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General Experimental Details

All experiments were carried out in a dry nitrogatmosphere using an MBraun
glovebox and/or standard Schlenk techniques. 4Aeoubdr sieves were activated vacuo at
180 °C for 24 h. Dry toluene and dichloromethameanpurchased from Aldrich and were stored
over activated 4A molecular sieves under nitroderthyl ether and tetrahydrofuran (THF)
were first sparged with nitrogen and then driedobgsage through activated alumina columns.
Pentane was first washed with conc. HHH)SO, to remove olefins, stored over Ca@hd then
distilled before use from sodium/benzophenone. ddluterated solvents were sparged with
nitrogen, dried over activated 4A molecular sieard stored under nitrogetd and'*C NMR
spectra were recorded on an Inova Varian 300 MB@, dr 500 MHz spectrometer (300, 400, or
500 and 75.4, 100.5, or 125.8 MHz, respectivel$§.NMR spectra were recorded at 282.3 or
375.8 MHz using an internal or external referent€g set t0d = -164.9 ppm°N NMR
spectra were recorded at 50.6 MHz using an exteafatence of N&NO, (in D,O) set tod =
232 ppn or 'BUO™NO (in toluenedg or chloroforme,) set tod = 196 ppm. All NMR spectra
were recorded at room temperature unless othemosed and were indirectly referenced to
TMS using residual solvent signals as internaldaats. Elemental analyses were performed on
a Perkin-Elmer PE2400 microanalyzer in our labareso

'BuSH and BnSH were obtained from Acros, anhydrou€lGind NOBE from Strem,
and TIOEt, KOBu as well as (4ert-butylphenyl)methanethiol from Aldrich; all were gsas
received. The thallium thiolates TB®1, TISBn, and TISCHAr™ (®“Ar = 4-tert-butylphenyl)
were synthesized following a modified literatureoggdure by the reaction of free thiol with
TIOEt in ether followed by washing of the solidstiwpentané. The S-nitrosothiols'BuSNO,
BnSNO, and®ArCH,SNO (®“Ar = p-'BuCsH,) were synthesizeih situ by the reaction of the
corresponding thallium thiolates with 1 eq. NQBf CDCk or GsDe. Use of an internal standard
indicates > 95% purity of resulting RSN®€aution!'BUSH is extremely volatile and possesses
a pungent odor indistinguishable from ethanethmtained in natural gas. Glyoxal-bis-(2,6-
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diisopropylphenyl)iminé, 1,3-bis-(diisopropylphenyl)imidazolium chloride,IPrCuCl? and
[IPrCu(NCMe)]BR> were synthesized according to published litergmuoeedures.

Synthesis and reactivity of 1 - 5 with spectroscopiand analytical details included.

IPrCu-SBn (1). A yellow slurry of TISBn (0.135 g, 0.411 mmol) inn8L of THF was added to

a stirring solution of IPrCuCl (0.200 g, 0.411 minah 5 mL of THF upon which TICI
immediately precipitates. The solution was allowedstir for 1 h. The white precipitate was
filtered out and the solution was concentrated dtaw? mL. Crystals suitable for X-ray analysis
grew overnight at -30 °C yielding 0.161 mg of prad(68%)."H NMR (CDCk, 25°C) & 7.486

(t, 2, p-ArH- NHC), 7.300 (d, 4m-ArH-NHC), 7.112 (s, 2, B-NHC), 7.067-6.900 (m, 5,
CH.Ph), 3.275 (s, 2, €,Ph), 2.600 (sept, 4, HMey), 1.300 (d, 12, CNley), 1.226 (d, 12,
CHMey); *c{*H} NMR (CDCls, 25 °C) & 181.72, 145.63, 144.83, 134.55, 130.32, 127.93,
127.74, 124.76, 124.03, 122.75, 28.68, 25.26, 2238B0. Anal. Calcd. for £H43CuN:S: C,
70.98; H, 7.53; N, 4.87. Found C, 71.22; H, 7.564187.

IPrCu-S'Bu (2). A yellow solution of TI$Bu (0.151 g, 0.514 mmol) in 3 mL of THF was added
to a stirring solution of IPrCuCl (0.250 g, 0.514nol) in 5 mL of THF upon which TICI
immediately precipitates. The solution was allowedgtir for 1 h. The volatiles were removied
vacuo and the white residue was extracted with 3 x 5ahCH,Cl, and filtered through Celite.
The solvent was removeih vacuo and the residue washed with 5 mL mpentane. The
remaining solid was drieioh vacuo to afford 0.206 g (74%) of the produtif NMR (CDCk, 25
°C) 6 7.451 (t, 2p-ArH- NHC), 7.277 (d, 4m-ArH-NHC), 7.123 (s, 2, G-NHCQ, 2.615 (sept,
4, CHMey), 1.328 (d, 12, CMley), 1.221 (d, 12, CMley), 1.040 (s, 9;Bu); **C{*H} NMR
(CDCls, 25°C) 6 182.73, 145.79, 134.88, 130.36, 124.20, 122.873B4.41, 28.88, 24.88,
24.22. Anal. Calcd. for £HssCuN,S: C, 68.78; H, 8.38; N, 5.18. Found C, 69.04; B/78N,
4.77.

IPrCu-SCH-Ar™® (3). A yellow solution of TISCHAr®" (0.330 g, 0.860 mmol) in 3 mL of
THF was added to a stirring solution of IPrCuCé{® g, 0.860 mmol) in 8 mL of THF upon
which TICI immediately precipitates. The solutiorasvallowed to stir for 1 h. The white
precipitate was filtered out and the solution wasscentrated down to 2 mL. Crystals suitable for
X-ray analysis grew overnight at -30 °C yielding2D mg of product (77 % vyieldfH NMR
(CDClg, 25°C) 6 7.490 (t, 2p-ArH- NHC), 7.305 (d, 4m-ArH-NHC), 7.118 gs, 2, B-NHC),
7.069 (d, 2p-ArH-CH,Ar'™®"), 6.833 (d, 2m-ArH- CHAr'®") 3.322 (s, 2, E,Ar™"Y), 2.615 (sept,
4, CHMe,), 1.328 (d, 12, CMley), 1.304 (s, 9, CHAr'®Y), 1.221 (d, 12, CMle,), 1.040 (s, 9,
'Bu); **C{*H} NMR (CDCls, 25°C) & 182.24, 145.95, 143.82, 134.86, 130.61, 127.83,822
125.01, 124.33, 122.98, 34.42, 31.65, 28.99, 22885, 24.10. Anal. Calcd. forgs;CuN,S:
C, 72.28; H, 8.14; N, 4.44. Found C, 71.99; H, 71804.15.
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'H NMR Experiments for transnitrosation reactions of IPrCu-SR + R'SNO.

IPrCu-S'Bu + BnSNO. BnSNO was generated from the addition of TISBn18.¢, 0.055
mmol) in 0.500 mL CDGl to stirring NOBE (0.007 g, 0.055 mmol) crystals. The colorless
solution immediately turned bright red and the 8otluwas allowed to stir for 5 min. This
solution is added to a light tan solution of IPr8Bu (0.030 g, 0.055 mmol) in 0.500 mL
CDCl;. The color of the red solution dimished and a loihgreen appeared. This sample was
analyzed byH NMR spectroscopy. IPrCu-SBn alBlSNO were both seen as new produdts (
3.278 and 1.939 ppm) with IPrCUBS (5 1.065 ppm) and BnSNG @.670 ppm) reactants still
present. We repeated this experiment three timéscalculated the equilibrium constant of the
reaction from the NMR integrals of all four spec#ter letting the sample equilibrate for ca. 10
— 15 minutes (Figure Sla).

The experiment was similarly repeated igDg: The SG,Ph peaks from IPrCu-SGHh and
BnSNO formed one new peak&aB.978 ppm, similar to what is seen in the degdaeeaction
between IPrCu-SBn and BnSNO in0%. The two types of 'Bu peaks from IPrCu‘Bu and
'BuSNO overlap and equilibrium information cannotthken from these spectra since the pure
components appear &tL.480 and 1.506 ppm, respectively.
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IPrCu-SBu + BnSNO IPrCu-SBn +BuSNO
2 Keq=0.25(5) 1
in CDCl

SchemeS1. Transnitrosation between IPrCB8 (2) and BnSNO. The equilibrium favors t
bulky, more strongly electron-donatintB8 group at copper.

PhCH>SSCH,Ph
IPrCu-SCMe;
THF
MesCSNO
PhCH,SNO IPrCL-SCH,Pr
I B L A
4‘.8 ‘ 4‘.6 ‘ 4‘.4 ‘ 4‘.2 ‘ 4‘.0 ‘ 3‘.8 ‘ :;.6 ‘ :;.4 ‘ :;.2 ‘
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a)'H NMR, CDCk
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+

IPrCu-SCH,Ph
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b) *H NMR, CsDs

Figure S1. '"H NMR spectra (300 MHz, 25 °C) in (a) CRQr (b) GDs illustrating
transnitrosation between IPrC(B8 (2) and BnSNO.

IPrCu-SMe;
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Transthiolation experiment between IPrCu-$Bu + BnSH.

IPrCu-S'Bu + BnSH. BnSH (0.007 g, 0.055 mmol) in 0.100 mL CR@las added to a light tan
solution of IPrCu-$u (0.030 g, 0.055 mmol) in 0.500 mL CRCNo color change is observed.
This sample is analyzed B NMR and IPrCu-SBn§ 3.278 ppm) andBuSH @ 1.469 and
1.786 ppm fofBu and $ resonances, respectively) are both seen as nelugisowith complete
consumption of IPrCu!Bu and BnSNO reactants. Thus the reaction favargptimary copper
thiolate and the tertiary thiol.

IPrCu-SBu + BnSH IPrCu-SBn +BuSH
2 1

Schemt S2 Transthiolation between IPrCUB®I (2) and BnSH. The reaction gods
completion, favoring the less bulky copper comgsCu-SR.

MesCSH

IPrCu-SCHAr Me;CSH

3.3 3.1 2.9 2.7 2.5 2.3 2.1 1.9 1.7 1.5

A L

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

Figure S2 'H NMR spectrum (300 MHz, 25 °C, CDglillustrating tranthiolation betwee|
IPrCu-SBu (2) and BnSH.

ESI-5



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009

Degenerate transnitrosation experiments

IPrCu-S'Bu with 'BuSNO. 'BUSNO was generated from the addition of'BL5(0.016 g, 0.055
mmol) in 0.500 mL CDGl to stirring NOBE (0.007 g, 0.055 mmol) crystals. The colorless
solution turned green and the solution was alloteestir for 5 min. This solution was added to a
light tan solution of IPrCu'Bu (0.030 g, 0.055 mmol) in 0.500 mL CRCNo major color
change was observed. This sample was then anabyzti NMR spectroscopy. Resonances for
IPrCu-SBu (3 1.065 ppm) andBuSNO ¢ 1.939 ppm) were both seen as sharp unshifted peaks
This suggests that the transnitrosation reactiomais fast on the'H NMR timescale. The
experiment was repeated iRl with identical results to the CDEéxperiment, IPrCu-Bu
1.517 ppm'Bu) and'BuSNO ¢ 1.485 ppm) appear at different chemical shift€4bs.

IPrCuSBu + 'BUuSNO IPrCuSBu + 'BUSNO
2 2

Schem( SZ. Degenerate transnitrosation'BiSNO and IPrCu-8u (2).

IPrCu-SQvie;

MesCSNO

T T T T T

1.55 1.50 1.45

A
MesCSNO
A IPrCu-SQVie;
thU 1.9 1.7 1.5 1.3
b) chloroforme;

T

a) benzenek

T

T T T T T

7.5 6.5 5.5 4.5 3.5 2.5 1.5
Figure SZ 'H NMR spectra (300 MHz, 25 °C) of degenerate triarssation betweefBuSNO
and IPrCu-8u (2) in (a) benzenes and (b) chlorofornd.

IPrCu-SBn with BnhSNO. BnSNO was generated from the addition of TISBnX8.Q, 0.055
mmol) in 0.500 mL CDGCl to stirring NOBE (0.007 g, 0.055 mmol) crystals. The colorless
solution immediately turned bright red and the 8oluwass allowed to stir for 5 min. This
solution was added to a light tan solution of IR#%RBn (0.032 g, 0.055 mmol) in 0.500 mL
CDCl;. No major color changes was observed. This sampke analyzed byH NMR. The
SCH,Ph resonances in IPrCu-SBh 3.814 ppm) and BnSNG @.670 ppm) were both broad,
but remain at the same chemical shift.
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IPrCuSBn+ BnSNO IPrCuSBn+ BnSNO
1 1

SchemeS4. Degenerate transnitrosation between BNnSNO and H3&u().

DHCCzSNO IPrCu-SCH,Ph
‘—‘M—ﬁ‘J\ | 5‘.0‘ - 4t6v - 4‘.2‘ - 3‘.8‘ - 3‘.4‘ |
e I} “

a) chloroformel;

IPrCu-SCH,Ph + PICH,SNO

b) benzeneals

T T T T T T

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
Figure S4. 'H NMR spectra (300 MHz, 25 °C) ifia) CDC} of transnitrosation between IPrCu-

SBn and BNnSNO, two@&H,Ph peaks present or (b}@s of transnitrosation between IPrCu-SBn
and BnSNO, one@H,Ph peak present.

When the reaction was performed analogously in éeeds one’H NMR peak a 3.988 ppm
was observed for the $3Ph protons. When different stoichiometric amoutg,(1, and 2 eq.)
of BnSNO are added to IPrCu-SBn, the chemicalt shiifthe broad peak moved toward
chemical shift for the pure compound that was eatgr excess. A 200 mM stock solution of
PhCHSNO was generated from the addition of TISBn (0.§310.400 mmol) in 0.200 mL
CDCl; to stirring NOBFR (0.047 g, 0.400 mmol) crystals. A 100 mM stockusioh of IPrCu-
SBn was prepared by dissolving (0.115 g, 0.200 mind.200 mL of CDGJ. *H NMR spectra
were taken in gDg varying the ratio PhC}¥$NO to IPrCu-SBn: (1) 0:1, (2) 1:2, (3) 1:1, (4)
1:1/2, (5) 1:0. The final concentration of coppersvkept constant throughout the reaction.
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Table S1. Experimental set up for reaction of IPrCu-SBhgnd BnSNO using varying
equivalents of each reactant.

Spectrum | RSNO:CuSRPhCHSNO | IPrCu-SCHPh| CegDs d (ppm)
Ratio 200 mM 100 mM
1 0:1 0.200 mL 0 mL 0.800 mL  4.082
2 1:2 0.400 mL 0.400 mL 0.200 mL 4.021
3 1:1 0.200 mL 0.400 mL 0.400 mL 3.979
4 1:1/2 0.100 mL 0.400 mL 0.500 mL  3.867
5 0:1 0 mL 0.400 mL 0.600 mL.  3.816

IPrCu-SCH,Ph PICH,SNO d(ppm)

ORRREPR

RNER XO

3.816
3.867
3.979
4.021
4.082

1: 0

1:2

1:1

pure PICH,SNO

B N

A

M
/\\M

N

pure IPrCu-&H,Ph

T 1T T 1
42 41

4.0
Figure SE. *H NMR spectra (300 MHz, 25 °C¢0s) of mixtures containing different ratios of

T T T T
3.9 3.8 3.7

IPrCu-SBn and BnSNO. Only the Seith region § 4.3 - 3.6 ppm) shown.

Table S1.Estimation of observed rate k for transnitrosabetween IPrCu-SBrif and BnhSNO

when each is 40 mM in benzedeg-

Compound d (ppm) | FWHH (Hz)
IPrCuSBn 3.816 10.2
BnSNO 4.082 10.8
IPrCuSBn + BnSNO 3.978 48.9

K= nave? _ 1(79.8)°
~ 2(heho) ~ 2(48.9-10.5)
= 260(10) &

Avo = 300MHz(4.082 — 3.816ppm)

=79.8 Hz

he and hy are the FWHH peakwidths during exchange and irabdsence of exchange.
e = 48.9 Hz and hestimated at 10.5 Hz, the average of the peakwidihthe two pure

compounds.
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Synthesis of*>N-labeled S-nitrosothiols; NMR spectroscopy of S-triosothiols

'BUO™NO. 'BUO™NO was synthesizedccording to the reported procedure from an acidic
solution of sodium nitrite with slight modificatiefi To an ice cold solution of 18 M 480,
(1.04 ml, 19.55 mmol) and#® (1.04 mL) was addeBuOH (1.447 g, 19.55 mmol) dropwise
followed by the addition of a solution of NANO, (1.500 g, 21.4 mmol) in 2 mL of . The
reaction was kept at 0 °C during the addition. Thaction mixture was warmed to room
temperature and allowed to stir for 2 hr. The agsdayer was separated and the organic portion
was washed with aqg NaHG@0.500 g) and NaCl (0.200 g). The organic layes \@ded over
NaSO, and filtered through silica gel to remove any remmay alcohol to yield 1.580 g (78 %
yield) of a yellow oil."H NMR (tolueneds, 500 MHz, 25 °C)5 1.263 (s, 9Me;CO™NO). **N
NMR (tolueneds, 500 MHz, 25 °C):8 196 (s, 1, MgCO™NO) (referenced using external
Na®NO, in D;O set tod 232 ppm)’

BUArCH ,S™NO and PhCH,S™NO. ™ArCH,S"”NO was generated from the addition of
BUArCH,SH (112 pL, 0.060 mmol) in 0.300 mL chloroform or tolueneds followed by
'BUO™NO (7 uL, 0.060 mmol) to givé®"ArCH,S"NO at a concentration of 100 mMH NMR
(tolueneds, 500 MHz, 25 °C)5 7.072 (d, 2p-ArH), 6.778 (d, 2m-ArH), 4.260 (s, 2CH,Ar®"),
1.128 (s, 9MesCAr). N NMR (tolueneds, 500 MHz, 25 °C)5 196.430 (s, 1®"ArCH,S™NO).
>N NMR (tolueneds, 500 MHz, -70 °C)5 195.860 (ssyn, "*"ArCH,S™NO), 360.564 (santi,
BUArCH,S™NO).

An analogous procedure was used to prepare PBEMD. 'H and *C NMR data for
PhCHS"™NO are identical to those previously reported foEPLSNO?®

Table S2."H NMR chemical shifts (500 MHz) for syranti rotamers of the methylene peak of
®BUArCH,SNO.

Spectrum BUArCH,SNO |  ™YArCH,SNO
-60 °C, CDC} | -70 °C, GDsCDs

Syn 4.402 3.695
Anti 6.207 5.488
Average (25 °C 4.656 4.158

Table S3. 'H and*N NMR data for syn and anti rotomers of PhSNO and™“ArCH,SNOin
toluenedg at -70 °C. All chemical shifts given in pprfeN chemical referenced to external
'BuO™NO in tolueneds set to 196 ppm.

Snitrosothiol | *H Shift | *H Shift | Syn:Anti | ™N Shift | ™N Shift | Syn:Anti
Anti Syn | HNMR Anti Syn | PN NMR
PhCHSNO | 5.973 3.560 14:1 209.3 137.¢ 13:1
“UArCH,SNO| 6.027 4.402 14:1 360.6 195.9 13:1
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ST So—== S )
anti syn i
®BUArCH,SNO
3 2 25°C
¥ i
BUAFCH,SNO ®UArCH,SNO
n anti syr
S '£-60 °C
S5 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36
a)'H NMR, tolueneds 2
T
BUArCH,SNO
. AN
i i
BUArCH,SNO BUArCH,SNO
‘ anti syr
5 .70 °C
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b) *H NMR, chloroformd;

Figure SE. a) 'H NMR spectra (300 MHz, toluerdy) of ®'ArCH,SNO at 25 °C ands0
°C, CH, region shown only. b)H NMR spectra (300 MHz, chloroforml) of
BUArCH,SNO at 25 °C and -70 °CHG region shown only.
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Figure S7.7°N{*H} NMR spectra (30.428 MHz, toluerdy) at -70 °C, anti/syn 0.08:1.

Transnitrostation between™"ArCH ,S™NO and IPrCu-SCHAr'Bu observed by™N NMR.
BUArCH,S™NO was generated from the addition®ArCH,SH (112 uL, 0.060 mmol) in 0.300
mL chloroformé; or tolueneds followed by 'BuO™NO (7 uL, 0.060 mmol) to give
concentrations of 100 mM 8FArCH,S™NO. This solution was added to a light tan solutib
IPrCu-SCHAr™®" (0.038 g, 0.060 mmol) in 0.300 mL chlorofody-or tolueneds. No major
color changes were observed. Theses sample wagzedaby®™N NMR at -50 and 25 °C
(chloroformd,) or -70 °C to 25 °C (toluends). The only'N containing molecule in this
reaction mixture is thesnitrosothiol in both solvents. No new species wasned. This
confirms that we do not observe the nitroxyl digldfintermediate using our ligand system in
these reaction conditions.

CH,ArBY
PUAICH,SNO $ BUArCH,SNO
+ IPrcul__NO +
IPrCu-SCHArBe  CDCly 'S CDCls Bu
2 or (IZH AptBu [PrCu-SCH,Ar
3 CeDs 2 CeDs 3

Scheme S5 Transnitrosation reaction betwegand®'ArCH,SNO.
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NOgasand NO" reactions with IPrCu-SR complexes

IPrCu-SR with NOg,s When 1 equiv. Ngswas added to IPrCu-SR (R = Bh) (or ‘Bu (2),
there was no reaction Bl NMR in CDCk at 25 °C. Addition of 2, 5, or 10 equiv. N4did not
cause a change in the NMR spectra. Thus Ngsdoes not react with IPrCu-SR species under
anaerobic conditions.

IPrCu-SBn with NOBF4. To a stirring solution of IPrCu-SBn (0.100 g, 0.1##ol) in 1.5 mL
CDCl; was added NOBFKO0.020 g, 0.174 mmol). The solution immediatelyhtd from light tan

to red. This color change suggests the formatidBri8NO. This formation was confirmed Hy
NMR spectroscopyd(4.684 ppm, ACH,SNO). The IPrCu-SH,Ar peak was broad and almost
completely disappeared into the baseline. A breeakps also detected from 6.8-6.3 ppm. This
peak is attributed to the aromatic peaks on thezydering. Crystallization of this reaction
mixture from toluene layered with pentane revedis peak to be from the formation of a
dicopper thiolate cation, [{IPrCufu-SBn)]BF; (4).

Independent synthesis of [{IPrCub(u-SBn)]BF,; (4). [IPrCu(MeCN)]BFR (0.200 g, 0.352
mmol) in 5 mL THF was added to a stirring solutmnlPrCu-SBn (0.202 g, 0.352 mmol) in 5
mL THF. The reaction was allowed to stir for 10 otgs. The volatiles were removatdvacuo
and the white residue was extracted with 3 x 5 hCH,Cl, and filtered through Celite. The
solvent was removenh vacuo and the residue washed with 5 mLmpentane. The remaining
solid was driedn vacuo to afford 0.346 g (89 % yield) Analysis of thididoH NMR confirmed

it to be [{IPrCu}(u-SBn)]BF:. *H NMR (CDClk, 25°C) § 7.480 (t, 4p-ArH- NHC), 7.268 (d, 8,
m-ArH-NHC), (s, 4, 7.191, B8-NHC), 6.988 (br S, 3p-Ar-Bn, m-Ar-Bn), 6.632 (br s, 20-Ar-
Bn), 2.929 (br s, 2CH»-Bn), 2.512 (br sept, 8,Me,), 1.208 (d, 24, CNle,), 1.137 (br s, 24,
CHMe,). **C{*H} NMR (CDCl3, 25 °C) & 180.26, 145.78, 134.51, 130.72, 128.28, 127.84,
124.35, 123.73, 29.24, 28.84, 25.05, 23/98{'H} NMR (CDCls, 25 °C) & -161.81. Several
peaks in théH NMR spectrum are broad (all of the Bn peaksi-lIHC CHMe, on the NHC
ligand) and two carbon peaks were missing in i@ NMR spectra. We attribute this to
exchange between IPrCuSBn and IPr@uCDCk. Anal Calcd. for GH7oBCuF4N4S: C, 65.75;
H, 7.15; N, 5.03. Found C, 65.56; H, 7.42; N, 5.20.

IPrCu-S'Bu with NOBF4. To a stirring solution of IPrCu‘Bu (0.100 g, 0.185 mmol) in 1.5 mL
CDCl; was added NOBFKO0.022 g, 0.185 mmol). The solution immediatelyhtd from light tan

to green. This color change suggests the formatidBuSNO. This formation is confirmed by
'H NMR spectroscopyd(1.895 ppmMesCSNO). A new Bu peak appeared &t0.582 ppm.
Crystallization of this reaction mixture from THEweals this peak to be from the formation of a
dicopper thiolate cation, [{IPrCufi-SBu)]BF4(5).

Independent synthesis of [{IPrCul(u-SBu)|BF4 (5). [IPrCu(MeCN)]BR (0.200 g, 0.352
mmol) in 5 mL THF was added to a stirring solutmPrCu-SBu (0.190 g, 0.352 mmol) in 5
mL THF. The reaction was allowed to stir for 10 otes. The volatiles were removadvacuo
and the white residue was extracted with 3 x 5 mCid,Cl, and filtered through Celite. The
solvent was removenh vacuo and the residue washed with 5 mLmpentane. The remaining
solid was driedn vacuo to afford 0.325 g (86 % yield) Analysis of thidido'H NMR confirms
it to be [{IPrCul(u-SBu)]BF4 (7). *H NMR (CDCk, 25°C) § 7.486 (t, 4p-ArH- NHC), 7.330
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(d, 8, MArH-NHC), 7.241 (s, 4, 6-NHC), 2.514 (sept, 8, @Mey), 1.227 (d, 24, CNiey),
1.090 (d, 24, CMle,), 0.582 (s, 9'Bu); “*C{*H} NMR (CDCls;, 25°C) § 178.36, 145.52, 134.36,
130.70, 124.46, 124.14, 46.68, 38.58, 28.99, 248903, *F{'H} NMR (CDCl;, 25°C) § -

165.03. GgHgsBCWFsN4S: Anal. Calcd. for C, 64.37; H, 7.73; N, 5.18. RA\C, 64.22; H, 7.64;

N, 5.25.
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X-ray Structure Refinement Details

Single crystals of each compoun8 ffom pentanez from toluene / pentands from
THF) were mounted under mineral oil on glass fiteerd immediately placed in a cold nitrogen
stream at -100(2) °C or -173(2) °C on a Bruker SMABCD system or Bruker APEX Il CCD
system. Either full spheres (triclinic) or hemism®e (monoclinic or higher) of data were
collected (0.3%-scans; Bmax = 56°; monochromatic Mo Ka radiatioh= 0.7107 A) depending
on the crystal system and integrated with the Bri8&INT program. Structure solutions were
performed using the SHELXTL/PC stfitand XSEED’ Intensities were corrected for Lorentz
and polarization effects and an empirical absorptiorrection was applied using Blessing’'s
method as incorporated into the program SADABSon-hydrogen atoms were refined with
anisotropic thermal parameters and hydrogen atoens included in idealized positions.

Because disordered pentanes of solvation weralfguthe initial refinement o8 and4
that could not be satisfactorily modeled, the SQREBubroutine of PLATON was usédFor
3, 105 solvent electrons were identified in the wetl corresponding to 2.5 molecules of
pentane (ca. 1/3 molecule of pentane per IPrCu-8€®). For4, 319 solvent electrons were
identified corresponding to 1 molecule of pentaee RIPrCu},(u-SBn)|BF. The reflection
data were refined excluding the solvent to giverdsallts reported below.

In the structure o6 » 2 THF, disorder was observed in the positions of theding SBu
group, the BF anion, and each THF. The SBuooiety was modeled over two sets of positions
in which S1A, C55A, C56A, C57A, C58A and S1B, C5%E36B, C57B, C58B were assigned
occupancies of 0.530 and 0.470. Both positions wefiaed aniosotropically. Disorder in the
BF, anion was modeled by refining the fluorine atorh&B, group over two sets of positions
constrained by DFIX to be regular tetrahedra. FE2A, F3A, F4A and F1B, F2B, F3B, F4B
were assigned occupancies of 0.640 and 0.360 arelamésotropically refined. One THF (C59-
C62;063) was modeled with the O atom over two sepositions (O63A and O63B) with equal
occupancies. The other THF was modeled as two aepdiHF rings (C63-C66;067) and
(068;C69-C72) with occupancies of 0.74 and 0.26hearing a common O atom (0O67) at full
occupancy. The major occupancy was refined amipstally while the minor occupancy was
refined isotropically.

References for X-ray Structure Refinement Details

(a) SHELXTL-PC, Vers. 5.10; 1998, Bruker-Analyticaray Services, Madison, WI;
G. M. Sheldrick, SHELX-97, Universitat Goiien, Gottingen, Germany.

(b) L. Barbour, XSEED, 1999.

(c) SADABS; G. M. Sheldrick, 1996, based on thehud described in R. H. Blessing,
Acta Crystallogr., Sect. A, 1995,51, 33.

(d) PLATON; Spek, A. L. Acta Crystallogr. 1990, A46-34.
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Table S4.Crystallographic parameters f8r4, and5.

Cmpd. 3 4 5
Formula GgH51CUN,S | GsiH7oBCWFaN4S | GsgHgiBCwF4N4S
* 2 GHgO
Mol. Wt. 631.39 1114.23 1224 .43
Temp.(K) 100(2) 100(2) 100(2)
Crystal Block Plate Block
description
Crystal color Colorless Colorless Colorless
Crystal size | 0.60x0.58x0.58 0.20x0.10x0.08 0.20x%0.18x0.18
(mn’)
System Monoclinic Monoclinic Triclinic
Space group C2/c C2/c P-1
a(A) 29.689(3) 32.857(3) 12.348(3)
b (A) 15.6315(13) 12.3716(12) 17.138(4)
c(A) 17.0794(14) 31.680(3) 17.187(4)
a (deg) 90 90 75.961(3)
B (deg) 94.8040(10) 95.4190(10) 75.033(3)
y (deg) 90 90 72.937(3)
Volume (&%) 7898.4(11) 12820(2) 3303.9(14)
z 8 8 2
0 range (deg)| 1.86-27.00 1.25-25.00 1.25-25.00
Measd reflns 32710 46584 32174
Unique reflns 8618 11276 11602
GOF of F 1.078 0.898 1.059
Ry (1> 20(1)) 0.0405 0.0684 0.0503
wR2 (all data) 0.1078 0.1697 0.1377
Largest diff. 0.366 and 0.866 and 1.564 and
peak and hole -0.298 -0.443 -0.666
(e.A%)
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Figure S8. ORTEP diagram of IPrCu-SGHAr"®" (3) (all H atoms omittedthermal ellipsoid:
represented at the 50% probability level). Selettedd distances (A) and angles (deg): Cu—C1
1.884(2), Cu-S 2.1304(7), S—C28 1.840(2), C1-Cur59D(6), C28-S—Cu 105.80(7), N2—-C1-
Cu 129.3¢15), N1-C1-Cu 126.5¢15), C2&-C2&-S 111.92(15.
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Figure S9. X-ray structure of the [{IPrCufu-SBn)]" cation in4 (all H atoms and Bfanion

omitted; thermal ellipsoids represented at the F0&bability level). Selected bond distandd)

and angles (deg): Cu—-C1 1.882(6), Cul-S 2.1570@62-C28 1.874(6), Cu3-2.1462(16)

Cul~Cu2 3.575(1), S-C55 1.858(5), C55-S—Cul 103.70@B%-S-Cu2 105.89(19), C1-CHl-
162.41(18), C28-Cu2-S 176.01(17), N2-C1-Cul 13},.8{1-C1-Cu 123.5(4), N3—C2842

127.5(4), N4-C28—Cu2 128.2(4), Cul-S-Cu2 112.34(7).
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Figure S10. X-ray structure of the [{IPrCufu-SBu)]" cation in5 (all H atoms 2 THFs of
solvation and BJranion omitted; thermal ellipsoids representedhat 50% probability level)
Two similar conformations of the'Bu group are present in a 53:47 ratio. Only thgoma
occupancy is shown for clarity. Selected bond dista (A) and angles (deg): Cu—C1 1.894(3
Cul-S1A 2.185(4), Cu2-C28 1.891(3), Cu2-S1A 2.154@Ful Cu2 3.732(1), S1A-C5%5
1.845(9), C1-Cul-S1A 166.63(14), Cul-S1A-Cu2 1188Q C28-Cu2-S1A 167.02(14)
C55A-S1A-Cul 108.2(3), C55A-S1A-Cu2 104.8(3), N1-Cal 125.5(2), N2-CLoul
130.4(2), N3—C28—Cu2 125.6(2), N4—C28—-Cu2 130.9(2).
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