the
thiocarbamate 34 appears at 5.56 ppm (see dy., for Z-1 in
Table 1). Ureido bridges are present in glycocinnamoylsperm-
idine antibtotics.*

AcOH,C [¢] AcOH,C H
AcO 2 H.O AcO O, 1
AcO \1 R AcO N\n/OEt
r]‘ OAc AcO H S
H
31 R=PhNH 34
32 R=4-CICgH4NH
33 R=H

Thus, the structural analysis that we report, can be applied to
the study of biological molecules related to compounds of series
I-1II (glycoproteins, polysaccharides, glycolipids, antibiotics,
etc.), and can probably help with the interpretation of molecular
recognition processes.

Fig. 10 Spectroscopic data and conformation of Z and E isomers of 30

4.77 ppm (4-54 ppm
Ov ( ) Ov § OCHPh
o
(o] .0 .0
%ﬂ#ocuzph %&ﬁo
N OCH, N OcH,
CH, CH,
Z-isomer E -isomer

Fig. 11 Spectroscopic data and conformation of Z and E isomers of 31

Experimental

General Methods—M.p.s were determined on a Gallenkamp
apparatus and are uncorrected. Optical rotations were meas-
ured at 20 + 5°C on a Perkin-Elmer 141 polarimeter. IR
spectra (KBr discs) were recorded on a Perkin-Elmer 399
spectrophotometer and UV spectra on a Pye-Unicam SP8-250
instrument. The "H (200 MHz) and '3C NMR (50.3 MHz)
spectra were recorded on a Bruker AC 200-E spectrometer.
Unless otherwise indicated, spectral data refers to samples at
equilibrium at 295 K using CDCl; as solvent. Assignments were
confirmed by homo- and hetero-nuclear double-resonance
experiments, and DEPT. TMS was used as the internal
standard and all J values are given in Hz. EI mass spectra (35
and 70eV) were measured on a Kratos MS-80RFA
spectrometer. Analytical TLC was performed with silicagel 60
GF ;54 (Merck) and flash column chromatography with silica
gel 60, 230400 mesh, (Merck) using the following eluents: (a)
benzene: diethyl ether (3:1); (b) diethyl ether:light petroleum
(b.p. 40-60 °C) (2:1); (c) diethyl ether:light petroleum (3: 1); (d)
diethyl ether:toluene (3:1).

Materials—Synthesis of some per-O-acylated amidosugars
used in this study (8,2° 14,3° 16,3! 17,32 18,3! 19,30 21,34 22,34
23,33245% and 28,'3), has been described elsewhere. Compounds
10, 11, 13, 20 and 26 were prepared by conventional acylation
from unprotected aminosugars. On the other hand, the syn-
theses of thioformamides 1-5 have recently been reported !® in
a preliminary communication. Thioamides 9, 12, 15, 25 and 27
were obtained by thiation of the corresponding amides. Use
of P,S,, for this conversion in carbohydrate substrates is
known,*! although it has been accelerated using ultrasonic
irradiation.>?

1,3,4,6,7-Penta-O-acetyl-2-deoxy-2-formamido-a-D-glycero-
L-gluco-heptopyranose 6. To a suspension of 1,3,4,6,7-penta-O-
acetyl-2-amino-2-deoxy-«-D-glycero-L-glucoheptopyranose hy-
drochloride 22 (0.025 g, 0.55 mmol) in diethyl ether (3 cm?) at
0°, acetic—formic anhydride (0.1 cm?®) was added. After 3 h, the
solvent was evaporated to give a syrup that crystallised from
ethanol (0.021 g, 79%), m.p. 160-161 °C; [a], +18° (¢ 0.5 in
CHCl,); Vo, /cm™ 3400m, 1765s, 1695s and 1535m (Found: C,
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Table 9 Series ITI; '3C NMR chemical shifts
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N-C(X)-
C-1 C-2 C-3 C-4 C-5 C-6 N-CX-R CH; 0-CO-R O-CO-CH, Ph
24 78.04 70.59¢ 7290¢  68.16° 73.48* 6177 170.75° 23.26 170.67, 170.65, 20.72, 20.65, —
169.89,169.62  20.57
25 81.45 70.54¢ 72.22 67.90° 73.37 61.41 204.76 33.94 170.54,170.32, 20.31,20.22 —
169.46,169.32  20.18, 20.15
26 79.33 71.86 7322 69.59 73.89 63.09 167.59° — 16691, 166.12, — 133.72-127.28
165.70, 165.23
27 82.86 71.99 7281 69.29 74.24 62.87 202.18 — 167.53,166.12, — 140.33-126.91
165.63, 165.15
28 90.70 51.03 70.66° 67.53*  69.73 61.56 166.72 23.04 171.69, 170.74, 2096, 20.73, —
170.07,169.15  20.60
@ Assignments may be interchanged. ® These assignments may be interchanged with the corresponding carbonyl signals.
Table 10 Z/E Isomer ratios and coalescence temperatures for compounds of the series I, I, III
Z|E Ratios
Conc./mol Coalescence
No. Equilibrium t/h Off equilibrium t/min Other* dm? T/K T/K
1 71/29 2h 60/40 3m 0.35 295
2 67/33 0.55 295
3 79/21 24h 99/1 3m 0.55 295
4 52/48 0.85 295
5 49/51 24h 0/100 3m 0.11 295
L 44/56 24h 0/100 3m 0.11 295 >365
6 68/32 0.10 295
6 70/30 0.10 295 > 365
8 58/42 0.93 295
8® 25/75 0.47 335 ~335
9 68/32 0.31 295
9° 25/75 0.90 295 > 365
10 16/84 0.43 248 ~345
11 70/30 0.84 295
12 83/17 0.81 295
13 25/75 0.51 248
14 60/40 1.20 295
15 63/37 0.93 295
16 60/40 0.81 295
17 65/35 0.13 295
18 40/60 0.28 273
19 38/62 043 273 ~345
20 64/36 0.65 295
20° 70/30 0.65 295 > 360
21 50/50 0.16 248
22 58/42 0.23 248 ~355
23 13/87 0.28 248 ~355
24 100/0 1.03 295
25 100/0 0.99 295
26 100/0 0.88 295
27 100/0 0.29 295
28 100/0 1.03 295

“ Spectra were recorded just after the temperature diminished. ® In [2H,]DMSO.

47.95; H, 5.65; N, 3.0. Calc. for C;gH,;sNO,,: C,48.3; H, 5.6; N,
3.1%).
2,3,4,6-Tetra-O-acetyl-N-propyl-N-thioacetamido-f3-D-glu-
copyranosylamine 9. To a solution of 8 (5.4 g, 12.5 mmol) in
anhydrous THF (40 cm?®), P,S,, (3.37 g, 7.59 mmol) was added
and the reaction mixture was irradiated with an ultrasonic
laboratory cleaner until disappearance of starting amide (4 h,
solvent d). The solvent was evaporated and the residue was
extracted with dichloromethane (2 x 25 cm?). The extracts
were combined and evaporated to give 9 as a syrup that
crystallised from ethanol (3.8 g, 68%), m.p. 112-113 °C; [a]p +
19° (¢ 0.5 in CHCl,); A,,,(EtOH)/nm 274 (¢/dm> mol™ cm™
19 600); v,./cm~! 1740s and 1475m (Found: C, 50.75; H, 6.8; N,
3.2. Calc. for C,oH,4,NO,S: C, 51.0; H, 6.5; N, 3.1%).
N-Benzoyl-2,3,4,6-tetra-O-benzoyl-N-propyl-B-D-glucopyran-

osylamine 10. To a solution of N-propyl-D-glucopyranosyl-
amine 2% (10.0 g, 48 mmol) in pyridine (200 cm?) at 0 °C, benz-
oyl chloride was gradually added (60 cm?®, 518 mmol). After
cooling at 4 °C for 24 h, the reaction mixture was poured into
ice-water (750 cm?®) and extracted with dichloromethane
(3 x 100 cm?®). The combined extracts were washed with 3 mol
dm™ hydrochloric acid, saturated aqueous sodium hydrogen-
carbonate, and water, dried with anhydrous sodium sulfate and
concentrated to give 10 as a syrup that crystallised from eth-
anol (300 g, 85%), m.p. 190-192°C; [a]p +28° (¢ 0.5 in
CHCI,); Amax(EtOH)/nm 281, 273 and 230 (¢/dm>® mol! cm™!
52300, 4500 and 3500); v, /cm™! 1743s, 1663s and 1615m,
1598w and 1505w (Found: C, 71.2; H, 5.5; N, 2.05. Calc. for
Ca4H3oNO,: C, 712, H, 5.3; N, 1.9%).
N-Acetyl-2,3,4,6-tetra-O-acetyl-N-benzyl-B-pD-glucopyrano-
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Table 11 Rules for configurational assignment in compounds of series
ITand II
Series I Series II
y v
1 ’
\cl:sugar_"' N—ﬁ—H \Cls‘)ga'_—'N |C| R
Hsugar X Hsugar X
(1) 0y, (Z2) > dy,,(E) (1) dn,,,.(Z2) > oy, (E)

() éc,,.(Z) < éc,(E)
(3) dcx(Z) < 0cx(E)
@) Ocux(Z) > dcux(E)
©)] JNH.CHO ~0(Z)
JInm.cuo 9-2-11.3 (E)
JInn.cns 3.0-6.1 (Z)
Jun.cus 9-5-14.1 (E)

(2 éc,,,(Z) < o, (E)

(3) 6cx(Z) > cx(E)

(4) When R = sat. alkyl group:
Scxen,(Z) < 5cxcu,(E )
When R = benzyl group:
Sexeny(Z) > dcxeny(E)

sylamine 11. To a solution of N-benzyl-D-glucopyranosyl-
amine 3¢ (10.0 g, 37.4 mmol) in pyridine (100 cm?) at 0°C,
acetic anhydride was gradually added (50 cm?, 530 mmol). The
reaction mixture was processed as described for 10 to give 11
(11.0 g, 61%), m.p. 120-122 °C; [a]p —20° (¢ 0.5 in CHCl,);
Ama(BEtOH)/nm 206 (¢/dm® mol! cm™ 9900); v, /cm™
1765s, 1748s, 1683s, 1618w, 1598w and 1508w (Found: C, 57.8,;
H, 5.6; N, 29. Calc. for C,,H;,NO,,: C, 580; H, 5.5; N,
2.9%).
2,3,4,6-Tetra-O-acetyl-N-benzyl-N-thioacetyl-B-D-glucopyr-
anosylamine 12. Thiation of 11 (0.95 g, 2.0 mmol) with P,S;,
(0.44 g, 1.0 mmol) as described for 9 (8 h) gave 12 (0.70 g, 71%),
m.p. 93-94 °C; [a]p, —68° (¢ 0.12 in CHCl,); A (EtOH)/nm
276 (¢/dm® mol! cm™ 7000); v,,,,/cm™ 1742s, 1659m and
1477s (Found: C, 55.9; H, 5.9; N, 2.7. Calc. for C,3H,,NQO,S: C,
55.75;H, 5.9; N, 2.8%,).
N-Benzoyl-2,3,4,6-tetra-O-benzoyl-N-benzyl-8-p-glucopyr-
anosylamine 13. N-Benzyl-D-glucopyranosylamine *¢ (10.0 g,
37.4 mmol) was processed as described for the preparation of
10 to give 13 (14.0 g, 48%,), m.p. 186-187 °C; [a]p +48° (¢ 0.5
in CHCl,); Ana(EtOH)/nm 229, 273 and 281 (¢/dm® mol!
cm™! 62 100, 5200 and 3900); v, /cm~* 1737s, 1660m, 1612m,
1595w and 1502w (Found: C, 73.2; H, 5.0; N, 1.7. Calc. for
C,sH3oNO,,: C,73.0; H, 5.0; N, 1.8%).
2,3,4,6-Tetra-O-acetyl-N-ethyl-N-thioacetamido-B-D-galacto-
pyranosylamine 15. Thiation of 14 (0.83 g, 2.0 mmol) with
P,S,, (0.44 g, 1.0 mmol) as described for 9 (7 h) gave 15 (0.65
g, 76%), m.p. 157-158 °C; [a]p +23° (c 0.5 in CHCl,); Apax
(EtOH)/nm 274 (¢/dm> mol* cm™! 16 900); v,,,,/cm™ 1742s,
1659m and 1477s (Found: C, 49.8; H, 6.2; N, 3.2. Calc. for
C,sH,4NOGS: C, 50.0; H, 6.1; N, 3.2%).
1,3,4,6,7- Penta-O-acetyl-2-deoxy-2-(N-ethylacetamido)-a-D-
glycero-D-galacto-heptopyranose  20.  2-Deoxy-2-(N-ethyl-
amino)-a-D-glycero-pD-galacto-heptopyranose hydrochloride *3
(1.0 g, 3.7 mmol) was processed as described for the preparation
of 11 to give 20 (0.5 g, 25%), m.p. 138-140 °C; [a]p + 121° (¢ 0.5
in CHCl,); vy, /cm™! 1750s, 1730s and 1640m (Found: C, 51.2;
H, 6.5; N, 2.9. Calc. for C,; H5;NO, ,: C, 51.5; H, 6.4; N, 2.9%).
2,3,4,6-Tetra-O-acetyl-N-thioacetyl-B-p-glucopyranosyl-
amine 25. Thiation of 24 (30.0 g, 63.6 mmol) with P,S,, (20.0 g,
45.0 mmol) as described for 9 (7 h) gave 25 (22.3 g, 87%), m.p.
114-115 °C; [a]p +67° (c 0.5 in CHCl,); A, (EtOH)/nm 267
(¢/dm? mol™! cm™! 15 000); v,,,./cm™! 3280m, 1785s and 1538m
(Found: C, 47.5; H, 5.6; N, 3.4. Calc. for C,4H,3NOS: C, 47.4;
H, 5.7; N, 3.5%).
N-Benzoyl-2,3,4,6-tetra-O-benzoyl--D-glucopyranosylamine
26. To a solution of D-glucopyranosylamines°® (10.0 g, 56
mmol) in pyridine (80 cm?®) at 0°C benzoyl chloride was
gradually added (45.2 cm?, 391 mmol). After 24 h at 4 °C, the
mixture was poured into a cold saturated solution of sodium
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hydrogen carbonate to give a crude product that was recrys-
tallised from ethanol (36.7 g, 96%), m.p. 106-108 °C; [a]p +13°
(¢ 0.5 in CHCl,); A,.(EtOH)/nm 229, 272 and 280 (¢/dm?
mol™! cm™! 51400, 54 00 and 4400); v,,,,/cm™ 3370m, 1735s,
1690m, 1670m, 1612m, 1595w and 1535m (Found: C, 72.1; H,
4.7; N, 2.2. Calc. for C4;H33NOy: C, 72.0; H, 4.9; N, 2.05%).
2,3,4,6-Tetra-O-benzoyl-N-thiobenzoyl-B-D-glucopyranosyl-

amine 27. Thiation of 26 (10.3 g, 15.0 mmol) with P,S,, (4.44 g,
10.0 mmol) as described for 9 (60 h) gave 27 (10.5 g, 70%,), m.p.
191-192 °C; [a]p —111° (¢ 0.5 in CHCl3); Appan(EtOH)/nm 232
and 283 (¢/dm> mol! cm* 43 000 and 7000); v,,,,/cm™! 3325m,
1730s, 1605m, 1590w and 1530m {Found: C, 68.7; H, 4.75; N,
1.8. Calc. for C4,H33NO,S: C, 68.8; H, 4.65; N, 1.95%).
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