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1. Procedure

A. Diethyl(2-[(trimethylsilanyl)sulfanyl]benzyl)amine. A flame-dried,
250-mL Schlenk tube (Note 1), containing a magnetic stir bar, equipped with
a rubber septum and a nitrogen inlet is charged with benzyldiethylamine
(6.00 g, 36.7 mmol) (Note 2). The flask is cooled in a dry ice-acetone bath to
—78 °C (temperature of the bath is checked with a thermometer, internal
temperature is not monitored) (Note 3) and anhydrous, degassed pentane (80
mL) (Notes 4, 5) is added by syringe. A solution of t-butyllithium in pentane
(1.7 M, 23.8 mL, 40.4 mmol, 1.1 equiv) (Note 6) is added dropwise by
syringe over 5 min, and the reaction mixture is maintained at —78 °C for
another 1.5 h. The mixture is slowly allowed to reach room temperature with
stirring over 16 h. The solution is concentrated in vacuo at 0.01 mmHg. Cold
anhydrous, degassed THF (70 mL at —78 °C, kept in a dry ice-acetone bath)
(Notes 5, 7) is added by syringe to the Schlenk tube which is immersed in a
cold bath at -78 °C. Sublimed sulfur (1.296 g, 40.43 mmol, 1.1 equiv) (Note
8) is added to the reaction flask by temporarily removing the septum (Note
9). The reation mixture is maintained at a bath temperature of —78 °C for 2
h, then the reaction mixture is allowed to slowly warm (by adding acetone to
the cooling bath) to about -20 °C (temperature of the bath).
Chlorotrimethylsilane (9.8 mL, 77.2 mmol, 2.1 equiv) (Note 10) is added
over 1 min by syringe and the mixture is stirred for another 2 h while slowly
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warming up to room temperature. The solvent is then removed in vacuo at
0.01 mmHg and the residue is re-dissolved in anhydrous, degassed hexanes
(50 mL) (Notes 4, 5). The solvent is then removed in vacuo at 0.01 mmHg,
the residue is re-dissolved in hexanes (50 mL), and precipitation of LiCl is
observed. The suspension is transferred to a flame-dried, 100-mL centrifuge
vessel via cannula (Note 1), and is separated from the precipitated LiCl by
centrifugation (7 min, 28,000 rpm). A suitable alternative to centrifugation is
Schlenk filtration or any other technique that allows manipulation under
inert atmosphere. Finally, the hexane supernatant is removed by cannula into
a flame-dried, 100-mL Schlenk tube (Note 1). The solution is concentrated
in vacuo at 0.01 mmHg to afford 9.32 g (95%) of the product as a yellow oil
(Note 11).

B. 2-[(Diethylamino)methyl]benzene thiolato-copper(l). A flame-
dried, 100-mL Schlenk tube (Note 1), containing a magnetic stir bar, is
equipped with a rubber septum and a nitrogen inlet, and is charged with
diethyl(2-[(trimethylsilanyl)sulfanyl]benzyl)amine (2.32 g, 8.69 mmol).
Anhydrous, degassed toluene (20 mL) (Notes 5, 12) is added by syringe
resulting in a yellow solution. A second flame-dried 100-mL Schlenk tube
(Note 1), containing a magnetic stir bar, equipped with a rubber septum and
a nitrogen inlet, is charged with CuCl (0.774 g, 7.82 mmol, 0.9 equiv) (Note
13) and anhydrous, degassed toluene (20 mL), to provide a white
suspension. The thiolate solution is transferred by cannula to the suspension
of CuCl and the mixture is stirred under nitrogen until the reaction mixture is
clear and free from visible solids (Note 14). The solvent is removed at 0.01
mmHg, anhydrous, degassed hexanes (50 mL) (Notes 4, 5, 15) is added and
the reaction mixture is vigorously stirred. The solution is transferred to a
flame-dried, 100-mL centrifuge vessel (Note 1) by cannula and separated
from the precipitate by centrifugation (7 min, 28,000 rpm). Finally, the
hexanes solution is removed by cannula. The precipitate is dried in vacuo at
0.01 mmHg to give the product as a fine off-white powder (1.63 g, 6.32
mmol, 81%) (Note 16).

2. Notes
1. The apparatus is first flame-dried under vacuum (using an inert gas

manifold with a mercury bubbler) and once it cools to room temperature, it
is placed under an atmosphere of nitrogen and carefully maintained under
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this atmosphere during the entire course of the reaction because the product
is highly air and moisture sensitive.

2. Benzyldiethylamine was purchased from TCI America at >98%
purity and vacuum-distilled (60 °C, 2 mmHg) before use. The submitters
purchased benzyldiethylamine from Acros Organics and used it as received.

3. The submitters performed the reaction using a liquid nitrogen-
ethanol bath at —80 °C.

4. n-Pentane was purchased from Acros Organics at 99+% purity,
and hexanes (technical grade) was purchased from Fischer Scientific. Both
solvents were distilled under nitrogen over calcium hydride before use. The
submitters purchased pentane and hexane from Interchema and distilled
them under nitrogen over sodium sand.

5. All anhydrous solvents used in the procedure were freeze-thaw
degassed (4 cycles) prior to use.

6. t-Butyllithium (1.7 M in pentane) was used as received from
Sigma Aldrich. The submitters obtained t-butyllithium (1.5 M in pentane)
from Acros Organics.

7. THF was obtained from Alfa Aesar at 99+% purity and distilled
under nitrogen over sodium benzophenone ketyl. The submitters purchased
THF from Sigma Aldrich and distilled it under nitrogen over sodium sand.

8. Sulfur (99.50%, sublimed) was purchased from Acros Organics
and used as received. The submitters obtained sulfur from Sigma Aldrich
(powder 100 mesh, sublimed) and used it as received.

9. The sulfur is added in a single portion via the use of weighing
paper. The submitters found it more convenient to add the sulfur in a small
glass container, which is dropped into the reaction mixture.

10. Chlorotrimethylsilane (TMSCI) was purchased from Sigma
Aldrich at >99% purity, distilled under nitrogen from quinoline
(TMSCl/quinoline, 9:1) (T = 57 °C) and stored over 4 A molecular sieves.
The submitters purchased TMSCI from Acros Organics, distilled it under
nitrogen and stored it over activated 4 A molecular sieves.

11. The product displayed the following physicochemical properties:
'H NMR (400 MHz, CsDg) &: 0.13 (s, 9H, SSi(CH3)3), 0.94 (t, 6 H, J = 7.0
Hz, N(CHZCHg)Z), 2.44 (q, 4 H,J= 7.0 Hz, N(CH2CH3)2), 3.85 (S, 2 H,
CH;N), 6.92 (m, 1 H, ArH), 7.10 (m, 1 H, ArH), 7.44 (d, 1 H, J = 7.40 Hz,
ArH), 7.73 (d, 1 H, J = 7.8 Hz, ArH); *C NMR (100.5 MHz, C¢Dg) &: 1.5
(SSi(CH3)3), 12.9 (NCH,CHs),), 47.9 (NCH,CHs),), 57.2 (CH,N), 127.1
(Aryl C), 127.8, 130.3, 131.5, 136.9, 144.9. Because of the high air and
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moisture sensitivity of the compound, no elemental analysis or GC-MS
analysis could be obtained. Preparation of NMR samples under a nitrogen
atmosphere (NMR tube kept in a Schlenk tube during preparation) allows
NMR analysis and determination of purity of the sample. The solvent C¢Dg
was distilled under nitrogen over calcium hydride at 80 °C, stored over
activated 4 A molecular sieves and freeze-thaw degassed prior to use.

12. Toluene was obtained from Fischer Scientific (99.9%) and was
distilled under nitrogen over sodium benzophenone ketyl. The submitters
purchased toluene from Interchema and distilled it under nitrogen over
sodium sand.

13. CuCl was freshly prepared and kept under nitrogen according to
the following procedure: To a preheated solution of CuSO4-5H,0 (99.9 g,
0.40 mol) and NaCl (25.96 g, 0.40 mol, 1 equiv) in 400 mL of water at 65
°C (oil bath temperature) is slowly added over 1.5 h an aqueous solution of
NaOH (14.40 g, 0.36 mol, 0.9 equiv) and NaHSO3 (22.89 g, 0.22 mol, 0.55
equiv). The mixture is stirred for 1 h and the temperature is kept between 65
and 70 °C. After being cooled, the reaction mixture is transferred under
nitrogen onto a 250-mL Schlenk-type filter funnel (25-50 um porosity)
where the solid is washed with: an aqueous solution of acetic acid (1 mL in 1
L of water), an aqueous solution of NaHSO; (1 g in 1 L of water), acetone
(800 mL), technical diethyl ether (1 L), pre-dried (on KOH) diethyl ether (1
L) and dry diethyl ether (1 L). Very important: always keep the solid under a
layer of solvent, and never in contact with air! The resulting solid is then
transferred into a pre-dried Schlenk tube and dried under vacuum, to afford
copper(l) chloride as a white powder (31.7 g, 0.32 mol, 80%). This reagent
must be stored under an atmosphere of nitrogen.

14. The reaction time may vary from 2 to 4 h. Under a strictly air-free
manifold, a suitable alternative is to allow the reaction to proceed overnight.

15. Hexanes were used to remove all soluble impurities.

16. The product is slightly air sensitive and is stored under a nitrogen
atmosphere. The product displayed the following physicochemical
properties: 'H NMR (400 MHz, Ce¢Dg) &: 0.99 (t, 6 H, J = 7.0 Hz
N(CHZCHg)Z), 2.44 (q, 4 H J=6.3 Hz N(CH2CH3)2), 3.68 (br s, 2 H,
CH,N), 6.78 (d, 1 H, J = 7.0 Hz, ArH), 6.88 (t, 1 H, J = 7.0 Hz, ArH), 7.02
(t, 1 H,J =7.0 Hz, ArH), 7.91 (d, 1 H, J = 7.4 Hz, ArH); **C NMR (100.5
MHz, CGDG) 0:11.4 (N(CHZCHg)z), 49.9 (N(CHZCHg)z), 61.6 (CHzN), 124.0
(Aryl C), 127.9, 132.7, 135.5, 136.4, 143.3; Anal. Calc. for C;;H;cCuNS: C,
51.24; H, 6.25; N, 5.43; Found: C, 50.57; H, 6.24; N, 5.33. Although the
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combustion data for carbon is outside the acceptable range, it is the best
result obtained by the checkers.

Safety and Waste Disposal Information

All hazardous materials should be handled and disposed of in
accordance with “Prudent Practices in the Laboratory”; National Academy
Press; Washington, DC, 1995.

3. Discussion

Copper(l)-mediated reactions have recently become the choice for large
industrial scale applications, since copper is environmentally friendly and
cheaper than other transition metals already explored. However, most
organocopper compounds still present several limitations including the
sensitivity towards moisture and air, the low solubility in organic solvents and
the thermal instability. Many studies were performed trying to improve the
activity and selectivity of copper-catalyzed reactions.’

One of the problems met with copper-catalyzed reactions is the
solubility of the catalyst, which influences the catalytic activity and often
requires the use of high temperatures and/or harsh reaction conditions.
Improvements can be found, using additives or external ligands or solvents,
which render the copper salts more soluble, allowing the use of milder reaction
conditions.*> An obvious solution to these problems is the synthesis of well-
defined copper complexes, which are soluble in a broad range of solvents.

The procedure reported herein describes the synthesis of such a well-
defined copper(l) complex in which a copper(l) cation is bonded to a
monoanionic, potentially S,N-bidentate coordinating amino-thiolate ligand.
The synthesis proceeds through a three-step procedure; the first step involves
the heteroatom assisted ortho-lithiation of the arene to the corresponding
organolithium compound. In the second step, the insertion of sulfur into the
lithium—carbon bond of the aryllithium reagent affords the in situ preparation
of the corresponding lithium arenethiolate. Subsequent reaction with
chlorotrimethylsilane gives the trimethylsilyl-protected arenethioether, which
then is reacted with CuCl in toluene to afford the desired copper(l)
arenethiolate complex.

A set of modified complexes (Fig.1) can be synthesized by changing the
diethylamino functionality for, i.e., dimethylamino, pyrrolidinyl, piperidinyl or
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morpholinyl substituents. Diverse substituents can be introduced directly onto
the aromatic ring (i.e. TMS, t-Bu, CF3;, OMe) and a naphthalene backbone can
be used instead of a benzene unit.

These well-defined copper(l) complexes® exhibit good thermal stability
and solubility in common organic solvents. In addition, electronic and physical
properties can easily be fine tuned by introducing substituents at the arene ring
or the amino-functionality.’

Figure 1. Selected examples of copper(l) aminoarenethiolates.
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Characterization of copper(l) aminoarenethiolates by NMR and X-ray
crystal structure determination, both in solution and in the solid state,
showed highly aggregated species (trimers, tetramers or even nonamers).?
The molecular structure is generally based on a core comprising a six-
membered cyclohexane-like CusS; ring, with alternating copper and sulfur
atoms. The sulfur atom of each of the arenethiolate ligands bridges two
copper atoms while the trigonal coordination geometry at each copper atom
is attained by intramolecular N-Cu coordination.’

These copper-aminoarenethiolates have already been tested as catalyst
(precursors) in allylic substitution,® 1,4-*° and 1,6-*' addition reactions,
aromatic N-* and O-'* arylation reactions, and have shown excellent
catalytic properties (Figure 2).

Taking into account the actual performances and activities of these
copper complexes, and their wide range of applicability, they can be
considered as a useful and versatile tool in organic synthesis, and a valid
soluble replacement of the common, insoluble copper(l) halide salts.
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Figure 2. Application examples of aminoarenethiolato-copper(l)
catalyzed reactions.
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Appendix
Chemical Abstracts Nomenclature (Registry Number)

t-Butyllithium: (594-19-4)

Sulfur; (7704-34-9)

Trimethylsilyl chloride: Silane, chlorotrimethyl-; (75-77-4)
Copper chloride: Cuprous chloride; (7758-89-6)
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Distinguished Research Professor University of Cardiff (UK).
He is known for his research on XCX-pincer metal complexes.
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metallodendrimer catalysts demonstrate his interest for
supramolecular systems with (organometallic) catalytically
active functionalities. Recent developments involve the
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Stamp


'_ INDEX
1

FREQUENCY
6191.159
5012 .633
1143.376

PPM
61.577
49.855
11.372

HEIGHT

13.9
22.8
35.3

NEt,

S——~Cu
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Stamp


[NDEX  FREQUENGY PPH HEIGHT INBEX  FREQUENCY PPM HEIGHT
1 3085.334 7.741 7.0 a0 113.684 0.284 15.7
2 3087.524 7.722 6.5 a1 111.732  0.279 5.8
3 2977.005 7.445 7.6 az 108.607 0.272 6.2
a 2969585 7.427 7.4 a3 96.892 0,242 9.8
5 2840.712 7.104 6.4 44 55.106 0.138 8.4
& 2§35.541 7.101 7.0 45 51.981 0.130 230.4
7 2831.730 7.082 8.1 48 50.029 0.125 120.1
8 2770.028 6.928 5.5 a7 46.905 0.117 10.4
g 2762.217 6.908 8.2
10 1539.096 3.849 35.2
11 1534.801 3.838 17.8
12 387.677 2.470 11.4
13 986.115 2.466 8.1 NEt,
14 §82.990 2.458 6.4
15 980.547 2.452 37.4
16 979.085 £.448 24.4
17 975.861 2.441 17.1
s s g s —SiMe:
20 968.541 2.422 18.7
21 956.588 2.417 16.5
22 961.512 2.405 8.5
23 381.183 0,853 41.1
24 379,240 0.948 24.2
25 376.116 0,941 18.3
26 374.164 0.936 85.5
27 372.211 0.831 47 .3
28 369,087 0.923 34.0 -
29  867.134 0.918 40.0
30 365.182 0.913 26.6
31 362,057 0.905 17.2
32 360.105 0.301 6.1
33 358.543 0.897 9.1
34 357.371 0.894 8.7
a5 353.075 0.583 8.3
26 351,513 0.879 7.2
37 350,342 0.876 1e.8
38 348.339 0.871 7.6
39 345,655 0.864 5.6
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3.93 4.82 .02 26.70
3.35  3.49 15.20 30,48
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INDEX FREQUENCY FPPM HEIGHT
1 3050.773 7.630 185.9
2 3042.962 7.610 107.4
3 2831.272 ?7.331 108.2 NEt2
4 2923.462 7.311 112.9
5 2783.417 6.986 108.2
i3 2785.997 6.967 120.5
7 2778.577 6.848 62.8
8 2723.514 6.311 72.9 .
9 2716.094 6.703 113.9 S—SIMBQ
10 2708.674 6.774 48 .4
LI S BN S B B B IR S AR Nt S IS N B R B | | L L L L L I I 1 I ] [ LI |
7.8 7.7 7.8 7.9 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 ppm
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INDEX FREQUENCY PPH HEIGHT
1 327.259 0.3818 41.5 NEt
2 4.686 0.012 1058.0 2
3 3.124 0.008 102.4
4 0.000 ©.000 1.1
S ——SiMe,
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2.9 2.0 1.5 1.6 0.5 -3.0 -0.5 ppm
o et
24.60 38.06
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INDEX FREQUENCY PPH . HEIGHT I«\\lEt2

1 1492,192 3,732 36.9
2 933,743 2.385 38.2

3 926.713 2.318 41,2

4 334,288 0.83§ 41.9

5 327.259 0.818 87.1

6 325.308 0.814 48,2 .

7 322.182 0.806 34.6 S—SIMQQ
8 320.230 0.801 40.8

] 5.077 0.0183 234.8

10 3.124 0.008 122.4

11 0.000 0.000 32.2
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INDEX  FREQUENCY PPN HETGHT
1 3165.636 3.917 21.2
2 3158.216 7.898 20.5
3 2862.980 7.160 362.0 NEtE
4 2806.354 7.018 28.6
5 2789.324 7.001 16.6
6 2758.710 ©.899 16.9
7 2751.680 §.B62 32.3
8 2744.260 6.863 17.6
9 2715.752 6.792 33.1 S——Cu
10 2706.332 6.773 23.0
1 1472.324 3.582 20.5
12 979.874 2.451 51.8
13 973.2385 2.434 55.2
14 400.727 1.002 70.4
15 393.6397 0.885 130.0
16 387.058 0.968 73.4
) MJ
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12 11 10 8 7 4 -0 ppm
1.00 0.89 .80 .18
0.90.84 3.89
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