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Abstract—The stereocontrolled synthesis of functionalized organosulfur compounds of a general formula: Bn2NCH(CH3)CH-
(OH)CH2SX [where: X = SO3Na or SP(S)(OR)2] was achieved by a regioselective opening of enantiomerically >98% pure
(2S,3R)- and (2S,3S)-N,N-dibenzyl-2-hydroxy-3-methylazetidinium bromides and/or (1R)-[10(S)-dibenzylamino)ethyl]oxiranes with thio-
sulfate and dithiophosphate anions. The attack of both nucleophiles was directed exclusively at the less substituted carbon atom of
the heterocyclic ring.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Over the last 25 years the development of new and effi-
cient chiral ligands for catalytic asymmetric synthesis
has been one of the most challenging subjects of organic
synthesis.1 Over recent years there has been growing
interest in sulfur containing ligands.2 According to the
literature3 the different electronic properties of sulfur
compared to oxygen as the chelating atom and the fact
that sulfur can become chiral when coordinated to a
metal establishes an advantage of these type of ligands.
Utilization of nitrogen and sulfur as chelating atoms in
ligands have afforded moderate to excellent results in
allylic alkylation,4 hydrogenation,3,5 diethylzinc addi-
tion,6 conjugate addition to enones2,7 and metal cata-
lyzed cross–coupling.2

We have reported, previously, the preparation of a vari-
ety of polyfunctional heteroatom containing organic
compounds bearing amino and hydroxy functional
moieties from 3-hydroxyazetidinium salts and amino
epoxides.8
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Both Barluenga et al.9 and Concellón et al.10 have devel-
oped elegant methods of the synthesis of chiral
hydroxyazetidinium salts and amino oxiranes of high
enantiomeric purity, and we realized that our strategy
might be applicable for the synthesis of optically active
polyfunctional building blocks and/or potential chiral
ligands.

We report, herein, the application of a regioselective
ring opening of optically active azetidinium salts 1 and
2 and oxirane 3 at the less substituted carbon atom with
sulfur nucleophiles for the stereocontrolled synthesis of
three functional compounds with the butane skeleton.
2. Results and discussion

Starting materials: the optically active (2S,3R)- and
(2S,3S)-N,N-dibenzyl-3-hydroxy-2-methylazetidinium
bromides 1 and 2 as well as (1R)-[1 0(S)-(dibenzylamino)
ethyl] oxirane 3 were prepared, respectively, from
N,N-dibenzylalaninal and the methyl ester of N,N-di-
benzylalanine, according to the procedures described
by Barluenga et al.9 and Concellón et al.10 The method
used the manipulation of these two starting materials
with non-chelation control during the generation of
the second stereogenic centre in order to obtain, from
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LL-alanine, the two diastereomeric salts 1 and 2 and
oxirane 3 (Fig. 1).

We prepared the enantiomerically pure starting material
3 with the spectroscopic data in accordance with those
described.9,10 3-Hydroxyazetidinium salts 1 and 2 were,
however, obtained as bromides and their spectra per-
formed in CD3OD while in the literature only the spectra
of (2S,3R)-N,N-dibenzyl-3-hydroxy-2-methylazetidinium tet-
rafluoroborate were given in DMSO-d6.

10 The spectral
data and diastereomeric purity of 1 and 2 have been
reported.11

Treatment of azetidinium salts 1 and 2 with anions of
O,O-dialkyl dithiophosphoric acids under the condi-
tions applied earlier for achiral compounds8e (the room
temperature, DMF as solvent, 24 h) involved the nucleo-
philic opening of the azetidinium ring, resulting in
the formation of the corresponding O,O-dialkyl,-S-3-
N,N-dibenzylamino-(2-hydroxy)butyl dithiophosphates
(Scheme 1).12
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It is well known13 that compounds of structure 6 and 7
undergo secondary reactions via transphosphorylation,
followed by the leaving of dialkyl thiophosphoric acid
from O-phosphorylated intermediate product to afford
thiirane 9 as a final product (Scheme 2).

It was demonstrated in our previous paper8e that the
rate of secondary reactions (a) and (b) depends strongly
on the structure of S-aminohydroxyalkyl dithiophos-
phate, particulary on the properties of substituents at
the nitrogen and at the phosphorus atoms. Fortunately,
dithiophosphates 6 and 7 are stable enough to be puri-
fied via column chromatography and were fully
characterized.14
The presence of the single peaks in the 31P NMR spectra
of diastereomers 6 and 7 and the character of their 1H,
13C and HMQC spectra showed that the attack of nucleo-
philic reagents 4 or 5 took place exclusively at the non-
stereogenic (less substituted) carbon atom C-4. Thus the
synthetic procedure does not affect the stereochemistry
of any of the stereogenic centres. Any epimerization
occuring at the stage of the synthesis or the purification
would lead to the formation of the second diastereo-
isomer, easily detectable in the reaction mixture. The cir-
cumstance that the free hydroxy group in 1 or 2 does not
disturb the reaction course is probably due to the reac-
tion conditions. It is not obvious in the reaction of 3-
hydroxyazetidinium salts with other nucleophiles.8a–c

A similar reaction course, as for azetidinium salts 1 and
2 was observed for amino oxirane 3, reacting with O,O-
dipropyl dithiophosphate anion 5 (Scheme 3). The reac-
tion was carried out in the presence of Et2OÆBF3 to
avoid the formation of thiirane 9, which was expected
to be the favoured product of the reaction of 3 with 5.15

Dithiophosphate 7 (62%), obtained according to Scheme
3 exhibited the same spectral data as that synthesized
from azetidinium salts 2, as well as the same chemical
yield and enantiomeric purity. This means that oxirane
3 was attacked by the nucleophilic reagent at the less
substituted (non-stereogenic) carbon atom. We did not
observe any essential differences in the reaction results
when we used both types of starting materials, 2 or 3,
for the synthesis of 7. The only aim of the investigation
of the two substrates 2 and 3 was to learn whether the
nucleophilic ring opening of the both heterocycles would
be regioselective enough to synthesize 7 as one product
and in its diastereomerically pure form. The knowledge
about the chemistry of azetidinium salts16 and oxir-
anes17 would not give such certainty. Furthermore,
our results should not be generalized. Taking into
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account an easier accessibility of oxirane 3 versus salt 2,
the former is the substrate of choice.

While this work was being realized, new results concern-
ing the reaction of epoxides with phosphoroorganic
dithio acids were reported.18 Oxiranes, which were sub-
jected to the reaction bore in their structure only alkyl,
aryl or alkoxyl substituents. Therefore, we decided to
test under the reported conditions (0 �C, toluene) our
substrate, oxirane 3. As a result of the reaction of 3 with
an equimolar amount of O,O-diethyl hydrogen dithio-
phosphate only one product was found by 31P NMR
spectroscopy: dithiophosphate 7 0 d 96.28 ppm (100%).
Although 1H and 13C NMR spectroscopy confirmed
the structure of the product, a minute amount of impu-
rity derived probably from the substrate 3 was also vis-
ible. The authors of the above mentioned18 paper have
described, (without experimental details) the reduction
of S-2-hydroxyalkyl dithiophosphates into the corre-
sponding hydroxy thiols. Our attempts to transform
the crude dithiophosphate 7 0 into the thiol with LiAlH4
unfortunately failed.

The other sulfur nucleophile, which was found to react
with 3-hydroxyazetidinium salts forming the C–S bond
was sodium thiosulfate (Scheme 4).
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The reaction was carried out at room temperature in
water within 24 h. The reaction products 10 and 11
did not require purification.19 With such compounds
being pseudohalogens they are also potential starting
materials for the synthesis of the corresponding 3-ami-
no-2-hydroxybutanethiols via the reduction or hydroly-
sis reaction. The observation that the formation of
thiosufonates is often accompanied by a minute amount
of the corresponding disufide shows the pseudohalo-
genic character of these compounds.8d Attempts to
transform thiosulfonates under hydrolytic and/or reduc-
tive conditions into amino hydroxy thiols are currently
underway.
3. Conclusion

In conclusion, a stereocontrolled synthesis of functional-
ized with amino and hydroxy groups organosulfur
compounds has been accomplished starting from the
enantiomerically pure (2S,3S)- and (2S,3R)-N,N-di-
benzylamino-3-hydroxy-2-methylazetidinium bromides
and (1R)-[1 0(S)-dibenzylamino)ethyl] oxirane. Regio-
selective opening of azetidinium and oxirane rings at
the less substituted carbon with sulfur SII nucleophiles
allowed us to prepare useful precursors of tridentate
ligands and building blocks of the determined configur-
ation and enantiomeric purity.
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Bultó, A. M. Coord. Chem. Rev 1999, 193–195, 73; (b) Pu,
L.; Yu, H.-B. Chem. Rev 2001, 101, 786–791.

3. Ekegren, J. C.; Roth, P.; Källström, K.; Tarnai, T.;
Andersson, P. G. Org. Biomol. Chem. 2003, 1, 358, and
Refs. 3–6 cited therein.

4. (a) Koning, B.; Meetsma, A.; Kellogg, R. M. J. Org. Chem
1998, 63, 5533; (b) Saba, A.; Valenti, R. Tetrahedron:
Asymmetry 1999, 10, 3537; (c) Siedlecka, R.; Woja-
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Moyano, A.; Pericàs, M. A.; Riera, A. Synlett 2001, 1155,
and references cited therein.

7. For example, see: de Vries, A. H. M.; Hof, R. P.; Staal, D.;
Kellogg, R. M.; Feringa, B. L. Tetrahedron: Asymmetry
1997, 8, 1539.

8. (a) Heliński, J.; Skrzypczyński, Z.; Michalski, J. Tetrahe-
dron Lett. 1995, 36, 9201; (b) Bakalarz, A.; Heliński, J.;
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cka, B. Tetrahedron Lett. 2003, 3239.

9. (a) Barluenga, J.; Baragaña, B.; Alonso, A.; Concellón,
J. M. J. Chem. Soc., Chem. Commun. 1994, 969; (b)
Barluenga, J.; Baragaña, B.; Concellón, J. M. J. Org.
Chem. 1995, 60, 6696; (c) Barluenga, J.; Baragaña, B.;
Concellón, J. M. J. Org. Chem. 1997, 62, 5974.

10. Concellón, J. M.; Bernad, P. L.; Pérez-Andrés, J. A.
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E.; Lipka, P. J. Am. Chem. Soc. 1991, 113, 7945, and
references cited therein.

14. General remark: The quoted yields are for homogenous
(>98%, according to 31P, 1H, 13C NMR) materials,
isolated by column chromatography (silica gel 60) or
recrystallization. (2R,3S)-O,O-Diethyl-S-(3-N,N-dibenz-
ylamino)-2-hydroxybutyl dithiophosphate 6. 3-Hydroxyaze-
tidinium salt 1 and sodium dithiophosphate 5a were
dissolved in DMF and left standing at room temperature
for 48 h. The solvent was evaporated under high vacuo.
Into the residue was added water and the reaction product
extracted with ethyl acetate. The organic extracts were
dried over MgSO4, concentrated and purified by column
chromatography (eluent CHCl3). Yield: 64%, (colourless
oil). ½a�20D = �8.2 (c 0.2, MeOH). Rf 0.17 (CH2Cl2–MeOH,
40:1). IR (film): mmax (neat)/cm

�1: 3480 w br, 3028 w, 2981
m, 2934 m, 2805 w, 1667 w, 1494 m, 1453 m, 1389 m, 1242
w, 1158 m, 1095 m, 1014 s, 958 s, 791 vs, 699 s, 660 s. 31P
NMR (80.96 MHz, CDCl3): dP = 96.3.

1H NMR
(500.13 MHz, CDCl3): dH = 1.10 [d, J = 6.7, 3H,
(CH3)CH], 1.25 [2 · t degradated into quin, J = 7.1, 6H,
(CH3CH2O)2], 2.59–2.68 [m, 1H+1H, CHAHBS–P,
(CH3)CH], 3.33 and 3.66 (AB, JAB = 13.6, 4H, CH2Ph),
3,44–3.51 [m, 1H, CHAHBS-P], 3.72–3.75 [m, 1H,
CH(OH)], 4.01–4.11 [m, 4H, (CH3CH2O)2], 7.14–7.27
(m, 10H, (CH(aromatic)).

13C NMR (125.76 MHz, CDCl3):
dC = 8.56 [(CH3)CH], 15.81 [d, JC–P = 8.80, (CH3CH2O)2],
39.44 (d, JC–P = 2.5, CH2S), 54.31 (CH2Ph), 57.28
[(CH3)CH], 63.13 [d, JC–P = 5.0, (CH3CH2O)2], 72.75
[CH(OH)], 126.99, 128.25, 129.07 (CH(aromatic)), 139.50
(C-ipso). MS (FAB): 454.2 (M++1). HMRS (FAB):
C24H32NO4S2P+H: Calcd: 454.1639. Found: 454.1629.
(2S,3S)-O,O-Di-n-propyl-S-(3-N,N-dibenzylamino)-2-hydr-
oxybutyl dithiophosphate 7 was prepared according to
the procedure described above starting from (2S,3S)-
N,N-dibenzyl-3-hydroxy-2-methylazetidinium bromide 2
and ammonium O,O-di-n-propyl phosphoroditioate.
Yield: 65%, (colourless oil). ½a�20D = +17.9 (c 2.0, MeOH).
Rf 0.18 (CH2Cl2–MeOH, 40:1). IR (film): mmax(neat)/cm

�1:
3400 wbr, 3028 w, 2967 s, 2936 m, 2842 w, 1494 w, 1454 m,
1306 w, 1251 w, 1145 m, 1054 m, 985 vs, 910 w, 848 m, 750
s, 700 m, 664 s. 31P NMR (80.96 MHz, CDCl3): dP = 96.9.
1H NMR (200.13 MHz, CDCl3): dH = 1.14 and 1.15 [2 · t,
J = 7.3, 6H, (CH3CH2CH2O)2], 1.11 [d, J = 6.7, 3H,
(CH3)CH], 1.59–1.78 [m, 4H, (CH3CH2CH2O)2], 2.61–
2.85 [m, 1H+1H, CHAHBS, (CH3)CH], 3.07–3.25 (m, 1H,
CHAHBS), 3.34 and 3.87 (AB, JAB = 13.3, 4H, CH2Ph),
3.65–3.77 [m, 1H, CH(OH)], 3.90–4.13 [m, 4H,
(CH3CH2CH2O)2], 7.20–7.40 (m, 10H, (CH(aromatic)).

13C
NMR (75.43 MHz, CDCl3): dC = 8.18 [(CH3)CH], 10.10
(CH3CH2CH2O), 23.25 (d, JC–P = 22.6, CH3CH2CH2O),
37.91 (d, JC–P = 5.0, CH2S), 53.30 (CH2Ph), 57.22
[(CH3)CH], 69.32 (d, JC–P = 17.61, CH3CH2C2O),
70.38 and 70.49 [CH(OH)], 127.28, 128.18, 128.46,
128.91 (CH(aromatic)), 138.41 (C-ipso). MS (FAB)
C24H36NO3S2P+H: 482.3 (M

++1) (40%).
15. (a) Nuretdinova, O. N.; Guseva, F. F.; Arbuzov, B. A. Izv.

Akad. Nauk SSSR, Ser. Khim. 1976, 2625; (b) Nuretdi-
nova, O. N.; Guseva, F. F.; Arbuzov, B. A. Izv. Akad.
Nauk SSSR, Ser. Khim. 1980, 2594; (c) Kudelska, W.;
Michalska, M. Carbohydr. Res. 1980, 83; (d) Kudelska,
W.; Michalska, M. Carbohydr. Res. 1981, 90, 1.

16. Concellón, J. M.; Bernad, P. L.; Pérez Andrés, J. A.
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