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Abstract: The completely diastereoselective silyl tri-
flate-mediated methyl orthoformate alkylation of
chiral N-acyl-4-isopropyl-1,3-thiazolidine-2-thiones
catalyzed by commercially available nickel(II) com-
plexes is reported. The simple experimental proce-
dure requires 2.5–5 mol% of bis(phosphine)nickel
dichloride [(R3P)2NiCl2] complexes, proceeds under
very mild conditions, and covers a wide array of
acyl groups. Furthermore, it can potentially be ex-
panded to different electrophiles.
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The stereoselective construction of carbon-carbon
bonds through an SN1-like mechanism is a promising
approach to the synthesis of compounds with structur-
ally complex molecular architecture.[1] To date, the ad-
dition of nucleophiles to chiral oxocarbenium ions has
played a key role in the chemistry of carbohydrates
and has been much exploited in the development of
routes for the synthesis of natural products.[2] More
recently, the need for more efficient processes has
stimulated the development of new stereoselective
additions of carbon nucleophiles to oxocarbenium
and carbenium intermediates,[3] but there is still a lack
of methods for carrying out such transformations
using easily available catalysts in a straightforward
manner.[4,5]

Some years ago, Evans reported that the (Tol-
BINAP)Ni ACHTUNGTRENNUNG(OTf)2 complex triggered the reaction of
N-acyl-1,3-thiazolidine-2-thiones with methyl ortho-
formate activated by BF3·OEt2 to provide the corre-
sponding 3,3-dimethoxy adducts in high yields and
with high enantioselectivities.[6] Unfortunately, that

chiral catalyst requires careful preparation and the
use of dry-box techniques, which have probably ham-
pered further applications to related transformations.

Inspired by this example and taking advantage of
our experience with carbon-carbon bond forming pro-
cesses based on the Lewis acid-mediated addition of
titanium enolates from chiral N-acyl-1,3-thiazolidine-
2-thiones to acetals[7] and glycals,[8,9] we envisaged that
such heterocycles might become an excellent chiral
platform to promote diastereoselective additions to
oxocarbenium intermediates catalyzed by structurally
simple metal complexes. The stereocontrol provided
by such chiral auxiliaries might facilitate the installa-
tion of both one and two vicinal chiral centers pro-
moted by catalytic amounts of achiral metal com-
plexes.[10,11]

Herein, we report the entirely diastereoselective
Lewis acid-mediated addition of (S)-N-acyl-4-isopro-
pyl-1,3-thiazolidine-2-thiones 1[12] to methyl orthofor-
mate catalyzed by commercially available nickel(II)
complexes (Scheme 1), which could be expanded to
more complex reagents.

Preliminary studies using the conditions reported
by Evans showed that nickel(II) chloride complexes
were unable to promote the addition of (S)-N-prop-ACHTUNGTRENNUNGanoyl-4-isopropyl-1,3-thiazolidine-2-thione 1a to
methyl orthoformate (entry 1 in Table 1). It was nec-
essary to replace the chlorines by sulfonate ligands to
obtain the desired adducts. Indeed, freshly prepared

Scheme 1. Lewis acid-mediated additions of 1 to methyl or-
thoformate catalyzed by nickel(II) complexes.
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(Ph3P)2Ni ACHTUNGTRENNUNG(OMs)2 produced adduct 2a as a single dia-
stereomer in yields of up to 72% provided that the re-
action was carried out at low temperatures to avoid
the formation of decomposition products (compare
entries 2–5 in Table 1). These results confirmed our
hypotheses about the feasibility of such a process and
the absolute control over the configuration of the a-
stereocenter imparted by the thiazolidinethione scaf-
fold.[13] Interestingly, the putatively more active
(Ph3P)2Ni ACHTUNGTRENNUNG(OTf)2 complex furnished 2a but in a low
yield (entry 6 in Table 1), which suggests that the ap-
propriate preparation of the active species is crucial
for the overall process.

Thus, considering that the need to prepare mois-
ture-sensitive catalysts and the use of large amounts
of reagents were major hurdles in developing
a straightforward and highly efficient method, we
paid special attention to Sodeoka�s findings regarding
the replacement of chlorine via the treatment of nick-
el(II) chloride complexes with silyl triflates.[14] Since
those Lewis acids could generate the catalytic species
and the oxocarbenium intermediate simultaneously,
we next assessed the influence of several silyl triflates
on the reaction of 1a with methyl orthoformate
(Table 2). Early experiments with TMSOTf showed
that this procedure produced adduct 2a as a single
diastereomer even though the yields were low (en-
tries 1–4 in Table 2). Furthermore, we were pleased to
observe that other silyl triflates such as TESOTf or
TIPSOTf turned out to be much more suitable and
produced 2a in high yields (entries 5–7 in Table 2)
provided that 20 mol% of the nickel(II) complex was
used (compare entries 7 and 8 in Table 2).

Parallel studies of more acidic N-phenylacetylthia-
zolidinethione 1b were much more successful, as high
yields of adduct 2b were obtained at 0 8C irrespective
of the silyl triflate (entries 1–3 in Table 3). Remarka-
bly, just 2.5 mol% of (Ph3P)2NiCl2 and 1.15 equiva-
lents of TESOTf were enough to deliver adduct 2b as

a single diastereomer with a 94% yield (entries 4–6 in
Table 3). Furthermore, smaller amounts of the cata-
lyst also afforded 2b in yields of up to 91% (entries 7
and 8 in Table 3) but the results proved to be more
difficult to reproduce.

Having found a highly efficient and reliable proce-
dure, the influence of other bases and catalysts was
next evaluated. We were especially interested in im-
proving the results from 1a, since the more acidic 1b
already produced a single diastereomer very efficient-
ly under the aforementioned mild conditions. Thus,
a large number of tertiary amines and nickel(II) com-
plexes were tested. Surprisingly, none of the bases
used in the study produced yields better than or com-

Table 1. BF3·OEt2-mediated addition of 1a to HC ACHTUNGTRENNUNG(OMe)3

catalyzed by nickel(II) complexes.

Entry Catalyst T [8C] t [h] 2a [%][a]

1 ACHTUNGTRENNUNG(Ph3P)2NiCl2 20 96 –
2 ACHTUNGTRENNUNG(Ph3P)2Ni ACHTUNGTRENNUNG(OMs)2 20 16 14
3 ACHTUNGTRENNUNG(Ph3P)2Ni ACHTUNGTRENNUNG(OMs)2 0 16 24
4 ACHTUNGTRENNUNG(Ph3P)2Ni ACHTUNGTRENNUNG(OMs)2 �20 16 52
5 ACHTUNGTRENNUNG(Ph3P)2Ni ACHTUNGTRENNUNG(OMs)2 �20 48 72
6 ACHTUNGTRENNUNG(Ph3P)2Ni ACHTUNGTRENNUNG(OTf)2 �20 16 36

[a] Isolated yield after column chromatography.

Table 2. Silyl triflate-mediated addition of 1a to HC ACHTUNGTRENNUNG(OMe)3

with (Ph3P)2NiCl2.

Entry Catalyst
(mol%)

R3SiOTf T
[8C]

t
[h][a]

2a
[%][b]

1 20 TMSOTf �20 16 20
2 20 TMSOTf 0 16 33
3 20 TMSOTf 0 72 44
4 20 TMSOTf 20 72 36
5 20 TESOTf 0 16 75
6 20 TESOTf 0 3 77
7 20 TIPSOTf 0 3 77
8 10 TESOTf[c] 0 3 51

[a] The mixture was initially stirred for 20 min at �20 8C.
[b] Isolated yield after column chromatography.
[c] 1.3 equivalents of TESOTf were used

Table 3. Silyl triflate-mediated addition of 1b to HC ACHTUNGTRENNUNG(OMe)3

with (Ph3P)2NiCl2.

Entry Catalyst (mol%) R3SiOTf Equiv. t [h][a] 2b [%][b]

1 20 TMSOTf 1.5 3 75
2 20 TESOTf 1.5 3 86
3 20 TIPSOTf 1.5 3 76
4 10 TESOTf 1.3 1 85
5 5 TESOTf 1.2 1 90
6 2.5 TESOTf 1.15 1 94
7 1.5 TESOTf 1.1 1 91
8 1.0 TESOTf 1.1 5 77

[a] The mixture was initially stirred for 20 min at �20 8C.
[b] Isolated yield after column chromatography.
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parable to that of 2,6-lutidine,[15] but some nickel(II)
complexes containing trialkylphosphines were fairly
active and delivered adduct 2a in high yields.[16] The
results summarized in Table 4 indicated that com-
plexes containing arylphosphines gave almost identi-
cal results without observing any beneficial effects of
using bidentate ligands (compare entries 1–3 in
Table 4). Longer reaction times did not improve these
results either. Nevertheless, complexes with alkyl-
phosphines behaved very differently and a promising

and significant catalytic activity was observed with
complexes possessing basic and unhindered phosphine
ligands. Indeed, the sterically hindered complex con-
taining bulky Cy3P did not yield adduct 2a at all
(entry 4 in Table 4), but Bu3P and Me3P counterparts
with catalyst loadings of 5–2.5 mol% furnished 2a in
high yields provided that the reaction was carried out
at �20 8C (compare entries 5–9 in Table 4). Finally,
the more acidic (DME)NiCl2 complex was completely
ineffective and no traces of 2a were observed after
long reaction times (entry 10 in Table 4). These results
led us to adopt (Me3P)2NiCl2 as the complex of
choice for the less reactive substrates such as 1a
(Method A), whereas (Ph3P)2NiCl2 could be safely
used for the more reactive substrates derived from N-
arylacetyl groups such as 1b (Method B).

The scope of the process was next examined with
several N-acylthiazolidinethiones using the conditions
optimized for both 1a and 1b (Methods A and B, re-
spectively, see the Experimental Section). As shown
in Table 5, application of Method A to substrates 1c–
e with alkyl R groups smoothly produced the corre-
sponding adducts 2c–e, although a certain loss of yield
was observed as the steric hindrance of R increased
(compare entries 1–4 in Table 5). An acyl chain pos-
sessing a methyl ester as well as the introduction of
an oxygenated substituent at the a-position were tol-
erated and the corresponding adducts were obtained
as a single diastereomer in high yields (entries 5 and 6
in Table 5). The latter result is particularly significant,
since it represents a fruitful example of the uncertain
glycolate reaction.[17]

In turn, Method B was successfully applied to sub-
strates 1h–k irrespective of the electronic character of
the aryl group, although yields were slightly lower for

Table 4. Catalytic addition of 1a to HC ACHTUNGTRENNUNG(OMe)3.

Entry LnNiCl2 mol% T [8C] t [h][a] 2a [%][b]

1[c] ACHTUNGTRENNUNG(Ph3P)2NiCl2 20 0 3 77
2[c] ACHTUNGTRENNUNG(dppe)NiCl2 20 0 3 80
3[e] ACHTUNGTRENNUNG(dppp)NiCl2 20 0 3 79
4[c] ACHTUNGTRENNUNG(Cy3P)2NiCl2 20 0 3 –
5[c] ACHTUNGTRENNUNG(Bu3P)2NiCl2 20 0 3 79
6[c] ACHTUNGTRENNUNG(Me3P)2NiCl2 20 0 3 76
7[d] ACHTUNGTRENNUNG(Bu3P)2NiCl2 5 �20 3 78
8[d] ACHTUNGTRENNUNG(Me3P)2NiCl2 5 �20 1.5 87
9[e] ACHTUNGTRENNUNG(Me3P)2NiCl2 2.5 �20 1.5 81
10[c] ACHTUNGTRENNUNG(DME)NiCl2 20 0 4 –

[a] The mixture was initially stirred for 20 min at �20 8C.
[b] Isolated yield after column chromatography.
[c] 1.5 equivalents of TESOTf were used.
[d] 1.2 equivalents of TESOTf were used.
[e] 1.15 equivalents of TESOTf were used.

Table 5. TESOTf-mediated catalyzed addition of 1 to HC ACHTUNGTRENNUNG(OMe)3.

Entry 1 R Catalyst mol% TESOTf (equiv.) T [8C] t [h] 2 [%][a]

1 a Me ACHTUNGTRENNUNG(Me3P)2NiCl2 5 1.2 �20 1.5 87
2 c Pr ACHTUNGTRENNUNG(Me3P)2NiCl2 5 1.2 �20 1.5 81
3 d Bn ACHTUNGTRENNUNG(Me3P)2NiCl2 5 1.2 �20 1.5 73
4 e iPr ACHTUNGTRENNUNG(Me3P)2NiCl2 5 1.2 �20 1.5 66
5 f ACHTUNGTRENNUNG(CH2)2CO2Me ACHTUNGTRENNUNG(Me3P)2NiCl2 5 1.2 �20 1.5 67
6 g OPiv ACHTUNGTRENNUNG(Me3P)2NiCl2 5 1.2 �20 3 82
7 b Ph ACHTUNGTRENNUNG(Ph3P)2NiCl2 2.5 1.15 0 1[b] 94
8 h 4-MeC6H4 ACHTUNGTRENNUNG(Ph3P)2NiCl2 2.5 1.15 0 1[b] 88
9 i 4-MeOC6H4 ACHTUNGTRENNUNG(Ph3P)2NiCl2 2.5 1.15 0 1[b] 91
10 j 4-NO2C6H4 ACHTUNGTRENNUNG(Ph3P)2NiCl2 2.5 1.15 0 1[b] 71
11 k 2,4-F2C6H3 ACHTUNGTRENNUNG(Ph3P)2NiCl2 2.5 1.15 0 1[b] 74

[a] Isolated yield after column chromatography.
[b] The mixture was initially stirred for 20 min at �20 8C.
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those containing electron-withdrawing substituents
(compare entries 7–11 in Table 5).[18]

Once the scope of this Lewis acid-mediated addi-
tion of N-acylthiazolidinethiones to methyl orthofor-
mate had been established, we speculated about the
possibility of adapting such a transformation to differ-
ent chiral auxiliaries.[19] Related oxazolidinones and
oxazolidinethiones were promising candidates since
their structures are very similar to those of thiazolidi-
nethiones and therefore could result in an extension
of the synthetic potential of the reported alkylation.

Following this approach, the optimized experimen-
tal conditions were applied to N-propanoyl- and N-
phenylacetyloxazolidinones and -oxazolidinethiones, 3
and 4, respectively (Scheme 2). The initial results
from oxazolidinones 3 were disappointing. Indeed,

the N-propanoyloxazolidinone 3a did not react at all,
whereas the more acidic N-phenylacetyl counterpart
3b produced adduct 5b with a 65% yield but as a mix-
ture of diastereomers (dr 87:13). In contrast, oxazoli-
dinethiones 4 were reactive enough and adducts 6
were obtained in a diastereomerically pure form
albeit in moderate yields. Careful analyses of the re-
action mixtures showed that the yield losses com-
pared to the thiazolidinethione counterparts 1 were
due to the partial conversion of the oxazolidinethione
scaffold into the corresponding oxazolidinone one.
Therefore, these experiments prove that the exocyclic
C=S bond is necessary to achieve highly stereocon-
trolled transformations, whereas the endocyclic sulfur
heteroatom is required to avoid undesired decomposi-
tions.[20]

The choice of a thiazolidinethione chiral auxiliary
was also supported by the mild conditions required
for its removal. For instance, enantiomerically pure
mandelic-like thioester 7 was obtained with a 77%
yield by simple treatment of adduct 2b with 1-dodec-ACHTUNGTRENNUNGanethiol under basic conditions (Scheme 3).

Considering that the conditions optimized for the
methyl orthoformate alkylation of N-acylthiazolidine-
thiones 1 could be applied to different cationic inter-

mediates, we finally explored such alkylation reac-
tions with the different electrophiles represented in
Scheme 4. Preliminary studies on the addition of 1b
to 1,3-benzodithiolylium tetrafluoroborate,[21] N,N-di-
methylmethyleneiminium chloride,[22] and benzalde-
hyde dimethyl acetal gave encouraging results, since
the expected adducts 8–10 were obtained for all of
these reagents.[23] As they encompass intermediates
stabilized by sulfur, nitrogen, and oxygen atoms, and
they involve the generation of one or two new stereo-
centers, these results suggest that the method previ-
ously developed could be useful for a larger set of
transformations that proceed through SN1-like mecha-
nisms.

In summary, the commercially available and easily
to handle nickel(II) complexes (Me3P)2NiCl2 and
(Ph3P)2NiCl2 trigger the completely diastereoselective
TESOTf-mediated addition of chiral N-acyl-4-isopro-
pyl-1,3-thiazolidine-2-thiones to methyl orthoformate
under very mild conditions. This methodology could
be expanded to cover other reactions that proceed
through oxocarbenium or carbenium intermediates.

Experimental Section

General Procedures

Method A: Solid (Me3P)2NiCl2 (7.0 mg, 25 mmol) was added
to a solution of 1 (0.5 mmol) and HCACHTUNGTRENNUNG(OMe)3 (83 mL,
0.75 mmol) in dry CH2Cl2 (1 mL) at room temperature
under N2. The resulting red solution was cooled to �20 8C

Scheme 2. Influence of different chiral auxiliaries.

Scheme 3. Removal of the chiral auxiliary.

Scheme 4. Further transformations.
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and TESOTf (136 mL, 0.6 mmol) and 2,6-lutidine (88 mL,
0.75 mmol) were added dropwise after 3 and 7 min, respec-
tively. The reaction mixture was stirred at �20 8C, quenched
with saturated NH4Cl solution (1.2 mL), and diluted in H2O.
The aqueous layer was extracted with CH2Cl2, the combined
organic layers were washed with brine, dried and concen-
trated. The residue was purified by column chromatography
on deactivated silica gel to give the desired adduct 2.

Method B: The reaction was carried out as in Method A
using (Ph3P)2NiCl2 (8.2 mg, 12.5 mmol) and TESOTf
(130 mL, 0.575 mmol). Furthermore, the reaction mixture
was stirred at �20 8C for 20 min and in an ice bath for 1 h.
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