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Abstract

Cyclic and acyclic allylicS-p-chlorophenyl,S-2-pyridyl and S-2-pyrimidyl sulfides of 50-96% ee have been
obtained in 24-87% vyield through reaction of the corresponding racemic carbonateg-atithrothiophenol,
2-mercaptopyridine and 2-mercaptopyrimidine, respectively, mediated by a complex generated in situ from
Pd,(dbak-CHCI; and the Trost ligand. © 1998 Elsevier Science Ltd. All rights reserved.

We recently reported on the palladium-mediated enantioselective formation of gififishe carbonate
rac-1 and the silyl sulfide in the presence of the Helmchen—Pfaltz—Williams lig&r{&cheme 1.
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Scheme 1.

This observation suggested an asymmetric synthesis of allylic sulfides dhtgpdB by a palladium-
mediated reaction of the corresponding racemic allylic carbonates or acetates with thiols or silylated
thiols? in the presence of a chiral phosphino ligahBnantiomerically enriched allylic sulfides should
be interesting synthetic building blocks. For example, utilizatiorAaéind B as educts in the allylic
alkylation with organocopper reagettshe synthesis of chiral lithiosulfide8 and the ketene—Claisen
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Table 1
Synthesis of acyclic allylic sulfidés
entry substrate R’SH Pd ligand t T solvent sulfide yield ee
(mol%) (mol%) (d) (°C) (E:Z) (%)° (%)

1 rac-5 2 5 3(6.25) 5 20 CH,Cl, 9a 0 -

2 rac-5 7a 10 8 (10) 1 20 CH.Cl; 9a 0 -

3 rac-5 7b 10 8 (10) 1 20 CH.Cl, 9b traces -

4 rac-5 Tc 10 8 (13) 2 0-20 CH)ClL, 9¢ (10:1) 73 90
5 rac-5 7c 10 8(12.5) 7 020 CH,CL/H,0° 9¢ (9:1) 41 93
6 rac-5 7d 10 8(11) 2 0-20 CH)Cl, 9d (15:1) 87 68
7 rac-§ 7d 10 8(11) 1 0-20 CH,CL/H,O° 9d (14:1) 64 64
8 rac-5 7d 5 8(55 6 0-20 CH.CL 9d (15:1) 65 67
9 rac-5 7d 1 8(l.1) 6 0520 CH,ClL 9d 45 &
10 rac-5 Te 10 8 (10) 2 0-20 CH.ClL 9e (29:1) 72 89
11 rac-6 7d 10 8 (10) 3 0-20 CH,ClL, 10d (16:1) 24 50
12 rac-6 Te 10 $(11) 6 20 CH,CL 10e (>99:1) 64 91"

# Reactions were run under argon on a | mmol scale (entries 1-7, 10-12) and on a 2 mmol scale (entries 8 and 9) by
using Pdz(dba),-CHCl; as precatalyst " Yields refer to isolated compounds. © Determined by capillary GC analysis
on a octakis(6-O-methyl-2,3-di-O-pentyl)-y-cyclodextrin column (Macherey-Nagel) (entries 4, 5, 10 and 1) or a
octakis(3-0-butyryl-2,6-di-O-pentyl)-y-cyclodextrin column (Macherey-Nagel) (entries 6, 7, 8 and 9). ¢ In the
presence of 1.5 mol% n-BuyNBr. © In the presence of 10 mol% of n-Bu,NF. " Conversion. & Not determined. " Deter-
mined by HPLC analysis on a Chiralcel OD-H column (Baker/Daicel) (n-hexane/i-PrOH, 95:5).

rearrangementcan be envisioned. We report herein on the asymmetric synthesis of allylic sulfides
mediated by a complex generated in situ from(@da)-CHCI; and the Trost ligand.®

Attempts to prepare sulfid®@a by a palladium-mediated reaction of carbonede-5 with 2 in the
presence of3%-11 were met with no success (Table 1, entry 1) (Schem¥ 2)nly the precipitation
of the catalyst from the reaction solutiéh perhaps because of the formation of a palladium thiolate
complex!314was observed. Because of the high enantioselectivity recorded in the corresponding reac-
tion of rac-5 with sulfinates by using ligan8,%1° synthesis oBa in the presence of this ligand was at-
tempted. However, formation 8aupon treatment afac-5 with 2 or tert-butylthiol 7a, Pd:(dba)-CHCls3
and 8 could not be detected (entry ¥.While the analogous treatment wdc-5 with thiophenol 7b
in the presence 08 gave traces of sulfid®b (entry 3)16 the use ofp-chlorothiophenol7c saw a
significant increase in the conversion rat-5. Sulfide9ct’ of 90% ee could be isolated in 73% yield
(entry 4). Under two-phase conditions in gE,/H-»0 the reaction ofac-5 with 7c was slower but the
enantioselectivity was almost the same (entry 5). Because of the high reactivity of heteroaromatic allylic
sulfides towards copper reagefitthe reactions of carbonatesc-5 andrac-6 with 2-mercaptopyridine
7d and 2-mercaptopyrimidin€e were studied. Treatment o&c-5 with 7d, Pd(dba)-CHCIl; and 8
resulted in isolation of sulfid@d’ of 68% ee in 87% vyield (entry 6). Under two-phase conditions in
CHzCl2/H20, 9d was obtained with a somewhat lower ee-value in a reduced vyield (entry 7). Rather
large amounts of palladium and ligand were employed in the above described substitutions. While the
reduction of the amounts of palladium and ligand in the reactioracb with 7d from 10 mol% to 5
mol% gave still acceptable results (entry 8), the further reduction to 1 mol% resulted in only a minor
conversion of the allylic substrate (entry 9). Reactiorrasf-5 with 7e proceeded with a significantly
higher enantioselectivity than witid and afforded sulfid®e!’ of 89% ee in 72% yield (entry 10).
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Monitoring the reaction ofac-5 with 7e by GC revealed ratios afic-5 and9e of 66:1, 40:33 and 5:72

after 1 h, 18 h and 42 h, respectively. Due to the low solubility®in CH,Cl, the reaction mixture was
heterogeneous at the beginning and became homogeneous only towards the end of the reaction. However,
the ee-value 0®eremained constant during the course of the substitution.

OCO,Me SR?
. P " + RSH Pd,(dba);-CHCl,, CHZC‘I;Z H‘/'\/\W
rac-5: R' = Me Ta-e 9a-e:R' = Me
rac-6: R' = Et o O 10d-e: R' = Et
PPh;  PhyP
8

a: R? = 1-Bu, b: R? = Ph, ¢: R? = p-CI-C¢H,, d: R? = 2-pyridyl, e: R? = 2-pyrimidyl
Scheme 2.

Not only did the reactions of the pentenyl carbonede-5 with 7d and 7e proceed with different
enantioselectivities but also those of the heptenyl carbaaaté (entries 11 and 12). Sulfidd®d'’ and
10€"’ of 50% ee and 91% ee, respectively, were obtained in 24% and 64% yield, respectively. While all
other acyclic sulfides described above were obtaindg/Asnixtures in ratios ranging from 9:1 to 29:1,
sulfide10ewas not contaminated by iBisomer according to GC analysis. The structureSeg, 10d
and10ewere secured by NMR spectroscopy in combination with MS and elemental analys€SCThe
NMR data of9d, 9e, 10d and 10ein comparison with those dfl-alkyl-thiopyridones/thiopyrimidones
and the corresponding 2-(alkylthio)-pyridines/pyrimidifssspecially, allowed for their unequivocal
assignment aS-allylic derivatives.

Extension of the palladium-mediated allylic substitution to the cyclic substetell posed no
problems. Reaction afac-11 with 7d in the presence o8 gave sulfidel2d!”-2¢:"of 55% ee in 64%
yield (Table 2, entry 1) (Scheme 3). The corresponding reactioacef1 with 7e afforded sulfidel2€-”
in a similar yield but with a much higher ee-value of 96% (entry 2). While the reduction of the amounts
of catalyst and ligand in the reaction @c-11 with 7e from 10 mol% to 2 mol% led to a significant
increase in the reaction time, the enantioselectivity remained unchanged (entry 3). Itis interesting to note
that substitutions with 2-mercaptopyrimidine, which is only sparingly soluble ipQIH proceeded with
significantly higher enantioselectivities than those with 2-mercaptopyridine which is readily soluble in
CHxCly.

The absolute configuration & was established by chemical correlation (Scheme 4). AlctBdP

Table 2
Synthesis of cyclic allylic sulfidés

entry substrate R’SH Pd ligand t T product yield ee
(mol%) (mol%) (h) (°C) (%) (%)

1 rac-11  7d 10 8(11) 27 020 12d 64 55

2 rac-11  7e 10 8(11) 24 20 12e 63 96

3 rac-11 ~ Te 2 8(22) 96 20 12e 58 95

* Reactions were run in CH,Cl, under argon on a 1 mmol scale (entries 1 and 2) and on a 5
mmol scale (entry 3) by using Pd,(dba);CHCl; as precatalyst. ° Yields refer to isolated
compounds. © Determined by capillary GC analysis on a heptakis(per-methyl)-8-cyclodextrin
(Chrompack) column.
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0COMe Pd,(dba);-CHCl;, CH,CL SR?
©/ + R’SH 5 - ©,

rac-11 Td.e 12d.e

d:R*= 2-pyridyl, e: R’= 2-pyrimidyl
Scheme 3.

having theR configuration and an ee-value of 96% ee (by GC on an octakKisftethyl-2,3-diO-
pentyl)-y-cyclodextrin column), was converted to mesylatewhich upon reaction with the sodium salt
of 7e afforded sulfidel5 of 95% ee (by GC on an octakis@-methyl-2,3-diO-pentyl)-y-cyclodextrin
column). Reduction ddeof 84% ee with diimide yieldeént15. Thus, sulfidehas theR configuration

and sulfide€9c, 9d, 10d and 10e most likely also have th& configuration. Because of this result, we
assume that2d and 12e have theS configurationt-150:20Hence, the substitutions ofc-5, rac-6 and
rac-11 with sulfinates and thiols mediated by a complex derived in situ froa(dbd)y and 8 take a
similar stereochemical course. Interestingly, reactioraofl1 (11 mmol) with7e (10.4 mmol) at 20°C

in CHxCl» in the presence of Bftba}y CHCIl3 (5 mol%) and8 (5.5 mol%) proceeded under kinetic
resolution of the substrate. Workup after a period of 24 h, at which time conversion of the substrate came
to a complete halt, ga¥e-11 of >99% ee in 23% yield an&12eof >99% ee in 70% yield. Thus, we
note that not only the palladium-mediated reactiomanf1 with sulfinate in the presence 8f* but also

that ofrac-11 with thiolate in the presence 8f proceeds under kinetic resolution, and that in both cases
the faster reacting substrate and the faster formed product have the same absolute configuration.

OH 0S0,Me
Me/k/\Me LR Me —bl-- Me™ " "Me 9e L o ent-15
13 14 15

Reagents and conditions: (a) MeSO,Cl, pyridine, 0 °C—20 °C, 69%; (b) sodium 2-pyrimidyl thiolate, DMF, 20 °C, 16%;
(c) KO,C-N=N-CO;K, AcOH, dioxane, 47%.

Scheme 4.

Acknowledgements

Financial support of this work by the Deutsche Forschungsgemeinschaft (SFB 380) is gratefully
acknowledged.

References

1. Gais, H.-J.; Eichelmann, H.; Spalthoff, N.; Gerhards, F.; Frank, M.; Raali&t@hedron: Asymmet}998 9, 235-248.

2. For the palladium-mediated synthesis of racemic allylic sulfides by using achiral ligands, see: (a) Inoue, Y.; Taguchi, M.;
Hashimoto, HBull. Chem. Soc. Jpril985 58, 2721-2722. (b) Auburn, P. R.; Whelan, J.; BosnichJBChem. Soc.,
Chem. Commuril986 146-147. (c) Trost, B. M.; Scanlan, T. Betrahedron Lett1986 27, 4141-4144. (d) Deardorff,

D. R.; Linde Il, R. G.; Martin, A. M.; Shulman, M. Jl. Org. Chem 1989 54, 2759-2762. (e) Goux, C.; Lhoste, P.;
Sinou, D.Tetrahedron Lett1992 33, 8099-8102. (f) Moreno-Manias, M.; Pleixats, R.; Villarroya, Mtrahedronl993
49, 1457-1464. (g) Arredondo, Y.; Moreno-Mafas, M.; Pleixats, R.; Villarroyal&trahedronl993 49, 1465-1470. (h)
Goux, C.; Lhoste, P.; Sinou, Oetrahedron1994 50, 10321-10330.



(4]

~

13.
14.

15.

16.

17.

18.

19.
20.

M. Frank, H.-J. Gais/ TetrahedrorAsymmetry9 (1998) 3353—-3357 3357

. Forreviews, see: (a) Frost, C. G.; Howarth, J.; Williams, J. Nlettahedron: Asymmet}092 3, 1089-1122. (b) Hayashi,

T. In Catalytic Asymmetric Synthes{3jima, ., Ed.; VCH: Weinheim, 1993; pp. 325-365. (c) Trost, B. M.; Van Vranken,
D. L. Chem. Rev1996 96, 395-422.

. Calo, V.; Nacci, A.; Fiandanese, Yetrahedronl996 52, 10799-10810.
. Hoffmann, R. W.; Julius, M.; Chemla, F.; Ruhland, T.; Frenzenléiahedronl994 50, 6049—6060.
. Hoppe, D.; Kaiser, B.; Stratmann, O.; Fréhlich, Agew. Chem1997 109, 2872—-2874,Angew. Chem., Int. Ed. Engl

1997, 36, 2784-2786.

. Ernst, B.; Gonda, J.; Jeschke, R.; Nubbemeyer, U.; Oehrlein, R.; Belltfgli2.Chim. Actal997 80, 876-891.
. (a) Trost, B. M.; Van Vranken, D. lAngew. Cheml992 104, 194-196,Angew. Chem., Int. Ed. Endl992 31, 228-230.

(b) Trost, B. M.; Van Vranken, D. L.; Bingel, @. Am. Chem. S0d992 114, 9327-9343.

. Sprinz, J.; Helmchen, Qetrahedron Lett1993 34, 1769-1772.
10.
11.
12.

von Matt, P.; Pfaltz, AAngew. Cheml993 105 614—-615Angew. Chem., Int. Ed. Endl993 32, 566.

Dawson, G. J.; Frost, C. G.; Williams, J. M. J.; Coote, Sefrahedron Lett1993 34, 3149-3150.

For the successful use 8fin the palladium-mediated synthesis of allylic sulfones, see: Eichelmann, H.; Gais, H.-J.
Tetrahedron: AsymmetdQ95 6, 643—-646.

Louie, J.; Hartwig, J. . Am. Chem. S0d995 117, 11598-11599.

Ruiz, J.; Cutillas, N.; Sampedro, J.; Lopez, G.; Hermoso, J. A.; Martinez-Ripoll, @rganomet. Chenil996 526,
67-72.

(a) Trost, B. M.; Krueger, A. C.; Bunt, R. C.; ZambranoJJAm. Chem. S0d996 118 6520-6521. (b) Trost, B. M.;
Radinov, RJ. Am. Chem. S0d997 119 5962-5963.

Treatment ofac-5 with 7a (THF, 50°C, 18 h) andb (THF, 50°C, 24 h) by using B@ba)-CHCI; (2 mol%) and DIOP
(8 mol%) gaveda (E:Z=24:1, 16% ee, 68% yield) areth (E:Z >99:1, 3% ee, 95% vyield), respectively.

9c []p?? +35.7 € 1.45, CHCH) (90% ee);9d: [«]p?? +100.0 € 2.52, CHCH) (68% ee);9e [«]p?? +155.2 € 2.02,
CHCI3) (89% ee)10d: [«]p?% +88.8 € 1.27, CHC}) (50% ee)10e [«]p?2 +210.9 £0.98, CHC}) (91% ee)12d: [«]p??
—60.9 € 1.83, CHC}) (55% ee)12e [a]p?2 —118.0 € 1.11, CHC}) (96% ee).

Barlin, G. B.; Fenn, M. DHeterocycles986 24, 1301-1309 and references cited therein.

Morgan, B.; Oehlschlager, A. C.; Stokes, T.MOrg. Chem1992 57, 3231-3236.

Trost, B. M.; Organ, M. G.; O’'Doherty, G. A. Am. Chem. Sod995 117, 9662-9670.



