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Abstract

The reactivity and conformations in water solution of polyhydroxylated hexahydropyrimidine-2-thiones
structurally related to biologically active nonulosonic acids and azaoctitols, obtained by intramolecular cyclization
of sugar-derived y-oxothioureas, have been investigated. The total preference for the axial orientation of the
pseudoanomeric C—O bond and the high tendency to undergo acid-promoted intramolecular glycosylation are
interpreted in terms of stabilizing hyperconjugative interactions in both the aminoketalic derivatives and the
reactive azacarbenium cations. Moreover, repuision between lone pairs and vicinal C—H bonds leads to a
ce for structures bearing axial oi-carbon substituents. The present results provide strong experimentai
orbital over electiostatic interactions in the stereoelectronic properties
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1. Introduction

Polyhydroxylated azaheterocycles embodying a resonance-stabilised m-system of the
amidine [1-6] or cyclic guanidine type [7-11] have been suggested as mimicking the electronic

character and conformation of the transition state of heterolytic glycoside hydrolysis. This
means a flattened half-chair (or twist-boat) conformation, a trigonal anomeric centre with
substantial sp® character and positive charge density, and the proper orientational pattern.
Further theoretical and experimental studies indicate that true transition state analogs must
also be essentially neutral or zwitterionic at physiological pH to keep specificity against the
target enzyme [12-16]. Six-membered cyclic thioureas carrying properly placed hydroxy and
hydroxymethyl substituents conform to these structural features [17], with the additional
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o other functionalities, such as
urea, isothiourea and guanidine, through standard transformations [18].

Replacement of the oxygen atom in pyranoses by an sp’-hybridized nitrogen atom may,
however, significantly alter the stereoelectronic relationships in the six-membered
heterocycle, resulting in considerable differences in the conformational preferences and
reactivity, an aspect that must be considered in glycomimetic design [19]. In the framework
of a program aimed at the development of glycosyl hydrolase (ransition-state analog
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inhibitors with controlled stereoelectronic properties, we have been interested in the
preparation of polyhydroxylated pyrimidine-2-thiones possessing an aminoketalic
(pseudoanomeric) hydroxy substituent [20-22]. It has been recently shown [23,24] that the
conformations of six-membered 1,3-diazacycles are governed by the generalized anomeric
effect [25,26], aithough the relative contribution of hyperconjugative and electrostatic

interactions remains controversial. This question is not trivial: while orbital interactions
would be fully operative in polar solvents, dipole-dipole interactions should be minimized in
water. The structural and electronic properties of the cyclic thiourea system, with planar
nitrogen atoms and lone pair orbitals having m-symmetry, are ideally suited to optimize
overlapping with contiguous orbitals. To gain information on the impact of this contribution

to the generalized anomeric effect, an investigation of the conformational preferences of a
series of configurationally different derivatives seemed intriguing

011
synthetic analysis suggested that the aminoketalic stereocentre migt
by the intramolecular cyclization of y-oxothioureas (Scheme 1). Actually, reducmg
monosaccharides possess a masked aldehydo group that can be the electrophilic target for
suitably located nucleophilic substituents (e.g. amino, thio) by a simple tautomeric
rearrangement [27,28], thus allowing access to a variety of structural analogs with a
hydroxylation profile defined by the starting sugar configuration. This concept has now been
extended to 3-deoxy-3-thioureidoaldohexoses and applied to the synthesis of sugar-shaped
4,5-dihydroxy-6- (trihydroxypropyl)hexahydropyrimidine-2-thiones whose molecular
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frameworks bear close spatial relationships W1th those of 3-deoxy-2-nonulosonic acids
aoctitols) [31-33], two
ycerol side-chain as a
main structural feature. The influence of stereoelectronic factors in the conformation,
pseudoanomeric configuration, tautomeric equilibrium and reactivity of the products has been

evaluated and the results rationalized in terms of the generalized anomeric effect.
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Scheme 1. Retrosynthetic scheme proposed for the preparation of 4-hydroxyhexahydropyrimidine-2-thiones.
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2.1. Synthesis and Reactivity of polyhydroxylated hexahydropyrimidine-2-thiones

J. L. Jiménez Blanco et al. / Tetrahedron 54 (1998

As depicted in Scheme 2,
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the key fully unprotected 3-deoxy-3-thioureido sugar
precursors can be generated by hydrolysis of O-acetal protected derivatives under acidic
conditions compatible with the stability of the thiourea group [34].
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Scheme 2. Synthesis of sugar-shaped hexahydropyrimidine-2-thiones from D-glucose and D-allose precursors.
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ical reasons we have focused on compounds having the D-allo and D-gluco
configurations. The starting diacetonides were efficiently obtained from the corresponding 3-
amino-3-deoxy- or 3-deoxy-3-isothiocyanato derivatives [35], readily accessible in the two
epimeric series from commercially available 1,2:5,6-di-O-isopropylidene-o-D-glucofuranose
(the chiral source), following previously reported protocols [36].

In principle, 3-deoxy-3-thioureido sugars may undergo intramolecular nucleophilic

attack at the anomeric carbon atom (C-1) either in the hemiacetalic cyclic forms (Fischer-
()

Helferich glycosylation-type reaction) or in the open-chain aldehyde form (tautomerization-

type rearrangement) Alt,.eugu a ratienalizatmn of the ambident sulfur versus nitrogen

reactivity in thioureas is controversial, from the ensemble of results available in the literature
STv Ty 1. . ~ e

ramolecular glycosylation-type reactions invoive preferentially sulfur,
whereas additions to carbonyl groups proceed generaily through nitrogen [18]. Nevertheless,
a strong influence of the nature of the substituents has been obeserved in the latter case [37].
In order to estimate the proportion of S-attack in the outcome of the reaction, we first studied
the reactivity of the N’ N'-disubstituted thioureas 1 and 5 in mixtures of TFA-water at
relative proportions ranging from 1:1 to 9:1. No formation of mono or bicyclic 2-amino-1,3-
thiazine derivatives was detected even after nro]onged heating at 40 °C. The fully unprotected
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a significant participation of these alternative side-reactions in our synthetic scheme.

The behavior of substrates carrying an acidic hydrogen atom at N' (2-4, 6-8) upon
treatment with 9:1 TFA-water was, at the carly stages, similar to that noted above for 1 and
S, i.e. the acidic crude reaction mixtures consisted ("*C NMR) of an equilibrium mixture of
hemiacetalic o,f-furanose and o,B-pyranose thiouronium derivatives. After neutralization,
the equilibrium was spontaneously shifted toward the target hexahydropyrimidine-2-thione
structure (Scheme 2). Eventually, concomitant formation of bicyclic derivatives resulting

from further intramolecular glycosylation processes involving the glycerol side-chain was

observed. The bicyclic intramolecular glycosides were the only reaction products when the
Ao + P 3 irno Anreiad it il cralfireia namid /QAakiaiaa Q)
aeaccetonation reactlm was cairied out witn suifuric acia (dcneme 3).
1 1 i~ 1 '
al

he much higher tendency of aminoketalic polyhydroxyhexahydropyrimidine-2-thiones
to undergo 1ntramolecular glycosylation leactlons, as compared to the parent reducing
pyranoses, is ascribable to the higher stability of the corresponding reaction intermediate.
The nt-symmetry of the lone-pair orbital in the ground state of the thiourea group and the
facility of the nitrogen atom to accommodate a positive charge must strongly favor the
formation of a transient azacarbenium pseudoglycosyl cation that is subsequently trapped by
formation of O-1' or O-2' intramolecular glycosides (Scheme 3). The presence of an alkyl

substltuent at N' (i.e. 11 14) stabilizes the charged intermediate by an inductive (+]) effea
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Scheme 3. Intramolecular glycosylation reactions of polyhydroxyhexahydropyrimidines. * Ac,O/pyridine/DMAP.

The planar cyclic thiourea moiety imposes a syr 1,3-diaxial disposition for the nitrogen
atoms with respect to the oxaheterocycle in the bicyclic systems 15-18 and 23-26 (Scheme
3). In the D-allo configuration this situation can be conveniently achieved in a pyranose ring

(O-2" intramolecular glycomde) in the 4C, chair conformation, w1th the hydroxy and

arrangement. Consequently, the alternative O-1' glycosylation pathway was preferred.

Except for 12, in which a single diastercomer 4R was detected, the monocyclic sugar-
shaped hexahydropyrimidine-2-thiones existed in dcuterium oxide solution as equilibrium
mixtures of the 4R and 4S diastereomers, as seen from their NMR spectra. Although the
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epimerization process was relatively slow on the chromatographic time scale, fast
equilibration occurred in sofution. Only in the case of 14 could both isomers be characierized

independently. It is noteworthy that the configurational patterns of the heterocyclic ring in
the 4R diastereomers of D-allo and D-gluco derivatives are analogous to that present in
several 1,5-anhydro-1,5-iminooctitols shown to be potent B-glucosidase and B-galactosidase
inhibitors [33]. Moreover, compound 12 is the cyclic thiourea analog of the recently reported
3-deoxy-D-glycero-D-gulo-2-nonulosonic acid, the C-5 epimer of the naturally occurring
KDN [38].
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spectra. The "C chemical

ing effects as compared with the homologous
carbons (C-1 and C-3, respectively) in the parent hexoses, indicative of the C-

4—NHCSNH—C-6 bridge. The signal at & 175-185 confirmed the presence of the
thiocarbonyl group. The involvement of O-1' or O-2' in the bicyclic skeleton of
intramolecular glycosides was evident from the 'H and "’C chemical shifts as well as the J,, 4
values around the pyranose or furanose ring. The observation of long-range coupling
constants between protons in W arrangement is consistent with the rigidity of the structures.

<

Additional evidence for the nronosed mono- or bicvclic framework was obtained fro

nc the prop cyc amework obtained from
the acetylated products 19-22, 27-34. As a general rule, treatment of the unprotected
compounds with a nhydrlde and 4 (N N—dxmethylammo)pyl1dme (DMAP) in pyridine
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Two notable exceptions are the 3-phenyl derivative 13, for which only the tetra-O-
acetate 33 could be isolated, and the 3-unsubstituted derivative 9, which largely decomposed
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latter case a dihydrouracil derivative 30 was isolated in low yield. Interestingly, the
monocyclic hexahydropyrimidine-2-thiones 12-14 derived from glucose afforded single
diastereomers 32-34 having the (S)-configuration at the aminoketalic centre (C-4) upon
acetylation, independently of the stereochemistry of the starting compound.

2.2 Configurational and Conformational Analysis

hitals of carbon a
Ditals of carbon a

iz

. D d
v p and
thlocarbonyl group leads to a relatively high dou

Ln«-r]m nz] ~ maman Fonserasrrmels [ Y PO S, T . N, I |
DOULIUd dliu d pldlldl LIallcwol 101 Ul Houicd glUUp 111 UlC cdase UJ. bl)& MErnpered
heterocycles, this situation forces a flatiened half-chair or envelope conformation (£) with the

carbon atom opposite to the thiocarbonyl group (C-5) pointing up (’E) or down (E5) with
respect to the main plane of the molecule. Therefore, each of the two possible diastercomers
at C-4 of the aminoketalic cyclic thioureas derived from D-allose can adopt one of the two
conformations depicted in Figure 1.
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T-N\' N\ HU\‘_N\ Lt |\

—~ R ~ R H s o=
OH H OO H HO
(4R)-°E (4R)-E5 (49)-°E (45)-E5

Figure 1. Flattened-chair or envelope conformers for hexahydropyrimidine-2-thiones derived from D-allose.
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disposition for the corresponding protons (3.2 and 3.3 Hz, respecuvely

~ AamAd O TT N =l

characteristic of a disposition close to rrans-diaxial (7.8 and 8.7 Hz), whic
pointed to the 4R diastereomer in the °E conformation. Consequently, the 4S configuration
was assigned to the other isomer. The low J,5 and Jg, values (2.3-2.5 Hz) ruled out a
significant participation of the *E conformer, supporting the alternative E5 conformation with
H-4, H-5 and H-5, H-6 in rrans-diequatorial dispositions. This assignment is further
corroborated by the observation of a “J,; (1.8 Hz) for (4R)-10, in agreement with a W
arrangement for the corresponding protons.
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The configurational assignment in the D-glucose series was less straightforward. The
low J, ; values (3.2-3.6 Hz), indicative of gauche relative dispositions for the corresponding

protons in both C-4 diastereomers (Table 1), and the absence of NOE between H-4 and H-6
ruled out a significant contribution of the (45)-’E and (4R)-E, conformers to the respective
conformational equilibria (Figure 2). The alternative (4R)-E and (4S)-E, structures were
ascribed to each set of signals on the basis of spectral correlations with the corresponding C-6

epimers (D-allo series). Thus, compounds 9 and 10 satisfied the following relationships: 3,

H-4
(4R) > b, (45), 8,5 (45) > §,, 5 (4R). The differences are particularly significant for the H-5
resonance, which probably reflects the closer spatial proximity to OH-4 in the 4§

......................... vii LaVUsva Qratia  paaaziaay

diastereomer (gauche relationship) as compared with the 4R epimer (trans—diaxial

malats n lhtial Tl L\,-.. : Al claif€eg Fave IT A A0l IT & 20 O a1 oons very PR DR, e S g
LCiauviisiip . 11 Cuct iCal Sfiits 101 -4 aid m-J il »¥ ana 14 weic Cly SHiiliar, U uic
same occurred for the 3-phenyl (10 and 13) and 3-methyl (12 and 14) pairs when the above

relationships were used for configurational assignment. Moreover, a *J% (1 Hz) was detected
for the diastereomer of 14 having the (4R) configuration, which agrees with the expected W
arrangement in the °E conformation.
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\EN>= s " =S Ho\Ryos " An=S
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| f !
OH e H R HO
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G-t e (#Mn)-c5 495" (A A

Figure 2. Flattened-chair or envelope conformers for hexahydropyrimidine-2-thiones derived from D-glucose.

ct at the N—C—0O segment, were present exclusively in aqueous
solutions for the four types of configurationally different polyhydroxylated
hexahydropyrimidine-2-thiones considered in our study is noteworthy. Because N—C—O
systems are highly reactive, experimental data on them are extremely scarce [39]. Although
computational calculations show preferences for the nitrogen lone pair to be antiperiplanar to
the C—O bond [40], the reported experimental data bearing on the cause of the preference
[41,42] have been discussed to be consistent with electrostatic rather than hyperconjugative

interactions as origin [24]. Nevertheless, this reasoning is limited to non-polar solvents, and

i.e. fitting the anomeric eff
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conformational requirement in this family of compounds. This stabilizing interaction
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trihydroxypropyl substituent and the pseudoanomeric hydroxy group in structures such as the
4S anomers of 9 and 10 or the 4R anomers of 12-14. Formation of intramolecular
glycosides is likely favored, too, by the incipient anomeric effect stabilization in the
corresponding transition states (Scheme 3).

Since the two epimers at the aminoketalic centre rapidly interconverted in solution, it
could be expected that structures 4R in derivatives of D-allose and 4S5 in the D-gluco series,
with the carbon substituent at C-6 in equatorial orientation, would be distinctly
e thermodynami
diastereomers in most cases, whereas compound 12 existed only in the 4R form. The so-
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[25,26,43], a manifestation of the generalized anomeric effect, has been
previously put forward to explain the preference for the axial disposition of hydroxy
substituents y-located with respect to the carbonyl group in 3-lactams [44]. In our case, the
stabilizing gauche disposition of the oxygen and nitrogen atoms around the C-4—C-5 and C-
5—C-6 bonds would act in the same direction as 1,3-steric repulsions in
hexahydropyrimidine-2-thione derivatives of D-glucose (12-14), favoring the 4S structure
(Figure 2) which is inconsistent with the experimental results. An additional interaction,

in, must be responsible for the anpnarent a axial preference of the carbon

...... Ia 1, HIUSL DC 1CSPONsSIDIC 10T LIC appdarcint rence Ol ulc Caroon
cnhcf;fnpnt at (_A
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Gileiter et al. [45] have recently postulated that lone pair—0-CH hyperconjugative

destabilization is crucial for the preference of axial or equatorial conformers in six-
membered azaheterocycles. In any case, axial lone pairs cause repulsive hyperconjugation
with vicinal axial C—H bonds. In cyclic thioureas, the axial orientation of the nitrogen lone
pair orbital is anchored by the intrinsic electronic properties of the thiourea functionality.
Therefore, this effect should increase the axial preference for the pseudoanomeric hydroxy
group at C-4 and favor the axial orientation of C-1', with H-4 and H-6 in equatorial
disposition, in agreement with the exnerimental data. The latter effect is fnrmnl]v emn\mlenr

haind o 122 1% w12 aplhed Litigl Lalg. el LAIRRR Wity L RtvValuiit

to a “deoxoanomerlc effect”, i.e. a preference of carbon substituents in six-membered

aracvelee to adan e avial arrancement | a ~heorve iactaranamaric nontilatione an
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conformations can thus be explained in terms of stabilizing (two-electron) N.—o6* ,, and

destabilizing (four electron) N, —o0 ,, hyperconjugation, providing experimental evidence
for the prominent role of both types of orbital interactions, together with competitive syn
1,3-diaxial interactions, in the generalized anomeric effect.

Acetylation of the hydroxy groups increased the steric repulsion term, disfavoring
structures bearing substituents in 1,3-parallel arrangement as well as gauche dispositions
(Figures 1 and 2). Consequently, O-acetylation of the diastereomeric mixture of 13 afforded

' The term “exo-deoxoanomeric cffect” has been empioyed previousiy to designate the preference for the gauche O—C —C,,,—C
torsional arrangement in C-glycosides, by analogy with the “exo-anomeric cffect” displayed by glycosides (46]. By extension, we used
the term “deoxoanomeric cffect” to denote the preference for the axial disposition of the carbon-carbon bond in X—C—C,, six-
membered cyclic systems.
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io mer) as the sole reaction product. Similarly,
-O,N-acetylated derivatives 32 and 34 were isolated from 12 and 14,
respectively. In the case of the D-allose derivative 10, the peracetylation reaction led to an
inseparable mixture of both the 31-(4R) and 31-(4S) hexa-acetates. It must be noticed that
in this case the differences in steric hindrance between the 4R (two gauche interactions) and
45§ (a syn 1,3-diaxial interaction) structures are not so pronounced.

The strong anomeric effect at the N—C—O moiety determined, likewise, the preferred
conformation of the acetviated derivatives in CDCl, solution. The nlanar thioure

1 tio the acetylated derivative CDCl, solution. The planar thiourea g

i

-

force he flattened half-chair arrangement for th

G

selectively O-acetylated compound 33, as

1. ~atatoo

he peracetates, the N-

Atad laas et e Ml
111

upi Of cLicu uc:)\auyulupy Tif
rientate the carbonyl group dipole in opposition to that of the
thiocarbonyl group. This situation brings about a steric repulsion between the corresponding
methyl group and the sulfur atom that causes a conformational change in the heterocyclic
ring, as induced from the coupling constant values (Table 1). Probably the cross-conjugation
of the acetylated thiourea nitrogen atom results in a lower double-bond character at the
corresponding pseudoamide bond, allowing adoption of conformations close to a twist-boat
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(skew, §), with N-1 and C-6 out of the main plain of the molecule keeping the
pseudoanomeric acetoxy group in axial disposition (Figure 3). The J,; and J, values are
consistent with the (45)-'S, (H-4 and H-5 gauche; H-5 and H-6 quasi-anti) and (4R)-S, (all-
- . . X - 1
gauche) conformations for the two diastereomers of 33 and with the (45)-'S, ( H-4 and H-5
gauche; H-5,H-6 quasi-syn) arrangement for compounds 32-34.
OAc  Ac o =) QAc  Ac R

D-allo D-gluco

Figure 3. Twist-boat (skew, §) conformers for peracetylated hexahydropyrimidine-2-thiones derived from D-allose and D-glucose.
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The spontaneous tautomeric rearrangement of fully unprotected 3-deoxy-3-thioureido
sugars in neutral media is a convenient route to polyhydroxylated cyclic thioureas
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incorporating an aminoketalic carbon atom. Our investigations of a series of distereomeric
structures provide evidence which indicates that both the reactivity and the conformational
preferences in these systems are under control of molecular orbital interactions. The n—o*
overlap between the filled nonbonding electron pair of the thiourea N-atom and the vacant 6*
of the contiguous C—O bond is the main stereoelectronic requirement. Structures exclusively
titting the anomeric effect at the N—C—O segment were allowed. A similar delocalization
interaction facilitates the formation of a transient azacarbenium cation under acid conditions,

l
»
-

leading to bicyclic intramolecular glycosides that, likewise

(‘)
.'I‘

oriented nitrogen lone pair orbitals and vicinal axia onds favores the axial disposition
of oi-carbon substituents, a formal "deoxoanomeric effect”. Since the hydroxylation pattern
can be tailored by judicious choice of the monosaccharide precursor, the understanding of
these effects should assist the successful design of glycomimetic structures with controlled
stereoelectronic properties in water solution.

4. Experimental Section

Melting points are uncorrected. Optical rotations were measured at room temperature
in 1 cm or | dm tubes. IR spectra were recorded on an FT-IR instrument. 'H (and "C NMR)
spectra were recorded at 500 (125.7) and 300 (75.5) MHz. In the EI mass spectra, operating
conditions were as follows: ionizing energy 35 eV, ionizing current 100 pA, accelerating
voltage 4 kV, resolution 1000 (10% valley definition). In the FAB mode, the primary beam
consisted of xenon atoms with a maximum energy of 8 keV. The samples were dissolved in
thioglycerol (unprotected derivatives) or m-nitrobenzyl alcohol (peracetates), and the positive
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charring with 10% sulfuric acid. Gel per‘rn a
chromatography (GPC) was performed on a column (29.5 x 3.0 cm) of Bio-Gel P-2 with 1:i
H,O-MeOH. Microanalyses were performed by the Instituto Quimico de Sarrid (Barcelona).
Acetylation was cffected with Ac,O-pyridine (1:1 v/v, 10 mL for 1 g of sample) and DMAP
(1 eq) overnight. The reaction mixture was then poured into ice-water and extracted with
CH,Cl, and the organic layer washed with 2 N H,SO, and saturated aqueous NaHCO,, dried

over MgSQO,, filtered, and concentrated.

v Cu
(e
.

3-Deoxy-1,2:5,6-di-O-isopropylidene-3-thioureido-o-D-glycofuranoses [36] (2, 6) and
the N’,N’-diethyl derivatives [36] (1, 5) were obtained from the corresponding 3-deoxy-

1412314144 14133
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1,2:5,6-di-O-isopropylidene-3-isothiocyanato-oi-D-allo(gluco)furanoses {35] by reaction with
ammonium hydroxide or diethylamine, respectively. The N' -phenyl (J 7) and N'-methyl
sugar thiourcas (4, 8) were prepared by coupling of the 3-amino-3-deoxy diacetonides with
phenyl or methyl isothiocyanate, respectively [36]. Solvents were commercial grade and were
used as supplied, with the following exceptions: methanol was distilled from
methylmagnesium iodide; pyridine was distilled from KOH; acetic anhydride was distilled
from freshly melted sodium acetate.

A 3 Reac[i(}’ls (jnc 2 ’ TV Q a4 ?r_llll)f 4\1]flf11n111~n1‘/]n\_’ 2.5 K_/]y'_n_;nnnnnn\,”;flnnn_fv_n_
Tauls A J [ Rl 7 2 ./\4-)/ A ulCLllVltlllUu’CluUj dyL.,UTHITU DU T U LIUCIHIC A~ L/
allo(gluco)furanose (1 and §) with 90% TFA-H,O
HO—
0 OH
H O < 0
H* OH H
1 OH
g HO
EtpN- MH
EpN PN OH T
I S
s 35
OH
L+ o<
5 — Eth\ N H M L
=\ —wwUn
T wo
S
3%

Scheme 5. Deacetalation reactions of compounds 1 and §.

A solution of 1 (or §) (0.22 g, 0.59 mmol) in 90% TFA-H,O (5 mL) was stirred under
reduced pressure (15 mm Hg) until distillation of acetone ceased (10-15 min). The solvent
was evaporated under vacuum (0.1 mm Hg) and traces of acid were eliminated by
coevaporation with water and further neutralization with anion-exchange resin to give the
fully unprotected thioureidosugars 35 (or 36) (Scheme 5).

3-Deoxy-3-(3',3"-diethylthioureido)-D-allose (35): amorphous solid; 0.173 g, 100%;
vl AS 1 (~» N Q AMaIIN P (A8:82 EBNA~ T II M N AD- v _nurann-R_furann-rv.
tkjp -UJ.1 (€ V.5, MECUIN, [y (7J.0.0 LIVAL-DIVUN-ILY) U.as, UspyldilU.p-iulaliv. i
furano:p-pyrano ratio 9:5:2.5:0.5 (C-1 integration); MS m/z 317 ((M + Nal"), 295 (M +

HJ 7); UV (MeOH) 209, 245 nm (e, 10.6, 10.5); I i
m’; "C NMR (75.5 MHz, D,0): o-pyrano 8 181.0 (C= S) 94.3 (C-1), 70.0 ), 69.1
2) 68.0 (C-4), 62.6 (C-6), 60.2 (C-3); B-furano, & 179.2 (C=S), 103.4 (C-1), 82.4 (C-4),
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Anal. Calcd for
N, 9.42; S, 10.91.

3-Deoxy-3-(3',3"-diethylthioureido)-D-glucopyranose (36): amorphous solid; 0.303 g,
100%. [alp +59.7 (¢ 1.0, MeOH); R; (45:5:3 EtOAc-EtOH-H,0) 0.4; B-pyrano-o-pyrano
atio 3:1 (H-1 integration); FABMS m/7 317 (M + Na]"), 295 ([M + HJ*); UV (MeOH) 209

246 nm (€, 10.6, 9 6); IR (film) 3422, 1647, 1551, 1038 cm”; "C NMR (75.5 MHz, D,0):
o-pyrano 3, 181.0 (C=S), 94.0 (C-1), 74.2 (C-2), 73.0 (C-5), 70.9 (C-4), 62.0 (C-6), 61.5
(C-3); B-pyrano 3, 180.9 (C=S), 98.9 (C-1), 79.4 (C-5), 75.5 (C-2), 71.1 (C-4), 64.7 (C-6),
62.8 (C-3), 47.8 (2 CH,CH,), 14.0 (2 CH,CH,). Anal. Calcd for C,H,,N,0,S: C, 44.88; H,
7.53; N, 9.52; S, 10.89. Found: C, 45.15; H, 7.70; N, 9.86; S, 10.70.

4.4. General procedure for the preparation of 4,5-dihydroxy-6-(1',2',3"-trihydroxypropan-
1'-yl)-hexahydropyrimidine-2-thiones

A solution of the corresponding 3-deoxy-3-thioureido sugar diacetonides (2-4, 6-8)
(0.61 mmol) in 90% TFA-H,O (5 mL) was stirred under reduced pressure (15 mm Hg) until
P L) § (PR i o 1 /1 ")I\ IR of MU T . 1 s 1
distillation of acetone ceased (15-30 min). The solvent was evaporated under vacuum (0.1

mm Hg) at room temperature and traces of acid were eliminated by coevaporation with H,O
and final neutralization with Amberlite IR-45 (OH’) ion exchange resin. The resulting residue
was purified by GPC, concentrated and freeze-dried. The fully unprotected cyclic thiourea
compounds 9, 10, 12-14 were obtained in this way. In the case of the N'-methyl-D-allose
derivative 4, separation of the corresponding hexahydropyrimidine (11) from intramolecular
glycosides present in the reaction mixture was not possible.

(4R and 4S5,5R 6R) 4,5-Dihydroxy-6-(D-erythro- trutol 1'-yl)-hexahydropyrimidine-2-
alad~oe s FAMY. gy Iy ,\1 1(\:’ o5 N0 D N 10 AL, TI6MNA . THMNTIT IT M. 7ADN.7 AN
trione (7). aimor phou U lU U 1V0 g 14770, I(f V.10 (40, J FIUAC-OIUr:- l_l.qU}, {4 ). (D)
ratio 3:2 (H-5 imegrauon), [al, +26.2 (¢ 0.8, H,0); UV (H,0) 242 nm (smM 17.6); FABMS

m/z 261 (M + Nal*); IR (KBr) 3374, 1648, 1559, 1204, 1134, 1036 cm'; 'H NMR (300
MHz, D,0) Tablel; “C NMR (75.5 MHz, D,0): (4R), & 177.2 (C=S), 75.9 (C-4), 747 (C-
1), 73.2 (C-2), 65.3 (C-3), 64.7 (C-5), 60.1 (C-6); (45), & 176.3 (C=S), 77.8 (C-4), 73.8
(C-1'), 73.1 (C-2'), 65.3 (C-3"), 65.0 (C-5), 57.4 (C-6). Anal. Calcd for C,H,N,0S: C,
35.29; H, 5.92; N, 11.76; S, 13.45. Found: C, 35.07; H, 5.98; N, 11.70; S, 13.28.

(4R and 4S5,5R,6R)-4,5-Dihydroxy-3-phenyl-6-(D-erythro-triitol-1'-yl)-hexahydro-

M PR Iy AR e ¥ 1 B aranrml~iie onlide 118 aas AN D N 24 (M8, T+ A~ TeNYLY

[}_}ILIIHUJH(:’ L-Lretorie (lU/ al ll)lpll JUd dutiua, 110 lllé, Ve, l\f \J.Oo“+ \"I'J.J.J LN AAAC-LA/L L

H,0); (4R):(4S) ratio 3:2 (H-4 integration); [a], +1.1 (¢ 0.9, MeOH), uv ( eOH) 206 250
3.1); FABMS m/z 337 (IM + Na]"), 315 ( [M + H]" f1 3393

nm (g, 23.3, 1
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32 (m, 5 H, Ph); 'C NMR 7 MHz, D,O): (4R), 0 176
(Ph), 80.5 (C-4), 70.9 (C-1"), 70.2 (C-2", 62.7 (C-3", 62.5 (C- 6) 54.3 (C- 5) (4S) 8 1756
(C=8), 142.9, 128.9, 127.9 (Ph), 82.5 (C-1), 72.5 (C-1"), 70.0 (C-2"), 63.5 (C-3"), 62.1 (C-
5), 57.3 (C-6). Anal. Calcd for C;HN,O,S: C, 49.67; H, 5.77; N, 8.91; S, 10.20. Found: C,
49.40; H, 5.45; N, 8.96; S, 10.28.

(4R,5R,65)-4,5-Dihydroxy-6-(D-erythro-triitol-1'-yl)-hexahydropyrimidine-2-thion
(12): 101 mg, 70%; R, 0.44 (4:5:1 BuOH-AcOH-H,0); [¢], -93 (¢ 1.0, H,0); UV (HGO) 242
nm (g, 17.6); FABMS m/z 261 [(M + Na)']; IR (KBr) 3393, 3250, 1547, 1036 cm'; 'H
NMR (300 MHz, D,0) Table 1; "C NMR (75.5 MHz, D,0): & 175.4 (C=S), 77.3 (C-4), 74.5
(C-2, 72.6 (C-1"), 66.1 (C-5), 64.6 (C-3"), 54.7 (C-6). Anal. Calcd for C,H,,N,OS: C,
35.29; H, 5.92; N, 11.76; S, 13.45. Found: C, 35.28; H, 5.85; N, 11.91; S, 13.45.

(4R and 4S5,5R,6S5)-4,5-Dihydroxy-3-phenyl-6-(D-erythro-triitol-1'-yl)-hexahydro-
pyrimidine-2-thione (13): syrup; 136 mg, 71%; R, 0.40 (4R) and 0.33 (45) (45:5:3 EtOAc-
EtOH-H,0); (4R):(45) ratio 1:1 (H-5 integration); f(x]D -10.9 (¢ 0.55, MeOH); UV (MeOH)

206, 248 nm (g, 28.4, 15.1); FABMS m/z 337 [(M + Na)']; IR (film) 3322, 1659, 1514,
1074 cm™; 'H NMR (500 MHz, D,0) Table 1; "C NMR (75.5 MHz, D,0): (4R), & 178.8
(C=S), 145.7, 131.7, 130.7 (Ph), 85.3 (C-4), 74.2 (C-2"), 72.2 (C-1"), 66.8 (C-5), 64.6 (C-
3", 54.7 (C-6); (45), 6.178.4 (C=S), 145.7, 131.7, 130.7 (Ph), 93.2 (C-4), 74.2 (C-2"), 72.1
(C-17, 64.1 (C-5), 63.9 (C-3"), 55.0 (C-6). Anal. Caled for C;H(N,O,S: C, 49.67; H, 5.77;
N, 8.91; §, 10.20. Found: C, 49.74; H, 5.84; N, 8.86; S, 10.12.

(4R and 4S,5R,65)-4,5-Dihydroxy-3-methyl-6-(D-erythro-triitol-1'-yl)-hexahydro-
pyrimidine-2-thione (14): 54 mg, 35%; (4R):(4S) ratio 1:1 (H-4 integration). Preparative
thm -layer chromatography (45:5:3 EtOAc-EtOH-H,0) afforded both eplmers in pure

jomi
i— N

vie, \
, 1121 em™; '"H NMR z

1.2 (C-4), 71.4 (C-2"), 695(C 1), 64.3 (CS) 61.4 (C-3"), 515(C6) 39.3
(NMe). Anal. Caled for C,H,N,0.S: C, 38.08: H, 6.39; N, 11.10; S, 12.71. Found: C, 37.97;
H, 6.54; N, 11.07; S, 12.62. 14-(4S): R, 0.2 (45:5:3 EtOAc-EtOH-H,0); [, -55.6 (¢ 0.7,
H,0); UV (H,0) 208, 242 nm (g, 14.1, 15.3); FABMS m/z 275 [M + Na)']; IR (KBr)
3353, 3250, 1648, 1522, 1279, 1049 cm™; '"H NMR (500 MHz, D,0) Table 1; "C NMR
(125.7 MHz, D,0) 8 175.3 (C=S), 81.4 (C-4), 71.5 (C-2"), 69.5 (C-1'), 64.4 (C-5), 61.5 (C-

39, 51.5 (C-6), 39.3 (NMe). Anal. Caled for C,H,\N,0,S: C, 38.08; H, 6.39; N, 11.10; S,

1771 Eannd O QQ N7- 11 AAR- N 11 NN © 17 84
1Z2./71. rouLla. «, 50.U/7, 11, U.40, iN, 11.UU, S5, 1.0,



Table 1.
'H NMR spectral parameters of hexahydropyrimidine-2 thiones 9, 10. and 12-14.
Chemical shifts (8. ppm)

Comp. H-4 H-5 H-6 H-1' H-2' H-3a H-3b
: 72 o P P— 387367 M et
(4R)-94-D 4.78d 4.10dd 3.74m SE At 3.60dd
(45)-92: 4754 422 3.72m Do 3.87-3.67m--—-o-- > 3.60dd
(4R)-10&D  507d  436dd oo 3.99-3.74Meeeemememnremeee e > 3.63m
(4s).108-b.c  493dd  4.461 Sormmmmrmreenee 3.99-3.74M o e oo > 3.63m
(4R)-124:d 4794 4.08t 3,70dd 3.961 3.86ddd 3.79dd 3.69dd
(4R).138. 4954  421dd  3.78dd 3.95dd 3.84ddd 3.77dd 3.65dd
(45)-138- 4.72d 4.38t 3.78m 3.97m 3.86ddd 3.77m 3.66dd
(4R)-143-d 4.78d 4.09t 3.61dd 3.86dd 3.79ddd 3.73dd 3.63dd
(4§)-140-d-e  453d 4.251 3.55dd 3.85dd 3.78ddd 3.72dd 3.62dd
Coupling constants (J, Hz)
J.s Joo o Iy Iy S Jyy
(4R)-9 3.2 7.8 ;
(45)-9 25 25 —
(4R)-10 3.3 8.7 -
(45)-10 23 23
(4R)-12 3.2 3.2 6.2 6.2 3.7 6.6 117
(4R)-13 3.4 2.9 5.5 7.2 3.7 6.8 1.8
(45)-13 3.6 3.6 5.7 43 5.7 1.8
(4R)-14 3.2 3.2 6.9 5.6 3.2 6.8 11.8
(45)-14 3.2 3.2 7.6 5.3 4.0 6.7 11.8
414 D,O.
b At 300 MHz.
€J,.= 1.8 Hz
d At 500 MHz.
€J,s= 1.OHz
4 & PPN TR S S - SOV EURRE USSR U SV NN, L
4.J. uenerdt proceadure  jor tne [) [) anun Uj D Ly(, IC nirdamoltecuiar gl V(,Ubl[le& '/

hexahydropyrimidine-2-thiones

Treatment of 2-4, 6-8 (0.61 mmol) in dioxane (1.5 mL) with 0.05 M H,SO, (1.9 mL)
under reflux for 5 h followed by evaporation of the solvents afforded a crude reaction
mixture containing intramolecular glycosides in virtually quantitative yield, as seen from “C
NMR spectra. Purification was effected either by column chromatography (45:5:3 EtOAc-

protected compounds (—15, 18, 23-26) or by acetylation and

EtOH-H.O) on the fullv un

cron-n,uU) on the fully un npoun 0 a

furthar canaration of the neracatatac hy cnliimn chramataoranhv ncano 1:1 Et \At‘_npfrnlpnm
L 8AN L1MWl S A [CESNCINAVIS RV LLiN l.’\dlu\/\d‘-u‘u\) s AAVIRCS RSN UlllUllluL\l&l ul_lll uollls 1 13 A s I i W tl\/bl AV A Vav YN

3-Amino-3-deoxy-a-D-allopyranosylamine 1,3-(cyclic thiourea) (15): 107 mg, 80%;
m.p.> 150 °C dec. (from EtOH); R, 0.3 (45:5:3 EtOAc-EtOH-H,0); [a], +28.6 (¢ 0.8, H,0);
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TTYV (LI OWY YDA DAA a1 (o LA O 1y. TADAMMS /_ M A TRA & AT-14\ M1 /TAA 1T, TD
UV UIH\J) LUS, L4949 LI (e U4, F.1), TADIVID HI/Z 2440 ([ivl + IN&} ), £<41 (V1 + 1] ) IK
Va4 s PANNS Yo Yatle] s a Y oA 1L AQ 1041 1T MNAN -l_' vy Y n a ATV R PN ey -~ 13~ »va swe
(RDBr) 3393, 3256, 1648, 1541, 1040 cm™; '"H NMR (300 MHz, D,U) 1l1able Z; "C NMK

(125.7 MHz, D,0)  176.4 (C=S). 75.6 (C-1), 70.2 (C-4), 66.5 (C5). 59.3 (C-2), 58.4 (C-6),
55.4 (C-3). Anal. Caled for C,H,,N,0,S: C, 38.17; H, 5.49; N, 12.72; S, 14.56. Found: C,
37.94; H, 5.41; N, 12.50; S, 14.62.

3-Amino-3-deoxy-N-methyl-a-D-allopyranosylamine 1,3-(cyclic thiourea) (18): 121
mg, 85%; m.p. 210-213 °C (from EtOH); R, 0.07 (45:5:3 EtOAc-EtOH-H,0); [a], +3.1 (¢
0.9, MeOH); UV (MeQOH) 204 249 nm (E M 12 2, 14.9); FABMS m/z 257 (IM + Na]"), 235
(IM + HJI"); IR (KBr) 3351, 3297, 1648, 1522, 1298, 1209, 1018 cm™; 'H NMR (300 MHz,
D,0) Table 2 and & 3.32 (s, 3 H, NMe); "C NMR (75.5 MHz, D,0) & 178.2 (C=S8), 83.2 (C
1), 71.2 (C-5), 67.1 (C-4), 60.5 (C-2), 60.0 (C-6), 55.9 (C-3), 40.5 (Me). Anal. Caicd for
CH,N,O.8: C, 41.01; H, 6.02; N, 11.96; S, 13.69. Found: C, 40.94; H, 6.00; N, 12.04; S,

3-Acetamido-N-acetyl-2,4,6-tri-O-acetyl-3-deoxy-a-D-allopyranosylamine  1,3-(cyclic
thiourea) (19). Acetylation of 15 (50 mg, 0.226 mmol) in the presence of a catalytic amount

of DMAP followed by TLC (1:1 EtOAc-petroleum ether) yielded 19: syrup; 44 mg, 85%; R,

N4- Tl 1583 (o 06 CHC1) IV (CHCIYI27Q 2Q4 nm (¢ 17Q 7 Q) FIMS /> A0 (N

VeTy WD T AL WUy Sk g g, WY Adldg ) LA g, SO ML \Cppzyg L/ -7y 1.0), LaalVIO I/ TTIVU UL ),

2QQ (NAT ML MM 2AL (AN NAT A ML O TR (1. 178N 190N 18NS 1910 1104 1NAN

SO0 (YL - iU UW), 090 (DU, Vi - £ UI'L,LU), 1K (L) 170U, 17UV, 10UD, 1417, 1104, 1U4U
1.1

cm’; ' HNMR (300 MHz, CDCl,) Table 2 and 6 2.77, 2.74 (2 s, NAc), 2.09, 2.08, 2.03 (3 s,

3 OAc); ’C NMR (75.5 MHz, CDCL,) § 181.0 (C=S), 175.8, 174.2 (2 CO amide), 170.4,
169.2, 168.9 (3 CO ester), 77.7 (C-1), 67.2 (C-4), 66.8 (C-5), 61.9 (C-2), 61.2 (C-6), 54.7
(C-3), 28.3, 28.1 (2 NCOCH,), 20.6, 20.5, 20.3 (3 COCH,). Anal. Calcd for C;H,,N,0,S: C,
47.44: H, 5.15; N, 6.51. Found: C, 47.77; H, 5.07; N, 6.51.

3-Acetamido-2,4,6-tri-O-ac etyl-3-deoxy-N-phenyl-a-D-allopyranosylamine 1

3 clic
thzourea) (20): syrup; 16 mg, 12%; R, 025 (1:1 EtOAc- petroleum ether) [O(.]D 11.8 (¢ 0.9,
1 224

/f‘
N (& m

(_

<
<‘1\|
1 )

o~

7. 14, 2.11 (3 s, 3 OAc); "C NMR (75.5 MHz, CDCl,)
d 180, O (C= S) 170. 9 (CO amide), 169. 9 169.5 169.0 (3 CO ester), 143.5 (C-1, Ph), 1294
(C-3,5, Ph), 128.5 (C-4, Ph), 128.1 (C-2,6, Ph), 79.7 (C-1), 71.1 (C-5), 69.1 (C-4), 63.1 (C-
2), 61.8 (C-6), 55.1 (C-3), 29.6 (NCOCH,), 20.8, 20.7, 20.5 (3 COCH,). Anal. Calcd for
C,,H,,N,O,S: C, 54.30; H, 5.21; N, 6.03; S, 6.90. Found: C, 54.38; H, 5.04; N, 5.98; S, 6.95.

thinuvon) cUrin A SA (11 prﬁAr-,nph‘n]nnm athar): eyl 42100 ¢

drveesng Cu,’ [l lul_” 111 3 Uy l\j XA 1.1 Ll S A l_l\lllul\.lulll \/Lll\‘l}, LMJD 1 1 7.7 \ [y
CHCL); UV (CHCL,) 242, 289 nm (¢, 14.2, 9.7); EIMS m/z 464 (M™), 421 (M* - Ac); IR
(film) 3010, 1748, 1697, 1414, 1219, 1184, 1045 cm™; '"H NMR (300 MHz, CDCl,) Table 2
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and 8 7.38 (m, 5 H, Ph), 2.90 (s, NAc), 2.26, 2.23, 2.18 (3 s, 3 OAc); *C NMR (75.5 MHz,
CDCl,) 6 180.8 (C=S), 17‘.“ (CO amidc), 170.4, 170.0 169 7 (3 CO ester), 144.1 (C-1, Ph),
129.6 (C-3,5, Ph), 128.3 (C-4, Ph), 127.9 (C-2,6, Ph), 86.8 (C-1), 83.4 (C-4), 69.9 (C-5),

65.1 (C-2), 61.8 (C- 6), 55.5 (C- 3), 28.9 (NCOCHj) 20.7, 20 6, 20.5 (3 COCH,). Anal. Calcd
for C,H,,N,O,S: C, 54.30; H, 5.21; N, 6.03; S, 6.90. Found: C, 54.47; H, 5.37; N, 6.02: S,
7.12.

3-Acetamido-2,4,6-tri-O-acetyl-3-deoxy-N-methyl-o-D-allopyranosylamine 1,3-(cyclic
thiourea) (22). Conventional acetylation of 18 (95.1 mg, 0.40 mmol) with Ac,O-pyridine and
ter column chromat hy EtOA oleum eth ] 2 ; 117 mg, 80%;

(M™), 360 (M" - CH,CO); IR (Ium) 1753, 1709 1483, 1225, 1042 cm™; '"H NMR (300 MHz,
CDCIl,) Table 2 and 6 3.46 (s, 3 H, NMe), 2.76 (s, NAc), 2.10, 2.09, 2.05 (3 s, 3 OAc); "°C

NMR (75.5 MHz, CDCL,) § 180.6 (C=S), 1764 (CO amide), 170.2, 169.2, 169.1 (3 CO
ester), 81.7 (C-1), 66.9 (C-5), 66.7 (C-4), 62.1 (C-2), 61.1 (C-6), 53.9 (C-3), 41.7 (Me),
29.1 (NCOCH,), 20.4 (3 C) (3 COCH,). Anal. Calcd for C,;H,,N,0,S: C, 47.75; H, 5.51; N,
6.96; S, 7.97. Found: C, 47.60; H, 5.51; N, 7.04; S, 7.79.

3-Amino-3-deoxy-3-D-glucofuranosylamine 1,3-(cyclic thiourea) (23): 120 mg, 90%;
R, 0.36 (4:5:1 BuOH-AcOH-H,0); [a], -10.2 (¢ 0.8, H,0); UV (H,0) 247 nm (g, 8.6); 'H
NMR (300 MHz, D,0) Table 2; "C NMR (75.5 MHz, D,0) & 181.2 (C=S), 87.7 (C-1), 85.7
(C-4), 72.5 (C-2), 72.4 (C-5), 65.6 (C-6), 58.4 (C-3). Anal. Calcd for C,H,,N,O,S: C, 38.17,;
H, 5.49; N, 12.72; S, 14.56. Found: C, 37.95; H, 5.22; N, 12.63; S, 14.49.

3-Amino-3-deoxy-N-phenyl-B-D-glucofuranosylamine  1,3-(cyclic  thiourea) (24):

syrup; 150 mg, 83%: R, 0.5 (45:5:3 EtOAc-EtOH-H,0); [a], -27.4 (¢ 0.7, MeOH); UV
(MeOH) 206, 256 nm (g, 26.5, 19.2); FABMS m/z 319 [(M + Na)*]; IR (film) 3405, 3050,
1638, 1497, 1254, 11\,9 cm‘l; 'H NMR (500 MHz, CD,0D) Table 2; "C NMR (125.7 MHz,
CD,0D) & 178.3 (C=S), 142.6 (C-1, Ph), 129.1 (C-3,5, Ph), 128.1 (C-4, Ph), 127.3 (C-2,6,
Ph), 93.8 (C-1), 87.1 (C-4), 72.4 (C-2), 72.0 (C-5), 65.3 (C-6), 58.5 (C-3). Anal. Calcd for
CH,N,O,S: C, 52.69 H, 5.44; N, 9.45; S, 10.82. Found: C, 52.20; H, 5.51; N, 9.24; §,
11.00

3-Amino-3-deoxy-N-methyl-B-D-glucofuranosylamine 1,3-(cyclic thiourea) (25): 57
mg, 40%; R, 0.34 (45:5:3 EtOAc-EtOH-H,0); [OL]n -5.9 (¢ 0.7, H,0); UV (H,0) 245 nm (emM

201.0

e}
Lh
. N
(') :
St
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3-Amino-3-deoxy-N-methyl-[-D- g cup\ranusytamme 1,3-(cyclic thiourea) (26): 60
mg, 42%; R, 0.45 (45:5:3 EtOAc-EtOH-H,0); [a], +61.3 (¢ 0.7, H,0); UV (H,0) 207, 243

nm (€, 6.1, 8.7); FABMS m/z 235 [(M + H)']; IR (KBr) 3387, 1516, 1044 cm™'; 'H NMR
(500 MHz, CD,0D) Table 2; °C NMR (125.7 MHz, CD,0D) & 180.0 (C=S), 83.8 (C-1), 78.3
(C-4), 70.8 (C-5), 64.7 (C-2), 64.0 (C-6), 51.7 (C-3), 40.9 (NMe). Anal. Calcd for
CH,.N,0,S: C, 41.01; H, 6.02; N, 11.96; S, 13.69. Found: C, 41.27; H, 5.69; N, 11.95; S,
13.48.

? Acetamido-2.5 6-1tri-O-gceetvl-3-deoxv-N lnhe”\l iR D-

Acetamido-2,5,6-tri-O-acetyl-3-deox) [-B-D-g )
(cyclic thiourea) (27). Acetylation of 24 (0.12 g, 0.4 mmol) resence of DMAP and
purification by column chromatography (1:1 EtOAc-hexanes) gave syrup; 160 mg, 85%;

R,0.67; [o], +30.6 (¢ 0.9, CHCI,); UV (CHCI,) 248, 282 nm (g, 11.2, 7.8); EIMS m/z 464
(M™); IR (film) 3405, 3010, 1748, 1697, 1495, 1221, 1045 cm™'; 'H NMR (300 MHz, CDCl,)
Table 2; "C NMR (75.5 MHz, CDCl,) & 180.2 (C=S), 174.3 (CO amide), 170.5, 169.5 (2 C)
(3 CO ester), 144.3 (C-1, Ph), 129.6 (C-3,5, Ph), 128.3 (C-4, Ph), 127.6 (C-2,6, Ph), 90.1
(C-1), 81.0 (C-4), 72.7 (C-2), 68.4 (C-5), 63.0 (C-6), 56.7 (C-3), 29.4 (NCOCH,), 20.7,
20.6, 20.5 (3 OCOCH,). Anal. Calcd for C,H,,N,O,S: C, 54.30; H, 5.21; N, 6.03; S, 6.90.
Found: C, 54.09; H, 5.23; N, 5.87; S, 6.59.

Ve ARy Sy LN, e A

I

1rafuranncevlaminge ] 3
"o T L 3 (4 %2 & (29 -t

(IJHIMIL!JAI'I'I
in the
~
2

3-Acetamido-2,4,6-tri-O-acetyl-3-deoxy-N-methyl-3-D-glucofuranosylamine 1,3-
(cyclic thiourea) (28). Acetylation of 25 (27 mg, 0.115 mmol) and purification by
chromatography of the acetylated mixture (1:1 EtOAc-hexanes) yielded 28: 37.7 mg, 89%;
R;0.26; [a], +111 (¢ 1.0, CHCly); UV (CHCI,) 230, 280 nm (g, 14.3, 11.0); EIMS m/z 402
(M™); IR (film) 1748, 1694, 1225, 1055 cm™; '"H NMR (300 MHz, CDCl,) Table 2; “"C NMR
(75.5 MHz, CDCl,) 8 179.6 (C=S), 173.8 (CO amide), 170.4, 169.5, 169.3 (3 CO ester), 42.5
(NMe), 29.1 (NCOCH,), 20.6 (3 C, 3 OCOCH,). Anal. Calcd for C,(H,,N,O,S: C, 47.75; H,
5.51; N, 6.96; S, 7.97. Found: C, 47.97; H, 5.41; N, 6.95; S, 8.11.

2 ArontanaiAdA D A A nn YW I 2 Ao N _ze10¢lanr 238 WP T Tl Ty 2
J-ACeldmido- Ty UL L\ I~ “LCL)L J- MC(/.AY iIN- IILCL”)L P - 5[ U[/_}/I U yiurric 4,0~
(cyclic thiourea) (29). Compound 29 was prepared by conventional acetylation of 28 (20

mg, 0.084 mmol) in the presence of DMAP and purification by preparative thin layer
chromatography (1:1 EtOAc-hexanes): syrup; 27 mg, 80%; R, 0.44; [a], +20.3 (c 0.9,
CHCL,); UV (CHCl,) 235, 280 nm (g, 16.9, 15.8); EIMS m/z 402 (M"); IR (film) 1748,
1703, 1225, 1047 cm™'; '"H NMR (500 MHz, CDCl,) Table 2; "C NMR (75.5 MHz, CDCl,) §
177.8 (C=S), 173.2 (CO amide), 170.5, 169.3, 168.8 (3 CO ester), 80.7 (C-1), 68.9 (C-4),
68.7 (C-5), 65.2 (C-2), 62.8 (C-6), 51.8 (C-3), 41.5 (NMe), 28.5 (NCOCH,), 20.1 3 C, 3

OCOCH,). Anal. Calcd for C,.H,,N,O,S: C, 47.75; H, 5.51; N, 6.96; S, 7.97. Found: C, 47.58;
H 530:N.7.11: S. 8.10.

Loy J.JUy 1V, 7.1 1413, O.1%
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Tabla 2.

'H NMR spectral parameters of 1,3-cyclic thioureas 15 and 18-29.

Chemical shifts (8, ppm)

vy A

Comp H-1 H-2 H-3 H-4 H-5 H-6a H-6b
153.d 481d 3.94dd 3.80m 3.73dd 3.25ddd 3.79dd 3.68dd
1824 4.87dd 397dd 3.74m 3.72dd 3.10ddd 3.78dd 3.67dd
19b.d 5 5.22dd 5.36m 5.01dd 3.78dt <oenedh 21 dennee >
2gb:d 6.31 5.15dd 3.75m 5.81dd 5.37ddd 4.534d 4.15dd
21b.d 53 5.19dd 5.56d 4584 5.23ddd 4.94dd 4.22dd
2ob.d 5.05dd 512t 5.09ddd 4.89dd 3.55ddd 4.25dd 4.19dd
53bd 4.75m 4.63dd 3.75m 4.26dd 3.75m 3.81dd 3.63dd
24:€ 4.90sa 4.76d 3.81m 437dd <oee-3.96m----> 3.72dd
250.€ 4.80d 4.95d 3.63ddd 4234d 3.70ddd 3.81dd 3.60dd
260+ 4. 3.74m 3.96ddd 3.57dt 3.99id 3.46dd 3.44dd
7b.d 5.26d 5.54d 5.66dt 471dd 5.25ddd 4.72dd 4.25dd
2gb.d 5.1 5.31d 5.54dt 4.62dd 4.98ddd 4.58dd 4.10dd
sqb.c 5.17dd 4.93td 4.99dt 5.02dd 4.12ddd 4.15dd 4.00dd
Coupling constants (J, Hz)

Jia Jos Jia Jis Jys Jssa Jssn Jowsn
152.d 2.4 3.3 3.2 10.0 2.4 5.0 12.4
1824 32 2.4 1.8 3.0 10.0 2.3 5.0 12.4
19b.d : 2.8 25 3.2 10.5 3.2 3.2
s0b.d 28 1.7 1.7 10.5 2.6 4.3 6.5 12.3
51b.d 3.6 4.6 0 6.1 3.6 5.0 12.3
52b.d 3.1 3.1 0.8 3.4 10.4 2.6 3.2 12.4
53b.d - 1.8 3.1 9.2 3.1 5.0 11.7
24¢-€ ¢ i.7 2.7 9.5 6.5 12.4
25¢.¢ 0 1.8 1.1 2.7 9.8 2.5 5.8 115
260 — 2.4 1.8 4.2 2.3 7.0 7.0 11.6
47b,d 0 1.5 1.5 3.8 10.1 2.6 4.7 12.3
,gb.d 0 1.2 1.2 3.9 10.4 2.4 43 12.4
2gb.e 3.2 3.2 1.8 1.8 7.4 3.9 4.2 1.6
217 D,0.
b 1n cpCl,.
¢ InCD,0OD.
d At 300 Mhz.

€ At 500 MHz.

14141
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(KD\ T A o] & 4 ]

6R)-1-Acetyl-5,6-dihydro-2-thio-6-(1',2

" 3"-tri-O-acetyl-D-erythro-triitol-1'-yljuracil
(30). Treatment of 9 (95 mg, 0.40 mmol) with Ac,O-pyridine (i:1, 2 mL, 24 h) led to a
complex mixture of products from which 30 were isolated by TLC (1:1 EtOAc-petroleum
ether): syrup; 11 mg, 7%; (o], -14.5 (¢ 1.1, CHCL,); UV (CH,Cl,) 242, 288 nm (g, 6.8,
7.9); EIMS m/z 388 (M™), 346 (M*" - CH,CO); IR (film) 3260, 1751, 1711, 1478, 1223,
1189, 1047 cm™; '"H NMR (300 MHz, CDCl,) Table 3 and 6 8.90 (s, I H, NH), 2.75 (s, 3 H,
NAc), 2.15, 2.07, 2.04 (3 s, 3 Oac); “C NMR (125.7 MHz, CDCl,) § 179.3 (C=S), 173.9 (CO

amide), 170.3, 169.9, 168.8 (3 CO ester), 164.2 (C-4), 71.6 (C-2Y, 69.6 (C-1"), 614 (C-3",
S26(C-6) 309 (C-5)Y 279 (NCOCH) 207 28 (3COCHNY Anal Caled for C W Tf\Q
M N\ Vs VS N Ty el s ALNNRTR AL 3]y LTy &y I \_/\J\_/l.l]}. n11u1 e} 1CG 1\_}1 \.151 zol \J e
CAA2R- T S 1Q:- N 721 Q Q274 Lannmd M AA&1. 0 & 12.N 711.Q Q120
Ly TTULJO, 1, Jo1 T, Iy Jaady D, 0.40. TUUILIU. U, 4001, 111, V. lJ, INy, /.11, D, O.00.

(4R and 45,5R,6R)-1-Acetyl-4,5-diacetoxy-3-phenyi-6-(1',2',3'-tri-O-acetyl-D-erythro-
triitol-1"-yl)-hexahydropyrimidine-2-thione (31). An inseparable mixture of (4R) and (45)-
31 (1:1, 41 mg, 57%) was obtained by acetylation of 10 (41 mg, 0.13 mmol): syrup; 149 mg,
80% ; R, 0.52 (1:1 EtOAc-hexanes); UV (CHCL,) 233, 286 nm (g,,, 14.3, 10.0); EIMS m/z
566 (M™), 507 (M*- AcO); IR (film) 3010, 1755, 1694, 1495, 1424, 1223, 1061, 1017 cm™;
'H NMR (300 MHz, CDCL,) Table 3 and 8 7.36 (m, Ph), 2.68, 2.58 (2s, 2 NAc), 2.14, 2.13,

2.12, 2.11, 2.10, 2.09, 2.08, 2.06, 204 2.00 (10s, 10 OAc); ”C NMR (75.5 MHz, CDClx)
), & 183.6 (C=S) 7 ester), 142.6, 12

. 11‘/

& M £\
.2 -0y,

e

Falits ]

4, (C=S), 173.2 (CO amide), 17u 3, 170.1,
169.

1), 64.3 (C 5), 61.4 (C-3 ), 51.5 (C-6), 25.9 (NCOCHJ), 21.0—19.8 (COCHj). Anal. Calcd for
C,H,N,0,,S: C, 53.00; H, 5.34; N, 4.94; S, 5.66. Found: C, 52.97; H, 5.46; N, 4.78; S, 5.50.

(4R,5R,65)-1,3-Di-N-acetyl-4,5-diacetoxy-4,5-dihydroxy-6-(1',2',3'-tri-O-acetyl-D-

erythro-triitol-1"-yl)-hexahydropyrimidine-2-thione (32): R, 0.55 (1:1 EtOAc-hexanes); [a],
+52.2 (¢ 0.9, CH)C[ ), UV (("I—TqCL) 255, 292 nm (&, 4.2, A 3y, IR (film) 1748, 1700, 1514’
1038 cm™; '"H NMR (300 MHz, CDCl,) Table 3; “C NMR ( 5.5 MHz, CDCl,) 6 182.7 (C=S),
172.7, 171.9 (2 CO amide), 170.8, 169.8, 169.3, 168.9, 167.8 (5 CO ester), 77.1 (C-4), 72.3
(C-29, 69.6 (C-5), 68.3 (C-1", 61.1 (C-39, 50.7 (C-6), 29.7, 28.0 (2 NCOCH,), 20.9, 20.5
(2 C), 20 1 (2 C) (5 OCOCH;). Anal. Calcd for C, H,N,0,,S: C, 47.36; H, 5.30; N, 5.26; S,
6.02. Found: C, 47.27; H, 5.12; N, 5.00; S, 5.84.

(4R,5R,6S)-4,5-Diacetoxy-3-phenyl-6-(1',2",3"-tri-O-acetyl-D-erythro-triitol-1'-yl)-
hexahydropyrimidine-2-thione (33). Acetylation of 13 (1059 mg, 0.34 mmol) and

nllrlf:("]tlﬂn hv column (_‘hmma_mg p y (1:3 EtOAc-hexanes) gave 33: syrup; 155 mg, 90%;
R‘ﬂ 40 (11 FtOAc-hevaneey Ievl 24 R (-~ 0O0R CHCINY 11V (CHCIN 2720 2763 nm (¢ 13 7

VT L L LASAALTHLVAQIILS J, W &0 AL VL0, didg s, UV iy Lad, LU \CmM 1~ ’
1& 7\ BIMGC 200/ &NA (AT TR (£l 2240 174Q 110 1717 1NAQ ~m-c-le 11T NITMR 20N
10.4), LAIVIO /7L JUST \lVl Js 1IN \.llll I) dI=*7, 110, 1I1Y, 141/, 1U=7 Ll , 11 INIVRIIN \OUV
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AALY. MATYT Y TAl14 . M NRMAD /T8 & ANLI- O Y K 1770 £ 7N 171N & 140 Q 140 7
ivVirls, bL)\.J:;} 1a4vic O, OINIVIIN (/73000 IVIINZ, \_,IJ\/I:;) O 1/7.0 \L=9), 1/V.0, 1U7.0, 1UJ./,
1t AN 1fﬂf\lf Fa Ve I ADY A 771 i 1M A 7N ™ 170 & s7M A T\ 10O 1 Ve o e W 4

69.6, 1638.0 (5 CO esrer), 43.3 (C-1, rn), 129 3,5, Ph), 128.5 (C-4, Ph), 128.1 (C-2,6,

206 a3 C) (‘3 OCOCHJ) Anal. Calcd for C,3H78N O,OS: C, 52.66; H, 5.38; N, 5.34; S, 6.11.
Found: C, 52.40; H, 5.33; N, 5.17; S, 5.99.

(4S,5R,65)-1-Acetyl-4,5-diacetoxy-3-methyl-6-(1',2",3"-tri-O-acetyl-D-erythro-triitol-
1'-yl)-hexahydropyrimidine-2- thl()ne (34). Conventional acetylation of 14 (10.1 mg, 0.04

P iy

mmol) smd ..uuC..t on by preparative TLC (1:1 EtOAc-hexanes) gave 34: 15 mg, 74%; R;
0.4; [0, +125.7 (¢ 0.7, CHCL,); UV (CHCI;) 257, 278 nm (g,,, 19.5, 18.4); EIMS m/z 504
/IAAE. TD /c N 1TAQ 1ZO0N 141 1NAIE L. 10X NIRAD /f'w\n RATT, T\ Taldla 2. 130 AAAD
Livl ), N M) 1748, 109U, 1221, 1U3) CIm ;, i INIVIR (OUU Iz, CDCL,) 1dDIC O, U INIVIR
(75.5 MHz, CDCl,) 6 183.3 (C=S), 171.2 (CO amide), 170.5, 169.7 169.5, 169.1, 168.9 (5
CO ester), 81.1 (C-4), 71.9 (C-2", 69.9 (C-1), 67.8 (C-5), 60.3 (C-3, 50.3 (C-6), 41.8

i
(NMe), 29.6 (NCOCH,), 20.9, 20.6 (2 C), 20.5, 20.4 (5 OCOCH?) Anal. Caled fo
C,H,N,0,,S: C, 47.61; H, 5.59; N, 5.55; S, 6.35. Found: C, 47.60; H, 5.51; N, 5.74; S, 6.5 1.

Table 3.
'H NMR Spectral Parameters of compounds 30-34.
Chemical shifts (8, ppm)

Mam
OHT

P H-4 H-5 H-6 H-1' H-2' H-3'a H-3'b

308:C.€ 3.03d 5.08ddd 5.40dd 5.25ddd 4.25dd 4.18dd
2.78dd

(4R)-313:¢  637d 5.70dd 4.99dd 5.65dd 5.18m 4.43dd 4.26m

(45)-323:¢ 6.91d 5.49dd 5.58dd 5.43dd 3.14ddd 4.33dd 4.07dd

(45)-333:C 6.17d 5.35dd 4.20dd 5.48dd 4.97ddd 4.40dd 4.10dd
(45)-343C 5.83d 5.48dd 5.56dd 5.37dd S.17ddd 4.38dd 4.11dd
Coupling constants (J, Hz)
Jis Joo Joy Sy Jya Sy Jian
30 - 1.4 32 6.5 35 5.6 12.3
7.2

(4R)-31 3.8 6.2 2.6 7.6 3.1 - 12.2
(45)-31 4.5 4.5 7.6 4.9 - - .
(45)-32 1.7 9.1 5.2 6.8 3.4 5.4 12.5
(45)-33 33 2.7 8.5 2.5 3.9 6.7 12.3
(45)-34 2.7 8.5 4.3 6.7 3.2 5.2 i2.6
21n CDCI,.
€ At 300 Mhz.
d At 500 Mhz.

€ The upper line data correspond to H-5a and the lower ones to H-5b, Jy, 5, = 17.7.
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