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Graphical Abstract

Silver complexes with cyclic(alkyl)(amino) carbene ligands can be mononuclear or binuclear in
the solid state. Complexes with sterically hindered CAAC ligands show blue photoluminescence.
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Abstract

Silver complexes of cyclic (alkyl)(amino)carben€AACs), CL),AgX (n =1, X = Cl, Br, |;
n =2, X = OTf; R = Mg, Et, or adamantyl) are accessible in high yields lactiag free carbenes
with silver salts. The smaller carbene ligdffdL leads to the formation of a mixture of neutral
(Me?L)AgCl and cationic [{'*2L),Ag]" products. The transmetallation 6fI()AgCl with copper and
gold halides gives the corresponding copper and gompounds“fL)MCI (M = Cu and Au) in a
clean and quantitative reaction. Where4¥1()AgCl is monomeric in the solid state;{)AgClI
crystallizes as a Cl-bridged dimer. None of the pounds show metal-metal interactions. The
complexes show blue photoluminescence, which ctngf a fluorescence component with a

lifetime of several nanoseconds, as well as a logl emission in the microsecond regime.
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1. Introduction
The organometallic chemistry of N-heterocyclic @ar® (NHC) complexes can be traced back to
1915, when Chugaev reported the reaction produdts KePtClL with hydrazine and
methylisocyanide, which in the 1970s were confirnasdplatinum complexes of non-cyclic N-
stabilized carbene ligands [1]. Later the discaaeby Wanzlick [2] and Ofele [3] and the isolation
of imidazolylidene-type N-heterocyclic carbenes @#)l by Arduengo [4] established carbenes as
one of the most versatile ligand families in orgaetallic chemistry [5, 6, 7, 8]. Carbene complexes
of silver have found widespread applications intlsgtic chemistry as carbene transfer agents [9,
10], in medicinal chemistry as antimicrobial anditamor agents [11], in catalysis [12], and as
luminescent materials for potential applicationsiganic light-emitting diodes (OLEDSs) [13, 14].
We have recently shown that cyclic (alkyl)(aminabsme (CAAC) complexes of copper and
gold show strong photoluminescence, with solidesgantum yields of up to 96% [15,16]. We
report here the syntheses, structures, reactinilypdnotoluminescence behavior of silver complexes
with CAAC ligands with different degrees of stenindrance™®L, 2L, and*‘L (Chart ).
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2. Results and discussion

2.1. Synthesis. Mono-carbene silver(l) halide complexes with liga'®’L, 5L and *‘L were
prepared in a moderate to high yields by combimioigtions of the respective CAAC ligands with
silver salts in THF (Scheme 1). The reaction outeasngoverned by the steric requirements of the
CAAC ligands. For example, thHel NMR spectrum of the reaction witff’L showed a mixture of
M2L)AgCl and [(**2L),Ag]AgCl. in a molar ratio of about 4:1. Flash chromatogyaalowed the
isolation of {"2L)AgCl (1) in moderate yield (55%). The formation of theimaic species
[(M*2),Ag]* was confirmed by comparison of tHel and **C NMR spectra with an authentic
sample of [{"*2L),Ag]*OTf (2), which was prepared from silver triflate with tveguivalents of
Me2 in 92% yield. By contrastt?L and "L provide only the desired 1:1 silver complexes
(EL)AgCI (3) and (IL)AgX (X = CI (4); Br (5); | (6)) in high yields.
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Complexesl—6 are white solids which are indefinitely stableain for prolonged periods of
time. Interestingly, the silver complexes are stablsunlight, without showing signs of degradation
or photoreduction to metallic silver. They show d@olubility in polar non-protic solvents like 1,2-
difluorobenzene, dichloromethane, THF, MeCN, DMFagetone and are moderately soluble in
chlorobenzene, toluene or ethanol but insolubleexane. The CECl, and CDCY solutions ofl—-6
proved to be stable to ligand rearrangement armmdtion of bis-carbene adducts [Agf]’) over a
period of several weeks, after which only slighta®position could be noticed. The stability of the
carbene C—-Ag bond and the lack of ligand interckanyg solution are demonstrated by the
appearance of theC carbene-C resonances as sharp doublets; fonaestaomplexl shows"*C—
199g and™*c—°"Ag coupling constants of 246 and 213 Hz, respelstivEhis is in sharp contrast
with the behavior of imidazole-type silver NHC cdewes, where the equilibrium 2(L)AgGh
[(L) 2Ag]AgCl, is commonly observed in solution at room tempeeafd7]. Obviously the CAAC
complexes are substantially less labile. Whereasomand bis-CAAC complexes show very similar
13C carbene-C chemical shifts (e1g.255.7 ppm, compared to [(carbera)]” 2, 255.9 ppm), the
13c1%ag and*c—'°"Ag coupling constants decrease sharply from ovér 29 for mono-CAAC
adducts to 183.5 and 159.6 Hz, respectively, fiong2). Such coupling constant values fall in the
range characteristic for bis-carbene cationic sib@mplexes [18]. The carbene-C chemical shifts of
the mono-carbene complexés3-6 shift downfield with an increase in bulkiness betCAAC
ligand, from 255.7 for'(*?L)AgCl (1) to 262.5 ppm for'CL)AgCI (4).

We tested ‘’L)AgCI in transmetallation reactions with copperagold salts (Scheme 2),
which allowed the previously reported copper anil gompounds“¢L)MCI (M = Cu and Au [19]
to be obtained in essentially quantitative yielflse attempted ligand transfer of eitt&fL or AL
from neutral or cationic complexes$, €, and4) to [(p-cymene)Ru(], or [(cis-cyclooctene)RhCl]
resulted in the recovery of the starting materéaien after prolonged reaction times (48 h in,CHl

at room temperature). The clean formation’8tYAuCl by ligand transfer from the corresponding



silver complex contrasts with Cazin’s recent regortthe formation of [(carbengu]” products in
similar transmetallations frontL)CuCl to gold 'L = cyclohexyl-substituted CAAC) [20].
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Scheme 2

2.2. Sructures

Crystals of the silver halides suitable for X-ragfrdction were obtained by layering of
CH.Cl, solutions with hexane. Neutral compounds 4-6) and the cation of the bis-carbene
complex @) are monomeric and show an almost linear geonfetrhe C-Ag-X moieties, with C1—
Agl-CI1 angles approaching 180° (Figures 1 andTRg carbene C—-Ag and Ag-Hal(1) bond
lengths show negligible deviations of 0.01 A froarieus other monomeric complexes reported in
the literature [18, 21]. Complexdsand5 possess two independent molecules in the unit(sed
Sl, Figure S1). Only weak intermolecular C—H- - - Héractions were identified. There were no

signs for the close metal-metal contacts in thetahystructures of monomeric complexeg, 4-6.

Fig. 1. Crystal structure of monomeric compleX¥€1)AgCl (1) and (“L)AgCI (4) (independent
molecule A). Ellipsoids are shown at the 50% lewdydrogen atoms are omitted for clarity.
Selected bond lengths [A] and angles [°] with agersalues for two independent molecules: Agl—
C1 2.0769(18) / 2.088(2), Agl—-Cl1 2.3246(5) / 288y, C1-C2 1.514(3) / 1.522(3), C1-N1
1.295(2) / 1.303(3), C1-Ag1-Cl1 177.37(6) / 175633(



Fig. 2. The structure of cation in“ffL),Ag]OTf (2). Ellipsoids are shown at 50%. Hydrogen atoms
are omitted for clarity. Selected bond lengths B&jd angles [?]: Agl-C1 2.109(5), Agl-C21
2.109(5), C1-C2 1.510(6), C1-N1 1.292(6), C1-Ag1+-C?29.7(2).

The structure of the silver chlorid€4)AgClI (3) differs significantly. The complex forms a
dimer with bridging chloride ligands (Figure 3nked by a two-fold axis. The C1-Ag1-ClI(1) angle
is 112.37(5)°. Compared to the linear comdleihe three-coordinate geometry of the silver atom
3 is reflected in an elongation of the C—Ag and A3Chbond lengths by 0.026 and 0.1 A,
respectively. The bridging Ag—CI1A bond length $ailh the range of 2.798-2.869 A reported for
the similar dimeric structures [22]. The Ag(1)-- (M) distance in3 is 3.500(3) A, rather longer
than the sum of the van der Waals radii of 3.449A4g(l) [23].

Fig. 3. Crystal structure of TfL)AgCl],. Ellipsoids are shown at the 50% level. Hydrogeme are
omitted for clarity. Selected bond lengths [A] aadgles [?]: Agl-C1 2.1029(19), Agl-Cl1



2.4236(5), Agl-Cl1A 2.8371(5), C1-C2 1.520(3), C1-N300(3), C1-Agl—Cl1 158.93(5), C1-
Ag1-CI1A 112.37(5), Cl1-Agl-CI1A 88.368(18). Symmyeatode (A): —x + 1/2, -y + 3/2, z.

2.3. Photophysical Properties.

We have shown recently that both the ftéleligands and their coinage metal complexes
show pronounced photoluminescence (PL) [15]. Figusaows the UV and PL spectra'6fL and
L. The UV spectra df*L and®L show an-n* absorption at ~260 nm, accompanied by a low-
intensity trail to about 400 nm. The free ligands anly weakly emissive at room temperature but
show notable luminescence at 77K, with unstructeraéssions at 452 and 435 nm 5L and

£, respectively, and lifetimes of around 12 ns.
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Fig. 4. UV-vis spectrum of free carbert®éL and=“L in THF solution (a). Emission spectra"6fL
(b) and™™L (c) in the solid state at 77 and 293K,{ = 370 nm).

On complexation of the carbenes to AgClI, the lowrgg absorption band near 300 nm is red-
shifted in the sequenc¥¥L)AgCI < (F?L)AgCl < (*L)AgCI (Figure 5 and S2, Table 1).
Comparison of the UV-Vis spectrum of free carbenil those of the silver halide complexes
shows that this band is affected by the silverzalitle atoms. In analogy to the spectra”8EYMX
(M = Cu or Au; X = ClI, Br, I) [15], this low enerdyand is assigned te ¢ X)—* charge transfer
[24] from the metal-halide bond to the LUMO, whicas metal-carbene character [15, 16].

Within the series"PL)AgX (X = Cl, Br, 1) the UV absorption is esseriljginsensitive to the nature
of X. The UV/vis spectrum of the bis(carbene) compb[("*L),Ag]OTf (2) shows a broad-r*
band at 285 nm (Figure S2, ESI).

In contrast to the strong luminescence of coppeACAomplexes, th&®?L silver complexes
1 and2 are non-emissiveOn excitation at 340 — 360 nm, tA8L and*?L complexes3-6 display
featureless blue emissions, ranging from 390 tor@@0withAax around 430 — 440 nm (Figure 5),

a blue-shift of about 20 nm compared to the analsg’L)CuX complexes [15]. The emission



wavelengths are slightly halide-dependent and aszdyca. 5 nm in the sequence X = Cl > Br > |
(Table 1). In THF solution complex&s6 are very poorly emissive. All samples showed S$icgnt

photodegradation (formation of brown material)xtited with light below 310 nm.
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Fig. 5. Left: UV-vis spectra for THF solutions'8PLAgCI, [F“LAgCI], and*?LAgCI. Middle:
Photoluminescence spectrac6f AgCl and”?LAgX (X = Cl, Br, 1) in the solid state. Right:
Emission kinetics of f'L)Agl (6) on two time axes excited at 370 nm.

Table 1.Photophysical properties of silver complexes (298 K

Complex Absorption/nm Solid state
M emin | Jdem (e (M) 2(ns) @° ke Kar
deaerated THF 1 | o
shHe | sy
M?L)AgCl 1 291 (752) £ — — — —
[(V2L),AgIOTF 2 236 (3752f), 285 e _ _ ~ _
(830)
o 3.#0.1 ns
[(FL)AgCI]2 3 293 (832) 454 (290-400 0.05| 2.7 5.1
18.9%0.1pus
Ad 2.7+0.1 ns
(""L)AgCIl 4 318 (583) 432 (270-380 0.045| 3.1 6.1
15.0t0.6 us
Ad - 4.0+0.1 ns
(““L)AgBr 5 317 (420) 437 (280-380 0.05| 6.3 12
8.1+0.1ps
Ad 273 (1760), 315 3.3t0.1 ns
("L)Agl 6 443 (280-380) 0.005| 0.8 15
(384) 6.74£0.1us

2 Excited state lifetime, measurediat, ° Quantum yields determined by using an integrated
spherefradiative rate constakt = @/ 7; ¢ Nonradiative constari, = (1 —®)/ z; ® Poorly emissive"
deaerated C¥Cl, solution



The emission spectra show biexponential decay, edthponents in both the nanosecond and
microsecond region (Figure 5, Table 1). Careful parson of photophysical properties for
complexes3—6 with those of free carben¥€L, £ and”‘L, as well as the observed photostability
of (CAAC)AgX complexes, allows us to rule out therrhation of free carbene as the source of
fluorescence. By comparison, the emissions of tregogous {%L)CuX complexes showed a strong
prompt fluorescence on a sub-nanosecond time d@&lp Further studies will be aimed at
elucidating the nature of the fast and slow emrsgiathways in silver complexes in comparison to

copper.

3. Conclusion

The reaction between free cyclic(alkyl)(amino)came ["®’L, E%L and”9L) and silver salts
represents a simple preparative protocol for thettesis of neutral {)AgCl and cationic
[(RL)2Ag]" silver complexes. The sterically least-demandiryAC carbene (*°L) leads to a
mixture of the neutralf?L)AgCl and cationic [{®2L).Ag]* products, which are easily separated.
The silver complex “fL)AgCI proved to be suitable as a transmetallatagent, to give the
analogous copper and gold compounds in quantitgtetld. On the other hand, the carbene transfer
to other transition metals such as rhodium or mithe proved unsuccessful. Silver CAAC
complexes are resistant to air, moisture, light ahdand rearrangement, as in
(L)AQCIl«[(L)2Ag]AgCl,. Depending on the steric requirements of the cabdigands,
mononuclear and binuclear structures may exishensblid state; however, none of the complexes
show close metal-metal interactions. While ¥&_ silver complexes proved to be non-emissive,
the ¥°L and *°L compounds exhibit photoluminescence which is tshiéted by about 20 nm

compared to the analogous copper complexes.
4. Experimental
General consider ations
Unless stated otherwise all reactions were caoigdn air. Solvents were distilled and dried

as required. The carbene ligad®éL, 2L, (*IL), were obtained according to literature procedure
[26]. *H and**C{*H} NMR spectra were recorded using a Bruker AvaBi@X-300 MHz NMR



spectrometertH NMR spectra (300.13 MHz) artdC{H} (75.47 MHz) were referenced to GO,

atd 5.32 (°C, 5 53.84) and CDGlats 7.26 ¢ °C 77.16) ppm*°F NMR spectra (282.4 MHz) were
referenced externally to CRCand internally to Fs (6r -164.9). UV-visible absorption spectra
were recorded using a Perkin-Elmer Lambda 35 UV/spectrometer. Photoluminescence
measurements were recorded on a Perkin Elmer L35&rdScence Spectrometer with a solids
mount attachment where appropriate. Time resolWeardscence data were collected on a time-
correlated single photon counting (TCSPC) Fluordimgiba Jobin Yvon spectrofluorimeter using
Horiba Jobin Yvon DataStation v2.4 software. A NaBD of 370 nm was used as excitation
source, with an instrument response function width ns. The collected data were analysed using a
Horiba Jobin Yvon DAS6 v6.3 software.

Synthesis of ("¥*L)AgClI (1)

An oven-dried 100-mL Schlenk flask was equippedaitstirring bar and charged witf*fL) (0.63

g, 2.2 mmol) and AgClI (0.314 g, 2.2 mmol) underaagon atmosphere. Anhydrous THF (20 mL)
was added, and the resulting suspension was stiweadhight in the absence of light. The solvent
was removed; the residue was washed with hexassglded in CHCI, and filtered through short
pad of silica (1.0 cm). The colourless filtrate wascentrated to give a white solid (0.9 g), which
according to NMR spectroscopy is a mixture ¥t()AgCl and [("*2L)Ag]AgCl; in a 4:1 molar
ratio. The mixture was separated by column chrogragghy on a silica gel (5 x 2 cm). The neutral
complex "®2)AgCl was eluted first with THF (white solid, 0.58 55 % vyield), while the ionic
product was eluted with Gigl, (white solid, 0.13 g, 14 % yield}H NMR (300 MHz, CDC}) for
(M*2)AgCl: & 7.40 (t,J = 7.6 Hz, 1H, CH-aromatic), 7.24 (d,= 7.6 Hz, 2H, CH-aromatic), 2.75
(sept,d = 6.7 Hz, 2H, €I(CHs),), 2.05 (s, 2H, €,), 1.43 (s, 6H, 2CH), 1.35 (s, 6H, 2CH), 1.29 (d,

J = 6.7 Hz, 6H, CH(Els),) overlapped with 1.27 (d,= 6.7 Hz, 6H, CH(Els),) ppm.**C NMR (75
MHz, CDCk): 6 255.7 (ddJc-100ag= 245.9 HZ Jc.107ag= 213.0 Hz, Garbend, 145.0 ¢-C), 134.3 (d,
Jeag = 2.9 Hz, Goe), 130.0 p-CH), 125.0 (+-CH), 83.3 (dJcag = 12.7 Hz, G), 54.7 (d,Jc-ag =
11.3 Hz, G), 49.1 (d,Jc.ag = 4.8 Hz, CH), 29.4 (CH), 29.1 (CH), 28.4 (CH), 27.5 (CH), 22.6
(CHa3) ppm. Anal. Calcd. for gH31NAQCI (427.12): C, 56.02; H, 7.29; N, 3.27. FoufJ:56.36; H,
7.47; N, 3.20.

Synthesis of [(M¥L),Ag]OTf (2)
An oven-dried 100-mL Schlenk flask was equippeditstirring bar and charged wiff?L (0.445
g, 1.6 mmol) and AgOTf (0.2 g, 0.78 mmol) underaagon atmosphere. Anhydrous THF (20 mL)



was added, and the resulting suspension was stiwrethight. After removal of the solvent, the
residue was washed with hexamal filtered through a short pad of silica (1.0 emth CH,Cl,. The
colourless filtrate was concentrated and hexane added to precipitate the silver complex.
Solvents were decanted and the residue dried inwacYield: 0.6 g (0.72 mmol, 92 %+ NMR
(300 MHz, CDCly): 6 7.41 (t,J= 7.4 Hz, 1H, CH-aromatic), 7.23 (@~ 7.4 Hz, 2H, CH-aromatic),
2.63 (sept) = 6.8 Hz, 2H, GI(CHs)), 2.00 (s, 2H, €l,), 1.31 (s, 6H, 2Ch), 1.25 (d,J = 6.8 Hz,
6H, CH(CHs),), 1.17 (s, 6H, 2CH, 0.9 (d,J = 6.8 Hz, 6H, CH(Els),) ppm.**C NMR (75 MHz,
CD2Cl): 8 255.9 (ddJc-100ag= 183.5 Hz Jc.107ag= 159.6 Hz, C carbene), 1446 C), 134.3 (Gpso),
130.0 p-CH), 125.0 (n-CH), 83.6 (dJc.ag= 9.5 Hz, @), 54.7 (dJc-ag= 9.0 Hz, G), 48.6 (d,Jc-ag

= 3.5 Hz, CH), 28.9 (CH), 28.8 (CH), 28.0 (CH), 27.0 (CH), 22.2 (CE ppm.*F NMR (282
MHz, CD.Cly): 8 -78.91 ppm. Anal. Calcd. for sHs:N-AgFs0sS (826.35): C, 59.48; H, 7.55; N,
3.38. Found: C, 59.31; H, 7.63; N, 3.46.

Synthesis of (F?L)AgCI (3).

An oven-dried 100-mL Schlenk flask was equippeditstirring bar and charged witf?() (0.25

g, 0.8 mmol) and AgCI (0.115 g, 0.8 mmol) underoargtmosphere. Anhydrous THF (20 mL) was
added, and the resulting suspension was stirrechiobe. The solvent was removed; the residue was
washed with hexanand filtered through short pad of silica (1.0 cm)mCH,Cl,. The colourless
filtrate was concentrated and hexane was addededapitate the silver complex, solvents were
decanted and the residue dried in vacuum. YieBiLDg (0.68 mmol, 85 %JH NMR (300 MHz,
CDCl): 6 7.39 (t,J = 7.3 Hz, 1H, CH-aromatic), 7.24 (@~ 7.3 Hz, 2H, CH-aromatic), 2.80 (sept,
J = 6.8 Hz, 2H, EI(CHs),), 2.00 (s, 2H, E,), 1.95-1.68 (mJ = 7.4 Hz, 4H, CHCH;), 1.37 (s, 6H,
2CHg), 1.29 (d,J = 6.8 Hz, 6H, CH(E3),) overlapped with 1.26 (d] = 6.8 Hz, 6H, CH(El3)>)
1.03 (t,J = 7.4 Hz, 6H, CHCHs) ppm.*°C NMR (75 MHz, CDCJ): § 256.4 (dd Jc.100ag= 246 Hz,
Jc107ag= 214 Hz, C carbene), 145.6-C), 134.9 (dJc.ag= 3.7 Hz, Gus), 130.0 p-CH), 125.0 (+
CH), 82.8 (dJc.ag= 13.5 Hz, ), 62.9 (d,Jc.ag= 10.6 Hz, G), 41.3 (d,Jc.ag= 4.9 Hz, CH), 31.0
(CHy), 29.5 (CH), 29.2 (CH), 27.5 (CH), 22.5 (Ck, 9.5 (CH) ppm. Anal. Calcd. for
C22H3sNAQCI (456.85): C, 57.84; H, 7.72; N, 3.07. Fou:57.65; H, 7.51; N, 3.11.

Synthesis of (*L)AgCI (4).

The compound was prepared as described™r)AgCl from “IL (0.603 g, 1.6 mmol) and AgCl
(0.228 g, 1.6 mmol) as a white solid. Yield: 0.Z8@1.5 mmol, 94 %)*H NMR (300 MHz, CDCJ):

§ 7.41 (t,J = 7.5 Hz,1H, aryl), 7.25 (dJ = 7.5 Hz, 2H, aryl), 3.43 (dl = 12.6 Hz, 2H, Ch), 2.77



(sept,d = 6.8 Hz, 2H, CH(CH),), 2.24-1.77 (m, 14H, adamantyl CH and 4H..36 (s, 6H, CMg,
1.32 (d,J = 6.8 Hz, 6H, CH(CH),), 1.30 (d,J = 6.8 Hz, 6H, CH(CH),) ppm.**C NMR (75 MHz,
CDCl): 6 262.5 (ddJc-100ag= 245 Hz,Jc.107a9= 212 Hz, C carbene), 145.d-C), 136.5 {pso-C),
130.1 p-CH), 125.4 (n-CH), 79.9 (dJc.ag= 12.3 Hz, @), 64.8 (d,Jc-ag= 12.5 Hz, ), 48.1 (d,Jc-
ag= 6.0 Hz, CH), 39.0 (CH), 37.5 (CH), 35.7 (dJc.ag= 1.8 Hz, CH)), 34.7 (CH), 29.7 (CH), 29.3,
28.3, 27.6, 27.2, 22.9 (GHppm. Anal. Calcd. for §H3gNAgCI (520.93): C, 62.25; H, 7.55; N,
2.69. Found: C, 62.09; H, 7.36; N, 2.77.

Synthesis of (*IL)AgBr (5).

The compound was prepared as described fanAgCl from L (0.368 g, 0.98 mmol) and AgBr
(0.183 g, 0.98 mmol) as a white solid. Yield: 0.3780.65 mmol, 66 %)'H NMR (300 MHz,
CD,Cly): & 7.47 (t,J = 7.6 Hz,1H, aryl), 7.31 (d,J = 7.6 Hz, 2H, aryl), 3.39 (d] = 11.9 Hz, 2H,
CH_), 2.80 (septJ = 6.6 Hz, 2H, CH(CH),), 2.26-1.78 (m, 14H, adamantyl CH and £4H..36 (s,
6H, CMe), 1.30 (d,J = 6.6 Hz, 12H, CH(CH),) ppm.**C NMR (75 MHz, CBCL,): § 263.5 (ddJc.
109Ag= 241 Hz,Jc107a9= 209 Hz, C carbene), 145.8-C), 136.3 (dJc.ag= 2.7 Hz,ipso-C), 130.1
(p-CH), 125.3 +-CH), 79.8 (dJc.ag= 12.9 Hz, Q), 64.8 (d,Jc.ag= 11.1 Hz, G), 48.0 (d,Jc.ag=
6.0 Hz, CH), 38.9 (CH), 37.5 (CH), 35.7 (dJc.ag = 2.1 Hz, CH), 34.6 (CH), 29.6 (CH), 29.2,
28.2, 27.5, 27.3, 22.9 (GHppm. Anal. Calcd. for &H3gNAgBr (565.39): C, 57.36; H, 6.95; N,
2.48. Found: C, 57.11; H, 6.73; N, 2.55.

Synthesis of (*IL)Agl (6).

The compound was prepared as described ) AgCl from L (0.368 g, 0.98 mmol) and Agl
(0.23 g, 0.98 mmol) as a white solid. Yield: 0.4640.76 mmol, 77 %)'H NMR (300 MHz,
CD.Cl,): 8 7.47 (t,J = 7.9 Hz,1H, aryl), 7.31 (dJ = 7.9 Hz, 2H, aryl), 3.40 (d] = 12.1 Hz, 2H,
CHy), 2.81 (septJ = 7.0 Hz, 2H, CH(CH)>), 2.26-1.78 (m, 14H, adamantyl CH and f4H..37 (s,
6H, CMe), 1.31 (dJ = 7.0 Hz, 6H, CH(CH),) overlapped with 1.30 (d,= 7.0 Hz, 6H, CH(CHh),)
ppm.*C NMR (75 MHz, CRCly): & 265.3 (dd Jc-100ag= 231 Hz,Jc-107ag= 200 Hz, C carbene),
145.4 6-C), 136.3 (dJc.ag= 2.3 Hz,ipso-C), 130.0 p-CH), 125.3 (n-CH), 79.9 (dJc.ag= 11.5 Hz,
Cy), 64.9 (dJcag= 11.7 Hz, @), 48.1 (d,Jc.ag= 5.5 Hz, CH), 38.9 (CH), 37.5 (CH), 35.7 (dJc-ag
= 2.3 Hz, CH), 34.6 (CH), 29.7 (CH), 29.2, 28.2, 27.6, 27.4, 23.0 ¢€dpm. Anal. Calcd. for
Co/H3gNAgI (611.12): C, 52.96; H, 6.42; N, 2.29. Found:52.73; H, 6.15; N, 2.21.

Transmetallation with CuCl



A 50-mL round-bottom flask was equipped with arsty bar and charged with%)AgCl (0.11 g,
0.21 mmol) and CuCl (0.025 g, 0.25 mmol) under By CH,CI, (15 mL) was added, and the
resulting suspension was stirred overnight. Thalted suspension was filtered through a short pad
of Celite (3.0 cm). The colourless filtrate was pwated, washed with hexane. The white residue
was dried in vacuum. Yield: 0.099 g (0.208 mmol 28p ‘H and**C NMR spectra are identical to

those previously reported [15].

Transmetallation with (M eS)AuCl

Prepared as described féfL)CuCl from ("L)AgCl (0.10 g, 0.19 mmol) and (M8)AuCI (0.056
g, 0.19 mmol) as a white solid. Yield: 0.113 g 8BInmol, 98 %)'H and**C NMR spectra are
identical to those previously reported [19].

X-ray crystallography

Crystals suitable for X-ray diffraction were obtaghby layering ChCl, solutions with hexanes.
Compounds“CL)AgX (X = Cl and Br) crystallize with two indeperdt molecules in the unit cell.
Compounds L)AgX (X = Br and 1) and [{'°L),Ag]OTf crystallize as solvates with GEl,
molecule. For complex*{L)Agl- CH,Cl, the CHCl, molecule was disordered over two positions
with equal occupancies linked by a center of ineersThe CH group (atom C23) was disordered
over two positions with equal occupancies for camp|(°L),Ag]OTf-CH,Cl,. Crystals were
mounted in oil on glass fibres and fixed on thérddtometer in a cold nitrogen stream. Data were
collected at 140 K using Oxford Diffraction Xcalib8/Sapphire3-CCD (complexe&()AgCl,
[(MeL),Ag]OTf) and (“L)AgCl) and Rigaku Oxford Diffraction XtaLAB SyneyfPualflex/HyPix
diffractometers, using graphite monochromated Mg ridiation { = 0.71073 A). Data were
processed using the CrystAlisPro-CCD and —RED sof#\j27]. The principal crystallographic data
and refinement parameters are listed in Table &&.sfructures were solved by direct methods and
refined by the full-matrix least-squares againétifF an anisotropic (for non-hydrogen atoms)
approximation. All hydrogen atom positions wereirrefl in isotropic approximation in “riding”
model with the Wy(H) parameters equal to 1.2.{(;), for methyl groups equal to 1.5:4Ci),
where U(G) and U(G) are respectively the equivalent thermal pararsetérthe carbon atoms to
which the corresponding H atoms are bonded. Atludations were performed using the SHELXTL
software [28].
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Synthesis, Structures and Photoluminescence Properties of Silver Cyclic(alkyl)(amino)-

carbene Complexes

Alexander S. Romanov and Manfred Bochmann

Silver complexes with cyclic(alkyl)(amino) carbeligands can be mononuclear or binuclear in
the solid state. Complexes with sterically hinde@&dAC ligands show blue photoluminescence.
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Highlights

» Facile synthesis of silver complexes of cyclic (akyl)(amino) carbene (CAAC) ligands is
described.

» Surprisingly, ethyl-substituted CAAC ledsto the formation of a chloride-bridged dimer.

* Remarkably for silver carbene complexes, the new compounds are stable to light and
show no evidence of ligand dissociation.

* The complexes show blue photoluminescence, which is blue-shifted by 20 nm compared
to copper analogues.



